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NEPEOMOBA

30ipHUK cKNaaeHo BIANOBIAHO A0 Ai04OI mporpamu Kypcy Ajis BHIIHX Me-
JAroriyHuX Ta TeXHIYHMX HaByanbHUX 3akjgagiB. Bid MicTUTh O0JM3BKO
2200 3agay i 3anuTaHp 3 yCIX po3AiniB 3aralbHOro Kypcy (isMku. ABTOpH
Hamaranucs, o6 3MicT 3axay Ta CTpyKTypa 36ipHHKa BiNoBizanu cy4yacHOMY
cTaHORi (bi3MUHOI HAYKH TA NEPEIOBUM METOAUUHMM TeHAEHILIAM BHKIIaJaHHA
(hiznku.

Y 30ipHUKY BUKOPHCTAHO TPUPIiBHEBY pyOpHKallito: 203/iJ1 — TeMa — MU TAH-
HA TemH. Ha moyatky koHOI TeMH HaBeJeHO KOpOTKi TEOpeTHYHi BiZIOMOCTI.
30ipHHK MICTHTb JOBIAKOBI Tabnuili Ta JOKIAAHI MATEMATHYHI JOAATKH.

PiBeHb cknagHocTi 3aja4 36ipHMKA JOCHTH pisHOMaHITHHHA. Bianosiai no
3anay, fAKi, HA JYMKY aBTOPIB, € BXKWUMH, CYNPOBOIKYIOTbCS BKA3iBKAMHU i
po3s’sa3aHHaMH. OOcar BignoBife#l cTaHOBUTH MaiiXe TPETUHY 3arajabHOTO
0bcary 36ipHuka. ToMy 30ipHHK MOXKE BUKOPUCTOBYBATHCS BUKNANAYAMH AK
METOANYHMIA MaTepiall, a TaKoXK CTYEHTAMH /19 caMocTiiHOT poboTH.

[Ipu cxnananni padoro 36ipHHKA MOpsA 3 OPUIIHAILHHUMH 3ajavyaMu
BMiLLEHO 3aaayi 3 iHIWMX 30IpHHKIB, fAKi, HA MOIJSL ABTOPIB, MalOTh MEBHY
HAYKOBO-METOAHYHY WIHHICTD.

3anaui 10 po3ainy “@i3uuHi ocHoBH MexaHiku™ cxrar B. I1. KypiuHui, no
po3ainy “MonexynapHa dizuka i repmogunamixa” — [. T. Topbauyk, 1o po3-
niny “Enextpuxa i mardetusm” — I. M. Kydepyk, o po3ainiB “KonuBauHs i
xBumi”, “Ontuxka” — L. T1. Mapkywa, o po3ainie “KpakToBa Teopia”, “@izuka
KOHZIEHCOBAHOTO cTaHy”, “di3uka atoMHoro sapa” — M. LLL Tle3uep. 3aranbHe
penarysaHHs 30ipauka BukoHaHo [. I'1. Mapkywuero.



METOLM4HI BKA3IBKM OO PO3B'A3AHHA 3A0AY

Po3B’s13aHHA 33044 € iCTOTHUM eneéMeHTOM BHBYEHHS Kypcy ¢i3uku. bes
3aCTOCYB2HHA TEOPeTHYHUX 3HAHbL N0 MPaKTHYHUX 33aJa4 BUBUEHHS Kypcy
¢bizuku He Moxke OyTH MOBHUM.

Po3B’s3ytouy 3anaul 3 Qi3uxH, cig AOTPUMYBATHCS TAKUX MPABUI.

1. BABUMTH BIANOBIAHUN meopemuunui mamepian ninpyuynuka. bes ubo-
ro cnpobu NPUETYNUTH OO PO3B’SA3aHHA 33434 € MapHUMH | Jal0Th 3MOrY,
y Halikpatiiomy pasi, ogepati (opmanbHi BiANOBIAl HA 3aNUTaHus, He 30ara-
4ylouM 3HaHb €TyAEHTA 3 (izukH. O3HaAHOMHUTHUCA 3 KOPOTKUMH TEOPETHYHHU-
MU BIAOMOCTAMM, HaBeA¢HUMHU B 301pHUKY Hepell KOXCHOW TEMOIO.

2. YBaj)HO NpounidTu ymogy 3adaui, 3’ scyBati NOCTaHOBKY MUTaHHS, 3a-
UCaTH YMOBY B CKOPOUEHOMY BMIISAL. SIK NpaBuio, JKOZHE CNOBO B YMOBI
3a4ayi He € 3aliBum. Tpeba BuzHaunTH Bei iH(pOpMaTUBHI cnoBa # BinobpasuTu
iHdopmatito, AKY BOHM HeCyTb, y CKOPOYEHOMY 3anucy. 3HauHy KinbKicTb
N2HUX, 10 noTpibHi ANd po3B’A3aHHA 3azayi, MOXKHA oJlepkatu 3 Tabnullp,
BMILIEHHUX ¥ KiHLi 36ipHuka, Bupasutd Bci Qi3UyHI BENHYMHU B OMHIN cUCTEMI
oauuuip (nepeBaxkHo B Cl). Tam, ae e MOXJIHBO, 000B’A3KOBO BHKOHATH
pucynox, sk noscHwoe (Gpi3uuyHUi 3MICT 3a1aul, ale rpaMoTHO nodygoBa-
HUIl pUCYHOK € rapaHTielo 11 po3B’s3aHHs.,

3. O6rpyHTYBaTH MOXJIMBICTL CRPOUWLEH, TIICITA SKUX MOXKHA pPO3risjaTH
o6’exTH 3adadi ak igeanisoBadi diznyHi Mogeni. Hanpuknaz, ciif 3’dacyBari,
YOMY, PO3FMIAJAIOYH KONUBAHHA Kyl pagiyca » = 1 cm, NiARIMEHOT HA HUTLI,
OOBXKHUHA KOl / = 1 M, IO KYJIIO MOXH2 BBAXKaTH MatepialbHOK TOUKOK); HOMY
eNleKTpUYHE MnoJie BCepeArHi NIOCKOro KOHAeHcaTopa, oA NAacTHH SKOro
§=0,01 Mz, a BiACTAHbL MiXk HUMH d = 0,5 MM, MOXKHA BBasKaTH 3a OJHOpIIHE.

4. YcTaHOBUTH, AKI @3uuni aeumia nexartb B OCHOBI 33Jadi. 3anucaTtu
thopmynu, WO IX BUpaKaIOTh, KOPUCTYHO4YMCh THMH, U0 HaBeAeH y BCTyni A0
po3ainy. BusHauuTH po3B’A30K y 3azansioMy (nitepHoMmy) euznadi, [1in yac
po3B’s3aHHa 3anaui Tpeba nocunarucs Ha BixnoBiaHuA dizvynuil 3akoH. Caix
nam’ATatd, Wo nepeBaHa OinbulicTh (i3UYHMX 3aKOHIB Ma€ NMEBHI MeXi
3acTocyBanHsa. CnpoOu 3acTocyBaHHA 3aKOHIB 1103a LIUMH MEKAMHU CIIpHUM-
HAOTH Tpy6i nomunku. HalGinsll po3noBcioKkeHUMU NOMUIKAMHU € BUKOPH-
CTaHHA 32KOHY, BCTAHOBIIEHOrO A/ CTAJOr0 3HAYEHHA JeAKOi BEIUYMHM,
B YMOB2X, KO/ BOHA € 3MIHHOI, BHKOPHCTAHHS 3AKOHIB Ta CMiBBiJHOLIEHD,
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BCTAHOBEHHX A0 TOYKOBUX BETMUYUH, ¥ Pa3i, KOJH BQHU He € TOYKOBUMH,
TOUIO.

5. [Ticna opepkaHHA po3B’A3KY B 3arajibHOMY BHraaai caill oro npoana-
ni3ysamu, 1518 4oro noTpibHo:

a) NepeKoHaTHEH B TOMY, LIO OZlepXanuil pe3ynbTaT Ma€ po3MIipHIicTD wiy-
K2HOI BETHYUHH;

6) po3r/isHyTH, € L€ MOX/IUBO, rpPaHiyHi yMOBH. Hanpuknan, Bupa3 cuiu
efeKTPUYHOT B3AEMOMIT MiX¢ APOTAMHUMM 3apPS/KEHUMM TilaMu 3i 3pocTaH-
HAM BiICTaHi MK HUMH Mac€ nepexoiuTH B 3akoH Kyinoxa.

6. Onepxatu wucaoeui pe3yromam, KOpPUCTYIOUHCH NpaBHIaMu Habmu-
XEHUX 00UMcIeHb. [IolHPEHOI0 € HOMHAKA, KOJTH OCTATOYHHIt YMCNOBHUIA pe-
3yNbTaT, OAepKaHUi 33 JAOMIOMOTOI0 KajbKynaATopa, Mac TaKy TOYHICTb, K2
3HAYHO MEPEeBUILYE TOYHICTE BUXiAHMX AaHUX. [IpoMixHi 3HAYEHHS BENIHYUH
obupcaroBaTH He Tpeba.

7. Ilicag oaepxapHs YMCNORBOTOQ pe3ynbTaTy CHij OuiHMTH Hioro mpas-
0onodibricme. Taxa OUIHKA IHOAI JonioMarae 3HalTH gonyleHy noMunky. Ha-
NpuUKAaj, WBHAKICTh 4aCTHHKU HE MOXKE NMepeBULLYBaTH ¢ = 3-] 0 m/c, 3apa
YACTUHKH He Moxke OyTH MEHLIMM BiJl 3apally eNneKkTpoHa.

Hloao po3s’szkie 3agau, HaBeAeHuX y 30ipHUKY, TO 3BepraTHCA A0 HHUX
NoiinbHO Micas cnpo® po3B’A3aTH 3a/auy caMOCTi#KHQ. Jng mojeruieHHs
po6oTu B KiHLli 30ipHHKa BMIILEHO JOCHTb AOKIA/IHI MareMaTH IHi A0AATKH.



Poapin 1. ®I3UM4YHI OCHOBU MEXAHIKHA

1.1. ENEMEHTU KIHEMATWKU

[MonoxeHHa MaTepiaibHol TOYKH B MPOCTOPI 3a1a€TLCA PAlliyCOM-BEKTOPOM
r=xi+yj+zk, (1.1.1)

A€ iy j, k — OnIMHUYHI BEKTOPH HAMpAMiB (OpTH); X, ), Z — KOODIHUHATH TOUKH.
MuTTeBa LIBUAKICT YaCTHMHKH

dr g ;
v=_d?=vx|+vy;+vzk, (1.1.2)
. . _dx _dy _dz
ae v,,V,,V, —NpOeKuil IBAAKOCTI V Ha OCl KOOPAMHAT, U, = 7 U, = o v, = &5
CepenHsa WBUAKICTb 32 Yac Af
At
Ar 1
vi=—=— |vdt, 1.1.3
= (1.13)
ae Ar — nepemilueHHA MaTepiaibHOT TOYKH 33 NPOMIDKOK Yacy Af.
Monynb BEKTOPa WBKHAKOCTI
v=\v2+0l 402 (1.1.4)
[puckopeHHs
2 2
a=iv-.=.d—.2[, a:ar-l-a“ =-.d£1'+v—n, (11.5)
dt  dr dt R

J€ T, n — OPTH JOTMYHOI Ta HOpMaJi 0 TpaexTopii; R — pagiyc KpUBHU3HM TPAEKTOpIi B
TOo41L.
HInsx, wo npo#uina rouxa,

I
5= _[vdr. (1.1.6)
h

KinemMaTHyHe piBHAHHS 06€pTANLHOrO pyxy

o= f(r). (1.1.7)
MHuTTEBA KyTOBA LIBUAKICTD
de
=— 1.1.8
o== (1.1.8)
KyTroBe npucKopeHH#
dw
g=—. .39
= (1.1.9)
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3B’30K MK NiHIAHUMHM | KYTOBMMM BEIUUMHAMM:
v=[or], a,=[er] a,=-o, (1.1.10)

e I — pazniyc-BeKTOop, NPOBENEHUH Bil MUTTEBOID LICHTPA KPMBU3HM TPAEKTOPII 10 YACTHHKH.

MpsimoniHiiHMiA pyx

1.1. YV yoMy nonsrae BiAMiHHICTb NOHATTA AudepeHLiiajia B MaTeMaTHii Ta
¢izuui?

1.2, 3a axux yMoB g 4ac a”anizy isuMHHUX SBHIL 3HAYEHHSAM NEBHOI
(i3u4HOT BETMYMHY MOXXKHA 3HEXTYBaTH?

1.3. SIxuM ymoOBaM MalOTh 3aJOBONBHATY (DYHKHUIl Yacy, 10 BU3HAYAKOTH:
a) nux; 6) MBUAKICTh; B) IPUCKOPEHHSA?

1.4. SIxkuM yMoBaM MarOTh 3a0BOJALHATH rpadiku QyHKLiH, w0 BU3HAYA-
I0Th: @) LWAAX; 0) BUAKICTB; B) NPUCKOPEHHS?

1.5. 3a skuXx yMOB LUIAX MaTepiajlbHOT TOYKH, IO PYXAEThCS B3AOBXK OCi

a.t s
Ox, BU3Ha4acTbCA QOpPMyYIIOI0 § = Uyf + —"2— , A€ Uy— MOYATKOBA WBHAKICT;

a, — NPOEKLiA IPUCKOPEHHS; { — yac pyxy?

1.6. Yactunka pyxaerbes B3gomxk oci Ox. Biloma npoexiis npiucKopeHHs
qYacTHHKU a,(f) Sk QyHKNis yacy. BusHauuTH: a) BIANOBiAHY QYHKIi0O
IBUAKOCTI U,(f); 0) Wnsx s, AKKMH MpoilIna YaCTUHKA 32 TPOMIXKOK 4acy Bif
t =0 g0 f = £;; B) MOOy/ b CepeHBOi WBUAKOCTI (V)| 32 uei vac; r) Moaynb
CEPEIHbOI0 NPUCKOPEHHS [(a)| YaCTHMHKM 3a BKa3aHHH yac.

1.7. KoopauHaty MatepialbHOI TOUKHM 3MiHIOIOTBCSA 3 HacOM 3a 3aKOHaMHu:
x=4,y=73¢ z=0, nex, y, z—- KOOPAUHATH, M; [ — 4ac, c. BCTaHOBUTH 3anex-
HiCTb mpoligeHoro wWagxy § Big gacy. Axkuit uusx s, npoliae Touka 3a npoMi-
KoK qacy Bin =0 g0 t=5c?

1.8. MarepianbHa Touka pyXaeTbes NpsMOiHifiHO. PiBHsAHHS pyxy s = 2 +
+ 3t+0,01t3, Je 5 — LuIAX, M; { — 4ac, ¢. YoMy OOpiBHIOKTbh MOAYJi LIBUA-
KOCTi U i NpUCKOpPEHHSs @ TOUKM B MOMEHT yacy £ = 0 i ¢ = 10 ¢? BusHauutu
CepeHE 3HAaYeHHA MOIyNiB WBHAKOCTI (v) i npuckopedHs (a) 3a nepmi 10 ¢
PYXy.

1.9. Marepianbua Touka pyxaerhCs NpsMoiHiHHO. 3anexHicTs npoiaeHoro
IIAXY BiJl 4acy ONMUCYETHCH PiBHAHHAM s = 0,5¢ + tz, e s — IIsaxX, M; f —4ac, C.
BustaunTu 3anexwuicTs mBMAKOCTI U | NPUCKOPEHHs @ Bin wacy, cepeaHio
WIBHAKICT (U) TOUKM 3a APYTY CEKYHIY PyXY Ta ULISX §, SKUH Npoiliia To4Ka
3a IT’ ATY CEKYH.Y.

11



1.10. Pyx MartepianbHoi TOYKH 3a4aHo piBHSHHAMEH: x =812 +4, y=

=61° -3, z=0 , & X, ¥, z — KOOpAMHATH, M; { — Yac, c. BuzHauutu moayni
LWUBKAKOCTI U | NPUCKOPEHHS @ TOYKH.

1.11. ABromMobinb pyxaeTbcs 3i WIBUAKICTIO U = 72 KM/TOA NepneHauKy-
JNAPHO [0 CTiHU. Y MOMEHT 4acy, Koy BiacTaub Ao cTinu s =400 M, aBTo-
MobinbL nonas KOPOTKUU 3ByKOBUH curnan. SAky Biacrane As BiH npoiiae

10 TOrO MOMEHTY, Kojiu Bogid mouye nyny? llIBuakicTs 3BYKY B MORBITpI
¢ = 339 m/c.

1.12, YacTuHKa pyxaeTbCs B3ZOBXK OPAMO] 3riJHO 3 PIBHAHHAM
x=Ar +Bt,ne A=-0,36 m/c’, B = 2 m/c. OBumcauty CepeAHE 3HAYEHHS
MOIyns WBKUAKOCTI (V) | MOAYyNb CepeAHbOl WBUAKOCTI (V)| T2 MOAYNb Mepe-
MimeHHs [x(£)| 3a nepiui 3 ¢ pyxy.

1.13. LllBuaKicTs YacTUHKY 3MIHIOETHCS 3a 3aKOHOM T = Ar* + Ce™ , Je
A=3 M{c3, B=1lc¢ '1, C =1 M/c. ObyucauTH NPUCKOPEHHS a YACTUHKU Ha-
MPUKIHLIL Mepuiol CEKYHau Pyxy, WsX S, NpoAAeHU YaCTUHKOMK, i CEPeAHID
lwBHAKICTL (T) 3a uelt yac.

1.14. Pyx wmarepianbHOi TOYKM 3a4aHO PiBHAHHAM x=At +2Bt*, ne
A=0,8 m/c, B =-0,1 m/c?. O6uucnuTH CEpEOHE 3HAYCHHA MOAYNSA LUBUA-

KocTi () 3a nepui 4 ¢ pyxy.
1.15. YacTuHka pyxaeTbes 3rifiHO 3 PiBHSAHHAM X = A4 sin ETEI saeA=1 wm,

T=1¢, t - vac, ¢. BusHauuru: a)wngax s, wo Npoiiia yacTrHKa 3a vac
t; =10,25 c; 6) cepeiHe 3HaueHHs MOJYJA LIBHAKOCTI (V) 3a ue# yac; B) Mo-
AyJb cepeaHbol LWUBKHAKOCTI [{v)| 3a yac ¢,

1.16. lllBuAkicTb YAaCTMHKM 3MIHIOETBCH 3riJHO 3 PiBHAHHAM
U=At+ B, 1e A=2wm/c’, B=30mM/c. OGUHCINTU WISX S, KMl npoxo-
AWTb yacTuHka npotsarom nepuinx 10 ¢ pyxy. Braxartu, 110 B noyaTkoBuit
MOMEHT ydacy s = 0,

1.17. YactuHKa pyxacTbcsa 3riAHO 3 PiBHAHHAM I = 340 + 4t2j. Busnauutu
LUISX §, WO npoiitig yacTuHka 3a nepiti 4 ¢ pyxy.

1.18. Yactunka PYXQETLCA 3 DPUCKOPEHHAM & = Ati + Btj, ne
A=l M/c3, B=4M/c’. Bu3HauuTH MOAYNL WIBHAKOCTI Uy YaCTHHKH B MO-
MEHT udcy f; = 2 ¢, skmo npu £ =0 17 weuakicte 6yna v = C(4i + Bj), a
C=5 ¢ |

1.19. Ha sucori A = 100 M Tino, mo BiNBLHO nagae, Mano LMBUIKICTb
v, = 20 M/c. YoMy JopiBHIOBATHME LIBUAKICTL U5 TiNA HA BUCOTI Ay =75 M?
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1.20. Tino, kMHYTE BEPTHKAIBHO Bropy 3 MOYATKOBOK INBHIKICTIO U =
=21m/c, 6yno Ha NOJOBUHI CBOr0 HaNBUIIOrO MiAHATTA ABi4l. BusHauuTH
OIpoOMiXOK yacy Af MiX LIUIMH JBOMA MOMEHTaMM.

1.21. Ha poeepxui Cipiyca-B wactunka mana weuakicte v =10 km/c,
CpsIMOBaHy BepTUKaNbHO Bropy. OOUYMCAMTH MPUCKOPEHHS BiIbHOrO NajiH-
Ha gc Ha Cipiyci-B, fKino yacTMHKa, pyXaro4uch BiAbHO B NOAI TAXKIHHA, ne-
pebyBana Ha BucoTi 2 = 10 M ABiui 3 yacoBum iHTepBanom Ar =1,4 Mmc.

Kpusonininuit pyx

1.22. Onucaty pyx 4acTHHKM Yy BUOajkax: a) a — CTalnu#i BekTOp;
6) a=const; B)a,#0, a,=0; a =0, aq,#%20; n) a, =const,
a, =const , ic & — OIPUCKOPEHHSA; @ — MOAY/Ib NPUCKOPEHHS; 4., 4, — TaH-
reHnjanbHe i HOpMasibHe NPUCKOPEHHS.

1.23. Tino, K¥HyTe MiJg KYTOM A0 FOPU30HTY, pyXacThcs BinbHO. SIKi 3
nepeniueHux BEJMUYMH i B SKMX TOUKAX TpackTopil 36iraroTbcs Mix coboro:
a) dv/dt;, 6) |a; B) |a.; r) v,; n) |v,l; €) R, ne v — WBUAKICTL; a,, a, -
CKAaZO0Bi IPUCKOPEHHS; U, ,U, — NPOEKUIT MIBMAKOCTI; R — pajilyC KpuBU3HU
TpaekTopii?

1.24. B sxux ToYykax BEAMHMMHH, NepeniveHi B 3amawi 1.23, mawoTh Haii-
OLablue i HaliMeHLIe 3HaYeHHS?

1.25. Sk cipaMOBaHUH BEKTOp 8 MOBHOI0 NPUCKOPEHHSA YaCTUHKH, IO py-
Xa€TbCs MO KPUBOJiHiAHIH TpaexTopii?

1.26. B sxoMy BUNAAKY WLASX, IPOHAeHUH 3a NEPLIY CEKYHAY B PiBHONPH-
CKOPEHOMY PYCi, HUCENBHO He NOPIBHIOE NOJOBUHI NPUCKOPEHHAT

1.27. Kaminb kuHyTO 3 nosepxHi 3eMni nig kyrom o = 30° 10 ropusoHTy 3i
WBHAKICTIO Uy = 10 M/c. Bu3nauuTu yac nigHoMy f; i 4ac nagiuus /.

1.28. M’y KMHYTO BEPTHKAJNLHO Bropy. YoMy AOpIiBHIOE NPUCKOPEHHS
M’A4a y BepxHiil Touni Tpaekropii?

1.29. I3 oaui€l Touku NPocTOPY KMAAKOTh JBA Tila rOPU30HTANBHO i Bep-
TMKaJIbHO Bropy 3 OJHAKOBUMM WIBUJIKOCTAMH Up. Ha kil Bigcrani / nepedy-
BaTUMYTh Ui Tina yepes yac ¢7

1.30. 3 rapmaru BuiniTae cHapsa NiA KyTOM 0. 1O TOPU3OHTY 3 IIOYATKOBOIO
WBKAKICTIO Uy, HexTylouu ornopoM moBiTps # KPUBM3HOKO 3eMHOI TIOBEPXHI,
BASHAYUTH: a) rOPM3OHTalIbHY U, 1 BepTHKalbHy U, CKJIafOoBi Ta MOBHY U
IIBMAKOCTI pyXy cHapsaa sk (yHKuil yacy; 6) 4ac #; pyxy cHapsaa Big Mo-
MEHTY NoCTpity 0 Horo namiHHA Ha 3eMJIIO; B) 3aNEXKHICTb KyTa B MiX Bek-
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TOPOM LUBMAKOCTI CHapsAaa i TOPU30HTOM BiA Yacy; r) 3aleXHicTb KOOpAUMHAT
X 1y cHapsja Bif yacy.

1.31. Yepes sxuii uac ¢ nmicsid Mo4aTky pyxy BEKTOp HIBUAKOCTI Tina, Lo
KMHYTO Mifg KyToM o =45° 10 ropu3OHTY 3 NOYaTKOBOK LIBHAKICTIO Uy =
= 10 Mm/c, yTBOproBaTHMe 3 rOpU30HTOM KyT f3 =30°7

1.32. O6uuciuTK HOpMaNbHE G, | TAaHFEHLiaJIbHE a, NPUCKOPEHHS Tina, sKe
KMHYTO 3 NMOYaTKOBOIO IIBUAKICTIO Up = 10 M/c mia xkytoM o =30° go ropu-
30HTY, 4epe3 #; = 0,7 ¢ 3 movarky monboTy. B SKMX Touykax TpaekTopii mi npu-
ckopeHHs OyayTh HaiGiNbLIKMMK | YOMY JOPIBHIOBATUMYTE?

1.33. Tino kuuyto 3i weKakicTio v = 20 M/c mig kytom o =30° 1o ropu-
30HTY. Busnauutu pafiyc kpuBu3HM R TpaekTopil Tina yepes uac f; = 1,2 ¢ micna
noYyarxy pyxy.

1.34. Tino xkMHyTO 3 mOBepxHi 3eMui Nig kyToM o =30° A0 ropu3oHTYy 3
MOYaTKOBOIO LIBUAKICTIO Up = 10 M/c. HexTytouM 0iopoM NOBITPSA, BCTAHOBUTH:
UIBUAKICTB Tina U B MOMeHT 4acy 4 = 0,8 ¢; piBHSIHHS TpaeKTopii; Yac niaomy
fy 1 yac nafiHHg f; JanbHICTL § MONBOTY; padiyc KpUBM3HM R TpaekTopii B
MOMEHT Yacy /.

1.35. lapmara posMmilyeTscs Ha ropi, Bucota sakoi A. ITig yac mocrpiny
CHapa[ BUJITAE 13 CTBONA 31 WBHAKICTIO Uy. HEXTYHOUH ONOPOM MOBITPS, BU-
3HAYUTH KYT O, CTPUILOM, IPU AKOMY AANLHICTL NOMLOTY § € MAKCUMANb-
HOI. YoMy BOHA JODPIBHIOE?

1.36. Bu3HauuTi MakCUMANbHY JAOBXHHY Smax CTPHOKA MIUI'YHA, SKIIO BiH
PYXaBCs 3 FOPH30HTAIIbHOK WBMAKICTIO Uy = 10 M/C, a BIALITOBXHYBUIKUCH Bij
NJIaHky, HabyB WBHAKOCTI U = 4 M/C NiJ AeSKUM KYTOM IO TOPU3OHTY. AKuM
y nboMy pa3i Ma€ GyTH KYT Olmax MDK BEKTOpaMH vy i vo? OmopoM moBiTps
HeXTyBaTH.

1.37. Tino kuHyTO 3i WBMAKICTIO Uy = 10 M/ mig kyrom o = 30° go ropu-
30HTY. BCTaHOBUTH LWINAX §, NPOHASHUH TiNOM.

1.38. V BeprukanbHy TpyOy, BUcoTa AKkoi 4 = 3 M, BiIiTac MaJleHbKa KyabKa
31 IIBUAKICTIO ¥ = 5 M/c nig kyroM o = 30° g0 BepxHbOrO 3pidy Tpyou. Kynbka
APY’XHO BiAGMBAETLCA Bil CTIHOK. BH3HAUMTH Yac f MaiHHA KyJbKH A0 OCHOBH
Tpybu.

1.39. 13 noi3za, Mo pyxaeTbes 3i IWBMAKICTIO Uy = 72 kM/roll, y nepneHau-
KYJSPHOMY JI0 PyXy HanpsMi KMHYTO TeHiCHMM M 4. [loyaTkoBa WIBUAKICTb
M’sya BigHoCHO Toi3aa vy = 20 M/c, a KyT HaxWJIy BEKTOpa LIBUAKOCTI O ro-
pu3oHTy o =30°. BCTaHOBUTH 3aJIEXHICTh WIBMAKOCTI M’s4a Big wacy i Big-
CTaHb §, AKY NPONeTUTb M’94. ONOpoM MOBITPA HEXTYBATH.
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1.40. YacTuHka pyxacTbcs 3riHO 3 PIBHAHHAMU X = UL, y = af +bt,z= et
ne a, b, c, v — crani. BUsHauuTH WBUIKICTE YACTUHKM Vi, Il MPUCKOPEHHS &
Ta MOAYJ1b IEPEMILLEHHS 7 3a NepLi f CEKYHA PyXY.

1.41. Paniyc-BEKTOP TOYKH T = A% + Btj, ne A, B — ctani; i, j — opTH oceil
Ox 1 Oy. BCTaHOBUTH PiBHAHHA TPAEKTOPIi TOYKU B ABHOMY BULIAAI y(x) Ta
3aNIEXKHICTh WIBUAKOCTI V, IPUCKOPEHHS a; | MOAYAIB LIMX BENWYHMH Bif 4acy.

1.42. Paniyc-BeKTOp YaCTHHKU Ma€ BUMMAL I = (ct3 + k)b, ie b=2i+ 3j,¢c=
=0,5 M/c’, k=2 M/c. BusnauuTH, K 3a1€3KaTh BiJl Yacy BEKTOD LIBMAKOCTI
v(!), BEKTOp IpUCKOpeHHH a(?), wsx s(f) 1 Moaynb WBUAKOCTI V().

1.43. YacTiHKa pyXa€Thbes 3TiHO 3 PiBHAHHAMU x =U !, y = A sin of, ne
U, =5,510° M/c; A =10 "> M; © = 5,5:10° ¢~ . BCTaHOBMTH PiBHAHHA TpacK-
TOpii YaCTMHKH B SBHOMY BUMIAAL T LUBUAKICTD U | PUCKOPEHHS @ YACTUHKU
B MOMEHT 4acy f; = 7t C.

O6epranbHuid pyx. KiHemaTtuka vesepaoro Ttina

1.44. Axuii HaOpsM MalOTh NICEBAOBEKTOPU KyTOBUX BERHYUH (dQ; ®; €)?
1.45. YuM Bipi3HAOTHCH MCEBAOBEKTOPY BiJl BEKTOPIB?
1.46. YactuHka pyxaeTbes no kony. Ak QI3MYHKHA 3MICT MaKOTh BHpasu:

! i f {
a) Ie:dz‘; 6) ﬂe_.]dt; B) Im_.a't; r) I|m:|dt, J€ €, ©, — BIANOBIAHO MpoeKLii
0 0 0 0

KyTOBOTO IPUCKOPEHHS Ta KyTOBOI LIBUAKOCTI?

1.47. EnexTpoH B aToMi BOAHIO 3a Teopi€o bopa pyxaerscs no kony, pai-
yc skoro R = 52,9 nM, 3i weuakictio v = 2,18 Mwm/c. BuszHauutu kyToBy
IIBUIKICTB i HOPMalibHE MPUCKOPEHHSA @, eeKTpoHa. YoMy ROPIBHIOE Ky-
TOBa HIBUKICTb ) 00epTaHHs BEKTOPA LIBMAKOCTI enekTpoHa?

1.48. YacTyHKa pyXxacTbCs Mo Koy, pagiyc skoro R = 10 cM, 31 IBUA-
KicTio U = 10 cM/c. BuzHaYuTH cepeHe 3HAUYEHHA MOAYNA LIBUAKOCTI (V) I
MOJlyJib BEKTOpa CEPeHbOI IIBUAKOCTI [(V)| uacTHHKM 3a Hac pyxy {= 3,14 c.

1.49. 3a npomixok uacy ¢ = 10 ¢ Touka npoiiluna oaHy LWOCTY KOJa, pa-
niyc skoro R = 150 cm. O6uucnuTH 3a yac pyxy CepeAHE 3Ha4eHHS MOAY s
IWBUAKOCTI (T/); MOAYNb BEKTOpa CEPEAHbOL WIBUAKOCTI [{V)|; MOAYIb BEKTO-
pa cepeanboro TAHTEHLIAILHOrO NPUCKOPEHHS [{(a.)|, AKIO MOAYJIb TAHI€H-
LIANIEHOrO NPUCKOPEHHS He 3MiHIOBABCH, a MOYaTKOBA LIBHAKICTE A0PiBHIO-
Bana Hynesi.

1.50. 3emns obepracTbcs HaBkono CoHuA 13 CEPeaHBOK LIBUAKICTIO
v = 29,8 xM/c. CoHue pyxaeThes B Hanpami cysip’s Jlebeas 3i wBuakicTio
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vUe = 250 kM/c. BuzHauuTH WAAX § 1| MOAYNb nepeMiuiesHs |r| 3emii 3a yac
t = 365 ni6. Braxkatu, wo 3eMis pyXxaeTbCa MO rBUHTOBIH NiHIT.

1.51. Tino pyxa€Tbcs 3riqHo 3 piBHAHHAMU x =5 sin 2nf, y =5 cos 2nt, ne
X, ¥ — KOOpAMHATH, M; ¢ — yac, ¢. ObunucCIuTH WNgX s, SKHH IPOXOAUTDL TINO
3a yac £; = 10,25 c. YoMy qopiBHIO€ MOAYNb NEpeMiLIEHHS |r| 3a e yac?

1.52. Touka pyXacTbes 0 Kony 3i LIBUMAKICTIO U = agf, A€ ap = | Mm/c’. Bu-
3HAYUTH ii NOBHE MPUCKOPEHHS @ MIC/S TOro, 1k BOHA 3p0OUTL MOBHKIH 00epT.

1.53. Tino pyxaerscs no Kony, pagiyc skoro R = 1 M, 3i WIBKHAKICTIO U =
= qot, e ap = 2 m/c’. Buznauutu BEKTOP CepeaHbol LIBUAKOCTI (v) i cepegHe
3HAYEHHS MOAYns WUBUAKOCTI Tina (V) 3a nepury ceKyHAy pyxy.

1.54. Kyt noBopoTy paaiyca-BeKTopa YacTHHKH, L0 PyXa€TbCsl MO KONy pami-
yca R = 10 cM, BU3HAuacTLCs PiBHAHHSM O = At” + Bt +C, ne A =1 pan/c’; B =
= 2 pag/c; C = 3 paa. BuzHauuty 3a nepiui f; = 2 ¢ pyxy: LUX §, AKMid npoifiuna
YaCTHMHKA;, MAKCUMANbHI KYTOBI HIBHAKICTE sy | MPUCKOPEHHS €gys KYT OL MIK
BEKTOpaMy MOBHOTO i TAHNE€HLIANBHOTO NIPUCKOPEHDb YaCTHHKM,

1.55. BuzHauuTi MakCUManbHi JIiHIAHY WBUAKICTb Upax | HOPMANIbHE NPH-
CKOPEHHS a, TOYOK, IO JIeXKaTh Ha NOBEPXHi HelTpoHHOI 3ipku. Maca
3ipKu m = 2:10°° kr, ryctuna p = 5-10™ r/em’, nepion obepranns 7= 3 mc.
BpakaTu, 10 3ipka Mae GopMy Kyi.

1.56. Tino, mo obepraerbed, 36iMTbIIMAO CBOKO KYTOBY LUBHAKICTL Bij 3HA-
yeHHA =2 pan/c A0 w; = 64,8 pai/c 3a yac, npoTAroM fkoro Bigdynock N =
= 100 noBHuX 00epTiB. OOUUCIUTH KYTOBE IPUCKOPEHHS € TiNa,

1.57. Ban obepraeTbcs 3 KyTOBUM MPUCKOpEHHSM €.= —] pan/c>. Horo

IOYaTKOBa KyTORa MIBUAKICTL wy= 10 pag/c. OGUucCIUTH CEpPEeaHIO KYTOBY
weuakicTs (®) Bama 3a wac f; = 15 ¢ pyxy.

1.58. KyToBe npuckopedHs pana .= —| pan/c’. Ckineku oGeptis N 3po-

OouTh Ban ]y pasi 3MeHieHHs 4acToTH obepTaHua Bia »n = 1440 x8"' no n =
=360 xB~ ? 3a sxuli 1ac f; ue Bigbynerscsa?
1.59. Tuck, paniyc skoro R = 10 cm, obepracTbCsa 3rilHO 3 piBHAHHAM

o=Ae®  ne A=10pan; B=0,1 ¢”'. Busnauuty TaHreHIialbHe a,, HOPMasb-
He a,, 1 MOBHE @ NPUCKOPEHHA TOYOK Kpalo AMCKa JUis MOMEHTY Yacy £ = 10 c.

1.60. uck, pamiyc skoro R = 10 cM, obepracThcs 3rifHO 3 PiBHAHHAM
Q= At? + Bt+C, ne A=0,1 pa,u/cz; B = -1 pap/c. Ans MmomeHTy yacy t; =1 ¢
BU3HAYMTH [TOBHE MPUCKOPEHHA @ TOYOK KO0JIa IMCKA Ta KYT OL MIX BEKTOpamu
TAHTEHIiANbHOTO 4, | MOBHOTO a NPHCKOPEHD.
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1.61. Koneco, pagiyc skoro R = 0,1 m, oGepraetbes Tak, WO 3aNeXHICTbL
KyTa [OBOPOTY @ paldiyca Kosieca Bif 4acy ! OINUCYETHCH PIBHAHHAM

@ =4 sin (BH)+Cr?, ne A = 1 pax; B =3 ¢chCc=2 pa.u/cz. Jlns Touok Ha
o6oai koneca 0OYUCIUTH Hepe3 vac ¢4 = 271/3 ¢ micng NoYaTKy pyxy KyTOBy ©
Ta AiHIHHY 7 LIBUAKOCTI, @ TAKOX KYTOBE €, TAHTEHIlialbHE @, Ta HOPMaJlb-

HE @, NIPUCKOPEHHS.

1.62. AptoMartHa kynd, AiamMerp skoi d = 5,68 MM, Mae WBHAKICTL U =
= 700 m/c i obepraerbcsa HaBkono cBoel oci. KyroBa wBuakicTs obepranHs
® = 1,8:10° pan/c. BusHauMTH MaKcHMaJibHy LIBUAKICTb TOYOK KYJi.

1.63. ABToMOGUIb, WO pPyXaeTbed 31 WIBUAKICTIO ¥ = 100 xm/roa, nicns
BHUMHUKaHHA JBUTYHA mpoixas RiacTagh § = 1 kM. YoMy JopiBHIOE cepegHe
KyTOBE IpHMCKOpeHHs (€) koJiic aBTomobins, akino paniyc koneca » = 35 cm?

1,64. 3a yac cTpubka Ha BUCOTY h = 4,9 M crniopTcMmeH Ha 6aTyTi 3pobuB
YOTUPU 00epTH HABKONO TOPH3OHTANBLHOI OCi. BUM3HAUUTH cepeiHIO0 KYTOBY
mwBUaKicTb () ofepraHHs cnopTcMeHa 3a yac cTpubka. OmopoM mnoBiTps
HEeXTYBaTH.

1,65. ConoprcmeH Ha 6atyTi 3a yac ctpubka Ha Bucoty # = 4,9 M 3pobur
YOTHPH 06EPTH HABKOO FOPU3OHTANBHOT | ABa 06EPTH HABKOJO BEPTHKANLHOT
oceil. Bu3Ha4uTH CepesHIo KyTOBY LUBHAKICTD { @ ) 00€pTaHHsa CNOPTCMEHA 32
yac cTpubka. SKuii KyT 0L 3 FOPU30HTAI YTBOPHIE BEKTOP KyTOBOI LIBHAKO-
¢1i? OnOpOM NOBITPA HEXTYBATH. |

1.2. AUHAMIKA MATEPIANBHOT TOUKH
TA NOCTYNANBHOrO PYXY TBEPAOIO TINA

IMIryabc yacTUHKH

my. (1.2.1)

-
fl

IMDynBC cucTEMH HacTHHEK

N
P=2 i (12.2)

=1

A€ P; — IMIYALC i-i YaCTMHKM, NV — KinbKiCTh YACTHMHOK Y CUCTEMI.
PiBHSHHA pyXy YaCTMHKH T2 NOCTYNAILHOTO PYXY CUCTEMH HacTHHOK

L (1.2.3)

ac F — pl_BHoniwlla CWJIA, IO Ai€ Ha YacCTUHKY; ANd cMCTeMH 4acTHHOK F — ronosuuil Bex-
TOP 30BHIWIHIX CHJ, SKi AiIOTh HA YaCTHHKM.
=
| 4
BIBNIOTEKA ’ 17
HIY i MU Lraconansed g

G- ¥
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Paniyc-BexTop ueHTpa mac (UEHTpa iHepLil)

1 N .
I =;;Zm;r,- ) (1.2.4)

i=l

Ie m;— Maca i-1 YaCTHHKHM ; r; — 1I pajiyc-BEKTOp; M — Maca CUCTEMH.,
3aKoH pyXy LEHTpa Mac

ey (1.2.5)
dt
Je v, — IBUAKICTh LEHTPa Mac.
3axoH BCECBITHROIO TAXIHHA
F=-Go2l, (1.2.6)
¥ r

ae F — cuna B3aemoaii ABOX yacTUHOK; G — rpasiTauiiiHa crana; m), m, — Mac B3aEMOZAII0-
YUX YACTHHOK: I — BEKTOP, SKMI BU3HAYAE NONOKEHHA APYrol YACTMHKH BIAHOCHO NEPLLOT,
Cuna npyxHocTi (3axoH [yxa)

F, =—kx, (1.2.7)
ne k — xoediuieHT npyXHOCTI (OPCTKICTh Y BUNANKY npYXuHH); x — abconwoTHa acdop-

Mallis.
Cuna TepTs KOB3aHHA

F=/N, (1.2.8)
Je f— xoeiuieHT TepTa KOB3aHHA; N — cuna HOpMAJILHOTO THCKY.
PiBHAHHS pyxy YaCTHHKHM BiIHOCHO HEiHEpLIAIbHOI CUCTEMHU BianiKy K’
ma'=F+F,,, (1.2.9)
a¢ a' — npUcKopeHHs 4YacTMHKM B cucreMi Bianiky K, F — cuna, wo ai€ Ha yacTuHky 3
6oxy iHwux Tin; F;, — cuna inepuit.
PiBHSHHA pyXy YAaCTMHKM B HEIHEpUiaNkHIH cucTeMi, ska obepracThea 31 CTANOK KYTO-
BOIO LIBMIKICTIO () BIAHOCHO HEPYXOMO] OCi:
ma'=F+mo’R+2m[v'o], (1.2.10)

Je R — BekTOp, 10 NEXKHTh y MIOWMHI obepTaHHs | npoBedeHuil BiA oci o6epTaHHs 10
YaCTMHKH; V' — LIBMAKICTH YaCTMHKHM BIAHOCHO CHCTeMM BiaNiky K.

3akoHu HuloTOHa

1.66. Y yomy NposBAAIOTLCS OHOPIAHICTL Ta i30TPOMHICTL MPocTOPY?

1.67. 3anpononyiiTe cCUCTEMY BiANIKY, AKa TOYHO BiAMOBIAAE BU3HAYEHHIO
iHepUiaNbHOT CUCTEMH BIAIKY.

1.68. Tino, Maca skoro m = 5 Kr, KHHyTO B FOPHM30HTAJIbHOMY Hanpami 3i
weyakicTio v = 10 M/c. BusHauuTi: npupict iMnyascy Ap; Tina 3a nepui £, =
= 3 XB BiJIbHOTO NaiHHA Ta NPUPICT IMNYILCY AP, TiNla, AKIIO BOHO KHHYTO B
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FOPU3OHTAJILHOMY HapsaMi 31 WIBHAKICTIO Uz = 7,9 KM/C (NMEPLIOIO KOCMIYHOIO
LIBUAKICTIO).

1.69. BaroH 3 nickom, Maca sxoro m = 80 T, piBHOMipHO pyxaBcs 3i mBH-
KicTio U; = 3,6 xM/roa. BusHayuTy iMNyasc p Baroda mnicjas Toro, ik 3 HbOro
BUCHIIANOCS JOHM3Y m = 60 T micky.

1.70. JIokoMOTHB 3 BaroHaMH pyXaeThcd 3i CTaNo WBKAKICTIO T = 0,2 M/c.
Sxoro Mae 6yt cuna TATY F; JOKOMOTHBA, SKIIIO BaroH 3aBaHTAXYETHLCS Tip-
CBLKOIO TOPOAOIO 31 WBKAKICTIO | = 800 xr/c? BrpaTu MexaHiuyHOT eHeprii mia
yac pyxy He BpaxoByBaTu.

1.71. JIBa yoBHH, Macu Akux m; = 150 xr i m; = 110 kr, pyxawTthcs 3i
IBMIKOCTAMM BiagnoBiaHo vy = 10 M/c i v = 15 M/C Ha3zycTpiu OIMH OJHOMY
napanebHUMH KypcaMu. Komu yoBHM NOPIBHAIMCH, TO 3 KOKHOrO B iHILHH
OZIHOYACHO MepeMicTHIM BaHTaxi. Maca koxHoro BanTaxy m = 10 kr. Bu-
3HAYUTH LLIBWAKOCTI %) 1 1, YOBHIB micns oOMiHY BaHTaXXaMMU.

1.72. Tpu BaroHeTKH, MacCH SKUX n1y, 1, i m3, PyXarThCs 3a IHEPLico oqHa
3a OJIHOKO 3 OJHAKOBUMHM IUBUAKOCTAMU U. Skumu OyayTh iX WIBMAKOCTI Uy,
U3, U3, SKIIO i3 CepeaHLOT BATOHETKH [TEPEKHHYIIY B KpaliHi BAaHTaxi Macoro m
3] WBHAKICTIO ¥ BIZHOCHO BAroHETOK?

1.73. Ha ropmomanbuy MOBEPXHIO BEPTUKAIBHO Majac Aoul. ['ycruna
jowmy n = 10* kpanens y ky6iuHomy meTpi. Maca kpamii m = 40 Mr, WwBKz-
KicTb 11 magiHHa U = 5 M/c. OOYKCIMTY THCK p 01y Ha MOBEPXHIO. BBaxary,
LII0 Kparli He BIICKAKYIOTh Bifl MOBEPXHI.

1.74. Kopabenb, Maca SKOro m, 3 BOAOMETANILHUM ABUTYHOM KOXHOI ce-
KYHIH BUKMJAE BOAY MAcolo | 3i MIBUAKICTIO ¥ BigHOCHO Kopabis. BusHauu-
TH WIBUAKICTE U kopabuns yepes vac f micas novarky pyxy. Cunoro Teprs Ta
OMOPOM BOJY HEXTYBATH.

1.75. 3 okony KMHYN¥ rpaHary 3i WIBMAKICTIO Uy = 25 M/c mig KyTOM
o = 45° 1o ropu3oHTy, Aka BUOyXHyna yepe3 aeskuil yac. Ha skik Bigcraui
S BiJl OKONy MiCTUTBCA [IEHTP Mac yJaMKiB, 1o Brnajau Ha 3emnio? Onopom
MOBITPA HEXTYBaTH.

1.76. I'panata posipeanacs B nosiTpi Ha N ynaMkiB, Bu3HauMTH mIBHAKICTD
V TpaHat¥ B MOMEHT BHOyXy, SKIO BigoMi Mack m; Ta WIBUIKOCTI V; BCix
ynaMmKkis.

1.77. Onnopinua kyns, Maca skoi m = 1 r, KOTUTBCS 6€3 MPOKOB3yBaHHA 3i
WBHAKICTIO ¥ =1 M/c. BU3Ha4UTH iMIyIbC p KYyJIi.

1.78. 3a saxux ymoB MosxHa KOpHCTYBaTHCS 3aKoHaMu HbIOTOHA A7ist onucy
B3aEMOJT TLI CKiHYeHHUX pO3MipiB?

1.79. Xnonuuk, mo cugMTh Ha npHyani, ynupacTbcss HOraMu B He3akpil-
neny Gapxy, Maca sxoi m = 10° T, HaBnpoTH Ti ueHTpa Mac. OGuMcAUTH, 33
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skuii yac 7 Gapyka BiAMAWBE Bif npuyany Ha Biactaus / = 0,2 M, SKLIO XJIOI-
YyuK ai€ Ha Hel i3 cunowo F = 100 H? Onopom Boau HEXTyBaTH.

1.80. EnexTpoB03 LUTOBXA€E [1BA BArOHU, Macy AKUX n = my = 60 T, HaaalOYH
iM npuckoperna a= 0,1 m/c’. Koediuient onopy p = 0,005. 3 sikumu cunamu F i
F, cTucHyTi npyxunu Oydepis Mk BaroHaMH Ta MiXK eJIeKTpOBO30M i BAroHoM?

1.81. OnHopigHu#i 6pycok nNexuTb Ha NOXUAii nnouuHi. J[o SKUX TOYOK
MPUKNANAIOTLCS PE3YNAbTYIOUl CUAM, 110 AIFOTb HA Opycok?

1.82. 3 kUM MaKCUManbHUM MPUCKOPEHHAM @ MOXKE PyXaTHCh aBTOMO-
6inb, sKLLO KOediUiEHT TepTH MK pe3uHoro Ta 6eToHom f= 0,77

1.83. Tino po3mileHO Ha MOXUAii MIOIIKHI 3 KyToM Haxuny o. Koegiui-
€HT TepTA CTAHOBUTH f. ¥ CKinbky pa3iB MiHiManbHa cuna Fy, 3 kot Tpeba
MOAIATY HA TiNO, WOO BUTACHYTH HOro Ha MOXWIY IUIOLLMHY, Oinbiua 3a cuny
F>, noTpiOHY s YTPUMAaHHA Tijla HA MOXMAIN MIOWMHI?

1.84. Y3108 noXumnoi MIOWMHY, WO YTBOPKOE 3 TOPU3OHTOM KYT oL, Mifii-
maioTh Tino. KoediuieHt Tepta cranosuts f. Ilig sxum kyroMm B no noxunoi
MnoWWHY Tpeba cnpamysaru cuny, wob BoHa 6yna HaltMeHLOoW?

1.85. Axum mae OyTy MiHiManbHult KoedilieHT TepTs f MiX LIUHAMY KoJlic
1 I0pOrow, 1od BeloCUNeNUcT 3MIT pyXaTuci Bropy Mo J0po3i 3 HaXuiom
0,02 (Haxun — cUHyC KyTa oL Haxuay JOpOrd 10 FOPU3OHTY) 3 NPUCKOPEHHAM
a=0,2 m/c*?

1.86. Ha noxuniii naowusi 3 kyroM Haxuay o = 30° 0 FOPU3OHTY AEKHTH
bpycok, Maca sikoro m = 2 Xr. 3 sIKHM NPHUCKOPEHHSM a pyXaTumeTscsa Opy-
COK, SIKLO Ha HLOTO MoYHe Aiatu cuna F = 20 H, HanpsAmieHa napanenbHO
noxuiit nnowuHi Ta i ocHosi (puc 1.1)? Po3rnguyTy Bunaaku, kojau koedi-
LieHT TepTa: a) fi = 0,6; 6) 4 =0,2.

1.87. Ha noxuniii nnouuui 3 kyroM Haxuiy o = 30° 1o ropusoHTy po3mi-
eHo 6pycok, maca sikoro m = 400 r. Ha Hboro aie cuna F = 10 H. Kyt B mix
pekTopamu cun F i TsokiHHA mg nopiBHioe 60°. Bu3HauuTH NpuUcKopeHHs a
Tifla, AKIIO KoedilieHT TepTs Mixk GpyckoM i noxunoro maomwuHorw f=0,5.
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m, &

Puc. 1.3 Puc. 1.4

1.88. Yepes Hepyxomuit 610k nepexkunyro HuTky. Jlo 1i kiHpis npukpinne-
HO BaHTaXi, Macu sKUX my = 2 Kr i my; = 3 kr (puc 1.2). Busnauuru npucko-
peHHa g BaHTaXiB i cuny F, 3 skoto 6110k Aie Ha Bick, Axuo koedinieHT TepTs
Mbk BaHTaxkeM i nosepxHer f = 0,2. Macoro Gnoka i HUTKH HexTyBaTH. 5K
3MiHUTECA NPUCKOPEHHSA BAHTAXIB, AKIIO Maca HUTKU Oyae NOCHTL BeNUKO0?

1.89. B ycranosui, 300paxeniii Ha puc. 1.3, BifOMUMH € KYT o, Macu m,
my, my, KOEQILIEHT TepTA f MK NOXMNOK MNOWKUHOK | BaHTaXkaMU. BuzHauuTu:
NPUCKOPEHHSA BAHTAXY M;; CUILY HATATY Fy» HUTKU MiX BaHTaXamu m i my;
cuny Fg,, 3 fko1o 6ok gie Ha Bich. Macoto 6510ka i HUTKM HexTyBaTy. Baa-
XKaTH, o m >(m; + my) sin A,

1.90. Heparomuii 6510k 3akpinneHo Ha BEpLUMHI ABOX MOXWJIMX MIOLLMH,
{0 YTBOPIOIOTE 3 ropu3oHToM KyTH o = 30° i B = 45° (puc. 1.4). Yepes 6ok
NePEeKUHYTO HUTKY, 40 KIHLiB SKOI IPUKPINAEHO Tarapui m; = my = 1 kr. Hex-
TYIOUYH TEPTAM, BU3HAYUTH: MPUCKOPEHHA a, 3 AKUM pyXaroThCs Tina; HaTAr F,
HUTKH (HMTKa Mpy)xHa, HesaroMa). Uw 3MiHATLCA BiANOBiAl, AKWIO NMPYXKHY
HUTKY 3aMiHMTH HEPO3THKHOKO?

1.91. Ha ropusoHTancHiit noBepxHi po3miuieHo 6pycok, Maca skoro m; = 2 Kr.
Koedittient repta 6pycka o6 nosepxuio f; = 0,2. Ha 6pycky nexurs iHLIWIA
Bpycok, ftoro Maca m; = 8 kr. Koediuient Tepts Bepxusoro 6pycka o6 Hux-
Hili f;=0,3. Jlo BepxHKOro 6pycka npukIaneHa ropu3oHTanbHa cuna. Buszda-
YHTH: 3Ha4YeHHd cunu Fy, npH SKOMY MOYHETLCH CYMICHE KOB3aHHA Gpyckis
MO NOBepXHi, 3HAYEHHA CHIM F>, TIpH SKOMY BepXHIH OpycoK mo4He [poKOoB-
3yBaTH BiAHOCHO HMXKHBOTO.

1.92. Yogen, mMaca AKOTO m, PyXacThcs B CTOSYil BOAI 31 WIBUAKICTIO Typ.
Cuna onopy pyxy F = — kv, ae k — crana, 1o 3a1exuTs Bifl GopMH 40BHa.

AeAKuit MOMEHT 4acy ABuryH 4osHa Oys0 3ynuHeHo. BcTaHOBUTH 3anex-
HICTB WIBMAKOCTI ¥ i Wwaxy s Bin Yacy, Akuil BiApaxoByETbCA BiJ MOMEHTY
3YRMHKM ABUryHa, B sakuii MOMeHT yacy IUBHAKICTH YOBHA AOPIBHIOBATUME
Hynesi? Uu He cynepeunTs ue 40CHi10Bi?

1.93. Iinsoanuii yoseH, Maca aKoro m, PyXa€eThes 31 WBUAKICTIO Ty Cuna
OMOpy 3MiHIOETECA 31 IIBUKICTIO 33 3aKOHOM F =— k'vz, ne k — crana. Bera-
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HOBUTH 3aJI€XKHICTh LIBWAKOCTI U 4YOBHA BiA WINAXY X, AKMA BiH NpPOXOAUTH
Mic/A 3YMUHKA ABUTYHA.

1.94. BusnauuTu 4ac #, nigiioMy Tija, mMaca sKoro m, KUHYTOro Bropy 3i
IIBUAKICTIO Tg. BBaXkaty, 110 cujia ONnopy PyXy 3alexuTh BijJl IUBUAKOCTI 3a

3aKoHOM F = — kU,

1.95. [TouaTkoBa WBMAKICTb Ty Kyai, Maca akoi m = 10 r, gopisHioe 700 m/c.
[1pu ropusoHTaNLHOMY pYci B NoBiTpi 3a yac #; = 0,1 ¢ il WUBUAKICTb 3MEHLIU-
nacs 110 3HayeHHs ) = 600 m/c. BuzHauuTu KoedilieHT onopy k, BBaXarOyH,
110 CUNa ONopy NpoNopuiiiHa KBaAPaTOBi WBUAKOCTI Ky,

1.96. Beptonir, Maca sikoro m i po3max fomnarei reuHTa d, niaHiMaeTsCs
BEPTUKAJILHO Bropy 3 [IPUCKOPEHHAM a. 3 4KOI0 WBUAKICTIO T IBUHT BilkU1ae
BHU3 noBiTpa? [Toknacty, 1o rycTyHa nosiTpa, aKe BiIKUAAETHCA ONATAMMU,
0, a ZllaMeTp CTPYMEHS MOBITps TAKOX d.

1.97. Slka cuna F fisTUME HAa HAKOHEYHUK MOJMBHOIO LIAHra B TY MHUTh,
KOMY 3 HbOro NNOYHe BUTIKATH BOAA 31 WBUAKICTIO T = 20 m/c? [1nowa nepepi-
3y CTPYMEHS Ha BUXoi 3i wuianra S = 1 oM.

AnHamixa maTepianibHOI TOYKH, AKa PYXaETLCA NO Kony

1.98. Kynbka, 1o npukpinaeda oo HUTKY, A0BxUHA kol / = [ M, onucye
KOJIO B TOPU3OHTIbHIN MIOWUHI. AKHit KT  YTBOPIOE HUTKA 3 BEPTUKAILTIO,
SIKIO yacToTa obepranusi n=0,6 ¢ ~'?

1.99. Jlitak BUkOHYE “MepTBY NeTmo” pagiyca R = 1 kM. Busnauury Bary
nboTyuka P, Maca akoro m = 70 kr, y MOMEHT, KON WIBHAKICTD JliTaKa U =
=720 kM/rog, a BeKTOp LUBUAKOCTI V YTBOPIOE KYT o = 45° 3 ropH30HTLIIO.

1.100. Buzrauyutu cuny F, 1o Al€ Ha YaCTHHKY Macor 7, KOOPAWHATU AKOi
3MIHIOFOTBCS 3riHO 3 PIBHAHHAMM X = A cos !, y = B sin wt, ae A, B, ® — crani.
1.101. Benocuneauct pyxaerbes 31 LIBUAKICTIO U =
1> = 10 M/c no 3a0KpyrneHH0 10poru paaiyca R =15 m,
O64ucnuTy KyT 0L HaXKny TUIOLIVWHY BENocuneaa ao
BEPTUKANIi, a TAKOX HaliMeHlui koediuiedT Teprs f
MiX HIMHAMM BeJOCHMeaa I JOporoko, 3a skux 3abes-
neyyeThes crifikicts BenocuneaycTa.

A 1.102. Ha BHyTpillHi/i NOBEpPXHi BEPTUKAIBHO
pO3TalLOBAHOI'O KOHYCA, KYT PO3Xuiay sakoro o = 90°,
nexuTs Hesenuke Tino (puc. 1.5). Konyc obep-
TAETHCA HABKOJIO CBOEI BepLiMHY 3 KYTOBOKO LIBHAKIC-
TIO ®. [IpU sIKMX 3Ha4YeHHsX KYTOBOI LIBUIKOCTI Tifl0
Puc. 1.5 nepebysariMe B CTaHi piBHOBarM Ha Biacradi
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[ =20 cm Bij BepLIMHY KOHYCA, SKIO KOE(DIlliEHT TEPTH MiX TIJIOM Ta MOBEpX-
gero Konyca f=0,4?

1.103. Touke oaHOpiAHE Kinbue, Maca skoro m = 300 r i paniyc R =
=20 cMm, oGep*raeuca HaBKOJIO OCi, 1110 MPOXOAMUTH uepes AOro LeHTp 3
yactotoo n = 5 ¢ . Ob64yucnutu cuny F, wo po3TACYE KiibLe, 3a TAKUX
yMOB: a) Bicb 00epTaHHA € MepNeHIUKYASPHOK 10 [OWIMVHU Kilbui;
0) Bicb OOepTaHHs NEXUThH Y NAOLIUHI KijbuUA.

1.104. Tino, maca sikoro m = 1 kr, 06epTaeTbcs Ha HUTL} Y BEPTUKANbHI
routuHi. Ha ckinbku cuna narsry F, , HUTKU B HYWKHiH Touli Oyae 61nbLuoto,
HX Y BEpXHiil F, 7

1.105. Ha noBepxHi ropu3oHTanLHOro AWCKa, paaiyc skoro R = 25 cm,
JIeXXUTh CTPUKEHD, JOBXKUHA AKOrO OPIBHIOE paaiycoBi aucka. KiHeub cTpikHs
30iraeTbed 3 UeHTpoMm aucka. Koediuient Tepta £ = 0,5. [Ipu skiit yactoTi »
obepTraHHs aMcKa cTpukeHb Oyne 3ickoB3yBaT 3 aucka?

Cunu B Mexauiui

1.106. 3a AkuX YMOB CWily TsXKiHHS MOXXHa BU3HayaTH 3a (POpMYJOI0
(1.2.6), K10 Tina MaKThb CKiHYEeHH] po3Mipu?

1.107. ChopmymosaTi NPUHLKN cyrepno3ullii /51 HLIOTOHIBCLKOTO rpa-
BiTanjiliHoro nons.

1.108. 3 axoio cunolo F B3aeEMOJiie YacTHHKA, Maca fIKOi m7;, 3 TOHKUM OJIHO-
PIOHAM CTPIDKHEM, LIIO MAE Macy 71, i OBXKUHY /, SIKILIO BOHHU feXaTb Ha OfHiil
npamilt i GnkHiA KiHeub CTPYXKHA PO3MILLYETHCH HA BiACTaHI 4 Bil 4aCTUHKKW?

1. 109 3 SIKOK cunolo F NpUTArylOThCs [Bi TajJlaKTUKW, MAacH siKUX my =
= 10" mc i my = 10" me, SKWO UeHTPU iX MiCTATbCA HA BiaCTaHi 7 = 108 KIIK
ofHa Bin oanoi? TyT mc — maca CoHua; 1 knk = 1 kinonapcek = 3,1-]0

1.110. Ycepenuni nopoxHUCTOI Kyl MiCTUThCS TifNO. 3 AKOK cunow F
B3aeMopi€ Ky/4 3 TiJIOM BHAC/I0K rpaBiTauiiHOro TaxiHHA?

1.111. Beaxkarouw, wo 3emns mMae popmy Kyii, a rycTvHa il atMocdepi €
GyHKuieo TinbkK BincTaHi n0 LieHTpa 3emii, BCTAHOBUTH, 3 SKOK CHIOK F
atMocdepa MpUTArye 4aCTUHKY, LIO NEXUTH HA MOBEpXHi 3emi.

1.112. Ha ocHoBi crnocrepeskeHb 3po0/eHO BUCHOBOK, (IO PEuYOBUHA Y
Bceecsiti poznoninena 6inbuw-MenL PIBHOMipHO. SlKuii BUCHOBOK, BUXOASYHU 3
Teopii TkiHua HbloToHa, MOKHA 3pOOMTH NMPO MiCUE3HAXOMKEHHS HAOT
lanaktuku y Beeciti, Ko BBaXaTH, 110 Pe3ynbTyIoua Cuia TSKIHHA Ha HeT
HE 3anexuTs Bif yacy i 1OpiBHIOE HyeBi?

1.113. 5k 3miHrOETLCS NPUCKOPEHHS BiNLHOTO MAiHHA g 3 BUCOTOO A Haf
nonepxnero 3emii i rnubunoro H? B 060X BUNaakax BigcTaHb BipaxoByeThes
BiJl noBepxHi 3emi. MoknacTty, wo 3emas € OJHOPIIHOK KYNEl0.
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1.114, KocmiyHuit kopalbens ofepraeTscs no xonosiil opOiti HaBkono 3emii Ha
Bucoti 2 = 300 kM Haa ii nosepxHero. BH3HAYMTH WBKAKICTE U Kopabng, a TAKOXK
Bary P i cuny TokiHHa Fr, WO AilOTH Ha KOCMOHABTa, Maca gkoro m = 8(Q kr.

1.115, CHapsaa Mae NOYATKOBY WBKHAKICTE Vo = 3 km/c. Ha aky Halibinsuly
BUCOTY A MOXe MiaHsTUCA cHapsa? OnopoM MoBiTps 3HEXTYBATH, BpaXyBaTH
3aJIeXKHICTh MPUCKOPEHHS BiNlbHOrO MNafiHHA BiJl BUCOTH,

1.116. OBuucnuTy cepenH}o Bary (P> criopTcMeHa, Maca sikoro m = 80 «r,

SIKILO BiH CTApPTYE 3 MPUCKOPEHHAM a = 3 mlc’,

1.117. KocMoHaBT, Maca sikoro m = 75 kr, nepe6ysae B uedtpudysi, 1o
obepTaeThcs HABKOMNO BEPTUKANLHOI OCi 3 KYTOBOIO LUBUAKICTIO @ = 4,33 pan/c.
Paniyc uentpudyru R =3 M. BusHayutu yucnose 3Ha4€HHA | HanpﬂM' Baru
P kocmonasra.

1.118. [IBi npyxxuHH 3 KoedilieHTaMu XOPCTKOCTI kj 1 k3 3’ €AHYIOTb OAUH
pa3 MOC/iZ0BHO, APYrHi — NapaneabHo. SKOi HKOPCTKOCTI Ke Tpeba B3ATY
NpYyXUHH, 10O HUMK MOXKHA 6y/10 3aMIHUTH Y KOXHOMY BMNAAKY Ui CUCTEMH
3 ABOX MPYXKHH? ‘

1.119. Ak 3MiHMTBCS XKOPCTKICTh NPYKUAHU, AKILO 11 JOBXKUHY 3MEHMINTH Y
n paziB?

1.120. Tino Macoro m RPUKPINIEHO A0 BOX MOCHiAOBHO 3’€HAHKX MpY-
KUH i3 XKOPCTKOCTAMM ky 1 k2. 1o BiIBHOIO KiHLS NaHLIOXKKA NPYXKKUH ApU-
KnajgeHa nocriiiva cuna F. AxumM Oyne cymapHe NOZOBXKEHHS NPYXUH?

1.121. Yu nirote cunu TepTs Mix abCOMOTHO TBEPAUMM Tinamu?

1.122. Ha uto BuTpayaeThCcs MexaHiyHa eHepria Tin npu tepti? Ak 3MmiHro-
€TbCS CUfa TEPTH Y pa3i 3MEHIUEHHs IWOPCTKOCTI MOBEPXOHb Tin?

1.123. Aki i3 cun — TAXIHHA, TEPTA Ta NPYXKHOCTI — € pyHaaMeHTaNIbHUMH?

Cunu inepuii

1.124. Yum cunu iHepuii Biapi3HAIOTHCA BiJl iHUX cun?

1.125. ¥ BaroHi, 1O pyXaeTbCs 3 NPUCKOPEHHSAM @, NEPEMilaEThCA M0AU-
Ha, Maca SIKol m, 3 MPUCKOPEHHAM @q; BiIHOCHO BaroHa. 3anucatu piBHAHHS
PyXy JIONMHH B CUCTEMI BIANIKY, LIO 3B’s3aHa 3 BArOHOM, i BCTAHOBUTH pe-

aKLiro OTIOPH Ha MOAUHY F, 33 TakuX YMOB: a) a T 1Ta;6)al {a,.

1.126. BepTukanbHa CTiHA, 00 AKOI NpuKianu 6pycok, pyXaeTbesd 3 npu-
CKOpeHHsiM a = 10 m/c’ (puc. 1.6). KoediuieHT TepTs mix cTiHo0 T2 Opyckom
f=0,6. BuzHauuTu npuckopeHHs a; dpycka. [1pu sskoMy NpUCKOpEHHI a; CTi-
HY OpYCOK He pyXaTUMETbCs BHU3?

1.127. Po3p’sa3aru 3anauy 1.88 3a yMOBM, LIO YCTaHOBKA pYXAaeTbCA BEp-
TUKaJIbHO Bropy 3 NPUCKOPEHHSM a = 5 M/c’.
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1.128. LlucrepHa 3 piIUHOI PYXaETHCS FTOPU3OHTATBLHO 3 IPHCKOPEHHIM
a = 1m/c’. TTin sikum KYTOM O 10 TOPU30HTY MiHIMAETLCA B PIAMHI NOBITPS-
Ha Oynn6awka?

1.129. Tino, Maca sikoro m, nigBicUIM Ha NpPYXHiA HUTLI 3 KoediuieHTOM
MpY>KHOCTi k. BU3HAYUTY BUJOBXKEHHA HUTKU A /, SKWI0 TOYKA NiaBicy nmouHe
pyXaTHCb 3 TIPUCKOPEHHSAM d.

1.130. 3 skuM MiHiMaIbHUM NPUCKOPEHHSM @ B FOPU3OHTATBHOMY Harpsi-
Mi TpeGa pyxatu Bi3ok (puc. 1.7), wob Tina macamu m;-= m, nepebysanu B
CTaHi CMOKOX BiAHOCHO HbOro. KoedilieHTH TepTs Mix KOXHUM TijIOM 1 NO-
BEPXHEIO Bidka € oAHaKoBUMM H JOpiBHIOWOTL f. Macorw 6710ka Ta HHTKM
HEXTYBaTH, TepTs B 0JI0L1 HE BpaXxoByBaTH.

1.131. Y ueHTpi AeMOHCTpauifHOro cToaukKa, 1o obepraeTbes, po3milleHo
uunisAp 3 Boaow. Bice uunivapa 36iraeTbes 3 Biccro ofepTaHHA CTONIMKA.
Hosecty, 1o nig yac obepraHHa cronuka nosepxHs soau Habysae dhopmu
napa6onoina obepranus.

1.132. V¥ aigri Tino napano 3 BUCOTH 4 = 2 M npoTsiroM f; = 1c. BusHauutu
MpUCKOpeHHs a nidra.

1.133. Ska cuna inepuii F nisna 6 #a Tino, maca sixkoro m = 100 kr, skbu #o-
ro MoxcHa 6yJ10 MOMICTUTH Ha €KBaTOpi HEMTPOHHOI 3ipku padiyca R = 30 km?
[lepion o6epranns 3ipku 7' = 1 mc.

1.134. Busnauutu makcumansuy cuny Kopionica F,,y, mo agie na CoHue B
CHCTeMi BianiKy, MoB’s3auiii i3 3emnero.

1.135. Kopabenb pyxaeTbca B310BX MepH/iaHa HA NiBHIY 31 WIBUAKICTHO
Uo = 72 kM/ron. YoMy fopiBHIOE MpUCKOpPEHHS a kopabns? Ha sky BiacTaHp
As i B sixomy Hanpsmi kopabesns BigxunaTumeTbcs Bia kypey 3a f = 1 roa?
Ulupora micuesocti ¢ = 30°. 3MiHOKO LIUPOTH HEXTYBATH.

1.136. Iopoxuucra cranesa Kynwbka mifHiMaeTscs 3 raubunn A = 500 m
BOAM Ha nosepxHio. LLBuakicTs ycranenoro pyxy kyineku U = 1 m/c, Ha siky

BIZICTaHp X | B IKOMY HanpaMi BiJHOCHO BepTUKaNi BiAXUNUTLCS Kynbka? [1lu-
Pota MicuesocTi ¢ = 30°,
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1.137. Pika, mivpuHa sikoi [ = 1,2 kM, Teye 3 NiBHOYi HA NiBAEHb HA LUMPOTI
@ = 45°. Ha ckinbky MeTpiB piBeHb 2 Boau 6ins ogHoro Gepera BUMIUA, HIX
Oinst iHworo? [MoknacTy, WO WBKHAKICTEL Teyii piku vy = 0,3 Mm/c.

1.138. 'apmara, 1110 po3MilleHa Ha niaatdopMi, ska NaaBac y BOMi Ha Hiu-
poTi exBaTopa, CTpifis€ BepTUKaNbLHO Bropy. Maca cHapsina mo = 10 kr, maca
nnardopmu 3 rapmarorw m = 40 T, nosxuHa crsona / = 3 M. Beaxatouu, o
NPUCKOPEHHA CHApA/A B CTBOJI € MOCTIHHUM, BCTAHOBUTH 3HAYEHHA i Hanpsam
NO4YaTKOBO! LBUAKOCTI T naaTtdopMHu.

1.3. AMHAMIKA PYXy TBEPLOIO TINA, i
SKE OBEPTAETBCH HABKONO HEPYXOMOI OCI

MomeHT iHepuii MaTepianbHOT TOYKH, Maca KoL m, BiJJHOCHO Aesikoi oci
[= mrz, (1.3.1)

JI€ r — BIICTaHb Bill TOYKHU A0 OCi.
MowmeHT iHepuii TBepaoro Tina BiAHOCHO oci Oz

I, =[rtdm=[pr*av, (13.2)
m v
Jle p — rYCTHHA TiNna.
MowmenT iHepuii:
a) CyuiIbHOTO OZHOPIXHOrO UMIiHApa (AMCKA) BITHOCHO OCi LMIiHLpa (AMCKa)

I =%mR2, (1.3.3)

ae R — paniyc uuningpa (qMcka); m — doro maca;
6) TOHKOCTIHHOTO UMNIHAPA (TOHKOTO Ki/fIbLiA) paniyca R BiIHOCHO Oci, IO 36iraerses 3
BICCIO UMIIHAPA (KiIbLA),
[ =mR? (1.3.4)
B) OJHOPIAHOTO CTPMXKHSA, LU0 MA€E HOBXKHHY [ i Macy m, BIZHOCHO OCI, LU0 MNPOXOAWUTH
4yepes NeHTp HOro Mac NepneHAHKyISpPHO N0 OCi CTPHKHA,

1

2
I =Emi ] (1.3.5)
T') omHOpiaHOI Kyni Macolo m i padiyca R BITHOCHO OCI, IO MPOXOAHTL Yepe3 LEHTp Ky,
[=2mR?. (1.3.6)
5
Teopema INotirenca — Hlrefinepa
I=Iy+md?, (1.3.7)

ne ly — MOMEHT iHepLii Tijia BiIHOCHO OCi, IO TNPOXOAWTH 4Epe3 LEHTP Mac fapaneabHoO
JlaHi# oCl; d — BIACTAHb MIXK OCSMH.
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MOMeHT CUJIM BIZHOCHO Aeskoi oci Oz
M;_r:F_L[a (13.8)

e F, — npoekuis cunv F na nnomuuy, ska € nepneHaukyaspuow ao oci Oz; [ — nneye
CUNTH.
MOMEHT IMIYALCY TBEPAOTO TiNA BiIHOCHO HEpYXoMoT oci obepranHs Oz

L =10, (1.3.9)

ae I, — MOMeHT iHepuii Tina BiAHOCHO oci Oz; ® — KyTOBa LIBUWAKICTS.
PiBHAHHA AMHaMiKH 00epTaNbHOTO pyXy TBEPAOro Tifla HABKOJIO HEPYXOMOI OCI

dL
d; =M soon » (1.3.10)

ne M, —anreOpHyHa cyMa MOMEHTIB 30BHILUIIX CHI, IO AOTHL HA TiNO, BIIHOCHO oci Oz.
SIKI110 MOMEHT iHepLlil He 3MiHIEThCA, piBHAHHA (1.3.10) Habysae Burnany

le=M,,,, (1.3.11)

do
J€E — KYTOBE MIPUCKOPEHHS, €= 7 )
t

MomeHT iHepuii

1.139. Bu3HayuTH MOMEHT iHepuii / TOHKOro OHOPIAHOrO CTPUXKHS, Maca
AKOro m i AOBKWHA /, BIIHOCHO OCi, IO MPOXOAUTH: @) Yepe3 LEHTP Mac
CTPYKHA NEPNeHAUKYIAPHO A0 HbOro; 6) napanensHO CTPUXKHIO HA BiAcTaHi @
BiJl HLOTO.

1.140. BuzHayut MOMEHT iHepuii / TOHKOTO OIHOPIAHONO CTPUXKHA, 1110 MaE
Macy m i J0BXHUHY /, BIAHOCHO 0Ci, fika NepeTuHae Horo NiA fOBUILHUM KYTOM O
TaK, L0 KIHL{ CTPIKHS 3HAXOAATHCS Bt OCi HA OiHAKOBUX BIACTAHSX Q.

1.141. Bu3nayuty MOMEHT iHepuil / TOHKOro OJHOPiAHOro Kinbls, Maca
akoro m = 200 r i paaiyc R = 30 cM: a) BiAHOCHO Oci, 110 TIPOXOAUTh Y310BXK
lliameTpa Kinbus; 6) BiAHOCHO Oci, 110 € JOTUYHOKX 10 Kifbus.

1.142. Busnayuty MoMeHT iHepuii / Tpy6u, maca sikoi m = 100 kr, BigHOC-
HO 11 Oci cuMeTpil, AKI(O 30BHIiLUHIi i BHYTPiLIHiM paniycy TpyOU CTaHOBIATH
BiZnoBinHO R, = 10cM i R; = 8 cMm.

1.143. MosectH, 1o A1 TOHKOI NIaCTUHKY, AKA NEKUTH Y maowmHi xOy, €
cnymHorw dopmyna I + I, = L, ne Iy, I,, I. — MOMeHTH iHepuii Nn1acTUHKY Bij-
HOCHO KOOpAWHATHUX OCeil.

1.144. O6uyucauTy MOMEHT iHepllii J, MNACTHHKY, KA Ma€ BULMAL MPSMO-
KyTHOro maparneneninesa 3i cropodamu a = 0,3 mm, b = 200 MM, ¢ = 300 mm,
BIIHOCHO oci Oz, 10 NPOXOAMTEL yepe3 UeHTP iHepuii NacTUHKU NeprieHanKy-
TAPHO /10 Haitbinbiwol rpani. [ycTusa Marepiay nnactuaku p = 21,5 rlem’.
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1.145. B ogHopiaHOMy AMCKY, Maca skoro m = 2 kr i pagiyc R = 40 cmM,
BUpizaHo kpyrauii oTsip. diametp oTBopy d = 20 cM, a UeHTp HOr0 MICTUTBLCS
Ha BiacTaH! / = 15 cm Big oci Aucka. BusHauyuTH MOMeHT iHepuii [ oaepixaHoro
Tina BiAHOCHO OCi, L0 MPOXOAUTb Yepe3: a) UeHTp Aucka NeprneHavuKyIspHO
Ao #oro naouyHy; 6) ueHTp aucka i BUpisy.

PiBHAHHA OMHaMixKM 06epTanbHOro pyxy

1.146. Yepes Gsiok y BUrasai avcka, pagiyc sikoro R = 10 cm i maca m =
= 0,5 Kr, NepeKUHyTO JIerky Hepo3TsKHY HUTKY. o il KiHLIB NpUB’s3aHO BaH-
Taxi my = 2 kr i my =3 kr (puc.1.8). BusHauuty KyroBe NPUCKOPEHHS € JTUC-
Ka, K110 cucTeMa HaaaHa camiit cobi. YoMy nopisHioe cuna F, 3 akow 610k
nie Ha Bick? Hutka He KoB3ae.

1.147. Ha onnopinHuit cyuinbHui uMnisap, uio Mae Macy m, i paaiyc R tTa Mo-
e 0bepTaTucs HaBKONO NOPU3OHTAILHOL OCI, HAMOTANY HUTKY, O KiHLA SIKOI NpH-
KpinUAH BaHTK Macoro my (puc. 1.9). HexTyrouu macolo HUTKHM i TEpPTAM Ha OCi
LAMIHAPA, BU3HAYUTY TIPUCKOPEHHS @ BaHTaXy i cuny F, 110 Aie Ha Bich Onoka.

1.148. Lluninap macoro m i paaiyca R ONyCKaerbcs HA HUTKAX, Maca SKUX
Habararo medwa Big m (puc. 1.10). BU3HauuTH WIBMAKOCTI U oCi LMNiHApa i Uy
TOYKM A HANpUKiHUI APYroT CEKYHIM BiJ MoYaTKy pyxy. HUTKU He KOB3alOTh.

1.149. ToHkocTiHHUMA uunivAp Macoro m i pajiyca R OMycKaeTbCs HAa HUT-
kax, Maca akux Habararo meHuwa Bifg m (puc. 1.10). BinbHi kiHNi HUTOK npu-
KpinjieHo A0 cTeni nidra, 10 pyXaeTbCsl BHU3 13 IPUCKOPEHHAM do. BusHauu-
TH NPUCKOPEHHS @ UXIIHAPA BiAHOCHO nidTa i cuny Hatiry 7 KOXHOI HUTKH.

1.150. Jo oaHOro KiHUA HUTKW, nepeKkuHyToi yepe3 OJ0K, NiABilIEHO
BaHTaX, maca skoro m;=1 kr. Jlo Apyroro ii KiHus NpukjIaneHa AOHU3Y

(/111
Lz
4 m [ m,
m; mf m.?
Puc. 1.8 Puc. 1.9 Puc. 1.10
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cuna F=AI+BIJ, ne A =3 Hle, B=2H/c3, ! —vac, ¢. Lk
Bnok Mae popMy aucka, Horo maca m = 3 Kr. 3 SKUMU
MPUCKOPEHHAMHU @ 1 @3 PYXAETHCH BAHTAK yepes yac f) =
=1city =2 cBianoyarky ali cunu?

Ry
1.151. BU3HaYUTH NPUCKOPEHHS @ BAHTAXIB i cUIH t
ariary I HUTOK B cucTemi, L0 306paxkena Ha puc. 1.11,
Tyr my = 2 kr, my = 3 kr, R, = 20 cm, R; = 10 cM. Mo-
MEHT iHepuil cxigyactoro 610Ka BifHOCHO itoro oci I = o .
P !

= (0,05 kr-m”. HUTKY HeBaromi.
1.152. MaxosuK, Maca siKOro m; = 1 Kr, »KOpPCTKO Puc. 1.11

38’s13aHMi 31 WKiBOM paadiyca » = 5 cm. Maca Lukisa m; =

= 200 r. Cucrema npuBOAUTLCA B PYX 3@ JOMOMOIrOK TArapus, Maca sKoro
m3 = 500 r. Tsarapeub NpuB’g3aHuii 10 OAHOIO 3 KiHLiB MOTY3KH, L0 HAMOTa-
Ha Ha Hikis. BusHauutu yactory v obepraHHs MaxoBuka uepes neputi =21 ¢
pyxy. Beaxarty, 110 BCa maca MaxoBuka po3noZineHa no ioro oboay Ha Bia-
ctani R =40 cm Big oci oGepranHs.

MomeHT imnynsey

1.153. INoka3zary, 10 U1 YACTUHKHU, KA PYXAETLCS 3 MOCTIAHO LUBUAKICTIO,
MOMEHT imMNyascy L BiJHOCHO AefKOT TOYKM HE 3aneXUTh Bill MOJOKEHHS
YaCTUHKH.

1.154. KoniyHuii MasaTHUK, Maca akoro m = 50 r, niaBilieHUN HA HUTUI
3aB0BX KM [/ =50 cM 1 06epTaeThCA 3 KYTOBOK LWIBUAKICTIO @ = T paj/c, OMu-
Cy1ou4 KOHYC 3 KyroM po3xuny 6 = 60°, BuznauuTu mMoMeHT iMnynscy L
MasTHHUKA BiHOCHO TOUKM MiABICY i BKa3aT fioro HampaM y MPOCTOPi.

1.155. Tino, Maca sikoro m = | kr, KHHYTO 3 NIOYATKOBOIO LUBUAKICTIO Uy =
= 20 m/c nin xkyTom o = 60° 10 rOpU3OHTY. BCTaHOBUTY 3aNeXHICTb BiJ yacy
BeKTOpiB M MOMEHTY cUiM TSKiHHS i Ly MOMEHTY iMIyNbCY Tina BiAHOCHO
TOYKH KUJAHHA.

1.156. ¥V cucremi yacTrHOK 3afaH0 1i MomeHT iMnynscy L BigHoCHO ne-
ko1 Toukr O. Hexait L) — MOMEHT iMNyfbCy BiAHOCHO iHIOI Toyku O, fiKa
Pa3oM 3 To4kor0 O € HepyXOMOIO B AaHi¥ cucTeMi BiLiKy. [T0N0XKEHHs TOYKH
O' BinnocHo Touku O 3a7aHO PaiycoOM-BEKTOpOM . Hexail Takox 3ana-
HUH CymMapHuii iMIysse p yacTMHOK BiHOCHO wi€l cuctemy Bianiky. JosecTu
cniBgignowenns Lo=L'o+roopl.

- L.157. OGuucnutu Momenty iMmynscy 3emni BinHocuo Conust Lc i BracHoi
oct 0beprauns L. Beaxary, o 3emis obepracThest Hapkono Cous Mo Kony.
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1.158. ToHka cchepuuna obonoHka, maca kol m = 10 kr i pagiyc R =1 m,
obepTaeThes 3 4acToTor v =10 ¢ ~' HaBKoONO CBOE OCi cumMeTpii. BuzHauuTu
MOMEHT iMITyNbCY L. 060NOHKH BIAHOCHO Li€i oci.

1.159. AsTomaTHa Kyns y BUTAsAl LUAIHApa, aiaMeTp aKkoi d = 6 MM, a
maca m = 10 r, obepTaeThCsi HABKOJIO CBOET OCI 3 KyTOBOKO LIBHAKICTIO ® =~
~2-10* paa/c. BusHauuTu MOMEHT iMNyJbey L, Kyni BIAHOCHO 11 Oci.

1.160. Tonkuit 06pyu, Maca skoro m = 1 kr i pagiyc R = 0,5 M, KOTUTbCS
0e3 npoKOB3yBaHHA 3i WBUAKICTIO U = 2 M/C MO FOpU3OHTaNIbHIH MOBEPXHI.
BusHauyuTd MOAYJTb MOMEHTY iMOynkCy L oOpy4a BIAHOCHO TOYKHM TOPKAHHA
Horo 3 noBepxHero (BiAHOCHO MUTTEBOTO LIEHTPa 00EPTaHHS).

1.161. [1o BHYTpiUIHIH MOBEPXHI KOHIYHOT JIKK 3 KYTOM MiBpo3xuny 6 y
MJIOLLMHI, IO MEepreHAUKYIspHA 40 OCl, KOTUThCA 0e3 KOB3aHHS MO Kony pa-
niyca r Kylibka. Maca Kynbku m, pagiyc R, WBHAKICTh U. BU3HAYUTH MOMEHT
iMOynbey L, KynbKu BIZHOCHO OCi JIiHKH.

1.162. 'ipockon, skuii Mae popmy aucka pagsiyca R = 5 cm, obepraeThes
HABKOJIO CBOEI OCi cuMeTpil 3 yactoror # = 9000 xB~. Bick ripockona yTBo-
PIOE NESKHI KYT 0. 3 BEPTHUKAJUTIO 1 MOXKE BiJIbHO MOBEPTATHUCH HABKOJIO TOUYKH
O (puc. 1.12). Bigcranb Big Touku O no ueHTpa Mac ripockona /= 10 cm.
O6uHCIUTH KYTOBY LUBUIKICTEL £ 0O0epTaHHs OCi ripockona HaBKONO BepTH-
Kani (KyToBY WIBMAKICTH Npeuecii). Sk 3anexuTh KyToBa WBHAKICTE £ npelecii
BIJl KyTa & HaxuJy OcCi npocrcona"

1.163. MaxoBHK 3 MOMEHTOM mepuu 1=0,5 kr-M* 33 4ac {=0,5 XB 3MiHUB
yacToTy 0B6epTanHs Bia 7 = 2400 x8 ™' 1o ny = 120 x8 . BU3HAUMTH CepenHE
3HAYEHHA KYTOBOIO MPUCKOPEHHS < €> MAxXOBWUKa T4 MOMEHTY <M> cuiu
ranbMyBaHHS.

1.164. Kyns, pamyc skoi R = 0,1 m 1 Maca 2 = = ]O Kr, o6epTaeTbes HaB-
KOO CBOET 0c1 3rigHO 3 PIBHSAHHAM @ =AP+Br+C,ne A=1 pa,u/c
B=-3 pa,u/c Bu3Ha4YuMTH MOMEHT CHAN M [Jis MOMEHTIB 4acy f; = 1 ¢
i Iy =2¢

1.165. OpHopinHui# cyuinbHuil auck padiyca R = 0,1 M Moxe obeprarucs
HaBKOJIO BEPTUKANBHOI OCI, sika 36iraeTecs 3 ioro Biccro cumeTpii. o oboay
QMCKA npyKiageHa JoTHYHA cuta F = 200 H Bu3HauyuTH Macy m aucka, sik-
110 Horo KyToBe npucKopeHHs € = 40 pas/c’, a MOMEHT CUH TepTs, WO Ai€
npu obeprauHi aucka, M; = 10 H-m.

1.166. Kyns ckouyeTbcs 63 KOB3aHHA 3 MOXUAOT MIOLIMHH, KA HAXUITEHA
Mig KyTOM O O rOpu30HTY. BH3HAYMTH JiHIAHE NPUCKOPEHHA @ LEHTpa Mac
Kyni. KoedilieHT TepTs KOB3aHHA MK KYJIEO i maowwuHoo f. [1pu akoMy KyTi
0] HaXUNy Kyns no4yHe KoB3aTH?

1.167. O6pyu paniyca R, akui o6epTaeTeCs HABKOJIO BEPTUKANBHOT

ci, 110 NepneHAUMKyRspHa 00 NAOWHHYU o6pyya | NPOXOAUTL Yepes Aoro
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LEHTP 3 KYTOBOIO WBHAKICTIO (g, ONYCKAIOTh HA FOPU30HTANbHY MTOBEPXHIO.
KoediuieHT Tepta 06pyya 06 nosepxHio f. BU3HAYUTH KYTOBE NMPUCKOPEHHS
g o6pyya. Ckinbku 06eptiB N 3po6uTh 06py4 Ha MOBEPXHI 40 MOBHOI 3Y-
MUHKH?

1.168. CyuinbHu#i LuniHap, Maca skoro m i pajiyc R, obepraeTbcs HaBKO-
10 CBOET OCi 3@ 3aKOHOM @ = A sin w!. Sk 3anexars Bia Yacy MOMEHT M cuiy,
110 Ai€ Ha UMAiHAp, i MOMeHT iMnyaecy L nuninapa?

1.169. Ban y Burnsai cyuinbHoOro uuiinapa patiyca K = 10 cM HacamxeHo
Ha FOPU3OHTAIbHY Bicb. Ha LUMIIHAD HAMOTAHO HUTKY, A0 KiHLA SKOi MiABI-
IIEHO BaHTaX Macoro m = | kr. O64MCIAHTH MOMEHT IMNYJIbCY L CHCTEMH Bil-
HOCHO OCi 6110Ka 4epe3 4ac £; = 3 ¢ MiCs NoYaTKy pyxy BaHTaxy.

PiBHoBara TBepaux Tin

1.170. Enextpuuny naminy (puc. 1.13) nigBicunu Ha wHypi # BiaTirHynu
FOpU30OHTATBHUM KaHaToM. Bu3HauuTH cunu Hatary Fye winypa BC i Fyp ro-
PU3OHTANILHOIO KaHaTa AB, gxo maca namny 3 abaxypom m = 1 Kr, a KyT
MDK LUHYPOM i KaHatom o = 120°.

1.171. JTo oaHOPIAHOTO CTPHXCHS, OOBXMHA fkoro /= 1,2 M, 1o MOxe obep-
TaTucA HaBkono Touku O (puc. 1.14), npuknageHi cunu Fy =3 H, F, =4 H, F3 =
=35 H y Toukax 4, C, B. Kyr mixx nanpsamom cusm Fy i ctpuxnem a = 30°
(|OB| = |OC| = [} = 0,3 m). BusHauuTH Macy m CTPUXHA AB, aKwo BiH nepe-
OyBac B piBHOBA3i.

1.172, OcBiTNIOBaNIBHY CHCTEMY NiABILIEHO HAJ CEPeNHHOI BYJIULI 3a 10-
nomororo Tpocis. Maca oceitnioBansHol cucteMd m = 10 kr. BU3HauuTH cuiy
HaTary F Tpocis, AKLIO BOHU YTBOPIOKOTE MiXk coboro Kyt o = 120°.

.
Puc. 1.13
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1.173. JIBi opHaKoBI JiHiKU NOCTABUIIM HA CTUI TaK, 100 BOHU CNUpaANHCH
oJHa Ha oaHy. KyT po3xuny NiHifiok nopiBHIOE 2¢. kUM mae 6yTtu koedilli-
EHT TePTS f MK HHKHIMH KiHUAMH AiHIAOK | nOBEPXHEIO CToNA, 1106 BOHM He
naganu (puc. 1.15)?

1.174. Luninapu4Huil KOTOK NOTPIGHO MNiAHATH HA CXOAUHKY, BUCOTA AKOT
h (puc. 1.16). fAky cuny F npu upomy Tpeba NpuKIacTH IO UEHTPa KOTKA B
rOpU3OHTAIBHOMY HanpsaMi, SKLLO Maca KoTKa m, a paaiyc R (R > h)?

1.175. Ha ropu3oHTanbHOMY CTOJII JIEXKHUTh KOTYLUKA HUTOK, 3 iKUM [IpH-
CKOPEHHAM a pyXaTHUMEThCS LUEHTP MAC KOTYLUKH, SKILUO TACHYTH 32 HUTKY 13
cunow F nig kyrom o a0 noBepxHi crony (puc. 1.17). Kotyuika pyxa€rbes
6e3 KOB3aHHA. Sk Cnia TACHYTH HUTKY, WO KOTYIIKA: a) HaMOTyBanack, To67T0
pyxanack y ik HaTArHyTol HUTKH; 6) KOB3aJia; B) 3MOTyBalach?

1.176. OpnopigHa niBkyns, Maca sikol m; 1 paalyC r, JEXHUTE ONYyKJIOO
CTOPOHOIO HA ropu3oHTaneHill nnowmuHi. Ha kpail niBkyai nMoknanu Hesedu-
KHHA BaHTaX Macor my (puc. 1.18). Akl KyT O yTBOPIOE 3 rOPH3OHTOM [1JIO-
LMHa, 1o oOMexye niBchepy?

1.177. JIo BepTHKanbHOI rNafieHbKol CTIHKM HA MOTY3Wi, JOBXHHA fKOi [ =
= 0,5 ™, migBieHo Kymo macor m = 7,8 kr. YoMy nopisHioe cuna Hatry T MoTys-
KM 1 cuna THCKY F KyJii Ha CTIHKY, SKIHO pajiyc kyni R =6,2 cM? Teptam HexTyBaTy.

1.178. Bu3HauuTH KOOpAMHATY X BIAHOCHO leHTpa mac () OAHOPiAHOrO
aMcKa paaiyca R, 3 skoro BupizaHo oTBip. Paaiyc otBopy r<R/2 (puc. 1.19).
LieHTp OTBOPY NEXUTH Ha BincTaui R/2 Bix LieHTpa AUCKa.

&)

Puc. 1.17

32



(D

Puc. 1.18 Puc. 1.19 Puec. 1.20

1.179. BH3HauuTH M0JIOXKEHHS LIEHTPa Mac JPOTAHOI paMKH, o Mae Gopmy
piBHOCTOPOHHBLOIO TPHKYTHHKA, AKLLO Bl CTOPOHH pamKu 3pobieHi 3 anoMi-
HiEBOTO APOTY, a TpeTA — i3 3anizHoro, JpiT Mae ogHakoBy MuoLLy nepepisy.
JIoBxUHA CTOPOHU pamku a = 0,5 M.

1.180. MeraneBuit npyT 3irHyTO HaBMin Tak, U0 HOro YacTHHU YTBOPIO-
10Tk KyT o = 60° (puc. 1.20). [NpyT migBimieHuii 32 oAWK KiHEUb Ha LLAPHIpI.
3naiiTi KyT B, AKUi YTBOPIOE 3 BEPTHKAIIIO BEPXHA YACTHHA MpYTa B NOJO-
AEHHi piBHOBArH.

1.181. Ipu 3BaKyBaHHI Ha Tepe3ax 3 Pi3HUMHM [UIEYHMA Bara Tina Ha onHii
yawui 6yna P; = 80 H, Ha apyriit P, = 85 H. Busnauutu cnpasxuio Bary P Tina.

1.182. Ha noxuniii miIowyHi 3 KyTOM HaXuiy o A0 MOPH3OHTY CTOITH LIM-
ninap paaiyca R. SAxoro Moxe 6yt Haibinbuwa Bucora A uuainapa, npu sKii
BiH HE MEePEeKHHETHCA, AKINO LMAMIHAP BUTOTOBJIEHHI 3 OZHOPIAHOT peYOBUHU?

1.183. Bing ctinu cToite npabuna. KoediuieHT Tepta Mix apabunoro i cTi-
HOIO Ta Mixk pabuHolo i 3eminero onHakoBuil: f= 0,45, Llentp Baru npabuuu
MICTHTBCA Ha cepeauHi 1 AOBXuHW. BU3HAYUTH HaliMeHUMA KyT o, AKuil
ApabHHa MOXe YTBOPIOBaTH 3 TOPH3OHTOM, HE KOB3alOYH.

1.184. Sk kpamie 3pyUIMTH 3 MICLA 3AMTI3HUYHHHA BaroH: NPUKIAAAoYy CUIy
JI0 XOpmyca BarOHa 4M JI0 BEpXHbOT YaCTHHH 060a koneca?

1.185. KocMoHaBT y ckaganapi macoto m; = 120 xr nepeOyBae Ha opOiTi
IITYYHOTO CynyTHHKa 3emii. I1i yac BUKOHAHHA MOHTOKHHX podIT KOCMOHABT
Pykamu nepemiuiye 6anky, Maca axoi my = 360 kr i goexuna /=10 M. Ha sky
MaKCHMAaIbHY BIiZICTaHb /; BIIHOCHO 3eMJli KOCMOHABT MOXe nepemicTUTH Gan-
KY, AKILUO BiH 3 6a/KoI0 pyXa€Thesd BinbHO? Po3Mipamu KOCMOHABTa HEXTYBATH.

1.186. OGuucnuTH BiacTadb r Mix ueHTpoM opGitH MicAua i ueHTpoM
3emni. [ToxnacTu BigcTaHb Mix ueHtpamu 3emii i Micaus R = 384,4 Mwm.

1.187. Sk Bimomo, Apximen ckasap: “Jlalite MeHi TOUKy OMOpH, i A MOCYHY
3emmo”. Skoto mae Gy JOBXKHHA | BaxkeNs, A4 Toro wob Apximen Mir nepe-
MICTHTH 3eMmio Ha s = 1 MM 3a uac 1 = 8 rog? Chia, 3 KO BiH THCHE Ha Ki-
HELb Bakens, F, = 500 H, a nneye Baxes BiJ TOYKH onopu a0 3emni d= 10 M.

2 3144
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1.188. Ilnocky ¢irypy po3pisand Ha IBi YaCTHHH 10 NPAMIi, 1O NpoOXo-
AWTBb Yepe3 ueHTp mac. Yu OyayTe 04HAKOBMMH MacCH WX 4acTUu?

1.189. Ky6 3 pebpom a 1 Macow m JNEXHUTb Ha LIOPCTKYBaTiii NOBEPXHi
KiuHa 3 KyTom o. Pebpo kyba napanenbhe pe6poBi knuna. Buznauutu mo-
MeHT M cufii peakuii onopu BigHOCHO LiEHTpa Kyba.

1.190. Ha ropu3oHTanbHy MOBEPXHIO HAacHMan¥ rpaBiil, WO yTBOPHMB
KOHYC i3 KyToM miBpo3xuny 0. OuinuTu koediuieHT f TepTd MiXK YaCTUH-
KaM# TpaBilo.

1.191. Tino y BUrAsAl TOHKOrO OZHOPIAHOIO Kijiblif, Maca SiKOro m =
= 100 r i pagiyc R = 15 cM, I&)KHTb HA TOPU3OHTANbHIH NOBEPXHi IHLIOrO
Tina. Axkui HaliMeHlnid MOMEHT M napu cun Tpeba NpuKNacTu A0 Kilbls,
o6 BOHO mouasio o6epraTucs HABKOJIO CBOET OCi, AKIWO Koe(iUiEHT TepTs
Mix Tinamu f= 0,37

1.4. 3AKOHWU 36EPEXEHHA B MEXAHIL

3MiHa IMNYNLCY HE3AMKHECHOT CHCTEMMU
P -p2 = |F(O)t, (1.4.1)

NE p). p2 — IMNYILCH CHCTEMWU B MOMEHTH 4acy BIANOBIAHO ¢, f;; F — pesynsryioua Beix
30BHILHIX CHIT. :
Axmo F = 0, mae micue 3axoil 30epexeHHs iMOynsey

p = const. (1.4.2)
PiBHAHIA NHHAMIKH Tina 3MIHHOI Macu m
dv dm
Mme—=F +t~— 143
dt dt ( )

A€ U — WBHAKICTh TiNA; u — WIBMAKICThH PEYOBHHH, WO BiJIOKPEMNIOETHCA Bijl AaHOro Tina
a00 NpUEIHYETHCA 10 HLOFO, BIIHOCHO CHCTEMH Billniky, AKa 3B’ A3aHa 3 TiNOM,
PiBHsHHA AMHaMiKH 06epTanbHOro pyXy TBEPAOFO TiNla BIAROCHO HEPYXOMOI OcCi

d(I,e) _
dt

ae I, — moMeHT iHepuii TBepAOro Tina BitHOCHO oci o6epTaHHA; M — KyTOBa WBHAKICTL; M, —
CyMapHHH MOMEHT 30BHILIHIX CH BitHOCHO oci ofepranHs.

Sxkmo M. = 0 (cucrema 3aMKHEHa), Ma€ MiclLe 3aKOH 30ePEIEHHA MOMEHTY iMOYNLCY
BiiHOCHO oci Oz

M., (1.4.4)

L, = const . (1.4.5)
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Tperiit 3axon Kennepa

2 3
£E=$p (1.4.6)
L a

ne T, T, — nepioan obeprakus nnaHet (Tin); a;, a;— BEnHKi niBoci iXHix opbir.
EnemenTapHa po60oTa CHIH
dA=Fdr = F.ds = Fdscosa., (1.4.7)

ne F, — poeKUlis CHNH Ha HANPAM ENEMEHTAPHOTO NEPEMILICHHESA; dS — MOAYNb EIEMEHTap-
HOTO NIEpEMILLEHHA; O — KYT MiX BEKTOPAMH CHAM i MepeMillicHuA.
PoGoTa 3MiHHOT CHIH Ha WHIAXY §

42=jﬁm=jﬂ¢. (1.4.8)
1-2 s
PoGota rpaBitaniisoi CUNM OPUTATAHHA NI 4aC MEPEMiLICHH YACTHHKH B LIEHTDAL-
HO-CHMETPHYHOMY MONi TAXKIHHA

A=Gmm,{-!————l~]=Ul—U2, (1.4.9)

h

ae G — rpaBitauiiiHa crana; /m — Maca JpKepena nond; m; — Maca YacTHHKH, IO nepeMilty-
€T5CH; 1y, » — BIANOBIIHO MOYATKOBA i KiHueBA BiACTaHi Bix ueHTpa Jukepena; U — noten-
nianbHa cHepris rpasitaniiHol B3aemMomuii.

PoGoTa 30BHiltHBOI CHIH NiA Yac nepeMillieHHs Tina nobnausy nosepxHi 3emni (B oa-
_ HOPiAHOMY NONI CUMH TAXCIHAHA 3emni)

A=mghh , (1.4.10)

B¢ g — NPHCKOPEHHSA BiNLHOFO NafiHHA; Ah — 30inslEeHHA BIACTAHI MK TiNOM | 10BEPXHEIO
3emui.

PoGora npyxHoi cunu npu aedopmadii npyxuHH
o2 2
o (1.4.11)

2 2
Iie Xy, x; — BiAnoBigHO No4arkosa i kiHuesa abconoTHi Aedopmauii NPYKHHH.

Pobora 30BHiuAL01 cin npu o6epTaHHi Teepaoro Tina

dd=Mde¢, (1.4.12)
Ae M, — npoeKiia MOMEHTY CHITM HA HaNpAM BEKTOpA ©.
Murrena notyxuicts
dA
P=—=Fv. 1.4.13
= ( )
KinernuHa enepris tina, mo pyxaerscs,
2
Tl (1.4.14)
_ 2
KineTuuna enepria tina, wo 00epTacTbCa HABKONO HEPYXOMOI OCi,
Iy
= (1.4.15
5 )
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KinernyHa eHepris Tina B pasi nocKoro pyxy

2 2
o e A (1.4.16)
2 2
A€ U, — WBUAKICTL UEHTPA Mac; [, — MOMEHT iHepuil Tina BiAHOCHO ocCi, IO NPOXOAUTH
4yepes LEHTp Mac.
FpHpicT kiHeTUYHOT eHeprii YaCTHHKH
hL-T=4, (1.4.17)

ne A — pobora pe3ynbTyI040i BCIX CUn, 10 AIIOTH HA YaCTHHKY.
38’ 430K MiX¥ NOTEHLIaNLHOKO EHEPricld YaCTHHKH T2 CHNIOKD, 110 i€ Ha Hel y Aauiil Touui

noJis,
F=- dU dU dUk . (1.4.18)
dx afy dz
3akoH 30epekeHHA MexaHiqHoT eHeprii /11 KOHCEPBATUBHOI CHCTEMH
T +U = const . (1.4.19)

3aKkoH 30epexeHHs iMNynLcy

1.192. Ha Tmo Aie cuia, Moay/b AKOl SMIH!OETBCSI 3a 3aKOHOM F = Af +
+ Bt, ne A= 13 H/c%; B= 2 H/c; t — uac, c. Bu3HaunTH MOAY/b iMMYAbCY Tifla p
B MOMEHT 4acy | = 2 ¢, AKWO fpu { = 0 iMmyJIbc JOPiBHIOBAB HYJIEBI.

1.193. Tino macoro m pyxaeTbcsa B3IOBx oci Ox 3a 3akoHOM x = A cos(wf +
+ @), ne A, ®, ¢ — crani. 3anucatd 3akoH p(f) 3MiHM MOAYNS IMNYNbey Tina 3
YacoM.

1.194. [IBa Barony Macot0 7 KOXKHHWH PyXaroThCA Ha3yCTPi4 OJUH OJHOMY 3i
WBHAKOCTAMH g | 3a3HAIOTH 3iTKHEHHA. BCTAHOBHTH 3anexHicTs iMmymscy p
KOXHOrO BaroHa siji negopmadii x npyxun 6ygepis. HopeTkicTe NpyHHH k.

1.195. Crapaz, wo mas iMnynsc p = 5 000 kr-m/c, posipsaBcs B NoBiTpi Ha
JIBa yNaMKH 3 IMIyJabCaMu p; = 3 000 «r M/c ipy = 4000 kr-m/c. Buznauntu
KYTH &, i o, MK BeKTOpaMH pip; Tapip;.

1.196. Kynbka, maca axoi m; = 200 r, pyxaeTbea 3i miBUAKicTio v = 2 M/c i
NPYXHO CTHKAETLCA 3 KYJNbKOWO Macow m; = 100 r, uio pyXaeTbes 3i WIBH-
kicTio v, = 1 M/c. Yaap ueHTpanbHuit. BU3sHaUHTH WUBMAKOCTI %) Ta 4y KYJIbOK
miC/A 3iTKHEHHs 3a Takux ymMoB: a) v, T4 v,; 6) v, TTv,.

1.197. [iBi kyni MmacaMu m; = 2 Kr i m; = 3 KI' pyXaloTbCs Yy B3a€EMHO Mep-
NEHAWKYIAPHUX HANpAMAaX 3i WIBUAKOCTAMH U =2 m/c i U, = | m/c. Busnauun-
TH WIBUAKOCTI u;, ¥, KYJb MICNA 1X HENPY>KHOTO 3iTKHEHHS.

1.198. Kynsi, sika pyXaeTscs, IPY)KHO CTHKAETHCA 3 TAKOI CaMOIK0 HEpPyXo-
MOIO KyJieio. Y aap HeueHTpanbuuii. JloBecTH, 110 KyNni 3aBxIH pO3NiTatoTECA
nix npAMHM KYyTOM OJiHa 1O OAHOL.
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1.199. Asi waiibu macamu m; =2 Kr i my; = 1 XI MAIOTh WIBUAKOCTI V; = 4i +
+ 3j (M/c) i vy = — 8i — 6j (M/c). BusHaunTH LIBHAKOCTI Uy, W, WAKAG micas 1X
NpY>KHOTO 3ITKHEHHS.

1.200. [IBi waiibu macamu m; = 1 kI i my = 2 KI MaIOTh LIBMAKOCTI V| = 2i +
+j (m/c) i v2 =—1i+ 2j (M/c). BU3HauuTH LIBUAKOCTI Uy, W, Waib6 nicns ix ue-
MPY>KHOTO 3ITKHEHHA.

1.201. [Ipi waiibu macamu m; = 400 r i m; = 200 r pyxaworbeda 6e3 Tepra
B3IOBXK MOXMIIO! IUIOWHHH Ha3yCTPiY OAHa OAHIA. Y MOMEHT, KONH IXHi LUBUAKO-
cri vy = 10 Mc i ¥, = 8 m/c, Waiibu npyxHO CTHKAOTLCA. BBaxkalouu ymap
LIEHTPNbHHM, BU3HAYMTH LUBUAKOCTI ¥, ¥ WAHO BiApa3y Mmic/is 3iTKHEHHA.

1.202. Kynbka, Maca skoi m = 400 r, Bnana 3 BUCOTH A; = | M Ha ropu3oH-
TaNnbHy IJIKTY i BiACKO4MNIA Bropy Ha BUCOTY A, = 0,8 M. BU3HauuTH iMITyNIbC P,
HabyTui NIKUTONO.

1.203. Kynbka nagae Ha ctiny nig kyrom o = 30° go net. ITig axum KyTom
B Kyneka BiICKOYMTH Bij CTiHuU, AKLIO KoediuieHT TepTs f=0,1?

1.204. Cuapsaa, maca akoro m = 10 kr, MaB NOYaTKOBY WIBUIKICTL Ty,
HaANpAMAEHY i KYTOM o [0 FOpU30OHTY. ¥ BepXHili ToYlli TpaekTOpii BiH
po3ipBaBcs Ha ABa ynaMkd. OfHH ynaMok, Maca AKoro m; = 4 Kr, NoJeTiB y
3BOPOTHOMY HallpAMi IO TPaEeKTOpii pyXy cHapala. Y cKiibky pasiB n Apyruii
ylaMoK NpojieTjB GiNblly BiACTaHb [0 FOPH3OHTANI, HiX nepuinii?

1.205. Cuapsag, maca akoro m = 10 kr, MaB MOYaTKOBY WIBHAKICTL U =
= 800 m/c, HanpaMieHy Nix xytoM o = 60° go ropu3onTy. Yepes Aeaxuii yac
Micjs nocTpiny cHapAA posipBaBeca Ha ABa yinaMkH. OHH ylaMOK Macorw m; =
=3 Kr uepes uac fp = 30 c BiAd MOMEHTY NOCTpily MaB WBHIKICT U =
=600 M/c, HanpAM/EHY rOpH3OHTANILHO. BU3HAYUTH WBHIKICTE Uy APYTOro
ynamka B TO# caMHii MOMEHT Yacy fo, BBXKAIOYH, LI0 BCi Tifla pyXajiuch Yy Bep-
THKanbHi# nowni. Moxnacty g = 10 M /c>. OnopoM NoBiTpA HEXTYBaTH.

1.206. Yu 36epiractbea iMnyNbC Tifla, KUHYTOMO NiJ KYTOM AO MOPU3OHTY?
Hu 36epiracteca #HOro npoexuis Ha Akuii-ne6yab Hanpam? Onopom NOBITPA ,
HEeXTYBaTH.

1.207. CTBoa rapMaTi yTBOpIOE 3 TOPH30OHTOM KyT o = 30°. fkiio rapmara
3aKpiniena, To CHapAa, Maca AKoro m = 10 kr, BUJIITAE NPH NOCTPIi 31 WIBKHA-
KiCTIO Uy = 800 m/c. Bu3HaunTH WBKIKICTb u, AKY HaGyBae He3akpirnaeHa rap-
Marta npu noctpini. Maca rapmarti m; = 1 200 xr.

Pyx rina aminnoi macu

1.208. Yepes Hepyxomuii 610K NepekHHYTO TPOC, A0 OAHONO KiHISA AKOTO
NPUKpInKIK BanTax Macoto m;=100 xr, a g0 Apyroro — KOHTeiHep 3 MiCKOM
Tako1 camol mack. Maca nopoxxHbOro KoHTelHepa m, = 20 «r. I3 xoHTeliHepa
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MOYMHAE BUCUNIATHCA MICOK 3i WIBMAKICTIO pt = 20 kxr/c. BU3HaYWTH LIBUAKICT
U BaHTAXy B MOMEHT 4acy, KoJix 3 KOHTEHHEepa BUCUTABCA MIiCOK Macoro mj =

= 20 xr. Beaxkatu Tpoc i 6710k HEBATOMHUMH.

HiLLHi CHNIK HA paKeTy He Hil0Tk.

(&<

1.209. Pakera Macoto mo NOYHHAE BUKHAATH CTPYMUHY rasy 3i LIBUAKICTIO
u BinHOCHO pakerd. Lllocekynam BuxuaaeTbed ra3 mMacow WM. 3anucatd pis-
HAHHS pyXy paketd. YoMy NOpiBHIOE UIBHAKICTH pakeTH U 4epes ! CEKyH.
nicis moyarky pyxy?
1.210. YacturKa s0dy (TpanuHka) Najac BHU3 Kpisb 'PO30BY XMapy i npH
uboMy 11 maca 3poctac 3i WBUAKICTIO U (kr/c). Cuna TSHKIHHA B KOXHUMHA
MOMEHT Yacy 3piBHOBaXCYETLCA CHIION0 ONopy NoBiTpA Fy = — kU, ne £ — cTana.
3HexTyBaBLIM MOYATKOBOW MAcol rpaguHKH, BU3HAYMTH ii IWIBUAKICTE U
4yepes § CEKYHA pyXY.
1.211. Ha pakety, WO NiAHIMAETBLCA BEPTUKAALHO Bropy, Ai€ JOHU3Y MO-
criiiHa pe3ynbTyroua 30BHillIHS CHia F, Maca pakeTH B MOYaTKOBUH MOMEHT
yacy #7g, BATpaTu rasy p (xr/c), a WwBHAKICTE BUKMIAAHHSA CTPYMUHH rasy Bii-
HOCHO pakeTH . 3a HaBeAEHMMH NAHUMM 3allUCATH PiBHAHHA PYXY PaKkeTH.
Bu3sHauMTH WBKHAKICTE T(#) pakeTn Ak GyHKLIIO Yacy.

1.212. BctanoBuTH 3aKOH 3MiHM Macu m(f) pakeTu 3 4acom, AKILO pa-
KETa PYXa€ThCs 31 CTANHM NPUCKOPEHHAM 4, WIBUJKICTh BUKUAAHHS CTPY-
MHHU ra3y BiIHOCHO pakeTu u, a ii moYaTkoBa maca mo. BBaxaru, uio 308-

3axoH 36epexxeHHs MOMEeHTY iMnynsCcy

1.213. CumerpuuHe Tino obepracTbCcsa HaBKONO OCi CUMETpil Tak, 1o Horo

MOMEHT iMITyJILCY BiZHOCHO i€l oci gopiBHioe L, BH3HAYMTH MOMEHT iMITy /b

cy tina L,; BIIHOCHO Oci, fKa napaseibHa oci 00epTaHHA.

1.214. [Isi ogHaxOBi OAHOpiAHI UMIIHAPHYHI wWAKibK MicTATbCA Ha raan-

® xomy croni (puc. 1.21). Llaii6a A pyxaeTbea 31 LUBUAKICTIO, AKA CIIPAMOBaHA
A0 ueHTpa waibu B, i obepTaeTbea 3 KYTOBOIO WIBHAKICTIO w4 = 10 pag/c Bin-
HOCHO cBOro LeHtpa mac. lllaii6a B nepeGysae B crniokoi. ITix yac 3iTkHeHHS
Waibu 3n1unaoThCA. BH3HAYMTH KYTOBY UIBHAKICTE @ OGepTaHHS CHCTEMH
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Puc. 1.21

BiAHOCHO OCi, 11{0 MPOXOAUTD
yepes UEeHTP Mac, micis 3iTk-
HEHHA.

1.215. [IBi xparnni pTyTi
padiycamu Ry =1 Mmm i Ry =
= 2 Mm 00epraoTbes 3 KyTO-
BUMU IBUIKOCTAMH Bigmno-



S
O D ooop

a aJ
Puc. 1.22 Puc. 1.23

BiIHO ®; = 5 paa/c i w2 = 4 pap/c, oci 00epTaHHA X napajienbHi ogHa OAHIM.
Bu3HAYMTH KYTOBY LUBUAKICTE @ Kpami, 100 YTBOpPHIachk BHACHIAOK 3JIHTTA
KpamneJib.

1.216. Y npouecn rpaBITaumHoro CTUCKY pamiyc 3ipkH, o oﬁepraemca
HABKOJO cBOEL oci, 3MeHlIKBcA B 500 pa3iB. BU3HauyUTH, Y CKibKU pa3iB n
3MiHHJIACh WBHAKICTS 00epTaHHA.

1.217. JIpa WOPCTKHX AMCKH, MOMEHTH iHepuii akux [; = 2 K{‘-Mz, L=
=3 kr-M’, BibHO 06epTalOThCA 3 KYTOBUMH LUBUAKOCTAMU ©; = 10 pap/c i
@z = 15 pap/c HaBKOJIO OJHIET BEpPTHKAIBLHO1 OCi. BCTAHOBUTH yCTaNE€Hy KYTOBY
WBHAKICT @' NiCHA ONMYCKaHHA BEPXHbOrO AMUCKA HA HHXHIH. PosrnaHyTu
suniaaku: a) o; 7T, (puc. 1.22, a); 6) 0TV o, (puc. 1.22, 6).

1. 218 JIBa LIOPCTKMX ANCKH, MOMEHTH iHepuii skux [ = | KI'"M2, L=
=2 KM’ i paniycu R; = 0,1 M, R, = 0,15 m, obeprarotbed 3 KYTOBHMH LIBHIKOC-
T™AMH ©; = 7 pag/c i ®, = 5 pap/c. AAxkumu OyAyTh ycTaneHi KyToBi LIBUA-
KOCTi ®' o6GepraHHa AMCKIB miciA TOro, Ak iX NpHUBENM Y KOHTAKT, a oci
AMCKiB 3aKpinM/H i 3aUILKIM napanelbHUMH, 3a TAKUX YMOB: a) m,TT Ny
(puc. 1.23, a); 6) o, ™o, (puc. 1.23, 6)?

1.219. Kynbka npus’s3aHa 0 HUTKH i pyXacTbeca MO Koy 3i WBHAKICTIO

U = 6,28 M/c, cniuparovuCh Ha TAAKy FOpH30H-
TalnbHy nnomuny (puc. 1.24). HUTKY BTATYIOTH / —= /
B OTBip Ha MNIOMMHI TaK, 106 paniyc obepraHHs @
KYnbku 3Menumees B £ = 3 pasu. Slkoio mpH .
UBOMY Oyze niHilina WBHAKICTL U KYAbKH? !

1.220. JTroguna cToiTh y LEHTpi rOPH3OHTANIL-

HOl Tnatdopmu, wo Mac (GopMy OZHOpIZHOIO #
aucka. Inargopma obepracTbes HABKONO BEPTH-
KalleHol oci, ska npoxoauTs vepe3s ii LEHTP, Puc. 1.24
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3 yactortowo v; = 0,5 ¢ ~'. Jlioguua TPUMAE B pyKaxX CTPMXXEHb, NOBXHHA
sxoro /=12M i Maca m = 9 xr, 110 po3TalUOBaHUH BEPTHKANBLHO MO oci 0bep-
TaHHA naatdopMu. 3 AKOK 4acTOTOO Vv, obepraTuMeTbes nnardopma, Konu
MOAMHA NOBepHE CTPUKEHb Y IOPH30HTANLHE MONIOXKEHHS Tak, 1O LIeHTP Mac
CTPHIKHS HE 3MIHMTL nonoxeHHs? CymapHuii MOMEHT iHepuil TIOAMHM | fnat-
topmu /=8 Kr-M”.

1.221. Om{opmuuu ,uucx BilbHO 00EpPTAETLCA HABKONO BEPTHKANBHOT OCi 3
yacTtoToo v; = 90 xB ', Manenbkuif wmartox 3aMa3kKy, Maca skoro m =5,
ynas BepTHKanbHO Ha auck (i npuann) Ha Biactadi R = 10 CM BiA oci. YacToTa
obepTaHHs AMCKa MpH ULOMY 3MEHLIMNach 10 v; = 87 XB - ! BusHauutu mo-
MEHT iHepuii [ aucka.

1.222. Jlroauua, maca akoi m = 80 Kr, cTOITb Ha ropuM3oHTaNbHIN Nnat-
(opmi, o Mae dopmy aucka paaiyca R = 10 m. Maca nnardopmu M = 100 kr.
[lnatdopMa cnupaeTbcs Ha BEPTUKaNbHY BiCb, fika MPOXOAUTHL uepe3 il
LIeHTp, | Moxke obepTaTcs HaBKOJIO Li€l oci. JlloAMHa novyana pyXaTUCh 3i
WBUAKICTIO v = 7,2 KkM/roA BiHOCHO TuUIaThopMu MO KOAY pajiyca » = 5 M
HABKOJO il eHTpa. BuzHauut KyTOBY WUBKAKICT @ nnatpopMu. JIloAuHY
BBaXKaTH MaTepiajibHOIO TOYKOIO.

1.223. OpHopinuuii TOHKKHI cTpUXKeHb, Maca sikoro m; = 500 r i nopxuHa [ =
=1 M, nigsiwenunii Ha Bigctadi /3 Bix Horo xiHua # Moxxe BUILHO ofepraTtucs
HABKOJIO POPU30HTANBLHOI OCl, ika MPOXOAUTb YE€pe3 TOUKY MiABICY. Y BEPXHii
KiHeLib CTPHIKHS BIYYa€ MIACTUIIHOBA KYJbKa Macolo m; = 50 r, Lo pyXaeTbes
FOPU3OHTANBHO 31 WBKAKICTIO U = 1 M/c. BU3HauuTH KYTOBY WIBHAKICTb ©
CTPWXKHSA Ofipasy TICAs yaapy.

1.224. OaHopinHuii TBepAMii CTpHXeHb, Maca SKOro m i AOBXHHa /,
NEXWTb Ha rNaneHbki ropusoHTadbHii nosepxHi. Kynbka macoio my, wwo
NETUTH 3i MBUAKICTIO Uy NEPNEHANKYISPHO A0 CTPHXKHA, MPYXKHO BAAPAE B
Horo kiHeup. BusHauum KyTOBY LUBUAKICTE 0 oBepTaHHA CTPHXKHA nicns yAapy.

1.225. CkopuctaBiuuce nanumy 3anadi 1.224, BU3Ha4YMTH LWIBMAKICTE U
LIEHTPa Mac CHCTEMM | KYTOBY IIBMAKICTL O CTPMXKHSA MPH HEMpPY>KHOMY 3iT-
KHeHHi. Bpaxaty, wo m;<<m.

1.226. KpyTunbHuii OamicTHUHMii MasTHUK — lle XpecTOBMHA, Aka MilBi-
[UEHa Ha NpY>XHOMY ApoTi i Moxe oOepTaTvcs HaBKONIO BepTHKanbHoOi oci. Ha
OHOMY KiHLli XpEeCTOBMHHU 3aKpiljeHa MillleHb, a Ha IHIUOMY — TArap, Lo ii
BpiBHOBaXy€. [licnd nonanauus Kyni, 1O NETHTE FOPU3OHTANbLHO, MASTHUK
MOBEPTAETECA HA KYT @ = 30°, 3akpyuyiouu apit. Maca kyni m = 0,3 r, Big-
CTaHb BijJj TOYKH Ha MillleHi, B AKy Bny4ae€ kynas, 2o oci obeprauus R = 30 CcM,
MOMEHT iHepuii MasTHuka I, = 0,1 kr- ‘M%, MOZYAb KPYTiHHg D= 1,1-10" Hem.
BU3HaUNTH WBHAKICTE U KYI.
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1.227. Paniyc op6iTv Hentyha B 30 pasis OinbLunii Big paniyca opfitu 3em-
ni. Busnauutu nepiog 7 o6epranHs HenrtyHa HaBikono CoHLA.

1.228. Biacrans Big Mapca go Conug Ginblua 3a BiacTaHb Big 3emni ao
Conusa B 1,524 paza. Beaxatouu opOiTH NiaHeT KOJOBUMMH, 3HANTH, Y CKiNbkK
pasis n nepion o6epranus Mapca HaBkono Couus GinbLumii Bifl nepioay o6ep-
ranus 3eMni. 3 skowo opbitanbHolo WBMAKICTIO V) pyxaeTbes Mapce? Opbi-
tanbHa WBKHAKICTE 3emni v = 29,8 km/c.

1.229. Kometa pyxaerbcd naBkonio COHUA Mo enincy, eKCLeHTPUCUTET
skoro € = 0,9. ¥ ckinbky pasiB # LWUBUAKICTb KOMETH B nepurenii (naiibnmkua
no uentpa CoHua Touka opOiTi) Ginblua, Hix B adenii (HaliBinnanexiwa Bia
nentpa CoHug Touka opbiTn)?

1.230. Cynyrauk 3emni, 1[0 pyXa€TbcsA Mo konoBiit opbiTi paniyca r =
= 6600 kM, Micns KOPOTKOUACHOrO rajlbkMyBaHHS CTAB PYXaTUCS MO eninThy-
Hiit op0iTi, AKa TopkaeTbcs noBepxHi 3emiti. BUuznauuTy yac f nagiuus cynyT-
HHKa Ha 3eMJlI0.

1.231. CynyTHuk, maca skoro m = 70 T, pyxa€eThcs Mo enincy HaBkono 3em-
ni Tak, WO HaliMeHwua i Haibinbwa BiAcTaHi BiA ueHTpa 3emii BIAMOBIAHO 7} =
=6600 kM i 7, = 6700 kM. O6uMCIUTH MOMEHT IMITYNLCY L CynyTHHKA BiIHOCHO
HeHTpa 3emili.

PoGora. Enepris. 3akoH 30epexeHnHs eHeprii

1.232. Tlin Ai€lo cTanoi CUIKM TiNO MOYAJNO PYXaTUCh Y FOPU3OHTANLHOMY
HanpsaMi i npoiiwno wngx s = 5 M, HabyBLWHK wWBNAKOCTI ¥ = 2 m/c. Maca
Tina m = 400 kr. Koediuieut reprst = 0,4. Buznauuru poboty 4 cunu.

1.233. O6Guucnutu poboty A, 1110 BUKOHYETLCS Ha WXy s = 10 M piBHO-
MIpHO 3pOCTal0y0i0 3i LUUITXOM CUJOIO, AKILO Ha MoYaTKy PyXy cuia cTa-
HoBuna F; = 10 H, a Hanpnxmul Pyxy £, =40 H. Kyr Mix enemeHTamy Lus-
XY i BEKTOPOM CHIH JIOPIBHIOE HYEB.

1.234. ApToM06ine, Maca sikoro m = 1 000 Kr, MOYHHAE PyXaTUCh [TO KOMY
Pagiyca R = 100 m 3 TaureHuiaibHUM TIPUCKOPEHHAM a; = IM/c. O6uucauTH
poGoty A nBuryna, siky BiH BMKOHYE 3a oMH 06epT aBToM06ing no kony. Ce-
peniii koediuient onopy = 0,3.

1.235. Cuna 1aru F asTomo6insg 3MiHIOETLCS 3 BiZCTAHHIO S 3a 3aKO-
Hamu: a) F = Bs + C; 6) F = Bs* + Cs + D, pe B,C, D - ctani. Busnauuy
POGOTY A4 cunu Ha pinanui wasxy (ss,).

1.236. SIxy po6oty A4 TpeGa BUKOHATH, 1100 BUTAITH TiNO Maco m = 2 Kr
Ha ripKy, JOBXMHa OCHOBM fKOi / = 1M, a BucoTa /4 = 0,5 M, FKI0 KoeilliEHT
TepTA f= 0,2? Kyt naxuny noBepxHi NpKH 40 TOPU3OHTY MOXE 3MiHIOBATHCh,
ane 3HaK HOro 3anMiuaETbCS THM CaMHUM.
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1.237. HaBaataxkeHi caHku Macoto m = 100 Kkr cnyckaloTbCa 3 FopH i Aani
KOB3al0Th MO FOPU3OHTANIbHIM NoBepxHi Aboay. Ky BiACTaHb § NPOHAYThH
CaHKH MO JibOAY, AKLIO Oilf MiAHINOKA rOpH BOHH JOCATAlOTE WBHAKOCTI U =
= 0,5 m/c? KoediuienT Tepts f = 0,035. SAka pobota 4 npoTu cun TepTs BUKO-
HYBaTUMETBLCS MPH LibOMY?

1.238. Tino macoro m = 0,5 Kr KOB3a€ 3 IpkH, A0BXWUHA OCHOBH AKOi [ =2 M,
a pucoTta 2 = | M. [licng Toro, sk Tino 3’Ixano A0 OCHOBH TipkH, 3’scyBanocs,
1o BOHO BHkoHano poboty 4 = 4,4 J[x. Busnaunty xoediuieHT £ Tepra Mix
TIJIOM | NOBEPXHEIO TiPKH.

1.239. I3 BaroHa, L0 PYXacTbCS 31 LIBMAKICTIO U = 3,6 KM/roJl, BUBAHTAXKYETh-
ca ripcbka nopoza 3i weKakicTio | = 14 000 kr/c. BusHauuTy po3BUHEHY Npu
LIbOMY MOTYXXHICTb P rafibMyBaHHs jokoMOTHBa. CHJI010 ONOpY HeXTyBaTu.

1.240. BepTonit Macolo m HepyxoMo BUCUTL Y NOBITPi. AKy NoTyxHicTb P
PO3BMBAOTH ABUIYHH BEPTO/LOTA, AKLIO WBUAKICTL MOBITPA, O BiAKMAAIOTL
nonari TBMHTA BHU3, OPIBHIOE V7

1.241. Tino, maca skoro m = 1 Kr, KMHYTO 3i WwWBHAKicTiO U = 10 M/c nia
kytoM o = 30° 1o ropu3oHTy. BCTaHOBUTH 3ane€XHiCTb KiHeTHYHOI T | NOTeH-
uiansbHoi U enepriii Tina Big yacy. OnopoM noBiTps HEXTYBATH.

1.242. Ha cToni exuTs rHy4ka MOTY3Ka, OJHa N’4Ta IOBXUHHU SKOT BIILHO
3Bucae. Aky poboty noTpiOHO BHKOHATH, OO BUTATHYTH I[I0 YACTHHY MOTY3KH
Ha cTin? JoexuHa MoTy3kM [ = 1M, a ii maca m = 1kr. TepTaM HEXTyBaTH.

1.243. Ha ctoni nexutb rHy4Yka MOTY3Ka, Maca sKoi m = |Kr, a JoBXuHa [ =
=2 m. Skuo uBepThb A0BXHHM (M = 0,25) MoTYy3KH 3BiCHTH 31 CTONA, TO BOHA
noyYHe 3iCKoB3yBaTH 3 Hboro. Aky poboty 4 BHKOHAE cuna TepTa, WO i€ Ha
MOTY3KY NpH 1i MOBHOMY 3iCKOB3YBaHHi 3i cTony?

1.244. Kynbka macoto m; = 0,01 kr, uio Mae mweuaxicts v, = 500 m/c, npobusae
KymO Macolo m = 5 Kr, fika BUCUTb Ha HUTL. [Tp1 UBOMY LUBHIKICTb Ky/NbKH 3MEH-
wmnacs a0 v, = 100 M/c. Ska yacTvHa 1| eHeprii Ky/bky nepeiiluna B TennaoTy?

1.245. Kyns, maca akoi m = 10 r, pyxarouuch 3i WuBuakicTio 7 = 500 M/c,
BIIY4a€ B 1{i/ib. 3 AKOKO CEPeAHbOI0 CUIOK (F) nisia Kyns Ha Wik, AKIIO BOHA
NpoHHKNa B Hel Ha rnubuuy / = 1 cM? BTpaTtamu eHeprii Ha HarpiBaHHg i
pyiiHyBaHHsA MaTepialy Kyli HEXTyBaTH. |

1.246. Kyna, mMaca skoi m; = 200 r, Ma€ Wenakictsb Uy = 20 M/c 1 HalNTaE Ha He-
pyXoMy Kymo macolo m, = 100 r. BHaciioK 1ieHTpaibHOIO 3iTKHEHHS BTPaTH Me-
XaHiyHoi eHeprii O = 5 k. BusHaunT WUBUAKOCTI KyNb %}, 14 MICHAA iX 3iTKHEHHS,

1.247. Kyns, maca sikoi m = 1 kr, yaapgerbes 00 cTiHy nix kyrom a = 60°
J0 HopMani 31 weuakicTio ¥; = 10 mM/c, a Biackakye BiA Hel 3i WBMAKICTIO T =
= 6 m/c nia kytoM 3 = 45°. BU3HauuTH MOAYIL iMNYNILCY p, WO AicTana CTiHa.
Slka kinbkicTh TennoTH Q BUAIIMIACA MiA Yac yaapy?
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1.248. BanTax npuB’s3any A0 HWKHLOrO KiHUS BEPTHKANLHOI NPYXUHH,
pepxHili KiHeLb Kol 3aKpiniennii Ha luTaTHBl. 3 MONOXKEHHH, 1O BiANOBiAaE
HeneopMoBaHii NPYXWHi, BaHTaX, NIATPUMYIOUH PYKOIK, MOBILHO Ofyc-
KaloTh 10 [MONOXEHHS piBHOBary. IIpy LBOMY MPY>XKHUHA PO3TATYEThCS Ha JOB-
xuny [ = 5 cm. Ha sixy noBxuHy /; pO3TATHETBCS NPYXHUHA, KO BaHTAX
ONYCKATUMETLCS BUIBHO 3 TOrO CaMOro NepBICHOTO MONOKEHHS?

1.249. uck, Maca sxoro m = 0,6 kr i paniyc R = 7,5 cm, onycKkaeTbes niA
Jli€l0 CHIK TAKIHHA Ha JABOX HUTKAX, HAMOTAHUX Ha #oro Bick pagiyca r = 3 MM
(puc. 1.25). HuTku po3MoTyIOTbCs Ha MOBHY AOBXUHY, ajle IUCK, 00epTatonch
y TOMY CamMOMy HanpsiMi, HAMOTYE HUTKA Ha BiCb, BHAC/IZOK YOro BIH ITiIHi-
maeTbCs Bropy. JloXoasuw Ao BepxHbLOi TOYKH, JAUCK 3HOBY OINYCKAETHCS
JOHM3Y, 3AIACHIOIUN KoNUBaHHA y BepTUKanbHid nioluHi (MasTHuk Makc-
pesina). BU3HauuTy: a) JliHiliHe NPUCKOPEHHA a AMCKA | cuny F HaTAry HUTKH,
3ANENHICTL NPUCKOPEHHS 1 CMIIM HATATYy BIA HanpaMmMy pyXxy JUCKa;
6) kineTU4YHY eHeprito 7 obepranbHOro pyxy AMCKE, SKILO, OMYCKAIOUYUCh
3 BEPXHbOI'O [TOJIOXKEHHS, JUCK NpoiLuoB BiacTaHb A = 20 cM.

1.250. Enexrpoasuryn notyxsictio P = 1,2 kBt obeprae 3i ctanoio yacto-
1010 1 = 600 XB ' Hacoc. MomeHT iHepuil wacoca /= 1,52 kr-m°. SIKuit vac f
o6epTaTUMETBLCS HAcoC NHCAA BUNKHEHHS [ABUCYHA, AKIIO BBa)aTH, WO
MOMEHT CWJIX OMOPY 3aNULIaTUMETbCA HE3MIHHHM?

1.251. Kos3ausp obepracTbcs HaBKOJO BEPTUKAILHOI OCI 3 BUTATHYTHMH
BOIK pykamu. Sk 3MiHUTbCS YacToTa 00epTaHHs CNOPTCMEHa, AKILO BiH migiiimMe
pyku Bropy? fx i 3a paxyHOK 40ro 3MiHUTLCS KiHETHYHA eHepris KoB3aHspa?
Cuiiolo TepTs HexTyBaTu.

1.252. CriopTcMeH, AKkuii TINUrHYB 3 BULIKY Y BOAY, B MOJbOTI 30iNbLUMB
IIBMAKICTb 00epTanHs. Sk 3MiHUAMCS NPy LBbOMY Horo niHiliHe NpUCKopeHHs
i MexaHiuHa eHepris? Pyx crnoprcMena BBOXATH BiNbHUM.

1.253. Kynbka, maca sikoi m = 50 r, ckouyeTbcsl 6e3 nMpokoB3yBaHHSA MO
xonoby 3 BucoTH h = 30 cM i onucye BepTUKAILHY NeTnio paaiyca R = 10 cm
(puc. 1.26). 3 sKol0 CHIIOIO KYJIbKa THCHE Ha 0100 y HIXHIj | BepXHiif Toukax
NeTni no Hopmani 0 Hei?

ARANNINNINININININNNONNY

y

Prc. 1.25 Prc. 1.26
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1.254. Kynbka CKovyeTbCcs No noxwiomy xonoly, skuil onucye BepTu-
KanbHY neTnio pagiyca R (puc 1.26). 3 akoi MiHiManbHOi BUCOTH h Mae pyxa-
THCA Ky/bka, 00 He BimipBaTucg BiA xkonoba y BepxHiil Touui netni? Pos-
FMAHYTH ABA BUMAAKU: @) KYJIbKa 3iCKOB3Y€E; 0) KyJIbKa CKOUYEThCH.

1.255. Kynbka, ska koTUTLCS 6e3 KOB3aHHS MO FOPU3OHTANbLHIH NOBEPXHi
31 WBMAKICTIO Vg = 5 M/C, CTHKAETLCA N0 HOpMani 3i cTiHolo. BBakaiouu, o
yaap npyXuui, o64MCIMTH WBHAKICTL U KYNbKM Nichs BiAGuBaHHA Tozi, Ko-
1 BOHA noyHe pyxaTucs 0e3 KoB3aHHs,

1.256. Toukuii cTpyKeHb MiaBiCKIM 33 KiHeub. Ha BizcTaHi / Bil Touku
NiABiLyBaHHA HA CTPWXKEHb MOYHHAE AIATH ropu3OHTaNbHA cula F. Sky po-
6oTy A BUKOHAE cHla n1ijJ 4Yac NOBOPOTY CTPHUIKHA HA KyT ¢?

1.257. O6pyy, umaivap i Kylbka oJHAKOBOIO MAacol0 m CKOUYKThbCS 3 Tip-
KW, BUCOTA KOl A. Y MAHIXOKA ripky WIBUAKICTb YCIX TiNl U € 04HAKOBOIO, J0
TOro 3 Mano Miclle NMpokoB3yBaHHA. Buznauutu poboty 4 cun onopy Ans
KOXHOTO Tifa.

1.258. Bu3HaYUTH NPUCKOPEHHS @ UEHTPa KYJbKH, KA CKOYYETLCA 3
noxunoi miowuHu. Maca xynbku m = 100 r, noxuna niaolMHa yTBOPIOE 3
ropu3oHTOM KyT o = 30°. O6uMcauTy cHiy TepTs Fy, wwo Ai€ Ha KyAbky, Ta
poboTy A4 ui€i cunu. I1pokoB3yBaHHs HEMAE.,

1.259. 3 sBepuivHH cpepuuHOi noBepxHi paniyca R ckouyerbes 6e3 nmpoko-
B3yBaHHs ManeHbka Kyjbka. Ha sixii BUCOTI 4 HAI ueHTpoM chepH Kynbka
BiINIUTLCS BiJ noBepxHi cdepu if nonetTs BinbHO?

1.260. Kyns, wsnakicte axoi vy = 10 m/c, 3ako4yeTbes 6e3 NpokoB3yBaH-
Hs Ha noxuny naowvuy. Ha sky Bucoty & nigniMerbes kyns?

1.261. Ban apuryna ofepraerbes 3 Yactotoio n = 2 800 xB ~!. Busnaunty
ofepranbHuif MOMEHT M, SKLIO ABHUTYH Mae NOTyXHicTe P = 1,2 kB, #ioro KKJI
n =72 %.

1.262. OnHopiaHu# cTpUKeHb, Maca skoro m = 3 kr i fjoexuHa lp = 0,5 M,
JIEXUTb Ha TOpU3OHTANBHIH noBepxHi. Aky miHiMansHy poboty A4 Tpeba Bu-
KOHaTH, Wo6 00epHyTH CTPYXKEHb HAa KYT 27 HABKOJIO BEPTHKANLHOI OCi, 1110
npoxoAnTh Yyepes KiHewb ctpwkHa? Koediuient teprs £= 0,6.

1.263. OpHopigHuii auck, Maca sikoro m = 10 kr i pagiyc R = 0,2 M, ne-
’KMTb Ha rOpU30OHTANbHIi MoBepxHi. Aky poboty 4 Tpeba BukoHaTH, wod no-
BEPHYTH JMCK HaBKoJIo Horo oci Ha kyT a = 90°7 KoediuienT Tepta aucka o6
nosepxHio f = 0,4.

1.264. [{uck, maca skoro m = 3 kr i pagiyc R =10 cM, po3KkpyyyeTbcs
HABKOJI0 BEPTUKANLHOT OCi 10 4acToTH obepranus n = 5 ¢ ~'. BepTukanbha
BiCb NPOXOAWTh Yepe3 LEHTP AUCKA MEepneHANKYAspHO A0 HOro MIOUIMHM.
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[Ticas uboro aAuck OyB noknaneHuil Ha ropu3oHTaNbHY NOBepXHIO. CKiNbKH
06epTiB N 3poGUTE ANCK 110 MOBHOT 3YNUHKM, AKIIO KOe(iLi€HT TepTs AUCKa
06 nosepxHio f= 0,37

1.265. Ilkie noynnae obepratycs 3i cTaNUM KYTOBUM MPUCKOPEHHAM
g= 4,5-103 panjc:" i yepes #; =2 ¢ Horo MOMEHT iMNynbcy HabyBae 3HaueHHS
Ly =250 kr-m>/c. Busnauntu KiHeTU4HY eHeprilo T, wkiBa yepe3 1, =1c¢
micns moyaTky obepTaHHs.

1.266. AsToMo00inb, Maca skoro m = 0,8 T, pyxaeTbcs 31 WBUIKICTIO
v = 108 kmM/roa. JIns fioro 3ynUHKM BBIMKHYNU aKkyMmylaTop eHeprii y
purngai Mmaxosuka (/= 0,5 KI"Mz). O6uucanTu yactoty obepTaHus n Maxo-
BHKa IiC/g 3yNUHKK aBToMOOINg. BeaxkaTu, 1o BTpar MexaHiuHoi eHeprii
HeMae.

1.267. Maxoeuk, mMaca sikoro m; = 20 kr, mae ¢opmy aucka pagiyca R =
=20cMm i Moxe obepraTHcs HABKONO CBOEi OCi, 1[0 OPIEHTOBAaHA rOPHU3OH-
tanesHo. Ha nuninapuyHiii noBepxHi JUCKa 3akpinjieHo HeBaroMy HUTKY, 10
Apyroro KiHUs fAKoi miaBilleHo BaHTax. Maca BaHTaxy m, = 2 kr. Bantax
BEPTUKATLHO NififiMaOTL Ha BUcOTY A = | M, a NoTiM BiH BiIbHO nagae
(puc. 1.27). Ilpu usOMy BHAcninoK yAapy MaxoBHUK Mo4yuHae obepraTHcs.
Bu3HauuTH KyTOBY LUBKAKICTE 0 MaxoBMKa michas yaapy. Yu moxinso, wobd
HHUTKA Oyna Hepo3THKHOIO, a Tina abconioTHO TBEpANMU?

1.268. Ha saxuit kyt a Tpeba BiAXMIUTH OAHOPIAHUA CTPUXKEHD, NOBXUHA
skoro / = 1 M, miaBilleHu# 3a BepxHiil KiHeub, Wob Horo HWXHIH KiHewub MiA
Yac NPOXOJKEHHA NMONOXKEeHHS PIBHOBAry MaB WIBUAKICTE U = 4 M/c?

1.269. Toukuii oxHopiaHuit CTpHXXeHb, Maca SKOTo
my = 3. kr, a nposxuHa [ = 1 M, Moxe BinbHO obepraTHcs
HABKOJO OCi, 10 MPOXOAUTL Yepe3 Horo BepXHiii KiHeup.

Y ctpukeHb Ha BiacTani /; = 0,6 M Bifl HYKHBOTO KiHLA
By4a€ Kyns mMacolo m; = 10 r, 1o netina ropu3oHTalbHO
31 WBMAKICTIO Ty = 300 m/c. Ha sixuit KyT ¢ BiAXMIMTLCA
CTPHDKEHb Ticns yAapy, AKILO YAAP HENpYXHWi?
1.270. Yepes 610k, o mMae Gpopmy Aucka, nepeku-
HYTO WiHYp. Maca 6noka m = 0,4 kr. [lo kiHiB LiHypa
TPUB’ 321K BauTaXi Macamu m; = 0,1 Kr Ta m; = 0,2 Kr.
Beranoeutu cniseigHomenHs Mix kiHeTMYHMMM eHep- l

Fismu T, MOCTYNANLHOrO pyXy BaHTAXKIB i 06EpTAIbHO- r‘L': -
o pyxy T, 6noka vepes ¢ = 2 ¢ Bia nouatky pyxy. Ma- L
COIO LHypa HEXTYBAaTH. Pue. 1.27
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1.271. TNoreHuianbHa eHepris YacTMHKY Mae Burnay U ——-—-ax+bln(x2 + yz),

ne a, b — crani. BusHauutu cuny F, wio Aie Ha yacTHHKY B Touui
3 KOOPAUHATAMH Xo, Jo-

1.272. TloreHujaNbHa eHepris 4aCTHHKY BH3HAYacTLCA pPiBHAHHAM U(x) =
= JI)((a/Ju:)Iz — (a/x)"), pe D, a ~ nopaTHi cTani; X — KOOpAMHATAa YaCTHHKH.
BcTaHOBWTH 3HaUEHHSA Xy, AKe BiANOBiZAE NONOXKEHHIO piBHOBaru YacTHHKHM.
Uu piBHoBara € cTiiikoo?

1.273. IToteHuianbHa evepria 4acTuuku U(r) = a‘/r - 2a/r, ne a — po-
AaTHa cTana, BcTaHOBUTH 3HAYEHHS rg, iKe BiAMOBIZa€ MiHIMYMY noTeHui-
anbHoi eHeprii. YoMy [OpiBHIOE cuna, wo Ai€ HAa YacTUHKY B ToH4Li
r=ro?

1.274. Bupa3 noTeHuianbHOI eHeprii YacTMHKY B noni Mae Burasn U = ax +
+ by + ¢z, pe a =2 Jhx/m, b =—3 [hi/m, ¢ = 4 /M. Jleski ToUKH NONA MaKOTh
koopavHa™™ 4 (2; 3; 3), B(2; 7; 3), C (2; 7; 2), D (4; 7; 2), axi BUMIPIOIOTLCA B
metpax. BusHaunti poboTy A nons npy nepeMillleHHi YaCTUHKM LuIsiXoM AD =
= AB + BC + CD . OGUHUCINUTH Pi3ZHULIIO NOTeHLiansH1X eHepriit U, — U, vac-
THHKH B TouKax 4 i D Ta MOpiBHATH pe3y/bTaT 3 0AEPXKaHOK poOoTolO.

1.5. MPUHUUN BIAHOCHOCT! B MEXAHILLI
EAEMEHTU PENATUBICTCBHKOI MEXAHIKWA

[Mepersopenns [anines
r=r+Vi, t=¢, (1.5.1)
ze r, r' — pafiycu-BEKTOpH HacTUHKKM BianoBiaHo y cucreMmax K i K’ V — weuakicTs cHc-
Temu K' BigHocHo cucTemu Biamiky K.
3aKoH A0NABAHHA WIBUAKOCTEH Y HEPENATHBICTCLKIA MexaHiui

v=v+V, (1.5.2)

JIE v, V'— IIBUAKOCTI YaCTHHOK B CHCTeMax Biamiky Bianosiano K i K’
Ilepersopenns Jlopenuwa y pasi, xonu
KLY’ cuctema sianiky K’ PyXa€Thes §i WwaKaKic-
TIO ¥V B nojarHoMy Hanpami oci Ox cucre-
mu K, npudomy oct Ox’1 Ox 36iraloTsecs, a
oci Oy’i Oy, a takox Oz’i Oz napaiicibHi
oAHa oaHiH (puc. 1.28):

KLY

V=const
i

i x=Vt

0 g’ x'= s Y=y 2=z
—— Jl—szcz

/ x X 2
Z fa potzXVle (1.5.3)

Prc. 1.28 -y e
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CxopOUeHHS JIOBXHHIH TiNa, AKE PYXACThCH,

[=ly1-v*/c? (1.5.4)
ge [, — B1acHa JOBXKHHA Tija.

CnoBifibHEHHA X0Ay FOAWHHKKA, 110 PyXaEThCH,

At
At = ; (1.5.5)
;;l —:’,*2/c'2

ae At — POMIXKOK BAACHOIO 4acy FoAMHHKKA, 10 PyX3EThCH.
InTepBan Mix MOAIAMH

As? = *Ar? - A2, . (1.5.6)

Ae At — IPOMDKOK Yacy Mik mozisMu; Ar — BIACTaHb MIX TOYKaMH, B SKHX BigOyBatoThCs
nodii. Iwrepsan € iHBapiaHTHOIO BEAMYMHOIO: Y CHCTEMAax BLAMIKY, 3B’g3aHUX MiX coboio
neperpopeHHamu Jlopenlia, inTepsan NnpuiimMae oaHe i T€ came 3HAYEHHA.

PensThBicTChKMHA 3aK0H 101aBaHHS WBHAKOCTCH

v, =V "
Uy = e | 1.5.7
To-n ¥ / c? : )
Penstusicrchka Maca Ta peNITHBICTChKHI IMNYIbC
m=--£°—-—-, p:_.__'_”_?:_.__' (1.5.8)
1-v%/c? e
PigHsHHA peasTHBICTCHKO! AUHAMIKH YaCTUHKM
=2 __MY - (1.5.9)
at Ji-v?/c?
Exepris pensrusicrcnkoi yacTuHkm:
a) BAaCHA eHepris
Ey = moc?; (1.5.10)
0) kineTHyHa enepris
2 2 1
T=c"(m=my)=mye’ | ——=——=—==-1|; (1.5.10a)

I—~'v'2/c:2

B) TIOBHA eHEPrif, B3aEMO3B’A30K MiX CHEPri€iO Ta MACOI0 PEARTUBICTCHKOT YaCT UHKH:

2
E=me*= 20 __ (1.5.106)
l-—vz/cz

38530K M EHEpriei0 Ta IMIYICOM PENATHBICTCHKOT YACTHHKH:
Ez—pzcz=m§c"; pzcz=T(T+2moc2). (1.5.11)
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MpuHuun BigHocHocTi Maninen

1.275. Sxi BnacTuBOCTi cuMeTpil Mae MaTu npocTip, wod BUKOHYBaBCH
npuuumn BigHocHocTi [anines? |

1.276. Yu icHye B mexaHiui ["anines — HeroToHa rpaHuuHa mBMAKICTEL No-
IUMPEHHS CUrHaNIB?

1.277. V pi3Hux Toykax npocTopy BiaOynuch ABi NoAii, AKi € OAHOYACHU-
MH B cuctemi K. Uu OyAyTb BOHM OAHOYACHMMH B iHLUIK iHepuianbHilk cucre-
mi Biztiky?

1.278. Bci 3ipku sinnansotees Bi Conud 3i wBKakicmo v = Hr, ne H— crana
Xabbna; r — MoxyNb pajliyca-BeKTopa, Lo BU3HAYAE TIONOXKEHHS 3ipKU BIIHOCHO
CoHug. 3anucatd 3akoH 3MiHM wBMAKOCTI Ty Oyab-gKol 3ipku BiTHOCHO iHLLOL
3ipKH, NONOKEHHS AKOT BiAHOCHO COHL BU3HAYAEThes pajiycom-BexkTopoM R.

1.279. 3 MOTOPHOrO YOBHA, AKHii pyxaBcs NpoTH Tedii, BUnano secno. Yepe3s
yac #; = 10 xB YoBeH MOBEPHYB Ha3aJl i HA3I0THAB BeC0 Ha BifcTaHi s = 100 m
HWKYE 3a Teyi€to. BU3RayuTH 1WBMAKICTE U Teuli, BBAXKAIOUM, (O NPH pyci B
060X Hanpsamax MoTop MpailoBaB 0HAKOBO, A BiTPY He OyJo.

1.280. Tino kuHYTO B AOBIJILHOMY HanpsAMi 31 WBKUAKICTIO Vo, MiCAsS 4Yoro
BOHO BiIbHO nanae. Bukopuctopyrouu dopmyny (1.5.2), BU3HaUMTH WBKAKICTD
TiJIa vy BiIHOCHO 3eMili, a TaKoX LIBUAKICTB Tijla V; BITHOCHO CUCTEMHU BiAsiKy,
L{O PYXAETHLCA BHU3 13 IPUCKOPEHHAM g, Yepe3 f CEKYH MICIIA NoYaTKy pyxy.

1.281. OnHe Tiio KMHYTO 3 TOYKM, HONOXKEHHS SKOI BU3HAYAETLCS pafiy-
COM-BEKTOPOM I, 3i LIBMJKICTIO V|, a ApYre — 3 TOYKHM 3 PaniycoM-BEKTOPOM
Iy 3i LWIBUAKICTIO V3. SIK 3MIHIOETLCA BiACTaHb Ar MIXX TilaMH 3 yacoMm?

1.282. Kopabenb nnuse 31 weuakicto v = 36 km/roa. Io itoro nany6i nep-
MEHAUKYAPHO N0 KypCy kopabns no4yuHae pyXaTuch JIOAMHA 3 [IPUCKOPEH-
HaM a = 0,5 M/c’. BU3HAUNTM IIBUAKICTS U} NIOAHMHY, a TAKOX ii NPUCKOPEHHS
a| BiIHOCHO BOAM Yepe3 yac {; = 6 ¢ nicis movarky pyxy.

1.283. Kynbka naga€ Ha CTiHy nig KyToM o A0 HOpMani 3i WUBMAKICTIO .
YoMy A0piBHIOE KYT B ManiHHA KyJibKM B cUCTeMIi BiNiKY, Ska pyXacTbcs na-
panesibHo CTiHi 31 WIBUAKICTIO U, Y TOMY CaMOMY HanpsMi, mo i kynbka?

EnemenTtn penatuBicTChLKOT KiHEMaTUKK

1.284. Ha expaHi ocuunorpagda crnocrepiracrsesi CBiTHa TOUKa B TOMY Micii,
KYAM nanae ny4yok enekTpoHiB. ITyuok BiAXUNAETLCA 3IMIHHUM €NEKTPUYHUM
(HaiiuacTilue) mosieM, BHACAIOK YOro CBiTHA TOYKA MEPEMILLYETHCS B3JOBXK
eKpaHa 3 JesKoI0 WBUAKICTIO U. UM MoXe LUBMAKICTb U NepeBHLLYBATH LUBHA-
KiCTb CBiT/Ia Y Bakyymi?

1.285. B atmocdepi 3emni Ha iactani / = 20 xm BiA il noBepxHi B KocMiY-
HUX NPOMEHAX YTBOPUBCS MIOOH. Pyxarouuncs 3i Lupuakictio v = 0,9996 ¢ Bia-
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HOCHO CHCTEMH BiANiKY, 38°s3aHOI i3 3eMII€I0, MIOOH A0CATaE 3eMHOI NoBepX-
ii. JIo AKKX PO3MIPIB /o CKOPOTUTHCS LA BiZICTaHb, AKLIO HE BPAXOBYBaTH CTIO-
pinbHeHHA yacy?

1.286. 3 KOO MAaKCUMANLHOK LUBMAKICTIO U Ma€ pyXaTUCA CTPHKEHDb,
wo6 BiaHOCHA MoXHOKa, sika AOMYCKAETLCA NPH BUMIPIOBaHHI HOTO AOBXHUHU
6e3 BpaxyBaHHsA pyxy, He nepesuuiysana 6 0,01 %?

1.287. V cucremi Bianiky K MICTHTBCA HEpYXOMHHl CTpUKeHb, AOBXWUHA
axoro /p = 1 M, opieHTOBaHu# nig kytTom o = 60° no oci Ox. BusHauuT ioro
noxuny / i BignoBiguuii Kyt o' y cuctemi K, o pyXaeThes BiAHOCHO cUC-
temu K 3i wBuakicTio ¥ = ¢/2 B310Bx oci Ox.

1.288. Pebpa kyba opi€eHTOBaHi mapanelbHO OCSAM KoOpAMHaT. 3 KOO
IIBUAKICTIO U KYO Ma€ pyxaTucs B3A0BX OJHIE] 3 oceif, Ans Toro wob nepe-
TBOPUTHCA Ha Napanenenines i3 06’eMoM BTpHUi MEHLIMM, HixX 00’ €M kyba?

1.289. LlipuakicTe MIOOHIB Y uMkInoTpoHi ¥ = 0,99 ¢, a BnacHUl yac xuTTH
T = 2,2 Mkc., YoMy JOpiBHIOE 4ac XHUTTS T MIOOHA B CUCTEMi BiJiiKy, 3B’s-
3aHiil i3 LUKIOTPOHOM? |

1.290. Y nabopatopHiii cucTeMi BiaNiKy YacTHHKa, L0 pyxanach 3i LWIBUA-
kicTio v = 0,95 ¢, npoiitna go posnagy wuax s = 23,7 M. YoMy nopiBHIOBaB
BIIACHHH 4ac XUTTA To YaCTUHKM?

1.291. V npuckopioBayi oAep)KaHo NY4OK MIOOHIB, L0 PyXaloThCs 3i LUBUA-
kicrio v = 0,99 c¢. BHacnijok po3nagy iXHA KOHUEHTpalis B Ny4ky 3MEH-

| _t
IUYETLCA 32 3aKoHOM n(f) =nge *. SIKy BilCTAHb § MAE NPOMTH MyYOK MIOO-
HiB, 1100 KOHLEHTpaLis YaCTMHOK Y HbOMY 3MEHIUMAACh Y k= 5 pa3iB?

1.292. Ha uMKJIOTPOHI OAEp)XaHO NMy4oK PeNsaTUBICTCLKMX MioHiB. Akmo
HE BPaXOBYBaTH PENATUBICTCLKE CIOBINILHEHHS 4acy, TO MTiOH Mae npoiiTu 3a
CBilf Yac uTTA Ty BiacTaHb s = 5,8 M. ExcriepuMeHT noka3sye, Wo MioH npo-
~ XOZHTH BificraHb 5o = 8,8 M. 3 AKOI WBUAKICTIO U PYyXaeThCs MiOH BiIAHOCHO
naboparopii? V ckifbku pasis yac xwuTTA MioHa T y nabopaTopHiii cucTeMmi
BiZUIiKy Ginbiuuii 3a foro BNacHuii 4ac xuTTs o7

1.293. JI8i yacTHHKM pyXaloTbCi HA3yCTpiy ofHa OAHil 3i IBUAKOCTAMM
o 0,8 ¢ i v, =0,9 ¢ BigHoCcHO NabopaTopHoi cucTeMy BiAniky. BuzHaunty
BIAHOCHY LIBUAKICTE Uiy YACTHHOK.

1.294. JIpi yacTvHKM pyXalOThCA HA3YCTPIY OAHA ONHIM 3 OAHAKOBUMM ILIBH/-
KOCTHMU U BiHOCHO HEpyXOMOro crocTepiraya. BiflHoCHa LIBHKICTE YACTUHOK
Usine = 0,9 c. BusnaunTy luBMAKICTb U YaCTMHOK BiIHOCHO CMOCTEpiraya.

1.295. Yac xurrs MiooHa B cucTeMi BiAmiKy, BilHOCHO sKOT BiH nepebyBae
B CNOKoT, 1o = 2,2 MKc, HOro Yac )UTTA B CUCTEMAX, L0 PyXalOThCs BiIHOCHO
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HbLOIMO Ta Napaje/ibHO OAHA OAHIH, BIAMOBIAHO T; = 2,5 MKC | Tp = 2,2 MKC.
YoMy JOpIBHIOE BIAHOCHA WIBHAKICTE Uy BKA3AHHX CUCTEM BIATIKY?

1.296. Oaxa 3 YaCTHHOK pyXaeTscsa BiAHOCHO Jaboparopil 3i IWBHAKICTIO U =
=0,9 ¢, a iHWIA — 3i WBHAKICTIO Usigy = 0,5 ¢ BIAHOCHO NEpiUOT B TOMY CaAMOMY
HanpaMi. YoMy AOpiBHIOE IWBHAKICTb U APYroi YaCTHHKHW BifiHOCHO nabopa-
TOPIT?

1.297. Y nesaxnii MoMeHT 4acy Ha CoHui BiaOyBca cnanax, a uepe3 Af= 5 xB
Ha 3emji Binbysca 3emnerpyc. 1. Slkum — yaconoaibHMM un npocroposofnoait-
HUM — IHTEPBANOM po3AiNieHi Ui noaii? 2. Yu MOXKHA po3risagaTi 3emieTpyc Ha
3emni sk Hacijox cnanaxy Ha Conui? 3. UM icHy10Th Taki CHCTEMHM BiATiKY, B
AKHX BKa3aHi MoAiil BiaOyBaroTsCA B 00EpHEHOMY nopaaky?

1.298. losecTy, WO BENUYHHA As’ = Ar = AF (At - MPOMIXOK 4Yacy Mix
ABOMA NoAiAMU, AKi BifOyBaIOTLECA B TOUKAX, PO3AUTIEHHUX NMPOCTOPOBUM MPO-

MIKKOM Ar = Jsz + z_\.y2 + Az ) 30epirae He3MiHHHMI BUINIAA Y BCiX iHEpui-

anbHUX CUCTEMAX BIAJIIKY.

Bkaziska. CxopucTaTucsa nepeTBopeHHAM JlopeHua Aia KOOpAKWHAT i ya-
Cy Ta JOBECTH, L0 Ma€ Micue pinicTb A ' 2= c?Af *— Ar' %,

1.299. JIsi noaii po3aineHi npocToposonodiOHKWM iHTepBanoM. loBecTH,
110: &) ICHYE CHCTEMA BiJIIKY, B AKiA BOHH OAHOYACHI; 0) Yy KOXHI# cucTeMi
BiZUIIKY BOHH He BibyBaroTbca B 0AHIM | Tiil camilt Touwi.

1.300. 1Bi noaii posainexi yaconoxiouum inrepsanom. HosecTH, 1o:
a) icHy€ cucTema BifniKy, B fKil BoHM BigOyBaoTsca B OfHIH 1| TiH camiit
Touli; 6) y xoaHiH CHCTEM] BIAJIIKY BOHH HE € OAHOYACHHUMM.

1.301. YacTuHKa pyXa€eTbCs B3A0BX NPAMOT MiHIT TaK, 110 B KOXKHHI MO-

MEHT Yacy 3alHIIAETLCA HE3MIHHHUM [PUCKOPEHHA da=— - :
dt \J1 -v? /c?

1. BcTaHoBHTH 3an€XHICTh WIBHAKOCTI ¥ i ULIAXY S, NPOAJEHON0 YaCTHHKOIO,
BiJ Yacy, AKIO NOYATKOBA LIBUAKICTb YACTHHKK AOpiBHIOE Hynesi. 2. JloBecTH,

o B rpaHuuHoMmy (v /¢ 2 3 0) BUNaaKy oAepxkKaHi 3aNeXHOCTI nepexo-
[STE Y BiAOMI (opMyAH HBIOTOHIBCLKOI MEXAHIKU ANA piBHOMipHOro pyxy.
3. o aKoi rpaduui npaMye v, Ko  — « ?
1.302. YacTtuHKa pyXaeTscsd 3i ILBUIAKICTIO T, 1 NPUCKOPEHHAM
_du,

!

y cucremi Bianiky K. BU3HauMTH WBKAKICTE U i NPUCKOPEHHA

Ay

a, 4acTHHKU B cucTemi K', AKa pyxae€Tbcs BIAHOCHO cHcTeMH K B310BXK
oci Ox 3i weHaKicTIO V.
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Maca Ta imMnynec y pPensiTUBICTCLKIW MeXaHiui.
PensTUBICTCbKE PIBHSAHHA pyXy

1.303. INpu kil weKAKOCTI T Tina BigHOCHO 3emni iforo Maca m y uiit cu-
cremi Bifutiky Oyae Basivi OinbLIOK 34 Macy cnoxom mo?

1.304. T'anaxTuka, Maca CrnoKoio aKoi my = 10*' kr, pYXaeTsca BiJHOCHO
Zemi 3i WBKHAKICTIO Vg = 0,8 ¢. YoMy aopiBHIOE pizHUUA Am MiX Macoro
FanakTUKCd B CHCTEMi BiANiKy, Lo NOB’A3aHa i3 3emero, Ta i1 Macok cno-
xoio?

1.305. INoOyayBati ans pensTUBICTCLKOI YacTMHKH rpadik 3anexXHocTi
BEUYMHE m/my BiA U/c’, 3a0al0uM 3HAYEHHA LIBMAKOCTI U B iHTepBani
0,1 c <v<0,9 cuepes koxHi 0,1 c.

1.306. HepyxoMe y cuctemi K Tifio Mae ryCTuHy po. BU3HAYUTH rycTUHY P
uboro Tina y cucremi K', axa pyxaersca 3i wsuakictio v = 0,6 ¢ B3aoBX oci
Ox cuctemu K.

1.307. Sk 3MiHIOETLCA iMNYJILC p PENATUBICTCHLKOT HACTHHKHU Yy pasi 3MiHM
i meuakocTi Bia v =0,2c nov, = 0,8 ¢?

1.308. IToOyaysaTH A48 MPOTOHIB | O -HaCTHHOK rpadiky 3ajiedHOCTI
iMITyJIbCY p Bif BENUYUHU v’/c’, 3anatonu 3HaueHHs ﬁmn,amcﬂ U B IHTEpBa-
ni 0,1 c<v<0,9 ¢ uepes koxHi 0,1 c.

- 1.309. Yu O6yne Barani B penaTuBicTChKill MexaHilli BEKTOp NPHCKOpPEHHA
napanejbHUM BEKTOPOBI CHIK?

1.310. Ha yacTHHKY 3 Macow Cnokow mg Ai€ noctiiHa cuna F.
BeTaHoBuTH 3a0eXHICTb BiJ 4acy iMnyascy p(?), wBuakocTi v(f) i Waaxy
s(f), sxuit mpoitmna YacTHHKA, SAKWO 11 MOYATKOBA BHAKICTD
ROpiBHIOBaNa Hynesi.

EHepris pensTneicTCbKOT YaCTUHKM.
Penatusictcbke cniesigHoWweHHS Mix eHepricio
_'Ta iMnynecom yacTMHKu

1.311. Ipu sikiii BKuaKocTi ¥ KiHeTHYHA eHepria T 4aCTHHKK JOPiBHIOE Ti
EHePrii cnoKoio Mmyc” ?

1.312. Buzuauuri iMnynsC p HacTHHKHM, KiHeTHYHA eHepriax skoi T =
=900 MeB, a wenakicts v = 0,8 c.

1.313. Slxy poGory A4 T?eﬁa BUKOHATH, 1100 30iNbLIMTH LIBHAKICTE YaCTHH-
KH Macoro mg = 1,67°10 ' kr Big v; = 0,6 ¢ 1o v, = 0,8 ¢? HopisuaTy oaep-

KaHHA pesynbTar 3i 3HAUEHHSAM Ayup, KE OOUHCACHE 32 HEPENSTHBICTCHKOIO
$opmynoo.
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1.314. YV ckinbky paziB nepioj KoJNBaHb T MasTHUKA FOAHHHHKA B nabo-
patopii 6iAbluKi 3a oro nepioa Konueaub Ty B cUCTEMI BIAJIIKY, 3B’ A3aHi 3
MPOTOHOM, NOBHA eHeprid Akoro £ = 10 ['eB?

1.315. Ak 3minuThCA nepioa 7 obepTaHHA NMPOTOHA MO KONy paaiyca
R =30 M y pa3i 36i1bl1eHHA Horo noBHo! eneprii Big £, = 950 MeB no
E,=9,5TeB?

1.316. dBa nporouM 3 KiHeTHuHHUMK eHepriaMu T = 20 I'eB koxuuii py-
XalOTLCA HA3yCTPi4 oAMH OAHOMY. BH3Ha4MTH KineTHuHy eHeprito 7' KOX-
HOro NPOTOHA B CUCTEMI BIANIKY IHLLOrO.

1.317. {oBecTH, 1110 BUPa3 414 KiHETHHHOT eHepril peaaTUBICTCLKOT YACTHHKH

1
T = myc? =]
\/1 - vz/cz
: - myv?
npH U << ¢ NEPeXoAHTb Y HbIOTOHIBCbKUH BHpa3 T = 5
Bxaalalca Buxopucm'm dopmyny ansg HabnuxeHux ob4UcieHb i BU-
pazy (1 — x) , AKwo x << 1, abo, posrasaarouun KiHETHUHY eHepriro T Ax

DYHKLi0 3MiHHOT U 2/e?, PO3KJIACTH 11 10 CTENEHEBOro Py 3a Wi€l0 3MiHHOIO

Ta 0OMEXHTHCh NEPLIMM HE3HUKAKOUMM JOAAHKOM Y CYMi.
1.318. JlosecTH, 10 BMPa3 4N MOAYAS IMNYsCY PeNaTHBICTCbKOT YACTUHKH

| y . .
p= -—\/(T +2E,)T (T — xiHeTH4HA eHeprii 4YacTHHKH, £y — 1l eHepria cno-
c

KOI0) 32 YMOBH U << ¢ NEPEXoAHTb Y HbIOTOHIBCBKUM BUpaA3 p = ,}2m9?‘ :

1.319. ¥V cuctemi K noBHa eHeprid 4acTHHKU E, iMnyfsc p. Buznauutu
NoBHy eHepriio £’ Ta iMnynsc p' 4acTUHKU B cucTeMi K', Ka pyXa€Thca 3i
LIBUAKICTIO // B30BXK J0AATHOrO HanpaMy oci Ox piBHOMIpHO i npaAMoniHiii-
Ho (aus. puc. 1.28).

1.320. JloBecTy, o Benuuu#a E/c® — p* [ig 4acTMHKHM € iHBapiaHTOM
nepeTBOpPEHb J'lopeuua TOOTO He 3MIHIOETLCA NPH NepPeXoi Bif OAHIET iHep-
nianbHOT CUCTEMM A0 iHLLOT.

Bkaziska. Bukopucraru po3s’a3zok 3aaaui 1.319.

B3aemMO3B'SI30K MiXK Macolo Ta eHepricio y pensitTuBiCTCLKIN
MeXaHili. 3iTkHeHHS penATUBICTCEKMUX Y2CTUHOK

1. 321 Baacnigok npyxHoi aedopmaunii cTaneBuii CTpUXEHb, 06’ €M KOro
V=1, 3100yB BiaHocHe nofopxkeHHs € = 0,001. Ha ske 3uauenus Am
BIIPI3HAETLCS Maca 1eOPMOBaHOrO CTPHIKHA BiAl MacH HelepopMoBaHOro?
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1.322. Ha Ake 3HaueHHs Am 3MIHUTLCA Maca OAHOro Mong IboAY NpH Horo
[IOBHOMY NEPETBOPEHHI Y BOAY 33 HOPMa/ibHUX YMOB?

1.323. HoMy aopiBHIOE Maca m nons, LWo Bunpommoe aHTeHa paaionepe-
napaua notyxHicTio P =1 kBt 3a yac /= 24 ron?

1.324. YacTuuka, Maca CoKoo AKoi My, & WBKiKicTe ¥ = 0,99 ¢ BifHOCHO
naboparopii HaniTac Ha HEPYXOMY HacTHHKY TaKOi camol Macd. BusuauuTu
Macy cnokoto M i BUAKICTb U’ YaCTHHKH, 140 YTBOPHAACA Mij Hac Henpyk-
HOFO 3ITKHEHHA.

1.325. YacTHHKa 3 Macoio my, sKa nepedysae B CNOKOI, PO3NAajacThes Ha
IBi YaCTHHKH 3 MAacaMH Mg i moy. BU3HauuTH KineTH4Hi eHeprii T, i T, 4ac-
THUHOK Y CHCTEMi CNOKOIO NEPBUHHOT YaCTHHKH.

1.6. ENEMEHTH MEXAHIKM CYUINbHUX CEPENOBML

Cuna, wo aie Ha 3anypeHe B piauny abo ras Tino (3akoH Apximena),

A€ p — TYCTHHA piaunK abo rasy; g — NPUCKOPEHHA BiLHOTO nadiHug;, V — o6’eM pilunu
abo rasy, Ky BUTHCHYJIO TiJIO.
PiBHAHHA HEPO3PUBHOCTI CTPYMHHH

U1S| = 'UgSz, (l 62]
ae Sy, S; — nnoii ABOX Pi3HHX NEPEPi3iB; V), Uy — BIANOBIAHI WIBHIAKOCTI TEH.
PiBnanus Bepuynni
pv*2 + pgh + p = const, (1.6.3)

A€ P — ryCTHHA ifealibHOl PiAMHK; U — LIBMIKICT PIRMHHU B AEAKiH TOULIE CTPYMHHU CTALIO-
HapHOTo NOTOKY; h — BiAcTaHb Bifl TOYKH 10 NIOLUIMHK BIANIKY; P — TUCK pLAMHH B TOHLI.
Moayns cunu TepTa MiX ABOMa LIApaMU PilMHU

s, (1.6.4)

Eo=
e

—

A€ M — AvuHamiYHAa B’A3KICTH piluuy; S — Nnowa noBepxHi KOHTAKTY WApiB piaMuy;

MOAyn®b rpajicHTa WBMAKOCTI (MepenbavacTic, Mo WapH PiAUHH PYXAIOTLCA NMUILE Y Ha-
NPAMI, nepRenaukynsproMy A0 oci Oz).

Lisunkicrs Burikanus ineansHol pizumu kpisk Manuii OTBip y wMpokiit nocyauui (pop-
Myna Toppiuenni)

2gh | (1.6.9)

A€ /2 — BUCOTa CTOBNA PiMHM HAX OTBOPOM.
JloGosuii onip tina, wo Micturses B NaMiHapHOMY MOTOW B’ A3KOI pLAHHM,

F=nvr, (1.6.6)

A€ U — wBHAKiCTH TEYil; r — KOE(iLiEHT, WO 3an€XHTL BiA (POPMH Ta PO3MipiB Tina.
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Cuna onopy npu pyci kyni y B's3komy cepesoBuili abo npu o6TikanHi Hepyxomol kyni
onucyerbes 3akoHom Croxca
F=6mmRv, (1.6.7)
Ae R - paniyc kyai.
Ipu naminapHi# Teuil 06’em pinunu V, axa npoxoAuTs Kpi3b TpyOKy 3aBAOBXKKH / i pa-
Aiyca R 3a yac f. BU3Ha4aeThea 3a (popmynoto [yaseiins

4
o BBy (1.6.8)
8 nl

ne Ap — pi3HHLS THCKIB Ha KiHUAX TPYOKH.
Ing typ6yneurTHoro noToKy Npu BENHKHX WIBHAKOCTAX Teuil noGosuit onip

F=CSpr?, (1.6.9)

ne C, — koediunienut nobororo onopy, o 3anexuts 8ia Gopmu tina ta yucna PeitHonbca;
S — nnowa Miaens (Mifens — HaibinbLUIKMEA 32 NNOWEIO NEPepi3 Tina, AKKIA € nepneHAnKYNAp-
HUM A0 NOTOKY. o Habirae Ha HLOr0); p — rYCTHHA CepeoBHILIA.

Yuc:io Pelinoanaca

Re=BY (1.6.10)
n
n€ | — XapakTePHCTHYHKI po3Mip (BENHYKHA, 10 XapaKTEPH3YE NiHiiHI po3MipH Tina).
Hanpy»xeHHs B npyxtoae(popMoBaHoMy Tini

dF

g =—, 1.6.11

ds { )
n¢ dF — cvna, o i€ Ha eNEMEHTapHY MIomanky dS JaHoro nepepisy.
BinxocHe BunoBxkeHHsA, ab0 cTucHenns (3akoH ['yka ans cTpuxknsg),
Al ©

B = — =, 1.6.12

ITTER ( )

ae E — moayns npyxHocTi (moayns IOnra); / — nouatkoBa foBxuHa Tina; A/ — aGcomoTHa
3MIHA AOBXHWHU TiNA.
PyiiniBHa cuna

Frax = GmaS, (1.6.13)

1€ Oppax — PYHHIBHE HaNpYKEHHA; S — NJioilla NONEPEYHOTO Nepepisy Tina.
BinnocHa 3miHa 06’ eMy B pa3si no3noBxubol neqopmanii
AV

s
— 1_2 — b,
= (-2, (1.6.14)

ne p — xoepinienT [lyaccona, mo AOPiBHIOC BIXHOWEHHIO BiIHOCHOI nonepevnol aegop-
mauii X0 NO3A0BXKHBOI

u=Se (1.6.15)
€
BianocHa aMiHA TOBIUHHH
sJ=%‘5=13a, (1.6.16)
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ne d — NovaTkoBa ToBWMHA TiNa; Ad — abconioTHa 3mina ToBmMHY; B — koediuienT none-
peuHOT0 CTHCHEHHSA BHAC/IOK NO3AOBKHBOTO POITATY.
KyT 3cyBy Npu fegopmauii 3cysy
0'1

<p=n%=np,=—0—, (1.6.17)

ae n — KoeiuieHT 3CyBy; F; — IOTHYHA CHNA, AKA CAPHYMHAE 3CYB; O — AOTHUNE HANpYy-
senna; G — MOAyNB 3CYBY.
Moayns IOnra E, moayns 3cysy G i koediuictr [lyaccona p 38’ s3aHi cniBBixHOIWEHHAM

. ; (1.6.18)
2(i+p)
KyT 3aKpy4€HHS CTPHXHS
2Mi
= —_— 1.6.19
P=—— ( )
ae M — KpyTunbHU#i MOMEHT; / — ROBXKHHA CTPHXHSA: R — paniyc CTpHkKIis.
[ToTeHuianbHa eHepris MpyxHOACHOPMOBAHOTO CTPHIKHS
U= %EfEV ; (1.6.20)

e V—o00’em Tina.

EnemenTty rigpocrartuku

1.326. Konu cepenoBulile MOXHA BBAKATH CYyUIIbHUM?

1.327. Jlo sxo1 TOUKK NPUKNANAETHCA CHula ApXiMeaa?

1.328. Kynbka pafiyca R = 2 cM, rycTHHa Kol p = 0,5 r/cM’, nnasae B pi-
JAuHi. BU3Ha4YuTH Bary P KyJbKH.

1.329. Kynbka, rycTuHa axoi p = 2,7 rfcm3, a paaiyc R =2 cM, MICTUTbLCH
B NOCYAMHI 3 BOAOKW. Buznauutu cuny F, 3 AK0K Ky/bKa THCHE 1A AHO NO-
CYRMHHU,

1.330. Tino, o NeXUTH y NOCYAMHI, YACTKOBO 3aHypeHe B piauHy. Ak
3MIHUTLCA Bara NOCYAMHH, AKILO TUIO Nepekfiand TaK, [0 BOHO MOBHICTIO
3aHYpHNOCh Y PiHY?

1.331. AiicGepr y Burnaai npamoi npuszMu, Bucota skoi 2 = 100 M, nna-
Bac y Boai. SIka BucOTa A; HaaROAHOT HacTHHU alicOepra? 'ycTHHA BOAM Pp =
= 1,03 r/em’.

1.332. CeuHueBa i nnacTMacoBa KyJi OJHAKOBOT MACH JIEXKaTb Ha Pi3HUX
Wanpkax aHaniTHYHHX TepesiB. Yu OyayTe Tepesu nepebyBatH B piBHOBa3i?
AK 3MiHMTLCA BiANOBiAL, AKLIO HA LIANLKH Tepe3iB NOKAACTH KYNi 0JHAKOBOT
MAacH 3i cknia Ta ckosaTu?

1.333. Nocyauna 3 piaunoto, B akiil mnasae Tino, MicTHTLCA B pakeTi. Sk
3MiHIOBAaTHMeThCS MIHGHHA 3aHYpEHHA TiNa B PiAMHY MiJ 4ac BHBEAEHHA
PaKeTu Ha opGiTy WITYYHOrO CYNYTHHKA 3emii?
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1.334. Ll4ctepHa, AKa 4YaCTKOBO 3aMOBHEHA PIAMHOIO, LU0 MAE YCTHHY P,
PYXA€THCA FOPUOHTANBLHO 3 NPUCKOPEHHAM a. SIK 3MIHWTBLCA TUCK Yy PillMHI B
HanpAMi HOpMani jo i noaepxni‘?

1.335. bak y Burnaai Kyba 3i croponoto I =1 M nosmc*no 3anoBHEHUH
BOJAOKO | PYXA€TbCA FOPH3OHTANBHO 3 NPHCKOpEHHAM a = 2 m/c’. BusHauuty
cuity F THCKY piauHM Ha AHO Haka.

EnemeHTH rigpoavHamiky

1.336. O6uucauTy rycTuHy Boau p npH tucky p = 10 I'Tla, wo creopio-
eTbea nif 4yac pubyxy, KoM BiZIOMO, LIO 33 TaKUX yMOB THCK 00UHCHIOETHCS
3a (hopMyJI0I0 p = (14(p/po)* — 28,4) TTla, ne po = 10° kr/m’.

1.337. YV tpy6i nocrifiHoro nepepizy MiCTHTbCA MICOK, B AKOMY 3i IIBHA-
KICTHO U = | M/C pyXaeThCs MNOpUIEHb, VINiNLHIOWYU HOro. Busznauutu
BKHAKICTE D cppOHTy yuiinsHenus (Mix yl.umbueHHM Ta HEeYIlibHEHHUM
MiCKOM). chmua yiifibHEHOr0 MicKy p = 2,3 r/cM’, a HeYWiIbHEHOro Po=

= 1,6 rlem”.

1.338. ¥ nto,uHomy yoBHi Ha raubudi A = 200 M yTBOpunaca npoOoiHua,
niowa akoi § = 5 cm°. fAka MinimanbHa cuna Fin NOTPiOHA, 1100 3aKpUTH
npoboiny i3 BHyTpillHbOro Ooky? fAka cuna Fy, HeoOxiaHa, wob yTpuMaTh
NaTKky?

1.339. Ha siky BUCOTY A NiaHiMeTbCA CTPYMiHbL BOAM, LU0 BHTIKAE 3i LLNAHT],
AKLWO HAANUMIIKOBUA THCK BOoau Yy Bogonposoai 0,1 MIla? Onopom nmosiTps
HEXTYBATH.

1.340. Busnauutu MaKCHMaIbHY CHITy Finax, 3 9KOIO Bi'rep TUCHE HA CTi Hy
6y aiBni, niowa nosepxHi Akoi S = 2000 M°. M'ycTuHa nosiTps p = 1,23 kr/m’,
WBKAKICTL BITPY T = 20 M/C i BiH AME NEPNEeHAUKYAAPHO A0 CTiHHK.

1.341. 3a Akuit yac f MOXKHA BUTHCHYTH 14€aNbHY PiMHY 3i LINpULA, AKULO
Ha nopuieHs gie cuna F = 20 H, ob’em piauuu B wnpuui ¥V = IO e, a rmouu
MOPLUHA Ta BHYTPILIHBOIO Nepepisy roinkH BiANOBIAHO S. =1 e, S, =0,3 MmM*?
Tepra He BpaxoBypaTu. ['ycTHHa piauHy p = 1 000 Kr/m’. >

1.342. Luniuapuyna CKIsHKa pajiyca R, HanoBHeHa BoAot0. BHcora croBna
BOJAM hy. Y AHi CKJISHKM YTBOPHBCSA OTBIp Manoro siamerpa. Buacsigok usoro
3a Yac f BOJA 3i CKAAHKMY NOBHICTIO BUTeKNA. BuznauuTtu paaiyc R, oTBOpY
B JIH1 CKIAHKH,

1.343. [oTik BoAM, NJOLA NONEPeuHOro nepepisy sakoro S, = 4 cM’,
BUTIKAE B MOpPH3OHTaNbHOMY Hanpami i3 OpaHacnoiTa, poO3MillieHOro Ha
BHUCOTI A = 2 M Haj noBepxHerwo 3emili, | maaae Ha Hel Ha BigcTaHi L = 8 M
BiA oTBOpY Opauacnoiita (puc.1.29). 3narouu HalUTHIIKOBUI THCcK p = 78 klla
BO/JM B PYKaBi, BU3HAYMTH IJIOLLY HOro nonepevHoro nepepisy S,.
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1.344. luninapuyHuii_0ak, po3TalloBaHHil BEPTHKANbHO, HANOBHEHUI
BOZOIO Ta Ma3yToM. BucoTa Boau B Gaky A = 1 M, rycthHa masyty 900 kr/m’.
Y auuwi 6axa 3pobieHo oTBip, KPi3b AKHU BMUTIKAE BOAA 3 MOYATKOBONO
WBHAKICTIO T = 9,5 m/c. Busnauutu sucory h; wapy masyry B Oaxy.
B’sA3kicTe BoaM ¥ Ma3yTy He BpaxoBYBaTH.

1.345. llenTpudyra obepraeTecs 3 KyToBOW WBHAKICTIO 0 = 6 000 paa/c.
Y Hiit MiCTHTBCS BOJa, MOBEPXHIO AKOI 33 AaHHX YMOB MOXXHA PO3MIAAATH AK
LMNIHADHYHY 3 pafiycoM R = 5 cM. 3 AK0K0 LUBWAKICTIO U BiAHOCHO LIEHTpH-
dyrn suTikaTHMe BOAA 3 OTBOPY, IO PO3MILLEHAMH Ha BiAcTaHi ¥ = 15 cM BiA
oci ueHTpUdyru?

1.346. Sika 1uBMAKICTs U piky B MiClli 3aHypeHHS 3irdyTol TpyOku (puc. 1.30),
AKINO BOAA B TPYOL| NigHAnack ua sucory A= 100 mm?

1.347. ¥V wmpokiii mocyauHi, 3anoBHeHiH KaCTOPOBHM MacioM, NaJac CTaleBa
Kynbka 3i cranowo wsuakictio v = 0,2 M/c. JlnHamivyHa B’A3KICTb KacTOPOBOIO
Macna npu temnepatypi aocniny n = 2 [Ma'c. BuzHauuTi AiaMeTp d KyNbKH.,

1.348. O0uMcnuTY WBHAKICTL ¥ YCTAIEHOIo PYXy Kpanii BOAHM, AiaMeTp
kol d = 0,05 mM, wo majae 8 nosirpi. JUHaMiuHa B’A3KiCTH MOBiTPA M =
=17 mxITa-c. Beaxkatu, 110 pyx NoBiTps npu oOTiKaHHi Kpanjii € TaMiHAPHHM.

1.349. Nlosruii uuninap paniyca Ry pyxaeTbcs B3f0BXK CBOET ocCi 3i CTanow
WBHAKICTIO Ty BcepeJHHI KOAKCianpHOro 3 HUM HEPYXOMOro LMIiHApA,
Pagiyc skoro R,. TpocTip MK wiiHApaMu 3anoBHeHHil B’A3KO0I0 PiAHHOIO.
O6uncnuru weuakicrs v piaMHu K GYHKIIO BIACTaHI » BiJ OCi LMIIHAPIB,
BBAXAIOYH, 110 TeYid € IaMiHAPHOIO.

1.350. [To ropusonTanwhiii TpyGi pasiyca R = 25 MM Teue Boza i3 cepea-
HbOIO wBKakicTio ¥ = 0,1 M/c. BusHauuTH xapaktep Teuii i mepenaam THCKy
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Ha oQUHULKO A0BXKHK dp/dl TpyOu. JuHaMmidHa B’ a3kicTe Boau 1 =1 mlla-c.
BBaxaru, o kputu4He uncno Pefinonbaca Re, = 3 000.

1.351. OpHa nocy,nuua 3aNOBHEHA MMILEPUHOM, a iHIlIA — TpaHCHOPMATOPHUM
MAacIioM. l"ycmua B’ HBI\ICTI: FNiLIEPUMHY Ta Macna BiANOBIAHO pL = 1210 kM’
n= 0,35 Mac i p, = 850 ke/M’, 1 = 0,05 IMac. ¥ koxuili nocyauHi nanaoTs anto-
MiHI€BI KYJIbKH, AiameTpu akux d = 8 MM. YH MOXHA cuny onopy pyxy KyJbox
obuucnioBatu 3a popmysnoro Ctokca (NpunycTUTH, 1O XapakTepHull po3mip
! nopiBHIOE AiaMeTPOBi Ky/iboK | kKpHuTHYHE uuciao Pelinonsaca Re,, = 0,5)?
Axuio ue TaK, o04MCIUTH 32 W€K POPMYNOI0 WBHAKICTS U NAAIHHA KYJIbOK.

1.352. O6YMCNUTH MaKCHMaTbHE 3HAYEHHSA IUBHAKOCTI Unax NOTOKY BOAM B
TpyOl, 10 Mae AiameTp d = 2 ¢M, NPU AKOMY pYX PiAHHH 3aJIMLIAETLCA NlaMi-
HapHUM. BBaxaT, 110 KpuTHYHE Yucno Pefinonbiaca Re,, = 3 000. B’askicTs
Boau n = 1 mlla-c.

1.353. 3a yac t = | ¢ Kpi3b nonepequuﬁ nepepi3 TpyOu npoTikae Boaa, 06’em
axkoi V' =0,5 n. JluHamiuHa B’43KiCTb BOAM 32 nadyx ymos n = 1 MIla-c, xpu-
TH4He 4Mcno PeiftHonbaca Rey, = 3000. SAxum Mac 6ytu apiamerp d tpybu,
1106 pyx 3anuiLKBCS NaMiHapHUM?

1.354. Jipi KyNbKH OHAKOBOI I'YCTHHH, pafiycu fKkux R; 1 Ry, pyxawoTscs Mnij
Ji€0 CHM THKIHHA B CYLIIBHOMY CEPeAOBHLLI 3 YCTANICHUMH LBHAKOCTAMU U i
T BIANOBIAHO. BCTAHOBUTH BiAHOLLEHHS LUBUAKOCTEH T/T KYNbOK, AKINO CHIA
onopy F pyxosi nponopuiiiHa k-My crereHto fo0yTKy niorli nonepevyHoro nepe-
pizy S Kynbku T2 wKAKoCT U 1T pyxy? Cunoro ApximMesia HeXTyBaTu.

1.355. NoTyxHicTb ABUIyHA BaHTRXHOro asTomodbing P = 62,5 kBt. Yactuua
N = 0,2 Wi€i noTy)XHOCTI HAE Ha BUKOHAHHA pobOTH ANA NOACJIAHHA Onopy NOBIT-
pa npu YIGHTHOMY pyci 3i WBHAKICTIO U = 16 M/c. IN'ycTuHa nositps p =
= 1,2 kr/m’, koediuieHT onopy C; = 0,6. BU3HaulTH NNIOILY Mijess aBTOMOOINS.

EnemeHT! TeOpil NPyXHOCTI

1.356. 3a aonoMorolo cTanesoro Tpoca niafoMHMKa, AlameTp aKkoro d = 6 cm,
OMYCTUIIH KJiTh Y WIAXTy Ha rnubuHy A = 1 kM. SIK 3anexars po3Taryiodi Hanpy-
JKEHHS Oy Y MIEPEPI3 TPOCA, 110 MICTUTLCA Ha MiuOUHI x? Maca kiitim =8 1.

1.357. CraneBuil KaHar, wo yTpuMye HepyXxoMy kabiHy nidrta, mac aia-
MeTp dp = 8 Mm. Slxum mae Oytv niaMeTp dy KaHata, aKio kabiHa npu panto-
Bifi 3ynuuLi Habyae npuckopeHHs y 8 pazis GibIIONO, HIXK NPHCKOPEHHS Biflb-
Horo naginug g? KoegiuienT MiHocTi B 060X BUNaakax A0piBHIOE 6.

1.358. CrpuxeHb, 110 Ma€ TyCTUHY p, AOBXUHY / i maoLLy nonepeyHoro
nepepizy S, cTOiTh HA rOpH30HTaNbHIA NoBepxHi. Ha CKinbKH 3MEHLIUTLCS
ioro AosxHHa | 06’ eM nif Aicto BlacHo! Macu?
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1.359. Mianu#i cTpieHs 3aTHCHYTO Mix ABoMa onopamu. Horo Temnepa-
" Typy 30UTbIIMNHK HA AL = 50 °C. fAKe Hanpy»KeHHA G BUHHKAE B C'rpmxui‘? Mo-
ayab KOura ans migi £ = 130 ITIa Temnepatypuuii koepiuieHT niuiinoro
pO3IUHPEHHS mint o = 2- 10° K™

1.360. CtaneBuil cTpuxens, Maca skoro m = 7,8 xr, noxuua / = 2 M, obep-
TAETbCA HABKOMO OCi, L0 NPOXOAUTH Yepes Horo cepelny, 3 KyTOBOIO LIBHA-
xictio ® = 100 paw/c. Buznauyuru Haibinbuui HANDPYHKEHHA Opnax B CTPHXHI, AK-
{10 oL@ #oro NonepeuHoro nepepisy S =35 cm’.

1.361. CraneBuit MAXOBUK MA€ BUrAL MACHBHOrO KijibLs i3 30BHILLHIM
niameTpoM d| = 50 cM i BHYTpilHIM di = 49 cM. [pu akii unkniudiii yacrori
o0epTaHHA Mpyuy BIH 3pyuuyerbca‘? Mexca Mll.lHOCT! cTani Ha PO3PUB Opax =
= 600 MITa, rycruna crani p = 7,9-10° kr/m’.

1.362. Axuii THCK p MOXKE BUTPHMATH cTalieBUil Oanou cheprunol popmu,
Ko #oro BHyTpilHiA pagiyc R = 50 cM, TOBLUMHA CTiHOK d = 5 MM? Mexa
MiILHOCT] CTali Ha PO3PUB G = 600 Mla.

1.363. banka kBagpaTHOrO nepepisy 3i CTopoHow a = 200 MM rOpH3OHTaNb-
HO 3aMypOBaHa OHHM KiHIEM Y crriuy JloBXHHA BiIBHOT YaCTHHKU /=2 M.
O6uucnuTH nmporux h menoro xmua Oanku nin aiero Bnacuoi macH. Nyc-
THHA MaTepiany p = 7,9 10° kr/m’, moayns FOura £ = 200 I'Tla.

1.364. [lpyxHuii uuml-mpnqunﬁ CTPUXKEHb, Maca AKoro m, JoBxuHA [ i
IJIOLa MONepeyHOro nepepizy S, pyxaeTbCs B HanpsAmi CBOET OCi 3 NPUCKO-
peHHAM a (0aHaKOBHM A7iA BCiX Horo To4oK). BusnauuTu eneprito U npy»kHoi
Aedopmauii LuinApa, SKa BAHHKAE BHACIJOK MPHCKOPEHOT0 PYXY.

1.365. Ha npyxuHi, 3aKkpinneHiii BepxHiM KiHueM, NiABILUEHHH BaHTaX
macow m. Iokaszaty, WO 3MiHA NOTEHLIANBHOT EHeprii BAHTAXY NpU Aedop-
Mauil npy»uHU BABiYi Oinbiua, HiX eHepris NpyXHO Ae(OPMOBAHOT NPYKH-
HU. K 1€ y3rofKyeThCs i3 3aKOHOM 30epexeHHs eHeprii?

1.366. Buznauntu exepriro U npyxHoi aAedopmaLii cranesoi Tpy6u (BHyTpilL-
Hilf niameTp d|, 30BHIWHIN — d)), ONMH KiHeUp AKOT 3aKpinieHo, a Apyruii 3aKpy-
Y€HO BIZHOCHO i1 oci Ha KyT @. Jlomkuna TpyOu /. Moay:ns 3cysy ctani G.

1.367. Bracnigok 3akpydyBaHHs BEpXHili mepepi3 cTajieBOro CTpHMKHA, 10B-
XUHA gKoro / = 3 M, NOBEPHYBCS BiIHOCHO HKXKHBOro Ha KyT @ = 2°. Paniyc
CTPkHA R = 50 Mm. BuzHauuTu KpyTUibHHIE MOMEHT M Ta noTeHLianbHy eHep-
rilo npy»uoi aedpopmaii U ctpuxas. Moays 3cysy ang ctani G = 82 I'Tla.

1.368. BugecTH 3a1€XHICTH MK KPYTHILHHM MOMEHTOM M Ta KYTOM 3a-
KPY4eHHs ¢ cyuiIbHOro CTPHXKHSA, AOBXKHHA Akoro I, paxiyc R. Moaynb Kpy-
Y€HHA cTpuxkHa G.

1.369. SIky eneprito U MoxHa OZiepXaTi 32 PaxyHOK 3MiHHM MPYXKHO-
Redopmosanoro crany V = 1 M npicHol BOAM NpH m.uqul 3 ruOKHHH h =
= 11 xm? KoediuieHT 06’emHoi npyxuocti p = 0,49 I'la
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Pospin 2. MONIEKYNNAPHA ®I3UKA | TEPMOOVWHAMIKA

2.1. OCHOBW MONEKYNAPHO-KIHETUYHOI TEOPII IOEANLKOrO rasy

maca aroma Byrnemwo ~C

AToMHA OIMHHLIA MACH m, = > = 1,66-107" kr.
Binnocua aromua maca
4 =22 2.1.1)
m,
JIC my —Maca aToMa, Kr.
Biznocna monekynsapHa mMaca pe4OBHHH
M, =) N4, (2.1.2)

i=l
Je N, — KifbKiCTb aTOMIiB i-rO XiMi4HOrO €leMeHTa, 10 BXOJIHTh A0 CKIaZy MONEKYIH

JlaHOF pEYOBUHM;, A,, — BIIIHOCHA ATOMHA MAaca [bOro €1eMeHTa (BIAHOCHI aTOMHI MAacH

HaBeACHO B mepionnyHii Tabnuui [, 1. Menaeneesa).
B onHomy moni J0BiNBHOI PEYOBHHH MICTHTHLCA OJHAKOBA KiIbKiCTh CTPYKTYPHHX €nie-
MEHTIB (cTana Asoraapo)

N, =6,02-102 mons™.

Monspua maca (Maca mons pe4oBUHH) M = myN , (xr/mons).
KinbKiCTh MONiB CTPYKTYPHUX €IEMEHT|B PEHOBHHU

- (2.1.3)
N, M

ne N — KinbKiCTh CTPYKTYPHHMX €NEMEHTIB (aromiBs, MOMEKYN, iOHIB, MPOTOHIB TOWLO) pe-
YOBHMHH; M — Maca PEHOBHHH.
KinbkicTh MONIB CTPYKTYPHHX CIEMEHTIB CyMillli PEHOBHH

v N m Y (2.1.4)
i=1 ' i=] Mf'

OCHOBHE PiBHAHHS MONEKYJIAPHO-KIHETHYHOT Teopil 11€anbHOro rasy
2
2 2 M gv 52
p= En(s =—n = (2.1.5)
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ge p — THCK rasy; n — KOHUCHTpALs MoneKy,; (E) — CepelHs KIHETHYHA CHEpris MOCTymallh-

2
il
HOT0 PYXY ONHI€T MONEKyNH rasy, {c)=—2“}; ('u“> — cepeans KBAIPATHYHA LIBMI-

KiCTh MOJIEKY JTH.
CepenHs KiHETHYHA EHEPrifA MOTEKYIH

(&) = -;—kT, 2.1.6)

je i — cyMa KiibKocTel mocrynanibHuX, 06€pTanbHHX | MOABOECHOI KiNbKOCTI KOJIMBANBHHX
CTYMEHIB BiNBHOCTI MONCKYMH, [ =i +iggeny +2i, + K — cCrana bonbumana, k=

=1,38- 1072 w/K; T - TEPMOAXHAMIYHA TEMMEPATYPA rasy.
PiBHAHHA cTaHy icansHOro rasy (pisusinusg Knaneiipona — Menaceneesa)

mn
V =—RT, 2.1.7
P [y ( )

ae R —monspua razosa crana, R = kN, = 8,31 lx/(mons-K); m — maca razsy.
Tuck cymiiui rasis (3axoH JansToHa)

* i
P=X.P (2.1.8)
i=]

A¢ p; ~ napuianbHUH THCK i-{ KOMITOHEHTH CyMiLlli; X — KiILKICTh KOMITOHEIITIB.
MosaspHa maca cyMiui rasis

M=£ (2.1.9)

Ae m; — maca i-i KOMIOOHEHTH CyMilll; v; — KiIbKICTh MONIB i -I KOMIIOHEHTH CyMiuui,

‘Vj = -EL_
M,
Cepenne 3uavenns ¢yskuii F(x) BHNALKOBOi BENMYHHH X IS HEMNEPEPBHOTO PO3-
noximy

b
(F(x))= j F(x)f(x)dx, (2.1.10)

Ae f(x) — ¢ynKuis posnoniny BUNAAKOBOI BETUUHHH.

Dynkuis po3noainy MONEKy iAeanbHOro rasy 3a aGCOMOTHHUMH 3HAYCHHAMH IIBUAKO-
Crei (Gynxuis posnoniny Makcsenna)
2

fvy=— (ﬁ"-]me"%%vz (2.1.11)
Jr\2kT ’
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dN(v)

ae f(v)— dyukuis posmoniny, f(v)= g TYT dN(V) — KifbKiCTb MOJEKYN, MIBHA-

KOCTI IKMX NEXATH B iHTEPBANi Bil U A0 U+ dv B OKOMi WBKAKOCTI U, N — 3aranbHa Killb-
KiCTh MONEKY, dU — iHTCpBan LIBHAKOCTEH.

Ha#b6inbiy imoBipHa, cepenns apuphMETHYHA | cepeiHs KBAXPATHYHA WIBHIKOCTI MO-

nexyn
fzm"_ _ [8RT =.{3RT
v; = -—A-T;-.(v)- == L (V) = (2.1.12)

@yukuis posnoniny Makcsenna 3a BIAHOCHHUMH 3HAYEHHAMH IUBHAKOCTEH

dN(u) 4 2

f(u)= o -JT_[c u*, (2.1.13)

; ; U
J¢ ¥ — BiIHOCHA INBHUAKICTE HACTHHKH (MONEKYNH), u =—
i
®ynxuis posnoniny Bonbimana 3a noTeHwianbHUMK eHeprismu U(r)
t

fU)= 4,e ¥, (2.1.14)

n¢ A; —MOpMyBallbHA CTaNa, IKA BH3HAYAETHCH 3 YMOBH

U
j f(U)U =1.

v,
3akon BonkLUMaHa A Po3noAiay YaCTHHOK Y 30BHIUIHBLOMY MTOTEHLLIANBLIOMY [0
_av
n=mne ¥ (2.1.15)
ae AU — pizHMUs MOoTeHUiaNsHUX eHeprii YacTHHOK (MOIeKyT) Ha JABOX PIBHAX AOBIIbHO-

ro moreHuianshoro mons, AU =Uy~U ; n;, n — KOHUEHTpauii yacTHHOK (Monekyn) Ha
UHX piBHAX.

Bapomerpuyna dopmyna

f" hu?
p=pe & (2.1.16)

H€ Py, P — THCK rasy Ha BHCOTI BIAMOBIAHO Aq i A.

Maca i poamipn monexyn. KinekicTe pevoBuHM

2.1. Ckinsky aTOMiB MICTUTBLCS B 2 I refito?
2.2, Ckinbky MONEKyn MiCTUTLCA B 4 I KUCHIO?

2.3. BuzHauutu MonapHy Macy Boau H,O. CKU‘H:KH MOJIiB BOJM MICTUTLCA

B 1 kr Boau? CkiNbKH MOJIEKY BOAU MICTUTLCA B | M Boau? OBuucnuTy Ma-
cy i 06’em OaHIET MONEKyU BOAHU.
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2.4. BU3Ha4UTH BIZHOCHY MONIEKY/ISPHY Ta MOJIAPHY MacH Cip4aHol KUCAOTH.
2.5. O6YMCcAUTH KiNbKICTH MOJIB aTOMiB, ENEKTPOHIB Ta HEHTpPOHiB B 1 kr

isoronty 55" U .

2.6. O6uncnauTu Macy i 06’eM oaHoro monst Boau, 06’eM, sikuii 3aiimae oj-
Ha MOJIEKyJla BOAM, a TAKOX AlaMeTp aToMa KMCHIO, AKLIO NMPUMYCTUTH, IO
KMCEHb Y MOJIEKYJli Boau 3aiiMae 61u3bKO NonoBuHKU 06’ emy.

2.7. Slka KinpKicTh MOJIEKYJl MICTHTBCA B cyMiwi rasis, mo mae o6’em

V=224 AM’, SIKLUO temneparypa 7 =273,16 Kimuckp= 1,013 10° IMa?

2.8. PaaoHoBi BaHHH MICTATE |, 8-10° aTomin anody Ha | 1 Boau. O6uuc-
P y

JIATH, Ha CKIJTbKH MOJIeKyJl BOAH NPUMAjae OAH aTOM PaioHy.

2.9. [e Ginblue MiCTUTLCS aTOMIB: B | M° BOmM 4u B | M’ pTyTi?

2.10. Yepes ckinbku Yacy CKIISHKA 3 BOAOK BUABUTHCH MOPOXKHbLOK, AKILO
3 Hel WocekyHau Bunaposysatumerses 100 mapa monexyn?

2.11. BusHauyuT KiNbKICTE MONEKYJT NOBITPA B atMocdepi 3emiti.

2.12. Bigomuii anraificekuii nonynspusarop Hayku [hkefimc JDkuHC cTeep-
JDKYBaB, L0 KOJKM XTOCh i3 HAC BJMXA€ MOBITPs, TO B Oro JEreHi norpanise
JeKiibKa TUX Monekyn, ki Buiuinu i3 nerexis KOnia Llesapsa npu #oro ocran-
HBOMY NepeacMepTHOMY BUAUXY. Yu npasaonoaibHe Take TBEPHKEHHA?

OcHoBHe piBHAHHA MOMEKYNSAPHO-KiIHETUYHOT Teopil rasis.
CepenHsi eHeprisi MoOnexyn

2.13. OBuucautu cepeaHio KiHETHYHY eHepriio (auﬁew> obepranbHOro

PyXy oaHiei Monekynu kucHio npu temnepatypi I =350 K 1a cepeatio kine-
THYHy eHepriio (E) o6epTanbHOro pyXy BCiX MONEKYN KHCHIO, Maca siKOro
m=4r,

2.14. Temneparypa rasy B 3aKpuTOoMY MeTaneBoMy 0anoHi 3MiHIOETBCS BiJ
293,15 mo 373,15 K. SIk npu upoMy 3MiHSTLCA TUCK i CEPEIHS KiHETHYHA eHep-

Tisi NOCTYNaNbHOrO PyXy MONeKy rasy?
2.18. ¥V nocyauti MICTK!CTIO V=3 M’ MiCTHTbCH a30T NPH TeMNepaTypi

=17 °C i tcky p = 107" Ma. BusHauuty Kinbkicts Mosiexyn N asoty B
ToCyauHi, Macy m a30Ty Ta CEpPEAHIO KiHETHYHY E€HEprilo (E ) NOCTYNaAbLHOro

TenjioBoro pyxy Monexy rasy.
2.16. Busuauuu Temneparypy T cyMmiili TPhOX MOJIB refiio, B3STOro npu
Temneparypi £, = 80 °C, i ABoX MoniB a30Ty, B3gTOro npu t, =40 °C,

2.17. O6uucnuTy KIHETUYHY EHEPrilo (E) obepTanbHOro pyxy ABOX MO-
NiB Monekyn kucHIO NpH Temnepatypi 17 °C.
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2.18. YorupuaToMHunil ra3 B KinbKOCTI V=3 MO CKIANAETLCH 3 00’ €EMHUX
MOJIEKYN, BcCi CTYNEHI BUIBHOCTI saAkux 30ymKyloTbCs npd Temneparypi

T=1,2-10° K. OBuucium KiHeTUuHy eHepriio (E) MoneKyn rasy. Slka yactvHa

LLi€T eHeprii Mpunajac Ha nocTynansHi, 00epTasnbHi Ta KONUBANLHI PYXH MOEKYN?
2.19. Lo o3Hauae npouec BUPIBHIOBAHHA TEMIEpaTypu 3 Norngay Moe-
KYJSIpHO-KIHETMYHOT TEOPIi?
2.20. BcTaHOBUTH CMiBBIAHOIIEHHA MDK CEpeiHIMH KIHETUMHUMHW €HEepriaMu
TENJIOBOIO PyXy MONIEKY Ta IXHIMHA MacaM| B CTaHi TepMOAWHAMI4HOI PiBHOBAr.
2.21. Jlesika maca kucHio nepebysae npu Temnepatypi f = 27 °C i Tucky
p = 100 klla. KineTuuHa eHepris MOCTYMNaibHOrO pyxXy MONEKYJ] KUCHIO
(EY =6,3 Ix. Obumcnumy KinbKicTb Moniexys N KUCHIO, Horo Macy m 1a ob’em V.

2.22. Y nocyauHi, 06’eM sikoi V' = 3 1, MicTutbesd cyMiw my = 14 r a3oty
Ta my = 10 r aprody. BusHauutd TUCK p JaHOl CyMilili HA CTIHKM MOCYAHUHHU,

KO CyMa cepeHiX KiHETHYHUX eHepriii Mosiekyn obox rasis (a) =2 eB.

2.23. Azot, maca sikoro m =15 r, 3HaxXOoAMTLCA MpH TEMMEpPaTypi
T = 800 °C. 1pu usomy 60 % Monekyn azoTy AuMcouifioBaHi Ha aToMH. Bu-
3HAYUTH CEPEAHIO €HEprilo TEMIOBOro pyxy 4acTHHOK. BBa)xaTtu, o Ko-
NUBaNbHI CTYNEHi BibHOCTI He 30y KeHI.

2.24. Kucenb 3aiimac 06’em V = 560 n, iioro maca m = 8 r. Obuyucnuru:
THCK p uboro rasy npu remneparypi 7= 820 K; Tuck p' npu Temneparypi, sikiit

BiANOBIfaE CepeliHs KiHeTuHa exepris yactuHok (g) = 10 eB. Beakary, wo

NPaKTUMHO BCl MONEKYH a3y Po3Nanuca Ha 4Ba iOHW OAHAKOBOI MacHu.
2.25. ['a3, akuii CKJIaBRAETBCA 3 XKOPCTKUX naoxamMHux MoKy, P Hop-
MANLHOMY THCKOBI 3afiMac 06’eM V = 8 am’. BusHaunTy cepeHio eHepriio

(E) TennoBoro pyxy MOJEKy LsOro rasy.

2.26. CynyTHuK 3B’83KY, 06°eM gakoro V=50 M’, HallOBHEHU 3a HOpMaNbHUX
arMocQepHUX YMOB CYMILHLUIO a30Ty i Melliko, Macu sikux € ogHakoBuMu. Kopnyc
CYTIyTHHKA NpoOMBAE KOCMIYHA YacTUHKA, AiameTp sikol 1 MM, BeraHoBuTH cKlag
rasy, 110 NpPOXOAUTh Kpi3b OTBIP, @ TAKOX 4ac, MPOTArOM AKOMO KilbKIiCTb MOJ€-
KyJ1 a30Ty i refiro okpemo 3MeHuuTbea Ha 0,1 %. Ipouec BBaXkaTH i30TepMivHUM.

PiBHAHHA cTaHy ifeanbHOro rasy. fa3osi 3aKoHM

2.27. I'yctHa p cyMilili a3oty il BDJIHIO npu Temnepartypi ¢ = 47 °C i Tuc-
ky p = 2,05 kITa cranosuTs 0,3 kr/M’. SIka KOHLEHTpALiA BOAHIO 71, B CyMini?
2.28. AtMochepHe NMOBITPA MiCTUTbL NMEPEBAXKHO KHUCEHb, a30T H aproH.
Bu3HauuTd KUILKICTD MOJIEKYJ 1 LIMX ra3iB Ta IXHI Macd B oguHHIi 06’ emy
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33 HOpMaNnbHUX YMOB, KOJH BiZOMO, IO KiIbKiCTh MOJIEKYA a30Ty B 4 pa3u
Ginplia, a aprody B 20 pa3iB MeHLUA Bif KiNbKOCTI MONEKYN KUCHIO.

2.29. V nocyAuHi MICTKICTIO V' = 2 J1 3HaAXOANTHCA m = 2 T TiApUIY YpaHy
UH3s. Ilpu HarpisanHi go Temneparypu T = 673 K rizpua noBHicTIO po3naja-
€THCA HA ypaH, BiJHOCHA aTOMHA Maca skoro A, = 238, Ta aTomapHHit BOEHB.
Bu3HauMTH THCK BOAHIO B MOCYAMHI Npy Uil TEeMnepaTypi.

2.30. Y uunidapi nig nopuiHeM MiCTUTbLCA ras 3a HopManbHux ymoB. Cro-
yatky npu T = const 06’eM rasy 36inpmiunu y f = 5 pasis, norim ras Harpinu
npu p = const go Temnepatrypu { = 127 °C. Bu3HauuTu KOHUEHTPALIIO n MO-
NIEKYN Y KIHLIEBOMY CTaHi.

2.31. Mo sxoi Temnieparypu T noTpibHO HarpiTu ifeansHUi ras npu p = const,
o6 Horo ryctvHa 3MeHUIWIacs y 2 pa3d MOpIBHAHO 3 TYCTUHOK LbOro rasy,
konu fp=0°C ?

2.32. EneKTpHuHa laMNa Po3KapioBaHHs, 06’em skoi ¥ = 500 cM’, Ha-
MOBHEHA a30TOM MiJ TUCKOM p = 9-10* ITa. Sika Maca Boau m yBilifie B JlaM-
ny, SKWO B Hiif 3pobuTy OTBIp NiJg BOAOIO NMPH HOPMaNbHOMY aTMochep-
HOMY THCKY?

2.33. V BigkpuTiit nocyaudi npu ¢ = 20 °C micturses m; = 150 r nositps.
Ha sike 3HayeHust Am 3MeHLIUTECA Maca NOBITPS B MOCYAMHI Y pa3i HarpisaHHs
il 1o 1, = 100 °C? 3MiHOI0 pO3MipIB MOCYAUHM MiJ Yac HArpiBaHHA HEXTYBATH.

2.34. Cymiw rasis, wo nepe6ysae nia Tuckom p = 1,02-10° Ila, micTuts
my = 16 r KHCHIO Ta m; = 4 r renito. Temneparypa cymiwi 7= 280 K. Obuucnuty
KOHUEHTPALLIO 7 MOJIEKy/ CyMillli Ta Ii TYCTHHY p.

2.35. lliBnakicTs BigKayyBaHHs POTOPHOro MacasiHOro Hacoca Q =
=1,5-10 ™ m’/c. Slkuii yac T norpiGeH ansg Toro, wWod NOBiTPA B NOCYAUH]
MicTkicTiO V' = 5 n BigkayaTu Big HOpManbHOro aTMOCGHEPHOrO TUCKY A0
THCKY p = 1,33 [1a?

2.36. [Tocynuuu A i B 3’enHadi Mix cobolo 3a fOMoMorow Kaninspa 3
kpadoM. IlocyanHa 4 3anypeHa y Boasdy BaHHY 3 Temnepatypow T =373 K,
a nocyaudHa B — B xonoaHy cymiui 3 Temnepatypoto T, = 253 K. Cnouarky B
NocyAHHAX 3a AONOMOrOI0 KpaHa CTBOPUJIM MOBITPAHI TUCKH py = §,3- 10’ Ia
Ta py = 1,4-10° INa. BusnauuTy piBHOBaXKHHMH ycTaneuuii Tuck p, wo 6yae
B floCyAMHAX MicNA BiAKPUBAHHA KpaHAa, AKIIO MICTKICTh NocyauHu A
Vi=250 CMS, a nocyauuu B — V5, =400 oM,

2.37. Y nocynuHi, 06’em gxoi ¥ = 20 n, MicTuTbCA 72; = 5 r BOAHIO Ta
m; = 10 r asoty npu temnepatypi 7 = 290 K. BusHauuTu TUCK Yy NocyauHi,
MOJIJpHY Macy Ta ryCTHHY CyMillli ra3sis.

~ 2.38. TlocyauHa MicTKiCTIO ¥ 3anoBHEHA MOBITPSIM 3a HOPMAIbHUX YMOB.
IMorim y w0 mocyamuy npu Tifi camiii TeMneparypi HarHiTarOTh JOAATKOBO
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Macy m a3oTy, | HarpiBawTh CyMmill rasis o temnepatypu 7). ObuucauTu
THCK p CyMilli npu Temnepartypi 7.

2.39. Atmocgepa BeHnepu ckiiafaeTbCcd MEpPEeBAXHO 3 BYIJIEKHUCIOTO rasy.
Bu3HaunTH, y CKiflbky pasis rycTusa py armochepu 6ing nosepxHi Benepu
Ginblia BiJ ryCTHHU P, arMocdepu Oing noepxHi 3emni, BBaXarouu, IO THCK
p1atmocthepu Berepu Ginblunii Big TUCKY py atMocdepu 3emni B 100 pasis, a

. 7 .
cepeaHsi Temneparypa 7| Ha noBepxHi BeHepu cTaHOBUTD 3 BiA TemmepaTypi

T> na 3emai.

2.40. Ha aui o3epa. rnubuHa sikoro A =20 m, 'remnepa'ryg:a BoAu £ =7 °C.
byns6aliika noBiTps, sika Ha AHi o3epa ma€ 00’em V) = 2 MM™, NOBiMbHO MiAHi-
maeThes. Akuit 06’em ¥V marume Oynbbalika nositps 6ins nosepxm BOAHU, SKLIO
armocepHull THCK HOpMankHUH, a TemnepaTypa fnosepxHi Boan £ = 19 °C?
TrckoM, 1110 3yMOBJICHHIA MOBEPXHEBUM HATSINOM, HEXTYBATHU.

2.41. TlocynuHa 3 ra3oM Ta Tef10i301b0BaHMMHU CTIHKAMH NOAiNEHa pyxo-
MO TEIUIONPOBIAHOIO MEPEropoAKOI0 Ha ABI YaCTUHH, BIAHOIUEHHS 06’emiB
AKWX Y PiBHOBOXHOMY CTaHi NMEePEropoiku ? =?12- npy TemMneparypax y umx

2
yacTdHaxX BignosigHo f; = 102 °C i f, = 227 °C. Bu3sHauuTH BigHOLUEHHS
006’ €eMiB, siKi BCTAHOBAATELCS MiC/A% BUPIBHIOBAHHS TEMIepaTyp.

2.42. 3anasna 3 ogHoro boky BepTHKa1LHO pO3MilleHa TpyOka, JOBXKHHA
axoil H = 1 M, 00 kpaw 3anoBHEeHa MOBITPsM i pTyTTIO (puc. 2.1). JloBxuHa
cToBnuuka ptyTi h = 38 c™. [lo sikoi temnepatypu T Tpeba HarpiTi noBiTps B
TpyOui, Wob ycs pTyTh Bununack? Temneparypy arMocepu B3STU TaKOIO,
wo aopisHioe 1 = 17 °C, Tuck po = 101,3 «I1a.

2.43. V nBox razosux 6ano”ax aBroMobing MIiCTUTBECS MAlUBO A ﬂ,BHl‘yHa
nin Tuckom p; = 20,26 MIla. Mictkicts xoxuoro 6anona ¥ = 0,08 m°. fka
maca Am rasy 6yna BuTpayeHa 3a 4ac Noi3jiok, SKuo TUCK y 6anoHax 3HU3UBCH
no p; = 10,13 MIla? Temneparypa rasy f, = 0 °C. ['ycTHHa nanuBa 3a Hop-
MATLHUX yMOB p = 0,6 KI/M’.

2.44. Maca nnadetu Mapc m = 6,6 10% «r, paaiyc ii 7 = 3,2:10° M. Ouinu-
™™ TeMmneparypy I' arMocepu Ha noeepxHi Mapca, siKIO NPUIYCTUTH, Juo
NjaHeTa OTo4YEHa ra3oBoi0 000JIOHKOKO C'ra.nm FYCTUHH, BUCOTA SKOT A = 5- 10 M,
a cepeaHs monsipHa macarasy M= 10" 2 kr/mMonb.

2.45. l"as CTHCKAETLCA i30TEPMitHO Big 06’eMy Vi = 10 aM’ 1o 06'emy
V=5 am’. TUCK NpH LIbOMY 3MiHIOETbes Ha Ap = 6 kIla. Bussauuru nouar-
KOBUH THCK p rasy.

2.46. Y nabopatopii Ang HabauKeHOro BU3HAYE€HHS aTMOCEPHOro TUCKY
CTYAEHT AisiB Tak: TpYOKY (HE KaninspHy) 3aBAOBXKH [ 3aHYpHUB BEPTUKANbLHO
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Puc. 2.1 Puc. 2.2

y BOAY Ha rnubuHy H, a notiM, 3aKpuBILM BepxHiii KiHels TpyOku manbuem,
BuiiHgB T 3 Boau. Ilpu usoMy B TPyOUi 3anuiuuBCS CTOBMYUK BOAM, BUCOTA
~siKoro /. BuaHauutu atMocepHuii TUCK p 3a LIMMH BUMipaMH.

2.47. B U-noni6bHy Tpybky Hanuto pTyTh (puc. 2.2). [licns Toro, sk 3 npa-
BOrO KOJiHa Bijkayaau MOBITPA i 3anasnu idoro, pi3HHUSA PIBHIB PTYTi B KOJi-
Hax npu ( = 17 °C ussBunace hy = 75 cM, a JOBXWHA CTOBMYMUKA NMOBITPS Y
BiAKpUTOMY KONiHi /o = 1 M. [TotiM 3anasanu niBy wyacTuHy Tpybku i npunag
MOMICTHIM B rapsiuy Boay. Pi3Huus piBHiB pTyTi B KoniHax ctana i = 90 cm.
O6uyucnutu Temnepatypy 7 BOAX.

2.48. Ctinku 6anoHa, mo Mictuts m; = 1,5 kr a3oTy, pyHHYHOTbCS NpU
Temneparypi f; = 300 °C. flky macy m BoAHIO MoXKHA 36epiraTv B LbOMY
GanoHi npu Temneparypi £, = 25 °C i BocbMUKpaTHOMY 3anaci MitlHoCTi?

2.49. OyrbonsHuil M’a4, 06’em sikoro V' =34 AM’, HArHITAIOTH NOBITPAM
3a J10MOMOroio noMmnu. AKuii THCK p YCTAHOBUTHCA B KaMepi M’siua mnicns
N =50 kauanb, 9K10 NPU KOXKHOMY UMk pobotu momna 3abupac 3 HaBko-
JXLIHBLOTO cepefosuia 06’em ¥y = 100 o™’ MOBIiTPs MPU HOPMATLHOMY aTMO-
cthepHoMy THCKY?

2.50. 3 nocyauHu, 06’em skoi V =20 AM, noTpibHO BiAkauaTy MOBITPA Bij
HOpManbHoro armoctepHoro Tucky Ao p = 1,018 klla. 3a ckinbku UMKIIB 7 poboTH
MOMIA Lie MoXcHa 3po0uTH, KiLo 06’eM i BCMOKTYBansHOI Kamepu Vp = 2 am*?

2.51. BusHauutu monekynspHy ¢opmyny C.H, ra3sy, skuii € cnonykoio
BYrieuio 3 BojgHeM, Ko npu Temnepartypi ¢ = 27 °C i tucky p = 100 klla
ryCTHHa uboro rasy p = 0,64 kr/m’.

2.52. Aepocrar HanosHeHui BoaHeM npu Temneparypi 4 = 17 °C. [lia
AIEI0 COHAUHUX MPOMEHIB TeMNepaTypa BOAHIO B aEpOCTaTi iABULLKIACS
Ao t; = 37 °C, a 30BHilIHIN THCK aTMocdepn He 3miHuBed, T1ia yac Harpi-
BaHHS HapgAMIUKOBMHA BOAEHb BMILIOB 3 aepocTaTa, a Horo Maca 3MeHUIH-
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nace Ha Am = 6,12 kr. Buznauyutu 06’em V aepocrara, BBaXarouu, 110 ce-
pelHs rycTuHa BogHio p = 0,09 kr/m’.

2.53. Pe3sepByapu MicTkocTaMH V) =25 ni V2= 15 n 3’eanani Mix coboro
TpyOKOIO 3 KanaHoM, Kpi3b skuif ras nepexoauTts 3 Oilbiioro peseppyapa
B MEHIWIHH y pasi JocsirHeHHS pi3uuui TUckiB y HuX Ap = 120 kila. Koau
Temneparypa f; =27 °C, To 6iabluudii pesepByap MiCTUTh ra3 npyu HOpMalib-
HOMY aTMoc(epHOMY THUCKY, a MEHIIKWHA MOBHICTIO BakyymoBaHuii. Skuit
TUCK p YCTAHOBUTLCSA B MeHLIOMY pe3epByapi, akwo obuzasa ix HarpiTa ao
t, =152 °C?

2.54. Y BakyymoBany nocyauHy mictkictio V= 0,3 1 npu # = 0 °C BBeje-
Ho 0,90 r piakoro yoTupuokcuay asoty NyOy. 3 niaBULUEHHSM TEMIEpaTypu
Jo ¢ =27 °C piakunil 4oTUPHOKCU 30Ty BUMAPOBYETHLCS | YACTKOBO AUCOLIIOE
Ha asookcun aszoty NO,. Skuii BiACOTOK Ot MONEKY/ YOTHPHOKCHAHOIO a30Ty
JMCOUIIOE, SKILO THCK rasy B nocyauHi p = 128 klla?

2.55. JIna pocnifokeHHsa BepXHix wapis atMochepu Benepu B npoekri “Bera”
nepeabaueHO BUKOPUCTATH aepocTaTHuil 30HA. BusHauutu o6’eM V 30mAa,
HaMoOBHEHOIO rejieM, SKUIO HAa AOCHKYBaHUX BHCOTAX TpPU Temiepartypi
t = 10 °C Tuck armocdepu p = 50 kIla. Brakaru, wo armMocdepa Bexepu nos-
HICTIO CKJIQIA€TLCS 3 BYTTIEKUCIIONO rasy, a Maca 30H/a 3 anaparypowo m = 20 kr.

2.56. Jlerkopo3Tsi>kny NOBITPSHY KyJ10, Maca gxoi m; = 100 kr, 3anoBHeHO
iy = 200 kr asoty. Jo axkoi Temneparypu I Ttpeba HarpiTh a3oT y Tennoizo-
nboBaHil MoBITPAHIN kyni, wWob BoHa miaHsnacs? AtMmocdepa nepebysaec B
HOPManbHUX YMOBaX.

2.57. V uMniHApi nijg nopiudeM, 1jowa skoro S = 107 MZ, MICTHTBLCS MO~
BITpsl 32 HOPMaNbHUX YMOB. LluniHap JEXHTHL HA ropu3oHTaNbHil MOBEpXHi,
BNMpPAlOYHCh AHOM Y BepTukansHy cTiHky (puc. 2.3). lo sikoi remneparypu T
tpe6a HarpiTu MosiTPs B umainApi, uob Tino macoro m = 8 kr, 3’enHaHe
XKOPCTKHUM CTPHXKHEM 3 PYXOMUM Oe3 TepTd MOPLUHEM, 3CYHYNOCH 3 Micud MO
NoBepxHi, AK1IO KOEDILIEHT TEPTA Mixk HUMH W = 0,307

2.58. Mix nopluHsMH JBOX OHAaKOBUX HEPYXOMHX LIMJIHAPIB, 3aMoBHe-
HUX OZHAKOBUM ra3oM, BCTAHOBJIEHA npykuHa (puc. 2.4). Y BuxigHoMy cTaHi
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BifiCTaHb MDK MOPLIHAMHU i AHOM LMNiHAPIB o, Temnepatypa rasy T,. [Totim B
olHOMY 3 UWIIHApIB ra3 Oyno Harpito A0 Takoi TeMmnepatrypu 15, mwo ioro
ack 30inbiunBcg B n pasiB. OOuYHCAHTH, HA CKiJibKM 3MiHWIACA AOBXUHA
npyxuHu. TepTsaM NOPIIHIB Y UNIiHAPAX HEXTYBATH.

2.59. V ropusoHTanLHO po3miuiediit Tpyoui, aosxkuHa skoi L = 1 M, Ha
pigcrani b = 80 cm Bia 3anasHoro KiHUg MicTUTbCS cToBMYMK pTyTi I = 0,3 c™M
3aBJOBXKH. 3 KO0 KyTOBOIO 4acTOTO M Ma€ obepraTuch TpyOKa B ropU30H-
TankHilt WIowKHI, wob pryTs R0ciArna BigkpuTOoro kparw Tpyokn? Tuck armo-
¢thepd HOpMaNbLHHUI.

2.60. B oaHiii nonoBuHi po3fiineHol TOHKOK NEPEropoAKO0 TENN0i30b0-
BaHOI nocyauHu, 06’em skoi ¥V = 10 n, MicTuTecs 6aratoatoMHuit ras npu
temneparypi £, = 27 °C i tucky p; = 152,0 kIla, B iHwiii — ABOXaTOMHUH ras
npu TeMnepartypi £, = 77 °C i Tucky p; = 202,6 kl1a. BuzHauuTH Temneparypy
T cymilui ra3is micns ycyHeHHs NeperopoakH.

