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VY npyriii YacTHHI MPOMOHOBAHOTO HABYAIBHOTO MOCIOHWKA PO3TISTHYTO OCHOBH
MaTeMaTH4HOI CTATUCTHKU SK HAyKH, 1[0 BUBYAE HMOBIPHICHY HPHPOILY CTaTHCTHY-
HUX OLIIHOK ITapaMeTpiB IeHepalibHOi CYKYITHOCTI, Ta 3aKOHH X posnoaury. Lli 3akoHu
3aCTOCOBYIOTBCSI 3 METOI MOOYMOBH JOBIpYMX IHTEPBATIB MapaMeTpiB TeHepabHUX
CYKYITHOCTEH, a TAaKOXK JUIsl IEPEBIPKU MPABUILHOCTI MAPaMETPHYHUX 1 HermapameTpud-
HHX CTaTHCTHYHUX TiNoTe3 00pOOKOI0 pe3yabTaTiB BUOIPKH. JIOKIaTHO BUCBITIIIOIOTH-
Csl TEOPETUYHI OCHOBH JINCIIEPCIITHOTO Ta PerpeciiiHoro aHamizy.

J10 KOXHOI TeMH HaBeIEHO PO3B’S3yBaHHs THIOBHUX 3aJ1ay i3 MOSCHEHHAMH, a Ha-
MPUKIHI KOXHOT TEMU — TEPeNiK TEOPETUIHNX MUTAHb Ta OJIOK MPUKIAMIIB AJIsI TeC-
TyBaHHS B ayIUTOPHHX i IOMAIIHIX YMOBaXx.

ITociOHMK po3paxoBaHUii Ha CaMOCTii{He BUBYCHHS Kypcy «MaTeMaTnyHa CTaTHC-
THKa» CTyJICHTAaMH €KOHOMIYHHX BY3iB yCiX ()OopM HaBUAHHSI.



BCTVII

OCHOBHUM 3MICTOM MaTE€MaTHYHOI CTATHCTHKU €
cucreMarusailisi, oOpoOka 1 BUKOPUCTaHHS CTAaTUCTUY-
HO1 iHpopMaIIii U1l BUSBICHHS CTATHCTUYHUX 3aKOHO-
MipHOCTEH O3HaKW ab0 O3HAK MEBHOI CYKyMHOCTI elie-
MEHTIB.

OcCkKuIbKM cyliJibHA 00poOKa BCiX €JIEMEHTIB CYKyII-
HOCTI MPAaKTUYHO HEMOKJIMBA, TO, K MPABHIIO, 3aCTOCO-
By€TbCs BUOIpKOBHT MeTol1. OTKe, pOo3pi3HSAIOTH TeHepa-
JIbHY 1 BUOIPKOBY CYKYITHOCTI.

MHuoxuHa () ONHOTHITHUX €JIEMEHTIB, SKUM MpHTa-
MaHHI MEBHI KUIbKICHI O3HAaKH (pO3MipH, Bara, mMaca TO-
1110), YTBOpIOE TeHepalbHy CYKyIHicTb. KitbkicTs ycix
€JIEMEHTIB T'€HEepaJIbHOI CYKYyIMHOCTI Ha3WBaloTh ii 00cs-
rOM 1 MO3HAYAaIOTh CUMBOJIOM /V, 3HAUEHHS SKOTO 371e0i-
JIBIIOTO HEBIZOME.

KoxHa HEMmOpOoXXHA MiIMHOXWHA A MHOXWHH ()
(4 < Q) BunagkoBo BUOpaHUX €JIEMEHTIB i3 reHepajb-
HOI1 CYKYITHOCTI Ha3uBa€eThCsl BUOIpKOt0. KUIbKIiCTh yCix
€JIEMEHTIB BUOIPKM Ha3MBaIOTh ii 00CATOM 1 Mo3Haya-
I0Tb CHUMBOJIOM 7. Moro 3HayeHHS BiloMe, MPUYOMY
BOHO Ha0arato MeHIle 3a 00CAT TreHepabHOI CYKYITHOC-
Ti (n << N).

MaremaTnyHa CTaTHCTHKA pO3B’S3y€ MBI Kareropii
3aja4:

1) cTatucTH4HE OIIHIOBaHHS (TOYKOBE, IHTEPBAJIBHE)
apaMeTpiB FeHePaIbHOI CYKYIHOCT;

2) nepeBipKa IPaBIMBOCTI CTATUCTHYHUX TiIIOTE3 IIPO
3HAYCHHs [1APAMETPiB IeHEePalbHOI cyKynHocn abo mpo
3aKOH PO3IMOJLTY O3HAKH T'€HEpalTbHOI CyKYITHOCTI Ha Ti-
7cTaBl 00pOOKH pe3ysbTaTiB BUOIPKH.
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PO3A4TV

CTATUCTUYHI PO3roAlsin BUBIPKMN.
CTATUCTUYHI OL{IHKN TTAPAMETPIB
FEHEPAJIBHOI CYKYTIHOCTI

TEMA 12. CTATUCTHYHI PO3IIOA1JIM BUBIPOK
TA iX YMCJIOBI XAPAKTEPUCTUKH

1. 3aranbHa iHopmauin

KinbKicHI 03HaKH €JIEMEHTIB TeHEPAITBbHOI CYKYITHOCTI MOXYTh OyTH
OJTHOBUMIPHUMH 1 6araTOBUMIpHUMHU, TUCKPETHUMH 1 HENIEPEPBHUMU.

Ko pearni3yerscs Bubipka, KiTbKICHA O3HaKa, Hanpukiaz X, HaOyBae
KOHKPETHHUX YMCJIOBUX 3HaUY€Hb (X = X;), sIK1 HA3UBAIOTh 8APIAHMOIO.

3pocTarounii YUCIOBUN PAJ] BapiaHT HA3UBAIOTh 8apiayiliHUM.

Koxna BapianTa BHOIpKM MOKe OYyTH CIIOCTEPEXKEHOIO 7; pa3
(n; 2 1), 9yncio n; HA3UBAIOTb YACMOMON BAPIAHMU X;.

[Tpu npomy

n=yn,, (350)

ne k — KiTbKICTh BapiaHT, 10 PI3HATHCS YUCIOBUM 3HAYCHHSIM;
n — 00csT BUOIPKH.
BigHONIEHHS YaCTOTH 7; BapiaHTH X; 10 00CATy BUOIPKH /7 Ha3WBa-
I0Tb i1 8IOHOCHOI0 Yacmomoio 1 T03HaYaloTh Yepe3 W; , To0To
n.
W, =—. (351)
n

Jl1s KOXKHOT BUOIPKH BUKOHYETBCSI PIBHICTh
k
>W.o=1. (352)
i=1

SIKIIO OCTiKY€EThCS O3HAKa T€HEPaIbHOI CYKYNMHOCTI X, sKa €
HENepepBHOIO, TO BapiaHT Oyae Oararo. Y mpomy pasi BapiallidHUN
psia — 1ie TIeBHA KUTBKICTh PIBHUX a00 HEPIBHUX YaCTHMHHUX 1HTEpBa-
JIB YM TPy BapiaHT 31 CBOIMU YaCTOTAMHU.
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Taki yacTHHHI 1HTEpBaJIM BapiaHT, sIKI PO3MIIIEH] y 3pOCTarodiii
MOCITiIOBHOCTI, YTBODIOKOTb [HMePSaNbHUL 8apIayitiHutl pso.

Ha HpaKTI/IHI JUIsL 3pY4HOCTI, SIK TIPABHIIO, PO3IVIAJAIOTH iHTEpBa-
JIbHI BapialliifHi psAAx, Y KOTPUX IHTEPBAJIH € PIBHUMH Mk CO00I0.

2. AncKkpeTHMN CTaTUCTUYHUI po3noain BUGipku
Ta il YNCINOBI XapaKTepuUCTUKU

I[epenik BapiaHT BapialliifHOTo psAy 1 BIANOBIHUX IM 4acTOT, abo
BITHOCHHX YaCTOT, HA3UBAIOTh OUCKPEMHUM CHAMUCIMUYHUM PO3NO-
Oinom 8UbIpKU.

VY tabnuyHiil Gopmi BiH Ma€ TaKHi BUTIIS:

X=x X X X3 Xy
n; n; ny ns ny
w; W W, /8 . W

JIMCKpeTHHI CTATUCTHYHHUN PO3MOALT BUOIPKH MOXKHA MMOJATU M-
nipu4HOIO0 QyHKIEW F *(x)

Emnipuuna ¢ynryis F *(x) ma it enacmueocmi. ®yHKIisS apryMeH-
Ty X, II0 BU3HAYAE BIIHOCHY YacToTy nomii X < x, ToOTO

F'(x)=W(X <x)="2, (353)
n

Ha3UBAETHCS eMAIPUUHOIO, 300 KOMYIAMOIO.

Tyt n — o6csr BuOipKy;

Ny — KUIBKICTh BapiaHT CTaTUCTHUYHOI'O PO3MOALTY BHOIPKH, 3HAa-
YCHHS IKMX MEHIIe 3a (DiKCOBaHy BapiaHTY X;

F “(x) — Ha3suBaloTh LIE (QYHKYICIO HAZPOMAONCEHHS GIOHOCHUX
yacmom.

Bracmusocmi F *(x):

DOSF'(x)<1;

2) F(Xmin) = 0, 1€ Xmmin € HAKMEHIIIOIO BapiaHTOO BapiallitHOTO PAAY;

3) F(x)

pany;

4) F(x) € HecniaiHO1O (DYHKIIIEIO apTyMEHTY X, a came: F(xy) > F(x))
IIpH X3 = X1.

Ioutiron 4acror i BigHOCHHMX YacTOT. J(MCKpeTHMII cTaTUCTHUY-
HUHN pO3MOia BUOIPKA MOKHA 300pa3uTH rpadiqHO y BUTIIAI JIaMa-
HOI JIiHIi, BIPI3KU AKOi CIOJYy4Yal0Th KOOPJAUHATH TOYOK (X;; 1;), a0
(xi; W3).

=1, 1€ Xmax € HAWOUIBIIIOI BapiaHTOIO BapialliitHOro

X>Xmax



VY nepumoMy BHINAAKy JIaMaHy JIHIIO Ha3UBAaIOThb NONICOHOM 4dc-
mom, y IpyroMy — HOI2OHOM GIOHOCHUX YACMOM.

Mpuxaaa. 3a 3a7aHAM AUCKPETHUM CTATHCTHYHHAM PO3IIOJI-
JIOM BHOIPKH

X=x | -6 4 ) 2 4 6

n; 5 10 15 20 40 10

W, 0,05 0,1 0,15 0,2 0,4 0,1
MOTPiOHO:

1. Ho6ymaysatu F “(x) i 306pa3uty ii rpadivno;
2. HakpecnuT mOJITOHU 9acTOT 1 BIAHOCHUX YacTOT.

Po36’azanna. 3rifHo 3 03HAYEHHAM Ta BIacTHBOCTAMHU F “(x) Mae Takuit
BUTJIAL;
0 x< -0,

0,05 -—-6<x<-4,
0,15 —-4<x<-2,

Fr(x)=W(X<x)="r=]03  -2<x<2,
" o5 2<x<4,

0,9 4<x<6,

1, x> 0.

I'padiune 306paxenns F “(x) mogano Ha puc. 106.

F(x)
e S —
-~
! i
! |
----- -~
| | !
< ! ! |
e b !
: I I H
| 1 : : :
] ]
T~ WP S S
-6 4 2 0 2 4 6 X;
Puc. 106

[ToniroHu 4acToOT Ta BiJTHOCHUX 4acTOT 300pakeHo Ha puc.107, 108.
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Yucnosi xapakmepucmuxu:
1) subiprosa cepeons senuuuna x,. Benuuuny, sika BU3HAYA€THCS
hopmyoro
_ Xxn,
7y = = (354)

n

Ha3UBAIOTh BUOIPKOBOIO CEPEOHbOIO BEUYUHOIO OUCKPEMHO20 CMa-
MUCMUYHO20 PO3N00INY GUDIDKU.
TyT x; — BapianTa BapialiifHOro psity BUOIpKH;
n; — YacToTa ITi€l BapiaHTH;
n — o0csr BUOIpKH (n=).n, ).
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SIk1mo Bci BapiaHTH 3’ SIBJISIOTHCS Y BUOIpI JIMIIIE IO OJTHOMY pasy,
T00TO 11; = 1, TO

- X,
X _2% ; (355)
n
2) eioxunennsa eapianm. PisHMIIO (X, — X, )n; Ha3UBAIOTh BIIXU-
JICHHSIM BapiaHT.
[Ipn upomy

2(x; = Xg)m; =2 x;n, =Y Xpn, =n-Xg —n-Xy =0.

OTxe, cymMa BIAXWIEHb YCIX BapiaHT BapiallifHOTO psity BHOIPKH
3aBX/IM JIOPIBHIOE HYJICBI;

3) moda (Mo"). Modoro duckpemnozo cmamucmuuno2o po3nooiny
6UOIpKYU HA3WBAIOTh BapiaHTY, 1110 MAa€ HAMOLIbIIY YaCTOTY MOSBU.

Mon moxe Oyt Kinbka. Ko MUCKpeTHHIA CTaTUCTUYHUNA PO3IIO-
JIT Ma€e OJHY MOAY, TO BiH HAa3WBAETHCS OOHOMOOAIbHUM, KOTH M€
IIBI MO — 080MOOAIbHUM 1 T. 11.;

4) meodiana (Me"). Medianoio Ouckpemno2o cmamucmuuHo2o pos-
nooiny eubipku HA3WBAIOTh BapiaHTy, sKa IOAUILE BapialliiHUN psf
Ha J[Bl YaCTHHH, PiBHI 3a KUIBKICTIO BapiaHT;

5) Oucnepcisn. i BUMIPIOBaHHs PO3CiIOBaHHS BapiaHT BHOIPKH
BIZIHOCHO X BHOMpA€TbCs AUCIEPCIS.

Hucnepcia subipxu — 11e cepeiHe apupMeTUyHe KBapaTiB BIAXU-
JIEHb BapiaHT BIIHOCHO X, SIK€ OOUUCIIOETHCA 32 (HOPMYIIOI0

=2
D, _ 20y X)) (356)
n
abo

xin,
D, = (5, (357)

6) cepeodne keadpamuyne gioxunenus subdipku cg. llpn oduncneHHi
Dg BIAXWIICHHS MIJHOCUTHCS IO KBaJapara, a OTXKE, 3MIHIOETBCS OJTH-
HUI BUMIPY O3HAKU X, TOMY Ha OCHOBI JMCIIEPCii BBOJUTHCS CEPell-

HE KBaIpaTUYHC Bi,Z[XI/IJ'IeHHH
s, =D, , (358)

sIKe BUMIPIOE PO3CIIOBaHHS BapiaHT BUOIPKU BITHOCHO X, ajieé B THX

CaMUX OJIMHUIILX, B SIKUX BUMIPIOETHCS O3HAKA X,
7) pozmax (R). ns rpyOoro OIiHIOBaHHS PO3CIIOBaHHS BapiaHT
BITHOCHO X, 3aCTOCOBY€THCS BEIMYMHA, SIKA JOPIBHIOE PI3HMIII MIX
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HAHOUTBIIOIO Xppax 1 HAWMEHIIIOKO Xy, BapiaHTaMHU BapialliiHOTO PsTy.
L BemMunHA HA3UBAETHCS PO3MAXOM

(359)
8) koeghiyienm eapiayii’ V. [{na nopiBHSHHS OIIHOK Bapialliii cTaTH-

CTUYHHUX PSJiB 13 PI3HUMH 3HAYCHHSIMU X , SIKI HE IOPIBHIOIOTH HYJIe-

Bi, BBOJUTHCS KOC(DIIliEHT Bapiallii, SKUi 00UMCITIOETHCS 32 (OPMYIIOI0

R=x__—x

max min

7 =22100%. (360)

X
B
IIpuknan. 3a 3a1aHUM CTaTHCTUYHUM PO3MOIIOM BHOIpPKH

X =ux; 2,5 4,5 6,5 8,5 10,5

n; 10 20 30 30 10

oTpidHO:

1) o6uuncnuru x,, D
2) 3Haiitn Mo", Me”;
3) obuucnutu R, V.

B” GB;

Pose¢’azanna. Ockinbku n =Y n, =100, to 3riaHo 3 popmymnamu (354),
(357), (358) nicranemo:

5 = 2xn, ~2,5-10+4,5-20+6,5-30+8,5-30+10,5-10
oo 100
Xz =6,7.
Jist o6uucnenns D, BU3HAYAETHCS
Yxin,  (2,5)-10+(4,5)-20+(6,5)* -30 +(8,5)° -30 + (10,5)* - 10
n 100
Toni

6,7

=50,05.

2
Dy = Z5 M (3, =50,05 - (6,7)° = 50,05 — 44,89 = 5.16.
n

D, =5.16.
Oy =+/Dy =4/5,16 ~2,27.
oy =2,27.
Mo" =6,5; 8,5.

Otmxe, HaBeleHUI CTATUCTHYHMN PO3MOJin BHOIpKU Oyie IBOMOIAIb-
HAM. Me" = 6,5, ockimbku BapiaHTa X = 6,5 Tozinsge BapiamiitHuil psan
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2,5;4,5; 6,5; 8,5; 10,5 na asi vactunu: 2,5; 4,5 1 8,5; 10,5, sxi MarTh O1Ha-
KOBY KIJIbKICTh BapiaHT.
R=x,,. —X,,=10,5-25=8.
2,27
v =28100% = 222100% = 33,88%.

X 6,7

3. IHTepBanNbHNI CTaTUCTUYHUI pPO3NoOAiIn
BUOGIPKU Ta NOro YNCIOBI XapaKTepuUCTUKU

ITepenik yacTKOBUX IHTEPBAJiB 1 BiJMOBIAHUX iM YacTOT, a00 Bij-
HOCHHX YacCTOT, HA3UBAIOTh [HMEPBALIbHUM CIAMUCTIUYHUM PO3N00i-
JIOM 8UOIpKUL.

VY TabnuaHii hopMi 1IeH po3MOIIT Ma€e TAKUI BUTIIS:

h X1 — X2 X2 — X3 X3 — X4 Xp1 — Xk
n; n n, n3 Ny
W, w, w, W, /4

Tyt h = Xx; — X;.) € TOBXHHOIO YaCTKOBOTO i-T0 iHTEepBaily. Sk mpa-
BUJIO, LIeH iHTEpBa OepeThCs OTHAKOBHM.

[HTepBANBHMI CTATUCTHYHHA PO3MOLT BHOIPKM MOJYKHA TOJATH
rpadiyHO y BUIJISIAL TICTOrpaMHu 4acToT abo BIAHOCHMX YacToT, a Ta-
KOX, SIK 1 JUI1 JUCKPETHOTO CTATUCTHYHOTO PO3IOALTY, EMITiPHYIHOIO
yHkiero F *(x) (KOMyISTOI0).

licrorpama yacToTr Ta BiZHOCHHUX 4acToT. ['icrorpama dacToT
ABIIsIE cO0010 (irypy, sika CKJIAIA€ThCS 3 MPSIMOKYTHHKIB, KOKHUH 3

. 1
SAKHX Ma€ OCHOBY hi BHUCOTY n,; Z .

[Nicrorpama BiTHOCHUX YacTOT € (HIryporo, IO CKIAAAETHCS 3 TPs-
MOKYTHHKIB, KO)KHUH 3 SKHX Ma€ OCHOBY 3aBJIOBXKH /1 1 BUCOTY, IO

JOPIBHIOE W,% .

Hpuxaaa. 3a 3a1aHUM IHTEPBAJIBLHUM CTaTUCTHYHUM PO3IOJi-
JI0M BUOIpKH

h=28 0—s8 8—16 | 16—24 | 24—32 | 32—40 | 40—48
n; 10 15 20 25 20 10
W; 0,1 0,15 0,2 0,25 0,2 0,1

noTpiOHO MOOYAYyBaTH riCTOrpamMy 4acToT 1 BIIHOCHUX YacToOT.
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Po3é’azanna. Tictorpamm 4acToT 1 BIIHOCHMX YacTOT HaBeleHI Ha
puc. 109, 110.

O l)x

24 32 40 48
Puc. 109

[Tomma ricrorpaMu 9acTot S = Zhﬂ =>n, =n=100.

O \ 9, Lx.

16 24 32 40 48
Puc. 110

[Tomra ricrorpaMu BiJHOCHUX 4aCTOT
w.
S=> h—’ =>W =1.

EMmpana ¢ynkuin F *(x) (KOMyJIﬂTa) Ipn o6y 1081 KOMyJIs-
™ F *(x) Ui iHTEpBaIBLHOIO CTATUCTHYHOIO PO3MOJLTY BHOIPKH 3a
OCHOBY OepeTbCsl IIPUITYIICHHS, 10 O3HAKa Ha KOXHOMY 4aCTHHHOMY
1HTEepBaJll Mae plBHOMlpHy HIIJII)HICTB imoBipHOCTEH. Tomy KOMyIsiTa
MaTHMe BHIJISL| JAMaHOI JIiHIi, sIka 3pOCTAae Ha KOXXHOMY 4aCTKOBOMY
iHTepBai 1 HAOMMKAETHCA IO OJTUHUILL.

Hpuxaaa. st 3a7aHOTO IHTEPBaJIBHOTO CTATHCTUYHOTO PO3-
MOJiTy BUOIPKH
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h=10| 0—10 10—20 | 20—30 | 30—40 | 40—50 | 50—60

n; 5 15 20 25 30 5

nobyaysatu F *(x) i nosatu ii rpagiuno.

Po3zé’azanna.

0, x<0,

0,05 0<x<10,

02  10<x<20,

F')=W(X<x)="2-J04  20<x<30,
10,65  30<x<40,

095 40<x<50,

1 50<x<60.

I'padix F “(x) 306paxeno Ha puc. 111,

Amnanorom emmipuunoi QyHKuii F *(x) y Teopii HMoBipHOCTEH €
iHTerpanbHa QyHkuis F(x) = P(X <x).

Meniana. /[y BU3Ha4YeHHsT Me/liaHU IHTEPBAIBHOTO CTATHCTUYHOTO
pO3MoIiTy BUOIpKH HEOOXiTHO BU3HAYNTH MEIIaHHUM YaCTKOBHU IHTEP-
Bajl. SIKINO, HAnMpMKIan, Ha i-My iHTepBaii [x;—x;] F(x;1)<0,5 i
F*(x;)> 0,5, To, Oepyuu 10 yBaru, o AOCIiIKyBaHa o3Haka X € He-
NEPEPBHOIO 1 MPU LEOMY F (x) € Hecnaguoro (yHKIi€, BeepeauHi
1HT€pBaJ'Iy [xi-1 —x;] HeomMmiHHO icHye Take 3HauyeHHs X = Me, nxe
F*(Me)=0,5.

12



Q--mmmmmm oo

Puc. 112

3 mnoxioHocti TpukyTHUKIB AABC 1 AAB,C), 300pakeHHMX Ha

puc. 112, maemo:
X — X F*(x,)—F"(x, 0,5- F"(x,

Ll = x,) . ( l")—>Me*=xi_1+ — (*”‘) h,(361)
Me™ —x, 0,5-F (x,) F'(x,))=-F (x,_)
Je h=Xx, —x,, Ha3UBAKOTb KPOKOM.

Mopna. /511 BU3HAYEHHS MOAM IHTEPBAIBHOTO CTATHCTUYHOTO PO-
3MOAUTY HEOOXiTHO 3HAWTH MOJAIILHUN 1HTEpBaJ, TOOTO TaKWid dac-
TUHHUH 1HTEPBAJI, 10 Ma€ HAHOIBIITY YaCTOTY TIOSIBH.

BuKOpUCTOBYIOYM JIiHIMHY IHTEPIIOJIALIO0, MOJY OOYHCIMMO 3a
dbopmyoro

* Mo — Mo
Mo™ =x, , + Ao Mol h, (362)
2nMo - nMo—l - nM0+1
e X; | — MO0YaTOK MOJAJILHOTO 1HTEpBaIy;
h — noBxuHa, a00 KPOK, YaCTKOBOTO 1HTEPBAILY;
My, — YaCTOTa MOJAJILHOTO 1HTEpBAIY;

My, — YAaCTOTa JOMOJAAIBHOTO IHTEpBAIY;
Myjo, — 9ACTOTA MICISIMOAAIBHOTO IHTEPBAIY.

Ipuknan. 3a 3a7aHUM IHTEPBAJIBHAM CTATUCTUYHUM PO3MOIi-
JI0M BUOIPKH

h=4 0—4 4—8 8—12 12—16 | 16—20 | 20—24

n; 6 14 20 25 30 5

13



106y yBaTH ricTorpamy 4actot i F(x).
* *
Busnauutu Mo, Me .

Po3é’azanna. T'icrorpama gacToT 300paskeHa Ha puc. 113.

1 Ti‘ L 4 L @ .ﬁ X;

0 4 8 12 16 20 24
Puc. 113

I'padix F *(x) 306paseno Ha puc. 114.

F'(x)

Puc. 114

3 puc. 113 BU3HAYa€THCS MOAANBHUIA IHTEPBaJ, SKUW HopiBHIOE 16—20.
3acrocoByroun (362) i Gepyun mo ysaru, mo #n,,, =30, n, =25,

Myos1 =9 » h=4, x,_, =16, nicranemo

14



Mo™ =x, , + e "ot .
i-1 s

2y = Mytoy — Pytos
Mo® :16+M4:16+i:16,17.
60-25-5 30

Orxe, Mo" = 16,17.
3 rpadika F(x) BU3HA4YacThCs MeiaHHMI iHTepBal, SKMH NOpPiBHIOE

12—16.
Bepyun no yBaru, mo F(12) = 0,4, F(16) = 0,65, h = 4 i 3acTocoByouun
(361), nicranemo:

* 5 _F* . ) T Uy )

oy 4T E () gy 05704, 0L, 56
F (x)-F (x.,) 0,65—-0,4 0,25

Otxe, Me" =13,6.

Xy, Dy, 06, IS iHTEPBAJIBLHOIO CTATHCTHYHOIO PO3INOAIIY BH-

oipku. s Bu3HAYeHHS X,,D,,c, IEepeiaeMo Bif IHTEPBAILHOIO
B B B
PO3MOLTY JI0 TUCKPETHOTO, BapiaHTaMH SIKOTO € CEPEeIUHA YaCTKOBHX

. . h h . . .
iHTepBaNiB X, = x, | + F=%Ty 1 IKUI Ma€ TaKui BUTJIAL;
X* =X h =X, + h )C* x* x* )C*
i i 2 i-1 2 1 2 3 “ee k
hi hl h2 h3 e hk

Toni X, Dy, 6 004MCIIOOTBCS 32 (HOPMYITaMU:

% =—ZJ2 o (363)
*\2
p, == 5,y (364)

oy =Dy . (365)

Ipuknan. 3a 3a7aHUM IHTEPBAJIBHUM CTATUCTUYHUM PO3MOIi-
JIOM BUOIpPKH, B SIKOMY HABEIEHO PO3MOIIT MacH HOBOHAPO-

IKEHUX X,
< e * e <
ST T T L I sl glIre
SR N P O L O I = I I O VO R I
— o . = — —_ I o ! ~ en
n; 5 12 18 22 36 24 19 15 11 9 2

15




O0UUCINUTH Xy, Dy, Cp.

Po3é’azanna. I1o0yayeMo TUCKpPETHUI CTaTUCTUYHUM pO3MOi 3a 3a/1a-
HUM iHTepBabHUM. OCKiabku 4 = 0,2, TO AiCTaHEMO:

h
=%-o=xats | LD L3 LS | L7 | L9 [ 20 | 23 |25 | 27 | 29 | 31

h; 5 12 18 22 36 24 19 15 11 9 2

Bepyuu o yearu (363), (364), (365) i e, mo n = 173, gicranemo:
T le*}’li _55+15,6+27+37,4+68,4+50,4+43,7 N

B

n 173
N 37,5+29,7+26,1+6,2 _ 3475 ~2,008671 xr .
173 173

Omxe, Xz =2,008671 kr.

Y(x)’n,  6,05+20,29 +40,5 + 63,58 + 129,96 + 105,84 + 100,51 .

n 173
N 93,75 +80,19 + 75,69 +19,22 735,58
73

173

=4,251908.

Z(X*)zn- 2 2
DB:#—(TCB) =4,251908 — (2,008671)" =
n
=4,251908 — 4,034759=0,217149.
Dy=0,217149.

6, =~/Dy =+/0,217149 = 0,466.

Orxe, oy =0,466 kr.

4. 1BOBMMipHMI CTaTUCTUYHUN po3noain
BUGipKM Ta NOro YNCIOBI XapaKTepPUCTUKU

[epenik Bapiaut Y=y, X =x, Ta BIANOBIOHHMX iM 4YacToT 7,

CHUTBHOI iX MOSBH YTBOPIOIOTh 0BOSUMIDHUL CIMAMUCIUYHUL PO3NO-
0in eubipku, MO peari3oBaHa 3 TEHEPATLHOI CYKYITHOCTI, €JIeMEHTaM
i€l BUOIpKM NpUTaMaHHI KUIbKICHI O3Haku X 1 Y.

VY TabauuHii popMi 1Iei po3MOIiT Ma€e TAKUI BUTIIS:

16



X=x,
Y=y, ’
X Xy X3 X ny,
Vi ny ny, ny vee n,, n,
yZ nZ] n22 n23 ce n2m n)fz
y3 n3l n32 n33 ce n3m ny3
Vi ny Ny nys e ny, n,
n, n, n, n, n,
Tyt n; — yactora CHiNBHOI MOSIBY BapiaHT
Y=y, X=x;
m k
ny, = L1, neo=2ng
Jj=1 J i=1
k m k m
n=ZZnij=Zny’_ =2n,
i=1 j=I i=1 j=1
3azanvHi uuCcn06i XapaKmepucmuku o3Haku X:
3arajibHa Cepe/Hs BeJIMYMHA 03HAKU X
k m m
Z; Z]xj 1 lej n,
e =
Xx=" =2 ; (366)
n n
3arajibHa JucIrepcis 03HaKu X
k m m
2 2
Z]: le./ ny , le.i n, ,
i=l j= — j= —\ 2.
D =————-() =—-()% (367)
n n
3arajibHe CepeHE KBAAPATUYHE BiAXUICHHS O3HAKU X
c,=+D,. (368)
3azanvni yucnogi xapaxmepucmuku o3naxu Y:
3arajibHa CepeHs BEIMYMHA O3HAKH Y
k m
< Elyi nyo XLyn,
y="" =L ; (369)
n n

17




3arajibHa JMcIepcis O3Haku Y
2
y n

k m
gglyf " 2 i 2
D == an _(;) _ i=l - _(J_/) : (370)

y

M=

3araJibHe CepeTHE KBaIpaTHYHE BIAXWUICHHS O3HAKU

s, =,D,. (371)

Ymoeni cmamucmuuni po3nodinu ma ix uucnoei xapakmepucmuku
Ymoenum cmamucmuunum posnooinom osnaxu Y npu ikcoBaHo-
My 3Hau€HHI X =X, Ha3UBAIOTH MEPeJiK BapiaHT O3HAKU Y Ta BiJIO-

BIJTHUX IM 4acTOT, y34THX IpHU (PiKCOBAHOMY 3HA4YEHHI X.
Y/X= X,

i

Ya

Y3

Vi

n;

J

ny

J

ki

J

k
Tyt X n; =n, .
i=1

Yuciosi XAPAKTCPUCTUKH OJII TAKOI'0 CTATUCTUYHOI'O pO3HOI[iJ'Iy
Ha3UBAaKOTb YMOBHUMU. Z[O HHUX HAJICXKAaTh.
YMOBHAa CEpCAHA O3HAKHU Y

Vs =5 == ; (372)

YMOBHA JTUCTIEPCis O3HAKH Y

k
Zyiz 1y
DY/ X=x )= (¥, )% (373)

YMOBHE CepeHE KBapaTHUHE BiIXUJICHHS O3HAKH Y

oY/ X=x,)=\/Dr/x=x,). (374)

D(Y/Xx=x i )oY/ X =x j) BUMIDPIOIOTh  PO3CIIOBaHHS BapiaHT
O3HAaKHd Y MO0 YMOBHOI CEPEAHBOI BETNYNHH Ve,

18



Ymosnum cmamucmuunum posnooinom o3Haku X npu Y =y, Ha-
3MBAIOTh MEPENIK BapiaHT X =X, Ta BIANMOBIAHUX iM YaCTOT, y3ATHX

npu GikCOBaHOMY 3HAYCHHI O3HAKH Y =y, .

X/Y=y,.
X=x; X X, X3 X
if nj n;, n;3 .. Ny

m
Tyt Zlnu =n,.
=

YmosHi uucnosi xapaxmepucmuku 015 yb020 po3nooiny:
YMOBHA CEPENHsI BEIMUYNHA O3HAKU X

ixi nij ixi ni].
i — (375)
n Vl
YMOBHA JUCTIEPCist O3HAKH X
>ain,
DIX/Y=y)=2— (%, )% (376)
n Y=Y

YMOBHE CE€pe/THE KBAJAPATUUHE BIIXUICHHS O3HAKH X

o((X /Y =)= D(X 1Y =7,)). (377)

Ilpu BiTOMMX 3HAYCHHSX YMOBHHX CEPe/HIX y, , X, 3arajbHi ce-
pe/Hi 03HaKK X Ta Y MOXHa 00YMCIIUTH 32 (OpMYJIaMu:

Zyx/ nx/
y=— (378)
n
ix"i n."i
x= (379)
n

Kopenauitinuii momenm, eudipxosuii Koegpiyienm xopenauii
[lix wac nmocmiKEHHS JTBOBUMIPHOTO CTAaTHCTHYHOTO PO3MOALTY
BUOIpKHU TOCTa€ NMOTpeda 3’ CyBaTH HASBHICTD 3B A3KY MK O3HaKaMu X
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1 Y, skuil y CTaTUCTHIII Ha3WBAIOTh KOpersiiiHuM. J[ng mporo o6umc-
JIIOETHCS EMITIPUYHUN KOPEAIiiHNN MOMEHT K ;y 3a popmyIoro

Mz

Zon) Xy
K =ELEL xy. (380)

xy n

Sxmo K :y =0, TO KOpeJsALiHHOrO 3B’S3Ky Mik O3Hakamu X 1 Y
Hemae. Skimo x K, # 0, To mei 38430k icHye.

OT1xe, KOpesIiHUA MOMEHT JIa€ JIMILIE BIAMOBIAb HA 3aIIUTAHHS:
€ 3B’SI30K MK Oo3HakaMmu X 1 Y, un fioro HeMae.

J11s BUMIpIOBaHHS TICHOTH KOPEJISILIMHOTO 3B’ A3KY OOUUCITIOETHCS
BHOIPKOBHI Koe(illieHT Kopesalii 7, 3a GopMyoro

*

K,
o = . 381)
c,0,
Sk i B Teopil iiMoBipHOCTEH, |1y <1, —1<r, <1.

IIpuknan. 3a 3a7aHUM JBOBUMIPHUM CTATHCTHYHUM PO3MOIi-
JIOM BHOIpKH 03HaK X1 Y

Y=y Y=

10 20 30 40 n,
2 — 2 4 4 10
4 10 8 6 6 30
6 5 10 5 — 20
8 15 — 15 10 40

My, 30 20 30 20
MOTPiOHO:

«
xy
2) moOymyBatd YMOBHI cTaTHCTHUHI posmoximm Y /X =30,
X /Y =4 # obuncanTi YMOBHI YHCIIOBI XapaKTEPUCTHUKH.

1) o6unciuta K, ry;

y * f— f—
Pos¢’azanna. 1) o6 obumcautn K, 1y BU3HAYMMO X, G, Y, 0.
Ockinbku n=3.> n,; =100, T0
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2X; M, 10-30+20-20+30-30+40-20

no 100 B

~300+400+900+800 2400

B 100 © 100
¥ =24.

X =

24.

2
ZX M, (10" 30+(20)° 20+ (30)° 30+ (40)* 20 _

J

n 100
_ 3000 +8000 + 27000 + 32000 _ 70000 _ ',
100 100 '
Sein,
D = L _(x)* =700—(24)* =700-576 =124.

X

G, =+D, =+V124 =1L14.
Otrxe, o, =1L14.
2V ny 2-10+4-30+6-20+8-40

n 100
_20+120+120+320

100

y=

5,8.
Otxe, ¥y =5,8.

2
2y n, (2)*10+(4)°-30+(6)"-20+(8)*-40
n 100
_ 40+480+720+2560 3800

100 100

38.

Z)’Zny —2 2
D =—"1"1—(y)" =38-(5.8)" =38-33,64 = 4,36,
n

¥
c,= IDy =436 =2,1.

.
Host Bu3HaueHHst K, 064MCIIOIOTH

22 yxn;=2-10-0+2-20-2+2-30-4+2-40-4+4-10-10+4-20-8 +

+4-30-6+4-40-6+6-10-5+6-20-10+6-30-5+6-40-0+8-10-15+
+8-20-0+8-30-15+8-40-10=0+80+ 240+ 320 + 400 + 640 + 720 +
+960+300+1200 + 900 + 0 +1200 + 0+ 3600 + 3200 =13760.

21



Toni

. DO VXn,
K :#—f-f:%—24-5,8:137,6—139,2:—1,6.
n

xy

* . . . .
Otxe, ny =-1,6,a e cBIMYUTH MPO Te, IO MK o3HaKamu X 1 Y icHY-
BaTUME BiJl’€MHHUH KOPEJIALIAHUH 3B’ I30K.
14 BUMiproBaHHS TICHOTH IIbOTO 3B 513Ky OOYMCIMMO BHOIPKOBHIA KOe-
GIieRT KOpEJISIIii.
*
K, -1,6 -1,6

r=—2 = = ~—0,068.
oo, 1L14:21 23394

Omxe, r, =—0,068, T06TO TiCHOTa KOPEJALIMNHOTrO 3B’A3Ky MK O3HaKa-

mu X ta Y € c1a0bKoIo.
YMOBHHI CTaTUCTHYHUH po3noain X /Y =30 MaTuMe Takud BUIIISII:

Y=y, 2 4 6 8

Ny 4 6 5 15

OOYHUCITIOIOTBCS YMOBHI YHCIIOBI XapaKTEPUCTUKH IS IILOTO PO3ITOALIY:
‘YMoOBHa cepe/iHsl BETUYNHA

_ Z™ 244464654815 8+24+30+120 182
S 30 30 30

J=1

=6,07.

YMoOBHa qUCIIEpCis Ta CepeIHE KBAAPATHUHE BiIXHICHHS

22
PIALE (27 4+(4)%6+(6)*-5+(8)> 15 16+96+180+960 _
>n, 30 30
129240
30

2
D(X /Y =30)=22 " _ (5 F = 4173 36,8449 ~ 4,89

i3
(Y /X =30)= /Dy, ysg) =489 = 2,21
Orxe, oY/ X =30)~2,21.

YMoBHUI cTaTHCTHUHUE po3nofin X /Y =4 matume Takuil BUTISII:
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X=x; 10 20 30 40

ny; 10 8 6 6

OOYHUCITIOIOTECS YMOBHI YHCIIOBI XapaKTEPUCTHKU.
YMOBHa cepe/iHs BETHYUHA

2N 40.00520-8+30-6+40-6
xY:4= " = 30 =
anj
=1
_100+160+180+240 680 ), -
30 30

Ortxe, )?y:4 ~22,7.

YMoOBHa JHCIIEpCis Ta cepeaHe KBaJApaTHYHE BiIXHUICHHS
< 2
2%, _(10)2 10+ (20)* -8+ (30) - 6+ (40)> -6 _
Zan 30
=1
1000 + 3200 + 5400 + 9600 _ 19200
30

= 640.

in ny;
D(X/y=4)="—— —(x,,)" =640 — (22,7)" =640 515,29 =124,71.
Z”z_/
Jj=
o(X/y=4)= /Dy 0y =V/124,71 = 1117,
Otxe, G(X/y = 4) ~1L17.

5. MapHuU1 cTaTUCTUYHMIA po3noAin
BUOGIPKU Ta NOro YNCIOBI XapaKTepUCTUKU

SIkuo yacroTa ChibHOI NostBu o3HaK X 1 Y n, =1 nyist BCix BapiaHr,

TO B I[bOMY pa3i ABOBUMIpDHUH CTaTUCTUYHUN PO3IMOJILT HaOyBae Ta-
KOI'O BUTJIANY:

Y=y i h%) V3 Y4 ... Y

X=x; X X, X3 Xy e Xk
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Voro HasuBaroTh napuum cmamucmuunum po3noditom eubipku. TyT
KO’KHA I1apa 3HaueHb O3HAK X 1 Y 3 ABJIAE€THCS JIMIIE OJJUH Pas3.
OO6csr BUOIpKH B IIbOMY Pa3i JOPIBHIOE KIJIBKOCTI Map, TOOTO 7.
Yucnosi xapakmepucmuxu o3Haxku X:
CepeHsl BeINYnHa

>,
A (382)
n
JUcTiepcCis
>
D, = —"Zln - (x)?*; (383)

CepeHE KBAIpaTUYHE BIIXUICHHS

o, =D, . (384)

Yucnosi xapakmepucmuxu o3Haxu Y.
cepeliHs BelIUYruHa

Zn:yi
=i (385)
n
JcTiepcis
T
D, ==—-(») (386)

cepeHE KBAAPATUIHE BiIXUICHHS

o,=4D,; (387)
eMNIPUYHUL KOPETAYIUHUL MOMEHM
DY) /. —
K"sz_x'y’ (388)

sUbiprosuil koegiyicnm Kopenayii

ry=—2 (389)

IIpuxaan. 3anexHICTh KITBKOCTI Macna y,, MO HOTO CIIOXKH-

Bac NeBHa oco0a 3a Micsllb, Bif ii NpUOYTKYy B IPUBHAX X; Ha-
BeZIleHa B TaOIHII:
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Yio 10,5(158(17,8(19,5(20,421,5|222|243|253|265(28,130,1|352|364| 37 |385(395|405| 41 {425
TpH.

Yio 70 | 75| 82| 89 [ 95 [100[105|110|115]120|125|130(135(140(145(150|155]|160|165|170
TpH.

. *
Hotpi6Ho oGuncmut K, 75 .

Po3é’azannsn. Ockinbku o0csar BUOipku n = 20, TO MaEMO:

2% 70+75+82+89+95+100+105+110+115+120+125+

n 20
+130+135+140 +145+150 +155+160 +165+170 _ 2436
20

xX=

=121,8.

Orxe, x=121,8.
fo 4900 + 5625+ 6724 + 7921+ 9025 +10000 + 11025 +
n 20
+12100 +13225 +14400 +15625 +16900 + 18225 + 19600 + 21025 +

20
+ 22500 + 24025 + 25600 + 27225 + 28900 314570

20

=15728.5.

2
D =X _ (¥)> =15728,5 — (121,8)* =15728,5 — 14835,24 = 893,26.
n

=893,26.
G, = 1/ 893,26 =29.,89 .

6, =29,89.

— 2y 105+158+178+19,5+20,4+215+22,2+243+253+
Y n 20
+26,5+28,1+30,1+352+36,4+37+385+39,5+40,5+41+42,5
20
= 3726 =28,63.
20
y=28,63.
ny 110,25+ 249,64 + 316,84 + 380,25 + 416,16 + 462,25 +
n 20
+492,84 + 590,49 + 640,09 + 702,25 + 789,61 + 906,01 + 1239,04 +
20
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+1324,96 +1369 +1482,25 +1560,25 +1640,25 + 1681 +1806,25

20
_ 18159,68

=907,98.

2
p Vi _ (7)* =907,98 — 819,68 = 88,3.
n

y

D,=883.

c,=4D, =883 ~94.

c, =94,
>>yx;=10,5-70+15,8-75+17,8-82+19,5-89+20,4-95 +
+21,5-100+22,2-105+24,3-110+25,3-115+26,5-120 + 28,1 - 125 +
+30,1-130+35,2-135+36,4-140 +37-145+38,5-150 +39,5-155 +
+40,5-160 +41-165+42,5-170=735+1185+1459,6 +1735,5+1938 +
+2150+2331+2673+2909,5+3180+3512,5+ 3913 + 4752 + 5096 +
+5365+ 5775+ 6122,5+ 6480 + 6765 + 7225 =75302,6.

Kt TV g 5 753026
n

-121,8-28,63=

xy

=3765,13 - 3487,13=278.

K, =278.
K*
= o 28 278 _ge9.
6,0, 29.89-9.4 280966
ry ~ 0,989

OCKiJIbKM 3HAUCHHS ¥y ONHM3bKE N0 OJWHUII, TO 3BIACH BHIUIMBAE, IO

3QJICKHICTh MIXK KUIBKICTIO Macia, CIIOKUBAHOTO IEBHOIO 0C000K0, Ta ii Mi-
CSYHUM TIPHOYTKOM Maiike (QyHKI[IOHATbHA.

6. EMnipu4yHi MOMeHTH

ITouaTkoBi eMnipu4Hi MoMeHTH. CepelHE 3BajK€HE 3HAYCHHS
BapiaHT y crerneHi k (k= 1, 2, 3,...) Ha3UBAIOTh NOYAMKOBUM eMNIPUY-

HUM MOMeHmoM k-20 nopsoKy v, KA 00UUCITIOETHCS 38 (HOPMYJIOKD

v, =2 (390)

n
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ITpu k=1 gicraHeMO MOYAaTKOBHI MOMEHT IEPIIOTo MOPSIKY:

vio 2N (391)

n
IIpu k =2 006uncIuMO MOYATKOBUH MOMEHT APYTOTO MOPSAKY:

2
. X
v, ==+ (392)
n
Omxe, aucriepcito BUOIpKM MOKHA MOJATH 4Yepe3 MOYaTKOBI MO-
MEHTH TEepIIOTro Ta IPYroro MopsaKiB, a came:

Dy =v, = (v})’. (393)

Hentpanbuuii emnipuyHnii MoMeHT k-ro mopsiaky. CepenHe
3Ba)KCHE BIAXWJICHHS BapiaHT y creneHi k (k = 1, 2, 3,...) Ha3uBarOTh
LEHTPAJIbHUM EMIIIPUYHUM MOMEHTOM A-TO MOPSIJIKY

- _Xn-X)'n (394)

by ==
n

ITpu k=1 ngicranemo:

MT _ Z(xi:le)ni — 23;1”1 _fB.Znni =X —X;=0.

[Tpu k = 2 maemo:
« X, —Xg)
REXCES ALY

Ha mpakTuiii HaifgacTime 3aCTOCOBYIOThCS IIEHTPaIbHI eMITipHIHI
MOMEHTH TPEThOT'O Ta YETBEPTOrO MOPSIKIB, M0 OOYUCIIOITHCS 3a
bopmynamu:

H; — Z(xi _)_CB)3ni , (395)
n

W ZZ(XI_—W (396)
n

[TigHOCSYHM O TPETHOTO Ta YETBEPTOTO CTETICHS BiAXWIICHHS Bapi-
* * . . . .
aHT, HO/IAEMO |1, Ta |, 4Yepe3 BiJIOBIHI IIOYaTKOBI MOMEHTH:

*

My = Vi =3V V] +2(v)), (397)
By = vy —4vi vy +6vo(v) =3(v))". (398)
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Koediuient acumerpii A4, . LleHTpanbuuil eMIipu4Hnii MOMEHT

TPETHOTO TOPSAAKY 3aCTOCOBYETbCA JUIsI OOUYHMCIIEHHsS KoedilieHTa
acUMeTpii:

.
.
Hs
A =—. (399)
Op
SIKu10 BapiaHTH CTATHCTUYHOTO PO3IMOAUTY BUOIPKH CHUMETPHUYHO
PO3MillleHi BiTHOCHO X, , TO B IbOMY pasi 4, =0, ocKiIbku p; =0.
Ilpu A, <0 BapiaHTH CTATHCTUYHOTO PO3MOIITY X, <X, IepeBa-
JKalOTh BapiaHTH X, >Xp. TaKy acUMETpI0 Ha3UBaOThb 6i0 €MHOIO.
Ilpu A, >0 BapianTu x; > X, NMEPEBAKAIOTH BAPIAHTH X, < Xy, 1 TAKy
ACUMETPII0 HA3UBAIOTh 000AMHOIO.

Excuec. LleHTpanbHuil eMIipudHUA MOMEHT YETBEPTOrO MOPSIKY
3aCTOCOBYETHCS U1 OOUMCIEHHS eKCIIECy:

E=t_3 (400)
Gp

E, K TIPaBMJIO, BAKOPHCTOBYETHCS MPHU JIOCIIPKEHHI HETepepB-
HUX O3HAK T€HEPATLHUX CYKYITHOCTEH, OCKUTBKU BiH OIIHIOE KPYTH3-
Hy 3aKOHY PO3HOALULY HENepepBHOI BUMAIKOBOI BEIMUMHU MOPIBHAHO
3 HOpMalbHUM. /711 HOPMaJbHOIO 3aKOHY pPO3NOJLTY, SIK B1JIOMO,
E;=0.

Hpuxaaa. Oninku B Oamax x;, oxepkaHi abiTypieHTaMH Ha
BCTYIHUX ICITUTAX 3 MATEMAaTHKH, HABEICHI y BUTIISAI TUCKPET-
HOT'O PO3MOLTY:

15 25 35 45 55 65 75 85
5 10 15 20 25 15 8 2

Xi

n;

OGuncmut A, .
Po36’a3anns. BUKopucTOoBYIOUM HaBeleHI BHIE (DOPMYIIH 1 BpaXxOBYIO-
un, o n =y n, =100, obuncinmo
%, = > xn, _ 15-5+25-104+35-154+45-20+55-25+65-15+75-8+
n 100
+85-2  75+250+525+900+1375+975+600+170 4870

100 100 100
3Bincu x, =48,7.

=48,7.
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H; _ 2 (x; _3_53)3’71' _
n
_(15-48,7)*-5+(25-48,7) -10+(35—48,7)* - 15+ (45-48,7)° - 20 +
- 100
+(55-48,7)°-25+(65-48,7)’ - 15+ (75— 48,7)* -8+ (85-48,7)’ -2 _
100 -
~ —191363,765-133120,53 - 38570,295—1013,06 + 6251,1 75 +

100
+64961,205 +145531,576 + 95664,294

=-516,594.
100
>xin,  (15)*-5+(25)° -10+(35)° - 15 +(45)* - 20 + (55) - 25+
no 100

+(65)° 15+ (75) -8+(85)*-2 1125+ 6250+18375+ 40500 +
100 - 100

+75625+ 63375+ 45000 + 14450 _ 264700

100 100

=2647.

2
Dy =25 (5 \2 2647 — (48,7)" = 2647 — 2371,69 = 27531,
n

Ocratouno maemo: Dy =275,31.
Gy =Dy =+4/27531=16,59.
s 516594 516,594
o, (16,59  4566,034

Orxe, nicranemo: 4, =—-0,11.

-0,11.

2

s

Ockinbkn A, TOpPIBHSAHO Mallli, TO CTATUCTUYHHI PO3MOJIT ONMN3bKUH
JI0 CHMETPUYHOTO.

MMpukaaa. J{oBxkuHA 3ar0OTIBOK X;, BATOTOBJICHUX POOITHUKOM
3a 3MiHy, T4 YaCTOTH IMX JOBKHH #; HaBEJCHI y BHIJIAII CTa-
TUCTUYHOTO PO3MOJINY:

X;, MM 6,5 8,5 10,5 12,5 14,5 16,5

n; 4 16 20 30 24 6

.
Busnauutu £ o
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_ — X, n,
Po3z¢’azanna. OOUUCIIOETBCS 3HAYEHHA X, Op, X =z —. Oc-
n

kineku n=3,n, =100, To micranemo:
_ _65-4+85-16+10,5-20+12,5-30+14,5-24+16,5-6
Xg = -
100
_26+136+210+375+348+99_1194_1194
100 0o

Orxe, X, =11,94.
Yxn (6,5)-4+(85)-16+(10,5)° -20+(12,5)* -30+(14,5)> - 24+

n 100
+(16,5)° -6  169+1156+2205+4687,5+5046+16335 14897 14897
100 100 100 o

2
Dy =25 (5 2 148,97 (1194)" = 148,97 — 142,564 = 6,406.
n

D, = 6,406.
0, =+/Dy =4/6,406 ~2,53.
D, =2.53.

O0YrCIIMO EHTPATBHUHN EMITIPHYHUA MOMEHT YETBEPTOTO MOPSIIKY.

o = Y(x,—%5)'n,  (6,5-11,94)" -4+ (8,5-11,94)* 16+
L= -

n 100

+(10,5-11,94)* - 20+ (12,5-11,94)* - 30+ (14,5-11,94)* - 24 +
100
+(16,5-11,94)* -6 3503,125 + 2240,55 + 85,996 + 2,95 +1030,79 +
100 100
+259424 _ 9457651 _ 4,58,
100 100
E;=fi_3- 94’584 _32 08 30832 —0.692.
oh (2,53) 40,9715
E; =-0,692.

. * . 3
Ockinbku E <0, TO BEepLIMHA 3aKOHY PO3MOJUIY BHUIAJKOBOI Be-

JUYUHY, 33JIaHOTO IMIUIBLHICTIO WMOBIpHOCTEH, OyJie MIOCKOI0, TOOTO
1€ TaK 3BAaHUU MYNnoGepuiurHuLl po3nooi.
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TeopemuyHi 3anumaHHs1 0 memu ‘)
[ J

1. JlaTu BU3HAYCHHS T€HEPATBHOI Ta BUOIPKOBOT CYKYITHOCTI.
2. 1llo Ha3uBa€ETHCS BapiaHTOM, BapiallitHUM pAAOM?
3. o Take yacToTa, BIJTHOCHA YacTOTa BapiaHT?
4. JlaTu BU3HA4YEHHSA IUCKPETHOTO CTATUCTHYHOTO PO3MOILTY
BUOIPKH.
5. Xy, Dy, Oy VIS IUCKPETHOTO CTATUCTUYHOTO PO3MOLTY BUOIPKH.
6. 1llo Take MexiaHa, MOJIa TUCKPETHOTO CTATUCTHYHOTO PO3MOALTY?
7. 1o Ha3UBA€ETHCS EMIIPUUHOIO PYHKITIEIO (KOMYIISATOI0)?
. *
8. Biactusicts F (X).
9. Illlo Ha3uBa€TbCA IHTEPBAIBHUM CTATUCTUYHHM PO3MOALIOM
BHUOIpKHU?
10. Xz, Dy, Oy I IHTEPBATBHOIO CTATHCTUYHOIO PO3MOILITY.
* .
11. Sk Bu3HawaeTbcss Me I iHTEPBAJBHOTO CTATHCTHYHOTO
po3mnojiny?
* .

12. Sk Bu3HavaeTbcss Mo Ui iHTEPBAJIBHOTO CTATHCTHYHOTO
posmominy?
13. 1o sBisie 0000 MOJITOH YaCTOT 1 BIIHOCHUX YaCcTOT?
14. 1lo Ha3uBaETHCA TICTOTPAMOIO YACTOT 1 BiTHOCHUX 4acTOT?
15. 1llo Take MOYATKOBHIA MOMEHT K-TO TIOPSIKY?
16. 1o Take neHTpaIILHUI MOMEHT k-TO TTOPSIKY?
17. AcumerTpis 1 ekcuec CTaTUCTHYHOTO PO3NOALTY BUOIPKH.
18. Illo Ha3uBaeThCS po3MaxoM, KoedillieHTOM Bapiamii?

* . . .
19. F (x) mst iHTEpBAIBHOTO CTATHCTUYHOTO PO3MOIUTY BHOIPKH.
20. 1o Ha3uBa€ThCS IBOBUMIPHUM CTAaTHCTHIHUM PO3MOIITIOM
BUOiIpku?
21. ®opmymu 1 00YKCIIEHHS OCHOBHUX YUCIIOBUX XapakTepH-
CTHK O3HaK X 1 Y A1 ABOBUMIPHOTO CTATUCTUYHOTO PO3MOILITY
BHOIPKH.

22. EMnipuyauid KOpENAIHHUA MOMEHT K;y Ta WOTO BJaCTH-
BOCTI.

23. BubipxoBuil koedilieHT KopemLii #, Ta Horo BIaCTUBOCTI.
24. lllo Ha3UBA€ETHCA YMOBHUM CTATUCTHYHHM PO3TOILIOM
Y/IX=y7

25. YMOBHI YHCIIOBI XapaKTEPUCTUKU AJISI YMOBHOTO CTAaTHCTH-
uHoro posnoxiny X /Y=y, Y/ X =x,.

26.llo Ha3MBa€ThCSd YMOBHHM CTQTUCTUYHHM PO3MOJIIOM
X/Y=y7"?

27. YMOBHI YHCIIOB] XapaKTEPUCTUKH JIJIsl YMOBHOTO CTATUCTHY-
Horo posnoxiny X /Y =y,.
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3adayi do memu

1. Ilpu BUBYEHHI BUIIaaKOBOI BeMYnHU X y pe3ynbTari 40 He3aaeKHuX
CIIOCTEPEKEHB JiCTaI BUOIPKY:

10, 13,10, 9,9, 12, 12,6,7,9, 8,9, 11, 9, 14, 13,9, 8, 8, 7, 10, 10, 11,
11,11,12, 8,7,9,10, 14, 13,8,8,9,10, 11, 11, 12, 12.

IToTpi6HO:

1. [ToOymyBaTH TUCKPETHUM CTATUCTUYHHNA PO3IIOALT JIIA I1i€l BUOIpKH, a
TAKOX TOJIroH actot i F~ (x) .

2. ObuncnmutH Xy, Gy, R, V.

3. 3maiitu Mo~, Me".
Bionogios. Xz =10, o5 =2.

2. I’sTtnecsaT abiTypi€HTIB Ha BCTYIHHX iCIIUTAX 3 iHGOPMATHKH JTiCTAIN
TaKy KiIbKicTh OaniB:

12, 14,19, 15, 14, 18, 13, 16, 17, 12,

20,17, 15,13, 17, 16, 20, 14, 14, 13,

17, 16, 15, 19, 16, 15, 18, 17, 15, 14,

16, 15, 15, 18, 15, 15, 19, 14, 16, 18,

18, 15, 15, 17, 15, 16, 16, 14, 14, 17.

IToTpi6HO:

1. TloOynyBaTH TUCKPETHUH CTaTUCTHYHUE posmoxin. Ilomiron vacror,
F'(x).

2. Obuncnuty Xy, Gy, R, V.

3. 3naitn Mo*, Me'.

Bionosios. Xz =15,78, o, =1,93.

3. Uepe3 KokKHY TOAMHY BUMIpIOBajlach Hampyra B eleKTpoMmepexi. Pe-
3yNBTaTH BUMIPIOBAaHHS HANPYTH y BOJBTAX HABEACHI y BUIIIAII CTATUCTHY-
HOTO psy:

222,219,224, 220, 218, 217, 221, 220, 215, 218, 223, 225,

220,226, 221,216,211, 219, 220, 221, 222, 218, 221, 219.

ITotpibHO:

1. IloGynyBaTH JUCKPETHUN CTATUCTUYHHUM PO3MOALI, MONIrOH 4acToT 1
F'(x).

2. Obuncnuta Xz, Oy, R, V.

3. 3uaiitu Mo, Me .

Bionogios. X =220,25, o5 =2,66.

4. 3 monoMororw pamiogaabHOMIpa OyJo 3MiHCHEHO 16 BUMIipIOBaHb O
Hiel 1 Ti€l camoi BiacraHi. Pe3ynpTaTH BUMIPIOBaHHS B METpax HaBeJCHI Y
BHTJISAJII CATUCTHYHOTO PSTY:
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201, 195, 207, 203, 191, 208, 198, 210, 204, 192, 195, 211, 206, 196, 208, 197.
ITotpibHO:
1. IloOynyBaT AMCKPETHUN CTAaTUCTHMYHHMA PO3IMOALI, MOJIrOH BiHOC-

HEX 9acToT i F (x).
2. O6umcuTH Xy, Gy, R, V.
3. 3uaiit Mo, Me'.
Bionogios. Xz =201M, 65 =13,85 m.

5. Jlnst oO4YMCIIeHHs cepeHbO1 BPOKaHOCTI 03MMOI TIIIEHUIIl X; KOOTIe-
patusHe none miomero 2000 ra Oyno mozaineHo Ha 20 piBHUX AIISHOK A;.
dakTHYHUHN yposkaid Ha KOXKHIN JUTSHIII HABEJICHO B TaOJIHUIII:

X;, 1/ra 25 30 35 40 45
n; 2 3 8 4 3
[TotpibHO:

1. Ilo6ymyBaTy MOJITOH BiTHOCHUX YacCTOT 1 KOMYJIATY.
2. OGchnHTI/I Xg» O R, V.

3. 3maiitt Mo, Me .

Bionogios. x5 =35,75u/ra, 65 =5,76 w/ra.

6. Ha KOXHY COTHIO JAeTajiel, Mo iX BUTOTOBISE I€X, Y CEPEAHBOMY
npunanae 18i 6pakoBaHi. byno nepesipeno 10 mapriit mo 100 netaneit y xo-
JKHIA. BigXuneHHsl KiTbKOCTI BUSBIICHUX OpakOBaHUX JeTaliel Bill cepej-
HBOTO X; HAaBEIEHO B TaOJINIII:

Homep | 2 3 4 5 6 7 8 9 | 10
naprii

X; -1 0 1 1 -1 1 0 -2 2 1

ITotpibHO:

1. TIoGy TyBaTH JMCKPETHIMI CTATHCTHHUHI PO3IOL, MOJroH yactoTi F (x) .
2. Obuncuti Xy, Gg, R, V.

3. 3maiitt Mo, Me .

Bionogios. x5 =0,2, o =1,233.

7. Pe3ynbTaTi BUMIpPIOBaHHS MaKCHUMAaJIbHOI MICTKOCTI X; 20-TH KOHJIEH-
caTopiB y mikodapaaax HaBeJICHO B TaOJIHIII:

17 1 18 | 19 | 20

Homep
KOHJIeHCATOpa
&}
w
N
W
=N
N
oo
K=
—_
o
—_
=
]
=
=
—_
wn
—_
=N

44 (431| 44 | 4.4 |4,65|4,56|4,71|4,54|4,36|4,56|4,31(4,42| 4,6 [4,35| 4,5 | 4,4 |4,43|4,48|4,42(4,45

x;, 1D
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IToTpiGHO:

1. [ToOymyBaTH AUCKPETHUH CTATUCTHYHWMA PO3IOJLJ, IMOJITOH BiIHOC-
HHX YacToT i F =k()c) .

2. ObuncnuTH Xy, Gy, R, V.

3. 3naitn Mo*, Me'.

Bionogios. Xz =4,4701®, 65 =1,108 01D .
8. I3 maprii OJHOTHUIHUX ammepMeTpiB N AN KOHTPOIO BifibpaHo

10 mTyk. BumiproBaHHS TIOKa3ajy TakKi BIAXWICHHS X; BiI HOMIHATY B MiJTi-
amrepax:

Howmep maprii | 1 2 3 4 5 6 7 8 9 10
X;, MA 1 3 -2 2 4 2 5 3 -2 4

IToTpi6HO:
1. TTobymyBaTH MUCKPETHUH CTATUCTHYHHM PO3MOJLI, MOJITOH YacToT 1
.
F (x).
2. O6‘-II/ICJII/ITI/I* Xg, O, R, V.
3. 3naritnt Mo , Me .

Bionogios. Xz =2 MA, o5 =2,23 MA.

9. 200 omHOTHUIIHUX JeTajel n; micis nurigpyBaHHS OyJM MiTaHi KOHT-
POJILHUM BUMIPIOBAHHSIM, PE3YJIBTATH SKHX HaBEJCHO B TaOJIMII X;:

Xj, MM 3,7 3,8 3,9 4 4,1 4,2 4,3 4,4
n; 1 22 40 79 27 26 4 1
[TotpiGHO:

. . *
1. ITo6ymyBaTH MOJIrOH BITHOCHUX YacTOT, KOMysTy, F (x) .
2. O6‘-II/ICJII/ITI/I* Xg> Og» R, V,;
3. 3naritnt Mo , Me .
Bionogios. Xz =14,34, o5 =0,039.
10. I3 maprii craneBux Kiielb, BUTOTOBJICHUX 3aBOJIOM, OyJia 3/iiCHEHA

BuOipka o6csrom 200, 1 pe3ynbTaTH BHMIPIOBaHHS TOBIIMHH IUX KUICIh X;
HABEJICHO Y BUIIIAI JUCKPETHOTO CTATHCTHYHOTO PO3MOIIITY:

— o ) o~ N — o v o~ o)) ~— on
Xis b s s s < ‘L ‘L ‘L ‘L ‘L < <
MM <t < < < < < < <t <t < <t <t
— — — — — — — — — — — —
n; 2 2 8 9 9 14 | 41 76 | 21 11 4 3
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IToTpibHO:

1. [ToOymyBaTH MOJIrOH BiTHOCHUX YacTOT 1 KOMYJIATY.
2. O6‘II/ICJ‘[I/ITI/I* Xg, Op» R, V.

3. 3natitn Mo , Me .

Bionosiov. Xz =14,34; o, =0,039.

11. Y Bigaimi TEXHIYHOTO KOHTPOIIO OyIio BuMipsiHo nmiamerpu 200 Banm-
KiB 13 IIapTii, BUTOTOBIEHOI OJHUM BEPCTATOM-aBTOMAaTOM. BinxXwuieHHs BH-
MIpSIHHX JiaMeTpiB BiJl HOMiHAIIy HaBelIEHO SIK IHTEPBAIBHUN CTATUCTUYHUI

posnoain, 1e X =X, BUMIPIOETHCS B MiKpOHaX:

2 = o % = n =

h=S5, I ) ! < " 2 - D o @

MK s i = o S - S " s v

a9 T | - - o o

n; 7 11 15 24 49 41 26 17 7 3
[TotpiGHO:

1. o6y myBaru ricrorpamy gactori F (x) .

2. O0uncnuTH Xz, Op, A:, E;, Mo*, Me .

Bionosios. Xy =43 MK; o5 =9,79 MK; A =-0,128 Mx; E, =-0,16;
Mo =3,79 mx; Me' =-1,46 Mk .

12. I3 mapTii OAHOTHITHUX CTAJCBUX OOJTIB, BATOTOBJICHUX 3aBOJIOM, OY-

na 3aiiicHena Bubipka obcsirom 200 mT. i pe3ynbTaTé BUMIPIOBaHHS X Tia-
METpIB X; HABE/ICHO Y BUTJIA/l IHTEPBAIFHOTO CTATUCTUYHOTO PO3IOALTY:

X, MM
h=2wMm

14,54—14,56
14,58—14,60

oo [14,44—14,46
© [14,46—14,48
© [14,48—14,50
= 14,50—14,52
& 114,52—14,54
™ 14,56—14,58
& |14,60—14,62
w [14,62—14,64

o [14,40—14,42
v (14,42 14,44

~
[o)}

n;

ITotpibHO:

1. o6y myBaru ricrorpamy dactoti F ().

2. O04ucIuTH Xy, Op, E;, A:, Mo, Me".

Bionogiob. Xy =14,34 mm; G, =0,039 MmM; 4. =0311 mm; E, =
=1,549 MM, Mo™ =15,34 mm, Me" =15,39 mm..

13. icna uutipyBanus 200 oJHOTUIHUX AeTanel Oyau miagnaHi KOHTPO-

JHHUM BHUMIPIOBaHHSIM, PE3YNBTATH SKHX HABEICHO y (OPMi IHTEPBaIBHOTO
CTaTHUCTUYHOT'O PO3IOALTY:
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wv w el wv) w el wv wy
= 2! o S - a el <
o o o

h=1 | | | T1 I 13117117
Val el w) vy s} wv vy w)
o ~ o] N S — o o
o o ) o < < < <

n 1 22 40 79 27 26 4 1
ITotpibHO:

1. [ToGynyBatu ricrorpamy BiIHOCHUX 4acTOT i F *(x).

2. O6uncuty Xy, Gy, E., A, Mo, Me'.

Bionosior. Xy =4,004 MM; 6, =026 Mm; A4, =0,311 mm;
E =-0,117 MM, Mo =4,38 MM, Me' =4.875 mm.

14.Y 100 oci6 Oymo BuMipsiHO 3picCT X;. Pe3ynpTaTi BUMiproBaHHS HaBe-
JICHO SIK IHTEPBaJIbHUN CTATUCTUYHHANA PO3MOILI:

N \O (=3 < 0 O O

~ ~ 0 o0 %} N O

X;, CM = = ® ® % = z

K=dem | & d J d 4 d J

=2 = = < 2 ) 2

n 10 20 30 25 10 3 2
[TotpiGHO:

1. oGynyBatu ricrorpamy uactori F (x).
2. Obuncuti Xy, Gy, E., A, Mo, Me'.

Bionosios. X, =178,88 cM, o, =98,87 cM, A, =0,0063 cm,
E. =-2,9999 cm, Mo =178,7 cm, Me =178,6 cm.
15. 1t mocmimKeHHs po3MOALTy Macl HOBOHAPOKEHUX X; Oyna 3i0pana
inpopmarris ipo 100 gitewd. Lls inpopmanis momaHa sk IHTEpBaTbHUN CTaTH-
CTHYHUH PO3MOJILI, 0 Ma€ TAKUW BUTIIS y TAaOIUYHIN (opmi:

lﬂ“ q lﬂ'\ O‘\ lfl O'\ lfl q
X;, KT — o o on on v
P S T A U Y A A I
—_ —_ o o o o < <
n 2 10 30 40 6 3 1
[TotpiGHO:

1. oGy myBaty TicTorpamy BifHOCHHX dacToT i F (x).

2. O6uncnuTH Xz, Op, E:, A:, Mo", Me".

Bionosios. X, =2915«kr, ©,=0,625«kr, A4 =-0,26, E, =0,73,
Mo" =3,11 kr, Me" =3 xr.
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16. Hucno posnajHaHb y poOOTI BEpCTaTiB-aBTOMATIB 3aBOAY MPOTITOM
POKY HaBe/ICHO y BUIIIS/l IHTEPBAILHOTO CTATUCTUYHOIO PO3MOALTY:

N ©|lew ||| X 212181983

W I T T I T T IIT T

Slo|v[e]l»l2|a|=2|2]|=2 g

n; 2 5 7 11 [ 1518 [ 26 |20 | 14 | 10 6 3
IToTpi6HO:

1. o6y myBatu ricrorpamy 4actot i komymsty F- (x).

2. O6uncuty Xy, G5, E., A, Mo, Me .

Bionosion. X, =12,58, 6, =488, 4 =-0,13, E. =-0,39, Mo =13,
Me' =11.

17. BigcoTok BUKOHAHHSI TUIAHY MiAMPUEMCTBA 32 PiK Ta KUIBKICTh ITiJII-
PHEMCTB, IO BHUKOHYIOTh IIeH IJIaH, HABEJICHO Yy BHIIAII 1HTEPBAJIHLHOTO
CTaTHUCTUYHOTO PO3MOALTY:

o |lolololo|leo|lole |8 = | &

s IFITITITIRIT180%(50T00

h=10% cleo|lole|lolaolo|le o‘ o | o

= |la|la|F|w|° | |2 | |S|=

n; 2 6 [ 13 |16 |25 | 12|10 | 8 5 3 1
ITotpibHO:

1. [loGynyBatu ricrorpaMy BiIHOCHUX YacTOT 1 KOMYJIATY F *(x)
2. O04ucnuTH Xy, Op, E:, A:, Mo, Me'.
Bionogios. Xz =58,2 %, 65 =21,21%, As* =0,0043 %,

E; =-0,22 %, Mo =54,1%, Me" =57,2 %.

s

18. KiibKicTh BHTOTOBJIEHOTO IOJIOTHA 3a 3MIHY X; TKAYaMHU HaBEICHO Y
(opMi iIHTEpPBAIBHOTO CTATUCTUYHOTO PO3MOALIY:

62,8—72,8
72,8—82,8
82,8—92,8

102,8—112,8

92,8102,8
S1112,8—122.8
©|122,8—132,8
~1[132,8—142.8

12 25 39

Ju—
o]

=
I
=)
| 52,8—62,8

IToTpi6HO:

1. oGy myBaTy TicTOrpaMy BifHOCHHX YacToT i komymsty F (x).

2. Obuncauta Xy, Op, E;, A;, Mo*, Me'.

Bionosio. Xy =93,13M; 6,=19,1m; E. =0,38; A =0,31;
Mo" =88 m; Me' =84,12m.
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19. PiBeHb BOJM X; B pivili BiTHOCHO HOMIHAIY BUMIPIOBABCS MPOTITOM
50-Tu pokiB HaBecHi. Pe3ysbpratu BUMIpIOBaHHS HaBeleHO Yy Gopmi iHTepBa-
JIBHOT'O CTATUCTHYHOTO PO3IIOJIIITY.

o0 ~ © S 3 8 & | =

TR A S O T B B

Fo |9 T T T T T

sl = 0 I © =) = 0 I\

‘\' = = SN a = = &

n; 0 2 4 6 12 16 6 3 1
IToTpi6HO:

1. o6y myBary ricrorpamy 4actot i komymsry F- (x).

2. Obuncauta Xy, Op, E;, A*S, Mo'.
Bionosio. Xy =118,lcM, o, =36,2¢cm, A, =038, E. =-0,12,

Mo’ =126,86.

20. 3aexHICTh YPOXKAWHOCTI X; SIPOBOI IMIIISHUIT BiJl KITBKOCTI OMaiB Mpo-
TSITOM BECHHU 300pakeHO y (hOpMi iIHTEpPBAIBLHOTO CTATUCTHYHOTO PO3MOILTY:

~ Nﬂ (\l.\ (\ln (\lﬁ (\l.\ (\l.\
IS S - I - T I I~
o AT T T T Tl Tl T
h=2 o (o'} c\‘, o o (o'} o o o
e o = a X e ® I
n; 5 15 20 25 30 18 8 2 1
IToTpi6HO:

1. o6y myBatu ricrorpamy 4actot i komymsry F- (x).

— * * * *
2. O6uucnutu X5, oy, £, A, Mo, Me.

Bionogios. Xz =119 1/ra, 6, =40,81/ra, AI =0,0002,
E: =-2,9999, Mo  =12,79 i/ra, Me" =11 w/ra.

21. 3anexHicTb piuHOI 3apobiTHOI miaTH Y Bij 3araJbHOrO BHUPOOITKY X
MOKA3aHO y BUIJIS/L IBOBUMIPHOTO CTATUCTHYHOI'O PO3MOLTY:

Y

X

1,5

3,5

45 55

0,82

1

0,86

0,9

N

0,94

AN | O | —

0,98

N AW

¥
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OGuucnuty 7y, y, =4,5, X, = 0,80.
Bionosios. 1y =0,783; y _, s =0,913; X ;4 =3,17.
22. 3i crapummx KiaciB Jirero Oyio BiniOpano rpymy yuHiB. [laHi npo ix

CepeIHbOPIUH] OLIHKM 3 MaTeMaTHKH X; Ta PELITH TUCLMILIIH #; (32 cToba-
JHHOIO CHCTEMOIO) HaBEICHO B TAOIIHIII:

n | 453048 |50 |52|54|51|60|62[63[65|70|71|74|76]| 68|79 ]85

x; |30 35[40 |44 |48 |55|52|65|69| 72|78 |82 |84 |8 |90 |91]|92]095

O6uncnuta K, 7.

Bionosios. K, =252,62; ry =0,903.

23. BUTrOTOBIICHI B IIeXy BTYJIKH COPTYBAJINCS 32 BiAXMICHHSIM BHYTpIII-
HbOro pgiameTrpa X 1 30BHimIHBOr0 Y. CHINBHUA CTATUCTUYHHIA PO3MOJLT
0o3Hak X1 Y HaBeneHo B TaOIUL:

Y=y, Mmm
X=xj, MM
0,002 0,004 0,006 0,008 Ny

0,01 1 3 4 2

0,02 2 2 24 10

0,03 4 15 8 3

0,04 4 6

Ty

OGuucnutu 7y, ¥, 903> Xy—0.04
Bionogios. 1z =0,141; y 43 =0,0047 Mmm; X o, = 0,029 mm.
24. 3anexHICTh piYHOI MPOMYKTUBHOCTI Mpalli B PO3paxyHKy Ha OIHOTO

poOiTHHKa Y BiJ €HEproMICTKOCTI Mpalli Ha MiANPUEMCTBI IEBHOI rarys3i mo-
Ka3aHO B TaOJIHIII:

Vi, THC. TPH/ 11,0

DoBITH, 11,6 | 12,1 | 12,7 | 132 | 13,9 | 14,1 | 14,6 | 149 | 154
’Igfégg;{ 52 |58 (159]62]69|72|75]85]88]94

IIpoooeocenns maban.

Vi, TUC. TPH/ 11,0

FOOITH, 11,6 | 12,1 [ 12,7 [ 13,2 | 13,9 | 14,1 | 14,6 | 14,9 | 15,4
’Igfégg’;{ 52|58 (596269 |72|75]|85]88 |94
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O0uyucuTu ny, 5
Bionoeios. ny =6,945; ry, =0,681.

25. Ilpu aHami3i pyadm OiCTaK Taki JaHI PO BiJCOTKOBHH BMICT Yy Hil
CBHUHIIIO Ta cpibna. Pe3ynpraTn aHami3y HaBeJIeHO B TaONIUIIi:

X=x
= 25 | 75 [ 125 | 175 | 225 | 275 | 325 | 375 | 425 | n.

) 9| —|—\—|—1|—1—1|—

6 9159 | 7| —|—|—]|—|—1]—

0 1|4 283 | — | —|—|—|—

4 — =8 2|4 | -] =] ==

s — =t e |7 |1 |1|—|—

2 — — — 1 1 8 3 - —

26 — | = = — | — 12 L el

30 =]l =]=]1=1=131]211

34 S R I A I I S R M

38 — =l === —=]=11

ny

O6uucuTH 7y, V1355 X, 4

Bionosioe. 1, =0,865; ¥, =3,32%; X,_, =50%.

26. 3aJIekKHICTh YPOIKAWHOCTI 03UMOI MIIEHUITI ); BiJ] KITBKOCTI BHECEHUX
JIOOPHB X; IOKAa3aHO B TAOJIHII:

yvowra| 10 | 12 | 14 | 16 | 18 | 20 | 22 | 24 | 26 | 28 | 30 | 32 | 34

Xis 10 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100 | 110 | 120 | 130 | 140
Kr/ra

O0uyucuTu ny, 5
Bionosiov. K, =289,23, ry =0,998.
27. 3aneKHIiCTh, MIIIHOCTI 0aBOBHSHOI'O BOJIOKHA Bij MOIr0 JOBXXHHU Bi-

JIOOPaKEHO Y BUTJISAI JBOBHMIPHOTO CTATUCTHYHOTO PO3MOJLTY BHOIPKH (B
YMOBHHUX OJIMHHIISIX):
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X=x

= 4100 | 4300 | 4500 | 4700 | 4900 | 5100 | 5300 | 5500 Ty
6,75 — 2| =] = =] =] =1=1 2
6,25 1 4 4 2 | — | — | — | — | n
5,75 — | 2 5 6 2 3| — | 26
5,25 — | 3 8 | 10 1| — | — | 24
4,75 — | — | 4 5 3 2 1| 20
425 — | = =] = =] =11 1 3
3,75 — | = =] = =] =11 1 3

ng 1 1|2t | 23 | 16 | 7 7 3 | 89

O6uuCIuTH 7y, V. _g300> X,g 25+

Bionosiov. 1y = 0,62, ¥ _s0 =598 ,_q,s = 4427.3.

28. PesysipraTé MpOBENEHOTO aHANI3y 3aJIS)KHOCTI KIJTBKOCTI MPOJaHUX
map 40JIOBIYOr0 B3YTT y; Bill HOTO PO3MIpY X; HABEACHO B TAOJIHIII:

Vi

25

38

65

95

120

140

152 | 160

165

175

180

185

190

200

Xi

45

43

42

41

40

39

38,5| 39

37,5

37

36,5

36

35,5

35

O6uucmutu K, 7.

xy?

Bionosios. ny =-157,43, r;=-0,98.

29. 3anexHICTh YpOXKAHHOCTI SIMEHIO ); BiJ KINBKOCTI BHECEHUX JI0-
OpuB Ha | ra x; HaBeJJ€HO y BUIJIAMI ABOBUMIPHOTO CTATUCTUYHOI'O PO3-
nojiny BUOipKH:

X=xj, ra/T
Y=y, wra
0,5 1 1,5 2 2,5 Ty

15,5 1 2 — — —

16,5 2 4 1 — —

17,5 — 3 6 1 —

18,5 — — 4 1 1

19,5 — — 1 2 1

Ty

41




O6unenutu 7y, y,_5, X 45

Bionosios. y . _, s =17,83; )_cy:m,s =2,29.

30. Pe3ynbTaTtu BUMipIOBaHHS YyTJIHBOCTI BiJICO y; Ta 3BYKOBOTO KaHANTIB

X; HABEJIEHO B TaOJIHIIi:

Vi 250 200 180 160 140 110 100 95 90

X; 180 230 240 250 300 320 330 340 350
Ilpooosarcenns maoa.

Vi 85 80 75 80 70 65 60 55

X; 360 370 380 390 400 410 420 430

O6unciuru K, 7.

Bionosios. ny =-3456,9, r;=-0,97.




PO3A4IIT VI

CTATUCTUYHI OLIHKMN.
CTATUCTUYHI TINOTE3U

TEMA 13. CTATUCTHUYHI OIIHKU ITAPAMETPIB
TEHEPAJIBHOI CYKYITHOCTI

1. 3aranbHa iHpopmauin

Iadopmarisi, sKy micTann Ha OCHOBI OOpOOKM BHOIPKH TIPO O3HAKY
TeHepaJIbHOI CYKYIHOCTI, 3aBX/I1 MICTUTUME NEBHI MOXUOKH, OCKUIbKU
BHOIpKa CTAaHOBUTD JIUIIIE HE3HAYHY YaCTHHY Big Hel (7 < N), T00TO 00-
CsIr BUOIPKY 3HAYHO MEHIIIHH Bifl 00CATY TeHEePaIbHOI CYKYITHOCTI.

Tomy ciix opraisyBaTi BUOIPKY Tak, 00 1s iH(popmauis Oyna
HalOUIbII MOBHOWO (BUOIpKa Mae OyTH perCSCHTaTI/IBHOIO) 1 3a0e3-
nevyBaa 3 HaOUIBIINM CTYTICHEM JOBIPH IPO MapaMeTpH IeHepaib-
HOT CYKyMHOCTI a00 3aKOH PO3MOLTY 11 O3HAKH.

IMapamerpu renepaibHoi cykymaocti M(x)= X, D, 6, Mo, Me, r,,
€ BEJIMYMHAMH CTAJIMMH, aJie iX YncIioBe 3HaueHHs HeBifgome. Lli mapamer-
DY OLIHIOKOTBCA MapaMeTpaMu BUOIPKH: Xg, Dy, Gy, Mo', Me', 7y, sKi

JcTaroTh TIpH 00poOITl BHOIpKH. BOoHY € BelMvMHaMu Henepea0avyBaHu-
MH, TOOTO BHIAIKOBUMH. CXeMaTHYHO 11e MOYKHA TIOKa3aTh Tak (puc. 115).

Q : N — obcsr reHepanbHOL A < Q : n— obesar BubipKu
CYKYIHOCTI

Puc. 115
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TyT uepe3 0 mo3HAUYEHO OIIHIOBAILHUI MapaMeTp TeHEPATbHOI Cy-
. * o .
KyIIHOCTI, a yepe3 O — HOro CTaTUCTUYHY OIIHKY, Ky Ha3UBalOTh

e cmamucmuxoro. Ilpu pomy 0 = const, a 0° — BuTaAKOBA BEH-
YWHa, [0 Ma€ MEeBHUN 3aKOH PO3MOJLTY WMOBIpHOCTEH. 3ayBaKUMO,
10 /10 peantizanii BUOIPKH KOXKHY il BapiaHTy POSIIAIAIOTE SIK BUIIAN-
KOBY BEIMYHHY, IO MA€ 3aKOH PO3MOALTY HMOBIPHOCTE!l O3HAKH IeHE-
PaIBHOI CYKYIHOCTI 3 BIATIOBIIHIMH YHCIIOBUMU XapaKTEPHUCTHKAMU:

M(x))=X; =M(x), D(x,)=D;, ofx,)=or.

2. ToukoBi CTaTUCTUYHI OLHKU NapameTpiB
reHepanbHOi CYKyNMHOCTi

CratucTnyHa OI_IiHKa G* sgKa BU3HAYA€ThCA OJHUM YHCJIIOM, TOY-

KO0, Ha3MBAETBCS MO4K060i0. bepyun 10 yBaru, mo 0" € BHIIA/IKO-
BOKO BEIMYHMHOI, TOYKOBA CTATHCTUYHA OLIHKAa MOXe OyTH 3Milile-
HOIO 1 HE3MIIIEHO0: KOJM MaTeMaTW4YHE CIIOMIBaHHS Ili€l OIIHKH
TOYHO JTOPIBHIOE OIIHIOBAIBHOMY MapameTpy 0, a came:

m(07)=0, (401)
TO 0" Ha3MBaEThCA He3MiLjeHOo0; B IPOTUBHOMY Pa3i, TOOTO KoM
M(07)=0, (402)

. * . .
TOYKOBA CTATUCTUYHA OLiHKA O HA3UBA€ETHCS 3MiUeHOI0 BIOHOCHO
napamempa 2eHepanbHoi cykynnocmi 6.

Pizuuns
*
0 -6=05 (403)
HA3UBAETbCI  3MIWEHHAM CMAMUCIUYHOT
. *
oyinku 0 .

O1iHIOBAJILHUI TapaMeTp MOXKE MaTh
KIJIbKA TOYKOBHX HE3MIIIEHUX CTaTUCTHY-
HUX OIIIHOK, [0 MOXHa 300pa3uTH Tak
(puc. 116):
Hanpuknan, nexait 0=M(X), sxka Mmae
Bl HE3MILIEHI TOYKOBI CTAaTUCTHYHI OIiH-
ku— 0, i 0,. Toxai wWinbHOCTI #iMOBipHOC-
Ter nng Gf, 9; MaTHUMYTh TaKUH BUTJISAI
(puc. 117): Puc. 116
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Puc. 117

I3 rpadikiB minbHOCTEH 6a4MMO, IO OIiHKA O TIOPIBHAHO 3 OIliH-
* .
koo 0, Mae Ty mepeBary, 110 B MajoMy OKOJi mHapamerpa 0,
f (9, )> f (62 ) 3Bincu BuruMBae, Wwo ouinka 0, yactime HabyBaTHMe
. . . *
3HAUEHHS B LIbOMY OKOJIi, HIXK OLliHKa 0, .

AJle Ha «XBOCTax» PO3MOJUTIB MAEMO 1HINY KapTUHY: OLIbIII Bif-
XHJIeHHs Bi O GydyTh cHocTepiraTMcs Al CTATUCTHYHOT OIHKU 0
yacrime, Hix ans 0. ToMy, MOPIBHIOKYM JMCTIEPCii CTATHCTHYHUX

. * . . *
ouinok 0, 0, sAK Mipy po3ciroBaHHs, 6a4MMo, M0 0, Mae MeHIy au-

. . . *
crepcito, HiX OIfiHKa 0, .

ToukoBa CTaTUCTHYHA OIIIHKA HA3MBAETHCA e@eKmugHoi0, KOIH
pu 3a7aHoMy 00cs31 BUOIpKH BOHA Ma€ MiHIMabHy aucnepcito. Ot-
K€, OLIIHKA 6; Oy/ie He3MIIIEHOO i e()eKTUBHOIO.

ToukoBa cTaTUCTHYHA OLIHKA HA3MBAETHCS IPYHIMOBHOIO, SIKIIO Y
pasi HeoOMexeHOro 36inblIeHHs o6csary BuOipku 0 HabmmKaeThes

JI0 OLIIHIOBAJILHOTO MapameTpa 6, a came:
lim P([0" —6|<d)=1. (404)

n—>0

3. MeToan BU3Ha4YeHHA TOYKOBUX
CTaTUCTUYHUX OLIHOK

[CHYIOTH TP METOAM BU3HAYEHHS TOYKOBUX CTATHUCTHYHHUX OLIHOK
JUTSI TapaMeTpiB TeHepalIbHOI CYKYITHOCTI.

Metoa anasnoriii. Lleit meton Ga3zyerbcst Ha TOMy, LIO JUIsl Mapa-
METpIiB TE€HEPaJbHOI CYKyHMHOCTI BHOHMpAalOTh Taki caMmi MapameTpu
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BUOIpKH, TOOTO st OUiHKM X =M(X), D, BUOUPAIOTH aHAJNOTi4Hi
CTaTUCTUKU — X, Dg.

Meron HaiiMeHIIMX KBaApaTiB. 3riIHO 3 UMM METOAOM CTATHC-
TUYHI OLIHKH BH3HAYAIOTHCS 3 YMOBHU MiHIMI3aIlll CyMH KBaJpaTiB Bi-
JIXVMJIEHb BApiaHT BUOIPKH Bijl CTATHCTHYHOT OLiHKM 0 .

OTOX, BUKOPHCTOBYIOYM METOJ] HalMEHIINX KBaJApaTiB, MOXKHA,
HAMPUKIAJ, BU3HAYUTH CTATHCTMYUHY OLUHKY mus X, =M(X). Hdns

. il #\2
BOTO CKOPUCTAEMOCS (PYHKIIIEIO0 u = Z( . —0 ) n,. BukopucrtoByrouu
i=0
YMOBY €KCTPEMYMY, AICTAHEMO:

Ou L .
—=-22x-0)n=0—>
00 E)( )
n n i'xint
S>> xn-Ynd = 9" =1 X,
pr =1

3Biacu 118 6=X, TOYKOBOIO CTaTHCTHYHOIO OIIHKOI Oyje
0" = x, — BUbIpKOBa cepeHs.

MeTtoa MakcuMaIbHOI IpaBaonofioHocTi. Llei meron mocinae meHT-
paibHe MicIie B TE€Opii CTAaTUCTHYHOTO OI[IHFOBaHHS napaMeTpiB 0. Ha
HBOT'O CBOro 4acy 3BepraB yBary K. I'aycc, a po3po0us ioro P. ®imep.
Lle#t MeTo PO3TIIIHEMO AOKJIA THIILIE.

Hexaii o3Haka reHepanbHOi CyKYIHOCTI X BU3HAYAETHCS JIMILE OJI-
HHM TapamMeTpoM 6 1 mae minbHiCTH IMOBIpHOCTEH f(X; 0). V pasi pea-
mi3anii BUOIpKM 3 BapiaHTaMH X, X,, ..., X, LIUIbHICTb IMOBIpHOCTEH

BUOIpKH OyJie TaKom:

Sl %00 x,,07)= f(x,,07): £(x,,07)- .- £(x,,07).  (405)

IIpn npomy BapianTH PO3IIIANAKOTECS SIK HE3aJIeXKHI BUIIA/KOBI Be-
JUYMHYU, KOTPl MarOTh OAMH 1 TOH caMuil 3aKOH PO3MOALTY, IO H
O3HaKa reHepaJIbHOI CYyKyITHOCTI X.

