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PE®EPAT

OOBEKT HCCIEeIOBAHUS - IKOJIIOTO-9KOHOMHYECKUE CUCTEMBI KaK MHOTO(aKTOPHBIE CHCTEMbI
CJIOHBIX B3aMMOCBSI3aHHBIX ITPOLIECCOB.

lens pabGoTel - pa3paboTaTh METObI, AJITOPUTMBI W TPOTPAMMHOE OOCCTICUCHHE IS
MOJICTTUPOBAHUS, MPOTHO3HPOBAHUS U COATAHCHPOBAHHOTO YIPABIEHUS CIOKHBIMH JKOJIOTO-
SKOHOMUYECKUMH CHCTEMaMH.

MeTonsl  UCCIENOBaHUS - CTPYKTYpHas UIACHTH(UKAIMS MPOTHOZUPYIOMIUX MOJENeH Ha
OCHOBE MeToJla TpynmoBoro yuera aprymeHTtoB (MI'YA), Teopus aHanu3a U CHHTE3a
MHOTOCBSI3HBIX OaTaHCHBIX CHCTEM YIPABJICHUS W amnmnapaT MHOTOYPOBHEBBIX WHTETPATBHBIX
MoJiejIei pa3BUBAIOIINXCS CHCTEM.

HccnenoBanbl 3aKOHOMEPHOCTH YMEHBIIEHUS CJI0KHOCTH (YHCIIa OLIEHUBAEMBIX TAPaMETPOB)
ONTUMAJIFHOW MOJENU NpHU YBEJIMYEHUH YPOBHS (IUCHEpCHH) IIyMmMa; pa3paboTaHa METOJUKa
OIeHKU 3((HEKTUBHOCTH MPUMEHEHUS MPAKTHYECKUX KPUTEPHUEB KadecTBa CTPYKTYp B 3ajade
MUHUMU3ALUN JUCTIEPCUN OIIMOKU IMPOrHO3UPOBAHMS; YCTAHOBJIEHA a/IeKBAaTHOCTh NMPUMEHEHHUS
kputeprueB MI'VA, ocHOBaHHBIX Ha pa30MEHHH BBIOOPKH, A CTPYKTYPHOH HICHTU(DUKAITUH
MIOMEXOYCTOMYUBBIX TPOTHO3UPYIOIIUX MOJAEIIEH.

Pa3zpabotan HOBBII KOMOMHATOPHO-CENEKIMOHHBIM anroputM MI'YA ¢ monrmHOMUAIBHON
3aBHCHUMOCTBIO 00BbE€Ma BBIUMCICHHH OT uucia MepeMeHHbIX. [IpemyiokeHa MeTo0JIOTHS
pa3paboTKU MPOrpaMMHOT0 obecriedeHusl, GyHKIMOHATBHON apXUTEKTYpPhl U CTPYKTYpPHI JHajiora
MPOTPAMMHBIX CHUCTEM MOJICTUPOBAHUS IO IKCIEPUMEHTAIbHBIM JaHHBIM Ha ocHOBe MI'VA.
[IpuBenenbl  pe3ynbTaThl  PEIICHHUS  psAga MOPAKTUYECKUX  3a7ad  MOJCIUPOBaHUSA U
MIPOTHO3UPOBAHUS MaKPOIKOHOMUYECKUX MPOLIECCOB B YKPaUHE.

HccnegoBan MexXaHHM3M CaMOPETYJIMPOBAHUS U B3aUMOJECUCTBHUS  SKOJOTMUECKUX U
YKOHOMHUYECKUX TIOJICUCTEM E€IWHON 3aMKHYTOH cucTembl. [logoOHBIE cHCTEMBI MpeoOpaszyroT
MaTepuaIbHble IOTOKA | SIBJISIFOTCSI MHOTOCBSI3HBIMU JHHAMHYECKUMU CUCTEMAaMH OallaHCHOTO
tuna. OHM ONUCHIBAIOTCS BBIPOXKACHHBIMU AU(PPEpEeHINATbHBIMUA yPAaBHEHUSMHU, I UX
MCCJIEIOBAHUS TMPEJJIOKEHBI HOBBIE METOJIbI BBISABICHHS YCJIOBHI BO3HUKHOBEHHS CHCTEMHBIX
3G (PEKTOB: CTPYKTYpHO-AMHAMUYECKUX PE30HAHCOB, AMHAMUYECKHX Je(EeKTOB (YMEHBIICHHS
MOPsI/IKA XapaKTEPUCTHUECKOTO OJIMHOMA) OTPULIATENILHOTO NepeperynupoBanus u Ap. Haiinenst
YCIIOBUSL KOMIIEHCAIIMM HEKOHTPOJUPYEMBIX BO3MYLIEHUH (MHBApUAHTHOCTH) M KOOPJIMHAIMH
MEepPEMEHHBIX (PEryJIMPOBAHUS COOTHOLICHUN) TAKUX CHUCTEM.

HccnenoBana mpobiiemMa OMHMCAHUS PAIMOHATBHOTO, SKOJIOTHYECKH COAIaHCHPOBAHHOTO
(GYHKIIMOHUPOBAHMS W Pa3BUTHUS DKOHOMHUKH PErHMOHA HA OCHOBE NMPUMEHECHHS] WHTETPAITBbHBIX
MOJEJeHd JAMHAMHYECKUX CHUCTEM C VIOpaBiIsieMOd mamaThio. JleTalbHO paccMoTpeHa
MaKkpo3KOHOMHUYecKass Mojnenb B.M.I'mymikoBa, NpuBeAeHa SKOHOMHYECKAs HWHTEpIIpETaLus
GyHKIUH, BXOASIIMX B 3Ty MOJAENb, U ee 0000meHus. Hekoropble M3 akTyaldbHBIX 3a7ad
UCCIEOBaHbl B JIAHHOM  OTYETE: MHOTOKpUTEpHUalbHAs  ONTUMHU3AIUS  YIIPABICHUS
JIBYXYPOBHEBOM 3KOJOT0-3KOHOMHYEecKoW cucteMor “‘lLlentp-Ilpennpusarue”; ontumuzanus
OOHOBIICHHsI TPOM3BOJICTBA (3aMeHa ero Ha Ooisiee P(HPEKTUBHOE U IKOJOTHUYECKU O€30IacHOe)
IpY 33JJaHHOM JKOJIOTHYECKOM OallaHce.

[IporHo3Hele NpemIoKEeHUss O Pa3sBUTHU O0JACTH MCCIEJOBAHUS - TEOPHs U IPHUMEHEHHE
MI'VA kak Meroja ONepaTUBHOTO NMPOTHO3UPOBAHUS; UCCIEIOBAHME CUCTEMHBIX 3(P(PEKTOB B
JVHENWHBIX OaJaHCHBIX CHCTEMax; M3y4eHUE DAa3BUBAIOIIMXCS CHUCTEM Ha OCHOBE armapara
VUHTEIPAJIbHBIX YPABHEHUN.

OKOJIOT'UA, 9KOHOMUKA, MOJEJIMPOBAHUE, MI'VA, BAJIAHCHAS CHUCTEMA,
KOOPIMHALIMA, VIIPABJIEHUE, MHTEI'PAJIBHOE YPABHEHME, ITPOI'PAMMHAZ
CUCTEMA.
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YACTb 1
PABPABOTKA AJITOPUTMOB U ITPOT'PAMMHBIX CPEJICTB
MOAEJIMPOBAHUA SJKOHOMMNYECKUX ITPOHECCOB HA OCHOBE
METOJA I'PYIIIIOBOT'O YYETA AP'YMEHTOB
BBEAEHUE

B mepBoli yacTH, COCTOALIEH U3 YETBIpEX PA3ACIOB, aHAIU3UPYETCs 3ajada IOCTPOCHUS
IIPOTHO3ZUPYIOLIUX MOJEIEH CIIOKHBIX IPOLECCOB II0 CTATUCTUYECKUM JAHHBIM, CO3JAIOTCS
OCHOBBI TEOPUH CTPYKTYPHOU MIACHTH(PHUKAIIUN MOJETCH ¢ MUHUMAIBHON TUCTIEpCUel OMIMOKH U
aHaAM3UpPYyeTCs B paMKax 3Toi Teopuu 3(h(HEeKTUBHOCTh UHIYKTHBHOT'O TOAX0/1a, PCATU30BAaHHOTO
B BHUJE HM3BECTHOI'O MeToja TpymnmnoBoro ydera aprymeHtoB (MI'YA). PaspabatwiBatorcsi u
IIPUMEHSIOTCS. Ha PEaJbHBIX IPUMEpax AIrOPUTMBI U IPOIPAMMHBIE CPEACTBA MOJEIUPOBAHUSA

PKOHOMMUECKHUX IpoleccoB Ha ocHoBe MI'YA.

B mepBoil wactu ordera wHCCIenyOTCA 3adadyd  OOpabOTKM CTATHCTUYECKHUX JAHHBIX
HaOMIOeHUI 3a TpoleccaMH pa3IHMYHOW MPHUPOABl - SKOJOTMYECKUMH, SKOHOMHYECKHUMH,
TEXHOJIOTMYECKUMU - C LENbI0 IIOCTPOCHUS MOJENEH i1 OINMCaHUs JTUX IIPOLECCOB,
IIPOTHO3UPOBAHUs, NPUHATUS PELICHUN 110 yrpasieHU:0 U T.h. [Ipu 3TOM pemarorcs 3anayu
IIOCTPOCHUST MOJENEH C OLICHMBAaHMEM KaK CTPYKTYpbl, TaK W IapaMeTpoB (CTPYKTypHOU
UJACHTUQUKAIIMM) B  YCJIOBUAX KOPOTKOW BBIOODKM  3allyMJICHHBIX HaONIOJCHUNA |

HEOTPEACNEHHOCTH COoCcTaBa ()aKTOPOB, CYIIECTBEHHO BIUSIONIUX HA IEJIEBOI MOKa3aTelb.

CrtpykrypHass UACHTH(HKAIUS pacCMAaTPUBACTCS 3/1eCh Kak 3ajgada TOUCKA CTPYKTYPBI
MOJIETTM C MHUHUMAIBHON Aucrepcueil ommOKu mporHosupoBanus. OTMETHM, 4YTO 3a1adyd
MOJICTTUPOBAHUSL W IPOTHO3HPOBAHUS TECHO CBS3aHBI MEXIy CO00#, HO HE TOXICCTBEHHBI.
3anaueit Mmodenuposanus ABISAETCS TOCTPOCHUE MAaTEMATUUECKUX MOJIEICH ISl KOJIMYECTBEHHOTO
ONUCAHUS CBS3M MEXK]y LIEJEBBIMU (BBIXOJHBIMU) MOKA3aTENSIMU (3aBUCUMBIMH M€PEMEHHBIMU)
MOJICTTUPYEMBIX TIPOIIECCOB U BXOJHBIMU (HE3aBUCUMBIMU) TIEPEMEHHBIMHU ((pakTopammu).
Ilpoenosuposanue — 3TO KOTUYECTBEHHOE IpeJCKa3aHUEe Oyaylmiero pa3BUTHs Ipolecca o
MOJIEJIAM, MOJTYYEHHBIM T€M WM UHBIM MeToAO0M. [Ipu 3TOM 3amaya mpOrHO3UPOBAHUS MOXKET
BBICTYNATh KaK HSKCTPAnoJsilus 3aKOHOMEPHOTO pa3BUTUS MOJCIHMPYEMBIX IMPOLIECCOB Ha
Oyaymuii MpOMEeXyTOK BPEMEHU WU KaK UMUMAYUOHHOE MOOeIUuposanue, To eCTb PUMEHEHHE
MaTEMaTUYECKUX MOJIENECH ISl UCCIEIOBAHMS M3MEHEHUSI MOJEIUPYEMBIX MPOLIECCOB C YUYETOM

pa3HBIX BAPHAHTOB MTOBE/ICHHUS HE3aBUCUMBIX (DAKTOPOB (HOPMATUBHOE MTPOTHO3UPOBAHHUE).

TpaauumonHo Hanbosee paclpOCTPaHECHHBIMH SIBIISIOTCS JBE TPYIIBI METOAOB, HA OCHOBE
KOTOPBIX CTPOST MOJENH JUIsl IPOTHO3UPOBAHUSA. DKOHOMUKO-MATEMaTHYECKOE MOJIETTUPOBAHUE —
3TO OIKMCAHME B3aUMOJEHUCTBHS COLMAIBHO-DKOHOMUYECKUX IIPOLIECCOB PA3HOTO YpPOBHA Ha
OCHOBe Hauboyiee TMOJIHOTO UW3YYEHHUS BHYTPEHHMX MEXaHHU3MOB (DYHKIMOHHUPOBAHUS
MOJICIIUPYEMBIX TPOLIECCOB W MPEJCTABICHUS IOJNYYCHHBIX 3HAaHUH B (OpME CXeM MPSMOTo
pacyera MarepuanbHO-(UHAHCOBBIX IOTOKOB U OIPEACICHHBIX OalaHCHBIX COOTHOIICHUH.

9KOHOM€TpI/I‘I€CKOG MOACIIMPOBAHUC — 3TO IIOJTYYCHHC MOI[GJIGI\/'I C IIOMOIIBIO OICHHBaHHA
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napaMeTpoB MO BBIOOPKAM HAOMIOJCHUH C NPUMEHEHHEM pErpecCHOHHOTO aHalu3a IpH

CTPYKTypax Mojelel (perpecCHOHHBIX 3aBUCUMOCTSX ), 3aJJaHHBIX C TOUHOCTBIO 10 TapaMETPOB.

B 1meinoM SKOHOMHKO-MATEMAaTHYECKUW M SKOHOMETPUYECKMH MOAXOAbl OTIMYAOTCH,
MOCKOJIBKY MOCJIEIHUI OPUEHTUPOBAH HAa BKJIIOYEHHE B MOJIEIb JUIIb CaMbIX CYIIECTBEHHBIX B
KOHKPETHBIX YCIOBUSX (DAaKTOPOB, a HE BCEX, KOTOPHIE MOTYT BIMATH Ha IIEJCBOW MOKA3aTelNb.
Opnnako o0e ATH TPYMIBI METOJOB CJIEIYyeT OTHECTH K JEAYKTHBHBIM, METOJOJIOTHSI KOTOPBIX
COCTOUT B Tepexojie “OT 0OIIEro K YaCTHOMY, TO €CTh OT U3yYeHHs OOIIUX 3aKOHOMEpPHOCTEH K

IIOCTPOEHHUIO MOJIENIEH KOHKPETHBIX SIBJICHUM U IIPOLECCOB.

B otnuuume ot 3T0T0, UHOYKMUE6HOEe MOJCIUPOBAHMS Oa3UPYETCsl HA MPUHITUIIE “OT YaCTHOTO
K 001meMy”’, T. €. OT YMIUPHUUYECKUX JAHHBIX 0 KOHKPETHBIX MPOIIECcCax 10 MOCTPOCHUS MOJETEH ¢
MOMOIIbI0 HMH()OPMAIMOHHBIX TEXHOJOTHH “W3BNeYeHUs 3HAHUN U3 AaHHbIX. [Ipu sTOM
MaTeMaTHYECKUE MOJEIH CTPOSITCA IO BBIOOPKAM HAONIOJCHUN C TIOMOIIBI) aBTOMATHYECKOTO
TeHEpUPOBAHUS W CpPaBHEHHUs OOJBIIOTO KOIWYECTBA PA3NIMUYHBIX MOJENel C BBIOOpOM
HAWIYYIIEH B CMBICIIE COOTBETCTBHS TOM MH(OPMAILIUU, KOTOPAsi HEIBHO COACPIKHUTCS B JTAHHBIX.
[{eqp Takoro moaxoAa — BBIABIEHUE CKPBITBIX 3aKOHOMEPHOCTEHW, TO €CTh ITOMCK OIMCAHUS
3aKOHOMEPHBIX MPUYUHHO-CIEICTBEHHBIX CBA3EH MEXKIAY JJEMEHTAMHU HCCIEAYEMBIX IPOLIECCOB

Ha OCHOBC CTaTUCTUYCCKUX JAHHBLIX, B KOTOPBIX 3THU CBA3U 00BEKTUBHO OTpPaXXCHBI.

Kak yxe ObIJIO CKa3aHO, MPU HUCHOJIH30BAHUU 3KOHOMETPUYECKHX METOJIOB CYIIECTBEHHOU
npoOJIeMoi  sBJIAETCS 3alaHUe CTPYKTYphl Mojenu. OTa mpobiieMa HeCcylnleCTBEHHa JUIs
MHAYKTUBHOI'O MOAXO0/a K MOJEIMPOBAHUIO, KOTOPBIM pealn30BaH B METOJI€ IPYMIIIOBOIO y4eTa
aprymeHToB (MI'YA), KOTOpBIIi (pakTUYECKH SBISETCS METOAO0M IOMCKa 3aKOHOMEPHOCTEH C
ABTOMATHUYECKUM BBIOOPOM CTPYKTYpPBI M ITAPAaMETPOB MOJIEIM HA OCHOBE MH(OPMAITUN KOPOTKOM
BBIOOPKY JaHHBIX. B €ro 0CHOBY I0JI0’KE€HBI IPUHIUIIBI BHEILIHETO JOMOJIHEHUS, aBTOMATHUYECKOU

TE€HEpalMH U NOCIEA0BATEIbHON CEJIEKIUN YCI0KHAEMBIX CTPYKTYP MOJENEH.

B or1oif wactu otuera ¢opmynupyercs 3agada IOCTPOCHUS MPOTHOZUPYIOMIMX MOJEIen
CJIO’KHBIX IPOLECCOB MO CTATUCTUYECKUM JAaHHBIM, CO3JAKOTCSI OCHOBBI TEOPUU CTPYKTYPHOM
uAeHTH()HUKAIIIY MOJIeNIel ¢ MUHIMAIIbHOM THCIIepcuell OMMOKY U aHAIM3UPYETCS B PAMKaX dTOU
Teopur 3G(HEKTUBHOCTh MHAYKTUBHOTO TOJX0/a, PEATM30BAHHOTO B BHJIE M3BECTHOTO METOAA
rpynnoBoro ydera aprymeHToB (MI'VA). Jlns stux uccienoBaHuil pa3paboTaH OpUTHHATBHBIN
METOJI KPUTHUUYECKUX TUCTIEPCUH, MO3BOMBIIUN MOAPOOHO M3YyUUTh 3aKOHOMEPHOCTH M3MEHECHHUS
CIIOKHOCTH  BbIOMpaeMoOl CTPYKTYpbl B 3aBHCHMOCTH OT ypoBHsA Imyma. JlokasaH
METOJIOJIOTUYECKH BAXKHBIN PE3yNbTaT O HEOOXOAMMOCTH COTJIACOBBIBATH CIIOKHOCTH MOJEIHU C

YPOBHEM HEOINPEICIICHHOCTH B JAHHBIX.

OTa 4acTh UMEET HE TOJIBKO TEOPETHMYECKYIO, HO M IPHUKIAJHYIO HAIpaBICHHOCTb. B Hel
pa3padaTbIBalOTCA AITOPUTMBI M TPOTPAMMHBIE CPEICTBA MOICITUPOBAHHUS SKOHOMHUYECKUX
npoueccoB Ha ocHoBe MI'VA. IlpuBeneHsl pe3ynbTaTbl pelIeHUs 3aJad MOJAEIUPOBAHUSA U

MPOrHO3UPOBaHNA PCAIbHBIX Y9KOHOMHUYCCKUX IMPOLECCOB. HOK3.33.HO, 4TO NPpUMCHCHUC MOI[eHefI,
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nocTpoeHHbIX 10 MI'YA, nis nienell IporHo3UpoBaHysl JAeT CYIECTBEHHO JYUIINE PE3YJIbTaThl

M0 CPpaBHCHUIO C MOJCIAMHU, IMOJTYYCHHBIMH HAa OCHOBC PETPCCCUOHHOI0 aHalin3a.

3mech  pa3pabaThIBalOTCS  Tak)Ke OPHUHIMUNBI  (GOPMUPOBAHHUS  AITOPUTMHYECKOTO,
(GYHKIIMOHATBFHOTO W JHAJOrOBOTO OOECIHEeYeHUs NPOrPAaMMHBIX CHCTEM MOJCIUPOBAHUS U
MPOTHO3UPOBAHHUS CIIOKHBIX MpoueccoB Ha ocHoBe MIYA. DTU NpPUHLHUIBI YaCTUYHO
pealM30BaHbBl B Pa3pa0OTaHHOM JICUCTBYIOIIEM MakeTe MPOOIEeMHO-OPUEHTHPOBAHHOM

IPOTPaAMMHOM CHCTEMbI ABTOMAaTH3UPOBAHHOM cTpyKTypHOU uaeHTuukaun ACTPU/L.



Pa3zgen 1
3AJJAYA MOJAEJIMPOBAHMUA U ITPOI'HO3NPOBAHUSA SJKOHOMUNYECKHUX
MNPOLECCOB 10O CTATUCTHYECKHNUM JAHHBIM

1.1. MonennpoBaHue 3JKOHOMHYECKHX MPOLECCOB MO JAHHBIM HA0II0IeHH B YCIOBHAX

HeoNpeaeJIeHHOCTH KaK 3a7a4a CTPYKTYPHOH HAeHTHQUKAIUH

Jlnsi mepexoHOH SKOHOMHMKH XapaKTepHa HEeCTaOMIBHOCTh 3KOHOMUYECKHX OTHOILICHHIA,
HEYCTOMYMBOCTh JCHEKHO-KPEJUTHOW CHUCTEMBI W  HEAOCTATOYHOCTh 3aKOHOAATEIbHOTO
perynupoBanus. llpu 3TOM wH3BeCTHbIE OalaHCOBBIE MOJICNM, YYHUTHIBAIOIIWE BHYTPU- H
MEXOTpAcIEBblE COOTHOLIEHMWS, HAa NPAKTHUKE YacTO OKA3bIBAIOTCA HENPUTOAHBIMU IS
IUTAHUPOBAHMS U YIPABJIEHUS SKOHOMMUYECKHMHU IpolreccaMu. B Takoil cuTyauuu Juis aHanusa,
MOJICIIUPOBAHUSL W TPOTHO3UPOBAHMS ATUX MPOIECCOB IEIeCO00pPa3HO MPUMEHITh METOJBI
IPSMOTO TOCTPOCHUS MOJENEH M0 NaHHBIM HaOMI0AeHUH (rocyaapcTBeHHOH craTucTuku). Lensb
TaKMX METOJIOB — BBISBJICHUE HESIBHBIX NPUUMHHO-CIIEICTBEHHBIX CBA3E€M M 3aKOHOMEPHOCTEH,
CKPBITBIX B PETPOCHEKTHUBHBIX JAaHHBIX, U MPEACTABICHUE UX B SABHOH (opMe MaTeMaTHUECKUX
mopeneit. [Ipu 3ToM HeoOX0AMMO HCKaTh KaK CTPYKTYpPY, TaK M MapameTpbl MOJENeH, T.e. pemarhb
3aa4y CTPYKTypHO-TIapaMeTPHUECKON, MIIN TIPOCTO CTPYKTYPHOH, HIACHTU(UKAITIH.

Jlnst OOJBIIMHCTBA CIIOKHBIX OOBEKTOB M TPOLIECCOB YIpPABICHHs 3aqada CTPYKTYpHOU
UJICHTU(HUKAIIMY PEIAeTCsl B YCIOBUAX HEONPEAEICHHOCTH, NMPH KOTOPBIX, KAaK MPaBUIIO, HENb3s
CTaBUTh LEJIbIO TIOCTPOCHUE MOJENM, MMEIOIIEH OJHO3HAYHOE COOTBETCTBHE C OOBEKTOM, a
MOXXHO TOBOPHUTbH JIMIIb O TIOUCKE 1pagionodo6HOU MOAETH, He MPOTHBOpEYalleil TaHHBIM
HaOmroeHuit W wuMeroulelics anpuopHodt uHpopmauuu [1]. IIpm 3ToM BMecTO TepMHHA
"uneHTUUKAIMS 00BEeKTa" 1enecooOpa3HO HCMONb30BaTh 00Jiee COOTBETCTBYIOLIUI TEPMUH
"uneaTudukanus moodeiu oobekta". OOBEM BBIUMCICHHA, HEOOXOIUMBIX IJI MOWCKA MOJIENH,
YIOBJIETBOPSIOUIEN TOH WM HMHOM Lenu (HampuMep, C HaWIydIIMMHU IPOTHO3UPYIOLIMMHU
CBOWCTBaMHM), TpeOyeT MPUMEHEHHsI CIICIIMATN3UPOBAHHBIX IPOTPAMMHBIX CPEJICTB.

OTmeTHM, 4TO ¢ TOYKM 3pEHMS 3a/ay YIPABIEHUS 3KOJOTr0-3KOHOMHYECKHMH IPOLECCAMU
1e51eco00pa3HO CTPEMUTHCS TMOIXYYUTh B pe3yibTare MACHTU(DUKAMHM MOJAETb C HAUIYUIIUMH
IIPOrHO3UPYIOIIMMH CBOMCTBaMHU. B cBA3M ¢ 3TUM M3 BCEX IOAXOJO0B, CYLIECTBYIOIIHUX B
CTPYKTYPHOM HIeHTU(UKALWU, HAaUOONBIINA WHTEpEC MPEICTaBISET IMOAXOJ "MEepeKPECTHOTO
noaTBepxaeHus" (cross-validation). Ilo cBoeit cyTu OH HampaBieH Ha BBIOOp MoOJeENeH,
YMEHBUIAIOMUX OMIMOKY MPOTHO3MPOBAHHUA: B MPOCTEHIEM cilydae BHIOOpKA JIENUTCS Ha JBE
4acTH, Ha OJHOM U3 KOTOPBIX I'€HEPUPYETCS MHOKECTBO MOJEJEH, a Ha BTOPON BBIYUCIIETCS
ommOKa KaXIOW MoJeNnu, M BbBIOMpaeTcs Ta, KOTopas Jydmie paboTaer "B pexHMe
nporuozupoBanua". Cpeau MeTonoB 3TOro HampasiieHus Bwiaensiercs MI'VA [2] kak MmeTon
ABTOMATHUYECKOTO MOMCKA JTYYIIEH MOIETH, UMEIOIUI Oobliee pa3sHOoOpa3re BO3MOKHOCTEH 110
CpaBHEHUIO ¢ Jpyrumu Meroaamu. I[lostomy B otuere amroputmMbl MI'YA u omeIT ux
IPUMEHEHHS TPUHATHI B KAYECTBE METOJUYECKOW OCHOBBI JUIsI CPAaBHUTEIBHOIO aHalM3a
pa3IMYHBIX METOJOB U IMPOEKTHPOBAHMS HMHTEPAKTHBHBIX MPOIPAMMHBIX CPEICTB MOCTPOCHMUS

Mojieae. DTO NHAYKTUBHBIA METOJ TIOCTPOECHHUSI INHENHBIX, HETMHENHBIX, PA3HOCTHBIX U APYTUX
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MaTeMaTHYECKUX MOJIENICH CIIOKHBIX MPOIECCOB MO KOPOTKUM BBHIOOpKAaM JIaHHBIX. B ero ocHoBy
10JIO’KEHBI IPUHIUIIBI BHELTHETO JI0IIOJHEHUS, aBTOMAaTU4YECKON F'eHEpaIluy U M0CJIE10BaTEIbHOM
CEJIEKIIMH YCIIOXKHSIOIIMNXCS CTPYKTYP MOJENEH.

IIpumepsl npumeHeHus anroputMoB MIVA g moxpenupoBanHust skoHomuK CIIA,
bonrapuu, I'/IP npuegenst B [3]. OaHako [Isi MOJEIMPOBAHMS IMPOIIECCOB B IMEPEXOHOM
HPKOHOMHUKE YKpanHbI 3TH aJITOPUTMBI €111€ HE IPUMEHSIINCH.

JlocTarouHo 00IIas MOCTAHOBKA 33Ja4yM CTPYKTYPHO-TIAPAMETPUYECKON WACHTU(UKAIHH,
WIA TIOCTPOSHHSI MOJEJEH M0 3KCIEPUMEHTAIbHBIM JaHHBIM, MOXKET OBITh CBEJCHA K IOUCKY
SKCTpeMyMa HeKOTOporo kputepuss CR Ha MHOXECTBE Pa3IHUHBIX MOJEeH < :

f* =arg minCR( f).
3 (1.1)

OueBuano, yto (1.1) He comepXuT wucUepnbIBaIOmIeld (OPMYIMPOBKH 3aaud, TOITOMY
JIOTIOJTHUTEIBHO HEO0XOAMMO: 3a/aTh BUA U 00BEM HMCXOJHOW MH(OpPMAaLWHU; yKa3aTh KIJIacc
6a3HCHBIX (YHKIHH (ONMEpaTopoB), M3 KOTOPHIX (POPMHPYETCS MHOXKECTBO <5 ; ONPEIETHTH
croco0 reHeparuu MOJeNe / BMeCTe ¢ METOJOM OILICHWBAHUS IMapaMeTPOB; BHIOPATh KpUTEPHl
CpaBHEHUsA MoJeNeil; ykazarb MeToa MuHuMu3anuu CR. YTOYHMM 3Ty MOCTaHOBKY,
MIPEANOJIOKHB, UYTO 3ajaHa BeIOOpka W=/[Xy/, comepxarias n TOYeK HAOIIOJAECHUN, 00pa3yomux
marpuny X = {x;, i=1,...,n; j=I,...,m} 1 BEeKTOp y =(1.ym) , ipHHeM n >m.

B o0uiem ciydae mporecc pemieHus 3aiadu CTpPYKTYpPHO-TIapaMeTpUIecKol UAeHTHUPUKAUU
(1.1) BrTrOUAET B €0 PEK/IE BCETO CIEAYIONINE OCHOBHBIC ATAIIBI:

1) 3ananue BHIOOPKHU AAHHBIX (ITOJIYYEHHOM B pe3yjbTaTe MacCUBHOTO WM aKTHMBHOTO

AKCIIEPUMEHTA), a TAaK)KE allPUOPHON MHPOPMAIIHH;

2) Br16op nnu 3amanue kinacca 6a3ucHBIX QYHKIUA U TPpeoOpa3oBaHUE TaHHBIX;

3) ['enepanus pa3nuIHBIX CTPYKTYP MOJCIICH B BRIOPAHHOM KJIaccCe;

4) OrneHnBaHUE TTAPAMETPOB TEHEPUPYEMBIX CTPYKTYP U (POPMHPOBAHHE MHOXKECTBA F ;
5) Munumu3zanus 3agaadHoro kputepust CR(f) u BBIOOp onTUMaIbLHON MOJIETH f.

6) [IpoBepka afeKkBaTHOCTH MOJYYEHHON ONTUMAIbHON MOJEIH.

7) [IpunsiTHE penmeHus o0 3aBepIICHUH TpoIlecca.

[TepeunciieHHBIC ATAbl OMUCHIBAIOT MTPOU3BOIBHBIN MPOIIECC MOCTPOCHUS MOJIENIEH, TPUIeM
B 3aBHCHUMOCTH OT arpuoOpHON MHGOPMAIMK U LIETH MOJCTUPOBAHUS T€ WM WHBIE 3TAIbl MOTYT
OTCYTCTBOBaTh. Hampumep, B ciaydae 3ajaud mapaMeTpPHUECKOW HIECHTU(HUKAIMA MHOXKECTBO F
COCTOHUT W3 OJTHOM MOJIETH (3a7aeTCs OJTHA CTPYKTYpa), T.€. HCKIIFOYAETCsI 3Tal 5 mpoiiecca.

B menmom 3amada wuaeHTH(UKAIMH COCTOMT B (POPMHUPOBAHWM TIO JaHHBIM BBIOOPKH

[ars ) o
HEKOTOPOT0 MHOXKECTBA ~3 MojieJiell pa3Iu4HON CTPYKTYphI BUJa

P =f(X.0,) (1.2)
U OTBICKAHUM ONTUMAaIbHOM MOZCIIA IO YCIIOBHIO

f* = argminCR(y. £ (X.0,)) (13)
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npuyeM OIEeHKH napameTpoB B (1.2) s kaxaoi mojenu f € F ABISIOTCS PELICHUEM ellle OJHOM
AKCTpPEMAIbHOM 3a7a4M BUA
0, = argminQOR(y, X.6,), (1.4)

rac Sf Ha3bIBACTCs CI0KHOCTBIO MOI[CJ'II/IfI/I PaBHO YHUCJIY HCHYJICBBIX KOMIIOHCHT B MOJICJIM BUJA

(1.3), a OR - kputepuil KadecTBa pPEIICHUS 3a7add MapaMeTPUUYECKON HACHTHU(PUKAINHA KaXKIOU

YaCTHOM MOJIEIN, TEHEPUPYEMOH B 3a/1aue CTPYKTYPHOU MACHTHU(DUKAIIIH.

Oxcrpemanibabie 3a1aun (1.3), (1.4) comepxat B cebe psia HEONpeAeIeHHOCTEH, B TIPUHIIHUIIC
CBOMCTBEHHBIX B IIEJIOM 3ajJa4e€ MOJICTUPOBAHUS IO JaHHBIM HAOMIOEHWNW W B TOW WUJIW WHOM
CTETMEeHHM BIHUAIONIMX Ha KayecTBO ee penieHus. COBOKYMHOCTb HEONpEAENEHHOCTEH MOKHO
pa3feNuTh Ha ABE OCHOBHBIE IPYMIIbI: OTHOCSIIKECS K JaHHBIM, T.€. K (pu3nueckoit nHGpopMaIu
0 MOJCIUPYEMOM OOBEKTE, M OTHOCSIIMECS K CpeAcTBaM oOOpabOTKM MaHHBIX, T.€. K
MPUMEHSIEMON TEXHOJIOTUU MOJIETHPOBAHUSI.

HcxoaHble JaHHbBIE COAEPKAT CIACAYIOUIUE 8UObI HEONPEOeIeHHOCMU:

1) cmpykmypHas neonpeaeeHHOCTb, 03HAYAIOIIasl HEMOJIHOE 3HAHUE CBA3EH BXO-BBIXOJ U HE
MO3BOJISIONIAST OJJHO3HAYHO 33/1aTh CTPYKTYpy Mozenu (1.2).

2) cToxacTHU4ecKas HEOINpeAeIeHHOCTh B BHJE HEM3BECTHOTO XapaKTepa M YpPOBHS IIymMa B
BBIOOpKE JTaHHBIX;

3) ungpopmayuonnas  HEONPENENCHHOCTh WM  KAayecTBO  BBIOOPKH; B  YaCTHOCTH,
HEOIpeIeNIEHHBIM B CMBICIIE IOCTATOYHOCTH SIBJISIETCSI CAMO YMCIIO HAOII0IeHUH.

Bunbl HeonpeeneHHOCTH, OTHOCSIINECS K npoyedype MoOeIuposanust:

o (DYHKYUOHATbHAS HEOTPENEIEHHOCTD: M0 HE3aBUCHMBIMH MEPEMEHHBIME X , j = I,...,m B
(1.2) Moryr mOHHUMATBCSA HEKOTOpPhIE (YHKIIMHU OT pEaTbHO H3MEPSIEMBIX BXOIHBIX
NEPEMEHHBIX z=(z;...z): X; = @(z) ; TOrga TMpH MOJEIMPOBAHHH MOSABISAETCS
HEONpPEIEIEHHOCTh B BBIOOPE TOr0 MIIM MHOTO 0a3ucHOro Habopa GyHkuuil ¢, j=1,...,m ;

® napamempuyeckas HEONPEIEIEHHOCTb, OTHOCSIIAsACS K BbIOOpY Kputepuss QR u MeTona
(anropuTMa) pelIeHHs 3aa4K mapaMeTpudecko uaeHTudukanuu (1.4);

® KpumepuanbHas HEOIPEeNeIeHHOCTh, OTHocAlascs K BbeIOOpy kputepuss CR u mertona
(anropuTMa) pelIeHus] OCHOBHOM 3a/1auul CTPYKTYpHOU uueHTudukanuu (1.3).

Kaxnplii U3 MeTofoB pelieHus 3ajlad MOJCIUPOBAHMS CIEAYeT pacCMaTpUBaThb C TOYKHU
3peHUs CTENEHH yueTa yKa3aHHBIX BHI0B HEONPEIEICHHOCTH. B 3TOM cMmbicie KpaiiHie TO3UIHH
3aHUMAIOT UMHUTAIIMOHHOE MojenrpoBanre 1 MI'Y A: miepBbIil TpeOyeT OT MUccienoBaTemst CHITHS
BCEX IIECTH HEOMPEACICHHOCTEH, a BTOPOMl OpPUEHTUPOBAH HAa HX ABTOMATHYECKHM YYeT.
[TpoMexxyTOUHOE TOJIOKEHNE MEXAY STUMHU JBYMSI METOJIaMU 3aHMMAeT PEerpeCCHOHHBIN aHaAIN3,
Haubosee MONyJspHbIN y mosib3oBareneil. [loaToMy HMKEe MPUBOIUTCS KPaTKOE KaueCTBEHHOE
CpaBHEHHE METOJIOJIOTUI perpecCHOHHOTO aHanu3a u MI'YA.

OtmeruMm, uto MI'YA paspaboran un.-kopp. HAHY HBaxaenko A.I'. u sBIsieTCS METOAOM
CTPYKTYpHO-TIapaMEeTPUIECKON HAECHTU(UKALIMUA CIOXKHBIX MPOLECCOB M OOBEKTOB MO JIaHHBIM

HaOJIIOJICHUH B YCIIOBUSX TTOMEX.
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1.2 CpaBHuTeJIbHASI XaPAKTEPUCTHKA CYLIECTBYIOLIUX MOJX010B K MOCTPOCHHIO

MojeJieli Mo JTaHHBIM HA0TI0deHU I

Paccmorpum KOpoTkO HamOoliee TOMyNsApHbIE MeToAbl (3a wuckmoueHueM MIYA),
IpUMEHSeMbIe Ul PeLIeHHs 3a7audl moucka aydmeil perpeccun suna (1.3). Ilpu a3Tom crocoOsr
¢dopmupoBanus 6a3ucHOro Habopa GyHKIUN HE 3aTParHBarOTCA.

B paccmarpuBaeMbIX MeTOJaxX MHOXKECTBO Mopenedt F dopmupyercs ¢ MOMOIIBIO
TeHEepaToOpOB TIOJIHOTO WJIM HANpaBJICHHOTO Iepedopa Mojenel pa3iu4Hoil cioxHocTH [4].
[TonHbIil mepebop Ha3bIBaCTCA “‘METOJOM BCEX perpeccuit” mis cpaBHeHHUsS mojenei Buaa (1.2),
coJiepKalluX OT OJHOTO JI0 7 PETPEecCOpoB (HE3aBUCHUMBIX NepeMeHHbIX). IIpu HampaBieHHOM
nepebope GOpMHPYETCsl COKPAIIEHHOE YMCIIO MOJENEH C IeNbI0 MOJIYYUTh Pe3yiIbTaT IOJHOTO
nepebopa Mpu CYIIECTBEHHO MEHBIIMX BBIYUCIUTENBHBIX 3aTpaTax. K HUM OTHOCSTCS METOJBI
BKJTIIOYEHHUs ( 100aBJIEHUE PErpeccopoB MO OJHOMY, MAKCHUMAIbHO YMEHBINIAIOUIEMY KPUTEpHUIA),
UCKJTIOUEHHs (HAYMHAETCS MpOoLeAypa C TOJTHOH MOJENH, 3aTeM perpeccopsl yOuparoTcs Mo
OJTHOMY, TOKa KpUTEepHUil yOBIBaeT) M IIAroBOW perpeccuu (KOMOMHAIMS JBYX MPEIBIIYIIHX).
M3BecTeH Takke METOJ BETBEH W TpaHUl, WMEIOMMNA HauOOJBIIYI0O BEPOSTHOCTH IMOTYyYCHHS
pe3ysbTara moyHoro nepedopa [4].

JUig OlLlEHHMBaHHSA TNIApaMETPOB B aJITOPUTMax IPHUKIAJHOTO PErPECCHOHHOIO aHalu3a
npumensiercs npexae Bcero MHK, korna B kauectBe OR B (1.4) BeicTymaer QyHKIMS MOTEPh

(cymMMa KBaJpaToOB OIIMOOK):
0RO =|y=1, =|y-x0,]" (1.5)

MHK sBnsercss HaWIydIIiM METOJOM IPU BBITOJTHEHUH TPEANOIOXKEHUSI O TOM, 4YTO B
HU3MEPEHHIX V TPUCYTCTBYET HE3aBUCUMBIHM IIYM C HYJICBBIM CPEIHUM W KOHEYHOW JHCIIEPCUEH,
MIPUMEHEHHUE KOTOPOTO JIAeT PelIeHue 3a1aun orieHuBanus (1.5) B Buze

0, = (X.;X.f)ilX;y’ (1.6)
riae Xy - nogmarpuna MaTpuubl X , copepsKamas CToNONbI, COOTBETCTBYIOLINE pacCMaTpUBaeMOn
YACTHON MOJeIH f € 3.

Haubonee momynsspHbIMH KPUTEPUSMU CpPAaBHEHUS MOJENEH, TeHEpUPYEMBIX B MpOIEcCe

nepedopa, SBJIAIOTCS CIeAYIOIINE:

- Kputepuil @uniepa (IuCIEpCUOHHOE OTHOLIEHHKE) [2]:

RSS(sp)/(n—sy)

(s ) = ,
5=/ (-1 (1.7)

rae RSS(-) - ocrarounas cyMMa KBaJparoB, JV - cpeJiHee 3HAYEHHE BBIXO/4;

- (huHaANBbHAS OMIMOKa MPOTHO3UPOBaHUS [5]:

n-+ Sf
FPE = — RSS(s);
n==sy (1.8)
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- kputepuit Mamoy3a [6] :
Cp= é}zRSS(sf) +2s, —n, (1.9)

I7ie &2 - OlleHKA HEeU3BECTHOU JMCIICPCHUH;

- Kkputepuil Akauke [7]:

AIC(s,;) =-2Inp(X,0,) +2s,, (1.10)
rae @ - 3HadeHue QyHKIHUH MPaBIONOI00uS.

Hanbonee 000CHOBaHHBIMM KpUTEpHAMH BbIOOpa mydmieid momenu cuutarores C, u AIC,
OJIHAKO JJi1 MEepBOro HeoOXoauMa JOCTOBEpHAs OLEHKAa JUCIEPCHHU Illyma, a JJii BTOPOTO -
3HaHue (QYHKIUU paclpeleleHUs], YTO 3aTPYAHICT UX MPAKTUUECKOe PUMEHEHHE.

Bce ykazaHHbIe KpUTEpUU MCHOJIB3YIOT Ty WM UHYIO KOPPEKTUPOBKY RSS, 1I€NbI0 KOTOPOi
ABIIETCS Y4YEeT AMIMPUYECKH YCTAaHOBJIEHHOTO MpaBHJIa: MEXIY CIOXHOCTHIO MOJETH U ee
TOYHOCTBIO JOJKEH JAOCTUTaThcs KoMIpomucc. bonee moapoOHbIi 0030p METOIOB U KPUTEPHUEB

penIeHus 3a/1a4 MOJAEIUPOBAHUS IO SKCIIEPUMEHTATIBLHBIM TAaHHBIM UMEETCS B [8].

1.3 MI'YA kak OpUrdHajibHbIA METOJ ABTOMATH3UPOBAHHOI0 MOCTPOCHUS MO eJIei

MI'VA sBigercss OpUrMHaIbHBIM METOJOM PEIICHUS 3a7ad CTPYKTYPHO-TIapaMeTpUUYECKOM
UACHTU(DUKAIIMN MOJIeJeH CIIOXKHBIX CHUCTeM, OOJaJaIolIUM OMPEEeIEHHbIM pa3HOOOpa3reM
BO3MOXKHOCTEl Ha BCeX OJTamax I[polecca MOJCIHMPOBAHMUS [0 CPaBHEHUIO C METOAaMHU
MPUKJIAHOTO PErpecCHOHHOIO aHalin3a. JTO KacaeTcs IMPeX]e BCEro reHepaTopoB Mojeeil u
MIPUMEHSEMBIX KPUTEPHUEB Ka4eCTBA CTPYKTYP, a TAKKE KIACCOB Mojienel (6a3ucHbIX yHKITHI).

PaccMoTpuM cTpykTypHBIE 0COOCHHOCTH anropuT™MoB MI'Y A, mis 9ero npuBeneM, ¢ y4eToM
chopMynupoBaHHbIX B mojpaszaeine (1.1) OCHOBHBIX 3TamoB MOJEIHPOBAHUS, XapaKTEPUCTUKY
pa3IMYHBIX THUIIOB KJIACCOB MOJIENeH, TeHEepaTopoB CTPYKTYp U BHEIIHUX KPHUTEPHUEB,

npumMmeHsieMbix B MI'YA.

