METOAbl NNAHUPOBAHUA SKCNEPUMEHTOB. TOTMYECKUE OCHOBDI
OcCHOBHbIe onpegeneHua nu NOHATUA

an dKTUBHOM 3KCNepmmeHTe matemMaTndeCKad CTaTUCTUKa UCMNOJ1b3yeTCA YyxKe Ha CTaauun
NOCTAHOBKWUN U NNaHNPOBAHUA SKCNEPUMEHTA.

[MacCMBHbLIN 3KCMEPUMEHT NpeaycMaTpuBaeT HaKonaeHne uHdopmauum “s
peXnme HoOpPMasibHOM 3KcnyaTaumum', Ho 3To TpebyeT MHOro BpeMeHU 1 3aTpar.

NNosTomy npepnaraetca "He XAaTb MUJIOCTEN OT NPUPOADLI", @ aKTUBHO BMELLNBATLCA B

X0/, TEXHO/MIOMMYECKOro npouecca: «pa3dbanTtbiBaTby» («NOKAaYMBaTb») €ro TUXOHbKO,

HO LeneHanpaBAeHHO, N BbICTPO HaKanAMBaTb NPU 3TOM MHPopmaumto. MNporpamma
NOKAYMBAHMA KakK pa3 1 3aaaetcs nnaHom. Cam MeToA, N/IaHMPOBaHMA MOXET M3MEHATLCA B
3aBMCUMOCTM OT BMAA 33[a4U1, HO MPUHLMMN NOKAYMBaHMS OCTAETCS.



TeopunAa nnaHUPOBAHUA IKCNEepUMeEHTa Havyasnach C pa60T 3HAMEHMUTOro aHIMIMNCKOro y4eHOoro

P.duwepa B 30-x rogax XX ctonetua, UCMnosib3oBaBLLEro ee AN1A pelleHns arpobmnonormiyeckmx
3ajau.

B nanbHenwem 310 HanpasneHue 6b110 pa3BuTo B naTuaecaTbix roaax 8 CLUA [x.bokcom u ero
COTPYAHMKaMU.

OTeyecTBeHHblE Y4€HblIE TaKXe BHEC/U 6onbLon BK/1a4d B pPa3BUTUE TeOpPUU

IRCNepmnmeHTa, Npeaioxuns paa HOBbIX METOA0B, a MHXKEHEPbLI-UCCAeO0BaTe/1In BCe WWNpPE
NMPUMEHAKOT 3TN METOAbI HA NMPaKTUKE.



Moa maTemaTUYECcKOM TEeOpMEN MNAaHUPOBAHMA ISKCNEPUMEHTa Oydem MOHMMATb HayKy o
cnocobax COCTaBNEHMS IKOHOMMUYHbIX IKCMEPUMEHTANbHbIX M/IaHOB, KOTOPbIE MO3BOAAIOT
n3B/IeKaTb Hanbobluee KoNnMyecTso MHPopMaLum 06 06bEKTe UcceaoBaHUA, 0 cnocobax
NpoBeAeHUA SKCNEPUMEHTa, O cnocobax 06paboTKU aKCNepUMEHTaNbHbIX AAHHbIX U UX
MCNONb30BaHUSA AN ONTUMU3ALUM NPOU3BOACTBEHHbIX MPOLECCOB, a TaKXKe UHKEHEPHbIX
pacyeTos.



MpuHATas TepMUHONOrMA — 3TO MO0 NepeBos, TEPMUHOB C aHITMNCKOro, 60 NPOCTO UX
NnepeHoc B OpUTUHaA/E, N 3TO HEOHXOAMMO MMETb B BUAY NMPU YTEHUUN NUTEPATYPbI MO TEOPUHU
NJaHUPOBAHUA SKCNEPUMEHTOB.