CyTb 1IbOTO METOMy MOJIATae B TOMY, 110, (PiKCYIOUM 3HAYEHHS Ba-
pianT X,, X,, ..., X,, BU3HA4YalOTh TaKE 3HAYEHHs mapamerpa 0, mpu
skoMy QyHKis (405) makcuMizyeThes. BoHa Ha3uBaeTbes hynkyiero
MaKcumanbHoi npagdonodionocmi 1 103HAYAETbCA TaK: L = L(e*)

Hanpuknan, Ko 03HaKa reHEpanbHO] CyKymHOCTI X' Mae HOpMa-
JBHUN 3aKOH PO3MOALTY, TO (PYHKI[iSI MAaKCUMAaJIbHOI MPaBAONOAi0OHO-
cTi Habepe TaKkoro BUIIIAAY:
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i(xf—eT)z

f(xl,xz,...,xn,ei,Gz)z%-e_ % (406)
(20, )2

pu 1boMy 3a craTMcTH4Hi ouinku 0, 0, BUOMPAIOTH Ti iX 3Ha-
YeHHS, 32 SKUX 3aj7aHa BUOIpka Oyje HalliMOBIPHIIIO, TOOTO (QyHK-
1is (406) mocsrae MaKCUMyMy.
Ha mpaxTumi 3py4so Bin ¢ynkmii (406) nepeiitu 1o ii morapudma,
a came:
In f(x,, x,, ..., x,,0;,05) =

*\2
* * n * X — 9
= L(x, x,, ..., x,, 0], 05) = —E(Inn+ln62)—%.
3rigHo 3 HEOOXiTHOK YMOBOIO €KCTpeMyMy s 1€l QyHKIii mic-
TaHEMO:
oL 1 & .
* =- * Z(xl _6]):();
00, 0, =
(407)
oL n 1 n « )2
T T oo Ty Z(xi el) =0
00, 20, 2(0;f =
3 nepioro piBHAHHA cuctemu (407) gicranemo:
o =Ly =5, (408)
n i
3 Apyroro piBHAHHSA cuctemu (407) maemo:
e;:l'i('xi_)_cB)zzDB' (409)

n =1

Otxe, mns X =M(X) TOUKOBOIO CTATUCTUYHOIO OLHKOIO € Xg
st Dy —Dyg.

BaacruBocrti x;, D,. Bumpapnena aucrepcis, BHIIpaBJICHE Ce-
pelHE KBaJpaTUYHE BiIXWICHHS. TOYKOBOK HE3MIILICHOK CTATUCTH-
YHOIO OLIHKOI0 1 X = M (X) € X.

I cpasni,

M(%,) = M g,:x’ _ Y M(x,) |YpaxoByiounrte, 0|
)= - = =
n

0 MG)=X.=a |

i
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Omxe, M(%,)= X,.
IlepeBiprMO Ha HE3MILEHICTh CTATUCTUYHY OLIHKY Dj.

n

2 ((x; - a)- (%, - a)f

M(DB)zM I Py /)

n n

— M i=l _
n
i(x, —a)f =23 (x, —a)x, —a)+ i()?B —af
- M i i=1 i=l _
n
> (x,—a) —2(%, —a)% (v, —a)+(x, —a) n
= M =L i=1 —
n
i(x —a) —2(XB —a{ixi —iaj+n()?B —a)z
— M i=l i=1 i=1 —
n
i(x,. —a)2 —2()?B —a)(n)_cB —na)+ n()?B —a)2
n
i(xi —a) -2n(x, —a) +n(x, —a)
=M= =
n
Zn:(xi _a)2
T (s, -
n
Ockimskn M(x, —a)’ = Dy, i
Sx| Low)
:1\/[(3_513_‘1)2:D(J_‘B):DL =H _—_=-—_T|=
n n n
JICTaHEMO :
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— il M X, a)2 _ il _r _
n n n
0 D _p Ly :(1—1}1 7ty
n n n n n
Takum 4MHOM, MaEMO:
n-—1
M(DB): " Dy

OTtxe, D, € TOYKOBOIO 3MIIIEHOIO CTAaTUCTUYHOIO OIIIHKOIO JUIS

n—1 . . . o R
— Koe(ilieHT 3MIIIeHHS, SKUH 3MEHITYEThCS 31 301Tb-

Dy, ne
n .
HICHHSM 00cATy BUOIPKH 7.

D

, TO JTiCTaHEMO
n— n—

Komu D, nomMHOXHTH Ha -

Toni

n .
Orxe, 1 D, 0Oyne TOYKOBOIO HE3MIILEHOK CTaTUCTUYHOO

ouinkoro st Dp. Ii Ha3Banu eunpasnenoro oucnepcicio 1 NO3HAYNIN
uepes S°.
3BiJICH TOYKOBOIO HE3MIILIIEHOIO CTATUCTUYHOIO OLIHKOW 11 D, €

w2 n
BUIIpaBJI€HA Aucepcis S :_IDB abo
n —_—

M=
M=

, n o - (xi_)?B)2 . (xi_fB)z
S = : == . (410)

n—1 n n-1

Bennunny

s=.]-D, (411)
n—1

HA3UBAIOTh GUNDAGIIEHUM CEPEOHIM KBAOPAMUUHUM GIOXULEHHAM.
Bunpasnene cepeiHe KBagpaTUuHEe BIAXUIEHHS, CI1J] HArOJIOCUTH,
Oy/e 3MIILEHOI0 TOYKOBOO CTATUCTUYHOIO OLIHKOO ISl G, OCKUIBKH
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ne k =n— 1 € KITBKICTIO CTYTICHIB CBOOOIH;

F( k+ 1)
[2 2 . :
T Koe]ilieHT 3MIIECHHS.

)

(412)

Mpuxaaa. 200 omHOTUITHUX AeTajiel Oyiu mianaHi HnTidyBaH-
HIO. Pe3ynbpTaTé BUMIpIOBaHHS HaBEACHI SK JAUCKPETHHH CTa-

TUCTUYHUHN PO3MO/LI, MOAaHUH Y TaOmuuHi popmi:

X, , MM 3,7 3,8 3,9 4,0 4,1 4,2

43

44

n; 1 22 40 79 27 26

1

4

1

3HAHTH TOYKOBi HE3MilLleHi CTATHCTHYHI OLIHKA st X, = M (x),

D..

Xz, TO 00YMCIUMO

Po36’sazanna. OCKITBKH TOYKOBOIO HE3MINICHOIO OLIHKOK 11 X €

37-1438:2243,9-40+4,0-79+41-27+4,2.26+43-4+44-1

200

_3,7+83,6+156+316+110,7+109,2+17,2+4,4 808,8

200 200

obuncimumo Dy :

Yxin,  (37)1+(38)7-22+(39)° -40+(4,0)> - 79+

n 200
+(4,1)° 27 +(4,2)* 26 +(4,3)* -4+ (4,4)° 1 _
200

50

=4,004 MmMm.

JI1si BU3HAYCHHS TOYKOBOI HE3MIIIEHOT CTATUCTHYHOI OLIHKH IS Dr




_13,69+317,68+608,4+1264 +453,87 +458,64+73,96+19,36
200

= 32096 =16,048.

2
Dy = =5 (5, = 16,048 — (4,004)" =
n
=16,048 -16,032016 =0,015984.
Toxi ToukoBa He3MillleHa CTATUCTHYHA OLIHKA 11 [, OpiBHIOBaTHMe:

e D, = 200 -0,0159842@-0,01598420,01606MM2.
n-1 200—- 199

Mpukaan. 'pannvHe HaBaHTa)XXECHHS HA CTAJIEBUH OONT X;, IO
BHUMIPIOBAJIOCH B JIA0OPATOPHUX YMOBAX, 33JIaHO SIK 1HTEPBaJIb-
HUH CTaTUCTUIHHNA PO3IIOJILNT:

“ %) " %) "
), S hE ) \n, > — S e <
v N o ) o = — — — —
Xi, KM/MM> | | | | | \ | ‘ | ‘
\n RS \n heS \n [7e) v RgS e e
n; 40 | 32 | 28 | 24 |20 | 18 | 16 | 12 | 8 4

Busnauntn TOYKOBlI HE3MiIllEH] CTATUCTHYHI OIIHKH IJIsI
X, =M(x), D;,.
Po3¢’azanna. JInsd BU3HAYCHHS TOYKOBHX HE3MIIICHHX CTATUCTHYHHX
OLIHOK X, S 2 neperieMo Bijl IHTepBabHOIO CTATHCTUYHOTO PO3MOALTY 110
JIUCKPETHOTO, SIKNH HaOUpae TaKOTO BUTIISY:

n; 40 | 32 (28 |24 |20 | 18 |16 | 12| 8 4

OGuncnumo X : n=n, =202,
. Xx/n, 5-40+6-32+7-28+8-24+9-20+10-18 +

X
w == 202
FILI6412:12413-8414:4 1620 o o
202 202
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Orke, TOYKOBAa HE3MIll[CHa CTATUCTHYHA OLiHKa M1 X =M (x),
- 2
Xg =8,02 kr/MM”.
2
Jns Bu3HayeHHs S ° o0uncaumMo Dyg:

Y ) _ (57 -40+(6)° -32+(7) - 28+(8)°-24+(9)" -20+

n 202
+(10)* 18 +(11)* 16 +(12)* - 12 +(13)° -8+ (14)° -4 14280 70,69
202 202 T
_Z(x:)zl’l,- - \2 _ 2 _ - 2
D, ==L T (5,) =70,69 - (8,02) = 70,69 — 64,32 ~ 6,37 kr/mm’.
n
st=p =202 537292 (37 64.
n—1 202-1 201

3BiicM TOYKOBAa HE3MIIIEHA CTATUCTUYHA OLiHKa i D
S? = 6,4 xr/mm>.

r €

4. 3aKoHu Posno,qiny MMoBipHOCTEN
ana xg, S5, S

Sk yke 3a3Ha4aoCs, YMCIOBI XapaKTEPUCTHKU BHUOIPKU € BHITA]I-
KOBHMH BEIIMYMHAMH, [II0 MAFOTh MIEBHI 3aKOHH PO3IOJLTYy HMOBIpHO-
creit. Tak, X, (BubipkoBa cepeHs) Ha MiJICTaBl LEHTPAIbHOI IPaHUY-
HOI TeopeMu Teopii KWMOBIpHOCTEH (Teopemu JlsmyHOBa) MaTume
HOPMAaJIbHUH 3aKOH PO3IOJILTY 3 YUCIIOBUMHU XapaKTEPUCTUKAMHU

M()_CB)ZM(M)=12M(xi)'”i =lZa-n,~ =aM=a;
n n n "

(a=M(x)=X,):
D(@:D(%j:%;
o%, )= L.

n

_ . c
OTxe, BUIAJKOBA BEIMYMHA X, MA€ 3aKOH po3moiay N (a;—rj )

Jn
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1106 BU3HAYMTH 3aKOH PO3HOALTY IS S°, HEOOXiIHO BHUSABUTH
3B’5130K Mixk S° 1 posmoaizom x”.

Hexaii o3Haka reHepaibHOI CyKymHOCTI X Ma€ HOpMaJIbHUN 3aKOH
posnoniny N(a; o). Ilpu peanizanii BUOIpKH KOKHY 3 BapiaHT X =X,
PO3TIIAAAI0Th K BUIAJKOBY BEJIMYUHY, IO TAKOXK MAa€ 3aKOH PO3IMO-
niny N(a; o). Ilpu upoMy BapiaHTH BUOIPKH € HE3aICKHUMH, TOOTO

X.—a . .
K i = 0, a BHITQAKOBA BEIMYMHA z = — BIAMOBITHO MAaTUME 3aKOH
(e)

posnozainy N(0;1).
Po3risiHeMo BMIAZOK, KOJM BapiaHTH BHOIPKM MAlOTh YacTOTH
n, =1, Toxi

Ilepeiinemo BiJ BUMAAKOBUX BEIUYUH X, X,, ..., X, 7|0 BUMAAKOBHX
BEJIMYMH V|, V,, ..., V, , 4Kl JIHIHO BUPAXKaIOThCS UEPE3 X, , & CaMe:
1

34 :ﬁ(xl _xz);
1
Y =ﬁ(x1 +x, - 2x,);

(xl +x2+x3—3x4);

2
1
Y 3.4

Vo :W(xl +)C2 +x3 +...+Xn71 —(n—l)xn),
:L(x +X, + X+t X +x)=zxi=£=x/;-)?
Y \/; 1 TX TX Tt X, TX, » \/; .

OCKiNbKM BUTNAKOBI BETMYMHH Y, € JIHIHHUMH KOMOiHAIsIMH
BUIA/IKOBUX BEIUYUH X;, TO J,, V,,..., ¥, TEK MATUMYyThb HOpMab-
HUI 3aKOH PO3MOLTY 3 YACIOBUMH XapaKTEPUCTUKAMHU:

1 1 1
M(yn:M(ﬁ(xl —mj=ﬁ<M<xl)—M(x»):ﬁ(a—a):o,
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(5 -32)|= (D) + D(x )= o* +0%)=6* = D

D<y1>=D( =

20| =0 b ) 200 )=

s

—_~
N
|
—_
~
N

n—1n
=ﬁ(a+a+a+...+a—(n—l)-a)=
n—1)n
:—(n__ll)'n((n—l)-a—(n—l)a)zo.
D(yn_l)zDL (n_ll)‘n(x1+x2+x3+....+xn_1—(n—1)xn)J:
- (n_ll)n (D(s)+ D(x, )+ D, ot Dlx, )+ (1-1F D, ) =
=(n_l).n(62+02+02+...+62+(n—1)2'02)=
:(n—ll).n((”_l)'cz+(”—1)202):
_ n-1 2 12 _(”_1)'”62_62=
_(n—l-n)(G +(n=1) )_(n—l)-n - Pr-
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OTxe, BUIIA/IKOBI BEJIMUUHH ), (i =1, n—l) MaloTh 3aKOH PO3MO/Ii-
a1y N (0; c’ )
[ToGynyemo MaTpuio 4, eIeMeHTaMu SIKOi € Koe(illleHTH TpH X,

y TiHIMHAX 3aJIEKHOCTIX IS ),
1

1
B S S T . .
4= 3 Ba B e ’ !
A A~ - R

TpaHncnoHyBaBIIY MATPUIIO A, AICTAaHEMO:
1 1 1 1 1

1 1 1
v1-2 23 N34
1

A/:AT_ 0 0
0 0
0 0 0 0 —(n-1)

7]
-t H-51-5- 5

SIkio nmepeMHoKUTH MaTpuli A1 A*, TO MaTHMEMO:

A-A" =1,
ne [ € onMHUYHA MaTPHULI.

Otxe, BUNAAKOBI BEIUYUHU ), V,, ..., ¥, BU3HAUEHI OPTOrOHAJb-
HUM I[1€PETBOPEHHSM BUINAJKOBUX BEIMYHUH X, X,, ..., X, . Y BEKTOPHO-
MaTpU4Hiil opMmi 11e MOKHA 3aITUCATH TaK:

Y X
Xy

Y=4-X, 7=|"2| X=
yn xﬂ
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3 Kypcy anredpu BioMO, IO I 4ac OPTOTOHAJIBHHUX IEPETBO-
peHb BeKTopa 30epiraeThcs HOro JOBXKHHA, TOOTO

2
X =

1

2

Vi

‘M*
M=

1

1 4

Toni 3 popmynu aus S* miCTaHEMO:
(n-1)S* = Z(xl. —;)2 =>x'—-n (;)2
i=1 i=1
Ockinbku v, = Jn X,
Jaini 004nCINMO:

(n-1)52 =Sx2—nlef =$y2-y2 =52 4y2 -2 =52
i=1 i=1 i=1 i=1

Orxe, MaeEMO (n-1)S* = ”i(yf) (413)

i=1
. . . 2 .
Konu noainumo miBy 1 npaBy yactunu (413) Ha ¢°, TO JiCTaHEMO

Ockinbku y, Mae 3aKoH posnofiny N (0; o), 10 YL marume saxon
c

posnozainy N(0; 1), ToOTO HOpMOBaHM HOPMaJTHHHUIA 3aKOH.
Topni BUMaaKoBa BeIMIMHA

n—1 nlfy ’

. L
2 -S = [—j
c

i=1\' O

MaTuMe po3nodin x” i3 k = n — 1 cTyneHaMu cBOOOAM.

. n—1
3BiJICM BHUIUIMBAE, IO BHUIAJKOBA BEIMYMHA ——S MaTUME PoO-
c
3MOAIT ¥ 13 kK =n— 1 cTyneHsMu cBOOOH.

TakuMm YHHOM, TOBEIEHO:
BUIIAJKOBA BEJIMYUHA X, ~ N (a; b), TYT CHMBOJ ~ MOTPIOHO YnTa-
TH «PO3TOIICHA SK»;

2
n—1
BUITAJIKOBA BEJIMYHMHA S ~ MGZ;
n—1
x(n—1)
BUIIAJIKOBA BeIUYnHA S ~ “——0C
n—1
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5. IHTepBanbHi CTaTUCTUYHI OLiHKM
AnA napamMmeTpiB reHepanbHOI CYKYNHOCTi

ToYykOBI CTATUCTHYHI OIIHKA O € BHMAAKOBUMH BEJIWYHHAMH, a

TOMy HabmmKeHa 3aMiHa O Ha 0 9acTO MPU3BOIMTH 0 iICTOTHHX MO-
XHOOK, 0OCOOJIMBO KOJIH 00CAT BUOIPKH Majiid. Y IIbOMY pa3i 3aCTOCO-
BYIOTh IHTEpBaJIbHI CTATUCTHYHI OIIIHKH.

CraTucTHYHA OIIHKA, 0 BU3HAYAETHCS ABOMA YHUCIAMH, KiHIIMH
IHTEpBaJIiB, HA3UBAETHCS IHMEPBATILHOIO.

Pi3HMIS Mi’X CTATHCTHYHOIO OI[iHKOI O Ta ii OIiHIOBAIBHAM Ma-

pameTpom 6, B3sdTa 32 aOCOTIOTHUM 3HAYCHHSM, HA3UBAETHCS MOYHI-
Ccmio OYiHKU, a came:

0" 0] <3, (414)

Iie O € TOYHICTIO OLIIHKH.
Ockinbku 0 € BUMAZKOBOIO BETMYMHOIO, TO i & Oy/ie BUMAIKOBOIO,
TOMY HepiBHICTb (414) cipaBIKyBaTUMETHCS 3 TIEBHOIO KMOBIPHICTIO.
IMOBipHICTB, 3 sIKO¥O OepeTbest HepiBHICTH (414), TOOTO
Plo -6|<s)=7, (415)

HA3UBAIOTh HAQIUHICMIO.
PiBuicth (415) MoXHa 3amucaTu Tak:

PO -5<0<0°+3)=y. (416)

InTepBan [6* -3, 0" + 6] , TII0 TIOKPUBAE OIIHIOBAHUH mapamerp 0 re-
HepaJIbHOI CYKYIHOCTI 3 33JJaHO0 HAJIIHICTIO Y, HA3UBAIOTh 00GIPUUM.

6. MobynoBa goBipyoro iHTepBany
ana X, npu BiAOMOMY 3Ha4eHHi O
i3 3apaHol0 HadiMHICTIO Y
Hexali o3naka X reHepanbHOi CyKyITHOCTI Ma€ HOPMalIbHUK 3aKOH
posnoainy. [Tobynyemo noBipuuii iHTepBan anst X, 3HalOUK YUCIOBE

3HAYEHHS CEepEeIHbOr0 KBAJPATUYHOTO BIIXWMJICHHS I'€HEPAJIbHOI Cy-
KyIHOCTI G, 13 3a/IaHOI0 HaAIHHICTIO Y. OCKUIBKH X, K TOUKOBA He-

3MillleHa CTaTUCTUYHA OLiHKa At X, =M (x) Ma€ HOpMaJbHUU 3a-
KOH PO3MOJALTY 3 YHUCIOBHUMHM XapakTepucTukamu M ()_CB)= X =a,

— c .
G(xB) = T; , TO, CKOpHCTaBIINCH (416), nicTaneMo
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P(%, —d|<8)=7. (417)
BI/IHa,I[KOBa BCIINMYKWHA )?B —a Maec HOpMaﬂBHI/IfI 3aKOH pOSHOI[iJ'Iy 3

YHCJIOBUMH XapAKTEPUCTUKAMU
M()?B —a): M()?B)—a =

X,—a . . )
Tomy —2 MaTUME€ HOPMOBAHUN HOPMaJIbHUN 3aKOH PO3MOILITY
r
Jn
N(O; 1).
) .. 5
3Biacu piBHICTH (417) MOXKHA 3amucaTH, HA3HAYMBIIA —— = X, TaK:
Or
N
X, —a
e <x|=v (418)
GF

abo
X-G X-c
Pl X, ——F—<a<Xs+—— |=7.
( B \/; B \/; J Y
3rinHo 3 GOpMYII0I0 HOPMOBAHOTO HOPMAIILHOTO 3aKOHY
P(x —d| <8)=2a(5)
1utst (418) BoHa HaOMpae TAKOTO BUTIISTY

Xg—a
Sr
n

3 piBHOCTI (419) 3HaX0MMO apryMEHTH X, a CaMe:
20(x )=y — @(x)=0,5y.
ApryMeHT x 3HaxonuMmo 3a 3HaueHHsM ¢yHkmii Jlamnaca, sika qo-

piBHtoe 0,5 y 3a Tabnuuero (104aTOK 2).

P

<x|=20(x)=y. (419)
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OTxe, 1OBiIpUni IHTEPBAJ JOPIBHIOBATHME:!

¥y - Ol g <X, + 20 (420)

N n

10 MO>KHA 300pa3uTH YMOBHO Ha puc. 118.

Xr=a

Puc. 118

X-Cp . .
Bennuuna T HA3MBAETBCS MOYHICMIO OYIHKU, aD0 nOXUOKOI0
n

subIpKu.

Mpuxaaa. Bumipssimum 40 BUNIaAKOBO BiiOpaHUX ITiCIS BUTO-
TOBJICHHS JIeTaliel, 3HAHIIM BUOIPKOBY CEpEHIO, IO JOPiB-
HIo€ 15 oM. I3 HagifiHicTIO ¥ = 0,99 moOynyBaTtu moBipuwii iH-
TepBaJl AJisl cepellHbOi BEIMYMHH BCi€l MapTii AeTajei, Ko
. . 2
renepajibna aucnepcis gopisaroe 0,09 cm” .
Po3¢’azanna. JIng noOynoBu NOBIpYOro iHTEpBalXy HEOOXiAHO 3HATHU!
Xg, Op, N, X.

3 ymoBH 3aj1a4i MaeMo: X, =15 ¢M, o =4/Dp =4/0,09cm” = 0,3 ¢em,
n=40 — n=+40= 6,32. BenuunHa x OOUUCITIOETHCS 3 PIBHIHHS

@(x)=0,5y=0,5-0,99 = 0,495.
@(x)=0,495 — x = 2,58 [3a Tabmuuero 3Ha4ensb GpyHkuii Jamnaca].

3HalIeMO YMCIIOBI 3HAYCHHS KiHI[IB JIOBIpYOTO iHTEpBaYy:

7,00 15 03298 15 615 1a880m
n 6,32

X, L O X _ 15+M= 15+0,12=15,12 c™m.
n 6,32

Takum 4MHOM, MAEMO:

14,88 < X, <15,12.
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Orxe, 3 HaxiiuicTIO 0,99 (99% rapanrii) ouintoBanuii mapamerp X
nepeOyBae ycepeauHi intepsainy [14,87; 15,13].

Ipuknaa. Maemo Taki JaHi Ipo PO3MipH OCHOBHHX (DOHIIB
(y mutH TpH.) Ha 30-TH BUIIAAKOBO BUOPAHUX IMiIPUEMCTBAX:
4,2;2,4;4,9;6,7;4,5; 2,7, 3.,9; 2,1; 5,8; 4,0;
2,8;7,8; 4,4; 6,6; 2,0; 6,2; 7,0; 8,1; 0,7,; 6,8;
9.4; 7,6; 6,3; 8,8; 6,5; 1,4; 4,6; 2,0; 7,2; 9,1.
[oGynyBatn iHTEpBaIBHUAN CTATUCTHYHHI PO3IIOALT i3 JOBXKHHOIO KPOKY
h =2 MIH TpH.

3 wapiitaictio ¥ =0,999 3naiiTu noBipumii iHTepBan it X, SKIIO
O = 5 MIIH I'DH.

Po36’azanns. lTHTEpBaTBLHUN CTATUCTUYIHUN PO3MOALT OyJIe TAKUM:

h =2 MJIH IpH.

24

4—6

6—8

&—10

n;

9

7

10

4

J1d BU3HAUEGHHS X, HEOOXiJHO MOOYyIyBaTH JUCKPETHUI CTaTUCTUYHUM
PO3MOI, 0 MA€E TAKUW BUTIIS:

x; 3 5 7 9
n 9 7 10 4
n=yn,=30.
Tomi
< 3 xn, _3-9+5-7+7-1049-4 _27+35+70+36 _
i n 30 30
_168

= 5,6 MJIH TpH.

30

s mobymoBu ITOBipUOTO iHTEpBay i3 3amaHoro HamikHicTio Y = 0,999
HeoOX1IHO 3HAWTH X:

@(x)=0,5y=0,5-0,999 = 0,4995 — x ~ 3,4.

OO06uuCIII0EMO KiHIII iHTepBaTY:

_  XGOp 34-5 34-5
Xp———=56—"—=5,6-— =5,6—-3,1=2,5 MITH TpH.
Podn V30 55 b

_  XOp 34-5 34-5

X +f:5’6+ﬁ_5’6+?:5’6+3’1:8’7 MJIH I'pH.

b

OTKe, DOBipYMii iHTEPBA IS X r Oyme 2,5< X r <87.
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Mpuxaaa. SIkoro 3HaYCHHS Mae HaOyBaTH HAIIWHICTH OI[IHKU
v, 00 3a o0csry Bubipku #n = 100 moxuOka i He epeBUIyBa-

1a 0,01 mpu 6. =35.

Po3é’azanna. IlozHaunMo noxubKy BUOIpKH

XOop o eln _0,014/100 _ 0,01-10 _ oo
\/; O 5 5
Jam maemo:
PP < x | = 200(x) = 20(0,02) = 2-0,008 = 0,016.
Sr

n

SIk 0aunMo, HaIIHHICTh MaJa.

Mpuxnan. BuzHauutu oOcsr BUOIpKU 7, 32 SKOTO IMOXHOKa
€ =0,01 rapanryetbes 3 imoBipaicTio 0,999, skmo . =5.

Xy —a

Po3¢’azanna. 3a ymosoro 3agaui P <x|=7=0,999. Ockins-

r

n

. BenmuuuHy X 3HaX0JMMO 3 PiBHOCTI

2. 2

XGp. . Xc

KU \/_ =€, TO JIiCTaHEMO: 11 = —— L
n €

2 g2
?(x)=0,57=0,5-0,999=0,4995— x ~3,4. Toni n= % =2890 000,

7. Nobynoea posipyoro iHTepBany
ana X, npu HeBiAOMOMY 3Ha4eHHi O

i3 3apaHol0 HadiMHICTIO Y

Jna manux BUOIpOK, 3 SKMMM CTHKA€EMOCS, AOCTIIKYIOUM Pi3HI
O3HAKM B TEXHIilll YU CUIBCBKOMY TOCIIOAApCTBi, JJISI OLIHIOBAHHS

X, =a Tpu HEBIIOMOMY 3HAa4€HHI G, HEMOXJIMBO CKOPHCTaTUCH

HOPMaJIbHUM 3aKOHOM posmnoaity. Tomy s moOy0BH JOBIPUOTO iH-
TepBaJly 3aCTOCOBY€EThCS BUNAAKOBA BEJIMYMHA
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Sl (421)

Jn
mo mMae po3noain CTerofeHTa 3 k =n—1 cryneHsMu cBoOoIu.
Toni (421) Habupae TaKOTO BUTIIATY:

pl a4

n

.S S t
<t =P cacx, + 22 =2{f(t)=",
' " Vn P dn)

ockinbku f(¢) ams posnoniny CTeioienTa € GyHKIi€0 MapHoIo.
OOuucIUBIIY 32 JaHUM CTaTUCTHYHUM PO3MOALIOM X, S 1 BU3Ha-
YMBLIM 32 Tabiuuero posnoiny CTbioJeHTa 3HAYEHHS £, , Oy1yeMo
JOBIpYMil IHTEpPBAT
)?B—ﬁ<a<7c3+£.
n n

Tyr ¢, (v, k=n—1) obumcimoeMo 3a 3a1aH0I0 HaiiHICTIO ¥ i unC-

(422)

JIOM CTYTIEHIB cBOOOAM k =n—1 3a Tabmuuero (mogatok 3).

Ipuknan. BunaakoBo BuOpaHa mapTis 3 IBAALSATH IPHIAAIB
Oyna BumpoOyBaHa LIOJO0 TepMiHy Oe3BigKazHOi poOOTH KOXK-
HOTO 3 HEX f;. Pe3ynpraté BHUIpOOyBaHb HAaBEACHO Y BUTIIAAL
IMCKPETHOTO CTATHCTHYHOTO PO3IIOJILTY:

4 100 170 240 310 380

n; 2 5 10 2 1

3 mamgidiaicTio Y = 0,99 nmobymyBatu moBipumii iHTEpBaT AT «a» (cepen-
HBOTr0 Yacy 0e3BiIka3HOT poOOTH NpUiIaLy).

Po3é’azanna. J1ns noOynoBU NOBIpYOro iHTEpBaly HEOOXiTHO 3HAWTH
cepeHe BUOIPKOBE 1 BUIPABIICHE CEPEIHE KBAJIPATHYHE BiIXHIICHHS.

OGuucIuMo Xy :

7 _ 2tn, 100-2+170-5+240-10+310-2+380-1 4450
= = =
n 20

Omxe, gicramu X, = 222,5 rof.

=2225.
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Busnaunmo Dg:

Ytin, 1007 -2+170° -5+240° -10+310° - 2+380° -1 1077100

i

n 20 20
2
p, = Zln —(x, ) =53855-(222,5) =53855-49 506,25 = 4348,75.

B
n

=53855.

Omxe, Dg = 4348,75.
BumnpasneHe cepenHe KBajjpaTUYHE BiIXUICHHS JOPiBHIOBATHME:

S =\/ " _p, = \/A~4348,75 ~ 67,66 ronL.
1 20-1

t
3a raGmuuero 3uadeHs | f(x)dr=v=0,99 (nomarok 3) posnoiny Crbro-

0
IeHTa 3a 3amaHoro Haxiimictio Y =0,99 1 gucmoM crymeHiB cBoOOAM
k =n—-1=20-1=19 snaxomumo 3nauenns #(y =099,k =19)= 2,861.
OO0YHUCIMMO KiHIII JOBIPYOTO IHTEPBAITY:

¢S 2,861-67,66 _2,861-67,66

Xy =2225- 2002 _09p 5 2270002 179 2 o,
P odn V20 4,472
(S : .
%, 402 00054 28010789 g 5, ZBOLOT00 o658 rom,

n V20 4,472

OTxe, 3 HagidHicTIO Y = 0,99 MOXHaA CTBEpIKYyBaTH, IO X - =a O6yne

MICTUTHCS B iHTEpBai
179,2 <a <265,8.

IIpu Benukux obcsirax BHOIpkH, a came: # > 30, Ha mifcTaBi IEHTpab-
HOI TPaHUYHOI TeopeMH Teopii WMoBipHOCTEH (Teopemu JlamyHOBa) po3mo-
ain CrprofieHTa HaOMIMKAETHCS 10 HOPMAIBHOTO 3aKOHY. Y LbOMy pasi f,

3HAXOUTHCA 3a TAOJHIICIO 3HaUeHb (yHKIiT Jlamnaca.

Hpuxaaa. Y Tabnuili HaBeJCHO BIIXHUIICHHS JiaMETpPiB BaJU-
KiB, 0OpOOJICHUX Ha BEPCTaTi, BiJi HOMIHAJIBHOTO PO3MIpY:

h=5mk | 0—5 5—10 [ 10—15 | 15—20 | 20—25
n; 15 75 100 50 10

I3 magiitricTio Y =0,99 mnoOyxyBatu moBipunii iHTEpBaN VIS

X, =a.
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Po3é¢’azanna. JIns noOynoBH JTOBIPYOro IHTEpBaly HEOOXITHO 3HAWTH
Xg, S,

s 1poro Bijl IHTEPBAIBHOTO CTATUCTHYHOTO PO3MO/LTY, HABEACHOTO B
YMOBI 3aJ1a4i, HEOOXIHO TIEPEHTH 10 TUCKPETHOTO, a CaMe:

*

X 2,5 7,5 12,5 17,5 22,5

1

n; 15 75 100 50 10

OO6uncauMo Xj :

Xg =M=|chinm<n n=yn, =250/=

n

2,5-1547,5-75+12,5-100+17,5-50 +22,5-10
250

37,5+562,5+1250+875+225 2950

250 250

=1L8.

Orxe, X =118 MK.
Bu3naunmo Dg:

S Fn (257 15+(7,57 75+(12,5) 100+ (17,5) -50+(22,5) 10 _

1

n 250
_93,75+4218,75+15625+15312,5+5062,5 403125

250

=161,25.

2
D :M—(XBY =161,25-(11,8) =161,25-139,24 = 22,01.
n

O0uncIIMO BUIIPABJICHE CCPECAHE KBAAPATUIHEC Bi,Z[XI/IJ'IeHHH S:

n 250
S=,—D, :\/ 22,01 = 4,7 mx.
n—1 250-1
3 oAy Ha Benmkuid (n = 250) oOcsr BUOIPKU MOKHA BBaXKaTH, IO PO-
snoail CTelofieHTa OJIM3BKUI 10 HOPMAJIBHOTO 3aKOHY. Toji 3a Tabmuiero
3HaueHHs GyHkIii Jlamraca

o(t,)=0,495 1, =2,58.

OO0YNCIIMO KiHIII IHTEpBaiB:
t S . .
2 18— 2,58-4,7 3 2,58-4,7

s 118
B J250 15,8
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t.S : .
XB+;L_:1L8+258AL7:1,8+2§8A£7
V250 15,8

n

OTOX, MOBIpYMI IHTEpBAN I CEPEeIHHOTO 3HAYCHHS BiIXHJIICHb Oyje
TaKUM:

=11,8+0,77 =12,57 MKk.

11,03<a<12,57.

3pimcu 3 wagidHicTIo Y =0,99 (99%) MOXHA CTBEpIKYBaTH, IO
a € [11,03 mxk; 12,57 MK].

8. MobynoBa goBipunx iHTepBanis
i3 3apaHotlo HagivHicTio Y ana D, o,

VY pasi, konu o3Haka X Mae HOPMaJIbHUN 3aKOH PO3MOALTY, Ui
noOyJ0BU JOBIpYOro IHTEpBANY 13 3aJaHOK HAMIMHICTIO Yy IS
D,, 6,3aCTOCOBYEMO BUIAJKOBY BEIHUUHY

n—1
v = S?, (423)

2
Gl'

1110 Ma€ po3HoiT y * i3 k =n—1 cTyneHAMH CBOOOIH.
OCKUIBKH BUIIAIKOBI HOMIIT

1 1 1
A(x2 <y’ <x2) i B(—<—<—j
‘ R VER
€ piBHOIMOBIpHIMH, TO6TO iX iMoBipHOCTI piBHi (P(4)= P(B)), Maemo:

1 1 1
Pl <y <% :P[—<—<—J. (424)
b ) wnor

. n—1 .
Iixcrasmsroun B (424) x> =——S?, nicranemo
c

:PP%<_;ﬁ;_<iJ:}{QCiEi<G2<QCiEiJ=%



OTtxe, TOBipYHil IHTEPBAI JJIs 0? = D, MaTume BUIJISA:

2 2
ln=1)s* _Xlz)s <D, < ln=1)s* _Xlz)s : (425)
2 1

Toni noBipunii inTepBan i G, BUIUIUBAE 13 (425) 1 Oyne TakuM:
S«/n—1<GF<S n—l.
X2 X

3HaueHHs ., y; 3HAXOAMMO 3a TAabJMIEr (I0JaToK 4) 3rijHo 3
PIBHOCTSIMH:

(426)

Pl >)=1-5: (427)

o
Pl >22)=2. (428)
e a=1-vy.
Mpuxnan. IlepeBipeHa maptis OJHOTHUITHHX TEJIEBI3OPIB X; Ha

YYTJIMBICTH JIO BiJIEONIPOTpaM #;, JaHi MEPEBIpKA HABEICHO SIK
JUCKPETHUH CTATUCTUYHUK PO3MOILI:

n, MkB | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 550
X; 2 5 6 7 5 2 2 1

3 nagiiinicTio Y =0,99 noOynyBaru noBipdi iHTepBanu st
D, ,c..

Po3é’azanna. J1ns noOynoBH JOBIpYMX IHTEpBaliB HEOOXIJHO 3HAUTH
2
sHauenns S°, S.
OG6uucnuMO 3Ha4eHHs X

)_CB:¥=|T3K$IKVI=ZI’II-=3O|=

~200-2+250-5+300-6+350-7+400-5+450-2+500-2+550-1
30
_400+1250+1800+ 2450+ 2000+900+1000+ 550 10350
30

=345 MKB.
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O6unciumo Dg:

l 1z

n 30

+(400)” - 5+(450)” -2 +(500)” - 2 +(550)° -1
30 -
80 000 +312 500+ 540 000 +857 500+ 800 000 + 405 000 +
B 30
+500 000+ 302 500 _ 3797500
30

>x2n,  (200)*-2+(250)"-5+(300)" -6 +(350)> -7 +

=1265833.

2
D, = m—(ﬁB )y =126583,3—(345) =126583,3 119025 = 7558,3.
n
Omxe, Dy = 7558,3 [MKB]’ .
Bumnpasiena aucnepcis 1 BUNpaBIeHE CEPeAHE KBAAPATUUHE BiAXHUICHHS
JOPiBHIOBATHMYTb:

s2=—" p =39 75583-30 75583 - 78180 (s ]
n-1 30-1 29

S = LIDB — /78189 ~ 88,42 M.
n_

Ockimeku o =1-y=1-0,99 =0,01, To 3rimHo 3 (427), (428) 3Haxonu-

2 2
MO 3HA4Y€HHA X, , X, , a caMe:

P(y? >xf)=1—%=1—0’701=1—0,005=0,995.

Pl »22)-2 =20

=0,005.

3a tabnuiero (101aToK 4) 3HaAXOAUMO:
%7(0,995; k = m —1)=%7(0,995; k =29)=14,3.
%2(0,005; k =29)=52.5.
O6uncnnmo KiHIi 1oBipyoro inTeppany 1 Dy :

nlge o 2 78189-431901;
x5 52,5
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n g 2 081892158565
X 14,3
Orxe, noBipunii iHTepBan 111 D Oyne Takum:

4319,0 < D, <15856,5.

JoBipuuii iHTepBan i G CTaHOBHUTH

68,3 <o, <130,83.

JloBipuuii iHTepBaa AJs G, MOXHa MOOYyIyBaTu i3 3a/JaHOI0 Ha-
JIMHICTIO Y, y3SBIIN PO3MOILI X .
OckipKH

Plo, - S|<38)=7, (429)
TO PIBHICTH (429) MOXHA 3aMHACaTH TaK:
P(S-8<o,<S+8)=y

-t

) .
[To3nauuBiIN 5 = ¢, OICTAHEMO

abo

P(S(1-g) <o, <S(1+q))=v,

1100 3HANTH ¢, BI3bMEMO BUIIAJKOBY BEITUUUHY
X:i\/n—l, (430)
GF

10 Ma€ PO3MOILT y (Xi-pO3MOJILN).
VYpaxoByrouu Te, 110 MOIii

AS(-g)<o, <S(+q)) i B((;<L<;]

S(+q) o  S(-q)

npu g < 1 € piBHOMOBIpHUMH, MAEMO:

P(S(1-¢)< o, <S(1+q))=P[(;<L<;J.

S(+q) o, S(-gq)
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SIKII0 TTOMHOKHUTH BCI WIEHHW TOABIHHOI HEpiBHOCTI <
S(1+q)
<L< Ha S+vn—1, TO micTaHEMO:
o S(l-q)
Vn—1 S Vn—1
P(S(1-¢g)<o.<S(l+q))=P| ——<—A+n-1< =
(( ‘J) r ( ‘1)) (S(l+q) o, S(l—q)
n-1
Jn — Jn — 1-¢q
—p Y 1<X< nol)_ [f(t)dt=7.
I+g l-q ) v
l+g
3Bigcu MaeMo:
P(S(-¢g)<o.<S(1+q))=
Gt
N N I=q 431
=P( " 1<)(< " ljz [ f(t)dt=r. (431)
I+g¢g 1-¢q =

3 piBHsHHA (431) 3a 3a1aHO0I0 HAMIHICTIO Y 1 00csTOM BUOIp-
KM 7 3HAXOJIMMO 3a Tabuiumero (JoIaTok 5) 3HAYEHHS BEIMYUHH

q(v; n). .
JloBipuwmii iHTEpBaI OyJIC TAKHM:

S(-g(y;n))<o, <S(1+q(y;n)). (432)

Mpuxnan. 3 vHagiitaictio vy =0,99 moOyaysatu JA0Bipunii iH-
TepBan i Op.. Sxmo S =45, n=30.

Po3é’azanna. [Ins nobynoBu A0BIpUOro iHTEpBaTy OOYHCIMMO 3HAYEH-
HS q(y; n) 3a Tabmurero (momatok 5). (Y =0,99 ; n=30) = 0,43.
Busnauumo KiHIli iHTepBaly:

S(U-g(y;n))=4,501-0,43)=4,5-0,57 = 2,565;
S(1+¢(y;n))=4,5(1+0,43) = 4,5-1,43 = 6,435.
Orxe, noBipunii iHTepBaN VI G 3 HagiiHicTIo ¥ = 0,99 Oyne TakuM:

2,565 <o <6,435.
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9. Nobynoea aoBipyoro iHTepBany
ANA Iy, reHepanbHOI CYKYNHOCTi
i3 3apaHol0 HaAinHICTIO Y

Sk BenMuMHA, OJlepXKaHa 3a pe3ysibTaTaMu BUOIPKHU, 7, € BUIIA-
KOBOIO 1 SIBJISIE COO0I0 TOYKOBY HE3MIIIEHY CTATUCTHYHY OIIHKY JUIS
Ty (M (rB) =r, )

BI/IHpaBJ'IeHe CCpCAHE KBAAPATUIHC Bi,I[XI/IJ'IeHHH AT g

2
1-r,
Jn

Jlns moOy/i0BM OBIpYOro iHTEpBaTy IS 7, BUKOPUCTOBYETHCS
BUIIAIKOBA BEJIMYMHA

S =

(433)

L g —ry T3 =Ty (434)
v G(rB) 1-rg ’

Jn

10 Ma€ HOPMOBAHUI HOpMaJIbHUI 3aKoH po3nozairy N(0; 1).
Cxkopucrapmuch (434), nicranemo

2 2

Ty — 7. 1-r 1-r
P B—;‘V<xy =Pl rg—t, B<rxy<rB—tY L =y=2<1§(xy)
1-r4 Jn Jn
Jn
OTxe, TOBipUMil IHTEPBAI JJIs Yy OyJie TaKuM:
1-7 -7
s —t, Tn <r, <rg+t, , (435)

3

e ¢, 3HaX0IUMO 3 PIBHOCTI
@(x,)=0,5y

3a Tabnuuero 3Hadenb Gynkuii Jlamnaca.

IIpuknan. BunaakoBo BUOpaHUX CTYAEHTIB i3 MOTOKY YHiBep-
cuTeTy OyJI0 MiAJaHO TECTyBaHHIO 3 MAaTeMaTWKH 1 Ximii. Pe-
3yJIBTATH ITUX TECTYBaHb MOJAHO JTBOBUMIPHUM CTATHCTUYHUM

posmozinom, ie X = X, — OIIHKH 3 MaTeMaTHKH, ¥ =y, — i3
XiMii. Biamosini oniHIOBAIUCA 3a AECATUOAUTEHOK CUCTEMOIO:
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X=x;
Y=y

5 7 9 n,
1 2 2 1 — — 5
3 1 1 — 4
5 — — 1 2 3 6
7 — — 1 1 4 6
9 — — 2 3 4 9

n,, 3 3 6 7 11
HeoOxinHo:

1) 3 magiitHicTiIo Y = 0,99 moOymyBaTu moBipumii iHTEpBaN I
X;,akmo o =5;

2) 3 HagiitaicTio Y = 0,999 moOymyBaTtu HOBipdYi iHTEpBAIU IS
Y, 7

G, Vi 7y

re
Po3¢’a3anna. OOYNCITUMO OCHOBHI YHCJIOBI XapaKTEPHCTUKU O3HAK X 1
* . .
Y, arakox K, 1y . Ockinbku n=3 % n, =30, nicranemo:

xy 2

XXM, 1.343.345-6+7-7+9-11

= =6,33;
n 30
Zx,-znxj_12.3+32.3+52-6+72.7+92-11_4713
p 30 T
Z‘xinx»
D, ==——~(x) =47,13-(6,33) = 47.13-40,07 = 7,06;
n
6. =+/D, =+/7,06 = 2,66.
S, = iDﬁ\/&Zomzﬂ-
n—1 29
n . . . . .
y:Zy, v _1-5+3-445-6+7-6+9 9:5,67‘
n 30
2}’1 2, 2, 2, 2, 2,
2V v 1754374457 -6+7-6+9 9:40’47.
n 30
D _Zyin, (7) =40,47 - (5,67)° = 40,47 —32,15=8,32
y_T_ y) = ) —\ - ’ - sl — Oy J4.
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o, =D, =832 ~288.

S =\/ " D :\/£8,32z2,93.
" Vu-1" V29

X2y Xin,  1-2:1+1-2:3+1-1-5+3-1-1+3-1-3+3-1-5+3-1-7 +

n 30
+51-545-2-745-3:947-1.5+7-1-7+7-4-9+
30
+9-2-5+9-3-7+9-4-9_41
30 '
* ixini PR —
ny:L—x-y:41—6,33-5,67:41—35,89:5,11.
n
K*
__ K s11 511 0,667,

B

6,0, 266-28 7,661

1. TloGyxyeMo foBipumii inTepsan 3 Haxiiinicrio v =0,99 mms X > AK-
mo o = 35.

_ XOp = __  XOp

X,——F— < X . <X, +——.

L Y

Hawm Binowmi 3HaueHHs X =X =6,33, 6. =35, \/_ =+/30 =5,48. 3ua-

YeHHSI X OOYHCITFOEMO 3 PIBHSHHS

@(x)=0,5y=0,5-0,99 = 0,495,

ne x = 2,58 3HaxoauMo 3a Tabnuiero 3HaueHb QpyHkuii Jlammaca.
Bu3Haunmo KiHI iHTEpBAITY:

_  XGp. _ XO; 2,58-5
Xp——F—=X3———=0633——"—"—
dn P e 5,48

_  XCp _  XOp — 6334 2,58-5

Xg+——==x5 +
Poodn P e 5,48

OTxe, TOBIpYHI IHTEPBAT IS X  Oyze Takum:

3,98 < X, <8,68.

=6,33-2,35=3,98;

=6,33+2,35=28,68.

2. ITobynyemo noBipumii iHTepBai 3 HafiiHicTIO ¥ = 0,999 s 7F
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OckinpkM G HaM He BilloMe, TO JOBipYuii iHTEpBan y 1bOMY pa3i BHU-
3HAYAETHCS TaK:

L
b Jn

<Y <yg+
Ham Binome snauenns y, =y =567, §, =293, ¢

¥ 3HaxXoaAuMoO 3a

Tadmuero po3noairy CteroeHTa (101aToK 3).
1(y=0,999, k =29)=13,659.

OO6YHCIIMMO KiHIII JOBIPYOTO IHTEPBAIY:

‘S .
y _ry _ 5,67 — M =5,67-195=3,72;
Jn :
t S .
12 56742999293 560195276

y+
Y 55
Taxum YUHOM, TOBipYHiA iHTEpBaT I YF Oyze B TaKUX MeXax:
3,72< Y. <7,62.

Hosipunii inTepBan 3 HaxilHicTIO ¥ = 0,999 114 G Oyne Takum:
S,(=qlyin))<op <5, (1-qglr:n)).

Ham Bigome 3HayeHHs Sy =2,93. BpaxoByrouu, mo vy = 0,999, n =30,
3HaIeMO 3a TabIuIEero (JIOAATOK 5) 3HAYEeHHS q(y =0,999, n= 30) =0,63.
BusHaunuMo KiHIII JOBIPUYOTO IHTEPBATY:

S, (1-g(y;n))=2,93(1-0,63)=2,93-0,37 =1,084;
S, (1+4¢(y;n))=2,93(1+0,63)=2,93-1,63 = 4,776.

Otxe, NOBip4Mi iHTEpBaN AN G MOJAETHCS TAKOIO HEPIBHICTIO:
1,084 < o < 4,776.
HoBipuwmii inTepBan s 7, i3 3a1aHoro HafikHicTio ¥ = 0,999 Oyne Takum:

1_}”2 1_7"2
B B
—<rxy <rB+ty—

r,—1 .
P n Jn
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Hawm Bigomi 3navenns 7, = 0,67, \/_ :\/% ~ 5,48, {, BU3HAYAEMO 32
tabmnuiero 3HaueHb GyHkiii Jlammaca (D(xy ): 0,5y =0,5-0,999 = 0,4995,
me x, = 3,2.

Bu3HauMMO KiHII JIOBIpYOTO IHTEpBATY:

-7y - 2 ,
g — X, s :0’67_3,2M:0’67_M:
\/; 5,48 5,48
=0,67-0,322=0,348;
-2 _ 2 .
b 006743012060 g 3205511
" Vn 5,48 5,48

=0,67 + 0,322 =0,992.
Taxnm unHOM, OBIpUMH iHTepBan /s 7, OyIe B TAKAX MEXKax:

0,348 <r,, <0,992.

10. Nobynoea noBipyoro iHTepBany
ana X, 3a ponomoroto HepiBHOCTi Yebuwosa
i3 3aAaHoOl0 HaAiMHICTIO Y

VY pasi, konu BiACYTHs iH(OpMaLlis PO 3aKOH PO3MOJLTY O3HAKU
reHepaibHOi CYKYMHOCTI X, OI[HIOBaHHS WMOBIPHOCTI MOMIii
|)_cB —a| <90, e a= X, Ta no0yJ0Ba 10BipuOro iHTeppany aist X i3
3aJJaHOI0 HAJIHHICTIO Y BUKOHYIOTHCSI 3 BUKOPHCTAHHSM HEPIBHOCTI
YeOuioBa 3a yMOBH, 1110 B1JOME 3HaU€HHS G, a caMe:

P(ij—a|<6)21—;§2=y. (436)

I3 (436) BU3HAYaEMO BEITUYHHY O:

2 2
Or Or

2oy _>5:—(1_y)n. (437)

JloBipuuil iHTEpBa MOJAETHCS TAKOIO HEPIBHICTIO:

<a<Xxg+

(438)

(1-v)n (-y)n
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Konu G, HEBiZloMe, 3aCTOCOBYEMO BHIIPaBJIeHy JHCIEpCito S7, i
JIOBIpYMH 1HTEpBaJ HAOMpa€e TAKOTO BUTTIANY:

X —L<a<f +L
R(EE S =y

Mpuxnaa. Onepxano nani 31 100 HaBMaHHS BHOpaHUX TIiIT-
PHEMCTB TIOJI0 3pOCTaHHS BUPOOITKY Ha OJHOTO POOITHUKA X;
(y % BiJHOCHO MONEPEIHBOTO POKY), AKi MAlOTh TaKWi iHTEp-
BAJIbHUW CTAaTUCTUYHUHN PO3IIOLI:

(439)

X;, Y03 h=10 80—90 90—100 | 100—110 | 110—120 | 120—130
n; 3 14 60 20 4

BukopucroBytoun HepiBHICTE UeOHIoBa, MOOyayBaTH IOBIp-
upii inTepBan st X, SKIIO BigoMe 3HaYeHHS G =5 % 3
HaxiiHicTIO ¥ = 0,99.

Po3zé’azanns. J{ns noOynoBu AOBIPYOro IHTEPBATY 3 JIOTIOMOT'OK0 HEPIBHOC-
Ti YeOuoBa HEOOXiTHO OOUMCIUTH X, O. lI[00 BU3HauuTU X, , Hepelinemo
BiJl iIHTEPBAJILHOTO JI0 TUCKPETHOTO CTATUCTUYHOTO PO3MOIITY, 4 came:

X; 85 95 105 115 125
n; 3 14 60 20 4
Toni maemo:

85:3+95-14+105-60+115-20+125-4

X, =M=|n=2ni=10]l=
n

B

101
_ 255+1330+ 6300+ 2300+ 500 _ 10685 —105.8%.
101 101
Buxkopucroyrouu (437), oGunciumMo o:
5=— 21 = > S —498%

Ja-y)n J(1-099)101 ) \J0,01-101

Taxum unHOM, NOBipumMii iHTepBan it X MOJAEThCS TaKMMU HEPiBHO-
CTSIMU:

X, —0< X, <Xz +9,
abo
100,8 < X <110,8.
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Ipuknan. 3agani po3Mipu ocHOBHUX (GOHIB X; Ha 30-TH mif-
MPUEMCTBAX JUCKPETHUM CTATHCTHIHUM PO3ITOIIIOM:

X;, MJIH TPH. 3 5 7 9

n; 9 7 10 4

BukopucroByroun HepiBHicTs UeOnmosa 3 HafiiHicTIO ¥ = 0,99,
noOyxyBaTH JOBip4nii inTepsan it X .

Po36¢’azannsn. J1ns noOynoBu foBipyoro intepsaiy st X 3a Z0OHOMO-
roto HepiBHOCTI YeOnIIoBa HEOOXiAHO OOUMCINTH X, S :

. 2xxn 3-9+5.7+7-10+9-4

X
" n 30
_27+35+70+36 168

——=15,6 MJIH TpH.
30 30

Orxe, X; =5,6 MJIH TpH.

>xin, 9:9+25-7+49:10+81-4 81+175+490+324 1070

=35,7.
n 30 30 30
2
Dy == (5, F =357 - (5,6) =357 - 31,36 =434,
n
S =\/ n Dy =\/£4,34 ~ 2,12 MITH TpH.
n—1 29
BusHaunuMo KiHII JOBIPYOTO IHTEPBATY:
_ S 2,12
Xp — =56- d =5,6—-3,87=1,73 mMiH rpH.;
«/il—yi30 1-0,99)30
_ S 2,12
Xp + =56+ . =5,6+3,87=9,47 MuH IpH.
w/il—yBO 1-0,99)30

OToxK, z[OBiptn/H“d iHTepBaJI IS )? r TOJTA€ThCS HepiBHOCTﬂMI/I
1,73 < X, <9,47.
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Teopemu4Hi 3anumaHHs1 0 memMu ‘)
[ J

1. llo Ha3WBAETHCA TOUYKOBOIO CTATUCTHYHOO OI[IHKOIO?

2. Illo Take He3MilIeHa TOYKOBA CTATHCTHYHA OLliHKA?

3. [Io Take 3MileHa TOYKOBA CTATUCTUYHA OIIHKA?

4. lllo Ha3WBalOTh €(PEKTUBHOI TOYKOBOIO CTATUCTHYHOIO
OLIIHKOO?

5. 1Ilo Ha3uBalOTh IPYHTOBHOIO TOYKOBOK CTaTHUCTHYHOIO
OLIIHKOO?

6. Y YoMy CyTHICTh METO/Y aHAJIOT1i?

7. Y 4oMy CyTHICTh METO/Iy HAWMEHININX KBaJIpaTiB?

8. Y YoMy CYTHICTh METOJly MAaKCUMAJIbHOI MPaBIONOAI0HOCTI?
9. 1o € TOUKOBOO HE3MILIEHOK CTATUCTUYHOIO OLUHKOK Wit X r?
10. Ilo o3Haya€e TOYKOBA HE3MIIlIEHA CTATHUCTHYHA OI[IHKA
anst D ?

11. lIlo Ha3WBa€ETHCS BHUIIPABICHOIO AWCIIEPCIEI0, BHIIPABICHUM
CepeJHIM KBaIpaTUIHUM BiJXUJICHHSM?

12. JloBecTn, mo M()_CB ) =...

13. losecty, 1o M(DB) =..

2
14. JJosectn, 110 M(SB) =...
15. Sxuit 3aKk0H pO3MOILTY HMOBIPHOCTEH Ma€e BUIIaJKOBA BEJHU-
quHa X ?
n—1

2
Or

17. Sxuit 3aK0H PO3MOIIITY HMOBIPHOCTEH Ma€e BHITaJKOBA BEIHU-

S*9

16. Sxuit 3aK0H PO3IOJITY Ma€ BUMAAKOBA BETHYMHA

YHHA n—lS ?

Or
18. Bu3HaueHHs iHTEpBANBHOI CTATUCTHYHOI OIIHKH JJISI I1apa-
METpiB FreHepaTbHOI CYKYITHOCTI.
19. Illo Ha3UBarOTh TOYHICTIO 1 HAMIMHICTIO OILIHKU?
20. Illo Ha3MBarOTh JOBIPYHM iHTEPBAIOM?
21. Sxuit 3aK0H PO3MOITYy HMOBIPHOCTEH Ma€e BHIIaJIKOBA BEIH-
YHUHA Xz =4 ?

T

in

22. Sx noOyayBaTH MOBIpYMiA iHTEpPBA i3 3aJ]aHOI0 HAIHHICTIO
Y IpH BiIOMOMY 3Ha4€HHi G ?
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23. Sxuii 3aKOH PO3MOIITY HMOBIPHOCTEH Ma€e BHITAKOBA BEJH-
Xg—a

S

\n

24. SIx moOymyBaTH MOBIpYHMHA IHTEPBA IS X - 13 3a1aHOIO Ha-

?

YUHa

JIMHICTIO Y TP HEBIAOMOMY 3HA4Y€HHI G ?

25. Sk moOynyBaTu noBipumit inTepBain st X, i3 3a1aHOIO Ha-

JIMHICTIO Y IPU HEBIIOMOMY 3HAaueHHI G 1 Ipu obcsArax BUOIp-
ku n > 30?

26. Slk moOyayBaTH NOBipUYMil iHTEpBaJ i3 3aJJaHOI0 HAMIHHICTIO
yana Dy, 6 npu obesrax BuGipku n < 30?

27. SIx moOynyBaTH AOBipYMi iHTepBaN i3 HAAIMHICTIO Y IS
G| , BUKOPHCTOBYIOYX PO3HOLI )?

28. Sk moOyayBaTu NOBipYMil iHTEpBaJ i3 3aJaHOI0 HAAIHHICTIO
Yy, ?

29. Sk noOymyBatH n0Bipumii iHTepBan wisi X |, BAKOPUCTOBY-
104YM HepiBHICTH Yebumopa?

3adayi 0o memu

1. Y OyauHKY BiIMIOYMHKY BUIAJKOBUM criocoOoM Oyio BimiOpano 20
0ci0 1 BUMIpAHO iX 3picT X;. 3700yTi pe3yapTaT HaBEAEHO Y BUIJIAI IHTEP-
BaJILHOT'O CTATHCTHYHOTO PO3IOILTY:

Xi, CM

165,5—170,5 | 170,5—175,5 | 175,5—180,5 | 180,5—185,5

n;

4 6 8 2

I3 manxiitHicTio v = 0,99 nmoGymyBaTn noBipumii iHTepBan a1 X, SKIIO

or=2.

Bionosion. 173,81< X . <176,19.

2. Y 25 oci6 6yno BUMIPSIHO KPOB’SIHUM THUCK X; (B YMOBHUX OJUHUIIAX).
Pe3ynpraTél BUMipIOBaHHS HaBEACHO y BUTIISL JUCKPETHOTO CTATHCTUIHOTO
posmnoiny:

X; 1,5 1,8 2,3 2,5 2,9 33

n; 2 3 5 8 4 3
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I3 HagidHicTIO ¥ = 0,999 OOy AyBaTH AOBIpYM IHTEPBAT IJIs X I » SIKIIO
r=1. _

Bionosios. 1,78 < X <3,14.

3. BumipsiHa MakcuMalbHa MIiCTKICTh KOHJEHCATOPiB X; (y miKkodapaaax).

PesynbTaTti BUMIPIOBAHHS HABEJCHO Y BUIISAIl IHTEPBAIbHOTO CTATHUCTHY-
HOT'O PO3MOJIY:

x, nd 4042 | 4244 | 4446 | 4648 | 4850

n; 2 4 5 9 5

3 mamitinictio ¥ = 0,999 mobymyBatu moBipumnil iHTEpBAIT IS X I » SKIIIO
c.=05.
Bionosios. 4,24 < X, <4,92.

4.V 30 temneBizopiB 6yna BUMIpsTHA ‘IYTJ'II/IBICTL x;. Pesynbrat BUMIprO-
BaHHSI IOJ[AHO SIK AUCKPETHUH CTaTHCTUYHHHA PO3IOALT:

X;, MKB 200 250 300 350 400 450 500

n; 2 7 6 8 4 2 1

I3 napgiiaicTio v = 0,99 mobynyBatu noBipumii inTepBan mig X, SKIIO
r=4.
Bionosios. 376 < X . <380,27.

5.V 25 BUnaakoBo Bil[i6paHI/IX nerajien 6yna BI/IMipHHa BIJICTaHb Y MiK-
poHax Bix LEHTPY MacH, 10 MICTUThCS Ha ii OCi, 10 30BHILIHBOI MOBEPXHi.
Pesynpratn BI/IMlp}OBaHHH HABEJICHO Y BWIJIA/I IHTEPBAJIBHOTO CTATHCTHY-
HOT'O PO3IIOILTY:

Me"‘i;ﬁgwm 80—96 | 96—112 | 112—128 | 128—144 | 144—160

n; 2 5 8 6 4

3 magiftaicTio Y = 0,999 moOyayBatu AOBipYMil IHTEpPBAT AJIs X I » AKILIO
or =3.

Bionosios. 130,58 < X < 134,42,

6. 3 maprii OJHOTHIIHUX 3aII00DKHUKIB BiIiOpaHO 24 mit. BI/IMlpIOBaHHSI

BIZ[XI/IJ'ICHHH Bl,Z[ HOMlHaJ'Iy B KiJJOOMax X; HABCJICHO SK ,Z[I/ICerTHI/II/I CTaTucC-
TUIHUH pOSHOI[lJ'I

Xx;, KOM

-1

-2

n;

3

4
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I3 HagiitHicTio ¥ = 0,99 nmoOymyBaTn nOBipumii iHTepBan a1 X ., SKIIO
o, =3.

Bionosion. — 0,3 < X <2,96.

7.3 maprii OJHOTUIHUX IJIAIIOK HaBMaHHS Oyjo BuOpaHo 28 mrT., i B

KOXKHIH 13 HAX OyJia BUMIpsiHA THOWHA mMa3y (KaHaBKH) Xx;. Pe3ynbTaT BH-
MIpIOBaHHSI HABECHO SIK IHTEPBAIIbHUI CTATHCTHYHUIT PO3IMOJILI:

X;, MM 2,4—2,6 2,6—2,8 2,8—3,0 3,032 32—3.4
n; 5 8 9 5 1

3 magiiaicTio ¥ = 0,999 nmoOymyBati mpoBipumii iHTepBan it X > AKIIO0
o =08.

Bionosion. 2,31 < X, <3,33.

8. 28 omHOTMIHUX mpuiaxiB Oynu BunpoOyBaHi IMOAO0 iX 0e3BiAMOBHOL

pobotH x;. Pe3ynbpTaTi BUMIpIOBaHHS HAaBEIEHO SK JUCKPETHHH CTATHCTHY-
HUH pO3MOALT:

X;, TOJ, 100 110 120 130 140 150
n; 10 6 5 4 2 1

3 mapiiticTio ¥ = 0,99 moOynyBaTn noBipumii iHTepBan st X ., SKIIO
cr =4.
Bionogiow. 112,63 < X <116,65.

9.V 30 BUNaaKOBO BHOpAaHWX BaJHMKaX BHUMIPsHI BIAXWICHHS X JiaMeT-
piB Bix HOMiHAMy X; Pe3yibraTv BHMIpIOBaHb HABEACHO SIK IHTEPBAIbHHI
CTaTHCTUYHUHN PO3MOJILI:

X, MM 510 10—15 15—20 20—25 2530
n 2 6 10 8 4

3 HagiitaicTio ¥ = 0,999 moOynyBatu noBipunmii iHTepBan st X ., SAKIIO
o, =0,8MMm.
Bionosios. 18,004 < X, <18,996.

10. HaBmanus BuOpaHno 29 pisuis, ki BUNpoOyBaHi Ha 3HOC. Pe3ynbTatu
EKCIICPUMEHTY HABEICHO Y BUIIIII JUCKPETHOTO CTATHCTHYHOTO PO3IIOILTY:

X;, TOJI 2 3 4 5 6 7 8
n; 10 8 6 2 1 1 1
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3 mHagiiHicTio Y = 0,99 noOymyBatu noBipumii iHTepBan X, SKIIO
o, =2.

Bionosiov. 2,41 < X < 4,39.

11. 3anexHictb co0iBapTOCTi Y 0AHOTO NPUMIpPHUKA KHUTHU BiJ TUpaxy X

JIOCTIDKYBaJlaCh BHJIABHUIITBOM. Pe3ynbTaTh JAOCHTIKEHHS HaBEICHO y BH-
TJIs1/11 TBOBUMIPHOTO CTATUCTUYHOTO PO3MOILTY:

X = X;, THC. TIpUM. Y=y it
10,15 5,52 4,08 2,85 Ty

1 10 5 5 —

2 — 15 10 5

3 — — 20 10

4 — — 5 15
My

IToTpibHO:

1. 3 mapgiiaicTio y = 0,99 mobyyBaTH iHTEpBAIHN JUIs }7r 5O, Ty

2. BukopucroByroun HepiBHICT, UeOHIIoBa MOOYAyBaTH MOBIpYHA iHTE-
pBan s X, -

Bionosios. 4,0742 < y. <5,1388; 1,681 <o, <2,417;

—0,8036 <r,, <—0,4966; 1,47 < X <3,53.
12. 3anexHicTh piuHOI MPOJYKTUBHOCTI Mpalli B PO3paxyHKy Ha OJHOTO

poOiTHHKA ), BiJ €HEPrOMICTKOCTI Mpali X; Ha MiANPUEMCTBAX OAHIET ra-
Ty31 HaBeJICHO B TaOJIUIIi:

Vi, TPH. 5.4 5,6 6,2 6,8 7,1 7,8 8,5 9,1 10,5 | 10,9

Xi, BT/poGiTH. 1,8 121 |28 ]30)32 38|39 | 42|45 | 48

IIpoooescenns maon.

Vi, TPH. 11,0 | 11,6 | 12,1 | 12,7 | 13,2 | 13,9 | 14,1 | 14,6 | 149 | 154

xi, BT/pobitH. 52 | 58 |59(162 |69 72|75 85|88 |94

IToTpiGHO:

1. I3 mapgiitaictio v = 0,999 mnoOymyBatd IOBipYi IHTEpBamM ISt
YF’ GF’ r:'cy' xi yi'

2. BuxkopucToByrouu HepiBHiCTh Yebuiosa, moOyxyBaTu JOBIpUMid iHTe-
pBam 11 X .
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Bionogios. 7,69 < y. <13,45; 0,39 <o <5,99;
0,946 <r,, <1; —10,82 < X <2138,
13. Cepenns temneparypa y kBiTHI y Kuepi X i1 JloHenpKy Y BUMiproBa-

nack npotsaroM 40 pokiB. PesynmbTaTH BHUMIpIOBaHHS HABEACHO Yy BUIJISII
JTIBOBUMIPHOT'O CTATHCTHYHOTO PO3MOIINY:

X= Xi
Y:y,'
10 14 18 22 26 My

12 2 3 5 — —

16 — 8 2 3 2

18 1 5 2 2 1

20 — 2 1 1 1

Ny
IToTpi6HO:
1. I3 mamiiiricTIO Y = 0,99 mOOymyBaTd JOBipYi IHTEpBAIW IS

Yrs Ors Ty
2. BI/IKO_pyI/ICTOByIO‘II/I HepiBHICTH YeOuIoBa moOyayBaTH TOBIpYMHA 1HTE-
pBanm o X
Bionosiow. 14,87 < y. <17,13; 1,742 < o < 3,618;
-0,129 <r,, <0,655; 10,36 < X, <24,04.

14. Ha mianpueMcTBax ofHiel ramy3i MPOMHCIOBOCTI Oyiia MOCHTIIKEHA
3aJIeKHICTh PIYHOT MPOTYKTHBHOCTI TPalli OJJHOTO pOOITHUKA Y BiJl eHepro-
MICTKOCTi BUpOOHHMITBA X. Pe3ynpraTu JOCHIIKCHHS HABEACHO y BUIIIIL
MApHOTO CTATUCTHYHOTO PO3MOILITY:

Vi 2,88 291 | 2,92 | 296 | 3,01 | 3,11 | 3,21 | 3,25
THC. TPH/POOITH.

X;, KBT/pobitH. 2,07 2,12 | 2,41 | 2,59 | 2,89 | 2,92 | 3,01 | 3,12

IIpoooeocenns maoan.

Vi 3,32 3,36 3,42 3,46 3,58 3,88 4,12
THC. TPH/POOITH.

Xi, KBT/poOiTH. 3,21 3,29 3,31 3,35 3,41 3,48 3,81

IToTpi6HO:
1.3 manmidiHicTio 7 =0,999 mnoOyayBaTu MAOBIpYMd IiHTEpBaNm ISt

Yr> Or» rxy‘
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2. BukopucroByroun HepiBHiCTh Uebuinosa, noOyryBaTn 10BipUmii iHTE-
pBam 11 X ..
Bionogios. 2,88 < y. <3,7; 0,19 <o <0,57;

0,53<r, <l; 0< X <9]17.
15. TIpoBogsThes BunpoOyBaHHs MinHOCTI 100 BOJIOKOH 3aleKHO BiJl iX

TOBINMHHU. Pe3ynbTaTi eKCIIepUMEHTIB 3a7aH0 JTBOBUMIPHUM CTATHCTUYHHM
PO3MOIIIOM:

Y=y X = x;, MK
4100 4300 4500 4700 4900 Ty
6,75 5 5 10 —
6,25 — 5 10 5 —
5,75 — 5 15 10
5,25 — 5 5 10
4,75 — — — — 10
Ny
ITotpibHO:
1.3 mapidiHicTio y = 0,99 mnoOynyBatu [oBipui iHTepBamM IJis
Vrs Ops Iy

2. BUKOpHUCTOBYI04M HepiBHICTL YeOuiosa, moOynyBaTu N0BIp4nid iHTe-
pBan 11 X .
Bionosios. 5,68 <y <6,02; 0,505 < o, <6,02;

0,17 <r, <0,63; 430817 < )_(F < 4941,83.
16. JocnimkyBanach 3aJeXHICTh KUTBKOCTI TPU3YHIB )j, IO 3arHHYJIH,

BiJl KOHIIEHTpAIlil CIIOXKHUTOTO 1y (B YMOBHUX OJMHHUIX). Pe3ynbraTtu moc-
JiPKEHb HaBEJICHO Y BUTJISIL MMAPHOTO CTATUCTUYHOTO PO3MOILTY:

Vi 32 36 36 42 46 47 49 55 59
X; 3 3,5 4 4,5 5 5,5 6 6,5 7

IIpooosoicenns maon.
Vi 62 68 70 73 75 88 92 94 98
X; 7,5 8 8,5 9 9,5 10,5 11 11,5 12

IToTpiGHO:
1.3 mamidHicTro y = 0,999 mnoOyamyBatm AOBipuWid iHTEpBanm IS
yr’ GF’ ,/Zvy‘
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2. BukopucroByroun HepiBHiCTh Uebuinosa, noOyryBaTn 10BipUmii iHTE-
pBam 11 X ..
Bionosgios. 41,48 < y <82,96; 0,844 < o < 41,356;
09892 <r, <1; 0<X. <29,]2.

17. Ha 3aBozi «A30BCTanb» BUMIpIOBAaBCS BMICT KpeMHi0 (y %) y 4aByHI
3a pi3HHUX TeMIepaTyp IUIaKY:

Sl' (%) X =X
Y=y, (20
0,27 0,32 0,42 0,51 0,65 Myi
1330 2 1 1 1 —
1340 — 4 2 3 1
1345 — — 3 4
1365 — — — 1 4
1y
[TotpiGHO:
1.3 mamiftmictio v = 0,99 mnoOynyBatu HOBipumid iHTEpBal A
yra GF’ rxy *

2. 3actocoByroun HepiBHICTE YeOuiosa, mobynysaTn JOBipuMi iHTEp-
Bay st X .
Bionogion. 1341,75 <y <1346,65; 2,73<c <6,85; 0,3< Ty < 0,92;

0< X, <l.

18. YV HaBMaHHS BUOpAaHUX OJHOTUITHUX TEJIEBI30piB BUMIpIOBalach 4yT-
JHBICTE BIZIEO ); Ta 3BYKOBOTO X; KaHAJTiB. Pe3yiapraTn mepeBipku HaBeAECHO
SK MApHUHA CTaTHCTUYHIHA PO3IOTLT:

Vi 250 200 180 160 140 120 110 100 95
X; 180 230 240 250 300 310 320 330 340

TIpoooeocenns maban.

Vi 90 85 80 75 80 70 65 60 55
X; 350 360 370 380 390 400 410 420 430

IToTpi6HO:
1.3 HaxilHICTIO

yr’ GF’ r:vy .

0,999 mnoOymyBaTu MOBIpYME IHTEpBaNm IS

=2
[
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2. 3acTocoByroun HepiBHiCTh YeOumosa, noOyayBatn J0Bipuuil iHTEp-
Bam it X ..
Bionosiob. 59,26 <y <164,6; 0 <o <108,2; 0915<r, <I;

0< X, <648,94,

19. ¥V nabopaTopHUX yMOBax 3/iHCHIOBABCS E€KCIEPUMEHT 3 METOI BH-
3HAYEHHS 3aJIE)KHOCT] KiJIBKOCTI PEUOBHH, IO PO3YMHIOETHCS Y BOJI V; Bil
TEMIIepPaTypPH OCTAHHBOI X;. Pe3yJbTaTH eKCIIepUMEHTY HABEICHO Y BHUTIISI
JIBOBUMIPHOTO CTATHUCTHYHOTO PO3IOILITY:

X= Xi, °C
Y = y[
10 20 30 40 50 Myi

48 — 2 3 5 —

60 2 1 1 1 5

63 2 1 1 —

71 — — 2 2 1

Ny
[TotpiGHO:
1.3 mamiftmictio v = 0,99 mnoOyayBaTu HOBipumid iHTEpBal IS

yF H GF s rxy :

2. 3rigHo 3 HepiBHIiCTIO YeOumroBa moOyayBaTH AOBIpYMH iHTEPBAT LIS

X

r

Bionosiow. 53,59 <y < 62,67; 4,45<c <12,67,
~0,432 <r,, <0,588; 10,06 < X <56,54.
20. Pe3ynbpTaT MPOBEACHOTO aHANI3y 3aJIe)KHOCTI YHCIIa TMPOJAaHUX Tap

YOJIOBIYOTO B3YTTS y; BiJl HOT'O PO3MIpY X; MTOJaHO Y BUTIISAII TAPHOTO CTATH-
CTUYHOTO PO3HOALTY:

yi | 25 |38 | 65|95 (120|140 152|160 |165|175|180| 185|190 | 200

x; | 45| 43 | 42 | 41 | 40 | 39 |38,5| 39 |37,5| 37 [36,5| 36 |35,5]| 35

[TotpiGHO:
1.3 mamifimictio y=0,99 mnobyayBatu moBipuMid iHTEpBam I

J_)F’ GF’ rxy'
2. 3a HepiBHicTIO YeOuioBa, moOyAyBaTH IOBIpYHA IHTEpBAI IS X -
Bionogiows. 87,16 <y <182,87; 9,85 <o <106,03;
~1<r,, <=095; 30,85< X, <47,01.
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TEMA 14. CTATUCTUYHI I'lTTIOTE3HX

1. 3aranbHa iHchopmauis

IH(I)opMauia SIKY HICTAlOTh Ha MiACTaBi BUOIPKH, peasi3oBaHOI i3
TEHEePabHOI CYKYIHOCTI, MOXe OyTH BHKOpHCTaHa Ui (OopMyIIro-
BaHHS TEBHUX CY/KEHb MPO BCIO IeHEepallbHy CYKYIHIiCTh. Hampu-
KJIaJl, PO3M0YaBIIM BUTOTOBIISTH TOKPHIIKH HOBOTO THITY IJIsl aBTO-
MOO1TIB, BiIOMPAIOTh TIEBHY KUIBKICTh IMX MOKPHIIOK i MTAI0Th iX
NEBHUM TECTaM.

3a pesynbTaTaMd TECTIB MOXHA 3pOOUTH BHCHOBOK IIPO Te, 4H
Kpallli HOBI IIOKPHIIKH BiJl MOKPUIIOK CTapOro THILY, UM HI. A 1e, y
CBOIO Yepry, Ja€ MiICTaBy JJIsl IPUHHATTS PIlICHHS: BUTOTOBISTH iX
YH Hi.

Taxki pilieHHs! HA3UBAIOTh CIMAMUCIUYHUMU.

CratucTiyHi pillleHHS MarOTh IMOBIPHICHUM XapakTep, TOOTO 3aB-
JK/IM 1CHY€ WMOBIPHICTb TOTO, 1[0 MPUHHATI PillIEHHS OyAyTh MOMIJIKO-
BUMU.

lonoBHa WiHHICTH MPHUHATTS CTATUCTHYHHX PIlICHb TOJSTae B
TOMY, IO B MEXaX IMOBIPHICHHX KaTeropiii MokHa 00’€KTHBHO BHU-
MIPSITH CTYMIHb PU3UKY, 1110 BIAMOBIJA€ TOMY YH 1HIIOMY PIILIEHHIO.

Byap-ski cTaTUCTHYHI BUCHOBKH, 3100yTI Ha TijcTaBi 0OpoOKH
BUOIPKHU, HA3UBAIOTb CMAMUCMUYHUMU 2INOMe3aMU.

2. NapameTpuyHi i HenapameTpUYHi
CTaTUCTUYHI rinoTesu

CTaTUCTHYHI TIMNOTE3U MPO 3HAYEHHS MapaMeTpiB O3HAaK TeHepa-
JBHOT CYKYITHOCTI Ha3UBAIOTh NaApamempuyHuMu.

Hanpuknaj, BUCYBa€eThCs CTaTUCTUYHA TilOTE3a PO YUCIIOBI 3HA-
YEeHHS TeHepalIbHOI cepeHboi X, reHepanbHoi aucnepcii Dr, reHe-
PaAJILHOTO CepeAHbOI0 KBaIPaTUYHOTO BIAXWICHHS Gr Ta 1H.

CraTUCTHYHI TITIOTE3H, 0 BUCYBAIOTHCS HA MI/ICTaBi 0OpOOKH BHOI-
PKH MPO 3aKOH PO3MOJIUTY 03HAKU F'€HEPAIbHOI CYKYITHOCTI, HA3UBAIOTh-
csl Henapamempuunumy. Tak, HAPUKIIA, HA TTiCTaBi 00pOOKH BUOIPKH
Moyke OyTH BUCYHYTa T1IOTe3a, 110 03HaKa FeHepaIbHOI CYKYITHOCTI Ma€e
HOPMaJIbHUH 3aKOH PO3IOIiTY, €KCIIOHEHITIATBHUHN 3aKOH Ta 1H.

3. HynboBa 1 anbTepHaTUBHa rinoTesmn
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I'inotesy, 1m0 miusirae nepeBiplyl, Ha3UBAKOTh 0CHOBHOI. OCKilb-
K LIl TiloTe3a MPUIyCKAE BIACYTHICTb CHCTEMATHYHHX p0361)KHOC-
Tl (HyJIbOBI PO3O1IKHOCTI) MIXK HEBIJOMHIM [1apaMeTPOM IeHepaibHOL
cyKynHOCTl 1 BEJIMYMHOIO, IO ofiepKaHa BHACIIIJOK 00pOOKH BUOIp-
KH, TO i1 HA3UBAIOTh H)IbOGOIO 2inome301o 1 TO3HA4aTh H,.

3MiCT HyJIbOBOI TiIIOTE3H 3aMUCY€ETHCS TaK:

H,:x.=a;
Hy:0.=2;
Hy:r, =095.

KoxHiif HyJBOBIH TiMOTE31 MOKHA TPOTHCTABUTH KiJIbKA allbTEep-
HATUBHHUX (KOHKYPYIOUHX) TilOTE3, SIKi MO3HAYAIOTh CUMBOJIOM H,,
IO 3allepeuyroTh TBEPPKEHHS HYJIbOBOI. Tak, Halpukiaa, HyJIbOBa
rinote3a crBepaxye: H,:X.=a, a albTepHaTHBHA TrilmoTe3a —

H  :x; >a, 100TO 3anepeyye TBEPHKEHHS HYIbOBOI.

4. Mpocri i cknagHi CTaTUCTUYHI rinoTesun

[Tpocra rinoresa, Sk MPaBUIIO, HAJISKUTH JI0 TTApaMeTpa O3HAK re-
HEPAJIBHOI CYKYMHOCTI 1 € 0IHO3HAYHOIO.

Hanpukman, 3rijHO 3 MPOCTOIO TIMOTE3010 MapaMeTp reHepaibHOL
CYKYIHOCTI IOPIBHIOE KOHKPETHOMY YHCIY, a CaMe:

Hy:x.=4;
H,:c.=4.

CknajsiHa CTaTHCTHYHA TilOTE3a € HEeOJHO3HayHOKW. BoHa Moxe
CTBEPJ/DKYBATH, IO 3HAYCHHS IapaMeTpa IeHEpalbHOI CYKYIHOCTI
HAJIC)KUTh TICBHINM 00J1acTi IMOBIPHUX 3HAYCHB, sIKA MOXKE OyTH IHC-
KPETHOIO 1 HEMEPEPBHOIO.

Hampuknan:

H,:x.€[2;2]1;2,2] abo H,:x; €[52 +6,5].

HynboBa rinmoTte3a Moxke CTBEPPKYBAaTH SIK IPO 3HAYCHHS OIHOTO
napaMeTpa reHepalibHOl CyKYITHOCTI, TaK 1 Mpo 3HAYEeHHsI KUTHbKOX IMapa-
METPIB, a TAKOXK PO 3aKOH PO3IOJIUTY 03HAKHA T€HEPAITBHOT CyKYITHOCTI.

5. CTaTUCTUYHNI KpuTepin.
Emnipu4yHe 3Ha4YeHHA KpUTepito
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s mepeBipku HpaBI/IJ'ILHOCTl BHCYHYTOI CTATHCTHYHOI rinoTe3u
BUOMPAIOTh Tak 3BaHUN CTATHCTHYHWH KPHUTEpIi, KEPYIOUNCH SKHM
BIIXWIAIOTh 200 HE BIAXWIISAIOTH HYJNbOBY rinore3y. CTaTHCTUYHUI
KpHUTEpPii, KOTpUH YMOBHO NO3HAuYalOTh 4epe3 K, € BUIAJKOBOIO Be-
JUYUHOIO, 3aKOH PO3IOAUTY HMOBIpHOCTEH SKOI HaAM 3a3/ajeriap Bi-
nomuit. Tak, HarIpUKIIaa, A7 IePeBipKU NpaBWIbHOCTI H, : X =a sK
CTATHUCTUYHHUHA KpUTepiii K MOKHA B3SATH BHITQJKOBY BEIHUUHY, SIKY
Mo3Hay4aTh yepe3 K = Z, 110 JOpiBHIOE

z="22%, (440)
o(xp)
1 IKa Ma€ HOPMOBAHHMI HOPMAJILHUH 3aKOH PO3MOJIITY HMOBIPHOCTEH.
ITpu Benukux obcsirax BuOipku (n > 30) 3aKOHM PO3IMOJUTY CTaTUCTHY-
HUX KPUTEPiiB HAOIMKaTUMYTHCSI 1O HOPMAJIBHOTO.

CriocrepexyBaHe 3HA4Y€HHs KPUTEPIO, SKMM IO3HAYal0Th 4Yepes

K", 06YMCIIOIOTE 32 PE3YJILTATOM BHOIPKH.

6. O6nacTb NPUUHATTSA rinoTesu.
KputnuHa obnactb. KputnyHa Touka

MHuoxuny (O BCiX MOXKIJIMBUX 3HAY€Hb CTATUCTHYHOTO KpUTEpito K
MOJKHA TIOJIIJTMTH Ha JIB1 MIMHOXUHU A 1 A , IKi HE IEPETUHAIOTHCA.

(AUA=0Q, ANA=0).

CyKynHICTb 3HAYEHb CTATHCTHYHOTO Kputepito K € A, 3a sKuX
HYJIbOBA IiI0TE3a HE BIAXUISAETCS, HA3UBAKOTD OOIACMIO NPUUHAMMS
HYIbOBOI 2inomes. .

CyKynHICTh 3Ha4€Hb CTATUCTUYHOTO Kputepito K € A, 3a sKux
HYJIbOBA TIII0TE3a HE MPUIMAETHCS, HA3UBAIOTh KPUMUYHOIO 00IACMIO.

Orxe, A — obnactb npuiiHaATTA H),

A — xputn4Ha 001acTh, A Hy BIIXUISAETHCS.

Touky abo KijbKa TOYOK, IO MOALIAIOTE MHOXKHUHY {2 Ha MiMHO-
KUHU A 1 A , HA3UBAIOTH KpUMuU4HUMY 1 TIO3HAYAIOTh uepe3 K.

[cHYIOTB TpH BUAM KPUTHYHHUX 00JIACTEH:

Sxmo npu K < K, Hy/lboBa TiNOTE3a BIAXHISAETHCS, TO B LIbOMY
pa3i MH MaeMO JIiBOOIYHY KPUTHUHY 00JIACTh, IKY YMOBHO MOKHA 30-
Opazutu (puc. 119).
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NN NN NN o P " > K

K,

Puc. 119
Sxmo npu K > KKp HYJIbOBA TIIOTE3a BIIXWISAETHCS, TO B IIbOMY

pa3i MaeMO IPaBOOIYHY KPpUTHUYHY 00s1acTh (puc. 120).

O6nactb npuiHATTA H, / / / / K> K/x»
> K

U
KK]J

Puc. 120

Slkmo x mpu K < K i mpu K > K[ HyJnboBa TinoTe3a BiIXuis-
€THCSI, TO MAEMO JIBOOIUHY KpUTHYHY 00aacThb (puc. 121).

K <K, H, npuiimaeTtscs K>Ky,
AN 5 [/ L /1]
Kl:p 0 KIZP
Puc. 121

JliBoOiuHa i mpaBoOiYHA 00JIACTI BU3HAYAIOTHCS OJIHIEID KPUTHY-
HOI0 TOYKOIO, JIBOOIYHA KPUTHYHA 00JACTh — JBOMAa KPUTUYHUMHU
TOYKaMH, CHMETPUYHUMH BiTHOCHO HYIIA.

7. 3aranbHUM anropuTM nepesipku
NpPaBUIILHOCTI HYJILOBOI FinoTesun

Jlns mepeBipku NpaBUIBHOCTI H( 3aa€TbCsl TaK 3BAaHUU pi6eHb
3Hauywocmi Q.

oL — 1€ MaJia UMOBIPHICTb, KOO Hamepes 3a1aThes. Bona moxe
HaOyBartu 3HadeHHs o = 0,005; 0,01; 0,001.

B ocroBy nepeBipku Hy noxnafeno npuanun P(K € A) = o, T06-
TO HMOBIPHICTb TOTO, IO CTATUCTUYHUM KPUTEPIN NOTpaIse B KpU-
TUYHY 00nacTe A, AOPIBHIOE Mamiii iMOBipHOCTI o. SKmio * Bu-
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sSBUTHCA, 0 K € A, a 11 Tofiis MaJToWMOBIpHA 1 Bce XK BiOyJsacs, To
HEMae TiJICTaB MPUIMAaTH HYJILOBY TillOTE3Y.

[TpomoHy€THCS TaKHid aJTOPUTM NIEPEBIPKH MTPABMIIBHOCTI H:

1. ChopmymioBatu H) i 0IHOYACHO aTbTePHATUBHY rinoresy H,.

2. BuOpatu cTaTHCTHYHHWIA KpUTEpiid, SKUW BiamoBimaB Om chop-
MyJIbOBaHi! HYJIbOBIH rinoresi.

3. 3anmeXHO BiJl 3MiCTy HYJIOBOI Ta aJIbTEPHATUBHOI T1IIOTE3 OYIy-
€TbCs NpaBOOivHa, JiBOOIYHA a00 ABOOIYHA KPUTHYHA 00JIaCTh, a caMe:

Hexail H:Xx, =a , Toxi, KO
H  :Xx, > a, 10 BUOHpaeThCs NpaBo0iuHa KPUTUYHA 00JIACTb, AKIIO
H :Xx <a,T0 BUOHpa€eThCA N1BOOIYHA KPUTUYHA 00JIACTh 1 KOJIH

H  :Xx, #a,T0 BUOMpa€eThCs ABOOIYHA KPUTHUHA 00JIACTb.
4. 1nst noOy1oBU KpUTHUYHOT 007acTi (J1iBOOIUHOT, TpaBOOIYHOT UK
JIBOOIYHOT) HEOOXITHO 3HAUTH KPUTHYHI TOYKH. 32 BUOpPAaHUM CTaTHC-

TUYHUM KPHUTEPIEM Ta PIBHEM 3HAUYIIOCTI @ 3HAXOIATHCS KPUTHUHI
TOYKH.

5.3a pesynpTaTamMu BHOIPKH OOYHCIIOETHCS CIIOCTEPEIKYBAHE
3HA4YEHHs KpuTepito K, .

6. BigxunstoTh 4 MPUIMAOTh HYJIHOBY TIIOTE3y HA MIJCTaBi Ta-
KX MiPKYBaHb:

y pasi, kot K" €A, a ue € ManoiiMOBIpHOI BHITAIKOBOKO IIO-

niero, P(K* € A)=o i, He3BaxarouM Ha 1€, BOHA BijOynacs, TO B
1bOMY pa3i Hy BIAXWIAETbCA:
JUTs1 JTIBOOIYHOT KpUTHYIHOT 00J1acTi

P(K, <K, )=0a; (441)
JUIs IpaBOOIYHOT KPUTHYHOT 001acTi
P(K,>K,)=a; (442)
JUIst TBOOIYHOT KPUTUYHOI 001acTi
P(K; < K+ P(K], > Ki)=a (443)
abo
P(K;, <K},) = P(K,, > Kl =7 (444)

YPaxoByrOUH Ty 0OCTaBHMHY, [0 KPUTHYHI TOUKU K, 1 K cumerpud-
HO pO3TAIlIOBaHi BITHOCHO HYJIA.
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8. Momunku nepworo Ta Apyroro poay.
MoTyXHiCTb KpUTepito

SIxoro 6 He OyJia MaJIOl0 BEJITHUYUHA ¢, MOTPAILUISIHHS CIOCTEPEXKY-
BAHOTO 3HAUCHHS K Yy KPUTHYHY 00IacTh (K o € A) HIKOIH He Oy-
Jie TO/i€I0 aOCONIIOTHO HEMOXUIMBOIO. TOMy HE BHKIIIOYAE€THCS TOM
BUINAIOK, Konu Hy Oyne mpaBuibHO, a K. € A, a ToMy HyJIbOBY
rinoTesy Oyze BiAXHUICHO.