2.61. Ilocynuna, 06’em sxoi V= 10 1 i nnowa nepepiszy S = 100 eM?, po3-
AiNieHa Ha ABi O4HAKOBI YaCTHHU HAMiBNPOHUKHOK MEpPEropojaxor. B oanii
NOJIOBMHI NMOCYAMHHM MICTHTbCS 8 MOMNB asoty, B iHwili — 10 Monis BogHIo.
Kpisb nopucty neperoposky MoxxyThb NPOXOAMUTH JIMLLE MOJIEKYNN BOAHIO.
SAxa cuna F pistume Ha neperopoaky Micns BCTaHoBieHHA piBHosaru? [Tpo-
uec Binbysaerbes npu craniif Temneparypi 7= 298 K.

2.62. [MosichuTu, K 3MiHUNAcL TemmnepaTypa npouecy, 300paxeHoro Ha
Riarpami (puc. 2.5). Maca ra3sy He 3MiHIOBanach.

2.63. 306pa3utu rpadiuHo 3aneXHICTL MYCTHHHM ileanbHoro rasy Bi TeM-
nepatypu npu i30TepmiyHoMy, i306apHOMY Ta i30XOpHOMY MpoLiecax.

2.64. SIx isonpouecamMu MOXKHa NepeBECTH ifeanbHuil ras 3i crany 1 y ctau 2
(puc. 2.6)? '

2.65. IMpouec 3MiHu cTaHy rasy 306paxeHo Ha Jiarpami p, T npsaMoIO NiHi-
€10 4B (puc. 2.7). Slk 3miHI0BaBCs 06°€M rasy, skuio m = const?

2.66. 3a rpadikom sanexHocTi 06’eMy Bia TemnepaTypu (puc. 2.8) Bera-
HOBHTH XapakTep 3MiHUM THCKY ra3y MiJ Yac HarpiBaHHs.
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2.67. Ha puc. 2.9 3006paxeHO 3MiHY THUCKY rasy 3anexHo Biji TEMIEpaTypH.
Sk 3MiHIO€TLCA 06°€M rasy Nnif 4ac HarpiBaHHs?

2.68. Sk 3miHoBanach TemMieparypa rasy fij 4ac npouecy, 306paxeHoro
Ha giarpami p, V (puc. 2.10)?

2.69. Ha giarpami p, V 306pa3uTy i300apHe po3LuMpeHHs rasy i3 crady / y
cTaH 2. Slkomy 3 uMX CTaHiB BiANOBigae BHLA Temneparypa? Sk 3MiHUTLCA
rpadik nepebiry npouecy, AKILO B3ATH Oinblly Macy rasy, a NOYaTKOBHH
06’eM 3anuimnTLCA TOM caMui?

2.70. Ha piarpami p, V 300pasuti i30XOpHUi NMpouec nepexony rasy i3
crady / y ctad 2. SIkOMy 3 UMX CTaHiB BiAnoBijae BHLiA Temneparypa? Ak
3MiIHUTLCA rpadik nepebiry npouecy, AKUIO B3ATH OiNbLy Macy rasy, a noya-
TKOBUH TUCK 3a/IMLUUTLCA TON caMuid?

2.71. YoMy BepliKd B MOJIOLI BIACTOIOKOTBCSA CKOPILUE 3a HU3LKOI TEMIle-
patypu?

2.72. SIK NOACHUTH ABHLUE, AKE BUPAKAIOTH CAOBaMH AWM TaHe B NOBITPi™?

2.73. TosicHiTb MeXaHi3M NPUCMOKTYBAHHA MeAMYHMX 6aHOK 110 Tina TOAHHH.

Weuakicte razosux monekyn. Posnogin Makceenna.
Poanoain Bonbumaxa. bapomerpuyHa chopmyna

2.74. Bu3HaYUTH CEpPEIHIO KBaApPATHYHY ('v“) , CEpEAHIO apH(METUUHY

(v) i HaliGinbw iMOBIPHY V; WIBMAKOCTI MONEKYN iAEabHOrO rasy, rycTHHa

AKOrQ Npu HOpMAIBLHOMY THCKY p = 1,2 KM .

2.75. BCTaHOBUTH KOHUEHTPAUilO My MOJMEKYN BOAHIO B MOCYAUHI, AKLIO
tHck p = 0,3 klla, a TeMneparypa € Tako1o, 1o cepe/iHa KBaApaTHyHa LIBH -
KiCTb MOJIeKy BOAHIO (U, ) = 2,7 km/c.

2.76. OBYHCTHTH CEPEAHIO KBAAPATHYHY WBUAKICTL ('u,'u,> NUIHHKH, Ma-

ca saxol m = 10 Hr, BB&Karo4u1, 110 BOHA PpyXaeTbcs y NOBITPI Ta Nepebysace 3
HUM Y TEIUIOBIi piBHOBA3I, | MOPIBHATH 1T 3 CEpeIHLOIO KBAAPaTHYHOIO LIBUA-

KiCTIO ('U:B> MOsieKyJT MOBITPA NpH Tiit camiii Temnepatypi ¢ = 22 °C.
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2.77. skoto Mae OyTu Temnepatypa I; BOJHIO,
mo6 cepeaHs KBa,npa'qua LUBHAKICTL HOro Moje-
Kyl JopiBHIOBana cepeAHii KBaapaTH4HiH LWBHA-
KOCTI MONIEKYT a30Ty npu Temnepatypt 7 = 390 K?

2.78. Sk 3MiHIOETBCA KpuBa po3noxainy Mak-
cpennia 3i 3MiHOIO Temnepatypu? SAkui QiznuHni
aMicT nUiollli, oOMexeHol rpadikoM poznoainy Mak-
ceenna Ta Biccro abcuuc?

2.79. Ilpu Temneparypi ¢ = 527 °C Halbinbi
iMOBipHA ILBHAKICTb MONEKYN JAesKoro rasy Puc. 2.11
v; = 1 820 m/c. BecTanoBuTH, siknit ue ras.

2.80. Y pocniai HitepHa Ha nosepxui uuninapa C, wo odepracThes HaB-
K0J10 Oci, KOHAEHCYIOTbCA aToMu cpibna, AKi pyXawoThCs 3 PiI3HUMH LLIBH KO-
ctamu (puc. 2.11). Axum LWIBUAKOCTEM T aTOMIB, IO OCIAAIOTHL HA TINIAHLI
DD, signosijae wap HaH6ibLIOT TOBLKHHK?

2.81. Busnauutu temnepatypy I’ azoTy, Mpu skiii WBHAKOCTAM MOAEKYN
vy = 200 m/c Ta v, = 500 m/c Bianosiaae oHe W Te came 3HaueHHA QYHKLIT
posnoxiny Av).

2.82. O6uucanTy iMnynsc K Moaexyau BoASHOT Napu npu TeMneparypi
t =27 °C, Baxaioyu WBHAKICTb Ti PyXy Takow, WO AOPIBHIOE cepefHii
KBajpaTu4Hii weHakocti (v, ).

2.83. SAkoro mae Gytn Temneparypa T nogiTpsa 3emii, o6 cepeans kBai-
paTHyHa WBMAKICT, MOJEKYJIH BOAHIO JOpiBHIOBaNA Apyriid KOCMIYHIA WBUI-
KOCTi?

2.84. BusHayuTH BiZHOCHY KiJbKiCTL MOREKYJl KHCHIO, LIBHAKOCTI SKMX
npH TeMrneparypi ¢ = 17 °C nexarts y mexax 275...280 m/c.

2.85. BcTaHOBUTH BIJHOLIEHHS KiLKOCTI MOJEKYN KHMCHIO, LIBHAKOCTI
AKBX npu Temneparypi £ = 127 °C nexars y mexax 598...602 M/c, 10 KiJIbKOCTI
MONeKysi, WBKMAKOCTI AKHX JieXaTh y Mexax 298...302 m/c. IloscHuTH pe-
3yJbTar.

2.86. Y 3akpuTiii nocyauni mictuthes m = 0,1 xr kucHio. O64yucauTH
KiflbkicTs N MoMeKy T KUCHIO, IBMKOCT] AKUX NexaTh y Mexax 195...205 m/c
mpu ¢ = ( °C,

2.87. IToBecTH, 1O BiZHOCHA KiNbKICTh MOJIEKY, LBUAKOCTI AKHX JIEXKaTh
Y Mexax Bin cepeaHboi apudMeTHYHOI 10 HalbiNbL iIMOBIPHOI, HE 3aeXUTD
BiA Temnepatypu.

2.88. BCTaHOBUTM BifHOLWIEHHA KiNBKOCTI MONEKYJ ileanLHoro rasy,
WBHAKOCTI siKMX JiexaTh y Mexax Bi v Ao U + Av npu Temnepatypi T}, 1o
KifTbkocri MOJIeKY T, LUBMAKOCTI SKMX JIEKATh Y LMX CAMHMX MeXax, a TeMiepa-
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Typa Ty = 27). Po3rsiaHyTy BUNAAKK: a) U = -;»v“ ;0) v=v;;B) Uv=2v;,, fe
Uiy, Upp — HaWOINbLI iIMOBIPHI LIBHAKOCTI MONEKY, IO BIANOBIAIOTL TeMIie-
patypam T i 7. BBakatu, o B ycix Bunaakax Av <<uv.

2.89. BcTaHOBHTU BigHOCHY KUIBKICTh MOSIEKYS a30Ty, LWBHUAKOCTI AKHUX
npu t = 100 °C nexats y mexax 250...700 m/c.

2.90. Y nocyzauHi Mictutses m = 14 r asoty npu Temnepatypi ¢ = 1 227 °C.
Sxa kinbkicTs Ny MOJleKy . a30Ty Mae mueTuqHy EHEprilo NocTyNaabHOro py-
Xy, Lo nepesuLlye edepriio £ = §,5- 1072 Ix?

2.91. KuceHb 3a HOpMaJIbHHX YMOB 3aiimae 06’em V = | M. BusHauntu
KifibKicte N MONEKyn y ubOMy O0’eMi, AKi MaloTb WBKHAKOCTI Ginbiui Hix
v, = 1,5-10° mlc.

2.92. lna BHMip}OBaHHH cTanoi ABoraapo (bpaHuyabmiﬁ ¢izux XK. INeppen
BUKOPHCTAB PO3MOAINT YaCTHHOK BO,E{HOI emynbcu ¢dapbu rymiryt. I'ycTuHa
YacTHHOK rymiryty p = 1210 kr/M, a iXHiil paaiyc r = 0,47 mxm. Ekcnepu-
MEHT NPOBOAMBCA NpH Temnepatypi f = 4 °C. BcraHosuTH BUCOTY Ah, Ha KM
KOHLIEHTpais 4aCTUHOK TYMITYTY 3MEHILUYBanach y 2 pasH.

2.93. YV nosiTpi npu HopMalbHOMY aTMoc(pepHOMY TUCKY # TemnepaTypi
t =27 °C € 3aBucni cepuuni 4actuHku paniyca r = 0,1 mxm. HocnigHo Bera-
HOBJIEHO, 10 KOHLIEHTPALlif LHX YACTHHOK 3MEHIUYETLCA Y 2 Pa3u Ha BHCOTI
h = 20 m. BU3HauuTH Macy m 4YacTHHOK, AKLUO MOBITPA i cucTema HACTHHOK
nepebyBalOTh y CTaHi TENAOBOI piBHOBArW, a rycTHHa nositpa p = 1,293 Krim’.

2.94. V BiakpuTiii uMAIHAPUYHIA NOCYAWHI MICTUTbLCS MOBITPA NPH HOp-
ManbHOMY arMocdepHomy THCKY. IlocyinHy obepTaioTh HaBKOMO BEPTHKAb-
HOI OCIi, NepPNeHAUKYNAPHOI 20 OCI UUNIHAPHYHOI MOCYAWHHU, 3 KYTOBOIO LUBHA-
KICTIO M. SIK 3MiHIOETbLCA TUCK p rasy B3AOBXK NOCYAUHU?

2.95. Ha sikiii BUCOTI 4 Hag noBepxHero 3emii napuiaibHuit THCK ByTJIEKUC-
Joro rasy 3meHuyerbed y 2 pasu? Temnepatypy arMocdepu BBaXKaTH CTanow
i Takowo, o f = 27 °C.

2.96. CyuacHi nitaxd MOXYTb nepebysarn B atMocdepi Ha BUCOTI 2 = 30 kM.
Skuii THCK p atMocdepu Ha Uil BUCOTI Nokaxke 6apometp? Temneparypy at-
mMocdiepu BBaXKaTH CTaNQK i Takoro, wo 7 = 7 °C, a ckian nositps — He3MiH-
HHM.

2.97. Bina nosepxHi 3emni atmocdepa CKIANAETLCA NEPEBAKHO 3 A30TY
(76 %), kucHio (23 %) Ta aprody (1 %). Sk 3MiHI0O€TLCA CNIBBIAHOLIEHHS
KOMIIOHEHTIB aTMOc()epH 3 BUCOTOIO?

2.98. Ha sakiii BUCOTi 4 Hax noBepxHer 3eMili rycTuHa MoBiTps npH
t =27 °C 3menwyerbcs B € = 2,718 pa3a nopiBHAHO 3 HOro rycTuHowo Ha
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piBHi mops? Temnepawpy, cKAaf MoBiTPs i NPUCKOPEHHA BiNbLHOMO NafiHua
BBAXATH He3aNeXHUMH BIJ BUCOTH.

2.99. bins nosepxui 3emMni Ha MiLHOH MoOTEKY a30Ty NpUNAjac npudans-
HO OfiHa MoNexyna BoAH10. Ha akili BUCOTI A KOHUEHTpALLIA MONEKYN BOAHIO i
azoTy B atMocdepi BupiBHIOETLCA? BBaXkaTy, 110 Temnepatypa arMocdepu £ =
=0 °C i 31 3MiHOI BHCOTH 3AJTHIUAETLCA TAKOIO CAMOIO.

2.100. Ha sxi¥ Bucori 4 nan pisHem mops armocdepruii Tuck p = 8 lla,
AKWO Temnepatypa noBitps ¢ = 17 °C i He 3MIHIOETBCA 3 BUCOTOM), @ THCK Ha
piBui MOps HopManbHui? OBYMCIHTH KIBKICTL YACTUHOK aTMOCHepH B oau-
HuL 00’ €My Ha 1l BHCOTI.

2.101. Bu3HayMTH CEPEAHIO NOTEHIUIAILHY EHEPriio (U ) MONEKYJIH raszy B

seMHiii aTtMocdepl, BBaKAIOUH OCTAHHIO i30TEPMiUHUM ifleanLHUM ra3oMm, a
nosie TAKIHHA ~ OJHOPIHUM.

2.102. BcTaHOBUTH BiHOLUIEHHS TUCKY MOBITPA HA BUCOTI 4 = 2 KM J10
THCKY Ha AHI LIAXTH, MHOHHA AKOT Ay = 2 kM. [lone TAXKIHHA € OAHOPIAHUM,
arMocdepa — ijeanbHUH ras, akuili nepebyBac B cTaHi TepMoOAHHAMIYHOT
pisHoBard npu temneparypi 7= 300 K.

2.103. ¥V uentpudysi 3 poropom paziyca r = 0,5 M npu Temnepatypi
T =300 K mictutbes cymimr vyknigis xnopy >Cl ta >’ Cl. [pu obeprauni po-
TOpa 61 HOro CTiHOK 4acTKM aToOMiB NePLIOro Ta ApYyroro HyKMiAiB OyayTh 1; =
=0,3 ran; =0,7. O64HCAUTH KYTOBY LUBHIKICTD © 0BEPTAHHA POTOPA, AKILO
gacTka aromis Hykniga > Cly cymiwi n = 0,25.

2.104. Ha ocHOBi 3aKOHY pO3MOAiNy MOJIeKYA iIeanbHOro rasy 3a BHKo-
CTAMH BCTAHOBUTH PopMyny AJia HaHGINbLL iIMOBIPHOT LLIBUMAKOCTI.

2.105. Ha sxiii BucoTi 4 BiZHOWEHHA KOHLUEHTpaUil BOAHIO A0 KOH-
OeHTpauili KUCHIO B piBHOBaXHii 3emHii armocdepi npu 7T =300 K
Oinbiue 3a BigHOWeEHHA UMX KOHUeHTpauil nobnusy nosepxHi 3emui s
N =4,22 pa3a?

2.106. BcTaHOBUTH 3aKOH, 32 AKMM 3MiHIOETBCA THCK NOBITPA 3 BUCOTOIO
p(h) , BBRXKAIOUH, O Temnepartypa 1 MOBITPA 3MEHLUYETLCSA 3 BUCOTOIO PiB-

. . ; dT " :
HOMIpHO, TOOTO TEMIIEPATYPHHH IpadI€HT Ef;- MNOCTIMHHHK 1 AOPIBHIOE —a.

Busnauuy ik nositps sx dysxuiro Temneparypu p(7) Ta susectd opmyau

Al Bunajxy i3orepmivHoi arMocdepu (a = 0).

2.107. BuKOpHCTOBYIOYH 3aKOH PO3TOAINY MOJEKYN iAeansHOro rasy 3a
WBUAKOCTAMM, BUSHAYUTH TX CEPEAHIO KBAAPATHYHY IUBUAKICTE.

2.108. Cxopucrasuinch PyHKLI€0 pO3MOAINY MOJEKYN if€anbHOro rasy

33 eHeprisiMu, BCTAHOBUTH CEPEAHIO KIHETHYHY €Hepriio (a) MOJIEKY.
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2.109. CxopucraBiiuch (PyHKLIEO pO3MNOAINY MOAEKY] 3a €HEepriiMHu,
BCTAHOBMTH HalbiNbLL iIMOBIpHE 3HAYEHHS eHeprii € MOSeKyn.

2.110. O64yucIHTH CepeAHE 3HAYEHHS BETHYHHU, OOEPHEHOT N0 LUBUAKOCTI
MOJIEKYJIH KMCHIO 32 HOPMaJIbHUX YMOB.

2.2. ABULLA NEPEHOCY B rA3AX

Cepeans 10BXHHA BiNLHOTO NPOGIry MoJEKY U rasy

1
1)Y= g 2.2.1
O=%= Sl

lle n — KOHLEHTpauis MoJNekys raly; ¢ — NoBHUi eeKTHBHUI NonepeuHuii nepepis 3iTk-
HEHHS MOJIEKYII.
Y pa3i 3iTKHeHHsS MOJEKYJ1, 0 PO3MISAAOTRCS AK TBEPAI Ky,

c=nd’, 2.2.2)

ne d — e(pEeKTUBHUH 11aMeTP MOJIEKYJIH.
CepenHs KilbKiCThb 3iTKHEHb, AKUX 3a3HAE MOJIEKYa 32 OAMHHULIO Yacy,

(z}= %2 = 2rd’n(v), (2.2.3)

ne (v) —cepenns apudMeTHYHA WBHAKICTS.
KinnkicTh mapHuX 3iTKHEHB YCiX MOJIEKYH B OAWHKLI 00’ eMy 32 OAMHULIO Yacy

z= %(z)n ; (2.24)

Cepenns KinbKicTh yaapiB MOJIEKY 3a OAMHMLIO yacy 00 OAMHMMHY fIOCKY MOBEpX-
HIO, PO3MILLEHY B ra3i,

Fsm i—n(v) . (2.2.5)

3aKOH po3Mnoaisy 3a JOBXHHOIO BiibHOrO npobiry

N=Nge ®, (2.2.6)

Ae N — KinbKiCTb MOAIEKYJI, O MPOAIUIK BiACTaHb X Y Wwapi 6e3 3iTkHeHs, N, — KinbKicTb

MOJIEKYJI, 1O NAJaloTh Ha liap ra3y.
PyHKUiA POINOAINTY MONEKYJ 3a JOBKMHAMU BlJIBHOTO NpobGiry

X

7(x) =(+)f:_E . 2.2.7)

74



o s ; d
ko B3a0BxK oci Ox ICHYE 'paal€HT I'YCTHHHY ‘Eg*, TO Maca m peuOBHHM, KA NEpeHo-

cnTheA BHACHIZOK audysil kpi3b omuHy S, po3MillieHy nepleHaukyspio ao oci Ox, 3a
yac / (3akoH Dika),

m=-D2s, (2.2.8)
dx
ae D — koediuient audysii rasy,
D=3(o){(1)- (229)

S . ar S
Axuio B3norxk oci Ox icHYE IpagieHT TeMneparypu o TO KiJILKICThL TemioTH O, ska
MEPEHOCHTBLCA BHACHIIOK TEMUIOAPOBLAHOCTI KPi3b rUIONIMHY S, PO3MilleHY nepreraMKysp-
Ho no oci Ox, 3a vac ¢ (3akou Pyp’e),
dl
Q=-A—=51, (2.2.10)
dx
fie A — xoedinienT TennonpoBiaAHOCTI rasy,

= -;—p(i)(v)cy \ (2.2.11)

TYT ¢y ~ MHTOMA TCRJIOEMHICTD a3y fipu cTanomy 06’ emi.
3B’430K MIX CHIIOK BHYTPILIHBOIC TEPTH Ta MOAYneM rpajienrta MBMAKOCTI (3aKoH
HeioTona):

dul e (2.2.12)

dx

Xe F — Moaynb cunau TepTd, fka A€ no MOBepXHI Home S MK WapaMd peYoBUHU, IO
PyxaloTeca (nepeabavacTses, WO map razy abo piAMHH Mac WBKAKICTL AMILE Y HaNpAMI,
nepneHaAuKynspHoMy Ao oci Ox); 1 — koediuieHT AMHAMIYHOT B’ A3KOCTI,

n= %p(i)(v) ; (2.2.13)

MoMeHT cun BHYTPIIIHBOTO TEPTH, WO BUHMKAIOTH MiX KOakCialbHUMM [Mapamu Tasy
3a HAABHOCTI I'PAXICHTA KYTOBOT LUBHAKOCTI,

F=n

zd{ﬂ'

dM = —ds, 2.2.14)
w 7 (
A€ r — pagiyc miapy razy.
TemneparyporposiaHicTs
x= ""L ) (2.2.15)
pc,

A€ ¢, — NMTOMA TEMIOEMHICTh MPH CTAIOMY THUCKY.
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PiBHsHUS TEMIONPOBIAHOCTI Ta audy3ii A 130TPONHOrO OAHOPIAHOrO CEPEAOBHILA

oT

—=yAT, 22.16

5 =X ( )
op

== = DAp, 2.2.17

Y P ( )

ne A - oneparop Jlannaca.

CepenHs pnoexuHa sinbHoro npobiry monexyn.
KinbkicTs 3iTkHeHb

2.111. YoMy HOpiBHIOE cepefHs JOBXKHHA (1) BIILHOIO Npobiry Mojexyi
a30TY, AKLO Horo Temneparypa! =77 °C i Tuck p = 133 [1a?

2.112. JIns nocyauHu, XapaktepHui JiHiHHUEA po3mip axoi L = 10 cM, HuX-
HA Me>Ka HaJBHCOKOro Bakyymy craHoButh 13,3 nlla. BusHauutu cepeaHio
JOBXHHY (I) BifibHOro npobiry MosiekyJs NosiTps B Wil NocyauHi, KO Bi-
JAOMO, WO MPH HOPMALHOMY aTMOC(HEPHOMY THCKY CEpeNHs NOBXKHHA Billb-
Horo npo6iry Mosiexkys NnosiTps AOpiBHIOE 94 HM, a TeMneparypa B 060X BH-

naakax € oAHaKoBOlO. i
2.113. YV DanoHi enekrponaMnoyku, o6’em skoi cranoButs 100 cM™, Mic-

tuThe 100 Mr renito. BusHayutu cepeaHio QOBXKHHY (1) BUIBHOIO Npobiry
MOJTIEKYJT retito.

2.114. O64UCANTH rYCTHHY P BOAHIO B MOCYAMHI, KONH BIIOMO, LLIO CEpeiHs
NI0BXHHA BiTbHOTO Npobiry #oro morekys (/) = 1,2 Mm.

2.115. Slkum THCKaM p BIAMOBIAATMME BakyyM [ns MOBITPa y chepuuHii
nocyauHi Aiamerpa 10 cM i B kaninapi giamerpa 1 MkM npu Temneparypi 22 °C?

2.116. BusHauutd KOHUEHTpauilo n, ceperio Joxudy (/) BilbHOro

npoGiry «ra cepenHiit 4ac (t) Mixk 3iTKHEHHAMH MOJEKYJ ra3ofoniGHOro

a3o0Ty: a) 3a HopMaJibHHX YMOB; 0) akwo Tuck p = 1,0 ulla i remneparypa
t=17°C,

2.117. V ckiibkd pa3iB cepellHs AOBXHHA BUILHOIO Mpobiry Monexyn
MOBITPA 32 HopMaJbHUX YMOB OinbLia BijJi CepeHbOl BiACTaHi Mk MoJieKynamu?
HiamMeTp MoJleKyJi MOBITPA B3SATH TaKuM, 10 AopiBHIOE 0,3 HM. SK noscHUTH
pe3ynbTat po3paxyHKiB?

2.118. IMazononibHuit kuceHs nepedysac 3a HopMaibHHX yMoB. OOYHCAUTH
CepeaHIo KUIbKICTb 3iTKHEHb (z) , AKMX 3a3HA€ KOXHa MOJIEKyJila KHCHIO 3a

@ 3 . 3
OOWHHULIIO Yacy, Ta KUIbKICTb Z BCIX 3iTKHEHb MoJieKyJiB I M 3a | c.
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2.119. BusHauuTH rpaHi4Hy KOHLEHTPAUIIO n MOJSIEKYN refilo y chepuy-

uili konbi aiamerpa D = 10 cMm, npu akiil 3iTkKHEHb MK MOJIEKYJIaMH Ha LA~
XY, WO IOpiBHIOE iaMeTpoBi k016u, He Oye.

2.120. CKinbkH 3iTKHEHb (z) 3a3Hae€ 3a 1 ¢ MONieKyna HeoHy, sAKHil nepe-
Gysae npu Temnepatypi 7= 600 K niz Tuckom p = 1,3-10° Ta?

2.121. OuiHUTH THCK p BOAHIO B NOCYAHHI MicTKicTiO V=1 n, npn AKOMY
[OBXHHA BUILHOrO npobiry monekyn (1) cTae OiNbLIOIO Bil XapaKTepHOro
po3mipy nocyaunu. Temneparypa sonuio 7= 300 K.

2.122. V GanoHi MicTHThCA BOAsHA napa npu temnepatypi 7 = 400 K Ta
cKy p = 1,3 l'Ia CxijibkH 3ITKHEHD Z BiAOYBAETLCA LOCEKYHAH MiX MONEKy-
namu napu B 1 M 2

2.123. Coepuuna xonba mMicTkicTio V=3 M’ HanosHeHa BOASHOIO MapoIo.
[Mpu Akiit rycTuHi p BOAAHOI Mapu cepefiHs AOBXHHA BUILHOrO npobiry ii
MoJiekyn Oyne GinbLIOK BiA po3MipiB NocyauHu?

2.124. TlosiTp4 B KiMHaTi, po3mip axol 3 x 3 x 3 M, mae Tuck p = 100 kI1a
i Temnepatypy ¢ = 27 °C. OGuncauTi: cepenio JoBxuny (/) BiibHOro mpo-

Oiry MoneKky; cepeiHiO KiibKiCThb (z) 3ITKHEHb, IKUX 3a3HAE KOXHA MOJIEKY-

na 3a ORMHKLIO Yacy; CepeAHI0 KUBKICTb Z BCiX 3ITKHEHB MK MOJTEKY/IaMK 3a
OAMHMLIO Yacy; Cepe/iHiii yac (1:) MDK 3ITKHEHHSAMM Ta CEpPe/iHIO KiIbKICTh Z,
YIapiB MoJIEKyJ TIOBITPA 3a OJAMHMLIIO Yacy 00 OHY 31 CTiIHOK KiMHATH.

2.125. O6uncnuTi cepe/HIo JosxuHy (ly) BineHOro mpobiry mMonexys ap-
TOHY 33 HOPMa/IbHUX YMOB, a TAKOX Cepeanio foBxuHy (/) Ta cepenniii vac
(1:) BUILHOTO NpoGiry Mofiekyn aprony, ko tTiek p = 1,0 mlla i remneparypa
t=22°C.

2.126. CepenHa AOBXKHHA BUTLHOIO NpoOIry MOJIEKY refito NpU JesIKOMY TH-
Cky # Temmneparypi 22 °C popisHioe 0,1 Mxm. Ilicsst i30TepMiuHOro CTUCHEHHS
THCK rasy 36i1blnBes y 2 pasu. BuzHauuTi cepeHIO KUIBKICTh Z 3ITKHEHb MO-
NIeKyn renito B OAUHMI 00’ €My 32 OMHHLIO 4acy Micsst 3aKiH4YeHHS MpoLecy.

2.127. Ipu temneparypi (t) =17 °C Ta nesaKOMY THCKOBI CepeaHs A0B-

KUHA BINBHOro mpobiry MOJeKy/l KMCHIO (!) = 28 um. Ilicnsa 130TepmiyHOro
CTHCHEeHHs 06’eM raszy 3smeHMBCs B 3 pasu. PoszpaxyBaru cepejidiii uac ('r)

MK 3ITKHEHHAMM MOJEKYJT KUCHIO B KiHUI CTHCHEHHS.
- - L 2
2.128. Ilnowa noBepxHi aHTHKaToda PEHTreHiBCbkOi TPyOku S =2 cM”.
O6uucnuru, AKY KiNbKICTb yJapiB zp 06 MOBEPXHIO aHTHKATOAA 3AiHCHIOIOTS

Mostexyiu nosiTps 3a 1 ¢ npu temneparypi (1) =7 °C i tucky p = 13,3 mlla.
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2.129. BCTaHOBUTH XapakTep 3afeXXHOCTI CepeaHbol JOBXKUHU ([) BUTLHOIO
npobiry # KibkocTi (z) 3ITKHEHb OZHIET MONIEKYJIH 33 OMHMLIO Yacy BiJ TeMne-

paTypu 4 ifeanbHOro rasy Mid Yac MpoLecy: a) i3oTepmivyHoro; 6) izobapHoro.
2.130. BHacnigok neBHOro npouecy, 1o Bi0yBea 3 iieanbHUM rasom, Horo
THCK 30inbIUMBCA B 1 pa3iB. K i y CKiILKK pa3iB 3MIHUIUCA cepeaHs JOBXHHA

(1) BifILHOIO MpoGiry # KiNbLKiCTb (z) 3ITKHEHb KOXKHOT MONIEKY M 32 | ¢, AKILO

npouec: a) i3orepMiuHuii; 6) i30XopHUHA?

2.131. Ha nnockuii wap igeanbHoro rasy najiae noTik MONEKY/1 TOro CaMmoro
razy. BcTaHOBUTH BiACTaHb X, Ha AKill yacTka MOJeKyJl, 1O MOPIBHIOE 1),
3a3Ha€ Xo4ya 6 oaHOro 3iTKHeHHA. Po3paxyHKHW BMKOHATH ANA BUNAAKIB:

n =0,632; 0.865; 0,950 npu Temneparypi T = 300 K i tucky p= 1,5-10° [la
A refito, KUCHIO Ta BYTIEKUCIOro rasy.
2.132. BinbHuii npoﬁir MOJNEKYJ, 33 yMOBaMH 3anaui 2.13 1, 36inbiryeTbes

Ha [=xy —x; =2,58- 107 m, MpH UBLOMY KifILKICTb TAKMX MOJSIEKY 3MiHUACH

BN = 0,368 pasa. BusHauutu 32 uuMu gasumu edexktunuil aiamerp d
MOJIEXYN rasy, skiuo ras nepebysae npu 7' =300 K, p=0,15 MITa.

2.133. Yu 3MiHMTBCA KiNbKIiCTb MOJIEKYS MOTOKYy (AWB. 3apady 2.131).3
(hikcoBaHUM BiibHUM NpoBiroM, AKILO CTaH ra3y 3MIHIOETLCA i30X0PHO?

Audbysin, B’askicTsL, TennonposiaHicTs, KoediuyieHT nepeHocy

2.134. Busnauutu xoediuieHT camoau@ysii D KMCHIO 3a HOpMaNbHHX
YMOB.

2.135. BHacnifok i30TepMiuHOro NMpouecy po3LIMPEHHS THCK rasy 3MeH-
wuscs B 1,5 pasa. Sk 3MiHUTLCS NpH LBOMY KoepillieHT Audy3ii asoTy?

2 136. Koe(btulem nudy3il Aeakoro raszy 3a HOPMaabHHUX YMOB

= 15.3 mm’/c. [liamerp monekynu d = 0,30 um. Skuii ue ras?

2.13‘7. Busnayutu xoedivientd audysii D i AuHaMIYyHOT B’A3KOCTi 1) NOBITPA,
akwo Tiuck p = 100 kIla i temneparypa t = 17 °C.

2.138. Aol HaiOIIbIOT IBHAKOCTI ¥ MOXE JOCATTH AOLIOBA KpaniuHa
AlameTpa d = 2 MM niA yac naaius 1i 8 nosiTpi? TemnepaTypa i THCK NOBITPA
€ HOpManbHHMH.

2.139. Jins ekcrnepMMEHTANbHOrO BH3HA4YeHHs Koe(ilieHTa AMHAMiYHO]
B’A3KOCTI 1) rasis JOCAiIKYBaHWM ra3oM 3alOBHIOKOTL MPOCTIp MiX ABoMa
KOaKcCianbHHMH UMTIHAPaMH. 30BHILHIA UWAIHAP NPUBOAATEL B 00epTanbHUi
pyX i 3a KyTOM 3aKpy4eHHS IPOTHHH, Ha sKifi MiABiWIEHO BHYTPILIHiH
UMAIHAP, BHMIpIOIOTH AOTHYHY CHAY B’S3KOCTI. BH3HauuTH 1 32 JaHUMHU

78



eKCTIEPHMEHTY, KO pajiycd UMWIIHAPIB BIANOBIAHO 1 =6 cM, 1, = 6,3 ¢M, a

uum Bucom h =20 cM € oaHakoBoro. YacToTa o6epTaHHs 30BHILIHLONO LUNIHApPa
=10 ¢'. Jloruuna cuna 8’s3kocti F = 1,80 MH.

2.140. B’si3xicTs azoty 1 npu Temneparypi T =273 K Ta Tucky p = 9-10% Ia
popisaioe 16,8 MxTla-c. OGuHCANTH CepenHio oBXuHy BinbHOro npobiry (/)
MOJIEKYJT a30TY 33 LIMX YMOB.

2.141. B’s3kicTb aprody 3a HopmanbHux ymoe 1) = 21 mk[la-c. BusHaunru:
cepenHio apuPMETHYHY LIBHAKICTD (U) TEMNNOBOrO PyXy aTroMiB rasy; cepeaHio
JOBXKHHY (!) iX BiALHOTO Npo6iry; cepeHIo KiNbKiCTb z 3iTKHEHb ATOMIB Y
1 M 3a 1 c; edeKTHBHHII MONepeuHnii nepepis 3iTKHEHHA O Ta eeKTHBHMUIA
niamerp d aToMa aprosy.

~ 2.142. OGYHCAATH CEPEAHIO NOBXHHY (l) BibLHOTO NMpobiry monekynu
KMCHIO 332 HOpPManbHUX YyMOB, fKWO #Horo koediuiedT audysii D=
=1,9-10" — M%/c 3a THX camux YMOB.

- 2.143. 3a neBHuX yMOB B'a3KicTh ineansHoro rasy n = 5-1072 MMa-c, ryc-
THHA p=2,5-1 03 krim’. Yomy popisHioe ioro koediuieHt audysii D 3a uux
YMOB?

2.144. Koediuienr qudysii D asory, Wo MiCTUTbCA Y chepruuniit konbi pa-
niyca = 30 cM npu Temneparypi T = 300 K, nopismioe 1 M*/c. Uu 3anexuts
KoedillieHT TennonpoBiAHOCTI A ULOro rasy Bijl THCKY Mpu BKa3aHil Temmnepa-
. Typi? Yu 3MiHUTBCH BiANOBIAB, AKLIO pajiyc KoAGH 3MEHLIMTH 10 1, =3 cm?

2.145. Bincraus Mix noasiiisuMu cTinkamu nocyaudu ptoapa [ = 8 mm.
Mpu sikomy THCKy p KoedillieHT TennOMPoOBiAHOCTI A a30TY, MO MICTHTHCS
MiX CTiHKaMM NOCyMHM, MOYHE 3MEHILYBaTHCA Nia Yac BiakavysaHHa? Tem-
‘nepatypa asory 7= 250 K.

2.146. Busnauuti xoe(iuieHT TennonposigHocTi A a30Ty npu TeMneparypi
t=17 °C. 3a skux yMoB A He 3a1eXUTb BiJ THCKY?

2.147. 3a peaxux ymos koediuieHTu fudy3ii Ta AMHAMIYHOT B’ A3KOCTI
a30Ty fopisHIOOTS BiAnorigro 20,9 MM’/c Ta 17,7 mkIla-c. Bupaxysartu
32 UMMM JaHUMH KOHLIEHTPALi0 1 MOJEKYJ a30Ty Tta Horo kKoediuieHT
TeMIONpOBiAHOCTI A.

2.148. Temnepatypa nosiTps B KiMHaTi, po3mipy Ak0i 3 x4 x 2,5 M, A0piB-
Hioe 15 °C, atMocdepnuii THck — 100 kIla. BusnauuTu: rycTury l'!OBITpﬂ pP;
KiILKICTE MOTIB v MONEKY NOBITPA B KiMHAaTI; Macy m MOBIiTPA; KinbKicTs N

MOJIEKyT; cepeaHio Macy my,, OXHIEl MONEKY/H; KifbKICTL MONEKYA n B OAHU-
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HUL 00’eMy; CepeaHIO KBAJApaTU4HY LUBHAKICTb ('Un> MOJIEKYT; Haibinbin

IMOBIPHY WIBHAKICTD T, ; BIAHOCHY KUIBKICTH MOJIEKY N -*A}— I KINLKICTL MOJie-

kyn AN , IBHAKOCTI AKUX NexaTh y mexax 500...505 m/c; kinbkicTb Monekyn
N, i N,, mBuakocTi fkux BignosiaHo Oiabwi Big 500 i menwi 3a 300 m/c;

CEPEOHIO AOBXHHY (I) BifibHOrO Npobiry mMoaexkyn; CepeaHio KiJbKiCTb (z)

3iTKHEHb MOJIEKYNH 32 | C; 3arajlbHy KifbKICTh 3ITKHEHL Z MOIEKYJl MOBITPA B
KiMHaTi Mix coborwo 3a 1 c¢; koediuieHTd camoaudysii D, auHamiuHOl
B’A3KOCTI 1] | TENIONPOBIAHOCTI A.

2.149. Skwnii 3 rasie — BOJIEHb, KMCEHb Y1 BYIIEKMCNI ra3 — € Halikpalum
MPOBIAHHUKOM TENJIOTH?

EmMnipuyHi piBHAHHA ABULY NepeHocy

2.150. Busnaunuti Macy m BOAHIO, sika Oyae nepeHeceHa BHAcHifok audysii
Kpi3b MOBEpXHIO, Niowa Akoi AS= 1 am’, 3a yac At=0,5 XB Npu rpajicHTi

TYCTHHH %xe = 1,18 kr/m’ B HanpsaMi, NEpNeHAMKYAAPHOMY A0 MIOCKOI No-
BEPXHi, AKLIO TeMMepaTypa € HE3MIHHOW i cTaHoBHTb 17 °C, a THCK HOp-
MaJIbHHUH.

2.151. O6uncauTH BTPaTH TENAOTH O B KiMHATI 4epe3 BiKHO APOTArOM
1 rog BHacniIok TENJIONPOBIAHOCTI MOBITPS MiX paMaMH, SIKLILO HNOWA pamMu
BikHa AS =5 M, BiCTaHb MK pamMamu Ax = 8 cm, Temnepatypa B Kimuari 20 °C,
30BHI —10 °C. Temnepatypy noBIiTps mMiX< paMaMH BBaXKaTH TaKolo, L0 A0piB-
HIOE cepeiHbOMY apH(METHUHOMY TEMNEPATYp Y KiMHaTi H 3a BikHOM.

2.152. ¥V nocynuHi {pioapa unnidapuuHoi opmu mictutbes g npu 0 °C,
Pajiyc BHyTpiluHbOTO uAiHApa 5 ¢M, BHCOTa 20 CM, BigCTaHb MiX CTiHKaMH
7 mMm. Temnepatypa noBitps B kimHari 20 °C. ObuncaunTy, sika Maca m JibOay
po3TaHe NpoTaroM | roa BHacKiZOK TENIONpPOBIAHOCTI NOBITPA MiXK CTIHKaMH
nocyanHu Jproapa, BBAKAOUH, L0 THCK MOBITPA MiX CTIHKaMH HE BianoBigac
yMOBaM BaKyymy.

2.153. Mix aBoMa MaacTHHKaMK, po3MiLieHUMH Ha BiacTaHi /=1 mm oaHa
BiJl OAHI€l, MICTUTBLCA NOBITPA 3a HOpMaNbHNX YMOB. Mk mnacTMHkaMu nia-
TPUMYETHCA pISHHuﬂ Temnepatyp AT = 1 'K, naoua noBepxHi KOXHOI nnac-
itk S = 107 M>. Slka KiAbKiCTH TENAOTH () nepenacTsCA BHACNIAOK TEMNO-
NPOBIAHOCTI BiJ OAHIET NAACTUHKY A0 iHwol 3a Af = 10 xB, K0 TEMnepaTypa
teniwoi naactuiku I' =300 K?
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2.154. 30BHILIHA NOBEPXHS LErAAHOI CTIHK 3aBTOBIIKH / = 0,37 M mMa€ Tem-
nepatypy 11 =258 K, a BHy‘TpILIJHH —~H=273 K. anuaqum KiIBKICTb TEMN-
notv AQ, L0 NPOXOAHUTL Kpi3b MOy MOBEPXHI S = 2 M” wiei crinm 3a 106y.
TennonpoBiaHicTk uerau A = 0,7 Br/(m-K).

2.155. Cepuuni nocyarHu (aiOMiHIEBA Ta CBHHUEBA) OJHAKOBHX 30BHILL-
HiX po3MipiB, 30BHiLIHIH paaiyc AkHXx R =5 cM, 3aN0BHEHO raps4oio piliHOIO.
ToBLI¥HA CTIHKH amoMiHieBOT nocyauHu /; = 3 cM. Skoro mae OyTH TOBLUKHA
l, CTIHKHM CBHHUEBOI MOCYAHHH, 100 KiAbKICTb TENNOTH, 1110 HAAXOAUTE LEO-
CeKyHAM 3 KOXHOT MOCYAMHM 10 HABKONHIIHLOTO cepeloBuLla, byna ogHako-
goto? Po3nofin TeMnepatyp BBAXKATH HENEPEPBHUM.

2.156. Jlin Ha piuui, ToBw#HHA Akoro /; = 35 cm, NOKPUTHI WapoM cHiry
3aBTOBLIKY /> = 25 cM. TemnepaTypa HHXKHiX wapiB noBitpa £, =-25°C, a
pepxuix wapiB Boau 0ind apoay = 0 °C. Bu3nauuTu rycTuHy TENnnoBoro
MOTOKY Kpi3b Ui ABa L1apH, AKWO KOeDiLiEHT TENNONpoBiAHOCTI JbOAY A =
= 2,23 B1/(M-K), a chiry A; = 0,85 B1/(M-K).

2.157. OauH KiHeup 3aMi3HONO CTPHXKHA NIATPUMYETbCA NPH TEMMEpaTypi
t; = 100 °C, a iHwuMH — ynupaeThCA B Jiia, Temnepatypa akoro £ = 0 °C. Jlos-
KuHa cTpuwxHa [ = 14 cM, Naowa nonepeyHoro nepepizy S =2 cM’. OBuncn-
“TH KIIBKICTh TEMIOTH (O, 110 NPOXOANHTL 3a OAMHHUILIIO Yacy B3JOBX CTPMIKHA,
Ta MaCy m JIbOAY, AKWil nepeTBopuThca y Boay npu O °C 3a yac T = 40 xB.
BTparaMi TennoTH Kpi3b CTIHKN CTPYDKHSA HEXTYBATH.

2.158. Cranesuii Tpybonpoin aiamerpa 200x 8 mm (30BHiWHIA Aia-
MeTp TPYOM i TOBLIKHHA CTIHKKM) NPOKJIATK HA BIAKPHTOMY NOBITPi, TEMIle-
patypa akoro f; = =17 °C. YcepeanHi Tpyon npOTixae BOJA, Cepe/iHi TEM-
-nepa'rypa akoi f, = 97 °C. KoediuieHT Tennosianaui Big Boan g0 tpybu

= 820 B1/(M*'K). BusHauutn IOCEKYHAHY BTPATy TEMJIOTH prﬁonpo-
Bo,uom AKio oro aoxuHa L = 25 M, a koediuieHT TEI’!J]OBI,[[,[[&'—II Bil
TPYy6u A0 HABKONMUIHLOIO CEpefoBHIlA O, = 9 Br/(M*K). Koediuient
TennonposiaHocti ctani A = 50 Br/(m-K).
- 2.159. Pakera uepe3 meskuit yac nicas 3anycky Habyna lWBHAKOCTI 5 KM/C |
MidHsANacs Haa NOBEpXHEI 3emii HAa Taky BHCOTY, e TeMmepatypa MOBiTps
1=-10 °C. BusHauuty JOTHYHY CHAY, AKa Ji€ Ha OQUHHUIKO NOBEPXHi paKeTH,
BBaXKalouy, 10 Lap NOBITPA, AKHH 3aXONnieThesa pakeroio, Ax = 20 cm, a
Horo ryctuna maneka Bin YMOB BakyyMy i, OTXKE, BUKOHYETbCS BHMOTa Hela-
NexHOCT] KoedillieHTa JUHAMIYHOT B’ A3KOCTI 1) BiA THCKY p.

2.160. Ha skuii KyT MOBEPHETHCA JMCK, MiABIIEHUA HA MpYXHIHA HUTL,
AKINO mij HUM Ha Biacradi L = 1 cM obepraeTscs Takuil caMuid AKCK i3 KyTO-
BOIO LUBHL[KICTEO o = 50 papn/c? Pagiycu auckis R = 10 cwm, Mo,uy.r:b Kpy4eHHs
HuTkn f= 10~ Ilgxdpa.u BBaxkaty, o koediuieHT aAnHamiyHoi B’ A3KOCTi No-
BiTpsin = 1,8-10 IMa-c.
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2.161. O6uucnuti cuny F BHYTPILIHBOTO TEPTH, LIO A€ MiX JBOMA MJIOCKO-
napaiebHUMH LIapaMH a30Ty, skui nepebysa€ 3a HopmanbHHX YMOB. BinHoc-
Ha WBHAKICTb apiB ¥ = | m/c, BiicTanb MidXX HUMK /4 = 0,2 M, NIOLWA KOX-
HOro wapy S = 0,2 M.

AudrepeHuianbHi piBHAHHA ABULL NepeHOCy

2.162. Busectn dopmyny crauioHapHoro posnoainy temnepatypu I(x) y
HeCKiHYeHHIH nnockonapanensHiil onHOpPiAHIHA nnacTHHL, Akwo 1T ToBIMHA /,
a TeMneparypu noBepxous T i T2 NIATPHUMYIOTLCS CTATUMH.

2.163. JIpi nnacTHHKKA — MiZHA Ta 3aJli3Ha — OJIHAKOBOI TOBLUHMHH UliNLHO
MPUNATAOTH OfHA A0 OAHOI. Temneparypa 30BHILLHbLOT MOBEPXHI MiHOT Mia-
crutku 100 °C, 3anizHoi 0 °C. Axowo 6yne remnepatypa T B Micui JOTUKY
MJAaCTHHOK?

2.164. Y naockoMy wiapi iaeaJbHOro ra3dy Ha ABOX MAOLUKMHAX, MEepneHan-
KyMsipHUX A0 oci Ox, BIACTaHb [ MK AKUMH MIATPUMYETHCA CTANO, 3HAYEH-
HA I'YCTHHH P Ta py. BuBectn GopMyny CTallOHapHOTO po3noAiNy rycTHHH
HLOro rasy p(x), sAKHi yCTaHOBAIOETLCA BHACHi 10k Audy3iT B3a0BX oci Ox.

2.165. B ineansHOMYy rasi Ha ABOX NAOLIMHAX, IO PO3MILLYIOTLCS Ha Bijl-
cradi / onHa BiJi OZHOI Ta € NEPNEHANKYASIPHUMH 10 OCi OX, NIATPUMYIOTLCA
ctanumu 3HayeHHs temnepatyp 71 i 7T>. BuBectu ¢opmyny crauionapuoro
po3noainy TemnepaTtypu B LbOMY rasi, KW YCTAHOBAIOETHCA BHACNiJOK
TEMJIONPOBIAHOCTI B3A0BX oci Ox.

2.3. OCHOBW TEPMOOWHAMIKW

[lepinii 3aKkoH TEpMOAKHHAMIKM A1 ENEMEHTAPHOTO NpoLecy
dU =30~ 04, (2.3.1)

ae dU — 3MiHa BHyTpilIHBOT eHeprii cuctemMu; 80 — KiNbKICTh TENAOTH, HAIAHOT CHCTEMI;

34 — poboTa, AKY BUKOHYIOTH 30BHIWIHI CUITH HAll CHCTEMOIO.
TennoemHicTsb Tina
50
= 2.3.2)
dTl ¢
MonspHi TennoeMHOCTI jleanbHOro rasy npu i3oXopHomy Ta isofapHoMy mpouecax
BIAMOBLAHO
i 4.2
Gy =5R Cp=—=k, (233)

Je i — KiTbKICTb CTYNEHiB BIILHOCTI ra3soBUX MONEKY L.
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3p’A30K MDDK MUTOMOKW ¢ | MonapHow C TenNOEMHOCTAMM:
C‘

c=—. 234
= | (2.3.4)

Cnispintiowedns Mk C, i Cy Ans ineansuoro rasy (pisnauns Maiiepa)
C,=Cy+R (2.3.5)

PisusHHA aniabath nas igeansHoro razy (pisuauna Ilyaccona)
1-_7
pVY¥ =const, TV =const, Tp ¥ = const, (2.3.6)
» . Cp i+ 2
ae p — Thek; V — o6’em; y — nokasdnk aniabary, y = = = ==t . T — TeMneparypa rasy.
v

PisHAHHA NOAITPONHK AN IACATLHOIO ra3y
I-n

pV" =const, TV"™' =const, Tp ” = const, (2.3.7)

c-C ) ,
= CP y C — MONSIpHA TENAOEMHICTS a3y Mia vac noxi-
~Cs

Ji€ n — NOKA3HUK NoNITponu, n =

TPOTIHOTO Mpotecy.
EnemeHrapHa 3MiHa BHYTPIUIHBOI EHEPFii MaCH m i€al1bHOro rasy

dU = —C,dT. (2.3.8)
M

:. EnemenrapHa pobota, AKy BUKOHYE TEPMOAHHAMIYHA CHCTEMA MiA Hac 3MiHH iT 06’ eMy
oA = pdV. (2.3.9)

PoBoTa, 110 BUKOHYETLCSH IACANILHHM ra3oM:
a) 8 izo6apHomy npoueci

2
A= [pdV =p(t,-V): (2.3.10)
b

0) B i3oTepmiuHOMY npoueci

A= rrin 2 =" pria L. (2.3.11) -
M v, M p,

B) B aniabaTHOMY NpoIEci

- Y
1 _m _mRRf (YT,
A—T_l(pl sz)—MC(T T)-My_l[l ( ] J (2.3.12)

I) y nonitponsomy npoueci

n=1
W
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Enemenrapna 3Mina eHTponii B 000pOTHOMY NPOLEC

Y
= (2.3.14)
38°830K MIX CTATUCTHUHOO Bargl w Ta EHTpoOmieo S:
S=kinw, (2.3.15)
ne k — crana BoakiMana.
TepmoanKraMiuHi (pyHKIiF:
a) enTansmis
H=U+pV; (2.3.16)
6) sinbia eHepris (eHepria ['ensmronbua)
F=U-TS; (2.3.17)
B) TepMoAMHaMiuHnii NoTeHuian (eHepris I'i66¢ca)
G=H-TS=F+pV=U-TS+pV. (2.3.18)
JIpyruii 3aKOH TepMOAHHAMIKH
dS = 0. (2.3.19)
OcHoBHE PIBHAHHA TCPMOIUHAMIKHA ANS PiBHOBAXHUX NPOUECIB
7dS = dU + pdV. (2.3.20)
Koediuicir KopMcHOT Aif TEM10BOT MAWIMH#K AN KPYTOBOIO NPOLECY
n=i=l—JQ—2|. (2.3.21)
O O

Ae A — pobora. BUKOHAHa HiA Yac 34iHCHEHHA npsMoro obopoTHoro unkny; J, — KibKiCTh
TEMJIOTH, 10 HanaeThes poboyoMy Tifly HarpiBHHKOM; (J, — KIILKICTh TEMJIOTH, 1O nepe-

fina Big pobo4oro Tina A0 X0N0AMNBHMKA,
Koedinienr xopucaoi aii umkay KapHo
T,-T.
Mo = ——=, (23.22)
h
Ae T, —Temneparypa HarpiBHHKa: 7, — TeMNeparypa XoN0AnIbHHKA.
XonoanabHuit koeitieHT X0N0ANNBHOT MAWHHH

g=g.2._=_.gl._' (2.3.23)

4 Q-0
Ae (J; — KifAbKICTh TENAOTH, AKA BIABOAMTLCA BiJ OXONOMKYBAHOIO Tina 3a unkn; 4 — pobo-
T4, BUKOHaHA HaA pobOUMM Tinom 3a uMkn; () — KiAbKICTb TEMNOTH, KA NEPEeAacThCs

HAaBKOMHBIHLOMY CEPEAOBUILY 3a LMK
XonoaunbHuit KoediLieHT iaeankHOro 380poTHOTO LMKy KapHo
Tf
E= __T_Z_;_, (2.3.24)
n-n

ae T,— Temneparypa Tina, IO OXONOMKYEThea; T; — TeMneparypa CEperoBHIIA, SKOMY
nepeaacTbes TennoTa.
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[MpupicT enTponii AS miA Yac piBHOBaXHOrO NEPEXOAy TEPMOAMHAMIYHOF CHCTEMM 3i
crany | y craH 2

2 2 2
50 %dU %pdv
AS=8 -8 =|—= - 2.3.25
2 =9 |J-T j 7 +I e ( )
HepissicTs Knaysiyca
'f’%g-ﬁ 0. (2.3.26)

TennoeMHiCcTL rasis

2.166. O6uucantu monspHi TennoemHocti Cy i C, Ta IXHE BIAHOLIEHHS Y A1
i1eaIbHOro rasy, o MicTHTs N-aToMHI MOJIEKYNH, 3a YMOBH: a) N=1; 6) N = 2;
B)N=3; ) N=4,

B x a3iBk a 3aBaaHHs 6 BHKOHATH OKpEMO i XKOPCTKHX i MpPYyXHHX
3B’13KIB MiJK aTOMaMH, a 3aBJAHHI 6 | 2 — OKPEMO 1A 00’ eMHUX MONEKYT 3 JKOp-
CTKMMH 1 NPY>KHUMH 3B’ s3KaMH MK aTOMaMH.

2.167. BuszHauuTH NHTOMY TENAOEMHICTB C,: a) aprony, 0) napis pryTi,
. B) BOAAHHMX NapiB, I') KHCHIO, A) NapiB ETHAOBOrO CMUPTY — 32 YMOB, KOJH MO-
NIeKYNH 1{MX ra3iB MOXKHA BBOKATH )KOPCTKHMH, a rasy Ta napH — ijeanbHHMH
razamu. ITopiBHATH 3 TAONHUUHIMK NaHKUMH i TOACHUTH PO3OIKHOCTI.

2.168. Ilpu nedkiit TemnepaTypi NUTOMA TENJIOEMHICTL METaHy 3a YMOBH
cranoro Tucky nopiBHioe 2373 Iw/(xr-K). Uu 6yayre 4acTkoBo “"po3mMopo-
KEeHUMHU” KONMBANLHI CTYMeHi BIILHOCTI MONEKYNn MeTaHy NpH uid Temnepa-
TYpi, AKLLO METaH BBAKATH iIEaNbHUM ra3om?

2.169. PizHuus NUTOMUX TENMNOEMHOCTEH AN AEAKOTO rasy ¢, — Cy =
=189 Jx/(xr- K). Buznauutn, sikuii ue ras.

2.170. BuzHauuTH MUTOMI TEMIIOEMHOCTI Cp | Cy NEAKOTO rasy, KOJIH Bij0O-
MO, 10 HOro ryctiHa 3a HOPMAIBHAX YMOB p = 1,43 KI/M, 2 BiAHOLIEHHS
MOJIIpHUX TenoemHocTel aopisHioe 1,4. Sknii ne ras?

2.171. O6uucnutyn BigHomwenns y=C), /Cy pns cymimi 2 MONiB renito i

3 moniB asory.

2.172. BigHouweHHd MOAAPHUX TEMIOEMHOCTeH cymiwi ra3is y = 1,38.
Busnauutu macy m, azory B cymiwi, koau Bigomo, 1o A0 ii ckiany BXo-
AuTe 8 r MeTaHy. Monekynu rasiB BBaXaTH XOPCTKHMH.

2.173. TloBiTpa MOXHa BBAKATH cywmmro 76 % asory, 23 % kucHio Ta 1 %
aprody. Bu3Hauui nuTomi TEMIOEMHOCTI ¢p, | €y MOBITpsI TA IXHE BiAHOLUEHHS Y.

2.174. 3miwasium OOMH MONB aproxy, B3sToro npu Temneparypi 100 °C, 3
OAHMM MOneM HeBiZioMOro rasy, B3sToro npu remnepatypi 30 °C, ogepxaiu
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Py CyMmill, Temnepatypa sikoi ctaHoBunia 55 °C. Hu
— MOXYTh MOJNEKYNM HeBiaomoro rasy Oyrtu
7 OAHOATOMHUMH?

s 2.175. BU3HAUNUTH MOASPHY TEMIOEMHICTD
e C 6araToaTOMHOro ra3y B MONITPOMHOMY
npoueci. [lokasHuk nonirponun n = 1,65. 3a
AKMX 3HaueHb MOKa3HWKA MOJITPONH TEMno-
eMHicTB raszy 6yae Bia’€eMHoOO?

2.176. BctaHoBHTH CTYNiHb AUcouiauil o KMCHIO, SKLIO 151 HbOTO BiAHO-
weuHs C,/Cy= 1,49,

2.177. Y nonitponHoMy npoueci 00’eM a30Ty 30inblIMBCA B 00 =3 pasu,
a TUCK 3MeHLKBCA B B = 6 pasiB. BusHayurn monsphy Tennoemuicts C asory
B LbOMY TIpOLIECi.

2.178. OauH Monb igeanbHOr0 OJAHOATOMHOIrO raszy nocinigoHo Gepe
yyacTb y ABOX nmpouecax: /-2 ta 2-3 (puc. 2.12). Y nepwomy 3 uux npo-
LeciB THCK p nponopuiiiHuii Temnepatypi 7, y ApyroMy — p nponopuiiHui

o
~Y

Puc. 2.12

JT . Buskauuru MONsSpHY TennoeMHicTh C rasy B KOXKHOMY 3 HHX Npo-
LEecCiB.
2.179. O64HCANTH 33 KIaCHYHOIO TEOPIEID NMUTOMY TETMIOEMHICTb NpH CTa-

oMy THCKY ¢, rasy, sikiit MicTutb 20 % remnito, 30 % Boatio, 50 % metay.

3acTOCYBaHHA NepLlUOro 3aKOHY TepMOgUHAMIKMK
[0 izonpoueciB ineanbHux rasis

2.180. Jisoxaromumnii ras, Maca sKoro m = 1 kr, nepeﬁyaae i THCKOM p =
= 80 kl1a, fioro rycTnHa p =4 kr/M". Bustaunti BHYTPIILHIO eHepriio U rasy.

2.181. V wineHO 3akpuTiii NOCYAHHI Mif NOpiIHEM MIiCTUTbCA m; = 66 r
BYTJIEKHCIIOrO rasy i my = 28 r a3oTy B CTadi, KOJH IXHI MOJIEKYAH MOXHA
BBaXKaTu »opcTkuMH. CymMiw rasiB oxonomkyerbesa Ha AT = 20 K 6e3 3miun
06’eMy. BusHaunT 3midy BHYTpiwHBO1 eHeprii AU cymiwi rasis.

2.182, CraH iileanbHOro rasy 3MiHIOETLCA 32 3akOHOM p = V. BusHua-

YUTH poOOTY A, BUKOHAHYy OAHHMM MOJIeM rasy, AKui0 TeMmneparypa mif-
BUiRMIAach Ha AT .

2.183. Obuncnutn MOnspHy TennoemHicTs C ifeanbHOro rasy s npote-
Cy, B AIKOMY THCK NpsAMO fiponiopuifHuii iforo 06’eMoBi. BBaxxary, o Bka3aHa
TETUIOEMHICTb HE 3aIEXKHTH Bil TEMNEPaTypH.

2.184. HarpiBaerscsl 4i 0X0N0DKYETbCA iAeanbHMit ras, AKulo BiH po3uIn-
PIOETLCS 34 3aKOHOM sz = const? Aka oro MOnsApHA TEMNOEMHICTb Y LUbOMY

v
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npoueci? BianoicTi Ha Ti cami 3anMTaHKSA 33 YMOBH, L0 a3 PO3LUHPIOETLCA
33 3aKOHOM sz = const.

2.185. IloBitpsi, Maca gxoro m = 116 r, CTHCKaOTh Tak, WO Horo 06’em
aMIHIOEThCA nponopuifiHo TuckoBi (puc. 2.13). Ilpu upOMY THCK 3pOCTAE Bij
200 no 400 xI1a. BuzHauutu koedilieHT nponopuiiHocTi 3MiHKH 06’ eMy 3a-
NeXHO BiJ THCKY, AKIIO mia 4yac npouecy ras oacpxae 80 xlx rennorn. O6-
- yucanTh TeMnepatypy 7 B noyaTkoBii [ i KiHueBil 2 TOUKax mpotecy.

2.186. OnHoatoMHHMHA iaeabHRR ra3 nepeXoduTb 31 cTaHy / y cTad 2
(puc. 2.14). OGuMCAUTH KiNBKICTb TENAOTH O, 1O HAJAETHCH ra3oBi.

2.187. Bu3zHaunuTH NHUTOMY TEMAOEMHICTL ¢, MOBITPS B MpoOLECi, MpH KO-

My TEMIiepaTypa rasy 3MiHIOEThCA 3a 3akoHom: a) T=oV"; 6) T =VB_" 3a
ymoBu 1= 10.

2.188. TlocyauHa po3zinesa neperopoakoio Ha aBi dactudu. OfHa 3 HHX
Mae 06’em Vi HaNOBHEHa poO3PiAXKEHNM rasoMm. iHIIa — NOpoXKHA. AKIO BuHHS-
TH NEPETOPOIKY, TO ra3 nepeise B piBHOBaXHHA cTaH. UM 3MIHUTHCS MPH LUbO-
MY BHYTpiluHsi eHepris rasy? [TopiBHATH CepeiHiO eHeprilo MosicKyn rasy Ta ix
CepelHIO WIBHUAKICTD A0 i nicns BUHMaHHA MEPEropoaKH, a TakoX THCK rasy Ha
CTIHKH MOCYANUHH.

2.189. YV BepTHKanbHO PO3MilLEHOMY LIMAIHAPI NiJ NOPUIHEM MiCTHTLCS
m = 160 r xucHio. [lng nigpuiieHHs TeMnepatypu kucHio Ha T = 20 K npu
CTaNoMy THUCKY oMy 6yno HamaHo KinbkicTs Termiotd O = 2,91 k/x. Busna-

"YMTH NMHTOMY TETUIOEMHICTB €, KHCHIO B LIbOMY NpoLEci; poboTy 4, AKYy BHKO-
HYE ra3 nig yac po3LupeHHs, Ta 3MiHy fioro BHyTpillHbOI eHeprii AU .
~ 2.190. Asor, maca sikoro m = 0,1 kr, OyB iz06apHo HarpiTuit Big T} = 200 K no
I =400 K. Busnayuty po6oty A, BAKOHaHy ra3oM, OTpuMany HuMm Terory O a
IMiHy BHyTpilHBoT eneprii asoty AU.

‘;ck-._...

|

i
| |
- 4.

e
<

Pnc. 2.13 Puc. 2.14
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2.191. O6uncauTH KibKicTb TennoTH O, noTpibHOT AN HarpiBaHHs No-
BiTps Ha AT = 30 K npu cTanoMy THCKY, AK1I0 NoyarkoBuii 06’em V' = 50 M3._,
a Temnepatypa T Ta TUCK Pg BIANOBIAAOTh HOPMAJIbHHM YyMOBaM.

2.192. AGconoTHa TeMmneparypa a3oTy, AKAH MpH HOPMaJbHOMY aTMO-
cdepHoMy THCKY 3aiimaB 00’em V' = 0,1 M, BHAC/ 0K i306apHOro Po3LIApeH-
Hs 36inblunacey y n = 3 pasu. Aky Macy m 6exsuHy Oyno cnaneHo, skio Ha
HarpiBavHa azoty niwno n = 40 % TenaoTH, WO BAAINKAACK MiA Yac cnamo-
BaHHs Oen3uny? TennorBopHa 3aTHICTE GeH3nHy g = 46 MJDx/kr.

2.193. Kucenn, maca sikoro 80 r, i3o6apHo Harpisaioth Bia 15 no 115 °C.
BusHauntu poboty A, BHKOHaHY rasoM, 3MiHy BHYTpilHbOi eHeprii AU Ta
KifbKIiCTb MigBeaeHol TennoTn Q.

2.194. Asor, maca skoro 28 r, MICTUTLCS B LHUIIHAPI NiA HEBArOMHM pYy-
XOMHM nopuiHem i 3aiimae 06’em ¥y npu TucKy p; Ta Temneparypi £ = 27 °C.
[loTiM ra3 BHACAIAOK HAarpiBaHHs MOBINLHO PO3LIMPIOETLCA MPU  p; = CONSt
10 06’emy V5 Ta HarpiBacTeCs 00 Temnepatypu 7. Jing HarpipaHHs rasy Bu-
tpayaetbes Q@ = 10 klDx rennorn. O6uncauTi poboty 4 posumMpeHHs ra3sy,
3MiHy Hioro BHyTpilHboi eneprii AU, Temnepatypy 1> Ta BitHOWEHHs Vol V).

2.195. I1in yac 1306apHOro po3LIKMpPeHHs IAEATbHOr0 ra3y HoMy HamaeTbes
KinbkicTe Termmoty Q. fAka yacTuHa uiel TenJaoTH #ae Ha 30iNbLIEHHS BHYT-
piliHBOT eHeprii i Aka Ha pobOoTYy HOro po3LUMPEHHSA 3a YMOBH, IO ras: a) OXHO-
aTOMHHI; B) NBOXaTOMHHH 3 XKOPCTKHUMHU MONEKy1aMH; B) DaraTroatoMHUA
3 JKOPCTKUMH 00’ €EMHUMHU MOJIeKyaMu?

2.196. IuepTHuil ras y nocynuHi MictkicTio V= 1 M° nipn Tcky p = 10°Tla
otpumye tennoty O = 30 k[x. Axum Byae BiaHocHe 30iNbLIEHHS TeMIepaTypH
AT/T raszy?

2.197. BHacnigok i30TepMi4HOro po3LIKHPEHHs a30Ty npu Temneparypi 7 =
= 280 K #ioro 06’em 30insunBes BABIYI. Bu3HauuTi po6oTy A, BAKOHaHY Mia
yac pO3LIMPEHHs rasy, 3MiHy BHYTPILWIHLOI eHeprii AU Ta KUIbKICTb TENNOTH
0, onepkaHoi razom. Maca azory m = 0,2 kr.

2.198. V ckinbku pa3iB n 36ins1MBCs 06°€eM BOAHIO MiA Yac i30TEPMiuHOrO
po3LIKMpeHHs, sKio Opy 1poMy ra3 orpumas tennoty O = 800 J[x? Temnepa-
Typa BoaHio T = 300 K, kinbkicTe peuoBuHu v = 0,4 Mons.

2.199. BuzHauuty KifbKicTs TENAOTH O, W0 BRALIAETLCSA Nij 4Yac izorep-
MI4YHOrO CTUCHEHHS m = 7 T a30TYy, AKLLO NMPU UbOMY THCK a3y NiABHILYETbCA
y n = 50 pasi. YoMy nopiBHioBaTUME poboTa A, WO BHKOHYETLCH B LIBOMY
npoueci? Temneparypa rasy 7= 300 K.

2.200. Knceus 3aiimae 06’em ¥; = 100 1 i nepebyBae nia THCKOM p; =
= 200 xIla. ITin yac HarpiBaHHs ra3 poO3LIKUPHUBCA MPH CTANOMY THCKY A0
06’emy ¥, = 300 n, a moTim Horo THck 3pic 1o p; = 500 klla npn cranomy

88



06’emi. ODUHCINTH 3MiHY BHYTPIlIHBLOI eHeprii ra3zy AU, BUKOHaHY ra3om
poboTy 4 Ta TenaoTy 0, sky onepxas ras. [lobynyBatu rpadik npouecy.

2.201. I1pn varpipauHi 6anoHa, ne MicTUTLCS 1 K HeBIiAOMOro rasy, Ha
1 K npu cTanomy o6’eMi Butpayacrsbea 700,8 Ik TennoTy, a npu cranomy
tuacky — 959,8 JDx. BeraHoBuTh, xknit ue rasz?

2.202. Byrnekucanii ras, maca skoro m = 88 r, Mictutbea B 00°emi V) =
= 10 1 nig TMckoM p; = 506,5 kIla. Moro cnoyarky i30XopHo Harpinu, a no-
TiM i306apHO cTHCHYAH 10 00’emy V3 = 5 n, BukonaBwn poboty 4 = 16,8 kJDx.
BuzHauuTH pi3HELIO TeMnepatyp AT y noyaTkOBOMY i KiHUEBOMY CTaHaXx.

2.203. JIBoxaToMHu# ra3 mac nouatkoBuit 06’em V), = 50 n i ek p; =
= (0,3 MIlla. I'a3 HarpiBaiOTH i30XOPHO A0 THCKY p; = 2 p), NiChd 4Oro i30-
TEPMiIUYHO PO3IUHPIOIOTL A0 MOYATKOBOTO THCKY, a MOTIM OXONOKYIOTb,
AOBOAAYHM N0 NOUYATKOBOro 06’ eMy. O0UHCAHTH B KOXKHOMY npoueci pobo-
Ty A, BUKOHaHy ra3oM, 3MiHy WOro BHyTpilHbOi eHeprii AU Ta KinbKicTh
TermioTH , 01epkKaHOi razom.

ApiabaTtHun | NONITPONHKIA NpouecH

2.204. OaHoaroMHuit | ABOXaTOMHHMI rasm 3aiiMaloTb OJHAKOBI MOYATKOBI
o6’emn ¥ npu 0HaKOBMX NOYAaTKOBHUX THCKaXxX pg i Temnepatypax 7Tp. ['asu
aniabaTHO CTHCKAIOTHCS JIO MOJIOBUHM NO4aTKOBOro 00’ emMy. BusHauntu KiH-
LEeBHH THCK KOXXHOIO rasy nopiBHAHO 3 NOYaTKOBUM. BCTaHOBUTH BiJHOLLEH-
Hi pobiT, BUKOHAHHX BHACHIAOK CTHCHEHDL ras3iB.

2.205. Bu3HauuTH 3MiHY BHYTpiwiHb0i eHeprii AU iaeansHOro oaHOAaToOM-
HOro rasy nija 4ac #oro agiabatHoro poswnpenHs Bia 06’emy Vg = 10 n, sxui
BiH MaB Mp¥ HOPMANLHOMY THCKY, 10 06’emy V) = 320 n.

2.206. CepeaHs KiHETHYHA €HEPTis MONEKYN BOAHIO, KK pO3ryisaacTbes
AK imeansHuil ras, 30inbwnaacs y 3 pasu. Sk 3MiHHTbCA Horo 06’eM, sKmio
Mpouec npoxoauBs aaiabaTHo?

2.207. KuceHs, Maca sixkoro 16 r, nouarkosuii Tuck 150 kI1a i remneparypa
27 °C, apjabatno cTuckaioTs f0 1/10 itoro nouatkoBoro 06’emy. OGunCIHTH
KiHueBmit THCK p i temneparypy T ra3y, poOOTy A, BUKOHAaHy Haj rasom, ta
NpupicT BHYTpilHEOT eHeprii AU .

2.208. Bhacninok aaiabaTHoro poswinpeHHs 00’eM rasy 306inbLIYETbCA Y
2 pasu, a TepMoaMHamiuHa Temnepatypa 3HuxyeTecs B 1,32 pasza. Ckinbku
CTynediB BiILHOCTI i MAIOTE MONIEKYJIH LBOTO rasy?

2.209. Jisa pi3HuX ra3u, OAHOATOMHRMIH i ABOXaTOMHMH, MAIOTE OJHAKOB
00’emu it Temnepatypu. [asu cTickatoTs agiabaTHo Tak, 1O iXHi 06°€MH 3MeEH-
WyloTees y 2 pasu. Skuil 3 rasip Harpierses Ginblie Ta y cKinbku pasis?
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2.210. Yomy nia 4yac BiaKpUBaHHS MARLIKY 3 ra3oBaHoro Boaowo Oias 1i no-
BEpPXHi 3’ ABAAETHCA XMAPHHKA TyMaHy?

2.211. TpvoxaToMHMU# ras, LU0 CKA3AAETLCA 3 KOPCTKUX 00’ eMHUX Morne-
kya, nepedysae npu Temneparypi £; = 200 °C. Cnouatky ras i30Tepmi4yHO
CTUCKAIOTH TaK, 110 ioro 06’em 3MeHILYETbCA B 3 pa3u, a noTiM ra3 aaiabatHo
PO3LIMPIOETHCA 0 MO4ATKOBOro THcky. O6uucautu Temnepatypy I3 rasy
nicas agiabaTHoro posuperHs. 306pa3uTy npolec B KoopauHarax p, V.

2.212. Jlesky Macy OHOATOMHOIO iA€anbLHOro rady CTUCKalOThL CAOYATKY
i30TepMi¥HO, a noTiM ajiabaTHo Tak, o B 000X BUnaakax HoOro KiHueBui
THCK CcTa€ B 5 pa3iB OinbluMm Bia noyarkosoro. [oyatkoBu# Tuck i Temnepa-
Typa ra3sy B 060X BUNaakax € oAHaKoBMMU. BcTaHoBuTH BigHOWEHHs pobiT,
AKI BUKOHY!OTBCSA MiJl 4aC CTUCHEHHSA rasy B LMX npouecax.

2.213. BHacaigok po3liMpeHHs iiealbHOro ABOXaroMHOro rasy Horo THCK
3MEHLUYETLCA B 3 pazu. OOUMCAMTH, Y CKiNbKH pa3iB 3MEHIUYETbCA CepeaHs
KBaJipaTH4Ha LUBUAKICTE (v“) MONeKyn rasy ii 36inbly€eThes iXHA cepenHs
OOBXUHA (!) BiJILHOTO NnpoBGiry, AKLIO po3luMpeHHs rasy Biadysanocs: a) i3o-
TepMmiuHO; O) aniabatHo.

2.214. Buacnigok afiabaTHOro CTUCHEHHS TUCK NOBITpA Oyno 306inblueHo
Big p; = 50 kI1a npo p' = 0,5 MIla. Ilotim npu He3MiHHOMY 06’€Mi Temnepa-
Typy noBiTps Oyn0 3MeHweHO A0 nMo4aTkoBoi. BuzxHauuTu THCK p; rasy
HanpuKiHil apouecy.

2.215. BHacaiaoKk moniTpOnHOro CTUCHEHHs OD’€M MOBITPA 3MIHIOETHCA
BiZ 12 10 3 M, a Tuck — i 100 a0 600 kT1a. BUsHayuTy NOKasHMK NOAITPONH
n i poboTy 4, BUKOHaHY MiJl 4ac CTUCHEHHS MOBITPA.

2.216. Byrnexucnuid ra3, Maca skoro m = 88 r, po3lumpioiourcs noaiTpor-
HO (nokasHvk noaitponu n = 1,4), 3MiHIOE CBOW TeMnepatypy Ha AT = 3 K.
O0uucnUTY MOAAPHY TennoemHicTs C rasy, KinbkiCTe TennoTu Q, kol HabyB
raz, Ta pofoTy 4, BAKOHaHY ra3oM nij 4ac po3LUMpeHHS.

2.217. JIsoxatoMHuii ineansuuid ras npu Tucky p; = 10 kIa 3aiimae 06’em
V= 4 oM. Tlicas noniTponHoro pO3LUMpPeHHs 3a NiHiiHUM 3aKOHOM 06’eM
rasy ctas V; = 8 am’. BU3HAYMTY NOKA3HUK NONITPONH n, MONAPHY TEMIOEM-
Hicte C rasy nin 4ac ULOro NpoLecy, 3MiHy BHYTpillHLOI exeprii AU , pobory
A, Ky BUKOHYE Ta3 nia 4ac po3LWMpEHHS, Ta KifbKICTL Terotu Q, wo Oyna
HaJaHa rasosi.

2.218. 3a akux 3HaYCHb NOKA3HWKA NOAITPONU 1 NONITPONHE PO3LLMPEHHS
iIeallbHOro razy CynpoBOKYETLCS: a) MOMJMHAHHAM TENJIOTH | HarpiBaHHAM
rasy; 0) NOrnMHAHHAM TENNOTH | OXONOMKEHHAM ra3y; B) BUAIICHHAM TEMIOTH?
3aBasKu AKiH eHeprii ra3 y 1ibOMy BUNAaAKY BUKOHYE poboTy?
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2.219. [loxka3Huk nonitponu n=———>-—. JAKHUM I130MpolecaM BIANOBIAA-
—Ly

10Tb 3HaueHHs C=0, C > o, C=C) | C=C‘p? SIki 3HaueHHa » BiAnosi-

JAI0Th 1{MM Mpouecam?

2.220. OOyucnut poboty 4 oaHOro Mo ifeanbHOro rasy B mojairpon-
HOMY mpouieci mia 4ac 3MiHu 06’emy Bia V; ao V, ta onepxartu 3 uboro pe-
3ynbTaty BUpas Ans pobotu rasy B i3otepMmiuHoMmy, i3obapuomy Ta aniabar-
HOMY fpolecax.
~ 2.221. Haxpecautu HabawxeHi rpadiku i3obapHoro, i3oxopHoro, i3otep-
Mi4HOro i agiabatHoro npouecis s ineansHoOro raszy Ha aiarpamax: a) p, V;
O)p, T,8) V,T.

- 2.222. Konu igeanbHuil ra3 3a oqHakoBoro 36inbleHHs 00’eMy BUKOHYE
Ginbiuy po6oTy: npu i3oGapHoMy, i30TepMiuHOMY uu agiabaTHoMy npouecax?

2.223. Ha piarpami p, V (puc. 2.15) 300paxkeno rpadiku izonpouecis: i3o-
-XopHoro 1, i3obapHoro 2, i3oTepMiuHoro 3, agiabarsoro 4 i nOAITpONHoro 3.
Ak 3MIHIOETBCA BHYTPILUHS eHepris ifealbHOro rasy i yac nepediry KOKHOro
3 IMX npouecis?

2.224. Mobynysat ans ineansnoro rasy Haéamxkeni rpadiku isobaptoro,
-30xopHoro, isoTepMmiunoro i agiabarsoro npouecis Ha giarpamax U, T; U, V;
U, p.

' 2.228. Ha puc. 2.16 306paxceno npouec nepexoay iaeanbHoro rasy 3i cra-
Hy 1y ctau 2. Busznaunty Ha rpadiky AiNsHKY npolecy, ae TeMnepaTypa rasy
3pocTtae (cnanae).

2.226. 3a rpagikom 3anexuocti o6’emy Bin Temnepatypu (puc. 2.17)
BCTaHOBUTH XapaKTep 3MiHU THCKY rasy nia uac Horo HarpiBaHHs.

2.227. Habypae uu Bimnae TennoTy ileanbHuit ras y uukni, o 306pae-
HUH Ha puc. 2.18?
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2.228. Habysae uu Bigaae TennoTy iaeanbHUit ras y npoieci, wo 306pa-
xeHull Ha puc. 2.19?

2.229. Habysae yu BigAae TenioTty igeanbHuil ra3z y npoueci, uo 3o06pa-
eHuil Ha puc. 2.20?

2.230. Habysae uu Bigaae TenioTy ineansHuii ra3 y npoieci, 1o 306pa-
XeHul Ha puc. 2.217

2.231. Ha0yBa€ um BifAae TenAoTy ifeanbHuidl ras y npoueci, wo 300pa-
XeHu# Ha puc. 2.227

2.232. Habysae um Bianae TennoTy iaeanbHuii ra3 y UMK, WO 300pakeHui
Ha puc. 2.237

Opyruit 3akoH TepmoauHamiku. Liukniuxi npouecwu.
Liuxkn KapHo. Tennosi i xonoAunbHi MalunHu

2.233. ObOumcanutu poboTy A4, AKY BUKOHYIOTb 6 r BOAHIO B LIMKNi, LIO
CKNaJacThCa 3 i30Xopu /—2 Ta ABOX AINSHOK NiHIAHOT 3aneXHOCTI TUCKY Bill
00’emy 2-3 i 3—1 (puc. 2.24). Temneparypa crady / craHosutb 0 °C, a Tem-
nepatypu crauis 2 i 3 € onHakoBumH i aopisuioote 100 °C. Touxu 7 i 3
Aexarp Ha NpAMill, NPOJOBXKEHHS AKOI NPOXOAUTL HEPE3 NOUATOK KOOPAUHAT.

2.234. Han nositpaM, Maca skoro m = 58 r, 3a1iCHEHO UMKN, AKuiH ckna-
JIa€ThCA 3 ABOX i300ap i aBox izoxop (puc. 2.25). TeMnepaTypa rasy B ctaHi /
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T1 =293 K, a B craui 3 Temneparypa T3 = 353 K. Touku 2 i 4 nexatb Ha OAHiH

pMi. BusHauuTu poboTy A, sika BUKOHYETLCS 33 LIUKIL.
2.235. TleBHa maca a30Ty 3AiMCHIOE 3aMKHeHUH UMK, 300paxenuii y koopau-
warax V, T na puc. 2.26. HalimeHwuuii Tvck rasy B usomy npoteci 350 l1a, 'remne—
parypa rasy s craui / 7) =320 K, 06’em V; = 5 aM°, a B cTaui 2 06’em V5 = 10 oM.

00pa3uTH LMKN Y KoopaHHaTax p, V. BusHauutn macy m rasy, THCK p3 Y CTaHi 3,
THOBHY po0OoTY A rasy 3a OAMH LMK, KibKiCTh TennaoTu O, HajaHol ra3oei Ta Biase-
fieHoi B HBOIO, 3MiHY BHYTPiLIHEO! exeprii AU Ha KOXHiMH 3 AiNSHOK LMKIY.
> 2.236. Han ineanbHUM ra3zom BUKOHYETHCS 3aMKHeHMH uukn /—2-3—4-]
I;pnc. 2.27). Ha pinauni uukny 3—4—7 Bia cMCTeMMU BiIBOAMTLCA KiIbKIiCThb Te-
Motu Q, . SAxa KinbKicTb TennoTy Q) HANAETHCS CUCTEMi HA AINAHUI LUMKIY
1-2_39

- 2.237. 300pasuTu UK, WO BinbyBaeThCs 3 ineanbHUM rasom, sikuMi ckia-
AJETBCA 3 i30X0pH, i30TEpMMU Ta i3006apu Ha piarpamax p, Vi p, T. V, T.

2.238. sIxi 3 npouecis uukny, 306paxkeHoro Ha puc. 2.28, BinOysanucs 3

TOTHHaHHSM TEMAOTH, 2 AKi — 3 TeNoBiANave0?

~ 2.239. Buacnifok isotepMiunoro posmupents B uukni Kapto ras ofepxas
Bil narpisuuka 150 k[P TennotH. Bustauntu po6oty A i3oTepMiuHoro cruc-
HeHKA poro rasy, xoiu Bigomo, mo KKJI nukny n = 0,4.

"
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2.240. Konu KKJI unkny KapHo 36inbluMTbCS MOMITHILIE: MiJ 4ac MmiaBu-
LIeHHA TeMnepaTypu HarpiBHuka Ha AT uM y pasi 3HUXKEHHS TEMIeparypu
XOAOAUNBHUKA HA TE caMe 3HAUYCHHSA?

2.241. Jlosectu, 110 LMKA i3 ABOX i30Dap npu TUCKAX p; | pr Ta NBOX i30TEPM
npu temneparypax 7 i 75 (puc. 2.29) mae KK]I, mextuuii Bia KKJI uukny Kapto.

2.242. Po6ouuM TiIOM 3aMKHEHOro uMiity KapHo, 1o cknanaetbCa 3 ABOX

i30x0p i ABOX i300ap (puc. 2.30), € incanbHuil TpbOXaTOMHUIA ras. Monekynu

razy — xopcTki (06’eMHi) cHctemu. BiaHoweHHs mcxia% = 2.5, a BigHo-

wieHHs ob’eMiB YI/—:’"— =4, Buznauutu KKJI 1 umxny.
!

2.243. Tennosa mamMHa, Lo npauoe 3a uuiom KapHo, 3a onuH UMk Bu-
koHye poboty 4 = 28,05 xJDx. Buznauutu KK 1 uMkny, KiabKicTh TENA0TH
O ta O,, BIANOBIAHO OJepXaHo! BiJ HArpiBHUKA i NepeaaHol XonoauIbHUKY
33 OUH LMKJ, SKWO TeMmnepatypa HarpiBHuka f; = 150 °C, xonoaunbHHKA
t, =10 °C.

2.244. KoediuieHT kopucHOl Ail ineanbHOl TennoBoi mMawubu 11 = 25 %.
Axum 6yne xonoannbHUK KoedillieHT € Liel MAUUHK, SKILO 3MYCUTH ii fpa-
UIOBATH 3a 3BOPOTHUM 1IMKNAOM KapHO fK XONOAMNLHY MaluuHy?

2.245. Temneparypa X0A0AUILHOI KaMEPH iAeaNbHOl XONOAHILHOT MALLUMHH
t, =—8 °C. 32 oAMH LMK BiJ XONOAWILHOI KaMepy BIABOAMUTLCH KiNIbKICTD
tensotd Q% = 20 kJDx i nepenacTsCs HaABKOAUIUHBOMY CEPEAOBHULIY, TEMME-
patypa skoro f =20 °C. Bu3HayuTu: XoN0AWIbHUI KOEDILIEHT € MALLUUHY,
KifbkicTh Tennotd Q';, w0 NepefacTbCs HaBKOMUILHBOMY CepefoBUlLY 33
OJMH UMKI; MOTYXHICTL P, Ky CMOXMBAE XONOAUIbHA MALUKHA, AKLLO LMK
MPONOBXKYETHCA NpOTAroM T= 1,2 C.

2.246. [peanpHa Xxon0AMAbHA MAlIMHA Mae ABa pe3epByapu: OAUH — 3 BO-
1010, Temneparypa kol , = 0 °C, 110 BUKOPUCTOBYETBCA AK XONOAUNBHUK, a
IHLUMHA — 3 KUMASHOIO BOAOIKD, 1110 BUKOPHCTOBYETLCA AK HarpiBuuk. ATMocdep-
HUll TUCK HOpManbHuUid. SKy po6oTy 4 noTpibHo BUkoHaTH, WO y XONOAMINb-
HUKY NMEpPEeTBOPUTH B ia m; = 1 Kkr Boau? Aka Maca m BOAM B HarpiBHUKY
NEepeTBOPUTHLCSA NPH LIbOMY Ha napy?

2.247. Axa xineKicTe Tennotu Q'; BUAINKTLCA B KiMHATI 3a 800y Bia no-
MalHBOrO XOJOAMIbHMKA NMoTykHicTIo 150 BT, sKkmo Horo xonoaunbHuil
koediuieHT € = 87

2.248. Hax 10 r BoaHo 3AIHCHIOETECA LMK, 300paxkeruil Ha puc. 2.31. Ha

2
AiNAHW MKy /-2 TMCK 3MIHIOETBCA 3a 3akoHoM p=oal3. Bigomo, uid
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n= 100 xla, p, =250 kI1a, T, =273 K, T, = P L
= 1000 K. Busxauutu pobory 4 ta KKI 1 uukny. %
2.249. Y XIX cr. adrnificbkuit @i3uk ;
y. TOMCOH 3anponoHyBas i€l Tak 3BaHOro 1
AHHAMIYHOTO OfaneHH. [1iy, B aki#l cnankoOThL |
naluBO, € HAarpiBHMKOM TEMJIOBOI MalMHM, a A7 '
XOJOAMNBHUKOM 1) HEl € BOAA OnantoBalibHOT i i_»
cucremu. BHacninok pobotu tennoBoi Mawumuu g T
NPUBOAMTLCA B A0 XONOAM/IBHA MaluMHA, ANs
KO OnajioBajbHa CHMCTEMA € HarpiBHUKOM, a
XONOAUNBHUM pe3epByapoM, BiA AKoro Bindbu-
pacTbCa TEMJOTa, € rpyHTOBa BOAa. BeaxatouH, o 06M/ABI MalIMHY Npallto-
I0TH 3a ineanbHuM uMkaoM KapHo, i HexXTyiouu BTpaTaMH, BU3HAYUTH, CKillb-
KM TennoTH Habyae Boaa onamoBalbHOI CHCTEMU NPHU cnamosaHHi m = 10 kr
topdy (nuToma tennora sropaxus g = 14,64 MIx/kr). Jladi npo Temnepary-
pYy BiAMOBIIHUX pe3epByapiB B3STH 31 CXEMH AMHAMi4HOro onaieHHs Tomco-
- Ha, 300paxkeHOol Ha puc. 2.32. Y cKiibky pasiB n onanioBajibHa cucTeMa Haby-
Ba€ TensoTv Ginblue, HiK BUAINAETbCA 1T Npu Oe3nocepeaHbOMY 3ropsHHi
nanusa? -
- 2.250. Y xoopauHarax p, V rpadik uMKNi4HOro npoilecy 3 ineanbHum
rasoM — Lie npsMi, Lo 3’ennyroTh Touku A (100; 2), B (300; 2) i C (300; 5), ne p —~
THeK, K[1a; V — 06’em, am” (puc. 2.33). Busxauutu poboty 4 rasy 3a umkn.
- 2.251. 3 onHOATOMHMM ifeanbHUM ra3oM BUKOHYHOTb Ba LMKATYHUX NpPO-
uecu: /-2-3—4-] i 5-6-3-7-5 (puc. 2.34). BusHauuty BigHOWEHHs Koedilli-

€HTIB KOpUCHOT AiT -'—li— LIMX NpOLECiB.
F 2

- 7 2.252. I3 ByrneKkMciMM rasoM, maca fkoro m = 0,28 kr, BinGyBaeTbcs
HEKNiYnuMii npouec, 300paxenuit Ha puc. 2.35. SIky poOOTY BUKOHYE ra3 3a
OANH KK, SKWO Ha AINAHUI 2-3 00’em 30inbluyeETHCA ¥ 3 pa3u, a TeEM-

Niepatypu crauie / i 2 BianosigHo #; = 27 °C i 1, = 217 °C? Ha axux

Puc. 2.31

i QI Tennoea Qz
a B MaLLUHE P
3 Bopa
onaniosaneHoTl
’ CUCTEMM
Ppynrosasoga | O 9

Xon a =i
t=10°C [P weuwa [P| 2=4=607C

Puc. 2.32
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AUISHKAX LMKy 10 CHCTEMU HAXXOAUTH TeroTa? O0uucnuTH 11 3HauenHs O 1a

KK 1 uukny.
2.253. Busdayutu KK 1 uukny, akuil cxinaaaerbea 3 ABOX aniabar i nBoX
i30xop (puc. 2.36), Akwo BHacniAOK aniabaTtHOro po3uIMpeHHs Temneparypa

ineansHOro rasy sHwxyerscsa no 7, = 0,757, a 3aBasku aniabatHomy cTHC-
. 4
HEHHIO NiABULLYETLCH N0 1 = —3—T3 ;

2.254. Ineanphuii raz y KinbkocTi v = 5 MOAiB 3MiHIO€ CBiid cTan 3rigHo 3
LMKnoM, 306paxenum Ha puc. 2.37. Temnepatypu y cravax 1, 2, 3, 4 siano-
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piggo T, =350 K, 7, =400 K, T, =373 K, T, = 273 K. SIxy poborty 4
BMKOHYE ras 3a oAuH Uukn?

2.255. Tennosa Mawuna, pobouuM TIIOM AKOI € iAeabHUA ABOXaTOMHUIM
ra3, BUKOHY€ poboTy 3a uMiiom, 306pakenum Ha puc. 2.38. Busnauntu KKJI
1) TETUI0BOT MalIHHH,

2.256. Ha piarpami p, V (puc. 2.39) noxa3aHo 3aMKHYTHH NpouEC 3 NOBIT-
paM, Maca sikoro m = 58 r. JlinaHkamu npoiecy /-2 1a 3—4 € npsAmi, NpoaoBs-
KEHHSA AKUX MPOXOAATE Yepe3 NOYaTOK KOOPAUHAT, a AisHKamu 2—-3 T1a 4—]—
isoTepmd. 300pa3utu rpadik uboro npouecy Ha apiarpami ¥V, T. OGuncnutu
06’em ¥, poboty 4 #t KKJ[ 1 uukay, akuwo V; =5 u’, T, =290 K, V3= V4=
=8 M.

2.257. loBecTu, 110 B UMKIi, AKWI cKnagaeTbea 3 aaiabatu, 130TepMU Ta
i306apu (puc. 2.40), yca Tennora, NOriuHYTa ifleaibHUM rasom, nepeTropo-
€ThCa B poboTy.

2.258. Busnauutu KKJI 1 uukny 3 ileansHUM rasom, kM ckinanaerbes 3
isoTepmM, nonitponu Ta agiabaru, KOAM BiZOMO, LIO i30TEepMiYHMHA Mpouec
BinOyBa€eThECA Npu MaKCHManbHii Temnepatypl UMKy, a TEMAeparypa B me-
Kax LMKNY 3MIHIOETHCA B 72 pasiB.

2.2589. O6uucnutu KK n uukny nsurysa OTro, WO CKNAJAETLCA 3 ABOX

agiabar i ABox i3oxop. CryniHb aniabaTHOro CTUCHEHHs podbouoro Tina
|4 : ;
-I-;-=|3 . 306pa3utu uukn Ha aiarpami p, V.
2
2.260. Buznauuti KKJI n uukny apuryna Jlizens, skuil cknagaerscs 3
ABoX aniabart, i306apu Ta izoxopu. CtyniHb aniabaTHoro cTUCHeHHs pobo4oro

. K Goo 3 A

Tina ;—=B, CTYMiHb {300apHOro po3mMpeHHd 7=p. 306pa3utu LMK Ha
2 2

Biarpami p, V.

ExTponia

2.261. BusnauuTi 3MiHy edTponii AS oaHoro Mons iA€anbHOro rasy npu
aniabaTHomy, i30TepMiuHOMY, i30XOpHOMY Ta i300apHOMY npotiecax.

2.262. O6uucnuTi npupict eHTponii AS BoaHio, Maca skoro m = 0,8 kr,
nin yac fioro crucuexns sia 0,1 MIla npu temneparypi 27 °C po 1,5 MIlla
Npu remnepatypi 127 °C.

2.263. BusecTu 3aransHy GopmMyny Ans obuucieHHs 3MiHy enTponii AS B
A0BinbHOMY Npoueci ANs MacH m iAeanbHOro rasy, MoaspHa mMaca axoro M.

4 314
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Puc. 2.41 Puc. 2.42 Puc. 2.43

2.264. BuzHauuTty 3midy edTponii AS nin vac 3MiwyBaHHA ABOX Pi3HUX
rasie, BBOXarouu npouec izorepMmiuHum. Yu 6yae ue#t npouec obopotHum?

2.265. [1pu oaHaKOBHMX MOYATKOBUX TEMMEpATypax i TUCKax 3Mmiluanu Ku-
ceHb, Maca AKoro my = 2,5 Kr, | ByriekMCnuii ras, o Ma€ macy m; = 3 «r.
Busnauutu 3miny eutponii AS rasie.

2.266. I'eniit, novyarkoBuil THCK fIKOro B pesepsyapi craHoBuTh 20,26 MIla,
MOBINbHO i30TePMi¥HO BUXOANTL Kpi3b BEHTUNb. OOHMCAUTH MUTOMY 3MiHY eH-

v AS 2
Tponil — rasy, BBAXKaOuM aTMochepHUii THCK HOPMANBHUM.
m

2.267. KuceHb nocniAoBHO NEpexoauThb 3i cTaHy /, TemMneparypa fiKoro
t =27 °C, y ctan 2, TeMneparypa skoro &, = 114,3 °C, i B cTaH 3, wo ma€
Temnepatypy 13, a noTiM noBepraeTbecs B cTaH /. Maca kuctHio m = 96 r. Bu-
3Ha4UTH Temneparypy I3 1 3miHy edtponii AS Ha alignuUi /—2-3 uukny, AK1O
3MiHa CTaHiB BinbyBanacs Tak, K MoKasaHo Ha puc. 2.41.

2.268. Oauu monb 6araToaTOMHOrO 14€aJIbHOTO rasy :iepexo,nwrb 3i crany /
(HopManbHi yMOBH) Y cTaHd 3 (py = 202,6 klla, V; = 33,6 n) no ainaHui /-2-3
abo nmo pinauui /—4-3 uukny (puc. 2.42). [Tokasaru, uio 3miHa entponii AS
3a 060X nepexoxis € 0qHaKOBOW. OOUUCIUTH LIO 3MiHY.

2.269. B incanbHiit Tennosiii mawuni KapHo sk poboue Tino BUkopHc-
TOBYIOTH OLMH MOJb a30Ty. Temnepatypa HarpisHuka I, = 400 K, xono-

nuneHuka T, = 300 K. [TouatkoBuil 06’em rasy B Touui / (puc. 2.43) cra-

-HOBHTB 6 N, a Hanbinbwuit 06’em y Touni 3—18 n. [pu skomy 06’emi V2
noTpiOHO NPUNMUHUTH NOJAYY B UMAIHAP TEMIOTH (3aKiHYMTH i30TEpMitHe
poswupetiia)? Ipu skomy 06’emi V4 nouneTncs apiabatHe ctucHeuHs?
Ska KinbKicTh TeNNOTH O, HAAXOAMTL Y CUCTEMY Ha AinsHui /-2 uukny?

Sy kinbkicte TennoTH Oy 4, BiAJA€ cUcTeMa Ha AiaHLE 3—4 uukny? OBGuHC-
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auti KK 11 uukny. Pospaxysatu 3MmiHy edtponii AS pobouoro tina Ha
pinaHkax /-2 ta 3—4 nukiuy.

2.270. Y nonitponHoMy npoueci eHTpomis 1 kr asory 30iibliMiach Ha
140 Jx/K, Temneparypa rasy npu UboMy 3misunacs Bia f; = 20 °C go £ = 120 °C.
BuU3HAYHTH NMOKA3ZHUK 71 ONITPONHU.

2.271. KuceHb, maca skoro m = 2 kr, 301bluKB cBiil 06’em y n = 5 pasis,
nepuIMii pas i3oTepMiuHoO, Apyrui pas — aniabarHo. BusHauntH 3MiHy eHTpo-
fii AS B KOXXHOMY 3 NpOLECIB.

2.272. Axoto 6y e 3miHa eHTponii AS peuoBuHYK NI Yac HarpiBaHHA, AKLLO

ii nUTOMa TEIMIOEMHICTL cTana, a KoediuieHT 06’ €MHOTO PO3ILIUPEHHS € He-
3HAYHHM?
2273, O6uncnuTH 3MiHy BHYTpPilHLOT eHeprii AU ta entponii AS oguoro
MO iZleaIbHOTO OAHOATOMHOTO raldy, a TaKoX KiNlbKiCTh TennoTH O, norau-
. MYTO! Mifl Yac PO3WMPEHHA rasy 3a nojiTponoo pV3 = const Big 06’emy V; =
=1 1niTHCeky py =2 MIla no 06’emy V2 =3 n.

2.274. T1ia 4ac NoAiTPONHOro npouecy TUck Ta 06’eM aesakol MacH KMCHIO
- aMiHroeTsCA Big p; = 0,4 MIla, ¥V, =1 n no p; = 0,1 Mlla, V5 =2 a. [loyaTkosa
Temnepatypa kucHio Ty = 500 K. Sky kinbkicts Tennotu Q HaGyBae KHceHb
Bil HABKONMLIHLOTO cepenoBuuIa? fAK 3MiHIOIOTLCA eHTponis AS Ta BHYT-
piung enepris AU razy?

2.275. O6urcnuTH 3MiHy BHYTPilHbOT eHepril AU Ta edtpornii AS onHoro
MOJIA ifleanbHOrO rasy mif yac Po3LMpeHHs 3a nojiTponot pV " = const BiA
06’emy V| 1o 00’emy V5. PosrnsiHyTH BUNaaKK i30TepMiyHOro Ta aniabarHoro
NpoLECiB.
| 2.276. Y pesxoMy npoleci eHTponis TepMOAMHAMIYHOT CHCTEMU 3MiHUa-

A Ha AS= 1,38 M/[x/K. Sk npu UbOMY 3MiHKUNACA CTaTUCTHYHA Bara w ?

2.277. AAxy kinskicTb TennoTH AQ notpibHO HanaTu MakpOCKOMi4Hil CHC-
TeMi, uio nepebysae npu temueparypi 17 °C, wob npu cranomy o6’emi cra-
THCTH4YHa Bara cTaHy 30inbwnnack Ha An = 1,0 %?

2.278. Mokazaty, WO poboTa 4, BMKOHAHA CHCTEMOIO MiA 4ac 3MiHu
ﬁ_'OG’EM)f B 000poTHOMY i30TepMi4HOMY NpoUECci, AOPIBHIOE 3MEHIUEHHIO 11
BUILHOI eneprii F. JloBecTH piBHOCTI

(6}?} (517}
: P === s S=— e .
_ ov )r or )y

L 2.279. Mokasaty, 10 B cTaHi piBHoBary npu ¥ = const, T = const Bijb-
Ha eHepris F mae minimansue 3Hauewns; mpu T =const, p=const MiHi-
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MajibHE 3HAYEHHsA Maec TepMOAMHaMiYHMiA nmoTeHuian G. JIoBeCTH CAyUIHICTh

piBHOCTE
S=-—(§—G—) ; V=[§g-) ;
or ), ap )y

2.280. Ilokaszat, WO KifbKiCTb TENNOTH, AKoi Habyna TepMmoauHaMiyHa
cucTeMa nig yac i3ob6apHoro o6OpOTHOrO NpouUecy, JOPIBHIOE NPHPOCTOBI
eHTaNbNii cucTemu. JioBecTH CyLIHICTb pPiBHOCTEH

() -r. (&) -
as Jp ap )

2.281. ITokasaTH, 110 MalOThb Miclle CNiBBIAHOIEHHA

[_@S_J o (ﬁ] _P
ou), T \9V), T

2.282. TTokasaTy, 10 MatOTh Micue CniBBIAHOIMEHHS

(&) ()
—| =T, |—| =-p.
oS Jy oV )

2.283. Hakpecautu Ha agiarpami S, I rpadiku i3otepmiyHoro, agiabatHo-

ro, i30X0pHOro Ta i306apHOro Npolecis.

2.284. Ha puc. 2.44 300paxkeHo Ba NpouecH Nepexoay iaeanbHoro rasy 3i
crany ! y cran 2. [Toka3zaty, o npupict entponii AS B 060x Bunaakax € oa-
HAKOBHMM.

2.285. Ha puc. 2.45 300paxkeHo Tpy NIpOLECH NEPEXOoay iAeanbHOro rasy 3i
craHy A y crad B. [Ipu saKoMy 3 uux nepexojiis cucrema HabyBac Ginbuty Ki-
AbKicTb TenI0TH? 3a skoro nepexoay 3MiRa eHTponii Oyae 6inbmoio?
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2.4. PEANBH! FA3W W PIOUHKW. ©A30B! NEPEXOQM

Pipusnns Ban-aep-Baanbca ana noinbHOi Macu m peanbHOro rasdy, MOMASpHA Maca

groro M.
2
m a m m
PV 2 y-Lp|=L gy, 2.4.1
[p+(M) VZJ[ M ) M @44

o |

m "
ne a, b — nonpasku (koncrantu) Bau-nep-Baansca; (H) F: p; — BHYTPiliHIf THUCK,

m 5 <
MOBNCHUIH CHIAMH B3AEMHONO NpUTAravus Monekyn, —b =), — of'eM, 38’a3auuit 3
¥ M f

BnacHHM 06’eMOM Monekyil. SIKIO MONEKyIHu ra3y yaBuTH sk chepu, nonpaska Bau-nep-
16 5., ‘
Baansca [0 OBHOre Mons b = an N4, e r— paniyc Monexkyau rasy; N, — crana Aso-
ranpo.
~ 3B’A30K MiXK KPHTHYHHMHM MapamMeTpaMu — MOJSPHUM 00’€MOM, THCKOM, TEMmepary-
poio rasy — T4 KOHCTaHTamu a i b Ban-sep-Baankca:

Vo =30, Py= =, o= (242)
3B’A30K Mk KPUTHYHUMH NapamerpamMH OJHOro0 MONS PEYOBUHM:
g Vs =%RT,. (2.4.3)
Piusnus Bau-gep-Baansca y 3BE/ICHUX BEMYUHAX [N OLHOTO MOJIK rasy
(n +-§5~)(3m—- 1) =81, (2.4.4)

x 4 T
Ac n=£; W=—; T=—,
) Py VMK Tu
3MiHa TeMnepaTypy APOCEIOBAHHSM OIHOTO MOJIS PEANbLHOro rasy 8 06°€M 3 HEBENHU-

'KMM THCKOM:
AT m | R 2] (2.4.5)
Cp Vl -b VI

A¢ V|, T, — nouarxosi Bianosiano 06’eM i TeMnepatypa rasy.
HMudepenuianbuuii edexr Jxoyns—ToMcOHa B peanbHOMy rasi

2
ﬂl_ﬂj ~b
dT _ RT\ ¥

dp 2a (. bY)
- o
C}[ RTV( V)

(2.4.6)
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e C,, — MOJISPHA TEMMOEMHICTL PEANLHOr0 re3y MpH CTANIOMY THUCKY, C’,z

= Cl,' + R 2 °
1 2a(V - b)
RTV?
YMoBHU po3pisxeHocTi rasy
s << L,2a << (2.4.7)
Vv RTV

BuyTpilHs eHepris peansHOro rasy

av2

U= vC,-,-T——i;;—+ ug . ' (2.4.8)
BiaHocHa BONOriCTL MOBITPS
o=-, a6o ¢ = £, (2.4.9)
Po Po

Aie BIANOBIAHO p, P — NapUiaNbHUM TUCK i TYCTUHA BOASHOI MAPH, WO MICTUTBLCA B MOBITPI
npu AaHiit TeMmnepatypi (aGCONIOTHA BOMOTICTD); Po, Po  — MApLiANLHHUI THCK i TyCTUHA

HACHMEHOT Napy NpH Tii camiid TeMnepaTypi (BU3HA4AOTL 32 Tabnuuamu, aus. aoaarok b,
Tabn. 13).

Pisusnus Knane#pona — Knay3siyca

dp _ q
dT T('Uz'-vl),

(2.4.10)

ae Uy, U, — MUTOMi 06’€MH PEYOBHHH y NBOX arperatHux cradax; T, g — Temneparypa

i nuTOMa TeNNoTa (PA30BOro NEPEXoay PEeHOBUHH 3i CTaHy / y cTaH 2.
3anexHICTh TUCKY HACHMYEHOT Mapy B TEMNEpATypH:

qM 1 1
— E e . 24.11
p—poexp( ( - D ( )

Ie P, — THCK napw npu teMneparypi 1.
3Mina eHTponii Mix yac §a3oBoro nepexony fnepuoro poay
=220, (2.4.12)

ne Am —wmaca pedoBMHM, 110 3a3HaNA nepexony; 7 — Temneparypa (pazoBoro nepexony.
[oBepxHeBUi HATAT
o-—-£, abo a=£, (2.4.13)
/ AS

ne F - cuna noBEPXMEROr0 HaTATY; ! — NOBKWHA NiNAHKHM KOHTYDY, WO 0OMExXycC BiLHY
noBepxHio. AE — 3MiHa BINBHOT €Heprii MOBEpPXHEBOro mwapy piauny; AS - 3Mixa nuowi
MOBEPXHI LLOrO 1Wapy.
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HaUTHIKOBUIt THCK, 3yMOBJIEHHA KPNBH3IHOIO MOBEPXHi piannu (Gopmyna Jlannaca),

Ap = a[l+l), (2.4.14)
K -

(I
e I, > — PazliycH KpUBH3HM JIBOX B3aEMHO MEPIICHANKYIAPHHUX NEPCPi3iB NOBEPXHI PilMHMU.
Bucota NiAHgTTA pigvHK B KaninapHii TpyOui

- (2.4.15)
pgR
e 8 — kpafoBHil KyT 3MOYYBAHHA; P~ NYCTHHA PIIMHU; R — padiyc KaningpHoi Tpyoku.
BinuocHa 3miHa 06°eMy piMHU NiA 4ac HArpiBaHHSA

= =paT, (2.4.16)

ae p — TemneparypHui xoedinieHT 06’€MHOrO TENNOBOIO PO3MHUPEHHS.
BinsOcHa 3MiHa 06’ €My piavHU y pasi 3MiHH THCKY

AV

—- =1, (2.4.17)

Ae Y — koediuieHT CTHCAMBOCTI,
OcMmoTHuHUIH THCK po3uuBY (popmyna Bant-I'opda)

Pou = CRT, (2.4.18)

- - ] - - [ ] m
Ae C - KinbKicTh MOJIB pO34HHEHO! PEUOBHHH B OAHHHLI 06’eMy po3uunHuka, C = i

PeanuHi ra3u. PiBxHanHa Bax-gep-Baannca. Kputu4Hum cran

~ 2.286. Kucenn, maca sixoro m = 0,64 kr, 3aiimac o6’em ¥V = 0,24 M npH
Temnepatypi 7 = 293 K. BusHauWTH THCK rasy p, BHYTPILIHIA THCK p;, Bjac-
HU# 06’em Vp Mosieky:I.

2.287. Asor npu tacky 200 kIla mae ryctuny p = 2,25 kr/M’. BrU3HaunTH
Temnepatypy 7' Ta BHYTpIWHiH THCK p; ra3y, BBOKAIOYK HOro: a) iAeanbHuMm;
6) peanbuum.

2.288. IMocyauua micTkicTio 5 1 npu temnepatypi 27 °C 3anoBHeHa Byr-
- ICKMCITHM ra3oM, Maca skoro m = 0,4 kr. SIKy 4acTuHy TUCKY rasy cknajae
THCK, 3yMOBJIEHUI CHIaMK NpuUTAraHHa Monekyn? Sky yactuny ob6’emy no-
Cyaunu 3aiimMac BnacHuid 06’em monekyn?

2.289. 3a BizoMuM 3HayeHHAM monpasku b B piBHAHHI Ban-aep-Baansca
00YKCANTY IYCTHHY p KHCHIO B KDHTHYHOMY CTaHi.

2.290. BuzHauuTty BHYTPillHii TUCK P; BOJSTHOT MapH B KPUTHMUYHOMY CTaHi,
AKINO npy upoMy 1i ryctiHa p = 200 kr/m”,

2.291. 3a BigoMuMH 3Ha4YeHHAMHU T i p, As a30Ty BUBHAYUTH HOrO KpH-
THYHUA MonapHuit 06’eM V), .
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2.292. Kucenb, Maca AKoro m = 32 xr, a.maﬁa'rﬂo PO3LUAPIOETLCA ¥ BaxyyM
Big 06’°emy V; = 0,5 M’ 1o 06’emy V5 =2 M’. BU3HAYHTH SHIIKEHHA 'remnepa.
Typu AT rasy npud UbOMY pO3lIMPEHHi. 3HAYEHHA TNONpPaBKU @ B PIBHAHH]
Bau-aep-Baanbca B3aTu 3 Taba. 8, noa. b. |

2.293. Tuck BoaHio B 10 pasis GinbliKMi Bl KPUTHYHOIO, a 00’ €M Aopis-
HIO€ MONOBUHI KpUTHYHOrO. Bu3HayuTH TeMNepatypy T OAHOro MoJis rasy.

2.294. A3sor, maca skoro m = 84 Kr, npu TeMneparypi f = 27 °C i30TepMiy-
HO PO3LIMPIOETHCA BiA 06°eMy Vi = 2 M’ 10 06° eMy V,=5 ™. Beaxatoun raz
peanbHUM, BU3HAMMTH MPUHPICT BHYTPilHbOI eHeplil AU; poboTy A, BUKOHaHY
razoMm; KiibKicTb Teruioti O, AKy HaJlaHo ra3osi, Ta 3MiHy Horo entponii AS.

2.295. YV pocniai ABeHapiyca s AeMOHCTpallii KPUTUYHOTO CTaHY pevo-
BUH BUKOPHCTOBYIOTb e(ip ¥y 3aKpHTHX amiynax. AKky yacTuHy o6’ emy amnynu
Mae 3aiiMatu egip npu temnepatypi 20 °C, o6 y KpuTHYHOMY cram BBECL
o6’em amnynu GyB 3anoBHeHui edipom? Ina edipy M = 74 107 Kr/MOIb,

Pao =714 Kkr/iM’, T, = 467 K, p, = 3,6 MITa.

2.296. O64YMCIUTH I'YCTHHY p, BOAAHOI Mapu B KPUTHYHOMY CTaHi 3a 3Ha-

yeHHAMH T, i p,, HaBenenumu B Tabi. 9, noa. bB.

2.297. leniii y kinbkocTi v = |1 Monb 3akimac 06’em V' = 0,237 M Mpu TeM-
neparypi £ = -200 °C. Kopucryouuch piBHaHHaM Bau-aep-Baankca y 3sene-
HHUX BETMYMHAX, BUSHAYHTH THCK p ra3sy.

2.298. Y GanoHi o6’eMom ¥V npu temneparypi T MicTHTbcA ras, maca
skoro m. banon Bunyckae ras, i yepe3 AeskHi yac Maca razy B HboMy 3MeEH-
wyeTbes Ha Am . BBaxkaiouu ra3 peanbHMM, BU3ZHAUYUTH 3MiHY THUCKY Ap
razy B 6aioui.

2.299. Busvayutd monspui TennoeMuocti C,

i C, rasy Bau-pep-
Baanbca.

2.300. O6yucautu 3MiHy eHTponii AS 0AHOro MoJs BYrileKMCNOro ra-
3y B 1300apHOMY npoueci, AK1I0 'remnepaTypa 3MiHIO€ETbCA Bifg £ = 27 °C
no t, =10 °C i o6’emy Big V; = 1 am’ no Vz—Smf’

2.301. Yum nosicHUTH, IO MiA 4ac APOCENOBaHHA NpH KiMHaTHIA Temmne-
paTypi BOAEHb HarpiBaETbCA, @ KHCEHb — 0XOMOJKYETHCA?

2.302. XapakrepHa kpHBa 3anexHocTi eHeprii B3aemoaii U ABOX Moneky
Bill BIACTaHI r MiDK HUMH Ma€ BWIrNIAd, NMokKa3aHUd Ha puc. 2.46. Aki cunu ai-
IOTb MK MOJIEKYNaMHK, AKILO: a) r < 21,3 6) r > 2r ?

2.303. Ilobyaysatu rpadiku 3anexxHoctel BHYTpPiWHbOI eHeprii U mons
peanbHOro rasy BiA: a) Temnepatypu I’ npu cranomy ob’emi V; 6) o6’emy V
npu cranii remneparypi 7. [TopiBHATH Ui KpUBi 3 BiANOBIAHUMK AJA ineanb-
HOrO rasy.
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2.304. Sikuii dopManbHuii rpaHUYHUR nepexin Uik
fepeTBOPIOE PiBHAHHA Bau-nep-Baanbca B pisHaH-
ga cTaHy iaeanbHoro rasy? Yomy BiH Bianosifae 3

nornsfly pizuku?

25
2.305. Ha piarpami p, ¥V npoBecTH i3oTepMu e F
Bau-aep-Baansca Ana kinbkox temneparyp 71;, 75, "
Uy ¢
T;, .. UUM TEOPETHUHI i30TepMKt BiAPI3HAOTHCA B
Puc. 2.46

ekcnepumenTanbHux? [IpoBecTu Ha pucyHky 6iHo-

panb i cninofans. Skuit GisuyHKil 3MicT KpuTHYHOT TOukK K?

' 2.306. Banouu MmictkicTio V) = 1 1 Ta V3 =9 11 3°€AHaHi TpyGKOIO 3 KPaHOM.

Y nepiuomy 6anoHi MicTuTbes v = | Monb asoty, a Apyruit 6anoH BinkayaHumii

EO BHCOKOMO BakKyyMy. Beaxaiouu crinku Ganouis Ta TpyGku apiabatuimu,

00UHCIIUTH, K 3MIHHTbCA TemnepaTypa AT ra3y micns BiAKPUTTA KpaHa.

. 2.307. BusHauuTH BHYTpiwHiO eHeprito U Macu m = 32 r KHCHIO NIPH TEM-

neparypi T = 300 K, sikuii 3afimac 06’em V= 0,1 n, posrasgatoum #oro K BaH-

Rep-BaaibCiBChKuiA ras.

~ 2.308. O6uucauTi poboTy 4, BUKOHAHY Nij yac PO3LUMPEHHS OHOTO MOAA
: Big 00’emy V| = 2 11 no o6’emy V> = 3 1. Po3rnsaatu a3oT AK BaH-AEp-

BAANLCIBCLKUH ra3. PoswmpenHs Biabysaerbea npu 7' = 300 K.

g, 2309. AsoT npu kpuTiuHiii Temneparypi 7, = 420 K mae kpuiunuid 06’em

Vg = 1,2 107* m*/mons. Beaxkatou, 1110 a30T ONUCYETLCA piBHAHHAM BaH-nep-

Baannca, o6uncnuty 3HiokeHHsa Temnepatrypy AT m = 7 r asoTy nia ¥ac ¥oro
aniabatHoro po3LuHpeHHs Bin 06’emy V) =5 1 go o6’emy V> =50 a.

i 2.310. IoBecTu, WO ra3, skuii miansrac pisHAHHIO Ban-nep-Baansca 3a
yYMoBu g =0, y gocaifi Jxoyns — ToMcoHa 3aBMAH HarpiBacThCA.

2.311. dosecty, W0 ra3, sAKuWil nignsrac pisuaHHi0 Bau-aep-Baanbca 3a
‘YMoBH b = 0, y gocniai [Ixoyna — ToMcoHa 3aBXIH 0X0N0Ky€ETbCA. Po3ras-
ABTH ra3 Ak po3piHKEHUIA.

2.312. OGuucautn Temnepatypy T, npu skiii reniit y pocnini Jhxoyns —
Tomcona noune oxonomxysatuce. eniii posrasaaTy Ak pO3piKEHKHH BaH-
Aep-BaannciBcbkuid ras, KkpuTHuHa TeMneparypa sakoro 7, = 5,1 K.

Bonoricti nosirps

2.313. O64MCAUTH, KOMH i B CKIJTbKM pasiB KilbKiCTb BOASHOL Napu B NOBITpi
€ Ginbuwiolo: ni3uboi ocei micnd 3aTMKHMX JOIWIiB npu Temneparypi 0 °C
| BiiHocHiit Bonorocti 98 % aGo cyxoro JiTHbOMO Micsus npu Temneparypi
30 °C i signocHiii Boorocti 50 %.
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2.314. TloBiTps B KiMHaTi, po3MipH AKOi 5x 4 x 3 M, npu Temnepartypi ¢ =
= 17 °C mae BianocHy BoJjioricTs @; = 30 %. Ckinbky yacy T Ma€ npauioBaTi
3BOJIOXKYBAY MOBITPA, MPOAYKTHBHICTb dKkoro o = 1,5 kr/rof, o6 miaBuuuTy
BosoricTb noiTps A0 @2 = 80 % npwu Tiii camiii Temneparypi?

2.315. Bonore nositps, maca skoro m = 71 kr, 3alimae o6’em ¥V = 50 M3‘;
npu temneparypi 7' =293 K i Tucky p = 120 klTa. Busnayuru BigHocHy Bono-
riCTh ¢ NOBITPA.

2.316. Jlosruii kaninsp 3aHyproioTh y Boay. Yepes Aesikuii yac niciis Toro, Ak
kaninap OyB repMEeTHUYHO 3aKPUTUIl 3BEpXY, piBeHb BOAM B HBOMY 3HM3MBCA Ha
Ah =3 cM. Bu3HauMTH BIAHOCHY BOJONICTb ( NOBITPA Oils NMOBEPXHi BOAM Bin-
KPUTOI NOCYAMHM, AKLLIO TeMNepaTypa HaBKOAKUIIHBOFO cepefoBra f = 17 °C.,

2.317. Bonore nositpsa npy HOpManbHOMY arMOC(EpHOMY THCKY i TEM-
nepatypi t = 27 °C 3aiimac 06’eM ¥ = 5 M’. BigHocHa BONIOriCTb NOBITPA @ =
=75 %. O04HUCAUTH I'YCTUHY p BONOroro nosrrpa Ta Macy m Napu BOJM.

2.318. B ayauropito, naotua sikoi S = 50 M i Bucora h = 4 M, 3a¥iLlina
rpyna ctyaeuTiB. Yepes aeskuii yac TeMneparypa noBiTps nmiaBMIIMAACH
Bia f; = 15 °C po £, = 22 °C, a Bonoricts — Big 9 = 50 % po ¢, = 70 %,
Slka Maca BOAM BMUNapyBanacs B ayAuTopii?

2.319. Hazx noBepxueto 3eMni wap nosiTps, nioma Akoro S = 3 kM’ i
ucota A = 500 M, mae Temnepatypy £, = 18 °C npu BiaHOCHI# Bonorocri
¢ = 80 %. OOuyucnuT Macy m BOAM, AKA BHMANa JAOLIEM MNiCis 3HHKESHHS
TeMnepartypu ao f», = 12 °C.

2.320. 3miwytoTb ¥} = 2 M’ NOBITPS, BIHOCHA BOMOTICTb KOO @ =25%
npu temneparypi ; =27 °C,3V, =3 M NoBiTPs, BIAHOCHA BONOriCTh AKOIO
@; = 30 % npu temneparypi &, = 17 °C. BU3HAYUTH BiJHOCHY BOJOTICTH @
MOBITPA, AKEe OAEPXKYIOTb YHACHifOK 3MilllyBaHHA, AKIUIO THCK NocTiiiHo Oys
OIHAKOBUM | TAKKM, L0 JOPIBHIOBAB HOPMalbHOMY aTMOC(hepHOMY.

2.321. ¥V uuninapi Mictkicio ¥V = 12 1 nia nopilHeM MICTHTLCA 5 T aMiaky
npu Temneparypi =57 °C, ska NiATPUMYETLCA MOCTIHHOIO TEPMOCTATYBAHHAM.
Ska maca Am amiaxy nepelifie 3 ra3onoAibHOro cTaHy B pifikuit npu i3oTepmiy-
HOMY 3MEHILUCHHI iWoro o0’emy B 4 pasu? Monapua Maca amiaky 17 r/monb, a
THCK HacH4eHOI napH npu temneparypi — 57 °C popisHioe 26 klla.

PiauHu. NosepxHeBun HaTar. KaninapHictb

2.322. Ilpu Temnepatypi t; = 100 °C rycrtuna pryri p; =13,4- 10° Kr/M
Slkoro mMae 6yTH Temnepatypa f, Wob rycTuHa pryTi crana p, = 12,9 10° kr/m’?
Cepenﬂm Temnepa'rypnuu koe(iLieHT 06’eMHOr0 PO3IIMPEHHSA PTYTI (B)—*
=1,8510" K.
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2.323. Ha ckinbky noTpibHO 30inblINTK 30BHIiWHIA THCK Ap, w06 npu

yarpisatti 6ensony Ha AT =5 K o0’em #oro He 3minuBca? CepeaHii Temne-
patypHuii koediuient 06’emHoro poswmupenns Genzony (B) = 1,510 K™,

k0e(iLliEHT CTHCIUBOCTI ¥y=9,0-10"" 1fa

2.324. Y pocniai Hionownra i Ilti, 3a axuM Bu3HauawoTh koediuieHT
06’€MHOr0 PpO3LWKHPEHHA DPIAKWH, BHKOpUCTOBYIOTh U-nofibHy ckisHy
TpyOKy, 3aM0BHEHY AOCAIAXKYBAHOIO PIAKHOIO, MpaBe i JiBe KOMiHA AKOT
NiATPUMYIOTh NpPH Pi3HKUX TeMnepaTypax. BusnauuTtu cepelnii Temnepa-
TypHuil KoediuieHT 06’€MHOro po3wKpeHHs (B) FTiLEPHUHY, AKUIO TEM-

neparypa piiuHu B aiBomy kouiui £y = 20 °C, y npasomy £, = 50 °C, Bu-
coTa MiJHATTA PiiMHK B NIBOMY KoNiHi A = 90 cm, a pi3Huus piBHIB Ak =
= 1,34 cM.

2.325. I"'ac HanuTO B CKJAAHY NOCYAUHY, BUCOTA AKO1 7 = 25 CM TakK, W10
npu TeMnepatypi ¢; = 10 °C Horo piseHb Ha Ak = 0,5 cM HUXKYHH BiJ BU-
COTH NMoCcyauHU. Yy BUAAETHCA rac i3 NOCYAMHM, AKLIO MIABAWMTH Horo
Temnepatypy a0 , = 40 °C? Cepeauiit Temnepatypumii koediuieHT 06’ em-

l_ib'ro PO3LIKPEHHA racy (B) = 1,0-107 K™, rennosum PO3LKHPEHHAM CKJla

HeXTYBaTH.

2.326. CxnsHa nocyauHa A0 Kpalo 3anoOBHEHa TpaHC(OpMaTOpHUM mac-
JioM npu Temneparypi fo = 0 °C. BHacnifiok HarpiBaHHi MOCYHHH 3 MAcioM
Bo t = 100 °C 3 uei Butiki0 6 % Hanuroro macna. BusHauuTu cepeiHiil Tem-
nepatypuuil koedilieHT 06’€MHOr0O po3LIMpPEeRHS ([3) TpaHc(HOpMaTOpHOTO

Macna, Akuo cepeadid koediuieHT 06’eMHOro po3UIKPEHHA CKia (B'>=
=3,0-10 " K™

" 2.327. Sy poboty A noTpibHO BUKOHATH, W06 KpamnJHHY BOAM, Maca KO
m=1,0r, po3api6HuTH Ha KpanIuHu pagiyca 50 HM?

~ 2.328. Ha ckinbky HarpieTbcs KpaniMHa PTYTi, yTBOPEHA 3MTTAM I’ ATH
Kpanensb paniyca 0,1 MM?

" 2.329. JTpi munbHi 6yns6auiky pajiycamu ry i 7 3NMBAIOTHLCS B OQHY paji-
yea R. KoedilieHT noBepXHEBOro HaTATY MHNBHOI MNiBKH 6. BU3HaunTH at-
“ocfbepHHrI THCK p.
 2.330. Y 3akpuTili nOCyIHHI € NEBHA KinbKiCTh KPArIuH BOM Pi3HOTO pa-
Riyca. o cranetscs 3 KpannMHaMK BOAW 4epe3 JOCTATHLO JOBruit yac?

- 2.331. JIgi kpannuH{ BOAM OIKAKOBOro pajiyca r = 1 CM IMBAIOTHCA B

OnHy. O6uncnuTH 3HAYCHHS HAAIUILKOBOT eHeprii AE , AKa 3BiIbHACTLCS NPH
Ubomy, Ta oyinuTi yac T, MPOTArOM AKOrO BiAGYBAETECH 3MUTTA KPANJIUH.
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2.332. Slky Macy m BOAM MOXXHA NEPEeHECTH 8

b4 peiieti Aiametpa D = 30 cM, AKuIO paflycud Kpyr-

Hn 2 JIUX OTBOPIB y AHi r = | MM, 2 BO/la MIOBHICTIO He

- A 3MOYy€e CHHTETHYHOro MaTepiany, 3 AKOro BUroTo-
———4— - |—4d BaeHo AHO pewicTa?

- - po I 7 2.333. BuznauuTH pisHKMLIO piBHIB Ak pTYTI Y
- :Ea-—— ABOX CHOMyYEHWX Kaningpax, AiamMeTpu OTBOpIB
AKX d; =2 MM 1 d,= 4 mm.

2.334. 3mouyBanbHa piguHa B KaninapHiil Tpy6-
1i 3 BHYTPILIHIM pamiycoM 7 MiAHIMAETLCA Ha BHCO-
TY A. BusHauuTi poboTy 4 CUiy MOBEPXHEBOrO HATATY Ta NOPIBHATH il 3 MoO-
TEHUianbHOIO eHeprieto U Boau B kaniasgpHii Tpyoui.

2.335. Ipu Temnepatypi Boau 20 °C B HET 3aHYPEHO Kaninap, BHYTPiLuHi#
paaiyc akoro 0,2 mm. [Ticas Harpisanus Boau Ao 60 °C pieens ii B kanminapi
3HU3MBCA HA 7 MM. Bu3HauuTH noBepxHeBHil Hatar ¢ Boad npu 60 °C. 3mo-
YyyBaHHA BBaXaTH NOBHUM. TennosHM po3LIMPEeHHAM CKNa Kaminspa npv Ha-
rpiBaHHI HEXTYBATH.

2.336. Y nocyauHy 31 CNIHPTOM OMYLIEHO ABI TjocKonapaienbHi CKAAHI
NIACTHHKH, BificTaHb MiX Akumu 2,0 MM. ITpu noBHOMY 3MouyBaHHI 06uuC-
JTUTH BUCOTY A MIAHATTA CNMPTY MDK nmiIacTHHkaMu. Bu3Hauutd Macy m
CMUPTY, MIAHATOrO MiX IIACTHHKAMH, AKILO AOBXWHA TUIACTHHKH 5 CM.

2.337. Y 3akpuTiii nocyMHi € BOJa, | B HEl BMilIEHO ABA KamifAapu OAHa~
KOBOTO pafiiyca: oauH abconoTHO 3MOYYBaHHil piguHoto (niodiabuuil), Apy-
ruii — abconiotHo HezmouyBaHuii (niodobHuit). Boaa B kaninapax ycraHoBH-
facs Tak, AK nokasaHo Ha puc. 2.47. OBYKHCIKWTA THCK p HaJ NOBEPXHAMH BO-
N{ B Kaningpax.

2.338. KpansnuHa pryTi, Maca skoi m = 1,36 r, yBeieHa MiX napaneibHUMH
CKSIHUMHM TnacTHHKaMK. Aky cuay F notpibHo npukiacTy mas Toro, 1od
PO3MUTIOLMTH KparuiiHy A0 ToBUHU d = 0,10 MM? He3mMouyBaHHs BBaXKATH
NOBHUM.

2.339. Chepruna KparuHa pilHH1 BUIIAPOBYETLCA BHACTIAOK MiABEASHHA
TEMA0TH Bifi HABKONKUWHLOTO cepeaoBKlIa. BBaxkaroun NigBeACHHA TEMAOTH
Ha OAMHHAUIO MOBEPXHI KPANIMHU NPAMO NPONOPLUiHHUM Pi3HMUI TeMnepaTyp
noitpa T, i pinunu T, Ta 06epHEHO NPONOPUIAHUM PafiyCcOBi 7 KpanHHy,
BCTAHOBUTH 3aKOH 3MIHHM pafiiyca KpaniuHi 3 yacoM. BusHauutu vac 1,
MPOTAroM AKOrO KparuiiHa BUNIAPOBYETHCA, KO YMOBH BUNAPOBYBaHHA TakKi,
o 3a yac T = 15 xB8 pafiyc KparulMHW 3MEHLIYETbCA B # = 2 pa3u. 3MiHaMH
NOBEPXHEBO1 SHEPTil, 3yMOBICHHMH MOBEPXHEBUM HATATOM, HEXTYBATH.

Puc. 247
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2.340. V cknany Tpybky Hanuto 10 cM’ MiNiMONAPHOrO PO3uMHY LYKPY B
goni. HikHA yacTHHA TPYOKM 3aKpuTa HaNiBNPOHUKHOIO MAIBKOI, KpPi3b AKY
MOJIEKY/IH BOJM NPOXOJATH, a MONEKYAA UYKpy — Hi. Ha sy MakcuManbHy
BHCOTY 7 MIAHIMETLCA PO3YMH Y TPYOUI, AKIIO i NOMICTHTH B MOCYAMHY 3 YHC-
TOI0 BOJOIO /IO OJHAKOBOIO MOYATKOBOIO piBHsA Npy Temmneparypi Boau 20 °C?
3aBasaKH fAKiit eHeprii nigHiMaeTbCca Boa? _

2.341. IIpu Temneparypi 27 °C ocMoTHYHKH THCK po3uuHy p = 0,2 MIla.
CKiNbKM YaCTHHOK 7 PO3YMHEHOT PEYOBHHH MICTHTHCA B 1 11 po3uyuHy?

2.342. Yu yTpumyBaTUMETbCS Ha MOBEPXHI BOAH NIATUHOBA APOTHHA Aia-
merpa | MM, 3MaileHa xupoM (rinpodobua)?

2.343. Yu MOXHa KOpPUCTYBAaTHCA NMPOMOKAIbLHUM [aMepoM B YMOBax He-
BaroMocTi?

2.344. Hanucarty piBHAHHA piBHOBAarv TUCKIB y MOBITPAHi# GynbOaLui.

2.345. SIKwo BUJIMTH HEBENHKY KinbKicTb HadTH HA MOBEpXHIO OypXJIHBO-
ro Mops, BOHO Ha JeAKHil Yyac y UboMY Micli 3acniokoroeTbes. Yomy?

2.346. Axy dopmy 3aiimMaloTh HeBeNuMKi KinbKOCTI piAMHKM B YMOBaxX HeBa-
roMocTi?

2.347. JTo sakoi BUCOTH B KaniiapHiit TpyOuUi NiAHIMETbCH 3MOYYBabHA pi-
JIMHa B yMOBax HeBaromocTi?

- 2.348. Yu ogHakosowo Oyne sucoTta MiOHATTA BOAM Pi3HOI TEMNeEpaTypH B
KanmingpHuX TpyOkax oAHakoBoro paziyca? Bianosige obrpyHTyBaTH 064MC-
TIEHHSAMMU.

2.349. Yomy nepen pouiem 6apoMeTpHYHKA THCK nanae?

2.350. Axuo Asi oaHakoBi MUABHI OynbOalikk 3’€AHATH TPYOKOIO, TO YH
Oyne pisnoBara criiikoro?

2.351. YoMy B cnewianbHO OXOJOMAXKYBAHMX NPUMIilIEHHAX YacTo OyBac
- BOrko? .

2.352. Yomy He GyBae pocu nia ryctum AepeBom?

®aosi nepexoau. PiBuanna Knanewipona — Knaysiyca

2.353. bky roryloTh y KacTpyni-cKOpoBapiui npv Temneparypi ¢ =
=116 °C i niguineHoMy THCKY. Slka 4YacTHHa BOAM k BUMapyeTbcs Mic/s
Po3repmerusaii kactpyni? TensooGMiHOM Mij 4ac ycTaHOBJIEHHS piBHOBAry
HEXTYyBaTH.

2.354. V 1ennoi300b0OBaHOMY LMIIHAPI Mifl HEBATOMMM MOPILHEM, MIOMA
fAKoro § = 200 CMZ, MicTUTbC m; = 36 r HacuueHoi napu. Ha ckinbku onyc-
THTBCS nopiueHb, AKWO B UUAIHAP BAWTH m, = 36 r BOAX NpU TEMIepaTypi
=0 °C? TennoeMuicTIO UKTIHAPa 3HEXTYBATH.
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Puc. 2.48 Puc. 2.49

2.355. XonoaunbHUK NOTYXHICTIO P = 52 BT 3aMopoxye m = 2 Kr BOAM,
B3sTOl npu 4 = 20 °C, 3a yac T = 2,5 roa. Ilpu uvomy Temneparypa nboay
cTae t, = -3 °C. ObuucnuTy, Ha CKUH:I{H 3MIHKUNach OM TeMneparypa AT no-
BITPs B KiMHaTi, 06’eM aKoi ¥ = 25 M’, konu 6 xiMHara Gy/1a Tennoi3onLoBa-
HOKO Ta FePMETHYHO 3aKPHUTOIO.

2.356. TinTomuit 06’em nacuuenoi BoasiHol napu npu 0 °C popiBHIOE

206 m>/kr, a 3MiHa THUCKY 3 TEMNepaTyporo % = 44 [la/K. BuszHauyuTu

NUTOMY TENJOTY NapOyTBOPEHHA g BOAM.

2.357. IocyauHy, B akiit Oyna cymilu BOAM i 1boAy, BUHECH B3UMKY 3 KiM-
HAaTH Ha BYJNHLIO i Novanu BUMIpIOBAaTH Temneparypy cymiwi. Maca cymitui
m = 8 kr. OTpumanu rpadik 3anexHOCTi TeMnepaTypH ¢ Bij uacy T (puc. 2.48).
Bu3HauuTy, 2xa Maca m, BOAM Oyna B mocyAuHi COOYATKY.

2.358. BuzHauutu nuToMy TennoTy cybniMauii & Boau B noTpidHil Touwi,
KOJIM BiAOMO, IO A4 NOTPiHOT TOUKH MUTOMA TENJIOTA NapOyTBOPEHHS BOAH
g = 2,48 MIx/kr, a nUTOMa TenoTa NnaBneHHa nvony r = 332 xJhw/xr.

2.359. YV 3akpuriii mocyauHi npu temneparypl 7; = 273 K MICTUTBCS OIMH
MOJb BOAH. Aky KinbkicTh Temnotu Q Tpeba BUTPATHTH, 1100 NMiABULLMTYH TEM-
neparypy Boau 10 7, =373 K, Axkiwo npu ubOMYy BCA BOJAA NMepeTBOpHIAch y
HacuueHy napy? Ipy>XHICTIO HACHYEHOT Napu Ta TEMIOEMHICTIO CTIHOK MOCYy-
IWHM, a TakoXx 00’eMOM BOAM NMOPIBHAHO 3 00’€MOM i HacH4YeHol napu Hex-
TYBaTH.

2.360. Axy poboty A4 BukoHye 32 oauH uukn /—-2—3-4-5-6-1 mawuuHa
KapHo, poGoyum TizioM sikol € oauH MOJb BOAH, WO 3a3Hae Mig yac poboTH
MailMHu (a3zoBi NepeTBOpeHHs B Mapy Ta Hazal y soay (puc. 2.49)? Izorep-
maM [—2-3-4 Ta 5-6 BignosinaioTe Temneparypu 7; =500K ta 7, =373 K.

HwxHa isotepma 5-6 (T, =373 K) uinkom Mmictuteca y asodasniii obnaci

peHOBUHH, TOOTO B TOULi 6 3aNHILIAETHCH TiNbKY PiAKHA, a Y TOUL 5 — TiIbKH
napa. Kpusi /-6 ta 4-5 — apiabaru.
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2.361. BCTaHOBHTH Haxuu KPHBHX ¢ha3oBoi piBHOBaru Bojga—iA Ta Boga—
fapa Ha aiarpami p T 6ins nm‘pmﬂm ToukH. [TuTOMu# 00’ em BoasiHOl mapu
B foTpifiHiAl TOUUl Uy =206 M Jkr, NOPiBHAHO 3 HUM NHTOMHMHU 00’eMamu
pOAM Ta NEOAY MOXHa HexTyBaty. LLlo Ginblue: THCK HACHUEHOT NapH HaJ BONOKO
yu Haz asoaoM npu T, = 273,16 K?

2.362. Pom0biyHa cTpykTypa cipku NEPETBOPIOETLCS B MOHOKIIHHY MpH
. Te”nepa'rypl T =369,5 l( [1pu atMochepHOMy THCKY MUTOMA TEMIOTa nepe-
tBOpeHHs it ¢ =9,24- 10° o/kr. CTpuﬁox nUTOMOro 06’emy c:pxu nmig yac
(a30BOr0 NEpeTBOPEHHA Av = 14.107% M’/kr. OGUHCIUTH 3MILLEHHA TOUKM
AT (¢a3oBoro nepexopy Cipku y pasi 3MiHu THCKy Ha2 Ap = 10° Ma.

2.363. Kopucrytouuch piBHHHAM KnanedipoHa — Knaysiyca, o6uucauTH
THCK p HacuueHoi BoZaHOT mapu npu Temnepartypi T =474 K. Braxaru napy
ieanbHHUM razoM.

2.364. Y 3akpuTiii nocyauHi MicTkicTio V' =5 5 3HaxoAuTbea maca m = 1 kr
soau npu Temneparypi 7' =373 K. 3 npocropy Hal BOAOIO NOBITPs BUKa4aHe,
i Bid 3aiiHaTu# Hacuuenow naporo. O6uucauTH 30UIbIWIEHHs Macu Am Hacu-
yeHoi napH Nij 4ac niABuLLEHHs TeMneparypu cuctemu Ha A7 = 1 K. [lapy
BBAXATH 1A€ATbHMM ra3oM, MUTOMHM 00’€eMOM BOAH MOPIBHAHO 3 MUTOMHUM
00’€MOM Mapu HEXTYBATH.

2.365. I'Ipn temneparypi T, = 273 K npyxHicTb BOASHOT napu Hal JIbOAOM
p= 6- 10® Ma. O6uucnuty NpYXHiCTb BOAAHOI Mapv p; Haj JIbOAOM MNpH
Temnepa'rypl T, =272 K.

2.366. Temnepatypa niaBleHHd OLTOBOI KUCHOTH NMpu arMochepHomy
- THCKy 7; =289 K. Pisﬂuus[ MiX nTUTOMHMK 06’ eMaMu pifkol Ta TBEpAOI ¢a3
kuciotd Av =1,6-10" M/kr. Touka nnasieHHA OLTOBOI KHCIOTH 3MilIy-
€rbesl Ha AT = 1 K nin yac 3mMinu Ticky Ha Ap=4,1- 10° TTa. Busxauutu
NMHTOMY TEMJIOTY MJIABJIEHHA ¥ OLTOBO1 KMCJIOTH.

2.367. Kycok nwony nowmilieHo B agiabatHy o60n0HKY mpy TeMneparypi
T =373 K Tta atmochepHoMy Tucky p. Ak 3MiHHTbLCA Temnepa':ypa NbOAY
AT, skuwo #oro agiabaTHO CTUCHYTH JO THCKY p =107 Ma? Slka wactka
AbOAY T NPY LbOMY PO3NAaBUTHLCH?

2.368. BcTaHOBHTH 3MiHY eHTponii AS mia 4ac HarpiBaHHi m = 4 kr BoOM
Bl T, =283 K no T, =373 K Ta nepersopenns ii 8 napy.

2.369. V xanopumertpi MiCTHTLCH BOAa, Maca sikoi m, = 0,2 kr, a Temnepa-
Typa 7, =300 K. V Boay 3aHypiolOTh KYCOK b0y, Maca sikoro m, = 0,5 kr,
a temneparypa T, =265 K. Sk 3minuTbCa eHTponis AS nboAy micns gocsr-
HEHHs piBHOBaXHOro crany? TennoeMHICTIO KanopHMeTpa MOpiBHAHO 3 Ten-
TOEMHOCTAMU BOAH Ta JIbOAY HEXTYBATH.

2.370. Bona moxe Oyru mepeoxonokeHa a0 temneparypu T =263K.
Ska maca nwony m; YTBOPUTLCA 3 m = | KI NEPeOX0N0MKEHOT BOAH, AKILO
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3aHYpPUTH B HET KYCOK boay? BBakaTH, 110 NUTOMA TENNOEMHICTb MEpPEOX0-
NOJKEHOT BOAH HE 3aN€XHTh Bij TEMMepaTypy Ta AOPIBHIOE TEMNOEMHOCT
3BHYaiHOl BOAH.

2.371. Busuauuru 3miny entponii AS nwoay, maca sixoro m = 30 r, nig 4ac
HOro NepeTBOpeHHs B mapy, AKUIO NOYaTKOBa TeMnepaTypa nbony T; = 233 K,

a Temneparypa napu 7, =373 K. BBaxary, 1110 TENIOEMHOCTI BOAH T JIbORY €

CTalluMH, yci npouecy BiAGYBAIOTLCS TP HOPMAJILHOMY THCKY.
2.372. BeranoBuTH 3MiHy eHTponil AS cucTemu Boia—3anizo nin yac 3auy-

pexnns m, = 100 r 3anisa 3 rTemneparypoio 7, =573 K y Boay, 1o Mae Temne-
patypy T; =288 KTamacy m; = 1 kr. BunapoByBaHHsIM BOJM HEXTYBATH.

2.373. Tepexin Bin NapamardiTHOro CTaHy AeSKHX METaNiB 10 hepomarHir-
HOrO Y pa3i 3HWXKEHHA TeMINepaTypH He CyNpoBOMKYEThCS BUAINEHHAM a6o
DOTIMHAHHAM TEeNNOTH. SIKi BUCHOBKH MOXHa 3poOHMTH IMOAO XapakTepy
uboro gasosoro nepexony? Hapeaits il npuknaay Taxux nepexouis.

2.374. Yn icnye mexa noniny mix dazamu npu hasosoMy nepexoai apy-
roro poay? Bxa3saru, Ki 3 HaBeJEHMX HUXKYE XAPAKTEPUCTHK € OLHAKOBUMH
ans 060x a3 y pasi ha3oBoro nepexony APYroro pogy: a) entponis; 6) renno-
EMHICTb; B) KOe(ilieHT 00’€MHOr0 PO3LIMPEHHS; I) WBUAKICTL NOLWIMPEHHS
NPYXHUX XBUJ/b; ) YCTHHA.

2.375. Tlutoma rennora napoyTBopeHHa Boau 2,44 MJhx/xr, a rycruna
napu npu 100 °C nopisnioe 0,598 kr/m’. Crcopnwaamucs piBHsiHHAM Kna-

nefipona — Knaysiyca, BU3HAUMTH LWIBHIKICTb 3MiHM TEMNEPaTYpH KWMiHHS

dar
(K/xm) 3anexHo Bia BUCOTH, B3SBIIYU 32 NOYATOK Bijsliky piBeHb MOpS, a

TEMNEepaTypy NOBITPsl BBAXAKOUM NOCTIMHO i Takolo, 110 aopiBHIoe 300 K.
2.376. € nBi HanOBHEH| N0 KpaiB CK/ISHKY BOIU: OOHA — 3 KMM ATKOM, [HINA —
3 BOJOKO 3-MiA kpaHa. B skiii i3 cknanok Boga 3amep3ne pauiiue, Ko iX pa-
30M BUCTABUTH HA MOpO37
2.377. 306pasuty B koopauHarax p, ¥ cimM’io i30TepM HacHueHoi napu.

2.378. Yomy min yac arperaTHuX 3MiH 3 MiABEAEHHSM TENNOTH NMPHU CTANO-
MY THCKY TEMIIEPATypa HE 3MiHIOEThCH?

2.379. Sk opepxary neperpity (nepeoxonomkeHy) piauny i nepeHacuye-
Hy napy? Jle ui siBH1LA BUKOPUCTOBYIOTHCSH?

2.380. Six 3MIiHIOETBCS EHTPOMIS PEYOBMHHU MiA uac (a3oBUX MEepexouis:
niaBieHHi, KUNikHI, Kouaencauil Ta Kpuctanizauii? Hanucatu piBasiuug ans
LIHX 3MiH eHTpOMIl.

2.381. Slka npuHuKHa yTBOPEHHS TyMaHy, 110 CNOCTEPIracTLes iHOMi B3HOBXK
TPAEKTOPII pyXy WBHAKICHUX peaKTHBHUX NiTakiB?
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2.382. Sk yTBOpIOETHCH N0 7

2.383. Un MOXHa NMpUMYyCHTH BOAY KuMiTh O€3 HarpiBaHHA?

2.384. 306pasuti piarpamy cTady Boau. Bkasatu Ha uiii miarpami nepe-
TBOPEHHS JILOZY B piauHy 1 napy.

2.385. Kpannuna Boau niz koBOAakoM, 3 KOO BiKauaHe MoBiTps, 3amep-
3ac. Yomy?

2.386. v xunitume Boza B npobipui, BMilueHii y kunasuy soay?

2.387. BinoMo, 110 Konu BORy MiACONUTH, TO TEMINEpaTypa il KUNiHHA cTac
BHLIOK. K NMpu LbOMY 3MIHHTBCS [YCTHHA HACHYEHOT BOAMHOI Mapw, KOMH
BOJA NOCATHE TeMMNeparypy KUniHuA?

2.388. Yomy B cyxomy MOBITpi Al0AHHA MOXE BUTPUMYBATH TEMIIEPATYPY
nouan 100 °C?



Poagin 3. ENEKTPUKA i MATHETU3M

3.1. ENEKTPOCTATUYHE NONE Y BAKYYMI

3akoH B32EMOAIT HEPYXOMMUX TOUKOBUX 3apAldiB ¢q; i g, (3axon Kysiona)

Farl 2%, G110

41!80 rJ

[e r — paalyc-BeXTop, nposencHuii Bia oqiloro sapaay Ao iumoro; F — cuna, uwo nie ua
3apAn, 40 AKOro HaNpAMAEHHUHA paniyc-BeKTop T.
HanpyxeHicTh €IEKTPOCTATUYHOTO NOs

= E (3.1.2)
q

ae F — cuna, 1o Jli€ na TOMKOBHIA NO3UTUBHKIIA 3apan ¢, BMillleHHiT Y nany TOUKY nons.
HanpyxeHicTb €1eKTpOCTATHYHOr0 NOAA TOYKOBOMO 3apaay q

1 g
E= ~—r, 3.13
47[80 r3 : ( }

Ie r — paAlyc-BeKTOp, nposeaeHyil Bi 3apsay B 3asaHy TO4Ky Nosns.
Hpuyauyn cynepno3uuii €RCKTPOCTATHYHUX TONIB

E=>E,. (3.1.4)
Jliniitna. rioBepxuera Ta 06’ €MHA I'YCTUHH 3apAAiB BLAMOBIAHO

da, o .da. |, _do
5 dV-

dl ds
HanpyxeHicrb enexrpocTaTudHoro nons (3a Moaynem):
a) TOYKOBOIO MTIONA 3 ENCKTPHYHUM MOMEHTOM P,

E=——Pe fi 300520, (3.1.6)

41:80 r‘3

(3.1.5)

e p,=ql, | —nneye punong; O — KyT MK enexTPHYHUM MOMEHTOM IUNOAS P, | pali-

YCOM-BEKTOPOM I, 1110 BU3HAYAE MMON0XKEHHA AAHOT TOYKH BIIHOCHO LIEHTPa AUNOA;
0) piBHoMipHO 3apamxeHoi HeckinyenHol HUTKM (abo uuainapa paaiyca R) ua sigcrasi
r 8ia ii oci (ana r= R — 30BHi UKninapa)
1 =
E= - (3.1.7)

2ng,

B) PiBHOMipHO 3apsIDKEHOT HeCcKiHYeHHO! NAOWUHK
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E=—: (3.1.8)

r) chepu padiyca R, 3apsn g skoi piBHOMIPHO po3nofinenuit no i 110BEpXHi, Ha Bia-
craHi r Bia LeHTpa cdepu
I

9
E= ~ 2R) 319
dmey r? Lt Wi

1) chepu patiyca R, 3apan g axol pisHoMipuio posnofinenuil no ii 06’emy, Ha sigcrani

r Bial UeHTpa cepu
_ 1 g _r
Tame, B 3g

{r<R),

(3.1.10)
3
E= ! —%—: pRz (r2R).
ameg r° 3gyr
. Torix Bexropa HanpyxenocTi E kpizb nnowaaky dS
d®, =EdS = E d8, (3.1.11)

1€ dS — BeKTOp, MOy/b AKOTrO JIOPIBHIOE dS, a HanpaM 36iracTsea 3 HOpMaNo n /10 nJjo-
niuHK, dS = dSn; E, —npoekuis BexTopa E Ha noaatdy HopMank A0 NaolWMnK ds.

Torix BexTopa Hanpyxeuocti E kpi3b f0BiAbHY noBEpxHIO S

®, = [EdS=[E,dS. (3.1.12)
S S

Enextpocratuyna Teopema [aycca

-

o, =§Eds =15, (3.1.13)
]

0 i=l

- N
ac qu — anrebpHyHa Cyma 3apAAiB ycepeaAnHi 3aMKHEHOT NoBEPXHi S.
i=|

Lupkyasiiis BexTopa HanpyxeHOCTi eNeKTpOCTATHYHOIO MO

$ Edl =0, (3.1.14)
L

Ae E; - npoexuis BexTopa E Ha nopaTHui HalipsM A0THYHOT 20 3aMKHEHOro KOHTYpY L.
Iorenuian mons To4xoBOro 3apany

s T, (3.1.15)
4ne, r

Hotenuian nong, sxe CTBOPIOETHCA CHCTEMOIO 3apALliB,

N
0= . (3.1.16)
j=f
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[Torenuian noag TOYKOBOrQ AMIONR

-t PR, (3.1.17)

MOMENT CHA. 1O AiI0Th HAa AHNOAL B OAHOPIAHOMY ENEKTPUYHOMY NOAI,
=[peE], (3.].!8)

abo
M = p.Esina, (3.1.19)

Je o — KyT Mix nanpamamu sexropis p i E.
Y BMNAIKy HEOAHOPIAHOTO €JIEKTPUYHOro NoJis, AKe Mac CUMETPIO BigHocHo oci Ox,
CHAa, 10 JI€ HAa AUNOJb Y TAKOMY MO,

F, = p%f»cos o, (3.1.20)

oK : 4 ; i
aec o CTYNiHb Heoauopidnocri noas 8 Hanpami Ox.

[MoretinianbHa exepris AMN0AA B 30BHILIHLOMY NoJi
Wo=-p.E. (3.1.21)

Pobora cia eneKTPOCTATHMHOTO MONA Mid YaC nepeMiuleHHs 3apsany ¢ 3 Touku [ y
TOYKY 2

A =q(0; — ¢3). (3.1.22)
38’530k Mix HanpyxenicTio E ejnexrpoctaTHyHOro nons il norexiianoM @ :
E = —grad o,
2
(3.1.23)
¢ — ¢, = [ Edl.
|

3akoH KynoHa. HanpyxeHicTb enekTpu4YHoro nonsi TO4KoBoro 3apsay.
Cuna, wo aie Ha 3apsa B enexTpuiHoOMy noni

3.1. SAxoro 3apany g Habyna 6 MinHa kyns, paaiyc sixoi R = 10 cm, sxk6u
Branocsa 3abpatu B Hel BCi €JIEKTPOHHM NPOBiAHOCTI? BBakaTH, 10 HA KOXHHI
aToOM MiZli Dpunanae OAHH eNEKTPOH MPOBIAHOCTI.

3.2. BusHauuTy cymapHuit 3apsil ¢ aTOMHHX sZIep, AKi MicTATbea 8 1 M° Mizi.

3.3. Yomy AOpIBHIOE CyMapHu# 3apsijl ¢ OQHOIO MOJS €1eKTPOHIB?

3.4. TopiBHATH CHNY KYNOHIBCbKOT B3aeMoAil F, ABOX eNeKTPOHiB i3 CH-
010 1X rpaBiTauiiHOl B3aeMoii F,.

3.5. SAxoro mana 6 GyTu mMaca m ), npoTOHa, Ans Toro o6 cuna enekTpo-
CTaTWYHOIO BifLUTOBXYBaHHA MDK ABOMA NPOTOHAMHU 3PiBHOBAXHIIACH CHIIOND
iX rpaBiTanifiHOro npuTAraHHg?
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3.6. Sxuii 3apsia g MaloThb JABi OAHAKOBO
wpﬂn)[(e};i KpanauH¥ BOIM, padiyc KX ro =
=7,6-10" M, SKILO CUNla B3aEMHOIO rpasiTa-
LiliHOrO MPUTAraHHA 1X 3PIBHOBAKYETLCH CH-
0K0 KYJIOHIBCbKOro BiawToBXYBaHHA? Kpan-
JTMHM BBOXKATH MaTepianbHUMU TOUKAMHU.

3.7. HienektpuyHe Tio, WO Mae Gopmy
Ky0a, 3apﬁmxeno OJ_'LHOPI,D,HO 3 NOBEPXHEBOIO
ryCTHHOIO © = | MxKn/M%. Slkoro Oyae no-
BEpXHEBA YCTHHA ENEKTPUYHOrO 3apsly o,
AKILO TiIO MPUBECTH B pPyX Y HanpsMmi oaHo-
ro 3 iioro pebep 3i wBHakicTio v = 0,5 ¢
(c — wBMAKICTL CBiTNA Y BaKyymi)?

3.8. JIBi oaHaKOBI KyJIbKH, Maca KOXHOI
in 20 wmr, nigeilueHi B MOBITPi Ha HEBaroOMux Hepos'raxcnnx HEeNMpOBIAHUX
HUTKAX, 1O 3aKpinieHi B OAHiH To4ui mizsicy i MaloTL noBXuHHY / = 0,2 M.
Onxy 3 kynbok BiaBenu BOik, Hananu i 3apsaay i notiM BianycTunud. [licns
, AOTHKY 3 APYrOIO KYJIbKOK BOHY PO3IALIIMCA TaK, LU0 HUTKH YTBOPHIH KYT
o = 60°, BusHauut MOAYb 3apany ¢, KM Hananu nepiuiil KynabLl.

3.9. 3apsimkena kynbka, maca sikoi m = 10 r, nigBilesa B NOBIiTpi B TOUUI
A Ha HeBaromiit Hepo3TsKHIH HenpoBiAHIM HUTLI, WO YTBOPIOE KyT o = 45° 3
BEPTHKALIIO, PYXAEThCA 3 MOCTIHHOI KyTOBOMO WBKHAKICTIO 0 = 10 pag/c no
Koy paniyca r = 5 cM (puc. 3.1). Y Toull B MICTHTLCH iHIUA HEPYyXOMa 3aps-
IKeHa Kynbka. Bu3HauuTH MoAayJli 3apaniB KyJibOK ¢, BBRKAHOUH 1X OAHAKOBM-
MM 33 yMOBH, Wo A0 = OB.

3.10. Yomy npu Bu3Ha4YeHHI HANpPYXEHOCTi eNeKTPHUHOrO MOJsi BUKOPHC-
TOBYETLCS MaNluii npoOHuUit 3apan?

3.11. Tpu opHakoBux 3apsaau (g = 0,1 MkKn koxxHuil) poamiuieHi y Bep-
IIMHAX piBHOCTOPOHHBOIO TPHKYTHMKA. Slkuil HeraTtuBHW#l 3apaa ¢, Tpeba
Po3MicTUTH B LEHTPi TPHKYTHMKA, 1100 cucTema nepebyBana B piBHOBa3i? Uu
Oyne us pisnosara critixowo?

3.12. HaBkono HEpyXoMOro TOYKOBOro 3apsny ¢o = +1 HKn piBHOMIpHO
00epTacTocs nin mi€H0 CUN MPUTATAHHS HEraTHBHO 3aps/PKeHa ManieHbka
Kynbka. YoMy ZOpIBHIOE BIOHOLUEHHA 3apAdy KyJbkKw g RO i Macw m, AKUIO
Paziyc opbit R = 2 ¢M, 2 KyTOBa LuBMAKICTb 06epTaHHi ® = 3 pan/c?

3.13. Ha nHo mocyauHU 3 Mac/ioM BMiLUEHO AieNneKTpHuHY KyNio, liameTp
Akoid = 2,8 cm, PiBHOMipHO 3apsi[DKEHY 3ap;mo~| q = 2 MxKn. I'yctuHa Macna
P =820 kr/m’, peuoBnny Kyni p; =926 Kr/M>. BU3HaYMTH HaNpyXeHicTb ernek-

Puc. 3.1
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TPUYHOrO MOAA B Macili, Npu AKkiA Kyns OO4YHe

cnauary. JIiHIT HanpyEHOCTI OAHOPIAHOTO eNleK-
TPHUYHOIO NOJNA HaNPSAMIEHI BEPTUKAILHO BrOpY.

3.14. MadTHyk ciiaga€Thesl 3 METANEBOL KyNbkH,

Puc. 3.2 MiABILUEHOT Ha HeBaroMii HepO3TKHIN HenpoBiaHii

HUTUI. SIK 3MIHWTBCH MepioA HOro KONHMBaHb, AKLIO

- KyNbil HAaJaTH MO3MTMBHOMO 3apafy, a IHLIY KYyJbKY, 3apALUKEHY HEraTMBHO,

PO3MICTHTH 3HM3Y Ha OAHIil BEPTHKAII 3 HUTKOIO MiABiCY MaATHUKA?

3.15. 3apspKeHa 4acTHHKA MAacolo m, AKa Mac 3apaj g, pyXacTbCsl HABKO-
N0 HEPYXOMOI0 TOYKOBOTO 3apajy ¢, no eninthyHiil opbiti (puc. 3.2). Mini-
MajibHa BIACTaHb MDK 3apsAOM | YaCTHMHKOKO g AOPIBHIOE 7, @ MAKCUMATbHA —
R. Yomy nopiBHioe nepioa obepraHHs YacTHHKY HABKONO 3apsany g,7?

3.16. Tino Macow m 3 NO3MTUBHUM ENEKTPUYHUM 3apsAJAOM ¢ KUHYNHU Mij
KYTOM O 10 FOPH3OHTY 3 NIOYaTKOBOK LWBUAKICTIO V. PyX Tina BiabyBaerbes
OAHOYACHO B MOJI TAXKIHHA 1 OAHOPIAHOMY €NeKTPUYHOMY NOAl 3 HampyKeHi-
cTio E. JIiHiT HanpyXeHOCT] HanpsaMieHi BEpTUKAIbHO BHU3. Bu3znauuT 4Yac
NOJILOTY Tifa ¢, BIACTaHb NOJibOTY / i BUCOTY MAKCUMANBLHOTO ninﬁomy Pisains

3.17. Ha BeprukanbHifi NnacTvHi AOCTATHBO BEAMKHX PO3MIpIB pmuampuo
pO3NORINEHNE eneKTpUYHUit 3apaa 3 NOBEPXHEBOIO IYCTHHOIO G = 3 uKn/em®. o
NAACTMHU NPUKPINISeHa HUTKA 3 MiABILIEHO Ha Hil KY/bKo, Maca sikoi m = 1 r.
Kynbka Mae 3apag TOro caMoro 3Haka, wo i naactuHa. O6uucauty 3apsn g
KyNbKH, AKIO HUTKA YTBOPIOE 3 BEPTHKAMIO KyT o = 30°,

3.18. B ogHopiaHOMY enekTpuyHOMY noji HanpyxeHicTio £ = 1,5 kB/M,
10 HanpsAMIieHE BEpTUKaIbLHO BHH3, PIBHOMiIpHO oOepraeThesl Kysabka, Maca
akoi m = 1 r i no3utuBHui 3apian g = 0,2 mxKn. Kynbka nigsiieHa Ha HUTLI,
nosxuHa akoi [ = 20 cM. KyT BiaxuneHHs HUTKHU Bin BepTukani o= 30°
Busnauuru nepion 7 obepTaHHA Ky/bKH i cuny HaTiIry F, HUTKu.

MpuHUKMN cynepno3nuii eNeKTPUYHKUX NoniB

3.19. BBaxcatouu npoTOH i €/IEKTPOH, 3 AKUX CKNIaJIaeThCs aTOM BOAHIO, 32
TOYKOBi 3apAjM, 1O PO3MillyIOThCA Ha BigcTani r = 5-10 ~ cM, BU3HaYUTH
Moayib E HanpyXeHOCTi enexTpuuHoro nons B Toukax B i C (puc. 3.3).

3.20. ocuts f0Bra HUTKA PIBHOMIPHO 3apsJDKeHa 3 NiHilHOK yCTHHOIO T.
Buznauntit Moaynib £ Hanpy>keHOCTI eNnexTpuyHOro nojs B Touui 4, sKka mic-
THTBCS HaBIPOTH KIHLA HUTKU Ha BiJICTaHi g Bij Hel.

3.21. PiBHOMIpHO 3apalKeHa TOHKA HUTKA, NOBXHHA kol [ = 20 cM, Mae
NHIAHY TyCTHHY 3apsfly T = 10 wKn/m. Ha Bigcrani @ = 10 cM Big HUTKH, Ha-
BIPOTH il CEpeiHM, MICTUTbLCS TOYKOBUH 3apin g =1 uKn. flxa cuna F pie Ha
el 3apan 3 60Ky 3apaIKeHOT HUTKN?
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3.22. Touke miBkinsue pagiyca R = 10 cM, pis- S
HOMIpDHO 3apsJiKeHe 3 JNiHIAHOI0 IYCTHHOI T = 4 ~
- =] mxKn/m, po3raiwiosane y Bakyymi. Busnauu- / \
14 cuny F B3aemonii niBkinbUs 3 TOUKOBUM 3a- "' \
pagoM ¢ = 20 HKn, wo MicTHTLCA y UeHTpi Kpu- g ® é
BM3HH, | MOAYNbL E HanpyXXeHOCTi eNeKTpHUHOro 1\ /
noss y Wil Touui. \ /

3.23. OzHakoBi TOUKOBI 3apiau g = g =3 uKn N /
poaMilieHi Ha Bixctai /= 10 cM oauH Bia opHOTO. S -
Bu3HauMTH HANpYXeHicTb £ eNeKTpUuHOro nons y
TOYKaX, AKi NexaTb Ha NEpneHauKynspi A0 cepe- |
JIMHM BiAPI3Ka, WO CnoJy4ac 3apsu, Ha BiacTani A = 5 cM Bin cepenunn. Ha sxiii
BifiCTaHI Az HATIPYIKEHICTD IOCAraE MaKCUMYyMY ?

3.24. Tonke xinbue, pagiyc skoro R = 10 cM, 3apspxeHe 3 AiHiiHO© ryc-
THHOWO T = 8 HKn1/M. Bu3HaunTt MOAyNb £ HANPYXEHOCTI eNeKTPUYHOro Noss
y TOYKax, 110 jiexaTb: a) Ha oci Kijbus Ha Bigctadi x = 15 cm Bix #oro
ueHTpa; 6) y UeHTpi Kinbus; B) Ha Benukiil siacrani x >> R sig kinbus. Ha
fAKil BigcTaHi Xy, HANPYXEHICTb MOMAA AOCIATHE MAaKCHMMANLHOIO 3HaYeHHN?
O6GuucnuTH Le 3HaAYEHHS.

3.25. Toukuii ogHopiaHui oMck paaiyca R sapaikeHHd piBHOMIpHO 3
MIOBEPXHEBOIO MYCTUHOKO 6. BU3naunT HanpyxeHicTe £ eNeKTpuuHOro no-
N5 y BaKyymi: a) Ha BUCOTI & HaJl JUCKOM Ha oci cuMeTpil; 6) y ueHTpi Anc-
Ka; B) Ha BeNukiii Bigcradi x >> R Bij AMCKA.

3.26. [iBi nosri onHoNMEHHO 3apAMXkeHi HWTKH po3MillleHi Ha BiacraHi / =
=10 cM onHa Bin opHoi. JlixifiHa rycTuHa 3apany Ha HuTkax T = 10 MkKu/Mm.
BeranoButu Moaynib Ta HanpaM BekTopa HanpyedocTi E pe3ynbTylouoro enek-
TPHYHOI'O NMoJIA B TOYLI, 1O MICTUTLCA Ha BiacTaHl xp = 10 CM BiA KOXXHOI HUTKM.

3.27. J1Bi noBri napanenbHi HUTKY PIBHOMIPHO 3apsalKeHi 3 NiHiAHOW ryc-
THHOMO T = 0,5 MxkKn/M. Biacraus Mixx uutkamu [ = 45 cM. Bu3HauuTt Makcu-
MaJibHe 3HAY€HHA MOAYAA £ Hanmpy»eHOCTi eNeKTPUYHOro nons B MIOLUMHI
CHMeETpIT Li€l cUCTEMHU, PO3MILLEHi it MiX HUTKaMM.

3.28. BusHauuTi Hanpy>XeHicTb E eeKTpHYHOro Nons y UeHTpi piBHO-
MipHo 3apsiikenol miBcdepu. [ToBepxHeBa rycTuHa 3apsily Ha miBcoepi
o= 3 uKa/m’.

Pne. 3.3

EnextpuuHuin gunonb

3.29. Enextpuunuii aunons i3 3apsanamu g; = +90 uKn, ¢, = -90 uKn, Bin-
Cranp Mix sxumu [ = 10 cm, nepeOyBae B noBiTpi. BusHauuty moayns E Hanpy-
XEHOCTI eNeKTPUYHOrO NOJIA: a) Ha oci AUNONS Ha BifcTaHi /4 Bin oaHoro 3 Horo
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Puc. 3.4

3apsanis; 6) y UeHTpi nurions; B) Ha NEpneHARKYAAPI A0 OCi AUMONS, IO MpPOXo-
OUTb Yepe3 OAMH i3 HOro 3apsaAiB, Ha BiACTaHi //2; r) Ha nepreHanKyIapi Ao oci
LU0, NOCTABIEHOMY 3 HOIO CepeanHH, Ha BifCTaHi I/2.

3.30. Jlunons 3 enekTpuuyHuM MoMeHTOM . = 0,12 uKn-m yrBopenuit aso-
Ma ToukoBUMH 3apszamu g = £ |1 uKn. O6uucnuti moayns E HanpyxeHocTi
noss Ui TOYOK: a) o¢i Aunons; 0) niOWMHHK, SKa NEepreHAKyaspHa A0 oci
ZMIONA | MPOXOAUTH Yepes HOro ueHTP. TOoUKU MicTATECS Ha BixcTaHi r = 80 cMm
BiJj UEHTpa NUMON4,

3.31. EnekTpuyHi 3apaai po3MillieHi y BepilMHaX KBaaparTa 31 CTOPOHOIO /,
SIK NOKa3zaHo Ha puc. 3.4 (kBaapynonsb). BusHauuru moayns £ HanpyxeHOCT
EEKTPUYHOrO MOJiA, AK€ CTBOPIOETHCA KBaAPYNojeM, y Touui 4, o po3mi-
IleHa Ha BifICTaHi x BiJ UEHTPa KBaapara, 3a YMOBH x >> 1,

3.32. Iunons 3 CAEKTPUUHHM MOMEHTOM, P = 200 nKn'm micTuThes B
HEOHOPIAHOMY nom HEOAHOPIAHICTL AKONO XapakTEPU3YETHCS BENHYMHOI
dEldx = 1 MB/M” y nanpsami oci aunons. OGuuciuTH cuay, Lo Ai€ HA AUMONb
Y UbOMY HanpsMi. |

3.33. ToukoBuii ZUNONL 3 ENEKTPHUUHUM MOMEHTOM p. = 5 nKn'M BifbHO
po3MicTHBCA B MOJi TOUKOBOro 3apsay g = 100 HKn na sigcrani » = 10 cm Big
HbOro. Bu3HauuTH a8 ULi€l Touku Beanuuny | dE/dr |, 110 XapakTepu3ye cTy-
MiHb HEOAHOPIAHOCTI MOJA B HANpAMi CUAOBOT AiHil, | cuny F, w0 Aie Ha au-
MoJib.

3.34. Jlunons 3 eNEKTPHYIHUM MOMEHTOM p. = 7 nKI'M MicTUTHLCH B nofi
NOBroi HUTKH, 3apA/DKEHOT PIBHOMIPHO 3 JIiHIAHOKW rycTtiHolo T = 300 uKn/m
Ha BiacTaui » = 8 cm BiA Hel. O6yucauTh cuny F, ska Ai€ HA AMNONb, SKLIO
BEKTOp AMTIONLHONO ENIEKTPHYHOTO MOMEHTY P, OpIEHTOBAaHWM: a) Y3OBX
HUTKH; 6) y HanpaMi CHTOBUX JIiHi# nons.

3.35. BusHauuTH CUJIY B3aEMOZAii JBOX MOAEKYJ BOAAHOI Napu, aunosni
AKUX € MPOZOBKEHHAM OZUH ORHOTO. EnexTpuuHuii AUNONbHUI MOMEHT
MOJeKy i BOJH ge =6,2:10 " Kn-m. Monekynn MicTSTBCS OZtHa BiJL OJHOT HA
BiacTaHi x = 10

3.36. anaqum asae',MHy noTeHuianbHy eHeprito W, - 1BoX MONeKy BOASAHOI

napy, BBKAHOYM X TOYKOBUMH JUMNONAMH 3 €NEKTPUYHUMH MOMEHTaMH p, =
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=6,2-10" % KH ‘M. JInnoni nepebyBatoTh y CTaHi CTIAKOI piBHOBAru Ha BiCTa-
gix=10" 3 em OJiUH BiJ OZHOIO.

3.37. Aunons 3 eNeKTPUYHUM MOMEHTOM p. = 2 HK1*M MICTHTLCS B OAHO-
pIRHOMY ENEKTPHYHOMY nosi, Hanpyxenicts akoro £ = 30 kB/M. Bektop au-
MONbLHOMO €NEKTPHYHOMO MOMEHTY P. YTBOPIOE KyT &y = 60° 3 Hanpsamom

CHJIOBHX JiHi# noss. BusHauutH poGOTY, BUKOHAHY 30BHIMIHIMK CHAAMH TiA
yaC NOBEPTAHHA Aunons Ha kyt f=30°. °

3.38. [lepnenankynapHO [0 OCi AuNONS 3 ENEKTPHYHUM MOMEHTOM p, =
= 12 nKn'M yTBOPIOETLCS OHOPIHE ENEKTPHUYHE MOJE HANpPYxeEHicTIO E =
=300 kB/m. Ilin niero cun nons aunons nouyuHae oGepraTHCs BiAHOCHO
oci, AKa MPOXONHTbL 4e€pe3 Horo UeHTp. BCTaHOBUTH KYTOBY WWIBUAKICTH
RHNONA B TOH 4ac, KOJAM AMMNOND [POXOXHTE MONOKEHHS piBHOBaru. Mo-
MeHT iHepuil Kunons BiZHOCHO OcCi, fKa JIPOXONUTE NMEPNEHAMKYAPHO 10
gcn aufong yepes uoro ueHrp, 1 =2-10" ? krm?,

3. 39 BusHauuTtu euepnm W nunons, eNeKTpMYHKi MOMEHT AKOIO p, =
=4-10 ~ Ka-m. Jlunonsb Mlcm'rbcn B 30BHI{IIHbOMY OJHOPiZHOMY ENEKTPHY-
HoMy nofti Hanpyxkenictio £ = 3-10° B/m, a Bick aunons yTBOpIOE KyT o = 30°
3 HanpAMOM Hanpy>XeHOCTi nons.

3.40. Jlunone 3 €1EKTPUYHUM MOMEHTOM p, = 60 nKu'M BinbHO BCTaHOBUBCH
B €JIEKTPUUHOMY MOJIi TIOCKOro KOHL€HCATOPa. [ToBepxHesa rycruHa 3apsaay
Ha TIacTHHAaX KOHZeHcatopa ¢ = 10 HKa/M’. Sk 3MiHMTBCH MOTEHUianbHa
eHepris AMMOoJA, SKLIO NOBEPHYTH ioro Ha KyT o = 30°?

MoTik BekTOpa HaNpYKeHOCTi.
Enextpocratnysa teopema aycca

3.41. Yomy nopisHioe notik @, BEKTOpa enekTpMYHOro 3miueHHs D
Kpi3b chepuuHi noBepxHi S| i S; Ta kpi3b AOBiNbHI 3aMKHEH] nMoBEpxHi S i
83 (puc. 3.5)?

3.42. Un MOXYTh NEpeTHHATHCA: CHIIOBI JIiHil; eKBiNOTEHUIaNbLHI NOBEPXHi?
HosicuuTy.

3.43. Ha nesiii BincTani Bifi HECKiHUEHHOI piBHOMIPHO 3apsmKeHOT no-
UMHK po3MillieHuit Kpyr paliyca r = 15 oM, akuii napanenbuuu nnouuHi. I[To-
BEpXHeBa rycTuHa 3apsly NIOWHHU G = 2 MxK/m?. OBUHCIUTH NOTIK ®;: Bek-
Topa HanpyxeHocTi E enexkTrpu4Horo nons xpisb Kpyr.

3.44. Ha sincrani o = 30 cM Bif| HeCKiHUEHHOT PIBHOMIPHO 3apAUKEHOI HUTKH
Po3TaioBaHa Kpyrna niowaaka, pagiyc akoi r = 1 mm (puc. 3.6). BusHauumv npu-
Onusuo notik @ BexTopa HanpyketocTi E kpish 1o nioLanky, SKuio ii nioLmuHa
YTBOpioe kyT o = 30° 3 NiHi€I0 HANMPYXKEHOCT] EIEKTPMYHOIO MO, L0 NPOXOAUTH
Yiepe3 uentp rutowmanku. Jlinifina ryctuna sapsay Hutku T = 30 HKn/m.
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3.45. Y ueHTpi kyba MicTUTLCA TOYKOBHU 3apal g. Yomy JOpIBHIOE MOTiK
@,; BekTOpa HanpyxeHocTi E: a) kpi3b NOBHY noBepxHIo kyba; 6) kpi3b oaHy 3
oro rpaHei?

3.46. 3apan g = 0,5 MxKn MicTUTbLCA y BEPLIMHI KPYrOBOrO KOHYCa, BUCOTa
axoro & = 30 ¢m i pagiyc ocHoBu » = 10 ¢M, Y Bakyymi. ObuuciauTu notik @)
BEKTOpa €1eKTPHUYHOro 3milieHHa D kpi3b NoBepxHIO KOHYCA.

3.47. BuzHauuTu notik @O BEKTOpPA HANPYXKEHOCTI eNEKTPUYHOTO NONAS
E kpi3b 6i4Hy MOBEpPXHIO KOHYca, BUCOTa Akoro £ = 20 c¢M i paxiyc ocHO-
Bu » = 10 cM. Ha oci koHyca Ha OJHAKOBHMX BIACTaHAX BiA BEPHIUHHU H
LlEHTpPa OCHOBH po3milieHuii 3apan g = 1 mkKn. Konyc micturecs y Ba-
KyyMi.

3.48. O6uyucnuty notik @y BEKTOpa HanpyKeHOCTi esnekTpuuHoro nons E
Kpi3k Gi4HY MOBEPXHIO NPSIMOro KpYroBOIo LuiIiHAPa, BUCOTa SKOro s = 20 cM,
a pagiyc ocHoBu » = 10 cM. ToukoBuii 3apan ¢ = 0,3 MxKn micTuTbCA: &) Ha OCi
UMAiHApa Ha cepeauHi BUCOTH; 6) y UEHTPi OCHOBU.

3.49. EnexktpuuHe nose CTBOPIOETLCA ABOMA HECKIHYEHHUMH napaneib-
HUMH T1aCTHHAMM, am PIBHOMIipHO 3 2pfm.mzeni 3 NOBEPXHEBHMH TYCTHHAMH
sapazis o) = 2 HK/m® | 0, = -5 uK/m’. Busnauuru Moaynb E HanpyskeHocTi
moJs: a) Mk rIacTHHamu; 6) no3a niacTHHaMH.

3.50. Ha npacTvMHax njockoro KOHAEHcaropa MiCTUTbCS enempwmun 3a-
pan g = 10 uKn. IInowa koxHOT naacTuHu koHaeHcatopa S = 100 cM’, Hienek-
TPHK — NOBiTPA. BH3HauuT cuay F, 3 SKOK NMPUTATYIOTbCA nyacTuHu. Enext-
pUYHE MOJEe MK MJIACTHHAMM BBAXKATH OOHOPIAHUM.

3.51. /lpa HeckiHUEHHHUX TOHKOCTIHHHX KOAKCiaNbHKUX LMUNIHADH paaiy-
ciBRi=5cmiR,=10cwm pmnompuo 3apn,umem 3 MOBEPXHEBUMH IyCTH-
Hamu 3apsanis 6, = 10 uKa/m’ i 03 = =3 HK1/m?. HpocTtip Mix Kuninapamu
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3aN0oBHEHHU NoBiTpsaM. BusHauutu Monyne £ HanpykeHOCTi nojs B TouY-
Kax, 110 MICTATBCA HA BIACTAHAX ry = 2 CM, 2 = 6 cM, r3 = 15 ¢cM Bin oci
UMNiHAPIB.

* 3.52. Touxosuii 3apaa g; = 20 HKN po3MmillyeTbes B UEHTPI HETIPOBIZHOT
‘chepuuHOl noBepxHi paniyca R = 15 cM, Ha kit piBHOMIpHO po3noaineHuit
3apaf g, = ~ 20 HKn, Bu3sHauuTH Hanpy>eHicTb eNeKTPUUHOrO MoJs B TOYKAX
A i B, axi signaneHi Bix ueHtpa chepu Ha BiacTadi r4 = 20 cm, r5 = 10 cm.
. YoMy nopiBHIOBaTume HanpyxkeHicts E noss B Touui 4, AKLIO 3apsik g 3mic-
. THTH Ha BigcTaHb [ = 1 MM BiJ ueHTpa cepH B Hanpsmi, AKUHA YTBOPIOE 3 pa-

RiyCOM-BEKTOPOM, IPOBELEHUM Y TOUKY A, KyT ¢ = 60° (puc. 3.7)?

 3.53. [MosuruBHuH 006’ eMHHH 3apa PIBHOMIPHO po3noOAiNeHH y BakyyMi
A0 06’eMy HeoOMeXEeHOr0 MIOCKOro Wwapy 3aBTOBLUKU d 3 06’€MHOO TyCTH-
'HOIO p. BusHauuTu HanpyxeHicTs E nons sk QyHkuio BificTaHi x Bif ueHTpa
’mapy

- 3.54. Kynma pagiyca R = 2 cm 3apanxeHa 3 00’€MHOI0 I'YCTHHO p =
—0 7 mxKn/m®. O6uncauty moayns E HanpyxeHOCTi MoNs Ha BiACTaHAX
ri=1cmir;=3cMBix UEHTPA KYJIBKH.

3.55. Ycepenuni oqHOpiAHO 3apaKeHOl Ky 3 06’€MHOIO TYCTHHOIO 3a-
PaRy p MmicTHTeCs chepudyHa NMOPOXHUHA, UEHTP AKOI 3MilleHuH BIAHOCHO

" IeHTpa Ky/i Ha BiACTaHb ro (puc. 3.8). BuzHauutu Hanpyxesicts E noss sce-
Peauni nopoxHuHH, SIkoro BoHa Gyne npu ro = 0?

Bxazigka. CxopucTaTics NMpUHLMNOM CYNEpno3uuil noaiB MO3UTHBHO
00’ eMHO 3apamKeHOT Kyl | HeraTHBHO 06°€MHO 3apAIXKeHOT KyJIi 3 pajiycoM
NOPOXXHUHM.

3.56. EnextpuuHe noJje CTBOpEHE PiBHOMIPHO 3apaskeHuM 3 006’ €MHOIO
FYCTHHOO 3apany p uuniﬂnpom Paniyc uuninzgpa R, 1OBXHHA HECKiHYEH-
Ha. Busnayuru HanpyxeHicts £ nons sk GyHKuilo BiACTaHi r Bi OCi UH-
NiHapa,

123



3.57. Ycepeauni piBHOMIPHO 3apsIXEeHONo
3 00’ €MHOIO ryCTHHOIO p unninapa pasiyca R, |
MIiCTHTbCS LMNIHAPUYHA NOPOXKHHMHA pamyca
R, (puc. 3.9). Bics OPOXHHHHU 3MiLUEHA Big- .
HOCHO OCi UMJiHapa Ha BiacTaHb 7p. Padiyc:
uuninipa 8 6araro pasiB MeHWHii, Hik Horo
NOBXKHHA. BM3HAauuTH HanpyxeHicTb mnonst E
Ha panianbHid NpAMii, AKa NPOXOAWTL HYepes
BICb LUJIHAPUYHOT MOPOXKHMHH, 3ANEKHO Bij

Puc. 3.9 BiACTaHi » Bif oci umninapa (AuB. BKa3iBKYy 10
3anaui 3.595).

3.58. Kyna paniyca R Mae nosutuBHUMA 3apan, 06’eMHa rycTiHa sakoro 3a-
NIEXUTb TUTbKK Bif BIACTAHI » O i UEHTPA | BUpAXAETHCH AK p = po(l — 7/R),
O€ po — MocTiiiHa. Beakaiouw, o AieNEKTPHYHA NPOHUKHICTL CKPi3b € = |,
BM3HAYMUTH: @) MOAYJbL HANPYXXEHOCTI €NEKTPUYHOro Mojs BCEpeAHHi Ta 3a
Mexamu Kyhni K GyHkU i r; 6) MakCHMaNbHE 3HAYEHHS MOAYNA HanpyXeHo-
CTi Erax T2 BIiAMOBigHE AOMY 3HAYEHHS Fpax.

%

Po6ora 3 nepemilleHHna enekTpu4HOro sapsaay. Morexulan.
3B8’5130K NoTeHuiany enekTpocTaTUYHOrO MonNs 3 HanNnpPyXeHicTio

3.59. Enexrpuune none cTeopene 3apasom g = 4 MK, akuii mictuThCs B
HieneKTpMYHOMY CepeloBHLIi 3 MPOHMKHICTIO € = 2. BusHauutu poborty 4
eNEeKTPHYHUX cunl 3 nepemiuleHHs 3apsay go = 200 vKn 3 Touku a B ToUKy b,
LLLO JIeXaTh Ha BIACTAHAX ¥ = 2 CM 1 #, = 5 CM BIA 3apsaay g.

3.60. Ha Bixctani ry = 0,5 m BiZ NOBEPXHi BiIOKpEMIEHOT MeTaneBm Ky
paniyca R = 10 ¢M 3 NMOBEPXHEBOO MYCTHHOIO 3ap;my o = 50 MkKn/m” MicTrTbCS
3apaj g. 1106 Habau3uTH 3apaf g Ha BiicTaHs » = 10 CM 10 noBepxHi Ky,
noTpibHo BukoHaTH poboty 4 = 1,5 JIx. O6UHCTUTH 3HAYEHHS 3apslLy.

3.61. Y BepiuuHax NMpaBHJILHOrO LIECTHKYTHHKA, CTOPOHA AKONO @ = 5 CM,
po3milileHi ToukoBi 3apaau g = 6,6 HKn koxHui. BusHauuTd poboTty 4, BUKO-
HaHy MOJIEM Tig 4Yac NnepeMilleHHs 3apany g = 3,3 HKn 3 ueHTpa LecTUKyT-
HUKA JI0 CEPENMHH OAHIET 31 CTOPIH.

3.62. HeckiHueHHa HUTKA 3apsikeHa piBHoMipHO. JliHifHA rycTHHa 3apsaay
1=0,1 mxKn/m. Bixcrans Big HUTKH 8O TOUKOBOro 3apany ¢ = 50 HKn 3pocna
y 1 = 3 pa3u. Busnauutu poboty 4 cun nong 3 nepemilieHHs 3apaay.

3.63. EnexTpoH pyXa€ThCs B HAnNpsAMi CHIOBHX JiHil OXHOPIAHONO eNeKT-
pUYHOro nojs HanpyxeHictio £ = 120 B/M. Slky BiacTadb s BiH NponeTuth
y BaKyyMi O MOBHOT BTPaTH [BUAKOCTE, AKLIO HOro NOYaTKOBA WBUAKICTD
Up = 1 000 km/c? Ckinbky yacy f TpUBaTUME MONIT?
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3.64. )_'Lna OJIHAKOBUX 32 MOZIYNIEM TOYKOBHMX ENEKTPHUHMX 3Py po3Mi-
meHO Ha oci Ox. Onun 3apan ¢, = 2 HKn MICTUTBCE B TOYLi 3 KOOPAMHATOKO
5. = 1 cm, iHLWiE g = =2 HKn —y Touli 3 koopauHaTolo x_ = -1 cm. Bu3Hauu-

o poOOTY A CHJI eNeKTPUYHOro mons 3 nepeMiwenHs 3apaay g, = 4 HKn 3
@qm x1 = 100 cm y Touky x; =-100 cm.
~ 3.65. Y nojii HEpYXOMOro TOUKOBOTO 3apaay g = ~1,5 uKn y nanpami 10
‘gapafy PYXa€ThCs enexrpou Ha Bincrani r = 5 cM Biji 3apsaay €NEKTPOH MaB
QIBMIKICTL U = 6 10° M/c. BusHauuTu MiHIManbHy BIAICTaHb rg, HA SKy Habnu-
3UTHCA EAEKTPOH 110 3apajy.

.+ 3.66. [[pa enexTpoHH 3 OJIHAKOBOX NMOYATKOBOIO KiIHETHYHOIO EHEpri€lo
{f = 100 eB pyxaloThcs B3NOBXK NPAMOI JiHil 3 HECKIHYEHHOCTI HaszycTpiu
' H OXHOMY. BU3HAYKUTH MiHIMaNbHY BIICTAHb Fpiq 1X 300HKEHHS.
- m- 3.67. Bia No3UTHBHO 3aPAKEHOI NMJACTHHH BEPTHUKANBbHO PO3MILLEHONo
_ IIOCKOrO KOHJIEHCATopa NoYHHae pyxaTucs 6€3 noyaTkoBoi WBHAKOCT Yac-
~THHKA, 3apsd | Maca akoi BianoBiaHo g = 2 MkKn i m = 2,5 r. BusHauutu
@iacTaHb A, Ha SKY ONYCTHUTHLCS YaCTHHKA, KOJAW BOHA nepebysaTume noce-
* JpeluHi MiX NnacTUHaAMH KOHAEHCATOPa, AKIIO KOHJEHCATOP BMILLEHO Yy Ba-
- ¥yym. Hanpyra Ha kongencaropi U = 600 B, BiicTaHb MiXx nnactuHamu d =
=20 cM,

3.68. Y nnockoMy KOHAEHCATODPI, AKKI BMILLIEHO Y BaKyyM, 3aBHUcia 3aps-

. gDKeHa KparuidHa pTyTi. Bincraws Mix rmnactMHamu koHzaeHcatopa d = | cm,

* A0 HUX NpUKJIafeHa pisHuua noredyianis U; = 1000 B. Pantom pisnuus no-
fenuianis sMeHwWwMAack, 40 3Havenns U, = 995 B. 3a akuii 4ac ¢ kpanniHa z1o-
CAMHE HWXHBOI MIACTHHM, SKUIO BOHA cnoyarky Oyna Ha cepeaudi BLICTaHi
ui:x nnactuHamu?

 3.69. IpoGiii nositps 32 HOPMallbHHX yMOB HaCTae TOAl, KONK Hanpyxe-

‘ lilcl‘b enekTpuuHoro nosns £y = 10° B/M. OBuucauTH HaHGinbLIHii 3apan g, Wo
#ioro Moxxe BMiCTUTH 3apamKeHa Kyns, i NoTeHian @, 10 AKOro MOXHA 3aps-
“AMTH 1o Kymio. Pagiyc kyni R = 10 cm.

3.70. Touxuii cTpxeHsb 3aBoBxkH [ = 10 cM pIBHOMIPHO 3apsKeHHd
3apanom g = 3 uKn. Busnauuty monyne E Hanpy)XeHOCTi 104 i noTeHuian ¢
Y Toulii, 1110 NEXUTL Ha OCi CTPHXKHA Ha BizicTaHi xo = 20 cm Bix 6auxuoro

dioro kinug.

- 3.71. Touke xinbue pagiyca R = 5 cM NO3UTHBHO 3apAKEHE 3apsOM
9 = 17 nKn. Busnauuty noreHuian @: a) y UeHTpi kinsls; 6) y TovLi, 1O Je-

- WHUTb Ha oci Kinblg Ha BifcTani 2= 10 cM Bix Horo ueHTpa.
- 3.72. MeraneBuii auck o6epTaeThes HaBKOJ'IO CBOET OCi, nepneHauKyasp-
HOI o nnowMHK nuCKa, 3 YacTotoio v = 100 ¢ . Paniyc aucka R = 10 cm. Sxka
PlSHuua noreHuianis A9 BUHUKHE MI}K [EHTPOM ZMCKa TAa TOYKaMH, LIO Je-
aTb Ha Horo 0604i?
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+6, —6; 3.73. /IBi HeckiHYeHHI MapanenbHi TUIOLIHHY

' MICTATbCA Ha Biacradi d = 0,5 ¢M ofiHa BiJ OZHOL,
Ha nnomunax piBHOMipHO posno,uineui 3apaam,
MIOBEPXHEBI [YCTHHM  AKHX anomnno o=

w—y =02 mxKa/m® i 6, =—0,3 mxKn/m’. BusHauumy
pi3HULIIO NOTeHNianiB AQ MiX NIOLIHHAMM.

20 we 3.74. 3a nanumu 3anadi 3.25 BU3HAYKTH Y THX

CaMHMX TOYKAaxX MOTEHUIan ¢ eNeKTpOCTaTHYHOrY

rnons y BaKyyMi.

3.75. [Mpamuii noBruii UMIiHAPUYHKIL NpOBia-
HUK paaiyca r; = 1,5 CM MO3MTHBHO 3apsLKEHUM
piBHOMipHO 3 JiHiiHO0 rycTHHOO T = 30 HKi/M. SIKa pisHuus noreHuianis Ag
MDK MOBEPXHEIO0 LUMIIHAPA Ta TOYKOMO, L0 MIiCTUTLCA HA BLACTaHI r, = 3,5 cM
Bif OCI UMAiHApa?

BkasiBka. Bukopucratd po3s’s3ku 3amay 3.51, 3.53-3.56.

3.76. 3apsn piBHOMiIpPHO PO3NOAUIEHHH y BaKyyMi no 00’€MY HECKIHYEHHO
BENUKOI naacTHHU. ToBLIMHA naacTHHHU d, 00’€éMHA rycTHHA 3apsany p. BusHa-
YUTH NOTEHLIAN @ AK PYHKUiIO BiCTAHI X Bij CepeuHM NaacTUrU, Beaxaru
110 MOTEHiaN MOCEePEANHI NIACTHHH JIOPIBHIOE HYJIEBI.

Bxa3siBka. Bukopucratu po3s’a3ku 3aga4 3.51, 3.53~3.56.

3.77. 3apan g piBHOMIPHO PO3NOAINCHU Y BaKyyMt B 06°€Mi Kyni paniyca
R =15 cM 3 06’eMHOI0 rycTHOWO p = 2 MKKa/M®. OG4HCIHTH noTeHuian @
a) :) uemp; rcym 6) Ha noaepxm KyJi; B) y TOYKAX, 1110 JIEXKaTh Big UEHTpA
Kyni Ha BifcTaHi 71 = 10 cM <R | ?’2 =20cm> R.

BxasiBka. Bukopucraru po3s’a3kH 3agay 3.51, 3. 53—3 56.

3.78. 3apsn 3 06°eMHO0 rycTHHO0 p = 2 MKKI/M® MicTHTBCS B 06’ €M
uuaiRapHYHOT GOpMHU paziyca ro =2 cM. O6uucauTH pi3HULIO noTeHUianiB
A@ MiX TOYKaMH, IO N€xaTh BiJl OCi uMninapa Ha Bigcradiri=1cmin=
=3 CM.

B x a3 iBka. Bukopucrartu po3s’a3ku 3azay 3.51, 3.53-3.56.

3.79. Ilpocrip mix aBOMa KOHueHTpPHYHUMHU cepamu paniycis Ry i R,
3apAMKEHHT 3 06’EMHOIO TYCTHHOIO 3apally p = o/, [ig OL — CTaNa BETHUHHE

Bu3znauuTy noBHuii 3apsaa g, a Takoxx MoAynb E HanpyxxeHocTi i noreHuian @
€JEKTPHYHOrO noJs AK GYHKUIT BiiCTaHI r BiJ ueHTpa chep.

3.80. MarematH4HOMY Maﬁmuky§ Maca skoro m = 1 r i nepion Koaw
BaHb T = 1 ¢, Hajanu 3apany ¢ = 107" Kn. Masaruuk po3micTuau B OfiHOpiA-
HOMY EJIEKTPHYHOMY MOAi, CTBOPEHOMY MJIOCKUM KOHJEHCATOpOM, Mitac~
TMHH AKOro pO3TallOBaHi MOpH3OHTaNbHO. [lepion KonHBaHbL NMpH HLOMY
3meHmuBcs 1o I, = 0,8 ¢. Bigcrane Mixk ninactudamu Ha Ad = 1 ¢m Ginpuid
Bt HOBXXHHHM HUTKH masaTHUKA. BU3HauuTu: cuny F, ska ai€ Ha MasTHHK 3

® —a
oLy

oé

Puc. 3.10
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Goky ENEKTPUYHOIO MO, HAMPAM ENEKTPUYHOrO MONs; PiSHULIO MOTEH-
gianis U Mk niacTUHaMK; MOBEPXHEBY MYCTHHY © 32pAAiB HA NaCTHHAX.

3.81. JIpi napanenbHi HECKIHYEHH] MIOMIMHK 3apAfXKeH] PpI3HORMEHHHMHU
sapAfaMHu 3 OBEPXHEBUMHU TYCTHHAMMU BiAMOBigHO +0| i —0,. AGcuucH Bka-
aauux Ha puc. 3.10 Touok Taki: x; =-3 m, Xy =—1 M, x; = +2 M, x4 = 13 m. Pis-
HuLA NoTeHuianiB Mix Toukamu 2 1 1 @, —.¢, =400 B. Slka 3 noBepxHeBHX
ryctaH (+o) 4H —03) € 610K 32 a6CONOTHUM 3HaYeHHIM? YoMy nopis-
HIOE Pi3HULA NOTEHLIANIB @y — Q37

3.82. 3HaiiTH BUpa3 ans NOTEHUIANY () TAKUX €JIEKTPOCTATHYHUX MOJiB:
A E=a(i+xj);6)E=2ayi+a(x -)y)jiB)E=ayi+(ax+b2)j+byk.

3.2. NPOBIAHVWKKA B ENEKTPOCTATUYMHOMY nNOfiI

HanpyxXeHicTb €1€KTPHYHOIO Nons:
a) BCepeluHi NpoBiAHMKA

E=0; (3.2.1)
6) no61u3y noBepXHi MPOBiAHMKA Y BAKYyMi
E=E,=—. (3.2.2)
o

EneKkTpoeMHICTh BiOKPEMIIEHOro NPOBiAHHKE

=4 (3.2.3)
¢
EMHiCTE KoHnEHCATOPIB:
d) niockoro
C = &S (3.2.4)
d
6) uMninapuunoro
- _2meggl (3.2.5)
In(R,/R)’
8) chepuusoro
C = AmesRR; (3.2.6)
R, - R,

] EMuicTs Gatapei xoHAeHcaTOpiB y pasi mOCHiZOBHOrO i mapanensHOro 3'€AHaHb
BlLANoBiauo

i 1
—=Y—, Cc=YC. 3.2.7
c =g’ ’ o]

I
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PiBHOBaXXHMI po3noAin sapsgis y NPoBigHUKY.
MeToa A3epkanbHUX BiaobpaxeHsb

3.83. Ha sxomy ¢hizuyHOMY SBHLII [PYHTYETHCA METOJ| €/IEKTPOCTATHYHOrD
3axucTy?

3.84. Yomy npoBiaHukh AnS NOCAINIB 3 eNEKTPOCTATHKH POGAATL MOPOXK-
HUCTUMH?

3.85. Hakpecnutyu rpadik 3ai1eXHOCTI NOTEHUIANY i1 HANPY)XXEHOCTI eNlek-
TPOCTATWYHOrO MOJIA BiJt BIACTAHI JO LIEHTPA 3apAKEHOI METAneBoi Ky
paaiyca », 0TOYEHOI TOBCTOK METaneBol 000J0HKOW, BHYTPIWHIA paniye
akoi R, (R, > r), a 30BHiIHIA R,.

3.86. Ak po3noAiNATLCA 3apANM HA 3APAIKEHUX MiIHiH Ta cTaneBid Kymnsx
mig yac ix AOTHKAHHA? Macu KyJib € OZHaKOBHMMH. '

3.87. Yu BUHMKHE CTPYM Y MPOBIXHUKY, AKUM 3 €AHAHI METaNEBI KYJi pi-
HHX paaiycis, AKWIO HaaTH IM OQHAKOBHX HEraTUBHHUX 3apaziB?

3.88. B onHopinHe eflekTpUUuHE MoJe HanpyXeHictio £y = 2 kB/m BHeceHo
TOHKY MeTajieBy MJacTHHY, MJIOLIKHA AKOI NMEPNeHAMKYASpHA O Hanpsmy
enekTpHYHOro noJjs. YoMy IOPIBHIOE MOBepXHEBa NYCTHHA 3apsdy Ha ruiac-
THHI?

3.89. Beauky BepTHKaIbHY METAIEBY MJACTUHY 3 MOBEPXHEBOK MYCTHHOK
3apsally O Ha KOXHOMY OOLii MOMICTUAM B OIHOPiHE ENEKTPUYHE fOoJe Ha-
npyxeHicTio E nepnenpukynapHo AO NiHiA HanpyxXeHocTi. BusHauuTH Ha-
MPYXEHICTh NOJA BCEpennHi i 30BHI MJACTHHH Ta NMOBEPXHEBY ryCTHHY 3aps-
IiB, sKa BUHUKAE Ha il npaBoMy H JiBomy Gokax,

3.90. Benuka mMeTaliea naacTvHa po3TaliOBaHa y BePTHKANbHIH MIoLuHi
Ta 3a3emnena (puc. 3.11). Ha Biacrani @ = 10 cM Big nAaCTHHHU MICTUTLCA He-
pyXOMa TOuKa, IO SKOi HA HUTL NijBilleHa MaleHbKa KYAbKa. JIOBXKHHA HUT-
ku [ = 12 cm, maca kynsku m = 0,1 r. [Tig yac HagaHHa KyabUi 3apaay g HUTKA
BiIXMIMacs Bij BepTHkai Ha KyT o = 30°, O6UMCAMTH 3apaZ g KYJIbKH.

3.91. Toukoswuii 3apsx ¢ = 107 K Mictutsea wa Bigcrani d = 3 cM Bia
MJI0CKOI METaNEBOT NJACTHHM, AKa 3a3eMieHa. BUZHAYUTH CUITY B3aEMOJIT MiXK
3apAKOM i INACTHHOLO,

3.92. Tpu pi3HOAMEHHMX TOYKOBHX 33apAAM PO3MILLEH] Y BEpLIMHAX KBaj-
para 3 piaroHanmo [ = 50 cM, Ak nokaszaHo Ha puc. 3.12. Touka O — ueHTp
kBanpara, AOB — npAMuit KyT, yTBOPeHHH ABOMA METAIeBUMH HamniBr/OLLK-
Hamu. BuzHauuTv cuny F, 1o Jie Ha 3apsajg —g, AKWO fOro 4ucioBe 3HaYeHHA
g = 11 mxKn.

3.93. isa ToukoBHX 3apaau g = 2 HKa po3miliieHi Ha BiACTaHaAX A= 5 cM
BiJi METAIEBOI MJIOLLMHHM 1 HA BiacTaHi 2/ = 10 cM OfMH Bix OfHOro. Bu3HayuTH
CHJIM, L0 AIKOTh HA KOXHHUA 3apan.
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3.94. Jlorra HuTKa, Ka PIBHOMIPHO 3apafXeHa 3 JiHIAHOK ryCTHHOMO 3a-
pany T = 1 mxKn/m, niasilieHa napanensHo HecKiH4eHHIH nMpOBIAHIH MIOWHK-
Hi Ha BigcTani 2 = 10 cm BiJ Hel. BU3HAYMTH HAMpYKEHICTD i NMOTEHLian enek-
TPUYHOrO NONS HA NOBEPXHiI MPOBiAHMKA B TOYKAX, LIO feXaTh HA NpAMIH,
fKa neprneHAKKYNApHA A0 NOBEPXHi i MPOXOAUTL KPi3b HUTKY.

EnekrpoemMHicTe. KoHaeHcaTopw.
3’'eaHaHHA kKoHaeHcaTopis y 6arapei

3.95. Busnauuti emuicts C BigokpeMaeHoi MeTaneroi Kyni pagiyca R =5 cm

y NOBITPI.
~ 3.96. Kynuka, 3apnmxena A0 moTeHuiany ¢ = 1 kB, mae noBepxHesy ryc-
THHY 3apagy ¢ = 180 HKn/m’. BusHauntu paziyc KyJlbKH.

3.97. O64ucanTu emmcn. C nnockoro noBiTPAHOrO KOHAEHCATopa, MoLa
onacTuH skoro S = 100 cM’, BIACTaHb MK HUMK d = 2 MM. HoMmy nOpiBHIOBA-
THME 33apsl g KOXHOI MJACTHHM, AKWO KOHIEHCATOp MiAIMKHYTH A0 KJIEM
Oarapei 3 Hanpyrowo U =24 B?

3.98. [TnacTiHKM NMNOCKOro KOHAEHCATOPA, BiACTAHb MiX AKkuMKU d = 12 cM,
3€AHaHi 3 KOHAYKTOPOM ENEKTPOCTATHUHOI MALUMHK, fAKa AAE Pi3HULIO MO-
Tenuianis 12 kB. Tlo6yaysatu rpadik 3MiHM NOTEHUiany MiX MIaCTHHAMH
KOHfiencatopa. 3a rpadikoM BH3HAYMTH TOTEHL{an nojas Ha BiacTaHsx 3, 6 i
9 cM Bia nosuTUBHO 3apsAAKEHOI NNacTUHHU. BU3HAYMTH HANPyxEHICTb £ moas
MiX nnacTHAMHM KOHAEHCATOpA.

3.99. SIk 3MiHHTLCA EMHICTH NIOCKOMO KOHAEHCATOPA, AKLIO MK Horo 06-
Kiagkamu pO3MICTHTH METANEeBY MJACTHHY, TOBLIMHA AKOi CTAHOBHUTHL 1) =
= 0,6 Bincrani mix obxnagkamu kouzexcaropa?

3.100. JIBoM OHAKOBMM KynbkaM, LIO 3’€AHaHi TOHKUM APOTOM, HAJAJH
3aransHoro 3apany g = 0,6 MkKa. Pagiycu kynsok r; = 5 cm. OaHy 3 HMX

§ 344
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OTOYMNIH KOHLEHTpUUHOW cdepoto paaiyca r, = 10 oM i 3azemnunu. Sxum
Oyne 3apsa g Ha Uil kynsli?

3.101. € nBi npoeigHi kyni. Oana 3 Hux emuicTioO C) = 10 n® Mae 3apsag
q = 150 nKn, a iHwa, paalyc akoi »; = 2 cM, 3apafkeHa a0 noteduiany U =
=30 B. BusHauuTu noBepxHeBy ryCTHHY 3apAJiB Ha KynaxX nicns 3’€4HaHHs
TX TOHKHMM JOBCMM NIPOBIJHUKOM.

3.102. BuyTpiwniii paniyc chepuyHOro noBiTPAHOro KOHAeHcaTopa R =
= 5 ¢M, 30BHIWHIA Ry, = 7 cM. Ha xonpaencaTop noaauno Hanpyry U = 40 «B,
Yu Oyne npobuTHi KOHAEHCATOP, AKLLO NPOOUBHA HANPYKEHICTb ENeKTPUY-
HOro nons B noBiTpi £, = 30 kB/cm?

3.103. Pagiyc BHYTpilLHLOT OOKNAAKH MOBITPAHOro chepuuHOro KOHAEH-
caropa r = | ¢m, paaiyc 30BHiMHbOT 0Oknagku R = 4 ¢cM. Mix obknankamu
npuknazeHa pisHuusa noreHuianie U = 3 kB. O6uMcanTh HanpyKeHicTs enexr-
pu4Horo nons £ Ha Bizcradi x =3 cM BiA LIEHTpa KOHAEHCATOPA.

3.104. Pagiyc BHYTpiLLHbLOI cpepH NMOBITPIHOroO chpeprtHOro KoOHAEHCaTOpa
Ry =9 cm, paziyc 30BHiwHLOT chepu Ry = 10 cm. 3oBHiuHa cdepa 3a3eMneHa,
a BHYTpiHa Mac notenuian U= 5 kB. fkio B npoctip Mix cepamu HanHTH
racy, To Hanpyra Ha kouaeHcaropi cnane. lllo6 opepxaru nonepenue 3Ha-
YEHHA Hanpyrd, BHYTPilUHi# cdepi moTpiOHO A0AATKOBO HamaTH 3apany Ag.
OO4HMCAMTH YUCNOBE 3HAUEHHS LIbOrO 3apAaay.

3.105. BakyymHuil uuniHaApHYHMHA KOHOEHCATOP Mae paliyC BHYTPILLHbO-
ro uuaisapa R; = 2 cM i 30BHIHBOr0 Ry = 3 cM. MiX uuninapamu npukna-
AeHa pizHuug noteHnianie U= 2,3 kB. Slky wBuakicTs Habyae enekTpox ni
A€ UBOTO KOHAGHCATOPA, SKIO BIH pyXaTHMETLCS 3 BiacTani 1 = 2,7 ¢M a0
BiACTaHi > = 2,5 CM Bia oci uMninapa?

3.106. Jlpa kOHAEHCATOPH 3apsaAUnM BianoBiaHo no Hanpyr Uy =200 B i
U, = 50 B i 3’ennany napanensHo. YoMy ROpIBHIOBaTHME Pi3HMLS NOTEHLIa-
niB Mixk obknankamu, axiuo C, = 2C;?

3.107. Jlpa koHA€HCATOPH 3apsaauiM BiaNoBiAHO no Hanpyr U; =300 B,
U, = 100 B i 3’ennanu napanensHo. BCTaHOBMTH BigHOLUEHHS €EMHOCTEMN,
SKLO PI3HAUS NOTEHLIaNiB MK OOkaAKaMH KOHASHCATOPIB cTana AopiB-
niosatu U =250 B.
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3.108. /lsa xouneHncatopu emHoctamu C; = 0,2 Mx® | C; = 0,4 MxD
3’eiHaNM MOCMAOBHO i DiZiMKHYnH po Jxepena zanpyru U =200 B. Busna-
yuTY 3aPAAM ¢ | g2 KOHAEHCATOPIB Ta pi3HMUIO noteHuianis U, i Us mix iX
obxnankami.

3.109. JIea konaencaropu emuoctamu C) i Cy, AKi po3paxoBaHi Ha MaKCH-
mManeHi Hanpyru Bianosiaro Uy ta Us, 3'€[1HaHI: a) NoCnif0BHO; 6) napanens-
Ho. SIKy Hanpyry U Mo)kHa NOJaTH HA Taki CUCTEMM KOHAEHCATOPIB?

3.110. SIki eMHOCTI CUCTEMHU KOHEHCATOPIB MOXKHA OEPXKATH, KOMOIHY-
1044 KOHJEeHcaTOpH eMHOCTAMM 2, 4 16 nD?

3.111. Ha puc. 3.13 300pakena cxema 3’ €QHaHHA KOHAeHcaTopiB. BusHa-
YUTH EMHICTL GaTapei KOHAEHCATOpPIB 32 YMOBH, L0 EMHICTh KOHAEHCATOPIB
C|=C3=C;C2=C4=C5=2C.

3.112. Y cxemi (puc. 3.14) emHicTs 6arapei KOHAEHCATOPIB y pa3i 3aMH-
XaHHa knoua K He 3MiHI0eTbes. BuszHauuti eMHicTs Cy, ko C = 4 Mk,

3.113. O6uucnuTu 3aransHy eMuicTs C cuctemu kouaeHcatopiB C) = 2 MkD |
Cy =1 Mx®. Hanpyra nonaerses go Touok A i B (puc. 3.15).

3.114. Jlo xouneHcaropa emHicTio Cs, AKUI 3apamKeHo N0 noTeHuiany U,
npuenHanu Gatapeio 3 n = 5 koHaeHcaTopiB Tiel camol emHocTi (puc. 3.16).
Busnauuty 3apsa Ha KOXKHOMY 3 KOHAEHCATOPIB.

3.115. Jigi npoeiaui kyni pagiyciB a = 5 cM po3milueHi Ha BiacTasi » = 50 cm
MbK iXHiMH ueHTpamu. KynsM Hamanu QeskdX 3apsaiB, YHachigok 4Oro iXHi
norenyianu ctanu @, = 0,5 kB, ¢, = 1 kB. Skumu € 3apaau kyns? Iepeposno-
ZNOM 3apsiB Ha KYNAX, 1O 3yMOBNEHHH B3AEMHOIO €NEKTPOCTATHHHOIO IHAYK-
W€I0, HEXTYBATH.

3.116. Axumu 6ynyTs 3apsaau i noTeHUIANH KYb, OMMCAHKUX y 3afaui 3.15,
AKINO APYryY KYMO 3a3eMAUTH?

‘ 3.117. Busunauuty eNeKTPOEMHICTb CHCTEMHY, KA CKIIAJAETHCA 3 ABOX MPO-
BiHuX kynb papiycis a. Kyni po3miteni Ha BIACTaHi » MiX IXHIMH LIEHTPaMH,
0 € 3Ha4Ho GinbIO Bia paniycis Kyns.

3.118. [[sa noerux mapaiebHUX LMAIHAPHYHMX MPOBOAM 3 paaiycaMu
PO3Miweni y noeitpi Ha BincTaui d Mix ocamu. BU3HAUYUTH B3aEMHY EMHICTb
IPOBOAiB Ha OAMHULIIO AOBXKUHH 32 YMOBH, 110 d >> a.
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3.3. ENEKTPOCTATUYHE NOJSE B AIENEKTPUKAX

[TongpuzoBaHicTb [30TPONHONO AleNEKTPHKA
P=x80Ei (3.3.!).

Je % — AeNEKTPUYHA CIPUAHATANBICTS.
[loBepxHeBa rycTHHa 38 3aHUX 3apAdiB

c'=P,. (3.3.2).

ne P, — npoekLis noiApu30BaHOCTi Ha 30BHIMIHIO HOpMAb A0 HOBEPXHI.
EnexTpuyne 3MilleHHS ]

D=¢,E+P=gg,E, (333)
1€ € — JlieNIeKTPHYHA NPOHHKHICTE, €= | + X,

HanpyxeHicTs nons B OAHOPIAHOMY Ta i30TPOMHOMY NIENEKTPHUKY, SKUH 3arOBHIOE
NPOCTIP MIXK EKBINOTEHUIANBHUMH TOBEPXHAMM, OCIA0MIOETLCA B £ palis:

g=Eo (3.3.4)
E
Teopema ["aycca A €1eKTPOCTATHYHOIO NOSIA B AiENCKTPUKAX
®,=$D,dS=Y g, . (3.3.5)
h)

ae Zq, — anrebGpuyHa cyMa CTOpOIHIX (BINBHMX) eNEeKTPHUHUX 3aPANLIB. SKi MIiCTATHCH

BCEpeanHI 3aMKHEHOT OBEpXHI S.
['pannyHi yMoBY Ha MeKi NOXITY ABOX Al€NCKTPHKIB!

Ey =Eq; (3.3.6)
Dy, = Dy, . (3.3.7)

Monspusauis gienexkTpukie

3.119. Mix ofknaakaMm 3apsaKEHOrO MIOCKOrO KOHASHCATOPA MICTHTh"
¢ mnacTMHKa 3 ¢apdopy, Aka AOTUKAETHCS A0 HOro MNAcTHH. Y CKinbKH
pa3iB 1 3MIHUTBCA Pi3HMUSA MOTEHLIANIB, AKLIO BUNHATH NNacCTHHKY 3 KOH-
ne”caropa?

3.120. [1nockuii koHAEHCATOP 3anOBHEHO cnioaoto (€ = 7). [Tnowma koxHOT
nnactvuau S = 100 CME, if 3apsan g = 40 HKn, MiX nnacTHHaAMU NpUknageHa
Hanpyra U = 600 B. BuzHauuTy BiacTaHs d MK NNacTUHAMM.

3.121. BusHauuTH eMHiCTh C HUATHAPUYHOIO KOHAEHCAaTopa, NoBMKHHA
SIKOTO / = 5 ¢M, paiiyc 30BHIWHEOT 00knaaku R; = 1,5 oM, paniyc BryTpiLl-
Hboi 00knanku Ry = 0,3 cm. TpocTip Mixk o6knagkaMu 3an0BHEHO napadiHoM.
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3.122. Paziyc BHYTPILWIHLOL KYJi MOBITPAHOr0 chepryHOro KOHASHCATOpa
Ry = 3,5 oM, paziyc 30BHIWIHLOT Kyni Ry = 4 cM. Mik kynamMu mpuknaneHa
pisHHLLL noteHjanie Up. Skio nmpocTip MK chepaMu 3aNOBHMTH PiAKUM
HieneKTpHKOM (e = 4), To Hanpyra Ha KoHAeHcaTopi 3menwKThed. o6 onep-
s(ATH TIOTIEPEAHE 3HaYeHHa Hanpyrd Up, BHyTpilHii cdepi noTpibHo Hamatu
pofatkoBoro 3apany Ag = 650 uKn. Busnauuty nanpyry Up.

3.123. JIi OQHOMMEHHO 3apsaAXKEH] KYAbKH, MiABILUEHI HA HUTKAX OJHAKO-
poi [JOBXHMHHM, ONYCKAKOTbCA B piAKUA NIENEKTPUK, CyCTHHA SAKOro pi =
=0,810 kr/m’. SIkoio Mmae OyTu nieneKkTpUYHA NMPOHUKHICTH CEpPeOBHUINA &,
1106 KyT PO3XOJKEHHSA HUTOK y NOBITPL Ta B piauKi 6yB oaHakoBUM? ['ycTuHa
Marepiany kyabok p = 1,6:10° kr/m’.

3.124. J/IBa OlHAKOBUX MOBITPAHUX KOHAEHCATOPH 3’€A4HAHO MOCHIA0BHO B

6arapero, Aky MIJIMKHEHO A0 Jepena cTpymy. BusHauuTu, Ak 3MiHUTHCA
Hanpyra Ha OIHOMY 3 KOHIEHCATOPiB, AKWIO IHIINKA MOMICTHTH B Tpauchop-
MaTopHe Macio.
" 3.125. JlieneKTpuuHa NPOHMKHICTH CEPENOBHILA MK MIACTHHAMH [NOCKO-
10 KOHZEHCATOPa PIBHOMIPHO 3MIHIOETLCA Bill €] = 3 10 &; = 7. [Tnowa koxxHoi
nnactiuu S = 200 cM’, BigcTaus Mik nnactuHamu d = 1 cm. BusHAauMTH em-
HicTh C KOHAEHCaTopa.

3.126. [1nockuii KOHAEHCATOP, MiX 00KNAAKAMMU IKOrO MICTUTHCS CKAHA
MIACTHHKA (€ = 6) 3aBTOBLIKH d = 2 MM, 3apsafxeHuid o Hanpyru U = 200 B.
Hextyioun po3mipoM 3a3opy MiX TnacTMHKOIO i 0OKnagkamu, BU3HAYMTH
MOBEPXHEBY I'YCTHHY O BilbHMX 3apAfiB, a TaKOX MOBEPXHEBY TYCTHHY O
3B’A3aHMX 3apAniB (3apAaiB moaspu3auii) Ha ckai.

3.127. Jlo nnactvx NA0OCKOro KOHASHCATOpA, BiacTaHb Mixk sikimu d =3 cwM,
npuknaneHa pizHuus noreHuianie U = 1000 B. ITpoctip Mix nnacTtuHamu
3aN0BHIOETLCA AienekTpukoM (€ = 7). BuzHauuTH MOBEpXHEBY TYCTHHY G
3B’A3aHUX 3apAAIB 1 3MiHY AC MOBEPXHEBO! IYCTHHH 3apALy Ha NNAacTHHAX Y
Pasi 3anoBHeHHs KoHaeHcaTopa aienekTpuxom. Po3e’ssaru 3apauy, Bpaxo-
BYIOUH, 1110 3aNOBHEHH KOHAEHCATOpa AieNeKTPUKOM BiaOyBaeThCs: a) npu
BBIMKHEHOMY jkepeni pisHuui noTeHuianis; 6) nicns Bif’€AHAHHA KOHAGH-
Caropa Bia pxepena HanpyrH.

3.128. Mix nmacTHHamH MXOCKOroO KOHIEHCATOpa, AKi po3MILUYIOTBCA Ha
BiicTani d = 5 MM ofHa Bij ofiHOl, NpuknageHa Hanpyra U = 900 B. ITpoctip
MiX nacTHHAMM 3anoBHEHO NienexTpukoM (€ = 3). BU3HAUUTH: HATIPY>KEHICTh
CeKTpHYHOrO Nnosis £ B AiENeKTPUKY; eneKTpH4He 3millieHHa D y aieneKTpHKy;
AienexTpuuny CNpUHHATIUBICTE % JAieNeKTpyKa; MONAPH3OBAHICTb P HieNeKT-
PUka; noeepxueBy rycTMHy G 3apsliB Ha TIACTMHAX KOHAEHCATOpPA; MOBEPX-
HEBY ryctuuy o' 38 a3aHMX 3apsis.
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3.129. TInockHit KOHAEGHCATOpP, BiACTaHbL Mix
nracTHHaMK AKoro d = 4 MM, 3aHypeHO B rac,
Slky wanpyry Tpe®a npuknacT¥ 40 KOHJAEHCAaTo-
pa, o6 rnoBepxHeBa ryCTHHA 3B’A3aHMUX 3apaais
y raci Habyna 3uayenns ¢’ = 4,4 uKn/cm®?

3.130. HeckinyeHHa mjiockomapaienbHa CKiig-
Ha nnacTuHa (€ =7) BMIllleHA B OAHOPIAHE eneKT-
pHYHE TIONE MEPNECHAMKYNSAPHO A0 Hboro. Hampy-

Puc. 3.17 XeHicTb nons Ey =400 B/m. Busnauutu Hanpyxe-

HiCTH nons E Ta enexTpudHe 3MmieHHs D Bcepe-

AMHI NMIACTUHH, NONAPU30BAHICTL P CKIla Ta [TOBEPXHEBY I'YCTHHY ¢ 3B’ A3aHKX
3apaais.

3.131. MeTanesiii i3onboBaniii kyni paaiyca R = 10 cm Hapanw 3apsaay
g=510 K, notim Ha MTOBEPXHIO KYJli HAHECAH Wiap AieneKTpUKa 3aBTOBLLKH
h =2 cM. YoMy nOPIBHIOIOTL [YCTHHM 3B’SI3aHUX 3apAAIB T2 NOBHI MONsSPH3a-
WifiHi 3apaan HAa BHYTPILLHIA 1 30BHILUHIA MOBEpXHAX LWAPy AIENEKTPUKA, SAKLLO
nieNeKTpUyuHa NPOHUKHICTbL AlENeKTPUKa € = 27

3.132. Toukosu#i 3apsan ¢ = 1,5 MKKn OTO4YeHHUH KOHLEHTPUYHHUM 3 HHM
wapom pienexktpuka (€ = 3). BuyTpiwHiii paaiyc chepuunoro wapy R; =5 cm,
30BHIWHIA Ry = 7 oM (puc. 3.17). O6uncnHT 3Ha4YEHHA 3B’ A3aHNX 3apaaie g’
Ha MOBEpPXHAX cepHHHOro Lapy, a TakoX MONApPH30BaHICTb P | Hanpyxe-
HICTb €N1eKTpUYHOro nons £ y Toukax, 110 BIAAAIEH! Bi UEHTpA Ha | = 3 CM,
rn=6cM, ;=9 cm.

3.133. Tpoctip MiX oOknragkaMH MIOCKOr0 KOHAEHCATOPa 3aMOBHEHHH 1i-
eNeKTPHKOM, AIeNIEKTPKYHA MPOHUKHICTE AKOrO 3MIHIOETHCS B HANpPsaMI, nep-
NeHANKYNSIPHOMY 0 00KNagoK, 3a NiHIMHUM 3aKOHOM BiJl 3HA4YeHHs €; MO-
6nu3y onHiel obknanku no € > g 6ing inwoi. Konaexncatop nepebysac nia
Hanpyroo U, npuyoMmy NO3MTHBHUI BINbHUK 3apsn BMHMKkae Ha obwnagui,
Oins Akoi € Mae MeHLUe 3Ha4yeHHs. [11owma koXxHOI 0OKNaakH nopiBHIOE S, a
BiACTaHb MK HUMH dj. BusHauutH: a) eMHicTe C koHAeHCaTOpa; 6) 3HAK
cepeaHe 3Ha4eHHs 00’ €MHOT IYCTHHH {p’) 3B’ fi3aHNX 3apAliB, AKi BUHUKAOTb

yCcepeauHi AleNeKTPHKA.

YMmoBu Ha mexi nopiny Aienekrpukis

3.134. Mix oOknaakamH NaoCKOro KOHAEHcCaTopa, niota akux S= 100 cmz,
pO3MilLYIOTLCA ABI MjockonapanencHi nnactuHku 3 dapdopy Ta eboHiTy
3aBTOBIUKH d| Ta d; (puc. 3.18). Biactans Mk 00knagkamu KoHaeHcaTopa d =
= 2 cM. Jlo obknamok npukiageHa pisHuus noteruianis U = 500 B. Busuauutu
moayi BekTopiB 3miweHHs D ta HanpyxxeHocTi E enekTpuiHOro nons B KoXx-
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Puc. 3.18 Puc. 3.19

HoMY Luapi, cnan Hanpyru U B KOXXHOMY wiapi, eMHicTb C' KOHAEHCAaTopa, Mo-
BepXHEBY rYCTUHY 3apajly o Ha o0Knagkax y pasi, konu oy =d> =1 em.

3.135. Bu3nauutu €mMHICTb MNOCKOro KOHAEHCATOpA, SKILO DPOCTip
Mix o0Knagkamu 3anoBHEHO AIENEKTPUKAMH 3 NPOLUKHOCTAMH € | €3, AK
nokazaHo Ha puc. 3.19. Bigcrans Mk obknagkaMu koHzeHcarTopa d, a
BiQMOBiAHI KOXXHOMY AieNeKTpuKy MAoUL MOBEPXHI OOKNANAKM CTaHOBAATH
8y18;.

3.136. Tnowa 0GKNaLOK MIOCKOro MOBITPAHOTO KOHAeHcaTopa S =200 cm’,
Bictanb Mixk uumn d = 3 mM. Konaencatop 3apsiixaetscs Bia jkepena 3
Hanpyroto U/ = 150 B. llotim Horo Bin’eanyroTs Bin Sartapei i mixk obknan-
KaMH BMIIUYIOTE JAi€NeKTpPUUHY MNAcTHHKY 3 dapdopy (e = 5) Takoi camof
miomi S, 7 ToBwuHa / = 1 MM. Bu3HauuTH: noyatkoBy eMHicTh C KOHAEHCa-
TOpa; 3apsaa ¢ Ha KOXHiM oOknaaui 0o BBEASHHS AleNneKkTpUKa; 3B’ S3aHHUM
3apsiJl G4y, 1O BUHUKAE Ha NOBepXHi haphopoBOT NNACTUHKK; HAPYXEHICTD
enekTpuiHoro nofs £, Mk koxHoro obxknaakow koHpeHcatopa i moBepx-
HeW nienektpuka; HanpyXeHiCTb €NneKTpU4HOro nons E; B JieNekTpHKY;
PisHMUIO noTeHuianie U; Mk o6knagkamy ichs BBEACHHSA AiCNEKTPUKa;
EMHiCTL C| KOHAEHCATOPA 3 Ji€NEKTPHKOM.

3.137. MMnockuit MOBITPAHMI KOHAEHCATODP, BIACTAHL MK MAACTHHAMM
AKOro d, = 6 cm, a naoia KoXHoi nnactuHu S = 200 oM, MNIAIMKHYTHI [0
Oatapei 3 wanpyroto U = 600 B. Y KOHAEHCATOP BMIllLytOTh AieNEKTPUUHY
MMacTUHKY 3aBTOBIUKH dh = 3 cM. BU3HAUMTH 3MiHY 3apany Ag Ha nMnacTHHAX
KOHneHcatopa, Akwo AienekTpHuHa NPOHHKHICTS MaTepiany BMileHOT niac-
TUHKW £ = 2 8.

