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PaccmatpuBaercst mpumeHeHHe airopuT™MOB MIYA miIg pemieHus pa3iudHbIX 3amad  o0paboTKu
OKCTIIEPUMEHTANIbHBIX ~ JaHHBIX. Pa3paboTaH CHEKTp mNapaMeTpHyecKux (IMOJUHOMHANBHBIX) H
HeTapaMeTPpUIeCKUX (UCIIONI3YIOIINX KIACTEPU3aIliy WIH aHAJIOTH) alropuTMOoB. BeIOop anroputma Juis
NPaKTUYECKOTO HCIIONB30BaHMS 3aBUCHT OT CcHenu(UKHA 3aJa4d, YPOBHS JUCIIEPCHU TIOMEX,
JIOCTATOYHOCTH BBIOOPKH, a TakKe OT TOTO, COJCPXHT JIM BHIOOpPKA HCKIIOYHTEIHLHO HENPEPHIBHBIC

TepeMeHHBIE.

HazBanbr ocHOBHEIE 33729, penraembie 1o MITYA:
e uneHTUUKAINSA GU3HIESCKIX 3aKOHOMEPHOCTEH;
®  ANMPOKCHUMAIINS MHOTOMEPHBIX TPOIIECCOB;
®  KpPaTKOCPOYHBIH MOMIATOBBIA ITPOTHO3 MIPOIIECCOB U COOBITHIA;
®  JIOJTOCPOYHBIN MOIIArOBbIA MPOTHO3;
®  JKCTPanoJsnus GUINIECKUX TOJICH;

e  KJIACTepH3aIvs BRIOOPKH BEIOOPKH JIaHHBIX U MOKMCKA (PU3NYECKOH KllacTepHu3alni,
COOTBETCTBYIOMICH (PH3UICCKOIN MOJIETTN 00BEKTA;

e pacmo3HaBaHHE 00pa30B B cIIyyae HEMPEPHIBHBIX WM TUCKPETHBIX NIEPEMEHHBIX;

® MarHOCTHKAa M PaclO3HABaHHE MPH MOMOIIHN BEPOATHOCTHBIX MEPEOOPHBIX aJrOPUTMOB;
e caMOOpraHu3alys MHOTOPSIHBIX HEHPOCEeTel ¢ aKTUBHBIMU HEUPOHAMH;

® HOPMATUBHBIA BEKTOPHBIN MPOTHO3 MPOLECCOB;

e  0e3MoJeNbHOE MPOTHO3UPOBAHKE MTPOIIECCOB MPH MOMOIIM KOMIUIEKCHPOBAHHS aHAIOTOB.

OcHoBHO# pe3ynbrar Teopurn MI'YA COCTOMT B TOM, YTO TPHW HETOYHBIX 3aIIyMJICHBIX JaHHBIX H
KOPOTKUX BBIOOpPKAX, MHHHUMYM KPHUTEpHsI YKa3bIBacT HE(PH3UUICCKYI0 MOJIETH (pelIaromniee IpaBuiio),
TOYHOCTh KOTOPOH BHIIIE M CTPYKTypa KOTOPOH MPOIIE CTPYKTYPHI IOTHOW (PH3UIESCKON MOIemH.
Ilepebop MHOXKECTBa MoOAeNEH-KaHIUAATOB TIO BHEUIHHM KPUTEPHAM HEOOXOOUM TOJBKO IS
Heu3nueckux Mojeneil. [Ipy ManbIX JUCTepcHsX TOMeX, PEKOMEHIYeTCs JEAYKTHBHBIC allrOPUTMEI,
WCTIONB3yIOIe OOBIYHBIE BHYTPEHHHE KpHUTepuHu mnepebopa. llpu yBenmdeHWM HOWCIEpPCHH TIOMEX
MIPUXOIUTCS MIEPEXOIUTH K HEMapaMeTPUUIECKUM aJTOpUTMaM, UCIIONIB3YIOMUM KIaCTEPHU3AINIO M MTOUCK

AHAJIOTOB B IPE€ABLICTOPUHA, a IJIA IIPOrHO3a MPOUECCOB IMTPUMCHATH 3BOJTIOIIMOHHOC MOACIIUPOBAHUC.

Heiipocets ¢ akTHBHBIMM HEWpPOHAMHM PAcCMATpPUBAETCS KaK CPEJCTBO NallbHEHMIIEro 3anpeneiabHOro
MOBBIIIICHUS TOYHOCTH W YBEIMYEHHS BPEMEHH VIPEXKIECHUS IOJATOCPOYHOTO MPOTHO3a, 3a CUET
yBeIUIeHHs 0071aCTH perpeccuu (Iporeaypa "pacimpeHus-Cy>KeHIs" TTOJTHOTO MHOXKECTBA TICPEMEHHBIX

IO psAzlaM HEHPOCETH).



1. BBEJIEHUE

Pemenne mpakTHYecKHX 3amad W pa3padoTKa TEOPETHYECKUX BOMpocoB Mertoma I'pymmoBoro Ydera
AprymentoB (MI'YA), mpuBenu K TOSBICHHIO IIUPOKOTO CIEKTPa BBEIYHCIUTEIBHBIX aJTOPHUTMOB,
KKIBI M3 KOTOPBIX TMpeaHa3HA4YeH I ONpENeiICHHBIX ycloBui mpumeHenus [1,2,3,4,5,6]. Beibop
ANTOpUTMa 3aBHCUT KaK OT TOYHOCTH W TOJTHOTHl HMH(MOpMAIWMH, TPEICTABICHHOW B BBIOOPKE
SKCIIEPUMEHTABHBIX JaHHBIX, TaK U OT BHJA pemaeMoi 3aaaun. JJaHHBIH 0030p MMeeT Lebio yKa3aTh

anroputMbel MI'Y A 17151 pa3nudHbIX CTydaeB WX MPUMCHCHHUS.
IIpenBapuTensHO OMHIIEM OCHOBHBIE YEPTHI PACCMATPHUBAEMBIX allTOPUTMOB.

1.1. HHonunomuanvnan onopnas gynkyus. Meton ocHOBaH Ha Tiepebope, T.€. MOCIEAOBATEILHOM
onpoOoBaHNH MOJeJel, BRIOMPaeMbIX W3 MHOXKECTBA MOJEJICH-KaHIUAATOB MO 33JaHHOMY KPHUTEPHIO.
IToutn Bce m3BecTHBIC anropuTMBl MI'YA HCIONB3YIOT MOJMHOMHAIBHBIE OMOpHBIe (GyHKIHHA. OOTIast
CBSI3b MEXIY BXOIHBIMH WM BBIXOAHBIMH TNEPEMEHHBIMH HAXOAWTCA B BHAE (PYHKIMOHAIBHOTO psia
Bombreppa, TUCKPETHBIN aHAJIOT KOTOPOT0 N3BECTeH Kak moaumHoM Kommoropoa-Iabopa [6]:

M M M M M M
y=a,+ax +3.>axx, 33 a,x XX, .

i=l i=1 j=I i=1 j=1 k=l
rae X (X ,X 5,...,X ;) - BEKTOp BXOJHBIX [ICPEMECHHBIX;

A(a,,a,,...,a,,) - BeKTOp KOe)DULMEHTOB CIIaraeMbix.

HpI/IMeHHIOTCH n ):[pyrI/Ie OHOpHLIC (I)YHKI_II/II/I, HaanMep FapMOHI/I‘leCKI/IC NJIN JIOTUCTUYCCKUC:
M ai
y =a,+t 2 :
o 1+exp(—x,)
CII0)XHOCTD CTPYKTYPBI MOZCIIH OTICHUBASTCS IO YHCITY HCIOJIb3YyEeMBIX WiICHOB mojuHoMa. [lepebopHas

MPOIEAYypa COCTOUT B pacueTe KpUTEPHS MIPH MOCTEIEHHOM U3MEHEHHUH CTPYKTYPBI MOJIEIH.

1.2.11lepebop modeneii no zpynnam pasnoii cmpykmypest. byrydaun utepalioHHBIM MeTogaoM, MI'VA
OMM30K K METOMy BBIOOpa JIydIleld perpecwy, OJHAKO OTJIMYAeTCS OT HETro IeiecooOpasHon
OpraHM3aIyel MoucKa ONTUMAIBHON CTPYKTYPBI MOJIETH M, KPOME TOTO, MPUMEHEHNEM KaK BHYTPEHHHX,
TaKk U OCOOBIX BHEIIHWX KpuTepueB repebopa. Moaenn mepeduparoTcs 1mo TpymnaM Wid psijaaM paBHON
CIIOHOCTH CTPYKTYPBI U JUISl K@XJOTO psAa HAXOMWUTCS JIyYIIas MO0 KPUTEPHIO MOAeb. TeopeTnyecku
JIOKa3aHO, YTO MPH 3aITyMJIEHBIX JaHHBIX U KOPOTKOW BHIOOPKE MHUHUMYM MAaTEeMAaTHYECKOTO OXKHIAHUS

BHEIITHET0 KPUTEPHUs eANHCTBEHEH [1].

EnuHCTBEHHOCTP MHHHUMYMa COXPAHSIETCS M IIPH JOCTATOYHO OOJBINMX TpYIIax MOJAENeH, UYTO H
HCITOJIB3YETCS IS BRIOOpA €IUHCTBEHHON ONTHMAabHON Moaenu. Eciu jke MoJieny OIleHUBATh IO OTHOM,

- TO HAaUTH OINITUMAJIBHYIO MOAECJIb IIPAKTUYCCKU HEBO3MOKHO.

1.3. Buewinue u enympennue kpumepuu. HanmoMHuM, 9TO KPUTEPHUA HA3bIBACTCS BHYTPEHHUM, €CITH
OH pacYHWTHIBACTCSA II0 BCEW BBHIOOPKE MTaHHBIX. BHEMHWI KpUTEPUN pacUUTHIBACTCS 10 HOBOU
UHPOpMAIUH, KOTopas He ObLIa MCIONB30BaHA JUISI OIEHKH KOA(pGUIMEHTOB Mojenu. Hampumep, s

pacuera KpUTEpHS PETYISIPHOCTH TOYKH (CTPOKH) BBIOOPKH PAaHKHPYIOTCS IO TUCHEPCHUU M KaKaas



TPEThsI TOYKA IOCTYMAeT B MPOBEPOUYHYIO MOJBHIOOPKY, CIYXKAIIylo Ui OLUEHKH CTPYKTYpPhl MOJIEINH.

OcranabHbIC TOYKH BEIOOPKU UCITONIB3YIOTCS IS OTICHKH KOA(DPHUITUEHTOB MOIEIICH.

