OnpeaeneHue KoapPunumeHTOB ypaBHEHUA perpeccum

Bocnonb3ayemcsa ceomcteamum NP3 ansa onpeneneHna KoapPuuUMEHTOB YpPaBHEHUA perpeccum

METOA0OM HaMMeHbLUNX KBa4pPaToOB
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CnepoBaTenibHO, Ntobble KO3PpOULMEHTbI YPaBHEHUA PErpeccum onpeaensarTca CKanApPHbIM
npousBeaeHmnem ctonbua y Ha cooTBeTCTBYHOWMM cTonbey, X.



MO»KHO NOKa3aTb, YTO aHANOIMM4YHbIM 0H6pa3om onpeaenatoTca KoaPpPULUNEHTbI, eCan B
YPaBHEHUU PErpeccnm yuyuTbiBaOTCA TMHENHbIE B3AaUMMOAENCTBUA (ABOMHbIE, TPOMHbIE):
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Cnenyet 06patnuTb ocoboe BHUMAHMUE HA TO, YTO BCE SIMHENHbIe KO3PPULMNEHTbI HE3aBUCUMDI,
TaK KaK B popmynbl ANA UX pacyeta BXOAAT CBOM OAHOMMEHHbIE NepeMEHHbIE.

[Mo3TOMY KaxKAabl KO3PPULMEHT XapaKTepm3yeT PoJib COOTBETCTBYIOLLLEM NEPEMEHHOW B
npouecce WUAW cUNy BANAHUA PaKTOpOB

Yem 6onblue YyncneHHasa BenmumHa KoapduumeHTa, Tem bosbliee BAUAHME OKa3biBaeT
3TOT pakTop. ECAn KoadPUUMEHT MMmeeT 3HaK NALOC, TO C YBeAUYEeHUeM 3HauyeHun
daKTOpa OTKNMK YBE/IMYMBALTCA, @ €CIM MUHYC — YMEHbLLAeTCA.



B pe3ynbrate onpeaeneHna ypaBHEHUA PErpeccum MOXKET MOAYYUTbCA TakK,
YTO OAMH (MM HECKONBKO) KO3IDDULIMEHTOB HE 04YeHb DOMbLLINE U OKAXKYTCA HE3HAYMMbIMM.

dPakTopbl, UMetoLme KOIPDULMEHTbI, HE3HAYMMO OT/IMYAIOLWMECA OT HYAA,
MOryT ObITb BbIBEAEHbI M3 COCTAaBa YPaBHEHMUSA, TaK KaK UX BIMAHME HA NapaMeTpbl
OTKNMKa OyAeT OTHEeCeHO K OWWbKe 3KcnepumeHTa.

Y4ynTbiBass OPTOroOHa/IbHOCTb NAaHa, ocTaBwmneca Ko3pPULUMEHTbI YpaBHEHUS PEFPECCUN MOXKHO
He NepecymTbIBaTb.

Mpn OTCYTCTBUM OPTOrOHANbHOCTU MNJIaHA IKCNEPUMEHTA BCe KOIOPULIMEHTDI
HeobxoAnMMO nNepecymnTbiBaTb 3aHOBO.



CTaTucTUYecKunii aHanun3 pe3ynbTaToB 3KCNEPUMEHTA

nﬂaHI/IpOBaHME IRCNepnmeHTa NCXogaunT N3 CTaTUCTUHECKOIO XapaKTepa 3aBI/ICI/IMOCTEI7I,
MNO3TOMY MNONYYHEHHbIE YpaBHEHUA MoABeprakoTCA TwaTe/IbHOMY CTAaTUCTUYHECKOMY dHA/IN3Y C
LENbO U3BJ/1IEYb N3 PE3Y/IbTATOB 3KCNEPUMEHTA MAKCUMYM I/IHd)OpMaLI,MI/I My6e,£l,I/1TbCFI B
A0OCTOBEPHOCTHU I'IOJ'IY‘-IGHHOVI 3aBUCNMOCTU U €€ TOYHOCTMU.

Kak y)ke oTMe4anocb paHee, KaXAblih 3KCnepuMMeHT HeceT B cebe KaKylo-TO MOrpeLlHoCTb,
NS NOBbILWEHUA HAZEKHOCTU Pe3yNbTaToB NPOU3BOAATCA ANA KaXKA0M CTPOKM Tabaunubl
NAaHUPOBAHMA NOBTOPEHUA ONbITOB M* pas.



MocTpouHble (BbIBOPOUHbIE) ANCNEPCUMN NOACUYUTBIBALOTCA MO popmyne
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Mpexae yem Nnpon3BoanTb 06 BEAMHEHNE ANCNepCcun, cneayeTt yoeamTbes B
NX OAHOPOAHOCTMU.

MpoBepKa nNpou3BoaAUTCS C Nomoulbio Kputepus duwepa mam KoxpeHa.
[ANA OUEHKU 3HAYNMMOCTUN KO3IPPULIMEHTOB NPEXKAE BCEro HAaXo0AAT ANCMEPCUIO KO3IPPULIMEHTOB

perpeccum.
YuyuTbiBas cBoiicTsa 1-3 nnaHa, Npu oAMHAKOBOM AyH6AMPOBaHNM OMbITOB MO TOYKAM C YUC/TOM

MOBTOPHDLIX OMNbITOB m* noayynm
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https://commons.wikimedia.org/wiki/File:Biologist_and_statistician_Ronald_Fisher.jpg?uselang=ru

CnepoBaTtenbHo, Bce KoaddpuumMeHTbl ypaBHeHUs perpeccun MNP mmerot
OAMHAKOBYIO TOYHOCTb (AMcnepcuio). B aTom 3aKa04aeTca NPUHLUMNNAAbHOE OTINYKNE
Ko3pdULMEHTOB ypaBHEHUA pPerpeccumn, NoaydyeHHbIX no naaHy tTabn., ot koapduumeHTos
YPaBHEHUMN, NOJIYYEHHbIX NAaCCUBHbIM SKCMEPUMEHTOM .