3.138. Ha nnockuii noBiTpsAHUii KOHAEHCATOP, TOBILMHA NOBITPAHOIO Lia-
PY B sxomy d = 1,5 cM, nonaersea Hanpyra U = 39 xB. Uu Gyne npoburuii
KOHpaencatop, sxio: a) rpaHniHa HAPYKEHICTL ENEKTPHYHOTO NONS B HOBITPI
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|
P E = 30 kB/cm; 6) mik iloro obknagkamu nomicTury
CKJIAHY NNacTHHKY (€ = 7), ToBLUMHA akoi d; = 0,3 cm?
= [‘panuMuHa HANPYXEHICTh E€NEKTPUHHOrO MONA Any
0 E. .= 100 kB/cm.
CKNa Lrp ¢
{ | 3.139. Biacrane MDK MacTHHAMM TIIOCKOTrQ
4 KOHAEHcaTopa d = 5 mMm, pisHuud noteHuianis U =
= = =150 B, nnowa nractud S =200 cm’. Ha nuxwil
~—— MIACTHHI JE€XKKUTE MAUTKA Napadiuy 3aBTOBLIKH d; =
Puc. 3.20 =4 mM. BU3Ha4YuTH NOBEPXHEBY T'YCTUHY 3B’s3aHUX
3apsaieB o' Ha napagidi Ta eMuictTe C KOHAEHCATOpA,

3.140. 'ipcbka mopoAa CKIAAAETLCA 3 MNIOCKMX NapaienbHUX WapiB KBap-
ny (g; = 4,8), kansuuty (g, = 7,5) i Banuaky (&3 = 10). ToBwmHM wapis
pianoBiaHo d, = 0,5 M, d» = 1 M i di = 1,5 m. Beaxarouu, mo nopoaa
MICTUTLCA B OJAHOPIAHOMY €NEKTPUYHOMY TMORi, CHUNOBI NiHIT AKOro
neprneHauKyNApHi A0 MeXIi MoAiny wapis, 00YUCNMTH HaNpPYXXEHOCTi Nons B
KOXKHOMY LIapi, a TakoXX MOBEPXHEBY TIYCTHMHY 3B’A3aHUX 3apAAiB Ha HHUX,
SAKLI0 A0 BCi€l nopoAn npuknaneHa pizauua norenuianie U = 1 000 B.

3.141. Ipoctip mix obknagkamMi CEPHUYHOro KOHAEHCATOpA 3aMOBHEHUH
IABOMa KOHUEHTPHUYHUMM LUapaMH AieNeKTPUKIB 3 TIENEKTPUUHOK MPOHUKHICTIO
€, = 3 (wap, wo npuntrae A0 BHYTPilHbO! 00KNanku) i &; = 7. Pagiycu obxknanok
a=10cm i b=12 cM. Mexa noainy nieneKTpyKiB po3MillieHa Ha Biactadi c=11 cM
Bif ueutpa (puc. 3.20). BusHauuti eMHicTe C' KOHAEHCATOpA Ta po3noain 38°s3a-
HUX 3apsiB y AleNeKTpUKaX, SKLIO 3apaj BHYTpilHbol obknaakH g =20 HKn.

3.142. Meranesa kynsa pagiyca R = 5 ¢cM OTO4YeHa cepUUHHM LLIAPOM Ji-
enextpuka (€ = 7), TOBLIMHA Akoro d = | cM, Ta ApYroi0 MeTalneBol noBepx-
Helo pajiyca R; = 7 M, KOHUEHTPUUHOLO 3 nepiuoto. YoMy ROpiBRHIOE enekT-
poemHicTe C Takoro koHaeHcaropa? flkum mae Oytn papiyc R Meranesoi
Kyni, 1100 BoHa B HEOOMEKEHOMY AIENEKTPUKY Masia Taky camy €EMHICTL?

3.143. OpHopigHe enekTpUuYHE MOJE, HANPYXKEHICTh AKOro B MOBITPI
E, =2 B/M, yTBOPIOE 3 HOPMAINIO 10 CKAAHOT NnacTHHKU KyT o = 30°. Bu-
3HAYMTH BEKTOPH HanpyxeHoCTi E,, enexTpuyHoro smitienus D, ta nons-
pusosauocTi P y ckni.

3.4. EHEPIA ENEKTPUYHOroO nonsA
EHepria 83a€mMoAiT CUCTEMU TOYKOBUX 3apalis

l n
w =Ezq,¢p,. : (3.4.1)

A€ (; — MOTENLiaA, 1O CTBOPIOETLCA B TiH TOUMUI, A€ MICTUTHCA 3apsa g; YciMa 3apanaMu,
KPIM [-T0.

i=l
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Exepris BiIOKPEMIEHOrO 3aps/PKEHOTrO NPOBILHHUKA

B =
woC9 _90_4g

3 =% " (3.4.2)
Exepris 3apsaiseHOro KOHAeHcaTopa
W = ng - q;’( - j; . (3.4.3)
, O6’eMHa rycTuHa eHeprii
_ g E? _ED _ D? (3.4.4)

We = .
2 2 2ee,

- Cunu, 110 AIIOTE B €IEKTpUYHOMY 1O,

W
N F - _[_a_) = [.?_EV_) , (3.4.5)
- B'x g =const ax Q=const

Ae W — eHepris, fxa supaxena sk ¢yukuis Bix 3apsamy # napamerpa x aGo Ak (QyHKuUIA Bia
flotenuiany i napamerpa x.
N. Cuna npursraiis Mk ABOMA [UIACTHHAMM 32D IKEHOT0 NIOCKOro KOHAEHCATopa

g _0‘25’_8301525'
2eg,S  2eg, 2

(3.4.6)

Cuna, 1o i€ Ha OOMHULIO MMoLIT MOBEPXHI 3apA1XKEHOr0 NPOBIIHUKA, OTOYEHOrQ Pi-
KM 260 razononiGHuM AienexTpukoM, 10PIBHIOE 06’ €MHIN rYCTHHI eHeprii nons no6nusy
noBepxHi #t HanpAMIeHa HA30BHI pOBiZHUKA:

F=w,=—. (3.4.7)
by
pﬂﬂﬂ, IO A€ B €NEKTPMYHOMY [10J1i HA ONMHULIO NNOLLI MeXi Moainy ABOX AienexT-
PHKIB, nopiBHICE pi3HHUI 06’€MHUX TYCTHH eHeprii eAeKTpOCTaTHYHUX MNolis 3 060X

Gokis Mexi noainy H HanpsmiaeHa B 6ik nienexkTpuka 3 MEHIUOIO JieNeKTPHYHOIO IPOHUK-
HicTio:

-

F — wez - we] . (3.4.8)

- EHepris cuctemu enexrpuunmx 3apsais.
EHepria sapamxennx nposiaHukis

- 3.144. Tpu TOUKOBHX 3apAiH PO3MILLEH] y BEpIIHHAX PiBHOCTOPOHHLOIO
TPUKyTHUKa. [lBa 3 LUX 3apANiB € ONHOAMEHHUMH | KOXHHIA 3 HUX JODIBHIOE
9; a 3uak tpeTnOro ~ NPOTUNEKHHUA. AkuM Mae OyTH 3HaueHHS TPETHLOIO 3a-
PARY g1, m06 enepris B3aemonii cHcTeMHM 3apaJliB AOPiBHIOBANA HYNEBI?
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1 j 3.145. BusHauuTH eHeprito W B3aemofil TOUYKOBuY

3apsaaiB ¢ = 15 uKn, ki po3MilueHi y BepuiMHax kBaapara
31 CTOpPOHOI0 a = 10 ¢M, AKk11L0: a) 3apaAH € 0HAKOBHMMU;
0) 32paAn € ONHAKOBMMM 3a aOCONIOTHHM 3HAYCHHSM, !

f j ane oBa 3 HMX HEraTMBHi i 3apinM OAHOro 3HaKa Mic-:
TATLSS B NPOTHASKHHMX BEPIUMHAX KBAAPATA.
Prc. 321 3.146. EnemenTapnuii kpuctan KyxoHHoi coni (puc. 3.21) -

ue kyb 3i croponowo d = 2,82:10 7 5 oM, y BepLIMHAX SKOTr0 pO3MillieHi i0HH
HaTpito (6ini kpyXedkn) i XJI0py (4opHi KpyxkeukH). Beaxatouu, 1110 3apsag
ioHa 3a abCONIOTHMM 3HAYEHHSM NOPIBHIOE 3apsfOBi €NeKTpOHA, BU3HAYUTH
eHeprito W enexTpocTteTHYHOI B3aemMoail iOHIB i30/IbOBAHOrO €AEMEHTAPHOMD
KpUcTana.

3.147. 3apsoxeHa kyns 4 paniyca 7| = 2 CM CTHKAETLCA 3 He3apsaKEHOI
Kynew B, paniyc kol ry = 3 cM. [Ticas Toro, fik Kyni po3’eqHany, BUABUIOCS,
1o eHepria kyni B W = 0,4 JIx. Sxvi 3apan q; OyB Ha kyni A no 3iTk-
HEHHA?

3.148. BinnaneHi ojHa BiA oaHiel MeTanesi Kyni pagiycamu R = 25 ¢M |
Ry =15 cm MaloTs 3apsign BianoeiaHo g; = 0,12 MxKn i g; = 0,5 mxKn. Slka
KinsKicTh Tennotv QO BUAINUTLCA B TOHKOMY NPOBIAHMKY, K10 kYNl 3’ €AHATH
Mix coboro?

EHeprif 3apsoxeHoro KoHaeHcaropa.
EHepris enekrpoctatnyHoro mons. lNycruHa eHeprii

3.149. Konpencaropu emHoctamu C, = 2 Mx® i C; = 4 Mx®d, 1110 MaIOTh
3apaai g = 8 mxKn i go = 6 MxKn, 3’eaHany napanensHo. BU3HAUUTH 3MiHY
AW eHepril KOHAEHCATOPIB.

3.150. lo konneucaropa eMHicTIO C| = 2 MkD, 3apaDKEHOrO A0 HAMpPYri
U, =600 B, npuennany napanensHo He3apa>KeHNH KOHIEHCATOP EMHICTIO
C; = 1 MkD. flka KinbkicTs €Heprii W BUAINUTLCA MiA Yac YTBOpPEHHS iCKPH,
SIKLI10 XOHAEHCATOPH 3 €AHATH?

3.151. Bu3HauuTu eHeprio W enexTpOCTATUYHOrO MONA, SKE YTBOPHO-
€TbCA Y TOBITPI MeTanesolo chepoio paaiyca R = 5 cm. Cdepi HanaHo 3apaay
g = 200 uKn.

3.152. /Ipi koHNEHTpHYHI chepuyHi nOBEPXHI, AKi BMILIEHO Y BaKyyM, 3aps-
JXKEHI oHakoBUMH 3apanamu ¢ = 3 MkKu. Paniycu uux noBepxoHs Ry = 1 M
R; = 2 M. BusHauuTi zHeprito W enekTpocTaTHYHOrO mons, w0 MICTHTBLCA Y
chepuuHOMY 1Iapi Mix LAMU cepamu.

3.153. BusnauuTi edeprio W enekTpocTaTyHoro nons y chepuuHomy mo-
BITPSIHOMY KOHJEHCATOPI, SAKILO pafiyc Horo BHYTpiliHbLOT cdhepu Ry = 10 cM,

138



 30BHILIHBOI R, = 30 cm. VY Toulli, 10
nexUTh Ha BiACTaHI 1 = 15cM BiA ==
JEHTPA, HAaTIPYXXEHICTs Nons £ =5 B/M. ol

3.154. BusHauuTH eHeprito W enekr-
poCTAaTHYHOTO MO 3apsAiB, L0 PiBHO-
MipHO po3moAineHi B 00’emi kyni paziyca
R = 10 cm. IloBuui 3apan kyni g =
= 40 nKn. fAxa yactka 1| eHeprii nosis nokanizoBaHa no3a Kyneto?

3.155. BusHaukTH eHeprito W enexkTpocTaTH4YHOro nons Ans po3noainy
3apA/iB, AKMI faHO y 3afadyi 3.79.

3.156. Koakcianbuuii kabdens (puc. 3.22) cknaaa€rbcsd 3 UEHTPAIBHOTO
nposBiaHHKa, aiameTp sxkoro D = 2 cM, i MetaneBoi 000n0HKHU niamerpa D; =
= 4 c¢M, IPOMDKOK MiXK AKMMH 3aMOBHEHUH Aienektpukom (€ = 6). Meranesa
060/10HKa 3a3€MNEHa, a LEHTPaNbHHUI NpoBiAHUK nepebGyBae nin HanNpyrow
U = 600 B. O6uncnutu eHeprito W enekTpoCTaTHyHOro nons kaGeno Ha
ROBXUHI [ = IMm.

3.157. Meraniera cdepa paaiyca R = 3 ¢M Mae€ eNeKTPpUUYHHE 3apaj q =
=20 HKn. Cdepa obmexena wapom napadiny, TOBLIMHA AKOro d = 2 cM,
BusnauuTu eneprito W enekTpocTaTUUHOrO nond B Wapi AieNeKTpHKa.

. 3.158. Baxaioyy eneKTPOH i MPOTOH, 3 IKUX CKNAAAETHCSA aTOM BOAHIO,
TOYKOBUMH 3apAAaMH, IO MICTATECA Ha BiactaHi » = 53 nm, 0OUHUCIUTH ryc-
THHY €HEpTii We €NEKTPHYHOIO NONS HA CEPEAMHI BIACTAH] MiXK HUMH.

3.159. Bu3HauuTH 06’€MHY TyCTHHY €Hepril w, €NeKTPUYHOro mnojs,
fIKE CTBOPIOETHCA HECKIHYEHHOIO PIBHOMIPHO 3apAIXKEHOK HUTKOIO Ha Bil-
¢TaHi r = 3 cm Bin uel. Jlinifina ryctuHa 3apsany Ha vutui T = 0,2 MxKn/m.
HienexTpuyHa NpoHUKHICTH cepegoBMIa € = 3.

3.160. TIpoctip MiX mMnacTMHaMK MNOCKOrO KOHZEHCATOpa 3aloBHEHHH
napadinom. O6’eMHa rycTMHA eHeprii eNeKTpMYHOro mois y napaditi we =
=0,49 Jlx/m’. OGYHCIHTH NOBEPXHEBY TYCTHHY O’ 3B’A3aHUX 3apa.iB Ha To-
BepxHi mapadiny. '

3.161. I'ycTuna eneprii mons 3apsKEHOro KoHaeHcaTopa we = 300 Tox/m’,
3 sKol0 cunowo F MPUTATYIOTLCS O0KNAAKH KOHAEHCATOpa, AKILO MIoLa KOoX-
HOI 3 Hix S = 100 cm>?

3.162. Busnauutn cuny npuTArasHs F MK NnacTHHamu MIOCKOTO KOH-
ACHCaTOpa, AKIO M10La KOXKHOT MaacTiHHH S, BiAcTaHb MiXX HUMU d, JieneKT-
PHYHa npoHuKHICTh cepeaoBHILA MK nnacTHHamu €. Po3p’s3ati 3ajavy 3a
TaKMX yMOB: a) KOHAEHCATOPOBI HAMAIN €IEKTPUYHOrO 3apaay g, micas 4oro
Horo Biy’ennany sin mKepena Hanpyru; 6) konaeHcatop MpHEAHANH 10 JKe-
Pena nocriiinoi Hanpyrd U. Sk 3aneXuTh CHNa NPUTAraHHs Bif BiacTaHi Mk
MnacTunamu ta pienexTpUyuHOT NPOHMKHOCTI cepeaoBHILa?

Puc. 3.22
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1 3.163. O6’eMua rycTMHa eHepri
1 eJIEKTPUUHOTO MOJs BCepeAnHi 3aps-
JDKEHOFO NJIOCKOr0 KOHJeHcaTopa 3

a TBEpANUM AieNexTpHkoMm (g = 6) w, =
7 .;[ =2.5 I_[xcfma. O6uncnuTH THCK p, 110
CTBOPIOETbCS  MJaacTUHAMu, MJoula

sknx S = 20 cM’, Ha gieNleKTPHK, a Ta-
| ko cuny £, aky noTpibHo npuknactu
Puc. 3.23 A0 naacTuH, Wob iX BilOKpeMUTH Bif

AienieKTpuKa.

3.164. Ha nosepxHi chepu pagiyca R
piBHOMiIpHO po3noainieHuid 3apsaa g. BusHauutu cuy, gka gi€ Ha OAMHHULIO
NOBepPXHI (ENeKTPOCTATUYHNH THCK p).

3.165. 3 skot0 cuioK0 F BTATYETLCA B MIOCKHI KOHAEHCATOP i3 3apsaoM g
AieneKTpHUYHA MIACTHHA, KOJIKW BOHA BXOAMTH Y MPOCTIp MiXx obknazkamMyu Ha
BigcTanb x (puc. 3.23)? ToBlMHA NIACTUHU € TPOXH MEHLIOK, HIX BiACTaHb
Mix oOknaakamu d, po3Mipu niaacTUHKU i o6KNaA0K a x b, gieieKTpUiHa npo-
HUKHICTb QieNeKTPUKA &.

3.166. [Lnockuii NOBITPAHWI KOHAEHCATOP 3apAAUAN A0 Pi3HUL NOTEH-
uianis U = 60 B i BumkHynn mxkepeno EPC. [1nowa koxHOT nnacTuHu S =
=200 cm’, BigcTanb Mix Humu d = 0,5 cM. [InacTuHu koHAeHcaTopa po3Mi-
IleHO BEPTUKANbHO. 3HU3Y MiABOAATH NOCYAUHY 3 HEMPOBIAHOK PiAUHOI0
(¢ = 2) Tak, 10 BOHA 3aMOBHIOE NOJIOBHHY 00’ €MY MiX niacTUHAMH KOH-
nencaropa. Yomy aopiBHioe eMHuicte C koHaeHcatopa? OOuuciauTh Ha-
NpyXeHicTb monsd E; y NOBITPsAHiHA YacTHHI MPOMIXKKY MiX MJacTMHAMH i
E; B yacTuHi, 3aN0BHEHi# pianHO00. Bu3HauyuTh 3MeHwenus AW enepril
koHaeHcaropa. Ha ujo Butpatunacek us eHepria? BeaxaTy, o Mexa noail-
Ny piAuHU | NOBITPS € NIOCKOLO.

3.167. Tlnockuii konaeHcatop emHicTio C = 60 n® 3apaauny B noBiTpi A0
pisuuui noteHuianie U = 400 B i Bix’eanann Big mxepena EPC. [licns 3aHy-
peHHA KOHJAEHCcATOpa B piilkuil nieieKTPUK BEPTHKANBHO 10 NMOTOBUHU BUCOTH
fioro naacTUH eHepris KoHJgeHcaTopa 3MeHlMaach Ha AW = 1,2 mxJx. Bu-
3HAYNTU AieNeKTPUYHY TIPOHUKHICTb € AleNeKTpHKa.

3.168. [Inockuii noBITPAHMI KOHAECHCATOP 3apAAKeHUH 40 pi3HULI NOTeH-
ianis U = 500 B. Inowa koxHoi miactunu S = 150 cm?, BigcTaHb Mixk HIMH
dy = 0,5 cM. SIky poboty A Tpeba BukoHaTH, OO 3GiNbIINTH BiACTaHB MIX
nnactuHamMM 1o BiactaHi d» = 0,8 cM, 3a Takux ymoB: a) KOHaeHcaTop
Bia’eaHaHn#l Bia mkepena Hanpyry; 6) koHaeHcaTop MiAIMKHYTHH g0 Mxepena
NOCTIHHOT HaNpyr,

L

S
»—n
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X

140



3.169. [Tnockuit noBiTpsAHMiA KoHZEHCATOP,
pifcTaHb MDK NNacTHHamMu Akoro d = 5 cm, a [
mroma nnactud S = 500 cmz, nia’enHaHuit no
Gatapel, AKka MiATPUMYe HA KOHAeHcaTopi no-
ctiviny Hanpyry U =2 kB. V konaeHcartop na-
pane/ibHO NIACTHHAM BBOAATL METANeBy MIUTY
saproBliky di = 1 cMm. Sky poboty 4 BUKOHYe
npu LsOMY GaTapes? Puc. 3.24

3.170. YcepeauHi Naockoro KoHaeHcaTo-
pa, oA nuacTuH skoro S = 200 cmz, a BigctaHb Midk HUMu d = 0,1 cm,
MIiCTHTBLCS TUTACTHHKA 3i ckna (¢ = 5), fka NOBHICTIO 3aNOBHIOE MPOCTip
MiX MJacTMHaM#u KoHaeHcaropa. Sk 3miHUTbCA €Hepris KOHgeHcaropa,
AKIMO NOBINLHO BUHHATH CKASHY niacTuHKY? Po3B’s3aTu 3agavy 3a TaKUX
YMOB: a) KOHAEHCATOp YBech Yac npueaHanuit go 6arapei 3 EPC & =300 B;
6) kongeHcatop 6YB cnovaTky nigiMkHYTHIt 10 Tiel camol Batapei, a noTiM
fioro Bix'egHanu 1 nicis UbOrO NMAACTHUHKY BuiiHanu. BuszHauutu mexa-
Hiyyy poboty A, sika 3aTpayaeTbCcs HA BUAANIEHHS MIACTHHKU B 060X BH-
najgkax.

3.171. YcepeauHi niockoro koHgeHcatopa po3MmiuiyeTbcs napasiesnbHo
obknagkam nnacTMHKA, TOBUIMHA sKOT CTaHOBUTL M = 0,6 BiacrTaHi mix
efxnankamu. €EMHICTL KOHAEHCATopa, KonK naacTuHkn Hemae, C = 20 HO.
KonaeHcarop cnouatky npueaHatu [o axepena nocTiiHoi Hanpyru U=
=200 B, norim Bia’eaHany i Micns UbOTO NOBiILHO BUMHANM NIACTHHKY 3
KOHAeHcaropa. BusHauntu poboty A, BUKOHaHY NPOTH €1EKTPUHHUX CHII NIPH
BHIANEHHI NJacTUHKY, SKLO BOHA: a) MeTanesa; 6) CKiIsHa.

3.172. Tpoctip MiX nuacTHHAMU MIOCKOFO KOHAEHCATOpA 3aNnoBHEHO
Aienextpukom (apdop), 06’em skoro V = 40 oM. KonpgeHcaTop cnovatky
NpHEAHANY a0 mxepena nocTikHOT Hanpyru, notiM Bia’egHanu. IMicns uboro
MOBEepXHEBA rycTUHA 3B’A3aHUX 3apsAdiB HAa gienekTpuky ¢ =6 MKK /M.
O6uucnurn poboty A, siky Tpe6a BUKOHATH NPOTH CHUJI ENEKTPHYHOIO MOJs,
06 BuganuTH gienexTpuK 3 KOHAEHCATOpA.

3.173. OgHa 3 NAacTHH PO3TALIOBAHOrO TOPU3OHTAILHO MIOCKOTO KOH-
AIeHCaTopa 3aHypeHa Nig MOBEPXHIO PiAMHM 3 TYCTHHOIO P i Ai€JeKTPUIHOKO
Hponnknicno g (puc. 3.24). Ilnowa koxHoi naactuHu S. Ha saxy Bucoty h
MAHIMeTbCS piBeHb PiAMHN B KOHAEHCATOPI, AKLIO HOMY HamaTh 3apsay 7

3.174. Tnockuit kOHpEHCATOP 3aHYPEHUIt ONHUM KiHLEM Y crupT (€ = 25).
JAxy pisnmo notenuianis U Tpeba npuknacty, o6 cnupT NiaHABCS HA BU-
Ty h =1 cm, skuwo BigcTaHb MiX naacTuHamu d = 1 MM (puc. 3.25)? ITosepx-
HeBHM Hatsrom HexTyBaTH.
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Puc. 3.25 Puc. 3.26

3.175. TInacTHHU KOHAeHcaTopa 3MiHHOI emHOCTI (puc. 3.26) MarTh
dopmy niBKpyriB paaiyca r, BiACTaHb MiX CYCigHIMH PYXOMUMH H Hepy-
XOMHMM NAACTHHAMYU JOPiBHIOE [, BCbOro € # NpOMIXKIB MiX niacTUHAMH,
Busnauutn ofeptasibHUH MOMEHT M, sAkui ni€e Ha MJIACTUHH, 3@ TAKUX
YMOB: a) KOHAEHCATOPOBI Haganyn 3apsay g, nicas 4oro Horo Big eAHaM
Bil kepena Hanpyrd; ©) Ha KOHAEHcaropi MiATPUMYETLCA MOCTiHHA
Hanpyra U.

3.5. MOCTIAHUA ENEKTPUYHUA CTPYM

Cuna cTpymy
=—, (3.5.1)

ae dq — 3apsi. kMl NPOXOANTL Kpi3k JeSKY NOBEPXHIO 3a NIPOMIKOK Hacy df.
Jins noctifinoro cTpyMy

p=2 (3.5.1a)
[yctuna cTpymy

j=—LKk, (3.5.2)

ae k — oauHuuHuil BexTOp, HanNpsAM fkoro 36iracThca 3 HANPAMOM YNOPRAKOBAHOTO PYXY
NO3HTUBHMX 3apALIB.
['ycTHHA CTPYMY B Me€Tanax

j=en<u), (3.5.3)

1¢ e — eneMeHTapuuil 3apaa; n — KOHLEHTPAaLis HOCI{B; U — CepeaHs WBUAKICTL IX ynopan-
KOBAHOMO PYyXY.
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Onip OAHOPiAHOTO NPOBIAHKMKA CTANOrO Nepepisy S
/

R=p—, 354
pS ( )

1€ p — NUTOMHH 0nip; / — RoBXUHA NPOBIAHUKA.
3aIeKHICTh TIMTOMOrO ONOpY B TEMNEpaTypH:

P = po(1+at), (3.5.5)

jie p, Po — IMTOMI onopu sianosiaxo npu ¢ i 0 °C; ¢ — Temneparypa, °C; a — Temneparyp-

anii koeillieHT onopy.
" Onip NPOBILIHUKIB NpPH NOCAIAOBIIOMY i napaneisHOMY 3’ €AHANHAX BiANOBiAIO

: ] 1

. R=)>R;, —=) — 3.5.6
e Z 47 R Z R,; ( )

3akon Oma:

H a) 0 OHOPIAHOT NiNAHKYH Kosa I = _(Pl_‘;_‘g_z_ = %: (3.5.7)
¥ - Bia

.. 0)ans HeonHopigHOi MinaHky kona [ = -4 ﬁP‘; Hoig %; (3.5.8)

&
=-  B) ANA 3aMKHEHOr0 KONa I = 3 (3.5.9)
R +r

Ie @, —@, — Pi3HULA NOTEHLiaNiB HA KiHWAX AiNAHKK kona; R — omip kona (abo minsHky
Kona); U — Hanpyra Ha ZinstHui kona; &), — EPC mxepen cTpyMy, ski BXOASATL A0 MiAsHKH;
&~ EPC ycix mxepen ctpyMy kona.

3axoH Oma B audepeHLianbHil Gopmi

j=okE, (3.5.10)
A€ G — MUTOMA €/IEKTPONPOBIAHICTb, G =—; P — NUTOMMUIT ONip; E ~ HANPYKEHICThL CCK-
P
TPHYHOTO NnoJ.
PoGora cTpymy 3a uac
U2 |
A=1Ut=1*Rt =—1. (3.5.11)
R
Hotyxuicts crpymy
2
P=IU=IZR=%. (3.5.12)

I Kinekicte Tennotn Q, ska BUAINAETLCA HA IingHUi KoAa 3a uac ! (3akon Jhroyns—
CHua), ,

2
Q=1Rt =QR——1. (3.5.13)
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3akon xoyasn—Jlenua B audeperuianbiii gopmi
w=cE?, (3.5.14)

A€ W — NUTOMAa TeNIoBa NOTYXKHICTh CTPyMy.
IMpasuna Kipxrota ans posranyxeHux Kin:
1. Anre6GpuuHa cyma cuil CTpPYMiB, 110 CXOAATBCA Y By3Ji, JOPIBHIOE lyNEBI:

I, =0, (3.5.15)
1
IIe M — KiIbKICTb CTPYMiB, SKi CXOQATHCA y BY3Ji.

CrpyM#, sKi BXOOATH Y BYy301, BBRKATh AOJATHUMM, & Ti. IO BHUXOAATh, -
Bil’€MHUMM, aG0 HaBnNaky.

2. Y 6yab-sKoMy 3aMKHEHOMY KOHTYpi. ZOBUIbHO 00paHOMY B PO3lrallyxeloMy Koi,
aareGpuuia cyMa A00YTKIB CHN CTPYMIB Ha ONOPM BIANOBIALIMX ANSHOK KONTYPY OpiB-
HIOE anreGpHy4Hii CyMi eNeKkTpopyLifiHUX CHIl, O ATIOTHL Y LOMY KOHTYPI:

i“fffe,. = ir:,( : (3.5.16)
i=1 k=1

HanpsMm o6xony xoHTypy (32 a00 NpoTH pyXy CTPiJIKK TOAMIHUKA), HAPSMHU CTPyMiB
Ha BCiX ZiAHKAX kojia BMOMpaOTh A0BinbHO. CTpyMH BBaXAIOTHCA NOJATHUMM, AKLIO
iXxHiii HanpaM 36iraeTbCa 3 HanpiMoM o006Xx04y, a MPOTHICKHI UbOMY HalpaMy -
pil’eMuumu. EPC mxepen cTpyMy BB2XKaOTh ZOIATHHMH, SKIIO HANPAM 0bXoay 36iraeThb-
8 3 HanpaMoM 30inbLUIeHHs NOoTeHuiany,

Onip oaHOPIAHOTO cepenoBuLa

i
i=

R=%=-§%, (3.5.17)

ae C — eMHICTb KOHZEHCaTOPa, 00KIALKAMK RKOTO € €eKTPOIH.
3aiexHICTh TYCTHMHM CTPyMy Hacu4cHHA Biad Temneparypu (popmyna Piuapncoua —

Jelimana)
A

j, =BT *7 (3.5.18)

ne B - emiciiina ctana, ana umctux Metanis B = 602 kA/(M*-K*); A ~poGora BHXOLy enekT-
poHa 3 MeTaly; k — ctana bonbumaua.
3akoH OMa a1 eNeKTpoiTIB

§=qony(u, +u_)E =ckE, (3.5.19)

oe g —3apaj ioHa, ¢ = Ze: TYT Z — BANEHTHICTb, e — eJIeMeNTapHUit 3apaa; o — cTynillb
aMcomianil; ny — KiNbKicTh MONEKyN PO3UUHEHO! PeYOBMHM B OAMHML 06’e€My po3umiiys
U,, U_— PYXJHUBOCTI MNO3ZHTHUBHHUX | HEraTMBHUX IOHIB, C — MUTOMA €ICKTPONPOBIIHICTD
ENEKTPOITY.

EkBiBaneHTHa enexTponposiaHicThL

kel (3.5.20)
n

e 1 — eKBiBaNeHT A KOHIIeUTpauia, 1| = npz/Ny; TYT Ny — uucno Asoranpo,

144



[Nepiunii 3akoH Papanes
m= kit (3.5.21)

ne k— eNeKTPOXIMiYHUHA eKBIBAICHT.
Jlpyruii 3akon ®apanes

k= (3.5.22)

tll:h"l

i
F
se F — umcno @apanes. £ = 9,65:10° Kn/mons; A - atomua maca.
KineKicTh Nap ioHiB, gKi ILIOCEKYHAM PEKOMBIHYIOTH B 0/uHMLI 06 €My 1'a3y.
An, = rn’. (3.5.23)
ae r — koediuient pexoMbinauil: # — XiNbKICTL NAp IOHIB Y OARHMLI 06 €My,
VYMOBA CTATMCTUYHOT DIBHOBATH B ra3i 1111 4ac HeCaMOCTiHOIO po3paly:
An, = An, + Any, (3.5.24)
ge An, — KiNbKiCTb nap iOHIB, WO YTBOPIOIOTLCS 3a CEXyHAY B OAMIMUI 06°eMy nia aieo
jonisatopa; An; — KiNLKICTh NAp iOHIB, AKI WOCEKYHIHN 3aNMILAIOTE ONHHHULUIO 00’ €My rasy

WA A€o nons.
Y BMNanKy NAocKux eNeKTpois

An, =L, (3.5.25)

Je J — TyCTHHA CTpYMY; g — 3apai ioHa; d — BIACTaHb MIXK €1eKTPO.1aMH.
Ilpy Manux rycTuHax cTpymy, sKMi NpoxoavTs y rasi, mae micue 3akox Oma
j=gn(u.+ u )E=cE. (3.5.26)
Hebaischkuil paniyc expaiyBaHHs

ekT
e }——, (3.5.27
P 2”032 )

A€ ny— piBHOBAX11a KOHUEHTPaLisA eleKTPOHiB (101iB).

YMosa iieatibHOCTI nha3sMu
2. 1/3
€0 kT, (3.5.28)
4“80

3akon Oma ans ainsiHkM kona. Onip nposigHukie

3.176. EnekTpoH B aTOMi BOAHIO 06epTaETbCcs HABKOMNO Aapa. Buinauuty,
AKWi cTpyM [ BiH CTBOPIOE Ta LUIBUAKICTH U eNeKTpoHa Ha UiH opOiTi, AKL10
Paniyc op6itu r = 53 nm.

3.177. Slkuit 3apsaa g npoiige no NPOBIAHMKY, AKIIO CHIA CTPYMY piBHO-
MipHO 3617 biyerbes Big /1 =0 g0 =5 A nporsrom yacy = 10 c?

3.178. Cuna cTpyMy B NPOBiZHUKY 3MIHIOETLCS 3 4aCOM 3TiJHO 3 PIBHAHHAM
I=54 34, pe I —cuna cTpymy, A; t — uac, c. Jka KinbKICTb eJIEKTPHUKH g NPOXO-
AMTE Kpisp nonepeunnii mepepis nposigHuka 3a yac Big & = 3 c 4o i, = 8 ¢?
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A r r A R A R R
- Ro 28 | |r 2R 2R ||r
8 8 8
& : o - O : .
a 7]

Puc. 3.27 Puc. 3.28

[Tpu sikid cuni nocTiiiHoro cTpymy J Kpi3b nonepe4yHuil nepepis npoBigHMUKA 32
Lieil Yac IpoOXOANTE TaKa Cama KUIbKiCTb €NeKTPUKU?

3.179. o amnepmerpa, onip akoro R, = 0,27 Om, npueaHaHo napaneibHO
wyHT onopoM R = 0,09 Om. OOuucauti cuny cTpymy B KOJIi, SKLIO amrep-
MeTp nokasye /=2 A.

3.180. 11lo notpiGHo 3pobuTH, Wb npunaa, uiHa noAinku akoro iy = 10 MkA,
wikana npunany Mae n = 100 noainok, a BHyTpiwHii orip r = 100 Om, MoxHa
Oyno BUKOpUCTATH: a) SIK BOTLTMETP AN BUMiptoBaHHs Hanpyryu no U= 100 B;
6) Ak aMnepMeTp st BUMIPIOBaHHA cTpyMy o [ =1 A?

3.181. Akuio BOJILTMETP 3 €QHATHU NOCIA0OBHO 3 PE3UCTOPOM, ONip AKOro
R =10 kOm, To npu Hanpy3i U = 120 B Bin nokaxe U, = 50 B. fkuo Horo
3’€HaTH MOCMIAOBHO 3 Pe3dCTOPOM, onip R, AKOro HEBIAOMUH, TO MPH Tiit
caMiii Hanpy3i BiH nokaxe U> = 10 B. Busnaunty onip pesucropa R..

3.182. Axum mae Oytu onip r (puc. 3.27), o6 onip Mixk knemamn 4 | B
OyB TakuM, 110 AopiBHIOE Ry? Omip Ry BBAXKATH BiJOMUM.

3.183. Ha puc. 3.28 300paxeH0 ABa €NEKTPUUHUX KONA, 10 IKUX BXOAATh
pe3nucTopH 3 BIAOMKUMHU onopaMu R 1 2R Ta pe3ucTop 3 HEBIAOMUM OMOPOM 7.
[Tpu skomy 3Hauy€HHi » onopu 000X Kij, BUMipaHi Mix Toukamu A i B, OynyThb
OOHAKOBUMH 1 kUM Oyae 3aranbHuit onip Ry, Kin?

3.184. JIa npoBigHUKY) BUTOTOBEH] 3 OIHOro MaTepiany. ¥ CKilibKy pasiB
JOBXHHA OJTHOrO NMpoBigHuKa Oinbllia Bijl JOBXKUHHU IHILIOrO, KOJIU BiJOMO, LIO
Ry =8Ry, am;=2m?

Puc. 3.29
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3.185. Busnauutu onip gifsiHKY R2
kona Mix Toukamu A i B (puc. 3.29), Rl R4
AKINO ONOPU Ry = R3 = Rs = R; = Rg = R3
=R9=]OM,R2=R4=R(,=2OOM. _L '

3.186. BusHauut onip AinfgHKM 4 ]
kona Mix Toukamu 4 i B (puc. 3.30), AT B0
K10 ONOpH Ry = Ry = Ry=Rs=10m, e
Ry = Rs= 12 Om.

3.187.Y wMigHOMY npoOBigHUKY,
[oLla fnonepevHoro nepepizy skoro S =0,5 em’, NpOXOAUTL CTPYM CHUJIOHD
I=1,5 A. 3 ko0 cunowo F ai€ eeKTPUUHE foJie B UbOMY NPOBIAHHUKY Ha
KOXHUM HOCIA CTpyMy?

3.188. 1o namnu po3xaproBaHHA 3a JOMOMOIOK MiAHOrO NPOBIAHUKA Mil-
BeJleHO CTpyM, cua sixkoro / = 0,2 A. [1noia nonepe4Horo nepepizy nposii-
HUKA S = 5 MM". Temneparypa Bojb(hpamoBoi HUTKM aiameTpa d = 0,02 MM
nig yac ropiHug namnu ¢ = 2 000 °C. Bu3HauUTH HANPYKEHICTb EIEKTPHUHOIO
nons £y miai ta Boabgpami.

3.189. Ha kinugx 3ani3Horo npoBigHuKa, nOBXHUHA akoro /= | M i giameTp
d=1 MM, ninTpuMyerbes Hanpyra U = 12 B. Bu3HauuTH rycTuHy CTpyMmy j Ta
KiNBKICTb eNeKTPOHIB N, SIKi NpoXosTh Kpi3b NONEPEeUHUi nepepis mpoBigHnKka
3al c.

3.190. O6uucautu onip R rpahiToBOro npoBiagHUKA, 10 BUTOTOBIEHUH Y
BHIIsizll PSMOro KPYroBoro 3pi3aHoro koHyca (puc. 3.31) 3aBBuiuku 2 = 25 cm.
Pagiycu itoro ocHos ry = 15 mm i r» = 10 MM. Temneparypa npoBignuka gopis-
Hioe 20 °C.

3.191. Tlpoctip mix ofknagkamu cepuyHOro KOHAEHCATOpa, paaiycH
AKHX 71 1 75, 3aM10BHEHO €1a0ONPOBIAHOK OJIHOPIAHOK PEYOBUHOK 3 MUTOMHUM
onopom p. BuzHauutu cuny cTpymy / BUXOny Kpi3b KOHAEHCATOP, SKIIO pi3-
HULIA noTeHuianiB Mix obknankamu U.

3.192. V HeoOMexeHOMY CepenoBUilli, MUTOMUH
onip fxoro p = 107 OM'M, po3miryeThca MeTanesa
kynst aiamerpa d = 0,1 M. Buznauutu onip R cuc-
TeMu Kyns — HeoOMeXkeHe cepeaoBuLLe.

3.193. Mix KoakcCiafbHUMU LMIIHAPUUYHUMHU
efekTpogamu, pagiycu skux vy = 10 cM 1 7y =
= 10,5 cMm, MicTHTbCS TIpOBiAHE CepeaoBHIUE.
[TuToma enexTpuuHa MPOBiAHICTL MaTepiany
€JIEKTPOLIB € 3Ha4HO GiNbLIOID, HiX NUTOMA E€NeK-
TPUUHA NMPOBIAHICTL CepefoBULIa, MUTOMUIA onip
Puc. 3.31 akoro p = 3,9 MmxOmM'M. Busnauutu onip R cepe-

Puc. 3.30
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DOBHIIA MDX €1eKTPOAaMH, AKILO ROBXKHHA iX
{=20cm.

3.194. Migny kymio, pagiyc fkoi r; = 5 cm,
B e T OnMyCcKaKTb Yy niBchepHuHnil Kenux paaiyca rp =

5 =10 cM, HanmoBHEHWH BOAOID, TakK, IO KYIA i
5K 4 (L"?’ KEJIHX € KOHUEHTPHYHUMH. ['lu'roma eJIeKTpHUHA
- "

NPOBIAHICTL BOAU G = 10 Cwm/M. BusHauury
Puc. 3.32 eneKTputmm-"i OMip MIX KYJI€0 Ta KeNHXOoM.

3.195. Mok aBoMa MJIOCKUMU €JIEKTPOAAMH 3

niowero nepepizy S = 200 cM’ KOXKHHIt MICTUTBCS POBiAHA pe4oBHHA, TUTOMA

eJIeKTpHUYHA MPOBiAHICTb AKOT 3MiHEOETbCH JiiHifHO B HaanMi NepneH fAuKynsp-

How Jilo enempoma Bin ¢, = 10~ Cm/m Gins IOBEPXHI NepILOro eleKTpoaa ao

= 5-10" Cwm/m Gins oBepxHi apyroro. OGUUCIUTY onip CepenoBHLIA MiX
enempo,uamu, BiACTAHbL MK SIKUMHU d = 5 cM.

3.196. ns ckopoueHHs BWUTpAT MpPOBOAIB BHUKOPHCTOBYIOTb 3e€MJIKO SK
POBIIHUK ENEeKTPUHHOIrO CTpyMy (3a3emneHHs niHif nepenay). Enexrpuune
KONIO MOX<HA 300pa3nTH Tak, K MOKa3aHo Ha puc. 3.32. Enextponamu € cdepu
paniyca ro = | M. [liToma enexTpuuHa MpoBiAHICTE 3emii ¢ = 107 Cm/m.
Beaxkaro4u BiICTaHb MidXK €NeKTpoaaMu d << rg, BA3HAYUTH onip R 3a3eMJICHHS.
Sk 3anexHTE OMnip 3a3eMJICHHS BiA BIACTAHI MiIX eleKTpoaamu?

3.197. Hosruil npoBigHWK KpYyrjoro nepepisy paaiyca @ BUroToBAeHUH 3
marepiany, mUTOMHUI omnip KOO 3aeXXUTh TiIbKW Bif BiACTaHi ¥ no oci npo-
BIIHMKA 32 3aKOHOM p = a/r ae o — crana. BusHauuTu onip R oguuuui
AOBXHHHU TaKOTO NMPOBIAHMKA Ta HANPYXEHICTb eleKTpUyHOoro nojisi E B npo-
BIAHUKY, MPU AKiI ¥ HbOMY NMPOXOAUTL CTPYM I,

3.198. [1nacTuHu NIOCKOro KOHIeHcaTopa npuUeAHaHi 00 Jxepena nocTii-
Hot Hanpyru U = 300 B. [TnacTuru 300mxy0ThCs 31 WBKAKICTIO U = 1 MM/C.
Bu3HayuTH cuiy cTpyMmy / B ripOBIAHUKAX Y MOMEHT, KONIY MJacTUHYK nepedy-
BaKOThb Ha BIACTAHI d = 2 MM 0aHa Bia ogHol. [Tnowa naactud S = 400 oM’

3.199. Kounexcarop emHicTio C = | MKD po3psaaxKaEThCs Yepes pe3nucTop,
onip sikoro R = 4 MOwm. Yepes skuil npomMixkok yacy ¢ Bif mo4yarky po3psa-
)KaHHA: a) noyaTKoBa Hanpyra Up Ha nJacTHHAX KOHAEHCATOPA 3MEH LUHTbCA
y 2 pas#u; 0) noyaTkoBuii 3apsia g 3MEHLLNTLCA B ¢ = 2,718 pa3za?

3.200. IMnockuit koHaeHcaTop, 3an0BHEHWH KBapLOM, BTpayae 3a 4ac
{i| = 3 XB nonoBUHY cBoro 3apsgy. HienexkTpuuHa NPOHUKHICTL KBapLy € =
= 3,75. BpaxoByruu, 10 BUTIKAHHA 3apany BiabyBaeTbCs TiNbKU Kpi3b
NieNeKTPUYHY npOoKIaaKy, BU3HAYNTH NUTOMUH onip kBaply. Aka yactu-
Ha 3apsAAy 3alMMIUTbLCA Ha KOHAEHcATopi Yyepes yac f» = 7 XB Bifi noyaTKy
po3psalxaHHs?

paas
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3.201. lMnockuit koHAEHCATOp 3 MJACTHMHAMHU PO3Mipy a x b (a = 2 ¢M),
110 pO3MILLYFOTLCA OAHA Bifl OAHOT Ha BiACTaHi d = | cM, npuenHaHo Ao Gara-
pei 3 EPC & =100 B i BHyTpitwHiM onopom » =5 Om. ¥ ko0 BBIMKHEHO
rajibBAHOMETP, OMOPOM AKOr0 MOXKHA HEXTYBAaTH. Y KOHAEHCATOP BBOAATH 3i
WBHAKICTIO U = | M/C y310BX CTOPOHM b CKNSIHY MNacTUHKY 3aBTOBLUKH d,
JlienekTpuiHa NPOHUKHICTL ckna & = 5. SIky cuny ctpymy [ nokaxke ranbBa-
HOMETP TiJ yac BBEAEHHS CKIAHOT MNACTHHKY Y KOHAeHcaTop?

3akox Oma ans noBHoro Kona. Mpasuna Kipxroda

3.202. [IBa mxepena crpymy, enekTpopyiiti cunm sknx &= 60 B i & =
=35 B, 3’ennani Mix co60l0 Tak, sk nokazaHo Ha puc. 3.33. Busznauuru pis-
HULIIO DOTeHLianiB MK Toukamu a i b B 06ox Bunaakax. BigHolieHHS BHYT-
piluHix onopis mxepen ro/ ry = 1,5.

3.203. Y xoni, 300paxxeHomy Ha puc. 3.34, enekTpopyLiiiHi cunmn &; =
=1,5B, & =1 B, onopu R, =100 OM, R, =50 OmM i R; = 80 Om. O6uucnutu
CUILY CTPYMY, KU NpOXoANTL Kpi3b pe3ucTop R1.

3.204. BuzHauuTy pisHULIIO NOTEHLIANIB @ — (3 MIX ToYKaMu / i 2 cxeMHu

(puc. 3.35), axuo onopyn R = 10 Om, R, = 20 Om, enextpopyLuikini cuan & =5 B,
&; =2 B. BHyTpiliHiMKu onopamu mxepen CTpyMy HEXTYBaTH.
. 3.205. Ikepena ctpymy 3 pizuumu EPC 3’eaHani, sk 300paxkeHo Ha
pHc. 3.36. Enextpopyuwiiini cunn mkepen nponopuiiini ix BHyTpilmuiM onopam
&= ar, ne o — ctana. Onopom NpoBiAHUKIB HeXTyBaTH. BusHauutu cTpyM /
Y KOJi Ta pi3HULIKO TIOTeHLianiB Mix Toukamu 4 i B,

3.206. Y cxewmi (puc. 3.37) enektpopyuiiiina cuna & = 5 B, oropu R, =

=4 OMm, R, = 6 Om. BHyTpiwHiii onip mxepena ctpymy » = 0,1 Om. BusHauu-
TH CHJIM CTPYMIB, 1O NPOXOAATh Kpi3b pe3uctopu R1 i R2.
_ 3.207. Y cxewmi (puc. 3.38) enextpopywiitni cunu & = 1,5 B, & =2 B,
&3=2,5 B, onopu Ry = 10 Om, R; =20 Om, R; = 30 Om. BuyTpilnim onopom
MDKepen cTpyMy HexXTyBaTH. BU3HauuTH CHJIM CTPYMIB y BCiX AiNAHKAX Kona
_ Ta PisHULIO MOTEeHUIAMB @4 — Q5 MK TOYKamu 4 i B.

' !/
I'ﬂ }}8 - R2 R3
b 1é | 62
a4 45 ae # — R1 =
‘_“__ :{ 5
Puc. 3.33 Puc. 3.34
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Puc. 3.35 Puc. 3.36 Puc. 3.37
R/ R2
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R1
_I:gf — A D C R4
R2 At— 8
&2
R3
WL o, SRS R 8 it
Puc. 3.38 Puc. 3.39 Puc. 3.40

3.208. YoMy nopiBHIOE OMip APOTAHOrO KapKaca y BUIAAI NPAMOKYTHHKA
31 CTOpPOHaMy a i b Ta AiaroHani, AKIIO CTPYM MPOXOAUTH Bifl TOYKW 4 10 TOY-
ki B (puc. 3.39)? Onip oaMHULI AOBXHMHHU APOTY AOPIBHIOE y. BuU3HauuTH
TaKoX OMip Kapkaca, KOJu CTPYM MpoXoAuTs Bid To4ku C no Touku D,

3.209. Enexktpryne kono cknapaetecsa 3 Oarapel, enexTpopyuwifiHa cuna
aKoi & =3 B, BHyTpitHii omip » = 1 Om, koHaeHcaTopa eMHICTIO C = 2 Mk®
1 YoTHpbox pe3uctopiB R; = 1 Om, Ry =2 Om, R3 =3 Om, Ry =4 Om (puc. 3.40).
BusHauuTH 3apan Ha obknankax koHAeHcaTopa. OnopoM 3’€AHYBaJIbHUX Mpo-
BiIHUKIB HEXTYBATH.

3.210. [Jo axof Hanpyry 3apaasTecd koHaeHcatopu Cy i Cy, NpueaHaHi
no nxepena (puc. 3.41), 3a yMOBH, KOJM efekTpopytiiiHa cuna & = 2,2 B,
onopu r = 0,4 Om, Ry =3 OM, R, = 1 Om, B3 =5 Om, emHocTi Cy = 2 mx®,
Cy; =3 mxk®?

3.211. 3a nonOMOror BOJIbTMETPA, BHYTPiLUHIK ofip Akoro Ry, = 200 Om,
BMMIpPIOIOTb Hanpyry Ha pesuctopi. Onip pesucropa R = 10 Om (puc. 3.42).
BuyTpiwniit onip axepena EPC r = 1 Om. O0uuncanty, Ky BiAHOCHY Mo-
X1bKy 6 noMyckaroTh Mif 4ac BUMipIOBaHHA, BBAKAKYH, LIIO BOJBTMETP Mac
HECKiHYeHHO BeJIMKUi omnip, TOOTO Horo BMHKAHHA HE 3MIHIOE CUNK CTPYMY
B KOTI.
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3.212. BcraHoBuTH po3nofin cTpymiB y koni (puc. 3.43), Akwo enektpo-
‘pywiiini cunu & = 12 B, &, = 8 B, onopu r; =4 Om, r; = 3 Om, R; = 20 Om,
Ry =40 OM, R3 =29 Om, Ry =8 Om, R; = 16 Om.

3.213. Ha puc. 3.44 300paxeHO ABa po3raayXeHUX KoJia nocTiiHOro
CTpyMy. Bu3zHauuTu 3Ha4eHHA CTPyMIB, WO NMPOXOAATL KPi3b PE3UCTOPH B
000x xonax, konu enekTpopywiiiHi cunu & = 1 B, & =2 B, & = 3 B,
64=4 B, onopu Ry =10wm, R; =2 Om, R3 =3 Om, R; =4 Om. BHyTpilHim
ONOpOM JKepen CTpyMy Ta onopom 3’€AHYBaTbLHHUX MPOBiAHUKIB HEXTYBaTH.
Ak 3miHATECA cTpyMH Yy koI (puc. 3.44, @) , AK1O po3’€AHATH NPOBIAHKHKH
y Toukax 4 i B?

PoGoTa i moTyXHicTs eneKTpu4HOro CTpymy

3.214. J{o kiHuiB cBMHUEBOro ApOTY 3aBAOBXKH / = 5 cm i giameTpa
d = 0,2 MM npuknanena Hanpyra U = 100 B. Uepes saxuil npomixkok uacy ¢
ApiT noyne nnasuTuck? TOYKA MNABNEHHA CBUHLIO fn, = 327 °C. [TouaTkosy
TeMriepaTypy ApOTY BBaXXATH TaKOH, L0 AOPIBHIOE HYJEBi. 3MIHOIO Teno-
EMHOCTI CBUHLIO Mifl Yac HArpiBaHHA i po3ciloBaHHAM TeMIOTH B HABKOJIHLIHE
CepenoBMiLEe HEXTYBATH.

3.215. I'posoBa xMmapa nepeGysae Ha BucoTi A = 500 m Bix moBepxHi
3emni, Busnaunt eHeprio po3paay W Mix 3emiiero Ta XxmMaporo, gKIILO 32
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yac { = 0,1 ¢ npoiiwos cTpym, cuna akoro /= 200 A. Hanpyﬁcemcm eJIeK-
TPUYHOrO MO, AKe BBAKAETLCA OAHOPiAHUM, E = 2 10° B/m.

3.216. Buznauutu poboTy A eneKTpUYHMX CHJI i KUIBKICTE TenaoTu @, wo
BUAINAETLCA NpOTAroM 4acy 7 = 1 ¢: a) B akymyJaTopi, sikuil 3apanakaeTbes
ctpymom [} = | A npn Hanpy3si Ha nonrocax akymynsartopa U = 2 B, koan EPC
akymyasaTopa & | = 1,3 B; 6) y Gatapei akyMynaropie, Aka Ja€ Ha 30BHILUHIN
crnoxuBay cTpym 5, = | A np# pi3HUUI MOTEHUIANIB HA MOMKOCAX aKyMynaTopa
U, =2 B, xonu EPC Gatapei &, = 2,6 B.

3.217. 3 akum koediulieHTOM KOpHCcHOT Aii 1) Mpawoe CBUHUEBUI aKyMyJis-
Top, EPC sikoro ¢ = 2,15 B, AKkuo B 30BHILLHBLOMY KoJi 3 onopoM R = 0,25 Om
npoxoauTh cTpyM [ =5 A? Slky MakcuManbHy KOPUCHY MOTYKHICTb Ppa MO-
Xe [aTi aKyMyJIATOp Y 30BHilLHbOMY x0ui? Six npu usomy 3minutses KKJI?

3.218. Slkuii 30BHIWHIK onip R Tpeba niaKIOYUTH A0 1 = 5 OAHAKOBHX MO-
cnigoBHo 3'enHanux pxepen (EPC koxHoro & = 1,5 B 1 BHyTpiluHii onip r =
= 0,3 Om), o0 NOTYXKHIiCTb, sKa BiAJA€TbCA B 30BHILIHE KONO (KOpHMCHA
MOTYXHiCcTh), Oyna MakcumanbHotO? kUMK npu upoMy OyayTe cuna cTpymy [
y KOJi | MOBHa MOTYXHICTh P GaTapei?

3.219. Konyu cuna ctpymy 1 =5 A, To 30BHILIHE KOJIO JKEpena CroxuBae
NOTYXHicTh P; = 9.5 BT, sKuio x onip 30BHiliHboro xosia R = 0,225 Owm, T0
CMOXKKHBaHA MOTYKHicTh P = 14,4 B1. BUu3HaunTH MakcHManbHy MOTYXHICTD
Ppax B 30BHILUHBOMY KoJli. YoMy nopiBHIoBaTume nipH uboMy KK 1 mxepena?

3.220. [lo 3aTucka4iB mykepena cTpyMy, BHYTPILUHI# onip Akoro 7 = 1 Om,
mia’€AHYIOTb ABa OJHAKOBMX pesucTopu 3 onopamu R = 0,5 Om koxcHUI.
CrioyaTKy pe3sucTopy BMUKAOTL Y KOJIO MOC/AIAOBHO, @ NOTIM — MapainenbHo.
Bu3HauuTy BIAHOUIEHHA MOTY)XXHOCTEH, AKi CMOXKUBAIOTLCA B 30BHILIHLOMY
KoAi y Mepliomy | Apyromy BUMAZKAX.

3.221. Hanpyra na muHax enektpoctanuii U = 10 kB, Bigcranb Big cro-
xuBaya / = 500 km. CtaHuisa Nepenac cnoXxupayei MoTykHicTs P = 100 kBT,
npuYyoMy BTpaTa Hampyru He MOBMHHA MepeBuuyBaTH 1 = 5 %. O64MCANTH:
cuily cTpyMy / B poBoaax; miouty S iX rornepevyHoro nepepisy; mMacy m; miii,
AKa noTpibHa aAns npoBeJeHHA NpoBOAKM. AK 3MIHUTBCA HEOOXinHA KIBKICTh
my Mili, AKLLO HAMpPYTy Ha BXOAI NiHii 301bIMTH Y n = 10 pa3iB?

3.222. OB4ucnuTH culy CTpyMmy B MiaBiAHMX MPOBOAAX Mif 4AC KOPOTKOIo
3aMHKaHHA, SKIIO HA ABOX MAMTKaxX 3 onopamu Ry = 200 Om i Ry = 500 Om
MpY BMHKaHHI iX MO 4ep3i BUAINAETLCA 04HAKOBA NoTyHicTs P = 200 Br,

3.223. Cuna cTpyMy B NpoBigHMKY, omnip sxoro R = 100 Om, piBHOMipHO
36inblIy€eThCA Bl Hyd 00 [nax = 10 A npoTarom yacy £ = 30 ¢. BuzHayuru
KiIbKICTB TennoTH (, ska BUAINAETLCS 32 UeH Yac y NpoBiAHUKY.

3.224. Bu3HayuTH KiAbKICTh TEMIOTH (J, WO BUAIIAETLCA B MPOBIIHHUKY,
onip skoro R = 10 Om, 3a 4ac { = 30 c, Akio: a) cuaa cTpyMmy piBHOMipHO
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cnanae Bia Iy = 3 A no /= 0; 6) Hanpyra Ha NPOBIAHUKY 3MIHIOETBLCS 3a 3aKO-
pom U=kt ,ne k=2 B-c 2,

3.225. BU3HAYNUTH MUTOMY TEMJOBY [OTYXKHICTL W CTPYMY, SKLIO AOBKH-
a npoeiauuka /= 0,2 M, a Ha #oro KIHUAX NiATPUMYETLCS Pi3HMLA MOTeHLlia-
nip U =4 B. [luromuit onip nposiagHuka p = 1 MxOm-M.

3.226. Jinsa po3xaploBaHHA HUTKY ENEKTpUYHOI Namnu notpibHa Hanpyra
U,. BHacmigok BHMApoByBaHHA JiaMeTp HWUTKM 3MeHLuMBca Ha o %. Skoro
. Mae 6yTv Hanpyra Us, o6 Temnepatypa HUTKH He 3MiHuaace? TenioBignaya
nponopuiifma MAolli NOBEpXHI HUTKH.

3.227. Y MigHOMy MpOBIAHMKY 3aBOOBXKHM / = 2 M, MJlowua Monepe4Horo
nepepi3y sAkoro § = 0,4 MM, npoxoauTs cTpyM. [1p1 ubomy KOXKHY ceKyHAay
supingerses O = 0,35 Jx Tennotu. CKinbky eneKTpoHiB 1 MPOXOAMTH 32 Hac
t =1 c kpi3s MoNepeyHuit nepepis poro NpopigHMKa?

. 3.228. Ckinbku BUTKIB N HiKeNniHOBOro ApPOTY MOTpiOHO HaMoOTaTH Ha
‘bapdopoBuil umninap aiametrpa d=1,5 cM, wWod6 BUrOTOBUTH Kun’s-
THALHHK, B AKOMY NPOTACOM Hacy / = 5 XB 3aKUIuUTb BOAA MpH MOYATKOBIH
Temmepatypi 7 = 283 K? Maca Boau m = 200 r, niametp apoty d) = 0,2 mm,
ganpyra U= 220 B. Koediuieut kopucHoi aii = 60 %.

v 3.229. Akimo Hampyra B enekTpuyHiii mepexi U = 120 B, To Boaa B eliekT-
‘PHYHOMY 4HailHHUKY 3akulae yepes "= 20 xB. ko Hanpyra B koni U, = 110 B,
TO MNpy Tid camiil Mo4yaTkoBil TemMneparypi BoJa 3aKuNuTh yepes f = 28 xs.
Beaxaioun, mwo BTpaTH TennoT Bij 4YallHMKA B HABKOMMIUHE CEPENOBMINE
TPOMOPLiiiHi 4acoBi HAarpiBaHHA, BU3HAUUTH, Yepe3 AKUI Yac f3 3aKUMUTh BO-
Aa B yalHUKY, AKLLO Hanpyra B koai U; = 100 B.

3.230. Ctpym npoxoauts Bia MiaHOT TpyOKU paaiyca r =2 MM 10 MigHOl
TPY6xu paniyca R = 4 cm B3J0BX MI0OCKOT allOMiHi€BOT (hobIY 3aBTOBLUKH
d=0,1 mm (puc. 3.45). Ska kinbkicTb Ternorn Q BUAINMTLCS B ANIOMiHiEBii
$0513i 32 yac 1= 0,5 ¢, AKILO [IPOXOAUTHUME CTPYM, CHJa sikoro [ =35 A?

3.231. Kougencatop eMuicTio C = 5 Mk® MpueaHaHo go JXepena no-
CTitiHoro cTpymy, Hanpyra akoro U = 200 B (puc. 3.46). [ToTiM nepemu-
Kaq IT nepesoauTbes 3 MoJioXKeHHA [ B MoJiodkeHHst 2. Bu3HauuTh Kine-

c
b
22 R?
n t N
!
v
¥
Puc. 3.45 Puc. 3.46
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|
Kicts TersoTn Q, w0 BUAINAETLCA B pe3aucTopi RI. Omip R, = 500 Owm,

onip R; = 300 Om. Onopom NpoBiAHKKIB, 32 JOMOMOI0I0 AKUX 3’€AHYIOThL
eJleMeHTH KOJia, HEXTYBaTH.

CTpyM y BaKyyMi, enekTponitax i rasax |

3.232. BusHauuTH cUny CTpymy Hacu4veHHs [/, B eNeKTpoHHiil namni 3
BoJb(hpamoBUM KaToaoM 3aBaoBXxku [ = 3 cM i1 aiametpa d = 0,1 mm, akuio '
temnepatypa 7' = 2 700 K. Emiciiina crana nns sonsppamy B = 60 A!’(CME'KZ),
poboTa Buxony elieKTpoHa 3 Bosb(ppamy A = 4,54 eB.

3.233. YoMy popiBHIOE pob0oTa BUXOAY ENEKTPOHIB i3 METaMy, AKLUO MMiABHLIEH-
HA TeMIepaTypyU HUTKH PO3KaproBaHHs, 3pobsieHoi i3 uboro metany, Big 2000 K
no 2001 K 36insluye cuny cTpyMy HacH4eHHS B enekTpoHHii namni Ha 1 %?

3.234. Y ckinbky pasiB cTpyM HacWYeHHd TepMoeNeKTpOHHOI eMicil 3 To-
pifioBaHoro BoJjib(hpaMoBoro karoaa npu pobouiid Temneparypi 7 = 1800 K
Oyne GinbUIMM, HDK CTPYM HACHUEHHS 3 YHCTOrO BONL(PaMOBOro Katoaa npu
Tiit camiit pobouyiit Temnepatypi? EmiciiiHa crana Ta pobota Buxoay enexrpo-
Ha IS YMCTOTO i TopiitoBaHOro BoJbpamy BinosigHo B, = 60 A/(cm™K?),
A =4,54eBi B, =3 Allcm™K?), 4, = 2,63 eB.

3.235. Ha aHoni nBOXeNeKTpoaHOT 1aMny MpoTarom 4acy f = | roa i poboTu
BMAINAETbCA KiNbKiCTb eHeprii W=63 J[x. CTpyM Hacu4eHHSs B Jamni
[,=6,3 MmA. Beaxxarouu, 110 TeNnoTa BUAINAETECA Ti/IbKY 3@ pAXYHOK KiHeTH4-
HOI eHeprii eJeKTPOHIB, BU3HAYMTH LUBHIKICTb U €NeKTPOHIB, AKi BAAPAIOTHCA
00 aHoz, Ta KiNbKICTL EJIEKTPOHIB o, LILO BUTITAIOTH 3 KATOAA 32 OAHY CEKYHY.

3.236. Ilyyok enexTpoHiB B ocuunorpai NpUCKOPIOETLCS AHOLHOK Harpy-
roto U, = 500 B. O6uncnuTy BiZxuneHHs s NPOMEHs Ha eKpaHi, AKILO Hanpyra Ha
BiAXUNLHMX maacTtuHax U = 30 B, pomkuHa iXx / = 5 ¢M, BigcTaHb MK HUMK d =
=1 cm, a BIACTaHb MK BIAXMITbHUMM NIacTHHam i ekpaHom L = 10 cm.

3.237. BusHauuTd koediuieHT Axcouiauii ¢ BOAHOIO PO34MUHY a30THOT KHC-
7IOTH, KOHLEHTpawia fAkoi ¢ = 0,064 r/cm’, SKIO NMUTOMMIE OMip PO3UKHY P =
=32 MOM"M, PYXJIHBICTb MO3UTUBHUX iOHIB #. = 3,26-107 sz’(B~c), a HeraTus-
HiX u. = 6,4-107° M*/(B-¢).

3.238. BuzHauyuTy MUTOMHUIA ONlip p BOAHOTO PO3YMHY XJIOPUCTOrO Kastilo
KCl, koHuenTpauis sxoro ¢ = 0,1 r/eM’, KoMK BIOMO, 1o Koe(inieHT AUco-
uiauii uboro po3uuHy o = 0,77, pyXiuBiCTb NO3UTHUBHUX IOHIB u. =
=6,7-10 * m*/(B-c), a HeraTuBHux u = 6,8-10 ME/(B‘C).

3.239. SAky kinbkicTh enexTpoeHeprii W notpibHo BUTPATHUTH Aas 0Jep”
KAHUA aNOMIHIIO Macol m = 2 Kr, AKwo enekTponi3 BiabyBacTbcs npH
nanpysi U= 15 B, n =75 %? AtomHa maca anomiHio 4 = 27 r/moisb.
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3.240. EnexkTponiTi4yHa BaHHa, HalOBHEHA PO3YMHOM MIAHOrO Kymnopocy,
3’¢nHana 3 Oarapecro aKymynaTopis, efeKTpopylliiiHa cuna Akoi & = 4 B i
pHYTpillHi# omip » = 0,1 Om. BusHauuTu: macy m Miai, ska BUAINAETLCA 32
10 xB, Akimo EPC nonspusauil & 40, = 1,5 B, a omip po3zunny R, = 0,5 Owm;
giIHOLIEHHSA 3apAAay g iona miai fo Horo Macu mg. Mifb € ABOXBaNEHTHOIO.

3.241. Tlia yac enexTponizy po3unHy po3kiafaeThes MiqHM Kynopoc, Ma-
ca skoro m = 4,77 r, 3a yac t = lroa. BusHayuTy KijibKicTs N ioHIB Miai, fKi
HeHTpalizyroThCH LOCEKYHAM Ha aHoAl. AKUH 3apsan g KOXKHOIO ioHYy?

3.242. ]IBi eneKTponiTU4HI BAHHK 3’€HaHI NOCNINORHO. Y nepluiil BaHHI
MICTHTBLCA po34KH xslopuctoro 3aiiza FeCly, a B apyriit — po3uun XJIOpHOTO
saniza FeCl;. Busnauutu Macu 3aniza #l xaopy, 1o Bu,ummo'rbca B KOXHIH
BaHHi, i1 Yac NpoxoJkeHHs eleKTpudHoro 3apsany O = 9,65- 107 Ka.

3.243. Ilin yac enekTponizy po34uHy cipyaHoi KMUCAOTH BUTPAUAETHCA MO-
TyxHicTs P = 37 BT. BusHauutu onip R enektponity, aKio 3a uac { = 500 xs
BULINIAETLCA BOAEHD, Maca skoro m = 0,3 .

3.244. Bu3Ha4yuTy eKBiBalEHTHY KOHUEHTPALIK 1|, €KBIBJIEHTHY €/eKT-
ponpomm—uc*rb A 1 koediuicHT Aucouiauii o BOAHOrO PO34HHY XJIOPHCTOrO
kaniro KCL. KOHueHTpaum po34uHy ¢ = 0,1 r/em’. TluTomuil omp TaKoro pos-
quny p==7,4-10 " 2 Om'M npu 18 °C, a pyxausocri ionis K™ i Cl ™ npu uiit
TeMneparypi BignosigHo #. = 6,710 ° M*/(B-c), # = 6,8-10 *m*/(B-c).

3.245. JIpi enlexTponiTHUHI BaHHU 3’€[HAHI MOCNIAOBHO. Y nepluil BaHHI BUAI-
JMBCS LMHK, Maca sikoro »7; = 3,9 r, y apyriit 3a ToH camuit yac — 3a1i30, Maca SKo-
ro my = 2,24 r. AtomHi macu uuMHKy i 3aniza BignoeigHo A4, =65 r/mons,
Ay = 56 r/mons, BaneHnTHicTs UMHKY z; = 2. SIka BaNeHTHICTb z; 3ani3a?

3.246. Jipi enexTposiTM4HI BaHHM 3’€AHaHI MOCNiNOBHO. 3anexHicTb
WBKUAKOCTI BUIIEHHS METAiB Ha eJleKTpoaax BiA Yacy rpadidHo 3o0paxeHa
Ha puc. 3.47. Bigomo, wo nporaromM 4acy ¢ = 10 XB Buainunacs Miae, Maca
AKOi my = 50 r, i HeBinOMMUIL MeTas, Maca SKoro my = 150 r. BusHauuTi enex-
TPOXiMiyHK eKBiBaNeHT & HeBijomoro metany. BcTaHOBMTH 3alleXHiCTh
CTpymy Big yacy.

3.247. Haituucriia Boja npu TemnepaTypi
I8°C  mae nutomy enekTponpoBimHicTL
§=3,810"" 1/(Cm-cm). Beaxkarouu, 1io enek- dr
TPonposigHicThL BOAK 3yMOBJIEHA AUcOLiaLi€l0
MOnekynu Bomu H,O na ionn H™ i (OH),
BCTaHoBuTH cTymine aucouiauii o BoaM npn
Wi Temnepa'rypl, AKUI0 pyxnusocTi ioHis H'

! (OH)_ BiAMoBigHo #. = 3,26:10 ~em*/(B-c), T
=1,80-107 cM*/(B-c). Eme. 347
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3.248. OOYMCcIuTH PIBHOBAXHY KOHUEHTpPAWi 71 IOHIB Y CYXOMY armo-
cpepHOMY NOBITPI, SKLIO B HBOMY MiJl BINIMBOM KOCMIYHOTO BMIIPOMIHIOBaHHY
Ta 3a/MLLKIB PafioaKTHBHUX PEYOBMH, IO HasABHI B 3eMHii’1 KOpi, LIOCEKYHau
BUHMKAE B cepeﬂnbomy An; = 6,4 napy ioHiB y 1 cM', a Koe(inieHT pekomGi-
Hauii 7= 1,6-10" S em’le.

3.249. Bu3HayuTu rycTHHy CTpyMy MpoBIAHOCTI j B atMocdepl, mcmo KDH-
LeHTpalis OAHOBANEHTHUX IOHIB, fAKI 3YMOBIIONOThH MPOBIAHICTL, 11 = 10" m™
Hanpymemcn enemgwmom noas 3emai £ = 130 B/M PyXJIMBICTh no:;wma-
HUX iOHIB 1. = 1,37 cm*/(B-c), a HeratuHuX 1 = 1,89 cM’/(B-c).

3. 250 Y cyxomy aTrvlocd)epHomy MOBITPI NPOXOAUTH CTPYM, IYCTHHA AKOTO
j=10 0 Alem?, Blﬂ.CTaHb MiXK enektpoaamu d = 3 cM, plBHOBaﬁ(Ha KOHUEHT-
pauis ioHiB 1 = 10* cM ™, koediLieHT pekombiHauii ¥ = 1,6-10 ®emfe. Un
BUKOHYETLCS B ibOMY pa3si 3akoH Oma? [oHU BBaXaTH 0,[I,H03apH,IlHHMH

3.251. Nnouwia enekTpoais ioHi3alilHOT Kamepu S =100 cM?, BicTaHs Mix
Humu d = 6,5 cM. [oHizaTop crBoproe y | em’ wocekyHau An; = 10° CM g™
OJHAKOBMX IOHIB KOXHOIO 3Haxy KoediwieHT pekombinauii r = 10 ° em'/e.
PyxnusocTi ioHIB#. =u_=1 cM /(B ¢). Slka HalbinLI MOXKIMBA KiNLKICTh Mg
nap ioHiB y 1 oM’ kamepu? SIkuil cTpym / npoxoauTume MiX enekTpoaamu
ioHi3allitHOT Kamepy, AKIL0 A0 eNeKTpOAiB MpUKAaneHa pi3HULA NoTeHuianiB
U= 20 B? Slky 4acTKy cTpyMy Hacu4eHHs [, CTAHOBUThL BU3HAYEHUH cTpyM?
Uepes sikuil yac f nicns npUnHeHHA Ail ioHi3aTopa KiNbKICTb I0HIB #7; BHACAI-
A0K pekoMOiHauil 3MeHLWUTLCA y 2 pa3u?

3.252. EnexTpoH BniTaE B OJHOPIAHE eNeKTPUYHE Mofe MPOTH HaNpamy
ioro HanpyxeHocTi. [IpofitmoBiuy pizHuU0 NoteHuianie U = 6 B, BiH cTHka-
€TLCA 3 ATOMOM BOJHIO. SIKOH Mae OyTH NOYATKOBA LIBUAKICTL ENEKTPOHA, 100
ioHi3yBaTH arom BoaHIO? EHepris ioHi3auil aroma BogHIO &9 =2,18.107 ¥ Tk

3.253. IoHi30BaHuil ra3 MiCTUTHL eNeKTPOHU, IOHM Ta HEHTpaibHi MOMEKY-
nu. BHacaigok Ail 30BHILIHLOTO eneKTpanoro [0/171 €NEKTPOHH Ta OHH, NpH-
CKOPIOIOYHCH, 301/IbLIYIOTL CBOKO eHEpriio i Mia Yac 3iTKHEHHS 3 HeMTpa.ﬂb-'
HOIO MOJEKYJIOK MOXYTb il iOHI3yBaTH. SIKi YaCTHHKY — €EeKTPOHH YU 1OHM —
ed)eKTHBHIllIE iOHI3yOTh ra3?

3.254. Yu moxHa BBaXatTH, W10 NPOCTip MiX eNeKTpoJamu JIIOMiHeCUeHT-
HOT 1aMIT{ 3anoBHeHu i Mia3mor?

3.255. Uu MOXHa po3rifafaTv cyKynHiCTb €NeKTPOHIB MpoOBiAHOCTI Ta
iOHIB MeTany fK 130TepMidHy Miasmy?

3.256. YoMy OJ1Ha 3 XapaKTepUCTHK MJIa3MH Ha3UBAETLCA padiycom expa-
HyBaHHA?

3.257. lNocynuHy 3 JiHIiHHUMU po3Mipamu / = 10 cM 3amoBHEHO razomi'
KA MiCTUTHL OAHO3APAAHI ioHU 000X 3HakiB. KoHueHTpallis ioHiB n = 10% m
npu temrneparypi 7'=1000 K. Yn moxHa BBaxkaTu ueit ras niasmoo?



3.258. Y mna3mi Taio4oro po3psany ENEKTPOHHA TeMNeparypa T=510"K.
Yy Gyne ud riasma iaeanbHoro, SKLLo il THCK p = 10° Ma? Beaxkaty, 1o cTaH
[Aa3MH ONMHCYETHCA PIBHAHHAM CTaHy KNacHyHOro i4eanpHoro rasy

3.6. MNOCTIMHE MAMHITHE MONE Y BAKYYM|

[HAYKUiA MArHiTHOTO MONS, K YTBOPIOEThCS eneMeHToM c1pymy /dl (3akou bio ~ Caga-
pa- JTannaca),

dl
dB:%%%;l. (3.6.1)

I€ |1y — MardiTHa cTana; | — BiAHOCHA MarHiTHa NPOHUKHICTh cepenosuita: dl - BekTop
eJIEeMEHTa AOBXKHHHW NPOBIAHKKA, MPOBEASHHH Y HANPAMi CTPYMY; I — paliyc-BEKTOp. (IpOBC-
JeHuM 3 CEPEaAnIIM ENEMEHTA CTPYMY B TOYKY, B IKif BH3HavaeThes dB.
¢« 3B’830k MaruiTHoi iHaykuii B i HanpyskenocTi H mardiTtHoro noss

TIpHHUKMI Cynepno3uuil (Hak1alaHHg) MAardiTHUX (101118
B = [dB

,  MaruiTHi nons HalimpoCTilWHX CHCTEM:

(3.6.2)

(3.6.3)

a) TOYKOBOTO 3apsijly ¢, WO PYXA€ThCH 3 HEPLIATHRICTCHKOIO LBHAKICTH) V

vr
B = HeHt M, (3.6.4)
4 ¥
A€ r — pafiyc-BeKTOp, NIPOBEACHHI Bijl 3apsiay B HaHy TOUYKY MOA:
0) npaMOniHiHHOro Bipi3Ka MPOBIAHMKA 31 CTPYMOM (32 MOAYJICM)

p=Hokt

g (cos @, —cos @, ),

(3.6.5)
.!Ie ro~

BIACTaHb BiJl MPOBLIHNKA A0 TOUKH; Py, Pz — KYTH MDK HAMPAMOM CTPyMy H Hanps-
MOM Bizl KiHIiB IPOBIAHMKA 20 TOUKH, B Kiil BUSHAYACTHCS iIYKIIS MATHITHOTO MOAA:

B) HECKiHYEHHO JOBFOTO TIPAMOTrO MPOBIHHKA 31 CTPYMOM (32 MOAYICM)

g Boitl (3.6.6)
2nry
[) Ha OCi KONOBOFO CTPYMY
B= Holl ZPM . (36.7)
4t (p2, 2V
(R +r )

A€ P, — MarHiTHU MOMEHT KONOBOTO CTPYMY, P,, = /Sn; TyT S — 1iowWwa, sKa OXOIIO-
€Thea CTPyMOM; n — OAMHHYHKH BEKTOP 101aTHOI HOpMali, HanpaM KOro Bu3havaloTh 3a



[NPaBMIOM FBUHTA: R — pailiyc KOJI0BOro CTpyMy; » — BiACTaHb Bij UEHTpa KONOBOIO CTpPy-
MYy [0 JaHOT TOYKH,
1) CO;IeHO0TAa B JOBILHIA TOYLL, 110 JISKKTL Ha HOr0 oci (3a Moayiem),

B pomnt

(cos at, —cos a; ), (3.6.8)

JI€ 1 — KUIbKICTL BHTKIB Ha OMHHHUIO A0BXHHHM COACHOINA; (1), Oty — KYTH MK HanpiMom
MO% B CONCHOIAI i BIAPI3KAMM MPAMHX, TIPOBCACHHUX 3 A2HOT TOYKH AO KIIiiB CONECI01Aa;
¢) ycepeausli J0CTaTHLO JOBrOro COMCHOINA B TOYML, Bilaneuii Bia Horo Kinuis,

B = p,unl. (3.6.9)

Cuna, mo jtie 3 OOKy MarHiTHOrO TOJi Ha BHCCCHHI Y HbOI'O €HEMEHT €AEKTPHUYHOLO
crpymy (cuna Amnepa),

dF = I[dB]. (3.6.10)

Cuia B3a€EMOAl ABOX MNPAMMX, HECKIHYEHHO AOBLMX TNapafeibHUX MPOBUIHHMKIB 3i
crpymami /) i /5

df*’=% %d/. (3.6.11)
s

Ae b — BincTaHb MiXK npoBinitukaMu; df — BiAPi30K MPOBIAHHUKA.
V pazi cymicHoi Aii enekrpuyHoro E i MaruiTHoro B nonis cuna, saka Aic na sapamkeny
“ACTUHKY 13 3apsAA0M ¢, IO PYXaeThes 31 WBHAKICTIO v (cuna JlopeHua).

F, =gE+q[vB]. (3.6.12)

XonniBchKa MNonepeyna pisHULA NoTeHUianiB

A = inf—, (3.6.13)

ae b — ToBuIMHA nsACTHIKM, Ry — mocTifina Xonna, Ry = 1/(en); TyT n — KOHUEHTpALUs
ECKTPOHIB.
Linpkyasuis BekTopa B (3aKOH [1OBHOFO CTPYMY ANt MArHiTHOTO TIOJIS Y BaKyyMi)

Bl =po Iy, (3.6.14)
I

Ae L — KoHTYp NOBINLHOT popmu; B, — npoekUis BEKTOpa iHAYKUIT HA JIOTHYHY A0 KOHTYpY
L y uanpsMmi obxoay; dl — enemMeHT AOBXKHHHM KOHTYPY; Z!k — anreOpuyna cyma cui

CTPYMIB, L0 OXOMMOOTHCHE KOHTYPOM.
[Totik BekTopa B Kpish AOBiNLHY NOBEPXHIO S

= [ B,dS, (3.6.15)
b

aAe B, — npoekuis Bexropa B na Hanpsm Hopmani A0 MUIOWHHK dS — eNEMEHTapHa 10"
LIHHA.
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Teopema ['aycca nis Bexropa B

$ B,dS =0. (3.6.16)

MOMEHT CHJL, 110 AHOTh HA KOHTYp 31 CTPYMOM Y MartTHOMY 1101,

= [pMB]. (3.6.17)
EnemenTapHa po6oTa 3 nepeMilieHHs 11poBiAHHKA 3i CTPYMOM Y MarHiTHOMY Toai
dA = Id®, (3.6.18)

ae d® — mMaruiThuil N0Tik, AKKHH NEPETHHAETHCA NPOBIAHHKOM.
Po6oTa 3 nepemMilieH s 3aMKHEHOO KOHTYpY 31 CTPYMOM Y MarHiTHOMY o

A=IAD, (3.6.19)

ae A® —3MiHA MarHiTHOro MOTOKY Kpi3h MOBEPXHIO, OOMEKEHY KOHTYPOM.

MarxiTHe none npamoro,
KOMIOBOro Ta CONeHoIAHOro CTPyMis

3.259. JiBoma HeckiH4eHHO JOBrMMHU MPOBOJAMH, BiAICTaHb MIX AKHMHU d =
=10 cMm, B 0lHOMY HaMpsimi NpoXoAsThL CTPyMH, cuna KoxkHoro /= 20 A. Bu-
3HAYMTH iHAYKWiO MarHiTHOro mons B B Toyui, 1Mo MiCTUTLCSA Ha BIACTaHI 7| =
=8 cM Bia oaHOro i ¥, = 6 cM BiJ 1HLIOrO NPOBOAIB.

3.260. Jlpa noBrux NpAMHUX MPOBIAHWKH 31 CTpyMaMy, cuna KoxHoro / =
=10 A, po3milieHi B3aEMHO NeprieHauKynsapHo. OOUKUCAUTH IHAYKLIIO MArHiT-
HOTO Mosist B B Todul, Lo NEXKUTh HA CepeauHi neprnenankynapa Ao ocel uux
NPOBIAHMKIB, AKILO AOBXKKHA NepreHaukynspa d = 10 cm.

3.261. Ctpym, cuna skoro /= 16 A, NpoXoAuTh MO HECKIHYEHHO NOBrOMY
MpoBony, 3irHyToMy mia npsmum Kytom (puc. 3.48). BusHauuti iHAYKUIHO
MardiTHoro nonsd B B TOYKax, Lo MicTATbes Ha BigctaHi » = 10 cm Big Bep-
HHK: a) Ha MPOAOBXEHHI OHIET 3i cTOpiH KyTa; 6) Ha GiceKkTpuci KyTa.

* 3.262. [To npoBoay, aKuil 3irHyTO y BHIASAI KBajpaTa 3i CTOPOHOW a =
=60 cm, mpoxoauts noctifiuuit ctpym. Cuna crpymy 7 =3 A. BusHauuty
IHAYKLiO MarHiTHOTO nons B y LeHTpi KBaapara.

3.263. Tpu akiit cuni ctpymy I, wo NPOXOAUTL MO TOHKOMY MPOBIAHOMY
Kinbigro paniyca R = 0,2 m, iHayKuia mardiTHoro nons B B To4ul, PiBHOBIUIA-
JIeHiH Bif yeix Touok Kinbug Ha Biactaue » = 0,3 M, nopieHioBatime 20 Mk Ta?

3.264. Tanrenc-raibBaHOMETPOM HA3MBAETHCA BEPTUKAILHO PO3TALLIOBAHA
Mnocka korywka senukoro AiameTpa. Y LeHTpi KOTYLWKH pO3MILLEHO HEBEJIH-
KY MarditHy cTpinky, Aika Moxxe oGepTaTica HaBKOJIO BEPTUKANBHOT OCi (KOoM-
0ac). [TaowuHy KOTYLUKY BCTAHOBMIM y TUIOLLMHI MarHiTHOro mepuaiaHa 3em-
Ni. O6yucnuTu FOPM30HTANLHY CKNaoBy iHAYKUiT MarHiTHoro nons 3emai By,
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Puc. 3.50 Pue. 3.51

(

P

I T__ x f =
0 ™~
A
AR U )
/7 2¢ \ - L 4
Puc. 3.52 _ Puc. 3.53

AKLIO chia cTpyMy B KoTywili /= 0,5 A, kinbkicts BUTKIB NV = 5, paaiyc Kko-
Tywku R = 30 cM, KyT BIAXHJIEHHS CTPUIKK o = ] 5°.

3.265. 1o TOHKOMY ApPOTSHOMY KiIbLIO NPoXoAuTh cTpyM. He 3MiHior0uM
CUITM CTPYMY B MPOBIAHHKY, oMY Hajanud ¢GopMy KBaaparta. Y CKinbKH
pa3iB 3MIHMTLCH IHAYKLiS MAarHiTHOTO NOJs B LEHTpPi KOHTYpY?

3.266. HeckiHueHHO AOBru# TOHKUH NpOBiZHUK 31 CTPYMOM, CHJla SKOIO
I=20 A, mae 3run (IUI0CKy NeT/iio) pagiyca R = 5 cm. Busnauurtu B Touui 0
iHOYKLiHO MarHiTHOTrO noJis B, CTBOPEHOro LM cTpyMoM (puc. 3.49).

3.267. [1lo NaoCKOMY KOHTYpPY 3 TOHKOIO NpOBiAHHWKA NpPOXOLUTH CTPYMs
cuna skoro [ = 20 A (puc. 3.50). BusHauuTy iHaykuito mardithoro nons B
B Touni O. Pasiyc kona R =5 cm.

3.268. BuznauuTty HanpyxenicTh MarditHoro nonst H B Touti O KOHTYpiB
3i cTpyMoM [, ki nokasaHo Ha puc. 3.51, q, 6.
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3.269. CtpyM, cuna skoro I = 12 A, NpoXOAUTH MO 3aMKHYTOMY [pOBif-
uuky (puc. 3.52). Paniyc 3irHyTol yactuuy nposiguuka R = 0,12 m, Kyt 2¢ =
= 90°. BusHauuTi iHAYKUilO MarditHoro nong B 8 Touui O.

3.270. Y conenoizi 3aBaosxkn / = 1 M, wo micture N = 1 000 Butkis, pis-
HOMIPHO HAMOTAHHX, MPOXOAMTL CTPYM, cuna skoro /= 1 A (puc. 3.53). Mlia-
meTp coneHoifa D = 2 cM. Busnauutn iHAyKuilo MardiTHoro nons B B Tou-
Kax, IO JIeXaTh BiJ Horo cepenHn Ha BiacTani x = 0; 25; 40; 45; 50; 60 cm.

MarniTHe none 3apsagy, WO PyXacTbeA

3.271. EnextpoH, WO pyXaeThcs npsaMoniHiiiHo, CTBOPIOE B Toulli, AKa Mic-
THTBLCA BiJl HHOro Ha BiactaHi 7 = 10 HM, marHiTHe none. MakcuMankHe 3Ha-
YeHHA HanpYy>KEHOCTI MArHiTHOro nonA Ay, = 640 A/M. BuzHauuTH WBHA-
KicTh U €NeKTPOHa.

3.272. ToukoBmii 3apa pyxa€eThes 3i wBuAkicTio v = 900 m/c. V ne-
AKKA MOMEHT 4acy B TOYLI COCTEPEKEHHA A HANpYXKEHICTh eNeKTPHUYHO-
ro noas usoro 3apany £ = 600 B/M, a kyt mix BekTopamu E i v o = 30°.
O6uncauTH inAyKUilo MardiTHoro nons B naHoro 3apsaay B Touli 4 B ue#
MOMEHT 4acy.

3.273. 3riano 3 Teopico bopa eNeKTPOH B aTOMi BOAHIO PyXa€TbCA HaBKO-
no aapa no konogiit opOiti pagiyca r = 53 nM. BusHaunTH iHAYKLiIO MarHit-
HOTO nons B, AKy cTBOPIOE €NEeKTPOH Y HEHTPi KONOBOi OpPOITH.

Cwuna Amnepa

3.274. Ilo MigHOMY CTPHIKHIO, 11O JIEXKUTh MONEpPeK ABOX MOPH3OHTANBHHX

peliok, po3Mimenux Ha BiacTaHi d = 0,3 M 0fHa BiJ OAHOI, MPOXOJNTE CTPYM
~cunoto /= 50 A. Maca crpuxusa m = 0,14 kr. MarsitHe none, sike nepreHau-
KyJIfApHe A0 MIOWMHHN peiioK, CIpHYMHSAE PIBHOMIpHHH pyx cTpHxkHA. Bu3Ha-
YHTH iHAYKU{IO MarHiTHOrO nois B, akuio koedillieHT TepTA KOB3aHHA CTPHIKHA
o6 pefikn f=0,6.

3.275. Tlo aBox mapanesibHUX MPOBIJHUKAX, JOBXKHMHA KOXHOro ! = 3 M,
NPOXOAATE CTPYMH OHAKOBOI CHNM. Binctane Mix nposigHukamu d = 1 cM.

YMH B3aeMoniloTe Mix cofoiwo i3 cunow F = 0,5 MmH. Busnauutu cuny
CTpymy I B npoBigHHKAX.

'3.276. To poBriii ropH3oHTANBHIf UHHI TPOXOANTL CTPYM, CHIA AKOro [ =
=500 A. Ha skii Bincrani d BiXl WiHHKA napanebHo Tl y Till caMmili BepTHKaib-
HIl momwmui mae GyTn posmilennii fOBruii MinHuil MPOBIZ, MO AKOMY MpPo-
XOAUTL Takoi camol cuimM cTpyM, o6 nposin nepe6ysas y piBHoBasi? Yn
Oyae us pisuosara criftxoto? Mnowa nepepisy nposoay S = 25 Mu’.

6 +iwe
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b a 3.277. VY marHiTHe nosne npsMoro CTpymy, cuna sko-
ro /; =20 A, BMilLieHO ApoTAHY KBaapaTHy pamky. Cros
poHa pamku a = 10 cm. Tlo pamui npoxoauTh CTpyM,
) y2  cuna skoro /, =9 A. [NpoBiaHuk 3i cTpyMOM po3Mitiy-
A ETbCA B MJIOLIMHI paMKH. Oguja CTOpOHA paMkH Napa-
NieihHa TPAMOMY CTPYMOBI i MICTMThCA BiA HbOTO Ha
Biacraui b =5 cM (puc. 3.54). BuzHauuTty pesyabTyiouy
Puc. 3.54 cunty F, 110 Ai€ Ha paMKy.
3.278. [posia y BUrisai TOHKOrO MiBKiNbLUA paniyca
R = 10 cM MiCTUTLCS B OQHOPiZHOMY MarHiTHOMy noJji, IHRAYKUis fsKoro B =
= 50 MTn. [No npoBoay NMpoxoaMTh cTpyM, cuna sikoro / = 10 A. Busnauumy
cuny F, wo ai€ Ha npoBin, AKUIO JiHiT iHAYKUil: @) NexaTh y NAOWHMHI niB-
Kibls nepneHadkynspHo no Horo piaMerpa; 6) nepneHAMKYJSpHi 10 nio-
LiMHK MiBKINbUA, AK 3MIHHTLCS CcUia, AKLIO NPOBia BUNPAMUTH?

3.279. [To TOHKOMY NPOBIAHKKY Y BHIISAAI Kinbud paniyca r = 20 ¢M npo-
XOAUTB CTPYM, cuna skoro /= 100 A. [TepnenaukynspHo A0 NIOWIMHY Kijbug
30y/DKeHO OHOpiHE MarHiTHe none, inaykuis skoro B = 20 MTn. Obuuncnuty
cuny F, 110 po3Tarye KijbLe.

3.280. [Ipa npsaMoniniitHMX nOBrux MapaneinbHuX NPOBIAHUKK PO3MiLLEHI
Ha BincTawi 7; = 10 cM oauB Bia oanoro. [1o npoBiaHKMKaX B OAHOMY HanpsMi
NPOXOAATH CTpyMu, cunu skux [y =20 A i [, =30 A, Axy poboty Tpeba Buko-
HaTu (Ha OAMHHUIIO NOBXKMHY), 1106 pO3CYHYTH LI MPOBIAHMKK HA BiaCTaHb
= 20 cm?

MarHiTHMIW MmomeHT. KOoHTYp 3i CTpyMOM y marHiTHomy noni

3.281. Bu3HaunTh MardiTHUi MOMEHT p,, KOJIOBOINO BMTKA 3i CTpYMOM, SKILO
paniyc Butka R = 10 cM, iBAyKLis MarHiTHoro nons y Horo ueHtpi B =6 mxTh.

3.282. BeaxcatouM, LIO eNEKTPOH B aTOMI BOAHIO 00epTaEThes NO KONOBIH
opbiri paaiyca r = 53 nM, obuucauTyh Horo op6iTanekHUi MarHiTHUIA MOMEHT Dy
Bu3HauuTH TakoX BiAHOLIEHHS OpOITANLHOrO MAarHiTHOrO MOMEHTY p, A0
MOMEHTY iMNynkCy L opbiTanbHOro pyxy enexkTpoua.

3.283. Tonke Kinbue, Maca skoro m = 15 r, pagiyc » = 12 cM, piBHOMipHO
3apspkeHe 3 nitifinolo ryctunoo T = 10 uKn/m. Kineuye pisuoMipHo obepra-
ETBCS BiHOCHO OCi, iKa € NEPNEHANKYAAPHOIO A0 MIOMWMHY KilbUg i npoxo-
AMTh yepes il ueHTp. BU3HaunTH BiAHOLIEHHS MAr{iTHOro MOMEHTY p,, K0JO-
BOIO CTPYMY, 1110 CTBOPIOEThCA KiJ‘lbl_leM, 10 Horo MOMEHTY iMnysbcy L.

3.284. 3apan g = 0,2 MK piBHOMipHO po3noaLIeHuil 0 MOBEPXHi m«lcua
pamyca R = 10 cMm, sikuit pmuompuo obepTaeThes 3 yactororo v =20 ¢
BiIHOCHO OCi, NepneHAHKYISpHOL 10 NIOLMHK AMcKa. Bick npoxoautsk yepe3d
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jioro LeHTp. Bu3HauuTH MarHiTHUi MOMEHT p, KOMOBOINO CTPyMy, LIO CTBO-
PIOETHCS JMCKOM, Ta BCTAHOBHTH BIHOLLEHHS MAarHiTHOro MOMEHTY A0 MO-
MeHTY iMnynbey (pyu/L), skuio maca auckam = 100 r.

3.285. Ha oci konoBoro ctpymy, cuna skoro I; = 10 A, paaniyc R =10 ¢m, Ha
piicTali 2 = 2 M Biji HOI'O LIEHTpA PO3MILLIEHO HEBEIMKUH BUTOK, MO SIKOMY Mpo-
XORHTbL CTPYM CHJIOHO Ig 2 A. Bicb KOJIOBOrO CTPyMy N€XKHUTH Y IUIOUIHHI BHTKa,
moLia skoro S = § cM’. BusHauuTH MexaHiuHmi MOMeHT M, LLO Jlie Ha BHTOK.

3.286. [IpaMoKyTHa pamka, MO fKid MPOXOAWUTL CTPYM culiow i = 2 A,
posmimeﬂa B OZIHOPiAHOMY MarHiTHOMYy Mo/ Tak, Wio ii MJIOLIKHHA NepreHu-
KyJISpHa 10 JIiHiT MArHITHOT iHyKUIT. Iuaykuis mariTHoro nons B =1 Tn. Ha
paMKy MOuYMHAE AlSTH CTamui 30BHiWHIA oOepransHuii MomenT M = 1 Hwm.
SIKy KyTOBY LIBHJAKICTb ® Marume PamMKa, KONM BOHa MOBEPHETLCH Ha KYT ¢ =
= 180°, siK1io i MOMEHT iHepuii [ = 10 2 k- M2, a miowa S = 10° cm?? Cuna
CTPYMY MiJ 4ac 00epTaHHs paMKU MiATPUMYETHCA HE3MiHHOIO.

3.287. o BuTKy paniyca R = 2 cM npoxoauts CTpyMm, cuna skoro 1= 0,5 A.
BuToK MiipilleHud y MardiTHOMY nosi 3emii, ropu3oHTaNbHA CKIAZ0Ba SKOI0
B, = 20 mxTn. Konu BuTok nepebyBatume B CTiiikiid piBHOBa3l i YoMy npu
ULOMY JIOpiBHIOBATUME iHAYKLIS MarHiTHOro noss B Horo ueHTpi?

3.288. Pamka ,ﬂBBpK&J‘[bHOI‘O ranbBaHOMETpa, U0 Mae N = 500 Burkis,
mwioma i S = 2 cM’, miABilIeHa Ha ToHKi# HuTLi 3aBaoRXKKH I = 10 cM y npo-
MDKKY MiX MOJIIOCAMH MArHiTy, AKHH CTBOPIOE MarHiTHe MoJie, HanpsamieHe
pagianbHo 10 oci o6epraHus pamku. [HAYKUis MarditHoro nons B = 0,20 Tn.
Jxa \jina noainku Wkanu ¢, SKUL0 BOHA po3TalloBaHa Ha BiacraHi L= 1,0 M
BiI m3epkanblid, a noainku HaveceHi uepes d = 1,0 mm? Pagiyc HuTkn r =
=350 MKkM, a MOJYNIb 3CyBY MaTepiany uutkn G = 45 IMla.

Cuna Nopexua

3.289. Enextpon, Ha sxuii Jiie NpucKopioBansHa pisHuUs noTeHuianis U =
=3,5 kB, BaiTac B oxHOpinHe MarHiTHe none, iHAykuis skoro B = 0,01 Ta,
UEpNeHAMKYNApHO N0 NiHiH MArHiTHOT iHAYKUIT # pyXxa€Tbes MO Kojy paRiyca
R=2 cM. OGuncnuTH BiZHOLLIEHHS 3apsily eNeKTPOHa 10 HOro MacH.

3.290. BuzHauuti peNATHBICTCLKI Macy €JIeKTpoHa Ta MpOTOHa, WO pyXxa-
WTsest B MarxiTHOMY nodti, iHAYKLA skoro B =1 Th, mo kosy paaiyca R= 10 cm.

3.291 3 oxaHiei TOUKU B OZHOMY Hanpsmi 3 0JHAKOBMMHU LUBUAKOCTIMH

= 10° cm/c Buntitae NOTIK ioHIB BOAHIO if Aevitepito. OnHopinHe marHiThe
"0113, IHayKuUis skoro B = 2 MTn, HanpsmiieHe neprneHauKy/IIpHO A0 IBHI-
KOCTI. Bussaunty BincraHs Ax Mix TOYKaMu, B AKMX iOHH, 1O ONKCANU MiB-

KOno, 3iTKHyTRCS 3 MIOLIMHOIO, MEPTIEHAMKYAPHOIO A0 HAMPAMY MOYATKOBOT
WBKakoCTI.

163



: __Lenexmop
a8
—_— { .._.@ [puimay
|
|
|
- £ J
1
\ J
~ B’
N
Puc. 3.58 _ Puc. 3.56

3.292. EnexTpoH, NpHcKopeHnii pisauLero notedliania U =3 kB, Bnitac s
MardiTHe fone coneHoina nia kyrom o = 30° fo #oro oci. Kinekicts BUTKiB
conenoina N = 2000, ¥ioro posxuua I = 25 cm, cuna crpymy / = 2,5 A. Bu-
3HAYMTH KPOK 4 TBUHTOBOI TPAEKTOPI| €NIEKTPOHA B MarHiTHOMY NOJ1i CONEHOIA.

3.293. EnexTpoH pyxa€ThCs B OZHOPIAHOMY MarHiTHOMY 0oxi, iHAYKLid
akoro B =4 MTn. Buszuaunurn nepiog T obepranHs enexrpoHa.

3.294. EnexTpoH pyXa€Thcs no Kony paaiyca R = 1 ¢cM B ofHOpizHOMY
MardiTHoMy noji, iHAyKUis skoro B = 0,2 Tn. BuzHauuT# MarditHui MOMeHT
P EKBIBATIEHTHOrO KOJJOBOrO CTPYMY.

3.295. Jlo nnacTHH KOHAEHCAaTOpa, BIACTaHb MiX AkuMHK d = | oM, pUKna-
naero Hanpyry U = 20 B. IlepnedauKynsapHo 10 HanpgMy eNeKTpHYHOro noss
B KOHJGHCATOPi HAaKNaNeHO OfHOPIAHE MarHiTHe none. BusHauuTh iHLYKUi0O
B MarsiTHOro nosis, npu SKOMYy MPOTOH, 11O BAETIB Y KOHIEHCATOp napaie/ibHo
fioro niacTHHAaM 3i [BKAKICTIO U = 2 MM/C, pyXaTHMeTKLCA NpAMOsiHIAHO.

3.296. EnexTpoH BiTaE B CyMiXHi 32 HanpsMOM OJHOPIJHI eleKTpUIHE Ta
MarHiTHe nond 3i WBHKicTio v = 1 Mm/c. HanpyeHicTh enekTpHYHOro nojs
E = 100 B/M, inaykuis marditHoro nons B = 10"~ * Tn. O6uncauTn MpUCKO-
peHHS @ €NeKTPOHA, AKIIO0 HanpsaM Horo WBMAKOCTI: a) € NEpNeHUKYISPHUM
1o sextopiB E Ta B; 6) 36iracTees i3 3aranbHuM HanpsaMmom BextopiB E i B.

3.297. luayKuisd MardiTHOro noss UHKNoTpoHa B = 1 Tn. fika wacrora v
NPUCKOPIOBANIBHOrO NOJS MiX JAyaHTaMH, AKINO B LIKKJOTPOHI NPHCKOPIO-
IOThCS MPOTOHH?

3.298. ¥ mac-cnektpomeTpi belinOpunxka (puc. 3.55) BifcraHs Mix BHXiA-
HOIO IL[ITHHOIO CEeNEKTOpa [MBHMAKOCTEH i BXiNHOIO ILiNHHOIO PeccTpyro4oro
ioun npunagy ! = 40 cm. Innykuis MarsitHoro nons B'= B =510 Tn. Y pasi
NOBi/ILHOI 3MIHK HATPYXXEHOCTI ENEeKTPHYHOrO MOJA CeneKkTopa cnocrepira
I0TLCA MIKK IOHHOTO CTPYMY B npuiiMayi npu 3HayeHHsx E;, = 120 B/em i B> =
= 160 B/cM. Bu3naunTu aToMHI MacH A4; i A; BIANOBIAHKUX iOHIB, BBKAKYH X
OfIHO3apANHMMH. IleHTH(IKYBaTH L iOHH, TOOTO BKa3aTH, AKOMY XiMi4HOMY
eNIeMEHTOBI BOHM BiANOBIAAIOTD.
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3.299. V KOHJEHCATOpI, eNIEKTPOaMH HKO- \Q

[0 € YacTHHH KOaKCiaJbHHX UHTTHAPHIHHX N 4
MOBEPXOHb pazuycaMﬂ rn=6cMirn=>5cm, . i
y3HOBX OCi LIMNTIHAPIB Jli€ OHOpiAHE MarHiTHE i + 4|
none, iHayKuis skoro B = 0,2 Tn. Kpisb By3s- + |
Ky wwinuHy B giagparmi A4 (puc. 3.56) y KOH- : —_ + * :
JIEHCATOp BIIITAE O-YACTHHKA, EHEpris AKOI € = + H i
=10’ eB. Ay pisHuiro norexuianis U norpi6- * tl
HO NPUKIACTH MiXK €eKTPOAaMK KOHIeHcaTto- N — ?___‘Lu
pa, o6 0-4aCTHHKA pyXanack y KOHAEHcaTopi .

Puc. 3.57

Ha OIHAKOBif BifcTaHi iy enektponis? 3os-
HilUHi# eNeKTpoJ| Mae Biy’eMHIH MOTeH jian.

3.300. JiameTp AyaHTiB LUKJIOTPOHA, NPU3HAYEHOro AN NPHCKOPEHHS
APOTOHIB, d = | M, IHAYKLA MarHiTHOro nojd, Mif Ai€l0 AKOro HpOTOHHU py-
xXaloThes no Koy, B = 11,2 Tn. Amnnityaa Hanpyrn mix ayantamu U= 100 kB.
BH3HAYHTH MAaKCHMallbHY eHeprito W, sKy MOXYTh OJepXard MpoTOHW, Ta
MBUAKICTE U MPH BHXOJI iX i3 LUMKIOTPOHA, a TAKOX 4ac f, MPOTArOM SKOTo
BinOyBasoch fipUcKOpeHHs. [TokasaTy, 110 And HEPEeNATHBICTCHKOI YAaCTHHKH
nepioa ii o6epTaHHs MO KONy HE 3a1€KHUTh BijJ NPUCKOPIOBAJILHOT HANPYTH.

3.301. [Ina onepXaHHA YaCTHHOK BENHKHX €HEPTiH X pO3raHsioTh B €neK-
TPHYHMX MONAX A0 LBuAKOCTeH, 61KU3bKKUX A0 IBHAKOCTI CBITIA Y BaKyyMi.
Y pe3oHaHCHMX MPHCKOPIOBAYaX pyX 4aCTHHOK Mo KpyroBux opOitax Bindy-
BACTLCS BHACHINOK JiT OJHOPIJHOrO MarHiTHOro nojas. Buxogsuu 3 yMOBH,
IO JOLEHTPOBOIO CHIIOK € cuia JlopeHua, BCTAHOBUTH 3B’A30K MiXK MOBHOIO
PENATUBICTCHKOIO EHEPricl0 YACTHHKH €, IHAYKIIIEIO MArHiTHOrO noJyig B, 1uk-
JNYHOIO YacTOTOO 0GepTaHHA YacTHHKH Ha opbiTi @ Ta ii 3apaaoM g.

3.302. V meranesiit crpiuwi 3aeToBiuku b = 0,1 MM npoxoauts CTPyM, CH-
na skoro / = 10 A. Crpiyka po3MiuieHa B MarHiTHOMy noi, Hanpyakemcrb
akoro H = 8:10* A/m. Jliuii Haﬂpy;xeuocn € MepreH UKy NApHHMH 110 CTpiy-
KH. Busnayuru pisHuio noreHuianisa Uyp Mmc Tomcamu A i B (puc. 3.57).
I(ouuem*paum €NeKTPOHIB npoamnocn n=910" m>.

3.303. [Mokaszary, mwo Mix 4yac MPOXOMWKEHHS CTPYMY B MPOBIIAHHKY, AKHii
MiCTHTLCS B OZIHODIHOMY MarHiTHOMY Tojii 3 iHAyKuicto B, HopManbHOIO 10
HanpsMmy cTpyMy, BilHOLIEHHS HanpyXeHOCTi nona Xonna 0 HanpyKeHOCTi
Nons, sike cTBOpIOE CTpyM Yy npoBiAHHUKY, Ex/E = Bl/(nep), ne n — KOHLEHTpa-
Wisi enekTpOHiB MpOBiAHOCTI, p — nuToMuil onip NpoBiJHMKA.

3.304. Busuauuth, y ckinbku pasie nocrifina Xonna B Mmiai € Ginsiuoro,
HiX y AMOMIiHiO, KOMH BiOMO, (110 B ANOMIHIT HA OJIHH aTOM Y cepeHbOMY
NpKnanae yBa enekTpouH, a B Migi — 0,8 BinbHOro enektpona. I'ycTHHM Mii
Ta amominiro Biznosiguo 8,93 Ta 2,7 rlem’.
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LUnpkynsigin Bextopa mardiTHol inaykuii B

3.305. Bu3nauuT¥ uMpKynsyilo BEKTOpa MardiTHol innykuii B B3nosx
koutypy L (puc. 3.58). Hanpsam obxoay Bxa3aHuii Ha pUCYHKY, CHITH CTPYMis
L=hL=1AL=2A.

3.306. BuszHauutu UMpKYJfuilo BeKTOpa MarHiTHOi inaykuii B ang
3aMKHeHUuX KoHTypiB I, 2 i 3 (puc. 3.59), axuo cunu crpymis I; =1 A Ta
]2 =2 A.

3.307. BusnauntH, 3aCTOCYBaBlIM TeOpeMy MPO uUMPKYHsAUil0 BEKTOpa
MariTHO! iHAyKuii B, iHayKuiio MarsiTHoro nons Ha oci Topoiay 6e3 ocepas,
o o6mMoTui Topoigy 3 N =2 000 BuTKiB NpOXOAUTL CTPYM, CHIla aKoro /= 5 A,
HiameTp Topoiay no cepeauiii niuii D= 50 cmM.

3.308. O6uncanTH iHAYKLUIKO MarHiTHOrO MOJs B JOBroro npaMoro npoeoay
pagiyca R =3 MM y TOYKaX, AKi 1eXaTh HA BiCTAHAX 71 =2 MM i 12 = 5 MM Bij
#ioro oci. Cuna ctpymy B nposoai /=6 A.

L AL /I,

Puc. 3.59

Puc. 3.61 Puc. 3.62
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3.309. Ctpym cunoto / npoXoauTs no NOPOXHUCTOMY NPOBIAHOMY LIHJiH]I-
py B3JI0BX #ioro oci (puc. 3.60). Bny'rplmmﬁ paniyc uMJiHapa R, 30BHilIHIH —
R>. l"ycmua CTpyMy To nepeplsy npomnuuxa € OJHaKOBOK. Bu3HauYHTH
jAyKUIO MarHiTHOro nosis B Wa BiacTaHsx Bia oci: a) » < R;; 6) R, <r < Ry;
B)r> Ry

3.310. Kabenb 3pobieHuii 3 npoBOAY Ta OXOMNJIOIOMOro Horo KoakcianibHOro
MIPOBIZIHONO LHMJIIHAPA, MO AKOMY NPOXOAMTE CTPYM Y HanpAMi, NPOTH/IEKHOMY
10 HanpaMy cTpyMy B npoBoai (puc. 3.61). Cuna ctpymy /= 10 A, rycTuHu
CTpYMIB € OJIHAKOBMMH NO Miepepisy. Paniyc ueHTpansHOro npoBoxy @ =5 MM,
BHYTPiLUHii | 30BHiUMIH paniycn unninapa signosinno b =10 MM i ¢ = 14 MMm.
HpocTip MiX NpOBOIOM | UMNIHAPOM 3aNOBHEHO JieNexTpukoM. BusHauuTu
MardiTHy iHAYKUiIO HA pi3HMX BIJICTAHAX F Bij| OCi: a) yCEpPeJIMHi LIEHTPanbHOro
npoBoay, 1, =3 mMm; 6) y npocTopi mix npoBigHUKaMu, r; = 7 MM; B) yce-
peanHi UWiiHApa, 3 = 13 Mm; 1) no3a kabenem, ry =20 MM.

.- 3.311. ¥Y3108BX 0OCi JIOBrOM0 NPOBIJHONO LWIiHpPa paiiyca R) TPOXOAUTs M0~
critiHmii ctpym cwioto /. YcepenuHi MiCTUTBCA LMTIHAPHUYHA NTOPOXKHUHA paaiyca
Ry, Bich AKOT 3MimieHa BIAHOCHO OCi LUAMTiHZIpPA Ha BIACTaHb ry (puc. 3.62). BusHa-
YATH iHAYKLIO MarHITHONO NoMA AK (yHKUIIO BiACTaH! oci umtinapa B Oynb-sKi
oL panianbHOT NPAMO, IO NPOXOaUTE Yepe3 Bich UMAIHAPHYHOT TOPOXKHHHH.
«. 3.312. 3acTocyBasuiy TeOpeMy NpPO UMPKYIALIIO BEKTOpa MarHiTHOI iHAY«K-
qj’l', JIOBECTH, LIO0 MarHiTHE MoJjie HECKIHYEHHOro A0Broro cojieHoia: a) ogHo-
pinxe; 6) nopiBHIOE Hy1€Bi 30BHi coneHoiza.

¢ - [oTik BekTOpa MarHiTHOI iHGYKLT.
3 PoBora 3 nepemilleHA NpoBiAHNKA 3i CTPYMOM Y MarHiTHOMY noni
5

.. 3.313. B ojHOpigHOMY MArHiTHOMY noji, IHAYKUiS AKOro B = 0,05 Tn,
'poammye'rbca mnockudl koHTyp. ITnowa koHTypy S = 20 cM’. Busnauntu
‘MarditHu# noTik @, wo NPOHK3YE KOHTYP, AKIIO TUIOLIMHA HOMO YTBOPIOE KYT
9= 30° 3 nigigMy iHAYKLUIT.
4 3.314. Y cepenHiif uacTuHi coneHoina, Akui MicTuts n = 10 BUTKIB Ha
KOXHMIA CAHTMMETD JOBXHHH, BMillIEHO KPYroBHi BMTOK aiamerpad = 1 cMm.
{lllomuua BUTKA po3MileHa mija kytom o = 30° 10 oci coneHoina. BusHayutu
MardiTHu# noTik @, WO NPOHU3YyE BUTOK, AKIO MO 0OMOTLI coneHoina npo-
- X0IuTE cTpyM, cunia sikoro /=10 A.
- 3315, B onHili nommHiI 3 HECKIHYEHHO JOBLUM TNPOBOAOM, MO AKOMY
-poxonuTs cTpym cunoto I =15 A, po3milieHo npamMoKyTHy pamky (/; = 20 cM,
=10 cM). JloBuli CTOpOHM paMKu € TapanenbHUMH NPAMOMY CTPYMOBI,
Omuxcya o NPOBOAY CTOPOHA paMKH posulmeua Ha BiAcTaHi a = 5 ¢M Bij
"Bh0ro, BusHaunTh notik Bextopa B kpi3s MIomuHy paMKHu.
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3.316. Ctpym, cuna skoro I = 10 A, npoxoauTh no NOBroMy ru:mn.elomyJ
NpoBiAHMKY Kpyrnoro nepepidy. O64ucnutn MarHiTHu# notik @, axum
NPOHMU3YE OIHY 3 MONOBHH OCLOBOrO Nepepidy MPOBiIHUKA HA AOBXMHI [ =
=2 M. :
3.317. Coneﬂom, HOBKMHA AKOro /=3 M i nioma nonepeHoro nepeplsy
S = 20 cm’, MicTuTb N = 3 500 BuTKiB. BH3HAYHTH MOBHMH MarHiTHuH NoTiK,
3yen/ieHHH 3 yciMa BuTKamu coneHoiga ¥, axwio cuna cTpymy B oﬁmoml
I=10A.

3.318. B ogHopiaHe marHiTHe none, iHayKuis skoro B = 0,05 Tn, Bmillexo
npaMKi NPoBIHKUK 3aBA0BKKK [ = 10 cM, po3MilieHniT nepneHANKYISpHO 1o
NiHi¥ MardiTHO! inayKuil. [To NpoBiXHKUKY NPOXOANUTh CTPYM, CHJIA KOTO /=
=2 A. llia giewo cun noas NpoBiHUK MepeMiCTHBCA Ha BiJCTaHb X = 4 cM,
O6uncnutu poboTy A cun nons.

3.319. KanpatHuli KoHTYp 3i cTopoHoto a = 10 cM, No SKOMY MpOXOaANTh
CTpyM, MicTuThCA B MardiTHomy noni (B = 0,8 Tn) nig kyrom o = 50° no
NiHi# MardiTHol iHAYKUil. Cuna crpymy /=6 A. Fllcy poboty A Tpeba Buko-
HaTH, o0 He IMIHIOIOUH CUIly CTPYMY B KOHTYpI, 3MiHUTH HOro (bopmy Ha
KonoBy?

3.320. B onHOpiHOMY Mar’iTHOMy nodi, iHAyKuis skoro B = 1 Tn, pos-
MilyeThcs nnocka Korywka 3 N = 100 sutkiB paniyca » = 10 cM, nioliuHa
sKkoi yTBopio€ KyT B = 60° 3 HanpsMoMm nons. T1o KOTyllUi NPOXOAUTL CTPYM,
cuna skoro [ = 10 A, BusHauutu poboty 4, sky notpibHO BUKOHATH AN BHU-
JIeHHA UI€T KOTYUIKH 3 MArHiTHOIO NOJIA.

3.321. I1nocku#i KOHTYp 3i CTpyMOM, cuna skoro / = 50 A, po3miliieHo B
OfiHOpiAHOMY MarHiTHoMmy noni (B = 0,6 Tn) Tak, w0 HOpMallk 10 KOHTYPY €
NeprnedaAnKyISpHOIO 10 NiHil MarHiTHOI IHAYKUIT. BusHauntu poboty A4, sxa

BUKOHYETECA CHU/IAMU MO Y pa3i MOBiNbHO-
| ro MoBepTaHHs KOHTYPY HABKONO OCi, po3-
a A MillleHOT B MAOIMHI KOHTYPY, Ha KyT O =
=30° Ilnowa koHTypy S =200 cm”. [Ip’
IOBOPOTI KOHTYpPY CHNa CTpyMy MiaTpu-
MYEThCH HE3MIHHOIO.

3.322. B opHiif nuowuHi 3 HeCKIHYEHHO
JOBTHM MPOBOJIOM, MO SKOMY MPOXOAUTE
CTpyM cunoro I = 5 A, po3MillieHO MpaMO-
Kyrdy pamky (I} = 20 cm, L, =10 cm).
[To pamui npoxoanTs CTpyM, cuia skoro f; =
=0,2 A. JIoBLUi CTOPOHH paMKH € mapaienb-
: HUMH IPAMOMY CTPYMOBi, GnHkua 10 mpo-
Puc. 3.63 BOJly CTOPOHA PaMKH MICTHTRCS Bijl HhOro Ha

l =i |

e

-
i
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piAcTaHi @ = 5 cM, CTpyM y Hili TOro camoro HanpsMmy, w0 i y npoBOAi
(puc. 3.63). BuzHaunTh podOTY As0py, AKY TPeOa BUKOHATH, 1100 MOBEPHYTH
paMKy Ha KYT @ = 7t HABKONIO aNbilOl JOBrOi CTOPOHH PAMKH.

3.7. ENEKTPOMATHITHA IHAYKLIS

EPC enekrpomarHitHoi inayxuii (3akoH Papanes)

do
&= ——. 3.7.1
SIKUIO KOHTYP, B AKOMY iHAyKyerbes EPC, MictuTs N BUTKIB, TO
& =— N d®/dt =— d¥/dt, (3.7-1a)

e ¥ — notokozuenienua, ¥ = NO.
Pisunua noteuuianis U, ska BUHMKAE HAa KiHUAX MPOBIAHMKA 3aBIOBXKM [, IO pyXa-
erbed 3i WBMAKICTIO U B OXHOPIAHOMY MarHiTHOMY nosi 3 iHaykuUieo B,

U= Blvsin a, (3.7.2)

Iie . — KYT MiX BekTOpaMH v i B.
~ EPC innykuii, 110 BHHHKAE B paMuli, sKa MicTHTs N BUTKIB i 06epTacTbes 3 KYTOBOIO
MBUIKICTIO O B OAHOPITHOMY MArHiTHOMY 10JIi,

& = BNSo sin ot. (3.7.3)
KinbkicTb €nexTpHKH, 10 IPOXOAUTH Y KOHTYPI min yac 3MiHKM MOTOKO3UEIICHHS,
Q=AY/R. (3.7.4)
TloToKko34emIEHHA KOHTYPY
' W= LI, (3.7.5)

R L — iHlyKTHBHICTb KOHTYDY.
InnykTuBHICTH KOBrOro COJIEHOIA Ta TOHKOTO TOPOINY
L =poun’v, (3.7.6)
€ n — KiNBKICTL BHTKIB Ha OJMHKMLIO JOBXKHMHK COJICHOiRa (Topoiny); V — 06’em coneroina

TOpoiny).

EPC camoinnyiuii
dl
&.=—L—. 3.7.
a=-L— (3.7.7)
B3aemua iHayKTHBHICTb KOHTYPIB:
Dy, = L l;. (3.7.8)
EPC B3aemuol innyxuil
dl,
&y==L,—=. 3.7.9
12 12 (3.7.9)
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MHTTEBI 3HAYEHHA CHM CTPYMY, 1O BUHMKAKOTH Mill YaC 3AMMKAHHA T4 PO3MMKAHHY
enekTpuYHOro xona 3 noctiiHoo EPC &y, y koni, ake Mac:
a) iHayKkTHBHICTH L Ta onip R
& % & T
1(:)=-R‘?- l-e * |; 1(1)=%e by (3.7.10)

©) emuicts C Ta onip R
{

1(f)=e iC (3.2.11)
R
EHepris MardiTHoOro noJisa CTpyMy
LI*
W=—. 3.7.12
5 ( )
BaaeMHa eHepris ABOX CTPYMiB
Wiy = Liphi;. (3.7.13)

00’ emna ryctiHa eHeprii MarHiTHoro nons
L __B® _puH® _BH
2un 2 2

(3.7.14)

EnextpomarHiTHa iHAYKUIA

3.323. BcTaHoBUTH HanpaM iHAYKWIHHOrO CTpyMy B MeTaneBoMmy Kinbiii,
SIKLO B3J0BX HOro ocl BBOAMTLCA MOCTIHHMIA MAarHit, cnpaMoBaHHii MiBJeH-
HUM MOJIFOCOM Y UEHTp Kinbui. Te came, AKILO MarHiT BUBOAUTHCS.

3.324. [Ipsimuii apit, AoBxuHa skoro / = 40 cM, pyXaeTbCcs B OAHOPIAHOMY
MarHiTHOMY Moni 3i WBMAKICTIO U = 5 M/C NepneHAuKYIAPHO A0 jiHii MarHiT-
Hoi iHAYKuii. Pi3HKuUA noTeHuUianis Mix KiHuamu apoty U = 0,6 B. O6uucau-
TH IHYKLiKO MarHiTHOro nons B,

3.325. lposiguuk AB (puc. 3.64) 3apnoBxku / = 30 cM MiCTUTLCH B OAHO-
piiHOMy MarHiTHoMy noni 3 inaykuiero 8 = 0,1 Tn. Ha kinusx nposigHuka
NiATPUMYETLCA MOCTIAHA pi3Huug noteHuwianis Uy = 4 mB. Hanpamu nona i
NPOBIAHMKA € B3aEMHO MEPNEeHAMKYIApHUMU. SKoi HANGINbLIOT WBMAKOCTI
Umax MOXE AOCATTH NPOBIAHHMK, AKUO HOMY HagaTH MOMXJHMBICTH BiJIbHO

pyxatuca? MarniTHa IPOHMKHICTb CEpeoBHiLA AOPIBHIOE OAMHMULLI.

3.326. 'opusoHTanbHHi CTpHXKeHs 3aBHOBXKH [ = 1 M o0epraeTbesi HaBKONO
BEPTHK/ILHOT Oci, 1O MPOXOAUTD Yepe3 OAHH i3 jioro kiHuUiB. Bick obepTanni
€ MapanenbHOK BEKTOPOBI iHAYKLil MarHiTHoro noas (B = 50 mkTn). Sxow
mae OyTv yacrota obepTaHHa », w06 pi3sHUUA noTeHianis U Ha KiHUAX boro
CTpUXkHA aopisHioBasa | MB?
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3.327. Meranesuii auck pagiyca R =

= 15 cM, IIOLIMHA AKOrO NEpNEHANKYNAP- X

Ha A0 BEKTOpa IHAYKLIT MAarHITHOTO NoJA,

obepTacTbCs 3 yactorow # = 10 ¢ (sich X

ofepTaHHs [OMUCKA TapanenbHa JiHiAM

MarHiTHOI iHaykuii # npoxoauTh yepes X x X X X g

fioro ueHTp). IHaykuis MaruiTHOro mons 8 -

B=3 MTn. BusHauuti pi3HUUIO NOTEH- x x x X IX

gianiB AQ Mixk LUeHTpoM i Kpaem aucka:

a) AKILO nonis Hemae;, 6)3a HasBHOCTI x x x x%)x

nona. o
3.328. B onHOpPiAHOMY MarHiTHOMY X X X/ x Xx

noni, iHAyKuis akoro B = 0,84 Ta, 3

HEBEJIMKOK  IIBHAKICTIO 0obepTaeThes Puc. 3.64

KBajipaTHa pamKa, Lo MICTUTh HEBENHKY
KlJIbK]CTb BUTKIB MigHoro apoty. Inowa nonepeyHoro nepepisy ApoTy S =
=0,5 MM, cropoHa paMkH a = 5 cM. KiHui pamMKH KOPOTKO3aMKHeHI. Makcu-
MasibHa CHJla CTPYMY, IHAYKOBAHOro B paMui 0ij yac obepTaHHs, Jnax = 1,9 A.
BusnaurTi yacToTy # 06EpTAHHA paMKH.

3.329. Pamka, naiowa axkoi S = 200 cm’, piBHOMIpHO 0DepTaEeThCs 3 4acTo-
Tolon=10c ' B OfHOpiAHOMY MarHiTHOMy nomni. Inaykuis nons B = 0,2 Tna.
Bics ofepTanHs nexuTh y NIOUIMHI paMKM @i NepneHAMKYIsApHA 10 NiHii
MarditHoi inaykuii. YoMy nopisHioe cepenne 3Hauenns EPC inaykuii (ta i) 3a
4ac, MpOTArOM SKOro MarHiTHMI MOTiK 36iNbLUKMTLCA BIA HyAs OO0 MAKCU-
MaNbHOro 3Ha4eHH?

3.330. Y MarnitHomy noni 3emni (ropu3oHTanbHa CKAAAOBA iHAYKLIT
B. =20 mMxTn) sepTukansHo po3milleHi napanensHi NpoBOAM, N0 SKUX
mifniMkHyTO KOHaeHcatop emHictio C= 10 mx® (puc. 3.65). [To npoponax,
Bifictanb mix axumu [ = 1 M, Moxe Kop3aTH Ge3 Tepts MeranesHit 6pycoxk,
Ofyckarouuch Nin Ai€r0 cunu TaxXiHHA. Maca Opycka m = 1 kr. Busznauutu
npuckopeHHa Opycka a Ta cuny ctpymy / B nposojax. [Inoumuua pamku € nep-
NEeRAUKYNAPHOIO A0 MArHITHOro MepuzaiaHa 3emJi.

3.331. KsanpaTHa paMka 3 TOHKOro nposoay, onip sikoi R = 0,02 Om,
PO3mileHa Gins npsamoro nposoay 3i ctpymoM. [IpoBin nexuTs y nnolmuHi
* PaMKky @ napanensHuii ABOM if CTOpOHAM, BicTaHi 40 AKMX BiANOBigHO /) =
=10 cM, 5, = 20 cM. Busnayutu cuny ctpymy / B OpoBOJi, AKILO IpH HOTro
BMMKaHHI Kpi3b paMKy npoiilina KinsKicTs enekTpuku g = 639 K.

3.332. KBaapaTHa npoTsaHa paMka, cTopoHa akof a = 10 c¢M, Ta AOBruii
Tpamuii nposin 3i cTpymoM, cuna sikoro / = 10 A, posmiuieni B oaHili nio-
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1]

x ®x X X x ®

+
Br

® ® X ¢ X x x

= o ~+
A L L

+

x x x x x X
x b 4 x x x x 0 +

Puc. 3.65 Puc. 3.66

Kl (quB. puc. 3.54). PaMKy nocTynajibHO NepeMillyiOTh IpaBopyH 31 WBKHJ-
kictio v = 0,5 m/c. O6uncnut EPC inaykuil & B pamui yepes £ = 3 ¢ nicia
MOYaTKy pyXY, AKLMO B MOYATKOBHII MOMEHT uacy pamka nepedysana sia npo-
BORY Ha BiAcTaHi b =2 cM.

3.333. Toukuit Miguuii npoBia, Maca AKOro m = 5 r, 3irHyTHil y surasi
kBazpara i kiHui oro 3aMkHeni. Ksaapar po3mileHO B OHOPIAHOMY MarHiT-
HoMy modi (B = 0,2 Ta) Tak, wo ioro niolMHa € NeprneHAnKyAApHOIO 10
niniii marnithol inaykuii. Busnaudtu 3apan g, akuii npoiiae no nposony, fAk-
LU0 KBanpaT MOTATHYTH 3a NPOTH/IEXKHI BEPLUMHH il BUTATHYTH B JIiHIO.

3.334. 3aMkHeHe KOO CKNajacThea 3 MOCHIAOBHO BBIMKHYTHX JDKepena
nocriiiHoi EPC & 3 BayTpiliniM onopoM r i cTpuxHa OA (puc. 3.66). Ctpu-
XKeHb, O Mae AomxuHy / i onip R, obepTaeTbca 3 KyTOBOK IIBUAKICTIO ® i
KOB3a€ Mo MpOBiIHOMY NiBKiNbIIKO, ONOPOM AKOr0 MOXHA HexTysaTH. IliBkinb-
1€ MICTMTLCA B OHOPIAHOMY MarHiTHOMY NoNi iHAYKuil B, nepnenaukynap-
HOMY JI0 TUIOLUMHY TiBKiNbud. BU3HAYMTH pisHMUIO noTeHuianiB U Ha KiHuAX
CTPHXHSA, MOTYXKHICTb Py TENAOBUX BTPAT Ta MEXaHIYHY NOTYXKHICTb P,

3.335. YV BepTHKaNBLHOMY MardiTHOMY TIO3 3 BEAMKO! BUCOTH NajAac Kiiblle
niameTpa d, 3po6neHe 3 TOHKOro ApOTY, MUTOMMIl OMip i rycTMHA MaTepiaiy
axoro sianosiaHo p 1 D. IlnowMHa Kijdbud BECb 4ac € NOPU3OHTANBHOLO.
Bu3HayuTH IWBKAKICTS T NafidHg Kinblll, KA BCTAHOBHAACH, AKLIO iHAYKLIA
MoJiA 3MIHIOETHCA 3 BUCOTOIO 32 3aKOHOM B = By (1+ah).

3.336. YcepenuHi coneHoina, axuid Mae Ny = 400 BUTKiB NpoBoAY, piBHOMipHO
po3nojiieHuX no oro aomxuHi / = 40 cM, MiCTHTbCA KOpPOTKA KOTYLLIKA paniy-
ca r = 2 cM, o Mae N> = 500 sutkiB nposoay 3 onopoM R = 10 Om. Buznauumv
MaKCHMANTLHO MOXCIMBHIA 3apaf ¢, O IHAYKYETbCA B KOTYLULI NI yac if noBopo-
Ty Ha KyT o = 180°, AKIWO B CONEHOIAI NPOXOAUTH CTPYM, cuna akoro I= 10 A.
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3.337. o GanicTHYHOro raisBaHOMETpa 3 BHYTPillHIM onopom # = 31 Om
pHEAHAHO Kinsue pagpiyca R = 1 M, BHFOTORIICHE 3 aIlOMIHIEBOrO Apory,
gaoua nonepeqﬂoro nepep:ay akoro § = 1 mM’. Ha AKY BiACTaHb ! BiAXH-
JHTHCA “3aiYMK” Ha IUKani, AKWO Kinsle, WO AEKUTH Ha TOPU3OHTANLHIM
HOBEPXHi CTONA, NEPEBEPHYTH 3 OAHOTO Goky Ha iHLIH? Bep'mxanbﬂa ckna-
[oBa mu,ylcun maritioro nons 3emni B, = 50 MxTa. “3aiiunk” Bl,[lXHJIﬂGTbCﬂ
ga | MM MiJ Yac NPOXOIDKEHHS uepes pamxy raneBaHoMeTpa 3apany 10 ° Kn
ﬁamc'mqﬂa cTana ransBaHoMeTpa ¢g = 10 ™ Kn/mm).

3.338. ¥V Mamnmomy noni, IHﬂyKulﬂ SKOro 3MiHIOETHCA 3a 3aKOHOM B =
=a + Btz pe o =10""Tn, p=10" Tnfc po3MillieHa paMKa 3i CTOPOHOIO
g =20 cM. [TrommHa paMKH € NEPNEHAMKYNAPHOKO O RiHill MArHITHOT iHyKWUjT.
BH3HAYHTH KiABKICTh TenaAoTH O, sika BUOIAAETHCS B paMlli 3a nepii ¢ = 5 c,
axuo onip pamku R =0,5 Om.

3.339. MaruiTHui# MOTIK Kpi3k HEPYXOMHH KOHTYp onopy R 3MIHIETHCS 3a
yac T 3a 3akoHOM P = af(t — f). BcranoBuTH KinbKicTs Tennoru O, AKa BUi-
ASETHCA B KOHTYPI 3a LeH vyac. [HAYKTUBHICTIO KOHTYpY HEXTyBaTH.

3.340. Ycepenuﬂi conieHoina, akui mae N = 300 suTkiB nposopny, AOBXKHHY
[=350 CM i nepebyBac y BaKyyMi, MiCTUTBCA MeTaneBe Kinble. ITnowa Kinsus
S =5 cM’, Horo omip R = 0,02 Om. TnowpHa Kinbus € NEepNEeHANKYAAPHOIO 10
Bci coneHoia. Cuna cTpyMy B cOneHOIA 36inblyeTbea 3a 3akoHoM I = kf, ae
k=1 Alc. Ax 6yayTs HanpsMAeHi cuny, 1O AiloTh Ha Kinbue? Yomy aopis-
#oBaTHMe cuna F, AKa Ji€ Ha OAMHUUIO JAOBXHHM Kinblis, uepe3 4ac
t=5 ¢ nicns BBiMKHEHHA CTPYyMy?

Camoitigykitin Ta B3aemoiHAayKLin

3.341. ¥V xoryuui, wo mae N = 1000 BuTKiB NpoBoay, CHiaa cTpyMy 3a
AOTIOMOroK0 peocTara piBHOMIPHO 30inbiLyeEThCA 3i WBKAKICTIO dldt = 0,1 Alc.
Hiamerp nepepisy korywky d = 10 cm, goBxkuHa 1 / = 50 cm. Ha korywky
HaJiTO KiNbLE TAKOro Camoro mamerpa 3 MiAHOTO NMPOBOAY, MAOLUA nonepey-
HOrO nepepisy skoro S =2 MM, BBakarouy, 10 MarHiTHi NOTOKH, AKi NPOHH-
IYIOTb KOTYIUKY i Kinbue, ¥ 6y,ub-axuﬁ MOMEHT AOPiBHIOIOTbH OOUH OJAHOMY,
00unCAuTH cunmy cTpyMy [ B KinbLii.

3.342. InayxTuBHiCTS coneHoiaa, HAMOTAHOTO B OZUH [1ap Ha HEMarHiT-
HHii kapkac, L = 0,5 mI'u. JosxuHa conenoiga [ = 0,6 m, aiametp D = 2 cM.
Bushayuty sigHowenns » KinbkocTi BUTKIB coneHOina A0 HOrO JOBXHHH.

3.343. Ha kpyrnoMmy AepeB’sHOMY UMAIHAPI PO3MilllyeTbea 06MOTKa 3 Mi-
HOro npory, maca skoro m = 50 r. Biacraus / = 60 cM Mix KpaiiHiM# BHTKaMH
€ 3HayHo Ginswio Bin miameTpa wuninapa. Onip o6MoTku R = 300 OmM. Sxka
IHAYKTUBHICTE L 06MOTKN?
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3.344. Cxinsku MeTpiB TOHKOIO nposony Tpeda
B3ATH [UIA BMTOTOBNEHHS COJNEHOIAA 3aBAOBXKKY
lo = 100 cM inaykmushicTio L = 1 MI'H, aKwo aia-
METp Miepepi3y cojieHoila 3HAYHO MEHLUMH, Hix
iloro nopxuHa?

3.345. [To asox AoBrux napajiellbHUX MpoBo-

Puc. 3.67 Nax MPOXOAUTb OJHAKOBHH CTPyM y NpPOTHIEX-
HUX Hanpsmax. Bu3HauWTH iHAYKTMBHiCTH L
asonposiaHol niuii Ha ainasui /=1 kM. Papiyc nposoay R=1 MM, Bia-

CTaHb MiX OCbOBUMMU JNiHiAMH d = 0,4 Mm.

B ka3ieka BpaxysaTd Tinbkd BHYTPilIHI MarHiTHHH nOTiK, T00TO
NOTIK, WO NPOHM3YE KOHTYP, 0OMeEkeHNI POBOAAMH.

3.346. Busnauutu inayktueHicts L/l oquuuni nosxuHu kabeno, uo
sBnsie co0OLO IBa TOHKOCTIHHMX KOAKCianbHUX MeTaneBux uunidapu (puc. 3.67),
AKIO pajiyc 30BHIlIHBOTO uMaiHapa y n = 3,6 pasa Ginblumii, Hix paniyc
BHYTPiLUHBOro. MarHiTHy NpOHMKHICTb CEpENOBHILIA MK LUJIIHIpAaMH BBAXATH
TaKOK, IO NOPiBHIOE OAUHHL].

3.347. Ha 3aranbH1i KapKac HaMOTaHO 1Bl KOTYLUKH. BU3HAYUTH B3aEMHY
IHAYKTUBHICTb KOTYINOK L2 , AKLIO NOCTIHHMN cTpyM y nepiuiil koTyLUui, cuia
akoro I} = 5 A, yTBopio€ B Apyriii MardiTHe notoko3yennexHs ¥ = 40 mB6.

3.348. Jlpa coneHoigu (iHaykTuBHicTh nepioro L; = 0,36 'n, apyroro
L, = 0,64 I'H) onqHaKkoBOI JOBXKWHH Ta MPaKTHMYHO 3 OJHAKOBUMH [1OLIAMHU
MONEPEYHOro nepepizy BCTAB/ACHI OMH B OAHUIN. BU3HAUNTH B3aEMHY iHIYK-
TUBHICTB L CONEHOIAIB.

3.349. O6uHCANTU B3AEMHY IHAYKTUBHICTb Ljy 10Broro npsaMoro nposony i
NPAMOKYTHOI paMKH 3i cTopoHaMH a = 10 cMm i b= 15 cm. Pamka ta npsamuii npo-
BiJl Aexarb B OfHIA nuowmHi. Bimxua 10 npoBogy CTOpPOHA paMKH, AOBXHHA
AKOl b, napanensHa NPOBOOBi H BijANEHa B HOTO Ha BifcTaHb [ =8 cM.

Ctpymm nig 4ac 3aMuKaHHA | POIMMKAHHA Kona

3.350. Jliametp kapkaca conexoina d = 0,1 M. Conexoin mae N = 500 Butkis.
[Ticna nigiMKHeHHA Horo go akymynstopa 3 EPC & = 12 B uepes yacf = 107 ¢
CHIa CTpyMY B KoJli Aocarna 3HauyeHHs /= 2 A. BU3HaYuTH AOBXHHY / cO-
neHoina, axuwo Aoro onip R = 3 OM. OnopoM akyMynsatopa i niasiAHUX nipo-
Bi/IHMKIB HEXTYBATH.

3.351. B obmotui coneHoina, onip akoro R = 1 OM, a iHAYKTHBHICTb
L =20 mI'n, npoxoants ctpyM. Cuna ctpymy /= 5 A. YoMy nOpiBHIOE eHeprid
W marHiTHOro nona coneHoina yepes yac f/ = 1 ¢ micna Bin’€AHaHHA IXKepena
HaMNpyry Ta KOPOTKOro 3aMHKaHHA KiHuiB 0OMoTku?
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3.352. O6MOTKa COJIeHOI1a MICTHTh OAMH LIAp BUTKIB MIHOrO ApOTY, LIO
npUIATaloTs 0auH A0 oaxoro. [iamerp apoty d = 0,2 MM, AiameTp coseHoina
D =5 cM. Y coneHoiai npoxXoauThk CTpyM, cuna skoro Iy = 1 A. BH3HaunTH,
AKa KiJILKICTb €NIeKTPUKHU ¢ Npoiiae kpisb 0OMOTKY, AKWO KiHui 1T 3’€qHaTH
Mi>k co6010. ToBWHMHOK i30nALIT HEXTYBATH.

3.353. O6mMoTka coneHoifa MiCTHTb OIUH LUIAP BUTKIB MiqHOro ApoTy Aia-
merpa d = 0,2 MM, AKi LiABHO NPUNAralOTL OAKH A0 oaHoro. JliameTp coneHoina
D =5 cm, kinbkicts ButkiB N = 400. o coneHoiny npoXoauTs CTpyM, CHna
axoro Iy = 1 A. BU3HaYuTH KiAbKicTk TernoTd {, 1o BUAIASETbea B oOMoTUi 32
yac ¢ = 0,1 MKc nicns Toro, Ak ii KiHlUi 3aMKHEHO KOPOTKO.

3.354. Busyauutsy, 32 akuil yac / cuna cTpymy 3aMukanus I gocarue 1 = 0,98
rpaHH4HOro 3HaYeHHd, AKUIO JKEPENOo CTPYMy 3aMMKAIOTh Ha KOTYIUKY, ONip

. akoi R=10 Owm, a inayxtusHicts L = 0,4 ['n.

3.355. O6umcanuti emHicTb C KOHAEHCATOPA, KOJIM BiIOMO, IO A0 NOYATKY
fioro po3pAMKeHHs uepes AeAKMil onip Hanpyra Ha Heomy Oyna Up = 100 B,

. cuna cTpyMy Iy B mouatkoBuil MoMmeHT 4acy ¢ = 0 cranoBuna 10 A, a uepes

ook

" = L ',’_‘*.I

yac f = 10 Mkc cuna ctpymy /=4 A.

3.356. o koHpeHcaropa, 3apsapkeHoro 1o Hanpyru Uy = 200 B, eMHicTb sxko-
ro C, = 1 mx®, niaxnoueHni 3apamreHril Konaescarop eMHictio C; = 2 Mk®.
BcTaHOBHTH 3aMeXKHICTb CHIIM CTPYMY B KOJi BiA 4acy, AKLIO Olip NpOBiAHUKIB,

' HIo 3’€AHYIOTH OOKNAOKU KoHAeHcaTopiB, R = 1 kOM. Slka xinbKicTb Tennotd ¢

BUAINAETLCA B NPOBiZIHMKAX M 4aC NPOXOIKEHHA CTPyMy?

3.357. Inockuil KOHAEHCATOP C KPYFNMMH MiacTHHaMu aiaMerpa D = 50 cm
| BIACTAHHIO MDK HHMH d = 2 MM 3alOBHEHHil JieNnecKTpUKOM, JieneKTpHYHa
TMPOHMKHICTL AKOro € = 5,5. KoHileHcaTop niaxnmoueHuii 1o mkepena nocTiinHol

-Hanpyru U = |1 kB 4epes pesucrop, onip axoro R = 100 kOM. BusHauuty in-

AYKLi0 MarHiTHOro noja B Mix njacTMHaMHM KOHIEHCATOpa Ha BiAcTaHi » =
= 10 cm Bip #foro oci yepes MpOMiKOK yacy ¢ = 1 Mc micns mifAiMKHeHHA,

Eneprin marHiTHoro nons

3.358. Conenoin mictuts N = 1000 suTkiB nposoay. Cuia cTpymy B itoro
obmMotui /=1 A, a maruiTHuii noTik Kpi3k nepepis coneHoina ® = 0,1 mB6.
BysuaunTu eneprito W MarHiTHOro nons B coneHoii.

3.359. Ctpym, cuna saxoro I =20 A, NpoXoauThb MO MOPOXHHCTIi TOHKO-

' CTiHHiit Tpy6i pamiyca r; = 2,5 cM i IOBEPTAETHCA TIO CYLILHOMY [1POBIIHUKY

Padiyca r, = 1 MM, npokaaaeHoMy B3oBx oci Tpyou (puc. 3.68). Homxuna
Tpy6u [ = 20 cM. BH3HayuTH eHepriio W MarHiTHOro MONs CHCTEMH.

3.360. Ha Top kBaapaTHOro nepepizy piBHOMipHO HAMOTaHa KOTYLUKA,
AKa mictuth N = 1000 Butkis (puc. 3.69). BHyTpiwHiii pagiyc Topa R; = 8 cm,
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Puc. 3.68 Puc. 3.69

30BHilWHIA Ry = 10 cm. [To o6MOTHI NPOXOAKUTE CTPYM, cuila akoro I =5 A.
Ocepan € "edepoMarHiTHuM. BusHauuTu eHeprito W MarHiTHoro nons
CTPYMY.

3.361. Jlsa coneHoinM HAMOTaHi Ha HeMarHiTHWif Kapkac oaHH Ha OnHUIA.
KinepKicTb BUTKIB coneﬂmma Ny = 1200 1 N, = 750, nnolua nonepeyHoro
nepepizy S = 20 cM’, nosxuHa /=1 m. TTo o6MoTKax coneHoinis NPOXOAIATH
CTpyMu, cuna akuX sianosigHo Iy =3 A i L, =7 A. O6uucnuty eHepriro W
MarHiTHOro noss CTPyMIB.

3.362. Coneuom 3aBnosxku / = 0,5 M, Iiolla nonepeyHoro nepepisy ako-
ro § =2 cM’, Mac inaykTsBHicTs L = 0,2 Mx[H. SAkoto Mae Gyt cuna CTPyMy A
wob oﬁ’eMHa rycTMHa €Heprii MarHiTHOro Mojis BCEPE/MHI CONeHoina w,, =

-—IMI[)K/M‘?

3.8. MATHITHE NONE B PE4YOBWHI

HamarHiueHiCThb i130TPOMHOIr0 MarHeTukKa
J=yH, (3.8.1)
Iie , — MarHiTHa cnpuiHaTIWBICTS MarHeTHka;, H — HanpyxeHicTh Marm"moro noss.
3B’a30k Mix Bekropamu B, H, J :

- (382)

Ho
IIe Jio — MArHiTHa cTana.
Jins 0JHOPIAHOTO Ta I30TPOMHOIO MarHeTHKa

B = pupoH. (3.8.3)
38’430K MiX MartiTHOIO MPOHMKHICTIO H MArHITHOIO CHIPUHHATMBICTIO PEYOBUHM:
=1+ (3.8.4)
[Inpkynsiis BexTopa HanpyxeHocti H MarkiTHoro nons
$Hdl =Y 1, (3.8.5)
L
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e zl — ajireOp1uHa CyMa MaKpPOCKOMIYHHX CTPYMiB (CTPYMiB MPOBiAHOCTI), AKi oXor-

MOIOTHCA KOHTYpOM L.
"paHHY4Hi YMOBH Ha MEXi MOAiny ABOX MarHETHKiB:
a) HopMaJibHa CKNalosa BexTopa B € HenepepsHoto

Bln = BZn; (386)
6) TanrexulianbHa (MapaneabHa MeXi Modiny) cknagosa Bexktopa H € HenepepsHoiO
Hy = Hy, (3.8.7)
MartiTHa IHAYKLif B 3a30pi MDK OJIIOCaMK ENEKTPOMATHITY
i (3.8.8)

b /(pomy )+ by Kpghz)
Bely, ;— BoBKuHK ocepas i 3a30py B3NOBX 0CbOBOT JiHii.

3.363. Slk BnnuBac 30BHIlLIHE MarHiTHe nojie HA PyX eJEKTPOHIB B aToMax
pedoBHHH?

3.364. Slx noBOAATHCA NErki HEBENMKi CTpHXHI 3 niaMardiTHoro (GicMyT) i
papamartitHoro (MarHiil) marepianip, wo BifibHO NiABilLEHi MiX MoONOCAMU
eNeKTpOMarHity?

3.365. Ctpym, cuiia fikoro / = 4 A, npoXoAUTE Y3/I0BXK KOJIOBOTO KOHTYpY
paniyca r = 20 cm, Akuii 3aHypeHo y Bofy. MarHiTHa cnipyiiHATIMBICTE BOAH
% =—0,72-10 ~°. 3HaiiTi HamarxiveHicTb J y ueHTpi xona. Ha ckineku Bigpis-
HAETbCA MarHiTHa iHAYKUis B B UEHTpi Kona y BoAi NOPIBHAHO 3 MArHiTHONO
imnyKuieto By y Bakyymi?

3.366. JloBruii kpyrnuii cTpHXk€Hb 3 THTAHY PO3MILLEHO B3AOBX O,I[HOpl,Zl-
HOPO MarHiTHoro nond. MarziTHa CApUAHATNUBICTE TUTAHY ¥ = 1,5-10 }lxy
HACTUHY iHAYKLUIT CyMapHOro MarHiTHoro noss B cTaHOBHTH iHAYKLUIA MarHiT-
HOrO rofs MoNeKyAApHUX cTpyMiB B"?

3.367. Coneuom, WO MA€ AOBXKHHY [ = 20 cM, naouty nonepeyHoro nepe-
Pisy S = 10 cm’ i kinbkicTs BuTKiB N = 400, MicTHTSCH B ,IllaMar‘HITHOMy cepe-
RoBvuii. lupykTuBHicTs Horo L = 1 MI'H. OGUHCIUTH iHAYKUiO MAarHiTHOro
Bona B i HamarHiueHicTs J ycepeiMHi CONEHOINA, AKILO N0 HHOMY NPOXOAHTH
€Tpym, cuna sikoro / =2 A.

3.368. Banopx 0Ci HECKIHYEHHOTO NPAMOro KpYrjoro WHiAiHApa 3i ciuia pa-
fliyca 7o = 2 cm no TOHKOMY NPOBOZY NPOXOHTE CTPYM, cHna koro /=1 A.

BHi uumu,upa MiCTHTbCA nomrpﬂ BusHauutu Hanpy)KechTl:- MarHiTHOTo
“01111 H, mgyfcmm B i HamarHi4eHicTs J y Toukax, 1o BigmaneHi Big oci Ha

=15 cmir, =4 cM. MaruitHa cnipulinatausicts ckia y = — 1,26-10 -8,

3 369. Tnowa nonepeuroro Nepepisy coneHoina i3 sanisuum ocepaam
§=10cum?. HosxuHa conenoina / = 1 m. BusHauuTy MarditHy NPOHHKHICTL |
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A ' marepiany ocep/ii, AKILO MarHiTHHiA NoTig,

2030 ’“' M2t O NpoHHU3YE 110 nnouy, @ = 1,4 MB6,

W3 SIkiil cuni cTpyMmy, 1O NPOXOAHTL Kpish

COJieHOIN, BIiAMNOBIfAE UEN MarHiTHuij

a3 4 MOTIK, fAKUO iHAYKTUBHICTb CONEHOIng
/ ) l - L=044Tw?

g 00 400 1500 2000 H Bka3siBka. Po3p’a3yrouu 3ajauj

Puc. 3.70 3.369-3.380, sukopucroByBatH rpadik Ha-

MarsiueHHs, 306 paxenuii Ha puc. 3.70.

3.370. Y conenoin 3asaomxku / = 10 cm, o mae N = 300 BuTKiB, yBeaeHo
3ani3He ocepAs. [To coneHoigy npoxonuTb CTpyM, cuna sxoro / = 1 A, OG-
YMCIIMTH HaMarHiuyeHicTh J 3ani3a BcepeaMHi coneHoina, AKio HOro MarHiTHi
BIACTUBOCTI OnMcaHi 3a nonomororo rpadika, 3obpaxenoro Ha puc. 3.70,

3.371. Conenoiz HaMOTaHo Ha 3a/i3He ocepas, niolua nonepeyHoro nepe-
pizy sKoro S=35 em’. [Ipu cuni crpyMmy /=5 A MarHiTHu#i notik @ =
=200 mkB6. BuzHauuTH KiJibKiCTb BHTKIB, 10 NMpPUNaaarlTh Ha o,unmium
JIOBXUHN cCoNteHoia.

3.372. Ha 3ani3He ocepas HaMOTaHO CONEHOIA, Akuil Mae N, = 500 BUT-
KiB MigHoro apoty. [Tnowa nonepeyHoro nepepidy ocepaa S = 5cm’, uom
nosxkuHa [ = 30 cM. [Tnowa nonepeyHoro nepepisy apoty Sz = 1 MM’ ‘{0-
MY JOpiBHIOBaTHMe iHAYKTUBHICTL L coneHoina y pasi nin’eaHaHHs iora
no akymynsropa, EPC skoro & = 1,26 B? Bayrpiwnim onopom akymyiia:
Topa i OnopoM 3'€AHYBaNLHUX NPOBRINHUKIB HEXTYBATH. ;

3.373. Ha 3anisHoMY ocepal Y BUIIIsAi TOpa MiCTUTbCA 00MOTKA, KiJIbKICTb
BUTKIB K0T V = 700 Cepenniii giametp Topa D = 20 cm, naowa MonepeUHOrg
nepepisy S = 6 cm’. BH3HAYUTH TOTIK MArHiTHO inaykuii @ kpi3p nonepeu;
HWH nepepis ocepas, MarHiTHY NPOHHKHICTb L 3ali3a, a TAKOX HaMarHiye;
HicTb J, akiio cuna crpymy /= 0,5 A.

3.374. Ha 3ani3HoMy Kinsui, cepeaHii aiamerp sxoro D = 30 cM i niowwd
nonepeyHoro nepepisy S =5 cM’, MicTuTbes o6MoTka 3 N = 800 suTkis. B 06:
MOTU MPOXOAUTE CTPYM, cuna akoro /=3 A. Y kinbui 3pobneto nonepeyuuil
npopi3 3aswHpuik / = 2 mm (puc. 3.71). HexTywouu po3scisuuam noas 614
KpaiB npopi3y, o6YUCNUTH: MArHiTHY NPOHUKHICTL J 3aJi3a And uux yMOB:
noTik MarHitHoi ingykuii ® kpisb nonepeunuil nepepis KinbLg; MOBHY eHEP:
rit0 MardiTHoro nons W, eHeprito nons B 3anizHOMY Kinsui W, Ta B nosiTp#
HOMY 3a30pi Wa; iHAyKTUBHiCTE L 06MOTKH. 1

B xa3iska. Pekomenayemo ob4HCIEHHS iHJ.IyI(THBHOCTi L Bukonart
nBoma cnocobamu, BUpasMBIUM i Yepe3 MOTIK MarHiTHO! iHAyKuil @ i qepef‘
eHeprilo MarHiTHoro nonsa W,
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3.375. Ha 3ani3He Kiibue cepeaHboOro nia-
metpa D = 25 cm Hamorano N = 1200 suTKis
[IPOBOAY . Y Kijibui 3pobaeHo nonep?quuﬁ nipo-
pi3, BHACJIAOK YOro YTBOPHUBCS MOBITPSAHUK 3a-
30p 3aBLUHPLIKH /ny = 5 MM (puc. 3.71). HAxuwo
o 0OMOTUI NPOXOAUTE CTPYM cunoro /= 2,5 A,
70 HAMPYXKEHIiCTh MarHiTHOro nous B 3a3opi A =
=570 KA/M. BU3HAUYUTH MardiTHy NPOHUKHICTb
y 3amiza 3a uMx ymos. PoscisHHAM noas Gins
KpaiB 3a30py HEXTyBaTH.
~ 3.376. BexTop iHAyKuii MarHiTHOro nonas y
Bakyymi By yTBOpIO€ KYT oy 3 HOpManIK no
fOBEPXHI ONHOPINHOrO 130TPONHOro MarHeTuka.
MarHiTHa NpOHHKHICTh MarHeTHka p. BusHauuTWu iHAaykuwito B MarditHoro
nofis y MarHeTuky. AAkui KyT o yrBoptoe BekTop B 3 HopMannio 1o nosepxHi,
SKLIO KYT Op BBOKATH Manum?

3.377. [1o ob6MoTui TOpOiny 31 CTANEBUM OCEpAAM NPOXOAUTL CTPYM, CHIla
akoro / = 2 A. Obmotka mictuTe N = 500 BuTkis. [Tnowa nonepeuHoro
nepepisy Topoiny S = 12 cM’, cepentiii pagiyc R = 30 cMm. BusnauuTn euep-
Tito markiTHoro nons W, sika HaKOMHUYHIACh B OCEPi.

3.378. Bu3HauMTH MardHiTHy NPOHMKHICTH | 3ani3a, AKU0 rycTHHA eHeprii
MAar"iTHOro noss B 3anizHomy ocepii wy, = 150 l17K/M3.

3.379. BcTaHOBHTH MaKCMManbHe 3HAYEHHA MArHiTHOT MPOHHUKHOCTI Ll
3anisa.

3.380. Buznayuty, y CKifbkd pasip 3MiHunacs o6’eMHa rycTvHa eHeprii w
MardiTHOro nojis B CTal€BOMY OCEpAi TOpPOiLy, AKWIO iHAYKUis MarHiTHOro
Bons 36inbmaacs 8ig B =0,5 Tn no B, =1 Ta.

Pue. 3.71
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3.381. OauH 3 eneMeHTIB LIAXTHOT aBTOMATHKH ~ MArHiTHUi BUMHKAY ~
300paxkeHo Ha puc. 3.72, a. U-nonibHe ocepas 3i cniaBy NepMaliow 3
MPaKTHYHO NMPAMOKYTHOIO NeTnero ricrepesucy (puc. 3.72, 6) HamarHiuy-i
€TbCA 00MOTKOO /, siIKa BBIMKHYTA B KOJIO 3MIHHOIO CTPyMY. Y BTOPHHHii '
obmoTui 2 36ymxyetscs EPC inaykuii Tak, mo peie 2 Ha BUXOAI 3aMUKa-
eTbed. [lpu npoxomkenHi ckina npuKpinaeHuil A0 HHLOTO MArHiT 3aMuKae
oceps, BHACAIAOK YOr0o CTPYM y BTOpHHHI oOMOTHI 3HUKAE, pene BUMM-
KaeTscd, ckin 3ynuHgersca. IToscHUTH poboTy Takoro Ge3kOHTaKTHOro
BUMHUKaua.

3.9. PIBHAHHA MAKCBENNA.
NPUHUWUN BIAHOCHOCTI B ENEKTPOOUHAMILYI

['yeruna ctpymy 3MilueHHS
7/
ot

.
—_—

: (3.9.1)

Jom
Cucrema pisiadb Makcsenna:
a) NO/BOBI PiBHAHHA B iHTErpanbHiii Gopmi

B
({:Edl=—:[—a;-d8,
gSBdS:U;

s
_ff:.P)]
?Hm-£(1+ arJdS,

$pds = [pav;
S v

(3.9.2)

6) noaLoBi pisHAHHA B AndepeHuianbHii Gopmi

(3.9.3)

divD=p,

JI€ j — rycTHHA CTpyMYy; p — 00 €MHa rycTHHa 3apaiy;
B) MaTepiaibHi PIBHAHHA 1Sl OAHOPIAHMX 130TPONMHUX CEPEAOBHL
D =¢,eE;
B = p uH; (3.9.4)
j=oE.
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3nadeHHs CACKTPUYHOrO 3apaly YaCTUHKW € OAHAKOBUM B YCIX IHEPLUANbHUX CHUCTe-
Max BianiKy, TOOTO € pensTUBICTCLKUM iHBapianToM (dochinunii daxr).

3p’A30K MiX 3HA4E€HHsMU HampyxeHocTi E enekrpuynoro ta inaykuii B maruitHoro
ponie y AeAKid Touui cuctemn Bidnixy K Ta 3Hauenusmu E' Ta B’ uux senmuun y cuctemi
IC, Axa pyXacThes 3i WBKAKICTIO ¥ BiAHOCHO cucTeMu K (mepersopenHs nonis):

E=E; By = By;
& o E, +[vB] _ _B,-[vE]/c’ (3.9.5)

e Ji-v¥/ct

CumponaMH || i L no3Ha4ueHO MO340BXKHI Ta NMONEPEeHHi BIZHOCHO BEKTOpA V CKAAN0BI BCK-
TOpIB.

IMepersopenns npoexuifi Bekropis E i B y Bunaaxy, koau K'-CHCTeMa pyxacTbCcs B 10-
AaTHOMy Hanpsami oci Ox K-cuctemu:

, , E,-uB, E.+vB,
Ex =Ex; E}, = ’ _:_= = ’
l—'d:»'z/c2 l—'u2/c2
5 5 (3.9.6)
o g @ _B,+vE[c B,-vwE,[c
o l-'uzfcz S I-—'Uz/l::2

Axwo Tpeba onepxkat Gopmyin o6epHeHoro nepersopeHHs (Bin K'- no K-cucremu),
T0 y popmynax (3.9.5) i (3.9.6) notpiGHO BCI WITPUXOBAHI BENUYHHM 3aMIHUTH Ha HEWTpPHU-
XOBaHi /i HABMAaKY, a TAKOXK 3HAK NMEpPEea V.

Pisnanns Makcsenna

3.382. Inaykuis 0fAHOPIAHOrO MarHiTHOTO MOJsA BCEPEAUHI UMNiHApa pani-
yea R= 0,1 m niHiiiHo 3pocTac 3 4acoM 3a 3aKOHOM B = o, ne o = 10~ Tale.
MarsiTue none nanmpsaMneHe B3J0BX OCi LUuJIHApPA, N033 SKUM NOAS HEMAE.
Yomy IOpiBHIOBATUME HANpPYXXEHICTb BUXpOBOro enekTpuuHoro nons E ua
Bincraui r = 0,2 M Bizn oci unniuapa?

3.383. Ha yuningpuuue 3anisie oceps, Kpi3b ske NMPOXOAUTH MAarHiTHUi
OaHopinuuii motik © = @y Cos ®f, HAAITO TOp 3 AiCAEKTPUKA, AiCNEKTPUYHA
ApPoHUKHICTL sIKOro €. Y TOpi nBOMa O1U3bKMMU po3pizaMu 3pobJeHO By3bKUi
NOBiTpAHNi 3a30p (puc. 3.73). BusHauuTn HaNpyXeHICTb ENEKTPUYHOrO Mo

B 3a30pi B TOYLi A4 3a1€XHO BiJl BiACTaHi 7 10 OCi yuaiHapa.

3.384. HenposinHe ToHKe Kinbue, Maca sikoro m = 30 r, 3apamKeHe 3apsnoM
9 =6 mkKn i moxe BinbHO oGepraTucsi HaBKOMO CBOEI oci. Y MoO4arkoBui
MOMeHT Kinbie nepebysano B CNokoi, MarHiTHoro nons He 6yno. [licns BBiMK-
‘_‘EHHSI OAHOPIAHOrO MArHiTHOrO MONfA, HAMPAMIJIEHOrO MNEPNEHAUKYNAPHO 10
oy Hy Kifbild, iHAYKL(is MardiTHOro rnoas noyana 3pocTaTH 3a 3aKOHOM
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r
0

Puc. 3.73 Puc. 3.74

B() = ar, ae o = 10 2 Tn/c’. Beranosuty KYTOBY LIBUAKICTE 0OepTaHHA
KifibLg yepes =3 c.

3.385. [o3a uuninapoM paaiyca R = 10 cM iHAYKLUIS OAHOPIAHOMO MArHITHOMO
rnoss NiHiHO 3pocTac 3 yacoM 3a 3akoHoM By = af, e o = 10 = Tafe. Sk mae
3MIiHIOBATHUCS 3 YacoM IHAYKUi OQHOPIAHOro MarHiTHOro nosas B ycepeauHi
uuningpa (puc. 3.74), wob eneKTpoH pyxascs Mo Kojy pazgiyca r = 15 cMm?
Y no4aTtkoOBHil MOMEHT 4acy WBUAKICTb €JEKTPOHA OPIBHIOBAIA HYNEBI.

3.386. Hanpy>xeHIiCTb OAHOPIAHOIO E€NEKTPUYHOIO NONA BCEPEAUHi MJIOC-
KOI'0 KOHJAEHcaTopa — ABOX KpYraux nnacTvH pagiyca R = 10 cm (puc. 3.75) -
NiH1HHO 3pOcTae 3 Hacom 3a 3aKOHOM E = o, Ae o = 9-10'° B/(m-c). Yomy
NOpiBHIOBaTUME IHAYKLUIS MarHiTHoro mons B ycepeauHl KOHAeHcaTopa Ha
BIACTaHI Bij iloro oci: a) r; =5 ¢cM; 6) ro = 15 cM?

3.387. Ilin 4ac 3apsamxkaHHs KOHAEHCATOpA 3 KpyriMMH napaneibHUMH
naacTuHaMu pagiyca R = 10 cm no nposiaHUKY, IO 3’€QHYyE NIACTUHM, NPO-
XoauTh cTpyM cusoto / = 0,5 MA 3a yac t = 2 mc (puc. 3.75). OGuncanrtu Ha-
npyxeHictb £ eneKTpuuHOro Ta iHAyKuio B MarHiTHoro monie y mpocrtopi

MiX NAaCTUHAMMU Ha BifcTaHi 7 = 5 cM Bix #oro oci.
| 3.388. Hanpyra Ha oOknaakax Kpyriaoro rnjiocKoro KOHAeHcaTopa 3pocTae
3 yacoMm 3a 3akoHoM U = af. Pagiyc obknanok R, siacrans mik HumH d. [o oci
KOH/IelCaTopa BCTAHOB/EHO HeBEMUKUI LMNIHAP 3 AlienekTpuka paniyca r < R
3 lieIEKTPU4HOK NPOHUKHICTIO £, BusHaunTu iHayKiito MardiTHoro mons Bg
Ha GiyHi¥i moBepxHi uMAiHApa i B, Ha KpalO KOHAEHCATOpA.

3.389. Cepenosuie Mixx o6Kknaakamu nnockoro Konaencaropa emuictio C
Ma€ AIeNeKTPUYHY NMPOHUKHICTL € | HEBENUKY efeKTponposiguicts ¢. [0
oOknagok kxoHaexHcaTopa npuknazeHa pisHuus nmoTeHuianis U, micna 4oro
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goHn Oynu isonbopani. Beranosutu
3aKOH 3MiHK 3apALy 3 4acOM HA KOX-
Hiii 3 OOKNMAmOK i Cuy cTpymy 3Mi-
meHHA Ly, AKUHA NPOXOOUTH Kpi3b
KOH/IEHCATOP.

3.390. Hosruii npamMuii coneHoin
Ma€ 7 BUTKIB HA OAMHULIIO NOBXKHHMU.
[To HEOMY MPOXOAUTE 3MIHHUIN CTPyM,
cuna akoro / = I sin oi. Busnayutn
TYCTHHY CTPYMY 3MilIEHHS Ju SK
¢yHKuiro BincTaHi 7 BiJl oci coneHoina. Paniyc nepepisy conexoina R.

3.391. Toukosu¥i 3apsz g > 0 pyXxaeTbCa 3 HEPENATUBICTCHKOIO LIBUAKICTIO
v = const. BU3HAYUTH FYCTUHY CTPyMY 3MIlLIEHHS Jay, L0 YTBOPIOETHCS 3aps-
aomM nobau3y TpackTopii Ha BIACTaHI r BiZ HHOTO.

3.392. Uu icHye Takuii po3nonin eneKTpUYHUX 3apaiB, 110 CTBOPIOE EEKTPO-
CTaTUYHE Nnofe 3 HanpyxeHicTio: a) E = xyi + (3x2 -3 yz)j; 0) E = kyi — kxj?

3.393. Yu moxe iCHyBaTH eNneKTPOMArHiTHE none, ke BUPaKEHe PiBHAH-

] f
- HAMM: E.,=E, =0, E.= _JIn_S_COS(y -ct); B = 5—;— cos(y ~ct),
0

B, =B =07

MprHuKMn BigHOCHOCYI B eneKkTpoaKHaMili

3.394. Ski nocniaHi gakTi NiATBEPHKYIOTH HE3ANEXKHICTh 3HAUEHHS 3apany
BiA WwBKAKOCTI pyXy Horo Hociip?

3.395. 3apsmieHa yacTHHKA pyXa€ThCs 31 CTANOW WBUAKICTIO. Ynm Bizpis-
HAOTLCA eeKTPUYHI NONA YACTHHKKU B CUCTEMi CMOKOK) YAacTHHKY Ta B nabo-
PaTtopHiit cucremi Bigaiky?

3.396. V BakyyMi pyxa€TbCA 3apsKeHa yaCTUHKA 31 CTANOK LIBUAKICTIO
BimHocHo K-cuctemy. Ipn ubOMy B AesKiii Touui mpocTopy B Liff cucTemi
CnocrepiracThcsa 3MiHHE 3 YaCOM ENEKTpU4He noje. Yu o3Hauae ue, 1o BKa-
3aHa yacTMHKA BUNPOMiHIOE enekTpoMarHiTHi xsuni? Yu 3MiHUTBCA Biano-
Biflb, KO YACTHHKA PYXaTUMETHCS 3i CTAIOW WBUAKICTIO B CEPEAOBULLI?

3.397. EnexTpoeMHicTb NAOCKOro KOHAEHCATOpa B CUCTEMi BiAniKy, Bij-

_ HOCHO skoi Bin nepeGyBac B cTaHi cnokoto, C = 3 n®d. BusHauuty iioro enex-

i

TpoemuicTs C' y cucTemi Biniky, ska pyXacTbcs BilHOCHO KOHAEHCATOpA 3i
WBunkicTio v = 0,2 ¢ TaK, o BEKTOp V 3a/IULIAETLCA napajienbHum obkian-
kam konpeucatopa.
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|
3.398. Piznuia noTeHujianis Mixk oOkiagkamMu MAOCKOro KOHAEHcAaTopa 311
cucTeMi BiANiKy, BIAHOCHO sKoi BiH nepebyBac y ctaHi cnokoto, U = 25 B.!
SAka pizHuuyg norenuianis U’ mick obknaakaMu LbOro caMoro KOHAEHCATOpaA B 1
CUCTEMi, BiIHOCHO AKOI. BiH pyXaeTsca 3i wBKakKicTio U = 0,2 ¢ nepneHamky- |
nApHO 10 Horo oOknanok?

3.399. V npuckoptoBayi Ha 3yCTpiYHUX NyYKax eNeKTPOHHU PyXatoThCA Ha- |
3yCTpiy OAUH OHOMY. EHepris enekTpoHiB y KoxxHOMY 3 nyukis £=3,5 ['eB, |
Y ckinoku pasis n BiAPI3HAIOTECA FYCTUHH CTPYMIB y KOXKHOMY 3 My4KiB y -
naboparopHili cucTeMi Ta B CUCTEMI BifTiKY, 38°83aHill 3 O4HUM i3 my4KiB?

3.400. MapanenbHo 3apamkeHii HuTUi 31 WBuakicTio UV = 0,8 ¢ BinHOCHO
HUTKH PYXa€ThCA O-4aCTUHKA. BusnauuTu cuny F', w0 ai€ Ha 0-4uacTUHKY B
cucreMi Bianiky, B fKili yacTuHka nepebysac B cnokoi, a Takox cuny Fy cuc-
TEMi CMOKOIO HUTKH. Y3J10BXK HUTKM po3nofineHud Mo3uTuBHu# 3apan 3
niHifHOWO ryctuHolo T = 25 MKKn/M y cuctemi cnokoto HuTku. Bincrans, Ha
AKiii nepe0yBac oi-yacTHHKA Bil HUTKH, 7 = 5 MM.

3.401. Y3n08X 10Broro CTpi>kHs piBHOMIPHO po3noaineHui 3apan, niHiHa
ryctiHa akoro t = 5 MKKa/mM. OBuHCcAUTH Hanpy>KeHICTb €NEKTPUUHOrO Mons
E’ Ta inayKUjilO MarHiTHOrO Mo B’y cUCTEMI Bi[UTIKY, KA PyXacTCA BiZIHOCHO
CTPH>KHA 31 wBuakicTio v = 0,6 ¢ y310BX HOro oci, y Touli, 110 neXuTs Ha Bij-
CTaHi 7 = 5 CM BiJl OCi CTPHIKHA,

3.402. EnexrpuuHuii 3apsan piBHOMipHO po3noanineHuii no o6’emy napa-
¢ivosoro uuninapa paaiyca R = 2 cM. O6’eMHa rycTvHa 3apsay uMaiHapa
p = 2 mKa/M®, Liuningp pyxaeTbes B3ROBXK CBOET OCi 3i WBMAKICTIO U =
= (0,4 ¢ BigHOCHO nabopaTopHOi cucTeMu Bianiky. Busnauutu mopyni #
HaNpAM¥ BEKTOpIB HANPYKEHOCTI €NEKTPUYHOro Ta iHAYKUii MardiTHOro
nonis y naboparopHi¥i cucTeMi BifNiKy B TOYKax, L0 Nexarb Bif oci uuaiHapa
Ha BiacTaHi: a) r; = 1,5 ¢cMm; 06) ., = 2,5 cm.

3.403. B inepuiansHiii K-cUcTeMi y CTaHi CTIOKOK MICTUTLCA JUNONb, eNeK-
TPUYHUA MOMEHT AKoro p. = 0,1 HKn‘M. O64yucnutu HanpyxeHicTs £’ enekT-
PUYHOrO Ta iHAYKUi0 B’ MarHiTHoro nonis B iHepuianbHifi K'-cucremi, fka py-
Xa€eTbeA BIQHOCHO K-cHCTEMH 3i CTalow WBUAKICTIO U = 0,6 ¢ nepneHauKkyasp-
HO A0 €NEKTPHYHOIO MOMEHTY AMMONA, Y TOYL, 11O JEXKUTH: a) HA Oci AUMONs
Ha BiACTaHi 7) = | M BiJ foro ueHTpa; 6) Ha NpsAMiii, AKa nepneHaAUKyIgpHa 00
oci Aunons # MpoxoauTh Yepes foro UeHTp, Ha BiacTaHi , = | M Bin UeHTpa.

3.404. Y3108BX HeCKIHYEHHOT NPOBIAHOI MAOLIMHU MPOXOAUTH NOBEPX-
HeBu¥ cTpyM. Cuna cTpyMy, AKa MpUNAZAE HA OAUHULIIO AOBXKHHU MIOMIM-
HU B Hanpami, NEpNEeHAMKYAspHOMY A0 HampsaMy cTpymy, J=1 kA/M.
3acTtocyBasliu (hopMynu MepeTBOPEHHS MONiB, BU3HAYMTH iHAYKUilO Mar-
HITHOTO MoAas B, fiKe CTBOPIOETLCA TAKUM MIOCKUM CTPYMOM.
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3.405. KonoBuii npoBigHuK 31 CTpyMOM paniyca R =5 cM i MarHiTHUM Mo-
MEHTOM py = 1,5 A-M’ nepebyBac y craHi cnokow B nabopaTopHiii cucTeMi
gianiky. BusHauuTu HanpyKeHiCTb £’ eneKTpu4Horo ta iHgyKuito B’ marHir-
HOPO TOJIB Y CHUCTEMI BIZJIIKY, SKAa PyXa€TbCA BIZHOCHO NpOBIAHUKA 31 LIBW-
gictio v = 20 M/c nepneHAUKYNAPHO JO HOFO OCi, Y TOYLI, 1O JIEXKHTL HA OCi
KONIOBOTO NMpOBifHMKA HA BiacTaHi » = 15 ¢cM Bif ioro uenTpa. Beaxaru, 1o
eNneKTPUYHOIo MoJis NPOBiAHUKA B HOFO CUCTEMI CMOKOIO HEMAE.

3.406. OnHoliMeHHI TOYKOBI eNleKTPUYHI 3apAMH ¢ i ¢ PYXAKOThCA napa-
JIENBLHO OAMH OQHOMY 3i LUIBUAKOCTAMM V) i vo. BusHauuTu cuny, 3 Kok xie
nepluuil 3apan Ha apyru# y nabopaTopHid cucremi BijIiKy B To MOMEHT
gacy, KOJI4 BigcTaHb Mk HUMU € HalMeH1Loto,

3.407. [loruii ConeHoIn, CUlIa eNeKTpHYHOTO CTpyMy B AKoMy [ = 0,2 A,
KinbKICTb BUTKIB 7 = 10° Ha ORUHHMLIO JOBXHHH, PYXa€TbCA NeprneHaAnKynap-
MO 10 CBOEI OCi 31 LWUBUAKICTIO U = 3-10" m/c. Busnauntu iHAYKLiO MardiTHo-
ro nons B coieHOIAa B cUCTEMI Bianiky, BIZHOCHO AKOI BiH pyxaerncs. Yomy
JOpiBHIOE 1 SK HanpAMIIEHAa HANpPYXEHICTb enekTpuyHoro nons E, sAke cno-
CTepiracThCs B Uil cUCTEMI?

3.408. [losru¥i npsamuii npoBiZHUK 31 CTPyMOM, cuna skoro /= 2.5 A, py-
XacTbes 3i WIBMAKICTIO ¥ = 3 M/C BIZHOCHO nabopaToOpHOI CUCTEMM BilUTIKY
B3JIOBX HanpsMy cTpymy. OGUYuCIUTH HANpPYXeHiCTb £ eneKTpUYHOro Ta iH-
AYKLito B MarHiTHOro mojis y TOYHi, WO JEXUTh Ha BiACTaHI » = 5 cM BiA
AposigHuka y nabopatopHii cucTeMi Bianiky. Beaxaru, 110 enekTpuuHOTO
T0/IA B CUCTEMi CITOKOKO NPOBIAHUKA HEMAE,

3.409. B iHepuiansHi¥i K-cucteMi iCHYIOTb ABA B3aEMHO NEPNEHAUKYNAD-
HHUX Mosif — eNleKTpHYHe, HanpyXeHicte akoro £ = 30 kB/M, ta MaruiTue, iH-
AyKuis skoro B = 25 MkTn. 3 SKolo WBHAKICTIO ¥ '
Mae pyxatuce K'-cucrema, 11106 y Hill peectpysao-
CR: a) TinbKKU eNeKTpHuHE none; 6) TinbKU MarHiTHE
none? Bsaxat, 10 BEKTOpP V MEPHnEHAUKYNAPHHH
HoEiB.

3.410. Ha puc. 3.76 306paxeHo TaK 38aHy yHirno-
JBIpDHY MaliuHy, OCHOBOIO AKOI € MOCTiHHUA uuniHz-
PHUHUi MarHiT, 110 06epTacTbCa HABKONO CBOET OCI.
Axwo 3a fonomoroio konTakTis A4 i B, 5Ki KOB3al0Th
O nmoBepxui Maruity, 3’€qHaTH NPOBIZHUK 3 Bicco
Ta noeepxHeto MarHiTy, To B3AOBXK NposigHuka 4B
Upoiine ctpym. Sk MOXHA NOSCHUTH BUHUKHEHHS
Wkoro cTpymy?

185



Posgin 4. KOJIMBAHHA 1 XBWUII

4.1. KKHEMATUKA FAPMOHIYHOIMO KOMMBANBLHOIO PYXY

I"apMOHiYHE KOJIMBAHKA ONKUCYETHCH 3aKOHOM
x=Acos(w! + @) abo x = A sin (wpt + @), (4.1.1)

1€ x — 3HAYEHHS BEUMHUHHU. IO 3AIHCHIOE KOMBAHKA, Y JaHUH MOMENT Yacy f; A — aMmnis
TyAa; we!f + ¢ — (pa3a KOAMBAHL, TYT ) — LMKJiYHA YacToTa, w, = 2n/7, T — nepioa, ¢ ~
novarkosa (paza koimpaHb. (Y noaayibinx Gpopmyiax BUKOPHUCTOBYETLCS 3aKO0Il KOCHHYCA.)
[BuakicTe v i NpUCKOPEHNA @ TAKOX 3MiHIOIOTECA 3a TAPMOHIYHHUM 3aKOHOM

X =, (1) =— Awg sin (we? + @) = Awg cos (et + ¢ + 7/2),

. 2 4 (4. l .2)
X = a, (1) =— Awgcos (wyf + @) =—wgy.x.
3aK0H rapMOHIYHUX KOMWBAHL Y KOMIIEKCHiH (hopmi
% = Ae" = fl@nl*o) (4.1.3)

ae A — komnaexcHa amnaityna, A = Ae'®

JonasaHHs ABOX rapMCHIMHMX KOJHMBAaHb OJXHAKOBOID HAHPAMY 3 ONHAKOBUMH 4HacTo-
TaMy:

a) aMIUTITY3a pe3yJIbTYIOHOT0 KONUMBAHHSA

A= JAZ + 42 + 24,4, cos(@, —0,) ; (4.1.4)

0) nouarkosa (paza pe3ysbTYIOHOT0 KOJIMBAHHS

A sing, + A, sing,

: (4.1.5)
A cosgy + A, cos g,

¢ = arct

PisHsHus TpaekTopil TOYKH, 110 oaHOYAacHO Oepe y4wacTh Y ABOX KOJIMBaHHAX OAHAKO-
BOI YACTOTH, HANPAMU AKUX € BIAEMIO NEPICHANKY IIPHUMM:

X VL,

3

Al: Az A[ Az

cos (9, = @) =sin* (@, ~ ;) . (4.1.6)

KinemaTuka rapMOHiMHMX KONKBaHbL

4.1. Touka 3aiiiCHIOE rApMOHiYHI KONWBaHHA 33 3aKOHOM X = 4 sin (0,57t +
+ 0,25m), ne x — 3MiLEHHA, CM. 306pa3u"m Ha OIHOMY PUCYHKY Y Bl.unosul-
HoMy MaciluTabi rpadiku 3anexHocti Bia 4yacy 3MilEHHS X, WIBUAKOCTI Uy i
MPUCKOPEHHS dy. SIK CMiBBIZHOCATHCA a3k KONUBAHb LIUX BENHYUH?
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4.2. Ha puc. 4.1, a - ¢ 306paxeHo rpadiki rapMOHIYHUX KOJUBAHb.
Jina KOXHOTO rpadika obuncnutu nepioa 7, yacrtory v, aMnaityay 4, no-
yaTkoBY a3y ¢ KONUBaHHSA, @ TAKOX 3MILICHHA X Bi/J NONOKEHHS piBHOBA-
i yepe3 NEAKHil Yac f micas moyaTKy KOXKHOro 3 KONMBaHs: f, =6 ¢, t5 =
=200 c, &, = 2,5 ron. 3a rpadikamMu rapMOHiYHHUX KonuBaHb (puc. 4.2)
SCTAHOBUTH 3aKOH PYXY KOXKHOFO 3 HUX.

" 4.3. 3anucaty 3aKOH rapMOHIYHOTO KONUBAILHOIO PYXY, AKLIO WIBHAKICTS
TOYKHM B MOMEHT MPOXOKEHHA MONOXEHHS PIBHOBArU Umay = 3,14 cM/c, nepi-
on konuBaHb T'= 4 ¢, 3MilLleHHs TOYKH BiJl MONOXEHHA PIBHOBAr! y OYaTKo-
piait MmomeHT uyacy x(0) = 1,41 cM, a Toyka pyxaeTbca Mpy UbOMY: a) Bia MoJo0-
jkenHs piBHOBary; 6) 10 NONOKEHHS pPiBHOBArY.

4.4, AMONITY A FADMOHIYHMX KOAUBaHb TOYKM 4 = 5 cM, amnaiTyna
BIBUAKOCTI Umax = 7,85 cm/c. OOUMCAUTH LUMKAIUYHY YACTOTY ©® KOJAUBAHD i
MaKCUMalibHe MPUCKOPEHHA Qpax TOUKH.
% 4,5, Touka 31iliCHIOE KONHBaHHA 32 3aKOHOM CHHYca 3 nepiogom 7 = 12 c.
:" Y -AEAKUH MOMEHT Yacy 3MILUEHHA x To4uku aopisHiosano 1 cM. Konu ¢asza
.. fonuBaHb 36inblIMnacs yaBivi, WBUMAKICTS U TOYKM CTana AOPiBHIOBATH
. /6 cm/c. BusHauuTu amnnityay 4 KonuBsaHb.
E':,:’}" 4.6. Touka, 110 30iHCHIOE rapMOHiIYHI KOMUBAaHHA 33 3aKOHOM X = A COS X
= ot + @), ne x — IMitleHHs, CM, Y NEBHHI MOMEHT 4acy f; Mac 3Ml[].lEHH5I x| =
5‘*4 CM, WBHIKICTL U; =5 cM/c i mpuckopeHHs a; =-80 cm/c’. Busnauutu:

qﬁnmqynyA i nepion T konuBaHb TOukH; a3y KONUBAHL Wf; + @ Y MOMEHT
_ ,',l@cy IO PO3rIaAacThCA; MAKCUMATbHI LBHAKICTb Upaxy T2 MPUCKOPEHHS Gy

'e'mtllm, yac At MPOXOMKEHHS LNAXY, IO JOPIBHIOE NMOAOBUHI aMMOAITYAM

EONKBaHL npu pyci: a) 3 MONOKeHHa piBHOBaru; 6) 3 TOUKHM, KOOPAWHATA
. [-'}.

%l

mg \z200 300 400tc

Puc. 4.1
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KOl x = A2, y Hanpami Bii NOJOXEHys
pIBHOBAru.

4.7. Touka 3AiACHIOE KONUBAHHA 33
3akoHom x = 10 sin 3¢, ne x — 3Mil_ﬂEHHa
cM. Y neskuil MOMEHT qacy MPUCKOPEH-
Hsl CTAHOBUIO ay = 45 cm/c’. Busnaunmy
MOZY b WBUAKOCTI |U;| TOUuKH B el Mo-
MEHT yacy.

4.8. Touka 3nificHIOE KONMUBAHHA 13
3aKOHOM X = A cos (w? + @), ne A = 4 cMm. Busnauutn nouarkoy ¢asy ¢,
akwo: a) x(0) = 2 cm, ¥(0) < 0; 6) x(0) = -2 cm, Y(0) < 0; 8) x(0) = 2 cm,
v(0) > 0; r) x(0) = — 2 cM, ¥(0) > 0. [lo6yaysaTu BeKTOpPHY niarpamy Anas Mo-
meHTy uacy ¢ = 0.

Puc. 4.2

NopnasaHHa KONUBaHL

4.9. BCcTaHOBUTH 3aKOH PYXY, IO 3MIACHIOETBCA BHACAINOK N0OJaBAHHA
JABOX OJJHAKOBO HAMpPAMJIEHUX FrapMOHIYHUX KONWBAHb, SKi 3a0aHI PIBHAHHS-
mu: @) x; = 5 sin (10¢ + 0,757n), x, = 6 sin (107 + 0,25%); 6) x; = 2 sin 2f, x» =
=4 cos 2t, ne x;, X, — 3MIIULEHHS, CM.

4.10. Touka 6epe yyacTb OIHOYACHO Y ABOX KOJUBAHHAX OJAHAKOBOFO Ha-
npamy, AKi BiAOyBalOTbCA 3a 3aKOHaMU X = A c0s ®f 1 Xy = A cos 2wt. BusHa-
YWTH WIBHAKICTE U 1 MPUCKOPEHHA a ToUku uepe3 yac { = T/12 nicns noyarky
KOJIMBaHb, @ TAKOX MAKCUMANIbHY WIBUAKICTH Unpax TOUKH.

4.11. Kopuctytouucb METOAOM BEKTOPHUX JiarpaMm, BU3HAYUTH aMnaiTy-
Ly pe3ynbTYHO4Or0o KONMBAHHA MPH NOAABAHHI OJHAKOBO HANpPAMIEHUX KO-
nyuBaHb: a) x; = 6 cos (nr + w/2), xo = 8 cos nt; 6) x; = A cos (&f — @), x2 =
= A4 cos (ot — ¢ + n/2), x3 = A3 cos (of — ¢ + ) 32 1oAATKOBOI YMOBHU A >Aj3,
a moyarkosa (pasa pe3yNbTYHOUOro KONUBAHHA MAc JOPiBHIOBATU Hynesi;
B) X1 =5 cos @, x» =5 cos (®f + n/3), x3 =5 cos (¢ + Tn/6). 3anucaTu pis-
HAHHS pe3ynbTYIOUOTro KONMBAHHSA B KOXXHOMY BUNAAKY.

4.12. Kopuctytouuch METOIOM BEKTOPHUX Hiarpam, AOAATH BENUKY Kifb-
KiCTb 71 OZHAKOBO HaNpPAMIEHUX FAPMOHIYHUX KONUBAHDL: ) AKLIO aMnaiTyaH
KonuBanb dA,, dA,, ..., dA, € ONHAKOBUMMH, @ KOXKHE HACTYAHE KOJMBAHHA
BiacTae 3a (pa3oi0 Bif MOMEPENHLOTO HA OAHAKOBE Malle 3HAYEHHS, Tak Lo
pi3HULA (a3 NepLIoro i OCTAHHLOTO CTAHOBUTH T; 6) 32 TAKUX CAMUX yMOB,
ane amnniTyAu KOJMBaHb MOHOTOHHO 3MEHLUIYIOThCH, a ¢asu mepiuoro i oc
TaHHbOTO BIAPIZHAOTHCA HA 217,

4.13. Homy rapMoHiuHi KONUBAHHA 3py4HO ONKMCYBATH B KOMMNEKCHiHA (op-
Mi? fik BUKOpUCTATH 3aKOH AOJABAHHSA KOMIMJEKCHUX YMCEN i NOARABAHHA
rapMOHiYHUX KOMUBAHb?
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Puc. 4.3

4.14. Ha puc. 4.3 3006paxeHo rpadik, AKHid € pe3ynsTaToM AOAaBAHHA
ABOX TapMOHIYHHUX KONUBAHbL OKHOrO HANPAMY 3 OHAKOBUMH aMMiTy 1aMH if
fiouaTkoBuMH (pa3amu, L0 NOPiBHIOIOTL HyAeBi. BU3Ha4uTH aMnaiTyau 4,
i A7 Ta YaCTOTH M) | 2 HUX KOJIMBAHb.

4.15. Touka 3niiCHIOE OHOYACHO NBA rAPMOHIYHUX KONWBAHHA, AKi BiaOy-
BAIOTLCA y B33EMHO NEpNeHANKYASIPHUX HAMPAMAX | ONUCYIOTHCA PIBHAHHAMU:
) x =5 sin o¢, y = 2 sin of; 6) x = A4, sin ot, y = 4, sin o(f + 1), ne 4; = 2 cm,
Ay =1 cM, m=nc"], t=0,5c; B) x =2C0s O, y =—COS 20, TYT X, ¥ — 3IMILUEHHA,
eM. 3anucaTH piBHAHHA TPAcKToOpii pyxy Touku Ta nobynysatu ii, BKasasLlu
HanpsiM pyxy.

4.16. Touka pyxa€TbCca Mo KoAy pajiyca @, UEHTP AKOro MICTHTLCA B MO-
QATKY KOOpAMHAT, 3 KyTOBOI LIBHAKICTIO ®. Ha sKi nBa pyxu MoxXcHa po3-
ERACTH pYX W€l TOUKH, AKILO BOHA PyXacThCA: a) 32 PyXOM CTPIIKK rOAWHHH-
Ka; 6) MpoTH pyxy CTPiJiKi FORUHHUKA?

4.17. JIsa kaMepTOHH 3By4aTb OAHOYACHO, X YacToT# v = 256 'y i v, =
=258 I'u. BusHauuTu nepioa T 3MiHU pe3ynsTyHO4OT aMNAITY AU

4.18. Touka 3AifiCHIOE OAHOYACHO ABA TAPMOHIYHUX KONUBAHHA, AKi Bij-
OyBaloTbes y B3aEMHO MEpneHAUKYISPHUX HANPAMAX i OMUCYIOTHCS PiBHSAH-
HAMU x = A4 sin wt i y = A cos 2wt. BcTaHosu-
TH pIBHAHHA TPACKTOPii pyXy TOYKH, a Ta-
KOX Monyni IIBUAKOCTI U i MPHCKOPEHHA a
TOUKH aK PyHKLil yacy .

4.19. Kyabka 3akpinieHa, 1K Moka3aHo
Ha puc. 4.4. XopcTKiCTb yCix MpyXHH €
OAHaKosow. YV MoMeHT vacy ¢ = 0 KyabLi
HanawTs ropusoHTaNbLHOro iMMNynsCy, a
Konu sowua piitne no KpaifiHbOTO MONOXKEH-
Hi, Tl gomaTkoBO HAJAIOTH TAKOTO CAMOTO
32 MopyneM BepTMKansHOro iMMyJbCy.
Axy TpacKTOpito onucye Kynska? Sk 3Mi-
HMTbeq Binnosiak, AKINO: @) BEPTUKANLHUI Puc. 4.4
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iMnynbc Ginblunii (MERLUKIT) 32 rOpPU3ORTANIBHUIA; 0) XOPCTKICTb BEpPTHKANL:
HUX | POPU3OHTANBHHUX NPYXHH BIAPI3HAETLCA? BBaXkaTh, 110 HA KYNbLKY AilOTy
CHIM TiNbKH 3 BOKY NpyxHH.

4.20. B enextpoHHOMY ocuunorpadi €neKTPOHHHWH MPOMiHb BiaXu-
NAETLCA Y ABOX B3aEMHO NEPNEHAMKYNApHUX Hanpamax. KonusauH4 npo-
MEHSI ONUCYIOTHCA PIBHAHHAMU X = A4 sin 3¢, y = A4 cos 2w!. [1obynysarty
TPAEKTOPIIO CBITHOT TOMKH Ha eKpaui, Rolepxyrouyucs macutady. [puiinamy
A =4 cm.

4.2. QAUHAMIKA TAPMOHIYHAX KONUBAHbD.
FAPMOHIYHWWA OCLUMWNATOP

Cuna, nia ai€io saxoi cucTema 3aiHcIOe rapMoHidHI KONUMBaHHA (KBa3iNpyxHa, abo no-
BEPTANBHA, CHIIA), MPOINOPUiiiHA 3MIIUECHHIO H HANPAMIIEHA NMPOTHIIEKIO A0 HBOTO!

Fo=—kx, (4.2.1)

ae k - mocTiduuil kKoedillieHT KBA3UIPYHHOT CUITH; X — BIAXMJICIIHA CUCTCMU Bi 110JI0KCHHA
PIBHOBArH.

PyX OMHOBUMIPHOIO rapMoOtiYHOTO OCUMIATOpA MACOI0 m OMUCYETLEA AudiepeHiians.
HUM PIBHAUHAM

m¥ =—kx, abo ¥+w0ix=0, (4.2.2)

PO3B’A30K SAKOrO Mae BUrisan x = A cos (wg! + @), 1€ )y — BIIACHA 4aCTOTA FAPMOHIYHOTO
OCUMIISATOPA.

flepionu rapMOHIYHUX KONMWBaHL MPOCTUX KOJNHBAILHUX CHCTEM:

a) NpyXUitioro MasTHUKa 3 KOCDILIEHTOM XKOPCTKOCTI MPYXUHY k

T= Zn\@; (4.2.3)

0) MaTeMarTHYHOro MasTHUKA 3aBA0BXKKY [

Pt | (4.2.4)

g
B) (i3uyHOro MajsTHUKA 3 MOMEHTOM iHepuii / BiZHOCHO OCi KoNMBaHL i BiACTAHHIO 4
BiJl LIEHTPa Mac TiJ1a 10 TOMKY MiABICY

T (4.2.5)
mga

) KPYTHNILHOTO MAATHUKA 3 MOMEHTOM iHepuii / BIRHOCHO OCi KONMBaHB i KOPCTKICTIO
D TOHKOro CTPWXKHA HO BIRHOUWIEHHIO 10 KPYTiHHS
{

T=2n [—. 42.6)
n D (
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(azosa MIOLIHMHA OCUMIATOPA — ABOBUMIPIMH MPOCTIp, ocAaMuU Akoro € X i X/, .
KinernyHa i MoTeHuiatLHa eHeprii rapMOHi'THOro OCUUIATOPA

2 2 .2
W= = Bed sin® (wot + 9); (4.2.7)
2 2
2 2
= 2 s gt (4.2.8)
2 2
[ToBua eHepris ocuunATOPa
2 42
E= -—-—-"’“’;“' . (4.2.9)

Slxiuo MOBHA €HEpris CUCTEMM BUPAKACTHCA KBAAPATHYHOIO (PYHKUIEW BIR AEAKOT
aMiuHOi g Ta ii noxiaHoi 3a yacom ¢ i 36epiraeThes, a came:
o .2
E=—qg* + -B-q“ = const (4.2.10)
2 2
TOl CHCTEMA 3AIACHIOE rapMOHIYIT KOMMBAHHA ¢ = g, COS (M7 + @) . HMKITIYHA YACTOTa AKUX

w=[—. 42.11)
5 (

BenuunHy g Ha3uBalOThL Y3arajJbHEHOIO KOOPAMHATOW (3MILLEHHS, KYT MOBOPOTY TO-
o), @ i p — nogaTHUMK CTANUMMU,

JIOBINBLHUI PyX KOJNMBAILHOT CUCTEMM 3 KiJIbKOMA CTYMEHAMM BiNlpHOCTI (3B’13aH1 Oc-
BHIATOPH) MOXKHA 306pasuTH K CYNMEprno3uiliio HOPMATLHUX KOJMBahb (MoA). Y cHcTe-
MaX, AKi MICTATH N 3B’ A3aHUX rapMOHIYIIMX OCUMIATOPIB, KiALKICTE MO A0PIBHIOE M.

Cuna ta eHepria B rapMOHiYHAX KONWBaHHAX
4.21. MarepiansHa To4ka, maca sikoi m = 50 r, 3nilcHIOE KOnUBaHHA 3a 3a-

. s . T
KOHOM x = IOSII}[ZI +§], Je X — 3MILUEHHA, cM; 2/ + 3" apryMeHT cuHyca,

Pan. BusHauuTu MakcuMmanbHi 3HAYEHHS CHJIM Flyay, WO NOBEPTAE TOUKY B
TOM0XeHHs piBHOBArY, i KiHeTHYHOT eHepril Wimax.

4.22. O6unciauTH NoBepTansHy cuiny F y MoMeHT yacy £ = 1,25 ¢ Ta nos-
HY MexaHiuny exepriio E marepianbHol Touky, maca skoi m = 10 r, a konu-

s T T .
BAHHS 371 HCHIOIOTLCA 33 3aKOHOM X = 0,1cos (a-t +E) , 1€ X — 3MILIEHHA, M.

4.23. Marepiansya To4ka, Maca skoi m = 10 r, 31iliCHIOE rapMOHiuHi Ko-
uBaHHa 3a 3aKkoHoM kocuHyca 3 nepiofioM T = 2 ¢ i no4aTkoBow (asor
? =0. [TosHa mexaniuHa eHepris Toukn £ = 0,1 mJDx. BuzHauutu amnnityny
KOmBaub 4 i 3anucaTi 3akoH pyXy Touku. OOUHCIHTH MAKCHMallbHE 3HAUEH-
HA Fjax CUITH, 10 i€ HA TOUKY.
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4.24. MarepiansHa Touka 3AiHCHIOE rapMOHi4YHi KONMBaHHR 332 3aKOHoM
x = 0,1 sin 2t, ne x — 3millleHHA, m. Y MOMEHT Yacy #;, KoM Cuia, 10 i€ Hy
Touky, HabyBae 3HaueHus F, = —0,01 H, Touka mae noTeHuiaibHy €Heprilg
U, = 0,2 mIx. BcraHoBUTH Leill MOMEHT yacy il BiANOBIAHY a3y KOJAMBAHHY,

4.25. Ha marepianbHy Touky, maca skoi m = 10 r, 10 pyXa€Tbcs B3A0BK
oci Ox, nie cuna F, = 0,02 — x, Ae x — KoOpauHara, m; Fy — cuna, H. V noyarko-
BMit MOMEHT yacy £y = 0 MaTepianbHa ToYka nepebyBaia B NOMOXKEHHI, IKE BU3Ha-
Yanocs KooparHaToro xo = 0,02 M, i i Oyo HanaHo iMnyascy pp =41 0~ krmlc,
BcrasoBuTH, fkuil pyX 34ificCHIOE TOYKa, Ta 3anucaTd AudepeHuiansie pip-
HRHHA 1T pyxy. Skiii koopauHaTi Xy BIANOBIAE NONOKEHHS piBHOBaru? 3anucary
3aKOH pyXy TOMKHM. 3HaiiTH noBHY Mexaxiudy £ i noreduiansuy U edeprii Touku
B MOMEHT yacy f; = 2 C.

4.26. MatepianbHa Touka, Maca skoi m = 10 r, 31iACHIOE rapMOHiUHi Ko~
NuBaHHA. AMNIITYAa KonuBaHb A = 3 cM, yactota v =10 ¢ ', nouaTkosa (asa
konuBaHb ¢ = 0. BcTaHOBUTH 3aKOH, 3@ AKHM 3MIHIOETLCA cHna F, 1O A€ Ha
TOYKY. BU3HAuUMTH MOBHY MeEXaHiyHy eHeprio E TOYKH, 3HaYeHHs AiK4Yoi
cunu F Ta BigHOLIEHHA NoTeHLUianbHOT eHeprii Ao kiHeTuyHoi U/Wy nns
MOMEHTY 4acy, KOJIM TO4YKa BiAXHJIEHa BiJl NOA0KEHHS piBHOBAru Ha x = 2 cM.

4.27. SIxe cniBBiAHOLIEHHS ICHYE MIXK CEpeAHiMH 3HAYEHHAMU KiHETHYHOI
(w,) i noTenniansHoi (U) eHepriit y rapMOHiuHMX KONUBAHHAX?

MaremaTruuuui | PiaUyHUR MARTHUKK

4.28. Kyabka nmiaBilieHa Ha HUTLI 3aBAOBXKYN [ = 2 M, I BimxunsioTh Ha
KyT a = 4° i cnocrepiraloTh KoauBaHHA. BU3HAUUTH WBMAKICTL KYABKM Nijl
Yac, MPOXOPKEHHS HEM MONOKEHHS PIBHOBAry, BBAXAKOYY KOJWBaHHA He3ra-
caloyMMH rapMoHiyHumu. [lepeBiputH po3B’a30K, 00YMCAMBIUM WIBUAKICTE
KyJIbKH 3 DIBHAHbL MEXaHikH.

4.29. Kynska macow m = 20 r, o nigpilieHa Ha i3010BanbHiif HUTLI HA
BUCOTi A = 15 cM BijJ BEIWKOT FOPU3OHTANLHOT MPOBIAHOT NIOLLMHM, 3AiHCHIOE
mani koJuBaHHd. [Ticlg Toro sk Kynbli Hananu Aeskoro 3apsaay g, nepion Ko~
NuBaHb 3MiHUBCA y N = 3 pasu. Buznauuty 3apan q.

4.30. BcTaHOBUTH 3aKOH, 3rifIHO 3 SKHMM 3MIHIOETHCH 3 YaCOM CUlla HATATY
F HUTKH MaTeMaTH4YHOro MasTHHKA. MaATHMK KONMBAETHCA 3a 3aKOHOM
o =0, COS ®f, Maca iloro m, NOBXUHa /.

4.31. 'oauHHKK, B AKOMY MeXaHi4HHUH MaATHUK BiAperynn0BaHo Ha nesHy
YacTOTY, NIAHANM Ha BHCOTY A = 25 KM Haj noBepxHero 3emiti. Ak 3mMiHaTHCA
NOKAa3aAHSA 11b0N0 roAMHHKKA NPOTAOM OJHIET FOAUHUY
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4.32. Cexynnnuii mastHuk (Tp = 2 ¢) BifiperynioBaiu Mpu TemnepaTypi

= ( °C. Ilpn axiii TeMnepatypi ¢ MasTHHK BiicTaBaTuMe Ha Ar = 0,5 XB 3a
ﬂoﬁy, AKLLO Temneparypunu xoeqnmem NIHIAHOTO pO3LLUMPEHHS MaTepiany
WHTKM MasiTHMKa o0=2-10 K '?

4.33. LiBax 3abuTo B cTiHy ropusoHTanbHO. Ha HLOro migBilieHO TOHKMIA
06py, AKUH KONMBAETLCA B MUIOLIMHI, mapaneneHii crini. Pagiyc obpyua R =
= 30 cM. O6uucauti nepion T konuBaHb 00pyua.

4.34. MatemaTHuHHH MaATHHK 3aBAOBXKKH [y = 40 cM | TOHKUH oaHOpia-
HUi CTPHIKEHB, 1OBXHHA sikoro / = 60 cM, 3AilCHIOTL Mani CHHXPOHHI KO-
AHBAHHA HABKOJIO NOPU30HTANLHOT Oci. BU3HAaYNMTH BiACTaHb X Bill LIeHTPa Mac
CTpHoKHA A0 €T oci.

4.35. OnHopiauuii auck pagiyca R = 30 cM 3AiiCHIOE KOAUBAHHSA HABKOJIO
ropH30HTANLHOI OCi, WO APOXOAHUTEH Yepes: a) OJHY 3 TBIPHUX LMAIHAPUYHOT
noBepxHi Aucka; 0) cepeiMHy OJHOro 3 padiyciB NepneHAUKyJIApHO A0 II0-
wmHy aucka. Axi nepioau T i T #oro konuaHe?

4.36. Ha ToHkii# HMTUI, KOBXHHA skoi / = 20 cm, migBilleHa Kyas paaiyca
R = 5 cm. O6uuMcaiO04M YacTOTy v KOJMBaHb LbOTO MasTHHKA, AOCIIIHUK
BBa)KaB #1010 3a MmaTeMaTuuHuil. Hackinbku noMuIMBCS ROCTIAHMK?

4.37. Ha xiHUuAX TOHKOrO CTPHIKHS 3aBAOBXKKH / 3akpinneHi Tarapli Maca-
MH m1; Ta my. CTpHXKEHb KOJIMBAETLCSH HABKOJIO NOPU30HTAIBHOI OCi, LUO Mpo-
XOOUTH yepes ioro cepenuny. Busnauntu nepion 7' KonvBaHb CTPHKHA, fK-
LO: a) CTPHKEHB HEBAromuii; 6) Maca CTPHXKHS m.

4.38. Jlifika 3 mickoM niABilieHa Ha HATLI. K 3MiHIOBATHMETHCA mepioa
KONKBaHb TAaKOr0 MagTHHUKA, AKUIO MiCOK BUCHMAETHCA 3 NiKK nocTynoso?

4.39. CtpyxeHb MoXe BiJIbHO 00epTaTHCs HaBKOJIO MOPH3OHTANBHOI OCi,
L0 MPOXOANTH Yepe3 floro BepxHii kiHeus. Hesenukuii Tarapeup MoxHa 3a-
KPITUIATH B Pi3HMX MicusX cTphkHA. SIK 3MiHMThCA MepioA KOMHBaHb, SKLUO
TArapenp i3 cCepeiMHH CTPHKHA NEPEMICTUTH Ha HOro HUXHIN KiHelb?

NpyxuHnuin manTHuk

4.40. Bpycok, maca skoro m = 0,5 Kr, I€XHTb Ha rnagkomy ctoni. Horo
FEIHAHO [OPH3OHTANBHOK MPYXKHUHOI KopcTKicTIo £ = 32 H/M 3i cTiHow
(PHC 4.5). YV noyaTkoBuii MOMEHT 4acy MPYXUHY CTHCHYJIM Ha Xo = 1 cM i
BimycTHN. BeTasoBUTH 3aKOH PYXY Gpycka. TepTaM HexTyBaTy.

4.41. Bpycok macoto M = 5 kr, AKKil NeKUTH Ha MIAAKOMY CTOMI, 3’ €AHAHO
TOPH30HTANBHOIO NPYKHHOI KOpeTkicTIo k£ = 150 H/M 3i criHow. Y 6pycok
BIIy4ae i 3acTpsic B HBOMY KyJid, Maca skoi m = 10 T, W0 JieTijia rOpH30HTAb-
HO B3110Bx OCi npyxuKM 3i WBKAKIcTIo U = 300 M/c. BCTaHOBATH 3aKOH PYXY
Opycka. Tepram nextysatu.

7 314
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4.42. Jlo cnipansHOl Npy>XHWHW NiABILUEHO TATapeLs, BHACAI 0K YOro npy-
KuHa posTardynacs Ha Ax = 9 cm. Slkam Oyae nepioa 7 konuBaHb TArapus,
AKIO HOro BIATAMHYTH BHU3 BiJl NOJOXKEHHS PiBHOBArM, a MOTIM BiANycTUTH?

4.43. Hackinbky po3TArHETHCA CAipafibHA NPY)KHHA Y pas3i HaBaHTaXeHHS
il Tarapuem, skuil 34ificHIOE Ha Hil Masi KONUBaHHA 3 YyacToToro v =2 ['y?

4.44. Tarapeus macoio m = 0,1 kr, niasilueHu#l Ha cnipanbHii npyxuHi,
poardarye ii Ha Ax = 0,1 MM. Sy amnniTyay 4 MaTUMyTh KOJIMBaHHA TATapls,
AKIO MOBHA MeXaHiuHa eHeprig E = 1 JJx?

4.45. [IpyxuHHUA MaATHUK BUBEIU 3 MONOXKEHHA PiBHOBAaru il BiAMycTH-
nu. Yepes skuit yac (y yactuHax nepioay 7T) KiHETHuYHA eHeprid Tina, wo KO-
JIMBAETHLCSA, AOPIBHIOBATUME NOTEHLiaNbHiHA eHepril NpyxuHW?

4.46. [lo cnipanbHOl NpyxXuHH XopcTkicTio £ = 40 H/m niasiweHo Tara-
pews, maca skoro m = 0,1 kr. Tarapeus BiATArHYIH BEU3 BiJl MNOJIOKEHHA piB-
HOBaru Ha xo = 8 cM i Hananx NOYaTKoBOI LWBKAKOCTI, CAPIMOBaHOI BHU3, Vg =
= 2,8 m/c. 3anucaTH 3aKOH pyXy TArapus.

4.47. Buznauuty nepioa T’ Manux No3Z0BXKHIX KONMBaHb Tijla, Maca KON
m, y cuctemi, 300paxeHiil ua puc. 4.6, AKINO XKOPCTKOCTI NMpyXuH k i A
Macamu npyxuH 1 TEPTAM HEXTYBaTH.

4.48. JIBi npyxHHH OIHAKOBOI NOBKHHH, MXOPCTKiCTb AkuX ki i Kk
3’eflHaHO: a) napanensHo (puc. 4.7, a); 6) nocniaosHo (puc. 4.7, 6). Buznayuti
nepioan T konvBaHb B 000X BHNAAKax.
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4.49. Kynbka KONMBAETbCA HA TOHKOMY CTaN€BOMY CTPHXKHI 3 YACTOTOIO V,
(puc. 4.8, a). ITotiM 1O KyJibKy MIABILLYIOTH 40 ApPYXKHHM, | BOHA KOJIMBAETh-
cs1 3 yactoToro vz (puc. 4.8, 6). Sikolo 6yae YacToTa v KOnuBaHb KyJbKH, SKLIO
i pa3oM 3 MPYXKHHOWO NPUKPINNTH 0 KiHU CTPUKHA (puc. 4.8, 6)? Macamu
cTpHKHA W NPY)XXMHH HEXTYBATH.

lHwi rapmoHivHi ocuvnaTOpPYN

4,50, TlocepeauHi HATATHYTOI CTPYHH 3aBaOBXkkH / = 50 cM 3akpinneHo
tarapelb, Maca skoro m = 10 r (puc. 4.9). Hatar ctpyun F = 2 H. Bcranosu-
T nepion T Manux KOJHBaHb TArapus.

4.51. Pryrms, Maca skoi m = 121 r, micruteea B U-noaiGHiii Tpy6ui (puc. 4.10).
JInowa nonepeyHoro nepepisy Tpydku S = 0,3 cm’. Busnaunmv nepion 7' konusasb
PIYTi B TPYOUi, 1O BUHHUKAIOTS Y pa3i BUBEJIEHHS CUCTEMU 31 CTaHy PiBHOBArK.

4.52. Busnauuti nepioa T konuBaHb Tina, WO BiNBHO pyxanocs 6 y TyHe-
ni, axOK Bi# NpOXOAMB yepe3 ueHTp 3emii B3oBXK il oci. Beaxaru 3emimo
éaHopiAHO Kynel. Axkum Oyae pyx, fkiuio rycTuHa 3emii 3pocTaTume 3 Ha-
GmbKeHHAM J10 LeHTpa?

4.53. AiicOepr y Burnsai npamMoi npu3MH KOJNBAETLCS B3NOBXK BEPTHKANb-
HOi oci. Busnauutn nepioa T Manux konuBaxb aiicbepra, skillo BUcoTa Horo
HaABOAHOIT YacTHHU A = 100 m,

4.54. Jluck, maca skoro m = 1 kr i paniyc R = 10 cm, niasilieHo Ha
€TaneBoMYy IpOTi B ropu3oHTaNBHOMY nofoxeHHi (puc. 4.11). ITig yac no-
BEpPTaHHA JUCKA HA KYT @ = /6 pan 3 noioXKeHHs piBHOBAru B ApOTi BH-

R

/@N
=y » ‘ L ™Y .x-
¥ Pilt. 4;9

V7747774
=
0%
e
o

_.!1'_\
Puc. 4.10 Puc. 4.11
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HUKA€ MOMEHT npyxuux cun M = 0,026 H-m. OGuucnutu nepioa 7 konu-
BaHb JMCKA.

4.55. Ha craneBomy apoti paaiyca » = 1 MM i 3aBnoBxku / = 1 M niagi-
LWEHO MOPU3OHTAILHO BPIBHOBAXKEHMH TOHKMI CTPHIKEHb, NOBXKHUHA AKOrQ
I, =30 cm i maca m; = 0,15 xr. Ha kiHuax cTpUKHA 3akpinneHo MiaHi Kyni
pagiyca R = 2,5 cm koxHa. BuzHauutu nepioa T KpyTHABHUX KOJMBaHb
CTPHIKHSA.

4.56. YcepenuHi HeckiH4eHHOro IMIOCKOro 1apy piBHOMIpHO po3nofine-
Uit MO3UTHBHHUIL 3apaz 3 06’eMHOIO rycThHO0 p = 7 MxKn/M°. BeraHouTy
YaCcTOTY (® KONHUBAHb €JIEKTPOHA, BMILLEHOIO B LEH Wap.

4.57. ToukoBuii AunNoJbL 3 eNeKTPUUHUM MOMeHToM p. = 100 nKn-m
BiIbHO BCTAHOBMBCH B OJHOPIAHOMY EJIEKTPHYHOMY MOJNi HaMNpyXEHICTIO
E =9 MB/m. [Iunons 6yB noBepHYTHIA Ha Manu#l KyT i BiibHO BiANYILEHUH.
Bu3HauuTH 4acTOTY V BAACHHX KOJMBaHb AMIOJSA B €EKTPUHUHOMY nosi. Mo-
MEHT iHepuiil / AMNoss BiAHOCHO OCi, WO NPOXOAWTL Yepe3 Horo LEeHTp, AOpiB-
uioe 4°10 2 kr-m’.

4.58. Kpyrna pamka 3i cTpyMOM, CHJIa $KOro i/ =2 A, BiNlbHO nijBillueHa
B OJIHOPIAHOMY MarHiTHoMy noJji i 3AiACHIOE Mani KPYTHIIbHI KONUBAHHSA
BiAHOCHO BepTHKanbHOI oci. [Tnowa pamkn S = 2 cM”, MOMEHT iHepuii / =
=1,2°10 = KI"MZ, nepion xonuBane T = 1,2 c. BU3HAYUTH MardiTHY iHAYK-
niro fiong B.

4.59. AKyCTH4YHUM pe3oHaTopoM (pe3oHaTopoM I'enbMronbua) HazuBaKTh
MOCYAHHY, KA 3’ €AHYETHCA i3 30BHILLIHIM CEpEeIOBHILEM Yepe3 HEBENIMKY TpY-
6ky — ropno (puc. 4.12). Skwo aytu 6ing ropna pe3oHaTopa, MOXHA MOYYTH
3BYKOBi KOJIMBaAHHA MEBHOro TOHY. Beaxkarouwm, Wo pyx noitps BiaOyBaeThCH
TiJIbKH B ropJii, a NoBepTaibHa cHila BAHUKAE BHACILAOK 3MiHU THCKY Y BelH-
KoMy 00’eMi, OOUYHCIIMTH BAIACHY 4aCTOTY PE30HATOpA 3a TAKUMM AAHUMH: V =
=11,1=7cm, S=3cM, WBKHIKICTL 3BYKY U = 340 m/c.

4.60. Bi3ok, maca aKOro m,, i3 3aKpilUIEHUM MaATHUKOM (KyJibKa Macoro
my Ha HUTL 3aBAOBXKKH /) nerko MiAWTOBXHYMHW B3AOBXK MIiCTKa. BuzHauuTu
nepioa T KONMBaHb MaATHHKA, LU0 BUHUKHYTb Y TakKi#k cucteMi (puc. 4.13).

4.61. Jouika ii 6pycok, LIO JEXUTL Ha Hiil, 3AIHCHIOIOTL FOPHU3OHTANIBHI
rapMOHi4Hi KonHuBaHHg 3 amMnityaor A = 10 cM. BuszHauutu koediieHT Tep-
TA £ MiXK JOLIKOIO Ta OpyckoM, KUIO OCTaHHIK MOYMHAE KOB3aTH M0 AOLLLL,
KONH 11 nepios KonuBaHb MeHIMiA, Hix T=1 c.

4.62. I'opuszonTansHa niargopma 31iHCHIOE y BEp-
TUKANBHOMY HanpfMi rapMOHiYHi KOJMBaHHA 3a 3a-
KOHOM x = A cos ®f. Ha nnardopMi nexxurs Wwaiiba 3
abCoMIOTHO Henmpy)kHoro marepiany. 3a fkOi yMOBH
waiiba BigainsTMeTsCs Bin niathopmu?
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4.63. YacTHKa MacoK m MICTUTLCA B OJHOBHMIPHOMY M0y, Ti roTeHuianbHa
eHepris 3aneXuThb BiJ koopauHatH x sk U(x) = a - b cos kx, ne a, b>0, k -
crani. BcranoBut nepion 7 Manux KONMBaHb YACTHHKH HABKOJIO MONOXEHHS
piBHOBarH.

4.64. Y npoxaromHiii Monekysli aToMu 3AiHCHIOIOTH KOJIHBaHHA, fAKi
npuban3HO MOXHA BBAaXATH rapMoHiuHumu. Bupas nns HOTeHulaJIbHOI
eHeprii, 3anponoHoBaHuii Mopse, Mae Burmm Ux) =D(1 —e ) ne D, a-
KOHCTaHTH, D =~ 5 eB, a = 6 10" M7, Beaxkawouu, 110 maca aToma
m = 2-107% kr, ouiHuTH 4yacToTy enempomamimoi’ XBHJ, AKY BURIPOMI-
HIOE Taka MOJIEKYJIa.

~ 4.65. Buznauvty nepiod 7 KOnMBaHb MaTEMaTHYHOro MasATHMKA, mplnneuo-
ro Ha Bi3KY, AKHii: a) pyXa€TbCA MOPU3OHTANBLHO 3 NPUCKOPEHHAM g = 2 m/c
6) pyxaeThcs Bropy B3IOBK MOXHIIOT ILIOLMHH, SIKA YTBOpPIOE KyT o0 = 30° 3 I"OpH-
30HTOM, 3 IPUCKOPEHHAM a = 2 M/c % ; B) posmilyeTsCs B JTidTi, Wo nigifMacTsCs
BrOpY 3 NpHcKopeHHsaM a = 2 m/c 2

4.66. BcraHoBuTH nepion 7 Manux KOJAWBAHb KyJli MacOl0 m Ha CTPHIKHI,
AKHH 06epTaeThCd 3 KYTOBOKO ILUBHKICTIO (0 B NOPU30OHTANbHIHK NIOLMHI Ha-
BKONIO BEpTHKAILHOT OCi, 1110 POXOANTH Yepe3s foro Kineus (pic. 4.14). Kyns
3’€lHaHa 3 KiHUEeM CTPHAKHS MPYKHHOIO KOPCTKICTIO k. 3a AKOI YMOBH KONH-
BaHHA HeMOXJINBI?

4.67. Slknii Burnsa matume Ha ¢asosiil nnowmHi (6, 6 /mo ) tazosa
TPaekTopis He3racal4MX rapMOHIYHMX KOJIMBaHb MaTeMaTH4YHOro MasfT-
HUKA O = 0,,,, cos (Wof + @), e 6 — kyToBe 3MileHHa? Ak 300paxyOThCA
Ha azosiii nnowuyi BiNeHi KONMBaHHA 3 piaHMMuU aMmnuiTyaaMu? YV yomy
TNonsrae i30XpOHHICTHL KOJMBaHb?
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3akoH 36epexeHHsi eHepril
(meTopn y3aransHeHUX KOOpAWHAT) Y KONMUMBanNbLHUX Npolecax

4.68. OnHopinHa Kynbka pafiyca » KaracThCd 0 BHYTDIllHii MOBEPXHI
cepuyHol uawikn pagiyca R > r (puc. 4.15). BU3HaUNTH BAACHY YacTOTY (g
MaIMX KOJIMBaHb KYJIbKH OlNf NONOKEHHS PiBHOBAaru, KLU0 BOHA: a) KOB3ae,
0) koTHTbLCA 6€3 NpoKOB3YyBaHHA.

4.69. Lluninap Macoro m i paniyca R 3’enHaduil 3i CTIHOIO HEBAaromow
MpYKHHOIO KOPCTKICTIO £ (puc. 4.16). Busnauutn nepios T Manux KonuBaHb
CUCTEMM, AKILO LMAIHAP KOTHTLCA MO MoBepxHi 6e3 npokos3yBaHHs. Macow
NPYXUHH it TEpTAM Ha OCi LUTIHAPA HEXTYBATH.

4.70. MatemaTuuHHit MaATHUK 3’€QHANH NPYKHUHOIO 3i cTiHOW. [TomoxeH-
H#l piBHOBarW KOJMBANbHOI CHCTEMH i 1i mapameTpH 300paxkeHo Ha puc. 4.17.
Bu3HaUMTH BNAaCHY 4acTOTY (g MATTMX KONHBAHb CUCTEMMU.

4.71. [lo uentpa Mac C ¢i3MyHOro MasTH1KA MPUKPITLICHO MPYKKHY )KOPCT-
Kicmo k = 20 H/m, iHwuMit KiHeub Npy>XXMHH 3aKpinneHo B cTiHi (puc. 4.18).
MasTHHKOM € ONHOPIAHUA CTPHIKEHb, Maca skoro m; = 0,5 kr i joBXkuHA /; =
=60 cM, 3’eaHanmii 3 Kynew. Maca kyni m; = 2 Kr, 1i pagiyc R = 4 cM. Bich
ofepTaHHA NPOXOAUTE YEpEe3 BEPXHiil KiHELb CTPHKHA. Y NONOXKEHHI PiBHOBA-
' NpYXuHa He Je(opMOBaHa. BH3HAYHTH YACTOTY Wp KOJMHBAHb MAATHUKA.

4.72. OaHopiAHMII CTPUKEHb MAacolo m | 3aBAOBXKKH / MOXe obeprarTucs
HaBKOJIO NOPHU3OHTANBLHOI OCi, KA NPOXOAUTH Yepe3 Horo KiHewls. IHILIMM KiH-
HeM CTpHXKeHb NiaBileHuH Ha npyxudi (puc. 4.19) xopcrkicTio k. Y nono-
KEHHi piBHOBAru CTPUIKEHSL PO3MILLYETLCH NOpH3OHTaNbHO. Bu3HauuTh uyac-
TOTY () MAaJIHX KOJIHBAHB CTPHIKHA.

4.73. Biok paniyca r 3 MOMEHTOM iHepliii BiAHOCHO oci 00epTauus [, Tara-
pelk Macowo m | Npy)XHHa 3 koediLieHTOM XKopcTKocTi k 3’€HaHI, 1K NoKa3a-

Puc. 4.16
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Puc. 4.17 Puc. 4.18

k

7

Puc. 4.19 Puc. 4.20 Puc. 4.21

HO Ha puc. 4.20. l11Hyp He MOXe npokoB3yBaTH no 6noky. Buznauut nepioz
T xonuBaus TArapus.

4.74. Kycok nnactuiiny, maca skoro m = 0,1 kr, ynas Ha LIaNbKy npy-
XHHHOI Bary 3 Bucoty 2 = 10 cM i npunun 0o Hei (puc. 4.21). BuzHauutu am-
mnityay A4 i nepioa 7 komuBaub WIANLKH, AKILO MAcH 1i il APYXHUHH € HE3HAY-
HAMH, a XOPCTKICTh NPYXUHU £ = 40 H/Mm.

4.75. Yu MoxyTb GyTH rapMOHiIYHHMH KOJHBAHHA 3 BENIHKOK aMIUTITY 10H0?

Konueanbhi cucremu 3 gBoma CTyneHsiMu BiNbHOCTI

~ 4.76. J1pa Gpyckn macamu m i m; 3°€lHaHi HEBaroMOIO NPYXKHHOIO XKOpPCT-
KiCTIO k i nexaTsh Ha rnajkiid ropusodTansHiil naowuHi (puc. 4.22). IpyxuHy
Tpoxu posraruynu i oanouacHo sianyctuinu Gpycku. Busnauutu nepiog T
KON1BaHb cHCTEMH.
4.77. Ha rnaneuskiii ropu3oHTanbHii MOBEpXHi CTOITH Bi30K Macow M
(puc. 4.23). Bussaunty nepioA 7 KOMMBaHb MOPH3IOHTANLHOTO NPY>KHHHOMO MasiT-
HRka Macoio m, w0 MICTUTBLCS Ha Bi3Ky. XKOPCTKICTL NPYXUHM OPIBHIOE k.
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4.78. BuzHauuTH BIaCHY 4acTOTy Y, KOJIMBaHb [BOXATOMHOI MojiekyJim NaCl,

pO3risaryy il SK rapMOHiYHKHA OCUMNISTOp 3i CTANOK MIXATOMHO! B3aEMO-
aii k = 120 H/M. Macu aromiB Na i C| BianoBiaHo cTaHOBIATE 23 2. 0. M. i
35 a. o. M. Slkiii 4acTHHI CnekTpa BiANOBiAAac BUMpoMiHioBaHHs Mosekyin NaCl?

4.79. Jlea Tina 3 olHAKOBUMU MacaMu m = | Kr MOXYTb KOB3aTH Mo no-
BepxHi 6e3 Tepra. Tina 3’€qHau] 3i CTiHAMM | 0JiHA 3 OJHOK TPLOMA OJJHAKO-
BUMM HeBaroMumu npyxcHamu. KoegilienT xopcrkocTi npyxuH k = 66,7 H/m.
PiBHOBaX<Ha OBXUHA NpyXuH a (puc. 4.24). BusnauuTu yacroty # dopmy
HOpMaJIbHUX KOJIMBaHb (MOA).

4.80. Jlpa MasTHUKM 3’€QHaH]I Mk cobor npyxuHowo (puc. 4.25) i MOXYTb
KOJIMBATUCS Y BEPTUKANbHIA NIOUMHI, K2 MPOXOJHTL uepes JiHiko, IO Croiyyac
iXH1 TOYKM nigsicy. Ski HOpManbHi KOMMBaHHA (MOAM) MasTHUKIB? Yu oOMiHIO-
BATUMYTLCS MAsTHUKM €HEpri€lo, SIKIIO BOHM 3MIACHIOIOTL HOpMAalbHi KOJH-
BaHHA? CKiJIbKM MOJ MaTUMe CUCTeMa, SKIIO MasTHUKHA MOXCYTb 3MiHCHIOBATH
KOJIMBAHHA OJHOYACHO i B MJIOLLMHI pUCYHKA, | B NepreHJUKYJISpHOMY HanpsMi?

4.3. 3rACAIOYI MEXAHIYHI KONUBAHHSA

Huiepenuiansye piBHAHHS 3raCal0OUUX KOJIMBaHB
F+2Px+wix=0; (4.3.1)
#ioro po3s’a3ok (ana B <wyp)
x = Ae ™ cos (0t +0), (4.3.2)
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aep- xoe(piLLiEHT 3racanHa; 0 — YacToTa 3racalouuX KOJIUBaHb,

W= Jmoz - B*. (4.3.3)

JiorapudMiuHUi neKpeMeHT 3racanng & | 1o6poTHICTE O KOMUBRNLHOT CUCTEMM:

&= fT; (4.3.4)
Q:%:Z]—E, Ak 4<<1, (4.3.5)
2n
ge T — nepiol 3racalouux KoiusaHb, T = —.
3aKoH BTPAT EHEprii OCUMUIATOPR 3 HACOM
E=Ee™. (4.3.6)

.+ 4.81. Sk noeopuTh cebe MaATHUK, 3aHYpeHUH y piIuMHY 3 BEIMKOI
B’A3KICTIO (Hanpuknan, y rniuepud)? Yu 6yayTs 3racaroqi KOJIUBAHHA rapMo-
Hignumu? Lo posyMiroTs Tia nepioioM 3racalounx konuBaHs?
. 4.82. Tino, maca skoro m = | Kkr, 3AiHCHIOE KONWUBAHHA Mg Ai€l0 KBa3i-
npyxHol cuni (k = 10 H/m). BusnauuTtu koediuieHT onopy » B’S3Koro cepe-
JOBHLIIA, AKIIO nepios 3racalovyux KoausaHs 7= 2,1 c.

4,83, AMmuiiTypa 3racalodMx KOJIMBaHbL 32 yac f; = 20 C 3MeHIIMNachL y
2 pasu. Y cKilbkd pa3iB BOHA 3MEHLINTLCA 33 4ac {; = 1 xB?
u. 484, BusHaunty KinbKICTs N NOBHMX KO/IUBaHb, NIC/% SKUX €HEpTis CHCTe-
MH 3MeHIUWIach y n = 2 pasu. Jlorapudmiunui aexpement 3racanns 6 = 0,01.
.. -4.85. AMnuiTyna KonnBaHb MasTHUKA 3aBROBXKKM [ = 1M 3a yac 7 = 10 xB
3MEHIUMIAch y 2 pa3u. BusHauuty siorapuMiyHul JEKPEMEHT 3racaHHs O
CHCTEMH.

4.86. Skoro Gyne nobporHicTe Q ocuWIATOpA, BNACHA YacTOTa KOJMBaHb
fiKoro vo = | kI'w, a 4ac penakcauii, NPOTArOM SKOFO aMIJIiTYaa KOJIMBAHb
3MEHIyeTLCS B € pasis, T= 60 c?