1.4. @u3uueckue u negusuueckue mooenu. llo crtpykrype amroputmel MIYA OMu3Ku K
aNropuTMaM caMoOOyUYeHHsST MHOTOPSITHBIX CHUCTEM paclio3HaBaHUs 00pa3oB - K MEpIENTPOHAM WIIH
HeripoceTssm [6]. CyIecTBEHHOE OTJIMYHME COCTOMT B TOM, UTO ITOJIMHOMHAILHBIC ainroputMsl MI'YA
ONEPUPYIOT C HENPEPHIBHBIMU NEPEMEHHbIMU. JIUCKPETHBIM XapakTep BBIXOJHON TEpEeMEHHOMU
MEePLENTPOHa, YKA3bIBAIOMIEH MPHHAIEKHOCTh JAHHOTO H300paKEeHUS K TOMY WJIM HHOMY 00pasy,
WCKJIIOYaeT BO3MOXHOCTH 0OJiee TOHKOTO y4eTa HETOYHOCTH PaCIO3HAaBaHUS ISl BHIOOpAa CTPYKTYPHI
nepuentpoHa. [lociie MUCKpeTH3alMKd WM  KIacTepU3al TMOJy4YeHHEe HE(PUIUUECKUX MOJeTe
UCKITI0YeHO. ToJpKO HempephIBHBIE TEPEMEHHbIE MO3BOJSIOT HAWTH MHHHMYM BHEIIHETO KpUTEpHs,

OTIPENISIIIONINNA ONITUMATBHYIO CTPYKTYPY He(DU3NIECKUX MOJIEIICH.

Qusuueckasi MoOeib  COOTBETCTBYET TIOHATHIO MaTEMaTHYECKOTO  OINMCAHWS, MPUHATOTO B
MareMatndeckoi (usuke. MHorna Gusndeckoit MOJENbi0 00BEKTA TAKKE HA3BIBAIOT €€ alllIPOKCHUMAITHIO
TIpH TIOMOIIM TIOJMHOMOB MJIM Ha S3bIKE KiacTepusanuii. Duszmdeckas MOIENTh - CIMHCTBCHHAS IS

Ka>XJ1010 00BEKTA U SA3BIKA €TO OIHMCAHUS.

OcHoBHO# pe3ynbrar Teopurn MI'YA COCTOMT B TOM, YTO TPHW HETOYHBIX 3aIIyMJICHBIX JaHHBIX H
KOPOTKHX BBIOOPKaX MHUHUMYM KPHUTEPHs YKa3bIBACT TaK HA3BIBAEMYIO Heqhu3uueckyio mooeib, TOUHOCTh
KOTOpPOM BBIIIE M CTPYKTypa KOTOPOM IIPOIIEe CTPYKTYphl TMOAHOH ¢usndyeckord wmoaenu [1].

Heduznueckne Moaenn MOKHO TTOTYIHUTH moabko 1o MI'YA.

CrpykTypa He(U3UUECKOW MOJENM TEM Mpolle, YeM OOJbIlle JUCIEPCHS MOMEX. YBEIWYCHUE JIJTHHEI
BBIOOPKHM PaBHOCHJIBHO YMEHBITICHHIO MMoMeX. CTpyKTypa Hepu3ndecKoil MOJENH IMPH POCTE BHIOOPKH
npubImkKaeTes K CTPYKType Qu3mueckod Mojenu. Takum o0pa3oM sl JaHHOTO OOBEKTa MOTYT
CYIIECTBOBATh MHOTO HE()U3UYECKUX MOJIECNECH, YTO 3aBHCUT OT JUCHEPCHH TIOMEX H JIJIMHBI BHIOOPKH.
Hedwuszuueckue Moienu moiay4aroT He TOIBKO MPHU MOMOIIH UCKITFOUEHHS HEKOTOPBIX WICHOB (DU3NYecKoit
MOJCIIA, HO ¥ CIIy9alHBIM 00pa3oM, Tak dYTOOBI TMOJNYYHUTH Ooyiee TIIyOOKHH MHUHHMYM BHEITHETO

Kkpurepus [7].

1.5. /leoykmuensvie u unoykmuenvle anzopummol MI'YA. CaMOOpranm3aiidio MoJeiIeii MOKHO
OTIPEJICIIUTh, KaK WX TIOCTPOCHUE TIPU BCEMEPHOM yMEHBIIIEHHH HEOOXOAUMON alprOpHON WH(POPMAIIUH.
B uacTHOCTH, 4HCIIO yKa3aHWI aBTOpa MOJEIMPOBAHHS YMEHBIIAIOTCS 0 MHHUMyMa. B JeTyKTHBHBIX
ajTopuTMax, Ha3bIBacMBIX anropuTMamu Tuma MIVA [5], mius mepebopa Momened TPUMEHSIOTCS
BHYTPEHHHE TOYHOCTHBIC KPHTEPWH, MPUYEM pPE3yJbTaT pacdeTa HUCHOJIb3YeTcs TOIBKO OJUH pa3: IUIs
BbIOOpa NydIledl MOJENH KaxJIoro psjia urepanuu. Yncio psjaoB yKa3biBaeT CyOBEKTHBHO DKCIEPT HIIH
aBTOp MOJIENUpOBaHus. Bee ke 00beM HeoOXO0MMOM anpuopHOi WHPOPMAIIUN CPABHUTEIHHO HEBEIIVK,
YTO TIO3BOJISIET TOBOPUTH O CAaMOOpTaHU3aIMU MOJICNICH KakK 10 WHIYKTUBHBIM, TaK H IO JCAYKTHBHBIM

anropurMam tama MI'VA.

B otnrume ot 3TOTO, B MEAYKTHBHBIX anroputMax MI'Y A, nmepe6op Mojieneil BEIIOMHSICTCS TI0 BHEIITHIM

TOYHOCTHBIM KPHUTEPHSM, MPHYEM pe3yNbTaThl pacueTa KPHUTEpHs HCIONB3YIOTCS JBa pasa: Kak s



BBIOOpa JIYUIIMX MOJEIECH KaXIOTo psaa, TaK W I OOBEKTUBHOTO BBRIOOpA HYHCIIA PSAIOB HUTEPAITHH.

OnrumainkHas, Hanbolee ToUHAas Heu3ndecKkast MOJIeNb, COOTBETCTBYET MHHUMYMY BHEUTHETO KPHTEPHSI.

3aKOHOMEPHOCTH OITUChIBaeMble U (hepeHIIMATbHBIMA YPaBHEHHAMH WACHTH(GHIUPYIOTCS B BHJIE WX
pPa3HOCTHBIX aHAJIOroB, T.e. B (hopMe anredpandecKuxX ITOJTMHOMOB, COAEPIKAIIUX 3ala3bIBaIONINe

apryMeHTHI.

1.5.1. Komounatopuslii _aaroputMm MI'YA. OcHoBHoii KomOunaTtopHbsiii anroputM MI'VA umeer

MHOTOPSIHYIO HTEPAlMOHHYIO CTPYKTYpy. ET0 0COOEHHOCTH COCTOWT B TOM, YTO MPABHIO HTEpPaIlUN
(JacTHOE omHMcaHHe), HE OCTAETCS MOCTOSHHBIM, a PAcCIIUPSeTCs C KaKIBIM HOBBIM panoM. Ha mepBom

paay nepedopy HouIekKaT BCe MOASIH MPOCTEHIIeH CTPYKTYPhI BUA:
y=aq,+tax,, 1=12,..M.
1 BBIOUpPAETCss HEKOTOPOE KOJUUECTBO F ydIlnX 1Mo KPUTEPHIO MOCIICH.

Ha BTopoM psimy mepeOuparoTcs Monenu OoJiee CIOKHOW CTPYKTYpBI, TOCTPOEHHBIE IS BBIXOIHBIX

MIePEMEHHBIX JIYUIINX MOJIEIICH TIEPBOTO psjia:
y=aytax, tax;, i =12, F; j= 1.2,,.M; F<M.
Ha tpeTthem psimy nepebopy mojuiekar emie 60see CII0KHBIC CTPYKTYPBI BHIIA:

y=aytax; tax; tax,, i =12,.,F; j=12,. . F; k=12,..M.

U Tak jnanee. HapammBanue psioB MPOJNOIDKAETCS JIO TEX TMOp, MOKA CHHIXKACTCS 3HAYCHHWE MUHHUMYyMa
kpurtepus. [lpu Gonpmux 3HaYeHUAX "cBOOOIEI BEIOOpA" F'=M anroput™ oOecriedrBacT MOTHEIN mepedop

BCEX MOJIEJIEH MOJIMHOMHUAILHOTO BH/IA.

1.5.2. UrepauuoHHblii MHOropsiiHblii _ajaroputMm MI'VA. B MHOropsgHOM ajiropurme, MIpaBUIIO

uTepanuy (4acTHOE ONHCAaHWE) OCTAETCS JJIS BCEX PANOB OJHMM M TeM jke. Hampumep, Ha mepBoM psiay

HCIIOJIB3YETCA YaCTHOC OIMMCAaHNE BHUJIA:

Yy =aytax; tax; taxx;,

Ha BTOPOM PAY:

z =byt+byy, +b2yj +b3yiyj )

Ha TPEThEeM PSAY:

W =cytez, +e,2; +cyz,2;

W TaK Jajee, T.e. HAa KaXKIOM TMOCICAYIOUIEeM psay apryMEHTaMH CIY)KaT BBIXOJHBIC BEIHYMHEI
npenpayiero psaa. [Ipu Takom criocode UTeparum, YacTh MOJIeIeH MOXKET MPOIYCKAThCsl, YTO IPUBOTUT
K BO3MOYKHOMY ITOSIBJICHHIO TaK Ha3blBaeMoH "omHOKH MHOropsaHoctu". CylecTByeT HEOOXOIUMOCTh
WCCIIEIOBAHUSI CXOJMMOCTH TPOIEIyphl CaMOOPTaHU3allMi MOJIeNiel K pe3yibTaTtaM, MOoJIy4aeMbIM IMpH

TOM K€ KpUTEpHH Tiepebopa 1Mo perpecCHoHHOMY aHaH3Yy.



