OcCHOBbI MaTeMaTUYECKOro NJIaHMPOBaHUA IKCNEepPUMeEHTa

UcToprnyeckana cnpaBka

o cepegnHbl XVIII BeKa Bonpocamu opraHuMsaumm SKCNepumeHTa
LEe/IMKOM 3aHUMANNCb 3KCNEePUMEHTATOpPbI.

Ygenom matemaTtMKoB 6blna 06paboTKa yXKe MpoBeAEeHHOro 3KCNepumeHTa.

[locTeneHHO CTano ACHO, YTO pedyb AO0/NKHa UATU HE TOJZIbKO 06 o6pa60TKe

IKCNeEPNMeHTaIbHbIX AdHHDbIX, 4 06 onTMmanbHoOM npoueanype mMmateMaTtnKo-CTaTUCTUYECKOIo
dHaJ/1In3a.



Takue npoueaypbl U 6bIAM pa3paboTaHbl YCUAUAMU MHOTMX MaTEMATUKOB.

OCHOBHble 3Tanbl CTAHOBAEHUA MN/IAHMPOBAHMUS
3KCNepMMEHTa:
-MeTo/, HauMeHbLUNX KBaapaToB — (A.JlexaHap, K.layce,
KoHel, 18-Havyano 19 BeKa);
- OCHOBbI PErPeccMoHHOro U KoppenaumnoHHoro aHanmsa (®. fanstoH, K.MNMUpcoH, KoHey,
19 - Ha4yano 20 BeKa);
- KoHUenumsa manbix Bblbopok (locceT, bonee n3BeCcTHbIN nog,
ncesaoHMMom «CTbiogeHT», Havyano 20 BeKa);
- OCHOBblI MaTEMATUYECKOro MNJIAaHUPOBAHUA 3KcnepumeHTa (P.duwep, cepeamnHa 20
BEKa);
- pa3paboTKka nocnenoBaTeNIbHOM CTpaTerMm 3KCNEPUMEHTUPOBAHMUSA,
LLaroBaA cTpaTerna askcnepumeHTuposaHma (Bokc n YnacoHn)



Mpuyem nonydvaerca onpepeneHHaa c6anaHCUPOBAHHOCTb MeXAy
cTpemneHnem K MMHMMU3ALMU YUC/Ia ONbITOB U YPOBHEM TOUYHOCTU M
HaZEeXXHOCTU NOJIYYEHHbIX Pe3y/bTaTos.

Xopowo CnAaHMPOBAHHbIN 3KCNEepUMEHT o6ecrneymBaeT oNnTMMaJibHY0 06paboTKy
pe3ynbTaTos, 1, C/1e0BaTe/IbHO, BO3MOMKHOCTb YETKMX CTaTUCTUYECKUX BbIBOAOB.

OfHaKo, B OCHOBE CTAaTUCTMYECKMX MeToAoB 06paboTKM AaHHbIX
(ANCNEePCUOHHBIN U PEerpeccUoHHbIN aHanu3) nexkaT onpeaeneHHble
NpeAnoCbIZIKU O CBOMCTBAX 3aKOHOB pacnpeaeneHnUa CAyyYaiiHbIX BeJIMUUH,
UX HEe3aBUCUMOCTU, OQHOPOAHOCTU AUCNEPCUN U T.A., YTO B peanbHbIX
3a/la4ax BbIMOJIHAETCA [a/leKo He Bceraa.

COBOKyI'IHOCTb TaKnNX NpeanocCbiIOK NPMHATO HA3bliBaTb MOoAe/Iblo CUTYaUUU.
Bo3HuKaeTt BOMpPOC: 3a4emM ONTUMAZIbHO MNZ1IaHNPOBATb 3KCNEPUMEHT, €C/IN HET

YBEPEHHOCTM B TOM, BbINOJIHAKOTCA /1N NPEANOCbIIKU NMPUHATON MOAENU
cuTyaummn?



B KoHUe 70-x rogax 20 BeKa LEeHTP TAXKECTU NepemMecTuca Ha npobnemy NpUHATUA pelueHus
npu Bblbope moaenu cutyauum u obpabortke AaHHDIX.

