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PREFACE

The scope of the International Book Series “Information Science and Computing” (IBS ISC) covers the area of
Informatics and Computer Science. It is aimed to support growing collaboration between scientists from all over
the world. IBS ISC is official publisher of the works of the members of the ITHEA International Scientific Society.

The official languages of the IBS ISC are English and Russian.

IBS ISC welcomes scientific papers and books connected with any information theory or its application.
IBS ISC rules for preparing the manuscripts are compulsory.
The rules for the papers and books for IBS ISC are given on www.foibg.com/ibsisc.

The camera-ready copyes of the papers should be received by ITHEA Submition System http://ita.ithea.org.
The camera-ready copyes of the books should be received by e-mail: info@foibg.com.
Responsibility for papers and books published in IBS ISC belongs to authors.

The Number 15 of the IBS ISC contains collection of papers from the fields of Knowledge Processing, Natural
Language Interface, and Decision Making. Papers are peer reviewed and are selected from the
XV-th International Conference “Knowledge-Dialogue-Decision”, (KDS) Kiev, Ukraine, a part of the Joint
International Events of Informatics "ITA 2009" — autumn session.

ITA 2009 has been organized by
ITHEA International Scientific Society

in collaboration with:

« Association of Developers and Users of Intelligent Systems (Ukraine)
V.M.Glushkov Institute of Cybernetics of National Academy of Sciences of Ukraine
Taras Shevchenko National University of Kiev (Ukraine)

Institute of Information Theories and Applications FOI ITHEA
International Journal “Information Theories and Applications”
International Journal "Information Technologies and Knowledge"
Institute of Mathematics and Informatics, BAS (Bulgaria)
Institute of Information Technologies, BAS (Bulgaria)

Institute of Mathematics of SD RAN (Russia)

Dorodnicyn Computing Centre of the Russian Academy of Sciences
Universidad Politecnica de Madrid (Spain)

BenGurion University (Israel)

Rzeszow University of Technology (Poland)

University of Calgary (Canada)

University of Hasselt (Belgium)

Kharkiv National University of Radio Electronics (Ukraine)
Astrakhan State Technical University (Russia)

Varna Free University “Chernorizets Hrabar” (Bulgaria)

National Laboratory of Computer Virology, BAS (Bulgaria)
Uzhgorod National University (Ukraine)
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The main ITA 2009 events were:

KDS XVth International Conference "Knowledge - Dialogue — Solution”

i.Tech Seventh International Conference "Information Research and Applications”

MeL Fourth International Conference "Modern (e-) Learning"

INFOS  Second International Conference "Intelligent Information and Engineering Systems"
CFDM International Conference "Classification, Forecasting, Data Mining"

GIT Seventh International Workshop on General Information Theory

ISSI Third International Summer School on Informatics

The XV-th anniversary of the International Conference “Knowledge-Dialogue-Decision” (KDS) is a remarkable
event of ITA 2009.

KDS was established as result of the scientific co-operation organized within 1986-1992 by two international
workgroups (IWG) researching the problems of data bases and artificial intelligence. As a result of tight relation
between these problems in 1990 in Budapest appeared the International scientific Working Group of “Data Base
Intellectualization” (IWGDBI) integrating the possibilities of databases with the creative process support tools.
Heads of the IWGDBI ware V.Gladun (Ukraine) and R.Kirkova (Bulgaria).

In 1992 the “Association of Developers and Users of Intelligent Systems” (ASPIS) had been established. ASPIS
was chosen to be the main organizer of the international conferences KDS. In the same time the “Institute of
information theories and application FOI ITHEA” (ITHEA) started working in Bulgaria. During the years, in
collaboration with ITHEA, KDS had been organized in Ukraine, Poland, Russia, and Bulgaria. From 2008 KDS is
organized as two connected ITHEA ISS events: in Bulgaria (summer) and in Ukraine (autumn).

More information about ITA 2009 International Conferences is given at the www.ithea.org.

The great success of ITHEA International Journals, International Book Series and International Conferences
belongs to the whole of the ITHEA International Scientific Society.

We express our thanks to all authors, editors and collaborators who had developed and supported the
International Book Series "Information Science and Computing".

General Sponsor of IBS ISC is the Consortium FOI Bulgaria (www.foibg.com).

Kiev-Sofia, October 2009 V. Gladun, Kr. Markov, V. Velychko, A. Volosyn, Kr. Ivanova, I. Mitov
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Intelligent NL Processing

CEMAHTUYECKWUN AHANU3 TEKCTOB ECTECTBEHHOIO AA3bIKA:
LIENX U CPEACTBA

Neonup Cesitorop, Buktop MagyH

AHHOmayusi: B 0danHolU pabome npednazaemcsi pPaclUPEHHOE MOMKOBaHUE NOHAMUS  «mekcm
€CMecmeeHH020 Sibikay U npednazaemcsl CXeMa No/TH020 OCBOEHUS €20 CeMaHmUYecKko20 pecypca 3a c4ém
«KOMNbOMEPHO20 NOHUMaHUS» U duanoea. Ykasbigaromes cpedcmea doCmUXeHUs ykasaHHOU yenu 8 npoyecce
cemaHmuyeckoll 0bpabomku MeKcmos — UCNONb308aHUE MPEXYPosHesoli oHmMonoauu Onis U3BNeYyeHus U3
meKcma OHMOJI02UYEeCK020 CMbica, a makxke 8800 0bpamHol cea3u 0ns G0NOMHUMENbHO20 YMOYHEHUS 8
Ouanoee codepxaHusi Ouckypca.