1.5.3. Aaroputm O0bekTHBHOrO Cuctemuoro Anaausa (OCA). B anroputme nojuiexar nepedopy He

OTACIIBHBIC YpaBHCHUSA, @ CUCTCMbI ypaBHeHHﬁ, IMOJIYY€HHBIC C IMOMOIIBIO HEABHBIX PAa3HOCTHBIX CXEM-

mabJIOHOB, HAIIPUMED:
M=1:x 4, =/ 1(x itk —1)> X ik —2))3

L Xiw zfl(xi(k—l)’xi(k—2)’xj(k)’xj(k—l)’xj(k—Z))

X jay =S 206 oo X =200 X i X ie-1> ¥ i -2)

H TakK gaJice. Ha KaXZIOM Hiary nepeMcCuiCHuA pa3HOCTHOﬁ CXCMbI (ma6n0Ha) BIOJb BI:I60pKI/I Tpe6yeTc;1
peUInTh CUCTEMY JIMHEHHBIX ypaBHeHHﬁ. P €3yJIbTaT OLCHUBACTCA IO CBCPTKE KPUTCPUCB PACUUTAHHBIX

JJI OTACIBbHBIX ypaBHCHI/If/’I.

2. 3AJTAYA UJEHTU®UKAIIAA GPUSUUYECKAX 3AKOHOMEPHOCTEI.

TpeOyercs HaliTH JWHEWHBIH TO KOY(D(UIMEHTAM MOJUHOM, ANNPOKCHUMHUPYIOIIUN 3aBUCUMOCTD
BBIXOJHON BEJIWYHMHBI OT HECKONBKHX BXOAHBIX MEPEMEHHBIX-apTyMEHTOB TaK, YTOOBI MOJYYUTb
MHUHHMYM 33JaHHOTO TOYHOCTHOTO KpHTepHs. Takod MOJMHOM MOXKET NpPEACTaBIATH COOOW CyMMy
NPOCTBIX HEMMHEWHBIX QyHKOuA. McxomHas mH(opMmanms 3agaHa B BBIOOPKE NAaHHBIX HAOIIOACHUI

paboThl 0OBEKTA.

TpaauIMOHHBINA TOIXO K PEIICHUIO 33JJa4d COCTOUT B Mepe0ope MHOKECTBA MOJICICH-KaHIUIaTOB IS
BEIOOpA OHOM M3 HUX, JTy4Ilel o KpuTeputo. Kak yka3eBaioch, 11el1eco00pa3HO OpraHu30BaTh nepedop
MOJICJIC IO TPYIIaM PaBHOW CTPYKTYpPhI, YTO BO MHOTHX CIydasiXx OOCCIICUMBACT CIWHCTBEHHOCTh

MUHUMYMa KPUTEPUSI.

B ClIydadxX KoOorja MHUHUMYM BbIpaKCH HC SICHO MOXHO MNPUMCHHUTL BCIIOMOTAaTCIbHYIO HNPOLECAYPY
AoonpeacsicCHud MUHUMYMA. Hwxusaa dactb nepe6opH0171 XapPaKTCPUCTUKU  AlIIIPOKCUMUPYCTCA

YpaBHCHUCM napa60m:1 BTOpOﬁ CTCIICHU U OIPCACIIACTCA KOOpANHATA MUHUMYMa napa6onm:

MOI[CJ'IB, COOTBCTCTBYIOIIIasd MHUHHUMYMY CCTb HCKOMasi HC(I)I/IBI/I‘-IGCKS.H MOA€Ib, TOYHOCTH KOTOpOﬁ

OLICHUBAETCS 10 KPUTEPHIO BapHallMK OIIMOKH MporxHo3a [8]:

62:2?(%—@2
Y, )

rae) ; - TabJMYHOE 3HAUYEHUE IIEPEMEHHOM;

— min,

.)ai - 3HAUYCHHUE PACUUTAHHOC 110 MOJCIIN,

Yy -cCpeaHee 3HaUCHUC.

[Tpu manoit gucnepcnn momex 0 < 5 <0.1mn TIPH JUTHHHBIX BBIOOpKAX, MOYKHO TPUMEHUTE JA¢TYKTUBHBIN
METOJI, T.€. BRIOUpATh Jy4lliue QU3MYECKHe MOJENN U3 Ka)JIOW TPYIIILI 0 BHYTPEHHEMY KPUTEPHIO, a
OCTaHOB HTEpalMii TOPYYHTHh OJKCIepTy. llpm Oojiee CYIIECTBEHHOM IIMyMe CIEAYeT IEePEeUTH K
CHENUANTBHBIM crioco0am roucka usndeckoit mojenu. [Ipu OoNBIIHX TTOMeXaX, XapaKTePHBIX JUIS TI0XO

00yCIIOBIIEHHBIX OOBEKTOB, BMECTO CaMOOpPTaHH3aIN (QHU3NIECKONH MOJENH CIeIyeT MPUMEHUTh



QITOPUTM TIOWCKa (PU3MUECKOl KiIacTepu3aliy BBIOOPKH MAHHBIX. DTH PEKOMEHIAIMH OTHOCATCS K

PEIICHHUIO 3aa41 HaX0XKICHUS ¥ UACHTHU()HUKAIIMHA 3aKOHOMEPHOCTEH.

2.1. CneuuanvHvle cnocodvl noucka Qu3uueckoil mooeau NpuU 3AUYMIEHHBIX OAHHBIX U
KOpOmMKUX 6b100pKax 01a udeHmuguxayuu 3aKoHomepuocmei. J{is BBIICHEHUST MEXaHU3Ma JICHCTBUSI
00bekTa Tpedyercs 3HaHue ero Gu3udeckol Mojenu. [l ee HaXOXKACHUS UCTIONB3YIOTCS OITUCHIBACMEIC

HIDKE aJTOPUTMBI, KOTOPbIE OCHOBAHBI Ha MPIMEHEHUHU KPUTEPHsI OaaHca epeMeHHBIX.

Kpurepuii TpeGyer BbIOOpa TaKOW CTPYKTYpPHI MOJENH, NP KOTOPOW OHA OCTACTCS ONTHUMAIBHOU IPH
TTOCJIEYIOIIEM TIOCTYIUICHHH HOBBIX HaOmIofeHui ¢ oOnekta. [l pacuera kputepus OanaHca BEIOOpKa
JIETTUTCS. Ha JIBE PaBHBIC YacTH - MoABEIOOpKH A u B. Ha kxaxmoit moaseibopke mo KomOunatopHOMY

anroputMmy MI'V A nosny4aroT psifi HOCTENIEHHO YCIOXHSAIOITUXCS MOJIEEH.

duzndeckas MOJAEIb HAXOIUTCS T10 KpUTEPHUIO CXOACTBA UJIN 6ancha, HaIipyuMep TaKOoro BUaa:

BL :i()aA -4,)% — min,

i=l
rue )H |, - BBIXOJIHAs BEJIMYMHA MOJIENIN NTOTy4EHHOM Ha MOABBIOOPKE A;

), - 10 e Ha noxBBIGOpPKE B.

[Ipu manoit gucepcun MoMeX KpUTepuii OalaHca MHOTO3HAYHEIH, T.€. MHOTO

MoOJIeJIe MaloT ero HyJeBoe 3HaueHHWe. J[s JOCTIKEeHHsS eIWHCTBEHHOCTH (peryisipu3alini) BeIOOpa,

pa3paboTaHbI CIIEITUAIBHBIC CITOCOOBI:

1. Jlns mepebopa Momeneld IpUMEHIETCS KOMOMHHPOBAHHBIM KPUTEPUN PaBHBIA CyMME KPHUTCPHS

OanaHca ¥ KpUTEPHUS PETYISIPHOCTH, B3SITOTO C HEOOJBIIINM BECOM;

2. TlepebGop Moperneli 1Mo KPpUTEPHIO OalaHca MEPEMEHHBIX I BEIOOpa ONTHUMAIBHONW MOJCIH TPH
JPYroM Croco0e peryJsipu3aiiy, HanpuMep MpHU MOMOIIM HaJOXKEHUS HOPMAIBHOTO IIyMa Ha

MCXOAHYIO BEIOOPKY JaHHBIX MJIM COKPAIICHUS YHCIIA HCIIOIb3YEMBIX CTPOK BBIOOPKH;

3. Juckpermsanmmsi TEPEMEHHBIX 3aJlaHHBIX B BBIOOpKE Ha HEOOJNBINIOE YHCIO YPOBHEH, C
UCIIOJIb30BaHUEM BHYTPEHHHX KpuTepueB. Jluckperuzanus QUIBTPYeT MOMEXH TIOCIE 4Yero

MUHUMYM KPHUTEPHS YKa3bIBAET TONBKO (PU3MUECKYIO MOJEIb;

4. DKCTparoysimus TeoMeTpudeckoro mecra MuHUMyMoB (I'MM) mo ero mepecedeHus ¢ OChIO
abCIucC TUTOCKOCTH Tiepebopa "KpHUTepuil - CIIOKHOCTH CTPYKTYphl Momenu'". Ilpu u3MeHeHHH
JICTIEPCUU TIOMEX, & TaKKe MPH H3MCHEHWH JIJIMHBI BBIOOPKH (YWCIIa YYUTHIBAEMBIX TOYEK),
MUHHMYM TOYHOCTHBIX KpWTepueB mepemeriaercss mo ['MM, dro wucmons3yercs JUis

akcrpanoysinud 'MM u onpeeneHus: CTPYKTYPbl (PU3NUECKON MOJICIIH.

3. 3AJAYA ATIITPOKCUMAIIMU MHOTOMEPHBIX ITPOLHECCOB.

TpeOyercs mpu momoiy Tepebopa BapUAHTOB HAWTH MHOTOMEPHYIO TOJIHMHOMHUAIBHYIO (QYHKIHIO

BpEMEHH, KOTOpast HanboJjee TOYHO allPOKCUMUPYET (PYHKINIO MPEICTABICHHYIO B BRIOOPKE TaHHBIX.



IIpn mamoit npucnepcMd TOMEX W JIMHHOW BBIOOpKE, Ui peIIeHus 3aJadd MOXXHO MPUMEHUTh
JEAYKTUBHBIM METOJ] caMOOpraHu3anuyd (QU3MYECKOW Mozeau. B ciyuae 3HAUMTENBHON IUCIEPCUHU
clenyeT MPUMEHUTh MHIYKTUBHBIA METOM ¢ IOUCKOM Hedusnueckow momaenu. [Ipu GoJbInoi aucnepcun
MPUXOIUTCS  OTKA3aThCS OT [MOJMHOMHAIBHBIX MOJEIeH W TEeperTH OT MapaMeTpHUIecKHux
MOJTMHOMHUAJIBHBIX MOJEeNIel K HellapaMeTPHUECKUM KJIACTEPU3alUsAM U IOUCKY aHaJIOTOB B MIPEIBICTOPUHU

[9]. OTn pexoMeHIaIUHA OTHOCATCS K PEUICHUIO 3a/1a4 allllPOKCUMAITUHU M IIPOTHO3UPOBAHHS ITPOIIECCOB.

4. 3AJAYA KPATKOCPOYHOI'O ITIOIIATOBOI'O ITPOI'HO3A ITPOLECCOB.