Tak BO3HWKNO HOBOE HanpassieHne, n3BectHoe nog HassaHNeEM aHa/inda AadHHbIX.

34eCb MOKHO BbIZE/INTb TAKME OCHOBHbIE 3Tanbl, KaK
- NPOBEpPKa BbINONHMMOCTM NPEANOCHIIOK MOAENN CUTYaALLUNY;
- UCMO/Ib30BaHME anpUopPHO MHPopMmaLmn (baltecoBckMe meToabl);
- NPUMEHeHMe ycTonumBbIX (pobacTHbiX) npoueayp B Ciayyae
HapyLWEeHNA Tex WUAW MHbIX NPeanocbiIOK UAM HEBO3MOXKHOCTU UX
NPOBEPKMU.

Bce 3TOo cTMmynupyeT B nocseaHee Bpemsa pas3BuTMe pobacTHbIX U
HenapameTpPUYecKUXx MeTOAO0B aHanu3a.

Takum 006pa3om, IKCNEPUMEHTATOP AO/MKEH Hauaydwum obpasom Bbibpatb mopgenb
CUTYyauumu, NAaH 3KCNepUMeEHTa U meTog o06paboTku.



OCHOBHbIE NOHATUA U onpeapeneHun

Moa skcnepumeHTOM 6yaem NOHMMATb COBOKYMHOCTb Onepauuii coBepliaembiX Hag
06BbEeKTOM uccneaoBaHUA € Uenblo noaydyeHusa nHdopmauum ob ero ceoiicTeax

BarkHenwen 3apgavyen metonoB obpaboTKM MonyvyeHHOM B XOAe IKCnepumeHTa MHPopmauum
ABNAETCA 3a4a4vya NOCTPOEeHMA MaTeMaTUYeCKOM MOoAenu M3yvdaemoro fAB/IeHus, npouecca,
obbvekTa.

Ee MOXHO ncnonb3oBatb U npun aHaanle npoueccos U MpPU NPOeKTUpPoBaHUN 0b6beKToB.

MOXHO MONYYUTb XOPOLLO anmnpPOKCUMUPYIOLLYIO MaTEMATUYECKYIO MOAENb, C/N
Lile/IeHanpaBAeHHO MPUMEHAETCA aKTUBHbLIA 3KCNEPUMEHT.

[Jpyron 3apaveir o6paboTkm nonyyeHHOU B xope 3KcnepumeHTa MHPopmauum aBaAeTcs
3a4aya oNTMMM3ALUN, T.e. HAXOXKAEHUA TAaKON KOMOMHAUUM BAMAIOLMX

HEe3aBMCUMbIX MEepPeMEHHbIX, NPU KOTOPOM BbiOpPaHHbLIM NOKasaTeslb ONTUMANbHOCTH
MPUHUMAET IKCTPEMAIbHOE 3HAYEHMUE.



OnbIT — 3TO oTAae/ibHaA 3KCNepumMmeHTa/ibHaA 4acCTb.

MNMnaH dKCnepnMmeHTa — COBOKYMNMHOCTb AdHHDbIX, onpeaenaroumx Yymcino, ycnosma m
nopAaAaoK nposegeHnA onbiToB.

MnaHnpoBaHue 3KcnepumeHTa — Bbl6OpP NAaHA 3KCNEPUMEHTA, YA0B/eTBOPAIOLLErO
3a4aHHbIM TpeboBaHMAM, COBOKYNHOCTb AENCTBUA HANpaB/IeHHbIX Ha pPa3paboTKy
CTpaTernn sKCnepMmeHTUpoBaHuA (OT noayvyeHUs anpuvopHon mHopmauum Ao
nonayyeHua pabotocnocobHOM maTtemaTUyecKOM moaenn WUAuv onpegeneHusn
ONTUMA/IbHbIX YC/0BUMN).

270 ueneHanpassaeHHoe yripasaeHne saKCnepumMmeHTom, peasinyemoe B YyCA10BUAX
HENOJ/IHOIO 3HAHNA MEeXaHN3Ma N3y4aeMoro ABJAEHUA.



