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HpI/IHIII/II[ BHCIIHEI0 J0IMMOJTHCHHUA B METOAC I'PYIIIIOBOI0 yu€Ta

apryMeHToOB H B MeTOJIe NpelebHbIX YIPOLIeHHH

PaccmarpuBaroTcsi U aHAMM3UPYIOTCS [1Ba MHIYKTHBHBIX METOJA BOCCTAHOBJIEHUS (DYHKIMHM — METOJ I'PYIIIOBOIO
ydeta aprymenToB (MI'YA) u meron npenensHbix ynpouieHnit (MITY). YkaspiBatoTcsi X MpenMyIIecTBa Mepen
JpYTHMH METO/JAaMH, U TIOKa3bIBAE€TCS BO3MOXKHOCTh UX COBMEIICHUS C IIENBIO YITyUIIEHUS MX 3KCTPAITONISIIMOHHBIX

CBOJCTB.

Bce MHIYKTHBHBIE METOIbI, OCHOBAaHHBIC HA HEIMOJIHOW WHIYKIWUH, a K HUM, OE3yCIOBHO,
otHocaTcs 1 MI'YA [1] m MIIY[2], ornu4aroTcs TeM, 9YTO B HUX OOIIME BHIBOJBI JIEJIAIOTCS Ha
OCHOBAHMM YaCTHHIX (DAKTOB, a ATO MOXKET NPHUBECTH KaK K BEPHBIM, TaK U K OIIUOOYHBIM
pemenusiM. [IpudnHa Takoil HEONPEACICHHOCTH COCTOUT B TOM, YTO YacTHBIE (DaKThl, HA KOTOPHIX
OCHOBBIBAIOTCSl OOIIME BBIBOABI, HE BCErJa JOCTATOYHO XOPOIIO XapaKTEePH3YIOT H3ydaeMoe
sSBJIeHHE. BMecTe ¢ TeM mojydaeMble OOIIME BBIBOJBI JOJKHBI OOBSICHSATH HE TOJBKO YACTHBIC
(bakThl, HO U BCE M3ydyaeMoe SIBJICHUE B IIEJIOM, T.€. 3TU OOIINE BBHIBOABI HE JOJKHBI U3MECHAITHCS
NpH  TPAKTUYECKH OECKOHEYHOM pACHIMPEHUM YHUCIIAa HKCIEPUMEHTOB. [lodTOMy KadecTBO
WHIYKTUBHOTO BBIBOJA JOJKHO OIMPEAENATHCS HE TOJBKO M HE CTOJIBKO OOBSICHEHHWEM OTACIbHBIX,
MOJIYYCHHBIX B MPOIECCE IKCTIEPUMEHTOB (PAKTOB, CKOJIBKO OT IKCTPAMOJISIIIHOHHBIX CIIOCOOHOCTEMH
THX BBIBOJOB, HX CIIOCOOHOCTHIO K OJKCHAaHCHMM B 00JacTh SIBJICHUS, HE OXBaYCHHYIO
AKCIIEPUMEHTAMHU.

OrpaHnnueHHOCTh, WH(OpPMAIMU HAKIAIBIBACT JOMYCTUMBIC MPENETIbl CI0KHOCTH MOJECIH.
Yem Ooubliie M3BECTHBIX (DAaKTOB, TEM BHIIIE MOXKET OBITH MpeAebHas CI0XHOCTh CUHTE3UPYEMOM
MoOJeNu U, Ha000poT, ueM OenHee GaKTHUYECKUN MaTtepuan, TeM OelHee MO CIONKHOCTH MOXKET OBITh
MOCTpOEHHAass Mojenb. UeM clokHee MOJeNb, TeM OOJbIIE Y Hee BO3MOXHOCTEH B OOBSICHCHHUH
OTPAaHWYEHHOTO YHCJIA OSKCICPUMEHTAIBHBIX (akTOB, T. €. OOJNbIIEe pPa3JIMYHBIX CHIBHO
OTJIMYAIONIUXCS BAPUAHTOB OJIMHAKOBO XOPOIIO OOBSICHSIONMX SMITMPHUYECKHE JaHHbIE. Beskuid
pas, Korjaa MoJenb BhIOMpAeTCs M3 CIMIIKOM CIOXKHOTO Kiacca, Bc€ B OOJbIIeH Mepe HE XBaTaeT
SMIUPUYECKUX JAHHBIX NI €€ OJHO3HAYHOTO OOBSICHEHHsS, T. €. MOJENb OKa3bIBACTCS CIIOKHEE
TOT0, YTO HECYT B cebe HaKOIUICHHbIE (PAaKTBl, U 3TH (PAKTHl MPOCTO HE B COCTOSHUHM BOCCO3/aTh
TaKyI0 MOJCIIb.

B 3agadax BOCCTaHOBIEHHS MHOTOMEPHBIX 3aBUCHMOCTEH BCSKHE OTpYOJICHUs
(ympoimeHus) MOJIeIN MPUBOAAT K CTIIXXMBAHHWIO TEX WM WHBIX jaeraneil. Hamporus, upesmepHoe

ycnokHeHue 0e3 ydera o0beMa HKCIEPUMEHTAJIbHBIX JAHHBIX NMPUBOAUT K HETIOMEpHON cBOOOE
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MOBE/ICHUS aNMIPOKCUMUPYIOIIEH PYHKIIMH B 00JIaCTH, HE OXBAYCHHON HKCIIEPUMEHTOM, B TO BpeMs
Kak 0oJjiee mpoCThie MOJIEH B ATOM 001acTH BeIyT ceds 6omee "ocTopokHO".

JHanee OynyT paccMaTpuBaThCs WHAYKTHBHBIE METOJbI IPUMEHUTENBHO K PEIICHUIO 3a7auu
BOCCTAHOBNICHHUST ~ (QyHKIMH, cocrosmieil B OOHapy)KeHMM M  MOJEIMPOBAHWU  HEKOTOPOU
3aKOHOMEPHOCTH,  CBA3BIBAIOIICH  OCHOBHBIE  XAPAKTEPUCTUKH  M3y4acMOro  sBJICHHA B
(YHKIIMOHAIBbHYIO 3aBUCUMOCTD BUA

y=F(X) (M
Croenatp 3TO HYXHO Ha OCHOBAaHMM OIPAaHUYEHHOTO 4YHCJIA DSKCIEPUMEHTOB, HIM KOPOTKOU

BBIOOPKH, JUIsl yI0OCTBa CBEJICHHON B TaOIHILY:

y X1 X2 Xm
Y1 X11 X12 X1m
Y2 X21 X22 X2m
Y X1 X2l Xim

B aToii Tabmute: X - BEKTOP, X; (i=1,_m) - €r0 COCTABJISIIOLINE, ONPEAEIIIEMBIE U3 IKCIIEPUMEHTA
U XapaKTEepU3yIOUIKe KaK0€ 3Ha4YCHUE cKaspa y; (= L1).

Tak kak BocctaHoBieHue GyHKIUM (1) TNPUXOAMTCS OCYIIECTBIATH B YCIOBHSIX
OTPAaHWYEHHOCTH HH(POPMAIIMH, TO HEW30EKHO BO3HHUKAET IIEHTpalbHAas TpobjieMa BcCex
HHAYKTUBHBIX METOJOB, COCTOAIIAd B INPABUJIBHOM COOTHOUICHHUH CJIOKHOCTHU aHHpOKCI/IMI/Ip}IIOH_ICﬁ
GbyHKIMU (CIIOKHOCTH MOJIeNn) ¢ 00beMoM oOydvaromield BeIOOpKU. B mporecce oOydeHus: DOJKHA
OBITh IOCTPOEHA MOJIENb 3aBUCUMOCTH (1), XOpOLIO anmpoKCUMUPYIOLIas €€ He TOJbKO B TOYKAX ),
HO | B JTIOOOU TOYKE MPOCTPAHCTBA, OMPEACTIEMOT0 KOOPIUHATAMH X;.

[IpoGnembl, BO3HMKAIOUIME TPU BOCCTAHOBJICHUHM (YHKIMOHAIBHBIX 3aBUCUMOCTEH B
YCIOBUSX KOPOTKHUX BBIOOPOK, SBIAIOTCS THUIHMYHBIMH MpoOjJeMaMu, BO3HUKAIOIIUMU IPHU
NPpUMCHCHHUU HWHAYKTUBHBIX MCTOJOB, W CYHICCTBCHHO OTIHYAKOTCA OT KIIACCHYCCKUX HpO6H€M
BOCCTAHOBJICHHsI 10 BBbIOOpKaM Oousbimoro o0bema. OCOOEHHOCTH COCTOUT B TOM, YTO TMPH
OrpaHMYEHUU o0bemMa BBIOOPKM KauecTBO BOCCTAHOBIICHHUS 3aBUCUT HE TOJBKO OT KauecTBa
anmnpoKCHUMAallUi B TOYKAaX )j, HO €lle U OT TaKuxX (hakTOPOB, KAaK CIOKHOCTb amlmpOKCUMUPYIOIIEH
(GYHKIMU ¥ pa3MEPHOCTH MPOCTPAHCTBA M. JTa 0COOEHHOCTh 3aCTaBIsI€T COCPEAOTOUYNUTh BHUMAaHUE
Ha TPaBUILHOM COOTHECEHHH CIIOKHOCTH MpUOIMmKaomed (QyHKIUU C 00beMOM oOydaromiei
BBIOOPKH, TaK KaK UMEIOMIEHCs HH(OPMAIIMA MOXKET HE XBATUTh JJaXKe JJIsi BOCCTAHOBIICHUS ()YHKIIHH
TOJIBKO B TOUYKax y;. TeM Oojee 3Toil MHOpMAIMU MOXKET HE XBATUTh ISl YAOBIETBOPUTEIHLHOTO

BOCCTAHOBJICHHUS B JIFOOOH TOUYKE €¢ CYILICCTBOBaHMUAI.