UCcTUHHBIN BUA GYHKUMKM OTKAMKA y=f(Xy, ..., X, ..., X,) 1O IKCMEPUMEHTA YaLle BCero
HEeM3BecTeH, B CBA3M C YeM ANA MAaTEMATUYECKOro ONMCAHUA NOBEPXHOCTU OTKMKA UCMONb3YIOT
ypaBHeHue

y /BO_I_Z/lel + ZIBIUXIXU +ZIBIIXI ...t (1)

,u=1

rae x, X, — nepemeHHble ¢pakTopbl npun i=1, ..., k; u=1, ..., k; izu;

of o° f o°f
IBi —| — ;ﬂiu | = ;IBii = — | - KO3bdULMEHTDI.
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9TO ypaBHeEHUEe ABAAETCA Pa3/ioKeHNem B pag, Temnopa HEN3BECTHOM PYHKLU MM OTKAMKA B
OKPECTHOCTU TOYKM C X;=Xi,.



Ha npaKTuKe no pesynbraTam 3KCnepumeHTa NponsBoamTca 06paboTKa AaHHbIX NO MeToay
HaMMeHbLUMX KBaApaTos.

9TOT METOo/, NO3BONAET HAUTU OUEHKY b KoadpPuumeHToB B, N AaHHBIN NOIMHOM 3aMEHAETCA
ypaBHeHMeM BMAaa
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KOTOpOe SAB/IAETCA PErpecCMOHHOMN MOAENbio (MOAENbIO PErPECCMOHHONo aHaIn3a).

B 3TOM BbIpaXXeHMUN Yy O3HAYaAET MOAE/IbHOE, T.e. PaCCYUTbIBAEMOE MO YPaBHEHMUIO

MOAENN, 3HAYeHUe BbIXoAaa.

KoadpurumneHTbl perpeccumn onpepenatoTcs 3KCNEePUMEHTANbHO U CAYXKAT 1A CTAaTUCTUYECKOM
OLEHKN TeEOPETUYECKMX KO3PPULUNEHTOB, T.€.

bO = BO' I:)i = Bi ’ biu = Biu ’ I:)ii =4 Bii'

B perpeccMoHHON Mogenu uYneHbl BTOPOM CTEMEHU XX, X, XapaKTepusytoT
KPMBM3HY MOBEPXHOCTM OTK/MKA. Yem 6onblue KpMBM3HA 3TOM MOBEPXHOCTU, TEM
6onblue B MOAENN perpeccum YNeHoB Bbicllel cTeneHn. Ha npakTuKe Yalle Bcero

CTPEMATCA OFPAHNYUTLCA IMHENHOWN MOAENBIO.



[MocnepoBaTe/IbHOCTb aKTUBHOMO 3KCMNEPMMEHTA 3aK/1K04YaeTCA B C/ieAyHoLeMm:

1) pa3pabaTbiBaeTcA cxema NPOBeAeHUA UCCNeAO0BaHWUMI, T.e. BbIMOJHAETCS

NAaHMPOBAHME IKCNEPUMEHTA.

MpX NNaHMPOBAHUM IKCNEPUMEHTOB 0ObIYHO TpebyeTca C HaMMEHbLUMMM 3aTpaTamMn U C
HEeobXoAMMOW TOYHOCTbIO MO0 MOCTPOUTL PEerpeccUoHHY0 MoAenb npouecca, NMbo
onpeaenuTb ero onTMMaabHble YCNOBUS;

2) ocyuwiecTBnaeTcs peanunsauma onbiTa No 3apaHee COCTaB/IEHHOMY UCCegoBaTeNnem naaHy,
T.€. OCYLLECTBNAETCSA CaM aKTUBHbIN 3KCNEPUMEHT;

3) BbinonHAETcA 06paboTKa pe3ynbTaTtoB U3MEPEHUI, UX aHANTU3 U NPUHATUE
peLeHnn.

Takum obpa3om, NAaHNPOBAHME SKCMEPUMEHTA — 3TO NpoLeaypa Bbibopa ychoBui
NpoBeAEeHMA ONbITOB, UX KOIMYECTBA, HEOBXOAMMbIX M AOCTAaTOUYHbIX ANS peleHna 3a4a4 C
NOCTaB/1IeHHOM TOYHOCTbIO.