B npouecce n3amepeHuit, nocnenytolen o6paboTkn AaHHbIX, a TaKKe
dbopmanmsaumm pesynbTaToB B BUAE MaTeEMATUYECKOM MOAENN, BOSHUKAKOT
NOrpeLHoOCcTU U TepAaeTca YacTb MHPOpPMaLUK, coaeprKalleinca B
NCXOAHDbIX AAHHDbIX.

anlMEHEHVle METOoA0B N/1IaHNPOBAHUA SKCNMEPUMEHTA NO3BONIAET ONpeaesinTb NnorpeHOCTb
MaTEMATUYECKOWN moaenn n cyanTtb O ee aeKBATHOCTH.

Ecnm TOYHOCTb MOAENN OKA3bIBAETCA HEAOCTAaTOYHOM, TO NPUMEHEHNE MEeTOoA0B
NNaHUPOBAHUA IKCMEPUMEHTA NO3BONAET MOAEPHU3IUPOBATb MATEMATUYECKYIO MOAE/Nb C
nposeaeHMEM AONONHUTENbHDbIX ONbiTOB 6e3 notepu npeabigywein MHopmaumm m ¢
MWHMMaNbHbIMM 3aTpaTamMmu.



Llenb nnaHUPOBAHUA 3KCNEPUMEHTA — HAXOXAEHMe TaKUX YC0BMIA U npasun
npoBeAeHUA ONbITOB, NPU KOTOPbIX YAAETCA NONYYUTb HAAEMKHYI U [O0CTOBEPHYHO
nHpopmaumio 06 obveKTe c HaMMmeHblUeid 3aTPaToOM TPyAa, a TaKXKe npeacTaBuUTb 3Ty
MHPoOpMaLUI0 B KOMNAKTHOMU U yaobHou ¢opme C KOAMYECTBEHHOM OL,EHKOW TOYHOCTU.

MycTb nHTEepecytowee Hac cBoncTBO (Y) obbeKkTa 3aBUCUT OT HECKOMIbKUX (n) HE3aBUCUMbIX

nepemeHHbIX (X;, X,, ..., X,) 1 Mbl XOTMM BbIACHUTb XapaKTep 3Ton 3asucumoctu - Y=F(X,, X,, ...,

X,,), 0 KOTOpOW Mbl UMeeMm NnLWb obLLee NpeacTaBaeHMe.

BennumHa Y — oTkAuK, a cama 3asucumoctb Y=F(X,X,, ..., X ) — PyHKUMA OTKAMKa.
Hesasncumeole nepemeHHsble X;, X,, ..., X,, — paKkTopbI.

lnana3oHbl U3MeHeHuUA (I)aKTOpOB 3a44aloT obnactb onpeaeneHnA Y.

Ecauv NpuHATB, YTO Kaxkaomy paKkTopy COOTBETCTBYET KOOPAMHATHAs OCb, TO MOJy4EeHHOEe
NPOCTPAHCTBO Ha3biBaeTcA (GaAKTOPHbIM MPOCTPAHCTBOM.

Mpn n=2 obnactb onpegeneHna Y npeacrasaseTtca cobor NPAMOYroibHUK, Npu n=3 — Ky6, nNpu
n >3 - runepkyo.



Mpwn BbIOOPE ANANA30HOB U3MEHEHUA GAKTOPOB HYKHO YYUTbIBATb UX
COBMECTMMOCTb, T.€. KOHTPOMPOBATb, YTOObI B 3TUX ANana3oHax Ntobble
coyeTaHmnAa ¢dakTopoB ObiAM Obl peannsyembl B ONbiTax U He NPUBOAUAM

6bl K abcypay.

[na Kaxaoro n3s $akTopoB YKasbiBalOT rPaHWYHble 3HAYEeHUA

X <X <X . i=1..n

| mi | max !

PerpeccMoHHbIN aHann3 GYHKUMW OTKAMKA NpeaHasHaydyeH Aans
NoslyYeHMss ee MaTeEMaTUYECKON MOAENN B BUAE YPaBHEHUA perpeccum

Y =F(X,,X,,...X :B,,B,,...B )+e
Bl’ B e B — HEKOTOpbIe KO3bPULMEHTbI;

m

€ — NOrpeLHoCTb.