Hcxomnast mapopMaIys - Ta e 4To M B 3aja4e anmpoKCUMAIIUU MPOIIECCOB: 3aJaHa BRIOOPKA JIAHHBIX H
yKa3aH TOYHOCTHON KpUTEepU, BHYTPEHHUN (TIpH MaJIbIX MTOMEXax) WJIM BHEITHUHN (TIPU 3HAYNTEIHHBIX ).
O BenMuYWHE JMCIEPCHUHM MOMEX MOXHO CYAWTh OPHEHTHPOBOYHO MO BEJIIMYMHE KPUTEPHUS BapHAIlUH

OMMUOKH TPOTHO32 BBIXOJHON MEPEMEHHOW, KOTOPYIO MOXKHO PACCYUTATh TOJBKO IIOCIE MPOTHO3a:

52 ~ 520}71 )

OCHOBHOE pa3NIMYKe pelIeHrs 3a/1a4 anmpOKCUMAIINY U MMPOTHO3a COCTOUT B CIIOcO0e pacueTa KpUTepHsl.
st peleHust 3agadd anmmpoOKCHMAIlMU OINMOKA pPACUYMUTHIBACTCS B KaXKIBIA TEKyIIMd MoMeHT. s
BBIOOPA TIPOTHO3UPYIOIIEH MOJENH, OIMOKa PAaCUUTHIBACTCSA HA MPOTHO3E C YIPEXKACHWEM Ha OIUH IIar
BpEMEHHM BIeped, T.€. I KPaTKOCPOYHOTro mporHo3a. Jliust Beibopa MHOxkecTBa 3()(HEKTUBHBIX
perpeccopoB (apryMeHToB) W Uil CaMOOpPTaHHW3AaIMM PAa3sHOCTHOW TPOTHO3UPYIOMIEW MOIeNIn
PEKOMEHIIYETCS HCI0JIb30BaTh KoMOMHATOpHBIM anroputMm MIYA ¢ ydeToM 3ama3abIBaloIiuX
apryMeHTOB. 3a[aeTcs IOTHBIN IMOJMHOM COJIEPKAIINiA BCE apTyMEHTHI M WX 3alla3/bIBAlOIINe 3HAYECHUS,

HN3MCPCHHBIC C OTCTAaBAHMEM Ha OJWH W JIBa MIara.

Jnst mOBBIIEHUS] TOYHOCTH TPOTHO30B CIEAYET PACIIMPUTH OONACTh PETPECHH: B MCXOAHBIN TOTHBIN
MOJIMHOM MOTYT OBITh BBEIEHBI TEKYIIHME U 3ama3[blBalOllNe 3HAYEHUS [PYTHX [EePEeMEHHBIX,
KOPPENUPOBAHHBIX C POTHO3UPYEMOH TIepeMeHHON. PexoMeHyeTcs Takke MpeIoKUTh KOMITBIOTEPY Ha
BBIOOp TapHbIC TPOW3BEICHUS (KOBapWallM{) apryMEHTOB. AJITOPUTM OCTaBUT B He(U3NYecKoil
MPOTHO3UPYIOIEH MOJIETH TOJIBKO TE claracMble, KOTOphIe 00eCTIeUHBaOT HanOoIIee TITyOOKHit MUHIMYM

KpUTEpHs.

B cnyvae cimmikoM OoJbIol BBHIOOPKH JAHHBIX, PEKOMEHJYETCS IMEpPEeUTH K OTCUYETy BPEMEHH 10
HECKOJIbKMM ImKajgaM. Hampumep, ansi mporHo3a YpOBHS BOJBI B pEKe TOCIEIHUN H3MEpsIcs C
yCpEeIHEHHEM IO MecsaM U rojgam. Jis kaxaoro mecsna nojyveHa oTjelbHas Mojens. Mojenu 3aremMm
HCITOJIB3YIOTCSL TI0 OYEpeNH, IS IOIIaroBOTO IPOTHO3a ¢ 3abJaroBpeMEeHHOCTHI0O B oamH rox [10].
[IpumeHeHne HECKOJIBKHUX ITKaJl OTCYETa BPEMEHH €CTh OMWH M3 3(P(HEKTUBHBIX CIIOCOO0B 00pabOTKH

OOJIBIIIMX MacCCHUBOB JaHHBIX.

5. 3AJJAYA JOJITOCPOYHOT'O ITOIIATOBOT'O ITPOT'HO3A.

ITporao3 Ha3BIBAIOT AOITOCPOYHBIM E€CIIH €TO BPEeMs YIPEXKIESHUS PABHO WIIH OOJIBIIIE ECATH HHTEPBAIOB
(maroB) W3MepeHHs TMEPEeMEHHBIX B BHIOOpKE MaHHBIX. Ha MpoTsHKeHWH BCETO MPOTHO3a KPHUTEPHil

BapHalyy OIMMOKU MPOTHO3a JOJDKEH OBITh MEHbIIE eAUHUIIBL. Jl0JITrOCpOYHBI MPOTHO3 MOITYYal0T MPH



MOMOIIM MHOTOKPATHOT'O TIOBTOPEHHS OJHOIIArOBOTO KPAaTKOCPOYHOTO Mporro3a. OgHaKo, IpU 3TOM C

KaXJIbIM IIIaroM TOYHOCTH I1aJJacT. 3,ZICCI> BO3HHKACT 3a/la4a YBCIIMUCHUA BPEMCHHU YIIPCKIACHUA ITPOrHO3a.

Kpome Toro, s MHOTHUX CTPYKTYp Pa3HOCTHBIX HPOTHO3HPYIOIIUX MOJIENCH TOSBISIETCS OMacHOCTh
BO3HHKHOBCHHSI CAMOTIPOU3BOJIBHBIX aBTOKOJEOaHHUI TIPOTHO3a, C HEKOTOPOTO €ro Iiara. Y CTOHYHBOCTb
Pa3HOCTHBIX cXeM (Ha3bIBaeMBIX ITabI0HaMM) TTOAPOOHO HCCeA0BaHa B TUCKPETHON MaTeMaThuke. 3/1ech

MBI TOJIBKO Ha30BEM J[Ba CII0c00a TOBBIIICHUS YCTOHYUBOCTH:
1) IlpuMeHeHHEe OBYX IIKaJ OTCUETA BPEMEHH C IIEPEX0IOM K HESIBHBIM ITabI0OHaM;

2) Bsenenme oOpaTHOW CBSI3M HCKIIOUAIONIEH OMPEICICHHYIO CTPOKY B BBIOOpPKE TOCTE KaXKIOTO

mara mporuosa [11].

Jis ommcaHus TepBOro crocoba CHOBa HCIOJBb3yeM 3ajady IMPOTHO32 PEYHOTO CTOKA, KOTOPBIH
U3MeEpSETCS B CPEIHEM 10 MecsaM u 1o rojam [10]. Berbopka 3amonasIeT mpsiMOYTOIBHUK COEPKaIInid
12N, (M=12) mudp. Ilo KomOunatopnomy amroputMy MIYA omHOBpeMEHHO TOJIydaroTcs 12
TIOMECSIYHBIX Pa3HOCTHBIX Mojenieil. VcXOomHble TONHBIE YpaBHEHHS COOTBETCTBYIOT ['-00pa3HbIM
HESIBHBIM Ma0JI0HaM, TUIEYO0 KOTOPBIX HAIIPABICHO BHYTPh YKa3aHHOT'O MpsSMOYyToiibHUKa. Hanpumep, s

SITHBAPCKO¥ MOJIEJIH MOJTHOE YPaBHEHUE OYIeT TaKuM:

X)) — fl(x(k)(s—At)’ X (k)(s-24a1)> X (k+AT)(s)> x(k+2AT)(s));
rae: k 1 s - UCKPETHOE 3HAYCHHE YKMCIIa JIET U MeCsAIeB, Af - 3ana3aplBaHue Ha Mecsil, AT - TO e Ha IO/,
Jlns nexaObpbckoi Moenu OyeT:

Xys) — fr(x ()(s—=At)> X (k)s=2a1)> X (k-AT)(s)> x(k—ZAT)(s))'

[lenecooOpa3HO YYHTHIBATH TOJBKO 3JIEMEHTHI MPSIMOYTOJBHHKA PACIOJIOKEHHBIE MO0 OPTOTOHAIBHBIM

OCsM.

Bropoit cmocob6 obecriedeHnss YCTOMYMBOCTH TPUMEHUM TOJBKO IS JOJTOCPOYHOTO TIPOTHO3A
CTaIlOHAPHBIX TPOILECCOB, K KOTOPHIM, BO MHOTHX CIy4asX, MOKHO OTHECTH MpPOIECC H3MEHEHHS
OTKJIOHCHHH TIPOTHO3UPYEMOH BETWIMHBI OT CpeIHel TMHUMW - TpeHaa [2]. 31ech MPUMEHSIETCS TPHUHITATT
COXpaHEHHWs paclpeAcsicHus MUCKPETHBIX 3HAYCHHWM MpOTHO3UMpyeMoil mepeMeHnHoi. CorimacHo
MIPUHLIMITY, HA UHTEPBaJIe IPOTHO3a, PABHOM 10 JUTMHE BRIOOPKE MCXOAHBIX JAaHHBIX, JOJHKHBI TIOBTOPUTCS
BCE JMCKPETHI U B TOM JK€ 4YWCie ciy4aeB. llomaroBeiii mporHo3 BeAeTcs Kak OOBIYHO, HO IHMCKPETa,
ONHAX/bl BBIOpaHHAs A NPOTHO3a Ha TOCIEAYIOIIMX €ro Iarax yxe mporryckaeTrcs. BriOmpaetcs
CJIeTyToINas 10 BEINYNHE KPUTEPUS TUCKPETa. AJTOPUTM HCIOIB30BANICA ISl IPOTHO3a CPETHETO0BOTO
croka p.Bosra mpu muckperusanuy ero ypoBHS Ha mecath 3HadeHui [11]. IIpu mporaoze MHOTOMEpPHBIX
MPOIIECCOB B KaXJIOM y3JIe Ia0JIOHA YKa3bIBAIOTCS 3HAYCHUS HECKOJIbKUX MEePEMEHHBIX, YTO MOBBIIIACT

YCTOWYMBOCTD JIOJTOCPOYHOTO MOIIATOBOTO MMPOTHO3A.

AJBTEpHATHBON K WCIIOJNB30BAaHHI0 PA3HOCTHBIX YPAaBHEHUH JUISL JIOJITOCPOYHOTO MPOTHO3a CITYKUT
rapMoHuueckuii aaroput™ MI'YA [6]. O6imacte €ro NpUMEHEHHS - OJHOMEPHBIC KOJicOaTeIbHbBIC
nporeccel. KonebarenpbHOCTh TIPOLIECCOB MOXKHO OIIGHUTH TP TIOMOIIM pacdeTa HHTerpaia

WHTEHCHUBHOCTH TapMOHUK [12].