. 4.87. Bantax nigsilieHo Ha npyXuHi, xopcrkicTs skoi k = 0,1 H/m, i 3a-
HypeHo B cepenoBuuie. KoegiiienT onopy cepenosuuia » = 0,05 kr/c. Maca
BaHTaxy m = 1 kr. BusHauut 1o6poTHICTL () KOJNIMBANLHOI CUCTEMMU.

4.88. [Ticna N = 10 noBHUX KONMBAHbL TOUKH i aMINITYAa KOJMBAHb 3MEH-
WHnacs Big 4o = 10 cm 10 A = 6 cM. Koediuienr 3racanus B = 0,2. 3anucars
3aKOH pyXy TOYKH.

4.89. 3a yac ¢ = 100 ¢ cucrema pobuts N = 100 konusaHs. 3a uei ca-
MHH yac amnuiiTyaa KONWBaHbL 3MEHILYETBCS B € pasi. O6uncnuTu: Koedi-
WiEHT 3racaHHs KONMBaHb B; norapudmidHuil JeKpeMeHT 3racaHHs O; nob-

POTHiCTL O cucTeMM; BiZHOCHE 3MEHIUEHHS €HEprii CUCTEMM 3a neplo,u
Konugany?
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4.90. ,[loﬁpo'rmc'rb KONMUBaNBHO! CUcTeMH O = 3, 4acToTa BiJIbHHX KOJIU-
BaHb ® = 150 ¢ ~'. BU3HAuNTH BIIaCHY YaCTOTY Mg KONNUBAHb CUCTEMHM.

4.91. AMnniTyaa 3racaro4yuMx KolnMBaHb OCLKISTOpaA 3a Yac T = 6,93 ¢ 3Men-
Hnace y n = 8 pasis. Sk 3a ueil yaCc 3MeHILWIACL MEXaHIYHA eHepris OCLu-
naropa? YoMy nopiBHIOE KoeditlieHT 3racaHHs B7?

4.92. Banrax macoro m = 500 r, skuil niasiweHo no cnipansHOl npy-
XHHU xopcTkicTio & = 20 H/m, 3niiicHIOE NpyXHi KOJIUBAHHA B JesSKOMY
cepenoBuilti. JlorapupmiuyHuii AekpeMEHT 3racaHHs koauBanb & = 0,004,
BusHayuTH Kinbkicte N noBHUX KOJNMBaHb, sKi Ma€ 3MiHCHUTH BaHTax,
o0 eHepris KoNMBaHb 3MEHLIWNACh ¥ 1 = 2 pa3u. 3a Kuil yac Ar Bigby-
IEThCH L& 3MEHLUEHHN?

4.93. Tsarapeus, maca skoro m = 0,1 Kr, 3aKpinjieHO Ha BepTUKaIbHii
npyxuHi xopcerkicTio £ = 10 H/M. Cuna onopy pyxy nponopuiiiha wBHaKo-
cTi, koediuieHT nponopuiiHocti r = 0,87 kr/c. Tarapeup BiIIXWJIWJIM Ha Bij-
CTaHb X,q =2 CM BiJ MOJOXEHHs PiBHOBard i BignycTWnu 6e3 NoOLITOBXY.

3anucary 3aKOH pyXy Tarapus.

4.94. 3a ymosamu 3aadi 4.93 pusHayuTH WNSX S, AKUH npoiiluoB THra-
peilb A0 3yNMUHKH.

4.95. 3a ymoBaMu 3anaqi 4.93 BU3HAUUTH, AKY YaCTKY €Heprii 1} BTpavac
CHCTEMA 3a MiBNepion KOTHBAHb.

4.96. Tino, maca sixoro m = 0,5 kr, NPUKPINIEHO A0 CTIHU NPYNUHOIO
(nmB. puc. 4.5) i MiCTHTBCA Y B’A3KOoMY cepeaoBHili. XKopeTkicTs npyuHu
k = 50 H/m, koediuieHT onopy pyxy r = 10 kr/c. Cnouarky Tijio nepe6ysaso B
MoNOXKeHHi pIBHOBArk i B NO4aTKOBUI MOMeHT yacy = 0 oaepxano wBKA-

Kicte @y, = 1 M/C y ropu3oHTaNbHOMY HanpsiMi. BU3HauyuTH MakcuManbHe BiI-

XMIEHHA Xmax TiNa B Hanpsmi wiBuaKocTi. [To6yaysaTu rpadik 3anexHOCTI
3MiLIEHHS BiA yacy.

4.97. Yomy B 6anicTH4HOMY rajlbBAHOMETPi BUKOPUCTOBYIOThL PEXUM KpH-
TUYHOIO 3racaHHA?

4.98. Yum Bigpizusiotecs ¢azopi TpackTOpil A8 3racaroymx oCUUIATOPIB
3 pi3HUMHM R0GpoTHOCTAMU?

4.99. BeranoBuTH BIICTAHL MiXK CYCIAHIMM TOYKaMK nepetuHy oci Ox ¢aso-
BOIO KPHBOIO KONMBaHb, NOYaTKOBa aMANITYAA AkuX Ag = | cM i norapudmiyHuil
aexpemenT & = 0,01, y momeHT uacy ¢ = 100 c, gkugo nepioa konueaus 7'=1 c.

4.100. Ocuunsrrop Mae nepioa kxonuBaHe I' = [ Mkc, a koediuieHT 3racaHHs
B=10c ™. Ckineku paziB daasoaa KpYBa 19 OCUM/IATOpa nepeTHe Bick Ox 33
yac Az =1 c? ¥ ckinbku pa3iB 3MEHILMTBCA 32 Iieii yac paaiyc ¢azoBoi KpUBOi?

4.101. Touxa 3aificHIO€ Masi KONMBaHHA NOGIM3Y NMOOXKEHHA piBHOBAru.
B nmepwioMy BUnanKy no4aTkoBe 3MiUIEHHS TOYKH Bif MOMOXEHHs piBHOBArW
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JOPiBHIOE Xo1, Y APYFOMy — Xop. [TouaTkoBa IBMAKICTE TOYKH JOPiBHIOE HyJe-
Bi. BU3HAYUTH NMPOMIXOK Yacy 7, 3a SKHUH TOYKa NepexoAuTh 3 MOYATKOBOrO
oN0oKEHHS B MOJIOXKEHHS piBHOBaruW, B 000X BMMAagKax, SKIO KOMMBAHHS:
a) He3racaloui 3 4acToTolo Wo; 6) 3racaioui 3 YaCTOTOK @ i koedilieHTOM 3ra-

caHHs B.

4.4. BAMYUWEH MEXAHIMHI KOTUBAHHSA

JindpepeHntiansHe piBHAHHA BUMYIIEHUX KOTHBAHL
¥+ 2Bx + 0px = fcoswt (4.4.1)

ze fo = Fo/m, Fy — amnnityna 3MyulyBansHol CHIH, Ma€ PO3B 430K B YCTAJICHOMY pEeXHMI
x = Acos{wt — @), (4.4.2)

A€ A — amnniTyia BUMYLIIEHUX KOMHBAHL; (¢ — 3CYB (pa3 MidX CUIIOIO [ 3MILUICHHAM

A= byl m : (4.4.3)
:;(mﬁ -0%) + 4P’
2Bw
tgtp-——B—2~. (4.4.4)
0 ~o
Pesonancna yacrora
W, = (005 — 2B . (4.4.5)
Pesouancna amnnityna
Folm

—J——_——vzﬂ e (4.4.6)

CriexTp KoJiHBaHB (CYKYNHICTH FTAPMOHIYHMX KOJMBaHb, HA AKY MOXHA PO3KNACTH fie-
pioiMuHe HErapMOHiYHE KONMBAHHA) MaTeMaTH4YHO 306p@MKYETLCH AK PAA FAPMOHIYHUX
‘byuxum

]
f(@t)y= Z(A,, cos nw! + B, sin nwt), (4.4.7)
n=0
A€ nw — 4acTOTH, AKi € KPaTHUMM OCHOBHI# 4acToTi; n — HoMep rapMoHiku (06epToHY).
4.102. Ha rapMmoHiunuii ocuunsrop mMacoro m = 10 r, skuif :mii‘icmoe KO—
THBaHHA 3 KoedilieHTaMu xsa:smpyxmm cunu k= 10° H/m i sracanna B =1¢ /,
Zdie 3MyLUyBanbHa CUNa, IO 3MIHIOETLCA 32 3akoHoM F = 0,1 cos 90¢, e F ~
Cina, H. BeranoBuTH 3aKoH, 3a kUM BiaOyBatoTbes KonusauHs. [TopiBHaTH
3HaueHHs aMIIITYAH KOJMBAHB 3 aMIUTITYIOK0 B PE30HAHCI.
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4.103. (lepion BiacHHUX KOJMBaHb MpYXUHHOro MastHuka 1 = 0,55 c,
Y B’s3koMy cepenoBuili nepion T usoro caMoro MasTHuKa ctaHoBuTs 0,56 c,
Bu3Ha4uTH pe30HAHCHY YaCTOTY Vpe; KONHBaHB.

4.104. AmnniTyaa BUMYILIEHUX KOJIMBaHb, 4aCTOTH SKKX @) = 100 ¢~ b wy,=
=300 c” ', € ogHakoBoto 3a YMOBH HE3MiHHOI aMIJIITYAN 3MyIUYBaNbHOT CUIIN,
OG64UCANTH pe30HAHCHY YaCTOTY Mpes.

4.105. YacToTa BiJIbHUX KONMBaHB cucTeMH © = 100 ¢, pe30HaHCHa Yac-
TOTA Wpes = 99 ¢ |, BusHauumy BJIACHY 4acTOTy ®o 1 Jo6potHicTs O uiei
CUCTEMM.

4.106. [ToBra npyxHa JollUKka nepekuHyTa yepes kaHasky. I1ia miewo Baru
Xnon4uka, AKMA CTOITh Ha Hill HEPYXOMO, AollUka BBirHynaca Ha 2 = 10 cmM.
Xnonuuk ine 3i wBKHAKicTO U = 3,6 kM/roa. Ska wupuHa / KpoKy Cnpuyu-
HUTH CUJIGHE PO3rodayBaHHs NOLIKH?

4.107. BanTax macoro m = 0,5 kr niaBillleHUH Ha NpyxuHi, koedilieHT
npyxHocTi skoi k = 0,49 H/cMm, i nomiuieHuit y macno. KoediuieHT onopy
pyxy B macii # = 0,5 kr/c. Ha BepxHiii KiHeub NMpy»HHW Ji€ BepTHKanbHa
3MYLUYBanbHa C1/1a, WO 3MiHKETLCS 3a 3akoHoM F = 0,98 sin o, ne F— cuna, H.
[pu skili yacToTi 3MyllyBajibHOI CHAM aMmruliTyga BUMYIUEHUX KOJIMBaHb
Oyne makcumansHo? YoMy BoHa nopiBHIOE?

4.108. Kynbka macow m = 50 r konuBaeThCs Ha JIerKii HUTLI, JOBXUHA
sikoi / = 1 m. Baxkarouu, uio koediuieHT onopy nositpa r = 0,1 kr/c, BU3Ha-
YMTH: HacTOTY BJIACHHUX KOJIMBaHb Vo, PE3OHAHCHY YACTOTY KOJIMBAHD Vpes; PE-
30HAHCHY aMMUITYRY Apes, AKIWO aMMUIITYAHE 3HA4YEHHS 3MYLLYBAlbLHOI CHJIM
Fy, =0,01 H.

4.109. Baurax, maca skoro m = 0,5 kr, migBilleHUH Ha BEPTUKaNbHIiH
NpyXuHi xopcTkicTio & = 40 H/M y B’s3koMy cepenoBuuli. Cuna B’43koro
TepTH nponopuiiiva wBKuakocT: 3 koediuieHtom tepra ¥ = 0,5 kr/c. Y no-
YaTKOBUIi MOMEHT 4Yacy, KOJIH 3MiLIeHHA BaHTaXy Bif MOJOXEHHS piBHOBAaru
cTaHoBWIIO Xo = 0,1 M, Ha BaHTaX Moyana AiATH 30BHILIHA NepiofnyHa cuia
F =2 cos 8¢, H. 3anucartu 3akoH pyXy B nepexiiHOMy pexumi. 3a yac 1o nicns
MOYATKY KOJIMBaHb aMIIITYAA BiJIbHUX KOMMBaHb 3MeHILyeTheA B 1] = 100 pasis
| BOHW MPaKTUYHO NPUNUHAIOTECA. Bu3HauynTH Lei vac.

4.110. Yomy nopiBHIOE BiTHOLIEHHA MaKCHUMAaNbHOI aMNAITYAH 3MilEeHHS
J0 aMIAITYAM 3MILLEHHS NMpH AYXKe Maiii yacToTi?

4.111. Tino macow m = 0,1 kr MiABILIEHO HA NMPYXHHI XOPCTKICTHO
k = 10 H/m. Bepxus yactina npyxunu nepebysac nin micio BEpTHKANLHOT
e F = 107cos ot, H. Konusanns BinbysatoTbes y B’ A3k0OMy cepeROBULLI.
Bu3HauuTH MaKCUMAaNbHY CHIY TEPTHA Fimax, LIO 3aBAXAE PYXOBIi, AKILO MPH
pezoHaHci amniTyaa Ape; = 0,1 M.
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4.112. Ha Tino mMmacow
m = 10 T, ke 3A1HCHIOE KO-
AWBaHHA 33 3aKOHOM X =
=0,1 exp (- 6f) cos 10,5 nt, ne
Yy — 3MIEHHA, M, Y JAeaKui
MOMEHT 4Yacy novana jJisaTd
30BHILUIHS NepioauyHa cuna F,
BHACTIAOK YOro KOJMBAHHS
CTal TapMOHIYHMMHM, iX amMmuiTyza A = 5 oM | LHKJIiYHA YacToTa
@ =10 ¢, 3a SKMM 3aKOHOM 3MIHIOETHCS 3MyIuyBanbHa cuna F 3 yacoM? Bu-
3HAYHTH 3CYB (a3 ¢ Mix CUJIOKO 1 3MilLIEHHSM Ta nepiol 7 BIACHUX KOJIMBaHb.

4.113. 3a ymoBamu 3aaayi 4.102 BM3HAYUTHU CEPENHK 32 YACOM MOTYXK-
HICTb (P), IO MOMJIMHAETBCA CHCTEMOIO: a) yAanMHi Bif pe3oHaHcy; 6) y pe-
30HAHCI.

4.114. Kopuctyrouuch cniBBiRHOMEHHAM MK (a3zamu 3MylIyBanbHOT CH-
ni F Ta WBKMAKOCTI U, NOACHUTH NOXOMKEHHS PE3OHAHCHOTO MIACHJIEHHS KO-
AMBaHb.

4.115. Y yomy nonsrae pisHMUs Mk BAMYIUIEHUMU KOJIMBAaHHSMH Ta aBTO-
ko/MBaHHAMU? BkazaTty, SKUMM — BUMYIUEHMMM YU ABTOKOJMBAHHAMU —
€ KONMBaHHA: a) BEPXiBOK AepeB, skl po3roiaytoTscs BiTpoM; 6) MasTHHUKa
TOAMHHMKA; B) KPUM JiTaka nif Ai€x 3yCTPIYHOrO NOTOKY MOBITPS; I') MOCTY
Bl aBTOMOGiNiB, WO NMPODKIKAKTL MO HbOMY; A) MeMOGpaHu AUHAMIKa;
€) [BUTyHa aBTOMODL/IS; €) MOJIOTOYKA €JIEKTPUYHOrO I3BiHKA; %) MOBITPS
B YXOBUX IHCTPYMEHTAX; 3) CTPYH CMHUYKOBHX IHCTPYMEHTIB.

4.116. Ha maremaTuHuii MasTHUK gie nepioguyHa cuna Af), po3kiagaHHs

Puc. 4.26

@

fxoi y pan Dyp’e mae surnan f(£) = Z(A,, cosl,57nt + B, sinl,57nt) . I1pu
n=0

AKUX JOBXUHAX MAsITHUKA BiH 3A1HCHIOBATUME CHJILHI KOJIUBAHHA?

4.117. Ha puc. 4.26 306pakeHo nepiili Tpyu FAPMOHIKH CKJIaAHOro KOJIU-
BaHHs. Skum Gyae rpadik ckiaaHOro KonMBaHHA? 3anucaTv Horo y BUIsal
Qyp’e-posknaganHus.

4.118. MMokazaty 1it0 NEpiOAMYHMX MOLITOBXIB HAa ocLUMAATOp Ha (a3oBiil
IrommHi. Ik 3MiHIOBaTUMETLCA aMMITYAR KOJMBaHb rapMOHIYHOrO OCLIMIIS-
TOpa, AKWI0 Ha HLOTO AISTUMYTh MOIWITOBXM 3 mepiogamu: a) T = T + A;
6) T=Ty—A;8) T=Ty; 1) T =nTy; n) T = Told; €) T = To/2, ne Ty — nepion
BllacHux konuBaHb ocuuiisTopa, A << T? Yac aii nowrosxy T < T,. 3racau-
HiIM HexTyBaTH.
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4.5. NMPYXHI XBWUNI. ENEMEHTA AKYCTUKM

PiBHsHHS nnockol CTanioHapHoi XBHIL, 1Ka MO HPIOETbCA B Hanpsami oci Ox:
&(x,2) = f(at - bx), (4.5.1)
ne g(x.f) — 3MilleHHS YaCTHHKH CEpEAOBHLIA, KA BHKOHYE KOMUBAHHA MiA 4ac MPOXOMANKER-
HA XBWli; f— noBinbha oAHo3HayHa GyHkuis; @ i b — crani; v — ¢azosa UIBUAKICTL nOMuU-

peHHs Xuni. v = a/b.
PisHgHHs Mn0CKoi rapMOHIYHOT XBUMI, IO NOLIMPIOETLCH B3N108X oci Ox:

E(x,t) = Acos(w? — kx + @) , (4.5.2)

; ; : o 2n
Jie A — amnnitya Xeuii; o — QUKTiYEa YacToTa; K — XBWILOBE YUCHO, k = — = T LTYT A -
/]

noBxuHa xBuni, A = vT = vlv, v — (a3opa WIBMAKICTE NOWUPEHHN XBUNi. v = dx/dl, ¢ -

no4yarkoBa (asza konuBaHb (y NOAANLIUIOMY BBAKAETECH TAKOIO, 1O NOPIBHIOE HYNEBI).
PiBHanus cepryHol | LUTIHAPUYHOL XBHGL BLAMOBLAHO

A
E(r.t)=—2 cos(wt—kr), (4.5.3)
r
AD
E(r,t) =—= cos(wt —kr), (4.5.4)
Jr
ne Ap — PO3MIPHL CTa, WO YHCENBHO JOPIBHIOIOTH aMIVIITYli KOAMBaHb Ha BiacTani | M
Bill JKepena XBui.
OnHoBuMipHE XBUIBOBE PiBHAHHS
% 1 0%
= ' 455
o v ot B

®a308a WBHAKICTS MOJAOBKHIX MPYKHHX XBHIb Y TOHKUX CTPHOKHAX i HabnuxeHo B
CYUiIBHOMY [IPY#HOMY CEPEAOBHILI

v=4JElp, (4.5.6)

ne E — monyns FOHra; p — ryctuHa cepenoBuina.
®a3oBa WIBMAKICTS NONIEPEHHUX XBUMb

v=,G/p, (4.5.7)
ne G —Moayns 3CyBy.
Hns nnockoi no3AoBKHLOT XBH/L, IO MOUIMPIOETECA BIA0BXK oci Ox, BilHoCHa nedop-
Mallis AinsHKK cepeloBuilia
%
£E=—=, 458
™ (4.5.8)

MEXaHiuHe HanpyxeHus (3ako ['yka)

5%
o= Eax . (4.5.9)
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06’ eMHa ryCTuHA eHeprii cepesioBrilia fli)t 4ac AOIUPEHHS B HHOMY RIPYXHOT XBH i

w = pAd°w’sin®(@f — kx) . (4.5.10)
['yciHa noToky eHeprii (rextop YMoBa)
i=wv. 4.5.11)

IHTEHCHBHICTB RPYXHOI XBui
§ 1
=i}, = 5 pt0%. (4.5.12)

Jie ( j)r — CEPEAHE 32 MepioA 3HAUCHHS TYCTHHM NOTOKY SHEPTIH, O MEPEHOCHTEC XBUIEIO.
liIBuAaKicTb 3BYKY B ilea/ibHUX rasax i pijinHax:

"RT J—- w 4.5.13
p JBp #:>1)

ae R — yuiBepcannHa rasosa crana; 7 — remneparypa; M — MongpHa Maca rasy; y — fokas-
nuk aniabary; p, p — Tuck i rycruHa He3GypeHoro raly; K - molynb 06’emHoOl ApyXHOCTI
(cebiutoro crucky); B — koediuieHT aniabaruyHOl CTUCIKBOCTI.

AMnliTyla 3ByKOBOrO TUCKY (aKyCcTuyHuil TUCK)

(Ap)o = pAw, (4.5.14)

e A — aMAlliTya Ko/MBaHb YacTHHOK cepenopua, 4 = £,
IHTEeHCHBHICTH 3BYKY B rasax

2
1= %Z%”- ; (4.5.15)
AMANITY/A IWBHAKOCTI Y2CTHHOK rasy
(&)= (—‘E& (4.5.16)

Muromutt akycTuunuit imnesanc (ns AAOCKUX XBUAbL — akycTudHull, abo xBunboBuil,

Omip) cepeAosua
Z=pv, (4.5.17)

J€ p — rycTHHa CEpeIoBUILA; V — IBUAKICTL XBHb.

Tlpn HopmancHoMy maniHHi 3ByKOBOT XBHII HA MJIOCKY MOBEPXHIO AONiNY ABOX cepe-
AoBuML:

a) amnnityaHi koediuieHt Binburra V i npoxomxenus W xpunb (Z, > Z,):

_ 4 Z,-Z W= 4, 2Z,

A 2’ 4 Z,+2,
Ae Ay, Af, A, - ammntiTyau BiAAOBIAHO MAaAal0YOT, BigGUTOT Ta Ti€l, WO APOXOANTH, XBUIL;

6) enepreruyni xoediuieHTy BiadWTTa R T2 ApoHukHenus D:

’ 2
=Il_=(_z;:_zz.], DJ&-..‘.‘EEL. R+D=1, (4.5.19)
i N2+ 2, L (zi+2,)

Be f, I{, I, - iureHcuBHOCTI BiiNOBIAHO naxatouoi, BiAGHTOI Ta Tiel, uto Apoiiuna, XBHAS.

(4.5.18)
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AwMriniTyaa fnockoi XBuii, SKa AOIUKPIOETECA B OAHOPIAHOMY TIOTAMHANBEHOMY cepe- I
JIOBHLLI,

A= AP, (4.5.20)

ne Ap — aMANITYAa XBUNi, 110 AAAAC Ha CEpefoBHlle; ¥ — KoedilieHT NornMHanIlg; X — Big- .
CTaHb, AKY APOXOAUTb XBHUIIA.
Pisens ryudocri y acunbenax (ab)
L=10Ig-;—, (4.5.21)

0

ae [ — inTeHcuBRicTh 3BYKY; Jo— nopir uytHocri, o = 10~ '2 Br/M%.
3racaHus XBuji y Aenubenax

Li2=10 Igﬁ-. (4.5.22)
h
AxycTnuHuil edexr Jonnepa
V.. T 7
W k. 1§ (4.5.23)
Vs e

Iie v — 4acToTa, Ky peccTpye npmiiMay; vp — 4acToTa, SKy BUNPOMIHIOE JKEPENo; Uy, —
WBHAKICTE 3BYKY; Uy, Unx — IUBUAKOCTI BLINOBIAHO npuiiMaya i jkepena 3BYKy BiHOCHO
CEpENOoBHKILA, B AKOMY MOLIMPIOIOTHECS 3BYKOBI xBuii. BepxHi 3Haku 6epyTscs y pasi 36im-
MEHHS, HWKHI — BLIAANCHHS Jpkepena i npuitmaya.

YMoBu iHTepdepeHLUiitHUX MakcuMyMiB npH iHTepdepeHnii rapMOHIYHUX XBHIb
3aBJORMCKH A:

A=tmh (m=0,1,2,..). (4.5.24)
YMoB® MiHIMYMIiB:

A=+(2m+ l)% (m=0,1,2,...), (4.5.25)

A€ A — pizHUUA X014y XBUAL Bil 1X JOKEPEN 10 TOUKM CROCTEpeXeHns, A =ry—ry.
PiBHAHHA CTOs4OI TAPMOHIMHOI XBKNI, AKA BUHUKAE Yy pasi HAKNANAHHA NBOX MIOCKUX
XBHJib 3 OIHAKOBOIO aMILITYAOIO:

E = 24coskxcosmt . (4.5.26)
BnacHi 4acToTH CTPYHM 3aBJIOBXKy /, 3aKpinneHol 3 06ox kinuis,
v
L, =—n (n=1,2,3,..). 4.527
5] ( ) ( )
HIBuaKicT NONEPEYHNX XBUIb Y CTPYHI
va [fu (4.5.28)
Tl

ne F, — cuna Harary cTpyHu; | — niHifiHa ryctuHa; p = pS, TYT p — rycTuHa Mmarepiany
CTpYHH, S — noua ii fonepeyHoro mnepepisy.
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Jlucniepciiie crniBBinHOLICHNA

o =o(k), (4.5.29)
jig k— XBUIILOBE HHCIIO.
[pynoBa WBHIKICTL
"= Z—: . (4.5.30)

Uus=v+k—=v-A—. (4.5.31)

Posnopfin 3miuieHs i gedhopmatlinn y npyxHin xeuni

4.119. Sk onucat¥l OAMHUYHUA IMIYJILC, AKUA NMOWIUPIOETHCA B JOAATHO-
My ganpami oci Ox, skuio ¢opma Horo He 3MIHIOETLCH?

4.120. Axuii npouec onucye pyukuis & = flat — bx), ne f— noBinbHa PyHK-
nin? Skuii 3smict Mae BenuuuHa a/b?

4.121. fAki 3 HaBegeHMX HUXYe (yHKLIH 3a00BONbLHAIOTL XBUIILOBE piB-
HEHHSA:

a) E(x,1) = at + bx; e) &(x,0) = In(at — bx);

6) &(x,f) = af’ - bx; €) E(x,0) = (at + bx)z;

B) E(x,f) =&, cos (f — kx); %) &(x, 1) = exp(at — bx);

r) &(x,1) = cos (at + bx’); 3) E(x,1) = 4 exp i(of - kx);
) Exf)=(at+bx)'%  w) &0 =4 exp (ot + kx)?

4.122. SAkuit xapaxTep pyxy MarOTh YacTHHKH MpPYKHONO CepefoBHMLIa, B
XOoMy B3m0Bx Oci Ox MOWKPHOETLCA Miocka xBuna? Yu 36iraeTeca Hanpsam
PVXY YacTHHOK 3 HANPAMOM MOLIMPEHHS XBUIMI?

4.123. VnpTpasBykoBi MpyXkHi XBUNI MOWMPIOOTLCA B MOBITPi, BOdi Ta
CTani. [x yactora v = 100 MI'n. SlkuMM € ROBXUHH 3BYKOBUX XBUlJlb ¥ HUX
CEpenoBuuax?

4.124, Mnocka xsKns 3anaHa piBHAHHAM & = A cos (0f — kx). [ns MOMeHTY

"acy f = 7/(2m) nobyaysatu rpadiku 3Miwens & mBuakocTed & HacTMHOK

o3

Cepenosuima Ta sigHocHoT aedopmaii AiNAHKK cepenoBHina £ = s TTopie-
BITH 11i rpaghikm.
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4.125. [1nocka rapMoHiuHa xBuns, nepioa saxoi ' = 0,25 ¢ i ammuiTyna 4 <
= 3 ¢M, NOLIKPIOETHCA B MPYXHOMY HENOMMHANBHOMY CEepefoBHLII B30B¥
oci Ox 3i wBuakictio v = 240 m/c. Yomy popiBHioe 3mMilllenns &(x, f) Touky
CepeloBHIIa, WO MICTHThCA Ha BiACTaHi x = 60 M BiA Jukepena XBuJi Topj,
KONM Bill NOMaTKy KONMBaHb Jkepesa npoiwos yac f = 1,5 ¢? [loyaTkosa
(aza XBHJIi JOPIBHIOE HYNEBI.

4.126. Y3n0Bx oci Ox y Npy>KHOMY HENnorjiuHanbHOMY CepefoBHILI MOLH-
PIOETLCA NIIOCKA FApPMOHiYHA XBUAA 3i wBKaKicTio v = 20 M/c. [IBi ToukH cepe-
JOBHLUA, AKi MICTATHCA Ha BiAcTaHax x; = 12 M i x; = 15 M BiA mxepena xBuii,
KONUBalOTLEA 3 ammiiTynow 4 = 0,1 M i pisHuuero $pas A = 3r/4. [Touarkosa
(aza XBHJi JOPIBHIOE HYfeBi. BU3HAUMTH AOBXKHMHY XBWJI A Ta 3anvcaTH pis-
HAHHA XBual. OOUKCIUTH 3MiLLEHHS € 3raflaHuX TOMOK Y MOMeHT Yacy £ = 0,5 c.

4.127. V ripcekiii mopoi Ha BiacTaHi @ = 8 M OAMH BiJl OAHOIO PO3MillEH]
JBa UMAIHAPHUYHKX 3apaau BUOyxoBoi peyoBuHHu. [1ix yac Bubyxy Bia xoxHo-
ro 3apsay B NMOPOAi MOLIMPIOETLCA UMAIHAPMYHA XBUAa Hanpyry. Ha pocniai
BCTAHOBAEHO, LU0 3MILEHHA YaCTMHOK MOPOAM Ha BIACTaHi 7 Bi OCi 3apaay
mae Buraa &) = (Ao/r™?) cos o(f — r/v), ge Ay =102 M2 0 =107 ¢, v=
=5:10° m/c. BU3HAUMTH MaKCHMalbHe 3MilUeHHS Emax YACTHHOK TOpoau B
TOMLI, HIO MICTUTBCA HA BiACTaHi » = 9 M BiJi KOXHOIO 3apsay.

4.128. Ha puc. 4.27 nokazaHo 3aneXHICTh 3MillleHHs BiJl uacy B Jeskiil Tou-
i xo oci Ox, y3A0BX AKOI MOLKMPIOETHCA MIOCKa CHHYCOIAAIbHA XBUAA. 3anH-
CaTu pIBHAHHSA XBUII, AKLLO Xo = 8 M, (pa30Ba WBUAKICTE XBUII U = 6 M/C.

4.129. Tlnocka no3A0BXKHS rapMOHiYHA XBUAA, nepioa akoi T = 3,5 MKc i
ammniityna A = 30 MKM, NOLIMPIOETLCA B NPYKHOMY CepelOBHULLL B3AOBXK OCi
Ox. Pisnuus ¢a3s KoAuBaHb Y TOUKAX, LU0 JIEXKATh Ha BiAcTaHi Ax = 1 MM ogHa
Bifl OAHOI, AOPIBHIOE 7/3. BM3HAUMTH: WBUAKICTL U MOWMPEHHS XBHII; 3Mi-
lieHHs &, WBMAKICTL & i MPUCKOPEHHS & VIS TOMOK, B SKHMX BiHOCHa fiedhop-
maLis cepeiosuiua € = 3-10 b aMIUIiTYy KOJIMBAHb LIBUIKOCTI F;m 4acTH-
HOK CEpeAoBHLIA.

4.130. Tlnocka no3a0BXKHS rapMOHIYHA XBIWIS MOLUMPIOETHCA B3A0BXK oci OX
y NPY>XHOMY CepefoBHILl, NMPUYOMY 1i JKepeno po3MillyeTbes B rutoLumHi x = 0.
[TouatkoBa (asa xBuii AopiBHIOE HyjeBi. SIka BigHOcHa aedopmalis € cepeno-
BHIL@A B TOMLY, BilianeHxiil Big mkepena Ha BiicTaHb x = A/8 y MOMEHT yacy, KoJH
BiAl nouaTky Bimniky mpokios yac ¢ = T/3 (T - nepion)? MakcumanbHa wWwBUI-
KiCTb YaCTHHOK cepefoBHIlia f;mu =(,7 M/c, LUBKAKICTL XBUII U = 3,5 kM/c.

4.131. [{)xepeno rapMOHiYHUX KONMBaHb, 110 3AIHCHIOIOTLCS 34 3aKOHOM
&= 200 cos 188,4 ¢, ne £ — 3MileHHsA, MKM; ! — Yac, C, 3°€[HaHE 3 TOPUEM
JOBroro MifIHOTO CTpHIKHS #l MiCTHTBCA B MumowuHi x = 0. fka noexuHa A
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A0300BXHbLOI MPYKHOI XBUIIE Y & M

crpwkHi? B dAKkuMx Toukax g5
TPIKHA MOAY/TE HOPMANLHOO /\ /\
HanpyXeHHa: a) nopimioBa- S 10 \ __/ \ / \ __
tume Hyhesi; 6) Oyae makcu- ~1 2\ 4/ 6 8\ 10/ 12 14 ¢
MansHMM 11 MOMEHTY yacy \/ \/

-0,5 1
pERCS Puc. 4.27

4.132. V craneBoMy CTDHKHI
piametpa d = 1 cM nowmupio-

: 2 2| x
€ThCS NO3AOBXKHA XBUis, PpiBHAHHA AKOl E(x,f) =&, cos? ——t|, Be
Y
&= 107 cM, T = 2n Mc. BuzHauuTH MakcuMansiy cuiy Fae, 11O fi€ B nepe-
pi3i x CTPHXKHS.

IWisuaxicTs NPpyXHUX XBUnNb. MoTtik eHeprii

4.133. Bu3HauuTH WBUOKICTh U MO3ZOBXKHIX NMPYXKHUX XBWIb Y CTaNeBo-
MY, MIAHOMY Ta aJIHOMiHIEBOMY CTPHIKHSAX.

4.134. VY ckinbku pasiB n WBHIKICTb NMO3J0BXHLOI XBWIi B Milli € Gifib-
RIOI0, HiX WBUAKICTH NoONEepeyHol XBUi?

4.135. bponebifiumii cHapaz, maca skoro m = 5,6 kr, wBKAKicTs T = 800 m/c,
Biy4ae B abCONMIOTHO XOPCTKY nepetuxony. Busnaunty cepeliio cuny F, 3 skoto
CHapsA ai€ Ha nepelukony, i yac ¢ ynapy. Jiamerp cHapana d = 30 mm, Moaynb
[Onra marepiany E = 340 [Tla, Horo ryctuua p = 1,9-10% kr/m’. Posrnsuyty
Uel mpouec K yaap NMpPY)KHOro WMAIHIpPA TOpLEM Y TNMepelukoay, a yac yaapy
BH3HAYUMTH YacoM NMPOXOMKEHHS NMPY)XKHOI XBHJII B3/0BXK LMAiHApa TyAu it Ha3an,

4.136. BuznauuTH WBKAKICT, U,, 3BYKY B IilillepHHi, AKWO KoedilieHT
CTHC/IMBOCT} AN HboOrO P = 210" Ma”".

4.137. Tlix niero nonepeyHol rapMOHIYHOT CHIM KiHElb Jy)Ke AOBroi HaTd-
CHYTOI cTpyHM Ko/MMBaETbeq 3 yacrorolo v = 50 Iy i amnaiTyaolo 4 = 2 cm.
Minitiui rycruna crpynn p = 0,1 r/cM, cuna Harary F, = 1 kH. O6umncauty
Cepenniit 3a yacom notik (@) exeprii B3AOBK CTPYHH.

4.138. [IpyxHa rapMOHiyHa XBUAA MOWKPIOETHCA B MiTHOMY CTPHIKHI,
Iowa nonepe4yHoro nepepisy axoro S = 3 cM?, wo po3MilleHUH B3A0OBXK
0Ci Ox. Buznauutu norik @ eHeprii kpisb A0BinbHMI NonepeuHuii nepepis
CTpukHs yepes 1/8 nepioay KOAMBaHL MICAA TOrO, AK WBKUAKICTH YaCTHHOK

Cepenosuwma B uboMy nepepisi Habyna MakcuManbHoro 3Haueuus & =
=3,5 cmlc
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4.139. Y3n0BX cTaneBol peHkH MOWKPIOETHCA NMO3A0BXKHA NPYXKHA XBUiY,
piBHAHHA AKOi § = & exp i — kx). O6UUCAUTH MOJY/L HANPYKEHHS o]y
NOBIIbHOMY nonepeHOMy fepepisi 3 KOOPAHHATO X Tom, konu 06’emua
rycTMHa eHeprii XBuai y usomy nepepisi w = 150 JIk/M’, a XBUILOBE MHCHO
k=1m"

4.140. Buznauuty aMnaiTyny A Hesracaroqol cepuyHOi XBUIi Ha BiACTanj
r» = 15 M Bifi TOMKOBOTrO JKEpena B i30TPONMHOMY CepeiOBHLI, AKILO Ha Bil-
cTaHi ) = 3 M BiJ HBOIO cepenna rycTHHa noToky eeprii {j}= 5 B1/m I'yc-

THHA CepefoBHLIa P = 4-10° kr/m’, moayns ¥Oura E = 100 I'Tla, uactora
KONMBaHb Jxepena Xsuab v =15 xl'u.

EnemMeHT aKyCcTHUKM

4.141. Bu3sHauMTH WIBHIKICTD Usy 3BYKY 32 HOpMaNbHHX YMOB Y renti, a3ori
Ta ByrAeKMCIOMY rasi.

4.142. 3a saxuii yac ¢ 3ByKOBi KOJIMBaHHA NMPOHIYTh BiACTaHb Xg = 7 KM MiX
IBOMa MOBEPXHAMH, AKIIO TEMMepaTypa MOBITPA MiX HUMHM 3MEHILYETHCA 3a
excrioHeHUianbHuM 3akoHoM T = T; exp (-ox) Bin 3HauenHs Ty = 300 K nHa
nepiit noBepxHi 10 3HaueHHs 1> =200 K na npyriii?

4.143. BupasuTi WBHAKICTE U,y 3BYKY B raii uepes cepegHIO LBUAKICTD
(v) Horo mMonekyn.

4.144. TTopiBHATH WBHAKICTb Uy, 3BYKY, CEPEAHIO WBHAKICTS (v) MOjeKy

Ta MaKCHMaibHy WBKAKICTh &, KOJAWBAHb YACTHMHOK MOBITPHA, Kpi3b ke

MPOXOJUTH 3BYKOBA XBHJIA 3a HOPMANBHUX YMOB. AKYCTUYHMH THCK (Ap)o =
= 10 Ia.

4.145, Ha Bigcrasi R = 3 kM Bif cnocmpiral!a 3 BUCOTH /1 = 4 KM BEpTHKa-
NbHO Baapuia 6anckaBka. Skuii yac ¢ cnocrepirad 9yTMMe rpim Bij Hel‘?

4.146. Tpu 3By1com XBHJIi 0/IHAKOBO iHTeHcuBHOCTI I = 50 MBT/M® nowmm-
PIOIOTHCA B MOBITPi, BOAI Ta CTAIEBOMY CTpHXHI. SIki aMmiiTyqu 3ByKoBOrO.
THCKY (Ap)o ¥ uMX cepenoBuinax? [TopiBHATH iX 3 HOPMATLHUM aTMOChEpHHM
THCKOM. BBakaty, 110 WBHAKICTE 3BYKY B MOBiTpi U, = 330 M/c, y BOAI Uy =
= 1500 M/c, y crani v, = 5 100 m/c.

4.147. AMnaiTyna KOAMBaHb THCKY TNOBITpA Y 3BYKOBili XBHIi 3a HOp-
ManbHHX YMOB (Ap)e = 0,01 ITa. Sxomy piBHeBi ryuHocTi L Bianosigae ue
3HAYEHHA?

4.148. Pigens ryunocti aBiauifinoro gsurysa L = 100 gb. fika amnnityAa
A KO/IMBaHb YaCTHHOK TOBITPA [NIM YacTOTH 3BYKY V = 2 kIl 3a HOpManbHHX
YMOB?
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4.149. OGuMCIUTH aMITITYy LBKAKOCT E .. UACTHHOK MOBIiTps, AKUIO pi-
petib ryuHoCTi 3BYKy L =60 nb. BBaskat, o INBHUAKICTH 3BYKY U, = 330 m/c.

4.150. U MOKe MOACHKE BYXO PEECTpYBaTH 3MillleHHs MOJIEKYJ NOBITPS
4ua BiACTaHb, LI10 NOPiBHAHHA 3 NiaMETPOM MONIEKYNIH?

4.151. OBUMCINTH aMILTITYY KONMBAHbL 3BYKOBOro THCKY (Ap): a) Gina
nopora YYTHOCTI, IHTEHCUBHICTb 3BYKY Inin = 10712 BT/Mz; 6) nobnu3sy 6osLo-
BOr0 Mopora, Imax = 10 B1/M2. SIkuii BACHOBOK MOXHA 3pobuTU?

4.152. CnouaTtky JKepeao 3BYKY pYXaeThcs Ha3yCTpid HepyXomomy cno-
crepirayeBi 3i WBHAKICTIO Upx = 40 M/, noTiM crocTepiray pyxaeTscs Ha3zy-
CTpi HEPYXOMOMY JiKepery 3 TIEI0 Camolo wBuakicTio. Yn 6yxe oHaKOBOWO
4acToTa 3BYKY, fiKuii cnpuiimMae cnoctepiray B 060X Bunaakax? Yacrora ko-
JMBAHb JUKEPENa 3BYKY Vo = | k['Li, BUAKICTH 3BYKY Uy = 340 m/c.

4.153. Cnocrepiray Ha 3ani3HUYHil naardopmi Yye curHan noisza, Lo npo-
XOgKTH 083 Hboro. Komu noisy HabimkacTees, TO 4acToTa 3BYKY, AKUH CpHK-
Mae cnoctepiray, v; = 1100 'y, a koM noi3n BIAJANSETLCS, TO V2 = 900 I'u.
BH3HAYMTH LIBMAKICTH U NOI3a i 4acTOTY Vg 3BYKY, LLO BUIYCKAETLCA CHIHA-
JIOM HepyXOMOro Nnoi3zxa. BaxarH, 10 WBHAKICTb 3BYKY Uss = 340 m/c.

4.154, Toi3xn, wo pyxaeThes 3i WBMAKICTIO U = 144 kM/rof, 1101a€ 3BYKO-
BMH curHas, yacToTa akoro Vo = 1 k['1. STk 3MIHUTBLCA YacTOTa CUrHaY, AKHH
cripuiiMae cnocTepiray, SKWO BiH NMpAMYE Ha3ycTpiy MOi3fly 3 Ti€i0 caMolo
WBKHAKICTIO (BigHOCHO 3emmni)?

4.155. 11IBuaxicTs pyxy u TOYKOBOrO Jpkepena 3BYKY NEpeBHILyE LIBUI-
KIiCTh 3BYKY T Y cepenoBHlli Y M = 1,5 pa3a. BU3HaYMTH KYT Q, SIKMiA YTBO-
Proe gpoHT yaapHOi XBMITi 3 TPAEKTOPIEIO JUKEPENaA 3BYKY.

4.156. Konu nitak monae 3Bykosuii 6ap’ep, TO M0aMHA, Aka nepebyBac Ha
nesKiil Bincrawi Big HbOrO, uye akycTHuHHiA ynap (“nocrpin”). [1oSCHUTH ue
SBHLE.

4.157. Bigomo, 110 WBHAKICT XBHL Ha BOAI Bif Kopabna 3aBxaW BTPHYI
MEHINA Bij iforo WBWAKOCTI. BUXOASYM 3 ULOr0, BH3HAYHUTH KYT O PO3XHITY
KOHYCa, 1110 € 06BiHOI XBUIIbL BiJl KOpabns.

Nornunanns, Blg6UBaHHA R 3aNOMAEHHA 3BYKY

4.158. Tnocka XBuiis, PiBHAHHS AKOT E(x,7) = 4 e~ V'cos (ot — kx), nowunpio-
CTLCs B OHOPIZHOMY MOTIMHANBLHOMY CEPefOBHULL. BH3HAUMTH pi3HULIO (a3
AP KONMBaHDb y TOMKAX, AMA AKMX BiIHOLIEHHA aMIUTITYA 3MilLEHHA YaCTHHOK
cepenosua 1 = 1,02, saxugo koediuieHT nornunankg y = 0,25 M™', IOBXHHa
XBHi A = 0,75 M.
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4.159. Bin izoTponHoro mkepenia y NOrNMHAILHOMY CepeAOBHILI MOLy-
proeThes cepuiHa xBuns. HYacrora BunpominioBadua v = 150 I'n. Ha Biacraui
ry = 15 M BiA AxKepena aMIuTiTYAa 3MillleHHs YaCTHHOK CepelioBHLIA MEeHIlla ¥
n = 2,5 pa3a, HiX Ha BiActaHi 11 = 10 M. Bu3HaunTi koediuieHT NorNuHaHls
Y, JOBXHHY A | LUBUAKICTH U XBHJI, AKLO pisHUUA (a3 KOAMBAHD Y 3ralaHux
Toykax A = /3.

4.160. Ha siacrani r = 100 M 8if To4X0BOTO i30TPOMHOro MXKepesa 3BYKy
npu yactoti v = 500 I'y piBens ryydocti L = 20 ab. Buznauutn noryxuicts P
JoKepena 3BykY.

4.161. DpOHT UMAIHAPHYHOL NMPYKHOL XBUI EPEMICTHBCA B paiialbHOMY
Hanpami Ha BiAcTaHb Ar = 3 M Bif MO4aTKOBOIrO MOACKEHHA r; = 2 M Bil oci
UMAIHAPUYHOT XBUALOBOI nosepxHi. Ilpy ubOMy IHTEHCUBHICTH XBUI 3Mel-
wusack y n = 4,5 paza. Busnauntu koeQiuieHT NorjMHaHHA Y XBUJ.

4.162. KoediuieHT nornmHaHHa y 3 yxoaux XBHJb Y TlOBlTPI 3aNeXHUTh Bin
YacTOTH 3BYKY V 3a qmpmyno:o Y = av’, ge crana a = 2:10 c¢’/m. Ha sixiit
Bi/ICTaHi Xp IHTEHCUBHICTb MOCKO] 3BYKOBOI XBHJI, 1110 MOIKUPIOETLCS B MOBITP
B3/10BXK OCi Ox 3MEHWMUTLCA B 1) = 2 pa3su AN KOJIMBaHb: a) 3BYKOBHX 3 Yac-
ToToo v = 10° i 0) yAbTpa3ByKOBHX 3 YACTOTOW V = 5+ 10° Tu?

4.163. KakaH niAKOBOHIC, L0 BUMPOMIHIOE AyKe BY3bKHH My4oK yabsTpa-
3BYKOBHMX XBWJib iHTEHCHBHIicTIO Jp = 10 Br/m’ i yactotolo v = 0,1 MI'u, Bu-
ABMB XpyLla Ha BiacraHi r = 20 M. Buznauuti intreHcuBHicTs I Biaburoi Bin
Xpyllia XBuii, SKYy CNPUHHAB KaXkaH, AKWO KOe(DilliEHT MOTIMHAHHA YALTpa-
3BYKY B noarrpl Ha 3rafiaHill YacTOTi 33 HOPMANBHOrO THCKY ¥ = av’, Ae
a=610"" c*/m.

4.164. 3anexHicTs koedilicHTa NOrNHHaHHA 7 332/1(03:4}: XBHJb Bif 4acTo -
TH 3BY Ky v BU3HAYAETHCA 3a tpopmynom Y = av', Ae and nositpa a, =
=210" "¢ /M, IS Boau a; =310 4¢%/m. Ha amii Bmcmmx 3racaHHsA niaoc-
KHX YJAbTPa3ByKOBUX XBH/Ib 3 YACTOTOK V = 10° 'y cranosutume L = 30 1B y
nosiTpi Ta y BoAi?

4.165. 3a ymoBamu 3anaui 4.164 o6uMCIUTH, HA AKUX BiACTAHAX X iHTEHe
CUBHICTb 3BYKY B MOBITPi Ta Yy BOAi 3MeHnTLCA B 11 =10 pa3sis.

4.166. Bu3HauuTH NOKA3HMK 3AMOMAEHHS N 3BYKOBUX XBHJb HA MEXi
nomTpa — ckno. Moayns OHra ang ckna E = 60 I'Tla, ryctina ckna p =
=2,6'10° kr/m’. LBuakicTs NOLKpPEHH 3BYKY B NMOBITPi U, = 340 m/c.

4.167. BuxopucroByroun (opMysH reoMETPUUYHOI ONTHKH, 00YMCIMTH
¢okycHy BiacTaHb F akyCTUYHOI JiH3K A1 YNbTPa3sBYKOBHX XBWJb, LU0 MO~
mmproioThes y Boai. Jlinza cranesa (£ = 2:10' Na), AsoBruyTa 3 paniycamu kpi-
Bu3Hu R = 4 m. [loknacTy WBMOKICT NOWMPEHHS XBUL Y BOAI U = 1497 M/c,
y cTani v = 6 100 m/c.
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4.168. YnuLTpa3BykoBa XBUAs BiiOMBAEcTLCA Bijl AHA BOAOHMULLA. Y CKilbKU

ip aMnniTyna 4, BinOMTOi Bin AHa XBUAi Oinblua 3a aMNAiTYRYy A; XBUJ, 11O
IPOXOAUTH Y IOHHY peuoBuHy? I'ycTuHa noHHO1 pevoBuHU p = 2 000 Kr/M,
a [BHAKICTH NO3JI0BXKHLOT XBUII B Hill v =3 000 m/c.

4.169. 3a AKX yMOB Nipy BinOuBaHHI NpY>KHOT XBHJI Bifl NIOCKOT Mexi
noainy ABOX CepeoBHLL BiNOUTa XBUIIA 3MIHIOE CBOKO (ha3y Ha NpOTUIEXKHY?

4.170. I1nocka 3BykoBa XBWIA NMOUMPIOETLCA NEPHEHAHKYAAPHO A0 NNoC-
kol Mexi noxiny Boga — nosiTpa. Cxopucrasiuces tabn. 4 i 15 nox. b, BeTa-
HOBHTH, AKY HaCTKy 1) CTAaHOBUTh NUTOMHUH akycTHuHul omip NoBiTps BiA nY-
TOMOIO aKyCTHYHOIO OMOpY BOAM.

4.171. 3BykOBa XBUNlA MOWMUPIOETHCA HOPMAILHO 3 MOBITPA y BOay. Slka
yactka D eHeprii npoxoants? Sk 3MiHUTLCA BiANOBiAb, AKLLO 3BYKOBa XBUAA
fine 3 BOAU B NOBITPA?

4.172. Ckinbkn BigcoTkiB D 3BYKOBOi €Heprii MOXHa nepenaTtH uepes
Mexy: a) Bopa — 1ixn; 6) Bona — ctans?

4.173. TloacHiTs, YOMY AnA NepenaBaHHA eHeprii y BCiX XBMIILOBMX CHC-
TeMax HeoOXifHO Tak 3BaHe Y3TOMKEHHSA iMMenaHCiB Z y BCIX 3’€qHaHHAX
(Hanpuknaz, 3’¢AHaHHA pizHHX KabeniB, reHepaTopa 3 HaBaHTAKEHHAM).

repdhepennin xeuns. Croaydi xeunni

4.174. Yn moxytsh inTepdepyBaru: a) BEeKTOpHI XBusi (Hanpuxial, €neKr-
pOMarHiTHi); 6) ckanapHi XxBuai (HanpuKIaj, TEMNepatypHi); B) BEKTOPHI XBiJi,
AKi NiHifiHO NoNAPU30BaHi y B3aEMHO NEPNeHUKYNAPHUX HanpsaMax?

4.175. Inrepdepenniiina kapTUHA CTBOPIOETLCA ABOMA TOYKOBMMH Kore-
PEHTHUMMK DkepenaMu. SAki noBepXHi CTAHOBIATL MHOXUHH TOYOK, A€ CI1o-
CTepiraioThC MakCUMyMH iHTEHCHBHOCTI? flka HaliMeHIa BigcTaHb MiX
HHMK?

4.176. 3ByxoBi XBHNi Bill ABOX JKepen HaKNAAAKOTHCA B AeAKilk Touuni P
HpocTopy i 36YKYIOTE KONUBAHHA OHAKOBOIO HaNpsAMY, OIHAKOBOI YacTOTH i
noyaTkoBoi dazu. AMnnityau xBuns 4y = 0,3 MM, A = 0,4 MM, TOBXMHA XBHJTI
A=21 M. Touka P NexuTs Ha BiICTaHi ry =8 M i r, = 4,5 M BiJl KOXHOIO 3 JKe-
Pen. Busnayumv amnnityny 4 pesynsTyio4oro KojiMBaHHs B Touui P.

4.177. lea ToukoBux [kepena Sy i Sy, ki BUNPOMiHIOIOTh 3BYKOBi XBHJ
BAHaKoBOI aMILTITY M, 4aCTOTH i a3y, posmillleHi Ha BigcTadi d = 10 cm ogHe
Bill oHoro B nosiTpi. InTepdepennis X, cnocTepiracTsca Ha NpAMil, sxa
€napanensHolo Biapi3kosi S\S; i nexuTs Ha AocuTh Benukii BiacTani /= 10 M
Bill Hboro. Binctans Mix CyCiaHIMH MakcHMyMaMu iHTeHCHBHOCTI Ax = 20 cM.
Wennicts 3BYKY U,,= 340 m/c. BusHauuTH 4acToTy V 3ByKY.
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4.178. JIi 3ByKOBi XBHi, aKyCTHUHMHA THCK AKMX 3MIHIOETECA 3 3aKOHamy
Ap, =(Ap), COS(O)! —*foc+g:-] i Apy = (A;?)o

B OZAHOMY HanpsaMi. Skum 6yae pesyabTytounii akyctHuHmnii THek Ap? Obupe-
nuTH Ap: a) y Toulli x; = A B MOMeHT 4acy #; = 0; 6) y Touui x> = 8A B MOMenT
yacy £, = /4w, axuo (Ap = 10~ Ma.

4.179. V npyXHOMY OJIHOPIAHOMY cepefoBHILli MOLIXPIOIOTHCA 4B MAOCK;]
rapMOHiYHi XBHAL: ofHa — B31oBX oci Ox, iHwa — B3a0BXK oci Oy. Yacroru
060X XBu/Ib € OiHAKOBUMHK. YK Oyae matu Micue iHTepdepeHLtis XBiitb, SKIilo
o6unBi XBuAi: a) nonepeyHi i HanNpAMM KOAMBaHb OAHAKOBI; 6) MO3A0BXKHI?
Skui xapaktep pyxy 4acTHMHOK NPY)XHOro cepenosuila B miowuHi xOy p
060X Bunaakax?

4.180. Yy nepeHOCUTb €HEPrito XBUNA, PiBHAHHA AKOI &(x,f) = A cos kx cos wf?

4.181. Slki neperBopeHus eHeprii BiAOyBalOTLCA B CTOAUIK XBUAI y nNpyx-
HOMY cepenoBHILi?

4.182. Ha crpyni 3aBaoBxku / = 1,5 M yTBOpUJach CTOAYa XBUNA, NPH-
YOMY BiACTaHi MiX TOYKamu, B AKMX KOJMBaHHA BiaOyBalOThCH 3 ammaity-
100 A = 4 MM, A0piBHIOWOTs Ax; =9 cM i Ax; = 16 cM. Busnauutu 1oBxuHy
XBUJi A Ta aMIUNITYAY Epnax Y NyUHOCTI. SIkoMY 00epTOHOBI BiANOBIAAIOTH Ui
KOJIUBAHHA?

4.183. [Nepion konMBaHkL OHAKOBUX 3YCTPIYHHX XBUAL T = 6 ¢, aMIIiTyAa
koauBaHp 4 = 10 cM. BuzHauumy 3MmilienHs Epax TOUOK, AKi Nexars y nyy-
HOCTi CTOAYOT XBWJIi B MOMEHT 4acy, KoK a3y koiuBaHb 000X XBub 36ira-
10TbCA, a Takox Yepes £ = 0,5 ¢ i 2= 1 ¢ nicng MOMeHTy 36iranns gas.

4.184. Ctosiua XBWJis YTBOPIOETHCA MiJ Mac HakNafaHHA Nafal4oi XBH-
ni i xsuni, BiabuTOl BiA Mexi noainy cepenoBuLl, NEpneHANKYAAPHOT A0
HanpsAMy nowupeHHs xBuni. LLIBMAKICTE NOWKUPEHHA 3BYKOBUX KONHBAHb
v = 340 m/c, yactota v = 3,4 kI'u. BcTaHOBUTH BifcTanb Bifi MeXi noainy
cepeaoBul BY31iB i nyyHocTel cTos4ol XBUAi, AKWO BiAOMTTA BinOysa-
€ThCSA: @) Bil MEHLI T'YCTOro cepenoBuia; 6) Bia Giasit rycroro cepeno-
BULLA.

4.185. CraneBa cTpyHa posis, f0BxHHa Akoi I = 1 m, aae yacrorty oc-
HOBHOTI'O TOHY Vi = 256 I'y (HoTa “A0” nepwol okTaBu). Bu3Ha4UTH WBHA-
KICTb U XBHJIi HA CTPYHi Ta cuity HaTAry F, CTpyHH, BBaXalo4u, 10 qiaMeTp
CTpyRU d = | MM.

4.186. Cranesa cTpyHa posnd, 1oBxuHa Akoi [ = 1 m i miamerp d = 1 MM,
HaTArHyTa i3 cunoro F, = 4,7 kH. Skoro 6yne yacrora 6UTTH Vg, K10 36YAH-~
TH KOJAUBaHHA CTPYHU i KaMEpTOHA, YacTOTA AKOIO Vigy = 440 I'y?

: T
sin [mt % 5) » MOIUHPIOIOThEs
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4.187. BaHTOBHH MIiCT BUCHTDh Ha CTANeBUX KaHaTaxX, JOBXHHA AKHX BIJ
I,= 100 M 10 1, = 190 M. [lpu n0CTaTHEO CHJIBLHOMY BITpi KaHaTH MOYHHA-
joTh KOMBaTHCh. BH3HAUMTH yacTOTH BJlaCHMX KOJIMBaHb kaHaTiB. Mexaniy-
He anpy>eHHA B kaHatax ¢ = 60 MITa.

4.188. AmoMiHieBHA cTpwkeHb 3aBaomxkkH / = 80 cm 3akpinnennii y
cepenvHi. BCTaHOBMTH TpM HAHMEHWII YacTOTH (IO3LOBXHIX BJIACHUX
KONIMBaHb CTPHXKHA.

4.189. Tpy6a 3apnoBxkH L = 170 cm 3anoBHeHa noBiTpAM i 3aKpuTa 3 0I-
Horo KiHud. BU3HAYMTH OCHOBHY 4acTOTY Ta 4acTOTY TPEThOl FApMOHIKH MOXK-~
JINBUX BJACHUX KOJHMBaHB MOBITPAHOro cToBfa B TpyOi. BBakartu, wo wBua-
kicTb 3BYKY B NoBiTpi ¥ = 340 m/c.

4.190. Y Binxputiit 3 060x kiHUiB Tpy6i, sKa 3anOBHEHA OBITPAM, YTBO-
prnucsa cTosiyi 38ykoBi XBuni. osxuHa tpybu / = 0,85 m. Buanauurtu yacro-
Ty nepLlHX TPOX FapMOHiK i 306pasuTy ix.

4.191. Binkpura 3 ogHoro kiHus Tpy6a 3aBposxkku / = 0,75 M 3ar0BHeHa
racoM. BUsHauyHTH YacTOTy NepluUX ABOX HOPMANEHUX KOJAMBaHb (FapMOHIK),
KO KoediUieHT cTHeaAuBocTI racy = 7-10 i

4.192. Y crpyHi, dka 3akpiniaesa 3 obox kiHuiB, 30yaunau Tperio rapMoHi-
KY. Maca ctpynu m = 9 r, yacTota OCHOBHOr0 ToHy v; = 440 I'y, amnaityna
3MILlEHHs B NMYYHOCTAX CTPYHH A = 2 MM. BU3HAUHTH MakCUMalbHY KiHETHY-
HY eHeprito W ax CTPYHM.

Aucnepcia xeunes. ®asosa i rpynosa weKMAaKocTi

4.193. XBunLoBMii NakeT YTBOPEHO NBOMa MIOCKHMM XBUAAMM: &(x,[) =
=4 cos (10007 — 4x), E(x,7) = A4 cos (1 0107 — 4,2x). Buznauntu $pa3osi WRKA-
KOCTi Uy, U, KOXKHOT XBUJi Ta rpynoBy WIBUAKICTE ¥ NakeTa.

4.194. XBunboBHii 1AKET YTBOPEHO BOMA C(EPUYHUMM XBUASAMH &(7,f) =

A :
- m~ cos (100¢ — 5r), &(r,0) = 4 cos (103¢ — 4r). Buanauutn ¢a3oBi WBHI-
r

KOCTi U}, v, KOKHOT XBUII TA FPYNOBY LIBUAKICTS ¥ f1aKeTa.

4.195. Slkwit Burnan mac aucnepciiive cniBBigHowWweHHs (k) ANS XBWIb:
2) nonepeunnx y cTpyHi; 6) 3BykoBuX y razax? Yu mae micue aucmepcis ais
UHX XBUnR?

4.196. 3a 1ONOMOrolo AYHU MOXHa BUMIpIOBATH BiICTaHb IO MepeLuKo-
AR. Akoto WIBMAKICTIO 3BYKY — (ha30BOIO YW FPYNOBOK — KOPHUCTYIOTHCA MpPH
LbOMY?

4.197. Ina xBunp Ha nosepxHi rMGOKOI BOAKM AUCEPCis OMUCYETHCH PiBHAH-
HAM @ = gk + ok’/p, 1€ g — NPUCKOPEHHS BLTLHOMO NAZIHHS; & — XBIILOBE YHCIO;
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¢ — KoedilieHT noBepXHeBoro Hatiry Boau, ¢ = 0,073 H/M; p — ryctiHa Bogy
3a Kol yMOBM (ha30Ba LIBMAKICTb XBW/b JOPIBHIOE rpynosiit? Jlna xaunmb sxop
NOBXHHU A ue BinOyBaetbea? YoMy nopiBHIOE NMpH ubOMY (a3oBa WIBUAKICTE U
xBunai? OGUMCAMT rPyNOBY WBHAKICTL ¥ KamiNApHUX XBWIbL (KMYpIB) 3aBIO0BN-
ki A=0,1 cM. Y ckinbku pasiB 1 BOHA NepeBULLye (Ha30BY IBUAKICTL?

4.6. BillbHI ENEKTPU4HI KONUBAHHA

Ilepion BRacCHHUX KONMBaHb ENEKTPHYHOIO KOJIMBANBLHOIO KOHTYpY, Ofip SKoro R = 0,
iHAYKTUBHICTB L, emHicTs C (popmyna Tomcona),

T=2nJLC. (4.6.1)
[ToBHa eHepris KONUBANLHOIO KOHTYDY
_CU§ _ LI _ gz

4 = : 4.6.
2 2 2C (462)
JndepenitianbHe PiBHAHHSA BiNBHAUX 3racalouMX KOIMBAHb 3apALY B KOIMBANLHOMY KOHTYDI
G+2BG+wag=0. (4.6.3)
YpasiR< IJ;-IZ 3aKOH 3MiHH 3apAAy KOHACHCATOPA KONIMBANLHOTO KOHTYPY
g = Guot > cos(ot + ), (4.6.4)
ac
o= ng -p* = J-—'—-—’f—- . (4.6.5)
LC 417
: CR* .
Y pasi cnabxoro 3racaHus 7 << | | 106poTHICTE KOHTYPY
I |L
= f 4.6.6
e RNC (445)

BinnHi Hezracaouyi KonNuBaHHA

4.198. Slk MoxHa 30yAMTH BijibHi KOJIMBAHHSA B €1EKTPUYHOMY KOJMMBaNb*
HoMYy KOHTYpi? Slk MOXHa 36inbiuTH AOOPOTHICTE KOHTYPY, HE 3MiHHBLIH
YaCTOTH BiIbHHMX KOJMBaHb?

4.199. Sk 3MiHMTLCA BJlaCHA YacTOTa KOJMBaHb Y KOHTYpi, AKULO:
1) Mix oOknankamM NoOBITPAHOrO KOHAEHCATOPa KOHTYpY BBECTH JieaeKTpHK;
2) ¥ KOHTYPHY KOTYLUKY BBECTH Ocepad: a) 3 ¢pepomarHeTuka; 6) 3 piamar
HeTHka?
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4.200. I(ouneﬂcamp, MoLa KOXHOT 3 nnactus sxoro S = 100 cM’, i ko-
TyLIKa 6e3 MarHiTHOro ocepnn 3aBAOBXKKH [ = 35 cM, njowia nonepeyHoro
nepepisy AKol 8y =5 cm’ Ta KinbkicTs BuTkiB N = 150, 3’ennani napanesHo.
[InacTHHY KOHJIEHCATOpA PO3/iieHi 1apoM coau 3aBToBlkn d = | MM, Bu-
3HaYHTH YACTOTY KOJMBaHB V LOTO KOJMBANIBHOMO KOHTYPY.

4.201. KoausansHufl KOHTYp CKJIafacThesd 3 KOHAeHcaropa emHictio C =
=0,01 Mx® i KoTylukH iHAYKTUBHICTIO L = 4 MI'H, onip Horo ayxe manmuii.
KouaeHcaTop 3apaauau Ao Hanpyrd Uy = 300 B. Yepes skuit npomixox
gacy 7 nicis 3aMHKaHHA KI04a CHjla CTpYMy B KOHTYpi AocarHe Haibinbiuoro
ma4eHHs oy ? YoMy BOHO AOpiBHIOBATMME?

4.202. Hanpyra Ha oOxjiaskax KOHAEHCATOpa KOJMBANbHOIMO KOHTYpY
3MiHIOEThCA 3a 3akoHOM U/ = 30 cos 10°%s, ne U - Hanpyra, B. €mMHuicth
kxongeHcaropa C = 0,3 mx®. BusHayutu nepioa T koJnuBaHb, BCTAHOBHUTH
3akoM 3MiHu I(f) cunu cTpyMy B KOHTYpi Ta iHAYKTHBHICTL L KOTYLIKH.

4.203. Custa cTpyMy B KOJIMBAILHOMY KOHTYpPI 3MiHIOETHCA 3a 3aKOHOM
I=-0,02 sin400 nt, A. lnaykTuBHicTh KOHTYpPY L =1 TI'H. OBumncantu:
nepion T xoiuBaHb; eMHicTe C KOHAEHCATOPa; MAKCUMANILHY eHEpPrito Wimax
MarHiTHOrO NOAA KOTYLUKM; MAaKCUManbHy eHepriio Winma €NeKTPHYHOro
nonA KoHAeHcaTopa. BcTaHOBUTH 3akoH 3MiHK Hanpyru Ug Ha koHzaeHcaTopi.

4.204. Bussauutu eHeprito W, MarHiTHOro nojis KOTYLKH iHAYKTHB-
HOCTi KOJIMBAJILHOrO KOHTYpY, MICAS TOro K 3 MOMEHTY NO4aTKy KOJMBaHb

l L3
npolife yac, WO CTAHOBUTD 3 nepiogy. MakcumanbHa Hanpyra Ha KOHOeH-

catopi Up = 500 B, emuicth koHaeHcaTopa C = | MkD. AKTUBHUM ONOpoOM
HeXTYBAaTH.

Binuul sracaovl xonusakun

4.20S. KonuansHuif KOHTYp CKIaAA€THCA 3 KOHAEHCATOpa eEMHICTIO C =
=7 mx®d i korywky inayxrussictio L = 0,23 I'u Ta onopom R = 40 Om. Kou-
ACHCATOPOBI HANANM 3apAAY gmo = 56 MxKn i npueaHanu foro A0 KOTYLIKH.

H3HauuTH nepioa T KONMBaHb, jJorapudmidHuil nexkpemeHT 3racaHHs & Ta
BCTaHOBMTH 3aKOH 3MiHu UI(f) Hanpyryu Ha KOHAEHCATOpI 3 YacoM.

4.206. Koutyp cknagaetses 3 kKoHAeHcaTopa emHicTio C = 2 HO i Ko-
TYuwiku inpykrusHicTio L = 10 MxI'H Ta onopom R = 14 Om. KoHnaeHcarop
3panxkatoTs Bin 6atapei 3 EPC & = 3,5 B i npueiHyoTs 10 KOTYINKH. 3a-
Micatu piBusnua /(¢) 3racaiounX KOJNMBaHbL CHIIM CTPYMY, BU3HAYMTH JO-
apudmiyunii nexpemenT 3racaHHs KoJIMBaHD & Ta eHeprilo W, MarHiTHOro
MONs KkOTywlkn B MOMEHT 4acy, KOJIM 3HAYEHHSI CHAM CTPYMY AOpiBHIOE
SHAaYeHHIO NoyaTKOBOT aMNNITY AH L.
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4.207. BuzHauyuTH OMi4YHUH onip R KONUBAJILHOrO KOHTYPY, IHAYKTUBHICTY
sxkoro L = 1 I'H, sakuwo 3a vac ¢ = 0,01 ¢ amnni'ryna Hafnpyru Ha KOHAeHcaTop
3MEHLUYETHCA B 1) = 4 pasu.

4.208. KonuBanbHu# KOHTYp Ma€ emuicTs C = 0,2 Mx®, iHAyKTUBHICTE
L =15 mI'd i akruBHuit onip R = 7 OM. Yepes sy kiibkicTh N KONUBaHY
aMIIITYa CUNIK CTPYMY B LIbOMY KOHTYPi 3MEHIIUTLCA B 1) = 5 pasis?

4.209. Busnaunutu 206poTHiCTL O KOAMBANBLHONO KOHTYDY, AKU CKNaja:
€TBCA 3 KOTYWKH iHaykTUBHICTIO L = 0,79 MI'H, konaeHcaTopa emuictio C 3
= 0,35 H®D i pezucropa onopoM R = 15 OM. 3racanHs € cnabkum.

4.210. Bu3HayuTH, AKa KiAbKiCTb MOBHUX KOAHWBaHb N, Ma€ MUHYTH,
wo6 aMnNiTyaa CTpyMmy B KOJMBAIbHOMY KOHTYpI 3MeHUMNACS B € pa3is?
[MapameTpu KOHTYpY: iHAyKTUBHICTb L = 1 I'n, emuicTs C = 0,5 Mk ®, omp
R =30 Om.

4.211. Ak 3miHuTbCA NorapupMmivHuH NeKpEMEHT 3racaHHs 6, Ko,
He 3MiHIOYH AOBXWHHU KOTYLIKH B KOAUBAJIbHOMY KOHTYPI, 301bLIHTY
KinTbKicTh BUTKIB Ha Hill y n pa3iB? BBaxartu, mo AiaMeTp BUTKIB He 3Mi-
HIOETHCA.

4.212. KonuBanbHUI KOHTYp CKNaJaeThcsi 3 KOHAEHCAaTOpa €MHICTIO
C =10 Mk® i KOTYWKH iHAYKTUBHICTIO L = 2 M['H Ta aKTUBHUM OMOPOM
R = 10 Om. Bu3snauury BigHOWEHHS eHeprii W) MardHiTHOro noss KoTyil-
KU 1O eHeprii W enexTPpUYHOro nonsd KOHAEHCATOpPa B MOMEHT Yacy, uio
BiAMOBiAAE MAKCUMYMY CHJIU CTPYMY B KOHTYPpI.

4.213. SAky eneprit0 BTpauyac 3a nepioj KONUBAIBHUN KOHTYp 3 EMHICTIO
C = 0,05 Mx®, iHayxTuBHiCTIO L = 2 HI'H T2 onopom R = | MOM, SK1IO MaK-
cUMaNibHa Hanpyra Ha koraeHcaropi Uyo = 200 B?

4.214. KouTtyp cknanaerbes 3 koHaexncaropa emuictio C = 0,05 mx® i I{O-
TYUKH iHAyKkTUBHICTIO L = 2 MI'H, norapupMiynuii AeKpemMeHT 3racaHHs Ko-
nuBanb 6 = 0,03. BusHauyuTH vac #, 3a AKUH eHeprii B LUbOMY KOHTYpi 3MEH-
ILUTLCS B 1= 5 pa3siB.

4.215. BnacHa yacToTa KOJIMBaHb KOHTYPY, B SKOMY 30Y/DKYIOTb 3racarout
KonuBaHHA, vy = 8 k', nobpoTHicTs O = 72. BCTAHOBUTU 3aKOH, 32 AKUM
3MEHLUYETLCA NOBHA eHepris W KOHTYpY 3 4acoM ¢. Slxa yacTKa 1| MOYaTKOBOI
eHeprii Wy 30epexeTbcs B KOHTYpi 3@ yac T = 1 Mc? ’

4.216. KonupanbHui KOHT‘yp CKMAJAETHCH 3 KOTYIUKH IHAYKTUBHICTIO L =
=1 Mk[H, ABOX MOCHIZOBHO 3’€HAHUX KOHAeHcatopiB emuicTio C = 5 mMkP
KOXHUH | pesuctopa onopoM R = 1 OM. YUu 3MIHUTBCA XapakTep KOAUBaHb,
AKLIO KOHAEHCATOPH 3’ €HATH NnapanenbHo?

4.217. Y4 BUHUKHYTb Y KOHTYPpi BiJibHi KONMBAHHA, AKILO A0 KOTYWIKH 1H-
aykruBHicTo L = | MI['H i onopom R = 50 OmM niniMKHYTH 3apafKeHH#H KOH-
nexcarop emHicTio C = 2 MKD?
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4.7. BAMYLIEHI EREKTPUYHI KONMBAHHA. 3MIHHWIA CTPYM

Slkulo Hanpyra B KOji 3MIHHOTO CTPYMY, K€ MICTUTb TIOCAIAOBHO 3’€[HAHI PE3UCTOp
onopom R, KOTYWIKY iHAYKTHBHICTIO L i KOHAEHCATOp EMHICTIO C, 3MIHIOETHCA 32 3aKOHOM

) U= U,cos wt, (4.7.1)
10 CHJIA CTPYMy B KO
[ =1, cos (0t - @), (4.7.2)

ze Uy, ], — aMnuiTyaHi 3HaueHHs BLINOBiAHO manpyrw i cuan crpymy. Kyt ¢ — 3cys das
MiXK 30BHILIHLOIO HATPYTOIO | CHIOIO CTPYMY B KO, BU3HA4YacThes 3 hopMynu

ol

tgo= —R"’C- : (4.7.3)

~ 3akon Oma 4515t 3MIHHOTO CTpyMy

Bt - Im <. . . (4.7-4)

(-: BenuuuHa

2
P Z= JR’ +(mL——lEJ =JR? + X2 (4.7.5)

L

Iif:mnaerhcu TOBHHMM OMOPOM KOJ1a 3MiHHOTO CTPyMY, a BEIHYHHA

X=XL-'.X(7=(0L—' L (4'7-6)
oC

HAIMBACTLCS PEAKTHBHUM OMOPOM.
~ fIKmo KOpPHCTYBATHCH KOMMNEKCHOIO (GOPMOIO 300paKEHHS BENNYHH, 11O rapMOHIYHO
IMIRIOIOTLCA, TO KOMILIEKCHA HAmpyra

0 =U, e 4.7.7)
[
1 KoMmnexcHui crpym . _
, I=1¢®", (4.7.8)
3B’83aHi 3akoHoM OMa B koMANCKCHiH Gopmi

.

Frezimges 4.7.9)

3 (

ae 2. ] 2| e’ (4.7.10)

HA3HBAETECA KOMIIEKCHUM ENEKTPHYHHM 0nopoM abo imMmneaaHCoM.
Tyr

Iz‘|=%f-_ (4.7.11)
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IMnenaBcyH HARNMPOCTIWMX ENEMENTIB:

a) onopy R
Z,=R; (4.7.12)
0) iHaykTuBHoCTI L
a z
Z, =inL=wle ?; (4.7.13)
B) eMHocTi C
A N (4.7.14)
C="aC oC o

r) NOCAIZOBHOFO 3'€IHAHHA PE3UCTOPA OMOPOM R, KOTYWIKK iHAYKTUBHICTIO L Ta Kon-
nencaropa emHictio C

wC
Ao pesucTop, KkoTylka # KOHAEHCATOP 3°€aHaHI JOBINLHO, TOAL MOLYNL iMNEaaHCY

Z=R+ f’(mL——l-—J. (4.7.15)

,Z, Ha3UBAETLCA NOBHUM OMOPOM, AifiCHA YacTHHA iMNeNaHCy ~— aKTUBHUM OFNOPOM, ySBHa

YacCTHHA — PEAKTHBHHM OMOPOM.
MNocninoske i napanensHe 3’ €aHaHHA iIMNENAHCIB BiINOBLAHO

A . 1 i
Py T, (4.7.16)
zk: Z T

Y xofi MOCAIAOBHOrO 3’€IHAHHA PE3HCTOpPA, KOTYIIKH H KOHAEHCATOpa MAKCHMAbHE
3HAYEHHS AMNMITYAN CHIM CTPYMY AOCSTAETHCA 332 YMOBH

|
= 4.7.
bl A

(pe3onakc Hanpyr, abo NoCALNOBHHKE pe3oHaHC).
Ipu usomy

U

Im=""§i; (U!.m) ( {m) J- Q (4-7-18)

ae Q — nobpoTHICTE KOHTYPY.

Axito Koo yrBOpeHe ABOMA NApaneNbHUMHU TiIKaMH 3 PEAKTUBHHMH OMOpaMH Pi3HOID
xapaxrepy: R), L i Ry, Cy Hepo3srasiykeHil 4acTHHiI KoNa, HaliMEHLHA CTPYM A0CATaETHCA
3a YMOBH

anpu Ry <<wL iR, =0 m;‘;,LC = | i pesonaHcHult onip KOHTYpy

L
z =
P RC
(pe3oHaHc cTpymiB, abo napanenbhuit pe3oHaHc).

L
= 7.19
= (4.7.19)
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Cepeliisl 32 NEPIOA KONMBAHL MOTYXHICTh, 10 BUAIRETLCS B KOJI 3MIHHOTO CTPyMY,

(P)= —;-J;,, U, cos ¢= -%R[j = Ly Yy cOSQ, (4.7.20)
rely, Ugp - edexTuBHi (miloui) 3HAYEHHS CHHYCOIIHOTO CTpyMy | Hanpyri,
lﬂ':%‘ U =g£—.
KoegiuieHT noryxHocTi
ReZ

= 7, 4.7.21
cos @ —[E]_ ( )

ne Re — mificHa 4acTUHA KOMIINEKCHOrO ONOpy Z.y pa3i NMocCnioBHOro 3'€AHAHHSN
pe3ucTOpa, KOTylkH # KoHAeHcaTopa

cosSQ = Igi : (4.7.22)

MocninoBHe 3’caHaHHA PE3MCTOPA, KOTYLIKK i KOHAGHCaTOpa B KOni.
Pesonanc Hanpyr

4.218. Korywky 3 akTiBHUM onopoM R=35 OM Ta iHAYKTHBHICTIO
L=9,6 M['H niniMKHYNU 100 [Kepena Hanpyrd, ska 3MIHIOETHCH 32
3akoHom U = 141 sin 3144, ne U — unanpyra, B. BcranosuTtu 3akoH I(f)
3MIHYU CHJIM CTPYMY B KOTYLIL.

4.219. lo «kiHWiB Kona, AKe CKIAQAETHCA 3 MNOCHIJOBHO 3 €JHAHUX
KonpgeHcaropa i pe3uctopa 3 akTuBHEAM ornopoM R = 100 Owm, npuxnaieHo
3MiHHY Hanpyry 3 amnaityzoto U, = 100 B. Ilpu upomy amniityaa cunu
CTpyMy, 0 BCcTaHoBunaca B koni, I, = 0,7 A. BuszHauutu 3cyB ¢a3 ¢ Mix
CTPYMOM i 3aransHOIO HAMpYrowo Ha JifSHI Kona.

4.220. Kono, ske CKNanacrbes 3 MNOCAINOBHO 3'€[HAHWX pe3ucTOpa
akTMBHHM onopoM R = 50 Om, koTywku iHayKTuBHicTio L = 20 MIH i
koHneHcaropa emHicmio C = 1 mk® (pnc 428) YBIMKHEHO B Mepenc?l
CHHycoinHoi Hanpyru 3 amnaityaoio U, = 180 B i wacrorowo © = 314 ¢
Busnayuu amnnityny J, cunM cTpymy B Koji, 3¢yB a3 ¢ Mix CTpymMoM I
Y Koni i 30BHilHBLOIO Hanpyrowo U Ta Mut- 7
TEBI 3yaueHHs HAaNpyrd Ha iHAYKTHBHOCTI — - -
Ui konpencaropi Ut.

4.221. Y xonuBanbHOMY KOHTYpi, eJie-

MEHTH sikoro 3’€AHaHi NOCai J0BHO, EMHICT 0 A O—
C = 0,1 mMx®, ingykmmsricts L = 1 mMlH i v
Omp R = 10 Om. YV koni mic 30BHilHS Puc. 4.28
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3MiHHA Hanpyra, ammiityaa skoi U, = 10 B. Slka yacrora v ui€i Hanpyry,
AKLO aMILIiTyaa cuau crpymy I, =1 A?

4.222. Kono, 1o CKIaAa€eThcs 3 MOCHIZOBHO 3’€QHAHUX KOHJIEHCATOPa €M+
HicTio C = 30 Mk®, pe3ucTopa onopoM R =35 Om i KOTYLIKH iHAYKTHBHICTIO L =
=1(),26 ', nigiMKHYTE O NPeHepaTopa CUHYCOIOHOI HANPYIH, YACTOTY KOO MOMXHE;
3MiHIOBATH NPH cTanii ammnityai. BuzHauutu vactoty o, npu skiit cnocrepirae.’
ThCA MAKCUMYM aMIIIITyIH HAMpyTy: a) Ha KoHAeHcaTopi; 0) HA KOTY L. ;

4.223. lpu BUMYLIEHHUX KONMBAHHAX HA PE3OHAHCHIN YACTOTi B KOHTYpI 3.
MOCAIAOBHUM 3’€HAHHAM €JieMEHTIB 30BHIIHA Hanpyra 3MiHIOETBCHA 133
sakosoM U = 50 cos 10° nt, ne U — nanpyra, MB. €mHicts KOHﬂEHCa’I‘Opa

koutypy C = 0,1 mk®. BusHauutu nepion T’ konuBaHb, IHAYKTUBHICTb Lj
KOTYLUKH, i1 aKTUBHUIA onip R Ta BCTAHOBUTH 3aKOH /(f) 3MiHU CUIU CTpyMy 31
4acoM, AKLIO 40OpoTHICTL KOHTYPY @ = 30. 3racaHHA € ManUM.

4.224. Tlpu BUMYLLEHUX KONUBAHHAX HA Pe30OHAHCHIH 4acTOTi CTpPyMYy B
KOHTYpi, eNeMeHTH SKOro 3’enHaHi nocm,uosﬂo Hanpyra Ha KOHJeHcaropi.
IMiHIOETbCA 32 3akoHoM U = 25 cos 10° nt, ne Uy — Hafpyra Ha KOHAEHCa-
Topi, B. €EMHicTb konaeHcaropa C =1 mMk®. BU3HA4yHTH iHAYKTUBHICTL L
KOTYLLKH Ta BCTAHOBUTH 3aKOH /(f) 3MiHU CUJK CTPYMY 3 YACOM. ‘

4.225. Ha xonuBanbHHil KOHTYp, e€MEHTH AKOro 3’€[HaHi MOCHifOBHO,
nojaHa 30BHilHA Hanpyra. YacTora Hanpyru @ =314 ¢~ ' CymapHe naaiHHs
Hanpyrd Ha KOTYWIUi # KOHAEHCAaTopi AOPIBHKOE HyneBi. |HAYKTUBHICTb
kotywku L = 0,1 I'. BusHauutu emHicTs C KoHAeHcaTopa.

4.226. KonuBanbHuii KOHTYp, €lEMEHTH AKOro 3’€AHAaHi MoOCnif0BHO, MA€E
Taki napametpu: iHaykTuBHicTs L = 0,82 MI'H, onip R = 60 Om, emuicts C =
=400 n®. Y kono niAiMKHyTa 30BHIlUHA 3MiHHa Hanpyra, amMaiTyqHe
3HauyeHHs skoi U, = 0,1 B. BusHauuTH pPE3OHAHCHY YACTOTY Ve, i CnajiH
Hanpyr Ha KOHAeHCATOpi il KOTYLILI MiJi 4ac pe30HaHCY.

4.227. Maemo KkonuBanbHUH KOHTYpP 3 TNOCHIAOBHUM 3’ €QHAHHAM
enemMeHtiB. [HaykTUBHICTL KOTYWKHM L = 0,1 ['H, eMHicTb KOHAeHcaTopa C =
=5 mk®@, onip pesucropa R = 10 Om. Ha gxux yactorax v, i v, aMmniiryna
BUMYLIEHUX KOAMUBAHb CTPYMY AOPiIBHIOE NORKOBUHI aAMMNITYAU CUITH CTPYMY
NnpU pe3oHaHci?

4.228. Busnauyuty no6potTHicTe O KONHBANBLHOrO KOHTYPY 3 MOCHiJOBHHM
3’€AHAHHAM €JIEMEHTIB, PE30HAHCHA YaCTOTA AKOTO Vpe, = 600 kI'n, eMHICTD
C =350 n®, aktuBHuii onip R = 15 Om. 3racaHHs BBaOXKATH MaIHM.

4.229. Y KonuBalbHOMY KOHTYPi, €leMEHTH AKOro 3’€HaHi nocsiaoBHO,
Zli€ 30BHilUHS 3MiHHA Hanpyra. Amnnityaa Hanpyru U, = 5 B na pesonaucHifl
4acTOTL. SIKOO € AOOpOTHICTL () KOHTYpY, AKIIO Pe30HAaHCHA Hanpyra Ha
koHpeHcaTopi Upcpes = 150 B?
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MapanensHe 3’egHaHHA KOTYWKW W KOMAGHCATOPA B KOMI.
Pe3oHaMc cTpymiB

4.230. Kono cknanaetshes 3 koHaeHcaropa emuictio C = 35 mk®, napa-
7ENbHO AKOMY NiAiMKHYTO pe3uctop. OmiuHui onip pesucropa R = 80 Owm
(puc. 4.29). BusnauuTu nosHuil onip Z kojia 3MiHHOMY CTPyMY 3 4acTOTOIO
v=50TI"u i 3cyB (a3 ¢ mMix Hanpyroto i CTpyMoMm.

4.231. Kono 3miHHOro ctpymy 3 yactoroto v = 50 I'i MicTUTH KOHAEHCa-
TOp, MapanenbHO AKOMY MiAIMKHYTO KOTYWIKY iHAYKTHBHICTO L = 0,2 ['H
(puc. 4.30). Cuna ctpymy B HeposranyxeHiil YaCTHHI KoNia JOPIBHIOE HYNeBI.
Busnauntu eMHicTe C KOHIEHCATOpa.

4.232. YV koHTYpi, 0 CKNAAAETHCA 3 NapaneibHO 3’€AHAHUX KOHAEHCa-
topa emHicTio C = 1 H® i koTylku iHAYykTHBHICTIO L = | MI'H T2 aKTUBHUM
onopoM R =100 Om, npuknageHa pe3oHaHCHa Hanpyra. AMJiTyaa Ha-

npyru U, =5 B (puc. 4.31). Bu3HauuTH pe30HaHCHY YaCTOTY Vpes, CUIH

CTPYMIB Jyy(, 2 Y TiIKaX Ta NOBHY CHIIY CTPYMY.

4.233. Kontyp, eneMeHTH SKOIo 3’€HaHi napaneibHO, Mac pe3OHaHCHY
yactoty v = 14,4 MI'u. €mHictb koHaeHcaTopa C =24 n®. [I06pOTHICTL KOH~
Typy Q = 76. Slka amnuityna J,, CHIM CTpyMY A0 pO3ranyXeHHs, AKILO amiiii-
Ty[a Hanpyrd Ha KOHTYpi npu pesoHauci U, = 12 B?

4.234. Kono cknajaeTses 3 napajeibHo 3’ €qHaHUX KOHeHCaTopa EMHICTIO
C=0,3 Mk® i KOTYLIKH aKTUBHUM onopoM R =45 OM ta iHAYKTUBHICTIO L =
=15 MI'H. YoMy nopiBuioe noBHMIA onip Z kona 3MIHHOrQ CTpyMy, 4acToTta
axoro v = 0,5 k['u? [Npu Akif 4acTOTI Wpe, 3MINHOT HANPYTyW, NPHKIAAEHOL [0
KiHUiB KOna, peakTMBHHH Omip Kona nepeTBOPHOETLCA B HyNb (pe3oHaHC
cTpymiB)? Slkum Oyne noBHUl onip Z,, KONa NpH pesoHaHci?

4.235. Pe3ucrop akTuBHUM onopoM R = 25 OM, KOTylIKa IHAYKTHBHICTIO
L = 0,37 ' i koupeHcarop eMuicTio C = 42 Mx® 3’epHaHi napanenbHo M
MAIMKHYTI 10 Akepena 3MinHol Hanpyru U = 150 sin 314¢, ne U — nanpyra, B.
OGuncnuru amnaityase 3uaveHus I, NOBHOrO CTpyMy i 3cyB a3 ¢ MiX nos-
HHM CTPYMOM i Hanpyroo.

C ¢ C
l I T
i i ]
L L R
L-—|::--—— YV Y™
M—D—-
L'*'*0 ~ O — i O -0 o O-
v v (7
Puc. 4.29 Puc. 4.30 Puc. 4.31

8 31
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4.236. Y kono 3MiHHOrO CTPyMy napaienbHO MAIMKHYTO KOTYIIKY iHAyk.
tuBHICTIO L = 0,2 ['H T2 akTUBHUM onopoM R = 5 OM i KOHIEHCATOP EMHICTIg
C = 20 mk®. Hanpyra Ha kiemax 3MiHIO€TbCs 32 3akoHoM U = 312 cos 314;,
ae U — nanpyra, B. [1pu skiit yacroti v CTpymy BiH 6yae MiHIMaNbHUM ¥ He-
po3rajly>keHii yacTUHi kona?

MoTyXHicTb y KONi 3MiHHOro CTPyMy

4.237. Sky cepeaHIO NOTYXHICTb (P) CMOXMBAE KOHTYP, €IEMEHTH SKOIO

3’eaHaHI NOC/ AOBHO, AKLLO B HBOMY MIATPUMYIOTHCS HE3racaroui KONUBaHHH?
AxTuBHHH onip koHTYpy R = 0,4 Om, amninityna cunu ectpymy 7, = 30 MA,

4.238. Io xotywui 3 iHAYKTUBHUM onopom X;, = 30 OM i NnOBHUM ONOpoM
Z = 50 OM npoxoauTh CTPYM, Aitoue 3HaYeHHA AKOro Ly = 2 A. BusHauuru
pisHULIO (a3 ¢ MiX CTPYMOM | HaNpyroto, a TAKOXK CEPEAHIO TEMIOBY MOTYX-
HiCTb (P), IO BUAINAETHCA B KOTYLILL.

4.239. KonuBanbHuii KOHTYp MIicTUTb KoHpeHcaTop emHicTio C = 2,2 H®
Ta KOTYUIKY iHAykTHBHicTIO L = 0,16 MI'H. BusHauyuru akTuBHHI onip R ko-
TYLIKH, AKWO MIA NiATPUMYBAHHA B KOHTYPI BUMYLUEHUX KONMBAHb 3 aMILi-
TYAOIO Hanpyru Ha koHpaeHcaropi Uy = 0,9 B norpibuo, uiob cepenns notyx-
HicTb (P) = 100 MkBT.

4.240. Bushauutin nobpoTHicTb Q KOHTYpPY, AKUH MICTUTL KOHAEHCATOP
eMHicTiO C = 2 MKk®D Ta KOTYWKY iHAYKTUBHICTIO L = 5 MI'H, AKio ang nig-
TPUMYBAHHs He3racaroyuX KOAUBaHb 3 aMILIITY0K HANPYry Ha KOHAEeHcATopi
Umc = 10 B noTpi6Ho niaBoauTH 00 KOHTYpY CepefHio MOTYxHicTh (P)=

= |10 MBT. 3racaHHs BBaXaTH MalUM.

4.241. KoHTyp, eneMeHTH AKOro 3’€HaHi NOCNiJOBHO, CKNAAAETLCA 3 KOH-
Aexcaropa emuicTio C = 10 Mx® 1 koTywiku iHaykTuBHicTio L = 0,01 I'n Ta
OMi4HUM OrnopoM R =4 Om. SIKy cepeHIO NOTYXHICTh (P) CMNOXUBAE KOHTYP

MPH BUMYLIEHUX PE3OHAHCHUX KONMBAHHAX, AKWIO aMMIITy]a Hanpyru Ha
koHaeHcaropi Upc =1 B?

4.242. Kotyuika ingykmvBHicTio L = 0,65 ' i akTnBHumM oropom » = 15 OM
3’€aHaHa NOCIIOBHO 3 6e3iHAYKTHBHUM pe3ucTOpoM, onip sxoro R. Mix KiHuAMH
1100 KONa anlUlaneHO 3MIHHY Hanpyry, Aitoye sHayeHHs Akoi Uy =220 B i yac-
ToTa ® = 314 ¢, Slkum Mae GyTH 3HaueHHs onopy R y koni, 100 noyana BUAIA-
THCS MaKCHMANIbHA TEII0BA OTYXHICTb (P)mu? Yomy BOHa 1OpiBHIOBATHME?

4.243. KoediUi€HT NOTYKHOCTI B KOJi 3 MOCHIAOBHO 3’€AHAHUMMU KOH-
AeHCATOPOM i pe3ucTopoM cos @; = 0,6. Akum Gyae koedilliEHT MOTY>KHOCTI
COS @), SKULO Pe3UCTOp 3’€AHATH 3 KOHIEHCATOPOM MNapanenbHo?
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4.244. Kotyuika inayxTussicTio L = 90 MI'H i akTuBHUM onopoM R = 40 Om
piaiMKHYT2 CMo4arTKy A0 Jxepena nocTiHoi Hanpyru Uy, a noTiM 1o renepa-
qopa CHHYCOIHOI HaNpyry, niroye 3HaYeHHA Akol Ugy = Up. Hactora resepa-
mopa v = 50 ['u. ¥V ckinbku pasiB 1 NOTYXHICTh, WO CNOXHBAETHCA KOTYIL-
KOO, CTaHE MeHLIO?

4.245. [Inockui kOHAEHCATOP, AieNEKTPUKOM B AKOMY € CAIOAA, BKAKOYEHO
B XoNO 3MiHHOro cTpymy. Yacrora ¢ctpymy v = 50 [u. [lepeOGyBaiouu nin Ha-
npyroto, KOHJAEHCATOp MOTNUHAE JIeAKy MOTYXHICTb, MPUyoMy KoediuieHT
noTyxHocTi cos ¢ = 0,|. Busnayuty nutomuii onip p nienekrpuka.

4.246. Yu 3anexuTs pe3oHaHCHAa 4aCTOTa B MeXaHiYHHX i eNeKTPHUYHUX
cHCTEMAX Bif koediuicHTa onopy?

4,247. Hum moxe 6yTH Hebe3neyHuM pe3oHaHc Hanpyr?

4.248. YoMy npu nepenaBaHHi enekTpoeHeprii HamaraioThCs 30iNbLUMTH
KOeiLiEHT NOTYXHOCTI cos ¢? Hu 3anexuTs HarpiBaHHA NpoBOAIB BiJ 3Ha-
YyeHHs LpOro koediuieHra?

4.8. ENEKTPOMATIHITHI XBWMi

a3ora WBMAKICTb €NEKTPOMArHiTHHX XBUJb Y CEPEAOBHLII

V=, (4.8.1)
e

1

VEoHo

BIANOBIAHO AieNeKTPHYHA | MArHITHA NMPOHHUKHOCTI CEpeOBHILA.

PiBHAHHA 110CKOT MOHOXPOMATHYHOI NiHIMHO NONAPHU3OBAHOI ENEKTPOMATHITHOI XBH-~
%, AKa MOWHMPIOETLCA B3A0BXK 0ci Ox B OAHOPIAHOMY i30TPONHOMY CepeAOBHIl (MOYATKO-
Ba (ha3a B3sITA TAKOIO, 110 AOPIBHIOE HYJEBI),

Ae ¢ — WBUAKICTb ENEKTPOMArHiTHMUX XBH/Ib Y BakyyMmi, ¢ = = 3108 mic; & p -

E=E, cos (of - kx); H=H,, cos (o — kx). (4.8.2)
38’5130k Mix moaynsmu sextopis E i H y Gixyuil xsuni:
€0EE = JUuouH . (4.8.3)

06’emna rycTuna exeprii eeKTpoMarHiTHoOro nons
2 2
g,eE H
I + Holt .

(4.8.4)
2 2
Bekrop rycrunn noroky enextpomarnithoi eneprii (sekrop Iloiiurinra)
S =[EH]. (4.8.5)
IuvencuBHicTs Gikyu0T MOHOXPOMATHYHOT €IEKTPOMArHITHOT XBH I
I1=|(S) =(w)w. (4.8.6)
HAnst naockoi xeui
fad S g (4.8.7)
HoHt
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Cepenns 3a yacom 006’eMHa IyCTHHA €HEprii eNleKTPOMAarHiTHOTO MONSA Ta IHTEHCHB.
HICTB MJIOCKO €NEeKTPOMATHITHO! XBHITI Y BAKYYMi BiAnIOBIAHO:

(w) =
THck enekrpomarHiTHOI XBH/I HAa NOBEPXHIO

p ={w) (1 + R) cos’i, (4.8.9)

I
sOE,f, y I= (w) c= Er:aDE,f, . (4.8.8)

S

Ie R — koediuieHT inbuTTA; { — KYT naniHHs.
Cepents 3a wacoM TYCTHHA NMOTOKY eHepril OCHMJIIOIOYOro 3 4YacTOTOI ® AMNONY
(IHTeHCHBHICTHL BUNPOMiHIOBAHHA HA BLACTaHI r)

o*p? sin?0

Ie B — XyT Mix paniycoOM-BEKTOPOM I i BicCIO AMMONS.
CepenHs 3a 4yaCOM NMOTYXKHICTh BUNIPOMiHIOBAHHS IHT10J1S

i m4p2
P)= =. 4.8.11
( ) 12re, ¢° ; )

[pwu inTepdepenuii aBox cpepuynux abo UMNIHAPHYHHMX XBH/b OIHAKOBOI IHTEHCHB-
HoCTi fo pe3ynbTyIo4ua iIHTEHCHBHICTD

I =2I,(1+cos 3), (4.8.12)

: 2n A _—
ae & — pisHuusA ¢as, & = TA . TYT A — pi3HHLS XOAY XBHJIb Bill iX JXKEpen 10 TOYKH Cro-
CTepexeHHs, A = ry, — 7).
Axi110 TOYKa CNIOCTEPEXEHHA NOCTaTHLO BinaaneHa (r>>d, r>>X), To
O =kdsin@, (4.8.13)

ae k — XBHILOBE 4YHCNO, k = 2n/\: d — BIACTaHb MiX JOKepenamH; 6 — KyT MiX HanpaMoM
CTIOCTEPEKEHHS | HOPMANIIO N0 MPAMOT, WO CMOTY4YaE AXepena.

3anexHICTy pe3ynbTYIOHOl IHTEHCHBHOCTI BLI kyTa 0 I po3MilleHMX Ha onHil mps-
Milt N TOYKOBHX JKEpen OqHAKOBOI iHTCHCHBHOCT] Jq:

o i
I=1, —La \ (4.8.14)
Siﬂz "E

MnockKi MOHOXPOMATHYHI ENEeKTPOMArHITHI XBWni

4.249. BusHauuTH JOBXHHY A efleKTpOMArHiTHOI XBWili, 4acToTa Kol V =
=130 MI'y, y cuniuii. JienexkTpuuna npoHUKHICTs cuniuito € = 12, marniTHa

p=1.
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4.250. EnexrpomMarHiTHa XBUis, yacToTa skoi v = 3 MI'u, nepexonursb 3
pakyyMy B HemartirHe cepepoBuiue. JlienekTpuyHa MpOHUKHICTL CepeaoBHU-
pia € = 4. BusHauutu 3MiHy AN [OBXUHU XBUI.

4.251. Sk 3MIHIOETECA KOJNILOPOBE CMIPUNAHATTA CBIiT/AAa OKOM JIIOAMHU, SKa
AUBATBLCSA 3 BOAU?

4.252. Bu3HauuTk WBUAKICT U MOLIWPEHHA eNeKTPOMarHiTHOI XBUMi B
goakcianbHOMY Kabelli, 3aNOBHEHOMY Ni€NieKTPUKOM, JiefieKTpHYHa NMPOHUK-
HiCTb SKOro € = 2,4,

4.253. Inocka enekTpoMarHiTHa XBMW/A Magae MepneHAUKYASPHO A0 Mo-
BEPXHi TJIoCKoMNapanenbHOro wapy 3aBToBuku [ = 10 M 3 HeMarHiTHOT peyo-
BUHH, Ai€NEKTPUYHA MPOHUKHICTb AKOI 3MEHIYETbCA BiA 3HaYeHHA & = 7 HA
nepeaHii rpadi no €; = 3 Ha 32AHi# rpaHi 32 KiHIAHUM 3aKOHOM. BusHauuTy
yac { MOLWUPEHHA XBWIi B LIbOMY Luapi.

4.254. Slka nOBXMHA A eNleKTPOMArHiTHOI XBHJIi B MOBITPi BiANOBiAae yacTo-
Ti KOMUBAHb Y KOHTYPI 3 iHAyKTUBHICTIO L = 0,4 MI'H i eMHicTio C = 100 n®?

4.255. KonuBanbHuii KOHTYp panionpuiiMaya Mae KOHAEHCATOP 3MiHHOI
€MHOCTI 3 MakCuManbHot eMHicTO C = 500 n®d. SAxkuMu maoTs OyTH Xapak-
TEPUCTUKH KOTYIUOK 1HAYKTHBHOCTI, 1100 nMpuiiMay npauroBas y aiana3oHax
A=300M ik =30Mm?

4.256. Y BaKkyyMi MOIUUPIOETHCS MJIOCKA ENEKTPOMAarHiTHa XBWIA, Hanpyxe-
HICTh ENeKTPUYHOIO MOoJIA AKOI ONKCYETHCA PiBHAHHAM E = e,E,, cos (0f — kx), ne
€,—opt oci Oy, E, = 160 B/m, k= 0,51 m ! BusHauutu HanpyxeHicTb
MarditHoro noss H xBuni B TOYWi 3 KOOpAUHATOK X = 7,7 M Y MOMEHTH 4acy:
a¢=0;6) =33 Huc.

4.257. BukopucroBytouu piBHaHHs Makcpenina B audeperuiansHiit popmi,
MoKasaTH, 10 MAOCKA eIEKTPOMAarHiTHA XBUJis, SKa MOWHPIETLCS B3JOBXK OCi
Ox, € nonepevHoL0.

Exeprin enexkrpomarsitHux xsuns

4.258. [1nocka MOHOXPOMATHYHA eNEeKTPOMArHiTHA XBUISA MOWUPIOETHCS
BakyyMmi B HanpaMi oci Ox. AMNAITYA2 HaMpPYXeHOCTi ENeKTPUHHOrO NoNs
E,= 30 B/M. BusHauurty inTeHCHBHICT J XBUJI.

4.259. [nocka eNeKTpOMArHiTHA XBUNA 3 YACTOTOK O = 10° "'t nowupto-
€ThCs B HeMarHiTHOMy cepeiOBHIL, eeKTPONPOBIgHICTD AKOro 6 = 20 MCM/M
| MieNekTpuuna NPOHUKHICTS € = 6. [HTeHCUBHICTL XBHUAL [ = 4 MBT/M%. OGymc-

HTH aMnniTyaHi 3HaY€HHS TYCTHH CTPYMiB MPOBIAHOCTI (jnp)m TA 3MiLLCHHA
), AKI BUHUKRIOTD Y CepeoBHLL.

4.260. Tpo6ili y mopitpi BinbyBacTbCA NP HANPYKEHOCTi ENEKT-

PH4Horo nosis E = 30 kB/cm. SIkot0 y UbOMY pasi € cepeaHs rycTHHA no-
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TOKY eHeprii (§) NIOCKMX €NeKTPOMArHiTHMX XBHNb HE JyXKe Belukoi

YaCTOTH?

4.261. YoMy nopiBHIOIOTh aMIUTITYAH HANpYXeHOCTel enekTpuuHoro £, |
maruiTHoro H, mofiB MJOCKOIl €NneKTpoMarHiTHOT XBHII Y MOBITPI 3 Takow
iHTEHCHBHICTIO, fiXa €: a) Y C()OKYCOBAHOMY BHIIPOMiHIOBaHHI MOTYXHOro
nazepa (I= 10" Br/cm?); 6) y noToui COHSUHOT eHeprii Ha BepxHix lapax
3eMHoi armocgepu (I = 1,35 kBT/M” — Tak 3BaHa COHAYHA CTANA)?

4.262. 'enepaTop yNbTPaKOPOTKHX €EKTPOMArHiTHUX XBUJb BUNPOMiHI0E
X piBHOMipHO B ycix Hanpsamax. [ToryxHicTs renepatopa P = 1,2 BT. Busna-
YHTH CEPENHE 3HAYEHHA TYCTHHU €Heprii (w) EeNeKTPOMAarHiTHOro nons Ha

BiacTaHi » = | M Big reHeparopa.

4.263. fxa enepria W nepeHOCUTLCS MAOCKOK FAPMOHIYHOK EJIEKTpOMar-
HITHOI XBHMNIEI0, aMMAITYJa HANPY)XEHOCTI €NEeKTPUYHOro nonsa sxkoi E, =
= 50 mxB/m, 3a uac ¢ = 10 XB Kpi3b NEPNEHAKKYNSIPHY 1O HANPSMY NOLLIKUPEHHA
XBHJIi NOBEpXHIO, AKLLO i1 nnowa S = 1 M>?

4.264. flxa MakcuMmanbHa Hanpyra Up, BUHUKAE MiX KiHUAMHU npuiimanb-
HOI TeneBi3iliHOT aHTeHHU 3aBNOBXKH [ = 1M, AKIO nepenaBay NOTYKHICTIO
P =100 kBt MicTHTBECA Ha BigcTaHi R = 15 kM Bif HeT?

4.265. Y migHoMy NpoBiIHKKY KpPYTJIOro nepepisy, niotia akoro S =15 MM,
a 3aBo0BXKH / = 30 cM, npoxoauthb cTpyM. Cuna ctpymy I = 10 A. BuzHauuti
noTik @ enekTPOMarHiTHO! eHeprii Kpi3b OiYyHYy MOBEPXHIO NpOBiAHKKA i
TIOPiBHATH HOro 3 KiNBKICTIO TEMIOTH, W10 BUAINAETHCA 32 | € 33 32KOHOM
Ixoyns — Jlenua. Ikoro BUCHOBKY MOXHA OiATH?

4.266. Ctpym, cuna sikoro [ = 0,5 A, npoxoauTh No LEHTPaJIbHOMY POBO-
1y pagiyca r; = 5 MM npsAMOro KoakcianbHoro xabento B OHOMY Hanpsmi, a
B3AI0BX TOHKOCTIHHOI 060n0HKH paziyca r, = 10 MM — y npotunexunomy. Onip
NpoBoAiB kabemo ayxe Manuil, BctaHOBMTH 3HaueHHs H HanpaMm BexkTopa
[MoiinTinra S: a) 30BHi kabento; 6) y Touli MiX LUEHTPaILHUM NPOBOAOM i
060N0HKOI0, KA NeXUTh BiJ oCi kabento Ha BiacTaHi » =7 MM; B) Y LIeHTpallb-
HoMy nmpoBoai. Hanpyra mxepena crpymy U= 16 B. BuzHauuTi Takox noTik
eHeprii Kpi3b nonepeunuit nepepis kabenw. Akoro BUCHOBKY MOXHa AilTH?

BkasziBka. 3a yMOBOK 3anayl €NEKTPUYHE MOJEe MK NpoBOAaMHM Mae
TiIbKH pafiaibHy CKJIagoBY.

4.267. B onHOpinHOMY i30TPONHOMY HEMAarHiTHOMY CEPenoOBMUL MOLIH-
PIOETBLCA TUIOCKA ENEKTPOMArHiTHA XBUIIA, ENEKTPHUHE ToJe AKOT 3MiHIOETLCS
3a 3akoHoM E = e £, cos (wf — kx), ne e, — opt oci Oy. [lienekTpuuHa NpoHHK-
HicTh cepenoBuila € = 5. Busnauutu Bektop I[lofinTinra S y Touui 3 koopau-
Haroto X =475 M y MOMEHT 4acy f = 16 Mkc, akmo E,, = 300 B/m, k= 3,3 M, a
MarHiTHe Moje HanpsamieHe B31oBX oci Oz.
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4.268. SIKuii THCK p HA NEPELIKOlY YHHUTL Y BaKyyMi NMJOCKa efeKTpoMar-
iTHA XBHIA, KO KoediuiewT Bin6utTTa R = 0,9 npu kyTi naginua i = 60°?
AMIIITYZIa HANPYXEeHOCTi MarHiTHoro nona xsuni H, = 0,3 MA/m.

4.269. Jlazep Ha HeonuMOBOMY CKJli Mae Taki nMapamMeTpu: eHepris BUNpPoO-
mintoBaiHa W = 300 J{x, rpusanicte iMmnynscy T = 0,8 mMc, aiaMeTp nyuka
d = 8 MM. BU3HauMTH THCK p, AKHil YAHHTH BUNIPOMiHIOBAaHHS HA MOBEPXHIO
mimeHi, AKIMIO0 BOHO Maaae HOPMANbHO 10 MOBEpXHi Y BaKyyMmi i moOBHicTIO
MOrHHAETHCA.

4.270. AMNIiTyNa Hanpy>XEHOCTi €AEKTPHUHOrO MOJA eNeKTPOMArHiTHOT
xeuni E,, = 150 B/M. X81a nagae HopManbHO IO CTiHY Y BaKyyMi i IOBHICTIO
noravHaeThes. SIKUH THCK p YMHKUTD XBKHNA Ha CTiHY?

BMNyCKaHHA enexTpoMarHiTHUX XBHIb.
BunpominioBaHHs aunons

4.271. ¥V yoMy nonsrae BiAMiHHICTb €JEKTPUYHOrO NOAs XBHNi, AKY BH-
MPOMIHIOE OCLMIOIOYHit AUTIONB, BiJ MONA CTATHYHOrO AUNONA?

4.272. SIxy nonspu3aliic MalOTh XBHMi, 1110 BHIIPOMIHIOIOTECA OCUHAIOI0-
YuM nunonem?

4.273. BigoMo, 110 Ha BEAMKHUX BiICTAHAX BiJ OCLUJIIOKHYOro AKNOJIS
(Y XBuNIBOBi 30Hi, J€e 7>>A) NonemM BUNPOMiHIOBaHHA € cpepHuHa XBUASL.
Yu Mae none chepuuny cumerpiio?

4.274. Yomy B panioTexHilli BUNPOMiHIOBaibHiI aHTEHH XKUBAATHCA CTPY-
MOM BHCOKOI 4aCTOTH?

4.275. Sk 3aneXuTh NMOTIK eHeprii kpi3b chepruHy NOBEPXHIO, O OTOYYE
OCLMMIoIOUNiE IMNONb, Bif paaiyca Liel noBepxHi?

4.276. SIx Ha oCHOBi 3aKoHY 30epexxeHHs eHepril MOACHUTH 3aNeXHICTb
aMniTy HanpyXeHocTelt Moas BUMPOMIHIOBAHHS IHTIONSA Y XBHIBOBiH 30Hi
Bin BizcTani?

4.277. Ha siacraui #; = 100 M Big oCLMAKOIOYOTO AUNONS Y XBUABOBIH 30Hi
B HaNpaMi MakCHMalbHOrO BHTIPOMIHIOBAHHA Y BaKYYMi aMnaiTyia Hanpyxe-
HOCTi enekTpuyHoro nons E, = 20 MB/M. BusHauuTy amnaityay inayxuii By
MarHiTHOro nons B Wil TOYLi, 2 TAKOXK y TOYLI, IO NEXHUTb Ha BiACTaHI r; =
=200 M Bin munona B Hanpami, sxuil yTeopioe kyT 8, = 30° 3 Biccio Aunon.

4.278. Cepents MOTYXHICTh BHNPOMIHIOBAHHS OCHUIIOIOYOTO JHIONS
(P) = 1 kBt. BusHauutu aMnniTyay HanpyxeHocTi E, el1eKTPHYHOro MOs

Ta-iuayxuii B,, MarHiTHOro Mons y BaKyyMmi B TOULl, AKka NEXKTh Ha BixcTani
F=1 km Big aunons, a HanpAM Ha 1O TOYKY YTBOpIOE KyT O = 45° 3 Biccio
KonuBaub gunons.
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4.279. CepenHs noTYXHiCTb BMUNPOMiHoBaHHA munona (P)= 0.5 kBr,
EnekTpoMarHiTHa XBHA MOLIKPIOETLCA Y BaKyyMi. BU3HaUuTH iHTEHCHBHICTy,
XBUAi (CepenHe 3HaueHHA rYCTHHH MOTOKY eHepril (§)) y XBUNLOBiH 30Hi Ha
BiacTaHi » = 500 M y HanpsMi, 1110 yTBOpIO€E KyT 8 = 35° 3 Biccio aunons.

4.280. Y Hanpami MaKCHMallbHOro BMINPOMIHIOBAHHA Y BaKyyMi Ha BiACTaHi
r= 100 M Bin ocuﬂmoloqoro efieMeHTapHOro QUMosis amnmryna m,nyrcuu Ma-
rHiTHoro mons B, = 10 "' Tn. BusHaukTH iHTEHCUBHICTb (S) BUNpoMmiHio-
BaHHA QMMONA B TOYU, siKa NeXHTb Ha BiacTaHi r; = 300 M Bix aunons y
HanpsaMi, 1o yTBOpIoe KyT ) = /3 3 Biccio IMMONd, Ta CepeHIO 32 4acoM
MOTYXKHICTb (P) BUIPOMiHIOBAHHA AMMIONS.

4.281. Y Hanpxm MaKCcHManbHOro Bunpommmsauﬂa ocunmomtloro IUTIONS
Ha BiacTaHi 7 = 35 M iIHTEHCHUBHICTD ene:crpomarmmm xeuni / = 2 Br/M”. Busna-
YWUTH cepeiHIO 00 EMHY rYCTHHY eHeprii w eleKTPOMAarHiTHOro Mois y BakyyMi s
TOULIL, Ka MICTUTRCA Ha BificTaHi #| = 105 M Bia QuMons y HanpsiMi, 10 YTBOPIOE
KyT 0, = /4 3 Biccio aunons.

4.282. EnekTpoMarHiTHa XBUiA BUTIPOMIHIOETLCSA OCLIUNIOIOUHM Y BAKYYMi
aunoneM. Ha Biactani » = 300 m Bin Jokepena y XBUnbOBiii 30HI B Hanpmi
MaKCHMaJlbHOrO BHIPOMiHIOBaHHS cepenns 06’eMHa rycTHHa eHeprii enekr-
poMarHiTHoro nojas w = 5 nfbi/M’. BU3HAUMTH CEepelHIO MOTYXKHICTb (P)
BHIPOMIHIOBaHHS IHIIONA.

4.283. Cepenuﬂ NOTYXHICThb BanOMIHIOBaHH}I pagiocTanuii (P) = 10 kB,
4acTOTa BUNIPOMiHIOBaHHs @ = 10° ¢ ~!. Posrnapatoun aHTEeHy pafiocTaHuUil sK
efieMeHTapHuil AHNonb, o6uncauTH Makcumanbiy EPC inaykuii &, , AKa HaBo-
IOWTHCA B IpOTaHOMY KoHTypi. KoHTypoM € KkBazpar 3i cTopoHoio a = 10 cMm,
po3MilleHH#t y XBUIbOBIH 30HI B HanpaMi MaKCHMallbHOIO BHIIPOMiHIOBaHHA
JMNons Ha BiactaHi » = 200 M Bi HLOrO, MPUYOMY BeKTOP IHAYKuil MarHir-
HOro nofjs eNeKTPOMArHiTHOI XBHMJI HanpAMNEHHWHA nepreHAUKYNspHO [0
MAOLUKMHH KOHTYPY.

InTepdrepeHUin enexTpOMarHiTHUX XBunb

4.284. MikpoxBunLoBuit JeTekTop po3miiieHuit Ha Gepesi o3epa Ha BHCOTI
h = 0,5 M Han piBHem BoaM. [IpH NOBiNBHOMY CXOIKEHHI HaJl TOPH3OHTOM
paaiosipkH, 110 BUNPOMIHIOE MIKPOXBMAI 3aBIOBXKH A = 21 cM, JeTeKTOp
peccTpye TMOCNiZOBHO MaKCMMYMH i MiHiMyMu iHTeHcHBHOCTI curnany. [TiA
AKMM KyTOM O Han rOpH30HTOM NepebyBac paniosipka B MOMEHT peecTpallil
nepLoro MakcuMymy? Beaskati noBepxHio 03epa ileanbHUM A3epKaniom.

4.285. OnHakoBi napanensHi antelu S) i S, BiAnaneui onHa Bif ogHoT Ha
BiacTans d = 200 M, BUNPOMiHIOOTL pafioXBuni Ha yactoti v = 1,2 MI'tl
(puc. 4.32). I1ig AKKM MIHIMAIBHKM KyTOM O BiZHOCHO HOpMani fo AiHii, WO
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Cro/y4ae aHTeHH, CNOCTepiracThCs BUMPOMiHIOBAHHA iHTeHCHBHOCTI [ = 3],
Ha AocTaTHbO BeNUKiil BiACTaHi Bifi aHTeH? IHTEHCHBHICTb BUNIPOMiHIOBAHHS
KOXHOT aHTEHHU [,

4.286. Panionepenasay 3 JOBKHHOIO XBHAI A CKNAaaeTLCA 3 ABOX Napanenb-
WX JUMONIB, BIACTAHb MDK AKUMH d = M2 (puc. 4.32). IHTEHCHBHICTbL KOXKHOTO
mxepena nopieHio€ J. CnoyaTKy konuMBaHHs AMMONiB 36iranuca 3a ¢asoio,
roTiM Oynu 3CyHYTi Ha KyT &g = m. SIK 3MiHUTBLCA HanpsaM, Y3[OBX AKOro
BHTIPOMiIHIOETbCS MaKCHMYM iHTEHCUBHOCTI? YoMy AOPIBHIOE Ui MakCuMalibHa
iHTEHCHBHICTB?

4.287. BincraHb Midk ngoMa AMNONLHMMY BHNPOMiHIOBaYaMH XBWib d = M4,
Je A — IOBXKHa XBHAi, 110 BUNpOMiHIOETLCA (puc. 4.32). KonuBaHua Bunpo-
MiHIOBAUiB 3CYHYTI 3a ¢a3olo Ha KYT dp = /2. IHTEHCUBHICTb KOXKHOIO BH-
npoMiHioBaya Jp BBAKAETLCH BIAOMOIO. AK 3aN€XHTb iHTEHCHBHICTb pe3ynib-
TYIOYOr0 BUNpPOMiHIOBaHHS [ Bi KyTa 027 B skoMy Hanpami BHIIPOMiHIOBAHHS
€ MakcumansHuM? Yu Oyge kyToBHi po3noAin BUNPOMIHIOBaHHS MaTH A3ep-
KanbHy cuMeTpiio?

4.288. YuM Biapi3HAETbCS BUMPOMIHIOBAHHA PafiOXBHIIb OJHIEID AHTEHOIO
BiZ BUMPOMiHIOBAHHS CHCTEMH @HTEH, PO3MillleHHX Ha OfHAKOBii BiACTaHi B
PAn i mpawoouMXx CHMHXpOHHO? SIK MOXHa CrpsMyBaTH BHIPOMIHIOBaHHS
PANiOXBUNL y 3aJaHOMY HanpAMi?

4.289, Ha opHiit npamiit Ha oAHakoBUX BiacTaHaX d po3miuieHi N napanens-
HUX CHHXPOHI30BaHUX AWNONIB OHHAKOBOI iHTEHCHBHOCTI Jy, L10 BHNPOMI-
HIOIOTL eneKkTpOMarHiTHI XBuni 3aBHoBXKKH A (puc. 4.33). ITig akuMu KyTaMu
® BiznocHo nopmani o niHil, 1o cnonyyae AMNONi, iIHTEHCUBHICTL BUNIPOMI-
HioBaHHs Gyne MakCHManbHOIO, AKIO d < A? 5K 3MIHWTLCS pe3ynbTyoua
IHTEHCHBHICTL BUMTPOMiHIOBaHHS NOpPiBHAHO 3 1p?

4.290. Axoro mae 6yt BigcTaHb d (32 ymMoBamu 3amadi 4.289), 106 ro-
JI0BHU# MakcMMyM BHNpOMiHiOBaHHS GyB cripsMoBaHuil y340BX AiHil mke-
Pen (8 = £n/2)?

4.291. IllicTb OAHAKOBUX CHHXPOHI30BaHKX AKTMOALHUX BUNIPOMiHIOBaUiB
S; posmimeni na oxnii npamiit Ha BiacTaHi d onuH Big omHoro (puc. 4.33).
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IHTEeHCHBHICTB, fKa pBGCTgJyeTbCH BilAAIEHHM mpKiimMayeM Bill OKpeMorg
BUNpoMiHIoBaua, Ip = 10 ~° B/M’. B AKux HanpsMax BHTIPOMiHIOETbCS Mak-
cumMyM iHTeHcHBHocTi? Ckinbku Ttakux makcumymis? Yomy nopiBHIOE iy-
TEHCHBHICTL /Yy MakcuMyMi? Po3rnsHyTu aBa sapianTti: a)d = 0,5 A; 6) d=
= 2,5 A, 1€ A — IOBXKKWHA XBUJli BUIPOMiHIOBaHHS.

4.292. Horupu oHaKOBi CHHXPOHI30BaHi aHTEHH, 110 BHIIPOMIHIOIOTH Ha
NOBXHHI XBHAI A, po3MileHi B pan (puc. 4.33) Ha sinctaHi d = A/2 ogHa Big
onHor. [MobGyaysaru niarpamy cripAMOBaHOCTI BUIIPOMiHIOBaHHS, IPOBOASYM 3
LleHTPa NiHil po3TallyBaHHA aHTeH MPOMEHi Mmix pi3HUMHU KyTtamu 0 i Bigkna-
Jal04H Ha HUX Y BiANOBiAHOMY MacwuTabi IHTEHCUBHICTb BUNTPOMIHIOBaHHS [,

4.293. YorHpy ogHAKOBKX AMMONBHHX JXKepena eNeKTPOMarHiTHUX XBUAb
S, po3MmilleHi B paxn (puc. 4.33) Ha Bincraui d = 3 M oauH Big onHoro. Boku
NpauooTh Ha 4acToTi v = 50 MI'u. InTeHcuBHicTE OKpeMoro mxepena, axiio
BOHO Mpallioe caMe, Ha BenuKiit Bizcradi Big cucremu & = 300 B1/m>. Bunpo-
MIHIOB3HHS KOXHOrO HacTYIHOro JpKepena 3CyHyTe 3a (a30i0 BigHOCHO morie-
PenHbOro Ha KyT 8o = W/2. Sk 3anexuTs Bia KyTa 0 iHTEHCHBHICTL BUNIpOMI-
HIOBaHHA / HA BENHKUX BiACTaHAX? B AKUX HanpsMax BUMPOMIHIOETLCS Mak-
cHManbHa iHTeHCHBHICTL? YoMy N10piBHIOE MaKCHMAaNbHA IHTEHCHBHICTD Jipgy?

4.294. PanioacTpoHoMiuHmil iHTepdepoMeTp CKIamaeThea 3 NiHiliHOro nan-
HIoXKa NpuiiMatiB panioBuNpoMiHioBaHHs. Bin npuiiMauis sk Big mxepen
BTOPHHHUX XBHMJL YTBOPIOETHCA iHTEpdEpeHLiiiHa kapTiHa. BincraHb Mik
npuiiMauamu d = 10 M, BOHH NMpaLiOOTh Ha NOBXHHI XBUAi A = 21 cM. BusHa-
YUTH KYTOBY BiACTaHb MiX LEHTPANbHHM MaKCHMYMOM i FONOBHHM MaK-
CHMYMOM MEPLUOTO MOPAIKY.



Po3gin 5. ONTUKA

5.4. POTOMETPIA

CeiTnoBufi NOTIK AN iHTCPBANY JOBXHH XBH/b dA
d® = V(\)do.,. (5.1.1)
ge V(L) — yHKLIS BUIHOCT; d®,— norik edeprii BUNPOMiHIOBAHHS.
Cuna ceitna / — CBiTNOBUH NOTIK, 10 NPUNANAE HA ONHHUYHHUI TiNECHUH KYT,

{= ﬂ, (5.1.2)
dQ
a6o 1A i30TPONHOro JXKepena
1=2=3. (5.1.3)
Q 4n
OCBITACHICTD
d® ..
=— 5.14
=S (5.1.4)
e d®.,, — CBITNOBUI NOTIK, 10 NANAE HA NOBEPXHIO 4S,
Jlnst TOMKOBOrO i30TPOMHOTO Jkepena
E= -IT cosq, (5.1.5)

r
¢ r - BiACTaHb BiJl JpKepena 110 NOBEpXHi, HA Ky Nanac CBIiTI0; O — KyT Mixk HOPMA/TIO J10
NOBEPXHi | HAIPAMOM HA JKepesno (KyT NagiHHA).
Xapaxmepucmuxu npomaxcnux 0xcepen. CBITHICTD
R= ff:'ﬂ, (5.1.6)
as
¢ d®,,,, ~ NOTIK, WO BUIPOMIHIOETECA €NEMEHTOM dS nosepxui B oauH Gik. fAxmo cBiT-
HIiCTb NoBEpXHi 3yMOBNEHA i OCBITIEHICTIO, TO
R = pE, (5.1.7)
A¢ p - xoediuieHT BLAGHTTA.
Slexpasicts B y 3a1aHoMy HanpsMi — CBITNOBHHA NOTIK, 10 BUNPOMIHIOETECA 3 ONMHMLL
BUIMMOT IOBEPXHI BCEPEMHY OAMHMYHOTO TifCCHOTO KYTa B 3a1aHOMY HanpsaMi, abo cuna
CBiT/Ia, BiHeceHa N0 OMMHML BHAMMOT OBEPXHI JKEPENa BUNPOMiHIOBAHHA,

_B = d¢ll| np I

dQdScos ® dScos 0’
JBe 8 — kyT Mi HOpMAJLTIO 0 NOBEPXHi T2 HAMPAMOM BUNPOMIHIOBAHHA; dS cos 0 — BUIK-
Ma B naHomy Hanpsmi NOBEPXHA BUNpoMiHioBaya. B okpemomy Bunazxy (3akoH JlamGepra)
ACKpaBicTL € OAHAKOBOO 3a BCiMa HANPAMAMHK:
B = const. (5.1.9)

(5.1.8)
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3BilcH BMNIMBAE yMOBA BHUKOHAHHA 3akoHy JlaMOGepra: cuna CBiTna €nemeHTaphgy
nA0IAnKHY B 6y Ab-AKOMY HANPAMI

I = Iycos 8, (5.1.10)

Ae Iy — cuna ceiTna B HanpaMi Hopmani A0 noBepxHi. CBIiTHICTE Kocuuycnux (nambepro.
BHX) BHIIPOMiHIOBAYIB

R = =B. (5.1.11)
Tinecuuit kyT Q 38’ 23anu# 3 nockum kyTom 20 posxuny Konyca:

Q=2x(1-cosO). (5.1.12)

CeiTnoBui NOTIK, cunNa cBiTNAa, OCBITNEHICTL

5.1. Kopucryiouuch ¢ynkuiero sugHocTi F(A) (puc. 5.1), BU3HAuMTH, Yy
CKinbKK pa3iB n notik P, eHepril Bij JKepena cBiTna ®oBTOro konbopy (A =
= 0,6 MKm) Ma€ 6yTH GinbllKuM 3a MoTik P, eHepril Bix kepena CBiTaa 3ene-
HOro Konbopy (A = 0,555 Mkm), o0 BOHYM BHKIKHKANH OIHAKOBE 30pOBe Bif-
YyTTa Ha OIHAKOBiH BifcTaHi,

5.2. Axu#t notik eHeprii @, BiANOBIAAE CBITNOBOMY NOTOKOBI @ =
= 12 nM, 1O YTBOPHOETHCA BHMPOMIHIOBAaYEM, JOBXHUHA XBMAI AKOro A| =
= 0,6 MkmM? BBaxaTH, 110 3a JOBXUHH XBHNi A = 0,555 MKM cBiTnOBOMY
noTokoBi @ = 1 nm Bignosigae notik eHeprii ®, = 1,6 MBrT.

5.3. CgitnoBa Bifgaua 1} (BiAHOWEHHA BUNYIIEHOTO CBITNOBOTO NOTOKY 0
CTIQXHBAHOI MOTYXKHOCTI) eneKTPHYHOL NaMiTi, NOTYXKHicThk skoi P = 100 Br,
cTaHOBUTL 14 nM/BT. Bu3HauuTH cBiThoBukid notik @ i cuny ceitna I namnu,
BBA)KAlO4H, IO BOHA BHIIPOMIHIOE PIBHOMIPHO B yCiX HanpsaMax.

5.4. [1poxxeKTOp BUNPOMIHIOE NY4YOK CBITAA y BUINsAI KOHyca, KyT po3-
xuny axoro 28 = 30°. CsiTnoBuit noTik fD ApOXeKTopa PiBHOMIPHO po3noni-
neHHit ycepearHi KOHyca 1 CTAaHOBUTD 10° M. BusHauuth cuny csitna I npo-
XeKTopa.

5.5. Enextpruna namna po3millyeThCs Haa LIEHTPOM CTONA Ha BUCOTI A =2 M.
Ha skiit BigcTaHi » Big naMnu OCBITNEHICTb HA CTONI € MEHLLO B 1 = 5 pa3iB
NMOPiBHAHO 3 OCBITNEHICTIO uUeHTpa crona? Jlamny BBaKaTH TOYKOBHM JKe-
peJioM.

5.6. ToukoBe JKepeno CBITAA MICTUTHECA B MOYATKy cdepruHoi cucTeMH
KoopauHaT. BusHauWTH NOBHMA cBiTnOBHi mnoTik @, WO BUNPOMIHIOETLCA
JOKepenoM, AKIo: a) JpKepeno i3oTponiHe, cuna cBiTna ioro Iy; 6) mkepeno
HEi30TpOMNHe, CUJia CBiTNA 3aleXHTh Bl nonapHoro Kyta O 3a 3akoHom /(0) =
= I, sin B (0 < 6 < 7); B) eneMeHTApHUM BHITPOMIHIOBAYEM € ENEMEHT NOBEPXHI
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cBITHOrO TiNla, 3aNeXHICTh cunlM cBithna V(A
gKOTO Bill ONApHOro KyTa O 3anaHo 3ako- %4
gom K(0) = Ihcos 8 (0 < 0 < 7/2).

5.7. Ha nBOX cTOBNax onHaKkoBOI BUCO- 04 \

y# h = 6 M MiIBiCKUNH ABi €NEKTPOOCBITIIO-
galibHi JIaMITK, CHAA CBITNA akuX [} = 1 kKA o
i L = 8 kxa. Bincrans Mbk crosnamu / = 4 G5 6B GFAmMRy
=30 M. BcTaHOBUTH MicLie MiX cTOBnamH, Pue. 5.1

J1e OCBITJIEHICTb BiJl KOXHOI TaMITK € 0aHaKOBOIW.

5.8. Han cTonoM Ha BHCOTI # BUCHTL €1eKTpOOCBITNIOBANTbLHA NaMna,
cuna cBiTna axoi /. Hag namnolo Ha BiAcTaHi / Big Hel napanenbHo nosep-
xHi cTona po3MmiuleHo nnocke n3epkano. Slka oceitTneHicts E moBepxHi
crona 6e3nocepenHbo Mij Namnowo, AKILO ENeKTPOOCBITNIOBANLHY NaMny
BBAXATH TOUKOBUM JKEPENIOM cBITNA?

5.9. Ha sincrani s = 10 cM Bin BepluMHK BrHyTOrO 13epKalia, pagiyc Kpu-
BH3HM fKoro R = 60 cM, MICTHTLCS TOUKOBE JKepeno cBiTna. BoHo oCBITNIOE
ekpaH, po3TalloBaHWii NEPNeHIUKYNAAPHO A0 rojIoBHOI ONTHYHOI OCi Ha Bij-
cradi a = 70 cM Bix BepliMHHU A3epKana. BU3HauWTH OCBITAEHICTh £ LeHTpa
eKpaHa, AKU0 3 BiJNaNEeHHAM eKpaHa Ha BiactaHb a; = 90 ¢M BiA n3epkana
Horo ocBiTneHICTh y ueHTpi £) = 320 nk.

5.10. Han kpyrnum cTonom paaiyca » = 1 M BUCHTb €l1€KTPOOCBITNIOBATb-
Ha namna. Ha sakiit BucoTi A Tpeba 1i po3micTuTH, 1100 OCBITNEHICTL Kpato
cronia 6yna Haibinbwow? Jlamny BBaXaTH TOUKOBUM JKEPENOM CBITNA.

5.11. Han ueutpom Kpyrnioro ctona paaiyca » = 80 ¢m Ha BHcoTi h = 60 cM
BHCHTL J1aMna, cuna ceitna saxkof / = 100 kn. BusHauuTu: ocBiTiaeHicTs £ y
UeRTpi cTona; ocBiTaeHicTs £y Kpalo cTONa; cepeaHio ocBiTneHicTs (E) crona.

Jlamny BBaKaTH TOUKOBHM DKEPENIOM CBITIA.

5.12. OcaitnenicTs CoHueMm nosepxui 3emni £ ~ IO nx. SIxy ocBiTAEHICTB
E, nac 306paxenns CoHLs, OTPMMaHe 3a JOTIOMOrOO TOHKOT NiH3u, AilaMeTp
ikoi D = 3 cM, dokycHa BigcTae f= 6 cM? BBaxartn, mo giamerp CoHua BH-
AHO i3 3emni nig kyToM o = 32",

AckpasicTe i cBiTHICTL

S.13. Yu MoHa 3a ONOMOro0 ONTHYHOT CHCTEMH 30iNbUINTH ACKPABICT
kepena ceiTha?

5.14, Yomy sHoui My Gauumo BynuyHi fgixTapi, Aki posm:myromca Ha pi3-
HHX BiacTaHsAX Bia Hac, OQHAKOBO acxpanumu‘?

3.15. Jpkepenom cBitia B KiMHaTi € 6inult Matosuit chepuunuii nnadon nia-
MeTpa d = 10 cM 3 eNeKTPOOCBITMOBANLHOO JaMNOKD, chna cBitha sxoi /= 200 Ka.
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[nadon nornuuae 1 = 20 % cBiThOBOMY

MOTOKY, IO BHMPOMIHIOE EeNeKTPOOCBiT-

—————— moBaibHA naMna. BU3HauuTH CBiTHicTy
R i sckpasicTs B mxepena cBiTna.

5.16. CBITHNBHUK Mac BUIIAL Ma-

Puc. 5.2 TOBOIro nnadoua chepruuHoi C])OPMH pa-

niyca r =10 cm. chpamc*n;. CBiTHN b~

HHKa B = 4 xxkn/M° He 3amexuTb Bin HanpaMy Bunpomumnanﬂa Bu-

3Ha4YUTH OCBiTAEHiCTb £ B TOULL, AKA IEXKHUTDb BiJ LleHTpa cepu Ha BixcTa-

HI =2 M.

5.17. V kiHoreaTpi Ha ekpaH po3Mmipamu 5 x4 M, koediuieHT BinbUTTS siKo-
ro p = 0,8, 3 0o6’exTiBa KiHoanapara naaae csiTnoBuii notik @ = 2000 nm.
Busnauutu ocBitneHicTb £, cBiTHiCTL R i ackpasicTb B KiHOekpaHa, 411 aKo-
ro BUKOHY€eThes 3akoH Jlambepra.

5.18. JlioMiHecueHnTHa namna notyxHictio P = 10 Bt, BunpominioBaHHs
AKO1 34iACHIOETbCA 32 3akoHOM JlambepTa, Mae opMy uuninapa niamerpa d =
=2,5 cM i 3aBnoBxkH { = 40 cm. Ha BigcraHi » = 5 M y HanpsMi, mepneHguKy-
ASAPHOMY 11O OCi taMnH, OCBITJEHICTb NiA namnoio E = 2 nk. BusHauurty sck-
pasicTb B, cBiTHiCTb R Ta CBIT/IOBY Biaaauy 1) NaMIiH.

5.19. [xepeno cBiTia, SsKe MAE BUINA ] HEBENHKOT MNIOIAAKH 4SS, OCBITHIOE
ioliaznKy dS’, ska po3Mily€eThes Ha 3HauHiil BifcTaHi r Bil Jxepena (puc. 5.2).
Ilxepeno dS € nambGepToBHM, AcKpaBicTb SAKOro nopiBHIE B. BuszHauutw
ocBiTneHicTs E' nnowianku dS’, 9Kmio Bci BeNHYMHM, NO3HAYeHi Ha puc. 5.2,
BBKAIOTLCS BiJOMHMH.

5.20. Tuck paniyca R = 20 ¢cM piBHOMIpHO CBiTUThCA u MOXe BBAXKATHUCH
naMGepTOBHM IDKEpenom, sICKpaBicTh Akoro B = 800 ka/M’. BH3HAUHTH OCBIT-
neHicte £ B TOuwi, IO NEXUTb HA OCi NKcKa, MepneHAHKYAApHii 1o #oro
MNOUIKHY, Ha BificTaki A = 1 M Bix ueHTpa gucka.

S.21. CoHue, siKe MIiCTUTbCH noﬁnusy 3eHny, B acmm JeHb CTBOpIOE Ha
OPH3OHTANILHIN noBepxHi 3emni ocsitnenicts £ = 7-10° nk. Hiametp Conus
BUAHKH i3 3eMni nin xyToM o = 32". Busnauuru sickpasicth B¢ nosepxHi Co-
HuA. [TornuHannaM arMocgeporo cOHIYHOI0 BUNIPOMiHIOBAHHA HEXTYBATH.

5.22. TlopiBuaTu AckpasicTb Bc CoHud i cepeniHio AcKpasicTk B inealbHO
binoro MaroBoro apkyiua nanepy, o po3MileHuii FTOPU3OHTAILHO Ha Mo-
BepxHi 3emni i ocsiTmoersca CoHpeM.

5.23. BusHauuTH OCBITIEHICTb £ ropH30HTANLHOI 3eMHOI MOBEpXHi, AKa
CTBOp!OGI‘bCSI mquom nisceporo. Beaxaru, wio sAckpasicTb Ge3MicaYHOro
He6a B = 10 ™ x/m’. Yu 6y,ue TaKa OCBITNEHICTb JOCTaTHLOIO [UIA OPiEHTY-
BaHH#A, AKe MOXUTHBE 3a MiHiMaTbHOT OcBiTNeHOCT] 1 NK?
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5.2. TEOMETPUYHA ONTUKA

3aKOH 3aJIOMJIEHHA CBITNA

siné, n
- .I =-2= Ny » (5.2.1)
sin i, my

ab0 Ana Oyap-AKoi KinbxocTi 3anomicHb 100YTOK NMOKa3HNUKA 3ANOMICHHS HA CHHYC KyTa
Mid HOpMANTIO | TPOMEHEM € BETUYHHOIO HE3MIHIOIO:

n, sin i) = n, sin iy = my Sin i3 =...=const , (5.2.1a)

Iie iy — KYT NaRiHH; i, — KyT 3aN0MJCHHA; ny) — BIAHOCHMI NMOKAa3HWUK 3a/0MICHHA CEpe/Lo-
Byma 2 BIIHOCHO CepenoBUIia /; 1, ny — A0COOTHI NOKAZHUKH 3ANOMJICHHS.
I'paHHYHKU#E KyT NOBHOrO BiaOHTTS

sint i, =% (n,<m). (5.2.2)
|
®opmyna chepuyHOro A3epKana
1 1 2 1
—f e, 3.2.3
s’ ¥ s R [ ( )

Ig s, §' - BiACTAHI BiA BepiiMnM A3€pKana BianosBiaHO Ao npeaMera i 300paxeHHs; f— do-
KYCHA BiaCTaHb; R — paliyc KpUBH3HM A3epKana.
Onmuryna cuna cdeprynoi 3aNoMI0I04Y0T NOBEPXHI

n-n
R 2
A€ n, n'— NOXa3HUKH 3aN0MICHHS CEPEAOBHILL, AKI pO3aiieHi ChepHYHOIO NOBEPXHEIOD.
OnTryna cuna TOHKOT NiH3U B CEPEAOBHILI 3 MOKA3HHKOM 3aNOMIEHHS No:

(D:—fg-:ﬁ-:(n-no)(————-], (5.2.5)

O =

(5.2.4)

A€ n — NoKa3HMK 3anoMicHUA marepiany faiusM; R,, R, — paliycH KpHBU3HW NOBCPXOHB
miu3w; f; ' — signosiaHo nepedns i 3amHA QoKyCHI BiaCTaHI.
®opmyna ToHKOT NiH3M

L (5.2.6)

s § F

Benuunuu, ki HaNekaTh 10 NPOCTOpY NpeAMETIB, no3HayeHi Ge3 wWTpHXiB, a 10 npoc-
TOpy 300paxens — 3i IITPHXAMHU.

3Hayenns BiApiskiB y Qopmynax — amreSpuuni. Biapisku BRaXaloTLCA J104AaTHHUMH,
AKINO iX HAMPAM 36iracTbcs 3 HANMPAMOM TOLIMPEHHA CBITNA, TOOTO AKLIO BOHK BiJKNaAeHi
BiZl nouarxy BI.IIJ'IIK}' (BEpLIMHM 3a7I0M/IOIOYO] NIOBEPXHI, a N8 TOHKOI NiH3u — ii UEeHTpa)
TpaBopyY , | BiZl'EMHAMHY, AKLIO HBOPYY .

Tonoeui gokycu F, F, By3nosi Touxu N, N', ronosxi nnowmnu H. H', poxycui Biacra-
if, f' uenTpoBanoi onuuHOT cuctemu (puc. 5.3) Ta ii hopmynu:

239



a) Huotona

x'= ",
6) I'ayceca

i i =1:

5 5
B) niniine 36bIIeHHS

¥ xl‘
B m= i = —-i = --—',
y x f

(5.2.7)

(5.2.8)

(5.2.9)

OnTHYHa cWla CHCTEMH HOPIBHIOE BIIHOWIEHHIO MOKA3HHKA 3a/lOMJICHHS CEpeliOBHIIA
IO BinoBigHOT OKYCHOT BiACTAHI:

O===2

f 5
OnTHyHa cuna cKIanHoi cucTeMH (y nmoBiTpi):
P=D,+P,~d DD,
dokycHa BiICTaHbL NiH3W 3aBTOBIIKH d (y NoBiTpi):

fle—f=—"1 R

(n=1) (n-Dd~n(R, -R,))

[TonoxeHHs roJIOBHUX TOYOK NiH3H (y nositpi):

, R,d
Sy = »
n(R, - Ry)—(n-1)d
Rd
SH - .
n(R, — Ry~ (n-1d
Kyrose 306inb1uenns:
a) Iynu

I"=£',
f

ne D ~ sincrans Hafikpaworo 6ayenns, D = 25 cm;
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(5.2.11)

(5.2.12)

(5.2.13)

(5.2.14)



6) TeNeCKOMi4MHOI CHCTEMHU

r=_f;:6, (5.2.15)
fox
g fos» Jox —3anni poxycHi Bincrani 06’ cxruBa i oxynspa;
B) MIKpOCKONa
e ;AD, : (5.2.16)
foﬁ f;!x

Ae A - BincraHs Bill 3aAHb00 hoxyca 06’ exTHBa o nepeanboro (okyca okynapa. Minyc y
dopmynax 36insllcHIs BKA3ye Ha Te, 1O 300pAKEHHS € LIEPCBEPHYTHM.

BinbusaHHs | 3anoMneHHs cBiTna

5.24. Bu3HauuTH MOKAa3HUK 3aOMJIEHHS © PiAMHM, AKWO MPOMEHi, 110
NajaloTk Ha MOBEPXHIO PiAHHK TiA KyToMm 6 = 40° 00 ropu3oHTy, 3a/10MII0-
IOTLCS B PilMHI Iia KyTOM iy = 35°.

5.25. CaiTnoBuii NpomiHb Nagac 3 MOBITPA MiZ KyTOM / HA CKISAHY MIACTHHKY,
NOKA3HUK 3a0MNEHHA AKOL #. K MaloTL O6yTH 3B’ s13aH] Mixk COGOI0 BETHUHHM
1a n, WoEb BinGutTHil Npomink 6yB NEpNEHANKYIAPHUM 10 3an0MNeHOro?

5.26. [Tpomins cBiTna nagae nia kyrom iy = 30° Ha AHO CKNAHOI NOCYHHH,
3aMOBHEHO] BOAOIO, | BUXOAUTL Kpi3b AHO B noBitpa. [Tin akuM kyTom i; BH-
XONUTb NPOMiHb?

5.27. TonoBHuii nepepi3 ckiaHOI npu3amMu Mac ¢opmy piBHOOGeAPEHOro
TPuKyTHUKA, OnHa 3 il rpaHeii € azepkaibHo1o. [IpoMiHe najac HOpMaNbLHO Ha
MUy rpaHb i nicas ABOX BiAGWTTIE BUXOANWTH KPi3h OCHOBY NPU3MH NepIieH-
AUKYNAPHO N0 Hel. BU3HAYUTH KYTH NMPU3MH.

3.28. Y ckinbku pasis rnubuHa BOAOAMHMIIA 31a€ETHCA MEHILIOO, HiXK BOHA €
B ilicHOCTi, K110 AMBHTHCA: 2) 3BEpXY 10 BepTHkalli; 6) nia kyrom i =60° no
BepTHkani?

3.29. Yomy po3IUMPIOETECA MY4OK napanenbHUX NPOMEHiB CBiTAa, Akuid
BXOAWTE 3 OBITPA Y BOAY NiA A€AKHM KyTOM?

5.30. Yomy B xapkuii neus Haj achanbTOBHM 10CE BHHHKAE Mipax:
acaneT Hi6u BKpUTHIL BOROIO?

3.31. Ipomiue cBiT/a NepexoauTh 3i CkNa y BOAY. 3a AKOro HaliMeHIIOro
KyTa naniuus #,, crocrepiracTbCs NOBHE BHYTPILUHE BinGHTTA?

5.32. Iy4yoxk MOHOXpPOMATHYHOIO CBITNA Naaac M Kyrom i = 45° ua Giuny
TPaHp cknaHoi (n = 1,6) npu3Mu, 3a1OMHUI KYT AKO1 ot = 60°. BUHAYHTH KYT
d Binxunennus Myyka Bix nepeicHOro Hanpsmy. flkum Oyne uei KyT 8y, KO
Upu3my 3auyputh y Boay?
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5.33. Boponas croiTe Ha qHi o3epa 3 nixrapeM. BusHaunuTu mMiHiManbHy Bin-
CcTaHb d Bif TOYKH, A€ CTOITB BOAOJNA3, 0 THX TOYOK JIHA, AKI OCBITIIOIOTLCY {
BiAOMTHM BiJ NMOBepXHi BOAM CBITIIOM JHXTaps 1 AKi BOAOJA3 MOXE CTOCTepira-
TH. [nubuna ozepa H = 10 M, Jxepeno cBiTla MICTHTLCS HA AHi. Ky KapTuHy
crocTepiraTiMe Boaona3s npsamo Haa ronosoio? 3pict Bogonasa h=1,75 m.

5.34. CeiTnoBuii MPoMiHb NpoOHIIOB Kpi3b NNOCKoNapanenbHy niacTHHKY,
TOBLHHA K0T d = 2 cM. Ha Ky BiacTaub / 3MicTUBCA NPOMiHb, 1O BHHWOB i3
NIACTHHKH MapaneNbHo MpOMeHIo, 0 NajiaB Ha NNACTUHKY, AKWIO KYT nafiy-
He npomeHsd i) = 60°7 '

5.35. Tyuok MOHOXpOMATHYHOTO csiTna nagae Ha GiuHy rpaHb cmnuo‘i*
npu3mu, fKa B nepepisi € pisHo6eApeHUM TPUKYTHUKOM 3 MPAMUM KyTOM npH |
Bepmum VBiloBWH [0 NPH3MH, TYYOK 3a3HAE NOBHOTO BHYTPpILUHBLOTO Bifi- |
GUTTS BiZ OCHOBH NPH3MU i BUXOAUTHL KPi3b apyry Giuny rpaHb. BusHauuTy | ]
HalMeHIMil KYT naAiHHa /) ny4Ka Ha BXIQHY rpaHb, MpHU AKOMY LIE MOXIIHKBE |
NMOBHE BHYTpIllHE BiAGHTTA BiJ OCHOBM.

5.36. Ha aHi nocyaMHM min UEHTPOM KpYyrjoi Henmpo3opol NMIACTHHKH Oia-
meTpa D = 2 cMm pO3MicTHIH TOYKOBe mkepeno cpitna. locyauHy nocrynoso
3aMOBHIOIOTHL BOAOIO, NJIACTHHKA NpH LLOMY M1aBaE Ha noBepxHi. 3a AKoi Bu-
COTH /4 piBHA BOAW MPOMEHi NOYHYTH BUXOXHTH 3 HET?

5.37. Ha topelb CKASHOIO CBiTIOBOAY NAafac CBITNO Mix KyToM o. kUM
mae 6yTM HaWMEHLIMH MOKA3HMK 3aN0MIEHHA n CKaa, o6 cBiTnoO, sKe
BBi#fLI0 Y CBiTNOBOA, HE MOTJIO BUHTH Kpi3b iOro GiuHy CTiHKY He3anex-
HO Big KyTa o?

5.38. CiTnoBoA BUrOTOBNEHO 3 ABOX COPTiB CKJ1A 3 Pi3HHMH NOKa3HUKaMu
3ATTOMJIEHHS: cepueBHHu 7 | 060NOHKH 1y = 1,52, SkuM Mae 6yTH NMOKa3HHK
3aNOMJIEHHS 1y, 106 CBITNO BUXOAMNO 3 MPOTUIEKHONO KiHUA CBiTNOBOAA
He3aNexHO BiJ KyTa nmajaiHHA Ha nepenHii Topeus?

5.39. YoMy Gnuuiate noBiTpsaHi 6ynbbailiku y Boxi?

5.40. Ak, MalouM CKAAHHI KY0, BU3HAYUTH LIBUAKICTH MOHOXpOMATHYHOIO
CBiTNI2 B HEOMY?

5.41. Jlionuya HaOGmDKAETLCA N0 A3epKana 31 WBHAKICTIO U; = 1 M/c. 3 Ko
HMIBUAKICTIO U3 BOHA HaBGNMXKAETHCA A0 CBOro 306paxeHHn?

5.42. Ha mnaxy npomens, skud nagaB nepneHauKynspHO A0 ekpaHa,
BCTAHOBUJIH HEBENHKE MJIOCKE A3epKalo Tak, 00 KyT majiHHA npoMeHs Ha
Hboro i = 88°, SIk 3MiHMNOCH MMONOXKEHHA CBITJIOBOI NIAMU HA e€KpaHi, AKLIO
BiACTaHb Bi A3epkana ao ekpaHa / = 0,5 m?

S.43. Uun MOXHa B MJIOCKOMY A3epKalli HEBENHUKOro po3mipy nobauutu no-
BHE 300pakeHHsA BUCOKOro nepena?

5.44. Slxoro MiHimMansHOro po3Mipy # mae 6yTH n3epkano, 10 BUCHTH Ha
. cTiHi, o6 moauHa, 3pict axkoi H, mobauuna cebe Ha Bech 3picT, AKuO o4l
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MOAWHH NepebyBaloTh APOTH BepX-
yuoro Kpaw nasepkana? Sk 3ane- oS
HTb PO3MIp a3epkana Bij Biactaui oo N
MiDK J3€PKANIOM i JIOAMHOI0? -

5.45. JIBa n3epkana yTBOPIOIOTh Puc. 5.4
ABOrpaHHUMH fpaMuid kyt. Y mno-
[{HHi, NEPNIEHAUKYIApHIH 10 pebpa ABOrpaHHOro KyTa, Ha cMcTeMy Mig A0-
BINBHUM KYTOM Mazac ApOMiHb CBiTna. SIK 3MiHMTLCA HAMpsAM MOUIMpPEHHs
cBiTna nicns nBox BiAGMTTIB?

Cdepuune naepkano

5.46. 3Haioum nMONOxeHHA onTHyHOT oci chepuyHoro aszepkana MN, cir-
HOT TOUKM S Ta i 300paxeHHs S', BU3HAYUTH MOGYAOBOIO MONOXKEHHA Bepllu-
HH [3epkana ta Horo ueHTpa (puc. 5.4).

5.47. Bruyte cdepuune n3epkano Aac Ha eKpaHi 306pakeHHs npeaMeTa,
3binbLieHe B 3 pasu ii 06eprene (B =—3). Bincraus Bi BeplunHu a3epkana ao
npeameTa s = —20 cm. BusHauuTu paniyc KpuBu3HH R f3epkana.

S.48. Busnauutn pokycHy BiACTaHb f BrHyTOro cepHuHoro azepkana,
AKLIO BIACTaHb Midk ApeaMeToM i 300paxeHHaM /= 15 cM, a 306paxetus 36ins-
lieHe y 2 pa3u it o6epHexe (B =—2).

5.49. Onykne chepuyte aA3epkano Mae paniyc kpuBu3uu R = 40 cm. Ha
BigcTani s = —10 cm Bin A3epkana po3MilIyeEThCS NPEAMET, BUCOTA AKOTO
h =5 cMm. BusnauuTu nonoxeHHs s’ i Bucory k' 306paxenHs. [To6ynysaru
300paXkeHHs.

5.50. Yomy GokoBi azepkana Ha aBTOMOGINAX pobnsATh OMYKIWMHM, a He
nrockumu?

5.51. Yu npasponoxibxa nerexwaa npo Te, 0 ApXiMea cnanusB puMCbKuii
$nor, cdokycyrauiu consuHi fipoMeH1 cepuyHumM n3epkanom?

Tonxa ninsa

5.52. BuznauuTu no6yn0BOIO Xint npOMEHiB 3a 36upansHoko (puc. 5.5, g, 6)
i poscioBansHoOI0O (puc. 5.5, 8, 2) ninzamu, AKiO BiAOMI NOJOXKeHHA NiH3, TO-
floBHOI orrTHyHOT Oci Ta roNoBHUX HOKYCIB.

5.53. BuznauuTu noSynoBOIO NONOXKEHHS TOHKO! NiH3U Ta it GoKyciB, AK-
IR0 Binomi nonoxeHHs ontuyHoi oci OO i mapu cnpsxeHHX TOyok P i P
(puc. 5.6, a - ). BctanoBuTH, AKA Ue JiH3a.

5.54. Buzuaunrtu no6yaoBo0 NONOXKeHHA (GOKYCiB TOHKOI NiH3M, KO Bi-
AOMi noso>keHHa onTHYHOT oci OO’ i XiX KOBINBHOrO npomena (puc. 5.7, a, 6).

243



-3 & ——,
F l F F' F F! F
Puc. 5.5
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Puc. 5.6
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Puc. 5.7 Puc. 5.8
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0 a' D g Di
N /x/i\
a J
Puc.5.9
LY
o 0 0 —eoeeg—e F o'
A B F F' A B F F
a N 5
Puc. 5.10

5.55. Busnauuru nobynoBoro XiA NMpoMeHs B cucTeMi po3ciloBanbHOT T4
36upansHoi NiK3 (puc. 5.8).

5.56. 3uatouu xin npomeHiB / i 2 no niH3u, BCTAHOBUTH Xia npoMens 2 32
36UpanbHOIO Ta PO3CIIOBANLHOIO NiH3aMU, AKWIO BigoMi MOnoxeHHa niH3u #
roIoBHOT onTHYHOI oci (puc. 5.9, a, 6).

5.57. Tlo6ynyBaru 306paxeHHsa Biapi3kiB AB, aki po3MiuleHi Ha ronoBHi
ONTHYHIMA oci, y 30upanbHiii i po3ciloBanbHiii niHzax (puc. 5.10, a, 6).

244



£.58. 3i ckia, U0 MaE NOKa3HUK 3aoMneHHs » = 1,5, noTpibHO BUrOTOBH-
T4 NiH3Y, ONTHYHA cuna AKoi B noBiTpi ® =5 anTp. Axkumu MaroTe 6yTH pani-
ycH KpHBH3HH R} 1 R; niH3u, AK110 BOHU € OAHAKOBUMH 3a MOAynem?

5.59. 3a AkMX yMOB ABOOMYKNA CKJIAHA NliH3a, MOKA3HHUK 3AJIOMJIEHHS AKO]
n= 1,6, cTaHe po3ciioBanbHOIO?

5.60. Buzsauntu ontuuHy cuny © nBOONyKNOl NiH3M, paatyCH KPHBHU3HM
groi Ry = 30 oM, R = - 40 cM, BuroToBneHoi 3i cxna (n = 1,5).

5.61. Paniycy KpuBM3HM NMOBEPXOHb TOHKOI JABOBFHYTOI CKJSHOI NiH3K
onHaKoBI 3a MoayneM —R; = Ry = 50 cm. [TokasHuk 3an0MneHHs cknan = 1,5,
BH3HAUMTH ONTHYHY cuny O, niu3u: a) y nosiTpi; 6) y piauHi, NOKa3HUK 3a-

foMNeHHs aKkoi np = 1,7. 3pobuTH aHanoriuHuii po3paxyHoK Ans ABOOMYKIOi
NiM3M 32 THX CaMUX YMOB 3afaui.

5.62. T1nocko-omnykna TOHKA JIiH34, AKa MOBEPHYTA MJOCKOIO CTOPOHOIO A0
npeaMeTa, nae Horo aiiicue 36inbuiene 306paxenHs. Sk 3MiHuThLCS 300pa-
JKeHHS, AKIO NiH3y NOBEPHYTH OMYKJIOK CTOPOHOIO 10 npeamMeTa?

5.63. [Ipeamert micTuThbed y (hOKyci po3citoBaNbHOT NiH3KM. BU3HauuTH Bia-
cTanb §' Bij NiH3W 40 300paxkeHHs i 30inbuieHHs B niH3M, AKwo PoKycHa Bia-
cTaHb iH3u = 20 cM.

5.64. DokycHa Bigctaub niH3M f° = 20 cm. Ha skih BiacTaxi s Bia niH3m
Tpeba posmicTuTu npeaMer, o6 HOro ysaBHE 300pa)keHHA 3HAXOAMIOCH HA
BiicTaHi s’ = —40 cm Bia NiH3u? AxuM Oyne 36inLueHHs B?

3.68. Ha Bincrani s = —20 cM BiA 30MpanbHOT NIH3H, ONTHYHA CHJIA AKOI B
nosiTpi ® = 10 anTp, NOcTaBUIM MIPpEAMET 3aBBULLKH A = 5 cM. Busnauuu
NONOXKEHHA s’ i BUCOTY A’ 306pakeHHsa. 3pOOUTH PUCYHOK.

5.66. 36upansHy niH3y, BUroToBNEHY 3i ckna (# = 1,5), uto mae GokycHy
BiicTaub y noBitpi /'y = 10 cm, 3aHypunu y Boay. Sk 3Minunace ii gokycua
BiicTaHL?

3.67. Ipoonykia ToHka niH3a 3i ckna (n = 1,52) oroueHa 3 onHoro 6oky
BOAOKO (1, = 1,33), 3 iHworo — nositpam (1, = 1). Paniycu kpuBU3HKM 060X
NOBepXOHb OAHAKOBI 3a monysiem Ry = —Ry = 20 cM. BusHauntu GOKycHi Bia-
CTaHi cucremH.

3.68. HosecTw, W10 y ABOOMYKIiH NiH3i 3 ONHAKOBUMH 3a MOZyJeM paaiy-
CaM1 KpMBH3HU MOBEPXOHL | TTOKA3HHUKOM 3aJIOMJIEHHSA 1 = 1,5, AKa MiCTUTbCS
B MOBiTpi, OKycH 36iraloThcs 3 UEHTPaMu KPHBU3HH. Y CKilbKM pasiB 3mi-
RUTbCA hOKyCHA BiACTAHb, AKUIO NiH3Y 3aHYpATH Y BoAy (1, = 1,33)?

3.69. Busnauutu 3anH10 GoKycHy BiacTaHb /7y NOBITpi AN TaKMX CKAfl-
RHX nin3 (n = 1,5):

a) ABOONYKJIIOT, pazliyci KPHBM3HY NOBEPXOHb AKOL R = 15 oM, R, =20 cm;

6) nnocko-onyknoi, R = o, R, =~20 cm;

B) BrHYTO-0NyKN0i, R) = 25 cM, Ry = —15 cM (zoxaTHHil MeHIcK);
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r) ABoBruyTol, Ry =—15 cm, R; = 20 cmM;

1) MN0cKo-BrHyTol, Ry =00, Ry =20 cm;

e) onykno-Braytoi, Ry =20 cm, Ry = 15 cM (Bin’eMHuil MEHICK).

3o6pa3uTu i NiH3M.

5.70. Ha sxiii Bigctani s Big aBoonyksiol niH3u Tpeba po3MicTuTH nipen-
MeT, o0 BiacTaus Bil HLOro 4O HOro AificHoro 3o06paxexHs Oyna MiHiMab-
Horo? 3anus GokycHa BincTaHe niHzu f.

5.71. OnTuuHa cHcTeMa CKIaaaeThes 3i 30MpanbHOI NiH3H, (PokycHa Big-
ctaub kol £ = 30 cM, i nnockoro A3epkalia, po3TallloBaHOro Ha BiACTaHi a =
= 15 cM BiZ niH3M NepreHAnKYNapHO 10 1T onTHyHOl oci. [IpeaMeT MicTHTLC
nepen NiH3010 Ha BiacTaHi s =—15 cM. BuzHauuTty nonoxenHs s’ 306 paxeHus,
AKe JaE cucTeMa.

5.72. SIx MOKHA BW3HAYUTH (POKYCHY BiAcTaHb TOHKOI 3GHMpanbHOl NiH3K
3a AOTOMOIOIO MIOCKOro a3epkasia?

5.73. 30upancHy i po3ciloBanbHy NiH3W po3MicTHIM GnM3bKO OAHA Bif
OAHOI Ha ONTHYHIH NaBi MiX nMpeaMeTroM Ta ekpaHoM. BusHauutu ¢okycHy
BIACTaHb f; pO3CilOBANBLHOI NiH3M, SKILO BiACTaHb BiJl CHCTEMM JIIH3 1O Tipen-

MeTa s = —350 cMm, BiJ NiH3 00 eKpaHa, Ha IKOMY CNoCTEpiracTbes 300paXxeHHs,
s'= 30 cM, a PokycHa BiacTaub 36upansHoi niv3n f| = 10 cM.

5.74. 3a nonoMoroto NiH3u, onTHYHa cuaa akoi ® = 5 anTp, oTpuManu 3o-
OpaxeHHsa npeaMeTa, OQHAKOBE 3a pO3MipaMu i3 caMuM npeaMeroM. Ha skii
BiCTaHi § Bin niH3n Tpeba po3MicTUTH npeaMer, 106 306paxeHHs 3MeHLLIn-
noce y 4 pasu?

5.75. 3a nonoMorolo TOHKO! NiH3M Ha eKpaHi oxepxaiu 300paxeHHa npes-
MeTa 3 M’'aTuKpaTHUM 30insuiednam. He 3MiHiOONM NONOXKEHHS NiH3MW, expaH
3MICTHNM B3ROBX ONTH4YHOI oci Ha BiacTaHb / = 30 cm. LLlo6 306pakerns Gyno
PI3KKM, 3MIiCTHAIHM i npeaMeT. Y uboMy pasi 300paxeHHs BUABHIOCE Y 3 pasu
GinbuinM 3a npeaMer. Ha axy Bincranb As amicTunu npeamer?

5.76. Yn MOxe npOMiHb, SKMH APOXOANTH Yepe3 ONTHYHHKI LeHTp TOHKOI
NiH3K, 32J0MII0BATHCD?

LienTpoBani onTuuyHi cucremu

5.77. Touka A po3MiuieHa Ha oNTHYHI#A Oci AOAATHOI LIEHTPOBAHOI ONTHY-
HOI CHCTEMH, SKa MICTUTLCA B OAHOPIAHOMY CEPENOBHMILi. 3aAaHO MOJOKEHHA
nepeaHboro ¢okyca F. Buznaunti nobynoBoro NONOKEHHA CNPAMKEHOT TOUKH
A' i 3apuboro ¢okyca F', GKu0 TOUKa A NeXHTb: a) NiBOpYY BiJ NepeaHLOro

s 2 H " 4 /
¢pokyca F; 6) mixk Touxamu F i H, B) npaBopyu Big Touku H' (puc. 5.11).

5.78. Touka A po3MmilleHa Ha ONTHYHIK OCi BiA €MHOI LIEHTPOBAHOT ONTHY-

HOI CUCTEMH, KA MICTUTBLCA B OAHOPIAHOMY CEpEnOBHiLl. 3a1aHO TTOJI0XKEHHS
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Repennboro gokyca F. BuzHayuty noGyaoBOIO NOJOXKEHHS CIPSXKEHOT TOUKH
4’ i sanuboro okyca F', akuo Touka A nexuTsh: a) NiBopyd Big Touku A
0) npasopyu Bix Touku F; B) Mixk Toukamu A’ i F (puc. 5.12).

3.79. UentpoBana onTHYHa cuCTEMa pO3MillyeTbca B noBitpi. Bera-
ROBUTH Mo6yn0OBOIO: ) NONOKEHHA ToUoK F' i H', AKkwo P i P’ — cnpsxeHi
TouKH, monoxkeHHs TOUKH F Bigome (puc. 5.13, a); 6) nonoxeHHs Touku O,
o cnpsxkena 3 Toukoio Q, AKWO P i P’ — cnpAkKeHi TOYKH, NMONOKEHHS
Touku H 3apano (puc. 5.13, 6); B) nonoxenHs Touok F, F'i H', akwo 3a-
Jlam Xil npoMeHs A0 ¥ nmicis NPOXOMKEHHS CUCTEMH Ta NOJOKEHHA TOUKH

H (puc. 5.13, 8).

5.80. Buznauuru q)oxycm BincTaHi f7, f, pokanbHi BI,ILPIBKH 8'py, Sp (BI,B,CTa-
Hi Bix BepnHM MoOBepXHi 4O BiMOBIAHOrO (OKYca) i NONOKEHHS S'4r, Sy
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rOJIOBHUX MJIOILIMH TOBCTO! CKJIAHO! JIIH3H B MOBITPi, AKILO paliycH KpHBU3HY
3aTOMJIIOIOUMX MOBEepXOHb Ry = 30 MM, R; = —50 MM, TOBIIHHA NiH3KH d =
=20 MM, MTOKa3HUK 3aOMJIeHHs ckna n = 1,52.

5.81. Onykno-BruyTa TOBCTA CKNAHA JiH3a 3 padiycaMu KpHBU3HU R, =
=5 cM, R; =3 cm micTuTeca B noBiTpi. ToBuiuHa nin3u d = 0,8 cm, nokas.
HUK 3a/10MJeHHhs ckaa n = 1,52. BU3HaYUTH NONO0XKEHHS §'y, Sy TOJOBHKX
naowuH i Gokycwi Bincrani f', f niH3u.

5.82. OOuaBi MOBepXHi OMYKNO-BMHYTO!I CKJISAHOI JiH3H MalOTh OQHAKOB]
paniycy kKpuBu3HH R. TOBUMHA NiH3K d, MOKa3HUK 3ANOMJIEHHS CKja n. By
3HAYUTH ONTHYHY cuny @ /i MonoxKeHHs §'y, Sy TONOBHHUX MAOLMH. AKOIO ¢
J1iH3a — 30MpPaIbHOIO Y PO3CIIOBaALHOKO?

5.83. Un moxe ckiaiHa ABOOMYKNA JiH3a B 0OBITPi OyTH po3ciloBanbHOIO?

5.84. Bigcranb MiX TOUKOIO Ta nepeaHiM ronoBHuM dokycom x = —40 cm,
BiZicTaHb Bia 11 300paxeHHs A0 3a0HLOT roN0BHOI NAoMHEK s' = 10 cM. Oro-
Yyloue CepeaoBHLUE € OAHOpiaAHKM. Bu3nauuTH 3anH10 QOKYCHY BiacTaHb f'
CHCTEMH.

5.85. Bu3nauuTH RNO370BXKHI0O XpomartuuHy abepauiro As' ans miocko-
OMYKJIOl NiH3K, paliyc KpUBHU3HH AKOT R = —~1 M, SKIO NOKa3HUK 3a710MJIEHHA
Ckna, 3 AKOr0 BUIMOTOBJIEHO JIiH3Y, CTAHOBUTL AJIA YEPBOHUX MPOMEHIB 1, =
= 1,50, a qna pioneToBrx ng = 1,52.

OnTu'Hi npunaaun

5.86. Yu moxxna chororpadyparu yasHe 306pakeHHa?

5.87. INnocke n3epkano nae yasue 300paxkerns. Yomy M iioro 6aunmo?

5.88. Aki 3 abepauiii, mo XapakTepHi AN TOHKHUX J1iH3, LyxKe nocnabnexi y
JMOACLKOro oKa?

5.89. 11106 kpaute 6a4uTH, KOPOTKO30pi NIOAN NPHKMYPIOIOTS 0ui, Yomy?

5.90. Konu ontuuHa cuna oka € 6inbUiol: MpH pO3rIfsnaHHi MpeaMeTis
110 MIiCTATLCA HA Maniii 4M HA BenuKiil BiACTaHi Big HLOro?

5.91. Slke 300paxkenHs — yaBHe 4M AilicHe — yTBOPIOETLCA Ha CiTKiBUI OKA
nia 4ac KOpUCTYBaHHA Jynow?

5.92. Jlynoiwo € poonyka NiH3a 3 OAHAKOBHMH 3a MOAYJeM pajiycami
kpusushu |R|=|R;| = R, Burorosnena 3i ckia, nokasuuk 3a10MaeHHs FKOIO

n = 1,5. BU3Ha4uTH pasiycu KpuBM3HH JTiH3M, AKILO JyTNa fac 36inswenns I = 3.
5.93. Ake 36inbwienns [ nae nyna, Mo cknanaeTecs 3 ABOX NiH3, cbouycni
BiZICTaHi AKHX BiANOBIAHO f1' =S cm i A'=7 cm? Jlin3u cknaaeni WiasHO.
5.94. BincTtaHs Halikpanoro Gauenns moauuu D; = 40 cm. Axuit nedekT
30pY i OKynsipamH AKOT ONTH4YHOT CHK O HeoBXiaAHO BUNpaBUTH?
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5.95. Yomy Teneckonu “HabnumxyloTs” Bignanedi npeameTu?

5.96. OnTnyna cuna o6’exruea teneckona © = 1 anrp. Okynsp nae 36ins-
weHHd B [ = 10 pasis. BeranoBuru 36inbwenns ' reneckona ta HakpecanTy
i TPOMEHIB Yy HEOMY,

5.97. Biacraub Mix 06’€KTHBOM i OKYNSpOM TeNecKomivHoi cucTemu L =
=12 cM, a il 30inbwenus [ = -5. Hkowo 6yne onTtuuHa cuna O cucremu uux
i3, AKILLO TX CKJIACTH IINBHO?

5.98. 3opoBa Tpy6a, BokycHa BiacTaus 06’exTHBa TKOT f1os = 50 CM, BCTa-
HOBNEHA HA HecKiHveHHicTb. TpyOy Tpeba chokycyBaTu Ha npenmeT, Biaga-
nenui Ha 50 M. Ha sky Biacraus z i B skomy Hanpsmi Tpe6a nepemMicTuTH oky-
nap TpyGu?

3.99. ®okycui BincTani 06’ekTHBA i OKyNidpa MiKpockona BimmoBiaHoO
fos = 4 MM i /"o = 40 mm. Binctaus Bin 06'ektupa 10 okynspa L = 19,4 cm.
BusxauuTH 36inbuieHHs [T Mikpockona. Ha siii Biacrani s Bin 06’ekTuBa
po3MillyeTbCs fMpeamer?

5.100. ®okycHi Biacradi 06’ekTBa il OKyNsgpa MiKpockona BiAMOBiAHO
fo6=5 MM i f'o = 50 mm, [penmer po3miueHo Ha Biacrai s =— 5,1 MM Bia
06’ekTiBa. BusHauutu nosxuny L Ty6yca mikpockona i fioro 36inbuienns I
AN HOpMANbHOro OKa.

5.101. 3 axoi BiacTaHi s 3pobneHo HoOTO3HIMOK nepesa 3aBBUILLIKH h = 5 M,
AKIIO BOHO Mae BHMCOTY Ha ortomniBui A' = 15 MM? DokycHa BiAcTanb
06’ektuBa ' = 20 cM.

$.102. 3 nitaka, WO NETUTL HA BUCOTI /1y = 2 KM, APOBOAATH TOMOrpadiuHi
3fioMku micuesocTti doroanaparoM, GokycHa Biactas axoro /= 40 cm. Hkuii
MaciuTab 3HimMKiB? Akum Gyae MacluTab, AKuIO NiTak 3HH3UTLCA [0 BUCOTH hy =
=500 M? Axwii MiHiMansHKHE po3Mip NpeaMeTiB, [0 PO3MIlLYIOTECH Ha 3emi,
MOXXHA PO3Pi3HUTH 3 BUCOTH 2 KM Ha (doTomMiIBLI, FKILO MiHIMANBHKIA po3Mip
BUAMMUX AeTaneit 300pakents Ha nuiBui craHoBuTs 0,1 MM?

§.3. IHTEPOEPEHUIA CBITNA

IIpy HaxnmanaHHi 1BOX MOHOXPOMAaTHYHHX XBHITb OJIHAKOBOI YaCTOTH PE3yNbTyIOua iH-
TEHCHBHICTH BU3HAYAETHCA 32 (hOPMY IO

I=1+1,+2ll,c0os8, (5.3.1)

. 2n :
A¢ & — pisunus ¢as xsuns, 5 =1—A , TYT A — OIMTHYHA PI3HUUA Xo[Yy, A = nysy — nys;
0
Ry, np — NOKA3HUKH 3ANOMAEHHA; S|, 5§ — PEOMETPHUYHI JOBXKMHM [IIAXIB BiANOBiaAHMX
XBHb; Ag— NOBXHHA XBHJI Y BAKYYMi.
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Ymoru inTepdepeHuifiHUX MaKCHMYMIB

A=tmhy (m=0.1.2,...) (5.3.2)
1| MiHIMYMiB
A=i(2m+l)3522 (m=0,1,2,..). (5.3.3)
ILinpuua intepdepenitiiHoi cMyri
Ax = A , (5.3.4)
¢

Jic \.— JOBXHHA XBHJIi; ¢ — KYTOBA BiACTaHb MiX JDKEpeEnaMu.
Nosxuna /., 4ac L | palliyc py,r KOrEPEHTHOCTI :
A A
L.=cl

Kor mrzz}':; pnorz'i'p"

(5.3.5)

A : _ ; ;
e 5 CTYNiHb MOHOXPOMATHYHOCTI CBiTna; AA — iHTEpBan JOBXHH XBMIIb, AKi € B A3

HOMY CBITIIOBOMY TIYHKY: W — KYTOBKH poamip Axepena, ¢y = 4 , TYT p - pOsMip Joxkepena; r—
r
BIACTaHb 10 JXKcpena.
"pannynnii nopaaok iHTepdhepenuii, Akuii cnocrepiraerhea:
A
& — 5.3.6
A (5.3.6)

Y pazi piaGuBanng cBiTna Bil onTU4HO Binbill FyCcTOTO CEpeaoBHING (hasa XBUi IMIHIO-
€TbCa CTpUGKONoZIGHO Ha 7.

Piznnus Xoly CBITNOBMX XBHAb, BiAOMTHX Bl TOMKOI MJACTUHKM, AKA pO3TALIOBAKA B
nosiTpi,

A = 2b\n? —sin?i t-’-‘z-“- : (5.3.7)

A€ b — TOBIKHA NACTHHKK, | — KYT NajiiHHA XBUb,
Pajtiycs CBITIOrO 7, | TEMHOTO £, KiNeLb HptoTOMA (NpoIapok NOBITpAHKE)

Py = f(—z-’i‘-'zﬁi (m=1,2,3,...); (5.38)

r, =mRA (m=1,2,3,...), 5.3.9)
m (

le m — 1oMep y BiaGuToMy cBiThi; R — palliyc KpHBH3HH NiHIN.

OnepxaHHn iHTepdepeHUil NOAINOM XBUILOBOro (HPOHTY

5.103. 3a axux yMOB npu HaknanaaH€Hi ABOX MyukKiB CBiTNa oaHakoBoi yac-
TOTH 3aBX 4, TOOTO 32 Oylb-fkuX (pazoBHX CHiBBiAHOWEHb, BiAOyBacTHCA
NPOCTO A0AABAHHA IHTEHCHBHOCTEH ?
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5.104. Pizuuus xony A ABoX iHTep(epylOUuX XBHIb MOHOXPOMATHYHOIO
ceitna gopisxtoe 0,5 A. BusHauuru pisuuuo a3 & konusab, wo 36ymKy-
J0ThCA XBUIAMM B Aauiii Touui.

5.105. Bcranosuty 3MiHy AL OnTHYHOI AOBXWHM XOAY MPOMEHS, WO No-
IUMPIOETBCS B MOBITPI, AKWIO HAa HOro WNAXY PO3MICTHTH CKASAHY MIACTHHKY
3aBTOBIUKH d = 2 MM. Po3paxyHok 3poOuTy 418 HOPMAILHO Naaakoyoro npome-
HA 1 VIS NPOMEHs, WO Najae Ha MIaCTHHKY Nix KyTom i = 60°,

5.106. Bu3nauumit 8Ci 1OBXKMHM XBUNb BUAMMO! YacTHHM cnekTpa (six 380 mo
760 uM), AKI MiA Yac HAKNAAAHHS JBOX KOrEPEHTHUX CBITJIOBHUX XBMIb 3 Pi3HH-
nero Xoy A =2 MKM GyayTh MakcuMaitibHO: 2) iacuneni; 6) nocnabneni.

5.107. CraGinbHicTe YacToTH AW/® refi€Bo-HEOHOBOIO flasepa B OJHOMOJO-
BOMY pemmn reHepauii craHoButs Guabko 10 ' . Jlasep Bnnpommoe Ha J0B-
XKuHi XBUAI A = 632,8 um. OLiHMTH YaC £y | AOBKUHY /o KOPEPEHTHOCTI Na3EpA.

5.108. [Ina sunpomiHiOBaHHA, 110 BignoBifae opauxesiit ninif (A =
= 605,78 HM) KpUNTOHOBO! AaMNU, KA BUKOPUCTOBYETLCS B CYYacCHOMY era-
JIOHi AOBXMHH, AOBXKHHA KOMepeHTHOCTI /o = 0,8 M. Busznauutu: yac korepeHt-
HOCTI fors iHTEPBAN AL JOBXMWH XBMIb, 1110 BHMPOMIHIOKOTHLCA; KiNbKiCTh m
inTepdepeHuiiHUX CMYT, AKi PO3PI3HAOTHCA.

5.109. 3 akoto metoro B pocniai FOwnra (puc. 5.14) cBiTno nponyckaioTh Kpisb
Manuii oteip b y Henpo3lopomy ekpani A? Ouinutu poamip orsopy b, akuio Big-
€Talb MiX Linuuamu d = 1 MM, a BiacTaHb Mk expadamu A1 BL=0,3 m.

5.110. Opaua 3i winuxd Sy y gocnial KOura (puc. 5.14) 3akpura YyepBOHUM
eBiTnoinbTpoMm, iHwa winuua S; — cudim. [pxepeno sunpomintoe Gine cir-
0. SIk po3noAinAETHCA IHTEHCUBHICTDL CBIT/IA Ha €KPaHi?

5.111. V nocaini IOura na wnaxy 6isoro ceitna oanH pas 6yB ycTaHOBINe-
Huit dionerosuii ceitnodinetp (A = 400 uM), iHWKHA pa3 — yepBoumii (A; =
=650 um). Sk npu uboMy 3MinUNach inTepdepeHiiiiHa KapTHHA Ha eKpaHi?

5.112. Ha axiii minimanbaii Biacradi d noTpibHo posmicTuTy winunu S i
82 y nocnizi IOura (puc. 5.14), mo6 cnocrepiratu intepdepenuito caitna 6es
AOMOMiXXHOro expaHa A nij 4ac OCBITIEHHA WINUH NPAMHMH NPOMCHAMM
Conua? Consunnii auck BuaHo is 3emni mig kyrom @ = 30", JoBxuBYy XBUN
BBaykaTH Takoto, wo A = 0,55 Mkm.

S.113. Sxoto moxe GyTH Bl,thTaHb d Mix winunamu ans CROCTEpeXEeHHS
'H'l'epcbepeumuml kapTiHy B pochiai HOxra (puc. 5.14), fakiuo mxepenom cBiTna
€ Nazep?

S.114. Chepuuni xBuii Bifi ABOX KOrepeHTHUX Mxepen ceitna S, i S; nepe-
KPHBaloTbCR. SAKkuit BUrNAA M2IOThH m'repcbepeﬂulﬁm CMYrM Ha ekpani, AKWO
BiH poamiwenuii: a) NepnesaAnKyNapHO Ao NiHil mKxepen 518y 6) napanenbHo
Hinii Mxepen S15;? Slkuii BUrnsag Mae KapTHHa B LeHTpaNbHil YacTHHI eKpaHa
3a ymoBy 67
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5.118. /Isi nnocki korepeHTHi cBiTnosi xsuni £; = a;cos (of — kir) i £y =
=ay cos (of — kyr) nowuproTLCA Nl JEAKMM KYTOM OJHa A0 OAHOI B Ha-
npsMax, 1o BH3HAYAOTLCA XBHUALOBHMHK BekTOpaMH K i K. Ha wnaxy xsunp
po3MilyoTh NNOCKUH expaH. kWi surnsy MaloTh iHTepdepeHuiini cMyru
Ha ekpani?

5.116. Y gocnini KOxra sipcTaHb Mix wwinuHamMu d = 2 MM, a BIACTaHb Bif
HUX J0 ekpaHa / = 1,2 M (puc. 5.14). BcTanosuTH BiicTalb Ax MiX CyciAHIMU
iHTepdepeHuiiHUMH CMYramu, AKWO AOBXKHUHA CBITA0BOI XBUNi A = 600 HM,
Sk 3MiHHTBCA BIACTaHbL MiX CMyraMu, sKILO: 2) JUKepena po3MiCTUTH Ha Bifls
cTaHi dy = 5 MM; 6) 30inbINTH BIACTaHD O ekpaHa y 2 pa3u?

5.117. Ha wnsaxy oaHoro 3 npomenis y gocniai HOura (puc. 5.14) posmi-
weHa Tpybka 3aBROBXKH ! = 2 ¢M 3 nnockonapaienbHMMi CKNISHHMH OCHOBA
Mu. ITig yac 3amosuenHs Tpybku xnopom ycs inTepdepeHuifina kapTvHa Ha
expani 3mictunaca Ha N = 20 cMyr. O64UUCIUTH NOKA3HUK 3AJIOMNEHHSA My
XJIOpy, BBaXAKOUM, 110 MOKA3HHK 3aNOMJEHHS NOBITps n, = 1,000 276, nos«
»KUHA XBMII, IKY BUNPOMIHIOE JKEpeno, A = 589 um.

5.118. BusHauuTH ROBXUHY CBITNAOBOI X8I Ao, AKwO 8 gocaini KOura
(puc. 5.14) giacranb Big TpeTboro iHTepdepeHUiHHOrO MaKCHMYMy O LEHT=
panbHOl CMYTH Xmax = 1,65 MM, BiCTaHb MiX LHinMHAMU d = | MM, eKkpaH po3~
mMieHui Ha BigcTaHl /= 1 M Bi winuH.

S.119. Biacraub Mix ABOM2 ySBHUMH Jkepenamu 8 J3epkanax Opexels
d = 0,5 Mm, BiicTanb Bill 300paxeHns 10 expana / = 2,5 m. Ha ekpani Ha
BIACTaHi x = 2 M po3miwyereca N = 10 TemHux cmyr. BcranosuTi noskH-
Hy XBuni A cBiTna, Ake najae Ha g3epkana Opexens.

5.120. ¥V nocniai Jino#ina c8iTnosuil nywok, wo noWKHPIOETLCR BiZ AXKEPe-
na S, Bin6usaeTbes BiA A3epkana D i Ha expani £ intepdepye 3 npamum myd-
KOM, sikWii nafae Ha ekpaH GesnocepeHbo BiA Mkepena (puc. 5.15). Biactatb
BiZ cCepeAMHM IINHHK JDKepena A0 NAOIWMHN A3epkana A = 2 MM, BiA WiTHHH
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10 ekpaHa [ = 2 M, noexHHa cBiTnosoi xBuni A = 700 HM. BusnayuTu wupuny
Ax iutepdepenuiiuux cMyr Ha ekpaui.

§.121. Ha 6inpusmy @penens (puc. 5.16) nanae csitno (A = 600 um) Bin
IDKepena, 1o Mae BUrasg sy3bkol winuiu. BiacTads Bia mxepena o 6inpus-
MH a = (0,25 M, Big 6Ginpusmu no expana b = 1 M. 3anoMHuii KyT npusmu P =
=410 paa, MOKa3sHWK 3anomneHHs il n = 1,5. BuzHauuTu wupuny Ax iu-
TepdepeHUifinuX CMYT Ha eKpaHi Ta MAKCHManbHY KinbKiCTb N CMyT iHTep(e-
PeHuii, 5Ky MOXHa CroCTepiraTi Ha expaHi.

Onepxannn inTepdepeHyii noginom amnnityau

5.122. Slkum ymoBaM, NMOB’A3aHUM 3 KOTEpPEHTHICTIO CBiTNa, mMae 3amo-
BOJIbHSTH TOBIIWHA TOHKO! NNACTUHKHW, W06 Moxua Oyno crnocrepirartu
intepdepenuito nix yac pinbusaHHa BiA i MoBepPXoHb cBiTna a) BiA Hena-
3ePHOI0 mxepena (cTyniHb MOHOXpPOMATHYHOCTI MAA ~ 10 ); 6) Bin nasepa
(vAX~ 10°)?

$.123, Tlpu akiii nalimeHwil ToBwKHI by, MUNLHOT NNiBKK (7 = 1,33) nin
yac cnocTepexxeHHs i y BiaGHTOMY CBiTNI BOHA 37a€Thea 3enedoto (A = 500 um)?
CBITNo nanae Ha nnisKy nijg kyToM i = 35° o HOpMani.

5.124. MunbHa nniska, AKa 3aTarye BepTHKaNLHO pO3MilleHMii Kapkac,
OCBiTMIOETBCS Ginum cBiTNOM. Y BiAGMTOMY CBITNI CMOCTEPIratoThCA KOJbO-
poni iHTepdepenuiitni cMyrn pisHoi ToswuHu. YoMy nepen Tum, sk NONHYTH,
MniBKa Ha6yBae YOPHOTO KOMBLOPY?

5.125. Ha nniBky, nokasuuk 3anomneHns skol #» = 1,33, HopmanbHo na-
Aae napanenbuui nyvyok 6inoro csitna. lNpu akili nalimenwil ToswuHi by
MNiBKY Boxa 6yne Halbinbw Npo3oporo Ans CBiTNA, JOBKUHA XBUIT AKOrO

1= 600 HM? Slkoro mae GyTw Halimeniua ToBUMHA b, nnisky, W06 BOHA

OAHOYacHo Oyna Halinpo3opilwow Ang CBITNA, AOBXHHU XBHUIb AKOT0 A
A= 500 HM?
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5.126. Ha noBepXxHI0 CKJISHOI MIaCTHHKH, NOKA3HWK 3aNOMJEHHS AKOT A, =
= 1,5, nanecnu npo3opy niaisky. [Tokasuuk 3anomneHHs naiBku 1y, = 1,4, Ha
NOBEPXHIO TU1iBKK HOPMANbHO MAZac CBITIO, AOBXKHHA XBUNT AKOTO A = 500 HMm,
Skoro mae 6yTh HaliMeH1ua TOBLIMHA by NNIBKH, 1106 cBiTNO He BiAGUBaNoCy
Bia il mosepxHi?

5.127. Jins 3MeHLEHHA BTPAT CBIT/IA BHACMIAOK BiAOMBaHHA BiX NOBEpPXHi
CKJIAHI ONTHYHI AeTani MOKPUBAOTH TOHKHM LIAPOM pPEYyOBHMHH, NOKA3HUK

sanomnents akoi n' =n , 1€ 1 — NOKA3HWK 3aIOMJIEHHS ckia (NpoCBITIeHHy
onTukH). Tlpn akii TopKHI A Wapy Xxsuni 3aBAOBXKKU A, BinOHTI Bix nepex-
HBOT Ta 3a/HbOT TIOBEPXOHD LIAPY B HANpPAMi HOpMaJli, IOBHICTIO MACATH O/IHA
OAHY uepe3 iHTephepeHUiio?

5.128. Yomy y BigGuTOMY CBiTAI MOBEpXHA NMPOCBITNEROI NiH3M MAE nyp-
nyposuii konip (Cymil HepsoHoro Ta (hioneToBoro)?

5.129. luTephepenuifinuii cBiTIODINLTP CKIANAETLCA 3 ABOX HamiBnpo3o-
pUX A3epKan i wapy npo3oporo AieNeKTpuka, 1o MICTHTLCR MiX HUMH. On-
THYHA TOBILKWHA LWAPY € KpaTHOK A/2. CBITNO AKOT ZOBXKKHHM XBHII NMPOXOAH-
TUME Kpi3b ceiTnodinbTp?

5.130. Ha Toukuii CKNgHKMA KAWH, KYT MiX FpaHaMu AKoro a = 2', najae
HOPMaNbHO 10 MOBEPXHI MOHOXPOMATHYHE CBITNO. BU3KaunTHh JOBXKHUHY XBUs
i A CBiTNA, AKWIO NOKA3HUK 3aJI0MJEHHA ckna r = 1,55, a sincTanp Mk nep-
LIOKO T OJMHANLATOI iHTEpdepeHUiRHHMH TEMHKMHU CMYramMu, IO CriocTepi-
raloTbcs y Bigburomy ceitni, / =3 MM.

5.131. TMosepxHi cknsaHoro (# = 1,5) knHHA yTBOPIOIOTL MiXK €060 KYT
a =0,2". Ha knuu HopManbHO 4o HOro MOBEPXHI MajAac Ny4OK MOHOXpOMa-
TUYHOrO CBIiTNA, AOBXKUHA XBHII Akoro A = 0,55 MkM. BU3HAYKTH WKpHHY
Ax inTepbepeHUIAHUX CMYT, WO CMOCTEPIralOTbCA Ha MOBEPXHI KIWHA Y
BinbGuromy cBiTAi.

5.132. Mix asoma npo30opumMu napanebHUMU MIACTHHKAMU [OKNATN NYXe
TOHKHiA piT, YHACNIIOK YOr0 Mi>X HUMH YTBOPHBCA NOBITPAHKIA KNUH. Y npoc-
Tip MK MacTUHKamMy BBenW soay. Posrnajarouu nuacTHHKM y BigGuTOMY
ceiTni, foBxuHa XBUNi skoro A = 500 HM, cnoctepiranu inTepdepenuiiiti
CMYIH 3aBlUHpPLIKY Ax = 3 MM. BU3HAYNTH KYT O MiX NJIaCTUHKAMK KNHWHA.

5.133. Ha noBepxH0 CKNIRHOrO KNHHA HOPMANBLHO naaae caitio. Yum nosc-
HUTH, O 3 HAONMXEHHAM A0 BepLUIMHY KIMHA YiTKICTb iHTephepeHuifiHOl Kap-
TUHH 3011bLLYETHCR?

5.134. Ha nosepxHio cknanoro (r = 1,5) knuHa HopManbHO nanac ceiTino,
AOBXUHA XBWII Akoro A = 0,7 MKM i cTyniHb MOHOXpoMaTHyHoCTi AAL = 10
KinbkicTe inTepdepenuilinux cMmyr y Binburomy cBiTni, ski npunanaoTh HA
OJMHULIKD AOBXKMHU nosepxHi knuHa, N = 40 cM ! Busnauutu KyT & MiX
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noBepXHAMK KNnHa. Ha akii BigcTaHi / Big BepWIMHM KNHHA 3HHKAKOTH iHTEpdE-

Huifiai cMyru?

5.135. Ilnocko-onykna niH3a NexuTh Ha NNOCKIA cknanii MnacTUHi
ONMYKNOIO CTOPOHOIO BHU3. JIiH3a BUroTOBNEHA 3i CKNa, MOKA3HUK 3aM10M-
neHHs akoro n = 1,5, 1T ontuyna cuna @ = 1 antp. IIpu HopManbHOMY na-
AivHi CBITN2 Ha NNOCKY MEXY NiH3W padiyc NMEpLWOro TEMHOro Kinsus

HoioToHa y 8inbutomy ceitni r = 0,5 MM, BusHauuTy AOBXKHHY CBITNOBOT

XBHAi A.

5.136. YcranHoBka ans crnocTepexeHHs Kineub HbOTOHa OCBITMIOETHCA
MOHOXPOMaTHYHHM CBIT/IOM, AOBXHHA XBUJi AKOro A = 675 HM, wo najgae
HOPMANbHO A0 NNACTUHKK. Bincrtanb Mk 5<M i 25-M CBITAMMM KinbUsMM
Hetorona Ar = 9 mm. BusnauuTu paniyc kpusu3uu R onyknoi niH3u, akwo
enoCTepeXKeHHA NPOBOAATL Y 8iAOUTOMY CBIiTAI.

5.137. BigcTaub miX< Apyrum i TpeTim TemuumH KinsusMu HoioToHa v Big-
G6uromy cBiTni Ary = 1 MM. O6uncnuTy BiacTaub Ary Mixk 20-M i 21-M TEMHU-
MH KiNbLSMHU.

5.138. CnexTp Hartpito MicTHTbL ABi MiRii, AOBXHHU XBUNb AKHX A =
= 589 HM i A; = 589,59 um. flke 32 Homepom m TeMHe Kinbue HeioTOHA, 110
BianoBinae oaHii i3 uux NiHi, 30iraeThca 3 HACTYNMHUM 32 HOMEPOM TEM-
HAM KifbileM, Wo Bianosinae apyriit ninii? CnocrepexeHHs NPOBOAATDL Y
BiAGHTOMY CBITI.

5.139. 3anoBH00YH MPO30POLO PIAWHOIO MPOCTIP MiX NIH3O0K T2 NACTHH-
KOO B ycTaHosui Ang cnocrepexceHyn kineub HbioTona, paniycu TeMHUX Ki-
leup y BinbuToMy cBiThi 3MeHlIKHnu y £ = 1,21 pa3a. Busnauntd nokasHuk
3ANOMNTEHHA 71 PIAWMHMN.

5.140. YcranoBka ana cnocrepexeHHs Kineub HbOTOHA OCBITNIOETHCA
Ginum ceitnom, ake nagae HopManbHo. Mix NiH3010 | NNACTHHKOW MICTHTL-
¢4 nositTpsa. Sk 3minuTLCA iHTepdepenuiiina kapTHHa kineub HoloToHa, K-
IO fpocTip MiX NiH300 Ta NIACTHHKOK 3aMOBHHTH PIAMHON, NOKA3HUK
3aNomneHHa 1, a0l GinblwKit Bia nokasHUKa 3aN0OMCHHSA 1, MaTepiany nix-
34, ane MeHiuMi BiJ MOKA3HWKA 3AJIOMIIEHHA Mpme MNACTHHKH Ay > Hp = A,
(Aocnin FOura)?

S.141. IMnocko-onykna nix3a pagiyca R = 0,8 M onyknow NoBepxHeo CTu-
Ka€TbeR 31 CKNAHOK NMNACTHHKOK. MDK NNacTHHKOK Ta MiH30K MICTUTbCA
Pinuna. Ipu cnocrepexenni y sin6utomy uepsoHomy csitni (A = 650 Hm)
Paniyc 16-ro TemHoro kinbus HeioTona r = 2,5 MM, YoMy R0piBHIOE NOKA3HUK
3aflomnenHa n piguuK? Slkum cTaHe paniyc Kinbus, AKWO NiH3Y BIACYHYTH Bifl
MNACTHHKK Ha BIACTaHb A = 3 MKM?

S.142. Kinbua HbioToHa cnocrepirailoTbes Yy CBiTNi, AOBXKHHA XBHNI
Akoro A, gizbuTOMYy Bij CHCTEMH ABOX MIOCKO-OMYK/ANX NiH3, MPHTHCHY-
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THX OJHA A0 OJHOI ONYKNKHMHU NOBepXHAMH. Busnauuru paniyc r, TeMHorg
KiMbUA, SKIO pagiycH KPHBM3HW OMYKIUX MOBEPXOHb JIIHI NOPIBHIOKOTH
gianosizHo R i R;.

InTepdepomeTpn

5.143. BeranosuTH 3MiweHHs d pyxomoro jsepkana B iHTepdepomerpi
MaiikenbcoHa, akio inrepdepenuiiina kapTuna smictunach Ha AN = 400 cmyr,
Jlocnig NpoBOAMBCH 3 MOHOXPOMATHYHHUM CBITIIOM, JOBXHHA XBUIli SKOTO
A = 550 um.

5.144. B inrepdepomerpi Maiikenscona crnocrepiractbes iHTepdepeHuiiina
KapTuHa. SIKWi BUIMAL M€ KapTHHA, AKILO Najaloyuuii nyHoK MOHOXPOMAaTHYHO-
ro csitTna: a) po3dbkuuii, A3epkana cTporo nepneHauKynspHi; 6) napanenvHuii,
Ji3epkana po3raloBaHi nig kKyroM, siaminnum Big 90°? Sk Tpeba okycypaTu
30poBYy TpYOY AniA cniocTepedkeHHs iHTepdepeHUiitHol KapTHHHY y KOXHOMY 3 BH-
naakis? Sk 3MiHI0eETLCA HTepdepeniliitHa kapTHHa B 000X BUNAAKAX, AKLWO PYXO-
Me A3epKano fepeMilllyBaTH Tak, o6 8igcTaHb BiJ MNAacTHHKH 30inbLLyBanace?

5.145. lurepdepomerp MaiikenbcoHa OCBITNIOETLCH PO3GIKHUM MYYKOM
MOHOXPOMATHYHOTO CBiTNA, A3epkana iHTepdepoMeTpa € nepnesuKynspHu-
mu. lIlo cnocrepiraerbes B 30poBiit Tpy6i, skio pyxomMe p3epkano iHTepde-
pOMETpa nepeMiltlyBati 3i CTano WBHAKICTIO?

5.146. B iurepdepomerpi XKamena (puc. 5.17) asi ognakosi TpyGku 3ae-
noexku [ = 10 cM KoxHa 3anosHexi mositpam (n; = 1,000 292). Buacnizok
3aMiHy B OAHifi i3 TpyGok nosiTps kicHeM inTepdepeHuiiiHa KapTHHA 3MICTH-
nacs Ha m = 4 cMyru. BusHauuTy NOKa3HMK 3aN0OMNEHHSA 17, KUCHIO, KLU0 J0-
BXXHHA XBHAi A = 500 HM.

Puc. 5.17
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5.147. Ha ckinbku cmyr m 3mictunacek intepdeperuiiina kapTusa B iH-
reppepomeTpi XKamena (puc. 5.17), Akiwio B oaHe fioro nneve NoCTaBUIH TpPY-
6xy 3aspoexku / = 10 cM 3 rasom, NIOKa3HUMK 3a/IOMIIEHHs fkoro n = 1,000 777
Y npyromy naedi croith Taka cama TpyOka, 3amoBHeHa nosiTpam (n, =
= 1,000292). locaimkeHHS NpoBOAATh 3i CBITNOQINLTPOM, WO nponyckae
CBITJI0, JOBXHHA XBUJII AKOro A = 590 um,

5.148. SAxictb 06pobky nosepxHi AeTani KOHTPONIOOTH 332 AOTIOMOIOKO iH-
teppepomeTpa Jlinuuka, Ilin yac cnocrepexenns intepdepenuittol kapTuum
BUABHJIOCH, 1O IHTEP(EpeHLlifiHI CMYTH BUKPHBMIIMCh Ha YOTHPU cMYyrH. SIka
rubuHa A noapAnNKMHY Ha MOBEPXHi AeTani, AKIO COCTEPEXEHHS NPOBOAH-
JMCh Y CBITNI, JOBXMHA XBUIT| AKOTO A = 500 HM?

5.149. Ha eranon ®abpi — Ilepo nagae myuok cBitna, akuit po3xoauThes.
HomxuHa csitnosol xsuni A = 0,5 Mxm, ToplIKMHA eTanoHa d = 5 ¢cM. Ha ekpasi
32 JOMOMOIOKO JIiH3W OTPUMYIOTH iHTepdepeHLiiHy KapTUHY cMYr piBHOro Ha-
XMy — CHCTEMY KOHUEHTPHYHMX Kineub. BusnaunTth nopapok m inrepgepeHuii:
a) y UeHTpi KapTHHH; 6) mna KinbLs, 1O BigNOBIAAE KYTYy 3anoMieHHs r = 5°.
3 AKOK METOK HamararTbCs TOCATTH BETMKOro MOpAAKY iHTephepenii?

5.4. JNWOPAKLIA CBITNA

Hugppaxyin Openens na xpyenomy omeopi padiyca r. Paniyc 30BRilHbOT MEXi m-i 30HHU
®penens

ey Ly (5.4.1)
a+b
Kinbkicrs Binkputix 300 @peHens
2
- ’_[Lrl). (5.4.2)
A\a b

e a — Biacrans Bif JXepena n0 MNepelikonn; b — BiAcTaHb Bil MEPEWIKOAM 10 TOYKH
CrOCTEpEXKEHHA,
Paziyc m-i 3oun ®penens ana nnockoi XBuI

By = vbmh. . (5.4.3)

_ Huppaxyis Opaynzogepa na winuni y pasi nopmanenozo nadinng ceimra. Posnoain
INTEHCHBHOCTI 3a HANPAMOM

2
sin(rthsing/ 1)
I =I , 5.404
¢ O[ nbsin@/ A ] S

A€ Iy ~ inTeHCHBHICTb Y UEHTPI AMGpakuifinol KapTHHK; b — WIMPHUHA MMIAHAK; @ — KYT
Antpakyii,
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YMOBa MaKCHMyMiB iHTEHCHBHOCTI CBiTha

bsin(p=i(2m+l)—;— (m=1, 2, 3,..). (5.4.5)

YMmoBa MiHIMYMiB iHTEHCHBHOCTI CBIT/Ia

bsimp::&m% (m=1, 2, 3, ..). (5.4.6)

Hughparyin ceimaa na ougpaxyiuniu tpamyi y pasi HOpmManeHoeo nAdiHuA ceimna. IHTey:
CHBHICTb Y TOUL, NOMOXKEHHA AKOI BH3HAYAETLCA KYyTOM Andpakuii ¢:

. 2
I=1 [sm(Nﬁlz)] |

. 5.4.7
sin(8/2) ( )
je Iy — iHTEHCUBHICTh CBiT/A, U0 MPOXOAHTL Kpidb Oy WliiMHy; N — KinbKiCTh LUIAKH Y.

: : 2 | .
rpatui; 6 — pisumuus das xonusans, & = -1—d sing.
ITonoxeHHs ronoBHUX MaKCHMYMiB iHTEHCHBHOCTI

dsinp=+tmh (m=0,1,2,...), (5.4.8)
lie d — nepiof rpaTkK; m — NOPAJNOK FONOBHOIO MAKCHMYMY.
ITonoxkeHHs rooBHUX MiHIMYMIB IHTEHCHBHOCTI
bsinp=xkh (k=1,2,3,..), (5.4.9)
ne b — twKpHHa IWiTHHK.
[TonoxkeHHs ROAATKOBKX MIHIMYMiB

dSin[p=i%l (=42, . N=-LN+L.,2N=-1, 2N +1,..). (5.4.10)

KinbKicTb rofoBiiHXx MaxCHMyMiB y pasi HOpPMaJIBHOTO NAIHHA XBHII
d

ms—. 54.11

Y ( )
Kyrosa Ta ninifina nucnepcii audpaxuiitux rpatox BiAnosigHo
d¢ m
) e A . 5.4.12
® BN dcosg ( ]
o/
D, =51~ /Do (5.4.13)

ne &g — xyTOBa BiACTaHb; O/ — NiHiHHA BICTaHb MiX CNEKTPANLHMMM TiHiAMM, aki Bigpi3-

HAIOTBCA 32 AOBXKKHOIO XBHIi HA OX; /'— (oxycHa BiCTaus NiH3M, AKA NPOEKTYE cniexTp HA
eKpaH.

PoanineHa 30aTHICTh AW pakuifiHoi rpaTku

A
=—=mN, 5.4.14)
o (
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ge A, A + 8h — NOBXHHM XBHAb ABOX CREKTPaNbHKX RiHiH, WO pO3PI3HMOTHCH, N — Kilib-
RIiCTh WUIHH.
Po3ninbHa cHia o0’ ekrHBa

R=

1
&p 1,22)°
pe 8¢ — MiHiManbHa KyTOBA BIACTAHb MiX JBOMA CBITHHMM TOHMKAMK, 300pBKEHHA AKKMX

pospisHatoTbea; D — lliamerp 06’exTHBa.
dopmyna bperra — Bynsia

(5.4.15)

2dsin®=+mh (m=1,2.3,..), (5.4.16)

je 6 — KyT KOB3aHHA NPOMCHIB, WO NanaloTh Ha KpUcTan, d — BikAaib MiX aTOMHHMMH
MIOIHHAMM KpHCTana.

3oHu PpeHensn. OQudpakuis ©peHens Ha NPpoCcTUX Nepelwkofax

5.150. YoMy B MOBCAKAEHHOMY HUTTi MW 3ycTpiuaemoca 3 audpakuiero
3BYKOBHX XBWJIb, 2 HE CBITJIOBUX?

5.151. Ak 3MiuuTbeR audpakuiiiHa KapTHHA, AKWO B3ATH OO0 yBaru, Wo
arOMM BHIPOMiHIOKTh HE MOHOXPOMATHYHE CBITJO, a Ly XBHIb?

5.152. Ha piagyparmy 3 OTBOPOM 3MIHHOrO paniyca fnagae cBiTiIO Bif TOY-
kosoro Jpkepena. Ha ekpani cnocrepiraetbest audpakuiina kaptuna. Sk 3Mi-
HIOETBCA qudpakuiiina kapTuHa 3i 3MiHow paniyca aiadgparmu?

5.153. Busnauuty pajiyc r3 Tperboi 30HM dpenens, AKIIO TOYKOBE JXKEPEIIO
CBITNA PO3MIlLLYETLCA Ha BifcTaHi @ = | M Bif HENPO30pOi NEPeLKoaM 3 Kpyr-
M oteopoM (puc. 5.18), a BiacTaHb Mix oTBOpoM i ekpaHoM b = 1 M. [lu¢pak-
LiliHa kapTiHA CNOCTEPIracTbc B MOHOXpOMaTHYHOMY cBiTii (A = 500 HMm).

S5.154. O6uncauTy MIOWL Neplux TpboX 304 MPpenena, AKUO NJ0CKa MO-
HOXpoMaTuuHa XxBHiA (A = 600 HM) nafae HOPMANbHO Ha KPYriui OTBIp y
Henpo3opiii nepelkoni, a AMppakuiiHa KapTHHA CNOCTEPIracTbCA HA BiACTaHI
b= 5 m pig oTBOPY.

5.155. Ha kpyrnnii ot8ip y Henpo3sopiii nepewkoai agiamerpa D = 5 MM na-
A3€ HopManbHO nocka MoHoXpomaThuHa xBuna (A = 500 Hm). 3a oTBOpOM Ha
BificTani b = 2,5 M 8ig HOrO po3MileHo ekpaH. Axum Gyae ueHTp audpakui-
HOI kapTHHK Ha ekpaHi: TEMHAM YU CBITIIMM?

3.156. Toukose mxepeno cBiTna, JOBXKMHA XBMIi
fkoro A, po3MiueHo Ha BiACTaHi @ Bia HENpo3opoi ne-
Pekoau 3 kpyraum oTBopoM. Ha sigcrani b sin nepe-
HiKoau posmiweno expan (puc. 5.18). 32 akux 3HayeHb
Paniyca r oreopy B Touui P cnocrepiratumeTses caitna
Inama i 3a akux — remua? Puc. 5.18

259



5.157. Sk 3ane)XHTh IHTEHCHUBHICTB CBiT/Ia B To4li P (3a yMOBaMH 3ajayj
5.156) Bin AiameTpa Kpyrioro OTROpY 3 NOrsAy reOMETPHYHOT ONTHKH?

5.158. Ha expani cnocrepiractecs AW(pakiiiiiHa kapTHHa Bil KPYrJoro oTao-
pY B HEMpo30piif nepewkoaj, SKui OCBITMOETECS MOHOXPOMATHUHHM TOYKOBUM
mxepenom (puc 5.18). B oTsopi BmilyeTses oaHa 3oHa @peHens. Ak 3MiHUTBCY
OCBITJIEHICTb Y LEHTPi KapTHHHU, AKLLO NEPELIKOLY 3 OTBOPOM 3abparu?

5.159. [Tnocka MOHOXpOMATHYHA XBUJIS IHTEHCUBHICTIO [y najac HOpMaliey-
HO Ha Mepeukoay 3 KpyrauM oTBOpOM. BuaHauuTy iHTEHCHBHICTE / CBIT/IA 33
MepelikoAoo B TOUL, As KO B OTBOpI BMilYETLCA: @) oaHa 30Ha DpeHens;
6) 3oBHiuIHg a00 BHYTpILUHA MOJOBKHHA Nepiuol 3oHH DpeHens; B) NOnoBUHa
nepiot 3041 OpeHens, NpuUUOMY 3aKpHTa MONOBHHA 30HH B30BXK JlIaMETpa.

5.160. Ha wasxy nnockoi MOHOXpOMaTU4HOT CBIiTJIOBOT XBHIII iIHTEHCHUBHi-
CTIO [y MOCTAB/IEHO HENpO30py MEpEeLIKOAY, L0 MaE BUIISI KPYrioro AMcKa.
Huck 3akpusae nepuly 3oHy @OpeHens. 3a IOMOMOrol BEKTOPHOI Aiarpamu
BM3HAYMTH iIHTEHCUBHICTE / CBIT/IA B LUEHTPI TiHi M032 AUCKOM.

5.161. Ha xpyrauii oTBip y Hempo30piii nepelkoai pagiyca » = 1 MM najae
HOpMaJIbHO MapaNeNbHUA MYYyOK CBiT/A, AOBXHHA XBUII Akoro A = 500 um.
Ha skifi MakcuManbHii BiICTaHi by BII OTBOPY Ha €KpaHi B LUEHTPI AUdpak-
HifiHOT KapTMHK CNOCTEPIraTHMETLCS TEMHA ruiama?

5.162. CgiTno Bij BiAAAIEHOIO MKEPENa NMajac Ha HEMpO30py nepeikoay
3 kpyrnuM oTBOopoM. Ha nesikiit BigcTaHi Big OTBOPY Ha €KpaHi CroCcTepiracThbs
cq audpakuiiiHa kapTHHa. K 3MiHIOETBCA OCBITNIEHICTb Y UEHTPI AUdpaKLii-
HoOT KapTHHU, AKILO eKpaH MOCTYNOBO BiAJAAJIATH Bil OTBOPY?

5.163. Toukore mkepeno S MOHOXpOMaTHYHOrO cBiTaa (A = 500 HM) oCBiT-
moe aiagparmy 3 oTeOpoM paniyca » = 1 MM (puc. 5.18). liadpparma nepemi-
IYETHhCA 3 MONOKEHHS a; = 1 M y nojokeHHs a; = 1,75 M. Ckinbku pasig m
CRIOCTEPIraTUMETHLCA 3aTEMHEHHA B TOYLI P Ha eKpaHi, AKWO Axepeno S Big-
JaJIeHO BIJ HbOIO Ha BifcTaHb /=2 M?

5.164. Toukose mxepeno criTia (A = 550 HM), Henpo3opa nepewkKoaa 3 Kpyr-
NYM OTROPOM pafiyca » Ta €KpaH po3MmilleHi Tak, K nokasaHo Ha puc. 5.18.
Bigcrani Mix mkepenoM ceitTaa S i HEMpo30poK MEpelKoAo 3 KpyrauM
OTBOPOM Ta Mi)XK OTBOPOM i ekpaHoM BianoBiano a =5 M, b = 1 M. [lpu skomy
pafiyci » 0TBOpY iHTEHCHBHICTb CRiTAA B Toylli P Oyne HaibiabLwow0? Sk 3mi-
HWTBCA IHTEHCUBHICTH y Wil TOYWi, AKWIO: &) 3MEHLIMTH MOLLY OTBOPY BABI
4i; 6) 36inbwMTH nuoly oTBOpY B 1,5 pa3a; B) 30inAbLUMTH Moy OTBOPY
BIRiYi; ) 3a0paru nepewtkoay?

5.165. ToukoBe HKEPENO MOHOXPOMATHYHOTO CRITJIA, AOBXKMHA XBHII KO-
ro A = 500 HM, pO3MilLEHO Ha BIACTaHI @ = 2 M Nnepel Henpo30poro NepeLko-
010 3 oTBOpOM paziyca » = 1 MM (puc. 5.18). Lilo criocTepiraeTses Ha ekpaHi
B Touni P, akiwo: a) b=o0; 6) b=10,5 m; B) b=10,22 m?
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ATy T
E :
ip E 19 -
Pue. 5.19 Puc. 5.20

5.166. [1nocka ceiTnora xeuns (A = 0,6 MKM) naja€ HOpPMANBHO Ha CKIAHY
MIacTUHKY, Ha NPOTHJIeKHOMY G0l K0T 3pobaeHO KPyriy UWIIHAPUYHY BUIM-
xy (puc. 5.19). [Tokaznuk 3anomaenns ckna n = 1,5. J1ns TOYKH CMIOCTEpeKEHHS
P y BdiMili BMILILYIOTLCS Mepuli misTopy 30Hu @pedens. Bussauuta raubuny A
BHIMKH, NpU AKi# iHTEHCUBHICTL CBiTAA B Touni P: a) Oyae MakcHMaNbHOIO;
6) MiHiManbHOO; B) JOPIBHIOBaTMME iHTEHCHMBHOCTI majaiouoro CeiTia. Ilpu
AKiit HaiiMeH i ravbuHi A, BUIMKYA BUKOHYIOTHCA YMOBHU a—67

5.167. 51k NOACHWUTH HAABHICTb CBITJIOI MIAMM B LIEHTPI FEOMETPUUHOI TiHi
Bl HEMPO30pOro Kpyraoro aucka abo kynbku? YoMy BUHHUKaOThL TPYAHOLLUI
MiJ Yac CMOCTEPEKEHH L€l masiMu?

5.168. Sk 3anexxuTs iHTEHCUBHICTL nnamu [lyaccona eia BiACTaHI MiX ek-
paHoMm, e BOHA CMOCTEpPiracThes, Ta HEMPO3OPHM KpYrtuM Auckom? Slka Bia-
CTUBICTb NIAa3epHOr0 BMMPOMIHIOBAHHS A€ 3MOrY clOCTepiraTé IUIsAMY Bif
MOPIBHAHO BENUKUX MepeLikon?

5.169. Ilnocka ceiT/toBa XBUJIA MAfla€ HOPMAJILHO Ha HEMPO30pY MiBILUIOLINHY
3 MPAMONIHIHHUM KpaeM, 3a KO po3milueHo expad (puc. 5.20). Sk 3MiHIOETbC
QCBIT/ICHICTH 3 BiAAAaNEHHAM TOUKH CTIOCTEPE)KEHHA Ha eKpaHi Bij kpato reomer-
PuyHOi TiHi O: a) B ocBITJIEHY 067acTh; 0) ycepeauny TiHi? Yu € Micus, ocBiT-
JeHiCTh AKMX Gi/bLia, HiXK OCBITJIEHICTD 32 BIJICYTHOCTI MIBMJIOWWHK?

5.170. Ha 3emni cnocrepiratoTs Andpakuiro CBiTAa AAIEKOT 30pi BiA Kpalo
Micsius. Ouinutn wrpnHy Ax audpakuifHux cMyr no6ausy mexi Tii Bin
kparo Micsus, BRaxalouy Kpait npsmosiniitium. [lpulHaTH, WO BiACTaHL BiA
3emsi go Micsus R = 4-10° km.

Audbpakyia OpayHrocepa Ha winunl, fAudpakuiina rpaTka

5.171. Ha winuxy 3aBlumpuiky b = 4\ nafae HopMalbHO MOHOXpOMAaTHYHE
CBiTO. Tlig kMM KyTOM @ cmocTepiracThcs MiHiMyM apyroro nopsaky? Sk
IMiHUTbCA KyT audpakuii, AKIIO CHOCTEPEXKEHHA NPOBOAUTH B CEPENOBMIL,
NOoKaskuk 3anomnenns skoro n = 1,337
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5.172. slkuii HalGinbLIMKA NOPAAOK M MaKCUMYyMy MOXHA CrOCTEpiraTH 3a
AOMOMOTOI0 WiNMKHK 3aBUIMPIIKK b = |1 MKM Yy pa3i HOpMaJIbHOro NanaiHHA Ha
Hel CBIT/Ia, NJOBXKUHA XBUJi sKoro A = 400 HM?

5.173. Ha By3bKY ILNMHY Najac HOpMalsHO MOHOXPOMATHYHE CBITO, JOB-
»uHa XBuIi akoro A = 600 um. Jlpyra ceiTna audpaxuiiHa cMyra cnocrepi-
raeThes Mig Kyrom @ = 1°. BU3HauyuTH LUIMPUHY WiAuHY b.

5.174. Ha winuny 3aBwmpiuku b = 0,1 MM nagae HopMaibHO MOHOXPOMa-
tvyHe cBitno (A = 500 um). JdudpakuiifiHa kapTHHA CMIOCTEPIracThCA Ha ekpa-
Hi, po3MilieHoMy Ha BiacTadi L = 1 M Big miauuu. ObuucnuTH BiacTans A/
MiXK MepIIoK Ta ApYrow AMGpakuifHUMK CMyramu, a Takox LHpuHy / 30-
OpaxeHHs WiauHY (BIACTaHb MK MEpWMMH OM(pakuiHHUIMHU MIHIMymaMmi,
AKi CHMETpUYHi BIAHOCHO FONIOBHOTO MAKCHMYMY).

5.175. JIns Bu3HaueHHA HOBXKWHM XBHII, AKY BUNPOMIHIOE Jjtazep, BU-
BYAETHCA ABULIE IMbpakilil Ha Winuyi 3apwMpuwiky b = 21 mkm. Audpak-
uiiftHi cMyru cnocTepiraloThbCs Ha ekpaHi 3a JOMOMOrol JiH3u. Biacradb
MIX ApYro10 Ta TPETLOK TEMHUMU cMyramu Al = 0,3 ¢M, BiACTaHb BiJ JiH-
3u 10 ekpaHa L = 10 cM. BusHayuTu AOBXKUHY XBUII A J1a3€PHOro BUMPO-
MiHIOBaHHA.

5.176. Ha winuny 3aBumpuiku b = 10 MKM najae HopManbHO MJIOCKA CRIT-
NOoBa XBWUASA, O0BXKMHA Kot A = 0,6 mkm. [ToGynyeatd npubnusnuid rpadik
KYTOBOFO po3noAiny [, iHTEHCUBHOCTI CBiT/1a B AupakuifiHii KapTHHI Bif
IITMHY HA eKpaHi, YCTaHOBJIIEHOMY AOCTaTHLO Aaneko. BcranoeuTH BiAHO-
LIEHHS IHTEHCUBHOCTI /jpax CBITJIA B MAKCHMYyMaX MEPLUOre, APYIroro i TpeTbo-
ro MOpSAKiB 10 IHTEHCUBHOCTI CBITJIA [y Y UEHTPAIbHOMY MAaKCUMYMi.

5.177. Ha minuuy, 3a 9k010 Ha BiaCTaHi L =2 M po3MiLIEHO €KpaH, nanae
HopMainbsHO Oine ceiTno. fAkuit Bua audpakuii — @penes un PpayHrodepa —
CIIOCTEPIracThes i B AKOMY 3 BUMAJKIB MOXKHA KOPHCTYBaTHCh HaOMMIKEHHAM
FeOMETPUYHOI ONTUKH, AKLIO LiAKHA Mae WHpUHY: @) b = 2 MKM; 0) b =1 mM;
B)b=1cm?

5.178. Ha wiinuny 3aewupiuku b = 40 MkM, 3a ko010 Ha BigcTaHdi L =0,8 M
pO3MILLIEHO eKpaH, HOPMABHO NMAJA€E MIOCKa MOHOXPOMATHYHA CBIT/IOBA XBH-
ns. Homxkuna xeuni A = 0,5 mkm. Sxuli Bun audpakuii cnocrepiractbes 3a
TakuX YMOB? Bu3snauuT WMPUHY A/ UEHTpalbHOMO MakCHUMyMYy B Avpak-
LiHHIA KapTUHI.

5.179. Yu 3amxau and cnocrepexenHs audpakuii @payHrodepa Big Li-
NIHHH NMOTPiIOHO BCTAHOBIIOBATH 30UpaNbHY NiH3Y?

5.180. YV cepeauni nudpakuifiHol KapTMHK BiA WINMHM CMOCTEPIracThCA
CBITNIA cMYyra. SIK, 3MiHIOIOYH LIMPHHY LLiINUHK, BU3HAYMTH, AKUK Bua audpak-
uii — ®peuens yu OpayHrodepa — Mae Micue?

262



5.181. Sk 3MiHUTLCA pO3MOAIN IHTEHCHRHOCTI Y QpayHrodeporiil qudpak-
ifiHifl KApTHHI Bifl WiMHHY, SKWO WIHHY 3MIiCTUTH BOiK MapaieibHO eKpa-
goei 6€3 3MiHH opieHTaLji?

5.182. Slk 3a ponomororw audpakuifiHOT rpaTKU MOMKHA BU3HAYUTH LUBH-
KicTb CBITJIa Y BOAI?

5.183. Ha audpakuiiity rpatky HOpMaibHO Majac MOHOXpOMATHYHE CBIT-
n0. MakcumyMm nepiioro nopAaKy BiAXHJISETbCA Ha KYT ¢ = 3°. Ha axuii kyt
(3 BiIXWIAETLCS MAKCUMYM TPETHOTO MopAaKy?

5.184. Ha nudpakuiiiny rpatky, mwo mae n = 500 wrpuxie Ha oouH MijtiMeTp,
Majia€ HOpMAaIbHO MOHOXPOMATHYHE CBIT/IO, JOBXKHHA X3ui Akoro A = 500 HM.
CKijlbky MAKCUMYMIRB 7 MOXKHA OISPXKATH 3a AOMOMOIOIO Li€l rpaTku?

5.185. Uu MOXyTb nepekpHBATUCH CNIEKTPH MEpLION) Ta ApYroro nopsakis,
AKi oAepXKaHi 3a gonomoror audpakiliiHol rpaTkv Y B4AuMiN YaCTUHI CMIEKT-
pa? JomxHHYU XBH/Ib BUIMMOIO CRiT/a MICTATLCA y mexkax 400...760 um. Bu-
3HAYUTH YMORY YaCTKOBOTI'O MNEPEKPUBAHHSA CTIEKTPIB.

5.186. 3uaroun mexi BuaAUMOI YacTuHu cnektpa (400...760 M), po3paxyra-
TH nepion d audpakuifizol rpaTku, 4nsa AKOI KYTOBI po3vipH CIIEKTpa Neplioro
nopaaky Ag = 20°,

5.187. V pa3i ociTnends AudpakiuiiiHoi rpaTku O1AMM CBITAOM CNIEKTPH
ApYroro Ta TPeThOr0 MOpsAKIB YACTKOBO HaKnanawThcs. Ha sKy AoBXKHHY
XBWII A B CHEKTpi TPETHOro MOPAIKY HAKNaNaeTbCs uYepBoHA Mexa (A, =
=780 um) cnekTpa apyroro nopsaaky? fkoro € 061acTh MEPEKPUTTS CEKTPIB
Y BHAMMOMY Jiana3oHi?

5.188. Ha naudpakuiitny rpatky, nepiol akoi d = 4 MKM, Naia€ HOpMabHO
A0 i NoBepXHi BUMPOMiHIOBAaHHS Bijl BOAHEROT TpYOKH. 3a rpaTkolo po3milue-
HO niH3y 3 doKycHO BiacTaHHIO = 0,4 M, y dokanbHiil naowmHiI SKoi Mic-
TUTLCA ekpaH. Ha sKiii BiacTadi Ax oHa Bil 04HOI PO3MILLLYIOTECS CNIEKTpaibHi
MiHiT 3 JORKHUHAMU XBUJIb Ay = 656 HM i Ay = 486 HM y cheKTpi TpeTbOro
nopsaky?

5.189. Ha nudpakuiitHy rpatky nagac HOpMajlbHO BHUIPOMIHIOBAHHS Bij
Po3psanuoi TpyOku 3 kpuntoHom. IT’sTuil audpakiiiHuil MaKCUMYM 5
3CNEHOT NiHil, JOBRKMHA XBUII FKOT A1 = 566 HM, MICTUTLCS MiJ KYTOM @) =
=34°30". BusHauuTu KyTOBY BiaCTaHb AP MidX 3eneHot0 (A; = 566 HM) Ta dio-
TIETOROIO (Ay = 404 HM) AiHIAMH Y CNIEKTPi TPETLOrO MOPAAKY.

5.190. Iocka MOHOXpOMATHYHA XBHJIS Mafla€ HOPMANbHO Ha AMQpaKLii-
HY rpaTky, KinbKicTb wTpuXis skoi N = 4: [lepioa rpatku d = 9 MKM, LIupHHA
OOHieT winuuu b = 3 mkM. [MoGyayeaty npubnusnuii rpadik KyToBOrO po3mo-
-ﬂmy IHTEHCHBRHOCTI /, CBIT/a, fKe MpoMLto yepes rparky. CKifibkH FOJOBHHX
MaBKCUMyMiB m MiCTHTbCS y ME&Xax LEHTPalbHOr0 MakCUMyMY Bif LiAuHu?
JKi rosoewi MaKCMMYMH HE MOXYTb crocTepiratica? Slkum € BiJHOLIEHHS
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IHTEHCHBHOCTI [, TOMIOBHONO MakCHUMyMY ApYyroro nopsaky A0 iHTEHCHBHOCT]
Iy UeHTpanbHOro MakCUMyMy?

5.191. 3a ymoBamu 3aa4i 5.190 BU3HAUMTH: NOBHY KiIbKICTb M FOJIOBHHY
MakCHMYMiB MiJ 4ac audpakuii CBITIIOBOI XBUIl, OBXUHA Kol A = 0,45 MKkwm;
KyTOBY LUMPHHY O()p LIEHTPAILHOIO MaKCUMYMY; KyTOBY WIMPHHY 0¢3 FonoB-
HOr0 MaKCHMYMY TPETLOIO MOPAAKY.

5.192. CeiTii0 naga€ HopMalnbHO Ha AMdpaKUiiHy IPaTKy 3 BEIUKOK Killbs
KiCTIO LUTPUXiB. SIK 3MIHWUTHLCA MONOXEHHS MaKCUMYMIB y Audpakuiiiuii
KapTHHI, AKWIO: 8) ¥ MPOMIXKKAX MK LUTpUXaMH HAHECTH J0JATKOBI LUTPHXH;
6) nepekpuTH WiNUHK Yepe3 OJHY; B) HEMPO30POIO MEPEKOAO0 3MEHLIHTH
y 2 pa3u AoBXHHY po6ouoi YaCTHHHM rpaTku?

5.193. 3a sKoi yMOBM BCi napHi MakCumyMu B audpakuiiiHii kapTusi Big
IpaTKy 3HUKAKOTL?

5.194. Inoni naBkoso Counug, Micsaus, SCKpaBuX 3ip01<, a TaKoX HaBKOJIO
3eMHUX [H)Kepes CBITIA CMOCTEepiraloTLCs CBIiT/I TyMaHHi Killbls, 30BHIlLHI
Kpai sikux 3aGapBreHi. IX nosBa NoACHIOETHCS ,und)paxulem CBiTNIa HA BOAAHUX
Kpanausax. Sk 3abapBneHi npu 1bOMy 30BHILUHI Ta BHYTpilIHi Kpail Kifneub?

5.195. IlopiBHATH CrieKTpaibHU CKAAM CBIT/IA, 110 Nafac Ha HudpaKiuiiHy
rparky, i Toro, ske aqudparyBano B IpaTii.

5.196. sk nor’s3zaHa audpakuis Dpaydrodepa 3i cnexkTpalbHUM po3Kia-
NAaHHAM CBiTNA?

