Jlekmisa Ne2.
TEMA 2 OCHOBHA I[I/ICHEPCIﬁHOFO AHAJII3Y

VY npaktuili oOpoOKH pe3ysbTaTiB CIIOCTEPEKEHb YaCcTO MOCTAE MUTAHHS MPO
Te, HACKUIBKHU ICTOTHO BIUIMBAaE 3MiHa jesikoro ¢akrtopa abo rpymnu (axTtopiB Ha
BUMIpIOBaHy BelWuyuHy. Hampukman, MokHa JOCHIDKYBAaTH CHUIBHUNA —BIUIUB
JNEKUTPKOX E€KOHOMIYHUX (DaKTOpiB, IO HE IMIJJAIOThCA KiIBKICHOMY BHUMIPY Ha
JOCIIKYBaHUN E€KOHOMIYHUNA TOKa3HHUK, MOXHAa OIIHUTH BIUIMB BJIACTHUBOCTEU
CUPOBMHM Ha IIOKa3HUKHU SIKOCTI TIPOAYKINi, KIIBKOCTI BHECEHHUX JO0OpHUB Ha
BPOKaNHICTh 1 T.11.

Y mnomepenHiii riaBi Oyna po3rsiHYyTa MEpeBipKa TIMOTE3UW MPO PIBHICTH
MaTEeMaTHYHUX OYIKYBaHb JBOX CYKYITHOCTEM TMpPH HEBIJOMHX 1 OIHAKOBHUX
nuctiepcisix. OgHak Ha MPaKTUIll YaCTO BUHUKAE HEOOXIAHICTh y3arajibHEHHs 3ajayi,
TOOTO NEPEBIPKHU MPH 33JaHOMY PiBHI 3HAUMMOCTI 32 BUOIPKOBUM CEPEAHIM HYJIbOBOT
rinoTe3u Npo PIBHICTh MATEMATHYHUX OYIKYBaHb p (p > 2) CYKYIHOCTEH, Y SKHUX
TaKOX JHcrepcli HeB1IOMI M oHaKoBi. [Ijisi epeKTUBHOrO po3B’sA3aHHS TaKUX 3a]ad
3aCTOCOBYETHCS HOBUM MiAXiJ, 110 3aCHOBaHUN Ha MOPIBHSIHHI AMUCTEPCIA 1 TOMY
Horo Ha3BaHO Oucnepciunum ananizom (po3poOJCHUIN aHTTINCHKUM MaTeMaTHKOM—
cratuctom P.A. ®imepom). KopoTko cyTh 1pOro asamizy 3BOAUTHCA [0
pPO3UJICHOBYBAaHHS 3arajlbHOi JHCHEpCli O3HaKM Ha KOMIIOHEHTH, OOYMOBIIEHI
BIJTUBOM KOHKPETHHX (PaKTOPIB, 1 MEPEBIPIIl TIIOTE3 MPO 3HAYUMICTD iX BIUIUBY. [l
pienem ¢hakmopy PO3yMIIOTh JIedKy Horo Mipy abo ctaH. Mojeini aucnepciiHOro
aHai3y 3alle)KHO BiI 4Kcia (AKTOpPiB  KIACU(PIKYIOTh SIK  00HOQAKMOPHI,
0goakmopui ¥ T.I. 3a METOW JOCHIDKEHHS BUAULSIIOTH Taki MOJENI:
Odemepminosana — TYT PIBHI BCiX (PaKTOpiB 3a3dayeriib (pikCoBaHI W MEPEBIPSIOTH
came iXHii BIUIUB, 6UNAOKO8A — TYT PIBHI KOXKHOTO (haKTOpPy OTPUMaHI SIK BUITaJIKOBA
BUOIpKa 3 TeHEpaJbHOI CYKYIHOCTI pIBHIB (aKkTopy, 1 3miwiana — TYT PIBHI OJHUX
(dakTopiB 3a3ganeriap GiKCoBaHi, a piBHI 1HIIMX — BUNIAAKOBA BUOIpKa.

2.1 OnnodaxkTopHuii Aucnepciiinuii anaJi3z

B ocHOBI 0HO(AKTOPHOTO JUCTIEPCIMHOTO aHAJI3y JIEKUTh Taka TEOPETUKO —
IMOBIpHICHA MOJIETb:

X :)_(+Of'+€i

ij j (2.1)

j1

Jie Xjj — 3HAYEHHs O3HAKW X, OTPUMAHE MPH |— My BUNPOOYBaHHI HA |— My
piBHi hakTOpa; X— 3arajbHa cepelHs BenMYMHA O3HAKU X; o — edekr dakropa Ha
J— My piBHi; &jj— BUNIAJKOBHI KOMIIOHEHT, 110 BIUIMBAE HA 3HAYECHHS O3HAKKU X B | —

My CHOCTEpeXeHHI Ha ]-My piBHI (akropy. [IpuiiMaeTbest mpumymeHHs, mo &j;

- . - .2
B3a€EMHO HE3aJIEKHI i MalOTh HOpMabHH 3ak0H po3noairy N(0;0°).

2.2 OnHaKoBe YMC/10 BUNIPOOYBAaHb HA Pi3HUX PiBHAX



Hexaif Ha KUTbKICHO HOPMaJbHO PO3MOALUIEHY O3HaKy (BUIAJAKOBY BEIUYMHY)
X BmuBae ¢aktop F, mo Mae p mocTiiiHUX piBHIB. Byaemo mpumyckartu, 1mo 4ucio
crocTepexeHb (BUIIpoOyBaHb) Ha KO)KHOMy piBHI OJIHaKOBE 1 JOPIBHIOE (.

Hexa#l cmoctepiranocs n = pq 3Ha4eHb X;; O3Haku X, ne, | — Homep
BunpoOyBanns (i=1,9q), ] — Homep piBag ¢akropa (j=1,p). Pesynpraru
CIIOCTepeKeHb HaBeeH1 B Ta0. 2.1.