[MnaHbl, NO pe3yabTaTaM KOTOPbIX K03(I)(I)MLI,M€HTbI YPaBHEHUA perpeccnmn onpeaenaroTca C
O,EI,MHBKOBOVI ,u,mcnepcmeﬁ, HAa3bIBAOTCA pOTaTa6eI'IbeIMM.

B cBA3M C 3TMM NnaH, I'Ipe,D,CTaBI'IeHHbIﬁ B Ta6l'l., ABNAETCA HE TOJ/IbKO OPTONrOHaJ/IbHbIM, HO
pOTaTa6efIbeIM.



B manbHenwem npoBepKa 3HAYMMOCTU KaxKaoro KoapduumeHTa
NPOU3BOAUTCA C UICNONb30BaHUEM t-Kputepusa CTblogeHTa.

CTaTUCTMYECKM He3HaYnMmble KO3PDULUMEHTbI UCKNOYAOTCA U3 YPAaBHEHUA, @ OCTaNbHbIE
KO3dPULUMEHTbI NPU 3TOM He MnepecymTbiBaloTCA. [locne 3Toro ypaBHEHWEe perpeccum
COCTaB/IAETCA B BMAE YPaBHEHUA CBA3M BbIXOAHOrO MNapameTpa y u nepemeHHbIX Xi,
BK/IFOHYAIOLLLETrO TONIbKO 3HAYMMble KO3PPULNEHTDI.

Mocne BbluMCNEHUA KO3PPULIMEHTOB YpaBHEHUA CeayeT NpeXKae BCero NPoBEPUTb ero
NPUroaHOCTb NN aAeKBaTHOCTb. 1A 3TOro 4OCTaTOYHO OLUEHUTb OTKNOHEHWE BbIXOAHOWM
BE€/IMYUNHbI Y, NPeAiCKa3aHHON ypaBHEHNEM PErPEeCcCUMU, OT PE3Y/IbTaTOB SKCNEePUMEHTa Y B
Pa3/INYHbIX TOYKaX.

Yunoam loccet



PaccesiHMe pe3ynbTaToB 3KCMNEPUMEHTa OTHOCUTE/IbHO YPaBHEHUA perpeccuwu,
annpPOKCUMUPYIOLLETO MCKOMYIO 3aBMCUMOCTb, MOXHO, KaK ye 6bl10 NoKa3aHo
paHee, OXapaKTepM30BaTb C MOMOLLbIO ANCNEPCUN aAEeKBAaTHOCTU, OLLEHKA KOTOPO,
cnpaBeanBas Npu 0AMHAKOBOM YuMcie AybanpYIOLLIMX OMNbITOB, HaXxoAUTCA No $pop-
myne
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34ecb N —yucao onbiToB (BapuaHToB); I=k+1, roe k —yncno yneHos B ypaBHEHUMU
perpeccun.



MpoBepKa afAeKBaTHOCTU COCTOUT B BbISICHEHMW COOTHOLLUEHUA MeXKAy Aucnepcuen
afeKBaTHOCTHU .
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M NPOBOAMUTCA C MOMOLLBIO F-Kpntepmna duliepa, KOTopbin B AaHHOM Caydyae paccymUTbiBaeTCA
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Ecn BbluKMC/IEHHOE 3HAYeHWe KpuTepua MeHblue TeopeTudeckoro Fo. ...

ANA COOTBETCTBYKOLIMX cTeneHen cBoboabl ml=n-l, m2=n(m*-1), npn 3agaHHOM
YPOBHE 3HAYMMOCTU A, TO ONUCAHNE CBOUCTB 0OBEKTA YPaBHEHNEM PErpeccum npu-
3HAaeTCA aAeKBaTHbIM OODBEKTY.

AZleKBaTHOCTb MOAENN MOMKET ObiTb AOCTUrHYTa YMeHblUeHMeM MHTepPBaaa BapbUpoOBaHUA
$aKTOpPOB, a €C/IN 3TO He AaeT pesy/ibTaTa, TO MEePEXoAoM K NaaHy BTOPOro NopsaxKa.



A po6HbI PaKTOPHDbIN IKCNEPUMEHT

Bo MHOMMX nNpaKkTU4Yeckux 3ajayax B3aMMOAENCTBMS BTOPOro M BbICLLUMX NOPAAKOB
OTCYTCTBYIOT U MPEHEBPEXMMO Masbl.

KpOMe TOro, Ha nepsbixX 3Tanax nccnegosaHmMAa 4acto H€O6XO,£I,MMO NoJIy4nTb B NEPBOM
I'IpM6I'IM)KeHMM Nnub ﬂMHGVIHVI-O dlfnnpokKCUMauunto n3yd4aemoro ypasHeHUA CBA3U MNMpPU

MWUHUMAJZIbHOM HUNCNE SKCNEPUMEHTOB.

Tak, gna Tpex GaKTopoB AOCTAaTOYHO PACCMOTPETb YPaBHEHME BMAA
¥ = bo +b, % +b, X, +b3x3

N oNpeaennTb TO/IbKO YeTbipe KoapPpuumneHTa.