Cpenn HEMHOTMX METOAOB, B KOTOPBIX 0CO00O€ BHHMAaHHUE YAENSAETCS IOUCKY TaKOro
COOTHECEHHMS, BBIJICISIOTCS METOJ] IPynmoBoro y4era apryMmeHToB (MI'YA) [1] u meTox mpeaenbHbIX
ynpouennii (MITY) [2], [3]. IloaToMy 31ech OynyT pacCMOTPEHBI 3TH J[Ba METOAA C TOUKH 3PEHHUS
BO3MOXHOCTEN UX B3aWMOJIOIIOTHEHUMN.

Oco0eHHOCTH MeTOa IPyNNoBoro yyera aprymentos (MI'YA) [1]

B ocHOBy MeTola MOJOXKEHO HECKOJBKO OCHOBHBIX IPUHIMIIOB: HEOKOHYATEIbHOCTU
MPOMEXYTOUYHBIX PpEIICHUH, BHEIIHEro MOMOJHEHHs, CaMOOTOOpa MPOMEXYTOUHBIX pELICHHH,
€AMHCTBEHHOCTH OKOHYATEJIbHOI'O0 PELICHHs. JTH MPUHIMIBI Jal0T BO3MOKHOCTh pElIaTh 3aJa4u
BOCCTAHOBJICHUS! (DYHKIUI TpU OTPAaHMUYCHHOM YHCIE SMIHPUYECKUX HaHHBIX. OZHOBPEMEHHO C
onTUMH3aIeH KOA(PPUIMEHTOB aNMpPOKCUMUPYIOLIETO MOJUHOMA MPOUCXOJUT U ONTHMH3ALIHS
CII0)HOCTH, YTO TO3BOJIIET HE 3a00TUTHCS O BBIOOPE CTPYKTYpPHI 3TOro nonuHoMa. CrenuaibHbIN
KpUTEepHUil (BHELIHEE JIOMOJIHEHUE) BBICTYNAET MPErpajol MepeycloXKHEHUs MOJENH, OTOpachIBas
BCE, YTO HE B COCTOSIHUU BOCCO3/1aTh KOPOTKasi o0ydvaroias BHIOOpKa (oTOpackiBaHuE «Mycopay). B
pe3ynbTare OcCTaeTcsl TOJBKO TO, YTO MOKET OBITh HAJEXKHO «IOJITBEPKACHO» KOHKPETHON
BBIOOPKOH, a 0TOpachIBaOTCS «(paHTa3UI» MOJEIH.

3ajaua pemlaercd B HECKOJIBKO 3TanoB. BHauane M3 BCceX HE3aBUCUMBIX IEPEMEHHBIX
(aprymeHTOB) 00pa3yrOTCS BCEBO3MOXKHBIC T'PYIIBI KOMOMHAIMNA. B mpakTHUUecKuX airopurMax B
KaXIyI0 KOMOMHAITMIO BXOJUT TOJIBKO JIBa apryMeHTa (IOMapHbIi y4eT apryMeHToB). OTHOCUTENBHO
KaKJ0M mapsl (TPYIIBI) COCTABJISETCS YACTHOE OMMCAHME, T.€. HEKOTOPOE NMPOCTOE YpAaBHEHHUE HE
BBIIIE BTOPOTO IMOPs/IKa, apryMEHTaMH KOTOpPOTO sIBJI€TCS BbhIOpaHHas mMmapa aprymeHToB. Buj
YaCTHOTO ONMMCAaHUS OJMHAKOB JJISi BCEX TPYIIN B TEUEHUE BCEro mpolecca oOyueHus. Best Beibopka
pasgenseTcss Ha JBe: O0OydYalollyl0 W TMpoBepouyHyro. TeM caMbIM TOpOXKIAeTCs BHEIIHEE
JIOTIONIHEHHE, (ITPOBEpOYHasi BEIOOPKA), KOTOPOE UTPAET POJIb CUTA, OTCEUBAIOIIEIO BCE YPE3MEPHO
CIIO’KHBIE, HE MMEIOIIHE MpaBa Ha CYIIECTBOBAHHE B paMKaX OTPaHWYEHHON MH(OpMAIUU, MOJECIH.
KoappuuuenTsl YacTHBIX ONUCAHUM OINpeNessIoTcs MO0 JaHHBIM oOydaromiel BeIOOpku. B
pe3yapTaTre NOJIy4aeTCs MHOXECTBO PELICHMM, IOCKOJIbKY YacTHOE YPAaBHEHHE KaXJOW Iapbl
paccMaTrpHBaeTcsl Kak HEeKOTOpast YIpOIeHHast MOJIeTb BOCCTAHABINBAEMON () YHKITHH.

W3 monyuenHoro Habopa YHpPOIIEHHBIX MoJeNeld OTOMpaercs 4acTh B HEKOTOPOM CMBICTE
ayqmux. I[lpm 3TOM TOposBIASIOTCS TOYTH BCe€ OCHOBHBIE TpuHIUNBl MIYA. I[lpunnun
HEOKOHYATEIbHOCTU PELICHUN MPOSABIAETCA B TOM, YTO HU OJIHA U3 MOJYYEHHBIX Ha IIEPBOM 3TaIle
MoOJieled HE NPUHHMMAETCS 3a MCTHMHY U TOJBKO YacTh M3 OITHX PpEILICHUN MpOIYyCKaeTcs s
JTANbHEHIIEro YCIOKHEHUss Mojenu. OTOop NydImMx penieHud OCYIISCTBISETCS Ha OCHOBE
IIPUHIMIA BHEUIHETO JomnojHeHus. Kaxknas M3 4yacTHBIX MOAENEH MPOBEPSIETCS HA MPOBEPOUYHOU
BbIOOpKE, HE Y4YacTBYyIOIIEH B olpeneneHuu KoddduuuentoB ypaBHeHuil. g pampHeimero
YCIIOKHEHHUS] MOJIEIH JIOMYCKAIOTCSA TOJBKO HECKOJIbKO MPOMEKYTOUHBIX MOJeNiel, Beaylux cels

«OCTOPOXKHO» Ha JTaHHBIX MPOBEPOYHON BBIOOPKH, T.€. «IPUOOPETEHHBIH OMBIT» 3TUX MOJENEH He



MPOTHUBOPEUYUT HOBBIM JaHHBIM. Takasi MpoBepKa SBISIETCS peaju3alieil MpUHIMIA BHEIIHETO
JIOTIOJTHEHUSI, @ OTOOP JIyUIITUX MOJICJICH OCYITIECTBIISICT IPUHITUIT CAaMOOTOOpA.

[Ipomeamme camMmooTOOp YacTHBIE ONMUCAHUA (POPMHUPYIOT MHOKECTBO HOBBIX NEPEMEHHBIX,
KOTOPBIE SIBIISIFOTCSI UCXOAHBIMU apryMEHTaMU JUIsl CIEAYIOIIETO 3Tala, COCTOSIIErO B TOM, UYTO U3
MPOMEKYTOUHBIX TMEPEMEHHBIX 00pa3yroTcs rpynmbl (Tapbl), KOTOpbie (OPMHUPYIOT O0JIee CIIOKHBIE
Mozenu. KoadpuimeHTsl 3TUX MOJIeNel OnpeeNsiFoTCesl o 00yJaroIieil BRIOOPKeE, a KA4eCTBO ATHX
MoOJIeIIel TTPOBEPSIETCS 10 TIPOBEPOYHON BBIOOPKE, T.€. MPOXOIAT (DMIIBTP BHEIIHETO JOIOJHEHHUS, HEe
JIOITYCKAIOIIEr0 MepeycIoKHEHUsT mozeniell U T.4. YacTo BO3HMKaeT BOIpOC: IoueMy Obl He
HCIIOJIb30BaTh 00€ BBIOOPKHU AJisi OoJiee TOYHOTO orpeaesieHus: Kod(h(OUIIMEHTOB MTPOMEXYTOUHBIX
Mozenelr? OTBEeT Ha 3TOT BOIPOC OINpeeIIsieT BCo MTyOnHy camoit uaen MI'YA. Jleno B Tom, 4To
cTpykTypa MI'VA mo3BossieT CKoJlb YroJIHO TOYHOE OIpe/ieneHrne Ko GUIMEHTOB pe3yIbTHPYIOIIETO
MOJIMHOMA, T.€. TIOJTHOTO COBIACHUS MOJICNIY C U3y4aeMbIM IIPOLIECCOM B TOUKAX MHTEPIOJISLIUH WIH B
Toukax oOywaromiell mociefoBaTeIbHOCTH. HO cpeam 3THX «TOYHBIX» MOJENEH MOIYT OKa3aTbCs
NepeyciIoKHEHHbIE, BeAylMe cedsi Ha HOBBIX JIAHHBIX HEMpeICKa3yeMo, T.e. «TOYHBIe», HO
MIePEyCIOKHEHHbIE MOJIENII MOTYT JaTh (PaHTACTHMYECKUE OTKJIOHEHHUs] Ha IPOBEPOUYHON BBIOOPKE.
Bremrnee nononHeHue (poBepka HAa HOBBIX JAHHBIX) HE JOIYCKAET YCIOKHEHHMH, YXYALIAOIINX
pe3ynbTaT Ha NpoBepOYHON BbIOOpKe. CHHTE3upyeMasi MOJENIb Kak Obl 3alllMIleHa OT W3JIMIIHUX
T1EPEyCII0KHEHUN.