Mcnonb3oBaHmMe TeOpUKM N1IaHUPOBAHUA SKCNEpUMeEHTa obecneymBaer:

1) MMHMMM3AUMIO, T.€. NpeAenbHOe COKpaLleHNne HeobxoaAMMOoro Yncaa onbIToB;

2) opHOBpEMEHHOE BapbMpoBaHMe Bcex GaKTOpPOB;
3) BbIOOp YEeTKOWM CTpaTernm, YTo NO3BOIAET MNPUHMMATb OOOCHOBAHHbIE PELLEHMS NocAae

KaXXA0M cepun onbITOB;
4) MMHMMM3ALMIO OLLMOOK 3KCMEPMMEHTA 3a CYET MCMNOJIb30BaHUA CreLMaibHbIX MPOBEPOK.

[lna unnocTpaumm HEKOTOPbIX U3 3TUX MONOXKEHMIN BOCNONb3YyEeMCA CTaBLLINM
YK€ KNnaccn4yeckum npumepom 13 KHuru B.B.Hanmmosa, T.U.fonnkosow [7].

7. Hanumos B.B, Tonnkosa T.U. Jlornyeckme oCHOBbI NJ1AHUPOBAHUA SKCMEPUMEHTA.
— M.: MeTtannyprua, 1980. — 152 c.



Mpumep XOPOLLEro 1 N0OXOTo 3KCNEePUMEHTA
PaccmoTpum npumep — B3sellumnBaHne Tpex 0b6beKkToB A, B, C Ha aHaIMTUYECKUX BECax.
MepBbi — TPAAULMOHHbIA — NOAXO0A NPelyCMaTPMUBaEeT Nocaea0BaTeIbHOe B3BellMBaHUE
Ka)kgoro u3 obpasuos.

NccnepoBatenb BHavyane AeniaeT XON0CToe B3BeluMBaHWe ANA onpeaeneHns HyIeBOM TOYKM
BECOB, a 3aTeM Mo oYyepeam B3BelIMBaET KaXabli U3 0bpasuos.

3To Npumep TPaAULMOHHOIO MCMO/b30BaHMA OAHOMAKTOPHOrO 3KCMEPUMEHTa, T.e. 34ecCb
nccnepoBaTelb U3yyaeT peakuuio Ha NoBeAeHMe Kaxkaoro M3 ¢GaKkTopoB B OTAE/IbHOCTH.
TpaAnLUMOHHAA cXxema B3BELIMBAHUA Tpex 06beKToB npeacTasieHa B Taba.

TpaduluoHHoe Npogedeque skcnepuMmeHma”

Homep A g c FPeayneTar
OnbITa BIBELLWMBAHWMA
1 -1 1 -1 ¥
2 _ +1 -1 -1 "
3 -1 +1 -1 Yo
~ | =1 -1 +1 Y3

*) Koroa obpasel, Knagetca Ha Becbl, B Tabauue ctaButca +1, Korga oH Ha Becax
oTcyTcTByeT, TO -1.




Macca Kaxgoro obbeKTa oueHmMBaeTCA TOJ/IbKO NO pe3y/ibTaTaM ABYX OMbITOB:

TOrO OnbiTa, B KOTOPOM Ha BeCbl Obl/1 MONOKEH M3y4aeMbl OOBEKT, U XONOCTOro

onbiTa. Hanpumep, macca obbekTa A: mA=y,-y,. Kak 06bl4HO, OlWINOKa B3BELLUMBAHUA
npeanonaraeTca He3aBMCMMOM OT B3BELLMBAEMOM BEJIMYMHbLI, aAANTUBHOM N UMEIOLLIEN OAHO
N TO Xe pacnpegeneHuve. Toraa gucnepcus namepeHma seca obpasua

cneayroulan: 2 5 2

2

Or=0. +0. =20
A Y1 yO ’

roe o2 — gucnepcua Noboro B3selnBaHMA. TaKMMK Ke byayT u AMcnepcmum Becos

obpa3uos B u C.