Otxe, pu 1epeBipLi NPaBUIBHOCTI Hy MOXKYTh OyTH IONYyLICH]
TOMHJIKA. PO3PI3HSIOTE IIPH [IbOMY IOMHIIKH TIEPLIOTO i APYToro poxy.

Sxmo H, € mpaBuiIbHOO, ajie ii BIAXWISAIOTh Ha OCHOBI ii miepeBip-
KM, TO OyJie 10MyIlleHa TOMUJIKA IEePIIOro Poiy.

Sxmo Hy € HENMpaBUWIBHOIO, ajle il MPpUKUMaloTh, TO B OMY pasi
Oyze nAomylieHa IOMWIKa APYroro poay.

Mix mOMWJIKaMH TIEPIIOTo 1 JPYToro poAy ICHYE TICHUH 3B’ SI30K.

Hexaii, nns npuxiany, nepesipserscss H,: X, =a. Ilpu Benukux
obcsarax BUOIpKU 7 X, SK BUIIAJKOBA BEIMYMHA, 3aKOH PO3IOALILY

WMOBIPHOCTEH SIKOT aCHMIITOTUYHO HAOMMKATUMEThCS 10 HOpPMallb-
HOTO 3 YUCIOBUMH XapaKTEPUCTUKAMU:

— - o
M(xy)=a=Xr, o(x,)=—"*.

( B) B \/;

Tomy, xonu rinotesa Hy € npasauBoro, M (x;) = a . Llei po3moain
Mae Takuii Bursin (puc. 122, kpusa f(x; a)).

A f(x)

fa) S b)

O X

K
Puc. 122

—r
O
a

Komn anerepuarueHa rimoresa 3amepeuye Hp 1 CTBepmKye
H,:X.=b>a, To B IbOMY pa3i HOpMajbHa KpuBa Oyjae 3MillIeHa
npaBopyd (Ha puc. 122, kpusa f(x; b)).
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3a BUOpaHUM pIBHEM 3HAUYIOCTI O BU3HAYA€THCS KPUTHUYHA 00-
nacts (puc. 122).

Komu X, > K, To Hy BIAXUISA€TbCA 3 IMOBIPHICTIO TIOMMJIKH IIE€p-

Kp >
IIOTO POJY:

P(%y > Ky)= [ f(x; a)dx=a. (445)

Komu x; <K, , T0 Hy HE BIAXWIAETHCSA, X0Ua MOXKE OYTH NpaBUIIb-

Kp >
HOIO aNbTEPHATHBHA TinoTe3a H,,.
Orxe, B LbOMY pasi IPHITY CKAIOTHCS IIOMHIIKH APYTOro POy.
IMOBIleCTB i€l TOMWIKH, SIKY TO3HAYalOTh CUMBOJIOM [3, MOXe
OyTH BU3HAYCHA HA KPHBIH /1 (x, b), a came:

B= Kj "f(x; b)dx . (446)

L #imoBipHICTH Ha puc. 122 moka3aHa MTPUXYBAHHIM TUTOIII i
KPUBOIO f(X; b), 110 MICTUTBCS JIBOPYY K.

SIKIO 3 METOKO 3MCHIICHHS PU3UKY BLIXWIMTH [PAaBHIIbHY IioOTe3y
H) 3MeHIIyBaTUMEMO 3HA4YeHHS O, TO B I[bOMY pa3i KpUTHYHA TOYKA
K 3MIIlyBaTUMEThCS NIPAaBOPYHY, 110, Y CBOIO YEpry, CIPUUHMHIOE 30i-
JBIIEHHS KIMOBIPHOCTI MOMWJIKU JIPYTOTO POy, TOOTO BETUYMHHU f3.

Pizanmro m=1-f Ha3uBarOTh iMOGIpHICMIO OOTPYHTOBAHOTO BijI-

xwieHHs Hy, abo nomyocnuicmio KpUTEPIro.

[lig 4ac po3B’s3yBaHHS NPAKTUYHUX 3aBJaHb MOKE BUHUKHYTH
nmotpeda BHOOPY CTATHCTUYHOTO KPUTEPIIO 3 iX MEBHOI MHOKHUHHU. Y
BOMY pa3l BUOHPAIOTh TOW KpUTEPiid, IKOMY NMpUTaMaHHA HalO1IbIIa
MOTYKHICTb.

9. NapamMeTpUYHi CTaTUCTUYHI rinoTe3un

9.1. lNepeeipka npasusibHOCMi HY/1bOBOI 2inome3u
npo 3Ha4YeHHs1 2eHepanbHoi cepedHbLOT

Jns nepeBipku npaBuiibHOCTI H: X =a, (M(x)=a), 0e «a» €
NEBHUM YHMCIIOM, TIPU 33JJaHOMY piBHI 3HaYYIIOCTI @ HacaMIepesa He-
00X1/THO BUOpATH CTATUCTUYHUNA KpHUTepiii K.

HaiizpyuHimmuM KpuTepieM A IbOrO THITY 3a7ad € BUIAIKOBa
BennurHa K = Z, 110 Ma€ HOPMOBAHHUI HOPMAaJbHUHN 3aKOH PO3IMOALTY
nmogipraocteit N(0; 1), a came:
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)_CB_—a:)?B—a:\/;()_cB—a). (447)
o(xg) O o

n

[Tpu po3B’A3yBaHHI TAaKOIO KJIacy 3aJa4 MOKJIMBHUHA OJMH 13 TPHOX
BUTIA/IKIB:
)mpu H :Xx, >a — OGynyeTbes npaBoOiYHA KPUTHYHA 00IaCTh;
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2)npu H  :x, <a — Oyxnyerbes NiBoOIYHA KPUTUYHA 00JIACTD;

3)npu H, :x, #a (todTo MoXxe Oytn X, <a, abo X, >a ) — Oy-
JY€TbCs BOOIYHA KPUTHYHA 00J1aCTh.

JliBoGiuHa i IpaBoOiYHAa KPUTHYHI 00JIaCTI BU3ZHAYAIOTHCS OIHIEIO
KPUTHYHOIO TOYKOIO, 1BOOIMHA — JIBOMA KPUTUYHUMH TOUKaMH, PO3-
TAIIOBAHAMHI CHUMETPHYHO WIOAO Hyisi (Y LbOMY pasi MOTYXKHICTb
KpHUTEpIt0 Oye MaKCHMaIBbHOI0), OyLyTh PIBHUMH MK COOOO 3a MO-
IyJieM 1 MaTUMYTh TPOTUIICKHI 3HAKH.

Jlyis moOy10BH MPaBOOIYHOT KPUTHYHOT 00J1acTi HEOOX1THO 3HANTH
KPUTUYHY TOYKY Z, 33 yMOBH P(Z >z )=o . 3HaueHHs Z, obuuc-

Kp Kp

JIFOEMO 3 PIBHSHHS

PO0<Z<z

Kp

)+ P(Z>z,) =%. (448)

I mami:

1 1-2
P(O<Z<zKp)+oc=E—>P(0<Z<zkp)= ‘5

1-2 1-2 .
2 d(z,)= 5 @ ockimbku @(0) = 0

= P(z,) - P(0) =

3a Tabmurero 3HaueHb QyHKIi Jlamaca, CKOPUCTaBIIMCH 3HAYCH-

HAM

, 3HAXOIMMO apryMeHT X =z,

[TpaBoGiuna kpuTHYHA 00TacTh 300pakeHa Ha puc. 123.

ZZ

2

A (2)= J;— g

Kpuruuna obnacts

PO<Z<z,)

0 TP(Z>ZKp):(x z

Zxp

Y

Puc. 123
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Jlyis moOy10BM JTIBOOIYHOT KPUTHUYHOT 00J1aCTi HEOOXiTHO 3HANTH
KPUTHYHY TOYKY Z, , JOTPUMYIOYHCh YMOBU P(Z <z )=a..

Zyp Yy IbOMY BHIIAAKY OOYHCITIOETRLCS 3 JOIIOMOI'OIO piBHSIHHH

P(Z<z,)+P(z,<Z<0)= % (449)
I nani:
1 1-2a
a+P(zKp<Z<0)=E—>P(zKp<Z<O)= -
S 0)- Pz, =2 s (z,,) = 1_22“ > d(z,,) = —1_220‘ .

BpaxoByroun Ty o0ctaBuHy, mo ¢yHkuis Jlamraca @(z) € Hemap-
HOIO, 3a TaOJNLICIO 3HaYeHb D(z) 3HAXOIMMO apryMeHT x =z, 1 0e-
pemo #oro i3 3HAKOM «MiHyC» (-z,,). JIiBoGiuHa KpUTHYHA 0ONACTH
300pakeHa Ha puc. 124.

Kputnuna obmacts

P(zqp < Z<0)

Y

\S

Peo<)—a | 0 z

Zxp

Puc. 124

Jlyis 1BOGIYHOT KpUTHYHOT 0071aCTi HEOOXITHO 3HAWTH JIBI KPUTHY-
: ! 14
Hi TOUKH Z;, Z 3& YMOBH

P(Z<z;p)=%, P(Z>z;;p):%,

ro_ "
ne zy, =—zp.
OT1o%, HaM HEOOXiIHO OOYHMCIIUTH JIMIIE Z; , CKOPUCTABIIUCH PiB-

HAHHAM

P(0<Z<z;’p)+P(Z>zl'<’p):l

> (450)
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I nani:
P(0<Z<Z:P)+%:%_>P(O<Z<Z::p):l—7a_)

S d(2!) - D(0) ZI_T(X Dzl =1‘T°‘ :

e zy, 3HAXOMMMO 3a Tabnuiero 3Ha4enb Gpynkuii Jlamnaca.
JIBoOiyHa kpuTHYHA 007aCcTh 300paXkeHa Ha puc. 125.
2

z

/

1 _
e 2

\ -
f(Z)_\/Z

Kpuriuna o61acTb
Kpuriuna o61acTb

P(0<z<zy)

P(Z<Z/Kp):% T T 0 ZL P(Z>Z/i<p):% z

Kp

PosrnsgnyTnii MeTosr moOyI0BH KPUTHYHUX OOJAcCTe MpHIaTHHIMA
JIMIIE 332 YMOBH, KOJIM BiZJOME 3HAUYEHHS CEPEIHBOI0 KBAAPATHYHOTO
BIIXWIEHHS G, O3HaKU IeHepajbHOI CyKymnHocTi. Ilpu mpomy cro-
CTepEeKyBaHEe 3HAUECHHS KPUTEPiI0 OOUUCITIOETHCS TaK:

2 =2re (451)

Or
Jn

VY BUMAnKy, KOJMW 3HAYEHHS G € HEBIJOMHUM, HOTO 3aMiHIOIOTh
CTaTUCTAUYHOKO OLIIHKOO

S = Z(‘xi _)_C)Zni ]
\ n—1

Toxi 3a cTaTucTUYHUNA KpuTepiil BUOHMPAETHCS BUIAKOBA BEJINYH-
Ha K = t, mo Mae po3noain CterofeHTa 3 k = n — 1 cTyneHsMu cBo0o-
I, a caMe:

(452)



Kputnysi Toukn y 11bOMy pa3i BU3HAUaIOThCs 3a Tabnuuero (1ona-
TOK 6) 3a/laHMM piBHEM 3HAUYYILIOCTI O TA YUCIOM CTYIEHIB CBOOOIM
k=n — 1. CrocrepexyBaHe 3HauU€HHsS KPUTEPIl0 OOYMCIIOETHCS 3a
dbopmyoro

Mpuxaaa. Po30ikHICTE BUMIPIB AiaMETPiB KYJTbOK X = X; €
BHITAJIKOBOIO BEIIMYMHOIO, M0 Ma€ 3aKOoH posmnoairy N(a; 4).
[pu pieHi 3Hauymocti oo = 0,01 mepeBipUTH MPABHILHICT

H :a =240 mm, SKII0 anbTepHATHBHA TilOTE3a

H, :a>240 mwm,

KOJIM BifIoMO, 10 O =4 MM i BHOIpKOBE CEpEHE 3HAUEHHS

BUMIpSHUX ¥ 100 OXHOTHITHHX KYJIBOK Xp = 225 MM.

Po3z¢’azanna. Ockinexku H  :a > 240 MM, OyayeTbest IpaBoOidHA KpH-

THYHA 0051acTh. Jy1st 1IbOr0 HEOOXiIHO 3HANTH KPUTHUYHY TOUKY 1 MoOyTyBa-
TH MPaBOOIYHY KPUTHYHY 00sacTh. [l 3HaXO/PKEHHS! KPUTHYHOI TOUYKH 3a-
CTOCOBY€EMO BIIOMHI BHpa3:

1-20 1-2-0,01 1-0,02 0,98
2 2 2 2

3a 3HaYEeHHSIM q)(zKp) =0,49 i ckopucTaBIIKCH TabNHIEIO (I0aTOK 2)

D(z,,) = =0,49.

3HaxomuMo Z, ~2,34. Omke, npaBobivHa KpUTHYHA 00IAaCTh MATHME BH-
IS, 300paxeHnuid Ha puc. 126.

22

1 -

\ _ e 2
f(Z)—m

Kpurnuna obmactb

\/

Zyp = 2,34
Puc. 126
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OO0YHCIIIMO CIIOCTepeXKyBaHe 3HAUCHHsS KpUTepito 3a (opmynoro (451)

=B 4 . Ockinbku Xy =225 MM, a =240 MM, G, =4 mm, n =100, Mmaemo
Or

n
_225-240 _-15_ 15 _ 150
4 4 " 04 4

100 10

=-37,5.

BucnoBok. Ockinbku z €] —o0; 2,34], To HeMae MiACTaB
IUISL BIAXWIIGHHSI HYJIbOBOI rinote3u H, : a = 240 mMm.
OTxe, HyJIbOBA TINIOTE3a IPHITMAETHCS.

Mpuxnan. TlpoBeneno 10 He3ane)KHUX EKCIIEPUMEHTIB Hall
BHITAJIKOBOIO BEIMYMHOIO X, II0 Ma€ HOPMAIbHHUM 3aKOH pPO3-
MOy 3 HEeBIIOMHMHM 3HAa4YeHHSAMHU a, . Haciinku excriepu-
MEHTIB MOJaHO Y BUIJISIII CTATUCTHYHOTO PSIJTY:

Xi 2,5 2 -23 1,9 | 2,1 | 24 23 | 25| 1,5 | -1,7

n; 1 1 1 1 1 1 1 1 1 1

[Ipu piBHi 3Hauymocti o= 0,001 mepeBipUTH TPABUIBHICTH
HYJOBOI TIIIOTE3H
H,:a =09, npu anprepHaTUBHIl rinoresi

H, :a<09.

Po36’a3anna. 3anvnieMo CTAaTUCTUYHUM PSAN Y BULIISAI CTATHCTHYHOTO
pO3MoAiTy # 00YHCINMO Xy, S :

Xi 25|23 (-=21]-17]| 15 1,9 2 2,3 24 | 25
n; 1 1 1 1 1 1 1 1 1 1

- >2x;, —25-23-21-17+15+19+2+23+24+25

- 0.4.
B, 10
>x
Dy = " _(xB)2 =
_6,25+529+4,41+289+2,25+3,61+4+529+5,76+6,25 ~(0 4)2 B
10 ’
=4,6-0,16=4,44 .
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n 10

S? = D, =3-4,44=4,933.

n-1
S =4/4,933 2,22

[Ipu anprepHaTuBHIN rinore3i H,:a <0,9 OynyeTbes aiBOOIUHA

KpUTHYHA 00sacTh. /i1 11bOro HEOOXiAHO 3HANTH KPUTHUYHY TOUKY,
3aCTOCOBYIOUHM CTaTUCTHUHUN Kputepidt (451). 3a Tabmurero (mona-
TOK 6) 3HAXOANMO 3HAYCHHS

t,(@=0,001, k=n—-1=10-1=9) = #(a=0,001, k=9)=4,78.

OCKiTbKY IIUTBHICTh MMOBipHOCTEH I po3noniny CThIOJeHTa €
IIapHOIO, TO 7, = —4,78 .
Kputnuna obsacts nokasana Ha puc. 127.

A s -— r(?) [HLJT

w
2
Kpurnyna o6nactp
T JO t’
f=—4,78
Puc. 127

OO0umnCcIMMO criocTepeKyBaHe 3HAUCHHS KPUTEPIto:

o_Tp—a_04-09 04-09 04-09 05 _ .
S 2,22 2,22 0,702 0,702

Jn J10 316

Bucnopok. Ockinbku * € [-4,78; o[, To Hemae mincTas
Bigxmwmti H,:a=0,9.

Ipuxnan. PeanizyBaBmm BHOIpKY 3 TEHEPAITBHOI CyKYTI-
HOCTI, O3HaKa sKoi X Mae HOPMaJbHHUN 3aKOH PO3MOILTY,
JICTAJTU CTATUCTUYHHAMA PO3ITOJILT;
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Xi 6 7 8 9 10 11 12 13 14

n; 1 3 6 8 6 6 5 3 2

[Ipu piBHi 3Hauymocti o = 0,01 mepeBipUTH MPaBUIBHICTD Hy-
JHOBOT TiIOTE3U
H,:a =28, axmo anprepHaTHBHA rimore3a H, :a # 8.

Po36’a3annn. OOUNCINMO 3HAYCHHA X, S :

Xy = Z);,n, =|Tak sxn=Yn, =40|=
_6+7-3+8:6+9-8+10-6+11-6+12-5+13-3+14-2
= 20 =

_ 6+21+48+72+60+66+60+39+28 _10.
40
2
D, =Z5 Mz =
n
_ 36+49-3+64-6+81-8+100-6+121-6+144-5+169-3+196-2_(10)2 _
40
_ 36+147+384+648+600+726+720+507+392_100:
40
4160

= _100=104-100=4.
40

s?=-"_p, =%-4=4,103.

-1
S =4/4,103 ~2,03.

Ipu aneTepHaTHBHIN rinoresi H , :a #8 OyayemMo ABOOIYHY KPUTHUHY

o0macte. BpaxoByrouw, 0 Gr € HEBIIOMOIO BEITMYHHOIO, ISl TOOYI0BH i€l
o0macti 6epemMo CTaTUCTHYHUIA KpuTepiit (452).

OCKITBKH KPUTHYHI TOUKH ti'(p 1 t:p CHMETpPUYHI BiTHOCHO HyNA 1 NpH

HEOMY l]'(p =_ t::p , 3HAXOJMMO 3a TabIUIEro (IoaaToK 6) [;’p :
tl'('p(a:0,0l, k=n—1=40—1:39)=t1’<’p(a=0,01; k=39)=2,7.
Tomi l]'(p =-27.

JBoOiuHa kpuTHYHa 00JacTh 300pakeHa Ha puc. 128.
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Kpuruuna o6nactb

Kpurnuna o6aactsb

Puc. 128

O0uucIIMO CIIOCTEPECIKYBAHE 3HAUCHHA KpI/ITepiIOI

T,—a 10-8 2

2

S

Jn

- 2,03 2,03

J40

6,325

0321

6,23.

BucnoBok. Ockinbku ¢* €[-2,708; 2,708], To Hemae mmij-
cTaB npuiimatu H,:a =8.

Hpuxaaa. 3 reHepanbHOi CyKYIHOCTI, O3HaKa sikoi X Mae 3a-
KOH posnoxainy N(a; 5), peamizoBana BubOipka 1 moOynoBaHO
CTaTHUCTUYHUHN PO3MOJILL:

Xi

10,9

11

11,2

11,3

11,5

11,6

11,8

11,9

n;

2

4

1

3

4

1

2

3

[Tpu piBHi 3HauymocTti oo = 0,01 TepeBipUTH MPABHIBHICTD Hy-
JILOBOI TIMOTE3H

H,:a=11,44 npu anpTepHaTHBHIN TinoTE31
H, :a#1144.

Po36¢’azannsn. OGuncnumo 3HaueHHs Xg. Ockinmbku n =Y n, =20, 10

nicrasemMo
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= _ 2 X1, _

Xp
n
C10,9-2+11-4+11,2-1+11,3-3+11,5-4+11,6-1+11,8-2+119-3 _
20
C218+44+11,2+33,9+46+11,6+23,6+35,7 _227,8_1139
20 o

[Ipu anerepHatuBHiil rinoresi H, :a # 11,44 OGymyerscs nBoOiuHa KpH-
THYHA 00nacTh. BpaxoByroun Te, 0 BifloMe 3HaUeHHSA G = 5, I 3HAXO-
JUKCHHS KPUTHYHUX TOYOK CKOPHCTAEMOCS CTaTUCTUYHHM KpUTEpieM

Xy —a .
z= et o Mae 3akoH po3noiry N(0; 1).
I

Jn

Kputnuna Touxa zl':p BU3HAYAETHCS 3 PIBHOCTI

.. l-—a 1-001 099

3a snauennsM dynkuii Jlanmaca d(z;) =0,495 smaxomumo z; = 2,58.

=0,495.

. r n I
OcCKITbKH Zp =~ Zy > TO MAEMO Z | 2,58.
JBoOiuHa kpuTHYHa 06JacTh 300pakeHa Ha puc. 129.

%)

z

1 =

A »
f(Z)—m 2

Kpurnuna o6nacts Kpuruuna obnactb

\/

T To0 T :
2 =—2,58 270 =2,58
Puc. 129
O06uuCIMMO COCTEPEKYBaHE 3HAUCHHS KPUTEPIIO
o Fama_1139-1144 005 0o
(o 5 L119

Vn J20
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BucnoBok. Ockinbku z° €[-2,58; 2,58], Hemae mincras
BIAXWIATH H:a =11,44.

ITpu Benukux obcsrax Bubipku (n >40) cTaTUCTUYHUN KpUTEPii
Xy —a
S
Vn
HSIMU CBOOOHM, HAOIMKAETHCSI aCUMITOTHYHO O HOPMOBAHOI'O HOP-
MasibHOTO 3aKkoHY N(0; 1). ¥V 1npomy pasi KpUTHYHI TOYKM BHU3HAYa-
10ThCH 3 piBHOCTEH (448) — (450).

z= , 0 Mae 3akoH posnojiny CtertoneHta 3 k =n — 1 cTymne-

Mpuxaaa. PeanizyBaBmu BUOIpKY 3 TeHEpaIbHOI CYKYITHOCTI,
€JICMEHTaMHM SKOI € OJHOTHUIIHI 3arOTiBKH, JOBXKHHA SIKHX X €
BHIAJKOBOIO BETUYMHOIO 3 HOPMAaJIbHUM 3aKOHOM DO3MOIILTY,
JCTATA CTATUCTHYHHHA PO3TOILT:

Xi 6,5 8,5 10,5 12,5 14,5 16,5

n; 10 20 30 20 10 10

Sxro piBens 3HauymmocTi oo = 0,001, mepeBipuTH NpaBUIBbHICTD
H,:a=15,5 npu anprepHaTHBHIM rinoresi
H, :a>155.

Po3e’azannn. O0uucIuMO 3Ha4eHHS Xg, S. Ockinmpku n =) n, =100,
TO MaeMO

_ Yxm 65-10+485-20+10,5-30+12,5-20+14,5-10+16,5-10

BT 100
_65+170+315+250+145+165 _ 1110211’1;
100 100
>x’n, 3
n
_ 4225.10+7225-20+11025-30+15625-20+21025-10+27225-10 _
B 100 -
_ 422,5+144,5+3307,5+3125+2102,5+2722,5 _ 13125 _13125.
100 100
ZX?”» =32 2
D, === (x,)" =13125—(11,1)> =131,25-123,21 = 8,04 .
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"_p, =19 g04-g12.
99

S? =
n-—1

S=4812=285.
Ockinpku o0csT BuOipku Benukuit (n =100 > 40), craTucTHIHAN
X —

Jn

Tomy 11 BU3HAYEHHS KPUTHYHOI TOUKHU f,, =z, 3aCTOCOBYEMO DiB-

. a .
KpUTEpIil ¢ = HaOIMKATUMETHCS 110 3aKoHy posnozairy N(0; 1).

HICTB
—200  1-2-0,001 0,998
2 2

[TpaBoOiyHa kpuTHYHA 00IacTh MaTuMe Takuil Burisay (puc. 130):

O(z,) = =0,499 >z, =3,2.

[}

z

l =

Arz)= e 2
f(2) I

Kpurnuna obmactb

Zgp = 3,2
Puc. 130

O06uncANMO croCcTepeKyBaHe 3HAUEHHS KPUTEPII0
. Xy—a 1L1-155 44
STTS TT285 T 0285

Voo A10o

~—-15,44.
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BucnoBok. Ockinbku z €]—o0;544], to H,:a =155
NPUNMAETHCA.

9.2. lMepeeipka npasunbHocMi

HYJ1b080I 2imome3u npo pieHicmpb

9de8ox 2eHepasibHuUx cepedHix (M(X) = M(Y))

Hexaii 3agano 1Bi reHepasibHi CyKYITHOCTI, O3HaKH sIKuX X 1 Y Ma-
I0Th HOPMAJIbHUHM 3aKOH PO3MOALTY 1 IPH IIbOMY HE3aJeXHI OJHA Bif
onHoi. HeoOximno mepeBiputn mnpaBauBicte H,:M(X)=M(Y)
X, =Yp).

TyT MOXYyTbh CIIOCTEpITaTUCS JBA BUTAIKH:

Bunangok 1. O6car Bubipku Benukuid (n > 40) 1 BijoMi 3HaYEH-
H D_, D, 03HaK reHepaJbHUX CYKyIHOCTEH.

3 KOXHOI TeHepaJIbHOT CYKYITHOCTI 3J1HCHIOIOTh BUOIPKY BIIMOBI-
ITHO 3 oOcsiramu n' 1 n” 1 OyIyIOTh CTATUCTHYHI PO3IIOLUIH:

X; X1 X2 X3 | e Xk Vi N1 )2 Y3 | s Ym

’ ! ’ ! ! " ”n " ”n "
; ny, | ny | ... n, n? | nl | oy | ony | n

! ! 14 14
Tyt n'=%n;, n"=%n’.
OO0YHUCIIOIOTHCS 3HAYEHHS
’ n
_Zx[ni __Zyjnj
xB - ' > B ™ " .
n n
3a cTaTUCTHYHUI KpUTEPi OEpeThCs BUTIAIKOBA BEIIMIMHA
_
z=—2"J8 | (453)
o(Xg — V)
o Mae 3akoH posnoairy N(0; 1).

D
Ockimbku  D(Xg — yp) = n—f +——, TO CTaTUCTHYHWMN KpUTEpiii

"

(453) HabGepe Takoro BUTIISILY:

7= (454)
&4_ Y
n n

Kom D, =D, =D, nicranemo:
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Xp = Vs
1 1
Op | —+—
n, n,
3anexxHo Bix (opmyrroBaHHS albTEepHATUBHOI rimoresn H, Oy-
JIYIOThCSl BIAMOBIAHO IMpaBoOiyHa, JiBOOIYHA Ta JBOOIYHA KPUTUYHI
o0macri.
CrnoctepexyBaHe 3HaYCHHsI KPUTEPIIO BIAMOBITHO OOYUCITIOETHCS:

Z= (455)

* Xg =Y
7 =2 )s (456)
D, D,
n! + n”
abo
o -7
VA :B—yB_ (457)
1 1
Op.—+—
nn
Mpuknan. 3a 3aJaHUMHE CTATUCTUYHHMHU PO3MOIUTAMHU JBOX
BUOIPOK, peai3oBaHUX 13 ABOX TE€HEPaJbHUX CYKYNHOCTEH,
03HAKH SIKUX MAlOTh HOPMAaJbHHI 3aKOH PO3MONLTY 31 3HAUCH-
HSM JIUCTIEpCii renepanbuux cykynuocreit D, =10; D =15,
x; [12,2]13,2(14,2]15,2 | 16,2 v | 84 12,4 16,4 20,4 |24,4
n, | 5 |15 ] 40 | 30 | 10 n? | 10 | 15| 35 | 20 | 20

npu piBHI 3HauymocTi o = 0,01 mepeBipuTH NpaBIUBICTH HY-
TBOBO] TiMOTE3H

H,:M(X)=M(Y), sxuo ansTepHaTHBHA TiNoTe3a
H M(X)>M(Y).

Pose’azanns. Ockinbku n'=3 n; =100; n"=3n" =100, obuucmmmo

Xg, Vg
. _Yx,n 125-5+132-15+142-40+152-30+16,2-10 _
i n' 100
_ 62,5+198+568+456+162 _ 1446,5 _ 14,465,
100 100
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_ Xy;n; 84-10+12,4-15+16,4-35+20,4-20+24,4-20

yB = - = =
n 100

_ 84+186+574+408+488 1740

100 100

s anerepHaTHBHOI rinotesu H  : M (X)> M(Y) Oyayerbcs mpaBo-
OiuHa KpUTHYHA 001ACTb. KpUTHYHY TOUKY Zz,, 3HAXOAMMO 3 PIBHOCTI

-200 1-2-0,01 0,98

2 2
[IpaBoOiynHa kpuTHYHA 00MacTh 300paxeHa Ha puc. 131.

ZZ

=17,4.

o(z,,) = =0,49 >z, =234,

1

A _ T2
f(2) \/Z e
Kpurnuna o6nactb
0\) T >
Zp =234 z
Puc. 131
OO0YHCIIAMO CITOCTEPEIKYBaHE 3HAYCHHS KPUTEPItO
7t Xg — Vg _ 14,465-17,4 __ 2,935 __ 2,935 _
\/Dx Dy 10 N 15 v0,1+0,15 0,25

" il
n' n" 100 100

S0P ser,

b

BucHoBok. Ockinbku Z' €]—0;2,34], To Hy: M(X)=M(Y)
HE BIJIXUJISETHCS.

Hpuxaaa. O3Haku X 1 Y IBOX TreHEpalbHUX CYKYNHOCTEH,
CJIEMCHTAMU SIKUX € OJHOTHUITHI 3aKJICTIKH, MAIOTh HOPMAaJIbHUN
3aKOH PO3MOAUTY 31 3HAYCHHSIMH jaucrepcii D, =22 MM,
D, =28 mm’.
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ITpu peanizawii ABOX BUOIpOK i3 TeHEpaTbHUX CYKYNHOCTEH Ii-
CTaJld CTATUCTHYHI PO3TIOILIN:

yi 19719899 10 |10,1(10,2 x 189192(95(98]10,1
n; 2 3 5 4 1 1 n 1 4 5 6 4

[Ipu piBHi 3Hauymocti o = 0,001 mepeBipUTH NPaBUWIBHICTH
HYJIBOBOI T1OTE3U

H,:M(X)=M(Y), axuo ansTepHaTHBHA Til0oTe3a
H MX)<M(Y).
Po3é’azanns. YpaxoByroud, M0
n'=%n; =15 n"=%n’ =20, obuncimmo
_ Xx;n7 89.1492-44+9,5-5+98-6+10,1-4
‘xB = ” = =
n 20
8,9+368+475+588+40,4 1924
= = =9,62 mMm.
20 20

5 _Zon_97:2+98:3+99:5+10:4+101:14102:1
B_ r - -

n 15
19,4+29,4+49,5+40+10,1+10,2 158,6
- 3 = T ~10,57 mm.

Ipu anerepHatuBHi rinotesi H , : M(X)<M(Y) Oynyemo niBoOiuHy
KPUTHYHY 00J1aCTh, KPUTHYHY TOUKY IS SIKOT 3HAXOIMMO 3 PiBHOCTI

1-2a 1-2-0,001 0,998
B(z,,) =~ = --

=-0499 > z_=-32.
2 2 2 i

JliBoGiyHa KpuTHYHA 00JaCTh 300paxkeHa Ha puc. 132.
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i) =—=e 2
2n
Kpuruuna o6nactb
T \JO Z _
Zgp=—3,2
Puc. 132
OOUYHUCITIOEMO CITOCTEPEIKYBAHE 3HAYCHHS KPUTEPit0
7 Xg—Vs  _962-10,57 0,95 B
Jzk D, J22-+23 VO,11+0,19
n"on 20 15

095 095
Jo3 055

Bucnosok. Ockinbku Z  €[-3,2; o[, To BiCyTHi mijacra-
BU s BiaxuieHHs H,: M(X)=M(Y).

=-1,73.

Mpuknan. J{ns gocmimkeHHs po3TsATyBaHHS MEBHOTO THITY TY-
MU Micis XiMIiYHOTO 00poOIIeHHs Oyio BiAiOpaHO MmIiCTh ii MO-
TKIB, KOXHHH 3 AKUX OyJI0 PO3JIJICHO HABMLI 1 OHA HOTO MO-
JIOBMHA OyIia TiaiaHa XiMidHii 00poOIli, a Apyra — Hi.

[oTiM 3a MOMOMOro MPUIIAAY, IO BHMIPIOE PO3TATYBAHHS
MaTepiany, MOTKH T'yMH OyJTd BHMIpsHI 1 pe3yJIbTaTH BUMIipIO-
BaHHsSI HaBENIEHI y BUIJISJI JBOX CTATUCTUYHUX PO3MOILTIB
o3HaK X i Y, sKi MalOTh HOpMaJbHHI 3aKOH PO3MOALTY 3 BiJIO-
MMMH 3HaY€HHSAMH FeHepanbHuX aucnepcii D, = 10; D, = 16.

vi |16,7117,2117,3]18,1]18,4(19,1 x; [16,2116,3( 17 [17,6|18,4

n; 1 1 1 1 1 1 n' 1 1 2 1 1

[pu piBHi 3Hauymocti o = 0,001 mepeBipuTH NpaBaUBICTH HY-
JBOBO] TimoTe3n
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H,:M(X)=M(Y), Ko anbTepHaTHBHA rioTe3a
Hy:M(X)=M(Y).

Po3¢’azanna. O0UUCINMO 3HAUCHHS Xy, Vg .
Ockineku n' =n" = 6, To Maemo:

S Xy _167+172+173+181+184+191 1068 _
oo 6 o
5 _Xxn] 162-14163-1+17-2+17,6-1+184-1

" n" 6
:16,2+16,3+364+17,6+18,4=102,5217,08'

Ipu anbrepHaTuBHiil rinore3i H, : M (X)# M(Y) Oynyerscst nBoOiu-
Ha KPUTHYHA 00JIacTb.

Ockinbkn z; ==z ,TO Z OOUYUCIIOEMO, BUKOPHCTOBYIOUHU PIBHICTH

Kp ° Kp
o 1-0,001 0,999
2

Kputnuna obnacts 300paxena Ha puc. 133.

=0,4995 - z; =34 >z, =-34.

Kp

" 1-
D(z,) = 5

A

Kpurnuna o6nacts Kpuriyna obnacts

T To T z
2y =—32 27 =32

Puc. 133

OO0UYHUCIIIMO CITOCTEPEIKYBAHE 3HAUCHHS KPUTEPitO
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So_ Xy _17.08-178 072 _
\/ D, D, [10 16  J167+267

+
nn nr 6 6

072 072
Jasa 208

BucuoBok. Ockineku Z* e [— 3,2; 3,2], TO HEMAE IIICTaB
Bigxwiatu H,: M(X)=M(Y).

=-0,346.

Bumanok 2. SIkmo oOcsar BubOipku Benmukuid (n > 40), ane HeBi-
JIOM1 3HaueHHs reHepanbHux aucnepciii Dy, D,, T0 y IbOMY BUIAJKY
3aCTOCOBYIOTH X TOYKOBI HE3MIIlleHI CTATUCTUYHI OI[IHKH, a caMe:

Z(xj _)_CB)"’I; +2(y, = yp) 0 _
n+n"-2
B (n'—l)Sf +(n"—1)S)2,

n'+n"-2
I1pu Benukux oOcsirax BHOIPOK 7', n" CTaTUCTHYHMI KpUTEpil

D()_CB _yB) - 8% =

(458)

7= X~ VB (459)
\/(n'—l)Sf +("-1s? [T 1

n'+n"-2 n n"
ACHMIITOTHYHO HaONMMXKaeThcs A0 3akoHy posmoniry N(0; 1). To-
My IJIsi BU3HAUEHHS KPUTUYHHX TOUYOK 3aCTOCOBYETHCS (DYHKIIisS
Jlammaca.

MMpukaaa. 3 1ONOMOTrOK JIBOX PaJiOBUMIPHHX TPHIAIIB BU-
MIpIOBAJIACh BIJICTaHb JIO TIEBHOT'O 00’€kTa. Pe3ynbTaTH BHUMi-
PIOBaHHS HABEICHI Y BUTIISAAL JIBOX CTATUCTHYHHMX PO3IOALUIIB
O3HaK: Y — BiACTaHb, BUMIpSHA MEPUINM PaTioNpHIagoM, Ta
X — ppyrum. Ilpu npomy Y i X € HezanexHUMU Mix co0010 1
MIATIOPSIIKOBaHI HOPMaJbHOMY 3aKOHY po3mojiny. CTaTHCTH-
YH1 PO3MOIIIN MAFOTh TAKUH BUTIIS:

Vi, KM 195 198 201 204 207 210
n; 10 20 30 20 15 5
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Xj, KM 184 188 192 196 200 204

" 5 15 30 40 6 4

[Ipwu piBHi 3Hauymocti oo = 0,01 TepeBipUTH MPABUIBHICTh HY-
JILOBOI TIMIOTE3H

H,:M(X)=M(), sxumo aqbTepHaTUBHA Tinoresa
H :MY)>M(X).

Po3¢’azanna. 3Ha4CHHs JUCTIEPCiii TeHEpaIbHUX CYKYIHOCTEH HEBilO-
. . = = 2 2
mi. HeoOxinno obuucnutu Xy, yy, S;, S,

Ocxkimeku n' =3 n/=n"=3%n"=100, 10

_Xx;n; 184-5+188-15+192-30+196-40+200-6+204-4

X
8 n" 100
920 + 2820 + 5760 + 7840 +1200 +816 19356
= = =193,56 km.
100 100
Yx;n] 1847 -5+1887 -15+1927 -30+196 - 40+ 2007 - 6+ 204> - 4
n 100 -

_ 3748464 14464,

xin'
Dy =257 () = 37484.64 - (193,56)" =
n

=37484,64 —37465,47 =19,17;

s2=—" _p 190 917-1936;
n'—1 % 1001
S, =1936 ~4.4.
_ Yy,n 195-10+198-20+201-30+204-20+207-15+210-5
yB: ; = =
n 100
1950 +3960 + 6030 +4080 +3105+1050 _ 20175

100 100

=201,75 xm.
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1

n 100
4071915
100

Yy;n, 195 -10+198” -20+201% -30+204° -20+207° -15+210> -5

=40719,15;

2 0
Dy =221 (5,07 = 4071915 - (20175)" =
n

=40719,15-40703,0625 =16,0875 ;
n' 100

S’ = D, = 16,0875 =16,25;
Yo' -1 100 —

S, =+/16,25~4,03.

Ilpu anbrepHaTuBHiif rinotesi A, : M (X)> M(Y) Gyayemo npaBobiu-
HY KPUTHYIHY 00J7IaCTh, KPUTHYHA TOYKA KO, YPAXOBYIOUH T€, IO 00CAT BH-
GipKY BENHKUI, 3HAXOJUTHCS 3 PIBHOCTI

1-20 _1-2-001 0,98
2 2 2

Kputnuna obnacts 300paxena Ha puc. 134.

D(z,,) =

=049 >z, =234,
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¥}

A 1 72
) ==e 2
V2n
Kpuruuna o6nactb
0 T i
Zyp = 2,34
Puc. 134

CroctepexyBaHe 3HAUCHHS KPUTEPit0 0OUMCITIOETHCS TaK:

Z*: ')—CB_;B _
\/(n’ ~DST+("-DS? [1 1
. i.ll_i
n'+n"-2 n' n"
_ 193,56 20175 __ 819 819 oo,
\/99'19,36+99'16,25‘\/1+1 J4215-002 029
100+100-2 100 100

BucunoBok. Ockineku Z* € ]— 00; 2,34], TO BIJICYTHI mijc-
TaBu JUIst BigxuiaeHus H,: M(X)=M(Y).

9.3. Manuii o6c¢si2 eubipku (n' <40, n" <40)
i HeeiOomi 3Ha4eHHs1 ducnepcill 2eHepabHOI
cyKynHocmi

[Ipu manux obcarax BUOIPOK CTATUCTHUHUN KpUTEPii

X~ VB

\/(n'—l)sj+(n"—1)sj N

n'+n"-2 n n"
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matuMe posnoait CrerojieHTa 3 k=n'+n"—2 cTyneHsiMu cBoOOIH.
VY upoMy pasi ais moOyJOBH KPUTHYHHX OOIACTe KPUTHYHI TOUYKH
3HAXOATh 32 Ta0NHIICIO (JIOJaTOK 6).

Mpuxnaaa. [Iporsarom mo0u JABOMa TpHUIaIaMU BUMIPIOBAIU

HAIpyTy B eNeKTpoMepexi. Pe3ynpTaTtn BUMiproBaHHS HaBexe-
HO y BUTJISIJII CTATUCTHYHUX PO3IIOJILTIB

Vi 223 227 229 230 235
n! 1 2 6 2 1
X 216 217 219 228 236
n 2 3 5 1 1

[Mpunyckarouu, 1o BUNAnKOBI BennunHu X i Y (Hampyra y Bo-
JBTaxX) € He3aJIS)KHUMH 1 MalOTh HOPMAJIBHUN 3aKOH PO3IOJIITY
HMoBipHOCTeH, 3a piBHA 3Hauymocti o = 0,001 mepeBiputu
MPaBHIIBHICTH HYJLOBOI TIITOTE3U

H,:M(X)=M(Y) npu anbTepHaTHBHUX TiOTE3aX:

DH, M(X)>M(Y);

DH,  MX)=M(Y).

Po3¢’azannn. O6csru BUOIPOK BiAMOBIAHO MOpiBHIOIOTE n' =Y. n =12,
n"=%¥n7=12.

- =
OO6umuCcIUMO 3HAYEHHS Xg, Vi, S

X2

2.
s

_ _2yin; 223-14227-2+229-6+230-2+235-1

VB
n 12
_ 223+454+1374+460+235 _ 2746 _ 22883
12
Yyin] 2237 1+2277-2+229°-6+230°-2+235 -1
n' 12
_ 628458 ~523715;
2
Dy =ZX M (5,) = 523715 - (2288)° =
n

=52371,5—52349,44 = 22,06 ;
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n' 12
n-1 " 12-1
2x;n7  216-2+217-3+219-5+228-1+236-1
n" 12 -
 432+651+1095+228+236 2642
12

22,06 ~24,1;

Xg =

~220,17;

Txjn) 216%-2+217%-3+219%-5+228% 14236 -1 _
n" 12
_ 582064 cs053.

2 _n
xX.n.
D, = 2%, —(%,)? =485053—(220,17)% =

"

=48505,3-48474,83~30,47 ;

- 1DB - 1212 1 -30,47 ~33,24 .
n —_— —

1) Jlng nepeBipky MpaBHIBHOCTI HYJIHOBOI T1IIOTE3U

H,:M(X)=M() npu anprepHaTHBHIH rinoresi

H, :M(X)>M(Y) 6ynyemo npaBoOiuHy KpUTHYHY oOyacTb. Ypa-
XOBYIOUHM, IIO CTaTUCTUYHMH KpuTepii Mae posmnoznin CTeloleHTa 3
k=n"+n"-2=12+12-2 =22 Ta piBaem 3ua4ymocti o. = 0,001, 3a Tabmu-
LEH0 (I01aTOK 6) 3HAXOMMMO KpUTHIHY TouKy Z, (o = 0,001; & =22) =3,79.

[IpaBoOiuHa KpuTHYHA 00MacTh 300paxeHa Ha puc. 135.
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Kpuriyna o61acTh

0 z
Zp=3.79
Puc. 135
3a hopmyioro (459) 00UHCITIOEMO CIIOCTEPEIKYBAHE 3HAUCHHS KPUTEPItO
x _ )?B — 3713 —

\/(n' DS (' -ns; [T T

n'+n"-2 n n"

B 220,17 -228,8 B 8,63 _
11-33,24+11-24,1 1 1 365,64 +265,1
\/ 2122 V2’2 \/ 22 Jor7

8,63 863 863 391

T 2867-017 48739 221

Bucnobok. Ockinbku z* €[—0q3,79], To H,: M(X)=M(Y)
NIPUAMAETHCA.

2) Hdns ansrepHatuBHOi rinotresu H, : M(X)# M(Y) Oynyerbcst nBo-
a zy, =379,

TOAi Z;p =-3,79 . JIBoGiuHa KpuTHYHA 00TaCTh 300pakeHa Ha puc. 136.

. .
OiuHa kpuTH4Ha obnacte. bepyun no ysarn, mwo z,, =

_Kp’
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Kpurnuna o6nacts Kpurnuna oGnactb

2 =-3,79 2% =3,79
Puc. 136

3 monepeaHix o6uMcIeHs Mmaemo z = —3,91.

BucHoBok. Ockinbku z* €]-3,79;3,79], To B IbOMY pasi
HeMae MiAcTaB Uit NpuiHaTTd H, : M(X)=M(Y).
Hpuknaaa. 3 nBox Bubipok obcsarom n' =16, n" =14, peani-

30BaHMX 13 JBOX IEHEPAJIbHUX CYKYIHOCTEH, O3HAKM SKUX X 1
Y € HesanexxHUMHM 1 MarOTh HOPMaJbHHH 3aKOH PO3MOLTY,

o0umcIeHi 3HaUeHHS X, = 6,2, y, =85, Sf = Si =4,2.
[Ipu pieHi 3Hauymocti o = 0,001 mepeBipUTH MPaBUIBHICTH
HYJBOBOI T1iI10TE31

H,:M(X)=M(Y), saxuo ansTepHaTHBHA rinore3a

H,: M(X)>M().

Po3¢’azanna. CTaTUCTUUHUNA KpUTepiil y IIbOMY pasi € BUIAJIKOBOIO Be-
JTMYUHOIO

-y
zZ = B B =

\/(n’—l)Ser(n”—l)S; [

n+n"-2 n n
\/S2(n—1+n —1) / \/
n+n"—

116




X~ VB

b
S /l, + Lﬂ
n n
1o Mae posnoain Creronenta 3 k =n'+n"—2 crynensaMu cBoGOIH.
s anbrepHaTuBHOI rinotesn H, : M(X) < M(Y) Gynyemo niBoOiUHY
KPUTHYHY TOYKY. Z,, 3HaXOIHUMO 32 TabmuIero (104aToK 6). 3BiACH MaeMO,
wo z, (o =0,001, k£ =28) =-3,67.

Kputnuna obnacts 300paxena Ha puc. 137.

Ary=] F(kzﬂj[ : ]

TOOTO z=

Vo 4]
2
Kpuruuna obnacts
Q
Zyp = — 3,67 0 T z
Puc. 137
O064ncIUMO CIOCTEPEXKYBAHE 3HAUCHHSI KPUTEPII0
. Xg— Vg 6,2-85 2,3
T o1 I 1 42.0134
S |—+— 42 |—+— ’ ’
n n" 16 14
2,3 2,3

T 42.037 1554

b

Bucnopok. Ockinbku z €[-3,67;00, To Hy: M(X)=M(Y)
NIPUAMAETHCA.

9.4. lNepeeipka npasusibHOCMIi HY/1b0OBOI 2inome3u
npo pieHicmb deox ducnepcil

O/HUM 13 BaXJIMBUX 3aBJlaHb MATEMaTHYHOI CTATUCTHKH € TIOPIB-
HSHHS JABOX a00 KUTBKOX BUOIpKOBHX nucrepciid. Take mopiBHSHHS
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Jla€ MO’KJIMBICTh BU3HAUUTH, YA MOXKHA BBaXKaTU BUOIPKOBI AucHepcii
CTAaTUCTUYHUMHM OITIHKaMH OJHI€T 1 Tiel caMoi qucmepcii TeHepabHOT
cyKyHHoc:Tl BoHO 3acTOCOBY€TBCS IIEpeAyCIM NP OGYHUCIICHH] JHC-
nepciii 3a pe3ynbTaTaMi TEXHOIOTIYHUX BI/IMlpIOBaHL

IMopiBuAnHA qucnepcid D , D, 311HCHIOETbCS 31CTAaBICHHAM BH-

NPAaBJIECHUX JUCTIEPCiH S, Si, K1 BIIMOBIIHO MalOTh 3aKOH PO3IIO-
mimy x* i3 k, =n'—1, k, =n"—1 crynensmu cobomm, ne n' i n" € 06-
CSITH TIEPIOT 1 IpyTroi BUOIPOK.

Hexaii mepma BuOipka 3aiiicCHEHa 3 TeHEPabHOI CYyKYITHOCTI 3
O3HaKOI Y, nucnepcis sKoi AOpiBHIOE D , npyra — 3 IeHepalbHOI
CYKYITHOCTI 3 O3HaKoro X, nucnepcist skoi nopiBuioe D . HeoOxigHo
MEPEBIPUTH TPABUILHICTH HYJIHOBOI T1IIOTE3U

H,:D,=D,

3a cTaTUCTHUYHHUI KpuTepiii OepeTbcs BUMAAKOBA BEJTUYHMHA
2

F= S_ ska Mae poznonin dimepa—CHenekopa i3 & 1 k, CTyneHs MU

m

cB00OIHM, Jic S; € OiIBIION 3 BUNMPABIEHUX JMCIEPCIH, 0IEPKAHOIO

BHACIIOK OOpPOOKH pe3yJIbTaTiB BUOIPOK, S € MEHIIOK 3 BUIPAB-
JICHUX JAUCIICPCIii.
HlinbHicTh iMOBipHOCTEH po3noainy Pimepa—CHeaekopa

k, +k,

F[ 2 ) kY bk Y

f(F):—(_ZJ (F)z‘1[1+—2F] L F>0
(5 )% ) M g

BU3HAYEHa JIMIIE Ha JOJATHIN miBocl, ToOTO 0 < F < 0.

Hpuknan. Ilig gac gocaimkeHHs cTabUIBHOCTI TEMIepaTypu B
TepMOCTaTi Jictanu Taki pesympratu: 21,2; 21,8; 21,3; 21,0;
21,4;21,3.

3 meroro crabinizauii Temneparypu 0yno BUKOPHCTAHO YIOCKO-
HaJICHUH MPUCTPIH, MICI [HOT0 3aMipy TEMIIepaTypH TOKa3alln
taki pesynwtatu: 37,7; 37,6; 37,6; 37,4. Un MokHa 32 piBHS 3Ha-
gymocti o =0,01 BBa)kaTW BUKOPUCTAHHS YIOCKOHAICHOTO
MIPUCTPOIO 10 cTabiiizaTopa TeMreparypu eheKTHBHAM?
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Po3é’azanna. OueBuIHO, 0 ePEeKTUBHICTH cTabiIi3aToOpiB 0€3 yI0CKO-
HAJICHOTO MPHUCTPOIO 1 3 HUM 3aJICKUTh BiJ JUCIEPCii BUMIpIOBAHUX HUMH
Temrepatyp. OTxe, 3aa4a 3Be1ach 10 MOPIBHIHHS JIBOX JUCTIEPCii.

OO0YunCIMMO BHITpaBJICHI BUOIPKOBI aucmepcii

_ Ywynl 212+4214+21,0+213-2+218

B < =21,333;
Yyln, 21,2°1+21,47 -1+21,0° - 1+21,3*-2+21,8° -1
n' 6
_2731,02 _ 45517
_ Zyiz n; - \2 _ 2 _ _ .
Dy ==Lt —(3,)’ =455,17-(21,333)> = 455,17 — 455,097 =0,073;
n
' 6
2= _p, =—2.0,073=0,0876;
Ton' =1 6-1
RS ni 37,7+37,6-2+37,4 37,7+752+374
n" 4 4
_1503 =37,575;
xn" 2, 2, 2,
> i 37,77 -1437,6” -2+37,4° -1 _ 5647,57 14118925
n 4
2 _n
xX.n.
D, = 2 L — (X)) =1411,8925 - (37,575)° =
n
=1411,8925-1411,880625=0,011875;
s2="_p -4 0011875=0,01583.
T on" -1 4-1
O064ncIUMO CIIOCTEPEXKYBAHE 3HAUCHHSI KPUTEPII0
2
PS50 00876 ooy
S20,01583

. . . . 2 2
Yucno cTyneniB ceoboau A Ouibliol BunpasieHoi gucnepcii Sy =S oo
) 2
k,=n"—1=5, msmenmoi S, =S, , k,=n"-1=3.
OCKiJIbKH YAOCKOHAJICHHS CTa0iIi3aTopa TeMIepaTryp MOXe TUIBKH 3MCEH-
IIUTH JUCTIEPCito, TO OyAyEMO MPaBOOIYHY KpHTHUHY 00aacTh. OTXe,
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HQ:Si>Sf.

Kputnuny Touky 3HaX0QuMO 3a TaOIUIE0 (IOAaTOK 7) BIANOBIAHO IO
3agaHoro piBHs 3Hauymocti oo = 0,01 i uncia crynenis cBobomu k=5, k, =
=3, F, (=001, k, =5; k, =3)=28,2.

CxemMaTU4yHO MpaBoOiyHa KPUTHYHA 00JIacTh 300paxkeHa Ha puc. 138.

F[M) o hithy
A f(F)——Z["—ij (F)? (H"Z Pl ?
r(ﬁj.r(’gj ky ky
2 2
O \r .
0 F
Zgp = 28,2
Puc. 138

Bucnosok. Ockineku F €]0;28,5], naHi CIIOCTEPEKEHD

HE JAl0Th MiJICTAB BIIXWJIWTH HYJILOBY TiNOTE3y, TOOTO
BJIOCKOHAJICHHSI TepMOCTaliTi3aTopa € eheKTUBHIM.
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Ipuknan. 3a 3a1aHUMU CTaTHCTUYHUMH PO3MOJiIAMH BHOI-
POK, SIKi peani30BaHO 3 FEHEPalNbHUX CYKYIHOCTEH, O3HaKH
SKUX X 1 Y € He3aIe)KHUMH 1 MaloTh HOpMaJbHHHA 3aKOH PO3-

oIy,
Vi 1,2 2,2 3,2 4,2 5,2
n! 1 2 4 2 3
X; 0,8 1,6 2,4 3,2 4
n'; 2 6 1 1 2

npu piBHI 3Hadymocti o = 0,01 mepeBipuTH NPaBUIBHICTH HY-
JBOBO] TiMOTE3H

H,:D,=D,, 1Ko anbTepHaTHBHA IiNOTE3a

H,:D,>D,.

2 2
Po3ze¢’azanna. O04ucaumo 3HaueHHs S;, S )

Y yln

’
]

)_}_Zyi n, 12-1422-2+32-4+42-2+52-3

n 12
12+4,4+128+84+156 424
12 12

~3,53;

’

n

Dy

Yxin] 08 -2+1,6%-6+24> 1432214472 64,64

C1,2%-1+22%.2+432%-4+42%.2+52%-3 168,48

=14,04;
12 12

!

2
LY (502 214,04 - (3.53)F =14.04 12,4609 = 15791
n

'n’ Dy = 12
n'—1 12-1
2x;n; 08-2+1,6:6+24-1+32-1+4-2
n" 12 B
C1,6+9,6+2,4+32+8 248
- 12 12

S2

y

-1,5191=1,723;

X

=2,067;

"

n

=5,39.

12 12

2 _n
2X;n;

"

—(¥)> =539 (2,067)> =5,39 —4,272489 = 1,1 175 ;
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2= _p =12 11758122,
n—1 12-1
O0YHCIIMO CIIOCTEePEKYBaHE 3HAUCHHS KPUTEPItO
o Ss 1723

S22

=141.

HAust anbrepuatuBroi rinotesu H,:D, >D  0Oyanyemo npaBoOiduHy
KpUTHYHY 00J1acTh. 3HAiIeMO 3a TaOIUIICIO (0JATOK 7) KPUTUIHY TOUKY

FKp((X’:O’Ol’ kl :12—1:11’ k2 :12_1211)2
:ka(oa()la kl :11, k2 211)24’4

Kputnuna obyacts 300paxena Ha puc. 139.

l"( ki +ky j koo, itk
2 ) (b 3

. o 2l k 2
““m‘qh){bﬂhj(ﬂz(”ﬁfj
2 2

0 ‘|’2 r
Yip = 44
Puc. 139

BucuoBok. Ockineku F* e [O; 4,4], HyJIbOBa TiloTe3a
H,:D =D, € npaBUIbHOIO.

10. MNepeBipka NpaBUNbLHOCTI HeNapaMmeTPUYHUX
CTaTUCTUYHUX rinoTes

VYci nepeBipku MapaMeTpUYHUX CTaTUCTUYHHX TillOTE3 IPYHTYBa-
JHCS Ha TPUITYIIEHH], 10 03HAaKa TeHepabHOI CYKYITHOCTI Ma€e HOp-
MaJbHHUI 3aKOH PO3IMOALTY WUMOBIPHOCTEH 1 1110 3a 1HIIOTO PO3MOALTY
BHCHOBKH MIOJI0 CTATHCTUYHUX TIMOTE3 MOKYTh OyTH XUOHUMH.

ToMy BHKOpHCTaHHS B HaBEICHUX METOAAX IEPEBIPKU TilmoTe3
MOJKJIMBE Y pa3i IOCTaTHLOI YIIEBHEHOCTI, IO CIIOCTEpEKyBaHa O3HA-
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Ka FeHepaJIbHOi CYKYIHOCTI Ma€ HOPMaJbHMH 3aKOH pO3HOJUTy abo
ONM3BKUI 10 HOPMAIILHOTO.

OCHOBOIO JUISI BUCYHEHHS TIITOTE3M PO 3aKOH PO3MOALTY O3HAKH
IEHEPAIbHOI CYKYIHOCTI MOXKe OYTH HasABHICTb TEOPETHYHHUX Iepe-
YMOB TIPO XapakTep 3MiHM O3HakH. Jl0 HHUX, 30KpeMa, BIIHOCSTH BU-
KOHAHHS YMOB, 1O € MiAIPYHTSM TE€OPEMH JI;myHOBa VY neskux Bu-
najKax IiJICTaBOK JUlsl BUCYHEHHs TINOTE3M TPO 3aKOH PO3MOALTY
O3HaKH TEHEPANbHOI CYKYITHOCTI MOXKYTb OyTH NeBHI (popMalbHi BiIa-
CTHBOCTI 3/00yTOr0 CTATUCTUYHOIO POMOJIIY, @ CaMe: PIBHICTh Hy-
mo A, 1 E, ams HOpMaJIbHOTO PO3IMOJLTY, piBHICTH BUOIPKOBOI cepen-
HBOI 1 BI/I6lpKOBOF0 CepeIHbOr0 KBAJPATUYHOTO BIIXWUIICHHS IS
€KCIIOHEHIIAJTbHOTO PO3MOJILTY.

[HKONHM MIAIPYHTSM /IS BUCHOBKIB IIPO XapakTep TillOTETHYHOrO
PO3MOLTY MOXYTh OyTH ()OPMH TOJIITOHY, FiCTOTPaMH.

Ipuknan. 3a 3agaHuM CTaTUCTHYHHUM PO3IMOAITIOM BHOIpKH
03HaKu X:

h=6 0—6 6—12 12—18 18—24 24—30 30—36

n, 8 12 30 36 10 4

MMOTEeTHYHO BU3HAYUTH 3aKOH PO3MOALTY O3HAKH FCHEPATBHOT
cyKkymHocTi X.
Po3é’azanna. [1oOymyeMo rictorpaMmy 4acToT JUis 33JJaHOTO CTaTUCTHY-
HOTO PO3MOALTY BUOIPKH, ika Mae Takui BUTIA (puc. 140).
A
h

1 __“w" e,
S S S N S N

0 6 12 24 30 36
Puc. 140

SIKII0 3’€HATH MyHKTUPHOIO JIIHIEI0 CEPEMHU KOKHOTO MPSIMOKYTHUKA
TiCTOTpaMH, TO JICTAHEMO KpPHBY JIiHIIO, sKa TIEBHOIO MipOK MOIIOHA 10

=Y

[a—
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rpadika MIBHOCTI UTSI HOPMaJbHOTO 3aKOHY 3 HEHYJIbOBUM MaTeMaTHYHUM
cnofiBaHHAM. Lle Moxe OyTH MiACTaBOIO AJISl BUCYHEHHS TiNOTE3U PO HOP-
MaJIbHUH 3aKOH PO3MOILUTY O3HAKH X TeHepalbHOI CYKYIHOCTI. AJie IO Ti-
MOTE3y HEOOXIHO TIEPEBIPUTH Ha ii MPaBHIIBHICTD.

Mpukaaa. 3a 3aaHuM CTATUCTUYHUM PO3MOJUIOM BUOIPKH

O3HaKHu X:
h=4 0—4 4—8 8—12 12—16 16—20 20—24
n; 40 24 16 12 8 4

TIMOTETHYHO BU3HAYUTH 3aKOH PO3IMOJLUTY O3HAKH T'€HEPATbHOT
CYKYITHOCTI.

Po3é’azannn. T1oOyayemMo ricTorpaMy 4YacToOT, 3alMCaBIIM CTATUCTHY-
HUH pO3MOJiNI y TAKOMY BUTJISIL:

h=4 0—4 4—8 8—12 12—16 16—20 20—24

3 10 6 4 3 2 1
h

INicrorpama yactoT Mae takuii Burisig (puc. 141).

A
h
10

O
—
)
_
o
)
S
)
N
=

m

Konm 3’emHaeMo MOCTIMOBHO CEPeIUHU KOKHOTO MPSIMOKYTHHKA ITyHK-
THPHOIO JIHIEI0, TO JIICTAHEMO KPHBY, IO B JAEIKOMY HaOJMKEHHI MOAiOHa
o rpagika WiTLHOCTI HMOBIPHOCTEH ISl €KCIIOHEHIIIAJIBHOTO 3aKOHY PO3-
HO}IIHy He Ja€ HaM Hl}ICTaBI/I U1 BUCYHCHHS HyJ'H)OBOI FlHOTeSI/I IIpo €KC-
NOHEHLIaNbHUH 3aKOH PO3MO/IULY O3HAKU T€HEPAIBHOI CYKYIHOCTI X, KOTpY,
3BMYAiHO, HEOOXITHO TEPEBIPUTH HAa NPABWIBHICTE. A JUTA IHOTO Heo6x1z[-
HO MaTH 3HaYCHHs EMITIPUYHHX 1 TEOPETUUHHUX YACTOT.

Puc. 141
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Emnipuunumu Ha3MBaIOThCS YaCTOTH, SIKI CIIOCTEPIraroThes MpHU
peatizaiiii BUOIpKH, a meopemuunumu — SKi OOUUCITIOIOTHCS 3a (op-
MyJIaMH.

JluckpeTHHid 3aK0H po3moaijay. TeopeTHuHi 4acTOTH AJIs JTUC-
KpPETHOI BUTIAJKOBOI BETUYMHHA 0OUUCITIOEMO 32 (POPMYJIIOI0

! p—
n =nkp, (460)
ne n — oOcsr BUOipKu;
P; — IMOBIpHICTb CIIOCTEPEKYBAHOTO 3HaUeHHS X = X;, sKa 0049H-

CJIIOETHCS 32 YMOBH, 110 O3HAKa X Mae€ B3ATUH 3a MPUIYLIECHHAM 3a-
KOH PO3MO/I1Ty UMOBIPHOCTEH.

Ipuknan. 3a pesynapraTaMu BHOIPKH, peali3oBaHOl 3 TeHepa-
JBHOT CYKYITHOCTi, O3HaKa sKOi X 3a MPUIYIICHHSIM Mae Iy-
ACCOHIBCHKHHU 3aKOH PO3MOJUTY WMOBIPHOCTEH, MiCTAIN TaKHM
CTATHCTUYHUN PO3IOJIIN:

X; 0 2 4 6 8

n, 45 20 15 12 8

1

Heo0XiaHO 3HaHTH TEOPETHYHI YaCTOTH 7, .

Po3é’azanna. JIns oOYUCIICHHS TEOPETUYHUX YACTOT 3aCTOCOBYEMO (po-
pmyiy Ilyaccona

k k
R=Se >y =ter, (461)

ner=a.

OCKIJIBKY JUISI MATEMAaTHYHOTO CIIOiBaHHS, TOOTO IJIsl TapameTpa A = a,
TOYKOBOIO HE3MIIICHOK CTATHCTUYHOIO OIIHKOIO € BHOIPKOBA CEpeITHS Be-
JWYUHA Xy, 00UUCIUMO il 3HAUCHHS

_ _Zxn _0:4542:20+4-15+6-1248-8

i n 100
:40+60+72+64=236=2’36'
100 100

Otxe, L =2,36 =a.
O6uncinmo #imosiprocti P, (k),ne k=0,2,4,6,8.

0

Py (0)= %ek =e 7 =0,094;
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ﬁ (23607 L

Py(2)=— 5 =12,7848-0,094 = 0,262 ;
7& (2,36)"
Po(4)=—e =2 7% =12925.0,094 = 0,121;
24
7& (2,36)°
P (6)=—e* =" ¢ =0,240-0,094 = 0,022 ;
720
8
Py (8) = 7‘ et =) (2.36)° e 2% =0,02386-0,094 = 0,0022 .
40320 ©

Toni TeopeTHdHi 4acTOTH OYAyTh TaKi:

n, =n-PF,(0)=100-0,094 =9 ;

ny, =n-PF,(2)=100-0,262 = 26 ;
ny=n-PB,(4)=100-0,121=12;

ny =n-PFy(6)=100-0,022 =2 ;

ng =n-P (8 =100-0,0022=0,22~0.

VY nigcymMKy Maemo:

Emnipuuni yactoTu #; 45 20 15 12 8

Teopernuni yacroru n; = nP, (k) 9 26 12 2 0

Sk 6aunmo, BenrKa pO3OIKHICTh MiXK eMIIPUYHUMH T TEOPETUY-
HUMH YaCTOTAMH CTABUTH IIiJ{ CYMHIB NPHIYIIEHHS NP0 ITyaCCOHIB-
CBKHUH 3aKOH pO3MOJiTy 03HAaKU X TeHEepaTbHOI CYKYITHOCTI.

HenepepBuuii 3axkoH po3moaiay. SIkmo o3Haka X reHepalbHOI
CYKYITHOCTI Ma€ HEeTepEepBHHUMA PO3MOLT IMOBIPHOCTEH, TO TEOPETHY-
Hl 9aCTOTH OOYHUCITIOIOTHCS 32 POPMYIIOI0

ni=nk,

ne n — oOcsr BUOIpKH,

a P, — iMOBIipHICTb TOTO, 1110 BUITaJKOBA BeIMYUHA X TIOTPAITUTh B
i-i yacTkoBUM iHTepBan. Bona oOuucmoeTbes 3a GopMynamu TOro
3aKOHY PO3IMOLTY, IKUI MPHUITYyCKAEMO Ha OCHOBI OOPOOKH CTaTUCTH-
YHOT'O PO3MOALTY BUOIPKH.

Tak, HanpuKIaa, KOO € MiJICTaBH JUIS MPHITYIIEHHS, 0 O3HaKa
reHepabHOI CYKyIMHOCTI X Ma€ HOPMaJbHUH 3aKOH PO3MOJLTY, TO Te-
OpPETUYHI YaCTOTH B IIbOMY pa3i MO’KHa 00YHCITIOBATH 332 (DOPMYITaMH:
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_ (xi=Xp )’

nh nh 1 262
np=—-@(u)=—-: e (462)
Cpy Gy 2m

nie n — o0csT BHOIPKH;
h — MOBXHHA YacmK08020 THTEpPBAIY;
X — BUOIpKOBa cepe/Hs BEIMUNHA;

6 — BHUOIPKOBE CEpEeIHE KBAAPATUYHE BiXUIICHHS;
¢(u,) — MIIBHICT IMOBIPHOCTEH MJIs1 3arajJbHOTO HOPMAaJIHHOTO

3aKOHY PO3MOALTY
n;=n-[®(xi+l _xBj_q)(x[ —Xp j)’ (463)
Op Cp

abo
ne CD( — j, CD( ol XBJ — (ynskuii Jlamaca.

Gp

Hpuxaaa. Y BTK (Biaain TeXHIYHOTO KOHTPOITIO) Oy BUMi-
psHi 400 BanuKiB i3 maprii, SIKi BUTOTOBIIAE 3aBoA. Pe3ynpraTu
BHMIpiB HaBEICHO B TAOJIHIII:

Xj, MM 10,4—10,6 | 10,6—10,8 | 10,8—11,0 | 11,0—11,2 | 11,2—11.4

n; 40 100 200 40 20

[Mpunyckatouu, mo o3Haka X Ma€ HOpMaIbHUI 3aKOH PO3MOJIi-
Iy AMOBIpHOCTEH, OOUUCIUTH TEOPETHUIHI YacTOTH 3a (hopMy-

noro (461).
Po3¢’nzannn. [ns obuucnensHs n' HeOOXiHO 3HAUTH X, Gp.

3a 3aJaHUM IHTEPBAIBHAM CTATHCTHYHHUM PO3IOILUIOM OYIYEMO ITHUCKpeE-

THHUH CTaTUCTUYHUI PO3MOIIN, BapiaHTaMH SIKOTO € CepeIUHHM YaCTHHHUX
IHTEpBAJiB, a came:

X; 10,5 10,7 10,9 11,1 11,3
n; 40 100 200 40 20

Tenep o6uncIIOEMO:
_2x;n, 105-40+10,7-100+10,9-200+11,1-40 +11,3-20 _

n 400
_420+1070+2180+444 +226 4340

400 400

X3

=10,85 mm;
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2
2X; n,

(10,5)7 -40+(10,7)? -100+(10,9)* -200+(1 1,1)* - 40+(11,3)* - 20 _

D,

n

_4410+11449 +23762 +4928,4+2553,8  47103,2
00

B

400

2
XX _
n

400

=117,758;

(x,)* =117,758 — (10,85)* =117,758 —117,7225=0,0355;
B

6 =+/Dy =+/0,0355 ~0,1884 .

OOYHCIIEHHST TEOPETHYHHUX YacTOT 3a (opMyJior (463), Moka3aHOHO B

Ta0NHIIi:
R o) = 2 o(w) =1055-0(w)
10,5 40 - 1,858 0,0707 30
10,7 100 —-0,796 0,2897 123
10,9 200 0,265 0,3847 163
11,1 40 1,327 0,1647 70
11,3 20 2,388 0,0258 11

Benuki po30i>KHOCTI MK €MITIPUYHAME 1 TECOPSTUIHUMHU YaCTOTaAMH Ja-
I0Th MiJICTaBU 3pOOUTH BUCHOBOK, 1110 MPHUITYIIECHHS [IPO HOPMAIbHUH 3aKOH
pO3MoIiTy 03HAKK X TeHEePaIbHOI CYKYITHOCTI HE MA€ MiJICTaB.

HMpukaaa. 3a MogaHUM IHTEPBAIBHUM CTATHUCTHYHHM PO3IIO-
JIijIoM BUOIpKH

110—120 | 120—130
20 4

100—110
60

90—100
14

80—90
n 2

CKOpHUCTaBIIUCH (opMyIor (462), OOUNCIUTH TEOPETHYHI Ya-
CTOTH Ha MiJACTaBl NPUITYLIEHHS, IO 03HaKa X reHepaltbHOl Cy-
KyIHOCTI X Ma€ HOPMaIbHUHA 3aKOH PO3MOILTY.

Po3ze’a3annn. 3HaueHHS Xy, Gy OOUYMCIIIOEMO 32 JUCKPETHHUM CTaTHC-
THYHUM PO3HOALIOM

95 95 105 115 125

Xj
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| n; | 2 14 60 20 4
_2x;n, 95-2+95-14+105-60+115-20+125-4 10620
Xg = = -
n 100
Zx,.z n, 18050—+126350+ 661500+ 264500+ 62500_ 1132900
n 100
Zx-z n; 2 2
Dy ==—"——(x;)" =11329-(106,2)" =11329 -11278,44 = 50,56 ;
n

6 =/Dy =4/50,56 = 7,11.

OO0uHCIIEHHST TEOPETHYHUX YacTOT 3a (GopMyoro (463) moka3aHo B Tabu-

=106,2;

=11329;

mi:
T I e e BECCV NN RO " PN
80 | 90 2 —-3,68 -2,28 —0,499968( —0,4837 2
90 | 100 | 14 -2,28 -0,87 —-0,4887 | —0,3078 20
100 | 110 | 60 -0,87 0,53 -0,3078 [ 0,2019 49
110 | 120 | 20 0,53 1,94 0,2019 0,4732 27
120 | 130 | 4 1,94 3,35 0,4738 | 0,49966 3

Pesynprat o0OYHMCIeHb AalOTh MOXJIMBICTH 3pOOWTH BHCHOBOK, IO
03HaKa TeHEPANTBHOI CYKYIMHOCTI TIMOTETHYHO Ma€ HOPMAIBHHUIA 3aKOH PO3-
MOJTTY, OCKUTBKH PO30IKHOCTI MiXK eMITIPHYHHUMH Ta TEOPSCTHYHUMH YaCTO-
TaMU €, aJle BOHU NOPIBHSAHO He3HauHi. OMHaK 11e TBEpKEHHS HEOOXiTHO
e TepeBipUTH, CKOPUCTABIIUCH BiJMOBIIHUMH METOJAaMH MaTeMaTUYHOI
CTaTUCTHUKH.

Mpuxaaa. 3a moJaHUM IHTEPBATBHUM CTATHUCTHYHUM PO3TO-
JIijIoM BUOIpKH

h=8 0—8 &—16 16—24 2432 32—40

40 30 20 8 2

S

3HAWTH TEOPETHYHI YAaCTOTH, BUXOISMYM 3 TPHUITYIICHHS, IO
o3HaKa X TeHepalbHOI CyKyMHOCTI Ma€ €KCTIOHEHIIAbHUHN 3a-
KOH PO3IOJILTY.

Po3ze’azanns. TeOpeTI/I‘IHi YacTOTH OOYHCIIOIOTLCS TaK:
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'
ni_nl)i:

ac R = F(xm) —F(xl.) = (1 — e Min )_ (1 _e—xx,.)
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Jam maemo
n! = nle? — ). (464)

Takum YUHOM, OJId OOYHCIICHHS I’ll-' HCO6XiI{H0 3HAUTH YKMCIIOBE 3HAUYECH-

1 .
H mapameTtpa A. YpaxoByrouu, mo M (X )zx JUId €KCIIOHEHL1aJbHOT0
3aKOHY, MaEMO
1
M(X)

OTxe, UIsI BUBHAYCHHS A HEOOXITHO OOYMCIUTH HOTO TOYKOBY HE3Mi-

(465)

) _ ) 1

IICHY CTATUCTHYHY OLIHKY Xp. Tomi A = —.
Xp

3a JUCKPETHUM CTATUCTHYHUM PO3MOILIOM

X; 4 12 18 22 34
n, 40 30 20 8 2

_ Yxn,  4-40+12:30+18-20+22-8+34-2

BT, 100
_ 160+360+360+176 + 68 _ 1124 _1124.
100 100
3Bigcu MaeEMo
__L: ! =0,089.
X, 1124

OOunCIIEHHS TEOPETUYHUX YACTOT MOJIAHO B TAOJIHIII:

I R e er | e | nl=nle - )
0 8 40 1 0,491 0,509 51
8 16 30 0,491 0,241 0,25 25

16 24 20 0,241 0,118 0,123 12

24 32 8 0,118 0,058 0,060 6

32 40 2 0,058 0,0028 0,0552 6

40 ) 0,0028 0 0,0028 0
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bepyuu 10 yBaru nopiBHsHO HEBEIMKI PO301KHOCTI MIXK eMITipHY-
HUMU 1 TEOPETUYHNMHU YaCTOTaMH, TIIOTETUYHO MOXKHA CTBEPIKYBa-
TH IIPO €KCIIOHEHIIAJIbHUM 3aKOH PO3IOJUTy 03HAKH T'€HEepPaIbHOI Cy-
KyIHOCTI X.

OcCKiIbKM BCl MPUITYIIEHHS NP0 3aKOH PO3IOJILTY O3HAKU IeHepa-
JbHOI CYKYIHOCTi, PO3IJISIHYTI B NpPHKJIaJaX, HAaBEICHUX BUILE, Ma-
I0Th PHUCHU TINOTE3, a HE KaTerOPUYHHUX TBEP/UKEHb, TO BOHU MAIOTh
OyTH TIepeBipeHi 3 IOOMOTOI0 KPUTEPIIO Y3TOKSHOCTI.

Kpurepiii y3roxxenocti Ilipcona. Kpurepiii y3romkenocri Ilip-
COHa € BHIIAIKOBOK BEJIMYUHOK, IO Ma€ PO3NOMALT ¥, AKAH BU3HA-

4aeThes 3a HOPMYIIOI0
2

NI Ukl (466)
i1 np,
1Mae k = q—m — 1 cryneHiB cBo6oH,

JIe ¢ — YHUCJIO YAaCTKOBHMX IHTEPBATIB IHTEPBAILHOTO CTAaTHCTHY-
HOT'O PO3MOJILTY BUOIPKH;

m — YHCJIO TapaMeTpiB, SKUMHU BH3HAYAETHCS 3aKOH PO3MOILTY
HMOBIPHOCTEH T€HepaibHOI CYKYNHOCTI 3TiJHO 3 HYJIbOBOIO TiNOTe-
3010. Tak, Harpukiam, s 3akony [lyaccona, sIKuil XapakTepu3yeThes
OJIHUM IapaMeTpoM A, m = 1, 111 HOPMAJIBHOT'O 3aKOHY m = 2, OCKi-
JIbKH 1eW 3aKOH BU3HAYAETHCS ABOMA apaMeTpamu a = M (X) 1 6.

Skmo n, =np, (yci eMmipu4yHi 4acTOTH 30IiraroThbcsi 3 TEOPETHY-
HuMH), TO ¥° =0, y mpoTHBHOMY paszi y° >0 . Bu3HauuBLmM npw 3a-
JAHOMY PIiBHI 3HAYYNIOCTI Ol 1 YMCIY CTYNEHIB CBOOOAW KPUTUYHY
TOYKY xﬁp (o k=g —m—1), 3a Tabnumero (noaarok 8) OynyeTbes mpa-
BOOIYHA KPUTHYHA 00JACTh. SIKIIO BUSIBUTHCS, IO CHOCTEPEKYBaHE
3HAYCHHS KPUTEPIO 7, > y,> TO Ho PO 3aKOH PO3MOALTY O3HAKH
TeHepaIbHOI  CYKYIHOCTI BIIXWJISETBCS. Y  MPOTHBHOMY  pasi
(x2, < Xip) H)y npuiiMaeThes.

Ilpuxaan. 3a 3a7aHUM IHTEPBAJIBHUM CTATUCTUYHHUM PO3MOJi-
JIOM BHITQJKOBOI BEeJIMYMHN X — Maca HOBOHAPOJDKEHHX JIiTel

h=0,5 1—15 | 1,5—2 | 2—2,5 | 2,5—3 | 3—3,5 | 3,54 | 445

ni 10 20 50 35 28 15 12
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npu piBHI 3HaudymocTi o = 0,01 mepeBipuTH npaBWIBHICTE H
PO HOPMaJBHHUH 3aKOH PO3IOJiTYy 03HaKH X — MacH HOBOHa-
POJUKECHUX JIITEH.
Po36’azanna. s BASHAUCHHS TEOPETHYHHUX YacTOT 7, = Np, HEOOXia-
HO OOYHCIUTH Xy, Oy .

JIMCKpeTHUI CTAaTUCTUYHUN PO3IOJIIT Oy/Ie TAKHM:

X; 1,25 1,75 2,25 2,75 3,25 3,75 4,25
n; 10 20 50 35 28 15 12
n=>n,=170.
%, = XX, _

n
1,25-10+1,75-2042,25-50+2,75-35+3,25-28 +3,75- 15+ 4,25-12
B 170 -

_12,5+35+112,5+96,25+91+56,25+51,0 _ 4545 _ 267
170 170
Yx/n, 1257 -10+1,75% -20+2,25> -50 +2,75% -35+3,25° - 28 +
no 170
+3,75% 154+ 4,25 .12 15,625+ 61,25 + 253,125 + 264,6875 + 295,75 +
170 - 170
+2109375+216,75 _ 1318125 _775;
170 170

2
Dy =28 (5 Y2 2775 (2,67) =7,75-7,1289 = 0,6211;
n

6, =+/Dy =4/0,6211~0,79.

OO0uncaeHHs TCOPCTUIHHUX YACTOT MMOJaHO B Ta6J'H/II_[iZ

I O e e I C N I -

1 L5 | 10 -2,11 -1,48 —-0,4821| —0,43006 9

1,5 2 20 | -148 -0,85 [-0,4306|—-0,3023 22

2 2,5 |50 -0,85 -0,22  [-0,3023| 0,0871 37
2,5 3 35| =022 0,42 —-0,0871( 0,1628 43

3 3,5 | 28 0,42 1,05 0,1628 | 0,3531 32
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3,5 4 15 1,05 1,68 0,3531 | 0,4535 17

4 4,5 | 12 1,68 2,32 0,4535 | 0,4898 6

OO0uncaeHHs CIIOCTCPECIKYBAHOI'O 3HAYCHHA CTATUCTHYHOTO KpI/ITCpiIO

2 .
Yon AAETHCA HIOKYE B TAOMMIII:

n; np; n; — np; (ni—np)? M
i pl i pz i pz npi
10 9 -1 1 0,11
20 22 -2 4 0,18
50 37 13 169 4,57
35 43 -12 144 3,35
28 32 -4 16 0,5
15 17 -2 4 0,24
12 6 6 36 6
OT1Kxe, MAEMO
2
n, —np,
2 =y VTP 1405,
np;
3a Tabnuuero (104aToK 8) 3HaX0JUMMO 3HAYEHHS
xip(a =0,0Lk=7-2-1=4)= Xip(O,Ol; 4)=133.
[TpaBoGiyHa KpUTHYIHA 00JIACTh MIOKAa3aHa Ha PHC.
1 LeN 2
\f(X2)=ﬁ<X2>Z e ?
)
2
Q >
of 12 =133 e
Puc. 142
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Bucnosok. Ockinbkn y2, € [0;13,3], To He Maemo mizc-

TaB I NPUAHATTA H) PO HOpMaJbHHUK 3aKOH PO3TO/Ii-
JIy O3HAKH I'€HepaJIbHOI CYKyITHOCTI X.

Ipuxaaa. BumiproBaHHs 3pocTy IOHaKiB BikoM 17 poOKiB naB
TaKi pe3yJabTaTH:

h=4cm | 154—158 | 158—162|162—166| 166—170 [ 170—174| 174—178 | 178—182 [182—186
n; 8 14 20 32 12 8 4 2

Bu3HaUnTH TIMOTETUYHO, SIKHH 3aKOH PO3MOJIITY Maec O3HaKa
X — 3picr ronaka. [Ipu piBHi 3HauymocTi o = 0,01 mepeBiputn
MPAaBWIBHICTh BUCYHYTO1 HYJIBOBOI IIIOTE3H.

Po3é’azanna. J1Ji1 3a]aHOTO CTATUCTUYHOTO PO3MOALTY MOOYIyeMO Tic-
Torpamy dactot (puc. 143).

>
=3

1

—_<l>_ O—O0—0—O0—0—>0

154 158 162 166 170 174 178 182 186 %
Puc. 143

3a ¢GhopMOIO TiCTOTpaMH 4acTOT MOXKEMO MPHITYCTHTH, 0 O3HaKa X Mae
HOPMAJIBHUH 3aKOoH po3moxainy. OTxe, BUCYBAEMO HYJIBbOBY Tinore3sy Hy:
o3HakKa X Ma€ HOpMaJBHUN 3aKOH PO3MOIiTY HMOBIPHOCTEH.

Jns mepeBipku NpaBMIIBHOCTI Hy BUKOPHCTAEMO KPUTEPiH y3TOIKEHOCTI
[Tipcona.

OT1xe, He0OX1THO OOYHCITUTH TEOPETUYHI YACTOTH, a JJIs IIbOTO 3HakIe-
MO 3Ha4yeHHS X, G, MOOYAYBaBIIN JUCKPETHUII PO3IOALN 33 3aJaHUM iH-

TEpBAJIbHUM, a CaM€:

Xi 156 160 164 168 172 176 180 184

n; 8 14 20 32 12 8 4 2
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_2x;n; 156-8+160-14+164-20+168-32 +

X = =

oo 100
+172-12+176-8+180-4+184-2:167042167704CM;

100 100
Yxin, 156" -8+160° -14+164> -20+168> -32+172° -12+176” -8+
n 100
2 2
+180 1402184 2:2794304:27943504;

D, = Zx U (x,)* =27943,04 — (167,04)* =
= 27943,04 27902,3616 = 40,68;

s =+/Dy =+/40,68 ~ 6,38 cm.

O6rmcneHH;1 TEOPETUYHUX YaCTOT HABEJCHO B TAOJUIIL:

Xi Xien | om A= = ;st Zin = XHIG_B o O(z;) D(z,,,) ni;?Z(:I;(ZM) R
154 | 158 | 8 —2,04 -1,42 —0,4793 | -0,4222 6
158 | 162 | 14 | —1,42 -0,79 —-0,4222 (-0,2852 14
162 | 166 [ 20 | —-0,79 -0,16 —0,2852 [ —-0,0636 22
166 | 170 | 32 [ —0,16 0,464 —-0,0636 | 0,1772 24
170 | 174 | 12 | 0,464 1,09 0,1772 | 0,3621 19
174 | 178 | 8 1,09 1,72 0,3621 | 0,4573 10
178 | 182 | 4 1,72 2,34 0,4573 | 0,4904 3
182 | 186 | 2 2,34 2,97 0,4904 | 0,4986 1

2 .
OOGuMceHHs CIIOCTEPEKYBAHOTO 3HAYEHHS ), HABEJEHO B TAONIMIIi:

P (n,—np,)’
n; np; ni—np; (n; = np;) T,
8 6 2 4 0,667
14 14 0 0 0
20 22 -2 4 0,182
32 24 8 64 2,667




12 19 -7 49 2,579
10 -2 4 0,4
4 3 1 1 0,333
1 1 1 1
8 (n,—np.)’
xy =S TP g8,
-1l hp,
3a Tabnuiero (I0AaToK 8) 3HAXOAMMO 3HAUCHHS
1 (a=0,01; k=8-2-1)=%2 (0,01;5)=15,1.
Kputruna o6nacts 300pakeHa Ha puc. 144.
1 by L
A f(XZ)Zﬁ(XZ)z e 2
0
2
g ¢ >
A = 15.1 *
Puc. 144

Bucnosok. Ockinbku x>, €[0;15,1], Hemae mincras ans

BIJIXWJIEHHSI HYJIOBOI Tinote3u H, npo HOpMallbHUH 3a-
KOH pO3MOALTY UMOBIPHOCTEN O3HAKH X.

MMpukaan. 3a 3aaHUM CTATUCTUYHUM PO3IOILTIOM BUOIPKH:

h=4cm 0—10 10—20 20—30 30—40 40—50

n; 40 30 20 6 4
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3’SICYyBaTH TIlIOTETUYHO 3aKOH PO3IMOJiTy HMOBIpHOCTEHl BUMa-
nkoBoi BenmnumHA X. [lpu piBHI 3Hauymocti oo = 0,01 mepesi-
PHUTH NPABHIIBHICTB IIbOTO IPHITYIICHHS.

Po3é’azanns. JIns BU3HAUCHHS 3aKOHY PO3MOAUTY O3HaKH X TIO-
Oyayemo rictorpamy dactot (puc. 145).

A
h

Puc. 145

3a ¢opMoro ricTorpaMy 4acTOT MOKHA TiTOTETHYHO CTBEPIKYBATH, IO
03HakKa X Ma€ eKCIOHCHIIaTbHUN 3aKOH PO3MOILTY HMOBIPHOCTEH.

[ mepeBipky MPaBIIBHOCTI I[bOTO TBEPKCHHST BUKOPUCTAEMO KPUTE-
piit y3romkenocti Ilipcona. TeopeTHyHi 4acTOTH B I[bOMY pa3i OOYHCITIO-
I0THCS 32 POPMYIIOIO

’ —Ax; —hx;
n; =n(e f—e ‘*‘),
1
e h=—.
Xp

Otxe, HEOOXITHO OOYHUCIUTH Xg , TOOYOyBaBIIM JUCKPETHUI CTATUCTH-

YHUHN PO3MOJILT 32 HABEJCHUM IHTEPBAIEHUM, a CaMe:

X; 5 15 25 35 45

n; 40 30 20 6 4

Ockinbku n=3'n, =100, TO
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_ Yxm  5-40+15-30425-20435-6+45-4

b n 100
_ 200+450+500+910+180 _154.
100
Tomi h=——=— 20,065
X, 154
OO04HCIIeHHs TEOPETUYHHUX YACTOT HABEHAEHO B TaOJIMII:
Xi Xi+1 n; e e n = n(e”“" — e M )
0 10 40 1 0,522 48
10 20 30 0,522 0,273 25
20 30 20 0,273 0,142 13
30 40 6 0,142 0,074 7
40 50 4 0,074 0,0039 7

. 2
OOuHCIICHHS CIIOCTEPE)KYBAaHOIO 3HAUCHHS KPUTEpilo )., HAaBEACHO B
Ta0IUL:

P (n,—np,)’

n; npi n; = np; (ni—npy) T,
40 48 -8 64 1,33
30 25 5 25 1
20 13 7 49 3,77
6 7 -1 1 0,14

-3 9 1,29

2
in :z(ni —np;) ~753.
np;

3a tabnuuero (104aToK 8) 3HaX0JUMO 3HAYEHHS KPUTUYHOI TOUKH
Xip(oc =001 k=5-1-1=3) = xip(0,0l; 3)=113.

Kputnuny o6sacts 300paskeHo Ha puc. 146.
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A SO =) e 2
22.1 &
Ie ® >
of 12 =113 .
Puc. 146

Bucnosok. Ockinbkn y2, €[0;11,3], mynsoBa rimoresa

PO EKCIMOHEHLIAJbHUI 3aKOH pPO3MOAUTY O3HaKu X
NPUAMAETHCA.

Teopemuy4Hi 3anumaHHs1 00 memu ‘)
[ J

1. Jlatu BU3HAYCHHS HYJIHOBOI T4 AIbTEPHATUBHOI TIOTE3.

2. SIki rimoTe3u Ha3UBAIOTh apaMeTPUUHUMHU?

3. SIki TimoTe3u HAa3WBaKOTh HeMapaMeTPUIHUMHU?

4. 1o Ha3WBaIOTh MPOCTOIO Ta CKIAIHOK CTATHCTHYHUMHU Tillo-
Te3aMu?

5. 1llo Ha3MBAaETHCS CTATUCTHYHUM KpHUTEpieM?

6. 1llo Ha3MBa€ETLCS EMITIPUIHUM 3HAYCHHSAM KPUTEPIr0?

7. O6nacTh NPUNAHATTA HYJIBOBOI TillOTE3H, KPUTHYHA 00IACTh,
KPUTHUYHA TOUYKA.

8. ki Bu 3HaeTe kputuyHi 001acti?

9. 3arasibHa METOJWKA MEPEBIPKU MPABUIBLHOCTI HYJIbOBOI Ti-
HOTE3H.

10. IIo Take piBeHb 3HAUYIIOCTI OL?

11. IToMuUnKH OEPIIOTO Ta IPYTOro POAY.

12. 1o Take MOTYKHICTh KPUTEPitO?

13. Ilepesipka mpaBwibHOCTI /1) : X =a , Ipu ajlbTepHATUB-

HUX Tinoresax [ : X <a; Xp >a; Xp #a.