PaccMoTpuMm mporecc cuHTE3a MOJEIM ONTUMAIBHON CIIOKHOCTH OoJiee MOApOOHO.
[IpeacraBum mosmHOM, armpokcuMupyroiuii pyrkimro (1), B obiiem Buje

y=F(x,....x,,). )
B kauecTBe TaKOro rMoJIMHOMa OYEHB YacTO chonb3yeTcs1 nommaOM Kommvoroposa-I"aopa [1]:
y= a0+2ax +Z Zal]xx +Z z Za,]kxx X F s 3)
i=l j=1 i=l j=1 k=1
TaK KaK C MOMOIIbIO TAKOT'O IMOJIMHOMA MOYHO TI00UTHCS TOCTaTOYHO TOYHOM alpOKCUMAIIHH JIF000iH
mddepeHnupyeMoit (yHKITUH.

OTa ClI0KHAs 3aBUCMOCTb 3aMEHSIETCS MHOKECTBOM MPOCTHIX (DYHKIIUA:

N :f(xlaxz); Yo :f(xl,x3);... Ve =f(xm_1>xm) 4
rae s = CI% . ipuueM GyHKIUS f BCIOAY OAMHAKOBA.

OueHb 4acTo B Ka4ecTBe (PYHKIMY f BBIOMPAIOTCS POCTHIE 3aBUCHMOCTH.

y(xl-,xj):ao +tapx; +axx; +azxx; (5)
WIH

Y(x;,x)=ag +ax; +arx; +a3x;X; +asx; +a5x]2, (6)
CBSI3BIBAIONINE TOJIBKO ABE nepeMeHHble. Koo puimeHnTsl 3TUX 3aBUCUMOCTENH MOXHO OINpPENEIUTh 0
MHK, umest cooTBeTCTBeHHO 4 WK 6 ToueK HAONIOIeHUH B 00ydJarolei mocnenoBarensHoctu. Cpenu

o %k
MOJCJICH MEPBOro psAaa BBI6I/IpaIOTCH HCCKOJIbKO, HallpuMED, S HaWJIy4YlInX, IMOKa3aBIIHNX XOPOIIHEC



pe3yNbTaThl HAa MPOBEPOYHOI BbIOOpKE. Cpein 0TOOpaHHBIX MOJENIel OCTAIOTCS TOIBKO T€, KOTOPhIE
«BOHUTAIN» B ceOs HEYTO OOJbIlIee, YeM XOpOoIlas ammpoOKCUMAIUsS B y3JaX WHTEPIIOJSIIAN; OHU
«yrajpiBaloT» noseneHue ¢GyHkiuu (1) B 0b6macTu, He OXBAYEHHOM 3KCIIepUMEHTOM. Bo BTOpoM psany
aIropyuTMa MOJIyYeHHbIE Ha oOyuaromiell BbIOOpKE 3HAUEHHUS );, COOTBETCTBYIOIIME OTOOpPaHHBIM
MOJIEJISIM, PACCMaTPUBAIOTCS B KAY€CTBE apIyMEHTOB HOBOTO Psijia:
1= S Oy2)iza = fys)ize = f(ye_ sy )y (D)

3nech (GYHKUIHUU f OCTAIOTCS MPEKHUMHU M COOTBETCTBYIOT COOTHOIIECHUSIM (5) mnu (6), HO
apryMeHTamMH 3THX (YHKIHUHA BBICTYHAOT repemeHnHble y;. Koadduumentsr HOBBIX Mopeneit (7)
HaxojsTest mo MHK Ha Toukax Toit ske o0ydarolei mocieaoareabHoCcTH. HoBbIe MOIeM PpOBEPSIOTCS
Ha TOYKAaX MPOBEPOYHON TOCIIEIOBATEILHOCTH, U CPEIU HUX BHIOUpPACTCS s* HAWTY4IIIX, KOTOPBIS
WCTIONB3YIOTCS B KAUECTBE apTyMEHTOB CIIEIYIOIIETO TPETHETO Psa U T. 1.

CnoXHOCTh MTOJIMHOMOB BO3pAacTaeT OT psija K psay. Tak, Hampumep, BO BTOPOM psiay OyayT
TMOJTY4YEHBI TIOJMHOMBL, COZICpKalllMe HEJTMHEMHBIC WICHBbI BUAR, (X] X3), (X2 Xx3), ( xlz x3), ( x12 Xy X3) ¥ T.JI.
Koa¢ddunmeHTsl 3TUX TOJIMHOMOB MOTYT OBITH OINPECIICHBI MO TeM K€ TOYKaM oO0ydaromiei
MIOCIIEJIOBATEIILHOCTU U HE TPEOYIOT JOMOJHUTENIBbHON HH(OPMALIMY, XOTS UX CIOXKHOCTh BCE BpEeMs
Bo3pactaeT. Ilpu 3ToM umcno ompenenseMbix Kod(h(UIHUEHTOB 3HAUYUTENBHO MPEBOCXOAUT YHCIIO
TOYEK OOyJaroIei mocienoBaTeIbHOCTH. Eciy Obl He OBUTO BHEIIHETO JOTIONHEHHS, T.€. POBEPOUHON
BbIOOpKHU, TO ainroputMbl MI'YA, Gnaromapsi CIOKHOCTH CHHTE3HPYEMbIX MOJIMHOMOB, MOTJIH Obl
a0COIIOTHO TOYHO amnmpoKkcuMupoBarh GyHkmuio (1) Bo Bcex Toukax oOydaroriel BBIOOPKH, HO TpH
9TOM HE OCTaJOCh OBl HUKAKUX TapaHTUIl YIAOBICTBOPUTEIHHOTO TOBEJCHUS BOCCTAaHABIMBACMOM
(YHKLIMU HA HOBBIX TOYKAX.

Bo3MoxkHOCT TOuHOW ammpokcumanmu (pyHkiuu (1) B y31ax wuHTepnoisuuu Onarojaps
HEOTPAaHWYCHHOMY BO3PACTaHHUIO CIIOKHOCTH —amlMPOKCUMHUPYIOIIETO TMOJUHOMAa 0€3  TMOMOJTHEHHS
oOyyJaromield BEIOOPKH SIBJISICTCS BAXKHOM M HMCKIFOYUTEIBHON ocoOeHHOCThI0O MI'Y A, nmaromieit emy
HEOCTIOPUMBIE MPEUMYIIECTBA Nepesl IpyrumMu MeTogamu. OAHAKO MMEHHO 3Ta OCOOEHHOCTH INpPHU
OTCYTCTBUU BHEIIIHETO JOTOJIHEHHS BIICUET 3a COOO0M HEempeIcKa3yeMoe OBEACHUE alllPOKCHMHUPYIOIIETO
MOJIMHOMa B O0JIaCTH, HEOXBAaUE€HHOW OJKCIEpUMEHTOM. BHelHee [OMOJNHEHHE HE JOMYyCKaer
MePEYCIOKHEHHS U OCTaHABIMBACT aJITOPUTM IIPU YXYALLIEHUU IMOBEJCHHS MO Ha HOBBIX JIaHHBIX.
ANTOPUTM OCTaHABJIMBAETCS Cpa3zy Ke MO JOCTHKCHHH CIUHCTBEHHOTO MHHMMYMa OTKJIOHCHUH,
MOJTy4YEHHBIX Ha MPOBEPOYHOI BhIOOpKE. TeM caMbiM BBIOMpaETCs MOJAETh ONTUMAIILHONW CIOMKHOCTH,
yCTaHABJIMBAIOIIAss KOMIIPOMHUCC MEXIY CIIOKHOCTbIO U 00beMOM HH(pOpMAIIMH, UCIIONIb3yeMON MPHU
cuHTe3e Mojend. Kak TONBKO CII0KHOCTh TPEBBICUT BO3MOXHOCTH OOydYaromiei WHGOpMaIny,

IIpouecC CUHTE3a MOACIIHN IIPECKpaIacTCs.