MpuBeaem Tenepb TOT XKe IKCNEPMMEHT MO HECKOJIbKO MHOWM cxeme, 3a/1aBaeMon MaTpULEN
NNaHMPOBAHUA, NPUBEAEHHOMN B Tabn

HHEHUpﬂEEHUE JHCITEQUMeHMa MW a3gellitieaHul)l moex obsexmos

Home PeayneTart
IIII'II:.ITEIL:I A B C Baseuﬁu BAHMWA
1 +1 -1 ' -1 -
2 -1 +1 _ -1 ¥z
3 -1 -1 +1 Y¥a
4 +1 +1 +1 Ya




B nepBbIXx Tpex onbiTax NocneA0BaTeIbHO B3BeLWMBaOT 06beKTbl A, B, C, B
nocnegHeMm onbiTe TOXKe B3BeLWNBAOT 06beKTbl A, B, C, HO Bce Tpn 06beKTa BMecCTe,
a "xonoctoe" B3BeWMBaAHME HE NPOU3BOAUTCA.

Jlerko 3ameTnTb, YTO Macca Kaxkaoro obbekta byaet 3agaBatbca popmynamm

1
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Macca o6beKTa A, BbluMC/IEHHAA NO NPUBEAEHHOMN Bbille GOPMYNE, OKa3biBAETCA HE
NCKaXKeHHOM Mmaccamm BecoB 06beKToB B 1 C, Tak KaK Macca Kaxka0ro U3 HUX BXxoauT B Gopmyny
ANA Maccbl A ABaXK bl C pa3HbIMU 3HaKaMU.

Mg



Hangem Tenepb gncnepcuio, CBA3aHHYHO € OLMOKOW B3BELLMBAHMA, MO HOBOW

cxeme NOCTaHOBKU 3KCNMEPUMEHTOB:

2
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AHaNoOrM4yHbIM 06pPa3oM HaxoaNM:
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Mbl BUAMM, YTO MPU HOBOWM CXeme AUCMepcuA B3BELIMBaAHUA MOJyvyaeTcs
BABOE MeHblle, Yem Npu TPaAULIMOHHOM CXeme, XOTA B 060nX CNyvyasx Ha B3BelUMBaHUE Tpex
06BbEKTOB 3aTPayYMBaNOCh NO YeTbipe onbITa.

3ajaamMmca Bonpocom: "B pesynbrate Yero npoucxXoaunT yBesimdyeHne TOYHOCTU SKCNePUMEHTOB

B ABa pa3a’’.



B nepBoM cnyyae skcnepumeHT O6bi/1 NOCTaBAEH TaK, YTO KaXAYyH Maccy Mbl
nosy4yann Aulb M3 ABYX B3BELUMBAHWUIA.

Mpn HOBOM Cxeme B3BELIMBAHUA KaXKAaa Macca BbIYMCNANIACb YXe MO pe3yabTaTaM BCex
yeTblpex B3BeLUMBAHUMN.

BTopyto cxemy MOXKHO Ha3BaTb MHOro$paKTOPHOM, NOCKO/IbKY 34EeCb ONEPUPYHOT BCEMMU
baKTOpamMm TaK, YTO Karkaana Macca BblMMCAAIACb MO pe3ynbTaTaM Cpa3y BCEX OMbITOB,
NpoBeAEeHHbIX B IAHHOM CEPUN SKCMEPUMEHTOB, — BOT IM1aBHAasA NPUYMHA YMEHbLUEHUA
aucnepcun BaBoe.

He nogaymaunTe, 4TO Mbl 3pA NOTPATUAM BPEMSA Ha 0OCYyKAEeHME TaKoW TPUBUAIbHOM 33434M.
TOYHO TaKOM e noaxoa UCrnonb3yeTca NPU U3y4eHUU Apyrmx, bonee CNIOXKHbIX 33434,



Taknm ob6pa3om, UCNONb30BaHME TEOPUM MNIAHUPOBAHUA IKCNEPUMEHTA MO-
YeT ABUTbCA OAHMM U3 NYTEN CYLLLECTBEHHOro NoBblleHUA 3GPEKTUBHOCTM MHOTO-
baKTOPHbIX IKCNEPUMEHTANbHbIX UCCAEeA0BaHUNA.