1.3.1 Kinaccnl moaesieil, npumensiembie B MI'Y A

MoxxHO yKa3aThb CIEAYIOLIME OCHOBHBIE THIOBI 3ajay, BCTpPEYalolIUMecs B IPAKTHKE
MOJIETTUPOBAHUS:

1. MoCTpoeHHE PErpPeCCUOHHBIX MOJIEICH CTATHYECKIX OOBEKTOB;

2. MOJIETUPOBAaHNE BPEMEHHBIX PSAIOB MJIH MPOIIECCOB;

3. MOACIIMPOBAHUC TUHAMHUYCCKUX O6’beKTOB, IIPOIECCOB U CUCTEM.

MoaennpoBaHue CTaTUICCKUX 00BbeKkTOB. OTMETHM nmpexac BCEro, 4Tro 3agada MOXKCET

paccMaTpuBaThCS KaK CTaTHYecKass U B Cilydyae MPOILECCOB WM CHUCTEM, Pa3BUBAIOIIUXCS BO
BpEMEHH, eCli quHaMuueckune dPGeKThl (MepeXxoIHbIE MPOIECCh) TPEHEOPEKUTETHHO Malbl. B
9TOM CMBICIIE TEPMHUH ‘‘CTATUYECKUA OOBEKT OOBEAMHSET BCE CIIy4aW, KOrja HEOO0XOIUMO

MOCTPOUTH MHOTOMEPHYIO PErPECCUOHHYIO MOJIETh BUAA

yi=f(y)+&=Pgx;) +&;, (1.11)

rae i=1,...,n - HOMep TOYKU HaOIIONeHHs, g(X) - U3BECTHAsT M-MepHas BeKTop-GyHKIus ot MX

BXOJHBIX TEPEMEHHBIX, P - HeusBecTHass mxMY marpuiia mapameTpoB, & - HE3aBUCHUMBIN
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HEKOPPEIIMPOBAHHBIN CIyYalHBI BEKTOP C HYJEBBIMH CPEIHMM M KOHEUYHOM HEHU3BECTHOMN
qucnepcuei. [pu aToM, ¢ yuerom npumMeHeHMs TMHEWHOH onleHkH napamerpos no MHK, 3anaga
uneHTu(GuKaIy P pernraercss He3aBUCUMO I KXo /-ii KOMIIOHEHTHI BeKTopa y , [=1,...MY , u

MO’KHO pacCMaTpUBaTh Kakao0e ypaBHeHue cucteMsl (1.11) B oTnensHOCTH:

m
/ T /
yi=p &x;)+§ = Zpljgj(xi) +&;-
Jj=1 (1.12)
B kauectBe GasucHbIX (yHKIM g(x) B anroputMax MI'YA mnpuMeHSIOTCS Mpekae BCEro

IIOJIMHOMBI:
m

7 MX c
— Jv
P gx)= Zp j Hx v o
J v (1.13)
TOT/1a Ka)k/1asi KOMIIOHEHTA g(Xx) SBISETCSA OJHOYICHOM 3TOT0 MOJWHOMA. Eciii mpu 3TOM cTeneHn

Cjy MOTYT IPUHUMATH Lenble 3HadeHus 0,1,...,57, u yduThIBaeTCs OrpaHUYEHHUE

MX
>ecj=C, C=0l..8ST,
v (1.14)
To noauHoM (1.13) (mopsimok ciemoBaHUsS M CTPYKTypa OJHOYJIEHOB) OJHO3HAUHO 3a7acTcs
yuciaamu MX u ST , uto ynoOHO 11 IpOrpaMMHUPOBAHMUS, @ YUCIIO €r0 YJICHOB PaBHO
 MXST 4
= (1.15)

Mogenn BpEeMEHHBIX PSIOB. ﬂJ’IH MOACIINPOBAHUA TIIPOLECCOB KAaK BPEMCHHBIX PSAJ0B B

aJaropuTMax MI'VA MIPUMEHSIOTCS MOJMHOMHAJIbHBIE, TPUTOHOMETPUYECKUE,
HKCIIOHEHIIMANBHBIE, JIoTapupMUYecKrue U Joructuueckue 6asucHbie GyHKIUU. OYeBUIHO, UTO
MOXHO MOJICTUPOBATh TPEHAbl MPOLECCOB C YYETOM HAJIW4YUsS TOJBKO OJHON “BXOJHON”
MIePEMEHHO - BpEeMEHH, MPU ATOM coxpansieTcs 3anava suaa (1.2), (1.3), rne MX = 1.

B cnyuae TpuroHoMmerpuyeckux (rapMOHHMYECKHX) (QYHKIIMA MOJETH TpeHAa Ipoiecca
UMEIOT BUJ (JIJIs1 OTJIETILHOTO BPEMEHHOTO Psijia):

b'g(t)y=a,+) (a;sinw;t+f,cosw,)=a, + Y. b, sin(w,t+y )
Jj=1 Jj=1

, (1.16)
e gj(t) = sin(a)jt + y/j)

a . .
MpY 3aJaHHBIX /' Y, B [9] onncan MeTOJ OJAHOBPEMEHHOTO

. a. 3. w. v. b
OLICHMBAHHMS YaCTOT / W aMIUIATyH  / B Jo(ama I’ Vi b ) IpH 3aJaHHOM 711.

KpoMme yka3aHHBIX KJIaCCOB MOJENEH, Ui MOAEITMPOBAHHS BPEMEHHBIX PANOB IIPUMEHSETCS
TaKKe KJIACcC JMHAMHMYECKAX MPOTHOZUPYIOIIMX MOJENEH B BHUIE aBTOPErPECCHOHHBIX
3aBHCHMOCTEH, CBA3BIBAIOIIMX OTCYETHI IPOIECCA B PA3IMYHBIE MOMEHTHI BPEMEHHU:

LY
Y = Zaiyk—l +&,
i , (1.17)

rae LY - mopsaoK aBTOPETPECCUU (YUCIIO YUYUTHIBAEMBIX 3aa3/IbIBAHUN ).
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Mooenu ounamuyecxkux odvekmos. Tperuit - HanOonee oOUIMIA - TUI 33829 MOJCIUPOBAHHUS
JUHAMUKH pEelIaeTcs MpeXkJe BCEro B KJIAcCe JIMHEWHBIX NUHaAMU4YecKux mozenei. [lpu stom,
KpoMe aBTOHOMHOM uactu Mozenu Buaa (1.17), umeeTcss Takke 4acTh, OTpa)karollas BIIUSHUE
BEKTOpa BHEIIHMX HE3aBUCHUMBIX Bo3lehcTBUil x . Torma oOmuil BUA MOJENH JUHAMUKH
MHOTOMEPHOM CUCTEMBI MPEICTABISAETCS U3BECTHBIM BEKTOPHBIM YPAaBHEHUEM:
LY LX
Vi = ZAayk—a +ZBv'xk—V+l +&,
a=1 v=1 , (118)
rae LY, LX - 4yucio y4yuThIBa€MBIX MPONUIBIX 3HAYEHUW (3ama3/bIBaHUN) IS BBIXOJHBIX M

BXOJHBIX TEPEMEHHBIX COOTBETCTBEHHO, A ..., Ary , Bj,..., Brxy - MarTpuibl HEU3BECTHBIX

apaMeTpoB, S UMEET CMBICI BXOIHOIO Ipolecca Tuma Oenoro myma. B 3Tux ycinoBusax u B
IIPEII0JIOKEHUN HCTIoNb30BaHus Mozenu (1.18) w1 mporHo3upoBaHMst Ha IIar BIIEPE] OLIEHKH

[IapaMeTPOB KaKJOT0 YPAaBHEHMsI OKa3bIBAIOTCS HE3aBHCHUMBIMH, TaK YTO MOKHO paccMaTpUBAaTh

MOJIENIb KaXKIOT0 [-TO BEIXO4Aa OTAEILHO, [=1LMY :

;LY Lx z
Vi = 2oV ¥ 2 bpx i+ & =

a=1 v=1
MY LY MX LY 1
_ ror JoJ
=D D UViat 2 2bxi_ &
i g (1.19)

OueBuaHO, uTo U3 (1.19) MOXKHO MOTYYUTH PSAI MPEABIAYIINX KJIACCOB MOJIEIEH Ha OCHOBE
BeKTOpa Kiaccuuiupyromux (KiaoueBbixX )mapamerpos { MY, LY, MX, LX } (cm. 4.1).

B xaxngom anmropurme MI'YA umeercs 010k mpeoOpa3oBaHMs JAaHHBIX B COOTBETCTBHH C
3aJJaHHBIM KJIACCOM MOJENIel, B pe3ysibTaTe Yyero GopMHUpyeTCs U penraeTcs CTaHAapTHas 3ajada
CTPYKTypHO-TIapaMeTpuueckord uaeHtudukanuu (1.3), rae cnenuduka Thma UCXOTHOW 3amaduu
y)ke B SIBHOM BHJE HE yuuThiBaeTcsa. Hampumep, B omHomepHoMm ciydae (MY=1, unpgekc /

onyckaeM) BeipakeHus (1.12) u (1.19) npuBoasTcs K BULy OOBIYHON PETPECCHOHHON MOJIETH

Y, =(fx,0)+S =xiT0+‘§i’ (1.20)
A A
ecn B (1.12)  0603HAUMTH t9=b,x=g(x)’ a B (1.19) - COOTBETCTBEHHO
A A
T T
O=(ay,....apy . b,...0px )" . X=( Vi1 Viipx XX k-p x112) ("HOMeEp

HaOmoneHus" [ W "WHAEGKC BpeMeHU" k oHkBuBajeHTHBI). Torma 3amada (1.1) cocrout B
OTpENIeICHUH ONTHMAIBHOW CTPYKTYphl W 3HAYCHHU I1apaMmerpa € , wm - B TEpPMUHAX
PETPECCHOHHOTO aHAIIM3a - TOCTPOCHUH MOJIENIM C ONTHMAIBHBIM MOJIMHOXKECTBOM PETPECCOPOB
(dakTopoB).

B TeopeTndeckux ucciaenoBaHusIX TaHHON paboThI (pa3zen 2) paccMaTpuBaeTcs 0000IIeHHOE
npeacraBienne wmonened Buma (1.20), nuHEHHBIX TO TmMapaMeTpaMm, a B pa3paOOTaHHBIX

AJIropuTMax UMECTCA OOJILIIIMHCTBO YIIOMSHYTBIX BBIIIC KJIaCCOB MO,I[CJ'I@fI.
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1.3.2 CpaBHUTE/NbHBIN AHAJIN3 T€HEPATOPOB CTPYKTYP MoJeJie

BoJIbIIIMHCTBO M3BECTHBIX T'€HEPATOPOB CTPYKTYP €CTECTBEHHBIM 00pa3oM pa3leNsioTcs Ha
ABC Tpymlmnbl - H€p€60prIC U HUTCpAllMOHHBIC, TI0 aHaJorum ¢ MCETOHJaMH OITUMH3AlNH.
PaccMoTpuM xapakTepHbIe OCOOEHHOCTH ITUX METOOB, OTIMYAIONINXCS CIIOCO0AMU TeHEpaIiu
CTPYKTYp MOJEIIEN U OpraHu3anyeil IoucKa MUHUMYyMa 3aJaHHOI'O KPUTEPUSL.

IlepebopHvie memoovi. OHM W3BECTHBI KaK B METOJAaX PErpecCHOHHOrO THIA, TaK U B
MECTOax CaMOOpraHu3aluvu, U MPECAHA3HAYCHBI IJII PCHICHUSA 3aJadu H€p€60pOM MO[[GJIGI\/'I us3
KOHCYHOI'0O MHOXECTBa S . Bce »smeMeHTBI 3TOrO MHOMKECTBA MOT'YyT 6BITB BbBIYUCIICHBI
HE3aBHUCHMO C TIOMOIIBIO OIIEHKH MapaMeTpoB BcexX paznmuuHbiXx moaenei. [Ipu stom 3amava (1.3)
OKa3bIBAETCS AaHAJIOTUYHOM 3a]1aue LEJOYUCICHHOTO (IMCKPETHOT0) MPOrPaMMHUPOBAHUS U MOXKET
OBITh pelleHa MOJHBIM WK HalpaBIeHHBIM epe0opoM.

W3BecTHBI pa3iuuHble peaju3alud noIHO20 nepebopa, OJHAKO OHH (G EKTHBHBI TNPU
OTHOCHUTEIIEHO HEOOJIBIIIOM YHCIIe apryMeHTOB (perpeccopoB). Tak, B ciiydae TMHEHHOTO 00BEKTa

C M BXOJIJaMH{ YHMCJIO CPABHUBAEMBIX MOJIeICH BUIA

y, IXvév,Vzl,...,2m’ (121)

/e JeCATUIHOMY YHCITY V CTABHTCS B COOTBETCTBUE JBOMYHOE CTPYKTYPHOE YHCIIO d,,, paBHO 2" ,
Y TIOJIHBIN TIepebop peaneH mpumepHo 10 m =20.

Llens MeTomOB HampasnenHo2o nepebopa - OTHICKATh Pe3yabTaT IMOJHOrO mnepedopa, T.e.
rnobanbHei MUHUMYM CR(S) , IpH CYIIIECTBEHHO MEHBIIIUX BBIYMCIUTEIBHBIX 3aTparax. Cpemu
HUX HU3BECTHBI METOJIbl BKJIIOUEHHUS PErpeccopoB MO OJHOMY (MaKCHUMAaJbHO YMEHBIIAIOUIEMY
KpUTEpUI), HCKIIOYEHUS HUX IO OJHOMY H3 IIOJIHOM MOJAENW, U IIaroBble (BKJIIOUEHHUS -
uckiroueHus) [4]. DddexkTrBHEE B CMBICIE OTHICKaHHS Tria00ambHOr0 MUHUMyMa CR METOIbI
BETBE U TpaHMIl, HAIMPABICHHOIO YCIOXXHEHHUS HAa OCHOBE IPHUHIINIA HEOKOHYATEIbHBIX
pemenuit u apyrue. OHU pabOTOCTIOCOOHBI IPU IOCTATOYHO OONBIIHX 7 - OKOJI0 50.

[Ipumepom HampaBlIeHHOTO TTepedopa MOKET OBITH TIPOLIEypa BUIA

Py =X |x))0s =Lmi,l =1,F (1.22)

b

r7e s - HOMep 3Tamna (U CI0XHOCTh CTPYKTYPBI); Fy - YUCIIO TyYIIUX CTPYKTYp (CBOOOa BEIOOpA);

i
Jj - WHJAEKC perpeccopa, OTCYTCTBYIOIIETO B MaTpHIIC X [Ipu sTOM mpocMmarpuBaeTcs
HEKOTOPOE MOJAMHOXKECTBO HamOoOJIee MEPCIEKTUBHBIX CTPYKTYp M3 TOJIHOIO MHOXECTBa BCEX

BO3MOXXHBIX CTPYKTYp, KOTOpOE€ C OOJNBIIONH BEPOSTHOCTBIO COACPKHUT M PEIICHUE 3aJaud

MoJTHOTO Tiepedopa. Ecim by = C,i , TO IepeOOp CTAaHOBHUTCS TOJTHBIM.

Hmepayuonnvie memoovi. OHM U3BECTHBI TOJILKO B TEOPUU CAMOOpPTaHHU3aluu MOeleH, U
BCE MX BapHWaHTHI (KaKk W MEpeOOpHBIE aJTOPUTMBI) HOCAT OOlee Ha3BaHWE '"METO/ TPYMIIOBOTO
yaera apryMmeHToB" (MI'YA). Ilo npuHIuny neicTBUs UTEPAIlMOHHBIE METOIBI TTOJO0HBI KJIacCy
METOJIOB OINTHUMHU3ALMUA C TOMOIIbIO TOCIEAOBATENbHBIX MPUOIMKEHUM, OJHAKO HCIOJB3YIOT

MIPUHITAIT HEOKOHYATEIIbHBIX peleHni (CB0OO Iy BRIOODA ).
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B 3aBucumoctu oT crioco0a OpraHu3anuy MOCIeI0BATENbHbBIX MPHOIMKEHUH UTEPALlMOHHBIC
anroputMbel MI'V A MOKHO pa3zieiuTh Ha IB€ OCHOBHBIE I'PYIIIIbI: CENEKIMOHHBIE (MHOTOPSIIHBIE)
U pellakcalMoHHble. MHo2opsaoHble anrOpUTMbI [2] TIOCTPOEHBI Ha aHAJIOTUU C OMOJIOTHYECKOM
CEJIEKIIMEN JKUBBIX OpraHu3MoB. IIpu 3TOM ycriokHEHHe MOJIENEN OT 7-To psiia cesekuuu K (r+17)-
My MPOMCXOAMUT 3a CUET IOMApHOro '"CKpemMBaHMs" Jy4yIIMX MOJEIEH NpPEebplIyLIero psaa,

COTJIaCHO CIICAYIOIICMY YaCTHOMY ONMMCAHHIO:

r+l r r i1 F Z
y1+ =a,y; +ﬂlyj, r=01..,;ij=LF; [=1Cp, (1.23)

rae F - 3amaHHas cBoOosa BeIOOpa, a mpu r=0 crpaBa YYHTHIBAIOTCS MCXOIHBIC perpeccopsl. B
Hacrosimee Bpems (1.23) sl UCKIIOYEHHS TIOTEPU MCXOJHOTO 0Oa3uca  JIOMOJIHSIETCS

napasuieibHOM MPOUEaypOr BUAA
r+l _ r . X _
Vigk = Qpayi TViXg, i=LE; k=1m (1.24)

B Takux anropuTMax mpoieaypa yCJIOKHEHUs MPEKpallaeTcs Mocie Hadvajga BO3pacTaHUs
3HaueHul kpurepus CR.

AnroputmMbel  MI'VA  penakcayuonnoco tuma (Ha3bIBaeMble TaKXKE MHOTOPSIHBIMU C
BBIUMCJIICHHEM OCTaTKOB [2]) COOTBETCTBYIOT METOAY TIOCIEIOBATENbHBIX MPUOTIIKEHUN C
MOMOIIBIO TPYIIOBBIX penakcarnuii [10]: Ha kaxmoMm psiae (1mare npuoIMKeHHs ) Ty4YIIne MOJEIN
YCIIOKHSIOTCSI TOJBKO 32 CUET JOOABJICHHS UCXOAHBIX apTyMEHTOB, a PHOIKaeMON BETHUYNHOM

CIIy’KaT OCTATKH OT MPEBbLAYIINX MPUOIMIKESHHINA:
r+l

v =yityxg, r=01..; i=LF; k=1m (1.25)

B oTHX anroputMax MOMEHT OCTaHOBA pELICHHMS 3aJaud OmIpeAensercs Mo (akTy
CTa0MIM3aluu KpUTEepHUs, IpUYeM 37ieCb, B OTIMYME OT MEpeOOPHBIX, MHOXKECTBO MOJEICH
MOKHO OINHCAaTh, HO HEJIb3s MPOCMOTPETh BBHAY €r0 OECKOHEYHOCTH, a B INPOLIECCE PEIICHHS
dbopMuUpyeTCsT HEKOTOpOEe €ro IMOJAMHOXECTBO (Takke OeckoHeuHoe) [9], 3aBucsmee ot
napameTpoB aiaroputma. [Ipu 3ToM yBenmuuBaeTcs pazHooOpasue reHepupyeMbIX CTpyKTyp. Ux
3QPEKTUBHOCTh JIOKA3bIBAIOT MHOTOYMCIEHHBIE MPHUMEPHl pPEUICHUS MPaKTHUYECKUX 3a/ad
mMoaenupoBanus [2,3]. B menom urepanuoHHbIE METOJBI pabOTOCIIOCOOHBI MpHU OONBIINX M -
nopsaka 100. OHU MO3BOJAIOT MOJy4aTh Kak JIMHEHHBbIE, TaK U HEIMHEWHBIE MOJAEIH, NPUYEM
JlakKe B BBIPOXKJICHHBIX 3aJ1a4ax, KOrJa JJIMHa BBIOOPKU n<m .

Beipaxkenus (1.21) - (1.25) HarnsaHo (XOTsS ¥ YIPOLIEHO) NMPEACTABIAIOT YETHIPE OCHOBHBIX
TUIIAa TEHEPaTOpPOB CTPYKTYp B alropuTMax MojaenupoBaHus, Bkiouas MIYA. Bce onu
JUHEWHBIE, OJHAKO C YUETOM MpeoOpa3oBaHusl, IPUBE/IIET0 K SKBUBAJIICHTHON MaTpule X , MOTYT
JIaBaTh Y HEJIMHEIHBIE TI0 BX0JIaM MOJIENH.

OTMeTuM, YTO B MPHUKIAAHOM PErpECCHOHHOM aHajM3€ HMEIOTCS TOJBKO IepeOopHbIe
reHepaTtopsl (METOAbl BCEX PETrpeccHil, IIaroBOM perpeccuu, BETBEM W IpaHUI]), B KOTOPBIX HE
UCTIONIL3YETCS IPUHITUI HEOKOHUYATENBHBIX pemieHui (cBoOoma BbIOOpa), T.e. anroputMel MI'YA
NPEOCTABIISAIOT O0JIee MUPOKHE BO3MOKHOCTH TeHepaly Mojieneil. MitepainoHHbIe reHepaTopshl
MI'VA sBasitoTcst OpUrHHalIbHBIMU, U caMo Ha3zBaHue MI'YA accouuupyercs Mpexae BCEro C

HUMH. B 1anHoii paboTe anropuTMbl UTEPAIMOHHOTO THUIIA HE UCCIEAYIOTCS U HE IPUMEHSIOTCS, a
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NPUBEJCHHBIN KiaccuPUUUpYOmUKA 0030p MPEACTaBICH JUIS TOJHOTHI CTPYKTYpPH3ALUH
COOTBETCTBYIOIIMX 3HAHMH, KOTOpas CIOCOOCTBYET pa3paboTKe W peanu3anuu 000OIIEHHBIX

MHOTO()YHKIIHOHAJIBHBIX aJITOPUTMHUYECKUX MOJyJel (cM. pazaen 4).

1.3.3 BHemiHue KpUTepPUH Ka4yecTBa MoJeJIeH

Buemnue kputepum IpenHa3HAauyeHbl A NpuUMeHeHus B 3aaade (1.3) u ocHOBaHBI Ha
paszieneHun BBIOOpDKM Ha JBe WM Oonee dYacTeil. 3aech paccMOTpUM pa3OMeHHE Ha TPH
HENEePeCeKAINXCS TOABBIOOPKH (MTOAMHOXECTBa Touek) A, B, C, mpuyemM 0003HAUMM Takxke A
B = W. OrmeruMm, uto B anroputMax MI'VA npumeHSOTCS 4eTbIpe I'pyMIbl KPUTEPHUEB:
TOYHOCTH, COTJIACOBAHHOCTH, OanaHca U JUHAMUYECKHUE.

[IpuBenem BHIYMCIUTENbHBIE (POPMYIIBI TSI OCHOBHBIX BHEIIHUX KPUTEPUEB IPYII TOYHOCTH
U COTJIACOBAaHHOCTH, Tpenmnojaras pa3OueHue 3aJaHHBIM M OIyCKas HWHIEKC YaCTHON MOZEIH.
Jns crapmapTu3anuu 3anucu GpopMmyls mpuMeM clieAylone 0003HAaYeHHUs: OLEHKAa MapaMeTpoB

no MHK na HekoTopoii nonBsioopke G paBHa
T -1+yT
O =(X;Xg) XGgyg, G=4,B.W, (1.26)

a 3HaueHHE OIIMOKM Ha HEKOTOPOW MOABBIOOpPKE () MO MOJIENH, OLEHKH MapaMeTpoB KOTOPOii

BBIYHCIIEHBI HA G , paBHO
2
2

AQ|G) =]y, - X,0,

(1.27)
rne Q = A, B, W, C. Pa30uenue Ha TpH MOJBBIOOPKH COOTBETCTBYET CICAYIONIEMY:
X Y
A XW A Y "
X C Y C
Xc (1.28)
Kpurepun tounoctu. OdveBugHo, uto nmpu O = G BenumumHa ¢ = A(G / G) sBusercs
OCTaTOYHOI cCymMMOH KBagpaToB RSS, a npu G # Q oHA ABJISIETCA KPUTEPUEM peYIApHOCU:
Torma kpuTepuii 080tiHOU (CUMMEMPUYHOLL) Pe2YIAPHOCTIU;
Kpurepuit cmabunvnocmu (nHa W ) onpenensercs BIpaXeHUEM:
AS:A(W|A)+A(W|B):AD+EA +EB. (131)

Kputepuu cornacoBaHHOCTH. OCHOBHBIM KPUTEPUEM 3TOW TPYHIBI SBJISETCS KPHUTEPH

Henpomueopeyugocmu (HECMEIICHHOCTH ), OTIPEICIAEMbII BBIPAKCHUSMHU:
2
CB = HXwéA -X,0, H =0,-0,)"XIx,0,-0,)=
=AS-2(e, +¢&p). (1.32)

K naHHOIA rpyIIe OTHOCUTCS TaKxkKe KPUTEPUIl 6apuamueHocmu
CV=0,-6,) X, X, 0, -0,)=(g, — (¢, +&,))- (1.33)
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OnucanHble KPUTEPUU TPEATIONATAIOT OJUH BapHaHT pa3OueHUs BBIOOpKU. MIMeroTcs Takke
KPUTEPUH C MHOTOKpPAaTHBIM pa3OueHueM BBIOOPKM - Hampumep, JN (Jukek-Haild wuam

“ycpennennsbiii kpurepuii perymsipaoct” (YKP)). [TogpoOuee o kputepusix cm. B [11].

1.4 KauecTBenHoe cpapHenune MI'YA u Apyrux craTHCTH4EeCKHX METO/10B

MI'VA u wMeroasl NPUKIATHOTO PETPECCHOHHOIO aHajiu3a MOXHO CpaBHMBATh I10
CJIEIYIOIIMM aCIIeKTaM, CYIIECTBEHHBIM JJIsl YCIEIIHOro pemenus 3aaad suga (1.1) nmm (1.3):

® BO3MOXHOCTH aBTOMAaTHYECKOW I'€HEpalM pa3iINYHbIX CTPYKTYp MOJENIEHW B 3aJaHHOM

KJIacCe CTPYKTYP;

® METO/bI OLIEHUBAHUS [1aPaMETPOB FEHEPUPYEMBIX CTPYKTYP;

® TIpUMEHSEMbIC KPUTEPUH JUIS CPABHEHUS M BHIOOpA MOZETICH ONTUMAIBbHOM CI0KHOCTH;

e CrIocOOBI OLIEHKHU a/IEKBATHOCTH TTOJTY9aEMBIX MOJIEIICH;

® pPaboOTOCIIOCOOHOCTD MPU PA3TUYHBIX HAPYIICHUSX OCHOBHBIX MPEIION0KCHHIA;

e pa3zHoOOpa3ue MPUMEHSEMBIX KJIACCOB 0a3MCHBIX (yHKITH;

® CTENeHb aBTOMATHU3AllUHU MPOLIECCOB MOJAEIUPOBAHUS (“KOMPOPTHOCTH” TOIH30BATEINSA);

® pPaboTOCIIOCOOHOCTD MPU MAJIBIX M OOJIBIINX BHIOOPKAX JTAHHBIX.

CpaBHuTeNbHBIE 0COOEHHOCTH aNropuTMOB MI'YA 1o yka3aHHBIM acleKTaM B HECTPOroM
U3JI0’KEHUU CBOJATCS K CIEAYIOIIEMY:

1. MI'VA npezncraBisier 3HauuTENbHO Ooyiee HIMPOKHE BO3MOXXHOCTH aBTOMATHYECKOU
reHepauuu CTpyKTyp Moneneid. I'eHepatopsr MI'VA ecTh AByX THIOB: MepeOOpHBIE H
utepanronusie. [lepebopHble nenaTcst Ha KOMOMHATOPHBIE (aHATOTM METO/a BCEX BO3MOXKHBIX
perpeccuii) ¥ MHOTO3TalHble (aHAJIOTH METOJI0B 1IarOBOM PErpeccuyu U BETBEW M TPaHMIL], OJHAKO
C CYUIECTBEHHBIM JONOJHEHUEM B BUJAE NMPUMEHEHUs NMPUHIMIIA HEOKOHUYATEIIbHBIX PEILIECHUN).
HrepannoHHble T€HEpaTOpbl (aHAJIOrOB B PETPECCHOHHOM aHAJIM3€ HE HMMEIOT) JeNsITcs Ha
CENICKIMOHHBIC (MMUTHUPYIOT MpPOLENypy OHONOTHYECKONH CEJeKIMH C TIOMapHbIM YYEeTOM
IIOCJIEZI0BATENbHBIX TPU3HAKOB) M PEJIaKCAllMOHHBbIE (C IOCIIEOBATEIbHBIM MOJEINPOBAHUEM
OCTaTKOB OT TPEABLAYIINX NPUONMKEHUH). AJTOPUTMBI C HTEPAIMOHHBIM YCIIOKHEHHEM
MoOJIeNiell TPeOCTaBISIOT MPUHLIUIHNAIFHO HOBBIE BO3MOXHOCTH B 3a7aye MPHOIMKEHHS
(GyHKUIMH 1 HEU3BECTHBIX 3aBUCUMOCTEH (paznoxkenue B “psag MI'YA”).

2. lna oueHuBaHUs NapaMeTpoB OTIENbHbIX Mojened B MI'YA mpumensercs MHK, u
uHpopManus (eciii OHa MMEETCs) O XapaKTepHCTHKaX IOMEX B HACTOSIEe BpeMs NpsSMO He
ucnonb3yercs. Mcmonb3oBanue Takoil wuHpopManuu (Ha TPAKTUKE OHA PEIKO HMMEeTCs B
paclopsDKEHHH) BO3MOXKHO - JUISL 3TOrO  CIEAyeT H3MEHUTh COOTBETCTBYIOLIMN MOAYIb
aIropuT™Ma. JTO, MO CYIIECTBY, MMEET 3HAa4YCHHE TOJBKO JJs MepeOOpHBIX aAITOPUTMOB,
MOCKOJIBKY B MTEPALMOHHBIX B IPOIIECCE pEIIEHUs! CTPoATCs crenududeckue “oreHkn MI'YA”,
KoTophele He coBnagarT ¢ MHK-onenkaMu naxke pu CTpyKTYPHOM COBHAJEHUN MOJEIEH.

3. dna cpaBHeHHMs U BbIOOpa Monened B MI'YA mNpuUMEHSIOTCS BHEIIHHWE KPUTEpPUH,
OCHOBaHHbIEC Ha pa30MEeHNU BHIOOPKHU Ha JBE M 0OJIee YacTeil, mpuyeM MpoBepKa KauecTBa MOJICITH
Y OLICHMBAHHUE NIapaMETPOB M0 3TUM KPUTEPHSM BBINOIHAETCS HA PA3IMUHBIX MTOABBIOOpPKAxX. JTO

MO3BOJISIET 00OUTHCH 0€3 MPEeNNOoI0KEHUH O CBOWCTBAX LIYMOB M YPOBHSAX IOBEpHUs (KpUTEpHii
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Oumepa), a Takke 06e3 OLIEHUBAHUS JUCIIEPCUN IITYMOB WM 3HAYeHUH (QYHKIIMH pactpeaeeHUs
(xputepun Mannoy3a, Akauke). Ilpu 3TOM B yCIOBMSIX HAapyLIEHHUH OCHOBHBIX IPEAIOCHUIOK
JIOCTUTAEeTCS aBTOMATUYECKUIM YYeT 3TUX HapyLIEHUH (KOTOpbIE OTPa)K€Hbl B JAHHBIX), 3a CUET
4ero rmosydaercss APQEeKT MOMEXOYCTOMYMBOTO MOJECTUPOBAaHMS BBUAY BbIOOpa MOJEIH
ONTUMAJILHOW CII0)KHOCTH (B CMBICIIE YU€Ta HEMOIHOTHI JAHHBIX U 3alTYMJIEHHOCTH BBIOOPKH).

4. Ouenka aznexkBaTHocTH B anroputMax MI'VA BbINONHSETCA O 3HAYEHUSIM BHELIHMX
KpUTEpUEB, a TaKKe II0 BEIMYMHE TOYHOCTH OSKCTPANOJALMU (NIPOTHO3UPOBAaHUS) Ha
HE3aBUCUMOM BBIOOpKE NaHHBIX. [Ipy BBINOJHEHMM OCHOBHBIX IPEIOI0KEHUN MOXKHO BIIOJHE
IPUMEHSTH TPaJIULIMOHHBIE METOBI OLIEHKH aJieKkBaTHOCTH (Puiepa, Koamoroposa u ap.).

5. AnroputMbel MI'YA MOXXHO OTHECTH K pOOAacTHBIM METOJaM MOJECIUPOBAHUS B CMBICIE
BbIOOpAa MOJENM C TEOPETUYECKHM MUHUMAIbHOW IHCIEPCHEN MPOTHO3a (3a CYET COKPAIICHMS
CJIO)KHOCTH MOJIENIM BBHUJY HESIBHOTO ydeTa YpPOBHS IIyM/CUTHAJI M PA3IUYHBIX HapyIIEHUH -
apdexT mnomexoycroitunBoctu). [Ipm 3TOM CTpyKTypa MOJENU aJanTHpPyeTcss K o0beMy
uH(pOpMaLnK, 3aJI0’)KEHHOH B BEIOOPKE (UeM MEeHbIlIe HH(POpMAIUY, TEM IPOIIE MOJEND).

6. Pa3zHooOpa3sue NpuMeHseMBbIX KJIacCOB (DYHKIMH B IMOX0aX B MPUHIIUIIE OJJMHAKOBO; IIPU
3ToM B anroputMax MIVA wumeercs MHOro pasiMYHBIX aBTOMAaTUYECKHM TI'€HEPUPYEMBIX
BAPUAHTOB KJIACCOB MOJCIICH.

7. AnroputMel  MI'YA  005amaioT BBICOKOH  CTENEHBIO aBTOMATH3alMU  Ipoliecca
MOJIEJIMPOBAHUS - JOCTaTOUYHO BBECTH JAHHBIE M YKa3aTbh BHEUIHUI KPUTEPHil; OJHAKO KaueCTBO
MOJIeIIeH TIPH 3TOM CBSI3aHO C OIBITOM BbIOOpa YIPABISAIOMIUX ITaPAMETPOB allTOPUTMOB.

8. Ilpu ManbIx BBIOOpKax JaHHBIX anropuTMbl MI'YA 001amaloT MpeuMyIecTBOM 3a CUeT
BbIOOpA CIIOKHOCTH MOJENH, ONTHMAJIbHO YYHTHIBAIOIIEH HH(POPMATUBHOCTh MAaHHBIX. [Ipu
BO3PACTaHUM JUIMHBI BBIOOPKM JBa IOJAXOJa B KOHIIE KOHIIOB OKAa3bIBAIOTCA TEOPETUYECKH

SKBHUBAIEHTHBIMU (3 deKT cocTosTensHOCTH Kputepues MI'Y A [12]).

1.5. MHoro3Tanumplii (KOMOMHATOPHO-CEJIEKIMOHHBIN) AJITOPUTM C MOJHMHOMHAJILHOM

CJIOJKHOCTBIO Tepedopa MojeJeii

Tak kak oOBeM moOJHOTO TMepedopa SBISETCA nokazamenvHol (IKCIIOHEHIUAIBHON)
¢yHKIMEeH yKhchna perpeccopoB, TO OYEBHHA OTPAHUYEHHOCTh BO3MOXKHOCTEH KOMOHMHATOPHBIX
anroputMoB. [loaToMy Juist pemieHus Oojee CIOXKHBIX 3a7ad HEOOXOJUMO pa3padaThiBaTh
CHoCco0BI COKpAIIEHHOTo Tiepedopa.

B nanHom maparpade OmMcaH HOBBIM aIrOPUTM COKpAIIEHHUS TIIOJIHOTO mepedopa,
ABJISIIOUIUNCSA, KaK M MHOropsigHble anroputMbl MI'VA, cenekimoHHBIM, OJHAKO HMMEIOUIUI
KOHEYHOE YHMCIIO 3TarnoB (He Ooyiee m ) W MO3BOJSIOIIMN MCKATh MOJAETh B TOM K€ 33JaHHOM
(GyHKIMOHATHLHOM 0a3uce, KOTOPBIA HCIONb3YyeTcs B MepebOopHbIX anroputMax. [Ipemmaraemas
CXeMa COKpallleHHOro mepedopa OTIMYaeTCsl OT HM3BECTHBIX IIArOBBIX CXEM IPEXIE BCETO
OPUMEHEHHEM TPUHIMIIA HEOKOHYATEIbHBIX  PEUICHHWH, CYIIECTBEHHO IIOBBIIIAIONIETO
BEPOSTHOCTD MOJIyYEHHsI pe3ysIbTara IMOJIHOTO repedopa.

OOmiast cxema aneopumma: CHayana OLECHHMBAIOTCA BCE MOJEIU C OJHUM apryMEHTOM, U

BBI6I/IpaeTC$I HCCKOJIbKO JYYIIUX M3 HUX; HAa BTOPOM 3Tall€ K 3TUM MOACIISAM [[06aBJISHOTC$I
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pas3JInYHbIC APTYMEHTHI 110 OJHOMY, ¥ OTOMPAIOTCS MOJEIH C JBYMS apryMEHTaMH, yIy4IlIaloliie
BEIIMYUHY KPUTEPHUsI, U T.J. 0 €ro yXyaueHus. Takon aaropuTM MOKHO Ha3BaTb MHO2039MANHbIM
B OTJIMYUE OT MHOTOPSAHBIX, II€ YHCIIO PAIOB MOKET OBITh OECKOHEUHBIM.

Ilocnedosamenvrocms onepayuil, BBITOTHAEMBIX Ha KaXJIOM S-M 3TaIe alrOpUTMa:

1. I'enepupyroTCs YaCTHBIC MOJIENU S-TO dTana YHopsI0YEeHHBIM J00AaBICHUEM K KaXIOH i-i

= 1’}1—1

MOJICNIA TMPEIbIAYIIETO 3Tara, OJIHOTO M3 OTCYTCTBYIOUIMX B HEHl apryMEHTOB,
COOTBETCTBYIOIIUX HYJEBBIM AJIEMEHTaM CTPYKTYPHOIO BeKTopa d; i-il Mmonenu. To ecTs Ha 3Tane
TeHepUPYETCS MAKCUMYM ¢ =(m-s)F;_; 4aCTHBIX MOJEJNEN CO CIIOKHOCTBIO (YUCIOM apryMEHTOB
WIK OLICHUBAEMbIX MapaMeTpoOB) S , IPUUEM ¢, SBJIAETCS 3aBBIIICHHOIN OIIEHKOM, BKIIIOUYAIOLICH

BO3MOJXKHBIE TIOBTOPEHUSI CTPYKTYpP, KOTOPHIE HECIOKHO alropuTMUYecku n3dexats. Kaxnas /-s

I=1,q,

HOBasg MOJIEJIb, OJIHO3HAYHO ONpenaeNsieTcss HoMepoMm [ Mojenu (s-1)-ro stama u

HOMEpOM j T0OaBICHHOT'O apryMEHTa, J=lLm—s (cM. dpopmymy (1.22)).
3. Boraucnsitorest oeHku ko3pduunentos ¢ (i) npu kaxaom i, j no MHK.

4. BBIYUCISIOTCS 3HAYEHUSI KPUTEPHUS CENIEKIIMH I KaXI0M U3 ¢y TEHEPUPYEMBIX MOJICIICH.

5. Onpenensatores FSy Tydmux MOJENEH, nmepelaBaeMblX Ha CIEAYIONIMN 3Tall CEJIEKIUH, 110

YCJIOBUIO YJIYYIIECHUS 3HAYECHH KPUTEPUEB CRs—l , TTOJTYYEHHBIX HAa MPEABIAYIIEM 3Tare I
KaXKJI0H I-i1 MOJeIIu:
FSyrms 1, CRl( j) <CR]
’ Ky s—1>
i=1 j:1 O, CRS(-]) = CRS—I . (134)

Yucno FS, mpu O0JBIIMX M MOMXKET OKA3aThCs CIUIIKOM OOJBIIUM Ui KOHKpeTHOH DBM,
MOSTOMY HEOOXOIMMO BBECTH HEKOTOpOE IieJiecooOpasHoe orpanumdeHue cBepxy FM . Tornpa

cB00OOaa BEIOOpA Ha S-M dTarne onpenensercs mo (1.34) ¢ yaerom orpaHuYeHUS:

FS,<FM

6. Ilpunumaercs perieHue 00 OCTaHOBE MPOLEAYPHI MK Tiepexoae Ha atan 1. OueBuaHO, YTO
yclioBUEM ocTaHoBa sBisiercss FS; = 0 , U MoJenb ONTUMAJIBHOM CIIO)KHOCTH OIPENEISAETCS
MUHUMAaJIbHBIM 3HAUEHUEM KPUTEPHSI Ha OTHOM U3 NMPEABIAYIINX ITAIOB.

Onwucannsiii anroput™ HazBaH MULTI. Ero ocrognsie ceoticmsa:

1. Anroput™m sIBIISIETCSI CEJIEKLIMOHHBIM, C KOHEYHBIM YHCIIOM JTaIloOB Iepedopa, MpuieM
cB00O/1a BEIOOPA Ha KaXKIOM 3Talle U MOMEHT OCTaHOBA ONPEACISAIOTCS aBTOMAaTHUECKH.

2. Bce aHanmusupyemble MOJIENN NPUHAUIEkKAT TOMY K€ (pyHKIMOHANbHOMY 0a3ucy, 4Tto U
MOJIENIN OOBIYHOTO KOMOMHATOPHOTO AJITOPUTMA.

3. Ha kaxznom »3Tame CI0KHOCTb YaCTHBIX MOJENEH YBEIMUYMBAETCS TOJBKO Ha OIUH

aprymeHT. IIpu aTom 3aTpaThl naMATH OKa3bIBatOTCs TeMH Xke, yTo 1 B COMBIL

FM =C:

4. AMropuTM MO3BOJISIET MOJYYUTh HEKOTOPBIE U3BECTHBIE CXEMBI IIepedopa: MpH
- IOJTHBIN TIepebop (MeToa Becex perpeccuit), mpu FM = 1 — mocnenoBaTenbHbINA Iepedop (MeToa

BKJTFOUCHHUS ).
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5. CnpaBemmBa cieayromas OucCHKa CBECPXY 06H_IGFO qucia MOI[GJIGI\/'I, CpaBHHUBACMBIX I10
9TOMY aJITOPUTMY:
m m 1
Gy =2 omee = 2 (M=) FM =—m(m—1)FM
= = 2 _ (1.35)
Takum 06p330M, YHUCIO IPOBEPACMBIX MO,I[CJ'ICﬁ qm SIBIISIETCSL CIMEeNneHHOou (bYHKHHCﬁ qucia

apryMEHTOB M BMECTO NOKA3AMeNbHOU 3aBUCUMOCTH 2™ NP IIOJHOM Iepebope, T.€. alropuT™M
pabotocmocober u mpH 6Goapmux m BBHTY 9 << P, Hampumep, mpu m = 100 u FM=25
onenuBaercs He 6oxee Im =123750 Momerei, 4TO MPUMEPHO SKBUBATCHTHO 0OBEMY MOTHOTO

nepedopa nipu m=17 (G < Pi7) . To ecTb aIrOpUTM UMEET HOAUHOMUATLHYIO CIIOKHOCTb.

6. Ecin ncTuHHBIE apryMeHThl 0ojiee KOPPEIUPOBAHHBI C BBIXOAOM ) , 4eM U30BITOYHBIE,
QITOPUTM 00ECIeYMBACT IMOJIyUYeHHE Pe3ysbTaTa MOJHOro mepedopa, MOCKOIbKY CEIeKIMOHHAs
npoleypa IMOMCKa BBIOMpaeT Hambosiee BEpPOSITHbIE IMYTH YCIOXKHEHUs Mojeneil. B Ooree
CIIOKHBIX CIIydasiX BEpPOSITHOCTb JOCTM)KEHHUS pe3ylbTaTa IIOJIHOTO TIepebopa ocraercs
JIOCTaTOYHO BBICOKOM, YTO OOBICHAETCS, KPOME YKa3aHHOTO, TAKXKE CIECAYIOUUMH (haKTOpaMH:
KaXKaasi yCIIOKHAEMas MOJIENb IPOBEPSIETCS] HA BO3MOXHOCTh BKJIIOUEHHS B HEE OTCYTCTBYIOLIUX
B HEHl apryMeHTOB; /Jis IPOBEPKU EAMHCTBEHHOCTH pEIICHUs IpoLEaypa OCTaHaBIMBAETCA
ToJIbKO IIpu F$=0; mocie nmosydeHus UCTUHHON MOJENN (MU MOZENIN ONTUMAIbHON CII0)KHOCTH
IIPY 3alyMJIEHHBIX JaHHBIX) AJITOPUTM TapaHTUPOBAHHO OCTAHABIMBAETCS.

HccnenoBanue 3¢¢peKTHBHOCTH KOMOMHATOPHO-CeJleKIMOHHOro ajaropurma MULTI
BeruucnurensHas 3QQGEKTUBHOCTh AITOPUTMA HCCIIEAOBANACH IKCIEPUMEHTAIBHO Ha NpPHMEpe
pacdera mMonenu 3kocucteMbl KaxoBckoro Bopoxpanwnuiia. Pacuersl monenedl ImpOBOAUIUCH
napauienpHo 1o asym anroputmMam — MULTI u COMBI. Ilo amroputmy COMBI,
o0ecreynBaroIeMy MOJHbIN 1epebop BO3ZMOXKHBIX MOJENEH IS JTaHHOTO COCTaBa apryMEHTOB,
orpeneNnsiach ONTUMaIbHAas MOJEINb B BUIE JIMHEHHOTO TOJIMHOMA CO CBOOOIHBIM WICHOM. 3aTeM
JUIL TOrO K€ COCTaBa AapryMEHTOB BBINOJIHAIOCH MojenupoBanue mno amroputMy MULTI
Pacuets! BeinonHsumuck Ha komnbeioTepe PC AT ¢ npoueccopom 80386.

B kadecTBe MCXOIHBIX JAaHHBIX IPU MOACTUPOBAHUU OBUIM HCIIOJIb30BAHBI CPEIHECE30HHBIC
3HaueHus 13 BXOJHBIX NEPEMEHHBIX 3a § JIET, T.€. 0 32 3HaueHus KakJ0ol nepeMeHHoil. Bmecte
C BXOJHBIMH MEPEMEHHBIMH BBOJWINCH CPOPMUPOBAHHBIC JONOJHHUTEIbHBIE apTyMEHTHl B BUJIE
3aras3AblBalOIMX 3HAYEHUN BBIXOAHOM M IATH BXOJHBIX IEpeMEHHBIX. KonnuecTBO aprymMeHTOB
dbopMUpYEMBIX TTOTUHOMOB L U3MEHSITIOCh OT 7 10 19.

3HayeHus OOmUX s OOOMX AITOPUTMOB pPAabOYMX IMAapaMeTPOB IPH MOJICTUPOBAHUU
3a[aBaJICh OAMHAKOBBIMU, IIPUYEM JIJIsl K&KIO0TO 3HAUeHUs L 0TOMpainch 3 JTydiirne MOJIeIH.

UccnenoBanue 3¢pdexruBnoctn anroputmva MULTI npoBoamiiocs B aBa stana. Ha nepsom
3Tare pacyeThl MO 3TOMY aJTOPUTMY BBIMOJHSAINCH MPU HAUOOJBUIIMX BO3MOXKHBIX 3HAYCHUSX
napamerpoB SA u FM: SA=FM=L+1. Ha BropoM 5Tame ObUIM YCTAaHOBIIEHBl ONTHMAJbHbIC
3HAYEHUS ITUX NapaMeTPOB I Ka)KJOro 3a/1aBa€MOI0 3HAa4EHHUsI L.