OcobeHHocTH MeToa NpeaeabHbIX ynpoumenui (MITY)

Besxas uHAyKIMS BKIIIOYaeT B ce0sl 3JIEMEHTHI AeAYKIHUHU U C HEM HENMpEephIBHO CBsI3aHa.
«O0111ee CyIIECTBYET JIHIIb B OTACIHLHOM, Yepe3 OTIEIBHOE ... UTOOBI MOHATH, HYKHO SMITUPUIECKU
HavyaTh MOHWMAaHWE, U3YYCHHE, OT AMITMPHUH TOJTHUMATELCS K oOmemMy» [5]. Y, HaoOopoT, nemyKius
SBJISIETCSL OOpallleHMeM WHIYKIMW. Takas JuaJeKTU4YecKas B3auMOCBS3b WHAYKIUM W JEAyKLIWU
MIPUBOJUT K MBICIIA O TOM, YTO BCSKHE WHIYKTUBHBIC METOMBI JOJDKHBI COACPKATh B CEOE JIEMEHT
NEAyKIUW, T.€. ONHUPAThCS Ha HEKOTOPbIE YTBEPXKICHUS, MPOBEPSITh HAa HUX NPABUIBHOCTH
WHYKTHBHOTO BBIBOJIa HA BCEX dTarnax (GopmupoBanus. IMEHHO 3TH COOOpaKeHHsI ObLTH MPUHSTHI BO
BHUMaHue npu cozganuu MIIY. B 3ToOM mMeTo[e BHEHIIHUM JOIIOJHEHUEM SIBIBIETCS NETYKTHUBHOE
YTBEpKACHUE (TEOpeMa), HE MO3BOJIIONIEE MEPEYCIOKHATh PE3YIBTUPYIOITYIO0 MOJEIb, OCTPOSHHYIO
METOJaMU MHAYKIIMU. 37eCh, TaK ke Kak 1 B MI'YA, BHelIHee JOTOJIHEHUE SBISETCS (GUITBTPOM,
orOpaceiBafolMM  ""Mycop" M OCTaBISIIOIIMM TOJBKO TO, YTO (POpPMHpYET aHAIU3HPYEMYIO
3aKOHOMEPHOCTH (1).

3amava BoccTaHoBIIeHUsT MHOroMepHOH (yHKImu (1) B MITY cHavanma cCBOIUTCS K CTaHIAPTHOM
3agadye oOydyeHus pacno3HaBanuio 00pa3zoB (OPO), a 3arem pemenue 3agaun OPO oGecnieunBaeT

PCUHICHUC 3aJadr BOCCTAHOBJICHUA C 3aJJaHHBIM Ka4YCCTBOM M HAACKHOCTBIO. HyCTL 3aJaHa

oOyyJaromasi BBIOOpKa Hap Xi)i,..., Xy, TA€ X, - BEKTOp, a ), - CKaJLIp, ONPEIEeIBIIONMNA 3HAaYCHUE
¢ynkuun F (1) B TOuKe, COOTBETCTBYIOILEH BEKTOpY X, . Tpebyercss BOCCTAaHOBUTb MHOIOMEPHYIO
HETIPEPBIBHYIO (DYHKILUIO F TaK, 4TOOBI IIs1 JIFOOOTO X,, BBINOIHSIIOCH HEPABEHCTBO

|yv —F(XVO!)|S§, (8)

TJIe O - TApaMeTPhbl BOCCTAHABIMBACMOMN (DYHKITHH.
IlocraBum, kak u B [3], KaXI0My X,, B COOTBETCTBHUE [IBA 3HAUYCHUA Y

Y1 =Yy +E Y =y, =& ©)

[Ipu 5TOM 0Oyuaromasi BHIOOpPKa YBEJIMYUTCS BABOE U Pa3ACIUTCS Ha JIBa MOJMHOMXKECTBA V)
1 V>, OJJHO U3 KOTOPBIX CONEPKUT IEMEHTHI (X1, V1), a Apyroe (x,,, y,, ). [lonmaoxkecTBa Vi 1
V, MOXHO paccMaTpuBaTh Kak 3aBEIOMO pa3ieluMble, oOpa3bl, U €CIU yAaeTcs pa3leiauTh dTU
00pasbl, TO TEM CaMbIM YJA€TCS BOCCTAHOBUTH (PYHKIMIO F(X,0l), TaApaHTUPYIOIIYIO BBIOJIHEHHE
(8) nmms Bcelt oOywaromieil BeIOOpKkU. Hapymienuwe cootHomeHus (8) OyIeT NPOUCXOIUTH C
4acTOTOM OMIMOOYHOTO pacmo3HaBaHus oOpazoB Vi m V,. Jlus pasgeneHus oOpa3oB MOXKHO
HCIIOJIb30BaTh JIIO0OM aJrOpuT™M OOYYEeHHsI paclo3HaBaHUIO 00pa3oB, B TOM uucie U aibda-
npouenypy [3], kotopasi, B CBOIO OuYepe/lb, SIBJISIETCS OJHOW U3 pealu3aluii MeToja MpenesibHbIX
yrpouennii. Ecin anbda-nponenypa npuBener K ycnexy, TO TEM CaMbIM OyJIeT CUHTE3HPOBAHO
MIPOCTPAHCTBO MAaJOW Pa3MEpPHOCTH, B KOTOPOM peraromias (QyHKIHUS OKaXETCs JMHEHHOH 1o
napaMeTrpaM, M IpH 3TOM HU Ha OJHOM M3 TOoueK oOydaromieil BBHIOOPKHM He OyJeT HapylIeHO

HepaBeHCTBO (8). B kauecTBe pemiaromieid, a 3HAYUT, U anmpoKcuMupylomen Qpynkumu F(x,o),



UCHoJib3yercss mnoJuHoM (3), B KOTOPOM m-pa3MEpHOCTh BekTopa X=x(xi,....Xm), a o -
HacTpauBaeMble MapaMmeTphl.

C reoMeTpudecKkold TOYKH 3pEHHS MOIMHOM (3) MpeAcTaBiseT cO0Oil THMEPIUIOCKOCTh B
CHPSIMIISIFOIIEM TPOCTPAHCTBE OOOOIIEHHBIX KOOPIUHAT X5 XXj; XXiXi , U T.J. IMEHHO B 3TOM CMBICIIE
pemaromass (GyHKIUs OyIeT JUHEWHOW Mo mMmapamerpaM. Kakmoe ciaraemMoe IOJIMHOMa MOYHO
paccMarpuBaTh Kak HMCXOJHOE CBOMCTBO IUIsi anbda-mporeaypbl. B KoHIle KOHIIOB, mporenypa
BbIOEpPET TOJBKO TE€ cClaraeMble, KOTOpble He OyAyT NpOTHBOPEUYUTH HEpaBeHCTBY (8), T.e.
nporeaypa Kak Obl TMPOIyCKaeT MOJIMHOM (8) Yepe3 CHUTO, OCTaBHB TOJLKO TO, YTO OMpPEACiseT
3aBUcUMOCTb (1), a Bech «mycop» Oyner orcesH. [lomydeHHBIH MOIMHOM pa3fesuT BHIOOPKY Ha
nBa obpaza V; u V, u Oyner JUHEHHBIM IO HACTpaMBaeMbIM IapaMeTpaM, HO CYIIECTBEHHO
HEJTMHENHBIM M0 UCXOJIHBIM NIEPEMEHHBIM X;.

B npornecce 00ydeHust 4acTh WICHOB MOJMHOMA OTOpPACHIBACTCS, @ YacTh MCIOJB3YETCs B
KauecTBe apryMeHToB (¢yHKUMU F(x,0). Takas cOpTHpOBKA YJICHOB MOJMHOMA OCYIIECTBIISECTCS C
MOMOIIIbIO BHEIIIHETO JOMOJIHEHMS, MPEJCTaBISAIONIETO HEKOTOPOE AENYKTHBHOE YTBEpXKICHHE,
OCHOBaHHOE€ Ha IPEANOCHUIKAX TEOPUM 3MIUPHUYECKOro pucka. OCHOBHOE cCOjAEp)KaHHE 3TOMU
TEOPUHM COCTOMT B YKa3aHMM TE€X YCJIOBHUM, MPHU BHIIOJHEHUM KOTOPBIX SMIMPUUECKUN PUCK (T.€.
PHUCK, BBIYUCISIEMBIN 110 SMIUPUYECKUM JAaHHBIM) COBIAJAET WM MOYTH COBMHAJAET CO CPEIHUM
PUCKOM, BBIYHCICHHBIM IO OECKOHEYHBIM BBIOOpPKaM. B kauecTBe map mepBoro mara aibda-
MPOLIEeTypbl MPUHUMAIOTCS BCE MaphI (; X;) 1= 1,m [6].