B n1aHMPOBAHMMN SKCNEPUMEHTOB NPUMEHAIOTCA B OCHOBHOM M1aHbl NepBoro
1 BTOPOro nopsakos. MnaHbl 6os1ee BbICOKMX NOPAAKOB UCMONb3YHOTCA B UHXKEHEpP-
HOM NPaKTUKe peaKko. B cBA3K ¢ 3TUM Aanee NPUBOANTCS KPATKOE U3/IOKEHMNE METO-
[IUKM COCTaBNEHMA NIAHOB 3KCMEPUMEHTA AN MoAeiei NepBoro U BTOPOro nopsa-
KOB.

Moa nnaHamm NepBoro NoOpAZKa NOHUMAIOT TakMe MaHbl, KOTOpble NO3BOASAIOT MPOBECTU
3KCNEePMMEHT ANA OTbICKaHUA YPaBHEHUA perpeccum, coaeprkallero
TONbKO nepBble cTeneHn GpaKTopoB U UX NPOU3BEeAEHUS

K Kk Kk
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MnaHbl BTOPOro nopsiika no3BosOT MPOBECTU SKCNEPUMEHT AN5 OTbICKaHUA
YpaBHEHUSA PErpeccuu, CoaepKaLlero 1 BTopble cteneHn GaKkTopos:

K K K 5
/N
y=0y+2.8x + 2B, XX, +20;% +....
1=1 I,u=1 i=1
| ZU
HaXO>K,£I,EHVIe YpPpaBHEHUA perpeccnumn metToaom naaHNpPoBaHMA sKCNeEPMMEHTOB
COCTOMUT U3 cieayoLWmx 3TanoBs:

— BblIOOpP OCHOBHbIX GAaKTOPOB U UX YPOBHEWN;

— NJIaHUPOBAHUE U NPOBeJEHNE COOCTBEHHO 3KCNEPUMEHTA;

onpeaeneHue KO3sPpPMUNEHTOB YPaBHEHUA Perpeccuu;

— CTATUCTUYECKMI aHaNM3 pPe3yNbTaToB IKCNEPMMEHTA.



MnhaHWpoBaHMe NepBOro NopAaKa

Ha nepBon ctagum uccnepoBaHua 06bIMHO NMPUHMMAKOT MOMHOM MEPBOM
cteneHun. Tak, Ansa TpexpaKTOPHOM 3a4ayn TEOPEeTMYECKOoe YypaBHEHME perpeccuu
NMeEeT BUA

y= [+ ZIB X +| UZJI_BIUXIXU + [103% %X,

ypaBHeHme perpeccnn, nonyd4aemoe Ha OCHOBaAHUWU pPe3y/ibTAaTOB 3KCMNeEPUMeEHTa, B OTINHNE
oT NpuBeaeHHOIo TeOpPETUYHECKOIO YypaBHEHUA, UMeEET BU/,

y=hy +thl +| ?PUXIXU + 055X %, Xs.

roe KoapouumneHTbl perpeccumn by, by, ..., b, ..., by,3 ABNAIOTCA oLEeHKaMK Ana TeopeTUyeCcKunx
KO3dPMLUMEHTOB perpeccum, T.e.

b; > Bi, by > Bius biyz > Bras-

YneHbl, cogeprkalime NPousBefeHUA X X,; X,X3 U T.A., Ha3bIBAOT YeHaMy,
OTpakaloLWwmMmmn nonapHoe B3aumoaencTeme GakTopoB, YNeHbl BUAA X X,X; — YJIeHaMu
TPOMHOIO B3aMMOAENCTBUA.



Bbl60p OCHOBHbIX GAaKTOPOB U UX YPOBHEMN

B KauecTBe paKTOPOB MOMKHO BblOMpPaTb TONIbKO KOHTPO/IMPYEMbIE U YNpaBaAsemMble
NnepemeHHble, T.e. TakMue, KOTopble UccneoBaTe/ib MOXKET NoAAepPKNBaTb
MOCTOSIHHbIMM B TEYEHUE KaXKAO0ro onbiTa Ha 3aJaHHOM YPOBHE.