6. 3AJJAYA DKCTPANOJISILIAU ®PUSNUYECKHUX MOJIEN.

®duznyecKoe MoJie NPEeACTaBISAETCA NPSIMOYTOJIbHON CETKOW M3MEpEeHUM, B HEKOTOPBIX Y3JIaX KOTOpPOH
yKa3aHbl 3HAYCHHUSA OJHOW WMJIM HECKOJIBKHX KOPPEITHPOBAHHBIX MEXIy COOOW BBIXOIHBIX IEPEMEHHBIX.

38.1{21'—18 COCTOHMT B TOM, YTOOBI HAMTH UX 3HAUCHUS B TEX y3J1ax, rac€ OHU HE N3BCCTHEI.

3anada ONVDKHEH SKCTPANONSAIUHN Ha OJTHO JICJICHHE CETKU MOJ00Ha 3a71a4e KPaTKOCPOYHOTO ITPOTHO3a Ha
OoMH miar BpeMeHH Brepea. OHa pemiaercs MO TeM JKe aNrOpUTMaM, MPHYEM B CIydae HETOYHBIX
WU3MEpEHNH, HanOoJiee TOUHYIO IKCTPAIOISAIMI0 naeT Heduzmdeckas Mojenb. JlambHSS dKCTPAIOIISIHS
NMoJJO0Ha JTONTOCPOYHOMY TPOTHO3Y. 3JIeCh TaKKe€ BO3MOXKHBI aBTOKOJICOAHHWsS 3aBHCAIIAE OT BBIOOPA
Pa3HOCTHOH cxeMHl, T.e. mabnona. B [13] omumcana mporpamMma BeIOOpa KpecTOOOpa3HOTro MmadiioHa Jist

SKCTPAITOJISALUHU IBYMEPHOTO TIOJISI TPOAYKTUBHOCTH HE()TEHOCHOTO TOPU30HTA.

7. 3AJJAYA KJACTEPU3ALIMU BBIBOPKU JAHHBIX U IIOUCKA ®U3UYECKOM
KJIACTEPU3AILIMU, COOTBETCTBYIOIIEN ®U3NUYECKON MOJIEJIN OBBEKTA.

Krnactepuzarusi BRIOOPKM NaHHBIX O3HA4YaeT pa3leieHHe €€ Ha KJIAcTephl, YHCIO KOTOPBIX M COCTaB
BXOJSIIMX B HHUX TOYEK BBIOOPKM BBIOMPAIOTCS TaK, YTOOBI KaXbliH KiIacTep BKIIOYAN B cels
KOMITAKTHYIO TPYIITYy OJIM3KO PACIONIOKEHHBIX TOYEK BBIOOPKH. Kakaas Touka BXOJUT TOJBKO B OJMH
knacrep. Kiacrepu3anuio MOXXHO paccMaTpuBaTh Kak JHCKpeTHoe omucanue oOwekTta. Cpenm
BCEBO3MOJKHBIX KJIACTEPU3ALMi MOXKHO HAWTH TUCKPETHBIM aHaaor (hU3MYCCKOM MOJCIH 00BEKTa - €ro

¢dbm3ugeckyro kiactepuzarnyio [14,15,16].

Ilepebop BapraHTOB KiIacTepU3aluu peaausyer anroputM OobextuBHONH KommbioTepHoi Kiactepusaiuu
(OKK) [6]. ITocTpoeHue nepapXuyuecKoro JepeBa KiacTepru3aliil yIopsAa0dnBaeT U COKpaIaeT nepedop,
MpUYeM OINTHMAaNbHAs M0 KPHUTEPHIO KiacTepu3amus He Tepsercs [17]. Pusndeckas KiacTepu3aius
HaXOJUTCS MO0 KPUTEpUIo OanaHca kiacrepusanuidi. Jyisi pacdera KpuTepus BBIOOpKa NENUTCS Ha JBE
paBHBIE dYacTH. Ha KaXmoil MOMBBEIOOPKE CTPOHUTCS JOEpeBO KIACTEpH3alliii W Ha KaKIOM Imary
pacuMThIBaeTCS KpUTEpUH Oananca TpH OJWHAKOBOM 4YHCIE KiacTepoB. Kpurepuit TpeOyeT HaiTH
KJIACTepHU3aIMIO TIPH KOTOPOH OYyAYT COBMAIaTh KaK YUCIO TaK M KOOPAWHATHI IIEHTPOB (CPEIHUX TOYEK)
COOTBETCTBYIOLIUX APYT APYTY KIACTEPOB:

M K , .
ZZ(XOA —X,5)” — min

j=li=l

BL =——
MK
rae: K - 9ucio K1acTepoB Ha TaHHOM IIary MOCTPOCHHUS JepeBa;
M - 4ucio KoopJuHar;
X4 - KOOpAMHATBI HEHTPOB KIACTEPOB, IOCTPOCHHBIX HAa 9acCTH A;

X, B - TO XK€, Ha yacTu B;

OU3NUYECKYI0 KIacTEpU3allMI0 MOKHO PEKOMEH/IOBATh JJIsi TPOTHO3a TMPOIECCOB B CIIydasX OYCHb
)
Gonpmux momex, mpu O > 0.8, Korma yxe pusmdeckas n HedH3MUCCKAs MOIMHOMHAIBHAS MOIETD HE

JOCTATOYHO TOYHBI. KnaCTepmaum IMO3BOJISIET 3aMCHUTH 3aJiadyy IPOTHO3a MHOI'OMEPHBLIX IPOLIECCOB
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3aJ1aueii OJTHOMEPHOTO MPOTHO3a CICAYIONINX OJHH 32 IPYTUM HOMEPOB KiacTepoB. JIJisi TAKOTO MPOTHO3a

MTOAXO/ISIT aJITOPUTMBI IBOTIOIIMOHHOTO MojienupoBanus [18,19].

8. 3AJTIAYA PACIIO3HABAHHSA OBPA30B.

[Ipu pemennu 3amadun pacro3HaBaHus 00pa30B MOYKHO HEITOCPEICTBEHHO MPUMEHSTEL anroputMbl MI YA,
€CII TEepelTH OT JHMCKPETHOW TIOCTAHOBKU 3allaud K WCIIONB30BAHUIO HEMPEPHIBHONW (QYHKIUH
MIPUHAUICKHOCTH (membership measure function) n300paxeHui K TOMY WM HHOMY 00pa3y. Toibko mpu
HENPEPHIBHBIX MEPEMEHHBIX MOXHO IONYYHUTh NMPEUMYIIECTBA HEe(PH3MUECKUX MOJIENeH ¥ pPEelIaronx

TIpaBHII.

JlocTaToOuHO W3BECTHBI J[Ba MOJAXOJa K PEIICHHIO 33Ja4d PACIO3HABaHHs 00pa30B: CTATUCTUYCCKUH U
nerepmuaucTcKkuid [20]. [lepebopubie MeToast MI'YA peanmm3yroT o6a moaxona. IIpu craTUCTHYECKOM
noaxojae ucroibzyercss Muoropsaaas Teopus Cratuctuaeckux Pemenmit (MTCP) miis pacnipeneneHuit

BEPOSTHOCTH TAPHBIX CIYYAWHBIX COOBITHIA [16].
[Tpu KeTepMUHHUCTCKOM TOAXO0JIE UCIONB3YETCS THIIOTE3a KOMIIAKTHOCTH.

Kpurepun MUHMMyMa 3MITUPUYECKOTO PHCKa PacUMTHIBAeTCsS Ha oOydvaromieil BbIOOpKe (BHYTpPEHHHMA
KpUTEPHUI) WM Ha OTACILHOU MPOBEPOYHOM BBHIOOPKE (BHEIIHMN KpuTepuii). OCOOCHHO OCTPO B TCOPUH

pacIio3HaBaHUs CTOUT 3aJ1a4a 00 paclio3HABaHUU HOBBIX N300paKEHHH.

CraTHCTHYECKHI TOAX0J] K paclio3HaBaHUIO 00pa30B pellaeT 3ajady BbIOOpa peniaromero npaBuia 1o
YCJIOBHIO MHHUMHM3AITUHN OMMMOKHM KaK Ha 00ydaroIiel BEIOOPKE, TaK U Ha BEIOOPKE HOBBIX M300pasKCHHUH,
NpUYeM anpuopH MPEIIoiIaracTcsl JOCTaATOYHOCTh 0Oydaromield BRIOOPKH U Mallblii yPOBEHB JHUCIIEPCHH
momeX. TakuM 00pa3om, 4TOOBI MUHUMHU3HPOBAThH OMIMOKY Ha HOBBIX JAHHBIX HEOOXOIUMO UTO-TO O HHUX
3HaTh. JIETEPMUHUCTCKHUI TMOAXOJ] TaKXKe MO3BOJISIET MUHHMHU3UPOBATh ONIMOKY Ha HOBBIX JIAHHBIX, HO
3mech Tpedyercs apyras anpuopHas uHbopmarusa. Hanuane mHbopManmmu onpeaenser BeIO0p moaxoaa
[21].

8.1. Pacno3naeanue o6pazoe é ciyuae HenpepovlHbIX nepemennsix. B 3ToM cirydae BO3MOXKEH ydeT
anpuopHoi WHMOpPMAIIMK O BEJIMYMHE JUCIIEPCUH MoMex. [ KaKaoro ypoBHS aucnepcHd (Kak W JUIs
3HAYUTENFHBIX ~HM3MEHEHWH JIIMHBI oOydaromield BBIOODKH HM300paKEHH) MOXHO TIOJB3YSiCh
MOJIMHOMHUAJIBHBIMU ajroputMamMu MI'YA HaliTd Hanbojiee TOYHOE YIPOIICHHOE peEIIarolnee MpaBuio,
COOTBeTCTByIoIee Hedu3udeckoir wmomenu. [IpaBmwio OyAeT ONTHUMANbHBIM JUISI Ka)XJOTO YPOBHS
JIUCTIEPCUN TIOMEX, T.. JUIS Ka)XJOTO COCTOSHHS OOBEKTa pacrlo3HaBaHUS. |J1aBHOE MPEUMYIIECTBO
HEe(QU3MUECKUX PEMIAIOIIUX MPAaBHI B TOM, YTO OyJydYd TMOJYyYEHBI HA BHIOOPKE C HEKOTOPHIM YPOBHEM
JUCTIEPCUH TIOMEX OHU OCTAIOTCS ONTHUMAIBHBIMU M Ha TOCJIEIyIOIIel BBIOOPKE, €CIIM YPOBEHb MTOMEX He

HU3MCHHUTCH.