OnHO W3 UEHTPaJIbHBIX YTBEPKICHUM TEOPUM SMIMUPUYECKOTO PHUCKA, HCIOJIb3YEMOW B
pamkax mpobiemsl OPO, coxepxxutcss B Teopeme [6], KOTOpas IIaCUT O TOM, 4TO eciu u3 N
peLIaoIMX MPaBUJI BBIOMpAETCsl OHO, 0€30IIMO0YHO pa3/elsiolee ClydaiHyl0 U HE3aBUCUMYIO
BBIOOPKY JUTMHBI /, TO ¢ BEPOATHOCTHIO (1-77) MOKHO yTBEp)KIaTh, YTO BEPOSTHOCTH OIIHOOYHOMN

maccnq)mcaupm C MMOMOUIBIO 3TOrO IMpaBHJia HC MMPCBBICUT BCJIIMYNHBI

o lan—lnn

['maBHBIN CMBICT 3TOM TEOpPEMBbI COCTOUT B TOM, YTO OHA YKa3bIBa€T BEPOATHOCTH OLIMOKHU

(10)

pacrno3HaBaHusl s JIoO0Oro oOBeKTa, B TOM UHCIE€ W HE COJAEp)Kallerocs B CIy4aHOH W
He3aBUCUMOW oOydaromieil BbIOOpke [uMHBI [/, 0e3 yKa3aHUs KaKUX-JIMOO BEPOATHOCTHBIX
XapaKTEepUCTUK MHOXKECTB V| U V;. Mcnonb3yloTcs TOJIBKO SMIUPUUYECKUE aHHbIE BBIOOPKH ((hakT
0e301mMO0YHOTO pa3eNeHus] BBIOOPKH JUTMHBI /), a BBIBOJ JejaeTcs I JII0OOW CiydyallHOH |
HE3aBUCUMOW BBIOOPKH, B TOM YHUCIIE M JJI CaMOM HEOIarompusTHOW, T.€. PaCCMaTPUBACTCS JaxKe
caMoe HeOIaronpusTHOE PACTIOIOKEHUE TOYEK BRIOOPKH JIITUHBI /.

Ota TeopemMa Jierjaa B OCHOBY TEOPUH PEAYKLMH, HAa KOTOPOH 0a3upyercs MeToJl peebHbIX
ynpouienii. C mepBOro B3IsLIa YTBEPXKACHHUE TEOPEMBbl HE OCTaBISET LIAHCOB Ha IPUEMIIEMOE

pemenne 3amaun OPO, Tak kak 4yuciao N, T.e. YHCIO CIIOCOOOB, KOTOPBIMH MOXXHO pPa3eiuTh



m00y10 BBIOOPKY JIMHBI / Ha J1Ba 00pa3a BRIOPAHHBIM KJIACCOM PEIAONINX MTPABHII OKa3alI0Ch OYCHb
0OJBIIMM, a TOSTOMY CIIMIIKOM OOJBIIONH OKa3blBaJlaCh BEPOSTHOCTb OIIMOKH. JlJis CHUKEHHS
BEPOSTHOCTH OIIMOKM HYXKHO YBEJIMYMBATh JUIMHY OOywaromieil BBIOOpPKH / 10 (aHTaCTUYECKUX
pasmepoB. Tak, JUIsI JUHEMHOro (CamMoOro MPOCTOr0) pEUIAIOIIEro MpaBWiIa MpPU Pa3MEPHOCTH
npoctpanctBa m=20, u npu &=0,1 u (1-77)=0,9 oOGyuaromas BEIOOpPKa TOKHA COACPKaTh HE MEHEE
4000 o6bekToB. [ 6oee COKHBIX MPaBHJI BEIMYHHA / OBICTPO BO3pACTaET.

Co BpeMeHeM OBLIO 3aMEUEHO, YTO MPHEMJIEMBIX 3HAYCHHI BEPOATHOCTH OIMIMOKH MOKHO
JOCTHYb HE TOJBKO MOBBIIIEHUEM /. DTO MOXKET OBITh JOCTUTHYTO 3a CUET CHMIKEHUS Pa3MEPHOCTH
MIPOCTPAHCTBA M MPEICIIBHOIO, BIUIOTH O JUHEHHOr0, YIPOIICHHS PELIaloIero IpaBmiia, Tak Kak
9yicyio N O4eHb CHUJIBHO 3aBUCHT M OT 3THX IIapaMeTpoB. B 3TOM M COCTOMT riaBHas Ues TEOPUU
peIyKIIMU, KOTOpasi JaeT CIocoObl OTOpachIBaHUs HECYIIECTBEHHON MHGpOpMaNuHu (0TOpackIBaHUS
"Mycopa") U BBIIEICHHS TOJBKO TOTO, YTO CIIOCOOCTBYET OOBEAMHEHHIO OOBEKTOB B 00pa3bl WIH
BHOCHUT pasiiMuyve MeXAy HUMH. 3ajada CHHTE3a CIOKHEUIIMX pPa3AesiomUX IOBEPXHOCTEH B
HUCXOJHOM '"3aCOpeHHOM'" MPOCTPAHCTBE OTPOMHOM Pa3MEPHOCTH 3aMEHSAETCA 3aJladyeil CHUHTE3a
TAKOrO IPOCTPAHCTBA MaJIOW pa3sMEpHOCTH (ng<<m), B KOTOpPOM 0Opa3bl, IpPEACTABICHHbIC
oOyyaromeld BBIOOPKOH, JIETKO Pa3JeNSIFOTCS MPOCTHIM (Yallle BCETO - JIUHEHHBIM) pPEIIaroiiuM
npaBuiioM. [Ipu 3ToM rapantupyercs 3apaHee 3a/laHHasi BEPOSATHOCTh NMPABUIIBHOTO PAaCcIO3HABAHUS
HOBBIX OOBEKTOB C 3apaHee 3aJaHHOM HaJeXKHOCTHbIO. JlpyruMu cjoBamH, TpEXAE BCETo
MIPUBOJIUTCSA B COOTBETCTBHE CJIOKHOCTh MHIYLUPYEMBIX KOHCTPYKIHH C MMEIOIUMCS 00beMOM
napopmanuu. VMcxomHas 3amada pemynupyercss B 0ojee MpPOCTYyI0 B TaKOW CTEMEHH, 4TOOBI €&
CJIOHOCTh HE TpEBBIIIaTa BO3MOKHOCTEH SMIMPUYECKUX JTaHHBIX, T.€. CIOKHOCTH JOJKHA OBITH
HE BBIILIE TOM, KOTOpast MOXXET YBEPEHHO MPOSBUTHCS B paAMKaX UMEIOIIEHCs: HH(POPMAIIHH.

OcHOBOW peAyKIMH NpU HHIYKTUBHOM CHHTE3€ IMPOCTPAHCTBA SIBISETCS JEIyKTUBHOE
YTBEP)KJICHUE TPHUBEACHHOM BBIIIE TeopeMbl. PacmmpeHne mOpOCTpaHCTBA  OTPaHHUEHO
NENyKTUBHBIM yTBEPXKICHUEM, KOTOPOE HE JIOMYCKAaeT HUKAKUX YCIIOKHEHHH 0e3 CyIIECTBEHHOTO
yIIy4lleHusl pesyibTara. JleAyKTUBHOE YTBEpKAEHHE TeOpeMbl KakK Obl B3BELIMBACT KaXIoe
YCIIO)KHEHHE U OIpeleisieT, 4ero OHO CTOUT. OCYIIeCTBIAETCS TIOCIEI0BATEeNbHBIN CHHTE3
MIPOCTPAHCTBA, B KOTOPOM BO3MOKHO JIMHEWHOE pa3zzaeneHue. [Ipu 3ToM aenyKTHBHOE yTBEPKICHUE
MpOBEPSIETCS OYEHb MPOCTO Ha OOydaromer mnocieaoBaTenbHOCTH. Jlokazano [7], 4to ecnm
OpraHM30BaTh IMOCJIEIOBATEIbHBIA CUHTE3 MPOCTPAHCTBA, B KOTOPOM, B KOHIIE KOHIIOB, HACTYIHUT
JTUHEtHOe pasiereHre 00pa3oB, 3aaHHBIX Ha 0OydJaromel BhIOOpKe MHOM /, To In N < ngy In m,
T/ie M - YUCJIO IEPBUYHBIX CBOMCTB, U3 KOTOPBIX BRIOMPAIOTCs WK (POPMUPYIOTCS 71 IPU3HAKOB.

B Merone mpenenbHBIX YIPOIIEHUH 3apaHee yKa3bIBAaeTCs Pa3MEpPHOCTb CHHTE3MPYEMOTO

MPOCTPAHCTBA Ny, IMPCBBINICHUC KOTOpOfI OpUBOAUT K IOTCPE FapaHTI/Iﬁ JOCTHOKCHUA 3aaHHBIX & U

n.