Knrouesnbie cnosa: cemaHmuyeckull aHanu3 mekcma, OHMOoNo2usi, cMbics, duasnoe.
ACM Classification Keywords: 1.2.7 Natural Language Processing - Text analysis

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

B Hayane u e KOHUe ceMaHMUYeCKO20 aHa/lu3a ecmecmeeHHO-A3bIKo8bIX mekcmos cmoum Crogo.
MeTogabl aHanu3a pa3Hoobpa3Hbl 1 3aBUCAT OT peLlaemoil B NpUKnagHom obnactv 3ajaym, U CylecTByeT He
0fHO HanpasneHne 06paboTkn TEKCTOBOM WHpopmaLuK. B yCnoBHOM pa3feneHum MOXHO BblLENNTb METOAbI
cemaHTn4eckoil 06paboTkM TEKCTOB, KOTOPbIE HALENEHbI HA «IIMHIBUCTUYECKIE NPeobpa3oBaHus», HanpuMep —
nepegod Ha UHOCMPaHHbIU S3blK U 06pamHO; Kpamkuli nepeckas; KOHCheKmuUposaHUe, Mme3UCHOe
npedcmasrneHue; aHHOMUPOBaHUE W Ha pelleHne ApYrux nparmatmdeckux 3agady. C Apyrol CTOPOHBI, Y
uccnepoBateneit UCKYCCTBEHHOTO MHTENNEKTa MHTEPEC K TEKCTY NEeXMT B 00NacTu «M3BNEYEHWUS 3HaHWUIN» —
Kraccugpukayusi coobujeHul, omeemsl Ha 80NPOCkI, KOHMEKCMHbIL nepesod U hoHuMaHue Auckypcos [Sowa,
2002). 3gecb NPUMEHSOTCA METOAbI KOHLENTYanbHOro aHanm3a. [py 3ToM MOXHO 3aMETUTL 0CPOPMAEHME ABYX
npobnem: (a) CMHTE3 CMCTEM NPeLCTaBIEHUs 3HAHUIA — OHTONOMIA M (0) paspaboTka CMCTEM CEMaHTUYECKOrO
aHanm3a u MaLUMHHOTO «MOHUMAHWS» TEKCTOB MPY MOMOLLM OHTONOTUNA.

Mpobrema (a) pelaetcs WKUPOKUM PPOHTOM; U3 NOCNEOHUX, NPAKTUYECKM YCMELLHbIX paboT MOXHO ykasaTb Ha
uccnegosanne [ManarmH u gp., 2009], roe w3 kopnyca npPOGECCUOHanNbHBIX TEKCTOB aBTOMATUYECKM
W3BNeKaeTCs NOACTPYKTYPa 3HaHUIA B OGHOM M3 pa3genos npeameTHoit obnactu (MpO) «MatepuanosegeHuey.
[ns cuHTE3a OHTONOMM UCNONbL3YITCSH POPMarbHO-NOTMYECKME U CUHTAKCUYECKE CPEACTBA aHannsa.

Cne,qyeT 3aMeTUTb, YTO «KOHKYPUPYKOLLMM» NOAXOAOM MOXET CIYyXWUTb paspaGOTKa CTPYKTYP 3HaHMI npu
NOMOLLIX 3KCNEepPTOB N UHXEHEPOB MO 3HAHUAM. B atom cnyyae rotoeon 6ason ans pa3pa60T‘-WIKOB OHTOMOrNM
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cnyxat y4ebHukm, ceexue nybnukauum u apyre nocobus no onucannto MpO [Mocnenos, 1988; Maspunosa
Xopouwuesckuit, 2001; Hont u MaklmHrece, 2001].

B npobneme (6) Haw noaxog cocTouT B cneaytowem [FnaayH v ap., 2008; Ceatorop 1 MnapayH, 2009].

Ecnn onucaHue cuTyauun, W3NOXEHHON B TekCTe, MOXeT ObiTb [AOCTUTHYTO YMCTO JIMHTBUCTUYECKUMM
CpeacTBaMu, TO NOHUMaHUEe CUTyauuu BO3MOXHO 33 paMKaMW fIMHTBUCTUYECKOTO pecypca Tekcta —
MoBunmMaaLmet KOrHUTUBHBIX YCUIUIA YesToBEKa M €ro MHAMBMOYaNbHbIX 3HaHWUA. Hanpumep, kak otmeyaeT I'.C.
lMocnenos, CBSI3HOE BOCMPUATUE TEKCTA BO3MOXHO NULLb NPK €70 NOHUMaHUM.