PesynbTaThl cpaBHEHHs ABYX AITOPUTMOB INpuBeneHbl B Tabmuuax | u 2. B rtabmume 1

[IOKa3aHO, KaKO€ KOJMYECTBO MOJENEH i 3aJaHHOI0 YKCJa apryMEHTOB L NpoBeEpseTcs NpU
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paboTe KaXJ0ro U3 3THX aIrOPUTMOB ( Neombi B Nmyii) A7 TIOTYYEHUS OJMHAKOBOTO pe3yibTaTa
(MOTHOTO COBMAJIEHUsT TpeX Ny4dmux Mojenel). B rtabmuie 2 mpuBeIeHO BpeMs cdera Io
KOKJIOMY alroputmy mais pasHbiXx 3HAYCHUH L (Teombi U Tmuii)- Pe3ynbTaTel mepBoro sramna
uccienoanus, korna SA=FM=L+1, npuBeneHsl B TpeTbuX cTpoukax Tabmui | u 2 (Nyyui #
Tmutti1), @ PE3YJIBTATHI BTOPOIO 3Tala - B YETBEPTHIX CTPOUKAX (Nmyiiz U Tinultiz)-

OntumanbHOe 3HaueHue mnapamerpa SA (YHCIO 3TaloB aNrOPUTMA) OMNPEAEISUIOCh O
pesynbratam pabotsl anroputMa COMBI (HanGomnbliiee KOJTMYECTBO apryMEHTOB B KOXKIOU U3 3
O0TOOpaHHBIX Mofenei). DTo 3HadeHue SA MOXKeT OBITh OIpeNeNeHo Mpu paboTe camoro
anroputMa MULTI, xorma nmocturarorcs HawiIydllde 3HAUYEHUS KPUTEPHs OTOOpa Ui Tpex
MoJenell M JanbHeWmuii nepebop Mojenell He NMPUBOIUT K UX yiydlleHdto. OnTHMaibHOE
3HaueHue napamerpa FM ompenensnoch 3KCIEPUMEHTAIbHO MyTeM nepedbopa. Bompoc BeiGopa
3TOH BENTUYMHBI OYAET paCCMOTPEH B NATbHEUIINX HCCIEJOBAHUSAX.

Kak BUIHO M3 TpPUBEICHHBIX pE3yabTaTOB, NMpPHU HAMOOJBIIMX BO3MOXHBIX 3HAUYECHUIX
napametpoB SA=FM=L+1 xonnyecTBO npoBepsieMbIx Mozenei no anroputmy MULTI npu L=7
MeHbIIIE B 2 pa3a, a npu L=14 — B 34 pa3za. Tak jxe cokpalaeTcst 1 Bpems cuera.

[Ipu onTuManbHBIX 3HaYeHUAX napameTrpoB SA u FM mepebop mo anroputmy MULTI npu
L=14 cokpamaetrcs B 125 pa3, a Bpemsa cuera — B 175 pa3. CoorBercTBylomme rpaduku,
xapakrepusyromue osicTpoaeiictBue MULTI, nokazansl Ha pucynke 1.1.
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L 7 8 9 10 11 12
Neombi 256 512 1024 2048 4096 8192
Ninutti1 125 184 264 357 474 626
Niultiz 53 69 82 95 108 195

[Tponomxenne Tadbmuusl 1.1

L 13 14 15 16 17 18 19
Neombi 16384 32768 65536 131072 | 262144 | 524288 1048576
Niutiil 762 964 1212 1483 1790 2198 2711
Nmutti2 186 261 366 446 498 875 1120

Tabmuma 1.2 — Bpems cueta

L 7 8 9 10 11 12
Toombi 7’ 157 35” 1’20 2°55” 6°32”
Tnuttit 5” 7’ 10” 16” 23” 327
T iulti2 1” 2” 2” 3” 4 8”

[Tponomxenne Tadmuibr 1.2

L 13 14 15 16 17 18 19
T combi 13°50” 32’ - — _ _ _
Tt 427 55” 1’16” 1744” 2°21” 3’117 4°25”
Tinulti 7’ 117 16” 23” 27 50” 1°14”

4500 -

3500 4 Multi-opt

3000 S

2500 -

2000 S

1500 <

1000 4

500 o

0

Pucynox 1.1 — CpaBHeHue OBICTPOACHUCTBUS aJTOPUTMOB IIOJIHOTO TIepedopa

Mozerne W KOMOHMHATOPHO-CEJICKIIMOHHOTO  (MHOTOJTAlHOTO)  alTOpUTMa

HATPaBIEHHOTO mepedopa
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PA3JIEJ 2
WCCJIENOBAHME 3AKOHOMEPHOCTEM BBIBOPA CTPYKTYPbI MOJEJIU
O YCJOBUIO MUHUMYMA JUCNEPCHUU OLLIUBKH

2.1 IlocTaHOBKA 321a4H CTPYKTYPHOM MACHTH(UKALNHA MOJeJIeil ¢ MUHIMAJILHOM

AUCHepcHell OMMOKH

PaccmoTpuM nocTaHOBKY 3a/1a4uM, MPUHSB CIEAYIOLIME OCHOBHBIE MPEAIOI0KECHUS:
IT1. OOBEeKT wnM Mpouecc MUMEeT m  JETePMUHUPOBAHHBIX BXOJHBIX (HE3aBHCHUMBIX)

HNEPEMEHHBIX Xj,...,X;; W OJHY BBIXOJHYIO (3aBUCHMYIO) IEPEMEHHYIO ) , CBSI3aHHBIEC JINHEWHO:
oA

]
_.T _ _.T
yi=x; 0+ =y + &, y=x;0, 2.1)
rae 6 - BEeKTOp m HEHW3BECTHBIX IMapaMeTpoB, MPUYEM W3 HUX So< /7 HEHYJEBBIC, i - HOMEp
HaOroeHus (BO BpEMEHH WJIM IPOCTPAHCTBE), & - clyvyaiiHas BelnyuHa (IIyM).

I12. CnyudaiiHas BeIM4YMHA UMEET CBOMCTBA!
_ 2 2 N s, s
ES; =0, Egi=0", E&¢; =0, i#], (2.2)
2
I7ie 00 - KOHEYHas HEeM3BECTHas AUCIepcHs, IpuyeM (yHKIMs pacupeneseHus & He W3BECTHa,

E - omneparop MaTeMaTMYECKOrO0 OXHUJAHHUS IO BCEM BO3MOXKHBIM peaM3aUsAM CIydaitHON

o
BelMUMHBIL. B coorBeTcTBUU ¢ 3TUM B (2.1) nMeem Y = Ey.

I13. Ucxoauas naopmanus 3aaHa BEIOOPKOH TaHHBIX 7 HAOJIOJACHHI B BUIC MATPUIIBI

W=[X|y], dimW=nx(m+1), _ X={xy.k=Lnj=Lm

rie - MaTpHIila perpeccopoB

_ _ T
OJIHOTO paHra ' ank X = m a Y=(Y1--Yn) - pexommoii BekTop. Kpome Toro, Gyaem

CUUTAaTh 3aJJaHHBIMH TaK>XKE nF TOYCK, XapaKTCPUIYIOIIUX 00J1aCThb IIPOrHO3NpPOBAaHKA, B BU/C

Xp,dimX, =n_xm, Xp#X

MaTpPHUIIbI pUyYeM B 00ILIEM ciiydae

[14. B acuMnToTKe perpeccopsl Oy1eM CUUTaTh CHIIbHO peryisipHbiMu [13]:

1 N
lim =X, X, =H,
n—0 n (2.3)

rae H - HeBBIPOXJACHHAS KOHEUHAsl 7 X m MaTpula.
[lepBoe momyIieHue O3HAYAET CYIIECTBOBAHWUE MOYHOU (WJIM WCTUHHOMW, WM (PU3NUECKOM)

MOJeJI OOBEKTa BUAA

o o

Ve =00 Xk (2.4)

3

0 o

S i .
rme X eR”° , IpUYEM BCE x’ , j= 1,...,50 , SIBIAIOTCA 4YacTbI0O KOMIIOHEHT H3MEPSEMOro

0

BEKTOpa X ,a ~ O - HCTUHHBIN BEKTOpP MapaMeTpPOB, T.€. KOMIIOHEHTHI BEKTOpa 0 s (2.1) paBHBI

o s

NI KOMIIOHCHTaM BEKTOpa 0, UJIK HYJIKO, HO IIPH 3TOM HHU

J i
0 , HA 3HAYECHHUS 05, J —1;---,S0,
HU TOPAJOK MX pasMelieHns B Bekrope O He mssectnbl. Torna 3amada  CTPYKTYPHOIR

I/I,I[CHTI/I(I)I/IKaHI/II/I AOJDKHA COCTOATH B OIPCACICHHUHM HAWIYyUHIEr0 B HEKOTOPOM CMBICIC
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0

0’ o0, Ipu OJHOBPECMCHHOM pPA3ACJICHUN BXOIOHBIX

X, dimX =(m—s,) ><1_

HpI/I6J'II/I)KeHI/IH K HCHU3BCCTHBIM 3HAYCHUAM S

o
NEPEMCHHBIX X Ha HCTUHHBIC X H HM30BITOYHBIE

st Gonee TouHOUM GopMynmupoBKH 3amaur Buaa (1.1) paccMoTpum, Kak MpH TPHHITHIX
(o3 )
TPEOI0KEHUAX (HOPMUPYETCS MHOKECTBO ~3 MOJEJICH-IPETCHICHTOB Ha JTYYIIYIO MOJIEb.
Omnpeneaenne 1.1.  CmpykmypHvim  6ekmopom  HA30BEM  mM-MEPHBI  BEKTOP

d={ dlwud " , coctostquit 3 Sd  emumnn u M T Sd wmyneit, Sd = 0,m , YKa3bIBAIOIIUX Ha
Hanuune  (Ipu d’ =1) wmm orcyrcrBue (mpu d’ =0) B mnposepseMoii MOIEIH
COOTBCTCTBy}OH_[eI\/’I KOMIIOHCHTBI BXOJHOI'O BCKTOpa X Ipu 3TOM YHUCIIO Sd Ha3bIBACTCsA
CNOACHOCHIBIO MOJIETIH.

KommuectBo HCTIOBTOPAOIIUXCA BAPpUAHTOB PasMCIICHUA § CAWHHUIL B 7-MCPHOM JBOMYHOM

s m!
LM I(m—s)!
BEKTOPE PAaBHO YHCITY KOMOHHAIUIA : Y, TI03TOMY 0O0IIIee YHCIIO0 BCEBO3MOKHBIX

CTPYKTYPHBIX BEKTOPOB PaBHO

m
Gm = 2.Cn =2"
s=0 , (2.5)
MPUYEM CIOJIa BKJIIOYEH ciaydail s = (), COOTBETCTBYIOIIUN HE3aBUCHUMOCTH BBIXOJA OT KAaKOIO-

60 M3 M3MEpAEMBIX BXOM0B. Torja CTpyKTypHBIA BEKTOp ¢ NPHHAMIEKUT MHOXKeCTBY D

— nm j_ m
Pa3IMYHBIX M-MEPHBIX OMHAPHBIX BEKTOPOB: D ={d, €/0;}",[=1,...27} .

f(d0x)=x"0(d) =x"(diagd)6

Onpenenenne 1.2. OyHKIMA (rne diag d -

JUaroHaJbHas MaTpuua C JJIEMEHTaMH, PABHBIMU d]:j :l,m)’ 3aJlaHHasi ¢ TOYHOCTBIO [0
napaMeTpOB, Ha3bIBAETCSI CIPYKMYPOL MOOeNU, VIN TIPOCTO CIPYKMYPOIL.

IIpn 3amaHHOM BXOJHOM BEKTOpPE X CTPYKTypa OJHO3HA4YHO 337acTCi CTPYKTYPHBIM
Bektopom d €D | T.e. uMcIOM M pa3MelleHHEM €IUHMII B d , HOSTOMY BMECTO BBIPAKEHHUS
"CTpYKTYpa MOJIENIN, COOTBETCTBYIOIIAst BEKTOPY d " OyaeM roBoputh mpocto "cTpykrypa d .

JlomycTuM Temneps, 4TO 3aaH HEKOTOPBIA YHUMOJAIbHBIM KPUTEPUN Ka4yeCTBa OLICHUBAHUS
I1apaMeTpoB OR(0,,dW) Ha W , u ompenenum oueHky M X l-pexropa & d) qyepes
dd x 1

OLCHKY {), BeKTOpa 0, pa3MepHOCTH

ad .

, COCTABJICHHOI'O M3 HCHYJICBBIX KOMIIOHCHT

90[ =arg mln QR(edadaXay) : (26)
0,eR™

ord o
Torma MHOXKECTBO ~3 cpaBHHBaeMbIX B 3aj1ade (1.1) Moaeneit npuHUMaeT BUA

3={f(d,0,,x)d e D}, (2.7)

e MOJelb f(d,éd,x) zédT x(d),a BEKTOp X(d) pa3sMEpHOCTH Sq S m COCTOMT TOJLKO U3

KOMITOHCHT BCKTOpa X , COOTBCTCTBYIOIIUX CAUHHUILIAM B d .

Kputepuit CR(f) B (1.1) HeoTpHULIATENBHBIA U OTpaXKaeT HEKOTOPYIO LIEJIb MOJECIUPOBAHUSL.
Ipu sTOoM CR(f) = CR(d,éd,W), u B o0mmem ciydae CR(a’,@dW);t QR(d,éd,W), TO €CTh MpHU
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CTPYKTYpHO-TIAPAMETPUYECKON HACHTU(UKANMK 3aJada AWCKpeTHOW ontumusamuu (1.1)
pelaeTcss COBMECTHO C 3ajauell HempepblBHOM ontumuzauuu (2.6). Pesynbratom perieHus
SBIIAETCA onTUManbHas Mozens  f(d™, 0", x)=(0") x(d").

31ech ocTaycs HE OINpeNeNeHHBIM Crnocod (QOpMHUPOBAaHUS CTPYKTYPHOTO BeKTopa  d,
KOTOPBIH 3a7aeT co0oi OJHOBPEMEHHO U MpoLeAypy Ioucka s3kcTpemyma CR(*) Ha MHOXKECTBE

(2.7). 11 yrouHeHuUs: pacCMOTPUM CJIETYIOIIYIO 331a4y IIOUCKA JTyYIIEro CTPYKTYPHOI'O BEKTOpaA:
d = argrgliglCR(d, 0,,W). (2.8)
Beskomy d €D onmosmauno  coorBerctByer §), kak pemenme (2.6), u 3azada (2.8)

skBuBajeHTHa (1.1), moatomy (2.8) Oymem paccmaTpuBaTh B KauyecTBE 3aqadydl CTPYKTYpPHOM
unenTudukanuu. OHa ABJIgeTCA 3a1aueil momHoro nepebopa 2" BapuaHTOB CTPYKTYp MOJEINEH,
T.€. SBJSIETCS KOMOMHATOPHOM, C noKa3ameibHblM OTHOCUTEIFHO 7 POCTOM YHCIIA BAPUAHTOB.

9Ty 3aga4y MOXKHO TaKXXC MPCACTaBUTh B OKBUBAJICHTHOM BHUIC

d = argminminCR(d, 0, W), (2.9)
N
rae DseD . MMOAMHOKECTBO, COJIEprKaIllee Cin CTPYKTYPHBIX BEKTOPOB U3 § €AUHUI, U
m
UD,=D
s=1 . Beipaxxenus (2.8) u (2.9) — 310 1Ba BapuaHTa MOTHOTO 1epedopa CTPYKTYP.

Onnako (2.9) onpenensieT coO0i Takke eI KJIACC aITOPUTMOB HAIIPaBIEHHOTO TMOUCKA C

COKpaIleHHEM Iepedopa C MOMOIIBI0 TeX WM MHBIX CIOCOOOB (POPMUPOBAHUS MPU KAKIOM S

HEKOTOPBIX MOAMHOXKECTB DscD (cm.[4], a Takke mogpazgen 1.5). B mpocrelimem cnydae
Dy COJEP/KUT OJOUH DJEeMEHT, U (2.9) COOTBETCTBYET NOCIEAOBATEIBHOMY BKIIOYEHHIO
MEPEMEHHBIX B MOJIeJb, HauKHas ¢ nepBoi. [Ipu 3ToM onTUManbHas CTPYKTypa MOJIETU UILETCS B
TaK Ha3bIBAEMOM MHOXKECTBE ‘‘BJIOKEHHBIX CTpyKTyp [14], Torma Bmecto (2.9) mpaBomepHO
paccMaTpuBaTh 3aJady OINpeAeNICHUS ONTUMAJIbHOTO TMOPSIKA, WIH ONMUMALLHOU CIOHCHOCMU
MOJIEJIH:

s = argrr_lliinCR(s,Q,W)- (2.10)

Jlanee B uiccneqoBaHUAX OyAeM paccMaTpuBaTh UMEHHO ATOT BapHaHT 33Ja4l CTPYKTYpPHOI

X,,0 nxs, sxl1

UACHTUPUKAINH, 0003HAYas § C pa3sMEPHOCTAMU COOTBETCTBEHHO. JTO HE

X

OTPaHUYHMBACT OOIIHOCTH 3aJauu: S SBISIETCS TPOU3BOJIGHBIM ITOJMHOXECTBOM  S<im
perpeccopoB (CTONOIOB MaTpuIlbl X ), a MOCIEeIOBATCIbHOCTh S = l,....,m ux pxmouenns B

MOJI€Tb - MPOU3BOJIBHBIM IIYTEM YCJIOXHEHMSI CTPYKTYphl. [Ipy 3TOM KakqoMy S OAHO3HAYHO
A A

COOTBETCTBYET OIIEHKA 9? , 1 0003HauuM  CR(s)=CR(s, 9?, W),0R(s)=0R(s,0.,W).

ITockonbky BBUAY [12 Hannmyumum onenusateneM sipisercs MHK [13], T.e.

2
’

OR(s)= RSS(s) = |y — X.0,

[
rae - eBKJIMJI0OBA HOpMa, a RSS(s) - ocraroyHas cymma KBaApaToB, perieHueM 3amadu (2.7)

saBigercs ornenka MHK:
O, =(XIXx)'Xy.
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Paccmotpum, HakoHell, BOIIPOC O KPUTEPUU CR(s) , KOTOPBIH CclieyeT Ha3HayaTh C y4ETOM
OCHOBHOHM IIeTM MOJETHPOBAHUS - a TAaKOBOM HAMU MPUHAT BBHIOOP MOJENU C HAWITYUIIUMH
MPOTHOZUPYIOMIMMH CBOMCTBaMU. J{7ist (hopManm3auu 3TOro BOCIOIb3yeMCs BhICKa3aHHOM B [15]
uaeeil o0 aHANOTMM 33734 MOACTUPOBAHMUA U TEOpHH cBs3M [16,17]. 3amrymieHHbIH BBIXOA
00bEKTa ) MOXHO PacCMaTpUBATh KaK CHUTHAJ MOCJIE KaHaJla ¢ IIyMOM, COAEPXKALIUi UCTHHHBIN

o
CUTHaI Y, ckpwiTelii B 1ymax. Ilo 9Toif BBHIOOpDKE MOYHO BBIYMCIHTH OLIEHKH
o

s=1,m, Kakgas M3 KOTOPBIX SBJISETCA OLICHKOM CHMIHAla Y no omHomy wu3

»=X0

5§78

aJITOPUTMOB 00pa0OTKM 3allyMJIEHHOTO CHTHajla ) , KOTOpbIMHM oOnagaer mpueMHuk. Torna,
COIVIACHO TEOpHUM ONTHMaibHOro mnpueMHuka KorenpHukoBa [16], HamiaydmIuM aJropuTMOM

ABJIIETCS TOT, KOTOPBI MUHUMHU3UPYET TaK Ha3bIBAEMbIN "H€aJIbHBIN KpUTEpUil"
2 2
o

y= X0,

J($)=J (s, X)=Ey- | =E

o
OH XapakTepu3yeT KaueCTBO BOCCTAHOBIIEHUs HCTHHHOTO CUTHaNa ' 10 3alIyMIIEHHOMY V U
paBeH CyMMapHOU Oucnepcuu ouwubKy BOCCTAHOBIIEHUS CUTHAJIA B TOYKAX BHIOOPKHU.

Amnanoruyso (2.11), xkauecTBO MPOrHO3UPOBAHUS B TOUKAX XF 10 MOJEIU CJIIOXKHOCTH S ,
K03 PHUUMEHTEl KOTOPOH ¢ mosydeHbl Ha oOywaromed BbiOOpke W=[Xy] , ecTecTBEeHHO

XapaKTepU30BaTh BEITUYMHON OKHUIAEMBIX MOTEPh B 00JIACTH MPOTHO3a Xr , WIA BEIMYUHOU
CYMMAapHOW JUCHIEPCUU OIIUOKU MPOTHO3UPOBAHUSA:
A o 2 o 2
Jo($)=J, (5, X, X.)=Ely,— 9| =Ely,—X.0. > (2.12)
OuyeBuHO, UTO B Cily4yae Xp=X (2.12) mpeBpamiaercs B (2.11).
Onpenesenne 1.5. CTpyKTypbl MOJETEH CO CIOKHOCTIMHU
sp =arg min J g(s)
s=lm , (2.13)
s’ = arg min J(s)
s=Lm , (2.14)

HAa3bIBAIOTCA COOTBETCTBEHHO JF -onmumanvHoti (ONTUMAILHON npocro3upyroweil) n J-
onmumanvrol (ONTUMAIBHON goccmanasnugarouieli) CTpyKTypaMu.
OTtmeTuM, 4YTO aJIropuT™M, MUHUMH3UpYyrommi (2.11), B Teopunm wnacalbHOrO INPUEMHMKA

KorenpHuKOBa Ha3bpIBaeTCs MOTEHUHAIBHO (MPEAEIbHO) MOMEXOYCTOMUYUBBIM, TO3TOMY

o o N~
CTPYKTYPY CIOXHOCTH § 6yz[eM Ha3bIBaTb TAaKXC HOMEHUUATbHO nomexoycmoudueou IJist

o
BOCCTAHOBJICHHS, a SF - COOTBETCTBEHHO /IS IPOrHO3MPOBAHUS MCTHHHOTO (HE3allyMJICHHOIO)
curnana. Kpurepwuii Tuna J(s) Brepsbie ObLT BBeeH Maioy3oMm [6] Kak BelHUMHA AUCIICPCHH
omnOku "npenckazanus” (prediction) curHana, MOATOMY MBI Takke OyAeM pa3iuyaTb TEPMHHBI

"mporuo3upoBanue” u "npeackazanue” (T.e. BOCCTAHOBJICHHE).

: 2.11)
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Tak xak QyHKIIHMOHATBI Jr(s), J(s) HE MOTYT OBITh BBIYMCIICHBI TIO JJAHHBIM BBIOOPKH,
BO3HUKAET NpoOiieMa MX OICHUBAHMHM C TIOMOIIBIO KAKUX-THOO BBIUYMCIMMBIX KpPUTEPHEB,

KOTOpBIE PaCCMOTPEHBI B oapasaenax 1.2 u 1.3.

2.2. MeToa KPUTHYECKHUX JUCIEPCHIl B 3aa4e CTPYKTYPHOH MICHTH(PUKALUN MOJeJIei

Brerauciaum MaTeMaTHUECKHE OXUJgaHus OT TGOpGTH‘-ICCKOfI OIIIMOKHU MMPOTrHO3UPOBAHUA:

Ro(8)=yp— X0, = (= Xp0) (- X0, (2.15)

C y4eToM MPUHATHIX BBILIE TPEANOI0KEHUM MOTydaeM:
E[ésTXIZ‘:sXFSéS ] = gsTXI]‘:SXFsgs + tr(XsTXs )_1 X[I':SXFS ?
rae tr H - ciaen Matpulbl, 0. = E[és].

Torna ¢popmyna (2.12) npuHumaet BUxI:
2

0 o -1
Jp(9) =JB()+T3(9) =|vp=X 0+ u{X]X,) XEXp,
: (2.16)

b
rae  uHAeKkcoM "b" (ot “bias”) oTMeueHa BeNIMYMHA CPEIHUX TOTEPh J F (S) OT CMEIIEHUA

CTPYKTYPBI MOJIENH, a HHIAeKcoM "v" (OT “variation”) - BenMYMHA Bapuaruu (yHKIIMOHAA, UITH
v b
CpeaHHE NOIOJHUTENBHBIE IOTEPU JF (S) BCJIE/ICTBUE Hanuyus myma. B nanpHeimem JF (S)

14
Oyzaem Ha3bIBaTh "cmpykmypHas cocTaBisiomas', a Jr(s) . "wymosas coctapusomas’'.

XF:X:

Breipaxxenue s (2.11) HecnmoxxHo moyduTh U3 (2.16) npu ycrnoBun
2

0 —_—
+O'2S

J(s)=Jb(s)+TV(s) =|y-X,0

N

(2.17)
Jb N N
O4eBHUIHO, UTO COCTABIIAIOIIAS (') spnsiercs MOHOTOHHO yObIBaromieil pyHKImen s
v
(BBumy ymenbmieHust ommOokn MHK mpu yBenuueHum yumcia 4iaeHOB MOJENH), a J(s)

b v
JMHEHHO Bo3pacTaeT ¢ pocroM s . CreaoBaTeabHO, KOMITIOHEHTHI JUS) w T(S)

IPOTUBOPEUMBHI, U QyHKIHA J(S) Kak CyMMa 3THX JABYX KOMIIOHEHT BCErja UMEeT MUHUMYM B
o
HEKOTOPOU TOYKE 5 € [1,m ] .

b v
[TonyunM peKyppeHTHBIE MO §  BBIPOKEHUSA IJIs J (S) J (S) , OCHOBEIBAasACh Ha

U3BECTHOH (hOpMyIie BHIYMCIICHHUS OLIEHKU TapaMeTPOB PErPECCHOHHON MOJIENH MpH J0OaBICHUH

0

OJIHOW TiepeMeHHOU (perpeccopa) [4]: eciam s sBasercs MHK-onenkoit ans  moxenu,
coepXkamieii s TepeMEHHBIX Xy =(x1,...x5) , To TIpu jno6aBiaeHun (s+1)-ro perpeccopa
napaMmerp 0541 MOJIEIM C  perpeccopamu X1 =(Xilx) MO>XHO  BBIUHCIATH IO

peKyppeHTHOH popmyie
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* n = T -1yT
pa) 0 _ O -0 (Xg X)) Xyx
s+l 7| = - —
W41 W41 (218)
rae (s+1)-s1 koMIoHeHTa BEKTOpa 0511 paBHa
— _ Q54
WDgy1 = —'D o —'D
B , Agr1 =X L), Bsi1=x Dx , (2.19)
D, =1,-X(X'x ) 'xT D?>=D, . B..;>0
IpuYeM s *n N srs § - MACMIIOTCHTHAas MaTpula: s TS, Hu s+1

st Beex s=0,1,...,m-1 BBURY rank X =m .

C yuerom (2.18), (2.19) HECIIOKHO MOTYYNUTh PEKYPPEHTHBIE BBIPAKCHUS:

b b — b 2
J(s+)=J"(s) =01 fs1=J(s) sy /IBS+1, (2.20)
JV(S+1)=JV(S)+052, (2.21)
b
Bunno, uro J (S) CTPOTO MOHOTOHHO YOBIBAa€T, a J V(S) JIMHENHO BO3pacTaeT.

b v b
[Tonyuum Temepb COOTBETCTBYIOIIME (HOPMYIBI st Jr(s) u Jp(s) s Jp(s+1)

nMeeM (371ech Xp s =(Xplxp) ):
2

o

*
Yr _XFses — WX

JIQ(S'i'I) = y_XF,s+lgs+l

2

0 _ _
%yF_XFses) _a)s-i-l(xF _XFS(XSTXS) IXSTX)

CJIEAOBATCIIBHO,
b _ b T, 2 T
Jp(s+1) =Jp(s) =20, apbp + @5, 1bp by 2.22)
I'1€ BBCACHBI 0603HaquI/Iﬁ
A o _ A T LT
ap=ap(s) =y=Xpbs  bp=bp(s) =xpXp(Xs Xg) Xgx (2.23)

OTtMeTuM, 9TO MpHU Xp=X (2.23) mpeBpamaercs B (2.20).

S
PexyppenTHOE BBIpaKeHUE IS JF(s) MOJIY4UM C TIoMoIbio opmyinsl Dpobdennyca st
oOparreHus OJIOYHBIX MATPHII.

Ha ee ocHOBE umeeM:

_1 I B B
XsTXsXsTx H," + 1CSCS _,3 1CS
(X Xg) ' = — 7 | = = .
x Xix' x B 1 1
/Bs-i-lcsT Bsii
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T -1y T
rIe H=X; X, B ompezeneno B (2.10),a s = Hg Xgx . Torna

T 1T T -1 T
M Xy Xe)) XpsiXpgn =t Xy Xg) XpXp +

1 7 AT AT T AT T
+_(x XsHs XFSXFSHS Xs x—2x XsHs XstF +xeF)

s+l

M3 9€T0 CICAYCT NCKOMOE COOTHOIIICHUE:

0_2

Jr(s+1) =J¥(s) +——bk by
s+1 , (2.24)

rae by onpeneneHo B (2.23). O4eBuaHO, YTO NMPHU Xp=X u3 (2.24) nomygaem (2.21).

b v
Urak, B cuny (2.22), (2.24) BenM4nHbI Je(8), Je(s) KaK QYHKIIMHA S XapaKTepU3ylTCs

CIEIYIOIIMMH CBOMCTBaMH: CTPYKTYpHas COCTaBisfomass B OOILIEM cllyyaeé HEMOHOTOHHO

(0] ]
Jo(0)=yLy
yObIBa€T OT 3HAYECHHUS F FYF 10 Hyns, a IIyMOBas MOHOTOHHO BO3pacTaerT.

_7b v
CrnenoBarenbHO, (YHKIUS Jp(s) =Jp(8) +J () o0namaeT MUHUMYMOM (TJIOOANBHBIM),
KOTOPBIH HaXOJUTCA BHYTPU MHTEPBAa H3MEHEHHUS JUCKPETHOTO apryMeHTa S €/Lm] Bonee
6 1 Sy S m
TOT0, Ha CaMOM JieJie TOT MHUHHUMYM JIEXKHT B OoJiee y3koM uHTepBaie [1,s, |, 0 .

CymMMHpyeM NMOTy4YEHHBIE BBIILE PE3YIIbTaTHI.

YrBep:xknenue 2.1. Bennunna nucnepcun ommOKA TPOTHO3UPOBAHUS Jp(s) KakK (yHKITUS
i i Je(s)
CIIOKHOCTH MOJENH § SBISIETCA CYMMOH [BYX COCTaBIAIOINMX - CTPYKTYpPHOU F i

v
LIyMOBOH Jr(s) U XapaKTEPU3yeTCs CICAYIOLIUMU CBOMCTBAMM:

o o
b b _ T
a) Jp(s) COrIacHo (2.22) HEeMOHOTOHHO YOBbIBAaeT OT 3HAUCHUS Jr(0) =y pyr 710 HYJI,

Ji(s|s=s,) =0.

pu4emM

0) Jr(s) cormacHo (2.24) MOHOTOHHO BO3pacTaeT OT Jp(0) =0 70 BEJIUYMHBI
J(m)=t( X' X)"X]X,.
1<s<s

B) MHHHMYM Jp(s) JIOCTHTAeTCs BHYTPH HWHTEpBaa 0’ o npuYeM B
obmiem cinydae GyHKIUsS Jg () MHOTOIKCTpEMallbHA.
Benuunnaa mucnepcuy OMMOKKA BOCCTAHOBJICHHS J(S) MMEET MOHOTOHHO YOBIBAIOIIYIO

crpykrypHyo J'(s) (2.12) i muHeiino BozpacTaiomtyio mymoByio J' (s) (2.13) cocraBisiomnye.
HemnpepsiBHast npupoma O > i ee smmeiiHoe BXOXJeHue B Gopmynsl 1t Jr (s), J(s)
o

o
TI03BOJIAIOT MOCTPOMTH YHOOHBIH ammapar Ui NpsAMod "miaeHTHGUKAMu" 3HayeHmid SFS

OTHPAsiCh Ha YCIOBHE HKCTpeMyMa (PYHKIIUU AUCKPETHOTO apryMEHTa.

2
. . (o) S,S
Omnpenenenne 2.1. Kpumuueckoti oucnepcueti [18] ka( 15,/ s yaknuonana Jg (s)
2 o
HA3bIBACTCs 3HadeHHWe naucriepcuu O | ompenensieMoe Ui CIOKHOCTeH §; W S, Kak

2
HCOTPpUIATCIIbHOC PCHICHUC OTHOCUTCIIBHO o YpaBHCHHA
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JF(Sl,O'z)ZJF(Sz,Gz), 1SS1<S2SWI' (2.25)

2
T 81:5,)
Jia J(s) xkpuTudeckasi IUCIEpCHs] P OIIPEIEACTCS U3 YPABHEHUS

J(Sl,Gz)ZJ(Sz,O'z), 1§S1<S2§m. (2.26)

2 —
B ciyuae orpunarensHoro pemenus (2.25) npuHuMaem, u4To GFkP(Sl’SZ) N O.

Hckmrouenue u3 paccCMOTPEHUsI OTPULIATEIbHBIX PELIEHUH ypaBHEHU (2.25) onpaBaaHo TeM,

2
o .
YTO Fkl’() MMEeT CMBICH AMCIIEPCHH, KOTOpas HEOTpULaTelbHa MO ompereneHuto. BaxHo

. 2
MOMYEPKHYTh, YTO BEJIIMYMHA KPUTHUUECKOW NIUCIEPCUM He 3agucum OT YpPOBHA myma O H

ABIIETCS OOBEKTUBHOM  XapaKTEpUCTHKOM caMOro MOJAEIUPYEMOro O0beKTa, TOYHEE,

o o
uH(OpMAIMY 0 HeM B BUAe MaTpuil X, Xp ¥ TOUHBIX BeKTOpoB J'JVF .
BBenem Temnepps MOHSATHE OTHOCUTENBHOM 3()()EKTUBHOCTH JIBYX CTPYKTYp CIIOKHOCTH §; U

§» € y4eToM Toro, 9to Jr (), J(s) SABISIOTCSA AUCTICPCUSMHU OMIMOOK MOJICIHU CII0KHOCTH S .
X
Omnpenenenne 2.2. Ctpykrypa s, (IIOAMHOXECTBO PErpeccopoB ) apppexmusnee
X
CTPYKTYPHI §; (MIOIMHOKECTBA S1), tme s; < 82, B eMbice Jp(s2)< Jr(s;) (J(s)<J(s)), ecin

2 2 2 2

o < Gka(SI’S2) (0" < O-kp(sl’s2) ) , 1 HA000POT - cTpyKTypa §; 3hdexTuBHEE S, B Caydyae
2 2 2 2

O 20p,(5,%) (0" 20,(5.5,)) .

[Ipu 3TOM ecTecTBEHHON OucKkpumuHupyrowei @yrukyue JUIst MOJEIEH CI0KHOCTH S; U S

MO BCIIMUYMUHEC JUCIICPCUN OIIIHOKHU MMPOTrHO3UPOBAaHUA CUT'HAJIA ABJISICTCS PA3HOCTDH

2 2
5F(S11S2) = Gka(Sl’Sz) -0 R (227)

Or($,8) >0 Op(s5.,5) <0 _

IMMOCKOJIBKY TIpH OpeaAnoOUYTCHUC OTAACTCA S, , a IPpU 1.

Amnamorudno OMpCACIIACTCA 5( Sl ’ SZ) JJIA 3a4a94 BOCCTAaHOBJICHMA CUIHAJIaA:

5(51,5,) = 0 5,8,) =0 (2.28)

CrnenoBarenbHO, 3HaU€HIE KPUTHUECKON AUCIIEPCUH OTIpEeAeIsieT KpUTHUECKU nopoz (Mepy)

pasauyuMocmu IByX CTPYKTYp CIOXKHOCTH S; U S» C TOMOIIbIO YKa3aHHBIX JTUCKPUMUHHUPYIOIINX

2 2
0 L 0 L]
(GyHKINH, YTO ¥ OOBACHSECT MPUHATOE HA3BaHUE BEJTMUUH Fkl’( ). kP( ) .

IIpuBeneM Tak:ke HHTEPIPETALUIO KPUTHUECKUX JUCIIEPCUN B TEPMUHAX TEOPUH CBS3H.

2
O (8,8,) >0

Omnpenenenne 2.3. Ecmm FkP( 15, , TO CTPYKTypa S>  Ha3BIBaeTCs

nOMeXoyCcmou4ugoy 1Mo OTHOIICHUIO K §; B CMBICIC CYIIECTBOBaHMS HEKOTOPOrO HAara3oHa

2 2
W3MEHEHUSI JUCIIEPCUM LIyMa 0 ka()

, B KOTOPOM MEHBIIYI0 JUCTIEPCUIO OIUOKU
UMEET CTPYKTypa s, .

CrenoBatenbHO, KPUTHYECKAs] AUCIIEPCUSI SIBIISIETCA TEOPETUUECKON Mepol OmHOCUMENbHOU
nomexoycmouyueocmu CTpyKTyp §; M S, : 4eM OHa Oojiblie, TeM OOJbIlle 1hana3oH U3MEHEHUS

YPOBHS IIIyMa, HE MEHSIOIIEr0 IPEANOUYTEHUSI CTPYKTYPBl 2 OTHOCHUTEIBHO S .
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PaccmoTpuM Tenepb NPUMEHUMOCTb KPUTHYECKUX IUCHEPCHA B KAadecTBE CpPEACTBA IS
AQHAJTUTHYECKOTO UCCIIEOBAHMS ITPOOJIEM CTPYKTYPHOU MACHTHU(PHUKAIIMNA MOJETEH.

Omnpenenenne 2.4. COBOKYNHOCTh OIlE€pallMii IO BBIYMCIEHUIO KPUTUYECKUX IUCIEPCUH,
aHaM3y WX CBOMCTB M MHTEPIPETALUU TOITYYCHHBIX PE3yabTaToOB B 3ajaye BHIOOpA CTPYKTYp
Mojenel ¢ MUHUMAJIBHOU UCTIEpCUEH OIIMOKU HA3bIBACTCS MeMOOOM KPUMUYECKUX OUCHEPCULL.

OTOT METOJ JIEKUT B OCHOBE MOJYUYEHHBIX B OTYETE TEOPETUUECKUX pe3yibTaToB. [IpuBenem

OOIIyI0 XapaKTEPUCTHUKY CBSI3U OCHOBHBIX CBOMCTB BEIMYMHBI KPUTUYECKON TUCIIEPCHU C

o

o
IIOBCACHHUEM OIITHMAJIbHBIX 3HAYCHHI SF » S

B 3amaue MUHMMM3AIMN AUCTIEPCUU OUTHOKK MTPOTHO3UPOBAHUS BaXKHBI JIOKAIbHbBIE CBOMCTBA
bynkuuit Jr (s), J(s) . A 3TH CBOICTBA ONPEAEIAIOTCS NEPBBIMU PA3HOCTAMHU 3THUX (YHKIUH, TO
€CTh HEOOXOMMO BBIYMCIIATHh M aHATM3UPOBATh KPUTUYECKHE AUCHICPCUH JJIsl 3HAUCHUH §; = § ,
s; = s+1 , u npu 3toM ypaBHeHus (2.25), (2.26) maroT HE0OXOJUMBIC YCIOBHS JOKAILHOTO
skcTpemyMa. Mcxonas u3 aToro, Ha ocHOBe yTBepxkaeHus 2.1 u onpenenenus 2.1 chopmynupyem
pe3yibTaT, XapaKTepHU3YIOUIMH MPUMEHUMOCTh METOJa KPUTUYECKHX JAUCIEpCHl B 3ajaade
ONITUMU3AIMH CTPYKTYPBI MOAETH (Ha ipumepe Jr (s) ).

Gikp(s,s+ 1)

YrBepkaenue 2.2. CBsi3b MEXKIY U DKCTPEMaJIbHBIMU CBOWMCTBaMH  Jx(s)

XapakTepU3yeTCs CIEAYIONUMHE 0COOCHHOCTAMHU:
Ji(s)
a) CTPYKTypHasi cocTaBisomas * F CTPOTO MOHOMOHHO YOBIBAET TOJBKO TOTJA, KOTJa
— 2
_ _ o ) >0
I Bcex S = Lm—1 yyeem Fkl’() ;

0) Jr (s) sBmsercs GyHKIUEH S C eOuHcmEeHHbiM MUHUMYMOM TOJIBKO TOTJa, KOT/Ia BCE

2
3HaYEHUs GFkP(') CTPOTO YNOPSJOUYCHBI 110 YOBIBAHHIO:

o __ o 2
B) ecau BelmonHserca (2.29), To MHHUMYM Jp=Jp(s) npu 3agasHom O

A

o0
COOTBETCTBYET TAKOM CIIOKHOCTH ° — “F , JUIl KOTOPOil BHIIONHSIETCS

2 2 2
Trp($=L8) > 0" 20 (s,5+1) (2.30)

r) ecnu (2.29) He BoinoaHseTcs, TO (2.30) sABAsSETCS YCIOBUEM JIOKAIbHOTO MHUHMMYMA, U JUIsS

oInpeaeneHus S HEOOX0IMMO HAlTH MHHMMalbHOE 3HaYeHHe QyHKuMu Jr (5) cpeam Bcex
TOYCK, I KOTOPBIX BhIModHseTcs (2.30).

Jloka3aTenbCTBO ATHUX YTBEPXKACHHH, CIIPaBEUIUBBIX Tarkoke A GyHkumm J(s) , ciuemyer
HETIOCPEICTBEHHO U3 ompeAeneHus 2.1 ¢ y4eToM Toro, 4To JOCTaTOYHBIM yCIOBHEM MHHHMYMa B

TOYKE § SABJISIETCA IIOJIOXKUTEIBHOCTD BTOpOﬁ Pa3sHOCTHU
A
NJ(s)=N(s-1) =AM () =T (s=1)=2Jp(s)+T(s+]1)

npuueM u3 cpaBaeHust (2.25) u (2.27) 04eBHIIHO, YTO AJIS TFOO0TO S

sign AJ .(s) =signo.(s,s+1)
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NJ.(s)>0 Op(s—1,5) >0, 6p(s,s+1) <0

C yderoM MOJIYyYEHHOTO TMpeAsiaraercs Cilenykoumas Memoouka auanu3a 3aKOHOMEPHOCTEH

TaK 4TO npu » yto coBmnaaaet ¢ (2.30).
BBIOOPA ONTHMAJIBHBIX CTPYKTYP MOJICIICH B YCIIOBUSAX HEOMPEICIICHHOCTH:

1) nenp aHanu3a - OTBETUTh HAa BOIPOC: KAaK BHIOMPAIUCH Obl ONTHUMAaJIbHBIE CTPYKTYpHI B

o o0

HAcaJIbHOM ClIydac, KOrja HCU3BCCTHRIC Ha NPAKTUKE BCJIMYHNHBI Jz,y,yF HU3BCECTHBI, HO OLICHKH

0,5 =1,m BBIYUCISAIOTCS 110 3aIIYMJICHHBIM JaHHbIM;

o
2) ncenenyercst Mpex/ie BCEro 6a3oBblil ciydail X = X m=s,;

3) wucciaemyroTcs 3aKOHOMEPHOCTH W3MEHEHHUS ONTHUMAIbHBIX 3HAYCHUUN s,s° B

3aBUCUMOCTH  OT  jgucnepcuud  (ypoBHs) myma O e MOMOIIBI0  BBEIYHCIICHUS
oﬁkp (s,s+ 1),0',fp (s,5+1)5

4) UCCNeqYIOTCS ACUMIITOTHYECKHE CBOMCTBA ONTUMAIIBHBIX CTPYKTYP;

5) Ha OCHOBE TMOJIYYCHHBIX pE3yIbTaTOB (GOPMYIUPYIOTCS TpeOOBaHMS K CBOWCTBAM
BBIUUCITUMBIX ((UBHYECKU peallu3yeMbIX) KPUTEPUEB, NMPUMEHSIEMBIX Ha MPAKTUKE B KadecTBE
OIICHOK TUCTIEPCUU OITUOKU MOJICIH.

Ota MCTOAHKA NPUMCHACTCA HUKC B TCOPCTUUCCKHUX UCCIICAOBAHUAX.

2.3. 3aKOHOMEpPHOCTH BbIOOPA ONTHMAJIBHBIX CTPYKTYP Mo/eJied B 3aBUCHMOCTH OT

YPOBHS IIymMa

2.3.1. Ciryuaii ycpeIHeHHUs 10 BCeM BO3MOKHBIM peaju3auusaM Iyma

o 0]
Kak Mmokas3aHo BbIlle, 3HAYeHust > *5F ONPENESAIOTCS COOTHOUIEHUEM S U BEIUYHH
KPUTUYECKUX JUCTIEPCUM it §; =8, S, =s+1 .