Noatomy ncnonb3oBaHue NP3 ana onpeaeneHmna KO3PPULNEHTOB TONbKO NMPU TNMHENHbIX
yneHax HeadpPeKTUBHO n3-3a peasin3aumm 60NbLIOTo YNCIa ONbITOB, 0COBEHHO Npu b6osbLLIOM
ymucne pakTtopos k.



Ecav npu peweHnn 3aaa4m MOXKHO OFPAHUYNTCA JIMHENHDBIM NPUBAMKEHMEM,
TO B [1®d3 oKa3biBaeTca MHOTO "nnwHMX" onbITOB.

Tak, ana Tpex GakTopoB A0CTAaTOYHO 4 onbiTa, a B NP3 nx 8. ChepgoBatenbHO, eCTb YeTbIpe
n n
NNLWHKMX".

Pe3ynbTatbl 3TUX "ANWHMX" ONbITOB MOTyT ObITb MCMONb30BaHbI ABOSKO:

BO-MEPBbIX, C UX MOMOLLBbID MOMKHO MOJIYy4UTb 6oNee TOUYHble OUEHKU KO3pdUUMEHTOB
perpeccuu;

BO-BTOPbIX, UX MOXHO NCMNO/Ib30BaTb AN1A MPOBEPKUN aJEKBATHOCTU MOLE/N.

OpaHako npu 7 paktopax MNP cogepkmt 27=128 onbIToB, a AN IMHEMHOTO YPaBHEHUA
TpebyeTca Bcero 8. Taknm obpasom, octaetca 120 INWHUX U, KOHEYHO, HET HEOHXOAMMOCTU UX
BCe peasin30BaTb, a8 A4OCTAaTOYHO NNLLb HECKO/IbKO U3 HUX MCMONb30BaTb ANA NPOBEPKM
afleKBATHOCTM U YTOYHEHUA OLLEHOK.



Tak, ona onpegeneHma KoapGMUNEHTOB ypaBHEHMA [A0CTaTOYHO OrPaHNYUTCA YeTbIpbMA
onbiTamu, ecnu B NP3 23 ncnonb3oBaTtb X X, B KAYeCTBE NiaHa

ANA X3, TOrAa MaTpuLua NAaHMPOBAHUA SKCMEPUMEHTa NPUMeET BUA, NpeACcTaB/IeHHbIN

B Tabn.

HApobHell haxmopHbIl 3KCIepuUMEeHm

Homep Mnax Pesynetar
ONeITa Xo X, Xz K= KyXg Vi

1 +1 -1 -1 +1 ¥1

E +1 +1 | '1 '1 ':'"3

3 +1 | +1 1 Vs

g +1 +1 +1 +1 ¥

3ameTuM, YTO Mbl UCNO/Ib30BaA/IN HE BCE TOYKMU C "KpaHMMKU" KOOpAMHATAMM,

T.e. £1, nnu, rosopa ApPyrMmun cC1oBamm, He BCE BO3MOXHble KOMBMHALUUN BbIBPaHHbIX
YPOBHEMWN.

Ha camom gene Bcex BOSMOMHbIX KOMBUHaLUI 23=8, Mbl e UCNONAb30BaAN U3 HUX TONIbKO 4.
TaKoM COKpaLleHHbIN NaAaH HOCUT Ha3BaHWe APOobHOro pakTopHOro akcnepmmenTa (AP3).



Cneayet noAyepKHyTb, YTo dopmManbHOE MPUPABHUBAHUE MPOU3BEAEHUA
dbakTOopoB ¢daKTOpy, HEe BXOAALlEMY B 3TO NpOU3BeAEeHMe, SIBNISeTCA OCHOBOMO/AratoLwemn
naeen metoga AOd3.

B gaHHOM c/nyyae MCnosib3yeTca To/IbKO nonosuHa M3 23, nostomy nnaH, npeacTasieHHbIN
B Tabn.6.4, Ha3biBaeTcA noaypenankon ot N 23,

Mocne peannsauum nnaHa NoayyaroT 4 ypaBHEHUA € 4 HEM3BECTHbIMM, UX peLleHne 1 aact
OLLEHKY BCex YeTblpex KoadpduumneHToB perpeccun b..

Hanpumep, matpuua 13 8 onbIToB A1A YeTblpexdaKTOPHOro niaHMpoBaHus byaer
nonypenaukon ot M3 24, a ona nATUPAKTOPHOro NNaHMPOBaAHUA — YeTBePTbPenaMKon oT 2°.



Ona Toro ytobbl ApobHas penamKa npeactasnsana cobonm OpPTOroHaNbHbIN
NNaH, B Ka4ecTBe penaukm cnegyet bpaTtb 6amKanWLnM NONHbIN GAaKTOPHbIN SKCNEPUMEHT. Mpwu
3TOM YMC/1I0 ONbITOB AO/I}KHO ObITb HE MEHEEe YMCNa UCKOMbIX KO3POULMEHTOB.

Ecnn KoadpduumeHTbl perpeccnm npm NnapHbix NPOU3BeAEeHUAX HE PaBHbI HYNLO, TO HAWAEHHbIe
KO3pPuuUMeHTbl b, ByayT cmellaHHbIMKU OLEHKaMK UX TeOPEeTUYECKMX KoadduumeHTos P..
Ha npaktuke 0b6bl4HO He ygaeTcA anpuopPHO MOCTYAMPOBATb PAaBEHCTBO Hy/0 3PpPeKToB
B3aMMOAENCTBUSA, OAHAKO YaCTO MMEKTCA OCHOBAHMA NOAaraTh, YTO HEKOTOPbIE U3 HUX Maibl NO

CPaBHEHMUIO C IMHENHbIMU 3dPeKTamn. Onepaumio CMeLINBAHMA OLEHOK NPUHATO YCAOBHO
3aMnunCbiBaThb B BUAE BbIPaXKEHUN

b, — B+ oz = B+ BBy — B3+ B,

raoe B — matemaTmyeckoe oXuaaHue Ana COOTBETCTBYHOLWEro KoapduumeHTa.