Xy —a

. X
14. SIxuii 3aKOH PO3MOALLY Ma€ BUIIAJIKOBA BEJIMUMHA Z = ?

%)
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15. 3HaXOL[)KCHH${ KPUTHUYHUX TOYOK JIsI CTATUCTUYHOI'O KpH-

. Xy —a
Tepito z=———.
o(xg)
o cu _B —da
16. Koiu 3aCTOCOBY€EThCS CTATUCTHYHUIN KPUTEPIH Z = 5 ?

Vn
17. SIxkuit 3aKOH PO3MOALTY HMOBIPHOCTEH Ma€ CTaTUCTHYHHMA
Xg—a
S
\n
18. Ilepesipka npasunsHocti H ) : M(X)=M(Y) npu n>40.
19. Skuit 3aKOH PO3MOALTY HMOBIPHOCTEH Ma€ CTATUCTHYHHMA
X8 ~)Vs o
o(Xg —¥g)
20. SIkWil CTaTUCTHYHWIA KPUTEPId 3aCTOCOBYETHCS ISl TEPEBi-
pxu npasausocti H,: M(X)=M ), sxmo n<40?
21. Sxuit 3aKOH pO3MOALTY WMOBIPHOCTEH Ma€ CTaTUCTUUHUI

KpUTepi z = ?

KpUTepi z =

KpUTepiil z = - Y8 b -
(n'=DS; +(n"=1DS;
n'+n"-2

22. Tlepesipka npasuisHocti H,: D =D, .
23. Slknii cTaTHCTHYHHUN KpUTEpiii BUOMPAETHCS Ui TIEPEBipKU
npasuibHocti Hy:D =D, ?
24. Sxuit 3aKOH PO3MOJLTY WMOBIPHOCTEH Ma€ CTaTHUCTUYHUI
2
Kputepi F = —2 ?
M
25. SIki icHYIOTb MiJCTaBH Ul BUCYHEHHS TiNOTE3U MPO 3aKOH
PO3IOALTY O3HAKH TeHEPATbHOI CYKYITHOCTi?
26. 1llo Ha3MBarOTh EMITIPHYHIUMH YaCTOTAMH ?
27. 1llo Ha3uBaOTh TEOPETUUHUMH YACTOTaMU?
28. 3anucatu GopMyily IUIsl TEOPETUYHOI YaCTOTH, SKIIO HpPHU-
MYCKAETHCS, IO 03HaKa X Mae IyacCOHIBCHKUI 3aKOH PO3MOILTY
HMOBIpHOCTEH.
29. 3anucatu popmyiy ans 0OYHCICHHS TEOPETHYHUX YacCTOT,
AKIIO MPUITYCKAETHCSA, IO O3HaKa X TeHepalbHOI CYKYIMHOCTi
Ma€ eKCIIOHEHIIaTbHUN 3aKOH PO3IOALTY.
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30. 3anucatu GhopMynHu At OOUYMCICHHS TEOPETUYHUX YacToOT,
SKIIO TPHUITYCKAEThCS, 0 O3HaKa X TeHepajbHOi CyKYIHOCTI
Ma€e HOPMaJIbHUH 3aKOH PO3MOJILTY.

31. Kpurepiii y3romxkenocti [lipcoHa.

32. 3arajpHa METOAMKA MEPEBIPKU MPABMIBHOCTI H\ PO 3aK0H
PO3MO/iTy 03HAKH FeHePaIbHOT CYKYITHOCTI.

3adayi 0o memu

1. 3a 3a1laHUM CTAaTHCTHYHUM PO3IMOALSIOM BHOIPKH, peaTi30BaHUM i3 Te-
HEpaJbHOI CYKYITHOCTI, 03HaKa X SKOi Ma€ HOpMAJIBHUH 3aKOH PO3IOALTY

Xi

4,2 6,2 82 10,2 12,2

n;

6 8 12 8 2
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npu piBHI 3HauymocTi o = 0,01 mepeBipuTH NpaBUIBHICTH HYIBOBOI Ti-
HOTE3U

H,:M(X)=10, sxuwo anpTepHaTHBHA TiHoTE3a
H, :M(X)>10, sxmo o, =4.
Xg—a 7,78-10
. 4
i 36
z' e ]—00;2,32] ; Hy:M(X)=10 npuiimaerbes.
2. IlpoBenenHo 25 He3aJIe)KHUX BUMIPIOBAaHb BUIAIKOBOI BEIMYNHH X, 110
Ma€ HOPMalbHUI 3aKOH PO3MOALTY 31 3HAUEHHIM G = 2:

Bionosiob. Xz =7,78; z' = -333; z,=232.

x; 2,4 5.4 8,4 11,4 14,4 17,4
n; 2 3 10 6 3 1

[Tpu piBHi 3Hauymocti o = 0,001 mepeBipuTH NMPaBWIBHICTH HYIHOBOT
rinoresu

H,:M(X)=10,5, akmo anpTepHaTHBHA rinore3a

H,:M(X)<10,5.

xg—a 892-10,5
c 2

r JE—

Jn 5

z*é]—oo; —3], z*é[—3;oo[; H,:M(X)=10,5 npuiimaeTscs.

Bionosgiov. z" =

=-395; 2, =-3.

3. Maemo AaHi po pO3MOJia MiJAIPUEMCTB MEBHOT 00IaCTi 3a 3pOCTaH-
HSIM BHPOOITKY Ha OJHOTO TpaIliBHAKA Y BIICOTKAX JJO HACTYITHOTO POKY:

X, % 75 85 95 105 115 125

N; 5 8 10 5 2 1

YpaxoByrouH, 1[0 03HAKA Ma€ HOPMAJIBHUI 3aKOH PO3MOJIiTy 31 3HAYCH-
HAM Or = 6, IEPEBIPUTH MPaBUIBHICT HYJIbOBOI rinote3u npu o = 0,01.

H,:M(X)=90, sxuwo anpTepHaTHBHA rinoTe3a

H, :M(X)#90.

Xg—a 96-90 6
o 6 1,095

no 430

z]'('p =232;z"€ [— 2,32; 2,32] rinoteza H, : M (X) =90 npuiimaerscs.

Bionogios. z* = =548; z,,=-2,32;
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4.V pe3ynbTari ABAALATH HE3AIECKHUX BUMIPIOBAHb TIEBHOI BETMUNHU X
JUCTANM CTATUCTUYHHUHA PO3ITOJILI:

Xi

34

6,4

9,4

12,4

15,4

18,4

n;

2

4

8

3

2

1

IIpunyckarouu, 110 BUNAJKOBa BENUYMHA X Ma€ HOPMAJIbHHUM 3aKOH pO3-

MoJIiTy, pH piBHI 3HauymocTi o = 0,01 nepeBipuTH MPaBUILHICTD

H,:M(X)=10, sxuwo anpTepHaTHBHA TiHoTe3a
H, :M(X)>10.

Bionogios. t =

*

X,—a 97-10

0,3

S

3,88

oo W20

" €]-0;2,09]; H,: M(X)=10 npuiimaerncs.

0,868

=-0,346;

t = 2,09.

5. Pe3ysnbpraTté BUMIpIOBaHHS 3pOCTY JiBYATOK BIKOM 16 pOKiB Jaid Taki

IIOKa3HUKU:

h=4,cm

160—164

164—168

168—172

172—176

176—180

n;

4

6

20

4

2

BBaxkaroum, 10 BHIIAJKOBA BeIHYHHA X — 3pICT AIBYATOK — Ma€ HOP-
MaJbHUN 3aKOH PO3MOJALTYy, mpu piBHI 3Hauymocti o = 0,001 mepeBiputn
MPaBWIBHICTh HYJIbOBOI TiMOTE3H

H,: M(X)=180, sxuio anpTepHaTHBHA Til0OTE3a

H,: M(X)#180.

Bionosgiov. t* =

Kp

Fy—a  1693-180 10,7

S

n

517
6

0,86

" =365t <€ [— 3,65; 3,65]; H,:M(X)=180 Bigxuiserses.

-12,42; ¢ =-3,65;

Kp

6. PiBHOTOUYHI BUMIpIOBaHHS JTOBXWHU JBAALATH OJHOTHITHUX JAeTanen
JlaJT¥ TaKi pe3yabTaTh:

X, MM

122,8

128,8

134,8

140,8

146,8

n;

2

6

8

3

1

BBakaroum, 1o BUIIagKOBa BeTHUMHA X — JOBXHHA JETali — Ma€ Ho-
pMaibHUI 3aKOH po3monlTy, mpu piBHI 3Hauyuiocti o = 0,001 mepeBiputu
MPaBUIBHICTD HYJIBOBOI T1IIOTE3N
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H,:M(X) =144, sxuo anpTepHaTHBHA TilOTE3a
H, :M(X)<144.

. . ._Xg—a _1333-144 10,7 _
Bionosios. t* = BS = AV 1,37 =-782; t,=-3388;

Jn 4,47

t*é[—3,88; oof ; H,: M(X) =144 Biaxunserscs.

7. BumiproBanach IIBHIKICT PyXy aBTOMOOLTIB X, Ha HEBHiH AUIAHII
uuisxy. Pesyabpratu BUMipiB HaBEACHO B TaOMIHUII:

X;, KM/TOJI 56 60 64 68 72 70 80

n; 2 4 6 8 3 1 1

Baaxaroun, mo X — MIBUAKICTE aBTOMOOIIS — € BHUIAAKOBOIO BEITNYH-
HOIO, SIKa Ma€ HOPMAIBHHUNA 3aKOH po3nozuny, MpU PiBHI 3HAYYIIOCTI
o= 0 01 mepeBipUTH NPaBUIIBHICTH HYJIHOBOI TiMOTE3H

H,:M(X)=70, sxmo ansTepHaTHBHA Ti0Te3a
H, :M(X)#70.
Xg—a 66,08—70 3,92

Bi iOb. * _ — —__> - _ . " _2 .
i0nogios.  t S 578 1156 3,39; o R

Jn 5

ty, =2.8; = [— 2,8; 2,8]; H,:M(X)=70 Bioxuiserbcs.

8. Maca 100 mapuKOMiAIIUITHAKIB HaBeJCHA y BUIJISI CTATHCTUYHOTO
po3nominy:

X;, MT 148 150 152 154 156 158 160

n, 2 4 14 30 40 8 2
Bepyqn JI0 yBarW, IO BUMNAJKOBa BeMWuMHAa X — Maca mapnxom;[—
[IUITHUKIB — Mae HOpMaJILHI/II/I 3aK0H posnozuny, MpH PiBHI 3HAYYMIOCTI

o = 0,001 mepeBipUTH MPABUIBHICTD HYJIBOBOI T1IIOTE3H
H,: M(X)=159, sxuwo anpTepHaTHBHA TiNOTE3a
H, M(X)#159.

Xg—a 154,68—-159 4,32

B. . . * — * — — I 2 — _1 12 .
i0nogios. t =z S 226 0.226 9,12;

Jn 10

=-34; zI'('p =3,4; t*é[— 3,4; 3,4]; H,: M(X)=159 Binxunserscs.
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9. BumiproBanHus 6apomeTpoM atMocdepHoro THcKy mpotsroMm 100 ni6
Jlany Taki pe3yabTaTH:
Xj, MM PT. CT. 744,4 746,4 748,4 750,4 752,4 754,4

n; 10 20 30 20 15 5

Bpaxkaroum, mo X — atMocepHHUI THCK — € BUNIAIKOBOIO BEITHYUHOIO,
sIKa Ma€ HOpMaJIbHUI 3aKO0H PO3MOJLTY, MpHU piBHI 3HauymocTi = 0,01 me-
PEBIpUTH MPaBUIBHICTH HYJIBOBOI T1IIOTE3H

H,:M(X)=749,2 , sxmo ansTepHaTHBHA TinoTe3a

H, :M(X)>749,2.
X,—a 748,89-749,2 0,31
B. . ) * — * — B — 9 9 - _ 9 - _ .
i0nogios. t =z S 384 0384 0,807 ;

Jn 10

Zp =2,58; z €[2,58;00[; H,: M(X)=749,2 MM PT. CT. CTBEpIIKYEThCS.

10. BumiproBaHHS €IE€KTPOOIIOPY €IEMEHTIB, BUTOTOBJIEHUX 13 MOmiOe-
HY, HaBEJICHO y BUTJIIII CTATHCTHYHOTO PO3IIOILTY:
32,09 37,72 47,92 52,7 57,32
4

X;, MKOM 28,94
8 12 20 50 6

n;

bepyuu no yBarm, mo X — €JEKTpOOIip €JIeMEHTIB — € BHIAJAKOBOIO
BEJINYHMHOIO, SIKa Ma€ HOPMAJIbHUI 3aKOH PO3MOJiNy, IPH PiBHI 3HAYYIIOCTI
o = 0,001 mepeBipUTH MPABHILHICTD HYJIHOBOI T1ITOTE3H

H,:M(X)=150,6, sxuo ansTepHaTHBHA TiNoTe3a

H, :M(X)<506.
. 43,1248-50,6

=—————"=-947; z_=-34;
0,789

z €]-o0;-3,4]; H,: M(X)=50,6 npuiimaeTncs.

Bionogiov. t* =z

11. Enexrponamnouky Ha 220 B BUrOTOBIAIUCS BOMA €IEKTPOJIaM-
MOBUMH 3aBOJaMHU. 3 MepIIoi maprtii, BUTOTOBJIEHOI 3aBogoM Ne 1, 3mific-
HuaM BHOipKy oOcsrom n'= 25, a 3 gpyroi maprii — ob6carom n"= 36.
[Mepury i apyry mapTii eneKTpoIaMIIOYOK MEPEeBipHIM Ha TPHUBAIICTh PO-
60otu. PesynbraT nepeBipky HABEJIEHO Y BUIVISAI CTATUCTHYHUX PO3MOIi-

JIIB TAaKOTO BUTJIAOY:

53 [ 56 | 59 | 62 | 65
4 6 10 | 12 4

Vi 48 | 50 | 52 | 54 | 56
n 2 3 14 5 1 n

1

~. =
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Binomo, 1m0 o3Haku Y — TpHUBaNiCTh POOOTH €IEKTPOIAMIIOUKH TEPIIO-
T0o 3aBONy 1 Y — TpHBayicTh poOOTH EIEKTPOIAMIIOUKH APYTOTO 3aBOIY €
BUTIAIKOBHMH BEIMYMHAMH, SKi HE3aJEekKHI MK COOOI0 i MalOTh HOpPMab-

HUIl 3aKOH po3mojiny 3i 3HaueHHAMU G, =50, ¢ =72. Ilpu piBHi 3Hauy-

mocTi o= 0,01 nepeBipuTH MPaBUIBHICTD
H, :M((X)=M(Y), sxmo anpTepHaTHBHA TilOTE3a

H, :M(X)>M(Y).

Bionosiow. z* =——2 P52 _ T =045;
D, Dy 2500 5184 16,52
o V25 30

Zp =2,58; z €]-0;2,58]; H,: M(X)=M(Y) npuiimacThcs.

12. ¥V JABOX namex MICTSTBCS OI[HOTI/IHHI HIapHKOHlIlHII/IHHI/IKI/I BUI'OTO-
BJIEHI JBOMa SaBO,E[aMI/I BI/IMlpIOBaHHﬂ ix ,I[laMeTplB Aajin pe3yibTaTu, SIK1
HaBCICHO Y BI/IFJ'I}IIII JBOX CTaTUCTUYHUX pO3l'IO,Z[1J'IlB

Vi 1 66467674678 | 682 Yo 16,58 | 6,6 |68 ]|7]72
MM MM
n 2 | 4 8 6 4 n' 6 8 |10 | 4] 2

[Tpu pieHi 3Hauymocti oo = 0,01 mepeBipuTH MPaBHILHICTh HYJIHOBOI Ti-
MOTE3U
H,:M(X)=M(), saxuo anbTepHaTHBHA rioTe3a

H,:M(X)=M®Y),

KoM BinoMi 3HaueHHs D =50 Dy =60.

Bionosiop. 2z =—— P -0,05;  z =-2,58; z; =258;

Dx +Dy
\ }’l" nr

€ [— 2,58; 2,58]; H,:M(X)= M) npuiimaeTscs.

13. 3 aBoX mapTiif MOHET BapTicTIO 5 Kom. Oyio Bubpano 50 i 60 mryk,
SKi 3BaXyBaJld Ha Tepe3ax. Pe3ynbTaTd UX 3BaKYBaHb MOJAHO Y BHIJISII
JIBOX CTATUCTHYHHUX PO3IOIITIB:

Vi | 94 |96 | 98| 10 |102 Y1933 (963963 [1023]10,53
MmMr M
no| s | 152 | 8 2 n' 8 | 12|26 | 10| 4

144




[Ipumyckatoun, mo X i ¥ MaioTh HOPMAaNbHUH 3aKOH PO3MOALTY 1 He3a-
JIeKHI Mixk co0oto, pu piBHi 3HauymocTi o = 0,01 nepepiputu

H,:M(X)=M(Y), axmo ansTepHaTHBHA TilOTE3a

H,:M(X)<M(Y),

Koy BifgoMi 3HaueHHs D =10 Dy =14.

xX-y :9,88—9,748:02

oo o
n"on 50 60

z'e [— 3,2; oo[; H,:M(X)=M(Y) He Binxunserscs.

= _3’2 5

Bionogiow. z* =

14. BumiproBaHHsI 3pOCTy AiTel BIKOM LIICTh POKiB, BUIaJIKOBO BHOpa-
HUX 13 IBOX JUTAYHMX CAJKiB, 1aJI0 TaKi Pe3yIbTaTH:

);;’ 0,52 | 0,58 0,64| 0,72 0,8 )f\f[’ 0,48| 0,56 | 0,64| 0,72] 0,8
n 2 5 10 3 1 n}' 1 4 12 6 2

Bepyuu nmo yBaru, 1o BUMAaKOBi BeM4nHU X i ¥ € He3aleKHUMH 1 Ma-
I0Th HOPMaJIBHUW 3aKOH PO3MOUTY, IpH piBHI 3HauymocTi « = 0,01 nepesi-
PUTH NPaBUJIBHICTh HYJIbOBOI TiOTE3U

H,:M(X)=M(), saxuio anbTepHaTHBHA rifoTe3a

H, :M(X)>M(Y).

Bionogiow. t* = X-y _ 0,6528—-0,633 ~
| \/(n' DS+ (0"~ 1)S? \/21 10,0057+ 24-0,00494
n'+n"-2 44

= 0(;0017948 =0,269; ly = 2,7; t €]-00;2,7]; H,: M(X)= M(Y) ne Bin-

XUIIAETbCA.

15. KpoB’siHuit THCK Oysio BUMIPSHO (B YMOBHHX ofuHHIX) Y 20 oci0
BikoM 40 pokiB i3 ogHOTrO paiioHy Micta i B 18 ocib Toro camoro BiKy 3 iH-
mIoro paloHy Micra. Pesynbpratm BUMIprOBaHHS ITOJaHO JBOMA CTaTHCTHY-

HUMH pOSHOZ[iJ'IaMI/I .

yi | 114116 | 118|120 | 122 | 124 x; [ 115 118|121 | 124|127 (130

n | 2 4 6 5 2 1 n; |1 3 6 4 3 1

1
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[Ipumyckatouu, 10 BUMAAKOBI BeMUIMHU X 1 Y € HE3aJIeKHUMH 1 MAIOTh
HOpPMAaJIbHUH 3aKOH pO3MOJiTY, pH piBHI 3HauymocTi o = 0,001 nepeBiputu
MPaBHJILHICTh

H,:M((X)=M(Y), sxumo anpTepHaTHBHA Til0OTE3a

H,: M(X)#M(Y).

Bionogios. t* = * ) S Elh ¥/ B
\/(n'_l)gj +(n"-1)S? \/19-37,1+17-126,78
n'+n"-2 36

=:,zizo,55; (1 =-355; 1! =3,55; " €[-3553,55]; H,: M(X)=M()

HE BIIXUIIAETHCA.

16. IIpyxHICTh BUMIpIOBaJIacCh Ha 3pa3KaX, BUTOTOBJICHUX 3 OJHIET 1 Ti€i
caMoi MapKu CTaii i BUOpaHMX i3 ABOX HapTiil. Pe3ynbratn BUMiprOBaHHS
MOJJAHO TBOMA CTATUCTHYHUMHU PO3IMOIITIAMHU:

yi | 36,8 | 38,8 40,8 42,8 | 44,8 x; | 34,2]38,2(42,2146,2]50,2

’ "

; 2 4 6 5 3 nj 2 5 10 4 4

3Baxkarouu, M0 03HAKK X 1 Y € He3aneXHUMH i MalOTh HOPMAJIbHUH 3a-
KOH PO3MOJiTY, MpH piBHI 3HauyImocTi o = 0,01 mepeBipuTH MPaBUIBHICTH
HYJIBOBOI T1IOTE3U

H,: M(X)=M(Y), axmo ansTepHaTHBHA TilOTE3a

H,:M(X)<M().

Bionosiow. t* = X-y - 42,68 41,1 _
\/(n'— DS? +(n"—1)S? \/19-21,76+ 24601
n'+n"-2 43
=% =0,439; t,=-27; te[-2,7;0; Hy:M(X)=M(Y) ue Binxu-
JNAETHCA.

17. TIpoTsiroM poKy BUMiproBajiach MPOAYKTUBHICTH mpaii (B THC. TpH/
MpaIliBH.) y ABOX OymiBenbHUX (pipmax. PesynbraTé BUMIpIOBaHHS MOIaHO
CTaTUCTUIHUMH PO3MOIITAMH:

yi [120 (150 ( 180|210 | 240|270 X;

J

90 | 130|170 | 210 [ 250 | 290
nol10f20(30[20]15] s ni 110204020 5|5

Baaxaroun, 1mo 03Haku X 1 Y € HE3aJI)KHUMHM 1 MalOTh HOPMAaJIbHUI 3a-
KOH pO3MOAiNY, pu piBHI 3HauymocTi o = 0,001 mepeBipuTH NpaBUIBbHICTh
HYJIBOBOI TiIIOTE3U
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H,:M(X)=M(Y), sxuo anpTepHaTUBHA rinore3a
H M(X)>M(Y).
Bionosiow.

oo ¥-y B 172 187 15
\/(n'—l)Sf F(n" -S> \/99~2339,7+99-170,46 35,42
n'+n"-2 198

-0,42; z,, =3,4; z €]-0;3,4]; Hy: M(X)=M(Y) npuiimaerscs.

18. BuzHauaBcst 00csT BATOBOT MPOMYKINIT HA TiMPHEMCTBAX OHIET 1 Tiei
caMmoi ramysl y ABOX palioHax YkpaiHu. Pe3ynbratu po3paxyHKIB IOAAaHO

JABOMa CTaTUCTUYHHUMU pO3HOIliJ'IaMI/II

Yis MITH 13801 400 420 | 440 | 460 > 360 | 400 | 440 | 480 | 500 | 540
IpH. MJIH I'PH.

n 5115[30(40] 10 n’ 1020 (3020|155

1

VYpaxoByrouu, 1o o3Haku X 1 Y € He3ane)KHUMH 1 MarOTh HOPMaJIbHUUN
3aKOH PO3MOJINY, IPH piBHI 3HaYymocTi a = 0,01 mepeBipuTH MPaBHILHICTD

H,:M(X)=M(Y), saxuo anbTepHaTHBHA rioTe3a
H, M(X)zM(Y).
Bionogiow.

o -7 _ 446 — 427 19
\/(n'—l)sj (0"~ D)S? \/99'2307,1+99'415,15 36,89
n'+n"-2 198

=051; z[, =-2,58; 2/, =2,58; 2" €[-2,582,58]; H,: M(X)=M(Y)
HE BIAXUIISIETHCA.

19. NocnimkyBaBcs MicsYHUNA PUOYTOK POOITHUKIB Y TPUBHSX JIBOX 3a-
BOJIIB OJIHI€T 1 Ti€ET caMOl rayry3i BUpOOHHUITBA. Pe3ynpTaTi AOCTIKEHb TO-

JIAaHO JIBOMA CTATUCTHYHUMH PO3IOIIIAMH:

v [150,6(160,6[170,6/180,6(190,6 x; |140,8[160,8|180,8(200,8(220,8
"2 6 | 32| 8 2

n; 12 | 28 | 40 18 2 n;

1

OzHaku X i Y € He3ale)KHUMHU 1 MalOTh HOPMAJBHUN 3aKOH PO3IMOJLTY.
ITpu piBHi 3Hauymocti o = 0,01 nepeBipuTH NPaBUIBHICTD HYJIbOBOI MIOTE3H

H,:M(X)=M(Y), sxumo anpTepHaTHBHA Til0OTE3a
H, :M(X)<M(Y).

147




Bionosios.

~ 181-167 4
\/(n —l)S2+(n” )s? \/99-244,25+49-93,94 13,95
n+n' —2 148
~1,004; z,,=-2,58; z e[-2,58; Hy: M(X)=M(Y) He Binxunsers-

20. BumiproBaBcst BMICT 30J1M B YMOBHHX OAMHUIIAX B IIYKPOBHUX Oypsi-
KaxX, II0 BUPOIIYBAIWCS Ha IBOX NIUISHKAaX TOCHOIApPCTBAa 3 OJHAKOBUM
CKJIaJIOM JI00pHWB Yy IpyHTi. Pe3ynbraTil BUMiproBaHHs MOJAHO JIBOMa CTaTH-
CTUYHUMH PO3MOIiIaMu:

;i 10,652(0,692(0,732(0,772{0,812 x; 10,664(0,684|0,70410,724(0,744(0,764

n; | 10 [ 20 | 50 8 2 n;' 8 12 ] 50 | 20 5 5

1

OsHaky X 1 Y € HesaleKHUMHE MDK COOOI0 i MAalOTh HOPMaJbHUIL 3aKOH
po3nozuny Ipu pieHi 3Hauymocti o = 0,001 nepeBipuTH NPABUIBHICTH HY-
JILOBOI riIIOTE3U

H,:M(X)=M(Y), saxuo anbTepHaTUBHA rifnoTesa

H,:M(X)#M().

Bionosios.
t* _ Z* _ x - y _ 0,7074 - 0,72 _
\/(n'—l)Si + (n"—l)Sf, \/89'0,00052+99~0,00057
n'+n"-2 188
-0,0126

=—2——"x-0,539; ZI'(p =-34; ZI'(’p =34;z" € [— 3,4; 3,4];
0,02337
H,:M(X)=M(Y) He BInXUIs€THCA.

21. BusHavanach ypo)kalHICTh 3eJIeHOi MacH BiBca, 310paHOro y IBOX
paiionax oOacti. Pe3ynbraT po3paxyHKiB HaBEJICHO Y BHIJIA/I CTATHCTHY-
HUX PO3MOLNIB!

yim/ra [ 88 [ 92 | 96 | 100 | 104 x,1/ra [ 82 | 88 | 94 [ 100 | 100

”

n 21418 6 4 n; 4 8] 6 2 2

i J

YpaxoByrouu, o o3Haku X 1 Y (ypoxaifHicTh B II/Ta) € HE3aJICIKHUMH 1
MalOTh HOPMaJIbHUI 3aKOH PO3HOJLLY, IIpu piBHI 3Hauymocti o= 0,01 ne-
PEBIPUTH MPaBUIBHICTh HYJIHOBOI T1IIOTE3H

H,:D, =D, ,sKio anbTepHaTHUBHA rinoTe3a
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H,:D,>D,.
S2

Bionosion. F'=--=244: F,(a=001 k=21 k=24)=29:
M

F"e [0; 2,9]; H,:D, =D, He BIAXUISETHCA.

22. Hopma BUTpar Ha TexHI4HE 0OCIYrOBYBaHHs 1 pEMOHT HOBHX MapoK
TPaKTOPIB BHMIpIOBaJach y IBOX CUIBCBKHUX TOCIONApCTBax paiioHy. Pe-
3yNbTaTH BUMIPIOBaHb IOKa3aHO ABOMAa CTATUCTUIHUMHE PO3IOIIIAMH:

Ve 0,58 0,6 0,62 | 0,64 |0,66 Y 10,56| 0,6 |0,64]0,7] 0,74
rpH/ra rpH/ra
n 2 (3110 4|1 n’ 416|321

OszHaku X 1 Y (HOpMH BUTpAT) € HE3aJIC)KHUMH BUIAJIKOBUMU BEITHYUHA-
MH, L0 MalOTh HOPMaJbHMU 3akoH posnoginy. IIpu piBHI 3HaYYyHIOCTI
o = 0,001 mepeBipUTH MPABUIBHICTD HYJIHOBOI T1IIOTE3H

H,:D, =D, sxwo anbTepHaTHBHA i0Te32

H,:D,>D,.
S2

Bionosion. ' =>2=7547; F,(a=000% k =15; k,=19)=5;
M

Fr<elo;5]; H,:D, = D, Binxunserncs.

23. BuszHauanucst piuHi cepeqHi BUTpATH eleKTpOoeHeprii Ha KOMyHallb-
HO-TIOOYTOBI BUMOTH JJIs1 OAHOTO MEIIKAHI Y ABOX MicTax. Pesymbprartu po-
3paxyHKiB ITOJJaHO ABOMa CTATUCTHIHUMHE PO3IIOILIAMH JUIS MIEPIIOTO 1 Ipy-

roro Micr:

vi» BT/M. |700]|708|716|724|732|740 x;, Br/m. [706(710]|714718(722|726|730

n |5]6[9[6]|3]1 n'J'.810125221

Osnaku X i1 Y (piuni BuTpatu B kB1/0c00y) € He3anexHUMH Mik co00I0 i
MAalOTh HOpMaJIbHUH 3aKkoH posnoainy. [Ipu piBHi 3Hauymocti oo = 0,001 me-
PEBIPHUTH TPABUIIBHICTH HYJIHOBOT TMOTE3H.

H,:D, =D, sxwo anbTepHaTUBHA i0Te32

H,:D <D,.

2
Bionosios, F* = S—g =1,511; F(0=0,00Lk =39k =39)=22;
M

F"e [O; 2,2]; H,:D, =D, He BIIXUISETHCA.
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24. BumipioBaHHsI BMICTy a30Ty B I[yKPOBHUX OypsiKax, siIKi BUPOIyBaIH-
Csl Ha JBOX ALISHKAX, PO3MIIIEHHUX Y PI3HUX MICHSIX KOJIEKTHBHOTO TOCHO-
JlapcTBa, 3 OJHAKOBHUM CKJIaJOM IPYHTY IIOKa3aB pe3yJbTaTH, 0 HaBeleH] y

JIBOX CTATUCTUYHUX PO3IOIiiax:

Vo 1,2411,2811,32(1,36| 1,4 |1,44 s 714|718|722|726|730
YMOB. OJI.

YMOB. OJI.
n; 51618 13121 n; 4110116110 6

i

OsHaku X 1 Y (BMICT a30Ty) € He3aJECKHUMHU BHUIIAIKOBUMH BEJIMUYNHAMH,
110 MalOTh HOpPMaJibHUI 3akoH posnoainy. Ilpu piBai 3Hauymocti o = 0,01
MEPEBIPUTH MPABWILHICTH HYJIHOBOI TIIOTE3H MPH allbTePHATHBHIM TiOTe31

H,:D, =D, , sxwo anbTepHaTUBHA i0Te32
H,:D.<D,.
LS
Bionogiob. F~ = S—z =3,36; FKP(OL =00,k =45k, =34)=2;
M
Frelo;2]; H,:D, = D, we npuiimaetnes.

25. BumipioBaHHs 3Ha4eHb HApOOKH HA MOTOpP aBTOMOOLIA, IO 3JiHcC-
HIOBAaBCsI Y ABOX aBTOIApPKaX MiCTa, HABEIEHO y BUTIISI CTATUCTUIHUX PO3-

IO1JIiB:

Yo 11.912,15]2,4 (2,65 2,9 (3,15 Y11,8] 2 [2,2]2,4(2,6(2,8] 3
THUC. KM THUC. KM

n.o| 2416|1051 np o |4]6]12|16|8 2|1

Osnaku X i Y (HapoOKH B THC. KM) € BHUIIaJKOBHMH BEIHYHMHAMH, IIIO
MalOTh HOPMaJIbHUH 3aKkoH posnonainy. [Ipu piBHI 3Hauymiocti oo = 0,001 me-
PEBIpUTH IPaBIIBHICTH HYJIBOBOI TIIOTE3H

H,:D, = Dy , SKIIO aJbTepHATHBHA TiII0TE3a

H,:D,<D,.
2

Bionogios. F™=—2-=4475; F (a=0,001;k =28k, =48)=2,2;
SM

Fref0;22]; H,:D, = D, we npuitmaeThes.

26. 3aMipu JOBXWHH BOJOKOH BOBHH, OJEp>KaHOI Bijl OBEllb, IO yTPH-
MYBaJHMCs Ha IBOX ¢)epMax, MoAaHO ABOMA CTaTUCTUIHUMHU PO3NOAUIaMU:
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84

Vi MM (6466 (68 70| 72|74 X,MM | 66 | 68 | 72 | 76 | 80
n'; 4 |6 1012 4 | 2

no|2l4le|8]4]2 ;

1
O3Haku X 1 Y (IOBXKHHH BOJIOKOH) € HE3aJIC)KHUMHU BHITAIKOBUMH BEJIH-
YUHAMHM, 110 MalOTh HOPMAaJbHHIA 3aKOH po3monainy. Ilpu piBHI 3HaUymoCTi

o = 0,001 mepeBipuTH MPaBUIBHICT HYIHOBOI T1II0TE3U
H,:D, = Dy , SKIIIO aJbTepHATHBHA TiII0TE3a

H,:D . <D,.
L . S5
Bionosiov. F"=—>-=5,727;F _(a=0,00Lk =37k, =27)=27;

M

F'€f0;2,7]; H,:D, = D, BifxuiseThes.

27. Y nBOX aBTONApKaxX BHMIPSUIH BUTPATH IMajMBa 33 TOJUHY aBTOMOOI-
JIEM. Pe3yJ'II>TaTI/I BI/IMipIOBaHHH IIOJaHO ABOMa CTaTUCTHYHHUMU po3noninaM1/1:

v kr/ron | 35 [35,2(35,4/35,6(35,8| 36 x;, kr/ron |35,4/35,8|36,2(36,6 37
" 4| 5|6|15]|6

n; 2 (8 (10643 n;

OzHaku X 1 Y (BUTpaTH MauuBa 3a TOJ) € HE3aJEKHUMHU BUIAJAKOBUMU
BEJIMYMHAMH, SKI MarOTh HOPMAJBHUI 3aKOH po3NoiuTy iiMoBipHOCTE#H. [Ipn
piBHi 3HauymocTi o = 0,01 mepeBipuTH NPaBUIIBHICTH HYJIHOBOT TIOTE3H

H,:D = DV , SIKITIO aTbTepHATUBHA TiNoTe3a

H,:D,>D,.
S2
Bionosio. F* =22 =563; F, (o=0,01; k =35k, =32)=2;
M
F*el0;2]; H,:D, = D, Bimxunserses.
28. BuMiproBaoch CIOXHBAaHHS Macla 3a OJHY J0Oy OXHHM MELIKAH-
LIeM y JBOX perioHax KpaiHu. PesyibTaTd BUMiPIOBAaHHS IOJaHO JBOMA CTa-

TUCTUYHUMH PO3MOiTaMH:

24,99 x;, mr | 14,55120,55]26,55|30,55|36,55

15,99]18,99 (21,99 (21,99
5 ol 6 [ 14|16 6 | 4

Vi, MTC

n 4 6 20 10

1

OsHaku X 1 Y (1060Be CrioKMBaHHS Maciia B MT') € He3aJIe)KHUMU BHIIA]I-
KOBUMH BEJIMYMHAMHU, SIKi MalOTh HOPMAJILHUH 3aKOH pO3MOJIiTy HMOBIpHOC-

151



teil. [Ipu piHi 3Hagymocti o = 0,001 mepeBipuTH NPaBUIBHICTE HYJIHOBOI
rinoresu

H,:D, =D, ,sxio anbTepHaTHBHA rinoTe3a

H,:D,>D,.
. . * S52
Bionogiob. F~ = S_2 =724; F, (a=0,001; k, =45; k,=44)=22;
M

Fref0;22]; H,:D, = D, Binxunsernes.

29. BuMiproBaHHSI Macu B TpaMax IMyXOBUX BOJIOKOH BiJ OBEIlb IIOJIaHO
JBOMA CTaTUCTUYHUMU PO3NOIITAMU:

yoT |4,44]4,84(524|6,64 6,04 X, T | 4,36 ]4,96 | 5,46 | 5,96 | 6,46
n.o |2 45| 8| 1| |7 |3|5]|8]|6]4

Os3Haku X 1 Y (Maca BOJIOKOH B IrpaMax) € He3aJIe)KHHMHU BUIAIKOBHMU
BEJIMYMHAMH, SKi MalOTh HOPMaIbHUH 3aKoH posnoniiy. [Ipu piBHI 3Ha4y-
mocti o = 0,01 mepeBipuTH NPaBUIBHICTH HYJIHOBO] riIOTE3N

H,:D, = Dy , SKIIIO aJbTepHATHBHA TiII0TE3a

H,:D,>D,.

.S
Bionosion. F* =25=207; F_(a=001;k =25k, =19)=2,9;

M

F"e [O; 2,9]; H,:D, =D, He BIAXUIAETHCA.

30. BuwmiproBanach XMBa Maca Kypdyar, SKi BiATOJOBYBAJIHCS y JIBOX

nraxopepmax. PesynbraTy BUMIpIOBaHHS MOJAHO JBOMa CTAaTHCTUYHUMHU
po3nojinamu:

YT [96,5]99,51102,5(108,5(111,5 x,r |85,5|105,5(125,5{145,5|165,5

n; 5 10 6 4 4 n;' 6 8 12 4 2

Osnaky X i1 Y (xuBa Maca Kypuar) € He3aJIe)KHUMHU BUITAJKOBHMH BEJH-
YYHAMH, [0 MaloTh HOPMAaJbHUII 3aKOH PO3MOALTy HMOBipHOCTeH. SIKImo
piBess 3HauymiocTi oo = 0,01, mepeBipTe NpaBMIBHICTE HYJIBOBOI TIOTE3H

H,:D, =D,,3aansTepHaTuBHOI rinoTesu

H,:D,<D,.
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2
Bionosiob. F* = 5—2 =1887; F, (a=001; k=33 k,=28)=21;
M

F'e [0; 2,1]; H,:D, =D, Binxunserncs.
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JlabopaTopna podora Ne 1
00 memu «Cmamucmuuni 2inome3u»

3a 3aJaHUMH CTATUCTUYHMMHM PO3MOALIaMU BUOIpKU BUCYHYTU H)
PO 3aKOH PO3MOIUTY O3HAKW T€HEPAJIBbHOI CYKYIHOCTI 1 TMpH piBHI
3Hauymocti oo = 0,01 nepeBipuTH 11 IPaBUIbHICTD:

1. BumiproBanach Maca HOBOHApO/DKEHHX JIITeH y MOJOTOBOMY OYIHMHKY.
Pe3ynbTaTi BUMipIOBaHb MOJAHO IHTEPBAILHUM CTATUCTHYHUM PO3IOALIOM:

x,xrh=02] 1—12 1214 | 1416 | 1618 1,82 222
n; 5 12 18 22 36 24
IIpooosoicenns maoa.
kL h=02| 2224 2426 2,6—28 283 332
n; 19 15 11 9 2

2. IIpotsirom 50 pokiB BUMipIOBaBCs piBeHb BOJHM HABECHI MiJ{ Yac MOBE-
Hi BIIHOCHO YMOBHOT'O HyJIsl. Pe3ynbTaTu BUMipIOBaHHS HaBEJICHO Y BUTIISL
IHTEPBAIBHOTO CTATHCTUYHOTO PO3MOMINY:

Xi, cM, h =24 0—24 24—48 48—72 72—96 96—120
n; 1 2 4 6 12
IIpoooearcenns maba.
X, cM, h =24 120—146 146—170 170—196 196—220
n; 16 6 3 1

3. Pe3ynbraTé BUMIpIOBaHHS TPAHUYHOTO HABAHTAXKEHHS HA CTAJCBHU
0O0JIT HABEJCHO IHTEPBAILHUM CTATUCTUYHHUM PO3IIOIISIOM:

x;, K/, h =1 4,5—5,5 5,5—6,5 6,5—7.,5 7,5—8.,5 8,5—9,5
n; 40 32 28 24 20
IIpooosocenns maba.
ko h=1 95105 10,5—11,5 11,5—12,5 12,5—13,5
n; 18 16 12 4
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4. TouyHicTh BUMIPIOBaHHS JiaMeTPy BaJMKiB, BUTOTOBIEHUX BEPCTATOM-
aBTOMATOM, TIOKA3aHO Y BUIIIAJ1 IHTEPBAIILHOIO CTATUCTUYHOTO PO3NOJLTY:

X, MK, h=0,01 | 0,025—0,035 [ 0,035—0,045 | 0,045—0,055 | 0,055—0,065
n; 47 40 36 25
IIpooosoicenns maoa.
Xiy MK, i = 0,01 0,065—0,075 0,075—0,085 0,085—0,095
n; 18 12 8

5. Pe3ynbTat BUMIPIOBaHHS 3HOCY CTajJbHOTO PIi3Id 3a TIEBHHUU BiATH-
HOK 4YacCy HaBCJACHO Y BUITIAA1 IHTCPBAJIBHOI'O CTATUCTUYHOTO PO3IMOALTY:

X, MK, 1 = 0,001 0,0212—0,0222 0,0222—0,0232 0,0232—0,0242
n; 30 25 15
IIpoodosocenns maoa.
Xi, MK, /= 0,001 0,0242—0,0252 0,0252—0,0262
n; 12 10

6. dikcyBamoOCh YHCIO PO3JAroKEHb BEPCTaTiB-aBTOMATIB IPOTSATOM

poky. PesynmbpTaTi crioctepekeHb HABEACHO Y BUIUIAIL iHTEPBAIBHOTO CTATH-
CTUYHOTO PO3IOJLTY:

x,-,h:2

0—2

24 |46

&—10 | 10—12 | 12—14 | 14—16

n; 16

12 10

7. BuMiproBaHHS IMOKa3HWKIB BUKOHAHHS PIYHOTO IJIAHY ITiIPUEMCTBA-
MU TIE€BHO{ rajiy3i HaBeAECHO y BHUIIAI iHTEPBAIbHOTO CTATUCTUYHOTO PO3-

MO/ILTY:
X, %o, h =10 10—20 20—30 30—40 40—50 50—60
n; 2 5 13 16 25
IIpooosoicenns maoa.
Xi, %o, h =10 60—70 70—80 80—90 90—100 100—120
n; 12 10 5 3 1
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8. BumiproBaBcsi Mics4HHI JOXif poOiTHHMKa IEBHOI ramysi. Pesymbraru
BUMIPIOBaHHSI IIOIaHO IHTEPBAILHUM CTaTUCTHYHUM PO3MOALIOM:

X, IpH., k=20 | 100—120 [ 120—140 | 140—160 | 160—180 | 180—200
n; 10 15 20 25 30
IIpoodosocenns maoa.
Xi, TPH., h =20 200—220 220—240 240—260 260—280
n; 40 10 4 2

9. JlocmiKyBanach 3aleXHICTh KUTBKOCTI NMPOJAHHMX Map YOJIOBIYOTO
B3yTTs Bifl Horo po3mipy. Pe3ynbTaTu [OCHIIKEHb HABENEHO y BUIIIAIL 1H-
TepBAJILHOTO CTATUCTUYHOTO PO3IOITY:

Ly | 75125 125175 | 175—225 | 225275 | 275325
n; 2 12 18 24 38
Ipooosocenns maoa.
P | 325375 | 375—425 | 425475 | 475525 | 525575 | 575—625
n 21 19 12 10 5 3

10. BumiproBanioch BiIXWJICHHS JiaMeTpa BalIHWKa BiJl HOr0 HOMiHAJIbHO-
ro po3mipy. Pe3ysipraTi BUMIpIOBaHHs HABEACHO 5K IHTEPBAJLHHUN CTATHC-
TAYHUNA PO3TIOILT:

hx; 1(‘)“82 0,228—0,248 | 0,248—0,268 | 0,268—0,288 | 0,288—0,308 | 0,308—0,328
n; 6 16 21 36 42
IIpooosoicenns maoa.
x, MK, | 0,328—0,348 | 0,348—0,368 | 0,368—0,388 | 0,388—0,408
h=0,02
n; 32 22 12 8

11. BumiproBaHHS 3pOCTy IOHaKiB BikoM 18—20 pokiB HaBEICHO Yy BH-
IS/ iHTePBaJIBHOIO CTATUCTUYHOTO PO3MOJILITY:

X, M, h=6

154—160

160—166

166—172

172—178

n;

8

20

30

42
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IIpooosoicenns maoa.

X, M, h=6

178—184

184—190

190—196

196—202

n;

34

21

9

2

12. BunpobyBanack 4yTuBicTh KaHamy x; 100 TeneBisopiB. Pesymbpratn
BUTIPOOYBaHb HABENICHO Y BHUTJISII IHTEPBAIBHOTO CTATHCTHYHOTO PO3IIOJILTY:

X;, YMOBH.
OJIMH.; 75-125 125-175 175-225 225-275 275-325 | 325375
h=50

n; 1 3 6 22 36 30
IIpooosoicenns maoa.

X, YMOBH.

OJIMH.; 325—375 | 375—425 | 425—475 | 475—525 | 525—575 | 575—625 | 625—675
h=50
n; 30 24 18 12 10 6 2

13. BuMiproBanach KHpPHICTh MOJIOKA KODIB X, 13 HABMaHHSA BHOpaHOi
¢dbepmu. Pe3ynpTaT BUMIpIOBaHHS HaBEIEHO SK IHTEPBaJIbHUN CTATUCTHY-

HUH pO3MOJILT:

x;, %, h=0,1 | 3,45—3,55 | 3,55—3,65 | 3,65—3,75 | 3,75—3,85 | 3,85—3,95
n; 10 16 22 30 34
IIpooosoicenns maoa.
X;, %, h=0,1 | 3,95—4,05 | 4,05—4,15 | 4,15—4,25 | 4,25—4,35 | 4,35—4,45
n; 20 14 10 6 4

14. BumiproBaBcst BMicT (ocdopy B daByHi. Pe3ynpTaTé BUMipIOBaHHS
HaBEJICHO Y BUIVISA1 IHTEPBAJIbHOIO CTATUCTUYHOTO PO3MOJLTY:

Xi, %, h = 0,02 0,36—0,38 0,38—0,4 0,4—0,42 0,42—0,44
n; 10 16 24 40
IIpooosocenns maoa.
Xiy %, h = 0,02 0,44—0,46 0,46—0,48 0,48—0,5 0,5—0,52
n; 32 20 16 5
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15. BumiproBanacek cTaOinbHICTh TEMIEPATypH y BUTOTOBICHUX (hipMOIO
TepMocTartax f. Pe3ynbTaru BUMIpIOBaHHS HABEJCHO SK CTATUCTUYHUI pO3-

MOIi:
t,°C,h=0,04 | 20,24—20,28 | 20,28—20,32 | 20,32—20,36 | 20,36—20,4
n; 40 38 26 18
IIpoodosocenns maoa.
t,°C, h=10,04 20,4—20,44 20,44—20,48 20,48—20,52
n; 12 6 2

16. BumiproBaBcsi BMICT Pi3HHUX PEYOBWH y 3pa3KaxX, BUTOTOBJICHHX 13
JaByHy. Pe3ynbTaTy BUMIpIOBaHHS HaBEJCHO y BUIJILI IHTEPBAJIBHOTO CTa-
TUCTUYHOTO PO3MOJILTY:

xi, %,
h=0,06 2,22—2,28 2,28—2,34 2,34—24 2,4—2.46
n; 52 44 36 20
IIpooosoicenns maoa.
xi, %,
=006 2,46—2,52 2,52—2,56 2,56—2,62 2,62—2,68
n; 18 12 6 >

17. TIpoBOAMBCS €KCIIEPUMEHT 3 BUMIPIOBAHHS MOTYXHOCTI BiIOUTTS Bix
MMOBEPXHI MOPSI CUTHAJTY Ha BUXOJ1 PaJliOJIOKAIIMHOTO MpuiiMaya. Pe3ynbra-
TH BUMIPIOBaHHS HABEJCHO Y BUIJISII 1HTEPBAIBHOTO CTATHCTUYHOTO PO3-

MOJIITY:
oG 0—0,05 | 0,05—0,1 | 0,1—0,15 | 0,502 | 020,25
h=0,05 ; ) , ,1—0, , ) 2.0,
n; 88 64 58 4 30
IIpooosoicenns maoa.
Xi, BT,
h=00 0,25—0,3 0,3—0,35 0,35—0,4 0,4—0.45
n; 22 18 6 4

18. 3a gomoMororo paiofaibHOMIpa BUMIpIOBaIach BiICTaHb JIO OJJHOTO
1 Toro camoro 06’ekta. Pe3ynbpTaTi BUMipIOBaHHS HABEJEHO Y BUTIISL iHTe-
PBAIBHOTO CTATUCTUYHOT'O PO3MOILTY:
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X, M, h=0,25 2000—2000,25 2000,25—2000,5 | 2000,5—2000,75
n; 12 24 32

IIpooosocenns maoa.

XM, h=025 | 2000,75—2001,25 | 2001,25—2001,75 | 2001,75—2002,25
" 44 38 26

IIpooosoicenns maoa.

X, M, h=0,25 2002,25—2002,75 | 2002,75—2003,25 | 2003,25—2003,75
n; 18 12 6

19. YpoxaiiHicTh pucy, sxuii 3i0paHO 3 MOJMBHUX AIISTHOK (hepMepch-
KHX TOCHOAAPCTB, HABEJECHA Y BUTTAII IHTEPBAIBHOIO CTATUCTUYHOIO PO3-

MOJTLTY:

x;, wra, h=10,5 9,5—10 10—10,5 10,5—11 11—11,5 11,5—12
n; 5 16 24 32 40

20. BumiproBaHHS ~ JiaMeTpiB  KyJbOK, BUTOTOBIICHHX BEpPCTATOM-
ABTOMATOM, HABEJICHO K IHTEPBAJIBHUN CTATUCTHYHUNA PO3MOALT:

x;, MM, 1 =0,08 6—6,08 6,08—6,16 6,16—6,24 6,24—6,32
n; 8 18 24 32

IIpooosocenns maba.

X;, MM, h = 0,08 6,32—6,4 6,4—6,48 6,48—6,56 6,56—06,64
n; 28 21 15 6

21. BumiproBaBcs 3HOC aBTOIIMH 3a MicCsilb. Pe3ynbTatu BUMiproBaHHS
HaBEJICHO Y BUIJISA1 IHTEPBAJIbHOTO CTATUCTUYHOTO PO3MOJLTY:

x;, MM, = 0,02 0—0,02 0,02—0,04 0,04—0,06 0,06—0,08
n; 48 42 34 26

IIpooosocenns maon.

X;, MM, i =0,02 0,08—0,1 0,1—0,12 0,12—0,14 0,14—0,16
n; 18 10 6 4
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22. BumiproBanach B’A3KiCTh Ha)TH, BUAOOYTOI i3 CBEpIIOBUH. Pe3ynb-
TaTH BUMIPIOBaHHS HaBEJIEHO SIK IHTEPBaJIbHUI CTATUCTUYHUHN PO3MOIINI:

x,-},l szng" 42428 | 428436 | 4,36—4,44 | 4,44—452 | 4,52—46
n; 2 6 10 14 16
IIpooosoicenns maoa.
g }iMd,gg" 4,6—4,68 | 4,68—4,76 | 4,76—4,84 | 4,84—492 | 4925
n; 8 6 4 2 1

23. BuMiproBaHHS OIOpPY €JIEMEHTIB, BUTOTOBJICHUX IIISIXOM BHKOPHC-
TaHHS HOBO1 TEXHOJIOTII, AaJM pe3yJlbTaTH, K1 HABEIEHO y BUIJLAAL IHTEpBa-
JIBHOTO CTATUCTUYHOTO PO3MOLTY:

P (0)’1‘5’4 0,32—0,36 | 0,36—0,4 | 04—0,44 | 0,44—0,48 | 0,48—0,52
n 40 36 30 24 20
IIpoodosocenns mao.
e (37“6’4 0,52—0,56 | 0,56—0,6 | 0,6—0,64 | 0,64—0,68 | 0,68—0,72
n 18 16 12 8 2

24. BumiproBaBcsl 4ac HEMEPEPBHOTO TOPIHHS €JICKTPOJIAMIIOYOK, BHUIO-
TOBJICHUX (PipMOI0, 10 BUXOAY iX 3 yamy. Pe3ynpTaTi BUMipIOBaHHS HaBe/e-
HO K IHTE€PBaJbHUI CTATUCTUYHUN PO3MOILNT:

’}ii’: rgf;: 22-225 | 22,5-23 | 23—23,5 | 23,524 | 24—24,5 | 24,525
n; 4 12 16 24 36 28
IIpooosoicenns maoa.
piks Fgfg 25255 | 25526 | 26265 | 26,527 | 27275
n; 22 18 16 8 4

25. BumiproBanace NpOAYyKTUBHICTH Hpalli 3a 3MiHy pOOITHHUKIB OJHAKO-

BOTO MO0 crielialbHOCTI i 0JHAKOBOT'O BiKy NEBHOI ranysi. Pesyibratu
BUMIPIOBaHHS HaBENICHO Y BUTIIAI iHTEPBAIFHOTO CTATUCTUIHOTO PO3IIOILTY:
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wibg | 284-292 | 29230 | 30-308 | 308316 | 31.6-324
n, 60 48 36 24 18
IIpooosoicenns maon.
Wi 324332 33234 | 34348 | 348356 | 356364
n; 14 12 10 4 2

26. YpoxaifHICTh IIyKPOBHX OYpsIKiB BHMIipIOBajach y IMEBHOMY paioHi
MiBAEHHOTO perioHy YkpaiHu. Pe3ynpTaTé BUMIpIOBaHHS IOJAAHO SIK iHTEp-
BaJIbHUN CTATUCTUYHUI PO3MOILI:

X, wra, h=2,6 | 340—342,6 | 342,6—3452 | 3452—347,8 | 347,8—350,4
n; 12 18 26 38
IIpoodosocenns mao.
X, wra, h=2,6 | 350,4—353 | 353—355,6 355,6—358,2 | 358,2—360,8
n; 40 26 16 6

27. BumiproBasiach IUTMHHICTh KaJpiB y BiJCOTKaX Ha MiAMPHEMCTBAaX
MIEBHOI Tay3i BUPOOHHIITBA MPOTATOM POKY. Pe3ynbratu BUMiprOBaHHS TO-
Ka3aHo SIK IHTePBAIbHUN CTATUCTHYHUN PO3MOILT:

B S/,Oé o | 012018 | 018024 | 02403 | 03036 | 036042
n; 46 38 32 28 24
IIpoodosocenns maoa.
X Yo, 042048 | 048054 0,54—0,6 0,6—0,66
1= 0,06 420, A43—0, 40, 6—0,
s 18 16 8 6

28. BumiproBaiuch KOJUBaHHS MICAYHOI 3apoOiTHOI MiaTH poOiTHUKA
MEBHOTO MPOQUII0 CHeIiaTbHOCTI MEeBHOT raidy3i BUpoOHHUIITBA. Pe3ynbTa-
TH BHMIpIOBaHHS HAaBEJCHO Y BHUIIIAI IHTEPBAIBHOTO CTATHCTHYIHOTO PO3-

MoJIiy:

X;, TpH., h =5,8

165—170,8

170,8—176,6

176,6—182,4

182,4—188,2

n;

125

115

104

86
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IIpooosoicenns maoa.

X;, TpH., h =58

188,2—194

194—199,8

199,8—205,6

205,6—211,4

n;

64

36

20

12

29. BumiproBanach KUIBKICTB OIAJiB, SIKi BUMAIU MPOTATOM BECHSIHOIIO-
JBOBUX pOOIT y MiBHIUHHX perioHax YkpaiHu. Pe3ympTaTé BHUMipIOBaHHS
HaBEI€HO Y BUTJIA/I iHTEPBAIBLHOTO CTATHCTHYHOTO PO3IIOJIIITY:

’]if’:Mf‘z’ 440—452 | 452—464 | 464—476 | 476—488 | 488—500
n; 24 18 16 14 12
IIpoooearcenns mabn.
it 500512 | 512—524 | 524—536 | 536—548 | 548—560
n; 10 8 6 4 2




PO34171 Vil

EﬂEMEHTMv,CIMCﬂEPCIl;IHOI' o,
KOPEIIAILIMHOIO
TA PEIPECINHOIO AHAJII3Y

TEMA 15. EJEMEHTH JUCHEPCIHHOT O AHAJII3Y

1. 3aranbHa iHchopmauia

Jucnepciiinuii anani3 OyB CTBOPEHHUIA CIOYATKy JUIA CTaTUCTUYHOL
00pOOKK arpOHOMIYHUX JOCHIAIB. B Hau yac HOro Takox BUKOPHCTO-
BYIOTh SIK B €KOHOMIYHHMX EKCIIEPUMEHTaX, TaK 1 TEXHIYHUX, COLalb-
HUX.

CyTHICTb L(HOTO AHAII3Y MOJISATaE B TOMY, 110 3arajlbHy JUCICPCIo
JIOCITIKYBAHOT O3HAKH PO3ALISIOTE HA OKPEMi KOMITOHCHTH, sIKi 00y-
MOBJICHI BIUIMBOM TE€BHUX KOHKPETHUX YHMHHUKIB. IcToTHiCTD iX
BIUIMBY Ha 1[I0 O3HAKy BIIIHCHIOGTI)CH METOZIOM mxlcnepcu/moro aHaM3y.

BinmosinHo 10 AMCHEPCIHHOrO aHamidy Oyab-sKHH HOTo pesyiib-
TaT MOXHA TOJATH y BUIJLAI CyMH TEBHOI KiJIBKOCTI KOMITIOHEHT.
Tak, HampuKIaj, SAKIIO JOCHIIKYETbCS BIUIUB IEBHOIO YMHHUKA Ha
pe3yJIbTaT EKCIEPUMEHTY, TO MOJEIb, 110 ONHUCYE CTPYKTYPY OCTaH-
HBOT'0, MO’KHA MOJIATH TaK:

X; =XxX+ao; +g, (467)

1] b
Jie X, — 3HA4YEHHs O3HAKK X, OJIEPIKAHE MPH i-My €KCIIEPUMEHTI Ha
J-My piBHi ¢akropa. Ilix piBHeM hakTopa po3ymiloTh MEBHY HOro Mipy.
Hanpukiaz, sikiio $pakropom € 100pusa, siki BHOCATBCS B IDYHT 3 Me-
TO 30UIBIICHHS BPOXXAHHOCTI CUTHCHKOTOCTIONAPCHKOT KYJIBTYPH, TO
piBHeM (akTopa B IIbOMY pa3i € KUIBKICTh JOOpHBA, IO BHOCHUTHCS B
IPYHT, X — 3arajlbHa CEPe/Hs BEIMYMHA O3HAKU X; o, — edekr

BIUIMBY (DAaKTOpa Ha 3HAYEHHs O3HAKU X HA j-My PiBHi; &; — BUIIAJKOBA

KOMIIOHEHTA, 1110 BIUTBA€E Ha 3HAUECHHS O3HAKH X B i-My €KCIIEPIMEHTI Ha
Jj-My piBHi.
Hpu ubomy M(g;)=0 i g; AK BUNAIKOBI BETMYMHU MAIOTh 3aKOH

posmoziny imoBipHocTeit N(0;67) i Mixk coGoro Hesanexni (K, =0).
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CKIIaiHILIOK MOJIEIUTIO aHaJIi3y € BUBYEHHS BIUIMBY Ha pe3yJbTa-
TH CKCICPUMEHTY KUIBKOX (akTopiB. 30Kpema MpH aHalli3l BIUIUBY
IBOX (paKTOPIB CTPYKTypa MojieJli HaOyBa€ TaKOTO BUTIISY:

Xp=X+o,+B, +y,+e (468)

ijk >

Je Xx,, — 3HA4YeHHS O3HAaKU X B i-My €KCIIEPUMEHTI Ha j-My piBHI

ijk
BIUTUBY (pakTopa 4 1 Ha k-My piBHI BIUTUBY (pakTopa B; X — 3araiabHa
cepelHs BeIMYMHA O3HAKM X; o, — e(eKT BIUHBY (akTopa 4 Ha i-

My piBHi; 3, — edexr BBy (akropa B Ha j-My piBHI; v, — edekT

OJTHOYACHOTO BIUTUBY (akTopiB 4 i B; €, — BUMAAKOBAa KOMIIOHEHTA.

ijk

VY pasi nmpoBeaeHHS AUCHEPCIHHOTrO aHami3y JOCTiIKyBaHUN Ma-
CHB JIaHHX, OZICPIKAHMX MiJl YaC EKCIEPUMEHTY, MOJUISIOTh Ha MEBHI
IPYIH, AKI PI3HATHCS AI€I0 HA PE3YJIbTATH EKCIEPUMEHTY MEBHHUX Pi-
BHIB (paKkTOpiB.

BBaxaeThes, 1m0 OCTIIKyBaHA O3HAKA Ma€ HOPMAIbHHIA 3aKOH
po3moziny, a Iucrepcii B KOXKHIA OKpeMilt rpyii 3100yTHX 3HaYeHb
03HaKu 0/HaKOBI. L{i mpumyIieHHs: HEOOXiTHO MEPEBIPUTH.

2. OgHohaKTOpHUIM AUcnepcinHM aHani3

Hexaif moTpiOHO AOCHIIUTH BIUIMB Ha O3HAKY X MEBHOTO OJHOTO
(bakropa. PesynbTati ekCliepUMEHTY IUNISTh Ha TIEBHE 4UCIO TP,
SIKI BIAPI3HSIOTECS. MDK OO0 CTyIeHeM Jii (akTopa.

Jnst 3pyyHOCTi B TIPOBE/ICHHI HEOOXITHUX OOUYHCIECHBb pPE3yIbTaTH
EKCTIEPUMEHTY 3BOSTH B CHELIANbHY TaOJIUIIO:

Tabnuys 1
CryniHb BIUIUBY CrocrepexyBaHe 3Ha- Tpyriosi cepei 3arabHa cepes
(hakTopa (rpymu) YEHHS 03HaKu X Py P p
m
2%
1 Xirs Xops X315 005 Xy g T =izl
=
n
m
e
2 X
i2
2 X125 Xops X3p5 005 Xy o = _i=l in/.
? Xy =—— — =l j=l1
n X = 5
2 N
i P
X N = Zn .
i3
3 X135 X935 X335 005 Xy 3 - _ il a7
Xy =
ny

163




p XipsXgps X3ps e X, - _

Binnosiaxo 10 mMozeni 0AHO(GAKTOPHOTO MCIEPCIHOTO aHalisy
HEOOX1IHO BH3HAYMTH JBI JIUCIEPCIi, a came: MDKIPYIOBY (AucIep-
CIIO TPYNOBHX CEPE/HIX), 3yMOBIICHY BIUIMBOM JI0CIII/UKYBAHOTO (haK-
TOpa Ha O3HaKy JX, 1 BHYTPIIIHbOTPYIOBY, 3yMOBJICHY BILJIMBOM 1H-
IIMX BUNAJAKOBHX q)aKToplB

3aranbHa JUCTIEPCisl PO3MIIAIAETHCS SIK CyMa KBaJIpaTiB BIAXUIICHD:

nj p
—\2
> 2(x; —x)
i=1j=1
Toxi momin 3aranbHOI qUCTIepCii HA KOMIIOHGHTH 3IIHCHIOETHCS
TaK:

S (x, — %) = 22((x,,—x )+ (%, - %) =

i=1j=1 i=1j=1

_zlﬁl((xu X)) +2x, X)X, X))+ (X, -X)°)=
X, —%,) +222(x,, x;)(x; x)+ZZ(x -x)’ =

7
1j=1 i=1j=1 i=1j=1

3

n

Mﬁ

1

Vl

—ZZ(XI, x,) +2Zn (x, - x)’ +ZZ(x -x)' =

i=1j=1 i=1j=1

OCKIUJILKH

3% (6, ~ % )T, ~T) = z<x,1 xl)<xl—x>+2(x,2 %)% %)+

i=1 j=1

+....+_z‘"(x[p ~X)E, -9 =(F, —)_c)_zl(xl., ~X)+

+ (X, —)C)Z(xl2 X))+ + (X, —)_c)%(xip -x,)=0,

Bpaxosy}oqn TE, IO

Z(x,, x;)=0,; =1p ,P, TPETiH WIEH CyMHU DOPiBHIOBATHME :
DIDICHEICID 35 WEES I e S
j=l

i=1 j=1 j=1i=l1

<
Sl

Takum YHMHOM, I[ICTaCMO .
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X5, - B =X, R I E R (469)

i=1j=1 i=1j=1

Jlis Toro mo6 MaTu BUIpABJIEHI Jqucnepcii, HEOOXIHO KOXHY 31
3100yTHX CYyM TOAIIMTH Ha YKCIIO CTYIIEHIB CBOOOIH.

np —
Z Z(xij - x)
. e j=]j=1
Tax, mist 3aranbpHOT Tucnepcii ”T BUIIpABIICHA UCIIEP-

Cisl JOpiBHIOBaTUME

| =

e

—\ 2
o (x; =x)
sr==0 (470)
. 2 N_l .
Bumnpasnena aucnepcis S, , 0 XapakTepu3ye po3CilOBaHHS BCe-
peauHi TPyNH, 3yMOBJICHE BIUIMBOM BHMAJAKOBUX (haKTOPiB, 0OUMC-
JOETHCS 32 POPMYJIIOFO:

Loy T,
Sp=rtre—, (471)
N-p
ne N — p=k, € 9UCIOM CTYINEHIB CBOOOIM IS Sf , OCKIUJTBKH TIPU
[IbOMY BUKOPHUCTOBYETBCS p CIIBBIJHOLIEHb ITPU OOYMCIIEHH] IpyHO-
BUX CEPEMHIX X, j=1p.
Bumpasyiena jucriepcist S, 0 XapaKTepu3ye PO3CIFOBAHHS IPYTIOBUX
CEPE/HIX X, BIIHOCHO 3araibHOi CEPEIHBOI X , SIKE BUKIIMKAHE BILMBOM (ak-
TOpa Ha Pe3yJIbTaT eKCIIEPUMEHTY O3HAKH X, 00UHCITIOETHCS 3a (hopMyIIot0:

P
2n;(x; - %)’
sr= (472)
p—1
ne p—1=k, — 1€ YMCIIO CTYNEHIB CBOOOMM I S, , OCKUIBKH

IpYTOBI cepeJiHi BapilOI0Th BIIHOCHO O/IHIET 3arajbHOI CepeIHbOI X .
3aBaHHs BUSBJICHHS BIUIMBY (DaKTOpa HA HACHTIJKH €KCICPHMEH-
Ty HoJsrac B OPIBHSAHHI BUIIPaBJIeHUX aucrepcii S7, S; . I cpasi,
SKIIO AOCTIKYBaHHH (DaKTOp HE BILUTUBA€E HA 3HAYCHHS O3HAKHU X, TO
B IbOMY pazi S 1 S, MOXHa PO3IIISIaTH K HE3aleKHi OLIHKH 3ara-
JbHOT ucnepeii D. | HaBmaky, KO BigHOmIEHHS S i S; iCTOTHE, TO

B 1IbOMY pa3l BUOIPKH CJIiJ] BBAXKATHU 3IHCHEHUMH 3 PI3HUX CYKYITHO-
cTell, TOOTO 3 CYKyIHOCTEH 3 pi3HUM piBHEM BIUIUBY (paKkTopa.
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[TopiBHSHHS ABOX IUCTEPCIH TPYHTYETHCS Ha TIEPEBIPIIl MIPABUIIb-
HOCTI Hy/nbOBOi rinoresu: H,:D, =D, — mpo piBHICTH AMUCHEPCii
JTIBOX BHOIPOK.

3a CTaTUCTUYHUNA KPUTEPii BUOMPAETHCS BUIIAJKOBA BETMUMHA

2
_S pol 473)
S N-p
mo mae posnoain dimepa—Cuenexkopa 3 k,=N—-p, k,=p—1 cTy-
IIEHSIMU CBOOOIH.
3a 3Ha4eHHsAMH O, k,=N—-p, k, =p—1, 3HAXOOAUMO KPUTUYHY

TOYKY (J10JaTOK 7).
CriocTepexyBaHe 3HAYEHHS KPHUTEPII0 OOYHCIIOETHCS 3a Gopmy-
noto (473).

Slkmo F* < F, , TO HyJlbOBa TinoTe3a mpo BIUIMB (akTopa Ha pe-

3yJbTaTH JOCTIKCHD BIIXWIAETHCS, @ KO F* > F_, TO UM CaMUM

Xp ?
MiATBEP/UKYETHCS BIUTUB (pakTOpa Ha 03HAKY X.
Pesynprati croctepexeHb Ta OOYMCIEHHS CTATUCTUYHHUX OLIHOK
3pYYHO MOAATH B YHOPSIAKOBAHOMY BHTJISZI 32 JOITIOMOTOO TaoJI. 2.

Tabruys 2
PiBeHb dak- CrioctepexxyBaHe : :
b pexy I'pymosi cepenni 3aranbHa cepenHs
Topa (Tpynu) 3Ha4YCHHsI 03HaKu X
n
2 X,
1 Xi1oXop X315 X1 - _ =l
X, =
n
X
i2 X
2 X135X55 X35 505X, 2 < i _ 5a
2 X = R
n, N
P
N=>n,
j=1
np
Z xip
P x]p 5x2p 5x3p 5""xn,p X = i=1
r n
V2
Bun Bapia- CymMa KBajparis Yucino cTyneHis CTaTUCTHYHI OIiHKH
il 03HAaKU BiIXWIEHD cB00OIU nucriepcii
. nj p
BHYTPI1II- nj p ZZ(X _EI)Z
7 )2 i J
HBOTPYIO- Z Z(xi/ _xj) N—p Sz ==L
i=l j=1 -
BA i=1j 1 N—p
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MiX-

z - =2
jz_ln/(x/—x)

L - =2
n(x, -x _ =
rpymosa ,Z:1 sF) =) p-1 S; =
p-1
a > ¥ (x, -5
_ X, —X

3arajgpHa > (x; —x)° N-1 , aa Y

i=1 j=1 ST = N1

Mpuxaaa 1. Ctyniae BINIMBY KaTanizaTopa Ha KiHIEBHH MPO-
IyKT 3aJIaHOi XIMiYHOT peakilii, HaBeJCHO1 B TAOJIHII.

Cryninp BBy Kinueswuii KT XIMi9HOI peaKIii
KaTasizaropa e pony 01 peaxi
1 3,2:3,1;3,1;2,8; 3,3; 3,0
2 2,6;3,1;2,7;2,9;2,7;2,8
3 2,9;2,6; 3,0; 3,1; 3,0, 2,8
4 3,7;34;3.2;3,3;3,5;33
5 3,0;3,4;3,2;3,5;2,9; 3,1

3’dacyBaTH, M ICTOTHO BIUIMBAE KaTali3aTop Ha KiHIIEBUH MPO-
IyKT ximMiuHO1 peakuii mpu o = 0,001.

Po3é’azannsn. BukopucToByouH Ta0l. 2 i BUKOHABIIYU BiJIMOBiIHI 00YH-
CJEHHS, TiCTAHEMO

CB;?’I?/I?; CrioctepexyBaHe sHaueHHs I'pymosi cepei 3aranbHa cepenHs
Karanizaropa (iHUEBHi TPOZYKT)
1 3,2;3,1;3,1;2,8; 3,3; 3,0 x,=3,083
2 2,6;3,1;2,7;2,9;2,7; 2,8 X,=2,8
3 2,9;2,6; 3,0; 3,1; 3,0; 2,8 x,=2,9 x=3,073
4 3,7;3,4;3,2;3,3;3,5;33 x,=3,4
5 3,0;3,4;3,2;3,5;2,9; 3,1 x;=3,18
Bup Bapiarii Cyma KBapaTis Bi R Yucso cTyneHis CraTucTHuHi
03HaKHA yMa KBa/IpaTis BUIXHICHD cB00OIU OLIIHKH JUCIIepCiid
BHYTPIIHBO-| A& =\ —0.926734 k=N-p= 2
TpymnoBa = /zl(x’f ) =0 =30-5=25 S =0,03707
i (x. —x.)* =13377 ky=p-1= 2 _
MDKTPYTIOBa Zln, (x; =x;)" =1, s -4 S; =03344
j= =5_1=
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Fy (0= 0,001 k = 4; k, =25)=6,6;

o S; 03344

=22 = 22770 _90208.
S2 7 0,03707

Bucnosok. Ockinbku F* > F,_,

Ha KIHLEBUH MPOIYKT XiMIYHOI PeaKii € ICTOTHUM.
3. IBodhakTOpHMM AUCNEepCinHUNA aHani3

TO BIUIMB KaraiizaTopa

Hexail HeoOXiJHO BU3HAYUTH BIUIUB ABOX (akTopiB A 1 B Ha nes-
Hy o3HaKy X. JlJig 1boro HEOOXiqHO, 1100 JOCHIA 3MiHCHIOBABCS MPU
¢ikcoBaHux piBHAX (akTopiB 4 1 B, a TakoX iX OAHOYAcCHIM Aii Ha
o3Haky. Ilpu npoMy nocinia 3aificHIOBaTUMEMO 7 pa3 Ul KOXKHOTO 3
piBHIB (akTopiB 4 1 B.

ITo3Haunmo qcpes3 xijk KOHKPCTHEC 3HAYCHHA O3HAKU )(, SKOI'O BOHa

HaOyBae IIpHU i-My €KCIEpUMEHTI, j-My piBHI (akropa A i k-My piBHI
daxropa B.

Pe3ynbrar ekcriepuMeHTy 3pydHO TOJIATH Y BUTIISAAI TaONHIIl, sSKa
nojiyieHa Ha OJIOKH, B KO)KHOMY 3 SIKMX YPaXOBYEThCsI HA TICBHUX PiB-
HsaX (akTopiB 4 i B iX BIUIMB Ha KOHKPETHI 3HAYEHHS O3HAKU X = X,

(Tabm. 3).

X
— =Y
Buxonsun 3 nanux tabm., X, ==— (474)
n
€ Cepe/IHIM 3HAUCHHSIM O3HaKH X JIJIs KOXKHOTO OJI0Ka;
n 49
> Xijk
— imljal .
Z,=———, Jj=Lp (475)
ng
€ CepeIHiM 3HAYCHHSIM O03HAKU X 3a CTOBMISIMHE;
n 9
> Xijk
— sl =l . T
y, =—m—, i=lg (476)
np
€ Cepe/IHiM 3HAYCHHSM O3HaKU X 3a PSIIKaMH;
n 49 p
22 2%y
E — i=1j=1k=1 (477)
npq

€ 3arajJJbHOKO CCPCAHBOI0 O3HAKOIO AX',
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S12 _ npY.(y, _z)z _ 2 (478)

. p-l p-1
€ BUIIPABJICHOIO JIUCIIEPCI€l0, sIKa 3yMOBJIEHA BILUIMBOM (akTopa A
Ha O3HaKy X

_ HQZ(Z,‘ _2)2 _ Q2

q-1 q-1
€ BHIIPABJICHOIO JIUCIIEPCi€l0, sIKa 3yMOBJICHA BIUTMBOM (akTopa B
Ha 03HaKy X;

s2 (479)
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Tabauys 3

PiBenn Pienb gaxropa 4 Cepenus 3arangpHa
(axropa A, A Ap BEJTMYHHA cepeHs
B 6104Ha CepeHs Oy04Ha CepeHs 6y104Ha cepeHs 3a pAnKkami BCIIMINHA
n n n
B, Xi115%2115 inll X112:%212> XX | X1ps X21p> _ leilp
Xyttoeos X1 | 3y =E— X3125003 %12 X, =42 Xipseens Xty | Xy, =1—
n n n
n n
B, X1215%2215 X1225X2225 B EIXIZZ ..... X12p>*22p> _ Elxﬂp
X39) 500X, X399 9ees X, ==L X539 paeees X =i=
32155021 322905022 X2 n 32po>tn2p xzp n nog p
........................................................................................................ PIDIIL
— _i=lj=lk=1
x=—
npg
B, Xig1:X2g1> Yig2oX2g2s | ZXg2 | XigpsXagp>
X3g15w5 X gl X325 s X g2 Xgp = X3gpoees Xpgp Xy = — Vg =
n n np
Cepenns n g n g n g
BEJIMYMHA DIDIE PIDIP PIDIEH
38 CTOBII- - _ i=lj=1 - _i=lj=l e - i=lj=l
| HnET Zp =T
LsIMA ng ng ng
JIxepero, 1o CIOHYKA€ JI0 PO3CiIOBaHHS CyMa KBaJIpaTiB BiIXHJICHb Yucrno crynenis cBo6ou | CTaTMCTHYHI OIIHKH AUCTIepCiii (BUIpaBIieHi aucepcii)
q
_ = =2 _ 2 O
Daxrop 4 O =nmpX(y;-X) p-1 Si=—"
J=1 P
q
_ = =2 _ 2 O
Daxrop B 0, =npX(y;—X) q-1 §="=
J=1 q
0 i is 4B =Y G-z, -5+ 1) ig-1 s2o_ 9
qHOYAcHa st GakTopiB 4 i O; = Z Z(xjk —z;-y+ X) @p-D@g-1 > =
Jj=lk=1 (p-Dg-D
J1ist BUIIaIKOBOT KOMITIOHEHTH € =33 % 3.)? N- Szf—Q4
aJIKOBOT KOMITOHE ik Oy =2 2 X —Xp) Pq 4=
i=1j=lk=1 N - pq
n g p Q
. B _ B )
3aranbpHe BiIXUICHHS 0=3 % Yy —X) N-1 =
i=1j=lk=1 N-]
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ZZ()_C;'/_Ej_)_}i"'E)Z _ Q3
—-D(g-1) (p-D(g-1)
€ BUIPABJICHOIO JMCIIEPCIEI0, SIKA 3YMOBJICHA OJHOYACHHM BILIHU-
BOM Ha 03HaKy X (akTopiB A4 i B;

ZZZ(xg/k _)?jk)2 _ Q4

N-pq N-pq
€ BHIIPABIICHOIO JUCIEPCIE0, SIKa 3yMOBJICHA BIUIMBOM Ha O3HAKY
X iHIIUX, HE TOJIOBHUX (DaKTOPIB.
OOYHCTIOIOTHCS CIIOCTEPEKYBaH] 3HAUCHHS KPUTEPIIO

2 2 2
S S S
S2 2 B SZ ’ AB SQ °
m m
[pu piBHI 3HAYYIIOCTI ¢ BU3HAYAIOTh KPUTHUYHI TOUKH:
ka(a;k4ak1) H Fxp(a; kSakl)’ Fxp(a;kZakl) .
SAxmo:
1) F;>F,(ck,, k), TO HylbOBa TilIOTE3a MPO BiJICYTHICTH BIUIH-
BY (akTopa A BiIXHISETHC;
2) Fy > F(;k;, k), TO HyJIb0Ba TiNOTE32 PO BIACYTHICTH BILIH-
By (pakTopa B BIIXUIIA€THCS;
3) Fi3 > F,(a;k,, k), TO HyIbOBa TiIOTE3a PO BiACYTHICTH CIILTb-
HOTO BIUTMBY (pakTopiB A 1 B BIAXUIAETHCS.

S2 = (480)

2= (481)

F; =

Hpuknan. Y 4oTUphOX Pi3HUX Ja00paTOPisX 3A1MCHIOBABCS €KC-
MIEPUMEHT 3 OIPICHEHHS MOPCHKOI BOIM 3a JOIIOMOTOIO TPHOX
onpiCHIOBaqu KoxkHMIi SKCTIEpUMEHT Ul KOKHOTO ONpPICHIO-
Baua B KOXKHIH Jraboparopii nposoauses puyil. Haciinku ompic-
HIOBAHHSI, BUPKEHI Y BIICOTKAX, HABEJICHI B TAOJHIII:

Cryninb CryniHb BIUIHBY A

BIUIHBY B A A, A;
B, 3,6;3,9; 4,1 2,9;3,1; 3,0 2,7;2,5;2,9
B, 4,2;4,0; 4,1 3,3;2,9;3,2 3,7;3,5;3,6
Bs 3,8;3.,5; 3,6 3,6;3,7;3,5 3,2;3,0;3,4
B, 3,4;3,2;3,2 3.4;3,6; 3,5 3,6; 3,8; 3,7

pu pisni 3Hauymocti o = 0,05 nepeBlpI/m/I uM ICHY€ BIUIUB
¢axTopiB 4 1 B, a Takox cmineHOI Aif 4 i B Ha KiHIEBHH pe-
3yJIbTAaT €KCIIEPUMEHTY.

Po3é¢’azannsa. BuxopuctoByrouu Tadn. 3, gicranemo tab. 4:
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Tabauys 4

Cryninb BBy (akropa A c

CrymniHb BIUTHB CpeaHi 3aranbHa
T&I)mopa B Y A Ay As ggenmm{a cepents

- . . AV psaKaMu

Hepumii piBeHb | GII04HA cepe/iHs | Ipyruii piBeHb | G0uHa cepenssi | Tperiil piBeHb | Gnouna cepemHst

By | Tepumii pisens | 3,6;3,8; 4,1 X, =383 2,9;3,1;3,0 X, =3 2,7;2,5;2,9 X3 =2,7 », =318
B, | [pyruii pisens | 4,2;4,0;4,1 X =41 33,2932 | Xp =313 | 37,3536 X3 =36 ;=361 | x=344

By | Tperiit piBens 3,8;3,5;3,6 | ¥; =363 3,6;3,7;3.,5 X3 =36 3,2;3,0;3.4 X33 =32 3 =3,48

By | Yersepruii piBens | 3,4;3,2;3,2 Xy =327 34;3,6;3,5 Xy =35 3,6;3,8;3,7 Xa3 =37 ¥, =349

Cepenns BemMuHHA 7, =371 7, =331 7, =33
3a CTOBILIAMU

JIxeperio, 110 CIIOHyKae

CyMa KBaJIpartiB BiIXHICHb

Yuco cryneHiB

CraTUCTUYHI OLIHKY JTUCTIePCil

10 PO3CIFOBaHHS cBOoGOIH (BUMpaBIeHi qucrepcii)
-y O N 2 B 2_ O
Dakrop A4 O, =ngd(z; —x) =12% (z, -3,44)" =13128 p—-1=2 N . 0,6564
k=1 k=1 p-
g _, 3 _ 5 2 0,
®axrop B O, =np2(y; —X)" =92(y; —3,44)” = 09054 g-1=3 Sy = 21 =03018
j=1 j=1 -
0 =n¥ 3, ~5 -7, + 7
=n Xy —Z, =Y, +Xx) =
OpHOYaCHHIA BILTUB ’ Jj=1k=1 e TETY (p—1Dx 2 = _ 9% =0,4646
; : 4 3 — ’
takropiB 41 B =3% Y (Fy -5 -, +3)? = 27873 x(g—1)=6 (p—-Dg-1)
j=lk=1
BrumB BunagkoBux 0, = i i i(x -%, )2 =0.5668 N =24 2 :L =0.02362
(axropis A j=lk=1 ek ’ B fTN- rq |
' 3 3 _, 34 ) 5 0
3arabHa QECIIEPCist 0= 2 —x) =22 X(x; —3,44)° =5,5723 N-1=35 N N1 0,1675
i=1j=1k=1 i=1 j=lk=1 -
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BusHauumo crnocTepexyBaHi 3Ha4eHHS CTaTUCTUYHHMX KpPHUTEpIiB 3a KO-
KHUM (pakTopom 4, B Ta ix cymicHoOi il

*

2
v :S_lzzﬂzzmg;
S20,02362
2
F;:S—22:—0’3018 =12,78;
S2 002362
2
. _SP_ 04646 oo

B 82 T 0,02362

F, (a=0,05; k, =1; k, =23)=4,3;
F, (a=0,05; k; =2; k, =23)=3,4; ; 3a Tabnurero (qoxaTox 7).
F (=005 k =5; k, =23)=2,7,

BucnoBok. Ockineku F; > F,_, TO HyJIbOBa TiIOTE3a MPO

Kp
BIJICYTHICTh BIUTUBY (pakTopa A BIIXHWISETHCS, aHAJIOTIU-

HO F;>F,, F,,>F_, aue inpopmye 1npo Te, 10 Hy-

JHOBA TIMOTE3a MO BiJCYTHICTH BIUTMBY (akTopa B, a Ta-
KOX CyMicHOI il ¢pakTopiB 4 1 B TaKOX BIIXHISETHCS.

Teopemuy4Hi 3anumaHHs1 00 memMu ?

1. Y yoMy CyTHICTb qUCTIEpPCIHOTO aHamizy?

2. 3anMcaTd MaTeMaTH4HY MOZENb I OJHO(PAKTOPHOTO AMC-
NepCciiHOrO aHai3Yy.

3. 3anucaTy MaTeMaTHYHy MOJAETb A7 ABO(AKTOPHOTO TUCTIEp-
CIMHOTO aHaJIi3Yy.

4. 1o Take piBeHb BILUIMBY MEBHOTO (haKTopa Ha JIOCIiIKyBaHY
o3HaKy X ?

5. PO3KpHTH CYTHICTD Xy .

6. BracTuBOCTI BUTIaIKOBUX KOMIIOHEHT € , & -

7. ll1o Ha3WBarOTh BHYTPIIIHEOTPYIIOBOKO TUCTIEPCIEr0?

8. Illo Ha3WBarOTh MIKTPYIOBOIO TUCTIEPCIErO I OMHODAKTOP-
HOTO JUCIIEPCIIHOTO aHali3y?

9. lllo Ha3UBarOTH TPYMOBOIO CEPEAHBOIO?

10. I'pynoBi Ta 3arajipHi cepeaHi i popMyn st 1X 00UHCIICHHS.
11. Bunpanena aucrepcis, OO0 XapakTepU3ye PO3CIFOBaHHS B
cepe/Hi rpymH, Ta Gopmyna s 11 00UHCICHHS.
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12. BumpapneHa Aucrepcis, M0 XapakTepusye BILUIUB (hakTopa,
Ta popmya i i1 O0UHCICHHS.

: 2
13. Yucno crymeHis cBoboxu o S, .

. 2
14. Yucno cryneniB ceobomu as S .
15. CtaTuCTUUHUE KpUTEPiid Ul EPEeBipKU ICTOTHOCTI BIUIUBY
(hakTopa Ha JOCTIAKYBaHY O3HAKY X.
16. BumpasneHa aucnepcis, 10 BUMIPIOE PO3CIIOBaHHS O3HAKH
i BriuBoM (aktopa A, Ta popmyna amns i1 oOuucIeHHs .

17. Yucno cTymeHiB cBOOOIN ISt 512 .

18. BumpapneHa aucnepcis, 0 BUMIPIOE PO3CIFOBAaHHS O3HAKH
i1 BIUIMBOM (akTopa B, Ta popmymna 1uis i1 oOdmcieHHs.

19. Yucno cTymneHiB cBOOOIU IS 522 .

20. Bumpasiiena aucrepcis, U0 BUMIPIOE PO3CIIOBaHHS O3HAKU
i BITuBOM (hakTopiB 4 1 B cymicHo, Ta popmyna ais ii oouuc-
JICHHS.

21. BumpaBneHa aucrmepcid, IO BUMIPIOE PO3CIIOBaHHS IiJ
BIUIMBOM iHIIKMX BUMAAKOBUX (hakTopiB, Ta Gopmyna s ii 00-
YHCITICHHS.

22. ®opmyna asst 00UKCIeHHS OJIOYHUX CepeaHiX.

23. ®opmyna Juid OOYUCIICHHS CePEeIHbOr0 3HAYCHHS O3HAKH 32
CTOBIILISIMU.

24. ®opmyna g OOYUCICHHS CEPEeIHbOr0 3HAYCHHS O3HAKH 3a
PSIKAMH.

25. ®opmyna At OOUKCIIEHHS 3arajIbHOTO CEPEIHBOTO.

26. OGUHCIICHHS! CIIOCTEPEXKYBAHNUX 3HAUYCHD KpUTEPIiB Fy, Fy, Fp.

3adayui 0o memu

1. YV pesynbraTi mpoBeNeHHS AOCTiMy 3 METOIO 3’SICYBaHHS BILTHBY 4Op-
HOTO Tapy Ha BPOXKaHHICTh MIICHUII 3 MiASHKY B 9 ra (3 ra Oyiau miJ Jop-
HHUM [apoM; 3 ra — MiJl KapTOoIUIer; 3 ra — MiJi KOPMOBUMH TPaBaMu) Jic-
Tallk Taki pe3yabTaTu:

dakrop Bpoxaiinicts, 1/ra
YopHuii nap 26,6; 26,6; 30,6
[Tnoma mix kapToruieto 24,3;25,2; 25,2
[Tno1ma mijgq KOpMOBUMH TpaBaMU 26,6; 28,0; 31,0

3a piBeHb 3Hauymocti 6eperbes oo = 0,01.
.S .
Bionosios. F* =—-=1136; F, (0 =001,k =2,k, =6)=109; F* > F,,

m

BILJIB YOPHOTO TPy HA BPOXKAWHICTh MIIEHUII € iICTOTHHIM.
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2. ExcriepuMeHTalbHO JTOCHTIHKYBaBCs BIUIMB Ha 3HOCOCTIMKICTh KOMiHYa-

PH piBHI, TOOTO 3aCTOCOBYBAJIUCS YOTUPH TEXHOJIOT1] BUTOTOBJICHHS BaJIiB.
OneprkaHi pe3yJIbTaTH HABEACHO B TAOJIHIII:

Crymninb BIuBy aktopa A KinbkicTs BiAmpaboBaHUX MICSIIiB
A, 9;8;10; 12
Ay 10; 125 11; 8
A3 8;16; 10; 18
Ay 9;18; 10; 8

IIpu piBHi 3HadymocTi = 0,01 nepeBipuTH BIUIUB TEXHOJOTH Ha 3HO-
COCTIMKICTh BaJIiB.

. SE .
Bionosiov. F =S—§=1,906; Fo (=001, k, =3, k, =12)=6,0; F* <F,,

1 BIUTMB TEXHOJIOT1H Ha 3HOCOCTIMKICTH € HEICTOTHUM.

3. st mepeBipKu BIUTHBY METOAWKA HaBYaHHS BUPOOHMYNM HaBHKAM Ha
SKICTh TIATOTOBKM 13 BUIYCKHHKIB BHPOOHHYO-TEXHIYHOTO YYHIIWIIA Ha-
BMaHHS BUOHPAIOTh YOTUPU TPYIH YUHIB, K MiCIIS 3aKiHUCHHS HABUaHHS 32
PI3HIMH METOIUKAMH TECTYBAIHCS HA KUIBKICTh BUTOTOBIICHHX OJHOTHII-
HUX JIeTaJel MPOTATOM poO0U0i 3MiHH.