Gip(S,S-i-l)

Jlemma 2.1. Kputndeckas nucrnepcust U1 3aJadyd BOCCTAHOBJICHHS CHUTHAaJa

CYILIECTBYET JUIsl BCAKOTO § W paBHA

2 —2
ka(S,S+1) = a)s+118s+1_ (231)
JlokazarenbcTBO ciaeayeT u3 onpeaenenus 2.1 u popmyi (2.20), (2.21), mMOCKOTBKY
—2 2
J(s+) =J(s) =@ By +0° (2.32)

2
JlemMma 2.2. Kputudeckasi Aucnepcus GF"P(S’S +1

IS 3a/1a9M IPOTHO3MPOBAHMS CUTHAJIA
ONpeeNIeTCs BEIPAKEHUEM

T
2 a by

s+~ s+l 4 T
beF

O-i"kp(s’s + 1) = 25 - 5S+IIBS+1

(2.33)
€CJIM BBITIOJHSCTCA yciioBHe (2.24), 1 paBHA HYJIIO B IPOTHBHOM ClTydae.
JokazatenbcTBO caeayet u3 onpenencaus 2.1 u popmyn (2.22), (2.24), MOCKOIBKY
bib
— T —2 T 2 YFYF
Jp(s+1) =Jp(s) =205 by — @3 bp by +07 ——
s+l (2.34)

o o0
o 2
I/ICCHC[[yeM IIOBECACHUC 3HAYCHUU S SF IIpH MOBBINICHUH JUCIICPCHUN (ypOBHH) myma O .
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YrBep:xxknenue 2.3. Eciu BBINOMHSAETCS YCIOBHE CTPOroro ynopsanouenus (2.29), to:

a) MCTUHHAas CTPYKTypa, COZAeprallas BCE MHOMKECTBO perpeccopoB X=X, saBiIsgeTCS

o __
ONTHMAIBHOM KakK JUIi BOCCTaHOBJIEHHs (s°= m), TaKk M Jjis HPOrHO3MPOBAHUS (SF - m)
2
WUCTUHHOTO CUTHAJA, €cTi O yIOBJIETBOPSIET HEPABEHCTBY
2 2
0<o" <o, (m-1m
kP( m) ; (2.35)
2
2 o, (m—1m) y
0) mpu TMOCTENEHHOM YBEIMYEeHWH O  BbINIE YPOBHS P ONTHMAaJIbHOU
Sp=m—1,m-2 S=S,
CTaHOBHTCS IOOYEPEIHO Bce OoJiee mpocTas CTpyKTypa: “F ’ 20 [IPUYEM F
2 2
o >05.(12 0 —
npu BeimonHeHuu (2.30), a B ciydae Fkl’( 2) nMeeM  SF 1; TO K€ OTHOCHUTCSA U K

2
0 2 o, (ss+])
3HAYCHUIO § , 3aBHUCAIICMY OT COOTHOILICHU A O n P )

B) ONTHMAJbHBIE CTPYKTYPBI JJIS 3a/a4 BOCCTAHOBIICHHS W TPOTHO3HPOBAHUS, BOOOIIE

o o

roBOpS, HE COBMAAIOT, > Sp
YacTe a) yTBEpXKIEHHs ClenyeT W3 Toro, 4to BenuuuHbl (2.31) u (2.33) coBmamaroT mpu
s=m-—1, JacTh 0) SABISICTCSA CIECACTBUEM YTBEpKIEHHS 2.2, a B) OYEBHIHO BBHIY TOTO, 4YTO,

BooOme TtoBops, (2.31) m (2.33) He paBHbl. KadeCTBEHHO 3aKOHOMEPHOCTH YIPOIICHHS

2
ONTUMAJIBHBIX CTPYKTYp NpHU yBenudeHun O umeer Bua puc.2.1.

A
I(s)

. 2
Pucynok 2.1 - Yrpouienue onTuManbHON CTPYKTYpBI IPU BO3pAacTaHUM YpOBHSA IIyma O

2.3.2. Cay4aii oT1€eJIbHOM peajin3anuu myma
[Tonmy4yeHHbIe BbINIE PE3yJIbTaThl, XapaKTEPU3YIOUIHNE TEOPETUYECKHEe OCOOEHHOCTH BBHIOOpPA
ONTUMAJIBHOW CTPYKTYpPBHl MOJIENH OOBEKTa, CIPaBeIUIMBHI “B CpeJHEM’ IO BCEM BO3MOXKHBIM
peanu3anusM BekTopa Imyma. OIHaKO Ha TpaKTUKE OOJBIIMHCTBO 3ajad peIIaeTcs 10
OTpaHUYEHHOW BBIOOpKE ““0€3 TMOBTOpPEHMI”, KOrJa JaHHBIE COJAEPKaT EIMHCTBEHHYIO
peann3anmio BEKTopa IiymMa, U aHaJIU3 TaKoro ciydasl IPeACTaBIsAeT OTACIbHBIN HHTEPEC.
Onpenenum  aHajnoruyHo (2.15) “maeanbHblii” KpuTepuil uisl ciay4yash €IMHCTBEHHOU

peau3aly BEeKTopa IIyMa Kak abCcoI0THOE 3HAYEHUE TEOPETHUECKON OITMOKH MOJIEIH:
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A 112

0

o

R(S):y_Xs | )

(2.36)

T.C. E[R(S)]:J(S)' JonycTuM sl HariasigHOCTH, YTO ‘f: o‘g’ rae & - IPOU3BOJIbHAsA

peanu3anus #n? 1 BEKTOpa IIyMa ¢ eAUHUYHON AUCTIEpCHEl, Torqa O HMMEET CMBICIT aMILTUTY bl

(ypoBHs) myma ¢&. BekTop ommbku B (2.36) MOKHO TIPECTaBUTh KaK
y=X. 0, =y-X,0,-X (X"X)'XTE=D, y-Pé,

N

-1
P.=X (XTX) xT
torna BBUAy Ds =1, - P, tae SV S s

R(s) =R’ () + R" (s) =

, TIOJTy4JaeM:
2

y-X.0 +6% Ps (2.37)

o

NnocKONbKY Dj , Py - WIEMIIOTEHTHBIE MAaTPUIIbl, a MPOU3BEIACHUE yT DPE=0. [Tockonbky
R(s)=J°(s) , m1s m3y4eHus: 0COOCHHOCTEH BBIOGOPA MOJIEIIN ONTHMAIIBHOMN CII0KHOCTH
3% =argminR(s),
s=1,m (2.38)
ciuexyer u3ydnth R’ (5) Kak QYHKIHIO § . 3amuiemM gTPSg B BHUJIE gTPSg = a;XSTXSa; ,
T
rae "omnenka" a; a”ajornuna ornenke MHK: a; =(X Z XS)*1 XsTg. Beranciium teneps & Py &

C Y4ETOM TOr0, 4TO, 10 aHanoruu ¢ pekyppertaeiM MHK, a_  =(alae,)", roe

&,5+1

®,=x"D,e/x"Dx. (2.39)
Torma moay4aem, 4To STPS+ 1E= ETPS(? + &’ B.,,>t0e B =x"D x>0, 103TOMY
R'(s+1)=R"(s)+ &0} .., (2.40)

T.e. IIYMOBas COCTAaBIIAIOINIAs KpUTepus R(s) sBISETCS CTPOro MOHOTOHHO BO3pacTaroleit

~

¢ynkuueit s . CnenoBarenbHo, R(s) mnpu BcsikoM O UMeEeT MUHHUMYM, COOTBETCTBYIOIIMNA

~ 0

HEKOTOPOM CIOXHOCTH S, paBHOU TakoMy S , IIPM KOTOPOM YJOBJIETBOPSIETCS HEPABEHCTBO

3% (s—15) > 25‘%{ (s,s+1),
Kp p rIe KpPUTHYECKass HUCIIEPCUA  BBIYUCIISIETCS u3

~

CJICYIOIIETO JIMHEWHOTO OTHOCUTENIBHO O ypaBHECHUSI:
~2 ~2
R(s,6°)=R(s+1,6°), 1<s<m-—-1L (2.41)
Kputnueckas aucrniepcust IBISETCS MEPOH pa3IMIMMOCTHA MOJIEJICH CIIOKHOCTH § ¥ S+/ U B

JTAHHOM cJyJae paBHa:

s+1

a’)jﬂsﬂ - ()CTDSE)Z ’

CT)j—l _ (XTDS Y)z (2.42)

5,;(s,s+l) =

[
__2 T 2 2 ~2
Tae 0., = (x DS y) / ,Bm' ITonoXKUTEILHOCTh BEIMYUHBI & (s,s + 1) U JIF000ro S O3HayaeT,

YTO KPUTEpUHA R(5) B KAYSCTBEHHOM CMBICIIE HMMEET TE K€ CBOKMCTBa, 4To U J(5) , XOT H
OTHOCHUTCSI K OTJIEILHO B3SATOH pealn3aliiu BeKTopa Iryma.

IIpu 3TOM Ba’kHO, YTO
Elg2 (s,s+1)|=02 (s,5+1),
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rje o'kzp(s’ s+1) - BEIMYMHA KPUTHYECKOW AucHepcHu Uil (QyHKuMoHama J(s) , MOCKOJIbKY
2 T 2

E|@?|=r(Dxx"D))/ B2, =1/ B,.,-
N3yuenne acMMNOTOTHYECKOTO TOBEACHHS OMMUOKK  R(s) TpeOyeT, BBHIY CIIy4alHOCTH

BeKTOpa &, TPOBEPKH CXOJMMOCTH B BEPOSTHOCTHOM cMbicie. B uacTHocTH, BBUIY

X

CTOXACTHUYECKOM HE3aBUCHMOCTH s Hu &g HUMECT MCCTO CXOAUMOCTH IO BCPOATHOCTU

pliml XHTS g, =0 , moaromy plim 1 R'(n,s) =86 pliml gnT P &, =0, CIICJI0BATENLHO,
n n n

plimlR(n,s) =J(s).
n

J(s) = lim lJ(n,s) lR(n,s)
n—owo n

rae . Takum oOpa3om, Benu4rHa 71 [P KaXJOM S CXOIUTCS IO

BEPOSITHOCTH K JIETEPMUHHUPOBAHHON (PYyHKITUH J(s) (aTOT Tpemen, kKak mokazaHo B [12],

CyLIECTBYEeT BBUAY mpeAnonoxeHus [14), sBisiomieiicss NpeaeNbHBIM 3HAYEHUEM Ui
) ~ 0
ycpenHeHHou nucnepenu ommbku (2.11). CrenoBarenbHO, ONTUMAIBHAS BEIUYUHA S SBISICTCS

. - o
COCTOSATCIBHOM OIIEHKOH S B TOM CMBICIIE, YTO
. 1 ~ 0 . 1 o
plim—R(5°%) = lim —J(s").
n n—o 1

Nrak, abcomoTHass BeIWYMHA TEOPETUUYECKOW OMIMOKKM MOJENN B YCJIOBHSX OTAEIbHOMN
peanu3anuy BeKTopa IIyMa UMEET TaKhe )K€ KauyeCTBEHHBIC CBOMCTBA, UTO W JAUCTIEPCHS OIIHMOKH
(T.e. BeMUYMHA TIOTEPh, yCPETHEHHAS 110 BCEBO3MOKHBIM Pealli3allisiM BEKTOpa ITyMa).

B 3akmroueHue BBIICNIMM OCHOBHBIC BBIBOABI: 1) mobas cmemieHHas (ympoIieHHas)

2
CTPYKTYpa, BKIIIOUAIOMIAst S<m PErpeccopoB, MOXKET MPHU JOCTATOYHO OonbmioM O UMEThH

MEHBIIYIO JWCIIEPCHIO OIIMOKM MOJENH, YeM HeCMelleHHas (MCTHHHAs) CTPYKTypa; 2) 4em

Oonblie ypoBeHb Iryma O ? , TEM TIpoLIe MOJETh C MUHUMAJIbHON JHCIIepcuell OmuoKu. DTu
BBIBOJIbI XOPOIIO COTJacyroTcsi ¢ u3BecTHou Teopueil lllennona [19] o kaHane ¢ mymom: mpu
YBEJIMYCHUHU YPOBHS IIyMa TOYHOCTH INEpeayd CUrHaja (aHajor - AUCIEpCUss OUIMOKH MOJIEINN)
MOKHO COXPaHHUTh, YMEHBIIIHUB MPOIYCKHYIO CIIOCOOHOCTH (aHAJIOT - CJIOKHOCTh MOJIENIN) KaHala
cBsA3u. Ha kauecTBEHHOM ypOBHE KOHCTPYKTMBHOCTb TaKOM aHAJIOI'MM BIIEpBBIE OTMeUYEHa B [15].
[Ipu >TOM MOJeNh ONTUMANLHOM CIHOKHOCTH — §°  MIM S g ABIsieTcs  HauOonee

MOMEX0yCTOMUMBOM (B TepMHuHaX [16] - MOTEHIMAIBLHO MOMEXOYCTOWYMBOM). B cBsi3u ¢ 3THM

CBOMCTBO ynpoujeHus ONTUMAIBHON CTPYKTYpBl IpU BO3pacTaHun O ? ecTeCTBEHHO HA3BaTh
CBOUCMBOM NOMEXOyCmoudueocmu, KOTOpoe OOBEKTUBHO MPUCYILE 3a7adye BbIOOpa MOJEIHU C
MUHHMAaJIbHON Aucnepcuei omuOKku. Beskuil kputepuil cpaBHEHHsI MOEIel, TpUMEHsIeMbIil Ha
NPAaKTHUKE B KAYECTBE OI[CHKH JTUCIIEPCHH OIIUOKH, C TOJHKEH 00JIaaTh ’TUM CBOWCTBOM.
CnenyeT mNOAYEPKHYTh CTOXACTUYECKYI0 IIPUPOJYy CBOMCTBA IIOMEXOYCTOWUMBOCTH:
napamMeTpsl MOJIENel OICHMBAIOTCS IO 3aIIyMJICHHOW BBIOOpKE, M ATH OICHKH JJsI TOYHOM
CTPYKTYpBI SIBISIFOTCSL HecMeweHHbIMU, OAHAKO 4YeM OoJibllle MapamMeTpoB OLEHHBAETCS, TeM

ObIcTpee BO3pacTaeT AUCHEPCHS STHX OLEHOK IpPU YBEJIWYCHUH YPOBHS IIyMa, U TOATOMY
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CMeIleHHas, WK "3arpyoseHHas" (ynpoleHHas) MoJIesIb MOKET ObITh 3((heKTHBHEE MOIHOM, T.€.

HMCTh MCHBIIIYIO CPCAHIOIO OH_II/I6Ky MO0 BCCBO3MOXXHBIM pCain3alvsaM BCKTOpaA IIyMa.

2.4. MI'Y A kak 3¢¢eKTHBHBII METO MOCTPOEHNUSI MoJeJieil ¢ MUHUMAJIbHOM

AUCHepcHell OIMMOKH

B nmannoMm moppasnene pa3pabaTbiBaeTCs METOAMKA AHATUTHUYECKOTO pEIICHUs 3aladyu
oueHKH 3¢ EeKTUBHOCTH KOHKpeTHoro Kputepuss CR(S) ¢ TOUKM 3peHHS] MHHUMHU3ALUH
JUCTIEPCUN OIIMOKH MPOTHO3UPOBAHUS U U3JIAratoTCs pe3yabTaThl IPUMEHEHUS STOH METOAUKH K
aHanu3y 3@ QpexTuBHOCTH BHEIHUX KputepueB MI'YA. Ilpu 3ToM npuMeHseTcss pacCMOTPEHHBIH
BBIIIIE METOJ] KPUTUUYECKUX NUCIEPCHM KaK MHCTPYMEHT MCCIIEJOBAaHUS MPOOJIEM CTPYKTYPHOM
UJACHTU(UKAIIMA POTHO3UPYIOMKX Mojenei. Hike Oynem cuuTaTh crpaBesIMBBIMU 0a30BbIe
npennosoxenus [11-114, npunsteie B noapazaene 2.1.

MeTtoauka aHa/M3a KPUTEPHEB BbIOOPA Mo/ieJIeil ¢ IPUMEeHeHHeM MeTO1a KPUTHYEeCKHX
aucnepcuii. B COOTBETCTBMM € MOCTaBIEHHOW HAMM WENbIO CTPYKTYPHOH HICHTU(DUKALIUH
MoJeNiell ¢ MUHHMAJbHOM JUCHepCHel OIIMOKM MPOTHO3UPOBAHMS, AJS BCAKOTO PEAIbHO
npumensieMoro kpurepus CR(s) cienyer NpOBEpPUTb, HACKOJBKO BBIOMpPAEMBIE IO 3TOMY
KPUTEPHIO MOJAETH OJM3KM K MOJENSAM, ONTHUMAaJbHBIM B CMbIciie MUHUMYyMa Jp(s) . TloaTomy

3¢ deKTUBHOCT 3amaHHOro Kputepus CR(s) OyaeM aHaIM3MPOBAaTh C TOUKU 3PEHHS TOTO, Kak
cily4ailHas BeJIM4MHA § ., ONPC/CIICHHAs B BUAC

8cp =argminCR(s) » (2.43)

s=1,m

[
OLIGHMBAET HEM3BECTHOE 3HAUEHHE “F , COOTBETCTBYIONIEE MUHIMYMY TEOPETHUECKOTO KPUTEPHS
Jr(s) (2.12). BBegem Benu4uHy
* 3
scg =arg min E [CR('s)]
s=1,m (2.44)
KaK YCPEHEHHOE 3HAYCHHE § ., M YTOUHUM MOHATHE 3()PEKTUBHOCTH KPUTEPHL.

. 2
Omnpeneaenne 2.5. Kputepuit CR(s) mpu mpou3BONbHBIX KOHEUHBIX O U 1 Ha3bIBACTCA

¥ __ 0
onmumanbHeIM U ONCHMBAHMS MPOTHOSUPYIOIIMX MOJeNei, eciim “SCR — SF (HeCMEIIeHHOe
o * < ¢ 4
0 Sk 0 Scrk = Sp 7 Sk
[IEHUBaHUE ), aoexkeamuviM TIPH (moMexX0oycTOHYNBOE OIICHUBAHUE ) u

* o
Heaoek8amHviM npu SCR > SF S.

* [
OTMeTHM, uTO B CIydae SCR > S KPUTEPHl CleyeT CUMTATh HEaJCKBATHBIM, IOCKOJIBKY

S [0 OMNpeAeNeHUI0 Kputepus Jp(s) SBISETCS TEOPETHYECKH MaKCHUMAaJbHBIM (TpeAesbHO
JOCTHKUMBIM, WJIM MTOTEHIIUAJIBHO TOMEX0YCTOMYNBBIM) 3HAUEHUEM.

VYuuteiBas ompeneneHue 2.5, a TakkKe pPe3yJbTaThl JAAaHHOTO pasjaena, 3(PGeKTUBHOCTh
3aJJaHHOTO KpUTEpHUs IeJIeCO00pa3HO aHATU3UPOBATh B TAKOW IOCIEI0BATEIbHOCTU: HAWTU €ro
MaTeMaTHYeCcKoe OKUIaHUE; MPOBEPUTh KOMIPOMHUCCHBIA XapaKTep CTPYKTYpPHOH U HIYMOBOM
COCTaBISIIOIIUX TOJYYEHHOTO BBIPAXKEHMSI; OINpPENEIUTh YCIOBUS ONTHUMAJIbHOCTH WM
agexBaTHocTu kputepus. [locneanee 3amanue pemaercs (OpMaTU30BaHHO C MOMOMIBIO METO/a

KPUTHYECKHUX JUCTIEPCUH, MPUMEHSBIIETOCS IS aHaM3a QYHKIHOHATIOB Jx(S) , J(s) , R(s) .
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Onpenenenue 2.6. BennunHa KpUTHYECKON AUCTIEPCUU O-éR(S’S +1) KAaK TEOpEeTUYECKast
Mepa pazIMYUMOCTH MoJeNel caokHOCTH § u s+1 mo kpureputo CR(s) paBHa 3Ha4eHUI0 O 2 ,
SBIIAIOIIEMYCS] HEOTPULIATEIbHBIM PELICHUEM YPaBHEHHS

E[CR(s,0°)] =E[CR(s+1,6%)] | (2.45)

[Tockonpky 3TO ycnoBue JokaibHOro MuHUMyMa CR(s) kKak GYHKIMH S , JOCTATOYHO

OUYEBUJIHBI CIEIYIOIINE CBOHCTBA KPUTHUYECKOW IHCIIEPCHUU: a) €CIIM TOJOXKHUTEIHHOE pEIICHUE
(2.45) orcyrcTByeT ais Beex S = l,m —1, 1o CR(S) HE MMEEeT PKCTpeMyMa W HENPUMEHUM B

2
KadecTBe KpUTepHs BbIOOpa Mozenn; 0) yeM OobIine ocx( S5+ , TeM OOJIbIIIEe PA3TUIMMOCTh

. 2
JIBYX MOJENICH CIIONKHOCTH § W s+1 , T.e. Oonble auana3oH u3MeHeHuss O , B KOTOpoMm "B

cpenHeM" Jydlled IO JAHHOMY KPHUTEPHUIO SIBISETCS MOAENb s+1 ; B) MOJAEIb CIOXKHOCTH S§
*

ONTHMAaJTbHA B CMBICIIE Scr =S

Or(s=1,8) >0 >0l (s,5+1) _

npu BBIITOJTHEHHUH yCl1oBuUA

2
y Ou(S,s+1)
AHalloTHYHBIE CBOMCTBA MMEET KpUTHYCCKad AUCIICPCUA p

, UTO M TIO3BOJIAET
aHamu3upoBaTh 3P PekTuBHOCTD 3agaHHOro CR(S) B CMBICIE MUHUMH3AIMHA TUCIIEPCUH OIIUOKH
IIPOTHO3UPOBAHMS, OCHOBBIBASICh Ha CIEAYIOIIEM PE3yJbTaTe.

Yr1Bep:xkaenue 2.4. Kpurepuii CR(s) sBIsSeTCS ONTHUMAJIbHBIM WM aJeKBAaTHBIM, €CIIU

2 2
o.n(s,s+l) =05 (s,s+1
pPaBHOMEPHO IO S  BBIMOJHSIIOTCA  YCJIOBHS cr( ) ka( )

Con(5,5+1) < af,kp(s,s+1)

NI

, COOTBETCTBEHHO.
JlokazaTrenbCcTBO € y4yeToM ormpeaeneHuit 2.5 u 2.6 cieayer U3 TOTO, YTO KPUTHYECKHUE
JUCIIEPCUN BBIYMCISIOTCA U3 YCJOBHSI PaBEHCTBA HYIIO MEPBBIX PAa3HOCTEH IUCKPETHBIX IO S
5 Ter(+) = (2
byHKunit: npu P ¢byukunu E [CR(s)] v Jp(s) OTAMYAIOTCS TUIIb HA KOHCTAHTY,

*

0 2 2 % 0

= O () 2O . <

T.e. Scr Sk, a pH CR() ka() Bcerma uMeeM SCR = SF | YTBepxkaeHue 2.4 maet
HEO0OXOIUMBIC U JIOCTATOYHBIC YCIOBHS ONTUMAIBHOCTH HITU aJICKBAaTHOCTH.

2 2
Ocr( 8,5+ UCIIONB3yeTcs Matpuna X , a Juis GFkP( ) .

ITockonbpKy pU BBIYKUCICHUU
Kak X , Tak 1 Xy , OYEBUIHO, YTO B oOmIeM cirydae, Korja X U Xp MPOU3BOJIbHBIC, YCIOBHS
yTBEpXKJIeHHUS 2.4 TPYIHO TMPOBEPHUTH aHATUTHYECKU. [lo3TOMY HMXKE MOAPOOHO paccMOTpPEH
CIIy4aii, CBSI3aHHBIN C IJIAHUPOBAHUEM HKCIIEPUMEHTA, KOTa MOJHAs MaTpHIla TuiaHa X sBisieTcs
KBaJ[paTU4YHO 3aBUCUMOM 0T Xz [20], T.€. yIOBIETBOPSET YCIOBHIO:

pPX X=X X, p* 20 (2.46)

2 2
O (s,s+l) =0 (ss+1
TIp¥ 5TOM HE3aBHCHMO OT 0’ CIIPABEUTHBO PABEHCTBO FkP( ) kP( ’ ) rie

2
ka(') _ J
KpUTHYeCKast Aucrepcust s (GyHKUMOHanma J(S), YTO TO3BOJIAET AaHAIUTHYECKU
pemathb 3aJa4y oleHKH 3((HEeKTUBHOCTH KPUTEPHUEB.
Anamm3 3¢pdextuBHocTH KpurepueB MI'YA. Humxke paccMOTpeHO NpUMEHEHHE

U3JI0KEHHOM METOAMKHU JUIs aHaju3a 3(PGEKTUBHOCTH OJHOTO U3 kputepueB MI'YA, a uMeHHO
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Han0oJiee YacTo MPUMEHIEMOT0 KpUTepus peryisipHoct AR(s) (1.29), apnsiomierocs Kpurepuem
C HESIBHBIM Y4Y€TOM CJOKHOCTH Mojenu. OUueBUAHO, YTO INpPHU BBINOJHEHUU (2.46) KpUTepUH
CPaBHUBAIOTCS ()AaKTUUYECKU C BEJIMYMHOM JAUCIEPCUH OIIMOKH BOCCTAHOBJICHUS CUTHaia J(s) ,
uMeroieit Bua (2.17) u cogepxaiieit CTpyKTypHYIO J’ (s) u mymoByr0 J'(5) COCTaBIsIOLIHE.

ITo ananoruu ¢ (2.16), HECTIOKHO BBIYUCIUTH MATEMATHUECKOE OXKHIaHUE KpUTepus AR(S):
) 2
AR(S) :E[AR(S)]:JB(S)+O' ng , (247)

npu4eM 371ech Jp(s) paBHO IUCIIEPCUU OMMOKH TMPOTHO3MPOBAHUS Ha TOABBIOOpDKE B , a

napameTpbl MOJICNIA OIICHUBAIOTCS HA A , W, B CHUTY OUYEBHIHOU aHajoruu ¢ (2.16),

, _ 2
JB(S) :JBb»(S) +J;(S) = yB_XBsgAs +O-2tr(stXAs)_1X§sXBs)

, (2.48)
e 4, =E[0,],a 0, onpeneneno B (1.26). [Ipu sTom Jp(s) sBISICTCS B OOIIEM Ciydae

HEMOHOTOHHO yobIBaromeil (1o J 5(m)=0 ), a J'5(s) - MOHOTOHHO Bo3pacTaroweil (kak u J'p(s) B
(2.16)) ¢ynknuamu s . B paccmaTpuBaeMoM kK€ HaMH Clydae IUIAHUPYEMOT'O SKCIIEPUMEHTA
MMeeTCs BO3MOXKHOCTH TP MOCTPOCHUHU TuTaHa X , yAOoBIeTBOpstotiero (2.46) npu 3amanHoM Xp,
MOJIYYUTh OJTHOBPEMEHHO pa30neHne MaTpuilbl X Ha Takue Xy u Xp , 94TO Npu yciuoBum rank Xgz=m
BBITIOJTHSIETCS] aHAJIOTHYHOE (2.46) COOTHOIICHUE:!

PXi X, =Xz X, py#o (2.49)

2
Omnpenenenne 2.7. Keaopamuuno 3aeucumvim, Wian Ps -NPONOPYUOHAILHBIM, HA3ZBIBAETCS

pa30ueHre MaTpUIlhl IIaHa X Ha Takue moaMatpuimbl Xy U Xp , rank Xy = rank Xz = m , uro nipu
2 %0
HEKOTOPOM Ps BhITIOTHAETCS (2.49).

2 2
[pu yenosuu (2.49) Beuny (2.48) umeem Jp (s, P )= PB J, (s), rie
2 2

J()=Ey,~X,0, =ly,~X,08, +os, (2.50)

2 2
Tak uro J'5(s, P8)=P5J’, (s) ABIseTCS MOHOTOHHO yOBIBAIOIIEH (GYHKIMCH § , T.6. MUHIMYMBI

2 2
o ) o o
JB(S,p B )u Jy(s) COOTBETCTBYIOT OJHOW M TOW K€ TOYKE S g = § 4 HE3aBHCUMO OT Ps.

Bo03M0OXHOCTH OTHOBPEMEHHOTO YAOBIETBOpeHUs (2.46) u (2.49) cneayer U3 Toro, 4To

X'X =X X, + XX, =(1+p2)X'X, 2.51)
Torna, ¢ yuetom (2.46), monyudaem [20]:
1
X'X, =— XX
o p(1+p3) ‘ F, (2.52)
pz
XpXy,=—""2—FX;X,
P (1+p3) , (2.53)

2 2
ompenenss TeM CaMblM H P -IPONOPUMOHAIBHBIA MUIAaH X , H Ps -IPONOPLIMOHATBHOE

pazOueHne MaTpuIbl X .

OtMmetumM, uto u3 (2.47) - (2.48) cpa3y cienyert, uto kputepuii AR(s) o0namaeT CBOWCTBOM

. 2
IIOMEXOYCTOMUMBOCTH (CMEIEHNUs MUHUMYyMa IpPHU YBEJIWYEHUM Jucnepcun myma O ) Kak
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00BEKTHUBHO HEOOXOJAUMBIM CBOHCTBOM 3()(h)EKTUBHOTO KPUTEPHUS CTPYKTYPHOU UACHTU(DUKALIUH.
Tenepb, cormacHO u30paHHOW METOAMKE, HaM CJeIyeT NPOBEPUTh ONTHUMAIBHOCTh WIIH
a/ICKBaTHOCTh HCCIIEyeMOT0 KpuTepusi perymsipHocTu (2.47), OCHOBaHHOTO Ha pa30UeHUH
BBIOOPKH (C HESIBHBIM OIpaHHMUYEHHEM CII0KHOCTH).

Jlemma 2.3. Kputnueckast nucnepcus Uit kputepust AR(s) paBHa
ay by

by by

5 _ _
our(ss+l) = 2a)A,s+1:BA,s+1 - wA,mﬂA,m

: (2.54)

o
_ Y. 0 _ Y (X7 Ly T —
ap = V= A p gAs’ bB =Xp— Bs( Ax‘t As) AsX 4 , a4 BEIUYUHEI @ 45115 IBA,HI

BBIYHCIISFOTCS TaK ke, Kak 1 P s+l B s+1, HO Ha TIOJBBIOOpKE A .

rac

JleMMa J0Ka3bIBaeTCS COBEPIICHHO aHATOTHYHO JeMMe 2.2 BBUIY OYEBHIHOTO COOTBETCTBHUS
byHKIMOHANOB Jr(S) U Jp(s) npu 3amene MHOXecTB W , F Ha MHOkecTBa 4 , B . UMeetr mecTo

TaKXe CIEAYIOLINA YaCTHBIA cllydail JeMMBbI 2.3.

2
Credcmeue 1. Tlpu BemonHeHnn pas6uenns (2.49) u3 (2.54) Hezasucumo ot £ 5 monydaem:

2 — 2 2
ou(ss+) =0y (ss+) =0, B, (2.55)

Jlnst  mokaszaTeNnbCTBa JIOCTATOYHO TMOACTaBUTH (2.49) B (2.54) W MONYy4YUTh PaBEHCTBO

T T, _ —
apbs / byby =04,

Emre oquH BaKHBIN 4acTHBIN ciay4yal JJeMMBbI 3.3, T0Ka3aTeIbCTBO KOTOPOTO OYEBUTHO.
Creocmeue 2. Ilpu s= m-1 nns moOoro Xz HE3aBUCUMO OT pa3OueHus BoipakeHue (2.54)
MIPUHUMACT BUJT
2 2 om0\ 2
oyr(m—1Lm)=0cy,(m-1m) =(05 )" B am 2.56
; (2.56)
m
rae 5 . m-s1 KOMIIOHEHTa UCTUHHOT'O BEKTOPa MapaMeTPOB 0,
Teneps MOKHO OIIEHUTH 3(PPEKTUBHOCTD KPUTEPUS PETYISIPHOCTH.

YrBepxnenue 2.5. Kpurepuit AR(s) sBIseTCs aIeKBaTHBIM 3ajJadye OICHUBAHUS

o
ONTHMAIIBHOI CIIOXKHOCTH SF B yCIIOBUSIX BbINTOTHEHUS (2.49).

Jlyst moka3aTenbCTBA 3aMETHM, UTO B ciiydae pazouneHus Buaa (2.49) uz (2.47) monydaem:

D 2 2 2
AR(s,pp) =ppJ4(s)+0 ng (2.57)
To ectb mpu J10OOM § MUHUMYM KPHUTEPHs PETyISpHOCTH "B CpeaHeM" COOTBETCTBYET

ONITUMAJILHOW CTPYKTYpPE B CMBICIIE MUHUMYMa OJTHOBPEMEHHO Kak Jp (S) , TakK U Jy4 (S) :

Sag =arg min AR(s,py) = arg min J g(s,p3) = arg min J 4(s).
s=1,m s=1,m s=1,m (2.58)

[pu 5TOM 3HAYCHUE KPUTHUYECKOMN JUCIEPCHH TSI CTPYKTYPBI CIIOKHOCTH § TPUHAMACT B
(255)’ rae a)A,s+1 = aA,s+1 / ﬂA,sH .
*
[ToCKONBKY IIPH BBIYMCICHMH ONTHMMAIBHOTO 3HAYEHHS S 4p MO KPUTEPHIO PETYISPHOCTH

HCIIOJIb3YETCs TOJIBKO YacTh A Bceil BBIOOPKHU, a MUHUMAaJIbHAs AUCIIEPCHS TPOrHO3a B TOUKax Xp

OTIpEe/IENIACTCS 3HAYEHUEM s°p , KOTOpOE TOJIy4aeTCs C YYeTOM BCEX TOYEK BBIOOPKH,
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HEO0OXOIUMO YCTAaHOBUTH COOTBETCTBUE MEXKIY sy m s°p=s’. s aToro CIENyEeT NIPUMEHUTD

yTBepkaeHHe 2.4, 4TO HECIIOKHO clenaTh BBUY

g :(1+p§?)a,4,s+1, B :(1"‘;0?3)5/1,“1,

tak yro Pasn = @

85t = @iy ¢ yuerom (2.55) umeem:

w 1
oir(ss+) =0’ (s,s+1) =— P —o,(s.s+1)

2
I+p,  1+p5 : (2.59)
CJ'IC,I[OBaTeJ'II)HO, HUMECT MECTO IMPAMOC COOTHOIICHUEC MCEXKAY KPUTHYCCKUMHU AUCIICPCUAMU
2 2
our(s,s+1l) <o (ss+1)

Ha Bcell BEIOOPKE U Ha €€ 4acTu A , mpuyem , U3 4ero cieayer, 4To

.
npu nmobom O 2 CIpaBeJINBO HEPABEHCTBO Sip S8 0, T.€. KPUTEPUN PETYJIPHOCTH B CPEIHEM
BcerJa BhIOMpaeT Oojee MPOCTYH MOJedb, 4YeM ONTUMajbHas (YTO ECTECTBEHHO BBHUIY
YIIOMSIHYTOW Pa3HHUIIBI B YHCJIE TOUYEK), YTO M 3aBEPIIACT JOKA3aTEIbCTBO YTBEPKACHUS 2.5.
Takum 00pa3oM, B YCIOBUSAX IUIAHUPYEMOTO AIKCIEpUMEHTa (TPU BBITOJHEHHWU YCIOBUH
(2.46) nns mmana X u (2.49) mist pazouenus X Ha Xy u Xp ) KpuTepuil perymsipHoctd AR(s)

B CWJIy YTBEpKIeHUS 2.5 TapaHTUPOBAHHO SBISETCA aJCKBaTHBIM 3aJady€ OLICHUBAHMUS

.
ONTHMANGHBIX TPOTHO3UPYIONIMX MOJeNeidl B CMBICIE AR SS;. B obmem ciyuae
IIPOU3BOJIBHOIO COOTHOmEHUs X U Xp B YCJOBUSAX KOHEYHOTO YHMClIa HaOIIoAeHuit
npuMeHeHne AR(s) mo-npexHeMy ONpaBIaHO TE€M, YTO OH IO CBOEH MPHUPOJIE OPUEHTHPOBAH Ha
BBIOOp MPOTHO3UPYIOLINX MoJenel, mpuueM BBUAY (2.47) oH siBIsieTcs Jp -ONTHUMAaIbHBIM.
AHaNOTMYHBIM ~ 00pa3oM MOXHO IPOAHAIW3UPOBATh JpPyrde BHEIIHUE KPUTEPHH,

npumMensiembie B MI'Y A, npuuem Takas 3a7ada 00JieryaeTcsi TeM, 4TO BCE OHU BBIPAXKAIOTCS yepes
~p 2

BenuuuHbl THNA (1.27), T.€. A1 BBIYUCICHUS CR(s) , 1 cootBercTBeHHO O CR (+) , IOCTaTOYHO

UCTIOJIb30BAaTh BBIPAXKECHMS, AaHAJOTMYHBIE YKE TOJIy4eHHbIM B (2.47) nmus AR(s) (t.e.

A(B|4) =E[A(B|A)]) . Hampumep, ajiss CUMMETPUYHOTO KPUTEPHS peryssipHocTH AD(s) ¢
yueroMm (1.30) mpu ycnosuu (2.49) nonydaem:

1 _
GiD(S,S+ )= —1a)s+IIBS+1
Pyt
5 , (2.50)

1
2 sk 2
() —2ka() - (p%+1/p%) >2

Uro kacaercsi kputepueB rpynmsl cornacoBanHoctd (1.32) u (1.33), To B yclnoBUsAX pa30ueHHS

9TO TOBOPUT 00 anekBaTHOCTU AD(s), Tak Kak

(2.49) omm HepaOOTOCHOCOOHBI, TOCKOJBKY TIPU  O3TOM, KaK TIIOKa3aHO  BBIIIE,
D 0. =

w
A5+1 B s+l s+1 | BCIIGACTBHE 9Ero CTPYKTypHbIe coctapisiomme CB’ (s) = CB' (s)=0, u

2 _ 2 _
COOTBETCTBCHHO GCB() - GCV() - 0. [TosToMy oOuYeBUIHOM pPEKOMEHAAUMEW I HUX
3¢ (PEKTUBHOTO WCIOJB30BAHUS SBISETCA BBIOOP pa30MEHHs 10 YCIOBHUIO MaKCHUMaJIbHOTO
paccorjacoBaHus BbIpakeHus (2.49), maronieMy Hauaydllyl0 pa3IMduMocTb mogeneit [21]. B

ciaydae, korja (2.49) He BBINONHSIETCS, KPUTEPUU COTJIACOBAHHOCTH SIBJISIIOTCS aJIeKBAaTHBHIMH B
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cMmbicne ompexaeneHust 2.5, uro ans CB(s) odeBuano u3 (1.32) ¢ yuerom (2.50), a ansa CV{(s)

CJICAYCT U3 BbIPAKCHUA

2 —2 —2 —2
O-CV(S’S + 1) = a)erIIBHl _(a)A,sHlBA,erl + a)B,erIIBB,sH) s (251)

KOTOpPO€ HETPYAHO MOJTYyYUTh BBUTY

CV(s)=J"(s)~(Ji(s)+Tp(s) +°s

CoBepilleHHO aHAJOTMYHO MOXXHO TMPUMEHUTh METOJ KPUTHYECKUX JAUCIIEPCHI IS
AQHAIUTUYECKON TpOoBepku 3(DPEKTUBHOCTH NMPUMEHEHHS JIOO0r0 JPYroro KpUTepus KauecTBa
moaenerr CR(S) B KaueCcTBE BBIUMCIUMOM OIICHKU TEOPETHUECKOTo GyHKIMOHANA Jx(S) s 3a1auu
CTPYKTYPHOU MACHTHU(HUKAIIMH MPOTHO3ZUPYIOMHUX ( JF -ONTUMATbHBIX ) MOJICIICH.

[TonydyeHHbIe BbINIE PE3YyIbTAThl JOKA3bIBAIOT, YTO BHemIHUE Kputepun MI'YA saBnstorcs
aJICKBaTHBIMH 3aJ1a4€ TIOCTPOCHUS MOJIEJIEH C MUHUMAJIBLHON JUCTIEPCHEH OMMUOKH MPOrHo3a. ITO

roBopuT 00 3pdekTuBHOCTH TpUMEHEeHHsI anropuT™MoB MI'Y A B 3a1ayax mporHO3UPOBAHMSL.

2.5 A”aju3 npo0JieMbl pa30oueHusi BLIOOpKHM 1uist aaropurmos MI'YVA.

D¢ deKTUBHOCT, MNPUMEHEHHUS KPUTEPHEB THMNA “TIEPEKPECTHOTO TOATBEPXKICHUS , Ha
KOTOPBIX Oaszupyrorcs anroputmbl MI'YA, npu pemieHun MpaKTUYSCKUX 3a7ad MOJCTUPOBAHUS
3aBHCHUT, B YaCTHOCTH, OT yJA4HOI'O WJIM HEyJayHOro BbIOOpa BapuaHTa pa30OHEeHUs] BHIOOPKH
JaHHBIX Ha 4YacTU I (OpMHpOBaHUS BHEIIHUX KpUTepueB KkaudecTBa Mmopeneil. [IpoGieme
pa3OMeHHs TOCBSIIEHO JOBOJIBLHO Majio paboT [22-27], 4TO CBUACTENHCTBYET KaK O TPYJAHOCTH €€
aHan3a, TaK U O TOM, YTO MPHU HAJIMYMHU HEKOTOPOTO OMbITa MPUMEHEHHs anroputMoB MI'YA
OHa Ha IIPaKTHKE He ABJIAETCS HempeoaonuMoi. PaccmoTpum ee moapobHee.

N3 nepeurciieHHpIX B [2] crmoco00B pa3OoueHus BHIOOPKH JaHHBIX HA JBE YAaCTH B HACTOSIICE
BpeMs peajbHO MPUMEHSETCS TOJIBKO CIoco0 “pa3dueHus mo aucnepcun’ [22], OCHOBAHHBIN Ha
PaHXUPOBAHUHU TOUYEK HAOIIOEHUN MO MX pa30pocy BOKpYr obmiel cpemaHeit Touku. OH ynoOeH
TE€M, 4YTO TIO3BOJIIET ABTOMATMUYECKU pa3eliuTh BBHIOOPKY Ha JIB€ MOABBIOOPKH 10 Haudaja
npoueaypsl MI'VA, X0Ts pu 3TOM HHUKaK HE CBSI3aH C ILI€JIbI0 MOJEIUpoBaHus. PexoMmenaamnus
[23] cBomumace kK momboOpy pa3z0ueHus, MHHHUMH3UPYIONIETO YHUCIO PSAI0B MHOTOPSIHOTO
aqropuTMa (a TeM caMblM W CJIOKHOCTh MOJEIH), TO €CThb TpeOoBajia MHOTOKPATHOTO
npuMmeHeHus anroputMa MI'VA. B anroputme [24] npuMeHsUIOCH CIIy4allHOE pa3/ielICHUE.

B paGotax [25-27] cnmenaHbl MOMBITKH TEOPETUYECKOTO aHaIW3a MpoOJieMbl pa3doueHus. B
[25] mpemnokeHO Hauiydiiee pa3OMEeHHE, MAKCUMH3UPYIOIEe YyBCTBUTEIBLHOCTh KPUTEPHS
HECMEIIIEHHOCTH, OJHAKO OHO JOJKHO CTPOUTHCS A KaXIOW MOJETU B OTIENbHOCTH, UTO
TPYHO OCYIIECTBUMO Ha MpakTuke B anroputMax MI'VA BBumy 6oibmioro oobema mepedopa.
Pesynbrar, monydeHHbld B [26], mdaeT onTMMagbHOE pa3OMEeHWEe, HO OH HWMEET YHCTO
TEOPETUYECKOE 3HAUYEHME, IOCKOJIbKY MPEANojiaraeT HM3BECTHOW (YHKIHUIO pachpereieHUs
BHEIIHErO0 KPUTEPHS, UTO pealbHO HE BbIMOMHUMO. OTMernm eme, 4to B [21] mokaszaHa
HEO0OXOIMMOCTh IOOMBATHCA MAaKCUMAIBHOUM "HEMOX0XECTH" MBYX MOJABBIOOPOK JJIS YIIYUIICHHS
PA3IMYUMOCTH MOJICNIEH IO KPUTEPHUIO HEMPOTUBOPEUYMBOCTH, YTO aHAJIOTUYHO NoAX0ay [25], a B

[27] mpensiokeH OUEBUIHBIN BapHaHT pa30MEHUS B CITydae TOBTOPHOTO AKCIIEPUMEHTA.
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PaccmoTtpum mpobiemy pa3OueHus BBIOOPKHM C TOYKH 3pEHUS MHHUMHU3AIUH JTUCTIEPCHU
OLIMOKH MTPOTHO3a 110 MOJIEIIH, COOTBETCTBYIONIECH MUHUMYMY KPUTEPHUS PETYISIPHOCTH.
OnTumaibHOe pa3douenne BbIOOpKHU. HazoBem onmumansnuiv Takoe pazdbueHue BHIOOPKU
W, npu KOTOpPOM B pe3yjbTaTe WACHTU(HUKAIMH MO YCIOBHIO MMUHHMYMa JMCIEPCUU OUIHMOKU
MO/JIENI Ha KaXI0H U3 MoaBbIOOpOK 4 M B OyzaeT mojydeHa OJHa U Ta Ke CTPYKTypa:
9 = 5350 = argmin o (s),
R (2.62)
,G=4,B.

‘]G(S) :EyG_XGséGs

MOoXHO JIM TOCTpOUTH Takoe pa3duenue? B mpenpinymiem mnoapasnene MOKa3aHO, 4YTO
CTpOro€ peIIeHHEe TaKOM 3aJaud MpenarnojiaraeT IUIAHMPOBAaHHE HKcrmepuMeHTa. I[lomydyeHHbIe
BBIIIIE PE3YIbTATHl MOKHO CYMMHUPOBATh B BUJIE CIICIYIOIIET0 YTBEPKACHUSI.

Yr1Bep:kaenue 2.6. Ecnu pazouenue BiOOpku W Ha 1Be moaBeIOOpKH A W B TakoBoO, YTO

X4 u X mpu ankX 4 = rankXpg =m YIOBJIETBOPAIOT  YCAOBUIO  KEAOPAMUYHOLL

2
sasucumocmu (P B -nponopumonansHoctn) (2.49), TO AIsl KPUTEPHs PETYJSPHOCTH CIIPABEITHBO
*

E(s 2 ) S p =89 =53
(2.57), © MUHEMYMY »PB) CoOTBETCTBYET ONTHMAbHAS CIOKHOCTH SAR A B
(2.58).

2
3ameuanue 1. Yactupie cayuan FB -mponOpHHOHAIBLHOIO Pa3OUEHHMs: a) OPTOrOHAIBHEIC
perpeccopsl (cm.[28,29]); 6) PB -IPONOPIIMOHATILHOE pa3OreHNE (ppXy=Xp, pPp# 0), B

TOM YHCJI€ CXE€MA MMOBTOPHOTO IKCIIEPUMEHTA (X4 =Xp , cM.[27] ).
2 —npln
3ameuanue 2. Jlns momeneid co CBOOOIHBIM YICHOM PB =nNp A, TOCKOJBKY TEepBbHIC

xXix, xXfx Ny, n
JMaroHaJIbHBIC AIeMEeHTHI MaTpul] <+ A“*A u <*B“*B paBubl ''4 u "B COOTBETCTBEHHO.