HenpepbiBHBIE TepeMeHHbIE HeCyT B ceOe HWHPOpPMAIMI0 O I[OoMexaX, KOTopas TepseTcs IpH
JMUCKpPETH3allud TIEPEeMEHHBIX Ha Malloe€ YHCIO YpOBHEH. YCTpaHEHHE NOpOroB i BO3BpaTa K
HENpPEpPHIBHOMY HM3MEpPEHHIO0 TEePEeMEHHBIX, a TakkKe TepexoJ K HENpepblBHBIM  (YHKIUSIM
MIPUHAUICKHOCTH KAXKIOTO M300paKEHUSI K TOMY WM WHOMY OOpa3y MO3BOJSET MOJYYUTh YKa3aHHOE

MIPEUMYIIECTBO.
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8.2. Pacno3nasanue o006pazoe npu OUCKDEMHBIX nepemeHHbIX. B 3TOM Cilydae MOXHO YYeCTh
anprUoOpHYIO HH(POPMALIUIO O HATTMYUHU (uszuueckol Kiacmepuzayuy Kak Ha obydaromieii BRIOOpKe, TaK U
Ha BBIOOpPKE HOBBIX JTAHHBIX. BBIX0OHAS TepeMeHHas, yKa3bIBaroIas KJIacc, OOBIYHO AUCKPETU3NPOBaHA U
MOTOMY HaWTH TOYHOE He(PHU3UUECKOE pelaroliee MpaBuio mo arropurMaM MI'VA Henb3s. [Tpuxomurcst
MOJIH30BATHCSI MEHEE TOYHBIM (PU3NYECKUM PEIIAIONIMM TPAaBUIIOM (MOETbIO), KOTOpask He YIpOIIaeTcs
MpH pocTe Auciiepcud momex. Ero MoXHO HalWTH MHOTHMH CHOCOOaMH, HampuMep MpH TOMOIIH

repebopa BapHaAHTOB 110 KPUTEPHIO OalaHca Kiactepu3arui [21].

Takol crioco® ymo0eH MPH UCIIONB30BAHUS PACIIO3HAIONICH CUCTEMBI THUIIA HEMPOCETH WU TEPIISIITPOHA
JUTsL pellieHus 3a7add Kiaaccuuranuu uzo0paxkeHuit. [ToToK H300pakeHUH, MOCTYMAIOUIMH Ha BXO[I
MEPLECNTPOHA MOXKHO Pa3AeauTh Ha P BBIOOPOK, COAEPIKAIIMX PaBHOE YHCI0 n300paxkenuid. Ha xaxmoi
BEIOOPKE CTPOHTCA Hepapxudeckoe JepeBo kiactepuzanuii. CpaBHHBas KIacTEPH3AINH JABYX COCETHHX
JIEPEBHEB, AT 32 IIaroM WX MOCTPOEHUs, M0 KpUTEpHIo OanaHca KiIacTepH3alyii HaXOIAT OOIIyI0 HIIN
¢dusnueckyro kiacrepusanuio. Knaccupukanus u300paKeHUH BO3MOXKHA TOJNBKO TP  HAJTHYHH
¢bu3MYecKOl KiacTepu3alliy Ha BCEX BBIOOpKax u300paxkeHui. Ilpu camoopraHu3anuy IepLEnTpOHA
MpeIHa3HAYEHHOT0 JIJIS KITaCCU(PHUKAINU H300paKeHUH, YHCIIO BHYTPEHHUX A-3JIEMEHTOB 1IeJIecO00pa3HO
BBIOpPaTh PaBHBIM YHUCIY KIACTEPOB, a KOX(PQHUIMEHTHI CBsI3ed € S-3IeMEHTAMH TPUHSTH PaBHBIMH
KOOpAMHATAM CpEeOHUX ToudeK (IEHTPOB) KiacTepoB. Takas HacTpoika MHUHUMH3UPYET OIIMOKY

pacCiio3HaBaHUA Ha BCEX BLI60pKaX, B TOM 4YHMCJIC U Ha BBI60pKe HOBBIX JTAHHBIX.

8.3. Pacnosnaeanue u ouaznocmuxa Ha ochose Muozopaounoi Teopuu Cmamucmuueckux
Pewenuii. Kax yka3pIBanoch, IS IOCTPOCHUS MepeOOpHBIX aaropuTMoB MI'Y A MOTyT MCITOJIB30BaTHCS
pasiudHbBIe OMOpPHBbIE (ZYHKIUHU: IOJMHOMBI, TapMOHHYECKHWE WM JOoTHcTH4eckne (yHKiuu. Taxxke

N o 1
HaXOZsT puMeHeHue ¢popmysl belieca mimm Teopun CTaTUCTUUECKHX penennii Bampaa .

[Ipu pazpaboTke anropuTMa OKa3ajoCh, YTO PE3KOE COKpalleHHe 00bheMa BBIYMCIECHHI anoCTEpHOPHOI
BEPOATHOCTHU JOCTUTAETCS, €CIIM EAMHUIHBIM CITYYaiHBIM COOBITHEM MIPUHATO HE TOCTIKEHHE 3aJaHHOTO
YPOBHSI OJHOM TIEPEMEHHOW, a IOCTIDKCHHE IBYX 3aJaHHBIX ypOBHEH IBYyMs MepeMeHHbIMH [16].
BepositHocTHBIE TIepeOopHBIE anropuT™Mbl MI'YA ¢ TapHBIMH CITy9alHBIMH COOBITHSMU HAILIH

MIPUMEHEHHUE TS METUITUHCKON JUArHOCTUKH U JUTSI OIEHKH CII0c00a JICUCHHsI HA3HAYCHHOTO BPadoM.

8.4. Heiipocemu ¢ nacuenslMu OUHAPHBIMU U JI02UCHIUYECKUMU HelpoHamMu (nepyenmponsi).
B macuBHBIE HEHpPOHBI HE 3aJIOKEH IMPOILECC ONTHUMH3AIMH MHOXXECTBAa BXOIHBIX IMepeMeHHBIX. OHO
YCTaHaBIUBAETCS B CIIOKHOM IPOIIECCe CaMOOPTaHU3AIH BCEH CHCTEMBI MHOTHX HEHpPOHOB B 1esoM. B

pe3yabpTaTe MOJIMHOMHAIFHOE PEIAIOIIee MPABIIIO 3aMEHAETCS KyCOYHO-THHEHHBIM.

CTpyKTypHass ONTUMH3AIUS IO BHEINTHEMY KPHTEPUIO W TMOJNyYCHHWE ONTUMAIBHBIX He(QU3NIECKUX
MoOJieJIel B MepUenTpoHaxX He MpeaycMoTpeHo. OCyIIecTBISETCS TOIBKO MapaMeTpruiecKas ONTUMH3AIIH

NIpY TIOMOIIH 00paTHOTO mepecyera omuoku (“back propagation™).

ITo TOYHOCTHM TEpPUENTPOHBI IMOYTH HE YCTYMNAIOT IOJMHOMHAIBHBEIM anroputMaM MIYA eciom

oOyuJatomasi BEIOOpKa JOCTaTOYHO JJIWHHA, TUCIIEPCUS IMTOMEX - Maja, a BRIOOPKa COAEPIKHUT IepEMEHHbBIE

' HanoMHuM pasiuuue: B IepBOil ye/IbHbIE BEPOATHOCTH COOBITHIT EPEMHOKAIOTCS, @ BO BTOPOIL - CyMMUPYIOTCSL.
DopMyITbl HCTIONB3YIOTCS Ha KaXKAOM psfy nepedopa B coorBercTBur ¢ MTCP.
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JTUCKPETH3NPOBAHHBIE HAa MaJjlo€ YHCIO YPOBHEH, T.e. B CIydyasX, KOTJa ONTHMAaJIbHOW IOITy4aeTcs
¢dusnyeckas Mopenb. IlpenmMyinecTBO M0 TOYHOCTH Mozeiaeiik MI'YA mocturaeTcss mpu KOPOTKHX
BBIOOPKAaX HEMPEPBIBHBIX 3aIIyMJIEHBIX MEPEMEHHBIX, T.€. B CIlydae, KOTJa ONTHMAaJIbHON IOJTydaeTcst
Hem3mdyeckass Mojenb. JIOCTOMHCTBA TMEPIENTPOHOB W TOJMHOMHAIBHBIX anroputMoB MIYA

00BEeIMHAIOTCS B HEHPOCETAX C aKTUBHBIMU HelpoHamu [22].

9. 3AJTAYA CAMOOPTAHU3AIIMA MHOT'OPSI/THBIX HEMPOCETEN C AKTUBHBIMHA
HEVUPOHAMM.

B pesynpTaTe AecTBUS OMUCAHHBIX BEITIE aropuT™MOoB MI'Y A mocturaeTcst BRICOKas TOYHOCTD PEIICHHMS
MIEPEYNCIIEHHBIX 3a7]ad B 33/IaHHOM 00JIaCTH perpeccruu. ITy 00JacTh MOXKHO PACHIMPUTH MPU TTOMOIIH
pacuera JOIOJIHUTENIBHBIX PErpeccopoB. M3BecTHO, HampuMmep, pacIIMpeHHe MHOXECTBA PETPEecCOpoB
TIpH TIOMOIITY pacueTa MapHbIX MPOU3BEIeHNH (KOBapraIuii) Wi 00paTHRIX 3HAYCHUH TIepeMEHHBIX. [1pn
STOM BO3HHMKAeT 3ajjadya BBIOOpA MPOCTHIX HEIMHEWHBIX MpeoOpa3oBaHWW BXOAHBIX MEPEMEHHBIX IS
TTOJTYYCHHSI HOBBIX, 0000OIIEHHBIX TTPU3HAKOB. PacueTs! mokaszanu, 9to BechMa 3G (HEKTHBHO pacIInpeHre

MHOKCECTBA IEPEMECHHBIX 3a CUET BBCIACHHUA B HET'O0 BBIXOAHBIX BCJIIMYUH, IMOJIYYACMbLIX IIO aJllfOpUTMaM
MI'YA [22,23].