PesynbraTi TeCTYyBaHHS HaBEJCHO B TAOJIHIII:

CryniHb BIUTUBY KinbkicTh BUTOTOBJIEHHX JI€TaICH
takTopa 4 (METOAUKH) 3a pobouy 3MiHYy
A, 60, 80, 75, 80, 85, 70
Ay 75, 66, 85, 80, 70, 80, 90
As 60, 80, 65, 60, 86, 75
Ay 95, 85, 100, 80

IIpu piBHi 3HauymocTi o = 0,05 3’s1cyBaTH BIUIMB METOIMKHM HABYAHHS
Ha AKICTh MiJITOTOBKY yYHIB.
Lo . Ss :
Bionosios. F :S—2:3,88; F, (=005, k =3, k, =19)=3,1; oCKiIbKK
m

F*>F > TO BHOIp METOJMKH BIUIMBA€E HA BUPOOHMYI HABUKH ITiITOTOBJIC-
HUX (axiBIiiB.

4. JlocnimpKyeThes 3aJI€KHICTh YPOXKAWHHOCTI MIICHUIT BiJ COPTY MIICHU-
11, IKUX YOTUPU.
PesynpTat nocnimpkeHb HaBeIeHI B TaOnuIi:
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G Yponaiticn, ura
Ay 28,7; 26,7; 21,6; 25,0; 28,2
A, 24,5; 28,5, 27,7, 28,7; 32,5
A 23,2;24,7; 20,0; 24,0; 24,0
Ay 29,0; 28,7; 20,5; 28,0; 27,0

IIpu piBHi 3HagymocTi o = 0,01 3’siCyBaTH BIUIMB COPTHOCTI MIICHUII HA
il BpOXKaHHICTB.
S2
Bionosios. F*="2=411; F, (a=00L k =3, k,=15)=54; F' <F,,
S
BILJIMB COPTHOCTI TIIIEHUII Ha ii BPOXKaiHICTh HECYTTEBUH.

5. CranbHi 00nTH 3 Pi3HOIO T00OABKOKO KOMIIOHEHTH A B CTalll, 3 SIKOi BOHU
BUTOTOBJISUTHCS, Oy MiAaH1 BUIPOOYBAaHHSAM Ha MIIIHICTb.
Pesynbratu nux BumpoOyBaHb HAaBEAECHO B TaOMHUIIL:

e o Miusicrs,
A, 25;28; 20; 22
Az 29;22;21; 18
As 19; 25; 30; 22
Ay 18; 30; 24; 20

IIpu pieHi 3Hagymocti o = 0,01 3’scyBaTH BIUIMB JTOOABKH KOMIIOHCHTH
Ha MilHICTH 00ITA.
.S
Bionosioe. F*= S—i =11,02; Fo (=001 k, =3, k, =12)=6,0;

* .
F’ >F,, , BIUIUB 100aBKK KOMIIOHEHTH A B CTaJli € CYTTEBUM.

6. Emextponammouku Hanpyroro 220 B BUTOTOBISIIICS HA TPHOX 3aBOAAX
13 BUKOPUCTAHHIM PI3HUX TEXHOJOTIH. 3 KOXKHOI MapTii, 0 HAJAXOMIN B Ha-
YKOBO-JIOCITITHUH IHCTUTYT BiJl KOKHOTO 3aBOJY, HABMAaHHs Opallil 110 YOTHPH
CJICKTPOJIAMITOYKH 1 TIABATH X BUMPOOYBAHHSM Ha TPUBATIICTh TOPIHHSI.
PesynpTaTi IOr0 eKCIIEPUMEHTY HABEICHO B TAOJHIIL:

Cryninb BIUIMBY (hakTopa A
(TeXHOJIOTii BUTOTOBIICHHS)

A4, 90; 85; 105; 110; 95
A4, 80; 110; 115; 90; 105

TpuBaNicTh FOPiHHSA, TOX
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A | 75; 120; 110; 90; 85 |
IIpu piBHi 3Hauymocti o = 0,01 3’sicyBaTH BIUTUB TEXHOJOTIH BUTOTOB-
JICHHsI Ha TPUBATICTh TOPIHHS JIAMIIOUOK.
.S
Bionogion. F~ = S—B =5096; F (a=001L k=12, k,=2)=994;

S =
m
F"< F,, , He BIUTHBAE.
7. PeliTuHr niBUX MaprTiil, 10 BUMipIOBaBcs y HABMAHHs BHOpaHUX IIec-
TH paifoHax Ha 3axoni YkpaiHW, y IeHTpanbHill i gyacTuHi i Ha Cxoxi, KaB
Taki pe3yJIbTaTH:

Crynins BrumBy dakropa A Peiitunr, %
A, (3axigHi paiioHn) 14,5; 5,6; 23,8; 6,4; 26,2; 14,5
A, (1eHTpanbHi palloHH) 22,5, 12,2; 24,8, 16,8; 11,9; 26,6
A; (cxigHi palioHn) 13,4; 20,8; 30,8; 20,8; 6,4; 12,3

IIpu piBHi 3Hauymocti o = 0,001 3’scyBaTH, Y BIUIUBAE iICTOTHO PETioH
YkpaiHu Ha peHTHHT NiBUX MapTii.
2

. S
Bionogiob. F~ = —2 =1,82; F, (=001, k =2, k,=15)=6,4;

F*< F,, , perioHy He iCTOTHO BIUIMBAIOTb HA PEHTHH.

8. Ha mocnimHuX minsHKaX, KOXKHA 3 SKHX Ma€ TUIoNy 6 Ta, JOCTiKyBa-
Jach 3aJEKHICTh YPO)KAWHOCTI MINEHHUIN BiJ BHECEHHS B IPYHT I00OpUB
Ay, Aa, A3, As. .

Pe3ynpraT eKCIIEPUMEHTY HABEACHO B TaOJIHIII:

Y, Jaxropa 4 Vposaitricts, wra
h 25,6; 36,2; 22,8; 30,2; 32,5; 28,4
A4, 28,5; 40,6; 42,8; 36,4; 22,4; 29,6
A; 24,4, 38,6; 48,4, 50,2; 28,4; 22,8
Ay 29,5, 52,8, 24,2, 22,8, 56,2; 48,4

IIpu piBHi 3Hauymocti oo = 0,01 3’sicyBaTu BIUIMB TUIy I0OpUBA, IIO0
BHOCHUTBHCS B IPYHT, Ha yPOXKAWHICTh HIICHMUII.
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* S2
Bionosion. F~ = —82 =547 ; F, (a=0,01, k=3, k,=23)=47;

F > FKp , BILUTUB € ICTOTHUM.

9. 3 KOXKHOT 13 8 mMapTiii OTHOTUITHUX 3aTOTOBOK HaBMaHHs Opajucs 3a-
TOTOBKH, SIKi 00poOJIsIMCS Ha TPhOX BEpCTaTax-aBTOMATax Pi3HOI MOIU-
¢ikamii. KiapkicTh aeTasieil, BUTOTOBIEHA BepCTAaTaMM, JOCIHIKyBasiacs
Ha CTaHJapTHICTb.

PesynbraTu 1OCIIIKESHD TIOIaHO B TAOJHIII:

®dakrop 4 KinbkicTs meTaneit, BATOTOBICHUX BEPCTATAMHU-
(THn BepcTaTiB-aBTOMATIB) aBTOMaTaMH, 1110 BiANOBIIAIOTh CTAaHIAPTY
A, 100; 86; 90; 89; 95; 22; 80; 79
A, 99; 82; 98; 88; 100; 96; 98; 100
As 100; 88; 86; 98; 98; 100; 99; 99

IIpu piBHi 3Hauymocti oo = 0,01 mepeBiputu BB Moaudikaiii Bepcra-
TiB-aBTOMATIB Ha SKICTh BUTOTOBJICHHUX JETaJCH.
SZ
Bionogio.  F" = —2 =4,12;  F (a=0,01, k=2, k,=21)=59;
m
F* < F,, , BILIMB HEICTOTHHIA.

10. IIpoBoOMIOCH MOCTIKEHHS PO3IMOILUTY YHCIa KPOB'SIHAX TUICIH Y
MEBHIA OAMHUINI 00’€My KpOBI B JIOACH, MO TepeOyBaiu TMEBHHHA dYac y
TPbOX 30HAX Ha pi3Hii BixcraHi Big YopHoOmIschkoi AEC Ta B 30HI, Bijib-
HIW BiJ pamiaimii.

PesynbraTi mociimkeHb HaBEICHO B TaOJIHIII:

(D(a3 I:)T:If)A KinbKicTs KpOB’sSHHX TLIEIb
A, (B 3011 AEC) 6;8;3;2,6;,9
A, (na Bincrani 50 kM) 5;4;10;11;6; 8
As (na Biacrani 100 km) 5;4;13;12;10; 15
A, (BimpHa Bif panianii 30Ha) 18; 16; 21; 20; 22; 21

IIpu piBHi 3Hauymocti oo = 0,01 3’sicyBaTH BIUIMB nepeOyBaHHS JIFOJUHH
B MIEBHiH 30HI Ha KiNbKICTb KPOB’HUX TiJ€Lb.

180



* S2
Bionosgiob. I~ = —2 =232; F, (=001, k, =3, k,=20)=49;
S

F*>F, ,icHye Brums.

JlabopaTopHa podota Ne 2
00 memu «Enemenmu oucnepciiinozo ananizy»

[Ipu piBHi 3HauymocTi o = 0,05 Bu3HaynTH BIMB (akTopiB 4 i B
Ta X CyMICHH BIUTUB Ha JIOCIIKYBaHy O3HAKY:

1. JlocmimKyeThcsl BIUIMB Ha 3HOCOCTIMKICITH JeTayiell TakuX (akTopiB:
A — Mmarepial Ui BUTOTOBJICHHS JIeTaliei (3aCTOCOBYBAIM TPU BUJM CTAJIi)
1 B — TexHoJOris BATOTOBJICHHS AeTanel (Bl TEXHOJIOTIT).

PesynbraTi eKcriepuMEHTY HaBEACHO B TaOJIUII:

daxrop 4
®daxTop B 1 5 L
B 10;7; 8; 6; 12; 8; 14; 6; 10; 16; 15;12;11;9;8;
! 8;11;10; 14; 13 14;13;12; 11; 15 13; 11; 12; 16; 14
B 12;13; 6, 9; 8; 11; 12; 12; 16; 13; 13;12; 14; 8; 6;
2 11;10; 10; 13; 17 8;10;9; 8; 15 8;16;12; 14; 16

2. JlocimKy€eThCsl BIUTUB Ha BPOXKAWHICTh SYMEHIO TaKUX (PaKTOpiB: A:
MOCIB 31MCHIOETHCS MICISI YOPHOTO mapy — A1; MICI KOPEHEIIONIB — Aj;

MICIIS KOJIOCOBHX KYJBTYP — A3; B — COPTHICTh SYMEHIO (TPU COPTH).
PesynbTaTi A0CHiKEHD HABEICHO B TaOIHIII:

®akrop A4
®daxrop B
Ay A As

B 34,2; 30,6; 36,8; 35; | 42,5;40,4; 44,6; 46,8; | 44.2; 46; 45,6; 48; 49,3;

! 32,5;34,2;33,4;36 | 39,4; 38,6;45,8; 49,3 |45,8;42,3; 40,8; 41,4; 40
B 32,5;30,4; 39.,4; 40,3; | 30,3; 35,3; 36,8; 40,5; [  40,3; 45; 46,8; 30,2;

2 36,4; 38,9;39,8; 42 | 28,4; 33,2; 39,1; 26,9 48,8; 50,2; 39; 38,5
B 33,3;34,8;39,2; 35; | 30,4; 36;40,5; 44,4, 32,3;29,8; 34,3; 42;

3 32,4; 34; 39,8; 40,8 30,8; 42,5; 46; 33,5 34.,8; 31,6; 40; 29,6

3. JlocmipKyeThes BILIMB Ha MILHICTh YaBYHY JBOX (haKkTOpiB: 4 — BMICT
KpEeMHIIO B 4aByHi, a came 4; — 0,24%; 4, — 0,42%; A5 — 0,52%; B — T1e-
MIIEpaTypHHIA PEXXHUM TUIABICHHS ([Ba PEKUMH).

Pesynbrati mociimkeHb HABEICHO B TaOJIHIII:

®akrop A
®daxrop B
A] AZ A3
B, 40,2; 40,8; 38,2; 39,6; | 42,5; 43,4; 44,5; 46,4; | 49,2; 50,2; 48,4; 50;
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42,4;44,5; 40,1; 38,8 [ 40,1; 36,5; 40,3; 41,8; | 52,5; 38,4; 49,8; 50,4;
3 . .

> 5 E)

33,4; 36,5; 34,4, 40,2; | 31,6;33,4; 38,4;35; | 29,3; 35,6, 36; 26,8;
B, 42;30,2; 31,8; 35,5; |38,9;29,5;28,4; 30,6; [ 38;28,5;30,6; 40,2;
34;41,8 ,9; 3,3

>

4. JocmimKyeThcs BIUIMB Ha BPOXKAWHICTh KyKypyI3H BOX (akTopiB: 4 —
BHECEHHs JOOpUB Y IPYHT (Tpu 100puBa); B — rimubrHa MOIUBY 3eMJIi (TpU TH-
OUHM TOJIHBY).

Pe3ynbsratu gociimKeHb HaBeICHO B TaOMKIIL:

®daxrop 4
®daxrop B
Al AZ A3
30,2; 30,8; 31,6; 32; | 28,4;29,9; 30,6; 44,3; | 40,2; 42,3; 42,7, 43,5;
B 32,6;28,9;30,5; |36,2;42,3;28,2;26,5; | 44;36,8;38,9;453;
32,6;33 34,3, 26,5 46,2; 45,4
44,2;42.8; 43,7, 42.4:43,5:40,6; | 42,3;43.4; 45,2; 44;
B, 46,5;46,9;40,5; | 36,8;40;36,4;38,5; | 36,5;29,8; 25,4;
45,6;38,4;32,5;44,6| 43,2;34,6,39,8 43,2; 45; 46,8
40,2; 36,4;36,9; |38,5;33,4;30,2;29,4; | 43,2;44,5;39,5;
Bs 41,8;40,4; 34,8, [40,1;26,2; 25,4, 44,1; | 32,5; 45; 40,8; 36,3;
38,5; 35; 38,6, 42,4 30,6; 34,5 43,5, 47.8: 49

5. JlocmipkyeTrsest BIIMB (DakTopiB 4 1 B Ha YUCIIO BUTOTOBJICHHUX BTY-
JIOK 31 cTa B3STHX, AKi BiANOBIAAI0TE HOPMaM CTAHAAPTY: A — BUKOPUCTAIN
JIBI TEXHOJIOT11 BUTOTOBJICHHS;, B — 3aroTOBKH HAJIXOJMIIH 13 TPHOX 3aBOJIB.

PesynbraT mocmimkeHb HaBEICHO B TaOJIHIIL:

Dakrop 4
®daxrop B
A1 AZ

B 90; 88; 90; 96; 98; 100; 99; 82; 98; 95; 80;

1 76; 80; 95; 85; 80 96; 95; 99; 91; 89; 90
B 79; 88; 92; 76; 80; 81; 82; 100; 98; 89;

2 83; 85; 90; 96; 75 85; 96; 98; 75; 97
B 82; 78; 75, 79; 80, 80; 86; 90; 91; 78;

3 81; 86; 89; 75; 90 76; 75, 82;73; 82

6. Hocmimxyerscs BILIUB (hakToOpiB A 1 B Ha MPOAYKTHBHICTh Mpalli mij-
MIPUEMCTBA MEBHOI raiy3i MPOMHUCIOBOCTI: A — QoHm03a0e3neueHICTh (Tpu
piBH1); B — piBeHb OIJIaTU Ipalli poOiTHUKAM (Z1Ba PiBHi).

PesynbraT nocmiakeHHs HaBEJCHO B TaOJHUII:

Dakrop 4
Al A2 A3

B, 14,85; 11,94; 10,5; 12,35;| 6,42; 5,23; 4,96; 5,6; [7,82; 9,63; 12,92; 10,82
15,62; 13,2; 10,62; 12,82;| 9,82; 10,23; 12,44; |9,36; 5,11; 13,52; 14.2;

®daxrop B
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11,48;13,5

16,5; 5,41; 6,32

8,96; 9,92

B,

12,5; 13,8; 14,9; 12,6;
10,85; 11,96; 12,6;
13,42; 16; 17,2

10,2; 10,85; 12,34;
11,95; 12,4; 14,92;
9,86; 9,62; 8,36;
13,62

13,62; 12,55; 14,7;

13.25; 14.66; 8,35;

10,96; 11,62; 6,12;
15,66

s

7. EKCIEepUMEHTAJIbHO JOCHTIPKYBABCS BILUIMB Ha 3HOCOCTIHKICTH JeTa-
neit gakTopiB 4 i B: ¢paktop A — TUN cTam (Tpu THIH); GaKkTop B — TEXHO-
JIOTis1 BATOTOBJICHHS (JIB1 TEXHOJIOTI1).

Pe3ynbTaTi eKCIepUMEHTY HaBeCHO B TaOMIHII:

Dakrop A4
®daxrop B 1 ” T
B 10; 8; 6;9; 5; 12; 8;12;12;10; 11; 15; 14; 14; 8; 8;
! ;8;10; 11 6;10; 10;9; 5 13;10;11;9; 6
B 12;9;9; 6; 6; 5; 12; 13; 13; 14; 15; 13;13;10; 5; 5;
2 10; 8; 8; 9 8;9;10; 11; 11 10; 15; 14; 14; 10

8. EkcriepuMeHTaNbHO JIOCTIKYBaBCs BIUTMB (akTopiB A i B Ha omnpicHeH-
HSl MOPCBKOT BOITH: (hakTOp 4 — THIT ONpiCHIOBaYa (TPH THIH); dakTop B —
TP pi3HI J1aboparopii.

PesynbraT eKCIepUMEHTY, 1110 iHQOPMYE PO BIICOTOK COJIi B ONpicCHE-

Hiii BOJIi, HABEIEHO B TAOJINIII:

Dakrop 4
daxtop B
A A> A3

3,6;3,2;3,4;4,1; 2,92;2,84; 2,88, 2,7,2,75;2,97; 3,2;

B, 3,5;4,2;3,5; 3,8; 3,2; 3,45; 3,02; 4,15; 2,63; 2,49,

42;3 2,12;2,26;2,43; 3,5 3,25;3,4, 4,2

42:4;4725; 4735, 3,33; 3,35, 4,2; 3,75; 3,87; 3,64;

B, 4,5; 3,6; 3,2; 3,2; 2,93; 2,65; 2,96; 2,95;2,25; 3,85;
3,6; 3.8 2,25;3,8;3,96;,4,2 | 3,99;4,2;4,15; 3,14

3,46; 3,45; 4,25; 3,42; 3,49; 2,99; 3,63; 3,56; 2,99;

Bs 4.8;4,1;4,05;3,81; 4,1;2,65; 3,11, 3,79; 4,12; 3,12;
3,62; 3,4; 3,02 3,12;4,41;4,0; 3,8 | 2,05; 3,81; 3,79; 4,0

9. ExcnepuMeHTanbHO AOCHIIKyBaBcs BIUIMB (hakTopiB 4 1 B Ha Bpo-
JKaliHICTh LyKpoBUX OypskiB B 1/ra: ¢aktop A — noOpusa (Tpu BUIM); (ak-
TOp B — cyma Temmeparyp 3a nepioj Bererauii (Tpu piBHi).

PesynbraT nocmigkeHb HaBeEHO B TaOJIMIII:

®daxrop 4
®dakrop B
A A As
365; 36; 370; 385; 403; 410; 412; 452; 440, 403;
B, 350; 340; 342; 416; 345; 374, 395; 382; 444,
340; 365; 380 450; 430; 402; 412 | 410; 420; 433; 390
B, 379; 381; 390, 445; 436, 470, 433; 391; 340;
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422; 444; 380; 395

420; 400; 402; 412; 390; 396; 455; 460; 405;
380; 340; 410; 390 | 380; 445; 444; 389 | 399; 413; 449; 401
332;450; 420, 330; 413; 425, 325; 34; 412, 402;

B, 445; 390; 420; 449; 385; 399, 390; 399; 375;

440; 412; 405; 382

399; 401; 455

10. HocmimxyBaBcst BB (GakTopiB 4 1 B Ha MPYXKHICTH CTajli B YMOB-
HUX onuHMLX: QakTop A — % Hikemo (TpH piBH1); dakrop B — % Mapran-
1o (Ba piBHI).

PesynbraTi nocmigkeHb HaBeEHO B TaOJIMIII:

daxtop 4
®akrop B
Al AZ A3

36,4; 38,7; 36,5; 41,2; 42; 42,8; 44,3; 36,5; 39,8; 42,4,

By 37,5; 39,6; 40,2; 45,2;44,3; 42,4, 45,8; 48,4; 49,5;
38,5; 42,6; 35,6; 38,4 39,5; 38,4; 39,6 37,2; 38,4;40,2; 40,5

39,2; 42,3; 44,5; 39,7; 38,4; 42,5; 40,8; 43,2; 41,8;
B, 40,5; 38,1; 40,8; 44,3; 47,2; 48,4; 44,7; 50; 42,8; 35,6;

45,3; 41,8; 38,7, 42 | 45,2;46,4; 49,2; 49,8 38,9;47,2; 48,2

11. locmimkyBaBces BIUIMB (pakTopiB A i B Ha TBEpAICTh CIUIaBy: (haKTOp
A — % nixemo (Tpu piBHi); pakTop B — % Xpomy (TpH piBHI).

PesynbraTi gociikeHbp HaBelIEHO B TaONUIN, e TBEPIIiCTh MOJAETHCS B
YMOBHHX OAWHHIIAX:

®daxTop 4
®akrop B
Ay A, As

53,2; 53,9; 54,8, 55,4, 66,7; 77,2, 68.,3; 69.8; 74,7,

B, 55,9; 62,2; 66,8; 70; 53,2; 65,4; 66,2; 79,2; 53,4; 61,5;
8,2;54,4;52,3 53,2; 58,1; 73,2, 75,4 | 58,4, 59,8;76,2; 78,3

67,2; 66,2; 55,3; 53; 77,2; 65,4; 53,9; 77,9; 62,3; 68,9;

B, 72,3;52,4;74,2; 52; 65,1;63,4;61,2; 64,5; 73,2; 53,1;
63,2; 53,2 71,4;74,2; 54,2; 53,8 | 55,2; 54,4;76,8; 78,9

70,2; 72,1; 54,4, 69,2; 65.4; 70,4; 75,5;76,4; 54,2;

Bs 53,1;73,4; 74,8, 55,4, 62,3; 72,5, 56,1; 62,3; 64,8,
75,2; 53;54,2; 67,2 | 74,4;70,5; 53,1; 54,2 | 73,4; 75,6; 79,2; 53,5

12. NocnimxyBaBcsl BIUIMB HA IPOAYKTHBHICTH mpatli (akTopis 4 1 B: ¢ax-
TOp A — IUIMHHICTH KajpiB, % (Tpu piBHi); dakTop B — piBEHb OIIATH
Iparii, THC. TPH. Ha PiK (/Ba piBHi).

PesynbraT mocmimkeHb HaBEICHO B TaOJIHIIL:

®daxrop 4
®dakrop B
A A> A3
15,62; 14,3; 14,25, 10,83; 10,2; 13.4; 12,44; 14,5; 7,6;
B, 15,815 16,35; 15,61; | 16,25, 12,2; 5,45; | 6,75; 8,96; 16,37;
14,3, 12,5, 11,2; 6,5 | 6,41; 8,93; 13,44; 9,82; 7,83; 10,53;
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15,66

8,96

B,

16,52; 14,21; 6,85;
8,7,10,43; 13,5;

12,8; 11,6;

6,72; 8,9

13,24, 8,16; 9,44;

10,8; 14,56; 12,46,

11,83; 10,99; 16,42;
15,34

6,81; 5,74, 10,36;
14,57; 12,44, 13,47,

15,25; 13,4; 5,07;
8

>

13. locnizokyBasest BILIMB (akTOpiB A i B Ha IPHUPICT ypOKaK0 KapToIuli

3 rekrapa: GakTop 4 — BHECCHHA B IPYHT 100pHBa (TpH PiBHI 3a KiIBKICTIO
y BiZICOTKAaX); GakTop B — MONHMBaHHs IPYHTY (IBa PiBHI IPOHUKHEHHS BO-

JIOTH Ha TJTUOUHY rpyHTy)
PesynbraTi mociimkeHb HABECHO B TaOJIHIII:

®daxrop 4
®akrop B
A A> A3
4,25;4,5; 5,6; 6,8; 6,25; 4,95; 4,26, 5,44; 5,23; 9,82; 8,9;
B, 4,05; 4,8; 7,6; 8,2; 8,29; 8,8, 9,25; 7,44, 4,35; 6,81; 7,84,
4,02; 6,0 7,8;4,82; 5,61 6,51; 4,08; 6,52
7,45; 4,05; 8,25; 9,6, | 8,28; 6,44; 7,35, 4,9, | 6,32; 7,81; 8,92; 8,6;
B, 4,06; 5,25; 6,73; 5,76; | 4,22, 7,42; 8,82;9,5; 4,02;5,21;4,21;
9,21; 4,01 4,08;5,8 9,47;9,81; 10,22

14. locnimkyBases BB (axropis 4 i B Ha Macy KopiB y Kr: pakrop 4 —
TPH BUIM COKOBHTHX KOPMiB; (hakTop B — /Ba BHIM TPyOMX KOPMIB i3 Ji0-

0aBKOIO ITIEBHOTIO BI,Z[COTKa BiTaMiHIB.
PesynbraTi 1OCTiIKEHD HABEACHO B TaOJIUIII:

®axrop A4

®daxrop B

A

A>

A3

455,6; 460,2; 350,2;

435,6; 489,6; 572,5,

331,4; 340,5; 390,6;

440,2; 600; 430,8; 444,6

By 500; 521,6; 534,2; 399; 480; 550,6; 5 6, 405,6; 545,7; 596,2;
605; 340; 390; 395,5 341,5; 382,6; 599,5 1320,2; 305,8; 421,6; 399,5
446,2; 480,5; 620,8;  |600; 595,6; 401,8; 321,8;(443,8; 389,5; 541,3; 590,6;,
B, 700; 721,6; 750,2;  |340,4; 600; 431,8; 549,6;]| 555,4; 481,6; 405,6; 311,8;
300,6; 375,8

590; 300,6

15. HocnimxyBaBcsi BIUIUB (hakTopiB 4 1 B Ha peWTUHT JiBUX MapTiil y
BifcoTKax: (axktop A — perionu (4, — 3axinHuil, A, — MiBAECHHUH, A3
cxinuui); gakTop B — BikoBHii piBeHb onuTaHux (B — 10 30 pokiB, B, —
30—>55 pokiB i By — 55—70 pokiB).

PesynbraT nocmigkeHb HaBeEHO B TaOJIMIII:

daxTop 4
®dakrop B 1 5 L
B 9,5;5,5;4,2;6,7;12,4; [4,2; 10,5; 8,9; 9,6; 12,4;(8,6; 7,5; 4,3; 19,8; 26,4;
! 16,8;2,5;10,2; 5,8; 6,415,7;, 7,3; 8,4; 13,4, 15,5| 3,2;32,4; 3,8, 4,5, 3,6
B, 2,5;3,4;7,.8;12,4; 2,8; 16,5; 7,2; 13,6; 22.4; 30,5;|12,5; 10,6; 22.4; 8,5; 4,3;
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4,5;3,9;6,7;2,3,4,9

4,2;728;4,8;79; 12,4

3,3;7,8;4,4;5,6;9,7

By

2,1;3,3;7,8;2,2;3,2;
4,6;12,1;13,1;6,7; 8,5

4,5;12,6; 22,5; 40,1,
3,6;8,5; 31,6, 6,2;
3,2;5,6

15,8; 35,6; 21,4; 3,2;
4,5;3,6;84;9,1, 7.3,
4

b}

16. JJocnimkyBaBces BILIUB (DakTopiB A 1 B Ha BMICT IPOTEiHY B KypsS4HX
AHIEIX, %: hakTOop A — TpH TUIH 3EpHOBUX; (aKTop B — 1Ba TUIH KOMOi-

KOPMIB.
PesynbraTi mocmimkeHb HaBEIEHO B TaOJIHIII:
®daxrop 4
®dakrop B
A, A> A3
13,2; 15,6; 18,2; 13,4;(13,9; 16,5; 14,4; 18,2;(13,4; 18,9; 14,2; 13,5;
13,5; 16,4; 17,5; 14,9;|]13,1; 13,9; 19,1; 17,1;|16,2; 13,1; 14,1; 19,1;
19,2; 13,1 13,2; 14,5 13,8; 14,2
14,9; 15,8; 19,2; 19,4;|15,4; 13,2; 16,2; 13,1;|15,4; 17,2, 18,4; 13,1;
B, 18,5; 13,2; 16,4; 13,1;|]19,1; 16,2; 13,5; 14,5;{19,3; 14,2; 15,2; 16,4
17,6; 16,5 16,2; 14,1 13,1; 13,9

17. JocmimkyBaBcs BILTUB (akTOpiB A 1 B Ha NPUPICT yPOKAIO COHSIII-
HUKY, 11/Ta: pakTop A — Tpu BUIU N0OpUB; dakTop B — IIIMOWHA 3pOIICH-
Hs (J1BI TITUOMHN).

PesynbraTi 1OCITiIKEHD HABEACHO B TaOJIUIII:

®akrop A4
®daxrop B
Ay A As

6,2;6,4;6,3;7.2;8;| 6,8;7,2;83;9,2; | 94;6,2;6,8;8,8;
6,1;7,2,7,4;8,2; 6,2;7,1;7,5;6,2; | 8,5,6,1;9,2;8,2;
6,3; 6,5 6,8; 9,4 7,6 8,1; 6,3; 6,9
8,3;9,1;6,2;6,8; | 7,4;94;6,5,6,1; | 92;7,5;6,3;8,9;
74,82,65,83; | 7,2;83;92;64; | 7,9,7,2,6,3,9,3;

9,2; 6,5 9.4: 8,1 9,4:82

18. JlocnimkyBaBes BILUIUB (hakTopiB A 1 B Ha pedTUHT IpaBuX mapriit (y
BijicoTKax): (akrop 4 — perionu (4, — 3axigHui, 4, — UEHTPAIbHUH,
Az — cxignwmii); ¢aktop B — Bik omurtaHux (B; — 20—35 pokis, B, —
35—50 pokiB i B3 — 50—70 pokiB).

PesynbraT mocmimkeHb HaBEIEHO B TaOJIHIII:

®dakrop B

®akrop A4

13.2; 18,2, 5,2

13,4:15,2:4.5:19,2

4 ,3; 10,5; 20,3;

12,4; 4,3; 13,
2,4,5,6;12,4;6,2;]8,9; 14,8; 22,




9,8;16,8; 18,4 7,2;11,4;4,2 42:6,9

14,3; 10,6; 28,4; | 6,2;7,5;3,5;12,4; | 14,8;2,9;5,9; 10,6;
B; 10,8; 7,4, 6,5, 4,5; | 13,5;16,4; 7,9, 8,9; | 8,5;13,4;2,2; 19,5;

26,3;30,2; 11,8 15,4; 10,8 7,9;9,9

19. locnimxyBaBcs BIUTUB (akToOpiB A 1 B Ha JKUPHICTb MOJIOKA, %: (ak-
TOp A — TP BUIU COKOBUTHX KOPMIiB; (hakTop B — 11Ba BUIH 0i0700aBOK.
Pesynbprati qociikeHb HABEACHO B TaONMIIi:

®akrop A4
®akrop B
A] AZ A3

3,25; 3,45; 3,55; 4,2:3,95; 3,33;4,1; 3,99; 3,89; 4,32;
B, 4,04;4,08; 4,2; 3,3; |3,5; 3,42; 3,49; 3,59;4,23; 4,4, 3,29; 3,25;

3,8; 3,45; 3,25 3,68; 3,79 3,11; 4,45; 4,05
3,41; 3,45; 3,5, 4,45; 3,3;3;3,42;4,2; 42;321;3,2;3,11;
B, 4.25;4,33;4,5;4,29;14,29; 4,39; 3,8; 3,92;(4,29; 4,41, 4,5; 4,48;

3,42; 3,41 3,99;4,05; 4,11 3,81;4,2

20. MocmimkyBaBes BILTUB (pakTopiB A 1 B Ha pivHI HaJI01 MOJIOKA B JIIT-
pax: GpakTop 4 — TpH BUIM COKOBUTUX KOPMiB; pakTop B — 1Ba BUIM IPY-
0MX KOPMIB i3 Pi3HUM PiBHEM YaCTKH, %o, CIICUIaTbHAX BITAMIHIB.

PesynbTaTi A0CHiKEHD HABEICHO B TaOIHIII:

®daxrop 4
®daxrop B
A, A 45
5050; 4090; 6000; 9500; 12000; 6300; | 12500; 8900; 6500;
B 6500; 8900; 2900; 4500; 3900; 8500; 7900; 8700; 9200;
! 2500; 6000; 10000; | 8600; 5900; 12400; 10500; 14000;
9500 6900 7200; 5300
3800; 1050; 12900; 12000; 11500; 14500; 4300; 6700;
B 6900; 3950; 8000; 8900; 4400; 9800; 12400; 13200;
2 11200; 12400; 6900; 7200; 6200; | 8400; 7900; 15200;
4900; 8900 10500; 9200 3200; 5500

21. locmimxyBaBcs BIUTMB (hakTopiB A 1 B Ha TPHUPICT YpOXKaro 3 reKTapa
KYKypyI3H, 1/ra: $paktop A — Tpu piBHI BHECCHHS a30THHX T0OpUB (JacTka),
%; akTop B — nBa BUAM MTHOMHU 3POIICHHS IUISIXOM IITYYHOTO ITOJIHBY.

Pe3ynpratu qoCiiKeHb HABEJACHO B TaOMIHIII:

®daxrop 4
®daxrop B
A A As
6,2; 6,53; 6,82; 7,42;|7,63; 8,53; 6,92; 9,73;|  8,35;9,44; 8.44;
B, 6,55; 8,56; 9.49; 11,25;7,33; 6,25; | 9,89;10,99; 11,35;
10,25; 9,64; 6,89 10,11; 12,55; 8,93 | 15,21; 14,25; 11,6;
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6,2; 6,01

B,

6,99; 8,49; 12,45,

13,4; 12,45; 6,85;

10,23; 9,51; 7,21;
11,92

5

9,47, 6,83; 6,74;
13,53; 15,41; 12,36;
8,79; 6,44; 12,35,

1

5

12,53; 14,5; 10,26;
8,96; 7,44; 6,72;
6,34; 14,39; 13,29;
11,95

22. JlocmimkyBaBcsi BIUTHB (akTOpiB A 1 B Ha HOPMH BUTpAT MaJILHOTO
TpakTopoM Ha 100 ra B yMOBHUX OJAMHHUIAX: PakTOp A — TpH BHIU 00pO0Oi-
TKY 3eMJ1i (A — TiJ 371aKOBi KyJIbTYpH; A, — KapTOIUIAHI KyIbTypH; A3 —
KOPMOBI TpaBH); GpakTop B — mopu poky (B; — BecHa; B, — OCiHb).

PesynbraTi mociimkeHb HABEICHO B TaOJIHIII:

12,44; 10,24; 11,24,

®PaxTop 4
®dakrop B
A A A3
9,72; 10,55; 9,85; 9,95;9,71; 9,99, 9,81;10,64; 11,85;

16,53; 14,91; 13,86;

12,44; 10,95; 13,44,

B 9,99; 11,95;9,85; | 12,44; 11,66; 10,31; | 14,53; 9,84; 10,25;
10,95 11,63 10,96
11,44;12,53; 15,64; | 12,44; 10,64; 11,53; | 9,96; 10,24; 16,44;
B 9,51;9,73; 9,56; 9,83;11,62;9,71; 13,53; 14,83;9,71;
2 10,41; 12,22; 9,34; | 13,44;16,51; 15,32; | 9,51;10,43; 11,22;
16,5;9,2 1 7

£}

E)

23. HocnimkyBaBcsi BIUIMB (PakTopiB A 1 B Ha sSIMLIEHOCHICTh KypeHl y
mTyKax 3a 5 MicsuiB: ¢aktop 4 — n06aBKa 10 KOPMY 3 MOPKBH A;; CHIOCY
Ay; Glokopmy As3; pakTop B — 1Ba pexKUMH TEMIIEpaTypy B mraxodepmi.

PesynbraT nocmigkeHb HaBeEHO B TaOJIMIII:

®daxTop B

®daxrop 4

A

A

4;

B,

210; 230; 260; 184

180; 195; 205; 184;
196; 220; 245; 192;

233; 205

184; 180; 256; 196;
260; 195; 210; 216;

196; 210; 236; 186;
192; 210; 181; 244;
212;212; 182

B,

260; 202

189; 210; 219; 250;
180; 196; 244; 249;

189; 204

196; 199; 188; 199;
244; 236, 259; 212;

213;243; 189; 199;
244; 249; 254; 260;
195; 182

24. Nocmizukysases BIUIMB GakTopis A i B Ha 4ac, sIKUil BUTPA4aeThesl Ha
BHTOTOBJICHHS OJHI€T neTam B XBWIMHAX: (akTop A— po3psia pobiTHHKA
(4, — uverBepTHid, A, — IATHA, A3 — IOCTUH); PakTOp B — nBa coOpTH

crami (Bl i Bz)

PesynbTaTi HoCiKEHb HABEJECHO B TAOJIHIII:

®daxTop B

®daxrop 4

A

A

4;
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2,2;3,4;29:3,5; | 29,2544 4, 2,5; 6,8; 4,6, 5,9;

B, 4,2;2,8,35;3,9; | 3,839,546, 6,2;4,2;2,4;2,6;
3,6;4,6;5,6; 5 5,2;6,8 34;3,8

54;4,4;3,8,4.6; | 2,9:54;63;54; | 3,6,2,2;2,52,9;

B, 24;3,5,608;4,2; | 3,8;3,9;2.5:4.6; | 6,2;47,52;32;
3,6;5,8 3,7;4,8 3,9;42

25. I[ocm/:[myBchs{ BILIUB (pakTopiB 4 i B Ha BIACOTOK BUTOTOBICHHX

OpakoBaHUX ):[eTaneH (hakTop A — TpH TEXHOJIOTIi BUTOTOBJICHHS; (aKTOP
B — nBa coptH crai.
PesynbraTi mociimkeHb HABECHO B TaOJIHIII:

®daxTop 4
®daxrop B
A1 A2 A3

2,25;3,45;4,52; 4,2; 2,24; 2,15;5,12; 4,15; 3,91; 2,16;

B, 2,42;2,04; 3,5; 3,9; 4,32; 3,25; 3,06; 2.99; 3,65; 2,09;
4,35, 4,42 3,11;4,11; 2,99; 3,16 | 3,12;4,8; 5,02; 3,09

2,95;5,42;2,6; 4,35; 3,26; 3,33; 2,95; 3,15;2,98; 2,15;

B, 2,26;4,72;5,62; 3,96; 4,12; 4,05; 5,12; 5,56; 2,88;
3,66; 3,66; 3,95 3,85;3,96;2,96; 2,06 | 3,91; 3,16; 4,15; 3,2

26. JlocmimkyBaBcst BIUTHB (PakToOpiB A i B Ha TPUBANICTh TOPIHHS €JICKT-
POJIAMITOYOK Ha BYJIHYHHX JIXTapsxX, rofa: Gpaktop A — Tpu TEXHOJOTIi BU-

TOTOBJICHHS €IEKTPOJIAMIIOUOK (A1, A2,

niTo, B, — 3uMa).
PesynbTaTi A0CHiKEHD HABEICHO B TaOIHIII:

A3); pakrop B — mopu poky (B; —

daxtop 4
®dakrop B
A 4> As

2020; 2010; 1900; 2005; 2010; 1990; 2100; 2090; 1990;
B 1950; 1990; 2050; 1860; 2010; 2050; 1660; 1960; 1760;
! 1860; 1800; 2005; 1890; 1810; 2100; 2150; 1960; 1965;

2002 1860 2010
1400; 1590; 1900; 1850; 1790; 1650; 2150; 2120; 1550;
B 1850; 1690; 1850; 2005; 2100; 1770; 1560; 1950; 1990;
2 1790; 1790; 2100; 1890; 1860; 1620; 2000; 1895; 1670;

2095 1610 1790

27. JlocaimpKyBaBcs BIUIHB B OJMHHMIN 06°eMy (cM®) daktopiB 4 i B Ha
YUCIIO KPOB’STHUX TUICIb Y JIIOJCH: (hakTop A — MOCIIIKYBATUCH JIFOJH, SKI
MEIIKATh: A| — B CUIBCHKIN MiclieBoOCTi, 4, — B MICBKil; (hakTop B — BiK
mozei (B; — Bin 20 mo 30 pokis, B, — Bia 30 mo 45 pokiB 1 B; — Bix 45 1o

55 pokiB).

PesynbraTi mociimkeHb HABEICHO B TaOJIHIII:
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daxrop 4

®daxrop B

A

A

B, 18; 16; 22; 21; 20; 19; 22; 24; 20; 19

16; 19; 15;22; 15; 17; 18; 20; 17; 14

B, 16; 18; 14; 20; 22; 16; 22; 17; 16; 15

19; 20; 18; 14; 22; 20; 21; 14; 15; 16

Bs 14;22; 16; 19; 15; 16; 21; 16; 20; 15

14; 16; 22; 15;17; 21; 19; 16; 14; 18

28. ocnimxyBaBcst BIUIUB (akTopiB A i B Ha MIIHICTh BOJOKHA 0aBOB-
HH, T: (pakTop 4 — paiioH BHpOIIyBaHHsA 0OaBOBHU (TpH pailoHH); (akTop

B — arponowMist BUpoITyBaHHS OaBOBHH (JIBa BHIH).

PesynbraT mocmimkeHb HaBEICHO B TaOJHIII:

Daxkrop 4
®dakrop B

A Aa A3
3,75; 4,25; 3,5; 4,75, 4,25; 5,85, 5,05; 3,25; 4,05;
B 3,95; 4,75, 5,25; 3,25; 3,65; 5,25; 3,75;4,15; 5,25;
! 3,65; 6,05; 3,15; 4.45; 4,05; 5,05; 4,25; 3,05; 5,65;

3,95 4,05 4,05

3,95; 5,55, 4,75; 4,15; 3,25; 3,75; 4,95; 4,15; 3,95,
B 3,65; 4,25; 4,85; 4,25;5,15; 5,65, 3,15; 5,55; 5,15;
2 5,25, 4,05; 3,85; 5,05; 4,05; 5,75; ,85;4,1; 3,05;

5,45 4,05 3,65

29. NocnipkyBsases BILIMB (akTopiB A i B Ha BIAXUJICHHS JIaMETPiB Ba-
JIMKIB BiJl HOMiHANy (3a MOJIyJieM), MKM: (akTop 4 — TEXHOJIOris BUTOTOB-
JICHHS (TPY BUAN TEXHOJIOTIH); (hakTop B — CTajb i3 pi3HAM BiJICOTKOM BMi-
CTYy XpOMY (ZIBa COPTH CTaJi).

PesynbraTi mocmimkeHb HaBEIEHO B TaOJIHIII:

®akrop A4
®dakrop B
A A> A3
B 15; 18; 20; 22; 5; 12; 6; 25; 22; 18; 9; 26; 20; 6; 4; 26;
! 8;10;8;12; 6 24; 8;10; 5; 12 14; 18; 5; 10
B 20;5;9; 8; 25; 6; 12; 4; 6; 4; 25; 8; 10; 22; 16; 4; 5; 8;
2 4;5;10; 12 5;12;16;9 6;8;24; 10

30. MocmimkyBaBcsi BILIMB (akTopiB 4 i B Ha BpPOXKaWHICTh MIICHUITI 3
OJIHOTO TeKTapa, 1/ra: Gakrop 4 — TpU COPTH AOOPUB, IO BHOCHJIKCH Y
IpyHT; pakTop B — 1Bi TeXHOJIOTII 0OpOOITKY IPYHTY i MOCIB.

PesynbTati cioctepekeHb HaBeIeHO B TaOJIHII:

®akrop B

daxtop 4

A

4>

A3
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TEMA 16. ETEMEHTH KOPEJISAIIMHOI O
TA PETPECIHHOI'O AHAJI3Y

1. 3aranbHa iHpopmauin

KosxHill BenuuHI, Ky AICTaOTh y Pe3ysbTaTi IPOBEICHHS eKcIle-
PUMEHTY, IPUTAMaHHUI €JIEMEHT BHIIAJIKOBOCTI, IO BUSBISETHCS Oi-
JBIIOK0 YM MEHIIOK MIPOIO 3aJIeKHO BiJ 11 MPUPOIH.

Ipu cymicHiil HOsBI ABOX 1 OUIBLIC BEINYMH Y PE3YIbTATi IPOBE-
JICHHSI EKCIICPUMEHTY IIOCJIII[HI/IK Ma€ MiJCTaBU JJIs1 BCTAHOBJICHHS
MEBHOT 3aJIEKHOCTI M)XK HUMHU, 3B’ SI3KY.

Inest 3B’13Ky MK 3MIHHUMH BEIMYHMHAMHU Ma€ 0CcOOJIMBE, MPHHIIU-
MOBE 3HAUYEHHSI B €KOHOMETPUYHHUX JIOCHIKEHHSX, /1€ 31HCHIOEThCS
nepeBipKa Ha aJIeKBaTHICTh CTBOPEHUX MaTeMaTHYHHUX MOENeH pea-
JHbHUM €KOHOMIYHHMM MpoLecaM, B SKUX CIIBBIAHOIIEHHS MK 3MiH-
HUMH 0B’ 13aH1 ()YHKITIOHATHHOIO 3aJICXKHICTIO.

Ctporoi (yHKIIOHAIBHOI 3aJIEKHOCTI MK 3MIHHUMH, y OyKBaJIbHO-
My PO3YMIHHI L[FOTO CIIOBA, Y PEAlbHOMY CBITI HE iCHYE, 00 BOHH Iiepe-
OyBarOTh i/l BIUIMBOM BUIIAIKOBUX (PAKTOPIB, HACTIIKK SKOTO Tiependa-
UMTH TIPAKTHYHO HEMOJKIHEO. Tomy MiK 3MIHHUMH iCHye ocoOymBa
hopma 3B’sI3Ky, SIKy Ha3UBAIOTh CTOXaCTHYHOIO (IIPO IO HULIOCS B 110-
MEPEe/HIX TeMax) 1 sIka B MaTCMATHYHIH CTATHCTULI TPaHC(HOPMYEThCS,
HE 3MIHIOKOUH CBOET CYTHOCTI, y CTATUCTUYHY 3aJICHKHICTb.

Hanpuknan, npu gociipkeHHi 1BoxX 3MiHHMX X Ta Y 3MiHa 3Ha-
4yeHb X = X; IPU3BOJUTH JI0 TaKOi 3MIHM 3HaY€Hb Y SIKY MOXKHa pO3-
OMTH Ha J1Ba KOMIIOHCHTH: CHCTEMATUYHY, LIO MOB’s3aHa 13 3aJIeKHIC-
TIO, KOTpa icHye Mk X Ta Y, i BUINAgKOBY, SKa 3a3HA€ BIUIMBY
BUIAKOBHUX (DAKTOPIB.

[Toka3HHUKOM, 10 BUMIPIOE CTOXaCTUYHMIA 3B’ 30K MK 3MIHHUMH,
€ Koeiyicnm Kopenayii, SKAA CBITYUTH 3 TIEBHOIO MIpPOIO0 HMOBIPHOC-
Ti, HACKIJIbKU 3B’SI30K MK 3MIHHUMHU OJIM3BKHUI /0 CTPOTO1 JIHIHHOI
3aJIeKHOCTI.

3HaYHO 30UIBLIYETHCS LIHHICTD Koe(piuieHTa KOpEJISIiT JUIs BHUIIA-
AKOBUX 3MIHHHX, 110 MAIOTh 3aKOH PO3MOALLY HMOBIPHOCTEH, OIM3b-
KUH 710 HOPMAbHOTrO. JIsl TAKUX BEIMYHMH BIACYTHICTH KOSl 0/1-
HOYACHO O3HAYa€ 1 BIACYTHICTD 6y)_'[B SIKOT 3QJIE)KHOCTI MK HUMH.

Kpim nporo, sk 1 B ucnepciiHoMy aHaisi, KOpeIsLiiHui aHaI3
OLIIHIOE, HACKIJIBKY 3HAYHI HEBMIIAJKOBI 3MiHHI Y BUMAJKOBUX BEJH-
YMHAX y HpoLeci TPOBEICHHS EKCTIEPUMEHTY .

3a HasBHOCTI KOPEISLIMHOTO 3B’S3Ky MK 3MIHHHMH HEOOXiZHO
BUSIBUTH Horo hopMy (yHKIIOHATBHOI 3a1€KHOCTI (JIiHIITHA YU Hei-
Hil{HA), a came:
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y =B +Bix; (482)
y=Bo+Bx+p,x7; (483)
y=py+ 2 (484)
X
Hagreneni MOXNHBI 3a71€KHOCTI MiXK 3MiHHUMH X 1 Y (482) (483),
(484) Ha3WUBAIOTh PyHKyisimu peepecii. Dopmy 3B’ ABKY MiX 3MIHHUMHA

X 1 Y MOXHa BCTaHOBHTH, 3aCTOCOBYIOYHM KOPEJSIIIHI MO, SKi 30-
OpakeHi Ha pucyHkax 147—149.

y Y y

0 X 0 X 0 X
Puc. 147 Puc. 148 Puc. 149

TyT K0XHil TOULll 3 KOOPAMHATAMH X;, }; BIANIOB1IAa€ MIEBHE YHUCIIO-
B€ 3Ha4UCHHs O3HaK X Ta Y.

Ha puc. 147 6inbIIicTh TOYOK YTBOPIOIOTh MHOXKHHY, III0 Ma€ TCH-
JICHIIII0 MpHU 30UIbIICHHI 3HA4eHb X 3yMOBIIIOBATU 30UIbLICHHS 3HA-
YEHb O3HAaKH Y.

Ha puc. 148 MHOXHHA TOYOK Mae TEHJCHIIIO MpU 301IbIICHHI
3Ha4eHb X 3yMOBIIIOBATH 3MCHIICHHS Y.

Ha puc. 149 ToukH PIBHOMIDHO pO3MilieHI Ha KOOpI{I/IHaTHII/I
mrowyHi xOy, 0 CBIIYUTH PO BIACYTHICTH KOPEISLIHHOT 3aJ1e)KHOC-
Ti Mk o3HakaMu X1 Y.

OTXe, Ha OCHOBI PO3MIIIICHHS TOYOK KOPEJSIIHHOTO TOJIS TOCHTi/I-
HUK Ma€ MiJICTaBH JJIs TIMOTETUYHOTO NPUIYLIEHHS PO JIHIMHI 4u
HEIiHIHI 3aJIe)KHOCTI MK O3HaKaMu X 1 Y.

JIJ1st TBOBUMIPHOTO CTAaTUCTHYHOTO PO3MOJLTY BHOIPKH O3HAK (X,
Y) NOHATTS CTaTUCTUYHOT 3aJIEKHOCTI MK O3HaKamMu X Ta Y Mae Take
BU3HAYEHHS:

CTaTHCTUYHOIO 3aJIeKHICTIO X BiJl ¥ Ha3UBaIOTh TaKy, 3a SAKOi MpH
3MiHI 3HAYeHb O3HAKH ) = ); 3MIHIOETHCS YMOBHHI CTaTUCTHYHUHN PO-
3MOAUT 03HAKU X, CTATUCTUYHOIO 3aJIEKHICTIO 03HaKu Y Bix X Hazu-
BalOTh TaKy, 3a KO 31 3MIHOIO 3HAYEHb O3HAKU X = X; 3MIHIOETHCS
YMOBHUH CTaTUCTUYHUM PO3MONLT O3HAKH Y.
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VY pasi 3MiHM YMOBHHMX CTATUCTHYHHUX PO3MOALIIB 3MiHIOBaTH-
MYTbhCS 1 YMOBHI YHCIIOBI XapaKTCPUCTHKH.

3BiJicM BWIUTMBAE BU3HAYCHHS KOPEJSIIMHOT 3aJeKHOCTI MK
o3Hakamu X i Y. Kopenayitinoio 3anexcuicmio 03Haku X Bia Y Ha3uBa-
€ThCs (DyHKITIOHATbHA 3AJICXKHICTH YMOBHOTO CEPEIHBOTO Y., BiJI ap-

TYMCHTY X, IO MOYXHA 3allMCAaTH TaK:
)_}x = o“(x) *

AHaJIOTIYHO KOPEJAIINHOW 3aJeKHICTIO 03HAaKU X Bin Y Ha3uBa-
€TbCsl PYHKIIOHAIbHA 3AJIEXKHICTh YMOBHOTO CEPENHBOIO X, Bif ap-

T'YMEHTY y, 1110 MOXKHA 3aIlUCaTH, TakK:
xy = B(y) *

Mix o3Hakamu X Ta Y MO)Ke iICHYBaTH CTaTHCTUYHA 3aJICKHICTD 1
3a BIJICYTHOCTI KOPEJSIIHHOI. AJie KOJIM ICHY€ KOpeINsIiifHa 3aIexK-
HICTh MK O3HaKaMu X Ta Y, TO 000B’I3KOBO MK HUMH ICHYBaTuMe 1
CTaTUCTUYHA 3aJICKHICTb.

2. PiBHAAHHA NiHINHOT NapHOI perpecii

Hexait M 3MiHHIME X Ta Y TEOPETUYHO iCHY€E TTeBHA JIiHIHA 3aJICK-
HicTb. Lle TBepIKEHHSI MOXKe IPYHTYBATHUCS HA TIM MIJCTaBl, HAIPUKIIAJ,
1110 KopeJiswiiiHe mose Juist nap (x,; y,) Mae Takuii Bura (puc. 150).

Sk GaunMo, HaclpaBAl MK 03-
y HakamM# X 1 Y CIIOCTEpIraeThCcs HE Ta-
° KU TICHUH 3B’S30K, SIK 1I€ TIepeioavae
P (YHKLIOHAIBHA 3aJI€XKHICTb.
° Oxpemi criocTepexyBaHi 3HAUCHHS
o ° ¥, SK MPaBUIIO, BUIXWIATUMYTHCS BiJ
o, * nepen0avYeHoi JIHIHHOT 3aJIeKHOCTI
° o Mij] BIUTMBOM BHITJKOBUX 30Y/IHHUKIB,
° SIK1 31€OUIBIIOr0 € HEBIIOMUMH. Bin-
XWJIEHHSI Bia mependadeHoi JIHIAHOI
(dopMu 3B’SI3Ky MOXKYTh CTAaTHCSl BHa-
0 T CIIIOK HeIpaBWIbHOI crienudikarii
PIBHSIHHS, TOOTO IIIE 3 CaMOro TodaT-
Ky HENpaBWJIbHO BHOpaHEe pPIBHSHHS,
Puc. 150 110 OITUCYE 3AIEKHICTh MK X 1 Y.
Bynemo BBaxaru, mo crneuudi-
Kallisl piBHSIHHSI BUOpaHa MPaBUWILHO. Y PaXxOBYIOUM BIUIMB HA 3HAYCH-
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Hi Y 30yproBaIbHUX BHUMAJKOBUX (DAKTOPIB, JIiHINHE pIBHAHHSA
3B’s13Ky X 1 ¥ MOKHA IOAATH B TAKOMY BUTJISL:

v, =By +Bix, +¢€,, (485)

ne By, B, € HEBiIOMI MapaMeTpu perpecii, &, € BUNAIKOBOKO 3MiH-
HOIO, L0 XapaKTepU3ye BIAXHIICHHS ) BiJ[ TIOTETHYHOI TEOPETUIHOI
perpecii.

OT1xe, B piBHAHHI (485) 3HaUCHHS «)» MOMAETHCS y BHUIIISIII CYMHA
JIBOX YaCTHH: CUCTEMaTH4HOI [, +f,x, 1 BunagkoBoi g,. [lapamerpu
By, B, € HCBIIOMUMH BEITMYMHAMH, & €, € BUIIAJJKOBOIO BEIUYUHOIO,
10 Ma€ HOPMAJIbHUI 3aKOH PO3MOALTY 3 YHCIOBHMHU XapaKTepHCTH-
Kamu: M(g;)=0, D(g;)= Gi =const . [Ipu oMy eneMeHTH OCiI0B-
HOCTI €, €,, ..., €, € HEKOPEIbOBAaHUMU (K . =0).

Y pesyibTaTi CTATHCTHYHKX CHOCTEPEKEHb TOCITIIHAK JicTae Xa-
PAKTEPUCTHKH JUIs HE3aIeKHOI 3MIHHOI X 1 BI/IOBIHI 3HAYCHHS 3a-
JIeKHOT 3MIHHOT ).

OTtxe, HEOOXiMHO BHM3HAYMTU mapameTpu f,, P,. Ane icTuHHI
3HAYEHHS [UX MapaMeTpiB AICTATH HEMOXKJIMBO, OCKIIBKH MU KOPHC-
Tyemocs iHhopmaLlieto, 3100yTOk0 Biji BUOIPKH 0OMEKEHOro 06Csry.
Tomy 3HalileHi 3HaYeHHs MapaMeTpiB OyAyTb JIMILE CTATHCTUYHUMH
OLIIHKaMH ICTHHHUX (HEBIIOMHX HaMm) mapameTpiB B,, B,. SAxmo mo3-

* * . . .
HAYuTH napameTpu fB,, B, , AKi gictanu cnocoboM oOpoOku BUOIpKH,
MoJei

Vi =Bo +Bix; +e, (486)
BIAMOBI1AATHME CTATUCTUYHA OLIHKA
Yi= BZ + BTX,- +eg;. (487)

2.1. BusHaveHHs1 napamempie B, B,. S0 My IpuiiHAIH Ti-
noTe3y Ipo JiHiiHY GopMy 3B’ 43Ky Mixk o3HakaMu X 1 Y, TO OAHO3HA-
yHO BUOpaTh mapametpu B,, P;, fAKi € TOYKOBUMH CTATHCTHYHHMH
OLIIHKaMH BIJIMOBITHO 7S TapameTpiB f,, B,, MPaKTHYHO HEMOXKIIH-

Bo. | cripaBi, depe3 kopensiiiiae nojie (puc. 150) MokHa TIpoBecTH
6e3miu npsmux. ToMmy HEOOXiTHO BHOpAaTH TaKUW KPUTEPIid, 32 SKUM

MO’KHa 31iicHUTH BUOIp mapameTpis B, B, .
Ha nipakTuiii Haifyacrime napameTpu B, B, BH3HAYAIOTHCS 3a Me-

TOJIOM HaMMEHIINX KBaJpaTiB, po3poOKa sikoro Hajexuth K. [ayccy i
I1. Jlannacy. Llelt MeTon movanu MIMPOKO 3aCTOCOBYBATH B EKOHOMIKO-
CTaTUCTUYHHUX OOYMCIICHHSIX, BiIKOJIM OyJia CTBOpEHa Teopist perpecii.
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BiamoBigHO 10 1IbOTO METOMY PIBHSHHS JIHIHHOI MapHOi perpecii
v, =By, +B,x, HEOOXiNHO BUOPATH TaK, 0O CyMa KBAJIPATiB BiIXUIEHb
CIIOCTEpeXyBaHUX 3HAYEHb BiJ JIiHII perpecii Oyia 6 MiHIMaIbHOIO.
s soro posrisiemo rpadik (puc. 151):

y Yepes kopemsiLiiine moie
g npoBeleHa JIiHIsS  perpecii

ly v, =B, +P;x,. Binxuienns

OyIb-SIKO1 TOYKH 13 KOOPJIHU-

— P ° HaTaMH Xx;, }; CTAHOBUTb BC-
L] JIMIHHY €,

°% vi=BotBix gy (Bt 4pix,). (488)

TyT: y; — crocrepexxyBa-
[ 4 HE 3HAYCHHS O3HAKH Y, sIKE
JICTa BHACIIIOK peaizartii
BuOipky; B, +Px, — 3Ha-
Puc. 151 YeHHs O3HAKd Y, oOuMcieHe
32 YMOBH, 10 X = X;.

0 X X

SIk 6aummo, BelMMYMHA &, € (QYHKUi€oO Bix mapamerpiB P, B, .

OyHKIS BiJ WX MapaMmeTpiB 1 OyJe y3araJbHIOIYNM MOKa3HUKOM
PO3CiIOBaHHS TOYOK HaBKOJIO MPSAMOI, a came:

Y(e) . (489)

. co . * *
3BI/ICH € CEHC y34TU KpUTEpIH, 3riHO 3 SAKUM napamerpu f,, P,

HEOOXiIHO JI0OMpaTH Tak, MO0 CyMa KBaJpaTiB BiIXWIeHb & OyJja
MiHIMaJIBHOIO:

> (g,)* = min. (490)

HosHaunBmm Y (g,)’ = Z()/,- —(B; +B,x, ))Z = 9([3;; B;’), PO3IIISTHEMO
1

HeoOXiIHy YMOBY iCHYBaHHSI MiHIMyMy (DyHKITi G(BZ; B ):

oofp;: B;)
B,

olsiB)_, S
B

JlicTanemo JTiHiliHe PiBHAHHA BiHOCHO mapametpis B, B :
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89(Bo;*31):_2z(y[ _Bz _BTxl, ):0
?Bo* b
69(@()B}B1 ) :_ZZ(yi _Bz _Brxl, ) X, =0
”BZ +(xi)BT =)
_){(sz)p’:) +(Zx,2)ﬁf =2 Xy -
. DX 2,

*
B _;,__’B - =7
0 n ! n

- 2 -
in * 2x *:inyi

il
n Po n g n
OCKIJTBKH X = i , V= 2.)i s
n n
—>la -
X —()_6)2 :Gi7 K:y _ XX Xy
n n
By +X-B =7,
R T 3E S 3 1) (492)
x.BO+TtBI =&l

. . * * o
Pose’s3aBmn cucremy (492) BigHOCHO mapamerpis B, B, 3HaM-
JIeMO:

Bo=7-Bix; (493)
XXy,
* n I va
Bl :Z:xz—: 62' . (494)
GO
n
[TomHOXkuUBIIM JTiBY 1 ITpaBy YacTuHu (494) Ha Ox , IICTAaHEMO:
y
c . K, o K., .
B I I (495)
Gy Gx Gy Gx Gy y

7€ Iy, —TapHUH KoedilieHT Kopessanii Mix o3Hakamu X 1 Y. Toxi
Bozf—Bl?c:f—rxy X, (496)

y
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3 ypaxyBanusaMm (495), (496) piBHsSHHA NiHIIHOI MapHOi perpecii

Ha6epe TAKOT'O BUITIAOY:

abo

(e

vi=p,x-3)+7,

_ y o ..
e pyx = I"Xyc— 1 Ha3UBAKOTh KO€qblb;l€Hm0M peepecii.

X

(497)

(498)

IMpukaan. 3anexHICTh PO3UMHHOCTI ; TiOCYIb(}aTy Bia TEM-
MepaTypu X; HABEJCHO MApHUM CTATHCTUYHHM PO3IMOALIOM

BHUOIpKHU:
Y=y, 33,5 | 37,0 | 41,2 | 46,1 | 50,0 | 52,9 | 56,8 | 64,3 |69,9
X=x; 0 10 20 30 40 50 60 70 80
[TotpiGHO:

1) nobymyBaT KopemsLiiiHe IoIe 3aJIe)KHOCTI 03HaKH Y Bix X;

. . . . . * *
2) BU3HAYMTH TOYKOBI HE3MILIEHI CTATUCTHYHI OuiHKK 3, [3, .
OOYHCIUTH 7y ;

3) noOynyBatu rpadik JiHii perpecii.

Po3e’azannsa. 1) xopensiiiine mojie 3aJieHOCTI 03Haku Y Big X mae Ta-
kuit Burisig (puc. 152).

Yi

704 .

1 .

1 [ ]

50l

4 ° 4

)

304

201

10l

O] 10 20 30 40 50 60 70 80 x
Puc. 152
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3 puc. 152 6aunMo, 110 31 30UIBIIEHHAM 3HAa4eHb O3HAaKU X =X, 3alexk-
Ha 3MiHa Y =y, Ma€ TEeHJCHIIIO [0 301IbIICHHS.

Tomy npumyckaemo, 1o MK o3HakamMu X Ta Y icHye JiHiiHa ¢yHKIIiO-
HaJIbHA 3aJIeXKHICTh

Y, =By +B,x,

. * *
2) Ui BU3HAUeHHS mapamerpiB B,, P, ckopucTaemocs TabnuIero, o
Ma€ TaKui BUIIIS

Ne 3/mt Xi Vi x; Xi Vi v
1 0 33,5 0 0 1122,25
2 10 37,0 100 307 1369,00
3 20 41,2 400 824 1697,44
4 30 46,1 900 1383 2125,21
5 40 50,0 1000 2000 2500,00
6 50 52,9 2500 2645 2798.,41
7 60 56,8 3600 3408 3226,24
8 70 64,3 4900 4501 4134,49
9 80 69.9 6400 5592 4886,01
hX 360 451,7 20400 20723 23859,05

Ckopucrasuuch hopmynamu (494), (496), nicranemo

2NV - =
2555
B =" B, =7 -B,x.
Zx,» _()—C)z
n
Ockimxnt n=9, 5= 22300 g 52X LT _ 5010
n 9 n
2 2
Xy _ 238599,05 _2651: ) _ 2049100 22667
n n
XXy, 20723 2302.6:
n

Xy =40-50,19 =2007,6; (x)’ =1600, omepxumo:
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«2302,6-2007,6 295

b= 2266,7-1600  666,7 =044
B, =0,44.
B =50,19—0,44-40 = 50,19 — 17,6 = 32,59.
B, =32,59.

OTxe, pIBHAHHS perpecii OyJie TaKuM:
y,=32,59+0,44 - x,.

Jist oGuncaeHHs Ty HEOOXiIHO 3HANTHU KW, G, O,

*

K, _ XN 'y’ — X9 =2302,6— 20076 = 295;

1/ =4/2266,7—40° =/666,7 =25,8 ;

1/ =4/2651— 5019 131,96 =11,49;

- x 295
v csxcy 25,8 11,49 296,44
Sk 6aunmo, koeillieHT Kopensilii OJIM3bKUI 32 CBOIM 3HAUEHHSM JI0 OJU-

HHIII, 1[0 CBITYUTH MPO Te, IO 3ATIEHKHICTh MiXK X Ta Y € MPaKTUYIHO JIIHIHHOKO.
I'padix maproi miniitHo1 GpyHKIIT perpecii mogano Ha puc. 153.

Vi

=0,995.

704

50- Vi= 32,59 + 0,44x;

301
20
104

L T T

| | | | |
T

| 1
0 10 20 30 40 50 60 70 80 x
Puc. 153
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Sxmo napamerpu f,, B, piBHAHHA (486) — cTal BEJIWYMHHU, TO

By> B, AKi 0O0UHMCIIEH] IUIIXOM 0OPOOKH peani3oBaHOi BUGIPKH, € BU-

[a/IKOBUMH BEJIMYMHAMH 1 BUKOHYIOTh (DYHKIIIF0 TOYKOBHUX CTaTUCTH-
YHUX OLIHOK JJISl HUX.

2.2. Bnacmueocmi B;, B’ . ToukoBi crarucTiyHi oiHKH By, B)

MOJKHa 11o1aTu B TaKOMy BI/IFHH[[i:
B* _ 2%,V — Xy _ XY —2YX _ Z(xi -Xx)y, _ > (% = x)B, +Bx; +¢,) _
e SR M S S T

_p, Z0m®) | By T =T, _
"Y-% X -%  X(x-%)
_p, ZmF) g M) SR,

Y-% T Xy —x) > (%, - %)’
2 (x; _)_C) Z(x -X)e; =B, +Z(xi _f)gzi .
> (x, —%)’ Z(X -%)’ 2 (x; —x)
OcCKinbKH Z(xi —3?):0,

(x5 =3[ —Fx )=2’ — 75, =3’ —n(5f = £(x, -5

OTxe, gicTanm:

:Bl

. >(x;—X) g,
Bl =B1 1—21 499
S ()
P Y, _( > (x, —x) g,}_
By =B ==L 3| B+ = |
g " Ty 1)
_ Z(B0+lei+8i)_)—cﬁ _Z(xi_)_c) g ¥ =
n 1 Z(xi_f)z
Zx Z —n 2 -X)e, _
:BO Bl _XBI_—ZXZ
> (x; —x)
= f &_f Z(X xk __ Zgi_Z(xi_f) gif
T e T ey
OcTaToOYHO MA€EMO:
. e, D(x,-X)e, _
Bo =B = X (500)
T ko)
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3HaXOI[I/IMO LII/IC.]'IOBi XapaKTCPUCTUKU [JIA BUITAAKOBUX BCIIWYHH
® *
B 0> Bl :

a) OCHOBHI UHMCIIOBI XapaKTEPUCTHKH IS B,

M(B;)=M(BO +Z‘°’i _Z(xi -X) g f]:

n Z(xi_)_c)z
L& 2(x-%) g —J
=MBy )+ M| = |-M| =———"-X|=
b5 (Z(xl——x)
_ ZM(SI‘)_Z(XI'_)_CW(SI‘): C(M(s)=0).
po+ ZELE) ZEEDEED )=

OTXe, MU JIOBENH, MO B, € TOYKOBOI HE3MIlIEHOK CTaTHCTHY-
HOIO OIIIHKOIO JJIsl TapameTpa f3,,

2E _Z('xi -X) g )—CJ:

D(BE)=D(BO +

n Z(xi _)_C)z
] A B
_ ZD(Si)_'_()?)Z > (x _)_C)zD(Sf) _
" [ -#7]

_ ZD(Si)+()—C)2 > (x, _)_C)ZD(SI') _
" RSN
Gi —\2 Z(xi _)_C)z 2

=—+X) —— 0. =
() o]
_ol, @l :c_z(H (x)’n ]_
noY(xy-x)7 n T(x-%)
_o, X=X +(x)n_o; Xxi-n(x) +n(x) _op  Tx
no Y (x-%) N noY(x,-%)°

Jlani maemo:

<\ le,z )
D(BO)_—nZ P (501)
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o(p; )= nzé—x_f)z G, . (502)

. . . *
0) OCHOBHI YKCIIOB] XapaKTEPUCTUKHU /I TApaMeTPiB P,

S0, - 20 (e )=
M@ S ]Bl S ((e)=0)

OTxe, BU3HAYWIN, 0 3, € TOYKOBOK HE3MILIEHOI CHCTEMATHY-
HOIO OLIIHKOIO /7S mapaMeTpa 3,

M(p;)=p,. (503)
N >(x, —X) g, [Z(x -X) g j
o) of o+ Z - ) o ZU
=D(8\ z('xi _)_6)2 _ D(Si) _ o,

Bt o] S5 S

3BiAcH MaEMO:

pp)=— 2 504

@)Z@ﬁﬂz (504)

o(p] )= ——2—. (505)
Z(x[ _2)2

CratucTHuHi oLiHKH B;, B; AK BHNAJKOBI BEIMYMHM BIUIMBAIOTH
Ha 3MilleHHs JIiHii perpecii; Tak, B, BUKIMKAE BEPTHKAJIbHE 3MilllEH-
Hs JIiHii perpecii, a B, — 3MiHy KyTa HaXwiy ii.

3’scyeMO, YU iICHY€ KOPEINAINHNHN 3B’ 30K MiXK BHITAJJKOBUMH Be-
nuuuHaMu B, B .

K, o =M(Bs —BoJB; ~B,)=
:M((Zg 2(x =x) & —J 2(x, -X) g, J

n 3 (x, —x) 3 (x, —x)
:M{Z(xi_)_c) 8,";8,' _Z(xi_)_c) Si'Z(X,-z—)_C) & .)_CJ:
HZ(xi _)_C) (Z(xi_f)z)
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M([(x1 -x) g +(x,—X) & +...+(x, —zy_c) g, [sl+82+...+an]j_
nY.(x —X)
_M[(xl —X)g, +(x, —X)g, +...+(x, —X)g, | [(x —X)g, +(x, —X)&, +...+(x, —X)g, ]

x:
—_\R
(205 %7
ockimbxn M (g, ;) =0, M(e,)=0, 60
_| MiX g, 1€, BiACYTHs KOpeIsuis | MaTeMaTHIHl |
| criofiBaHHs OPiBHIOIOTH HYJIEBI, TOMi IpUi = j |
MaeMo M(af )= G’ = const
=T . -l Feol
—\2 "€ 2 —\2
ny(x; = x) (Z(xi—)_c)z) > (x;, =X)
— 2
X-c
K. =——r—t_ (506)
BBy Z(xi —X

Bigmosigao mo (499), (500) BZ, BT MICTSITh SIK CKJIQJIOBY BHTIA]-
KOBHI KOMITOHEHT €, 3 HOPMAJILHHM 3aKOHOM PO3IOJALTY HMOBIpHOC-
Teil. 3B1/ICH BUILIMBAE:

B, MaTMM€ HOPMAaJbHUI 3aKOH PO3MOALLY i3 YUCIOBUMH XapaKTe-
PHCTHKaMHU:

B, Takox OyJe MaTH HOPMAJIbHUI 3aKOH PO3MOJLTY 3 YHCIOBHMH
XapaKTepUCTUKAMU

c c
a=p,, 6=——==—=, T00T0 N [3],—2.

i(xi—)_c)z é(xi—)?)z

Toni
B* _BO . B* _Bl

Zx
an—x)2 x—x

MaTHMYTb 3aK0H po3noainy N(0; 1).
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PiBHsAHHS perpecii MOKHa ITOJJaTH B TAKOMY BUTJISIL:
— * — *
Y~y :Bl(xi —x):si.
Pozrnsinemo mozens (486)
yl =B0+Bix[ +8[’

SKYy TI0IaMO 4Yepe3 CepeiHl BEIMUUHU:

(507)

(508)

=2 By +Bx; +&,)=nBy + (X x;)B, + 2 &, >

a&:ﬁo+ 2 ’B +&—>
n n n
>y =B, + %P, +5 (TyT g by
n
. Vi =By +Bix; +¢,,
OTxe, gicTanu { TPy +B,E+E
¥, =7 =By, = %)+ (e, ~%)=¢].
Vpaxosyiouu (507) 1 (510), &, Mo*kHa HOJaTH TaK:
Sj =Bl(xi _)?)4'(85 _E)_B:(xi _)_C)_)
=B B ), 1)+ (e, ~ ).

(509)

(510)

(511)

A Tomy >(e) =2l -2)- (7 -B)x, - DI
Toi M(Z(Sf)2)=
= M[S (e, —e) + (B =B,V T, %) —2p; B, ) (x, ~FNe, ~5))=
=M (e ~2) 1+ S, -5 M -p, ) - M[B] -, )2 (x,

MY (e, -8) = MZ[sf - KZTSJZ j =

2.2

ZZ(M(S?))_%M(ZS;)Z =nc§ I
= OCKLIBKH M(g?):c? M(e,e -)=0;
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Gs _ 2
2 _(n_l)cs’

vle g Yo S : o0 _
B-p) =5 I Y s
BpaxoByiouH, mo B; — B, = DMC x)82 , OJICPKHMO
2 (x; —X)

-¥)e, - %)=




M((E: _BI)Z(xi -X)(, —E)):
M(M[Z(xl _)_C)gi _Z(xi —)_C)E]]:

Z:(xi_)_c)2
= [Z('xi _)_C)Si]z = =
=M=""—"1= _N(x. —Xx)M(e)=
Z(x,-(—f))z 2 (x, =x)M (%)
:Z(xi—)_c)zMaf =c2. Tyr>(x —-X)=0
S o TyrX(x, —X)

OTxe, gicranu

ME () )= (-1 +67 - 20 =(n-2)0.

3BiICcU MaeEMO
(=) )
cj = 7 (512)
n—2

2) o 513)

€
n—

€ TOYKOBOIO HE3MIIIIEHOO CTATHCTHYHOKO JUISl G, .
Haui, BpaxoByrouu (513), nictanemo:

D@S)%Sﬁ: (514)
(515)
(516)
(517)




xS’
KB*B* =—t (518)
o Z(x[ _)_C)z

3 HaBe/IEHUX BUILE MIEPETBOPEHb MOXKHA 3POOUTH BUCHOBOK, IIIO:
BUIIAJIKOBA BEJIMYMHA

e (519)

MaTUMe po3noAit x° i3 k =n—2 CTymeHsMH cBOOOH;
BUITAIKOBI BEJIMYMHU:

BBy (520)

i(xi —)_c)z

1

MaTUMyTh po3noi CTeIoAeHTa (-po3noin) i3 k =n—2 CTyHeHAMH
cBoOoOIH.

VYpaxoByroun (519), (520) Mu AiuuIM BHCHOBKY, IO P, +P,x,
Oy/le MaTH JBOBMMIPHHMI1 HOPMaJIbHUIA 3aKOH Ha IUIOLIUHI, a came:

Cxopucrasumchk (519), (520) s mapametpis B, B; HmapHOi Ii-
HiltHOT QyHKIIT perpecii, M 3M0OXkeMO0 10Oy TyBaTu J0BipYl iHTEpBa-
T 13 3a/IaHOI0 HAQIIMHICTIO Y, a TaKOX TEPEBIPUTH 3HAYYIIICTH KOE-
GbitieHTiB JiHIKHOT perpecii.

2.3. lNepeeipka 3Hadyuw,ocmi koegpiyieHmie niHitiHOI peapecii.
IpyHTyIOYNCh Ha 3HAYEHHSX AuCIepciii B, B,, MOXKHA mepeBipUTH
3HAYYIIICTh MUX KOe(IIi€HTIB HA 3aJlaHOMYy PiBHI o = 0,05, BUKOpHC-
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TOBYIOUM IIPU IIbOMY BIIOMY CXEeMY IE€pEBIPKU MPaBHIBHOCTI HYJIbO-
BOI1 rinote3u Hy. Y mapHiil NiHIAHINA perpecii, sSK mpaBuio, Ha 3HAYY-
HIICTh MEPEBIPAETHCS KOSPILIEHT 3, .

Hynbosa rinoresza mae surisan Ho: B, =0. 3a cTaTMCTHYHMEA KpH-
Tepii OepeMo BUMAIKOBY BEINIHHY

BB, __ B
S S ’

\/ lz(x;_ %) v Z(x,-s— xf

10 Ma€ #-pO3MOALT 13 k =n—2 cTyneHsaMu cBodoau (po3noain CTeio-
JIEHTA).
IIpu anpTepHaTUBHIM rinoresi Ho: B, <0 — miBOOIYHA KPUTHYHA

obnactb i npu Ho: B, # 0 — 1B0OIYHA KPUTUYHA 00JIACT.
CriocrepexxyBaHe 3HaUEHHS KPUTEPiI0 OOUUCITIOETHCS K

2.4. foeipyi inmepeanu dns B,, B;. [loOynoBa 10BipUOro iHTE-
pBally [UIA apameTpa f; i3 3aJ1aHOK0 HaIIHHICTIO Y 3iHCHIOETECS BH-
kopuctoBytouu (520). O1xke, MaeMo:

B —B,

s,

VZ(xi _J_C)

B —B

SE
P, (v,k) < == <1, (v, h) | =7 =

V2 (x, =X)

ol R s |
R e )
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Orxe, noBipuuii inTepBan 114 napamerpa B, Oyne
ty.k) S, ty.k) S,
Z(xi_)?)z Z(xi_)_c)z

ne t(y,k) 3HAX0mMMO 32 TaGIHUIEIO (10aTOK 3) 32 3a1aHOI0 HaIiil-

B, — , (521)

<P, <B;+

HICTIO Y 1 YUCIIOM CTYTICHIB CBOOOIN k =n—2;
. . * .
[ToOynoBa noBipyoro iHTepBady Ijisi HmapamerTpa B, i3 3alaHO0

HAIIHHICTIO ).
AHajorigao ckopuctabmucsk (520), maemo

BB_BO
\/ 5 g
nZ(xl.—)_c)z )

2 2
Byt s, <<t E s, |

OTxe, NOBipumii iHTEpBAN [T MapameTpa B, Oy/e TaKuM:

P

<t(y,k)|=y—>

* sz * Z‘xz
_ &t —=1 9. 522
Bo l‘(y,k) nZ(x,- _)_C)z S, <Py <Py + t('Yak) HZ(X[ _2)2 S, ( )

2.5. [Jogipyuti iHmepean Onsi napHoi NiHilHOT hyHKUiITi peepe-
cii i3 3a0aHoto Hadilinicmio y . Ypaxosyioun Te, mo B i B’ € Bu-
NMaJKOBUMH BEJIMYMHAMH, TO 1 JiHIAHA QYyHKIS — perpecii
y +B;(x, -x) 6yme Bumamkosoto. ITo3HAaYMMO depe3 y, 3HAUECHHS
03HaKH Y, o6uurciumMo 3a hopmyIioro

v =7+Bl(x -x). (523)

ply; )=y +p;(x, - %)= D[%+Bj(x[ -z)j -

= D[%J +(x,~xFDlB; )=
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(BB g, - z(xi_)?)gi _
—D(fj+(xi—x)sz—
_ZDG) __)zz(x -%fDle,) _¥D ( ), g -xfo; _
n’ ( x —x)z)2 (x _x)z

_c_§+ (x —x)zc 5 (x —x)z
- s -z [ >(x, —x)ZJ

p(y)= ﬁ(%%} (524)

oly; )=S2[— (’Ex__"f)z} (525)

‘= Ji (526)

at sl

Ma€ ¢-po3MoAiN i3 k=n—2 cTyneHsMu cBoboau. YpaxoByroun (526),
MOJKHA IMOOYAyBaTH TOBIpYWH IHTEpBAJ IS JTIHIHHOI MapHOi QyHKIIIT
perpecii i3 3a7aHO0 HATIMHICTIO Y, a caMe:

3BiJCH JICTAIIN:

abo

BI/IHB_I[KOBa BCJIIMYHWHA

P Yi Vi <tly.k)|=7. (527)
1 (r—x)
A 5
n Z(Xi_x)

3 (527) BuruBae

_ 1y
By +B,x, —t(y,k)S, P (]

* * 1 =X
<Bl+Bix, —t{y,k)S, Tz(xl, i : (528)



2.6. Joeip4uli inmepean dns iHOueidyanbHUXx 3Ha4YeHb Y = y;
i3 3adaHoro HadiliHicmio ¥- O1xe, MaeMo ,I[OBip‘-Iy 30HY (528), sixa
BU3HAYA€ PO3MILLCHHS JIHIT perpecii i3 3a/jaH00 HAAIHHICTIO Y, ale He
OKpEMHUX MOXIIMBUX 3HAU€Hb 3MIHHOI Y, SIKi BIAXWISIOTHCS BiJ Hef.

Tomy, m100 BU3HAUMTH JOBIpYl iHTEpBAJIU I OKPEMHUX IPOTHO-
3yIOYMX 3HA4Y€Hb O3HAKH Y, HEOOX1IHO 3HAWTU TUCHEPCIIo AJisl HUX, a
came:

D( :_yi)=D(y:)+D(yi)=D( :)+D(B0 +B1xi +Si)=
=c’ l+—(x"_)_c)2 +0l =0 +l+—(x"_)_c)2
= e[n z( _)zj S E(l p; (xl,—)_c)z j (529)

Omxe, gicranu

: I (x-%)
Dy =y )=c?1l+—+—1 =2 | 530
b7 -2) "ﬁ[*ﬁz(x,_)—c)zj (530)
BunankoBa BemunHa
. (531)
S:? P (xf_x)2
n Z(Xi_x)

Ma€ t-po3MoJiI i3 k —n — 2 cTyneHsMu cBoboau. JloBipunii iHTepBa B
IbOMY pa3i OyIy€eThbCs 3TiTHO 3 PIBHICTIO

P Ji — )i <t(y.k)|=7. (532)
1 (x.—x)2
S, 1+ —+—=
w55

3 (532) nicranemo
Bo +Bix; +t(Y’k)Sp <Y, <Py +Bix; +t(Yak)Sp > (533)

Jc Yy — IIPOrHO3HE 3HAYCHHA O3HAKH Y;

1 (x,—-%)
S, =8, /l+—+_—_7—75 — TPOrHO3HE BUIIPABJICHE CEPEIHbOK-
DY (xi -X )

BaApaTU4HEC BiI[XPIJ'IeHHSI.

Ipukaan. Cepenns temneparypa B3UMKY BUMIPIOBAIach Mpo-
TAroM 13 pokiB y ABOX MicTax A i B. Pe3ynbTaTi BUMipIOBaHHS
HaBeICHO B TaOJIHII:
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A(X =x;)

-19,2 | 14,8 | -19,6 | -11,1 9,4 -16,9 | -13,7

B(ry=y,) | 21,8 | -154 | 208 | 11,3 | -11,6 | -19,2 | -13,0
IIpoooescenns maon.
A(X =x;) 4,9 -13,9 9,4 -8,3 -7,9 -53
B(Y=y,) -7,4 -15,1 ~14,4 11,1 -10,5 -7,2
[TotpiGHO:

1) IpyHTYIOUMCH Ha TIMOTETHYHOMY HPHITYLICHHI, III0 MK O3Ha-
. . e * *

Kamu X1 Y icHye miniiina popma 38’s13Ky, BusHauuta By, B, 7, ;

*

2) BU3HAYUTH D(BO), D(B] ), KBEBT R KBEBT R RE

3) moGyayBatu noBipui intepBanu ais B, B, i3 3agaHor0 Ha-
niitaicTio y = 0,95;

4) nobynyBatu AOBipui iHTepBamm It (QYHKIIl perpecii
¥, =B, +Bx; 13 3amanoro HagikHicTIO ¥ = 0,95;

5) moOymyBaTH AOBipUi IHTEPBAIH I IPOTHO3IB 1HAMBIAYaTbHUX
3Ha4eHb O3HaKH Y = Y, i3 3a/aHor0 HaiHHICTIO Y = 0,95;

6) ipu piBHi 3Hauymniocti o = 0,05 mepeBipuTH NPaBUIIBHICTH Ti-
nore3u Hy: P, =0, npu anprepHaTHBHIN rinoresi Ho. : B, > 0.

Poze’azanna. 1. Jlna oOuncIeHHs 3Ha4eHb B, B, BUKOPHCTAEMO

TaOJIHITIO:
Ne 3/mt Xi Vi XYi X ,-2 y rz
1 -19,2 -21,8 418,56 368,64 475,24
2 -14.,8 -15,4 227,92 219,04 237,16
3 -19,6 -20,8 407,68 384,16 432,64
4 -11,1 -11,3 125,43 123,21 127,69
5 -9.4 -11,6 109,04 88,36 134,56
6 -16,9 -19,2 324,48 285,61 368,64
7 -13,7 -13,0 178,1 187,69 169,0
8 -4.9 -7,4 36,26 24,01 54,76
9 -13,9 -15,1 209,89 193,21 228,01
10 -9.4 -14,4 135,36 88,36 207,36
11 -83 ~11,1 92,13 68,89 123,21
12 -7,9 -10,5 82,95 62,41 110,25
13 -5,3 -7,2 38,16 28,09 51,84
> -154,4 -178,8 2385,96 2121,68 2720,36
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VYpaxoByrouu Te, 010

S X% 1544 —1188; y:&:_ﬂ:_wgs,
n 13 n 13
2 2
&=w=163,2h 2, =w=209,26.
n 13 n
2., = 238596 =183,54, 3HaX0AUMO:
n
LYY, o
g _n Y 183,54 —(-11,88)-13,75) 20,19 _ 0.02:
oy (=1 163,21 (~11,88) 22,08 7
—\X
n

B, =y —PB,x=-1375-092(-1188)=-13,75+10,93 = -2,82.

TakuM 4YUHOM, JiCTaHEMO:
B, =—2.82; B, =092.

OTxe, piIBHSHHS perpecii Mae BUTIISA
¥, =-2,82+0,92x .

*
OCKUIBKH 7 = ny TO
X b
Y 6.0,

2
o = | =5 (xF =\16321— (—1188) = 22,08 = 4.7
n

2
= B2 (F = 20926 (-13.75°) = 420,20 = 4,5

Y n

K =25 183,54 (- 1188)13.75) = 20,19.

Xy n

Jami 004rCInMo:
K*
,o_ o 20,19 220’19:0,96.
w 6.0, 4,7-45 21,15

Ockinbky 3HaUeHHS KoedillieHTa Kopesiii 01u3bKe 0 OAMHHIIL,
TO 3BiJICH BUIUIMBAE, O (QYHKIIiS perpecii o3Hak Y Big X Oiau3bka 10

JIHINHOI.
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2. JIns BU3HAYEHHS D(Bf)), D(B ), Kﬁ*B” - HEoOX1HO o0uHC-
oF1 0!
z (8* )2
JIUTH 3HAYEHHS S, = —[2’ III0 € TOYKOBOIO HE3MIIIIEHOIO CTATUCTHY-
n —

HOIO OLIiHKOIO JJIA c, — CCPCAHBOKBAAPATHIHOI'O Bi,IlXI/IJ'IeHHSI BHUIIA-

ZIKOBOTO (haKTopa €.
O0YnCIIOEMO

€

S, =-282+0,92x =y —(-2,82+092x ).

Xi Vi B; +5:x,- Y, —(B:; +B:x,-) 6 = [yi - (BB +Brx; )] ’
-19,2 -21,8 -20,484 -1,316 1,732
-14,8 -15,4 -16,436 1,036 1,073
-19,6 -20,8 -20,852 0,052 0,003
-11,1 -11,3 -13,032 1,732 2,999
-9.4 -11,6 —11,462 -1,138 0,003
-16,9 -19,2 -18,368 -0,832 0,692
-13,7 -13,0 —15,424 2,424 5,876
49 -7.4 -7,328 -0,072 0,005
-13,9 -15,1 —15,608 0,508 0,258
-94 -14,4 —11,468 -2,932 8,597
-8,3 -11,1 -10,456 -0,644 0,415
-7,9 -10,5 —10,088 -0,412 0,169
-53 =72 -7,696 0,496 0,246

-154,4 —178,8 22,068
%\2
Omxe, micTanemo: S; = Z(Si ) _ 22,068 22,068 2,006;

n—-2 13-2 11
S, =4+/2,006 =1,416.

3rigHo 3 (514)—(518) maemo:

. X > 2121,68- 2,006
D(Bo): - Sj: 2 —2S.92: 2 =
S -xf " 2x-n(®) 2121,68—13-(~11,88)
42561 42561 o0

T 2121.68—1834.75 28693
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Dlp;)=1483.

o . =+/14.83 =385,
(b3)

e = 20,007
Slr,~xf 28693

0,007 = 0,084,

2
*)= S 2,006
(

x-S? X-S? 11,88-2,006

K.. =- - =-
BB S (x,-%)°  XxP-n(X)’ 2121,68-13-(-1188)°
_11,88-2,006 2383
2121,68—1834,75 286,93
K..
K. =0083 r. . =t __ 008 ¢
Biby Wi oo 3,850,084

0

>

3. 3 HagiitHicTIO ¥ = 0,95 OOy IyeMO JOBIpUHid iHTEpBAJ JIJIs TTapa-
MetpiB B, B, miHiAHOI perpecii o3HaKk X i Y reHepanbHOi CyKyIHOCTI.
Ockinbku AOBipuunii iHTEpBaAN Ui TapameTpa B, JOpiBHIOBATHUME:

sz inz
—nz(x 7 <B, <B, +t(v.k) S, o

TO HaM HeoOXimHo 3HalTH #(y, k) 3a Tabnuuelo (monaTok 3) 3a 3ana-
HUM 3Ha‘-IeHH)IM ¥y=095 1 k=n-2=13-2=11. Omxke, Maemo
(y 0,95; k —11 2,201.3Ha4eHHS JIIBOTO KIiHIIS IHTEpBay JOpPiBHIO-

BaTUMeE:
Ya - - Ya
V 2lx =X Vn Zx -

2121,68 ~
13(2121,68 - (- 11,88)’)

2121,68 _
13(2121,68 —141,1344)

=-2,82-2,201-1,4164/0,0824 =-2,82-2,201-1,416-0,2871 =
=-2,82-0,89=-3,71.