Owndbpakuia Ha kpucTaniyKin rpaTui

5.197. MoHoxpoMaTuyHe pEHTreHiBCbKE BUIMPOMIHIOBAHHSA, JHOBXHHA
XBUMi skoro A = 72,5 nm, BinOuBaeThcs Bia MpUPOAHOT rpaHi kpucTana
KCIl. MakcuMyM apyroro nopsiky CrnocTepiracrbCs y pasi, KOJu KyT KOB-
3aHHs © = 14°20'. BeravoBuTH Bigaans d MiX CYCiiHIMKM aTOMHUMH MJo-
IHHAMM,

5.198. OGuucCAUTH AOBKKHHY XBHWIi A PEHTT€HIBCbKOrO BHMpPOMiHIOBaHHS,
Oubpakuiiiui MakcUMyM Apyroro fopsiky Ads sKOrO CroCTEpira€ThCs Y
pasi najiiudg Ha npupoaHy rpaHb kpuctana NaCl nig kyToMm koB3aHHs 6 =
= 11°30". Bianans Mix CycigHiMW aTOMHUMH MNOLWHMHAMH rpaTKu KpucTana
NaCl d = 280 nm.

5.199. Iy4ok peHTreHiBCbKHX NMPOMEHIB, 1O NaJac Ha KPUCTal, MICTUTH
XBUlli, JOBXUHH SKUX JiexxaTh Yy Aianasodi 95...130 nm. Biggans Mix arom-
HUMM naowuHaMu d = 275 nM. Yu BUHHKHYTb NMy4ku, SKi MAKCUMAJILHO Mij-
CHNIIOKOTHCS BHACHIAOK AudpaKuii nia yac BiabvBaHHs BiJ KpucTana?

5.200. Ha norepxHI0 KpucTana rincy, Biiaalb Mk aTOMHUMHU MJI0LMHAMH
akoro d = 0,303 HM, nNagac peHTreHiBCbKe BHMPOMIiHIOBAHHA. SIKuo KyT
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nafiHag i = 75°31, To ans BIAOMTHX MPOMEHIB CrOCTEpiracThea Audpaxuiii-
Huil MakCMMyM nepuioro nopsaaky. OGYHCAHTH JOBXKHHY XBHUJI A PEHTreHiB-
¢bKOTO BUIIPOMIHIOBAHHS.

5.201. By3bkuii my4oKk MOHOXPOMATHYHOIO PEHTIEHIBCHKOrO BUMPOMIiHIO-
paHHs, JOBXKHHA XBHJII AKOro A = 32 nM, Nafa€ Ha MOMikpHCTANiYHHHA 3pasok.
[To3a 3pa3koM MepneHauKyIsIpHO N0 PEHTFEHIBChKHX MPOMEHIB Ha BiACTaHi
/=10 cm po3TawoBasa ororutieka. lebaerpama Ma€ BUrisil KOHLUEHTPHUYHUX
Kimetlb, paaiyc Apyroro Bifl HEHTPANbHO! MIAMH KinbLid » = 3,64 cM. BusHayuTu
Biflab d Mk AaTOMHUMH [IOLLUHAMY KPUCTaa.

5.202. By3bkuii y4oK peHTreHiBCbKUX MPOMEHIB Naja€ Ml KyTOM KOB-
3aHHA O = 60° Ha npupoaHy rpanb MoHokpuctana NaCl (kyXxoHHa cifb).
Y pasi a3epkanbHoro BiAGUTTA BiA WI€l rpaHi CNOCTEpira€Tbcs MakCUMYM
apyroro nopsaky. Posrasparouu rpatky NaCl sk ky6iuny, BU3HA4YuUTH AOB-
KUHY XBHJI A PEHTIEHIBCHKOrO BHMPOMIHIOBAHHA. ['ycTHHA KyXOHHOI comi
Pue = 2,16:10% kr/M’.

Aucnepcin i po3ainbHa 3aaTHiCTL ONTUMHKX NpuNnagis

. 5.203. Ilepion oudpaxuiiinoi rpatk¥ d = 2,5 MkM. BuzHauuT KyTOBY
aucnepcito D, rpaTKu 11 JOBXKHHH XBUAI A = 580 BM y cnekTpi nepiioro
nopsaaky. O6uucauTi TakoXx niHiitHy aucnepcito Dy (MM/HM), ko dokycHa
BIACTaHb JIiH3K, AKA MPOEKTYE CMEKTP Ha ekpaH, f= 1 M,

5.204. Buznauutu KyToBy aucnepcioo D, nudpakuiifHoi rpaTky ajis A0B-
XKuHY xBusti A = 589 Hm, skwo kyT qudpakuii ¢ = 10°.

5.205. Sk 3anexuts KyTOBa Aucnepcis D, audpakuiiHoi rpatku Big A0B-
KUHU xBUJI A7 BBaxxaTu, w0 CRITJIO NafAa€ Ha IPATKY HOpMaIbHO,

5.206. Ha nudpakuifidy rpatky 3aBA0BXKH [ = 2 cM Nafa€ HOPMalibHO
10 if NORepXHi CBITNO. 3a rPaTKOIO PO3MIilLYETbCS JiH3a, PoKyCcHa RIACTaHb
aKkoi f= 50 cM, y dokanbhiii miomuHi ii po3miieHo ekpaH. YeproHa niHis
(A = 0,65 MkM) y cniekTpi TPETHOrO MOPAAKY CHOCTEPira€Theca Mia KYTOM
Audpakuit ¢ = 30°. O6uucautu noctifiny d audpakyiiiol rpaTku, po3-
AinbHY 3AaTHICTL R rpaTku B CMEKTPi TPETHOro MOPAAKY Ta NMiHiHHY auc-
nepciro D; (MM/HM) rpaTkH.

5.207. Ha pudpaxuiiiHy rpaTky, KyToBa Aucnepcis koi B CHEKTPi Apyro-
TO mopsaaky ons moBxuHM XBWJi A = 550 M Dy = 1,6:10 E paa/HMm, najae
HopMansHO o ii morepxHi Oine criTio. 3a rpaTKoIO MICTUTHCA JliH3a, AKa
NpoexTye cnekTp Ha ekpad. [liana3oH AOBXWH XBMAb A BHAUMOro CBiT/a
400...760 um. Uu MOXYThb NMEpeKpUBATHCA CMEKTPH MEPLIOrO i APYroro
Nopsaakie? VY ckifbky pasis CMEKTp ApYroro MOpSAKY MOBLUMM, HiX CIEKTP
Niepworo nopsaky?
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5.208. V yomy mojsirac NpakTUyHa WiHHICTE AMQpaKUifHOI rpaTku 3 Ma-
UM NepiofoM d Ta BENHKOIO KiNbKICTIO WTPUXiB N7

5.209. Akum napameTpoM rpaTku BU3HAUYa€ThCA HaibibILA JOCHKHA PO3-
AinbHa 37aTHICTE R AN AOBXKHHU XBHJL A?

5.210. Iepioa audpakuiHol rpatku d = 0,01 MM. 3 AK0K0 HalMEHLIOK
KinekicTio N wtpuxie mae 6yTu rparka, wob 3a il JonoMorow Moxsa 0yJio
CMOCTEpIraT OKpeMO ,1Bi CKIIANOBI XKOBTOT NiHil HaTpito (A, =589 um i A; =
=589,6 HM) y CNEKTpax MeplIoro Ta ApYroro nopsakis? BusHayuTv Haii-
MeH1uy JoBxuHy [ po6ouol yacTHHM IpaTku B 000X BUMaAKaX.

5.211. Slkoro mae Oyt miHiManbHa AOBXKHMHA [ poOOYOT HACTHHM
nudpakuiiHol rpatku, wo6 BOHa pO3AiNUNA B CNEKTPi APYroro rnopsiaky
aei aimii cnekrpa pryti (A, = 313,156 um i A, = 313,184 am)? [lepioa
rpatku d = 2 MKM.

5.212. JlorxuHa po6ouoi yacTuHu AddpaxiifiHoi rpatku [ = 2 cM, nepiog,
rpatkd d = 2,5 MkM. BM3Ha4uTH po3aiibHY 34aTHICTL R rpaTku B CneKTpi
TPETHOrO MOpAAKY. Slka HaliMeHLUA Pi3HULA NOBXHH XBHNbL OA ABOX JiHIM, 110
pO3ninslTLCA, Y 3eseHil aingaui cnektpa (A = 550 HM)?

5.213. Yomy mae OOpiRHIOBATY MIHIMaIbHA KUIbKiCTh N LUTPHXIB Y OM-
dpaxuifiHii rpaTui, wWo6 po3AiNUTH B CAEKTPi Apyroro nopsaAky ABi JiHii Ka-
Nit0, JOBKHHH XBHUIb AKUX A; = 691,2 M i A; = 693,9 um? fAka npu upoMy
HaliMeHa gorxkuHa / po6o4oi YyaCcTHHU rpaTku?

5.214. Yn MOXJIHBO criocTepiraTd JMdpakuilo pEHTreHiBCbKOro BUNpPOMi-
HioBaHHs (A = | HM) Ha oNTUYHUX JUdpaKuiifHKX rpaTkax?

5.215. Sk 3miHro€eThCa audpakiiiiHa kapTUHAa 3i 36iNbIIEHHAM KyTa najliH-
Hf NMPOMEHIR Ha rpaTky?

5.216. Slkuit BUr4] Ma€ YMOBA, 1O BH3HAYAE MONOXKEHHS MOJIOBHUX MaK-
CHMYMIB Yy pa3si NOXUIOro nafiHHA MpOMEHIB HA AMpaKUidHy paTKy mif Ky-
TOM i 10 HOpMaJTi?

5.217. PeHTreHmeKe BUMPOMiHIOBAHHA Naja€ Ha OudpakuiifHy rparky
(N = 1200 mm ") nig kyTom i = 88°. Kyt ,nuq)paxuu ANs CNEKTpa nepuioro
nopsaaky @ = 89°. BusHayutu JORXKUHY XBUJ1 A BUTIPOMiHIOBAHHS.

5.218. Slky MakcuManbHy NOBXHHY XBHJII A MOXKHA COCTEpiraTH B crek-
Tpl AudpakuifHOl rpaTku, nepiol Kol d, AKLLO MPOMEH] NajaloTh Ha IpaTKy:
a) HopManpHo; 6) noxuno?

5.219. V ¢asoeux eigbupanbHux audpakuiliHux rpatkax Tpuxam Ha-
Jla€Thcs cnewjanbHa dopma (HanpuKnaj, TPUKYTHUKA), AKa MEpioaUYHO 3Mi-
Hio€ (asy BiAOUTOI CRITNOBOI XBWJI. PiBHAHHA Takol rpaTku Mae BUIIIAA.
d(siny + sin Qe ) = FMA, A€ Y — KYT NafiHHA; Q. — HAMpiM Ha FONIORHHUH

makcumyMm. |. fIK BU3HAYAETHLCA HANMpPAM Qo HA HYJNbOBMH MakcuMyM?
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2. Sk po3TauioBaHi MakCUMyMM iHWHX TopAaKiB? 3. I3 AKOKW KimbkicTiO
mTpuXiB Ha 1 MM Mae OyTu rpaTka, wob npu KyTax Y =@ =~ 75...80° nasaru
CMEKTP Y PI3HUX AiNAHKAX ONTHYHOrO Aiana3oHy?

5.220. Yomy rosorpadypanns norpebye nasepHux Hkepest ceitia?

5.221. Homy He iCHYe cTpOro mapanenbHMX nydkis npomeHis? OuiHuTH
avdpakuiifHy po3dikHicT, 0 BUNpOMiHIOBaHHA: a) Nasepa, AKwO A ~ 0,6 MKM
Ta giameTp iforo asepkan d ~ | cm; 6) pafioTeneckona giametpa d ~ 20 M,
KM BUTIPOMIHIOE XBUJI 3aBIOBXKY A ~ | M.

5.222. [liameTp 3iHMUi MOACLKONO OKa 3MiHIOETbCS Y Mexax 2 ... 8 Mm. Yo-
My HalOlbIla rocTpoTa 30py Mae Micue, Ko aiaMerp 3iHuui oka d = 3—4 mm?

5.223. Yomy 3a AONOMOrOK) ONTHYHOrO MIKPOCKOMA HEMOMJIMBO GauuTH
MOJIEKYJIH?

5.224. flki nepesary Mac BUKOPUCTAHHS B acCTPOHOMIYHMX TENECKOMax
A3epKall BEJIMKOro AiameTpa?

5.225. KyToBa BincTaub Mk nBOMa 3ipkamu craHoeuTh 107™° pan. Skum
Mae OyTH MiHiMansHUii giameTp 06’exTnBa Dy, TENECKONA, 100 PO3MIMAUTH Wi
3ipKM 1)1 CBIT/IA, JORKKHHA XBUJI AKOr0 A = 550 HM?

5.226. Ins nasepHOoi jokauii Micsusa BUKOPUCTOBYIOTb refli€BO~-HEOHOBMIA
Niasep, 1O BUMpPOMIHIOE napanejbHUK MyYOK CRiTAa KPYrOBOrO nepepidy mia-
Merpa d = 5 cM, JOBXHUHA XBUIi KOro A = 0,63 mkm. Skum Oyae paliyc R
CBIT/IOBOI MiiAMM Ha noeepxHi Micausa? Bigcraub eig 3emni go Micsus D =
=3,84-10° m.

3.227. BunpomiHtoBaHHs HeNMepepeHOro jla3epa Ha BYrAeKucaoMy rasi (A =
= 10,6 mkM) — pe napaiensHuil My4oK KpyroBoro nepepisy niamerpa d = 6 cM.
Ha skiit MiHiManbHii#l naowi S MOKHA CKOHLEHTPYBATH EHEPTil0 BUIMPOMIHIO-
BaHHA na3epa 3a JONOMOro JiH3M, POKYCHA BificTaHb AKOi = 20 cMm?

5.5. NONAPU3ALIIA CBITNA

IInowwmua nonspusauii — ue nnouiuHa, B Akif BiAOYBaIOTLCS KONMBAHHSA CBITIIOBOO
BekTOpa E.
3akox Mainioca

I = Iycos’ o, (5.5.1)

Ae I, I, — inTeHCUBHOCTI BiAMOBIZAHO TIOCKONONSPHIOBAHOTO CBITNA, IO TPOHIINO KPidh
NONApu3atTop, | Nagaloyoro MIOCKONOMIPH3OBARHOTO CBITNA, ¢ — KYT MiX MIOUIMHAMM [10-
N3pH3anii nagarouoro cBiTNa i MPONYyCKaHHs NONAPUIATOPA,

Cryniss nonspwsauii yacTkoBo NONAPU3OBAHOrQ CBIiTNA, AKE NPOHULIO KPi3b MONAPH-
3arop,
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I -1
P = IMAaX min . (5.5-2)
Ima.x * [min
1€ lmaxs Imin — MAKCHMANLHA t MiHIMaNbHA IHTEHCHBHOCTI CBITNIA.
CniBBiZHOIWIEHHS MK MOAYNSAMH BEKTODIB EJIEKTPUYHOI HANPYXEHOCTI (CBITNOBUX BEk-
TopiB) nanawoUol Eqy, Biabutol Eyye Ta sanomnesol £y, XBuns (Gopmyau @penens):

Eainﬁ” = Enm" ti(j__’:.).; E]m | = Ersu I . ?Slﬂ r COSJ{ ;
tg (i+r) sin (i +#) cos (i — r)
in (i — 2sinrcosi
Enigs 1. == Ensa L M, Egni =byyt ————— !" I” (5.5.3)
sin(i+r) sin (i +r)

ne E , E, ~ KOMNOHEHTH BEKTOPa, W0 NeHKATh Y NAOLIMHI NafiHHA | NEPNeHAUKYNAPHO
a0 Hei.
3axoH bprocrepa

(g iy =2, (5.5.4)
"
A€ i[5 — KyT NMadiHHA, 3a AKoro BiabWTa cBiTIOBa XBMIA € MaKCHUMa/IbHO MOJAPH30BAHOLO,
Ny, Ny — MOKA3HWUKH 3AJTOMICHHA BIAMOBIAHO CCPENOBMIIG, Ha AKE Majac CBITNO, | cepeno-
BMIIA, 3 AKOIO NALa€ CBITIO HAa MEXY NOAINY,
Cryniubs nonspusauil nia yac BiabusaHHA | 3210MAEHHS CBITJIA Ha MEXi 1BOX Hi€NEKT-
puKie

[ -1
A:-u

: 5.8:3
I +1 ©:3:3)

ze [,l, - iHTEHCHBHOCTi CBiT/I4, KONMBAHHA CBITNIOBOr0 BEKTOP2 AKOr0O BiAMOBIAHO €

NEPNECHAUKYIAPHAMH i napaienbHUMH NIOWKMKI NaNIHHA.
3cyB (ha3 Mix KonuBaHHAMM IBUYAHHOTO | HE3BMYAHHOIO NMPOMEHIB, O BUXOJATH 3
KpUCTala, AKLLO HanpAM MAaLar40ro cBiT/a NepneHAUKy spHul 10 oci Kpucrana;

= 2—“(:1{ -n,)d, (5.5.6)
Ao

A€ Ry, Ny =~ NOKAZHUKH 3ATOMICHHA BLANOBIAHO 3BHYAAHOIO | He3BU4aHHOrO NPOMEHIB.
ToBuiMHa d NMAACTHHKY Y YBEPTh XBHJ 3200BONLHSAE CNiBBIAHOWICHHS

A=d(n, -n¢)=ﬂ:[m +%]?s.ﬂ (m=0,1,2,..) {8:3.7)

€ 3HAK ILIOC BIANMOBigA€ ONTHYHO BiJ’€MHOMY KPMCTA/OBI, 3HAK MiHYC — ONTHYHO 101aT-
HOMY.
KyT @ noBopoTy NAOUHK NOAAPH3ALIT ONTHHYHO AKTHBHUMM PEYOBHHAMU:
@) y TRepAMX Tinax
e=al, (5.5.8)

ne o — craia ofepraHHs; / — ROBXMHA WINAXY, AKAR NPOHIIAG CBITNO B ONTHYHO @KTUBHIK
PEYOBUHI;
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6) y po3uuHax
¢ =[a]d, (5.5.9)

e [o] — nuToMe oBepTaHHs; ¢ — KOHUEHTPaLid OMTHYHO AXTHBHOI PEYOBMHH B PO3UMHI.
Kyt noBopoTY NNOLUIKHY nonspusaul y pasi mpoXoIKEHHA CBITNA KPi3b PEUOBHHY, AKa
MICTUTBCA B OAHOPIAHOMY MarHiTHOMY nomni iHAykuiew B,

Puary = V1B , (3.5.10)

ge ¥V —crana Beppe.
[MoapifiHe NPOMEHE3ANOMNEHHSA B 130TPOIHii PEYOBHHI, AKY BMILUCHO B €ICKTPUYHE
no’e,

& = 2nBIE?, (5.5.11)

fe & — pisuuus ¢a3 mix 3puyaiHuM i He3BHuaiiHum npomeHsmu; B — koedinient Keppa; /-
JOBXHHa WINAXY NPOMEHS; £ — HanpyXEHiCTb ENEKTPHYHOrO Mons.

3akoH Manioca. 3akoH Bprocrepa

5.228. Yu € nonapu3oBaHMM MOHOXpOMATHUYHE CBITNO? SIK1(0 BOHO € MO-
JIApU30BaHHUM, TO fK?

5.229. 3a 1OMOMOro10 SKOr0 MPOCTOro JOCNiAY MOXHA JOBECTH, LUO CRBIT-
NOBi BEKTOpU B MPUPOJHOMY CBIiTNi OpiEHTOBAHI CUMETPUYHO BiJIHOCHO Ha-
MpsIMY NOLIMPEHHA?

5.230. Ky T MiX ronoBHMMH NIOLIMHAMK NOASpU3aTOpa Ta aHajli3aTopa
@y = 60°. V cKinbku pa3iB 3MiHUTLCSA IHTEHCUBHICTB CBITNA, IO BUXOAHTh
3 aHali3aTopa, AKLIO KyT 3MEHLUUTH A0 @ = 30°7

5.231. [1puponHe CBITNO nMpoXoAuTh Kpi3b NOjApu3aTOp i ananizatop. IH-
TEHCUBHICTb CBIT/A, AKE BUXOAMTH 3 aHAJN3aTOpa, CTAHOBUTL 1} = 25 % iHTEH-
CHBHOCTI MpPUPOAHOro CriTia. BH3HAYWUTH KYT @ MiX naolMHAMK Npornyc-
KaHHs NONApU3aTOpa Ta aHali3aTopa.

5.232. V ckinbku pasis 1 nocnabnioeTbCs iHTEHCHBHICTbL CBITIIA, O MPO-
XOAUTb Kpi3b ABA HiKOMi, MIOLMHK MOMAPU3ALIi AKMX YTBOPIOKTE KyT @ = 60°,
AKUIO B KOXKHOMY Hikoni BTpavaeTses k = 10 % nanaroyoro Ha HHOro CBITIO-
BOT'0 nMOTOKY?

5.233. T1pupozHe CRITNIO Maja€ Ha CUCTEMY 3 TPHLOX MOCHiJOBHO PO3Millie-
Bux nonspoinis. [TnowuHyn nponyckaHHs nepLIMX ABOX MNOASAPOIAIB YTBOPIO-
I0Ts KyT (0 = 65°, a HaNpaAM MIOLIMHK NPOMYCcKaHHA TPETHOTO TONAPoiaa 36i-
FaeThes 3 HanpAMOM MuowmMHM nepiuoro. KoediuieHT npomyckauHa KOXHOIO
nonspoiga © = 90 %. V ckinbku pasiB 1) 3MEHIUUTHCA iIHTEHCHBHICTb CBITIA
MiCs NpoxoAKEHHS CHCTEMU?

5.234. [IpuposHe CRITNO MPOXOAMTH MOCHIJOBHO Kpi3b monspu3arop i
aHanisarop. [lonspu3aTop OCBITNIOETLCA NapajieibHUM My4ykom MPOMEHIB,
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ocsiTnenicTe Horo E; = 80 nx. OcBiTieHiCTL ekpaHa, pO3MILLEHOro f103g
ananizatopom, £, = 10 nx. BU3HAYHUTH KYT @ MiX rOAOBHHUMH NAOLiMHAMY
MnoJisipu3aTopa i aHanisatopa, AKL0 KOXKHHHA NOAsSpU3aTOp NOrIMHAE 4acTKy |
k=5 % cBitna, Wo NPOXOANUTH KPi3b HBOTO.

5.235. Tlpupoane CBITIO IHTEHCHBHICTIO Iy MPOXOANTE Kpi3b NOAAPH3ATOp
i aHani3aTop, rofioBHI NIOLIMHH SKKX YTBOPHOKTL KYT @ = 30°, Ilicna npoxo-
IPKEHHS CUCTEMM CBITIO NaJgaE Ha J3epKano i, BigOMBLINCH, 3HOBY NPOXOANTh
Kpisb Hei. Slkoro Oyne iHTeHCHBHICTL [ CBITNIA nicnd /ioro 3BOPOTHOIO NMpoXo-
JUKeHHS? ’

5.236. Bu3HauMTH MOKa3HMK 3aJI0MAEHHA CKJIAa 1, AKLIO Y pa3i BiAOMBaHHS
BiJl HLOIO CBITNIOBOIO My4Ka B NOBITPI KyT MaKCMMaJIbHOI nonsapusauii /5 cra-
HOBUTb 60°. SIK 3MIHMTbCA KyT MAKCHMAaJIbHOT Monapu3auii, Ko CKJIO0 3aHy-
puTH Y BOaY?

5.237. BCTaHOBUTH HaWMEHlIe 3HAYEHHHA KYTa Ign, MOBHOT nonspu3auii
niJl Yac NaAiHHA CBITNA 3 NOBITPA HA NOBEPXHIO PEYOBMHM, NOKA3ZHUK 3aI0M-
NeHHA Kol n2 1,

5.238. Busnauntu KyT is NOBHOI nonspu3auii ceiTia y pasi iloro Bigbusas-
Hs BiJl MeXi NOBITPA — 14, AKLIO NOKA3ZHHK 3an0MJIEHHSA nboay n = 1,308.

5.239. BusHauuTH LIBHAKICTH U NOUIHPEHHS CBITAA Y BOJI, AKILO KYT ig
MaKCHManbHOI nonspu3auii nig yac BinOuBauHsa CBiT/IA BiA BOAM CTaHO-
BUTbH 53°.

5.240. Tlokazartu, w0 y pasi nagiHHg Ny4ka NPUPOAHOro CBiTNA NiJ KYTOM
BptocTepa ip Ha Mexy noainy ABOX cepeaoBHiy Binbutuii i 3anomnennii npo-
MEHi € B3a€MHO NepneHANKYNAPHUMH.

5.241. Ha ski# kyroBi# Bucoti o mae 6ytn Conue, 1106 inbure Big nosepx-
Hi BOJM COHSYHE CBIT/I0 MOBHICTIO MONsSPH3YBaNoca?

5.242. CBiTnoBHi NyuoK NPOXOAHTh KPi3b PiIMHY, HANUTY B CKNSHY NOCY-
IuHy (ny = 1,5), i Binbusaetbes Big aHa. Binbutuii ny4yox € noBHicTio nons-
pHU30BaHMM Yy pa3i BinOuBaHHA Bia AHA mig KyToM i = 42°37'. Busznauurtu no-
Ka3HHK n 3a0MieHHa piguun. TTin sKuM KYTOM /| Mae nagaTv Ha JHO NOCYAM-
HHU MYYOK CBITNIA, O NPOXOAUTL Y piaMHI, o6 Mano Micue noBHE BHYTPILLHE
BIAOHTTA?

5.243. Tlyuox npupoaHoro ceiTna najae nia KyroM bprocrepa iy Ha MeXy
noAiny ckno (1) = 1,5) — Boga (n; = 1,33). BUsHaunTH KyT o Mi nagaounM i
3aJOMJIEHUM NYYKAMH.

5.244. [ly4oK njaockononspu3oBaHoro cBitna sinbuBacTbes Big Mexi no-
niny Boga (m = 1,33) — ckno (n; = 1,5). 3a skux yMOB iHTEHCHBHICTh BinOu-
TOro cBiTna Maiike JOpiBHIOE HyneBi? BcTaHoBHTH Bifnosiguuil kyrt na-
NiHHA.
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CryniHb nonsipuaadil. ®opmynu OpeHens

~ 5.245. TlpuponuHe CBiTIO IHTEHCHBHICTIO [y, NPOXOAHTL Kpi3b mMonspusa-
top. BilHOCHI BTpaTH Ha BinGMBaHHs i NOrMKHAHHA CBiTNA cTaHOBMATH k. Yo-
My IOPIBHIOE iHTEHCHBHICTL /) i cTyniHb nonapusauii P, ceitna nosa nonsapu-
3aTOpOM?

5.246. YacTKoBO nosiApU3oBaHe CBITNO, CTYRiHb MoJspu3auil skoro P =
=(,75, npoNycKaloTh Kpi3b nonspu3arop. ¥ CKinbkH pasiB MakcHMalbHa iH-
TeHCHBHICTb CBiT/IA BifIpi3HAETLCA Bij MiHIMaNbHOT?

5.247. YacTkoBO nosnApusoBaHe CBITIO Najgae Ha nonapusartop. Ilig yac
NoBOpOTY Nnonspuzatopa Ha Kyt B = 30° BiJHOCHO MONOXKEHHA, L1L0 BiJNOBiaE
MiHIMaJIbHI# IHTEHCUBHOCTI, IHTEHCHUBHICTL CBIiTNA 30iNblUYETHCS B k = 2 pa-
34, BusHauutu ctyninb nonapusauii P ceitna.

5.248. YacTkoBo nonspusoBaHe cBiTNO najae Ha noaspusarop. Ilix yac
NIOBOPOTY nosispu3satopa Ha Kyt = 40° BIAHOCHO MONOXEHHA, WO BiANOBigac
MaKCHMA/bHIN IHTeHCHBHOCTI, IHTEHCHBHICTb My4Ka 3MEHUIYEThCS B £ = 1,5 pasa.
HexTyiouy NOrAMHaHHAM CBiTNa B NONAPU3ATOpi, BCTAHOBUTH BiAHOLIEHHS
IHTEHCUBHOCTI Ipp, OPUPOAHOT CKNAMOBOI CBITNIA 10 IHTEHCUBHOCTI fno, MONSA-
PU30BAHOrO CBiT/A Ta CTYMiHb NoaApu3auii P cBiTaa.

5.249. Ctynidp nonapu3auii 4acTkoBO nonspusoBaHoro ceitna P = (,2.
BCTanoBHTH BIAHOLUEHHS IHTEHCHUBHOCTI I, MPUPOAHOI CKJIALO0BOI CBiTNA 10
IHTEHCUBHOCTI [0, MONAPH3OBAHOrO CBITIIA.

* 5,250, 3actocysasuin ¢opmynu dpeHens, BUSHAYUTH CTYIiHb NONApPHU3a-
mi A cBiTna, BiAGMTOrO BiA fMosepxHi BoAu Mmia Kytamu i’ = 0; 45; 57 i 90°.
ITapatoue cBiTno € npupogHuMm.

5.251. Kopuctyrounch popMmynamu ®@peHens, BA3HAYUTH CTYMiHb NONA-
pH3auii A 3anomieHoro y Bojy CBiTna, AKWIO KyTH MajlHHA HA MOBEPXHIO
BoaM i = 20; 45; 60 i 80°. [1anaroye CBITJIO € MPUPOAHHM.

5.252. Tpupoaue cBiTnO najae Wa nosepxHio Bodu (n = 1,33) nig KyTom
Bpiocrepa. Busnauuty cTyninb nonsapusauii A 3a10M/IEHOr0 CBITIa, CKOPHC-
Tasuich popmynamu Openens.

5.253. TTyuok npupoaHOro cBiTna najgac Ha NOBepXHio BoAu (n = 1,33) nix
kKyrom Bprocrepa. Busnauutn koediuieHT Binburrs p (BinHOLIEHHS iHTEHCHB-
HocTi BigOuTOro ¢BiTNAa 10 iIHTEHCHBHOCTI NAAAK4Yoro).

Noasiitne npomerHezanoMmneHHnA

5.254. Ha onHoBiCHHMIA KpUCTan HOPMaNbHO NAJa€ TIOCKOMONAPH3OBaHE
CBiTnO. KyT Mi NIOMKHOIO NOnApH3aLii CRiTAA | MNOMHOK rOJ0BHOTO e-
Pepizy kpuctana nopisHioe 0. BCTAHOBHTH BiJIHOLIEHHS iHTEHCHBHOCTEH 3BH-
YakiHoro I, i He3BuuaitHoro [, npoMeHis.
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5.255. 3a HopManbHOrO NAaAiHHA CBITNA HA MJACTUHKY 3 OJHOBICHOFO KpU-
cTana, BUpi3aHy napajiefbHO ONTHYHIH OCi, CNOCTEPIralOTL NOABIHHE 3aN0M-
neHHA npoMeHis. YoMy JOpiBHIOE KYT MiX HOpMansiMu 110 XBHILOBHX MOBEp-
XOHb 3BHYANHMX | He3BHYAHHUX NPOMEHiB?

5.256. Sk onepxatH CBITNO, NOJIAPU3IOBAHE 110 KOJTY?

5.257. Tlpuponue CBIT/IO Najae NepneHaUKyAspHO A0 MIACTHHKH KBapuy,
110 Bupi3ana napanenbHo OnTHYHIH oci. [ToKkasHUKH 3anOMeHHs KBapuy As
38uyaiinoro i He3suuaiHoro npoMeHis BiANoBigHO n, = 1,544 2 i n, = 1,553 3.
Bu3HAYHTH ONTHYHY PI3HHIIIO X0y A 3BHUAHHOrO i HE3BMYAWHOIO NMPOMEHIB,
AKLLO TOBLIMHA NnacTuHKkU d = 0,02 MM,

5.258. Jlinilino monspusopaxe ceitno (A = 585 uM) nagae nepneHaMKY-
NSAPHO A0 MNIACTUHKM, BUPI3aHOT 3 OJHOBICHOrO KpUCTala napanesbHo of-
TH4Hid oci. [TokasHuku 3an0MAEHHA KpHUCTana ANns 3BMYAWHOrO i HE3BH-
yailHoro rnpomewiB BianoBiauo n, = 1,658 i n, = 1,486. Ilpu axii Haii-
MEHIIN TOBMWIMHI dpin NNACTHHKYM Pi3HHUA Pa3 & MiXK 3BHUAHHUM | He3BU-
yailHUM MPOMEHAMM HA BHXOJi 3 MIacTUHKHU aopiBHioe 1/27 SAxuMm Oyne
CBiTNO, 10 BUXOAUTH 13 NJACTHHKHU?

5.259. 5K BiApI3HUTH CBITNO, MONAPU3OBAHE NO KOJY, Bil NPUPOAHOro?

5.260. Jlinilino noaspusosaHe cBitno (A = 585 HM) nanae nepneHanky-
NAPHO O KPUCTaniyHOI MITACTHHKH KBapLy 3aBTOBLIKK d = 225 MKM, fiKa BHpi-
3aHa NapanenbHO onTHYHIHA oci. [TokasHUKKM 3an0MaeHHs KBapuy A8 3BHYaii-
HOro i He3BMuyaiHOro MpoMeHis BiamosiaHo n, = 1,5442 i n, = 1,553 3. Axum
Oyae cBiTHO HA BUXO1 3 NNACTHHKHK?

3.261. Jliniiino nonspusoBane cpitno (A = 589 um) napae nepneHauky-
NIAPHO 10 NJTACTHHKY 3 OJIHOBICHOIO KpHCTana, ska BUpi3aHa napanenpHo on-
THYHIH oci. Pi3HHUSA MOKa3HKKIB 3aIOMIEHHS KpUcTana A 3BUYAlHOro i He-
3BUYAHHOrO MPOMEHIB A8 JeaKOol JOBKUHU XBHI 1, — n, = 0,172. Skowo Mae
Oyt HaliMeHLIa TOBIMHA dpy, NNACTUHKH, W06 BoHa nponyckana ceitno 6e3
3MIHH HANpAMY KONHBAHB?

5.262. I'nockononsapusoBaHe CBITIO NMPOXOAUTH KPi3b KPUCTANIYHY nnac-
THHKY. 3 KOIO METOH AJS crocTepexkeHHs iHTepdepeHuii no3a kpucranmiy-
HOIO MIACTHHKOIO PO3MilllyIOTh NoNAspu3aTop?

OGepraHna nnowmHu nonsapu3sauii. LiryyHa anizotponis

5.263. YV xioBeTy 1ykpoMeTpa HanuTo 5%-i po3unH uykpy, AKuH noseprac
MIOLMHY nonsApusanii Ha kyT @ = 4,5°. BusHaunTi kOHUEHTPAUIIO ¢| TaKOro
PO34KHY UYKPY, AKHI ITOBEpTAaE NNOLUHY NONApH3aLii Ha KYT @) = 9°.

5.264. Sxolo € mMacoBa XOHUEHTpauis ¢ LYKPY B PO34MHi, AKWO y pasi
MPOXO/UKEHHS CBiTNA KPi3b TpyOKY 3 po3unHOM 3aBIOB¥KK [ = 15 cM KYT
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[IOBOPOTY nnomnuu nonapmauu @ = 20°? [lutome obepranns [o] uykpy mo-
pisnioe 1,17 10~ pax-MY/kr.

5.265. Kapuosa nnactvHka 3aBTOBUWIKH d = 2,25 MM BHpi3aHa neprex-
JUKYJISPHO 0 ONTHYHOT OCI ¥ po3MileHa Mix JIBOMa fo/ispu3aTopamu, mio-
UIMHH NMPONYCKaHHA AKMX € napanensHMMK. TlnacTuHka noBeprae nIOLWMUHY
nonApH3allii MOHOXPOMATHUYHOMO CBiTNA HA KyT ¢ = 45°. [Ipu skii TOBWMHI
d, KBapUOBOT MMIACTUHKH CBITNO HE BUXOAWTHME 3 APYroro nonspusaropa?

5.266. Mix cxpeuieHHMH Nonspu3aTopaMi po3MIiLEHO KBapLOBY NNAcTHH-
ky. Crana obepranHs kBapuy ans 3eneHoi obaacti cnekrtpa, B Ak npoxoanTs
pocnia, o=29,7 rpan/mMm. Axoi ToBwMHKM d Mae 6yTn nnacTMHKa KBapuy,
wo6 mone 30py cTano MakcMManbHO cBiTiMM? Ak Tpeba BMpi3aTH BiHOCHO
ONTHYHOT OCi KBApLOBY NAACTHHKY? YK NPOXOANTHME Y 3BOPOTHOMY HafnpsaMi
Kpi3b MEPUINii MONAPHU3ATOP CBITIO, AKLLO HOro BiiOUTH A3epKanoM, yCTaHOB-
NIEHUM 1032 IpYrUM NOAApU3aTopom?

5.267. Mix aBoMa nosispu3aTopamM, NAOLMHN NPOMNYCKaHHSA SKMX YTBO-

pIOIOTH KyT O = 45°, BMilleHa TpyOka 3aBOBXKH [ = 50 cM i3 c1p1<03yrne-
uem CS,. Hapanenbuo oci Tpybxu CrpaMoBaHe o,uuopmue MarHiTHe noJe.
Axum Mae OyTH MiHiManbHe 3HAYEHHA | HANPAM MarHiTHOT iHAYKUiT B, 1106
eHcTEMA fponyckana MakcumaibHy YacTuHy csitna? Crana Bepae ana CS,
V=700 rpan/(Ta-m). Un npoxoaHTHUMeE y 3BOPOTHOMY HanpsMi Kpi3b nep-
Wnii NONAPH3ATOP CBITIO, AKLLO HOro BiAOMTH A3EpKANOM, YCTAHOBIEHNM
no3a JpyruM nosisapu3aropom?
- 5.268. Komipxa Keppa cxnagaetbes 3 npo3opoi KIOBETH, 3aN0OBHEHOT pi-
AUHOWO (HaiuyacTtile HITPOGEH30/0M) | MJIOCKOro KOHJeHcaTopa. Akuo Ha
KOHJeHcaTop MOJaTH Hanpyry, To pianHa HabyBae BiacTHBOCTE! OHOBIC-
HOIro KpHUcTasia 3 ONTHYHOK BiCCIO, HANPAMIIEHOK B3ROBX ENEKTPUUYHOIO
nonsa, Komipky Keppa BMiuieHo Mix cxpelieHMH NMoJSpU3aTOpoOM i aHani-
3aTopoM. [lnoiumua monmspu3auii csiTna, w0 Majae Ha KOMIPKY, YTBOPHOE
KYT a0 = 45° 3 HanpsaMoM fons. 3a BIACYTHOCTI MOJIA CBITVIO HE NMPOXOAHTb
Kpisb aunanizatop. [Ipu akift Hanpyxenocti E nojis cucteMa nponyckaTime
MakciMallbHy 4YacTHHY CBiT/Ia, WO najae Ha Hel? JloBXKHHA MIACTHH KOH-
AeHcatopa [ = 5 cM, koediuient Keppa ans nirpobeusony B = 2,22 nm/B
(A =546 um).

5.269. 3a ymoBamu 3anayi 5.268 BificTaHb MiX NIACTHHAMH KOHAEHCATOpA
d=1 MM, 10BXKHHA NNACTHH KOHAEHcaTopa / = 5 cM. Uu NpoXonTHME CBITIO
Kpi3b cucremy, akuwio npuknaaeqa nanpyra U= 1500 B?

5.270. Y pesxux n’ezoenexktpukax (Hanpuknaa, aurigpodocdarti kanito
KDP) y pasi naknananus 30BHILIHBOrO €NEKTPHYHOrO NONS BUHUKAE MOABIH-
. He npomenesanomnenns (edext INokkensca), npuuomy edekt € npornopuii-
HAM Hanpyxenocti £ uboro mons: n, — n, = oE, ae oo — crana. Moaynatop

273



ceiTna (komipka I[Tokkenbca) po3MileHO MiXK CXPEIIEHHMH NOJAPH3ATOPaMy,
[Ipu akiii MiHiManbHii Hanpysi U, mo noaaeTbes Ha KOMipKky, CBIT/I0, 10BXKH-
Ha xBuJi Akoro A = 600 HM, npoxoanutTHMe kpi3b kpuctan? Crana INokkensca
anst kpucrana KDP o = 3,610 7" w/B.

5.6. B3AEMOAIA ENEKTPOMATHITHUX XBUJib 3 PEHOBUHOIO.
ONTUKA Tif, WO PYXAKOTBCA

JlienekTpHuHa MPOHMKHICTL PEYOBUHH (3rLAHO 3 ENEKTPOHHOIO TEOPI€I AUCHEpCii
CBiTNA)
2 N.

€ ¥
E(m)znz(m)=1+80mz e (5.6.1)

Je h — MOKA3HUK 3AJIOMJCHHS PEUYOBUHH; N; — KOHLEHTpaLlis aTOMiB PEYOBHUHHU i-r0 COpPTY
(abo enexkTpOoHIB, BAACHA YACTOTA KONMBAHL AKHX Wy, ); €, M — 3aps | Maca eIeKTPOHa; o —
4acTOTa CBiT/Ia.

ITin wac moOWKpPEHHS B MOrJIMHATLHOMY CEpeaOBHILI MAOCKOI XBHUII MOHOXPOMATHYHO-
ro CBiTna il IMTEHCUBHICTb 3MEHUIYETHCS 3a EKCNOHEHITIAIbHUM 3aKOHOM

[=1le™, (5.6.2)

e [ — IHTEHCUBHICTh XBUNI MICHA NPOHUKHEHHS B CEPEROBMLIE HA BIACTaHB X; [o — iHTEH-
CUBHICTb Mafaloyoi XBui; o — MiHIAHUK MOoKa3HUK ocnabaeHHs BHACAIAOK MOrMMHAHHSA Ta
pO3CiHHS (KOEiLiEHT ROTNUHAHHS).
[HTEHCUBHICTL CBITAA, PO3CIAHOrO ONTUYHO HEOAHOPIAHOK PEUOBHHOK (PO3Mip Heox-
Hopianocreit » < 0,1 A) (3akou Penesn),
s |
I~m M.}__“. (563)
IHTE@HCHUBHICTD CBiTNIa, PO3CIAHOrO AMCMEPCHAM (KamaMyTHWM) CEpeAOBHULIEM Mia Ky-
TOM 6 10 HanpsMy OMPOMIHIOBAHHS

I =1,(1+cos”0), (5.6.4)

' . . : . s
A€ [, — IHTEHCHBHICTL PO3CIAHOTO CBIT/A B HanpaMmi 0 = 5

Edexr Jonnepa ans enekrpoMarHiTHUX XBHIb Y BaKyyMi

’ 2
v=v0———-l-_—ﬁ—-— (5.6.5)

1+PBcos @’

J€ V,V, — YacTOTH, L0 BIANOBIAHO CMpPHUAMAOTHCA MpUMMAUeM i BURYCKAIOTHCA HKEPE-

nom; P = v/e, TYT U — WBHAKICT AKEpea BUMPOMIHIOBAHHA BIAHOCHO CriocTepirava; 8 —
KYT MiXX BEKTOPOM LUBHUAKOCTI V | HAMPAMOM CIOCTEPEXEHHS B CUCTEMI, 3B’ a3aHiil 3 npH”
UMa4YEM.
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KyT 8 MiX XBUILOBUM BEKTOPOM (HAMpPAMOM MOLIWPEHHS) CBIT/Ia | BEKTOPOM LIBHAKOCTI
V 3apAIKEHO] YaCTHHKH, KA PYXA€ThCS B PEUOBHHI 3 HAACBITIOBOIO WBKHAKICTIO V > v = ¢/n
(BunpOMiHIOBatHA BaBuioBa — Yepeukona)

0 = arccos — . (3.6.6)

nV

Rucnepcia ceitna

5.271. Tloka3HHK 3aNOMMIEHHA MOBITPA ANA HKOBTOI JiHIT CekTpa HaTpiio
(M = 0,589 Mkm) Buammoro ceitna n) = 1,000 29. BU3Ha4MTH NOKa3HHKH 3a-
NOMIIEHHS 71y MOBITPA s ynbTpadioneToBOro BUMNPOMIHIOBAHHS, JOBXHHA
xBuni fAkoro A; = 0,3 MM, i n3 aAnd iHppayepBOHOro BUMPOMiHIOBaHHS, J0B-
KHHA XBHAI SKOro A3 = 2 MkM. BBaxkaTy, 1110 4acToTa BNacHMX KOJHBaHb 30B-
HiLIHIX AaTOMHUX eJeKTPOHIB Wg = 7,510 ¢!,

5.272. Tloka3Huk 3anoM/IeHHS MOBITPA 32 HOPMaNbHUX YMOB s CBiTNA,
JOBXKHHA XBUAI skoro A = 589,3 um, n; = 1,000 292. BeaxkarouH, 110 KOHLEH-
Tpauis €NeKTPOHiB MpAMO nponopuiiHa rycTuHi peyoBUHH, BU3HAYMTH
NOKa3HKUK 3aNOMJIEHHS 1, NOBITPA 32 YMOBH, 110 TeMneparypa £, = 30 °C i
TUCK py = 3 MITa.

5.273. K NOACHHWTH, O NOKA3HUKH 3AJOMIEHHA BOOM /i HU3bKOouac-
TOTHHX panioxsuib (n; = 9) i AN XBUJIb ONTHYHOIrO Jiana3zoHy (n; = 1,33)
Ayxe BigpisHAIOTbCA?

5.274. [Ina panioXBu/ib, JOBXHHA XBHUJI AKUX A = 3 M, NIOKa3HHK 3aJI0M-
nexus ioHocgepn n=0,91. Bu3HaunTH KOHUEHTPawuio N eleKTPOHIB y niasmi
ioHOCepH, BBAXAIOUH TX BIILHUMA.

5.275. EnexTpoMartiTHa XBuas Aye BeIMKOI 4acTOTH O NOLUHPIOETHCA B
cepeloBuiyi. BCTaHOBHTH 3anexHicTh n(®) NOKa3sHUKA 3aMOMJEHHA Cepelo-
BHIIA BiJ 4acTOTH XBWJi. OBUMCINTH NOKA3HKK 3aIOMIEHHS 1 PEHTIEHIBCh-
koro sunpoMiHioBanus (A = 0,3 M) and Boau. Ske TNymMaueHHs MOXHa AaTH
OAcpKaHOMY pE3yNnbTaToBi?

5.276. 3rigHo 3 eNEeKTPOHHOIO TEOPIErD AMCNEPCil NMOKasHUK 3aNOM/EHHS
PEHTreHiBCHKOr0 BUNPOMiHIOBaHHA AJIA BOAM (AMB. BiANOBiAb Ha 3afauy 5.275)
n< 1. Otxe, ¢a3zoBa LWBHAKICTh PEHTIEHIBCbKUX XBUITb Y BOAI U = ¢/n € Oifib-
oK, Hix WBHAKICTL ¢ cBiT/a Y Bakyymi. Un He cynmepeuntb we Teopii Bia-
HOcHOCTI?

3.277. Beaxarouy eeKTpOHM B ioHOCHEpHii nia3Mmi BITbHUMH, a X KOH-
uentpayito N~ 10" M™, ouinuti nokasuuk » 3anomneHus ionocdepHoi
MWIasmy nns panioxsunb: a) kopoTkuX (A ~ 30 M ); 6) ynbrpakopoTkux (A ~ 3 m).
Ak, CnuparouKch Ha OflepXKaHmnii pe3ynbraT, MOACHUTH XapakTep MOLMPEeHHS
Panioxsuns B ionocdepi 3emni?
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5.278. Busnayuti ¢azoBy v i rpynoBy # LIBUAKOCTI MOLIMPEHHS ENEKTPO-
MarHiTHUX XBWJb 3 YaCTOTOIO ® Y nna3mi ioHoctepu. KinbKiCTb BiTbHUX eNek-
TPOHiB y oauHiuLi 06’emy N. Baaemoaiero xBuni 3 ioHaMH nNnasmMu HeXTYBaTH.

5.279. Kopuctyrounce ¢opmynoro Penes (4.5.31), Bu3HauuTH Tpynosy
LWIBHAKICTb ¥ XBUAI ANA TAKHX 3aKOHIB AUCMEPCIi: a) U = av/A ; 6) v=a/ JA .
B) U=bk; ) U= d/o?*, ne a, b, d — nesxi ctani; v — $a30Ba LIBHIKICTb; A ~
JNOBXHHA XBHNi; kK — XBHIbOBE YUCO; ® — LUKAIYHA YACTOTA.

MNornuHaHHs cBiTNA

5.280. [ins indpauepBOHOro BUNIPOMIHIOBAHHA, OBXHHA XBUII AKOro A) =
= 2,7 MxM, xoedilieHT normuHanHs ana keapuy o; = 0,2 cM ! a nna indpa-
YEpBOHOI0 BUMPOMIHIOBAHHS, OBXKHHA XBHII fiKOro A; = 4,5 MKM, BiiNOBigHO
o; = 7,3 cM . BCTaHOBHTH YacTKY T iHTEHCHBHOCTI CBiTNa, 1O MPOXOANTH
Kpi3b NIacTHHKY kBapuy 3aBtoslku d = 0,5 cM B 060x BHNaakax.

5.281. KoediuieHT nOrMUHaHHA CepeloBHILa, B SKOMY NOLUMPIOETLCA MIIOC-
Ka MOHOXPOMAaTH4HA CBITIOBA XBUNA, oL =2 M. Ha ckinbku BiaACOTKiB 3MeH-
LWIATBCSA IHTEHCUBHICTbL CBITHA Y pa3i MPOXOUKEHHS LUapy uboro cepenoBuila
3aBTOBLIKH: @) 10 MMm; 6) 2 M?

5.282. KoediuienT nornuHaHusg o CUITILIKO A/ BUNPOMIHIOBAHHS, IOBKMHA
XBITI AKOTO A = 826 MM, cTaHoBuTb 10° cM ™' npu Temneparypi T; = 300 K, a
npu Temnepatypi Ty = 77 K Bin 3meHwyeTses 10 op = 0,6:10° cm ™. ¥ ckinbku
pasiB 30inbluyeTbCA NPHU UBLOMY NPOMNYCKAHHS TOHKO! NIIIBKY CHmiuio 3aB-
ToBLUKK: a) | MKM; 6) 3 MmkMm; B) 300 mxkm? BinbupanHs He BpaxoByBaTH.

5.283. Ha noepxHio cpibna HOpManbHO Majac CBITJIO, NOBXKHHA XBHII
SIKOr0 Ag. Y CKiIbKHM pa3iB 3MEHLLYETLCS aMIUTITYAa CBITIOBOI XBHUIi B Liapi
cpibna B oiHy NOBXUHY XBUMi Ay 3aBTOBLUKH, AKLO kKoediuieHT normHHaHHA
o = 4mny/ Ao, ne x=20,22; n=10,18?

PoacisiHHA cBiTha

5.284. [ToscHutn 6nakutHKi konip Heba i yepBoHuii konip 30pi. Axum Oy
6u xonip Heba i 30pi, AxOM noBiTps He po3citoBano cBiTNO, a fioro Aucnepcit
Oyna 3Ha4HOIO?

5.285. ¥V ckinbk#u pasiB iHTEHCHBHICTb MOMNIEKYJIIPHOTO PO3CisiHHSA CHHLOIO
ceitna (A = 460 uM) nepeBHUllye IHTEHCUBHICTL pPO3CIAHHA YEPBOHOIO CBIiTHA
(A =650 um)?

5.286. Ik NOACHHUTH 3ANIEKHICTb IHTEHCUBHOCTI PO3CIAHOTO BHMPOMIHIO-
BaHHA Big 4acToTH (3akoH Penen)?

5.287. Sk noscHuTh Ginuii konip xmap?
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5.288. [Iponyckaroun my4ox cBiT/Ia B310BXK OCi CKIAHOT TPYOKH 3 BOOIO,
B skiil po30aBUIHN KinbKa KPanIUH MOJIOKA, EKCHEPUMEHTATOP BCTAHOBUB, L0
giIHOLUEHHS IHTEHCHUBHOCTI CBIiTHa, PO3CIAHOTO MiA KyToM 0; = /2, [0 iHTeH-
CHBHOCTI CBIT/Ia, PO3CIAHOrO niA feAkUM KyToM 0,, ctanosuts 0,7. Ilin gxum
kyToM 8 excnepumenTarop crnoctepiras poscisHua? [Tobymysaru ingukarpucy
iHTEHCHBHOCTI po3cisHoro ciTna ams nasoro pocniny. IlornuHanHaM i sa-
JIOMJIEHHAM CBiTNA HA CTiHKaX TPYOKH HEXTyBaTH.

EdexT Jonnepa B ontvui

5.289. Busnauuti [oBKHHY XBUII Ag, AAKY BHMPOMIHIOE JKEPENO MOHO-
XpOMaTHYHOTrO CBITNA, AKWO y pa3i HabamkeHHs Horo o crocTepirasa 3i
wekakicTio v = 3107 m/c NMpuiMauy peecTpye BUMPOMIHIOBAHHA, NOBXKHHA
xBuiti axoro A = 550 am,

5.290. 3 Koo WIBHKICTIO U Mae NeTiTH KOCcMiuHui xopabenb, Biaaanso-
wch Bin 3emni, w06 3eneHnii npomins nazepa (A; = 550 um), cnpaMoBanuii i3
3emui Ha kopabenb, 31aBaBcs KOCMOHABTOBI 4ePBOHUM (A = 650 HM)?

5.291. KocMiyHe Tino Bigganserbes Big COHAYHOL CHCTEMHU 31 LWIBHUAKICTIO
v=10,2 c. BctaHOBUTH 3MileHHa A cneKTpanbHOT NiHiT BoaHio (Ao = 486 um),
1110 BUMPOMIHIOETbCS LIHM TiNOM.

5.292. 3 axoro wBKHgKicTIO BigAanserbed Big COHAYHOT CHCTEMHM KBas3ap
Q-0051-279, sxwo BigHOCHA 3MiHA NOBXKWHU XBHMi B HOro cnektpi Z =
=(A—A)/hg = 4,437

5.293. ExcnepiMeHTaTop peecTpye BHNPOMIHIOBAHHS, SKE BHMYCKAETLCS
MY4KOM i0HiB Y ra3opo3psauii tpy6ui. loH# B nyuky pyXatoTscs 3 0JHAKOBUMH
wenaKocTamMu v = 2:10° M/c. Skoro Gyne nos’s3ana 3 edexrom Jonepa Bix-
HOCHA 3MiHa AV/vp 4acTOTH BUNPOMIHIOBAHHS, AKILO COCTEPE)KEHHS BENEThCS:
a) ¥ 3ycTpiyHOMY BiJIHOCHO LUBHAKOCTI iOHiB Hanpami; 6) y Hanpami, nepnen-
AUKYIAPHOMY 10 Hanpsamy pyxy ioHiB?

5.294. Panionoxarop BM3HAYaE LBUAKICTS HAONMKEHHs JliTaka 3a YacTOTOHO
OuTTH Midk yacToTOIO CHrHaTy nepenaBaya i YacTOTOKO BIAGKTOIO BiA JiTaka CHr-
Haly. Ha sixiit noB»uHi XBHi Ag MpaLOe pagionokaTop, SKIIO NiTak, wo Habmu-
KYETbCA 30 uBuaKicTio v = 800 kM/roa, cnpuyKHse HacToty outra Av =400 I'y?

HeninittHa ontuka

3295, TlopipusTi HanpykeHocTi E eeKTpUYHOro nojis B MyyKax CBITNa Bil
HEI3ePHNX Ikepen 3 HANPYKEHOCTAMM AONMIB Y IHTEHCHBHIX NA3EPHUX MyUKaX.

3296, Siki isuuni PpaKTOpH CIPUUMHAOTH BUHHKHEHHA HENiHiHHMX on-
THYHUX edexTiB? ¥V 4YOMY MONATATH TaKi edexkTn?
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5.297. Po3rfissHYTH {0 €NeKTPUYHOro noss HanpyxeHictio E = Eycos (qp¢—
— kz) CBiT/IOBOT XBUJIi HA BIJOKPEMJIEHUH aTOM, ONTHUYHUI ENEeKTPOH B AKOMy
BBXKAETbCA OCLUMIATOPOM 3 BJIACHOK YacTOTOK ®p. 3B’A3aTH NOJSPH30E—
HICTH P peHOBHHH, WO CKIAAAETHCA 3 TAKUX aTOMIB, 3 HANPYXEHICTIO E enex-
TPUUHOTO oA CBITNOBOT xBuai. [Tokasaru, o npu Aii CHALHOrO CBITIIOBOro
noJs NONSPU3OBAHICTL MICTUTL HENiHIAH] YIeHH, AKi 3MIHIOIOTLCA 3 NOAB-
HOK YacTOTOIO 20.

5.298. 51k Mo>xHa nepeTBOpUTH iH(padepBOHe BUNPOMiHIOBAHHS Y BUIMMe
cBiTno abo B ynsTpadionerose BANPOMiHIOBaHHA?

5.299. fka ymoBa Mac BMKOHYBaTHCb AJ1 e(eKkTHBHOI nepenadi eweprii
CHIBHOrO CBITJ0BOrO Ny4Ka A0 ApPyroi rapMOHiKH, | B AKMX CepedoBHILAX Lie
3IHCHIOETHCA?

Ecexr BaBunosa — YepeHkoBa

5.300. fAxor mae 6yTH HaliMeHIua WBHAKICTb V enekTpoHa, wob y peyo-
BUHI, MOKA3HUK 3aJ0MIEHHA AKO1 n = 1,5, BUHHKANO BUNPOMiHIOBaHHA Bapu-
nosa — Yepenkona?

5.301. O6umncanTi KyT 8 MiXk HANPAMOM WBHIKOCTI €NEKTPOHA i HANPAMOM
MOLIMPEHHsA BUMPOMiHIOBaHHS BaBunosa ~ HepeHkoBa y CKi, AKUIO WBHAKICTD
enexrpona V' = 0,8 ¢. Jiucnepciero cepeloBUILA HEXTYBATH.

5.302. Yu cnoctepiracThCcs BUNpoMiHIOBaHHS BaBunosa — Yepeukosa mia
4ac FIOWMUPEHHS MOHOEHEPreTHYHOro My4YKa eNeKTPOHIB 31 WBMAKICTIO V=
= 0,65 c: a) B anmasi; 6) ciuti; B) cipkoByrneui? Jlucnepcicio cepejoBHLIA HeX -
TYBaTH.

5.303. Tly4ox enekTpoHiB, AKHA NPOWLIOB NPUCKOPIOBANTBHY Pi3HHULIO MO-
teHuianie U =5 MB, notpanus 1o cipkoByrneuto. Uu 6yae npu LboMy CRocTe-
piratuca BHnpoMmiHioBaHHs Basunopa—YepenkoBa? [lucnepcielo cepenosuila
HexTyBaTtu. Jlatu BiANOBiAbL HA 3aAMUTaHHA B pasi pyxy My4ka o-YaCTHHOK.



Po3ain 6. KBAHTOBA TEOPIA

6.1. KBAHTOBA TEOPIA BUNPOMIHIOBAHHA. ®OTOHU

CrexTpansHa BUITPOMIHIOBAIbHA 3AATHICTL Tina

d
r*(m,T)=£. (6.1.1)
dwo
ne dR, — BHECOK A0 BMIIPOMIHIOBANBLHOI 31aTHOCTI (€HEpreTHYHOI CBITHOCTI) Tina, KM
HANEKHTh IHTEPBANOBI UMKNIMHHUX YaCTOT M, ® +d®.
®opmyaa [Mnauka
he? )
2 ho
et —1

r(o,T)=

(6.1.2)
dn’c

ne r(o, T) — cnekrpanbHa BHNpOMiHIOBANbHA 3MATHICTH AGCOMOTHO YOPHOrQ Tina;

=E’:—:-, Tyt h —crana [Inanka, k=6,62-107* Jix-c.

3B’M30K MiX CNEKTpaibHOK BUIPOMiIHIOBATLHOK 3RATHICTIO Ta CNEKTPaNbHOIO MYCTH~
HOIO eHeprii nons BUNpoMiHIOBaHHS abCONOTHO YOPHOro Tina:

r(m,T)=%u(m,T), (6.1.3)

ne u(o),T) — CNeKTpaibHA TYCTMHA eHepril noJisn BHIPOMIHIOBaHHA abCONIOTHO YOPHOro
Tina.

3akon Credana — Bosmbumana
R, =aT*, (6.1.4)

ne O —crana Credana — bonbuMana, ¢ = 5,67-10° E’-'r/(m2 K4,
3axon amilexns Bina

b
Aax == » 6.1.5

RE Appgx — MOBXKHMHA XBWJI, 1O BinMoBinae mMakcumymosi gynxuii »(A,T) (abo u(A,T)) sa

3MiHHOID ) ; b — cTana sakoudy 3MilllenHn Bida, b = 2,89-10° I MK
Exepris doroua

£=ho. (6.1.6)
IMmynsc doTona

p =K, p=f,f:l, (6.1.7)
ae k - xpunpopui BEKTOP ENEKTPOMArHiTHOI XBHII.
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Maca ¢oroHa

m=—, (6.1.8)

THck cBiTna y pa3i HOPMATLHOTO MaNIHHA HOTO HA MOBEPXHIO
/
p=:(l+p), (6.19)

Ae | — iIHTEHCHBHICTb BUNPOMIHIOBaHHA, WO NAaAac Ha NOBepxHIO, I = nh® , TYT N — Kiflbs
KICTb (POTOHIB, AKi (OCEKYHAH MAAAIOTh HA OAMHMULIIO MAOWI MOBEPXHI, p ~ koediuient
BiOUTTA BUNPOMiHIOBAHHS TIOBEPXHEIO.

®opmyna EitHwiteitna ana gotoedexry

ho=A+T, .., (6.1.10)

Ie A — pobora BMx0Ay enekrpoua 3 Merany; 7, .. — MakcHManbHa KilieTHuHa Cieprif (oro-

eNeKTpoHa.
YepsoHa medxka oroedexty

wo = Afh Ay = 2mhc/A . (6.1.11)
3MiHa 70BXKHHHU XBUNi HOTOHA M 4Aac KOMITOHIBCHKOrO PO3CIAHHA
AL =1'-L =2),sin?(6/2), (6.1.12)
Ae Ao A" — DOBKMHH [12Jal0401 Ta pO3CIAHOT XBUAbL BUMPOMIHIOBAlHA; A, — KOMNTOHIBCHKA
JDOBXHHA XBUII po3ciloBava, A, = —ﬂ-—?-; TYT m — 0T0 Maca crnokoio; 0 — kYT po3cisHuA.

Tennose BUNPOMIHIOBAHHA

6.1. Yu icuyiots y npupoai abcontotHo Yopsi Tina? Yomy oAHHM 3
Halikpawux HabnwkeHs no abcontoTHO YopHoro Tina Oyae manuii oTBIp Y
3aMKHEHiH mopoXHuHi? YuM MOACHUTH, WO B nasmLi 3 nocpibnesumu crif-
KaM¥ BOJAa HarpiBacThCs MOBINBHO, a B MASALILI 3 YOPHOro cKia — 3HAYHO
weuawe? B skii 3 nAsWoK HarpiTa BOAR 0X0JI0He cKkopilue?

6.2. Jleske Tino mMac yepBoHuii Konip. Y nornunHae BOHO CBiTHOBI XBH,
SKi BIAMOBIAAIOTE YEPBOHOMY KONbOPY? SAKHUM KONBOPOM CBITUTHMETBCS lie
Tino, AKWo ioro po:mcapmn‘?

6.3. 3 BikoHUSs neyi, nnoila NoBepxHi skoro S = § M’ , BUMyckaeTbcs BH-
NPOMiHIOBaHHA NOTYxHicTIO P = 20 BT. Posrnsaarouu ue BikoHue sik abco-
NIOTHO YOPHE TiJIo, BU3HAYUTH TeMnepaTtypy neyi 7.

6.4. Harpirta kyns pagiyca R =5 cm BUIyCKaE BMTIPOMiHIOBAHHS n0Ty>KH'
ctio P = 1 kBT. Busnauutu Temnepatypy kyni T, posrasaaiouu ii sik cipe TifO,
nornyMHaNbHa 34aTHICTb sikoro a = (,25.
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6.5. Bu3HayuTy norawHanbHy 34aTHICTb @ Ciporo Tina, ske 3 TNOBEPXHi
growwero S = 107% m* npu Temneparypi 7 = 2:10° K 3a uac 1 = 2 xB Bunyckae
BUNPOMiHIOBaHHA eHepricro £ = 1,34 kx.

6.6. Bpaxarouu, o 3emnan ta Codue — abconrOTHO YOpPHi Tina, a iHWIKMX
mKepen TENNOTH HEeMaE, BU3HAUYNTH CepeHIO Temmnepatypy T3 noBepxHi 3em-
ni. s cepeaHbol Temnepatypy nosepxHi CoHusa npuiiuatu Tc = 5800 K.

6.7. Kynsa paniyca R = 10 cm npu temneparypi T = 200 K Bunyckae Bu-
MpOMiHIOBaHHA MOTYXHICTIO P =10 B1. Yu € ua kyns abconoTHo 4OpHUM
Tinom?

6.8. Bu3zHauuTh JOBXHHY XBHI Amax, AKA BIANOBIAAE MAKCUMYMOBI CIIEKT-
panbHOi BUIIPOMIHFOBANLHOT 34aTHOCTI BONOCKA NaMNH pO3)KapiOBaHHA, MN0-
ma MoBepxHi akoro § = 2,5-10 - w [ToTy)XHiCTb, AKA CNOMXHBAETLCA JIAMIIOKD,
P = 25 Bt. BBaxkaru, 110 BOJIOCOK JIAMIIH € CIPHM TiJIOM, NOrNHHANbHA 3/aT-
HicTh sikoro @ = 0,3; BHAcRiZOK TENNONPOBIZHOCTI iHLIMM TiJIaM nepeacTbes
yacTka 1 = 0,2 BiJ eHeprii, Aka CMOXXUBAETLCA 1AMIIOK.

6.9. Braxarouu CoHue a6CONOTHO YOPHUM Ti1IOM 3 MAKCHMYMOM CIIEK-
TpajibHO1 BUTIPOMiHIOBAIbHOT 3AATHOCTI MPH Apax = 0,5 MKM, BH3HAUHTH.
macy Am, saxy Brpauac CoHle NpoTAroM poky BHAc/liloK BUIIPOMiHIOBaH-
HS, eHepreTH4HY cBiTHiCTL CoHusA R.; morik eHeprii @, 10 BUNPOMiHIO-
eTbcd CoHUEM; cepellHiO iIHTEHCHBHICTb COHAYHOTO BHIPOMiHIOBAHHA [ Ha
nopepxHi 3emani.

6.10. MakcuMyM cCnekTpanbHoi BHTIPOMiIHIOBAJbLHOI 3AATHOCTI 3ani3Hoi
kyni giamerpa d = 10 cM, fka BBOKAETLCA aOCONOTHO YOPHHUM TiNIOM, TIpHMNa-
JRE Ha IOBXXHUHY XBHMI Amax = 1,6 MkM. Busznauntu temneparypy 7T Tina yepes
=2 ¢ 3 nouaTKy OXONOMKEHHS, AKLIO KPiM BUTIPOMiHIOBAHHA iHLINX MEXaHi3-
MiB BTpaTH TEMN0TH HEMaE.

6.11. V 3amkHeHili nopoXHWHi i3 A3epkanbHUMH CTIHKAMM MIiCTATHCA
MONE BUMPOMiHIOBAHHA i eNekTpoH. Yu Oyae e BUNPOMIHIOBAHHS MaTH piB-
HOBaXHui xapaxTep i, AKIIO Tak, TO YW OyAe B MOPOXHHUHI CnekTpanbHa

TYCTHHA eHepril piBHOBXHOTO BHIIPOMiHIOBaHHSA BU3HauaTHCA GOpMYIaMu
(6.1.2) i (6.1.3)?

®oronu. Tuck ceitna

6.12. Busnauutu noxuny xBuni A ¢poToHa, Maca AKOT0 AOPIBHIOE Maci m,
CTOKOIO eNekTpoHa, @ TAKOX Macy m (OTOHa, AN AKOTO JAOBKHHA XBUli A; =
=2 oM.
6.13. 3asuaroun 3iTkHEHHA i3 A3ePKANLHOIO MOBEPXHEIO MiJ KYTOM 3 HOp-
Mallilo no Hei 6 =60°, doToH mepenac it iMnyase p = 3-107* krm/c. Yomy
AOPIBHIOE Maca KBaHTa M ?
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6.14. YoMy NOpIBHIOE IyCTHHA MOTOKY N (POTOHIB y PEHTIEHIBCbKOMy
BHMpPOMiHIOBaHHI, 4YacToTa skoro Vv=35- 10°Ty T2 inTeHcHBHIiCTS J=
=33 MBT/ M9

6.15. Macy cnokow m, $oToHa BRBKAKIOTh TAKOIO, LU0 JOPIBHIOE HYJeRi,

ke dizuune Tnymauenns mMac ueh gaxr?

6.16. Jlazep, 10 NpaLOE B HENEPEPBHOMY PEXHMI, BUNYCKAE MOHOXPOMa-
THYHE BUNPOMIHIOBAHHA, HOBXKHHA XBUNI Akoro A = 692,7 um. lNoTyxHicm
nasepa P = 40 MBT. Cxinbxu oToHiB N BiH BUIIPOMIHIOE LWOCEKYHAM?

6.17. Jlamna BUNPOMIHIOE PIBHOMIPHO Y BCIX HanpaMax MOHOXPOMAaTHYHe
CBiTNO, AOBXKHA XBUAI Akoro A = 589 M. [loTyxRicTb BUNPOMIHIOBaHHA P=
= 100 BT. YoMy fopiBHIOE cepeliHA TYCTHHA NOTOKY 1 (POTOHIB Ha BiACTaHi
[ =2 ™ Big namnu?

6.18. JloBecTH, w0 €NeKTPOH, AKHIl pyXaETbCA BilLHO y BAKYYMi, HE BH-
NMPOMIHIOE i HE NOTAUHAE POTOHIB.

B ka3 iBk a. Ckopucrarucs 3akoHaMu 30epexeHHa eHepril i iMnynbey
Ta N0KAa3aTH, L0 3a3Ha4eHi MPOLECH HE BiANOBIJAIOTH LIMM 3aKOHAM.

6.19. Axa 3 NoBepXOHb — YOPHA YU A3EpKabHA — 3a3Ha€ OiNbIIOro THCKY 3
Ooky cBitna? Yomy? Yu 3anexutb THCK MOHOXPOMATHUHOIO CBIT/NA Bij Horo
4acToTH?

6.20. Ha noBepxHIO HOPpMaIbHO Nafaac MOHOXPOMATHUHE BUNIPOMiHKOBAHHA,

AOBKKMHA XBUAi AKoro A = 638 uM i ryctuna noroky n=10"m>.¢”'. Koediug-
€HT BiZOUTTH noeepxHi p = 0,8. BU3HAYMTH THCK CBITNA P HA LIKO TIOBEPXHIO.

6.21. Ha nnocke g3epkano HOpManbHO Nanac BunpoMiHioBanus Big CO; -na-
3epa (A = 10,6 HM), sike THCHE Ha NoBepxHIO 3 cunorw £ = 0,1 vH. BusnayurH
KinbKicTb GOTOHIB N, 10 NafaTb LWOCEKYHAN Ha A3EPKaNO.

Qotoedexr

6.22. Bu3Hauutu HakOinbIIy AOBXUHY XBHUNi BUNPOMIHIOBAHHS Ap, NpH
aki# Mae micue dotoedext y uesii, HaTpil, NNATUHI Ta LIUHKY, a TAKOXK MaK-
CUMAaNbHI IMBUAKOCTI Umax POTOENEKTPOHIB, BUNYLIEHHUX 3 MOBEPXOHb LUX
METajliB Mij Ai€I0 BUNPOMIHIOBaHHS, NOBXKHMHA XBUJi AKOoro A = 190 um. Axi
3 UMX MaTepianiB MOXKHa BUKOpUCTATH ¥ doTOoENeMeHTax A BUAMMOT Jac-
THUHM cnekTpa?

6.23. BU3HaUMTH MAKCHUMallbHY KIHETHYHY €HEprilo eNneKkTpoHa 7., B¥-
NyLIeHoro MoibAeH0BOI0 NIACTUHKON MiJ Ai€H0 BUTIPOMIHIOBAHHSA, A0BXHHA
xBui axoro A = 100 nM. TlopiBHATH WO €HEPriIO i3 CEPEAHBOIO EHEPTIEI0 Te:
nnosoro pyxy (E) enektponis npu remneparypi 7 =300 K.
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6.24. YV pasi OnpoMiHIOBaHHA METaNy y-KBaHTaMH 3 HbOTO BUNITAIOTH (ho-
70eIEKTPOHH 3 MaKCHMANbHOKO IIBHAKICTIO Umax = 290 Mwm/c. Busnauutu
eHeprito KBAHTIB g, IX IMNY/IbC p Ta Macy .

6.25. BU3HAYMTH MaKCUMaIbHY LUBHAKICTb Upmax (POTOENEKTPOHIB, AKi
BUMIETINM 3 METANY NiJ AI€KO: @) Y-BUTIPOMIHIOBAHHA, JOBXHHA XBUJ AKOrO
A= 0,3 HM; ©) BUNPOMiHIOBaHHA, eHepris KBaHTIB Akoro £ = 1,53 MeB.

6.26. IlocninorHo 3 BakyyMHuM (OTOENEMEHTOM BKIIOYEHO PE3UCTOP
onopoM R = 1 xOm. Ha karon qm'roenemema na,uae BUTIPOMiHIOBAHHA, MOTYX-
Hics skoro P = 1 B i wacrora o = 10'° ¢ . BBaxkarouu, o Buxia ¢oro-
epekty (BIAHOIUECHHSA KiNbKOCTI eNeKTPOHIB, L0 BUAETINK 3 MeTany, A0 Kifb-
xocTi OTOHIB, AKi NanalTk Ha Metan) 1 = 0,25, BU3HAYMTH KifNbKiCTb TEN0-
TV (0, IO BURINAETCA 33 1 = 2 XB Y Pe3UCTOpi.

6.27. Ha BonbdpamMoBy nnacTHHKY fajac MOHOEHEPreTHYHHH MYyyoK
(GoToHIB, NOBXHHA XBWIIL AKMX A = 270 HM. BU3HauuTH iMnyabC Ap, akui
nepeAacTbeA NMAACTHHLI NMPH NMOTIHHAHHI (POTOHA 3 MyHdKa, AKLO NPH LUbOMY
NNacTHHKA BUIMYCKAE ENEKTPOH NiA NPSIMUM KyTOM 10 HanpaMmy pyxy ¢o-
TOHa. BRaxkatu, 110 WBKHAKICTb eNeKTpoHa cTaHOBRUTL 0,5 Bijg MakcHMalib-
HOl.

6.28. Ha meTtaneBy nnacTuHky, U0 MPUELHAHA /10 eIEKTPOMETPA, NAAaE
PEHTreHIBCbKE BMNPOMIHKOBAHHA, JIOBXHHA XBUAi Aaxoro A = 20 uM. J{o sakoro
RoTeHLiany @ 3apAAMTbCA NAacTHHKA?

6.29. EnexTponu, fki BUNYCKAKOTHCA METANOM ITiJl €K BHUIIPOMiHIOBaH-
WA, IORKMHA XBUAI AKOr0 A; = 136 HM, 3aTpuMYyIOTbCa Hanpyrow U; = 6,6 B,
8 Ti, O BUMYCKAIOTLCA Nijl Ai€l0 BUMPOMIHIOBAHHS, N0BXHHA XBUJi AKOTO
A2 = 65,2 UM, — nanpyrowo U = 16,5 B. BU3HauWTH 3a UMMH JAHUMH CTany
l'l.llamca h ta poboty Buxoay A Ana uUbOro MeTany. Yum noACHETLCS 3poc-
TaHHA 3a'rpumyaanbum Hanpyru 3i 3MEHLIEHHAM JAOBXHHH xanm BHIPOMi-
FOBaHHS, NiJ Ai€i AKOT0 MEeTall BUNyCKae eNeKTPOHU?

Edexr Komntona

6.30. Edexr KomnToHa crioctepiraerbcs mif 4ac po3scisHus ¢oToHiB Ha
SlexTponax, Axi BBAXAIOTBLCA BiNbHUMH. SIKi eNEeXTPOHH B PEHOBMHI MOXHA
BBaXaru Binbuumu? Yomy edext KoMnrona He criocrepiraerhcs y pasi npo-
XOMXKEHHs BHAWMOTO CBIiTNA Kpi3k peyoBHHY?

6.31. MoscuuT Taki 0CO6GIMBOCTI KOMNTOHIBCLKOrO PO3CiAHHA B peyo-
BHHI: a) 36i1blIeHHA iHTEHCUBHOCTI 3MILLIEHOT KOMIOHEHTH 3i 3MEHIUEHHAM
ATOMHOrO HOMepa peuoBHHM Ta 3i 36inbIIEHHAM KyTa po3ciaHHA; 6) He3a-

AeXHicTE 3MinM AL JOBXKHHM PO3CIAHOT XBHNI BiJ NPUPOAH PO3CIFOBANLHOT
PeYOBH Y.,
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6.32. TlopiBHATH HaHOiNbLI KOMINTOHIBCbKI 3MiHH Al ZOBXHHU XBunj
MpU po3cisHHI GOTOHIB HA BiNbHUX €JIEKTPOHAX Ta NMPOTOHAX.
6.33. PentreHiBchbke BUIPOMIHIOBAHHA, NOBKWHA XBHAI SKOTO A = 5 my,

Najfac Ha peyoBHHY. Bu3HaYNTH JOBKWHH XBUAb A, A, KBAHTIB, pO3CifiHuxy

il peyoBUHi BINbHUMM enekTpoHaMu il kytamu 6, = 90°, 6; = 180°, a Takoi
KiHeTHuHy eueprito Ty, T, MOBHY eHeprito £}, £; Ta iMIyNbC pi, P; ENEKTPOHA
BIZAAYl.

6.34. OGUMCIMTH KOMINTOHIBCbKE 3MILLEHHA JOBXHHW XBUNi AX Ta KyT pos-
cisHHA O GOTOHA, MOYATKOBA JOBXMHA XBUAI AKOrO A = 3 nM, a LUBHAKICTb enek-
TpoHa Bianaui ¥ = 0,6 ¢. Jlo po3cisHHA enekTpoH nepebyBas y CTaHi CMOKOI0,

6.35. BcTaHOBHTH 3aNeKHICTb KyTa po3cifHHA doToHa O BiA xyTa @ Mix
HanpsMOM PYXY enekTpoHa Bifnadi i HanpsMOM pyXY NManaryoro GoToHa.

6.2. KOPNYCKYIAPHO-XBUNTbOBUA AYANI3M.
KBAHTOBWUMW CTAH

3B"A30K DOBKHHHU XBHITi 1e Bpoiins A 4acTHHKHM 3 i1 IMIyIbCOM p:

= L] : (6.2.1)
p
CnipBiJHOWEHHA HEBU3HAYEHOCTEN A% KOOPAMHAT TA IMIYNLCIB
|ax|-|ap,| 2 & (6.2.2)

e Ax — HEBM3HAYCHICTb KOOPIAMHATH X; Ap, — HEBH3HAYEHICTb BiAMOBIAHOT it npoexui

iMnyancy: A= h/(2r),
CniBBiAHOLIEHHS HEBHU3HAYEHOCTEH Ang EHEPrii Ta yacy
AE At 2 h, (6.2.3)

ae AF — HeBM3IHAYCHICTh €HEpPrii KBAHTOBOro CTaHy, Af — 4ac HTTA CHCTEMH Y LLOMY
CTaHj.
IMOBipHiCHE TRYMaYEHHA XBUALOBOT (yHKLIT

p(r.t)=[¥(r.o)f =¥ (r.)¥(r1). (6.2.4)

ae p(r,1) — rycruua iimoBipHoCTI nepeGyBaHHs HACTHHKH B Pi3HMX TouKax npoctopy; ¥'—

YHKLIA, KOMINEKCHO-CIIPAXEHA 3 XBUNLOBOIO dyHKuicio ‘P,
iMOBipHicTh nepebyBaHHA YaCTUHKM B MOMEHT uacy / B 00’emi dV, akuii oTouye TOMKY

3 pajiycOM~BEKTOPOM I,
dw=p(r,t)dV. (6.2.5)

HopmyBaHHs XBUABLOBOT (yHKUiT

fle@ofar=1. (6.2.6)
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XBUNbOBa (pyHKLIA, 10 BIAMOBIAAE CTAHOBI 3 BUSHAYEHUM IMIYJIBCOM,

, (6.2.7)

W, (r.1)= (EI_J% e“;;'(lﬁ"‘ — Er)

nh

ge p — IMOynse, a £ — eHepris 4acTUHKH.

KopnyckynapHo-xBUN=OBUKA aAyaniam. XBuni ae bpoinsa

6.36. BcraHoBMTH BiHOLWIEHHA JOBXKMH XBU/b A Bpoina A, /A, ans enek-
TpOHA Ta NPOTOHA, MPUCKOPEHHX OJHAKOBOK) PI3HHULICIO NOTEHLIANIB,

6.37. Y yoMy nonsrae npuHOMMN Ail eJleKTPOHHOrO, [IPOTOHHOIO Ta iOHHO-
ro mikpockonis? Axuii 3 HUX Ma€ Binbily po3ainbHY 34aTHICTL 32 YMOBM TIpO-
XO/DKEHHA YacTHMHKAMH O HAKOBOI NIPUCKOPIOBANIBLHOT Pi3HULI MOoTeHLianiB?

6.38. Busnauutu aebpoiniBcbky ﬂomxuuy XBMJi A: a) BiIbHOIO €NeKTpo-
Ha, WO PYXAETheA 31 WBMAKICTIO Uy = 10° M/c; 6) enexTpoHa B TeneBisiiiHoMy
KiHecxoni, aHOQHa Hamnpyra B skoMy U = 29 kB; B) atoma BoaHIO, WO pyxa-
€TbCA 31 LIBMAKICTIO, AKa QOPIBHIOE HAiMOBIPHILIIA WBHAKOCTI ANA TemIepa-
Typu T = 300 K; r) kynbku, WO pyxa€TbCs 31 WBMAKICTIO 7 = | Mm/c, aif Maca
m=1r.

6.39. HeiitpoH, nebpoiinieceka foBXkWHA XBUINI Akoro A = 1,8 nm, audyH-
RYIO4M Y CIOBINbHIOBaYi, pPO3CisiBCH Ha 4acTWHUI, W0 nepeGypana B CTaHi
CIIOKOKO i Masa Macy Crokor B n =4 pasu Oinbuwly Big mMacu HeiTpoHa. Bu-
3HaYMTH AeOpoiiniBCbKy NOBXKHHY XBUNi HElTpOHa A’ micns poscisHHA.

6.40. [NapanenbHuit Ny40K MOHOEHEPreTHYHUX ENEeXTPOHIB HOPMAJLHO
najae Ha giagparmy 3 By3bKOK NMpPAMOKYTHOK LWINHHOK 3aBLIIMPIIKK b =
=10 mxm. O6UUCIHTH WIBUAKICTL U LHX €NEeKTPOHIB, AKILO BigOMO, LIO
KYTOBa LIMpUHA LeHTpanbHoro audpaxuiiHoro makcumymy A = 0,1°,

6.41. [1y4yox enexTpoHiB NPOHLIOB NPUCKOPIOBANbLHY PI3HULIO NMOTEHLia-
niB U = 2xB. BU3HauuTH KinbkicTh audpaxuifHUX MAKCUMYMIB 71, 10 BUHHK-
He nia yac iHTepdepeHuiiiHoro BiAGUBAHHA MyYyka TAKUX €NEKTPOHIB BiA Mo~
BEPXHi KpucTaly, ANs AKOro crana rpatok d = 0,3 HM.

6.42. MoHoeHepreTHaHUi NMy4YOK eNeKTPOHIB NaJac Ha NepellKoay 3 ABOMA
By3bKMMHM mapajieNbHUMH LWiNHHAMM, BIACTaHb MiX AkUMH d = 2 mxm. Kine-
THYHA enepria enexTpona T = 25 eB. Busnauutu LIMPUHY iHTepdepeHUiHHNX
CMYT Ax Ha MIOMiHECLIGHTHOMY ekpaHi, siuil po3milueHo Ha BiacTaHi [=0,5M
Bill nepenkoay.

6.43. Bcranorutd BUpasu A $a3oBoi U Ta rpynoBoi # WIBHAKOCTEH XBUI
A€ Bpoiing, sxa onucye BiNbHy HEpeNATHBICTCHKY YacTHHKY. Skwii 3 UMX BUpa-
3B 36iracThes 31 WBMAKICTIO YACTHHKM B HBLIOTOHIBCHKIH MexaHiui? 3amucaty
Takox Bupasu nns dazosoi v Ta rpynoBol u WIBMAKOCTEH XBUMi ae Bpoiins
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pensTuBicTcbkoi yacTHHkK. [lopiBHATH (a30By IIBHAKICTD U PENSTUBICTCbKO]
HAaCTMHKM 3i LIBMAKICTIO CBiTNa y Bakyymi. Yu cynepeuuTb oaepxaHu# pe-
3yNbTAT TBEPAXKEHHIO NPO rPaHU4HUIl XapakTep WBHAKOCTI CBiTNa?

CniBBigHOUWEeHHA HEBU3HaYeHOCTEN

6.44. KoopiMHaTy X 4aCTHHKH, AKa BifIbHO pyXa€TbCs, MOXCHA BU3HAUYUTH,
KLU0 MOCTABUTH Ha LWINAXY YACTMHKM TIEPTIEHAHKYNSAPHO Jo 1T pyXy By3bKy
WinuHy. JoBecTH, WO BUMIpIOBaHHS KOOPAMHATH 4aCTHHKW 32 JOTIOMOTOM0
LIJIMHM 33BLUMPLWIKKH & BHOCHUTb y BiANOBIAHY NpoeKUiio iMNynbCcy HeBU3Ha-
uenicts | Apd > Wb.

6.45. EnexTpoH, kiHeTH4Ha eHepria sikoro 7 =4 eB, nokanizosauuii B 06-
nacti posmipom / = 1 mkM. OUIHHTH 332 A0NMOMOrOK CNiBBiJHOLIEHHS HeBu-
3HAUEHOCTEH BiAHOCHY HEBU3HAYEHICTb HOTO LUBHAKOCTI.

6.46. BUKOpHCTOBYIOUYM CMiBBIAHOIUEHHS HEBH3HAYEHOCTEH, OLIHMTH LIBHA-
KiCTb NPOTOHA U, B aTOMHOMY 4pi Ta IlOBe{:TH I.lI,O B AApi He Moxe OyTu
eNneKTpoHiB. BBaxkartu, 110 po3mip aapa r, = 5 107!

6.47. Yactuukn, Maca skux m =10 ' r, nepeﬁyaa!orb y MOBiTpi B CTaHi
TemnoBoi piBHoBaru. Bea)caeTbCs, 10 YACTHHKH MalOTh chepuuny dopmy,
a noeiTpaA nepebypac 3a HOPMANbHUX yMOB. ['yCTHHA pe4OBHHH, 3 AKOT CKia-
JarTbCS YACTHHKH, p = 1,5-103 kr/m’. Yn MoxHa BCTAHOBUTH, CIIOCTEPIraroUH
33 pyXOM YaCTHHOK, BiAXHMJIEHHS BiJ 3aKOHIB KNacH4YHOI MeXaHikn?

6.48. Cnig Big mMyyka eneKTpOHIB Ha eKpaHi eneKTPOHHO-NPOMEHEBOI
TpyOxu mae aiametp d = 0,5 MM, BiZicTaHb BiJl €N€KTPOHHOI rapMaTH 0 eK-
paHa / = 20 cM, npHckoproBaibHa Hanpyra U = 10 xB. 3a gonomororo cniBs-
BiflHOLIEeHHs HeBU3HAYEHOCTEH OLIHUTH HEBM3HA4YEHICTb KOOPAHHATH enek-
TpoHa Ax Ha ekpaHi.

6.49. Yw icHylOoTb y MpHpOAi Taki CTaAHW KBAHTOBOI CHCTEMH, B SKMX ii Ki-
HeTHYHA Ta NOTeHUianbHa eHeprii 6ynu 6 BU3Ha4YeH]I BogHO4AC?

6.50. BukopucTOBYIOUM CNiBBiJHOIIEHHA HEBU3HAUYeHOCTEH Ans eHeprii
Ta uacy, obuMcnuTH LUHPHHY EHEPreTHHOrO piBHS AE aTroMa BOAHIO, 4ac
HUTTA Akoro ©= 10 ~° ¢, skwo BiH nepedypae B 30ymKeHOMy cTaHi; 06~
UHCAUTH TAKOXK 4aC XKUTTA T; CUCTEMHM, J/15 SIKOI IUMPHHA eHEepreTHYHOro
piBHs AE, = 10 eB.

6.51. BcraHoBuUTH m,unocuy HeBU3HA4YEHICTh eHepru AE/E pna 36y-
JDKEHOro piBHA Azapa Fe, AKOMY Bianosijae eHepris £ = 14 keB, a yac
KUTTa T=0,] MKC, T2 NOPIBHATH i1 3 BiANOBIAHMM 3HAYEHHSM ANA NepLio-
ro 36yrkeHoro cTaHy atoma BOJAHIO, BBRKAKOUM, 110 Yac XKHUTTS aToMa B
uLoMy cTaHi 1y = 10 He.
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XBUnboBa PyHKUis Ta il CTaTMCTUYHKIA 3MICT

6.52. Y4 MOXYTb BMKOHYBATHCA TaKi HEpIBHOCTI: a) [‘P(r,z)[z‘;al;

6)|¥(r.t)
BEKTOPOM I.)

6.53. ¥V xnacuuHii $isvui iHTEHCHBHICTE XBUMI BM3HAYAETHCA i1 aMIAITY-
aoto. Uu € y xBaHTOBI i disuui Oyae-axkuii 38’430k Mix eHepricio YaCTHHKH Ta
IHTEHCHBHICTIO 11 XBUNi e Bpoiina? Yu MoxHa BUMIPATH XBHNEOBY (BhYHKLIO
MiKpO4aCTHHKM B Jochizi?

6.54. Ski 3 HaBefeHUX HUXKYE CMiBBiAHOIIEHH 3aN0BONBHAE XBHILOBA
dyHKLisA ATOMHOrO enexTpoHa:

a) [[¥@of dv <1, 6)[|¥w.of av =1;
4

] dV >1? (TyrdV -~ manuii 06’eM, axuii 0Touye TOuKY 3 pajiycoM-

%

o) [ .o av <1; of [0 av =1,
v, v

Ae ¥V — 06’em ycsoro npoctopy; ¥, ~06’eM atoma? Uu 3a10BoNEHAE XBULOBA
yHKUiA BINbHOT 4aCTHHKHU YMOBY (6.2.6)?

6.3. PIBHAHHA LWWPERIHIEPA

Yacose pisuanus lpeninrepa

2
A AL T ST O (6.3.1)
ot 2m

Z¢ A - oneparop Jlannaca; ¥(r,¢) — nosxa xsunboBa dyukuis; U(r,¢) — norenuiaisya

CHepria 4YacTHHKM B CUI0BOMY MOJI.
3aranbuuit po3s’ 130K 4acosoro pisHaHua Ulpeninrepa:
a) AMcKpeTHUH eHepreTUy UMM CieKTp

Ey,
Y(r)=Dce " y,(r), (6.3.2)

& E, — eneprist cTaLiOHApHMX CTAHIB, KOXKEH 3 AKHX BU3HAYAETHCA CYKYMHICTIO KBAHTOBMX
SHCeN 7, 32 AKUMU BUKOHYETHCA MLACYMOBYBAHHSA;
0) Henepepsuuit enepreTuyHuil CnekTp

ky .
¥(rt)= | EYW(E.)e N dE, (6.3.3)

E
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yHcha ¢, Ta hyukuia o £) 3a10BoNbHAOTE YMOBH HOPMYBaHHA

£y
e =1, f|e(E) dE=1. (6.3.4)

n E,

CrauionapHe piBusHHs [Lpeniurepa
2m
Aq:+—h-i-(E-—U(r))w=—'0, (6.3.5)

e E - edepris crauioHapHOro craxy, AKOMY BiANMOBiAac pyHKuis .
XBuab0Ba hyHKUIA CTALIOHAPHOrO CTaHy

Yr.)=yr)e t . (6.3.6)

KBaHTOBI UHCNa, IO XapPAKTEPHU3YIOTh CTaH ENEKTPOHA B LEHTPATLHO-CHMETPHHIIOMY
noni: » — ronosHe, / — opbiranbHe (abo j — BHYTpIlIHE), m — MarditHe, m, — criHogse

MarHiTHe,
Eunepria poauenoaibitoro iona
2
E p.(Zez) 6.3.7
== . (6.3.7)
T 2(4ns,) Hin?
ne Z — 3apsI0Be YHCNO fapa aToMa.
®opmyna banrbmepa
1/1 = RZ2(1/n* =1/n?), (6.3.8)

ne R — crana Pin6epra nns somenozionoi cucremu, R = R, p/m, , y1 R, - crana Pinbepra
y BUNAAKY HECKiMueHHOi macy sxpa, R, = 10 973 731,53 M ', p — 3Besexa maca ioua,
p=mM,[(m,+M,); neN, =2, 3, .. Cranu 3 onHakoBuMu nTa [ HA3UBAOTH

EKBIBAICHTHUMHU.
Cepeane 3HaueHua pyukuii koopaunar F(r)

(F)=[lwee)’ Fryav, (6.3.9)
1

J€e Y — XBUbOBa (hyHKLLiA, HOPMOBaAHA 3rifHO 3 YMOBOIO (6.2.6).
Koegiuient nposopocri norexuiansHoro 6ap’epa A0BibHOT GpopMH

x
D= exp[—-%'[ 2m(U - E) } (6.3.10)
5

Ie x|, X; — KoopauHatu Mex 6ap’epa (TOUYKH NOBOPOTY).
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KoediuieHt npozopocri npamokyrHoro 6ap’epa

D= exp[—zqzm(y ~£) ;J , (6.3.11)

h

ae | — mupuna G6ap’epa.
3p’ 230k KoediLieHTiB Npo3opocTi Ta BinburTs:

D+R=1. (6.3.12)

Yacose pisnanns WWpeainrepa.
Crauionapne piBHAHHA

6.55. Sy pone Binirpae yacose pisHgHHA LLpeniurepa y kpaHTOBIH Mexa-
HiLi noplammo 3 APYruM 3akoHOM HblOTOHA B KNAaCHUHIH? ihcy IONATKOBY
iHpopMaLito ciix MaTH AnA Toro, 1Wo6 3a AONOMOrOK LBOro PiBHAHHA BH3Ha-
YHTH XBHNBOBY QYHKLUiIO YaCTHHKYU B OYAb-KUH MOMEHT Jacy?

6.56. Jlosecty, 1o y BunaznKky, konu gyuxuis U(r,¢) ue 3anexuts Bia yacy,
po3e’a3ky piBHAHHS (6.3.1) MoxkHa Hanatu surnany W(r,¢)=w(r)T(r), ae

I(¢) — dyHkuid, fxa € nepiogUUHOIO 32 YacoM.
6.57. [lincTanoBKkowO A0 piBHAHHA (6.3.1) nna BinbHOI yacTunku (U= 0)
HaBeJE€HUX HHXKYE BMPa3iB JOBECTH, IO BOHO Ma€ PO3B’A3KW Y BUTAARI:

a) nnockoi xsuai W(r,r)= A|¢_i (0! —kr)

—i(wt ~kr)

; 6) chepnunoi xsuni ¥(r,1)=

, 1€ Ay, A; — crani. Yu onucyoTh Wi pO3R’A3KM CTauio-

__

r
HapHi cTaHu?

658 Yn icHY1OTh Taki pO3B’A3KW KIaCMYHOIO XBH/JbOBOIO PpiBHAHHA

1 o%f : : :
= = 0, axi He 3aNOBONbHAIOTL 4acoBe piBHAHHA llIpexiurepa
v
(6.3.1)?

6.59. Yn Moxe cTaH BiNbHOI YaCTHMHKM ONUCYBATUCA NMJOCKOK) XBUEKD
Burnany W(r,t) = Acos(ewt —-kr+a), ne 4 - crana?

6.60. Yu onucye xBHAb0Ba PYHKLUiA, IO BUZHAYAETHCA CiBBIAHOWIEHHAM
(6.3.2), Gynp-nxuit crauionapuuit cran? UYu zanexurh Bij Hacy rycTHHa
HMoBipHoCTi NepeGyraHHA €AKOT KBAHTOBO-MEXAHIYHOI CHCTEMM Y BU3Ha-
YeHOMY cTaiioHapHOMY CTaHi?

6.61. Ak 3a nomomorol piBHAHHA (6.3.5) BM3HAYMTH 3HAYEHHA €Heprii
CTauioHapHMX CTaHiB KBAHTOBO~-MEXaHiuHOI CHCTEMHU?
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BinbHa yacTuHka

6.62. BuznauntH po3B’A3kH piBHAHHA (6.3.5) Ana BiNbHOT YaCTHHKY
(U=0) 3 Bu3HauyeHuM imnyabcom. 11lo MoxHa cka3aTH npo MOXJMBICTE
nokani3auii uiel YacTHHKH B Aeaxit obnacti npocTopy? Uu MoxHa Biano-
BICTH Ha MocTaB/jeHe 3aMHMTaHHA, HE 3BepTalouuch A0 piBHAHHA Llpe-
Ainrepa?

6.63. Jlopxuna xBuiai ne bpolnsa, wo onucye BinbHUH enekrpoH, A=
= 2-107'% M. BusnauuTh vactoTy v uiei xBuAi i eneprito E yacTHHKH.

6.64. Slxuil xapakTep Ma€ eHepreTMUHH CNEeKTP BiIbHOT YAaCTHHKK — He-
nepepBHHit 4M auckpeTHHii? 1L[0 HOBOro NOpiBHAHO 3 KINACHYHUM A€ KBaH-
TOBE OMHCAHHA BiIbHOT YaCTUHKK?

Yactunka B HecKiH4eHHO MUBOKiIN NPAMOKYTHINH noTeHuianbHik ami

6.65. Yactuuka macoio m nepebyBac B ONHOBMUMIpHIH NpAMOKYTHiii He-
CKiHYEHHi noTeHuianbHif aMi (0 < x < a). Sk 3MiHIOETBCA BiAaNb MiXk cycig-
HIMH €HEPreTHYHUMH PIBHAMM YacTHHKH AE, , ., 31 36iNbIUEHHAM: a) LUMPHHH

a amu; 6) Macu m yacTHHkH? BeranosuTu sinHowenus AE, ., /E, 3a yMoBH

n=1, n=10, nopiBHATH X Ta 3pOOUTH BUCHOBOK LUOAO MOAUTUBOCTI NEPEXOAy
A0 KNacHYHOT rpaHHLL.

6.66. Posrnanaroun npubGAM3HO AApO Ta atoOM  AK  OZHOBUMIPHY
NPAMOKYTHY HECKiHueHHy noTeHuianbHy amy (0<x<a) ans enekTpoHid
I HYK/TOHIB, 00YMCANTH Biagafib MK OCHOBHHM i NepiuuM 30yIHDKEHHUM piBHEM
B atoMi AE, , Ta aapi AE,,,, BBaXalO4M, WO AAA aTOMa LIMPHHA AMM
a, =5-10""m, a ans anpa a, =35- 107" m.

6.67. YactuHka nepebyBac B OCHOBHOMY CTaHi, AKOMY BiAnoBinac
eHepria E; =8,35 MeB, B onHOBHUMIipHiA NpAMOKYTHI HecKiHueHHIH

noTeHuiansHii ami (0<x<a). Lnpuna amu a=5-10"" M. BusnauyurH

Macy m 4acTHHKH.

6.68. Ilin yac nepexody enekTpoHa 3 nepuioro 30yAKeHOro craHy MO
OCHOBHOINO B ONIHOBMMIpHIH MpPAMOKYTHiH HecKiHYeHHI# noTeHuianbHil AMI

(0<x<a) BHmyckacTsCA BMNPOMIHIOBAHHA, UMKIiYHA 4acToTa SKOMO

®=5-107¢™". Yomy nopisuioe wupuna a sMu?
6.69. YacTHika B OJHOBMMIpHIH NpAMOKyTHil HeckiHueHHili noreH-
uianbHil aMi (0<x<a) nepebysac B ocHOBHOMY cTaHi. YoMy AOpiBHIOE

290



#iMOBIpHICTL NepebyBaHH YaCTHHKM W, B CEPEAHil TPETHHI Ta YACTHHKU W,
g KpaiHiH TpeTHHI L€l aMU?

6.70. BctaHOBUTH €HEPreTHYHMI CNEKTP Ta XBUIbOBI (YHKLUIT YaCTUHKH,
aka nepebyBac B OAHOBMMIpHii NpPAMOKYTHIH HECKIHYCHHIN nOTeHUianbHiH

i a a
AMI —-2-5..1:5— .

6.71. EnekTpoH MiCTMTbC Yy ABOBHUMIpHiIH NPAMOKYTHIH HecKiHueHHiN
noTeHuianbHiA aMi 3i cropodamu i I, (0<x </, 0<y<l,). Busnauutu

MOX/IMBI 3HAYEHHA EHEpril UbOro eNeKTPOHAa B OCHOBHOMY CTaHi Ta ABOX
nepiumx 36ymKeHHX cTanax, akiwo 4, =1,5-107""m, , =2-1070m.

YacTuHKa B LeHTPanLHO-CUMETPUYHOMY Noni.
ATOM BOQHIO Ta BOgHENoAiOHE ioHn

6.72. YacTuHKa MICTUTHCH Y chHEepUyHili NOPOXKHHUHI pafiyca a, OTOYEHi
aOCOMIOTHO HENPOHMKHMUMHM CTiHKaMH. BCTaHOBUTH MOXIUBI 3HAYEHHS
eneprii E, ui€il 4acTMHKHM, AKHM BiANOBiJAIOTb pPO3B’A3KH PpiBHAHHA
(Hpeninrepa, WO MalOTh UEHTPANbHY CHUMETPilO, Ta BIiANOBIAHI A0 HMX
XBWIBOBI (DYHKLIT.

6.73. XsunwoBa QyHKilis €NeKTpOHa B aTOMi BOZHIO, sKHii nepebysac B

OCHOBHOMY cTaHi, Mae suraag y(r)=4e ®, ge 4, ap - crani

KopucTylounch crauioHapuuM piBHaHusM lllpeniurepa ans aroma BOZAHIO,
BU3HAYUTU cTani A, ap Ta eHeprilo £y OCHOBHOTO CTaHy aToma. BH3HAUMTH

TakOXK CEpefHIO (r), cepeAHLOKBAZPATHUHY 1/(:*2) Ta HalbinblL iMOBIpHY 1
BIACTaHI eneKTPOHA Bij UEHTpPa aTOMA B LLbOMY CTaHi.
6.74. Xsunbosa dyukuis eekTpoHa B OCHOBHOMY CTaHi aToMa BOIHIO Ma€
r .

-——

BUENAn y(r)=Ade “, ne ap = 52,9 nm. OBYMCAMTH CcepelHE 3HAYEHHS
noTexiianbHoi exeprii (U)enextpoHa B uboMy cTadi. Yu Mae Micue B
AaKomy pasi pisuicts (U)=U ((r))?

6.75. Atom BoaHIO nepeﬁy?ae B OCHOBOMY CTaHi, B SKOMY XBH/IbOBa

bYHkuis enextpona y(r)=4e “, ne ap = 52,9 nM. BcranouTH HMOBIpHICTS
W nNepeGypanna enextpona B obnacti £ > U (r) (knacuuuuli 06’em aroma) y
UBOMy cTaHi, a Takox iMOBIpHiCTL Wy NepebysanHs HOro no3a LM 06’ eMOM.
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6.76. BuzHaunuTi eHeprito ioHisauil U; atoma BoJHIO, AKIIO BiH nepebysac
B CTaHi: a) OCHOBHOMY; 6) nepiiomy 30ymxeHoMy; B) Apyromy 30yIDKEHOMY,
O6UMCINTH TaKOXK LMKJIIUHI YACTOTH ( EIEKTPOMArHiTHOrO BUNPOMIHIOBAHHSY,
AKI HaJeXaThb 0 BUAUMOT 4aCTUHH CMIEKTPa aToMa BOAHIO.

6.77. SIxy wBHAKiCTH U MaTHMe BHACHiAOK Biflayi aToOM BOAHIO ¥ pasi
BMMYCKaHHA BHMpPOMiHIOBaHHSA, 3YMOBJIEHONO MEPEXOJOM aTtoMa 3 NepLioro
30y pKeHOro CTaHy 10 OCHOBHOIO?

6.78. CBiTnoBu# KBaHT najiac Ha aTOM BOJHIO, fKHii nepebysac B nepiuo-
My 30y>keHOMY cTaHi, i BUOHBAE 3 HbOro €EKTPOH, KIHETHYHA EHEPris AKOng
T = 3,22 eB. YoMy nopiBHIO€ N0BXKHHA XBWMI A, 1O BiANOBIAAE ULOMY KBaH«
TOBI, AKILO BiH NOrIMHAETHCH ATOMOM?

6.79. MaxcumanbHe 3Ha4y€HHsA NpoeKuii opbiTanbHOr0 MOMEHTY IMITY/bCY
eJIeKTpoHa Ha Bicb Oz ans NesKoro crauioHapHoro cravy M, =2h. Yomy
JLOPIBHIOE MiHiIMaNIbHA EHEpris Eyi, aTOMa B LbOMY CTaHi?

6.80. Sk 3MiHIOETbCA pi3HUUA eHeprid AE, .., =AE,,, —AE, cycinHix
CTaHiB aromMa BOAHIO Ta BOJAHENOAIOHOro ioHa 3i 3pOCTaHHAM OJOBHOTO
KBAHTOBOr0 yucnia n? Ski BACHOBKM MOXKHa 3poOHTH 3BiACH LOAO nepexony
JI0 KJIACHYHOT rpaHnLi?

6.81. B13Ha4uUTH NOBXHHY XBHII A BHNPOMiIHIOBAHHA, AKE BUMYCKAETHC
npH nepexoli ABivi i0Hi30BaHOrO aTOMa JIITilO 3 YETBEPTOro piBHA Ha ApYrHii.
6.82. YoMy nopiBHI00OTSH nepiui GopiBebki paniycu r ionis He*ra Lit 2

6.83. Crani Pinbepra ansa BoAHIO Ta refiilo JOPiBHIOIOTL BIANOBIAHO Ry =

=10967757,6 M~ i Ry =10 972 232,5 M™'. BcraHoBHTH BinHOWIEHHS myy/m, TA

Mye [ My, € My, My, M, — MACH BIANOBIAHO NPOTOHA, SAPA METItO Ta ENEKTPOHA

6.84. Meaknii kocmiuHHA 06’€kT mae BOAHENOAIGHMHA cnekTp, AOBXHHH
XBWJIb B AKOMY B 1| = 9 pa3iB kopoTili, Hi)k B aTOMapHOro BOAHIO. SKoMY
eJIEMEHTOBI HalleXHThb LEeH cnekTp?

FapMoHiYHWK OCUMNATOP

6.85. MaremaTH4yHHii MagTHHUK, NOBXHHA akoro /=9,8¢cM i Mmaca m=IT;

30IMCHIOE TapMOHiYHI KOJMBaHHA, amMmityaa konuBads A =1mMm. Skomy
30yKEHOMY €HEepreTMYHOMY PIiBHEBi 7 y KBaHTOBOMY TIyMAay€HHi BiZinoBi-
NAKOTH Wi KOJMHBaHHA? YH JOUINBHO PO3rasAaTi Ui KONMBAHHA 3 NOMIALY KBaH=
TOBOT MeXaHiK1?

6.86. I'apMoHiuHKit ocuMnATOp nepebyBac B CTaHi, NOJIOBHE KBAHTOBE YHCIO
sxoro n=3. Maca ocuuaaTopa m=9-10""kr, yukniysa yactora KomusaHb

@y =3-10"¢, Sxa knacnuHa ammiTyia A KONMBaHE BILNOBIAAE UBOMY CTaHOBI?

292



6.87. XBub0Bi QyHKUIT rapMOHiMHOr0 OCUKIATOPA B OCHOBHOMY Ta nep-
wowmy 36YZKEHOMY CTaHaX MaIOTh BUMIAA (%)= Aoe‘”zTa v, (x)= A xe*
ne o, Ay, 4, — crani. BcraHoBuTH 3HayeHHs eHepriii Eg 1 E), WO BiANOBiAAIOTh

M CTaHam, a TakoXkK cTani o, 4y, 4, .

6.88. XBniboBi (YHKUIT rapMOHIMHOTO OCLM/IATOpa B OCHOBHOMY Ta
nepuioMy 30YKEHOMY CTaHax MaioTh BUIIAA Y, (x) = Aoe“'z'ra v, (x) =A,Juce“”‘2
OGHUCIHTH CEPEIHE 3HAYEHHA KOOPAMHATH (X) rapMOH{4HOro ocuunsTOpa y
IHX CTaHAX i MOPIBHATH HOro i3 cepenHiM 3HaYeHHAM (xm) KOOpAHHATH 11HOrO
OCUMNATOpA 32 Mepio] Y KnacHyHOMY Bunaaky. OGUUCINTH TaKOX 3HAYCHHS

(x2> Ta Haf6iNbLL iIMOBIpHE 3HAYEHHA X; A1 LIMX CTaHIB.

6.89. XBuaboBi (yHKUIT rapMOHIYHOrO OCUMISTOpa B OCHOBHOMY Ta

e puomy 30yDKEHOMY CTaHaX MatoTb BUMISA, Yo (x) = A(,e““"2 Ta y, (x)= 4xe™
BCTaHOBNTH cepenHi 3HaueHHs notenujansHoi edeprii (Uy), (U;) rap-

MOHIYHOTO OCLM/IATOPa B OCHOBHOMY Ta nepluomy 36ymkeHoMy craHax. Yu
JIOPIBHIOIOTL BOHH cepeiHiM 3HaueHHSM KiHeTnuHoi eneprii (To) Ta (7)) y unx

cTaHax? Yu Mae TyT Micue piBHiCTb (U ) =U ((x))"

6.90. docnin noxasye, WO iHTEHCHBHICTh pO3CIAHOro cBiTna y pasi
NPOXOMXKEHHS CBIiT/a Kpi3b KPHCTAN 3i 3HWKEHHAM TeMnepatypu Tina
CIIOYATKy 3MEHIUYEThCH, @ NOTIM 3aNMILAETLCH HE3MIHHOMW. Po3rasnanoyu
aToMy y By3nax rpaTok KpUcTana sk rapMOHi4Hi OCUHNATOPH, MOACHHUTH Ue
sSIBUILE,

6.91. OuinuTy 4acToTy HYIBOBHX KOJIMBaHbL aTOMIB Y KpHCTaMi4HHX
T'DaTKax, NpUifHABILA AN MACKH aTOMa 3HAYEHHE m = 1072 kr, a g amniTy-

/M KONMBaHB — XapaKkTepHy MixaTOMHy Biaaans d =3-107"" m.

Npoxopxennn mikpouacTMHok
Kpiat noreHuiansHuik 6ap’ep

6.92. lna enextpoHa 3 eHepricto £ Bu3HayuTH: KoediuieHT nposopocti D
Horenyiansaoro Gap’epa 3apiumpiuku / Ta 3asBuiuku Up, aKiio 6ap’ep mae Bur-
130, 306paxcennii: a) Ha puc. 6.1, a; 6) Ha puc. 6.1, 6; koedilieHTH NPO30POCTI
D\, D, npamokytHoro 6ap’epa sasmpuuku &) = 0,1 um; b =05 um (aus.
PHC. 6.1, g ), akwo pisHuua exepriii Uy — E = 1 eB. O6uncantu koedillicHTH
B'ﬂﬁﬂm R nns npamokyTHoro 6ap’epa, 306paxenoro Ha puc. 6.1, a.
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Ulx) A

Puc. 6.1 Prc. 6.2

6.93. lllupuna npaMOKyTHOro noreHuianbHoro Gap’epa [/=0,5 um
(puc. 6.1, a). Pizuuua eneprit Uy — £ = 0,8 eB. Sk 3miHuTBCA KMOBipHiCTh
NpOXOMKEHHA €eneKTpoHa Kpi3b ued Oap’ep, AKWO PI3HAUIO eHepriii
36inbnTH B 9 pasis?

6.94. Anpo emitye a-yacTHHKy, eHepria akoi £ =5 MeB. MoxHa BBaxaru,
IO UA YacTMHKA NPOXOAUTh Kpi3b NPAMOKYTHHH noTeHuianbHuii Gap’ep
3agBHlIkKH Up = 10 MeB Ta 3aswupiku [ = 20 ¢m. BusHayuTn 218 yporo
6ap’epa xoediniesT npo3opocTi D.

6.95. Beaxcaiou, 1o AN enextpotis y Merani Uy — E = 10 ™ eB (puc. 6.1, a),
OLiHUTH BiACTaHb ly, Ha sKi# rycTMHA HMOBIpHOCTI NepeGyBaHHs ENEKTPOHA N03a
METANOM 3MEHLUYETLCA B e pasiB MOPIBHAHO 3i 3HAYEHHAM ii€T rycTHHH Gins
MOBEpXHi MeTany 3 BHYTPIlUHBOT YaCTHHH (LA BIACTaHb HA3UBAETHCA MHOHHOIO
NPOHHUKHEHHA).

6.96. BctanoButi koediuieHT npo3opocti D noTeHyiansHOro 6ap’epa ans
YaCTHHKH, Maca AKOI m Ta eHepria £, AKWO NOTeHLialbHa €Hepris YaCTHHKH

Ux)=U, (IT:.] , ne Uy, | — cTani (puc. 6.2).

6.4. KBAHTYBAHHA MOMEHTY IMNYNTLCY. CNIH ENEXTPOHA. ATOM

KpanTtynaiHs opOiTanbHOro MOMEHTY iMIYJIbCY €JIEKTPOHA
M,=h l(l+]). (6.4.1)

ae [ — opbitansHe kpaHTOBE uHCHO, /=0, 1. 2, ...
KpaHTyBaHH# CMiHOBOrO MOMEHTY iMnyabey (CniHy) eeKTpoHa

M,=hJs(s+1), (6.4.2)

. 1
Je s — CMIHOBE KBAHTOBE YHCIIO, § = 5"
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[pocTopoBe kBaHTYBAHHA OPGITAILHONO MOMEHTY IMIYJILCY eNIEKTPOHA
My =mh, (6.4.3)

ge m; —MaruiTHe kBaHTOBe uHCHO, my = 0,11 £2, £3, .., 1/ (ycsoro 2/ + 1 3uauens).
[MpocTOpOBE KBAHTYRANHA CIIIHY

M,=mh, (6.4.4)
K& m, — MarHiTHe CNiHOBE KBAHTOBE YHCIO, m, =:L-l :
KpautoBu# 3aKOH 10AaBaHHS MOMEHTIB
l=l+ly, h+b=bo, [L=b];m =m +m +..,  (64.5)
A¢ Iy, l; - uHCia, 9Ki BH3HAYAIOTE MOJY/Ii MOMEHTIB, 1110 AONAKTECH, 32 hopmynamH (6.4.1)

Ta (6.4.2).
Ksautypaiits noBHOr0O MOMEHTY iMIYJILCY €IEKTPOHA

M, =nJi(+1), (6.4.6)

AC J —BHYTpilllHe kBauTOBE WHCNO, j=/+s5, |/ -3|.

lpocropoBe KBAHTYBAHHA MOBHOrO MOMEHTY IMAYJILCY EIEKTPOHA
Mj: = th 3 (6-4.7)

AC M; — MarHiTHe BHYTpillHE KBAHTOBE YHCIIO,
OpGitanuuuii MarsiTHUI MOMEHT elleKTPOHA

W = pgyfl(I+D), (6.4.8)

B¢ Mg ~ Marneto bopa, pg =;—h= 0,927-10‘2" Jx/Th.
m

Tpocropose kpanTyBaHHs OpGiTANEHOrO MATHITHONO MOMEHTY EIEKTPOHA

Wi = W my. (6.4.9)

Crinosnii MarniThul MOMENT eneKTpoHa
by = 2ugs(s+1) . (6.4.10)
“POcropone KBAHTYBAHHS CIIHOBONO MarHiTHOrO MOMEHTY €JIEKTPOHA
My =2pgm, . (6.4.11)
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38’930k MK MOMEHTOM IMMYJICY (MEXaHIMHKM MOMEHTOM) Ta MArHITHHM MOMEHTQM
eneKTPOHA (ripOMarHiTHe BiAHOLICHHS g):

Ans opOiTanbHUX MOMEHTIB L -g = ol B : (6.4.12)
M, 2m,
; ; M, e
JAnst CiHOBHX MOMEHTIB M =—g =-— (6.4.13)

[Mpuuunn Mayni: ABi TOTOXHI YACTHHKH 3 MiBUiNUM cniHoM ({epMioHH ) B oaHifi cuc-
TeMi HE MOXYTb BOAHO4ac nepebyBaTh B 0ai10My # TOMY CaMOMY KBAHTOBOMY CTAHI.
[o3Ha4eHHA CTaHiB OXPEMHX ENEKTPOHIB:

(P8

l 0 1 2
CumBon s p d i g

Mosuui opbitanbHui MCxaHIuHKA MOMEHT aTOMa

M, =h,/L(L+1). (6.4.14)

ne L —nosHe opOitaibHE KBAHTOBE HHCNO.
Mpoekuia nosHoOre opGiTansHOro MeXaHiuHOr0 MOMEHTY aTOMa Ha BHAINEHY Bick (Bich OZ)

Mi.: =m;_h. (64!5)

€ mj;, — MardiTHe KBaAHTOBe YHcNo aromMa, —L <m; S L .
MoBHui# cninoBuii Mexadiuduil MoMellT aToMa

My =hS(S+1), (6.4.16)

zie S — noBHe CMiHOBE KBAHTOBE YHCO aTOMA.
[poexuis NOBHOMO CMIHOBONO MEXAHIYHOIO MOMEHTY aTOMa Ha BHAINEHY Bich

Mg, =mgh, (6.4.17)

1€ mg — NOBHE CNiHOBE MArHiTHE KBAHTOBE YHCNO, —S S mg < S .
3aKOH A101aBaHHA MEXAHIMHHX MOMEHTIB JUIA aTOMa

J=L+S,L+S-1, . |L-S]. (6.4.18)

MNosuult MexaHiuHHE MOMEHT aTOMa

M, =hJI(J+1), (6.4.19)

J€ J — NoBHE BHYTPIlLIHE KBAHTOBE YHCNIO aTOMA.
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[Mpoexuis NOBHOro MEXAHI4HOTO MOMEHTY aTOMa Ha BuAiNeHy Bick (Bick Oz)
M, =mh, (6.4.20)
j1¢ my— NOBHE BHYTPILIHE MarHiTHE KBaHTOBRE YKcho, —J < m; S J .

CrneKTpasibHi Mmo3HaueHHA aTOMHHX TepMmin: “(L),, ae % — MyAbTHINETHICTB, % = 25 + I;
L, S, J— KBaHTOBi YHCNia aTOMa!

L 0 1
Cumaon hY P |D |F |G |H

~
w
P =
Lh
=

MarsiTHHI MOMEHT aToMa

By = —gus,}J(J# 1}. (6.4.21)

MuoxuHk (pakrop) Jlanae ans atoma

J(J+1)+S(S+1)-L{L+1)
2J(J +1) '

g=1+ (6.4.22)

3ecMaHiBCHKe PO3IIENNEHHA EHEPrETHYHHX PiBHIB;
a) y cnaGkomy MarniTHoMy noni (cknanumii, a6o aHomansHui, ehekt 3eemana)
A.E=—g]..IBMJB. (6.4.23)

B — inayxuis MarHiTHoro noss;
6) y cunsromy MarsiTHoMy nofi (npoctuif, aGo HopmansHuM, edekT 3ecmana)

AE = —pg(m, +2mg)B. (6.4.24)
MMpasuna siaGopy KBAHTOBHX YHCEN NPH padiauifHUX nepexonax:
AJ=0, +5AL=0, +1; Am; =0, t1; AS=0;  (6.4.25)

SKWo AJ = 0, To nepexia m; = 0 — m, = 0 ne iadysaerscs.
Kopotkoxannsona Mexa peHTIeHiBCBKOTO BHNPOMiHIOBAHHS

o R, (6.4.26)
el/
ne U - pisnnus noreHuianie, 1110 npoiaeHa YaCTHHKOO.
3akon Moani
1 2f 1 1
—=R(Z-0) | =5-——5|; 6.4.27
A (F~a) (uz mz) ( )

A¢ R~ crana PinBepra; Z — 3apaa aApa; ¢ — crana ekpaHysauHs (am K-cepii 6 =0,97);
mT€Nm=23,..
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KsaHTyBaHHA MOMENTY imnynbey. Cnix

6.97. Un moxe Momyib OpbiTanbHOrO MOMEHTY iMMyJabcy M, 4aCTHHK
AOpPiBHIOBATH HYNEBi?

6.98. Cucrema CKNanacTbesa 3 ABOX €NeKTPOHIB, OpOiTanbHi KBAHTOBI 4u(
na skux  =1ma [, =2 . BCTaHOBUTH MOXUIHBI 3Ha4YeHHs opbitansHoro / g

MarHiTHOINO M; KBAHTOBHX YHUCEN CHCTEMH YaCTHHOK,

6.99. EnekTpoH y cTaHi 3 opbiTanbiim KBAHTOBHM YHCIOM [ =2 nepe
GyBa€ B OZHOpPIAHOMY MarHiTHOMy nonai. Aki KyTH o, 3 HanPAMOM Hanpy
KEHOCTI NONA MOXE€ YTBOPIOBATH BEKTOP MarHiTHOro MOMEHTY opOiTans
HOTO pyXy 4acTHHKH? BCTaHOBMTH BCI MOXJIMBI 3HAY€HHA MOBHOr0 MeXxa
HiYHOro MOMEHTY M, enexTpoHa Ta #oro npoexuli Mj; Ha BUaineHy BiCb.

6.100. 3uaiith BigHoweHHa AM|,,, /M, , ne AM,,, — pi3HKUA MK MOR)

NAMU OpOiTAIBHUX MOMEHTIB IMNYNbCIB HaCTHHKHM, 10 BIAMOBIAAIOTH CYCil
HiM 3HaYeHHAM OpOiTaNbHOrO KBAHTOBOIO YHCNA, TA 3pOOHTH BUCHOBOK L0
MOXIHMBOCTI Mepexoay A0 KJIacHUYHOI rpaHuui. Yu moauiuBHi Takuil nepexi
NS CNiHOBOrO MOMEHTY?

6.101. YoMy mopiBHIOE MOAY/Ib CMiHOBOrO MOMEHTY M, €JeKTpoHa
Slkux 3HaueHb MOXe HaOyBaTH CNiHOBE KBAHTOBE YHCJIO § CHCTEMH 3 JIBO.
eNeKTPOHiB?

6.102. Yomy s pocaimxenHs cninosux edexTis y aocaiai [LirepHa i Ief
naxa BUKOPHCTOBYKOTBCA aTOMHM ENIEMEHTIB MEpUIol rpyNnH nepioauyHOl CHE
TeMu enemMenTiB MenaeneeBa B OCHOBHOMY CTaHi?

6.103. IopiBaATH MOZYAb OPOITANILHONO MOMEHTY iMIY/BCY enexTpoHa A
B LEHTPAbHO-CHMETPHUYHOMY N0, Akuii Bianosigae dikcoBaHOMY 3Hauet
HIO KBAHTOBOrO YKcna /, 3 MAKCUMaNBLHHM 3HAYEHHAM NPOoeKilil Liel BeanyuHl
M; max Ha BUAiNEHY Bick. YoMy Ui BETHYMHH HE OPiBHIOOTb OHA OAHINA?

CraH enexrpoHis B aTomi.
BaraTtoenexTpoHHi aTomu

6.104. Y 30ymxeHoMy aToMi BOAHIO €NEKTPOH nepebyBace y cTaHi, opbitanbH
KBaHTOBE 4Hcyo akoro / =1. Bka3aTy MOXNHBI CTAHH LBOrO aTOMA B NMO3HE
YEHHAX CMEKTpalIbHUX TEPMIB Ta BCTAHOBHTH [UIA LHOr0 aTOMa MOXUTHBI 3HE
YEHHA BHYTPILUHLOrO KBAaHTOBOrO YMCA.

6.105. YoMy nopiBHIOE MYNLTHNIETHICTL % OyAb-AKoro crany aroma BOA
HIO TA BOAHENOAIOHOro ioHa? YHUM MOACHIOETHCA MOXOMKEHHA MYJbTUNAE
HOCTi cTaHiB GararoenekTpoHHOro atoMa? HaBecty enekTpoxHi koHdirypatk
aromiB Li, N, Ne, Na, Ca B OCHOBHHX CTaHaX.
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6.106. Atom nepebyBac y craHi, JjIA SKOr0 MyJbTUILICTHICT X = 3, a MOBHHEH
MEXaHiunni MoMenT M, = 71x/20 . YoMy mOPIiBHIOE BiANOBiHE KBAHTOBE yucno L?

6.107. OauH i3 BUICHTHHX EIEKTPOHIB aTOMa MarHito nepedysae B CTaHi, s
gKOrO FOJIOBHE KBAHTOBE YHMCNO 7 = 4. Bu3nauuty HaHOLIbLun NOBHUM MeXaHi4-
HHli MOMEHT atoMa M, HaBeCTH eNeKTPoHHY kOH(Irypauio Ta nmo3HayeHHs
CNeKTPAILHOIO TEPMY aTOMa, K1 BIANOBI AT BCTAHOBRIICHOMY MOMEHTOBI.

6.108. JosectH, 1110 OyAb-g1Ka 3all0BHEHA €NEKTPOHHA 000NIOHKA aTOMa He
pobuTH BHECKY 10 HOrO NNOBHOIO MOMEHTY IMIIyJIbCY.

B ka3 iB k a. Ckopucrarucs npuuuunom [Nayni Ta KBaHTOBHM 3aKOHOM
nopaBaHHsi MOMEHTIB (6.4.5), (6.4.18).

6.109. Yomy nopiBHtoe MHoXHUK Jlanae g: a) A1 Oyab-AKOr0 CHHIJIETHOrO
CraHy atoma; 0) Oyab-akoro S-CTaHy atoMa; B) 2@2-, 2pr-c'raﬁiﬂ; r) °B-, 31'3-
CTaHiB?

6.110. Br3na4uTh MardiTHHH MOMEHT fL; aTtoMay 2D3/2- " 2&,2- CTaHax.

6.111. Banentuuit eeKTpOH atoma HaTpilo nepedysae B CTaHi, JUis IKOTO
rONIOBHE KBAHTOBE YKCJIO 7 = 3, MaKO4H NpH ubOMY HalbinbLmi MoXxTUBHH Y

LIBOMY CTaHi MarHiTHHU# MoMeHT 1, YoMy BiH aopiBHIOE?

6.112. Busnauuti noBunit Mexauiunuii MoMeHT M) aToMa B cTaHi, B AKO-
My KBAaHTOBi 4HcCJ]ia NOBHOro cniny S = 3/2 Ta noBHOro opbiTanbHOro MOMEH-

TY L =2, aKio MardiTHUit MOMEHT atoMa H; =0,

6.113. YoMy GaraToeNeKTPOHHI aTOMH MalOTh EJIEKTPOHHI 0DONOHKH, AKI
3abynoBasi He NOBHICTHO?

ATom y marsiTHomy noni.
Edexr 3eemana

6.114. JIns sKUX aTOMHHMX CTaH{B CMOCTEPIiracTbCs OAHAKOBA KapTHHa
DO3LENIeHHs eHEPreTHYHUX PiBHIB aTOMIB y CHIbHOMY i cnabkoMy MarHir-
HUX roaax? Jna AKUX CTAHIB 36€EMaHIBCHKE PO3LIETUICHHS EHEPreTHYHUX piB-
HiB aToMiB 3yMOB/IEHO HAABHICTIO TiIbKH CIIIHOBOrO MOMEHTY?

6.115. Yu mae micue 3eeMaHiBChKe pO3LISMUICHHA CHEPreTHYHMX PiBHIB
ANR peskoro D-crany atromMa?

6.116. [Mpupoaue poswenaeHus piBHs, WO BiANoBiAae 2p_crany atoma Bo-
AHIO 3 n = 2, cTanoBuTs AE~107 eB. IMopiBusTh enepriio psB, W0 XapakTe-
PH3ye 3eemaHiBchbke PO3ILEMJICHHA B MarHiTHOMY Mofi, iHAyKuis sxoro B =
=10 MTx, 3 npupoaunm posiennennam pius. Skuli edexr 3eemana — npoc-
THil yn cxnanumit — cnocTepiraeThes npH UBOMY?
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6.117. Ha ckineku piBHiB PO3LUETITHOETHCS piBeHb, IO BIANOBIAAE qun-cram-
aToma HaTpilo, B MAarHiTHOMY noJi, inaykuis skoro: a) B=5Tn; 6) B=0,5 Ta,
Iins >P-crany cnaGKuM BBaXAETHCA NMONE, iHAYKLis sikoro B <4 Ta.

PeHTreHiBCbKke BUNPOMiIHIOBaHHS.
PeHTreHiBChbKi CnekTpu

6.118. Jlo peurreniBcbkoi TpyOku npuknaaeHo Hanpyry U = 40 xB.
Bu3HauYMUTH KOPOTKOXBUIBOBY MEKY Amin CYLIBHOTO CHEKTPA,

6.119. BukopucTOBYIOUH PEHTreHiBCLKY TpyOKy Hanpyrmo U = 50kB,
Bu3HauuTu ctany Inavka h. KopoTkoxeunbLoBa Mexa CnekTpa Amyip= 24,8 nm,

6.120. Bu3HaunTn MakCUMAaNbHY LIBHAKICTb €NEKTPOHIB Uypax, IO AOSITas
I0Tb 10 AHTUKATOAA PEHTIeHiBCbKOT TPYOKH, K10 KOPOTKOXBHJIBOBA MEXA
PEHTIEHIBCbKOrO CNEKTPa Amip = 2 HM.

6.121. VY pentreniBcbkiii TpyOui anTHKaTon 3poGnenuii i3 HioGito. BusHauu-
TH JOBXHUHY XBWJi A Ta eHepriio kBaHTa € Ans Ky -nixii. 3a axoi HaliMeHLIOl
pisHuLi norenuianis Upi, 30ymxyerbes K-cepin?

6.122. JlocnimKkytouu NiHii4acTHil PEHTreHIBCbKUA CMEKTp AeAKOoro
e1eMEeHTa, BCTAHOBWIH, LLO AoBXHHA XBWIi K -niHil cTaHoBuTh A = 22 nM.
SAknii ue enement?

6.123. Slkuii cnexTp — ONTUYHMUIA YN PEHTIEHIBCLKUI — Cllig BUKOpUCTATH
AN BU3HAYEHHS MOPAAKOBOrO HOMEpa XiMi4HOro eneMeHTa B nepioanuHiii
cucremi enemenTiB Menaeneesa?

6.6. MOREKYNA

BaneHTHICTb XIMIYHHX €/leMEHTIB
= 2§, (6.5.1)

ae S~ CITiHOBE KBAHTOBE YHUCJIO aTOMA.

OGepTanbHa eHepria ABOXaTOMHOI MOJIEKY/IH
2

E. = %r(r-i-l), (6.5.2)

ne I — MOMEHT inepuii MONEKYH BiiHOCHO OCI, IO NPOXOAXTH Yepes Ti neHTp inepuii; »—ii
obepransHe KBaHTOBE YHCNO, AKe HalyBsae 3Hauens 0, 1, 2, ...
[Tpasuna BinGopy npu 00epTaNbHUX NEPEXORAX:

Ar=0, t]. (6.5.3)
KonupansHa eHepris ABOXaTOMHOI MOJIEKYIH
E, = hm(u+%], (6.5.4)
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; ; ’ k "
g€ (0 — BIACHA YacTOTa MAJIMX KO/IHAaHb aroMia y MOekylli, @ = = , TyT k — KoediuieHT
H

,opcrxocri MONeKy/IH, i — 11 3ae[ieHa Maca; v — KONUBANbHE KBAHTOAe YHC/IO MOJIEKY T,

Buaw ximivHoro 3s’asky. BaneuTHicte

6.124. Ski ekcnepuMeHTanbHi pakTH CBiAYATH NPO TE, LLLO YTBOPEHHS MO-
nekynt BiOYBAETLCS 3aBASKM B3a€MOil 30BHIlUHIX eNeKTpoHiB aTtomiB? 3o-
6pasuty (MpubaAN3HO) rpadik 3anexHOCTi NOTEHLIANbHOT eHeprii MiXKaTOMHOI
p3aeMo/lil Bifl BiaAani Mixk aromamu. Akuii QizuyHuMiA 3MicT Mae Bianans, Ha
AKi¥i LA eHepria € HaiimMeHo1o? ' ;

6.125. Y yoMy nonsrae MexaHizM ioOHHOTO Ta KOBa/leHTHOrO 3B’A3KiB NpH
yTBOPEHHI Monekyn? Yu MokHa MOACHUTH BUHUKHEHHA KOBAIEHTHOIO
38’A3KYy B MOJNIEKy1aX KInacuuHUM crnocobom?

6.126. Enepris ionizauii aroma natpito U, = 5,1 B, a enektpoHsa cnopia-
HeHICTb ANIA XJopy (eHepris, Lo BUAIASETLCA NiJ 4aC YTBOPEHHS BiA'€EMHOMO
iona xnopy) U, = 3,8 eB. [NoresuianbHa eHepris CUCTEMHU IOHIB Y AEAKOMY
0,874 Né?
47[80 ro
ionis 060X 3HakiB y nauomy 00’eMi; ro — piBHOBaXKHA BiaAanb MK ioHamMu
HaTpiio Ta Xnopy B kpuctaniyuux rparkax NaCl, rp = 2,810 1%\, Slka euepris E
BHAUIAECTBCA MiJ 4ac yTBOPeHHs oaHoro Monsa NaCli?

6.127. Sk nanpsAmaeHi CNiHOBI MOMEHTH ENEKTPOHIB Y MONEKY i BOAHIO —
NAPANENbHO YU aHTUNApaneNnbHO OJAUH OAHOMY ?

6.128. BuzHauuTH OCHOBHY BANIEHTHICTb Z ENEeMEHTIB APYroi rpynu (Jiyx-
HO3eMESTbHI e1eMeHTH) Ta NOSCHUTH MeXaHi3M il BUHUKHEHHA. YoMy eneMen-
TH TPETLOi rpyNn MOXYTb GyTH SK OAHO-, TAK i TPHBANEHTHUMH?

vakpockoniynomy 06’emi kpuctana NaCl U = - , e N — KinbKicTb

O6eprancHi cTaHu ABOXaTOMHUX MONeKyr

6.129. Monexyna “®Hg”Cl emitye doroH, foBkMHa XBHIi AKOro A =
= 4,4 cM npu obepranbHOMy nepexojli 3i CTaHy, B ikoMy o0epTansHe KBaHTOBE
4NENo 7= |, y ctad r = 0. Busnaunti MbkaroMHy Binnane ¥, UIET MONEKYH.

6.130. Beaxkatou, uio monexyna CO € »opcTKOIO Ta Maloyy Ha yBpasi, 1o
711 oSepranbHoro ne?exo,uy r=0-—r=13’4Bn3€THCH NiHif NOTIHHAHHA HA
HaCToTi v = 1,153-10" Iy, eM3nauntn MoMeHT iHepuii / wi€l Monexynu Ta
OUIHKTH i po3mipu.

6.131. O6uncnuty eueprii E, naiinmkyux 4oTupboX 36ymkeHux obep-
TaNlbHUX enepreTHYHUX CTaHiB MoneKyn BoAHio Hy Ta aelitepito Dy, Baxary,
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WO BiZAAATbL MiXk aToMaMu BOAHIO Ta AeiTepilo y BiAnoBiHi# Monekyni ry=

=74107" m.

6.132. Jna monekynu O, oGepransHa eneprisa E, = 2,16 meB. BuzHauntn
MOMEHT iMNyAbCy A i€l MofeKynu BiAHOCHO Ti OCi CUMETPIT, KLLIO MiXKaTOM-
Ha BiAAanb AN Hel 1y = 1,207-107"% m.

6.133. O6uucnutu Temneparypy 7T, npu aKifi seauunna kT nopiBHIOE eHep-
rii nepexois, o BiANOBiAAOTE 0GepTanHIO Monekyau Hy HaBkono ii oci ey
meTpii. [puitHaTH, WO MiDkaToMHa Bignanb ry = 7,4:10 .

KonueanbHi CtaHn ABOXaTOMHUX MONeKyn

6.134. Koedinient xopcrkocti monekynu HCI &, =516 H/m. Yu nepebysa-
THME LR MOfeKyna B nepuioMy 30yIKeHOMY KONHBAIBLHOMY CTaHi MpH KiM-
HaTHiil Temneparypi?

6.135. Anpo nefitepio Maitxke BABIYI NEPEBHLLYE 33 CBOEIO Macolo AAPO 3BU-
yaifHoro BofHI0. fAka 3 Monexyn — Hy un HD — Mae Ginbily eHeprio konusaHb?

6.136. Beaxaiouu, wo monekyna H, noeoauth cebe sk rapMoHIYHMIt
ocuunsTop, koediuieHT xopcTkocTi akoro k; =516 H/m, Bu3Haunth konu-
BanbHe KBAHTOBE YHCAO U, SKE BiANOBiac Horo enepril aucouiauii £; = 4,5 eB.

6.137. OGuucautn temneparypy T, npu akiii sennuuHa kT AOPiIBHIOE
eHeprii konupanbHUX nepexoniB Monekyiu Hx (koediuieHT KopcTKOCTi
monekynu k; = 516 H/m). .

6.138. KoediuieHnt xopctkocti & monekynu HF popishioe 966 H/m.
BU3HA4YMTH €Heprilo HyIbOBUX KONHBAHb Ky i€l MOleKy .

6.6. ENEMEHTU KBAHTOBOI CTATUCTUKW

Cepeans KiNLKIiCTL YaCTHHOK, 1O NPMNANAE HA OQMH KBAHTOBMH CTaH,

(n)=——, 6.6.1)

o
et +1

Jie €,— CHEPrif i-ro CTaHy; | — XiMiYHMH NOTECHUIAN CUCTEMH YACTHHOK; 3HAK MUIIOC BLAMNO-

pizae craructuui @epmi — Jlipaka, 3nak Minyc — crarucrnui bose — Eiinmrefina.
KinskicTh KOMIpOK B eleMeHTi 06’eMy ¢a30BOro npocTopy OAHIET YAaCTHHKHU Y KBaHTO"
Bijf CTaTHCTHLI

dr =dvav, [, (6.6.2)
ae dV, — eneMenT 00’€My B IPOCTOPI iMNynBCiB.
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KinekicTh 4aCTHHOK B eNeMeHTi 06°emy (hazoBoro npocropy
dN=g(n)dr, (6.6.3)

¢ g~ KpaTHICTh BHPOIXKEHHA CTaHy, g = 25+ |, TyT 5 — CNiH Y2CTHHKH.
KinekicTb 9acTHHOK B 00’emi }* 3 eHepriamit, wo Hanexarts iHTepBanosi €, e+de:
3 1

1 @2
dN =_£Vm glde (6.6.4)
ﬁnzh:‘i -
et +1
XimiyHui norenuian y sunaaky crarucriki @epmi — dipaka npu 7 = 0 (erepria @epmi)
2
#* (3nn)?
Ep = o (6.6.5)
J€ n — KOHUCHTpaUia pepMi-4acTHHOK.
Temneparypa BUpoaXeHHA incanbiioro pepMi-rasy
E
T, = -L, 6.6.6
. . (6.6.6)
Temneparypa supomXeuHa izeanbHoro 6ose-rasy
2
2,3
T, = -3—3-'f’-f- . (6.6.7)
gﬂimk

Axuwo remneparypa cucreMu T > T, , ra3 nesupomkedmii, Akmo 7" <7, —~ BUPOMKEHH,

akwo 7= 0, T0 ra3 NOBHICTIO BUPOIKEHHUHA.
Dyukuis po3nosiny pepmi-uacTuHOK 3a enepriamMu npu 7=0

fe) = -;-a,.-[—g-:—)z. (6.6.8)

Ep

3arankHi BIAOMOCTI NPo KBaHTOBY CTaTUCTUKY

6.139. fikoi0 CTAaTHCTUKOIO ONMUCYETHCH CUCTEMA, 10 CKNAJAETHCA 3 TAKUX
YaCTHHOK: a) eAekTpoHiB; 0) ¢oTOHIB;, B) ®-4aCTHHOK; TI') aaep AeHTepito;
R) aToMiB feiiTepilo; €) aToMiB BOAHIO?

6.140. Y yomy nonsrae 3MicT BhyHKLIT, 1110 BU3HAYAETHCA PiBHICTIO (6.6.1)?

6.141. Tosecty, wo ans cratuctiku epmi — dipaka Bupas (6.6.1) moxna
TNYyMauuTH Ak iMOBIPHICTb 3HAXOMKESHHA (QepMi-4aCTUHKM B OJHIH KoMipwni

BOI0 NpOCTOPY OAHIET YaCTHHKW. Y1 MOXKHA AAaTH Take TAYMaueHHH Ais
Cratuctuku Bose — Efinureiina?

6.142. Onepxxaru HopMoBaHi kBaHTOBI yHKLIT posnoainy depmi- Ta Gose-

HacTuHOK 3a eHeprisMu, BUKOPUCTOBYIOUH BUpa3 (6.6.4).
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6.143. Kopuctyiounch CriBBLAHOLLIEHHAM HEBU3HAUEHOCTeH I KOOPAMHAT Ta
iIMITY/IBCIB, A71s BiNbHUX 4aCTMHOK B 00’€Mi IV HaBecTd Bupas ans 00’emy AU ene-
MEHTApHOI KOMIpKH Y (hasoBOMY MpOCTOPI OAHiEl YACTHHKK Ta BU3HAYMTH Kine-
KiCTh KOMipOK JI” 3 YaCTHHKaMH, IMITY/IbCH SKMX HANEXaTh iHTEPBANOBI p, p+dp.

Cratuctuka ®@epmi — [lipaka

6.144. Busnauuty QyHKUIIO PO3NOAINY BiIbHUX ENEKTPOHIB 3a WBWAKO-
cramu f{v) Ta BiAHOUIEHHS TX CepeaHboi weMakoCTi (V) 10 MakcumanbHof

Umax 33 YMOBH, 110 T =0 K.
6.145. Busnauntu npu T = 0 K ¢yHKUil0 po3noainy BiIbHUX e/I€KTPOHIB y
metani 3a ae6poiiniBCbkuMN 2OBKNMHAMHU XBWUIb {A), a TaKOXK CepeaHio (?«.)

Ta CepeaHIO KBaAPaTHYHY (Az) AeOpoiNiBCbKI AOBXNHN XBHJII.

6.146. KoHueHTpalis BiNBHUX €NeKTPOHIB y Miai n = 8,5-10% M. Yu Oyne
eNeKTpOHHuU#A ra3 y Mili BUPODKEHUM NpH KIMHATHIH TeMnepartypi? I1pu akii Tem-
nepatypi T BiA0YBaETbCH Nepexiil Bi/i BAPOIKEHOrO CTaHy 10 HEBUPOHKEHONO?

6.147. Ckinekn BIiACOTKIB 1) BilbHUX eneKkTpoHiB y metani npu T’ = 0 K
MalOTb KIHETHU4YHY €HEPTiIO, L0 MEPEBULILYE NOJOBHHY MAaKCUMATbHOI?

6.148. BcraHOBUTH KiNBKICTb BiIbHUX €NEKTPOHIB z, LI0 NpUnanac Ha
onuH atom Hatpito npu T = 0 K, axuio exepris ®@epmi ans Hboro g = 3,07 B,
a ryctuta p = 0,97-10° kr/ M.

6.149. Knacuunuii, aGo HeBupomXeHuii, ra3 3a CBOIMM BIACTUBOCTAMH
THM OJmXKYe 10 iZeansHOro, YAM MeHula ioro ryctuda, 7o0To yuM Ginbilua
Bil#aNMb MiXK 4acTHMHKamu B LboMy rasi. Un Oyae ue TBepAKEHHS CIyIHHUM
A1 BHPOMKEHOT0 1eKTPOHHOIO ra3y?

6.150. [To axoi Temnepatypu T Clii HarpiTH KNacUYHUiA eNeKTPOHHUIA ra3,
o0 cepeaHs eHepris (e) iOro enexTpOHiB AOpiBHIOBaNa cepenuiii eHepril

BiJIbHUX eNekTpoHiB y miai npu T’ = 0 K? BeaxaTH, L0 Ha KOXKHUE aTOM Miai
npunajzac OauH BiJIbHUI eNEKTPOH.

Cratuctuka Boae — EfiHwTenHa

6.151. Kopucryiounce po3noziiom bo3se — EifHiTeiina, foBecTH, 110 XiMil-
Hull noTeHUian rasy, AKHMA CKIafacTbCs 3 003e-4acTHHOK, BiA’eMHMiA abo Ao-
PiBHIOE HYNEBI.

6.152. OGuncnntu Temnepatypy Bupoikenus T, M renito, KoHUeHTpauis
aTOMIB B SIKOMY BIAMOBIJa€ HOPMANLHUM YMOBaM, Ta /i €1€KTPOHHOIO ra3y
B cpi6ni koHuenTpauieo n = 6-10% m 2,
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6.153. Kopucrytouucs dopmynoro INnaunka (6.1.2) ans cnexrpansHoi ryc-
THHU EHEPrii Moss piBHOBAKHOIO BHIIPOMiHIOBaHHS, oaepxaTH Bupa3s (6.6.1)
NS Cepeinbol KifbKocTi (POTOHIB, WO NpuUNafac Ha OAMH KBAHTOBUH CTaH.
YoMy AOPiBHIOE XiMiuHKH noTeHUian GpoTOHHOrO rasy?

6.7. ENEMEHTW KBAHTOBO! ENEKTPOHIKU

IMOBIpHICTE NEPeXORiB KBAHTOBOT CHCTEMH 32 ORMHMLIO Yacy MiX pisuem | Ta Giasiu
BHCOKHM piBHeM 2:
a) AnNA CNOHTaHHONO BUNPOMiHIOBAHHA

Wien = A1 s (6.7.1)
je Ayy — koedinient EfHITeiHa ANA CNOHTAHHOTO BUNPOMIHIOBAHHA;
6) Ana BUMYLLIECHONO MOHOXPOMATHYHOIO BUNPOMIHIOBAHHA TA NOrNTMHAHKSA

w, . =Byu (0,7); (6.7.2)

w, =Bau(aT),
B3, By, — koedinientu EfiHureina ang BUMYyLIeHOr0 MOHOXPOMATHYHOTO BUNIPOMiHIO-
BAHHA Ta MOTTHHAHHA; () = W3 ~ Y4CTOTH NEPEXOAYy MiXk PiBHAMH; u(w, 7) — cnekTpansHa
I'ycTHHa eHeprii nons BUIIPOMIHIOBaHHA.
3p’430K Mixc kKoediuienTamy Efnmreina:
hmg,

i
u C

By, 8281 = g1Bs (6.7.3)

JI€ ¢ — WBHAKICTE CBITNA y BaKYyyMi; 2|, g2~ KPATHICTE BUPOIKCHHA BIANOBIAHKX PiBHIB.
Cepenniit 4ac xHTTA cucTeMH y 30y KEHOMY CTaHi

p (6.7.4)

9

W
/1€ w — iMOBipHICTE nepexoay ii 3 AaHOTO CTaHy 40 OCHOBHOTO,
BinxoweHHA 3aCENEHOCTEH ¢HEPreTHYHUX PiBHIB

Ey-E,
m(E) _ & TF (6.7.5)
m (E) &
ne m(E), ny( E) — 3acenecHOCTi BiANOBIAHHX PiBHIB.
3axon Byrepa
I=le™%, (6.7.6)

M€ Iy — iHTeHCHBHICTH MOHOXPOMATUYHOIO BHNPOMIHIOBAHHA, IO BXOAWTE ¥ NOrHHANL-
HITi1 Wap; [ —~ iHTeHCHBHICTL UHOr0 BUNPOMIHIOBAHHA NICHA NPOXOMKCHHN WAPY PEHOBHHH
3ABTOBUIKH [,

Chnextpansuuit xoeiuieHT nornuxansa
a= ch&)(nlfgl — Ny /gg)Blz, (6'7-7)

A€ ¢ - crana; o — uMKNiYHA YaCTOTa BUNPOMIHIOBAHES; ), Ny — 3ACEREHOCTI PiBHIB eHepri
E TakE,
I 0
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3B’A30K MiXK JOBXKHHOIO XBHUIIi JTA3EPHOrO BUTNIPOMIHIOBAHHS Ta JOBXHHOIO ONTHYHOrO
pe3onaropa:

IJ = po— 6.7.8
m3 (6.7.8)

ae m — Uij1e 4ucno.
YacToTa 3MiHHOrO MardiTHOTO Nons, npy Akii BinOyBacrbCs PE3OHAHCHE NOrMKIAHNA
eHepril YaCTUHKOIO, L0 MICTUTECA B CTAIOMY MarHiTHOMY noi, IiWtyKuis skoro By,

0= g-z-‘i-n-a , (6.7.9)

Je e — 3apaf YaCTHHKU: m — 11 Maca; g — MHOXCHHK JIaHAe 4acTHHKH.

CnoHTaHHe Ta BUMYLIeHe BUNPOMIHIOBaHHA.
Koedbivienm™ EAnliTeAHA

6.154. Ilepexia aToMiB BOAHIO A0 OCHOBHOIO CTaHY CYNPOBOMKYETHCH
BHIPOMIHIOBAHHAM, NOBXKHHA XBHAI IKOrO A = 656,2 HM. 3a AKH#A Yac ! inTen-
CHBHICTb CMIOHTAHHOIO BHIIPOMIHIOBAHHS AEAKOI MacH BOAHIO 3MEHLIWTLCH B
N = 2e pasis? Sk npu UbOMY 3MIHUTHCA KiIbKICTD '36_?'1[)!{3!{]4}( atomiB? Koedi-
uieHt Eiiniureiina ang aavoro nepexony A = 6,7°10 ¢

6.155. AToM pPTYTi CNOHTAHHO BUMYCKAE BUNPOMiHIOBAHHS, JOBXKHHA XBUAi
akoro A = 253,7 HM. Cepensiii yac nepeGyBanug aToma pTyTi B 36ynﬂceﬂomy
crasi T = 9,8:10"% c. Buzuauurn kinskicrs N 30yDKEHUX aTOMIB PTYTi, AKLIO
MOTYXXHICTb Bunpommosanua P =25 mBr.

6.156. T'azonozi6uuii NiTii, wo Mictuts N = 3,0-10'® aromis, mae Temnepary-
py T = 1500 K. Cepeaniii yac %uTTs atoma nitiio B 30yKeHOMY CTaHi, BUXiA 3
AKOrO CYNpOBODKYETHCH MNEpexoaoM 2p—2s 3 BUMPOMIHIOBAHHAM RiHil A =
=670,8 um, T=0,07 Mxc. Busnaunm noTy>kHicTb P BUNPOMIHIOBAaHHS L€l NiHil.

6.157. Joexuua XBuni pesoHaHcHoi NiHii niTito A ana nepexony Zp—2s.
nopisxtoe 670,8 nM. BcTaHOBHTH ChiBBIAHOWEHHA KiAbKOCTI 30ymKeHNX
aToMmiB rasonoAibroro NiTito Ao KiAbkocTi He3byaxeunx npu I'= 1 500 K.

6.158. Yu moxua cnocrepiratu inTepdepeHuito BUIIPOMIHIOBAHHA, [KE-
penamu AKOro € pi3Hi aTOMM, AKLLO BOHH BHIIPOMIHIOKOTH CIIOHTaAHHO?

6.159. Beaxatouu pitomumu koediuientn Efinwuteiina, Busectu dopmyny
(6.1.2) ans cnekTpanbHOl ryCTHHY eHEprii BUNpoMintoBausa abconoTHo Yop-
Horo Tina u(®,T).

OnTuyni kBanToBI reHepaTopw Ta niacummosayi

6.160. Amiaunuii nasep — ue NPUCTPIF ANA renepyRaHHs €IEKTPOMArHiTHIX
XBWIb MiIMETPOBOIO AianasoHy. oro fist rpyHTYEThCS Ha BNACTHBOCTIX MONEKY-
au amiaky NHa. Liio Monexyny moxkHa po3risaaTv sk Terpaeap (puc. 6.3), y Tpbox
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pepLUMHAX SKOTO MICTATLCS aTOMH BOJHIO, a B OAHI#A — asoty. Ipunycmimo, wo
MOMEKY/1a MOXKE TUIbkKM ODeprarucs HaBKONO OCi CMMETpIl i 11 KONMBAHHS Jyxe
cnabki. Y upoMy pasi MOXKHa NOBOPUTH MO JIBA CTALliOHAPHUX CTAHU MOJIEKYAU —
atoM BOAIIO MOXe nepedyBaTd no pi3Hi CTOpPOHM MNOLMHH, fKa MICTUTL aTOMU
poaHio. 1lum crasaM BianosigaloTs pisHi OpieHTalil eNeKTPUHHONO AMNONBHOIO
MOMEHTY MONEKyIu p. AK MOXHA 3a J0NOMOINOK0 30BHILIHLONO EJIEKTPHYHOIO
110/ CTBOPUTH IHBEPCHY 3aCEeEHICTb eHepreTHYHHX PIBHIB aMiauHoro nasepa?

6.161. Homy naszepHa reHepauis MOXNHBa TiNlbKM y KBAHTOBUX CHCTEMAX,
AKi MaloTb Ginbllue HiXX Ba eHEPreTUYHUX PiBHI?

6.162. Axy ponb y nasepi BifirpaioTh A3epkana pezoHatopa? 3a BUKOHaH-
Hf K01 YMOBH ¥y pe30HaTopi BIAGYAETbCA Nna3epHa reHepauis?

6.163. MoTy>XHICTL BUNPOMiHIOBAHHA Na3epa CKOHLEHTPOBAHO B Mexax
AY)Ke BY3bKOI CnekTpanbHoi Jinil. Y1 Mae ue Micue y 38HualfHuX KIacnyHMX
JoKepenax BUMpoMiHioBaHHA? SIK 3MiHIOETECA MOHOXPOMATHYHICTb 1a3€pHOrO
BHITPOMIHIOBAHHS 31 3pOCTaHHAM NOTY>KHOCTI HaKayyBaHHA?

6.164. JIns 36inbllieHHS MOTYXHOCTI 1a3€pPHOr0 BUMIPOMIHIOBAHHA KOPHC-

bCA METOJIOM MOAY/NLOBaHOT AoBpoTHOCTI. Y YoMy BiH nonsrae?

6.16S. Ski kBaHTOBI nepexoad BUKOPUCTOBYIOTbL y MonekynspHux CO,-
Jasepax?

6.166. Sxwii nazep — TRepAOTINbLHUIA Y1 ra3oBuit — Tpeba BUKOpUCTATH ANS
OZep)KaHHs BUIPOMIHIOBAHHA, 1O MA€ TaKi BJaCTHUBOCTI: @) NOCTPY Hanpam-
JeHICTb, BUCOKUH CTYNiHb MOHOXPOMATHUYHOCTI TA CTabiNLHOCTI YaCTOTH BH-
NPOMiHIOBaHHS; §) BEAUKY IMIYNLCHY NOTYKHICTL?

6.167. CeiTnosanekoMipyn BUMipAIOTb BiACTaHI 32 4aCOM NPOXOMKEHHS
IHX BiacTaHeH cBiTnoM. Jng usoro Tpeba BU3HAUUTH LWIBHAKICTL CBITIA UV Y
cepenoBuLL, sKa AOPiBHIOE ¢/n, A€ N — NOKa3HUK
3/10MNEHHS cepeloBuIa. [ToscHUTH, YOMY BU- @
KOPHUCTaHHA Na3epHUX CBITNOAANEKOMIPIB 3HAUHO
IIIBHILANO TOYHICTL BUMIPIOBAHHS BiJICTaHI. -

6.168. BusHauity pisHuo Av MiX cyciaHiMu ;o
BIACHHMH YyacTOTaM¥ Ppe30HaTopa Y rellieBo-HEeo- / [ \
HOBOMY Jiazepi 3 JOBXKHHOK pe3oHaropa L = 1 M, Ta |
MOPiBHATY i 3 NPUPOAHOIO LLIMPHHOIO CIEKTPAILHOT 1
miHil Avy, 5Ka 38°53aHa 3i CKiHYEHHNM 4acoM XKHTTS
4TOMa Ta MoneKyM B 30yIKeHOMY CTaHi.

6.169. Ouinutu HOBXKMHY KOrepeHTHOCTI /
re1i€Bo-HEOHOBOTO Na3epa, AKMil NeHepye BUMpO- - i
MIHIOBAHHY 3 JOBXKMHOIO XBUNi A = 632,8 HM, inbepcll
SIKIIO LA NiHis Mae wupuny Av =10° ', Puc. 6.3
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MarHiTHui pesonadc

6.170. Y yoMy nossratoTh SBHLIA: €NEKTPOHHOIO CMiHOBOFO PE30HAHCY;
eJIEKTPOHHOTO NapaMarHiTHOrO Pe30HAHCY; SAEPHOr0 Mar#iTHOrO Pe30HAHCY?
Y YoMy nongrae iies BUKOPHCTAHHS METOAY MarHiTHOIO Pe3OHAHCY ANA
AOCNiKeHHS aTOMHUX Ta MONEKYISPHUX CTPYKTYp?

6.171. ¥V nocnini Pa6i (puc. 6.4) maruitu A Ta C CTBOPIOIOTb HEOJHOPiHE
none 3 NPOTHAEXKHUMH HanpsMamu rpagiesTtie nonis. Ipoxoasuu kpiss Heosn-
HOPpI/IHE MONIE MarHiTy A, YaCTHHKA BiAXWJISETLCA TakK, IO BOHA HE MOXeE fo-
TpanutH Ao npuiiMayua P. lle BiAXuneHHs MoXe KOMNEHCYBATUCH NOJIeM MarHi-
Ty C, iKe BiAXWISE YaCTUHKY B NPOTHNEKHOMY HanpsMi. 3aBAsSKN LBOMY BOHA
noTpaniise A0 npuiimaya, 9k ue Oyno 6 y pasi pyxy B3AOBXK NpAMOT JiHii.
Y npoctopi B npuknaneHe AOJATKOBE MNOCTiiiHe MarHiTHe none By Ta cnabke
3MiHHE fone B', ke CNpoMOXHE MEPEeKUHYTH MarHiTHUA MOMEHT YACTHHKH.
Buacnifok uboro BiAXuieHHs YaCTUHKYU Y NOMti A He KOMIEHCYBATUMETHCH Bil-
XUNeHHsAM Y noni MardiTy C, TOMy 4acTHHKW He NOTpanafioTs A0 npuiiMaua P.
YacToTa 3minnoro noas v = 21,2 Ml 'y, cnitoBe ripoMarsiTHe CniesiqHOLIEHHS
LI MPOTOHA CTAHOBUTB g = 2,79. O0unCANTH 32 UMMH JaHHMHU IHAYKUIKO NONS
By. Ak cnrin amiuvTH Yyactoty noas B’ y ubomy nocniai, wob soua Gyna peso-
HAHCHOIO Jy1f HEHTpOHa, AKiLo Ans Hboro g,= 1,937

S A v

______ Gz — _______‘C__J.g_ =

Puc. 6.4

6.172. Enektpod MIiCTMTBCS B CTANOMY OJHOPIAHOMY Mar{iTHOMy noni
(B = 1,5 Tn). BusHauutu UuKIIYHY 4aCTOTY ® 3MIHHOIO MONA, MPH AKiK Big-
OyBa€TbCA Pe30HAHCHE NOrMMHAHHA EHEPril ENEKTPOHOM (AN BilLHOTO ejeK-
TpoHa g, = 2).

6.173. ﬂnepunﬁ MarsiTHU Pe30HAHC ANA Anep “p crniocTepiraeTbcs np#
4yacToTi 3MiHHoro nonst = 6,1°10% ¢~ '-Iomy JIOPIBHIOE B LbOMY pa3i iHayK-
Lis CTAIOr0 MarHiTHOroO Nons By, AKWO MarHiTHUM MOMeHT AApa | = 2,63 Hs

. e
(s — snepHUii MarHeTOH, |, = T— TYT mp, — Maca NpoToHa)?
P



Pozgin 7. ®I3UKA KOHOAEHCOBAHOIO CTAHY

7.1. ENEMEHTWA TEOPIl KPUCTANIYHWX I'PATOK

OCHOBHi BEKTOPH KPHCTANiYHKX rpaTok —a, b, ¢, MOAY/Ti UMX BEKTOPIB — NEPiOAM ineH-
TUYHOCTI [PaTox.
Paniyc-pextop Gyns-aKkoro By3na KpUCTaNi4HUX IPaToOK
R = ma+nb+ pe, (7.1.1)

ae m, n, p — uini yucna. CykynHICT UKMX YMCEN HAZKBAIOTH iHACKCOM By3Na i 3alUCYIOTh ¥
BUrIALL [[mnp]] . Innexc HanpAMy 3anucCyloTs Y BUrnsaai [mnp] ; IHAeKC HanpaMy 36iracTb-

cf 3 IHAEKCOM BY3na, AKINO JiHIA, IO XapaKTEPU3lye HaNpPAM. NPOXOAHTE 4€pe3 MOYaToK
koopauHaT. IHaexcu nuowwey (iHaekc Minnepa) sanucyiots y Burasdi (hkl); Bonu

38’A3aHi 3 MIHIMAIBHKMH BIOPI3KAMHU, AKI BLATHHAE MIOUIMHA Ha OCAX KOODAUHAT.
Monapuuh 06’ €M kpucTana

M

v, =—, (7.1.2)
p
Ae M — MonspHa maca pe40OBHHH, p — i1 IYCTHHA,
06’em enemenTapHOi KOMIpKH KpHCTana y pasi:
a) kyGiuHOI CHCTEMH
V=a: (7.1.3)
0) rexcaroHaJNbHOI CHCTEMM
- %,ﬁazc, (7.1.3a)
A€ @} ¢ — napaMeTpH KPUCTaNiYHAX IPaTok.
KinbkicTs enemMeHTapHHX KOMiIpOK B OHOMY MOJIi KpHCTana
v
Z, = (7.1.4)

M l"

3arankHi BigoMocTi npo kpucTanu Ta amopdHi Tina

7.1. Y yomy nionsrae 3aMicT TepMiHiB “nanekuii” Ta “Gnu3bkuil” nopanok y
PO3TauryBanHi aromis? SIkMii 3 UMX nNoOpAAKiB Mae Micue y KpucTanax, piau-
Hax_'ra amopumux Tinax? Yu MOxe posTaulyBaxHs aToMiB y MoleKynax noi-
MEpiB MaTu nanekmii nopanok?
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7.2. Y yomy nojarae pisHuug Mk KpUCTTIYHUMH T2 aMopdHUMM TiaMKu?
Yu icHylOTh cepedoOBHLUA, SKI MOXYTb nepebyBaTH B KPHUCTATIYHOMY CTaHi
TaK caMo, Ak B aMopdHomy? Yu 36epiratnme csoto GopMy Kyns, aKa BUTOUE-
Ha 3 MOHOKpHCTANIAa KYXOHHO1 COJi, AK1LO Ti 3aHYpHTH Y Boay?

7.3. Y yoMy nonsgrae pisHHLA MK MOHO- | NIoliKpUCTANaMHU?

7.4. Axi TMODM 3B’43Ky MalOTh Micue B Kkpuctanax? Skul 3B’a30K
cnocrepiraerbca B kpuctanax NaCl, Ge, H;0, Fe?

7.5. ki 0coBAUBOCTI CTPYKTYPH AEAKMX PiAHH AAKOTh MIACTABH BiAHECTH
iX o piAMHHUX KpucTaniB? Ski THNH piAMHHUX KpUCTANIB BaM BifOMi?

EnemexTn kpuctanorpadil

7.6. SIki reOMETPHYHI TUNN KPUCTATIYHUX CUCTEM ICHYIOTb ¥ NPHPOAI?

7.7. o € nedexkramn kpucraniyunx rparok? Axi Tunu gedexris BaMm Bi-
JoMi? Sk BnanBaloTh Ui nedeKTH HA MEXaHiIuHi BAACTUBOCTI KpUCTaNiB?

7.8. Bkaszary inziekcy HanmpamiB npAMoOi NiHii, WO NPOXOAHTH Yepe3 BY3Nu
kybOiuHuX rparok 3 iHaekcamu [[100]], [[001]].

7.9. BusHauuti kyT MiX IuowpHamu B KyOi4HMX rpatkax, ki 3anaHi
iHaexcamu (010) ta (011).

7.10. Ski Bigpi3kH BiATHHAE HAa OCAX KOOpPAMHAT NNOLIMHE, WO 3ajaHa
inaexcamu (236)?

7.11. Crana kpucraniunnx rpatok KCld=3,14-10" ' M. Buaiity s upo-
ro Kpuctana BincTaHi d), d; Mk cycigHiMu nnowmsamu (100), (110) Ta nopis-
HATH 1X.

7.12, Ckinbky aTOMIB MpUNAgac HA OAHY eleMEHTApHY KOMipKY B KpHCTa-
fax 3 MpoOCTHMH, 00’€EMOLIGHTPHYHMMHM TA IpaHELEHTPOBAHHMM KyOiuHUMH
rpatkamMn?

7.13. Kpucraniudi rpatku KBr MoxHa po3rasfaryu fK Taki, 10 yTBOpeHi 3
ABOX NpOCTHX KyOIUHUX 3 LEHTPOBAHUMH IPaHAMH IpaToK, AKi 3MilleHi oaHi
BiJHOCHO iHILMX Ha MOJIOBHHY JIOBXHHH pebpa xyba, Ta cknagaloThes Bigno-
BiAHO 3 ioHiB GpoMy i xanito. 3HaliTn rycTudy p GpoMucTOro Kanilo, AKILO
cTana npocTux rparok a = 0,66 um.

7.14. Byu3HauuTyH cTany KPUCTANIYHUX IpaTok Milli g, BBaXKalouyM Bifo-
MOIO ii ryctHHy p. KpucraniyHi rpatkn Mifi MalOTh rpaHeleHTpOBaHy
CTPYKTYPY.

7.1S. 3anizo Mae aBi Mmoaudikauii kpucraniuHux rpatok — KyOiuHY
06’eMOUEHTPUYHY Ta KyOiYHy rpaHeueHTpoBaHY. BH3HAa4WTH BiAHOWWEHHA
HaliMeHIUMX MIXXKATOMHUX Bifnanei dee/dy, y unx Moandikauiax, BBaXaiOuH,
1O Mij 4yac nepexody Bix OBHIET CTPYKTYPH N0 iHLuol 06°eM, skuil npunanac
HA OAMH aTOM, HC 3MIHIOETHCH.
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7.16. Kpucraniuni rpatku WHHKY HaneXarb A0 reKCaroHanbHol cUCTEMH 3i
craimmu a = 0,266 uM, ¢ = 4,95 HM. BU3HAUUTH TyCTHHY UMHKY P Ta Killb-
KiCTb S/IEeMEHTapHHUX KOMIpoK Z, B oaHOMy Horo Modi.

7.2. TENNOBI BNACTUBOCTI KPUCTANIB

Cuna, axa fic Ha aTOM KPHCTaNiYHKX TPaTOK, 3 YPaxyBaHHAM NEpPILOT aHrapMOHiIYHOI
nonpaBkKH

F, = —kx+kx*, (7.2.1)
Ae K — koediuieHT rapMORIYHOCTI rpaTok; &, — koediuieuT anrapmoniuHocTi.
3p’a30k koediuieHTa rapMOHiYHOCTI rpaTok 3 Moaynem FOura:
k =nRE. (7.2.2)

JA¢ ro— PIBHOBXHA BiJIANL MiX aTOMAMH y rPaTKax.
Koedinient niniiHoOro poswspers

e, (7.2.3)
[ dT
38’ 430K MiXK NPYKHHMU CTANHMH IPATOK:
. (7.2.4)
2r,
3B’A30K koedinicHTa NiHIRHOro POIMPEHHS 3 NPYNKHUMH CTATUMH IPATOK;
u=-’§l—k=——k—-2~, (7.2.5)
kiny 2k 1y
Ae k — crana bonbuMmana.
Koediuient 06’ eMHoro posinpexnn
1 dV
i 7.2.6
B T (7.2.6)

Koediuienty nitiinoro ta 06’eMHOM0 po3simpeHHs BBaOXAIOTLCE CTATHMM.
Inrepnonsuifiua gopmyna [leGas ans MoaspHoi Kosmsanbhoi eHeprii kpuctana (¢o-
HOHHOIO rasy) .

E=9RT D(x), (1.2.7)

e x = ©p /T, ©p — xapakTepucTHyHa Temnepatypa [lebas ans manoro kpuctana. @p =
"’ﬁmy'k, TYT @p — BEPXHA MEXKa UMKAIMHUX YacTOT GOHOHIB, 1O pobASTL BHECOK Y BHYT-
PlliHo eHeprito kpucrana,

wp = u(6nn)”, (7.2.8)

A€ u ~ ycepenHeHa 3a NONAPH3AUIAMM LBHAKICTL NOWUPEHHA NPYKHAX XBHIb y KPHCTaNi;
N — KOHIlEHTpalin iOHIB Y KPUCTRNIYHNX rpaTKax,
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®yukuiis [ebasn

D(x) = ( ) j‘)ﬂl (1.29)
oe’ —1
®ouoHHNHA BHECOK 10 MONAPHOI TENNOEMHOCTI Kpucrana npu 7<<0;, (3akon [Iebas)
4 3
dU 12n T
C=—= R . (7.2.10)
ar 5 ©)

MonspHa TennoemHuicTb KpHerana npi 7>>0p (3akon dionowra i [1Ti)
C =3R. (7.2.11)

Tennoee po3wnpeHHa TBepAnX Tin

7.17. Yn cnocrepiracrbCs TeN0BE PpO3LiUPEHHA TAKOTO KPUCTANA, B AKOMY
CHJIA, WO A€ Ha aTOM Y BY3]li KpUCTANIYHHUX I'PATOK, HE MICTHTb AHFAPMOHIY-
Hoi nonpaskn?

7.18. Bu3HauuTH MakCUMaNbHy 3a MOAYNEM CHIy Fy,, , IO i€ HA aTOM Yy

KPUCTANIYHUX rpaTkax 3anisa (Ctami), fkwWo Ans Hboro ry, = 0,287 Hm,

a=11,7-10"° K™\
7.19. Jioecty, 1o Mix CepenHiM 3milieHHaM (x) atoma 3i cTaHy piBHO-

Baru Ta abCoMIOTHOIO TEMNIEPATYPOK KPHCTA/A 3 TOUHICTIO A0 kf Ma€ Micue
cniBBiAHOMEHH (x)~

7.20. BctanoBuTH 3B’A30K MK koediuieHTamu nidiiiHoro a ta 06’emMHoro
B posiinpeHHs s i30TPONHOrO KpUCTana.

7.21. Bu3HaunTH Hanpy>€HHA G B IATYHHOMY LiMIHAPI, 3aTUCHYTOMY NpH
T, = 273 K mix aBoMa onopami, gkuo foro Harpitu fo T'= 323 K.

7.22. Bn3HauuTH pisHuUl0 AN y kinbkocti o6epTiB koneca enekTpoBo3a
BiiTKy Npy Temnepatypi 77 = 293 K i B3umxy npu T, = 253 K Ha wasxy npoGiry
[ =50 kM, sxwo npu Tp = 273 K pagniyc koneca Ry = 0,8 M, a 'rennonuu koedi-
LiEHT NiHifiHOro po3iunpeHHs MaTepiany koaecaa = 1,9-10 K

7.23. Axoi posxunn ) Ta Iz caia y3atv npu T = 273 K signosigHo 3aiz-
HuH Ta MigHui ApoTy, Wob pisHuug X AoBxkuH Al npu NOBiNbHIN TeMnepaTy-
pi 3anuIIANacH HE3MIHHOIO i cTaHoBuna 6 10 cM?

7.24. AmomiHiesa niHifika nporpaayioBaHa npun Temneparypi T} = 288 K.
Ckinbku BiACOTKIB 1 CKAanaTume noxubka, AKIo 3a JONOMOroo uiel niHiikH
BMMIpATH AOBXHHY CTPUXHS npn T = 305 K?
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7.25. Inck 3i CBHHLIO MPH mmnepmypl 7,=273 K Mac paaiyc r = 4,5 Mm.
UYu nmpoiae ueit ANCK Kpi3b OTBIp, NaoLlua aKkoro S = 64 MM’ , AKLLIO Horo Harpi-
TH o Temneparypu 15 =348 K?

PorHoHn

7.26. INoscHuTH 3MicT TepMmina “donon”. Bkasatu, aki pucy dowmonis Big-
PI3HAIOTH iX BIA 3BHYaHHHX YacTHHOK. CKillbky MonApu3alifiHNX CTaHiB Mae
¢oron?

7.27. SIka 3 eHepriii — gebaiBcbka un enepria PepMi — 1 3aAaHOrO METa-
ny € Ginbow? YoMy 3i 3pocTaHHAM aTOMHOro HOMEpa eieMeHTa AebaiBcbka
TeMIeparTypa, ik NpaBujo, 3MEHILYETLCH?

7.28. YoMy AOpiBHIOE MakCUManbHa eHepris GOHOHIB y kKpUCTaNi CBUHLIO?

7.29. Kpuctan mae XapaKTEPUCTHYHY TeMiepaTypy @p = 300 K, ycepea-
HeHa 32 nonupmaulmu WBUAKICTH NOIINPEHHS 3BYKY B HbOMY NpH Uik TeM-
nepa'xypl u = 510" m/c. Ouinnti Haﬁﬁmbmy yacToTy $oHOHA @) ¥ LUBOMY
KpUCTANi Ta KBa3iiMNyasc pp, AKkuit i#i Bignosigac.

7.30. OuinuTH cepeatio AOBXHHY BiNbHOrO Mpobiry douonie (1) y kpu-

crani cpi6na npn temneparypi T = 1200 K, sikwo #oro TennonposifHicTs A =
=418 Br/(M-K), a ycepeaHena 3a nonﬂpuaaulamn IIBUAKICTD NOLUMPEHHA
3ByKy NIpH Uit Temneparypi « = 3,7:10° m/c.

7.31. 3actocysasiuy Teopito Jlebas, 06UHMCANTH KOE]illicHT rapMOHIYHOCTI
Iparok &, ans Byrnewto (anMasy) Ta migi.

TennoemuicTs TBepANX TiN

7.32. 3a akux npunywexb Oyae cnymHol iHTepnonsuiina ¢opMyna
Aebas (7.2.7)?

7.33. [Ina AxkuX i3 BKa3aHMX eneMeHTiB — Jirito, 6epunito, 6icMyTy, kanito,
Markxiio, 6opy, 3010Ta 4H Byrelo (anMasy) — MOXHa NPHU TEMIOBHX po3pa-
XyHKax kopucTypatucs 3akoHoM Htononra i Iri (7.2.11), sxwo Temneparypa
SMiHI0ETbCA B Mexax 290 < T'< 320 K?

7.34. Tpu T = 293 K nuroma TennoeMHicTs anioMinito ¢ = 840 JDi/(krK).
Y1 aminioBaTHMeTHCH BOHA IPH (TYKTYaLisX TemMnepatypH B Mexax AT=+10 K?

7.35. 3pazku 3 Gepunito ta bicmyTy, Maca koxHoro m = 0,5 kr, MaoThb no-
Sarkoy temneparypy T = 300 K. SIky kinbkicTb Tenyiotn Q oTpuMac KOXHHi
13 3pa3kiB 3 nigBuweHHAM Temneparypy Ha AT = 10 K?

7.36. I'lin uac HarpiBaHHs MilHOTO 3paska, Maca AKoro m =25, BiA 7) =
= 10K a0 7, = 20 K Bin OTPHUMAB KiNIbKiCTh TENJIOTH Q 0,8 Tx. BusHaunTy
34 UMK JaHumn gebaiBcbky Temneparypy ©p ans Mifi.
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G s 7.37. Bushauntu HaitGinbuy yacroty

/---1""1 Wp BAACHHX KOJHBAHbL KPHCTANIYHHX

08 rpaTok 3afiza, AKWO MpH TeMMepatypi
05 T = 20 K iforo nuromMa TenjoOEMHICTh

_ ¢ = 20 x/(xr-K).

g4 7.38. KopucTyiouuch rpadikom sanex-
HocTi MOJIAIpHOT TennoeMHocTi C kpUcTa-

% na Bin Temnepatypy (puc. 7.1), ae Cy, ~
KNlacHuYHa TeNNI0EMHICTb, ©) — nebaiBcbka

0 02 04 06 a8 A,

Ly tTemneparypa, obuucnuT: a) aebaiBcbky
uc. /.

temnepatypy ©p ang cpibsa, saxkwo npu
T =65 K pas vboro C = |5 H/(Monp-K);
6) monspHy TennoemuicTs C amominito npu T = 80 K, axwo npx remneparypi
T =250 K C = 22,4 Ix/(monvK); B) Haiibinbiuy 4acToTy BAACHUX KONHBaHbL
KPHCTANIYHHX IPaTOK Gy AAS Mifl, AKWO ii MOAspHa TenaoemMHicTs C npu
T = 125 K Biapi3HS€TbCa Bifi KTaCUYHOrO 3HaYeHHs Ha 1 =25 %.

7.39. Yomy nebaiBcbka Temneparypa BHABJSIETHCA BHCOKOIO ANA MillHHMX
KpHCTanB, ki noOya0oBaHi 3 Ierkux aTtoMiB, i HH3bKOIO AN KPUCTANIR 3 Ma-
NIOKO MiLHICTIO, 1O MOOYAOBaHI 3 BAXKKHX aTOMiB?

7.40. Yu 3a oaHaKxOBHMH 3aKOHaMH 3a/ieXKaTb Bid TeMneparypH TenjaoeM-
HOCTI NPOBIAHMKIB Ta AieNEKTPHKIB NPH HU3bKKX TeMneparypax?

7.41. Jlocnia nokasye, WO HaBiThb MPH BHCOKMX TeMNepaTypax Tenjaoem-
HICTb KPHCTANIB 3aNHILAETLCA HUXCHOIO BiJ 3HAauYeHb, IO Ja€ 3akoH Hionoura i
[Tri (7.2.11). Yum ue moxHa NoICHUTH? -

7.42. KopucTyrouuch iHTepnonsuiiiHolo dopmynoio Hebas (7.2.7), nosec-
TH, LLO 32 HU3BKUX TeMMepaTyp GOHOHHUA BHECOK A0 TEMJOEMHOCTI KpHCTana

nponopuiAHni ao (T/@D )3 , @ MMPH BUCOKHX — 3aI0BOJBbHAE 3aKOH [[10/0HIa
i fTmi (7.2.11).

7.3. ENEKTPUYHI TA MATHITHI BTACTUBOCTI METANIB

[TuToma enexTponpoBiAHICTb MeTany B KnacuuHil Teopii

o= eanQ

1
oyt (7.3.1)

A€ 11 — KOHUCHTPAWIR eJIEKTPOHIB TPOBiHOCTi; m, — Maca enextpona; () i (u) — BianosiaHo
iforo cepenHs AOBXMHA BITLHOrO npobiry Ta cepeads WBNAKICTH TEMIOBONO pyXYy.
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[lyToMa enexTPONpOBLINICTL METANY Y KBAHTOBIN Teopil

e’n (I ) .
9 (7.3.2)
Mg (")}-‘

ge {{),. i (u),, — BinnoBinHO cepeana a0BkuKaA BINLHONO NPOGIry Ta CepeANs WBUAKICTH

TETIOBONO pyXy €NEKTPONIB, Aki nepelyBaloTh Ha piBHi Pepmi,
Temneparypuu#l koediticHT onopy Merany

g=

o =—— 733
ST (7.3.3)
i€ p — nuToMuH onip nposinHuka, p=0".
[Muromuf onip npoBiakUKa NMpy N0BiNbHIA TEMNEPaTypi, 4Ka € BULIOIO 32 TEMNEPATYpY
neﬁaﬂs '

p=p,(l+w), (7.3.4)

fie Po — nutomult onip npu 0 °C; 1 — Temneparypa, °C.
38’430K MK TENIONPOBIAHICTIO Ta €NEKTPONPOBIAHICTIO MeTaNiB (3akon Binemana —
P panua):
A

~=CT, (7.3.5)
L8]

ac C - excnepuMeHTabHe 3HaYeHns koeditienTa, C =2,45-10 " (Br-OmMYK2 .
Hamaruiuenicrs i30TponHoro giaMarneTuka
J=np,. (7.3.6)

Ac n — KOHUCHTpAllig aroMis (MOAEKy); M, — BEKTOP MArHiTHOrO MOMEHTY aroMa (Mone-

KYAH), iHAYKOBAHONO MAarHiTHAM NOJEM.
MarHiTa cnipuRATMBICTL AiaMarHeTHKa

- __él_o_ezz,,(,.z) , (1.3.7)

m,

A¢ Z — xinbKicTh eNEXTPONIB Y JaHOMY atoMi (MOnekyni); (rz) - cepeaHilt kBanpar pa-

aiyca atoma (Monekynu).
arHiyeHicrb i30TPONHOro NapamarHeTHKa
3 =np,L(x), (7.3.8)
B¢ L(x)~ ¢yuxuiz Jawxenena, x =-’1L:~; i, — BEKTOP MarNiTHOrO MOMEHTY ATOMa

(MOAexynu); B — pextop inykuii Marnithoro nons. Knacuuna gynkuis Jlamkesena

L(x)=cth x--l- ‘ (7.3.9)
x
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Knacuuna ¢ryuxuis Jlawxesena npu x << |
3

X X
L(x)=————+.. 7.3.10
(x) T ( )
3akou Kiopi (MarditHa cnpuiHATAKBICTL NapamMarHeTHKa 3a yMOBH X << |)
Pu"ug
PR 7.3.11
= ( )
3akon Kiopi — Beiica
Xo
s, 7.3.1
S (73.12)

J€ Y — MarHiTHa CNpUHMSTAUBICTE MarHeTuka npu T > 7. | X, — MarHiTHa CNpuURHATAM-
BiCTb, AKa BysHauacThes 3akonoM Kiopi (7.3.11); T, - remneparypa Kiopi marneruka.

EnexTponposigHicTe meTanis

7.43. Tlnowa nonepeyHoro nepepisy 3anizHoro nposigHuka S = MM, a
cuiaa cTpyMy B HboMy [ = 10 A. Bu3HaunT# cepeaHio WBHAKICTb ('U) Ha-

[PAMJIEHOrO pyXY €eKTpOoHiB, BBaXKalOuH, IO Ha KOXHHKI aTOM 3asi3a npu-
nafiac OaNH eNeKTpOH MpoBiAHOCTI.

7.44. Bu3Hauutn cyMapHuii iMnynbC HanpAMJEHOro pyxy enekTpoHIB Y
MpOBiAHMKY, AOBXKHHA sikoro [ = 1 kM, npH cuili cTpyMmy B HboMy =400 A.

7.45. Y MiZIHOMY NPOBIAHUKY, AOBXHHA Akoro / = 1 kM i mnowa nepepisy
S =1 mm", npoxoantb cTpym. Cuna crpymy / = 4,5 A. Bpaxatoun, wo Ha
KOXKHUH aToM Miai npunangace oauH BibHWUHA €NEeKTPOH, BU3HAYMTH: 4ac /, 33
AKWH eNeKTPOH nepeMicTHTLCH Bil OAHOrO KiHUs NMpOBiAHMKA A0 ApYTroro;
CYMY eNIeKTPHYHHUX CHJI F, WO Ail0Th HA BCI BiflbHi 1EKTPOHH NPOBIAHHUKA.

7.46. Y migHoMy apoTi, niowia rnornepe4Horo nepepisy skoro S = 10 MMy
npn T = 300 K npoxoauts crpym. Cuna ctpymy /=1 A. Beaxatou, mo Bii-
XUAEHHS pO3MOAiNy eNeKTPOHHOrO rasy BiJ MAcCKBETIBCHKOrO 3a AaHOi TEM-
neparypH Mi 4ac npoXoAKeHHs CTPyMY € HEBETHKHM, 00UHCANTH BiAHOLIEHHS

CepeAHbOol WBHAKOCTI ('u) ynopsaAKOBaHOTO pyXy €leKTpOHIB A0 cepeaHbLOol
IIBHAKOCTI (u) iXHBOro TENMAOBOro pyxy npH BkasaHiil Temnepartypi.

7.47. UnM Biapi3HAIOTLCA MEXaHi3MH BUHHKHEHHS efleKTpUYHOro onopy B
MeTali y KnacKHuHiH | KBaHTOBIif Teopiax?

7.48. KopHCTYIOUHCH KNacHYHUMH YSBAEHHIMH Ta BBAXKAIOUH, IO KOHLEH-
Tpauisi HocliB CTPyMY B Migi n = 9.10% M_z, obunucantu gns Hei cepeaHio
JNOBXHHY BiibHOro npobiry (1) eeKTPOHIB NpH KiMHaTHi# TeMnepaTypi

Ta NOpiBHATH i 3 MDKaTOMHOIO BIANANNI Yy KPHCTANiYHMX rparkax MiAl:
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[pufiHsTa Qs uiel Bignani sHaueHHs a = 3,6-107 '° m. Ski BuCHOBKM MoXHa
3poOMTH 3 OfiEPIKAHOIO pe3ybTaTy WOAO 3aCTOCOBHOCTI KNAaCHYHOI Teopii a0
OMUCAHHA ENEKTPHUHKX BAacTHBoCTel MeTasniB?

7.49. Buxoasiuu 3 TOro, Lo enekTpuiHuii onip Merany B AeskoMy Habu-
KEHHI MOXHA PO3r/A/AaTY K HAC/INOK B3AEMOAIT €NeKTPOHIB 3 hoHOHAMM, Ta
3aCTOCOBYIOYH CTAaTUCTHKY bose — EiiHiuTeiina no doHoHHoro rasy B metadi,
JIOBECTH, WO MpH TeMmepaTypax, fKi 3aJ0BONLHAIOTH HEpiBHiCTE T >> 0,

nuTomuit onip MetaniB p~ T .

7.50. Huxue naBegeHo nuTtoMi onopH p; i pa (HOM-M) flesKknx METasiB Mpu
pizHux Temneparypax 7, i 1;:

Temneparypa, K Cu Fe Zn Al Bi
273 15,6 89 55 24.5 1,07-10°
N 22 4 147 78 35,5 1,56-10°

YoMy ROpiBHIOE TeMnepaTypHHii KOe(hilIEHT ONopy O KOXHOIo 3 HMX METa-
JiB y BKa3aHOMY iHTEpBani TeMneparyp, AKuIo #oro BBaXaTH cTaium?

7.51. Ipn sxiit Temneparypi 7' Miai il nuToMKii onip fOpiBHIOBaTHME MUTO-
MoMYy ofopoBi anmoMiHito npu Tp = 273 K? B iHtepBani remneparyp, siknii pos-
IIS/IAETHCS, TEMNepaTypHuii koediieHT onopy MPOBIAHHKIB BBAKATH CTAMM.

7.52. Bu3HauynTH Hanpyxe€HiCTe E eNeKTpHYHOro monas B MPOBIAHHKY Ta
eHepriio €, aky HabyBac enekTpoH Mi 4ac BifbHOro npobiry B Heomy. ns
JIAHOTO NPOBiAHNKA £-= 5 eB, (I)z-' = 20 HM, a CEpeAHs WBHAKICTL YNOPAAKO-

BAHOMO PyXy €JEeKTPOHIB ('U) =4-107° mfc.
7.53. Ilpu pesxiii Temneparypi nutoMuit omnip migi p = 22,4 HOM-Mm. Yomy
npn Uifi Temneparypi AOpiBHIOE cepellHs KIHETHUHA eHepris (a) TENa0BOro

PYXY BifibHHX €EeKTPOHIB, AKi PO3rAAAalOTECA K KAacHuHMK ra3, AKwWo NpH
T. =273 K nuromu’i onip Migi po = 15,6 HOM-M? TemnepatypHuii KoediuieHt
OHODY Milli BBAXATH CTAIMM.

7.54. Yum nosicHIOETsCA Toi (haKT, Lo METanu, AKi MaloTh BHCOKY e/ieKTpo-
MPOBiHICTE, € TAKOX AOOPUMH NPOBIAHHKAMH TENNOTH?

1.55. Opepxaru 3akod Binemana — ®panua (7.3.5), BUXOAAYHN 3 KBAHTO-
BIX yABJieHb. Un MaroTh Micue Benauki po3bixHOCTI y pe3ynbTarax npu BUBe-
JICHH] 1BOrO 3aKOHY 3 KNACHYHUX Ta KBAHTOBHX YSB/eHb?

1.56. Busnauntu TEMNIoNpPOBiAHICTL Bonbdpamy Aw, Mili Ac, Ta 3anisa
Awc mpu T =400 K, BBaxalouH, o TeMneparypHi koediuieHTy onopy Bka-

JANX meranis Big Temmeparypu He 3anexartb. HeobxiaHi AaHi B3ATH
3 Tabnuup,
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MartiTHi BnacTusocTi metanis

7.57. Bu3HAYMTH BigHOIIEHHA CepeaHbOKBAApaTHUHHX paliyciB ioHIB
uesiro Cs Ta nairito Li (r,2 ) / (rf) , IKLIO BiAHOWIEHHA X MONSPHUX MarHir-

HUX cripuiiHaTANBOCcTEH ¥ /X, = 50.

7.58. Yn Moxe MarHiTHa B3a€EMOAifl MiX CMiHOBMMH MArHiTHUMH MOMEH-
TAMHU E€JIEKTPOHIB Y (epomarHeTnkax 3abe3neyuTy ix CNOHTAHHY HamarHiye-

HicTs? BBaxkamy, WO cTana KpHCTATiYHMX IpaTok depomarneTika d =107 u,
Y uoMy nonsirae npupona pepomarneTuimy?

7.59. V yoMy noasraroTb MarHiTHi BJACTHBOCTI: a) aHTH(depoMarHeTHKiB;
6) depumarHeTkiB? YuM 3yMOBJIEHO IIHPOKE 3aCTOCYBaHHA (PEpPUTOBKX
oceplib Y eAeKTpo- Ta pafioTexHiui?

7.60. Kpuruuxwa temnepatypa Ty (temnepatypa Heens) nns okcuay
mapradigo MnO, 1o BianoBifae nepexonoBi 3 aHTH(EpOMarHiTHOro CTaHy 0
napamMaritHoro, craHoBuTb 122 K. Ha ckinbkn Bigcorkis npn T =128 K Big-
XKUASETHCH ANA Wi€l CMOAYKH MarHiTHa CIpUAHATAMBICTD ), Wo ob4ucnexa 3a
3akoHoM Kiopi, Bia o6uucaenoi 3a 3akornom Kropi — Beiica?

7.61. Tpaexropicio eneKTpoHa B OHOPIAHOMY MArHITHOMY NONi € FBUHTOBA
NiHig, Bich AKOi cnipAMoBaHa B340BX Mojd. BBaxaioum, 10 MOMEHT iMNyabCy
eNeKTpoHa BIZJHOCHO OCi IBUHTOBOI JiHil KBaHTYETbCS 3a ymoBowo bopa
M=nh (n=1, 2,..), NOBeCTH, WO KiHETH4YHA eHeprid eneKkTpoHa T,, fKa

3B’53aHa 3 fioro ofepTalbHHM pyXOM, KBAHTYETLCH.
7.62. Buxonsyn 3 TOro, WO KiHETHYHA eHepria T, €NeKTpoHa, fAKa

3B’s13aHa 3 Horo obepranbHUM pPyXoM, KBaHTYETbCS (AMB. 3amady 7.61), BkazaTH,
3 AKMX MipKyBaHb MOXKHa [ifiTH BUCHOBKY NPO HasABHICTb B €JIEKTPOHHOIO
rasy aiaMartiTHuX BaacTuBocTel.

7.63. EnekTpoH pyxaeTbcsi B OAHOPiAHOMY MArHiTHOMY nofi ( AuB. 3334y
7.61). BuaHauuTy njoily KoAoBOro noscy, obmexexnoro cycigHiMm opbirami,
B3J0BXK AKHX BiH MOe obeprarucs, AKwo iHayKuis Marnitaoro nona B=1 Tu.
OGuncanTyn, Ko Mae Oyt iHAyKuis MarkiTHoro nons B', wob us niaolla
6yna 1opiBHAHHOIO 3 MAOLEIO nepepizy atoma (S ~ 10 2 m?).

7.64. Jocnin nokasye, W0 MarditHa CIpHAHATAMBICTL AeSKHX napamMarHiTHIX
MeTaliB (HaMpUKNaj, MY>KHHUX Ta JTYXKHO3EMENIbHUX ENEeMEHTIB) HE 3aeXHTh Bi/T
TeMnepaTypH Ta He nianarace 3akoHoBi Kiopi (7.3.11). YuM e nosicHioeTben?

7.65. YoMy y nepeBaxHifl OinbinocTi MeraniB mapamarHiTHuid BHECOK
eIEKTPOHHOro Tra3dy y MardiTHy CHpHHHATIMBICTE BMABJSETLCA 3HAYHO
MEHIIMM, Hi’K BHECOK iOHiB? |
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7.4. ENEMEHTW 30HHOI TEOPII TBEPAMX TIN
TA ®I3WKK HAMIBNPOBIAHUKIB

EdexrusHa Maca eneKkTpoHiB Ta Aipok

. 1

m = . (74.1)
1 (et di? )
Jic € — CHEprif YacTHHKH; k — XBUALOBE yucno 1i XBuni ae Bpohna.
3anexHicTh eJCKTpONPOBLIHOCTI BNacHOro HaniBMpoBiAHWKA Bill TEMNEPATYPH:
... ]
c=ce ¥, (7.4.2)
ae Ae — 1iMputa 3a6opotienol 3044 (CHEpria aKTUBALLIT) HANIBITPOBIAHHKA.
[ToBHa eNEKTPONPOBIAHICTL HANIBNPOBIAHHKA
c=e(nu_+nu,), (7.4.3)

ne e — MOAYNb 3apAAy €neKTpona Ta AipKu; u_, ¥., n_, n, — iX PYXJMBOCTI T2 KOHIEH-
Tpauii.

38’A30K MK €HEpricio AKTHBAWIT HANIBNPOBIAHMKA AE | 4epBOHOIO Mexei0 (hoTonpo-
BiIHOCTI Oy,

ho,, = Ac . (1.4.49)

TonepeuHa pizHMLA NOTEHWIANIB, 10 BHHUKAE MiX TPaHAMH NNACTUHKH BHACNINOK
edexty Xonna:

Uy = RyjBI , (7.4.5)

ae Ry —crana Xonna, Ry = 1/(en) . TyT e — MOLYNb 3aPANY HOCIIB CTPYMY, 7 — IX KOHLEHT-
pamisi; j — rycruHa crpyMy; B — iHAyKuis MartitHoro nons; [ — IHPUHA NNACTHHKA.

EnexTpoH y nepioguusomy noni kpucranivuHux rparok

7.66. 3 pocniny BiAOMO, 1O Aas eNeKTPOHA B KpHCTalli CepeaHs AoBxHHa
BiasHOro npoGiry moxe OyTH 3HauHo 6inbwoO 3a nepiof kpUcTaniuHUX rpa-
rok. [losicHuTy e daxr.

7.67. Y HanexuTh iMNYAbC e1eKTPOHA A0 XapakTepHCTHK ioro cTany npu
PYci B nepioguyHomy noni kpuctana? Yu 36iracrbes edekTHBHA Maca eexT-
POHA, o nepebyBac B KPUCTANI, 3 MACOIO BisibHOTO enexTpoHa? Yu moxe Bo-
na ByTu Bin’emuoro a6o AOpiBHIOBATH HYeEBI?

_ 768 AkuMp dakTopaMH MOACHIOETHCH PO3LIENUIEHHS eHepreTH4HUX piB-
HIE 130NLOBaHMX aTOMIB Mif Yac yTBOpeHHs KpucTana?

7.69. Sk Ha ocHoBi 30HHOT Teopii TBEPAMX TNl NOACHHTH, WO Gepuiii Ha-

JACAUTh 40 NpoBigHHKIB?
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BnacHa Ta goMilKOBa eNnexTPonpoBiAHOCTI HaniBnpoBiagHWKIB

7.70. Yy 0aHAKOBO 3MiHIOETLCA NUTOMHI ONip NPOBIAHKKIB Ta HaniBNpo-
BiAHMKIB 3i 3pOCTaHHAM Temnepatypu?

7.71. BuzHauuTu eHeprito aktuBauii Ae Tenypy, AKLIO HOro enekTponpo-
BiAHICTb 3pocTaE B # = S pasis 3i 36inblwenHam Temnepatypu Big 7 = 300 K
a0 Tz =400 K.

7.72. Y yoMy nonarae 3MicT NOHATTA “Aipka” K HOCIA CTpyMYy B Hamig-
npoBiaHuky? Yu iCHyOTb Aipku nosa HaniBnpoeiaHukom? Yu 36iraiorbea
30HM MPOBIAHOCTI AN1A ENEKTPOHIB Ta AIPOK Y HaniBnpoBiAHMKIB? YoMy aopie-
HIOE HaiMEHIA EHEPriA Enin YTBOPEHHA NapH ENEKTPOH — AipKa y BAACHOMY
HamBNPOBIAHUKY, NPOBIAHICTb Akoro 3pocrae B n = 2,01 pasa 3 nigBUiIEHHAM
temnepatypu Bin T} =300 K 1o 75, =310 K?

7.73. NopiBHaTu enektponposiaHicTs repManito npu 77 =250 K i 7; =350 K.

7.74. YoMy HaniBnpoOBiAHMKH MOXCYTb BMKOPMCTOBYBATHCH K €NE€MEHTH
YYT/IMBUX ENIEKTPHUHUX TEPMOMETPIB?

7.75. Kopuctytouucs dyHkuieto posnoginy @epmi — Jipaka ansa enekrpo-
HiB, BCTAHOBHTH BiiNOBiAHY (YHKUIIO po3noainy ana AipokK Yy BAACHOMY Ha-
NiBNPOBiAHUKY.

7.76. Ilo kpucrtana repmadiio BBeAeHO AoMilKY. Enextponposiauicts
AKOro TUNY (p- UM n-) MaTHME OfEPXKAHUHM KpPUCTAal, AKLIO BBEAEHO AOMILLKY:
a) iHaito; 6) cypmu?

7.77. Tlo3uTUBHUI 10H JOHOPHOI AOMilLKH (pocopy B repMaHii Ta HaaIMIL-
KOBHIf €NeKTPOH YTBOPIOKOTH BOAHeNoAiOHy cucteMy. B kpucrani enekTpoH
PYXA€TbCA TaKOX Y NEPIOAUYHOMY ENIEKTPHYHOMY NOJi KPUCTANIYHUX [PATOK.
KopucTytouuch cniBBigHOIEHHAM HEBU3HAYEHOCTEH ANA KOOPAMHAT Ta iMIy/ib-
ciB, OLIHUTH eHeprito akTualil Ag, NOHOPHOrO piBHA ¢ocdopy B repmaii.
HienexTpuuHa NPOHUKHICTL repManito € = 16. INpulinaty edekTuBHy Macy
eneKkTpoHa B repmanii m” = 0,12 m,, ae m. — Maca BiIbHOFO eNEeKTPOHa.

7.78. Sk 3MiHIOETECA BHECOK BJACHOI Ta AOMIILIKOBOI eNeKTponpoBigHocTed
A0 NOBHOI JIEKTPONPOBIAHOCTI HANiBNPOBLAHMKA 3 MABUILIEHHAM TEMNEPATYPU?

7.79. Beaxatouu, 110 eHepria akTusailii HaniBNPoOBiAHMKA BiA TeMNepaTypH
HE 3A1eXUTb, BU3HAYUTH AN repMaHiio TemnepaTypHuil koediuieHt onopy o
npu T = 300 K.

®oronposiguictk. BHyTpillHin hoToedexT

7.80. 3a aonomoroi HaniBNPOBiAHMKOBOro NpuiiMaya BUNPOMIHIOBAHUA
BUABJIAIOTL HArpiTi TiNa, AKi po3MiLLYIOTbCA HA 3HAYHINA BiACTaHi Big cnocre-
piraua. Y uomy nossrae npuMHUuUn Aii Takoro npuiimMava?
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7.81. Y nepenasanbHiii TenesisiiiHili kamepi (BiaukoHi) 06’ exTuB dopmye
onTHYHE 300paxkeHHs 06’exTa Ha noBepXHi (MilueHi), 1o BKpHTa GoTONpoBia-
yum Lapom. EnextponHMH NpoMiHb “npornsnac” NOBEpPXHIO, MeEpeMillyio-
yHCb 1O Hifl (ckaHye). BHacninok HenepepBHOrO CKaHyBAaHHA €NEKTPOHHHM
IpOMEHEM MOBEPXHA 32BXKAM € 3aPsLKEHOI0. 32 NPOMIXKOK uacy, kMl criinsae
MK ABOMa NOCNiA0BHHMH NONAJaHHAMM NPOMEHA Ha AEAKY RiNAHKY MilueHi,
poHa BTpauae 3apaa — po3psmxactbes. LLIBUAKICTL po3pAmKeHHA 3anexuThb
gia ocBitneHocTi AinaHky. Le dikcyeTes enekTpoHHHM NPOMEHEM, KU Ta-
KWM YHHOM 3UMTYE NOTEHUianbHUH penbed noBepxHi i CTBOpIOE Bia€oCUrHa.
Ha sikoMy ABHLII 3aCHOBaHa /i BigukoHa?

7.82. Ske ¢izuuHe aBuue abo BNacTHBOCTI HaNiBNPOBIAHHKIB MOXYTb
6yTH BUKOpMCTaHi y doropesucTopi Ta oToTpaHzucTopi?

7.83. BkasaTu iHTepBa/IN NOBXUH XBUJb €J1€KTPOMArHiTHOr0 BHIIPOMIiHIO-
BaHHA, AN AKMX Mae Micue BHYTpiluHifi ¢oToedekT y repmasii, cenexi Ta
cipoMy onosi. Ski 3 uuX iHTepBaNiB HaNeXaTh 40 BHAMMOro CBIiTIa, iH}pa-
4epBOHOIO Ta PEHTI€HiBCbKOr0 BUNPOMIHIOBaHHA?

7.84. Ha horope3ucTop Ha OCHOBI CeNIEHY Nana€ eNneKTpoMardirie BUnpo-
MiHIOBaHH3, 4acTOTa sKOro: a) ®; = 3,0-10" ¢ 0) m; = 2,5:10%¢ 7. Yy 3mi-
HIOETLCA NPH LbOMY Horo onip?

7.85. Ha dotopesrcTop Ha OCHOBI repMaito Nafae enekTpoOMarHitHe Bu-
NPOMIHIOBaHHA, 4acTOTa AKOro M = 1,010 ~'. Yu sminioerses npu ULOMY
fioro onip? Sk 3MiHUTLCA BIANOBIAb, AKLLO MepMaHiil MICTUTL JOMILLKY apceHy?

Edexr Xonna y HanisnposigHukax

7.86. Ak MOXHa JOCNTIAHMM LUIAXOM AI3HATHCA NPO 3HAK HOCIA CTPYMY B
HaniBNpoBiAHMKY?

7.87. Temneparypa repmaticsoro 3paska niasuutyersesa 3 Ty = 300 K go

T, =325 K. Sk npH 1bOMY 3MiHIOETbCA cTana Xomna Ry repMatiio?
~ 7.88. BH3HaUMTH PYXAMBICTb . €NEKTPOHIB y HaniBNPOBIAHHKY n-THNY,
WA AKOro 3a AaHKWX YMOB nuTomuii omip p = 1,6-10 =2 OmMm-M, a ctana Xoana
Rx=710"m"-Kn".

7.89. TInacTuHy 3 HaniBNPOBIAHMKA p-TuNY 3aBLMpPLUkH / = 10 MM T1a 3a-
BAOBXKH L = 50 MM BMIilllcHO B OAHOpiAHE MarHiTHe none, iHAyKuUis AKOro
B=0,5 Tn. HanpaM nona € nepneHankysipHuM ao nuactuHu. Jlo kinuis
I1acTuHm (y HanpAaMmi L) MPUKNafeHO HANpYry U=10B, npH usoMy Xoi-
niBCbKa pisHuus notenuianis Uy = 50 MB. IluTomuii onip HaniBnpoBiaHHKa
P =2,5 OM:cM. BH3Ha4YNWTH KOHUEHTPALiO AipOK n. T3 IX PYXJIHBICTb U..

7.90. Iig yac aocnimxenHn edekty Xonna B MarHiTHOMy nomni, iHAYKLis
AKkoro B = (,5 Tn, Hanpy»eHiCTb MONepevHoro enekrpuuHoro nona B 6e3ao-
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MilIKOBOMY HamniBNpoOBiAHWKY BHABMNAcA y n = 10 pa3iB MeHWOW, HiX no-
300BXHbOr0. OOUHCTUTH PI3HHLIO PYXJTHBOCTEH ENEKTPOHIB Ta AIPOK |u — u |
y AAHOMY HaniBnpoBigHuKy. YoMy AOpiBHIOBATHME BiAHOWIEHHA N-/N  KOH-
UEHTpalii AipoK Ta eNeKTPOHIB y HAaMiBIPOBIAHHUKY, PyXJHBICTbL €NEKTPOHIB
AKoro y 1| = 2 pasu Ginblua 3a pyxauBicTb Aipok, a edekr Xonna He cnocrepi-
racrbca?

7.5. KOHTAKTHI ABWULLA

30BHILLHA KOHTAKTHA Pi3HHLIA NOTCHLIANIB

N, = (7.5.1)

e

ne Ay, Ay — poboTH BHXOAY 3 peHOBHH, WO NepeOyBalOTh ¥ KOHTAKTI.
BHYTpilllHg KOHTAKTHA Pi3HHUA MOTEHUIaNIB

Ag, =+2-HL, (7.52)

ae Hy,M, — XiMivyHi MOTEHUIaNK peYOBHH, 1o NepebyBaloTh Y KOHTAKTI.
HAeuue 3ecbexa. TepmoenekTpopyluifiHa cunia

T 1
6=JZaAdT-fquT, (7.5.3)
1 .
ne a — xoepiuieHT Tepmo-EPC nns peuoBuHu A wu B, aki nepcOyBaloTh y KOHTaKTi,
o=p -%Tl'l—; = %p Npu BianocHo Hesenukux Temneparypax (kT <<g, )ans meranis
e

3anexHicTs P(7T) mae Taku Buran:

2 (kY
w(T)= 3;--[' _Ti{;] ] (7.5.4)

Axmo o4, ay B inTepBani temneparyp 7, < T < 7, BBaXaTu CTANUMH, TOxi

ae o, — nuroma Tepmo-EPC a8 nanoi napv pe4oBHH, O,y =0, — Oy .
SBume lNenbThe
O=Mpq=M,lt, (7.5.6)
ae O — KibKICTh TEMIOTH, 1O BUAIAETHCA MiJl YaC NPOXOMKCHHS ENEKTPHYHOro CTPYMY
Kpi3b KOHTAKT NpoBIAHKX cepenoBuil 4 i B; 71,5, — xoediuicut NesbThe (cTpym npoxoO-
IMTh Bill NaHku A 10 Nauku B); g —3apaj, 10 Npo#iios Kpi3h KOHTAKT.
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3B’a30k MiX koedinientom lNeneThe Ta nuromoro Tepmo-EPC: )
HAR =(143T, (757)
ae T — Temneparypa oTo4yio40ro cepeioBHiLa.

Cuna cTpyMy kpi3h p — n-niepexia:
a) y npaMomy (pOnyCKHOMY) Hanpami

i{_
I, = fo[e‘“" = l] : (1.5.8)

6) y 3BOPOTHOMY (3anmipHOMY) HanpsMi

el
I, = !g(f-c H’]. (1.5.9)

ae fo — MakCHMalibHa cHia CTpyMy (CHNa CTpyMy HacHHYEHHS) Y 3BOPOTHOMY Hanpsimi; U —
HAMPYra Ha P — R-NEPEXOAL.
AxTHBHuUiX onip p — n-nepexoay

duU
R=—. 7.5.10
T ( )

KoHraxTHa pisHUURA noTeHWianiB.
TepMoeneKTpuuHi aBMLLA

7.91. YuM noOACHIOETHCA BUHUKHEHHA B MPOCTOPi, 110 OTOYYE MPOBigHI
cepenoBuila, aki nepebyBalOTh Y KOHTaKTi, 30BHILIHLO] KOHTAKTHOI Pi3HULI
norexuianis? Y yomy nonsrae MexaHisM BUHUKHEHHSA BHYTPILIHBOI KOHTAKT-
HOT pi3HUL noTeHuianiB?

7.92. MigHuii npoBiAHMK 3HAXOANTLCA Y KOHTAKTI 3 HikeneBuM. Busnauu-
TH 30BHILUHIO KOHTAKTHY Pi3HULIIO NOTEHUianiB AQ,, AKY CTBOPIOIOTH Lli Apo-
BITHHKM B HaBKOJMLIHEOMY TIPOCTOPI, a TAKOXK BHYTPILIHIO KOHTAKTHY Pi3HU-
IO noreHuianiB Mix HAMU AQ;, npH T =0 K ta T = 1 050 K, npunyckaouu,
10 Ha KOXHHI aToM MiAi mpuUNajgae OMH €NEeKTPOH, AKUNA MOXKHA BBaXKaTH
BITBHUM, a Ha aTOM HiKenio — ABa.

7.93. B axux sunaakax xoediuientn trepmo-EPC o4, 0.5 MOXHA BBaXaTH
CTANUMU?

7.94. Enextpuuse Kono MIiCTHTb 7 = 3 nOCHIAOBHO 3’€aHaHi TepMonapu
ILIATUHA — CypMa, NpUYOMY napHi cnai 3’€AHaHHA MATPUMYIOTBCA TIPU TEM-
eparypi T, = 273 K, a uenapui — npu T; = 373 K. Slka EPC gie B xoni?
Cxinbky Brazanux TepMonap n; cnif nocnifioBHo 3’eAHarty, wob ojepxaru
T€PMO-EPC &=6 B?

7.9S. 3anizo-nnaruHoBa TepMonapa XUBHTH 30BHILIHE KOO, ONIP SKOTO Y
n=100 pasip Ginsumii 3a onip Tepmonapu. Ak 3MinuTeca KK/ xona n, Akuio
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3aMiCTb OKPEMOi TEPMOTIAPH A0 KONA NPUESHATH 1y = 5 TepMOnap, 3’ €AHAHKX:
a) nocnifgosHo; 6) napanenbuo?

7.96. Yomy Tepmonapm, L0 CKIAAAIOTLCA 3 NAap HANIBAPOBIAHMUKIB, MAIOTh
3HayHo Ginblui TepMo-EPC, HiX Ti, W0 CxnafaoTbea 3 nap NpoBigHUKIB?

7.97. [Ina BU3HAYEHHA TEMMNepaTypu meui BCepeauHy il BBOAATH OOMH i3
craiB TepMonapy Mijib — KOHCTaHTaH, 3’ €AHaHOI 3 ranbBaHoMeTpoM. JIna paHoi
TepMmonapu op = 4,3 MkB/K. BHyTpiluHi# onip ranbBaHoMeTpa R = 2,5:10° Om,
yymusicts C =10 ~° A/noa. Tpu Temnepatypi xonoauoro cnaio T, = 288 K
CTpiNKa ranbBaHoMeTpa BiAXuaseTbca HAa 7 = 80 noginok. YoMy AopiBHioe
Temneparypa nevi 7,7 Onopom TepMonapu HEXTYBATH.

7.98. ¥V xoni, ke CxjIafacTsCAd 3 TEPMONAapu Ta rajbLBaHOMETpa, CHna
crpyMy I = 26 MxA npu pi3Huli remneparyp cnais A7 = 50 K. Onip Tepmo-
napu R, = 4 Om, onip ranbBasoMerpa R; = 80 OM. Busznauuru crany Tepmo-
napy .

7.99. Ilig yac NpOXOAXKEHHA €NEKTPHYHOro CTPYMY Kpi3b KOHTAKT JABOX
NPOBIAHUKIB ¥ HABKONMIIHbOMY CEpeAOBMULi BUAINAETLCA TEMNOTA. SK Ha
nocniai nepexkoHaTucs, AkUi 3 edekTiB Ja€ OCHOBHMH BHECOK 0 W€l TENIOTH:
INenbTbe un Hxoyna — Jlenua?

7.100. Kpizb KOHTaKT 3ani3a 3 MIATHHOK TNPOXOAUTL ENEKTPUYHHMH
CTpYM, cuna skoro / = 0,2 MA. Onip kona, Ake MiCTUTb KOHTaKT, R = 5 Om,
TeMreparypa HaskonuiiHboro cepeaosuid T = 300 K. fka kinskictb Ten-
JIOTH, U0 BUAINAETbCA B UbOMY Koni, 6yae Oinbluoto, — Ta W0 BHAINAETHLCA
BHacniaok edekty Ilenbrbe On uu edexty Droyna — Jlenna On,? Ina 3aniza
oy =+15,0 MxB/K, nna nnatuuu oz = — 4,4 mxB/K.

7.101. Tlia yac NpOXOMKEHHA Kpi3b KOHTAKT NJAaTHHA — KOHCTAHTaH BHUAI-
NAETLCA TEmIoTa B KinbkocTi O = 5 Mk npu TeMnepaTypi HaBKONULIHLOMO
cepenouwia 7 = 300 K. Ckinbku enektpoHis N npu uboMy nepeiiiio 3 oaHOMN
Merany Ao i”woro, Axuio Tennorow Ixoyna — Jlenua Hexrtyparu? SAkif
Hanpy3si U Ha koHTaKTi Bignosinana 6 us Kinbkictb TeMIOTH, AKOGH BOHA BUAI*
nanaca sHacniaok ehexty Dxoyna — Jlenua? Ona nnaruuu o, = —4,4 MxB/K,
U1 KOHCTaHuTaHy oz = —38,0 MxB/K.

BexTunbHi BNacTUBOCTI KOHTAKTIB.
p — n-nepexin

7.102. € napu KOHTAKTIB TakMX CEPEfOBMLL: TMPOBIAHMK — TNpOBiAHMK,
NPOBIAHUK — HAMIBOPOBIAHUK A-TUIY, HPOBIAHUK — HAMIBMNPOBIAHUK p-TUITY,
HaMmiBNPOBIAHUK N-TUNY — HANMIBOPOBiAHUK p-Tuny. TToACHUTH, YoMy B 3a3HE"
YeHMX BUMaAKaX KOHTaKTH HabyBalOTb BEHTHILHUX BNacTHMBOCTel Ta BKA3aTH,
B AKOMY 3 HUX KoedilieHT BunpaMneHHa 6y ne HalbInbLIUM.
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7.103. Aki ¢izuuHi aBuwa abo BNAaCTHBOCTI p — K-Nepexoay BUKOPHCTO-
BYIOTbCA B TAKWX Npunanax: a) HaniBrpoBIAHKKOBOMY AioAi; 6) TpaH3ucTopi;
) coHs4Hi# Barapefi; r) dorogioni?

7.104. B obuucnioBaibHifi Ta noOyTORIl TexHiui LWIXPOKO 3aCTOCOBYIOTE BU-
NpOMIHIOBA/IbHI HAMiBNPOBiAHMKOBI Aiogn (cBiTnogioau). Y yomy nonsrae ix
ApAHUHN Aii? SKi iX nepeBari nopiBHAHO 3 iHLIMMH Jukepenamu ceitna? Ski Ha-
niBNPOBIAHUKOBI MaTepiaiv BAKOPHCTOBYIOTH ISt BUTOTORJEHHA CBITIOMi0AIB?

7.105. flka nanpyra U npuxnaneHa oo p — n-nepexony, AKLUIO NP TEMMe-
patypi T =300 K koediuicut Bunpamnenna n = I,)/I;; =1 2007

7.106. Tlpu nesaxiit Hanpysi cuna npAMOro cTpyMy Kpisb p — n-nepexin
I, = 2,02 MA, a 3BopotHoro I, = 20 MxA. 3HaliTH 33 LUHMH JAHUMM CHIY
CTPYMY HacHueHHa [y Ans p — n-nepexoay.

7.107. Tlpu peaxiid Temnepatypi koediuieHT BUNpAMIEHHS Ani p — n-
nepexony n; = 1600. YoMy aopiBHIOBaTHME KOE(ILIEHT BUNPAMIEHHA My,
AKILO TeMnepaTypa HaniBNpoBigHMKA NiaBuiLyBaTHMeTbea Ha 1) = 0,1 Bix no-
4aTKOBOI NpH NocTiiiHiil Hanpy3i?

7.108. Tlo6ynyBaru rpadiku 3anexHocTi akTuBHoro onopy R(J) p — n-nepe-
xoAy Big cunv npamoro I, i 3BopoTHoro I, CTpymiB npu Temmneparypi
T=300 K Ta cuni ctpymy Hacuuenus Iy = 1 MxA. J{ng npaMoro cTpyMmy B3ATH
intepsan 0...10 MxA, a ana 3BopotHoro 0...0,5 MKA.

7.109. YoMy uacTHHA ENEKTPOHIB, WO {HXEKTYIOTLCA B n—p—n-
TpaH3uCcTOpi 3 emiTepa y Gasy noTpannaioTh Ao p — n-nepexony 6aza — konek-
TOP, HE BCTUTHYBIIM pekoMOiHyBaTH 3 aipkamu? Ske dizuuHe aBHLIE 3yMOB-
JIO€ pyX eneKkTpoHiB y 6a3i?

7.6. MAKPOCKOMIYHI KBAHTOBI ABULLIA

MaruiTnuit noTik, 110 NPOHU3YE Kinbue 3 HAANPOBIAHKM CTPYMOM,

Qp = nQ,, (7.6.1)
n=1,2,3, ...; ®y— KBaHT MarHiTHOro 1NOTOKY,
Oy = L 2,067 85:10~ ' B6, (7.6.2)

e
TYT e° — 3apsn kynepiscbkoi napy, e* = 2e.
38’430k MiX CTANOIO ENEKTPHYHOIO PI3HULICIO NOTEHUIANIB HA KORTAKTI HAANPOBIAHUKIE i
9ACTOTOK HaAMPOBIIHOIO 3MIHHOMO CTPYMY:

o= %—Am, (7.6.3)

BBoroniunuit edexr
T.M"? = const, (7.6.4)
A€ T, — temnepatypa nepexo/ly peuoBuHY B HAANIPOBiAHMI cTaR; M — ii MonApHa Maca.
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Xonniscbkuit onip y pasi kBauToBoro edexkty Xonna

2nh
Ry =—5, (7.6.5)
ve

J€ V — NOABiHiHE BiAHOIWEHHA KINBKOCTI BIMbHUX €NEKTPOHIB HA MOBEPXHI 3pa3ka, HOPMaik-
HOI 110 BEKTOpa MarHiTHOI iHAYykWUii, A0 KINBKOCTi KBAHTIB MArHITHOTO MOTOKY, 1O MPOHU3YE

27 : i
MOBEPXHIO, V =—Bn,. TYT n, — MOBEpPXHEBa KOHUEHTpaUis HociiB cTpymy. Y pasi Hop-
e

manbHoro (uinouncnosoro) edexty v=1, 2, 3,...; A aHoManbHoro (apobosoio) edpexty

r . s . .
V=—, A€ P~ N0BIIBHEC HEMNAPHE YHCIO, & ¥ — JAOBUILHE LIIJIC HYHCHO, AKE HE QOPIBHIOE p.
P

Asnige HagnNMHHOCTI

7.110. Yomy reniii 3anuiacTbea pigkUM 3a BCixX Temiieparyp HHXKYe KpH-
THYHOI HaBiTL 3 HabuMXeHHAM Horo TeMnepatypH ao abCoNOTHOro Hyns,
nepeGyBarouM mia THCKOM CBOET HaCHUYEHOI napH?

7.111. JIna noacHeHus ssuina HapnauHdocti JI. JI. Jlanpay 3anponoHyBsas
pO3rNANATH HAATUIMHHY PiAMHY AK CBOEPIAHY CyMiul “HopManbHOr Ta “Hag-
[UTHHHOT KOMIMOHEHT PiAMHU. Y YoMy nomarae ¢i3uuHHi 3MIiCT TaKHX KOMIOHEHT?
Uu iCHYIOTb BOHM SIK MaTepianbHi 00’ €KTH, AKi MOXHA PO3iNUTH B pocTopi?

7.112. YuM noACHIOKOTLCA TaKi eKCIEPUMEHTaNbHI (haKTH: a) IBUKE NPO-
xomxeHHs piakoro renito npu T < 5,20 K kpi3b kaninapui Tpydku 6e3 enepre-
TUYHHUX BTPaT; 0) 36iNb1eHHA WBUAKOCTI 00epTaHHS BHYTDILLHLONO LHNIHApPa
NpH CTaiil WBMAKOCTI 30BHILIHBOrO, M’k AKUMH MICTUTbLCA PIAKKi reniit npu
T < 5,20 K, axiuo #ioro Temnepatypy niaBULLYBaTU?

AiBmwe HapnposigHocTi

7.113. Po3rnaaaouu pyx enekTpoHiB y KpHCTANiuHMX rpaTkax, AKiCHO No-
ICHUTH MEXaHi3M YTBODEHHA KynepiBCbKHX nap. Uu € MOXIMBHM yTBOpEeHHA
Takux nap y BakyyMi? YoMy iHTepBan TeMmeparyp, B AKOMY MeTal BUABISETL
C HaANPOBiAHMKOM, 3MEHLUYETHCH 31 30INbIIEHHSAM aTOMHOT MacH Metany?

7.114. Hyknig * Zn NEPEXOANTb Y HARNPOBIAHKHA CTaH NIPH TeMNepatyp!
T, =0,88 K. I'lpu axiit temneparypi I> BinOyBaeTbCa mepexif y Haanposia-

Huii cTad Hykniga ©Zn ?

7.115. V Metanax npu teMneparypax, HHXYHX 33 KPUTHUHY TeMMepaTtypy
nepexoay B HAANPOBIAHHH CTaH, CTPYM MOXYTb NEPEHOCUTH AK HOPMAJIbHI, TaK
i HaANpoBIAHI enekTpoHH. YoMy y pasi noctifiHOro CTpyMy HOpMaiibHa CKa-
IOBa CTpYMY B HaANPOBIAHHKY BiacytHsa? YoMy Npu LibOMY JNOPIBHIOE HANpy-
XEHICTb £ eNnekTpHYHOro nons BCepeAuHi HaAnpoBiAHKKA?
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7.116. Baxarouu, uio TeMneparypa nepexofy Metany 3 HOpManbHOro
ctaHy B HaanpoBiaHui T, = 5 K, ouinuty eHepriio 38’a3ky E,; KynepiBcekoi
napH.

7.117. Jlesixi Matepiany MatoTb TeMnepaTypH Nnepexoy B HAANPOBIAHMI CTaH
T, =70 K i T,o = 100 K. Uu € BOHH BMCOKOTEMNEPATYPHUMM HAANPOBiAHU-
kaMu?

7.118. YoMy B MeTanax cnocTepira€ThCs TiIbKM HH3LKOTEMINEpaTypHa
HAANPOBIAHICTL? Un MOXYTb BUCOKOTEMNEPATYPHI HAANpPOBiAHUKM GyTH 206~
p¥MH 1POBIAHHKAMHU €NEKTPUUHOTO CTPYMY B HOPMANbHOMY CTaHi?

HagnposigHuky B8 MarriTHOMy noni

7.119. JloBecTH, 110 NOBHUHA MArHiTHUIH NOTIK, AKUH NPOHHU3YE NOBEPXHIO,
o0MexeHy HaaNpOBiAHHM KOHTYpPOM, HE 3MiHIOETLCS 3 YaCOM.

7.120. loBruii coneHoin, oOMOTKa AKOro € RiNAHKOW HaANPOBIAHOrO
kona, MictuTb N =200 BuTkiB, nuoia ioro nomepeuHoro nepepizy S =

=3.10"M% 06%eM ¥ =6-107° M°. ConeHoig BMiLLytOT y 30BHILIHE MArHiTHe
none inaykuiero B =1,256 mTn, HanpaMm AKOro BCEpeAMHi conexoiaa 36ira-
€ThCcA 3 HanpsMoM #oro BiaacHoro nons. SAK 3MiHMTBCA CHia CTpyMy B
CONEHOIAl, AKULO 30BHilIHE none 3uukHe? [Ina martepiany oOMOTKM Hanpyxe-
RICTB KPUTUMHOTO MarsiTHoro nons Hy = 6,6'103 A/M.

7.121. TMopoxuucti HaanpoBiAHKWKHK (30KpeMa, Yy $opMi uuninapa) BUKoO-
PUCTOBYIOTH K €KpaHM i 3aXHCTY BiJl 30BHIlUHIX MarHiTHux nonis. Y 4omy
MONATae NPUHLMI Aii TAKHX EKPaHiB?

7.122. [loBecT, 1O CUAHN CTPYMIB, AKi NPOXOAATL Y HAANPOBIAHUX Finkax
PO3ranyxeHoro enekTpUM4HOro koia, obepHeHo nponopuifiti iHAYKTHBHOCTAM
TLNOK, AKILO MOXHA 3HEXTYBATH 1X B3aEMHOIKO iHIYKTUBHICTIO.

7.123. SiBuuie HaaNPOBIAHOCTI BUKOPHCTOBYETHCA A1 OACPMAHHA CHIILHUX
MardiTHUX NOJiB, OCKUIbKHA MiA 4ac MPOXOMKEHHA B3J0BXK
HaAnpOBiAHMKA BEJIMKHX CTPYMiB, L0 CTBOPIOIOTb MAarHiTHi
Mons, TennOBHX BTPAT HeMae. SIKi HaANpPOBiAHHUKY — NEepLIOro
4 ipyroro pomy — Cniji BAKOPHCTOBYBATH AN ULOro?

7.124. Tlone MarHiTy i3 3a1i3HHM OCEPAAM MOXCHA CKO-
HUEHTpyBaTH, yCTAHOBUBLIM HAANPOBiAHI €KpaHH HABKONO
Marditiux nomoci. IToACHUTH npuHUMN Aii TaKkoro npu-
CTpolo.

7.125, Ha puc. 7.2 300paxeHo CXeMy MarHiTHOro
NAWKNHUKA 3 BUKOPHCTAHHAM HALMPOBIAHMX ENEMEHTIB.
Noscuurn MpUHUMN AiT HaBEIEHOT CXEMH.




KBanTyBaHHA MarHiTHOro NOTOKY.
Edexmm [Ixosethcona. KBanrosuin ecpext Xonna

7.126. V pxo3edcoHiBCbKOMY €NeMeHTi Ha AleNeKTpHKY cTtana pi3Huug

noresuianis Ag = 21072 B, YoMy ROPiBHIOE 4aCTOTa BUNIPOMIHIOBAHHA ),
110 BHHMKAE NPH TYHENBRHOMY NPOXOAXEHHI HaANpoBigHUX Nap?

7.127. BcTaHOBUTH HalMeHLLY CHIIy HaanpoBigHoro crpymy I kpisb Kifp-
ue, iHAyKTHBHicTb Akoro L =1 Hln.

7.128. KonuBanbHuii KOHTYp Mae iHAyKTHBHICTE L =0,2 MKI'H Ta eMHicCTy

Puc. 7.3

C = 0,5 Mx®. Sikoio Mae OyTH pi3HHLA NOTeH-
Hianis AQ Ha JieneKTpHKY B AX03ehCOHiBCE-
KOMY eNeMeHTi, o0 KOHTYp pe3OHYBaB Ha
HMOro BHNPOMIHIOBAHHA?

7.129. Ha puc. 7.3 306paxeHo cxeMy Hag-
MpOBIAHOrO KBAaHTOBOro iHTepdepeHuiliHoro
JETEeKTOopa, 110 BUKOPHCTOBYE edekT IDKo3ed:
COHA HA KOHTaKTax XZ Ta YW, fAKi € TaK 3Ba-
HHUMH cnabkuMHU naHkamu 300paxkeHoi neT.
Takuil AeTeKTOp MOXKHA BHKOPHCTATH AK Mar-
HITOMETP ZUId TOYHWX BMMIpIOBaHb XapakTe-
pucTHK MardiTHoro nons. OuiHUTH, 3 AKOIO
TOYHICTIO Moxke 6yTH BMMipAHA iHAYyKuUis Mar-
HiTHOro nons B 3a [ONOMOroK AETeKTOpa,
nnotua netrni akoro S =0,1 cm>.

7.130. HoBecTH, U0 BUpPa3, AKUHM CTOITL y Npasiii yacTHHi piBHocTi (7.6.5),

Ma€ po3MipHiCTh onopy.

7.131. Y uyomy nonsrac NpUHUMN Aji €TaaoHiB OAWHKULIL HANPYrH Ta onopy,
BHIOTOBRJIEHMX Ha OCHOBIi edekTy J[xo3ecoHa i kBaHTOBOrO edekty Xomna?