CpeAy OCHOBHbIX METOA0B MNAAaHUPOBAHUA, NMPUMEHAEMbIX Ha Pa3HbIX
3Tanax nccnegoBaHUA, UCMOJb3YIOT:

® M/JIaHUPOBAHME OTCEMBAIOLWLErO0 3KCNEPUMEHTA, OCHOBHOE 3HAYEeHME KOTOPOro
BblAENEHMNE U3 BCEN COBOKYMHOCTU PAKTOPOB rPynmnbl CYLLECTBEHHbIX (PaKTOPOB,
noanexalux AanbHeNWemy AeTaibHOMY U3YUYEHUIO;

* MIaHWPOBAHME IKCMEPUMEHTA ANA AUCMIEPCUOHHOIO aHan3a, T.e. COCTaB/eHNE N1aHoB
ANA 06BEKTOB C KAYECTBEHHbIMK haKTOpamu;

* NNaHUPOBAHUNE pPe2PeccUoOHHO20 3KcrnepumMeHma, No3BONAIOLWEro Noay4YaTb
PErpeccuoHHble Moaenu (NOIMHOMUAbHbIE U UHbIE);

® MIAaHUPOBAHME 3IKCTPEMAJZIbHOTO 3KCNEPMMEHTA, B KOTOPOM FMaBHaA 3aja4va —
3KCNEPUMEHTaNIbHAas ONTUMM3AUUA 0OBEKTa McCneloBaHUS;

* MIaHUPOBAHME NPUN U3YYEHUN OUHAMUYECKUX NPOLLECCOB U T.A,



NHUUMATOPOM NPUMEHEHMA MNAHUPOBAHUA SKCMEPUMEHTA ABAAETCA
PoHanba A. ®uwep, Apyroi aBTOp M3BECTHbIX NepBbix pabor — dPpeHk Merc.

[Janee naen nNnaHUMPoOBaAHUA SKCNepumeHTa GOopMMPOBaANUCL B
Tpyaax XK. bokca, XK. Kndepa, K. Kpyra, E.B. MapkoBsa un gp.

B HactoAuwee Bpems MeToAbl NMJAHUPOBAHUSA SKCMEPUMMEHTA
3a/10XKeHbl B CNeLuasM3MpoBaHHbIX MaKeTax MPOrpammHbIX MPOAYKTOB,
Hanpumep: StatGrapfics, Statistica, SPSS, SYSTAT u ap.



MpeAacTaBneHue pe3ynbTaToB 3KCNEPUMEHTOB

MpX UCnonb3oBaHUM METOA0B MAHUPOBAHMA 3KCNEepMMeHTa HeobXxoaMMOo HaMTU OTBeTbl Ha 4
Bonpoca:

1. e Kakue coyeTaHusi GaKTOPOB N CKOJIbKO TaKMX COYETaHUN HeobXxoaMMO B3ATb ANA
onpeaeneHna pyHKUUN OTKANKA?

2. * Kak Hantn KoapoduumneHtsl By, By, ..., B,,?
3. ¢ KaK oueHUTb TOYHOCTb NpeAcTaBNeHNA GYHKLUUN OTKAMKA?

4. e Kak mcnonb3oBaTb MOJIyYEHHOE NpeacTaBieHUe AN MOUCKA ONTUMAbHbIX
3HayeHun Y?



feomeTpuyeckoe npeactaBieHMe PYHKUUWU OTKAMKA B PAKTOPHOM MPOCTPAHCTBE
X1’ XZ’ LLLY ] Xn (pMC-l)-

Mpu Tpex n bonee ¢aKkrTopax 3aja4a CTaHOBUTCA Hepaspewmmoun. Ecnhm n 6yayt HanageHbl

peweHnAa, T0 NCNoJsib30BaTb COBOKYIMHOCTb Bblpa)-KeHMl\;l A0CTaTO4YHO TPYAHO, @ 4aCTO N HE
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Puc. 1. [foBepXHOCTb OTK/IMKA