B, —t(v.k) S,

]

=-2.82-2201- 1,416\/

=-2,82-2,201- 1,416\/
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OO0uncIMBIIY 3HAYSHHS MTPABOTO KIiHIIS IHTEPBAITY, TICTAHEMO:
B +t(y,k)S 1Y 5824089=-193
0 e nZix -X ’ ’

TaxkuM 9MHOM, MaEMO
=-3,71<B, <-1,93.

Otxe, 3 HaailHICTIO ¥ =0,95 MOXHa CTBEpAXKYBaTH, LII0 MapaMeTp
B, mepebyBaTume B iHTEpBa [-3,71;-1,93] Ile moxasauo Ha puc. 154.

By

./\’\..

-3,71 -1,93
Puc. 154

JoBipuwnii iHTepBaJI ,I[J'I)I napaMeTpa B, mae BI/IFJ'IHI['

v.k)S,
ﬁ <B< ﬁ
x—x x—x

OO0YHCTIOEMO 3HAYEHHS KlHLIlB I[OBIp‘IOl"O lHTepBaJ'Iy.

. ty.k)s 2,201-1,41
Bl+&:0,92_ 201-1,416 =
>(x —xf \2121,68 —1834,7472
3,12542 3,12542
=092 - =222 _-092-> =0,92-0,25=0,67.
/286,9328 16,94

B k) 0.4 2200142
b 1/Z(xi—)_f)z " 2869328

OT1xe, MaeEMO:

=0,92+0,25=1,17.

0,67 <B, <117,
10 MOXHA TIIYMauyuTH TakK: i3 HafiiHIcTIO Yy = 0,95 mapametp P, mic-

TUThCA B iHTepBani [0,67;1,17], mo imoctpye puc. 155.

B

0,67 1,17
Puc. 155
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IToOynoBa noBipyoro inrepBasy aisa gyHkuii perpecii B, +p,x, .
s moOynoBu JtoBipyoro iHTepBaity GyHKuUii perpecii y, =, +B,x,;
HEe0OXiaHO o6uucauTH auctepeio st B, +B,x;, a came:

* 2 1 (xi_)?)z ]
Dy )= 82| =4+ |
(yl) (HJF > (x;, —X)

JUIA 3HAQYCHDb X, :

2
x,=19,2 - D(y} )=2,006 i+(—19,2+11,882) _
13 Xl -n(x)
2
_ 2,006 L4 C102+1L88)° |, 6[i+ 53,5824}
13 2121,68 —13(—11,88) 13 286,9328

=2,006[0,077 +0,187] = 2,006- 0,264 = 0,53.
(v )=+0,53 =0,73;
1 (-148+1188) J ~

x, =14,8 > Dy, )= 2,006 — +
: 0) (13 286,9328

8,5264
286,9328

G(y: )= \/m =0,46;
(-19,6 +11,88) ] ~
286,9328
=2,006[0,077 + 0,208] = 2,006 - 0,285 = 0,572.
o(y:)=+0,572 = 0,76;
x, =111 D[y} )= 2,006{0,077 + %} =
=2,006[0,077 +0,002] = 2,006 - 0,079 = 0,158.
G(y: )= m =0,40;
(- 9,4 +11,88)° j -
286,9328
=2,006[0,077 + 0,021] = 2,006 - 0,098 = 0,198.

o(y:)=+0,198 = 0,44;

213

= 2,006{0,077 + } =2,006[0,077 +0,030] = 2,006-0,107 = 0,2135.

x, =19,6 > D(y; )= 2,006(0,077 +

X, =94 D(y)= 2,006(0,077 +



xs =169 - D(y; )= 2,006[0,077 + 0,88] = 2,006 - 0,165 = 0,33.

o(y;)=0,57;
x; =13,7 = D(y})=2,006[0,077 + 0,0115] = 2,006 - 0,0885 = 0,178.

G(y: )= 0,42;

Xy =49 - D(y; ) =2,006[0,077 + 0,170] = 2,006 - 0,247 = 0,495.
ol )=0.70;

x, =139 - D(y; )=2,006[0,077 + 0,014] = 2,006 - 0,091 = 0,183.
olys )=0.43;

X, =94 > D(y, ) =2,006[0,077 +0,021] = 2,006 -0,098 = 0,198.
oy )=0.44;

X, =83 — D(y],)=2,006[0,077 +0,04] = 2,006 - 0,117 = 0,235.
G(yl*l ): 0,48;

X, =79 D(y}, )= 2,006[0,077 + 0,05] = 2,006 - 0,127 = 0,255.
G(Y:z ): 0,5;

x5 =53 D(y}; )= 2,006[0,077 + 0,151] = 2,006 - 0,228 = 0,457.
o(yr; )= 0,68.

JloBipuwmii iHTepBas I MApHOI JiHIMHOT (yHKHIT perpecii Mae
BUTJIA

(xi _i)z

ny(x; _)_C)z
.o 1 (x,-%)
< BO +lei +t(’Y,k)Ss\/;+m.

OO6uunciIoeMo TOBipYl IHTEPBAIU IS MOCHIIJOBHOCTI 3HaYEHb ap-
TYMEHTY X,, BUKOPHUCTOBYIOUH TIPU I[bOMY pe3yJIbTaTH OOYHCIICHB,

<Py +Bx; <

% * 1
Bo+Bx, —t(y,k)Sg\/;+

HaBeJICHUX y Tao. 2.
x,=19,2.
~20,484-2,201-0,73<B, +PB,x, < 20,484 +2,201-0,73 -
——20,484 1,629 <B, +B,(~19,2) < —20,484 + 1,629 —
—22,113<B, +P,(~19,2)< -18,856.
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x, =-148.
~16,436-2,201-0,46 <B, +B,(~14,8) < ~16,436 +2,201-0,46 —
—-16,436-1,03<P, +B,(-14,8)<-16,436 +1,03.

~17,466 <B, +B,(~14,8)< —15,406.

x,=-19,6.
~20,852-2,201-0,76 <B, +PB,(~19,6)< —20,852+2,201-0,76 —
—-20,852-1,69 <B, +B,(~19,6)< -20,852 +1,69 —
—-22,542<B, +B,(~19,6)<~19,162.

x, =—111.
~13,032-2,201-04 <B, +B,(~111)<-13,032+2,201-0,4 —
——13,032-0,88 < B, +B,(~11,1)< -13,032+ 0,88 —
——13912<B, +P,(-11,1) < —12,152.

x,=-94.

~11,462-2,201-0,44 < B, +P, (- 9,4) < —11,462+2,201-0,44 —
— —11,462-0,968 <B, +P,(-9,4) < ~11,462 +0,968 —

— 12,43 <B, +P,(-9,4) < 10,494,

x,=-16,9.

~18,368-2,201-0,57 < B, +P,(~19,9) < ~18,568 +2,201-0,57 —
——18,368-1,299 <B, +B,(~19,9) < ~18,368+1,299 —
—-19,667 <P, —B,(~19,9)< ~17,069.

x, =-13,7.

-15424-2,201-0,42<B +B,13,7<~-15,424+2,201-0,42 —
——15,424-0,946 <B, —B,13,7 < ~15,424 + 0,946 —
—-16,37<B,—B,13,7<-14,478.

x, =—49.

-7,328-2,201-0,70 <, —B,4,9<-7,328+2,201-0,70 —
—=7,328-1519<B,-B,4,9<-7,328+1,519 -

— 8,847 <, —B,4,9 <-5,809.
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x, =-139.

-15,608-2,201-0,43<B,—B,13,9 <-15,608+2,201-0,43 —
——15,608-0,946 < —B,13,9 <-15,608+0,946 —
——16,554 <B, —B,13,9 <-14,662.

X, =94

~11,468-2,201-0,44 <B, —B 9,4 <~11,468+2,201-0,44 —
—>—11,468—0,968 < B, —PB,9,4 < —11,468 + 0,968 —
> —11,468 <, —PB,9,4 < —10,5.

x, =-83.

~10,456-2,201-0,48 < B, —B,8,3 < ~10,456 +2,201-0,48 —
—-10,456-1,057 < B, —B,8,3 < —10,456 +1,057 —
—-11,513 <, —PB,8,3 <=9,399.

x, =-79.

-10,088-2,201-0,5<B,—B,7,9<-10,088+2,201-0,5 —
——10,088—-1,1005<B, —B,7,9<-10,088+1,1005 —
—> —11,1885< B, +B,7,9 <-8,9875.

X, =-53.

-7,696-2,201-0,68<B,—pB,5,3<-7,696+2,201-0,68 —

— 7,696 -1,452 <B, —B,5,3<-7,696 + 1,452 —

— 9,148 <, —P,5,3 < 6,244
['padiuno moBipumii iHTepBan 300paskeHo Ha puc. 156.

Vi

s

1-

Puc. 156
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[ToOyayemo moBipumid iHTEpBaJ JJIs MPOTHO3IB 1HJAMBIIyaTbHUX
3Ha4eHb Y =y, 13 3agaHoro HaxiiHicTIo ¥ =0,95. {11 moOyaoBu 1160-
To IHTEepBay HEOOXITHO OOYMCIUTH TPOTHO3HE CEpeHE KBAJApaTHU-
HE BIIXWIEHHS S, 33 HOpMYJIOI0

(x, - )_c)z
1

]

1 1
S =85 l+—+—F—"=—~=S |[l+—+—]——
’ g\/ n Z(xl, —)?)2 g\/ n Yxl—n(x)

JIIA HOCJ'IiI[OBHOCTi 3HA4YCHb X;, a CaM€:

x, =-19.2.
S; =2,006(1+0,077 +0,187)=2,006-1,264 = 2,536.
S =1,592.

Py

x, =—14.8.

2
§? =2,006(1+0,077+0,030)=2,006-1,107 = 2,221.

Sp =1,490.
x, =-19,6.

3

52 =2,006(1+0,077 +0,208)=2,006-1,285 = 2,578.

P3

S =1606.

P3

x, =-1LL1

S, =2,006(1+0,077 +0,002)=2,006-1,079 = 2,164.
S, =1471.

x,=-94.

S,. =2,006(1+0,077+0,021)=2,006-1,098 = 2,203.
S,, =1484.

x,=-16,9.

S> =2,006(1+0,077+0,088) = 2,006-1,165 = 2,337.
S =1,529.
Pg
x, =-13]7.
S? =2,006(1+0,077+0,0115)=2,006-1,0885 = 2,184.

S =1478.
Pq
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x, =—4.9.

§? =2,006(1+0,077+0,170)=2,006-1,247 = 2,501.

S =1581.
Py
x, =-139.
S? =2,006(1+0,077+0,014)=2,006-1,091 = 2,189
S =1,480.
Py
X, =-94.
S? =2,006(1+0,077+0,021)=2,006 1,098 = 2,203.
S =1,484.
Pio
x, =-83.

§? =2,006(1+0,077+0,04)=2,006-1,117 =2,24.

1

S =1497.
p

11

X, ==79.
S? =2,006(1+0,077+0,05)=2,006-1,127 = 2,26.

1

S =15
2

Py
X, =-53.
§? =2,006(1+0,077+0,151)=2,006-1,228 = 2,463.

1

S =1569.
P13

13

OckibKM AOBIpYMi IHTEpBaJa U1 MPOTHO3HMX 3HA4Y€Hb Y, J0-

pIBHIOE

By +Bx, —Uy:k)S <B,+Bx, <By+Bx, +y:k)S ,

TO JUIsl TIOCJIIJOBHUX 3HAYEHb X, JICTAHEMO:

x, =-19.2.

~20,484-2,201-1,592 < B, —B,19,2 < ~20,484 - 2,201-1,592 —
—> 20,484 -3,504 < B, —B,19,2 < ~20,484 + 3,495 —
—-23,979 <B, —B,19,2 < ~1,6989.
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x, =-1438.

-16,436 -2,201-1,490 < B, — B,14,8 <-16,436 — 2,201-1,490 —
—-16,436-3,279 <B - B,14,8 <-16,436 + 3,279 —>
——19,722 < - B,14.8 <-13,15.

x, =-19,6.

-20,852-2,201-1,606 <, —B,19,6 < -20,852 —2,201-1,606 —
— —20,852-3,548 <B, —B,19,6 < -20,852 - 3,548 —

— 244 <B,-B,19,6 <-17,304.

x, =-1L1.

—13,032-2,201-1,471 < B, —B,11,1 <-13,032-2,201- 1,471 >
— —13,032-3,236 <, —B,11,1 <-13,032+3,236 >
—-16,268 <, —B,11,1 <-9,796.

x,=-94.

—11,462-2,201-1,484 <B, —B,9,4 < -11,462 +2,201-1,484 —
— —11,462-3,258 <3, —f,9,4 <-11,462 + 3,258 —
——14,72 < B, -B,9,4 < -8,204.

x,=-16,9.

—18,368 -2,201-1,529 < B, —B,16,9 < -18,368 —2,201-1,529 —
— —18,368 -3,37<B, —B,16,9 <-18,368 + 3,37 —

— 21,738 <P, —B,16,9 < -14,998.

x,=-13]7.

—-15424-2201-1,478 <B, —B,13,7 <-15,424-2,201-1,478 —
— —15424-3,258 <@, —B,13,7<-15,424 + 3,258 —

— —18,682 < B, —B,13,7 < -12,160.

X, =—49.

—-7,328-2,201-1,581<B, —B,4,9<-7,328-2,201-1,581 —

— —7,328 -3,478<B,—B,4,9<-7,328 +3,478 —

— —10,806 <B, —B,4,9 < -3.85.
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x, =-139.

—-15,608-2,201-1,480 <3, —B,13,9 < 15,608 —2,201- 1,480 —
— —15,608 - 3,258 <3, —,13,9 < —15,608 + 3,258 —

— —18,866 <, —f,13,9 <-12,358.

X, =-94.

—11,468-2,201-1,484 <3 —B,9,4 <—-11,468 —2,201-1,484 —
— —11,468 —3,258 <B, —B,9,4 < -11,468 + 3,258 —
——14,726 <, - B,9,4 < -8,21.

x, =-83.

-10,456-2,201-1,497 < B —B,8,3< 10,456 —2,201-1,497 —
— -10,456 -3,259 <B, - B,8,3< 10,456 +3,259 >
——13,751<B, -B,8,3<-7,161.

x, =-179.

-10,088-2,201-1,503< B, —B,7,9 <-10,088 —2,201-1,503 —
— —10,088-3,302 <, —B,7,9 <-10,088 + 3,302 —
—>—13,39<B, —B,7,9 <-6,780.

X, =-53.

-7,696-2,201-1,569 < B, —B,5,3 < -7,696 —2,201-1,569 —
— =7,696 3,442 < —f,53<-7,696 + 3,442 —

— -1L138<B, —B,5,3<—-4,254.

['padiuro moBipumii iHTEpBas IS MPOTHO3HUX 3HAYCHDb O3HAKU Y
300pakeHo Ha puc. 157.
Yi

Puc. 157
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Jlis mepeBIpKH MPaBIMBOCTI CTaTUCTUYHOI rimote3n H: B, =0
Opy anbTepHAaTHBHIA rinore3i H,: B, >0 mnpu piBHI 3HAUYLIOCTI
o = 0,05.1To0yayemo npaBoOiYHYy KPUTHUYHY 00JIacTh.

OCKUTBKH 32 CTAaTUCTUYHUN KpUTEpi OEpeThCs BUITAIKOBA Be-
JTHUYUHA

BT — Bl — BT
G(B*) Sg B
V Z (xi - i)z

sika Mae ¢-po3noait (CTeromeHTa) 3 k =n—2 CTyIeHsIMH CBOOOH, 3a Ta0-
JUIEIO (0JaTOK 6) 3HAXOAUMO KPUTHYHY TOUKy #(ou=0,05;k=13-2)=
=t(a=0,05;k=11)=2,2. [IpaBoOiuyHa KpUTHYHA 00JACTh 300paXKeHA
Ha puc. 158.

=

Kpuruuna obnactbh

Ob6nacte npuiHATT H) W

@ P Py Ry
L 4 A4 @ >

0 2 22

~

Puc. 158
O06unCII0EMO CIIOCTEPEKYBAHE 3HAUYCHHS KPUTEPIIO

= il S 092 55
S, 0,024

V2 (% _)_5)2

. * . .
OCKIIBKH ¢ > Z‘Kp, TO CTaTUCTHUYHA I'lIIOTE3a Bl =0 BIIXWISETHC.

OT1xe, hopMa 3B’ 53Ky MiXK 03HaKamu X 1 Y € JiHIHHOTO.

3. MHOXMHHa niHinHa perpecis

3araabHa indgopmanisa. Ha mnpaktuii 3ae0ibIIoro 3anexkHa
3MiHHa y, TOB’s3aHa 3 BIUIMBOM HE OJHOTO, a KUIBKOX apTyMEHTIB.
VY upoMy pasi perpecito Ha3MBarOTh MHOKHMHHOMW. [Ipu 1boMy sIKIIO
apryMeHTH B (YHKIIIi perpecii B Mepimiid cTeneHi, TO MHOKUHHA pe-
rpecis Ha3MBAETHCS IiHilIHOI0, Y TIPOTUBHOMY pa3l — MHOMCUHHOIO
HENIHIIHOI0 pezpeciclo.
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Jesiki eJieMeHTH MAaTPU4HOI aJredpu:
a) Hopma eekmopa. Opmo2oHanbHi 6eKMopu i Mampuyi
X

— X PR . .
Sxmo x=|"?%| Ttoxui x'=(x1,x2,...xn), TOJI HOpMa BEKTOpa X

Xy
Oyze 4ucio, sike JicTaHeMo 3a (OpMYJIO0

=7 % = /ixf. (534)

V pasi, ko 4/Yx7 =1, TO BEKTOp X Ha3MBaIOTh HOPMOBAHMM.
SIkio i KBagpaTHOT MaTpuIli A BUKOHYEThCS PiBHICTD A-A'=E =1
(E — omunnuna mMatpuis A'=A'), To BOHA Ha3UBAETHCS OPTOTOHA-
JBHOIO;

0) oughepenyirosanns eekmopie

Hexait 3amano nBa Bektopu x'=(x,x,,..x,), a =(a,,a,,..a,),
Toml

YacTuHHI TOX1AHI 38 X (i = l,n) BiJl IOOYTKY X'-d MOJKHA 3ammuca-
TH TaK:

0 /.,y O a -,
g(x a)zg(x1 X, .. X, 32 =a'.
an
Tomi
2
8)8?1 X,
0 ,_, . — X
@D & |@aa)| |-
.é xn
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ox
o “
| = lay | -
=| o, (@ +ayx, +..+a,x,)= =d.
é. an
ox,
O1xe, MaeMo:
0 (o)=\ -
—(x"a)=a,
oxX
O (o) =
—(a'%)=a".
ox
JAudepenuioBanns 100yTky AX i xX'4.
Hexaii 3amano
a, a, .. a, X,
a, a a X
21 22 2n - 2
A= , X= ,
anl anZ ann xn
TOi
- .
;al.ix/
n % m | % ”
L ] R I
X - x|’
a, a, .. a Jx n
Sa,x,
Lt 7
0 & 0 0 &
—Xa, x, ——2a,x —2a,x
ox = ) ox A ox =M
a i a i a i 11 21 nl
|=2a.x —2a, X, —2a . x | |4, a )
=| ox, i3 1= axszI 2j 7 aanI WoJol= n
0 i 0 i 0 =x aln a2n ann
—>a.x —>a, X —>a.x
ox =i VST ok a M ox = v

(535)

(536)



OTxe,

0, -
;(Ax):A'. (537)
X
YactuHHI OXi/IHI BiJl J0OYTKY XA 3HAXOAMMO TaK:
Zail xl
a, a, .. a, i=1
0/, O 0
—(4x)=—= (x1 X, xn) a 9 N | - Ealle _
ox ox - ox
a a., .. a. n
Ya. x,
izl m 1
o =n o =n 0 n
_zail'xi _Zaizxi _zainxi
ox, i=i ox, i=i ox, isi
5 i 5 i 5 i a, a, .. a,
—>a. X —>a,X .. —>d X a, a, .. a,
=lox,ia T oo, P ox iz " "=4
. 5 S a, . a
—Xa,x, —Xa,x, .. —xa,.x,
ox izl Ox =i X il
0 (-
—(¥'4)= 4. (538)
ox

JAudepenniroBanns 100yTKy x'AX.
0 0 0
—(x'4%)=—(X"(4x%))+ =((x'"4)x) =
() = (D) + (R A)F)
= [Bukopucrosyroun (537), (538), micranemo| = AX + (X'4)' = AX + A'X.
OTKe, MaEMO:

%(Mf) A+ A, (539)

TyT BHKOpHUCTaHa BIIACTHBICTH TPAHCIIOHYBaHHS JOOYTKYy Mar-
pullb, a caMe: KO A 1 B € MaTpULIIMU OJIHOTO ¥ TOTO CaMoOro po3Mi-
py,T0 (A-B)'=B'-4".

Huns matpunp A, B, C maemo (ABC) =C'B'4’' it. 1.

Sxumo maTpuist 4 € CHMETPUYHOIO, TO

A =A.

Tomi

a—‘;(x AF) = 245, (540)
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JliniiiHa MHOKHHHA perpecisi.

Busnauenns cmamucmuunux moukogux oyiHok

Po3risinemo niHIAHY 3a7€XKHICTh y; B 71 @pTYMEHTIB (X, X,,... X,,) .
JliniitHa MoIeTh Y ITbOMY pa3i HAOUpa€e TAKOTO BUTIISLY

Y, =B, +B,x, +B,x,, +..+B, x, . (541)
Jis BUOIpKH 00CsTY 7 MAaTHMEMO CHCTEMY JIiHIHHUX PiBHSIHB

Yi=Bo By Xy By Xy + ot B, X, FE,
Vo =By +Bixy By Xy B, X, + e,
V3 =Bo + By Xy + By xy + 4B, X, FES, (542)

yn =BO+B1 xln +62x2n +"'+Bm xmn +8n’

e €, — BUIIAJKOBA BEJIMYMHA, [II0 MAE€ HOPMAIBbHUI 3aKOH PO3IIOJIi-
Jy 3 YKCIOBUMH xapakrtepuctukamu M(g,)=0, D(g,)=M (gf ) =c’ i

€

npu oMy K, =0. YV BeKTOpHO-MaTpuuHiii popmi cucrema (542)
HaOHMpae TAKOTo BUTIISTY:

Y = XB +E, (543)
e
Bo
N B € 1 x, Xim
1
~ € 1 x X
)7:J’2,B=[32,§= Z,X— 21 2m
yn B Sn l xnl xnm

Marpuito X po3mipom (m +1)x n Ha3MBaIOTh PErpeciiiHOIO, a efie-
MEHTH X W€l MaTpuili — perpecopamu. [lapamerpu piBnsnns (541) €
BEJIMYMHAMHU CTAIMMH, ane HeBimomumu. LIi mapamerpu OLiHIOBaHHS
CTAaTHCTMYHHMH TOYKOBHMH OUiHKamu Py, B, B, ... B, , fAKi JicTaroTh

HUISIXOM 0OpOOKH pe3ybTaTiB BUOIPKH, 1 € BETMYMHAMH BUITAKOBUMH.
Taxum unHOM, piBHSHHIO (54 1) BiMOBIIa€ CTATHCTHYHA OIIIHKA

v, =B, +B, x, +B,x, +.tP x +E. (544)
CrarucTryHa OIliHKa JUIsl BEKTOpa ¥ OyJie BU3HAYATHCh BEKTOPOM
y=XB" +8, (545)
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Jc

y 1 x, Xim gg €
1
1 X X = i — €
j} — V) : X = 21 2m : B _ Bz . E= 2
ym 1 xnl xnm * Sn
B
Bekrop noxn6ok g0piBHIOBaTUME
E=y-X-p. (546)

JIy1st BU3HAUEHHS] KOMIIOHEHTIB BeKTOpa B (CTATUCTUYHHX TOYKO-

BUX OIIIHOK KOMITOHEHTIB BEKTOpa [} ) 3aCTOCOBYETHCS METO HAaliMEH-
IIMX KBaJPaTiB.
3HaiiIeMo CyMy KBaJIpaTiB yCiX MOXHUOOK:

@5 =25 (- 28)=() - () x| - 4B)-
—(3)5-G) XF -() x5 + () X xp =

—() 5-2F) x5+ () x X

TyT 3acT0COBAHO Taki piBHOCTi: (7) X ' = (B) x5 ( ﬁ*)' =) x".

’

!
Minimizyrounii 100yToK (£) €, a came:

NPUPIBHIOIOYHM YAaCTMHHI MOXiJHI 3a eleMeHTaMu BekTopa B 110
HYJISl, JIICTAEMO:

féf - ag* ()52 o5+ () ) -
3o g o)

- 2X'F+ X' XB +((B*)lX’Xj -

S OX X' XP AXXB =0 X' XB =X'F >
SR =X X)Xy (547)
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Hosipuuti inmepean 01 MHONCUHHOI THINIHOI pecpecii
Martpuust X MiCTUTB m JTiHIHHO HE3aJeKHUX BEKTOPIB-CTOBIIIIB, a
Il O3HaYae, MO PaHr ii AOpiBHIOBAaTHME m i BH3HA4YHUK |X'X|#0.

OTtxe, Matpunst X' X Mae oOepHEHy.
Jlucniepcii cTatMcTUYHEX OLIHOK B, B, B, ... B, BU3HAYAIOTH 3
JIOTIOMOTO0 KOPEJIALIIHOT MaTPHILi ISl BEKTOpa B
K(E*)=m(E BB ~B).
OcCKinbKH (X 'X )_I(X 'X )=E, TO, cKopucTtaBmmch (545), (547),
IiCTaHEMO

B =p+(Xx'Xx)" XE. (548)

Toni maemo
B —B=(X'X)" X'E, (549)
(B -F) =(x'x)'xE) =) x(x'Xx)". (550

Cxkopucrapmuch (549), (550), nicranemo
KB ) =M@ -BIE" -B) =m((x x)" x'gex x (x'x)")-
=MEENX' X)X X(X'X) =MEE)X'X) "=

€
€, -l
=M (e, & .. g )X'X) =
Sm
2
o €€, £8& .. &8,
2
€,E e €,E .. &,&€ -1
:M 2%1 2 2%3 2%m (X’X) -
2
€, £,8 €,8 .. E,

M(sf) M(ee,) Meg,) ... M(eg,)
_ M(stl) M(g;) M(8283) M(stm) (X'X)71 _
M(e,e) Me,e,) M(e,e;) .. M(sm )2

227



ockinmekn M (e e )=K =0,
o y

M(e)=D(s})=0c’

0 0 0

0 0 .. 0
=g’ (X'X)' =c?-1-(X'-X)" =c2(X'X)".

00 0 .. 1

Takum YMHOM, MAEMO
K(p)=c2(x"x)" (551)

OCKiJIbKM G. € HEBIZIOMOIO BEIMYMHOI0, TO B (551) 3amicTh o, Ti-

JICTaBJISIFOTh HOr0 TOYKOBY HE3MIIIEHY CTATUCTUYHY OIHKY 3a aHa-
noriero 3 (513).

s? 2] (552)

b
n—m-—1
JIe 1 € KITBKICTIO CITIOCTEPEKEHb, a M — KUIBKICTIO OI[IHIOBAaHMX
rapaMeTpiB MHOXXHHHOI JIIHIHHOT perpecii.
3uavenns gucnepcii misa B, (i=0,1,2,3,...m) 0GUHCIIOOTH 3a
dbopmyoro
2 2
S =8 C,, (553)
€

. o . -1

ne C, — miaroHanbHUi enemeHT Matpuii (X' X) .

Po3risiHeMo piBHSHHSA JIHIHHOI MHOXXHMHHOI perpecii 3 mapamer-
pamu Bj (i=0,1,2,3,..., m), 3Hali;IcHUMH 3a Pe3yJbTaTaAMU BHOIPKH

y: =B; +[51kx1 +B; x, +...+ﬁ; X,
e yl.* — JIUIIE OJHE 3 MOKJIMBUX 3HAYEHb MPOTHO3HOI BEINYHNHH
JUIS 3aJaHUX 3HAYEHb X, .
YpaxoByroud Te, 110 Bf (i=0,1,2,3,... m) € BUIAJKOBUMH BEITH-

* .
YUHAMU, TO y, OyJe TakoX BUIAJKOBOO, @ TOMY MaTUME AUCIIEPCIIO.
OTxe,

Dy’ )=Dp; +B x, +Bix, +..+B x )
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BukopucroByroun BIacTMBOCTI AUCIIEPCii Bl CyMH 3aJIeXHUX BUIIA-
JIKOBHX BEJIMYMH (BUIIAIKOBI BEIMUMHU 3, € 3aJISKHUMH), AICTAHEMO:

D(y;)=DBy +B; x, +B3 x, +...+ B, x,, )=
D(B;)+x2 DB} )+ x2 D(B})+...+ x2 D(B}, )+ 2x, K(B, B} )+ ..
ot 2x, KBy B )+ 2x, x, K(B] B3 )+ ...+ 2x, x,, K(B} B, )+ ..

ot 2xm4 xmK(Btnfl Btﬂ)= ';C.'K(ﬁ*))_é’

OCKUTBKH TI€ € KBajpaTHdHa (opMa, Ky MOXKHA 3aITUCATH Y BEKTOP-
HO-MaTpHYHIA PopMmi.
O1xe, MaeEMO

D(y;)=%K(B")x. (554)
Toni, BukopucroBytouu (551), nicranemo
D(y)=c2 #(X'X)"%. (555)

OCKillbKM G- — HEBiIoMa BeMYKHA, TO B (555) BUKOPUCTOBYEMO
il TOYKOBY HE3MIIlIEHy CTATUCTUYHY OIIHKY S_.
TaxkuM 9YMHOM, MAa€EMO:

D(y;)=82-%(X'X)"%. (556)

OT1xe, ICTUHHE 3HaYeHHS Y nepeOyBaTUME B IHTEpBAIi:

y =t )S X (X' X) ' E<y<y +1(p,k)SNF (X' X)), (557)

KWW Ha3UBAIOTh JOBIPYUM.
{(y, k) € BUIIAJIKOBOIO BEIMYMHOIO, 10 Ma€ po3mo i CThIoIeHTa 3

k=n-—m—1 cryneHsIMH cBOOOIM i OOYHCITIOETHCS 3a TAOIHUIIEIO (110-
JATOK 7) 3a 3a/1aHOI0 HAJIIWHICTIO Y Ta YHCIIOM CTYTIEHIB CBOOOIH K.
SIKIo 70 3HaYeHb y, — MPOTHO3HE 3HAYCHHS — JOJATH MOXKIIHBI

. . ses e e *
BiIXWJIEHHS O3HaKkW Y Bix ¢yHKuii perpecii, To g0 aucnepcii D(y )
HEOOXIIHO J0/IaTH JIUCIIEPCIIO BUNIAIKOBOI BEIMYMHU €, — G., TOO-

TO HOTO TOYKOBY HE3MIILIEHY CTATHCTUYHY OLIHKY S ..

VY mpomy pasi
S2=82(1+x" (X' X)) "' *¥. (558)

y

I moBipumit iHTEpBAN TENEp JOPIBHIOBATUME:

y =ty k)S, <y <y +t(y.k)S, . (559)
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Koedgiyienm muoowcunnoi peepecii
Ticuoty mix o3Hakamu Y 1a X, ne X =(x,, X,, ... X,, ), BUMIPIOIOTh

3 JIONTIOMOT'OI0 KOE(IIlieHTa MHOKHUHHOI KOpeJAIii R, Mo € y3araib-
HEHHSM NapHOro KoeillieHTa Kopessuii #; 1 00UUCIIOeThes 3a (op-
MYJIOO

Zs
D

Yum Onmmxue 3HaueHHA R 710 £1, TUM Kparie BUOpaHO (PyHKIIiO
perpecii

(560)

y=o(x;, Xy, ey X, ).

Ockinbku Y&, =€' €, 10

OCKiJIbKH (ﬁ*)'X'XB* = (B*)’X'j/*.

Ipu womy Y (v, - )’ =X »7 —n(¥)’, a ockimeku Y (y,)* =(¥)
TO OCTAaTOYHO Ma€EMO

’

Ro i) ) xs
) §-n(3)’

(561)

Hopmysannus Koeqbiuieﬂmie peepecii

MHoxuHHa NiHiliHA perpecis 1a€ 3MOry MOPIBHSTH BILIMB Ha J10C-
JHKYBaHUH TIpoIieC Pi3HUX YMHHHKIB. Y 3arallbHOMY BUIA/IKy 3MiHHI
X, PENpEe3eHTYIOTh YMHHUKY, 1110 MAIOTh Pi3HI OJUHHUII BUMIpY (KLIO-

rpamu, rpUBHI, MeTpu ToOwo). OTKe, I TOro o0 MOpPIBHATH I
3’5CyBaTU BIJHOCHY BaroMiCTh KOXHOTO 3 YHHHHKIB, BUKOPHCTOBY-
IOTh TaK 3BaHI HOPMOBaHI KoeilieHTH perpecii, SKi BU3HAYAIOTH 3a
hopmyoro

d =p —L (j=1m). (562)



1€ a; — KOe(IIEHT perpecii micis HOPMYBaHHS; S, — BHIIPaB-
J
JIEHE CEpelHE KBaJpaTHYHE BiIXWIEHHs 3MiHHOI X ;; S
JICHE CepeJIHE KBAJPATUYHE BiIXUIICHHS O3HAKH Y.

, — BHIPaB-

Hpuxaan 1. O3Haka Y — niHIMHO 3a7eXHa BiA X, , X,,, X,5.
Pe3ynbTaTi cocTepeKeHb HABEICHO B TAOIMIIL:

i Yi Xil Xi2 Xi3
1 1 1 2
2 8 2 2 1
3 14 1 0 0
4 20 3 2 1
5 26 5 2 2
Heo0OxinHo:
1) 3HaliTH KOMIIOHEHTH BEKTOpa 1 MOOyAyBaTH JiHIIHHY
Bo
. | B
B=|
B,
Bs

. . . . .
¢ynxkmito perpecii y;, =B, +B,x; +Box;, + .o+ B3x;5

2) oOuuciauTH R;

3) noOynyBaTu AoBipuuii iHTepBau i3 HagiiHicTio ¥ = 0,95 nns
MHO>KWHHOI JTIHIHHOT QyHKIIIT perpecii Ta BU3HAYUTH JTUCHEepCil
mst By, By, By, By i OUIHUTH eeKTHBHICT BILIMBY Ha 03HAKY

Y HezanexHUX 3MIHHUX X, X5, X,5.

Po3é’azannsn. 1. 3 yMOBH 3371a4i MaEMO:

1 1 1 2 6
1 2 2 1 8
X=[110 0| p=|14]
1 3 2 1 20
1 52 2 26
OcKinbKHU
g
B*: Bl :(XrX)—lX/J—}:
B,
B
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173 -14 -39 -41)(1 1 1 1 1 7,98
:L -14 32 -38 -8 |1 2 1 3 5 ne 6,34 '
178 -39 -38 123 -35/1 2 0 2 2 20 -3,78

-41 -8 =35 91 A2 1 0 1 2 2% -2,58

Otxe, mictanu: B, =7,98; B, =6,34; B, =-3,78; B, = —-2.58.
PiBusiHHAM perpecii Oyne

y; =798 +6,34x, —3,78x,, —2,58x,,.

2. 3narigemo R. JIJig boro HeOOXiJTHO BUSHAYNTH

6
11111
8
SO 1 2135
() x'5=(7.98 634 -378 —2.58) 14 |=1354.38;
1 202 2
20
2101 2
26
jozy O+8+ 145+ 20926 148 w3 =5(148) =1095,2;
n
(3")7 — n(3)> =1372 —1095,2 = 276,8;
(B") X' 5 -n(3)’ =135438-1095,2 = 259,18.
Tomi

R:‘/l_(i)'i—(ﬁ*)’ X'y :\/(B*)'X';—n(;)2 _

() - n(3) ) 3 -n(3)’

= 2208 g 068,
276,8

J51s moOy10BY TOBIPYOTO THTEPBATY I MHOKUHHOT JIHIHHOT (DyHK-

2
. . Ye:
uii perpecii HeoOXinHo o6umncautn S,. OcKitbku S = —’1, TO B
n—m-—
IIOMY pa3i pe3yJIbTaTu 0OYUCICHb 3pyYHO TIOAATH Y BUIJISIII TaOJIUII:
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l Vi Xi1 X2 Xi3 yj =798+ Vi —y: (3;)2
+634x, —3,78x,, —2,58x
1 6 1 1 2 5,38 0,62 | 0,3844
2 8 2 2 1 10,52 -2,52 | 6,3504
3 14 1 0 0 14,32 -0,32 | 0,1024
4 120 3 2 1 16,36 3,14 | 9,8596
512 | 5 2 2 26,96 -0,96 | 0,9216
Ye =17,618

Takum 9uHOM, JicTaHEMO:

) 17,618
n-m-1 5-3-1
Bizememo x, =2; x, =6; x, =101 o6uncanmo

y;=798+634-2-378-6-2,58-10=-27,82.

3HainemMo

S? =

€

=17,618.

D(y;)=8 #(x'X)" %=
173 14 -39 —41Y 1

1|-14 32 -38 -8 |2
=17,618-(1 2 6 10)— = 683,992.
178/ -39 -38 123 -35| 6

-43 -8 =35 91 \10

S - =/683,992 = 26,15.
Jliis moOy10BY TOBIpYOTO 1HTEPBATY 3HAXOMMO
(y=095 k=n-m—-1)=t(y=095, k=5-3-1)=
=1(y=0,95, k=1)=12,706.

Toxi t(y,k)S_3¥'(X"- X)'% =12,706-26,15=332,262.

I moBipumit iHTEpBAT TOPIBHIOBATHME

v, =y, £t(1.k)-S XX X)'F >

— -360,28 < y, <304,242.
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. . . . 1 . .
Ockinbku miaroHanbHi ememeHtd Marpuii (X'X)™ BignmosimHO
JIOPIBHIOIOTH

173 32 123 91
bll =

1787 271780 BT 178T 4178
TO BIAIIOBIIHO AiCTAHEMO
1
S2 =52b11 =17,618-L3=17,123, S . =4,138;
Bo € 178 Bo

S% =82h,, =17,618 2 3,167, S . =1,78;
Bi ¢ 178 Bi

S2 =82b,, = 17,618~£:12,17, S . =3,489;
B2 € 178 B2

S2 = 5%, =17,618-—L =9,007, S.. =3,001.
B 178 B

O0uncIMMo

Sy _ XY _ (J_/)z =4/53,36 ~ 7,44.
n

Busznaunmo HopMoBaHi KoedilieHTH perpecii:

S.
a =B —634. 278 Ly 5y
s, 44
S,
. O 3,489
a, = =-3,78. =-1,77,
2 =P S, 7,44
S.
. O 3,001
a, = P =058 = 1,04,
» =P S 7,44

y b
Otxe, A 3MIHHOI X, BIUIUB Ha O3HaKy Y € Halle(eKTUBHILINM
MOPIBHSHO 3 JII€I0 3MIHHUX X, X 5.

4. HeniHinHa perpecisa

n
i

SIKIIO B PIBHAHHA MHOXMHHOI PErpecii 3MIHHI X ; BXOIATH SK X

TO perpecisi Ha3UBAETbCS HENIHILHOIO.
V 3araqbHOMY BUIIAKY HEJIHIIHA pErpecis 3alucy€eThCsl B TAKOMY
BUTIAAL:

v, =B, +B,x, +B,X; +B,x; +.. 4B x" +¢ , (569)
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ne mapametpu B, B,, B, Bs, ... B, € CTATUMU HEBIIOMUMHU BEJH-
YUHAMHU, SIKI MiAISATal0Th CTATUCTUYHHUM OIIHKaM, a €, — BUIAJKOBa
BEJIMUMHA, KA Ma€ HOPMaJIbHUH 3aKOH PO3MOJUTYy 3 YUCIOBUMH Xa-
paktepuctikamu M(g,)=0, D(g,)=M(e2)=c>, i npu upomy BHmaz-
KOB1 BEJIMYMHU €, €,,... €, MDK CO00I0 HE KOpeaboBaHi. Peanizyroun

BHOIpKy 00CAroM n, 3rigHo 3 (563), AICTaHEMO CHCTEMY HEIHIMHMX
PIBHSIHB BUY:

m

5 * L) ) * *
Vi =B +By Xy By X + B X+ B, Xy, FES
* * * 2 * 2 * *
Yy =By + By xy +B;y x5 +B3 x5 +..+ B, X3, +E,5
* * * 2 * 2 * *.
Yy =Bo + By x5 + By x5, By x5 4B, X5, HESS (564)

* * * 2 * 2 * *
yn =BO +B1xnl +B2xn2 +B3xn3 +"'+Bmx)'1';n +8n'

Cucremy (564) MokHa OJAaTH y BEKTOPHO-MATpUUHIN popmi Tak:

— % e -
y =X +¢s, (565)
pi(S]
.
X
2 2 m BO e
1 Loxy xp o xy Xim B* i
2 2 m 1 e
Y Loxy xy Xy Xom |, B* X 2
T — — 2 2 m 2 o — *
VEIys b X511 xy x5, xg Xom P B = B* » & =) &
3
1 2 3 m
Y 1 X Xua Xpz o Xy B* 82
m

Tyt By, Bys By, By, .- B,, € BUNAJIKOBUMHU BETMYUHAMH, SKi BU3HA-

YaIOTHCS NMUIAXOM OOpOOKHM pe3yibTaTiB BUOIPKH i € TOYKOBUMHU HE-
3MIIIEHUMHU CTATUCTUYHUMHU OI[IHKAMH BiJIOBIIHUX apaMeTpiB piB-

HaHHA (563), a came: B, B,, B, By, - B,,-

3MiCHUBIIM aHAJIOTIUHI MEPEeTBOPEHHs, AKi Oynu 3poOieHi Ui
JHIAHOT MHOKWHHOI perpecii, JicTaHeMo:

B=(X"X)"X'y. (566)

TicHOTa 3B’SI3Ky BUMIPIOETHCS 3 JIONIOMOTOIO KOPENAIiHHOTO Bij-
HOIIICHHS

(567)

0<n<l1.
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Ipuknan 2. PesynpTaTé crocTepekeHb Haa O3HaKamu X 1 Y
HAaBEJICHO Y TaOJIHII:

1 Xi Vi
1 1 8
2 2 4
3 4 2
4 6 1
5 8 0
6 10 6
7 12 8
8 14 10

[TotpiGHO:

1) BU3HAYUTH TOYKOBI HE3MIICHI CTATUCTHYHI OIIHKH JJISl Ma-
pameTpiB HeNiHiHHOT perpecii

Vi =By +Bx, + Bzxz;

2) 00UYHCTUTH 7.

Po3é’azannsn. 3 pe3ynpTaTiB BUOIPKH MAEMO:
1 1

! 8
1 2 4 4
1 4 16 2
1 6 36| . |1

X=l1 s el Y7|of

1 10 100 6
1 12 144 8
1 14 196 10

BuxopuctoBytoun (566), aictanemo:

* 291499 —82843 680

Pol | 580301 280301 40043
G| pr 2| 282843 94613 - 289
17T ] 280301 840903 40043
. 680  —289 59

B>

40043 40043 120129
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1 1
x|1 2
1 4

1
4

I 1 1 1

6 6 10 12 14
16 36 64 100 144 196

Takum YHUHOM, Ma€EMO:

1 8,807
=|-2,301|

0,178

0N — N A

10

B, =8,807; B; =-2,301; B, =0,178.

JUnist BU3HAUCHHS 1] 3aCTOCOBY€MO TaOIMYHUHN 3aIIHC:

: Y| V| yT=8807-2,301x, +0,178x @) =0, -v)
1 1 8 6,684 1732
2 2 4 4917 0,841
3 4 2 2,451 0.203
4 6 1 1,409 0.167
3 8 0 1,791 3.208
6 | 10 | 6 3,597 5,774
7| 12] 8 6,827 1,376
8§ | 14 | 10 11,481 2.193
39 15,494
Omre, icramn ¥ (e;) =X (v, - v ) =15.494.
OcCKiTBKH
5P 39 4g7s
n 8
TO
Sy, - 5) =X(y, ~4875) = 94,875,
>(er) 15,494
=4 — =41 =J1-0,426 =+/0,574 ~ 0,76.
>, -7) 94,875
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IIpuxaan 3. 3a pe3ynbraTaMy CIOCTEPEKEHb 03HAK I€HEpallb-
HOT CyKymHOCTI X1 Y:

i X; i
1 1 30
2 2 20
3 4 10
4 5 8
5 8 6
6 10 1

3HaAWTH TOYKOBI HE3MIIIEH] CTATUCTUYHI OLIHKH JJIS I1a-
pametpiB B,, B, pIBHSHHS HENiHIAHOI perpecii

b

X

yi:BO+

OOumcauTH 1.

Po3¢’azanna. 3a pe3ynpTaTaMu BUOIPKU MAEMO:

I 1
L
X
1
= (1 30
x12 1 05 20
I — 1 025 . |10
X: x3 = ’y= .
T 111 02 8
1 —
x, | |1 0125 6
1
Ao
Xs
L
X6

3 piBHsIHHSA (566) 3HAXOAUMO:

i) =[g2j=(X’X)‘ X5 =

1
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—0,61486271599703169723  1,6961730096469839924
30
20
111 1 1 1)10| (1579
2(1 05 025 02 0125 01) 8 :[30,128}

6

_ ( 0,38955440121559065691 —0,61486271599703 169723] B

O1xe, MaeMo:
v, =L579+ 30’128.
X.

1

Jlnst o6uuCIieHHs ) 3aCTOCOBYEMO TaOIHIIIO:

i X, ¥, V= 1579 4 20128 ) =0 -»)
xi
1 1 30 31,707 2,914
2 2 20 16,643 11,269
3 4 10 9,111 0,790
4 5 8 7,6046 0,156
5 8 6 5,345 0,429
6 10 1 45918 12,901
z 75 28,459

TakuM YHHOM, JICTAJIU:

(e =X (v, - ) =28,459.

2V _E
n

Ockinbku ¥ = = =125, Y, -3 =2y, 12,5 =562,5,

TO

2(e) [, 28459

S, -5 Vo s62s
Otxe, n=0,976.

n=./1 =/1-0,0506 =+/0,9494 ~ 0,974.
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5. HeniHinHa mogenb 3a napameTpamu

B exoHOMIYHOMY aHaJIi31 pO3IIIAIAI0Th HENMIHIMHY perpecito 3a ma-
paMmeTpamu, 110 OAA€THCS B TAKOMY HAaNNPOCTIIIOMY BUIJISIL:

v =B, x X (568)

Taxi ¢yHKIT perpecii BAKOPUCTOBYIOTh JJISI BUMIPIOBAHHS BILIH-
By Ha 00CST BUPOOHUIITBA TAKUX YMHHUKIB, SIK KUIBKICTh 3aHHATHX Y
BUPOOHUIITBI pOOITHUKIB, 00CAT OCHOBHHMX (DOHJIIB TOIIIO.

VY piBHAHHI B, B, € HEBIIOMUMH BEITMYUHAMH, aj€ CTAIUMH, SKi
OLIIHIOIOTHCS TOYKOBHUMH HE3MIIIEHHMMH CTATHCTUYHUMH OIIIHKaMHU
By, B;, KOTpi BU3HAYAIOTECS 0OOPOOKOIO PE3yIILTATIB BUOIPKH.

Jlns BpaxyBaHHS BIUTUBY BHUITaJJKOBHX 30yIHHKIB, SKiI BIAXUISIOTh
TEOPETUYHO MPOTHO30BaHy PErpecito, BBOAUTHCS BUIAIKOBA BEIUYU-

Ha e”.Toxl HemiHIHA MOJENb BITHOCHO mapameTpiB f,, 3, HaOyBae
TaKOTO BUTIISY:
— By By e
y,=B,x, x e". (569)
CTaTHCTHUYHOIO OIIHKOIO piBHSAHHS (568) Oyne
e B .
v, =B,x;, x,e". (570)
Jlns BU3HAYEHHS TOYKOBHX HE3MIIIEHHX CTATUCTUYHHUX OLIIHOK
By, B, P, BHKOPUCTOBYEMO, SIK i B TONEPEIHIX MOJENAX, METO
HaMEHIINX KBaJpaTiB, a Ui Ioro piBHAHHSA (570) MOAaHO B TaKOMY
BUTJISIIL:
* * *
Iny, =B, +B, Inx,, +B,Inx,, +¢,. (571)

3niicHUBIM BHOIPKY OOCSTY 71, TICTAHEMO CHUCTEMY PiBHSIHbB, SKY
y BEKTOPHO-MaTpU4Hii popMi MOXKHA 3alUCaTH TaK:

P =X B +E, (572)
ae
», 1 Inx, Inx, g
Vs 1 Inx, Inx, €,

y=|y; h X=|1 Inx; Inxy, |, €=|¢,

Y 1 Inx, Inx, €
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Tomi, 3a aHaOTI€I0 3 MOMEPEAHIMH BUTIAAKAMHU, KOMIIOHEHTH BEK-
Topa B’ BH3HAUAIOTH i3 PiBHAHHA
Komm’roTepHa peanizartist npukmamgy Ne 1.
B =(x"X)" Xx'y". (573)

TeopemuyHi 3anumaHHs1 30 memMu ‘?
([

1. Jlati BU3HAYCHHS CTATHCTHYHOI 3aJIC)KHOCTI MK O3HaKamu X Ta Y.
2. 11lo o3HayYae KOpeIAIiifHA 3aJISKHICT MK O3HaKaMu X Ta Y?
3. 3anucatu Mozenb HapHOi JiHilHOI perpecii?
. *
4. Yomy nopisHroe B, ?
. *
5. YoMy nmopiBHIOE 3, ?
. . *
6. SIki uKMCIIOBi XapaKTepUCTHKH 115 3, 7
. . *
7. SIki 4MCIIOBI XapaKTePUCTHKHU 11s f3, ?
8. SAxuit 3ak0H po3MoIiTy HMOBIPHOCTEH MarOTh BHITAKOBI Be-
* * . . LY . sos,
mmannaH B3, P, Ansg napHoi niHiifHOT perpecii?
9. Yomy nopisaioe K 5 5 ?
0-P1
10. SIkmif 3aKOH PO3MOAITY WMOBIPHOCTI MarOTh BHIIAJKOBI Be-
* *
mmuuan B +B,x, ?

11. SIkunit 3aKOH PO3MOILTY Ma€ BUITAIKOBA BEITMIMHA % ?

s
(% - %)

12. Yomy nopisHioe S, ?

13. YoMy mOpiBHIOE TOBipYMiA iHTEpBAT IS [3: ?

14. YoMy m0piBHIOE AOBIpUMil iHTEpBA AJIs BB ?

15. YoMy nopiBHIOE NOBipUHii iHTEpBA 1T Y, = BZ +Bx,?

16. YoMy mOpiBHIOE M . ?

17. 3anucaTi y BEKTOPHO-MATpHYHIN (popMi MoJenb JiHIHHOT

MHOXKHHHOI perpecii.

18. Yomy mopiBHIOE E* 1HTepBal Ui MHOKUHHOI perpecii?

19. YoMy n0OpiBHIOE TOBipUMii iHTEpBa 11 MHOXKUHHOI perpecii?

20. YoMy nopiBHIOE JOBipunii iHTepBan S, A1 MHOXKHHHOI perpecii?

21. Yomy mopiBHIOE D(y:) JUTSE MHOYKHHHOT perpecii?

22. Yomy nopiBHIOE Koe(iliEHT MHOKHUHHOT perpecii?

241



23. Illo po3yMiloTh IiJl HOpMYyBaHHSIM KoedilieHTa perpecii?
24. YoMy TOpiBHIOE BEKTOD B* JUTsl HeNiHIHHOT MHO>KMHHOT perpecii?
25.Yomy nopiBHIOE MaTpUId X Uil HEJNIHIMHOI MHOXHWHHOI
perpecii?

26.Yomy JOpiBHIOE HeENiHIHHA MOJAENb 3a MapaMeTpaMu
BO > B 1> B 2 ?

27. YoMy mOpiBHIOE MaTpUIl X JUTS HETIHIHHOT 3a mapaMeTpaMu
Bo» By B, perpecii?

28. UM BUMIPIOETbCA KOPENALIWHUIN 3B A30K IS HENMiHIHHUX
MoJeNe perpecii?

Jlo0amok do memu 16

VYci po3paxyHKH B MpHKIagax 1—3 MOKHa 3[iHCHHUTH, 3aCTOCOBYIOYH
Tabmuuanit mporecop Excel. PosrisiHeMo mopsaok BUKOHAaHHS OOYHCIICHb
s npukiany 1. Tabmuunuit nponecop Excel npomnonye ¢yHkiito, sika 3Ha-
XOJIUTh 3HAYCHHS OI[IHOK MapaMeTpiB JIHIHHOI 3aJIe)KHOCTI 338 METOJIOM
HalMEHIITNX KBaJpaTiB.

1. Hexaii BuxijgHi 1aHi MicTaThCs B Onokax: marpuiiss X — (B2:D6) ta Bek-

Top Y — (A2:A6). 3ayBaXkumMo, IO B JAHOMY pa3i He MOTPIOHO BBOJAMTH BEK-
TOP-CTOBITYHK X(, IICMECHTAMH SIKOTO € OJIHHHIIL.

X Microsoft Excel [_ =] x]
Pain  [paska Bua Beraeka  Popmar  Cepsc Jaddbe  Okdo 2
Dz slry] #(@lel| ool =s] fl Elee vz =] O
(=]
[fial Cyr e 5 x| x| u| == =5 2 0] ] )2 =l 4L_I|'|_'-
E

4| A v W[ Nuet1 4 Muet2 £ NMuet3 £ Nuerd £ Nuets £ e | <]

[oToBD

[ [Cymma=0 Il |

242



Pesynbrar po3paxyHKy, ToOTO ouiHku napametpis B, By, B, B; Oy-
JeMo 3HaxoauTh B 010111 (A9:D9). JIns 115010 HeoO0XiTHO, YCTaHOBHUBIIH KY-
pcop y kit A9, Bukiukatu «BeraBuTh (pyHKIUIO», 1 B KaTteropii «Cra-
THCTHYeCKHe» o0paTu pynkuio « THHEWH».

VY BiKkHI 3amHUTy HEOOXIJIHO BKa3aTH: y TMEPIIOMY PSIAKY — «BiJIOMI
3HAYCHHS y», B HAIIOMY MPHUKJIaJi BOHU po3TalioBaHi B 0yoni (A2:A6), y
JIPYTrOMYy — «BiJIOMi 3HaUEHHS X», IIe BCSI MaTpUIllsi X, IO B HAIOMY pH-
KJagai MicTuThes B Omomi (B2:D6), y TpeThoMy pSIIKY «KOHCTaHTa» BBO-
IUTHCS JIOTiYHE 3HAUCHHS «ICTHHA» (BiATOBimae guciy 1), mo BKasye Ha
HEOOXIHICTh PO3paxyHKy OLIHKK mapameTpa B,. B ocraHHbOMY psAKY
«CTaTUCTUKa» TaKOXX Ma€ OyTH JIOTiUHE 3HAYEHHS «icTHHa» (4ucio 1)y
TOMY BHIaJKy, KOJIM HEOOXiHa M0JAaTKOBa CTATUCTUYHA iHQOpMAIlis
(cTangapTHi MOXHOKM OIIIHOK MapaMeTpiB, KoedillieHT neTepMiHaIlii, 3a-
JUIIKOBA CyMa KBaJgpaTiB BiIXHUICHb TOMIO).

™ Microsoft Excel 2] ]

Paiin [paeka Buo Boraeka Popmar  Cepeuc  Jaddee  Okko 2

b

Dl|l SRy &lsle|d] o] =[x 8 K ®lefe =] O
o
| 2 9| gm| e8] 8] 2/ <t||v|_'.
g
4
1 i e
| acTep PYHKLHA - war 2 us
2 6
T 8 NMWHERH 3raveHue: [{-2,58426966292135,-3,7752
— B 03BpalLaeT NapameTphl MMHEHHOM0 TREHIA. i
+| 14 =
| Crar [HeoGAsaTensHHA]
| 9 | 20 Noreeckoe SHaveHWe, KOTOPOE YKASEIEAET, TREAUETCA W BEPHYTE AOMNDAHWTENEHYIO
6 26 CTATHCTHEY NO PEFRECCHH.
7 use_sHau_y il JA2A5 [{5:8:14:20:26}
g HSB_SHa‘-I_HiI |B2:DB |{‘I 2221000
9 b&:1:1 KDHCTaHTaiI |1 MCTIHA
k] k]
10 crar fl 1 [HETHHA
11 Cnpaeka | OTreHa | < Hasag | Haaee | TCoTosn I
W A ¥ M JTHTTT [ TTACTE £ TTACTS £ TTHETE £ TTHCTS £ T Y ] 1 7
L | 7
Mpaeka [ [ [

Oynknis JUHEWH mnoBeprae OIHKM TapaMeTpiB, MOYWHAIOYH 3
OCTaHHBOTO, TOOTO B KIITHHLI A9 MICTUTHCS 3HAYCHHS OL[IHKM MapameTpa

B; . Just Toro mo6 3HalTH 3HAYEHHS BCiX MApaMeTpiB, HEOOXiIHO, TTOYNHA-

I0YH 3 KITHHKH A9, BUIIIUTH OJ0K po3MipHOCTi (5 x (m + 1)), ne m — Ki-
JBKICTh 3MIHHHUX X;. Y HallOMy BUMAJIKy m = 3, TOMY HEOOX1JTHO BHJIIJIHTH
610K po3mipHocTi (5 x 4) — (A9:D13).
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2L Microsoft Excel [_[=]x]8

Paitn  [paeka Bua Bctaeka FPopmar Cepevc Handee  Okao 2

= = =T e N = s e A 2 T - S 1 e =
[frial Cor =i = x| x| u| === =] 6] vl 8l 8] =2l 2l

=IHMHEWHAZ2: AR B2:06(1;1)

‘& forbook. xls = [=]
A B E F G H 1 o T

ﬂ

HE HE Mnediod] |

] ] [ 1]y Nuert S Auerz £ Nuera £ Nuerd £ Aucts £ e |« | LI =
Mpaeka | ©ymmz=2 5542697 | r

ITicas mporo HaTwcHyTH KiaBim F2, a mami koMmOiHAIlIO KIIaBIIIiB
Ctrl + Shift + Enter.

VY pesynbrati y nepmomMy psaaky Oyoka (A9:D13) orpumaeMo 3HaYCHHS
BCIX TapaMeTpiB Y 3BOPOTHOMY MOPSAAKY: Y KIITHHII 3 ampecoro A9 — 3Ha-

YeHHs1 OLiHKY apamerpa [B; , B B9 — ouinka napamerpa B,, 8C9 — B iB
D9 — ouinka napamerpa f3; .

L Micresoft Excel [_[=]>]B

= ain Opaeka Bua Boraeka Popmar  Cepedc HaHHele  OkHo 7

Dl =] St & mEmlmm <] o] =]a] sl wl®le == = 2
[arial Cyr 2 Y I T P Y = |=3| 2| ze|wm| %8s @] @l-] -

E

F G H 1 )

EHE ﬁ@ e d1od]y

= - *
A8 8
-3,78] 6,937] 7.978
3,001 3482 1,78 4,138
0,936 4,197 #H/O | #H4
, 1 #H/0 | #H0 —
43 | 2592 17,62 #H/ | #HiO
14

15 -
1] 4| > ] M et etz 7 Mneta 7 Mverd £ Maets 7 v | < | LIJ_J
i Nucx | B Microsalt ward - Mybaoki... | [3€ Microsoft Excel 2
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3a 00UYHCICHUM 3HAYECHHSIM OLIHOK ITapaMeTpiB 3aluIIeMO PiBHSIHHSA Jii-
HIHHOT MHOYKHHHOI perpecii:

y! =7,978+6,337x, —3,78x,, —2,58x, .

JlonaTtkoBa perpeciiiHa ctatucTika B MacuBi (A9:D13) mogaHa B Takomy
MOPSAKY:

* * * *

B3 By By Bo
Sg; S S| S
R? CranjapTHa noxubka
F-xpurepiit Cryneni ceobonu (n —m — 1)
Cyma KBajIpaTiB BiIXHJICHb, CyMa KBaJpaTiB BiAXUJIEHb, 1110
III0 HOSICHIOETBCS PeTpeciero TOSICHIOETBCS TOXHOKOIO €

2. 3Haitnemo R.

: 2 2 ‘w .
Ockinmeku R =V R~ , a 3HaueHHs R~ BKa3aHe B HaBeICHIH TaOiwHIli 10-
JATKOBOI CTAaTUCTHKH 3a perpeciero B KuituHmi All, To A po3paxyHKy He-

00x11H0 00uncIuTH 4/0,936 . OTprMaemo R = 0,968 .
3. Insg moOyA0BU IOBIpYOTrO iHTEpBALY I MHOXKHHHOI JIiHIHHOT (yHK-

2
1ii perpecii HeoOXigHO o0UMCIUTH S, = 1/2—11 , e D& — cyMa KBa-
n—m-—

JIpaTiB BIAXUIICHHS, IO MOSACHIOETHCS MOXHOKOIO & [laHe 3HaueHHs BKa3aHe
17,618 17,618

- =— =17,618.
n-m-1 5-3-1
IMoganburi oGUKCIEHHS 32 (HOPMYIIO0 D(y;k ) =S?X¥(X'X)"'X sniiic-
HIOIOTBHCS 3 JOTIOMOTOFO TaKUX (PYHKIIIN:

kareropis — CChIJIKM M MACCHBBI:

TPAHCII — noBepTae TpaHCIIOHOBAaHUI MacHB;

Kareropis — MaTreMaTHYeCKHe:

MYMHOK — noBeprae 100yTOK IBOX MaTpPHIIb;

MOBP — noBepTrae 00epHEHY MATPHIIIO.

MicTaneMo Sy* =4/683,992 ~26,15. oBipunii iHTEepBa) TepeOyBae B
MexKax:

B kiitnami B13. Tomy S =

~360,28 < y, <304,242 .
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3HaueHdsa S . S 6 S . S b MICTSTBECSA B TaOJIMI 3 TOJATKOBOKO CTa-
0 1 2 3
THUCTHKOIO B APYroMy psAKy, To0To B Macusi (A10:D10). [icraemo:

Sﬁ3:4’138; SB?:1’78; Sﬁ;=3,489; SB§:3’001'

x Bl

IMincraBuBmy BimoMi 3Ha4YeHHS y dopMmyny a; =[3; 5 i=1,_3 zic-
y
TaHEMO:
S 1,78
a, =B, —=634—"—"-=1,52;
S, 7,44
S,
a == 378 29 97,
S, 7,44
S
=B B sy J00_ o4
S, 7,44
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JlabopaTopHa podota Ne 3
00 memu «Enemenmu Kopenauiiinozo
ma pezpeciliHozo ananizy»

1. MapHa niHinHa perpecin

1. 3anexHicCTh MiXK 3pOCTOM Y Ta Macolo AiTedl X HaBeAeHa B TaOIHUII:

Y=y,m | 0,620 | 0,580 | 0,640 | 0,650 [ 0,670 | 0,680 | 0,695 | 0,699 | 0,710

Maca
X =x;, xr

0,531 0,524 | 0,541 | 0,550 | 0,559 | 0,620 | 0,632 | 0,672 | 0,682

IIpoooeocenns maba.

Y=y,m | 0,715 (0,725 | 0,781 | 0,790 | 0,795 | 0,800 | 0,810 | 0,850 | 0,860

Maca
X =x;, xr

0,689 1 0,692 | 0,694 | 0,698 | 0,690 [ 0,710 | 0,720 | 0,725 | 0,730

2. 3aJexXHICTh KIJIBKOCTI MPOJAHMUX MMap YOJIOBIHYOTO B3YTTS Y Bil HOTro
po3mipy X HaBelleHa B TaOJUII:

Y =y, mr. 10 25 68 136 152 162 170 180

X=x 44 43 42 41 40 39 38 37

3. BumiproBaHHsl TeMIepaTypu B TPY[IHi, 3AilCHEH] y IBOX MicTaX, LIO
YMOBHO Mo3HaueHi A 1 B, HaBeieHO B TaOHII:

Mieto Al 100 | Z115 | 124 | 128 | —130 | =135 | —142 | — 146
ny,-,C
Micro B
lictoB 1200 | —205 | —21.4 | —218 | —220 | =225 | —22.8 | —22.8
X—X[,,C

IIpooosoicenns maon.
Mieto A 146 | 157 | 164 | —172 | —175 | —182 | —186 | —189
ny,-,C
Micro B
lictoB 1535 | _241 | —245 | —25,1 | —258 | —=26,0 | —=26,5 | —27,0
X—X[,,C

4. 3i crapmioro kjiacy HaBMaHHs BUOpPaHOT cepeHbOT KoM OyJio Bimio-
paHo rpyny y4HiB. JlaHi mpo iX cepeaHbOPIUHI OI[IHKU 3 MaTEeMAaTHKH Ta pe-
LITH JACIUIUIIH B OajlaX HaBeIeHO B TaOJIHI:
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Y=y 45 25 48 52 54 51 59 60 62 69

X=x 30 35 31 38 41 48 50 55 51 58
IIpoooeocenns maoan.

Y=y, 72 78 76 80 82 85 81 90 93

X=x 60 59 65 73 78 71 79 80 81

5. KonnencaTtop Oyio 3apsmkeHO 0 TOBHOI HAIIPYTH B MIEBHUH MOMEHT
yacy ¢, micis IbOro BiH NOYMHAE PO3psALKATUCS. 3aleKHICTh Hanpyru Y Bix
qacy po3psa/KaHHs X HaBeJCHO B TaOIUIIi:

Y=y 100 85 70 65 60 55 50
X=x 0 1 2 3 4 5 6
IIpoooeocenns maban.
Y=y 45 40 35 30 25 22 20
X=x 7 8 9 10 11 12 13

6. 3aeKHICTh YPOXKAWHOCTI MIIEHUIN Y BiJl TNIMOWHA 3BOJIOKEHHS X Ha-
BEJIEHO B TaOJIHI:

Y=y, wra| 10 12 14 16 18 | 20 (22 | 24 |26 | 28
X=xpem | O 5 8 10 12 14 16 18 | 20 | 22
IIpoooesicenns maon.
Y=y,wra| 30 | 32 | 34 [ 36 | 38 | 40 | 42 | 44 | 46 | 48
X=x,cm | 24 | 26 | 28 30 | 32 | 34 | 36 | 38 | 40 | 42

7. Iloka3HUKH TOBAapooOiry Y ta cymu BUTpAT X, SKi JOCIHiIKYBalIHCs B
20-Ti Mara3uHax, HaBeJACHO B TaOJIMII:

Y=y, pu. | 480 | 510 | 530 | 540 | 555 | 564 | 570 | 575 | 580 | 585
X=x;rpu. | 30 25 31 32 38 41 40 46 | 49 54
IIpooosoicenns maon.
Y=y, rpu. | 590 | 596 | 605 | 618 | 625 | 635 | 640 | 650 | 660
X=x,rpu. | 58 60 64 75 78 82 83 85 90
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8. Pe3ynbTatu BHMIpIOBaHHS YyTJIMBOCTI Y BiJlcOKaHATy Ta 3BYKOBOTO
KaHaiy X HaBeJICHO B TaOJUIIi:

Y=y, 240 | 200 | 190 | 180 | 170 | 160 | 150 | 140 | 130 | 120
X=x| 170 | 180 | 200 | 230 | 240 | 250 | 280 | 300 | 310 | 320
IIpooosaicenns maon.
Y=y;| 110 | 100 | 90 80 70 65 60 55 50 45
X=x;| 330 | 350 | 380 | 400 | 410 | 420 | 430 | 440 | 450 | 460

9. 3aJeKHICTh BEJIMYUHH 3HOCY pi3ls Y BiJl TpUBasocTi poboTH X TOKa-
3aHO B TaOJUII:

Y=y,mm | 30,0 | 29,1 | 28,4 | 28,1 | 28,0 | 27,7 | 27,5 | 27,2 | 27,0
X=x,ron | 6 7 8 9 10 11 12 13 14
IIpoooesicenns maon.
Y=y, mm | 26,8 | 26,5 | 26,3 | 26,1 | 25,7 | 25,3 | 24,3 | 24,1 | 24,0
X=x,ron | 15 16 17 18 19 20 21 22 23

10. 3anexHIiCTh KPOB’STHOTO TUCKY Y JIIOMUHH (B YMOBHHX OJUHHIISIX) Bij
JOBXWHU PYKH X HaBeJeHa B TAOJHIIL:

Y=y,
YMOB. O1. 115 116 117 118 119 120 121 122 123
X=x,cem | 62,1 61,1 | 61,0 | 60,5 [ 60,0 | 59,0 | 58,5 | 58,0 | 57,5
IIpoooeocenns maoan.
Y=y,
YMOB. 01, 124 125 126 127 128 129 130 135 150
X=x,cm | 56,5 | 56,0 | 55,5 | 550 | 54,5 | 54,0 | 53,5 | 53,0 | 52,5

11. 3anexxHiCTh MPYKHOCTI Y cTaneBUX OONTIB BiZl BMICTY B HUX HIiKeIIO
X HaBeqieHa B TaOJMIII:

Y=y,%| 354 | 350 | 35,8 | 36,2 | 36,7 | 36,9 | 37,3 | 37,8 | 38,2
X=x,%| 220 | 2,35 | 2,42 | 2,58 | 2,65 | 2,69 | 2,74 | 2,88 | 2,91
IIpooosoicenns maon.
Y=y,%| 39,1 | 40,5 | 42,4 | 438 | 45,6 | 46,9 | 48,5 | 494 | 50,0
X=x,%| 2951 2,99 | 3,00 | 3,11 [ 3,21 | 3,29 | 3,34 | 3,44 | 3,50

249




12. Pe3ynbTaTy MOPiBHSIHHSA HOBOTO METOY Ia30BOT0 aHAII3Y 31 CTapUM
X HaBeJeHO B TaOJIHUII:

yﬁf;.y(;’ﬂ. 2,88 | 291 | 292 | 296 | 3,01 | 3,11 | 321 | 3,25
yffo;x(;}[. 2,07 | 2,12 | 211 | 2,58 | 2,89 | 2,92 | 3,01 | 3,12
IIpoooescenns maon.
yg(;,ygﬂ. 3,32 3,36 3,42 3,46 3,58 3,88 4,12
yff;.x&[. 3,21 3,29 3,31 3,35 3,41 3,48 3,81

13. Tloka3HUKH PiYHOI MPOAYKTHBHOCTI Ipalli B PO3PaXyHKY Ha OTHOTO
pobiTHHUKa Y i eHeproMicTKOCTI mparti X Ha MiANPHEMCTBAX OMHIET ramys3i Ha-
BEJIEHO B TaOJIHI:

Tpfc_:r{o";l_ 541561626871 |78]|85]91]105]109
KBﬁ;ng:;TH. 1,8 121 (28 (303238394245 | 48

IIpoooeocenns maon.

Tpfcfr{;;{ 11,0 [ 11,6 | 12,1 [ 12,7 | 13,2 | 13,9 | 14,1 | 14,6 | 14,9 | 15,4
KBﬁ;ng:;TH. 52 |58 159162697275 85] 88| 94

14. 3anexHiCcTh JICHHOTO CIIOXUBAaHHS Maciia Y MeBHOi 0coOM BijJl po3Mi-
py ii 3apo0iTHOT mIaTh 3a Micsib X HaBeIeHO B TaOJIHIII:

Y=y,T 10,5 | 15,8 | 17,8 | 19,5 | 20,4 | 21,5 | 22,2 | 24,3 | 25,8 | 26,5

X=x,rpu. | 70 75 82 89 95 | 100 | 105 | 110 | 115 | 120
IIpooosoicenns maon.

Y=y,r | 28,1 30,1 ]|352]|364]|37,0]|385]|39,5]|40,5]|41,0 (425

X=x,rpu. | 125 | 130 | 135 | 140 | 145 | 150 | 155 | 160 | 165 | 170

15. 3anexxHicTh Macu MOHETH Y Bij 4acy ii o0iry B pokax X HaBeJIeHO B

Ta0IULI:

Y =y, mr

9,35

9,21

9,18

9,50 | 9,10

9,08

9,05 | 9,01

9,00

X = X;, poKiB

4,0

5,0

55

6,0 6,8

7,5

85 | 10,8

12,0
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IIpooosoicenns maon.

Y=y, mMr 8,98

8,94

8,90

8,88

8,82

8,78 | 8,75

8,70

8,65

X=x,poxie | 14,5 | 15,9

25,0

28,5

30,5

36,8 | 40,0

45,8

50,0

16. 3anexHicTh BMICTY KpeMHiI0 Y y UaBYHI Bif TeMIepaTypH IUIaKy X
HaBeIEHO B TaOJHIL:

Y=y,% | 0,27 | 0,40 | 0,36 | 0,42 | 0,45 | 0,51 | 0,55 | 0,58 | 0,61
X=x,°C | 1330 | 1340 [ 1350 | 1360 | 1370 [ 1380 | 1390 | 1400 | 1410
IIpoooesicenns maon.
Y=y,% | 0,64 | 0,68 | 0,72 | 0,76 | 0,78 | 0,82 | 0,88 | 0,95 | 1,20
X=x,°C | 1420 | 1430 | 1440 | 1450 | 1460 | 1470 | 1480 | 1490 | 1500

17. 3anexHiCTh ypOXKaHHOCTI Y MINCHHUIN BiJl KIIBKOCTI BHECEHHUX JO0-

puB X HaBeICHO B TAOJHII:

Y=y,wra | 10

12

14

16

18

20

22

24 [ 26 | 28

30 | 32

34

30

X=ux;kr/ra | 10

40

50

60

70

80

90 | 100 | 110

120

130 | 140

18. 3anexHicTh MIIIHOCTI BOJIOKHA 0aBOBHM B YMOBHHX OJMHUIIIX Y BiX
WOT0 TOBINMHHU X HABEIEHO B TaOJIHI:

Y = y;, yMOB. OZ. 6,02 6,12 6,22 6,28 6,30 6,35 6,39

X = X;, MKM 0,41 0,48 0,56 0,66 0,72 0,79 0,85
IIpoooeocenns maoa.

Y =y;, yMOB. 011, 6,44 6,48 6,52 6,54 6,56 6,60 6,69

X = X;, MKM 0,86 0,88 0,92 0,94 0,96 0,98 0,99

19. 3anexHicTh PaHUYHOTO HABaHTAXKEHHS Ha OONT Y Big HOro TBepaoc-
Ti X HaBeeHO B TaOIHI:

Y =y;, ymos. og. | 10,10 | 10,30 | 10,45 10,90 [ 11,20 [ 11,35 [ 11,90 | 12,45 | 12,58
X =x;,ymoB.on. [ 50,0 [ 50,2 [ 52,8 | 53,5 | 54,0 | 56,8 | 58,8 | 59,5 | 60,5
IIpoooeocenns maban.
Y=y, ymos.on. | 12,96 | 13,44 | 13,60 | 13,95 | 14,50 | 14,98 | 15,48 | 15,96 | 16,50
X=x,ymoB.on | 64,8 | 654 | 684 | 69,2 | 70,5 | 74,5 | 76,8 | 78,5 | 80,0
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20. BB Temmiepatypu Y B °C cepenoBuiia Ha 1000BHHA XiJ XpOHOMET-
pa X HaBe/eHO B TAOJIHIII:

Y=y,°C|2,60]230(2,112,01]1,92(1,82]1,55]|1,34(1,30] 1,28 1,22

X=x [50]55]60(65]|70]|75]|380]385](90]295]100

IIpoooeocenns maoan.

Y=y,°C| 1,18 | 1,12 | 1,10 | 0,98 | 0,92 | 0,90 | 0,89 | 0,88 | 0,80 | 0,79

X=x |10,5] 11,0 | 11,5 | 12,0 | 12,5 | 13,0 | 14,0 | 18,0 | 24,0 | 30,0

21. 3anexxHiCTh BMICTy CBHHIIIO Y B py/i BiJ BMicTy X cpi0ia HaBEIE€HO B
Ta0IUL:

Y=y,% | 2,0 | 25 [ 30 | 35| 40 | 45|50 | 55| 60 | 65

X=x,% | 20 | 7,5 | 12,5 14,5 | 16,0 | 18,5 | 20,0 | 20,5 | 22,0 | 24,5

IIpooosoicenns maon.

Y=y,% | 70 | 7,5 | 80 | 85 | 9,0 [ 10,5 | 12,5 | 14,5 | 15,0 | 16,5
X=x,% | 26,0 [ 28,5] 30,0 | 32,5 34,0 | 36,5 | 38,0 | 40,5 | 42,0 | 45,0

22. 3anexHICTh YHCTa TPU3YHIB Y, SKi 3aTMHYJIN BiJl HASBHOCTI OTPYTH B
XK1 Ipu KOHIIEHTpaLii X, HABEACHO B TaOIHIIi:

Y=y 32 36 38 42 46 49 55 59 62

X=x,%]| 3,0 3,5 4,0 4,5 5,0 6,0 6,5 7,0 7,5

IIpooosoicenns maon.

Y=y 68 70 73 75 81 88 92 94 98

X=x,%]| 8,0 85 9,0 9,5 10,0 | 10,5 | 11,0 | 11,5 | 12,0

23. 3ayiexHiCcTh MK cO0IBapTICTIO X Ta KUIBKICTIO BUTOTOBIICHHX BHPO-
0iB Y HaBeneHO B TaOIHI:

Y =y, THC. TpH. 2,2 3,5 3,7 3,8 4.5 5,7

X = x;, TMC. IT. 1,5 1,4 1,2 1,1 0,9 0,8

24. 3anexHICTh YPOXKAWHOCTI MIeHHI Y Biag rmuOUHU OpaHku X HaBe-
JIEHO B TaOJHIIi:

Y =y, w/ra 7 8 9 10 11 12

X =x;cM 81 8,3 82 9,1 10,3 10,8
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25. 3anexHICTh KiNbKOCTI CHOXXHBAaHHA Macja Ha 00y IMEBHOIO KaTero-
piero meHcioHepiB X BiJ po3Mmipy Y oTpuMaHOi MiCS4HOI MEHCii HaBelIeHO B
Ta0IUL:

Y = y;, IpH. 29 38 49 54 62 70 79 98
X=x,r 15,99 | 19,75 | 23,10 | 26,44 | 29,79 | 33,13 | 36,89 | 44,54

26. 3ayiexHICTh BMICTY cpibiia B pyai Y BiJl BMICTY CBHHIIIO HaBEJICHO B
Ta0INL:

Y=y, % 2 6 10 14 18 22 26 30
X=x;,% 2,5 7,5 12,5 17,5 22,5 27,5 32,5 37,5

27. 3anexHicTh BMICTY KpEMHIIO Y Bij Temmeparypu X HaBeIeHO B TaOmuIi:

Y=y,% 0,27 1 0,26 | 0,27 | 0,28 [ 0,29 | 0,3 | 0,31 | 0,32 | 0,33
X=x,°C | 1330 | 1340 | 1350 | 1360 | 1370 | 1380 | 1390 | 1400 | 1410

28. 3anexHicTh MIITHOCTI BOJOKHA 0aBOBHM X BiJ TPaHUMYHOTO HAaBaHTa-
JKEeHHs Y HaBeneHo B TaOJIMIN:

X =x, 4100 | 4300 | 4500 | 4700 | 4900 | 5100 | 5200 | 5300 | 5500

YMOB. O[I.

Y=y,r 3,75 | 425 | 475 | 525 | 5,75 | 6,25 | 6,75 | 7,00 | 7,25

29. 3anexHicTh co0iBapTOCTI BiJl BUPOIICHOTO BPOXKAK COHSIIHUKY Ha-
BEJIEHO B TAOJIHI:

Y=y,rpw/n | 10,36 | 11,56 | 13,29 | 14,51 | 15,6 | 14,25 | 17,36 | 16,23
X =x;, 1/ra 1,23 1,33 1,43 1,53 1,63 1,73 1,83 1,93

30. 3anexHicTh ypOXKaWHOCTI IyKpoBUX OypsKiB Y Bim KiNBbKOCTI BHEce-
HUX Y IPYHT MOKHBHUX PEYOBUH X HABEICHO B TaOIMIIi:

Y =y, w/ra 369 380 370 395 420 412 436 420
X = x;, kr/ra 83 92 112 132 144 154 162 189

Ilompiono:

1. 3HalTH TOYKOBI HE3MIIEHI CTATHCTUYHI OLIHKH f,, B, I ma-
pametpiB B, B, mapHoi JiHiHOI QyHKUIT perpecii y, =B, + B,x; .
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2. 3 mapiitnictio ¥y = 0,99 noOyxyBaT 1OBipYl IHTEpBaIU AJs Ma-
pametpiB B, B, .

3. Ipu piBHi 3Haugymiocti oo = 0,01 mepeBipuTH 3HAUYILICTH Mapa-
MeTpa f3;.

4. 3 napiitzicTio ¥ = 0,99 noOyxyBatu noBipunii iHTEpBaN I Qy-
HKILIT perpecii y, =B, +B,x;.

5. O6uncnmuTy BUOIPKOBUN KOSHIIIIEHT KOPEIIAIIIi.

6. 3 maaiitHictio Y= 0,99 nmoOyayBatu nOBipuMii 1HTEpBan A
[IPOTHO30BAaHUX 1HIMBIAYaIbHUX 3HAUYEHb.

2. MHOXUMHHa niHinHa perpecis

a) 3aJeXKHICTh MiX MPOXYKTUBHICTIO Ipari Y Ta ¢oHm03a0e3MeUeHICTIO,
THC. TPH., X|, CTaXkeM po0oTH B poKax X,, X3 — IUNITMHHICTIO KajpiB (y Jact-
Kax), piBHEM OIUIATH MpAIlli, THC. IPH/PiK — X4 HaBEIEHO B TAOIMIIIX:

1.

o Y X X X X
1 14,85 60 30 0,15 5,0
2 11,94 48 19 0,02 3,1
3 8,03 39 8 0,14 4.7
4 7,11 28 18 0,11 2,5
5 9,50 45 9 0,12 49
6 9,40 37 23 0,10 2,6
7 11,60 58 15 0,13 4.6
8 8,14 27 17 0,09 3,4
9 15,62 58 28 0,07 4.8
10 11,12 47 16 0,12 49
11 7,34 38 7 0,08 3,2
12 10,58 44 15 0,11 4.7
13 7,37 23 25 0,15 2,7
14 10,63 57 8 0,13 5,0
15 10,63 38 24 0,07 2,9
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Ne 3/m Y Xi X5 X3 X4
1 11,12 47 16 0,12 4,9
2 7,34 38 7 0,08 32
3 10,58 44 15 0,11 4,7
4 1,37 23 25 0,15 2,7
5 10,63 57 8 0,13 5,0
6 10,63 38 24 0,07 2,9
7 7,85 22 15 0,12 4,6
8 5,73 29 7 0,09 2,8
9 14,84 56 27 0,02 3,5
10 10,30 45 15 0,14 4,9
11 7,85 34 9 0,10 4,1
12 9,68 51 14 0,11 33
13 9,49 55 5 0,13 4,8
14 12,53 43 26 0,08 4,0
15 10,29 44 27 0,15 2,9
Ne 3/m Y Xi X5 X3 X4
1 7,85 22 15 0,12 4,6
2 5,73 29 7 0,09 2,8
3 14,84 56 27 0,02 3,5
4 10,30 45 15 0,14 4,9
5 7,85 34 9 0,10 4,1
6 9,68 51 14 0,11 33
7 9,49 55 5 0,13 4,8
8 12,53 43 26 0,08 4,0
9 10,29 44 27 0,15 2,9
10 8,99 37 8 0,06 4,3
11 12,28 33 24 0,12 5,0
12 8,00 25 18 0,02 2,9
13 7,27 29 4 0,07 3,5
14 1,47 53 13 0,14 2,7
15 10,86 41 9 0,08 4,9
16 5,23 26 12 0,13 34
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Ne 3/m1 Y X X5 X3 Xu
1 8,00 25 18 0,02 2,9
2 7,27 29 4 0,07 3,5
3 7,47 53 13 0,14 2,7
4 10,86 41 9 0,08 4,9
5 5,23 26 12 0,13 34
6 12,16 32 23 0,10 4,8
7 9,19 59 11 0,13 3,9
8 10,12 48 3 0,09 4,8
9 6,86 51 8 0,12 2,9
10 11,02 43 22 0,15 3,7
11 7,77 29 9 0,02 3,5
12 10,62 37 12 0,08 5,0
13 7,40 49 5 0,14 4,1
14 10,55 57 11 0,11 3,6
15 12,30 46 15 0,06 4,7
16 7,83 29 21 0,15 2,8

Ne 3/i1 Y X X5 X3 Xy
1 10,55 57 11 0,11 3,6
2 12,30 46 15 0,06 4,7
3 7,83 29 21 0,15 2,8
4 11,10 35 18 0,05 4,9
5 7,66 38 10 0,14 3,6
6 9,26 30 22 0,06 3,1
7 11,50 45 6 0,02 5,0
8 14,51 60 20 0,05 4,2
9 6,33 39 7 0,09 2,8
10 12,94 50 21 0,06 4,7
11 13,13 49 15 0,04 4,8
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Ne 3/m Y X X5 X; X4
1 14,85 60 30 0,15 5,0
2 8,03 39 8 0,14 4,7
3 9,50 45 9 0,12 4,9
4 11,61 58 15 0,13 4,6
5 15,62 58 28 0,07 4,8
6 7,34 38 7 0,08 32
7 7,37 23 25 0,15 2,7
8 10,63 38 24 0,07 2,9
9 5,73 29 7 0,09 2,8
10 10,30 45 15 0,14 4,9
11 9,68 51 14 0,11 33
12 12,53 43 26 0,08 4,0
13 8,99 37 8 0,06 43
14 8,00 25 18 0,02 2,9
15 7,47 53 13 0,14 2,7

Ne 3/m Y Xi X5 X3 X4
1 5,73 29 0,09 2,8
2 7,85 34 0,10 4,1
3 12,53 43 26 0,08 4,0
4 12,28 33 24 0,12 5,0
5 1,47 53 13 0,14 2,7
6 5,23 26 12 0,13 34
7 12,16 32 23 0,10 4,8
8 6,86 51 8 0,12 2,9
9 11,02 43 22 0,15 3,7
10 7,77 29 9 0,02 3,5
11 10,62 37 12 0,08 5,0
12 7,40 49 5 0,14 4,1
13 10,55 57 11 0,11 3,6
14 12,30 46 15 0,06 4,7
15 7,83 29 21 0,15 2,8
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Ne 3/m Y Xi X X Xy
1 8,99 37 8 0,06 4,3
2 12,28 33 24 0,12 5,0
3 8,00 25 18 0,02 2,9
4 7,27 29 4 0,07 3,5
5 7,47 53 13 0,14 2,7
6 10,86 41 9 0,08 4,9
7 5,23 26 12 0,13 3,4
8 12,16 32 23 0,10 4,8
9 9,19 59 11 0,13 3,9
10 10,12 48 0,09 4,8
11 6,86 51 0,12 2,9
12 11,02 43 22 0,15 3,7
13 7,77 29 9 0,02 3,5
14 10,62 37 12 0,08 5,0
15 7,40 49 5 0,14 4,1

Ne 3/ Y X X X3 X4
1 10,58 44 15 0,11 4,7
2 7,37 23 25 0,15 2,7
3 10,63 38 24 0,07 2,9
4 7,85 22 15 0,12 4,6
5 5,73 29 7 0,09 2,8
6 14,84 56 27 0,02 3,5
7 10,30 45 15 0,14 4,9
8 9,68 51 14 0,11 33
9 9,49 55 5 0,13 4,8
10 12,53 43 26 0,08 4,0
11 10,29 44 27 0,15 2,9
12 12,28 33 24 0,12 5,0
13 8,00 25 18 0,02 2,9
14 7,27 29 4 0,07 3,5
15 7,47 53 13 0,14 2,7
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10.

11.

Ne 3/m Y Xi X X Xs
1 5,23 26 12 0,13 3,4
2 12,16 32 23 0,10 4,8
3 9,19 59 11 0,13 3,9
4 10,12 48 3 0,09 4,8
5 6,86 51 8 0,12 2,9
6 10,62 37 12 0,08 5,0
7 10,55 57 11 0,11 3,6
8 7,83 29 21 0,15 2,8
9 11,10 35 18 0,05 4,9
10 7,66 38 10 0,14 3,6
11 9,26 30 22 0,06 3,1
12 11,50 45 6 0,02 5,0
13 6,33 39 7 0,09 2,8
14 12,94 50 21 0,06 4,7
15 13,13 49 15 0,04 4,8

Ne 3/m Y X X5 X3 Xy
1 9,50 45 9 0,12 4,9
2 8,14 27 17 0,09 3,4
3 7,34 38 7 0,08 3,2
4 7,37 23 25 0,15 2,7
5 10,63 38 24 0,07 2,9
6 5,73 29 7 0,09 2,8
7 10,30 45 15 0,14 4,9
8 9,68 51 14 0,11 3,3
9 12,53 43 26 0,08 4,0
10 8,99 37 8 0,06 43
11 7,27 29 4 0,07 3,5
12 11,10 35 18 0,05 4,9
13 7,47 53 13 0,14 2,7
14 9,26 30 22 0,06 3,1
15 12,16 32 23 0,01 4,8
16 9,19 59 11 0,13 3,9
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12.

13.

Ne 3/m Y X X5 X; X4
1 13,13 49 15 0,04 4,8
2 6,33 39 7 0,09 2,8
3 11,50 45 6 0,02 5,0
4 7,66 38 10 0,14 3,6
5 7,83 29 21 0,15 3,8
6 10,55 57 11 0,11 3,6
7 7,40 49 5 0,14 4,1
8 10,62 37 12 0,08 5,0
9 1,77 29 9 0,02 3,5
10 6,86 51 8 0,12 2,9
11 10,12 48 3 0,09 4,8
12 9,19 59 11 0,13 3,9
13 14,85 60 30 0,15 5,0
14 8,03 39 19 0,02 3,1
15 7,11 28 18 0,11 2,5

Ne 3/m Y Xi X5 X3 X4
1 10,29 44 27 0,15 2,9
2 12,53 43 26 0,08 4,0
3 9,49 55 5 0,13 4,8
4 9,68 51 14 0,11 33
5 7,85 34 9 0,10 4,1
6 10,30 45 15 0,14 4,9
7 14,84 56 27 0,02 3,5
8 5,73 29 7 0,09 2,8
9 7,85 22 15 0,12 4,6
10 10,63 57 8 0,13 5,0
11 7,37 23 25 0,15 2,7
12 10,58 44 15 0,11 4,7
13 7,34 38 7 0,08 32
14 11,12 47 16 0,12 4,9
15 15,62 58 28 0,07 4,8
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14.