AHanornyHo ToMy, Kak YenoBEe4eCKoe NOHMMaHWe POXOAEeTCs NpyU COrnacoBaHWM BHELLHEN WHAOpMaLWK C ero
MeHTarnbHOW (KOTHUTUBHOM) MOAENb  MUpa, «KOMMbIOTEPHOE MOHUMaHWe» MOXeT ObITb  JOCTUrHYTO
oToBpaxeHneM MHGOPMaLMM Ha ONPeAenéHHy0 1 popManbHO-3a4aHHy0 CUCTEMY 3HaHWA. [polle rosops,
4Tobbl «MOHMMATL» YTO-TO, HAZO €ro «y3HaBaTby». B MalumHHOW 06paboTke TEKCTOBOM MHGOPMAUUM POnb
NamsaT YenoBeka BbIMOMHSET KOMMbIOTEPHAs cucTeMa (hOpMaribHOM penpeseHTauun 3HaHUA — OHTONMOrUS:
WMEHHO OHa MO3BOISET COBMECTUTb aHanM3 TEKCTa C ero KOMMbIOTEPHbIM «MOHUMaHUeM». lNpoueasypHO 3To
[OCTUraeTcs 4OCTaTO4HO NPOCTO: HEOBXOANMO HANTU MPOEKLMIO TEKCTA HA KOMMbBIOTEPHYHD OHTOOMNH.

Fosopums 0 «NOHUMaHUU UHGhOPMayuU» MOXHO JTUWb 8 KOHMEKCMe OKPYXaruie2o eé 3HaHusl.
KoHKpeTHas 3afiaya MCKyCCTBEHHOTO MHTENNEKTa COCTOMUT B crieaytoliem. 3agaH Teket EA, unn coobuienre. To,
«0 YEM roBOPUTCS», MOXHO Ha3BaTb memoli, co0epxaHueM, UHMeHUUel COOBUEHUS NN KOMMYHUKaMUBHbIM

CMbICIOM; 3TOT cMblicn TpebyeTcs U3 NpeabsiBNEHHOMO TekcTa u3esieyb [Manbkosckuid, 1985; LTepH, 1998,
cTp.145].

MpoBepka «KkayecTBa MOHUMAHMS», WM PENEeBAHTHOCTU TEKCTa M3BMNEYEHHOMY CMbICTY, MPOMCXOAUT 3a
pamKaMu OHTOMOTW, HaNPUMep — SKCMEPTHOM OLLEHKOM CMbICNa UMK MO Pe3ynbTaTy NPUHSTOTO PELLEHMS.

AKTyanbHOCTb U Lenb paboTbl

MallUnHHOe NOHUMaHKeE Si3blka SBSETCA ﬂapa,EWII'MOVI MCKYCCTBEHHOIo MHTENNEeKTa.
Kap,EI,VIHaJ'IbeIM BOMNpocom OCTaETCA OAMH: YTO Mbl XOTUM nony4nTb OT Tekcra?

Mbl XOTUM MOMy4nUTL €ro hopManbHbIA (KOMMBIOTEPHBIA) CMbICT. [ns 3TOro paccmaTpuBaeTcst CTPYKTypa
Cuctembl cemaHTU4eckoro aHanusa Efl TekcTos, B KOTOpOW AOIMKHbI BbiTb NPeAyCMOTPEHbl U 0BbeanHEHDI
GasoBble Mpouedypbl: rpaMMaTUYecKUn aHaniu3, B3aMMOLENCTBWE TeKCTa C OHMosioeuel, NoMyveHne
pesynbTata — (HOPMarbHOrO NOHUMAHUS TEKCTa Yepe3 OHTOMOTUI0 W, HAKOHeL, — YTOUHeHWe ero cMbicna. B
KOHEYHOM WTOre, Mpeanaraemas TEXHOMOrMsS CEMaHTUYECKOrO aHanuaa npecneayet Lenb — 4oBUTbCs Ny4Lero
B3aMMHOrO MOHWMaHWS aBTopa TEKCTa M ero notpebutens vepes komnbloTep, 0Ly 6a3y 3HAHWA U POSHOM
A3bIK.

B3rnsap Ha cemaHTU4eckumn pecypc EA Tekcta

nOTeHLl'VIaJ'IbeIe BO3MOXHOCTW TEKCTOBOro AOKYMEHTa HaMHOro Bbllle TEX, YTO Mbl UCNONb3yem, U Ona Toro,
4TObbI «MOHMMATB» TEKCT, HYXHO BHa4ane BbIACHUTb €ro noTeHunanbHbie BO3MOXHOCTU.