Taomurg 2.1

Homep Pini daxropa F;
BUIPOOYBAHHS

P F Fp

X11 X12 X1p

X21 X292 X2p
q Xq1 Xq2 Xap
I'pynosa %, %, N X,
cepeHs

Ilo3Haunmo yepes3 X; — rpynoBe CepeiHe J-i Tpymim.

HeoOxinHo nepeBipuTH, 4 CYTTEBO BIUIMBAE ACsKUN skicHUM dakTtop F, 1o
mae p piBHiB F, F, ,...,F,, Ha nociimkyBany o3Haky X.

SIKI10 BBa)KaTH, IO €JIEMEHTH CTOBHIIB TaOa. 3.1, mo3HaueHux F j (1=L1p)

0e3 eJIEMEHTIB TPYNOBUH CEpPEHbOI, € UYHUCEIbHUMH 3HAYCHHSIMH BHITQJKOBUX
BEJIMYNH Xl,Xz,---,Xp, 0 MalTh HOPMAJbHMM 3aKOH  pO3MOJLTY 3

MaTeMaTUHYHUMH  OYIKYBaHHSMH  BIJATIOBITHO My, My,-+-, My U  OJHAKOBHUMH

JTUCIIEpCIsIMU, TO JlaHa 3ajJada 3BOJUTHCS JI0 TMEPEBIPKU HYJIbOBOI TIMOTE3U
Hy:my=my=---=m,, 301/CHIOBaHOI B IMUCTICPCIHHOMY aHaJIi3i

2.2
q,éx” (2.2)

a dyepe3 X— 3azaibHe cepeoHe

|
I

- Zp:i : Zp: (2.3)
JE— X| = — .
]
PQ j=1i=1 Pija
q [r—
TOMY IIO inj = qXJ
i=1
Po3rasaemo Cymy KBa,Z[paTiB BiI[XI/IJIeHB CIIOCTCPCIKYBAHUX 3HAYCHB Xij BII[

3arajJibHOI CEpEeIHbOl X:



j=li=l j=li= j=li=
(2.4)
P 9 P g
#2303 kg =% o %)+ X3¢ - xF
j=1i=1 j=1i=1
IIpUIOMY
P 9 p q
ZZ(XU_XJXX] )_():Z()_(J_)_()Z(Xij 71)=0
Jj=li=1 j=1 i=1
OCKUIBKH

q o 4 1.4
Z(Xij _Xj):ZXij —OXj = DX —qszij =0
i i-1 i-1

i=1 i=1
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MU MOKEMO OCHOBHY TOTOHICTb (15.4) 3anmucaTu B TAKOMY BUIJISI/II:

|| MU

35 g - xF =02 5 - + 23 5,

j=li=1

a00 B CKOPOYCHOMY BH/II

So6u4 = Sgbaxm + Socm (25)
B (2.5) S,5, — 3aeanvna cyma KBajapaTiB BiIXWIEHb CIIOCTEPEKYBAHHX
3HAYCHb BIJl 3arajlbHOI CEPENHBOT, Sy, — aKmopna cyma KBaJpaTiB BIIAXHUICHb

IPYNOBUX CEPEHIX BIJ] 3arajibHOI CEpeHbOI, KOTPA XapaKTEPU3y€e PO3CIFOBAHHS MIX
rpynamy, S, — 3a1UuiKo8a cyma KBaJpaTiB BIIXWIEHb CIIOCTEPEKYBAaHUX 3HAUCHb
TPy BiJl CBOET TPYMOBOi CepeHBOI, KOTPA XapaKTepU3y€e PO3CIIOBAHHS ycepeanHi

TPYIIN.
[IpakTHYHO 3aIMIIKOBY CyMY 3HAXOJATh 3a PIBHAHHSAM

S = So6u; - Sd)akm (26)

siKe BUILIUBaE 3 (3.5).
Opepxumo Oinblie 3py4Hi GOpMYITH ISt PO3PAXYHKIB S5, 1S jgpem -
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P g P A/, P g
Saw = 2006 — X = 230 ~ x4 %2 )= 2 3G -
j=1i=1 j=li=1 j=1i=1
LR pa 1 P g 2
- 2% )3 X ZZX =((15.3) = ZZX” — x|+ (2.7)
j=li=1 j=li=1 j=li= pq j=li=1
2 2
1 (23 1
22X | = 2P 2Ry
P j=1i=1 j=1 N j=1
P v P P P
Sago :qZ(_j_X =QZ(>_<,2—2>_<j>_<+>_<2)=qZ>‘<f—2q>‘<Z>‘<J+
j=1 j=1 j=1 j=1
q 1P P
+qpx* =(15.2), 153)1_— YXi| —20= D% XX +
Qj=1\i=1 Pij=1 " j=1
2 2 2 2 (2.8)
+— ZXJ __Z lej - ZXJ __Z qu
j=1 qj=N\i=1 j=1 qj=\i=t
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2 . .. .