Po3ain 8. PIBUKA ATOMHOIO AAPA

8.1. EKCNEPUMEHTANbHI METOAW SAEPHO! ®13nKW

Hudepenuiansuuii edexTusHuit nepepia poscisHus
dN

do = — 8.1.1
N, @.1.1)

Ae dN — KinbKiCTh YaCTHHOK, 10 BHACHIAOK 3iTKHEHHS PO3CIANMCH y TilecHuit kyT dQQ,
dQ =2nsinBdB, TyT O — KyT poscisHHa; N, — KiTbKICTh 4aCTUHOK y NAfAOYOMY MYYKY,

i0 MpUAAAAE HA OAMHHUYHY MNOWAAKY, SKA € HOPMATLHOIO 10 HANpsMy MBHAKOCTI THX
$8CTHHOK, 110 PO3CiIOIOTHCA.
Dudepennianouuit edexTHBHU nepepis po3cisHHA 3aps/OKEHUX YACTHHOK 3 KYNOHiB-
CbKHM teHTpom (dopmyna Pesepiopaa)

2
do=lq—2— | 22 8.1.1a)
2

1€ g —3apAll YaCTHHKH, AKa 3a3HAE PO3CIAHHS; Z — 3apaa0Be YHCNO AApa pO‘.lCiibBﬂ'!ﬂ.; m v -

MBCA T2 WBMAKICTh YACTHMHKH BiIHOCHO PO3CilOBa4a.
Kyt poscisHHs nia 4ac 3iTKHEHHS 3aPSIKEHO] HACTHHKH 3 KYIIOHIBChKHM LIEHTPOM BH-
3HAYAETHCA CMNIBBIAHOINEHHAM ’

8 T
Ctg —=—, 8.1.2
g~z (8.1.2)
ae T — KiHeTHuHa eHeprist 4acTUHKU BiAHOCHO poacitosaya; U — if noTenuiansHa enepris B
; : . " o § : 1
10J11 po3ciropaya i3 3apsaom Ze ANs 3a8aHOT NpUUinLHOT BiaCTani p , To6ro U = 3 gZ_e
ne. p
L+
ToeHul nepepis poscisuua
- (8.1.3)
Nndl

e dN — inpkicTh 4acTUHOK My4yKa, WO 3a3HANH 3ITKHEHHS MiJl Y4C NPOXOMKEHHS NYUKOM
BincTami dl; N — kinbKiCTh 4aCTHHOK Y NYuKy; n — KOHUSHTPALis 1P MillieHi.
Homxuna npobiry Bakkux 3apsaXeHMX YacTHHOK (MpPOTOHIB) y nosiTpi, cMm, AKIIO
CNeprii cratosnars Gnuasko 1 MeB,
_ L5
R, =193T,", (8.1.4)

ae Tp— xinetnuna EHepris npoToHis, MeB.
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Josxuna npobiry Gyas-akoi “acTMHKM, Maca SKoOi m, 3apia Ze Ta KiHECTHYHA EHepris

m -
=—T, y nosiTpi,
Mp

m

m m
R —-?;,J= R,(T,) - (8.1.42)
[ P Z'm,

ITpo6ir yacTuHKM B peyoBHHI, FYCTHHA AKO1 p Ta MOASpHa maca M,

M
M

R=REn (8.1.46)
P

A€ iHAeKe “n° no3Ha4a€ BiANOBIAHI BEAWYMHMU AN NOBITPA.

8.1. Ha sapo aroma 3010Ta HANTaE O -YaCTHHKA, KiHETMYHA eHepris ako) T =
= 5 MeB. IlapameTp 3iTKHEHHs p = 2,5-10"cm. Ha sikuii KYT 0 pO3CitO€ThCs

yacTuHKa? flka yacTka m my4ka o-4acTHHOK 3 eHeprieio T = 7,7 MeB, wo naja-
10T Ha 30710Ty (hOJILIY 3aBTOBIIKH d'= 310 ~' M, 3a3Hae PO3CisHHS HA KyT 0 < 1° 2

8.2. V3inosx HOPMEIJ'II 110 MiZHOT ¢onbru, NOBEpXHEBA ryCTHHA peqoauml
AKOY Opog = 1,510 }cr/M nanac By3bKUH MYyYOK OL-4ACTUHOK, AKi MAlOTh Ki-
HeTUyHy eHeprito 7= 5,29 MeB. Kytu poscisuHa 8 > 6° MaioTs 6a13bKO 1=
= 1 % ycix o-4acTHHOK. BH3HaYMTH 32 UMMHU JaHUMM KinbkicTs Z; mpoTo-
HiB y sapi MiJi.

8.3. I1poton, kineTHyHa eHepris skoro T = 6 MeB, HaniTae Ha 5Apo amoMi-
Hit0. BCTAHOBUTH MIHIMaNbHY BIACTaHb Py, HA Ky BiH MOe HabGau3uTHCS A0
sA1pa anoMiHio, Ta OLIHUTH PO3MIPH r, LBOrO 8Apa. Binnayeio sapa HexTysatd.

8.4. [Tobynysatu rpadik 3anexHocti KiHetuyHoi eHeprii T npoToHa Ta
OL-4aCTHHKHM B MOBITPi 332 HOPMAJILHUX YMOB B iHTepBani eHepriii 1...10 MeB
BiJ JOBXHMHH ix npobiry R,

8.5. ¥ nosiTpi 3a HOpManbHUX YMOB PyXa€TbCsl O~YACTHHKA, €Hepris KO
I'="7 MeB. Yomy nopisHioe AoexxHHa ii npobiry R, 3a uux ymoB Ta npobiry
Ran B antoMiHii? Ckisibki iOHIB V KOXHOIO 3HaKy YTBOPIOETLCA MMia Yac pyxy dac-
THHKH B TOBITI, AKILIO HA CTBOPEHHS Napw ioHiB NoTpi6Ha enepris E; = 34 eB?
BBaxaru, 110 eHepris YaCTHHKH BUTPAYa€ThCs TILKK HA fOHi3aLit0 noBiTp4.

8.6. I1poToH, a-uacTrHKa Ta ioH aeiitepilo MawTh eHeprii T= 2 MeB. BH -
3HAYUTH ,nosxcuﬂu ix apobiris B amommu Ta poroeMybcii, rycTiHa SKoi p=
=3,84 r/em’ i MonspHa Maca M = 29-10  kr/monb.

8.7. Un NpuAaTHHIi UMKIOTPOH 18 NPUCKOPEHHS: a) eNeKTPOHiB, eHepris
akux Ty = 0,5 MeB; 6) nportonie 3 Takoto camMoi0 eHeprieto; B) NpoTOHIB,
eHepria axux 7; = 1 I'eB?
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8.8. 3 AK010 LWIBHIKICTIO 3MIHIOETLCH MArHiTHUI notik @z y npUCKOpLo-
panbHill Kamepi 6eraTpoHa, SKuwo 3a ONMH obepr enexrpoH HaBysac B Hiii
eneprii 7= 75 eB?

8.9. B eneKTpOHHOMY MpPUCKOPIOBAYi Ha 3YCTPiYHMX MyuykaX KiHETHYHa
eHepris eNEKTPOHIB Y KoxkHoMY 3 nyukie Tp = 1,2 I'eB. Akiii kKineTHyHiii eneprii
T; y CMCTeMi BifllliKy, 3B°43aHill 3 oNHUM i3 myuKis, BiANoBigac us eneprisn?

8.2. ®YHOAMEHTANbHI B3AEMOAIN TA ENEMEHTAPHI YACTUHKH

Tabnuyn 8.1. Pisui cTpyxrypn marepii

Cknaana cHCTeMa Cxnanosi 38’n3yiova B3acmoain (Cunm)
KocMonoriuHi Ta acTpoHOMivHI Maxkpockoniyii o6’exrn | MpasiTauifina cana
ob’exTH (cuna TAKIHHA)
MaxpockoniyHi 06’ €KTH Monexynu EnextpomaruitHa
(cunn Bau-nep-Baaneca)
Monekyna ATOMH EnekTtpomaruitua (XiMiuHi cunn)
ATOM Sinpo Ta enexTPOHK Enextpomarnitia
(KynoHiBCEKI CHAK)
SAnpo Baxki anponn CuneHa (agepHi CHNK)
(Hyknonn)
Aapon Ksapxn CunnbHa (KONbOpOBi CANA)
Ksapx Ta nenron 7 ?
Cnabxa (He € 38"23y104010)

Tabnuysn 8.2. OcHoBHi XapaKTepPHCTUNW efleMeUTapHNX YacTHHOK

XapaxTepucTnra [losnauenna L XapaxrepHeTHKa Toznauenns
Maca m HnBHiCTS S
Enextpuynnii 3apan (B onMHALAX . ,
 2apany enexTpoHa €) 0 YapisHICTb (wapm) C
Ilepmui nenronnnii 3apan L Kpaca (npnsabnusicts) B
Lpyruit nenronnnii 3apan Ly IcTana i
Tperiti nenrokunii 3apan L BryTpiluns napHicTs P
]i—hpiOHHHﬁ 3apan B 3apanosa napHicTe C
JoToniuHni cnin - 3 G-napHicTs G
Chtin (8 opmmnuax # ) s Yac xurTs t
n_l-‘oﬂkuiu i30TONIMHOTO CMiHY HA
LBICh KBaHTyBauHA T, |

KinukicTs unenie isotoniusoro MYNBTHINETY
N=2T+1. (8.2.1)
38’ a30K ENEKTPHYHOTO 3apARY AAPOHIB 3 IHILMMH XApAKTEPHCTHKAMMH:

Q==Tz+—;-(B+S+C'-B'). (8.2.2)
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Tabnuys 8.3. KaniGpysanuui 6030uy

Or:uom_;_iq
YacTuHka (aHTHYACTRHKA) ~—
m, MeB Q £, by L B
0 0 0 0 0 0
g Y 81-10° | +I1(=1) 0 0 0 0
g 5 W (W)
«E’é Z 92-i0’ 0 0 0 0 0
g gi(i=1,....8)
0 0 0 0 0 0
(V]
% e (') | 0,510 | =1(+D) | +I(-1) 0 0 0
g | v.(%) 0 0 +1(-1) 0 0 0
E g | ph | 106 —1(+1) 0 +1(=1) 0 0
., =5 —
= vu(¥,) 0 0 0 +l(=1) 0 0
v T () 1784 | —1(+1) 0 0 +1(-1) 0
— ]
g v V,) 0 0 0 0 +1(-1) 0
e 2( 2 11
- e, = -] ——
£ u(@) |-7(330) +3\ 3) 0 0 o {+3l 3]
2 -
= - I 1) 1 1)
d(d) |~ il -] +=
(d) |~15330) 33| © 0 0 3*3,
o |~i3000| 2 2) s
g @ |as50m]*3073)| ° 0 o 1)
h 4 A\ r Y
" ~200 11 | I}
ety o p=a, +—
) | sooy |731*3)] © 0 o |-31*3)
~ £ 2 ‘1)
t(t) |-4.810° +—§— —-;- 0 0 0 |+3 -3}
s \ / \__A
B - T i,
b(b) (5-10% | —= +—] 0 0 0 3L 3
3L 3 \

Mpumitkn. 1. Y oyxkax BkazaHi 3HAYECHHA KBAHTOBHX YHCEN A AHTHYAaCTHHOK, 2. [TosHaucHHA
3. Macwk kBapkis, yKa3aHi B LyXKKax, CTOCYIOThCS 38’ #3aHNUX CTAHIB.
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73 KBaPK-NeNMYOHHI NOKONIHHA

 japaKTepHCTHIH
i i 5 T S iy B i Konip
0 | 0 0 0 0 -
0 | 0 0 0 0 0 o
0 | 0 0 0 0 0 v, rb, yb.
0 ] 0 0 0 0 0 b, yb, 1T -,}_:P,
r7 + yy - 2bb
i
0 Y 0 0 0 0 0 -
0 1 0 0 0 0 0
- _
|
0 = -
: 0 0 0 0 0
|
0 = ~
5 0 0 0 0 0
0 = 0 0 0 0 0
: -
0 L 0 0 0 0 0
: -
1 1 T e
2 -2- +5[ EJ 0 0 0 0 ryb(r yb)
I I T I
s 5 2(4- 2) 0 0 0 0 ryb(F 7b)
I -
0 < 0 0 +1(=1) 0 0 ryb(F yb)
1 _
0 . 0 | -1+1) 0 0 0 ryb(F 75)
0 —;- 0 0 0 0 +1-1) | rb(Fyb)
0 1 T
5 0 0 0 +1(=1) 0 ryb(F ¥b)

RORBOpY: » (red) — uepsonnti, y (yellow) — xosmill, b (blue) — GnaxwTHiA, 7,7,5 — Txui aHTHKONBOPH.
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Tabnuys 8.4. Apponm

OCHOBHI XapaKTEPHCTHEH
HactiHka
(aHTHYHACTHHKA) o3 0 T T, § " B
nr(n-) 140 | +1(=1) ] +1(-1) 0 0 0
10 135 0 1 0 0 0 0
n 549 0 0 0 0 0 0
- | 1{ 1
K+(K") 494 | +1(=1) 5 ""2'[—'2‘) +1(=1) 0 0
- 1 1{ 1
Ko(K») 498 0 3 '§(+—2'] +I-Hf © 0
S +(D 1869 | +1(-1 : +l[—l) 0 |+ 0
=
it H ] I l
DYDYy 1865 0 2 ) +§ 0 [+1(=D) 0
FYFEYy 11969 | +1(-1) 0 0 +1=D[+1(=D 0
Jy 3097 0 0 0 0 0 0
. | I( 1 |
B'(Bv) 5271 | +1(-1) ) +5 3 0 0 +1(=1)
= I {1
Bo(Be) |5274] O = ——2-[+—2~] 0 0 +1(=1)
Me3sonHi pe3onatcu
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lpodosxexHs mabn. 8.4

OcHosHi xapakTepHCTHKH

(antnuacTuHka)

m,eB Q R T 5 1 A - a8’

- 938 j+I(-1)) +I(=1) % ']i +“["%J 0 0 0

s

: BERE

: —— — — —
940 0 +1(-1) 7 3 2[+ ] 0 0 0
1116 0 +I-ND| 0 % 0 -1(+1) 0 0
1189 | +1(-D)| +I(-1) ] IE +1(-1) {-1(+]) 0 0
1193 0 +1(-1) 1 -Ii 0 =1{+1) 0 0
1197 |—-1(+]) | +1(=1) I ]E =1(+1) {-1(+1) 0 0

-

é 1 l ] I

e 1315 0 +1(-1) 2 3 +E 3 -2(+2) 0 0

1321 {=1(+]) | +1(-1) 5 % -E(+5J -2(+2) 0 0

bt | W
<

1673 |1+ | +1=1)| 0 -3(+3)| 0 0

0 0 j+i=hH) o0

2281 |+1(-D|+I(1)] O -;'

BapioHHi pe3oHaHCH
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dynpameHTanbHi BaaeMogil Ta ix BNacTMBOCTI.
3aKoHn 36epexeHHn Y chyHAAMEHTaNbHUX B3acMOAifX

8.10. ki dyHnamMeHTaNbHI B3aEMOAIl BiAMOBIAAIOTH: @) 3@ BHY TPilLHBOATOM-
Hi npoueck; 6) BHYTPILUHbOAAEPHI NpOLECH; B) NMPOLECH, 1O BiOyBalOTLCA B
acTpoHoMiyHuX Macwtabax? Ska 3 uux B3aeMoaii € HailyHiBepcanbHiLOwW?

8.11. Slxu#i Burnsg mano 6 HapkONUIIHE cepeAoBHiLe, AkOH cnabka B3ae-
Moais 3HUKna?

8.12. Siky ponb Bimirpatots kanidbpysansHi 6030HH y hopMyBaHHI OKpeMuX
BUAIB (PyHAaMeHTanbHUX B3aeMOAii? Un icHye 38’430k Midk Macow Kanibpy,
BabHOro 6030Ha, 10 BIANOBIAAE 3a NepeHeceHHs MeBHOI B3aEMOAIi, Ta paaiy-
coM wi€il B3aemMoAii? Akuo icHye, To akMil? Y YoMy nongrae cXoxXicrs i B yo-
My — MPUHLMMNOBA pi3HULA MiXk HOTOHAMH Ta rNOOHaMH?

8.13. Bxasarty, siki 3 peakuiii Bigbysatotbes: a) v, +tpo>nte ;
B)v.tnopt+e,; B)VF,+H—->p+[J :

8.14. Un Bmﬁyaae'rbca posnaz p e +7y?

8.15. ki 3 4aCTHHOK € mHCHO HeATpaIILHUMM: ny 7, K°, A, 7.2%, n‘?

8 16. BxasaTu, su-:l 3 MpoLEeciB € MOXAMBUMH: a) “H + 2H — 1’ +2H+2
6) *H + H—Ht +%He;B)p+tpon +n+p,Dn+tnon +p+n
An+p=> n + p+n.

8.17 ‘{omy Haaenem Po3nazu He MaloTh Micus: a) p S e +y;

)t pu*+y )t oe*+y; D Hont +y?
8.18. Po3naa nosuTHBHOro ka0Ha MoOXe BiAOYBAaTHCh 33 TAKUMM peaKLiiiMu:

K'-n+n +n';
K'-»n" +n° + 27
K'on' + 1.
Yu 36epiracTbes NpocTOpOBa NAPHICTL NiJ Yac posnany xkaoHa?
8.19. Yu € 603e-yacTHHkU cepes nenToHiB Ta 6apionie? Yu € pepMi-uyacTHHKH
Ta 603e-4acTHHKH cepel anpoHiB?

8.20. SikuH BMCHOBOK MOXHA 3pOOMTH 11040 TOTOXKHOCTI €leKTPOHHOMD
HEATPHHO Ta HOro aHTMYACTHUHKM, SKLIO peakuis V,+p— n + ¢’ cnocrepira-

€TbCA Ha Aochifi, a peakuis V, +n— p+ e —Hi?

Ilentonu Ta kBapxu. CknagHa CTpyKTypa agpoHIB

8.21. Ski 3 HaBeneHUx y 1abn. 8.4 YaCTHHOK MOXHA YTBOPHUTH 3 KBApKOBHX
apoMariB MepLIoro MOKOAIHHA?

8.22. YuM NMpUHUMMOBO BiAPi3HAIOTBCA HYKJIOHM TA ME30HH 3 mornsay
KBapKoOBOi CTPYKTYpH? HaBecTH KBAPKOB] CTPYKTYpH YaCTHHOK, WO Hanexark
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JI0 HYKJIOHHOTO i301y0/1eTa Ta mioHHoro i3oTpunaety. Yu MoxHa nobyayBatu
KaOHHM TUILKM 3 KBapKiB nepuioro noxkoniHHg? HaesecTu kBapkoBy CTpyKTYpy
YaCTHHOK, L0 HANEXaTh IO KAOHHOTO i30MYAbTUILIETY.

8.23. IlopisHioOYM CKIAL RENTOHHMX MOKOMAiHb 3 KBAPKOBMMH, BKa3aTH
KiNbKICTh KBApKOBMX apoMaTiB. SIK 3MiHIOIOTBCA MacM KBapKiB y Mexax no-
KOJIIHHA, 2 TAKOX MiJ Yac nepexoAy Bif OAHOIMO MOKONIHHA Ao iHworo? Te
caMe 3anuTaHHA [OoAo AENTOHIB.

8.24. BinbHi xBapxu B npuponi He 3HaiipeHi. ILlo6 noscuutu ueil daxr,
6yA0 3anponoHOBaHO TiNOTE3y, 3riAHO 3 AKOK CHAM, WO Jil0Th MiX KBapKa-
MH, 3POCTatOTh 3i 30ibIIEHHAM BiAAaNi MK HUMM i TOMY MepelIKOmKATL
YTBOPEHHIO BilbHMX KBapKiB Ta BMALOTY X 3 aapoHiB. HaBectn MexaHiuHy
MoJieJib TAKUX CHIT.

8.25. YoMy ans pocnimkeHHS BHYTPILUHBOI CTPYKTYPH YaCTHHOK CMOCTe-
piratoTh 3iTKHEHHS X NPU BUCOKUX eHepriax?

8.3. CKNTAL TA XAPAKTEPUCTUKW ATOMHOIO SAQPA

3B’430K Midk MacOBUM A Ta 3apAA0BUM Z uMcnamu Aapa:
A=Z+N, (8.3.1)

Re N — xinbkicrs HeliTpoHiB y 9api.
38’430k MK pO3MipoM szipa Ta iOro MAacOBHM YHCIIOM:

R=RA4", (8.3.2)

Be R — paniyc sapa; R, —crana, R, =1,2...1,5 ™.

Marniruuit MOMenT aapa
n=g,JJ(J+)u,, (8.3.3)

A€ g, — ripoMardiTHuii MHOXHHMK Ins A4pa; J — KBAHTOBE 4YMCNO, AKE BU3HAYa€ NOBHMH

: h =
MOMEHT iMfynbCy sZpa; M, — AAEpHHA MarHETOH, W, = Ee—-—:s 5,05-107 Ik /Tn 2 m, -
m
P
ME&Ca NpoToHa.

Cxnap aromHoro sapa

-8.26. Siki excepuMeHTanbHi hakTH CBiTUATHL NPO HEMOXKIUBICTD iCHYBaH-
Hi B ANpax fnerkux 4acTHHOK, 30KPEMa eIeKTPOHIB?

8.27, Bkasatu cknan Takux anep: ‘He, 'Li, "Be, "N, "0, **Na, **Fe,
TAg, oy, ¥y
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8.28. [isa snpa 3 OAHaKOBHMHM MACOBHMH YHMCIAMM HA3UBAIOTh J3EPKab-
HMMH OJiHe A0 OZHOTO, SKIIO KifibKICTh MPOTOHIB B OXHOMY 3 HHX noplamoe
KinbKOCTi Hem;goma y 'HUJOMJ Bkasaru sapa, A3epkanbHi 10 saep ‘He, 'Be,
*Li, "Ne, %

Li, 0, "Al, **Fe, Co.

Maca 1a po3amipy aToMHUX saep

8.29. Yu onxaxosi 3a po3Mipom sjpa i3oTomiB Ta iz06apiB geskoro XiMiy-
HOro efeMeHTa?

8.30. Hixenb y npupoi crnocrepiractbes K cymm cTabiibHUX HYKIiAiB
5’N1 (68,0 %; 57,9303), GONI (263 %; 59,91574), *'Ni (1,13 %; 60,91593),

S2Ni (3,66 %; 61 91322), *Ni (1,01 %; 63,906 08)". O6uncAuTH CepenH:ko

aToMHy Macy 4 Hikento.

8.31. Poamip sapa aKkoro enemMeHTa BABiYI MEHLUMH, HDK B SApa MonidaeHy?

8.32. OuiHUTH rYCTUHY sAepHOl peuyoBUHHM D, KOHLUEHTPALilO HYK/IOHIB A,
cepeHIO BiAnanb MiX HUMHU (r) Ta 06'€EMHY ryCTHHY efleKTPUYHOrO 3apaay p
B 24pi.

833. Bcarauoau'm B%%HOI.LIBHHH pa,&)lycm aﬁep N8 Takux nap Hyknigie:
A1 ta "H; *Ar1a’Li; '®Cd ra *He; *Hg ma

MarxiTHi MmomeHTH Sgep

8.34. Yu MoxcyTh Ti caMi aroMHi spa B OAHHX CTaHax ONMMCYBATUCH CTaTHC-
THKOl0 Bo3e — EiiHiuTeiina, a B iHwux — cratuctukoro ®epmi — Jlipaka, | HaBnaku?

8.35. JloBectH, w0 BeNWMMHA, SKa BHU3HAYAEThCH CMiBBIAHOLIEHHAM
(8.3.3), Ma€ po3MipHiCTb MarHiTHOro MOMeHTYy. [1OpiBHATH MarkiTHi MOMeHTH
ATOMIB Ta aTOMHUX aep. YoMy npu o6YMCNEHHI MarHiTHUX MOMEHTIB aTOMiB
AACPHUM BHECKOM, fIK NPABUNO, HEXTYIOTH?

8.36. UuM noscHioerbes TOH (akT, wo ripoMarHiTHe BiJHOLIEHHS Misi
MPOTOHA He AOPIBHIOE TAKOMY CaMOMy BiIHOWIEHHIO Ans enekTpoHa? um
MOACHUTH, 1|0 riPOMArHiTHE BIIHOWEHHS IS HEHTPOHA He AOPIBHIOE HyneBi?

8.37. Uu nopiBHIOE MAarHiTHUH MOMEHT sapa CyMi MarHiTHHUX MOMEHTIB
HYKJIOHIB, 3 SKHX BOHO CKNaAacThCH?

8.4. ANEPHI CUNWU. EHEPIMA 3B'A3KY ANPA

KBaHTOBI YHCNa, L0 XaPAKTEPU3YIOTh CTaH HYKJIOHA B Api B MOaeNi aacpHux 060/10HOK.
| — opbiTafibHE KBAaHTOBE YUCNO, AKE BU3HAYAE OpPOITANLHUIT MOMEHT IMITYLCY HYKINO-
Ha,!=0,1,2,..;

* ¥V mywxax Bka3zaHa pO3NOBCIOUKEHICTh Hyk/TiIa Ta Maca AApa B ATOMHAX OJHHHLAX MAacH.
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n — FONOBHE KBAHTOBE YMCNO, SKE BW3nA4a€ po3MimleHHs piBHiB npu Qikcosanomy
Ln=1,2 ..

. i . 1
j — KBaHTOBE 4MCNO, AIKE BM3HAYAC MOBHMIA MOMCHT iMNyALCY Hyknona, j=/ +5.

1
j= ==
J="72

m; — KBAHTOBE YMCIO, AKE BU3HAYAE NPOEKLIIO MOBHOTO MOMEHTY IMIYNbCY HYKIOHA
Ha BMILNEHY BiCb, —j S m, S J.
CniekTpansHi no3naveHHs 00010HKOBHX PiBHIB OKPeMHX HYKMOHiIB n(/):

/ 0 ] 2 3 4 5
() s p d i g h

Enepris 38’ 43Ky aTOMHOTO sapa
E,y =X (Zmy + Nm,—m,), (8.4.1)

Iie my — Maca BTOMa BOAHIO; M, — Maca HEHTPOHA; m, — Maca aToMa; Z — 3apAa0Be YHCO;
N = A~ Z ~ KinbKicTh HEWTPOHIB ¥ Axapi; A — MacoBe Yucio aapa.
[Tisemnipuunta popmyna Befiuzexkepa ana eneprii 38°43ky sapa

E,=aiA — a AP — a:Z %4 P — a4 - 2247 - b4, (8.4.2)
e a; = 15,75 MeB, a, = 17,8 MeB, a; = 0,710 MeB, a, = 23,7 MeB, a5 = 34 MeB;

+1 ans HenapHo-HenapHux saep (nenapHi Zta N);
§={ 0 ana azep 3 HenapHuM A, (8.4.3)
—{ ans napHO-HenapHUX A4€p.

MoBepxuena eHepris sapa 8 KpanaAUHHIA Moxeni
E_,=4nR%s, (8.4.4)

A€ G- nosepxHeBUH HATAT AApa.
Enxepris kynoHiBcbkoro BiAWToBXYBaHHS POTOHIB Y Aapi

2 ] = .y
g 3z (8.4.5) ‘LL—

* S 4negR

Hedexr macu aapa

Meb/ wypenen
(-]

Am:ZﬂP +Nmﬂ _m! =Z'”H +Nm" —-ma,(8.4.6) .

-~

E=Eni
™

RC m, — maca snpa; m, — Maca HEHTPaNLHOrO aToMa
BO/IHIO, &, 0. M.

A0 BDXN 0 W @ 1N W W XN
3anexcuicrs nutomoi eneprii 38’a3Ky Aa¢p Bia Macode e A
MACOBOro yucna 306paxeno Ha puc. 8.1. Puc. 8.1
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MNpupoaa i BNacTUBOCTI SAepHUX CHA

8.38. OuinuTH ANA NPOTOHIB y AAPI CHJIM €NEKTPOCTATHYHOIO BiALITOBXY~
BaHHA, MPaBiTANiHHOrO NPUTATAHHSA Ta MArHiTHOI B3aemoii. SIkuit BACHOBOK 3
ollepXKaHUX Pe3yJbTaTiB MOXHA 3po0OMTH LLOAO MOXIMBOCTI BKA3aHHX B3ae-
MOZi# BiirpaBaT poib sAepHux?

8.39. ocnin nokasye, 0 PoO3CisHHA HEHTPOHIB Ha MONeKylax napaBoj-
HIO (MONEKYIY BOAHIO, CMiHW MPOTOHIB B SKUX € aHTUNApaNneNbHUMH), i MO-
neKynax opToBOAHIO (MOAEKYH BOAHIO, CMiHK NMPOTOHIB B AKUX MapanenbHi),
MaloTb pi3Hi nepepisu 3iTkHeHHA. [Ipo Ky BnacTuBicTb CHNLHOI B3aeMouiT e
cBigunTh? YoMy came 3 po3CiSHHA HEATPOHIB HA AAPaX OAECPKYIOTb HAMMOB~
iy iHbopMaLiio Mpo BAACTUBOCTI AAEPHUX CHN?

8.40. I1po sKy BNacTUBICTb SAEPHUX CUl CBIAYWTH BiJHOCHA CTANICTH MH-
TOMOT eHeprii 38’ 43Ky aTOMHUX 84ep cepeaHboi MacH (puc. 8.1)?

8.41. 3 nocnigy BiAOMO, 11O AA€PHI CHK MaloTh 0OMiHHMII XapakTep, To6To
HYKJIOHM B3a€MOJIif0Th Mixk co6010 BHacnigok obminy mionamu. Buxoasuu 3
TOro, LLO Ui CHJIM MaKOTh CKiHYeHHHH paniyc aii r, ~10 .10 7 M, oninuTn

BNACHy Macy m, MiOHa Ta BCTAHOBMTH 11 3B’S30K 3 KOMITOHIBCLKOI JTOBXH-
HOO XBUJ1I YACTHUHKH.

MoHAaTTR Npo saaepHi mogeni

8.42. fiapa ‘He (a-uactunka) Ta '°O maoTh JyXe BUCOKY cTabinbHicTb.
YuM 1e MOXKHA NMOACHUTH?

8.43. Yy icHye moBHA aHaNOriA MiX 3aNOBHEHHAM AAepHHX 00ONOHOK Y
Mari4HHX Apax Ta eNeKTPOHHUX 000NOHOK B iHEPTHUX ra3ax? Yum ue nosc-
HIOETBLCA?

8.44. Anpo 13281 Mae noBHICTIO 3an0BHEH] 0600HKHN Ta BUABASETLCS ABIYI
mariuauM. Un Gyne Bowo craGinbuum? Yu Gynyrs sapa N, “Ne, “*Ca:
a) Mariuuumu; 6) aBidi MaridHuMu?

8.45. Kopuctyiouucs ¢popmynoto (8.4.2), nopiBHATH MOBEPXHEBY €HEPril
52“ Ta €HEPril0 KyNOHIBCbKOTO BiALITOBXYBaHHA E,y, saep %0, *Fe, '*Te,

U y kpannuuHiii Moaeni.

Enepris 38’a3ky, gedexr macu 1a crabinbHiCTL aToMHNX agep

8.46. fxi BMCHOBKH 11I0A0 CTa0INBbHOCTI aTOMHUX A1Ep MOXHA 3poOMTH,
auanizylouu BUrA rpadika 3anexHocTi nUToMol eneprii 38°a3ky K., /4 aA€P
Bia MacoBoro uucna 4 (puc. 8.1)?
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8.47. Kopucryloqm:b rpagikom (puc. 8.1), ouiHuTH eueprno E, aka Bugi-
Ag€ThCA Y pasi noainy sapa U na gsa ynamkH, MacoBi yucna skux 4; = 94
Ta Az = 140.

8.48. Yomy ﬂOpIBH}OIOTb maca Ta aeq)ex'r MacH a1pa 25U ta PPu?

8.49. TTurtomi eHepm 38’a3ky azep °Li Ta 'Li gopiBuIOIOTH BianoBiao
5,33 MeB/uyK.nou | 5,60 MeB/uykiion. Bu3naunty Macy BKa3aHMX HYKIiZiB
T4 BiAMOBIAHI ammul macH. Ske 3 Bkasauux sgep € Ginbiu cTabinbHUM?

8.50. Ina sapa %0 eueprm 38’83ky E,0 = 139,8 MeB, a ans aapa PF ~
E.r = 147,8 MeB. flky miniManbHy enepriio tpeba BuTpatutH, 1106 Bigipsaru
OJIMH TPOTOH BiJ fapa qJTopy‘?

8.51. OGuucnutu euepruo 3B n:my E,; ta aetbelc'r mMacu Am sppa ‘He.

8.52. Busnauutu eneprii 3B’a3ky suep *He i *H ta noscuuty, 3 4um
0B’ A3aHa plsumm LMX eHepriil.

8.53. Axy MIHIM&ﬂbHy eHeprilo caia BUTPATUTH 1A TOTO, o6 amor:pe-
MMTH OZMH BiJl OZHOIO HYKIOHH B AApax "Li ta 'Be? UoMmy us enepris ans
sifpa Oepuiito MeHLua 3a eHeprilo aAns anpa niTivo?

8.54. O6uucnutu pIBHHu}O eHepriif 38’ a3ky anep S 1a *'Cl 1a MOPIBHATH
Ofiep>KaHE 3HAYEHHA 31 3HAYEHHAM eHeprii KYJIOHIBCbKOTO BiJLUTOBXYBAHHA
NPOTOHIB y UMX AApaxX Ta 3 X MOBEPXHEBOK EHEPTIEIO.

8.55. BerawoBuTy 3aranbHuil Bpa3 qns eHeprii 33’513&3: HeWTpoHa i po-
TOHa B A1pi Ta OOYHCAUTH 32 JONIOMOTOK0 IOr0 BUPA3y Pi3HULIIO IIMX EHEpriii
I aApa 2Cs.

B ka3iB Kk a. Bukopucrati tbopmyny (8.4.2).

8.5. ANEPHI PEAKUN. PALIIOAKTUBHICTb

Enepria aaepHoi peakuii

Q= C(Zm, Zm*], (8.5.1)

=l
A€ m;— Macn CNOKOIO YACTHHOK, AKi BCTYNHIIH B PEAKLIIO; /), — MAaCH CTIOKOIO YaCTHHOK, AKi

YTBOpMnMCs pHacnigok peakuii. Axmwo Q > 0, To peakuin € ex3orepmiuHoio, ko O < 0 ~
CHAOTEpMiYNOIO.
Hopir peaxuii

my 2m2C2

Toop = IQI(l +ﬁ-+—|g|—] , (8.5.2)

AC My ~ Maca yanitalo4ol YaCTHHKH, M, — Maca Milteui. [ns HepenaTHBICTCBKHX YaCTHHOK
(Q<<m,c?, O<<myc?)
m
- |Q! 14 —L]. (8.5.3)
my
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3akoH pafiOaKTHBHOIO po3nany

N(1)=Ne™, (8.5.4)

ne N(t) — KinbKiCTh fAEp HYKNiAa, 11O HE PO3UANHCA 10 MOMENTY Hacy {; No — no4arkosa

KiLKICTL 84€p; A — CTana po3naldy, sKa 38°53aua 3 NepioaoM 11iBPO3NaLy CniBBiAIOWEHHAM

In2
[ =—. (8.5.5)

A

Skuio po3nan nNpoOXoAMTh Y AeKinbKa CTani, TO KiNbKiCTh #ACP MAaTEPHHCLKOI Ta [0+
4{PHLOI PEUOBHH 3 HACOM 3MIHIOETLCA 33 3aKOHOM

M) = Nge™ s Ny () = llx M-, @se)
2~ ]

A€ ingexcu “17, “2"” no3ua4aloTh BiANOBIAHO MATEPHHCHKY Ta AOUiPHIO PEYOBHHM.
PiBHgHHA “BiKOBOI” pIBHOBarW MiX MAarcpHIICLKOIO Ta A0YiPHLOIO PEYOBHHAMM 38

YMOBH A, << A, :
LN =0,N,, (8.5.7)

Ae Ny, N — piBHOBaXHi 3HAY4ECHHA KinbKOCTi AA€Ep.
Euepris kpadTa, WO BUNIPOMIHIOETLCH 30yxeHHM aapom (eext Meccbayepa),

g = E(l . 2), (8.5.8)

2me

ne E — eneprin 36ymkenns;, m — maca aapa; £ << me’.

3akonu 36epexeHHA B afepHUX peakLlisx.
Mopir Ta eHepris peaxuii

8.56. Po3kpuTH cKOPOYEHH 3aNMKUC TA BKA3aTH MO3HAYEHHS X, AKMX HEMAE
B PiBHSHHAX peakuiii: a) mB(Ju:, or.)sBe; 6) 22NaL(p, x)zONe; B) "O(a, nix;
r) x(p, nY’ Ar; n) *C(x, d)'*N.

8.57. Anepui peakuii in6yBsaloThest 3riaHo 3 piBuaHHAMK: ) 7X (p, o )Y
6) 7 X (d,n)Y; B) X 5V4a; D IX Y+ _e+v,; n) FX oY+
+,1e+V,. Beaxaiouy MacoBi Ta 3apai0Bi uMcNa BUXiAHHX snep BinOMUMH,
BH3HAYHUTH, YOMY JIOPIBHIOIOTH Lii YHCNIA ANA YTBOPEHHX AAEP-

8.58. O6uucauTH nopir Ta eueprilo peakuii Yy —>e* + e, AK110 BOHA Bill-
GyBaeTbcs BHACTINOK 3ITKHEHHS Y-KBAaHTA: a) 3 €NeKTPOHOM; 6) MpOTOHOM;
B) siupom '°C.
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8.59. Brasaru, ski 3 peakuiii, piBHAHHA AKMX HaBEIEHO HMXYE, Biz-
GyBaloTbCa B npupoammx ymosax: a) °Be(wa, n)'’C; 6) *'P(nm, p)*'si;
8) *Mn(n, o) V; ) Ti(n,y)*'Ti; 1) 28U (n,y) *U.

8.60. BuzHaunth noporoBy eHeprito Ty, AKa NOTPIOHA ANS HAPOMKEHHS
napy HyKJIOH — aHTUHYKJIOH Y pa3i 3iTKHEHHN ABOX MPOTOHIB, Ta MOPiBHATH Ti
3 eHeprico peakuii.

8.61. Y peakuii °Ra —» *He + *Rn kinernuua eHepris o.-4acTHHKH, L0

punetina 3 aapa, I = 4,7 MeB. Buznauutu nosuy exeprito E, 1110 BUAINAETbCS
fipy 1i BUJILOTI, TA KiHeTH4HY eHepriio sapa sipnadi Ty,

3akoH pafnioakTMBHOro posnagy.
PapicaxTueHa piBHOBara

8.62. Ski atomHi sapa HA3MBAKOTL panioakTMBHUMU? SIKMM BHAOM Mpo-
1ecy — BHYTPILIHbOAAEPHUM 200 BHYTPILUIHbOHYKIOHHUM — € OL-PO3MAJ,
B-po3nan Ta efeKTpPOHHE 3axofneHHn? SKMMH BHAAMH BHYTPILIHbOATOMHMX
npoueciB CynpoBoKYI0TbeA PizHi B-nepersopenns?

8.63. BuzuaunTy cTany pagioakTMBHOrO po3nany A aapa >>Co, KLU0 33 roau-
HY po3nanacrses 4 % noyarkoBol KUIbKOCTI 8ep. I}J)oqym posnany cTabinbHuii.

8.64. slka 4acTKa 1) MOYATKOBOI KiNLKOCTI AP ~ ST po3naneThes 3a oAHy 100y

i3a 15 pokis? fka yacrka £ 3anmiumtbes yepes 10 pokiB i Hepes 100 pokis?

8.65. B ypauoBiii pyai BigHoweHHs KinbkocTi saep > U 40 KinbkocTi sgep
*Pb crauosuTs k£ = 2,8. OuiHUTH Bik £ PyaM, BBXKAIOUH, 1O BECh CBHHELb €
KIHIEBHM NPOAYKTOM PO3naay YpaHoBOro pany.
ik 8.66. 3 skoi HaliMeHLUOi MacH pyau mp, WO MICTHTb N .=18 % uykniga

U, moxna ozepxaty mg, =1 r paniio? [lpuitusTy, wo vac nieposnaany saep,
sIKi € TIPOAYKTaMH MepeTBopeHs HYKiaa 23U, 3nauno Meuwunit 3a vac niBpos-

Najxy BUXigHUX saep.

8.67. Buacnizok panioakTHBHOro po3nany saep Hykiiga A; yTBOPIOETbCA
HYKJJ A,. Ctani po3nafiB saep uux HYKIiZiB AOPiBHIOIOTH BiANoBigHO A Ta
Ay. ¥V nouatkosuii MOMeHT uacy B npenapati mepeGyBac nuiue Hykumig A 3
KLIbKiCTIO sigep Nyp. Busnauuty Kinbkicts agep N, Hykiiaa A; 4epes npomi-
ROK Yacy ¢, a TaKoXk MPOMIXKOK uacy #|, uepe3 AKuil KibKicTb aaep HykiIiga 4,
AOCATHE MaKCHMANbHOIO 3HAYEHHS.

8.68. Jlauwior panioakTHBHUX MEPETBOPEHbL MIiCTHTL TP HYKNIaM i 3aKiH-
YEThCA cTabinbHUM HYKIinoM. Beaxaroum, ulo B Mo4aTKOBHA MOMEHT 4acy
ROJHOrO Hykniga Hemae€ i MepliMii HYKJIiZ YTBOPIOETbCH 3i LWBHAKICTIO P
(11€p/c), BeTaHOBHTH IR KOXKHOFO 3 HUX 33KOH HaKoMUdeHHs N(f), Ao ix
CTaN posnagis Ay Ta A, Bigomi.
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Ansda-po3nan

8.69. YuM noscHIOETbCA TOMH (aKT, o 0-pafioakTHBHHMU BUABNSIOTLCA CaMe
BaKi aapa? SIK MOXXHA NMOACHUTH BUMYCKAHHA O-4ACTHHKH SpOM, AKLILO BUCOTa
noTeHuiansHoro 6ap’epa Mg Hel B aapi cTaHoBUTL Npubnusuo 25 MeB, a exeprii
YacTHHOK, 1110 6epyTh yyacTs y po3nafi, NopiBHIONTb 4...9 MeB?

8.70. Kopuctylounch ¢opmynoio (8.4.2), o6uHCIUTH eHeprilo 3B'a3ky
nporoHa E, Ta a -4acTHHKH £y B aapi 25U Ta 3po6HTH BHCHOBOK ULONO EHEp-
reTHYHOI JOUINLHOCTI po3naly Uboro Sapa.

8.71. Bpaxaiouu BiIOMMMH pajiyc sapa rp Ta BHCOTY NMOTEHLianbHOro
bap’epa U,, AKHii OTO4YE a-4aCTHHKY B Api, Ta MPUIYCKAIOYH, 1O AAPO ANA
YaCTHUHKH € MPAMOKYTHOIO MOTEHLaNbHOI0 AMOIO, NOACHUTH, 4OMY HeBenuKii
pi3HuLi Mpo0iriB o-4aCTUHOK Y PeyoBHHI BiANOBIAA€ NOCHTL BEAHKA Pi3HULA
CTaux po3nany.

8.72. Siapo **Th, axe nepebysae B cnokoi, 3a3uac a-po3nany. 3anucaru
PIBHAHHA BKa3aHO! peakuil Ta BW3HAYMTH KiHeTHuHy eHeprilo T mpoAyKTis
poznaay. Evepris 38’a3ky BuxinHoro aapa Eum = 1 748,4 MeB, a apep, wo
YTBOpUNMCA BHAcNinok po3nany, £, = 28,3 MeB 1a E; = 1 725,3 MeB.

Berta-poanapg

e . 3
; 8i.73. Bkasa'gu, AKHit BUL B-nepeTBOpeHb 3a3HatoTh Taki aapa: “H, *He, 'Be,
Li, "*Ne, °A1,” Ar, Fe.
8.74. BuzHauMTH eHeprii peakuii n—> p + _e+Vv, i po>n + e+v, T8
3p0OHTH BUCHOBOK LLIO/I0 MOMUIHBOCTI CMIOHTAHHOMO NMPOXOMKEHHS KOXHOI 3 HUX.
8.75. 3a ocraHHiMH JAHUMM HaC XUTTH BiNbHONO HelTpoHa t,=12,8 xB, a yac

KMTTA BINBHOMO MPOTOHA € HACTINbKM BETMKWM (33 OCTaHHIMM OpiHKaMHM
0 . i .
Ty & 10° pokiB), w0 Horo mMoxHa BBakaTH crabinbHum. fAke obMmexeHHs Ha-

Knajae HecTabinbHicTh HEHTPOHA HA TOUHICTh BUMIpIOBaHHA Horo macu? [Topie-
HATH HEBM3HAYEHICTb MacH Am HeliTpoHa, 3B°a3aHY 3 WM 0OMeXeHHAM, 3 pi3HI-
Leld Mac HeATpoHa i npotoHa Am, HaBeneHHUX y Tabn. 2 pon. B. Yomy, He3saxa-
H0YH Ha HECTAOINLHICTL BITbHOMO HEMTPOHA, y Npuponi icHyroTh sapa, cTabinsHi

BigHocHO P -po3nany? Homy, He3pakatouM Ha CTaGinbHICTL BiIbHOTO MpPOTOHA,
iCHYIOTb Apa, 8Ki 3a3Hai0Ts BT -po3naay i EJIEKTPOHHOMO 3aXornneHHs?

8.76. 3anucaTn piBHAHHA peakuiit B-poznany HelTpoHa i mpoToHa 3 ypa-
XyBaHHAM KBapKOBO! CTPYKTYpH yacTHHOK. Illo MOoxHa cka3aTh npu uboMy
LLORO Pi3HMLI MAc KBapKiB nepiioro nokonidia?
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8.77. Sapo *°Bi, enepria 38°83Ky AKkoro Ey = 1 644,8 MeB, wo nepeGysac
B CMIOKOI, 3a3Ha€ B-po3nany. /ina yTBopeHOro BHACNiIOK po3najy aapa eHepris
38’ 13Ky Ey = 1 645,2 MeB. BusHauutu enepriio posnany O ta eHeprito € ene-
KTPOHHOIO AHTUHEHTPHHO, AKLLO KiHeTHYHA eHeprisa enekrpoHa T, = 0,33 MeB.
YoMy AOPIBHIOE MaKCUManbHE 3HAYEHHA LIET BENHYUHU Emax JIA BKA3AHOTO
po3naay? Bimgayeio aapa, yTBopeHoro BHacNitok po3nany, HEXTYBaTH.

8.78. Slkum MpouecoM CyTIpoBOKYETLCA NepeTBopeHHs aapa‘'Ca s anpo YK ?
8.79. HoMy npu enekTpoHHOMY 3axonieHHi 34e6inbloro 3axonaolThCs
S-eNIeKTPOHH | 3HAYHO MEHLLIOKO MipOIO — eNeKTPOHH 3 iHLIMX 000N0HOK?

Fama-sunpomiHioBanHsn. Edpexr Meccbayepa

8.80. Uu Moxxe BilbHMI HYKNIOH BHITYCKATH Y-KBAHTH TaK Camo, K 3a3Ha-
BaTH P-po3nany? Sky npupoiy — BHYTPILIHLOSAEPHY 4YH BHYTPilIHbOHYK-
JIOHHY — MA€ y-BUNPOMIHIOBAHHA aTOMHUX A1ep Ta B 4OMY BOHa nonarae? Aki
XapaKTepUCTHKH aTOMHOrO AAPA 3MiHIOIOTLCA NPH HOro Y-BUNPOMiIHIOBaHHI?

8.81. Yu BiAPIi3HAETLCA CNEKTP eNeKTPOMArHiTHOrO BUNPOMiHIOBAHHS, AKe
BUYCKAETbCA aTOMHUMM fOpamH, Bill CMeKTpa, WO BUMYCKAE aToM, i AKLLO
BiIPI3HAETHCA, TO YUM?

8.82. Ilicna po3nany B-panioakTusHe AAp0 BUABHIOCA B 30y/LkeHOMY CTaHi.
Horo nepexin y HopMasbHu# CTaH HOZ CYMPOBOKYETLCS NEpeAayelo 3aiBoi
eHeprii enekTpoHHid obonoHui, BHacniflok 4oro BiAOyBaeTbCA BHUMYCKaHHA
aTOMHHX eNeKTPoHiB. SKy ponb Bilirpac B LbOMY MPOLECi Y-BUNPOMiHIOBAHHS
siipa? Sk BiApi3HUTH HA JOCIIAI B-eNeKTPOHH Bit aTOMHHUX?

8.83. EHepria nepuioro 36yXKeHOro pisHs aApa atoma 3ainisa TFe E =
= 14 xeB, uac iioro xutts T = 10 7 ¢. Un MoknHBe pe3oHaHCHe noriuHaHHs
1M S/1pOM y-KBAHTIB 3 TAKOIO eHepri€n?

8.84. PezonancHe nornuHaHHR y-KBaHTIB sApaMHy CMIOCTEPIracThCs B KPHUC-
Tanax. YoMy BOHO HE CNIOCTEPIra€ThCA Ha BibHUX AApax?

8.6. I3U4HI OCHOBW SAEPHOI EHEPIETUKW

Enepria 36ynxenus cknanenoro aapa
Eg=T+E,, (8.6.1)
A€ T~ kivetnyna €Heprif YaCTHHKH, AKa HamiTac Ha Aapo; E,, — eHepria 38 43Ky Ui€l vac-
THUHKH B CKnajaeHomy sapi.
Koegivienr posmuorxenus nefirponis y cepenosuiui

e (8.6.2)
Nﬂ—l
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ae N,, N,., — KinbKkicTh HEHTpPOHIB y n-My Ta nonepeiHsomMy nokoniHuax. Akuo £ < 1, 1o
NaHUIOroBa peakiis BiabdyBacTbCs B NIAKPUTHYHOMY PEXMMI (3racac), AKuio k = | — pexum
peakiuii KpuTHYIHiA. a AKIo X > | — HAAKPHTHYHHUA,

Enepris. sxy BTpauac HEATPOH NpH NpyKHOMY po3CisHHI Ha AApi:

a) Makcumansiia BTpaveHa eHepris

AE o = 14 =~ £y, (8.6.3)

(1+ Ay
ae £, — nouaTkoBa EHEprifn HEUTPOHA,
©) eneprid, Brpa4yeHa nNpM po3cifiHHI HA NOBINBHKA KYT,

AE=AE,_,, sin?‘%. (8.6.4)

[ornuHanHA BY3bKOro MOHOCHEPreTHYHONO My4Ka y-KBaHTiB:
I=Ile™, (8.6.5)
Ae [ — iHTEHCHBHICTb 1Ty4ka Mid Yac MPOHUKHEHHS Horo B cepeaoBuuie Ha rnubuny x; [y -
MOYATKOBA IHTCIICUBHICTL Ny4Ka; Y — NiHiAHKA koepiuieHT nornyHanng,
38’430k NiHiANOro koediuicHTa NOrNMHANHA i3 WapOM NONOBAIHOTO OcnabneHHs:

2
Ry Ly (8.6.6)
B
AKTHBHICTb
dN
A=—=AN(t). 8.6.7
| = (1) (8.6.7)
Iornuuyra a03a
b, =85 (86.8)
dm

ne £ — ewepris iOHi3yioMOro BUMNPOMiHIOBAHHSA; M — MAaca TiNa, o ONpOMiHIOETHCA.
Excno3nuiiina 103a OnpoMiHeH i

pull (8.69)
dv
Ae V' —06’em Tina, 1o ONpoMiHIOETHCA.
[ToTyxHicTe excno3HuiiHoOl 203N
Pl (8.6.10)
dt

Mogin spep

8.85. Aki BnactuBocTi MUTOMOI eHEpril 38’43Ky atoMHuX saep Ak dyHKUii
MacoBoro uucna (aus. puc. 8.1) pobnars MOXAMBHM BHKOPHCTAaHHS 81ePHOI
eHepril Ta AkMMH crocobamu 11e MoxHa 3po6uTH?

8.86. Y yomy mongraioth nepesaruw i B YoMy — Henoniku BUKOpuCTaHH
AAEPHOTO ManbLHOro MOPiBHAHO 3 opraHiyHum? Ski 3 icHyloyux y mpupoli
i30TOMIB MOXXHA BUKOPUCTATH K AnepHe nanbHe?
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8.87. Slxi apepHi peakuii BUKOPUCTOBYIOTLCA ANS OAEPXKAaHHA SANEPHOI
eqeprii B MPOMUCNOBHUX MacluTabax? Yn BUKOPHUCTOBYETLCA TYT eHepris, aka
BUAINAETLCA Mij Yac pafioakTHBHUX MEPETBOPEHb aTOMHUX Anep?

8.88. YoMy B peakuii nozginy Baxkux siaep BUHHKAIOTh BiNbHI HEHTpoHU?
YoMy AESKi 3 yNamKiB, 140 YTBOPIOIOTLCA MiA 4ac yKa3aHol peakuii, BUsBIA-
oTbca -panioakTuBHUMK?

8.89. IlosicHuTn ¢isuynuii 3mict nouarrs “Exepriz akTupauii aroMHOro
sapa”. Uu Mae BOHa BiHOLUEHHS 1O MOpora peakuii?

8.90. 3 nocninis BigOMO, WO icHY€ iCTOTHA BIAMIHHICTL Y mozini saep
ypaHy U 1a PiU: nepui 3 HUX MOXYTb MOAINATHCE AK WBHAKUMM, TaK i
NOBIIbHUMM (TENNOBUMHM) HEHTPOHAMU, a APYri — TiNbKH WBUAKUMM (~]1 MeB),
ToscHUTH ue RBULLE, AKIIO eHEPris akTUBALIT ARep 2oy 1a U BignoBigHoO
E . =53 MeBra E_, =6,1 MeB.

8.91. Kopuctyrouucs (i)opluynmo (8.4.2), BUBHAYMTH eHeprilo peakuii no-
xiny n + 25y - "0Cs+ *Rb + 2. SAkuii i3 BHeckiB IO eHeprii peakuil, wo
RH3Ha4YAOTLCA (hopmynoto (8.4.2), BUABNAETLCS TYT HalGINbLIMM?

KoediuieHt poaMmHoxXeHUR HEWTPOHiB. AepHui peakTop

8.92. ¥ yoMy nongrae npu3HaueHHa aaepHoro peaktopa? Slkuit i3 pexwu-
MiB naHLIOroBOI peakuii, BkazaHHuX y noscHenHi a0 ¢popmynu (8.6.2), BukopH-
CTOBYETBHCA B ANEPHOMY peakTopi Ta B saiepHiil 60M6i? fAki dakropn 3meH-
HIYIOTb KOe(DiLiceHT PO3MHOXKEHHA HEHTPOHIB B RA€PHOMY peaKkTopi?
8.93. BusHauuTy 4acTky eHeprii 1), AKy BTpayac HelTPOH Mmij Yac NpyxKHOro
PO3cisiHHa Ha kyT O = 180° Ha aapax aeiiTepilo, renito Ta Byrneuto.
8.94, Cepenuiit yac UTTA ONHOIO MOKONiIHHA MOBINbHUX HEHTPOHIB y A7ep-
Homy peaktopi 7' = 5-10 * ¢. 3a skuii 4ac  KinbKicTb HEelTPOHIB y peakTopi
30UTbLIMTBCR B 1) = 100 pa3is, sKu0 koedilicHT pO3MHOXKEHHS HeHTpoHIB k =
= 1,01? Slkuii BucHOBOK MOXHA 3po6UTH B ULOMY pa3i woao pobouoro cTaHy
peaxkTopa?
8.95. Yac 1, 3a saxuil noTyXHiCTb peakTopa Ha NOBiNbLHUX HEHTpoHax 3poc-
Tac Be= 2,718 pasis, Ha3WBaKOThL NMEPIOJOM NAHLIOTOBOI peakuii. YoMy aopis-
HIOC  KOediuieHT PO3IMHONKEHHS HEHTpPOHIB k y 1bOMY peakTopi, SKIO AN
HbOTO T =] ¢, a yac )KUTTA MOKONIHHA MOBINbHUX HeHTpoHiB 1= 5-10 “e?
8.96. B szepHux peakTopax Ha NoBifbHUX HEHTPOHAX BUKOPHCTOBYIOTHCA
Clewianbyi crioginbHIOBaYi HEHTPOHIB. Y YOMY MoNsrae ponb Takoro CHoBi/b-
HI0Ba4a? flka 3 peuoBUH — ‘He, H,0, D,O - Oyne HalikpawM croBinbHIOBa-
“1EM Helitponis y anepHoMy peaktopi? Yomy?
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8.97. [igBogHMII YOBEH MAE MOTYXKHICTh aTOMHHX asuryuis P = 14,7 MBr,
nanbHUM An8 AKUX € ypaH, 36arauenuii HyKniaoM 23U, Bu3HauuTH MiHj-
ManbHi BUTPAaTH m ManbHOro MiA Yac MiaBaHHA 4OBHA NPOTAroM OAHOrO
micaua. [TpuitHaTy, Wo nin Yac noainy 1apa 233U Buaingerbea eHepria Q=
= 200 MeB.

8.98. Sika eeKTPUYHA MOTYXHICTh P aTOMHOI €NeKTPOCTaHLUii 3 KKA n=
= 25 %, wo crnoxusac woaodoso m = 220 r ypaHy 202 [puiiHATH, WO Mg
gac moginy azpa > U Buaingetbes enepria O = 200 MeB.

8.99. flke n06OBE CMOXMBAHHS SACPHOTO NANLHOrO B PEakTopi THNY
BBEP-1000 atomuoi enekrpoctauuii (enexrpuuHa notyxHicts P = | I'Br)
npu KKJI enektpocraHuii n = 40 %, skwo Mg Yyac noziny oAaHoro aapa &
BHAINAETHCA euegria Q =200 MeB?

8.100. Anpo Pyuy pasi noziny Buzinae exepriro O = 200 MeB. [MTin gac
BubyXy aaepHoi 6oM6H BeTHrae npopearyBath NpHOau3HO m = 1,5 Kkr ypaHy.
YoMy NOPIBHIOE eKBiBaEHTHa Maca TPOTHAY /1, AKUIO HOTO TEMIOTBOPHA
3pgatHicTh ¢ = 4,1 MJDx/xr?

8.101. PeakTop Ha WIBHAKMX HeliTponax noTyxHictio P = 100 MBr Bix-
TBopro€ naytoHiii. [1pu nozini oaHoro aapa 25U y cepeaHbOMY YTBOPIOETHCSI
v = 2,5 HeiiTpoHiB i BuainacTbes enepria O = 200 MeB. Hasectu Hu3ky aaep-
HuX peakuiil, AKi BinOyBalOTECA B AKTHBHIH 30Hi peakTopa Mia 4ac yTBOpEHHs!
[IyToHi0. BH3HauMTH Macy mp, ILTYTOHIlO, yTBOpEHOTO B peakTopi 3a 1 = 10 Jio,
Ta MOPIBHATH 11 3 MacOl0 My BUTPAYEHOro NajabHOro.

Peakijisn cuHTe3y

8.102. YV aeskux 3ipkax BiabyBacThcA nmpouec 3*He — '’C. Sxa kinbkicTn
rennotn O BUAINAETLCA MiA 4ac YTBOPEHHA OJHOTO MO Byraeulo? Maca
anpa renito m = 4,001 52 a. 0. M.

8.103. SIxy macy m Gopy Tpe6a B34TH And TOTO, W06 32 2OMOMOrOIO Pe-
akuii ''B + '"H — 3*He ogepxarn v = 1 moas renilo? Ska npn usoMy eHep-
ris E puginutbes? Maca aapa 6opy mp=11,006 62 a. 0. M., reftito — Mue=
= 4,001 52 a. 0. M.

8.104. O6uucauty eHepriio E, wo BUZINAETbCA NPH BATOPAHHI m = 1T
gelitepi€soi naasmu nig yac peakuii H+*H > °H ¥ p, 24 +°H - *He +n,
a TakoX m = | I NAa3MH, WO CKIANAETbCA 3 AelTepilo Ta TPUTIlO, AKIWO B Liii
nnasmi BiabyBacTbea peakuia 2H +°H > *He + n. Ska 3 uux peaxuijit € Hai-
BUFIHILLIOWO A8 BUKOPHCTAHHA B AnepHiil eHepreTHui?

8.105. OuinuTn Temnepatypy T, HeoOxiaHy aAnd BUHMKHEHHA peakuii CHI-
Te3y aaep y Boauesiii nnasmi. Un moxe Binbysatucsa peakilis cuHTesy 210D
AKLLO TEMMepaTypa Mua3mMy HUXK4a 3a ofepikany?
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EnemeHTH no3umeTpil

8.106. Bu3HayuTy NoYaTKOBY MHTOMY aKTHBHICTb @y HyKNiAa 9py, akwmo
fioro aktusHict 4 = 1 Ki. Yomy nopisHioe maca m Hyknina °Ra 3a Taxoi
caMOl aKTUBHOCT]?

8.107. B 1 T npupoaHoro rpaity micturhes m; = 3 I cyMmilli Hykniaie
ypaHy B cknaai 99,3 % 28131 0,7 % “°U ta my = 12 r Hyknida BT, Busa-
qUTH MOYATKOBY AKTHBHICTb 4; KOXHOrO 3 HyKJiZiB, 1O MICTATLCA B 1 T rpa-
HITY, @ TAKOX MOBHY MOYATKOBY aKTHBHICTb A | T NPUPOJHOrO MPaHiTy.

8.108. Bu3HayuTH BiK T CTapoAaBHiX JAepeB’AHMX NpPeaMETIB, AKUIO MUTO-
Ma aKTHBHICTb @ HyKJIiAa ' 'C B HUX CTAHOBHTB 1) = 60 % MHTOMOT aKTHBHOCTI
fEOrO CAMOr0 HyKiJa y CBix03pybaHux nepesax.

8.109. ¥ meramopi3oBaHoMy YepenaliHuKy Maca paaioakTHBHOro HyKiiza
5Ca cranoButb 1 = 0,002 % BiA Macu HEPanioaKTHBHOrO OCa. Sk 3minuTbCA
ITHTOMA AKTHBHICTb YepenauiHuKy 3 MiJBHILIEHHIM KOHUEHTPaLii paaioakTHB-
roro HykJija B n = 10 pasis?

8.110. [To3aCHCTEMHHMH OJMHHLAMM €KCNO3MUIMHOT 103H ONpOMiIHEHHA €
PEHTTEH Ta IbldM3. O64ncAMTH CHIBBIIHOLIEHHA MIX HUMM IS NMOBIiTpA, BBa-
AKAl0yK, 0 cepeiHs eHepris aucouiauii iioro monexy:n E,= 33 eB. Berato-

BHTH TaK0X BiANOBIAHICTb MiX OAMHULUAMH AO3M MOrMHAHHA MPEEM Ta EKCIO-
3MWIHHOT 1031 — PEHTTEHOM.

8.111. Po6iTHuK Mpaioe 3 y-panioakTMBHUM MpenapaToM, npuioMy rpa-
HIYHA NPUMYCTHMA 7032 onpoMiHeHHs craHouTbh 0,017 P/noby. Ilporarom
po6o4oro AHs, Akuit TpuBac ¢ = 6 rof, 1O3UMETP dikcye cepeqHIO MOTYXHICTb
n103u P = 0,5 mxP/c. Un onepxuth pobiTHHK mia 4ac poboty 3 npenaparom
7103y OnpoMmiHeHHs, Ginbllly 3a rpaHHYHY, AKIO ONpOMiHEHHAM 3 GOKy IHLIHX
JKepen HexTyBaTu?

8.112. Busuauutu NiHidHiI koediuieHTH MOriAMHAHHA BY3bKOro mny4ka
y-KBaMTiB, eHepris Akux €, = 3 MeB, y Boai p; Ta CBHHLI M), AKLIO BiACTaHI,
HA SKMX MOTIK LMX KBaHTIB 3MeHluyeThcs B & = 10 pasis, 1OpiBHIOIOTDH
BinoBigHo /; =0,58 MTaly =4,9-10 % M.

8.113. By3bkuii ny4oK y-BUNPOMIHIOBAHHA, EHEPriA AKOro € = 6 MeB,
IIPOHK3Ye GeTOHHY CTiHy 3aBTOBILKH /| = 1 M. SKkO10 Mae GyTH TOBLIMHA 3ai3-
HOI CTitu 5, w06 cnpuyMHKUTH Take came ocnabieHHs 1boro ny4ka?

8.114. TnacTHHKa 3 AEAKOi PEYOBHHM OCNAGNAE Y-BUMPOMIHIOBAHHSA B k =

=1000 pasig. Ckinbkn 1apiB NONOBHHHOrO MOMNMHAHHA MICTHTD Taka miac-
THHKA?



BigNoBial, BKA3IBKUW TA PO3B’A3AHHA

A0 POo3ainy 1

1.1. Manicrs (hi3HuHMX BEIMYHMH NOB’A3aHA 3 ATOMICTHYHICTIO PEYOBHIHN, KBAHTYRAIL
HAM 3apsaay i T. iH. Jupepenuian Ppiznynol penvunin He 060B’A3K0BO € MANOI0 BEAUYM-
Hoto. [loTpibtio Tinskk, WOG y Mexax AudepenLiana 3MIHOW QI3UYHMX BEIUUHUH MOXIIg
6yno 6 HexTyBaTH.

1.2. Pospaxynku dizmuHux npoueciB BUKOHYIOTHCA i3 3aJaHUM CTYNCIIEM TOYIIOCT,
SKkio BpaxyBaHHA SKOICH BEJIHUMHKN HE 3MIHIOE PE3YALTATY, TO HEI0 HEXTYIOTh.

1.3. a) [lonarna, nepwa noxiava 6insura abo QOpiBHIOE HyAeBi. Y KOXiHiH TOYILi Mag
CKiH4eHHI neputy Ta Apyry noxiami; 6), 8) y KoxHi# ToULi Mae ckinueHny noxiany.

1.4. [lup. pianosiab Ha 3anavy 1.3.

1.5.Mlpn q, 20 zamxamn, npu a, <0 nUILE 10 3YMTHHKMW.

1.6.3a) v, = Iaxa’t+v0. O€ Uy — WBHAKICTL Npy ¢ = 0 BU3HAMAETHLCA 3 MOYATKOBHX

h
ymoB, 6) npu a, >0 s= I'uxdt , Akmo a, <0 abo nepioanuHa QyHkiiis, TOAl 5 € CYMOK)
0

. . s s . % Io
inTerpanis. Bei inTerpanu 3i 3nakoM Minyc 6epyTscs 3a MoayAeMm: B) I(v)[ =L+
I

+Tg + a;" 1) l(a)l = |(v(t) = vg)| /1y

1.7.8 =305, = 15 m.

1.8. v = 3(1+0,016%), w(fo) = 3 m/c, p(t,) = 6 M/c; a(f) = 0.06t, a(0) = 0, a(t,) = 0,6 m/c*:
()= s(ty) / t; =42 mic. (a(t))) =v(t;) / t, = 0,6 mic’.

1.9.v=0,5 + 2, M/c; a=2 m/c, (W)= 3,5 m/c: s = 9,5 M.

1.10. v = 20¢ m/c; a = 20 m/c?,

LIL As=2sv /(v +c)=44,57 m.

1.12. (v):(2:,(B+A::)/2)—(B+Ar§)=2,45 Mfc, o€ f, — 4ac PyXy A0 3YIHHKH,
t =Jm : l(v)|=|B + Ar.fl: 1,24 M/c. YacTMHKa pyxanacs Jo 3ynMHKH 4aC
t, =1,36 c i npo#uuia sincrans x(¢,) =181 M, nani pyxanack y 380poTHOMY Hanpsmi, @ B
KIHLU TPETHOT CeKYHAM iT koopaunarta byna x(3) =—3,72 M. Moayib nepeminieHHs HacTHH-
ku3adc |x(3) = 3,72 m.

1.13. a=24t+BCe" | q =8 T2mic%; s=(42[3)+C(e® -1/B, s,=2.T2m; (v)=5[t=
=2.72 mlc.
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1.14. (v) = 2t, (A+2BL)/t = 0.4 M; e t, =—Af(4B) =2 ¢ (aMB. NOSCHEHHR 10 BIANOBINI

ua 3anauy l. 12).

1.15. a) s = 41 m; 6) (v) = 4 mfc; B) (v) = 9,76 cm/c. [Tpu t =0, x = 0 i 32 yac ¢, yaCTHHKa
BUKOHAE ICCATH 3 UBEPTIO NOBHUX KO/MBaHL. 32 uac T YaCTHHKA MPOXOAUTH WIAAX 44.

1.16. s = AF/2 + Bt, s = 400 m.

1.17. s(¢) = | r(f) |, 5y = 80 M. YacTuHka pyXaerbcs piBHONPUCKOPEHO B3AOBK NPAMOI.
HanpsaM pyXy HE 3MIHIOETHCK, TOMY LAX AOPIBHIOE MOAYJEBE NepeMillieHHA.

1.18. v, =(C+r,2/2)JA3 +B%, v, =313 mk.

L19. v, = U2 + 2g(h —hy) = 29,84 w/c.

1.20. Ar=(2v)/g=3,03c.

1.21. g¢ =41+ (U2AL 14K%) = 1)/ Ar*= 4,5 Mu/c?.

1.22. a) [Tpamoniniiinuii piBHOMipHO-3MiHHHKHA pYX; 6) N0BIALHUHA PYX i3 CTANUM MOAy-
AieM NPUCKOPEHHSN; B) NPAMOJIHIAHNIA NnpUCKOpeHNiA pyxX; r) KpuBOMiHIKHUE pyX i3 CTaiuM
MOZY/IEM WBHAKOCTE; 1) pyX no cnipaui.

1.23. 6), B), n), €) 36iraloTbCA B TOYKAX, IO POIMIILYIOTHCS HA OJHAKOBIH BUCOTI; I) B
YCix TOUKaxX Ma€ OIHAKOBE 3HAUCHHA.

1.24. a) Bektopu He nopisuioloTsCS. Moaynbs WwBKAKOCTI HAKGINLILKK Y MOYATKOBIH |

KiHuesiit Toukax pyxy (ue sunnusae 3 GopMmynu v = J'ui +(vosinB-gt)’ , ne v, — Mo-

Ayns NOYATKOBOI WIBMAKOCTI; B— KYT Haxmiy BEKTOpa IUBHAKOCTI V JI0 FOPHIOHTaN B
MOMEHT uacy [ 3 ypaxysaHHAM BiAnoBiai Ha 3agmawy 1.23, r, n. Haiimenwmuit monyns
WBHAKOCTI y HaiBuwif Touui (B =0); 6) nalibinbiue 3Ha4ECHHA NPHCKOPEHHS @, Y Hail-
BHWi# Touui (a,=gcosP, ne B~ kyr mix BexTopamu a, i g). HaitMeniue 3naueHHs B
MOYaTKOBIi 1 KIHLEBIA ToOYkax pyxy; B) HaHOlbLIIE 3HAYSHHS NPUCKOPEHHS @, ¥ NOYaTKo-
Bill i kiHuesiit Toukax (@, = gsinp), a naiimenwe (a, =0) y HaliBui#i To4ui; T) T, OAHA-

KOBa B yciXx TOukax; A) HaWGinbwa B nouaTKoBiM i kiHuesidt Toukax, y HaHsuulid Touul

J0piBHIOE HYseBi; ¢) HalGinLwWKA Y noyaTKoBiH | KiHuesii Toukax, HatMeHIWKMA Y BEpXHiit
_ 2

(R=v*[a,).

[.25. He 36iracTbcs 3 BEKTOPOM WBHAKOCTI # NEKHTH 3 LEHTPOM KPHBHIHM 0O OJHH
OiK Bin noTHuHOT 10 TpackTopii.

1.26. Konm HopMmasnbHe npuCKOPEHHs N0PIBHIOE HYfieBi.

1.27. t, =1, = (v ¢sina)/g =0,51c.

128. g=9,81m/c%
1.29. /= 2uy (I=J(x, -0 + (-0 = =0y, =gt2/2;
V2 =vox+gr2/2)_

130. 8) v, =wcos @, v, =vycos0-gt, D= ,ﬁrﬁ +g** - 2wygtsina;  6) fy =
=2u;singg ; B) (B=arctg(tga—gr*(v,cosa)); r) x=vylcosa, y=vysina—(gr’/2).
L3L 1, =w cosaltgattgP)/g, 1, =03c, 1, =1l4c.
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1.32. g, =———at8 02

,ﬁg + g%t} ~2u,gt, sina

a, =(gl —v,sina) L £ =207 M"(cza anmax=g=9‘gl m/c’; Drmax =
:;v“, + gt ~2u,g sina

=g sin a = 4,91 m/c%.

=9,59 m/c?,

3

1.33. R=(v?+g*? - 2ugt, sin o)? Avg cos @) =31,06 M (auB. BiuioBiAL HA 3anayy
1.32).

1.34. U=J;?, +:gr2|r[2 =2uy gt sina =9,12 M/c; y=xtga - g.rz/(ngcos?‘a) D

=ty =v,sinafg=0,51c; s=vgsin2a/g =883 m; R=(v} +g’t] —2u,gy sina)*’? x
x (Vggcosa) =8,92 m.

135, Sy =VoVE +28h/8 . Qo = arctg(vu/‘dvf, +2gh).

1.36. s, =(2v,(v + v, c0s &, )sin &, ) /2 =8.71 M, @y, =71.41°. Hexaii a —kyT
MAXHU/Yy BEKTOpa v, [0 TOPU3OHTY, TOAi BEPTHKA/bHA CKIANOBA LWIBMAKOCTI MAMCYyHA
Uy = Uy + U, COS & | FOPUIOHTANBHA U, =¥, Sina . SKILO KYT HAXHAY BEKTOPA V 110 ropue

souty PB. To sinB=(v,sina)/v, cos B=(v,+v,cos a)fv. Hdansuicts crpubka

s =(vi2sinBcosP)/g = 2v; sina(v, + v,cosa)/g (aup. Bianosias Ha 3amauy 1.34). Kyt
Q. BU3HAYACTHCH 3 YMOBH ds/da=0, 2, cos’ O max + Vg COSO . —~ U, =0, 3BinkH

Qax = 71.41°. TlincTanonka @, ¥ Hopmyny BHIHAYECHHSA AANLHOCTI cTpHbKa 5 1a€ S, -

Iy

1.37. s= Iv(t)dt JAE g = (Ugsinx)/g ;
0

u(t)= Jvﬁ cos® o + (vosinx—gt)* = gJ(t —~1y )2 + tgctg X
fy

§= Zgj' J(: ——r(})z +t§ctg2u = gtg((ctgzu)ln((cosa)/(l— sina)) + I/sina) = 14,6 M.
0

1.38. ¢ =((vsina)/gX1+ \ﬁ+ 2g h/('u2 sin? @))=1,08 c. B3aTH 10 yBary, wo no sepTh
Kaji KynbKa PYXacTsCA 3 NPUCKOpEHHAM g. Yac 3iTkHeHb 3uauno MeHtMi, HiX yac naaiuHA.

1.39. v = ng +uf + gt =2uggtsina , s = 2v,(sin a)J'Uf, cos’a+vf /g =53,94m

2 2 2 . 2 2
('U=J;f,+vy+vz, Uy =U;, TU,="TyC0sSQ, U,=V,sina—gl; S=f"1"f)_‘+vy,

t, = (2u,sina)/g) .

1.40. v, = vi + 21(aj + ck), a; = 2(aj + ck), r = tyjv? +(a® +2)* .
1.41. y(x)=iBJ—§; v=24ti+Bj,a=241i, v=va4** + B? ,a=24.
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1.42. v(t) = (3F+4)i + (4.5046) j; a(e) = 24 i: s(t) = 1,8°+7.21 m; v(r) = 5,417+7,21 m/c.

1.43. y = Asin [-S—{] =107 sinx (M); v= J’Uf + A%w0” cos’ ot =5 500 mic,

X
2 - 2
a= Ao sinor = 9.1 m/c”,

1.44. Y3108 oct 00epTanna. 3riaHO 3 NPaBWIOM NPABOTO MBHHTA.

1.45. Hanpsm ncesaoBeKTOpa 3MiHIOETHCA HA NPOTHACKHMIA Y pasi Nepexoay CUCTEMH
KOOPAMHAT BiJl NPABOrBHHTOBOI 10 JIIBOrBUHTOBOT, a0 HABNAKH.

1.46. a) MNpwupict kyToBOi WBKAKOCTI 32 Yac f; 6) NPUPICT MOAYAR KYTOBOT LWUBHAKOCTI,
AKLIO 32 Yac [ BEKTOP KyTOBONO NPUCKOPEHHA HE 3MIHIOE HANMPAM. Y NPOTHBHOMY BUNALKY
$i3v4HOrO 3MICTY HE MAE; B) MPHPICT KyTa NOBOPOTY; I') BLANOBIAL aHanorivxa BiAnosiai 6.

1.47. o =v/R=4,12-10' pan/c, a, =8,98-107 m/c?, w, =4,12-10' pan/c.
1.48. (v} =y =0.1mM/c, |(v)| ~ 2R/r =6,37 cM/c ((v) =Ar/t, ge Ar — nepeMilleiis

, vt
qacTHitk 3 ¥ac £, |Ar|= 2R — ue sUnAMBAC 3 BiAHOWIEHHS T 0,5, yacTHrKa npo#iuna
n

NOMOBHHY KONa).

1.49. (v)=nR/(3)=1571 cmfc: |(v)|= R/1=15 cwic; [(a, )|=2aR/(3r*) = 3,14 cmic?
(Kao)| = JAvl/s, ne Av — npupict wBKAKOCTI 3a Yac 4, |(v)] =af, g, MOXHA BUIHAYHTH 13
dopmyan s =nR/3=as?[2).

1.50. s= \ﬁZ'ﬂ.’R)z - ('z,rcr)2 =794 Tm, |r|=vct =7,88 Ty, e R — paaiyc opbitu 3em-

mi; r 1 ve. Koxnuuit eneMeHT rBUHTOBOT NiHii Mac OMHAKOBMH KYT HAXMAY 10 MIIOLIHHM,
HEPNiCHANKY IIPHOT 10 OcCi JiHii. SKILO PBUHTOBY JliHIl0 BUNPABUTH (PO3rOPHYTH), TO OLEp-
EMMO BiAPI30K NPAMOT, ZOBXHHA AKOro — ue waax s. [nax su3HayaeMo 3 NpAMOKYTHOIO
TPUKYTHHKA, OJMH KATET AKOrO JAOPIBHIOE 27K , a ipyrui ~ Uet .

1.51. s = 322,01 M, r = 7,07 m. Tiflo pyxaerbes 10 kony x2+ y?= 52 [epion obepranns
T=1 c. 3a uac f Ti10 BUKOHYE JeCATS 3 4BepTIO 0BEpTiB.

1.52. a=qyV2n+1=2,7m/c> (a,=a,, a, =(a0:)2/R . 2=(2nR)/ay . 3minku
a, =2na, ).

2
1.53. |(v)]| =2—'€sin[%}=0.96 M/c, ne ¢t = lc. Bexrop {(v) yTBOpioe 3 paniycoM-
!

BEKTOpoM nowarkonoro nosoxenus tina kyr (m+1)/2; (v)=apt/2=1m/c () =|ar)/e,
B¢ Ar—xopaa, ska CTATYE AYry s = aatz /2 . Lentpansumit KyT MiX paniycaMu-seKTopamMu

27

2
i ‘ . agl
Ho4aTkoBoro Ta KilLleBOTO NMoJtokelib Tia a = [—-—)s =2

2R
1.54, s=0(4) R=11M;, 0, =244+ B=6pan/c, £, =24 =2 pan/c’;

. Ar = 2Rsin(ayt® /(4R)).
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2
B
a=arctg[&4-:é—;-—)—-]=l.5[ pan=86,82° (v=0R < vdl =0Rdt < s=@R).

I
1.55. v, = ?[_-%fanszp =2.06-10" wmlc, a, =F3 487 m/p = 4,31-10'° m/ct.

0 - 0]

1.56. ¢= = 3,34 pay/c’.

) 2
w-/e. +€. (¢t ~1t w
5/ 2.(1 ) = 4,17 pan/e, ne (, =-—> — wac 0BepTaniis pany
t E )
I =

10 3ynuukn ({©) = (@i+2)/f;, TYT @, — KYT NOBOPOTY Bana A0 3YNUHKH, @, — nicas

1.57. (o)=-

3YNHHKH).
2 2
TN, —An 2 -
1.58. N=—(—2——-'—)=[696.46 obepry, r,m—M=ll3,l c.
82 E:

1.59. a, = AB%e® R=2,72-10" M/, a, =0,74 M/, a=0,74 m/c®.

2
244 + B
1.60. a= RJ4A2 +(24t, + B)' =0,067 mic*, a= arctg((——éA—)-] =72,65°.

1.61. o(t)) = AB cos (By)) + 2Ct; = 11,38 pan/c; v(t,)=(ABcos(Bt, ) +2Ct )R =1,41 Mk,
e(r,) =4 pan/c’; a, =(ABsin(Bt,)+2C)R=0,4 m/c%; a, =12,94 m/c”,

2 42
©d__ 2019 .

1.62. v, = v’ +

2rs

2 2
1.63. (g) = — =1, pan/c’ [-;3-—- %L %= (a)rj-

1.64. {w)= 8m\/g /(2h) = 25,15 pan/c.
1.65. (o) =,/40g/h = 28,1 [ pan/c, @ =126,56°.

1.66. Yci toukn npocropy ¢gisuuno pisHouinui, T06T0 nepenoc i nosopor 06’exra B
NPOCTOPI HE BIUIMBAE HA MPOLECH, LIO Y HbOMY Bi10yBalOTLCA.

1.67. He ichye. 3 BesiMkuM CTYNEHEM TOYHOCTI CHCTEMA BiAUNIKY, 38’ A3aHa i3 COHLEM,
3a00BOJILHAE YMOBY IHEpLIAIBLHOCTI.

1.68. Ap, = mv|i + mgtj—mu,i=mgt, ne i— opr oci Ox, AKa posmilileHa o ropu3oH-
tani; j — opr oci Oy, ska HanpsmIieHa BHn3; Ap, = mgt, = 8 829 kxr-m/c. Y apyromy sunalky
MOAY/b iMIYNILCY HE IMIHIOCTLCS. Ap, =p, — P, A€ Pz — IMNYJIRC Yepes yac ! pyxy; P~

noyarkosuit imnynsc. KyT Mk muMu a = v,y/R. 3a Teopemolo KOCHHYCiB Ap; =

= 2mu,sin(vyty [(2R)) = 5,06-10° xr-m/c, ne R — paniyc 3emii.
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1.69. p=(m-m)v, =2. 10* xr-m/c,

1.70. £, =d(m+ w)v,/dt=yv, =160 H.

1.7 yy =v, —m(v, +v,)/m; =8,33 Mfc, u, =v, —m(v,+v,)/my=12,73 m/c.
[MRyALC YOBHA MICNS NEPEMIllCHHA BAHTAXIB m U, = my, — nu, — mu,.

1.72, v, = (my + mu) (m; + m) , U, =v, vy =(myv—mu)/(my +m) .

1.73. p=nmv* =10H.

1.74. v =u(l - exp(—pty /m)). Pisnanus pyxy mae surnsa mdv/dt = — (u — v)p; In(u - ) =
=—p/m + In C. Axuwo t =0, To v = 0, orxe, C=u.

1.75. 5= (vl sin 20)/g = 63,71 M. Buyrpiwuni cuam, 1o AiOTE HA YNaMkK Mifl 4ac

‘BHbYyXy, HE MOXKYTh 3MIHWTH IMIY/IbC FPAHATH, TOMY LEHTP MAC yJaMKiB PyXaTHMETHCSH
Tak, Hi0M rpaHaTa He po3pHBanacs.

N
1.76. V=Zm,-vf/ Zm,. Ckopucraruca BHpasoMm IS WBHAKOCTI uEHTpa mac. [us.
i=1

IOACHEHHS N0 Bianosiai Ha 3azauy 1.75.

1.77. p=nmv =107 kr-m/c. CymapHu#i iMnybC TiNa, WO pyXacThesa N0Bi/LHO, AOPiB-
HIOE mU,, 1€ m — Maca Tifa, U, — WBHAKICTb LICHTPA Mac Tisa.

1.78. 3riaHo i3 cyyacHUMM YABJICHHAMM B 3akoHax HeloTOHA mia TifoM Citia po3yMiTH
MarepianbHy TouKy. AJie B3aEMOAIIO Tijt CKIHYEHHMX pO3MIPiB MOXKHA TAKOX OMMCYBATH

3akonaMM HbioTona, AKWO 4ac YCTAHOBNEHHA PIBHOBKHOTO CTaHy B TiJIaX 3HAYHO MEH-
i 3a vac ix B3acMouil.

1.79. t, =2ml/F =200 c.

1.80. Mix Baronamu npyKMHW CTHCHYTI i3 cunoio F =m,(a+ug)=38,94 kH. Mix
€JICKTPOBO30M | BaroHoMm F, = (m, + m,)(a +pg)=17,89 xH.

1.81. Cuna TaxiHHS NpUKJIALEHA A0 UEHTpAa Mac
Opycka, Cuna peaxuii NOXH/IOF NIOWMHKY NPUKIALACTD-
¢l o GpycKa B Touui NEPETHHAHHS BEKTOPA Mg 3 NOXH-
J010 nnowmuoto (puc. B.1.1). Cuna tepra npukiana-
€ThCA B TY caMy TOYKY, Lo i cuna peakuii. Skuio cuna
pearuii npuknanacThes B iHwy Touky Gpycka, TO BUHM-
KaC MOMEHT CH/H, AKMH HaMara€rhcs MOBEPHYTH Opy-
CoK. Cunia TepTs aie B3LOBX MOBEPXHI KOHTAKTY. Bu-
IayusBuK pisHoAifiny BCIX CHAl TEPTH, WO AIOTH HA ﬂ@'
ROXHU enemenT NoBepxHi koHTakTy Bpycka, oaepXumo
BUINoBigL. Puc. B.1.1

1.82. a = fg = 6,86 m/c’.
1.83. F/F,=(tg o+ f)tg o~ f), skuo tg & > £. Axuio tga < f, To cuna F, nopis-
HIOE nynesi. ¥ apyromy BHNAIKy CHIA TEpTA COKOIO IOPiBHIOE mg sin ot

=|

-F‘l

1.84. B=arctg f. Ymosa piBHoBaru Tina: mgsina + f(mgcosa — Fsinf)=Fcosp.
F= mg(sino + fcosa) /(fsinP +cosP). Cuna F Gyne MiHiMansHolO, AKILO 3HAMEHHHK
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makcumansiuit. Iepuia noxiaHa Bia 3naMeillivka J0piBHIOE HyneBi npu B = arctg £ lpyra
noxiaHa Bija 3HaMenHuka npu 0 < < 1 MEHLUA 32 1y ab.

1.85. /= (sina + a/gW(] — sin*e)'”? = 4,1-10 . Y371085% noXuiI07 1LI0IHMIM HIOTH CHila
TEPTR (Yliepea) | cKnanosa CHAH TRxiHHA (Hasaa); ma —= [ mg sin a = fmg cos a — mg sin a.

1.86. a) a, = F/m ~ fig = 4,11 m/c%: 6) a, = (F/m — [, g+ g(sin & - f; cos a)?)"? =
= 8.65 m/c’.

3a yMOBH a Tino He 3ickoBaye aoim3y (tg o < f). 3a yMOBM 6 TiNO 3iCKOB3YE A0IIM3Y 3
MIPUCKOPEHHAM g(Sin & — f; COS @) | PyXacTbes N0 rOPH3OHTAI 3 NpUCKopeitiam (F/m - f; g).

1.87. a = 0. Cuna. wo Ai€ B3Z0BX TIOXW/I0] NAOKIMHK BHM3, mg Sin &, a Bropy Fsin (B — a).
Jpyra cuaa Ginsiwa, ToMy 6pycok He MOke pyXaTuch BiiK3, Cuna TepTa kos3anug fimg sin o +
+ [eos (B — a)). Bona Ginbwa, Hixk mg sin . TOMY Dpycok HC MOXC pyXaTHCh Bropy.
Omxe. Opycok He pyXaeThes,

1.88. a = (mp —~ mf)g/Am, + my) = 5.1 mict F=2"nmy (1 + Hghm, ~ my) = 19.98 I4,
Konu mMaca HUTKM 3a NI0pAIKOM BEAWYHHU JOPiBHIOBATUME Maci BAHTaKiB, TO TX NPUCKO-
peHHA nia Yac oltyckauus 36inswysaTuMerbcs. Ha mice Gioka 3 Ooky sawraxiB aiors
cuitn Hatary F, i . kyT mix skamu 90°. F, = F = mynp(1 + figAm + m,). Pesynstytoua
cuna F = F,.2"2

1.89. a = (m — (sin o + fcos alnmy + my))gAm + my + my). Fla = my(a + g(sina +
+ fcos @)); Fgy = 25,0008 (45° — o/2). PiBHAHHA pyxy T ma = mg — Fo. ma = F, -
- mg(sin o + fcos a); mya = Fp — myg (sin o + feosa) — Fyy.

1.90. a=(msinp~m,sina)g/(m +m;)=1.02 m/c’;

F, = mm,(sina +sinB)g/(m, +m,)=0.6 H.
MpuckoperHs TATapuUiB MOXHR BH3HAYWATH 3 apyroro 3akouy Huiotona (my +

+myYa =(m sina-ny,sinP)g. ¥V npasiii yacTUHi piBUAHAHA 3anMcaitl 30BI1iLINI CHAN, IO
AiloTh Ha TArapui. Cuny BM3HavaloTh 3 PIBHAHHE mya =mgsina— F,. Bbiok nesaromul,

TepTa y BA0LI HEMaE, TOMY CHIA HATATY HUTKHK 3 000X Horo cTopii € oaHakosoto. Binosinl

HE 3MIHATHCA.
L9L. F = film + my)g =19.6 H, I, =(f; = fi)(imy/ m }(m +m,)g =392 H.

1.92. v=vgexp(—kt/m): s =(mvy/ k)] —exp(—At/m)). PIBHSHHA pyXy 4OBHa nig Ai€0
CHIHM ONOpY Mae BUrnsa m-dvfdl =~kv < dvfv=-k-dt/m < nv=—kt/m+InC.
Axwo t=0,Tov=1vy; Inv/vs=—kt/me> v=vgexp(—kt/m). v=dsldr;
ds = vgexpl—kt/ m)dt <> s = (—muvg / k)exp(—kt/m)+ C.
Axwo t=0,105=0i C=nmuylk; v=0 npu t — . [IpakTHYHO YOBEH JIOCHTH LIBUIKC

3YMHHUTHCA.

1.93. [liacraBuBiuv nOXigHy 3a 4acom dj:ﬂé—, OLEPXKUMO PiBHANNA PYXY

dr dx dt

dv  k : [ k J
— = ——dx , 3BillkH U =D exp| ——x |.
v m m
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194. (. =min(l+kvg/mg)/ k. PiBusuun pyxy rtina m-dv/di=-mg—kv. Iure-
rpybaHus aae [(=-(m/k)In(mg +kv)+C. Sxkwo t=0, To v=v;, TomMy C=
=(m/k)In(mg + kv,) .

1.95. k=m(vy—v)/(vout) = 2,38-107° ke/m; mdu/de = —kv?. Tlicas IHTErpYBaH-
an =lfv=-kt/m+C. Axwo t=0, o v=v,, orke, C=—~1/vy, ~Vus+1/v,=kt/m.

1.96. v= ZW; dpldt=m(g +a). pe p — iMOynLC NOBITPS, Lo BiAKKUAAE
[BUHT 3auac f; p= prrdzvztm g

1.97. F=pv’S=40H. F=dp/d:. p =pSv’t — iMnynsc Boau, w0 BHTIKAE 38 uaC /.
1.98. ¢ = arccos (g/4n’n’l) = 46,35°.

1.99. P, =m\u'/R? + g% +2ug(cosa)/ R ; P, = 3,32 kH; P, = 2,36 kH.

1.100. F = ma? 4% cos® of + B sin oo .
1.101. 0. = arctg (v%/gR) =38,19°; f=1tg (v*/gR)=0,79.
1.102. YMoBM piBHOBATH TiNA MAIOTH BUNIRA
mg cos(a/2) = mw?lsin*(a/2) £ fin/ gsin{a/2) +@*sin(e/2)cos(a /2) = 0,
3 piBHSIHb MOMHA OJlePXaTH, WO TiNIo nepeGyBaTuMe B piBHOBA3i 32 YMOBU
g(cos(a/2)+ fsin(a/2)) — [ g(cos(a/2) + [sin{a/2))
Isin(o /2)(sin(c/ 2) - f cos(a/2)) \JZ sin(o/ 2)(sin(ox / 2) = f cos(o/2))

SHAYEHHs KYTOBOI WBKAKOCTI w; = 5,45 pan/c, a MakcuManbHe o, =12,72 pan/c.

1.103. a), 6) F = 4nn*mR = 18.85 H.
1.104. AF =6mg = 58,86 H. Cuna narary B uuknit rouni F,, =mui/l+mg, nel -

. MiHiMamsne

AOBXHMHA HUTKM; v, — WBKIKICTL Tifd B HMWKHIA Touuni. VY Bepxuiit Touui F,, =
Emg+mus/l, pe v, —WBMAKICTS Tina y nepxHid Touui; vl —v3 = 4gl .
1.105. n= 2fz/R)"*2n=1¢"".
1.106. Sxwio Tina MOXHA PO3TNAAATH 4K MaATepianbHi TOUKH i KLLO TiNa MAOTH cde-
PHUYHO cuMETPpUYHME PO3NOLIN TYCTHHH.
1.107. Cuna, 3 akow0 cucTeMa MarepianbHUX 4aCTUHOK Ai€ HA AERKY 4ACTHHKY, JODIB-
HIOC BEKTOPHIN CYyMi OKPEMHUX CUJI B3AEMOIT.
1.108. F=Gmm/(a(a+1)y; dF =Gmdm/ r?, e dm - Maca eneMeHTa IOBXKUHYN CTPUK-

HSl dr; r — piocTaHb MiX YaCTUHKOIO | €/ICMEHTOM JIOBXKHHH,

a+l

dm=pu /] ; dF =Gmmdr/(Ir*); F= I Gmym dr(ir?).

1.109. F=Gmm,/r*=2,75-10'° H.

L110. F=0. Po3i6’emo cepuunuit wap Ha ToHKi ce-
PHYHi wapu, Posrasnemo cuity B3aemolii TOHKOTO chepru-
HOTO wapy 3 yacTHHKOIO MacoIO M, WO MICTUTHCS BCEPEAHHI
(puc. B.1.2), Hexaif Maca uacTWHu wiapy, MAOLA NOBEPXH
AROT | M, jopiBnioe © . YacTHHKA B3AEMOMIE 3 YACTHHOIO
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wapy, nJowa noBepXHi Akoi dS;, i3 cunolo dF, = Gmdm,/r}, ne dm,=c-dS,, dS, =

=dQy’, dQ- TinecHuil kyT, WO CMMPACTHCA HA HACTHHY INApy, NAOW@ MOBEPXH]
akoi dS,. Ananoriuno dF, =Gmo-dS2. MNopisliooun dF, i dF;, 6a4uMo, WO piBHO-

AifiHA UMX CHJi JOPIBHIOE HyneBi. BHKOPUCTABLIM NPHHUMN Cynepnosuiii, 0AepKHmo
BiANOBIAL,

1.111. F=0. [us. po3s’s30k no 3agzau4i 1.108.

1.112, lanakTHka po3MilityeThest y ueHTpi chepHuno-cumeTpuditonro Beeeniry.

1.113. g(h)=g(R/(R +h)?, ae R - paniyc 3emai; g(H)=g(l-(H/R)). Koan npo6-
HE TiNo, Maca AKOrO m, PO3IMILLYETLCH HA rAMOUHI H, wap nopoaH, Wo NexHTh 30BHI che-
pH paliyca R—H, He npuTarye Tino (aus. po3s’szok 10 3agaqi 1.108). Orxe, mg(H)=
=G4mm (R- HY [G(R-HY)).  g(H)=4Gnp(R~H)=Gmy(R-H)/R*=g(1-(H/R)),

A€ P, my — BLINOBIAIIO CEPEHA rYCTHHA | Maca 3emai.
1.114. v = RJg /(R + h) , ae R— paniyc 3emni: P =0, F, = mg(R/(R + h))* .
1.115, h=R/I(2Rg/v3)—1) =494,31 km, ne R — pauiyc 3emni. PiBHAIHS PyXy CHapS-

faa mae surasa vdo/dx = —g(R/(R +x))* , 1€ X — BUCOTA, HA AKy MOXKE NMiIHATUCA CHAPAL
npy weMakocri foro v, wdv/dx ogepxaiu tak: dv/dt=(dv/dx)(dx/dt)=vdu/dx.

[licns iuTerpysamits macMo v°/2=gR*/(R+x)+C. Sxmo wv=v,, 170 x=0 |
C=v;/2-Rg. Omxe, v}i2-2v*/2=Rgx/(R+x). Slxwo v=0,710 x=h,

1.116. (P)= m-,fg2 +a2_ = 820,68 H. KyT miX BekTOpamu Bar# i wsHakocTi o =90°+

+arctg(a/ g) = 107°. Bpaxysary, (0 CNOPTCMEH Mi MaC pyXy 3 NPHCKOPEHHAM BiLITOBXY=
eTbest Bia 3emui. Cua HaNpIMIEHa N0 rOPU3OHTANI.

L117. P=m1/g2 +(©°R)? = 4282,2 H. Kyr, skuil yTBopioc Bara 3 BepTHKanarw,
o = arctg(0’R/g)=80,11° .

1.118. V pa3i nocai10BHOMO 3 €IHAHHA NPYXUH CHIY, IO iX POITATYIOTH, € OHA-
KOBUMM i IOPIBHIOIOTL CHAI F, 3 SKOIO PO3TATYIOTH CHCTEMY npyXuil. [IpH nsomy BH-
JAOBXEHHA CUCTEMH JIOPIBHIOE CyMi BHIOBXeilb NMpyXHH Ax = Ax, + Ax;. dxwo F =
= Axkjexs, TO AX = Flkjexs- AHANOTIUHO Ax;= F/k;, Axy = Flk;, TOOTO FIk| ke = Flky +
+ Flky, Otie, 1/kjoe = 1k F1 kg 1 kyexs = kika/(k) +k2). Y pasi napaneabHoro 3’ € HaHHSA
Ax = A'xl-" M?: F= Fl ez Fz; m"?.exs: Axkl + m":?! TOOTO k2en= kl + k?.'

1.119. 3pocre B n pasis.

1.120. x = F(ky + k)/(kyks).

1.121. Tak, 60 Ait0TH CHITH 34EIINEHHS HePIBHOCTEN MOBEPXOHb | CHAN MiXMONEKY AP
HOTO NPHTATAHHA.

1.122. Ha pyiiHyBaHHs 110BEpXHEBOTO WAPY, 36inblueHUs BHYTPIUIHLOT elleprii Tia T3
ix npacruuni aedopmanii. IMEHLYETLCA 10 NeBHOT MeXIi, NOTIM 3POCTAE BHACKIAOK MIK=
MOJIEKYIAPHOTO NPUTATAHHA. :
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1.123. Taxinns. Cuam T€pTA Ta NPYXKHOCTI € NPOSBOM (YHAAMEHTANLHOT eleKTpOMAr-
HITHOI B3aEMON|i.

1.124. itots anive B HetHepulanbuux cMcremax Biniky. He 3B’a3ani i3 B3aemonieio
Ti/t | BABHAYAIOTHLCS MLIE KIHEMATHYHUMH BENMUMIIAMH, & MACa € NapaMeTpoM.

1.125. @) ma, = F + ma, ne F — cuna. o ai€ HA MOAUNY; F,= mng +(a+a, )¢

6) ma,=F —-ma, Fpr=m\/g2+(a—a,)2

1.126. a, = Jaz +(g—fay’ =107 /¢’ a,> g/ [ =16,35 m/c’. MMpoekuis npucko-

. biJ
penns Opycka 4,, NOHW3Y BU3HAYAETLCA 3 PIBHAHHA ma,, = mg — fima, a, =,fa,'f, +a° .
BpycoK HC pyXa€ThC BHU3, KOMW mg < F_, ne F, —cuna Teprs.

L127. a, = (m, - fm)(g +a)((m, +my) =77 mic’; F=mmy(1+ f)g+a)J2 /(m +
4+m,)=30,16 H. ¥Ypaxysary, wo cuna repra F, = m (g + a) ; cuna, 5xa Ai€ HA TiIO0 MACOIO
m, , NOpiBHIOE m,(g +a) . Ha Bick Ai0TE ABI B3aEMHO NEPHEHAMKYNAPHI CUAM, AKi 3a
MOAYAEM AOPIBHIOTH CHIL HATATY HUTKH, 3riZHO 3 NMPUHLUMIOM €KBiBANCHTHOCTI CHCTEMY
BIATIKY, IO PYXAETCA NMOCTYNOBO 3 NPHUCKOPEHHAM &, MOXHA 3aMiHWTH CUCTEMOIO, B AKiil
Ii€ cHAa TAXKIHHA 3 NPUCKOPEHHAM BifILHOIO MaAiHHA — A, 3 ypaxyBaHHAM LbOTO BiANOBilb
y Aani# 3ana4i 36iractuea 3 Bianosiano Ha 3ana4y 1.88, akuwo saMinumh g wa g+a.

" 1128 a = arctg(g/a)=84,18°. Byasbawka niaHiMacTbcs N0 HOpMali O NOBEPXHi
pumHH (amB. Bianosias Ha 3aaauy 1.127).

1.129. Al = mJa + g’ —2ag/k (nuB. Bianosims Ha 3anauy 1.127). Ha Tino niiots cuam

mg i —ma. PipHoAiiina cuna F = m\/az + g’ —2ag .

1.130. a=g(1- [)/(1— fm/my)=g(l+ ) [ +m/m,). 3anucarn ymoBy piBHOBAry
ANS KOXHOIO Tifta i CYMiCHO po3B’s3aru pis-
HAHHA, Y‘

1.131. Ha enemenr o6’emy, maca skoro Am,
Mo MicTMThCA HA BiJACTaHI X BiAl Oci obepTaHHs,
IiloTs BiaueHTpOBa cUaa inepuil Fi,, = —Ama, ta
CHAA TaxinHa Amg (puc. B.1.3). BusHauuBuiu
PE3Y/ibTyIOuy LMX CHJI, MOXKHA ODYMCAMTH KYT
Baxwny poruunoi MN no niHil ropusonty (oci Ox).
3l‘i.!lH0 3 no6yaoBOI0 MaeMo tga. = Amaymg =

=w’x/g. Ipore tga = dy/dx. Mincrasuswm ueit
Bupas y nonepense plBHﬂHHﬂ OLEPXKUMO dy/dx =
“tﬂx/g, abo dy = mxdng 3inrTerpyBasim ue

IBHAHHA, MaemMO v = w'x7/2g + C. [lpu nanomy
BHOOpi Touku O it oci Ox crana iHTerpyBaHHs
= 0. BiZHOUIEHHS KOHCTAHT ©°/2g NOIHAUUMO
k. Togi PIBHAHHA NOBEPXHi NEPETBOPHTLCA B L.)
Y=k 10670 B piBHsHHA napabonun. Orxe, no- Puc. B.L.3
BEPXHs pinunm € napabonoinom obepranus, T
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1.132. a=g-2h/t} =5.81 m/c? (avB. BinnoBias Ha 3anaqy 1.127).

1.133. F=4n*'mR/IT*= 1,18 . 10" H

1.134. F, =4nmcu, /T, = 8,62 10"‘ H. ne me —maca Conus; v3 = 29.8 kM/c — WBHa.
kicre CoHUs B cucTeMi BiRAiKY, 3B8’A3aHilt i3 3emnero: 7; — nepioa A1060poro obepranus

Conus BianocHo 3emai. Kyt #axuny oci 3eMiti 10 niaowWHHM €KNINTHKK ROpiBHIOE 66,5°,
KyT Mmik BekTOpamM#u V¢ | 0 3MiHIOETBCA y MeXax Bit 66,5° mo 113.5°. Makcumainbua cung

F_ .. CHOCTEpITAcThCA B TOMKAX COHLIECTOSHB (mpH KyTi 90°).

max
1.135. a=4nv(sing)/T =1.45 MMm/ch: As=2murt(sing)/7T =9,42 km. ac T — nepioxn
obepranHa 3emni HaBkosl0 cBoei oci. Ha exin.
1.136. x =2ah’(cosg)(Tv)= 15,74 M, ne T — nepiox obepranus 3emni HaBko10 cBoel
oci. Ha 3axin.
1.137. h=4nvi(sing)/(g7)=3,77-10" ™, ne T — nepion obepranus 3emni HaBkono

cBoei oci. [lia nielo cuam Kopionica Boa B HanpaMi, NEPneHANKY/ISIPHOMY 10 Hanpsamy
Tedii, Habypae npuckopeHH a=4nv(sin@)/T . KyT Haxuny noBepXHi BOAH 10 rOPU30Hs

Ty (auB. Bianosimi Ha 3amaui 1.127, 1.128) a=arctg(a/g). Kyr o manui, tomy
tgamsina=o.a h=Isina~lalg.

1.138. v =4mmyl (Tm)=1.09- 107 Mk, Bexrop WBHAKOCTI HarpamJIeHHiA Ha 3axia. Bigwoc-
HO 3eMili piBHAHHA pyXy nlanopmy NiA 4ac BUILOTY CHapsna Mac BUrmsia mdv/ df = 4mmgat /T
J€ @ — NMPUCKOPEHHA CHapaaa y CTBOMI; 7 —yac, 1 — nepion obepranHs 3eMii HABKOAO CBOET OC.
IvmerpyBanHa aac v = dnmyar [(2mT)+C . Skwo 1= 0,10 v=0i C=0.

1.139.2) /=mi*/12:6) [ =ma®.
1.140. [=ma®/3: dm=mdz/(lcosa) (msB. puc. Bl4), x=ztga: dl,

i

=mig’ ad(lcoscr) ; 1, =2J'mtg"'cc 2*dz(lcosa), ne z, =(lcosa)/2; I, =(ml*sin® a)/12.
4]

y
Z, a
7
A

: £

B =X X X
a

Puc. B.1.4 Puc. B.1.5
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Y* Y*

am
yl—— dm
- [ -
- Z X X% Z x%xoﬂ c —

b

Nl

Puc. B.1.6 Puc. B.1,7

1.141.2) [, =mR*/2=9-10" kr:m% 6) [, =3mR*/2=2,7-10"2 kr™m% dm =mdo./(2n)
n/2
(aus. puc. B.1.5); dl, = Xdm=mR’ cos’ ada/(2m); 1. =2 [ (I+coscmRedo/(dm)=mRe /2.
-n/2
Cropucrarycs Teopemoto [Mofirerica — LLreftrepa.

1.142. [, =m(R| +R;)/2=082 koM’ I, =mR}/2-myR} /2, ne m;, m, — macu
msniuapis paniycamu R, i Ry; [, =apl(R' —R})/2, ne p — rycTHa pe4OBUHYM TpYy-

6u; ! ~ noBxwta Tpy6u; m=m —m, =npl(R’ ~ R}). Nincranoska npl y I, nae piano-
BiAb.
1.143. dI, =y’dm; dl,=x’dm; dl, =dm(x*+y?) (puc. B.1.6). 3sincw di, +di,=dl, .
Inverpysanus aae I, +1,=1,.

1.144. [ =pabc(b® +¢*)/12=4,19-107kr-M*; dm=pabdx (puc. B.1.7); dl, =
()
=pabx’dx; 1,=2 _[ pabx*dx = pabc® /12 . AHANOTI4HO BMIHAYAETHCA MOMEHT iHepLUi
0

BiocHo oci Ox: [, =pabc®/12; I, =1 +1 y (4B BIANOBILL Ha
sajiauy 1.143).
1.145, a) [ =mR*(1~(d/2R)* ~2(ld 12R* )12 =0,157 kr-M%

I-mRZIZ-mldz/S-mllz, I€ m ~— Maca BMPpi3aHOl YacTHHY,

/.

My =md” [(4R%) . Tyt BUKOPHCTAHO ANMTHBHICT MOMEHTY iHepLiii Ta 7 E<
TeopeMy [Moirenca — [litefinepa. MomeHT inepuii amMcka BinHOCHO
OCi, Wo npoxoauTs epes Horo giaverp, / = mR*/4 (1wB. BiANOBiAD

ma anawy 1143 6) [=mR2(-(d/2R))/ 4= 797102 ke T %
I =mR*14—md* 6.
L.146. &= (my —m,)g/ R(m, + my + m/2) = 18,69 paw/c’; F= mF m.q
= @mymy +3(my +my)m+ m?)g/(2m, +m,)+m)=52,09 H.  Pis-
HilHHA pyxy Tin (puc. B.1.8): ma=(T,~T,)g, ma=mg-T,, Tue. B8
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mya =T, —mg. Jlonaiou npasi Ta NiBi 4aCTHHMN PiBHAHb, BU3HAYMMO NPUCKOPEHHN a. Cung,
wo nie waBice, F=mg+TN+7, .Cumm 7} i 7, Ta T, i T, €O0MiaKkOBUMH 32 MOZYJIEM.

1.147. a=2m,g/(m, +2m,), F =mg(m +3my)(m +2m,), la/R=TR, nc [=
=mR*/2; T - cuna HATATY HUTKH; mya=myg—-T, F=mg+T.

1.148. v=2g1/3=6,54 mic. v = Zﬁgrffi =9.25 wm/c. PiBusuna pyxy Tina mas=

=mg-T, le=TR.ne [ = mR? 12 — moMeHT idepuii unainapa: T — cHia HATATY HUTKH,

IliBuakicTs U, =,}v§ +vf, . e Uy, =al — BepTHKabHA NPOEKUIs WBUAKOCTI, U, =wR =
=¢€{R = af — ropu3oHTaNEHA NPOEKUif WBHAKOCTI.

1.149. a=(g~a,)/2. T=m(g—ap)/4. ma=m(g—ay)~2T: le=2TR, ne I =mR?*;
g=a/R (auB. MOACHEHHS )10 Bi;INOBIAI Ha 3ama4dy 1.127).

1.150. a, =2(mg — A1, — Bt )/(2m, + my=1,92 M/c> ~ BauTaX PyXaeThca BHU3; a, =
= 2(At, +Br§ -mg)/(2m, +m)=4,88 m/c* — BaHTaX pyXxaeThcs Bropy. fkumo f= ty, TO
piBHAHHS PyXy MaloTh Buras1 ma=T~mg ; le=(F-T)R,ne [=mR*/2,e=a/R.T~
CHJIa HATATY HUTKHW 3 BAHTAXEM.

1151, a, =(mR - myR)Rg I + mR} + myR3)=1,23m/ch; @, =(mR — myR,)x
x Ryg /(I +m R} +myR}) = 0,61 m/c’: T, = mg(l +myRy (R + R (I+m R +myRE)=
=171TH: T, =mg(l +mR (R + R /(I + mR? + myRy)=31,27H. MMepuui BauTam
pyxaerscs BHM3. Hanpsm pyxy BaHTaxiB BH3HA4AETLCA MOPIBHAHHAM MOMEHTIB CHJl TH-
KiHHA. WO Jil0Th HA cXia4actuit Onok: mgR) > mygR, . PiBusuua pyxy Tin: mgeR =
=mg~T, meR, =T, —m,g, le= T\R—=T,R,, n¢ € — kytoBe npuckopetins. Tyt ypa-
XOBAHO, 110 KYTOBE NnpUcKopeHHs Ha0ka He 3anexuTh Bi patiyca.

1.152. v =mygt/2n((m,R* I 7) + r(m; + m,/2))=86,28 ¢,

1.154. L = mw/’sin(8/2) = 0,02 kr-m’/c. TTin wac o6epranus MasTHuKa BekTop L onucye
KOHYC, BEPLIMHA AKOTO JIEXHTh HA BEPTHKaNbHiA npaAmid, 3 kytoM npu sepumui 6'=
=n-0=120°.

1.155. M,, =[r mg]=—-mguytk cosa,, K¢ I =vyli cosaL + (vptsina— gr* /2)j — paniye-
BEKTOP LCHTPa MAC Tina B MOMEHT 4acy f. i, j, k — OpTH oceit koopauHar (oci poz'ramoaaili
TaK, W0 TiNO pyXacTecs B naouwnui xOy). M, = mgtu,cosa =98,1r H-m; L, =[rmv]=
= -—morzgk(cosa)/ 2. L, = 49,05t* kr-M*/c.

1.156. 3 yMOBH 3a/1a4i BATTHBAE, IO Iy, = Iy, + ¥ty , € ¥y, Ty — BIANOBIAHO pajiycH:

BEKTOPH i-f YaCTUHKH CHUCTEMH BIAHOCHO Touok O | O'. BekTopHe MHOXKE IHS NpaBoi YacTHHHA
PiBHRHHS HA iMOyabe p, i-i vactuHku pae: Ly, = Ly, +[ro,p;), e L, L,y — MomeHTH

iMITyAbCY i- 4aCTHHKY BiHOCHO TooKk O i O BianoBinHO. Y [rye- P, 1=ry, p;l-

362



1.157. Lc =myuqn, =2,67- 10* kr-m%c, ne my —
maca 3eMii, T3— cepelHs WIBMIKICTL pyXy 3emni
paskono Conus; r, — cepenna BixcTanb BiX 3emai 10
Comust, Lo =0,8nmyR3 /T =7,06-10% xkr-m¥c, ne T -
nepion obepranHs 3emii HaBkono CBOET Oci.

1.158. L, =4nvmR® /3=419 kr-m*/c. MomeHT iHepuii
KyABOBOM0 WAPY BHUIHAYAEMO AK PI3HMINO MOMEHTIB
jnepuii kynb pagiycamu R i R—-AR: I=8rp(R’ -

~(R-ARY)/15, 1e p — ryctuua peuoBHHH, 3 AKOT BH- Puc. B.1.9

rOTOBACHO TiNO; AR — ToBuMHA wapy. Maemo AR<<R,

Tomy 1=(1 ~AR/ R’ =5AR! R. Maca tina m= 4npR AR . MomesT iHepLii TOHKOTO Ky/IEOBOTO

Wapy BH3HAYAEMO iuTErpyBanuaM. MomenT iwepuii kinbus (puc. B.1.9) dI, = r’dm, ne

dm =msin(ada/2) (nosepxuesa ryctuna wapy m/A4nR?), nnowa kineus 2nR? sin a dov).
n/2 0

MoMeHT inepuii Tina /, = I mR* sin® ada/2 =mR2J'(cosza—l)d(cosa)= 2mR% /3.
0 1

1.159. L, » md*®/8=9-10"* kr-m%c.

1.160. L =2muR =2 kr-m*/c. Ckopuctarucs Teopemoio MNoitrenca — Litefisepa.

1.161. L z:.’”ﬂ‘jo,wn‘ +r* +0,96R*r* - 0,8Rr(0.4R* + r*)cos® . L = L,+L,, ne
r

L, = nceBOOBEKTOP MOMEHTY iMNyNbey, WO 3B’s3auuit 3 pyxom no komy; L, — MoMeHT
iMOyniLcy, o 38 S3aHMiA 3 obepraHHaM Kynbku HaBkono cBOei oci. Kyt mix L, i Ly aopis-
moe 7t - 0; Ly = mw(0,4R* +r2)/r; L, =0,4muR; L, =y [} + I3 ~2L,L, cosh .

1.162. 38’a30k Mix BEKTOpamy MoMEHTY M cul, WO AiOTH HA FiPOCKON, MOMEHTY iM-
Bymecy L ripockona i kyToBOH wBMAKiCTI0 2 npeuecii paerses gopmynowo M = [QL].
3sincu Q = M/(Lsina. ) = gl(nnR%) = 0,67 ¢™'; Q Bin o He 3anexuTh.

1.163. (&)= 2r(n, -~ n,)/t =7,96 paa/c’; (M)=2ni(n —n,)/t=3,98H-m.

1.164. M(t)=0,8mR*(34t+ B); M(¢)=0; M(t;)=0,24 H-m.

1.165. m = 2(FR - M.)eR* = 50 kr.
1.166. a = 0,71g sina ; o, = arctg (3,5/). Konu xyna ckouyerscs 6e3 koB3anHs, pis-

HRHHA Ti pyxy MalOTb BURsSA ma = mg sin a— Fy, Ie = FoR, ne € = a/R, I = 0,4 mR%, F,~
CHNa Teprs cnoko. 3BiACH BMNMBAE, WO CHAA TEPTA Y cTaHi cnokoto F, = 2Mg(sina)/7.
Kossauug BinGyBaeTbca npu F, > fmg cos a.

1.167. & = fg/R; N=Rw,"/(4n fg).

1.168. M = AmR’w’cos (ot + W22 L = AmR’® (cos ot)/2.

1.169. L = mgRt, = 2,94 xr-m*e.
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1.170. Fy; = mg/cos(a — 90°) = 11,33 H; F4u = mg tg 30° = 5.66 H.

1171 m = 2((F; = F)ly+F (I - I))sinoyg(/-24,) = 0,56 kr. YMoBa piBHOBaru CTpuxHs
BinHoCHO Touku O Mae Burnsa Fily + Fy(l = 1)sin o + mgl /20 = Fl, + mg(l - 1)A20).

1.172. F = mg/2cos (/2) = 98,1 H.

1.173. /2 0,5 tg @. YMoBu piBHOBard niHiok MaoTe Takui surnsa: mg(lsin )2 +
+ Flcos® = mglsin ¢ F < fmg, ne F — cuna Teprs MIX NIHIAKOIO | CTONOM, [ ~ A0BXKHHa

UMM,

1.174. F 2 mg Jh2R-h) (R h) .

1.175. PiBrsHHA pyXy KOTYIIKN Fcosa — F,=ma, F; R— Fr= I, a=¢R; 38inck a = F(cos o. -
~ (WRW(I/R* + m); Toni: a) cos o > 0, KOTYIUKA HAMOTYETHCA, AKLIO €Os O > > #/R; 6) a = 0,
KOTYHLIKA KOB3a€, AKWO cos & = r/R; B) a < 0, KOTywKa 3MOTYETHCA. AKWIO COS & < /R,

1.176. o = arctg(3m,/(8m,)). '

1.177. T= mg(l + R + 21R)"* = 76.9 H;, F=mgR/* + 2IR)"* = 8,48 H.

1.178. x = FPRI2(R*- 7).

1.179. Biacraub Big cepeaMHu CTOPOHM i3 3a1i3HOr0 XPOTY A0 LEHTPA Mac PaMKu X =
= 8,86 cMm.
1.180. B = 19,1°.
1.181. YMmoBu pisnoBaru tepesis. P, [, = Ply; Ply=

= Py ly; 3gizcu P= AP, = 82,46 H.

1.182. h=2R ctg a.
1.183. MNokaxeMo cuau, WO aiOTE HA ApabuHy
(puc. B.1.10). 3anuiueMo yMOBH PIBHOBaru B CKanspHii

popmi:

1.0x: Ny- F;=0: (N
Oy: Fr + Ny—mg =0; (2)
2. Nysina = mg% cos o + F; cos oL 3)
Mepenucabmu (1) 1 (2), onepxumo Ny — Ngfs = 0;
NyfiNy —mg = 0.
Puc. B.1.10 Mepenucasiuu (3), MATUMEMO

Nyg+ Nyfyetga— -%gctg =0,
P0o3B’a3yto4u piBHAHHA BIIHOCHO Ctg O, 0ICPXKYEMO

Ni~Ngh=0, Nyfi+Ny—mg=0, N,;+N,,ﬂctga-%g—ctga=0.

3piacu ctga= & , d= arcctg(—yz——} (4)
1- 4/ -4/

ze fi — xoediuiedT TepTa ApabuHu 06 cTiny, a f; — 00 mianory. Y naHomy Bunaaky f; = 2=
= /. Toai 3 (4) BunnuBae

o = arcctg (T:Z_J_f_z_] =41,54°.
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1.184. [lo obousa, npy usomy 06eprarouuii MOMEHT yaBidi Ginbiuuii.

1.185. /, = Imy/(m;+m3) = 7.5 m.

1.186. r =4 667 kM,

1.187. 1 = 2 mds /(Fy*) = 2,88:10"! m, ne m — maca 3emni; dF, = IF,, 1e F, — cuna, 3
JKOIO BAXiMb Jii€ Ha 3eMmo; a = F/m, 1€ @ — npuckoperns 3emni; s = ar*/2.

1.188. ¥ sarancHoMy BHnazky — Hi. LleHrp mac koxHoi 4acTvHM i ueHTp Mac Qirypu ne-
sarh Ha OHIH NpaAMilt. STkuio MacK YacTH m, i m,. a BiAcTani Bix weHTpa dirypy Jo LEHTPIB
MaC HacTHH d| i da, TO YMOBH piBHOBaru Qirypu BLaHOCHO HiHii po3pisy d\m, = dym,. 3BincH
pUIIHBAE, 1O M| = m, NHILE NPH d, = d,. Lle YacTkoBUil BUNANOK.

1.189. M = (mga sin a)/2.

1.190. /= ctg 6. Yactunku rpasito nepeGyBaTumyTh y piBHOBA3i 32 yMOBH mg cos 8 <
< fmg sin 8.

L1991 M = fmgR = 44,14 MH-M.

1192, p=1}(At/3+B/2)=12 krMm/c.
1.193. p(t) = mAw cos (o + ¢ + n/2).

1.194. p(x)=myvd—kct[m .

1.195. o, = arccos (p(/p) = 53,13°% a, = arccos (p,/p) = 36,87°,

1.196. a) u) = ((my — my)vy + 2mava)/(my + ma) = 3 M/c; 4y = ((mg ~ m Yoy, — 2m v )(my +
+my) = 0; 6) uy = ((my — ma)v) + 2mavy)(my + my) = 2,33 M/C. uy = ((my ~ m)v, +
+2m v[)/(m| + mz) = 1,33 Mm/c.

1.197. ¥, =u, = \ﬁnl v +1r:r:2v2/(ml +my) =1 M.
1.198. 3akonu 36epexcenns iMNyiabCy W eHeprii B JaHOMy pasi MalOTh BHIUISA
mv = mu, + muy; mv?[2=mul 2+ mul |2 . Micas oueBMAHMX CKOPOUEHD OZEPKUMO BH-

CHOBOK, 1O 7, ¥, ¥, 33A0BONLHAIOTE TeopeMy Ilidaropa.

1.199. llaii6u1 pyxaloTeca HasycTpi4 oaHa oaHiH. Yaap uentpanshnit. Todi u, = ((m, -
=M)Vy + 2myvo)/(my + my) = — 4 — 35wy = 5 Mlcs wy = ((my — my)va + 2myviY(my + my) =
=2(4i + 3j); uy= 10 m/c.

1.200. Illaii6u pyxaoThcs nepnenaMkyaspHo oaHa 40 oaHoi, Toai uy = uy= (mv, -
=~ mvy)(m, + my)=1,67j; u, = u; = 1,67 m/c. Kyni pyxaiotsca B3a08x oci Oy.

L201. ) = ((m) — my) vy — 2maua)/(my + my) = 2 M/, uy = ((my— my) Uy + 2m v )(m, +
+my) = 16 m/c. Hanpamu wiMakocTed waib 3MiHHAKCA HA MPOTHAEKHI.

1202, p= ,/ng(ﬁ + Jf; )=3,36 kr-m/c. BekTop p HanpsamaeHHil ycepeauHy nnuTH
BEPneHanKy ASPHO 110 1T NOBEPXHI.

1.203. B=arctg (ctg a2 ) =33,13°. Sxwo ctiga <2/ ,10 B=7/2.

1.204. n=(m+ m)/(m-m)=2,33 pasa.

1.208, vz—Jm (? + g% - 2vgtysina) - miv] /(m m) = 758,5 wm/c.

Y Momewt f; imnynsc ynamkiB p(f,)=mv,, Ie v‘.=Jv2+ gty —2ugtysina —

WBKAKicTS, Ky MaB 6u CHApAN y MOMEHT f,, AkGH BiH He po3ipeascd. IMmynsc Apyroro

Yamka sopisuioe (m—m ), = J m*v? - miv.
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1.206. Hi. 36epiraeTbcs npoexitis iMmnynscy Ha Bick Ox.

1.207. u = muycosa/(m+m)=35,73 m/c.

1.208. v =(4m, + m)gIn((4my + m )/(dmy + m —21,))/ 2u—gt, = 0,51 m/c, ne 1, =
=(my —2m)/ 4u=1c. PiBuanus pyxy tin: mya=mg-T; (my,—put)a=T,(m, —u)g;
mal2=T -T,, ne T\, 7, — BignOBiAHO cHia HATArY Tpoca 3 OOKY BAHTAXKY Ta KOHTEHHe.
pa. [lopatouu npasi Ta NiBi 4aCTMHW DiBHAHb, OAEpPKYEMO a=2uglt/(4my -2t +m,);

V= iia(!)df.
0

1.209. (mg — p)dv/dt = —pu + mg, v = u In(my/(my — u 1)) — gt.
1.210. v = g(m + ut)/k.
L211. (m— uw)dv/dt = F —pu, v= (F - pe)in(my/(me — p))/p.

1.212. m = my exp(—at/u). PiBraHHA pyXy pakeTH Mac BUran ma = —udm/dt.
1.213. L, = L..

1.214. o = y/6.

1.215. o= (o,R} + 0,R)/(R} + R})*"* = 3.4 pan/c.

1.216. n=0,/0, =(R,/Ry)* =2,5-10° pasis.

1217, o), = Ry(1,0, £ L)) /() + 1,); a) ©; =13 paa/c; 6) 0, =35 paalc,

1.218. a) MoMeHT iMnynbCy CUCTEMH BIHOCHO OCi 0GepTaHHs Apyroro AUCKa 10
CTUKAHHA AopiBHIOE [,0, — [, ©,, a nicna ~ [,v/ R, = v/R,, ne v - niniiHa WBUAKICTH

KpaiHix Touok auckis. [1ix yac cTMkauHA AMCKIB MOMEHT 30BHILIHIX CHI JOPiBHIOE
HyN€Bi, TOMY BHKODHCTOBYEMO 3akOH 30epemeHHA MOMEHTY IMNYAbCy: )=

=Ry (L0, = [0 YI,R — | Ry)=T7 pawc;, wy =R ([,0;~Lo)IR -R)=5 pank,
6) o =Ry (Lo, +Lo)(LR =1R,)=139,67 paw/c; ©;=R({,0,+ [o,){,R —1R,)=
= 28,33 paxn/c.

1.219. v, = kv = 18,84 m/c.

1.220. v, = v, I/(1 + m*112)= 0,36 ¢,

1.22L [ = mR v, /(v — v, ) = 1,45-107 kr-m?.

1.222. © = murl(mr* + (MR*/2)) = 0,114 pan/c.

1.223. © =3myv /((my + my)l) = 0,27 pan/c.

1.224. 0 = 12Zmy v, /((4m; + m)]). Y nanomy pa3i 3akonu 30epexenHs iMnynscy, MO~
MEHTY IMNYJbCY T EHEPril MaloTh BUINAL: MUy = mUy— U ; m Uy /2 = fo — my v,
m vy /2 = 10*2 + mv* 12 + mv} 12, ne [ = mi*/12 — MOMeNT iHepuii CTPHXHA BITHOCHO

OCi, IO NPOXOAHTL Y€pe3 HOro LEHTP Mac, U— WBHMAKICTL KYJIbKH NIiCAA 3ITKHEHHA; U, ~
WIBMAKICTH CTPHKHA.

1.225. v = vym\/m; © = 6m v /(ml).

1.226. v = (D) 2@y/(mR) = 192 m/c.

1.227. T =164,32 poxy.
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1.228. n=1,88; v, =24,14 xw/c.
1.229. n=(1+€)/(1-€e)=19.

1.230. Beauxa sich eninTyHoi opbitH cynyruuka 2a = r + R, ne R — paniyc 3emni.
[Mepion oGepTaHHs CynyTHHKA MO KONOBIH op6iTi paniyca a: T = 2na/v, pe U — WBKAKICTD

cynyTHHKa Ha Wik opbiti. Toni mv’/a = GMm/d®, a6o v=+GM/a=RJG/a, ne M -
maca 3emani, Omxe, T = 2mJa’ /g / R. Yac naniuus I=T/2=1t\/(r+ Ry /g I(2R)= 61,29 xB.

1.231. L= mR,fg(r, +n)/2=3,6- 10° kr-m¥c, ne R - paniyc 3emani.

1.232. 4 = m(fgs + U*/2) = 8648 [. Po60Ta CHM NOPIRHIOE NPHPOCTOR KIHETHYHOT
eueprii TiNa Ta poGoTi NpOTH CUAK TEpTA.

1.233. A = (Fy+F))s)/2=250 lx; A= IFds. 3a ymoBOWO F' = Fyy + ks, ne Fo, k— crani.
0

flkuto s =0, 10 F = Fy, roni Fy= F). Slkmo s = 8,, 710 F = Fy, toni k = (F, - F\)/s;. Omxe,

S|

A= I (Fy +(Fy, = )/ s)ds. Moxua 6yno ckopucraTics THM, WO CHAa PiBHOMIPHO 3pOCTac.
0

Toni A=(F)s,, ae (F)=(F, +F,)/2 — cepeane sHaueHHs CUIH.

1.234. 4 = (a, + fg)2nRm = 2,48 M]Ix.

1.235. 2) 4 = (5, — s;}B(sy + s)2+C)); 6) A= B(s3 —57)/3+ C(s% =)/ 2+ D(s, - 5,).

1.236. A2mg(h+ fl)=13,73 Jlx. Po6oTa nigiomy Tina #a many BucoTy Ah ripku
(raky, w0 KyT HaxuMay TripkM NPy ULOMY MOMHA BBAXATH cranmm), AA=mgx
x(sina + f cosa)Ah/sina =mgAh+mgfAhctg a=megAh+mgfAl, ne Al — nomxmHa oc-

HOBY yacTHHM ripky 3aBBUIIKK Ah . SIKUIO CKNACTH €neMEHTapHi poGOTH, TO 0OAEPKUMO
Biznosiae. [1pw pisHoMipHoMy nigiomi po6ora € MiHIMANLHOW.

1.237. s = v¥(2fg) = 0,36 M; 4 = mv*2 = 12,5 JIx.

1.238. /= (h— Al(mg))/l = 0,05.

1.239. P=pv? =14 kBr.

1.240. P =mgu/2.

1.241. T =(mud + g¥* - 2u,gtsina)/2 = 50+ 96,241 — 98,1t (T — ewepris, Jix; ¢ —

Wac, ¢); U = mg(vytsina — gr* /2) = 49,05t - 4811,8¢%, [ix.
1.242. A=mgl/50=0,2 Hx.
1.243. A=mgin(1-n)/2=1,84 [Ix.

2
1244, n= {1 _(.”_2] }[1 - ﬁ) =95,81-107>.

1.245. (F)= mv* /(21)=125 H.
1.246. u, =v,(1-m,(1+ Jl -20(m, + my)(mmyvs) (m,+ m,)) = 8,065 Mm/c;

2= mu,(1+ \/1 —20(m, + my)/(mymyvl) l(my + m,))=23,87 Mic. mv) =mu, +mu,;
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5
mol = mut + maud +20. 0 =v,—=(muy) m; maay(v,+u)=mu3+20. u,v, =u,v,.
Cucrema piBHAHbL Mac /1Ba PO3B A3KH, aN€ MULIC OHH PO3B’A30K 3aN0BOJLHAC YMOBY #, =0

i up=v, npu Q=0 i my=m,.

1.247. p=mv? + v} + 20,0, cos(o. + B) =10,24 kr-wic; @ =m(v? —v3)/2=32 [Ix,

1.248. [, =2/ =10 cm.

1.249. 2) a = g/(1 + R*A2rY): F = mg/(2(1 + 2*/R%)); npuckopenus i cuna Hatary
HEe 3anexaTh Bl TOro, KyIW PyXa€rbcs AMCK — Bropy 44 Buui, 0)7 =
= mgh/(1+2r*/R*) = 5,79 x.

1.250. ¢t = 4n*n’l/P =5 c.

1.251. Yacrota obGepranHa 30inbwmrecs B [i/[; padis, ae /. [, — MOMCHTH inepuii
CMOpPTCMEHA 0 i nicas niaHaTTa pyk. Kineru4ua enepria 36iabmmteca B /,//; pasis 3a pa-
XYHOK pOGOTH. AIKY C1IOPTCMEH BUKOHYE NiA 4ac NiAHATTA PyK.

1.252. JliniliHe npuCKOpEHHA He 3MIHWTLCA. a MeXaHiuHa cHeprif 30iabuTLCS (auB,
BianoBixb Ha 3axavy 1.250). Exepris 36insiunnacs 3a paxyHok podotu clnopremena.

1.2583. F,=mg(1 + h/0,7R)=2,59 H; F,=0,91 H.

1.254.a) h=25R;6) h=2,TR.

1.255. lo yaapy npokoB3yBaHHs He Gyno. [1ix 4ac BiabupaHHA WIBHAKICTL 11I€HTPa Mac
IMIHIOETBCA HA NPOTHNCKHY, @ 3HAYEHHA | HANPAM KYTOBOI LWBMAKOCTI 1€ 3MIHIONOTHCA.
ToMy 3'9BASETHCA NPOKOB3YBaKHA | CHAA TEPTA KOB3auHA {10MMHAC BUKOHYBATH polory.
BHacniaok ULOro 3MEeHINYOTLCS KyTOBA WBHAKICTL obepTauyg i 1MBUAKICTL 1ICHTpa MAc,
KyToBa wBHAKICTE 3MEHIIYETLCSA X0 HYNS, a NOTIM 3MIHIOE HaNpAM i, OTKE, KyNs MOKO~
tuThea. KyToBa wiBMAKICTH 3pOCTa€ ZOTH, AOKM HE 3HUKHE MPOKOB3yBaliid, TORI WBHA-
KiCTh LIEHTPA Mac Y KOXHUH MOMEHT Hacy v, = oR. 3akoH 36epexeHHs eneprii npu uboMy
MAE BUFASL mU,2/2 + lwg /2 = mu, %12 + A,, ne m, [ — Maca i MOMEHT iHepuii Kynbky; vg =
WBHAKICTh LEHTPA Mac KYIbKM: ) — KYTOBA WIBMAKICTB i A0 yaapy. ¥; — UIBUAKICTb
LieHTpa Mac KYAhKH, KON BOHA 3HOBY NOYHHAE KOTHTHCA 6€3 NpOKOB3YBaHHA: A, — poboTta
cunu Teprs Kom3awug. Toai A, = log* 12 + lo,*12, ne ®, — KyToBa iBMAKICTL. OTxe,

V= ‘\JSJ’?UO .

1.256. A = Flsin .

1.257. na obpyva A =m(gh— vz); ana uunivapa 4 =m(gh - 0,751%); ans Kyanku
A = m(gh - 0,7v%),

1.258. a=0,71g sin a = 3.5 m/c%: F,=0,29mg sin a = 0,14 H: 4 =0. PiBusinns pyxy
KYNbKH MalOThL BUrASAa ma = mg sin aa— F;, F;=04mRe; a=¢eR, ne €. R — BlanoBiaHo
KYTOBE NPHCKOPEHHA KyabKH Ta ii paniyc.

1.259. h = R/1,7. 3axon 30cpekeHHs eHeprii 3anucyeTncs y Burnsigi mg(R--h) =
= mv*/2+I0*/2, ne [ - MOMENT ixepuii KyabKH.

1.260. h =0,7v}/g = 7,14 M. Bucora Bu3HauacThes i3 3aKOHY 3GCpexeHHS eHeprii
mo*/2 + [0*2 = mgh, ne m. [ - BignoBizHO Maca Kyni Ta ii MOMEHT incpLii.

1.261. M = nP2nn-100 % = 2,95 H-m.

1.262. A= nfgmly = 27,74 ]Ix.

1.263. A = nmgfR/3 =2.62 JIx: dA = nrdF/4, ae dF — cuna Teprd, U0 Ai€ HA TOHKE
kinble paniyca r;, dF = 2fgmrdr/R?*
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1.264. N = 3nRn*/(Afg) = 6.
1.265. T,=L,e6,2/(2¢,) = 281,25 k1.

1.266. n=vJm/1/(21) = 11429 xp™",

1.267. o= 2mﬂ[2gh I(my + 2Zm,)R =3.69 pan/c. [Tpu ynapi MexaHi4Ha eHepria He 36¢-

pIracThes, TOMy Tpeha BUKOPHCTATH 3aKoH 30¢cpexeling MOMeHTY iMnyascy. Hi, HemoxnuBo.

2
1.268. o =arccos| | . - 62,85°.
3lg

1.269. @ = arccos(l~ 3mivi(l~1, )2 (gm¥!*)) = 18° . 3akonu 3GepeskeHHs MOMEHTY iM-
myabcy | eHepril 3alHCyloTeCA y BHCAARI myU(/ —1)) = ml*w*3; mgl(1 - cos @)/2 =
= [0*/2, A€ © — NOYATKOBA KyTOBA WBHAKICTL CTPXIIA, MOMEHTOM IMNYALCY Ta HEprielo

Kyni Micns yAapy HEXTYEMO.
1.270. 7,/T, =2(m, + my)/ m=1,5.

1271, F =(a—2bxy /(x2 + y3))i— (2by /(x2 + y3))i .
1.272. %=2"°a Criiikowo, flkwo x =xp, 10 F, =—dU[dc=0. F(x-Ax)<0, F(x+

+Ax) >0, ze Ax - npupicT KOOPAHHATH x. 3 HEPIBHOCTCH BHITHBAE, (110 PIBHOBArA € CTilKOO.
1.273. y=2a; F=0.
1.274. A= -((y,, = y4)0U[y + (2 —zy)0U/d= +(x)) = x,- )aU ax) =12 Dx;
UA - UD = 12 ,[bl(.

1.275. IMpocrip mae 6yTH OAHOPIAHMM Ta i30TPONHHM.

1.276. Hi, we icHye. [Ip¥nycTuMo, 10 Taka WBMAKICTL €. Po3rasHemMo n iHepLianbHUX
CHCTEM BiANiKy, AKI pyXalThCs OAHa BIZHOCHO OAHOI 3i WIBMAKICTIO V y310BXK A0RATHOFO
nanpsMy oci Ox. Hexaii v, — wBuakicTs nowmpenus curuany B cucremi K, pinHocuo
SIKOI mkepeno curHany nepebypae B cradi cnokolo. Toai wBHAKICTE CHrHany vy BiIHOCHO
chctemu K: v, = v + nV. Ockinbku n — HEOGMEXEHE HUCNO, TO MOKHA AiliTH BUCHOBKY,
IO WBKAKICT Uy € HEOOGMENKEHOIO, |

1.277. Byayre. Lle BunauBae 3 npHIywWedHs npo icHyBaHHS B Mexaniui [aninen —
Hulotona curxanis, ki mowmpiolOThes 3 HECKIHYEHHOIO [IBHAKICT!O.

1.278. v, = H|r-R|.

1.279. v=5/(24)=0.3 km/ron.

1.280. v, =v, +gf; v, =Jv§+g212+2w0g i V2=V,

1281, Ar=|r - +(v,—vy)|.

1.282, v, =m= 10,44 M/c; a; =a.

1.283. Axwo v sina>v,, 10 B=arcig(iga—v,/v,cosa); aKkuio ,sin@w="v,, T0
B=0; axuo v, sina<v,, 10 B =arctg((v,/v, cosa) - tga) .

1.284. Pyx cpiTHO! TOUKH Ha eKpaHi He € pyxOoM MarepiansHoro 06’ekra. Lle pyx cna-

MBXiB Ha expani Bil eNeKTPOHIB, KOXHHHA 3 AKMX NMONANAE HA eKPaH Mi3HiLLE TONEPEAHEOTD,
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TOGTO KOXKHMHA HACTYNHWI CrnafaX He 3B'A33HWH 3 MOMCPEAHIM IPHYMIIHMM 3B A3KoM,
LiBuakicTs v MoXe nepesuutyBatv ¢ i OyTH 8K 3aBroaHo BEIUKOIO.

1.285. Iy =IN1-v?/c” =565,61 m.
1.286. v=1,41-107 ¢

1.287. [ = 10\/1 —Vcosta) et = 0,968 M; o = arctg—-ti%—:- =63°25".
|-V~

1.288. v =0,942 c.

1.289. t=——C __—15.6 MKC.
:h—--ul/c2

1.290. T, e 1~v?/c? =26 nc.

Ut

Ji-v/c?
1.292. 'u=c1fl—(s/sg)2 =0,75 c; —T—=-—J——l-_2——2=l,5.
1-v°/c

1.291. s= In(N,/N)=T7455 m.

To
1.293. U, = — 22 =099 c.
l+'u1'u2}c
1.294. v ( JI-v2, )= 0.83 c.
Iyt =4l -
1.295. v, = e N1~/ 1) 1=/ =02 ¢
TN e
U=T0.:
10296- Ui =__._Bﬂf:f_q=0’73 C.
l-ovv,,, fc”

BIOH

1.297. 1. As* =c*At* - Ar* <0, ne Ar=R - cepeiHs Biacrans i CoHus ao 3emni
mpocropoBonoaibuui. 2. Hi, e moxHa, 60 ui noaii 38’a3aHi Mixx coboi0 mpocToposonoait-
HUM iHTepBanoM (TobTo He icHyE curHany, skuit 6u 3a yac At nojonas Biacraus Ar = R).
3. Taki cucTeMH ICHYIOTh; NPOMIXOK Yacy At' Mix MOXiAMM, SKi po3AineHi BincTanHO Ax
(nepenbauaerbes, wo noxil BiAGYBaKOTLCA B TOYKAX, WO Jexarh Ha oci Ox cuctemu K), ¥

At =V Ieh)Ax

J-v2ict

BAOTBCA Y MOPAAKY, oOepHeHoMy nopsaxoBi B cucteMi K. Taki cucTeMH pyXaloThes Bift-
HocHO cucteMu CoHue — 3emnsa 3i WBMAKOCTAMM, AKi 3aJOBOJLHAIOT [EPiBHICTH

V>c2%=0.6 e,

cuctemi K’ nopisrioe At' = , 1, AKkwo At'< 0, To y cucreMi K’ noaii inby-

1.299. a) SAxwo inTepsan npoctoposononibunmil, To As® =c Ar* —Ar® < (. Y cHc-
Temi K’ nonii oaxoyacHi, skwo Al’ = 0. npu uroMy HepiBHicTh As® < 0 He nopyLycTCH;
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6) axuwo O icHyBana cucrema, B sKid Bkasadi noaii BinGysanuca B OAHIA i Tilk camii

. C 2 . .
- qoylli NPOCTOPY, TO 3an0BonbHANACA § HepiBnicTh As™ > 0, uio He Mae Micus y pasi
IpOCTOPOBOTNOAIGHOTO iHTEpBaltY.

1.300. a) /Ina uacononiGHoro intepany As® = AR - A =M - A S0, i Tomy

piBHICTb Ar'* = 0 (nonii BinGyBatoThea B oMM i TiM camiii Touni npoctopy ) cyMicHa 3
yaconoAiOHicTio inTepBay. Omxe, Taka cuctema BiAUTIKY icHye; 6) AN OMHOYACHOCTI 110~

aifi veodXiaHe BUKOHAHHA pIBHOCTI At’ = 0, mio pa€ As* =—Ar'? <0, a e HEMOXIUBO JUIA
fonifl, po3aisieHux YaconoaibHuM IHTEPBANIOM.

v

. U
1.301. 1. 3 ymoBu 3anaui d = adf. 3IHTErPYBaBUIK, MAEMO ———— =
Y N ) e J1-v2/c2

=v, +at. Ockiibku Uy = 0, TO, pO3B’A3YI0OUM PIBHAHHS BIIHOCHO U, MaeMo T(!) =

=
at ; £ e 5 c”

= linsx Bu3Hayaemo i3 cniBBiAHOWEHHS ds=()d!l, TOAI §=—X
1/1 +(at/c) a

x(\fl+(af;’c) —~1). 2. 3 Bupa3y ais U MacMo ar-\/__z_ Kepylounch npaBuaamu

1-v?/c
c? 1
HaBnmwkeHux o0YMCNEHb, OAEPKYEMO 32 YMOBU v/ec<<l: v = af;, s= —-[l +5: X
a
(af) | ; w : 2
-l =Ear* , TOOTO POPMYIIH HBIOTOHIBCBKOI MeXxaHiku. 3. Fipu t—w ujen 3 (at/c)
¢

al

——— —C.
\}(ar/c:)z

y poskranauni af 3a v¥c? crae noMinytounM, i Tomy v(t) —

T Codv. (1=VErety'?
1.302. v, =————5-—’V—-2-; a =—>== ( )2 T4
l~vV/e da (1-vJF/c)

1.303. v =0,86c.

1.304. Am=m—my =my| ———=—1| =6,6710%° xr.

1.309. Posrnsuemo piBHSHRS PyXy YaCTUHKHM B PEATUBICTCHKOMY BUMAKY:
F-4 d v myg d myV d

&’ "™ o 2/2= v/ a fI—v?/c ar

Ba‘iHMO, WO BEKTOP CHJIM JIEKUTh Y NIOWMHI BEKTOPIB WBMAKOCTI V i MPUCKOPEHHA
avidt i e ¢ napanenbHUM XKONHOMY 3 HHX. Hapaneuhmcn BekTopa F BBKTOPOBI rpucKo-
PCHHA dv/dy mae micue nuLe To, kKoM BexTop LBKAKOCTI (a60 dv/ df) AOPiBHIOE HYyEBI.
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1.310. p() = Ft: v(1) = —t . s(0)= J(m[}c2 /F)2 +e' —my? [F

\fm(‘;'cz + Fp2
1.311. v=0.866 .
1.312. p=(1+\/l—v2/c2) T/'u=l,8 ['eB/c.

1.313. 4,

mgu?

=0,42myc® =4,02 MeB: 4,, =

2 1 1
=m-c’| —m—m—--u-u——
’ J]——D% /02 «.fl—v,z/cz

2
~T0Th — 0. 14moc® = 1,34 MeB: 4,/ 4, = 3.
1314 et w1,
To  mge”
- mc:/E )
1318 22 I (% ’)., =0.159

Ti V 1- (me_c'z/E2 )h

1.316. Buanauacmo BianocHy WBHAKICTb OQHOTO 3 MPOTOHIB: Vg, = 2UA1 + v%?)
KiHeTHuHa eHepris 0fHOr0 3 NPOTOHIB Y CHCTEMI BIAUTIKY IHILOrO

|
Ql_viinﬂ/cz

[TiACTABAAIOYM 3HAYEHHSA U,;y, A0 11ABEACHOIO BMpa3y KitIETHYHOT eueprii i BUKOPHCTO-
BYIOYM BMpa3 1A KiveTuunoi eueprii 7 nporonis y naboparopHiii cucremi Bianiky, oep-
wyemo: T' = 4T + 27%/(my ¢*) = 880 ['eB .

1.318. 3 Bupasy ans KideTHYHOT CHEPTIl PCAATUBICTCLKOT YACTUHKH MAEMO

I 1

- -1

Eq 1—!12/02

3 (popmyn HaBmukenHx obuucneHs (abo posknananus dyHkuii 1/4/1-v?/c? 1o cte-

T'=mye

1 ; : e
neHesoro paay 3a v¥/c?) maemo: T/ Ey = 3 (vzfcz) (4JieHH, K1 onyLleHl, MaTh CTEIIHb

v¥c? Ginblunh, Hix HageneHi). OTie, 32 yMOBH U< <c pO3KJaAaHHs iMITy/ibCy MOXHA BEC-
TH 3a cTenenamn T7E,. Tomi p = (1/e)2ET(1+ T/(2Ey)) = (1/ eW2E,T - 1+ T/(2Ey)
Y npyromy KopeHi npaBoi 4acTHHW HaBeAeHO! PIBHOCTI HEXTYEMO WICHOM T/(2Eo) sixuit

mac nopanok v/c?, i Tomy p=(1/eW2E,T = (1/e)y2mc®T = J2mgT .
1.319. V cucremi K’ Maemo p! =_M_ P = moU) o) = myU;
x fl_lv,z/cz * Fy {] _U.z/cz - h —'U'z/cz

Kopuctylounce nepersopeHHsmu Jlopesua s KooOpAMHAT | 4acy Ta pensTHBICTCHKIM
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px_EV/cz, '

m’ Py =Py P:=Psi

§aKOHOM [I0IaBAHIIA WBMAKOCTEH, ONEpKMMO pi =

p E"Vpx

E =:il-V2/cz .

ESZV -12 1
1.321. Am= P =1,1-107"" kr, ne E — moaynb FOura ang crani,
c

Vv - . A
1.322. Am = h-i— =7.7-10™" kr, ne v — kinbkicTs Mot peuoBrHM; M — [i MOnApHa
C

Maca s Ggn — MATOMA TENNOTA NIABNEHHA 1bOAY.
1.323. m = Pt/c*=9,6:10"° k.
T

1 _,v;z 2
_—-"] z/cz = 7, ggm(,; U' == = 01 66 c.
-v'fe 2(1 w4l -vz/cz)
; L mget 2
Bxas3iBka. 3acTocyBaTu 3akoHU 30EpereHHs eHeprii ﬁ+ myc” =
1-v7/c

1324, M = my—
v

Mc? ; myv Mv'
= —————— TA IMIY/IbCY —= — JI15l CHCTEMM YaCTHHOK.

v
1-v?/c? \ﬁ—'uzfcz J1-v2/c

(mo = mot)z - mgz

2
o2 Tz=(m0"moz) ‘”’31 of

l-szs. Ti =
2m, 2m,

Ka3iB K a. 3acTOCYBATH 3aKOHU 3GEPEKEHHA EHEPril Ta iMIynbey y BUMNANI moc” =
=T+ T+ mg ¢+ mgy * py+ pp = 0.

1.326. Axuio ¢iznuni BemuuHm, AKi ONMCYIOTH BIACTHBOCTI PEYOBHHH (TYCTHHA, THCK,
IIBHJIKICTE Ta iH.), MOXHa 3anapaTH HenepepBHuMM (yHkuisMu. [uckperHuit xapakrep
PEIOBHHM He BPaxoBYETHCA.

1.327. Sxmo piauHa onHOpiaAHA, TO N0 FEOMETPUYHOrO LEHTPA BUTMCHEHOTO 00’ EMY
PUIMHY, 8 SK110 BOHA HEONHOPIAHA, TO 10 LIEHTPA MAc PiAMHH, SKa 3arnoBHIOBana 6 BUTHC-
Henwuii 06’emM.

1.328. P = 4npgR’/3 = 164,37 mMH. Pontb 0nopu BUKOHYE piaAHa,

1.329. F = 4n(p - p,)gR’/3 = 558,85 MH, /i p, — FyCTHHA BOAM.

1.330. He sminuThes.

L33 &y = 1 (1 — p,/p,) =12.62 M, ie p, — TYCTHHA NLOAY.

1.332. Cunuesa xyns nepesaxye. Kyai 3i ckna i CK/IOBATH BUTHCKAIOTh KilbKicTh no-

AHakosoro o6’emy. Tepesu nepebyBaruMyTh y piBHOBa3I.

l.;ﬂS&. He 3MiHioBaTuMeThcs 110 MOSBY CTaHy HeparoMocTi. Y CTaHi HeBaroMocTi BHACi-
AOK JIL CHA MONeKy1pHOrO NOBEPXHEBOro HATATY TiNO BULITOBXYBATMMETHLCA 3 piluhu (pi-
AT TE 3MO4ye Tino) afo, Hasnaku, 3aiyploBaTHMETLCA (piauHA 3MOUyE TiNo). YMoBa piB-
HOBATH Tia; p(g(h) + a)V;, = p,(g(h) + a)V,, A€ py, P, — BLANOBIZHO rYCTHHH TiNa Ta PiANHK;

@-IIPUCKOpeHks paketw; Vs, ¥, — BiANOBIAHO 06’ €M TiNa i BUTHCHEHUHA 06’eM pivinu. 3 Habe-
JICHOL YMOBH pisHOBArH BUMMBAE, 110 MUGHHA 3aHyPEHHS HE 3ANIEXKUTh Bill IPHCKOPEHHS.
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1.34. p= ph\fgz +a* , ne h—TOBILMHA LWAPY BONM, AKY BiAMIpIOIOTS Bij ii 10BEpXHi,
1.335. F=pl*(2g +a)/2 = 10.81 ktl.

1.336. p=1656,16 kr/m’,

1.337. Dispy = (D —v)tpS, a¢ D — IBUAKICTb (PPOHTY YILliNbUEHEHS, 3BIICH

D = vpl(p — po) = 3.29 M/c.
1.338. Fin= 2pghS = 1 962 H; Fyry=pghS =981 H.
1.339. 2= 10,19 m.
1.340. F,.,. = pv’S = 984 kH.

1.341. 1 =(F/Sy)\Sp/(2F) = 1,67 c.

1.342. R, = (Ry/t) J2hy I g .
1.343. 5, = 50 cM?,
1.344. hy = 4 m.

1.345. v =wr? - R? = 848.53 m/c.
1.346.v = | 4 M/c.
1.347. d = 1.1 mMM.

1.348. v = d*pg/(18n) = 3,2 mm/c.

1.349. v=v,In(r/Ry)/In(R, / R,) .

1.350. Re = 2pUR/n = 2500 <3000 — Teuis naminapua; dp/dl = 8 nuv/R* =1,28 Ta/M
1.351. Tak, ans Kyabku B Macai; v = 5,65 m/c. Hi, ans Kyabku B raigepui.

1.352. v, = 0,15 M/c.

1.383. d=~4Vp /(nRey,qn ) =021 M.
Al

1.355. S =nP/(pC,v°)=4,24 M.

1.356. o, = 4mg /(nd*) + pg(h—x)=27,76 + 0,076(10" - x), MI1a.

1.357. d, = 3dp = 24 mm.

1.358. Al = pgl*/(2E); AV = (1 - 2u)pgl*SA2E), ne E — monyns KOura, p — koediuieHT
[1yaccona.

1.359. o= Ee . e=Al/l;!=Iy(1 +aAty); o=EoAt; Al/l=0At; 5=1,3 MIa.

1.360. o, = mo*/(45)="78 MIla.

1.361. oy, > 20, /p/d, + dy) = 556,75 pan/c.

1.362. Bupinmo yaBHO 3 noBepxHi Ganoxa mannit cdhepuunnit cerment (puc. B.]-Il)al
paziyc OCHOBM Akoro a = R sina . [lo nepubepii uboro cermenra Ha eneMeHT MNJOMIL
AS = dAl nie cuna npyxuHocTi AF = 6AS = odAl . HopManbha ckIanoBa CUIH MPY:KUOCTI
AF, = AFsino. = ocdAlsina. [IoBHY HOpManbHy CKNazoOBy CUIM TUCKY BH3HAYMMO SIK
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cyMy cun AF, no cermenty: F, =od2nasino = 2noRdsin® a. Lla cuna spisrosaxkye cuny

ucky F =pS, wo nie Ha cerment. Skuwio kyt a mamuit, To S =na’ =nR*sin*o . Omxe,

2. 2 : : i ; : i
F=mpR"sin"a . Ockinekn F = F, | To, 3piBHABLUM NPaBi YaCTUHU PIBHAHB | pO3B’A3aBILIH
3100y TH# B1Pa3 BIAHOCHO p, onepiumo p =20, d/ R =12 Mlla.

1.363. & =3pgl*/(2Ea) = 45,91 mkm.

1.364. Slkwo cuna, mwo Ai€ HAa CTPUIKEHs, NPHKIALEHa A0 HOro OCHOBH, TO
U = mla*/(6ES). Slkuto cuita npuknaneHa A0 BCIX CHEMEHTIB CTPHXKHA (K, Hanpuknan, npu
BIILHOMY NaIHHI), TO HANPYXEHHA He BUHMKaOTE: U =0,

1.365. 3mina noreHuiansHO eneprii Bautaxy AU, = mgAx. 36inpiueHHs NOTEHUIANEHOT
eueprii npyxunuu AU, = k(Ax)*/2. Ane kAx = mg. Toni AU, = mgAx/2, Tobro AU, = AU,/2.
Emepris mgAx/2 BATPa4acThCs Ha HarpiBaHHA MPYKUHH.

1.366. U= no’G(d, - d; )/(64]).
1.367. Kyt 3cyBy 7=§Lp. Hornune unanpyxeusa t=Gy. Toai momeHr

R N
M=1SR=1R’ =G ?(pn: . 3pobuBuIM BiANOBiAHI po3paxyHku. onepwumo M= 937-10° H'm.

Pofora no 3akpydyBaHHIO CTpHKHA Ha KyT do Oyae dA = Mdo. TlinctaBuBium, MarMmemo
TGR' ¢’
4l

1.368. YaBHo po3if’eMo CTpHIKECHE HA TOHKOCTIHHI UMAIHAPU. TOBIIMHY CTiHKM
IIHRIHApA NTO3HAYMMO Yepes dr, a ioro paaiyc — yepes » (puc. B.1,12), [Toknanemo, uio
HHXHE OCHOBA UMJIIHAPA XOPCTKO 3AKPiMeHa, a A0 BEpXHbOI npvkIaieHa napa Cui.
Sk BUAHO 3 PUCYHKA, NIPU NOBOPOTi BEPXHBEOI OCHOBU CTPHIKHA BiZIHOCHO HMXKHBO! Ha
KYT @ pi3Hi wapu 3Mimylotecs Heoasakoso. Bracninok usoro TeipHa uMainapu4HOro
CTPHKHA 4B zalinana nonoxenus AB', To6To Bepxuii wap CTpUXHA 3CYHYBCA BiaHOC-
HO HWKHBOIrO Ha KYT Y. 3CYB BEPXHLOTO APy CTPHIKHA

As= R, a wapy paaiyca r As, = ra., ToMy kyT 3cyBy

K ; F .
KOXHOro OUITHAPUYHOrO Wwapy y,~ _;P_ 3aNeXKUTL Bl r.

A=U= =163,5 fix.

.

F

g
Puc. B.1.11 Puc. B.1.12
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; ( :
3a 3akonom 'yka ana gedopmanii kpyrinug 1, = Gy, = Ghjp- r. Toii MoMeliT napu cun,

: . . G
U0 AIKOTH HA BUJINCHUI UMniHapuunuid wap, dM, = t,.ds.r =—-}—-P-2ﬂr3dr ;

O6uuciMmMo MOMENT NAPH CHIL. TIPUKIANCHUIA 10 BEPXHBOT OCIIOBU IIHATIIApa:

s o 4| 4
M =jmr3dr .—.-MLJ . Ormxe, M = Gn—R—tp.
. L4, 21

1.369. U=P(pgh)* /2 =285 M/Tx.

A0 rPo3any 2

2.1. N =3:10" aromis.

2.2. N=7.5-10% monekya.

2.3, M=18-10" kr/mons; v =55,6 monis; N=334-10% monekyit: my=30-10%kr:
Vy=3.0-100° .

24. M, = NiA + NyAy + NyA; =98, M =98-107 xr/mons.

2.5. v, =4,3 mona; v, =391,5 mons; v, = 608,5 mons.

2.6. M =18-107" kr/mons: V' =18-10° % 1/, =3,0-10% m*; d=3,1-10""y,

2.7. N =6.02-10> monexys.

2.8. Ha 1.9:10"° monexya.

2.9. B 1 M’ pryTi Monekyn Ginbiue maitke B 1,2 pasa.
2.10. Toran 10° pokis.

4nR* p,
Mg
3emni; p, — HopManbHUiA aTmochepHUIt THCK.

2.11. N =%NA - N, ~10*, e R — paniyc 3emni; m, — maca atmocgepu

2.12. Kinbkicrs monexyn, axi suanxnys KOniit 1lesap, N = %NA , e m=pl —maca

MOBITPA, SIKE B CEPEAHbOMY BUIMXAE MOiuHa. LIi MONEKYIH po3noaimuanch piBHOMIPHO B
armoctepi 3emii. Tomy nig uac BAMXAHHS B JIEreHi KOXHOI AIOAMHM NOTpanIse maca m

47‘[R2P{] _

. m -
nosiTps, B AskoMy € Ny =—N wmonekyn, mo Buauxnys HOnii Llezap ( m, =
m
a

maca armocepu 3emni). Baxarouu, mo cepeaniii 06’ em nerenis moauun ¥V =5 g, aryc-
m*g

THHa nositpa p = 1,3 kr/M’, onepxumo N, = ——=—
’ 4nR? poM

N4 =170 monekyn.
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2.13. <g°6m>= kT =4,8-107 [ix; (E>=£;—NA (eoﬁep-r>=360 Hox.
2.14. p,/p =T, [T, =1,273; (Eoz)/< n|)=P2/P1 =1,273.

pV 13, _NM _ -12 _3 _ =7
215 N =2 -75.10 3,510k (E)=2kTN =7.5107
A
a16 T="RN+illy 3419 ¢

HU, +i,U,
I e a T .
2.17, <E>=ERT'U=4,8 k[x, ae [ — kinbkicth obepranbHUX CTyNeHiB BILHOCTI

MONEKY/IN KHCHIO.

2.18. IMpyxHa of’eMHa MONEKYAa YOTUPUATOMHOrO rady Ma€ TPH MOCTYNANbHHUX, TPHU

obGepranbHux T8 3n—3-3=6 KOIMBAILHHMX CTYNEHiB BIbHOCTI (n — KillbKiCTh aTOMIB y

vonekyni). Omxe, (E)=uN, (3%&? ¥ 3-]2-:&7' ¥ 6kT] = QURT =269.2 Kkl (Bpue)=

= 1B = 449 10K; (Exgr) = {E) = 44.9 W1k (v} = 2(£)=179.5

2(E M (E :
2.21. N =J—z=102‘; m=4—2=54 MT; V=J_—z=4.2-10'5 M>, ne | — Kinb-
ikT iRT ip
KicTh mocTynanbHUX CTYNEHIB BIILHOCTI MONEKYIH KUCHIO.

dan i 2 N,y (m /M, +myl M,){e)
S i\ + iy

=12 Mlla, ne §, i, — KiABKiCTb CTYNEHIB

RUIBHOCTI MOJIEKY/IH BifMoBiHO 230Ty H aproxy.

1 |
2.23. (E)=mRT [},4——~-—- 2:0,6—=%|=22 x[x (M, i, Ta M,.l, — MonspHi
( ) [ M, 2 M, 2] Mo (M), 2 P
MAacH Ta Ki/lbKiCTh CTYMeHIB BilbHOCTI BianoBiaHo ans N, Ta N).

mRT 2NAm( >

2,24, p=—r - ——=3,0klla; p'= =057 Mfla, ne i — KifAbKICTb CTYIMEHiB

BUILHOCTI ioHi30Bannx Monekyn, M’ —MonspHa Maca ioHi30BaHOrO rasy.
i
2.25. (E) =-5~p0V =2 kJbx.

2.26. Yepez noBHY XaOTHUHICTL PyXy MOJeKyl Y HANpAMi OTBOPY repemillyBaTHMEThCA

3 BCiX Monekyn. Bsaxatumemo, nio WBHIAKICTE YCIX MOIEKY/ OAHOrO rady € 0JHakoBO

1 Topismioe (v, )= 1’% Ja uac T 3 OTBOPY BWIETSTh Ti MONekynH a3oTy, Aki nepely-

Bald Ha Bigcrawi ’1=<Um>t~ i Ti Monekynu renito, ski nepebysamum Ha BiacTaHi
{ ?Idz .
g"(’uz“)r. Kpi3b orBip, nnowa skoro S=T. BUJICTATh Ti MOJIEKYJN a30Ty, fKl
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Mictuimea B 06’emi V) = [, S. | monekynu renito, ski nepebysanu B 06’emi V5 = [,S. Kinbkicry

MOJIEKY N1 a30TY ¥ renito B oauuuii 06'emy BianosiaHo n, = v, IV Nyin= v 3V N,.
1 2

. 1
Kinbkicts MoeKyn pi3umx rasis, ski BHACTATH KPi3h OTBip 32 uac T: N, =E<U,n>5’tnl;
3
] : N Usys M M, \2
N, =-(v2,m)S‘rn2.Bl,uunmc}msl —%= ( 2 ) 2 =[ 'J =19.
6 NI (leu)nl MZ

Omxe, 3 OTBOPY BUXOAWTL a3 y CMiBBiAHOWIEHII: HA 19 Monekyn relilo npunanac oaua
MONIEKY 12 a30Ty. 3a Yac T, YACTMHA MOJIEKYJI Iejlil0 BUIIITAE i3 CYNYTHHKA | IXHSA KilbKiCThH

1
N, E('”zm)STz”z

B OOMHMLUI 00’eMy 3MEHWMTLCS HA An, = ; = = . BianocHe 3MereHNs
» » . 4 _
CTaHOBWUTHME én——'-=L{'um)S'f2 =107 . 3gincy 1, = 107 =300 c. Anaioriyup
n, 6} 2 (Uy)S
6V 3
QA A30TY T) = 107 =760 c.
<lea>s
_Mp
227. ny= RT =43. 105 M 3 ne M, , M, — MonapHi Macu BINOBULHO BOAHIO i a30TY.

2 l
2.28. n = p,/(505kT;)=5.30-10" M3, n,=2,13-10% M7,  ny =2,65:10" M

p;'-—-mc,,n] =%nl =0.28 kr/M’; p, =0,99 kr/m’; p; =0,017 6 kr/m’,
A

R
2.29. p= —3%’3 = 70 kI1a, ne M — monspna maca rijpuy ypasy.

Po 24, -3
230. n="2-=366-10"" m .
BAT
2.31. T=2T, =546 K.

2.32. m= pV[l —-&]-: 55 .
Po

2.33. Am=m(T,-T))/T, =322 .

234 n=L=26-10% u; p=-L o 0,584 kr/m.
235. 1 --—ln&a- 370 c. 33 MUt MPOMiXOK Yacy df TMCK Y MOCYAMIL 3MEHLLYETBCA

p

Ha dp = pQ =——dt , ne p — TyCTUHa razy B MOMEHT yacy {, T— teMneparypa rasy: M — #oro

MOJIIpHA Maca.
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_phT + pa¥aly

2.36. p L=1,14 «Ila.
NhL+ VT
m m, \RT 5 m, + m, 3
2.37. p= + =3,44-10" 1Ta; M = = =5,25.10"" kr/monp;
M, M,V m /M, +my/ M,
0= 2272 2 0,75 ki’
R
2.38. p= [-%‘-’-+ %;—}-;]7] ne M — mondpHa maca azory.
LM ;
2.39. BL- AL g5 pasiB, ne M,, M, — MonsSipHi MacK BiAROBIAHO ByrjeKHCIO-
P2 Pl M,
ro rasy # nositp4.
h
2.40. V = (o + pEh)Ty V,=6,2 Mm’.
poT |
241, 2105
WoOWL
242. T=— P ____33¢

(pp + pgh(H - h)
243, Am=2P= POV

Po
GMmh

(r+ h/2)2 R

=9,6 xr, ne p, — HOpMabHUI aTMOChEpHUit THCK,

244. T =

=259 K, ne G - rpasiTauifina crana.

245, p=—22 _¢ uila.
1~ V2

2.46. nggﬁl—_fl]
H-h

h(ly +0,5Ah)

D

247. T =

T, =374 K.

mT M . ; . s
248, m="10My 26 r, n¢ M,, M, — MonspHi MacH BIATOBIAHO a30TY & BOAHIO; k —
3a11ac MigHocrTi,

2.49. p=—’?%‘ﬂ=]50 kTTa.

2050- n= ln__p_fL_ =46
PV + V)
2.51. CH, (meran).

252, p=S7 _T 05408
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- (poT3 /Ty - APV,

253. p =14,7 «lla.
h+h,
M, pV ,
254, a= - [ \E -1J=0,58, abo o = 58 %, ae M,, M,— MonapHi macu
M‘ o Mz mRT
BianosiaHo N,O,4 Ta NO,.
255 V= B e 23.5w°. ne M,, M,— monspii Macu BiANOBIAHO reniio ta
P(Mz - Ml)
BYI'IEKMCNOrO 1'asy.
M, T,
2.56. T= {ffy+ m‘:} ' 2 -395,4 K, ne M,, M, — monapHi MacH BiANOBIAHO a30Ty
M >

Ta nositps; Ty — HOpManbiia TEMIeparypa.

2.57. T =[-”ﬂ + I]T{, =337.7 K.

PoS
-2
2.58. a1=[12—+' ”}In.
nT, n

po(1-(6/(L-1)) -l .
2.59. o= =500¢', ae p — rycruya i
! \/ p[(L—J/Z) Acp-—ry pPTYT

2.60. BuyTpiwwus eHepria razy B nepiuid nonoBHHi nocyauuu U, = ‘E'\'IRT, y apyri#t -

U, =i22-v3RT2. ae &, v, i f, v, — KiNbKICTh CTYNEHIB BiNBHOCTI TA KiNbKICTh MONIB Bill-
noeiaHo Gararoatomioro i ABoxaromHoro rasis. [ToHa BuyTpilung edepris rasis 10 3Mi-
wypaHds =-‘_IZ-R({]v|7] +i,v,15). a nicns 3miwyeauss U =-;—R(:‘tv, +6,v, )T, TlocynuHa
TennoizonsoBana, ToMy U =U", 3siacu
§ LT, + T,
T=—2

.V .
f]_+f2
Va2

- . 5 4 V ; V
3 piBHAHb CTAHY rasis [0 IX 3MilLyBaHHSA p,E=V,RT} i pzzzszTg BH3HAYAEMO

1|_= pITZ OT}KC T — (ifpl & lzpz)ﬂTz
Vo pali Gy + i ol
2.61. Buacninok audysii MoJekynH BOAHIO pO3NOAINATHCH NopisHy B 060x noaosHHAX
NOCYAMHH i, OTKE, IXHi THCKH HA NEpPeropoaKy BIAEMHO 3DPiBHOBAKATHLCH., TOMY Ha NEPero-
" d

=324,4 K.

}
POAKY THCHYTHMYTb /M€ MONEKYNAH a3oTy: F = pS. I3 piBusHus p,3=v,RT MBEMO

_2vRT

2 . Omxe, F=2v\RTS/V =39,6 kH.

380



2.62. lMposecTH Ha aiarpami cim’10 i30TepM.
2.63. lus. puc. B.2. 1.

2.64. [306apno narpisatouM ras sia ¥; no V,, a notim isoxopHo BiA p, a0 p, . abo
HABNAKH.
2.65. Hepes Touku A i B 1ipoonumo isoxopH V| =const i ¥, =const; &, <oy, OTKe,

¥, >V, (puc. B.2.2).

2.66.TIpu T=T, V; >V, omxe, p; < p, (puc. B.2.3).

2.67. Jlus. puc. B.2.4, /-4 ~ 06’eM 3menmryetscs, 4-B — 36innumyerscs, B-2 — sMmen-
QIYETHCS.

2.68. [Iposoaumo cim’1o isotepm (puc, B.2.5). ¥ Touui / Temneparypa 6yae nHaiuHx-
4010, y TOM L 3 — HaMBHILO1O.

2.74. (v,,)= -?—f:-g- =503 M/c; (v)= 8Py — 464 wie; v, = 2Py 1] v
\ np p

3pN, 22, -3
2.75. ny = Zr=3,7-107" M,
Miv:_5

2.76. (v;,)=1’£ =11 mkm/c; {v;,)=1,§f; = 504 m/c, E—:’,'f%m 4,5-10° pasis.
m KB

My

2.77. T, =227, = 27,86 K.
M

1

2.79. [eniia.

2.80. Mo cucTeMa HepyxoMa, TO MHCNs NPOXOMAKEHHS WiNHAK B aroMM noTpannsioTsh
ua  TPMAMANbHY NNACTHHY 1, KOHACHCYIOMHCH HA Hild, 1alOTh piske 300paeHHs winuuu B

P P p

0 T«const 0 p-const T O V-constT
a 7] b
Puc. B.2.1
i P
h b

p} __'g____ -—ﬁ
0 ‘i’-‘ ] — s v
A T 0
Puc. B.2.3 Puc. B.2.4 Puc. B.2.5



y surnagi cmyru D. Tlotim cucrema noyunac obepraTuch, BHACNIAOK 4Oro 300paenyug
WJHHA 3MilLycTsea Ha ainsuky D'. Tlosnauumo yepes x 3MilenHs B3A0BXK NPHEMaNLHo}
nnacTHHkH. Tojai maeMo x =R, ae ¢ — kyr, Ha akHi obepuysca uunivap C; R — Horg
paziyc; ¢ =T, TYT () — KYTOBa WIBHAKICTE 0GCPTAHHA 1IMNIHAPA; T — HYaC NPOXOMKEHHs
aromamu Biacradi BD, aka nopisHioe /. Omxe, t=//v, ne U — IIBHAKICTL aTOMip:
x=c/v, ne c— crana ycraHoBKH, ¢ = @R/ .

KinpkicTh aTOMIB, iKi BHIIPOMIHIOE JDKEPENO ILOCEKYHAH i INBHAKOCTI AKHX Hanexars
iHTepBanoBi v, U+dv, nponopuiiva uf (v)dv . abo vf (v)dx . Orxe, nigidna rycruna

PO3NOINY aTOMIB, IO CKOHAEHCYBANMCH Ha MOBEPXHI LMAIHApa, nponopuifina v’ f (v).

Bu3Ha4aouH MaKCHMyM 1€l GyHKLIT, BCTaHOBHMO. LU0 Bill Mac Mictie npu v =+/5/2 v,.
22
281. T=22 22=Y
2R in(v;/*u,)
2.82. K = [3mokT =1,9-10"% wr-m/c.

2.83. 7= 10063 K.

2.84. 2N _ 085 %.
N

32 2 .2
2.85. ﬁs(ﬂ cxp{w2 .,v' ]ﬁv, =1,1.

=193 K,

AN, v, ) vi ) Av,
2.86. N = 8.4-10°%.

N2
2.88. éﬂ:[h exp(vz[—lz——%J]. Ockinsku v, =J2R—TI.UQ =J§U", TO N
ANy \ Vi) Uiz Ui M AN,

nopisuioe: a) 2,50; 6) 1,72; B) 0,052.

2.89. Cnouarky BH3HAuHMO Kijibkocti Moackyn N, i N, , wBKakocTi akuX Ginbiui Bil-
MOBIAHO BiA V) i Us. TOAI Ki/ibKICTE MONEKYN, WBKAKOCTI KHX JIEKaTL Yy Mekax Big v 40
Uy, aopisitoe N, = Ny — N,. Ilna o6uncnenns N, | Ny KOPHCTYIOTECS TaONHLIEK 3a1€XKHOCT]
NJ/N Bia u, ne N — 3aransua KinbKicTs MOJIEKYN; u — BiAHOCHA WBMAKICTL (Tabn. B.2.1).
BianocHi wenakocti 4y = vy/v; = 0,5 1 uy = va/v; = 1.5. Ang umx 3nadeHs u 3a rabnauuero
maemo: Ny/N = 0.918 1 No/N =0,213. L1i pesynsratu cBijg4ats, mo 91,8 % monexyn Maiorh
wsHaKocTi Ginswi Big 250 M/c i 21,3 % Monekyn pyxaloThea 3i LIBHAKOCTAMH, GiNbLIHMH
Bia 700 M/c. 3BiacH BiAHOCHA KiNBKICTH MONEKYN, IIBUAKOCTI AKKX NEkaTh B IHTCpBAN MiK
v, =250 M/c i v, =700 M/c, NJN=9],8-213=70,5 %.

Tabnuus B.2. 1
u Ny N u NN u Ny N _:
0 1,000 0,6 0,868 1,25 0,374
0,2 0,994 0,7 0,806 1.5 0,213
04 0,957 0,8 0,734 2,0 0,046
0.5 0918 1,0 0,572 25 0,005 7__
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2,90, u="-=1,63; 3a1abn. B.2.1 Y= =0,13; N, =0,132=N,, =3,9-10%2.
7 N M

32 & M'u
4P0V M T2RT 2
e “"""udu. larerpan y i piBHOCTI HE MOXE DYTH BH-
r—kTo(ZR?bJ | rpan y ik p yT

paeHuH depe3 enementapHi dyHkuii, TOMy oGuHCAMMO HOro NPHGAM3HO, AN HOTO CKO-
vz

0.=15,9. Beenemo Gespoamipny
0

291. N=

pUCTAEMOCh BENHMKHM 3HAYEHHAM napamerpa X, =

U2

gMiHHY IHTErPyBaHHA X = . Toni

0

- -

MoskHa BBa¥aTH, WO xp >> |. Posknanemo seivduHy N 32 obepHEHWMH CTENEHAMHU

n

ILOr0 NapameTpa, itITErpyroYH YacTHIIAMK Ta OOMEXKYIOHHCH APYrHM 4NEIIOM PO3KNany:

2poV I - 22
|-— e =6,44-10
:lﬂkTo J_( J
A6o 3a Taba. B.2.l: v, = szf} =385m/c; wu =%‘?-=3,9; -%’fco,ooz g,

Ny =0,0024 2 N,,—640l022 2
RTO

2.92.3 ypaxyBaHHsM apxiMe1OBOi CHNH CHNa, MO0 i€ HAa YACTHHKY, AOPIBHIOC

(P*Ppin)Vg. A€ P, Ppi; — TYCTHUM BIANOBIAHO MaTepiany 4acTHHKM Ta pianxu. Toai

NOTEHUiaNbHa eHEPris YaCTHHKHW HA BIACTaHI A B AHA NOCYAHHH
U= (p_ ppm)Vgh‘

aixX po3noain 3a BUCOTOIO

n(h)=n, cxp[— (p—ppin)Vgh] ;

kT

3a ymoBo1o 3anayi 7, /n =2, 10N

Ah = kT In2 =12,3 MkM.

4’”‘3‘?(9 a ppm)

293, m=AINZ_4 3 543.107 kr
gh 3
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m“ll.'ll rl

294, p=pse T . pe my — Maca Monekynu NOBITPS; r — BiACTanb Bia oci 06eprasn-
Hs 10 TOYKH chocrepexeinin: T — TeMmileparypa rasy.

2.95. h=13,84 Kkm.

2.96. p=2.56 klla.

2.98. = -;i-?; =8,77 kM.

g
299, h=123 km.

Myzh
RTlnPn/p=21 KM® R =_EQ_.3_W =2-]024 Mnj-
Mg ’

2.101. (U)=T.

2.100. h=

M
-y 411
2.102. P o wr* ')=0_.63.

P2
2.103. VY cucreMi koopanHar, 38" a3aHiil 3 USHTPU(Yrow, Ha MOJICKYAM XJIOpY Ai€ cHia
2

iHepuii mw”r . ska nanpsMeHa Bia oci obepranus. L{g cuna € noreniansHoOIO 1 TOMy 10
Hel MOMHA 3acTOCYBaTH po3noAin bonbumaHa. 3B'430K MiK CHAOIO Ta NOTEHILAIBHO
b
. : - mcuzr“ ,
EHEPri€l0 A€ 3HAYEHHS NOTeHUIansHOi eweprii U =- . Po3noain xonuexrpamii
i30TOMIB Y3/10BXK pajliyca UEHTPHU(YTH
e’ s M’ r Myw?r
Ae Ny, . My, — KOHUEHTpatlii i3oTonis 6ing oci.
3a yMOBOIO
ngy =(1-n)ry,  my=nnmy ., gy + Mgy = Mg |
m=Thn. ny =nan, m+m=n.
Toxi
- 2RT = TR
ma=(1-n)nge 27 | nmun=nnee 2K .
3siacH
[M'-Mz)mzrl
RTI l P7
2 N
i oCcTaTo4HO

1

2RT mn__ | 3
W= In =4,4.10" payec.
[rz(M.—Mg) n:(l—n)J
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== myv
2.104. Qyukuis posnoainy f(v)= 4 ( o ]2 vie W f(v)=max; gf_=0;
U

Jr \ 24T

4 ‘-_:':' ﬁ'ﬁz_ mnvl
i:—-—(;——) ue UT yyle W (____mo 2'0) =0,

dv +m 2kT
A 2k
a4 _ -—( T 2ve W7 [ 1L g2 |_g; 1= g2 o,y = [T
i ¥a\24T 2T ) T T
RTInn ; : ;
2.105. h= =12 km, ne M), M, — mosapHi MacH BiANOBLAHO KHCHIO ¥ BOAHIO.
4 (M =M 2)
2.106. Po3p’skemO AHepeHlianbHe piBHAHHS

dp =—pgdh,
o T
BHKOPHC’I‘OB}(IO‘{H CINBBIAHOILNEHHA 5}; =-3a.

PM g PM 4T, dp Mg dT

RTS RI°a ' p Ra T

po Ra T
ne Py, Tp — BIANOBIAHO THCK 1 TemilepaTypa noeiTps Oisis noBepXHi 3emti.

Ilicns norexuitoanug onepxuMo
My

T \Ka
Ty= — ‘
P( ) Po[%}

Po3s’s3ytoun pisuanus d7 =—adh, mMaemo
T—Ty=~ah, abo T =T, -ah.

p(h) = pa[l—-‘—;'i]

0

Toni
M r

ah |
Ho3HauHMMO — =— , Skwo x >, a—0,To
T(] X
Mgh _Mgh

| Y ur,
p(h)= PO(I _;) = p 9

10010 OBepxyemo Gapomerpuuy dopMyty s izoTepMiuHoi aTmochepu. TyT BpaxosaHo,

l X
MO Jim (l +—=] =g
e - x
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3 2

2.107. ('u“) Jvzdn—jvzf(t’ =%(2HJ Ive?ﬂ dv. CkopcTaemogs

% 5 3
TaBIMYHKM [HTErpanoM: I o -J_a 2 x=u a:%, (ﬁ&:%[i?]z 3
5
« S J=[ o 5___ (7 T
J_[ZH‘] -
y) 3= I _&
2.108. 8———sz c“;s gd..._kT ele e Ckobii.
f()J—() (>6[ () J; ) _[ pHC
; ¥ % 3 "2' 1
TaEMOCh TAONHYHHM IHTErPATIOM: Ix € dx=E\/7_ta . X=§, a—ﬁ
3 5 ‘
2 3 3
kT —kT.
(0=2tr) " 28 ) -2
2.109. f(g)= < (kT)-ls%e_I%' df(s)_o. a} 2 (kT)H%E%edfF =0
o A | de " ode|Jm .
3 o L
2 e 1 5 B9 | g2
Z(KT) Ze M| —g2 2 |=0; ————=0; & =—kT
=) e kT A %
£

ﬂ 2

o
IC 'Ud'U KOPHCTYIOHHCE NiACTaIOBKOIO 7 = x, Nc-
0

2.110. <$> = 74_;[2?%]

1 1
PETBOPMMO iHTErpa: 1y i[l)z e ‘dx= (—?ﬂT ( M ) =3-10"2 ¢/m.
v/ Ja\2kT nkT nRT

211 (1) =

p
2.112. {/)=716 Mwm.

2.113. (1) =41,6 um.

2.114. p=1,2-10"% xr/v’.

2.115. p, = 0,1 Ma; p, =10 «[la.

2.116. a) n=2,7-10 w72 ()=87,7 nm; (1)=0,19 nc; 6) n=2.5-10" M
(1)=9,5 Mm; (1)=5,6 roa.

2.117. Y 26 pasis.

2.118. (z)=4,2:10° ¢ 2=57-10" w2,
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=6,3-10" M,

1
2.119. n<
J2nd*D

N,
2.120. ( ) d11 } Ty =2,2:10° ¢, ne d- e(peKTHBHUIA AiAMETP MOJSIEKY/IH HEOHY.

kT
2121, px————=0,176 Ila,
V2ndv3
(pd
2.122. z=2 Hm (P ) =5,7-10* M7.¢™, ne m, — Maca monieky 1 BOAH.
(*“T)1

m
2.123 pS——O—zLB-lO”“ kn‘m’, A€ My— Maca MOJIEKYSIH BOJH:
J2nrd*36V in ¥ e

kT an _ l
2.124. (!>=mk0,l MKM, <Z>=4pd2 ﬁ:44,7l08 c ’; Z=—2-(Z)X

,_LV=1,5-IO36 ¢l (t)=JL=0,2 HC; zu=lpS SNy =2,5-102 ¢
kT \/BRT/ (mM) 4 nkTM

2.125. (1) =100 une; (=11 m; (t)=0,03 c.

2
2] @
2.126. zz_z-_'i’-'_—_m,ﬁ-m“ mM2c,

Vand* (1Y’
2.127. (1) = OValV, =21,3 nc.
8RT/(nM)
2.128. G_U"—S BRT _7,8.10' ¢
M

2.129. a) (/)= const, (z)=const; 6) (/) ~ T, (z) ~ %

2.130. a) (!) IMEHIIMTSCA B 71 pasiB, (z) 36iMbwkTECA B 1 pasis; 6) (/) we sMinmThCS;

<2)36im>wm1,cx B Jn pasis.

x

2.131. 3akon poanoniny 33 JOBXKMHAMHM BifibHOro npodiry N = Nge ). 3a YMOBOO

No-N
M= "‘9-—-——-1— (>.3B'.EICH =={NDHInfl-m= - kT In(l - . Toai

A Tenilo x = 1,73-107; 3,46-1077; 5,19-1077 , M
M KHCHIO x = 7,41-107%; 1,48.1077 : 2,22-107 ., M
Ziis Byrsiekucsioro rasy x = 5,72-107%: 1,15-107%; 2,22-107, M
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2 -9
Inn} =L56-10" m.

2.132. d = {—

2.133. Hi. Axino crad 1asy 3MIHIOETECA I30X0pHO, TO —=

; const i Koedinient

HE 3MIHIOETHLCH,

2.134. D=14,3 mm*/c

2.135. 36inbwmThea B 1,5 pasa.
2.136. Byrneis.

2.137. D=153 mm*/c; n=19,7 mxlla-c.

DIdZ 3
2138, v= Po g T Mo [L—I]=O,16 Mmfc, e my 1 D — BiANOBiAHO Maca Ta

I2 kjl?v] pn
AiamMeTp MOJICKYNH NOBITPSA; p, p, — FYCTHIIK BIANOBIAHNO BOJIM H 1TOBITPA.
2139, n=22"1) - g ykTTac.
4dn“vhnr,
2.140. (r)_—- LN g
p M
8RT,
2.141. (v)= J =300 e; (1)=0 %% _g28.10% b, = Pﬂ?”’ =5,6-10% m7c",
M TN aM 24T5(/)
U=L=2‘g.1049 M d=J§=3.|0"0M
wﬁ(l) Po n
M

~=1,34.107" m

0

142, (1)=3D
2.142. (/) ~—

2.143. D=1/p=20 m'/.
2.144. He 3anexuTh; 3MIHHTHCA.

r’cT
2.145. =[,013 Ila.
f k3T 5 . . ' [ o
2.146. ?n.=——5- 7— =12,6 mB1/(M'K), ne i, m, — Binnosiauo KinukicTe CTYNEHIB
3d°\n'm,

BINBHOCTI T Maca MONEKY 1 a30Ty.
2.147. n=1,8-10" M?; 1=0,013 Br/(m-K).
2.148. p=1,21 kr/M’;  v=1,25.10" monis; m=36.25 ki; N=7,53-10%; mg~

=4,81-107% kr;  n=2,51-10" m”; (v, )=498 mlc; v, =407 mrc; %=0.9"-"ﬁ;
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AN =6,78-10**; N, =2,82:10°; N, =1,46-10%; (I)=0,1 mxm; (z)=4,6:10° c¢™';
2=15,0.10° M?.¢"; D=1,33-10"° MYc; n=1,67-10"° Mac; A=0,012 Br/(mK).

2.149. Tlpoananizysasuin BUpas l=;-;-p([>(v)cy , Gaunmo, o ana GikcosaHol rycTu-

HU rasy p roJioBHa 3MiHa TEMIONPOBIAHOCTI BiAGYBacTLCA BHACINOK BIIMIHHOCTI B Ccepen-
il WBHAKOCTI (v), OCKisIbKM 3HAYEHHA ¢y MANO BiApi3HAETbCA A pi3HHX rasie. Tomy

nerki rasu MaioThk 3Ha4Ho Gifibiry TennonposiaHicTs, Hik Baxki. OTxe, HalikpamuM npo-
BiAHMKOM TETUIOTH € BOJEHB.

2.150. m=35 MKr.

K{TY AT

2.151. O=— 3< ASt=87,4 k.

3d°\ n'my Ax
2.152. m=25,3 r.

ISMAT | RT )
2.153. O =- =82 JIk, ne d, i — BiAnOBIAHO AiaMeTP i KiILKICTE CTYNEHIB

¢ 3NAd2ﬂjn3M g ¥
BUIBHOCTI MOJIEKY.TH NOBITPA.

2.154, AQ = leT‘SA: 4,9 MJIx.

2.155. I, = R/(l gty

I
BITMOBIZAHO AJIOMIHIIO Ta CBHHLIO.

J=1,33 cM, € Ay, A, — Koe(ilieHTH TennonpoBiRHOCTI

Q

2.156. ['ycTHHA TENIOBOTO MOTOKY ¢ = o 3a 3akonoM Qyp’e g =kAT , ge k — Koe-
T

(pirrienT Tenstonepenayi, k= 'k Ockifibku TENJIONPoBiAHMIA L1ap MiCTUTE B2 NOCNIAOBHO

3¢/HAHMX WIApH 3 PI3HOO TENMONPOBIAHICTIO, TO AN BH3HAYEHHA TENNOBOr0 NOTOKY 3py-

9HO BBECTH NOHATTA TEMJI0BOr0 Onopy S = T PesynsTyiounft Tennosuit onip AopisHioe
K

CcyMi TensoBKX OnopiB wapis, T06TO
L4 b

— e

kS AS A8
lllz = ?“ll"l
T vy ¥ Dhg ek,
2.157. 0=8,36 [x; m=60 r.

2,158, Tennota nepeaacTses BiA BOAW A0 MOBITPA Hepe3 TPETE TiNo — CTiHKy TpyGu.
BTpara rensioru TpyGonpoBoaoM BHIHAYAETECA 32 GOPMY OO

Q =kSTAT,

A€ K — xoediuieHt Tensonepenadi, IHAYEHHA AKOro IANEHKUTE Bil KOt(l)ll.IlCHTa TEnNOBin-
Aai Big Bopy [0 CTANeBoi CTiHKM TpyOGOnposoady, BiA TenNONPOBLAHOCTI CTiHOK TpyOHM Ta

3RIJCH K = AT = 55,4 Ix/(m*c).

389



koeiuienta Tennosianavi Bil TpyOu mo noeitps. OcCKifbkM KOXEH 3 UMX TMEPEXOAip
MOB’A3aHUH 3 TEIIOBMM OMTOPOM, TO MOXKIIa 3aMUcaTH

l i / I

= — .
kS oS AS o,S

3BIKH
= c:u‘agl
Aoty + lon,0n, + Aoty
I[Tnowa nosepxHi Tpybonposoay S=mdl. Toa Q= L ndLTAT = 15,9 x]Ix.

Ao, +loyo, +Aoy
2159, £ - 2AUymokT

ZONTOTT 0,44 HIME
S 31 Axd?

2.160. Ha kpyrosuil eneMeHT noBepxiui AMCKa A€ AOTHYHA CHNa BHYTPILLHLOIO TEPTS
dF =2an(w/h)r*dr (Bich oBepranHs HANpAMACHA MEPREHANKYASPHO 10 TOBEPXi AMCKiB).

MoMeHT uiei cumu  BigMOCHO oci  dM = rdF =2an(w/h)r'dr . Tlosuuii  MOMeHT

M =moR* /(2h) KoMneHCYETLCA MOMEHTOM CMJI KPYTiHNA, IO NPUKJAfENi A0 HUTKA
[ . 3BiZKH MAEMO

e=moR*/(2M)=1,4 pan.

s |
2161, F=—22 (M”;T]Q =1,8:10" H.
3d°hN 4\ =
2.162. T(x)= (I T,
2163 T=21tMal2 3598 i
Ay + A,
2.164. Posrnsuemo of’em y Burnsai umaiHAopa,
S MI0WA OCHOBY AKOro S, a BUCOTA, CTIPAMOBaHA B3A0BIK
\ — oci Ox, aopisuioe, dx (puc. B.2.6). 3a O3HaueHHAM
—-j____ —_.,,'X MOTOKY 3MiHa Macu B 06°eMi 3a npomikok wacy dt
X X+ax dm=(j,(x+dx)— j,(x))Sdt = -ffﬁtdedr.
Pue, B.2.6 dx
. dp
Bpaxosyiouu, mo Jj,, = —D-Zx—. MaeMo

@J(D@}
dt dx\ dx

. d
Jlna opHOpiAHOro cepenosuLua L0 , TobTO

: i[D(x}-E’E) = 0.
dx dx,
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Jing ineansHoro rasy
|
2 MRT \2
D= = ( ﬁ;sz i. ToOTO i _'.E{E =0.
3d°Ny\ n p dx

Po3s’#3yi0uu 1ic pisusing 3 ypaxyBaHHaM yMOB p, =p(3)), p; =p(x;). 0CTATOYHO

MaeMO

]
p('x)=pl(%;-] » AC l’=x2-—x].
1

2.165. BHacniok CTaMiOHApHOrO pO3MOAiNY TEMNEPATYPH B KOXHUHA e1eMeHT 06’eMy
BXOAMTh TaKa KUIbKICTh TEMMOTH, KA 3 HHOrO BUXOAMTH, TOOTO TENN0BUHA NOTIK € MOCTIM-
puM. Y BUNAAKY OAHOBUMIPHOIO MEPEHOCY TEMLIOTH LE 03HAYAE, L0

g= _}-ﬁzs = const. abo l£ =0,
dx dx

ae ¢; — AesKa MocTijiHa.
[MigcTasuMO 3Ha4YEHHE TENNOMPORIAHOCTI A A8 LACANbHOID ra3y:

5kMR .~ ‘

! .8
v=tou - T2 = 472,
3P Indnd?

Tyt yepe3 A no3nayeHo koMOBIHALIIO BiAOMUX KOHCTaHT.
Toai andepenuianbhe piBHAHHA A5 TEMIEPATYPH HabyBae BUTISLY
1

Tagr =5l g,
A

3Biaku

¢ €5 = KOHCTAHTA iHTErpyBaHHS.
Tizcrasumo rpaununi ymosu T(0)=T,, T(/) =T, y Bupa3 ans reMneparypu. Opepxumo

4 PO3Mopia TemnepaTypH

3 \)
Tx)=T|1+2 (-TAJ -
HAT
' 7 7
2.166. a) Cy=%R- C,,=-§-R, Y =167 6) C,;=%R, Cp=sR y=1,40; Gy =2k,

9
C,-FER, Y=12%; 8) G, =3R, C, =4R, y=1,33% C, =6R, C,=7R, y=117; r) G, =3R,
Cp=4R, y=133; C, =9R, C, =10R, y=1,11.
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2.167. a) 519 Ox/(krK); 6) 103,6 Tx/(kr-K); 8) 1847 Muc/(xrK); r) 909 x/(kr-K);
) 723 Oox/(xrK).

2.168, Tak, ockineku { = 7, a Mano 6 6ytn i =6.

2.169. Byrnexkucnult ras,

2.170. ¢, =909 x/(kr-K); ¢, =649 [Ok/(kr-K); kceun.

C 2
2T, ymaLomta SV g 4g
Cy IV +i3V,
2172, m, mm'*'- (e -(:2+If)) =392 r, Ae i, iz — KINbKICTb CTYIEHIB BiNbHOCT]
My, ( +2)-v
BIANOBIAHO MOneKyl asoTy H MeTany.

2173, ¢, =715 Dx/(xr-K); c, =1003 ox/(kr-K); y=1,4.

p$ 2.174. Hi, ockinbky s HeBinoMoro rasy
{ ‘.22%{_7'5::7"9)_ =3,4.
J= const 2 2
1195, C=lley me L pa (3n-4HR _

s'm@{,- n-1\ (y-1)(n-1) n-1
= 12,2 Jx/(mom-K); C<Q, sxwo 1 <n <y, 700TO Aasg momi-
TPOMHHX NpPOLECiB, rpagiky SKHX y koopauHarax p, V' npo-
XO/8Th Yepe3 BUXiAHY TOUKY / | nexars Mix i30Tepmoto Ta aniabarow (puc. B.2.7).

Puc. B.2.7

2~iy(y~1)
2.176. o= A =37y . =510y i, =311 O,
6 2=y -1 -2 o, € i ang Oy; iy =3 nna
o o wotalf B
2:177. C—-—CV—--i-=48 Jx/(MmonsK); n=1In| =|=0,7.
n=- o

2-178. C| ’=C|/ "%R; Cz =Cy +%R=2R.

_l. .‘]ﬂL.{.iﬂl.}.ﬂl +_nL+.ﬂL.|.’_’.b_
2 MI Mz MJ M] M?. M3
m+m+n;

nobiAHa yacTka ra3y B CyMiLi.

2,180, U = %%E & S0/,

2.179. ¢, = R = 6,44 x[lx/(xr-K), ne n, — Bia-

2.181. AU = 1 163.4 [T
2.182, A= %R&T.

2183.C=C, +R/2.
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2.184. 3a nepiuoi yMOBH a3 0XONOLKYETCA, Horo TeMnepatypa T~1/V , C=Cy - R ;
3a Apyrof yMoBy ra3 Harpisactscs, Horo temneparypa T~V , C=C, 4 R .
2.185. 3a nepiuxM 3aKOHOM TEPMOAHMHAMIKH

Q=AU+ 4. (1)
3MiHa BHYTpilunbol eHeprii AU = ;";—-% RAT , ne AT - pisuuus TemMnepaTyp y cra-
wax 2 i /. Enementapua poGora 4 = pdV = apdp, ockinsku V = ap. 3siacu

Pa
|
A=a | pdp==(p} - P}).

9
Pizrvuro Temneparyp AT BM3Ha4uMO 3 DiBHSHb CTaHy rasy B Toykax / i 2

m ;
AV =57 RN, eV =ap;, Toi op; =-5-RT.; Pz “{%er' Ae V; =ap,, a orxe,

i _ m
ap? =HRT2. 3pincu AT =T, -7, =a(p; "PIZ)TJ-R'

[Ticaa migcranoBku AU i A4 B piBHaHHA (1) Maemo:

20

2
=2,2-107 MM T, = —B2L =241 K:

o=
i+ 1(p; - pi) (m/M)R
7 -
op;
I,=——=_=963K,
2" (m/ M)R
2.186. 0= %’1( V2~V
!
2.187. 3a nepuium 3akOHOM TEPMOANHAMIKH
O=AU+4.
Kpim Toro,
Q =c mAT ,
A€ ¢, — wykaHa MHTOMA TETJIOEMHICTb MOBITPA; 7 — Horo Maca. 3Mina BHYTPilHbBOT eHepril
m i
AU =— = RAT.
M 2

) EnementapHa pobora 84 = pdV. 3 pisHanua Knanelipoua—MeHzencesa 3 ypaxy-
BalHgM Toro, wo T =ol”, onepiumo

=2 Rav",
M
Toai
m n-
84 =—RaV"dV
M

393



A—E’E IV” ay =2 = 5’?- (Vf—lf'):

AT,

x>

m
M
[lipcrasusiun Q, AU iA B piBHAtHA MCPLIOIO 3aKOHY TCPMOAMHAMIKH, MAEMO

c, = -%[é—-l- —’-J = 744 Jlx/(kr-K), i =5.

n

6) AHanoriyHo

2
A:ﬁRBI lldV=—i"- Rp| 1 | =-—££AT
M V‘ Vﬂ'l" M " Vzﬂ I/In M n

R(i |
Cy _E(E—;]-GST ,[bi(f{i(l‘ K).

2.188. BuyTpiuing eHepris rasy, CepeaHs €Hepris MOJeKyl rady Ta ix cepejiis LIsua-
KiCTh HE 3MiHIOIOTLCH; TUCK a3y Ha CTIHKM 1HOCYAMHHU 3BMEHIIYETLCS.

2.189. c,=L=909.4 I/ (kr-K); =L RAT =831 Ihk: AU =2,08 k[lx.

!

mAT M

m (i+2)
2

2.190. A=§R(Tz—7‘l)=5,93 Kb, Q= R(T, —T) = 20,76 lx:

m |
AU =-A—4- ER(TZ—T[)=14,33 kJx.

2.191. Q—-H-T%poV%z-:f 92 MJIx.

]
poV (n=1){i+2)
2ng

2.192. m=

=38 r{=5.

m m m
2.193. A="ER(Tz_TI.‘=2~03 KK AU:I{CV{TZ_TI)=5s2 kJx; Q=HCP'
x(Ty=T)=7.3 kllx.

m m i
2.194. A=—R(T.-T})=286 . AU=—— RAT =714 :
=~ (% 1)=2,86 klx i 1K
L=T+— = 643,8 K:—V—2=Z,IS.
_@1+2R Y,
M 2
3 _ 2 5 2 3 ]
2.]95.3—,-—;6—-,_;3—,—.
) =0, =0 )TQ 7,Q }4Q 4Q
2.196. AL ZQ -0.2.
pV

V.
2.197. A=0=-RTIn-£=11,6 C AU =0,
O [, v 3 klx; AU =0
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2.198. n=e2/0%7) _ 5 23

2.199. Q=-§}-RT Inn=2,49 xx; 4=-249 k/lx. Lin po6oTa BUKOHYETLCH 30BHILL-
HiMM CUNAMMU.
2300. 8U=2(n0,=K)+(po= 1) ) =325 Kl A= (13 ~4) =40 kil 0=365 Kb
mRAT
¢, =y

2202, AT = _M_[

2201, M = =32-107 Kr/MOJIb, KMCEHb.

AV;
Vi=ts

-pV, |=476,6 K.
R P |)

2.203. 4 =0; AU, =-%(p2—p|)l"l =37,5 klbk: £0 =AU, =37,5 kllx;
A=2pnB2=207 Kk,  AU,=0:40,=4,=207 kllx; 4 =—pV,=-15 klx;
A

w3=-:iz,ql-’. ==37,5 kk; Oy = A+ AU; =-52,5 k/bx.

4 (-1 (277'-1) s

2204, BLogn =32 Prognang =113 3 =3; vf%’

Po Po A, ) ('Yl -]) (271'"1 ——1)

i Al
2205, AU =—=pg¥,| 1- [—‘l] =-1,36 k.

2 W

1
A, p
2.206. - (@)H =15,6. JPL
: (E)

2207, p= 39MIla; T=750 K; 4A=-AU =-4,67 k[lx.
2.208. =5, ' P
2.209. OnHoaToMHuii ra3 Harpietscs B 1,5 pasa Ginbine,

1-y
2211, T, =7}[—::'—) T =358 K; nus.puc. B.2.8.

2

2212, 2 _(1-0(p/P0) g 56
A 1-(py/p)"
2.213. a) (Vuw, ) =(Vss, )3 ¥ 3 pasu; 6) y 1,15 paza, y 2,15 pasa.
-y
2214, p, = p'[—i-'-] T 20,25 MIla.
1
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r) 2215. n=1,3; 4=-2 MJIx.
2.216. C=4,16 D/ monwK); O=25 Jbk; A=124,65 [Ix.
2217, n=1 C =25 x/(mons'K); AU =300 Jx:
A=60 Dx; Q=360 [x.
nel 2.218. a) Axwo n<! (xkpusi. w0 omucywTh Mepebir
vz ney TakuX Mpouecis, nexars B obnacti /, puc. B.2.9); 6) axuo
N=tco l<n<y (obnacte /I); B) skmo n>y (obnacts [

0 i v po60Ta BUKOHYETHCH 3aBAAKU BHYTDILIHIHA eHeprii rasy.
Puc. B.2.9 2.219. AniaGatHuil, i30TepMiuyHuH, i30XOpHUH, i30-
Oapuuid. Bignosiano n=y, n=1, n—wo, n=0.

n-|
2.220. 4 =—&~Vll[l~—[%] ] Bupa3 ansa poboTH B RONITPOMHOMY Npoueci poskna-
n= 2

JEMO JI0 CTENEHEBOro pALY 3a 3HAYCHHAM 1 —1 Ta 0OMEXUMOCH MEPLIUM YIEHOM pPO3KIaLy,
akui He 3HUKAE. 3BiACH OREPXKYEMO:
ANs i30TEPMIYHOro npouecy

v
A=VRTIn=%, n=1:
W

ans i306apHOro
A=p(V3=1), n=0;

-1
A=£—’ﬂ- 1- —Iﬁ- s R=Y.
y-1 V2

2.221. Aus. puc. B.2.10, a, 6, 6.

2,222, A, > Ar > Ag.

2.223. IMia 4ac npouecis [ i 2 - 3pocTae, 3 — He 3MiHWETLESA, 4 | 5 — cnazac.
2.224. us. puc. B.2.11. q, 6, 6.

2,225. Tpeba mposecTH CiM 10 i30TEPM.

2.226. lus. puc. B.2.12; p, < p;.

ANA aniabaTHOro

P oA vi
v
” A %
Puc. B.2.10
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v vi vi A
y o e — g2
sV s A
r e
% =71
7/ / /
/ /7 _ s |
" - “ Lo
0 a 0 8 Y 0 T

Puc. B.2.11 _ Puc. B.2.12

2227, A=vR(T, - T;)In 22> 0, uabysae.
P

2.228. Ha6ynae.

2.229. Ha6ygae.

2.230. Binnae.

1
2.231. Q=E(p2 - p))(V, - 1) <0. Binnae.

2232, A= -;—( p — p2)(V3 = 1) >0, nabysae.

2.233.PoGora 3aMKHEHOTO LWMKNY JOPIBHIOE cyMi pOGIT Ha OKpeMMX RiMSHKaX:
A=A _;+ 4, 1+ Ay, Ha pinguui /-2 4,_, =0 (isoxopnuit npouec). 3 rpadika (aus.
puc. 2.24)

+ +
é4=ﬁﬁfinng,$q=ﬁ B (1, -1,)<0.

2
3Biacu
P 4
HAna ningnku /-2 ﬁl:r—"-, a ans AingHky 2-3 —Eﬁm‘?ﬁ;om{inbm T,=T;, TO
p T n T
“h_p (1
v py
Ana ginsuxu 3—1
by P (2)
Vi p
Pk A
. V. p, T . V. T
Mepe 3 =£2-2 3pinen = |-%. Orxe,
epemuoxuBiuK (1) 1 (2), oRepxHUMO (V,] o T LICH 7 T
mR Tg
A=—(T, -T)| .|[=-1{=212 [Ox
2,1 {2
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R Jr— f
Il IZ f / / 2
4 nm o et g
Puc. B.2.13 ' Puc. B.2.14

2.234. 4 =%R(T} ~2,/TiTy +T,) =465 fix.
2.235. m=18,4 r. p,=T700xlla; A=-0,7 xllx; O_,; =6,12 k[bx; Oy 53 =-2,45 K]k,
05 ==4,37 ki AU,_; =4,37 w]lx; AU, ;=0 AU;, =4,37 x[Ix (auB. puc. B.2.13).

2.236. Q=0 + (Pg - Pl)(Vz -1).
2.237. lus. puc. B.2.14, a, 6, 6.
2.239. 4 =-90 [Ix.

2.241. JIna umkny KapHo ny = i , ANA 33JaHOr0 UMKAY n= S ¥
Rin(p,/p,)

Sk BUAHO, <Ny .

2.242. n=13%.

2.243. n=33%: Q, =850 kbx; |0,|=57.0 xlx.

2348, smi =7

n
2245, s =—2_=9,46; O =15 0, = 22,11 Kilx; p-2-9 _ g.pr
£ T

1 =1y
2.246. A=122 xIx; m=0,2 «r.
2.247. O =(e+1)Pr=116,64 MIx.

2.248. 3o06pa3umo uMkn Ha piarpami p, V (puc. B.2.15). Ha ninauui 2-3 npouec
3

14

P BU3HAYuMO, o T =, (=5
o

i30XOpHMi, Ha pinsHui 3—/ — isobapuuii. 3 ymosu p=aT

P OnEepXKUMO Mo’
— p=

o m*R*
RinsHUI /-2 TUCK 3MIHIOETBCA MPONOPLUiHHO kBaapaToBi 06’eMy i UMK Ha piarpaM!

p, V MaTuMme Takuil Burnsa, Sk nokaiaso Ha puc. B.2.15.

3 piBHSHHS CTaHy rasy pV=%R V2. Orxe, y npoueci Ha
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MMoBHa poGota unkny 4= 4_, + A, 3+ 4;_, . Po6ora izoxop- P

goro npouecy 4, 5 =0; A
2.3
8/4‘ 2 —pdV— M ® de J
Ry —
MZQ'-S 3 p |
A= 3m2R2( " [1’ : - l (T2 .); a é ;
Puc. B.2.15
_nR( [ [B). _mR(
=p(V=Vy)==p (V, VY= —p, 2| [P_ |2 | Piop _ol.
Ao =p(V-V)==-p(V,-1) lea[ o VUJ MLPzrz T I;

TennotH Q,_, , MiaseaeHol B npoueci /-2:

-5t O = Gy (T Bt (- T) = 1 € + 21 -7) =554 i

OTixe, n=28,6%.

2.249. Koediuient xopucHoi aii n Tennosoi Mauwuuu Kapuo n =¥. Xonoauib-
1

!

T , ;
o [lig wac cmantoBanHs Topdy BUAINA-
=4

€TBCH KiNbKICTh TennoTH O, = mg. Pobora rennosoi Mamuyu 4 = nQ, = nmg.

nult koediieHT XONOAUNBHOT MAIUHU € =

Kinbkicts Tennoru, sy nepepae Teniosa MalluHa BOAI OMANOBANLHOT CHCTEMH,
0, =0~ A=mq(1-n).
XonoauneHa MatiHa HabyBae Big rpyHTOBOT BOAM KifbKICTh TEMIOTH
¢
O, = ed = enmg.
Boza onamopanbHoi cucremu nafysae sig X0M0AUNBHOT MALMHY KilbKICTh TENNOTH
r
O =05+ A=nmg (1 +¢).
3aranbHa KiflbKicTh TENAOTH, AKOT Habyne ONanioBanbHa CHCTEMA,

Q =0, + Q) =mg(l+en),

abo Q=mgqg| 1+ ,Tz i—1h =391,6 MIx;
-1 T
TO LI n=—Q—=2,7 pa3a.
mq

2.250. A= p3 PLv,-1,)=0,3 wilx.
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2.251. nl /"2 =0,81.

2.252. A= 2—R(T -T,) =158 x[Ix; Q—H(Cp(ﬁ n)+C, (l I,D=237.4 [k,
2

q=-“—'-100%=6,7%.
Q
2.253. q=1—T1“TJ=0,25.
1 — T4
RIT ~TULE ~ 2B 4 LT
2254, 4= RG-T)(ITG - 26T+ B0) 400

2T,T,
2.255. n=6.67 %.
2.256. Ins npouecis uukny /-2 ta 3—4 moxua sanucatu p, =l py =V, Toai
pilpa=Vi1Vo: py=oVa,  py =aols. oMy  pyfpa=Fa/lh. dns isotepmu 2-3:
P2V, = psls, 3Biaxu

P/ P2 =Va[Vs. (N
Hns izorepmu 4-1 pV| = p,V,. 3BiAkK
P P =V (2)
ey Vs
IMepemuoxuswM npasi i nisi wacTuuu pisusun (1) i (2), matumemo —=2 = —2— [lig-
. PPy VW5
» 2 V:.’
CTaBNAIOYM BIAHOWEHUS THCKIB, OACPKYEMO 23 . 3Bincn ¥y =—%=128 w’.
Vs VV W
Vi_ Busiaunmo xapaxrep 3anexitocti 06’ eMis y Toukax / i 2
V ______ G
: BiA Temneparypu: -p'%;- p; 2, 3siaxu ¥, =V JT,/T,. Ha
Yfo— — 3 1 2 . |
puc. B.2.16 3o06paxeno uedt xapakrep 3anexHOCTi HA AingH-
Ve-—1 2
kax /-2 ta 3—4. Temneparypa T, = % 7, =7424 K.
!
g PoGoTa wikny [-2-3—4~1 A=A, y+ Ay 3 +Ay_y + Agos
_btp o, P :
"’1—2—"—_"‘2 (Va-W)= W, (Vz f )
m V, m V. +p p 2
Ay_3=—RT,In| = |=—RT, In| -2 {; =B Pty Yo B (2 )
2-3 =7 kT2 {VJ i zl“(yl) A4 > (V3-12) W (Vz Vl)

Vy V.
A, =——RT1 A Ay=0 A=—(T,-T)In| X |= .
4m =T it "[V]] 1-2 + 434 M(Tz T) ﬂ(Vl] 3,6 klx
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Koediuient xopucuoi Aii umkny n=—; Q=0 ,+0, i Q=AU+ 4 _,=

9

m
—Cy (=T )+ A 5.
=M V(Z I) -2

. 2
A 2=—p!“(V22“"|2)= Al [Kg__ }—iR(T )

m
Orxe, == - C, +—=R|.
-2 M(z 1)[»+2)

3
Qy3= 4y 3; Cy = ER-

%
0 = %R[B(Tz Ty T In(ﬁ}] =28,5 K/lx:

£.=0,126, a6o n=12,6%.
1

2.257. Cymapna xinskicts Teriotd 3a uMkn Q =0, >+ 0o 3+ 05 1 O,_, =0 (aniabar-

V,
nuii npouec); O, 3 =—RT, In[V ]<0 (i30TepMiuHE CTUCHEHHS, ra3 BiAda€ TEMIoTy);

|
Oy =C » (7} -7,) — i3o6apue poswmmpenHs, ra3 Habysae Tennoti. OTxe,

5 _
=C,(T,~-T,)- RT, lr{—é]. (1)
' h
Cymapha po6ota 3a unkn A=A, + A 3+ A ;3 A, =Cy (T, -T5);

A3 =-RT, In[f—f} A =R(T-T,). Orxe,
!

4=Cy (T ~T;)~ R?‘zln[ZJ+ R(T-T3)= C,(T - T) - R?‘zln['ﬂ 2)

Hopieuiotoun supasu (1) i (2), 6auumo, mo A4=0, 1ob-
TO BCAL TETLIOTA MOBHICTIO nEPETBOPIOETHCA B polory | KK/ p* 3

MAallliHY, gxa npaufosana O 3a TaKMM LMKIOM, MaB O1 OGyTH
PIBHITM oauuuui. Lie cynepeuuTs apyromy 3aKoHOBI TEpMO-
ANHAMIKH, 1, oTxe, TakMil LMKN He Modke OyTy 3ailicnenuii Ha 4
IpaK T, 2
I
2288, n=1-""] | 1.
nlnn J. —‘L—-—
0 W /7 4

2259, =1 "—'-T (aus. puc. B.2.17).
BY Puc. B.2.17
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PA 1

g 3 2.260. n-l-— p(—l ) (nuB. puc. B.2.18).

2.261. Aniabatumit npouec (8Q =0). s oBopotioro npo

|
|
| 4
} ! Lecy
L 1 7 as=22 _o.
0V, Vs v, v r
) Puc. B.2.18 3siacu S = const. OBopoTHi amiabarii Npollecy ¢ i3oenT-
POMIAHUMM,

[3oTepmiunuii npouec (7 = const). Jlns o6opoTHOrO i30-

TEpMIYHOrO NpoLECy Mix cTaHamu ! i 2 3Miha eHTponil
2
AS=5,-8 = -]_ I = Q
P T

I3oxopuuit npouec (¥ = const). [Ipy cranomy o6’emi 8Q = C,.dT, Toxi

AS=5,—5 = [22 j -yt 22
ar )T T

I306apuuii npouec ( p = const ). [lpu usomy 8Q =C,dT i npUpicT MOMSPHOI eHTPOMIT

P
1| r

2.262. M_—R[ﬂl [T) ln(&n=-s,65 kJIK/K.

M 2 | )

143

2.263. AS=——| C,In| -2 |+ RIn

M T] "

Vi +V, n+V,

+v,In
1 2

2.264. AS= R(v, In ], 1€ Vy, V, — KilbKiCTb MOMiB ra3iB, 110

aMimyloTecs; V), ¥, —ix nouyatkosi 00’ eMu; Npouec HE € 000POTHHM.

2.265. BeaxatuMemo, 0 Nij Yac 3MilllyBaHHS ra3iB iXHi TEMNEpaTYPH 11€ 3MHMIIUCD,
a 06°em JopiBHIOE cyMi 06’eMiB komnouenTis cymimi. Ha ocHoBi po3s’asky 3amaui 2.263
MOXHA 3aMMCaTH:

AR KUCHIO

T Rln[V‘ +V2J:
M, f
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JUNs BYTNEKUCIIOTO rasy

%
AS, =22 RIn h+vy _
M, Va

Binnouwienus 06’€MiB BCTAHOBHUMO 3 piBHSHHS CTaHy ra3sis:

._l./l. _ mle
V, sz]'

"y szI ms m,M2 _
Otmxe, AS=AS, +AS; =—RIn}{ 1 4+ —=—— |+ —=RIn| —=+1[=0,83 K.
I i M, ( mJMZ] M, [szl J i

2.266. a5, R In[ ]-—ll i/ b/ (kr-K).
M\ p

m

T j 4
2.267. 73—?'-"500 K; M—H( ,,+Cp]ln(-7-,l—]=37,4 /K.

. Y
2.268. AS, , ;=AS, 4 ;5 =~Rln '&-[—Vl) =30,7 JIx/K.
2 p\ W

! I
75 114 T Yr-
2.269. V, = [ 2] =88 m ;=V,[F'J =123 1; O 2—ERTI [}?—]-126 KkJIx;

2

0 =2RT, in(V]——l.O Ik, n=21%:; as,_2=—g'-=3,z Ix/K; A93_4=%—=—3,3 Ix/K.
3 1 2

mR n(7,/T})
mCy In(T,/T)-MAS
2.271. B isorepmiunomy npoueci AS =vRInn =835 JIx/K. 3miua entponii B aniabar-

HOMY mpoLeci JOpiBHIOE HYNEBI.
2.272. AS =cmIn(Ty/T,).

20270. ﬂ=i+ =2,l.

_ 2
2.273, AU=—%p,V1 [1-(5) }:-2 666,7 Jix; AS——Zlen[-,f—}m-—l&Zﬁ T/

|
v 2
Q="P|V;[1—[——'—J ]=—| 778 JIx.
V2

2274, Q= (-wljp,if,(-fl—!}aoo ok AS = ( 2)"”?“ ’;f _0.832 Jiw/K:
2 1

AU'-‘-—-pV .KL.._ i
2 11[V2 l} 500 JIx.
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2 1 | V.
2.275. AU = p’ [l/ — ]; ﬁS=(ﬂCV _Cp)[n 1—3—-
2

=1 rn—=l
w. 20
2-276- _2=eln -
L

2.277. AQ=kTAn=4- 10723 IIx.

V-
2284 M|2*AS]32=—R{H =¥ §
M

2.285- Q_-‘ > Qz > Q]‘ ﬁSI =Ab$2 =AS:;.

2.286. p=202.5 xlla; p, =951,4 [a; ig:%bﬂ},ﬁ .
2.287.a) T=299.5 K;: p,=0:6) T=299 K; p, =878 [la.
2.288. p,/p=0,1%. V,[V=178%.

2.289. p =356 wr/m’.
2.290. p, = 68,4 Mlla.

3RT,

2.291. V, =115,5 oM’
" 8p,
©2.292.8Q=dU+84; 8Q=0; 84=0; AU=[dU=U,-U,=0; U;=U; U=
av av| | |
sl -2 wy| - L or 2=t Tl e 3
‘{“"V.] 2"[ 2VJ il C,[V Vz]
Ar=ctd 1l sop
iR\V, W,
2.293. T =46 K.
2.294. AU =via —l—--]- =367,2 k/Ix; A=vRTIn N =7.1 Mx;
VE Vz V""Vb
0 =6,73 Mlx: AS = len[ "z)mm i JIw/K
=V
. RT a
2.295. 3 piBusuns Bau-fep-Baansca a1 04HOro MO peyoBUHU p = ity AR
VM—'b VM

M o s ) "
Viy =— —moaspHuii 06’eM. fAxwmo V,,, >V, , To Bca piivHa BunaposyeThes. KpurusHil
p

. _ . v Vi _
nepexia BiaGyaeTsCa 3a yMosu V. =V, . Ockinbku V, =—1VF,, , T4 —— Mt
p Y. y amn K 1 T M M Vour V. ml{,,
V
=M i P =3b= TR . Omxe, 22 = Shd 0,25.
pVAJx Spk p;mn SRPTK
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8Mp,

2.296. p, = =196,4 xr/m’.
Pe = 3RT.
2.297. p=17,7 xlla.
2
2.298. PiBusiHHA CTaHy rasy B nOMATKOBUI MOMEHT | p + -T—z——% (V —’—"-b)= 2 RT.
| M=V M M
2
: m-Am)\ a m—Am
IBHSHHS CTAHY Micns BUTOKY Am ras -Ap+ - V- b=
Pisns y y }‘[P Ap [ v ] Vz)( 7, J
o A oy
M
- AVRT v’a (v-Av)a (v—-Av)RT m Am
' = —— - . e v=—, Av=".
3 i planah B9 = vZ V= (v-Av)b M M
Jins ineansyoro rasy (a=b=0) Ap= m;fT.

2299, Slkuwio V =const , o 80 =dU, 80=CydT. 3mina BuyTpilIHbOi eHepril
dU= C’,,dT+§i-dV. Ocxinbku dV =0, To Cy =C,. Sano p=const, 1o 80 = C'dl

T
50 =dU+PdV=Ct'dT+f5dV+pdV=CydT +[p+ﬁ-)dV=CydT+-—-VR ~dV.

3 piHsHus Ban-aep-Baansca (g 0aHOr0 MOMA rasy)

R
dV =————dT.
Y s
Tomy
2
T
380=C,dT + R dr. (0
a 2ab
(V-0 P73+ 7

ITopisrroloun pisuicts (1) 3 3Q = C),dT , 3anumenmo

RT
a 2ab)
(V"b)(P"ﬁ"‘—l;;—]

C,=Cy +

2-300. AS = I-B-TQ, 5Q=CVdT+
= 12,3 iw/K,

RT T Vy,=b
dV.3siacu AS =C, In| == [+ Rjn[._'é__-]=
y=p T i [7}] Vb
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Ua ]
/

//

0 'l( ,"/ s
7 r o
Y ’
a
Vv
Puc. B.2.19 Puc. B.2.20

2.303. Jlus. puc. B.2.19.
2.304. a — 0, b— 0 ; Bianosiaae NEpexoa0Bi A0 HEB3AEMOAIIOMMX TOHKOBUX MONEKY.T.

2.305. us. puc. B.2.20.

2306, AT=—2 Y2 _ 025K
C, (K +2) 1

2.307. U = v(c,,r -%) = 4,86 k.

V,=vb
W-v

2.308. PoGora npoTy 30BHilHIX cnn A = vRTln[ J =1.027 x[x.

7 -
MoBua pobora 4 = vRT In| =2 LA =1,004 k[Ix.
N-vb 5 N

2300, AT=2v2p 7|1 _L|o_02 k.
8 C, v, ¥
mz wz
I 2
2 2

via i, va ;

Uy =vCyT5; [p, - F](h - vb) =vRT; [pz +ﬁ](V2 - vb) =vRT,; a=0, TOMY
|

PV =VRT, + pyvb; p)V, =VRT, + p,vb;  vC, T, + VRT, + pyvb =vCy T, + vRT, + pavb;

b —
VI (G, + R)+ pvb=vT,(C, + R) + pyvb; (G-T)V(C, +R)=vb(p—p,); T-T, =—%J’-;?);
v
pr>prs Cy+R>0,1oMy T, >T, —edext Jxoyns — ToMcona HEraTUBHMIA.
2311, AT = R2“ Ap <0, ockinkn Ap<0.

f}
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2a 27
2.312. T—R—Z-TT =34,4 K - Ttemueparypa iusepcii.

2.313. p, =4,7 rim’; ps =15,5 r/M’; NiTHBOFO MicaLs € Ginbumoto B & =3,2 pa3a.

-, ) MV
2314, v R Q2- @MY o
100 RT
VM _—mR 5
2315, =L Ma ZMRT_ |00 04=87.6 %: p,=2,34 Kllanpu T'=293 K.
pOV(A4n-_A4B)

— pghl
2.316. ¢ =22"PE 100 % =98 %; p, =1936,8 Ma.
Po

2.317. p=19.4/M’; m=97 r.

Sh
2.318. m-m(‘Panz @po;)=1.44 «r.

2.319. m=2430 «r.
2.320. BuzHauuMo Macu BoAAHOI Mapu Y KoXXKHoMY 3 06 eMiB noBiTps

P1P0)
100 %; m,,,, =pV, =——V.
¢ = Pm 0, M, P T
Ananoridyso
iPzPo
m =9V, =
2en — P2V2 100

o6 3a TaGnuuUgMM BU3IHAYMTU TYCTHHY Hacuuewol mapu nicnf 3MimyBaMHs rasis,
noTpiGHo o64MCANTH TEMNIEpATYpY, sSka BCTAHOBUNACD.
B 06’emi /| TemnepaTypa BONOroro moBiTPS BUINA, TOMY Mix 4ac 3MillyBaHHS LE

NOBITPS BiffaBaTUMe KiNbKICTh TEMAOTH

m m
O =—2C o (T ~T)+ —22C (- T), (1)
Adn ’ ﬂf&n e
Ae my, — maca nositps B 06’emi V|; M_ — monapxa mMaca nosiTps, C pan — MONsPHA

. . i+2 _
TeILIOEMHICTD BoAAHOT Napy npu cTanoMy Tueky, C .\ = =5 R,tyr i=6.

Busnauumo m, . [ln% ubOro 3anumemo cucTeMy piBHIHb

r mn
P =HI‘RTLE

V) =

’”hanﬂ.
M

B.Nn

Honaiouy npaei Ta AiBi YaCTMHU LMX PiBHAHB, 0AEPKUMO

(pi+pi)Vi= (M ’:;”]RE (2)

n B.N
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3a 3akonoM Knaneiipona - Meuaeneesa

) op RTi : (3)

po¥) =

lem
AE po=p|+Ppii Mg, » M, — Maca i MonapHa Maca cymiwi B 06’emi F}. Tlopissioun
(2) i (3), 3anumemo

Myem = Mn + Myg.n a60 pOVI =% Min + m]B._l‘t_.
Mlcm A’"n Ms.n RTI M

Toxai

[Tiacrasnstoun B (1) Bianosiani BEAUUMHH, OACPKYEMO!

P T $iP1i
= - V. |C. (=T s —tlhpi @ (T =T
o [RT] 100M, , ') pnl ‘]_ IOOMBII, Cpmal >

Bosore nositps 06’eMy V, nabyae KinbKicTh TENAOTH

PoVs _ _PaPon P2P2a 4/
0, = - Va |CalT - T) 4 =E2-050 (T ~ 1)
= [R'r2 100M, ZJ wif =) 100M,, ° Cpmall ~T2)

Ha ocuosi 3axotty 30epexents eneprii O, = 0,. 3siacu
0.5R

3.5pg ) + Vo) + —————(0,po T} + 92005/T2)
7= — 100“; Lo =203,5 K.
3.5 2 s v+ V.
Pc-[ﬂ T,J 100, . (91P0/] +92p0V2)

3aTabn. 13. noa. Bopu +=20,5 °C p, =17.8 r/M’. Orxxe, (p=£--|00%=29 %.
Py

2.321. fAxuo BBECh amiak MiA NOplIHEM LUMAIHApa NepebyBac B ra3onoaibHOMY crami,
TO HOro TUCK BU3HAYAETLCA TAK:

BV _ ooV
r

2

ae py=1013 «lla; 7,=273 K; ¥, = %Vg; Vo =22,4 n - 06’em oaxoro mons rasoro-

ai6koro amiaky. 3siacu p, = 44 klla, 10610 p, > p, (p, — THCK HACHYEHO! mapu aMiaky).

Slxuo 6 yBech amiak GyB ra3ononiGHMM, TO HOro THCK MiAl MOPUIHEM LMMiHApa BUABKBCA 6
BULIMM Bif TMCKY Hacuqenol napu. Lle o3sauae, mo YacTuHa aMiaky uie A0 CTHCHEHH
Gyna B piakoMy ctani. POGUMO BUCHOBOK, w10 MOBITPS HACHYEHE Mapoio aMiaky i, OTHKC.
MiA yac 3MenieHss 06’ €My TUCK HC 3MIHIOBATHMEThCA,
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Bu3Ha4MMO Macy amiaky, fika micTMnack Ml MOpIIHEM uMIiKApa B razonoaibuomy

Vo 3BLACH my = Al
MVYE, ’ | pH P VUT

cTami: Py = Po [Tin vyac 3meHweHHs 06’eMy B 4 pa3u B

: : 1 . 3 :
rasonoAi6HOMy CTaHi 3aaMIUMTLCA NHme m amiaxy, a T NepexoanTb y PiaKMii cTaH,

Orixe,
Mnsomasy Mo g gy
4 4" " ps :
1+{B)¢t )—
2.322. r2=p'( (B))-p: =313,4 °C.
(ﬁ)?z
2323, 2p=PAT _ 6.9 MTa
Ah 4 g
2.324. (B)= " —=5.10" K. :
( ) bty = byt
2.325. He Bunnerses.
2.326. (B)=6,3:10"" K.
2327. A=0 3_m_3 361:-—-— =4,38 [Ix.
pr p
30(2—%)
2.328. AT=——n=10,1 K
2cpr
25(R? - 1% -1}
2329. p= (3 — )
h +r2 -R
2.330. Han onyknoio noaepxnelo KpamaMHKM TUCK 30inbmy€eThes | BU3HAYAETHCA 32
(popmynoro
o
P = P "'_&s
rop,

ne Po ~atmocthepumii THek; o — koediuicHT NOBEPXHEBOro HATATY; ¥ — Paliyc KPaNMHY,
Pa,Pp — IYCTHUHA BiANOBIAHO NApH i PiAHHU.