Jns peamuzammm 310 uaew GOpMHPYETCS HEHPOCETh, MPEICTABIAIONIAass COO0W KOJIIEKTHB aKTHBHBIX
HEHPOHOB, KaXABIH M3 KOTOPBIX NEeHWCTBYET 1Mo anroputMy MI'YA. Unciao HEHPOHOB KaXI0TO psAla CETH
pPaBHO YUCITYy TIEpEMEHHBIX, 33IaHHBIX B BBIOOpKE. KaxxapIit HEHpOH MPOTHO3UPYET OJHY M3 MEPEMEHHBIX.
Brixogapie iepeMeHHbIe KaXA0TO psia JO0aBISIOTCS K MHOXKECTBY TEPEMEHHBIX ITOCIEIYIOIIEro psijia.
HapamuBanue psiioB MPOMCXOANT IO TeX IOp, MMOKa OHO TIOMOTAET MOBBICUTH TOYHOCTH ANMPOKCHMAIIUU

WJIM TIPOTHO3a MHTEPECYIOIIEH HAC BBIXOIHON MTEpEMEHHOM.

Js onHOM epeMEeHHOM CIIeyeT MOCTPOUTh HECKOJBKO PAJIOB, a I JPYTroi - MOCTPOCHUE CETH MOXKET
HE TOTpeOOBaTbCA BOBCE. YUHTHIBas OTPaHMYEHHBIE BO3MOXKHOCTH KOMIIBIOTEPOB, BMECTE C
paciiipeHneM MHOXXECTBAa TIEPEMEHHBIX Ha KaKIAOM pAIY CETH IMPOUCXOIUT €ro Cy>KEHHEe 3a CUeT
UCKJTIOUCHHSI TTEPEMEHHBIX OKa3aBIIUXCsS Ma0d()(OEKTUBHBIMU HA MPEIBIAYIINX psgax. B 0ObIYHBIX
anroputMax MI'Y A moitHOE MHOXXECTBO IIEPEMEHHBIX BRIOMpAETCS TOJBLKO OWH pa3. B HelipoceTn Takoi
BBIOOP TPOMCXOMWT HA KAXKIOM psAy IMpH MOMOINM BBEACHHA NPOIEAYpHl ‘‘pacuInpeHue-cykeHue”

MHOXCECTBA ICPEMECHHBIX.

Heiipocets mnpenHasHaueHa sl pelIEHUs] TOM JKe€ 3aJadM, KOTOPYH pElIaloT €€ HEHWPOHBI: €clH
HCTIONB3YyIOTCA anropuTMbl MI'Y A, TO HelipoceTh peliaeT 3ajiady anipoKCUMalyy Wik poruosa. Eciu B
Ka4yecTBe aKTHBHBIX HEWPOHOB HCIOJB3YIOTCS MEPIENTPOHBI WIH APYTHe PAacIO3HAIOIINE CHCTEMBI, TO 1
HeHpoceTh B LIEJIOM pelIaeT 3Ty K€ 3a/Jady pacro3HaBaHHS OOpa3oB, HO pemaeT ee Oojee TOYHO, YeM
BXOJSIINE B Hee HeWpoHsl. lIporHo3mpyiomas HEWPOCETh CIYKUT CPEICTBOM YBEIMYEHHS BPEMEHHU

YOPEeXAECHUS TOIIaroBOro Mporuo3a. ITo BpeMs PaBHO YMCIY MIArOB IMPU KOTOPBIX KPUTEPUN BapHALlUU
2
0°<1.0[8].

Heiipocetn ¢ akTUBHBIMM HEWpOHAMM ABAXKJbl MHOTOPSIAHBI: MHOTOPSIIHbIE HEHPOHBI COEJAMHEHBI B
MHOTOPSAIHYIO ceTh. [locTpoeHre HelipoceTr Ha KaXk[IOM IIary MpOoTrHO3a YBEITMYHNBAET TOYHOCTH KaXkKI0TO

mara 1 T€M caMbIM YIJIMHACT BPpEMA YIIPCIKIACHUA.
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OpHUEHTHUPOBOTHO:

T, =At/8

i.opt
rac: Ty - BpEMs YIPECKIACHUA,

At - m1ar oTcyeTa NepPeMEeHHOM;

2
5 i opt =~ 3HAYCHUEC KPUTCPHUA BapHallMM IIpOTrHO34.

[IpeumyiiecTBO HEHpOCEeTH € AKTUBHBIMH HEHpOHAMH, [0 CPaBHEHUIO C OOBIYHOW HEHPOCETHIO C
OMHApHBIMH HEHPOHAMH COCTOMT B TOM, YTO CaMOOPTaHH3alWs CETH YIPOILIAETCS: KaKIbIH HEHpOH
HaXOIUT TpeOyeMble CBSA3M caM, B TpOLEcce CBOeH camoopraHu3zauuu. Takum oOpas3om, pemaercs oJHa

13 TPYAHBIX 3a/1a4 TCOPUU MMOCTPOCHUA UCKYCCTBCHHOI'O MHTCJUICKTA.

10. 3AJAYA HOPMATHUBHOI'O TPOI'HO3A ITPOLECCOB ITPHM NIOMOIIHN YITPOIIEHHOI'O
JMHEMHOT' O TPOTPAMMMWPOBAHUSA U CIEHUPUKAIIMMA OTPAHUYEHWI 11O
AJI'OPUTMAM MI'YA.

Crenuukanusi orpaHMYeHUH 0OJIACTH ONTUMH3ALMN MPEACTABIAET COO0H OCHOBHOE 3aTpyAHEHHE INPH
MPaKTUYEeCKOM MPUMEHEHHH JTHUHEHHOro mporpamMupoBanus. CorigacHo pabote [24], oHa MOXET OBITH
BBIMIOJTHEHa 10 anroputMam MIYA. B pe3synbrare mnoiydaercd amnmapaT, KOTOPBIM MOXKHO
PEKOMEHIOBATh KaK OCHOBHOU HJIsT HopMamusHo2o npoenosza ("'eciu - T0") mporeccoB U KOMIBIOTEPHOTO
yhpaBlieHHS Pa3OMKHYTBIMH OObekTaMu [24,25]. OcoOCHHO NEepCIEeKTUBHO NPUMEHEHHE AIrOpHTMa
YIPOILEHHOTO JIMHEHHOTO NPOrpaMMHpOBAaHMs, IPU KOTOPOM UHCIO PETYIUPYEMBIX BXOJIHBIX
MEPEMEHHBIX BBIOMPAETCSI PaBHBIM YHCIY ONTHMHU3UPYEMBIX BBIXOJHBIX IepeMeHHbIX. Ornanaer
HEOOXOOUMOCTh mepedopa BEpIIMH 00JacTH ONTUMHM3ALMH W TPUMEHEHHUS CHMILIEKC-METONA, T.K.

OITHUMAJIbHBIN PEKUM e,[[HHCTBeHHBIfI.

10.1. Hopmamuenwliit 6eKmopHblil NPOZHO3 PE3YTbMAMOE PU3UUECKUX IKCnepumennmos. 3anada
COCTOMT B TOM, YTOOBI 3HAas 3HAYCHWS MHOXKECTBA IEPEMEHHBIX, W3MEPCHHBIX JIO IPOBEICHUS
OKCIIEPUMEHTa, ONPEJCIUTh 3HAYCHHUS TIEPEMEHHBIX JPYrOro MHOXECTBAa, W3MEPCHHBIX IMOCIE
skcriepuMeHTa. HeoOxomumasi /s peleHus TakoW 3ajadud MHOTOMEpHas (YHKIMS 3alaHa B BHJIE
BBEIOOPKH HaOIIOJIEHUN HEOONBIIOro duwuciaa dKcrnepuMeHToB [23]. BriOopka oOpabarbiBaeTcs 10

ANTOPUTMY YIIPOIIEHHOT0 TUHEHHOT0 IPOrpaMMHUPOBaHUs co crienudurkanuei orpanudenuii mo MI'VA.

10.2. Hopmamugnwiii 6eKmMOPHBIL NPOCHO3 071 MAKPOIKOHOMUUECKOU cucmemsl [25].

HCpeMGHHBIe XapPaKTCPpU3YIOIIHUEC CUCTEMY ACIIATCA HAa TPU MHOKCCTBA:

peryjinpyemsbiCe ICPECMECHHLBIC, KOTOPBLIC MOKHO Ha3Ha4daTb (HaJ'IOl"I/I, YUCTHBIC CTAaBKH, IMPOLCHTHI

Ha JACTIO3UTHI, BBIITYCK ,Z[eHC)KHOﬁ MacCcChl U T.H.);

NepeMeHHbIE, KOTOpBIe TpeOyeTcs ONTUMU3UPOBATh (HALMOHAIBHBIN J0XO0M, PacXoJl PECypcoB H

T.OL); U

BHCIHIHHC BO3MYILIAOIINC BO3,Z[CfICTBHH (MHpOBLIG IICHBI HA HC(l)TB u T.H.).
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[To 3akoHY HEOOXOIUMOTO Pa3HOOOpPA3Ws YHUCIO BXOIHBIX TEPEMEHHBIX (a) HOHKHO OBITH HE MEHBIIEC
YHCIa BBIXOJHBIX TEpeMEHHBIX (0). 3akoH COOMIOMaeTCs NMpH NMPUMEHEHHH YIPOIICHHOTO ajlTrophTMa
JTUHEHHOTO TporpamMmupoBanus [23,25]. MeToauka €ro NMpUMEHEHHUsS MPETyCMAaTPUBACT PSI TOIMBITOK
WIN clieHapueB. Ha3Ha4yWB CIUIIKOM XOpOINUE Pe3yJIbTAThl MPOTHO3a, MBI MOJYYHM HEBBITOIHUMEIC
COOTHOIIICHHUS 3HAYEHWI BBIXOJIHBIX NEPEMEHHBIX. B KauecTBe onmTUMalibHOTO oOpasiia OepyT nydiiee

COOTHOIICHHE PETYIUPYIONINX TIePEMEHHBIX U3 MPEABICTOPHH.

10.3. 3a0aua noooepsrcku peuteHull 8 cucmemax AgMoOMamuULecKo2o ynpaeienus pa3oMKHymoimu
o0vekmamu. VIHTEpBal ONTHUMH3AIMH OIpenesieTcd Kak OTPEe30K BpEeMEHH, Ha KOTOPOM 3aaHbl
3HAYEHHsS YIPABIEMBIX BBIXOAHBIX TEPEMEHHBIX (PECypcoB) W Ui KOTOPOTO CJeAyeT HaWTh
ONTHUMAJbHBIE 3HAYEHUS PETYIUPYIOMNX BO3MEHCTBHHA. T MaKpOSKOHOMHUYECKHMX CHUCTEM HHTEpPBAal
ONTHMH3ALNN MOXET OBITh paBEeH KBapTaly WiH rofy. Ecim mepros coOCTBEHHBIX KOJIEOaHHMI CHCTEMBI
BO MHOTO pa3 IMPEeBBIIIAeT WHTEPBAI, OTBEACHHBIA HA ONTUMH3AINIO, TO IeIeCO00pa3HO paccMaTpUBaTh
TOJIBKO 3ajlady IMOBEAEHHs O00BEKTa B Mpefesiax dTOro WHTepBaja, T.€. CYUTATh OOBEKT Pa3OMKHYTHIM
WIA, TOYHEE TOBOpS KBA3WPa3OMKHYTHIM. 3agada yYOpPaBICHHS CBOJUTCS K pacueTy BeKTopa

PETYIHPYIONINX MEPEMEHHBIX Ha OJWH WA HECKOJBKO IIIaroB.