Hanpumep, nyctb HeobxoanMmo mnccnenoBaTb BAUSAHUE ABUMKYLLENCA KUAKOCTU U
BHYTPEHHEro AMaMeTpa Ha NOTepu AaBAEHUA U pPacxXon KWUAKOCTU
NPOEKTUPOBAHNU TUAPABAMNYECKOMN ceTu (puc. 2).
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Ecnn B AnanasoHe naMmeHeHUA Kaxaoro ¢paktopa B3aTb XOTA Hbl MO WeCTb TOYEKTO AN1A TOro
4yTODObI BbINO/MIHUTL OMbITbI MPU BCEX BO3MOMKHbIX COYETAaHUAX 3HauYeHU PaKTopoB (Mx Tpu)
HeobXxoAMMO BbINOJAHUTb OMNbITOB M CHOPMUPOBATL NO 62=36 KPUBbLIX ANA KaXKA0N 13 ABYX
GYHKUMIM OTKAMKA.

Ecnn mbl xoTum xoTa 6bl npoayb6anpoBaTb OMbITbl YTOObI CHM3UTbL MOTPELHOCTb, TO YUCNO
OMbITOB MPOMOPLMOHA/IbHO BO3PacTaeT, NO3TOMY NPOWU3BOJIbHOE BbINOJIHEHWE OMbITOB MPWU
yucne pakTopoB bonee ABYX U UCNOb30BAHME UX PE3YNLTATOB — MPAKTUYECKN HEPEANbHO.
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PasnoxkeHune pyHKLUM OTKINKA B CTENEHHOI pag, KogupoBaHue ¢paKTopoB

Echn 3apaHee He M3BECTHO aHaNUTUYECKOoe BbiparkeHue GyHKUUK
OTK/INKA, TO MOXKHO paccmaTpuBaTb He camy PYHKLMIO, @ €€ Pa3/IOKEHME,
Hanpumep, B CTENEeHHOM pAA B BUAE NOJMHOMA

Y=B,+B,X; +..+B X +B,, XX, +..B XX ;+B X ,+..+B X, +...

PasnorkeHne B cteneHHOW pag GyHKUMM BO3MOXKHO B TOM C/lyyae,
ecnn cama PyHKUMA ABAAETCA HenpepbiBHOM. Ha npakTuke o06bIYHO
OrPaHUYMBAIOTCA YUC/IOM YNEHOB CTEMEHHOro pAda U annpPOKCUMUPYIOT
GYHKLUMIO MOIMHOMOM HEKOTOPOW CTEMNEHMN.



daKTopbl MOTYyT MMeTb pasHble pasmepHocTn (A, B, BT, 06/MnH) 1 pe3ko oTanyaTbeA
KONMYECTBEHHO.

B Teopuu nNAaHMPOBaAHUA IKCNEPUMEHTa UCMNOb3YIOT KogupoBaHue GpaKTopos.

:'l-_'-v 4 AT

Puc. 3. lpoctpaHcTBO P . z
KOAMPOBaHHbIX GaKTOPOB
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X imin Xicp X imax

3Ta onepaums 3aKkato4vaeTca B Bblbope HOBOro macwrtaba gna
KOAWPOBAHHbIX ¢$aKTopoB (puc. 3), npuyem Takoro, 4Tobbl MMHMMANbHOE 3HAYEHME
KOANPOBAHHbIX GaKTOPOB COOTBETCTBOBANO “-1”, a MaKcumanbHoe 3HayeHune “+1”, a Takxke B

nepeHoce Havyana KoopAMHAT B TOUYKY C KoopgnHatamu X, .., X

1cp? “*2cp? *°*? chp

Xicp _ Ximin+ximax.
2



Tekyllee 3HauYeHWe KoaMpoBaHHOMo gpakTopa

Xi_XiCp Xi_XiCIO :in_ximax_ximin(4)_
Xicp ~ Ximin X max _Xicp Ximax ~ Kimin

Xi:

roe X, — umeHoBaHHoe (abcontoTHoe) 3HadyeHne $aKTopa; X, — KOAMPOBAHHOE 3HaYeHue
dbaKTOpa;
X . -X

icp imin =X X - UHTEPBAJ1 BAPbPOBAHUA (I)aKTOpa.

imax “Nicp

[paHULUa coBMecTMMOCTM (HaKTOPOB YKasaHa Ha puc. 3 B BUAE KPUBOM NUHUMN.