I3TU reHepupyoLmne Ko3POULUMEHTbI HE MOTYT BbiTb Pa3ae/ibHO OLLEHEHbI MO
N1aHy, BK/IIOYAIOLLLEMY BCErO YETbIPE OMbITa, TaK Kak B 3TOM C/ly4ae HepasNnynmol
cToNbUbl ANA TNHENHbBIX YNEHOB M NapHbIX NPOU3BEeAEHUA.

Ecnun, Hanpumep, B AONOIHEHNE K CTONOUAM, NpuBeAeHHbIM B Tab., BbIUMCIUTL eLle
ctonbubl ANA NPOU3BEAEHUA X X3, TO YBUAMUM, YTO 31EMEHTbl 3TOro cTonbua B TOYHOCTU
paBHbl anemeHTam ctonbua x,. Takum obpasom, COKpalleHMe YWUCNa OMbITOB MPUBOAUT K
MO/IYYEHUIO CMELIAHHbIX OLEHOK AN KO3pdULNEHTOB.

[na Toro ytobbl onpenenuUTb, Kakne KoadduUMeHTbl cmellaHbl, yaobHOo
NOMb30BaTbCA CNEAYIOLLMM MPUEMOM: NOACTABMB X3 HA MECTO X;X,, MOIy4UM COOTHOLLEHME
X3=XX,, Ha3blBA€MOE reHepupyoLMM COOTHOLLEHNEM.



YMHOXMB 06€ YacTV reHePUPYIOLLLETO COOTHOLIEHUA Ha X5, MOYYUM
X2 =X X, X;=1,= X, X, X, =1.
570 Npou3BeaeHMe HOCUT Ha3BaHMe ONpeaenAloLLEro KOHTPACTa.
YMHOXMB NooYepeaHO OnpeaenatoLmil KOHTPACT Ha X4, X,, X5, HAXOAMUM
X, = XXX, = X, X5 X, = X X Xy = X, X,

Mony4eHHbIM COOTHOLUEHUSAM COOTBETCTBYET CMCTEMA CMELUAHHbIX OLEHOK,
T.e. B; cmewaHa ¢ B3, B, — ¢ B3, aB; — Py



Takum 0bpasom, nNpu ncnonb3oBaHumn AP HeobXoAMMO MMETbL YETKOE NpeacTaBAeHME O Tak
Ha3blBaeMOW pa3pellatolet cnocobHOCTU APOBHbIX PENINK, T.e. ONpeaenTb 3apaHee, Kakue
KO3dPUUMEHTbI ABNAIOTCA HECMELLIAHHBIMW OLLEHKaMM

AN5 COOTBETCTBYOWMX KO3OPULMEHTOB.

Toraa B 3aBMCMMOCTM OT MOCTAaHOBKM 3a4a4M noabupaeTtca ApobHana pensinKa, C NMoOMOLLbLO
KOTOPOWM MOXHO M3B1€4Yb MaKCUMaNbHYIO MHGOPMALMIO U3 SKCEPUMEHTA.

Hanpumep, B 3agaye ¢ yeTbipbma paktopamu (k=4) B KauecTse reHepupytoLWEero COOTHOLLIEHUA
MOXHO B3ATb X,=X;X,X3 WAN ntobon n3 sapdeKTos ABOMHOrO
B3aMMOAENCTBUA, HANPUMEP X,=X; X,



Tabanua NnNaHMPOBaHMA TaKOro 3KCNepPUMEHTa nNpeacTasieHa B Tabn.

Mnavuposarue JoP3

Homep MnaH [eHepyupyoLMe COOTHOWEHNRA
ONuTE Xg X4 Xz X3 X=X XK Xa=XX;

1 +1 -1 -1 -1 -1 +1

2 +1 +1 -1 -1 +1 -1

3 +1 -1 +1 -1 +1 -1

4 +1 +1 +1 -1 -1 +1

5 +1 -1 -1 +1 +1 +1

5] +1 +1 -1 +1 -1 -1

I +1 -1 +1 +1 -1 -1

8 +1 +1 +1 +1 +1 +1




B nepBoM Ciyuae onpeaensiowmii KOHTpacT X,2=X,X,X;X,=1. M0oNY4MM OLEHKY COBMECTHbIX
T Xy = XXX i = f1+ 5 3

Ko =X X3 X0 = f 5+ b 1as

Ky = XX, X403 >0+ F 103

Ky =X Xy X3:0p >+ P 123

KXy =X X530y > 14t P o

KXy = X3 X 40 > L1t b3

KiXg =X, X 403 = f15+ o4

B peanbHbIX 3adayax TPOMHble B3aMMOAENCTBUA ObIBAOT PABHbIMU HYAIO

3HAYUTE/IbHO Yallle, Yem ABOMHbIE.
3HauuT, ecm No GpU3n4Yeckomy CMbICNY 3a4a4M Hac bonee BCEro MHTEPECYIOT OLEHKU AA

IMHENHDbIN 3P PEeKTOB, cneayeT NCMONb30BaTb FEHEPUPYIOLLLEE COOTHOLLUEHUE
X,= X X, X;.



Bo BTOpOM c/ny4yae onpefenatolwnii KOHTPACT BbIParKaeTcsl COOTHOLIEHMEM

X, 2=X X, X,=1; X X,X,=1.