OTu pe3ynbTaThl XapaKTepU3YIOT ONTHMAJbHBIM IJIaH AKCIEPUMEHTa U COOTBETCTBYIOIIIEE
KBaJIpaTHYHO 3aBUCHUMOE pa3OueHne BHIOOPKH, cama ke 3a/laya MOCTPOESHHS TaKoro IUlaHa 37eCh
HE paccMaTpUBaETCs, TIOCKOJbKY WCCIEIyeTCsl Claydaid TacCMBHOW BbIOOpkH. [lpum sTOoM
MoAYEepKHEM, 4YTO ycioBHE (2.49) OTHOCHTCS KO BCEM perpeccopaM OJHOBPEMEHHO, T.€. OHH
CIPaBEeIUBBI JUIS TIOOOTO MYTH YCIOKHEHUSI CTPYKTYPBI MOJIEIIH.

IocTpoeHue KBa3HOTNHUMAJIBLHOIO Pa30ueHHsI B cJIyyae NMacCUBHOW BbIOOpKkH. B o6mem
cinydae pazouenue (2.49) MOXKHO 00€CTICUUTh TOJIBKO C MTOMOIIBIO INTAHWPOBAHUS SKCIIEPUMEHTA.
B Hamiell ke MOCTaHOBKE 3a/Jaydl JaHHBIE MPEIOJIaraloTCsl IMOTYYEHHBIMH KaK MacCHUBHBIC
HaAOJI0/IEHUs, TTO3TOMY MOKHO TOBOPUTH JIMIIb O KBAa3MONTHMAJIbHOM pa3OueHuu. 3agady o
MOMCKE TAaKOTo pa3OMeHUss MOXKHO CHOpMYIMpPOBATH CIEAYIOMNUM 00pa30oM: U3 BCEX BO3MOXKHBIX
BapUaHTOB  pa3OueHHs  BBIOOPKH w Ha  TOABBIOOPKH A;,B
qrotank A, =rank B, =m

TaKwe,

» BBIOpATh HAWJTYYLIHI BAPUAHT 110 YCIOBHUIO

n min|p2x7x, —xTx, [
min min|pgA 44 4, —ApAp
I LL] p#0 , (2.63)
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rae L - 4ucino JONyCTUMBIX BapUaHTOB, a ”'” - HEKOTOpas MaTpuuyHas HOpMa (Hampumep,

= max|ci
LJ ). ObocHOBaHHEM I1€JI€COO0PA3HOCTH TAKOW MOCTAHOBKHU 33/1aYdl SIBIISETCS TO,

yto (2.49) obecneynMBaeT MOHOTOHHOCTh YMEHBIICHHUS MO § CTPYKTYPHOW COCTaBIISIOIICH
D b v
CpEIHETO 3HAYEHUSI KPUTEPHS PETYIISIPHOCTH (AR(s) = E[AR(s)]= AR (s)+ AR " (s ),

v
I7Ie LIyMOBas KOMIIOHEHTa AR (5) wonoronmo BO3pacTaeT Mo S MpH JIO0M pa30HeHun).
OaHaKO MOHOTOHHOCTB COXPaHSETCS U IMPU HEKOTOPOM paccoriiacoBaHuu paBeHcTBa (2.49) [11].

OueBugHo, dYTO mporeaypa (2.63) B moJHOM o0BEME TPYAHO peaauzyeMa H3-3a

HEOOXOAMMOCTH TIOJHOTO Tepedopa BapHaHTOB, B OCOOCHHOCTH TpU OOJBIIOM YHUCIE TOUYEK

n-m

_ i

L= Z Cn
i=m

esecooOpasHble MPUEMbI COKpalieHus nepedopa. M3 Takux npuemMoB chopMynupyem TpH:

(uncno  BceX BO3MOXHBIX BapHAaHTOB ), TMO3TOMYy CIEAyeT NPUMEHSAThH

1) 3aaeTcss HEeKOoTopoe HeOosbinoe yucio (Hampumep, 10) crmocoboB pa3OueHHs Ha
OCHOBE JIPYTUX COOOpakeHUil, U K HUM pUMeHsieTcs npouenypa (2.63);
2) 3ajaeTcs 4HcIo ToueK pasbuenms ''A-"'B (n=ny +nB), TOTJIa CPaBHUBACTCS
*
n * . .
C n =min (ny,ng);

TOJILKO 7 BAapUaHTOB, I7Ie
3) BBITIOJIHAETCS KBa3HONITUMANIbHASL IByXdTanHas npoueaypa [20], korga cpaBHUBaIOTCA

HE BCE 3JeMEeHThl MaTpull B (2.63), a TONbKO AMAaroHajgbHbIE (C y4€TOM TOro, 4TO B

T
matpuiie X = X HeauaroHaJbHbIE 3JIEMEHTHI BCETd CTPOTO MEHBINE JMArOHAIBHBIX), U
OoTOMpaeTcs HEKOTOPOE YHCIO BapUaHTOB, W3 KOTOPBIX OIpPEENSETCS JIyYIIUHA 10
MOJIHOM mporenype (2.63). PaccMoTpruM HECKONIBKO MOAPOOHEe TPETHl MOIXO.

Ecnu BeiOopka W=(Xy) monydyeHa B pe3yibTaTe HaOJIOJCHHHA 3a OOBIYHBIM PEKHUMOM

2
paboTel 00BEKTa, TO MOXKHO TOBOPHTH TOIBKO O HEKOTOpoM mpubmmkenmn x = PB -

2
MPOTOPIHOHATBHOMY pa36uenuio. IT0CKONBKY Tpu 9ToM 3amaBate B 3apadee He MMeeT

CMBbICJIa, MOYKHO MMPUMEHUTH MPEAJIOKEHHBIN B [20] MOAXO U1l €r0 BEIYUCIIEHUS, 4 TEM CaAMbIM U

U1l TpUOJIMKEHHOTO BBIOOpa pa3zbouenHus. O003HAYUM 3JIEMEHT WH(OPMAIMOHHON MAaTpHUIIBI

T ..
XTX wepes Xiy ~ X% bJ=LM

X4,Xp

. Jns Hekoroporo pa3oueHuss marpunbl X Ha

nmoaMaTpuibl BBCACM BCJIMYMHY COOTHOIICHHA COOTBCTCTBYIOIIHUX J3JICMCHTOB

_ A B
MHQOPMALMOHHBIX MATPUIL Pij=Xij X i.

BBuay cuMMeTpUYHOCTH paccMaTpuUBaeMbIX MaTpHI] Bcero umeercs m(m+1)/2 pa3nuyHbIx

A B
3HAYEeHUH KOAPPHUIIUEHTOB Pij [MpeamnonoXuB it ONMPEICICHHOCTH, YTO BCE Xijo Xij ,

MOJIO)KUTEIBHBI, BBEAEM CIEIYIONIYI0 MEpY CTENEeHU pPAaccOrjacoBaHMs HWHOOPMALMOHHBIX
MAaTpHIL:

8= (Pmax ~ Pmin)/ (Pmax +pmin),
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rac pmm 4 pmax - HANMCHbBIIICE M HAMOOJIbIIIEE U3 BCEX 3HAUCHUM 101] . Tor;[a O4YCBHUIHO, YTO B

KayecTBe Hammydmero (B cmbicie /B -IpOmOpUMOHATLHOCTH) pasOueHHs u3 L  3aJaHHBIX

BapHUaHTOB CIIEAyeT BHIOpATh pa3dueHue ¢ HOMEPOM

¥ =arg min o,
=Ll (2.64)

Eciu OKaXCTCA, YTO IIOJIYYCHHOC 3HAYCHHC ¥ JOCTAaTOYHO OJIM3KO K HYJIIO, TO

2
COOTBETCTBYIOIIEE Pa3OHeHHe IPHHUMAETCS B KadecTBe B -pONOPIUHOHAIBHOTO, ¥ IIPU ITOM

2
aBTOMATHUeCKH ompeensercs 3Hauenne B~ Pmin ~Pmax. Ormernm, d9TO MIpUHSATas

HOPMHPOBKa H€06XOI[I/IM3. BBULY pa3HOMaCH_IT216HOCTI/I BCINYUH 101] IJId pa3InYHbIX

pazOuenmii. OOBEM BBIYHCICHWM MPU TIOJHOM pemieHnHn 3afadn (2.64) MOXET OKa3aThCs

S3HAYUTCIIbHBIM IIpU OOCTATOYHO oolmpmIIX N H® rmaX, OIHAaKO €ro MOXHO CYHICCTBCHHO

YMGHBH_II/ITB, y‘-II/ITI:IBaSI TOJBKO '0” ’ ’ , T.C. TOJBKO AHArOHaJIbHBIC YJICHBI ManI/IL[

T T
XAXA u XB

Xp JUTSL TIPEIBAPUTEIBLHOTO OTOOpa HECKOJBKUX JydIIUuX pa3zOoueHwuil. ITo

CIeAyeT U3 MoJydeHHOro B [20] HEpaBEeHCTBA, CBHSBIBaIOI_ueFO'O Lj Pii y Pjj .

L1
Pi ki <5(pii+pjj) 2.65)

A A A A
o kA A A4 A
rJIc BBEJICH KOCHHYC yIila MEXy BEKTOpaMu Xio Xy Rij=Xij INXii % JJ .

i
HepasenctBo (2.65) mMo3BOJIIET KOHTPOJIUPOBATH 3HAYCHHS Pij> s yepe3 3HAYEHUs

Piisl= l,m I 6 .
. 03TOMY Ui COKpalmcHUusA O0bEMa BBIUYUCICHUU MOXHO MPCIJIOKNUTDH

JIBYX3TAIHYIO MPOIEAYPY MOMCKA JIydIIero pazoueHus: cHadana (2.64) mpuUMEHSETCS TOJIbKO K
T T
(X X4)r u (XpXp),

HEOOJIPIIIOr0 YHUCNIAa TMOAXOIAIMIMX pa3OuMeHH, a 3aTeM A3TH BapUaHThl AHAIM3UPYIOTCA Ha

JAUuaroHajJlbHbIM 3JICMCHTAM MaTpHIL JJIA HpI/I6JII/I)KCHHOF0 0T60pa
COTJIACOBAHHOCTBH BCCX 3JICMCHTOB YKAa3aHHBIX MAaTpHUIl C BBI60pOM JIyqmero pa36I/IeHI/I$I.

PaccMoTpeHHBINE TOAXOM K pELICHHI0 MpoOJIeMbl pa3OMeHHs MO3BOJSET MaKCHUMAaJbHO

2
npubmmsuTees kOB -mpomnoproHansHOMY (KBaApAaTHYHO 3aBUCHMOMY) pa3sGHEHHIO, IpH

KOTOPOM YCJIOBHMSI NPUMEHEHHUS KPHUTEpPUS PETYISPHOCTH (M JAPYTUX KPUTEPUEB TOYHOCTH)
ABJIAIOTCS] HAWIYYIIMMHU C TOYKU 3pEHUS BIOOpA MPOTHO3UPYIOIIEH MOJENH.

“HO

CBsi3b KBa3HONTHMAJBLHOIO Ppa30HMeHMs ¢ TPaAULMOHHBIM pa30MeHHeM
aucnepcun”. BaxxHO TO, YTO MpeUIOKEHHAas! BhIIIE KBAa3MONTHMANbHAs MpolLeaypa pa3OueHus
BBITIOJIHSICTCS 10 Hayalla allfOpUTMa CTPYKTYpHOU uaeHTudukanuu. IIockompKy 3TO ke CBOWCTBO
XapakTepu3yeT W TPAJAULMOHHO TMpUMEHseMblii B anroputMax MI'YA cnoco6 pa3OueHus "mo
JHCTIepcun Touek HabmrogeHuit" [22], mpencTaBisieT HHTEPEC YCTAaHOBUTH CBS3b MEXIY STHMH

JIBYMs pa30UEHUSIMH.
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Jlns  Marpumbl  IUTaHa X ={le~} ;o i=Lm, j=Ln, nporeaypy pasOueHHs 110

AUCTICPCHUU MOKHO IPCACTABUTDH TAK: JJIA KaKA0T'0 perpeccopa HAaXOAUTCA CPCAHCC

1= e
Xp==2 X;, i=lm
niZ)

OT KOTOPOTO BBIYMCIIACTCS BeIMunHa pazopoca ("' mucrnepcun’) st KaKI0i TOUKH:

m
2 _ N2 .
77]—2 (-xji_xl) ’ ]_lana
i=1
772
U BCE MOJIyYCHHBIC 3HAUCHUs '/ paHKUPYIOTCS B MOpsiIKe yObIBaHUA. 3aTeM "paHKUpOBaHHbIC
TOYKU" OTHOCATCS B MOABBIOOPKH A M B JByMs pa3iMYHBIMH criocobaMu: Ju0O0 uepe3 OAHYy
TOUKY (moxy4deHue "moao0HbIX" yacTeil), mubo moaps (moxydeHne "HemoxXoxux'" qacrteil).

OtoT cnocod pa3dHeHuss B TEPMHMHAX KBAJAPATMYHOW 3aBHCHMOCTH MOJBBIOOPOK MOXKHO

UHTEPIIPEeTHPOBaTh Tak. [1ycTh BRIOOpKA TakoBa, 4TO Bce Xi = 0 , TOorga
A m
773 =77§ |}=0 = Z (xji)2 .
i=1
Jlanee, 1erko noixy4uThb, 4TO

vX T X=3 xii=2 2 (x;;)7 =27,
i=1 i=1 j=1

CJIeIOBaTENbHO, pa30ueHue '"Mmo AWCIEPCHH 4Yepe3 OJIHY TOYKY' - ATO TOMBITKA MOJIYYUTh

T T
NOJBBIOOPKH, CBSI3aHHBIE COOTHOIIEHUEM Xy Xy ~trXpXp ,unpu arom *4 MR 5> pmm

2 — ~y
Pp=nglny = 1. B sTOoM cnyuae ecTh OCHOBaHME OXHAATh HAWIYYIIUX YCIOBUU ISt

KPUTEPHEB IpynIbl TOUHOCTU. [Ipu pazbueHnn ke paHXKHUPOBAHHBIX TOYEK MOAPSI TOCTUTACTCS

T T
1IEJTb Xy X —trXp Xpl—> Max * gro, kax oTMeYanoch BbIIIE, LEIECOOOPA3HO IIpHU
MCIOJIb30BaHUU KPUTEPUEB COTIIACOBAHHOCTH.
Takum oOpazomM, mporeaypa paHXHPOBKH TOYEK BBHIOOPKH JaHHBIX "TO JUCIEPCUU" MOXKET

paccMaTpUBaThCS Kak elle OJUH - IpHUYeM Hanbojee IpOCTON 10 CPaBHEHHIO C MPEATIOKEHHBIMU

2
BBIIIE - CTOCOD mpuOmIKeHns K B -mpomopuuoHanbHOMY pasouenuio. IIpi 3TOM, OIHAKO,

XX =Xk Xy

SABJIACTCA H€06XOI[I/IMBIM, HO HC

XyXy4=XpXp,

CJICAyCT UMCTh B BUAY, UTO YCJIOBHUC

JOCTAaTOYHBIM IS BBIMIOJHEHHS YCJIOBUSI KBAJPATHYHOW 3aBUCHMOCTH
[TosToMy naHHBI croco0 cieayeT paccMaTpuBaTh Kak OJWH W3 BapHAaHTOB TE€HEPUPOBAHHSI
MPUOJIMKEHHO TPONMOPIMOHATBHBIX Pa30MEHU, HapsAay C PAacCMOTPEHHBIMHU BBIMIE OoJee

CJIOKHBIMU (B CMBICJI€ BHIYMCIUTENBHBIX 3aTPaT) BapHaHTaMHU.
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3. MOJIEJIMPOBAHMUE U IMIPOrHO3UPOBAHUE MAKPOIKOHOMUYECKUX
[MPOIECCOB HA OCHOBE MI'YA

3.1. Metoauka Bbi0opa Hau0oJ1ee CyIIeCTBEHHbIX API'YMEHTOB MoJies1eil

[Tpu GosbIIOM YHUCIIE UCXOAHBIX APTYMEHTOB MOCTPOCHHE MOEIH 3aHUMAaeT OYeHb MHOTO
MAaIIMHHOIO BpeMeHHu. B To ke BpeMs mpakThka NOCTPOEHUS MOJENEH MOKa3bIBAET, YTO CPEAU
NPEJCTAaBICHHBIX apryMEHTOB MHOTO HECYIIECTBEHHBIX, KOTOpble MOXXHO Oe3 ymepba s
pe3yIbTUPYIOLICH MOJENN HCKIOYUTh. Huke paccMaTpuBaeTcs OJUH M3 CHOCOOOB pelICHHS
3TOM MpoOJieMbl C MPUMEHEHHEM MPEABAPUTEIBHBIX PACYETOB [0 MHOTOPSAHOMY alTOPUTMY
MI'VA. Cnenyer npu 3TOM HMETh B BHUIY, YTO PA3ACICHUE apIyMEHTOB Ha CYIIECTBEHHBIE U
HECYIIECTBEHHBIE CIIPABEUIMBO IS 3aJlaHHOTO HaOopa NaHHBIX M TP H3MEHEHUH BBIOOPKH
(TIOsIBIEHMH HOBBIX JaHHBIX ) MOKET U3MEHSATHCS.

Hanomuum mnponeaypy ceiekuuum Mojeneil B MHoropsaHoM ainroputMe MI'YA [30]. B
OCHOBY aJITOPUTMa TIOJIOKEH IIEJICHANPaBICHHbIN Mepebop YaCTHBIX OMHMCAHUM C MOCTEIEHHBIM
UX YCIOKHEHHEM IIpU IIepexoje OT pspa K psany. YactHoe omnwucanue Y; jS = fmS‘I,YjS‘I)
JUHEWHas WK KBaJpaTHuHas QYHKIHS ABYX MPOMEKYTOUHBIX MEPEMEHHBIX MPEIBIIYIIETo psaa
(Gj=1,.,NA; S=1.2,.; Y,~0 = X;; NA - uucno ucxoJHbIX aprymeHToB). M3 npenpiayiero psana B
cienyromui nponyckaetcst N4 IpOMEXYTOUHBIX IEPEMEHHBIX, YAOBIETBOPSIOIIUX KPUTEPHUIO

cenekuuu K° = min K IS, (K; jS - KOPPETSIIUOHHOE OTHOIIIEHUE Y; jS uyY).
Jj=1,NA4

[Ipu Takom cnocoOe oTOOpa Ha KaXIOM PALY COXpaHIETCs UCXOMHBIN 6a3uc, YTO MO3BOJSET
BOCCTaHaBJIMBAaTh UCKOMYIO Mojeib. ClenoBaTenbHO, U Ha IMOCIEAHEM psay Takxke Oyaer NA
Mojenel, T.e. cBodoga BeIOOpa B JaHHOM ciydae paBHa NA. M3 cka3aHHOro cieayer, 4To B
KaXI0M -l TMPOMEXyTOUYHOM NepeMEeHHOH 00s3aTeNbHO OyAeT NPUCYTCTBOBATH MCXOIHBIH
apryMeHT JX;, K KOTOpOMY OINTHMAalbHBIM 00pa3oM NOAOWpAIOTCS HAWIYYLIMHA s AaHHOTO
cilydasi aHcaMOJIb M3 OCTaJbHBIX HMCXOJHBIX apryMeHToB. CIenoBaTelbHO, MOKHO IMOCTPOHUTH
CTPYKTYpHYIO Tabnuiy pasmepoM NA*NA, i-s cTpoka KOTOPOH COOTBETCTBYET i-il MoJenH, a j-i
cronber] - j-romy aprymenty (ij = 1,.., NA), ij-1 A4eiika 3TOH TaOMUIBl paBHA j, €CIH j-i
apryMeHT y4acTBYyeT B pOpMUPOBaHUH i-if Mozenu, win 0, eClii He y4acTBYeT.

Takast Tabnmuia MokasbIBaeT, KaKWe HCXOJIHBIE apryMEHTHl y4acTBYIOT B (OPMHPOBAHUU
KaXaou i-i monenu. Jlanee moacuyuThiBaeM, CKOJIBKO pa3 y4acTByeT B (pOPMHUpPOBAHUU MOJEICH
KaKIbIH HMCXOIHBIM apryMeHT (4acToTa IOSBIEHHUS j-TO apryMeHTa BO BCEX MOJEINAX), T.€.
ompezenseM 3Ha4eHuss NumX;. DTu yncia nexar B uatepsane ot 1 1o NA. Ecim Num X;= 1, 0
MOKHO YTBEPXAATbh, UTO j-iI apryMEHT HECYIIECTBEH B JJaHHOM CJIy4ae, TaK KaK IPUCYTCTBYET
TOJIBKO TaM, TJie OH HACWJIBHO YACP)KUBAETCS B CHIY H3JIOKEHHOTO BBIIIE alropuTma oTdopa
ayumnx mozaened. Ecnmu NumXj = NA, To MOKHO yTBEPXKAATh, UTO j-i apryMEHT CYLIECTBEH IS
JAHHOTO ciydas. OJTO KpailHHE ciy4yau, MO3TOMY CJEIyeT BBECTM HEKOTOPBIM IOpoOr [yis
OTIpeNeNIeHUs] CYIIECTBEHHOCTH j-TO apryMeHTa: Hampumep, OyAeM CcuuTarh apryMeHT
cyllecTBeHHbIM, ecau NumX; > 0.5*NA. Kpome TOro MoXHO, yHOPAJOYUTH apryMEHTHl IO
yOBIBaHUIO BEIMYMHBI NumXj, U NONb3yACh JONOJHUTEIbHBIMH KPUTEPUSAMHU, BBIOPATh CTOJIBKO

APTYMCHTOB, CKOJIBKO MOXKCT OBITh A0IMYCTUMO B JaHHOM KOHKPCTHOM CJIy4dac.
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Hampumep, ucxoanasi Tabnuia JaHHBIX IJII MOACTUPOBaHUs 00beMa MPOU3BOJICTBA JIETKON
MIPOMBILIUIEHHOCTH, B3sATas U3 [31] (cM.HUXKE), coaepkUT 23 ucxoaHbix aprymenTa (NA = 23):

X; - moXoasl HaceneHus (MIPA.TPH.),

X5 - mHIekc norpedburenpckux 1eH (%),

X; -ungexcel BBIT (%),

X, - 00BeM TIPOU3BOICTBA IIPOMBIIIIICHHOCTH,, BCETO (MIIP/I.TPH.),

X5 - pO3HUYIHBIA TOBAPOOOOPOT BCETO (MIIPI.TPH.),

Xs - MHIEKCH 3apIuiaThl (peansHas, %),

X7 - cpenane 6GaHKOBCKHUE TIPOIIEHTHBIC CTaBKU Ha KpenuTh (%),

Xs - obunmanbHeil Kypc rpuBHE K Joiapy CIHA (rpH.),

Xy - HaTIOT HA OOABIECHHYIO CTOUMOCTH (MJIPA.TPH.),

X}y - HasoT Ha MPUOBLUTH MPEANPUATHIA (MIPA.TPH.),

X}/ - pacxoasl KOHCOIMIUPOBAHHOTO OrOKeTa, BCero (MIPA.TPH.),

X7 - pacxozpl OroKETa Ha HAPOTHOE XO3STMCTBO (MIIPA.TPH. ),

X3 - MHAEKC ONTOBBIX IIEH JIETKOW mpombiuieHHOCTH (%),

X4 - 3aHATOCTH B JIETKOM MPOMBIIIICHHOCTH (MIJTH.U€JI0BEK),

X5 - o01Iast 3aHATOCTh (MJIP/I.IEIIOBEK ),

Xjs- 3apaboTHas iata (HOMHHAIbHAs, TPH.),

X7 - ydeTHas cTaBKa JUII KOMMYHJIBHBIX OaHKOB(%0),

X} - MeHexxHasi Macca HAUIMIHOCTH B 0OpamieHuu (MIPA.TPH.),

X9 - mebuTopcKas 3aA0/DKEHHOCTH (MIIPA.TPH.),

X5 - KpemuTOpCKast 3a10JKSHHOCTD (MJIP/I.TPH.),

X5; - aKIU3HBIN cO0p (MITH.TPH.),

X5, - HaJIoT Ha JOXOJI TpaXK1aH (MJTH.TPH.),

X>3 - 10X0/] KOHCOJUAUPOBAHHOTO O KeTa (MIPI.IPH. ),

Y - O6beM mpou3BOICTBA JIETKOW MPOMBITUICHHOCTH (MIJIPA.TPH.)
B pesynbrare BhINOJHEHUS TPOLEAYPHI IIOCTPOEHUS MOJIEIIEH 10 MHOTOPSIHOMY JITOPUTMY

ObLIa MoJTydeHa MpUBeIeHHas! HUXKe CTPYKTYpHas Tabiuua.

12 0 4 0 6 0 8 01011 01 0 O O O O O20 0 0 O
1 2 3 4 0 6 0 0 010 012 014 01617 0 O O O O O
1 2 3 4 0 6 7 0 010 012 014 016 17 0 0 20 21 0 O
1 2 0 4 0 6 0 0 0 0111213 14 0 017 18 19 0 0 0 O
1 2 3 4 5 6 7 0 0 0112 13 14 016 17 019 0 0O 0 O
1 0 0 4 0 6 0 8 010 1 12 13 14 016 0 0 0 20 0 0 O
1 0 3 4 0 6 7 8 01011213 0 0 017 019 0 21 22 O
1 0 0 4 5 6 7 8 010 11 12 13 14 0 16 17 18 19 0 0 0 O
1 0 3 4 0 6 7 8 910 11 12 13 14 016 17 019 0 0O 0 O
1 2 0 4 0 6 7 0 010 O O 014 016 17 019 20 0 0 O
12 3 4 0 6 7 0 010112 0 O 016 0 019 20 0 0 O
1 0 3 4 0 6 0 8 010 11 12 13 14 016 17 019 0 0 22 O
1 2 0 4 5 6 7 0 0 011 01314 0 017 18 19 0 0 0 O
1 0 3 4 0 6 7 0 010 012 13 14 016 17 0 0 O O 0 O
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1 2 3 4 0 6 7 8 010 1 0 13 14 15 16 17 18 19 0 0 22 O
1 2 0 4 0 6 0 8 010 11 013 14 016 17 019 0 0O 0 O
1 0 0 4 0 6 7 8 010 11 12 13 14 15 16 17 0 19 20 0 O O
0o 2 0 4 0 6 7 0 0 01 0 O0O14 O O0 17 18 0 20 0 0 O
1 0 0 4 0 6 7 8 010 11 12 13 14 15 16 17 0 19 0 21 0 O
1 0 0 4 0 6 7 8 010 11 12 13 14 15 16 17 0 19 20 21 22 O
1 2 3 4 0 6 7 8 010 112 13 0 016 17 019 021 0 O
1 2 0 4 0 6 7 0 0 01112 014 016 018 0 0O 0 22 O
1 2 0 4 0 6 0 0 010 0 O O O 016 17 0 19 20 0 0 23
22 14 10 23 3 23 16 12 1 18 18 16 16 18 4 18 19 6 16 9 5 5 1

[Tocnennsii cTpoka TaOMMIBI TIOKAa3bIBAET YACTOTY YYAaCTHS KaXJOro aprymMeHTa B
(dopmupoBaHuu Beex mozenei. Ecim Bocnonb3oBaTtbes noporom NumX; > 0.5*NA, nomy4yum, 4ro
JUIST MOJICTTUPOBAHUS JOCTaTO4YeH HAOop u3 cinenayronmx 13-tu aprymenToB: X;, Xo, Xy Xo, X7, X,
Xi1, Xi2, X3, Xis, Xi6, Xi7, Xjo.

IIpumep 1: nocTynjieHnsi B rocy1apCTBEHHbIH OK0IKeT Y KPAUHDBI

Jlyist oTOM 3a1aun OB BHIOpAHBI CIAEAYIOIIHE apryMeHThI (mapameTrpsl) [31]: X; — neHexxHbie
JIOXOJBI HaceJaeHus: (MIPA.TPH.); X, — HHIEKC MOoTpeOouTenbekuX el (%); X3 — HHIAEKC ONMTOBBIX
nedH B mnpombinuieHHOCTH (%); Xy — wungexkc BBII (%); X5 — o0veM mnpousBojacTBa
MPOMBIIUICHHOCTH (MJIPA.TPH.); Xs — PO3HUYHBIA TOBApooOOpOT (MIPA.TpH.); X; — oOmmas
3aHATOCTh HaceneHus (MiH.uen.); Xs — 3apriata (HOMUHaIbHasA, TPH.); X9 — MHJIEKC 3apIuiaThl
(peanbHas, %); X;9p — yueTHasi cTaBka KoMMepueckux 0aHkoB (%); X;; — MpOIIEHTHbIE CTaBKH Ha
kpeautsl (%); X;» — JeHexxkHas Macca HaJIWYHOCTH B oOpameHud (MIPA.TpH.); Xj3 —
obunuaneHblii Kypc rpuBHbBl K gpomrapy CIIA (rpu. 3a 100 mon.); X;, — neGuropckas
3aJI0JDKEHHOCTh (MIIPA.TPH.); X5 — KPEAUTOPCKasl 3aJI0JDKEHHOCTh (MIIPA.TPH.); X6 — HajJor Ha
JI00ABJICHHYIO CTOUMOCTD (MJIH.TPH.); X;7 — HAJIOT Ha MPUOBLTH FOPUANYCCKUX JUI (MITH.TPH.); X;g
— aKIU3HBIH cOop (MITH. TpH.); X;9 — HAJIOT HA MPUOBUIH C TpakaaH (MJTH. TPH.); Xop — Pacxombl
KOHCOJIMJIMPOBAHHOTO OIOJKETa, BCero (MapHA. TpH.); X>; — pacxollbl KOHCOJHIAPOBAHHOTO
Oro/pKeTa Ha HApOJHOE XO3SMCTBO (MJIH. TpPH.); Y; — J0X0J KOHCOJUIUPOBAHHOTO OIOHKETa
(Mipa. TpH.).

3HaYeHHUS TEPEYUCIICHHBIX IMEPEMEHHBIX 3a Tepuoa ¢ Hosops 1995 mo wurons 1997 rr.
npeactaBieHsl B Tabmuie 3.1 (mmuHa ucxomHou BeIOOpkM — 20 Touek). [lo stum maHHBIM
nosydeHa mojnenb (M1) 3aBUCHMOCTH 10Xo0za OIO/KETa OT TEKYIIMX 3HAYCHUH apryMEHTOB,
IpUYeM JBE TOCIEJAHHE TOYKH COCTaBWJIM 3K3aMEHAIIMOHHYIO MOCIEA0BaTEIbHOCTh, T.C. IS
MOJIETTUPOBAHUS IPUMEHSIIUCH TOJIBKO BOCEMHAAATh TOYEK.

[TocTpoenHas Mojieb UMEET BU/L:

Vi, =0.4063-1.0393x X, —0.0003x X,,, +0.0013x X, , +
+0.0063x X5, +0.5555x X,

r1e { — HOMEpP TOUKH, V'; — MOoJieTIbHas OII€HKa BBIXOIHOM MEPEMEHHOM Y.

Mojenp UMeeT CIeayIoNe XapaKTePUCTUKH:
CKO =0.1528; R =max(V,~Y,,)=0.2959 S=RIYmu—Y1mn)*¥100% = 11.62%,
t=1,20 ’ ’

3.1)
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rae CKO — BenuumHa CpeAHEKBAAPATUYHOTO OTKIOHEHHS OICHOK V), OT TaOIWYHBIX 3HAYCHHM
Y;, R — HauOonbiias abcoioTHass OmuUOKa, S — OTHOCHTENbHAs MaKCHMalbHas OIMOKa B
MpOLIeHTax OT “pa3zmaxa’ 3HaueHUH V.

B tabmuue 3.2 mpuBeneHsl omeHKU noxona Oromxera (M), monydernasie mo moaenu (3.1),
Ha pucyHke 3.1 mpexacraBieH rpaduk ux u3mMeHeHus. Kak BUAUM, MOJENb MMEET HEIIOXYIO
TOYHOCTbH, OJJHAKO MOIBITAEMCS €IIe €€ TOBBICUTh. J[JIs1 3TOr0 paciMpiM UCXOIHBIN 0a31C, BBEAS
JOTIOTHUTETIbHBIE TIepeMEHHbIE — (YHKIMKM OT HMCXOAHBIX apryMEHTOB, B JIaHHOM CJIyd4ae
3ama3/IbIBaloIIre (JIaroBbie) 3HAYEHUS OT BHIXOJHOW BETMYUHBI U UCXOJAHBIX apTyMEHTOB.

B pesynbTaTte 3KCIEpUMEHTOB 10 OMUCAHHOM BBIIIE MPOIEAYpe ObUTH BHIOPAHBI CIEAYIONIUE
JOIOJIHUTENbHBIE apTyMEHTBL: X2 =Y 14, X037 Xe1; X247X16-15 X25,7XK17t-15 X26,7X17,6-2-
[Tpu 3TOM JyIMHA BBIOOPKM yMEHBIIWIACH HA 4 TOYKU U COCTaBIsIeT 16 TOYEK, U3 KOTOPBIX IBE
npeanocieqHie — dk3ameHarnronHbeie. C ydeToM 3Toro Oblia moiaydeHa Moaens (M2):

V,, =16285-0.0685x X5, —0.0535x X, —0.0152x X, +
+0.0012 x X, +0.7936 x X5, +0.0001 x X, .

Mopgenb uMeeT caeayole XapakTepUCTUKH:

CKO=0.1223; R=0.1259; §=8.87%.

B rabnuie 3.2 mpuBeneHsl OlleHKH qoxo/a 0romkera (M2 mo monenw (3.2), Ha pucyske 3.1 -
rpaduk UX U3MEHEHHUs. JTa MOJIeIh HMEET XOPOIIIUe MOKa3aTeNId TOYHOCTH Ha BCel BBIOOpKE, T.€.

BBCACHHUC NOIMOJHUTCIIbHBIX aPI'YMCHTOB CYIICCTBCHHO MMOBLICUJIO aICKBATHOCTL MOACIIN.
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n/H X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11
1] 2.981 106.2 104.2 88.0 |5.7495 | 1.1613 | 15.082 | 103.29 | 106.4 89.0 116.4
2| 3.504 104.6 102.6 88.2 | 5.8579 | 1.2877 | 14.906 | 134.38 | 110.5 103.8 105.8
3| 2.459 109.4 103.4 874 |5.3663 | 1.1218 | 14.743 | 114.52 | 79.2 105.0 110.5
4| 2.931 107.4 102.9 88.5 | 55110 | 1.1840 | 14.718 | 120.93 | 98.2 105.0 110.9
5| 2.888 103.0 102.9 914 |6.0512 | 1.2761 | 14.594 | 129.33 | 102.3 97.1 102.5
6| 3.185 102.4 101.5 90.4 |6.0128 | 1.2628 | 14.509 | 129.59 | 98.6 76.3 91.2
7| 3.083 100.7 100.8 90.9 |5.6732 | 1.2286 | 14.409 | 132.10 | 100.3 67.7 85.7
8| 2.943 100.1 100.4 914 |5.3162 | 1.2103 | 14.352 | 137.74 | 103.7 52.6 73.4
9| 3.708 100.1 100.6 90.8 | 5.3933 | 1.3172 | 14.191 | 143.73 | 104.4 40.0 66.2

10| 3.265 105.7 100.4 90.5 |[5.2719 | 1.3909 | 14.074 | 143.05 | 94.1 40.0 63.6
11| 3.721 102.0 101.0 89.9 |5.2501 | 1.3128 | 13.997 | 146.09 | 100.0 40.0 63.2
12| 3.622 101.5 100.1 90.0 | 5.7942 | 1.3213 | 13.879 | 148.21 99.6 40.0 63.7
13| 3.167 101.2 101.2 89.9 |5.6521 | 1.2533 | 13.768 | 144.76 | 96.6 40.0 66.3
14| 4.281 100.9 100.9 90.0 | 5.8947 | 1.4177 | 13.646 | 163.69 | 111.8 40.0 61.4
15| 3.283 102.2 100.4 89.6 | 5.1665 | 1.1640 | 13.271 | 139.50 | 84.6 37.7 63.7
16| 3.462 101.2 100.4 91.1 5.0760 | 1.1939 | 13.361 | 138.90 | 98.1 35.0 62.6
17| 3.938 100.1 100.6 91.5 | 5.6491 | 1.4516 | 13.319 | 147.73 | 105.7 25.0 53.2
18| 4.144 100.8 100.9 92.3 | 5.5330 | 1.4679 | 13.214 | 146.75 | 98.2 25.0 52.4
19| 3.885 100.8 100.3 92.6 | 5.3377 | 1.4633 | 13.102 | 153.39 | 103.7 21.0 53.7
20| 4.140 100.1 100.4 92,5 | 5.3205 | 1.5080 | 13.064 | 158.33 | 102.9 21.0 50.3
ITponomkenne Tadauisr 3.1
H/n| X12 X13 X14 X15 X16 X17 X18 X19 X20 X21 Y1
1 2 3 4 5 6 7 8 9 10 11 12
1] 2.226 | 177.88 | 22.0021 | 28.2824 | 503.4 | 4854 | 33.0 | 211.1 |2.4849 | 331.6 |2.3069
2| 2.623 | 179.50 | 22.2502 | 30.5431 | 543.7 | 662.4 | 30.8 185.1 [3.5769 | 535.6 | 2.7199
3| 2.575 | 182.80 | 25.4619 | 33.8009 | 431.3 | 208.9 | 26.5 | 172.9 [2.2005| 87.6 |1.6739
1 2 3 4 5 6 7 8 9 10 11 12
41 2.799 | 188.10 | 28.8513 | 37.2235 | 393.4 | 467.3 | 32.3 186.4 [2.2289 | 119.4 | 2.0984
5| 2.800 | 189.15 | 35.5120 | 45.1525 | 472.0 | 608.0 | 34.6 184.1 [3.2165| 241.2 | 2.7323
6| 3.077 | 187.27 | 33.6751 | 45.8835 | 508.7 | 375.8 | 34.4 | 206.0 | 2.2839 | 214.2 | 2.1540
7| 3.190 | 184.19 | 34.0136 | 45.9351 | 428.2 | 371.4 | 32.8 | 210.9 [2.2529 | 184.3 | 2.0774
8| 3.324 | 181.98 | 37.3405 | 55.5831 | 413.3 | 390.0 | 30.7 193.6 | 2.4845| 207.7 | 2.0104
9| 3.617 | 178.08 | 37.1381 | 53.8383 | 611.3 | 490.7 | 91.7 | 247.7 |3.1284 | 233.2 |2.7329
10| 3.190 | 176.00 | 38.5272 | 55.7474 | 508.2 | 393.6 | 55.8 | 231.7 | 2.2583 | 139.0 | 2.3433
11] 3.330 | 176.00 | 40.6251 | 60.2888 | 424.7 | 438.0 | 69.0 | 216.9 | 2.6374 | 242.1 | 2.3604
12| 3.471 | 177.48 | 42.9449 | 59.2260 | 648.0 | 425.1 88.4 | 271.0 | 3.3818 | 430.8 | 2.8846
13| 3.499 | 185.92 | 43.1946 | 60.5737 | 559.8 | 525.1 74.2 | 214.9 | 3.0958 | 461.8 | 2.8536
14| 4.041 | 188.39 | 48.0181 | 73.1681 | 894.2 | 756.9 | 81.8 | 303.2 | 4.5902 | 888.1 |4.2207
15| 4.087 | 189.14 | 53.2016 | 72.1561 | 460.5 | 147.8 | 57.6 | 218.9 |2.1049 | 178.4 | 1.8246
16| 4.143 | 184.36 | 49.9248 | 72.7840 | 406.3 | 296.8 | 56.8 | 220.1 |2.3274 | 72.3 |2.0475
17| 4.306 | 183.71 | 59.3116 | 84.9681 | 631.1 | 412.1 72.0 | 247.2 | 3.1551 | 277.7 | 2.6655
18| 4.763 | 184.79 | 60.1183 | 86.8049 | 617.7 | 382.9 | 77.2 | 268.8 | 2.4494 | 576.5 | 2.0399
19| 4.847 | 184.28 | 60.1171 | 86.1344 | 651.7 | 420.7 | 81.9 | 243.9 | 2.3784 | 483.1 |2.0122
20| 5.102 | 185.78 | 65.2506 | 95.1487 | 659.6 | 387.9 | 85.2 | 265.8 | 2.5684 | 229.6 |2.1322




Joxon OropKeTa MII/.IPH

Tabmauua 3.B — Ouenku 1oxon0B OromKeTa

V1

n/H Y1 M1 M2
1 2.3069 2.2961 -
2| 2.7199 3.0158 -
3 1.6739 1.8088 -
4| 2.0984 2.0209 -
5| 2.7323 2.7265 2.9201
6| 2.1540 2.0584 2.0161
7] 2.0774 2.0176 1.9584
8| 2.0104 2.1310 2.1451
9| 2.7329 2.7717 2.7620
10| 2.3433 2.0790 2.1317
A

n/H Y1 M1 M2
11 2.3604 2.2880 2.3823
12| 2.8846 2.9367 2.9358
13| 2.8536 2.7019 2.8353
14| 4.2207 4.0713 4.0909
15| 1.8246 1.8043 1.8931
16| 2.0475 2.0217 1.9860
17| 2.6655 2.7018 2.6841
18| 2.0399 2.2944 2.2071
19| 2.0122 2.2463 2.1310
20| 2.1322 2.3725 2.2753
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Howmep mecsana

Pucynok 3.1 — I'padux n3menenus noxonos Oromkera (Y;) u ero ouenox (M1 u M2) no

dopmynam (3.1 u 3.2) (cTpenkamMu OTMEUEHBI SK3aMEHAIIOHHBIC TOYKH ).
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IIpumep 2: 00beM NPOU3BOACTBA JIETKOH MPOMBIILJICHHOCTH

Kak mokazano Bbilie B mojapaszaene 3.1, B 3Toi 3amaue U3 23 HavadbHBIX MEPEMEHHBIX IS
MOJIENIMPOBaHMs ObLTH 0TOOpaHBbI cienyrone 13 Hanbosee CyIecTBEHHBIX U JaHHON BBIOOPKH
aprymenTa (s ynoOcTBa HU3MEHsieM HyMepalnuio): X; — JEHEeXHBbIE I0XOJbl HACEICHHS
(mmpa.rpH.); X, — wuHAeKC mnorpedutenbckux 1eH (%); Xz — o0beM MpoHW3BOJACTBA
IIPOMBIIIIIEHHOCTH, BCETO (MIIPA.IPH.); Xy — HHAEKCHl 3apIuiaTel (peanbpHasi, %); X5 — Halor Ha
N00aBIIEHHYIO CTOMMOCTH (MIIPI.TPH.); X5 — HAJIOT HAa NPUOBUIb NPEANPUATHNA (MIPA. TPH.); X7 —
pacxoJpl KOHCOJHMIMPOBAHHOTO OrojKeTa, Bcero (MIPA.IPH.); Xg — pacxonsl Oropkera Ha
HapOJIHOE XO3SIMCTBO (MIPJ.TPH.); X9 — 3aHATOCTb B JIETKOW MPOMBIIUIEHHOCTH (MIIH.u€M.); X;9 —
oOmrast 3aHATOCTh (MIpA.Uen.); X;; — 3apmiata (HOMHHANbHAs, TPH.); X;» — JCHEXHas macca
HAJIMYHOCTH B OOpaeHU (MJIPA.TPH.); X3 — KpeOUTOPCKast 3aJ0JKEHHOCTh (MJIPA.TPH.).

BxogHolt BenmuumHOW Y, sABHIsSeTcs 00BEM MPOM3BOJACTBA JIETKOH MPOMBIIUICHHOCTH B
mipa.rpH. B tabmuue 3.3 mpuBeneHbl 3HAUCHUS MEPEUYMCICHHBIX ApTyMEHTOB M BBIXOJHOM
BEJIMYMHBI 32 MEpHoJ BpeMeHu ¢ HosOpss 1995 mo mronb 1997 rr. [31], T.e. AnuHA HUCXOAHOM
BbIOOpKH — 20 Touek. OT™MeruM, 4to mokaszarenu X;, X> u X, XapakTepusyloT YpOBEHb >KU3HU
HaceneHus1, X5 — Xg SBISIOTCS OIOJKETHBIMU, X9 — OTpacieBoid, X;, — (PMHAHCOBBIH, a OCTAbHBIC
ABIIAIOTCS MAKPO3KOHOMUYECKUMH.

BHauane paccMOTpUM MOCTpPOEHHUE IKcmpanoaupyloujeti Mojenu o0bema IPOU3BOACTBA
JIETKOW MPOMBINUIEHHOCTU. [log HEN NOHMMAaeTcss MOJeNb, B KOTOPOM TEKYIEeEe 3HAYCHUE
BBIXOJHOM BEJIMYMHBI 3aBUCUT OT TEKYIMX 3HAUYEHUN apryMEHTOB M, BO3MOXKHO, OT IPOIUIBIX
3HAYCHUH apryMEHTOB U BBIXOAHOW BEJINYUHBI.

[To nanHbIM Tabnuubl 3.3 mosyueHa MOZETh 3aBUCUMOCTH O0bEMa MPOM3BOJICTBA JIETKOU
IIPOMBIIIJIEHHOCTH OT TEKYIIMX 3HA4€HUH aprymeHtoB (M3), mpuueM JBe IOCIEIAHHUE TOUKU
BBIOOPKM COCTaBJISUIM SK3aMEHALIMOHHYIO I10CIIENI0BATEIbHOCTD, T.€. IS IOCTPOEHUS MOJEIH
MCII0JIb30BAJIMCh TOJIBKO IIEPBBIE BOCEMHAALIATh TOYEK. [locTpoeHHas Moaens UMeeT BUA:

Vo, =03789+0.0467 x X, +0.001x X, , —0.0023 x X, , - 0.0024 x X, , —
~0.0007 x X, , —0.0017 x X 5, (3.3)

rAe {— HOMEDP TOYKH, V);— OLEHKA BEJIMYUHBI ¥, 10 MOJIEIIH.