P = Zix — CyMa KBa/IpaTiB 3HaYeHb O3HAKH Ha piBHI Fj;
i

q
Rj = ;Xi j — Cyma 3HaueHb O3HAKH Ha piBHI F;
1=

3ayBaxkenns 1. O6uuncieHnas 3a ¢popmynamu (3.7) 1 (3.8) MOKHA CIIPOCTHUTH,

AKIIO BUKOHATH 3aMiHy 3MIHHHX Yjj = Xjj —C , ne C npubiu3HO NOPIBHIOE 3arajibHii

CepeaHii.

q
Hincrasnstoun B wi popmynu X; = y; +C 1a Rj = Z‘ixij =
1=

q g
2. (yij +C)=>_y;; +qC =T; +qC ,
i=1 i=1

q
2
ne T = Z‘i Yij » 3 YPaXyBaHHsM M0O3HaueHHs Q; = Z‘i Yij » OZIEPHKUMO
1= I=
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SomZE(yu +Cf - é( +qC) =ii(y§+2yijc+cz)—

j=li=1 j=li=1
2 2
d 2y 1< 2 22
Z T pC :Z(QJ+2CT +qC2)-— 2T, +2quzT + p2q?c? |=
2 2
p ) p p , & 1( P
=20 +2CZT +pqC* —— Z ~2CY T - paC®=3Q; —=| XT;
j=1 j=1 j=1 j=1 j=1 N j=1
(2.9)
2

S akm = = ZTZ — ZT (2.10)

pem gzt pal G

3aypaxkenHs 2. SIKIIO CHIOCTEpEXyBaHi 3HAYEHHS Xjj — JIECATKOBI Apobu 3 K

3HAKAMH MICISl KOMH, TO JOLUIBHO MepeiiTn 1o d4ucen Yj =10% X; —C, ne C -
npuGIM3HO cepenHe 3HaueHHs uncen 10K Xj. Xoda mpH 1BOMY (akTopHa i

3IMIIIKOBA JUCIIEPCIi 301IBITYIOTHCS B 10% pa3iB, iIXHE BITHOIIECHHS HE 3MIHUTHCSI.

V posknanani (3.5) 3akinaaeHa OCHOBHA i1es AucnepciiiHoro aHamizy. OqHak
y HbOMY aHATI3yIOThCS HE CaMi CyMHU KBaJIpaTiB BIIXWJICHb, a TaK Ha3BaHl cepeHl
KBaJpaTH, 10 € HE3MIIMICHUMH OIIHKAMM BIATIOBIIHUX JHUCIIEPCiH, SKI BUXOISATH
TIJEHHSIM CyM KBaJpaTiB BIIXWICHb HA BIAMOBIAHE YKCIIO CTYNEHIB BOJI.

Haragaemo, mo uucno cmynewie 6071 BU3HAYAETHCS SK 3arajbHE YHCIIO
CTYIICHIB CIIOCTEPEKEHb MIHYC YHUCJIO OO’€IHYIOUMX IXHIX PIBHSHB. TOMY 4HCIO
CTYTEHIB BOJI 3arajibHO1 Aucnepcii 1opiBHIOE Pg—1 = n—1, ToOMy 110 OJIUH CTYIiHb
BOJII BTPAYa€ThCsl MPU BU3HAYEHHI CEPEAHBbOI. AHAJOTIYHE YUCIO CTYMNEHIB BOJI
(dakTopHOi qucnepcii TopiBHIOE p—1, TOMY 110 IPYIIOBI CEPE/IHI BapiOIOTh HABKOJIO
OJIHI€1 3arajnbHOI cepeaHboi. HapemiTi, yncino cTyneHiB BOJIl 3aJUIIKOBOI AUCIIEPCIi
JIOPIBHIOE A-p, TOMY IO BUKOPHUCTOBYETHCS p CIIBBITHOIICHb MPU OOYUCIEHHI p
IPYNOBHX CEPEHIX X; ;.

BukopucToByI0UM OTpMMaHI 3HAYEHHS CyM KBaJIpaTiB 1 UMCEN CTYIEHIB BOJI,
MOHa OOYHUCIIUTHA HE3MIIIIEH] OLIIHKU TPhOX JAUCTIEPCIH:

S S
S = S =L = 1)
n-1 p-1 n—-p

3ayBaskeHHs 3. UMCIIO CTyNEeHIB BOJI 3aJMILKOBOI Jucnepcii Pg—P AOpiBHIOE
PI3HUIII MIXK YHUCJIaMH CTYIICHIB BOJII 3arajibHO1 i hakTOpHOI aucrnepciit. JliicHo,

pg—1-(p-1) = pg-p = n-p.



[lepeBipka rimote3u Hy mpo PIBHICTh TPYMOBUX MATEMAaTUYHHUX OUIKYBaHb
IPYHTYETHCSI HA MOPIBHSHHI JUCTIEPCii qubaKm 1 Sozcm. BusiBnsieTnes, KO rinoresa

Hj BipHa, TO BipHa i rirnoTe3a npo piBHICTH (HaKTOPHOI 1 3aJIMIIKOBOI AUCTIEPCiii, 110
nepeBipseTbes 3a kputepieM Pimepa — CHenekopa

F= qubakm / Sozcm (212)

KU Mae cTymeHi Boii Ki= p—1 1 k= n-p.
Skmo HynboOBa TiNOTe3a NPO PIBHICTH I'PYNOBUX CEPEAHIX IOMMUIIKOBA, TO
o - .. . a2 . . .
IIOMUJIKOBO # TiNOTE3Y IPO PIBHICTH qubam 1S,,,. CipaBeuInBI TaKOX 1 3BOPOTHI

TBEPJHKCHHSI.
[Togamo cxemy TepeBIpKM HYJIBOBOI TIMNOTE3M Y BUMAJKY MPaBOOIYHOL
KpUTHUYHOI 00J1acTi:

p, 4, n=pq

kl :p_l, kz =I’l—p _>H0.m1 =I’I’l2 =...=I’I’lp —>
a
2 2 ,
= Fu6n = Spaxm /Spem —> H, (npaBOCT.KpHT.06ﬂ.) - (2.13)
np . o
i Fa60 <Xy = Tinomesa npuiimaemoca

— FKp(a; kysky )—)xklf —
F

np . .
watn > Xy = Linomesa sioxunsaemecs

3ayBaxkenna 4. Skmo qubakm<82 TO 3BIJICM BHMHHMKA€ CIIPABEIJIMBICTb

ocm >

HyJIbOBOI rimote3n Hy 1, BUXOAUTh, HEMAa€e HEOOXITHOCTI BHKOPHCTOBYBATH
kputepiit F.