Echn pakTop M3MeHAeTcA AUCKPETHO, Hanpumep OH SBAAETCA KaUeCTBEHHbIM, TO KaXaomy
YPOBHIO 3TOr0 KOAMPOBAHHOro ¢$aKkTopa NpMcBaMBatoTCA YMCNa B AnanasoHe oT +1 go —1.

Tak npu aBYyX ypoBHAX 3TO +1 n =1, npu Tpex ypoBHAax +1, 0, -1 n 1.4.



PYHKUMA OTKIMKA MOXKET ObiTb BblpaskeHa 4yepe3 KoAMPOBaHHbIE
dakrtopbl Y=f(x,,..., X,) n 3anncaHa B nonMHommnanbHom Buge

Y=b,+b,x,+b,x,+...4b X +b , X X, +..+b X X +b X ,+...+b X +.... (4)
OyeBMAHO, YTO B ¢ h
I
HO

Y=F(Xi,..., X,..., Xn)= f(Xi,... Xi,..., Xn)

Ona nonnMHoma, 3anNMCaHHOrO B KOAMPOBAHHbIX PaKTOpax, CTeNeHb BAUAHUA PAKTOPOB UM
MX COYeTaHUM Ha OYHKUMIO OTKAMKA onpepenaeTca BeAMYMHOM ux KoadpduumeHTa b..

[na nonMHOMa B MMeHOBaHHbIX paKTopax BennymHa KoadoduumeHTa B,

eLle He roBOpPUT OAHO3HAYHO O CTEMEHU BANAHUA 3TOFO0 GaKTOpa UM UX COMETAHMN HA PYHKLMIO
OTK/INKa.



3apgaua onpegeneHuna KoapdpuumneHToB ypaBHEHUA perpeccuu.

Ona onpegeneHna m+1 koapduuymeHTa NnoIMHOMA HeEOHBXoAMMO He meHee m+1 ypaBHEHUM
(onbiTOB).

NonyyeHHble KO3pPuMUMeHTbl B nossonaT cpopmupoBatb ypaBHeHMe PyHKUUM OTKAMKA
npyu m+1l yneHax ypaBHeHMUA.

Ecnv TOYHOCTb 3TOrO0 ypaBHEHMA OKa3anacb HeAoCTaTOYHOM, TO Tpebyetca
B3ATb YpaBHeHWEe C H6O/MbLIMM YMCNOM YNEHOB M Ha4yaTb BCe 3aHOBO TakK
KaK Bce KoadpPuumeHTbl B oKa3bIBatoTCA 3aBUCMMbIMM APYT OT APYra.

3TO BO3HMKAET NPU UCNONb30BaHMMN NACCUBHOTO 3KcnepmumeHTa. OgHaKo ecnu
Lile/IeHanpaBAeHHO MCMNO/b30BaTb aKTUBHbIN 3KCMEPUMEHT U 0CObbimM

0bpa3om NOCTPOUTb MaTPULy codyeTaHui $aKToOpoB B OMbiTax X, UCMO/Ib30BaTb
NJIaHNPOBAHME 3KCMEPUMEHTA, TO KO3dPULIMEHTbI NOMHOMA ONpPeaensatoTca He3aBUCUMO

Apyr OT Apyra.



CTpaTervm npumeHeHnA NaaHOB 3aK/IKDYAEeTCA B NpuHUUNe nocreneHHoro nNaaHNpoBaHUA —
nocreneHHoOro ycnoXXHeHma mopaenu.

HaunHatloT ¢ npoctevwien moaenun, HaxogAaTca AnAa Hee KO3IPOUUMEHTDI,

onpeaendeTtca ee TO4YHOCTb. Ecnn TOYHOCTL He yAOBNETBOPAET, TO NAaHUPOBAHUNE U MOLEND
NOCTENEHHO YCNTOXKHAKOTCA.