Takast pa3MepHOCTh BBIYHCIISICTCSI COTIIACHO TEOpeMe
e-l+Innp

n (11)
0 Inm
Jlig Toro, 4ToOBl pa3MEPHOCTh CUHTE3UPYEMOI'O MIPOCTPAHCTBA HE MpPEBbIIIANIA /), BBOJUTCS
MOHATHUE Pa3JICISIFOIICH CHITBI KX I0T0 IIPU3HAKA X;;

Flxp) == (12)

TI€ ®;, ;] - 9ACIO 00BEKTOB oOydaromiell BHIOOPKH, MPABIIIBHO KIIACCU(DUIIMPYEMBIX JI0 H TOCIIe
MOSIBJICHUST TMpu3HaKa x;. [lokazaHo [5], 49ro ecnu pa3fensmomas CHia KakIOoro IMpU3HAKA,

HCII0JB3YEMOT'O AJIsI CHHTE3a IIPOCTPAHCTBA, BBIIIC MAKCUMAJIBHOT'O ,HOHYCTI/IMOﬁ

Fmin(xi)zio (13)
no
TO npu n<n, oOydaromas BbIOOpKa JUIMHOW [/ Oyner pasgencHa O€30MMOOYHO JIMHEHHBIM
pEIIAoONIMM MPABWIOM. MHUHHUMAIBHO AONYCTUMAs pa3leNsiomas CHiia MpU3HAKa MOKAa3bIBAET Ty
4acTh “Harpy3ku’, KOTOPYIO B TIPOIECCE pa3JeiCHHs] BHIOOPKU JIOJDKEH B3SITh Ha CeOsl KaKIbIi
nmpu3Hak. bonee TouHoe onpeneneHne pa3faesomniel Cuilbl IpUBEIEHO B [8].

PaznoBuanocThio MITY sBasercs anbga-nporeaypa [3], ocHOBHas 0COOEHHOCTh KOTOPOM
COCTOMT B TOM, YTO KaxkJoe M3 m CBOMCTB (Tabnuma 1) moaBepraercs oco0ol MpOBEpKE HpHU
MOMOIM KPUTEPUS] BHENIHErO JOTOJHEHHUS, OIMPEACIIeMOro JCIYKTUBHBIM YTBEPKICHUEM
teopembl. [lpu 3TOM, mpexae 4YeM CTPOUTh HHIYKTHUBHOIO KOHCTPYKIHMIO, KaXXKIO€ CBONCTBO
MIPOBEPSIETCS HAa COOTBETCTBHE Teopeme (IEeIyKTUBHOMY YTBEpXKICHHUIO), M €CIU TNpaKTUKa He
MPOTHUBOPEYUT TPEOOBAHUSM TEOPUHU, TO TMPOJOJDKACTCS YCIOKHEHHE HHIYKTUBHOTO BbIBoma. K
CHUHTE3y MPOCTPAHCTBA JOMYCKAIOTCS TOJILKO TaKUe MPHU3HAKH, KOTOPbIE TapaHTUPYIOT JIMHEWHOE
pazzaeneHue 00pazoB, 3aJaHHBIX HAa 00YJarOIIei BEIOOPKE ITUHBI /.

o * *
[Tycts 3amana oOywaromast BblOOpka AjuuHBL [ M Ha Heill oOpasel V| m V,. Paccmorpum

HETIPEPBIBHBIN MpU3HAK X;. Ha ocH, COOTBETCTBYIOMIEH TOMY NPU3HAKY, BCE 00BEKTHI 00yUaronien

BBIOOPKHU OyIyT MpeacTaBieHbl ToukaMu. Eciu Ha 3TOl ocu BBIOpATh HEKOTOPHKIH Opor xlQ , TO BCA

BBIOOpPKA OTHOCHUTEIHHO ATOT0 MOpOra pa3JeuTcs Ha JBa Kjacca SKBUBAJCHTHOCTH (YacTh TOYEK,
pAacIIoyIoKaTCsl HUXKE 3TOro Mopora, a 4acTb - Bbilie). IlomydeHHBIe KilacChl SKBUBAJIEHTHOCTH V7, ,

Vs,

; B TOW mnM MHOW Mepe OyayT coBnazaTh ¢ oOpasamu V| u V,. Ecau BbIOpaTh HEKOTOPBIi

o * *
KPUTEpU COBIAJCHUS (HApUMep, Mepa COBIaAeHHs MHOXecTB V), u V|, V5, u V,), TO MOXKHO
HalTH MOpOT x? , ONTUMU3HUPYIONTUH BEIOpAHHBIN KpUTepUid. BEIOOP KpUTEpHsI 3aBUCUT OT KOHKPETHOM

3aJaud U HE OKAa3bIBaeT CYIIECTBEHHOTO BIHUSHUSA Ha CTPYKTYypy alIropuTMoB MeTona. Yacto B

KadecTBe KpUTepusl BoIOUpaeTcs (yHKIHOHAI SMIUPUYECKOTO pPUCKa.
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[Iycts BBIOpaH KpUTEpH, MNPEACTABISIONIMI CO00M YHCIO OOBEKTOB, MPABHILHO

KJIACCU(UIIUPYEMBIX TTOPOTOM xlQ . Torga pasnpendromas cuiia NPU3HAKA X; BBIYUCIAETCS COTIIACHO

COOTHOIICHHIO

Fmin(xi)=%, (14)

IZIe @; -4UCII0 OOBEKTOB MPABHIBHO KJIACCU(UIIUPYEMBIX ONTUMAIBHBIM OPOrOM x? . Ha nepsom
miare anbQa-rnpoueaypsl BHIOMPAaeTcss HEKOTOPOE CBOMCTBO, pa3felisiomas cujia KOTOPOro OoJblie

y [ y
MaKCUMaJIbHO nonmycTtumoi (13), T.e. GonbIe — , ¥ 3TO CBOWCTBO OOBABIISIETCS MpU3HAKOM Xxi. Ha
ng

9TOM JTale yXe ACUCTBYET ACAYKTUBHBIM KPUTEPUN BHEIIHErO IOIOJIHEHHUs, TaK KaK IPU3HAKOM
00BABIIIETCS TOJIBKO TaKO€ CBOMCTBO, KOTOPOE B COBOKYMHOCTH C ce0e MoJ0OHBIMH NPHUBENET K
JUHEHHOMY pa3felIeHHI0 00pa3oB B MPOCTPAHCTBE, Pa3MEPHOCTh KOTOPOTO HE MPEBBIIIAET g, a
3HA4YUT, B O3TOM MNPOCTPAHCTBC CYHICCTBYCT INNIOCKOCTb, pa3AacCidroniad 06pa351 C 3aJaHHBIMU
3HAUYCHUSIMU EH 7).

ITocne 3TOro mpoBepsAeTCs OJHO U3 OCTABIIMXCS CBOMCTB, HAIpUMEp X;. [[1s 3TOr0O cBOKCTBA

IS KaXKA0T0 00beKTa 00y4daronieil BBIOOPKH BBIYUCIISIIOTCS YUCIIa
_ .22 — arct X .
xj=p;cos(fi+ay), the p;=.x;+x;, p;=arc gx—, O — TIEpEeMEHHBIH Mapamerp
i

(ay = 0° J 80° ), X; - CBOMCTBO, OOBSBIEHHOE paHee MPU3HAKOM.

Beibupaercst Takoe o, IS KOTOPOTO «; = argmax@

i s> THAC @js - YHCIO IMPABUIBHO

KIaccu(puImpyemMpix OOBEKTOB TMPU ONTUMAILHOM TOPOTe, YCTAaHABIMBAEMOM Ha KaKIOM
HAIpPaBJICHUHM X ;, OMPEACIAEMOM YIJIOM «; . lIpu 3TOM BCe OOBEKTHI OOydarolieil BBHIOOPKH
NPOELUPYIOTCA HAa HANPABJIEHHE X;, 4 CaMH JTH HANpPaBICHHS ONPENEISAIOTCS BEJIUYMHOM 0.
Kaxmomy @ COOTBETCTBYET CBOE HANpaBIEHUE X; M HA KKJAOM TaKOM HANpPaBJICHUH

~%
[ 2

YCTaHABIIMBACTCS ONTUMAJIbHBIM IIOPOT f}). B pesynbrate BHIOMpACTCS TaKOE HAIPABICHHE X ;
*

5o Ha KOTOpOM OINTUMAJIbHBIN IMOpor Ja€T HAWMIYUHIEC PasaCcICHUE B CMBICIIC

OnpeaAcIAEMOEC YIiioM &

BBIOPAaHHOTO KPUTEPHUSL.

Eciu paszpensiomas cuina CBOMCTBA X;, BbIYMCIEHHass coriacHo (12), oxaxkercs Bbllle
MUHUMAaJIbHO 10mycTUMOH (13), To cBOMCTBO OOBABISIETCA MPU3HAKOM X3. 3/1€Ch OISTh BCTYIAET B
CHITy NE€AYKTUBHBIM KPUTEPHI BHEUIHETO JOIMOJHEHHS, KOTOPBII OTOpachIBaeT “Mycop” U OCTaBIISIET
TO, YTO IPUBOJUT K YCIEXY.