TekcT paccmaTpuBaeTCs He TONMbKO Kak BMECTUNWLLE MHAOPMaUMM — AaHHbIX, (PaKTOB M 3HaHWiA, KOTOpble
TpebyeTcs 13 Hero u3eneyb. OH npedcmaensiem cobol A3bIKO8Oe, UHGHOPMAUUOHHOE U KyrbmypHOE siefeHue,
KOTOpOe aKTyarnbHO Ans JAaHHOro Nepuoaa CyLeCTBOBaHMS CoLMyMa 1 MOXET ObIiTb BOCTPEOOBAHO NOTOMKaMM.
Otcioga cnepyet, 4TO TEKCTOBbIM MaTepuan W3HavanbHO, anpuopu  «MOrPYKEH» B HEKOTOPYH
00LLEYeNIOBEYECKYI0 CMCTEMY HAKOMNEHUS M WHTEPNpEeTauuy 3HaHuiA, B KOTOPOA OH cam Obin nopoxdéH. C
APYroi CTOPOHbI, TEKCT FEHEpUPYETCS Kak MHAMBUAYANbHO, Tak W KONMNEKTUBHO M MOXET ObiTb 8ocmpebosaH
TaKKe MHOMBUAYANbHO WM KOMMEKTUBHO. OTO O3HAYaEeT, YTO COAEPXKaHWEe («CEMaHTUYECKOe HanONHEHWEY)
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MaTepuara 4acTto SIBNISIETCS MHO20N/IaHOBbIM, W KaXablii NnaH UMEET CBOK TMy6GUHY M3NoxXeHWs. BbinonHsis
CBOK KOMMYHMKALMOHHYO (hyHKLMIO, mekcm 06si3aH Bbimb NOHUMaeMbIM NOIb308amesniemM, Mo ecmb — OO/KEH
omobpaxambcs 8 6ase 3HaHUll nompebumens v B3anMoaeACTBOBATb C HEA.

CemaHTHyecknit KOMNOHeHT Tekcta EA paBHO Obin 3adMKCMpPOBAH MMHIBUCTaMM, KOTOpble OMpeaenvny
NPEAnoXeHNe Kak Bblpaxatollee 3akOHYEHHYI Mbicib. Kakylo Mbicnb? Kak €€ KpaTko M HEeWUCKaXEHHO
chopmynmpoBatb? [ouckn OTBETA NPOLOIKAIOTCA B pamkax KOrHWTWBHOM nuHrBMCTWkW [LWTepH, ctp.129)],
newxonorum [bann, 2006], uckyccteeHHoro uHTennekTa [[ocnenos, 1988]. B npon3BonbHOM AUCKYPCE MbICTb
obnayeHa B nekcu4eckyto 060n0uKy B COOTBETCTBUM C NpaBuUnamu rpaMMaTiiki, U B psge criyyaes 3Ty 060nouky
Hapo «cbpocuTby. B MHTEpeCyoWmMX Hac Cryyasx AOKYMEHT Ui cOooBLUEHWNe HECET akTyanbHyt UHGOpMaLmio
unn ctabunbHoe 3HaHue. KoHueHmpupoeaHHOe eblpaXeHue 3HaHUSi Mbl Ha3bi8aeM CMbICIIOM. 37O
KOHLIEHTPMPOBAHHOE 3HaHWE, UMK CMbICI, HAaZo W3BMneYb, 4Tobbl NOTOM C HUM onepupoBaTh. CreaoBaTenbHo,
TEKCT HYXHO XpaHuTb W Gepeyb, NOCKONbKY OH COAEPXWT ONpedenéHHbli  aBTOPCKUIA  3amblcer,
WHTENMNEKTyanbHbI PECYPC ¥ B COLMOTYMaHUCTUHECKOM MaHe SBSETCA NPOAoImKeHeM 6a3 3HaHWiA.

lMpn3HaBasi EMKMIA CEMaHTUYECKUI PECYPC TEKCTA, Mbl MPUXOAUM K BbIBOAY, YTO BO MHOTUX MPUIOXKEHMSX ero
noTpebutenbckas LEHHOCTb BbICTPO He MCHepnbIBAETCA. M3BneyeHne CMbIcna Bpsia-nu SBRSETCS OAHOPA30BOW
onepauuen KOMMyHUKaUMK. MOXHO HagesTbCqd Ha TO, UTO pPackpbiTb COAepxaTenbHbli pecypc TekcTa
MOMHOCTBHO (ECnM 3TO BO3MOXHO!) YAACTCS MHOTOKpaTHbIM K HeMy obpalleHnem. B aTom cocTout akmueHas
¢hyHKYUSI [OKYMEHTA, KOTOpas UCMOMb3YETCA B HEKOTOPbIX MPUIOXKEHWSX ANs rMyBUHHOMO CeMaHTUYECKOro
aHanusa [[ocnenos, 1988; LUtepH, cTp.70].

Kakue BbiBOAbI CegyroT U3 PacLUMPEHHOTO TONKOBaHUA NOHATUA «TeKCT»?