Ne 3/m Y Xi X5 X3 X4
1 7,83 29 21 0,15 2,8
2 12,30 46 15 0,06 4,7
3 10,55 57 11 0,11 3,6
4 7,40 49 5 0,14 4,1
5 10,62 37 12 0,08 5,0
6 17,77 29 9 0,02 3,5
7 11,02 43 22 0,15 3,7
8 5,86 51 8 0,12 2,9
9 10,12 48 3 0,09 4,8
10 9,19 59 11 0,13 3,9
11 10,30 45 15 0,14 4,9
12 7,85 34 9 0,10 4,1
13 9,68 51 14 0,11 3,3
14 9,49 55 5 0,13 4,8
15 12,53 43 26 0,08 4,0
16 10,29 44 27 0,15 2,9

0) 3a 3aJaHUM CTaTUCTHUYHUM JAHUM 3aJIeKHOCTI BPOXKAWHOCTI I[yKpO-
BUX OypskiB Y, 1/ra, Bia: 1) kuBoi mpami Xj, JrOAMHO-THIB/TA, 2) KITBKOCTI
BHECCHHX IOKUBHUX PEUYOBHH Xj, KI/Ta, 3) omajiB Ha PiK X3, MM, 4) CyMu
TeMIIepaTyp 3a Iepiof akTUBHOI Bereramii X, °C:

15.
Ne 3/m Y Xi X5 X3 X4
1 369 16 83 460 2500
2 457 18 240 503 2621
3 379 13 125 496 2564
4 403 21 86 548 2792
5 439 17 221 472 2672
6 421 12 201 484 2840
7 448 23 217 537 2711
8 407 24 97 461 2638
9 419 18 144 493 2578
10 441 19 205 539 2617
11 418 20 156 526 2835
12 401 15 175 467 2693
13 451 17 189 542 2691
14 381 21 86 472 2532
15 432 18 204 483 2783
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16.

17.

Ne 3/m Y Xi Xo X3 Xs
1 439 17 221 472 2672
2 448 23 217 537 2711
3 419 18 144 493 2578
4 418 20 156 526 2835
5 451 17 189 542 2693
6 381 21 86 472 2532
7 439 15 110 538 2627
8 423 17 210 523 2593
9 396 21 125 539 2543
10 412 20 93 471 2682
11 402 15 125 539 2543
12 413 22 87 501 2736
13 389 17 216 463 2639
14 418 18 173 542 2817
15 405 15 214 498 2572
16 399 21 92 498 2735
Ne 3/ Y Xi X X3 X4
1 439 19 217 463 2702
2 423 17 210 523 2593
3 396 21 125 492 2828
4 412 20 93 471 2682
5 402 15 125 539 2543
6 413 22 87 501 2736
7 389 17 216 463 2639
8 418 18 173 542 2817
9 405 15 214 492 2572
10 399 21 92 498 2735
11 403 23 89 483 2720
12 396 17 140 523 2527
13 377 15 96 499 2793
14 427 20 180 471 2815
15 412 17 200 483 2584
16 453 19 171 511 2801
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18.

19.

Ne 3/m Y Xi X5 X3 X4
1 393 15 110 538 2627
2 396 21 125 492 2828
3 402 15 125 539 2543
4 413 22 87 501 2736
5 389 17 216 463 2639
6 389 18 173 542 2817
7 399 21 92 498 2735
8 403 23 89 483 2720
9 396 17 140 523 2527
10 377 15 96 499 2793
11 427 20 180 471 2815
12 412 17 200 483 2584
13 453 19 171 511 2801
14 404 22 163 476 2612
15 397 24 103 516 2643

Ne 3/m Y Xi Xo X3 X4
1 371 15 170 493 2648
2 478 18 217 510 2573
3 377 17 154 475 2543
4 452 22 180 518 2801
5 439 21 143 478 2562
6 401 17 130 523 2517
7 429 19 160 468 2650
8 366 15 126 474 2628
9 424 26 90 493 2529
10 371 20 115 521 2823
11 429 21 220 464 2730
12 391 18 97 547 2555
13 407 15 225 472 2711
14 449 24 239 517 2784
15 408 25 184 492 2548
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20.

21.

Ne 3/m Y Xi X5 X3 X4
1 413 22 87 501 2736
2 418 18 173 542 2817
3 399 21 92 498 2735
4 396 17 140 523 2527
5 427 20 180 471 2815
6 453 19 171 511 2801
7 397 24 103 516 2643
8 478 18 217 510 2573
9 452 22 180 518 2801
10 401 17 130 523 2517
11 366 15 126 474 2628
12 371 20 115 521 2823
13 391 18 97 547 2555
14 449 24 239 517 2784
15 393 21 85 547 2837
16 407 24 97 461 2638

Ne 3/m Y Xi X5 X3 X4
1 408 25 184 492 2548
2 407 15 225 472 2711
3 429 21 220 464 2730
4 424 26 90 493 2529
5 429 19 160 468 2650
6 439 21 143 478 2562
7 377 17 154 475 2543
8 371 15 170 493 2648
9 404 22 163 476 2612
10 412 17 200 483 2584
11 377 15 96 499 2793
12 403 23 89 483 2720
13 405 15 214 498 2572
14 389 17 216 463 2639
15 402 15 125 539 2543
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22.

23.

Ne 3/m Y Xi X5 X3 X4
1 452 22 180 518 2801
2 377 17 154 475 2543
3 478 18 217 510 2573
4 371 15 170 493 2648
5 397 24 103 516 2643
6 404 22 163 476 2612
7 427 20 180 471 2815
8 396 17 140 523 2527
9 399 21 92 483 2720
10 418 18 173 542 2817
11 413 22 87 501 2736
12 412 20 93 471 2682
13 423 17 210 523 2593
14 393 15 110 538 2627
15 381 21 86 472 2532
16 401 15 175 467 2693
Ne 3/m Y Xi X5 X3 X4
1 401 17 130 523 2517
2 452 22 180 518 2801
3 478 18 217 510 2573
4 397 24 103 516 2643
5 453 19 171 511 2801
6 427 20 180 471 2815
7 396 17 140 523 2527
8 399 21 92 498 2735
9 418 18 173 542 2817
10 413 22 87 501 2736
11 412 20 93 471 2682
12 423 17 210 523 2593
13 393 15 110 538 2627
14 381 21 86 472 2532
15 401 15 175 467 2693
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24.

25.

Ne 3/m Y Xi X5 X3 X4
1 405 15 214 498 2572
2 418 18 173 542 2817
3 389 17 216 463 2639
4 413 22 87 501 2736
5 402 15 125 539 2543
6 412 20 93 471 2682
7 396 21 125 492 2828
8 423 17 210 523 2593
9 439 19 217 463 2702
10 393 15 110 538 2627
11 432 18 204 483 2783
12 381 21 86 472 2532
13 451 17 189 542 2691
14 401 15 175 467 2693
15 418 20 156 526 2835

Ne 3/m Y Xi Xo X3 X4
1 453 19 171 511 2801
2 427 20 180 471 2715
3 377 15 96 499 2793
4 396 17 140 523 2527
5 403 23 89 483 2720
6 399 21 92 498 2735
7 405 15 214 498 2572
8 418 18 173 542 2817
9 389 17 216 463 2639
10 413 22 87 501 2736
11 402 15 125 539 2543
12 412 20 93 471 2682
13 396 21 125 492 2828
14 423 17 210 523 2593
15 439 19 217 463 2702
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26.

27.

Ne 3/m Y Xi X5 X3 X4
1 451 17 189 542 2691
2 381 21 86 472 2532
3 432 18 204 483 2783
4 393 15 110 538 2627
5 439 19 217 463 2702
6 423 17 210 523 2593
7 396 21 125 539 2543
8 412 20 93 471 2682
9 402 15 125 539 2543
10 413 22 87 501 2736
11 389 17 216 463 2639
12 418 18 173 542 2817
13 405 15 214 498 2735
14 399 21 92 498 2735
15 403 23 89 483 2720

Ne 3/m Y Xi Xo X3 X4
1 439 19 217 463 2702
2 393 15 110 538 2627
3 432 18 204 483 2783
4 381 21 86 472 2532
5 451 17 189 542 2691
6 401 15 175 467 2693
7 418 20 156 526 2835
8 441 19 205 539 2617
9 419 18 144 493 2578
10 407 24 97 461 2638
11 448 23 217 537 2711
12 421 12 201 484 2840
13 439 17 221 472 2672
14 403 21 86 548 2792
15 379 13 125 496 2564
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28.

29.

Ne 3/m Y Xi Xo X3 Xs
1 457 18 240 503 2621
2 403 21 86 548 2792
3 421 12 201 484 2840
4 407 24 97 461 2638
5 441 19 205 539 2617
6 401 15 175 467 2693
7 381 21 86 472 2532
8 393 19 217 463 2702
9 423 17 210 523 2593
10 412 20 93 471 2682
11 413 22 87 501 2736
12 418 18 173 542 2817
13 399 21 92 498 2572
14 396 17 140 523 2572

Ne 3/ Y X X5 X3 Xy
1 439 19 217 463 2702
2 412 20 93 471 2682
3 389 17 216 463 2639
4 399 21 92 498 2735
5 377 15 96 499 2793
6 453 19 171 511 2801
7 371 15 170 493 2648
8 452 22 180 518 2801
9 429 19 160 468 2650
10 424 26 90 493 2529
11 371 20 115 521 2823
12 391 18 97 547 2555
13 449 24 239 517 2784
14 408 25 184 492 2548
15 393 21 85 547 2837
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30.

Ne 3/m Y X X5 X3 X4
1 424 26 90 493 2526
2 429 19 160 468 2650
3 439 21 143 478 2562
4 377 17 154 475 2543
5 378 18 217 510 273
6 371 15 170 493 2648
7 397 24 103 516 2643
8 404 22 163 476 2612
9 453 19 171 511 2801
10 412 17 200 483 2584
11 427 20 180 471 2815
12 377 15 96 499 2793
13 396 17 190 523 2527
14 403 23 89 483 2720
15 399 21 92 498 2735
Ilompiono:

. . * * * * *
1. BuzHaunTtu craTucTuuHi ouiHku B, By, B3, B3, P, AIA mapamer-
piB JHIMHOT MHOXHHHOI perpecii:
Vi =Bo +Bix;; +Boxyy +Paxis +Buxy
2. 3 nmaniinictio y = 0,99 nobyayBaTtu 10BipuMii iHTEpBaN I Qy-
HKIIli perpecii.
3. O6uncnuTH KoedilieHT MHOKHMHHOT Kopesii R.

3. MHOXMHHa HeniHiNHa perpecis

1) [MianmpueMcTBO BUPOOIsie pedi moOyTy (IBepi, BiKHA) 1 BeJie TOPTiBIO
CYNyTHUMHU TOBapaMmu (3aMKH, JABEPHI PyYKH TOILIO). 3aleKHICTh MPUOYTKY
Y, tuc. TpH., Bix: 0o0csry BUpOOHUITBA X, THC. TPH., 00CITY TOPTiBIi Z, THC.
IpH., HABEJICHA CTATHCTHYHUMU PO3IIO IIAMH:
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Y X zZ
1 468 1200 600
2 496 1300 650
3 484 1400 630
4 528 1450 620
5 495 1500 610
6 543 1550 590
7 509 1600 580
8 565 1650 560
9 502 1630 570
10 568 1680 540
11 511 1710 520
12 575 1780 510
13 536 1810 500
14 557 1830 490
15 534 1850 430
3.

Y X zZ
1 536 1810 500
2 557 1830 490
3 534 1850 430
4 548 1740 420
5 532 1860 410
6 550 1910 390
7 508 2050 300
8 534 2060 320
9 519 2070 340
10 542 2100 350
11 524 2150 370
12 549 2210 410
13 534 2300 550
14 542 2350 530
15 531 2340 550
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Y X VA
1 502 | 1630 | 570
2 511 | 1710 | 520
3 536 | 1810 | 500
4 534 | 1850 | 430
5 548 | 1740 | 420
6 532 | 1860 | 410
7 550 | 1910 | 390
8 508 | 2050 | 300
9 534 | 2060 | 320
10 | 519 [ 2070 | 340
11 | 542 | 2100 | 350
12 | 524 | 2150 | 370
13 | 549 | 2210 | 410
4,

Y X VA
1 508 | 2050 | 300
2 534 | 2060 | 320
3 519 | 2070 | 340
4 542 | 2100 | 350
5 524 | 2150 | 370
6 549 | 2210 | 410
7 534 | 2300 | 550
8 542 | 2350 | 530
9 531 | 2340 | 550
10 | 535 | 2450 | 490
11 | 507 | 2500 | 350
12 | 49 | 2600 | 330
13 | 485 | 2650 | 350
14 | 500 | 2700 | 410
15 | 486 | 2750 | 440




5.

Y X V4
1 486 2750 440
2 481 2850 460
3 464 2900 480
4 450 3000 510
5 467 2900 550
6 475 2850 560
7 484 2800 550
8 492 2750 540
9 500 2700 530
10 06 2650 550
11 514 2600 510
12 519 2550 530
13 521 2500 570
14 529 2450 520
15 534 2400 510
7.

Y X V4
1 524 2150 370
2 549 2210 410
3 542 2350 530
4 535 2450 490
5 496 2600 330
6 500 2700 410
7 481 2850 460
8 450 3000 510
9 475 2850 560
10 492 2750 540
11 506 2650 550
12 519 2550 530
13 529 2450 520
14 537 2350 530
15 544 2250 500
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Y X VA
1 496 1300 650
2 528 1450 620
3 543 1550 590
4 565 1650 560
5 568 1680 540
6 575 1780 510
7 557 1830 490
8 548 1740 420
9 550 1910 390
10 534 2060 320
11 542 2100 350
12 549 2210 410
13 542 2350 530
14 535 2450 490
15 496 2600 330
16 500 2700 410
8.

Y X VA
1 468 1200 600
2 528 1450 620
3 509 1600 580
4 511 1710 520
5 534 1850 430
6 550 1910 390
7 519 2070 340
8 549 2210 410
9 531 2340 550
10 496 2600 330
11 500 2700 410
12 464 2900 480
13 475 2850 560
14 500 2700 530
15 521 2500 570




\O
—_
e

Y X V4 Y X VA

1 511 1710 520 5 557 1830 490
2 536 1810 500 2 548 1740 420
3 534 1850 430 3 550 1910 390
4 532 1860 410 4 534 2060 320
5 508 2050 300 5 542 2100 350
6 519 2070 340 6 549 2210 410
7 524 2150 370 7 542 2350 530
8 534 2300 550 8 535 2450 490
9 531 2340 550 9 496 2600 330
10 507 2500 350 10 500 2700 410
11 485 2650 350 11 481 2850 460
12 486 2750 440 12 450 3000 510
13 464 2900 480 13 475 2850 550
14 467 2900 550 14 492 2750 540
15 484 2800 550 15 506 2650 550

16 519 2550 530

2) 3anexHicTh cobiBapTocTi Y (TUC. TpH.) B 1) 00csTy BHpOOHHUIITBA X (THC.
TPH.), 2) 00OcsIry TOpriBii Z (THC. TPH.) TIOJAHO CTATUCTUYHUMH PO3TIOJILIaMHU:

11. 12.
Y X VA Y X V4

1 1332 1200 600 1 1546 1400 630
2 1453 1300 650 2 1615 1500 610
3 1546 1400 630 3 1671 1600 580
4 1542 1450 620 4 1698 1630 570
5 1615 1500 610 5 1719 1710 520
6 1597 1550 590 6 1774 1810 500
7 1671 1600 580 7 1746 1850 430
8 1645 1650 560 8 1612 1740 420
9 1698 1630 570 9 1738 1860 410
10 1652 1680 540 10 1750 1910 390
11 1719 1710 520 11 1842 2050 300
12 1715 1780 510 12 1846 | 2060 320
13 1774 1810 500 13 1891 2070 340
14 1763 1830 490 14 1908 2100 350
15 1746 1850 430 15 1996 | 2150 370
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13.
Y X V4
1 1746 1850 430
2 1338 1860 410
3 1842 2050 300
4 1891 2070 340
5 1996 2150 370
6 2316 2300 550
7 2359 2340 550
8 2343 2500 350
9 2515 2650 350
10 2704 2750 440
11 2829 2850 360
12 2916 2900 480
13 3060 3000 510
14 2983 2900 550
15 2935 2850 560
15.
Y X V4

1 1746 1850 430
2 1612 1740 420
3 1750 1910 390
4 1842 2050 300
5 1891 2070 340
6 1908 2100 350
7 2316 2300 550
8 2338 2350 530
9 2405 2450 490
10 2343 2500 350
11 2515 2650 350
12 2610 2700 410
13 2829 2850 460
14 2916 2900 480
15 2983 2900 550
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b

Y X VA
1 1891 2070 340
2 1996 2150 270
3 2316 2300 550
4 2359 2340 530
5 2405 2450 490
6 2434 | 2600 330
7 2610 | 2700 410
8 2704 | 2750 440
9 2916 2900 480
10 2983 2900 550
11 2866 2800 550
12 2730 | 2700 530
13 2596 | 2600 510
14 2549 2500 570
15 2376 | 2400 510
16 2300 | 2300 540
16.
Y X VA

1 1615 1500 610
2 1517 1600 580
3 1698 1630 570
4 1719 1710 520
5 1774 1810 500
6 1746 1850 430
7 1738 1860 10
8 1842 2050 300
9 1891 2070 340
10 1996 2150 370
11 2316 2300 550
12 2359 2340 550
13 2343 2500 350
14 2515 2650 350
15 2610 | 2700 410




17.
Y X V4

1 1715 1780 510
2 1763 1830 490
3 1746 1850 430
4 1738 1860 410
5 1842 2050 300
6 1846 2060 320
7 1908 2100 350
8 2071 2210 410
9 2316 2300 550
10 2338 2350 530
11 2405 2450 490
12 2343 2500 350
13 2515 2650 350
14 2610 2700 410
15 2829 2850 460

2916 2900 480
19.

Y X VA

1 1842 2050 300
2 1891 2070 340
3 1996 2150 370
4 2316 2300 550
5 2359 2340 550
6 2405 2450 490
7 2334 2600 330
8 2610 2700 410
9 2916 2900 480
10 2983 2900 550
11 2866 2800 550
12 2798 2750 540
13 2694 2650 550
14 2561 2550 530
15 2441 2450 520
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Y X VA
1 1546 1400 630
2 1615 1500 610
3 1698 1630 570
4 1774 1810 500
5 1612 1740 420
6 1842 2050 300
7 1908 2100 350
8 2071 2210 410
9 2359 2340 550
10 2434 | 2600 330
11 2704 | 2750 440
12 3060 3000 510
13 2866 2800 550
14 2694 | 2650 550
15 2441 2450 520
20.
Y X V4

1 1774 1810 500
2 1746 1850 430
3 1612 1740 420
4 1750 1910 390
5 1842 2050 300
6 1908 2100 350
7 1996 | 2150 370
8 2316 | 2300 550
9 2338 2350 530
10 2405 2450 490
11 2343 2500 350
12 2610 | 2700 410
13 2916 2900 480
14 2376 2400 510
15 2300 | 2300 540
16 2206 | 2250 500




3) 3anexHicTh peHTabenbHOCTI Y (%) mimnpuemctsa Bia: 1) oOcary Bu-
poOHHUITBA X, THC. TPH.; 2) 00CATY TOPriBiIi Z, TUC. TPH., HABEJICHO CTATHC-
TUYIHUM PO3MOILIIOM:

21. 22.
Y X Z Y X Z
1 3514 | 1200 | 600 1 34,00 | 1740 | 420
2 34,11 | 1300 | 650 2 30,61 | 1860 | 410
3 31,30 | 1400 | 630 3 31,43 | 1910 | 390
4 | 3424 | 1450 | 620 4 | 27,58 | 2050 | 300
5 30,65 | 1500 | 610 5 2892 | 2060 | 320
6 3400 | 1550 | 590 6 | 2745 | 2070 | 340
7 30,46 | 1600 | 580 7 18,41 | 2100 | 350
8 3435 | 1650 | 560 8 2625 | 2150 | 370
9 | 2956 | 1630 | 570 9 | 2651 | 2210 | 410
10 | 3438 | 1680 | 540 10 | 23,06 | 2300 | 550
11 | 29,73 | 1710 | 520 11 | 23,18 | 2350 | 330
12 | 33,53 | 1780 | 510 12 | 22,51 | 2340 | 550
13 | 3021 | 1810 | 500 13 | 22,25 | 2450 | 490
14 | 31,59 | 1830 | 490 14 | 21,64 | 2500 | 350
15 | 30,58 | 1850 | 430 15 | 20,38 | 2600 | 330
23 24,
Y X Z Y X Z
1 1928 | 2650 | 350 1 21,67 | 2450 | 520
2 19,16 | 2700 | 410 2 22,47 | 2400 | 510
3 17,97 | 2750 | 440 3 22,92 | 2350 | 530
4 17,00 | 2850 | 460 4 | 2348 | 2300 | 540
5 1591 | 2900 | 480 5 24,66 | 2250 | 500
6 14,71 | 3000 | 510 6 3514 | 1200 | 600
7 15,66 | 2900 | 550 7 31,30 | 1400 | 630
8 16,18 | 2850 | 560 8 3424 | 1450 | 620
9 16,89 | 2800 | 550 9 34,00 | 1550 | 590
10 | 17,58 | 2750 | 540 10 | 3435 | 1650 | 560
11 | 1832 | 2700 | 530 11 | 3438 | 1680 | 540
12 | 18,78 | 2650 | 550 12 | 33,53 | 1780 | 510
13 | 19,80 | 2600 | 510 13 | 31,59 | 1830 | 490
14 | 20,27 | 2550 | 530 14 | 3400 | 1740 | 420
15 | 20,44 | 2500 | 570 15 | 31,43 | 1910 | 390
16 | 28,92 | 2060 | 320
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N}
hdl

Y X V4
1 31,59 | 1830 490
2 34,00 | 1740 420
3 31,43 1910 390
4 28,92 | 2060 320
5 28,41 | 2100 350
6 26,51 | 2210 410
7 23,18 | 2350 530
8 22,25 | 2450 490
9 20,38 | 2600 330
10 19,16 | 2700 410
11 17,97 | 2750 440
12 15,91 | 2900 480
13 15,66 | 2900 550
14 16,89 | 2800 550
15 18,32 | 2700 530
27.
Y X V4

1 23,06 | 2300 550
2 22,51 | 2340 550
3 21,64 | 2500 350
4 19,28 | 2650 350
5 17,97 | 2750 440
6 15,91 | 2900 480
7 15,66 | 2900 550
8 16,18 | 2850 560
9 17,58 | 2750 540
10 18,78 | 2650 550
11 20,27 | 2550 530
12 21,67 | 2450 520
13 22,92 | 2350 530
14 24,66 | 2250 500
15 34,24 | 1450 620
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26.
Y X VA
1 30,58 | 1850 430
2 30,61 1860 410
3 27,58 | 2050 300
4 24,45 | 2070 340
5 26,25 | 2150 370
6 23,06 | 2300 550
7 22,51 | 2340 550
8 21,64 | 2500 350
9 19,28 | 2650 350
10 17,97 | 2750 440
11 15,91 | 2900 480
12 15,66 | 2900 550
13 16,89 | 2800 550
14 18,32 | 2700 530
15 19,80 | 2600 510
16 20,44 | 2500 570
28.
Y X VA

1 33,53 1780 510
2 31,59 | 1830 490
3 30,58 1850 430
4 30,61 1860 410
5 31,43 1910 390
6 27,58 | 2050 300
7 27,45 | 2070 340
8 26,25 | 2150 370
9 23,06 | 2300 550
10 22,51 | 2340 530
11 21,64 | 2500 350
12 19,28 | 2650 350
13 17,00 | 2850 460
14 14,71 | 3000 510
15 16,18 | 2850 560




29. 30.

Y X VA Y X V4
1 31,30 | 1400 630 1 34,24 | 1450 620
2 30,65 1500 610 2 30,65 1500 610
3 30,46 | 1600 580 3 30,46 | 1600 580
4 29,56 | 1630 570 4 34,35 1650 560
5 29,73 1710 520 5 34,38 | 1680 540
6 30,21 1810 500 6 29,73 1710 520
7 31,59 | 1830 490 7 30,21 1810 500
8 34,00 | 1749 420 8 31,59 | 1830 490
9 31,43 1910 390 9 34,00 | 1740 420
10 28,92 | 2060 320 10 31,43 1910 390
11 28,41 | 2100 350 11 27,58 | 2050 300
12 26,51 | 2210 410 12 27,45 | 2070 340
13 23,18 | 2350 530 13 28,41 | 2100 350
14 22,25 | 2450 490 14 26,51 | 2210 410
15 20,28 | 2650 350 15 23,06 | 2300 550

Hlompiono:

1. BuzHauntu craTHCTHYHI OIHKA By, B, B>, B3, B, LI mapame-
tpiB Bo, Bi, P2, B3, Ba piBHAHHSA perpecii y, =B, +B,x, +B,x] +
+Byz + Bz

2. 3 mapiitaictio y = 0,99 noOyayBaTi HOBipuuMii iHTEpBaN AJs He-
niHilHOT GyHKuii perpecii y, =B, +B,x, +B,x] +B5z, +B,z;] .

3. O6uncnuty KoedinieHT MHOXHHHOI perpecii R.

3anexxHicTh cobiBapToCTi KapToruti Y, rpu/u Bif ii BpoxkaiHOCTI X,
COTHI 1/Ta, HABEJICHO CTATUCTUYHUMH PO3IOALIAMHU:
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1. 2. 3.
Y X Y X Y X
1| 11,06 | 1,23 1 | 1046 1,47 1[92 | 1,72
2 | 1036 | 145 2 | 10,90 1,32 2 | 10,03 | 1,84
3| 1004 | 1,52 3| 10,52 1,43 3| 635 | 2,34
4 | 1228 | 1,07 4 | 10,26 1,51 4 [ 773 | 1,9
50 11,44 | 124 5| 10,90 1,32 51695 | 2,07
6 | 1006 | 135 6 | 10,80 1,37 6 | 634 | 2,26
7 | 1056 | 1,48 7 | 1048 1,44 7| 658 | 2,04
8 | 11,24 | 1,29 8 | 1032 1,50 8 | 934 | 1,72
9 | 1062 | 146 9 | 11,18 1,25 9 | 7,58 | 2,03
10| 10,82 | 1,29 10 | 10,68 1,38 10 | 9,56 | 1,72
11| 10,90 | 1,43 11| 9,05 1,64 11| 622 | 2,35
12| 916 1,52 12| 836 1,85 12| 748 | 2,02
13| 11,46 | 1,53 13| 7,25 2,01 13 | 6,93 | 2,27
14| 1042 | 1,46 14| 8,03 1,95 14| 722 | 2,18
15 1022 | 1,53 15| 746 2,16 15| 8,83 | 1,94
4. 5. 6.
Y X Y X Y X
1| 1036 | 145 1 | 10,68 1,38 1 [ 1228 | 1,07
2 | 1228 | 1,07 2 | 836 1,85 2 [ 1144 | 1,24
3| 1060 | 1,35 3| 8,03 1,95 3 [10,56 | 1,48
4 | 1124 | 1,29 4 | 9,26 1,72 4 [ 1124 ] 1,29
s | 1014 | 1,62 s | 635 2,34 s [ 1014 | 1,62
6 | 10,82 | 1,29 6 | 695 2,07 6 | 10,92 | 1,37
7| 916 1,52 7| 6,58 2,04 7| 916 | 1,52
8 | 1042 | 146 8 | 7.8 2,03 8 | 11,46 | 1,53
9 | 11,44 | 121 9 | 622 2,35 9 1022 | 1,53
10| 1022 | 1,53 10| 693 2,27 10 | 11,44 | 1,21
11| 1090 | 1,32 11| 883 1,94 11 | 1022 | 1,53
12| 1026 | 1,51 12| 9,05 1,64 12 | 10,46 | 1,47
13 | 10,80 | 1,37 13| 725 2,01 13 | 10,52 | 1,43
14| 1032 | 1,50 14| 746 2,16 14 | 1026 | 1,51
15| 10,03 1,84 15 | 10,90 | 1,32
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7. 8. 9.
Y X Y X Y X
1 11,18 1,25 1 7,22 2,18 1 |10,42 | 1,46
2 10,68 1,38 2 6,93 2,27 2 | 11,46 | 1,53
3 8,36 1,85 3 6,22 2,35 31916 | 1,52
4 7,25 2,01 4 9,56 1,72 4 11090 | 1,43
5 7,46 2,16 5 9,34 1,72 5 110,82 | 1,29
6 9,26 1,72 6 6,58 2,04 6 | 10,92 | 1,37
7 6,35 2,34 7 6,95 2,07 7 110,14 | 1,62
8 7,73 1,92 8 7,73 1,92 8 110,62 | 1,46
9 6,34 2,26 9 10,03 1,84 9 | 11,24 | 1,29
10 | 6,58 2,04 10 9,26 1,72 10 | 10,56 | 1,48
11 7,58 2,03 11 8,03 1,95 11 | 10,60 | 1,35
12 | 9,56 1,72 12 7,25 2,01 12 | 11,44 | 1,24
13 7,48 2,02 13 9,05 1,64 13 | 12,28 | 1,07
14| 6,93 2,27 14 | 10,68 1,38 14 | 10,04 | 1,52
15 8,83 1,94 15| 10,32 1,50 15 | 10,36 | 1,45
10. 11. 12.
Y X Y X Y X

1 10,04 1,52 1 12,28 1,07 1 ]10,80 | 1,37
2 10,60 1,35 2 11,44 1,24 2 | 1048 | 1,44
3 11,24 1,29 3 10,56 1,48 3 111,18 | 1,25
4 10,14 1,62 4 11,24 1,29 4 | 10,68 | 1,38
5 10,82 1,89 5 10,14 1,62 5] 836 | 1,85
6 9,16 1,52 6 10,92 1,37 6 | 7,25 | 2,01
7 10,42 1,46 7 10,90 1,43 7 | 803 | 1,95
8 11,44 1,21 8 9,16 1,52 & 1 926 | 1,72
9 10,22 1,53 9 10,42 1,46 9 110,03 | 1,84
10 | 10,90 1,32 10 | 10,22 1,53 10 | 7,73 | 1,92
11 | 10,26 1,51 11 10,42 1,46 11 | 6,95 | 2,07
12 | 10,80 1,37 12 | 10,22 1,53 12 | 6,58 | 2,04
13 | 10,32 1,50 13 | 10,90 1,32 13| 7,58 | 2,03
14 | 10,68 1,38 14 | 10,52 1,43 14 ] 9,56 | 1,72
15 8,36 1,85 15 | 10,90 1,30 15| 7,48 | 2,02
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13. 14. 15.
Y X Y X Y X
1| 1144 | 121 1| 11,44 1,24 1| 916 | 1,52
2 | 1022 | 146 2 | 10,56 1,48 2 [ 1146 | 1,53
3 109 | 1,32 3| 1062 1,46 3 (1022 | 1,53
4 | 1026 | 1,51 4 | 10,92 1,37 4 [ 1144 ] 1,21
51 10,80 | 137 5| 10,90 1,43 5 11022 | 1,53
6 | 1032 | 1,50 6 | 11,46 1,53 6 | 10,46 | 1,47
7 | 1068 | 138 7 | 1022 1,53 7 [ 1052 | 1,43
8 | 8236 1,85 8 | 11,44 1,21 8 | 10,26 | 1,51
9 | 725 | 201 9 | 10,22 1,53 9 | 10,80 | 1,37
10| 746 | 2,16 10 | 10,90 1,32 10 | 10,48 | 1,44
11| 1030 | 1,84 11| 10,26 1,51 11| 11,18 | 1,25
12| 7,73 1,92 12| 10,80 137 12 | 10,68 | 1,38
13| 634 | 226 13| 1032 1,5 13 | 836 | 1,85
14| 934 1,72 14| 11,18 1,25 14| 725 | 2,01
15| 9,56 1,72 15| 836 1,85 15| 746 | 2,16
16. 17. 18.
Y X Y X Y X

1| 1124 | 1,29 1| 11,06 1,23 1 1052 ] 1,43
2 | 1062 | 1,46 2 | 12,22 1,07 2 (1026 | 1,51
3 10,14 | 1,62 3| 11,44 1,24 3 | 1048 | 1,44
4 | 1090 | 1,43 4 | 10,60 1,35 4 11032 ] 1,50
51 9,16 1,52 5| 11,24 1,29 5 | 10,68 | 1,38
6 | 11,46 | 1,53 6 | 10,92 1,37 6 | 9,05 | 1,60
7 | 1042 | 146 7 | 1082 1,29 7 | 803 | 1,95
8 | 11,44 | 121 8 | 10,90 1,43 8 | 7.46 | 2,10
9 | 1042 | 146 9 | 1146 1,53 9 | 635 | 2,39
10 1022 | 1,53 10| 11,44 1,21 10| 7,73 | 1,9
11| 1090 | 1,32 11| 1042 1,46 11| 934 | 1,72
12| 1052 | 1,43 12| 1022 1,53 12| 7,58 | 2,03
13 ] 1026 | 1,51 13 | 10,90 1,32 13] 622 | 235
14| 10,80 | 1,37 14 | 10,80 1,37 14| 7.48 | 2,02
15| 1048 | 1,44 15| 1048 1,44 15| 722 | 2,18
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19. 20. 21.
Y X Y X Y X
1| 1004 | 1,52 1| 905 1,60 1 [ 1124 ] 1,29
2 | 1028 | 1,07 2 | 836 1,80 2 | 1062 | 1,46
3 | 10,56 | 1,48 3| 8,03 1,93 3 10,14 | 1,62
4 | 1124 | 129 4 | 746 2,16 4 11092 | 1,37
s | 1014 | 162 51 1003 | 1,82 5 11082 | 1,29
6 | 1092 | 137 6 | 635 2,39 6 | 10,90 | 1,43
71 916 | 152 7| 695 2,07 7 | 1146 | 1,53
8 | 11,46 | 1,53 8 | 634 2,26 8 [ 1042 | 1,46
o | 1144 | 121 9 | 934 1,72 9 | 1022] 1,53
10| 1042 | 146 10| 7,58 2,03 10 | 10,42 | 1,46
1| 1052 | 1,43 1| 622 2,35 11| 1022 ] 1,53
12| 1026 | 1,51 12| 748 2,02 12 | 1046 | 1,47
13| 1048 | 1,44 13| 722 2,18 13| 1052 | 1,43
14| 1032 | 1,50 14| 883 1,99 14 | 1026 | 1,51
15| 725 | 201 15| 11,06 | 1,23 15 | 10,90 | 1,32
22. 23, 24,
Y X Y X Y X

1| 725 | 201 1| 1228 | 1,07 1 [1032] 1,50
2 | 803 | 1,93 2 | 1144 | 1,24 2 |18 | 1,25
3| 746 | 216 3| 1060 | 1,35 3 | 10,68 | 1,38
4 | 1003 | 1,84 4| 1062 | 146 4 | 725 | 2,01
s | 635 | 234 5| 10,14 | 1,62 51803 | 1,95
6 | 695 | 2,07 6 | 1092 | 1,37 6 | 746 | 2,16
7| 634 | 220 7| 1090 | 1,43 71 635 | 2,34
8 | 658 | 2,04 8 | 9,16 1,52 8 | 7,73 | 1,92
9 | 7,58 | 2,03 9 | 11,46 | 1,53 9 | 695 | 2,07
10| 956 | 1,72 10| 1144 | 121 10] 934 | 1,72
11| 622 | 235 11| 1042 | 146 11| 956 | 1,72
2] 693 | 227 12| 1022 | 1,53 12| 748 [ 2,02
13] 722 | 2,18 13] 1052 | 143 13| 693 [ 2,27
14| 88 | 1,94 14| 1026 | 1,51 14| 722 | 2,18
15] 905 | 1,64 15| 1090 | 1,32 15| 8,83 | 1,94
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25. 26. 27.
Y X Y X Y X

1| 1014 | 1,62 1| 12,28 1,07 1 [ 11,18 ] 1,25
2 | 1092 | 1,37 2 | 10,56 1,48 2 | 10,68 | 1,38
3| 9,16 1,52 3| 11,24 1,29 3| 7,25 | 2,01
4 | 1146 | 1,53 4 | 10,62 1,46 4 | 803 | 1,95
50 11,44 | 121 5| 10,82 1,29 51926 | 1,72
6 | 1042 | 146 6 | 10,90 1,43 6 | 10,03 | 1,84
7 | 1090 | 132 7| 916 1,52 7] 773 | 1,92
8 | 10,52 | 143 8 | 1022 1,53 8 | 6,95 | 2,07
9 | 1090 | 1,32 9 | 11,44 1,21 9 934 | 1,72
10| 10,80 | 1,37 10 | 10,42 1,46 10 | 7,58 | 2,03
11| 11,18 | 1,25 11 | 10,52 1,43 11| 956 | 1,72
12| 10,68 | 1,38 12| 10,26 1,51 12| 748 | 2,02
13 725 | 201 13 | 10,90 1,32 13 | 6,93 | 2,27
14| 803 1,95 14 | 1048 1,44 14| 722 | 2,18
15| 9,26 1,72 15| 1032 1,50 15| 8,83 | 1,94

28. 29. 30.

Y X Y X Y X

1| 916 1,52 1| 11,06 1,23 1 | 1146 | 1,53
2 | 1146 | 1,53 2 | 11,44 1,24 2 | 1042 | 1,46
30 1022 | 1,53 3 | 10,60 1,35 31144 | 1,21
4 | 1046 | 147 4 | 10,56 1,48 4 | 1042 | 1,46
5 | 1090 | 132 5 | 10,14 1,62 5 1026 ] 1,51
6 | 10,52 | 143 6 | 10,92 1,37 6 | 109 | 1,32
7 | 1048 | 1,44 7 | 1082 1,29 7 | 1048 | 1,44
8 | 1032 | 1,50 8 | 1146 1,53 8 | 11,18 | 1,25
9 | 11,18 | 125 9 | 10,42 1,46 9 | 9,05 | 1,64
10 | 9,05 1,64 10 | 1022 1,53 10| 7,25 | 2,01
11| 836 1,85 11 | 1046 1,47 11| 8,03 | 1,95
12| 803 1,95 12 | 10,90 1,32 12| 746 | 2,16
13| 746 | 2,16 13| 10,52 1,43 13 | 10,03 | 1,84
14| 1030 | 1,84 14 | 1032 1,50 14| 7,73 | 1,9
15| 11,18 1,25 15| 7,58 | 2,03
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Hlompionuo:
1. 3HalTH TOYKOBI CTATHCTUYHI OWIHKU B,, B, IS MapameTpiB

By, By Gynkwii perpecii y, =B, +%_
2. 3 mamiinicTio ¥ = 0,99 moOyayBatu moBipumii iHTepBaN It Qy-
HKULIT perpecii y, =B, + B
X,

1

3. O6yucnutu R.

4. HeniHinHa mopenb perpecii 3a napameTpamm

O0poOKa 3BITHHX JaHUX IO PETIOHY Jalia 3alle)KHOCTI o0cary BUPOO-
HUITBA NPOAYKIIil Y, MJIPA TpH., Bii OCHOBHOIO KamiTamy X, MIpI TpH.,
po6oyoi cuiu Z, MITH 0cCi0, 1 Jacy f, sIKi HaBeJIeHO CTAaTUCTUYHUMHU PO3-
IMOJ1IIaMHU:

1. 2.

Y X A t Y X A t
1| 1,7997 | 3,00 | 2,01 | 1 1] 29368 | 394|236 | 1
2 | 1,8548 | 3,10 | 2,04 | 2 2| 30125 | 397 | 239 | 2
3 | 1,9640 | 3,15 | 2,06 | 3 3| 3,0951 | 4,01 | 242 | 3
4 2,022 | 321 | 2,09 | 4 4| 3,1459 | 405 | 240 | 4
5 12,1190 | 332 | 2,11 | 5 5032202 | 412|239 | 5
6 21899 | 339 [ 213 | 6 6 | 3,2688 | 419 | 235 | 6
7 122490 | 343 | 215 | 7 7| 33077 | 425 | 229 | 7
8 | 23056 | 345 | 2,18 | 8 8 | 33606 | 432 | 225 | 8
9 [ 23643 | 347 | 221 | 9 9 | 3,3760 | 438 | 2,17 | 9
10 | 24253 | 3,52 | 222 | 10 10 | 34224 | 441 | 2,15 | 10
11 | 2,4943 | 3,57 | 224 | 11 11| 3,4423 | 445 | 2,08 | 11
12 | 2,5648 | 3,62 | 2,26 | 12 12| 33735 | 452 | 2,03 | 12
13 | 2,6713 | 3,74 | 2,28 | 13 13 | 34693 | 427 | 2,01 | 13
14 | 2,7515 | 3,79 | 2,31 | 14 14| 33252 | 4,12 | 1,93 | 14
15 | 2,8121 | 3,81 | 2,33 | 15 15| 3,1578 | 4,01 | 1,89 | 15
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3, 4.
Y X z t Y X z t
1 | 34138 | 395 | 1,84 | 1 1| 3,0073 | 273 | 1,87 | 1
2 | 3,0421 | 376 | 1,82 | 2 2| 31157 | 276 | 1,92 | 2
3 ]3,1040 | 351 | 1,78 | 3 3| 33254 | 2,81 | 1,95 | 3
4 | 29011 | 348 | 1,75 | 4 4 | 33532 | 289 | 1,97 | 4
5 13,0358 343 | 1,72 | 5 5] 34121 | 296 | 203 | 5
6 | 27612 | 326 | 1,69 | 6 6 | 1,7997 | 3,00 | 2,01 | 6
7 128282 3,02 | 1,68 | 7 7 | 1,8548 | 3,10 | 2,04 | 7
8 | 27345 | 297 | 1,68 | 8 8 | 1,9640 | 3,15 | 2,06 | 8
9 | 28554 | 293 | 1,69 | 9 9 | 2,0222 | 321 | 2,090 | 9
10 | 2,8066 | 2,91 | 1,72 | 10 10| 2,1190 | 3,32 | 2,11 | 10
11 | 29236 | 2,84 | 1,75 | 11 11| 2,1899 | 3,39 | 2,13 | 11
12 | 2,8961 | 2,85 | 1,78 | 12 12| 2,2490 | 343 | 2,15 | 12
13 | 2,9823 | 2,74 | 1.81 | 13 13 | 2,3056 | 3,45 | 2,18 | 13
14 | 2,9029 | 2,68 | 1,84 | 14 14 | 23643 | 347 | 221 | 14
5. 6.
Y X Z t Y X z t
1 | 30421 | 3,76 | 1,82 | 1 1| 33532 | 289 | 1,97 | 1
2 | 31040 | 3,51 | 1,78 | 2 2 | 34121 | 2,96 | 2,03 | 2
3 | 29011 | 348 | 1,75 | 3 3| 1,7997 | 3,00 | 2,01 | 3
4 13,0358 | 343 | 1,72 | 4 4 | 1,8548 | 3,10 | 2,04 | 4
5 127612 326 | 1,69 | 5 5] 1,9640 | 3,15 | 2,06 | 5
6 | 28282 302 | 1,68 6 6 | 2,0222 | 321|209 | 6
7 | 2,7345 | 297 | 1,68 | 7 7| 2,1190 | 332 | 2,11 | 7
8 | 2,8554 | 2,93 | 1,69 | 8 8 | 2,1899 | 339 | 2,15 | 8
9 | 2,8066 | 291 | 1,72 | 9 9 | 2,2490 | 343 | 2,13 | 9
10 | 2,9236 | 2,84 | 1,75 | 10 10 | 2,3056 | 3,45 | 2,18 | 10
11 | 2,8961 | 2,85 | 1,78 | 11 11| 23643 | 3,47 | 2,21 | 11
12 | 2,9029 | 2,68 | 1,84 | 12 12| 24253 | 3,52 | 222 | 12
13 | 3,1073 | 2,73 | 1,87 | 13 13 | 2,4943 | 3,57 | 224 | 13
14 | 3,1157 | 2,76 | 1,92 | 14 14 | 2,5648 | 3,62 | 2,26 | 14
15 | 33254 | 2,96 | 2,03 | 15 15| 2,6713 | 3,74 | 228 | 15
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7. 8.

Y X z t Y X z t
1 | 3,0051 | 401 | 242 | 1 1| 30421 | 3,76 | 1,82 | 1
2 | 3,1459 | 4,05 | 240 | 2 2 | 3,1040 | 351 | 1,78 | 2
3 13,2202 412 | 239 | 3 3| 29011 | 348 | 1,75 | 3
4 | 32688 | 4,18 | 2,35 | 4 4| 30358 | 343 | 1,72 ] 4
5 133077 | 425 | 229 | 5 51 27612 | 326 | 1,69 | 5
6 |3,3606 | 432 [ 225 | 6 6 | 2,8282 | 3,02 | 1,68 | 6
7 133760 | 438 | 2,17 | 7 72,7345 | 297 | 1,68 | 7
8 | 34224 | 441 | 2,15 | 8 8 | 2,8554 [ 2,93 | 1,69 | 8
9 | 34423 | 445 | 208 | 9 9 | 2,8066 | 291 | 1,72 | 9
10 | 33735 | 4,52 | 2,03 | 10 10 | 2,9236 | 2,84 | 1,75 | 10
11 | 3,4693 | 427 | 2,01 | 11 11| 2,8961 | 2,85 | 1,78 | 11
12 (33252 | 415 | 1,97 | 12 12 ] 29823 [ 274 | 1,81 | 12
13 | 3,4092 | 4,12 | 1,93 | 13 13 | 2,9029 | 2,68 | 1,84 | 13
14 | 3,1578 | 4,01 | 1,89 | 14 14| 3,1073 | 2,76 | 1,92 | 14
15 | 34138 | 3,95 | 1,84 | 15 15| 3,1157 | 281 | 195 | 15
9. 10.

Y X z t Y X z ¢
1| 1,8548 | 3,10 | 2,04 | 1 1| 34138 | 395 | 1,84 | 1
2 | 20222 ] 321 [ 209 | 2 2 | 31040 | 351 | 1,78 | 2
3| 21899 | 339 | 2,13 | 3 3| 3,0358 [ 343 | 1,72 | 3
4 | 20356 | 345 | 2,18 | 4 4 | 28282 | 3,02 | 1,68 | 4
5 | 24253 352|222 5 5| 2,8554 [ 293 [ 1,69 | 5
6 | 25648 | 3,57 | 224 | 6 6 | 29236 | 284 | 1,75 | 6
7 12,7515 | 3,79 | 231 | 7 7] 29823 | 274 | 181 | 7
8 | 29368 | 394 | 2,36 | 8 8 | 3,1073 [ 2,73 | 1,87 | 8
9 |3,0951 | 401 | 242 | 9 9 | 33254 | 281 | 1,95 | 9
10 | 32202 | 4,12 | 3,39 | 10 10 | 34121 | 2,96 | 2,03 | 10
11 | 33077 | 425 | 229 | 11 11| 3,0421 | 3,76 | 1,82 | 11
12 | 3,3760 | 438 | 2,17 | 12 12| 29011 | 348 [ 1,75 | 12
13 | 3,4423 | 445 | 2,08 | 13 13| 27612 | 326 | 1,69 | 13
14 | 3,4693 | 427 | 2,01 | 14 14| 2,7345 | 2,97 | 1,68 | 14
15 | 3,4092 | 412 | 1,93 | 15 15 | 2,8066 | 2,91 [ 1,75 | 15
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11. 12.

Y X Z t Y X Z t
1 | 29368 | 394 | 236 | 1 1| 3,1459 | 4,05 | 2140 | 1
2 [3,0125] 397 [ 239 | 2 2 | 32688 | 418 | 235 | 2
3 |3,0051 | 401 | 242 | 3 3| 33606 | 432 [ 225 | 3
4 |3,1459 | 405 | 240 | 4 4 | 34224 | 441 | 215 | 4
5 132202 412|239 5 5133735 [ 452 [ 203 | 5
6 | 3,688 | 4,18 | 235 | 6 6 | 33252 | 415 | 1,97 | 6
7 133077 | 425 [ 229 | 7 7| 3,1578 | 401 | 1,89 | 7
8 | 33606 | 432 | 225 | 8 8 | 30421 [ 3,76 | 1,82 | 8
9 [3,3760 | 438 [ 2,17 | 9 9 | 29011 | 348 [ 1,75 | 9
10 | 34224 | 441 | 2,15 | 10 10| 2,7612 | 326 | 1,69 | 10
11 | 34423 | 445 | 2,08 | 11 11| 2,7345 | 297 | 1,68 | 11
12 33735 | 452 | 2,03 | 12 12| 28066 | 291 | 1,72 | 12
13 | 34693 | 427 | 2,01 | 13 13| 2,8961 | 2,85 | 1,78 | 13
14 | 34092 | 412 | 1,93 | 14 14 | 2,9029 | 2,68 | 1,84 | 14
15 | 3,1578 | 4,01 | 1,89 | 15 15| 3,1157 | 2,76 | 192 | 15

13. 14.

Y X Z t Y X Z t
1| 1,9640 | 3,15 | 2,06 | 1 1| 34138 [ 395 ] 1,84 | 1
2 | 20190 | 332 | 2,11 | 2 2 | 31040 | 351 | 1,78 | 2
3 (22490 | 343 | 2,15 | 3 303,035 [ 343 1,72 3
4 | 23643 | 3,47 | 221 | 4 4| 28282 | 3,02 | 1,68 | 4
5 (24943 | 357 | 224 | 5 5| 2,8554 [ 293 [ 1,69 | 5
6 | 26713 ] 374 [ 228 ] 6 6 | 2,8066 | 291 [ 1,72 | 6
7 | 28121 | 381 | 233 | 7 7129236 | 284 [ 1,75 | 7
8 [3,0125] 397 [ 239 | 8 8 | 2,8961 | 2,85 | 1,78 | 8
9 [3,1459 | 405 [ 240 | 9 9 | 29823 [ 2,74 | 1,81 | 9
10 | 32688 | 4,18 | 2,35 | 10 10 | 2,9029 | 2,68 | 1,84 | 10
11 | 3,3606 | 432 | 2,15 | 11 11| 31073 | 2,73 | 1,87 | 11
12 | 34224 | 441 | 2,15 | 12 12| 3,1157 | 281 | 1,95 | 12
13 33735 | 452 | 2,03 | 13 1333532 [ 289|197 ] 13
14 33252 | 415 | 1,97 | 14 14 | 34121 | 2,96 | 2,03 | 14
15 | 3,1578 | 4,01 | 1,89 | 15 15| 30421 | 3,76 | 1,82 | 15
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15. 16.

Y X z t Y X z t
1 [ 20222 | 321 [ 200 | 1 1| 34693 | 427 | 201 | 1
2 | 2,1899 | 339 | 2,13 | 2 2 | 34092 | 412 | 1,93 | 2
3 | 23056 | 345 | 2,18 | 3 3| 34138 [ 395 1,84 | 3
4 | 24253 352 [ 222 | 4 4 | 31040 | 351 | 1,78 | 4
5 | 25648 | 3,62 | 226 | 5 5| 29011 | 348 | 1,75 | 5
6 | 27515 3,79 [ 231 | 6 6 | 2,7612 | 326 | 1,69 | 6
7 | 28121 | 381 [ 233 | 7 7 | 28282 302 1,68 | 7
8 |3,0125 | 397 | 2,39 | 8 8 | 2,8554 [ 2,93 | 1,69 | 8
9 | 3,0951 | 401 | 242 | 9 9 | 2,8066 | 291 | 1,72 | 9
10 | 32202 | 4,12 | 239 | 10 10 | 2,8961 | 2,85 | 1,78 | 10
11 | 3,2688 | 4,18 | 2,35 | 11 11| 2,9823 | 2,74 | 1,81 | 11
12 | 33606 | 432 | 2,15 | 12 12] 31073 [273] 1,87 12
13 | 33760 | 4,38 | 2,17 | 13 13 | 3,3254 | 2,81 | 1,95 | 13
14 | 3,4423 | 4,45 | 2,08 | 14 14| 33532 | 2,89 | 1,97 | 14
15 [ 33735 | 452 | 2,03 | 15 15 | 3,1040 | 3,51 | 1,78 | 15

17. 18.

Y X z t Y X z ¢
121899 | 339 [ 2,13 | 1 1| 33532 289 | 1,97 | 1
2 | 22490 | 343 [ 215 | 2 2 | 34121 | 296 | 2,03 | 2
3 | 23056 | 345 | 2,18 | 3 3| 1,7997 | 3,00 | 2,01 | 3
4 | 24943 | 357 | 224 | 4 4 | 1,9640 | 3,15 | 2,06 | 4
5 [ 25648 | 362 | 226 | 5 5| 20222 [ 321 ] 200 | 5
6 | 26713 | 3,74 | 228 | 6 6 | 2,1899 | 339 | 2,13 | 6
7 12,9368 | 394 | 236 | 7 7 | 22490 | 343 [ 2,15 | 7
8 |3,0125 | 397 | 2,39 | 8 8 | 2,3056 | 3,45 | 2,18 | 8
9 |3,0951 | 401 | 242 | 9 9 | 2,4943 | 357 | 224 | 9
10 | 32688 | 4,18 | 2,35 | 10 10 | 2,5648 | 3,62 | 2,26 | 10
11 | 33077 | 425 | 229 | 11 11| 2,6713 | 3,74 | 2,28 | 11
12 | 3,3606 | 432 | 225 | 12 12 2,7515 | 3,79 | 231 | 12
13 | 3,4224 | 441 | 2,15 | 13 13| 2,9368 | 3,94 | 236 | 13
14 | 3,4423 | 4,45 | 2,08 | 14 14 | 3,0125 | 3,97 | 239 | 14
15 [ 33735 | 452 | 2,03 | 15 15| 3,0951 | 401 | 242 | 15

287




19. 20.

Y X z t Y X z t
1 [ 34693 | 427 | 2001 | 1 1| 29368 | 394 | 236 | 1
2 | 33252 415 | 1,97 | 2 2 | 3,0125 | 397 | 239 | 2
3 | 34092 | 412 | 1,93 | 3 3| 3,0051 | 401 | 242 | 3
4 | 34138395 | 184 | 4 4 | 32688 | 418 | 235 | 4
5 13,0421 376 | 1,82 | 5 5133077 | 425|229 | 5
6 | 3,040 | 351 [ 1,78 | 6 6 | 33606 | 432 [ 225 | 6
7 [ 27612 | 326 | 1,69 | 7 7| 34224 | 441|215 | 7
8 | 2,8282 | 3,02 | 1,68 | 8 8 | 34423 | 4,45 | 2,08 | 8
9 [2,7345 | 297 [ 1,68 | 9 9 | 33735 | 452 [ 203 | 9
10 | 29236 | 2,84 | 1,75 | 10 10 | 3,3252 | 427 | 2,01 | 10
11 | 2,8961 | 2,85 | 1,78 | 11 11| 3,4092 | 4,12 | 1,93 | 11
12 [ 29823 | 2,74 | 1,81 | 12 12| 3,1578 | 401 | 1,89 | 12
13 |3,1073 | 2,73 | 1,87 | 13 13| 2,7345 | 2,97 | 1,68 | 13
14 | 3,1157 | 2,76 | 1,92 | 14 14 | 2,8066 | 2,91 | 1,72 | 14
15 | 33254 | 2,81 | 1,95 | 15 15] 29823 [ 2,74 [ 1,81 | 15
21. 22.

Y X z t Y X z ¢
1 | 34224 | 441 | 215 | 1 1| 33252 | 415|197 | 1
2 | 34423 | 445 | 208 | 2 2 | 31578 | 401 | 1,89 | 2
3 | 34693 | 427 | 2,01 | 3 3| 34138 [ 395 | 1,84 | 3
4 33252 415 | 1,97 | 4 4 | 3,0040 | 351 | 1,78 | 4
5 13,1578 | 401 | 1,89 | 5 5130358 [ 343 1,72 5
6 | 34138 | 395 | 1,84 | 6 6 | 2,7612 | 326 | 1,69 | 6
7 | 29011 | 348 | 1,75 | 7 7| 2,7345 | 297 | 1,68 | 7
8 |3,0358 | 343 | 1,72 | 8 8 | 2,8066 | 2,91 | 1,72 | 8
9 | 2882|302 | 1,68 9 9 | 29236 | 284 | 1,75 | 9
10 [ 2,7334 | 2,97 | 1,68 | 10 10| 2,8961 | 2,85 | 1,78 | 10
11 | 2,8066 | 2,91 | 1,72 | 11 11| 2,9029 | 2,68 | 1,84 | 11
12 [ 29236 | 2,84 | 1,75 | 12 1231073 [ 273|187 | 12
13 | 2,9823 | 2,74 | 1,81 | 13 13| 33254 [ 281|195 ] 13
14 [ 3,1073 | 2,73 | 1,87 | 14 14 | 34121 | 2,96 | 0,03 | 14
15 [ 3,1157 | 2,76 | 1,92 | 15 15 | 2,3056 | 3,45 | 2,18 | 15
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23. 24.
Y X V4 t Y X V4 t
1 | 1,7997 | 3,00 | 2,01 1 1| 2,4253 | 3,52 | 2,22 1
2 | 1,9640 [ 3,15 | 2,06 2 2 ] 2,5648 | 3,62 | 2,26 | 2
3 ]2,0222 | 3,21 | 2,09 3 3 | 2,6713 | 3,74 | 2,28 3
4 | 2,1899 | 3,39 | 2,13 4 4 | 28121 | 3,81 | 2,33 4
5 ] 23056 [ 3,45 | 2,18 5 5 ] 3,0951 | 4,01 | 242 5
6 | 2,3643 | 3,47 | 2,21 6 6 | 3,1459 | 4,05 | 2,40 | 6
7 | 2,4943 | 3,57 | 2,24 7 7 | 3,2688 | 4,18 | 2,35 7
8 | 2,5648 | 3,62 | 2,26 8 8 | 3,3606 | 4,32 | 2,25 8
9 | 2,7515 | 3,79 | 2,31 9 9 | 3,3760 | 438 | 2,17 | 9
10 | 2,9368 | 3,94 | 2,36 | 10 10 | 3,4423 | 4,45 | 2,08 | 10
11 | 3,0125 | 3,97 | 2,39 | 11 11 | 3,3735 | 4,52 | 2,03 | 11
12 | 3,1459 | 4,05 | 2,40 | 12 12 | 3,3252 | 4,15 | 1,97 | 12
13 | 3,2688 | 4,18 | 2,35 | 13 13| 3,1578 | 4,01 | 1,89 | 13
14 | 3,3606 | 4,62 | 2,25 | 14 14 | 3,0421 | 3,76 | 1,82 | 14
15 | 3,3760 | 4,38 | 2,17 | 15 15 | 3,1040 | 3,51 | 1,78 | 15
25. 26.
Y X V4 t Y X V4 t
1 ] 2,1190 | 3,32 | 2,11 1 1| 2,4253 | 3,52 | 2,22 1
2 | 2,1899 | 3,39 | 2,13 2 2 | 3,4943 | 3,57 | 2,24 | 2
3 ] 23056 [ 3,45 | 2,18 3 3] 2,5648 | 3,62 | 2,26 | 3
4 | 2,3643 | 3,47 | 2,21 4 4 | 28121 | 3,81 | 2,33 4
5 ] 2,4943 | 3,57 | 2,24 5 5] 29368 | 3,94 | 236 | 5
6 | 2,5648 | 3,62 | 2,26 6 6 | 3,0125 | 3,97 | 239 | 6
7 | 2,7515 | 3,79 | 2,31 7 7 | 3,2688 | 4,18 | 2,35 7
& [ 28121 | 3,81 | 2,33 8 & [ 3,3077 | 4,25 | 2,29 8
9 |3,0125 | 3,97 | 2,39 9 9 | 3,3606 | 4,32 | 2,25 9
10 | 3,0951 | 4,01 | 2,42 | 10 10 | 3,4224 | 4,41 | 2,15 | 10
11 | 3,2202 | 4,12 | 2,39 | 11 11| 3,4423 | 4,45 | 2,08 | 11
12 | 3,2688 | 4,18 | 2,35 | 12 12 | 3,3735 | 4,52 | 2,03 | 12
13 | 3,3606 | 4,32 | 2,25 | 13 13 | 3,3252 | 4,15 | 1,97 | 13
14 | 3,3760 | 4,38 | 2,17 | 14 14 | 3,4092 | 4,12 | 1,93 | 14
15 | 3,4423 | 4,45 | 2,08 | 15 15 | 3,1578 | 4,01 | 1,89 | 15
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217. 28.

Y X z t Y X z t
1 [34092 | 412 [ 193 | 1 1| 34138 [ 395 | 1,84 | 1
2 | 3,1578 | 401 | 1,89 | 2 2 | 30421 | 376 | 1,82 | 2
3 |3,0421 | 376 | 1,82 | 3 3| 29011 | 348 | 1,75 | 3
4 | 29011 | 348 [ 1,75 | 4 4| 30358 | 343 | 1,72 ] 4
5 13,0358 (343 | 1,72 5 5] 28282 3,02 ] 1,68 | 5
6 | 2882|302 1,68 6 6 | 2,7345 | 297 | 1,68 | 6
7 [ 27345 | 297 [ 168 | 7 7 | 28066 | 291 | 1,72 | 7
8 | 28066 | 291 | 1,72 | 8 8 | 29236 | 2,84 | 1,75 | 8
9 (29236 | 284 [ 1,75 | 9 9 | 29823 | 274 | 181 | 9
10 | 29823 | 2,74 | 1,81 | 10 10 | 2,9029 | 2,68 | 1,84 | 10
11 | 2,9029 | 2,68 | 1,84 | 11 11| 3,1157 | 2,76 | 1,92 | 11
12 [ 3,1157 | 2,76 | 1,92 | 12 12| 33254 | 281 | 1,95 | 12
13 | 33254 | 2,81 | 1,95 | 13 13 | 34121 | 2,96 | 2,03 | 13
14 33532 | 2,89 | 1,97 | 14 14| 1,7997 | 3,00 | 2,01 | 14
15 | 34121 | 2,96 | 2,03 | 15 15| 19640 | 3,15 | 2,06 | 15

29. 30.

Y X z t Y X z ¢
1 | 25648 | 3,62 | 226 | 1 1| 21190 | 332 | 2,11 | 1
2 | 26713 | 3,74 | 228 | 2 2| 21899 | 339 | 2,13 | 2
3 | 28121 | 381 | 233 | 3 3| 24943 | 357 | 224 | 3
4 | 29368 | 394 | 236 | 4 4 | 25648 | 3,62 | 2,26 | 4
5 13,0051 | 401 | 242 | 5 5129368 | 394 [ 236 | 5
6 | 3,1459 | 4,05 | 240 | 6 6 | 3,0125 | 397 | 239 | 6
7 |3,2688 | 418 [ 235 | 7 7| 32202 | 412|239 | 7
8 |3,3077 | 425 | 2,39 | 8 8 | 3,2688 | 4,18 | 235 | 8
9 | 33760 | 438 | 2,17 | 9 9 | 2,7612 | 326 | 1,69 | 9
10 | 3,4224 | 441 | 2,15 | 10 10| 2,8282 [ 3,02 | 1,68 | 10
11 | 33735 | 452 | 2,03 | 11 11| 2,9236 | 2,84 | 1,75 | 11
12 | 3,4693 | 427 | 2,01 | 12 12| 2,891 | 2,85 | 1,78 | 12
13 | 3,4092 | 412 | 1,93 | 13 1331073 [273]192] 13
14 | 3,1578 | 4,01 | 1,89 | 14 14| 3,1157 | 2,76 | 1,92 | 14
15 | 3,0421 | 3,76 | 1,82 | 15 15| 33532 [ 289 | 197 | 15
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Hlompionuo:

1. Bu3HauuTH TOYKOBI CTaTHCTUYHI OiHKH B, B, B>, B; s ma-
pameTpiB B,, B, B,, B, dynkuii perpecii y, =B x"z"e™ .

2. 3 nanidiHictio ¥= 0,99 noOyayBaTu AoBipuuii iHTepBan s Qy-
HKIT perpecii y, = Bx z2eM .

3. O6uncnutu R.




JOJATKH J1O TEOPII HMOBIPHOCTEH
I MATEMATHYHOI CTATUCTUKH

Jlooamox 1
BHUITAJIKOBI ITPOILIECH.
MAPKOBCBKI BUITAJIKOBI ITPOUECHU TA EJIEMEHTH
TEOPIi MACOBOI'O OBCJIYTOBYBAHHS (TMO)

1. 3aranbHa iHpopmauisn

Teopist BUIQIKOBHX HPOLECIB € MATEMATHIHOK HAYKOIO, IO BH-
BYA€ 3aKOHOMIPHOCTI BUIIAIKOBUX MOAIN y ix auHamiui. Lls reopis (3a
IHIIIOIO TEPMIHOJIOTI€I0 — Teopis BUMAIKOBUX (PyHKIIiIT) BUBUA€E mpo-
LIECH, PO3BUTOK SIKUX Harepea TOYHO HEMOXKIMBO nependauntu. Taka
HEBU3HAYECHICTH (Hemepea0adyBaHiCTh) 3yMOBIICHA IIEI0 BUITAIKOBUX
(akTOpiB HAa PO3BUTOK MPOLIECY.

MareMaTHYHOIO MOJEIUTIO BHITAJKOBOTO IPOIECY € MeBHA (YyHK-
uiss X = X(¢) Big niicHoro apryMeHty ¢ € T (dacy), 3HaYSHHs SIKOi IpU
KOXXHOMY (hikcoBaHOMY 7 = #; € BUMAJKOBOIO BenmndnHOK. Came T1o-
HATTS BHITAJIKOBOTO TpoIlecy (BUIMAAKOBOI (DYHKIIIT) € y3arajlbHIOI0-
YUM MOHATTSIM BHUIIAJKOBOT BETUUNHH.

O1xe, BUNaIKOBUM TporiecoM X = X(7) Ha3UBalOTh TaKUii MpoIIEC,
KOJIH Tipu OyIb-IKOMY MO>KJIMBOMY 3Ha4eHHI 1 = f; BUNIajKoBa (QyHK-
i X = X(¢)) YTBOPIOE BUITA/IKOBY BEIMYMHY.

[lpu t=t, mMm nOicraHEMO BUIIAJKOBY BEINYUHY X(0) = (x1()),
x2(), -es Xi(t;), ...), SIKY HA3UBAIOTH MEPEPI30M BHUMALKOBOIO MPOLIECY.
Unm Ginbiie nepepiziB OyJie po3rIIIHYTO, TUM JETalbHIlIe ySIBICHHS
MU OyZeMO MaTH MPO BHUITAKOBUH TPOIIEC.

BuragkoBi mporiecu MokHa Kiacu(iKyBaTH 3a TUMHU YH 1HIIAMHA
03HaKaMHU.

EnemenTapHoto Kiacudikariero BUITaIKOBUX MPOIECIB € Kiacudi-
Kallis 32 O3HaKaMHu 4acy Ta CTaHy. BuUmaakoBHWil mpoliec Ha3WBAIOTh
npoyecom i3 OUCKpemHoio 3MiHHOIO yacy. SIKIo cucreMa, B SIKid BiH
3MIIACHIOETHCS, MOKE 3MIHIOBATH CBiM CTaH TIJIBKM B MOMEHTH 4Yacy
t, t, ..., ty, ..., KUIBKICTD SIKUX € OOMEXKEHOI0, 00 3J11Y€HHOIO.

[Ipuknanom nporecis i3 AUCKpeTHUM dacoM €: 1. Pobota TexHI4HOrO
MIPUCTPOIO, SIKUM KOHTPOIIOETHCSI B MOMEHTH 4acy f, b, ...; 2. [Ipoiec
pobotr EOM, 1110 MO’ke 3MiHIOBaTH CBili CTaH Y MOMEHTH Yacy {1, f;, ...

Posrnsnatoun oqHOBUMIpHUI BHITAIKOBUH Tiporiec X(¢) y aucCKpe-
THI MOMEHTH 4acy 1y, fy, ..., JICTAEMO TTOCJIIOBHICTh BUMAJKOBUX Be-
naauH X(t), X(t),...

* . o - . o .
Honarok nio noci6uuka: Knykmernko B. 1., Haxoneunuii C. I. Teopis iMoBipHOCTEH i Ma-
TemMatuyHa ctatuctuka: HaBu.-meron. mocibuuk: Y 2-x 1. — Y. 1. Teopis iimoBipHOCTEH. —
K.: KHEVY, 2000. — 304 c.
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SIKII0 eKCTeprUMEeHT 31iHCHUBCS, TO BUIAJKOBHUI Mpoiiec mo30as-
JSIETHCS €JIEMEHTA BUITAIKOBOCTI 1 pyHKIist X = X(f) HaOyBa€e MeBHOTO
BUTIIAY, TOOTO X = X(f) cTae HEBHITAKOBOIO (PYHKIII€IO BiJl apryme-
HTY t. Y upoMmy pasi X = X(f) Ha3UBaIOTh peanizayiclo 8UNAOK08020
npoyecy.

OTxe, pearizalli€lo BHIIAIKOBOTO Tpolecy X(f) Ha3MBa€eThCS He-
BUNA/IKOBA (PYHKIISA x =x(7), B Ky pealli3yeThCsl BUNAIKOBUN MpoLec
X=X().

JloX0oIMMO BHCHOBKY, 110 BUIAJKOBHUI MIPOLIEC € MHOKUHOK pea-
Jizaniu x; (¢), a came:

X(t) = (X](t), .X'z(t), cees Xk(t), )
MHoxuHa peaizalliii BUITaJKOBOTO MpoIiecy € 6a3010 eKCIIepUMEH-
Ty, Ha OCHOBI SIKOTO MOYKHA JICTaTH KOTO XapaKTEPUCTUKU. 3araiom
peaitizailiro BUMaIKOBOTO MpoIiecy 300paxkeHo Ha puc. 159.

X(0)

0 t t
Puc. 159

BumagkoBuit niporiec X(f) Ha3MBaIOTh npoyecom i3 HenepepeHuM
yacom, SIKIIO MEPexXisi CUCTEMH 3 OJIHOTO CTaHy B IHIIUN MOXke OyTH
3MIACHEHUH Y OyIb-sSKUH MOKJIMBUH MOMEHT Yacy ¢ 3a TIEBHUU CIIO-
CTepeXyBaHMI TepioA. Y IbOMY pa3i MHOXXHMHA MOXKJIMBUX CTaHIB
CHCTEMH € HE3JIIYCHHOIO.

[IpuknanaMu Takux CUCTEM €:

1) X(#) — gmcno BifKa3iB TEXHIYHOTO MPHUCTPOIO BiJl TIOYATKY PO-
OOTH 10 MOMEHTY Yacy f;

2) 9MCII0 BHKJIMKIB, IO HAIIMIIIN B JIIKAPHIO IMIBUKOT TOTIOMOTH
JI0 MOMEHTY 4acy £, Ta iH.

OmHOBUMIpHUH BHUITAIKOBUHN TIporiec X(f) Ha3UBAIOTh NPOYECoM i3
HenepepeHuM CMAaHOM, SIKIO Horo mepepi3 y OyAb-aKUi MOKIMBUN
MOMEHT 4acy ! yTBOPIOE HEIEPEPBHY BHIIAJKOBY BEIWYHHY, a CaMe:
MHO’KHHA 11 3HaYeHb € HEe3/11UEHHOIO.

AHaJOTIYHO MHOTOMIPHHH BHITQJKOBUH IMpOIEC HA3WBAIOTH TIPO-
LIECOM 13 HEMEepEepBHUM CTAHOM, SIKIIO B OyAb-IKHUH MOXXIUBUN MO-
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MEHT 4acy { MHO>KMHA HOTr0 MOJKJIMBHUX CTaHiB, 4epe3 SKUH MpPOXo-
JUTH LEH MpoIIec, € He3T1YeHHOIO.

ITpukiazamMy BUNAAKOBUX MPOLECIB 13 HEMIEPEPBHUM CTAHOM €:

1) nanpyra U(f) eneKTpoXUBICHHS 00YHCIIOBAILHOTO LIEHTPY;

2) Tuck razy P(f) B meBHOMY pe3epByapi TOIIIO.

BumaxoBuii mporec Ha3UBAIOTH NPOYECOM I3 OUCKpemHUM Cma-
HOM, SIKIIO B OyIb-sIKHH MOXIHMBHI MOMCHT 4acy ! MHOXHHA iOro
CTaHIB € CKIHUEHHOIO, a00 3JIIYEHHOI0, 1110, 110 CYTi, OJHE 1 Te caMme.
Voro mepepis y Gyb-sKuii MOXKIMBHH MOMEHT 4acy ¢ YTBOPIOE JIHC-
KpPETHY BUIAJIKOBY BeNWYHMHY (y 0araTOBUMipHOMY BHITaJKy — MHO-
YKUHY BUIIAJKOBUX BEJINYMH).

[IpuknagaMu Takux MPOIECIB €:

1) KiIbKICTh 00’ €KTIB MEBHOT TEXHIUHOI CUCTEMH, SIKI MOXKYTh Bi-
JMOBHUTH B poOOTi B ITeBHUM (HIKCOBAaHWH MOMEHT 4acy f;

2) KUTBKICTh TMACaXkHpiB, SKI MPOXOAATH Yepe3 CTaHII0 METPO B
NEBHHUI MOMEHT 4acy £, TOLIO.

2. 3aKoHM po3noAiny Ta OCHOBHi YUCNOBI
XapaKTepuCTUKU BMNaAKOBUX NMpoueciB

Ockinbku 3a OyAb-SKOTO MOKIIUBOTO 3HAYCHHS apTyMEHTY ¢ Tepe-
pi3 BUIIAJIKOBOTO mporecy X(®) YTBOPIOE BHIIAJIKOBY BETHYHHY, TO BOHA
Ma€ 3aKOH po3noz[1ny I/IMOBlpHOCTeI/I KU MOXKHA MOJIATH (YHKIIEIO
posnoniiay HMOBIpHOCTEH, a came:

F(t;x) = P(X (1)< x). (574)

®yHKIis pO3MOALTYy #MOBIpHOCTEH F(£; X), SIK 6a4MMO, 3alCIKUTH
BiJl IBOX apr'yMEHTIB — /1 X.

s ¢yHKIis HA3UBAETHCS OJHOBUMIPHUM 3aKOHOM PO3MOIUTY BU-
nmajKoBoro Tporecy X(7).

Sxuo 3agikcyBaTu J1Ba 3HAUYEHHS apryMEHTY /) 1 f, TO B LIbOMY
pasi JBa mepepi3u YyTBOPIOIOTH CUCTEMY JBOX BUIAIKOBUX BEITUYNH
(X(#1), X(1)). ©yHKIIIs po3MOJLITY CUCTEMH Oyie

F(t,,x,,%,) = P(X (1) < x,,X(8,) < x,). (575)

OTxe, QyHKIIS PO3MOALTY HMOBIPHOCTEH IS TBOX MEpEpi3iB yxe
3aJIeKaTUMeE Bif YOTHPHOX apryMeHTiB: t, b, X1, X2.

TeopeTnuyHO MO’KHAa HEOOMEKEHO 301JIBIITYBAaTH YHCIIO TIEpepi3iB i
IPU [ILOMY OJICP)KYBATH BCE MOBHIITY XapaKTEPUCTHKY JUIS BHIIAIKO-
BOro mpouecy X(#). Ane BUKOPUCTOBYBaTH Ha MPAKTHUII Il XapaKTe-
PHUCTHKH, sIK1 3aJIe)KaTh Bl 6araTboxX apryMeHTIB, JyXe He3py4HO.
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Tomy nmpakTH4HO OLIblIIe HIX JBa EPepi3d BUKOPUCTOBYIOTH PLAKO.

Jlns HemepepBHOro BHIIAZAKOBOrO mpouecy X(7) 3a (hikcoBaHOro
3HAYCHHSI {1 3aKOH PO3IOALLY MOBIPHOCTEH JUIsl HETIEPEPBHOI BHIIA-
AK0BOI BemanHu X({)), IO yTBOPIoE nepepis, MOXKHa MOJATH IILIbHI-
cTio iMoBipHOCTeH f(#), X), @ JUIs ABOX Hepep131B 3aKOH PO3MOILTY
CHCTEMHU MOXHa MOJAaTH INUIBHICTIO HMOBIpHOCTEH f(11, t2; X1, X2), SIKY
B IIbOMY pa3i Ha3UBAIOTb 080GUMIPHOIO.

Ha mpakrtuni, sIK MpaBuilo, 3aCTOCOBYIOThCS YHCIIOBI XapaKTepuc-
TUKH BHITIAJKOBHX IPOLIECIB, 10 € aHAJTIOT1YHIMH YHUCIIOBUM XapakKTe-
pPUCTHKAM BUIAJKOBHUX BEJIMYHMH, a CaMe: MaTeMaTH4YHE CIIOJiBaHHS,
JMCTIepCis, CepelHe KBaJpaTW4HE BIIXWJICHHS, KOPEISUIHHUN Mo-
MEHT Ta KOe(III€HT KOPEIISAIIIi.

Ha BigMiHy BiJ] YHCIIOBUX XapaKTEPUCTHK BUIIAJIKOBUX BEJIHYUH,
AKi € CTAJIMMM BEIMYMHAMM, XapaKTePHCTHUKH BUIIAJKOBHUX IPOIECIB
OyayTh HEBUIIAIKOBUMH (DYHKIIISIMHU ii apIyMEHTIB.

Mamemamuunum cnodieannsm BUNAAKOBOTO mporecy X(f) Hazu-
BA€THCSl HEBUIA/KOBA PYHKIIsS M(7), sika 32 Oy/b-SKOr0 MOXIIMBOIO
3HAYCHHs apryMEHTY ! JOPIBHIOE MATEMAaTHYHOMY CIIOAIBAHHIO, Bill-
MIOB1THOMY II€pepi3y BUIIAJKOBOTO IIPOIIECY .

Sxmo nepepi3 BUMAaIKOBOTO Mpoiiecy MpH (HiKCOBAaHOMY 3HAYCHHI
{ YTBOPIOE JUCKPETHY BUIIAJKOBY BEJIMYHMHY 3 PSAAOM po3noainy X():

x1(9) x(?) x| x(® |
pi(d) paAt) i | il |

TO
M @) =MX@®)=2x0) p,). (576)

Tyt x1(2), X2(2), x3(0),..., Xi(f) € 3HAUCHHSIMH, SKHX HaOyBae BUIAJI-
KOBa BEJTMYHMHA X(t) B IIepepisi pu 3aiaHoMy 7, a pi(?), pa(?), p3(?), ..
pi(t) — BlI[HOBlI[Hl iM IMOBIPHOCTI.

ko mepepi3 BUMAAKOBOTO Tporiecy X(f) yTBOPIOE HENEpepBHY
BUIIAJIKOBY BEJIMYHMHY 31 HIUIBHICTIO f{; X), TO

M (6)= [xf(6:x)dx . (577)

—0

@opmynu Ui OOUUCICHHS 1HIIUX YHUCIOBUX XapaKTEPUCTHK JUIs
JMCKPETHOT'O 1 HENepepBHOTO Mepepi3iB MAaTUMYTh BUTIISL:

D (t)=Xx}(t)p,(t)-M2(1); (578)
D.(1) = [x*f(t;x)dx — M2(1); (579)
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6,()=yD,(0) . (580)

SIK10 po3MIISIHYTH Ba BUMAAKOBI mporiecu Xi(7), Xo(f), peanmizamii
SIKMX 300pakeHo Ha puc. 160, 161,

Xi(9)
x,(2)

O\
% M, (1)

Puc. 160 Puc. 161

TO MaTeMaTH4HI CIIOAIBaHHS 1 qUcTepcii iX Maike OJHAKOBi. Ale
SKIO BUMAIKOBUHA Tporiec Xi(f) Mae IUIaBHUN XapakTep 3MiH CBOIX
peaizariii, To X>(f) Ma€e pi3Ko BUpaXEHY KOJMBAIBHY CTPYKTYpYy Ta-
KX peanizauiid. OTxe, I BUMAAKOBOro mporecy Xj(f) cnocrepira-
€ThCs OinbINa TmependadyBaHICTh peasizalliid, HiK JUIs BHITaIKOBOTO
nportecy Xo(2).

Tak, nns BUnaakoBoro npouecy Xi(f), Ko B Oy1b-sIKUl MOMEHT
4acy ¢ mesHa peaisauis xi(f) Oyzne Ounbioro Hix M (¢), TO 3 Benn-

KOI0 HMOBIPHICTIO MOXHA OYiKyBaTH, 110 B HACTYIHI MOMEHTH 4acy
peanisauis xi(f) > M (¢), Wo He MOXHA CTBEPUKYBAaTH /ISl BUINAL-

KOBOTO mipotiecy X(?).

Omxe, I BUIAJKOBOro mponecy Xi(f) crmocTepira€rbcs TiCHA
HMOBIpHA 3aJIEKHICTh MK TBOMA TIepepizaMi B MOMEHTH 4acy ?; i b,
HIX IS BUTIQJIKOBOTO Tipotiecy X,(7).

OCKiTBKH Mipa JIHIHHOT 3aJIe)KHOCTI MiX JBOMAa BHUITaIKOBUMH Be-
JUYMHAMU BU3HAYAETHCS KOPEISAIHIM MOMEHTOM Ta KOE(II[IEHTOM
KOPEJIAIii, TO aHAIOTIYHO 1 /ISl BUMAIKOBUX IPOIIECIB 3aCTOCOBYIOTh
1l cami XapaKTePUCTHUKH.

Kopensiiiini MOMEHTH [UIsl TUCKPETHUX Ta HEMEPEPBHUX TEepepi-
31B TIEBHOT'O BUIIAJKOBOTO Tporiecy X(f) 00UMCITIOI0ThCS 32 POpMyIaMHu:

Kx'x"(tlatz) = Z fo,(tl) ' x"(lz) ’ pij(tl Jz) - Mx'(tl) ' Mx"(tz) > (581)

i=1j=1

K. . (t,t)=[ [x/(t)-x"(t,) f(t,,,;x",x")dx"dx" —

—00 —©0

M ()M (1) (582)
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Orxe, K _..(t,?,) € HEBUNAIKOBOIO (DYHKIIEIO BOX apryMEHTIB /] 1
b.

K ..(t,,t,) 3MEHUIy€eTbCs 31 30UIBIICHHIM PI3HULI #, — ¢; IS BUTIAJI-
KOBOTO Tiporiecy X;(f) moBUIbHIIIE, HIXK IJIs1 BUTIAIKOBOTO TIporiecy Xa(?).

IIpu upomy:

1) K..(¢4,t,)=K (t)=D_(¢t);npu t, =t, =t;

2) Kx’x" (tl’ t2) = Kx"x’ (t2’ tl) 5

3) K..(t,t,)20.

TicHOTY JiHIIHOI 3a7€KHOCTI ABOX IEpepi3iB BUIMAIKOBOTO IPO-
necy X(f) BUMIpIOIOTh HOPMOBAHOIO KOPEJSLINHOI (PyHKII€0, fKa
TIOPIBHIOE

Kx (tl 4 tz )

5.(1)-0.(0) (583)

’/jv(tl; t2) =
[Tpu npomy:
D) r(t,t)=1npu ¢, =t,=t;
2) r(t, t,) =r(1,,14);
3) |r(1, 1) <1.

Mpuxaan 1. BumagkoBa QyHKIliS Mae TaKUH BATIIS:
Y=X-e",t>0,

ne X — BUMNAAKOBAa BEIMYHMHA, IO MAa€ 3aKOH PO3MOJILTY
N(a;o), nea>0.

Busnaunta: M, (¢), D, (¢), 0 ,(¢), K, (¢,,1,), 1, (1,5 1,) .

Po36’azanna. Bunagkosa BenmuunHa X Mae 3arajJbHAA HOPMAIbHUM 3aKOH
po3moiny 3i 3HaueHHsMHU mapameTpis M (x)=a >0, o(x)=0.

-\t -\t -\t

M ()=MXe™)=e"M(X)=ae™;
-\t -\t 2 -\,
D,(t)=D(Xe™)=e"D(X)=c"e";

c,()=D,(t) =0 e

K, (t,6)=M(Y'-MYNY"-MX")) =

=M(Xe ™ —eM M(X))(Xe™* —e " M(X)) =
— e—h(t|+t2)M(X —M(X))(X —M(X)) — efh(twtz)M(X _M(X))Z =
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— Gze—k(tl +ty) .

2 —h(t+t
Orxe, K (t,1,) = c7e ")

Ul

Ockinbkn G,(f,) =0+ e, c,(t,)= e, 1o

K (1t ole M)
ry(tl; Z2): A(l 2) — — -
6. (t)c.(t,) oc-e™-c-e

Orxe, r,(¢51,) =1.

=1.

Aty

3. MapkoBCbKi BUNnagKoBi npouecwu.
NaHutorn MapkoBa

Cepen BUIAJKOBHX MPOILECIB, IO IIHPOKO 3aCTOCOBYIOTBHCS JUIS
CTBOPEHHSI CTOXaCTMYHHMX (IMOBIpHHMX) Mojieself, KOTpl ONHUCYIOTh
nporecu QyHKIIOHYBaHHS NMEBHUX CUCTEM TEXHIYHOTO, eKOHOMIYHO-
T0, €KOJIOTIYHOTO Ta COIIATBHOTO MPOQ IO, IIEHTPAIBHE MiCIle Halle-
KUTh MapPKOBCHKUM.

BumankoBuii mporec X(f) Ha3MBarOTh MapKOBCHKHM, SIKIIO 32
Oy/b-KOTO MOJJIMBOTO 3HAYEHHS 4acy f = ¢, 3HAUYEHHsS BUIAJKOBOI
BEJIMYMHU X(f)) HE 3aJIEKUTHh BiJ TOTO, SIKUX 3HAYEHb I BEJIMYMHA
HaOyBauna ays ¢ < t, TOOTO, MPOIleC Y MOMEHT Yacy / = t; He 3aJIe)KUTh
BiJl I0T0 MOBEIHKY B OL7IBIII paHHI MOMEHTH Yacy f < f;.

MapkoBcbKuii mponec X(f) Ha3MBalOTh OJHOPITHUM, SKIIO 3aKO-
HOMIPHOCTI HOro MOBEAIHKHM Ha Oyab-sKoMy NpoMikKy dacy AT He
3aJIe)KaTh BiJl pO3MIILIEHHS [[LOTO iIHTEPBAY HA YaCOBIi OCI.

Hexait X(f) — onHOpinHUII MapKOBCHKMI IpoOIEC 13 00MEXEHUM,
a00 3JIIYEeHHUM, YHCIIOM MOXJIMBUX cTaniB i =0, 1,2, 3, ..., n, ...

SAxmo aprymenT ¢ HaOyBae ymme 3HadenHns 0, 1, 2, 3, ..., TO B
bOMY pa3i MaTUMEMO TMOCHiAOBHICTE mepexomiB x(0) — x(1) —»>
—2>x(2)>x(3)—>.....

Takuii mpouec mociiOBHOCTEH MEepexOiB HA3UBAIOTh JAHYIO2OM
Maprxosa.

[Ipu po3pobiienHi Teopii JdaHuoriB MapkoBa 4acTo 1OTPUMYIOTh-
s 1HIIOT TEPMIHOJIOTII, a came: PO3TIISIIA€ThCs MeBHA (Pi3UYHA CHCTe-
Ma S, fKa B KO’)KHUH MOMEHT 4Yacy MOXe nepeOyBaTH B OJJHOMY 3 He-
CYMICHHX CTaHiB A4, A2, A3, ..., Ak, ... 1 3SMIHIOBaTH CBili CTaH JIMIIE B
MOMEHTH Yacy t, lr, 13, ..., U, ...

[Ipouec mepexoay cuctem S yTBOPIOE JaHIOr MapkoBa, SKIIO
HMOBIPHICTb NEPEHTH B CTaH A; B MOMEHT 4Yacy ¢ (#<t <) 3ale-
KHUTh JIUIIC BiJl TOTO, B IKOMY CTaHI CHCTeMa IrepeOyBaia B MOMEHT
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qacy t’(t_1 <t’<t;), 1 HE 3aJEKUTH BiJ CTAaHy CHCTEeMH B OUTBIII paHiII-
Hi MOMEHTH Yacy.

IMoBipHOCTI nepexony 31 cTaHy A4; B CTaH A; B MOMEHT 4acy ¢ 103-
HAYAKOTh Yepe3 Pii(D).

IToBHa iiMoBipHa KapTHHA BCIX MOXIIMBHX IIEPEXOJIB CHCTEM i3
OJTHOTO CTaHy B iHIIMK 32 YMOBH, III0 YMCIIO BCiX CTaHiB JIOPIBHIOE N,
0e3nocepeHbO ONMUCYETHCSI MATPUIICIO HMOBIPHOCTEH MEepexory

@) pp() ... Py ()
le(t) Pu() Pay (1) ' (584)
Pn (t) P2 (8) P (1)
Skwo p;(f) He 3a1exUTh BiX Yacy, TO JaHIIOr MapKoBa Ha3UBAOTh
OJTHOPITHUM 1 TOJ1 p,](t) pi;=const. A ToMy JUIsl OJJHOPIIHUX JIaHIIFOTIB
MapkoBa MaTpuils IMOBIpHOCTEH Iepexoay HaOyBa€ TAKOTO BUTIISTY

Pu P e Py
n=| P Pn e Py | (585)
Pni DPnao e Py
Jist koxkHOTO psAgka Matpulb (584), (585) BUKOHYETHCS PIBHICTH
N N
leij(t): leg/ =1. (586)
J= J=

Le cBig4uTh mpo Te, 110, HepeOyBardn B OyIb-IKOMY MOXIH-
BOMY cTaHi A4; y (blKCOBaHI/H/I MOMEHT 4acy f, cucteMa 000B’sI3KOBO
nepeie 3 IeBHOIO I/IMOBlle-
CTIO B OyIb-SKMH 1HIIMIA MO-
XKIUBUKM cTaH A; abo 3anu-
IIUTBCSI B LBOMY CamMOMy
cra"i. A 1i moxii € HecyMmic-
HUMU ¥ YTBOPIOIOTH IIOBHY
rpymy.

Martpuito 7 (585) HazuBa-
I0Th 1€ MAaTPHUIICI0 HMOBIPHOC-
Te OJJHOKPOKOBOTO MEPEXOIy
cUCTeMHU. SIKIIO MO3HAYUMO
MHOXXMHY BCIX MOXJIMBHUX CTa-
HiB cuctemu uepe3 (2 = (o, wy,
3510y Wjyevcy Dy ®y), TO I‘/’IMO-'
BIPHICTh TIEPEXOIy CHUCTEMH 3i
CTaHy (; y CTaH (; 3a JBa Kpo-

Puc. 162



K1 MO>KHA CXEeMAaTUYHO MOKa3aTH Ha pUCYHKY 162.
OTxe, WMOBIPHICTh TOTO, IIO CHUCTEMa 3MOXE IEPEeUTH 3a IBa
KPOKHU 31 CTaHy ;10 CTaHy (), JOPIBHIOBaTHME:!

P,-,-(Z) = PabP; T PPyt PPy Tt DDyt PPy =

N
= Xpapy ABLi=LN,j=LN. (587)
k=1 )

Bupas (587) € eneMeHTOM MaTpHIli 7T°, AKHil JiCTAHEMO HPH MHO-
KHHI I-T0 psiIka MaTPHIIl 77 Ha 11 j-i CTOBITYHK.

IMOBIpHICTB IEPEXOly CUCTEMH 31 CTaHy (; y CTaH ®; 3a 1 KPOKIB
00YHCITIOETHCS 32 (OPMYJIIOHO:

n _ < (n-1)
Py = ;pikp@ ; (583)

) eneMeHT MaTpuLi 7.

e p;

Marpuio 1" Ha3UBaIOTh #-KPOKOBOIO MAaTPUIICIO NEPEXOIy 3 OJ-
HOT'O CTaHy B 1HIIUH.