B uncno pakTopoB AONKHbI ObITb BK/IHOYEHbI MapaMeTpbl NPoLLecca, OKasbiBatoLLne Hanbonee
CU/IbHOE BAMNAHME Ha GYHKLUMIO OTKAMKA. HeobxoaMmo 3aMeTUTb, YTO, HECMOTPS Ha BCHO
3aMaH4YMBOCTb M O4YeBUAHbIE MPEMMYLLECTBA aKTUBHOIO CM/IAaHUPOBAHHOIO 3KCNEepUMEHTa
nepen NacCMBHbLIM, B €ro MPUMEHEHUN UMeeTCA Uenblii paa TPYAHOCTEN, CBA3AHHbIX C
onpeaeneHHbIMM OrPpaHUYEHUAMM Ha ero peasnsaumio.

BarkHenwmnm ycanosmuem npmMmeHmMMoOCT 3Toro noagxoda ABAAEeTCA ynpasaaemMocCcTtb npoueccos rno
Kaxgomy mU3 Bbl6paHHbIX d)aKTOpOB, T.€. BOSMOXHOCTb HE3aBUCMMOTO USMEHEHUNA KaKO0Io N3
ITUX (I)aKTOpOB n noagaepxaHma ero Ha 3agaHHOM ypoBHe B Nepuno nposeaeHmA onbiToB..



[insa Kaxkaoro ¢pakropa He0bXoAMMO yKa3aTb TOT MHTEPBAa MU3MEHeHUs napa-
MEeTpPOB, B Npeaenax KoToPoro CTaBuTcA uccnegosaHue. [1na sToro Ha OCHOBE anpPUOPHOM
MHOOPMALMN YCTaHABANBAKOTCA OPUEHTUPOBOYHbIE 3HAUYEHUA PAKTOPOB Xy, Xy, --+s Xigy «+-» Xio-

3TON KOMOBMHaUUMU 3HaAYeHU HaKTOpOB COOTBETCTBYET TOYKA B MHOrOMepHOM GaKTOPHOM
NPOCTPaHCTBE, KOTOPasi MPUHMMAETCA 38 UCXOAHYIO TOYKY. KoopanHaTbl 3TOMN TOUYKM
NPUHUMAIOTCA 328 OCHOBHOM (HYN1€BOIN) YPOBEHD.

MHTepBasiom BapbUpoBaHUA (HAKTOPOB Ha3biBaeTCA HEKOTOPOE 4uc/o (Kaxkgoe and
COOTBeTCTBYIOLWEro pakTopa), npnbaBneHne KOTOPOro K OCHOBHOMY YPOBHIO 1aeT BEPXHUN, a
BblYMTaHNE — HUXKHUI Npeaensi.

[na ynpouleHns 3anncm yCIoBUIN SKCNEPUMEHTA M 06paboTKKM aKCNePMMEHTANbHbIX AaHHbIX
MacwwTabbl N0 ocam BbIbUpPaAKOTCA TaK, YUTOObl BEPXHUMN YPOBEHDb COCTABAAN +1, HUXHUM -1, a
ocHoBHoM — 0.



[1na $aKTopoB C HENpepbIBHOM 06/1aCTblo onpeaesieHns 3TO A0CTUTAaeTCs C
MOMOLLbIO NpeobpasoBaHua (KoANMpPoBaHUA) GaKTOPOB:

Xi :Xi — Xip
AX

B TeopuKn NNaHMPOBaHUA SKCNEPMMEHTOB NOKa3aHO, YTO MUHMMa/IbHO HEOBX0AMMOE YMC/I0
ypoBHel GpaKTopoB Ha eaAnHULY 6onblie NOPsAKa YpaBHEHUS.




[NnaHMpoOBaHUE 3KCNepMMeHTa

PaccmoTpum CHavyana YacTHbIW cayyan, Korga GYHKUUA OTKAMKA IMHEMNHO 3aBUCUT OT Tpex
He3aBUCUMbIX PaKTOPOB. YpaBHEHME perpeccumn B 3sTom caydae nmeet Bug (9), a nnaH

IKCNepmnmeHTa nNpeacrtas/ieH B Tabn.