PelueHnto 3aaaqn NonHOro packpbiTUs CEMaHTYECKOro pecypca TeKCTa, Ha Hall B3rnsa, cnocobCTByeT Takas
Cuctema cemaHTnyeckoro aHarmsa EA  TekctoB (Cuctema), koTopas YOOBNETBOPSET  CrEQyHLLMM
TpeboBaHusaM:

Hepeoe. napTHépbl WHTENNEeKTyanbHoro O6I.I.leHMFI BMeCTE C TEKCTOM norpyxeHol B €ANHYIO KOMMbIOTEPHYHO
cpeny OHTONOrM4YeCcKoro 3HaHus.

Bmopoe. lpegBaputenbHas  NWHrBUCTMYECKass oOpaboTka  MCXOQHOTO  TekcTa  (MOponornyeckui,
CUHTaKCUYECKMIA M CEMAHTUYECKII aHaNN3 NPeasioxXeHnit) Heobxoanma Ans CHATUS «NEKCUYECKon 0B0NoYKN» 1
BblAENEHNS TEPMOB, HECYLLMX COLEPXaTENbHY0 Harpyaky.

Tpembe. PesynbTaToM KOMMbIOTEPHOTO CEMAHTUYECKOTO aHanmu3a CBA3HOMO TEKCTa AOMKeH ObiTb JopManbHbIil
WK afanTUPOBaHHbI TEKCT EF, KOTOPBIN BbIpaXaeT ero CMbICMOBOE COAepXKaHue.

Yemeépmoe. Cuctema pgomkHa obecneynBaTtb CaMOKOHTPOMb aBTOPCKOTO HaMEPEeHWst — HACKOMbKO afeKBaTHO
OH BbIpaxxaeT CBOU MbICIN.

Mamoe. Cuctema JOMMKHA MHOMOKPATHO aKTMBM3WMPOBATb TEKCT C Lenbto 6onee rny6okoro NPOHWKHOBEHUS B
CMbICT COOBLLEHMS.

B pesynetate camoro 06LLI,€FO B3rnsAa Ha xenaemble kavecTBa CUCTEMbl CEMAHTUYECKOTO aHani3a MOXHO
caenatb BbIBOA, YTO NOTEHUWAlbHblE BO3MOXHOCTW TEKCTa peanu3ylTca npu nomown ABYX MEXaHW3MOB:
aHasnusa 4yepe3 OHMOoJ102UK0 U aKmueHo20 duarnoea.

CpencTBa obecneyeHus UHTeNNeKTyalbHbIX (bYHKUMﬁ CucTeMbl CEMaHTMYECKOro aHanu3a

[Nepsoe mpebosaHue — B3aMMOMOHUMAHNE NapTHEPOB KOMMYHUKALMKU — 0BecnednBaeTcs eauHoi CUCTEMON
NpeAcTaBneHns obLLIMX U NPOCECCUOHANbHBIX 3HAHWIA, HAKOMMEHHbIX B COLMyMe. B kayecTe KOHTEKCTHOM
cpenpbl oblieHNs npeanaraeTcs opMmanbHas CeMaHTMdeckas CeTb — uepapxuyeckas MmpéxypoeHeeast



12 15 — Knowledge — Dialogue - Solution

oHmoso2us (CM. HUXE), chopmynupoBaHHas B paboTte [[nagyH u ap., 2008], kotopas MoxeT ObiTb paclunpeHa
W OOMOMHEHA CheKkTpoM Mobbix NpeaMEeTHO-OPUEHTUPOBAHHbLIX OHTOMorki [Mocnenos, 1988; aBpunosa u
Xopowwuesckuit, 2001; Manarud n gp., 2009].

Bmopoli mesuc — npeaBapuTenbHbIi pa3bop TeKCTa — BbINOMHAETCA JIUHE8UCMUYECKUM NPOY,ECCOPOM,
OPWMEHTUPOBAHHBIM Ha CEMaHTUYECKMIA aHanu3 0BbIYHOWM TEKCTOBOM MHopmMaumm [Mocnenos, 1988; LUTtepH,
cTp.261]. Hanpumep, B nuHrBUCTUYECKOW Mogenn «CMbICi—TeKCT»  WUCMOMb3yloTCAd NATb  YPOBHEN
penpeseHTaLmnmn BoIPaXXeHUs, BKIKYAs CUHTAKCUYECKUA, MOPOIOTMYECKUA U CEMAHTUYECKUA YPOBHU [Menbuyk,
1999]. B camom npoctom cryyae OT IMHIBUCTMYECKOTO mpoueccopa TpebylTcs: NOCTPOUTb LEepeBo
CUHTaKCU4yeckoro pasbopa, BblAENUTb  SAepHble  KOHCTPYKUMM  MPEAnOXEeHWH, MOCTPOUTb  OTHOLLEHNS,
ONpeenuTb «3Ha4nMble» NEeKCUMYeckMe rpynmbl, B YaCTHOCTM — KNtoYeBble cnosa TekcTa [[anaruH v ap., 2009].