IMOBipHY KapTHHY NepexoJy CHUCTEMH 3 OJHOTO CTaHy B 1HIIHIA
HAa0YHO MOKHA 300pa3uTH 3 JOINOMOIOI0 TaK 3BAaHUX OpPIEHMOBAHUX
iMOGIpHICHUX 2pahis, e KOKHUN CTaH CUCTEMH TOKa3aHO TOYKOIO
(BepuinHa rpada), a MOXKIIUBI IEPEXOIU 3 IILOT'O CTaHY — MMOBIpHiC-
HUMU pedpamu. HYucio craniB Ha rpadi JOPIBHIOE YHCITY BEPIIUH.

Mpukaax 2. 3a 3a7aHO0 MaTPUIICIO WMOBIPHOCTEH Tepexoay
IesIKOT CUCTEMHU
0,1 0,2 0,7
n=[03 0,5 0,2
0,4 0,1 0,5

moOyIyBaTH OPIEHTOBAHUI IMOBIpHHMIA Tpagd.

Po36’a3anna. 3a yMOBOIO 3a/lavi CHCTEMa MAa€ TPU CTaHH ®, O, O3, OT-
%e, Tpa) MaTHMe TPU BEPIIMHU. VIMOBIPHOCTI Mepexoy CHCTEMH 3 OJJHOTO
CTaHy B IHIIMII HaBeJCHI B KOXXHOMY
PAIKY MaTpHII T.

ImoBipHUil rpad matume Takuil BU-
risin (puc. 163).

Bukopucranus #MoBipHHX TpadiB
MOJKJIMBE JIMIIE Y TOMY pa3i, KOJH KiJib-
KICTh CTaHIB CHCTEM € HEBEIIUKOIO.

Ve 3a yncna BepuiuH (ctai) 10 i
Oinblie puUCYHOK HaOyBae CKIAIHOI

CTPYKTYpH.
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4. Knacudikauisa naHuytorie MapkoBa

S0 cepen MOKIIMBUX CTaHIB CUCTEM, IIIO OTHCYE JaHIor Map-
KOBa, € X0oua 0 OJUH, B IKOMY CHUCTE€MA 3aJHMIIUTHCA, KOJIU NEepeiie B
HBOT'O Ha TMEBHOMY Kpolli ()yHKIIIOHYBaHHS, TO TaKU{ JIAHIIIOT HA3U-
BAaIOTh MOTJIMHAJIBHUM JIaHIIOroM MapkoBa.

Matpuus 0JHOKPOKOBOTO MEPEXOAY AJIS MOMVIMHAKOYOI CUCTEMH 3
TPHOX CTaHiB, HAPUKIIAM, MOKE MAaTH TaKUH BUIIIAL;

0,1 0,3 05
n=|0,4 0,2 04
0 0 1

ImoBipHU# Tpad i€l MaTpuili 300paxxeHo Ha puc. 164.

Puc. 164 Puc. 165

TyT ®3 € MOTTMHAIOYUM CTAHOM LII€T CHCTEMHU.

SIKIO B KOKHHUUM MOKJIMBUH CTaH CHCTEMAa MOXE MEPEUTH Yepes
MIEBHUH 1HTEpPBaJ Yacy, TO TaKUil JaHIIOr MapKoBa, 1110 MOJIEIIIO€ el
IIPOLIEC, HA3UBAIOTh YUKTIUHUM.

Martpuiis IMKIIYHOTO JTaHIora MapkoBa MOXKe MaTH JJIs BUTa/I-
Ky TPhOX MOKJIMBHX CTAHIB CHCTEMH TaKUil BUTJISA:

010
n=001
100

I'pad wmiei matpuri Oyne Takum (puc. 165).

Jlanmror MapkoBa Ha3UBAETHCS pe2yIapHUM, SKIIO ICHY€ TaKe Iijie
gucio k (k> 0), mo mepexi cucTeMu 3 OyIb-sIKOTO MOKJIMBOTO CTa-
HY B IHIIMH MOKe 3IIHCHUTHCS 32 k KPOKIB.
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Tak, Hampukaaja, UIg YOTUPHOX MOXKJIMBHUX CTAaHIB CHUCTEMH MaT-
pHULS OAZHOKPOKOBOI'O NIEPEXOY MOKE MAaTH TaKUM BUTJISL:
0,2 0,1 0,5 0,2
0,3 0,2 0,1 0,4
01 0,5 0,2 0,2}
0,4 01 0,4 0,1

I'pacdom nns miei matpuui Oyne puc. 166.

Puc. 157

Hukniyni Ta peryispHi MaTpulli HA3UBAIOTh €PrOJUIHUMH.
Haifmmpiioro BUKOpUCTaHHS 711 PO3B’A3yBaHHs MPUKIAJHUX 3a-
Jla4 HaOyJIM peryJsipHi JaHuoru Mapkosa.

5. PerynsapHi naHuytoru MapkoBa.
CrauioHapHi UMOBIPHOCTI.
MaTtpuusa BapTocten

Jnsa perynspHuxX JaHIIOriB MapkoBa OyJsio JOBEIEHO, 1110 He3aje-
’KHO BIJ] IOYaTKOBOTO CTaHy, B IKOMY IepeOyBaiia cuctema, iMoBip-
HICTh nepeOyBaHHS i B MEBHOMY MOXJIMUBOMY CTaHI MpPAMYE 10 Jie-

SIKO1 CTaJIOT BEJIMYUHY TIPH 30UTBIIIEHH] KITBKOCTI KPOKIB A.
To6ro, ip k — o p{” — b, = const.

ImoBipHoOCTI b; (j = 1, 2, ..., N) Ha3UBalOTh CayioHapHUMU.

Ortxe,
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b b, .. b

limn"=B=

n—
b b, ... by
N . . . 9
Tyr Xb, =1, B— Marpuus CTailOHapHUX IMOBIPHOCTEH.
Jj=1
Takum yMHOM, MOXHA 3pOOMTH BHCHOBOK: SIKIIIO BioMi 7T, B 1 mpu
usomy b =(b, b,, ..., b,), a Takox 3agavo a = (a,, a,,...,d,) — BEK-
TOp MOYATKOBHX MOJIUBUX CTaHIB CUCTEMHU, TO BUKOHYIOThCS PIBHOCTI:
liman" =alimn" =aB =b.

Hn—>0 n—0

MoskHa 10oBeCTH, 10 KOJIM T € PEryJIsipHOI0 MaTpHIe i b — Be-
KTOp CTaI[iOHAPHUX IMOBIPHOCTEH, TO

br=b. (589)
I cipaBni, ockinbku " — B, TO

. . ,1 . ,l
lime” =limn-n"" =xlimn"™ =nB,

n—o0 n—»0 n—o0
6o limn"' =B, limn" =B.
n—»0 n—>»0
OT1xe, MaeMO
B=nB8. (590)

Takum 4MHOM, 151 OYIb-SIKOTO psiaka piBHAHHS (590) BUKOHYBa-
TUMETHCS PIBHICTh

br=b. (591)

OTxe, A7 BU3HAYEHHS CTAI[lOHAPHUX IMOBIPHOCTEN PETyJISIPHOTO
naHIora MapkoBa HEOOX1THO pO3B’A3aTH CUCTEMY PiBHIHb

b=mb
N 592
>b =1 (592)
Jj=1
Hpuxaaa. 3HaiiTi cTalioHapHi HMOBIPHOCTI AJsl pPeryJsipHOl
MAaTpHIT
0,3 0,1 0,6
n=|0,2 0,5 0,3
0,1 0,4 0,5

Po3e’azanns. BukopuctoByrouu cuctemy (650), mictaemo:
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b, =102 05 03]b, N b, |=|0,2b, 0,5b, 0,3b,
b, 01 04 05)\b; b, 0,16, 0,4b, 0,5b,
b, +b, =1 b +b,+b, =1
b, =0,3b, + 0,15, + 0,6b,, —0,7b, + 0,16, + 0,60, =0,
b, =0,2b, +0,5b, + 0,355, N 0,26, —0,5b, + 0,35, =0,
b, =0,15, +0,4b, + 0,555, 0,16, + 0,45, —0,5b; =0,
b +b,+b, =1 b +b, +b, =1

{bl 03 01 06)b, b)) (03b, 01b, 0,6b,
b

PO3B’$I3}7I0‘-II/I OACPIKAHY CUCTEMY, MA€EMO!

S
I

, T00TO b, =§, b, =%, b, =§.

[Ipu mepexomai CUCTEMH 3 OJHOTO CTaHy B IHIIMHA 332 OJUH KPOK ii
(YHKILIOHYBaHHS, a TAKOXK Yy pa3si, KOJIM CUCTEMA 3aJUIIUTHCS B TOMY
caMOMy CTaHi, B IKOMy BOHa IepeOyBaia, BBOJUTHCS TaK 3BaHUN KO-
e(illi€HT BapTOCTI 7, 10 1HPOPMYE PO BUTPATH, 5K MOB’A3aHI NIPU
IepEXO/Ii CUCTEMH 31 CTaHy ; Y CTaH ®; 3a OJIUH KPOK.

[Ilo6 BM3HA4YMTH 3arajbHi BUTPATH, SKI MOXXKHA OUIKyBaTH 3a n
KPOKIB POOOTH CUCTEMHU, BAKOPHCTOBYETbCS MaTPULIsl BAPTOCTEN

M Ny Nhz - NIy

R=|"1 "2 T3 - Ny | (593)

7

'vi Tva Tz - T

Enementn marpumi R MOXyTh HaOyBaTH JONATHHUX, HYJTHOBHX Ta
BiJ’€MHUX YHCJIOBUX 3Hau€Hb. SIKIIO YMOBHO MO3HAYUMO yepe3 Vi(n)
CyMapHi BUTPATH MiCJsl 7 KPOKIB NMEPEXOiB CUCTEMH, TOYHHAIOUH 13 (;

’
CTaHy, TOJI (ﬁ(n)) =(v,(n),v,(n),...,vy(n)) Oyae BEKTOPOM CyMapHUX
BUTPAT 3a 1 KPOKIB IS KOKHOTO 3 ; cTaHiB (i = 1, 2, ..., N) cucremu.

SIK1o cucreMa gocAriia o; CTaHy, TO 04IKyBaHy BUHAropoJy Iicys
BCIX IIEPEXO/IIB MOXKHA MOJATH SIK 7, +V,(n—1), e 1, — BUHAropoxa,

AKy J1CTaHEMO IIPH IEPEXOAl CUCTEMHU 13 ®; CTaHy B (; CTaH 3a OJHUH
KpOK, a v,(n—1) — OYiKyBaHa BUHAropoJa, iky MaTUMEMO 3a PeLITy
n — 1 KpoKiB.
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VYpaxoByrouu Te, 1110 IMOBIPHICTh NEPEXO0/ly CUCTEMH 31 CTaHy ; 10
CTaHy ®; 3a OJMH KPOK JIOPIBHIOE pj;, TO CyMapHa O4iKyBaHa BapTiCTh
(BMHAropoa) 3a 1 mepexo/iiB CUCTEMH, TOYMHAIOYH 31 CTaHy ;, Oye

N N
Vi(n) = _erijpij + Z]Vj (l’l - l)pg,‘ (594)
j= J=
abo
N
Vi(n)zgi+z:lvj(n_1)pg/ ’ (595)
=

N
AC & = 21Dy
=

Ockinbku piBHAHHS (594), (595) BUKOHYETHCS 1151 BCiX i =1,N , TO
(595) moxHa 3anucaTu y BEKTOPHO-MaTpU4Hii Gpopmi

v(n)=g+m(n-1), (596)
YT & =(g), &5 s &y )» A€ & — CIEMEHTHU T'OJIOBHOI JliaroHaji Mart-
puti - R'; R’ — TpaHCIIOHOBaHA MaTPHIIs BapToCcTel R.

KomnonenTu Bektopa v(n) BU3HAYAIOTH i3 BEKTOPHO-MAaTPUIHOTO
PIBHSIHHS

v(n)=(E+n+m° +7 +...+71")g +1"%(0), (597)

ne E — onuanuna marpund, v(0) — BeKTop BUHaropoau 3a n = 0
KPOKIB.

Hpuxaaa. @epmep npuadaB HOBUN TPAKTOP, AKHIA MOXE Ie-
peOyBaTH B OJHOMY 3 TPHOX HECYMICHHX CTaHIB: (®; — TpakK-
TOp TpaIoe nobpe, TOOTO HEe MOTpPeOye >KOJHUX BTPYYaHb,
OB SI3aHUX 13 BUTPATaMH; (), — TPAKTOP MOXe OyTH BUKOPH-
cTaHuii y po0oTi, ane morpedye ApiOHOTO PEMOHTY, SKUH, Y
CBOIO Uepry, BIMarae IMeBHUX BHUTPAT; (3 — TPAKTOp mepedy-
Bae B HEPOOOTO3JaTHOMY CTaHi, IO BiIOMBAETLCSA HA MPHOYT-
Kax Qepmepa.

Martpuns iMOBipHOCTEH NIEpeXxoy TpakTopa 3 OJHOTO CTaHy B
THIIMH 33 OJTUH KPOK (3a 1 MicsIlb) Ma€ TaKUil BUTIISI:

0,9 0,06 0,04
=03 0,6 0,1
0,2 0,02 0,78

3a 3a1aHOI0 MaTPHULICIO BapTOCTEH
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200 50 -10
R=|150 40 -20|.
100 10 -50

Ouiaut e(EeKTUBHICTH POOOTH TpakKTOpa 3a TPU POOOUYUX
Micani. EnemenTn matpuii BapTocTell 7;; BUMIpDIOIOTHCS B
TPUBHSX.
ITpu usomy (v(0))' = (000).

Po3é’azanna. 3 piBHsHHA (597) 1d n = 3 nicTaHEMO

V3)=(E+n+7*)g +m'v(0). (598)
Busnaunmo KOOpAWHATHU BEKTOpa g .
0,9 0,06 0,04Y200 150 100 (1826 1366 886

mR'=|03 06 01| 50 40 10 |=| 89 67 31
0,2 0,02 0,78\-10 -20 -50 332 152 -—188

TaxkuM YMHOM, MaEMO:
182,6
g=| 67 |.
-18.8

PiBusiaHs (598) mepenuiemMo B TAKOMY BHUIJIST

v(3) 1 00 0,9 0,06 0,04 0,9 0,06 0,04) [(182,6
v,3)|=/|0 I 0{+/03 06 01 |+]03 0,6 0,1 67 |+
v;(3) 0 0 1 0,2 0,02 0,78 0,2 0,02 0,78 -18,8

0,9 0,06 0,04)’(0
+03 06 010>
02 0,02 0,78) (0
v (3)) (182,6) (167,61 (157.6) (507,81
S>v,(3)|=| 67 |+| 931 |+|1085|=| 268,6
v,(3)) \-188 23,2 43,5 47,9

TaxkuM YMHOM, MaEMO:

v,(3)) (507,81
v,(3) |=| 268,6
v,(3)) | 47,9
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OTKe, KONM TPaKTOp 3a TPU MICSAIl Mepeie 10 cTaHy ®; (CIpaBHUIL), TO
npubyTOoK (epmepa nopisHoBaTrMe 507 TpH. 81 KOIL; I CTaHy 0, LIeH MpH-
OyTok cranoBuTHME 268 TpH. 60 KOTI. 1 IS cTaHy 3 — jmiue 47 rpH. 90 xom.

6. Npouec HapoaXeHHs i 3arnbeni

OpuH 13 BaXJIMBUX HAIPSIMIB 3aCTOCYBaHHs JIaHIIOriB MapkoBa —
MOJICTTIOBaHHSI TIPOIleCY Hapo KeHHs 1 3armOemi oprani3miB. Llei
npouec Moxke OyTH 3 JMCKPETHUMH a0 3 HENEPEPBHMMH 3MiHAMM
yacy t. Mloro BH3HaYalbHOIO YMOBOIO € T€, IO MEePEXOaU MOXKIHUBI
nuie B cyciaHi crani. CyTHICT MapKOBCBKOTO TIPOLECY B LIbOMY pa-
31 TOJSIra€ B TOMY, IO BiH MOJCIIOE 3MiHH, KOTpI BiIOyBaroThCs B
yaci B eBHOMY 00’€Mmi momyssiuii, a caMe — 3MiHy 4YACIIa OJAMHHLb
NEBHOTO BUJly OpTaHi3MiB.

Taki mporiecu € HaA3BUYAWHO 3PYYHHMU JUISI MATEMaTHYHOT'O MO-
JIeNIIOBAaHHS, 110 BUKOPUCTOBYETHCS JUISI PO3B’S3aHHS 3a4ad Teopil
MacoBOT0 00CITyrOBYBaHHS (Teopii uepr).

Jlis iporiecy HapoOKEHHS 1 3aru0elti JOMyCTHMI JIMIIE TTePEXOIH
31 CTaHY M4 B CTAHU ®j_1 200 Mj+1.

SAxmio 06’eM MOy ALl TOPIBHIOE & OJMHHUIB, TO MPOIEC MOTMYJIs-
1ii mepeOyBa€e B CTaHi .

[Tepexin 31 CTaHy M4 y CTaH ] BiANOBi/Ia€ HAPOHKCHHIO OJTMHU-
1l BH/ly OPraHi3My, a Iepexif i3 o B 00 — 3arubeii OAUHAULI opra-
Hi3my. Tloxii HApOUKCHHS IICBHOTO OpraHi3My Ta HOro 3arubeli € He-
3AJICKHUMHU | HECYMiCHUMMU.

PosristHeMo 3MiHY MOMyIIAIIii 32 IEBHUI HpOMi)KOK qacy (¢, t + Ab).

Y MomeHTi yacy ¢ + At mporuec HOHYJISILIII nepe6yBaTI/IMe y CTaHi
0y, AKIIO 3MIHCHATBCS OJIHA 3 TAKMX HECYMICHUX MO

1) y MoMeHT 4acy ¢ 00’ eM momyJisiiii AopiBHIOBaB k + 1 oMHUIK 1
TPOTATOM Hacy (¢, ¢ + At) 3arunyna oguauIs. Lg moxis BinOyBaeThCs
3 IMOBIPHICTIO

WAL+ o (A) (599)

2) y MOMEHT 4acy ¢ 00’ €M MomyJiAiii J0piBHIOBaB kK — 1 o uHUIIb, 1
npoTsroM 4acy (4, ¢+ Af) Hapouiachk OfuHULS momyssiuii. s mozis
BiZOy1eThCs 3 IMOBIPHICTIO

M AL +B(AL); (600)

3) y MOMEHT yacy ¢ 00’eM MOmyJsIii AOpiBHIOBAB k OJIMHUIIb, 1
MpoTATOM 4Yacy (¢, ¢+ Af) He BigOynacs 3MiHa CTaHy, TOOTO KOIHA
OJIMHMIIS TOIYJISIIiT He HApOUIIacs 1 He 3aruHyJIa.

IMOBipHICTB Tako1 MOIi JOPiIBHIOE
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1= A, Af -, Al +7, (AL) . (601)

Tyt A,, W, — IHTEHCHUBHICTb BiINOBIHO HApPOJPKEHHS 1 3arudeni
OJVHUIb TMOMYJANii 32 MEeBHUH NpoMikok wacy, o, (Ar), B,(Af),
Y, (At) — BeIMYMHM HECKIHYCHHO Malli OLTBII BHCOKOTO MOPSAKY

HOPIBHSHO 13 At, a came:

. A . A .
fim 24 (80 =0, hm—B"( _g , lim (40 _ ¢
A0 At A0 At A—0 At

Bumenaseaeni nepexoan MoxHa 300pa3utu rpadom (puc. 167).
1 -y At —p, At +1, (A7)

A AL+ B, (AD) Wy A1+ oy (A1)
Puc. 167

[Iporec 3minu 00’ emy momyJsLii B & OAMHUIL MOXHA MOJATH CH-
CTEMOIO PIBHSHb!

pi(t+ A1) = p, ()1 - LA —p At + 7, (A1) +
+ 0 (OAAL+ B (AD) + py (DAL + o, (AD) 5 (602)
Po (t + A[) =Po ([)(1 - XOA[ - HoAt Yo (At)) + P (t)(qut T (At)) .

[Ipu oMy B OyIb-sSIKMHi MOMEHT 4acy ¢ iMOBIPHOCTI MOKJTUBHUX
CTaHiB 00’ €My MOMYJIALI{ 3210BOJIbHSAIOTH YMOBY HOPMYBaHHS

é p()=1. (603)

Cucremy piBHsHB (660) 3BOAMMO 10 TAKOTO BHUTJISIY:

P+ A) = p () =~k + )AL p (D) + AL py (D) +
+ M AL p (1) + O, (AY), (604)

Po(t+ A1) = po(t) = —hoAt - py (1) + 1, AL - py (1) + O (AD),
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ne O, (A1) = p, ()7, (AD) + py (D) - By (AD) + py,y () - o (AD)

©,(A1) = py(1) (A1) + py (1)1, (A1)  pn oy fim 243 o
lim 2080 _g
A0 At

Po3ainuBim niBy 1 mpaBy 4acTHUHM PiBHAHB cuctemHu (604) Ha Af,
ICTaHEMO:

A —
P+ Atz P (1) == + )P () + 1y P () +
A (t)+%; (605)
o At) - p, o
Dot + At: 20 =—hoPo(D)+ 1P (1) + A(t t)'

[Tepexonumo B cucteMi (605) 1o Mexi, mpu At — 0 IicTaHEMO:
. pt+A)—p, (1)
m

A v = ~(hy FHOP O+ 1y Py (O +
. 0O, (A
AP (O + lim ===, (606)
N R 2O . 0,(A)
bt At =hopo () +ppy (O + Jim —2—.

I3 (606) nicranemMo cucteMy JNiHIHHUX TUdEPEHIIHHUX PIBHIHD

{Pi ) ==h +p )P O+ A Py (O + 1y Py (0),
Po(0) ==y po (1) + 1, 2y (D).

Cucrema (607) onucye muHaMiKy WMOBIPHICHOTO IPOIIECY PO3M-
HOXKCHHS 1 3aru0eITi MOy JISIIiI.

3a ymoBu W, = =const, A, =A =const cucrema (607) HabyBae
TAKOTO BUTJISY:

p(')(t)z_k'po(t)'l'“pl(t)’ 608
{p; ()= 0 4 )P () + s () + Wy 0. (608)

Matematnuna mozenb (608) 3acTOCOBYEThCS B €lI€MEHTapHI Teo-
pii MacoBoro 00CITyrOByBaHHS.

(607)

7. EnemeHTH Teopii macoBoro
ob6cnyroByBaHHsA (TMO)
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7.1. 3azanbHa iHghopmauyisi

Sk y chepi BUpoOHHUIITBA, TaK 1 B MOOYTI 9YacTO TPAIIISIOTHCS TaKi
HEMPUEMHI SIBUIIA, K Yepra, 110 SBJISIE COO0I0 CKYIMUEHHS (sike OyBae
YHUCIICHHUM) 00’ €KTiB (BUMOT), SIKi YEKAIOTh CBOTO 0OCITyTrOBYBaHHS.

[Tin oGciyroByBaHHSM 00’€KTa (BUMOTH) PO3YyMIIOTh BUKOHAHHS
CTOCOBHO HBOTO (HET) IEBHOT'O KOMIUIEKCY OTIepartiii.

Yepra Moke MaTu Miclle y MOBCSAKICHHOMY JXUTTi: y MarazuHax
0 Kac 4d JI0 TPOMABI, Y TOJIKIIHIN 70 Jikaps. Y BUPOOHWYIH
MPAKTHUIl BOHA BUHHUKAE M1l YaC BUPOOHUYUX MPOIECIB, KOJIU HAKO-
MUYYIOTBCS JI€Tai, BY3JIH, arperaTH, siKi MoTpeOyrTh 00CITyroByBaH-
HSl pOOITHUKOM, BEPCTaTOM-aBTOMATOM.

VY OutbIl CKIAIHUX CHCTEMax OOCIYrOBYBaHHS Yeprd BHHUKAIOTh
Ml yac HaBaHTa)XyBaHHS YM PO3BAHTA)KyBaHHsS BaroHiB, pIYHUX Ta
MOPCBKHX CyJIeH y TOpTax, 0OCIyrOBYBaHHS JIITAKIB B a€pOIOPTAX TO-
110.

[TpuunaM, SKI TPU3BOIATH 10 YEPT SIK Y cq)epl BUPOOHUIITBA, TaK
B cepi 06CITyroByBaHHsI, MAlOTh BUIAAKOBUH XapaKkTep i BUHUKAIOTH
TOJIi, KOJIH:

1) mporyckHa 30aTHICTb «IIpUiIaay» 00CIyroByBaHHA (pOOITHUK, Ka-
CHp, BepCTaT-aBTOMAT) HE 3a/I0BOJIbHSIE YHCIIO BUMOT, 1110 HaJXO/STh;

2) 00’eKkTH (BUMOTH) HaIXOISATh HEPETYISIPHO, TOOTO Y BHUITaKOBI
MOMEHTH 4acy, YTBOPIOIOYH TP IbOMY IIyaCCOHIBCHKHUH MOTIK;

3) vac o6cnyr0ByBaHH51 00’ekTa (BUMOTH) HE € CTAJIOI BEITUYH-
HOI0, a BUIIA/IKOBOIO, 1 | IIPHITYCKAEThCS, IO BOHA Ma€ eKCIIOHCHIIiaTb-
HUH 3aKOH PO3MOJILITYy HMOBIPHOCTEH.

7.2. Mamemamu4yHa modesib
cucmemu Macoeo20 0b6c¢csly2o08y8aHHs

MareMaTHYHOIO MOJAEIUIIO JUISi HAWMPOCTIIIOi CUCTEMHU MacOBOTO
00CITyroByBaHHS 3 OJHHM ITyacCOHIBCHKMM IIOTOKOM 1 OJHHM KaHa-
JIOM 00CITyroByBaHHs (OJHOKaHAIBHUH MPHUIIAT), Yac SKOTO Ma€ eKc-
MOHCHUIAIbHUIT 3aKOH PO3MOJiLY HMOBIPHOCTEH, € cucrema audepe-
HUI{HUX PIBHSHB (608).

Y crauioHapHOMy pexuMmi (I 7 —> o0 ) HMOBIPHOCTI BXKe HE 3a-
JIeKaTh BiJl 4acy

}Ln;pk(t)zpk ,k=0,123,..

pi()=0,k=0,1,2,3,.
VY mpomy pasi cucrema (608) mepexonuTs B O,I[HOpl,I[Hy HECKIiH-
YeHHY CHCTEeMY alreOpaiuHuX piBHAHb BITHOCHO Py 1 MA€ BUTJISIL:
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0=-Ap, +up,,
609
{0 =—(A+Wpy +Api + P (609)

S0 BBECTH BENMUUHY p = * , To cuctema (609) Habepe BUTISY:
n
{ppozpla (610)

(L+P)pi =PPiot + Pras-
IIpu upomy p<1.

7.3. Memo0 po3e’sizyeaHHs
ma 4ucnosi xapakmepucmuku

Jus po3s’sizyBaHHs cucteMu (610) BUKOPHCTOBYIOTh METOJ| iMO-
BIpHUX TBIpHUX (YHKIH, a came:

A(x):ixkpk . (611)

Axmo TOMHOMKHATH JiBY 1 IpaBy YacCTUHU JIPYrOro piBHSAHHS CHUC-
Temu (610) Ha X", TO AICTAaHEMO:

PPy = P1»
: (612)
{(l +p)x*p, =px*py +x" pr.

[TincymoBy109H JIiBY Ta IIpaBy YaCTHHH cucTeMU (612), micraHemo
(byHKIIOHaTIbHE PIBHAHHSA 100 A(X) TAKOTO BUIIISAY:

1
(1+p)A(x) +ppy =pxpy + pxA(x) + < A(x) —>

S (a=p+(1-1 Jar == vpp, -
X

-1 Sx-
S A = pPr=Dpy  _p-x-py

p(l—x)+(1—1) =px
X

Takum YUHOM, MaEMO:

A(x) =L p. (613)
1-px

IIpu usomy A(l) = IL Do -
-p

Ockinbku A(1) + po =1, To nicTaHemo:
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P

Potpo=1>py=1-p. (614)
I-p

p Ha3UBAIOTh KOCPIIIEHTOM HABAaHTAKEHHS CUCTEMHU.

Omxe, HMOBIPHICTh TOTO, IO B CUCTEMi OyayTh BiJICYTHI BUMOTH
Ha 00CIYroByBaHHA (CHCTeMa HE MPAIIOE Yepe3 BiJACYTHICTb BUMOT)
Po 3ISKUTH BiJ KOeQillieHTa HaBaHTAXKXCHHS CHCTEMH. 31 30UTBIICH-
HSIM P 3MEHIIYEThCS po; Ipu p = 1 po = 0.

VYpaxosyrwoun (613), nictanemo:

Ay =—L—p, =L_1-p)=p.
I1-p 1-p

OTxe, HMOBIPHICTH TOTO, 11O CHCTEMa 3alHATa 0OCIYyTrOBYBaHHIM
BuUMoOT A(1), 3asexarnme BiJl KoedilieHTa HaBaHTAKECHHS

A =p. (615)
31 30U1bLIEHHAM p 301IbIIyeThCs A(1).

Jlis BU3HAYCHHS MAaTEeMaTUYHOTO CIIOAIBaHHS YHCa BUMOT Y CHUC-
TeMi 3aCTOCOBYEMO BIacCTHUBOCTI A(x), a came:

’ 1— 2
M=AW), =((1—p)%} =(1-p) p( ; F_”:));)-Zp x| = 1—pp'
x=1 x=1

OT1xe, MaEMO:
M=-F_ (616)
I-p
CepenHe 4HCI0 BUMOT Y Uep3i O0UHCITIOETHCS 32 GOPMYIIOI0

2

L=M—A(1)=1p . (617)

CepenHe 3HaYCHHS Yacy OYiKyBaHHS BUMOTH B 4ep3i 10 IMOYATKY
CBOT'0 0OCITyTrOBYBaHHS TIPHJIAJIOM OOYUCITIOETHCS TaK:

f,=—. (618)
I3 popmyn (617) 1 (618) ButumMBae, mo A cTabUTBHOCTI POOOTH
CHUCTEMH HEeOOXiIHEe JOTPUMaHHSI yMOBH p < 1.

Ipuknaa. Komm’roTep KOHTPONIOE TEBHUI TEXHOJIOTTYHHN
npoiiec IUBIXoM o0poOku iH(oOpMalii, sKa HAIXOIUTh BiJ
KOHBEEpa, IO MpAaIloe B aBTOMATUYHOMY pexumi. IHdopma-
Iis, 10 HAJIXOJIUTh Ha KOMIT IOTEP, YTBOPIOE MTyacCOHIBCHKUI
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notik 3 inTencusnictio 4= 0,1 ¢ . Yac 06pobku indopmarii €

BUMNAJIKOBOIO BEIMYMHOK, [0 MAa€ EKCIIOHCHIIATbHUI 3aKOH

po3monity IMOBIpHOCTEH 31 3HaYeHHIM mapamerpa | = 0,4 ¢

VY nporeci poOOTH KOMIT'IOTEp MOXKE BUHTH 3 naay. Lle Tpar-

JISIETBCSL Y BUITAJKOBI MOMCHTH 4acy i _yTBOpIOE MyaCOHIBCh-

Kui HOTiK 3 iHTeHCUBHICTIO A¢ = 0,08 ¢ . BinHOBICHHS p060—

TH KOMIT’ roTepa 3[IMCHIOETHCS IPOrPAMHUM METOZOM, 1 vac,

BUTpPAYCHUI HA BiTHOBJICHHS, € BUIIAJJKOBOIO BEJIMINHOIO 3 CK-

CIIOHCHITIAJILBHUM 3aKOHOM DO3MOJiTy HWMOBIpHOCTEH 31 3Ha-

YeHHsIM mapamerpa o = 0,4 ¢

Yucno iHpopmalii, 10 HAAXOIUTh A1 0OPOOKHU, € BHIIAIKO-

BHM, 1 TIpY IIbOMY iH(OpMaIIis, 110 YeKae Ha 00CITyrOBYBaHHS,

HE 3aJIMIIa€ CUCTeMy (He TyOuThCs).

Heo0OxinHo:

1) moOymyBaTH MaTeMaTHIHy MOJICIH IS Li€l CHCTEMH B CTa-

[IOHAPHOMY PEXKUMI;

2) BusHauutu: M, L, t;

3) 0OYUCIIUTH CepeaHE YUCIIO BUTPAT MpH poOOTI 3aJaHO1 cUC-

TEMH, BUKOPHCTOBYIOUH (POPMYITY:
G=(gN,+gL+gM)T, (619)

Jie g — BapTiCTh OJIUHUII 1acy MpPOCTOI0 CHCTEMH, 3yMOBIIE-
HOTO BI]MOBOIO pOOOTH KOMIT® rorepa (g1=30 FpH/XB)

g» — BapTICTh BTpAT, SKi MOB’sI3aHi 3 TUM, IO iHQOPMAIIis
04iKy€ Yepru Ha o0cayroByBamHs (g2 = 300 FpH/XB)

g3 — BaPTICTb eKcIuTyaranii ogHoro npuiazy (g3 = 100 rpu/xs);
No — umcio npuianiB y cuctemi (Ny = 1);

T — 4ac pobotu cucremu (7 = 60 xB).

Po3é’sazanna. 1lozHaunMo yepes3 p; iIMOBIPHICTh TOTO, IO B CHC-
TeMI MICTUTBCS k BUMOT iH(OpMALIT I KOMII'FOTEp 00CIyroBye O1u-
HULO iH(opMauii, a uepes QO — IMOBIpHICTb TOTO, IO B CUCTEMI Mi-
CTUTBCS k BUMOT 1 KOMII FOTEp Hepe6yBae B CTaHI HaJIarOJKCHHS.

[Micna nikBiganii HecpaBHOCTEH cucTeMa 3i ctany Oy NIepexoanuTh
ycranpg (k=0,1,2,...).

v CTauloHapHOMy pexuMi poOOTH WI€T CUCTEMH MaTeMaTH4YHa
MO/JIeJIb MaTUMe TaKUH BUTJISL:

L (A +X)py =pup; + 160y,

2.(hg + A+ WPy =UPg F AP 1Ok (620)
3. (A + 1)y =Ag Py

4. (Mo +1e)O; =hopi + APy

Jnst po3B’sizanHs cucteMu (620) BUKOPHUCTAEMO METOJ] IMOBIPHHUX
TBIpHUX (DyHKIIIH.
YnpoBagumo HOro B TaKOMy BUTJISIALL
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A(x) = 4, (x) + 4,(x) + py

e 4 (x)= ;xkpk, A4,(x) = kz_lkuk.
Y CI/ICTeII/Ii. (620) HOMHp)I;HMO JBY 1 MpaBy 4YacTHHU APYroro Ta
YEeTBEPTOrO PiBHSHB HA X' 1 ICTAHEMO:
L. (Ag +X)py =pp; + 10y,
2. (g + A )pxt =ppxt +hp x40 x",
3. (g +19)Qy =24 Py
4.(hg + Mo)Qkxk :Xopkxk + }\‘pk—l'xk'

VY cucremi (621) npocymMyemo mepiue i Apyre piBHSHHS, TPETE 1
4eTBEpTE, AICTAHEMO:

(621)

1
(7“0 + 7‘*(1 - x) + M(l - ;j)Al (x) - MoAz (x) = (7\.()( - 1) - 7‘«0)1’0: (622)

(ML =x) + 1) A, (x) =4, (x) =Xy pg-

Po3p’s3ytoun cucreMy (QyHKUIOHANIbHHUX piBHAHD (622) 11010
Ai(x), A2(x), mictanemo:

My + LA+ A (1= x)p,

A (x)= e (623)
Hol— = AoA —Apy = A (1—-x) - xu(l —J
X X
AoHpg
A4, (x)= 1 o (624)
Hol— —Agh —Ap, — WM(1-x)- k”(l _j
X X
IIpu x = 1 maTumemo:
1
Al(l):w , Az(l):M,
I=p(l+py) I=p(+py)
A Ao
AEp=—, Pp=""
n Lo
Ockinbku  A(1)=A4,(1)+ 4,(1)+ p,=1 — yMOBH HOpPMYyBaHHS, TO
NICTaHEMO:
p(l+py) Po 1
+ +p,=1—p, = 1-p(1+ .
l_p(1+p0)Po 1—p(1+p0)p0 Po Po 1+p0( pl+py))
[Mincrasnsroun po y Bupas mis A;(1), A>(1), Bu3HaYMMO:
A/(1)=p — IMOBIpPHICTh TOTO, L0 CUCTEMa 3aliHATa 0OCIYroBYy-

BaHHIM BUMOT 1H(pOpMAIIii;

314



A1) = 1 E (;3 — IMOBIpHICTb TOTO, 110 CHCTEMa NepedyBae y cra-
0

Hi HaJaro/pKeHHs KOMIT toTepa (mpuiiaay o0CIyroByBaHHS).
MaremaTu4yHe cnoAiBaHHA KUIbKOCTI BUMOT iH(opMarii nopis-
HIOBaTHME:

py
M = A/(1) = A1)+ A, (1) = PFPo P P+ ) fo

o

1=p(1+p,)
e o :ﬁ, K = HA3UBAIOTh KOE(IllIEHTOM TOTOBHOCTI CHUCTe-
H I+p,
MH.
bepyuu 4ncioBi 3HaUEHHS TapaMeTPiB, TICTAHEMO:
1
2= 025, p, =22 =B 02,
u 04 n, 04
_&:%:1; K = 1 =0,83
o 04 l+p, 1+0,2
Tenep MaTemMaTH4yHe CIIOAIBaHHS TOPIBHIOBATHME:
2y 2025402402502+ 1) oo 045+01 o 0r
1-0,25(1+0,2) 1-03
_0,55-0.83 0,652
0,7
M =0,652.

CepenHe 4nCI0 BUMOT Y uep3i JOpiBHIOBATUME:

L=M—A(l)= M—(p+l&] :0,652—[0,25+ 0.2 j:
+

Po 1+0,2
=0,652-(0,25+0,167) = 0,652 -0,42 = 0,205.
L=0,205.
CepenHe 3HAUCHHS Yacy O4YiKyBaHHS BUMOIH Y uep3i CTAHOBUTUME:
S P

Cepenne uncino Butpar cuctemu s 7 = 60 XB 10piBHIOBaTHME:!
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30 1 1
G=(gN,+g, L+g, M)T=| —1+300—0,205+100—0,652 |360 =
(gNy+g, g M) (60 60 60 )

=(0,5+1,025+1,087)360 = 940 rpu. 32 kom.

Otxe, BUTpaTH B cEpeIHbOMY CTaHOBIIATH 940 rpH. 32 KorI.

Teopemuy4Hi 3anumaHHs1 00 memu ?

1. Ilo Ha3MBaIOTH BUMIAJIKOBUM MPOIECOM?

2. Matu xnacu¢ikaiito BUMAAKOBUX IPOLIECIB.

3. lllo Ha3uBaIOTH peaizalliero BUMAAKOBOTO Tporecy?

4. Ilo Ha3MBaOTh NEPEPi30M BUIMAAKOBOTO MpoLecy?

5. Illo Ha3MBarOTh PYHKITIEI PO3NOILTY Iepepizy?

6. OyHKIIS po3NOiTY 1BOX NEpepi3iB.

7. MaremaTH4YHE CIIOJIBaHHS TIepepi3y BHIAJKOBOTO IPOIECY
X =x(2).

8. ucnepcis Ta cepeiHe KBalIpaTWYHE BIAXWICHHS Tepepizy
BHITaJIKOBOTO Tiporiecy X = x(¢).

9. lllo Ha3WBaIOTh KOPENAIIMHUM MOMEHTOM IUISI AUCKPETHHX
Ta HeMepepBHUX Mepepi3iB BUMAAKOBOro npouecy X = x(f)?

10. [Ilo Ha3WBaKOTh KOPENALIKHOK (YHKIIEI0 BHUIIAIKOBOTO
npornecy X = x(¢)? Ii BmactusocTi.

11. o HazuBaroTh MapKOBCHKUM TpoLIecOM?

12. o Ha3uBalOTh JIaHIIOroM MapkoBa?

13. MaTpunsi OAHOKPOKOBOTO TEPEXOIy CHCTEMU MAa€ BUTJIISA
T=..

14. Knacudikaris nanmroris Mapkosa.

15. Illo Ha3VBalOTh MOTJIMHAKOYUM JaHItoroM MapkoBa?

16. ki nanmrorn MapkoBa Ha3UBalOTh PETYISAPHUME?

17. Sxi nanutoru MapkoBa Ha3UBalOTh €PrOJUIHUMU?

18. Slkuii BUTIISAA Ma€ MATPHIISA CTAIlIOHAPHUX IMOBIPHOCTEH?

19. Slk 3HaxonATh CTaliOHapHI HMOBIPHOCTI Ui PETYISPHUX
nanmooris Mapkosa?

20. o Take mMaTpuId BapTOCTEH?

21. Ik 00YHCIIOIOTHCS KOMIIOHEHTH BEKTOpAa BUHATOPOAM 32 71
KpOokiB v(n) ?

22. 3anmcatu MaTeMaTHYHY MOJCIh HPOILECY PO3MHOMXCHHS Ta
3aru6eni s k oMy JIALin.
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23. SIki MOTHBH CIIOHYKAlOTh BUHUKHEHHS 4epr y chepi odcmy-
TOBYBaHHS?

24. 3anucaTi MaTeMaTHYHY MOJEIb ISl HAUIIPOCTIIIOT CHCTEMHU
MacoBOT0 0OCITyrOBYBaHHS Y CTalliOHApHOMY PEXHMI.

25. Illo Ha3uBaiOTH iMOBiIpHOIO TBipHOIO (pyHKHier0? Bractuso-
cTi i€l QyHKIii.

26. BuxopucrtanHs IMOBipHOT TBipHOI (DYHKIIT T BU3HAYCHHS
MaTeMaTHYHOTO CITOJ[IBAHHS.

27. CepenHe 4nCIIO BUMOT y CHCTeMi 004HCIIOEThCS 32 opMy-
J7010...

28. CepenHiil yac ouiKyBaHHS BUMOTHU JIO0 MOYAaTKy OOCIyTOBY-
BaHHS 00YNCIIOEThCA 32 (POPMYJIOIO. ..

3adayui 0o memu

1. 3HalTH cTalioHapHi WMOBIPHOCTI JUIA PEryJSIpHUX JIAHIIOTIB Mapko-
Ba, [[[0 MAIOTh MATPHUI[i OJTHOKPOKOBOTO MEPEXOy CHCTEMH:

0,5 0,4 0,1
ayn=/0304 03|, 0) nz(g’g g’éj
0,2 0,1 0,7 -
2. llinpHICTH iMOBIpHOCTEH BUMANKOBOT PyHKINIT X = x(f) mOpiBHIOE
_(J(—asint)2
e 20

1
fx)=——-"
ov2n
JI€ d, 6 — CTaJll BEIUYMHH.
3uaitu: M(x(?)), D(x(¢)).
Bionogios. M(x(f)) = a sin t, D(x(f)) = o°.
3. JIBOBEMipHa MIUIBHICTh BUNIAAKOBOT (PYHKIIIi (BUTIAJIKOBOTO MPOIIECY)
X = x(¢) nopiBHIO€

xf+x}

S, xy5t,0) = e
1 2 12°2 27'[62

3uaiitu: M(x(¢)), D(x(t)), K.(t1; t2).

Bionogios. M(x(£)) = 0, D(x(1)) = 6%, Ki(t1; 1) = o” npu t, = 1,
Kx(ll; )=0 IpHu ¢, # bp.

4. MatemaTu4yHe CHOAIBaHHA 1 KOpeNAUiiiHy (YHKUi0 BHIaIKOBOTO
nporecy X = x(7) 3amano M(x(?)) =t + 4; K.(t1; t)= t1t,.

317



3HaWTH YUCIIOBI XapakTepucTuku i Y(¢) = Stx(¢)+2.
Bionosios. M(y(t)) = 52 + 20t + 2; D(y(£)) = 25¢%; Ki(t1; t2) = 254> 1,%.

5. JIBi ipMu IPONIOHYIOTH (hepMepaM TPAKTOPH, SIKi YMOBHO MO3HAYHMO
K TpaxTop ¢ipmu A i TpakTop dipmu B. Lli TpakTopy MaroTh Taki HMOBipHI
MaTpHIi OJHOKPOKOBOTO MEPEXOMy 3i CTaHy ; — IIPAlIOe Mo0pe B CTaH
M, — TPaKTOp NOTPEOy€E PEMOHTY.

JlaHi MaTpHIli MarOTh TAKHHA BUTJIS:

S 0,89 0,01 S 0,79 0,21
410,82 0,12) "8 10,72 0,28 )°
BusHauuTH, KOTpUH 13 TPAKTOPIB BAPTO KYMUTH (hepMepoBi?

Bionosiow. Tpaktop dipmu A.

6. Boniit Takci BUSIBUB, 110 KOJIM BiH Iepe0yBae B aepoHOPTY, TO 32 OAHY
TOJIHY MPOCTOIO BiH 3 iMOBipHIicTIO 0,6 TIOBE3e macaxupa Ha aBTOBOK3alI, 3
iMoBipHicTIO 0,3 — Ha 3a7i3HUYHUI BOK3aJI 1 3 iIMOBipHICTIO 0,1 3aUIIATLCS
Ha crosHui. Koiu >k BiH mepedyBae Ol 3ai3HUYHOTO BOK3aly, TO 3 IMOBi-
pHicTio 0,4 OBe3e macakupa JI0 aepornopry, 3 iMoBipHicTIO 0,3 — Ha aBTO-
BOK3aJ1, 3 IMOBipHICTIO 0,3 — 3aJUININUTHCS HA CTOSHIII; KOJIH X BOJIIN Takci 3
MAIIMHOI TiepeOyBae OUIS aBTOBOK3aily, TO 3 iMoBipHicTiO 0,7 moBe3e maca-
JKUpa 10 3aJIi3HUYHOTO BOK3ally, 3 iMoBipHicTio 0,25 — 10 aepomnopty, i 3
imoBipHicTiO 0,05 — 3anmummThes Ha Micui. CepenHiid TpUOYTOK IS KOXK-
HOT'O MapHIPyTy TaKHH: IPOi3[ 32 MapIIPyTOM aepoIOpT—BOK3AN KOIITYE
10 rpH. 30 kom.; aepornopT—3ai3HUYHUN BOk3an — & rpH. 20 KoI. 1 aBTO-
BOK3aJI—3ali3HUYHUN Bok3anm — 9 rpH. 50 kom. 3amucatu OJHOKPOKOBY
HMOBIpHY MaTPHINIO IEPEXOiB 1 MaTPUIlIO BapTocTeil. BusHaunTu ouikyBaHi
npuOyTKH 32 4oTUPH poboui roaunu, sxmo v(0) = (000) .

01 03 0,6 0 103 82
Bionosion. mw=| 04 03 03|, R=[103 0 95|,
0,25 0,7 0,05 82 95 0
8,01 rpH.
v(3) =| 6,47 rpH.
8,7 TpH.

7. IToTik TOBapHUX 3aJi3HUYHUX IMOTATIB, IO HAIXOANUTH Ha COPTYBab-
HUH BY30J1, TPUAMAETHCS HAHUTIPOCTININM 3 IHTEHCHUBHICTIO A =4 MOTSTH 3a
onHy roauny. O0UUCIUTH UMOBIPHICTH TOTO, 1110 3a 1,5 ronuHu 10 3aii3HH-
YHOTO By3J1a Hajaile: 1) ATk MOTATiB; 2) HEe OLIbIIE 1T ATH.

8. Ha cTaHLil0 TOTOYHOI'O TEXHIYHOTO PEMOHTY HAaAXOJSATh aBTOMAIU-
HU, SKi YTBOPIOIOTh HAWIMPOCTIIHK MOTIK i3 mapamerpoM A = 0,8 aBTOMa-
UIMHHU 32 TOIUHY. Y PEMOHTI Oepe ydacTb onHa Opuraaa pobitHukiB. Cepe-
IHIH 9ac peMOHTY OJHI€] aBTOMAIIMHHN € BHIAJIKOBOIO BEIMYUHOIO, IO Ma€
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SKCIIOHEHIIAIbHIH 3aKOH PO3MOiTY 3 mapaMeTpoM W = 1,8 aBTomammHu 3a
roanHy. Ha MaiifaH4iKy peMOHTHOI CTaHIii OJHOYaCHO MOXe mepeOyBaTu
He OUIbIIe SIK YOTUPU aBTOMAIINHH.

BusHauuTy: 1) iMOBIPHICTB TOTO, III0 PEMOHTHA CTAHIiS TIPOCTOIOBATHME
0e3 poboTH; 2) IMOBIpPHICTH TOTO, II0 MaWJaHYWK CTaHIii OyJe MOBHICTIO
3allOBHEHHM; 3) CepeIHE YUCIIO aBTOMAIIIMH Ha PEMOHTHIH CTaHIIII.

Bionosiow. Py=0,6399; Ps=0,024; M = 0,7878.

9. Hocmipkyerbes poboTa aBTo3anpaBoyHoi craniii (A3C), sika Mae Tpu
3alpaBOYHI KOJOHKH. Y cepemHbOMY 3a KOKHY XBIIHHY Ha A3C HaIXOAATh
JBl aBTOMAIIMHU. 3ampaBKa OJHi€l aBTOMAIINHN B CEPeIHHOMY TPUBAE HO-
TUPHU XBIJIMHHU. YHCIIO aBTOMANIHH, 10 MOXKYTh TiepeOyBaTH B 4ep3i A 3a-
MPaBKHU, IPAKTUYHO HE 0OMEXXEHE 1 BCi MAIIMHY HE 3aJIMIIAI0Th YEPTH.

BusnauuTu: 1) iMmoBipHicTE Toro, mo Ha A3C Oyae BiACYyTHsA 4depra;
2) cepeHE YUCIO MAIIMH y 4ep3i; 3) cepenHiil 4ac OdiKyBaHHS [UIS aBTO-
MAIIUH J0 TOYaTKy X 00CIyrOByBaHHS.

Bionosiob. Py=0,606; M=043; t=0,11 xs.
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Jlooamox 2"

TABJIULS 3HAYEHD ®YHKUIT JTATUIACA @(x) =— \/;_ Terz
To
x D(x) x D(x) x D(x) x D(x)
0,00 [ 0,000 | 026 | 011026 [ 0,552 | 0,1985 | 0,78 | 0,2823
0,01 0,0040 0,27 0,1064 0,53 0,2019 0,79 0,2852
0,02 0,0080 0,28 0,1103 0,54 0,2054 0,80 0,2881
0,03 0,0120 0,29 0,1141 0,55 0,2088 0,81 0,2910
0,04 | 00160 | 030 | 011179 [ 0,56 | 02123 | 0,820 | 0,2939
0,05 0,0199 0,31 0,1217 0,57 0,2157 0,83 0,2967
0,06 0,0239 0,32 0,1255 0,58 0,2190 0,84 0,2995
0,07 0,0279 0,33 0,1293 0,59 0,2224 0,85 0,3023
0,08 | 00319 | 034 | 01331 [ 0,60 | 02257 | 0,86 | 03051
0,09 0,0359 0,35 0,1368 0,61 0,2291 0,87 0,3078
0,10 0,0398 0,36 0,1406 0,62 0,2324 0,88 0,3106
0,11 0,0438 0,37 0,1443 0,63 0,2357 0,89 0,3133
0,12 | 0,478 | 038 | 0,1480 [ 0,64 | 02389 | 0,90 | 03159
0,13 0,0517 0,39 0,1617 0,65 0,2422 0,91 0,3186
0,14 0,8557 0,40 0,1564 0,66 0,2454 0,92 0,3212
0,15 0,0596 0,41 0,1691 0,67 0,2486 0,93 0,3238
0,16 | 00636 | 042 | 011628 [ 0,68 | 02517 | 094 | 03264
0,17 0,0675 0,43 0,1664 0,69 0,2549 0,95 0,3289
0,18 0,0714 0,44 0,1700 0,70 0,2580 0,96 0,3315
0,19 0,0753 0,45 0,1736 0,71 0,2611 0,97 0,3340
020 | 00793 | 046 | 01772 [ 0,72 | 02642 | 0,98 | 0,3365
0,21 0,0832 0,47 0,1808 0,73 0,2673 0,99 0,3389
022 | 00871 | 048 | 01844 | 0,74 | 02703 | 1,00 | 03413
0,23 0,0910 0,49 0,1879 0,75 0,2734 1,01 0,3438
0,24 | 0,948 | 0,550 | 01915 [ 0,76 | 02764 | 1,02 | 0,3461
0,25 0,0987 0,51 0,1950 0,77 0,2794 1,03 0,3485

B . - . ..
Jonatku 2—8 cTOCYIOTHCS BMILIEHOTO B LIl YaCTHHI KypCy MaTeMaTH4HOI CTATHCTUKH.
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IIpoodosacennsa dooamka 2

x () x () x ®(x) x ®(x)
1,04 | 03508 | 133 | 04082 | 1,62 | 04474 | 191 | 04719
1,05 | 03531 | 134 | 04099 | 1,63 | 04484 | 192 | 04726
1,06 | 03554 | 135 | 04115 | 1,64 | 04495 | 1,93 | 04732
1,07 | 03577 | 136 | 04131 | 1,65 | 04505 | 1,94 | 04738
1,08 | 03599 | 137 | 04147 | 1,66 | 04515 | 195 | 04744
1,00 | 03621 | 138 | 04162 | 167 | 04525 | 196 | 04750
1,10 | 03643 | 139 | 04177 | 1,68 | 04535 | 1,97 | 04756
LI1 | 03665 | 140 | 04192 | 1,69 | 04545 | 1,98 | 04761
1,12 | 03686 | 141 | 04207 | 1,70 | 04554 | 1,99 | 04767
1,13 | 03708 | 142 | 04222 | 1,71 | 04564 | 2,00 | 04772
1,14 | 03729 | 143 | 04236 | 1,72 | 04573 | 2,02 | 04783
115 | 03749 | 144 | 04251 | 1,73 | 04582 | 2,04 | 04793
1,16 | 03770 | 145 | 04265 | 1,74 | 04591 | 2,06 | 04803
1,17 | 03790 | 146 | 04279 | 1,75 | 04599 | 2,08 | 04812
1,18 | 03810 | 147 | 04292 | 1,76 | 04608 | 2,10 | 04821
1,19 | 03830 | 148 | 04306 | 1,77 | 04616 | 2,12 | 04830
120 | 03849 | 149 | 04319 | 1,78 | 04625 | 2,14 | 04838
121 | 0389 | 1,50 | 04332 | 1,79 | 04633 | 2,16 | 04846
122 | 03883 | 1,51 | 04345 | 1,80 | 04641 | 2,18 | 04854
123 | 03907 | 1,52 | 04357 | 1,81 | 04649 | 220 | 04861
124 | 03925 | 1,53 | 04370 | 1,82 | 04656 | 222 | 04868
125 | 03944 | 1554 | 04382 | 1,83 | 04664 | 224 | 04875
126 | 03962 | 1,55 | 04394 | 184 | 04671 | 226 | 04881
127 | 03980 | 1,56 | 04406 | 1585 | 04678 | 228 | 04887
128 | 03997 | 1,57 | 04418 | 1,86 | 04686 | 230 | 04893
129 | 04015 | 1,58 | 04429 | 1,87 | 04693 | 232 | 04898
130 | 04032 | 1,59 | 04441 | 1,88 | 04699 | 234 | 04904
131 | 04049 | 1,60 | 04452 | 1,89 | 04706 | 236 | 0,4909
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132 | 0,4066 | 1,61 | 0,4463 | 1,90 | 0,4713 | 2,38 | 0,4913 |
3axinuenus oooamka 2

» ) . () : >() : D)

240 | 04918 | 2,60 | 04953 | 2,80 | 04974 | 320 | 049931

242 | 04922 | 2062 | 04956 | 2,82 | 04976 | 3.40 | 049966

244 | 04927 | 2,64 | 04959 | 284 | 04977 | 360 | 049984

246 | 04931 | 2,66 | 04961 | 2,86 | 04979 | 3,80 [ 0499928

248 | 04934 | 2,68 | 04963 | 2,90 | 04981 | 4,00 | 0499968

2,50 | 04938 | 2,70 | 04965 | 292 | 04982 | 500 [ 0499997

252 | 04941 | 272 | 04967 | 2,94 | 04984

254 | 04945 | 2,74 | 04969 | 2,96 | 049846

2,56 | 04948 | 2,76 | 04971 | 2,98 | 049856

2,58 | 04951 | 2,78 | 04973 | 3,00 | 049865 | x>5 0,5
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¢ce

Jlooamox 3

t
TABJIMLS 3HAYEHD £(j, k =n—1) , 110 3AJJ0BOJILHSAIOTh PIBHICTb p(t) =2[ f(x)dt =

0

P p()
01 0,2 03 0,4 05 06 07 08 09 0,95 0,98 0,99 0,999
1 0,158 | 0,326 0,510 0,727 1,00 1,376 1,963 3,078 6,314 | 12,706 | 31,821 | 63,657 | 63,662
2 0,142 | 0,289 0,445 0,617 0,816 1,061 1,336 1,886 2,920 | 4,303 6,965 9,925 | 31,598
3 0,137 | 0,277 0424 | 05584 | 0,765 0,978 1,250 2,638 2,353 3,182 | 4,541 5841 | 12,941
4 0,134 | 0,271 0,414 | 0,569 0,741 0,941 1,190 1,533 2,132 2,776 3,747 4,694 8,610
5 0,132 | 0,257 0,408 0,559 0,727 0,920 1,156 1,476 2,015 2,571 3365 | 4,032 6,859
6 0,131 | 0,265 0,404 | 0,553 0,718 0,906 1,134 1,440 1,943 2,447 3,143 3,707 5,959
7 0,130 | 0,263 0,401 0,549 0,711 0,896 1,119 1,415 1,895 2,365 2,998 3,499 5,405
8 0,130 | 0,262 0,399 0,546 0,706 0,889 1,108 1,397 1,860 2,306 2,896 3,355 5,041
9 0,129 | 0,261 0,398 0,543 0,703 0,883 1,100 1,383 1,833 2,262 2,821 3250 | 4,781
10 0,129 | 0,260 0,397 0,542 0,700 0,879 1,093 1,372 1,812 2,228 2,764 3,169 4,587
11 0,129 | 0,260 0,396 0,540 0,697 0,876 1,086 1,363 1,796 2,201 2,718 3,106 4,487
12 0,128 | 0,259 0,395 0,539 0,695 0,873 1,083 1,356 1,782 2,179 2,681 3,055 4,318
13 0,128 | 0,259 0,394 | 0,538 0,694 0,870 1,079 1,350 1,771 2,160 2,650 3,012 4,221
14 0,128 | 0,258 0,393 0,537 0,692 0,868 1,076 1,345 1,761 2,145 2,624 2,977 4,140




15 |O,128| 0,258 | 0,393 | 0,536 | 0,691 | 0,866 | 1,074 | 1,341 | 1,753 | 2,131 | 2,602 | 2,947 | 4,073 |

Raxinuenns oooamxa 3

()
0,1 0,2 03 0,4 0,5 0,6 0,7 08 09 0,95 0,98 0,99 0,999

k=n-1

16 0,128 | 0,258 0,392 0,535 0,690 0,865 1,071 1,337 1,746 2,120 2,583 2,921 4,015

17 0,128 | 0,257 0,392 0,534 0,689 0,863 1,069 1,333 1,740 2,110 2,567 2,898 3,965

18 0,127 | 0,257 0,392 0,534 0,688 0,862 1,067 1,330 1,734 2,103 2,552 2,872 3,922

19 0,127 | 0,257 0,391 0,533 0,688 0,861 1,066 1,328 1,729 2,093 2,539 2,861 3,883

20 0,127 | 0,257 0,391 0,533 0,687 0,860 1,064 1,325 1,725 2,086 2,528 2,845 3,850

21 0,127 | 0,257 0,391 0,532 0,686 0,859 1,063 1,323 1,721 2,080 2,518 2,831 3,819

€¢e

22 0,127 | 0,256 0,390 0,532 0,686 0,859 1,061 1,321 1,717 2,074 2,508 2,819 3,792

23 0,127 | 0,256 0,390 0,532 0,685 0,858 1,060 1,319 1,714 2,069 2,500 2,807 3,767

24 0,127 | 0,256 0,390 0,531 0,685 0,857 1,059 1,318 1,711 2,064 2,492 2,797 3,745

25 0,127 | 0,256 0,390 0,531 0,684 0,857 1,058 1,316 1,708 2,060 2,485 2,787 3,725

26 0,127 | 0,256 0,390 0,531 0,684 0,856 1,058 1,315 1,706 2,056 2,479 2,779 3,707

27 0,127 | 0,256 0,389 0,531 0,684 0,855 1,057 1,314 1,703 2,052 2,473 2,771 3,690

28 0,127 | 0,256 0,389 0,530 0,683 0,855 1,056 1,313 1,701 2,048 2,467 2,763 3,674

29 0,127 | 0,256 0,389 0,530 0,683 0,854 1,055 1,311 1,699 2,045 2,462 2,756 3,659
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0,127

0,256

0,389

0,530

0,683

0,854

1,055

1,310

1,697
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2,457

2,750
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Jlooamox 4
3HAYEHHS BEJJMYMHU y; 3AJIEAKHO BIJ IMOBIPHOCTI P(y° >%1)

dneio PO > )
CTyIEHIB

ceoGozw, k 02 0,10 0,05 0,02 0,01 0,005 0,002 0,001
1 1,64 2,7 3,8 5,4 6,6 7,9 9,5 10,83
2 3,22 4,6 6,0 7,8 9,2 11,6 12,4 13,8
3 4,64 6,3 7,8 9,8 11,3 12,8 14,6 16,3
4 6,0 7,8 9,5 11,7 13,3 14,9 16,9 18,5
5 73 92 11,1 13,4 15,1 16,3 18,9 20,5
6 8,6 10,6 12,6 15,0 16,8 18,6 20,7 22,5
7 9,8 12,0 14,1 16,6 18,5 20,3 22,6 243
8 11,0 13,4 15,5 18,2 20,1 21,9 24,3 26,1
9 12,2 14,7 16,9 19,7 21,7 23,6 26,1 27,9
10 13,4 16,0 18,3 21,2 23,2 25,2 27,7 29,6
11 14,6 17,3 19,7 22,6 24,7 26,8 29,4 31,3
12 15,8 18,5 21,0 24,1 26,2 28,3 31,0 32,9
13 17,0 19,8 224 25,5 27,7 29,8 32,5 34,5
14 18,2 21,1 23,7 26,9 29,1 31,0 34,0 36,1
15 19,3 223 25,0 28,3 30,6 32,5 355 37,7
16 20,5 23,5 26,3 29,6 32,0 34,0 37,0 39,2
17 21,6 24,8 27,6 31,0 33,4 35,5 38,5 40,8
18 22,8 26,0 28,9 32,3 34,8 37,0 40,0 423
19 23,9 27,3 30,1 33,7 36,2 38,5 41,5 43,8
20 25,0 28,4 31,4 35,0 37,6 40,0 43,0 453
21 26,2 29,6 32,7 36,3 38,9 41,5 44,5 46,8
22 27,3 30,8 33,9 38,7 40,3 42,5 46,0 48,3
23 28,4 32,0 35,2 39,0 41,6 44,0 47,5 49,7
24 29,6 33,2 36,4 40,3 43,0 45,5 48,5 51,2
25 30,7 34,4 37,7 41,6 443 47,0 50,0 52,6
26 31,8 35,6 38,9 42,9 45,6 48,0 51,5 54,1
27 32,9 36,7 40,1 44,1 47,0 49,5 53,0 55,5
28 34,0 37,9 41,3 45,4 48,3 51,0 54,5 56,9
29 35,1 39,1 42,6 46,7 49,6 52,5 56,0 58,3
30 36,3 40,3 43.8 48,0 50,9 54,0 57,5 59,7
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Baxinuenns oooamka 4

3HAYEHHSI BEJIMYMHH 3 3AJIEKHO B IMOBIPHOCTI P(y” > %})

Yucio Py’ >%3)
cTymeHiB

cBobosm, k 0,99 0,98 0,95 0,90 0,80 0,70 0,50 0,30
1 0,00016 | 0,0006 0,0039 0,016 0,064 0,148 0,455 1,07
2 0,020 0,040 0,103 0,211 0,446 0,713 1,386 2,41
3 0,115 0,185 0,352 0,584 1,005 1,424 2,366 3,66
4 0,30 0,43 0,71 1,06 1,65 2,19 3,36 4,9
5 0,55 0,76 1,14 1,61 2,34 3,0 435 6,1
6 0,87 1,13 1,63 2,20 3,07 3,83 5,35 7,2
7 1,24 1,56 2,17 2,83 3,82 4,67 6,35 8,4
8 1,65 2,03 2,73 3,49 4,59 5,53 7,34 9,5
9 2,09 2,563 3,32 4,17 5,38 6,39 8,34 10,7
10 2,56 3,06 3,94 4,86 6,18 7,27 9,34 11,8
11 3,1 3,6 4,6 5,6 7,0 8,1 10,3 12,9
12 3,6 42 5,2 6,3 7.8 9,0 11,3 14,0
13 4,1 48 5,9 7,0 8,6 9,9 12,3 15,1
14 4,7 5.4 6,6 7,8 9,5 10,8 13,3 16,2
15 52 6,0 7,3 8,5 10,3 11,7 14,3 17,3
16 5,8 6,6 8,0 9,3 11,2 12,6 15,3 18,4
17 6,4 7,3 8,7 10,1 12,0 13,5 16,3 19,5
18 7,0 7,9 9,4 10,9 12,9 14,4 17,3 20,6
19 7,6 8,6 10,1 11,7 13,7 15,4 18,3 21,7
20 8,3 9,2 10,9 12,4 14,6 16,3 19,3 22,8
21 8,9 9,9 11,6 13,2 15,4 17,2 20,3 23,9
22 9,5 10,6 12,3 14,0 16,3 18,1 21,3 24.9
23 10,2 10,3 13,1 14,8 17,2 19,0 223 26,0
24 10,9 12,0 13,8 15,7 18,1 19,9 233 27,1
25 11,5 12,7 14,6 16,5 18,9 20,9 243 28,1
26 12,2 13,4 15,4 17,3 19,8 21,8 253 | 293
27 12,9 14,1 16,2 18,1 20,7 22,7 26,3 30,3
28 13,6 14,8 16,9 18,9 21,6 23,6 27,3 314
29 14,3 15,6 17,7 19,8 22,5 24,6 28,3 32,5
30 15,0 16,3 18,5 20,6 23,4 25,5 29,3 33,5
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TABJIMIS 3HAYEHD ¢ = g(y, 1)

Hooamoxk 5

Y Y

n n

0,95 0,99 0,999 0,95 0,99 0,999
5 1,37 2,67 5,64 20 0,37 0,58 0,88
6 1,09 2,01 3,88 25 0,32 0,49 0,73
7 0,92 1,62 2,98 30 0,28 0,43 0,63
8 0,80 1,38 2,42 35 0,26 0,38 0,56
9 0,71 1,20 2,06 40 0,24 0,35 0,50
10 0,65 1,08 1,80 45 0,22 0,32 0,46
11 0,59 0,98 1,60 50 0,21 0,30 0,43
12 0,55 0,90 1,45 60 0,188 0,269 0,38
13 0,52 0,83 1,33 70 0,174 0,245 0,34
14 0,48 0,78 1,23 80 0,161 0,226 0,31
15 0,46 0,73 1,15 90 0,151 0,211 0,29
16 0,44 0,70 1,07 100 0,143 0,198 0,27
17 0,42 0,66 1,01 150 0,115 0,160 0,211
18 0,40 0,63 0,96 200 0,099 0,136 0,185
19 0,39 0,60 0,92 250 0,089 0,120 0,162
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Jlooamox 6
KPAUTUYHI TOYKH PO3NOALILY CTBIOAEHTA (t-PO3IOILILY)

Yncno crynenis PiBenb 3HauyImocTi, o
cBobosm, k 0,20 0,10 0,05 0,02 0,01 0,002 | 0,001
1 3,08 6,31 12,7 | 31,82 | 63,66 | 127,32 | 636,62
2 1,89 2,92 4,30 6,97 9,93 14,09 | 31,60
3 1,64 2,35 3,18 4,54 5,84 7,45 12,94
4 1,53 2,13 2,78 3,75 4,60 5,60 8,61
5 1,48 2,02 2,57 3,37 4,03 4,77 6,86
6 1,44 1,94 2,45 3,14 3,71 432 5,96
7 1,42 1,90 2,36 3,00 3,50 4,03 5,41
8 1,40 1,86 2,31 2,90 3,36 3,83 5,04
9 1,38 1,83 2,26 2,82 3,25 3,69 4,78
10 1,37 1,81 2,23 2,76 3,17 3,58 4,59
11 1,36 1,80 2,20 2,72 3,11 3,50 4,44
12 1,36 1,78 2,18 2,68 3,05 3,43 432
13 1,35 1,77 2,16 2,65 3,01 3,37 4,22
14 1,34 1,76 2,14 2,62 2,98 3,33 4,14
15 1,34 1,75 2,13 2,60 2,95 3,29 4,07
16 1,34 1,75 2,12 2,58 2,92 3,25 4,02
17 1,33 1,74 2,11 2,57 2,90 3,22 3,97
18 1,33 1,73 2,10 2,55 2,88 3,20 3,92
19 1,33 1,73 2,09 2,54 2,86 3,17 3,88
20 1,33 1,73 2,09 2,53 2,85 3,15 3,85
21 1,32 1,72 2,08 2,52 2,83 3,14 3,82
22 1,32 1,72 2,07 2,51 2,82 3,12 3,79
23 1,32 1,71 2,07 2,50 2,81 3,10 3,77
24 1,32 1,71 2,06 2,49 2,80 3,09 3,75
25 1,32 1,71 2,06 2,48 2,79 3,08 3,73
26 1,32 1,71 2,06 2,48 2,78 3,07 3,71
27 1,31 1,70 2,05 2,47 2,77 3,06 3,69
28 1,31 1,70 2,05 2,47 2,76 3,05 3,67
29 1,31 1,70 2,04 2,46 2,76 3,04 3,66
30 1,31 1,70 2,04 2,46 2,75 3,03 3,65
40 1,30 1,68 2,02 2,42 2,70 2,97 3,55
60 1,30 1,67 2,00 2,39 2,66 2,91 3,46
120 1,29 1,66 1,98 2,36 2,62 2,86 3,37
© 1,28 1,64 1,96 2,33 2,58 2,81 3,29
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Jlooamox
KPUTUYHI TOUYKHU PO3NOALTY ®IHMEPA (F-PO3IIOALTY)

7

PiBenb 3Hauymocti 0,05

A kil 2 3 4 5 6 2 | 24 | «
1 1644 [ 199,5 | 215,7 | 224,6 | 230,2 | 234,0 | 244,9 | 249,0 | 254,3
2 18,5 9,2 19,2 19,3 19,3 19,3 19,4 19,5 19,5
3 1.1 [ 96 [ 93 [ 91 | 90 | 89 | 87 | 86 | 85
4 7,7 6,9 6,6 6,4 6,3 6,2 5,9 5,8 5,6
5 6,6 5,8 5,4 5,2 5,1 5,0 4,7 4,5 4,4
6 6,0 5,1 4,8 4,5 4,4 43 4,0 3,8 3,7
7 56 | 47 | 44 | 41 | 40 | 39 | 36 | 34 | 32
8 53 4,5 4,1 3,8 3,7 3,6 33 3,1 2,9
9 5,1 4,3 3,9 3,6 3,5 34 3,1 2,9 2,7
10 5,0 4,1 3,7 3,5 3,3 32 2,9 2,7 2,5
11 48 | 40 [ 36 [ 34 [ 32 | 31 | 28 [ 26 | 24
12 4,8 3,9 3,5 33 3,1 3,0 2,7 2,5 2,3
13 4,7 3,8 34 3,2 3,0 2,9 2,6 24 2,2
14 4,6 3,7 33 3,1 3,0 2,9 2,5 2,3 2,1
15 45 [ 37 [ 33 [ 30 [ 29 | 28 | 25 | 23 | 21
16 4,5 3,6 3,2 3,0 2,9 2,7 2,4 2,2 2,0
17 4,5 3,6 3,2 3,0 2,8 2,7 24 2,2 2,0
18 44 [ 36 | 32 [ 20 [ 28 | 27 | 23 | 21 | 19
19 44 [ 35 [ 31 [ 20 [ 27 | 26 | 23 | 21 | 138
20 4.4 3,5 3,1 2,9 2,7 2,6 2,3 2,1 1,8
22 4,3 34 3,1 2,8 2,7 2,6 2,2 2,0 1,8
24 43 [ 34 [ 30 [ 28 [ 26 | 25 | 22 | 20 | 17
26 42 [ 34 [ 30 [ 27 [ 26 | 24 | 20 | 19 | 17
28 4,2 33 2,9 2,7 2,6 2.4 2,1 1,9 1,6
30 4,2 33 2,9 2,7 2,5 2,4 2,1 1,9 1,6
40 a1 [ 32 [ 20 [ 26 | 25 [ 23 | 20 | 18 [ 15
60 40 [ 32 [ 28 [ 25 | 24 [ 23 [ 19 | 17 | 14

120 3,9 3,1 2,7 2,5 2,3 2,2 1,8 1,6 1,3
) 3,8 3,0 2,6 2,4 2,2 2,1 1,8 1,5 1,0
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IIpooosaicenns dooamxa

PiBenp 3Hauymocti 0,01

ki

o 1 2 3 4 5 6 8 12 | 24 | o
1 4052 | 4999 | 5403 | 5625 | 5764 | 5859 | 5981 | 6106 | 6234 | 6366
2 98,5 | 99,0 | 99,2 | 99,3 | 993 | 99.4 | 99,3 | 99,4 | 99,5 | 99,5
3 34,1 | 30,8 | 29,5 | 28,7 | 282 | 27.9 | 27,5 | 27.1 | 26,6 | 26,1
4 212 | 18,0 | 16,7 | 160 | 155 | 152 | 14,8 | 144 | 13,9 | 13,5
5 163 | 133 | 12,0 | 11,4 [ 11,0 | 10,7 | 103 | 9,9 | 9,5 | 9,0
6 13,7109 | 98 | 92 | 88 | 85 | 81 | 77 | 7.3 | 69
7 123196 | 85| 79|75 72|68/ 65| 61|57
8 11387 |76 | 70| 66| 64|60/ 57| 53] 49
9 106 | 80 | 70 | 64 | 61 | 58 | 55 | 51 | 47 | 43
10 100 76 | 66 | 60 | 56 | 54 | 51 | 47 | 43 | 39
11 97 | 72 | 62 | 57 | 53 | 51 | 47 | 44 | 40 | 3.6
12 93 | 69 | 60 | 54 | 51 | 48 | 45 | 42 | 38 | 34
13 901 | 67 | 57 | 52 | 49 | 46 | 43 | 40 | 3.6 | 3.2
14 89 | 65 | 56 | 50 | 47 | 45 | 41 | 38 | 34 | 3,0
15 87 | 64 | 54 | 49 | 46 | 43 | 40 | 3,7 | 33 | 29
16 85 | 62 | 53 | 48 | 44 | 42 | 39 | 36 | 32 | 28
17 84 | 61 | 52 | 47 | 43 | 41 | 38 | 35| 31 | 27
18 83 | 60 | 51 | 46 | 43 | 40 | 3,7 | 34 | 30 | 26
19 82 | 59 | 50 | 45 | 42 | 39 | 36 | 33 | 29 | 24

20 81 | 59 | 49 | 44 | 41 | 39 | 36 | 32 | 29 | 24
22 79 | 57 | 48 | 43 | 40 | 3.8 | 3,5 | 3.1 | 28 | 23
24 78 | 56 | 47 | 42 | 39 | 37 | 33 | 30 | 27 | 22
26 77 | 55 | 46 | 41 | 38 | 3.6 | 33 | 30 | 26 | 2.1
28 76 | 55 | 46 | 41 | 38 | 35| 32|29 | 25| 21
30 76 | 54 | 45 | 40 | 37 | 35 | 32|28 | 25| 20
40 73 | 52 | 43 |38 |35 |33 |30 27|23 18
60 70 | 50 | 41 |37 |33 |31 |28 ]25]|21]|1L6
120 69 | 48 | 40 | 35 | 32 | 30 | 27 | 23 | 20 | 14
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| 66 | 46 |38 3330 ]28]25]22] 18] 10|

©
3axinuenns dooamka 7
PiBens 3Hauymocti 0,001
h ki 2 3 4 5 6 s | 12| 24 | »
1 3minroerses Big 400 000 1o 600 000
2 998 | 999 | 999 | 999 [ 999 | 999 | 999 | 999 [ 999 | 999
3 167 | 148 | 141 | 137 [ 135 | 133 | 131 | 128 | 126 | 123
4 74,1 | 61,3 | 56,2 | 53,4 | 51,7 | 50,5 | 49,0 | 47,4 | 45,8 | 44,1
5 470 | 36,6 | 332 | 31,1 | 29,8 | 28,8 | 27.6 | 26,4 | 25,1 | 23,8
6 355 (27,0 | 23,7 | 21,9 | 20,8 | 20,0 | 19,0 | 18,0 | 16,9 | 15,8
7 292 [ 21,7 | 18,8 | 17,2 | 16,2 | 155 | 14,6 | 13,7 | 12,7 | 11,7
8 254 | 18,5 | 15,8 | 144 | 13,5 | 12,9 | 12,0 | 11,2 | 10,3 9,3
9 229 | 16,4 | 13,9 | 12,6 | 11,7 | 11,1 | 104 | 9,6 8,7 7,8
10 21,0 | 149 [ 12,6 | 11,3 | 10,5 ] 9,9 | 9,2 8,5 7,6 | 6,8
11 19,7 | 138 [ 11,6 | 104 | 9,6 | 9,1 8,3 76 | 69 | 6,0
12 18,6 | 13,0 | 10,8 | 9,6 8,9 8,4 7,7 70 | 63 5.4
13 17,8 | 12,3 | 10,2 | 9,1 8,4 7,9 7,2 6,5 5,8 5,0
14 17,1 | 11,8 | 9,7 8,6 7,9 7,4 6,8 6,1 54 | 4,6
15 16,6 | 11,3 | 93 8,3 7,6 7,1 6,5 5.8 5,1 43
16 16,1 | 11,0 | 9,0 7,9 7,3 6,8 6,2 56 | 49 | 4,1
17 157 107 87 | 7,7 | 70 | 66 | 60 | 53 | 46 | 39
18 154 | 10,4 | 85 7,5 6,8 6,4 5,8 5,1 4,5 3,7
19 15,1 | 10,2 | 83 7,3 6,6 | 6,2 5,6 50 | 43 3,5
20 14,8 | 10,0 | 8,1 7,1 6,5 6,0 54 | 48 | 42 34
22 144 | 9,6 7,8 6,8 6,2 5,8 5,2 4,6 3,9 32
24 14,0 | 9,3 7,6 6,6 6,0 5,6 50 | 44 | 3,7 | 3,0
26 13,7 | 9,1 7.4 6,4 | 58 54 | 48 | 42 36 | 2,8
28 135 89 | 7,2 6,3 5,7 52 | 47 | 4.1 35 2,7
30 133 88 | 71 | 61 | 55 | 51 | 46 | 40 | 34 | 26
40 12,6 | 82 | 6,6 5,7 5,1 4,7 | 42 36 | 3,0 | 22
60 12,0 | 7,8 6,2 53 48 | 44 3,9 3,3 2,7 1,9
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120

11,4

7.3

5.8

5,0

44

4,0

3,5

3,0

24

1,6

10,8

6,9

54

4,6

4,1

s

3,7

3.3

2,7

2,1

)

1,0
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KPUTHUYHI TOYKH PO3IIOALTY x2

Hooamox 8

Uncito crynenin PiBeHb 3Ha4yIIOCTI, OL

ceobonm, k 0,01 0,025 0,05 0,95 0,975 0,999
1 6,6 5,0 3,8 0,0039 0,00098 0,00016
2 9,2 7,4 6,0 0,103 0,051 0,020
3 11,3 9.4 7.8 0,352 0,216 0,115
4 13,3 11,1 9,5 0,711 0,484 0,297
5 15,1 12,8 11,1 1,15 0,831 0,554
6 16,8 14,4 12,6 1,64 1,24 0,872
7 18,5 16,0 14,1 2,17 1,69 1,24
8 20,1 17,5 15,5 2,73 2,18 1,65
9 21,7 19,0 16,9 3,33 2,70 2,09
10 23,2 20,5 18,3 3,94 3,25 2,56
11 24,7 21,9 19,7 4,57 3,82 3,05
12 26,2 23,3 21,0 5,23 4,40 3,57
13 27,7 24,7 224 5,89 5,01 4,11
14 29,1 26,1 23,7 6,57 5,63 4,66
15 30,6 27,5 25,0 7,26 6,26 5,23
16 32,0 28,8 26,3 7,96 6,91 5,81
17 334 30,2 27,6 8,67 7,56 6,41
18 34,8 31,5 28,9 9,39 8,23 7,01
19 36,2 32,9 30,1 10,1 8,91 7,63
20 37,6 34,2 31,4 10,9 9,59 8,26
21 38.9 35,5 32,7 11,6 10,3 8,90
22 40,3 36,8 339 12,3 11,0 9,54
23 41,6 38,1 352 13,1 11,7 10,2
24 43,0 394 36,4 13,8 12,4 10,9
25 443 40,6 37,7 14,6 13,1 11,5
26 45,6 41,9 38,9 15,4 13,8 12,2
27 47,0 432 40,1 16,2 14,6 12,9
28 48,3 44,5 41,3 16,9 15,3 13,6
29 49,6 45,7 42,6 17,7 16,0 14,3
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60,9

47,0

43,8

18,5

16,8

15,0
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3MICT

PO3UI V. CTATUCTHUYHI PO3IIOA1/IN BUBIPKU.
CTATUCTHUYHI OHIHKH ITAPAMETPIB
TEHEPAJIBHOI CYKYIIHOCTI . ... ....

Tema 12. CTaTHCTHYHI po3noaiinn BHOipok

Ta IX YHCJIOBI XaPAKTEPUCTHKH . . . . . . . . . . . oo v e oo

1. 3arampHa iHQOPMAITIST . . . . . . o o oo ot e
2. JIucKkpeTHHI CTAaTUCTUYHHUI PO3MOIii BUOIpKH

Ta 1 YUCIIOB1 XAPAKTEPUCTUKHI . . « o o o v v vt vt e e e oo e
3. IHTepBaNbHUI CTATUCTUYHUN PO3MIOALT BUOIPKH

Ta HOTO YHCIIOBI XAPAKTEPUCTHKH . . . o o v v v e vv e e o
4. JIBOBUMIpHHUI CTATUCTUYHUN PO3TOLT BUOIPKH

Ta HOTO YUCIIOBI XAPAKTEPUCTHKH . . . o o o v voo oo e e e e
5. [TapHuii cTaTUCTHYHUIN PO3IIOLT BUOIPKU

Ta HOTO YHCIIOBI XAPAKTEPUCTHKH . . . o o o o v v e v v e e o
6. EMIIpHYHI MOMEHTH . . . . . . . vt it it e e e e e
TeopeTnuHi 3aMUTAHHS IO TEMH . . « « o v v v v oo e e e e
3aaUI JO TEMH . . . . v v v v it e e e e

PO3UJI VI. CTATUCTHUYHI OIIIHKH.
CTATUCTHUYHITINOTE3NX . . ..... ...

Tema 13. CTaTUCTHYHI OL[IHKU MapaMeTPiB reHepajabHOI CYKYIHOCTI . .

1. 3aranpHa IHPOPMALTIS . « « « o o o v vttt e e e e
2. TOYKOB1 CTATHCTHYHI OI[IHKH ITapaMeTpiB

TEHEPATBHOT CYKYITHOCTI . .« « o v oo v v v e e e e e e e e e e e
3. MeTO[ll/I BU3HAYCHHA TOYKOBHUX CTATHUCTUYHUX O]_IiHOK ......

4. 3aKoHH PO3MOJITY HMOBipHOCTEH Xpy, S°, S ... ... ... ..

5. InTepBasbHi CTATUCTHYHI OL[IHKH JJIsI TapaMeTpiB
TCHEPATBHOT CYKYITHOCTL . .« « o v oo v v e et e e e e e e e e e e

6. IToOynoBa nosipuoro iHnTepBany anst X
IpH BiIOMOMY 3HAU€HHI G 13 3a1aHOI0 HaJiHHICTIO v . . .. ..
7. Ilo6ynoBa goBipuoro inTepBany ana X
IIPY HEBIZIOMOMY 3Ha4Y€HHI G i3 3a/laHOI0 HAMIMHICTIO } . . . . .
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8. [ToOynoBa nOBipUYMX IHTEPBAJIIB 13 3aJaHOI0 HAIIIHICTIO Y
I Dp, O oo 65
9. [TobynoBa MOBipYOTO IHTEPBATY IJIS Ty

TeHEPAILHOT CYKYITHOCTI 13 3a/IaHOI0 HAAIHHICTIO ¥ . . . . . . . . . 70
10. ITo6GynoBa 0BipuOro iHTEpBaY VISl X, 32 JONIOMOTOKO
HepiBHOCTI YeOHmioBa i3 3aJaHO0 HATMIMHICTIO ¥ . . . . . ... .. 74
TeopeTHdHi 3aITUTAHHST IO TEMH . . . . .« o o o ooooe et e e e e o 77
381 JO TEMH . .« ottt e e e e e 78
Tema 14. CTaTHCTHYHI TIIOTE3W . . . . . . . . . ... .............. 86

1. 3arampHa tHQOPMAITIST . .+« v v v v v e e e e e e e e e e 86
2. [lapaMeTpHyHi i HeNapaMeTpUYHi CTATUCTUYHI rimore3n . . . . 86
3. HynpoBa i anbTepHATHBHA TIIIOTE3H . . . . . . . « . . o o o o . . . 86
4. TIpocTi i CKIIaHI CTATUCTHYHI TIMOTE3M .+ . . + . o o v v v v v v . . 87
5. Cratuctuynuii kputepiid. EMnipudne 3HadeHHs kpurepito . . . 87
6. OGnactb NpuHHATTS rinote3n. Kpurnina odnacTs.
KputnuHa Touka . . .. ... ... 88
7. 3aranpHANA aaTOPUTM MEPEBIPKH MPABUIBHOCTI
HYJBOBOT TITIOTE3H .+ & v v v v v v v e e e e e et e e e e e e e e e u s 89
8. [Tomnnku nepmoro ta apyroro poxay. I[lotyxnicts kputepito . 90
9. [NapaMeTpUYHi CTATUCTUYHI TIMOTE3H . . . . . . . o o o o o o . .. 92

9.1. IlepeBipka MpaBHIBLHOCTI HYJIFOBOI TilTOTE3U

PO 3HAYCHHS F'€HEPATIbHOI CEPeIHBOT . . . . . . . . . o o o . . . 92

9.2. [epeBipka MpaBUIFHOCTI HYJIFOBOI TIlTOTE3N
PO piBHICTH ABOX reHepanbHux cepeanix (M(X)=M(Y)) . 104
9.3. Manmii o6csr Bubipku (n' <40, n" < 40) i HeBigomi

3HA4YEHHS ANUCIEPCiH reHepaIbHOI CYKYyITHOCTI . . . . . . . . . 112
9.4. TlepeBipka MpaBHIFHOCTI HYJIFOBOI TIlTOTE3N
PO PIBHICTH ABOX MUCHEPCIH . . . . o v v v v oo e o e e v n s 117
10. TTepeBipka MpaBUILHOCTI HEMTAPAMETPUIHUX
CTATHCTUYUHMX TITTOTE3 . .« « v v v v vt e e et et e e e e e 121
TeopeTHdHI 3aIUTAHHS IO TEMH . . . . « « « o o o ooove e e o e o o 138
3a0a91 O TEMH .« . . o v v v e e e e e e e e 139
Jlaboparopna pobota Ne 1 1o Temn «CraructuyHi rinoresm» . . 153
PO3/UJI VII. ENEMEHTHU JUCIEPCIAHOI'O, KOPEJISI-
OIMHOI'O |
TA PET'PECIMHOI'O AHAJII3Y . ... .. 162
Tema 15. EieMeHTH qUcHepCiifHOro aHAMi3y . . . ... ... ... ... .. 162
1. 3arampHa iHQOPMAITIST . . . . . . . o o vo it e 162
2. OnHO(GAKTOPHUI TUCTIEPCIHHNAN aHAMI3 . . . . . . . o v v v . . 163
3. JIBodakTOpHUN AUCTICPCIAHMI aHAI3 . . . . . . . . . ... ... 168
TeopeTHYHI 3aIUTAHHST IO TEMH . . . . . o o o v v v v e e e . 172
B3a0aUl IO TEMU . . v o o o v e e e e e e e e e e e 173



Tema 16.

JlabopaTopna podota Ne 2 no Temu «EneMeHTH AuCIIEpCiitHOTO
AHATIBYD © o v e e e e e e

EsneMenTH KOpensliiHOro Ta perpeciiiHoro aHaisy . . . . . .

1. 3arampHa iHQOPMAITIST . . . . . . . oo vo it e
2. PiBHSAHHS JNiHIAHOT MapHOi perpecii . . . . .. .. ... .. ...

2.1. BuzHaueHHs mapametpiB By, B, - . - ..o

. * *
2.2.BmactuBocti By, B, ... ..o
2.3. IlepeBipka 3HauymI0CTi KOe(iIieHTIB JiHIHHOI perpecii
2.4. losipui iHTepBamu it By, B, . . . . ..o oo L
2.5. loBipunii inTepBai Ui MapHoi JiHiiHOT QyHKIIT
perpecii i3 3a1aHOI0 HAMIHHICTIO ¥ . . . . . . o oo v v
2.6. JloBipuuii iHTepBai A IHAUBIAYaIbHUX 3HAYEHb Y =,
13 3aJAHOI0 HAMIMHICTIO Y . . . v v v v vt e e e e e e et
3. MHOXWHHA JIIHIHA PETPECST . . . . . o o oo o oo e e
4. HemiHIHHA PETPECIST . . . .« o v v o vt e e e e e

5. HeminifiHa MOAENb 32 IAPAMETPAMH . . . « . o o v v v v v v o .
TeopeTnyHi 3aMUTAHHS IO TEMH . . .« « o o oo e e e e e

Hooamoxk domemu 16 . . . ... ... ... ... ... ... . ...,

Jlaboparopra pobota Ne 3 1o Temu «EneMeHTH KopensiiHoro

Ta PETPECIHHOTO QHAIIBYM « « « « « o v v v v e v oo e e e e e e e o
1. [TapHa TiHIAHA PETPECIT . . . . v v v v e e v e e oo e oo e e
2. MHOXHHHA JIIHIHA PETPecist . . . . . o o oo v oo oo e
3. MHOXWHHA HEJIHIHHA PETPeCisi . . . . . o oo oo e e e o
4. HemiHiliHa MOZIeNb perpecii 3a mapaMeTpaMu . . . . . . . . . .

Jlooamxku 0o meopii imogipHocmer i MamemMamuyHol
CIMAMUCIUKU . . o o o oo e e et e e e e e e e e e