Mopenb uMeeT caeayolre XapakTepUCTUKH:

CKO =0.00715; R=0.01679; S=18.06%,

B tabnume 3.3 mpuBeneHBI OIEHKH BBIXOJHOW BenuduHbl (M3), TOMydeHHBIE MO0 MOJAETH
(3.3), Ha pucynke 3.2 npeacTaBieH rpauK U3MEHEHHUS OIEHOK BBIXOJIHOW BeNMWYMHBL. Kak BUIHO
U3 OTUX pPe3yabTaTOB, MOJENb, IOCTPOCHHAs TOJIBKO HA OCHOBAaHUM HCXOIHOTO Oasmca
MEPEMEHHBIX, UMEET JIOCTATOYHO XOPOIIYI0 TOYHOCTh J1a)K€ Ha 3K3aMEHAIIMOHHBIX TOYKaX, T.€. B
peKUME SKCTPANOISALIUU, MO3TOMY JIi HEe HE NPEANPUHUMAIIUCH TOMBITKH YBEIUYCHHS
TOYHOCTH TIpU TOMOINM pacIIupeHusi 0a3uca BBEICHUEM JOIMOJIHUTEIBHBIX TEPEMEHHBIX —
(GYHKIUH OT UCXOHBIX apTyMEHTOB.

PaccmotpuM Teneps 3aady MOCTPOCHUS HPOCHO3UPYIOujeli MOJIETH, T.€. MOJIENIU, B KOTOPOI

6YI[YH_[I/I€ 3HA4YCHUA BBIXOI[HOP'I BCJIMYHHBI 3aBUCAT OT TCKYUIUX 3HAYCHUM ApTYMCHTOB U
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BBIXOJHOM BEJIWYMHBI U, BO3MOXHO, OT MX NPOLUIbIX 3HAYCHHW. B TaHHOM cilyyae BBIXOJHOMU
BEJIMYMHOM sBJIsIETCs OyayIiee 3HaueHne o0beMa MPOU3BO/ICTBA JIETKOW MPOMBIIUICHHOCTH Y5 /41,
a 4KCJIO apT'yMEHTOB YBEIIMYHUBACTCS HA €IMHULYY X714, =15,

ITo nannbM Tabmuisl 3.3 mMocTpoeHa MPOTHO3UPYIOLIAast Ha OJUH LIar Biepen moxens (M4)
3aBHCUMOCTH OYyIyIIMX 3HAYCHUH 00beMa MPOU3BOICTBA JIETKON MPOMBIIIICHHOCTH OT TEKYIIUX
3HaYEHUH apryMEHTOB U BBIXOJHON BEIMYMHBI (MCXOAHBIM Oaszuc). [y MOCTpOEHUs MOAEIH
WCIIOJIB30BAJIUCh TOJIBKO TEpBbIE CEMHAALATh Touyek; Touku 18 u 19 cocraBisiim
9K3aMEHAIIMOHHYI0 BBIOOPKY, a 20-s TOYKa HCMONB3yeTCs s Tporao3a 21-ro 3HaYCHHS

BBIXOJHOW BEJIUYMHLL. MOJIENIL UMEET BU/:
VZ,H—I =0.1064 —0.0210 x X3,t —0.0307 x X6,t +0.0062 x Xg,t +

+0.0047 x X, +0.5058 x Y, ,, (3.4)

OnHa uMeeT ClIeyIomNe XapaKTePUCTUKH:

CKO=0.01027; R=0.02127; S§=27.44%.

B Tabmune 3.4 mpuBeneHbl OIEHKH BBIXOAHOW BenMYHMHBI (M4), TIOJy4YeHHBIC O MOJETH
(3.4), Ha pucynke 3.2 npencrapiieH rpaduK U3MEHEHHS OIIEHOK BBIXOJIHOM BenW4YMHBI. Kak BUIHO
W3 TPHUBEACHHBIX PE3YIbTAaTOB, MOJIEIb HMMEET HEBBICOKYIO TOYHOCTh. [l ee MOBBIMICHUS
paciMpuM HMCXOJHBIM 0a3Wc, BBEIsS 3ama3[bIBAIOIIAE 3HAYCHHUS aprymMeHToB. I[lyrem
HKCIIEPUMEHTOB OBLIM YCTAaHOBJICHBI CIICYIOIIUE JOTIOJHUTEIbHBIC TepeMeHHbIe: Xs,=Xs, ;
Xi6:=Xs 25 X177=Xs-15 X187 X015 X19:7Xo 25 X20:=Xo01-3; Xo1,=Yor Xo2=Yao 1 X03,=Y2,0;
Xo4.=X7015 Xo5:=X742; X26/=X7,3, IPU OTOM JJIMHA BBIOOPKH YMEHBIIMIACH HAa 3 TOYKH H
cocTaBisieT 17 Touek, U3 KOTOPBIX MOCIEIHSS UCTOIB3YeTCs sl BRIUMCICHUS OyIyIIe OleHKH
BBIXOJIHOM BEJTMYMHBI, a JIBE MPEANOCICIHNE SBISIOTCS dK3aMEHAIIMOHHBIMUA. C y4eTOM 3TOTO
ObL1a mosrydeHa Mozenb (M4) Bupa:

V31 =0.0975+0.0018 x X, , —0.0038 x X'; , —0.0007 x X, , +0.0049 x X, +

+0.0039 x X, , +0.0003 x X'}, , —0.0003 x X5, +0.2930xY,, —0.0062 x X, ,

+0.0011x X, , —03352xY,, | —0.0584xY,, , —0.0075x X, |, 3.5)

Mopenb UMeeT CIeayoIIe XapakTePUCTUKH:

CKO =0.00202; R=0.00638; S=641%.

B Tabmune 3.4 mpuBeneHbl OIEHKH BBIXOAHOW BenuM4MHBI (MS5), TOSydeHHBIE O MOJETH
(3.5), Ha pucynke 3.2 mpecraBiieH rpaguK U3MEHEHHUS OIEHOK BBIXOITHON BETMYHUHBI.

W3 mpuBeneHHBIX pPe3yJbTaTOB CIEAYET, YTO MbI IMOJYYHUIH MPOTHOZUPYIONIYI0 MOJIEIb,
MMEIOIIYIO IOCTATOYHO XOPOIIYIO TOYHOCTh Ha BCEX TOYKAX, UCIOJIb3YEMbIX KaK JJIsi TOCTPOCHHUS
MOJICIIH, TaK M I dK3aMEeHa, TOATOMY MOYKHO MPEIOJIOKUTh, YTO U MMPOTHO3HOE 3HAYCHHUE TOXKE
JIOCTAaTOYHO XOPOIIO COBIAJIET C PEATbHBIM.

JIyst mpoBepKH aJIEKBAaTHOCTH BBIOPAHHOTO BHIIIE COCTaBa JOTOJHUTEIBHBIX aprYMEHTOB IO
naHHbM  1995-96 rr. (10 Todek, ¢ ydeToM 3ama3dbIBaHHil) ObLIa IMOCTPOCHA MOJETh IS
BBIYHCJICHHSI TIPOTHO3a Ha nepBoe noyroaue 1997 roga (M6):

Vi1 =03257-0.0009 x X, , —0.0047 x X; , +0.0025 x Xy, +

+0.0008 x X |, , +0.6616 xY,, +0.0069 x X, —0.6547 xY, |, (3.6)
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Mopenb uMeeT caeayolre XapakTepUCTUKH:

CKO =0.00707; R=0.01573; S=21.73%.

Kak u B mpenpinymeM ciaydae, MOCHETHSSE TOYKA HMCIONB3YeTCs IS BBIYMCICHUS OICHKU
o0bemMa MPOM3BOJACTBA JIETKOW MPOMBINIICHHOCTH B WioHe 1997 r., a mpenmocinennue 6 Touyek
OBUTH OTHECEHBI B 9K3aMEHAIIMOHHYIO BHIOOPKY.

B tabnume 3.4 mpuBeneHBI OIEHKHU BBIXOJHOW BenuduHBI (M6), TIONydEeHHBIE 1O MOJAETH
(3.6), Ha pucyHke 3.3 mpeacTaBieH rpaduK H3MEHEHUS OIEHOK BBIXOIHOW BETUYHHEI.

W3 mnpuBeneHHBIX pe3yNbTAaTOB CIIEAyeT, 4YTO JaKe B OTOM CIy4ae MblI MOIYYUIIH
MPOTHO3ZUPYIONIYI0 MOJI€Nb, UMEIOIIYI0 JOCTaTOYHO XOPOIIYI0 TOYHOCTh Ha BCEX TOYKAX,
UCTIONIB3YEMBIX KaK JJIs MOCTPOCHHUS MOJENH, TaK W JJiA dK3aMeHa, MpUYeM, KaK OTMEYaioch
BBIIIIE, B JK3aMCHAIMOHHYIO ITOCJIEIOBATEIILHOCTh OBLIM OTHECEHBI 6 MPEANOCIeIHUX TOUYEK
BBHIOOPKM JaHHBIX. OJTO TOBOPUT O HAASKHOCTH MPOTHO3UPOBAHUS 00OBEMa JIETKOU

IIPOMBIIIJIEHHOCTH Ha MecsALl Bliepe ¢ npuMeHeHneM MI'VA.

Tabmuua 3.3 — VcxonHbsle NaHHBIE IJIi MOJENHMPOBAaHUS 00BEMa IMPOU3BOJCTBA JIETKOM

IIPOMBIIIIIEHHOCTH
H/n X4 X; X; X, X5 Xs X7
1 2.981 6.2 5.7495 6.4 16.4 0.4854 2.4849
2 3.504 4.6 5.8579 10.5 5.8 0.6624 3.5769
3 2.459 9.4 5.3663 -20.80 10.5 0.2089 2.2005
4 2.931 74 5.5110 -1.80 10.9 0.4673 2.2289
5 2.888 3.0 6.0512 2.3 2.5 0.6080 3.2165
6 3.185 24 6.0128 -1.40 -8.80 0.3758 2.2839
7 3.083 0.7 5.6732 0.3 -14.30 0.3714 2.2529
8 2.943 0.1 5.3162 3.7 -26.60 0.3900 2.4845
9 3.708 0.1 5.3933 4.4 -33.80 0.4907 3.1284
10 3.265 5.7 5.2719 -5.90 -36.40 0.3936 2.2583
11 3.721 2.0 5.2501 0.0 -36.80 0.4380 2.6374
12 3.622 1.5 5.7942 -0.40 -36.30 0.4251 3.3818
13 3.167 1.2 5.6521 -3.40 -33.70 0.5251 3.0958
14 4.281 0.9 5.8947 11.8 -38.60 0.7569 4.5902
15 3.283 2.2 5.1665 -15.40 -36.30 0.1478 2.1049
16 3.462 1.2 5.0760 -1.90 -37.40 0.2968 2.3274
17 3.938 0.1 5.6491 5.7 -46.80 0.4121 3.1551
18 4.144 0.8 5.5330 -1.80 -47.65 0.3829 2.4494
19 3.885 0.8 5.3377 3.7 -46.30 0.4207 2.3784
20 4.140 0.1 5.3205 2.9 -49.73 0.3879 2.5684




MpopomkeHne Tabnuubl 3.3

S7

H/n X8 X9 X10 X11 X12 X13 Y2
1 0.3316 4.0 15.082 103.29 89.0 22.0021 0.1623
2 0.5356 3.9 14.906 134.38 103.8 22.2502 0.1468
3 0.0876 2.5 14.743 114.52 105.0 25.4619 0.1106
4 0.1194 1.6 14.718 120.93 105.0 28.8513 0.1279
5 0.2412 3.5 14.594 129.33 97.1 35.5120 0.1378
6 0.2142 2.1 14.509 129.59 76.3 33.6751 0.1417
7 0.1843 0.5 14.409 132.10 67.7 34.0136 0.1096
8 0.2077 0.6 14.352 137.74 52.6 37.3405 0.0995
9 0.2332 1.6 14.191 143.73 40.0 37.1381 0.0938
10 0.1390 0.0 14.074 143.05 40.0 38.5272 0.0979
11 0.2421 1.0 13.997 146.09 40.0 40.6251 0.1022
12 0.4308 0.7 13.879 148.21 40.0 42.9449 0.1200
13 0.4618 2.3 13.768 144.76 40.0 43.1946 0.1065
14 0.8881 -0.01 13.646 163.69 40.0 48.0181 0.1093
15 0.1784 0.8 13.271 139.50 37.7 53.2016 0.0693
16 0.0723 0.8 13.361 138.90 35.0 49.9248 0.0917
17 0.2777 0.4 13.319 147.73 25.0 59.3116 0.0964
18 0.5765 -0.9 13.214 146.75 25.0 60.1183 0.0941
19 0.4831 -1.2 13.102 153.39 21.0 60.1171 0.0882
20 0.2296 -0.7 13.064 158.33 21.0 65.2506 0.0866
Tabnuua 3.C — 3Ha4yeHns oLEeHOK BbIXOOHOW BENUYUHbI
H/n Y2 V2
M3 M4 M5 M6
1 0.1623 0.1635 - - -
2 0.1468 0.1430 0.1483 - -
3 0.1106 0.1130 0.1313 - -
4 0.1279 0.1293 0.1278 - -
5 0.1378 0.1366 0.1199 0.1336 0.1338
6 0.1417 0.1350 0.1204 0.1446 0.1484
7 0.1096 0.1180 0.1212 0.1099 0.1140
8 0.0995 0.1015 0.1019 0.0997 0.1009
9 0.0938 0.1031 0.1040 0.0954 0.0922
10 0.0979 0.1018 0.1019 0.0994 0.1028
11 0.1022 0.0942 0.0990 0.1043 0.1095
12 0.1200 0.1111 0.1061 0.1187 0.1142
13 0.1065 0.1049 0.1017 0.1068 0.1029
14 0.1093 0.1125 0.1042 0.1081 0.1044
15 0.0693 0.0723 0.0785 0.0685 0.0845
16 0.0917 0.0832 0.0955 0.0907 0.0989
17 0.0964 0.1020 0.1046 0.0972 0.1023
18 0.0941 0.0928 0.0887 0.0929 0.1098
19 0.0882 0.0868 0.0823 0.0836 0.0936
20 0.0866 0.0766 0.0799 0.0853 0.0871
21 - - 0.0834 0.0866 0.0903
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IIpumep 3: nponecc M3MeHEeHUsI HHAEKCA HHPJISA MU

JUig TOCTpOeHUsT MOJENN MO JaHHBIM, B3ATHIM U3 [32], mpu mOMOIIM aHaIu3a CTPYKTYP
mogeneit (cM. 3.1), MOCTPOEHHBIX MO MHOTOpsAAHOMY anroputmy MIYA, Obun oToOpaHbI
HanOoJiee CyIIeCTBEeHHbIC apryMeHThl. FIMu oka3zanuchk: X; — HakoruieHus JuuHble ($ MiH.); Xo —
quciio 0e3paboTHBIX Beero; X; — MpoleHTHbIe cTaBku (o Myam); X, — notpebiieHue imunoe ($
MJIH.); X5 — 10X0bl JindHbie ($ MIH.); X5 — BaJIOBOM HAI[MOHAIBHBIA MPOAYKT; Y3 — HHQIIAIHS
(paccumnthiBasiach 1o ¢Gopmyie, npuseneHHON B [32] Ha crp.186). CooTBETCTBYIOMINE JaHHBIC
IpUBEJCHbI B TabmuIe 3.5.

[To nanubIM TabmuIk! 3.5 ObuIa OTy4YeHa MoeNb (M7) 3aBUCUMOCTH HHQIIALNUN OT TEKYIIUX
3HaYeHUH apryMEHTOB, PHUYEM TPH MOCIEAHUE TOUYKH BHIOOPKH COCTABJISUTM 3K3aMEHAIMOHHYIO
MOCJIEI0BATENbHOCTD, T.€. JUISl TOCTPOEHHUS MOJENM OBUIM HCIOJb30BaHBl TOJBKO IMEpPBbIC
IATHAAUATh Touek. Monenb uMeeT BU:

Vi, =0.0004x X,, +0.0109x X;, —0.001x X,, +0.0002x X, —0.0001x X, (3.7)
U UMEET CIIeyIOINe XapaKTePUCTHKU:

CKO =0.0087; R=0.0194; S=35.86%.

B tabaune 3.6 nmpusenens! oneHku uHpmsumu (M7) mo monenu (3.7), Ha pucynke 3.4 —
rpaduk UX u3MeHeHus. BuaHo, 4To MoJens mioxas Kak Ha o0y4yaroIiuxX ¥ IPOBEPOUYHBIX TOUKAX,
TaK ¥ Ha OHK3aMEHAllMOHHbIX. [l TOBBILEHMS TOYHOCTH pacIlIUpuM Oas3uc, BBeAs

JOIMOJTHUTECIIBHBIC MIEPEMECHHBIC — 3alla3JIbIBAIOINE 3HAYCHUA OT UCXOJHBIX apryMCHTOB.

Ta6mmma 3.D — Mcxoanaple qaHHBIC 711 MOICTUPOBaHUS HHOIAIINH

n/H X1 X2 X3 X4 X5 X6 Y3
1 2 3 4 5 6 7 8
1 36.0 4.1 2.77 38.9 333.0 446.1 0.0145
2 34.1 4.3 3.12 40.8 3511 452.5 0.0357
3 33.0 6.8 2.15 37.9 361.2 447.3 0.0276
4 34.7 5.5 3.36 443 383.5 475.9 0.0081
5 32.3 5.5 3.53 45.3 401.0 487.7 0.0160
6 31.7 6.7 3.00 44.2 416.8 497.2 0.0092
7 371 5.5 3.00 49.5 442.6 529.8 0.0117
8 39.1 5.7 3.23 53.9 465.5 551.0 0.0116
9 49.5 5.2 3.55 59.2 497.5 581.0 0.0140
10 556.4 4.5 4.04 66.3 538.9 617.8 0.0175
1 2 3 4 5 6 7 8
11 65.1 3.8 4.50 70.8 587.2 658.1 0.0283
12 65.0 3.8 4.19 731 629.3 675.2 0.0287
13 68.3 3.6 5.17 84.0 688.9 706.6 0.0419
14 60.6 3.5 5.87 90.8 750.9 725.6 0.0536
15 76.2 4.9 5.95 91.3 808.3 722.5 0.0593
16 87.4 5.9 4.88 103.9 864.0 746.3 0.0430
17 97.9 5.6 4.50 118.4 944.9 792.5 0.0326
18 120.2 4.9 6.44 130.3 1055.0 839.2 0.0622




Tabnuma 3.E — Ouenku nporecca HHOISIUN
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V3 V3
n/k Y3 M7 M8 n/H Y3 M7 M8
1 00145 |0.0125 |- 1(1) 0.0;75 0.0227 0.0;89
oo Joos |- oo oo o
3 0.0267 |0.0107 |- p - p - 5 -
4 0.0081 |0.0187 |0.0086 12 88232 882:1 88222
5 0.0160 |0.0205 |0.0157 p - - ] -
6 |0.0092 |0.0174 |0.0093 12 ggjgg 88283 ggjgg
7 0.0117 10.0147 |0.0114 p - 5 - o1 -
8 00116 |0.0152 |0.0119 1; 88222 8-8‘7‘36 88222
9 0.0140 |0.0192 |0.0127 - - -
0,08 —
007 + —o— M7 ?
-l M8 )
0,06
0,05
=
g
E 0,04
k=]l
jani
=
0,03
0,02
0,01
0 } } } } } } } } } } } } } } } } {

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Howmep mecana

Pucynox 3.4 — I'paduk nzmenenns nHsiuu (Ys) u ee oneHok (M7 u MS), BEIYHCIICHHBIX

o ¢popmynam (3.7 u 3.8) (cTperTkaMu OTMEUEHBI IK3aMEHAITMOHHBIC TOYKH )

DKCNEepPUMEHTAIBHO OBUTH OTOOpPAaHBI TaKWe JOMOTHHUTENIbHBIC apryMeHThl: X7, =X;, 3 ; Xs;
=Xz.1 5 Xot =X3:2 5 Xior =Xs303 3 X110 =Xs5. . JlnuHa BEIOOpKM yMEHBIIWJIACh HA 3 TOYKU U

cocTaBmia 15 Todek, U3 HUX TPHU MOCIEAHUE — dK3aMeHalMoHHbIe. [Tonyuena monens M8 Bupa:
Vi, = 0.0544 +0.0006 x X, , +0.0149 x X;, - 0.0002 x X, , +0.0001 x Xy, 5+

+0.0027 x X, | +0.0007 x X, , +0.0032x Xy, |. (3.9)

Mogens UMeeT CIeAYIOIINEe XapaKTePUCTUKH:
CKO =0.0034; R=0.0089; S=16.58%.
B tabnune 3.6 mpuBenensl omneHku uHsuH (M8) mo monxenu (3.8), Ha pucynke 3.4

npencrtaBieH rpadguk ux usmeHeHus. Ha Bceil BbIOOpKE Mojieidb MMEET XOPOLIYIO TOYHOCTD,
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KOTOPYIO YAQJIOCh CYIIECTBEHHO MOBBICUTh 3a cyeT mpenoctaBisieMbix cucremon ACTPUJ]
cpeactB. Ilpu stom mnpumenenue MI'YA COBMECTHO C BBEIEHHUEM JIArOBBIX IEPEMEHHBIX
MO3BOJIMJIO TIPENICKA3aTh PEe3KOe M3MEHEHHE TEHACHIIMUA DPAa3BUTHUS HHQIAIHMOHHOTO MpoIecca.
OTMeTHUM, YTO TaKOW pe3yJbTaT IMOJY4YEH IO JAHHBIM, OTHOCSIIUMCS K CTaJlUM MOHOTOHHOTO
TEUEHHMS MPOLECCa, T.€. U3MEHEHHUE TEHIICHIIMM HESIBHO COAEPKAJIOCHh B JTAHHBIX 3TOW CTaauu, U

6maronaps MI'Y A 3Ty 3aKOHOMEPHOCTb yIaI0Ch OOHAPYKUTb.

3.2. UHAYKTUBHBIA KOMIIBIOTEPHBI COBETYMK VISl IPOTHO3MPOBAHMS
MAaKPOIKOHOMMKH Y KpPauHbI

IIporHo3upoBaHue MPOLECCOB, MPOUCXOASIINX B MAKPOOIKOHOMHUKE, HOCUT HOPMATHBHBIN
XapakTep U IMOTOMY MOKHO IOCTPOMTH KOMIBIOTEPHBIN COBETUMKA JUIsl UCIOJb30BAaHUS B
IpOLECCE TMPUHATUSA PEIIEHUH IpU TEKYLUIEM pEryJupoBaHUU Makpo3koHomuku [33-35].
HopMaTuBHBIE IPOrHO3BI MOKHO I10JIy4aTh C IIOMOIIbIO MOJENEHN, IOCTPOSHHBIX M0 aJIrOPUTMAM
MI'YA [36,37] B pe3ynabTare 00pabOTKM HAOMIOAEHWI 3a pabOTOH CUCTEMBI B TEUYCHHE
HECKOJbKUX JieT. OOBIYHO JOCTaTOYHO pacroyiaraTb CpeIHEKBAPTAIbHBIME 3HAUYCHHUSIMH
NepeMEHHbIX. J[aHHbIE NOJDKHBI OXBaThIBaThb MHTEPBAJl BPEMEHH, B TEUEHHUE KOTOPOI'O 3aKOHBI,
JEHCTBYIOINE B CUCTEME, CYLLIECTBEHHO HE U3MEHUINCh. Huke paccMOTpeH MpuUMep MOCTPOEHMUS
MOJIeJIe¥ MaKpO3KOHOMUKH Y KpauHsbl 110 JaHHBIM 32 1992-1995 rogpr.

BapuaHTbl HOpPMaTUBHBIX MPOTHO30B 3aBUCAT OT MPEAOCTaBICHHON KOMIIBIOTEPY allpUOPHOM
uHpopmanueit. OCOOEHHOCTH BaXKHO pEIlIeHUE CIETYIONIX BOIPOCOB:

1) xakoe MOJIHOE MHOYKECTBO MEPEMEHHBIX INPENOCTABIAECTCS KOMIBIOTEPY IJI CUHTE3a U
nepebopa MPOrHOZUPYIOUIMX MoOJeNed Mo BHemHeMmy Kputepuio. Ilpu BbiGope Takoro
MHO’KECTBA CIJIEyeT MCIOJIb30BaTh OIBIT KOHOMHUCTOB, 3HAIOIIMX cucTeMy. MoxkeT
IIOMOYb M TIepedop BapHAaHTOB MHOXKECTBA IMEPEMEHHBIX: TOT BAapHAHT JydYllle, IMpH
KOTOPOM MUHUMYM KPHUTEpHs BapHalluU OIMIMOKY MporHo3a RR,;, [38] MeHblie.

2) Kakue TIepeMEHHBbIE OTHECEHbl K IOJAMHOXXECTBY BXOJHBIX (PAaKTOpOB, a Kakue - K
MIOJMHOXECTBY BBIXOJIHBIX ONTHUMHU3UPYEMBIX II€pEMEHHBIX. BxomHble (akTOphI
HOPMATHBHOTO TPOTHO3a OOBIYHO BBIOMPAIOTCS CpPENU PETYIHPYIOUIMX BO3IACHCTBUIA
MaKpOIKOHOMHYECKONH CHUCTEMBI M CIY’KaT apryMEHTaMu IPOTHO3UPYIOIIHUX MOJENEH.
Mognenu ¥ 1enu NporHo3a U YIpPaBIECHUS Pa3IWYHbl U, CJIEN0BATEIbHO, MHOYKECTBA
BXOJIHBIX (DaKTOPOB U PErYJIHPYIOLIMX BO3ICHCTBHI MOTYT HE COBIAIATh.

3) Kakue orpaHMYCHMS 3aJlaHbl HA JOMYCTUMYIO BETHUYUHY BXOJHBIX (PAKTOPOB U BBIXOTHBIC
IIEPEMEHHBIE.

Huxe Ha nmpumepe YKpauHbl OMCAaH METOJ HOPMATHUBHOTO IPOTHO3UPOBAHUS IIPOLIECCOB B

MaKpOIKOHOMMUKE C LIEJIBIO €€ PEryIupOBaHusl.

XapakTepucTHKA HCXOIHOTO MaTepHaJia U BbIOOP MHOKeCTBA nepeMeHHbIX. O003HauNM
BXOJHBIE (DaKTOphl HOPMATUBHOTO MporHo3a 4epe3 X; ( 1 < i < M ), BBIXOAHbIE NEPEMEHHBIC
yepe3 ); (1 <j < L) u BHemHMe Bo3Mymatomue Bosaeiicteus uepes zx (1 < k < K). B [33,34]
HaXOJUM, YTO MAaKpPOIKOHOMHYECKHE CHUCTEMBI XapaKTEPU3YIOTCS 3HAYEHUSMH CIEAYIOLIUX

OCHOBHBIX ICPCMCHHBIX:



V1 - pealbHBIi BaJIOBBIN BHYTpeHHUH npoaykt (BBII) (B mupa. kp6. 1991r.);
2 -uHQIAIHS noTpeduTenbekux 1eH (% n3MeHeHus);

;3 - OromkeTHbIi nepuut (B % ot BBII);

V4 -06e3paboTuna (ThICAY Yell.);

X; . yBeIM4eHue AeHexHoi 6a3bl (B % ot BBII);

X, . YMCIIO IPUBAaTU3UPOBAHHBIX PEANPUATHIA;

X3 .MHJAEKC MOTPEOUTENHCKUX 1IEH;

X4 - CKOPOCTB 000pOTa JICHET.

z; -Kypc kKapOoBaHIIa IO HETOPTOBBIM onepanusiM (oTHocuTenbHO fosapa CIIA).

3Ha4yeHus ATUX NepeMeHHbIX 3a 13 kBapTanoB 1992-1995rr. npusenens! B Tabnuue 3.7.

Tabmauua 3.7 — HcxoaHble JaHHBIE
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lon,
KBapTarn Y1 Y2 Y3 Y4 X1 X2 X3 X4 Z1
1992
Q1 86.4 3.0 241 13.2 13.2 5 75.4 65.1 160
Q2 107.6 8.1 35.6 11.1 11.1 10 18.1 100 200
Q3 97.5 9.3 60.7 18.5 18.5 20 19.2 123.3 293
Q4 96.4 17.7 70.5 45.2 45.2 30 28.5 81 788
1993
Q1 84.7 1.1 79.5 324 324 430 39.7 54.3 1893
Q2 78.9 13.2 73.3 35.9 35.9 830 39.4 38.2 3133
Q3 72.3 6.2 78.7 27.7 27.7 1685 44.5 38.9 8350
Q4 56.4 6.1 83.9 12.2 12.2 3585 66.4 20.6 26667
1994
Q1 38.8 6.4 98.6 11.8 11.8 5442 12.4 26.8 35597
Q2 42.4 8.9 92.8 12.9 12.9 8402 5.0 33.3 43466
Q3 46.9 19.8 88.9 22.6 22.6 10214 4.0 45.7 46657
Q4 44.5 8.1 82.2 7.3 7.3 11552 39.5 25.4 110242
1995
Q1 36.2 8.0 86.6 3.7 3.7 12802 16.8 22.8 142782
Y 100HO MPUBECTH TaHHBIEC K O€3pa3MEepHOMY BHIY C MTOMOIILI0 HOPMUPOBAHHUS:
Yj = (yj _yj min)/(yj max _yj min); )(1 = (xi — X min)/(xi max — Xi min)-
Tabnuna 3.8 — HopmupoBaHHbIE HCXOAHBIE JAHHBIC
lNog v kBaptan| Y1 Y2 Y3 Y4 X1 X2 X3 X4 Z1
1992
Q1 0.703 0.102 0.000 1.000 | 0.229 0.000 1.000 0.433 | 0.000
Q2 1.000 0.374 0.154 0.156 | 0.178 0.000 0.198 0.773 | 0.000
Q3 0.859 0438 0491 0.168 | 0.357 0.001 0.213 1.000 | 0.001
Q4 0.843 0.888 0.623 0.271 | 1.000 0.002 0.343 0.588 | 0.004
1993
Q1 0.679 0.000 0.744 0410 | 0.692 0.033 0.500 0.328 | 0.012




Q2 0.598 0.647 0660 0.406 | 0.776 0.064 0.496 0.171 | 0.021
Q3 0.506 0.273 0.733 0.466 | 0.578 0.131 0.567 0.178 | 0.057
Q4 0.283 0.267 0.803 0.659 | 0.205 0.280 0.874 0.000 | 0.186
1994

Q1 0.036 0.283 1.000 0.093 | 0.195 0.425 0.118 0.060 | 0.249
Q2 0.087 0417 0922 0.011 | 0.222 0.656 0.014 0.124 | 0.304
Q3 0.150 1.000 0.870 0.000 | 0.455 0.798 0.000 0.244 | 0.326
Q4 0.116 0.374 0.780 0.407 | 0.087 0.902 0.497 0.056 | 0.772
1995

Q1 0.000 0.369 0.839 0.141 | 0.000 1.000 0.179 0.021 | 1.000
Q2 1.070
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Pa3HocTHBIe NMPOrHO3MPYIOIIHE ONTHMAJIbHbIe HeduU3NUecKHe MOJeJM NPH SIBHBIX

madaoHax. [1labionom HaszwiBaeTcs rpad, MOKa3bIBAIOIMINM, KAaKHE 3alla3/IbIBAIOIINE apTyMEHTHI

MpeIaraloTcss KOMIbIOTepy Ha BbIOOp (pucyHok 3.5 a,b,c). [lpu saBHBIX mabsoHax (a) TOUHOCTh

MIPOTHO3a MEHBIIE, HO BeIUKCIeHUs npoiie. [I[puMeHenne HesBHBIX 11a00HOB (b, C) TPUBOAMT K

IMOBBIIICHHUIO TOYHOCTH, HO CBA3aHO C PCIICHHUEM CHCTCMbI JIMHEMHBIX ypaBHeHI/Iﬁ JJIA K&)K,I[Oﬁ

TOYKH HOPMATUBHOI'O IIPOTHO3A.

a)
Y

Y2 Yz Ys X

Xo Xs X4 Zy

Y3

Y4

X1 Xz

X3

af LLLELLT
| |

X4

Y

Y2 Yz Ysa X

Xo Xz X4 Z4

HEEEEEEN

2NN EREN

Pucynok 3.A — [11aGmoHbI: a) SIBHBIN IS IOMIATOBOTO MPOTHO3a MEPeMEHHOH Y; ; b) saBHBIN

JUI1 HOPMaTUBHOIO IPOrHO3a Y; ; C) HESABHBIN JJI1 HOPMATHMBHOI'O IIPOrHO3a MEPEMEHHBIX
YiiYou Y3k 1 Yy
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Jlnst IporHo3a mepBoi MepeMeHHOR Y4 , Monb3ysAch ABHbIM InadbmoHoM (b) (pucynok 3.5),
COCTaBHM IIOJIHOE YPABHEHHE PETPECCHH CIEAYIOMIETO BUIA:

Y1,k =00 Y@11xY 1,61 ¥Q12XY 1,52 ¥A21XY 2, k1 Y822XY 2.2 Y831 XY 3,k tA32XY 3,42 +
+ay XYy k1 + Qu2xYap2t+ @so>Xq,x + @515X 1,1 + 525K 7,2 + @605 X2 +
+ag1 XX, k.1 *ap2xX2,k-2 Ya70XX3,k +A715X3, k-1 +A725XX3, k2 A0 X4,k +
+ag XXy k1 +taga Xy 2 +QoxZ1,k + Ag1xL1,k1 + Q92XZ1,k-2 -

[lonHble ypaBHEHUs AaHAJOTUYHOTO BUJA COCTABIAIOTCS W JJIS OCTAJbHBIX BBIXOIHBIX
nepeMeHHbIX Yoy, Y31 Yyi Jlamee mo komOuHaTOpHOMY anroputMy MI'Y A HaxoaaTcs 3HAaYCHUS
K03 (HUIIMEHTOB 3TUX YPAaBHEHUN, PACCUUTHIBAIOTCS MTPOTHO3BI U OLIEHUBAETCS MX TOUYHOCTb.

IIpumep HoOpMaTHBHOrO mnporHo3a. Jlyisi mpuMepa pacCMOTPUM HOPMATUBHBIM IMPOTHO3
MaKpO’KOHOMUKM YKpauHbl Ha BTOpoW KkBapTan 1995 roga mo maHHBIM, NPUBEAECHHBIM B
tabnumax 3.7 u 3.8. [lepemenHbIe ¢ UHAEKCOM k OTHOCSTCS K 3TOMY KBapTaly.

Jlis Mozienu mporHo3a Y x IOdy4YeHbl ClIeyIolIre 3HaYeHUs KO3 PUIIEHTOB:

a00 =-0.823; all =0; al2 =0; a20 =0; a21 =-1.527; a22 =-1.539;
a30 =0; a31 =0.549; a32 =0; a40 =0; a41 =-0.120; a42 =0.798;
a50 =0; a1 =0; a52 =0.295; ab0 =1.226; a61 =-0.800; a62 =0;
a70 =1.311; a7l =0; ar2 =-0.581; a80 =0.860; a81 =0; a82 =2.121;
a90 =0.734; a91 =-0.467; a92 =2.364.

TodHOCTH MOICIICH XapaKTepU3yeTCs TIYONHON MUHUMYMa Kputepus RR. J{ns onTuMaibHOM
He(U3MUECKOil MOXENH MporHosa Y, momydeHo RR,;, =1.59¢'* (CKO=0.0). Ias mporxosa
nepeMeHHOH Vs RRim =7.55¢" (CKO =3.92¢™); mnst Y34 RRpim = 3.63¢” (CKO =6.77¢°); wis
Ysk RRuin =0.0026 (CKO =1.05¢™).

Manas BenTMYMHA MUHUMAIBHOTO 3HAYEHMs] KPUTEPHsI YKa3bIBa€T HAa BBICOKYIO TOYHOCTb
MPOTHO30B TIEPEMEHHON Y ApPryMeHTBI, TIpH KOTOPBIX KOI(PPHUIMEHT paBeH HYIIIO,
UCKJIIOYAIOTCS U3 MOJIETM — UX HE CIeAyeT HCIOJIb30BaTh JJIs MOJIYYEHHs] TOUHOTO MPOTHO3a.
BriBogI 0 1enmecooOpa3HOCTH YIpaBiICHUST OOBEKTOM IO IMPOTHO3UPYIONICH HeDU3nIecKoi
MOJIeTH JienaTh He cienyer. J{is pelieHus BONPOCOB YINpaBieHHs] HYKEH aHaiu3 (U3NYECKOU
MoJielH 00beKTa, KOTOopas 3[1eCh HE pacCMaTpPUBAETCS.

3HaveHHS BCEX MEPEMEHHBIX B MPEABIYIINEe MOMEHTHI k-1 1 k-2 u3BecTHbI. [loncTaBuB X B
ypaBHEHUS I MepeMeHHBIX Y i , Yo, Y3 W Yyi, IUI SBHBIX MIA0JIOHOB TOJYYUM YETHIPE

HCCBA3aHHBIX PACUCTHBIX YPABHCHH:
Yik=ao + asxXq+ axxXo+ azxXzy+ asxXyx+ asxZy,
Yok =bo + b1xX1k+ baxXpk+ baxXs + byxXyy + bsxZy,
Y34 =Co + C15xX1k + CoxXo i+ C3xX3y + C4xXy i+ Cs5xZ1 i,
Y4yk) =d0 + d1XX1,k + d2XX2,k + d3XX3,k + d4XX4,k + d5XZ1,k.

Jns ypaBHenus (3.9) Haxonum:

ap =—2.213; a; =0 a»=1.226; a3 =1.311; a4 =0.860; a5 =0.734 .

(3.9)
(3.10)
(3.11)
(3.12)
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WHIyKTUBHBIA KOMIIBIOTEPHBIM aJIrOPUTM IIOKa3bIBA€T, 4YTO JUI IIOJIY4YEHUsS TOYHOIO
HOPMAaTUBHOT'O IIPOTHO3a IEPEMEHHOU Y, x HYKHO 3a1aTh 3Ha4eHU Xoj, Xz U Xyk.

Jns ypaBuenus (3.9) nonyuum:

bo =0.337; b =0.564; b, =0; bz =0; bs =1.542; bs =0 .

JlJiss HOpMaTUBHOTO MPOTHO3a MEePEeMEHHON Y, ciemyer 3amath Qaktopsl X;x u Xy . Jdns
ypaBHeHus (3.11) noxyuum:

Co =—0.639; C1 =0.088; Co =1.477; C3 =0; Cy =0; Cs =0 .

Jlis HOPMAaTHUBHOTO TPOTHO3a MEpeMEeHHON Y3, cienyer 3aaath (GaxkTopsl X;x U Xof .
Hakonemn, qys ypaBuenus (3.12) Haxoaum

do, =0.003; d; =0; d»> =0; d3 =0.756; d4 =0; ds =0 .

s Haubosee TOUHOTO HOPMATHUBHOTO MTPOTHO3a MEPEMEHHOM Yy CIEyeT 3aaTh 3HaUCHHE
TOJIEKO OJTHOTO (haKTopa X3z .

I'paduyeckass BH3yaJu3alusd HOPMATHBHOIO NPOrHo3a mnepeMeHHoil Y;; . Ilokaxem
BU3yaJIN3aLMI0 HOPMAaTUBHOI'O IIPOTHO3a BBIXOAHOW IMEPEMEHHOU Y;; Ha pacCMOTPEHHOM BBIIIE
npumepe. 3agaauM nepeMeHHon Xy n8a 3Hauenus: Xy = 0.25 u Xz =0.75.

N3MeHeHue nnepeMeHHoN Y, MOKa3aHO IPU NOMOIIM U30JMHHUM Ha IJIOCKOCTH JIBYX BXOJHBIX
daxTopoB Xz 1 X3 ( pucyHok 3.6, a u b). CpaBHuBas pucyHku 3.6 a 1 b, MOXHO, B YaCTHOCTH,
3aKJIIOYUTh, YTO MOBBIIIEHHE CKOPOCTH 000pOTa JIeHeT NpUBOIUT K yBenuueHnuto BBII. I'naBHoe B
TOM, YTO 10 PUCYHKY MOKHO YCTAHOBUTH KOJIMYECTBECHHYIO CBS3b MEXIY BXOJIHBIMHU (hakTOpamMu

n BbIXOHHOﬁ NEPCMCHHBIMHU.

a) X,=0.25 b) X4=0.75
Xa Y,=1.32 Xa
1.0 132 1.0 [Y.=1.75
Y1:].4
Y1:0.9
Y,=1.2
Y1:0.7
0.5
Y]ZO.S
Y1:0.4
Y1:0 Y]IO.I Y1:0 Y1=0.5
0 0.5 1. X, 0 5 1.0 X,

Pucynok 3.B — I'paduueckoe nzobpaxxeHue HOpMaTUBHOTO nporHosa Y1, k
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OtaenbHBIl NPOrHO3 BO3MYIIAKONIEr0 BO3JeHCTBHA. BcrnoMorarenbHbI ITPOTHO3
BHEIIHETO BO3MYIIEHUS Z] ) BBIIOJIHICTCS OTJEIBHO MO0 KOMOMHAaTOpHOMY anroputmy MI'YA B
BUJIC (DYHKIIMHU 3ara3bIBAIONIMX 3HAYCHHWN MEPEMEHHBIX, YKa3aHHbIX B Tabmuie 3.8. [lomHoe
ypaBHEHHE, MPEAIaracMoe KOMITbIOTEPY, UMEET CICIYIOIIUN BHI:
Zix=€g+texlyjq1tepxlyiotesxlipstesxliyastecxYypr+terxYyot
+egxYi3+t €9 xYrjat e xYoug+e1xYoot+e3xYous+euxYyt
+@16xY3 k1 + €17xY342 + €18xY343 + €19xY3 g + €21 xY g + €20xY 0 +
+ €23xYy k.3 F €24xY g ¥ €265K1 jor + €275 42 + €285K1 j3 + €295K 7 jq +
+ €31 xXp .1 + €32xKo k0 + €335X5 3 + €34xKo kg + €365 K341 + €375 K340 +
+ €38xX3 4.3 + €39xK3 ks + €415Kyje1 + €425K g 42 435Ky i3 + €445 Ky 4q”
B pesynbpraTe NpUMEHEHUS NIPEABAPUTEIBHON CEJIEKIUU IIPOCTHIX JIMHEWHBIX MOJENIEH BUAA
y=ap +a;X; n3 36-TH yKa3aHHBIX apryMEHTOB BbIOMpaeM F=20 Hanbosee 3HAYNMBIX:
Zik1 Xok2 Xok-3 Zik-2 Y1k2 Yik1 Yak2 Xoka Xok1 Yik-3
Xik-1 Yika Xaka Xaka Xik2 Y3kt Yak1 Xak1 Yokt Xak2
Jns  3TOrO0  MHOXECTBa  (PaKTOPOB MO KOMOWHATOPHOMY  QITOPUTMY  IOJy4eHA
MPOTHO3UPYIOIAS MOJICIb:
Z1,k =0,61- 0, 16YQ,k-1 - 0,06X3,k-1 - 0,34X3,k-3 - 0,46X4,k-4 + 2, 7921,;(-4 .
Kputepnii Bapuanuu ommOku mnporHoza RR,;, = 0.00028 . IIporHo3 Ha BTOpOW KBapTal
1995r. paBen: Z; ;= 1.07, u 3T0 3HaUeHUE OBUIO MCIOIH30BAHO BBIMIE JUISI MPOTHO32 BBIXOIHBIX

[IEPEMEHHBIX.

3.2. CpaBHeHMe NPOTHO3UPYIOLIUX CBOMCTB MO/ieJIeil, OJY4YeHHBIX C
NPUMEHEHUEM perpecCHOHHOro anaausa u MI'VA

CpaBuum nporaosupyromue cBoiicrsa Mozeneit MHK u MI'Y A Ha nByx npumepax.

MopenupoBanue o0beMa NMPOM3BOACTBA JIETKOl NMPOMBINLIEHHOCTH. VcXonHble naHHbIE
npuBeneHbl B Ttadmuie 3.3 (cm. 3.3). B sTom mpumepe AN MPOBEPKH MPOTHO3HBIX CBOWCTB
MOJIEIHN, OCTaBUM MOCJIEAHHUE 5 3K3aMEHAIMOHHBIX TOUYEK. DTO CBA3aHO C TEM, UTO JUIs OLEHKH 14
kodpurmentoB (13 aprymenTtoB um cBoOomHbli uineH) mo MHK wu ans BeuucieHus ux
CTaTUCTHUYECKUX OLIEHOK TpeOyeTcs 1mo KpaiHeil mepe 15 Touek.

Monens MHK, Bxirogaromasi Bce TpuHaAaTh UCXOIHBIX apryMEHTOB, UMeeT Bug (M9):

Vi =1.0849 +0.0315x X7 +0.0015x X5 +0.0683xX3:+0.0015x Xy -0,0144x X5 +

+0.1437xX5t —0.0064xX7 ¢ +0.0977x X5 —0.0046xXg —0.0457x X101 —

—0.0111xX11¢ +0.0069xX2¢ -0.0019xX 13 ; (3.13)

CKO =0.03168; R=0.1102; S=118.5%.

CTaTHCTHYeCKHE OLEHKH Momenu: R =0.984, Rzy = 0.782 , rae R - K03 pUIueHT
J€TEpMUHALIHY, R2y - CKOPPEKTHPOBAHHBINA BEIOOPOYHBII KO3 (UIeHT aeTepMuHanuu [39].