Hns  ympaBiieHuS pa3OMKHYTBIMA OOBEKTaMH MOXKHO TIPUMEHHUTH QJITOPUTMBI MaTeMaTHYeCKOTO
MPOrPaMMHUPOBAHUS C HCIIONB30BAaHMEM AJITOPUTMOB TIOMIATOBOTO MporHo3a. KowmmberorepHOe
aBTOMATHYECKOE YIIpaBIIEHUE PA30OMKHYTHIMH OOBEKTAaMHU BKIIIOYAET B ce0s /1Ba 3Tara: Ha MEepBOM JTare
HEOOXOMMO MONYYUTh KPATKOCPOUYHBIN MPOrHO3 BHEIIHUX BO3MYIIEHUI HA OAWH IIar BPEMEHH BIIEPE],
Ha BTOPOM OJTalle BBIMOJHACTCS pacdeT ONTUMAIbHBIX 3HAYEHUH PErylHpYIOIUX IMEePEMEHHBIX 110
VIPOIIEHHOMY aJITOPUTMY JIMHEHHOIO MPOrpaMMUpPOBaHus ¢ npumeHeHrneM MI'YA s crenudukaiiu
OTpaHMYECHHUH. YTpaBlieHHE IOJDKHO OBITh MHOTOMEPHBIM WM BEKTOPHBIM, C COOIIOJIEHMEM 3aKOHa
HEOOXOMMOT0 Pa3HOOOpa3Hs: YMCIIO PETYIUPYIONINX MEPEMEHHBIX JODKHO OBITH PABHO WIJIM HE MEHBIIE
YHUClIa ONTHMHU3UPYEMBIX NepeMeHHBbIX. [l onTummsammm paboTsl 00BEKTa Ha IMTENBHBIA CPOK

TpeOyeTcs JOATOCPOUHBIN MOMATOBBIN (MIIH TAPMOHHYECKH ) IIPOTHO3 BO3MYIIIAIOIITNX BO3ICHCTBHIA.

11. BESMOJAEJBHOE NPOT'HO3UPOBAHUME ITPOLIECCOB ITPHU ITIOMOIIHA
KOMIIVIEKCUPOBAHUSA AHAJIOI'OB.

CocrosiHEE  CIOXKHOTO  OOBEKTa  OIUCHIBACTCS  BEKTOPOM  XapaKTEPUCTUYECKUX  TIEPEMEHHBIX
MPEJICTABICHHBIX B BEIOOPKE JIAaHHBIX HAOr0IeHUA. J[71s1 TOTO, 4TOOBI y3HATH TPOTHO3, JIOCTATOYHO HAUTH
OJIMH WJIM HECKOJBKO OJIN3KMX aHAJIOrOB €ro COCTOSIHHS B TPEIBICTOPUU M TOCMOTPETH YTO OBLIO
naneire. [Ipu 3ToM MoJens 00bEKTa HE HYXKHA, €€ POJIb BBIMIOJIHIET caM 00BbeKT. [IporHo3 mo anaioram
U3 TMPEIBICTOPUU pa3padaThiBajcs B METEPEOJIOTHUH ISl MPOTHO3a TOrojabl. B MomudumupoBaHHOM
anroputMe KoMITIeKCHpOBaHHS aHAIOTOB TOJUICKAT MEPEOOPHON ONTHMU3AIMKA JTUCKPETHBIC 3HAUCHHUS
CJICYIONINX TTapaMEeTPOB: a) BAPHAHTHI MHOXKECTBA BXOJHBIX TIEPEMEHHBIX; 0) YHCIIO MOMEHTOB BPEMEHH
VYIUTHIBAEMBIX B aHAJIOTaX; B) YHUCJIO KOMIICKCHPYEMBIX aHAJIOTOB; T') 3HAYCHMS KO3(PPHUITHESHTOB Beca ¢

KOTOPBIMHU aHAJIOTH KOMIUICKCHPYIOTCS, T.€. CYMMHPYIOTCS [26].
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Bzanmocsszannbie mapaMeTpsl (0) U (B) IpUXOAHUTCS MepeOupaTh Ha TUIOCKOCTH IBYX IMapaMeTPOB, UTO

yBennunBaeT o0beM BhrumcieHuid. [lepebop mapaMeTpoB alrOpUTMa MPOTHO32 BBIMOJHSAETCS OIWH pa3

JUTST 0OBEKTOB Ka)KOIr0 HOBOI'O THIIA.
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13.

14.

REFERENCES

Ivakhnenko, A.G. and Stepashko,V.S., Pomekhoustojchivost' Modelirovanija (Noise Immunity of
Modeling). Kiev: Naukova Dumka, 1985.

Muller,J.A. and Ivakhnenko,A.G., Selbstorganisation von Vorhersagemodellen. Berlin, VEB Verlag
Technik, 1984.

Ivakhnenko,A.G. and Yurachkovsky,Yu.P., Modelirovanie Slozhnykh System po Exsperimentalnym
Dannym (Modeling of Complex Systems after Experimental Data). Moscow: Radio i svyaz, 1987.

Ivakhnenko,A.G., Nepreryvnost' i Discretnost (Continuity and Discreteness). Kiev: Naukova Dumka,
1990.

Farlow,S.J., (ed.), Self-organizing Methods in Modeling (Statistics: Textbooks and Monographs,
vol.54), Marcel Dekker Inc., New York and Basel, 1984.

Madala,H.R. and Ivakhnenko,A.G., Inductive Learning Algorithms for Complex Systems Modeling.
CRC Press Inc., Boca Raton, 1994.

Sawaragi,Y., Soeda,T., Tamura,H., ef al., Statistical Prediction of Air Pollution Levels Using Non-
Physical Models. Automatica (IFAC), 1979, vol.15, no.4, pp.441-452.

Belogurov,V.P., A criterion of model suitability for forecasting quantitative processes. Soviet J. of

Automation and Information Sciences, 1990, vol.23, no.3,p.21-25.

Ivakhnenko,A.G., and Muller,J.A., Parametric and Nonparametric Selection Procedures in
Experimental Systems Analysis. Systems Analysis, Modeling and Simulation (SAMS), 1992, vol.9,
pp.-157-175.

Ivakhnenko,A.G., Dolgosrochnoe Prognozirovanie i Upravlenie Slozhnymi Sistemami (Longterm

Forecasting and Control of Complex Systems), Kiev: Tekhnika, 1975.

Ivakhnenko,A.G., and Osipenko,V.V., Algorithms of Transformation of Probability Characteristics
into Deterministic Forecast. Soviet J. of Automation and Information Sciences, 1982, vol.15., no.2,
pp.7-15.

Candel,M., Vremennye ryady (Time series), Moscow: Finansy i Statistica, 1981.
Ivakhnenko,A.G., Peka,P.Yu., and Vostrov,N.N., Kombinirovanniy Method

Modelirovanija Vodnych i Neftyanich Poley (Combined Method of Water and Oil Fields Modeling).
Kiev: Naukova Dumka, 1984.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

16

Ivakhnenko,A.G., and Muller,J.A., Problems of Computer Clustering of the Data Sampling of
Objects under Study. Soviet J. of Automation and Information Sciences, 1991, vol. 24, no.1, pp.58-
67.

Ivakhnenko,A.G., Ivakhnenko,G.A., and Mpller,J.A., Self-Organization of Optimum Physical
Clustering of the Data Sample for Weakened Description and Forecasting of Fuzzy Objects. Pattern
recognition and image analysis, 1993, vol.3, no.4, pp.415-421.

Ivakhnenko,A.G., Petuchova S.A., et al., Objective Choice of Optimal Clustering of Data Sampling
under Nonrobust Random Disturbances Compensation. Soviet J. of Automation and Information
Sciences, 1993, vol.26, no.4, pp. 58-65.

Zholnarsky,A.A., Agglomerative Cluster Analysis Procedures for Multidimensional Objects: A Test
for Convergence. Pattern Recognition and Image Analysis, 1992, vol.25, no.4, pp. 389-390.

Vogel, L., Owens,A., and Walsh,M., Iskustevennyj Intellekt i Evolyutsyonnoe Mode-lirovanie.
(Artificial Intelligence and Evolutinary Modeling). Moscow: Nauka, 1969.

Bukatova,l.L., Michasov,Yu.l. and Sharov,A.M., Evoinformatika: Teoriya i Praktika Evolutsionnogo
Modelirovaniya (Evoinformatics: Theory and Practice of Evolution Modeling). Moscow: Nauka,
1991.

Vapnik,V.N. and Chervonenkis,A.Ya., Raspoznavanie obrazov, Statisticheskic Osnovy Teorii

(Pattern Recognition: Statistical Ground of the Theory). Moscow: Nauka, 1974.

Ivakhnenko,A.G. and Ivakhnenko,G.A., Perceptron Synthesis under Balance of Clusterisation

Criterion. Pattern Recognition and Image Analysis, 1995, vol.5, no.3.

Ivakhnenko,A.G., Ivakhnenko,G.A. and Muller,J.A., Self-Organization of Neuronets with Active
Neurons. Pattern Recognition and Image Analysis, 1994, vol.4, no.4, pp.177-188.

Ivakhnenko,G.A., Self-Organization of Neuronet with Active Neurons for Effects of Nuclear Test
Explosions Forecastings. System Analysis Modeling Simulation (SAMS), 1995, vol.12, no.1, pp.1-
10.

Triseev,Yu.P., Approaches to the Solution of Mathematical Programming Problems on the Basis of
Heuristic Self-Organization. Soviet J. of Automation and Information Sciences, 1987, vol.20, no.2,
pp.30-37.

Ivakhnenko,A.G. and Ivakhnenko,G.A., Simplified Linear Programming Algorithm as Basic Tool for
Open-Loop Control. System Analysis Modeling Simulation (SAMS), 1995, vol.12, no.1, pp.11-18.

Ivakhnenko,A.G., An Inductive Sorting Method for the Forecasting of Multidimensional Random
Processes and Events with the Help of Analogs Forecast Complexing. Pattern Recognition and Image
Analysis, 1991, vol.1, no.1, pp.99-108.