B HekoTopbIxX anropurmax aibda-mpoleaypsl Ha IEPBOM 3Tarle PaCCMaTPUBAIOTCS HE OT/AEIbHbIE
CBOICTBA X;, & IIOCIE0BATEIBHO BEC C,i nap M Juist KaKJ10M Iapel HIIETCS] ONTUMAJIBHOE HAIIPABICHUE
x;; - Tlocie 9Toro BHIOMpPACTCs HOBOE CBOMCTBO X; M JUIL HETO B IUIOCKOCTH Xj — X;; BBIYACISCTCS
BEIMYUHA X, = p; Cos(fB; +a g ), THe pj = )7; +x7 B;= arctgﬁ. Ecmu paspenstomas cuna

i

CBOICTBa X BbIII€ MHHHUMAaAJIbBHO HOHYCTHMOﬁ, TO 3TO CBOMCTBO OOBABIISIETCSA IMPU3HAKOM X3 W T.I.
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Anbda-nporienypa MOBTOpsieTCs A0 TEX IOp, MOKa HA OJHOM W3 0a30BBIX HANpPaBICHUH X HE
MIPOM3O0UIET MOJTHOE pa3jeneHue 00pazoB. PazMepHOCTh 3TOro0 MpOCTPaHCTBA HE JOJKHA PEBBILIATD .
[TnockocTh, nepneHauKyIsipHas 6a30BOMY HAIPABICHUIO U MPOXOSIIasl Yepe3 ONTUMAIbHBIN OPOT,
MIPUHUMAETCS B KQUECTBE PEIIAIOIETO [TPaBUila, CHHTE3UPYEMOT0 allb(a-IIpoLeTypOi.

Ecnu npoBoguth ananoruto mexay MI'YA u MIIY, o B MI'YA BHelHee 10NOJIHEHHE
(hopMupyeTcs Ha OCHOBE MHIYKTUBHOTO BBIBOJA M HA Ka)KJOM IlIare CPaBHUBAIOTCA JIBE MHIYKTHBHBIX
KOHCTPYKIIMH, IIOCTPOCHHBIE Ha IBYX Pa3IMYHbIX BBIOOpKaX — oOyuarolieil u nmpoBepouHoil. 1 ecinu 3tu
KOHCTPYKIIMM OJIM3KH, TO YciokHeHue mnpoaowkaerci. B MIIY cpaBHuBaIOTCS ABE MOJEIH:
WHIAYKTUBHAs W JEAyKTUBHAsA. YCIOXHEHHME JOIyCKAeTCs, €CIM pa3Aesolas Cuia TaKoro
YCIIOKHEHUS, JIETKO BBIYHMCIIAEMas M0 00ydarolield BbIOOpKE, MPEBBIIIACT MUHUMAIBHO JTOMYCTUMYIO
Pa3AesIoNIyl0 CHITy, BBIUMCICHHYIO COTJIACHO TEOpEeMeE, T.€. MO TEOPETUYECKHM COOOpaKEHUSIM U
WIPAIOLIYI0 POJIb BHELUIHETO JOIOJIHEHUS. B TOM M Apyrom MeTone yclio)KHEHUE MPOAOIHKAETC 0 TeX
1I0p, MTOKA OHO JIa€T MOJIOKUTEJIbHBIN pe3yibTaT, T.€. [I0Ka CPaBHUBAEMbIE MOJIEJIM HE ITPOTUBOpEYAT
APYT IpyTy.

B MIITVY ycnoxxHeHre MOJIeNy MPOAOIDKAETCS 10 TeX I0p, MoKa He OyleT JOCTUTHYT MPENebHO
BO3MOXHBII BapUaHT - 6€301IMO0YHOE pa3/iesieHHe BHIOOPKH, OO0 YK€ HUKAKOE YCI0KHEHHE HE MOXKET
JaTh yIydlleHHs 0€3 HapyIICHUsI COOTBETCTBUS MEXY IEAYKTUBHON U MHIYKTUBHON MoaensiMu. To
xke camoe ocymectBisieTcss 1 B MI'YA: yciioxkHeHHe JOMyCKaeTcs A0 TeX MOp, MOKa OHO JaeT
TIOJIO’KUTEIIbHBIN pe3ysIbTaT Ha MPOBEPOYHOM BRIOOPKE, T.€. 0 TeX MOp, OKa JABE MHIYKTUBHBIC MOJIEIH
HE [IPOTUBOPEYAT APYT APYTY.

Bo3mo:xnoctu copmemenuss MI'YA n MITY

Oba meTo/la OCHOBaHbI Ha MPUMEHEHUU MPUHIMIA BHEIIHETO JOIMOJHEHUS JIJIsl YCTpaHEHUs
HEKOPPEKTHOCTU B INOCTaHOBKE 3agauv. B MI'YA - 3T0 jononHuUTENnpHas IPOBEpPKa IMOIY4aeMbIX
MMPOMEXKYTOYHBIX MOJIEJIEH Ha IMPOBEpOYHOI BBIOOpPKE, a B MIIY MHAyKTHBHAs MOJACIH CTPOUTCS C
YU4E€TOM €€ COOTBETCTBHSI C TEOPETUYECKUMHU PEKOMEHIALUUsAMHU, IIOJIyYEHHBIMH B pe3yjbTare
JeTyKTUBHBIX COOOpakeHHH. B ToM M apyrom ciyyae NPUMEHSIOTCS MEphl MPOTUB H3JIMIIHETO
nepeycioxHeHus monaenu, Ho B MI'VA 3T0 ocyiuecTBisieTcs MyTeM JONOIHUTEIBHOTO KOHTPOJIS
AKCTPAIOJIALIMOHHBIX CBOMCTB, a B MIIY - myrem oOecriedeHuss YCIOBUH, TPU KOTOPBIX JTH
9KCTPaIOJISILMOHHBIE CBOMCTBA TapaHTUPYIOTCs Teopuel. TpyaHO OoTAaTh NOJHOE MPEANIOUYTEHHE TOMY
WIH APYrOMY METOJY, ICHO OJIHO, YTO B HEKOTOPBIX 3ajauax yjnoOHee mpumeHsaTe MI'YA, a B qpyrux
MITY. 310 nO3BOJSAET HANEATHCA, YTO COBMEILIEHUE 3TUX METOJ0B 3aMETHO YJIYYIIUT PELIECHUE 3a7a4
BOCCTaHOBJICHUS 3aBUCUMOCTEN B YCIIOBUSIX KOPOTKHUX BBIOOPOK ITyTEM IOCIIE0BATENBHOIO IPUMEHEHHUS
Cpa3y JIByX KPUTEPUEB BHEUIHETO JIONIOJHEHMSL

MoXHO B KayecTBE MCXOIHBIX IaHHBIX allb(a-Mpoleaypbl HCIOIb30BaTh MPOMEKYTOYHBIE
nosmHOMBI MI'YA, yXe mpouienniie JOMOTHUTEIFHYIO MTPOBEPKY HAa MPOBEPOYHON BBIOOpKE. ITO

JaeT SBHOE MPEHUMYIIECTBO MPHU YCIOKHEHUU Pe3yNbTHPYIONIEro nojiuHoma. B oObruHOl anmbda-
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npornenype (MITY) nocne npoBepkH Bcex JTMHEHHBIX YWICHOB MOJMHOMA (3) B KaUeCcTBE JTOTIOHUTEIbHBIX
MEPEMEHHBIX HCHOJB3YIOTCS BCE HEJIMHEWHBIC YJIEHBI STOrO TIOJIMHOMA, COCTOSIIIME U3 JBYX
apryMeHToB (X;, X;), @ B KOMOMHUPOBAaHHOM METOAE JUIsl ATOM LEIU MOXXHO HCIOJIb30BaTh MOJAEIH,
MoJIy4eHHbIe B TiepBoM psany MI'Y A, npoenmie caMmooTO0p M0 KaKOMY-JIHOO KPUTEPUIO BHEIIHErO
JIOTIOJTHEHUS (HalIpUMep, 10 KPUTEPUIO CPETHEKBAIPATUYHOTO OTKJIIOHEHHUS Ha TPOBEPOUHOM BBIOOPKE).
B sToMm cnydae anbda-nporierypa oCyIeCTBUT IPOBEPKY TOJIBKO TEX MOJENEH y(X;, X;), BBIUUCIEHHBIX
o (5) nmu6o mo (6), KOTOpbIE MPOLUIM MOPOT CaMOOTOOpa MO KPUTEPUIO BHEIIHETO TOTOTHEHUS
MI'VA. B pe3ynbpTare Kaxjaas NpoOMeXYyTOUHAs MOJEINb, T.€. KaXJ0€ 3HAYCHUE y MPOUJIET TBOMHYIO
MPOBEPKY: TO CHOCOOHOCTH paboTaTh Ha HOBBIX JIAaHHBIX (TpOBEpOYHash BBIOOpKA) M MO
COOTBETCTBUIO TEOPHUH, T.€. TIO CIIOCOOHOCTH B3STh Ha ceOsl HArpy3Ky, ONpeaesIIeMyl0 MUHUMAIIbHO-
JOTTYCTUMOM paznensitomiei cuioil. Takas ABOIHAs MPOBEPKa MO3BOJUT M3 MOJTHOTO TMoJimHOMa (3)
BEIOpaTh TOJBKO T€ YJICHBI, KOTOPHIC, BO-TIEPBBIX, CHIBHEE BCETO NPHOIIKAIOT OKOHYATEIHHOE
pelieHne, a BO-BTOPBIX, HE BHOCAT UPE3MEPHBIX YCIOXKHEHHH, YXYyAMIAONMX padoTy
pPe3yABTUPYIONIEH MOJACIH Ha HOBBIX JaHHBIX. TakuMm oOpa3zoM, B 3ToM ciydae MI'YA urpaer poJib
0TOOpa HENMHEWHBIX TEePEeMEHHBIX it anbda-mpouenypsl. JIuHelHbIE MEepeMeHHBIE OTOMpAIOTCS
OOBIYHBIM aIITOPUTMOM  anb(da-Mpoueaypbl, a eClAW Cpead HHUX He HaWAeTcs IOCTaTOYHOIO
KOJIMYECTBA TMEPEMEHHBIX, 00IaIaONTUX Pa3eaomeld CHIION OONbIIe MUHUMAIBHO-OYCTHMOM,
TO HayuHaeT padoratb MI'YA, KOTOpBIi Ha NEpBOM psAy TEHEPUPYET, a 3aTeM MpPOBEpseT 0
BHEIIHEMY KPHUTEPHUIO MPOMEKYTOYHbIE TOJMHOMBI BTOPOM CTENEHH, YacTh U3 KOTOPBIX
HCIOJIb3YIOTCSI B KaueCTBE BXOAHBIX B ajibda-npoueaype. Eciu e u 3To He NPUBOAUT K MOJTHOMY
JUHEWHOMY pa3lielieHuto oOyuaromiel BBIOOPKHM, TO MCIIOJIB3YIOTCS ITOJIMHOMBI 00Jiee BBICOKHUX
CTeTeHeH, mpouleme NpoBEepKy Ha MPOBEPOUHOM BEIOOPKE.