Mpn 3TOM NOAYYMM CeAYIOLLY0 CUCTEMY OLLEHOK:

X=X, X0 0, =B+ B4

X, = X,X,:b,

>0+ Pa

Xz =X Xy X3 X405 = Bt Bioss

X4 — Xlxz;b4

X, X, = X, XX,
Xy Xz =X X3 Xy,
X, X, = X, X, X,

— B+ P10
O3 —> P15+ Praa
03 =B o5t Piaa

034 > Past P12z

CnepoBaTenbHo, APODOHYIO PENINKY C FeHepupylowum COOTHOLIEHUEM
X,=X;X, MmeeT CMbIC/1 NICNONIb30BaTb, €C/IN Hac bonee Bcero MHTepecytoT KoaboduumneHTsl B,,

823' B34'

[N pob6HYI0 pennunky, B KOTOPOM P nnHENHbIX 3¢ PeKToB NpMpaBHEHDbI K 3PpdeKTam

B3anmoaencTama, obosHavaroT 2kP.



Takum o6bpasom, NnaHbl NEPBOro NopAaKa, ONTMMas/IbHblE ABYXYPOBHEBbIE
nnaHbl NP3 25 Ad3 2XP umetot cneayolme npeMmyLLecTsa:

1 — nNaHbl OPTOrOHaIbHbI, MO3TOMY BCE BbIYMC/IEHUA NPOCTbI;
2 — BCce KOadPUUMEHTbI onpeaenatoTca He3aBUCMMO OAMH OT APYroro;
3 — KaXapblt KOapdUUMEHT onpeaenseTcs No pesyabTaTam BCEX N OMNbITOB;

4 — Bce KoadPMUMEHTbI perpeccmmn onpeaenatoTca C 0 A4MHAKOBOW ANCNEPCUEN, T.e. 3TU NAAHDbI
obnapatoT M cBOMCTBOM poTaTabesnbHOCTW.



Pa3paboTKa maTemaTUyecKoil moaenn rmapaBInyecKkoro peXxxmma metoauyeckon neum

B KayecTBe npumepa PacCMOTPUM pa3paboTKy maTtemaTUyeckon moaenu
rMAPaBJNYECKOro pexxmMma YeTblpex30HHOM Meyun € UCNOIb30BaHMEM TeOPUM NAaHMPOBAHMUA
3KCNepMMeHTa.

Mpn NNaHUPOBAHMKM ONbITOB UCMOIb3YyEM METOANKY NPOBEeAEHNA APOOHOro
¢daKTopHOro akcnepmumeHTa (AP3) nepsBoro nopaaka ¢ ABYyXyPOBHEBbIM BapbUPOBaHUEM
dbaKTOpOB.

Mepen pa3paboTKoM NaaHa 3KCNEPUMEHTA Ha OCHOBE anpUOpPHOM MHPopMaLumUn Bbinu
BblAB/MIEeHbl GaKTOPbI, BAMAIOWME HA BE/IMYUHY OABJEHUS B 30HE Meyu.

K YUCNY TaKUX (I)aKTOpOB OTHOCATCA pacCXodbl TON/IMBA HA KaXKAYH 30HY Harpesa U yros
MNOBOPOTAa AbIMOBOIo KaalfaHa. Pacxoapbl BO34yXa Ha KaXA4yro 30HY B Ka4ecCTBe (I)aKTOpOB HE
(I)Ml'prpOBal'IM, NMOCKOJIbKY CXEMa YynpasaeHnAa ropeHnem ToninBa aBToOMaTtuU4eCKn MeHAET
pacxod Bo34yXa Npu UaMmeHeEHNN pacxoda ra3a.



O603Ha4YMM PpaKTopbI:

X; — pacxopg rasa B 30He 1, m3/y;

X, — pacxop, ra3a Bo BTOPOW CBapoOYHOM 30He, M3/y;

X; — pacxopg, rasa B NnepBoi CBapOYHOM 30He, M3/y;

X, — pacxopg, rasa B HUXKHel CBapoOYHOM 30He, M3/y;

X — NON0OXeHne AbIMOBOro KnanaHa, % xoAa NCNONHUTENbHOrO MexaHn3ma (puc)

Ao A
A1

hMaTogMYeckan 20H3

oY
) - -

# TamdneHaRA
clelys ¥ 5 o
b4 4 HitsHAR
CEEROHHER 30HS

MonoxkeHne dakTopos (X, ..., Xc) n oTkAnKa (Y) npyn nposegeHnn nccnefoBaHMA Ha neyu



Peanusayma Nd3 B aTom cnyvae Npm BapbMpoBaHMKM BCeX GaKTOPOB Ha ABYX
YPOBHSAX noTpebosana 6bl NOCTaHOBKM 2°=32 OMbITOB.