3ayBaskeHHs 5. SIKIo HeMae BIEBHEHOCTI B CIPABEAJIUBOCTI MPUITYIICHHS
PO PIBHICTh JUCIEPCIA PO3TIISIHYTHUX p CYKYIMHOCTEH, TO 11e MPUIYIIEHHS BapTO
MepPEeBIPUTH TIOTIEPEIHRO, HAMIPUKJIIA] 3a Kputepiem KoupeHa.

[Ipuknan. 3pobieno mo 4 BunpoOyBaHHS Ha KOXXHOMY 13 YOTHUPHOX PIBHIB.
Pesynbratu BunmpoOyBanb HaBeeHI B Tabna. 3.2. MeTogoM AMCIEpPCIHHOrO aHami3zy
npu piBHI 3HauuMocTi « = 0,05 mepeBipUTH HYNHOBY TINMOTE3y MPO PIBHICTH
rpynoBux cepenHix. llepenOavaerbcsi, 1m0 BUOIpKM B3ATI 3 HOPMAaJbHUX
CYKYITHOCTEH.

3naitnemo 3a popmynamu

1E , 18 v —
Xj =4 2% O] :ZZ(XU_XJ)Z’ 1=14
=1 =1

rpynoBi BHOIPKOBI cepeaHl U Aucepcii, pe3ylbTaTd OOYHUCIEHb SKUX 3aHECEMO B
Tabm. 2.2,
Tabmuus 2.2

| Homep Bunpo6yBaHHs | PiBHi dakropa Fj |




i F F, s F,

1 140 150 148 150

2 144 149 149 155

3 142 152 146 154

4 145 150 147 152
I'pynose cepente, X; 142,75 | 150,25 | 147,5 152,75
BuGipkoBa aucmepcis,

Ejz 3,6875 | 1,1875 | 1,25 3,6875

[lepmr HIX TPOBOAWUTH AMCIEPCIHHUI aHANi3, MEPEKOHAEMOCS B TOMY, IO
HYJIbOBA TilOTE3a

. 2 2 2 2
HO'Gl =0y :(73 =0y

PO PIBHICThH FPYIOBUX JUCHEPCIH I BUOIPOK, B3ATUX 3 HOPMAJIbHUX T€HEPATBHUX
CYKYITHOCTEH, HE CyNepeyuTh pe3ysibTaTaM CHOCTepekeHb. OCKUIBKA BUOIPKH
MICTATh OJHAKOBUW 00'eM ( = 4, TO MpHU MEPEeBIPIll HYJIbOBOI TIMOTE3U JOIIIBHO
ckopucratucs kpurepiem Koupena. i nporo:

1. 3HaiiieMo BUIpaBiieH1 BUOIPKOBI JUCTIEPCIi:

G.q 3,6875-4
g-1 3

S2 = —4917; S2=1583 SZ=1667, SZ=4917.

2. 3HaieMo criocTepekyBaHe 3HaUeHHs KpuTepito KoupeHa:
G,u61 = Stmax /(Sf +S2+S%+ sf): 4,917/13,084 ~0,376.

3. 3naitnemo 3 Tabnuii (1oaatok 8), 3a piBHeM 3HauuMocTi o= 0,05, yncino
cryneniB Bosti K = 4 —1 = 3 i uncno Bubipok | = 4 xpurnuny touky G(0,05; 3; 4) =
g = 0,6841.

4, Ockinbku G,5, < Oy, TO TIHOTEZY Hy IpUiMaEMO.

I'inoresa, 110 nepeBipsETbCSA B AUCHEPCIMHOMY aHali31, MA€ BUTJISI:

Ho.' m1=mo=nmsz3=my,

7€ M; — MaTeMaTUYHE OYiKyBaHHS I—0i TCHEPaIbHOI CYKYITHOCTI.

Jlns  chopomieHHs — po3paxyHKy — BimHiMmemo (=148 3 KOXHOTO
CIIOCTEPEIKYBAHOTO 3HAUEHHs: Y;; = Xj; —148 . Ckanemo po3paxyHkoBy Tadi. 2.3.

Tabmuns 2.3
Homep PiBHi daxTopa Fj
BUIPOOYBaHHS I[TigcymKoBuit
F F, F F4 CTOBIIEIH

i
Yi1 yi21 Yi2 yizz Yi3 yi23 Yia Yi24
1 -8 (6412 (4 10 10 |12 |4 |-




2 4161 11 17 [49
3 6 (36 |4 [16]-2|4 [6 |36
4 319 [2]a [F1]1]a |16
4 4
Q=>v: | |125- |25]- |6 |- |105[3Q; =261
i=1 i=1
4 4
T=Yyy |2 |9 | |2 [19 |- [XT; =5
=1 i=1
2 a 2
T; 441~ 81| |4 |- [s61]- [>T} =887

i=1

Kopuctyrouncs tabmn. 15.3 1 3 orsisigy Ha Te, 110 YUCIIO PiBHIB akTopy p = 4,
YKHCI0 BHIIPOOYBaHb Ha KOXXKHOMY piBHI ( = 4, 3Haijemo 3a dopmynamu (3.9) i
(3.10) 3aranbHy i (hakTOpHY CyMH KBaJpaTiB BiIXUJICHb:

S o6, =261-25/16 = 259,4375;
S =887/4-25/16 = 220,1875.