UM MeHumii paiiyC KpalUIMHH, TUM HalMINKOBUH TMCK Oinbluvi. A 3HauuTH, TOAI,
KOJIH HaBKoMO KpannvHM Ginbluoro pajiyca NOBITPS BXe CTaHE HACUYEHWM | BCTAHOBUTHLCS
ﬂ““ﬂMl'iHa plnHosara MK KINLKICTIO MOACKYT, O BUAITAIOTH 32 OAUHULIO Yacy 3 MoBepx-
Hi PITTRHY, i KinbkicTio MOMEKYN, ki moBepraloThea Haszan, 6ing moBepxHi KpanMH MeH-
Oro Pamiyca ug pisHOBara lle He HACTAHE, & TOMY 3a OAMHMUIO Yacy 3 MOBEPXHI ManMX
KpalLTHH BUfiTaTuMe Ginblie MoneKys, Hix MOBEPTATUMETHCH HA3al. Lle npu3Beae 4o To-
+0, 110 8 TIPOCTOpI HaX NOBEPXHAMM BEAMKUX KpaniuH MoBiTPA CTaHe ACLIO nepeHacue-
HHM 1 HA iXHi0 NOBEPXHIO 32 OAMHULIIO Yacy MOBepTATUMETHCS Oiblle MONEKY, HIX 3 HUX
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puniTaTume. OTxeE, 3 1aCOM Mani KpallJiMHH BUNaPOBYBaTUMYThCA 3 yce Binbluok 1B ki-
CTIO BIANOBIAHO 10 3MEHLICHHA TX pafliyca, a BeNnKi KpamiuHu 30iNb11yBaTUMYThCS,

J1o uboro BHCHOBKY MOMHA XIHTH i HAa OCHOBI 3arajibHOrO MPHHLMNY MIHIMYMY eHep-
riif cucremMn. YuM Menwi Kpannuuy, THM Ginklua iXHs cymapHa nosepxHf i, BiANOBiguo.
Ginbiia sinsbha nosepxnesa eneprin. Cucrema Oyae CTiKoOW, AKWO uA cHEPris 3a AR
YMOB CTaH¢ MilliManbHo10. lle MOXNMBO TOAI, KOMM CyMapHa Mioilla MNOBEPXOHb yeix
KpanyinH CTaHe HaitMeHU0io, TOBTO TOAI, KOM MANi KpalLIMHH 3i11I0TLCA B OAHY BenKy
KparuinHy.

2.331. 3mina BineHoi eneprii Busnavaerscs Tak: AE=0(28,~S5), S;=4n’

4 . 4
S=4aR’. Ockinbkn m=2m, Ta m=p§nR3 1 m0=p—3-nr3, T0o R=ri3 Omre,

AE = 4::0(2 —32_2 ) r* =690 m/x. Lleit HapmmMuwok eHEprii 3riano 3 iaeero Ppexkens mae

BHTpa4aTHCA Ha pOOOTY MPOTH CUN B'A3KOI'0 TEPTA, AKI BUIMKAIOTH Y 11pOLEC] MepeMitten-
HA MACH BOJH T/ 4ac 3NIMTTH KPArUIuH.
Ouinloiouu cuiu B’A3KOro TepTAa, ckopucTaemoca gopmynolo Crokca F =6myw,

Tlepemilenns macu BOAW MiA 4Yac 30WTTA kpanaud HabGnuwxeno Ax = 2r. Tomy A=

2 . . ¥
= FAx=12nnr"v. lBuakicTh 31MTTA ouiHuMo Ak v =—. Pobora 4 BUKOHYETHCS 3a
T

3
paxynox AE. Tomy 121mr—=tlmu:s(Q—-".!3 22) r2. 3pinen T~4-=55.10% ¢, ne n=
T o

=107 Nac, 6 =73 MH/Mm.

2
2.332. m= xaD = K
2gr
do(d, - d
2333, ap=2olda=d) 3,5 MM,
pgd\d,
2
1334, A Gwd
Pg
2.335. 0 =66 MH/m.
2.336. h=2.8 mm; m = ﬂ =022 1.
g

2.337. Y 3aKputiii NOCYAMHI HAl MOBEPXHEIO PIAMHK Yepe3 AeAKuH yac NopiTPA cTaie
HACHYEHWM i, OTKE, 3aranbHUi TUCK y YaCTHHI MOCYANHH, 3aHHATIH razonoaibHuM CePCo-
BHIEM, CKIAJATUMEThCA 3 MapuianbHUX TWUCKIB MOBITPA i napu Boau. THCk noBITPA Ha
BiACTaHi A BUWE abo HWkKue Bl PiBHA BOAM B MOCYIMHI Mano BiapisHaTHMeThes, 1 1ICIO
pisHHLEIO HEXTYBaTHMeMO. THCK e HacHYeHOT BOARHOT Mapu Gyne pisHuM.

Axwo Gina nopepxHi pinuuu (Touka 4) pe3ynbTYIOUMit THCK MO3HAYNTH Py, TO HAJ

MOBEPXHAMM MEHICKIB y Kaninspax / i 2 tucku sianosiguo Gyayrs p, = po—P.8h,
P2= Po+Paghy . OCKinGKM R =ry=r, TOH h=hy=h.
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BucOTY /1 BU3HAMMO 3 YMOBW DIBHOCTI CHJI MOBEPXHEBOrO HATATY M BarW CTOBMYMKA

b ; 20 ,
pingHu B Kaninapi (a6o nosa num mns kaninspa 2): o2nr =p,gnr’h, h=——. Toai
Ppgr
20 P, _ o p,
P =pom— P =Pyt
rp, 0,
S : 20 p,
OTKe, Hall YTHYTOIO NOBEPXHEI0 MEHICKA PIAMHM THCK MCHLIWKA BiA p, HAa — L a
Pp

HaJl OMyKNOKO — BiNbIUMK Ha Te caMe 3HAYEHHA. TakoXK CIiA 3ayBaXKWTH, L0 HALNMIUKOBHI
THCK 3aMeXHTh Bl # 00epHEHO nponopuiiHo, :

2338 F=22 ,F‘-"ﬂ+3 =10 H.
pd m d

2.339. KinbkicTh TENIOTH, MiABSACHO! A0 KPAMIWHK, MO NOBEPXKi akoi S = 4mr?,
3a wac 4t Oyae
a7, -1,

do = ————"luﬁdr.
¥

Ae o - koediuieHT Tennosiasatl. KinbkicTh TennoTH dQ BUTPaTHTBCHK HA BUMAPOBYBAHHS
nesHoi Macu dm piAvHM,
PiBHSHHS TENNOBOro 6anaHcy 3anMINEeTLCA TAK;
qdm =—a. (Tn = ) dnrdrt,

7€ § - MWTOMA TerJioTa NapoyTBOPEHHA. 3HAK MIHYC O3HA4ae€, ulo Maca piAMHHU 3 4acoM
smenmmyerses. Ockinbkn dm = p- dxr’dr, T0

oalT, -T
rdr = ..._L__ﬁldr
Pq
_ k olT,-T,)° | _ ol T, =T
Sxmo T, -—Tp =const, TO Irdr =——-—(—"-—-E)-Idr, —-(r2 - r02)=———-—-—--( i p)T, abo
Hy Pq 0 . .
20(T, - T,
!‘2= ruz ""BT,II& ’3=_(_n__p)_
Pq
OTiKe, 3aK0H 3MiHM paziyca KParIMHu F 3 4acoM
r=Jrk-pr,
AC o= NOYATKOBWH paniyc kpaniuHu.
, 2
3 ¥MoBy, mo uepes wac T r=-2, 0AepXKHMO r%= rg =Br. 3winc [3:-.-(-—2—)——:—.
n n n
q 2 e
cpesfac r=1_ paniyc kpanmuu r = 0. Oxe, 1,,, = _g“=“'“z'_l'r =20 xs.
n —
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2.340. 3a 3axonom Baur-l'obda pV =nRT, p=pgh, Ac p— rycTiHa po3unny (B cra-
Hi piBHOBArH MOXHA MPHHHATH, IO BOHA AOPIBHIOE IYCTHHI BOIH).

Orwe. gkl = nRE Suinen B="T =243 w.

pgV
2.341. n=5-10" am 3,
2.342. Hi.
i
2383, k=57 00 96=3 9%
q
T —T3F
2354, p= (T =To) =67 oM.
Mquﬂ
p - 7
2355, AT = 1+ (T T°);:’“+"’C“( 0=1) _s6 k. 7, =273 K.
pn Vv

2.356. g = %TV,_“ =2,5 MIw/kr (¥, <<V, ).

2.3587. 3 rpadixa suano, wo'3a nepwi 40 xB Temneparypa cyMmillli B OCYAWHI HE 3Mi-
HioBasiach | popisuiosana 0 °C. Lle osxavae, 1o npoTaroM Lboro yacy siabysascs npoiec
KpHcTanisauii i nepeTropeHHs BOAM B nia. TennoTta, ska BHALIANACA MiA Yac KpMCTai3a-
Lii, nornMHanack HaBKOMHIUHIM cepeaosuuieM. Yepes 40 xB yca Boaa nepeTsopunaca B i
i TeMneparypa nnLOoAy B MOCYAMHI nouana 3Hwiysatucs. [lle vepes 20 xs Temneparypa
nsoay 3uusknaca Ha At =4 °C. KinbkicTs TEMIOTH, 10 BUAINKNACA THOAOM Mij yac Horo

oxonomxeHHa Ha At °C,

Bianosiko 3a 0AMHULIO Yacy BHAITUIOCH
O, _cmAt
At At

Axuio BBaX@TH, U0 LUBUAKICTL BIABEJAEHHA TEMJIOTH B CHCTEMKU Byna 0aHAKOBO. TO
3a 40 xB BiJg CUCTEMU BIABEIEHO

cmAt
O, = (1,-0),
TZ_T]
ne (), — KiabkKiCTh TENJOTH, AKA BMALIMMACA NI yac Xpucranizauli BoAH. Omike,
O, = m,r . 3BiACH
O,  cmAt

m, =

= 1, =0,8 k.

ro r(t, _Tl)

2.358. PosrnsaHeMo UMK, 11O OXOILTIOE TAKI NPOUecH: / — NaBfeHHs nbody, 2 —Bina-
poByBaHHA BoaM, 3 — cybnimauilo. ¥V pasi aniabaTHo i30Mb0BAHOT CHCTEMM TOBHA 3MiHA
BHYTPiLWHBOI eHEPTil CHCTEMM AopiBHIOE pOBOTI 30BHILIKIX CHA:

mr+mg—md=A,_5_4.
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CTAryIOMd LMK Y MOTPIAHY TOYKY, oaepxnmMo, mo 4 — 0. Orxe,

d=r+gq =2,8I2 M Jbx/kr.

2.359. Q= Mv(cAT +q)-vRT, =75,0 «/Ix, e v — KinbkicTh MONIB BOAH; ¢ — 1T NH-
fOMa TEIIOTA NapoyTBOPEHHA.

2.360. A=vMq(T, -T,)/T, =16,6 x[Ix.

2.361. dp,_,/dT =44 mllw/K; dp, ;/dT =-12 «Ila/K, ne. dp,_,/dT - Haxun kpuBoi
(ba30BOT PiBHOBArM BOAa—Napa; dp,_;/dT — Haxun kpuBoi (a3osoi pisHOBary Nia—-BOAA.
Hax Boaoto THCK Oinbiunh, HiX Han TLOAOM.

2.362. AT =TApdL/q=5,6-107 K

M
2.363. p= po[] + qRTAzT)E 1,05-10° Na, e AT =T =Ty; py, Ty — HOPMANbHi 3Ha-

0

4ueHHS THCKY Ta TemnepaTypn. Bukopucrano ymoBy (7 - TC.)/ Th<<1.

2.364. Am= A;?: {RT IJAT=7.5-10‘5 KI. A€ P — THCK HACHMEHOI mapu MpH

I'=373 K, V - ii o6'em. B3arn A0 yBarW, 1O MawTh MICUE CMiBBIAHOIUGHHS
?,T <<, Af}i?’ << 1. |
2.365. p, = p,{l —quAZTJ= 560 [Ma, AT'=T, -T,. Bukopucraty CniBBIAHOMICHHS
!
AT MgAT ; ’
T<<L F<<l; g=r+gqg', O& ¢ — HATOMA TETJIOTA IIABJIEHHA bOAY; g — MUTO-

|
Ma TCII0Ta NapoyTBOPEIHS BOAM.

2.366. r = ApAvT, /AT =189,5 x[Dx/kr.

2.367. M"=’D‘T[] —LJ——09 K. n=-¢, é—7;—53 1072, Baatu 1o ysaru, mo
F \Pe Pn r
Pi>>p.

2.368. AS = m(cln—:-ru+—} 44,4 «JIx/K.

) TZ

2.369. AS=5,-§, =c,m, ln[—;‘-’-J +TL(C|MI (T, ~Ty) —cymy (Ty — T5)) = 83 TLw/K, ne
2

0
Ty— Temneparypa unaBachis P HOPMATLHOMY THCKY, To6TO Ty = 273,16 K.

2.370. "y = cm(Tnn ~ T)
r

=0.,125 «xr, A€ ¢ — MHTOMA TEMIOEMHICTh BOAH.
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I
2371 AS=m[c,I lnT""+cB lnIL+L+E—]=323 An/K, ne » — nuroma Tenngra

| nn nn 2

MABIEHHA NbORY: g — MUTOMA TCTINOTA 11APOYTBOPEHHA BOAH.
2.372.AS =¢;m, In[ = J*Cz’"z In(TT J 28 klw/K, nme T, — piBiOBaxua
! 2

cymTy +ec,myT5

Temneparypa cymiwi, 7, =
Gy + CyiMy

2.374. OaHakOBMMM € XapaKTEPHCTHKK a Ta 0.
2.375. 3riano 3 piHauHam Knane#ipona — Knaysiyca

dT=T(Un —Up)
dp g

Ockinbkn v, >>v,, TO vV, —v, ¥ v, THCK MOBITPS 3 BUCOTOIO 3MIIIOETHCA 3d 3aKOHOM

-il = —pg , It p — IYCTHNA NOBITPA:

Tucx napH i TUck noBiTpa € oanakosuMH. OTxe,

d T Tu _1_
d g P/

3HaK Mil—l}"c O3Ha4adc, ulo TemMnepaTypa KMIIHHA 3 BUCOTOHD 3MEHUIYETDHCA,

2.376. 3a HopmanbHHX aTMOCepHuX ymoB Boaa 3amepsa€ nipu 0 °C. [Npore cnia sp axo-
ByBaTH B8 MEXAHI3MM, BTPATH TCMJIOTH: TeMI00OMIH 3 HABKOJHUIHIM CEPEOBHLIEM i BHIIA
poByBaHHA. SIKIO CTIHKM CK/AHOX TEroi30NbOBaHI, TO OXOMOMKEHHS BOAM BiAOYBAcTHCI. B
OCHOBHOMY, 3aBASKH BUITAPOBYBAHHIO 3 BIAKPHTOI nosepXHi. [TpK ubOMY Han nOBEPXHEO
PIAMHM YTBOPIOETBCA Mapa, THCK KO BBECh YaC 3MIHIOETLCA Yepe3 3MiHy Temreparyph. Pi-
JIMHA BHMAPOBYETLCH /{0 BCTAHOBJIEHHS PIBHOBArM 3 Mapoto, TOOTO MOKYW THCK 11apH HAZ 110-
BEPXHEIO PIAMHH He AOPIBIOBATHME THCKOBI HaCHueHHs p, . Y CBOIo uepry, p, 3ale-

MUTh BIA TeMmIicpaTypH NpsMo nponopmi&no TOOTO Ham rapquolo PIAMHOI0 THCK HAPH
3HAYHO MEHIUMHA, HiXK HAA XONOAHONO, 1 rapA4a pPiAMHA, [HTEHCHMBHO BWIAPOBYIOYHCD.
WBUAKO OXONOMKYETbCA. BHAcnigok iHTEHCMBHOIO BHMMIAPOBYBAHHS 3MCHUIYETHLCA Maca
piamuu. ToMy B MOMEHT, KOnU Temneparypa aopiemiosathme 0 °C, y cknsuui, A€ Gyna

ﬂ P A

Puc. B.2.21 Puc. B.2.22
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rapA¥a BOJa, ii Maca cTaHe MeHwWOio, Hbk maca xonoaHoi soau. [lpouec kpuctanizauii
pi0yBacThCa 32 0HAKOBUX YMOB. Omie, AKIIO TenN000MiH 3 HABKOMHUILIHIM CEPEAOBHIIEM
yIPYAHEHMUH, 2 BiNbHA IOBEPXHA DIAMHH € AOCHTb BE/UKOIO, TO KW ATOK MOXE 3aMEP3HYTH
uBMALIE, HiXC BO/AA 3-NiJ KpaHa.

2.377. lne. puc. B.2.21.

2.384. Jlus. puc. B.2.22.

Ao PO3aINy 3

_ 4neN,R’p

3.l g =5,6-10" Kn.

_ ZepN ,

3.2. g =3,9.10° Kn .

33. L=eN, =-9,6-10* Ka/mons .
, v
2
T SR S, )
F, Aneum;G

3.5. m, .
2ne G

=1,86-10"kr =10'm, .

3.6. q=-§nrr§p ne G =1,6:107"° Kn.

3.7. Ha rpausx, neprnes gukyIApHHX 10 WBHAKOCTI, G = IMkKn/M?, Ha iHIWMX rpaHsX
6 =1,15 McKn/m’.

. 3
38. g= SIJneomgM = 44,86 uKn .
cosa./2

2
39.¢g= ‘r JZn‘sOm[ - P ) = 0,13 mxKn.
sino. coso  sina

1L ¢, = -?q = —58 ukn , pieHoBara HecTiiika.

a2, 4 _4meRe”

m . 4o
3.13. YMoBOIO cnAMBaHHS Ky/i € PIBHICTH CHAM TSOKIHHA CyMi apximMenosol cum i
CHJTH, WO Ai€ 3 Goky enexTpu4HOro nons, To6To

= 8 MxKn/kr.

—nd =—nd pq + gk ,
5 Pg 6 pqg *+q

3BIJIKH

E =—Lnd3g(p, -p)=6KkB/M .
69
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Puc. B.3.1

3.14. Kpim cunu Tsokinesg F, 1 cuan vaTary HuTku F, Ha 3,
PAMDKERY KyNLKY MasTHHKA Ai€ wie enekrtpuuna cuna F, npurg.
raHHs [0 TIPOTUNENHO 3apAfKeHOl KyNbKH, WO pO3Millieny
3Hu3y. Lla cuna, ax i cuna TokiHug, Oyie 1aBaTH CKNAnOBY Hy
HarpsAM pyxy, wo 30UIbMTh noBepTanbHy cuay: F = F4F
(puc. B.3.1). TIpn upOMy 36IABLUKTECS NPUCKOPCHHA MASTHIKY
a nepioa, BIATMOBIAHO, 3MEHLUIHTHCA.

3.15. Cuna, 3 9x010 B3AEMOAIIOTH 3aPAAM ¢ | G2, 3 3AKOHON
Kynoua obepHeHO nponopuiiHa KBaapaToBi BIACTAHI MK HUMH.
Tako10 % € 3aneXHICTL CHNK NpUTAradig Mix naaneramy i Cou-
ueM, -

3a Tperim 3akonom Kennepa kpaaparv nepioais obeprams
naadetr Haekono Conus BIAKOCATBLCA AK KyOH BENHKHMX MiBOCTH
op6it. Ouesnano, 3akon Kennepa BHkOHYCTBCA | y BUMagky
pyXy 3apsay ¢ HABKONO HEPYXOMOro 3apsay g,. Axuio pusna-
yHMO Tiepioa obepranHs 3apsay no xoiy Oyab-akoro o3HayeHo-
ro paniyca, TO UMM CAMUM OZCPXMMO BIATNOBIAbL HA 3AMUTAHHs
3azaui, To6TO nepioa obepranHg 4aCTHHKH B HALLIM 3axaul Aopis-

HIOE TepioAoBi 06epTaHHA YaCTMHKK HA KoMoBiH Op6iTi paniyca (R+r)/2. Busnaunmo Horo
y BUTIAnKy pyxy 3apaay g;. Ha xonosi# op6iri kynouieceka cuna 6y/1e 10LEHTPOBOIO, TOOTO

Toai

mmz(R-'-r): 1 019,
2 dne, (RH’T
2

TE i1 (R + r)3
2g,9,

T=2n

3.16. Ha Tino B nosboTI A€ CUNA TAXIHHA mg | chna 3 Goxy enexrpuyHoro nom gE.
OckinbkW Ui’ CUIM  HanpAMIICHI BEPTHKANBLHO BHHM3, TO TiNO HAOyBa€ TPUCKOPCHH
a=g+qE/m.3apopMynamMH KiHeMaTHKH OACPHKUMO

t

_2mu,ysino
mg +qE mg + gE

lzm*vgsinza'

2. i 2
_ mugysin” o
L __....' ax T

" 2mg +qE)

3.17. g=2¢ymg tgo./6=3,35 HKn.

3.18. T =2n

3.19. £, = 3

416

____E.={),82c; F, =-r—ng—ﬂ——E—=ll,7 MH .

cosa

=4.3-10" B/im; E,. =L1/3-£=4.2-m“ B/m.
dne, P N4 2



3.20. PoarnaneMo efneMeHT dl HWTKH, - y*
gkuit MicTHTBCS Bia TOuKM A Ha BiacTai r.
JapAa eNeMeHTa HUTKH dg = tdl . Hanpyxe-
gictb dE, cTBOpeHa UMM 3apaaoM y Touwi A,
3a MoayneM

1 1dl
—.

dE =

4?[30 ¥

3a 3MiHHY BEJMYHHY Bi3bMEMO KYT ¢,
gkult YTBOpPIOE palliyC-BEKTOp I 3 HOpMaio
po HuTkK. 3 puc. B.3.2 BuaHO, 110

PR, ;r:ﬂ=rd(p= adch.
cos(p Cos® ¢os" @
Puc. B.3.2
Toni dE = ! rd—(p
4ne, a

Bubepemo oci Ox i Oy, ik MOKA3aHO HA PHCYHKY. BH3HauWMO npoexuii sexropa dE Ha
I 0¢i:

dE, = dEcosg = : cosQd@ :
4neqa

dE, =dEsing = sin@de .
4neya

IHTerpyBaHHaM LMX BUPA3iB Mig yac 3MiHW @ BIA 0 40 n/2 BU3HAYUMO Mpoekuii uryKa-
1oro sekropa E B Touui 4 i Horo Moayfib:

n/2 T
E. = I cospdp = ;
4n:eoa g 4neqa
n/2
T T
E, 6 = sinpdp=— -
¥ d4meqa ;}[ O e

N 52 E: 4m‘.ﬁa

321, F=1gql /(21;80“,}4& +12)=1,27 mxH .

322, F=gut/(2ne,R)=3,6 MH: E=—=18-10° Bim.
9o

12 3/2 J_
3:23. E=gqh/ Zm‘,n(—z+h21 ]=22,9 kB/M ; hmx--Tl=3 ,54¢cM.
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Puc. B.3.3

2 2?12 q
3.24.3) E=Rux/| 26,(R*+x?) " |=LIkBim: 6) E=0; ) E=

4gyx’ ’
R T
Xoax =—==1CM ; E o= =1,7 xB/™m .
2 33e,R

3.25. Buninumo Many nnowmaiky dS Ha noeepxHi AucKa, 3apsi, 10 MICTUThHCS Ha Hiil,
dg=adS wmoxusa BRaxaTH ToukosuM. Lle#t 3apaa cTeopioe B Touni 4 none dE-

= % e ad82 . 3 puc. B.3.3, a suano, wo dS =dS,/cosq; dS,=rdQ. ne dQ-
4dneyr”  dmeyr

TINECHUH KyT, NiJl AKHM 3 TOUKH A BHUAHO NAoWAIKy dS .

Posknanemo dE Ha asi cknanosi: dEy yanosx oci i dE; — nepnesanxynsapHo Ao ocl.
[TiacymMoByI04H 3a BCiMa eneMeHTamu Mol AMCKA CKAANOBi, NepnesaukyNspHi a0 ocL,
ONIEPIKYEMO HY b,

oridQ

Cxnanosa dE; = dEcosq = =

dne,r

rQ)

3inTerpysasuin, MaTHMEMO £ = ‘
4ne,
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Omxe, 3 0OCbOBOI CHMeTpil BUNNMBAE, MO pesynbTyloue none E wa oci aucka Ha-

npAMAEHe B3N0BK wici oci. Tinecuuit kyT Q nopisuioe nnoui CHEpHUHOro CerMeHTa
(puc. B.3.3, 6), noninenid Ha ¥

Q=2nr(r - k) r? =2n(l - hINK* + R*) .

JIna HANPY>KEHOCTI MONA HA OCi AUCKA OASPKHMO:

2) E=—2-E-;-(I—h/ H + R ) 16) E=0;8) E=onRM(dne h?).

3.26. E= -:1/4.»:3 ~ 2 /(2nE,x3)=3,1 MB/M .

3.27. E , =T/(meyl) =400 kB/Mm.

3.28. Po3i6’emo niscepy Ha ToHki xinbus (prc. B.3.4). 3apaa kinbLs
dg = 0dS = o2nrRdo .

CxopHCTaBLIMCh PO3B’A3KOM 3anavi 3.24, su-

3HAUMMO HanpyxeHicTh dE nong, ske CTBOPIOEThCA
3apADKEHUM KinbLEeM Ha Horo oci:

dE=—"_,
4ne, R

Bekrop dE HanpaMnexuit y3nomxk oci Beix ki-
Jenpb (Bick Oz).
Bpaxosyioud, wo »= Rsing, x= Rcos¢, ta

IHTErpyi0Yuy 38 kKyToMm ¢ Bin 0 Ko n/2, oaepuumMo a’E-
nf2
E=2 _[ sinpcospde = 2 =85B/M.
28, e,
z
3.29.a) E = 2ot =1,43 MB/wm; Puc. B.3.4
el .B.3.
,/2
0) E==—-2—q‘— 648 xB/M;B) E = i = 194,3 xB/mM; r)E—-—-——g—'-i-= 230 xB/M.
gl eyl 2me ol
330.a) E=—Pe _-432 B™; 6) E=—Le-=216 B/m.

2mE,r dme o
3.31. PosrnisHeMo CUCTEMY ABOX AMMOINIB 3 MPOTHIEKHHAMH €NEKTPHUHUMH MOMEHTa-
M4, CxopuecraBlinch popMynolo (3.1.6) it MOAYNS HANPYKEHOCTI MONA AUMONS TA PHH-
UHAOM cyneprno3nuii, onepkuMo E = 3p l/(dnegx?) .
332 Fop, 2w 2107 H
dx
dE
dr

3.33,

9 _-18MB™?;  F=—TPe_=9mH.
2“50"3 21150?'

419



3.34. 3 dopmynu, O BHpaKac 3B'A30K MiXK MNOTCHLIANLHOK EHEPri€l0 i CHAQHO
=—grad W , BpaxoBylOYH OCLOBY CMMETPIIO NONS HUTKH. MAEMO

[MorenuiansHa eHEpris AKUNONA B enekTpuuHomy noni W =—=pE + const . 3Bijacu onep-
XKYEMO:

a) F=0:0) F=p1f(2negr2)=5,9 mkH .

3.35. Koxken 3 1BOX TOYKOBHUX JKHNONIB (MONEKYN BOAM) MICTHTRECA B nomni iHworo. [To-
KNANEMO, 10 BOHM po3rawosaHi B3posx oci Ox. Toai cuna, wo gie Ha Apyrui aunons 3

ooky nons nepuioro (Gopmyna (3.1.20)),

Ox
OCKiNTbKH 32 YMOBOK) O = 0. TyT El = nanpymemc*rb nong, CTBOPEHOro ZUNOJICM p,.
1 2p
47t80 x3

F=p,

EI=

VY3gBI1UK NOXIZHY Bil OCTAlIHBOrO BUPa3y 32 X, BAZHAUMMO CHily /5!

F=2PP2 _21.10% H,

3.36. W, =-pl l(2me,x’)=—6,9-107" [x .
3.37. 3 nouarkororo rnonoxeHus (puc. B.3.5, @) nunonas MOKHA NOBEPHYTH Ha KYT
B=30°=n/6 pBoma cnocoBGamu: abo 3a pyXoOM CTPINKH roJMNHMKA [0 KyIa

o, =ao—B=%-%—% (puc. B.3.5, 6), abo npotu pyxy CTpinK¥ roaunnuxa 1o KyTta
0y =0lg — =;+£=g (puc. 3.5, 6)

[lpu 3actocysaHHi neporo cnocoby AXNONE NOBEPTATUMETHCA NI AICHO CHI MO,
Omxe, pofoTa 30BHIIHIX CHN NPH UBOMY Oyae B’ €MHOK. 3acTOCOBYIOUH ApYruil cnocid.
TMOBEPTaHHA AMNONA MOXe OyTH MPOBEAEHE TiMbKM MiA AICH0 30BHilLINiX cuA, | poboTa 30B-
HilHIX CHN npH usoMy Oyae 1oaaTHOIO.

29,

Puc. B.3.5
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EnemenTapHa pobora dA, 110 BHKOHYETHCA Nij 4ac NOBEPTAHHA AUNONA HA KYT dot,
pupaxacTses hopmynolo
dA= Mda = p,sina do .

IosHa poboTa, 10 BUKOHYETHCH Nijl 4AC NOBEPTAHHA Bill KYTa Op A0 O,

a
A= pE Isina do= p.E(cosay —cosa) .
o

[ix yac NOBEPTAHHA JMNONA 3a PYXOM CTPIAKHU rognHHUKA poboTa 30BHILIKIX cun
A= p E(cosay —cosa,) =-2,19-107 [Ix .
[1ig yac noBepTaHHA AUNOAK NPOTH PYXY CTPIIKH FOAUHHUKA

A= pE(cosay —cosat,)=3-107 IIx.

338. o= 1}2;}5 = 60 pan/c .

3.39. W = p_Ecosat =10,4-107 Ix .
3.40. 3pocre Ha AW, = p,o(l —cosa)/eq =8,8 nllx .
3-41. ‘DD =¢D| =¢D2 =dq, ¢D3 =0.

3.42. Hi. AAxOu cunoBi NiHil neperUHanuch, TO B TOYLI nepeTuHy MoxHa Oyno 6 npose-
¢TH ABL ZOTHYHI, ane XK Y KOXKHii Touui nosg sexTop HanpyXeHocTi E mae uinkoM nesHuit
HAIPIM. AHANOTIYHO i 1WOA0 €KBINOTEHUiANBHUX NOBEPXOHb.

3.43. ©, =nor?/(255)= 7,98 kB- M.
3.44. &, =1r’sina/(2e,a) =424 MB- M.
3.45.a) @ =q/(ese); 6) D, =q/(6g8) .

h
3.46. 0, =2 1- ]=12.5 HKn .
2( th+r2
/ > Y
2) +-3
2) 7" 72
347. 0, =41 =96,5 KB M.
Ea h 2
2J[_)
\ 2 )
/
A n
5 * “E qh
348.2) @, =1 |- =24KkB-M;6) Op =—A—=152KkB-M.
Eo (}1}2+ ; 26,V + 12
e r
\ - J
349.2) E=21% _395p/m:6) E =22-2L_170 B/m.
Eg 2,
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2

350, F=—1 _=565.10H.
2eg,

3.51. E =0; E,=0,R /(g4r,)=9,4-10° B/m; E3 = (0,R, = GyRp)/(€3) = 1,5:10? B/w,

3.52. Tporenemo uepes T04KU A | B KOHUEHTPUYHI cpepuuni norepXHi. BpaxoByiouy
LEeHTpansHy CHMETPIlo moslis, 3a Teopemoto Faycca onepxumo E, =0 (ycepelnHy noBepxmi
norpannsioTh o6unBa 3apsau g, i g, ). Ey=q l4neyrs)=1.8-10° B/m (ycepenuny mo-
BEPXHi NOTpanfe TinbKH 3apan g ).

[Ticns 3miwenns 3apsny g, i3 ueHTpa chepy nois 3apsaliB g, i g, y Touui A BXe He

KOMNEHCYBATUMYTb OJIHE OHOrO, i 3a71a4a 3BOAMTHLCA S0 BUIHAYEHHA HAMPYXKEHOCTI Nony
JIATIONS, ENeKTPUYHHI MOMEHT KOro p =g/ . 3a yMOBH, 110 / << r , OIEPIKUMO

P ]\fl+3cosch=25 B/Mm .

47[50?"4

3.53. 3 yMOB cHMeTpii BUNIMBAE, WO MONE € NEPNEHAUKYNAPHUM JO MOBEPXHI Wapy.
Slx 3aMKHEHyY rayccOBY MOBEPXHIO MOXHA BUOPATH UMAIHAPHYHY MOBEPXHIO 3 TBIPHHUMH,
NEprNeHAMKYIAPpHUMH A0 NOBEPXHI LUiapy, Ta OCHOBAMM AS , AKi POIMILIEHI CUMETPHYHO
BIJIHOCHO MIOIIMHK. IO ITPOXOAKUTHL yepe3 cepeauHy wapy (puc. B.3.6, a). Axwo 2x -
JOBXHHA UMAIHAPA, TO CyMapHHH 3apaj, 1O MICTHTLCH B UMAIHAPL. g, = P2xAS;

Puc. B.3.6
422



3 reopemu Faycca

_pd

E=E, lxlsg-; =— |x|>% (puc. B.3.6, 6).

€ 2,

3.54. E, =pr /(3e,) = 264 B/m; E, = pR®/(3e,r2) =234 B/m .

3.55. BizoMa Hanpy)eHicTh eNeKTPHYHOro NONA BCEPEAMHI PIBHOMIPHO 3apAMKEHO

Kyni E=-:-J’-§—-r, A€ ¥ — Pajiyc-BEKTOP BiJIHOCHO LEHTPa
0
kyni. [one B nopoxuuni E MoxkHa posraazartv sk cymep-
MOSHLLIO NONIB JBOX 3aPSUDKEHMX KYb: NOZUTHBHO 3apsKe-
Hoi Benukoi Kyni E. i HeraTMBHO 3apsbkeHoi 3 Ti€l0 camolo
TYCTHHOIO 3apsily Masioi Kyni po3MipoM 3 nopoxuuuy E..
Hns  poeinbHOi TOYkH A nopoxHuuu (puc. B.3.7)
ry=r,+ry, € ¥, — Paliyc-BeKTOP ToYKH A BIAHOCHO

UEHTpA KyJi; Iy — T€ caMe BLAHOCHO LEHTPa NOPOXKHUHHK;

Ip — PaliyC-BEKTOP LEHTPA NOPOXKHUHH BIJHOCHO LIEHTPA
; ; r

kyni. Toni E=E, +E_ =-3?-(r—-rj,)=;;9-. Orxe, none B
€ 0

NOPOXHUHKI € ORHOPIAHUM, AKIIO UEHTP NopoXxHUHM 36ira-
€TbCA 3 LEHTPOM KyNi, To 1y =0,E=0.

2

356, b=, o0grsk E=P, Ruicm,
2g, 2e,r

3.57. EnextpuuHe none B NOPOXHHHI € ONHOPIAHUM:

Pro
E=E-, =R, Srsrn+R,.
0

B iHmwmx Toukax BoHO Gyae TakUM:

2
E,= P [r+ & ] 0sr<rn—Ry;

2, ry—r

2 2
E, = P (R' & J, R Sr<w.

20\ » r-n

2
E’.-—'— P (r— R2 ], rD+Rz Sf':;R;,
0 ro

Puc. B.3.7

3.58. a) YsaBHO BMIINMMO BCEpPEeAMHI Kyni wap, AKWit oOMeXeHH KOHLEHTPHUYHUMH

Chepuunnmu NOBEPXHAMH pajiycamu r i r+dr. 3apaja Takoro wapy

dg=pdV =py(l—r/R)-4nrdr .
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424

3apan kyni paaiyca r
[Py L
q ﬁll Po( ) Po 3 AR

3a Teopemoto ["aycca noTiK HANPYHKEHOCTI

2
£ amp? = 4100 (__*]

2
=Pi i._r =p0r(}.—rjgr$R_
g 13 4R) €, \3 4R

AHanoriyHo anas » 2 R oAepXuMo

Toat

dE 2oy .
6) 3 yMoBH MaKCHMYMY - =0 onepxyemo 7. = ER | BLANOBIAME 3HAYCHHA
r

1.p
E._ ~-pPo.
3.59. 4 =0,1 Dx.
3.60. g = ;:E"A : =8 mkKn.
GRZ( - ]
R+n R+n

3.61. A:ﬂ(zni,i)=2,5 MK .

4nea N7 913

3.62. A=T1 _99 vl .

21,
2
3.63. S=M=2.4-102M; ¢ =20 _ 47 uc.
2eE ek

3.64. A=-900"%) 093 Wl ne g = g4 = lq.].
21’1780(x| = xz)

1

3.65. py= —=7.107m.
1 2mvne,
r qge
32 |
3.66. r,,, = =7,2:10"%nm.
8ne, I
2
367, h=""E 0,41 .
2qU



3.68. = ‘L ~0,45¢.
g(U|‘U2)

3.69. g=4me,R*E=1,11mMxKn; 9= RE, =10° B,

3.70. Buninumo Ha CTPHXXHI HECKIHYEHHO Many HingHKy 3aBaoBxkkd dx (puc. B.3.8),
sapa Ha Akit dg =qdx/! moxna posrnajatu sk toukosud. Toni morenuian moss, wo
CTBOPIOETHCA B TOUYLI A MM 3apsaaoMm,

gdx
dmegl(l + xy—x)

dp =

X adx

|

B

’h
s

Puc. B.3.8

InrerpyBaHHa 3a NPUHUMIOM Cynepno3uuii nonis Aae

q [+ xq
¢(x) = .
dneyl [+xy—-x
. : d
3a dhopmynoto, 110 3B’ 43y€ HANPYXKEHICTL NONg 3 noTeHuianom E, = —--z(p- , BU3HAYHUMO

HATIPYKEHICTh ENEeKTPUYHOrO NoNg y Touui A:

- q
A7 dmegxo(l + x5)

371.a) g=—2I—=3,06 kB;6) o= ? =1,3 kB.
4xEseR 4RESOJR2 +h?

3.72. Agp=mw*R*/e=0,57 uB.

h R? oR oR?
3.74.8) p= 22| 141 ;1 6) Q= =—=;B) p=——.
HO 250[ % e L ey
3.78. mp=.1.'M= 457 B.
27!30
2
3.76. S, gif_- =_M af.f...
B e H 2 P 8, = 2
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3.77.a) ¢=pR*/(2e,)=2.54 kB 6) o =pR*/(3g,) =1,69 kB ;

a) @, =3—‘E’-(R’+%(R2—q3)J=z.16 KB, < R; ¢, =pR*(3gy1,) =127 kB, r,>R.
0

2_ .2
3.78. ¢ -, =—| 271 42102 (23527 B.
230 2 ro

3.79. g=4na(R,-R); E=0, ¢=Eln&, r<Ry;
g R

E=—"—(r-R)., (p=i[1-m-’"-———5—*-], R<r<Ry:

ot € r
o (- R
E=—=(R;-R), q:=—(-2—-——1), rzR,.
€yt Eqr

2

3.80. F =mg(-;-;z—— l] = 0,05 H ; Ranpy>X€RiCTb €NEKTPHYHOrO NONA HANPAMIICHA Bep-
2

THKaNLHO Bropy; U = £(e’l +4d)=1,3MB; o= Ese:c, =49 mKn/m?.
q q

381. 0,>0,; 9, —¢;=-200B.

v 3.82. a) OO4ucCIUMO pOTOpP UBLOro NOMA (AMB.
} 2 noa. A, n. XVI):
Xz +Y2) 5 2 5 2
rotE=i(-— (‘_”‘))4-; @) | o) ) |y
0z 0z Ox dy
/ 3t [le o3Hayae, IO Nofieé HOCHTHL NOTEHLLIAMLHUA Xa-
(X104 (e, ) pakTep i pi3HWL NOTEHUIANiB MDK JABOMa TOYKaMH
=  nons
0 X 5
Puc. B.3.9 01~ = [Edl.

1

Interpan MoxHa GpaTy B3jomX Oyab-aKoi JiHii, WO cnony4ae Touku | Ta 2, ajlke
@) — ¢, HE 3aNeXKHUTh Bi ILAAXY IHTEIPYBaHHA.

Jlas 3pyqnocTi o0epeMo Takuil WX Y3ZORK CTOpiH NPAMOro KyTa, AKWHA Bxa3aHO Ha
puc. B.3.9:

2 2 2
P =92 = I(E,dx— Eydy) = J.ayd" * Iaxaj’ =ay(x; = x)+ax(y; - y) = —axy, - (-ax2)2)-
] ! 1

3piacu BUNIKMBAE Q(x, y) =-- axy + const.

5 2
6) o= a}{yT" x} +const; B) ¢ =—Wax + bz) + const.

3.85. due. puc. B.3.10.
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b
o — —
= — —
~

| e e y —
N i i
Fa R. R; r
Puc. B.3.10 Puc. B.3.11
3.86. I —,|P
q; P2

3.87. Crpym nMpOXOAUTHUME JOTH, AOKH MOTEHLIIANH KY]Ib HE 3PIBHAIOTHCA.

3.88. 6 = £oEy = 17,7 uKn/M2.

3.89. llpu BHeceHHi nMnacTuHU B 30BHIILIHE ENEKTPHUUHE MONE HanpyxeHictio £ Bin-
Oymerbcsi MEPEPO3NOMAIN ENEKTPHUHUX 3apARIB | MOBEPXHEBA TyCTHHA iX CTaHE O) i Oy
(puc. B.3.11). 3a 3akoHOM 30€pekeHHA ENEKTPUUHOrO 3apsy CyMapHuil 3apaa naacTHHU
HE 3MIHHTBLCS:

20 =0,+0;.
. e G] 02
YeepeauHi nmnacTuHu none BiacyTHe: £, = E+————=0,
2e, 2¢g
3 UMX PiBHAHBL MAEMO: O, =0 —€4E ; O, =0 +54E. .
; o c
3omni nnacTuny £, = E—— E,=E+—.
€ €o

3.90. g = 4(a — I sin ) \/nggmgtga = 20 uKn.

l '?2 -4
391.F = ~==2,510""H.
16ne, 4a
3 1
392. F= -4 2(\/5——) =8 H.
2me,! 2 :

3.93. 3a MerogoM J3epKanbHUX BiZOGPaXKEHD ENEKTPUUHE MONE MK TOUKOBUM 3aps-
JIOM 1 METANEBOIO MIOLIMHOIO EKBIBANEHTHE NONIO, AKE CTBOPIOETHCA 3aPAJIOM i Horo asep-
Ka'l!v;iHM 3oﬁfaxceuum MPOTHNEXHOr0 3Haky B MeraneBit mmowwmni. Tomy F =
=3¢°/(32mesh’) = 5,4 mMkH.

3.94, Bpaxysaru none, wo CTBOPIOETHCA HEraTHBHO 3aPAKEHOI0 HUTKOIO, AKa € A3€p-
KATTBHUM 300pakeHHAM NaHOl HUTKK Y MPOBIAHIR NAOWMHI:

E = 1/(ngoh) = 0,36 MB/wm; @ = 0.
3.95.C=56no.
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3.96. R = Z20? _ 50,
(e]

3.97.C=44 n®; ¢ = 1,1uKn.

3.98. £ = 10° B/m.

3.99. 3GinblumTECE B 1—-1-—- = 2,5 pasa.
=N

3.100. g, = q/(2 - (r,/r2)) = 0,4 MxKn.

4me,’ (4
3101, o < W02+ 0) g e o 0 (ot ) g oo
ry(4mer +C;) C,(4neyr, +C)
3.102. Hi, npo6usna Hanpyra Up,= E,Ri(Ra—R\)/R; =43 kB > U,
3103, E=— 2% = 44,5 kBiM .
(R-r)x
-1)RR '
3.104. Ag= e b L = 0,5 MxKn.
Rz - R

[2eU In(ri/r,)

3.105.v = = 1,24-107 m/c.
\ m In(R,/R)
3.106. U= 2tUs _ 50,
| A T Y
Cz U]_‘U
108, g =iy = dTE 40 il U e w195 1, metlD G B,
G +G 1+ G, 1+ 02

3.109. a) Axwo C, < Cy, ro US(C, + C)U\/Cy; ko C) = Cy, 10 U = U, +Uy
0) MeHlly 3 MaKCUMANBUUX HAMpYT.

3.110. 1,09; 1,67; 2,67, 3; 12 n®.

J.111. Take 3’€AHaHHA 3 N'ATH KOHACHCATOPIB HEMOXITMBO PO3K/TACTH HA ENEMEHTH 110-
CNLAOBHOrO i napanemsHoro 3’e€iHaHs. L[o6 3’acysary ponk koHaeHcaropa CJ, BU3HAYMMO
Pi3HHMLIO NOTEHLIANB MbK TOYKaMH g, b (auB. puc. 3.13)  micns #Horo in’eananus. Bpaxo-
BYIOuH 00epHEHO MPONOPUiHHY 3ANeXHICTD MDK EMHOCTAMM JABOX NOCHIOBHO 3 €AMAHKX
KOHAEHCATOPIB i HATIPYraMM Ha HHUX, NIETKO NOKA3aTH, Lo A8 PiBHOCTI NMOTEHUIaNiB y TOTKaX
a i b nocratnubo Bukonanasa cnissinnomenns C, :C, = C; : C, . Ha OCHOBI 11bOT0 mPUXOAMMO

JI0 BUCHOBKY, 110 NOTEHLIAMH TOYOK a i b € oxxakoBuMM, T00TO KomHaencarop CJ uedaps-
Ioxennl, i Horo B upoMy BUnaaky MoxHa Biz’eanati. Toai emuicts Garapel

cC2C 2C 4C
Cg =Ci34C, 45 Ca=Cs4= = . Toai =—
5 12 7Cl34s L2 WS Gere 3 oai Cg p
3.112. C,=C /2= 1,5 mx®.
2 2
3.113. C‘=SC'C2-E'6£2 it = 1,6 Mx®.
5C, +6C,

428



cuU cu CU CcuU
3-1140 —_, =--—--; = =——_; = —
Q=9 6 q3 3 qs =Gs 5 P 3

3.1185. Ockinbky r >>a, TO cEPUUHO CUMETPHHHHMIA PO3NOARIN 3aPAAY HA KOKHIH Kyni
He 3MIHMTLCA, TOMY NOTEHUIANK HA NOBEPXHAX Kylb 332 NPUHUMUNOM Cynepno3uuii Maru-
MYTh TAKHH BUrIAL:

tplmf?1+f?z.g¢h+‘h

L] 2 f
dneqa  dne,r dneyr 4meya
Posa’xaqun CHCTEMY PIBHAHB BIIHOCHO ¢, i g, , ONEPKUMO;

= 4ne, 2 2(r<pl ap,)=2,25 uKn; g, =4ng, (arp,+rcp2) 5,33 vKn.

2

3.116. chmo 3a3EMNAUTH APYry KYm, TO Ha Hil mnylcyencn TaKUA HeraTuBHHH 3a-
pal —q; , AKHHA Pa3oM 3 HEIMIHHUM NO3UTHBHUM 3aPSA0OM NepUol Kyni g, y KOXKHi# To4-

i momepxHi apyroi Kyni ctBopioe noreHuian @, =0 (kyna 3asemneHa): @)=

el |‘?2| =
“dney dnega

2
¢= -41t80-—;-.~5-—5{(pt —Eq:z] = 0,22 sKn,
r‘—a r

3.117. Hexa#i nepiia kyns 3apsaXkeHa no3UTHBHO, Apyra — HeratuBHO. [lorenuian Ha
II0BEpXHI KOXHOI KyNi CTBOPIOETHCA K 3apAJOM caMol KyJi, Tak i 3apajioM CyciaHbOI.
Ockinsku # >> a, 10 cheputno CUMETPUUHKIA PO3NOAin 3apaay HA KyNaX HE 3MIHIOETbCA |
MOTEHUIaNH Ha NOBEPXHAX KyNb MOXKHA OOUMCIMTH AK NOTEHLIANM 3apsmkenux chep. 3a
[NPHHLUMAOM cynepno3uuil

g 9 a9 9

3BiAKH |q§| =qalr. Toni gq{=q: @ =@ —i:-(pz =400 B;

"= dmeega  Ameey(r—a)’ L dneeqa  Ameey(r—a)
q r—2a
= = + ’
P1 =92 Imee,a r-a
o ) q r—=a
a B34EMHA eMHiCTb KyAb C = = 2ngeqa :
Py — P2 r—2a

Bpaxonytouu ymoBy r >> a, Maemo C = 2nE€a.
3.118. Sxuwo d >> a, TO HANPYXEHICTL MONA, IO CTBOPIOETHCA KOXKHHM NPOBOZAOM,
£=7/(2ngyx), ne x — siacTans Bia oci nporoxy. BukopuctoByiouu Gopmyy 3B’ 43Ky Hanpy-
JKEHOCT] 3 NOTEHUianoM Ta NPURLIMI Cynepnosuuu obuucnuMo HANpYry MiX npoBoJaMu

d—g
e
I Edx . [lani Bu3HauMMO eMHicTh Ha oauuuLo goBxkunu: C =1/U; C=» ln(d? )
a
a

3.119. 36inbumTeca y n=6 pasis.
3.120, d=gugSU/q=9,3 MM .

321 =278 3500
In(R,/R))
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3.122. U, =—24B —K)
O 4me,(e~1)RR,

~ 7 kB

3.123, s=—P =,

P =py
; 2¢
3.124. 36inbiiuTecs B —— = 1,38 paza.
l+¢€
3.125, c={82=%0%5 g3,
dln(e, /)
3.126. o= i =5.3 meKn/m?: o' =E—(EQ—I:-I—]£= 4,4 mxkn/m® .

3.127.3) o' =¢y(e - I)%- =17,7 mxKn/m*, Ao = €o(E— !)-g- =a'=17,7 MxKn/m* ;

6) o' =go(e- I]%= 2,53 mxKn/m? , Ac=0.

3.128. £ = 180 «B/m; D = 4,8 MxKi/m%: x = 2; P =32 mxKi/M%: o = 4.8 mxKi/m% o'=
= 43,2 mxK/m>

3.129. U =24
Eo(€—=1)

3.130. E=E,/e=57,1BM; D=t,E,=3,54 uKim?; P=g,Ey(c~1)/e=3,03 uKnn’;
o' =+P=1303 uKn/m>.

3.131. 3a Teopemoio I'aycca BEKTOp €NEKTPUUHOrO 3MillieHHs B Oymb-akid TOuwi [1-

r . N . :
9 =, abo D=-i—3—, ae r— pamiyc chepHuHO! nosepXHi. 3 iHWOro
4nr 4n p

00Ky, BEKTOP ENEKTPHYHOIO 3MilticHHA i BexkTop nojspu3auii P 38’ %3aHi cniBBiAHOLEHHAM

=19.9 xB.

enexTpuka D=

D=gg,E =g E+ P. 3pincu P=eu(e—l)E=(E-I)D= (e-1) b L Hopmanena ckna-
> g 4n

JI0BA BEKTOpa NOJAPH3aLlii YMCENbHO AOPIBHIOE MOBEPXHEBil rycTuHi monapusauilHuX
3apaniB. Y sunanky cdepHyHoi nosepxdi P=oc'. Toai ans BHYTPiWHKOI i 30BHILIMLOI

; . ; -1 P
NOBEPXOHb JiENEKTPHKA MAEMO BIANOBIAHO O) =—— 9 =2,5-107 Kn/m®; 65—

€ 4nR?
g-1 q -5 2
= 5> =1,38-107 Ka/m*.
€ 4n(R+h)
OckKinbky nONe BCEPEAMHI AieeKTPHKA 3MIHIOETHCA 3a 3aKOHOM 1/7%, TO MaeMo ChiE-
’ 2
. c R+h . ) . e
BiAHOLEHHS —-}~=% 3Biacu BHNAMBaE, wWo ¢ =¢q,. [onspusauifini 3apaaH Ha
O3
BHYTPIlIHIA | 30BHiIHI}l MOBepXHaAX AienekTpHka OAHAKOBI 32 aGCOMOTHUM 3HAYCHHAM:
gle-1
g, = o'-4nR* = L—-z =2 5MxKn.
€
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' ] _I _l
3.132. |q.|=|q2|=-ee—q=IMKKﬂ; P=(z )2" (R<r<R); P=0; P, =22 mxKn/m?;
TEF

B=0; E=—I— (*<R, r>R)); E=I5MBMM; Ey=167MBm; E=—I—
4neqr 4meeyr

(Ri<r<R);, E;=12MB/Mm.
3.133. a) Hexait novarok oci Ox 36iracrscs 3 NO3HTHBHO 3apaipkeHolo obknankoo. Toni
JaNSKHICTD AICNCKTPYMHOT NPOHUKHOCTI BiA X Mae BHI/AA e(x) =g +kx. Tyt k= (& — g)/d.

VABHO HOAINMMO NIENEKTPHK Ha LLIAPH 3aBTOBILIKH dx. Enekrpuyta eMHICTS Takoro Lapy
gS _ &oS(E;—¥)

dC=-£'i,aaiucu €= = - =280 nd.
dx d
K3 a [
S(I) 0 El + kx EI
6) [Mns wHampamy oci Ox D=D,>0 i E=E >0, npuuomy E -
£4€

9 __CU

 See(x)  Seqe(x)
[TI0BaHA Ha BiACTaHi x BiZ mouatky xoopauHar. Ilotix Bexropa E xpisb Hei ®(x)= E(x)S.
Biskmemo wiap gienexTpuka 3aptoBiuku dx. ¥ wap Oyse sxoaut notik @(x) i BUXOAMTH

= £(x). Po3rnaHemo napanenbHy oOknaixaM MIOUMHY, fKa pO3Ta-

notik @(x+ dx) =¢(x)+%dx. [loBuuit notix Bextopa E, mo BUXOAMTH i3 LLOTO lapy

sount, 20 v 8%
g %

3a Teopemoio Naycca ueii noTik NOpiBHIOE 3a8pSA0Bi, skMH MICTHTBCS B 1IRDI JieNeKT-
PUKa 3aBTOBILKH dXx, MOAINCHOMY Ha E. Skuo o6’eMHa rycruna 3apaay p'(x), TO

dE | ) endE CU ds
S=—dx=—p'(x)Sdx . Toni p'=2—= ==
dx eop( ) P Se?(x) dx

Cymapuit 06’ eMHuil 3apsan BUIHAYUMO iHTETPYBAHHAM:

de CU(ez sl]
x)Sdx CU]
q'= [p'(x)s e o

Toni

(p)=L =Yool ©)_ 0,881 Kue'
V €,
d 8152 in(_)

€
3.134. Emuicrs kounencaropa C = g/U, ne g =S, TYT G — NOBEPXHEBA [YCTUHA BiNb-
HUX 3apsnis. Pizuuns noreHuianis U 3p’13aHa 3 HanpyXeHICTIO!

2
U= [Edi=Ed + Eyd,,
1
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OCKLILKH B MEXaX KOXHOrO JieNeKTpHKa noje € oaHOpuIHUM. Mexka noaity AieneKTpHKis nep-
NEHOMKYNSpHa 10 CWIOBMX NiHIH nons, ToMy 3 rpaHuuHux ymos D) = D, (HopManiblia Cknanosa

ENIEKTPUYHOID 3MILLCHHS 3ATHLIAETLCH HEmepepBHOIO), abo €&,k = €,64L, . 3 inworo Goky,
D=0 .Toni E =0/(g€,). E, =0/(g,€,) . [lincrasnsioun y gopmysty eMHOCT], BU3HAHAEMO
_ .S

d d I 1

L 4 edoe = e e, TOOTO TaKMI KOH-

€S E,6,8 C, G,

JICHCATOP MOXHA po3rasAaTH AK Oarapero 3 ABOX NOCHIAOBIIO 3’CAHANMX KOMAECICATOPIB,
OcratouyHo MaeMO:

!
Lo QopMyny MoxHa moaatu Tak: ~— =

B ol (0Bl BBl w30 iy Dol st
81d2+ 52d| €, Ezdl +Eld2
=803 ukn?; U =—2Y_ _1518; U, =—8%Y_ _349B; C= 16 10: 0=803 1K,
€.d, +£d, €., +€,d,
3.135. EMHIcTL Takoro koHaeHcaTopa
Cln 9,4z .
@ =@

I€ g, g3 — CAEKTPHUHI 3apaay Ha nowax S 1 S, nosepxHi obknauku., Mexa noainy zi-
€NEKTPHKIB € mapanenbHoI0 BEKTOpPORI HanpyxeHocti nons E, ToMy 3 0o6ox Boki Hanpy-
KEHICTh OHAKOBA (BiAOMO, WO HAa MEXi MOAINY ABOX IiENEKTPUKIB TaHreHilanbHa cknas
A0BA HAMpPYXEHOCTi ENEKTPUYHOrO MOAA 3aNMIIACTLCA HenepepBHOIO). JIns oanopinHoro
nons @, —@, = Ed. 3 iHworo 6oky, g, =05, g, = 0,5, , A¢ G}, G, — NOBEPXHEB] IYCTH=
HM BibHHMX 3apA4iB Ha BiANOBIAHMX YacTHMHaX OOKmauky. Bupaxalouu ryCTHHH BidbHHX
3apsziB Yepe3 HanpyXEHICTh O B AiENEKTPUKY, G, = €€ E, 0, = €8, E,

€5 + eﬁ___ o€, & €o€99,

d d d

Kounnexcarop MoXHa po3rnsaary Ak 6aTapelo 3 ABOX napanenbHo 3’ CAHAHMX KOHACH*
caTopiB.

onepxumo C =g =C, +C;.

3.136. C=§'§=59n¢; g=CU=885uKn; g, =(E —E;)e,S=7.11uKn; E=Eg=
=30 kB/M : Ez=_...._g_..._....-_-1o kB/M : U,:EQ:“()B; C = EgeS ~80 nd.
e(d-1)+1 C l+e(d-1)
3137 Ag=U(C—C)) = —eCD 64,107 kn

dy [dz +e(d) - dz)]

3.138. a) Hi, £ =26 kB/cm < E; 6) Hi, y nositpasoMy 3asopi £, = 31,4 kB/em < E;
yckm £, =45 kB/eM < E ..

3.139. ' =—20E=DY_ _ 29 vkiwim? : € = — 6085
ed-d)+d sd-d)+d,

=59 nd .
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U
3M0. E=— 7 (i=1.2.3); B=537B: E=344Bm; E=258BM;
k=]

€

o) = (& = 1)eo & 5 o) =18 uKn/m®; o =20 nKa/m?; of =20,5 uKn/m?.

-1
=1
3.141. C =4ne, l(l—l)+L(l-l] =271 nd ; c'a=-u=—]06 HK/m? ;
g \a c¢) g\c b 4ne,a

-1 B _
b -(82 )zq =95 uKn/m® ; o, = cl 2 (e‘ 0 ]Jz -25 uKn/m? .
4me b dnc”\ € €,
3.142. C = GG, . 4neey R (R +d]; C, = 41:8,8?}23(}2, +d) ’ & =T
G+Cy d R, = (R, +d)

Cwx389nD. R=5cmMm.

3.143. Bextopu E;, D; ta P; € koniHeapnumu #i YTBOPIOIOTH 3 HOPMAaNNiQ KyT

cos’ o

52

pj = arcsin kil — . Monyni Bekropis: E, = E,J

+sinfa =1,04 B/M :
cos’a +elsinla

Dy =g, ENcosta +e2sin? o =5.52-107" Knim?: Py =D, —goE, = 4,6-107" Kn/m?.
3.144.9,=gq/2.

2
q (2+ ) g J2-4
3.145.a) W =—j—=109 mrJlx , 6) W z-——(-——)=—52,5 MKJIK .
2neq a 4dneqa
3.146. W =-4 3J€+ﬁ_3‘512 #1,6-107"° I .
4mee,d 6

3.147. ¢, =2,72 mxKan.

3,148, 0= —OR =GRV 3 4 109
8me R\ Ry (R + Ry)

_ 2
3.149. A =189 =C92) _ 4 16 wxlix.
2C,C(C, +Cy)

ClUlz CZ
2 G+G
3.151. W =q? /(8ae,R) = 3,6 M]Tx.

3182, =9 [i-L)zz.ouo*"znm.

87580 'Rl R2

3.150. W =

= 0,12 Tx.

3.153. W =2me o' E} (-}?--L] =4,7 nflx.
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3.154. W =3q*/(20ng,R) = 86 n/lx; n=10,83.

2
3.155. W=(4“°‘ (R R')}(I—FR'—lnﬁ].
2

€g - R, R,
2
3.186. w=_20U"__ g 107 oI
In(D,/D,)
24
3.157. W = q =12 micIhx.
8ne,eR(R + d)

3.158. w, =2e* [(n’eyr®) = 7,44-10" nim’.
3.159. w_ =12 /(8n’e,er?) = 0,02 [I/m’.
3.160. o’ = (e 1) 2g,w, /€ ~ 2,1 MxKn/M™
3.161. F=w,S=3H.
3.162.2) F =-:-,B—";—S-;6) F= 8“;3?2 .

3.163. p=w,=2,5Ta; F'=ew S=3-107H.

2

3.164. p=—31 .
P 32n%,R"

3.165. Cxopucraemocs (opmynolo, sika 3B'A3y€ NOTEHUiAIbHY €Heprilo # cuiy:

ow ;
F= e EHepris 3apsmxeHoro koxaeHcaropa (3apsa Ha obknankax 3anviiaerbcs noe

2
criinum) W =§—C. CMHICTB KOHAEHCATOPA, AKMHA YaCTKOBO 3aNOBHEHUM HIENEKTPHKOM, &

4acTKOBO MOBITPAM, MOXKHA BU3HAYUTH ik EMHICThL GaTapel 3 ABOX mapanenbHo 3’ caHaHuX
KOHAEHCATOPIB:

ggla—x)b . eggxb _ gob(a+ x(e—1))

C=C +C, =
1 +L, 4 7 =
[licns mincraHoBKK Ta AK(lepeHLIiIOBaHHS OEPHKUMO
Fo_ qdE-])
2e5b(a+x(e -1))*
2 —
3.166. C=5ﬂ§j—1)‘=5»3'10'”¢; b=E= 2Lk kB/M; AW=—-—-_—-——€°U el
28 d(1+¢) 2d(e +1)
~2-1077 IIx.
2
3167, e= W 17
CU*-24aW
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3.168. B o60ox Bunankax MoxHa BHKOPHCTATH 3aKOH 30€pexeHHsA CHEPTii.

a) 3apan Ha obknagkax koHaeHcaropa He 3MIHIOETbCs, ToMy poboTa 30BHIlLHIX cHuT ine
TineKM Ha 36inbuicHHs eHeprii koHaeucaropa. OckinbkH 3apsn HE3MiHHUHA, To ang 06uuc-
neHHs EHEPril KOHAEHCATOPa 3pYy4YHO KOpHCTYBaTHes (ropmynolo W = q2/(2C'). Orxe.

2 2
Appe = AW =W, - Wl—-—-— 1125V y]o1,99 mxlix.
G €) 24 44,

6) Hanpyra Ha obxpankax nocTiiiHa, 3apsaa 3MiHwerscs, Ag = (G, — C))U. Axuio
36iMbLIYBATH BLACTaHb MiX oOknanxamu, To Ag < 0, To6T0 3apan crikae 3 obxnanok. Pobora
IDKEpEna, Kpish AKe NPOXOAHTE 3apaa, A = AgU. Pobora mkepena ctpymy #ne Ha mexa-
HiyHy po6oTy A  CHJI €NEKTPHUHOrO OIS Ta Ha 36inbIIeHH eHepril KOHAeHCaTopa:
Ape = A"+AW.
Po6ota 30BHiHIX CH NPOTH CHN NPUTATAHHA oﬁxna.uorc NPOTHIEKHA 3a 3HAKOM Me-
xaniunii pobOTi cun enekTpHuHOTrO mons: A, =—A4 =AW - A, . [l o6uucneHns

exeprii kOHAEHCaTOpa 3pyuHO KOpUCTYBaTHca (popmynoro W = CU?/2. Toni

U? g£,8U*
aoau (C.'Z CI)"""‘“A‘?U- °

(-

=1,24 x .
2, d, =

3.169. A=¢5,54,U*/2(d(d - d,)) = 4,43 mx[Ix.
3.170. a) Hanpyra Ha kOMIEHCATOPi 3/HILAETLCS moCTiliHOIO: U = & = const. 3a 3ako-

HOM 30epexeHHs eHeprii poGoTa mxepena cTpymy A, AOPiBHIOE CyMi MEXaHIYHOI poboTH A
CUJl ENEKTPUYHOrO NONA Ta 36mbmcuuu AW exepril eNnekTpUYHOro Noas:

—— "+AW,

3 inworo 6oky, poﬁora mxkepena A,, = Ag &, ne Ag — 3apai, W0 NpOXOJHTh Kpi3b
JUKEpeno i nopisHIoE 3MiHi 3apaay Ha oﬁicua.uxax:

Ag = 6(C, = C\); A= 67 (Cy= C1) AW = Wy = W, = &* (G- C1Y2.

3aszHaunmo, 1o poboTa Ay, Ak BUKOHYEThCS JKEPENOM KHBIEHHS, A0PiBHIOE TOABO-
eHilf 3mini AW eueprii xoHzeHcatopa: Ay, = 2AW. lle#l BMCHOBOK Mae€ yHiBepcalbHHH
Xapakrep. OTxe,

ﬂ

A =4, -AW= (1— £).
PoGora, axy Tpe6Ga BHKOHATH NPOTH CHII enex'rpuquoro nons,
e, . EOS{?’ (e-1)=319 MKDx.

6) 3apsa 3aMHLIAETHCA NOCTIHHIM, a MexaHiuHa poboTa cun nons A* 10piBHIOE 3MiHi — AW
CHeprii enekTpuuHoro nons: A*=— AW. 3siacu

g == A" =AW =4 [2C;) -4 [2C,):
g =C\& Ay =o56% (- De/(2d) =1,59 Mx[lx.
2 2 _
LUy suilx; 6) 4=——2ECE D _ g 8

3.171.a) A=
) 2(1-n) 2(e-n(e-1))’
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(") eV

3.172. A= = 97,63 mkJX.
2e,(e-1)
z —
3473 h=—T_ (E ').
2pe,S°g\ E

3.174. Y crani piBHOBard cwia. U0 BTAIYE JMCASKTPUK Y NPOCTIP MK NNACTHHAMIN.
JIOPiBHIOE CHII TAXIHHA CTOBNA MIAHATO! PIAMHM:

(w, —w,)S =pgSh.

ITincrapnatoun Bupasu Angd 00’ €MHOT TYCTHHH eHEpril noas B MENEKTPHKY wy i B no-
BITDPi Wy,

maemo U=d M=860 B.
Eo(€—1)

3.175. OGepranbHuii MOMEHT, KHH BTArYE pYXOMI NAACTHHH KOHACHCATOPa B IPOMIiK-
KH MIX HEPYXOMHMMH, 3yMOBNEHHHA HEOAHOPIAHICTIO ENEKTPUHHOTrO nons nuacTuH Gina ix
mexi. ToMy po3s’sasaTy U0 3a4a4y, pO3TNAAalodK KOXHY IJIACTUHY B ENEKTPHYHOMY MO
CYCiIHIX mnacTuH, Baxko. O6epTaibHMi MOMEHT MOXXHA BH3HAYKTH, 3aCTOCYBABLUM 3aKOH
30epexeHHs eHeprii.

a) g = const. Hexait pyxoMi miactvuu nia giero o6epTransHOro MOMEHTY M noBepHyTbCs
Ha KyT d@. Toni cunu npuTaraHHa BHKOBYIOTh poboty d4 = Mdy, ska 3a 3aKoHoM 36epexer-

; ; dw.
Hfi eHepril JAOpIBHIOE 3MEHILIEHHIO ¢Hepril koHaeHcaropa dAd = —dW. Toni M = — ——

de
Bpaxogyiouy, o KOKHOMY 3 # POMIXKKIB MiX NnacTHHAMK BiANOBIAAE OAMH KOHACHCATOP
3 MIOWIEIO NNACTHH @r*/2 (3ALTPUXOBAHO Ha pHC. 3.26), TO CHEPTis KOHACHCATOpa
2

q° ng*l B ng*l

2C 2,85 EEPrt
3 ypaxyBaHHAM OCTaHHbOI POpMYyNH BUpa3 00CpTaANIbHONO MOMEHTY MaTHME BUI AL
ng*l d(i/9) _ ng’l
goer°  do - €870

_eggl/? N _ggl?
20° " 2d%

A

W=n

M=

7

©) U = const. 3u0BY 3acTOCYEMO 3aKk0H 36epexerns enepril. OCkinbk B UbOMY BHIIA-
Ky koHaeHcarop nepebyBae nij nocTiliHOK HAanpyrow, To
w— ,CU =neeUSU2 _ m:osrchu’-. Toni M =T neqer2U* |

2 2 4/ de 41

3.176. 1= 11 HA; v =23 m/c.

3.177.g=2,5Kn.

3.178.¢=107.5Kn; I=21,5 A,

3.179. I=8 A.

3.180. a) YBiMKHYTH TOCHIZIOBHO pe3uCTOP, omip Axoro Ry = 107 Om; 6) ysimMKHYTH
WYHT, onip akoro Ry = 0,1 Om.

3.181. R, = 79 kOm.
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3.182, r=%. 3.183. r=2R; R, =4R. 3.184. 1,/I,=4. 3.185. R=10,9 Om.

3.186. R=1,90m. 3.187. F=%’—=s,2-10"-3ﬁ.

3.188. Ec, =6,9-10" B/M; Ey, =350 B/m.  3.189. j=0,13 TA/M%: N =1.2:10%,

3.190. R=phinnr)=4,25 MOM. 3091, [=—0O
o1/ ~1/ry)

p 2
3.192. R=—=1,5-10° Om.
2nd M

3.193. Onip enemedTapHOro LHMNIHAPDWYHOTO 1Iapy pafiyca r i dr 3aBTOBIUKH

dR=pdr/(2nrl) , 3BiAKM nicNs IHTErPYBaHHS OHEPKMMO NOBHMH onip R=2—p;x
n

In22=0,15 MxOm.
n

3.194. Bukopucraswu popmyny (3.5.17) ta popmyny emuocTi cepHUHOro KOHAEHCA-
TOpa, OACPKHUMO

R=(r,—n)/(2nonr) =1,6 kOm,
3.195. R=dIn(c,/0,)/(S{c, ~5,))=1 KOm.
3.196. R=1/(2ncrp) =159 Om; He 3aneKUTs.
3.197. R=2a/na"); E=2al/na’). 3.198. 1= Ue,Sv/d* = 26,6 uA.

3.199. 3a 3akouom Oma —ﬂ-—--[i:i (TYT BpaxoBaHO, U0 3apsa 3MEHIIYETHCA 3

- - - . t
qacoM), Poaningioyu 3MidHI Ta iHTErpytoyH, onepxumo Ing = _E+ const . 3 ypaxyBaH-

HiM noyaTkoBHX ymoB (¢t = 0, g = gy) MaeMo 3aKOH 3MiHH 3apiAny g = goe~ %) | 3pimKu

. —IHRC U
MOKHA OfEPKATH 3aKOH 3MiHM Hanpyru U =%=er URC) | a) ¢ = RC[n-U£=2,77 c;

O)t=RC=4c.
3.200. p=t,/(eeyIn2) = 7,8:10'> Om'™; g = 0,2q,.
3201, ] =~ V€S 4107 A

d +r(e=1)g,av

' &(ry /1) + & &(rp /1) —
3.202. 1) ¢, -, = “ﬁf}:é’ =50 B; 2) (Pa"‘Pb":___'_—”q(]i;::,ﬁéz =22 B.
20

3.203. /=10 mA.
3204, 0,9, = (§ - &R (R + Ry)-§ =4 B,

31-205. !=(1; q}A - Qg =0.
3.206. 1, =R, (Rr+ RR, + Ryr)=1,2 A; [,=L,R /R, =0,8 A.
3.207, 1,=0,032 A, 1,=0,009 A, 1;=0,023 A; 9,-¢3 =12 B.
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I

a+b)\fa +b2

2ab+ (a+b)Va* +b2

3.208. R, = Rep =
a+b+2\/a +b" a+b+2\/a +.J'.:2
3300, g=— v 8} 1o ity
R|+R2+R3 +r
3.210. U, = < &, 6~0,78B; U, = G R, 6%0,52 B.
C+C, R+R +r CG+C R+Ry+r
3211 5=1-—wl®*1) 60045,
(R+r)R, +rR
3.212. ;=04 A; [,=01A; =02 A; I,=03 A; [;=0.1 A,

3.213. Puc. 344, a: [, =1,=1A; I,=1,=~] A: He amiusTbca; puc. 3.44, 6: [, =-0,92A:

=0,04 A; [,=036 A; [,=0.52 A.
3.214. t=5-10" ¢

= e S
k-4 ==l
g
4 .
—E T
a ]

Puc. B.3.12

3.215. W = leht =2 T .

3.216. 3) AKyMynSTOp 3apAIKACTBCA BijT
30BHIiWIHbLOro mxkepena (puc. B.3.12, g).
Hanpsm cTpymy B akymynasTopi mokazaHo
crpinkoro. Pobora enexkTpuuHHX cHM mil
yac nepeHeceHHs 3apsiy B aKyMyJsTopi
A=A0plt=2 Ix. Us po6ora € nonar-
HOIO, OCKIIbKH MEPEHECEHHA 3apsaay Bil-
6yBaerbcs B BHLIOrO TNOTEHUiany Ao
HKHx4Y0ro. Ha BHyTpIWIHLOMY onopi aky-
MyasTOpa BHAINAETLCS KiNbKICTh TEMNOTH

Q = I%rt . 3acrocysaBwm 3axoH OMa s HEOJHOpIAHO! NiNAHKK Kkona (3.5.8), onepxuMo

Ir=

BH3Ha4aeMo 3a popmynoio A =-Aglt

Ap—&; iToni Q= 1(Ap—6)t=0,7 dx.

6) PoGory, BuKOHaHy mia yac mepeHeceHHs 3apany BcepeAuHi 6atapei akymynsaTopis,

= -2 JIx. Po6GoTa € Bix’eMHO10, OCKINbLKH BCEpeanil

Oarapei akyMyngTOpiB 3apsaa NEPEHOCHTHLCA Bijl NOMOCA 3 HU3LKMM MOTEHLIANOM JI0 MOMIO-
ca 3 BHliMM noTeHuianom (puc. B.3.12, 6). KinskicTs TennoTH, uio BHAINSETHCS HA BHYT-

piwHsoMy onopi Garapei akymynsropis, Q = /rt. 3a 3akonom Oma Ir =

438

A — &4, TORI

Q=1(Ap—-&)t=0,6 [Ix.

3.217. n=42%; P =

6,45 Bt; n'=50 %.

3.218. R=1,5 Om; [=2,5 A, P=18,75 Br.

3.219. B, =33 Bt; n=0,5.

3.220. RB/P, =(R+2r)* /(2R +r)* =1,56.

3.221. /=10,5 A; S=3,58 cM% m; =4,19-10° kr; my =m, /n* = m, /100.

3.222. I, =\|P/R +/PIRy =1,63 A.



3.223. Ockinbku cuna CTpyMy 3MIiHIOEThCS, TO 3acTocoBYEMO 3akoH [xoyns — Jlenua
N8 HECKIHYEHHO Maioro npoMinky acy: dQ = I*Rdt.

3a yMOBOIO CTpyM pIiBHOMIpHO 3pocTae, TOMY Moxe OyTH BHpaweunil ¢opmy-
aoto [ = kt , ae xoedpiuienT nponopuiliuocti k = [/t Toni dQ = k*Re*dt . iurerpynas-
iy T4 NiACTaBUBLINM BHPa3 ANsl K, OAEPKHMO

f 3 2
g= Iszrzdt=k2R%=£““;—Rt‘=100 kK.
0

3.224. 3) 0 =900 [Ix: 6) Q =180 Hx.
3.225. w=U*/pl*)=4-10° B/’

3227, n= L 212610 ¢,
e“pl

3.228. N =133.
3-229- f; =44 Xa.
e R
3.230. Q =——ptIn—=1,67 mJx.
2nd r
R CU?
R+R, 2

3.232. [, = ndIBT% 4N =0 14 A.
3.233. 4=3,1 eB.

1
3234, n="ti2 - B2 ta 42 5 11 000,
IHI BI

 3.235.u=987 km/c; ny = /e =410 ¢,

3.236. s =—l-£(1.+£] = 1,88 cM.
2d U, 2

3.237. .= 0,82.

3.238. p = 74 MOM-M,

3.239. W =430 M]Ix.

3.240. m = 0,82 r; g/my = 3,06.10° Ka/xr.

3.241.N=510%c" " ¢g=3,210"" Kn.

3.242. mg. = 27,9 kr; mype = 18,6 kr; mey = 35,35 xr.

3.243. R = IMOM.

3.244. = c/M = 0,001 3 Monb/eM®; A = MA(pc) = 1072 M%/(OM-MoOnb); o = M/(pec(u, +
+U N, =0,8.

3.245. z, = m A,z (ma4,) = 3.

3.246. k=1,94-107 xr/Kn; /=0,84 1.

3.247. Expipanenrsa enexTponpoBiaxicts sogn npu 100%-# ancouiauii A, = F(u.+
tu) = 488 cM*/(OMm-r-exB). ExpisanedtHa KkOHueHTpauis n = m/M, ne m - maca

3.231. O =6,25-1072 JIx.

439



KybiuHoro cautumerpa Boau, m = | r ; M — monapHa mMaca BoAu. EkBiBaneHTHa ENCKTPONpO.
BinHicTb peansiol Bom A = o/ = 6,8:10 7 cM/OM-r-eks. CTymiub aucoutialii o= A/A,=
=1,410".
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3.248. n=\JAn/r=2: 10° M7,
3.249, j = ne(u.+ u )E=6,78 nA/M.
3.250. Bukounyersca.

3.251. n, =J£=3,2- 107em™ 5 / =JEB{1:+ +u_)%S= 3,3 1077 A s Ly =endS:
r r

(u L
=t =0,034: t= =0,03 ¢
d* rn Jra
—
3252. v= 23Li =1,64-10%m/c.
m
3.253. Enexrpouu.
3.255. Tax.

3.257. [leGainchkmii paniyc expaityBanus ., = 0,24 M >/,
Hi.

3.258. Hi.

3.259. 3a npusuMnioM cynepnos3uuii MardiTHa iHAyKuis
y Touuti 4 (puc. B.3.13) B = B, + B,. ne By, B, — maruithi
iHAyxuil MoniB, WO CTBOPIOIOTHCA KOXHUM NPOBIXHHKOM
okpeMo. Moaynb BekTopa B y 3araibHOMY BUNanKy BH3Ha-
4a€EMO 3a TEOPEMOIO KOCUHYCIB:

B=JBE +B] +2B,B,cosa ,

ne B, =y /i (2nK); B, =poly/(21ry); cosa =(r|z+r2:_

-d*)(2nn).
[lincTasuBLIK YHCIIOBI 3HAYCIIHA, onepxuMo B = 83,3 mxTh,
3.260. B = 56.4 MxThn.

3.261.2) B=LL 16 wkTn: 6) B= Hol(1++/2/2)
4nr 27

w
- 2\/-2-!-101
Ta

Puc, B.3.13

= 77,6 mxTn.

3.262. B = 5,64 MxTn.

3.263. 1 = 2B /(uRY = 21,5 A.

3.264. B = PV _ 20 vt
2Rtga

3.265. B,/ B, =8J2/n* = 1,15 pesa.

3.266. B="0L _0 126 mMTn.
4R

pol(1 2
3-267- Bz-— +_
2R [

) =0.239 mTx.
2 =



3.268.2) B =-‘i—(§- ] 6) B_“ﬂ" 3—"+£ .
8 b

3.269. ,‘3—"llO ( -2 t_gg) 67 mMxTn.

T

NI [+2
3.270. B =H¢ [ i J B = 126; 1.26; 1.25: 1.24;

:.jD2+(1+ 2x)? \f D? + (I + 2x)?
0,63; 0,003 1 MTn.

3.271. v =15 000 km/c,
3.272. B = gopqvE sina=3 nTx.

3.273. B=1,25-10% T,

3.274. B = 2 _ 55 wTx.
Id
3.275. [~ 4,6 A.

Hofz
3.276. d = =23 cM.,
2npSg

Koly/ ,a°
2nb(a+b)
3.278. a) Buninumo eneMeHT cTpyMy 3asnomiku d/ (puc. B.3.14, a). Cuna AMnepa, 1o
JI€ Ha ueH enemeHT, 32 Moaynem dF = [dIBsina, i HanpaMmneHa, sk i Bei iHLWI enemMedTap-
Hl CHAIM, W0 AiIOTH Ha ENEMEHTH MiBKiAbUA, y310Bx oci Oz. ToMy cyMapHa cua BU3Haua-
€Thes iHTerpyBaHHam. Tincrasusiun di = Rdo, MaeMo

3.277. F = = 48 mxH.

n
F, = {IRBsinado.= 2IRB.

0) Cuna AMmnepa, 1o A€ Ha eneMeHT CTpymy, 3a moayneM dF = IdIB nna Beix enemen-
TiB MiBKiNbLUA, 2 BCi €neMEHTapHi CUM HalpAMNCHI B3JOBX paniycis. Posknazemo dF Ha

Lk "Al#k

dt HQ{\

g X
4 a J
Puc. B.3.14
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nBi cknanosi (puc. B.3.14, 6). I3 cumerpil 3a1a4i BUNIMBAE, WO MiACYMOBYBAHHA BCIX dF,
Na€ Hynb, a pe3ynbTyloua cuna £ = F, HanpaMiena B3NOBK oci Oy:

T
F, = [dF, = [IBRsinado = 2IRB.
o

F =0, H. Sxwo npoBinsuk BANPAMUTH, TO CHIA 3pOCTE B 71/2 pasis,
3.279. F=0,4 H.
3.280- A o= l.!ofll-z ]n(rz /ﬁ)/(zjt) = 83‘ MKB,)K v

3.281. p, =2nR’B/p, =30 MA -M*.

82 r

3.282. p, =

=93.10%* A.m2; 2o - & _879 Kn/xr.
ME,M L 2m

3.283. p,/L =nrt/m=251 uKn/kr.
3.284. Po3i6’emo nuck Ha kinsud paaiyca r i 3asroBwku dr. [liouwa xinbug

dS = 2mrdr. 3apan Ha NOBEPXHi TAKOTO KiNbuA dg = _%i" 2nrdr 06epTacTECH 3 YACTOTOHO
TC

Vv, yTBOpiowouM konoBult ctpyM dl =dgv, a #Horo MardiTHuifi MOMEHT 3a MoAyneM
dp,, = dIar®. Cymapunit MaruiTHui MOMEHT (Yci MarHiTHi MOMEHTH HANpAMAEH| BILOBK
ONLHIET MpaAMOi) BCiX KiNeus

2
= q‘l’tVR =62,8 IHA-]'b‘l2 i

P = fdp,

pulL = g/A2m) = | MxKn/kr.
3.285. M = pol LSRA(2AR*+H)**) = 12,4 nH-m.
Z(M(P;'ZBES) =23,2 paa/c.

3.287. Konu MardiTHe none Butka 36iraTuMerbcs 3 TOPUIOHTANBLHOIO CKIIAA0BOIO MO
3emni; B =278 MxTh.

3.286. o = J

; ﬂG}“d =7
3.288. ¢ = =1,1-10"7 A/paa.
4ILNSB P
3.289. == 22U2 =1,76-10"" Kn/xr.
m R°B

2
3.290. m= mo/\fl —I/[! +[%] ]; My = 58,6 Mg, m, = 1,000 5/mq, 1€ mg,, Mgp-
e

MacH CMOKOI BiANOBIAHO eNEKTPOHa i MPOTOHA.

3.201. Ax = 2 =",V

=0,105 M.
el

3.292. h=2nl2mU/ecosa/(uNI)=4 cM.
3.293. T= 8,9 uc.
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3.294. p, = e’BR*(2m) = 0,28 nA-M%,

3.295. B=1 mTn.

3.296. a) a = 2,48-10" m/c%; 6) a =—1,76-10" mic’.

3.297. v=eB/(2rm) = 15,2 MI'y,

3.298. A=elB'BN /(2E), A =4,4, =3. Iliku ioHHOrO CTpyMy BillMOBiAaOTH i30TO-
nam “He i *He.

3299 U=L lni(q\jz—_aﬂ—gi}::"&,ﬁ B.
q 41 m r

2 12 2 2
3.300. W == de =16,8 MeB; v=—§g-‘?-=5,8-10?; t=“:UB =4,7mkc; T= 2“:
P My e
3.301. £ = *qBlo.
3302 Uy =27 s7.00% B.
neb

3.304. Rey/Ra = 1,78.
3.305. $Bdl=2,51 ukTn-m
3.306. 1,26 mxTn-m; 3,77 MxTn-m; —1,26 MxTn-m.

3.307. B = puoNIl/(=D) = 8 MTh.
3.308. BusnayumMo iHayxuito B ycepenuni npoBony B Toulli A |, L0 AEKUTH Ha BiACTa-

Hi r, BiR oci nporoxy (puc. B.3.15). 3acrocyemo Teopemy mpo uMpkynsuito Bekropa B.

3aMkHenn# koHTYp L Bubepemo y BUrIsAi Kona, w0 NPOXOAUTh 4Epe3 W0 To4Ky. Buacni-
70K CuMeTpii Moaynb Bektopa B, € ofakoBuMm y BCix Toukax Kona, TOMy

$ Byl = B-2m;.
L

!
Axmo =——R—2— — FYCTHH& CTPYMY, TO CyMapHuit CTPYM. 110 OXONMOETECS KOHTYPOM
n

interpysanns, 9 /= jmr®. Ocratouno Maemo

" Mo/

B, = 3

2nR

AnanoriyHo BM3HAYMMO MardiTHe
[ONRE B TOuLi Aj:

B, = ol 0,24 MTn .
2“!‘2
Omxe, none Bcepenwui nposoay 3poc-
Tac 3 BiACTaHHIO BiR OCi 32 NiHiAHWM 3a-
KOHOM, a none 30BHI NMPOBOAY 3MEHILY-
€1bC4 32 rinepboNiYHUM 3aKOHOM.
3.309.2) B=0;

6) B Ho! (r* ~R) . ) B Kol

2y T o
2r r(RZ-R?) 2nr Puc. B.3.15

n=027mTa,
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3.310. a) By = polr/2ma’) = 24107 Tn; 6) B, = pol/2nry) = 29107 Ty,

B) B, =

2 2
Molle” — 75 ) =0.43-10"* Tn;r)B,=0.

2nr3(c'2 -b%)

2

3.311. flkmo po3rnauyTH ABa CYLiNBHUX NpPOBIAHWKH paniyciB R, i Ra, oci KkuX 3mMj-
LLEH} Ha 7o | MO AKUX MPOXOAATE CTPYMM OJHAKOBOI I'YCTUHU B NMPOTHAEKHUX HANpPAMaX, Ta
3aCTOCYBATH MPUHLIMI CYNEPNO3UliT, TO OAEPHKUMO:

N 2 :
BI=!-10J ri R; , 08r<r—Ry; 32=.’2“_9er, =Ry <rin+R;,;
f 2 2
B:’:M r— Rz 4 ro‘f"Rz SrSR] 34 MGJ Rl Rz 3 ;"ERI,
2 . = 2\ r r=p
e j_‘—f
mRE - R3)

3.313. ® = BS sin ¢ = 50 mxB6.

3.314. ® = 4,9 uB6.
3.315. MarwiTHe none € HeoaHopi/L-

X X X X HuM. ToMy noninuMo naoury pamku Ha
% e e By:.l.bki CMYrH TaK, o y mexax Kowk-
HOY CMYr¥ MardiTHe none MoxHa 6y.io
X % x 6 BBaxaTH onHopinHuM (puc. B.3.16).
Hexait onHa 3 Takux cMyr KH
G B r? ] it on X CMYT 3aBILIMpLL
. ~ U dx MICTHTLCA Ha BiZCTaHi x Bij mpo-
x % f/jx x BOL. ani eneMEHTapHUi MarHiTHHi
X A ax S MOTIK KPi3b CMYTY
X X 7 {
2 dd = BdS =£2~ J 4y
X o x ) x . 2mx
% , IMicna inTerpysanus Maemo
x x a+l
- Z} - r “‘O”I dx =
X X X x
Puc. B.3.16 I, a+l
=tol; n22%2 - 0,22 MBS .

27 a

3.316. ® = pylif4n) = 2 mxB6.
3.317. ¥ = u/N*S/! = 308 MB6.
3.318. 4= 0,4 MJIx.

3.319. A= IBa*(4/m~1)sina = 10,1 M.

3.320. A = IBn’N sin B =272 Jix.

3.321. A=0,3 Ix.

3.322. Pobora 30BHiwHIX cun obepHena 3a 3HaKOM [0 poGOTH Cui MarditTHoro Mo
—A=—5L(Dy— D), ne @), ®; — 3Ha4EHHA MATHITHOrO MOTOKY Kpi3h KOHTYp y NoHaT-
KOBOMY # KiHUEBOMY mMojiokeHHAX. CxopuUcTaEMOCS BUPa3OM JUIS NOTOKY, OnepiaHuMy
po3B’a3xy 3ana4i 3.315. ¥ noyaTkoBOMY NMONOKEHHI

A 30!H
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ml - ”01![ lna+12 .

2n a

Tpeba Bpaxypary, 1O MOTIK € anreGpUUHOI0 BEAMYUHO0. 3HAK TOTOKY 3aNeXKUTh Bill
KyTa MiX TO3UTUBHOIO HOPMAJMO O MIOLIMHK PaMkH (i1 HanpAM yTBOPIOE MPaBuit TBUHT
3 HanpAMOM CTpYMY) i HanpaMoM rnojs. ToMy B KiHUEBOMY MOJOKEHHI PaMKU MOTIK €
pin’ eMHUM

HWoll, . a+2l ol . a+2!
_Fo I]n '2; A':w!u= Ozﬂl_l_ln . 2

3.323. Ipotu pyxy i 32 pyXoM CTpiNku roAMHHUKR,

3.324. B = Ul(v)) =03 Th.

3.325. 3 Goky MarHiTHOro MOASA Ha MPOBIAHKK 3i CTPYMOM i€ cuAa AMnepa, BHacHnok
4Oro NMpOBIZIHKUK MepeMilyeTsed, y HhoMy BuHnkae EPC iHaykuil &; = vB/, sxa 32 npasu-
nom Jlenua Oyne 3MeHLIyBATH CTPYM i, OTHKE, raNLMyBaTH pyX MpoBiiHuka. 3a 3aKOHOM
Oma I = (Up — vBIYR. MakcuManbua WBHAKICTS, ak0i Habyie NMpoBiHUK, BU3HAYAETHCA 3
ymoBu [ = 0, T06T0 cuna AMmnepa, a 3 HEW i MPUCKOPEHHS, NEPETBOPIOIOTHCH B HYb, i 3
1jel MUTI MPOBIIHUK PYXaTHMETLCA Aali PIBHOMIPHO 3 MOCTIHHOK WBKAKICTIO

Umax = Uo/(BI) = 0,2 M/c.

¢ = =64 nlhx .

2n  a+l,

3.326. n=64c¢"",

3.327. a) ¥V cucTeMi Bianiky, 38’ A3aHiif 3 AUCKOM, Ha ENEKTPOHM NPOBIAHOCT Ai€ Bia-
lenTpoBa cuna ivepuii F = mo’r = 4n’n*mr. Ha nepudepii aucka Hakonmu4yeThes Hera-
TUBHUH 3apAl, Y USHTpi — No3uTHBHUH., Buuukae enekTpuyHe none Hanpyx eHicTio E, ska
clpAMOBaHa B3JlOBXK paniycis. PiBHOBara HacTaHve TOAi, KOJM CHMNa, O KiATUME HA ENIEKT-
POHU 3 BOKY LBOrO €NeKTPHYHOrO TMONA, AOpiBHIOBATHME BiauenTposii: Ee = 4nn’mr.

"
Pisnuiio moteHuianis Mix uewTpoM 1 mepudepiclo Bu3HayMMO Ak Ag= I Edr =
0

=20°n*mR* /e =2,5-107'° B, ne m — Maca eNekTpoHa.
6) ¥V maruiTHOMY moni Ha eAEKTPOHH MPOBIAHOCTI, 10 06ePTaIOTHCA Pa3soM i3 AUCKOM,
noyunae niate cuna Jlopenua Fp = ewB. Lla cuna 3a MoaysieM 3Ha4HO NEPEBULLYE BiALEH-

: evB eB 7
TPOBY, TOMY OCTAaHHBLOIO MO¥HA HexTyBaTH. [lificHo, = =——=10". IlosTopiotoun
mor mo

R
MipKyBaHHA pO3B’A3aHHS @, ONepKYEMO: A =~ _[ Bordr = BoR*/2 =nBnR*=2,12 B .
0

3.328.n=1c¢",
3.329. (&) =4nBS=0,16 B,

3.330. V Gpycxy BuHMKae iHAYKUiHHIE CTPYM, SiKWit MOXKHA BUPA3UTH Yepe3 Mapamer-
PH Konpaexcartopa:
= -dﬁ = CdU = Cdt"‘ = Cd('sz) = CaB!.
dt  at dt dt
Ha 6pycox 3i crpymom unie cuma Amnepa. 3a npyruM 3akowom Hbiorona

Ma=mg — [Bl. Tyr BpaxoBauo, 10 cuia AMIIEpa HanpAMJEHa BEPTHKaIbHO Bropy
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(HanpsM IHAYKUIAHOrO CTPYMY — MPaBOpyw — BM3HAYAECThCA 32 npasuioM Jlenua). Topj
NpUCKOpeHHs Opycka Ta cu/ia CTpYMY CTAHOBUTHMY Th:

2,2
a=g/[!+CB :

m
2nRqg
3.332. Ockinbku pamka pyXa€rhcd B HEOAHOPIAHOMY MArHiTHOMY 110/1i NPAMOro Fipg-

BOAY 3i CTPYMOM, TO MarHiTHUH NOTiK Kpi3b pamky 3MIiHIOETHCA | B pamui BUHUkae EPC
iRy kLii. Bupas nas MaruiTiioro noTOKy BCTRHOBNEHO B pO3B’A3aHHi 3aaaui 3.315:

@ = Hod m(ui],

]maswc’; I=CBgl=2 uA.

3331 1=

2 X
I€ X — BIACTaHb Bil paMkH A0 NMPOBIAHMKA B MOMEHT uacy f, x = b + UL.
- dod
3a 3akouoM Papanes &, =— L

& = ola™vl(2n(ut + b)(vt + a + b)) = 4,1 uB.
3.333. g = Bm/A16pD) = 0,41 Kn. ne p — nuroMuii onip, D — rycrusa Misi.

g ] . 2 . 2
3334, U = 265R—wBI"r L Py = (2¢ +0!)5'12)R . p= 26+ 0Bl wBl? .
2(R+7) 4(R+r) 4(R+r)
3335, = P28
o’Bid*
2
3.336.4=Mfﬁ1.6 MKn.
Rl
2
333, fme il
(2mpR + rS)c,

2 .4
3338. 0= E%E“—z:’ =53 miJlK .

3.339. 0 = &' /(3R).
3.340. CrvcxaTumyTs Kinbue, F =k2n’pu3St/(RI*)=17,1-10" Hm.

3.341. [:ﬁN_‘MEii:oﬂ MA |
dpl dt

J.342. n=—?- - =14,5 cm~'.
Hom!

3.343. L = 17 M[n.

3.344. | = JamioLipg =100 m.

3.345. O6uncnumMo MarHiTHYH NOTiK, 10 NPOHU3YE TNOLLY, Ska OOMexeHa MPOBOAAMH
(puc. B.3.17). Bizomo, mo B(x) =-E°i.
2mx
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Po3i6’eMo niiomyy Midk MpoBONAMH Ha BY3bKi
¢MYTH, NapaneabHi oCAM NMpPOBOJAIB, 3aBIMPIL-
gu dx, naowa akux dS = ldx. Y Mexax Koxkuoi
cMYTH MarHiTHE NONE MOXHA BBAKATH OAHOPIA-
HUM, TOMY ENIEMEHTApHUA NOTIK KPi3b Taky
eMyry d® = BdS = Bldx.

IHTerpyloqn MaeMo

f Kol dx _uon d-R

2 x R I dx I
d

OckinekW CTPYyMH B MNPOBOJAX MAKOTh
OPOTHIEKHHWI HRNPAM, TO HANPAMU MOAIB, AKI Puc. B.3.17
CTBOPIOIOTBCA 000Ma npoBoaaMu Mix iX ocs-

MH, € OZIHAKOBUMU i nmoBHUM noTtik Oyae y 2 pasu GinbuinM:

o=20, =P =R Bl d
b1 R n R

3BiACH IHIYKTUBHICTD

B9 54 ura
b8 R

2
3.346.3 ¢opmyn nns edeprii MardiTHoro mnoas crpymy W =L—£—,W = deV=

2

) I2u oM

dV onepmumo

=L2j132_dV.

MaruiTHe none icHye TINBKM MidK UMIIHAPAMM i CTBOPIOETHCA TiNLKWH CTPYMOM, IO
[IPOXOAMTD MO BHYTPILWHBEOMY LMTIRIpY:

B:M.’ R[ <!"<R2.
2mr

[incrasumo ueit pupas y opmyny ans iHAYKTUBHOCTE. 3iHTErpyBaBiud, ONEpPKUMO
(enemenT 06'eMy dV = 2nridr)

L _ .p_ollnﬁ,
2r R

abo 3 ypaxysanusim TOro, o Ry/R) =1,
—= Eo—inn = 0,26 Mkl H/Mm.
2x

3.347. L, =8 MI'n.
3.348. I, =\JL,L, =0,48 Tu.
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3349, L, =Eﬂétn(1+f—)=24.3 ulH .
T 2m /

2 42 N
LA — =057 M.
4Rt t— IR

3.351. W =%leexp(—¥f) =0,23 [x.

3.350. / =

_ mpd D

3.352. g = I, =363 mxKn.

3.353. O = puarD* NI, (| — exp( — 32pt/(1ondD))/(8d) = 3,2 Mx[lx.
3.354. t = .—-L-'E(}:;“l =0.16 c.

3.355. C=1,1 mMx®.

UsCiE
3.356. [(t)=0.2exp(—-1500 1); O =—2"2_=13,3 m/lx.
(t) xp( ) O 2C, +C,) pit
3.357. B=M2U—°exp . ; =3,9-107"° Tn,
nD°R €oERTD

3.358. W= NID/2 =50 mx.
; 2
3.359. W, = "ll"; { - EHEprii MarHiTHOro MNons B  CYUINBIOMY  1POBIAHUKY;

18

2
i ; ; ; : . ; ;
Ho -l eHepris MarHiTHOro ToNA B NMPOMiXKKY MiX CyUiNbIIMM NPOBIAHHKOM I
T r
2

Tpy6oto. EHepris MarHiTHOrO rnons CUCTEMU

W =W +W, =28 mxx.

272 —
N<I (Rl R|)ln&.=ll MH?K-
4n R

3.360. w =Ho

3361, W =%S-(N,1, £ Ny1)F =98,3 M (3,42 MIK),

3.362. [ =J2wiS/L =1 A.

3.363. Op6ita enexrpoua i #oro opbiTa bHMii MarHiTHWI MOMEHT NMPEUECYIOTH HABKO"
N0 HaNpAMY MarHiTHoro nons B.

3.364. JdiaMaruiTHU# CTPUXEHb HAMATHIYYEThCA MPOTH MOAA | BHIUTOBXYCTHCH B
obnacte Ginbw cnabkoro nond. lMapaMardiTHUi CTpUKEHb HaMarniyycTscs B3AOBXK
nons, BCTAHOBMIOETLCA B3AOBXK NiHill BexTopa B i npuraryersca 1o 6rmkHb0ro nontocd
eNEKTPOMArHiTy.

3.365. J = y1/(2r) = 0,72:107° A/m: AB = pox//(2r) = 9 nTh.
3.366. BYB = y/(1+yx) = 1,5-107%.
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L -g]! =21 A/m.

TRAY
3.368. H, = 10,6 A/m; H, =4 AM; B, = 13,3 MxTn; B, =5 mxTn; J; =0,13 mA/M; J, =0,

3.369. u~400; /=Dl /(LuuS) =2,98 A.
3.370. J= 1,1 MA/m.

3.37.n=220m"",

3.372. L=0,2TH.

3.373. = 0,75 MB6; n=1800; J=1 MA-m.

3.374. 3 Teopemu npo uMpkynsuilo sexkropa H onepxyeMo piBusHHA, ke BHpakac
38’A30K Mix H i B B 3anisi:

B= Nlpy nD-I
/ /
KpiM usoro. ans 3anisa sanexwuicts 8 = f{H) 306paxena Ha puc. 3.70. Busnadumo

KOOP/IMHATH TOYKM nepeTuHy npamoi (1) 3 kpusowo B = f{H). Onepxumo H ~350 A/m;
B= 1,3 Tn. Toni

p:

3.367. B=LI/(SN)=5 mTn; J =(

Mol =a—kH =1,5-5,9H. (D

~3-10°; ®=BS~6,5-10" B6; W, =—Bﬂ(nd-f)mo,n Tk
Mo 2
BZ
W2=-2—-—iS==0=7ﬂ>K; W=Ww+W,~08 Jx;,
Ho

=--A*}2=0,[7 I'n; L=—2%:/—n~»0,18 IH.

3.375. 32 ym0BOIO Ha Mexi NMOARINY MarHeThkis B, = B,, . 3pijicu BunAuBAE, WO Mar-

HiTHa iHayKuis B y 3a30pi 3a 3Ha4eHHAM Taka cama, Ak i B ocepli. Hanpyxenicrb Martir-

HOrO nons B 3aii3i
Ho=nl = NI _ NI ‘
I, =D-I,

3
ne I, — NOBXMHA AiNAHKH KOHTYpY, LU0 NPOXOAMTh Y3A0BXK OCi KinbLig B 3anisi; /5 — y MOBiT-
psaHoMy 3azopi. [ani 3a rpagikom B(H) (nus. puc. 3.70) BU3HAYAEMO MArHITHY IHAYKLiO B
i, BUKOPUCTABIUH (JOPMYITY Ui MArHITHOT iHAYKLIT B 3230pi
B = poINi(ly /ey + /1)
Ta PiBHICTB L, 5 = | , 004HCAUMO MArBITHY BPOHUKHICTH 3aniza: p, = 2943,

3.376. B= BoJu2 sin® oy +cos’ o 5 @ =pag .
3.377. W =0,65 Ix.
3.378. u~3.10°.
3.379. Maruitua npouukuicts (epoMarHernka € (yHkuielo HanpyxeHocti M
B(H -
l*=-£(—§l. Akmo 3 noyarky KOOpPAMHAT MPOBECTH NpAMY JNIHINO, AKa NMPOXOANTh 4epel
0
AOBUILHY TOYKY KpWBOI HamarHidewus B(H), TO TAHreHc KyTa Haxuny ui€i npamoi byae
ponopuifinum einwomenuio B/H, To6to | Ana BianopinHoro 3xayeHHs H. Y pa3i spoc-
TaHHA KyTa Haxuay BiZMOBIZHO 3pocTac i . MakcuManbHe 3Ha4€HHA K BiANOBIRa€ [0-

15 3144
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THUHIN 10 kpuBOT B(H): Wmex = B¥/poH* = 6:10°, ne B*, H* — 3uauenns inaykuii Ta pa.
TIPY)KEHOCTi MAarHiTHOrO MOMs B TOYL JOTHKY AOTHYHOI, Aka MPOBEEHA 3 TI0YATKY KOOp-
IMHaT A0 KpuBoi B = f{H).

3.380. wo/w, = 4.

3.381. Axuio Ckifm 3aMHKaE OCepas, TO MArHiTHHI TMOTIK ycepeauHi ocepas @ = BS |
Hanpyxedicte nons H =@ /(u,1S) 3pocratore. Ocepas HAMArHIYYETbCA A0 HACHHCHHR
(amns. puc. 3.72, 6, Touka 4). HanpyxeHICTbL A0cqrae 3HayeHHs Fy, 3@ 9KOro CTpyM y nep-
BHHHII 06MOTLI He CIpOMOXKHME 3MiHMTH HanpyxkenocTi nona. Ocepas nepecrae nepemar-
HidyBatuch, EPC B 06MoTUI 2 3HHKAE.

3.382. E=2,510"° B/m.

3.383. E = ewdy sin wt/(2nr).

3.384. 0 = g o £/(2m) = 9-10~° pan/c.

2
3.385. B= a(l +%2—} =3,25.107¢ Tn.

3.386. 3miHHE 32 YACOM ENEKTPHYHE TONe HANPYKEHICTIO £ CTBOPIOE MArHiTHE mone
Harnpy XXeHIcTiO /7, CUNOBI NIHIT AKOr0 — LE KOHIEHTPHYHI KO/a 3 LIEHTPAMH Ha 0C| KOHZEH-
cartopa. llupkynsuis BexkTopa H y3aosk 0JHOrO 3 1tMX Kin pajiyca r 3a piBHsHHAM Maxc-
Benna (3.9.2)

oD
2mrH =mrt —,
ot
y MpaBiii YACTHHI SKOr0 — CTPYM 3MILIEHHA KPi3b TUIOLLY, SKa OXOTUMOETHCH KOHTYPOM
paniyca r.
3BiacH

a) B = gouoatn/2=2,5-10"*Tn, n, < R;

6) B, =€oHoaR* /(2r,)=3,3-10" Tn, , < R.

3.387. E = It/(e,mR?)=3.6 MB/M; B =+l /(21R*)=0,5uTn.
3.388. B; = £oepo o rA2d), B, =eghoa(r (e — 1)+ R*)/(2dR).

3.389. g =CU exp(=0t/(gee)); I, = -——CU exp(-Gt/(€q2)).
E4E

Iy

2 2
3.390. jam] =_______EOHO?Z'GJ = EOHOnsz d

Sin@t, r<R; ju,= 5 Osinwt, r>R.
I

3.391. j,, =qu/(2m).

3.392. a) Tak; 6) Hi. Bukopuctary piBHsHHs Makcsenna B audepenuiansuiit GpopM!
AN CTaulOHAPHOTO BHMAAKY,

3.393. Tak. BukoprcraTi piBHanHS Makcsenna B augepenuianbHii Gopmi.

3.395. V cHcTemi CIOKOIO 3apfpkeHoi HacTHHKH i enekTpuuHe rofte Mac chepniHy
cHMeTpio, a B nabopaTopHiit cuctemi Bianiky Takoi cumerpii Hemae. Cunosi ninii KOHLEH-
TPYIOTHCH B AKCK, NEPIEHAMKYNSPHUI A0 HANPAMY pyxy. Y KoxHii Touui naGopatopHO!
CHCTEMM EEKTPHHUHE NOJIE 3AEXHTD Bil Yacy,
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3.396. Hi. Y cucTeMi CNOKOI0 YaCTHMHKH €NEKTPHYHE NTONE € CTATHYHHM. YaCTHHKA
ne BUTIpomiHioe, HaasHicTh 260 BiACYTHICTL BUNIPOMIHIOBAHHS HE 3aN1EXKHTh Bil BHOO-
py CHUCTEMH BiANIKY. OAHAK BUNIPOMiHIOBAHHA MA€ MICLC, SKINO WBHAKICT YaCTHHKH
v nepeBrmye Gpa3oBy IWBHAKICTL CBITAA ¢/# Y CEpenoBUIL (BUIPOMiHIOBaHHS BaBHno-
pa — depeHkoBa).

3.397.C' =CiNI-v*/c* =3,06 n®. yix

3.398. U'=U/{1-v*/c* =255 B. . H,-ie ® © @ © © © ©

3.399. Ha puc. B.3.18 306paxecHo
JBa 3YCTPIYHMX Ty4KH, LIBMIKOCTI 0~ v X
akux y nabopatopHii K-ccremi mo- 7
3HAuCHI Vo | — Vo, 3B’ DKEMO 3 OJIHUM i3
My4KiB, HanNpWKnan 3 HkHiM, K'-
cucremy. Toai wBuAKICTL K'-CUCTEMH
CTAHOBHTH V' = ¥y, a WBKAKICTL ' BEPXHLOTO TMyYKa BIIHOCHO HHXHBLOTO, TOOTO BiAHOCHO
K’-cuCTéMH, BCTAHOBMMO 3 PENSTHBICTCLKOrO 3aKOHY AoaasaHHs weuakocreit (1.6.7) ans
U=—y

Puc. B.3.18

v = = 2ul(1+ vo/ct).

Cnocrepirad y nabopatopniif K-cucTeMi BUMIPAE TYCTHHY CTPYMY, 1O YTBOPIOE HHX-
Hilt TYHOK, ju5 = PV, A€ P = g/(SI); TyT q — 3apan, AKUA MICTUThCA Y BiApi3Ky My4Ka enck-
TPOHIB 3aBAOBXKH /, oia nepepisy axoro S. ko /o — A0BXHHa Biapiska B K'-cuctemi,
BIIHOCHO 5KOT Nyuok nepefyBae B CTaHI CMOKO0, TO BHACIIAOK NIOPEHUEBOrO CKOPOUCHHS
JoexyHa / 1boro Biapiska B K-CHCTEMI, BIIHOCHO AKOT BiH PYXa€Tbes 31 MBHIKICTIO Vo,
I=1l(1- vozfcz)m. OmKeE, juas = qUo/(Slo(1 — vortc™)"?). Crnocrepiray y K'-cucremi Bumipsie
TYCTHHY CTpPYMY, KWl TIPOXOAKTH NBOPYY: Jx* = Py V', A€pgr — 06’ €MHA ryCTHHA 3apaay,
fika BumipioeTbea B K'-cuctemi, py = q/(SI"); g — 3apaa, wo MiCTHTLCA Y Biapisky /' (3apan
He 3MiHIOEThCR); S — NEpepis NMyyKa (BiH TAKOXK HE 3MIHIOETHCA); /' — AOBXKHHA BIAPI3KA,
KK pyXacThes NiBOPYH BiAHOCHO K'-cucTemu 3i wBMakicTio v I’ = Iy} - (v) ).

MiacTanoska 3HauCHHS ¥’ A3€ 11 = jx/ims = 2/(1 — Vo lc?)'?, abo 3a dopmynoro (1.6.10)
R=jedfras = 2E/{m¢c2) = 1,4- 10%, ae m, — Maca crnoko CNEKTPOHA.

3.400. 3’ mxemo cucTemy Bianiky K 3 HUTKO0, a cucTemy K’ —3 o -4acTrHKOw. Ha
Yactunky 3 oKy enckrpomaruiTroro nons aie cuna F = g(E+[vB]). ¥ K-cucremi martithe
Nojie 3apaaXeHol HHTKH BiacyTHE, B = 0, a HanpyXeHICTh €NEKTPHIHOTO CTAHOBHTD
E = v/(2neyr), npruoMy BOHO HANPSMACHE NEPNEHAMKYAPHO A0 HATKH, E=E , E; = 0.
Tomy F = gE = gu/(2neqr) = 28,8 nH.

Y K'-cucremi 3apsafikeHa HHTKA PYXAE€TbCA i, OTKE, CTBOPIOE HE TINbKH €NeKTPUYHE
None E', a it marnitHe B’. Ane ocTaHHE MM BiALYKYBaTH He ByAemo, OCKIIbKH O-4aCTHHKA
Y K'-cucremi He pyxacThea i cuna 3 6oxy B’ wa nei ue aie. Lo % a0 enckrpH4HOro noss
E, 10 3a dopmynamu nepersopenns nonis E'; = E /(1 - v¥ch)2 EY = By = 0. Otxe,
CHna, o nie Ha a-uacTHHKY B K'-cHcTemi,

F'=qE' = gEl(1 - v*/c}'? = 48 nH.
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3.401. E:z/(znaorJl—u21e1)=2,zs MB/Mm; B’=tpov/(2nr\h—vzfcz)=4.5 mTh,

3.402. Byaemo BBRXATH PyXOMOIO CHCTEMOIO Biadiky naBoparopny cHetemy. Togj:
a) E'=pn /(2308\)1 ~v2/c*)=925B/m; B' =vE'/c? =1,23 mkTn;

6) E =prt (2egry ) - /c?)=1.97 xBlm; B' =vE'/c? =2,6 wkTn.

Bexropu E' Ta v € B3aEMHO TlepneHAHKYTApHKMH, BeKTOop B’ neprnenauMkynspuuit oo
TITOLLKMHM, 110 MICTHTh BekTOpH E' Ta v.

3.403.3) E = p, [(QnegiN1-v* 1¢2)= 2,25 BIm; B =pyp,vl2m V1 -v?/c?)=4,5 uTn;
6) E = p, [(4neiVl-v?/c*)=1,13 B/m; B' = pﬂpevf(finr;\h ~v? /¢?)=2.25 uTn,

3.404. [losepxuesnit CTpym MOXKHA PO3rNAAaTH sK
pyX 3apamkeHoi mosepxHi B Hanpsami cTtpymy. Hexai
3apamKeHa nopepxus nepebysae B cucremi K, gka pyxa-
€TbCA 30 IUBMOKICTIO U yNOPSAKOBAHOI'O PYXY HOCIiR
] crpymy. Enekrpuune none s il cucremi £ = o/(2¢,), ne

/ O — MOBepXHEBa rycTHHa 3apsay. Marusitaoro nong B'y
§ B8 il cucremi Hemae. Y cuctemi K, BiITHOCHO K0T pyXaeThb-

rd / ca nnouiuHa (y naboparopuin cucremi), E, = (E, -~
—[vB'DA1 - 'Ul/cz}m} abo y maHomy punainky E, =E' /(1-
—v%c*)'?. MaruitHe none B naGopatopuiii cucTemi Binixy
I B, = (B +[VE'Vc*)/(1-v¥c)"?, abo y navomy Bunaky

Puc. B.3.19 B =(wE, 1c*)IN1-1*/c? = poovi2Vi-v2/c?). Toby-

TOK OV Ma€ 3MicT NiHIAHOI TYCTHHM TOBEPXHEBOTO
crpymy: J =ov . OckinbkH U << ¢, TO OCTaTOYHO MacMO iHAYKLL{IO MATHITIOrO NONS 10-
ckoro ctpymy B= poJ/2=0,63 mTn, 3 koxkHOro 6OKY NNOIWMHY BEKTOP IHAYKLUIT Ha=

[

npamMleHHi napanenbHo TUIOIKHL H TIEPNEHAUKYNIPHO A0 Hanpamy crpymy. [lons 3
06ox 6okiB € aHTHCHMETPHYHYMH BiAHOCHO NNOUKHK (puc. B.3.19).

3.405. E'=p,p v/2n(R* + 22 1-v*/c?) =1,52 mB/m;
B' = pop, (2n(R* +r2 )21 -v?*1c?)=7,6-10" Ta.

3.406. 3s’sxemo cucremy Bianiky K 3 Hepyxomow nafoparopieto, a cuctemy K' —
3 PYXOMHM 3apanoMm q,. Y K-cucTemi cuna, 3 SKO0 nepluuii 3apan ni€ na apyrHi,

Fi2 = go(E; + [v2B,]), (1)

ne E, — nanpysxeHicTh enekTpruHoro, B, — inayKkilis MartdiTHOro nonis, ski cTsopeHi 3apf-
AOM g y TOYLI po3minieHHs 3apaay ¢,. Lllo6 susnauutn E, i By, posrnauemo curyanito ¥
K'-cuctemi. Y K'-cucremi 3apaa g, nepebysae B CTaHi CIOKOIO | TOMY CTBOpIOBAaTHME Tiflb
KH eEKTPHYHE [10Jie, HAaNpYykeHicTh gkoro E,' = q;/(d:rte:orz). OueBHAHO TakoX, o £' =
='E',. Hepyxomui#i 3apan mardiTHoro nong He creopio€, Tomy B, = 0. Tenep 3nificuim0
nepexin Big K'- 10 K<cHcTemu, 3a 3akoHaMM MEPETBOPEHHS TT0J1IB

E,|| =E'3) = 0; By = E'5 /(1 —v e,
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By = By = 0; By, = [VEY)/(c*(1 — vy /cH)'™).

Tyt BpaxosaHo, wo B =0, a E',= E';. Bupas ana B,) MoxHa noaaTi 3a THMH CaMUMHK
3aKOHAMM 5K

By, = [v,E; /e (2)
[TiacTaBMMO piBHSHHA (2) y BHpa3s AN CHIIH
Fi2 = gE; + [va[ v, Ey]]) = g2(Eo(1 = vivo/c?) + vy(voE,)/c?).
Ockimskr vi 1T va, vi L Ey vy L E,. T0 opepxumo Fy; = g,E,(1 = vyw,/c?), a 32 Moy iem
| F, = q,9,(1-vp, [c?)

2" .
41[80!‘2J1—'U|2f£‘2

3.407. B=poul N1-v2/c? =0,25 MTn; E= uonl'uf\h -v*/c? =7,57 xB/M, nep-
neHIUKYApHO A0 CofleHoiaa.

3.408. E=p,lv/i2nrfl-v2/c?) =30 mxBim; B =pol (2rrd1-v%/c*) =10 mxTn.

3.409. a) v=Bc?/E=7,5-10" wm/c; 6) 3a 3ananHux E i B He icHye Takoi CHCTeMH, B
aKi# none 6yn10 6 4HCTO MarHiTHUM,

3.410. Y cuctemi Bianiky, 110 OB’ A3aHa 3 MACHITOM, HANIPYXEHICTL ENEeXTPHUHOTO 110~
11 E = 0. BuHuKHEHHS LLOro Mofs Ta eleKTPUHHOro CTpyMy B MpoBiaHuuky AVB noscHio-
€MLCA PeATHBICTCEKMM elekTOM mnepeTBOopeHHs MOJiB, YHACTIA0K YOro ejieKTpHYHe Mosie
aHHMKaE B maboparopHii cuctemi Bidntiky. [IpoTe B HHcTOMY BHrnsai uelt edexT Criocrepi-
racThes Mij 4ac piBHOMIPHOTO MOCTYNAMBLHOIO pyXy MArHIiTY, AKIIO 3B’A3aHA 3 MarHiTOM
cicTema Oyae iHepuianbHOW0.

A0 PO3ainy 4

42.7,=8¢,v,=0,125T1i, A, =3M, ¢, =0, x,=—3 m; T5 =600 c, vs= 1,67 Ml i, A5 =
=100 m, @5 =12, x,=—50m; 7, = 120 ¢, v, = 8,33 M, 4, = 20 M, @, = (3/2) 7, x, =20 M;
x=0,2sin 2,5, m; x,=0,2 sin 2,5 ©ws, M; x, =0,1 sin 5 @, m; x3 = 0,3 sin (5 71/6), m.

4.3. a) x = 2 cos (nt/2 —n/4), cM; 6) x = 2 cos (wi/2 + n/4), eMm.

4.4. 0=1,57 ¢, Gmax = 12,32 cm/c?,

45.4=2cm.

46.A=4,15em; T=14co+9=20097 £ 2kn(k=0,1,2,...); Une = 18,56 cM/c;
Qe = 83 cm/c?; @) At =T/12 =0,12 c; 6) At =T/6 = 0,24 c.

2
4.7. v = JA"-mﬁ —(3‘-] = 26 cmlc.
(6]

4.8.2) ¢ = /3 pan; 6) ¢ = 5 /3 pan; B) ¢ = 3 n/4 pan; r) ¢ = 7 n/6 panx.

4.9. a) x = 7,8 sin (10¢ + 0,47 n), cm; 6) x = 4,47 cos (2¢ - 0,148 x), cm.

4.10.v=-223 Aw;a =~ 2,87 Aw?; Umax = 2,13 Aw. Bpaxysar, 110 B MOMEHT 4acy,
KOMu mBuakicTs, cTae MAKCHMANBHOIO, PHCKOPEHHS A0PIBHIOE Hy/EBI.
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<Y

Puc. B.4.1

dAs
dA, A7 9A;

Puc. B4.2

4.11. a) x = 10 cos (mt + 0,64); 6 ) x=((A, - 4;)* + 42)2 coswt; B) x = 10 cos (wt +
+ w/3) (puc. B.4.1).

4.12. Pe3yabTyioue KOaMBaIlg 300pakyeTbCs BEKTOpPAMMU: a) A, WO 3aMuKac 1aMaHy
NiKi0, YTBOPEHY BCKTOpaMu d4, .... dA,, (puc. B.4.2, a); 6) 4, (puc. B.4.2, 6).

4.13. Excnionenuiansia dynkuia (4.1.3) mae npocrti BracTuBocTi, Tomy 064MCNEHHA
crpoiytoThes. Peanbui 3HaYCHHS Qi3M4HMX BENMUYHMH CTAHOBNATH AiHcHy abo ysBHYy 4ac-

Tuny (4.1.3). Komnnekcua ammiityna A = Ae*® 306pakyeThes y BUMNAAI BeKTOpa, AKMH
NPOBEACHO 3 MOYATKY KOOpAMHAT. Buacniaok MHuokHUka €' komriekcHuii sextop 06ep-
TAETHCS HABKOIO MOYATKY KOOPAMHAT MPOTH PyXy CTPIMKY FOAMHHMKA 3 KyTOBOIO LIBHAKI®
cTio . [JomaioThes KOMMNEKCHI 4uCia 3a NnpasuioM napancnorpama, To6ro nonasaqHHA
rapMOHiYHUX KONUBaHb 3BOAMTHCS 0 NOAABAHHA BEKTOPIB.

4.14. Ha puc. 4.3 306paxeno 6urra, ana 9koro x = 24 (cos (@, — w,)t/2)(cos (*
+w)t/2). Tyt (w; + wy)/2 =(m) — CEpPEAHA LMKIiIYHA 4acTOTa KOMUBAHL, M) — W, = W ~

LMKTiYHA 4acTOTa GUTTA. 3 pUCYHKa BUAHO, 1WO: Tg (T) = (w) lws=10; @ =210 w; 1z ™

=190m;A4;=A=A=25cM.

4.15. a) y = 2x/5; 6) x44 + y2 = 1; pyX 32 pyXOM CTpifIkK roauHHuka. Jing BusHaqeHBA
HANPAMY pyXy MOXXHA BH3HAYHTH KGOgﬂHHaTH TOYKM Y 18a GAU3LKKX MOCITI A0BIMX MOMEHTH
4acy; B) y =-— 2(A2fA])x2 + Ay, y=—-x712+ 1.

4.16.2) x = a cos (0l + @),y =acos(wt+@ + /2 );6)x=acos(wf + @), y=acos(w+
+ @ + 3n/2).
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4.17.7=05c.

2
4.18. y=4 ——2-;—-.‘1!= Aw cos (m‘\h +16 sin‘of; a= Amz\fsin2 wt +16 cos 2 2wt

4.19. Kono; a) eninc; 6) inwi girypu Jiccaxy.

4.21. Fipax = 0,02 H; W, ax = 1 M1k

4.22. F=0,55 mH; E= 55 mx]x.

4.23. A= 0,045 m; x = 0,045 cos nt, M; F . = 4,44 MH.

4.24. t, = 0,21 c; wt, = 0,42 pan.

4.25. I'apmoHiyni konuBanHg, ¥ + 100x —2 = 0; x, = 0,02 M; x = 0,02(1 + 2 sin 10¢), m;
E=0,8mx; U=0,67 m]x.

£ =0,8.
W,

K

4.26.F=12cos20nt. H: E= 181072 Ix: F=0,8 H:

4.27. BukopucroByioun opmynn (4.2.7), (4.2.8) i ToroxuocTi cos’ o = -;—(1 +cos2at)

. * 1 - - o
i smzcx=-2—(l—cns2u), ofuncnioemMo cepeaMe 3a nepioa 3HaudeHns kiHetuuHoi W, Ta

1 .
norenitiansHoi U eHepriii 3a popmynoio (WK) = T _[WK (£)dr . Maemo Ba)xnMBY BNACTHBICTD
0

rapMOHIYHUX KOJIMBAHb (WK) = (U) =

4.28. PipusHus pyxy KyNbku X = A4 cos of, ge 4 = / sin a, m=\/%. MaxkcumanbHa

wBuakicre x_.. = Aw=0,31 ™/c. 3acrocoByioun 3akoH 30epekeHH eHeprii, MaeMo

max

X e = /28/(1—cosa) =0,31 m/c,

4.29. g = 4J (m? = e mg = 4 MxKa.

4.30. F = mg cos (o, cos wt) + ml o ol sin® or,

4.31. FoauHuuUK Bigcrane npubnusno na 14 c.
4.32.t=34°C.

433. T =2x /3_'?_ =16 ¢
g

4.34. x , =(1:t',/l —22/(3102))%0; xy =10 cM; x5 = 30 eM.

435. T, =T, =2n /E =135 c.
2g

4.36. Av=0,13 '
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437.2) T = nf-"fﬂ—"ﬁf—”’” 6) T =2n J"(M’J’?’”’z”’).
g(my —m) 6g(my, —m)

4.38. LlenTp Mac OrycKaTHMEThHCS, TOMY NEPIOA KONKBAHB OCTYIOBO 3pOCTATHME,
4.39. 36insmIKHTHCA.

4.40. PiBusinus pyxy Opycka mx = —kx , ne 3MillleHHA X BipaxOBYEThCA Bia MOJNOXKEHHY
piBHOBArK, Mae po3B’A30K x = A4 €os (0o + ¢). 3 NOYATKOBHX YMOB BU3HA4AEMO A i ¢;

x(0) = A4 cos ¢ =xp; x(0)==-Aw,sinp=0,38iacK ¢=0, 4 =X0,I=I{)COSJ‘7€ =0,01 cos 8t, m.
m

4.41. IlopiBuano 3 poss’szaHHamM 3anaui 4.40 Ttaxi sminu: (m + M) x = — kx, x(0) =

= J—st: =0,11sin5.47t .
m+M M+m

=Acosp=0;,p=3n/2, x=Awgy = ,

442. 7= 27:,/Ax;’g =0,6 .
4.43. Ax=16,2 cm.
2EAx

4.44. A= |—— =143 cm
mg

4.45. !=(2n+l)%,n=0, 1,2,.

4.46. x = 0,16 cos (207 — n/3), m.

4.47. T =2 |—2
1"""2
4.48.2) T = 27{{ . 6) T=2n ”‘U“”}.
440, v
vZ 4+ v}
4.50. T=nr ﬂmﬁ,lﬁ C.
\F
451, T=2n [—2_=0,77 ¢
2pgS

4.52. Hexait Tino macolo m po3milllyeThcs Ha BiacTani x Bia ueHTpa 3emii. Ha tino ni€

cuiia TAXiIHHA 3 GoKy Kyni pamiyca x F=G——2-, ne M — maca Kyni, M=§npx3; p -
X

. 3 . m

cepenHA rycTHHa 3emimi, p = 33 . Cuna taxiHHa Habysae surnany F = g—ux . Oxpemo0
?IR3 R3

AOBOAMTHCA (AMB. BianoBiak HA 3aaauy 1.110), mo cuna Tsaxinug 3 Goky KynsoBOro wapys

TOBLLMKHA AXOr0 R3 — X, N0piBHIOE HyneBi. 3a apyrum 3akonom HeloTona oxepxyemo aude

. . = . m . R3
pEH].lIaJ'IBHe pIBHIHHﬂ KOJIUBAHb TINA MX = —gR—x y 3BLAKH T =27 [—== 84 XB.
3 g
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4.53. T = 211:th(g(p,/ p,~1)) =60,2 c, 1e p,, p,— BiATNIOBIAHO IYCTHHU BOAM i BOAY.

R‘?(p

4.84. T=2nr |0 w2 c.

4.55.T=3c.

4.56. HanpyxeHIcTh ENeKTPHYHOIO 10/ HECKIHYEHHOTO TUIOCKOrO wapy £ - , A X —
£y

- . " s e .
piACTaHE Bia Horo cepenMHu n0 ToukW. PIBHSAHHA pyXy enekTpoHa X ey e 0, 3BiakM

mso

o= 22 = 37908 i
mEq

457 v=-L [PE _5 4 i
2n [

4n?l
oy

4.59. Bynemo BBaxkaTH nipouec 3MiHH THCKY aniabatuum: p?” = const. [Ticna norapug-
MyBaHHA Ta AH(epeHiIOBaHHA 01ePKHMO:

4.58. B= =8,2 MTn.

dV Sx
dp=—p—-==1p7"

Ie x — 3MilenHs noBiTpsA B ropii. [ToBitps, rycTHHa sKoro p, Mac Macy B ropai pS/. Cuna,
fKa i€ Ha nosiTpa B rophi, £ = — ypS*x/V € xBasinpyxHoio, To6TO MOBITPA Y BEIKKOMY
06’eMi nie monibHo no npyxKHM, PiBHAHHA pyXy NOBITpsA B ropii

IBiAKH

ypS J_ 112 I'y,
Vpl Vi
_=J P
p

4.60. Kynnka KoMMBAaTMMETHCS HaBKOJIO HEPYXOMOI TOMKM, SKa JEXWTh Ha BiAcTaHi [
Bin Hei. 3 yMOBH HEPYXOMOCTI 1IEHTPa Mac CMcTeMU myl, = my(l - [,). Toai

T=21'I:J~{T-=2‘n: —ml-’—--—.
g \’g(m1+m2)

4.61. /= 4n*Al(gT?*) = 0,4.
4.62. Aw*> g.

Ie BpAXOBaHO, 1110 WIBALKICTL 3BYKY
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4.63. S0 CucTeMa 31iHCHIOE Malli KONHBAHHA HABKOO MONOXCHHS PIBHOBACH X = (),
TO ii noTexuiansHy edeprilo U(x) MoxkHa NoaaT y BUTNAAL pALy

U(x) =U(0)+U'(0)x+(UT(0)x*)/2 +...

Ockinbkr B nonoxenui pisxosaru U(x) € miniManshoio, To U'(0)=0. Toxy

F (x)=—d[jiix)=—U"(0)x, T00TO KoedinienT kpasinpyxkHol cuam aopisnioe U"(0), a

BnacHa uactora 0=.U"(0)/m. Omke, T=
~

0 4.64. o=v2Da*/m=5,4-10" ¢'. lus. pos-
B’s3aHHA 3a0a4i 4,63,

4.65. Po3rngHeMo NOBEAIHKY MasgTHHKA B
pyxoMiii cucremi sianiky. BHacnimox npuckope-
HOr0 pyXy CHCTEMHM BHMHHMKAE cuna iHepuil, sxa
BLAXMIAE MAATHHK Yy BiK, NPOTHNCKHUA NPUCKOPEH-
0. V cTaHi pisHOBArK cuna iHepuii BPIBHOBAXKY-
€ThCA CHNAMHK THKIHHA i HaTAry HuTKE (pHc. B.4.3).

a) Bizxunumo Tenep MasTHHK Ha Manui KyT
Bill NONOXEeHHA piBHOBard. MoMeHT, sxuil BigHoC-
HO ToukH niasicy O crsopioe pisHoaiiHa cuna R,
yucebHO AopiBHIoE R/ sin @ = Rlg.

3a apyrum 3akoHoM HeloTona 3 ypaxyBaHHIM
HanpaMmiB Kyta i momenty /§ = — Rlp. Toni ozep-

KHMO:
R me T=2u1{1/\fa2+g2 =2 ¢,
Puc. B.4.3 6) Sk suamo 3 puc. B.4.3, R = mg + ( — ma),

Tomy |R| =m |g — a|.
V 3araikHOMY BHITAJIKY KYT O MDK BEKTOpaMH a i € JOBINbHUI, TOZ 3 TEOPEMH KOCHHYCIB

lg — aI=Jg2 +a’-2agcosa ,

T=21t,ﬂ/|g—a| =1,9c¢.
B)Amma=a T=2nJll(g+a)~18c

4.66. Po3rnanemo pyx Kyni B HeiHepiiianbHil CHCTeMi BIANIKY, 3B’ 43aH1H 3i CTPIOKHEM.
V uiit cucteMi kyng nepe€ysac B piBHOBa3i: BifUEHTpOBA CHNA iHepLil m’r 3piBHOBAXY"
€TbCH MPYXKHOIO cHnoo nedopmatii npyxunu. CHIM TEXKIHHA, HOPManbHOT peakuiii i Kopi-
onicosa (TepTA He BPAXOB)Y€ETHCA) HE BIJIMBAIOTH HA XapakTep PYXY Kyli, OCKiNbKH HarpiM®
neHi NepNEHAMKYNIPHO A0 CTPHXKHA. SIKO BiAPaxopyBaTH 3MilIEHHA x BiA NOnOXCHHA

piBHOBArH, TO Y pasi 3MilUEHHA BiJ LIEHTPA MAEMO: mX = m@*(r + x) — kx, 3BigKu ogepxy”

emMo Bianosinp T = 2nvk/m—o® . KonusaHus HEMOXIHBI, Akmo k/m < v’
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4.67. Buxniouarouu 3 pisHsub 0 = 0, cos (0 + @)

8 ;
i —QT: — Omax Sin (Wof + @) Hac, ONEPKYEMO pPiBHAHHS
0

MapamMeTPHYHOI MiHii, NO AKii pyxacTbca Toyka Ha (a3osii Q¥

.
+

pnoumni: 62 + (6/ 0,)* =02, (puc. B. 4.4). Orpumaemo

KONO, padiyc SKOro AOPiBHIOE aMNITYAi 8.

CiM’ €0 KOHUEHTPHYHHEX KiNl i3 LEHTPOM Y nNOYATKy
koopaunHart. Ilepioau obepranHg Towok, ski 306paxyOTh
CTaH, OJAHAKOBI ANA BCIX Kin.

4.68. Lo 3anauy 3pyunime po3s’a3aTH 332 10NOMOTr0I0
zarayibHOTO meTony (4.2.10), (4.2.11).

??!!‘UZ
a) E=W_+U =—2—+mgh=c0nst 3puc. 4. 15h=1[(1—-cos@). Tyrli=R-r. [ns

Puc. B44

MaIKX KyTiB cos ¢ = | — @*/2. Toai h = I 9?72 = x*/(2]). Takox ANd MaNkX KyTiB MAEMO
v=x . Onepxyemo

£\2 2
E= m(x) L, _mex
2 2(R-r)

3rinno 3 (4.2.11) w, =Jg/(R~r) .

mv*  Iw? 2 Sg

6) E=_2_.,._2_+mgh=const; !=Emr2.3riﬂnos(4.2.lli W, = ;

T(R-r)
4.69. T =2n3m/(2k) .
2

N mu~
4.70. 3a 3akoHOM 30epexeHHd MeXaHiuHoi eHeprii L= 5 +mgh+ = = const , abo

= const .

2 2 2
m(x
(2) +mg%+—2—-= const . Tyt BpaxoBano, wo k = x*/(2/) (auB. BiANOBiAL Ha 3adady

4.68, a). 3pincu 3rigHo 3 (4.2.11) w, = %”-+£ .
m
2 2

4.71.3a 3akoHomM 30epexeHHs MeXaHi4HOT eHeprii E=%+(ml+m2)g-§}-+

+-—2-._—. const » A€ / — MOMeHT iHepilii MAasTHMKA BIAHOCHO TOYKH MIJABICY; X — 3MILIEHHS

l€HTpa mac, / — BiacTaus Bia TOYKM niABicy MasTHHKa A0 neHTpa mMac. OCKibKH @ =@,
X = lg, opepxyemo

W ] 2
I(‘;) +((my +my)gl + k)2,

E=
2
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3piacwu 3rizuo 3 (4.2.11)

0=

2
\j(m,+m2!)g!+ki —46lc.

4.72. Tlpy rOpU3OHTANBHOMY TOMOKEHHI CTPUXHA MPYXHUHA BXKE POITATHYTA HA Bif.
craHb xo = mg/A2k), 1ka BUIHAYAETHCA 3 YMOBH PiBHOBArd MOMEHTIB CHIIM TSXIHHA | NPy
HOl CHIH BiZHOCHO TOYKM O. SKIO MOYaTKOM BiANiKY noTeHUianbHOi eHeprii U cTpHxug
BBAXKATH MOJIOXKEHHS PIBHOBATH, TO Y pa3i Manoro 3MillleHHS MPaBor0 KiHUA CTPWXHS Ha

: . ; x : ; ;
BiACTaHb X YHU3 HOro noTeHUianbHa eHepris U = —mg-i- . Toni noBHa MeXxaHi4YHa eHeprin

x 10? k(x+x,)° kel
= - e + =
E=-mgo+= 2

= const.

ITicns nepeTBOpEHbL MaEMO:
32 g2 2
' te

k* [Bk m
= |—=— T=2n|—.
o \J / \/; “\{3:

4.73. BpaxoByloyu, 10 B MOJIOXKEHHI PIBHOBArd NMpyXHHa JELI0 PO3ITATHYTZ Ha Bils
CTaHb Xy = mg/k, MOBHA MEXaHiYHa €HEepris CMCTEMM B pa3i Maloro 3MilLEHHS TATapui
BHHU3 Ha x Oyne HEIMIHHOIO:

=const ,

3Binaku 3a (4.2.11)

H(¢)? R X o
2 2 2

{ 2
T=2n M
k
mg 2hk _ m
4.74. A= P 1+ =7.5em; T=2m = =0,3 c. CxopucTatMcs METOAOM, HaBe-
mg

ACHUM y po3B’s3kax 3anay 4.68—4.73, i popmynamu (4.2.10) Ta (4.2.11).

4.75. TapMOHIYHUMH MOKYTh OyTH HE TiThKH Maili KOMMBaHHA, a H OyAb-AKi, SKIIO BH
KOHY€EThcA yMoBa (4.2.10).

4.76, CvcTema 38’ 13aHHX OCLMIATOPIB Mae ABa cTyneHi BinsHOCTI. [lo3naunmo koop~
AVHATH Till 4eped x, i x; (puc. B.4.5). V nonoxexHi piBHOBAry Xzo — X = lg — AOBKHHE
HEPOITATHYTOT NpyxuHU, Tonl x; — x| — o € BUIOBKEHHSM NPYXHUHU. PIBHAHHS pyXy i1
3 ypaxyBaHHAM HanpsAMiB NOBEPTANEHUX CHJT BIAHOCHO Oci Ox MAlOTh BUMAA;

{ m].'rl = k(x2 - x] _’0),
MyXy =—Kk(xy =3 — 1),

E=—-mgh+ %(rq’:)z + = const.

3Bincu 3rigHo 3 (4.2.11)

(1
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i ST N
0 Pl i .
X; X
et ——————
— al —3
Xaz
o e
Xz
i —— .
Puc. B4.5
3Bincu _
JiBiul 3iHTErpYBABILUH, OACPKHUMO
mlil B mz}.:g = C| N | (3)
mlx] + m2x2 = le + CZ . (4)

Crani iHTErpyBaHts BU3HAYAKOTHCA 3 MOYATKOBHX YMOB. OCKINbKH HIBUIKOCTI NpH £ =0
RopiBHIOBANH HyneRri, To Maemo C) = 0. Toai

mIXIO + MyXag = C2 . (5)
Posrnanemo Oyab-sxe 3 piBHanb (1) i 32 aonoMoroio (4) i (5) BUKIOHHMO 3 HLOTO APY-
ry koopaHHary. [licns nepersopeHs 0AepKMMO, HANPHKIIAA A1 X3!

Ve m +
X, =_k]__m_2..x2 + kxm
mim, mm,

my + m,

(6)
PiBusHHS (6) iZCHTHYHO PIBHAHHIO ANS rapMOHIYHOrO OCLIMAATOpPA 3 TaK 3BAHONO 3Be-
AEHOK Macor

__mmy
__-—-!
m, +my

33 BUHATKOM MOCTiiHOro 4nena. Yepes Te, 10 NOXiAHA BiA KOHCTAHTU AOPIBHIOE HYAER,
PO3B’ 430K (6) BiAPI3HATUMETLCA MOCTIHHUM A0AAHKOM, L0 HE 3MIHWTL YacToTH. OTXe,

ro ZR\/-E o [
k k(ml + m2)
477, T =2m |—"M__
k(m+ M)
4.78. 0, = ‘M =7,2:10" ¢ !, indppauepsonii.
mm, ,

4.79. Mona 1: x,(t) = x,(t), MacH 3miutyiorscs B onun 6ik, o, =vk/m=82 ¢,

Moa 2: x,(f) = — x,(), MacH pyXaloTscs B npoTHAEKHi 60KH, ©, =v3k/m=14,1 ¢
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B ka3iBka 3anuMcatd piBHAHHSA pyXy KOXHOI MacH, BpaxOBYIOUYH, L0 CHIH, SKi
Ail0Th H& MACH, MPOMOpPLUiHI 3MiHI KOBXKMH BIAMOBIAHHMX TIPYXHH. PO3B’A3aTH CHCTeMy
JIBOX NiHIHHUX piBHAHE.

4.80. Mona 1: MasTHMKH BIAXM/SIOTLCA HA OMHAKOBI KYTH B OAuH Oik, npyXuHA He
neGopMy€EThCa. NpyXHi CHAH HEe BHHHUKAOTh, T = 2mﬂ /g . Mona 2: MasTHUKH BIAXHJIs-

HOTHCA Ha O{HAKOBI KYTH B pi3Hi 60kH. SK1IO KOXHHHA BIAXMIAETLCA HAa OAHAKOBY BiACTAHBL
x. TO aedopMaiis NpYKHUHH AOPIBHIOE 2x | MOBHAZ MEXaHIMHA €HEpPris CcuCTeMu

- 22 2
omY L X onst. 3a metomom (42.10) T =2mmi2k+mgil).

2
X
E=2mg—+
oy

Hi. ve obminioBatumyTsca. YoTHpu MoaH.
4.82.r = 2,1 xv/c.

4.83. V 8 pazis.
4.84. N=35.
4.85.6=2.310"".

4.86. O ~mnv,t=188-10°.
487. O=~mklr=20.

4.88. x=0,1e%% cos 8nzs , M.

4.89.p=10"2c " 8=10"% Q=314 —%:2-[0'2.

4.90. 0, = o1+ (1/40%) =152¢ 7",

4.91. Y 64 pazu, §=0,3.
4.92. N =%mn =87, At=N\m(4% +5°)/k = 1,44 xs.

4.93. 3milieHHs TArapus BiZ NONOKEHHA piBHOBArd x = 2,22 e~ cos (97— 0,45), cm.

4.94. 3aranpHui WAAK, SKAH NPOKAEHO N0 3YNMUHKU. § = X0 + 22X + 2Xp0 + X3 + ..,
I€ X0 — MOYATKOBE BiAXMACHHS, iHII iHAGKCH BiXMOBIAAIOTL MAaKCHMAaNbHUM BIAXHNEHHAM
y To# (napHi iHaekcK) 4K iHWKA (HenapHi) Oik. KoxHa BiacTans, KpiM NO4aTkOBOI, NpOX0-
NUTHCH ABiyi — TyaM i Hazaa. I3 (4.3.2) maemo:

S =Aycos o+ 24pe P cos o+ 240e ¥ cos o+ 24ee P P cosa ... =
=Aycosa+24, (e + e P+ 324+ )cosa.

VY nyxkax cTOITL Cyma 4JIeHIB HECKIH4EHHO clanHoi reoMeTpHYHOI nporpecii 3i 3Ha-

MEHHHKOM g = e %, sxa nopieHioe e~ "2/(1 — e 7).
Toni
x() | 4e 02

5= AO !_e—_mz COSs .

Buxopucrosyioun dyHkuio rinep6o-
MYHOr0 KOTAHTEHCA, OTPUMYEMO:

—

S
s=A,cosc cth—=3,12 cm.
Puc. B.4.6 A 4
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4.95. n=—%=95,2 %.

Eix.

4.96. bBynemMo WWyKaTH pO3B’430K pIRHAHHA
(4.3.1) y Burnagi x = ue ™. 3 yMos 3anaui sHnHBaE,

wo P = wy, ¥= 2\{;& . e Bunanok anepionuuHOro
pyXy — TaK 3BAHOTO KpHTH4HOI'O 3racauus. [lin-
CTaBMBIIH Ui BHpa3u B audepeHyiansHe piBHAHHA,
onepxuM0 ¥ = (. Po3B’f30K OCTAHHBOrO0 Mac
purman u =A + Bt. Tonix=(4 + Be ™, ne 4 i
B — crani, 510 BM3HAYAIOThCS MOYATKOBHMH YMO-
BamH. Ao 1=0,10x =0, X =1v,, 3BlaKkn 4 =0,

B = 1, Po3s’s30k piBhaHHA pyxy HaOypae BUrsSmy
x = vote " ¥ Jlocarmm makcumansHOro 3mingens,
Tino 3ynuHuThea (X =0), nicag 4Ooro pyxaru-
METhCA 10 MONOMEHHS piBHOBATH: X = woe ~P(1 — Bf), 3Biaku ¢, = 1/B = 2mlr. Y MoMeHT
yacy f, IMILLEHHS Xy, = Vo/(Pe) = 3,7 cM. ['padik 3mimenns 306paxeHo Ha puc. B.4.6.

4.97. ¥V nsomy pexuMi NMoBepHEHHN PYXOMO] YacTHHH B MOJIOXKEHHs piBHOBAru Binby-
BAETHCA 3a MiHIManbHu# Yac,

4.98. ®az0BO TPAEKTOPICIO 3racakyoro OCUMIATOPA € Chipans, WO CKPY4YETHCH.
Burasn Tpaekropii BU3Ha4a€Thea norapudmMivHUM DEKpeMeHTOM 3racaHHs & abo nobpor-
nicTio: Q = /8. Kpok cnipani (puc. B.4.7) x, —x,.1 = A4 — Ae " ® = 48, axmo 8 << 1, ge 4 —
aMrnuityza.

4.99. Ax = Adexp(—6t/T)=36,79 MKM.

4.100. At/T =10°%; x(t)/(x{t + At)) = 2,2-10%,

4.101. a) Hexali piBHSHHS KONMBaHb TOYKH MAE BUTIL X = Xpax COS (Wof + @). Toai
WBUAKICTL X = ~X,, Sin(®yf +@). ¥ MomenT yacy =0

Puc. B.4.7

Xg = Xax COSQ,
0=-x_,0,siNQ,

5 2 n
Y nonoxeHHi PiBHOBATH Xpjsy = Xmax COS Wt = 0. OCTATOYHO MAEMO ! = "
0

6) 3a ananoricio Ang 3racarovyMx KoNHBaHb MaEMO

x=x__e ¥ cos(wt + @),

m

X = —xmnBe'p' cos(wt + @)= xmaxme"ﬁ' sin(w? + @);
3 ypaxyBaHHAM NMO44TKOBHX yMOB

Xg = X0 COSQ,
0 =Bcoso+ wsin g,
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IBIAKH
2
B p

tgq)=—$; Xrax — Xy l+—?

PiBHsHHS pyXy MaTHMeE BUrIsA

f 2
X=Xy 1+-ﬂ'—- ¢ cos{mt+arctg(—-£)).
w?

[pupiBHiooun x A0 HyNs, BU3HAYAEMO YacC. 3a AKUA TOYKA NEPEXOAHTH Y MONOKEHHS

. ®oir . 2 B
piBHOBaru: f = —(1 + — arctg —).
2w n m

B o06ox BMnankax yac Mepexoay B MONOKEHHS PIBHOBArH HE 3aNEXKHTh Bil NOYATKOBOrO
3MieHHs. L1a ocobnupicTs Mankx KonuBaHb HA3UBAETLCA 1I0XPOHHICTIO.
4.102. x = 0,52 cos(901 — 0.09), cm; 4 = 0,53 cM, 4, =3 oM.

4.103. vy, = 1,75 T,

4.104. @, = Jio? +0l)/2=224¢"",
4.105. w, =«,f2m2 ~w’pes 10l ¢ ; Q= S S =3,55.
2, /1 ~ (0, /©)
4.106. Sxuwo yacToTra 3MyyBansHoi cuan v = v// 6yae Gnu3bkoio A0 BRACHOT YaCTOTH
KONHMBAHb Vv -1 IE ,Toai [ =2mv L 0,63 M.
2\ h g

ko ¥ F.
4107. 0 = J—-——~10 ¢ 4 =0

—~02M
r Yk

1 2
4.108. vu=——\j— 0.5 T, Vpey == & —045Tw

! 2m

=3,37 cm.

e ™ g/~ (r2/(4m )

4.109. x = ~0,13¢ % 5in(8,93¢ + 0,8) + 0,22cos(81 — 0,47), M3z, = 27N

r

=92 &

4.110. 4 /Acta'mq = wo/(2B) = Q.
4111, F 0 = 2BmA 00 = 107 H. Busnauntu koediuient sracanns P, ckopucras-

wuck Gopmynowo (4.4.6), i MOPiBHATH HOTO 3 BAACHOK YACTOTOK KONHBAHB Mg, Y pasi
p<<wg popMynH CripoLLyIOThCA.
4.112. F'=0,2 cos 101, H. 3miwenns siacrae Bin cunu 3a gpasow Ha @ = 70% T, =0,2 ¢.
Feo?p/ 125
— o 9__0,25Br.
(wp —@”)" + 4p

4.113.a) (P) = =0,002 Br; 6) (P) = prom
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BrasiBka: (P)=(Fx), ne Fi x BuzHavaoThCa 3 popMyn (4.4.1) — (4.4.3). Bpaxy-

i
BaTH, WO (sinw’cosmr)= (-;—sin 2<or> =0Ta (cosl o ;) =E X

4.114. Y pesonanci ¢a3za smyuyBansHol cunu 36iracrsca 3 §a3oro WBHAKOCTI, cuAaa i€
g HanpsMi pyxy.

4.115. Konnsanus 2, 0, e — BUMYWIEHI: @, 6, 6, €, HC, 3 — aBTOKOTMBAHHS.

4.116. I, = g/(n’0®), nen=1,2,3, .., 0=157c" " /,=398m L =099 M, ; =
=0,44 m, ...

4.117. x = 1,27 sin nt + 0,42 sin 3az + 0,26 sin 57t (puc. B.4.8).

Puc. B.4.8

]
. 4.118. Tlpu posroinysaHHi He3racaloyoro OCLMAATOPA MepiOAHYHHUMH MOLITOBXAMH
goﬁpamynanma Touka Ha (a3zoBiil NMAOMHI IMilYEThCH MO BEepTHKaNi HA KOAO iHILOTO
1+1
paniyca Ha BIACTaHb j f(@)di/(mw,) , e f(1) — 30BHIILHA CHNA, O A€ HA OCLIMIATOP;
T

'T~ TPHBANICThL NOWTOBXY.

a) T =T, + A (puc. B.4.9, a). [lepun# nomwrosx nepeBoANTL TOMKY 3 MOYATKY KOOp-
AMHAT y TOUKY A;, npuuoMy 3HaueHus OA; nponopuikite iMmynscoBi. Jlani BinGyBacrncs
TapMOHIYHE KOIHBAHHA 3 YacTOTOIO Wy 300paXKyBanbHa TOMka pyxa€Tses no xoiry. Hacryn-
HUH MOIITOBX 3aCTHrHe OCLMAATOP MIiCAsA TOFro, Ak BiH 3poOuTh OnHE MOBHEe KOMHBAHHA,
Hafipuknan y Touwi B,. Opaunara cTpuOkononibuo spocrae. Touka 3HOBY e mo xoiy.
Kytu A,0B, , A,0B, , A;0B,, ... — 0aHaKOBiI M cO00K0, TOMY IO KYTOBA WIBUIKICTL PyXy
W, 300paxkyBanbHOT TOMKH HE 3aneXuTh Big aMIniTyji. BHacainoK ns0ro HacTa€ MOMEHT,
KOM MOIITOBXH MOYHYTh 3MEHIIYBAaTH aMIiTyay kOnAMBaHb. [1icis Toro, sk BOHa 3MeH-
WHThCH Malike Q0 HyNs, MOLUTOBXH 3HOBY 30inbnyBaTHMYTh ii. BUHKKal0TH OUTTA.

0) T = T;— A (puc. B.4.9, 6). Cutyauis noai6ua ao m. a.

B) I = T, (puc. B.4.9, ¢). AMIniTyna cTae Ak 3aBrOQHO BENHKOIO — CIIOCTEPIraETheA
ABHIIE pe30HAHCY.

r) T = nT,. Pe3oHaHc HACTAE NOBINbHILLE.

n) T = Ty/4. Bunnkaiots O4TTS, 5K Y 1. a, 6.

€) T = Ty/2. KonvBanus 3 MNOCTIHOK aMOniTya0il0 YepryioThcs Yepes To/2 3 Hepyxo-
MHUM CTaHOM TOMKH.

4.119. fix — 1), ne fix) — dbyuxuis, wo onucye Gpopmy iMmynscy npu £ = 0.
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Puc. B4.9

4.128. £ = U,SSEn(E! LR

)
. M.

3 I8 9

i

4.120. Onucye nAOCKY XBHAKO, IO MOLMe
prO€Thes B3A0BXK Ocli Ox 31 WBHAKICTIO U =
= a/b.

4.121. dyukuii a, 6, 0 — u.

4.122. Yci yacTHHKM cepenosuila 3aific-
HIOIOTh KOJIMBAHHS HaBKOJO CBOIX MOJNOXKEHD
piBHOBary. ¥ BCIX TOoukax IMIOIMHK x = const
YaCTHHKH KOMHBAIOThCA B OnHakosili dazi #
MAaloTh OJHaKose 3MiueHHs. Moxe 30iraTucs B
NO3JZ0BXKHIA XBHIII.

4.123. A, = 3,31 Mem; A, = 14 Mxm; A =
=61 MkM.

4.125. £ =3 oM.
4.126. L= 8 M; E(x,1) =0, kcos 5a(t -2—’;), M;

£ =0, & =-0,07m.
4.127. £, =64,15 Mkm.

4.129. v = 1,7 xm/c ; £ =30 mrm, &=-5,1 M, E=-9,7-10" m/c’; E;,mx = 54 m/c.

4.130. £ =1,93-

e,

4.131. L= 123,67 M; a) x, =3,7[[2—-:—0J-IU3 M,aen=0,1,2, .., 120

6) X0 = 3,71[2 -
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4.132. Buxopwcrasium 3akod ['yka B audepeHuiansHiii dopmi o = Ed¥/dx, onepxumo
Fnax =T dEo[PE /(2T) = 3,11 wH.

4.133. v = 5,05 kmic; v, = 3,54 km/c; v, = 5,05 kM /c.

4.134. n=JE/G =1,64.

4.135. F =nd*v\JpE /2 = 90,9 MH; t = 2m/(nd* JpE) = 49.28 mc.
4.136. v, = 1,9 km/c.

4.137. (@) = 21" 4*\[F,u = 62,36 Br.

4.138. d = %&ﬁms,/pg =5,81 Br.

4.139. |o| = VWE =5,48 MlTa,

4.140. A = 47 mxM.
4.141. v. = 972 m/c; vy, = 337 M/c: v, . = 262 M/,

4.142. t = 2%, .. | A (J;I-— J: 22 ¢, pe y — nokazHMk aniabaru mositps.
2

In(7; /) Y ¥RT,
4.143. vgut(v)ﬁfyfz , D& Y — NoKasHUK aaiabaru nositps.
4.144. v, = 331 wlc; (v) =468 m/c; () =2cmlc.

4.145.t =6 ¢.

4.146. (Ap)o = 2Ipv ; (Ap)on = 6,53 [Ma; (Ap)os = 387 IM2; (Ap)oe, = 2-10° Ma.
4.147. L=51 nb.

L
4.148. 4= — RTJZpIOIO o (1M =0,55 mxm.
2pmv \ yM RT

4.149. [&) = /_2_{ = 0,07 mM/c, ae iHTEHCHBHICTL 3BYKY [ = 1087y Iy = 10" Br/m2
max pY '

1 2] .
4.150. AMnaityna 3MiuleHHs Monekyn nositps y xsuni &, =——,[— , A¢ ] — iHTEH-
pU
CBHicTH XBHII; v — i WBKAKICTS; p — rycTuHa noBiTps. Jins vacroT xBuni v = 4 «xI'y, o
AKOi monckke Byxo HaH6inl uyTAMBe, mopir ¥yTHOCT [ = 1072 Br/m® . Hasits komu
ks F007,, 1o amimenus Monekyn nositps & = 2,72-10‘” M, 1O 3HAYHO MEHILE, HiX nia-

MeTp monexynu nopitps d 107
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4.151. a) (Ap), =10°IMa; 6) (Ap), =10 a. 3Byk € MPYKHOI XBUTEIO Iye Manoi
iHTEHCHBHOCTI.

4.152.vi=1118Twv,=1133 1.

4.153. v = 122,4 xm/ron; vo = 990 'L

4.154. Av=2721 I'n.

4.155. a = 42°,

4.156. flxi10 MIBMAKICTS NiTaka ¥ MEHIUA 3a IIBHAKICTL 3BYKY T, TO XBHILOBI NOBEpXHi
3BYKOBMX XBHIIb, ki 30YJUKYIOThCS JNiTaKOM, 3IylieHi mepes HUM i po3pimkeHi 3a umw.
Komu v = v, TO XBHALOBI MOBCPXHi AOTHKAIOTLCS 00 MKepesia 3ByKY. Ko ¢ > v, 1o 8ix
JiTaka NoWMUPIOOTLCS YAAPHI XBHIIL. ¥V aapHa XBUJA — CTPUOOK YIUIIbHEHHSA — MA€ BUCASI
koHyca. Konu koHyc NOXOAHTL A0 NOBEpXHi 3eMNi, TO BYXO NIOAMHM DEECTpye yaapuy
XBUNO, 10 BUHUkNA. Piska nepebynosa XBHILOBUX (PPOHTIB CrIpUAMAETHLCS MOAUHOIO gk
“nocTpin”.

4.157. a. = 0,68 pan = 38°57".
2ntinn

4.158. Ap=
¢ iy

= (.67 paxn.

4!

ln[n—)
4.159. y=— 22 _ 01 m". A=30 m;v=4500mM/c.

4.160. P = 12,56 mxBT.

4161 y=——In—"1 -938.102 m"
20r 1+ Arln

4.162. x, =M;; a) xp =17 kM; 6) x5 =7 cM.
2av”

4.163. I = 3,8-107'° Br/m?.

4.164. x = L/(8,69 av?); x, = 17,3 M; x, = 1 1.5 km.

4.165. x, = 5,8 M; x, = 3.8 km.

4.166. n=0.067.

4.167. F=R(v_ —-v,)/(2v.)=2,65wm.

4.168. 4,74, = ((pri(pts)) — 1)/2. 1€ P, , Vs — FYCTHHA it IIBMAKICTD TO3A0BXKHBOI XBU
y Boni. 4,74, = 1.57.

4.169. Ao iMnenaHe cepenOBUILA, 3 AKOTO NALAE XBUIIS, MEHIUHWH 32 iMneaaHc cepe
AOBMLUA, BiA AKOro BOHA BiIOMBACTLCA.

4.170. n= 0,03 %.

4.171. D= 0,1 %; He 3MinuTHCA.

4.172. a) D=83 %, 6) D = 14 %.

4.173. [lpu Z, = Z, enepris xsui 8 Micui 3’eaHann npoxonuts Ges BinOusanns. 32
dopmynoio (4.5.18) koediuient sindurrs ¥ = 0.
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4,174. TutepdepyBati MOXyYTh Oyab-aki XBUNI He3anexHo Bij IXHLOT BizuuHOl nNpHpoO-
AH 33 YMOBH, 110 BOHH MiAKOPAIOTHCA NPUHUMNOBI cynepniosunil. [lpU gonasanHi AiHIAHO
ONAPH3OBAHAX Y B32EMHO MEPHEHIHKYISPHUX HANpAMax XBMIlb Y 3araibHOMY BHNAAKY
gUHHMKAE EMINTUYHO NONAPHU3OBAHA XBUAA, IHTEHCHBHICTS AKOT AOPIBHIOE CyMi iHTEHCHBHO-
creil CKIIAOBUX XBUIIb, TOMY iHTepepeHLii Hemae.

4.175. 'inepGonoiau obepraHus, oci AKUX NPOXOAATH Ye-

pe3 obMaBa ukepena (puc. B.4.10). Haitmenula BiacTans Mix
WHMY NOPIBHIOE MOMOBHHI JOBXHHM XBUAI, 11O BHUIOPOMiHIO-
€ThCa [DKepenaMH.

4.176. A= 0,61 mm.
4.177.v=1700I'n,

(AZ)U ﬁsin(mt—kx+-§—+ arcth] ;a) Ap =

= 9,3 mIla; 6) Ap = 2,2 mlla.
4.179. a) YacTHHKM 34IACHIOIOTL KONMBAHHA TEpreHau-
KYAPHO 10 TMIOMHHHA xOy, aMnniTyna KOJNHBaHb 3aNEKHTh
BiXl KOOpPAMHAT TOYOK, iHTepdepentis Mae Micue; 6) YaCTHHKH
pyXaloThCA N0 enincam (konam), intepdepenuii HeMae.
4.180. Hi. CTosya XB1JIs EHEPrilO He NePEeHOCHTh.
4.181. Exepris nepexoauTs 3 MoTeHUiankHOI, Aka 30ce- Puc. B.4.10
peivkena noGnu3y By3NiB, J€ MICTAThCA my4HOCTI Aedopma-
Wi, y KIHETHHY, sika 30cepe/iKeHa 6ins myynoctel XBUMi, Ae MICTATBCS My4HOCT! IIBHA-
KOCTelt YaCTHHOK cepenoBHILA, | HABMAKH,

4.178. Ap =

4.182. & = 50 cM; Enax = 7.4 MM 860 Enex = 4,8 MM; HOMep 0BepToHy 7 =%= .

i

4.183. & =20;17; 10 cm.

2n+l
4.184. a) x,y, 20T s 15 12,5 o e == 0; 55 105, oM
4v v
ny (2n+1)5‘
6]xm=——=0; 510; ... coM; X, =~———=2,5; 7.5; 12,5; ... em; n=0: 1, 2; ..
2v 4y
4.185. v = 2lv, = 512 m/c; F,, = np(v,id)* = 1,62 xH.
4.186. 1’5—1’“"—"1— f— =3 T
al \ pmr
4.187. v, =— |2 ; 0,23n<v,<0,44n, ¢'; n=1,2,3, ...
21\ p
4.188. v,,:z’;l & tyrh = 0, 1,2, .. 3,154; 9,46; 15,77 kT,
p

4.189. v, =%=50 Iy vy =%=250 [
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4.190. v, = 200 T'tt, v, = 400 I, v3 = 600 T,
4.191. v, =446 T v, = 1338w

4.192. KiscTuuna elepris cieMenTa dx crpynu dW, = (8)° dx/2, ne p = m/l — ninidina
FyCTMHA CTPYHH. [TORHY creprito W, .. BUSHAYMMO IHTEIPYBAHHAM I10 ROBKHHI

W, oo = muv, n*A* = 0,62 JIx.

4.193. v, = 250 m/c; v, = 240.5 M/c, u = % = 50 m/c.

4.194. v, = v, =20 m/c: u = 200 wm/c.

4.195. a) w(k)zk‘jz; 6) w(k)=k I—-}: . Hi.
pS d P

4.196. Slx npaBuaO. 3BYKOBI XBMN B MOBITPI HE 3a3;ial0Th MUCMEPCIi, TOMY rpynosa
IWBUAKICTH 10PiBHIOE (Pa3oBiH.

4.197. 3a ymoBu k=qi—g~e;l=2n -E—I-=l,7l CM; U=u= igi}i=23‘1 cmMm/c;
o \Jgp n

=3, |—=1016 cM/c: =2.5.
2\p

4.198. [logisTi Ha KOTYIIKY 3MIHHMM MarHiTHUM MONEM, @ Ha KOHASHCATOP — KOpOT-
KOYACHUM IMITYJIbCOM Hanpyry. 301Ib1MTH AiaMeTp NPOBIAHKKA, AKHM HAMOTaHa KOTYILKA.

4.199. 1) 3meHwnTLCS BHACHIfoK 30iNbINEHHA €MHOCTI KOHAEHcaTtopa, 2) a) 3MEH-
wKThCA; 6) 301MbImMTHCS.

4.200.v=1 MlI'u

4.201. 1 = 10 Mkc: [, = 047 A.

4.202. T=2 mc. [(r)=28,2¢co0s (lUgm+—;) ,MAL L =034 TH.

4.203. 7=35 mc; C=0,63 Mx®; W, .. =Wenax = 0,2 MIx; U (t) = 8ncos400ns, B.
4.204. W, = 0,063 IOx.

4.205. T=8mc,; 8=0,7;, U(t) = %&gﬁ-’ coswf =80e™*" cos250ns , B.

4.206. 1(£)=49,7¢ 7% cos(7.09-10% +1,67) , MA; 6= 0,62; W, = 12,18 1.
4.207. R =137 Om.

4.208. N = 20,

4.209. O = 100.

JLIC _
nR

4.211. He aminuTbeS.
4.212. Hanpyra Ba KOHAEHCATOPi # CTPYM Y KOHTYPi 3MIHIOIOThCA 32 3aKOHAMH

4.210. N, =

15.

U=U, e cos (w1 +09),

I=1_." cos (01 +0+y),
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pe cos ¥ = — B/ay; T06TO 32 HAABHOCTI B KOHTYPI akTHBHOro onopy (B = R/(2L)) 3cys a3
MK Hanpyroilo i CTpymMom BiApi3useThcs Bin w/2 (mwo Mae micue, xomm R = 0)
Hexalt CTpym Iocsra€ MakcuMymy B JA€AKAH MOMEHT 4acy f, TakMil. (o

O, +0+y=0, /=1,=1,¢e"" [puusomy HAMpYTa HA KOHAEHCATOPI
U = Umﬂe-wm CDS(Ume + "~P) = Umoe_mm ‘305(—‘1!)- BPBXOB}’IO‘{H, Y Unf{} = gjﬂ'r !mO = GmoWo:

C

W, ' | 4L

omEpXKyemo: | —=| = = = =20.
[w{;]} [cuzl cos’y R*C

2
4.213. ~AW =2nR C(i'”c’ E =3 1,4 mxIx .

4.214.t =7 LC Inn/ = 1,7 mc.
4.215. W= Wy exp (— w 1/Q); = 50 %.

4.216. 3aranbHa €MHICTL KOHAeHcaTopiB craHe Ginbwolo, Hixk 4L/R%, pospaa craHe
anepioAMYHUM.

4.217. Hi, x011BaHHA BUHUKAIOTH 32 YMOBH C < 4L/R* = 1,6 Mx®,
4.218. =242 sin (314¢ - 0.54), A.

U\
4.219. @ = arctg [I_MRJ ~1=0,8 pan.

m

i)

L = = 57 mA: ¢ = —-1,56 pag;, U, = 0.36 sin (314¢ +

2
R? + (mL ——-—l—]
wC

+3,13), B; U= 180 sin (3147~ 0,01), B.
4221.v=15,92 «l'u.

4.220. I, =

2
4223.9) o=~ X
IC

=345 ¢~ 6) 0= l

- = 372¢7",
2L JLC—(RIC‘E)!Z

4223.T=02mc; L= l/{mﬁeBC) =10,14 MIn; R = 10,6 Om; I(7) = 4,72 cos 10*xr, MA.

4.224. L=0,1 Tw; 7(t)=-0,025x sin 10°7t , A.
4.225. C=101 mx®.

4.226. Vpea = 278 XI'L; Uie' pea = Ut pes = 2,39 B,
4.227. v, =210 I'y; v,=236Tu.

4.228. O = 1/(2nvpe, RC) = 50,6.

40229- Q . Um(‘pﬂ !Um = 30-

4.230. [Tepwuii cnocib. Memaod eexmoprux oiazpam. Konaencatop i pesucTop repe-
Oysatore mix oanaxosolo HATIPYTOO, ane CTPYMHM B HHMX 3cYHYTi 3a ¢aioto. [Tobyayemo
BeKkTopuy niarpamy cTpyMis, B3fBILM 33 OCHOBY BEKTOp aMNITYAH HanpyrH (Bich Hanpyr
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Unax» ropusoHTans) (puc. B.4.11),

ot I Homxunn BEKTOPIB: [pmax = Upn/R:
o/l B Icmax = Unaxt0C . TloBuuii crpym [
g 4 »Umax € BEKTOPHOIO CyMOIO 060X BekTOpis,
IR max JIoBuHA PE3YNbTYIOYOTO  BEKTOpA
Puc. B.4.11

I 2,2 .
Lo =V FHD C*° , noBHu# onip

Z=U_ ] =R/ | +@°R*C? , a xyT, Ha sxuil NOBHUHA CTPYM BUnepekae Hanpyry,
p=arctg(oCR).

Hpyeuit cnocib. Memoo komnnexchux onopie. TIpyU napanensHOMy 3’€alaliHi CyMapHuii
iMneénaHc xona
5 Ze ZR _ ~iRl(eC) ‘

Ze+Zy R-il{oC)

[ToMHOKKMO | NOAITUMO TIpaBy 4aCTHHY piBHsHHA Ha R + i/(wC) i MpHBEAEMO Cymap-
HUI IMDenaHc no anrebpuutioi gopmu: Z = X+ iY. ToBuuii onip € MOy neEM Z:

Zz=171= Jx?+¥? =R/1+ 0?R’C? = 602 Om.

3cys a3 o = arctg (¥/X) = — arctg RonC = - 0,27 pan.

KyT ¢ < 0, a ue o3Hayae, o cTpym BHNEpemkae Hanpyry (bopmyna (4.7.2)).
4.231. C= 1/(4n*v*L) = 51 Mk,

4.232. vy, = 160 kI'y; 1) = 5,5 MA; [ =5 MA; Ly 10 = 0,5 MA,

4.233. 1,,= 0,34 MA.

R+ 022 R?
4234, 7= Ol 51,7 Om; ey = o= = 14610,
(0CR)" + (1-0°CL) LC
an =-C% =1.11 kOm (auB. po3r’s3anna 3ana4i 4.230),

4.235. Hanpyra U na scix RinsHKax Kofa € 0AHAKOBOIO, @ CHIIN CTPYMIB y rinkax — pi3-
Humu. TTosHa cuna ctpymy / = I; + [- + Iy. 1L{o6 nonati xonueaHHs ctpymy, noGyaycMo
BeKTOPHY niarpamy ctpymis (puc. B.4.12). TyT Igmax = Unax /Ry limax = Unax (®L), fomax =

max®C. KonHBanHa nosHoro crpymy

BH3HAYAKTHCA BEKTOPHOK CYMOIO If.‘mmc i

!max=\11}2imax+([('max_lf,max)2 = | [ S e S I max

|
2 V emax-dl
= U max Lz+[m(7——l—] =6 A. jCcmax e
R ol =2

Kyr, Ha axuii KOJIMBaHHs CTpyMy BMU-
nepekanTs 32 (a3l  KOMUBAHHS mox  §

HanpyrH. Puc. B.4.12

IRmu:
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@ = arctg R (oC - —l—) =6,53° .
ol

4.236.v~80Tu
4.237. (P)=0,18 mBT.

4238. p=arccosyI- (X, /Z)* =37% (P)=13\JZ7 - X? =160 Br.

4.239. R = 2(P) LU, C) =2 Om.

4.240. 0 =U2.NCTL/(2{P))=100.

4.241. MakcumanbHa eHepris eneKTPUYHOrO nos kouaeHcaropa Wp . =CUZ. /2
NEPETBOPIOETECA B €HEPrilo  MarHiTHOro nons kotywku W, .. =LI5/2. 3siscu
I, =U%-JCIL. Cepents noTyKHicTh, mo CnOKHBaETHCA, (P)=RII2=U%.CRIQ2L)=

=2 mBT,
4.242. R=wL-r=189,1 Om; (P) _ =UZ /(20L)=118,6 Br.

4.243. cos ¢, = 0,8.

4.244. n=1+w?L*/R? =1,5 pasa.
1 COS®

27E eV Jl —cos’ @

4.246. YV MexaHiYHUX — 3aN1EKHTh, B ENEKTPHUHUX ~ HI.

4.247. Ha peakTMBHHX OnOpax MOXYTb BUHHKATH HanpyrH, mo 3HAYHO NEpeBHLIYIOTH
HATPYTY B KOJI.

4.248, Tlpn manomy 3HA4EHHI COS  NOTYHKHICTh, UI0 NEPERAETHCA, € HEBENHUKOIO, A
BIPATH Ha HarpisaHHs npoBoxis /,°R He 3anexaTh Bil cOS . Alle BOHH MOXYTh CTaTH
BE/INKHMH BHACN1IOK BENUKOrO CTPYMY, SIKMH BUMYL1EHO 36inb1uYiOTb.

4.249, 4. = 0,67 m.

4.250. AL =[l-1}‘i =50 wm.
Je o o )v

4.251. He amimioeTbes. YV BOAI 3MIHIOETBCA HOBKHHA CBITJIOBOT XBHII, /i€ CNPUHHATTS KO-
JIbOPIB BU3HAYAETLCA YACTOTOLD, KA He 3MiHIOETHCA NI Yac NEPeXoxy CBIT/A 3 NIOBITPA Y BOAY.

4.252.v=| 94 103 Mm/c.

4 = 3Iy-7.10"%

253, ¢ = 30(81_82) — L (e -e)=710%

4.254,).=376,8 ™.

4.255, L, = 50 mxT'H, R, <632 Om; L= 0,5 mxT'H, R, < 63,25 Om.

4.256. a) H = e, g,cE,, cos kx =— 0,32 e,; 6) H = e, eocE,, cos k(ct —x)=—0,18 e, ne e, —
opT oci Oz (H BUMipIOETCA B aMNEpax Ha METp).

4.257. 32 ymoBOIO MaeMO 0aHOBUMIpHHIT BMNanok, To6to E i H 3anexars TinbkH Bia
KOOPAMHATH x | yacy ¢. BpaxoByouH, WO BCi YaCTHHHI NOXiAHI B PIBHAHHAX Makcsenna 3a
KOOpaMHaTamy y i z popisHiOIOTH HyNEBi, OfepakMo E; = const, H, = const. a Takox agi
HCSAMENHH rpynu piBHAHD:

4.245. p = =6 MOm-M.
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a‘EJ’ oH = oH z aE)’ .

— = ’ =—E€y ——.
a | W o ar
0E.  OH, OH, . OE.
Gy T THe T g

3BIIKM BUIMJIMBAE, 10 3MINHE 3a Y4acOM eJIEKTPHYHE Nnone £, CripyuyHE€ nossy Tinbky mar-
HiTHOTO nons H,, ranpaMaenoro B3a08x oci Oz, To6TO enckTpuuHe i Markitie nons nep-
MEHAMKY NAPHI OAHE 10 OAHOTO.

4.258. [ = %CSOE:, = 1,2 Brim’,

4.259. (j,p). =0 ﬂzz /% =22 MAM% (e )y = EEQD /21 taﬂ = 5,84 MAM?.
a 0

4.260. (S)= 12 I'Bt/m’.

4.261.a) E, = e 27 TB/m; H,, = i 73 MA/M; 6) E, = 1.01 xB/m; H,, =
CEp CHo
= 2,68 A/Mm.
4.262. (w)=——=0,32 ullx/v’.

dmrec
4.263. W=¢goc E£2,5t/2 = 2 uJlx.

4.264. U, = \/P/(2nR%c) = 0,16 B.

4.265. EnexTpuuHe rone Harpy-

e

E . pl
/ - weHicTio £ = ? HanpaMaeHe B3N0BK
Tf/’ i«‘f \ / \ . . :
/ I MPOBIAHMKA 3i CTPYMOM, MarHiTHe
{
\ / \ / HanpyxeHictTo H = —— - no n0-
- 2R

Puc. B.4.13 THYHIA no nosepxui (puc. B.4.13).

Bektop lMoiHrivra S cnpamoBaHui

ycepeauHy MNpoBiAHWMKA HOpManbHO A0 #oro Giunoi nosepxHi. [Torik eHeprii kpizb GitHY

nosepxuio ® = EH-2nRl = FPpl/S =01 Br. EnekrpomaruiTHa €Hepris nomupioeTseh

B3A0BX MPOBIAHUKA B OTOYYIOHOMY HOT0 NpocTopi. Jxoynese Tenno BUAINAETbCA 3aBASKH
Tiit EHEprii, Aika NOCTYNae B MPOBIAHMK Kpi3b HOrO NOBEPXHIO 3 0TOYYIOHOTO NPOCTOPY.

4.266. ). 8) 30BHi kabenio, a TAKOX y LEHTPANLHOMY MpoBoai # o6onoHui notoky eHeprii

3 il =37,5 kBt/m?, BekTOP

2nrin(r, /1)
[MofHTiHra HanpamMneHuit napanensHo oci kabenio; ® = Ul = 8 Br. Yca eHepris, axa Hal-

XOAHTb 0 CTIOXHUBAYa, NEpeMiluaeTsea B3A0BXK kabento B 06’emi Mik nposBosamy y Buriail
ENEKTPOMArHITHO! EHeprii.

4.267. S =exCEg\/EE,f,coszk(ir ~x]= 452 e, ne e, — opT oci Ox (S BUMipHOETHC

Ve

HEMa€, OCKINBKY TaM HEMAE eneKTpuHHOro nosm; 6) S =

y BaTax Ha KBaJpaTHUH METp).
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4.268. p=2,68:10" " Ila.
4w
nd’te

4.269. p= ~251Ta,

Ez
4.270. p= 5‘?@- =0.1 mxlTa.

4.271. HanpyxeHicrh £ eneKTPUYHOIo noAs oCLMAOI0HOT0 AKMONS Y XBH/bOBIH 30Hi
3MEHLUYETHCA 3 BIICTAHHIO 32 3aKOHOM |/r Ha BiAMIHY BiA NOJIA CTaTUYHOIrO NMNONA, Ha-
MPYXEHICTh AKOTO 3MEHINYETHCA 32 3aKOHOM 1/ .

4.272. XBuAi NiKifiHO NMoNApH30BaHi, NpUHOMY HanpaMM konuBarb Bekropis E 1 H 3a-
fexarb Bia nonoxkeHHs touku. Bexropu E i H nepnenaukynspHi no paaiyca-BeKTOpa,
AxMi MpoBeaeHWH y sfaHy Toyky 3 nedTpa aunons. Bexkrop E ranpampaenudt no noruynHiA
fio MepuiiaHa, a Bektop H — no potHyHil go napaneni kKOHUEHTPUYHMX c(ep 3 LEHTPOM
ycePEAMHI AUNOAS | 3 NOAIOCaMK Ha MPOAOBKEHH! Oro ocl.

4.273. Hi, 4epes e, wo moayni sekropis E i H y pisuux toykax cdepu 3anexars Big
MoNAPHOIo Kyra b,

4.274. CtpyMu HM3bKOT YaCTOTH BHIPOMIHIOIOTE AYXE CN1abKo — MOTYKHICTh BUIIPOMi-
HIOBaHHA NPonopiifHa YETBEPTOMY CTENEHIO YACTOTH.

4.275. ® = const.

4.276. [ToBHA NOTYKHICTH, LU0 BUNPOMIHIOETLCA AMIMONEM B YCIX HalpaAMaX, He 3ane-
XuTh Big BiacTadi (auB. gopmyny (4.8.11)). TTorik eHeprii @ kpi3h CHepHUYHY MOBEPXHIO
foBinkHOrO paniyca r: @ = 4nr’ (S), Cepe/iHE 3HAYEHHS FYCTHHW NOTOKY €Heprii (S) ~

~E,H,. Slkuio srpar eHeprii HeMae, NOBHMIA NMOTik €HEPrii He NOBMHEH 3MiHIOBATHCA 3
Binctannto. Lle Moxauso, konu {S) ~1/+%, a60 Ep~ Hy~ I/r.

4.277. B, = E,lc = 66,7 iTn; B,,; = E,nlc = E,, rysin 8/{cry) = 16,7 nTa.

4.278. E, =%|f—3-@ 08 _ 0,21 Bing B, = Enlo=0,7 uTa,
MELC

P

4.279.(S) = 3 (P) sin’ 8/(87r*) = 79 mxBr/m’.

32 2.2
goc B, rsin” B AT 3 3.2
4.280. (§) =-C—= | = | uBt/M?;, {PY = —¢e4cr* B, = | MBr.
2 /8
4281 (wy =S8 3910 Tacne®
cn’sin

4.282. (P) = 8ncr’w/(3sin® 8) = 1,13 «Br.

4.283. & aJc=fr3)- —3—<ﬂ=0,016l3.
m 2cr \ mEC

4.284. o = 12°.

4.285. 0 = arcsin—— = 12°.
vV
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4.286. Hexaii aunoni posmiweHi B3poBx oci Op. Cnoyatky BUNpomiHioBaHHA Gyng

. LU .
MaKCHMallbHHM B3J0BX oci Ox: f=4!cosz[5 smﬂ); {oax =4y, xomu 6, =0 i 6,=n,
. o 3 : ik
MMicas 3cyBy (a3 Ha KyT 8, = T po3noii iHTeHCHBHOCT MaB Burnsa / < 4/ sin? [5 SmB) .

T . In ; o

Lnox =41y, axmo 6, =— 1 6, =— . To6T0 BUNPOMiHIOBAHHA 3HHK/I0 B Hanpsami oci Ox |
2 2

CTAaN0 MakCUManbHUM B30BX oci Oy.

.o T _ ; .
4.287. | = Zfo[l —smz(—z- sin 9]:|; iHTEHCHBHICTb BHIMPOMIHIOBAIINA € MAKCHMATLHOW

. ) 3n -
TINLKY TOAI, Koy B = ? ; I3EpKaNbHOT CHMETPIT HeMaE.

4.288. EHepris, Wo BHMPOMIHIOETHCA CHCTEMOIO aHTCH, 30CEPEMXYEThCA B OKPEMHX
Hanpamax. PosmicTHTH npuHaiMHI ABI aHTEHW BUMPOMIHIOBaYA MapanefbHo Ha BifCTaHi

— 0JHa BiA oAHiel i BCTAHOBUTH MiX HUMH Pi3HHLIO (a3, wWo JOPiBHIOE HyneBi, abo m.

Binpul y0cKOHANEHUM € BUKOPHCTAHHA aHTEHHOT PELIITKH.
4.289. Mpn0=0i08=m. 1= Nl
4.290.d = L
4.291. 3riano 3 dopmynoto (4.8.14) HanpaM¥u MaKCHMYMIB BU3HAUalOThCH 33 YMOBOIO

_ A : ; . :
sinB = mE’ ne m=0,£1, £2, ... Ockinbky [sin 6] £ 1, To HalBinblle 3HAYEHHS M ROpiB-
w o d ; ;

HIOE WiNiA YacTHHI BiAHOLIEHHS . Ymony sin 6 = mA/d 3anoBonsHse sk O, Tak i w—0.

: : y| S Tt
ToMy mMakcuMyMH € A3¢pKaNbHO-CHMETPHYHHMH BiHOCHO HaNpsMiB 9=E i G=—-5--

OTxe, ychoro MaEmMo ABa MakCHMYMH, SKi BLANOBIa0TL m = 0, i 110 YOTHPH MaKCHMyMH Ha
. d ;
KOMHE 1ine YUCNo, AKE HE NMEPEeBULLYE Y . a) ABa Makcumymu npH 6 = 0 1 0 = x; 6) aecaTs

MakcuMyMiB / = N2 f, = 0,36 MxBr/m%.
4.292. Jlus. puc. B4.14.

. 2 .

-
h o-F | ~e-Z 4.293. [ = 1,2 (n(2sin® ));
*-..""-..\ e S]nz(%(ESine—l))
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A0 PO3AINY 5

51 rn= V—G"z—)= 1,59.
V{\)
Ko . . .
52. d, =F(-i-—)(b, =0,03 Br, ne K,— mexaHiunwii eksiBaneHt csitna, K,=® /=
| ]
=1,6-107 Br/am.
i
53. ®=nP=1400 nm; I=T=lll,5 KA.
n

S54. = : =467 xxa.

4nsin® (8/2)

55 r=hin=342 m
5.6. a) © = 4nly; 6) ® = n'ly; B) D = 7nl;,
5.7. 9,1 m Bin nepworo crosna.

2 2
5.8, E=!h +(h+213 '
h*(h+20)
5.9. E =541 nx.
r
510 h=—==0,71 M.
J2
! Ih 27 h
511. £E=—=278 nx; £, =————=060 nk; (E)=—| | —~—=——|=125 k.
2 B 2 3 ( ) rz[ W]

(h2+r2)2
B k a 3 i B k a BusHauutu TinecHuit xyr €2, wo cnMpaerscs Ha crin, Q=

2 —— , csiTnoBuil notik ® = IQ i cepennto ocsiTneHicTs (E) = -32 :
VAZ + 72 g

§.12. JliameTp 306paxenns 4 = 2f tg(ai/2). TloTik cBiTna kpi3k niH3y LOPIBHIOE NOTO-
D2
47 tg? (0/2)

5.13. Hi. Csitnosuii notik d®, 1o BUNPOMIHIOETLCR MPEAMETOM Y MpocTopi 306pa-
KEHb, NEPEXOANHTh Y NoTiK d®’, wo npoHusye 30bpaxenus, dd = 4O’ 3Biacu 3 ypaxyBaH-
HAM Tak 3BaHOi ymoBM cuHycie AGGe nosoauTses, o B = B', Tobro sckpasicTs 306pa-
KEHHSA NOPIBHIOE ACKPABOCTI NPEAMETA.

5.14. Oxo noauHY pPO3PI3HAE NPEAMETH 32 OCBITNEHicTIO 300paxkeHHA Ha ciTkiBmi.
Ocgitnenicts 306paxkeHHs 3anexuTh Bif AlaMeTpa 3iHMUI OKa ¥ HOPiBHIOE BLIHOWEHHIO
CBITNOBOro NOTOKY A0 Maowi 306paxeHus. 3i 36inNbIIEHHAM BiACTAHI A0 JOKEPENA 3MEHILY-
€TbCsa CRITNOBWIA NOTIK, WO NOTPAIVIAE B OKO, A€ OAHOYACHO 3MEHILYETHCA H niowa 30-
Opaskenns, ToMy ix BIIHOIIEHHS HE IMIHIOETHCS.

5.15, R=4(1—n)-ji=5,4.104 MM B=f-=2,o4-10“ kM2,
T

KOBi, 10 KOHUEHTPYETLCS Ha 306paxeHHi. 38incu E, = £ =2,83.10° ax.
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5.16. E = nBr¥/r, = 31,4 nk.
&
517. E= ;‘“ =100 nk; R=pE =80 nm/m* B=£=25 Ki/me.

b

2
5.18. B=%—=s-1o’ kv’ R=nB=157-10* nmiv’; q=f€lpdi=49,2 1iM/Br,

5.19. Buznauumo Tinecumi kyT d2, nin SKuM 3 NI0WAAKH dS BUAHO NJIOLMAnky
dS'. [lnowa npockiiii NPOTSKHOTO Mkepena dS’ Ha NIOUIMHY, MEPNEHAUKYIAPHY Lo
Hanpsmy r, abo. iHUIMMK CNOBaM¥, BUAMMA 3 MIOWAAKHM dS MOBEPXHA NIOWALKKY dS'
popiBHioe dS' cos 8, Toni Tinecuuii kyt d€) = dS' (cos 0')/r*. Y ueit TinecHui KyT foKe-
peno dS nocunae csitTioBuit notik d®. 3 popmynu (5.1.8), o BU3HAYAE SCKPABICTS,
sunamuBac d® = B dQ dS cos 8 = (B dS cos 6 dS' (cos 9’))':'2. 3a o3uauenusM, ocBiTae-
HicTh dE' = d®/dS' = B dS cos 0 (cos 0)/#.

5.20. Cxopucraemocs Bignosiaato Ha sanady S5.19. Ocsitnedictb nnowanku dS,
sika CTROPIOETheA kepenom dS, dE' = B dS cos 8 (cos 0" )r” Lleit Bupa3 mMoxkHa posTAslaTh Ak
dE'= B ((dS cos 8)/r*)cos 0', abo dE'= B d2 cos 0", ne d0 — TinecHui KyT. Nill AKKUM 3
niowanky dS'. 1o oCBITMOETLCA, BUAHO NAOWAAKY dS, uo BunpomiHoe. [ToBHa ocnir-
AedicTh E' nnowaaky dS' BH31HaYA€ThCR iHTErpyBaHHAM MO BHAMMIA NOBEPXHI NXe-

pena: E’=_[Bc050'd(2. 3 mipkyBaub cuMeTpii po3ib’emo auck na kinbusg, Enemen-
TapuMii TinecHH# KyT 40 cnupaeTbcs Ha 3aWTPUXOBAHY nromanky dS. Jlns BW3Ha-

YyeHHs TIiNEeCHOro Kyra dS) MDK NRBOMa KOHIYHWMH NOBEPXHAMHU BPaXyeMo, WO
dS=2nrdr, Toni dQ= dS/(* + R*) =2nsin §'d0. 3interpysamuin, macmo E'=

L
=2nB f cos0'sin0'dd’ = nBsin” @', , R 0'nax — KYT, L0 YTBOPEHUIt KpaiilliM NnpoMeHeM
L4
. - nB
3 Biccto mucka. Topi E'=———— = 96,62 nk.
1+(h/R)

5.21. Conue, nosepxus sxoro Sc¢ = 4nR’c, Bunpominioe caiTnoBHRA notik Oy, BiH
najae 3cepesnin Ha nobepxito chepu Sgps padiyca Ric, skuil NOpiBHIOE BiRCTaHi BiA
3emni no Cosus — paxaiycy opbitu 3emni. Otke, ocBiTnenicts nosepxui 3emni £E=
= Dyan ISops = Paynp! Sops- Ackpasicts nosepxui Couus sk nambeprosoro kepena

o) ES,
BC - BHNP o 0P6 o ZE . BC e 1,03. 109 KH/MZ.
Se  wSe  wigf(a/2)

5.22. fckpasicts naneposoro apkywa B = pE/n, ocitnesicts E =/ fRéC, ne Rac —

sincrans Big 3emni no Couus. Ockinsky CoHue MoXHa BBaKaTH NaMbepTOBUM [iepenoM
cBiTa, To cuna csitna CoHus mponopuiiHa BuauMii naomi Conus: [ = Bem RG . Toai

= 7

2 2
sz(&J By, 3Binku %{:—=1[R3CJ . ne o — kyrosui pagiyc CoHus,

Rsc Pl Re pa

a=§c——l6' Jns ineansHo O6inoi nosepxHi koediuicut Bindurrs p=1. OTKE,
3C

Be _4.64.10°
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8.23. OcpiTneHicth NoBepXHi 3emi, wo
CTBOPIOETHCSA ENEMEHTOM cepuyHol noBepX-

gi &Sy Todui O (puc. B.5.1) dE=%cose ;

[ina namGeprosux mxepen dl = BdS, ne
dl — cuna cBiTNa B Hanpsami Hopmani (paniy-
ca); dS — eNeMeHTapHa MNuowanka, 1o € BH-
Moo 3 Toukn O. 3 puc, B.5.1 naowa o
eNEMEHTAPHOI NOBEPXHI, sKa BKalaHa wWITpH- Puc. B.5.1
xoBkot, dS =(2nRsinO)Rd8. Toai dE =

=2nBsinBcos0d6 . 3interpysasim 3a 0 y mexax sin 0 a0 W2, oazepkyemo

n/2
E=2nB I sin@cos@ d0=nB; E=3,14-10"* nk.
0

Hi.
5.24.n=1,33.
5.25.tgi=n.

5.26. ;,=41°41".
5.27. Kytn np# ocHogi & = 72°, kyT npu Bepiuusi § = 36°.
2

sin“i

n2

h h 2 3,
528.0) - =n=133,6) o= - Jeos® i = 4,69.

5.29. fAKuwo a, i a; ~ WHMPUHY Ny4Ka CBiTIa BiAMOBIAHO B NOBITPI i BoJi, TO, 3aCTOCYBaB-
I 32KOH 3&I0MJIEHHA CBITNE, OAEPKYEMO
@, COsi
Z=—Zs],
a, cosi
QCKiNbKH iy < i\, A€ iy, i» — KYTH NaAiHHA 1 3a10M/IEHHSL.

5.30. lliapu noBiTpA, fKi CTUKAIOTHCA 3 acHANbTOM, CHILHO HArpiBaiOTHCR, i IX NOKA3ZHMK
3ANOMEHHA 7 CTa€ MEHLINM, a WBUAKICTh CBITNA B po3pibkeHoMy roBitpi — 6inbiwoto. Cair-
JoBi npoMeHi, Lo AXYThb Bin HeOa, nowMpPIOIOTLCS HE NPSIMO, @ 3aBEPTAOTH Y TEMi [apH NOBiT-
P, o6 cKOpOTHTH Yac 3rillHo 3 npUHUMIIoM HadmeHmoro yacy Gepma. Ceitno #ize 3a kpu-
BOIO, MPOMEHI BUMMHAIOTLCS ONMYKAICTIO B BiK 3MEHIUCHHS #. Y sBHA Boaa — 1€ BinOKTTS Heba.

S.31. i, = 62°28".

5.32. & =47°48'; §, =14°05".

5.33. d =2h/Nn* -1=22,73 m ; ciTae Kono paniyca R=(H —h)Y/Nn* —1=9,38 M,3a
MEX¥caMH JKOr0 BHAHO 300paXeHHA TOYOK AHa, BIROHTI BiJ NOBEPXHI,

534, | =d(sin (i, —#))/cos § =d sin i(l —J(l—-sinz Di(n® ~sin®§)) = 1,04 v Tyt §f -

KYT 3anom/IeHHS.
5.35. sini = asin(45°—i_), ae i, — rpaHN4HKHA KyT NoBHOro BiAGuTTS; /; = 4°47".

5.36. h=Dvn* -1/2= 0,88 cm.
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| 5.37. 3a 3aK0HOM 3alOMIEHHA Sint » = (Sin o)/p

r \ (puc. B.5.2). Ha#luecnpusTnumsiwii yMmOBH npy

a=mn/2 . Maxcumansue 3HAYEHHS KYTa 3aioM-

NEeHHs BU3HAYAETHCA 3 yMOBH Sin » = |/n. Ha Buyr-
PILIHIO NOBEPXHIO CBITNOBOAA NPOMiHb Ma€ Nana-
TH MIA KYTOM, HE MEHILUAM BiJ rpaHu4Horo: f§ =
Puc. B.5.2 =90° — r. Toni sinP =cosr 2 1/n . [licns nigpecen-

5.38. n, a\/1+ n =182.

5.40. CnpsiMmyBaTH CBIT/IIOBHI Ny4OK Ha BEPXHIO IpaHb Tak, Wo6 nosHe BiAGUTTA Bis-
fysanioca Bix BepTHKANbHOI GiuHOl rpadi. BUMIpATH KYT NaziHH4 i,. NPU AKOMY nNOuMa-

HA A0 KBaJdpara Ta 104aBaHHA MACMO n 2 ‘JE .

€Tbes nosHe BiaGurrs. Toai n= 1/! +sin’i,; v=c/n.

541. v,=2 m/c.
5.42. 3MicTunocs Ha 3.5 cm.
5.44. [lonosuna 3pocty moaunu: b = H/2.
5.45. 3MIHUTHCS HA NPOTHASXKHHUN.
5.47. R=2Ps/(B - 1) =-30 cm.
5.48. f=—IB/(1 - B*) =—10 cm.

'
SR =6,7 cM; h'-_—&ﬂ
s—R R-s

5.50. Ha siaMiHy BIA nnockoro Asepkana, kony 3o6paxeHus Oyae BUAHHM TiNbKH NpH
NeBHOMY MONOMXKEHHI OKa, B ONyKIOMY A3epkani 300pa)keHHs BUAHO HE3aNeXHO Bil MicLA
po3rallyBaHHs npeaMerTa ¥ oka.

5.51. [IpMHUKNOBO L€ MOXIMBO, A/l TAKOrO BEAMKOrO A3epkana ApxiMea He Mmir
BUTOTOBHTH.

5.52. 11106 BusHauuTk Xxia npomeus / (puc. B.5.3, a), npoBenemo noGiuHy onTHYHY
Bick Q'0’, napanensHy UboMy npomeHreBi. [IpoMiHb, WO NOWMPIOETHCA B3AOBX ONTHYHOI
oci, CBOro HanpaMy He 3MiHwe. OCKiNbKM napanensHi npoMeHi 36upaloThes y dokanbHiHA
MIOMKHI, TO NpoMiHb / Mae NMpOHTH Kpi3s TOuky A nepeTuHy (okansHOl NIomMUHM X |
noGi4Hoi onTuyHOi oci O’'Q’. 11106 BCTAHOBUTH Xif MPOMEHA NIiC/s 3a70MICHHA B pO3CiiO-
BalbHiK nik3i (puc. B.5.3, 6), nposeaemo onTHuHy Bick O'0’, napaiienibHy UbOMY HpOME-
HeBi. Ockinbky po3ciloBaibHa NiH3a PO3CiOE NPOMEHI, TO B yABHOMY noGiyHoMy (okyci B
36epyThca NPONOBKEHHS BCIX NPOMEHiB, napanenbHUX nobiuniii onTuusik oci O'0’. Cam
NpOMiHb, 3aJIOMHBIUKCL JiH30M0,

nine B Hanpami /. A J
5.58 Ry =-Ry = 2(n - 1) = o i} \f/
=0,2 m. _,fr;,—
7

549, s'= =33 cMm.

5.59. ¥V cepenoBumi, nokasHuk F [F £
3a/IOMEeHHS akoro n'> |,6. 7 F

5.60. ® = 2.9 anp. ¥ % 1;: B

5.61. a) ®, = -2 antp; ®, = z A g

=2 anrp; 6) ®, = 0,8 anrp; P, =
=_018 nn'rp_ P"C. B.S.3
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5.62. He 3minuThes, B 060X BHITaAKAX ONTHY11A CHAA € OAHAKOBOKD.
5.63. s'=-10cm; B =0.5.

5.64.5 =133 cm; B=3.

5.65. s'=20 cm; H' =35 om.

n-1
5.66. f, = f.
fl! f“ n/"B =
5.67. 3 dopmynn (5.2.11) onTruna cuna ang rouxoi niusu (d = 0) © =@, + O,, xe O,
d, — onTHYHI cunM 1T noBepXotib. ® = (n— n, VR, + (n, — n)/R, = 3,55 anrp. Toxi pokycna
siacTaub y nositpi f," = 28.2 cm, y Boai f =-37.4 om.
5.68. 1./ f1=ny(n—- 1) (n-ng)=391.

5.69. a) 17,1 cm: 6) 40 cm: B) 18.8 em; 1) —17.1 cm: o) 40 em; €) —120 cm.

570.s =-2f" . Bka3isxka Hdocniauru vHa MiHiMym pyHKLIi0O §'— 5.

5.71. 5" =-60 cm.

5.72. [loxnacTv NiH3y Ha A3epkano. BUKOPHCTATH mapaiensHull A3epkanoBi Hempo3o-
puii €KpaH 3 TOYKOBMM OTBODOM, 32 SIKMM pO3TaulyBaTH jpkepeno ceitna. Expan nepemi-
ulyBaTH AOTH, JOKH jiHCHE 300paXEHHA TOUKOBOrO JHKEpEena, Lo Aa€ CUCTEMA Ha eKpaHi,
He 30iraTuMeThea i3 caMuM Axkepenom. Jxkepeno npu UboMy MICTUTLCA Y Gokyci.

I=39,| CM.

‘ S

573. f;= — s =-~21,4 cm.
2T (s =5 fil(ss)) -1

5.74. s =1 m.

5.75. As=2 cMm.

5.76. Tak. 3riato 3 gopmynowo (3.2.10), skito mokasHUKH 3anomnenus 3 06ox Gokis
NIH3H € pisHUMK, TO pi3HuMHK ByayTh i hokyCHi BiacTaHi.

5.77. CkopucTaTuca THM, 1o cepenoBrme 3 000X GOKiB CHCTEMH € OIHAKOBUM, 1'061'0
n=n',f=—f", i sy3nosi N, N'ta ronoeni H, H' Touku 36iraioTscs.

5.78. Ckopucratuca THUM, WO B 3alHii (OkanbHiA NIOIKH] BIX’€MHOT cHCTEMH
MepeTHHAKTHLCA HE caMi MPOMEHI, WO € napanenbHUMH B MPOCTOPI NPEAMETIB, a IX
NPOAOBXKEHHS.

5.80. " =—/=139,6 MM; s’ =f"+ 5"y = 30,6 mm; 512 —f+.5*y-—-342 MM; Sy =—9 MMm;
Sy =54 mm.

581.5'=091 cm;sy=1,52 c™m; f'=—f=-16,71 cm.

2
5.82. O= -f“—(r-l-—;)— >0, nin3a 36upanbHa; Sy =8y =— . :
nR n-1l
; n(R, — Ry) .
5.83. Tak, skuio TOBIUHHA NiH3H d > SN paniycu Kpueussu R, >0, R, <0.
n —

5.84. /" = 8,28 cm. 3actocysary opmyny [aycea (5.2.8), BpaxoBywoun, mo — f=f", i
PO3B’s3aTH KBagpaTHe piBHAHHA.

5.85. As"=0,1 m.

5.87. Oko cnipuiiMae yaBHe 300pakeHta i nepeTroploe foro B aificHe 300paXeHHS Ha
CITKiBLj.

5.88. Maitxe sigcyTni cepuyHa Ta XpomatHyHa abepauii, koma, aCTHIMATH3M, aMC-
Topcia.

5.91. Oko i€ K JOAATKOBA NiH3a, AKa 3 PO3OKHMX MYYKIB CBITNA JA€ Ha ciTKiBLI AilicHe
306pakeHHS.
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5.92. R=—25"—"!;1£= 5 cMm.

5.93.T =8.6.

5.94, Janexosopicts. @ =+ 1.5 nnrp.

5.95. Ha Buxozi 3 Teaeckona 11poMEH1 3ANHLIAKTLCA napajiensHuMH, ajie oko Gauyry,
300paxkeHHa 1 OinblMM KyTOM 30Dy, INO JaC 3MOry po3rasjard apibui aerani, Tobro
npeaAMET 33acThCs HADGMMMKEHUM.

rOk

5.96. I =- 0 = —4( , MiHYC 03HAYAc nepesepHyTE 306paxes.

5.97. ® = 60 nntp.

5.98. Oxynsap Tpeba BUCYHYTH Ha z = 5 MM.
599.] = -234;5=-4,1 mm.

5.100. L = 30,5 cM; I'=—-250.

5.101. -s= f'(1+ (Wh")) =669 m.

5.102. 1:500: 1:250. Moxiia pospisnaru itpeamMeTy poamipom 0,5 m.
5.103. Axmo AoaaroThes XBHI, SKI NOASPU30BAH] B OPTOrOHANBLITHX HANPAMAX.

5.104. 5=1.

5.105. AL, = 1 mm; AL, = 1.44 mm.

5.106. a) 667 i 500 um; 6) 571 i 444 nm.

5.107. 10, % 2-1077 ¢; [0r ® 6,3 KM.

5.108. 1.~ 2.7 e: AL® 0,46 nm; m, ~1,3:10°%

5.109. [na 36insulents npOCTOpOBOi KOTCPEHTHOCTI CBITjA, HIO QA€ HA 1LINTHHY;

AL
b<— =015 Mm.
y: MM

5.110. OcBiTneHICTb 3MILIAHOrO KONLOPY MOIIOTOHHO CNAJAE A0 KpaiB eKpaHa, iHTep-
(pepeHLIAHKX CMYT” HEMAE.

5.111. Bincraus mix cmyramu 3pocna B A/, = 1,63 pasa. Y Bunanky 4yepBoHOro ¢sir-
noginsTpa inrepdepennidini cmyru many Ginbmy WHPHHY, Ax s ).

S5112. d 2p,,. =—?1 =0,06 MM, € P, — PadiyC KOPEPEHTHOCTI A COHAYHHX TIPOMEHIB.
¢

5.113. Taxoio, sk AiameTp nyuka HAa BUXONi nasepa (Hanpuknaa, 1...10 MM ans renieso-
HEOHOBOrO Nazepa).

S.114. N'eomeTpHuHIAM MiCLIEM TOYOK MpOCTOPY, ANs SKKMX PI3HHLA BiaCTaHe# Bijl TOHOK
Sy 1 §, nocrifika, € nosepxus — rinepbonoin obeprauus (puc. B.5.4, 6). Ha puc. B.5.4, a no-
KasaHo rinepbonm — nepepis rinepfooigis niomuHOKW pucyHka (ymosa 6). Makcumansha
IHTCHCHBHICTL CBiTNA npu iHTepdepeHLlii cnocTepiraTMMeTbCA B TOUKAX, fki nexaTh HA
rinepGonax 3 (okycamu y Toukax S, i S,, a pi3HHUS X04y XBUJb CTAHOBMTHL NpH LILOMY
Hine 4ucno Xsuib A. 32 ymMoBH a inTepdepeHUINHI CMYTH MAKOTh BUCNSA KOHLEHTPUYHHX
Kifleub 3 LEHTPOM Yy TOUIl nepeTnHy expaHa 3 nidicwo 8,8, (puc. B.5.4, a). ¥ uenrpansuift
YACTHH] KapTHHA CKNAMAETLCA 3 NAPANENbIMX CBITAUX | TEMHHX CMYL. SIKI MICTATLCH MPH-
Gnu3Ho Ha OaHAKOBIHA BUICTAHI oaHa Bia oxiiof (puc. B.5.4, 6).
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Puc. B54

S5.115. PizHuus (a3 konusaHs y TOULL, NOA0KEHHS AKOl 3a/aHO PadiyCoOM=BEKTOPOM I,
CTaHOBHTE @, — @, = (K, — K )r =kr _ ¥ BCiX TOYKax nOBEPXHI, 1O BU3HAYACTLCS PiBHAH-

HiM kr = const , yMOBH iHTEpdepeHLii € OAHAKOBHMH, 1€ € TOBEPXHI 0JHAKOBO] IHTEHCHB-
Hocti. OcTaHHE PIBHAHHA ONUCYE NNOUIMHYM, AKi NepreHANKyIApHi Ko sektopa k = k, -k,

(wrpuxosi nikii Ha puc. B.5.5). Ilnockuii ekpat nepeTuHac Ui NIOLWMHK B3ZOBX Napanciib-
HUX NPAMMX, HA EKpaHi cnocTepiraloTbea TeMHI # cBITRI iHTepdepeHUilini cMyry, o Yep-
ryworses (puc. B.5.5).

5.116. Ax = 0,36 mm; a) Ax =10,14 mm; 6) Ax =0,72 mm.
S5.117. n.=n_+ NAL/I = 1,000 865.
5.118. Ly = xd /(ml) =0,55 mkm,
5.119. L =400 um.
5.120. Ax=A/(2h) =0,35 mm.
5.121. Ins manux 3anoMHuX KyTis
BiaxuneHHa npomeHis @x~[Xn-1), biza-
CTaHb MDK ysABHUMH JDKepenamu d =

S — — t—— — — — —

Ma+b) ” —\

=2a(n—~ i Ae=——=—=0,75 K s

2a(n-1)B, Tozi 2P 0,75 mm, ___‘QL___

iMpuka iHTepepeHuiiiHol KapTuHH Ha 4 \
\

ekpaui 2b(n—I)B, KinbkictbemMyr 0T T T T T T T T

i 4ab(n—-1)*p? o
Ma+b)

5.122. Jlns BUKOHAHHA YMOBM 4acOBOI
korepeutHocTi  pisHuuUs Xody BladuTHX Puc. BS.S



xBuib A =2b(n" ~sin’)'? + M2 He noBMHHA nepeBHIllyBaTH AOBMNHMHY KOrcpeHTHocti A2 /AL
3sigcu BAUMBAE, mo b < A% /(2A1). [panuvHe 311a4€HHA TOBIMMHM: A) KiNbKa ACCATKIB MiK-
pomeTpiB; §) Kinbka CAHTUMETPIB.

A

5.123. bm'm =m=0.l MEKM.

S.124. Axuwo ToBmKHA NAIBKY HAONMWKAECTLCA A0 HynsA, TO Pi3HULA XOAY YTBOPIETbCY
TiNLKK 3aBJAKK BiAGHTTIO OAHi€T 3 iHTepepyrOuMX XBWiib Bill rYCTIIOro cepeaoBHINa.
Bowua nopisHioe A/2 . 110 BiAnOBidac yMOBi MiHIMyMY AJISl BCiX JOBXHH XBHIlb.

5.125. by = 0.23 mkm; b, = 1.13 MkmM.

5.126. byin = §9 HM.

(2m+1)A
an

5.128. Tosumna ApoCBITMOBANLHOT MAIBKM 3aX0BONLHAC YMOBY MidiMyMy BiAOHTTR
s 3encHoro caitna (A &= 0.55 mxsm). Tomy anst (ioneToBoro i 4epBOHOTO KpaiB BUAMMOIO
CreKTpa BiAOUTI XBKAI NLICHAKOIOTHLS,

5.129. V cBiTni. mo mpoxoauTsh, iHTepdepyloTh XBHAi, AKi npoiiiiny Ge3nocepeiHbo Ta
BiAGUTI napHe yucno pasis Bill A3epkan. TOMy NPOXOAWTHME CBIiTAO. JOBXHHA XBHT AKOro
JAOPiBHKOE NOABOCHIN TOBIMHI WIAPY AieNCKTPUKA.

S.130. Cgitno sinGuBaerbCs 4K Bij BEPXHbOI, Tak i Bil HWKHLOT MOBEPXOHb KWHA
(puc. B.5.6). Ona Manux kyTiB o napomeni / i 2 MOHA BBaXKaTH NapajeNbHUMH | ONTHYHA

5.127. h= ae m=0.12, ..

pisHuus ix xony (i=0) A=2bn i%, Jinst TeMHUX CMyr Ha NOBEPXHI Pi3uulsA X04y AOpiBe

Mg

HIOE HEMApHOMY YUCNY MNiBXBUNb: 2b, 7 +%= +(2m + 1) -;—, abo b, =—£—, ae b, — ToB-
n

IWKHA KNKHHA B MICill. B AKOMY CROCTepiraeTbcs TEMHA cMmyra 3 HomepoM m. TemHili cmy3i
HoMepa m + N sianosinae ToBuivHa b, . y. ToAi kYT @ MOXHA BUpasuTH 3 puc. B.5.6:

bm+N —bm s N)" Otrke, k= 2nla =(,54]1 mxm.
{ 2nf

a~sina =

bnhﬂ

Puc. B.5.6
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8.131. Ax=—"— =315 mwm.

2na
5.132.a= 0,2".

3.133. Craiors cipusTAUBIlinMU YMOBM 4acOBOT Ta MPOCTOPOBOT KOrepeHTHOCTEH.
5.134. a=AN/(2n)=3,2".BigGuri xBuni GyayTh KOTEPEHTHHMH, KO PIBHUUS X074y
HE NEPEBUILYE JOBKHHY KOrePEHTHOCTI, iHakwe iHTepdepeHIfinl cMyru 3HHKAI0TE, TOOTO
® A2 A2 A
2bn ~—< —, 3BiaKH bx—— ockinsku brlu, [= =
2 AL 2nAL N 2n0Ah AN

5.135. L =2 D/(n—~ 1) = 0.5 Mkm.

5.136. R= 15 m.

5.137. Ar; = 0,34 mm.

5.138. nmy = 998,

5.139. n =K = 1,46.

S5.140. Paza xBuni 3MIHIOETBCH HA T LT Yac BiAGUBaHHA K Bill HWXKHLOL, TAK i BiJ BEpX-
HbOI MOBEPXOHL NMpoillapKy. BHACNi 10K LbOTO Y BiAGUTOMY CBITHI LeHTpansHa nnsaMa Gyae
cBiTno10. Kinnug 3MiHOW0TL KONLOPH HA 10AaTKOBI B pa3i ocBiTnenus Ginum ceiTnom.
Y pa3i MOHOXPOMATHHYHOIrO CBIT/IA 3MIHIOETHCA MOPANIOK PO3TAlIYBAHHSA CBITNUX | TEMHUX
Kineub.

5.141. n=m\R/r} =1,33; r,, =Jr,j ~2Rh =1.2 Mm.

§142 1, = M,ﬂcm=ﬂ, (Mo -
R+ R,

5.143. \AN/2 =d = 0,11 mm.

5.144. a) Cmyru piBHONO HaXuny Y BHUISUAI KOHUEHTPHYHMX Kinellb 3 LEHTPOM Yy (OKYyCi
00’ekTHBa 30poBOI TPYOH; (POKYCyBaTH Ha HECKIHMEHHICTb; OCKINLKW MaKCHMa/lbHHUii MOPs-
JoK inTepdepertii po3MILYETHCA B LEHTPI, TO 3i 36inbMIeHHAM TOBIMHK NOBITPAHOIO 3a30-
Py HapOMKYIOTHCS Kinbus OiNbll BUCOKMX MOPAAKIB, TOMY CMYTH NepemilllyBaTUMYThCA Bin
LeHTpa; 6) cMyru piBHOT TOBIIMHM, MapatensHi peGpy MOBITPAHONO KnuHa, GOKyCyBaTH Ha
A3epKano; 3i 36iNbUEHHSM TOBIIMHH NOBITPAHOrO 3a30py (KNKH) KOXKHA NiHis piBHO! TOBLIK-
HH, 14O BiANOBiAAE NOCTIAHIA pi3HMLI X0y, HepemilllyBaTHMETLCS 10 pefpa knuHa.

5.145. CaiTni Kinslla 3aMiHIOIOTLCH Ha TeMmHi i HaBmaku, Kinbus 3pocralorh y paaiyci,
MepeMilnyIOThCS Bifl LEHTPA, HAPOHKYIOUHCH Y ueHTpi. BinbysaeThcs GUTTS IHTEHCUBHOCTI
i Yyac HAKNAJAHHS CBITNOBUX XBH/bL 3 GNHU3LKMMM YaCTOTAMU; XBMlli, BIGUTOT HEPYXOMUM
A3epKanoM, i XBuni, BiAGMTOI pyXOMHMM J3€pKajioM, HacTOTa SKOI BHacniflok €exry

=2.5 cMm.

Honnepa aemo scymnyTa.
5.146. n, = 1,000 312.
5.147. m = 81.

5.148. h=1 mxm.

5.149. a) Haii6inswnit, m = 2d/\. = 2-10°; 6) m = 2d (cos r)/A = 199 239. L]e 3abesneuye
BeNMKy po34insHy 3JaTHICTh €TAN0HA.

5.150. BHacninox Manu3Hu JOBXKHH CBITIOBHX XBHJIb.

5.151. Iudppaxuitini cMyru 3uukaroTh, Ockinkkn poamipu 304 PpeHens 3anckath Bil
JOBKHHA XBWII, Y pa3i HeMOHOXPOMATHYHOrO CBITNa HaKNAJAOTLCA Auppakuiiti KapTulHy,
AKi He 36GiraloTsCs.
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5.152. YV ueHTpi kapTHHM, IO € YepryBaHHAM CBITIMX | TEMHHX Kinels, Oyne cBitng
abo TeMHa niAMa 3aJeKHO Bill TOro, AKOI0 — NAPHOK UM HENapHOI — Oyne KiNnbKiCTh Bip.
KpHTHX 30H Dperens.

5.153. ry = 866 mMxMm.

5.154. 5, = S, = 5; = 9,42 MM’ .

5.155. Cairnum. KinskicTs inkputux 308 Openens m = D* /(40b) = 5.

f b
5.156. Csitna, akuio =J(2n—l)—a-b-l . i TemMna, aKwo r=[2n 2 A nen=12..
a+b a+b

5.157. He 3anexuts.

5.158. 3menuuTLCa B 4 pasu. '

5.159. CkopucraBmiucs METOAOM rpahiyHoro 0/AaBaHHa aMrNiTyA, BUIHAYUMO! a) [ =
=4Jy; 6) [ =21y, 8) [ = ]y

5.160. ] = I,

5.161. b, =r*/(21)=1wm.

5.162. Kinbkicts 300 @peHens, ki BMilLy1oTbCs B OTBODI, OyA€ 110CTYNOBO 3MEUILYBas
THCh. INTeHCHBHICTL cBiTAA B TOMLI P nepiofuyHO cArac Makcumymy | MiHiMyMy 3aliexHo
BiA TOrO, AKa — NapHa YM HenmapHa — KinbkicTh 30H DpeHens BmilyeTses B oTBOpi. Hal-
Ginblua iHTeHCHBHICTH Gyze, KONK B OTBODI BMilLy€Thes nuue oana 3ona Opexens, nail-
MEHIA HTEHCHBHICTH BiAMOBiAa€ ABOM 30HAM. Y pa3i 3HAYHOrO BiAAA/SIEHHs €KPaHa, KOJH
B OTBOpi BMIULYETbCH TiNbKKM MACTHHA Nepuioil 30HW PpeHens, IHTEHCHBHICTL NOCTYNOBO
3MEHUIYETBLCS 40 Hy A,

5.163. m = 3.

5.164. r = J afb A =0,68 mm; a), 6) 3MEHWUTLCA ¥ 2 pa3u: B) ZOPIBHIOBATHME HYNEB;
a

r) amenmuTbes B 4 pasu. BkasziBka. CkopuCTaTUCS BEKTOPHOK fiarpaMolo 101aBaHHs
aMnAiTya.
5.165. 3a ymoB a, 6 — ¢BiTNO, 32 yMORY 6 — TEMPABA,

A
5.166. a) h =“‘+L[8); B = 045 mia;  6) h=(—"iﬂf—)ﬁ; By = 1,05 Micws
H— n-
B) h=—k?:—l-, ado h=££t:i/f—n; hein=10, a60 hpin =09 Mxm, ne k=0, 1.2, .. BkaziBka
n- n—

CkopucraTucs BeKTOpHOIO Aiarpamoro aoaasaHHs ammnitya. Bpaxysaru, wo ¢asa csirno-
BUX XBHAb 30inbimyeTbes cTpubkonoaibHo Ha Mexi BUIMKM Ha Benuuuuy & = 2mh(n =
— 1Y/A BcranoBuru BinnosiaHe ymoBaM a, 6, 6 nonoxenns yenrpa (poxyca) cnipani, WO
3aKpYUYy€EThCA.

5.167. Csitna nasma B UEHTpi reOMETPUMHOI TiHi Bil HENpPO30POro KpPyrnoro AMCKA
(kyni) iCHyC 3aBX M, ane ITEHCHBHICTL CBiT/a (OCBITNCHICTL) y LEHTPI TiHi 3aneXuTh BU
4KCNA 3AKPUTHX AMCKOM 30H. IHTeHCHBHiCTE nsmu [NyaccoHa € ayxe Manoro npu poaMis
pax Mepeuikou, BeNMKAX NOPiBHAI0 3 po3MipaMH 30H DpeHens., Ko/iM HomMep nepuioi Bill”
kputol 3onM Dperens senukuii. Kpim Toro, kpai nepellKOaH MOXYTh HE CymilijyBaTuCh
TO4HO 3 kpasmH 3o Dpetend. Hapewri, ciTno mae 6yTH KOrepeHTHUM.,

5.168. Akuo AuCK BUAHO NI BENUKAM KYTOM 3 TOUKM criocTepexens abo i3 AKe”
pena, TO WMPHHA Nepuol BiAKPHTOY 30HM Ppenens BUABASETbLCS AyKe Manow (iuTeH*
cuBHicTk nasmu [Tyaccona mana).
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5.169. a) TlpoxonuTe psia MakcuMyMiB | MiHIMYMIB, OCLMIOE 3i 3racanHsM; 6) MOHO-
TOHIIO crmagae 0 uyns. Tax, gudpaxiiiiini MaxcuMymu mobnu3y Kpaio Tini B ocBiTReHiH
obnacti. B x a 3 i B k a. CkOpuCTaTHCS BEKTOPHOK AiarpaMOl0 JoaaBaHus aMnnirya (cri-
pannio KopHio).

5.170. Ax ~ VAR ~ 14 m.
5.171. ¢ = 30°, ¢, = 22.08°. I
5.172. m<b/L-0,5=2. i

5.173. b= 86 MkM.
5.174. Al = 5,1 mm; 1= 1 oM.
5.175. A = bAI/L = 0,63 MikMm.

§.176. Qus. puc. B.5.7; 1//1; = 0,045;
Ll =0,016; I/l = 0,008 3.

5.177. Kpurepiem knacudikauii au-
(pakwitiiyx ULl € mapamerp p = ryD —
BiAHOMEHHS pajliyca r; Mepuwol 30HM

DpeHens no AiMidHUX posmipis D oTBopy 02 -0p6 0 005 g sing
(abo mepewkonu). Y Hawmomy BHManky Puc. B.5.7

p=J—)I/b. Axmo p<<I, TO KiNbKicTb

30H PpeHens, w0 BMilllye OTBip, € BENMKOIO | pO3MOAiN IHTEHCHBHOCTI OMUCYETHCS
3aKOHAMHM FeOMETpHUHOI OnTHKK (BapiaHTt 6. p = 0,1). Axuwo p= 1, TO cmocrepiracTbes
nvppakuis Ppenens (Bapiaut 6: p = 1). Axwo p>>1, To 0TBIp MEPEKpHBac MATY HaCTHHY
nepoi 3ouu PpeHens, mae micue audpakuis Ppaynrodepa (Bapiaut a: p = 500).

5.178. dudpaxuis Ppayurodepa; Al = 20Lb =2 cm.

5.179. O6nactb audpakuii Ppayurodepa mpocTIraeTsCs Big HECKIHYEHHOCTI 10 AeAKOl
MikiManLHOT Bianani. B o6nacti b% (1) << | nudpakuiio MOXHa crocTepiratu 6e3 mitau.
AKuo BUKOPHUCTOBYBATH /1a3€PHE BUMPOMIHIOBAHHA, TO HEOOXIAHICTL y MiH3i, w0 hopMye
napajnenbiuiéi Myqok CBiTAA, i 30MpansNili NiH3i Bignanae 3asnAky BeNMKIHA MpOCTOpOBI
KOMepEeHTHOCTI.

5.180. Y pasi audppakuii Ppenens iHTEHCHBHICTL y eHTpi Oyne myAsCyBaTH, NpOXOaAYH
nonepeMiHHO 4Epe3 MakCHMyMHU ¥ MiHIMYyMH, IO HE AOpIBHIOIOTH HylleBi. ¥ pasi audpakuii
@payHrodepa iHTCHCHBHICTL 3MIHIOETLCA MOIIOTOHHO, 3] 30iNbWICHHAM WUPHHU WENUHH
UCHTPATbHHUY MaKCUMyM CTa€ pi3kiuuM, a npH 11 3By)KyBaHHI KyTOBMIW pO3Mip CBITJO1
CMyrH 36iNbIIY€ETLCA.

5.181. V pasi audpakuii @paynrogepa po3nosin iHTEHCUBHOCTI BH3HAYa€TbCA TiAbKH
HafnpamoM npomeHis. Po3noain inTeHcHBHOCTI y ¢okanbHiéi nAOLMHI 36MpanbLHOT NiH3K
32BN CUMETPUUHKHA MO BiJHOMEHHIO A0 1T OCI HE3ANEHKHO BiAl NONOMKCHHSA LENHHH.

5.182. Onepxaru naudpakuiiiHy xapTrHy B MOBITPi i BOAI B MOHOXPOMAaTHYHOMY CBITI.
Busnauntu xytd @, i ¢, nudpakuii ans mMakCuMyMy OAHOrO MOpAAKY B MOBITPI # BOAL
V=c/n=ch,/h, =csing,/sin@, .

5.183. ¢, =9°.

5.184. m=9,

5.185, He moxyTs. Cnekrpu nepekpusaroThes 3a ymosu 0,76 m > 0,4 (m + 1), oTxe,
HOMKHAKYH 31 CEKTPiB APYroro i TPETLOrO MOPAAKIB.
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- e £ \ —m —
52 4 sk 2d 3 o & 2 sf 4 5F e
Puc. B.5.8
p 2 _ . e
5.186. d = JJL' = Zhid, £OSDY =1.2 Mmkm . ne A; =400 um, A, =760 um.

sin Ag
5.187. L. = 520 um. O6nacts 600...780 HM cliekTpa Apyroro NOps/Ky HaKNaAacTbCa Ha
obnacts 400...520 1M y cnekTpi TPETHOTO NOPAIKY.
5.188. Ax = 7,04 cwm.
5.189. Ap = 5°54".
5.190. [us. puc. B.5.8. [T’ats Maxcumymm He MOXYTh criocTepiratuca m = 3, 6, 9, .
nopsaaxis: I/, =0,17.

g, 1A 1 A
5.191. m=41; 8¢, = 2arcsin— =1°26": &¢,, =arcsin| m+— |——arcsin| m—— |—, 3Biaku
m Sy Nd &0, m[m N]d (m N]d

S, =1°27',

5.192. a) Makcumymu OyayTs y 2 pasu piauiumi;, 6) makcumymu 6ynyTts y 2 pa3u ryc-
TILIUMH; B) MONOXKEHHA MAKCUMYMIB He 3MiHMTLCA.

5.193. d=2b.

5.194. 3osHimHi 3abapsnetii y YepBoHyBaTHi xonip, a BHyTpillHi — y cuniit,

5.195. ¥ cnektpi rpatky He MOXYTb 3'ABUTHCS MOHOXPOMATHYHI CKNafOBi 3 4aCTOTa-
MH. SIKHX HEMAE y CREKTPi NaZauoro BUNPOMIllKOBAHIS.

5.196. Y okanbhili niOWKHI 1iH3M YTBOPIOIOTLCA CAEKTPH, OKPEMi MO(LOXpOMATHYHI
KOMMOHEHTH AKKMX po3aineni y npoctopi. HanpysxeHicTs nons y ¢ppayHrodeposii andpak-
wikiHi# kapTini — ue ABoBMMipHe nepersopenHa Pyp’e pyukuii E(x, y), ska onucye none
xsuni B nnomusi xOy y mexax orsopy. Jludpakuis nac 3MOry crioctepiratu OKpeMi
dyp’e-komnouenTy uici QyHkuii, omxe, PizMYHO IAIHCHIETLCA PO3KNAAAHNA (pyHKIIT
E(x. y} y asosumipuuii interpan Qyp’e.

5.197. d =293 nm.

5.198. A = 55,8 nm.

5.199. Tak.

5.200. A= 151,7 nm.

5.201. Axmwo ny4yoK pEeHTreHiBCbKMX NPOMEHIB najac Ha Jeski 3 KpHCT&J‘IiB noni-
KpHCTana TaK, L0 YTBOPIETLCA KyT KoB3aHHA 0, To Biabuti npomeni BiaxmnsaoThCA
Bill HanmpaMy nytka Ha kyT 20 (puc. B.5.9), axuii BU3HaYACTLCA 3 yMOBH (g 20 = /1.
Toni d = mh/2sin(0,5 arctg(r/)) = 184,3 nm.
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5.202. Kpucraniuua rparka NaCl ue €
NpocToK KyBi4HOIO, OCKiNLKU MICTUTEL Pi3Hi
ionn ~ Na i Cl. Ii cnin posrasaarh sk cknan-
Hy Iparky, YTBOpPEHy BUINOBiAHO JBOMA
KyOiuHMMH rpalelieHTPOBAHUMY TrpaTKaMy
ionnis Na i Cl (aus. po3s’s3auns sanaui 7.12).
Pospaxynok nae ania Takoi rpaTku napamerp

a= {}4M/(N,‘p) , Ae a = 2d, d — sianane Mix

CyCiaiHiMM [OHaMW MPOTHACKHUX 3HAKIB,

Puc. B.5.9 g ’7
Omxe. A= 23in0 3 i 244 nw.
m \ 20N,
5.203. D, = = =4.1-107 pag/inm: Dy =0.41 Mm/nm.
d\J1-(m\/d)

5.204. D, =(tg@)/X =310" pan/um.

m

5.205. D, =(tgp)/ X, abo D, = .
2
d;)l—-(ml/d)

5.206. d = m\/sin ¢ = 3,9 mxm; R =ml/d = 15385; D;= f(1g 9)/L= 0,44 mm/tMm.
5.207. Hi, nepexpuBaHHA NOYMHAETLCS 31 CNEKTPIB APYroro i TpeThOro MOPAAKIB, Yepes
Te 1110 YMOBaA niepeKpuBaHHs cnexkTpis m > 1,1; y 6,3 pasa.

5.208. Skmo d >> A, To rparka € rpy6ow, kyrn audpakuil — manumy. Manomy nepio-
noBi d BiANOBifac BeNMKa KyTOBa AMCIHEPCI y CAEKTpax HM3bKUX MOPAAKIB, AKI MalOTh
Ginbuy iNTEHCHBHICTE. 36iNBWIYETLCS MOMUIMBICTb PO3AINBHOTO CNPHAHATTS ONMIBLKKX
cnekTpansHux MiHii. 31 3pocTantaM KinbkocTi wrpuxin N npu 3ananoMy d 36inbuyerses
Pi3KiCTh PONOBHMX MAKCHMYMiB Ta iHTEHCHBHICTL y Makcumymax ([ ~ N?).

5.209. R=mN < % , ToBxXKHOK poboyoi obnacti Nd.

§5.211.71 = 1,12 em.

5.212. R=24000; 61 = 0,02 um.

5.213. N = 128; I = 177 mxm.

5.214. Tax. Ilpu kyTi naginus, 6nusskomy a0 90°.

5.215. Y pa3zi xocoro namiHHA NPOMEHIB HA rpaTKy MPOEKUis nepiody rpaTkd Ha
HanpsM, NEPNCHAUKYNSPHUA 10 NPOMEHS, BiAirpac ponb HOBOTO Tlepioay IParku, sIKUM
crac menwuM. Lle aae 3mory osxepxyBatTH uwiTkily AudpakuiiiHy xapTuHy # B OLmbuI
KOPOTKUX XBHIIb.