3HaueHus cTatucTHk 4; (1 =0,..,13) mpu TabIUUHOM £(0.05,15) = 1.753:

fo = 0.388; t; =0.631; t» =0.228, t3= 1.948; t, = 0.676; ts = 0.681, ts = 0.502;

t7=0.262; ts = 0.784, ty = 0.307; t10 = 0.339, t;; = 0.666; t1> = 0.657; t;3 = 0.386.
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B tabnune 3.9 mpuBeneHbI OIICHKH 00BheMa MPOU3BOICTBA JieTKol nmpombiinuieHHocTH (MHK),
nojy4deHHsle mo mojenu M9(3.13), na pucynke 3.6 npezacrasieH rpaduk ux u3MeHeHus. BuaHo,
9YTO MOJIENIb JOBOJIBHO IIOXasi, MPUYEeM HauOONIbIINE OMMOKH OTHOCSTCS K SK3aMEHAIIMOHHBIM
ToukaM. Tonbko OAMH KOIPPUIMEHT oKazaucs 3HAYUMBIM (f3 >1.753), HO TPUPaABHATH HYIIO
ocTanbHbIe KOG UIIMEHTHI 0€3 JONMOTHUTENBHBIX uccienoBanuii Henb3s [39]. To ecte MHK He
MO3BOJIIET ITOCTPOUTH MOJEIb, OTPAKAIOIIYK0 CHUCTEMHBIE 3aKOHOMEPHOCTH M NPUTOAHYIO IS
MIOJIy4YEHUsl HAJEKHOIO IMPOTHO3a, HECMOTPSI Ha TO, YTO HEKOTOPBIE CTATUCTUYECKUE OLIEHKU
MOJIeNIA OKA3aJIMCh 3HAYUMBIMHU.

Monens MI'VA (M10), nocTpoeHHas Ipu T€X KeE YCIOBUSAX, UMEET BU:

V2 =—0.1425 +0.0046x X2 +0.0491x X3 +0.0022x X4 ;—0.0826x X5 +0.0044xXy;. (3.14)
Cratuctuyeckue OleHKH MOJIEINN:
R?=0.958; R2y =0.934; F=40.82; m1 =5, m2=9; Fposs9) = 3.48,
rae F, Fmi, m2) - pacueTHOE U TaONNYHOE 3HaYeHUs Kpurepus duiepa ¢ ypoBHEM 3HAYMMOCTH
o ¥ cTeneHsaMH cBoOoanl ml u m2 .
3Havenus cratuctuku t; (1 = 0,2,3,4,6,9) mpu Tabim4HOM £(905,15) = 1.753:
to =43.434; t, = 5.899, t3 = 6.132; t, = 5.216; ts = 3.573; to = 2.7609.
B Ttabnune 3.9 mpuBeneHnl oneHKH oObema mpou3BoicTBa mo moxenu M10(3.14), nHa
pucyHke 3.6 —Tpaduk UxX u3MeHeHHUs. BUIHO, YTO MporHO3MpYyIomue cBoicTBa Mmoaenun MI'YA

3HAYUTCIIBHO BBIIIC, H OHA UMECT BCC 3HAYHUMBbIC KOS(I)(l)I/IHI/IeHTBI.

Tabmuma 3.F — 3HaueHns o1leHOK BBIXOMHOUN BEINYNHEI

N v2 V2 H/n Y2 V2
M9 M10 M9 M10
T 01623 1632 504 1 | 01022 0.0995 0.0927
> T 01468 P ey 12 | 0.1200 0.1155 0.1159
3 T 01106 01103 111 13 | 0.1065 0.1037 0.0997
2 01270 T o6 14 | 01093 0.1108 0.1144
s | 01378 01208 1389 15 | 0.0693 0.0718 0.0782
s | 01417 140 1369 16 | 0.0917 0.1056 0.0870
T 01006 1130 1114 17 | 0.0964 0.1541 0.1157
o | 0.0095 0070 oo7e 18 | 0.0941 0.2043 0.0932
o | 0003 00043 0501 19 | 0.0882 0.0733 0.0914
10 | 0.0079 0.1025 0.0969 20 | 0.0866 0.0313 0.0905
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Pucynox 3.6 — CpaBHeHue Mmojeneil oobeMa MPOU3BOJACTBA JIETKOH MPOMBIIIICHHOCTH,
nonyyeHHbIX Mo MHK (M9) u no MI'VA (M10) (cTpenkamMu OTMEYEHBI HAdajlo W KOHEI]

9K3aMEHALIMOHHOM MOCIIEI0BATEIHLHOCTH )

MopneaupoBanue uHbasuum. Vcxoanele naHHble npuBeneHsl B Tabmuue 3.5 (cm. 3.4).
Crpomnuce MOAENH 3aBUCHUMOCTH WHQUIALMU OT TEKYIIMX 3HAYEHWH apryMeHTOB, IpudyeM 3
MOCJTETHUE TOYKH COCTABISUIM SK3aMEHAIMOHHYIO IOCIEAO0BATENBHOCT, T.C. JJIS IMONYyYCHHS
MO/JIENIN MCIIOJIb30BAIMCH TOJIBKO MepBbie 15 Touek. BriOop Takoro BapuaHTa pacueToB CBSI3aH C
PE3KUM M3MEHEHHMEM XapakTepa pa3BHTHA mporecca. CTaBuiIach 3agada: MOXKHO JIM, MCIIOJIB3Ys
JTaHHbIE, OTHOCSINUECS K MEpPUOJy MOHOTOHHOTO Pa3BUTHsI MHQIIALNY, TPEACKA3aTh 3TO pE3Koe
u3MeHeHne? JIpyruMu CJIOBaMH, CIEIOBAJIO IPOBEPUTH, 3aJOXKEHO JM OSTO H3MEHEHHE B
HPEIBICTOPUU U MOXKHO JIU €T0 BBISIBUTDH C IIOMOIIBI0 MOACTHPOBAHHUS.

Mopens MHK, Brirrouaromast Bce mecTb UCXOAHBIX aprTyMEHTOB, MUMEET BUJ:

V3,t =0.1646 + 0.0001 5><X1,t —0.00702><X2,t —0.00996><X3,t+ 00143><X4,t+

+0.00031xX5¢ —0.00056x X, , (3.15)

rJe ¢ — HOMEp TOYKH, V'3 — MOJENbHAs OLEHKA BBIXOAHOM MEPEMEHHON Y3, U UMEET CIEAYIOLINE
TOYHOCTHBIE M CTAaTUCTUYECKHUE XapaKTEPUCTHKU:

CKO =0.0297; R=0.0854; S=157.9%;

R?=0.864: R?,= 0.762; F = 8.475; m1 = 6; m2 = 8; F(o.056,) = 3.58.

3HaueHus cTatucTHky 4 (1 =0,1,..,6) pu TaOIMYHOM f(005,15) = 1.753:

to=2.9155; t; = 0.296; t, = 1.619; t3 = 1.005; t, = 0.685; t5 = 1.801; ts = 2.927;.

B Tabnuue 3.10 nmpusenens ouenku uHsamuu no moaenu MHK (3.15), na pucynke 3.7
npefcTaBieH rpauk uX W3MEHeHHs. BuumHo, 4YTO Monenb [OBOJBHO IUIOXast, MHpPUYEM
HanOOJIbIINE OIMOKH OTHOCATCS K TPEM 3K3aMEHAIIMOHHBIM TOYKaM, KOTJja TCHJCHLINS Pa3BUTHS
UHQIAIMN pe3ko u3MeHunach. Takum oOpazom, MHK He mno3Bonser MHOCTPOUTH MOAEb,

OTPAXKAIOIYIO CUCTCMHBIC 3aKOHOMCPHOCTH U NNPUTOAHYIO JJIA MOJTYYCHUA HAJACKHOI'O IIPOrHo3a,
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HECMOTps HA TO, YTO MOJIC/Ib 110 CTATUCTUYCCKHUM OLICHKAaM 3HAa4YuMa.: F> F(o‘ 056,8) > Lo ,15 , 16>

1(0.05,15) -
Mopenb, noiayyeHHas npu Tex ke ycnoBusx no MI'YA (M7), umeer Bua (cM. (3.7)):

V3:=0.00036xX7:+0.0109x X3+ — 0.00046xX4: + 0.00019x X5 — 0.0001156xXs ¢
U MMEET TaKHe T0Ka3aTeN KadyecTBa U CTAaTUCTUYECKUE XapaKTEPUCTUKU:

CKO =0.00873; R=0.0194; S=35.9%;

R?=0.718; R?,= 0.604; F = 6.796; F(0.0054.10) = 3.48;

3HaueHus cTatucTuku 4 (1 = 1,3,4,5,6) mpu TabaMYHOM £(0.05,15) = 1.753:

t; =0.631; 13=1.252; t,= 0.816; t5 = 1.299; t5 = 2.646.

KauecTBo 3T0I MOJENIN HAIJIAIHO XapaKTEepU3yeT TaKke pUCYHOK 3.7. BuaHO, 4TO OHA YETKO
OTpa’kaeT U3MEHEHHUE TeHACHIIMH Tpoliecca, He OUEBUIHOE U3 MpeabIayeil HHpOopMaluy, T.€. U3
npenapicropu (10 16-i Touku) mpouecca.

BaxxHO OTMETHTb, 4YTO YJIy4HICHHE IIPOTHO3a COCTOSUIOCH 3@ CYET  YHPOUjeHus
npozrosupyloujer mooenu (UCKIIOUEHHUS U3 Hee apryMeHTa X ), 4TO XapaKTepHO MMEHHO I

npuMeHeHns MI'VA (3 dexT uckimodenus “nmumuux’, HenH()OPMaTUBHBIX (aKTOPOB).

Tabmuua 3.G — OneHku npouecca HHPIAIUT

V3

n/H Y3 M11
1 0.0145 0.0125
2 0.0357 0.0163
3 0.0267 0.0107
4 0.0081 0.0187
5 0.0160 0.0205
6 0.0092 0.0174
7 0.0117 0.0147
8 0.0116 0.0152
9 0.0140 0.0192

V3

n/x Y3 M11
10 0.0175 0.0227
11 0.0283 0.0307
12 0.0287 0.0305
13 0.0419 0.0382
14 0.0536 0.0451
15 0.0593 0.0618
16 0.0430 0.0483
17 0.0326 0.0421
18 0.0622 0.0736
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Pucynox 3.7 — CpaBHenue moaenen nuanduusiiuu (Y3) u ee orenok (M7 u M11), BEIYHCIIEHHBIX

dopmynam (3.7 wm 3.15) (cTpenkamMu  OTMEYEHBI TOYKH OSK3aMCHAIIMOHHOU

MOCJIEIOBATEILHOCTH )
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PA3JIEJI 4
PA3PABOTKA OCHOB METOJOJIOTYMH CO3JAHUSI ”THTEPAKTUBHBIX
CHCTEM MOJIEJIMPOBAHWSI IO JAHHBIM HABJIIOJEHUIT

4.1 MeToauka CTPYKTypHU3allii 3HAHUI B 00/1aCTH AaBTOMATH3HPOBAHHOIO IIOCTPOCHUSI

MoaeJen

IIpu pa3paboTke COBPEMEHHOW MPOrpaMMHON CHUCTEMbl CTPYKTYpHOW WACHTU(DHUKAIMN
MoJieNiel, WM MOIETUPOBAHUSA 1O SKCIIEPUMEHTAJIbHBIM JaHHBIM, BO3HMKAEeT HEOOXOJUMOCTD
OTIpEACIEHHON CTPYKTypU3alluM 3HAaHWKW B JaHHOW oOnactu. OTMeTHM, dYTO 3aj1ada
CTPYKTYpH3allMU 3HAHUHM XapakTepHa AJs npobieM pa3paboTku 0a3 3HAHUN SKCHEPTHBIX CHCTEM,
OJTHAKO 3/IeCh CTPYKTYypH3alusi MPUMEHSETCA ¢ CYry0o IparMaTu4eckoil Ienbio - BBIPadOTaTh
CHCTEMaTH3UPOBaHHbIE KOHCTPYKTHUBHBIE PEKOMEHJAIMHU IO pa3paboTke (yHKIHOHAIBHOTO H
JIMAIOTOBOTO 00eCIeYeHus MPOTPAMMHON CHCTEMBI MOJICTTUPOBAHHMSL.

Jlnst CTPYKTypu3aluMu 3HAHUKA B paccMaTpUBAeMOM INpeIMETHOH 00JacTH Lenecoodpa3Ho
IPOAHATIM3UPOBATD CIEIYIOLINE ACTIEKTHI IPOOJIEMBI:

1) ompeneneHne OCHOBHBIX 3TAIOB MPOLIECCA PELIECHUS 3aa4l MOJIEITMPOBAHUS;

2) BBIIEICHHE OCHOBHBIX METOJOB pEIIEHHS TakoOM 3adaud M CpPaBHEHHE HUX

(YHKIIMOHATBHBIX OCOOCHHOCTEH;

3) cpaBHHUTENBHBIN aHATN3 Y3PPEKTUBHOCTH ITUX METOJIOB;

4) ananmu3 u 0000IICHHWE OMbITA HMX MNPUMEHEHUS C (HOPMUPOBAHHEM HEOOXOIUMBIX
pexoMeHaanuii. PaccMOTpUM HECKOJIBKO MOApOOHEE yKa3aHHBIE AacleKThl MPOOJIEMBbI
CTPYKTYpHU3aLIUH.

1. OcHOBHBIE ATambl pELIEHUS 3aJa4d MOJACIMPOBAHUSA OIPEIEIUM, ONMPAsACh Ha €e
(GbOpMYyIHMPOBKY B BUJIE 33Ja4d JHUCKPETHOTO (LIeTOYUCIeHHOT0) mporpammupoBanus (1.1). Ee
aHamu3 TOKa3bIBAaeT, YTO B OOIIEM CiIy4yae INPOLECC pelIeHHs 3TOH 3aJadd CTPYKTYPHO-
napaMeTpUIecKoi HAeHTU(UKAIINH BKIIIOYAET B ce0sl CIIEAYIOIINE OCHOBHBIE JTAIlbI:

1) 3ananue BHIOOPKH JAaHHBIX (IIOJYYECHHOH B pe3ysIbTaTe MAacCHBHOTO HJIM aKTUBHOTO

HKCHEPUMEHTA), a TAKXKE alpUOPHON HH(popMaIm;
2) Beibop wnm  3amaHume kiacca 0a3sUCHBIX (YHKIMA W COOTBETCTBYIOIIEE

npeoOpa3oBaHue JAHHBIX;

3) I'eHepanys pa3nIu4HbIX CTPYKTYpP MOJENEN B BBIOpAaHHOM KJIacce;

4) OrneHnBaHuE TAPAMETPOB TEHEPUPYEMBIX CTPYKTYp U (POPMHUPOBAHHUE MHOXKECTBA F;
5) MunnmMuzanus 3aganHoro kpurepuss CR(f) u BbIOOp onTUManbHON Mojenu f*.

6) [IpoBepka afeKBaTHOCTH MOJYYEHHON ONTUMAIBHON MOJIEIIH.

7) [IpuHsaTHE pEnIEHUs O 3aBEPLICHUH IIPOLIECCA.

IlepeuncneHHble 3Tanbl ONKMCHIBAIOT IIPOU3BOJIBHBIN MPOLIECC TOCTPOECHUS MOJIENEN, IPUUEM
B 3aBUCHMOCTH OT alpHOPHON MH(OPMAIMM U LIEIH MOJCTUPOBAHMS T€ WM MHBIC 3TAIbl MOTYT
OTCyTCTBOBaTh. Hampumep, B B 4YacCTHOM ciy4yae 3a/1a4d IMapaMeTpPUUECKONW HICHTU(UKAIUH
MHOECTBO [ cOCTOUT M3 OfHOW Monenu (“‘reHepupyercsi’ €AMHCTBEHHAs CTPYKTypa), T.€.

UCKJIIOYaeTcs 3tanm 5 mporecca. O4eBHIHO, YTO CQOPMYJIHMPOBAHHBIC STambl JOJDKHBI OBITH
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MIOJIOKEHBI B OCHOBY ()YHKIIMOHAJIBHOW apXHUTEKTYphl MPOTPAMMHON CHCTEMBI CTPYKTYPHOM
UICHTH()UKAIIH.

2. Ilycth KakuM-Tu00 00pa3oM (C MOMOIIBIO aHAK3a JTUTEPATYPHI WM OMpPOca IKCIEPTOB)
0TOOpaHO HEKOTOPOE MHOXECTBO METOAOB CTPYKTypHOW wuIeHTH(uKauuu. Kaxnaplii u3 Hux
pemaer 3amauyy (1.1), ¥ COOTBETCTBEHHO MOXET OBITH OXapaKTEpU30BaH TAKUMH OCHOBHBIMH
KOMITOHEHTAMHU:

1) xnaccom moodeneii (6a3ucHBIX (PYHKIIUI), TSI KOTOPOTO OH IMpEIHA3HAYEH;

2) TpPUMEHSEMBIMU B HEM 2€HEPAmopomM CIMpPYKmyp;

3) memooom oyenusanus napamempos;

4) kpumepuem Kavecmea mooenell.

CriocoObl aHanM3a aaeKBAaTHOCTH MOJEJCH, CBOIAIIMECS K IPOBEpKE MPaBHIBHOCTH
IOPUHATBIX aNPHOPHBIX MPEANOI0KEHUH, B OCHOBHBIE XapaKTEPUCTHKH METOJa MOTYT He
BKJTIOYATHCS.

Takum 00pa3om, Kaxablii METOJ MOJECTUPOBAHHMS MOXHO OIHUCATh C MOMOILIBIO YETBIPEX
yKa3aHHBIX KOMIIOHEHTOB, C YY€TOM KOTOPBIX JIETKO MOXXHO CpPaBHUTh (YHKIMOHAIbHbIC
0COOEHHOCTH 3aJJaHHOTO MHOXecTBa MeTojoB. C Jpyroil CTOPOHBI, A OTOOpPaHHOM
COBOKYITHOCTH METO/IOB, DPACWIECHHB KaXAbI W3 HHUX Ha TaKWe COCTABISIONIME, MOXKHO
00pa3oBaTh MHOMCECm8a KIAcCOB MOJIENIEH, T'eHEpPaTopoB CTPYKTYp, METOJOB OLICHUBAHHUS
mapaMeTpoB W KpUTEpHEeB BbIOOpa MoOJAEICH W aHAIM3UPOBATh ATH MHOXECTBAa Kak
CaMOCTOSITeNIbHBIE HayyHble OOBEKThl. OTMETHUM, YTO ATH UYETHIPE MHOXKECTBA MUMEIOT TOT XKe
CMBICJI, YTO M MHOXECTBAa BO3MOXXHBIX BAapHMaHTOB BbIOOpa Ha »JTamax 2-5 mpolecca
MOJICIIUPOBAHMs, T.€. YKa3aHHOE pACWwICHEHHE METO/J0B JAaeT OpPUTMHAIBHBIA KIIOY K
dbopMHpOBaHHIO (DYHKIIMOHATBHOTO HAIMOJHEHHs TMPOTPaMMHONM CHUCTEMbl B BHAE Tak
Ha3bIBAEMBIX 0000IIEHHBIX (DYHKIIMOHATBHBIX MOJIYJIEH (CM. HUXKE).

3. CpaBHenue 3(h(EKTUBHOCTH pa3IMYHBIX METOAOB MOJAETHPOBAHUS CBOJUTCA MPEXKIE
BCEIr0 K CPAaBHEHUIO NIPUMEHSIEMBIX B HUX KPUTEPUEB BbIOOpa MozEeil. DTO CIEAYET U3 TOTO, UYTO
JUIE KOHKPETHOT'O MOJETHPYEMOro OOBEKTa IMpH 33JaHHOM 00beMe ampuopHOW HHQOpMALUH
MOXHO, KakK IpaBWUJIO, BbIOpaTh Hambojee IenecooOpa3HbIi BapHaHT KJjacca Mojenei,
reHeparopa CTpYKTyp M METOZAA OLIEHUBAHM MapaMeTpoB, U TOrAa 3PHEKTUBHOCTD JOCTHKEHHS
KeaeMoH 11eJH MOJICTIMPOBAHUS ONPEEIIETCSI KpUTEPUEM KauecTBa MOJIEIIEH.

4. AHanmu3 ombITa NMPUMEHEHHs aJrOPUTMOB HEOOXOAUM JJISi TOCTPOCHHUS MpaBUi BBHIOOpa
peLICHUH Ha KaXJOM 3Talle MOJCIMPOBAHMs, HA OCHOBE KOTOPBIX pa3padaThIBaeTCsl CTPYKTypa
nuanora. OT ypoBHS OOOCHOBAaHHOCTH TaKMX MPaBWJI U HMX pa3zHOOOpasusl MO OTHOIIEHHIO K
YCIIOBUSM MOJIEIIMPOBAHUS 3aBUCHT WHTEJUIEKTYaJbHBIH YPOBEHb MAIOTa M COOTBETCTBEHHO
cucTeMBI B 11e70M. Kpome Toro, CTpykTypa Auaniora B COBPEMEHHOM CUCTeME JOJDKHA YYUTHIBATh
TaKXKe BO3MOXKHBIM YpPOBEHb KBaJH(HUKAIMK TMoJb30BaTens. s obecriedeHus: MOJICTPOUKH
CHCTEMBI K IIOJIb30BaTeNI0 B pPabOTe MNPEAJIOKEH CIOCO0 OpraHM3alud MHOTOYPOBHEBOTO

Juanora.
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[Ipu 3TOM TPUHSATO, YTO MPEANOTAraeMyIO IMOATOTOBIEHHOCTh MOKHO OTHECTH K OJTHOMY U3
TpEX OCHOBHBIX YPOBHE:

5) Hu3Kuii - HAYMHAIOIIHH MOJIb30BATENh (3HAKOMBIN CO CBOMM O00BEKTOM MOJICTUPOBAHUS);

6) cpeoHuil - TIOATOTOBICHHBIM MOJIL30BaTENh (3HAMIMUNA OOBEKT M OOIIHME TPHUHIIUIBI

MOJIETTUPOBAHUA);
7) evlcokutl - KBamu(UIUPOBAHHBIN TOJIB30BATENb (IKCIIEPT, 3HAIOUINI U OOBEKT, U METOIbI
MOJEIIUPOBAHUSA).

VYKazaHHBIM YpOBHSIM KBaIM(UKALMU CTAaBUTCS B COOTBETCTBHE TPU OCHOBHBIX pexcumda
Oouanoea: 1) asmomamuueckuil, 2) uHmepaxmuseHvlil, 3) MeHO-n0O0OHbIN, CYUTHOCTh KOTOPBIX
COCTOUT B cieayromeM. Jlis Kakaoro stama BeIOOpa pEmIEHUs] COCTABISETCA IMOJHOE MEHIO
BO3MOXHBIX pELICHUH (BKJIIOYas W OTKa3 OT BBIOOpPA). 3aTeM JUIs aBTOMATHUECKOTO DPEXHMa
¢ukcupyercs (M0 yMOSYaHUIO) OJHO HauOojee 4YacTo MPUHHUMAEMOE pELICHHEe; JUIs
WHTEPAKTHUBHOTO pPEXUMa HECKOIbKO Hambojee d9acTo (MO OMBITY) BBIOMPAEMBIX PEIICHHMA
CcHa0XalTCsAd TOJCKAa3KaMU M KOMMEHTApHsIMH OO0 YCIOBUSAX HX MPEINOYTCHHUS; B TPEThEM
peXuMe IMpeJyIaraeTcsi BBIOpaTh pelieHue U3 MoJIHOTO MEHIO 0e3 KOMMEHTapHueB.

[TockonbKy Takoi MPUHLMI AMAJIOra MPUMEHSETCS Ha KaXXJIO0M 3Tare MOACIUPOBAHUS, IPU
paboTe CHUCTEMBI BO3MOXXEH KaK OIMH M3 TPEX OCHOBHBIX PEKHUMOB, TaK U MPOU3BOJILHOE HX
coYeTaHue, U3MEHSIOIIeecs OT OJHOTO dTamna K Apyromy. 910 naet 3¢dpdexr rubkoi agantanuu
CHCTEMBI K YPOBHIO KBaJM(UKAIIMH TTOJIb30BaTeNs, T.€. K €ro HH(POPMHUPOBAHHOCTU O TpoOLiecce
MOJICIIMPOBAHMs, K 3HAHUIO UM OOBEKTAa M K 00bEeMy HMMEIOLICHCS anpuopHOW HH(OpMAIUH.
Bornee moapo6HO BOMPOCKH MOCTPOSHHSI TUAJIOTa pACCMOTPEHBI B CIEIYIOIIEM MOpa3ele.

Wtak, BbIIIe U3NOKEHA MemoOuKa cmpykmypusayuu 3Hanul 1uist pa3padboTku 3¢ (HeKTUBHON
IPOTPAMMHOM CUCTEMBI MOJICIIUPOBAHUS.

D¢ dexkTuBHAS B TPUKIAJHOM CMBICIE CHCTEMa CTPYKTYpHOH HACHTU(HUKAIMH JIOJKHA
XapaKTepU30BaThCs: JOCTATOYHOW OOIIHOCTHIO B CMBICIIE MCIIOIB30BAaHUS OCHOBHBIX METOJIOB
UJICHTU(DUKAIMN; aJallTUPYEMOCThI0 K Pa3JIMYHBIM YCJIOBUSAM allpUOPHOM HEONpPEAeNCHHOCTH;
JOCTAaTOYHOM  JOCTYIHOCTBIO MOJB30BATEISIM  Pa3sHOM KBaIM(UKALMHU; BBIYMCIUTEIBHOM
3¢ deKTUBHOCTBIO (ObICTpOAEHCTBIEM). Kak creayeT U3 nmpenblIymero anaimusa, Juis JOCTHKEHUS
3TUX XAPAKTEPUCTHUK CIIEAYEeT BBIOJHUTH TAKHE OCHOBHBIC 3Talbl KaK COCTABIISAIOLINE HOBOM
Memooonoeuu  paspabomku  UHMEPAKMUBHLIX — CUCmeM  MOOeIupo8aHusi €  dIEMEHTaMHU
UCKYCCTBEHHOT'O HHTEJIJICKTA:

® pa3NMYHbIE METOJbI PEIICHUS TaKOW 3a/laud PacwICHSIOTCS Ha PAacCCMOTPEHHBIC BBIIIE

OCHOBHBIE KOMIIOHEHTHI, COBOKYITHOCTH KOTOPBIX aHAIU3UPYIOTCS HE3aBHCUMO;
e paspabaTbiBaloTCsi 000OIICHHBIE MOAYJH KJIACCOB MOJEJEH, TeHepaTopoB CTPYKTYp U
KPUTEPHUEB CEIEKIINH;

® TPOCKTHpPYeTCs (PYHKIMOHAIbHAsA CTPYKTypa CHCTEMBI B COOTBETCTBHHM C OCHOBHBIMHU

3TarnaMu MOACIUPOBAHMUS;

® CO3JAIOTCS MPOLEAYpPHl JAMAJOra, CIOCOOCTBYIOIIME JOCTH)KEHHIO —TPHUEMIIEMOTO

pe3yibTara MoJIb30BaTENAMHU PA3TUYHON KBATH(HUKALINH.
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4.2 KoncrpyupoBanue 00001IeHHBIX MHOTO()YHKIIMOHAJBHBIX BIYHCINTEIbHBIX

MOYyJIeH

[Ipu pa3zpaboTke GyHKIMOHATIBHON CTPYKTYPbl COBPEMEHHOM MPOOIEeMHO-OpUEHTUPOBAHHON
IPOTPaMMHOM CHCTEMBI, HalpaBIeHHOW Ha 00beIMHEHHE psiia Haubosee F3p(EKTUBHBIX METOJIOB
peLIeHHUsI HEKOTOPOTO KJlacca 3a/1a4, OOBIYHO HCXOIAT U3 IBYX OCHOBHBIX NpUHIHIOB [40,41]:

1) dopmupoBanre OMOTUOTEKH MPOrpaMM, peaTu3yIOIUX O0TOOpaHHbIe MeToAbl. Ilpu sTOM
BCE IMPOTpaMMbl HE3aBUCHMBI, O00JIaAal0T COOCTBEHHBIMH JHAJOTOBBIMU CPEICTBAMH U
00BbEeTMHEHBI CIEIUANbHBIM BHEIIHUM MOHHUTOpPOM. Takod moaxoj 3(QeKTHBEH NMpH HATHYUH
TOTOBBIX KAYECTBEHHBIX MPOrPaMM I KaXKI0TO METO/IA.

2) ¢opmupoBaHue OMOTMOTEKH 3JIEMEHTAPHBIX BBIYMCIUTENBHBIX MOAYyJEH (mporenyp) ¢
3aJJaHHBIMH TPAaBUJIAMU KOMIIOHOBKH U3 3THUX MOZYJEH MpOorpamMm, pealu3yloluXx OTOOpaHHbIE
metoabl. [Ipu 3ToM Bce mporpamMMbl (POPMHUPYIOTCS TOJIOBHBIM MOHUTOPOM, KOTOPBIA COJEPKHUT
TaKXe BCE HEOOXOIMMBIE JJISl MCIIOJIb30BAaHHMS METOJOB JHAJOTOBBIE CpelICTBa. TakoW MOIXOA
apdexTuBeH npu pa3zpaboTke Bcex mporpamMm '"c Hyis", Ha OCHOBE TOJBKO H3BECTHBIX W3
JUTEPaTypbl MATEMAaTHYECKUX OMMCAHUN METOJIOB.

Kak Obuto moka3aHO B TpeAbLAYIIEM IMOjpa3feiie, BO3MOXKEH M TPETHH MPUHIIHII
dopmupoBaHus (QYHKIMOHATBHOM CTPYKTYpbl MpPOrpaMMHOM CHCTEMBI, OCHOBAaHHBIH Ha
COOTBETCTBYIOIIEH CTPYKTypHU3allMM 3HAHUH 10 KOHKpPETHOH mpobieme. B pesynbrare
CTPYKTYPU3ALUU ONPEACTAIOTCS NPUHLIUIB  (OPMUPOBAHHUS AITOPUTMUYECKHX MOJYJEH,
o0oOmaronmx (GyHKIUH psa METONOB pEUICHHsS KOHKPETHOro Kiacca 3aJady B EIMHBIH
MHOTO()YHKIIMOHAJIBHBIA ~ alITOPUTM, XapaKTEPU3YIOLIUIICS ONpeIeIeHHBIM Ha0OpOM KITFOYEBBIX
apaMeTpoB, TE WM HHbIE KOMOMHALMU KOTOPBIX JAIOT OTJEIbHBIC METO/IbI KaK YaCTHBIE CITy4aH.
D¢ ekTUBHOCTH ATOTO MOAXO0JA ONPEACNACTCS YMEHBIICHHEM YHUClia U 00beMa MPOrpaMMHBIX
MOJlyJIEH, a TAK)KE YIPOIIEHNUEM CO3/1aHU YIPABISAIOLIET0 MOHUTOPA.

PaccmoTpuM, Kak GOpMUPYIOTCS CTPYKTYPbI 000OIIEHHBIX MOJTYJICH JUIsl BBIJICICHHBIX BBIIIE
TPEX OCHOBHBIX KOMIIOHEHT IPOHM3BOJBHOIO METOAA CTPYKTYPHOH HIEHTH(UKALUU Ha MpUMEpe
MI'VA, onupasice Ha pe3yJbTaThl COOTBETCTBYIOLIEH CTPYKTYpHU3aLUK 3HaHU [42].

Oboo6wennviit 2enepamop cmpykmyp modeneii. KomObunatopuslii anroputy™, suna (1.55),
MOXET OBITh cJieflaH CTPYKTYpPHO THOKMM BBEICHHEM OTrpAaHMYEHHUS Ha MHUHUMAIbHYIO S/ U

MaKCUMaJIbHYI0 SA CI0XHOCTh TeHepupyeMbIx Mojeneil. Torna npu koMOuHATOpHOM Tepedope

paccMaTpUBAIOTCS BCE MOJCTH CIOKHOCTH S = S1 ,SA, U TIOJHOMY Iepedopy COOTBETCTBYIOT
SI=1, SA=m . Ecnu kmacc Mojenei MoJWHOMHUAIBHBIN, CTPYKTypa mojHOro moiuHoma (1.47)

onpexaensierca crenenbto ST . [lpu ST = SA = m nonydaem olHy MOJienb, oleHnBaemyo o MHK.

s—1
Cm

Ecin npu mociiejoBaTeaIbHOM T'€HEPUPOBAHUHM MOJENEH CIIOKHOCTH S YYHUTHIBATh HE BCE
Mojened, a TOoJbKo FS, ynydIaromux KpPUTEpHid, IMOJyYUM CeleKIMOHHO-KOMOMHATOPHBIH

anroput™ tumna (1.56) xak Oosiee oOImMII MO CPaBHEHUIO ¢ KOMOMHATOPHBIM — MOCIIEIHUM
_ vs-1
FS=CSt

Hakonen, B ciiyqae SI = S4 = 2 u makcuManpbHOM FS momydum mepebop BCeX YacTHBIX

MMOJIYYUM IIpHU MaKCHUMAJIbHOM

MoOJIeNIeld OT JBYX apryMEHTOB, T.€. MEPBBIH Ps JTMHEHHOTO HTepanoHHOTO anroputma (1.57)
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CEeJIeKUMOHHOTO THNa, a mpu ST =2 - Takke U HenuHeiHoro anroputMa (1.60). CnenoBarensHo,
UTEPAlMOHHBIA alNTOPUTM C YHUCIOM wuTepauuii NI MoxkeT OBITh OCHOBaH Ha THOKOM
KOMOMHATOPHOM anroput™e. [Ipm 3TOM BO3MOXKHOCTHM TaKOrO alroOpuTMa aBTOMATHYECKH
pacmmpsitorest: npu SI=SA>2 nonyyum "rpynmnoBor yder" mo TpH, YEThIpe U T.A. apTyMEHTOB, a
npu Si=1, 8422 JIOTIOTHUTEJIbHBIA MOJHBIA Mepedop CTPYKTYpbl YaCTHOTO OIMHUCAHUS.
[Tpu NI =1 nonyyaeM KOMOMHATOPHBIH, HIIX OJHOPSATHBIN alTOPUTM.

Bce mpempigynme anropuTMbl TPENCTABISIIOT CO00M HEpapXHuecKd YHOPSAOUYCHHYIO
KJIacCU()UKALMIO OCHOBHBIX T€HEPATOPOB CTPYKTYP OJHOMEpHBIX Moaenel (MY=1). [lanpHeiimee
00001IeHNE ATUX AITOPUTMOB JaeT Mepexoi B 00JIACTh MHOTOMEPHBIX MOJIENEH C 3aJaHHBIM
YHUCIOM BBIXOJHBIX NepeMeHHbIX MY>1 . Ilpu uaeHTUPHUKAIMM TaKUX MOJENEH MOXET ObITh
MCIIOJIb30BaH JIF000H 13 "0THOMEPHBIX" TEeHEPATOPOB CTPYKTYP.

Htak, B mpemiokKeHHONW KiIacCU(UKAIMA OCHOBHBIX anropuT™MoB MIYA BbIIe/NeHbI
KJIFOUEBBIE MapaMeTphl, OMPEIEAIONINe: N , M - CIOXKHOCTh 3a1aun oueHuBanust; SI, SA , (ST),
FS , NI - Tun anroputMma reHepallMd CTPYKTYp OJHOMEPHBIX Mozenei; MY - Bux pemraeMoit
MHOTOMEpHOH  3amaum. [lpu 3ToM  00OOIIEHHBI  TEHEpPaTop  CTPYKTYp  SIBISIETCS
MOIU(PUIIMPOBAHHBIM KOMOWHATOPHBIM aITOPUTMOM, B KOTOPOM: BMECTO JABOMYHOTO CUYETUHKA

CS

IMpUMEHsIETCS ToceloBaTebHOEe (POPMHUPOBAHUE ~ M CTPYKTYPHBIX BEKTOPOB IJISl Ka)KJOTO

S= Lm; BBOAATCA orpanudyeHus SI, SA Ha CIOXHOCTh pacCMaTpUBAEMbIX MOJEINEH,

1< 8§57 <s<SA4<m, araxxke Ha UMCIIO JydIIMX Moesel FS , T0MycKaeMbIX K JaibHEHIIEMy
FS,<FM <C,

WCIOJIb30BaHus anroputma NI pas.

YCIIOKHEHUIO, ; TOOABIISIETCS BO3MOYKHOCTh UTEPAIMOHHOTO (IIMKIMYECKOTO)
Torna edunviii modyns ¢ knouesvimu napamerpamu {S1,SA4,FS,NI} 0000maer psja THUIOB
TEHEPATOPOB CTPYKTYp (OTHOCAIMUXCA HE TOJIbKO K MI'YA): MHOrOMEpHBIH perpecCHuOHHBIN

anamus (S[=SA=M), mnonHpli (KOMOWMHATOPHBIN) Tmepedop (IrOpUTM BCEX perpeccuit)

(S] =1,SA=m,FS=C,

m); perpeccruoHHas npouenypa "BritodeHus" ( FS=1); ceneKinoHHO-

N
p (1<FS§S<C,) ; MHOTOpsiAHAs (MTeparmonHas) npoueaypa MI'YA

KOMOWHATOPHBINA TEHEPATO
(SI=SA=2 , NI>1),u 1.1.

Ob00wenue Knaccoe mooeneii, TUHEHUHBIX nO napamempam. B 3amadax MoAeIUpOBaHUS
CTaTUYECKUX M JUHAMMYECKHMX OOBEKTOB M BPEMEHHBIX PSAJOB IMPHUMEHSIOTCS MPEXIE BCETO
nonuHoMbl (1.47) u pa3zHocTHbie ypaBHeHUs (1.53), KOTOpbie BMECTE OTHOCSTCS K IIMPOKOMY
KJlaccy Mojenei, JTUHeWHBIX Mo mapaMeTpaMm. PaccMOTpUM BO3MOXKHBIE MYTH OOOOILEHHS H
YHUBEpCAIN3allUM YKa3aHHBIX KiaccoB mozenei (1.47), (1.53).

Bo3MmokHOCTH (OPMATU30BAaHHOTO TNPUMEHEHUS Pa3HOOOPA3HBIX HENMHEWHBIX (YHKIHUN
3HAYUTEIBHO PACIIUPAIOTCSA NMpHU BBeAeHHH B (1.47) OAHOUYICHOB CIENYIOIIEr0 BecbMa OOIIETOo

BUOA:

r P
HXOZW(CJV)
v=1

b

4.1)
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rac r - YHCIO BXOAHBIX MEPCMCHHBIX (apFYMCHTOB), OOIHOBPCMCHHO YYHUTLIBACMELBIX B

) ISCI<r<CA<m;«

MYJIBTHIUTHKATUBHOM 4jieHe (4.1),

R
= C;
apryMeHTOB U3 m, a 1’Cm ; Z, P - BenuuuHbl, IpUHUMarOue 3Hauenus +1, 0, —1; /v

- MHJEKC (HOMep) coueTaHus mo 7r

MOTYT OBITh paBHBIMH 1, 2,..., ST mpu cobmoneHnn orpanuueHus tumna (1.48) ¢ » BMecTo m u

c¢=7,8T | Torna usmenennem uncen CI, CA, Z, P moxeM MIOJIYYUTh PA3IMYHbIC BAPUAHTHI
HeNMHEHHbBIX 0a3ucHbIX pyHkmit: ecnu Z =P =1 tonpu CI=1, CA =m nomnyuum (1.7), npu
CI = CA =1 - nonuHOM 06e3 mpousBeqeHUN aprymeHToB, npu CI/ >1 - NOTMHOM TOJBKO C
MYJIbTUTUTAKATUBHBIMU WICHAMH, U T.1.; eciii Z =0 ,moxy4um cBoOOAHBIN wieH nonmuHoma (1.7);
npu Z= 1, P=0 Bce apryMeHThl OyIyT UMETh €AMHUYHbIC cTeneHu; npu Z =1, P =1 creneHu
Oynyt npoOueiMu; npu Z =1, P =1 momyuuM oOpaTHbIE 3HAUYEHUS APTYMEHTOB B Pa3JIMYHBIX
CTeneHsx, u T.0. Takum oOpa3om, eauHas mpoueaypa GopMHpPOBaHHS OIHOUWIEHOB BHIA (4.1)
MO3BOJIIET C TIOMOIIbIO w3MeHeHus: 1mectepku uucen {m,ST,CI,CA,Z,P} aBTOMaTH4eCKH
TeHEepHPOBATh Pa3HOOOpPa3HbIe Oa3UCHbIE (DYHKIIMH TOJTUHOMHUAIBHOTO THIIA.

Uro kacaercs monenu Buma (1.53), To oHa 0000maeT psii KIacCOB JIMHEWHBIX MOJENCH.
PaccmotpuM 3TO Heckonbko moapoOHee. Hampumep, (1.35) mnpeBpamaercs B OOBIUHYIO

ABTOPErPECCUOHHYIO MoJienb ¢ QY SaHaBI[bIBaHI/ISIMI/I'

Vi =4, +Z a;YVi_;
, (4.2)

KoTopass mpu ydere MW BHEIIHHX BO3ACUCTBHI 0000maeTcCss B MOJENb C JaroBBIMH

(3ama3gpIBaOIIMMU Ha QWTaKTOB) HepeMeHHBIMI/I'

MW QW ,
l
Yk =4 +Za Vi—j T 2 Xb ijt Wh—j+1
=l =l . (4.3)

[Ipu MHOTOMEpHOM BBIXOAE MY > 1 monydaem OOBIKHOBEHHYIO BEKTOPHYIO Pa3HOCTHYIO

MOJIEIh (Z = LMY) :

MY QY MW QW ,
1
_aot + Z Zaljyk -j + Z Z Wk—j+l
==l == : (4.4)

B ypaBnenus (4.1)-(4.4) Moryt ObITh J00ABJICHBI WICHBI B BHJC CKOJB3SIIMX CPEIHUX

/ /
3HAYCHMI KaK 3aBHCHMBIX -k , TaK U HE3aBUCHUMBIX Wk Benmmuna. OueBHAHO TaKXe, 4YTo IpHU

QY =0, QW =1 mnoayuyuM CHCTEMY PETPECCHOHHBIX YpPaBHEHHM, ONMCHIBAIOLIUNX CTaTHUYECKUN

0OBEKT:

/ / s I i 1 A1V
=a,+ Y bw', I=1LMY
= , 4.5)
T.€. IPU PA3JIUYHBIX codyeTaHusx uucen MY , QY , MW , OW MOHO MOJIYy4YUTh KJIACChl MOJIENIEeH
(4.1)-(4.5) m ©X pa3HOBHIHOCTH.
Takum oOpa3zoM, MbI (DAKTUYECKHU MOTYUUIH YIOOHYIO KiacCU(PUKAINIO TUHEHHBIX MOJIENICH,

OXBaTbIBAIOIIYIO OOJILIIIMHCTBO BCTPCUYAOIINUXCA Ha IMPAKTHKEC BapHAHTOB OAHOMCPHBIX U
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MHOTOMEPHBIX JTMHEHHBIX MoJenel, Wi 0000IeHHBIH MHOTO(YHKITMOHAIBHBIM MOAYIIb KJIaCCOB
CTPYKTYp JMHEMHBIX MOJENeH, KOTOpBIM, HampuMep, MO OTHOLIEHHIO K ypaBHeHHIO (4.39)
xapaktepusyercs kuoyesvimu napamempamu { MY,QY,MW,QW }. Ilpudem sTa Kiaccudukaus,
npuMep KOTOpoil mpuBeleH B Tabn.5.2, yaoOHa Ais MpOrpaMMHpOBAHUS M pealn30BaHa B

onucaHHoM Belle anroputme ARIMAD.

Tabnuia 4.1 — OcHOBHBIE KJIACChI JIMHEWHBIX MOJIeNiel (JacTHbIe ciydau (4.4))

Twvn no MY Knacc mogenu MY QY MW Qw
perpeccus 1 0 m 1
OpgHo- aBToperpeccus (AP) 1 >0 0 0
MEepHble 3anasgpiBaHus no Bx.(CC) 1 0 >0 >1
APCC 1 >0 >0 >1
MHoro- MHOroMepHas perpeccus >1 0 m 1
MEpHbIE MHoromepHasa APCC >1 >0 >0 >1

O06001eHne KpuTepreB KadecTBa Mojeseil. Takoe 00oOmeHrne MOXHO PacCMOTPETh Ha
ocHOBe mpuBeleHHbIX B rmaBe 1 dopmyn (1.7) - (1.9) nns kpuTepueB CeNEKIUH MOJETEH,
dbopmupyromuxcs 06e3 pasmeneHus BbeIOOpkH, U dopmyn (1.29) - (1.33) mna kputepues,
OCHOBaAHHBIX Ha Pa30MEHUN BEIOOPKH, a TAKXKE MMPUBECTU OoJiee 00mIyto hopmyiy.

Paccmotrpennbie B rnaBe 1 Hambonee m3BectHbie kputepuu (1.7) - (1.9), ocHOBaHHBIE Ha
BbIUKCICHUH RSS, cofepKaT aAluTUBHbIE WIH MYJIbTHUILUIMKATUBHBIE KOPPEKTHUPYIOLIUE JOOABKH,
SBHO 3aBHUCAIIUE OT CJIOKHOCTM S  MOJENH (YHcClia OLIEHHWBAaeMbIX NapaMeTpoB). Takas
KOPPEKTUPOBKA SBISIETCS “‘mTpadoM” 3a CII0KHOCTh MOJICTH W KOMIICHCHPYET HEOOOCHOBAaHHOE
yMmeHblieHne RSS mpu Bo3pacTaHuu § , oOecreunBas TeM caMbIM MUHHUMYM Kputepus CR(s),
YKa3bIBAIOIIMN "ONTUMAJIBHBIN" COCTAB PErpecCOPOB MOJIEIN KaK PEUICHUE 3aa4l CTPYKTYpHOU
uaeHTuGUKAIH. MUHUMYMBI pa3InYHBIX KPUTEPHEB, BOOOIIE TOBOPS, HE COBIAAIOT.