Tpembe ycrogue O3HayaeT, YTO U3 TekcTa HeobxoaWMO U3BMeYb €ro CMbICNoBoe codepxanue. Cmbicn
CBSA3HOMO TEKCTa, cornacHo ero onpedeneHuto B pabote [Ceatorop v MagyH, 2009], dopmanuayetcs yepes
OHTOMOTMIO — KaK COBOKYMHOCTb NoArpacdhoB KOHLENTyanbHoro rpadpa. 3agaya BbISBEHUS CMbICTa B HEKOTOPOM
TEKCTOBOM (pparMeHTe (M B LIENIOM TEKCTE) BO3MaraeTcs Ha CMbIc/1080l npoyeccop. Hke npuBoamtcs
pasbACHEHWE OHTONOMNYECKOTO CMbICNA W KPaTKO OMKCHIBAETCS aBTOMaTMYecKast npoLeaypa ero NofyyeHus.

B yemeépmom mpebosaHuu NpeayCMOTPEHa CEpBUCHAsA BO3MOXHOCTb KOPPEKYUU meKcma e20 agmopoM.
Mpu XenaHuM OH CPaBHWBAET PE3ynbTaT aBTOMATUYECKOTO BbIAENEHUS! CMbICTA CO CBOMMM BHYTPEHHUMMU
HaMepEeHUSIMM.

HakoHeu, ana Gonee rnybokoro packpbiTs CMbICMa, YTOYHEHWS PAKTOB M APYrMX AaHHbIX (ndmoe ycrogue)
npeaycMOTPEH PEXUM Ananora, KOTOpbIA PeanuayeTcst Ha ecTeCTBEHHOM A13blke AUano208bIM NPOLECCOPOM.
B npouecce gnanora CMbIC MOXET CYLLECTBEHHO M3MEHMUTLCS, YTO, B CBOKO O4Epeab, MOXET CIyXWUTb NOBOAOM
ANs KOPPEKTUPOBKI OHTONOMN (KTUBHOCTb TEKCTA).

Kak CMbICTOBOM, Tak M [WanoroBblil MPOLECCOpPbl BbINOMHAKT WHTENNEKTyanbHYK MUCCUI, MpUBMeKas
BHEMUHIBUCTUYECKME 3HaHNS. K HUM cnepyeT [o6aBuTb BCNOMOraTeNbHbIi MPaHCAsimop «CMbICH — meKkcmy,

OH (B HEOOXOOMMBIX Cryyasx) MOMOXET YernoBeky 6onee cogepxaTtenbHO UCTONKOBATL hopMarbHbIi noarpad
cMbIcha.

ABTOp MoTpebuTtens
OHtonorus — /
3HaHuI = 33 <
K i S35 2 G
OHLenTyanbHbIA T g g
rpac 223 zZ 3
; £55 S =
o -8- L
TekcT SE =)
A
{®pasa} | Nunreuctiyeckmit | {Kniou}
> npouecco > -
Potieeeop "I CmbicnoBoi TpaHcnsTop
OparmeHT * Bonpoc npoueccop Moarpad "cMblcn-TekCeT"
A Aepesa cMbicna
Mownck y Bonpoc
> Avanorosoin 1 ObpaTHasi CBA3b - YTOHYHEHWE CMbICNA
OparmeHT TekcTa npoteccop

Otset

Bnok-cxema Cuctembl ceMaHTU4eCKOro aHanusa EA Tekctos
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Ha pucyHke nokasaHa 6nok-cxema CucteMbl cemaHTUyeckoro aHanu3a EHA  TekctoB, B KOTOpOM
B3aMMOAEMNCTBYIOT YKa3aHHbIE BbIlle (hYHKLMOHAMbHbIE KOMMOHEHTHI.

Mocne yctaHOBNEHWs! CTPYKTYpbl CUCTEMbI [JaauM KpaTKoe OMuCaHWe €€ COCTaBHbIX YacTel, UMeLmX — B
KOHTEKCTe AaHHOI paboThbl — NPUHLMNMANBHOE 3HaYeHNe.

Wepapxunyeckasn TPEXypOBHEBasi OHTONOrMA BHELLHEro Mypa

B obuiem cnyyae B UCKYCCTBEHHOM WHTENNEKTE NOHATUE «KapTUHA MUpa» NOSBMSETCS Kak CUHOHWUM MOHSTUN
«MOAEnb Mupa», «Moaenb npegmetHon obnactu» [lWTtepH, ctp.156]). B obnactu Knowledge representation
“ccnegoBaTeNsaMU NPeSioKEHO HEMANO OHTOMOMMYECKUX CUCTEM PEnpe3eHTaLun KOHLENTYanbHbIX 3HaHWA O
mupe (13BecTHble oHTonorum k. Cosbl, Mukpokocmoc, PyTES* u gpyrue). Obnagas MOLHbIM UAOCOdCKUM 1
NEKCUYECKUM NOTEHLMANOM, 0bLLMe OHTONOMK CKOPEE OTHOCATCS K 06nacTu rHOCEONOTMYECKUX MOAENen, YeMm
K cuctemam, NpUrogHbIM Ans CEMaHTUYECKOro aHanmaa TEKCTOB XMBOMO f3blka: B3aMOAENCTBIE OHTOMOMMIA C
pearbHbIM TEKCTOM, TaK Xe KaK 1 pesynbTaTbl OHTONOrMYeckon paboTbl, OCTAKOTCA HE ONpeaeNEHHbIMM.