5.216. d(sinp—sini)=xmh .

5.217. l=L(sin¢p—sim‘}=38! M.
Nm

5.218.a) A=4d,6) A =2d.
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5.219. 1. Sxiwo m = 0, 10 @y =y, TOOTO HANPAM BU3HAYAETHCH J3EPKANLHUM RBife

6utTaM Bia naommiav rpatku. 2. Ilo obuasa Ookn Bil HANPAMY HA MAKCHMYM 11YJIhOBOTQ
nopsuiky. 3. B ynerpagionerosiit o6nacti 3 600... 1 200 wrpuxis ua 1 MM, y Buaumil obnacri
1 200...600. B inppauepsonii 300...1.

5.220. [TosxuHa KOTCPECHTHOCTI xepena caitna ma€ 6yTu Giibuiow Bill MaKCHMab-
HOT Pi3HKILI XOAY Mix ONOPHOIO | NpeaMETHOIO XBrAsMK. Takid ymoBi BlanoBinae nasep.
Y ronorpacpii norpibui mkepena CeiTia 3 BUCOKMM CTYHECHEM 4acoBOl Ta MPOCTOPOBO]
KOFCPECHTHOCTEH.

5.221. Indpakuifiic po3wupeHia Ny4yka 3yMOBIEHO XBHJILOBOIO HPHPOLOIO CBITAA i
NPUHLIANOBO HE Modke GyTH yeyneno; a) 8 ~ 10~ pan; 6) 6 ~ 0,05 pax.

§.222. HaiiMenula kyTOBa BIACTaHb MiX TOYKaMM, SKi ILE BHAHO OKPEMO. CTAHOBUTHL
& = 35" (kyrosux cekyna). Kopucryiouucs (opmynoio (5.4.15), Busnauumo giamerp
3iHMLI OKa d = 4 MM.

5.223. Jlu(pakuis criTaa npuHuMnoBo obMexye 30iNhiIeHHS, TOMY MiMiMalibHa Bij-
CTaHb MiX /1BOMA TOYKaMK, 9Ki PO3/LiNLHO BUIHO B Mmpocxon d ~ A 1110 31a4io Ginbiie 3a
PO3MipH MOJICKY/JIM.

5.224. 306insurycTbes po3AiNibia 3AATIHCTL, a FolioBHe, 30iMbIYeTsC KiJIbKICTD CBITIO-
BOI eneprii, akoi nabysae teneckon Big ebecHux 00’ ekTib.

5.225. D, = 67,1 cm.

8.226. R= 359 km,

5.227.5=6:10 7 mm’.

5.228. MoHOXpOMAaTHYHEe CBITIO 3aRKNHM NOJAPUIOBAHE, Y 3aralibHOMY BUNAAKY eflin-
TUYHO.

5230 2.5 02 3
[, cos” g,
5.231. ¢ = 45°.
5232.n=L=— 2 _933.
I (1=k)* cos” ¢
I 2
5.233‘.'(]: i=-3-——;—385,73.
I, t'cos®o
5.234. ¢ = arccos —2-%——:58.24".
(1-k)" E,
5235, 1= locos’0 281, .

§.236. n = 1,73; i, = 52,45°.

5.237. igmin =45°.

5.238. j; = 52,6°

§.239. v =226-10% m/c.

5.241. o = 37°.

5.242.n=163.i267°

5.243. o. = 2 arctg (ny/n)) + /2 = 173,12°,
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5.244. Axuio nanaiode CBITNO DOAAPW3OBAHE B TUIOWIMHI NAMINHA, @ KYT UAXiHUA
nopisnioe kyrosi Bpioctepa; ig =arctg(n,/n ) =48,4°.

S245. 1y =2l (1-K) Py =1

5246, Jmex _1*P_ o
[min 1- p
5247. P= - -0,
[+ 2sin? B/(k —1)
I
5.248, — = 0.48: P = 0,68.
!l'l()ﬂ
! |

§249. L-=——_|=4.
! P

mon
. - I
_cos“(i—r)—cos“(i+r)
= : —
cosz(t—-r}+ cos” (i +r)
1,i 1“ 3ilMKae, 60 NOHATTH NAOUMHK naninyg He mae cercy): 0,93, 1: 0, ne i — kyt naniu-

5.250. A =0 (y pasi uopMansHOro IajiHuUf Pi3HUUS MK

. sy
HA. r — KYT 3UIOMJICHHA, r = arcsin—-.
n

5.251. A = —0,004; - 0.026; —0,058; —0.163. Y pa3i 3anomieHHs IPMPOAHOTO CBIT/a
A < (), mo 32 BM3HAYECHHAM CTynels nonaspusauil BiAIIoBIAAE nepeBakHiil monspusauii B
MAOUIUHI TANIHHS,

4n* =(n* +1)* _

5252, A=—————=-0.04
an® +(n* +1)
2 _n2
5283 p=Lt 586102
2(n° +1)
5.254.1J1,= tg2 oL
5.255. 0.

§.256. IlponycTuTi 1HOCKONOASPU3OBAHE CBITNO KPi3b MIACTHHKY y 4BEPTE XBWII,
YCTaHOBJIEHY TaK, WO T ONTHYHA BiCh YTBOPIOE KYT 45° 3 FIIOUIMHOIO KONKBAHE CRITHA.

5.2587. A=d(n,—n,)=0,182 mkm.

8 ;
5.258. d;, = ————=0,85 MxM; €AiNTHYHO MOAAPUIOBAHHM.

4(n, - ne)
5.260. Jlisitino nonspusosauumM. [Tnacturxa y nisxsuii 36epirae iiHifiny noaspH3ani
CBIT/14, aJI€ 3MIHIOE HAMPAM KONUBaHb.
5.261. d,;, = 3,42 MkM.
5.263.¢,= 10 %.
5.264.c=0,2 r/em’.

5.265. d, = @,d; /¢, =4,5 mMm.
5.266. d = 3,03 MM; BUpI3aTH NEPICHANKYISIPHO 1O OHTHYHOT OCH; TaK.
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5.267. B=10,13 Tn: none cnpsamoBane NpoTH X0y CBITI0BOTO ly4ka. [Ipu 3BopoTHOMY
XOJli CBIT/IA MOBOPOT MAOIMMHK HONAPHU3aMii NOABOITLCA, BOHA CTAHE NEPNEHAMKYAIPHOK
10 HANpAMY NPOIYCKaH s NEPUioro NONSpU3aTOPa, CBITI0 HE NPOXOAUTHME,

5.268. £=1/(2VBl)=1,5 MB/m.
5.269. Pizuuus pas Mk KOJMBAHHAMK 3BUYAHHOTO i 11€3BUHARHOTO NPOMCHIB O = Tt/2,
CRITO CTAE CAIHITHYHO NIOJAPHIOBAHUM | NPOXOAHTD KPi3b aHANI3ATOP.

5.270. U = —l— =4,2 kB.
4a

5.271. n, = 1,000 8; n; = 1,000 24.

5.272. ny = JYE=DP Ly g 007 761,

T
5.273. [Tokasuuk 3anOMJEHNS BOAW BH3HAYACTLCA Ti NICACKTPHUIIOID MPOHKKIICTIO

n=+/€ , OCTAHHA — MOJISPUIOBAIICTIO peuoBHHK. Boaa, AKka CKIAAAETLCA 3 MOAAPIMX MO-
neKya, B CAEKTPHYHOMY [0J11 3a3Ha€ opienTanifnoi nonapu3sauii. Jkwo rongpusauis cepe-
JIOBMILA 3yMOBEHA €IeKTPOMArHITHOIO XBHIEIO, TO BOHA 3MIHIOETLCS 3 TIEI0 CAMOKY Yyac-
TOTOIO ®). LUI0 # 3MIHIIE €JIEKTPHUHE MONe eNeKTpOMarHiTHON XBulii. Jina 1iM3bkux yacror
(0 < 10" ¢ 7', nianazon panioXmuiib) Nepios 3MiMH HANPYKEIOCTI CAEKTPUYNOTO NOAR
T = 2n/v) ¢ nabGararo GinbIMM. HIXK Yac BCTAHOBICHHS PIBHOBATH MOAEKyn (4ac penakca-
uii). Tomy apienexrputina NPOHUKHICTL £(()) MAE TaKe CaME 3HAYCHHA. WO W Y HOCTIAHOMY

enekrpuuHomy nodi (g = 81). BianopinHuh nokasHuk 3aioMICHHS palioXBHibL 1= J81 =9,
3a Jayxe BHCOKMX YaCTOT ONTHYHOTO Aiana3oHy AMNOALHI MOMEHTH MOJIEKY] HE BCTHra-
10Th MOBEPTATHCA B3A0BX MoNA. Toadi AIENEKTPHYHA TIPOHUKHICTL OYA€ MEHILOIO 3a CBOE
CTAaTHYHE 3HayeHHs, And BoAM nabysac 3naueHHs € = 1,77, BiAMOBIAHO MOKA3HMK 3an0M=

neHnsa n=+1.77 = 1,33.
5.274. N = 4n’cegm(l-n?) (e )=2,13.10" M7,

5.275. i* = 1 - o,/ o’ e &, = Ne'l(mey); v, — nnasmosa wactota; n =1~ 1,4-10"
Ockinbku n—1. TO cepelOBHILIE CTAE NPO3OPHM ANA NMPOXOMKEHIA nNpomeHiB, Take
IHAYEHHA N 3YMOBJIOE IIMPOKE 3ACTOCYBAHHA PEHTICHIBCLKHX MPOMEHIB y MeauUmHi
Ta TeXHilli.

5.276. Hi. MotioxpoMaTHyHa XBHAA MOXE MOWUPIOBATHCH 13 (Ja30BOI0 WIBHAKICTIO
U >¢, @ WBKHAKICTE CHPHAJY (TPYNOBa WBHIKICTb) HE MOXE MepeBulityBatH ¢. MoHOXpoMa:
THYHA HECKIHYEHHA XBHAA HE NEpPeac CUrHany.

5.277. 77 =1 - m'*’,,/ @’ 2e mzﬂ = Ne*l(meo); a) n<1, To6To Ans KOPOTKHX panioxBuib
ioHoCepa € ONTHYIO MEHW TYCTOIO, HiXX MOBITPA, | NpH ACAKHX KYTaX nadiHua BiaOysa-
€TBCA MOBHE BIiAOMTTA KOPOTKMX pamioXBuib Bia ioHOCheEpH, WO BMKOPHCTOBYETHLCS B
panioss’a3ky; 6) n— |, panioxBuiai BiNLHO NPOXOAATH KPi3k ioHOCGEPY.

@} 5
5.278. v=c, |1+ -m—; , fie 0)," = Nel(meq); u = c*fv.

§.279. a) u =v/2: 0) u = 3v/2; B) u = 2U; T) 1= V/3.
5.280. 1, = 0,9; 1, = 0,026.
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5.281. a) Ha 2 %; 6) na 98,2 %.

5.282.2) ¥V 1,041 pasa; 6) y 1.13 pasa; y 1,63-10° pasa.

5.283, Ey/F = 8,4:10°.

5.284. 3riaso i3 3akoHoMm Penes xopoTki XxBuni ((pioNcToBa MACTHHA CCKTPa) PO3cito-
JoTHCA 3HauHO cunbHile. Flpame coHaune CBiTho (30pA) 36arayee YEpROIMMH MPOMEHAMH,
Konip HeBa Oys 61 yopHuMm, SlkOu aucnepcis Oyia 30a4ii0i0, @ NOTTHHAHHA | PO3CIAHHS
cnabkuMu, TO COMAYHI MpoMeHi mia yac cxoly abo 3axoay CoHus posninaauce, 6u 3a

konbopamu. Criowatky kostip Conus Gys 61 cCHHIM, TIOTIM 3eaeimM i T. .

5.285. I /1, =4,

5.286. Caitno, wo npoxoAuTs Kpidk PEYOBHIlY, CIPUYHHAC KOMUBAHIIA ENEKTPOHIB B
aroMax. BinbGyeaernes nepesunpomiHioBayus. [OTYXHICTE BUNPOMiHIOBAIHS BTOPHHHHX

XBHITb 3aPAJIOM, 1O KOMWBAETLCA, MPONOPIlifiHa YETBEPTOMY CTCHEIHO YAaCTOTH.
5.287. Sxwo po3Mipr yacTHHOK (Kparehb BOAH). HA AKUX BiAGYBAETLCA PO3CIAHHSA CaiTna,

3HAYHO MEPEBULLYIOTHL AOBXKHKIY CBITNOBOI XBRIL (r >>X), TO IHTEHCHBIICTL PO3CISHOrO

CBITNA HE 3aNCHKHTL BI A .

5.288. 0, =49,1°.
5.289. V pasi s3acmitoro 36makents pkepena i cnocrepiraya y (popmyni (5.6.5) 0 = n.

Bpaxorywun, 1o v = c/A, onepxumMo A =2, Hi% , 3BIAKK A = 608 HM.

C(}k-z — 12) 1 P .
5.290. v = ——}:f——}:—zi— =49,7-10" kM/c, 1€ ¢ — WIBMAKICTL CBITIA Y BAKYYM.
t A2

5.291. A?.:lg[ -:—-t—%—-lJ =109 nm.

5292.v=0,93c.

2
5.293.a)51’~= Lad =6,7-m'3;5)ﬁ‘izﬁ-=z,2-to".

fl + :
5294. v=v, I—-—g Ockimuku v << ¢, TO 32 dopMmynamu HabauxeHUX oDUHCIEHD

v=vo(l +E—), 3BIZIKK Ag = . 56 cM.
¢ Av

5.295. Bin uenasepHux mxepen E=0,1..10 Blem, Bin masepHux mxepen E=
% 10°..107 B/cm.

5.296. Ilin yac B3aeMoAii CHALHOrO CBITIAOBOrO NOJA 3 PEUOBHHOK MPOABAAETLCA
HeMliHiliHA 3aNeKHICTh MidXK noMapu3oBaicTio P aienexkTpuka Ta HanpyxeiicTio E enekr-
PHYHOTO MOMA CBITNOBOT XBUMI. ¥V NAazepHUX MyuKax HANPY>KEHICTL eMeKTpuuHoro nons £
cBiTnoBOY Xauni Moxe caratu 10°...10° Blem, To610 € 6an3bKolo 10 HanpyxexocTel nonis
Ycepenmii atoma. ONTHUHI XapaKTEpPUCTHKM CEpeloBMUIa (MOKA3HUK 3anoMienns, koedi-
UiEHT nornuManys Ta iH.) NOYHHAIOTE HeiHIAHO Janexary Big E. BunukaloTh NPUHLMIOBO
HOBi ehekTH — IMEHLIEHHS KoedilieHTa nornuHaiHs 3i 3pOCTaHHAM IHTEHCHBIIOCTI CBITAA,
N0ABOEHHS 4acTOTH, camohOKyCyBaHHA CBITAA TOWLO.
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5.297. Hexait Ha noBepxHio cepeioBUUIA NAJAE MOIIOXPOMATHYIA CBITIOBA XBMISg,
HANPYXEHICTL CREKTPHYHOTO 0SS AKOT

E = Ez cos (0 — kz). (1
PiBHAHHA BUMYUICHHX KOAMBAHb NPYXHO3R’A3AHONO €ACKTpOHA, AKKHA nepebysae nig
RIEIO €NEKTPHULIONO MO HANPYXCHICTIO £, Mac Burasa (6e3 ypaxypasts racaHiig)

X+mix= LA . (2)
m

YacTHHHKUIH pO3IB’A30K ULOr0 piBHAHHA AA€ 3MIiMICHHS X CNEKTPOHA 3 NONOXEHHS pi-
HOBATH,

eL(?)

)= ———————— .
*0) m{mﬁ—toz)

3)

Axio BiAXMICHHS X HE MOXHA BBAXATH MAJKM, TO B PO3KAALaHH NTOTCHUIANbHOF
eseprit aroMHoro ocuuaaropa U(x) 3a crenensmu x

| 2 ] 3 | 4
U=—ax"+-0x" +—yx" + .., 4
5 313 7! (4)

Tpeba BpaxoByBaTH 4wieHW Dinbil BUCOKOTO TIOPSAKY, Hi KBAApAaTHUHMA uict. skuil nipu-
Myckae KBasinpyHW# xapakrep zitouoi cuian, OOMeXyIOUHCE JPYTHM YJACHOM, OJCpPKYEMO
PIBHSHUA PyXy €leKTpoHa

i 2 e
x+w5x+£x2=——£‘, (5)
m m
fe B — mapaMerp aHTapMOHiuHOCTI. Bsawaioun LI P WpX , piBHAHHS (5) MOXHA
m
po3B’A3yBaTH METOAOM TEOPii 36ypens. 300pauMo po3B’a30K y BUrILL CYMH
X =Xp+ X, (6)

AC x, — po3s’g30k (3) ninifiHoro piBHAHNS (2), @ X, — PO3B’A30K HENiHIAHOrO, mpHYOMY
Xun<< x,. Tlincrasnatouu (6) y (2) i Biikuaaouu UieHn Ginbll BUCOKOTO NOPAJKY MANH3HH,
OZICPXKYEMO JiHiHHE ticoaHOpiaie PIBHAHHA, IPABA HACTHHA SKOTO € BiJOMOIO:

. 2 B 2
X +0pX,, = —;n-x,, Z (7)

Bpaxosyioun TpUTOHOMETPHYHE CITIBBIAHOUICHHS cos’a = -;-(l +cos2a), 3 (1) Ta(3)

MaEMo
2

|
X3 ;1(_[:’35_-;2_) (14 cos2(et - k2)) . (®)

Y npasiii wacTuui niuilinoro HeonHopiaHoro AudepenniansHoro pisiaHiig (7) 36ypio-
BAJILHA CHJA MAE JIBI KOMITOHEHTH — TAKY, (10 HE 3AICKHUTL BiJf Yacy, i Taky, UI0 3MIHIOETb
CS 3 4yacoM 3 NOJBIAHOIO YacToToI0 2.

Po3p’a30k (7) BU3HAUYMTLCH Cynepno3uuUicio po3s’a3KiB, WO BiANOBINAOTE Al KOWHO!
KOMIIOHeHTH 30y pioBansHoi Cunn 3o0kpema, OTaxe,
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L [ +c052(mr-kz)
M 2m m(mg' -—mﬁ) o o} '——(2'00')z

Tosnapulopanicts P MoXHa 306pasuTu y BUCasL, KMl MICTHTL iMifini i veminifin
YMeHH:

(9)

P=eNx=eNx,+eNx,, =P, +P,,, (10)

ne N — koHueuTpauis aromis pewounu. [lepiunit nonanox y P, onucye cTaTHuHy nonspu-
30BaHiCcTL (0NTHYHE AeTekTyBaHHA), Jdpyruii 101aHOK ONUCYE NONAPHIOBAHICTE, AKA 3Mi-
HIOETBLCA 3 HacTOTOK 209. BHacitinok uboro arom Byne nepeBunpoMiHioBaTy Ha 4acToTi @,
a TAKOX Ha 4acToTi 20 Apyrol ONTHYHO! rapMOHiKH.

5.298. 3a nonomorolo nnacTHu 3 kpuctaia KDP a6o wiobary 6apiio, supizanux nep-
HUM YHHOM.

5.299. Iloka3sHuky 3an0MIEHHS Ha 4acTOTaX O i 20 MaloTs 6YTH ofHakoBUMU n(®) =
=n(2w). L1 ymosa Hasupactbcs (pa3oBum abo MpOCTOPOBHM CHHXPOHIZMOM MOYATKOBOI
XBRAi Ta i apyroi rapmoMiku. B izoTponumx cepeaoBHilax BuKoHaHMs ymoBu (asoporo
CHHXPOHIaMY € HemoXnuBum. Oanak il MOxHA 3AIACHUTH MiX 3BUYAHHOIO | HE3BUYARHOIO
XBUIAMU B NICAKHX KpWCTanax. Hanpuknaa, y kpucrani juriapodocdary kaniio KDP y
Hanpami, AKM# CTaHOBUTH NEBHUI KYT 3 ONTHYHOK BICCHO,

5.300. ¥ = 2-10° mrc.

5.301. 0 =33,6°.

5.302. a), B) Tak; 6) Hi.

5.303. /Ins enexktponin Gyae, 118 0.~4aCTHHOK — Hi.

[0 PO34INYy 6

6.1. Hi, He icuyioms. Skino oTBip 1OCKTL Maiui, TO NPOMiHb, KK MOTPaNIAC Kpilb HHOTO
10 NOpOXKHUHK, 3a3tac 6arato BIAGMTTIB nepen THM, K BUATH HasoHi. [lpu koxHOMY Bia-
OGUTTI Mac MicUE YaCTKOBE MOIMMHAHHSA CBITNA CTIHKAMM OPOXKHMHM, | TOMY CBIT/O, 110 BU-
XOAUTH Kpi3b OTBIP 3 NOPOXHHHHU, MAc 3HAYHO MEHLLY IHTCHCHBHICTS, HIXK T, WO NOTpaIIse
A0 nei. CnexrpanbHuii Cxiajl BUTIPOMIHIOBAHHA, AKE MOMMHAECTLCS TakUM OTBOPOM, Gnu3s-
KWH f0 cknany BUNPOMIHKOBaHHA abconoTHO yopHoro Tina. [nsumka 3 YopHOro ckia kpaue
MOT/IMHAC ManaloyYe Ha HLOTO BUNPOMIHIOBAHHA, HDK MALIKa 3 NOCPIONEHHMHA CTIHKAMMU.
UlIsnawe oxonoxe nasiuka 3 WOPHOTo CKAa, 60 BOHA Kpallle BUNIPOMIHIOE.

6.2. Tino CBITHTHMETLCH KOALOPOM, AOAATKOBMM 0 YepsoHoro. Konip Tina symosie-
Hul foro npo3opiCTiO a1i BHNPOMINIOBaHHA NEBHOT yacToTH (abo aianazoHy wacToT):
AKUIO TINIO Mae YePBOHHA KOJIP, TO BOHO He NOMIHHAE BUMPOMIHIOBAHHS, SKE BLOMY KONLOPY
BiAnosizae, i He BUNpoMiNIoE Horo.

6.3. T= {fPf(cS)=815K.
6.4. T=4/P/(4ncaR?) =1224 K.
6.5. a=E[(oT*St)=1,23-107 .
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6.6. 73 = TC,/ R/(2R,) =280 K, ne R - pagiyc CoHus; R, — cepeaniit paniyc semuoj
opbiTu. "
6.7. Hi.

6.8. A = D4 o _ L1 mxm.
(1-n)P

69. Am= (41:0/ cz)(b/lmwi)d Rt =1.38-10"kr. Bukopucrati  criiBBiaHOUIeHyg
Etiwreting  Am=Efc? ;R = 0(bfAny )’ =64,17 MBT/M* ;. ®=4n0(b/A, )  R? =

=3.95.10° MBr; /="P/S =0{b/Max) (R/Ro)* =1.40 KBTM?, 2¢ R — paniyc Conus;

Ry — paziyc 3¢mMHOi op6iTH.
|

6.10. T=(lSGt/(pcd)-»(lmu/b)"')“; =1791 K. Mix vac 3uwxenits Temueparypu ua

dT" Kkyas Bina€e KinbKicTs Tenaorit dQ =—cmdT , e ¢ — NUTOMA TELIOCMIICTE MaTepiany

Kyni; m — i maca, m=npd’ / 6 . p— rycruna. Beaxaiouy, o BCA TEMIOT3 BUTPAvAEThes

KYJNeK) Ha BHMpPOMIHIOBaHHA, Maemo dQ = oT4Sdt = noT*d*dt =-cmdT. 3 unasenenux

CMiBBIAHOUIEHL MAEMO dif = -—cdpdT/(ﬁo 7*Y , 3einku, Bukopucrosyioun (6.1.5), onepicyemo

BIAMOBIIb. .

6.11. Hi, ne 6ync. Posuonin 3a vacroramu, akui onucyerscsa dopmynamu (6.1.2),
(6.1.3), BCTAHOBMOETLCA BHACHINOK NPOLECIB MOTMHAHHA, CMOHTAHHONO T4 BUMYUIEHOTO
BHIPOMiHIOBaHHS KBanTiB. A ONCH 3 UMX NPOUECIB HE MAE MiCUs NPy B33EMOAIT KBAHTIR 3
BiTLHUMM E€NECKTPOHAMHU: BIANOBIAHO 0 YMOB 32184i OCHOBHHM NPOLECOM € KOMITTOHIBCLKE
PO3CiAHHA, AKE HE CIPUYUHAC BKA3ZAHUX PO3NOAINIB.

6.12. 1 = hf(m,c)=2.4-10"% m: m = h/(Ac) =1,8-107 kr.

6.13. m= (p/(2c)]cosﬂ =107 kr.

6.14. n=I/(Av)= 10" M ¢ ",

6.15. Cucremu Binniky, B fkiit ¢horon nepebysac B CTaHi CNOKOIO, HEMAE,

6.16. N = P)/(hc)=1,4-10"7 c~".

6.17. (j)=n=N/(4nl*) = PA[(4hel*) = 6-10" 2™

6.18. Ipunyckaoyn, W10 BUMPOMIHIOBAHHS KBAHTA € MOMX/IUBUM, i3 3aKoHiB 36epeinCHHA
eHeprii Ta iMnynscy Maemo p=p, +p,.E=E +¢&, ne p,p;,p,, E.E,& — iMnynbcn Ta

eHEprii eeKTPOHa BIAMOBIAHO A0 i WICAS BAMPOMIHIOBAHHA KBAHTA, A TAKOX IMMYy/bC T&
exepris ksanra. OCKiNbku €MEKTPOM BiNbHME, TO MOXKHA NepeiTu 10 cucTemu BiAAIKY, B
akiti p=0. Toai, BUKOPUCTOBYIOUH HaBeneHi CTiBBiAHOWEHHS, 2 Takox pigoMy 3 TeOPIF

BiIHOCHOCTI piBHicTs EX = ¢’ (p2 + mzcz] , maemo c’pl +€* +2Ee=0. Lia pignicts HE

MOXE BHKOHYBATUCH, OCKINLKM BCI 4nelin B ii MiBili 4acTuHi € ROAATHUMH, IUO cBIRHTE
npo xubHicTk 3po6aeHoro npunymenHs. Tak CaMO JOBOAHTLCA HEMOMIMBICTs nornuHiaHii
KBaHTa.
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6.19. JIsepkanbHa; TaK, 3aNexuTh.

6.20. p =(hn/r)(1+p)=0,19 MITa.

6.21. N = FA/(h(1 +p))=8-10" ¢~

622, Ay=hc/A, Uy =J2(A-—hc-/l)/me, v AN uesio Ay =630HM, U, =
=1,2710° m/c; s HaTpit0 Ay =340 uM, U, = 1.22- 10® m/c; ana naaruuu Ao = 235 Hm,

o = 6,6-10° m/c; ans unmky Ay =310 um, v, =9,4-10° m/c.

6.23. Tp0 =hc/h— A=8,21¢B; (E)=3kT/2=3,9:107 ¢B; T, >>(E).

6.24. 8=m,cz(l/\fl-v2/cz-—l)=|,49MeB', p=efc=7,92-102 ki-mlc, m=2,64-107" kr

2
6.25. 2) v, =+ 2hc/(Am,)=3,83.10" m/c; 6) v, =cJ1-—l/(l+s/(mecz) ) =0,97c .

BasTu 10 yBaru, U10 3a7aHuM AOBKUHAM XBUJIb BUMPOMIHIOBAHMA BIANOBIAAIOTE €HEPTil
KBBHTIB €, SKi 3AI0BONLHAIOTE YMOBY €>> A (4 — po6ora Buxoay), i y criBBiqHOUEHHI
(6.1.10) moxHa 3uexTyBaTu nepuluMM JONAHKOM. 32 yMOBM @ MAEMO TaKOX & << m,_.cz,
i ToMy ang kiHeTU4HOI eHeprii YacTUHKU BUKOPHUCTOBYETLCA HEPENATUBICTCHKMI BUpas,

32 yMOBU 6 €>> m,c” | BUKODPHCTOBYETHLCH PENATHBICTCHKHI BUpa3.

6.26. O = (enP/(hw))’ Rt = 0,17 k[l
6.27. Ap=1p? + p? = 8,40.10 % kr-m/c, ie p, — iMIyABC, WIO HAZAE NAACTHHUI

BHIYIEHHI €NeKTPOH, p =O,SJ2m(hc/l-A); p, — iMnyasc, kil nepenaeTbes ik
nornunyTaM GoToHoM, p, =AM .

6.28. ¢ = hc/(e)) = 62,06 B. Bastu 110 yBaru, mo 3apAIOKeHa NIACTUHKA rallbMYE eneKT-

ROMM, BUNYINEHI MiA AICIO BUIIPOMIHIOBAHHS: NOPIBHIOIOUM 3HAYEHHA PoBOT BUXOLY Aas
METANiB Ta EHEPTIKO KBAHTIB € = hc/A , Bauumo, 1O POGOTOK BUXOAY MOXHA HEXTYBATH,

6.29- h’ = ell;bz(Uz = UI );{(C(ll = }52 )) = 6,52' l 0"34 ﬂ)KC, A = h‘:/)ul‘z "‘eUlllz = 2,39 eB.

6.30. BinbHuMy BBAKAIOTHCA ENEKTPOHU, EHEPTIs 38’ 43Ky AKMX € 3HAYHO MEHIIO0, HiXK
€Heprig waniTalounx kBaHTiB. He crnocTepiracrses, TOMY (10 MAKCHMATbHA KOMITTOHIBCHKA
IMiHa noBkuMu XBUAI AL =2), 3HAYUHO MEHILA Bil NOBXKHH XBHIIb ONTHYHOTO /ianasoHy, a
Takox ToMy 10 eHeprisi (OTOHIB BUIMMOrO cBiTna npubauzHo AOPIBHIOE eHeprii 387A3Ky
CIeKTpoHa B aTOMI.

6.31. a) Y usomy pa.n BinByBaeTsca BinHocHe 36inbIICHHS KinbKOCTI BiIbHUX €1eKTPO-
HiB; 6) poscisuua 3i 3MiwEHHAM 4acTOTH BiAGYBAETLCA TibKM HA BiNbHUX €neKTpoHaXx,
BlacCTUBOCT| AKMX He 3ANeKATH Bi/l IPUPOLH PEUOBHHM.

6.32. A\, = 24, = 2h/(my), ne my — Maca podcitoBaya; s enextpona Ak, . = 4,85 nm;
M3 npotona AL, =2,64 .

6.33.0 =L +A\, =A+2sin%(6,/2) = 7,42 um; Xy =h+Ak, =+ 2 sin’ (6,/2) =9,84 mv;
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hc AL/A

=————— T,=0,08 MeB, T, = 0,12 MeB; E= T+ m,c’, E; =0,52 MeB,
A l+AL/A :

2
£, = 0,63 MeB, p=JE2 —(mecz] /c, 7 = 1,53107 2 wrmlc, 7 =2,010 "2 krmlc.

6.34. Ak=(T/(e—-T)]k= 1.34 nM, ne T — KiHETHMuHaA eHEpris enekTpona Bilaaui,
T=mt,c'2(l/\)l—v2/c2 —I}; £ —enepris nanaiouoro qoroHa, €= hefk ; 8=2arcsin /% =630,

6.35. tgo = %E—Eiﬁ—‘/;% . BukopucTaTh 3akoH 36epemeHHs iMiyabcy.

6.36. A, /2, =, [m, [m, = 43, ne m,, m, - macw sinnopiano nporona i enektpona.

6.37. Ilpunumn aii enexrpoHHOro, NPOTOMHOIO Ta IOHHOrO MIKPOCKONIB MOAATAE Y
BUKOPHCTAHH| XBHALOBMX BIACTHBOCTEN BiZMOBLAIHMX YACTHUHOK AN AOCHiINEHHS Marepi-
anbuux 06’ekTiB. Ockinbkn HaliMeHina BIACTAHb, AKY MOXHA po3pizuuTH (HA EKpaHi,
doronnacTuHui TOWO), NpoNOpuUiAHA NORKMHI XBUIL, TO HAWGINLINY POIAINLHY 3AATHICTS
3a 1aHOT YMOBH MaTHME IOHHUHA MiKpocKoIL.

6.38. 2) A=A/(mw,)=7.36-10""m; 6) A=h/N2emU =7,2010""2 s, B) A=h/2mkT =
=1,78-10""m; 1) A= hi(mv,)=6,62-10" m.

6.39. ' =1t

A=3 oM.
n-—1

6.40. v = h/(mbsin(Ap/2))=8,43-10" m/c.

6.41. n=43.

6.42. Ax = hlf(d\2mT) = 7,36 mkm.

6.43. JIns MepensTHBICTCLKO! YaCTUHKH U =)k = hk/(2m), u=dw/(dk)=hk/m=p/m,

A€ © — UMKIIYHA YacTOTa, K — XBHALOBE YHCIO XBWi ae Bpolnd wacrunkm, p — i
IMITyJIBC, M — MACa; 31 WBHAKICTIO YaCTHHKHK B HBIOTOHIBCHKIN MexaHiui 36iraeThcs BHpa3

Ans  rpynoBoi mBMAKOCTI. JlAs pensSTHBICTCHKOI YACTHHKM vzc\{l-i-(moc/(hk))z.

u=c'/ Jl+(moc’/(?ﬂ’0)2 , Ie m, — Maca Cnokoi Yactuxku. 3 dopMynu ana asosoi

IUBUIKOCTI 1S PENSTHBICTCHKOT YACTHHKK 6aunumo, 1o nas Hel U>c¢; npore ue He cynepe-
YUTH TREPJUKECHHIO MpO rpaHuuHmKii Xapaktep WBMAKOCTI citina. lle TBepmkenns crocy-
€THCA WIBMAKOCTI CUrHANY, fKa 3B’ A3@HA 3 rPYNOBOIO LBHAKICTIO.

6.44. Cripamyemo sick Ox y3n0Bx winuny; Toai BHacnigok andpakuii xsunb ae Bpoins
nig Yac NpOXO/UKEHHA Kpi3b WUMHY 4YacTHMHKA HAaOyBaTume CKNAUOBY iMnyasCy B3A0BX
ui€i oci: p, = p sin @. 32 Mipy HEBMIHAYEHOCTI IMIYALCY YACTHHKH BBAXKATUMEMO pOIKHA
AaHol mpoekuil B Mexax ueHTpajibHoro audpakuiinoro makcumymMy, TobTO |6p,,| =
= p| sin @, ze sin ¢ = /b, X = h/p. BUKOpHCTOBYIOUYM HaBeACHI CMiBBiAHOLIEHHS, ONEP”
wyemo |Ap,| = anh /b, a6o | Ap,|> h/b.

6.45. Avfv ~ /(1 /2m,T)=10™.
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6.46. v, ~ 107 m/c. Bysemo posrnsnath poaMip Anpa AK HEBMIHAYEHICTL KOOPAMHATH
enexTpoHa. [na ouinku HOTO WBHAKOCTI, BUXOAAYM 3 HEPEASTUBICTCLKONO CMiBBIAHOLWICHHS
v~hf(m,r,), onepxyemo v = 10" mlc, wo nepesuutye weAKiCTL CBiTAA y BakyyMi i

CBIIYMTS NpO Te, WO CNCKTPOHH, HAABHICTL AKMX Y AApi nependavacrsed, mMaioTs OyTH
pensTUBiCTChKkMMK. Toal 3 piBHocTi (6.2.2) BunauBac, wo Apr, 2 A, 3Biakn r, 2 h/Ap.
JouinsHo BBaXATH, WO p2Ap, 1041 Fy 2/ [ p. BKasaHa HepiBHICTL MAa€ BUKOHYBATHCh
npH Oyab-AkOMY IMMYJILCI PEAATHBICTCHKOTO €ICKTPOHA, 30KPEMa NPH KOMMNTOHIBCHKOMY
iMayasci p = h/\,, T06T0 Ma€ BHKOHYBATHCH HEPIBMICTS ry 2 A /(27). [TincTaBadioun 3na-

YEHHA ry Ta A, BauUMO, WO HA HEPIBHICTL HE BUKOHYETHCA, TODTO ENEKTPOHK HE MOXYTH
6yTr nokanizoBaHHMK B 06’ emi sapa.

6.47. Hi. Kopuctyiouucs BHpasaMu 148 WBMAKOCTEA MOAEKy:, 3HAAEMO iMMYynse
yacTUHKM p Ta Ti neGpoiiniaceky noBxuHy XBrii A. Bussasersca, wo A ~ 10 ~'"m. Paxiyc

YACTHHKH 1 = ,3f3m/(41tp) ~ 10 "% M; oTxe, Macmo A << r. Lle 03HauaE, wo Y AaHOMY BUNAAKY
NOHATTA TpaekTopil Habysac 3micTy. '

6.48. Ax=~ hl/(d,/‘.ZmeeUlz 107° M. Beaxaloun KyT MiX BiCCIO eleKTPOHHOTO Mywka
Ta HanpAMOM Ha nepudepito nisMH MANKM, NOKJIAcTH SiNQE =t = Q.

6.49. Hi. Kineruuna evepris € QyHkuicio iMmynbCis, a noreHuianbia — QyHkuiao
koopauHat. Buacninok cnispiaHomeHb HeBu3HaueHocTed (6.2.2) kineTHUHA W noTeHui-
aJibHa SHEPTii He MOXYThH BOJHOUYAC MAaTH BH3HAUCHI 3HAYEHHS.

6.50. AE = hf1=~66 neB; 1, =h/AE~6,6-10""c.
AE/E
AEy [Ey

6.52. HepisnicTs @ MOXe BHKOHYBATHCh, HEpiBHICTH 6 — Hi. Bupas I‘P(r, f) I 2dV 03-
Hayac HMOBIpHiCTH nepebyBanHa yacTUHKK B o0 eMi dV y MOMEHT uacy f, | TOMY
| ¥(r, 1) | 2aV < 1. Mpore | ¥(r, 1)|* moxe GyT# # Ginbumm 3a onunuwo.

6.53. Hi. InTeucusnicts Xxsunb ae Bpo#ing Bu3Havae He eHEPTito YaCTUHKK, a pO3NoAin
iMomipHOCTEH Nepebysanns if B pisHux obnacTax npoctopy. XBunsoBy QyHkuito B 10Ci]
BUMIPATH HE MOXKHA, 6O BOHA HE ONUCYE NOUIMPEHHA KONMBAHb PEAILHHX (i3HYHHX BeH-
YuH, AKi 6 Ji90M Ha BUMIPIOBANIbHUA Npunan,

6.54. B), ) Hi; 30kpema, 4714 BiJIBHOT YAaCTMHKM 3 BU3HAYECHUM IMNYIILCOM, K BHMJIHBAEC

6.51. AEJE = hf(E1)=4,7-107"; ~2,4-107%.

2
3(6.2.7), |‘Pp (r, .')‘ = const . Lle 03Hagac, wo AMOBipHicTL nepebyBaHHs TAKO| YaCTHHKH

no6ausy Byas-1KOT TOUKH MPOCTOPY Ta cama; Y CBOK Yepry, Ue BeAe 10 po3bixHOCTI InTer-
panay (6.2.6).

6.55. Tak camo, ik Apyruii 3akon HBIOTOHA € 3aKOHOM pPyXY B KNaCHu4HiA mexaHiyi,
yacose pisuauua Lpeninrepa € 3akoHoM pyxy y kBaHTOBIH. 111 TOro mob Bu3HauinTH 32
JIONIOMOTOK) UbOTO PiBHAHHA XBHALOBY QYHKuUIIO B Byab-AKkuii MOMEHT yacy, Cilijl 3HaTH ii
3HAYCHHA y MOYATKOBHA MOMEHT.

6.56. Mliacrasagoun y (6.3.1) HaseacHni B yMOBI BHpa3, MaEMO

% ihdT [di _ (=7 /(2m)) Ay + U(r)v |

——TAy+U , abo
2m il (r)ﬂu a T W

. dT
lhlﬂ(l‘);—=
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Ockinbkn apryMeHTOM (pYHKLIT MIBOT YaCTHHH LILOTO CMiBBIAHOWEHHA € 4ac f , a rnpa-

BOT — MPOCTOPOBI KOOPAHHATH, TO PIBHICTH LIMX YACTHH 03HAYaE, WO BOHK HE 3aN€XaTh Big

. : . . . § ih dT[dt
CBOIX 3MIHHMX i KOXHA 3 HMX JOpiBHIOE ACAKIA cranit o, T00T0 —ivcr—=

2

';_AW"‘U(")‘I’ =qy . Mepwe 3 unx pisHaub Mae poss’szox T'(f)= Aetiar
m

, AKHHA €

NEPIOANYHHM 32 YACOM.

6.57. Ina nnockoi xBuii gogaHok Ay Tpeba B3ATH y NPAMOKYTHMX KOOpPAMHATAX, a
Ana chepuyHol — y chepuynux. Tak, BOHM ONMCYIOTL CTaUiOHAPHMH CTaH 3 CHEpPricw
E=ho.

6.58. IcHy10Th, 60 piBHsHUA (6.3.1) € AudepeHUiaNibHUM PIBHAHHAM NMEPLLIOTO NOPALKY
32 4acoM, a KJ1aCHYHE XBUIILOBE PIBHAHHA — ApYroro.

6.59. Hi, ockinbku BOHa He nignarac pisHAHHIO (6.3.1), y oMy MOXEH2 nepeKoHaTHes
MPSMOIO MiACTAHOBKOI.

6.60. Hi, 60 roHa € cynepmo3uulielo CTauioHapHUX CTaHiB 3 pisHMMK enepriamMu. Hi.

6.61. Po3r’a3ku piBHAHHA (6.3.5) 3anexare BiA eHeprii Ak pid napamerpa. 3 iHWOrO
Goky, Ui po3s’A3KK MalOTh 3aI0BOJILHATH TIEBHY IPAHUYHY YMOBY (TaK, i3 CITiBBIZHOILCHHS

2 ’ - . [
(6.2.6) BUNIMBAE, MO |\p] mae OyTH (pyHKUi€I0, IHTErpOBaHOIO HA HECKiHYeHHOCTI). Lle

MOXCIHMBO JIMILE 33 NMEBHUX 3HAYEHb napameTpa K, aKi i € Z03BOJNEHHMH 3HAYEHHAMM eHep-
I'il KBAHTOBO-MEXaHIYHO1 CHCTEMM.

Tt # . . .
6.62. y,(r)= AP 3pain mnoc-MiHYC BIANOBIAAIOTS PYXOBI YACTHHKM B NIPOTH-
; 2 2 -
nexHUX Hanpamax. Ockinbku pr(r)| = A* = const , T0 HMOBIPHICTb MEepeOYBAHHA YACTHH-

Ku y Bcix 06.1aCTAX MPOCTOPY € ONHAKOBO, TOOTO B HAaCTHHKM HEMa€ BU3HAYEHOI KOOpaH-
Hath (ans Hei |Ax] =|Ay| = [Az| = ©), Go BoHa Mae BH3HAUEHMI iMTTyTbC. MOXHA; OCKiIbKH

YaCTHHKA BifbHA, TO A48 Hel B MpOCTOPi HEMAE BUAINEHMX TOHOK, TOOTO Mae 6yTi

|1prp (r)|2 = A* =const .

6.63. v=FE[h=9.09-10"Tw; E=h%/(2mA*)=37,62 ¢B.

6.64. HenepepBHuid, CHEpPris 4acTUHKK HE KBAHTYETbCA, 60 HEMae HISKMX 0OMExKEeHb HA
HeT y BUIIARI rpaHMYHUX YMOB. I1OpiBHAHO 3 KJIACHYHHM OMHCAHHAM HOBMM TYT BMAB/A-
€TbCA Y3rOMKEHHA 3 MPUHLMITIOM HEBH3HAYEHOCTI AJIA KOOPAMHAT Ta iMNyibeiB (6.2.2).

6.65. AE, . ~ l/(maz) . ¥ 3aransHOMY BHMAAKy AEH’,H,/E" =(2n+ 1)/1'12 s anan=1

AE, . /E, =3, ans n=10 AE,, [E, =0,21. 3i 3pocTanHaM 1 3HalieHe BiXHOIICHHS

MPAMYE A0 Hyjs, TOOTO NpH UbLOMY 3MEHIUYETLCA €EKT KBAHTYBAHHA E€HEPril, a pasoM 3
HHM 3MEHILYETHCA NMOXHOKa y pasi 3aMiHH KBAHTOBOTO MiAXOAY Ha KIaCHYHHIL,

|, 5n°h? 1,572k
6.66. £, ---lz—-4 5leB; E, —n—-25 35 MeB; Tyt m, — Maca ejeKr-
meaa mNa‘
poua.. My — Maca HyKJIOHa.
2 2
6.67. m= i =1,66-107% kr
ZE]a
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6.68. a=1,57%h/(m,w) =5,85-10"m.

2a(3
6.69. w= | v, (x) dx=0,61; w, = “w,(xl dx=0,2.
uf3 243

6.70. Y uboMy sumanxy pisuanua (6.3.5) mac napumii (y(~x)=1y(x)} Ta nenapmni

(w(-x)=-w(x)] pose’ssku. [na napHoro poss’ssKy W, (¥)=+/2/acos LR,

o,
n*n? 2 - C 2n(n+1)x
- =7(2n+ 1)%; ana HenapHOro po3B’A3KY W, (X) =/2/a sm——(-—)-——, By =
2m a
2?!2 2
(n+l) ; neZ . OCHOBHOMY CTaHOBiI BiAMOBidae 3HayeHHs n=0, Toai mMaemo
ma
hZ 2 thuz
Eonapn = =5+ Eoua =———, 10610 Eq 0, < Ey, 1 OCHOBHMIE CTaH € MADHNM.
2ma ma .
. . . . oy By
6.71. Y uvoMy pasi crauioHapHe pieHaHHA lllpesiHrepa Mae BMrasan gz—+gz—+

2mE ) . ) . . )
+k21p=0, e k2=?—-. lpaHM4H] YMOBHM, 11O BIAMOBIAAIOTL 3aNaHIA AMi, Taki:

v(0, »)=w(l, ¥)=w(x, 0)=y(x, ,)=0. Po3s’a30K piBHAHHA WyKAEMO y BULIAA]
y(x, y)=Asin kx sinkyy . Mpu usomy ymomu w(0, y)=y(x, 0)=0 BHKOHYIOTHCH
apromMaruuHo, YmoeH y(/, ¥)=0 ta y(x, /,)=0 naote k =tnn/l,, ky=tnmn/l,,

Ae m, npeN. [ligcraBasioun 3HaueHHs y(x,y) y BHXigHe PpIiBHSHHA, MaeMo

h’ 2wt nd .
Eyin, = -[-]-+Tz— Enepria ocHosHoro crany E,;=26,12 ¢B, E,, =54,35 B,
)
E,, = 7629 eB.
1 (sinmnr/a) )
6.72. E, = n*h*n* [(2ma®), v, (r) = —=—=~———=. BHKOPHCTOBYEMO piBHAHHSA
f( ) ¥ ( ) J2na r P Y P

(6.3.5), oneparop Jlannaca B Axkomy B3aTHH y cdepuunii cucremi xoopauHar. Jlns
PO3B’A3KiB, W0 MAIOTH LIEHTPANbLHY CHMETpito, MoxHa nokaacth y(r) — (7). Toai pis-

2
HAHHs (6.3.5) B o6nacti (0 < r < @) MaTUME BUrIIAR — ( 1@ ( 2 aw)] =Ey,

mtrz 3." or
Jlani Beegemo ponoMikHy dyHkuito v(r)=y(r)r, toai j ;) + 2’:?) =0 . OcKibku
r

CTiHKH, 1110 OTOUYIOThL NOPONKHUHY, € aOCOMOTHO HENPOHMKHUMM, TO Ha 1i MEXI MA€E BHKO-
HyBaTHcs ymosa Y(a) = 0, a B UCHTpi 3HAYEHHA v(O) Mae O6yTH CKiH4eHHMM. 3araibHui

Po3B’s30K piBHanHA ana v(r)mae surmsn v(r)= Ae™ + Ae™™ , ne k=\2mE[R* .
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YMOBI CKIHHEHHOCTI B LIEHTDI 3a10BOJLHAE PO3B’A30K 3 A =—A, = Af(2i). ne 4 —crang,

AKAa BU3HA4AETHCA 3 YMOBM HOpMYBaHHA (6.2.6). OTxe, MaeMo \u(r)= (Asinkr)/r . Ene-

MeHT 06’eMy y cepuunoMy npoctopi dV =r?sin@d0dedr . ToMy 3 piBHocTi (6.2.6)

-1/2
12
A =(4njsin2kr-dr] . Moxnunsi 3uayeHHA €Hepril 4acTHHKH BU3AYAIOTLCA 3 YMOBH
: :

Ha MEXi NOpoXHUHKM: sinka =0, 3Biaku k, =7nfa, ne ne N . O6uucmowun 4 Ta BuKo-
PHCTOBYIOUM 3B’ 430K Mix k Ta E, oiepiKy€eMO BiANOBiAi HA 3aNUTAHHA 3a1a4i.

12
6.73. A= /[ J]W(r)iz dV) = l/(nag )1/2 ; g = 4n80h2/(m¢ez) — neplunit 60piBCLKHI

paiyc; Eo= (—-- )= Jru(r)f av ——ao, A =B a: () =Jr2lw(f)|2dV :

o) 7
n, =dy, AE 1, — KOPiHb piBUAHHA %p =0 (p=dnr’ |1p(r)|2 ), AKHHA He QOpiBIIOE HYNEBI.

2
e E’z

=-27,22¢B: U((r))= -~ ey (r) =_6‘nsoa #(U).

6.74. { ju ([ V__4rraoa

6.75. Knacuuni rpaHuui Bu3HaualoTsCAa 3 ymosn Fy=U(r). Toni w, = ”%(r)]za’V =0,76,

i

ae Vy —o6’eM atoma, AKMi BUIHAHAETLCA KIACHYHUMU FpaHrUAMK; wy = 1—wy, =0, 24,

1 l mee“ me*

6.76. a) U, =—E, =— 5—=13,59 ¢B; 6) U, =-Ez=——-—————=3,40¢B;
2 (4neg,y)* R 8 (4mey)h®
¢ |
H) U, =-E;= _L___m =151 eB. o= £= Zm:‘R(LZ—""J: JUTS BHAMMOT HaCTHHH
18 (47[50} hu :‘u n m

cnextpa n=2,m=3..6. ina m =3 maemo 0 =2,87-10"¢c ™" ; mam =4 w = 3,87-10% ¢, ana
m=5w0=43410"c; qanam=6 0 =4,60-10"c".

6.77. v —1@%3 26 M/c, ae m, — maca aroma,
4m,
6.78. L= 7 *® =188 M, ae U,, — eHeprid ioxi3auii aToMa BOAHIO, AKMA MiCTUTHCA
izt
Ha nepwoMy 30ymxkeHoMy piBHi, U -5 mee =3,40 ¢B
P y 30y, yP 27 g (4nao}2ﬁ2 ’ :
6.79. E_. ——%——=~l,51 eB.
1
6.80. AE ., =72’L?E,,axmon>>l T AE, ..\ & — - TE. BKasana pisHuua TMpH
' n“(n+1) n’

n>>1 npaMye 10 Hyas, TO6TO B LLOMY BHIIAAKY MOXIHBHHA Nepexia A0 KAACHYHOT rpaHuMui.

502



6.81. A=

3R22 ~ 54 ymMm.

6.82. r = ry/Z2, e ry— nepiumii GopiacLKMH pagiyc A1s BOAHIO; A4 ioHa He' r= 13,2 v,
ans ioHaLi'' =59 nm.

683, Mo _Ru_ _yg35 Mue_ Ry _,
m, Ro—Ry my R — Ry,
6.84. Z = [n =3, niiit.
A -1
6.85. n="22 2/ ~5-10%, ne 0y =/g/! . Hi, ne nouinsHo.

6.86. A=/(2n+1)h/(mw,)=52-10""u.

~1/2 -1/2
6.87. 4, =(n"x,) " 4 =(2n"x3) P a=<1fx, ne x, = JHf(moy); E, = hang [2;
Ey=hwy /2 ; E, =3ho,/2. Crana a Ta €Heprii CTaHIB BM3HAYAIOTLCA MiACTAHOBKOIO

HABEACHUX B YMOBI BMpa3iB A0 piBHAHHA (6.3.5) AnA rapMOHIYHOrO OCLUNATOpPA, cTali Ay,
A\ — 3 yMOBK HOpMYyBaHHx (6.2.6).

6.88. (xg‘,)x (Xen )= 0; J<.r_§>=xc,/~ﬁ; \/("T)=\/3/_2-"o§ x =£x.

6.89. (Uo)=hay/4; (U,)=3hwy/4 (T)=(Uo); (B)=(U1); Uon)=U((.))
Bkaziska. Ckopucratuca (hopmynamu n. X 10A. A T2 NAPHICTIO NiAIHTErpansHOT (yHKLIT,

6.90. 3i 3HIKEHHAM TEMMEPATYpH 3aMUIIAIOTLCS 30YDKEHUMM NHILE HAAHMWKY] SHEp-
reTH4Hi piBHi ocuuasTopis. Lle BiabysaeTbcs [OTH, J0KM BCI OCUMNATOPH HE NMepedayTs Ha
PIBEHB 3 CHEPri€io HYNBOBUX KOJIMBAHL, MEHILE 32 SKY BOHH MATH HE MOXYTb.

6.91. 0, = hf(mx2)=1,17-10" ¢ ~"; npuinatn x, = d.

8/J2m
3hU,

6.92.2) D~ exp[—gh{JZm,_,(Uo =~ E)), Dzexp[—

D, =0,006; R, = 0,64; R, = 0,994,
6.93. D,/D,=1,053-10"*,

6.94. D~ exp[-—i—l,ﬁm((}n - E)}ﬂs 107,

6.95. ly = h/\Bmy (Uy - E) #3:10° m.

6.96. D = exp(—%’ f%@(uo -—E)J.
0

(U, - E)”’J : 6) D, = 0,36;

6.97. Moxe.

698./ =l +hL=3i=L+h-1=2;l=L+L-2=1;m=~lpu=-3;m; =—lpax +
+l=-2m=—lyut2==-l,m=—l +3=0m = lLhex =1 =2, m; = lpx =2 = 1;
My = [rma= 3.
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6.99. a, = m—arccos,/2/3 =0,87; o, =n- arccos(l/v/6)=0,63x; «, =0,5n;
oy = arccos(l/ Jg) =0,3Tx; ag= arccos,f2/3 =0,2n:

=0y ¥y g sy 33y 48y T
I T e e K M

6.100. AM,, = M,(,/HZ/! —l): npu { >>1 AM/M ~ 1/I, To61o ana / >> 1 xsanry-

BaHHA OpOITaNILHOrO MOMEHTY IMITYJIbCY € HEICTOTHHM; Y LULOMY pasi MOXIHBHUA nepexip
10 KNacuyHoi rparuui. Jiad crniny ymosa s >> | He 3a0BOJILHAETLCA, TOMY TYT MEpeXin Ao
KJIACMYHOT I'PaHMULII HEMOXJIMBMA.

6.101. M_,=ﬁh/2;s=s,+s;= l,s=5+s5-1=0.

6.102. V nocniai lllrepHa i 'epiaxa BUKOPHCTOBYIOTLCH aTOMM €JIEMEHTIB MEpLUOT
rpynH MEPIOAMYHOT CHCTEMM [IA TOro, OO BUIIMTH BHECOK OKPEMOrO €eKTpoHa (i
JIBOX €JIEKTPORIB CIiHH MOXYTb 6YTH CKOMIMEHCOBAHI); il aTOMH MaloTh 6yTH B OCHOBHO-
My CTaHi, o0 YHHKHYTH BHeCKy OpOiTalibHOrO MOMEHTY pyXy €IEKTPOHIB.

6.103. |M,z rm| =M, =hJi(l+ 1),|M,, m].: M, . 18 HepiBHICTb MOACHIOETHCA THM,

L0 Y KBAHTOBOMY BHIaJXy CRiBBLIHOWEHHA M, = \[M Z+M g, + M} He Mae Micus, ocKifbs
KH BCi Tpu npoekuii M,,, My, M), ne MoxyTb BoaHOYac HabHpaTH BUIHAYEHUX 3HAUEHD.

1 3
6.104. *F 5, %Py J ==, =
1/2 3/2 2’ 2
6.105.x=2S + 1 =2; HasBHicTIoO B aroMi cniHoBoro Momexty; Li: 15°2s;
N: 15s22522p%; Ne: 1522522p%; Na: 15?257 2p%3s; Ca: 197 25223523 p% 452 .

6.106. 3 < L < 5. MynbTHIUIETHICTL aTOMHOTO crany » = 25 + 1, 3siakn S = 3. [l
BHYTPILUHLOrO KBAHTOBONO YMciia aroMa Maemo piBHsHHA J(J + 1) = 20, i Hac uikaBHThH
TiNLKX AOAATHHHA KOPIHb LBOTO PiBHAHHSA, TOMy J = 4. MOxiuBi 3HaYeHHA Yyucia L Bu3Ha-
4a€EMO i3 cucTeMHu HepisHocTed L+ S| L— S|,

6.107. M, =25k 15%25%2p*2p%3541 ,* F,.

6.108. 3anoeneHa enexTponHa 06010HKa MiCTHTL 2(2/ + 1) enexTpoHiB, TOMy Ans Hel
MOXJIMBI TIJIbKK HYJNbOBI 3HAYEHHA MArHiTHOrO T2 CNiHOBOrO KBAHTOBMX YMCEN. 3BidCH
BMNJIMBAE, 110 Taka 000N0HKA He fia€e BHECKY 10 opbiTansHoro L Ta CrtHOBOro S KBaHTOBHX
yrces aroMa, OckillbKM BHYTpPIlUHE KBAHTOBE HUCIIO, K€ BU3HAYAE MOBHUIA MeXaHiunuii Ta
MarHiTHMf MOMEHTH ENeKTpOHa, JEKHTL B iHTepBani L + § < |L -S|, 10 ans nei J =0,
1 BHAcHiAoOK cniseigHowWeHb (6.4.11), (6.4.13) noanii mexaniunuit M; ta MarniTHri W)
MOMEHTH 3alOBHEHOI eIeKTPOHHOT 000NOHKH aTOMa 0P iBHIOIOTH HYJIEBI.

6.109.2)S=0:g=1;6)L=0:g=2:8)2Pyp: g=4/3:%P, 5, : g=2/3; 1) *P;: g = 3/2,
Fy: g =13/12.

3 5
6.110. 2D3/2 - By = 2‘/‘;'115 ; 23./2 ‘K= 2\/;11; ~
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-
6.111. p, = 3\{;;15 (3ananni enexTpoH nepebysac B cTadi, opOiTaNbHE KBAHTOBE YuC-

10 SKOrO [ = 2, TOMY ANA HBOTO fiay =

).

o | W

6.112. M, = g& {y ubomy pasi g =0).

6.113. ¥V GararoenekTpOHHHX aTOMIB NOJE, B AKOMY MiCTHTHCA OKpPEMUI €NeKTPOH, HE
€ YHCTO KYJNOHIBCBKHM, TOMY €HEprisf €JeKTPOHA B TAKOMY TOJi 3aA€KHTh HE TiNBKM Bi
rONIOBHOrO KBaHTOBOIO YWCAA, ane # BiA iHLIMX 4YHMcelN, 30KkpeMa Bia opbiTansHoro yucna /.
[Ipt upOMY HE ICHYE MOHOTOHHOI 3a/J€XHOCTI MiX €HEpricwy ejleKTpOHa Ta 3HAYEHHAM
AOro roOBHONO KBAHTOBOrO YHCia. TOMY MOXE CTATHCA, LUO i3 ABOX CTAHIB ENEKTPOHA 3
KBAHTOBMUMM umuciamu ny, Iy (I < ny) 1a ny, L (I < ny), ki 3a00BONBHAKOTE YMOBH 1, > Ny,
l, <}, ApyroMy CTaHOBi BiANOBiZa€ MeHIIa eHeprif. Lle NOACHIOE HAABHICTH HE3anoBHE-
HUX €JIEKTPOHHUX O00NOHOK y 6araToeNeKTPOHHMX aTOMax.

6.114. Y Bunaakax cuurieTHrX cradie (S = 0) ta S-cranis (L = 0); po3wennexns 3a-
BAAKM HASBHOCTI CNIHOBOrO MOMEHTY BiAOYBacTbCA y S-cTaHax.

6.115. Tax, xpim Bunaaky S = 2; y usOMy pasi HalMeHUIe 3HAYEHHA BHYTPILIHBOrO
KBaHTOBOTO uncna aromaJ=|L -S| =0, toxi p;=0, i edekt 3eeMaHa HE CNOCTEPIraETHCA,
AK U BUAHO 3 hopMmynin (6.4.13).

6.116. Cxnaauui.

6.117. a) 5; 6) 4.
he

6.118. &, =—=31 nm.
elU
6.119. h=elUh_;, /c=6,61-107* [dx-c.
6.120. v = [2—"C =1,48.10" wrc.
min e
6.121. x=—4--——2=7,59-w““ M; = (595 keB; Ui =M(Z—c)2 ===
. 3R(Z-0) A e
=16,35 kB.
} Hzmz

6.122. Z={J+V =75 (n=1, m=2); peniit.

R\(m® —n?)

6.123. Pentrenircekuit. Jlinii, mo Hanexars LUOMY CNEKTPOBI, BiAMOBIAAIOTHL 3MiHiI
CTaHiB ¢/IEKTPOHIR, AKI MICTATLCA NOGNU3Y AApa, e €NEKTPUYHE NOJIE MaliXe HE eKpa-
HOBaHe iHIWUMHK eneKTpoHaMH. TOMY BHIJIAA PEHTreHiBCHKOrO CNEKTpa icTOTHO 3ane-
XWTbL BIZ 3apAay A4pa | 3HAYHO 3MIHIOETHCA NPH MEPexoai BiX OXHOrO €NEeMEHTa A0
iHmoro. 11100 ONTHYHKX CMIEKTPIB, TO BOHM 3B’ A3aHi 3i 3MIHOIO CTaHIB ONTHYHKX (Ba-
NEHTHUX) eNekTPOHIB, aKi nepeOyBalOTh Ha 3HAYHUX BIACTAHAX BiJ Aapa, A€ eNeKTpHY-
He mosie Aanpa B 3HAYHIN Mipi eKpaHOBAHO IHLIKMMHU €jlekTpOHaMu. ToMy mnig Yac nepe-
XOny Big OAHOrO €NEMEHTa RO IHILOrO i CNEKTPHU 3MIHIOIOTHCA NMOPIBHAHO 3 PEHTIEHIB-
CbKkumu.
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6.124. 3mixa ONTHYHMX CMEKTPIB aTOMIB Mi/l Yac BCTYMY IX B0 XiIMIYHHX COYK; Y To}
caMuil vac iXHi XapakTepHCTHYHI PEHTreHIBCLKI CMEKTpH He 3MiHIoThea. KpuBa, gia
300paXxy€ 3anexHICTb MOTCHLIIANLHOT eHepril MbKAaTOMHOT B3aEMOAIT Bil BiaAani MiX arg.
MaMy, Ma€ nokanbHuit MiniMyM. Llelt MiHiMyMm Binnosinae eHeprii aucouiauii Monekyny,
T06TO eHeprii, O BUAIIAETLCA i Yac it yrsopenHs. Llil eweprii 8ianosinae piBHOBaxy
MDKaTOMHA BiANAAb Y MOJIEKYIIL.

6.125. 3MicT iOHHOrO 3B’ A3KY MONATaE B TOMY, L0 OAMH 3 ATOMIB NPHEAHYE A0 Ces
6€ OAMH YM KUIbKA ENeKTPOHIB | CTA€ HEraTHBHMUM 10HOM, y TOM caMHit yYac iHWHY
aToOM LI EJIEKTPOHM BTPa4a€ | NepeTBOPIOEThCA B MO3UTHBHKIA 10H. CHIIM eleKTpOCTa.
THYHOL B3AaEMOAIT MiX UMMM IOHAMH 3YMOBIIOIOTh IOHHUH 3B’ 830K Y Monekyni. Kona.
JEHTHHH 3B’A30K 3 MOrJIAAY KBAHTOBOI MEXaHIKM MOJAra€ y BMHHKHEHHI 0OMinugl
B32EMOAIT MiX eNeKTPOHAMH 3 MPOTHIAEKHHMMU CIIHAMM MMiL HAC iX pYXY B CrilbHOMYy
MpoCcTopi, TOOTO €JeKTPOUK Y3arajbHIOIOTLCA | HE MOXKHA CKa3aTH, 40 AKOTO 3 aToMip
KOXHHH 3 HUX HANEXKHUTD.,

6.126. E = 48 [x. Exepris 1oui3auil aToMa nepeBMuly€ elEKTPOHHY CHOPIAHEHICTL Ha
AU=U; - U=1,3 eB, Tobto nepexin enekrpoxa min aroma Na no atoma Cl BuMarae Butpar
eHeprii. 3 HaBeneHoi B yMOBI (JOpMYIHM [JIA MOTEHUWIANLHOI eHEprii eNeKTPHYHOro nong
kpucTanidunx rparox NaCl 6auuMo, wo nig 4ac HabnvkeHHA iOHIB OOMH OO OJHOTO UF
eHeprif 3MeHIUyeTbCs, TOGTO MiA Yac YTBOPEHHS KpUCTana eHepris BUaingerbes. Came 3a
paxyHoK L€l edeprii BinOypaetbes yreopenns Moiekynn NaCl | axiuio Bigcranb Mix ioHa-

MM ¥ JOCATHE PIBHOBAKHOTO 3HAYEHHA rp; M4 vac yTBOpeHHa ogHoro Mons NaCl sunins-
2

etbes enepria E=N, (U, —U,)~U, 260 E=N, (U, - U, +1,7485) = 48 IIx.
o

6.127. AuTunapaneibHo. ATOM € CROEPIAHOIO [MOTEHUIANLHOIO AMOIO I €IEKTpPO-
HiB. [Tig 9ac yrBOpeHHS MONEKYIH pPO3Mipu AMH 36ins1UYIOTHCS, @ EHEPTif OCHOBHOIO
CTaHy YacTHHKH B LLiH AMi 3MeHwyeTbeq. JIng Toro mo6 obuasa e1eKTpOHH BHABHIIMCS
Ha UbOMY piBHi, 3riHO 3 ApuHuMNOM Tlayni HeoOXinHO, 106 BOMM Manu NPOTHIENKHI
CHIHH.

6.128. z = 2. JIns eneMeHTIB ApYyroi rpynH JOCHTb 6AH3LKO 40 PIBHA 3 HYJILOBHUM CIIHOM.
11O BiAMOBIfAE OCHOBHOMY CTaHOBI 3 €NEKTPOHHOIO KOH(irypauico s, pO3MILEHHH piBeHb.
KW BiAnogizac 36yakeHOMY CTaHOB| 3 elleKTPOHHOI Koudirypauicio sp Ta cainom S = 1.
EneMeRTH TpeThol rpynu MOXKyTb G6yTH OOHO- i TPUBANIEHTHUMH, TOMY 110 BH3LKO 10 HOP-
Ma/ILHOrO CTaHy 3 €NeKTPOHHOK KoHirypauicio s’p i cnivom S = 1/2, akoMy Bixnosiaac
BANEHTHICTL z = |, € 36ywKeHni cTad 3 Koudirypauieio enckTpouie sp® i criinom S = 3/2.
AKOMY Bi/OBIA€ BANEHTHICTL Z = 3.

6.129. r= ,/hl/(hcu) =2,23-107"° M, ge j— 3Benena mMaca MOJIEKYJIH, L = -—"ﬂ_!%.
m

TYT my, my — Macu atomis “°Hg ra **Cl.

6.130. /=h/(2nv)=1,46-10"% kM ry = JT/n=1,13-10""" M; pu= mmyAm, + M)
IIE my, my— MacH aTOMiB 12 1a 0.

6.131. ns sommio: E,.,;=1,53 meB, E .,=4,59 meB, E, ;=9,18 MeB, E.47
= 15,3 meB; ana pelirepito. E, - = 0,765 MeB, E, .= 2,30 MeB, E,-.3=4,59 meB, Er- 4=
=7,65 meB.

6.132. A = JMrozE,,/(ZNA) =3,5h , ne M — MonspHa Maca KUCHIO,
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6.133. T'=4K* (r+1)N,, /(kMr) =T (r+1) , ae r — 0BepransHe HHCIO OmHOrO 3 CTa-

HiB MOJIEKY/IH, M — MoJispHa Maca BOAHI0; T — TeMmnepatypa, 3a akoi 36yaxkyerbes piBeHb
3r=0, T,=0,18K.

6.134. Hi.

6.135. Binbiuy eHepriio konmBaHL Mac Moaekyna H,.
1{ E

6.136. v=—| —= .. 1|=8, ne M —MonapHa Maca BOJHIO.
2 A VKN,

6137. "= 2%’1{‘3“ =5,40.10° K, ge M - MOJIIpHA Maca BOJAHIO.

kl(M1+M2)NA
MM,

6.138. E, =%ﬁJ = 0,26 ¢B, ne M;, M, — atomMHi Macu BianoBinHO
BOAH!O T2 TOpy.

6.139. CucreMu a, 0 onucyroTbCA cTaTUCTUKOW PepMi —~ [lipaka, cueteMu 6—2, e — cTa-
THCTUKOIO bo3e — EfiHwuTelina.

6.140. L yHxuisa nokasye, cKiibki B CepeAHLOMY HACTHHOK i3 3alaHOK0 OPIEHTALIECIO
cniHy MicTuTbea N06Iu3y dikcoBaHO! TOYKH B KOMipui (a3oBOro NpocTopy OAHIET HaCTUHKH,

6.141. CepeaHa KiJbKiCTh YacTMHOK B ORHIA KoMipul ¢asosoro rmnpocropy
(nY=Y wn, me m; — KinbKiCTh YACTMHOK i3 3aJaHMMM XAPAKTEPUCTHKAMMU CTaHY, w; — i

: _

iMoBipHOCTi. [lna epmi-4acTHHOK BHacligok mpuHuuny Mayni w; = 1; akuio #;= 1, To BCi
iHwi AMOBIpHOCTI AOpiBHIOIOTL HyneBi. OTxe, (n) =w, A¢ w — IMOBIpHiCTb 3HAXOWKEHHA

depmi-yacTuHKH i3 3anaHKM CNIHOM Y 3anaHiii komipui no6au3y (pikcoBaHoi TOYKH il da-
30BOro npocropy. Jlia 603e-4aCTHHOK TAaKOTO TAYMA4YeHHA Aaru He MOXKHA.

; . T dN
6.142. lllykana QyHkuia po3noAiny BU3HAYAETbCA i3 CNIBBIAHOWEHHS f(€)=——o0 e

Nde
N-noeHa kinbkictb vacTmHOk y cuereMi. 3 dopmyan  (6.6.4) onepxyemo
gVm¥2 % g2
N=3 reyl e de . lle CMiBBIAHOLIEHHS BM3HAYAE TAKOX XIMIYHWA MOTEHWIan
T b o
Yekl 1]

112
. . £
CHCTeMM yacTMHOK M sk (yHkuilo N i 7. MaeMo f (s)ch, JI&¢ KOHCTaHTa

esT %1
B BM3HAY2E€THCA 3 YMOBM HOpMyBaHHa (yHKuii posnoainy J'f(g) do="T 560
8! dg.* ;
e
Ok 1]

e/? (n(a)) , .
f(e)== . TyT iHTErpan MOXHa 06YMCIUTH B 3aMKHEHOMY BHIAIRAI TibKK
Igflfz (H(E’))dE’
0
Tpu T = 0, Toni onepxyemo (6.6.8).
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6.143. Av=Ap Ap Ap AxAyAz = h*; Buxopucrosyioun gopmyny (6.6.2), OAEPXKYEMQ

4mp’dp
3

dal = V.

2 3
6.144. f(v)= 3 (v ] =( '"”s]vz; (v)lvm,:%. Inn onepxanua  f(v)

2
cig y popmyni (6.6.8) nepeitu 10 posnoainy 3a WBHAKOCTAMM, KOPHCTYIOUHCH CITiBBig.
HOIEHHAM [ (e)de = f(v)dv, ake BUNIMBAE 3 iHBapiaHTHOCTI Gopmu nepuioro audepens

wiana gynkuii. Cepeamo weKAKicTs 064uMcOEMO 32 hopMynoio (v) = j vf (v)dv.

6.145. f(A)= i;— A€ n — KOHUEHTpalifA enekTpoHiB. [0 po3nmoniny 3a JOBKHHAMM
n

XBWJIb MOXHa nepeiiTh 3a aonomoroio crissigtowenns f(A)di = f(e)de (aus. Biano-

°° 12
Bifb Ha 3axady 6.144). Toai (A)= j lf(l)dR.:(%rM)m, ae A =(h2/(2m,’,ap)) :
A

()= J?L .,{, A2f(A)dA = [3: ]1;6?""

2 2/3
6.146.7, = 2" k(;—n] ~8,3-10* K; npn xiMHarHiii Temneparypi, To6ro npu T =
m,k\ 8m

~ 300 K, ras supomxeHuii. ['a3 cTac HeBMpOMKEHUM TpK Temneparypi T,, aka € 611b1LOoI0
Bill TEMMEPaTypH MaBIeHHS Ta BUNIapPOBYBAHHSA MIji.

EIl'Il.‘\.

n _ 3T,
6.147. T _[zf(s)da—l 2732, 1 =64,64 %.

max f

n 8nM
6.148. z=—=——(2me, )"

figy 3h NAp
HHX €JIEKTPOHiB Ta aToMiB; M — MOJIpHa Maca HaTpiio; p — HOro ryCTHHA; m, — Maca eJIeK-
TpoHa, KOHUEHTpailif BilbHHX €IEKTPOHIB 06UHCIIOETHCA 3@ A0NOMOroi0 (opMysiu (6.6.5),

=0,96 , ne n, n, — KOHUESHTPALIA BiTTOBIAHO BiMTb-

a aToMiB — 3 BUpa3y p=—n, .
A
6.149. Hi. TMorenuiansha enepria U iaemonii enexTpoHis ngonopumua no e¥r, ne r-
CepesikA BiACTaHb MiX HMMK, 1o Ma€ nopanok n'>. Tomy U ~ KineTuyHa eRepris B

2 2/3
obnacti eHepriii, A¢ BMPOLKEHHA € icTOTHMUM, T =g, = (Buzn) . Orxe, 31 3616

m¢
UICHHAM KOHUEHTpauil eNeKTpOHIB KiHETHYHA SHEPria 3pOocTac BMalLe, Hix MOTEHLIab
Ha, a ue i € yMoBot0 6iNIbIIOrO CTYNEHA ineanbHOCTI rasy.
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2/3
h* 20N .
6.150. T = (h P4 =3-10*K, ne p, M — BianoBiaHo rycTuHa Ta MOJISpHa
Skm, | M
maca Migi. [1na o6uMCcaeHHS cepeaHLOl eHepril eNIEeKTPOHIB BUKOPHCTORYETLCA CRiBBIXHO-
Ep

IIEHHA (c) = J'ef (e)de , ne ynkuis posnoainy enekTpoHie 3a enepriamu npu T = O Bu-
0
3HaYacTheA pinHicTIO (6.6.8).

6.151. Tlpunyctimo, mo u > 0. Toxi, Ak ue eunaueae 3 gpopMyau (6.6.1), cepenHs Kinb-
KiCTh YaCTHHOK, €Hepris AKMX MICTHThCA NOONM3Y 3HaYeHHA € = |, NEPETBOPIOETLCA B He-
ckiHueHHicTb. OTKe, Lie HEMOXUIKBO BHACHIA0K CKIHYEHHOT KiNbKOCT] YaCTHHOK Y CHCTEM.
[3 BKa32HOTo NPOTHpiyuA i BUMAMBAE, 110 AN CHCTEMHU 603e-4acTHHOK P < 0.

3,31 BN , n*’

6.152. ins renito T, =
Hns renito T, 2P kM

. ana g = 1 (mapareniit) T, = 3,61-10 % K; ans

2
g =23 (oproreniif) T, = 1,74-10* K; ans enexrpounuoro rasy (g=2) 7, =

2/3
(311‘2!1) =
mt‘
=6,48-10° K.
6.153. Exepris mosis BUNPOMIHIOBAHHS, IO NMPHITANAaE Ha IHTEpBan YacToT M, ® + do B
06’emi dV, W = udwdV. 3 inoro 6oky, dW = edN,, ae dN, — KinbkicTb QOTOHIB 3 eHepria-

MH, 110 HaexXaTh iHTEpBANoBi €, € + de. Jlna dN, Maemo dN, = g (n) dT" = dnp’dpdVik’, ne
p — iMnyiase (oToHa, p = hw/c. Ina 3anaHoi edeprii i HanpaMy NoWIMPEHHS (POTOH Mac
JiBa nonapusauiiuux crauu (g = 2). 3pieHioioun obuara BHpasK ANs eHeprii nojas BUMIpo-

MiHIOBAHHR T4 KOPHCTYIOUHCD CriiBBiAHOWEHHAMH (6.1.2), (6.1.3), MacMoO (n)= 7 /{:?‘) '
A .|

3pisHIOO4H OepxKaHUi BHpa3 3 ¢popMystoro (6.6.1), 6aunmo, wo ang Goronnoro razy p = 0.

6.154, ¢ = i-lnn =2,53-10"% ¢~ ', 3MeHwMUTLCA B ) = 2e pasiB.
21

6.155. N = PAt/(hc)=3,13-10°.

he
6.156. P = _}%’j[&] e MT' =234 MBr, ae gy =6, g,= 2; BHACIIZOK BUKOHAHHA HEpIB-
T\ &

Hocti he/A>>kT KinbKicTh aTOMIB B OCHOBHOMY CTaHi Maiixe HE BLAPI3HAETLCA BIA iX IMO-
BHO{ KiJILKOCTI.

he
6.157. Y282 i - 1,84-107°, ne g1=2, 2= 6.
N g
6.158. Hi.

6.159. Po3rnsHeMO CHUCTEMY, AKA B3aEMOJIE 3 NMOAEM BHIPOMIHIOBAHHA T2 MOXE nepe-
GypaTu y cranax 3 enepriamu E,, E,, npuyomy E, > E,. Buxiz aroma 3i craHy 3 eHeprieto
E, MOXTHBHMH BHACHiROK JBOX MPOLECIB — CMIOHTAHHOrO T2 BUMYLIEHOTO BHIIPOMIHIOBAH-
Ha. KinbkicTs aToMiB, AKi 3a Yac df B oauuuii 06’eMy 3aiHCHIOOTE CNOHTaHKUIA nepexis,
6y.a€ ANym en = NyAym dt, a€ N, — KinbKicTs aromis y cTadi E,,. [1loao BUMy1lieHOTO nepexoay,
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TO HOro MMOBIPHICTE MPONOpPLIiiHA 10 CNEKTPANILHOI TYCTHHH eHeprii nosis BHUNPOMiHIO-
paHHA, TOOTO dN,m wew = Ny Bum t(w, T)dt. KpiM ToOro, A€SKa YACTHHA aTOMIB Mil AI€I0 BU-
MPOMIHIOBAaHHA MEPEXOAMTL 3i CTaHy 3 eHepricio K, A0 CTaHy 3 eHepri€io £, BHACMJO0K
NOrJMHAHHA KBaHTIB. KiNbKicTh LMX KBAHTIB dNpy norn = N By dl; OCKiNbKM cHCTEMA Tig-
pebyBae B CTaHi cTatMCTHYHOI piB1ioBaru, MaeMO AN, cn + ANy sum = ANows norn 800 Ny A+
+NyBum (w0, T) = Npy By u(w, T). 3 NigBHILEHHAM TEMNEpaTYpH Koediuientu 4 Ta B 3a-
NHIWATHMYTECA MOCTIHHUMH (L€ XapaKTEpUCTHKH aTOMiB), i CTIOHTaHHE BHITPOMIHIOBAHHS
BiJlirpaBaTHME BCE MEHIY POJib, TOMY MpU T—»00 HHUM MOXHA HexTyBatH. Toai N,B,, =
= NpuBpns 3BUIKH 3 ypaXyBaHHAM piBHOCTI (6.7.5) onepxyemo g,,8,m = 2,8y [a cnexr-
panbHOi FYCTMHH €HEprii Mojis BUMPOMIHIOBAHHSA, TAKOX BUKODHCTOBYIOYH pDIBHICT
Anm/Bnm
Eubn
e -1
WieHHSA A, /B,y ONEPXKYEMO, BUMaTalOUH, 1E06 Mpu Aw,,, / (kT) << 1 Bupas ans u(w, T) nepe-
xonus y ¢popmyny Penes — [xunca, wo na€ A, /B, = B’ /(nzcz). Maiouu Ha ysasi, 1o
oliepKaHul pe3ybTaT CywHKHH 3a OyAb-AKKUX 72 Ta m, OCTATOMHO OACPKYEMO

(6.7.5), maemo u (w, T) = , npasuno wacror bopa nae E, — E,, = Aw,,,, a BIIHO-

hw’ I n?e?
u(, T) = ———
v.:F -1

6.160. Y 30BHIWIHBEOMY E€NECKTPHYHOMY MOJIi CTAHH MOJIEKYJIH aMiaky 3 €NEKTPHYHHM
JAHMNOJbHHM MOMEHTOM OPICHTOBAaHI Y3A0BX MO Ta NPOTH HbOro. Sk none HeoaHOpIA-
HE, TO BOHO JI€ HA MOJIEKY/IK 3 Pi3HOIO OPIEHTALIEID €JIEKTPHYHOIrO AUNONBEHOrO MOMEHTY
B NIpOTHEHKHI OOKH i TaKHM YHHOM PO3AINAE X Y NMpOCTOPI.

6.161. Y cucremax 3 ABOMA PiBHAMM BUMPOMiHIOBAHHA HAaKauyyBaHHA i 3acense, i cnyc-
TOWYe BEpXHiH pobounii pineHs. Lie BiabyBaeTnCa A0TH, NOKH 3aceNEHOCTI PIBHIB HE 3piB-
HAIOTLCS. [HBEPCIA 3HHKAE.

6.162. Buninsiote y NpocTOpi HANpsm NasepHOi reHepauli Ta 34iiCHIOIOTE MO3HTHBHHHA
3BOPOTHHH 3B’ 430K — Dararopa3oBe MPOXOMKEHHS CBIT/IAa KPi3h aKTHBHE cepeaoBHiLe. Mix
A3€pKanamMH NOWMPIOIOTECS ABI XBHII — Ta, X0 nanae, i Biabura, [IpH naknagaHHi BOHM
YTBOPIOIOTB CTOSYY €NEKTpOMArHiTHy xBumio. [lns 3abe3neuenus pesonancy neobxiaHo,
o6 MiX A3€pKATaMM YKTAfanocs LiNe YHCNO NiBXBHAL: mA/2 = L,

6.163. Hi, ne mae. 3MenmyeThes.

6.164. 11106 naxonuvKTH AKkHARGINBWY KiNbKicTs 30yAKEHHX aTOMIB, AKI NOTIM OJHO-
yacHo OyayTh MiACH/IOBATH CBITNOBHH MOTIK, WTYYHO 3MEHWIYIOTH 100OpOTHICTL nasepa,
HanpyKIal, NOPYWylour napaneibHicTs A3epkan pe3oHatopa. Hasite npH 3uavHii iHBep-
cii 3aceneHoCTi piBHIB MPH 1ILOMY DOPYIBEHH] 1a3€PHOTO BUNPOMIiHIOBAHHS HE BiaOyBacTh-
ca. [NotiM A3epkana nosepraloTh 3HOBY MapancnbHO OAHE oaHomy. Ha ueli yac inBepcis
CTac Ayxe 3HayHOW. [TOTYXHICTL Na3epPHOrO IMIMYNLCY CHIBHO 3pOCTACE;

6.165. KpaHTOBI mepexoaH MK KOMHBaNLHHUMH piBHAMH Monekynn CO,, skuM Bianosiaa-
HOTb MOAH CUMETPHYHOI0, aHTHCUMETPUMHOIO Ta 1ePOpMALIIHHOIO KOJIHBAHL MOJIEKYJTH.

6.166. a) Nasosuil nazep; 6) TBEPAOTINBHKIA.

6.167. TloxasHHk 3aNOM/ICHHS CBIT/IA 3AEXHTh BiA YaCTOTH CBIiT/IA Ta CTaHy armoche-
pH, TOMY BiIXWIEHHA Bill MOHOXDOMATHYHOCTI CBITA CIPHYHHAE MOXHOKY y BH3HAUEHHI
HOro WIBMAKOCTI T4 BMOCHIOK LHOro — MOXMOKY y BH3HaveHHI BiAcTaHi. 3acTocysandi
MOHOXPOMATHYHOT® JIa3€PHOT0 BHIIPOMiIHIOBAHHA 1an0 IMOTY YHHKHYTH wi€i noxvOxH.
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Kpim Toro, y nazepHux CBiTIONANEKOMIpaX 3aBAAKH Mail po3BGKHOCTI la3epHONO NPOMeHA
MOXHa KOCAITH BEIHKOI JaNexocTi Ail.

6.168. Av = ¢/ (2L) = 1,510% ¢ ™", Avgy~ 1,6:107 ¢ 7', Avgp S Av.

y e c
6.169. | =2 = —300m.
A Av M

6.170. flBMiuE MarHiTHOrO pe30HAHCY MOJIATAE B PE3OHAHCHOMY MOTJIMHAHHI €Hepril
3MiHHOTO MarHiTHOro noJs MiA 4ac 3MiHK Opi€HTaLil MarHiTHHX MOMEHTIB YaCTHHOK, fAKi
6ynu crmoyarKky 30PiEHTOBaHI 30BHIWIHIM MOCTIAHMM noneM. SIKMIO LUMMH MOMEHTAMH €
CMIHOBi MarHiTHI MOMEHTH ENEKTPOHIB, TO KAXyTh NPO €NCKTPOHHKHA CNiHOBHH pe30HaHC;
AKUIO HMMH OyAyTh MarHiTHi MOMEHTH aTOMIB NapaMarHiTHOro CEpefOBHLIa, — NPO Mapa-
MarHiTHHH pe3oHaHC. ¥ pa3i MarHiTHUX MOMEHTIB AAEp MOBA HTHME NpO AACPHKI MarHiT-
HHUH pe30HaHC.

6.171. By = 4nvym,/ (ge) =1,0 Tn; v,/v,= 1,4

6.172. w, =2,64-10" ¢,

6.173. By = ho/p= 4,84 Tn.

0o Po3ainNy 7

7.1. TlepioAnyHiCTb y pO3TallyBaHHi YAaCTHHOK, AKA CrIOCTEPIracThCA BIXZHOCHO Oyan-
AK0i 00paHoi HaCTHHKH, NPH “zanexoMy” MOPAAKY HE MOPYLIYETLCA HA BENMKUX BiCTAHAX
Bifi Hei BCepeAMH] cepenosHina. Takuid NopaaoK icHye B kpucranax. Slxuio BkaszaHa nepi-
OJHYHICTL JOCHTH WIBHIKO MOPYWYETHCA, TO MAEMO “6nM3bkKi” mopsaox. Bin cnocrepi-
racrsca B pidnHax Ta aMopdHUX TiRax, a TAKOX Y MOAEKYIax NoaiMepis,

7.2. HalipaxJIMBILWOK BIAMIHHICTIO MK KpHCTANIYHHMH | aMOPQHHUMH TINAMH € BIACYT-
HICTb ¥ aMOPOHHMX TiJl, HA MPOTHIEKHICTE KPHUCTANIMHHM, TOYKH NnUaBJCHHA. [CHYIOTE.
He 36epirae.

7.3. MoHokpucran Mae npasuasdy Gopmy, noAIKpUCTan — LIE CYKYNHICTh MOHOKpHC-
TANIB, BiH Ma€ HeNpaBUiLHY Qopmy.

7.4. lonnuii, MoneKynsapHuii, KOBANCHTHHHA, BOAHEBHUH, MeTancBui; y kpucrani NaCl —
ioHHu#, Ge — kopanentHuh, H,O — BoaHeswmii, Fe — MeTaneBuii.

7.5. Pinnuui kprctany 36epiraloTs OCHOBHI BJIACTUBOCTI piaHH (HaNpHKnan, NIHHHICTL) i
TREpAMX Tin (aHizoTpomnia (i3HYHHUX BNACTHBOCTEH). ¥V AEAKHX PiIMHHMX XPHCTANAX MOJEKY-
/1K PO3TAILOBYIOTLCS NApANENLHO OfHA OAHIN, B IHIMX — napaneibHHMH 1WapaMH.

7.6. TpuxninHa, MoHoxJiHHa, pom0iuHa, TerparoHansHa, pomOoeApHYHA, rexcaro-
HanbHa, KybiuHa.

7.7. Nedexr KpUCTATiYHMX [PATOK — L€ MOPYWEHHA NPAaBHALHOCTI 3aNOBHEHHA X By3-
NiB; BakaHcii, AMCAOKALLT, AOMiWKK Ta iH. JIePeKTH KpUCTANIYHMX (PATOK 3MiHIOIOTH MpPYXK-
HICTh, MIACTHYHICTL TA MiLHICTL KpHCTANA.

7.8. [T01] .

79.a==n/4.

a

7.10. < éi
" 8

7.11. d, d= 410#“’ dy=d/N2 =2,22.10" m, d, > d.
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7.12. V xyb6iynux rparkax xoxHui atom (abo ioH), wo MicTHTLCA y BepiikHi Ky0a, Ha-
NeXHTh OAHOYACHO BOCBMH CYCIAHIM eneMeHTapHUM koMipkaM, Ockinbk# KiiibKicTb Bep-
Ky y xy0i AopiBHIOE BOCbMH, AaHiA koMipit HanexuTtbh 8 x 1/8 = 1 aroM. V rpaHeneHTpo-
BaHMX FpaTkax, Ha BiAMiHy BiJ kyOiyHMX, ICHYIOTh BY3/IH ABOX THNIB: 1) Taki, O MICTATh-
CH Yy BEplUIHHAX eNeMEHTAPHOI KOMipKH KyOIYHUX rpaHeleHTPOBaHMX Iparok; 2) Taki, uio
MICTATBCA B TOHYKAX MEPETHHY AlaroHanei rpaHel enemeHTapHOT koMipku. KinekicTs By3-
NiB Mepwioro THny oO4HCIeHa BHUIC; BOHA A€ BHECOK A0 KiNbKOCTI aTOMIB, 10 HANEXATh
ONHIA eneMeHTapHil Komipui, sxuil popisHIOE OfHOMY atomy. KoxxHuii Byson Apyroro
THITY OJHOYACHO HANCKUTH JBOM IPaHAM, TOMY JaHi# KOMIpLl BiH HANEXKHTL Ha OAHY APYTY.
Ky6 ma€ wicTe rpaHei, ToMy aaHiid xoMipili HanexuThs 6x 1/2 = 3 By3nu taxoro Tumy i
TAKa cama KilbkicTh atoMis. OTxe, MOBHA KifbKICTh ATOMIB, L0 HANEKHMTh CNEMEHTAPHIH
KOMIpLli Yy rpaHEeLEHTPOBaHKUX rparkax Ky6iuHoi cTpyktypu, € | + 3 = 4. B 06’emoueHT-
DHYHHMX TpAaTKaX TAKOX ICHYKOTH BY3IM ABOX THMIB: 1) Taki, U0 MICTATLCS Y BEpUIMHAX
ky6a; 2) Taxi, o MicTATeCA y #Hioro ueHTpi. BHecok By3niB NEpworo TNy o6YHC/IEHO
BHUIE; BiH JOPIBHIOE OAHOMY aTOMy. BHECOK BY3/iB ApYroro THMY TAKOX AOPIBHIOE OXHOMY
aToMy, i TOMy MNOBHA KiNbKICTb ATOMiB, fKi HaneXaTh €NeMeHTapHid komipui 06’emo-
LEHTPHUYHHX I'paTok KyOI4HOT CTPYKTYpH, AopiBHIOE | + 1 =2,

M 4M
713, ps—=——7=
Ve N,a

.84 -10° kr/M’. O6’em enemenTapHoi koMipku V¥ =a’, ioHis

: . 1 -
KOKHOMO 3Haky y Moni — N, 06’€M, o npunanae Ha OfAMH i0H, CTAHOBHTH ZV , TOMY

I
VR::V.N“-

f4M 5 i
7.14. a=3 v = 0,36 uM. B3aTH 10 yBard, 1o rpaTkH Migi € rpaHEUeHTPOBAHUMH,
PI¥ 4

| TOMy Ha OAHY E€NEMEHTApHY KOMIPKY TyT NMpHNAada€ YOTHPH arOMu (AMB. BiANOBiAL Ha
3anaqy 7.12).

d 3 r
7.15, —<& =LJ: =0,97. Kopucryiouncs puc. B.7.1, obunuciumo d., =—=
2V2

dy, ? p°
3

do§=—2-a°,, € a.,,a,; — BIANOBLAHI crani rpatok. OCKiNbKKH Yy FpaHELEHTpOBaHUX

B

a i)
Puc. B.7.1
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rpaTkax B eIEMEHTapHIH KOMIpLL MICTATECA YOTHPH aTOMM, a B 00’ EMOLIGHTPHYHHX — JBa,
TO i3 cTanocTi 06’eMy, IO NpHNagae Ha OAHH aTOM, MAEMO a3rp /4 =@ /2 .

a4M "
7.16. p=-—F=——=7,39-10" kr/™’. Y pasi rexcaroHaTLHOI CHCTEMH Ha ENieMEHTapHy
\ENAG c

KOMipKy npunanae nsa aromu. Tofi Z,, = Z—A: = ﬁ =3,01-10 moms ",
J3a ep
7.17. Hi.
718. F= . = 1,03 uH.
dourg

7.19. V crani pisHopary cepeass cuna F, (auB. popmyny (7.2.1)), wo gie Ha atoMm y

. : : k ;
BY3/1l TPaToOK, AOpPiIBHIOE HYyNeEBi, To6TO (x) =k—2(x2). Po3srnsnaioTeCs Mani KojMBaHHA
1

aroMiB Y3ZOBX OAHICI npaMoi, ToMy y BHMpa3i Ans noTeHuiansHoOi eHeprii U(x)=
kXt kyx
2 3

koo .. . _ak N
(U(x))——z-‘—(x )-EkT } (x )—kl T , 3BiaKH (x)—kk—TT,ToﬁTo(x) T .

, KA 3B’A3aHA 3 W€l CHNOM, JAPYrMM 4NEHOM MOXHa HextyBard. Toai

7.20. =30
7.21. ¢ = a(T - T,)E = 85,5 MIa,
722, AN =% -1 =7,59 06.

2aR, (1+a(T, -T))(1+a(f; - 7))
7.23. igl = CCZAH(UQ = U.l) =~ 0,36 M; !02 = Al + [Dl = 0,46 M.

724, o OA 405107 %.
100% 1+ar,

7.25. S, = nr’ (1+ 20At) = 63,86 mm”. Tlpoitze.

7.26. Byns-ske 3MillicHHA aTOMIB Y By3nax KPHUCTa/liYHHUX rpaTok 3i cTaHy piBHOBAarH
YTBOPIOE MONE 3MillleHb, 11Q 3aIEXHTH BiA vacy i (y MeBHOMY iana3zoHi YacTOT) ONMHCye
3aHvaiiHMiA 3Byx. Tak caMo, sik y BUMNagky €JEKTpOMArHiTHOrO nojs XBHMII i3 3alaHHUMH
€Hepricio i cTaHOM MOMAPH3ALIT MOXHA MOCTABMTH Y BIANOBIAHICTL CBIT/IOBHHA KBAHT —
¢oron, Tak i NPyXHIA XBHAI MOXKHA OCTABUTH Y BIANMOBIAHICTL 4acTHHKY — doHoH. [poTe
$oHOH He € 3BM4AliHOIO YACTHHKOIO, BiH BiADI3HACTLCA Bill PpeansHMX YaCTHHOK i € npH-
KnajgoM Tak 3BaHMX kBa3i4aCTHHOK. 30KpeMa, GOHOH HE MOXE ICHYBATH y BakyyMi, 3B’ 930K
MK eHeprielo Ta iMnyascoM y doHoHiIB MOoxe He 36iraThcs 3i 32" 43K0M LMX BETHYHH JUIA
PeansHUX YaCTHHOK i, B3araii, 3B’A30K € Pi3HUM IR pisHux rpatox. Ha Biaminy aia doroHa
toHon Mae Tpr cTaHK NOASpH3ALIT — Jai NONEPEYHi Ta OAHY MO3A0OBNKHIO.

7.27. Binswoio € eHepris PepMi, TOMy L0 BOHA 3B°43aHA 3 PYXOM CJICKTPOHIB, a aebais-

2

; h 31 '

CbKa — 3 pyXOM aroMIB: €, = -———(31’:211) ~— Ep=hop~h A , 1€ k| — >KOPCTKICTb
2m, n, my

3B’43Ky aroMa B KpHCTANIYHHX rpaTkax.
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7.29. m‘,,=£—%-=3 93-10%¢™"; p), =8,3-107% krmle.

7.30. (/) D 138107
puR
M (k § _ 3 . e
7.31. &, S -59” , And anmasy k; = 1,18-10° H/m, ans cpibna k; = 22,0 H/m.
A

7.32. Busoasuu dopmyny (7.2.7), BBaxaTH, o TBEpAE TINO € CyLIbHUM cepeao-
BHLIEM, B IKOMY MOXYTb MNOWMPIOBATHCA TiAbKM Taki MpYXHI XBHii, 4acToTa AKHX .
0 < @y, @ TAKOXK, L0 3B’A30K MIX 4aCTOTOIO Ta XBH/ILOBHM YHCIIOM MA€ BUMIAL @ = uk ,

1€ ¥ — WBUIKICT MOWMPEHHA XBHb.
7.33. Ina 6icmyTy, Kaiiio Ta 3050Ta.
7.34. Tax.

7.35. Jna Gepunio Q=U6n4£--§—((1‘ +AT)" T“) 30,56 k/ix; ans Gicmyry

h

0= 3% RAT = 0,60 x/Ix.

4
7.36. ©,, =)o Rm(?}f—?‘,“)=328,65l{.
5MQ

KT , (2 R
c
7.38.2)©,, ~ 220 K; 6) C = 10 [ix/(Mons -K); B) @), = 4,1-10" ¢~
7.39. Tomy, 110 YACTOTH KOJMBAHL ATOMIB Y By3fiaX KPMCTAIIMHHX [PATOX NpONOpLUiHi
IO BENHUMHM [ k[ m , ne k — xoedilienT KBa3inpyxHOI CUNH, , — Maca aToMa,

7.37. @, = =3,14-10% ¢~

7.40. [ina meTaniB BHECOK y TEMNOEMHICTh Aa€ AK €NEKTPOHHMHA ra3, TaxK i KONMBAHHA
rparox ((orouuuit ras). Tomy TENNOEMHICTH METAIB NPH HU3bKMX TEMIEPATYpax 3MiHIO-

eThea 3a 3akoHoM C = AT + BT, V NIENEXTPUKIB BHECOK EACKTPOHHOTO ra3y BiACyTHiH,
Y Y yT

ToMy ans Hux C~T°. Y Meraii, nOMMHAIONH 3 JESKOI TEMMEPATYPH, BHECOK KOTHBaHb
rparox N0 TEMIOEMHOCTI MepeBUILYBaTUME ENEKTpOHHUA. [liicHO, y cucTeMi 3 N BinbHHX
eNEKTPOHIB, 1o MicTATLCH B 06’eMi V, € N/2 eHepreruunux piBui. Cepeans Bignans Mik
piBHAMH Ag =2¢. /N . V pasi Tennosoro 30yxeHHs, K¢ 3a00B0JbHIE yMOBY kT<< g, 1O

BHYTPIWHBOI CHEPii €NCKTPOHHOr0 Fa3y AaloTh BHECOK CNEKTPOHH, EHEPrif SKUX NEKHTH
y cMy3i 2T 6ins piBHs DepMi, KiabKicTh 1uX enekTpoHiB 2kT/Ae = (kT/e,) N. SAxuio B3ATH
A8 CEpeAHbOI €HEprii TenaoBOro pyxy €JEKTpoHa KnacHyHui Bupas € = 3kT/2 (ue.
3BHyaiiHo, crpowmenHs), Ans BHECKY CyKYnHOCTI N €/eKTpoHiB 10 BHyTpiwHboi exeprii
onepxumo U = e(kTlep)N =(3/2e, )vkRT?, ne v — xinexicts Mone# rasy, v = N/N,. Jind

ioro monapHoi TennoeMHocTi Maemo C = —‘% = (3kT/e;)R, TobTo B HawOMy BuManky
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A = 3kRier, B=12n*R/(5©),) (nub. dopmyny (7.2.10)). ['paTkoBKii BHECOKX nepeBHUIYE

eNeKTpOHHHA, axwo BT? > A, abo sxumo T > 0,110,(0, /T;.-)'”, ae Tj: — Temneparypa
®epwmi. Ockinbkn O /Ty << 1, TO rpaTKOBHI BHECOK NEPEBUULYE EACKTPOHHHEA NpU Nyxe
HH3LXHX TeMMepaTypax.

7.41. 3 oaHoro Goky, e € HaCMiAKOM aHTAPMOHIYHOCTI KOJIMBAHEL ATOMIB Y By3MaX rpa-
TOK. 3 iHworo 6oxy, Bupasosi fna Tennoemuocti C npu T >> O, MOXHA HARATH BUCJISAAY

1(0,Y §
C=3R|1- -2—0 T I A¢ APYruH 4WieH y AYXKax € neplirM 4ICHOM PO3KNaJaHHs Ten-

- G)D
noemuocti C 3a CTENECHAMH T
7.42. Y pasi HH3LKHX TEMMEPATYP BEPXHIO MEXY IHTErpyBaHHA B iHTEpNOALINAHIA dop-
myfi (7.2.7) MOXHA BBAXATH HECKIHYEHHICTIO, @ 32 BUCOKUX — Chill 0O4YHCIOBATH iHTEr-
pan, po3KnanalouM 3HaMEHHUK NiRIHTErpanLHOro BHpasy Ao paly MaknopeHa, ta obmexy-
BATHCS NEPLHM HEHYILOBHM JOJaHKOM.

7.43. (v) = IM/(eDN,S) = 0,74 mm/c, e D — rycTuHa 3anisa.

7.44. p = Imlle =2,28-10 ° kr-m/c.
7.45. ¢ = eN,DIS/(MI) = 34, 470i6; F = eN,Dipl/M = 1,025 MH, ze D — ryctuna mizi.

IM  [mm
7.46. (v)/{u)= £ =6,93-10""", ne D — rycruna miai.
(v)/(u) eN DS \8kT v
7.47. Y xnacHuHiii Teopii Onip €NEKTPHYHOMY CTPYMOBI BHHHMKAE MpH PO3CIAHHI ENEKTpO-
HIB Ha iOHaX KPHCTANIYHMX YPATOK, @ Y KBaHTOBiH Teopii BHHWKHEHHA E€NECKTPHYHOPO OMOpY
3YMOBJICHO PO3CIfSHHAM €NeKTPOHHMX XBHNL a¢ bpoiina Ha aedekrax rpatok, TO6TO 3 Loy
KBAHTOBOI TEODIT iACATLHHI KPHCTAN HE YHHUTE OTIOPY EIEKTPHYHOMY CTPYMOBI.

2 1/3
7.48. (/) = i 32/(nkTm,) = 5-107 m; (1) = ﬁ[-”-) ~3,7-10% M, ze (1) i

e’ \ n?
(I)u — BENMYMHH, 0OMHCIIEH] 32 KNACHYHOIO Ta KBAHTOBOK) TEOPIsMH; (l)m > a , 18 HEpiB-

HICTB y KnacH4Hil Pi3uLli He Ma€e NOACHEHHS; (1)“ > (l)m >@a , U HEPIBHICT MOACHIOETL-

cq audpaKuielo eNEKTPOHIB Y KPHCTANIYHUX rpaTkax. KnacuuHy Teopiio 3acTOCOBYBATH HE
MOXHa,
7.49. I3 CTATHCTHYHKUX YABJEHb AJIA CEPEAHLOI JOBXHHHU BiNILHOTO NpOOIry €NeKTPOHIB

MaEmMo (I} = (n¢cr)_l, e ng ~ KOHLEHTpauisa GOoHOHIB, ¢ — eHEKTHBHHMA NEPEpi3 3iITKHEHHA
enextpona 3 GoHOHOM. YCi BENHUHHH, w0 BXOAATs A0 Gopmynn (7.3.2), 32 BHHATKOM
(I)F , Bil TEMMEpaTypH Maixke He 3anexats. Skmo B3ATH A0 ypar, mo (oHoHu € 603e-

YacTHHKAMH | ixHA KinekicTs He 36epiraerses (u = 0), To Ans KoHueHTpauii GOHOHIB
4ng PT pldp
K g e
e & ~1
YacToTi; g — XiNBKicTs CMIHOBMX CTaHiB (JOHOHA, L0 BIAMOBIAAE ABOM TONEPEYHUM Ta O~
HIifi noanopxHi# nonspusauii, g = 3. [Ipunyckaoul, wo (GOHOHH DPi3HHX MOASPH3ALIA

ONEPKHUMO 7y = , TYT pp — iMnynsc ¢oHoHa, axul Bianosigae aebaiscoxifi
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MOWHPIOIOTLES 3 OJHAKOBMMH WBHAKOCTAMH u, @ 38’930k Mik (JOHOHHOIO YACTOTOK ® Ta
WBHAKICTIO {XHBOrO MOMIMPEHHA MA€ BHUMMAA ® = uk (k — MOAYJIL XBHIILOBOrO BEKTOpPa

B . o . 3 mf w’do
¢ouona, k = p/h), nmicns BIAMOBLIHHX TIACTAHOBOK Maemo ny(T) = I .3 kT ]
3kT D " -1
Axmwo T >>0,,, T08i ,3Biaxku (1) . ~T tap~T
D T (1), P
750 q=—P2P1 . g, =4.36-107 K~'; g, =6,52:107 K™'; o, =4,18:10° K,

Pil2 — P2ty
oty =4,49-107 K7 ap =4,58-107 K.

751. T=273+1=423.0K , ne 1=Poa"Pocu _ 1500c

®euPocy
7.52. E =-%i)2—,/25£,.-m =151 MmB/Mm; €= eE(!)F =0,3 eB.
e r
7.53. (g) = ifc[m n ﬂ) = 48.43 meB.
2 Pyt

7.54. Tum, 110 enexkTpU4HKI 3apsA Ta CHEPris TENAOBOTO PYXY B METAlaX MEPEHOCATHCH
THMH CAMHMH HaCTHHKAMH.

7.55. JIns 0o64HMcACHHS TEMIONPOBIAHOCT] €IEKTPOHHOIO ra3y Bi3bMEMO BHpa3
|
A= 5(1), < <H>F pC/M 5

ac (I)F ; (u)[‘_ — cepeaHs AOBXHUHA BiibHOro npobiry Ta cepe/Hs MBHAKICTL €MEKTPOHIB
3 ¢Heprieio @epmi; C — mondpHa TCnNoEMIICTL; M — MondpHa Maca eucxrponuoro rasy,
A _2m{u). pC

o 3 2 e*nM

pC : M . A2 C
jr—5—— - JJIS BU3HAYEHHS IyCTHHHU rasy Bi3bMEMO P =—A7—n , TOll —==¢,

e’nM A o 37N,

[ns obuHcIeHHs TEnIOEMHOCTI cnencrpouuoro razy 3 poss’asky 3anaui 7.40 maemo

kT Ak
C= BRE— 3k*N T /€, , Tomy ;— 2—-T, i Bupas (7.3.5) onepxano. Lilopo xoediwieH-
F e

a ans enexrpoupoBiaHocTi — hopmyny (7.3.2). Toai maemo — , a6o

e
o

2
=—g
3

Ta 2, TO NPH BUKOPUCTAHHX HaOMMXKEHHSAX HOro 3HaYeHHA MOXHA BBAXATH 3a0BiMLHHM.
Benmnxux po3bixHoCTEH HeMae.

1+ a0ty
1+at

r' f"'zz =1,65.
":

7.56. L=CTo

o Ay 2 L9BT/(MK): Ag, =400 Br/(M-K); Ap, =63 Br/(mK).
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7.58. Hi. Slxmo po3risgary B3aeMONit0 MiX CIIHOBMMH MarHiTHHMH MOMEHTaMH
ENeKTPOHIB AK B3a€MOAII0 MiX KOJIOBUMH CTPYMaMHM, BIACTaHb MK AKMMH d, TO MO-

Ayns eHeprii ix e3aemonii U = popl /(27d>) = 5-107 [ix, ne p, — cniHOBHH MarHiTHI

MOMEHT enekTpoHa. Ilpu TeMnepaTypax, ki BU3HAYAIOTHCA CniBBIAHOWEHHAM U = kT
(y manomy Bunanky T = 4 K), rennosuii pyx A€30pi€HTYE MarHiTHi MOMEHTH €IEKTPO-
HiB, L{g TeMneparypa 3HauHO MeHwa 3a TeMnepatypy Kiopi ans pepoMarHeTHkiB, TOMY
MarHiTHa B3a€MOJif €EXTPOHIB HE CNPOMOXHA NOAONATH IXHili TennoBuH pyx Ta OyTH
NPUYHHOIO CMIOHTAHHOT HaMarHiYeHoCTi GepOMArHEeTHKIB. Y aTOMIB ACAKHX XiMIYHHX
eneMeHTiB (3ani30, x06aneT, HikeNlb, AefKi CAMAABH) € €NeXTPOHHI 060NOHKH, AKi 3an0B-
HeHi He MOBHIiCTI. M €exTpoHaMKU B UMX 00OMOHKAX y MeXax aroma, a Takox Y
KPHCTANIYHUX rpaTkax Ha BiACTaHAX ONMHU3BKO 10° M BuHukaec oOGMiHHA B3aEMOZif.
MIHIMYMY E€HEpTii KO BIAMOBIAAE MapajenbHa Opi€HTAUis CMIHOBHX MArHiTHHX MOMEHTIB,
0, Y CBOIO Yepry, CNpHYMHAEC CIOHTAHHY HaMarHi4eHiCTh.

7.59. a) Y xpucTaniyHUX rpatkax AEAKMX XiMidHHX croiyx oOMiHHA B3aEMOMIf MiX
eNeKTpOHaMH, fAKi BXOJATbL [0 CYCLIHIX arOMiB, CTA€ APHYHHOI TOro, IO iXHi CRiHOBI
MarHiTHi MOMEHTH BHOY/I0BYIOThCS @HTHMApaNensHO OOHH A0 OAHOrO, BHACMIAOK 4YOrO Ui
MOMEHTH TMOBHICTIO KOMIIEHCYIOTBCH, 1 pE3yNbLTYIO4a HaMarHi4eHiCTh CepelloBMILa AOPiB-
HIOE HyneBi. 6) ¥ AeskuX cepeloBHuax cyciaHi aromu (abo i0HH) MalOTh HEOAHAKOBI Mar-
HITHI MOMEHTH, fKi € auTunapanenbuum. Tomy nNosHOI KoMmneHcauil WMX MarHITHUX
MOMEHTIB He BiafyBaerscs, | Y cepeloBHIli ICHYE HEBENHKA CrIOHTAHHA HAMArHIYCHICTb.
3yMOBEHO BEMHKHUMH 3HAYCHHAMHM MarHiTHO! NPOHMKHOCTI Ta Manoi eneKTponpoBiAHOCTI,
®DepUTH € MarHiTHUMH HaMiBIPOBIAHHUKAMH Ta MArHITHUMHU Hi€NEKTPHKAMM.

7.60. -A—x--IOO %=T?”-100 % =95,31%.
4

7.61. KineTHuHiii eHeprii eNekTpoOHa B OQHOPiHOMY MarHiTHOMY Mofi MOXHa HalaTH

2 2
BUIIALY r=2L, ﬁ'—— A€ p; — MOAYNs MpOEKUil BEKTOpa iMIY/bCY €EKTPOHA Ha

2m, 2m,

MAOIIHHY, AX2 € MNEPNCHAHKYNSPHOIO O HANpAMY TOMA, a py — MOAY/b NPOEKLIT iMNYIbLCY
Ha BiCb FBMHTOBOI JiHii (HanpsM moss), y3A0BX AKOI pyXaeTbea eNekTpoH. OcKiNbKH MO~
MEHT iMNYJLCY €N1EKTPOHA BIAHOCHO OCi KBAHTYETHCH, TO MAEMO p,r = WMIUr = nh, e r —

paniyc reuMHTOBOI JiHil. 3 DOKy MarHiTHOro mosns Ha enekTpoH aie cuna JlopeHua, fka €
2

m,U ; : ;
NOLEHTPOBOIO CHIOKO, TOOTO = ¢Bv. 3 HaBeJeHUX pIBHOCTEH OJEPXKyEMO, IO KiHe-
r

THYHA eHeprid 06epTansHOro pyxy enekTpoHa B MarHitHomy noni T; = nhw,; (o; — vac-

ToTa OGCPTaHHA CNEKTPOHA HABKOMO HANpAMY MONs, SKA AOPIBHIOE NApMOpiBChKil,

eB
@, =—), To610 BENMHUMHA T| KBAHTYETHCH,

2m,

7.62. TloBHi#i €Heprii enexkTpoHa B MarHiTHOMy MoJi MOXHa HanatdH BHUIIALY
2 : i
e=T, + p /(Zme)-usB , i€ T) =nugB, B, — BEKTOp CTIIHOBOTO MArHiTHOrO MOMEHTY.

Omxe, €=npgB + p”2 /(2m) - u,B. Tyt nepwinii A0AaHOK MOXHA PO3FISAATH AK MOTEHLI-
anLHY eHEPrilo KONOBOrO CTPyMY, CTBOPEHOTO €IEKTPOHOM, Y 30BHIUHBEOMY noni. Maruir-
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HHI MOMEHT [[bOTO CTPYMY #jis 30PIEHTOBAHO NPOTH MONA, L0 € XapakTEPHHUM AN JiaMar-
Heruamy. Lleli edekT Takox MOXKHA pO3rasAaTh K HAacniAOK CriBBLAHOWEHL HEBH3HaueHOC-
Te# AN8 xoOpAuHAT Ta iMnynscis (abo kineTHuHOI Ta noTeHuianbHOI eneprii). Hacnpasai,
MOKH MAr”iTHOro oA HEMAE, €NEKTPOH € BilbHOI0 YACTHHKOI | OMMCYEThCA MIOCKOIO
xBHacio ¢ Bpoiis 3 BU3BAYEHUMM IMIYNLCOM Ta KiHETHYHOM €Hepricto. O6epranbHmit
PYX Y MarHiTHOMY M10Jii NMOPYILYC BA3HAYEHICTh MOMEPEUHHX A0 TOAS KOMMOHEHT IMMYBCY.
Lle 3yMOBNIOE HECBU3HAYEHICTL KIHETHUYHOT €HEprii enexTpoHa i Aa€ 3MOry THYMAauHTH
JOJATHHI 104aHOK A0 MOBHOI eHEpTii, U0 NponopUiAHMA 0 iHAYKLI] MATHITHOTO NMONA, AK
NOTEHUIANLHY EHEPTiIO KONOBOTO CTPYMY.

7.63. AS = hl(2eB) = 2,07-107"° M%;, B'= hi(2¢S) ~10° Th,

7.64. OcHOBHuUI BHECOK Y MapaMarHitHy CIpHAHATIMBICTL LIMX METaNB pOOHTHL ENeKT-
POHHHIA Fa3 BHAC/iZOK OPIEHTYBANLHOT il MATHITHOrO MOMA HA CNiHOBI MOMEHTH €IEKTPO-
HiB npoBigHOCTI. Llel BHECOK HE 3aNEXKHTh Bifl TEMMEPATYPH, OCKIbLKH BiH 3yMOBICHHI
€EKTPOHAaMH 3 eHeprieio depui.

7.65. Buacninox aii npuuuMny [Mayni. Came BiH nepelikoixae MarHiTHOMY OO 30-
PiEHTYBaTH CMiHOBI MarHiTHI MOMEHTH CNEKTPOHIB y3a0BX mond. [lis 1LOro NpUHUMAY €
CH/ILHIION, HXK J1e30DiCHTYBaNbHA Aifl TETIOBOTO PyXY 11a MarHiTHi MOMEHTH iOHIB.

7.66. Pyx enexTpOHIB y KPMCTANIMHMX IpaTkax MOKHA PO3rasjatv K MOWMWPEHHS
xBHAL A¢ Bpoiins, axi posciroloTses aroMaMu y By3iax rparok. Lli xBuni BHachigox audpax-
Lif MOXYTb MPOXOAXWTH B rpaTKax BiLmai, MO 3HAYHO NEPEBUILLYIOTH MiXXAaTOMHI BiZaani B
KPHUCTaNiYHUX rpaTKax.

7.67. Hi, 60 BHacnigok 3iTKHEHs i3 aTOMaMu Y By3/aX IpaTOK iMOyNbC €JIEKTPOHA HE
36epiraerbes. Y 3aranbHOMY BHNanky He 30iracrbes. Moxe.

7.68. TIepekpHTTAM €EKTPOHHUX 000IOHOK BANEHTHHX €NEKTPOHIB, MIXK AKUMH BUHHM-
xae 0OMiHHa B3aeMoJid, Axa BHAcKifok npuHuKny Ilayni 3yMOBMOE po3WEnNeHHs eHepre-
THYHMX DIiBHIB BAICHTHHUX €ACKTPOHIB i301bOBAHMX ATOMIB i YTBODEHHS CHEPreTHYHHX
30H., YTBOPEHHS 30H MOXHA TAKOX MOACHMTH AK HACMIAOK TyHeAbHOro ejexry. Crnipapai, 3i
36NHKEHHAM ATOMIB A8 BAJCHTHHX €NEKTPOHIB 3MEHUYETHCS WHPHHA SHEPreTHYHOro
Gap’epa, AKui pO3AINAE arOMH, BHACIIAOK 4OTO 3aBASKH TYHENbHOMY eekTy 36inbIyeTs-
cf WMOBIpHICTH Nepexoay eNeKTpoHa A0 iHWOro atoMa. Yac uTTs aToMa CTa€ CKiHYCH-
HHM i, BIANOBIAHO A0 CRIBBIAHOWEHHS HEBU3HA4YEHOCTEH IS €HEpril Ta Hacy, L€ CripH4H-
HSAE PO3WMPEHHA PiBHA, 2 OTXE, YTBOPEHHA CHEPIETHYHOI 30HH.

7.69. EnextpouHa xoudirypauis aroma Gepunito mae surnaa 15°2s’. [Tpu yTBOpeHHi
KpucTana piBHI 060X BaICHTHMX EAEKTPOHIB PO3ILEMUIIOIOTLCS | YTBOPIOETHLCH BaNCHTHA
30Ha, AKa MIiCTUTHL 2V piBHi. Lla 30Ha € MOBHICTIO 3aMOBHEHOIO, IO BIANOBIAAE AICIEKTPHKY.
[Tpote y Gepunito Hax BaneHTHOIO 30HOKO € 30Ha, IO MICTHTL piBHI, AKi YTBOPIOIOTHCA MPH
PO3LUETUICHHI PIBMIB 2p-eNeKTpoHiB. Lis 30Ha NEpeKPHBAETLCA 3 BANCHTHOIO, L0 1 3YMOBIIIOE
HanexHictb Gepumiio no MeTamis.

7.70. Y HaniBnpoBiAHHKIB MUTOMUIH OMip 3MEHLLYETLCA, @ B MPOBIAHKKIB — 36inb1yeTHCS.

= 2T =033 B

-1

7.71. Ae

7.72. Tlin Ripxoto po3yMilOTh KBA3iMaCTHHKY, AKA 03HAYa€, IO €NIEKTPOHA HA JaHOMY
EHEpPreTMYHOMY PiBHI y BaneHTHIN 30Hi Hemae, TOOTO ue enekTpoHHa Bakaucid. [lo3a Ha-
MIBIPOBIAHUKOM AipKH HE ICHYIOTh. 30HM MPOBIAHOCTI S ENCKTPOHIB Ta Aipok He 30ira-
2KTT:

LZinn=1,12 eB.

2= T

J0TLCA; TaK, JUIL AipOK 30HOIO TIPOBIAHOCTI € BANCHTHA 30Ha; £, =
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Ae(Ty-1;)

773. L2 h _gq 68,
o

7.74. Tomy, w10 iXHA ENEKTPOMNPOBIZHICTE 3HAYHO 3ANSKMTH Bill TEMNEPATYPH.
7.75. Pignicts (n, (€)) +(n, (-€))=1 Bunausae i3 camoro 3Mmicty Gymuii (n(e))

(B xoxHOMY cTaHi nepebyBac muuie enekTpoH abo Hipka), TOMY (nn(-a»: 1—<rze (s))=
=———» A€ XiMiuHMH NOTEHLian Ta eHepris Aipok 38°A3aHi 3 BIANOBINHHMH BENHUH-
A ra
e 4l
HaMM A €NeKTPOHIB CriBBiHOMEHHAM €, — 1, = —(€, — 1, ) . Bimnix eneprii gipox 3nific-

HIOETLCA BUL CTENI BAIEHTHOI 30HH IOHH3Y, @ EEKTPOHIB — Bili HA 30HH MPOBIAHOCTI BIOPY.
7.76. a) p-tuny; 6) n-Tuny.
7.77. Exepria akTupauii ZOHOPHOTO PiBHA AE = — Enp, Ae Eniq — €HEPris OCHOBHOTO
cTaHy CHCTeMH. OTXe, 3ana4a 3BOAUTLCH A0 BiAtyKyBaHHs Lici pennuvui. [ToBHa eHepris
pz &2

cucremy E = -
2m* A4neqer

, e p — IMNYyNbLC €NEKTPOHA, r — BiA#aNL MK CNEKTPOHOM T2

10HOM, Macy 10Ha MOPIBHAHO 3 MAcCOI0 €IEKTPOHA BBAKAEMO HECKIHUEHHOW. JlJIs OUIHKH
€Heprii OCHOBHOrO CTaHy BBaxaemo Ar = r, Ap = p. Toai rp~h , 3eiaxku p=hl/r. Ans

2 2
h e : : :
eHeprii CHCTeMH ue pac k= = . OCHOBHOMY CTaHOBI CHCTEMHM BIAMOBiAAE

2m*r?  4neqer

BiZIANk ro, N8 AKOT QYHKUIN E(r) Mae MiHIMYM: ry = dneye h* /(m*e?). Toni Ae=— E, =
= m*Ey/(me?) = 0,06 eB, ne Ey— eHepris OCHOBHOIO CTaHy aToma BoaHIo, £y =—13,65 eB.

7.78. EnekrponpoBiaHicTL HAMIBNPOBIAHUKA O = e(ny Us + 2_ U ), BE N, = Ny + Ny, M. =
= Ny + N_p; IHAEKCOM “B” MO3HAYCHA KOHUEHTPAUIA HOCIIB NPH BacHiit npoBigHocTi, “a” —
npu AoMiwkogifi. KoxHa 3 KOHUEHTpauili 3pocTae 3 NiABHIIEHHAM TEMNEPATYPH 32 eKCno-
HEHUIANBLHUAM 3aKOHOM: 7, ~ exp (—A&/(2kT)), n,~ exp (A, /(2kT)).

V nepuwiit dbopmysi nin Ae po3ymiloTs €Heprilo aKTUBalii BNacHOi NPOBLIHOCTI, B ApYTii
nin Ag, — nomitkosoi, Ockineku Ae > Ag,, NpY HU3BKKX TEMNEpPaTypax OCHOBHHIA BHECOK IO
€NEKTPONPOBIIHOCTI HAMIBNPOBiAHKKA POOGIATL AOMIIKOBI HOCIT cTpyMy. 3i 3pOCTaHHAM TeM-
fiepaTypy rOjIOBHY POJib BIAINPAE KOHLIEHTpALliA HOCIIB BAACHOI NPOBLIHOCTI.
dp  Ae
pdl  2kT?

7.80. Y BHKOPHCTAHHI BHYTPiWHBOro Goroedexry: HarpiTi Tina BUMYCKAIOTh TEMIOBE
BHINPOMiHIOBAHHA, Y CMEKTPi AKOFO € HAaCTOTH, U0 CIPHYHHAIOTD Y HAIMIBIPOBIAHUKY BHY-
TpimHii poroedekT.

7.81. EnexrponpoBiiHicTh AiNSHOK MillicH] 3MIHIOETHCA 3aBASKH ABHLLY BHYTPILIHLOIO
doroedexty. Ynum Ginburod € OCBITACHICTh AINAHKH 300pakeHHN, THM MEHIUIHH Omip
GoTonpoBiAHKKA | THM IUBHAWE BiAGYBAETLCA HOro PO3psIXKaHHS.

7.82. Buyrpiwmnili goroedexr, 3aBaAsky KoMy QOTOPE3HCTOP IMIHIOE CBili €IEKTPHY-
HKUI omip miA Ai€l0 BUINPOMIHIOBAHHA, a Y (POTOTPAH3UCTOPI 3AIHCHIOETLCS KEPYBAHHA
KOJIEKTOPHUM CTPYMOM, MPH ULOMY CBIiT/IOBi CHTHAIH NEPETBOPIOIOTHCA B €NEKTPHYHI
3 OAHOYACHHM IX MIACHAEHHAM,

7.79. o= =—-43210°° K™,
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7.83. & < he/Ag; ans repmanito A < 1,85.10 % m, ans ceneny A < 6.88:10 " m, ans ciporo
onosa A < 1,24-10 > m. [lna repmaniio Ta Ciporo 010Ba BCTAHOBICHUHA IHTEPBAN MICTUTS
y cobi itppauepBoHi NPOMEHL. BUAMME Ta PEHTICHIBCHKE BUNPOMIHIOBAHHA, & IS CEeHy —
BHIMME T3 PEHTTEHIBChKE BUNPOMiHIOBAHHA.

7.84. a) 3MiHloeThESA; ©) Hi.

7.85. He 3MiHI0€TCH, 3 I0MiLIKOIO APCEHY — 3MIHIOETHCA.

7.86. 32 3HaKOM XONNIBCHKOL PI3HULL NOTEHLIANIB.

ae(i3-7))

Rxi _ o 241303

X2

7.87. = 2,71, ne As — edepris akTUBaLlii repMaHio.

7.88. u_= L 0,4 M*(B-c).
P

789. n =L Bl _s oy, =Y L

X = =5.102 mM¥(B-c).
Ux epL U Bf

7.90. Ju_ - u,| =LB=0, 20 M*(B-c); n,/n_=n>=4,0. Buninumo 8 HamiBNpoOBiTHHKY
n

o6’em AV i3 3apanoM Ag. LBuakicts ynopsakoBaHOro pyxy usoro sapsgy V- o64uc-

v.0 -v .
(3HaK MiHYC BKa3ye

0, +Q.
Ha TE, 110 NMO3MTHBHI T4 HERATUBHI 3apAaK y AaHomy 00’ eMi nepeMillyroThCs Y NPOTHAEKHHUX
HanpsMax). Maemo v, =u, E, O, =en, v, SAt =en,u,SALE , ne v,.SAt ~ 06’em, 3 aKOro

JMOEMO K LUBHJKICTb CBOEPIAHOTO UeHTpa 3apany V. =

sapan O, BMXOAMTH 32 Hac Af; E ~ Hanpy)KEHICThL NO3J0BXKHLOr0 ENeKTpUiHOro nona. OTxe,

nul-nu? . . . . .
Ve =—-—;————E , | HA 3apan Ag, Akuii pyXacrnCs B ONHOPIAHOMY MarHiTHOMY foni
nu, +n_u_

2 2
nu; —n_u’

NEPNEeHAKKYNIApHO A0 #oro cUNoBUX NiHiM, Aie cuna AF =Agq-V,.B= Ag EB.

nou, +n_u_
[Tepemituenns uLOro 3apsy Mia AI€I0 BKA3aHO! CHAW 3yMOBIIOE YTBOPEHHS MONEPEYHOro
AF _nul-n_u’

—— EB ; 3akoH
Ag mou +n_u_

(XONNIBCHKOr0) eNeKTPUYHOro Nons 3 HanpyxeHictio Ey =

Oma nae E=pj =j/(e(n*u{, +ngu_)) (auB. popmyny (7.4.3)), Tomy Ex = RyB, ne R -
cTana Xoajna INA HaiBfpoOBIAHHKOBOrO Marepiany 3i 3MIIAHMM THUIIOM NPOBIAHOCTI,
R= 1 mu’-nu?

€ (nu, +nu_)

T Ockinbky NpoBifAHMK 6e3NOMILIKOBHIA, Y HBOMY #.= #1.= M, | TOMY

V wu,—u_ u, —u_ . . ' . :
— =— .Skwo nia Ry, Ex, j, E Ta B po3symirtk Moayni BiANOBiAHMX
en u, +u_ o '

Rx=

|“+ "-u—!

BENMYMH, MOXKHA 3anucatd Ey = jB=|u+ -—u,|EB, 3BiIKH ONEPXYEMO HaBeacHUM
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. . 1
pesynstar. Bianosias Ha Jpyre 3anuTaHHA  BUMIMBAE 3 YMOBH Ry =— X

(4
2 A
B U _—n_U_
X +4+ =

(nou, +nu_)

7.91. 30BHIlIHA KOHTAKTHA PiZHULIA NOTEHLIANIB BUHUKAE BHACHI 10K Pi:;mm.i poGir BH-
XONy €NneKTPOHiB i3 MeTaNis, 1o nepebysatoTs y koHTaKTI. Lle — pi3HMuR noveHuianis Mix
TOYKAMH, 10 MICTATHCA NO6GNU3Y KOXKHOrO 3 MeTaniB. BHyTpilliHa KOHTAKTHA PI3HULA N0~
TeHUiaMiB — Le Pi3HULA MOTEHIIaNiB MiX TOYKAMH, UI0 NEXKATh YCEepeAHHi MeTaniB, sKi
nepe6ygaioTh y KOHTaKTi. 118 pisHMUA 3ymMOBREHA Pi3HHULEID XIMIYHUX NOTeHUIaniB MeTa-
NiB, 1110 KOHTAKTYIOTS,

7.92. Ap, = A4 =(,53B;
e
€ ~€x WP 21(2p.Y3 (D %
npu T'=0: Ag,, = ——-=-= > (3n2N,)3 []TZJ "[]}"’} =4,67 B;
e mge 2 I

- €. —Ep 2 _
npu T=1050K: Ao, =“2€’ll 25 —" +!“2€(k7‘)2[gl—;l-)=4,6718.
F R

7.93. V pa3si nocurts Manoi pizuuui temneparyp 7, - 7.
&

794. 6 =0 ,5(T,-T)n=1,2B; n= =18
(R -T)
7.98. Nooen i5d = tol <1, IMEHIKTHCS; Nnap e 2 {a+l) = 505 > |, 30inbUIKTECH.
n n+n 105 n nny+1 501

7.96. Enepris ®epmi B HaniBNpoBiIHUKY € 3HAYHO MEHLLOO, HiX Y MPOBIAHUKY (BHA-
CRiIOK MeHLUOT KOHUEHTpaLi1 HOCiTB cTpyMYy); Ak Bunnusac 3 dopmyn (7.5.3) — (7.5.5), ue
cnpuuunse 30inbwenns nuromoi Tepmo-EPC. Kpim Toro, y HanienpoBiaHKKOBi# Tepmonapi
y nepeHoci enekTpuky OepyThk y4acTs ABA THIHK HOCIIB CTPYMY — €REKTPOHU Ta AiPKH, LIO
Takox 30inswye nuroMy tepmo-EPC.,

7.97. T, =T\ + ncR/ o 45= 334,5 K.

7.98. o z=I(R, + R)/AT = 43,7 MxB/K.

7.99. 3i 3MiHOKO HANPAMY CTPYMY TENnoTa, IO BUALAETHCH BHachinok edexty hxoyns —
Jlenua, He 3MiHI0€ 3Haka, a npu edexri [lensTbe — 3MiHIOE, TOOTO HarpiBaHHs CTialo 3Mi-
HHUTHCA AOT0 OXONOJKEHHAM.

7.100, 2o _%asT _ s g
One IR

7.101. N = ¢ =3,1-10‘8;U=—Q—-m10,4MB.
et 45T eN

7.102. Kontaktu HabysaioTh BEHTHNBHOT BNACTUBOCTI BHACNIAOK YTBOPEHHS Ha
Mexi cepeloBMIL NOABIHHOro eNekTpuYHoro wapy. fAKiio HanpaM 30BHIHBOrO MO
30iraeTbcs 3 HANpPAMOM 1018 B LUAPI, TO MAEMO MPONYCKHUR HANPAM, AKUIO HaTIpAMU
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npoTHNEXHI — 3anipauit. Koediunient sunpamnenns 6yne natbinsuiumM y pasi koH-
TaKTy HaniBNpoBiAHHKIB p- Ta M-THIY, TOMY LUO TYT TOBLIKMHA NOABIAHOro WIApy BHAB-
AAETHCA HAWGNbLIONO.

7.103. a), 6) Heniuifinuii xapaktep BONLT-aMMEPHOI XapaKTCPUCTHKK p — n-nepexony;
B) BeuTHNbHUA (OTOCPEKT; ) HAPOMKEHHA HAANMIIKOBHX ENEKTPOHIB Ta Aipok M niew
CBITNA, U0 3YMOBJIOE 3POCTAHIIA 3BOPOTHOrO CTPYMY (oToxiona.

7.104, Ctpym, 110 NpoXoaAHUTH KPi3k NIAKNAIOYEHHA Y NpAMOMY HanNpaMi p — n-niepexin,
32 NEBHUX YMOB 30YKy€ BUNPOMiHIOBAHHA CBiTNA (ABHILE iHXeKLifHOY enekTponoMinec-
ueHuii). [Ana 3aificHeHHR LLOro npouecy HeobXiAHO CTBOPUTH IHBEPCHY 3aCENEHICTh PiBHIB
eHeprii y HaniBnpoBiasuky. Toai 4acroTa nepexoay EnekTPOHIB i3 30HM NPOBIAHOCTI Y
BA/IEHTHY 30HY Oyne Ginsluolo, Hix B o0epHeHOMY Hanpsami. Bracninok pexomOiHaLii iHkek-
TOBaHWX ENEKTPOHIB i Aipok nix Aiclo npuknaseHoi Hanpyry B obnacte p — n-nepexony
BUMYCKANOTHLCA KBAHTH BHIPOMiHIOBaHHA. Ha BiAMiHY BIA TENNOBHX uKepen CBiT/ia CBITAO-
AIOOM MalOTh BY3bKHH CMEKTP BHMPOMIHIOBALHA, TOMY CRpUAMAIOTLCA K OXHOKOJILOPOBI
(yepBoHi, 3eneni). 1HIWIA nepepara — WUBKUAKOAIA, fKA 3YMOBIEHA MANUM YacOM MXHTTH He-
ocHoBHMX Hociis. Haiuacriwe Bukopucrosytoth GaAs, GaP, SiC 3 nomimkamu wMuky,
KUCHIO (4epBOHi) afo a30Ty (3eneHi).

7.105. U=k—Tlnn=O.18 B.

e
I
7.106. I, = I,,—2— = 20,2 MKA.
Inp T iap
7.107. n, =n"(*") =818,16.

7.108.B x a 3 i B k a Dyukuia R(/) mae surisn: ans upamoro Hanpsmy R =

/- KT
i , ANs 3BOPOTHOrO Hanpamy R, =————.
e ll‘lp + ]O e [D - 1.”

7.109. Tomy, u1o wHpHHa a3y € Manow; aAndy3is.
7.110. 3rinHo 3 KBaHTOBOIO MexaHiko0 Hasith npu T = 0 K aromu piakoro renito nivic-
HIOKOTh HY/bOB| KOAMBaHHA. BHacnigok manoi macd aTomiB refilo aMnuiTyaa HHX KodH-

BaHbL 4, = \/hl(mmu) BUABNACTHCA BENUYHHOIO TOrO CAMOro nMOpAaKy, Ulo W crana Kpucra-

NIYHMX IpaToOK; KpiM TOrO0, OCKINbKH TEAifi € IHEPTHUM ra3oM, TO CHIH MiKaTOMHOI B3ae-
MoAil B HbOMY Handsuyafino cnabki. Bkazani ¢dakTopu nepelkomkaiors Kpucranidaumii
piauuy.

7.111, HopMansHa KOMNOHEHTA MA€E BCi BAACTHBOCTI 3BMYARHO! PiAMHM, @ HAANNMHHA
BLANOBIAAE 32 i1 HAANIKHHI BIACTHBOCTI i, 30KpEMa, Ma€ Hys0BY B'A3kicTs, Lli koMnoxen-
TH CHiBICHYIOTH Y KOXHIH To4lli pinunu. Sk marepiansHi 06’ ekTV Taki KOMMOHEHTH HE
iCHYIOTB, 1 TOMY PO3JINIHTH IX ¥ NPOCTOPi HE MOXHA.

7.112. a) Kpi3b kaningp npoxoauTs HAANNHHHA KOMTIOHEHT], 60 (JOHOHM, SiKi XapakTe-
pH3YIOTh HOpMalibHY KOMIOHEHTY, FalbMYIOTHCH Y pa3i CTHKaHHA 3i CTiHKaMu Kaning-
pa; 6) 3 MiABMILEHHAM TEMNEPATYpPU B PiauHi 30iNBLIYETHCS BIAHOCHA YacTKa HOPMANBHOL
KOMTIOHEHTH, TOMY 3pocCTae il B’A3KICTh i K HACMIAOK UbOTO — MOMEHT iMnynscy, Skull
NepeHOCHThCS Bill 30BHILUIHLOTO LUMNIHAPA 10 BHYTPILUHLOTO,

7.113. V kpucTaniyHMX rpaTtkax MaloTh MICUE JBA BUAW B3AEMOZIi ENEXTPOHIB — BHACI-
nok obmiiy doroHamu ta o6miHy poronamu. O6min doToHaMu CnpHYMHSE BiAIITOBXY-
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BaHHA Mmix enexTponamu. llono obminy (oHOHAMH, TO 3i IHMIKEHHAM TEMNEpPATypH
kpucTana npu aeskift T= T, BiH 3yMOBNIOC BUHHKHEHHA NPUTATAHHS MiX 1aPOIO ENEKT-
pOHiB, eHepris akux 6ausbka no exeprii GepMi. AKLO BOHH MAIOTE MPOTHUAEKHI iMITY b
ci Ta cnivy. TTounHaouu 3 KPUTHYHOL TEMNepaTypy Ta HKYE BiX Hel, CymMapHa Mixee-
KTPOHHA B3aEMOJis AN BKA3AHOI Mapu €NEKTPOHIB MAE Xapakrep npurtaranns. Orxe, y
KpHCTaNi yTBOPIOIOTHCA 3B A3aHi CTaHU ABOX EACKTPOHIB — Kynepiscbki napu. Taki napu
HE ICHYIOTH 1032 KPUCT2NOM, 30KpEMa Y BakyyMmi. 3MEHIUYEThCA BHACNINOK i30TOMIY-
Horo edekry (aus. popmyny (7.6.4)).

7.114. T, =T, /M, /M, = 0,89 K

7.115. Metan y HaanpoBinHOMY CTaHi MOXH2 PO3rAffarH K AINAHKY €NEKTPUYHOro
KOna, sIKka CKJIafacTsCy 3 ABOX MPOBIAHMKIB, 3’ €HAHUX NApancibHO ONWH OJHOMY: B OZIHOMY
3 HUX OMip HOpMaNnsHUH, B iHIIOMY — nopieHIOE HyAesi. [Torunit onip Takol ainsHkK nopis-
HIOE HYNEBI; HAMPYXKEHICTE EAEKTPUYHOTO TONA BCEPEAMHI METANY TaKOX AOPIiBHIOE HYREBi
(ans noBeaeHHs ckopHcraThcs 3akonoM Oma B audepentianshiit dopmi).

7.116. E,, = kT, = 0,43 meB.

7.117. epwut ve 6yne, npyruil — Gyne (NOpPiBHATH KPUTUYHI TEMNEPATYPH ANA LMX
MaTepialiB 3 TEMNEPATYPOIO 3PIMKEHHA a30TY, KA 332 HOpMaNsHUX YMOB nopiBHioe 77 K).

7.118. Temneparypa nepexony B HaANPOBIAHKI CTaH nponopuiitHa cHeprii 38'43KY Ky-
nepiBCcbKOIl NapH (EHEPreTHYHIA LWINKHI HAANPOBIAHKKA), AKAa BUIHAYAETHCA CHUIIONO 3B’ A3KY
eNneKTpoHiB i3 poHoHamu. Y npoBinHUKiB uei 38’930k cnabkuil, TOMY eHepreTHyHa WinuHa
i Temneparypa nepexoay TYT € HepentMkuMH. OTKe, BUCOKOTEMMEPATYPHI HAANPOBIAHKKH
CIlil IUyKaTH CEpell TakHX Marepianis, fKi MaloTh JOCHTb WIMPOKI eHepreTHYHI WiNnuHM, a
Ll MOXI/IMBO JHILE B pa3i CHIBHONO €AeKTPOH-(JOHOHHOrO 3B A3KY, L0 BUKRIOYAE 106Dy
NPOBiAHICTH Y HOPMaNbHOMY CTaHi.

7.119. Hexait meTanese Kinblie, sike nepebyBac B MaANpoBiIHOMY CTaHi, BMilLlEHO B 30-
BHilLHE marHitHe none. Skuo aedopmyerhes Kinblie abo 3MiHIOETHCA Tote, TO B Kinbii

, : d .
innykyersea EPC, axa 3a sakonom Jlenua nopiBHIOE _E(q)ﬂ + tD},) , Ae Oy — MarHiTHUMA

MOTIK Kpi3b KiNbUE, 3B’ A3aHMH i3 30BHIILHIM noneM; @'y — NOTIiK, AKHA CTBOPIOE MArHiTHE
none HaanposinHoro crpymy. 3a 3akoHom Oma ans  3aMKHEHOro Kojla Maemo

-——:T(cbﬁ +®)=RI, ne R — akTuBHMH Oftip nosHoro kKona. Y HaanpoBinHoMy Koiti R =0,
t

i ToMy ®p + O'p= const.

7.120. Al = BV/(poN28) = 0,1 MA.

7.121, Tlpunuumn Aif BKazaHHUX €KpaHiB NONAra€ B TOMY, 11O NOPONKHUCTI HAANPOBIAHU-
KM, TaK CaM0 8K CYUi/bHi, “BHLITOBXYIOTE” MArHiTHi NoNA, i TOMY BCEpenMHi TakUX Hal-
NPOBIAHMKIE MATHITHUX MOJIB HEMAE.

7.122. 3acrocyemo a0 koutypy ABCD (puc. B.7.2) npyre npasuno Kipxroda. Ockins-
KH KOHTYp HAANpOBIAHWY Ta B3AEMHOIO IHAYKTHB-

HicTIO HEXTyeMo, MaeMo Ly dlg /dt —Lp dlp /dt = 0, A

ae Lg, Lp — inpyxruBHOCTI rinok. InTerpyoyn Ha-

BeleHE piBHAHHA, onepxuMo Lg g — Ly Iy = const. __=§ D B

Sxuio B MomenT yacy £ = 0y =Ip =0, 10 const =0,

i ocTaro4yHo Maemo g/ Iy =Lp/Lg. T
7.123. ipyroro ponay. Puc. B.7.2
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7.124. HaanposiHi ekpaHy NepelikopKaloTh PO3CITHHIO MArHiTHOG MOTOKY, 2 OTXKE,
CNpUAIOTH HOTO KOHLEHTPAL(IT HABKONO TOJIOCIB MArHITY.

7.125. Enexrpuynuil cTpyM, skHii NPOXOAMTE N0 HHMKHBOMY KiNlbIIO, CTBOPIOE HEO/-
HOpiHe MarHiTHEe Moxe, Wo Ai€ Ha auck (auB. puc. 7.2). HaagnposiamicTs Kinsis Ta AMcka
YMOMIMBAIOE OACPKAHHA CHALHUX MaTHITHUX nofiB 6e3 iCTOTHUX TENIOBMX BTpAT.

7.126. o =%A¢ =6,07-103 ¢

7.127.1 = h/(2el) = 2,07 mxA.

7.128. :i‘up=i - =1,04 uB.

2e \JLC

7.129. B = ®y/5 = 0,21 uTh.

7.131. [lns BUroTOBREHHR €TANOHA HAnNpyr (BONLTA) BUKOPUCTOBYEThCA edekt [hio-
3edicona: BinnosiaHo no cnieBiaHowenus (7.6.3) oOupaeTbea Takuil eTanoHHMI enemeHr,
AKMA NI Yac NpPOXOMKEHHA KPi3b HHOIO HAAMNPOBIIHOrO CTPyMY BMIYCKaE BHNPOMIiHIO-
BaHHA, YACTOTA AKOTO BiArosiaac Hanpysi Ha pienekTpuky A@ = 1 B. BurorosiieHns era-
noHa onopy (oMa) rpYHTYETHCS HA KBAHTOBOMY ediekti Xonna: o6upaecTbCs Takuil 3pasox,
Onip AKOro NOpiBHIOE XonnischbkoMmy (cniesiaHowerHa (7.6.5)). Ockinsku ne#t onip 3ane-
XHTH NKLIE Bi QPyHAAMEHTANBHUX KOHCTAHT A i e, TO BiH BU3HAYAETLCA 3 BUCOKOXO TOYHIC-
T10 # MOKE OyTH OOpanuil sk eTanoHHMI.

A0 PO3AINY 8
4ng,pT

8.1. 6 =2arcctg =179,37°, ne Z,, Z, — BiANOBIHO 32pAA0BI YHUCNA O-YACTHHKH

Z,Z,¢"

=0,%4.

2
Z,Z,e® 0| DN,d
__........_....ctg_._
4me,,T 2

Ta Aapa-MilueHi; n=1- u[

4ne,T [0.0InM B

82. 7, = ; tg— =29, ne Z; — 3apaa0Be YUCNO ot-HACTHHKH.
219 NAGncn
ZZe" ’

83. r. ==52° 312107 m;r, ~107" M.
4ne,T

8.5. R,= 4,47 cM; Ry, =1,43-1072 em; N =-E-= 2,06-10° .

3 = P = (e, _ 4
8.6. R, =251-107 cm; R,,, =0,31-107 cM; R, =4,48-107 cm; R, ., =1,84-10 cm;

Ryen =0,23-107 oM; Ry, =3,26-107 cm.

8.7. a) LHuknorpoH HenpuaaTHU#A ANg NPHCKOPEHHN €NEKTPOHIB, UI0 MAKTH EHEpP-
rito Ty, = 0,5 MeB, ockinsky BoHa € GAH3bKOIO 00 eHeprii cnokolo enekTpoHa (£, =
= 0,511 Mes): npu Taki#t eneprii nopywyerscs ymMoBa CHHXpOHizauii, 6) enepria cnokolo
npotoHa £, = 940 MeB, Tomy ans Heoro 7,<<E,, i yMOBa CHHXpPOHi3aLil BHKOHYETHCH;
B) ANS NPUCKOPEHHS MPOTOHIB yKa3aHO! eHeprii UMKIOTPOH HenpnaarHu#l, ToMy o 75,>>Ey.
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aod
8b8¢ - =
dt

8.9. 7, = 2T;} /(m c?) + 4T, = 5,64-10° TeB.

8.10. a) Enexrpomarnitia; 0) cuneia ta cnabka; B) rpasiTauiitHa; HalynisepcaibHi-
HIOKO € rpaBiTauiina.

8.11. ¥ usomy pasi He crano 6 f-posznany, ToMmy 3pocna 6 Kinskicts crabinsuux 4acTu-
HOK, 30Kpema niasHmMnacs 6 yacrka cTabGiNbHUX HYKRIAiB, CBIT cTaB OM Ginbli pizHOMa-
HITHHM,

8.12. Kani6pysansHi 6030HH — L€ NEPEHOCHUKH PyHAaMEHTaNBHHX B3IaEMOZIH: GOoTOHM —

Y L IS B,
e

€NIeKTPOMArHiTHOI, rPaBiTOHM — rpaeirauiiinoil, W *. ta Z°-6030nu — cnabKoi, rMICOHM —
cunsHoOl, 3B’A30K iCHye: ¥ ~1/m, ne r — paaiyc B3aemopmii, m — maca ii nepeHocHuka. QOTOHH |
IMIO0HHU — Le KanibpyBansHi 6030HH, AKi NEPEHOCATh BIANOBIAHO ENEKTPOMArHITHY i CHBHY
B3aeMOAi10; POTOH He MAE 3apAny THX YACTHHOK, B3AEMOMIIO MK SKMMH BIH NEPEHOCHTS, a
FNHOOH MAE XONip.

8.13. 6 Ta 6; peakuis a 3a6opoHelia 3aK0HOM 30EpeXKEHHS NEPLIOro NeNTOHHOIo 3apany.

8.14. Hi, ueit po3nazn 3a60poHeHO 3aKOHOM 36epexeH s Nepuoro Ta Apyroro Ae€NTOH-
HHX 3apALiB.

8.15, HelitpansHuMH € nion n°, Y-KBaHT, 1j-Me30H. KBaHTOBI YyucHa LIMX YACTHHOK 30i-
raloThCa 3 KBAHTOBUMH YMCRAMU TXHIX @aHTHYACTHIIOK.

8.16. MoxnuBHMH € npouecH 6, @, .

8.17. Posnanu a — ¢ 3a6opoHeHi 3akoHaMy 30epeXeHHs AeMTOHHMX 3apAanis, 2 — 3abo0-
poHeHo 3akoHOM 30epeXkeHHs 0apioHHOro 3apaay.

8.18. Hi, 60 nionu MarOThL BiA’EMHY NPOCTOPOBY MAPHICTh.

8.19. Hi; Tak.
8.20. Enextponne HeHTpHHO v, Ta #ioro anTHYacTHHKAa V, HE TOTOXHI, ToOTO Vv, HE €

NifCHO HeHTPanLHOIO YaCTHHKOIO.

8.21. Bci YacTHHKH, IUBHICTH AKUX JOPIBHIOE HYNEBI.

8.22. Pi3HO10 KiNBKICTIO KBApKiB y Ckiani YACTHHKM: ME3OHH CKNANAIOTHCA 3 NBOX KBAp-
Kis, Hyknouu — i3 TpboX. Hyknounu#t izopybner: p(uud), n(udd), nionnuit izoTpunner:

nt (ué’),n' (iid), n° (uit),n° (da?). He moxua, 60 cepe HUX HEMAE KBAPKIiB 3 HEHYNLOBOIO

auBnicTIo, Kaonnuit isomynstunner: K*(u§), K™ (u5), K°(dF), I?O(&s).

8.23. KinbkicTs KBapKOBHUX apoMariB Mac AOPIBHIOBATH LIECTH. Y MEXax NOKONIHHA €
Oinbw nerkuid i Ginbl BaXKWHA KBAPKH, MacH KBAapKiB TaK0X 3pocTaloTh 3i 30iMbIUEHHAM
HoMepa nokotiHHA. Te came CTOCY€ThCA NENTOHIB.

8.24. lle Monens yTpuMaHud YaCTHHOK Ha KiHUAX NpyxXHHM: 3i 36insweHHam nedop-
Maitii (Bianani Mix YacTHHKaMU) CHIH NPUTAraHHA MiX HUMH 3pOCTalOTh.

8.25. Ipu BuCOKHX eHepriax E = cp, Tomy 3 Gopmynu ae Bpotins maemo A = kc/E, To6T0
NPUCTPiN, AKHA BMKOPHCTOBYE MYYOK HACTHHOK 3 BUCOKHMH EHEpriiMM, Mac BMCOKY po3-
ANBHY 3[ATHICTS, (110 /IAE 3MOTY PO3PIi3HATH AyXKe Mai AeTani YaCTUHKH-MilleHi,

8.26. Eneprii 38’3Ky saep BHSABASAIOTHCS 3HAYHO GiNbUIMMHU 32 BNACHY EHEPIiKO ENEKT-
POHA, a PO3MIPH sep — MEHIIKUMH 33 HeBu3HaYeHiCTL obnacTi nokanizauii enekrpoHa (ioro
KOMHTOHIBCHKO! JOBXHHH XBUIi); NPOTOHHO-ENEKTPOHHA MOAEN A1pa (30Kpema, '4N) nae
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3MaYeHHd CMiHy S1pa, AKke He Y3ro[KYEThCA 3 AOCRIAOM; Mali MardiThi MOMEHTH fzep
MOPiBHAHO 3 MarHiTHUMH MOMEHTAMHU ENIEKTPOHIB.

8.27. *He: 1 npoton, 2 neitrpons: 'Li: 3 npoTonu, 4 neltrponn; *Be: 4 npoTonu, 5 Hedl-
tponis: ’N: 7 POTONiB, 6 HEHTPOHiB; '70: 8 nporonis, 9 HEHTPOHiB; #Na: 11 nporonis,
12 neiirponin; “'Fe: 26 uPOTOHiB, 28 HeHTPOHB: '%Ag: 47 nporouis, 57 uelitponis; ¥*U:
92 npotonu, 143 neirponu; 2°U: 92 npOTOHK, 146 ueditponis.

8.28. ‘He:*He: 'Be:'Li; L1 #B: ""Ne:''Ne; 0:'*N; '%0:'°0; YAl*'Si; *Fe:"Fe;
¥Fe:*Co; *Co:*'Co.

8.29. I30ToniB — HeoaHaKoBI, i306apis — 0AHAKOBI.

5
8.30. A=) n,4 =58,76614, e 1), — PO3NOBCIOKEHICTS.

i=1

831. 4, = Ao _ 12, maruiso.
m, | |
832. Da——2—+1,45.10" kM, n=———=087-10% M~ () =—=226-101" m;
@R " dnR)/3 ()=
€ 2% 3 . ‘ - .
- ~1.39-10° Kn/m” , ne N — KinbKicTh HEUTPOHIB, NPH PO3PAXYHK
P ((4nR})/3)(1+ N/Z) / P Sl

npuitHsTo Ry = 1.4-10 " M

g3 Ru_y Bug R g Ru_y
‘RH Li RHe Mg

8.34. Hi. He MOXYTb.

8.35. Onunnilelo MardiTuuX MOMEHTIB EJIEKTPOHIB € MarHeToH bopa pg, a aaep — saep-
HHMi MArHeToH M, BiAnowenHs uMx MomeHTiB pg A, = | 836,5, | TOMY BHECKOM MArHiTHOIO
MOMEHTY f1ep A0 CYMapHOro MarHiTHOrO MOMEHTY aToMa, K MpaBURO, HEXTYIOTb.

8.36. Binomo. w0 HyKJIOH CKNANAETHCS 3 KBApKiB: NpoTOH — (uud), HEWTpOH — (udd).
MaruiTHu#t MomeHT kBapka p, = Q4 /(2m,). ne Q — 3apsan, a m, — Maca keapka; u- Ta d-
KBapKH MalOTh Pi3Hi 32 3HaYeHHAM Ta 3HakoM 3apaau. Lle symoBnioe BigminHicTs Bia onu-
HMUI ripOMArHiTHOrO BiAHOWIEHHA AN NPOTOHA TA HEHYNLOBE 3HAYEHHA MAlHITHOrO MO-
MEHTY HE!TpOHA,

8.37. Hi. Bracninok Toro, mo sAepHi CUlK, MAKYH HELICHTPanbHU# Xapakrep, poOnaTh
HEMOXK/IMBUM BHIHAYEHHA MOMEHTY IMNYNLCY @ MardiTHOTO MOMEHTY OKPEMOro HYKJIOHA.

2 2

—— =922 H Frn=G=L= 744107 H, ze m, = 167107 kr
TEQF r

e

8.38! F‘e! =

r=510"m
Ockifbkd NPOTOH Ma€ BRACHUH MarHiTHUA MOMEHT (N1 OUIHKH Bi3bMEMO W, ~ u,), A0~
ro MarHiTHe 1oJjie MOXHA PO3rNANATH KK NoNe KOROBOro cTpyMy. MaruitHa iHayKuis U0~

llullp
21[(1:12 + 1'2)3"2
IO Ai€ 3 GOKY OfHOr0 NPOTOHA HA iHWIMHA, BU3HAYUMO SK CUAY, KA Ai€ HA KOHTYp 3i CTPY*

MOM (AMMONSHMA MACHITHHA MOMEHT KOHTYPY M,) Y HEOJAHOPIAMOMY MArHiTHOMY o,

ro NMoMA Ha BiCTaMi r Bia LUeUTpa KouTypy B = , Ae a — paniyc kona. Cuny,
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68 3 I"I'Oup

ry an B Hllpl BBAXAEMO

CTBOPEHOMY NepliMM NpoToHOM: F, s Slp—

rea=510"" M. Toai F\,~4.32:107 H.

Ha#binblua 3 uux cUn — enekTpoCTarHyHa, ane BoHa € CHN0I0 BIALUTOBXYBAHHA | TOMY
HE MOXKE NPETEHAYBATH HA POJib AACPHOT. 1HILI CHUAM € 3HAYHO MEHIUMMHU.

8.39, lle cBiguuTh NPO 3ANEKHICTL CHABHOT B3AEMOJIL BiJl B3a€MHOI OpieHTaWli CNIHIB
HYKJOHIB, TOMY 110, HE MAIOHH ENEKTPUYHOTO 3apsly, HEHTPOHH MOXYTh NOCHTH NIETKO
HabnM3MTHCS 10 SApa i NOTPAnUTH A0 chepw Aii AXEPHUX CHA.

8.40. [Ipo BaacTuicTs HaCHYeHHs, TOOTO NPO BNACTHBICTH HYK/IOHIB B3AEMOAIATH NHU-
1€ 3 MEBHOKO KilbKiCTIO iHIIMX HYK/IOHIB.

8.41. 3 06MiHHOrO Xapakrepy sACPHUX CHN BUNNUBAC TAKUA MEXaHI3M B3aeMoAii HyK-
NOHIB: OJIMH 3 HYKIOHIB BUMYCKAE YACTHHKY (MiOH), KA MOrIMHAECTHCA iHIIWM HYKIOHOM.
JIns OUiHKH MO>XXHA MPUAHATH, 110 32 Yac Af, AKHH NPOKLIOB 3 MOMEHTY BUNYCKaHHA nioHa
10 Horo norfiMHAHHA, NjoH NPoHUIOB WX r, = cAl, ne r, — pauiyc Ail AaepHux cui. Bha-
CNifIOK CNipBiHOMWIEHHs HEBU3HAYeHoCTel s eHeprii Ta yacy eHepris nioHa Oyae HeBM-
3HAYEHOI Ha BennyuHy AE ~ A/At. Ha niacrasi cneuiansHoi Teopii BIAHOCHOCTI MOXHa

BBAXATH, MI0 AE =m, c°, Ie m,, — Maca nepeHocHuka B3aemouii. 3siacu r, = §
m, ¢

To6TO pamiyc B3aeMOAil BU3HAYAECTHCA KOMMTOHIBCHKOIO JOBXKHHOK XBHUNI NEpeHOCHHKA

h 310 kr = 0,22 0. M.
cr

R

8.42. 1le asiui mariyni aapa.

8.43. Tlosuoi auanorii He icaye. Lle noscHiOETsCE pI3HUM XapakTepoM 3anexHOCTI
eHeprii piBHiB Bil rONOBHOr0 KBAHTOBOIO YMCNa #. B AApi EHEPria piBHA 3pOCTAE WBHALLE,
HiX B 2TOMi, L0 € HACHIAKOM KOPOTKOAIMHOTO XapakTepy CHJt B3AEMOLIT MiXK HYK/IOHAMH.

8.44. Hi, ne 6yne, 60 B HbOMY iCHYE BeNHKHH HAANUIIOK HEATPOHIB, a) AP0 “Ne;
6) sapo “*Ca

B3aemozlii. Maca niona m, =

2 1

8.45. E,,, = a,4%; Ey,=a,2°4 3

ans sgpa '*0: E,, =113,02 MeB, E,_, =18,03 MeB, E,, > E,,;
ans aapa **Fe: E,,, = 260,54 MeB, E_, =125,45 MeB; E,, > E,,
nns sapa P Te: £, =452,09 MeB, E,_, =380,94 MeB, £, >E,,;

ans anpa “PUE,, =683,60 MeB, E,, =969,71 MeB, E,, <E,,

8.46. Hait6insin crabinbhi aapa BiAMNOBIiAaIOTs XiIMIYHUM €NEMEHTaM, LU0 MICTATHCS B
cepeaMHi nepioauuHol cuctemu eneMentie MeHnencesa (npuOAM3HO TaKi, ANA SKHX
40 < A <80). Jlerki aapa HecTi#iki BiTHOCHO peakwii CHHTE3Y, a BaXKi — peakuii noginy.

8.47. E~ 210 MeB.
8.48. [lns snmpa 235[_j:m. =23500072 a 0. M.,Am=1,7145 a o. M., AnA AApa 238(.

m, =238,007 61 a. 0. M., Am=1,933 75 a.0. M.
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849.m, =Zm, +(A=Z)m, - E, /¢* ; my=m,+ Zm,; ana aapa®Lizm, =6,013 52 a.o.m,
m, =6,01517 a 0. m; ana sapa 'Li: m, =7,014 44 a. 0. M, m, =7,016 09 a. 0. m.
Binpiu crabinbhe aapo 'L,

8.50. £, =E_-E_ =8 MeB.

8.51. E,, =283 MeB, Am=0,030 37 a.o0.m.

8.52. E, . =7.7 MeB, E_,, =8,5 MeB; enepris 38’a3ky TpuTiio € OinbLuoio, TOMY 10
B €HEPIO 3B’ A3KY renito poOHTE BUL €EMHHUIE BHECOK €HepPris KY/OHIBCAKOIO BiALITOBXYBAHHA,

8.53. £, =392 MeB; E_ 5. =376 MeB. [ina Gepunito BOHa € MEHLIONO, TOMY 110 LiE
AApO — UecTiiiKe.

8.54. E —Enq =63 MeB: E s =Ec=183,131 MeB; E_,5=56666 MeB; E,_
=63,971 MeB.

8.55. E,, =E, (AZ)-E, (A-12).E,, =E, (A.Z)-E, (A-1.Z-1). ins aapa 'Cs E,, =
=424 MeB, E,,=10,89 MeB, AE =6.65 MeB .

8.56. a) 2B+ 2H — jHe + 3Be: 6) 2Na+ |p— JHe+ % Ne: B) [0+ jHe — ¥Ne+ n;
r) JcCi+ 1p-> an+3Ar 1) '2C+ JHe > 2H+ "IN

8.57.2) A'=A-3,2'=Z-1:6) A=A +1,Z'=Z+1, B) A'=A-4, 2'=2Z-2;
r) A'=4,2'=2+1, n0) A'=A,2'=2-

m,
8.58. a) Typp = dm,c* = 2,04 MeB; 6) e =2m,c? (l+m—‘—]=l,023 MeB; B) 7, =
p

=2m,c? (uﬁ]: 1,02 MeB; Q = —2m.c* =-1.02 MeB.
mc

8.59. BinbysatoTbcs peakuii @, 2. 9. B k a 3 i B k a. 3ualitu enepril peakuiil; siabysa-
H0THES TINBKH eK30TEPMIYHI.

8.60. T, =6m,c’ =564 ['eB; Q=-2m,c’=-188 I'eB, ne m, — maca HykioHa.

B ka3iska Posrnauymd peakuito p+p —> p+p+ N+ N, ge N - n03Ha4EHHA HYKIOHIB.
Piznuuero mac m, i m, HEXTYBaTH.
8.61. E=(mg, ~(m, +mg,))c* =4,92 MeB; T, = £-T=0,22 MeB.

8.62. PanjoaxTvpHUMM HA3MBAIOTH AJIPA, HAC WWITH AKMX [>>1,, N 1, — XapaKTepHHH

7, E S :
spepuuit vac, 1, ~=~10""¢, TyT £, — paziyc ail afepHuX chn. Anbta-posnaln € BHYTPILLHLO-
¢

t -
AAEPHUM TIPOLIECOM, B( mena,nu — BHYTPILLIHEOHYKIOHHHMH MPOLIECAMY; eNeKTPOHHE 3a-

XOMJIEeHHS — U€ BHYTPIlIHbOHYKNOHHMHA npouec, Aku#l CynpoBOKYETHCA nepebynoBoid
€IEKTPOHHOT 000M0HKH aTtoMa MiCisA €NleKTPOHHOTO 3aXOMNCHHA TA BUHUKHEHHAM BHACHi~
J0K LIHOT0 XapaKTEPUCTUYHOTO PEHTIEHIBCLKOTO BUMPOMIHIOBAHHS.
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1 _
8.63. A=—~ In(1-0,0In)=1,13-10" ¢,
1

No-N

8.64. Yacrtka saep, aKi poznanucs: n = =l-e¥;3 oAHy 106y n, = 6,78-10 -

No
3a 15 pokis n, = 0,31. Yacrka sizep, ski 3anmmwarscs: yepes 10 pokis &, = 0,78, uepes 100 pokis
& =0,084.

In((k + 1)/ k)
In2
1Ty My
T 0,0In 7, Mg,

8.65. (=T =1,98-10° p., ne T— nepion nispoznany 2*U.

8.66. m Mg, =1,66-10" kr.

A _
8.67. N,(1)=—L—N e M-eM My ¢ = n—L.
‘ 2\2 = ?\.i L I l' — }"2 '}\.2

; A A
8.68. N()=L(1-e™)  N@y=2fi-Lz_M LM | N =
1 (8) 1,{ ) (1) " lz-l.e +’~rl|c (1) =px

3 [r Mgli-e™) - ™)

. 3aKkoHM 3MiIHM KiNBKOCTI fAep KOXHOrO HYKNiAa 3 4acoM
MA=Ay)  Ap(Ry-hy)

M2IOTh BUIN, %:p-}qi\.’,, %z—lzNz +M N gglzlzNz. Poss’a3yroun aany
[

CUCTEMY PiBHANbL 3 noyatkoBUMH yMoBamu N, (0) = N(0) = N;(0) = 0, onepkumMo HaBeieHy
BiAMOBIAS,

8.69. V BaxkuMx sapax IIIOThb JOCHTh BENHKI CHUIIM KYNOHIBCHKOTQ BiAlUTOBXYBaHHS
MK NPOTOHAMH, L0 3MENLIYE EHEPrilo 3B A3KY UMX faep. BunyckanHA O-4aCTHHOK aTOM-
HUMHU AAPaMH € TYMENbHHM edeKTOM, aKuil He Mae KHAaCUYHOIO TNyMa4eHHs.

8.70. £,= 6,3 MeB, £, = 0,511 MeB. [ns aapa **U maemo M(Z, 4) > M(Z - 2,
A-4)+ M2, 4), i ue 2apo BUABNAETECA HECTIAKMM BiAHOCHO a-po3nanxy. Tomy 3 eHepre-
THY1I010 mornasiy #omy BUrifulilue (1030aBNAATHCA 3aUBUX HYKNIOHIB BHIYCKaHHAM came
O-4aCTHHKH, 2 He OKpeMHX HYK/IOHIB.

8.71. IMoBipHicTE BUXOAY (-4ACTHHKH 3 271pa 3a OAMHULLO Hacy A = Dn, ne D — koedi-
Li€HT MPO30POCTi NOTeHUiansHoro 6ap’epa: n — KiNbKICTh 3iTKHEHb YACTUHKY 3 TIOBEPXHEIO
v 1 ﬁ‘-

2r, 2r,\m>

aapa. Akuio 6ap’ep npaMokyTHUH, TO n= Jie U — WBHAKICTS YACTHHKU B

aapi. OTxe, Maemo }”=_2? —%exp —-% 2m(U,, ‘T)’a . Bia kiHetuuHoi eneprii T yac-
1]

THHKH 3aJIe)UTh JOBX¥HHA iT npobiry; 118 BeNMYHHA CTOITH ¥ MOKA3HUKY cTeneHs QyHkuil,
fAKa € Aye YYTNHBOK A0 #oro 3MiHU. ToMy HEBENMKI 3MIHM €HEPrii YaCTHHKH BEAYTH 1O
3HAYHOI 3MiHM CTANUX po3nany oi-HeCTillkux aaep.

8.72. ®Th = “lle+ *Ra; T = Eg, + E, - Ep, =5,2 MeB.,

18 34 529



8.73. }Inpa U, ®He. °Li 3aznaors B -posuany. sapa *Ne, PAl - B'-posnany, a sapa
Be. YAr. “Fe - CACKTPOHNOTO 3AXOTLICHLIA.

8.74. Luepris nepmot peakuii O = (m, —m, —m, )eo =783 keld, cuepris apyrof peaxnii

!l‘
Q=(m,—m, —m,)e? = =181 MeB. Orxke, Biinumit ueiftpor posnaiacThes 3a BKA3ANOI0 B

YMOBI CXEMOK), @ BIfbHKUA NPOTOM — 1.

8.75. Am =

=1.52:10" wr, Am=Am, - Am,, = 2.3:10 7° kr. T06v0 Am << Am.
o

HeitTpoH. 38 s3a1Mii B sapi. Mac MelLly Macy. HIX BiAbUKIA | TOMY Uac )KUTTS Takoro uci-

Tpoxa Oye 3Ha410 OlabMM. Hik HABCACHKI B YMOBI: y3araji. foro posnaa B S1pi Moxe

3MATHCH HEMOXIIMBUM. Maca nipotona » 8ipi Takox ampmmcrhcn Bijt MACH BLIBLIIOT Yac-

THHKH, | TOMY HaCTHHKH. Kl € crabiaLlIuMu Y BIJII.»I!DM)' cTaMl, B Sl,.lpl MOXYTL 6) TH NCeCTil-

OlALHUMH,

8.76. pluud). n(udd). nin wac posiaiy BiJILHOIO HCHTPOLA VNI 3 ¢-KBAPKIB, HIO BXO-
AWTh 10 CKAaAy HCHTpOIA. 3astac posnany o - w+e +v.. Jlig nporoma sijmosiuo

u—d+e' +v, . OCKiILKY A BINLIONO NPOTONA PO3NAL IIC BINOYBACTLCR, TO MOKHA i

TH BUCHOBKY. IO n, * m,.
8.77. Q = (m,—m,)c*+ AEy ~ AE, = 1,69 MeBi e = Q- T, = 1.36 MeB: gy = O =
~1.69 MeB.

8.78. ¢ +'Ca—» ""K+v,.

8.79. Tomy, W0 3 NOrASAy KAaCHUIIOl MEXalliky i ENeKTpOHH MICTAThCH Oamkye 40
spa Ta ixHii 38’430k 3 AApOM € HARCHALUILIKUM.

8.80. Hi. ne moxe (aue. posn’ssauus 3ana4i 6.18). Buyrpitmnnonacpuy; 36yixkeni apa,
30KpeEMa TaKi, [0 YTBOPHIKCH BHACTIA0K O- Ta f-po3naliB. BILIAIOTH elepriio 30yax s,
BUNPOMIHIOIOUN Y-kBalTH. MOMellT iMnyabey sapa, TOMY o Cuill y=-KBanTa gopisioc
OJIMHUILL (B OAMHMIAX 1 ). OCKUILKK MaruiTHuid MoMelT spa, 38 s3aumii 3 foro MomMen-
TOM IMITYAbLY. IMIHIOCTHCS, TO MArHITHWA MOMEHT SJIPA TAKOX 3MIIIOCTLES,

8.81. AroMui ‘ra sepili CREKTPU HANSKATL PisHNMM AUTANKAM MIKAIW CACKTPOMAriiT-
HHUX XBHIIb.

8.82. [lepexin aroMiioro aapa 3i 30y/KC1010 CTally B HOPMaRbIUMK 3 Hepeaaveio cliep-
vif 30ymkenus enekTpolly MOXKHA PO3IIANATH SK BUIIYCKAIHA SAPOM €ICKTPOMArMITIHONO
BMUNPOMIHIOBAHHA 3 HOr0 HACTYNMHHUM 1IOFAMHAHHAM CNCKTPOHOM, AKWI BUAITaC 3 aToMma.
OckinbkH P-eNEKTPOHH BHIYCKAKITLCS PA3OM 3 AHTHHEHTPHIIO, TO BONM MAOTh CYLINTLHAI
ClIeKTp eHepriil v ToW caMui Yac, sk aTOMHI MAIOTh AHCKPETHUH CNEKTP.

8.83. Hi. ockiilbky 3CyB 1{OI0 PIBIA BHACHIAOK BiU1a41 HA [F ATL NOPAAKIB HEPEBHILYC
Horo npupoAnYy Wupuy.

8.84. Tomy, mo Maca BiJIbHOI'O SAPA 3HAYHO MENHILIA 32 Macy KpUcTana. | Tomy 1ipy Bu-
NPOMILIOBALIL Y-KBANTIR SAPO 3a311aC 3UAYHOT BUUIAYI, 8 KPHCTAN — i1l

8.85. Hasnnictes nosororo Makcumymy na rpadiky skasanol Gyuxitii, 3 4oro sunaMsac,
WO EHEPris SApa BUAUISETHCA HilL Mac cnittre3y Oibin BOKKUX AAEp 3 NEIKUX Ta y pasi no-
Ainy BAKKMX siaep 1a Ginsin acrki. Jpyruid i3 BkasaHux MexauisMmis Buatiseiuns cueprii
Apa NEXWTh B OCHOBI SJICPHOT CNCPrETUKY, A HEPLIMI AAC 3MOI'Y BUKOPHCTOBYBATH CliCp-
riio B KEPOBAHIOMY TEPMOSLCPIIOMY CHUTESL,
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8.86. Ilcpesaramu saeplioro nanusa € 3uaqno 6iabina TCNNOTBOPHA 3AATHICTL NANMBA,
HPaKTUYIA HEBHUICPIIICTL T2 Sinbina ckosoriviia 6esncka AEC nopiBisio 3 Tennosum.
tHenollikn anepioro nanMBa NOAAIAIOTL Y BEIMKIW 4aCTIE CKOJOTTMIIONO PH3KKY. TIOPIBHA-
1o goporux sacobax rexuitnoi 6esnckr ta AEC ra B neoOxianocti nepepobku Ta yruniza-
nil’ BizxxoAin cxciayarauii sacpuoro naisuoro. Ocranns 1podiaemMa 3arocTprOETLCS 31 3po-
cTaniaM 00 €MiB BUKOPHCTAUNA SACPHOTO NANLHOTO, HPOTE BOUA MOXKE 3HAATH NOBHC
pO3B A3aULA B TCPMOAACPIH encpreruit. Ak siaepic taibic MOXKY T BUKOPUCTORY BATHC )
ioronu 25U, 28U M py. M7,

8.87. Peaxuil noainy Baxkux siep i peakuil cuirresy. Pajnioaktuaunii posnaa Moxe
BUKOPUCTOBYBATUCH IS CTBOPCIIIS CTALHONAPHUX MATIONOTYKHUX JKepei! eHepril,

8.88. Tomy. 110 y BAXKKOMY s/pi 1 OAKil npoTon npunajae H6inbwa KinLKicTs ueiTpo-
1B, HDK y nerkux Ta cepeanix. HYepes ue npu nodint Baxkoro sapa npoaykTh 1ojily re-
peBaHTaxeni HedATponamm. [l ACaknX 3 TaKUX S1CP MOXKC 34aTHCH SHCPreTUMHO BUIjI-
UMM NO30aBHUTHCS 3aHBUX HEHTPONIB BHACKINOK [3 -po3nay.

8.89. Jlo noainy snpo nepebysac B crani, B skoMy HOro enepris Mae MiiMyM (£;) . 3 toro,
e Bi0ynacTLes nporec uwliuy AAPA. BHILIMBAC, MO B € BWIVIHHM 3 cucpnrrwmu'l'
TOMKW 30pY. TODTO Hicast 1Oy yilaMmKi sapa HepeHiyTh A0 CTaiy 3 ilimuM MIIMyMOM
cneprit (L) . npugoMmy (£ < Ey) . SIKIO po3rnsnath cucpriio sapa sk PpyHkuio napa-

MeTpa ioro aeopmaitii nia vuac oLy, TO MOXCE BHABHTHCA, 110 MDK UMW MiHIMyMaMH
Oviie MakcumMyM E_, 5 TOAL cHeprifd aktuBauwit £, = £ — £, . To6TO e Ta MiniMaabia

eHepris, aky Tpeba nanaty sapy. urod nporec numuy mas Micie. Lis eneprig Bigirpac poitb
cexTUBHOrO 1opora peakutil, i ToMy HOAIA AApA. O odepkye euepriio £ < £, . MOXe

BiA0yBaTHCA JULLIE BHACKII0K TYHEALHOTO eekTy.
8.90. /11 Toro, mo6 iz ateto neditpoua 3 cuepriero T sinByses noain sapa. Heobxiano
BUKOHAHHs yMoRW T2 F, ~ £ . ja¢ K, — cuepris 38'83ky ueHTPoHa B #Api, yTBOPEHOrO

A ' " 3
Hicns saxotncuns ucirpona. Buachinok saxoieins neiarpona S1pom 25U yreoproeTsest
aapo U, ana skoro E, . =53MeB, E,=64McB, To0To Ang nLoro sapa uemac no-

: ; ; 2 R
pora, i BoHO HOUNACTLC HOBUILIMMYU lehTpouamy. Lllogo sapa BU . 1o nicng 3axon-
239 . .
neuns ucHTpola YrooploeThest spo YU. ans skoro E o2 =60 MeB, £, =4.8 Mel3 |

y ULOMY pasi ais cueprii naaaiovoro nedTpona icuyc nopir =E E,, =1.3 MeB, i.

uop “axr T

" J T " 23 '
AKIO eHepris ficATpola 7 <7, , 0L Apa U ne RINGYBAETHCA.

891 Q0=E a +E,ce— Egy =149.53 MeB . Makcumansiinit BIECOK 10 €HEPrii peak-

it J1ac enepris KyIOHIBCLKOro BUILITOBXYBAINA NPOTONIB, @ TAKOXK NOBEPXHEBA EHEPIii.

8.92. Slaepuuii peaktop — e NpUCTpid, B KoMy BiAOYBAEThCA KepoBaHa Naniyorosa
peakilis noainy aaep. Bid upu3nayeHui 4ns oacpkauls sacpioi CHEprii 7a HEPETBOPEHHS
il B Ui BUAW Yy NPOMMCTOBHX MacuiTabax, oaepkaiiig palioakTUBUUX i30TONIB s 06-
POOKH SACPHUM BWIPOMILIIOBAIINAM MATCPIHB 3 MCTOIO 3MillM IXHIX (I3HYHKX BRac-
THBOCTEN. YV SACPHOMY PeaKTopi Mae Micie pexuM 3 k = 1 (kpuruvnumii), 8 aaepuiit 6om6i
k> | (nankpurnunmii pexum). Koediricirr posMuoxenims neATpois y saepiioMy peakTopi
SMELIIYCTHCSH BHACHINOK HOTTHIANIA HCATPOMIB PEHMOBHIOIO B AKTUBIIA 30111 peakTopa
Ta IXUbLOIo BUXORY 38 MeXI 1HCT 301K,
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AE 44 sinz (9/2) . .
893. n=—-= e A - Macose uucno fapa; na aapi acinepito n = 0,89;

E (,m)2

renito 1 = 0.64; Byvncuto n = 0,28.

in : ; 6 T ; i "
8.94. :=TT—:-= 0.23 c. lascacue 36inpinciis KEALKOCTI HEHTPOIIB 30 Takuii Maaui
n

NPOMDKOK Hacy NpU3Bee A0 NCPErpiBaHHi peakiopa.

8.95. k = €' *=1,00005.

8.96. Crnioginsiicnnng HeHTpouiB cnil 3AICHIOBATH Tak. wob 1i1 4ac 3ITKHEIHA 3 MilLICHIIO
BOHM BTpAYaild 3HAYHY YacTky cBOCT eleprii. Liboro MoxkHa aocatty, skio 1ieirpony Syayrs
CTMKATHCA 3 SAPAMY NETKUX CAEMENTIB. 3 TAKHUX PEHOBHUI HAHKPAMM CHOBIAbLIIOBaYeM Gyac
D,0 . Iazoauii cnosinsinosay *He nenpuaaringi, nacamnepen BHacai 0k Majof Kot rrpauii

aToOMI8 CMOBIMLHIOBAYA; IWOAO 3BMYAMHOT BOJIL. TO BOMA HEMPUAATIA MU CROBiILLIEIINS TICHT-
PONIB, TOMY L0 A7APA 3BUMBHHOIO BOAIO OOPE HOMIMIIAIOTE HCHTPOIIH.

Pl
897 m=t™M _047 «r.
NJ"
8.98. p=n N2 _5 5 MmBr.
Mo
PM
8.99. =~ = =3,05-10 " kr/c: 3a 206y — 2,63 K-
¢t N, Q
8.100. m = mhQ 7-107 kr.
My
2 el A!
8.101. » +113U-—>'39U+y.mU-—>mNp + e+, 23(")Np—-} 3%y + qe+ ¥, an=-—£ X
A

Pt M 8o ;
X —=1,05 KI, mp, =(v—-1)—"m =158 kr: 0TKe, mp, > My, i BiAGYBACTLCA BiNTROpPENIIS
U

AXEPHOTO NAILHOTO.
8.102. Q=(3m-mc)c* =4.24 MeB, ne mi. ~ maca sapa '>C.

|
8.103. m=;vMB =367 r, E= %(mu +my —3my, )N, = 279,47 TJLx; 13T mg, my,

My — MacH BIAMOBIAHUX saep: Mg — Mmonspna maca bopy.

m

8.104. E, = 2;’;

N 4(2my —my = m )c? = 32338 ['Jix, E, = N (2my —m} -

D
—my)c? = 29222 I'ix, E, =%Nﬁ(m2+m3—ma—mﬂ)c2 = 403,59 UJik. ae my, s,

3 o .
my, m, — Mach aacp “H, "H, 'He, *He; M — monspua Maca aciirepito (abo Tpwtilo); n —
MacoRa yacTka aeiTepito (abo TpuTiio) y naaimi.
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8.105. Peaxuis sinGyneTbes. SKUIO eHEpris eCKTPUUIOTO BiAUITOBXYBAHHS fAep Ma-

2
..... e

,Ae r — BULIANE Mk Aapa-
4“50"
M, F=5-107" . seiuku Maemo T ~ 10° K. Slkuto TeMnepatypa Gyae 1xuoi0 3a onep-
Waly, TO MOKAUBHA CHHTC3 OKPCMMUX saep reitio (abo TpuTio) BHACHILOK TYHENLHOrO
cexTy aBo BHACKIAOK ICHYBAUHA PO3IOIMY SAEp BOAHIO 32 KiNETHYHUMU EHEPriAMH,

8.106. g =42 - 34 85 Kilkr, m= ;’f’:nrz
A

Horo Hykniga; T — nepioa ioro nispos3nany.

8.107. 4, =";—27";LNA A, = | MKKiy 4> = 0,45 MxKi; 43 =18,38 $ii;

) I

A =A,+ A2+A331.45 mkKi.
8.108. 1 -_-TM =4.22:10° p.

In2
8.109. ﬂz/fh =n=10.
8.110. 1P=0,011 ﬂ)KfM]. ekcosvuinii ao3i B | P sianorisac nornunyra no3a s 8,5 mip.

= | r, ne M —MonspHa Maca BiANOBII-

8.111, Tak, oepKHUTE.

|
8.112, p, = Ik =3.97 M7, =-{|—1nk =46.99 M7,
1 2

8.113. [, =1L = 0,27 m.
H2

8114, Lk 547

xlfz ]l’lz



OOOATKHK

A. eski BigomocTi 3 matemaTuku
I. MaremaTuuni cranj

n=3,1416; e=2.7183: In 10=2,3026; Ig ¢=0.4343; Inx=2.303 lgx.

II. ®opmyau kembinaropuku
nl=1-23n 2n)1} =246 - 2n;
n!

Zn—- D! =1352n-1); C(n, m) =

ml(n—nm)!

Il Ckinyenni cymu
bittom Heiotoua

(a+b)" =da" + na"' + ______n(r;'— l)a"' g = Z C(n. n)a" "p™-
> m=Q

ApupMeTnyna nporpecis
-1
Sp=a+a+d+a+2d+.. = Z(a+md)-—-—(2a+(n—-l)d) -——(a+a,,).

m=0
JC @ — UEPUIHA “ie. a, —~ octaHHii unel, d — pisimig nporpecii.
Feomerpuuna nporpecis

Sn=a(l+q+q2+ Zaq a(q -[);

qg-1
a
lim S, = —. skwo |g| <1,
">r - q
Jc g — 3HAMENHHK 1iporpecil.
CyMu warypansnoro pay unces Ta ix KBaaparis
N
n(n+ 1

Yom=t+2434.. =2 3 ).

m=|
n(n+H(2n+1)

fmz =1+4494_ =
et 6

=l

IV. BiaomocTi 3 reomerpii
Teopema kocunycis

a’ = b+ e - 2bc cos A.
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Teopema cunycis

a _ b &
sind sinB  sinC

ne a. b. ¢ ~ cropoun Tpukytumka; A, B, (' — Bianosiiui kyTh.,
[Lnowa rpukyTiuka

S

L o= Labsine
> 5

OauHuLi nhockoro KyTa:

| rpanyc (...0), |°=-]-;'—U pan=175-10" pan. | pan~ 57.3",
I minyTa (..."), I'=2,91-10 * pax;

| cexynama (.."), |"=4.85-10"° pait.

Jloexuua xona /= 2. [nowma kpyra S = .

Ftoma nosepxii kyai § = 4.

O6 eM kymi V= 2 ',

O6’eM chepuuHoOro Wapy 3aBTOBIIKK dr

dV = 4nrdr.
Piusiins npaMot ta naolumii 3 kyrosum koedinientyom k
y=kx+b.
Pisnanus npaMoi y iapizkax
Xad=1
a b

Biacraus MK IBOMA TOYKAMK

ha = (X2 =0 +(¥a =3 ) +(z; = 5, .
CuipamMoByio4i KOCHHYCH
cos o, = 222 cusa,,=—y2-y'; cos «, = 2“1
/ - [
PiBHAHHS NAOWHHK
Ax+ By+(Cz+ D=0
Pisusiuus eninca

x 3
a“ b
PiBHsittts rinepbonu
B 2
X _ ¥ o
B
a b°

PisHanHs napabonu




V. KomnaekcHi yucana

Anrebpuuna gopma
I=X4IY. (= \/-—_1 ;
Moaynb
r=|::|= X"+ yz.
AprymeHT

X

y
arg == =arclg(*—.).

TpuronoMeTpuuHa i nokasHHkosa (hopma
z = r(cos @+ising). z=re'*.
®opmyna Efinepa
e*? = cospising.

Hikcna yactuna

Rez=x=rcos .
YapHa yactuHa

Imz=y=rsing.
Minsecenus no uinoro crenens (Gopmyna Myaspa)

(r(cose +isin@))” = r"(cos ng + i sin ne).

VI. Ob6uncnenns BHIHAYHHUKIB T2 POIB’RIKH aAredpuynux pisUaHb
Busnaunuk apyroro nopsiiky

a a
a=f' '’ = ab, ~ayb;.
b by
Busnaunmk tpetsoro nopsaky
q a4, a
b, b b b b
A-—-b[ b: b3=a| 2 j_ 2 ; 3"'Clz‘bI 2.
c; € 6 ¢ ¢ ¢
6 ¢ o 2 4 1 €3 1 62
Cucrema niHifmMx piBHIHbL
al.'r+a3y=p. x:—-A-L }l=~A—-
bx+ by =gq. A A’

b

; ; ; ; ” Q a
ae AI i AI — BH3HAYHUKH, AKI ﬁ,{lﬁ‘p*a"o BIANOBIAHO 3aM11101K0 CTORIILIB ( ) Ta ( 2] na
1 2

P 5 L :
[ . AanoriyHo ORCPKYIOTE pO':IB’H?.OK CHCTEMH 3 TPLOX JIHWHNX pIBHALLL,
q
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KsanpartHe piBHS HHS

—b+D

b ]
az"+bz+ec=0, ;=
‘ 2a

ae D — anckpuminauT pignauus, D = b* —dac .

VII. BaacruBocTi aeskux enemenTapHnx pyHkuii
1. flocapughmivna ghyrxyis

log, x
log, b

In(xy)=lnx+Iny: In==kx-Iny; log,x =
y

2. lToxkasnukoei ¢hynryii

3. Tpueonomempuuni gpynkyii
IepioanyHicTb:

sin(x + 2nm) =sinx; cos(x+2nm)=cosx: tg(x+nw)=1g x.

387%30K MK TPHTOHOMETPHUHUMH QYHKIIIAMMU:

w 2 2
sin“x+cos*x=1; sec’x—1g’x=1; cosec’x—ctg’x=1;
sin x ! I l
tgx = ; clgx=—:; secx= . COSEC X =——0,
cos x g x COS X sinx

[MapHicTb TPUrOBOMETpUHHUX (yHKLii:
sin(—x)=-sin x; cos (—x)=cos x; lg (—x)=—tg x.
DopMynu 10AaBaHHS

sin(x £ y) =sinxcos ytcosxsin y, cos(xx y)=cosxcosyFsinxsiny;

1 1 t +
tg(xty)=—BX218Y - (ip(xty) = SBXCBYFL
1Figxtgy cligytelgx

QopMyIH NONOBHHHOIO API'YMEHTY

v X l-cosx X 14+ cosx X l~cosx sin x
$in = = , [———nr: COS— =, [ ————: g —= = ;
2 2 2 2 2 l+cosx l+cosx




DopMysiu NOABIAIOTO apiyMeHTy
i % A 2 3
Sin2y=28INxcosx; COS2x =¢os~ x—Sin~x.
DopMystd NEPCTBOPCHHA CYMM | PESHKIL TPHIOHOMETPRHIHX (DY KLU

; ; o X XFV
sinxtsiny =2sin 2'};‘05 2"

X+ Yy X—=y
COSX + COS J = 2¢08 2'}005 2}:

. XY o X—)
COSX — oS y = —2sin 5 sin i

4. Obeprieni mpuconosempusni rynxyli

A
-

: n
dresin .y = 5—' arccos x = arccos vl = x

s :
arclg x = -2-— arcclg x = aresin —m==——=

1+ x”
] !
arcCtg x = arccos =arcig| — |
[+ x? X
VIIL. Moxiani enemeniapuux pyuxuin
DOynKLn 1ToxisiHa OVHKILA [loxisa
|
[
x“ ax’ g x 3
Cos Xx
I
e(n‘.l' ucﬂ.t c'l g X o _.-T—
sin“ x
sin x
x .
a a‘lna SCC X 5
Cos™ X
1 Cos x
In x - cosec x - —
X sin” x

log, x arcsin x

xlna

|
=
\f ]—-x°
) [
Sinx Cos Y arccos x e =
JI - X
1

Cos X —5in ¥ arclg x -
l+x°
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IX. ®opmyau inTerpyBaHus

Tabauun vesBusHaYeHUX inTerpasis (cTani iHTerpyBaHus onyuieni)

a+l

Ix“d.r= s a#-1
a+l
& ]
X
X
Ia:dx e
lnla[

_[ln xdx = x(In|x| - 1)

J.sfnxdx = —COSX

cosxdyx = Siny

‘. tg xdx = ~In|cos x|

 ctg xdx = In|sin x|

— ll x

3 5 =—arclg—
‘a +x a a
. X
- . =arcsin—

a —x a

[HTerpyBanig yacTHHAMH

judv = v — jvdu.

b
®opmyna Hutorona — JleiGHiua _[ S(x)dx = F(b) - F(a),

ac I — nepsicua pynkuii f(x).
Cepeanc 3nauetns ¢Gyukiil va intepaani (a,b):

. |
(f>—f(i‘)—z__—a-u

X. Busnadeni inrerpanu

f(x)dx, a<c<b

[ atne-ar gy « 22201 JE
3 2(2a)" Vo
2,31, n=1/2
2
["';d"l =42,405, n=2
0€ — 4
& n=3
15
24,886, n=4

J'xz.enl e~ gy = :
n+l
0

2a

Fnz

— n=l
12

‘fx"dx _J1.8030, n=2
x 4

o® +1 l1 -3
120

23,330, n=4
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XI1. Po3knan esemeHTapHuX GpyHKUii y cTeneHeBi paau

(n)
Psxn Teitnopa f(.w.')=f(c.')+)"'(cz)(.v;-ar)-i-%f“(ﬁ)(x--a,\2 +o. = Zf—(—(x -a)".
2 n=0 :
Dynkuin Poskaai y paa j(gli]:;:l
5 a(a-1) 3 i
(1£x) 1+ ax+ x ...—-Z(:tl) a(a-1). (a—n+l]-—— x| <1
n=0
3 5 n
sin x T 55 Z D" e x| <0
3t 5 — -n+I)'
2 - % in
cos x l—--{-+f-+...=Z(—l)" = x| <
2t A | (2n)!
2
g x X h P i o |r| B
3 15 2
cig x l-ix—-l-.\'a +... 0<|x|<m
x 3 45
s x xu
¥ l+4x+—+..= ) — X[ <o
© ! =l X
r.‘! \'3 . xn
In(1+x X g, = Y (=PI x <1
Ll 2 3 Z‘{ ) n l '

XI1. ®opmyau HabammxeHUX o6umciIeHB
Ipu manux x [|x| <<|) maioTs Micue wabnmxetii piBHoOCTI (l tx]" = 1+ ax ; OKpeMi

1 I 1 1
sunaakn: —— =13 x: ity alx—x; 2lF—xi In(lzx)=+x: c™=ltuy
[tx 2 Jlix 2 ( )
2 .
% 2 2 X ! 3
sinx = tgx~x; akmo |x)<<ja]. Vo'rx® max—: N OF
2a (I: ixz 2a

XIIL. Mudepenuiansui piBuAHus Ta IX po3s’A3Ku
1. Pigusinus neputo2o nopaoxy
PIBHAHHA. B AKKX 3MIHHI po3aiisioTecs: Y = f,(x) fo(»);

j};i(yy—rjf,(_nduc

Jliniituni pisngins

y’+j}(x)-1'=fé('x)' J"(x)=t‘-‘_!'.{r) JJ(.‘(Q)+I}E('\-)Q"'N(-')¢ )

ae F(x) = [ /(o) dx.
Q
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2. Jlinitni oughepenyiaroni pisusnmn Opye02o nopaory 31 cmaiumu xoe@iyien mamu
OaHopigHE piBHAHHA

y(x) =31

Vi+ay +agy =0,

AKINO |ag| >

q
2 >
a
i

, AKUIO [ap] <

u{u! +\}a|1 -4, )xfl wilie —(u, t \}uf - 4w, ).rfl

Ae

oy

(Ax+ 4y)e 2,

ae A, Ay, Ay, o —cTani IHTErpyBaHHs.
Heoanopiane pisuaHis
Y+ ay +agy = flx),

f(x) = F, cos wx.
Y(x) = yo(x)+ y(x),

A€ Yo (X) — 3aralibHHi po3R’A30K OAHOPIAHOIY PiBHSHIN;
F, cos(wx ~y)

AKMULO dy =
0 ==tTey
2

yx)= - 8
J(n—mz]z +a +0?
&y
y = arctg —.
(10 - (.'-]”
XIV. CneuianbHi cucTemMH 0PTOroHaANbLHUX KOOPAHHAT
Enement N Jlia onepartopa 38’330k i3
Cucrema KO:)‘:; 01 b;g'.h:::t_r Jlannaca Ha ckanapay NPAMOKYTHOK
S 1HOBEPXHI < bynkuiro CHCTEMOIO
Ipsamo- | x, y, z | dxdy (dxdz, dxdyd: *f S -
- Af = +—+
KyTHA dyd=) \f PRIRPY
*f
T
Monapua| r, - X = r cos @,
2 r or\_ or y=rsing
| o
3 —{
re op

541



lesenr

Jlis oneparopa
Jlanfaca na ckmpuy

HIPOQOSHCCIHHA IR,

38 H10K i3
1 Ifl HMOK ’v o
CHE FCMOK)

Faesmenr
10

ol 'emy

hynknno

X msin 8 cos @

Koop-

JdHar .
HORCPAIT

| @

sinSdSdpdlr

Cucteva
v rsm 8 sme,

s=rcos 9

rsinddYckp

Cipe- roS. @

PHUHA

X rceosQ,

L= | e,z r dzdip rdrd=dp
Vvoorsing,

pUUHa

XV, Ob6uncnedHn KPaTHUX | KPHBONIHIAHNX iHTerpanis
b
Idx I flx.y) dy.

. Oduucaenns nodaitinux (nmeopaiic
Axmo obaacTs S 3a0ana uepisnocTamMu ¢ S X < b 1y(x) <y € (), 10
f{x.y) dxdy = _[f(.\'._v) dxdy =

& o

Filx)

If

s
2. Obunicnenna nompinHux (umespanie
Ao odnacrs | syt nepiniocramu X S x <xa vilx) Sy S px). oi(x, v) €2 < 5x
(. %)

Xy vatx)

=) dvdydz = I Sx, v.2) dydvd- = Id’c I dy
¥ o nly

S pi sy

TO
I) (I,}‘]

(irce
i

3. OBuucacuns KpugOANmMNUX (HMeapanie nepuiozo pooy

PiBHAHNS NOBEPXHI, HA HKIH MICTHTLCH KPHBA. Y3I0BXK kol 004HCHOCTRCH IHrerpait,

3aaH0 B $BHIA hopmi:
X m =
2)dl= [ fx ) 200 p) YU+ +(p+gy'(0) d

[ty

l

542



4. Qoyucaens 1oGepxXHeBUX IHMe2PAanie nepui oo poody
loaepxiest. N30WK AKOT 0GUHCIOCTLER IHTErPiL, Janalia PiBHAINEM Y untiit hopmi:

-Uf{.-\'-}’-:) dS = jf(.\‘. x) 2(A(x) X)) 1+ p + g dx,
N N

ae 8 = obaacrs ma wwonmui XOVY, sxa BUINORLTC BPOCKUIT S A 100 1L1011MITY,

XVI. EnemenTy BekTopnoi anrebpu 1a BeKTOpPHOro ananily
1. Exnesennmu cexkmopnoi ancebpu
Posxuiaaatiis REKTOPa 3a Ga3UCIIMMHU BEKTOPAMU (OpTaMU)
a=ad=~ajiak,
A€ Q. Q. G- — NPOEKLLIT BCKTOPA Na BiNTOBLII HAIIPAMHU.
Jloaananng sekropis (puc. /LLI)c=a+ b,
Moy sekropa

a -~ lal =

PN 3
ay + o+,
3ananny BEKTOP 302 JI0HOMOIOW OPTA & = (e, , AC €, - OpT Bektopa a (Je,| = 1).

e

Cxangpuuii 100yTok Bextopin ab = ab cos (ab) .

T
Tﬂ
b 5"
a a

Pae. /1.1 Puc, /1.2

Bexropunit 1obyTok sexropis (puc. [1.2)

¢ =labl. ¢ - absin (ab).

3Mimranuit 106y Tok BekTOpIB
a

l[abje=|a, b, ¢,

a. b. c.

[Mojwidnni BexropHuii 106yTOK REKTOpPIB
la [bel] = b (ac) — ¢ (ab).

2. leatenmuy gexmopuoco andiaizy ma meopii noas
Craaspie noge - 061aCTh HPOCTOPY. KOKUT TOUIT P2 4K0T BLUIORIAC NERHE 31KMICIHS
CKa.1pa p:

=)= pr) = olx. y. 2).



Hanpuknan, none temneparyp 7(r), nmoTeHuianbHa euepris U(r), enexkTpocTaTHyHWHA
rnoteHian o(r).

['eoMeTpryHE MiClle TOHOK, B AKMX CKalspHa QyHKIIA Mac OAHAKoBE 3Ha4eHHa §(x, y, z) =
= const, HA3UBAETLCA NOGEPXHEIO PIGHA CKANADA ¢,

I'padienmom ckanapHOro fiona B naHil TOUILli HA3UBAETHCA BEKTOP, AKUA 103HAYaETHCH
cuMBOJIOM grad ¢ | BU3HAYAETHCA PIBHICTIO

gradcp=-§(£i+@j+§(?—k.

ox oy Oz
LsKaxicTe 3MiHu Mons mae HalGinbwe 3HayeHHA B Hanmpami grad ¢. Bekrop grad ¢
HaTpAMICHUHA 33 HOPMAJLIIO JIO MOBEPXHI piBHA B OiK 3pocTanHs Gynxiuii @.
Bexmopre none — obnacts npocTopy, KOXKHiH ToULi P AKOT BIAMOBIAAE HERHE 3HAYECHHA
BexTopa A(P).

A(P)=A(r)=Adx, y, 2) i + Afx, v, 2) j + Ax, y. 2) k.

Harnpuknan, none BeKTOpa WBWAKOCTI PIAHMHH V(I), HANpyXEHICTh €NCKTPOCTATHYHOrO
nons E(r), inaykuis marditHoro rnonsa B(r).

Ilomokom D4 BekTopHOro rnona A(r), abo noTokoM BekTopa A(r), Kpi3hk OpIEHTOBAHY
MOBEPXHIO S HA3UBAETHCA [IOBEPXHEBUH IHTErpan MepLIOro poay Mo MoBEpXHi S BiA npoekii
BexTopa A(r) ua Hopmans n(r) K0 L€ MOBEpXHI:

®,=[4,ds=[Ads,
3 S

A€ dS — BEKTOp eneMeHTapHO| MOBEPXHi, HOro Moyns dS NOpIBHIOE MIOLLI eleMeHTapHOT
MOBEPXHi, a HAMpsM 30iracrbca 3 HaNPAMOM A0ATHOT HOPMaJTi 10 MIOHIUHK enemMenTapiiol
MOBEPXHI.

Hugepzenyicio BekTOpHOro noas A(r), abo aMBepreHuicto BekTopa A(r), y Aani# To4wui
HA3UBAETLCA MPAHUILIA BIAHOLICHHS MOTOKY BEKTOpa Kpi3h MOBEPXHIO, AKA OTOUYE TOUKY, A0
00’eMy, 1110 MICTHTLCH BCEPEIMHI MOBEPXHI, KO/M MOBEPXHA CTArYETHCH B TOUKY; MO3HAYa-
ETLCA CUMBOJIOM div A

Vol

div A = lim lc_}SA,, ds .
v

Cumpon (ﬁ 03HA4ac IHTEerpan 1o 3aMKHEHIH NOBEPXHI.

Touku BeKTOpHOTO nong, B AKHX div A > 0, HA3UBAIOTLCA /DKEPENAMH, a TOHUKH, B AKHX
div A < 0, Ha3uBaIOTLCA CTOKAMK BEKTOPHOro nons. Juseprenilia € Mipoto ryCTHIH IKe-
pen. BekropHe none, AuBepreHuin akoro AopiBHIOE Hynesi (div A = 0), Ha3uBa€ETHCA BU-
XpoBUM (coneHoinHuM). BuxpoBe none He Mae Jukepen i CTOKIB.

Teopema I'ayeca — Ocmpozpadcbkozo: NOTIK BEKTOPA Kpi3k JOBINBHY 3aMKHEHY ITOBEpX-
HIO JOPIBHIOE IHTErpasioBi Bijl AUBepreHLii Mo 06’ emMy, 0BMEKEHOMY LIICIO MOBEPXHELO!

$4,dS = [divAay .
A 4

3 Teopemu "'aycca — OcTporpancskoro 0AepiyeMo
oA, oAy oA,

divA = g
ox oy oz
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Hupxynayieio C4 BextopHoro nons A(r), abo uMpKynsuicto Bektopa A(r), Ha3UBAETHCA
KPHBOMIHIAHKHA IHTErpan NepuIoro poay B3AOBK 3aMKHEHOT OPi€HTOBaHOT KpuBoi L:

Co=F 4 di=PA(r) a,
L L

Jle A;— NpoeKUifs BEKTOpa HA HATpAM OPiEHTOBAHOT AOTHYHOI A0 KOHTYPY L; dl — npupicT
JOBXWHHH KOHTYpY; dl — BEKTOp €JIeMEHTa KOHTYpY, HanpAMJICHHH Y300Bx AOTHYHOI 1O
KOHTYPY B jlojaTHoMy HanpaMi, Cumson Cf 03HA4ac IHTErpan y3A0BxK 3aMKHEHO! KpUBOI L.
g :
Pomopom BeKTOpHOro nojf B To4ui P HasWBaeThCA BEKTOP (MO3HAYaeThCH CUMBOJIOM
rot A(r)), HopManLHa 10 MIOCLIAAKH B JaHiH TOHLI MPOEKUIA AKOrO € rPpaHRuCIO BIIHOWEHHS
UMPKYNIALIT BEKTOpa A B3JOBX KOHTYPY MIOLAAKH 10 ii MAOLLi, KOJH KOHTYP CTATYETHCH B

TOYKY:
$ 4, di

rot, A = lim L—m
L= §

Bupa3 ans poropa uepes npoekuii BeKTopa A Ha OCi 1eKapTOBOT CHCTEMH KOOPAMHAT

rot A= L +'[8A’—8A‘] +k o4, o4,
dy Oz V& = x oy )

a0 B CUMBONIUHI# (hopmi

ik
TotA= .-.?.. ...?_. _a...
ox oy oz
A, A, 4,

BH3HA4YHKK PO3KPHBAETHCH 3a ENEMEHTAMM NEpPUIOro paika, NMpd UpOMY Ofnepauis
MHOKEHHA E€NIEMEHTa APYroro pAjka Ha €1EMCHT TPCTHOrO BBAXAETHCA Onepailicto aunde-
PEHLIIIOBAHHA.

BekTopHe rmone, poTop AKOrO AOPIBHIOE HYNEBi, HA3MBAETRCA TOTEHILATLHUM. YMOBA I10-
TCHLIATLHOCTI BEKTOpHOTO roJis rot A = 0, abo A = grad @, ne @ — ckanapHuit MoTeHLlian nos.

Teopema Cmokca: uMpKydLlia BeKTopa A B3/J0RX 3AMKHEHOTO KOHTYpY L nopiBHIOE 1o-
TOKOBi BEKTOPA rot A Kpi3b MOBEPXHIO, HATATHYTY Ha KOHTYP:

$ 4 di = [rot, A ds.
L S

Jacmocyeanns onepamopa V. [Jupepenuiansuuil oneparop V (oneparop “Habna”) e

: 0 0
BCKTOpOM 31 CKNaNOBUMH —, —, —

&’y oz
V= i—a—-+j-§—+k—a—.

ox “&y oz
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OnepaTtop HafyBa€ 3MicTy. AKLIO BiH 3aCTOCOBYETHCA /IO CKansipHOi ab0 BEKTOPHOI
dyukuii. CuMBONIYHO MOMHOXKHBINK VHA (0, OJIEPKYEMO FPaliCHT

Vo = grad ¢.

Ckanspnuit 406ytok Bektopis V i A nac AuBepreduito BEKTopa A
VA =div A.

Bextopuu# 1o0yrok BekTopis Vi A jac poTop BekTOpa A
[VA] =rot A.

XVIL. EnemenTu Teopii fimosipHocTed
IMOBipHICTH BUIQJIKOBOT 1101

Wi

2-|_?:

ae N — 3araljibHa KiIbKICTb MOXJIMBHX IO,
Cepenne 3uauctins PyHKLUIT BUITAAKOBOT BEIMYUHH X ¥ pa3i HENepepBHOro po3noiny

= If(r)[(x)dx

a1e f{x) — (pytKuis po3noAiny BUIMAAKOBOT BCAMUMHIN. SKa BU3HAYAECTLCH CHIBBIAHOIIEHHAM

dw

f(x)=§;-

ac dw — IMOBIpHIC‘Tb TOro, oY BHUMIAAKOBA BCJIHYNHA naﬁyna(‘ 3HAYCHHA 3 OAHHH'IOro -
Tepeany 3taveiib, AKUH MicTATBCH 0115 3a1aHOI'0 3HAYEHHS X,
DyHKUig pO3NOAily € HOpMOBaHOt0, TOOTO

hIf(-f) dx =

1le o3Hayace. 1o HabyBaHHY BUMAAKOBOK BENMYMHOK OyAbL-SKOro 3uauchug 3 obnacti 1
BH3Ha4YCHHA (@ < x £ b) € BIpOI'IAHOKO NOAIE0.

XVIIL Psian Ta interpan ®yp’e
Posknananus nepioAu4Hol pynkuii B psa Dyp’e

o= n=+a
f(’f) "2—+ Z(a cos wnx + b, sin wnx) = Z A}ig’""-"-‘,
n=| i

A€ 0 — KONOBa 4acToTa 3minu pyHkiii, o = 21/ 7, Tyt 7 — nepion dyukuii; a,, b, — koelpi-
licutu Qyp’e.
Koegiuientu ®yp'e

‘-1|m

f ) cos wnxdx,
=12

546



+T2
J S (x) sinw nxdx.
-7/2

=i
T

KomrmnekcHa opma paay Oyp’e

Po3sknanauua nenepionnunoi (hynxuii B interpan ®yp’e

f(x)= I(A{m) €os ox + B(w) sin ox)dx = IC{m}ei”’dr ;

-

e A(w), Blw), C (0) — koediuicHTH po3knasatinsg nenepioauunoi Qywkiii B inTerpan
®yp’e (amnnityan Oyp’e).
Ammnityaun Pyp'e

A(o) =2_‘ﬁ°f £ () cos wxdx,

1% :
B(w)= E_;[f(x) sin @xdx,
l Tt —iQx
C(m)—ﬂ If(.x)e dx .

5

B. Tabnuui isnyHux BenuYmH

1. Mpedikcn | MUOKHUKK ANA YTBOperHA KPATHUX | 4aCTKOBHX 0AHHHUL

Haiimeny- To3HaueHHs MHOKHUK HaiimeHy- [TolHaueHHs MHOXKHHK
m BAHHA
ekca E 10'8 Aeun A 107
nera I 10" CAHTH c 1072
Tepa T 10" MiTi M 107
rira r 10° Mikpo Mic 10~
mera M 10° HaHO H 10~
Kino K 10° niko n 1012
Pt = 102 demTo i) 107"
neKa na 10’ arro 4 107"
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2. @yuaamenTtadsHi diznuni ctani

Hassa [lo3nauenns Hucnose 311a4yeHns
LLBMAKICTH CBITNA Y BaKyyM) c 2.998-10° m-c™'
EnexTpuuna crana €0 8,854-10 " M
MarsuiTia cTana 1= (€0 ¢)" 47107 Ti-m™
I"pasiTailifina crana G 6.672:10 7" mPkr. ¢
Crana [nanka h 6.626-10 ™ Jix-c
h=h/(27) 1.0546-10 7* JIx-¢
EnemenTaphuit 3apsn e 1,602-10"° Kn
Marneron Bopa U 9.274-10 7 JI-Tn™!
AnepHuit MarneToH Uy 5,051:10 % Ix-Tn™
KBaHT MarniTHOTO MOTOKY D=hi(2e) 2,068-10""° B6
Crana PinGepra R 1,097-10" m ™!
Bopiscekuii paaiyc ag 0,529-107" m
Maca criokoto enekrpona m, 9,109-10 " kr
0,511 MeB
54910 a. 0. m.
Maca cnokoo npoToHa m, 1.673-10 7 kr
1.00728 a. 0. M.
Maca cnokoto HeiliTpoHa m, 1,675:10 % «r
1.008 66 a. 0. M.
ATOMHa OIBHULIA MACH a.0.M 1.661:10 %" kr
931,494 MeB
Kour.imuinca.xa NOBXKHHA Ac 2426107 m
XBUITE ENEKTPOHA
Crana Asorazpo Ny 6,022-10% mons™
Crana Bonsumana k 1,3807-10 % JIx-K™
YHiBepcanbHa razosa crana R 8,315 Ix/(monn-K)
Crana Credana — bonsumana o} 5,670-10 7 Br/(M*K?)
Crana B 3aK0Hi 3MilleHHA b 2,898:10 7 m-K
Bina
ITpHCKOpEHHS BLILIIOTO Ma- g 9.807 m/c?

JiHHA
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3. AcTpOHOMIMHI BEJIHYHHY

Cepenus siacrans Bij 3emmi 10 Micsus 3,844-10% m
Cepenua incrans pia 3emai 10 Conls 1,496-10"" m
Paniyc Conus 6,96:10° m
Paxiyc 3emai 6,37-10° m
Paniyc Micsus 1,74-10% M
Maca Conus 1.99-10°° kr
Maca 3emni 5.98-10* kr
Maca Micaus 7.35:-10% kr
4. l'yctunu p peuosun
PeyosuHa p PeuyosuHa p
Tasu 3a wopmansrux ysos (T = 273,15 K: po = 1,01:10° Ma), kr/m’
Asor 1,250 Kucens 1,429
Bozeus 0.089 MeTau 0,717
Byrnexucnuii ra3 1,977 Heon 0,900
Teni# 0,178 MMogiTpa 1,293
Piounu, kr/m’®
Beuson (1 = 20 °C) 879 Cxunupap (1 = 16 °C) 258
Bona (1 =4 °C) 1 000 CrnupT eTunosuii (1 = 0 °C) 789
Boga (t = 100 °C) 958 Criupt MeTunosuii (1 = 0 °C) 792
I'ac (1 =0°C) 800 Tonyon (1 = 18 °C) 870
I'mineput (¢ = 20 °C) 1260 Pryts (=0 °C) 13 596
Teepdi mina, 10° kr/m
AnmoMiHi# 2,69 OnoBo nuTe 7,23
Boasgpam 19,1 Crans nura 7,7...8.0
3ani3o, XiMi4HO YucTe 7,86 CsuHeub 11,22...11,44
JlaryHs 8.3...8,7 Cpibno 10,42...10,57
Jlin (0 °Cy 0,91 Turan 4.5
Mine enekTponiTuiHa 8,88...8,96 |Lluuk 6,86...7,24
Hikens 8.4...9,2 YasyH 6,6...7.3
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5. C'ycTuHa Boaum p, Kr/m>, NPy pi3HUX TeMNepaTypax

r. °C p 1, °C p L °C p
0 999.87 12 999,52 24 997.32
1 999.93 13 999.40 25 997.07
2 999.97 14 999.27 26 996,81
3 999.99 15 999.13 27 996,54
4 1000,00 16 998.97 28 996,26
5 999,99 17 998,80 29 995,97
6 999.97 18 998,62 30 995.67
7 999,93 19 998,43 31 995.37
8 999,88 20 998,23 32 995,05
9 999.81 21 998,02 33 994,72
10 999,73 22 997,80 34 994,40
11 999,63 23 997.57 35 994,06

6. IlapameTpu rasis (32 HOpMAJILUUX YMOB)

TemnepatypHuii koediuient Tucky B, K ™' nuroma Tennoemuicts ¢y Hx/(kr-K); Bin-

HowenHs rennoemuocteit y = C,/Cy; TennonposilHicTs A, Br/(M-K); B’askicts 1, mxlla-c

a3 B. 107" ¢ ¥ A n
AsoT 3,674 1,0-10° 1,40 0,023 9 16,7
BoneHs 3,662 1,43-10" 1,40 0,169 8.4
Byrnexucnuii ra3 3,726 848 1,30 0,0147 14,0
[enii 3,660 5240 1,66 0,143 18,9
Kucemb 3,674 913 1,40 0,024 5 19,2
[lositpsa cyxe 3,674 1011 1,40 0,024 1 17:5

* Cknan nosiTpa 3a 06 eMom, %: 78,03
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7. MiameTpu d aTomis i MoseKys, HM

Peyosuua d Peuosuna d
A3or 0,31 Tenit 0.19
Aprou 0,29 Kucens 0.29
Boaeus 0,23 Oxcua ByraeLo 0.32
Bonsua napa 0,26 Xnop 0.37
Byrnexucnuii raz 0,33
8. lonpasxu Bau-pep-Baansca
3 3 3 3
Peyoruna a, L b, 1073 = PevyoBuHa a, b b, 107> o
MOMTE” MONb Moy~ MOJTb
A3zoT 0,136 4,0 Byrnexkucnuii
ras 0.364 4,3
Aprou 0,132 3,0 Kucens 0,137 3.0
Boasna napa 0,554 3,0
9. KpuTn4Hi 3HAYeHHS TEMNEPATYPH i TUCKY
Pevosunua v K Px. MITa PeuoBnHa 7w K Py, MIa
Asor 126 34 Byrnexucnui
ras 304 7.4
Aprou 151 4,87 | Tenii 5.2 0,23
Boneus 33 1,28 Kucels 154,78 5,01
Bonsna napa 647 21,8 Xnop 417 7.7}

10, XapaxkrepucTtukn pianu (npu remneparypi 20 °C)
[TosepxHeBuii HaTar Ha MexXi piinHa — noBiTps o, H/m; 8’g3kicTs 1, [1a-c; koediuieur

06’emHor0 posiunpenns B, K ' Touka kuniuug t,, °C, npu py =1,01-10° [a; nuroma ten-

noeMHuicTh ¢, kIhk/(kr-K); nuTomMa Tennota napoyTBOPEHHS NPW ToO4YKax kKuniHHA g, [k/kr:
Tennaonposiaxicrs A, Br/(mM-K)

Pinnwa | 6,107 | n,107° | B,1076 b e g,10° A
benzon |0,03 0,673 124 80,2 1,72 3,94 -
Bona 0,0726 1,005 21 100,0 4,18 22,6 0,6
[ainepun | 0,066 1,480 50 290.0 243 - 0,29
Onmist
PULIHHO-

Ba 0,0364 970 - — 1,8 - -
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fIpodoe.ncerina mada, 10

Pinmwa | 6,107 | 5107 | B, 107° fy ¢ q,10’° A
PryTs 0,5 1,590 18 356,7 0,138 2,85 9.08
Cnupr
eTHNO-

BHi 0,022 12 110 78,3 2,51 8.57 0,17
11. KoediunienTH Tensosoro po3sivpeHHs
Peuosuna Koediitient PeuoBrHa Koedittient
Jiniinozo poswupenns a, 107° K™
ANIOMiHIN 24 CuHeUb 29.3
3anizo (crans) 1.2 Ckino 1,0
Jaryus 1.9 Lnuk 2.9
Mizab 1.7
' 06 'esiozo poswupennn B, 107, K™
Boga, t=...°C Boga, t=...°C
5...10 5.3 40...60 45,8
10...20 15.0 60...80 58,7
20...40 30.2 Pryts, =18 °C 19,0

12. Nesaki TensiodizudHi XapaKTepueTHKN TBEPAKX TiJ

Temneparypuuit koediuieHT niuifiHoro poswmipexss B inrepsani 0...100 °C o, K™';

nuroMa TerioeMiicts ¢ npu 18 °C, x[lx/(xr-K); renaonposianicts A npn 18 °C, Br/(m:K);
TeMIIEPaTypa MAaBACHHS 1, °C; nuroMa Tennora naasneHHs r, Jix/kr

5

Peuosuna o, 107° z A F . r, 10
ARIOMIHIH 23,8 0,92 200.,6 660 3.8
Ebouir 84.0 — 0,17 - -
3anizo 12,1 0,46 58,5 15,39 2,7
Nin 51,0 2.09 2.5 0 3.35
Miasn 16.7 0,38 384.0 1083 1,8
ITapadin 107...407 3,20 0,21 38...56 1,5
[Moaiterpagro-
pOETHICH 80...110 1,05 0,24 327 -
CauHelb 293 0,12 34,7 327 0,25
Cpibno 19.7 0,25 4222 960.8 0,88
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13. Tuek i rycTuHa Hacn4eHOT BOAAHOT Napu NpyU pi3HUX TemMnepaTypax

Tuck p, rlla; rycruna pg, /M’

L°C P P 1,9C P Pu t,°C p Po
0 6,11 4,84 18 20,64 15,4 36 59,41 41,8
1 6,57 5,22 19 21,97 16,3 37 62,76 440
2 7,05 5,60 20 23,65 17,3 38 66,25 46,3
3 7,59 5,98 21 24,87 18.3 39 69,91 48.7
4 8.13 6.40 22 26,44 19,4 40 73.75 512
5 8,72 6.48 23 28,93 20.6 45 95.83 65,4
6 9,35 T3 24 29.84 21,8 50 123,32 83,0
7 10,01 7,8 25 31,68 23.0 55 157,32 | 1043
8 10,73 8,3 26 33,61 24 4 60 199,18 130
9 11,48 8,8 27 35,65 25.8 65 249,98 161
10 12,28 9.4 28 37,80 27,2 70 311,57 198
11 13,12 10,0 29 40,05 28,7 75 385,43 242
12 14,03 10,7 30 42,42 30.8 80 473,43 293
13 14,97 11,4 31 44,93 32,1 85 578,08 354
14 15,99 12,1 32 47,54 33,9 90 701,00 424
15 17,05 12,8 33 50,30 35.7 95 845,13 506
16 18,17 13,6 34 53,20 37,6 100 1013,25 598
17 19,37 14,5 35 56,24 39.6

14. IIpy:xHi BA2CTHBOCTI TBEPAUX TiN
Mouayns ¥OHra (Mooynb no3fgoBxubol npyxuocti ) £, I'Tla; monyas scyBy G, [Tla;
koedinienr Ilyaccona p; mexa miunocti o, Mlla

PeuosuHa E G T} Oy
Anrominiit 68,5 24,5 0,36...0,37 98...390
IeTuHakc 10...17 - - -
3anizo koBaHe 200...220 69...83,7 0.28 390...590
JlatyHb 78...98 26...36 0,30...0,40 98...490
Minb nedopmo-

BaHa 112 41,5 0,36...0,38 156...441
Cuneub 16,2 5,62 0,446 19,6
Crani pizuux

MapoK 195...206 79...89 0,23...0,31 490...1570
Tekcrosnit 1,4...2,8 - - -
Yasyn 74...176 49 0.23...0.27 117...127
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15. isuaxicrs 3ByKy v, M/c

1LIBHAKICTE T NO3A0BKHBO! XBIL
Peuosuiia T Pevosuna . Y LIEOOMEKEHOMY
YEP CepeoBrLL
Ia3u 3a Hopatarenux yai06 Teepoi mina (t = 20 °C)
A3sor 333.63 | AmoMinii 5080 6 260
BoneHs 1286.0 {L6oHiIT 1570 2405
Byrnekucnuii ras 260.3 {Jlatyus 3 490 4430
Ienii 965.0 §Minb 3710 4700
Kucenb 314.84 § Hikens 4785 5630
[ToBiTpa cyxe 331,46 | Ceuucub 1200 2 160
Pidunu Ckno ksapliose 5370 53570
Berson 1295 [ Cpibno 2640 3600
Boaa (1= 0 °C) 1407 | Crans 5050 6100
Bona (r= 20 °C) 1482 (1 {vnk 3810 4170
16. TenaonposiaHicTs A peyoBun
PeuoBina A.Briim-K) Peyosuiia M. Bri(m-K)
AsdecT 0.14 Hakun kotnosuit 2.3
A30T 0.16 NosiTpa 0,026
AmoMinii 205.,0 [1pobka 0,035
Biemyr 10,0 Caxa 0.25
Bona 0,58 CBHHeub 34.8
JlepeBo (nonepex BomoKol) 0.17 Ckno 0,74
E6ouir 0,16 Cwmoina 0,52
3anizo (cTasis) 62.0 1 lernsna knajaka 0.84
Miae 390.0
17. JlienekTpuyHA NPOHHKHICTE £
Pevosnia £ PeuosrHa £
Bona 81 Macao Tpancipopmaropie 2i2
BockoBuii nanip 3.7 [Tapadin 2
I'ac 2 Ckao 5.5...10
EGoHiT 2,6 Cmona 6
Ksapu 2.7 ®apdop 6
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18. [Muromuii onip p i TemnepaTypHHii KoediuieHT onopy O
(npu remnepatypir=20 °C)

[TpoBinuux p, iOMmm | @, K [Mpopinuuk | p, HOM-M a, K
AmoMinin 28 0,003 8 Hikenin 400 0,000017
Bonshpam 55 0,005 1 Hixpow 980 0.00026
Byrinna 40 -0.000 8 [Tnatuna 107 0,003 9
[papir 8000 ~ PryTs 958 0,0009
3anizo 98 0,006 2 CuHelb 211 0,004 2
Kouicranran 480 0,000 02 Crans 120 0,006
Mian 17.2 0.004 3
19. PyxausicTs ioHiB
Bodui pozwui, mm/(B-c)
H* 0,326 OH" 0.18
Na* 0.045 F 0,049
K* 0,067 Ci~ 0.068
Ag” 0,056 Br- 0,07
NH™ 0,067 NO; 0,064
Fazu 3a Hopmarbrux yyoe, cM*/(B-¢)
T1o3UTHBHI Heratusni [To3uTHBUI Herarusui
Peuosuna s . Peyosuna : :
10HH joHH IOHl 1OHH
Azor 1,3 1,8 Oxcnp
BYTJICLLIO 1.0 1,1
Boneus 5.4 7.8 [osiTps 1.4 1.9
KuceHb 1.3 1.8 Xnop 0,6 0.5
20. Euepria ionizauii, eB
Asor 15.80 Cenin 24 .45
Aprox 15.70 Kncens 13,56
Bonens 15,40 Harpii 5,12
Byrnekucnuii ras 14,40 Heon 21,48
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21. Enexrpoximiuni exsiBasenTu k, mr / Kn

PevoBuHa k PewoBuna k
Amomiuiii (AI™) 0,093 Mias (Cu™) 0,329
Biemyr (Bi ) 0,719 Hixeas (Ni') 0.304
3anizo (Fe'') 0.289 Hikems (NiT ) 0,203
Janizo (Fe' ) 0.193 Cpi6no (Ag’) 1.118
3onoto (Au’) 2.043 Xpom (Cr'™) 0.180
3onoto (Au’) 0.681 Llunk (Zn") 0,338
Mias (Cu’) 0,660

22. PoboTa Buxony A enekTpoHiB 3 meTaay, eB

MeTtan A Meran A MeTan A

Bonbdpam 4.50 Minas 4.47 PyGinii 2,13
3aizo 4,47 MonibaeH 4,20 Cpibno 4,47
301010 4,68 Harpii 2.30 Tanran 4,07
Kaniit 2.00 Hikens 5,00 Llesi 1,97
Jirid 2,40 [Tnaruua 5,29 [nHk 4.00
Marui#t 3.46 PryTh 4,52

23. Nebaiscnka Temnepatypa Oy, K

Metan On Meran Q)
Bepuaiit 1 000 Kanii 100
bop 1250 Jlirii 400
BicmyT 120 Mariit 318
Byrneus (anma3s) 1 860 CauHeub 88
3010T0 170 Cpibno 215
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24. llInpuna 3a6opoHeHoi 304N (eHepria akTuBauii) HaniBnposinuukie AE, eB

3 IOMILIKO
Peyosuna Yucra
Gopy THAIO apceny
I"epmattiii 0,67 0,01 0,011 0.013
Cuniwgti 1,12 0,046 0,16 0.049
Cenen 1.87 - — -
Cipe 01080 0,1 - - -

25. Mutoma TepmoEPC peaxux nap meraais 6, mxB/K

Tepmonapa

34ani3o-nnaruya

Minb—KoHCTaAHTaH

Mias-riaTuHa

[Inaruna—cypma

19

43
7,5

40

26. Moxa3HuKH 3a10MIAEHHA A (CepeaHi AA BHANMOIO BUNIPOMIHIOBAHHA)

Peuosuna n PeuoBuna n
AnMas 2,42 MMositps 1,00029
Bona (t =20 °C) 1,33 CipkoByrneib 1,63
Ksapu 1,54 Ckunuzap (1 = 20 °C) 1,47
Jin (1 =—4 °C) 1,31 Cxno 1,50

27. AToOMHAa Maca m,, AeAKUX HYKJIAIB, a. 0. M.

Hyxnia My Hykain Mar
Bozeus (‘H) 1,007 825 Turan (*°Ti) 49,944 736
Heiirepiii (*H) 2,014 108 Tutan (*'Ti) 50,949 858
Tpuriii CH) 3,016 028 Bauaniii (*2V) 51,944 800
Teniit (CHe) 3,016 045 Maprateus ((Mn) | 54,930249
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[Ipodosxcerina madn. 27

Hyxnin My Hyxnia i,
Feniii (‘He) 4.002 596 KoGanst (**Co) 57,935 776
Jlirii (5Li) 6,015110 Crpommitt (*°Sr) 89.907 711
Nivii ("Li) 7,016 046 Mosoniit (*'’Po) 209,982 760
Bepunii ('Be) 7.016925 Pagon (**Rn) 222.017422
op (''B) 11.009 304 Pamiii (**°Ra) 226.025279
Byrsteus (1'C) 14.003217 Topiii (***Th) 232038112
Cuaiuiit (C'Si) 30.975 350 Ypau (2*U) 238.050 637
docop (*'P) 30,973 762 Vpau (*°U) 239.054 149
Kassuisi (*'Ca) 43.95549 Mayrouii (F°Pu) | 239.052 037

28. Ilepioa niBposnany T geAKnx pagioakTHBHUX HYKJigiB

Hyxnin r Hyxnin T
Byrneus (' *C) 5 730 pokiB Paniii (m’Ra) 1620 pokis
Kobaast (**Co) 71 no6a Topiit (**Th) 1.41-10'° poxis
Crponuiii ("Sr) 28 poxis Vpau (**U) 4,5-10” pokiB
Ioaowii (*'°Po) 140 1i6 Vpau (P°U) 23.54 XBuIMHH
Panou (**Rn) 3.82 nobu Iayrouiit (*°Pu) | 24390 pokis

29. Jlinifiunil KoediuicHT NOrJMHAHMA Y-BUNPOMIHIOBAHHA 3 eHepricio € = 6 MeB
ANA NEAKHX PeHOBHH U, M~

1

Peyosunua H
3amizo 23,99
Csuneus 4936
Berou (rycruna p=2.3-10% kr/m’) 6.19
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