Gdaxm

3Hail1IeMOo 3aJIMIIKOBY CyMY KBaJIpaTiB BIAXUJIEHB:

S, =95

vem=Sotu — Separm = 39, 25.

paxm
dakTopHY # 3aJMIIKOBY AMCIIEPCii 3HaKaeMO 3a dpopmynamu (3.11):

S 7 aem= 220,1875/3~ 73,4;
S2 =239,25/(16 -4)~ 3,27.

ocm
[lepeBipky rinore3u Hp mpo piBHICTH IpyNOBUX MaTEMaTUYHUX OYIKYBaHb

npoBeeMo 3a cxemoro (15.13):

p=4;q9=4;
n=16k =3 - Hyim=my=my=my > F5=Stum! Soem =22,45—>
ky =12; ¢ =0,05

— H, :(npasocm.xpum.o6n.) — £, (0,05;3;12) > Xep =349 > F 6, > X —

— linomesa gioxunsiemecs

TakuM 4YMHOM, TPYIOBI CEPeHI ICTOTHO PO3PI3HAIOTHCS. SIKIIO MOTPIOHO
3pIBHATH CEpeJIHI MOMapHO, TO BAPTO cKopucTatucsa kpurepieM CTbrofeHTa.

2.3 HeoqHakoBe 4K C/10 BUNIPOOYBaHb HA Pi3HUX PiBHAX
Hexaif yncno BumpoOyBaHb Ha PI3HUX PIBHAX pi3HE, a came: 3polJieHo (;
BUIIPOOYBaHb Ha piBHI Fi, (; BUnpoOyBaHb — Ha piBHI F, ..., (, BUIpoOyBaHb — Ha
piBH1 F, . ¥V oMy Bunajaky 3araiabHy cyMy KBaJpaTiB BIOAXUJIEHb TAKOXK 3HAXOISTh



0y dz ap
3a dopmyioro (15.7), me P =>x3, P, = x5, ..., P, = in?o — CyMH KBaJIpaTiB
i=1 i=1 i=1

3HaYeHb, LI0 CIOCTEpIrajucs, O3HAaKU BIANOBIAHO Ha piguax Fy, Fp ..., Fy;
ol ) Jz ) dp ’ .

Ri=>X1, Ry=> X3, ... , Ry=2 X{,—CymMn 3HaueHb, mo crocTepirammucs,
i=1 i=1 i=1

O3HAaKW BIAMOBINHO Ha piguax Fy, F,, ..., Fp; n=Q1+Q,+...+¢g, — o0'em Bubipku, a

(dakTopHy CyMy KBaJpaTiB BIAXUIEHb 3HAXOATH 32 (OPMYIIOI0

2

p 5 p
quakm = Z:]_(RJ /qj )_ Z:lRJ In (214)
1= 1=

K110 1715 CrIpoIeHHsT 00YMCIICHb YBOAUTHCS 3aMiHa 3MIHHUX Yij = Xij — C, ne

ij
C npubnu3HO JOPIBHIOE 3arajbHiM cepenHii, To ¢dopmyna [Jjs 3arajbHOi CyMHU
KBaJIpaTiB BiAXWJIeHb Mae Burin (15.9),

Jc

ql 2 qZ 2 qp 2
Q=2V1 QL=>2V¥2 v Qp=2VYip
i=1 i=1 i=1

O Jz dp
lezyil’ TZZZin y ey Tp: yip:
i=1 i=1 i=1

a ¢hopmyna st HakTOPHOT CYMH BIIXUIIEHb MA€ BUTIIS]L

p 5 p 2
S = 212 105)-| 2T, | /n (2.15)
j=1 j=1

[Hmi  oOGuMcneHHs 3A1MCHIOIOTH, SIK 1 y BHIIAJKy OJHAKOBOTO YHCIA
BUNIpoOyBaHb 3a hopmynamu (3.6) i (3.11).

[lpuknan. [lpoBegeno 22 BumpoOyBaHHS, 3 SKUX 7 Ha MEPHIOMY pIBHI
daktopy, 6 — Ha apyromy, 5 — Ha TpeTboMmy KW 4 — Ha ueTBepTOoMy. Pesynbraru
BUNpoOyBaHb HaBeleHl B Tabu. 3.4. MerogoMm AMCIEepCIHHOIrO aHali3y MpU pIiBHI
3HauuMocTi « = 0,05 mnepeBipuTH HYJIBOBY TINMOTE3y MPO PIBHICTh I'PYHOBUX
cepennix. llepenbauaerbcs, 1m0 BHOIPKKM B3ATI 3 HOPMAJIbHUX CYKYIHOCTEH 3
OJIHAKOBUMHU JHUCTIEPCISIMHU.

Taomurg 2.4

Howmep
BUMPOOYBaHHS
[ =] F, R F,

PigHi (pakropa F;.




1 1,3 1,4 1,44  |1,27
2 1,27 1,3 1,4 1,05
3 1,21 1,28 1,28 1,24
4 1,09 1,27 1,28 1,22
&) 1,03 1,24 1,06

6 1,01 1,08 —

/ 1,09 — — —

JIyst cipomieHHsT po3paxyHKy MMOMHOKHMO KOKHE CIOCTEpE)KyBaHE 3HAYCHHS
XjjHa 100 1 BigHiMemo 3 = 122 (3ayBaxenHs 2). CKiIaieMO PO3paxyHKOBY TaOJIHUILIIO

2.5.

Tabmuns 2.5
Homep PigHi (pakropa F;.
BUIPOOYBaHHSI [TizcyMKoBuii
i F F, F F, CTOBIIEIIb
Vi VA Vi ¥k |Vis |¥& | Via |V

1 8 |64 |18 |(324[22 (484 |5 |25
2 5 [25 |8 |64 [18 (324 |-17(289
3 -1 11 |6 |36 |6 |36 |2 |4
4 -13 1169 |15 |25 |6 |36 [0 |O
5 -19 {361 |12 |4 |-16 |256 |- |-
6 —21 |441 |-14]196]- |- |- |-
7 —13 |169

4, 4
Q= Zyij - |1230- |649- |1136]- |318 ZQJ- =3333

i1 i=1

4 4
T, = ;yij -54 |- 125 |- |36 |- |-10f- %Tj =-3
T} 2916|— |625 |- [1296/- [100]- |-

BuxopucroBytoun tabdmn. 3.5, 3HalieMo 3arajibHy W (paKTOpHY CyMU KBaJpaTiB
B1IXHWJIEHD:

4

2
4
Soouy = 2.Qj —[ZTJ /n=3333-9/22~3332,6;

j=1 j=1

4

2
4
quakm = Z;L(TJZ /qj )_{Z‘?LTJJ In= 416,571+104,167+

i =

+259,2+25-9/22=804,938—-9/22 ~ 804,529.