B npeanaraemoin cTpyktype CucTeMbl CEMaHTU4ECKOro aHanmsa EA Tekcta oHTONOMW 0TBOAMTCS BeayLuas
ponb. Kak cuctema oTobpaxeHnst 0OLIECTBEHHOTO WHTEMNMEKTa OHa MO3BONSET WHTEPNPETMPOBATL TEKCTOBYHO
NHOPMALMIO Ha A3blke OOWMX 3HAHMIA M OOBEAMHSIET TPOMKY «aBTOP — TEKCT — MOTPEOUTENbY B €AMHYI0
WHTENNeKTyanbHyto cpedy. Joboe sBneHne MOXeT ObITb MOHATO W MHTEPNPETUPOBAHO MOJTLKO 8 KOHMeKcme
00wWenpuHsImo20 U cmabusbHO20 3HaHUS.

Basncom Cuctembl CNy}uUT HOBasi epapxudeckas TpéxyposHeasi oHTonorus — MO*3 [FnagyH u gp., 2008]. OHa
OTNNYaeTCst ABYMst 0COOEHHOCTAMM: (@) ceTeBas CTPYKTYpa AAET NPUHLMNMANBHYK BOSMOXHOCTb 06beaNHUTL —
8 pamkax eduHoU KOHCMPYKUUU — 3HaHUS BbICLLEro YPoBHS abCTpakumm, obLienocTynHble (MOBCeAHEBHbIE W
aKTyanbHbIe) 3HaHWUS CPegHero YPOBHS 1 NPOdECCMOHArbHEIE 3HAHWUS HUKHETO YPOBHS; (0) OGHOBPEMEHHO OHa
OpWEHTMPOBaHA Ha paboTy C KOHKPETHbIMU TeKCTaMu. Kpome Toro, nokasaHo, 4To (B) pesyrnbTaToM U3BneveHus
113 TEKCTA 3HAHWUI JOMKeH OblTb «OHMOMo2UYECKUL CMbIC». JTOT CMBICI NOAAAETCS CTPOroi hopManuaauni u
komnbroTepHoI 06pabotke [CesTorop v MmaayH, 2009].

Uepapxuyeckas mpéxyposHegass oHmonozusi NO*3 npenctasnser cobon cemaHTUYeckylo ceTb B Ghopme
KOHLIENTyanbHOro OPUEHTUPOBAHHOMO rpada.

«KoHyenmyanbHbIli epagh — 3mo cnocob cemaHmuyeckol (NOHAMUUHOU) penpeseHmayuu cumyayud u
3HaHUl 8 M0OeNaX NOHUMaHUSI €CMECMBEHH020 A3bika, NPUHAMUS peweHul, paccyxdeHuli u m.d.» [LUTepH,
ctp.195]. Yanamu oHTOMOrMYeckoro rpada (oHmo-zpagha) CryxaT NeKCWYecKMe EeauHUUbl — CroBa
€CTECTBEHHOTO 5i3blKa, KOTOPble TPAKTYIOTCS Kak kame2opuu W noHssmusi. «Llenibio kKameaopu3sayuu sensemcs
NOSICHEHUE HOB020 4Yepe3 U3BECMHOE U CMPyKmypupogaHue Mupa npu nomowu 0bobuwjeHuli» [Tam Xe,
cTp.160]. TMoHATHEM cnyxuT «OeHomam HeKomopol CywHoOCmU Unu SefeHus, Komopbll Kodupyemces
A3bIKO8bIM 3HaKOM». KaTeropum w MOHATUS HasblBalOT KOHYenmamu, KOTOpble B NEKCMYECKON CEMaHTUKe
BbICTYMAOT B POIIM 3NEMEHTOB «MOHATUIHOMO MeTas3blka» [Tam xe, ¢Tp.191]. Mo obpasHomy onpegenexnto [x.
Cosbl «cywecmsyem mocm mex0y s3bikom u npunoxeruem (MpO). OH He Hyxdaemcs 8 nonHOU UHGopMayuU
0 A3bIKE U NPUMIOXEHUU, HO OH AO/mKeH co0epXamb KPHOYKU (3aUuenku), Komopbie npusesiabiealom A3bIKOGO-
3asucuMble Cr08a K S3bIKOBO-3a8UCUMOU 2paMMamuKe U K S3bIKOBO-HE3a8UCUMbIM, HO 3a8UCUMbIM OM
npunoxexuti, KOHUenmyasnbHbIM cmpykmypam» [Sowa, 2002].