TaGnuua nonsoz2o hakmopHO20 IKCNepuMeHma dns mpex ghaxmopos

Homep [lnaH PeayneTar
oneiTa | Xo | My | Mo | o | Mo | oMo | doas | X % Y,

1 +1 -1 [ -1] -1 +1 +1 +1 -1 ¥

2 +1 [ +1 | -1 | -1 -1 -1 +1 +1 Yz

3 +1 [ -1 | +1 ] -1 -1 +1 -1 +1 E

- +1 | +1 | +1 | -1 | +1 - -1 -1 Vs

5 A AA[+# [+ T 11 - +1 Ve

6 +1 [ +#1 | -1 | +1 -1 +1 -1 -1 Ve

! +1 [ -1 [ +1 | +1 -1 -1 +1 -1 Y7

i +1 | +1 [ +1 | +1 | +1 +1 +1 +1 Ve




3aecb nobasneH ctonbel, GUKTUBHOM NEPEMEHHON X, HYXKHbIN ANA OLEHKM
csobogHoro yneHa b,,.

Mocne peannsauum naaHa NoayvyatoT 8 ypaBHEHUIN C 8 HEM3BECTHbIMU, UX peLleHne U AacT

OLEeHKY Bcex 8 KoappuuneHTos perpeccun by, by, ..., by, by, ..., byss.

[naH, B KOTOPOM HYUCANO ONMbITOB PaBHO YNCAY onpedenaemblixX KOZBd)(I)MLI,MeHTOB, Ha3bIBAETCA
HaCblWEHHbIM.



3ameTuM, YTO Mbl UCNOJIb30BaAIN BCE TOYKM C "KpalHUMK'" KoopanHATamMu, T.e.
+1, naun, roBops ApPYrMmn c1oBamu, BCe BO3MOXKHble KOMBUHaLUNM BbIOPaHHbIX YPOBHEN.

B camom aene, Bcex BO3MOMKHbIX KombuHaumin 2¢=8 (k — uncno paktopos), u Mbl BCe UX
MCNO/Ib30BaNMN.

Ecnm akcnepumeHTbl NPoBOAATCA TONIbKO Ha ABYX YPOBHSAX (Npw ABYX 3HAYeHUAX GaKTOpPOoB) U
MNPY 3TOM B NpoLecce 3KCNepMMeHTa OCYLLECTBAAOTCA BCE BO3MOXHble HEMOBTOPAOLLMECS
KombuHauunm ns k ¢aktopos, To NOCTaHOBKA ONbITOB NO TAKOMY NJ1aHY HOCUT Ha3BaHME NOJHOTO
dakTopHoro skcnepmumenTa (MP33) nnm 2k,



NHbIMM cnoBamm, NONIHbIA GaKTOPHbIN 3KcnepumeHT (MP3) — 3To sIKCNepuUMeHT, peanunsyomnii
BCE BO3MOXHble HENOBTOPAOWMECA KOMOMHALUUN YPOBHEN HE3aBUCUMbIX GAaKTOPOB.

KoanpoBaHHbIN N1aH rEOMETPUYECKN MOXKET ObiTb MUHTEPNPETUPOBAH B BUAE
Kyba, BoceMb BEPLUNH KOTOPOro NpeacTaBAsatoT cobomM BOCEMb IKCMNEPUMEHTANbHbIX
ToyeK (puc.)

Mpu yncne pakTopos k=2 noctpoeHme matpuupbl MO He BbI3bIBAET 3aTPYAHEHUN, NPU
YBE/IMYEHUN Ke 4yncna PpakTopoB BO3HUKAET HEOHXOAMMOCTb B HEKOTOPbIX CreumMasibHbIX
npMemax NoCTPoeHUA MaTpuLbl.
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r”f .f’f
7 : IE g
[eomeTpuyeckoe nsobpaxkenume NP3 : I—
|1 Xy X1
B e T
- 7




MepBbIi Npem OCHOBaH Ha YepeaoBaHUM 3HAKOB. B nepsom ctonbue (Ana x;) 3HaKw
yepeayoTca nooyepeaHo.