Herpynno yb6emutbes, uto kputepun (1.7) - (1.9) momyckaroT enuHOE TPEACTABICHHE B
0000IIIEHHOM BUIIE

CR(s) = 1,(n,s)RSS(s) +1,(n,5)67 » (4.6)
rae 7;(s,n), 1n2(s,n) - MyJIbTUILTUKATHBHBIA W aJTATUBHBIN KOPPEKTUPYIOINTHE WICHB! ((PyHKIIUN
mrpada 3a CI0KHOCTh MOJICIH), &~ - Ta WM MHAs OIICHKA HEM3BECTHOM JAUCTICPCUU o’

OueBugHo, uto BHemHUE Kputepuu MIYA (1.29) - (1.33), BeuMciaseMble Ha ABYX
MOABBIOOPKAX, MOYKHO TaKXe 3alucaTh B OOIIEM BUE Yepe3 BenuuuHbl Thna (1.27):

KR =a|NWI[A) +a, AW |B) +azey +a46, +asép 4.7)
rae Qj,...,0s npuHuMaroT 3HaueHus {1, 0, —1}. Tenepb 3T KPUTEPUU MOMKHO BKIIIOUUTH B

kiaccuukannonuyto Gopmyiy (4.6), HeCKOIBKO 0000ITHUB ee:
CR(s) =n,(n,s)V (s) +1,(n,s)6" - (4.8)

rae V(s) - HEKOTOPHBIN MOKa3aTeNlb kKauecTBa Mojenu. Toraa npu V(s)=RSS(s) nomydaem (4.6), a
npu  7;(s,n)=1, n2(s,n)=0, V(s)=KR(s) monydaem (4.7) 1 COOTBETCTBYIOIINE YACTHBIC CIIy4aw.
Takum oOpazoM, Kouesvie napamempol {771 (-),nz(.),V(s),az}xapaKTepmyIOT 0000IIICHHBIN

MHOTO(YHKIIMOHAJIBHBIA MOYJIb KPUTEPHUEB, IPUMEHSAEMbIX Ha MPAKTHKE B 3aJa4e CTPYKTYpPHOM
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UJACHTUUKAIMY TPOTHO3UPYIOUMX Mozenei. s HarmsaHoctu B Tabnuue 4.2 TpUBEICHBI

OCHOBHBIE YaCTHbIE Cllydau IpeacTaBieHus (4.8).

Tabnuia 4.2 — OCHOBHBIE KPUTEPHH CEIEKIIMU MoJiesiel (dacTHbie cydan (4.8))

KpuTtepum V(s) n1(W) n2(W) ($2
FPE RSS (nt+s)/(n-s) 0 -
PSE RSS 1 2s -

Cp RSS 1 2s RSS/(n-m)
AR AB|A) 1 0 -

4.3 IlpoexkTupoBaHue GyHKIMOHATBHON U ANAJIOI0BOH CTPYKTYPbI IPOrpaMMHOM

CHUCTEMbI MOACJIUPOBAHUA

OnuceiBaeMblii NOAXOJX K IOCTPOCHHIO ABTOMATHU3MPOBAHHOW CHCTEMBl CTPYKTYpPHOMU
UJICHTU(HUKAIIMY OCHOBAH Ha KOHIICTILIUHU, UCXOAALICH U3 CIEAYIOIINX MPUHLIUIOB: 1) OCHOBHBIC
OJIOKM CHCTEMBI COOTBETCTBYIOT OCHOBHBIM 3TallOM peIICHUS 3a/ad4 MOJCTUPOBaHHS IO
HKCIIEPUMEHTAJIbHBIM JaHHBIM (MMUTALMS JIEUCTBUI €CTECTBEHHOTO MHTEIIEKTA); 2) pa3IMuHbIe
METO/BI UMEIOT MHOTO aHAJIOTHYHBIX AJIEMEHTOB U MOTYT OBITh 00OOIIECHBI (aHAJIN3 METOJIOB U
cuHTe3 0000IIEHHOr0 METoJa Ha MOIYJIBLHOM MPUHIMIE); 3) AuajgoroBas 00OJOYKa JOJHKHA
COJIepKaTh HE TOJNBKO (hopMaIM30BaHHBIE (0OOCHOBAHHBIC) 3HAHUS, HO U HE(DOPMATLHBINA OMBIT
IIPUMEHEHHS METOJI0B (CTPYKTYpU3alis 3HAaHUM U ombITa); 4) AUAIOr JOJKEH UMETh HECKOJIBKO
YPOBHEH CIIOKHOCTH C YYETOM BO3MOXHOT'O YPOBHS KBaJU(HUKAIIMH TOJIH30BATEN (aganTanus K
II0JIB30BATENI0); 5) CHUCTEMA JOJKHA MMETh OJMH WJIM HECKOJIBKO aBTOMAaTHYECKHX PEXUMOB
peleHus 3aa4uu (3a/1a4a JOJDKHA OBITh PelIeHa 10 KOHIA MUHUMYM OJIHH pas).

Cucrema, 6azupyromascst Ha cHOpMYIHMPOBAHHBIX MPUHIUIAX, 3aHUMAET MPOMEKYTOUHOE
nojoxenue Mexnay auvanoroBeiMu 1 m sKcnepTHBIMEH CHCTEMaMH UM MOXKET ObITh Ha3BaHa

IIPOrPaMMHOM CHUCTEMOM € JIEMEHTAaMU UCKYCCTBEHHOI'O MHTEIIEKTa [43,44].

Dopmuposanue QyHKyuonanbhoiul apxumekmypol cucmempl. CrucTeMa MOICTUPOBAHHS
KOHCTPYHPYETCSI B BUJIE MMPOTPAMMHOI0 KOMILIEKCA C UePAPXUIECKON CTPYKTYPOM, COIepIKaIIeH
AT YpPOBHEH: OCHOBHBIE ONOKHW; (DYHKIMOHAIBHBIE OJOKW; BBIYHCIUTEIBHBIE MPOTPAMMBL;
IPOrpaMMHBIE MOIYJIH; IPOTPAMMHBIE TIPOIIEAYPHI.

Bepxuuii yposenvs CUCTEMBI BKIIOYAET [IEBATH OCHOBHBIX OJIOKOB, COOTBETCTBYIOIIMX
OCHOBHBIM JTaraM IpoIecca MOJISIUPOBAHUS MO0 IKCIIEPUMEHTATBHBIM JAHHBIM: CTapT CUCTEMBI;
MOJTOTOBKA JIAHHBIX; MOATOTOBKA 33aJ]a4i; TIOCTAHOBKA 3a/1auH; (popMHUpOBaHUE 3aa4i; PEIICHHE
3a/la4i; aHallM3 PE3yNbTaTOB; TPUMEHEHUE pe3ylbTaToOB; 3aBeplieHue paboTel. Ux
COJICpP)KATENbHBIA ~ CMBICI  pPACKphIBAaeTCsl  Ha3BaHUAMH  (DYHKIHMOHAJIBHBIX  OJIOKOB,
00ecneYnBarOIINX PEIIeHUe CISAYIONTNX TPYII 3a/1a4.

Cmapm cucTeMbl 00eCTIeUMBACT BXOXKIECHUE B CUCTEMY U PabOTy C TJIaBHBIM MEHIO.

Iloozomoska OanHblx TIpenmnonaraer GopMupoBaHue U BeneHue (aiimoB u 0a3 NaHHBIX U
BBHITIOJTHEHUE TPEABAPUTENBHON 00pabOTKM MAaHHBIX (CTIaKWBAaHHE, 3alOJIHEHHWE MPOIMYCKOB,

MaciTabupoBaHue, IICHTPUPOBAHNE, HOPMUPOBAHHE U T.1.).
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Iloocomoeka 3adauu COCTOUT B OINpPENEICHUU THIA 3ajaud (MOJAEIMPOBAHUE CTATHKH,
BPEMEHHBIX PSJIOB WIM TUHAMUKH), LEJIU MOAEIMPOBAaHUS (AIIPOKCHMALKs, TPOrHO3UPOBAHUE,
MOUCK 3aKOHOMEPHOCTH).

s mpaBUIBHOW nocmanosky 3adauu HEOOXOAUMBI TEPBUYHBIA aHANH3 TaHHBIX (M7
ONpEEIECHUsI OCHOBHBIX CTAaTUCTMUYECKHUX XapaKTEPUCTHK W BBISIBICHUSA KOPPEJIALUOHHBIX,
TPEHMIOBBIX U KOJIEOATEIBLHBIX CBOMCTB), ONpeeNieHNe Kiacca 00beKTa (JTMHEHHBIN-HETNHEHHBIN,
CTaTUYECKUN-TUHAMUYECKUH, OJHOMEPHBIN-MHOIOMEPHBIM, CTALlMOHAPHBIM-HECTALIMOHAPHBIA U
T.J1.), BBIOOp Kilacca Oa3uCHBIX (YHKUUN Mojeneil (IMOJIMHOMBI, TPUTOHOMETPHUYECKUE PSIbI,
JMICKPETHBIE Pa3HOCTHBIE YPABHEHUS U T1P.) M COOTBETCTBYIOIIEE MPE0oOpa3oBaHUE JaHHBIX.

[Ipu ¢popmuposanuu KOHKPETHOM 3a1a4l MOJCTUPOBAHUS BHIOMPAIOTCSI OCHOBHOM KpUTEpHiA
KayecTBa MoJeNed, THUI TeHepaTopa CTPYKTyp (IepeOOpHBI, WTEpalMOHHBIA  WJIH
He(OopMaTM30BaHHBINA, HA3HAYAEMbBIH IOJI30BATENIEM), BCIIOMOTATEIbHBIA KPUTEPH KadecTBa
OLICHKM IapaMeTpoB (a T€M caMblM METOJ OLICHMBAaHMs), COOTBETCTBYIOIHME IIPOrpPaMMHBIE
MOJyJU (pelaTenn) U UX YIpaBIsSoIue IapaMeTphl.

IIpu  pewenuu  chOpMHUPOBAHHON 3aaud  BBINOJHIETCS COOCTBEHHO  IMpOLEAYpa
MOJICIIUPOBAHUS MO AKCIIEPUMEHTAIBHBIM JaHHBIM (aBTOMATHUYECKH, JHOO0 MpPU IMACCUBHOM WIIH
AKTUBHOM YYaCTHH TOJb30BATENsA): B BBIOPAaHHOM Kilacce Oa3MCHBIX (PYHKIHMHA MO 3alaHHOMY
reHeparopy (GOpMHpYeTcsi MHOXECTBO MOJEICH-IPETEeHACHTOB (C OLIEHKOH MapamMeTpoB IO
BCIIOMOTAaTEeNLHOMY (BHYTPEHHEMY) KPUTEPHUIO), U3 KOTOPOTO OTOMpaeTCs OJHA WU HECKOIBKO
MOJIeJIed, TYUYIINX 110 OCHOBHOMY (BHEIITHEMY) KPUTEPUIO.

Ananusz pe3yremamog MOJACIMPOBAHUS MIPEAIoiaracT BeprupHUKanio (OIEeHKY aJIeKBaTHOCTH)
IIOJIyYUEHHBIX MOJEJIEM C TIOMOIIBI0 pPa3IMYHbIX CTATUCTHUYECKUX IPOLEAYP IPOBEPKU
aJIeKBaTHOCTH MOJIENH, 3HAYMMOCTH OLIEHOK €€ IapaMeTpOB, CBOWCTB OCTATKOB, BBIUMCIICHHUS
TOYHOCTHBIX XapaKTEPUCTHK, CMBICIIOBON OLIEHKU CTPYKTYpPbl MOZEIIH.

Ilon npumenenuem pezyromamos MOAEINPOBAHUSI MOKET ITOHUMAThCS KaK MHTEPIpPETaLUs]
IIOJIyUEHHBIX MOJENEH, OLIEHKAa HX IOJIE3HOCTH, NPEJOCTaBICHUE HUX OHKCIEPTY WIM JIHLLY,
IPUHUMAIOIIEMY PEIIEHNUs, UCIOIb30BAaHUE B MPOTHO3HBIX M ONTHUMU3ALMOHHBIX pacdeTax WM
OpU pEUIeHMM 3aJad YNpaBlIeHMs, TaK W NPOCTO OpraHu3alus XpaHEHUs IOJY4YE€HHBIX
pe3yJbTaTOB, BEIBOJ UX HA MeUaTh WM BU3YyallM3allus B BUJIE ITPa(UKOB, CXEM U PUCYHKOB.

Pemenue o 3aBepuieHMH pabOThl MPUHUMAETCS HA OCHOBE BBIBOJOB, TMOJYYEHHBIX B JIBYX
IpEeIbIAYIINX OCHOBHBIX OJOKaX.

Kaxnpii QyHKIMOHANBHBIA OJIOK TpPEJCTaBIIIeT COOOH OTHOCHUTENBHO CaMOCTOSTEIbHBIN
MIAKET BBIYMCIUTENBHBIX IPOrpaMM, Kaxaas U3 KOTOPBIX COCTOMT W3 I'OJOBHOW MPOrpPaMMBbI U
IPOTPaMMHBIX MOJyJeH, 0a3upyrOmMXCcsl Ha MPOrpaMMHBIX Mpouenypax. Takas uepapxuyeckas
MOJlyJIbHasl apXUTEKTypa MPOTPaMMHON CHCTEMBI, BO-IIEPBBIX, IO3BOJIAET BECTH NapaUIEIbHO
pa3paboTKy W MpOrpaMMHUpOBaHHE OJOKOB, MpOrpaMM, MOIYJIEH W Tpoueayp, a TakKxke
JIMAJIOTOBBIX CPEJCTB, BO-BTOPBIX, YIPOIIaeT Oyayllee pa3BUTHE W COBEPILICHCTBOBAHHE
CHCTEMBI, B-TPETbHX, O0ECIIEYMBACT LIMPOKHE (PYHKLIMOHAIHHBIC BO3MOXXHOCTH CHUCTEMBI U €€

CTPYKTYPHYIO THOKOCTB IPH HACTPOMKE HA pa3IMuHbIe PEAMETHBIC 00JIACTH.
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[IpuBeneHHBI MPOEKT apXUTEKTYPHl CHUCTEMBl MOJACIHPOBAHMS OCHOBAH Ha IMOJIXOZE K
npobjemMe CTPYKTypHU3allMM 3HAaHUW B 00JAaCTH MOJIETUPOBAHHUS MO SKCIEPHUMEHTAIbHBIM
JAHHBIM, U3JI0)KEHHOM B nozpaszaene 4.1. [Ipu stom mia pa3paboTku (GyHKIIMOHATBHBIX OJIOKOB
CHCTEMBl MOJICTIMPOBAHUS CYIIECTBEHHO HCIIOJIb3YeTCs pa3paOOTaHHBIA BbIMIE MPUHIUI
KOMIIOHOBKM  pa3jM4HBIX  aJrOPUTMOB W3  CTaHJAPTHOIO  KOMIUIEKCAa  OOOOIIEHHBIX

MHOTO()YHKITHOHAJIBHBIX MO/YJIEHi MUHUMAJIbHOM KOH(UTypaIiH.

Dopmuposanue 0uano206020 ooecneuenusn. COBpeMEHHAs MHTEPAKTUBHAS IPOrpaMMHas
CUCTEMA JIOJDKHA COZEpKaTh, C OJHOW CTOPOHBI, XOPOILIO CTPYKTYPHUPOBAHHYIO, YIIPABISEMYIO U
nepecTpanBaeMyl0 OMOJMOTEKY BBIYMCIMTENBHBIX MOAYNIEH, a C Jpyroil - menecooOpasHble
JIMAJIOTOBbIE CPEACTBA, OTPAKAIOIIME B CUCTEMATU3UPOBAHHOM BU/JIE OIBIT PELIEHUS KOHKPETHBIX
INpakTUYecKux 3aaad. OOmas CTpyKTypa AMaiora COOTBETCTBYET OCHOBHBIM 3TamaM Ipolecca
MOJICIIUPOBAHUSL M BKIIOYAaeT HEOOXOJMMOE YHUCIO OJIOKOB MPHHITHS PEHIEHUH C MeEHIo-
N0JOOHBIMHU NIEPEYHSIMU BAPHAHTOB BO3MOXHBIX PEIICHUH, MOACKa3KaMi 00 WX MPEANOYTECHUH U
KOMMEHTAapUAMHU K UX COAEPKAHUIO.

[lockonbKky cuctema, BOOOLIE TOBOpPs, JOJKHA OBITh OpPHUEHTHPOBAHAa Ha JHOOOTo
MOJI30BATeNsl, IpU pa3paboTKe KOHIETIUHN Juajora B rjaBe | MPUHATO MPEANOI0KEHHUE O TOM,
4TO KGaNUPUKAYusi noiv306amesisi MOXXKET UMETb MpPU OCHOBHbIX YPOGHA: HYJIEBOH, CPEIHUN U
BBICOKH, KOTOPBIM COOTBETCTBYIOT HAa3BaHUS - HAUMHAIOLIUI [10JIb30BaTENb, [IOJTOTOBJIECHHBIA U
skcnepT. Torzna Ha Kaxa0M 3Tamne auanora npelycMaTpuBacTCsl TpPU BapraHTa BbIOOpa pELICHHUS:
agmomamuieckull, uHmepakxmusHulil (ABTOMaTU3UPOBAHHBIN) U c860000HbIlI (MEHIO-TIOAO0HBIN).

VYpoBeHb KBaTH(PUKALUU OIB30BATENSI MOKHO OLIEHUBATh C TOYKH 3PEHUSI HABBIKOB pabOTHI
¢ OBM, 3HaHUS KOHKPETHOW MpPUKIAAHON 3amaun (00BEKTa) W BIAJACHUS METOAAMH
MoJenupoBaHus. Ecnu mpeanonokuTh, 4TO CHCTEMa HMMEET JAPYXKECTBEHHBIH HHTep(eiic, To
TpeOOBaHUS K HaBbIKaM paboOTBl C KOMIIBIOTEPOM MOXKHO HE paccMaTpuBaTh. Toraa
MUHHMAaJIbHBIN YPOBEHb KBAIM(UKAIIUH ONPEAEISIeTC HE00X0AUMOCTBIO TOJDKHON TOJATOTOBKU
KOPPEKTHOI MOCTaHOBKH 33Jauu.

IIpn peanu3anmuu [JaHHOM KOHLENIMU IIOCTPOEHUS JMAOra, OTPAKAIOLIETO  OIbIT
MOJIEJIMPOBAHUs, NOCTPOCHHAsI CUCTEMA MOJIEIMPOBAHUS MOXKET IPEICTAaBIATH JABa KpalHUX
peXuMa pemeHHusl 3aJad - YHCTO aBTOMAaTHYECKUH M YHCTO MaKeTHBIH ((hopMupyeMmblii
[I0JIb30BATEIEM-IKCIIEPTOM), a TaKXe pas3Jn4yHble IPOMEXKYTOUHBIE BapHUaHTBl peXHUMa,
€CTECTBEHHBIM 00pa30M yYUTHIBAIOIINE YPOBEHb KBATH(PHUKAINN KOHKPETHOTO TTOJIb30BATEIS.

Hapsiny co 3HaHMSIMM, 3a7105)KEHHBIMM B IMAJIOTOBBIX CPEACTBAX, MHTEIUIEKTYaIbHBIN YPOBEHD
CHCTEMBI OIpENEeNIeTC TaKKe Pa3HOOOpa3WeM CEpPBHCHBIX BO3MOXHOCTEH, 3aBUCSIIUX OT
cucTeMHBIX cpeactB OBM u or co3nanus KoM(pOPTHBIX YCIOBUN ISl IOJIB30BATENS C MMOMOIIIBIO
peanu3zanuu cnenuduyeckux TpeOoBaHUN, XapaKTEPHBIX JJIS MOACTHPOBAHUS.

Obwue mpebosanuss K CEPBUCHBIM BO3MOXKHOCTSIM MOXKHO pa3fefluTh Ha TPU YPOBHS:
MUHUMAaNbHBIE (00s3aTeNbHbBIE), cpenHue (Ienecoodpa3Hble) W MONHBIE (kenarenbHbie). K
MHUHHMAaJIbHOMY CEPBHUCY OTHOCSTCS: aBTOHOMHOCTD (CBEACHHUS O paboTe CHCTEMBI CO/IEPIKATCS B

Hell caMoil); ouasor Ha s3bIKe, ONM3KOM K €CTECTBEHHOMY; pPa3HOOOpa3HbIE OMEpaluud C
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JAHHBIMM; BU3yallM3alUsl IMpOIecca pEIIeHUs; JTUAarHOCTHKA OLIMOOK IOJIb30BATENs; CPelCTBa
TECTUPOBAHUS MTOACUCTEM; JOKYMEHTUPOBAHUE PE3YIIbTATOB.

Ilepeuens yenecoobpasnvix cpedcmé BKIIOYACT: MOOUIBHOCTh (IEPEHOCUMOCTb IS
IIPOrPaMMHO-COBMECTUMBIX OBM); Hanmuuue TeCcTOBBIX NPUMEPOB MAJIS XapaKTEPHBIX THUIIOB
NPaKTUYECKUX 3aJad; HaJIW4Yhe YIauyHO PEIICHHBIX NMPUMEPOB PEaJbHBIX 33734 C MOJPOOHBIM
OIIMCAaHUEM XOJa PELICHUs OT JAHHBIX 0 Pe3yJbTara; HHTEPIPETALHUs II0Jy4aeMbIX PE3YJIbTATOB
C PEKOMEHAALMAMU 110 UX YJIYYIICHUIO.

K noanvim mpebosanusm, xpome ykazaHHBIX, MOXXHO OTHECTH: HAJIMUME TECT-MOJIUTOHA IS
MMUTALlUM TUIIOBBIX BapUaHTOB DPEAIBHBIX 3aJa4 C IIOJHOM XapaKTEPUCTUKOW I10Jy4aeMbIX
pe3ybTaToB; OAHK THUIIOBBIX NMPHUMEPOB (KPOME YCIIEIIHO PEHICHHBIX 3aj]ay, CI0/1a BKIIIOYAIOTCS
TaKXe Te, KOTOpble HE YJaloCh PEIIUTh BOOOINE); BO3MOXHOCTb IONOJIHEHHUS WM 3aMEHBI
BBIYUCIIUTENBHBIX MOJAYyJIeH 0e3 yyacTusi pa3paboTuuKa; CTHIKYEeMOCTh C KaHaJlaMu Iepeiadu
JAHHBIX, OaHKaMM JaHHBIX M JAPYIMMU NPOTPaMMHBIMH CHUCTEMaMH; UTPOBOIl MHTepdeiic u
nojcucTeMa 0ObACHEHUN WM 00y4eHUsI METOAaM MOJEIIMPOBAHMS U HAaBBIKaM MX IPUMEHEHUSI.

W3noxeHHbI 1oaxoa K (OpMHUPOBAHHUIO (DYHKIMOHAIBHOW M JHAJOTOBOM CTPYKTYpPHI
IPOTPAMMHOM CHCTEMBI MOJCIUPOBAaHHUS ObUT B TOW WIM HMHOM Mepe HCIOIb30BaH IpH

pa3pabotke nporpammuoii cuctembl ACTPU/] Ha ocHoBe MI'VA.

4.4. O01mas xapakTepuCTHKA BO3MOKHOCTell nporpammHuoi cuctembsl ACTPU /L

Cucrema aBTOMaTH3UPOBAHHOM cTpyKTypHOU MaeHTHuGukammu ACTPUJ] nanucana Ha si3bIKe
C B cucteme DOS. [[ns Bemmonnenus cuctembl ACTPUJ] Heooxoquma IBM-coBmectumas [I9BM
tuna 80286 u BhIIIE cO CTaHAApTHOW KOoH(Urypauued. B cymiecTBylomeM BapuaHTE CHUCTEMBI
ACTPUJl BBeneHsl ClEAYIOUIME OTPaHUYCHHS Ha OOBEM HCXOAHOM HMH(OPMAIIUHM: YHUCIIO
aprymenToB NA He 6omee 50-tu, uncio Touek N1 He 6onee 100. DTu orpaHndeHus: 00yCIOBICHBI
ObIcTpoaeiicTBHeM Tporieccopa u odobemoM mamstu. s [IDBM ¢ mpomeccopom PENTIUM
BO3MO>KHO YBEJIMYEHUE NPEJEIBHOIO YKCIIA apIyMEHTOB U TOYEK.

IIpexxne, yeM mpucTynaTh K PEIIEHUIO 3a/add MOJEIMPOBAHMS BECbMa IOJE3HO MPOBECTH
BU3YAJIBHBIH aHAM3 HCXOAHOM HH(OpMAIUK: MOCMOTPETh TpapUKHd H3MEHEHHS BXOJHBIX
apryMEHTOB M BBIXOJHOM BEIMYHMHBI (MporpamMma “AHain3 HUCXOAHBIX AaHHBIX'). [lpum sTOoM
ciemyeT oOpamath BHUMaHUE Ha HaJIWYME “TUKUX TOYEK . MOXKHO TakKe MPOBEPUTH HAIMUYHUE
KOPPETHPOBAHHOCTH apTyMEHTOB MEXAY COOOW M C BBIXOJHOW BENIWYMHON (IIpHU 3TOM TpaduKu
CJIEIyeT CTPOUTH JJI1 HOPMUPOBAHHBIX 3HAYEHUH).

B cucreme ACTPUJl ycraHOBiIEHBI CIEAYIONIME NPUOPUTETHI aBTOMAaTHYECKOTO BHIOOpA
pabouero anroputma: eciu NA<IS u NI>2.5*NA - BeiOupaercs anroputm KOMBI
(xkomOuHaTopHbI), ecnmu NA<51 u NI>2.5*NA - amroputm MULTI (MHOTrO3Tamusiif), eciu
NA<51 u N1>8 - anroputm GMDH (MHOTOps1HBI).

ITocne oxoHYaTenbHOrO BBIOOpAa MOAEIM MOXHO TMOJIYYUTh PACUETHBIE 3HAUYEHHUS BBIXOIHOU
BEJIMYMHBI B JIOMOJHUTEIBHO 33JJaHHBIX TOUYKaX. 3HAUCHHs apryMEHTOB MOTYT OBITh BBEJICHBI C
KJIaBHATYphl WJIM U3 MOATOTOBICHHOrO (aiiaa. MOXHO Takke MOCMOTPETh TpaHKH OILEHOK

BBIXOHHOﬁ BCJIMYMHBI 1 BCCX UJIM HCKOTOPBIX BXOJHBIX apryMCHTOB.
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1. O6wue ceeoenusn o nakeme
IlakeT mnporpaMM mpeIHA3HA4YeH JUIA CHUHTE3a MOJEIEH ONTHUMAJIBHOW CJIOKHOCTH IO
HKCIIEPUMEHTAJIbHBIM JAHHBIM, IIOJYYEHHBIM KaK B PEKUME HOPMAJIBHOM IKCIUIyaTalMH, TaK U
IUTAHUPYEMOT'O KCIIEPUMEHTA.
[Taker cocTOMT U3 mporpaMmbl BH3yaJbHOIO aHainu3a JaHHbIX (AID), Tpex mnporpamMm
mozenupoBanus (KOMBI, MULTI u GMDH), nporpammel Bu3yanu3ald pe3yIbTaTOB
MozenupoBanuss (ARM), mporpammel nporHosupoBanuss (PROG) u mporpaMMbl ¢ KpaTKUM
ONMCAHNUEM IIAKETa.
2. Iloozomoeka 0annvlx
@Daiil MCXOMHBIX JAHHBIX (BXOMHOUM (hailll) TOTOBUTCS HA JIOOOM TEKCTOBOM pEIaKTOpe B

cnenyromeM hopmare:

[NA] [N1]

[X1,1] [X1,2] .. [X1,h] [X1,N1]
[Xi,1] [Xi,2] .. [Xih] [Xi,N1]
[XNA,1] [XNA,2] .. [XNAh] .. [XNA,N1]
[f1] [f2] . [fh] [fN1]
HMAX

UMAXNA

nmaf

Paznenurensamu aBistorcs npodensl; NA - uucino apryMeHToB; N1 - 4ucio 3KCIIepuMeHTOB; [ X i,
[fn] - 3HAYEHUS i-TO apryMeHTa U BBIXOJIHOM BenW4YuHbBI B h-if Touke; i = 1,..,NA; h=1,.. N1; umaXy
- Ha3BaHUE -0 apryMeHTa; uMsf - Ha3BaHHE BbIX. BEJTMYNHBI.

@®opmar Boga : [NA], [N1] - uensie; [Xin], [fu] - AeticTBuTeNnbHBIE Uncia; nMsaX;, umsf - ctpoka
CHUMBOJIOB.

3. Obaacmb npumenenusn anzopummos

NA apryMeHTOB MpEICTaBIIAIOT UCXOAHBIM 0a3zuc, U3 KOTOporo ¢opmupyercs padounii 6azuc
(NR aprymeHTOB) - BXOAHBIE apTyMEHTHI, 3ana3/bIBaHHsI OT BXOJHBIX apryMEHTOB U BBIXOJHOMU
BEJIMYMHBI, PYHKIIMH OT BXOJHBIX apTyMEHTOB.

Anroputm KOMBI no3Bonser moiay4uTh JTUHEHHYIO OTHOCHTEIBHO paboyero 0Oa3zuca MOENb,
CJIO)KHOCTh KOTOPOH (4Mcio cimaraeMbix) He mpeBbimaeT NR. AnroputMm Moxer paboTaTh NpH
ycioBud, uTo NR < 15 1 N1 > NR.

Anroputm MULTI no3BosisieT NMOAy4YUTh JTUHEHHYIO OTHOCHUTENIBHO pabodero Oaszuca MOJENb,
CJIO)KHOCTh KOTOPOH (4Mcio ciaraeMbix) He mpeBbimaeT NR. AnroputMm Moxer paboTaTh NpH
ycioBuy, uto NR <= 50 u N1 > NR.
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Anroputv GMREZ 1o3BoJIS€T MOXY4YUTh MOJENb CO CIOXXHOCTBIO BBIIIE CIIOKHOCTH pabouero
6a3uca. AITOpUTM MOXKET paboTaTh Mpu yciaoBuu, uto NR<51 u 9<N1<100.
4. Ilopaook pabomul ¢ nakemom

1. [ToaroToBUTH (haiiin UCXOTHBIX NaHHBIX.

2. 3anyctuts nporpammy PIC1.EXE.

3. B oTBeT Ha 3anpocsl IporpaMmBl :

e BHIOpaTh (aill UCXOMHBIX NAaHHBIX (BXOAHOHM (paiiia) miM BBECTH €ro UMs B BHJE
[patch\\]Jumst.Tum; IIpu 3TOM Ha 3KpaH BBIBOJSTCS Ha3BaHHS BXOIHBIX apryMEHTOB U
BBIXOJIHOH BEIMYUHBI, TAOINIA UX 3HAUYECHHUH.

e BBIOpaTh peXHUM PAaOOTHI : JAMATOTOBBIA WM aBTOMATUYECKHH (B aBTOMAaTHYECKOM
PEeKUME aJITOPUTM BBHIOUPAETCS IIPOTPAMMOA, B IHATIOTOBOM - ITOJIb30BATENEM);

4. Ilo oxoHYaHuM cyeTa aBTOoMaTuuecku 3amyckaercs nporpamma ARM.EXE.

Ha »kpan Oynmer BeiBefeHa myumias u3 CB monensb, U, mocie HaXaTus J000M KIIaBHIIH,

rpaduKy BBIXOJHOW BEIMYHHBI M €€ OICHOK Mo Monenu. [lomp3oBarens MOXeT BbIOpaTh

YIIOBJIETBOPSIIOLIYIO €M0 MOJIENb, KOTOPAsl U SIBJISETCS BBIXOJIOM CUCTEMBI.

6. ITocne ToOro, Kak 1moib30BaTENb BHIOEPET YAOBIETBOPAIOIIYIO €TI0 MOJENb, MOKHO

3anyctuth nporpaMmmy PROG.EXE nyist BeluMCI€HUS TPOTHO3HBIX 3HAUEHUH BBIXOIHOU

BEJIMYMHBI 715 3aJJaHHBIX 3HAUE€HUN apTryMEHTOB.

5. Komounamopmnuwit ancopumm (KOMBI)

KoMOuHATOpHBI aidropuT™M MpeaHasHaueH JUIsi IOCTPOEHHs TOJMHOMHUANBHBIX MOJENei
ONTUMAJIBHOW CIIOHOCTH METOJOM TNojiHoro mnepedopa. Ilpu pasnenenun Bcelr BbiOopku (N1
Touek) Ha oOyvaromyro (K Touek), mpoBepounyro (K1 Toyek) M 95K3aMEHALMOHHYIO
NOCJIEA0BATENBHOCTH YUnThIBaTh orpannuenus: K1>=0, N1-K-K1>=0, K>=K1.

ITpu 3amycke anropuT™ reHepUpyeT BEKTOP YIPaBIISAIOLIMX apaMETPOB:

K=0.6*N1, K1=NI1-K, CRI=0, CB=3, kI=0.

YMmanyuBaeMble 3Ha4€HUSI MOTYT OBITh U3MEHEHBI M10JIb30BATENIEM B TUAIOTOBOM PEXUME!

K,K1- qnuna obyyvaromieii 1 mpoBEpOYHOM MOCIeI0BaTEIbHOCTEH;

N1 - YHCJIO DKCIIEPUMEHTOB;

CRI - kitou kputepus: 0 - peryasipHocTh; 1 - HECMELEHHOCTS; 2,3 -

komOunupoBanssie; npu K1=0 nomkno 661te CRI=0 - kputepuem Oyner ommoxa MHK

(CKO);

CB - yucno oTOMpaeMbIX 10 KPUTEPUIO JIYUIIMX MOJETICH;

K1- xmrou Buma moaunoma (0- moiHbIi; 1- 6e3 cBOOOAHOrO WieHa; 2- cO CBOOOIHBIM

YJICHOM).

6. llepebopno-cenexyuonnstii ancopumm (MULTI)

[TepebopHO-CeNEeKIIMOHHBII aNTOPUTM MpEeAHA3HAYEH I TOCTPOSHHS IMHEHHBIX 110 TapaMeTpam
MOJZEJIE ONTHUMAIbHOM CIOKHOCTU C IOMOIIBIO ITOITAIIHOTO YCJIOKHEHHUS MOJEIEH Ha OIUH
apryMeHT C IPUMEHEHHUEM IPUHIUIIA HEOKOHUYATENIbHBIX PELICHUM, IPU KOTOPOM YCIIOXKHSAETCS
He ofHa, a Heckoibko (FM) myummx Ha mpenpiaymieM atane moneneil. Ilpu pasgenenun Bceit

BbIOOpKK gaHHBIX (N1 Towek) Ha oOyuatonryro (K Ttouek), mposepounyto (K1 Ttouek) wu
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HK3aMEHAIIMOHHYIO TOCJIEOBATEIILHOCTU TpeOyeTcs yuuThiBaTh orpanuueHus: K1>=0, N1-K-
K1>=0, K>=K1.
ITpu 3amycke anropuT™M reHepUpPYET BEKTOP YIPABIISIIOIIMX TapaMeTpPOB :

K=0.6*N1; KI1=N1-K; CRI=0; CB=3; kl=0; FM=NR, ecim NR<=20; FM=(20-

entier[(NR-20)/2]), ecmu 20<NR<=50; SA=NR, ecnmu NR<=10, SA = 10, ectu NR>10.
YMmanyuBaeMble 3Ha4€HUSI MOTYT OBITh U3MEHEHBI 110JIb30BaTENIEM B TUAIOTOBOM PEXUME.

K,K1- nmna obydaroieit 1 mpoBepoYHON OCIeJ0BATEIbHOCTEH;

N1 - YHCJIO DKCIIEPUMEHTOB;

CRI - xmou kpurepusa: 0 - perymipHocTh, 1 - HecMemeHHOCTh; 2,3 -

komOunupoBansslie; npu K1=0 nomxno 6b1tb CRI=0 - kputepuem Oyner ommbdbka MHK

(CKO);

CB - cBoOoma BbIOOpA IO KPUTEPUIO JTYUIIHX MOJEIICH;

Kl - k104 Buaa nojiraoMa (0 - mostHbIi; 1 - 6€3 cBoOOAHOTO WieHa; 2 - CO CBOOOIHBIM
YIIEHOM);

SA - Hambonpllee YUCIO STANOB AITOPUTMA WM HAWOOJbLIAs CIOXHOCTH (YHCIIO

apryMEHTOB) CPaBHMBAEMBIX MOJIETCH;
FM - 4uciio Jsydmimx MoJeleH, INepelaBacMblX Ha CICAYIOIIHMM 3Tal aJlrOpUTMa
(cBoOoa BeIOOpa Ha 3Tane) SA<=NR, CB <= FM <= NR, NR <= 50.
7. Muozopaouwit ancopumm (GMDH)
MpHuoropsaueiii  anroputm  MI'YA  npengnasHaueH Uit noctpoeHus JuHeMHbIXx (L=3) wu
HenuHenHbIx (L=4,5,6) Moaeneil onTuMalibHON CI0KHOCTH MO SKCIEPUMEHTAIBHBIM JJAHHBIM.
[Tpu 3amycke anropuTM TeHEpUpyeT BeKTOp ymnpasistomux mapamerpoB: K=0.6*N1, K1=N1-K,
CRI=0, L=6,HOP=0, a=1, b=0.
YMmanyuBaeMble 3Ha4€HUSI MOTYT OBITh U3MEHEHBI M10JIb30BaTENIEM B TUAIOTOBOM PEXUME.
Jist paboThl aIropuT™Ma HEOOXOIMMO BBITIOJIHEHHE CIICAYIOIINX HEPAaBEHCTB:
K+K1 <=NI1; K >=1.5*L; K1 >=3;a,b>=0; atb > 0.
K,K1- qnuna obydvaromieii 1 mpoBEpOYHOM MOCIeI0BaTEIbHOCTEH;
N1 - YHCJIO DKCIIEPUMEHTOB;
CRI - ykazarens xputepus (0- perymasapHocts (CKO); 1- necmemennocts (HC); 2,3-
KOMOWHUPOBaHHBIE);
a,b- BecoBble KodpduuMeHTs KomMOuHupoBaHHoro Kputepus KRIT=a*CKO-+b*HC
(06b14HO Hcnonb3yeMble 3HadeHus 0|1);
L - pnmunaa wactHoro onucanus (L=3.,4,5,6).
8. Ilpozpamma euzyanuzayuu mooeneit (ARM)
[Iporpamma Busyanuzauuu mojaeneit (ARM) nmo3BonisieT moodepeau MOCMOTPETh Ha SKpaHE BCe
MOJIyYeHHBbIE MO U BBIOpaTh Jydinyro. JIIoOylo MOAenb MOKHO BBIBECTH Ha mpHHTEp. Jliis
BBIBOZA Tpaduka Ha TMe4yaTh HaxaTh KiaBumy Print Screen (mpu 3ToM HE0O0XOAMMO
npenBapuTenbHO 3arpy3uTh Graphics.com). [l Beixoma w3 TpadUyecKoro dKpaHa HaXKaTh

T00YIO KIIaBUITY.
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9. Ilpozpamma npoznosuposanusn (PROG)
[Tporpamma nporuozupoBanus (PROG) no3pomnser mo oroOpanHoi nmporpammoir ARM moxemnu
MOJY4YUTh TAaONUIly 3HAYEHUH BBIXOJHOW BENWYMHBI Ui 33/laHHBIX MOJH30BATEIEM 3HAUYCHUI
apryMEHTOB, KOTOpbIE MOTYT OBITh BBEACHBI C KIABHATYPHI IO 3ampocy mporpaMmsl (pexum K)
WIN CUUTAHBI U3 (aiiia HCXOAHBIX JaHHBIX U1 MPOTHO3UpOoBaHUA (pexuM F).
[To BBIOOPY ™ONB30BATENs] MOXHO: BBIBECTH TaOMUIly HA MPUHTEP, MOCTPOUTH TpaduKH
MPOTHO3HBIX 3HAYCHUN BBIXOJHON BEIMYUHBI U OTOOPAHHBIX apTyYMEHTOB.

@aiin MCXOMHBIX JMAHHBIX JJIsI MPOTHO3UPOBaHUS (*.pro) TOTOBUTCS Ha JIOOOM TEKCTOBOM

penaxrTope:
[Th]
(Xl Xzl o Xyl [Xin1]
[Xi1] [Xi2] e [Xinl [Xini]
[Xnai]l  [Xnaz2l o [Xnan] - [Xnani]

Paznenurensamu apnsitoTest mpodensl; Ty - 4uCiio ToYek mporHo3a; [Xy] - 3HaueHus 1-0 apryMeHTa
B h-ii Touke; 1=1,..NA; h=1,..T,.

®opmar BBoja : [T,]- uenoe; [Xih]| - A€MCTBUTEIbHBIC YUCIIA.
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B BbIB O ]I bI

CrpykTypHas uIeHTH(UKALUS pacCMOTpPEHa KaK 3ajadya TMOMCKAa MOJEIN ¢ MUHUMAaJIbHON
JuUcriepcueil  OMMOKM MPOTHO3MpoBaHUsA. Pa3zpaboTraH MeTOJ KPUTHYECKHX IHMCIIEPCHUH,
MO3BOJIMBIIMN MOAPOOHO HCCIENOBaTh 3aKOHOMEPHOCTH W3MEHEHHS CIOXHOCTH BBIOMpaeMOii
CTPYKTYpBI B 3aBUCUMOCTH OT ypOBHS IIyMa. /[oka3aH METOHOJOTMYECKU BAXKHBIN PE3yNbTaT O
HE00XOAMMOCTH COTJIACOBBIBATH CIIOKHOCTh MOJEIH C YPOBHEM HEONPEACICHHOCTH B JaHHBIX.

B nmaHHOM 4YacTM oOT4yeTa IOJY4EHBI CIEAYIOIIME HAY4YHBIE pPE3YyJbTaThbl: MCCIIECJOBAHbI
3aKOHOMEPHOCTH YMEHBIIEHUS CJIOXHOCTU (YHCa OLICHMBAEMbIX IIapaMETPOB) ONTHMAJIbHOU
MOJENIM TpU YBEIMUYEHUH YPOBHsS (AMCIIEPCHMU) IIyMa Ha BbIXOJAE OOBEKTa; pa3paboTaHa
METOAMKA OLIEHKU 3(PPEKTUBHOCTH MPUMEHEHUS NMPAKTHUECKUX KPUTEPHUEB KAauecTBa CTPYKTYp B
3aJaue MHHMMHU3ALUU JUCHEPCHUH OMIMOKM TMPOTHO3MPOBAHUS; YCTAHOBJICHBI  YCIIOBHS
ONTUMAJIBHOCTU MJIU aJ€KBaTHOCTH KPUTEPUEB TUIA "TIEPEKPECTHOIO MOATBEPKACHUA", KOTOpBIE
ucnonb3ylorcss B MI'YA U OCHOBBIBAIOTCS Ha pa30MEHUU BBIOOPKH, 32 CYET YEro OHU HUMEIOT
CBOMCTBO HESBHOTO (aBTOMaTHYECKOI0) yUeTa YPOBHSI HEOIPEAEIEHHOCTH B JaHHBIX.

Pazpaborana mMeTonnka aHATUTHYECKOTO OLIEHUBAHHS 3((HEKTUBHOCTH KPUTEPUEB (IO CUX
IOp Takas 3ajJaya pelangach Ha OCHOBE BBIYHUCIUTENBHBIX KCIIEPUMEHTOB), C TOMOLIBIO KOTOPOU
MOJIyYEeHBI YCIIOBHSI aJeKBATHOTO NMpUMEHEHUs: kpurepueB MI'VA, ocHOBaHHBIX Ha pa30OHeHUH
BbIOOpKU. [lpemioxkeHa mocTtaHoBKa 3ajaud, MO3BOJIMBILIAS BIIEPBBIE MOIYYUTh TEOPETUUYECKOE
obocHoBanne MI'Y A kak MeTo/1a MOMEXOYCTOHYMBOTO MOJICIUPOBAHUSI.

Pa3zpabotan HOBBI KOMOWHATOPHO-CENEKIMOHHBIM anroputM MI'YA ¢ monmHOMHUAIBHON
3aBHCUMOCTBIO 00BbEMa BBIUMCIEHHH OT 4YHWCla TEPEMEHHBIX BMECTO JKCIOHEHIHAIbHOM
3aBHCUMOCTH TPH TIOJHOM Iepedope pa3Iu4HbIX CTPYKTyp. IlpuBeneHbl 4YHCICHHbIE
XapaKTEPUCTHKHU OBICTPOACHCTBHS 3TOTO AITOPUTMA.

Takum 00pa3oM, OJHMM U3 OCHOBHBIX HAy4YHBIX PE3yJbTaTOB pabOTHI SBIAETCS TO, YTO
paspabotansl OCHOBBI Teopun MIYA kak Meroma CTPYKTYpHOH — HMIASHTU(DUKALUH
IIOMEXOYCTOMUUBBIX MPOTHO3UpYOMUX Mozenei. CyllecTBEHHOE 3HAa4YeHHE MAJisl INPAKTUKU
CTPYKTYPHOM MACHTU(UKAIIMK UMEET MPEATIOKEHHAs METOA0JIOTUSl pa3padOTKU MPOTrpaMMHOTO
oOecrieueHns, (DYHKIIMOHAIBHOM apXUTEKTYphl U CTPYKTYpBl JIHAJIOTAa MPOrPAaMMHBIX CHCTEM
MOJICJIUPOBAHUS IO 3KCIEPUMEHTAIbHBIM JaHHBIM Ha ocHoBe MIYA. DOrta meromosiorus
peann3oBaHa B JUAJIOrOBOM mpukiaaHod nporpammHoi cucrteme ACTPU/I, npenna3sHaueHHOM
JUI  aBTOMAaTH3MPOBAHHOTO MOJEITUPOBAaHUS M MPOTHO3UPOBAHMS CIIOKHBIX OOBEKTOB H
IIPOLIECCOB B Pa3HBIX KJIACCaX MOJEICH.

[Mpuknagnas >¢dexruBHOCTE MI'VA mnonaTBepxkaeHa pelmieHHEeM IPaKTHYEeCKUX 3ajaad
MOJICIIUPOBAHMUS SKOHOMHYECKUX IPOLECCOB B YKpaumHe: OIOKETHBIE IMOCTYIUICHHs, 00BeM
oTpacieBoi MPOAYKUUH, UHAEKC UHpsuuu, n3MeHenne BBII. CpaBHeHMe 3THX pe3ylbTaToOB C
IIPOTHO3ZUPYIOLIUMU CBOMCTBAMM MOJEIJIEH, IMOIYYEHHBIX PErPECCHOHHBIM METOJOM, I10Ka3allo

npeumyiiectso MI'V A UMEHHO Kak METO/A TOCTPOEHUSI IPOTHO3UPYIOLINX MOJEIEH.
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