3HaiiieMo 3aJMIIKOBY CyMY KBaJIpaTiB BIAXUIICHb:
Soem=Soou = O =2528,071.

paxm



dakTopHy I 3aJUINKOBY JHCIIepcii 3HaiaeMo 3a hopmynamu (3.11):

Saem = Spaen!(P-1) = 804,529/3 ~ 268,176;
S2 =5, 1(np) =~ 2528,071/18~ 140,448

ocm

ITopiBHsIEMO Séam i S2  3a xpurepiem ®imepa—CHenexopa,

BUKOPHCTOBYIOUH cxemy (3.13)

p=4,n=22
2 2
k1:3; k2:18 _)HO:ml :m2:m3:m4_)FHa6ﬂ:S¢aKm/S0cm:
a=0,05

=268,176/140,448 ~1,9094 — H, : (npasocm. kpum. o61.) =
— F,,,(0,05;3;18)——x/5 =3,16 > F,, 5, < xb —

— ['inome3a nputimaemvbci

2.4 llonsaTTs npo ABopaKTOPHUI JUCHepciiiHMiA aHAaJIi3
B ocHOBI [BO(MAKTOPHOTO AUCHEPCIMHOTO aHalizy JEXKUTh HACTYIHA
TEOPETUKO — IMOBIPHICHA MOJICIIb:

Xk:)_(+ai+ﬂj+]/ij+8ijk (216)

J

7€ Xijx — 3HaYCHHs 03HakH X B K-my crioctepeskeHHi Ha i-my piBHI pakTopa 4 i
Ha |-my piBHI (hakTopa B, X — 3arajibHa cepeiHs BeIUYMHA O3HaKH X;j — e(eKT
BILTMBY (aktopy A Ha i-my piBHi; [ — edekT BmBY (akTopy B Ha j-my piBHI; Yij —
e(eKT CIUIBHOTO BILUTUBY (hakTOpPiB (M03HAUUMO A XB); &jx — HE3a1eKHI HOPMAJIbHO
PO3MOIIJIEH] BUMAIKOBI KOMIIOHEHTH N(0;6%), w0 SBISIOTH COGON BiIXHICHHS
O3HAKH BiJI BIATIOBITHUX CEPEAHIX.

Hexait HeoOXi/THO BUSIBUTH BIUIUB ABOX (hakTOpPiB (A 1 B) Ta iXHIO B3aEMO/IIIO
Ha Jesky o3Haky X. CHocTepekeHHs NpOBOASATHCA MpU (PIKCOBAHMX PIBHSX
daktopiB A 1 B. OCKUIbKM JUIsl KOKHOTO TO€JHAHHS (DAKTOPIB CHOCTEPEKEHHS
MOBTOPIOETHCSI 7 pa3iB, TO BIAMOBIIHO OACPKUMO 7 3HAUYCHb O3HaKu. JlaHi
CIIOCTEPEKEHb 3PYYHO MOAATH y BUIJIAAI Tabmuil 3.6, y sSKil 3HaYCHHSI O3HAKU X
HIO3HAYeHe Yepes Xy, e | = 1,q (q— uucio cocrepexens dakropa A); j=1,p (p -

qHCII0 criocTepexenb Gaktopa B); K =1,n (K — mopsinkoBuii HOMEp CIIOCTEPEIKESHHSI
JUTSL KOSKHOTO MO€THAHHS PIBHIB).



Taomuis 3.6

Pigens PiBens dakropa B
Cyma P,
daxropa A| B B, ...|Bp
n
X111, X112 X121, X122 X1p1r X1p2 Zp:ZX
A el X 1jk
X113> --+» X11n | %1235 --+» X2 1p3> ++» Xipn | j=1k=1
n
Xo110 Xo12 | X221s Xo22 X2p1r X2p2 Zp:ZX
A vl 2jk
X2135 -+ Xo1n| X2235 --+» Xo2n 2p3> -+ X2pn | jo1k=1
n
Aq qul’ Xq12 Xq21’ Xq22 qu1’ qu2 ZP:ZX )
X Xq1n | X X |77 X X | 2 ik
ql3»> --+> ~gln| 231 --+> g2n qgp3 > > “*gpn | j=1k=1
g n g n g n g P n
Cyma Ry |22 X 22 Xiok veo| 202 Xipk 2.2 2 Xik
i=1k=1 i=1k=1 i=1k=1 i=1 j=1k=1

3a TaHUMH TaOJHII OJEPKUMO TaKl CEpeIHI: 3arajbHa CepeIHs

g p n
YZLZZZXW (2.17)

apPNi=1 j=1k=1
CEpeJHI 3a psJIKaMu

pi-tp-t ii i=1q (2.18)
i=——P=— X, 1=1,0 .
| pn ' pn j=lk=1 a

cepeHi 3a CTOBITYMKAMH

Rij= R =2 Zq zn j=1 (2.19)
i=m=—R. = — X:: , J =1, p .
J agn ' anSa e

CepeHi JJIsl KOKHOTO OKPEMOTo OJIOKY Ta0JuiIi

_ 1 1 n
Qjj :ﬁQij :sz:_lxijk (2.20)

g P n
CymMH KBaapaTiB BiIXWJIEHb BiJl 3araabHOI CEPEIHBOI ZZZ(Xijk —)_()2
i=1 j=1k=1

PO3KIIaIeMO Ha CKJIa0BI. Jlis bOro MpeicTaBuMo Xjjx — X B €KBIBAJICHTHIN Gpopmi
X =X = (R) = %)+ Qg = Ry =R+ %)+ xyy ~Qy)