CrnenyeTr 0cobo0 oTMeTuTh, uT0 MI'YA B 3TOH cxeMe paboTaeT aBTOHOMHO, 0€3 KaKoh-1100
3apucuMoctd oT MIIY. Kaxzaplii u3 1ByX METOAOB BBIJACT CBOW OKOHYATENbHBIM pE3yibTar.
[Ipeanourenrie MOXKHO OTAATh MOJIENH, KOTOpas IMOJydeHa paHbIle, a MOXHO NpaBO BbIOOpa
OCTaBUTh 3a KOHCTPYKTOPOM.

Mosxno nomensaTes MectaMu MITY u MI'VA, ucnons3ys MIIY B kauecTBe npeaBapUTEIbHOU
IIPOBEPKH MEPEMEHHBIX, HCNONb3yeMBbIX B nocieactsuu B MI'YA. B stom cnywae cornacao MITY
CTPOUTCSI JIMHEWHAsT MOJIeNb 10 o0mel cxeme. Ecii 3Ta MojeNnb OKaKeTcsl He MOJHOM, T.€. He JAacT
0€30MnO0YHOTO pa3/eleHus] BBIOOPKH, TO CpPEeId BCEX X; (i=1,_m) BBEIOMPAIOTCST TOJIBKO m*,
pazzendoomnias cuia KOTOPbIX MaKCHUMalbHa, M 3TH IEPEMEHHBbIE HCIOJIb3YIOTCS B TEPBOM PSAY
MI'VA nns mocTpoeHUs KBaJApPAaTUYHBIX YaCTHBIX MOJUHOMOB. Koad(UIMeHTh MOCTPOCHHBIX IO
cooTHoUEHUAM (5) U (6) TPOMEXYTOUHBIX OJIUHOMOB onpeaenstoTcs mo MHK, a camu nonmHoMbl

MIPOBEPSIIOTCS Ha MPOBEPOUHOM BbIOOpKE. M3 MOCTPOCHHBIX MOJMHOMOB BBIOMpAETCS m™* HAMITy4dIINX

U U3 HUX dopMHpyeTcs Cr%l , T1ap, KaXk1as U3 KOTOPBIX IPOBEPACTCS U PAHKUPYETCA AITOPUTMOM

anb(ha-nporeypsl 1Mo AeTyKTUBHOMY KPUTEPUI0 MUHUMAIIbHO-OMYCTUMOM pazaenstomeil cuinsl. Ha
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3TOM 3Tare MOKHO JJIsi KaXJOW Mapbl BBIYUCIATH aOCONIOTHYIO DPa3JESIONIYI0 CHUIY, a MOXHO
YUHUTBIBATh «paboTy», COBEPIICHHYIO YK€ OTOOpaHHBIMH JIMHEHHBIMU WieHaMU. Tak uin uHaue, Bce
napel, MOCTPOCHHBIE MO MEPEMEHHBIM Y, BBIYUCIEHHBIM airoputMoM MIYA, panxupyrorcs 1Mo
JIeNYKTUBHOMY KPHUTEpHUIO paszelnsromiei cuibl. Kaxmaoi mape OyJIeT cooTBETCTBOBATh 0000IICHHAS
nepeMeHHast fij [4]. JIyumue napsl, T.€. COOTBETCTBYIOIINE UM MEPEMEHHBIE fij HCTIOJIb3YIOTCS JJIsI
dbopmupoBanus map HoBoro psga MI'YA. Jlanee paboraet oosiuHas cxema MI'VA, T.e. BceM mapam
MPUMKUCHIBACTCS CBOW TMOMMHOM cornacHo (5) wmm (6), W Haxomarcs 1Mo oOydaromiei
MOCIIEIOBATENIbHOCTH e€ro K03 duunenTsl. Bece monnmHoMbI poBepsAIOTCS Ha TPOBEPOUHOI BHIOOpKE
U m* JIyqdmux u3 HUX (OPMUPYIOTCS B Tapbl, KaXkaas U3 KOTOPBIX MPOBEPSETCS MO KPUTEPHUIO
paspensitonieid cuibl. Cpenu Bcex map BeIOMpaloTcs m* HAWIYUYIIMX M COOTBETCTBYIOLIME WM
000011IeHHbIE TIEpEeMEHHbBIE X UCIOJIB3YIOTCS JUisl (pOpMHpOBaHUS HOBBIX Map MJs alropuTMa
MI'VA. Takas cxema COBMECTHOM pabOTHI ABYX METO/I0B MPEINOiIaraeT napayuielbHyo padoTy IBYyX
anroputMoB — anroputMa MI'VA u anroputrma MITY. OcrtanoBka anroputma MIIY npoucxoaur
TOr/a, KOrJa Ha KaKOM-TO 3Tame JU0O0 Mpou3oieT 0e30mmOouHOe pa3jesicHhue BBIOOPKH, JTHOO
anroputm = MI'YA npuBener K yXYAIIEHUIO BHEHIHEro Kputepus. Kak u B mnpeablayuiei

KOMOMHUPOBAaHHOH cXeMe, NpPaBUJIO OCTAHOBKM MOKHO OCTaBUTh 32 KOHCTPYKTOPOM, KOTOPBIH

BBIOEPET MOMEHT OCTAaHOBKHU JTMOO B MOMEHT ocTaHoBKH MITY nmu6o - MI'YA.
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BacuaneB B.WU., Jlanre T.H.

IIpyHOMN BHELIHEro A0NMOJTHEHHUs B MeTo/le TPYNIIOBOro y4eTa apryMeHTOB U B MeTo/e
npeaeabHbIX YIPOIICHUH

PaccmarpuBatoTcs M aHAIM3MPYIOTCS JIBA MHIYKTHBHBIX METOZA BOCCTAHOBJIECHHS (DYHKIIMH — METOJ
rpynnoBoro ydera aprymeHToB (MI'YA) u meron mpenenbhbix ympoueHuil (MILY). VkassiBatoTcss ux
IIPEUMYILECTBA Mepel JPYTUMU METOJaMH U MOKa3bIBA€TCsI BO3MOKHOCTh COBMEILIEHHS 3TUX METOJIOB C

LEJIBIO YITYYHICHHA UX SKCTPAIOIAIMOHHBIX CBOICTB.

Bacuibes B.I., Jlanre T.1L.

IIpuHIMN 30BHIIIHBOIO 10NIOBHEHHS B METOAI TPYNOBOr0 YpaxyBaHHsl ApryMeHTIB i B

MeTOo/li TPAHUYHHUX CNIPOLIEHb

PosrsimaroThest 1 aHaMI3YIOThCS J1BA IHAYKTMBHHUX METOJM BIATBOPEHHS (PYHKIIH — METOJ TPYIOBOTO
ypaxyBaHHs apryMeHTiB (MI'YA) 1 meron rpannunux crpoimiers (MI'C). BkasyroTbces iXHiI mepeBaru
nepe] IHIIUMH METOJaMH 1 MOKa3yeThCsl MOKJIMBICTh CYMIILICHHS IIMX METOIB 3 METOIO MOKpAIeHHS

iXHIX eKCTpamnoJIIIIAHIX BIACTUBOCTEH.

Vasiliev V.1., Lange T.I.

An external supplement principle in the group method of data handling and in the maximum
simplification method

Two inductive methods of a function restoration, mainly the group method of data handling (GMDH)
and the maximum simplification method (MSM), are considered and analyzed. Their advantages when
compared with other methods are indicated and a possibility of combination of these methods for

improving extrapolation properties of theirs.