Bo BTopom (a1 x,) —uepes 2, B TpeTbem (1A X;) — yepes 4 1 T.4. N0 cTeneHAM ABOMKK 2K.
DTOT NOAXOA U UCMOJIb30BaAH MPW COCTaB/IEHMM NMAAHA, NpeacTaB/IeHHOro
B TabA.

BTopoi npuem ocHOBaH Ha NocaeaoBaTe/IbHOM AOCTPanBaHMM MaTPULbI.
[ns saToro npu nobasneHnn HOBOro ¢pakTopa HEOBXOANMO NOBTOPUTL KOMBUHALMKN YPOB

HEeM MCXOAHOro MJjiaHa — CHayana npu 3HayeHUsAX HOBOro ¢akTopa Ha BepXHEM
YPOBHE, @ 3aTEM — Ha HUXKHEM.



MaTtpuua NP3 obnagaet chneayowMMmM CBOMCTBAMM:

1) CBOMCTBO CMMMETPUYHOCTU: anrebpanyeckaa cymma 3/1€MEHTOB BEKTOP-
cTonbua Kaxaoro pakropa paBHa HYAKO (3a UCKAOYEHMEM CTONOLA, COOTBETCTBYHOLLETO
cBobogHOMY YneHy):

N
Z X ij — O, rae i — Homep ¢akTopa; j — Homep OnbITa;
j=1

2) CBOMCTBO HOPMUPOBAHUA: CYMMA KBaApaToOB 3/1IeMEHTOB KaxKa0oro cronbua

paBHa YNCY OMbITOB:
N2
2 X =n;
j=1



3) CBOMCTBO OPTOroOHa/IbHOCTU: CKa/IApPHOE MPOM3BEAEHME BCEX BEKTOP-
cTonbuoB (cymma MNOYNEHHbIX NPOU3BEAEHUN SNEMEHTOB Nt0ObIX ABYX BEKTOP-
CTON6L0B MaTPULbl) PaBHO HY/IO:

2. X Xy, =01 #u.

[MnaHbl, 4NA KOTOPbIX BbIMNOJHAETCA CBOWCTBO 3, Ha3bIBAKOT OPTOrOHA/IbHbIMMU.

Bharopapa aTomy CBOMCTBY PE3KO YMEHbLIAKOTCA TPYAHOCTU, CBA3AaHHbIE C PacYeToOM
KO3pPULMNEHTOB YPaBHEHUS PEFPECCUMN.

[MOCKONbKY pe3ynbTaTbl HAOAOAEHWIA OTKAMKA HOCAT CAYYalHbIA XapaKTep,
NPUXOANTCA B KaxKA0M TOYKe NAaHa NPoBOAUTL HE OAWH, @ M* napansieNibHbIX ONbITOB (06bIYHO
m*=2+4), ocpeAHeHne pPe3y/NbTaTOB KOTOPbIX, KaK Yy)Ke OTMeuvyanoch,
1aeT BO3MOKHOCTb YMEHbLINTb NOTPELIHOCTN OLLEHKU UCTUHHOMO 3HaUYEHUs OTK/IMKA
BV m* pas.



B Ka*K4oM cepum sKCnepumMeHTOB UX NOC/Iel0BaTENbHOCTb PaHA0MU3UPYETCH,
T.€. C MOMOLLBIO TabAUL, CaydyarHbIX YMcen onpeaenseTca caydaHaa nocnen0BaTe/IbHOCTb
peannsaLmnm SKCNepuMeHTOB.

PaHAOMM3aLUMNA AaeT BOSMOXKHOCTb cBeCTU 3¢ PeKT HEKOTOPOro c/yvyaliHoro ¢paktopa K
C/Iy4aMHOM NOTrPeLHOCTU. ITO NO3BONAET B ONpeaeeHHOM CTENEHU UCKAOUYMUTb NPeaB3ATOCTb U
CyObEKTUBU3IM MCC/ie0BaTENS.