Ockinpkd BCl TEpexpecHi M0OyTKM, MpH TMiJHECEHHI MpaBOi YacCTHHU
OCTaHHBOTO BUPAXEHHS Y KBaJIpaT, JOPIBHIOIOTh HYJIO, TO B MiJICYMKY OACPKUMO

M_o

Zp:i(xijk—i)z=i§%( —x)2++izp“znl(|3i_x +

i=1j=1k=1 i=1j=1 i=1 j=1k=1
q p n _ & _
+ Y Y@ -R -R+xF 3> Y b - Qy f
i=1 j=lk=1 i=1 j=lk=1
ab0 B CKOpPOYEHOMY BUTJISIII
S:S;L+82+83+ 84. (221)

VY (15.21) yotupu ckIaJoBi: cyma KBaJpaTiB, MOB'A3aHa 13 BIUIMBOM (aKTopa
B, daxrtopa A4, ixHbOI B3aeMojii, 1 CKIaJ0Ba, 110 XapaKTEPU3Yy€ 3AIUIIKOBY CyMY
KBaJIpaTiB (CyMy KBaJpaTiB ycepearuH1 KOKHOTO OJIOKY TaOIHII).

3aragpHe 4YMCIO CTYNEHIB Boii, MaOyTh, AopiBHioe N-1, ne N — 3araibHe
gucio crioctepexers (N = qpn). Yuciio cTyneHiB B MiXK CTOBIIISIMH JIOPIBHIOE p —
1, mix psiakamu q —1, mis B3aemogii (p — 1)(q — 1), ycepenuni ocepenkis pg(n — 1) =
N — pq. Jlns nepeBipku 3Hakiaemo cymy p —1 + -1 + +(p-1)(q— 1)+ N—pg =N -1.

Cxema paucnepcifHOro aHali3dy, 3aCHOBaHAa Ha OTPUMAHMUX BUILE JAHUX,
Tpe/cTaBiIeHa B Ta0. 2.7.

Tabmnus 2.7
dakTop CymMma kBazipatiB ;I:;HO CTYHCHIB Omuinka gucrepceii
S
B S = an( - X)Z p-1=k, s = p_il
q RY) 2 Sy
A S, = an(F’i - x) q-1=k, S2 =41
i=1
ap, ) S
AxB S3=n), Z(Qij —-Rj-R+ X)2 (P-1) *(q-1)=ks|S3 = g2
i=1j=1
g P n _ 2 S
3anumkoswuii| S = ). Z(Xijk _Qij)z N-pg=ks S4 = N—4pq
i=1 j=1k=1
9 P n B )
Cyma S :ZZZ(Xijk —X)z N-1 ST =15
i=1 j=1k=1

OCKUIBbKM TpH MPOBEICHHI aHAJI3y IHTEPEC SIBIISE BIUIMB KOXKHOTO (PaKTOpy
MOPI3HO ¥ BIUIMB iXHBOI B3aEMOIi1, TO 3HAXOAMMO BiJMIOBIAHO TPY 3HAYCHHS:

Fg=si/sZ; Fy=s3/s;; Fag=55/sZ (2.22)



HeoOxiani nms aHamizy cyMH KBajpatiB BiaxuieHb (15.21) moxkeMo oxepxkatu
TaKOX 32 TAKUMH (PopMyIamu:

12 G*
Si= g 2R (2:23)
ng o N
13 G?
S, = >R ——- (2.24)
NP =1 N
14 P 2 2 q 2 G2
Niz1j=1 nqj =1 NPj=1
g P( n Q
2
Sy=2.2 2 Xik -=1 (2.26)
i=1j=1\ k=1 n
e
qa P n n n QIJ
G=> 2> Xk Q=2 F ZX.,k (2.27)
i=1j=1k=1 k=1
[Ipu piBHI 3HAYUMOCTI @ BU3HAYAEMO KPUTUYHI TOUKH:
- B - A. AB
FKp(a'kl'k4) Kp’ F (0! k2ik4) Kp’ F (0[ k3’k4) X
HKLHO:
Fg > ka, TO HYJIbOBA T1M0TE3a MPO BIJACYTHICTH BIUTUBY (PaKToOpy B BIAXWISETHCS;
F,> XK , TO HyJIbOBA T1MOTE3a MPO BIACYTHICTH BIUIUBY (haKTOpPy A BIAXUIIAETHCS;
F> XK , TO HyJIbOBA TIMOTE3a MPO BIACYTHICTh CHUIHHOTO BIUTUBY (pakTopiB A1 B
BiIXWITSIETHCSL.

Ipuknan. Ilpu piBai 3Haummocti oo = 0,05 mepeBipUTH, UM ICHY€ BIUIUB
dakTopiB 4 1 B, a TakoX iX CHUIBHOTO BIUIMBY Ha O3HaKy X, IJIs Pe3yibTaTiB
BUIIPOOYBaHb, HaBeIeHUX y Tab. 3.8.