Byaem npepnonaratb, 4TO 3¢PeKTbl B3aUMOAENCTBUA PAKTOPOB B MCCAeayeMOM 0ObeKkTe
MaJIOBEPOATHbI U NpeHebpexnmo manbl. Bocnonbayemca 1/4 pennvkoit M3, T.e. AP Tnna 2>

2, rne popmanbHO 2 paKTOopa 3aMeHEHbI COOTBETCTBYOLWMMN NPOM3BEAEHUAMM OCTaNIbHbIX
$aKTOPOB (X,=X; X5, Xs=X; X, X3 ). DTO NO3BOAUT COKPATUTL YMUCIO ONbITOB A0 23=8. YpOBHM
BapbUpPOBaHMA GaKTOPOB NpeacTaBieHbl B Tab.

dakKTopsbl
YpoBHU paKTOpOB X1 X2 X3 X4 X5
OcHoBHOW (HyneBom 5250 3900 2650 1100 74
HUXHUN 4000 3100 1750 700 50
BEPXHUN 6500 4700 3500 1500 98
NHTepBan BapbMpoOBaHUA 1250 800 900 400 24




B tabn. npuBegeHbl maTpuua naaHuposaHua Ad3 2°2 u pe3ynbTaTbl SKCNEPUMEHTa —

3HayeHuA BbIXOAHOW NepemMeHHON (gaBneHnaA B neyn).

dakTopbl (KOANPOBaHHbIE 3HAYEHUS) OTHINK MocTpoyHas
cpegHee MOAENb, epcus
X, X, X, X, X, Xc Y1 Y2
1 1 1 1 1 -2,5 -2,6 | -2,55
1 -1 1 -1 -1 2,2 2,3 2,25
1 1 -1 1 -1 -1 51 4,7 4,9
1 -1 -1 1 1 -1,1 0,5 -0,3
1 1 -1 -1 2,1 2,3 2,2
1 -1 -1 -1 0 -2,4 -1,2
1 1 -1 -1 -1 0 0,8 0,4
1 -1 -1 -1 1 -1 4,2 51 4,65




1. PacyeT NOCTPOYHbIX CpeaHUX: yjl + yJ 2 +... yjm*

j *
Ae m* — 4ynucno NOBTOPHbIX oNbITOB (M*=2). m
2. OnpeaeneHune NOCTPOYHbIX (BbIOOPOYHbIX) m _\2
Ancnepcunin: Z (yj, — yJ )

SZ _i=1
] o *
m —1

3. OnpepeneHne ogHOPOAHOCTM AUCNEPCUIN MO KPUTEepUto KoxpeHa: 82

IKCn SZZ:

[Nanee no tabn. .9 Haxoamm Ga;m;n. Ans a=0,05, m=m*-1=2-1 n n=8 3HauyeHune
G0,05;1;8=0,6798. Nockonbky Gakcn< GTeop, TO AUcnepcmmn ogHOPOAHbI.



. Onpepenenne K03PpPULMEHTOB B YPAaBHEHNU PETPECCUN:

b, =

Zyj Xy
=1

—2554+225449-03+22-22+04+ 4465

Yooz,
. = il

_ = 1,1 69;
. B
Z_'I_-'l,'-l'“
b = _7255-225449403422422404-465 o
,, 8
2 ~255+225-49+03+22-22-04- 4465
y oo _ 4 : = = -1,244;
2 . 8
2, ~255+4225+49-03-224+22-04-465
b= = e e (K11 2R
. o
Z-"_'.'I4- 3 2% 4 2242210
J _ _ A0 3 -
ﬁ'.|= ful - 3 = 2,43 e i '4+4'ﬁ5=—ﬂ.]ﬁ"?:

i )

58599549 03-27_77404-465
b= _ : - = _2.331.
i




*
dakTopbl (kKOAMPOBaAHHbIE 3HBYEHUS) OTKTIAK MocTpouHas m
cpeaHee|Moaens avcnepcis _ :
Xo | X | X | Xe | X | Xe | YL | Y2 Z (yji o yj )
1 | 1 |1 |1 | 1] 1 |-25]|-26]-255 0,005 0,005 SZ _i=1
1 -1 1 1 -1 -1 22 | 23 225 0,005 0,005 J - *
1 | 1 | 1| 1| a | 1 |51]|47]49 0,08 0,08 m —1
1 | 1] 1 1 1 |-11]05|-03 1,28 1,28
1 1 1 | -1 | 1| -1 |21]|23]|22 0,02 0,02
1 | 2| 1| 2] 1] 1| 2 |-24|-22 0,08 2,88
1 1 |11 -1]1 0 | 0804 0,32 0,32
1 | 2] 2] 1] 1] -1]|42]|51] 465 0,405 | 0,405
0,576
-2,55 -2,565 -2,55 -2,55 -2,55 -2,55 4,995 2,88 577
0,679
b0 1,16875 2,25 -2,25 2,25 2,25 -2,25 -2,25 8
ancnepcum
bl 0,06875 49 49 -49 49 -49 -49 OAHOPOLHbI
b2 124375 03 03 03 -03 -03 -03 2
b3 000375 22 22 22 22 22 -22 Sj max
b4 016875 22 22 22 22 22 -22 G —
: IKCNn 2
b5 233125 04 04 -04 -04 -04 04 9,352 SZ
4,65 -4,65 -4,65 -4,65 4,65 -4,65

9,35 055 -9,95 -0,75 -1,35-18,65
n
2 Y%

by, = =

n



5. MpoBepKa 3Ha4YMMOCTUN Ko3pduumMeHToB perpeccun. MNpeasaputenbHO onpeaennm

ANCNEePCHIO BOCMPOU3BOANMOCTU (AMCnepcnto oTKAMKaA): 2
S
socn
n
SZ
Ancnepcns KO3PpPULUNEHTOB YPaBHEHUA perpeccmm Ss — 60Cn

n-m

Haxoaum 3HauyeHue A0BepUTEe/IbHOTO MHTEpBana Ans KO3pOULMEHTOB perpeccuun:

Abj — ta;m . So 3aecb m=n(m*-1) to,05,8=2,31

-

ApryMenTsl dyHKLMK

CThHO APACTIOBR

1

BepoATHOCTE (0,05

OTKy,ﬂ,a Abj=2,3 1 .0’ 13 1=O’303 Crenenm_ceobogm | 527

0,05

%‘1
Il

i 11

3

%]"I.
]

2,306004133

BozBpallaeT obpaTHo: pacnpeaensHie CTEHOAEHTAE.