Tabmuis 2.8
PiBensb PiBenb daktopa B
dakropa A|B; B, B;
Ay 10; 8; 7; 10|8; 12; 14; 12 |15; 8; 10; 10
As 12;8;8;7 |12;13; 11; 14|13; 15; 12; 10

Buxopucrosyroun tadn. 2.8 i popmymnu (3.23) + (3.27), cknagemo tabn. 2.9 i
00YMCIIUMO CyMH KBaJIpaTiB BigxmwieHb S;(i =1,4)

Tadmuis 2.9

Bl Bz Bg 3 )
2 2 2 ZQij R P’

Xitk | Xk | Xi2k | Xi2k | Xisk | Xizk | j=1

NN~S




B B, B, Bs i , .
Qi | P P
A X | Xk | Xk | X2k | Xia | X3 =l !
10 [100]8 |64 [15 [225
A 8 |64 [12 [144]8 64 B
: 7 |49 14 J196]10 [100| |
10 [100[12 [144 [10 [100
Q; 35 |- |46 |- [43 |- |- 124 [15376
Qf [l225]- |2116|- |1849|- [5190 |- -
a 2
x|~ 313|548 |489|- |- _
k=1
3
Fij 16,75 19 26,75 |2 F;=525
j=1
12 [144]12 [144[13 [169
y 8 |64 [13 [169[15 [225| | -
2 8 |64 [11 121012 [144
7 |49 [14 [196[10 [100
Q; 35 |- [50 |- [0 |- |- 135 [18225
Q3  |1225|- [2500|- |2500|- |6225 |- ]
4
¥l [s21|- |e30|- less]- | |
k=1
3
Foi 11475 |5 13 > Fy=3275
j=1
R; 70 |- [96 |- (93 |- |- G=259| ,
3 P2=33601
R?  |4900|- [9216|- [8649]- |> R’=22765 E'
j=1

3 tabumn. 2.9 maemo:




138 , G2 1 529

S, ==Y R? -2 ==.22765- 25> ~50,58;
. 8%1‘ 24 8 24
2 2
s, ==3p2-8 _ L 33501229 504
125" 24 12 24
12 3 ) 13 , 1 2 ) G2
S,== S Lty o -
’ 4%1];% sjzzlJ 12%' 24

= %(5190 +6225) — 2845,625 — 2800,083 + 2795,0417 ~ 3,083;

2 3 4
S, = zz[mk _Q? /4j=52,5+32,75=85,25
i—1j=1\k=1

JlaHi qucriepciitHOTo aHajizy HaBeaeMo B Tadi. 2.10.
Tabmanus 2.10

Jlxepeno Bapiartii ;{;/IHC;IO CTYHeHIB Omuinka aucrepceii
dakrtop B 50,28 |2 25,29

daxkrtop 4 5,04 1 5,04

AXB 3,083 |2 1,54

3anumkoBa Bapiariis | 85,25 | 18 474

> 143,95 | 23 —

Buznaunmo crioctepexyBaHi 3HAUEHHS! KPUTEPIIO:

FB . =2529/474~534; FA_ —5,04/4,74 ~ 1,06;
FAB = 1,54/4,74~0,32

1 TOPIBHAEMO iX 3 BIAMIOBITHUMH KPUTHYHUMH 3HAYCHHSIMU:

. . —yB — . .- — VA _— .
F,,(0,05; 2; 18) =x& = 3,55; F,,(0,05; I; 18) = x2, =4,41;

F.,(0,05; 2; 18) = x> = 3,55.
OckiJibKu Fﬁléﬂ > X,SD, TO HYJIOBA TIOTE3a MPO BiICYTHICTh BIUIMBY (PaKTOPy

B BinxunsieTscs i BapTO 3pOOUTH BUCHOBOK PO 3HAYMMOCTI BIUIUBY IIHOTO (DaKTODPY.

- A A . 4B AB - -
Ockimexu F 5> X, 1 F6 > X, . T0O Hemae MmACTaBH UL BIAXUJICHHS

BIJIMOBIAHUX HYJIBOBUX TIIIOTE3.
2.5 IluranHs AJ9 caMonepeBipku TeMH 2

1. Y yomy cyThb aucnepciiiHoro aHamuizy?
2. Hagmenite kiacugikaiiro Mojeleld IUCIEPCIHHOTO aHali3y 3a YHUCIOM



(bakTopiB 1 32 METOIO JTOCITIIPKEHHSI.

3. 3amumiTh TEOPETHUKO — WMOBIPHICHY MOJENb IS OJHO(PAKTOPHOTO
JTUCTIEPCIHOTO aHAai3y.

4. 11lo HaA3MBaAETHCA T'PYMOBOIO 1 3arajibHOIO cepeaHboro? HaszpiTe dhopmynu
JUTSL iIXHBOTO OOYHUCIICHHS.

5. BuBecTM OCHOBHY TOTOXHICTh [JII CYMH KBaJpaTiB BIIXWICHb
CIIOCTEPEKYBAHMX 3HAYEHD Xjj BIJl 3aralbHOI CEPENHBOT X.

6. Busectu Gpopmyiu uist po3paxyHky Sz, U S gyepes PjiR;.

paxm
7. Busectn Gpopmy:u Juist pO3paxyHKy Sz, U S paxm 1€PE3 Qj. 1 Tj.
8. Hamenite QopMynmu nius OOYHCICHHS HE3MIMEHUX OIIIHOK TPhOX
o o2 2 2
JHCIEPCIH:. Sy6 v Sgaems Soem

9. HaBeniTh cxemy [Isl IEPEBIPKH HYIHOBOI TMOTE3H MPO PIBHICTH TPYMOBHUX
CepeaHIX.

10. Hagenitb OCHOBHI ii criporieHi GOpMyIH IUist PO3PAXyHKY S5, H S,

IIPY HEOJHAKOBOMY YMCJII1 BUTIPOOYBAaHb HA PI3HUX PIBHSX.

11. 3anumiTh TEOPETUKO — WMOBIPHICHY MOJEIb Il JIBO(AKTOPHOTO
JMCTIEPCIMHOTO aHai3Yy.

12. Hagmenits dopMmynau s OOYHCICHHS CEpeAHiX NpuU IBO(DAKTOPHOMY
JUCIIEPCITHOMY aHai3i.

13. [aiite XapakTepUCTUKy HYOTHUPHOX CKJIQJOBOTO PO3KIATAHHSI CYMHU
KBaJ[paTiB BIAXWICHb BiJ] 3arajibHOI CEPEIHBOI.

14. HaBeniTh hopMynu Ij1st PO3PAXYHKY Sq,, Sp, S31 S4.