PACTPEAENEHME,

SHadeHuwe: 2,306004133

Crenen H_Cﬂﬂﬁ'ﬂﬂhl NONOKMTENEHOE LIEN0E YMCND CTENEHER cBoboakl, XaAPaKTepuayoWes

CNpaBKa no 3ToM dyHKLMK QK

] | OTMeHE




N3 conocTtaBneHua O0BEPUTENbHOTO MHTepBana Abj ¢ abcontoTHbIMM 3HAaYEHUAMMU
KoadpduumeHToB moaenn cnepyet, 4yto b1=0,069<0,303; b3=0,094<0,303 un
b4=0,169<0,303. 3Tn KoadPNLUMEHTbI OKA3a/IMCb HE3HAUYMMbI, @ OCTa/IbHbIE 3Ha4YNUMbI. TaKUM
ob6pa3om, OKOHYATE/IbHOE YPaBHEHUE PErPECCUM 3anmnLLIETCA B BUAE

y =1,169-1,244X2-2,331X5.

r Egﬁ\. = I f:u Lo A s Nexunald [Pexcim cosmectumoctin] - Microsoft Excel o | = i:h1
_J/) naeHan EBcraeka PasmeTka cTpaHWLubl fopmyntl JaHHbie PeLeH3MpoBaHne Bug E!) - = X
127 - £ | 3
A B C D E F G H | J K L M N 8] P Q R 5 T U
1 OTHNMHK
©aHTOPb! (KOAMPOBAHHBIE 3HBYEHMA) MocTpouHan *
2 cpefHee |Mogens 1
OUCTEPCHA 2
3 % Xy x X Xq Y1 Y2 Z ( | )
4 1 1 1 1 1 1 -2,5 -2,6] 2,55 0,005 0,005 y Jji y J
5 1 -1 1 1 -1 -1 2,2 2,3 2,25 0,005 0,005 S2 i=1
& 1 1 -1 1 -1 -1 5,1 47 4.9 0,08 0,08 J — %
7 1 -1 -1 1 1 1 -1,1 0.5 -0,3 1,28 1,28 }n 1 l
8 1 1 1 -1 1 -1 2,1 2.3 2,2 0,02 0,02 2
9 1 -1 1 -1 -1 1 -2 -2,.4 -2,2 0,08 0,08 S
10 1 1 -1 -1 -1 1 0] 0,8 0,4 0,32 0,32 J max
11 1 -1 -1 -1 1 -1 4,2 5,1 4,65 0,405 0,405 G —
12 n -3,55 -2,55 22,55 -2,55 22,55 22,55 2,195 1,28 0,583144 IKCN
13 b0 1,16875 1,16875 ZJ i "o 2,25 -2,25 2,25 2,25 -2,25 -2,25 0,6798 SZ
14 |b1 0,06875 0 f.lD = = 4,9 4,9 -4.9 4.9 -4,9 -4.9 OMCNEePCMW OOHOPOAHDI ]|
15 |b2 -1,24375 -1,24375 H -0,3 0,3 0.3 -0,3 -0,3 -0,3 2 1
16 b3 -0,09373 0 2,2 2,2 2,2 -2,2 2,2 -2,2 S
17 b4 -0,16875 0 2,2 2,2 2,2 2,2 2,2 2,2 S 2 _ z 0,274375
18 b5 -2,33125 -2,33125 0,4 0,4 -0,4 -0,4 -0,4 0,4 goch
19 4,65 -4,65 -4,65 -4,65 4,65 -4,65 ¥l
20 9,35 0,55 -9,95 -0,75 -1,35  -18,65
21 S 2
22 S 2 _ E0CH Sb
23 b - #* 0,017148 0,130952
24 n -m
25
26 n 8
27 I _I m* 2m 8
28 to,05:8 2,306004 |
29 Abj 0,301976
30
31 4
M 4+ M| flucrl - Nucr2 | NMiwcr3 <19 %] [ m | -0
loToso ||ﬁ|ﬁ| E” 100% @ ] @ o




6. MpoBepKa aAeKBaTHOCTN Noay4yeHHON moaenu. MNpeaBapuTenbHO onpeaennum Aucnepcuto

a4EeKBATHOCTU: ,
* . YA Y
m > (Y, - Y;)
=1

n— I B Hawem cnyyae m*=2; n=8; [=3

2
SAﬂ. —

C yueTom paHee HallaeHHOM BbIBopouHoM aucnepcum S,2=2,195 onpegensem agucnepcuto
BOCMPOU3BOAMMOCTHU:

OKCH 2
S

JKcnepumeHTabHOe 3HaYeHne Kputepus Puwiepa cheayoulee: ) e



Teopetnyeckoe 3HaueHune Kputepua duwepa F . ..o Npyu a=0,05 MOKHO C NOMOLLbIO
BCTPOEHHOW PYHKUMM INEKTPOHHbIX Tabauy Microsoft Excel FPACIMOBP.

ana m1=(n-1)=(8-3)=5 u
m2=n(m¥*-1)=8(2-1)=8

3HadeHue Fj os.5.6=3,69 (FPACMOBP(0,05;5;8)=3,69). Mockonbky Fakcn< Freop, To nonyyeHHas
MoJeNb afeKBaTHa.

ApryMeHTEl GyHKLMM I. 2 i:-?-]

FRACTIOEP
BepoaThocts (0,05 IEI = 0,05
Crenewn_ceobogml |M34 IEI =5
Crenewn_ceobogm2 M35 E = 8
= 3,687498666

BozepawaeT ofpaTHOE 3HaYEeHWe 4nA F-pacmpeaenseHnA BEpOATHOCTEA: ecnu p = FPACTI{x,...), To FRACTOBR(p,...)
=X

CreneHn_cBoboObi2 3HaMEHaTENE CTENEHENA ¢

ApryMeHTEl GyHKLMK I. 2 &]

ECN
3Haqernwe: 3,687498666 e
Nor_soipamenne  TEERAEE FRz| = WCTMHA
Cnpaeka No 3Tol dyHKLM . . —= . -
3HAYEHWE _ECNW_WMCTMHE | "apexBaTHa E%:| = T“apexksBaTtHa
e "
3HEYEHWE _ECNM_NOWE | "He ageKEaTHE" f&z| = "He anexksaTHa"

= "ageksatHa”

MpoBepReT, BLINONHASTCA NM YCNOBWME, M BO3BPALLEET OAHO 3HAYEHWE, ECNH OHO BbINGNHASTCH, W ApYroe
3HGYEHWE, ECNK HET.

Nor_BbipaMenne noboe IHIYEHWE MNK BoIPEHEHWE, KOTOPOE MPW BbIMMCNEHIMA OEET
3Ha4eHre MCTHHA 1nn MO,

3HaYeHWe: AOeKBaTHa

CnpaBka No 3ToM dyHKLAW QK ] | OTMEHA




.'/E-“_;a\ H2 ¢ O ’E}:' =% (3 N s Nlexumald [Peswvm cosmectimoctu] - Microsoft Excel _I_I!:I &
[

[naeHaa EcTacka PasmeTra cTpaHmiLbl Popmynsl JaHHbie PeueH3nposaHne Bug '3@ - =7 X
_I_—j i Calibri 11 A A= E||@/_'| =/ NepeHoc TekcTa OBwwmit - i_:fll ﬂ _;‘ﬂl EE- E‘ . ™ 5: W \ﬁ
BUE'B“Tb 7 | K & 9 - (|- A ||| || 5 osweanrnTe w nomecrvTe & uentpe - ||| 22 - % 000|553 5% ¥enosHoe } &DopmaTwposaIb C-rmunv BCI'EvBMTb Y,qafmb CDOD'MET o- Cop-mposnc'a Haittu )
DOPMATHPOBAHNE ™ KaK TaBAMLY ™ AYEek W GUALTP ~ BHAEANTE
Eydep o6meHa ™= WpngT E} BLIpaEHMBEaHNE (F] Yucno & CTrAK Aveikn PefakTHpoEaHNe
R34 - [ £| v
A B C D E F G H 1 J K L M N 0 P Q R 5 T U n
a 1 1 1 1 1 1 25 26 -2,55| -2,40625| 0,020664 0,005 0,005 L\ ji S i/
3 1 -1 1 -1 -1 2,2 2,3 2,23 2,25625| 3,91E-05 0,005 0,005 2 3‘:]_
6 1 1 -1 1 -1 -1 5,1 4,7 4,91 4,74375| 0,024414 0,08 0,08 SJ — %
7 1 -1 -1 1 1 1 -1,1 0,5 -0,3] 0,08125| 0,145352 1,28 1,28 m 1 1
8 1 1 1 -1 1 -1 2,1 2,3 2,2| 2,25625| 0,003164 0,02 0,02
g 1 -1 1 -1 1 1 -2 2.4 -2,2| -2,40625| 0,042539 0,08 0,08 S 2
10 1 1 -1 -1 -1 1 0 0,8 04| 0,08125| 0,101602 0,32 0,32 -
11 1 -1 -1 -1 1 -1 4,2 5,1 4.65| 4,74375| 0,008789 0,405 0,405 G I J max
12 0,346563 -
13 P -2,55 -2,55 -2,55 -2,55 -2,55 -2,55 2,195 1,28 0,583144 IKCN S 2
14 |bo 1,16875 1,16875 _Z.V i % 2,25 2,25 2,25 2,25 2,25 2,25 0,6798 Z
15 |b1 0,06875 0 bl) == | 4.9 4.9 -4,9 4,9 -4,9 -4,9 OWCNEPCHK OOHOPOAHbI
16 |b2 -1,24375 -1,24375 n -0,3 0,3 0,3 -0,3 -0,3 -0,3 2
17 |b3 -0,09375 o 2,2 2,2 2,2 -2,2 2,2 -2,2 S
18 |b4 -0,16875 0 -2,2 2,2 2,2 2,2 2,2 2,2 S 2 _ ) 0,274375
19 bs -2,33125 -2,33125 04 04 -0,4 -04 -0,4 0,4 goch
20 4,65 -4,65 -4,65 -4,65 4,65 -4,65 n
21 9,35 0,55 -9,95 -0,75 -1,35 -18,65
22 S 2
23 S 2 — eocH Sh E
24 o N 7 b * 0,017148 0,130952
2 m Z (y Fa— j) n.-m
26 S i1 0,138625
27 A7 n—1 ; n 8
28 2 m* 2m 8
29 S 20 S T 0,274375 | ) AP, 2,306004
30 socn Abj 0,301976
31 n
32 2
33 Fak_m = 6;“‘5 0,505229
34 S m1=(n-) 5 [ ]
35 Famt:mz 3,687499 m2=n(m*-1 8
36 afeKBaTHA
37
38
39
H oA+ M| flucrl o Nwar? o Nuer3 | Niner4 N9 %] |l- 11l
loToBO