Oumonoeua WO*3 opraHnsoBaHa Kak «mupamuia KOHUENTyamnbHbIX 3HaHU». KoHuenTsl obrnagaloT pasHoi
creneHbto 0606weHns. Hanbonee abctpakTHble kaTeropum 06pasyloT BEpPXHWA YPOBEHb OHTONOTMM; B
COOTBETCTBMM C Napagurmon akagemuka B.W. BepHapckoro o 6uoctepe n Hoocepe, ato — Mamepus,
Bewecmeo, KusHb, Pasym... KoHuenTbl cpegHero ypoBHS 06pa3ytoT onucaTenbHbl KOHTUHYYM 3HaHWA. OHu
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PaCcKpbIBAOT 3HAYEHWUS KATEropun BEPXHEro YPOBHA uyepe3 6onee ynoTpedWUTENbHYID B aKTyanbHOM
JestenbHocTM  obliecTBa nekcuky, Hanpumep: Bpewms, [euxeHue, [lopsdok, Yenosek, Obwecmeo,
Opeanusayus, Pasgumue, Ynpasnerue, TpaHcnopm, buonoeusi, bopeba 3a cywecmeosaHue n apyrve. Ha
HWXHEM YPOBHE NMpaMuabl 3HAHWA pacnonaraloTCs KOHUENTbl ABYX TUMOB: YacTb M3 HUX 0603HavarT
0OMXOAHbIE MOHATMS MOBCEOHEBHOM XXM3HWM, MPUBLIYHBIE OOBLEKTHI M CUTyaUMu (KOMHama, JlOXKa, 6epX...),
Apyrvie KOHLEHTPUPYIOTCA BOKPYr NpodeccuoHanbHbix 3HaHui MpO (KoHuenm, omHoweHue, oHmornoaus...).
MHoxecTBO KoHLENTOB MpO MOXET BbITb NYCTbIM.

Yanbl OHTO-Tpaha COeauMHAOTCA  hopManbHbiMM 1M HedopManbHbIMKU - (accoyuamueHbIMU) — CBA3SIMM.
OpvieHTauus cBs3el B rpacde HanpasneHa CBEPXY BHU3 — OT KOHLLeNToB Bonee BbICOKOro YpoBHS 000BLEeHNs K
KOHLIeNnTam, KOTopble X XapaKTepuayHoT.

KOHTaKT TeKcTa C OHTOMOrMen NPOMCXOANUT Ha HkHEM ypoBHe MO*3; cooTBETCTBYtOWAs NpoLeadypa onucaHa
HUXeE.

Moyemy pa3paboTke «XOpOLIEN OHTOMOrMMY» Npuhaétcs ctonb Gonblwoe 3HayeHne? OTBET MOXHO HalTh B
NPUHUMNMAnbHO  BakHOM  yTeepxaeHun P. Llenka: «Memassbikom Onsi eHympeHHel CMbIC080U
penpe3eHmayuu mekcmoe siefisiemcs epagh KOHyenmyanbHbIX 3agucumocmell, KomopbIili omobpaxaem
cMbicriogyro cmpykmypy cumyauuuy [LLexk, 1980].

DaHTOM «KOMMbITEPHOr0 CMbICay»

[OHATUE «CMBICT CUTYaUuW» SBMSIETCS OYeHb EMKUM W TPakTyeTcs B pasHbIX AUCLMMAMHAX MO-pasHOMY.
lMepBoHaYanbHO MOHATUA  «CMbICT» W «MbICbY WMENU MeHTarbHbli Xapaktep — 3TO MOKa3blBaeT
cemaHTuyeckas BnInM3ocTb CroB «CMbICA» W «Co-Mbicby. K hopManusaumy AaHHOrO MOHATWS NepBbIMU
NOAOLLIN NUHIBUCTBI: Mogenb M. Menbyyka « CMbICi-TEKCT» NPU3HAETCA KNACCUKON IMHIBUCTUYECKON TEOPUM.

B 0OWMpHOM NWHIBACTMYECKOA NUTEpaType MMEETCS MHOTO0 TOMNKOBAHWM MOHATUS «cMbiciy. CMmbich
COOTHOCUTCS C Liensmu KommyHukauuy [LLUTepH, cTp.185]; TpakTyeTca Kak «CTpyKTypa CuTyauuu» [Tam Xxe,
cTp.197]; cBA3BLIBAETCA C KATETOPUei «NOHUMaHWS» TekcTa [Tam xe, cTp.283] v T.4. CMbICT MOXET BbITb ONMCaH
COBOKYMHOCTbO  deHomamos, O0CBOBOXOEHHbIX OT  3MOLMOHAMbHBIX, MOAAmbHbIX,  MparMaTu4eckmx,
CTUIUCTUYECKNX U OPYTX OTTEHKOB [Tam xe, cTp.81]. HegocTaTok nofgo6HbIX ONpeaeneHnin — B ux YpessblyanHo
cnaboit choopmanusaLum.

C ppyroi cTOpOHbI, MOTPEBHOCTM aBTOMATM3aUMM MPOLECCOB CEMaHTUYecKoro aHanmsa EA  TekcToB
CTUMYNMPYIOT pasBUTUE BbIYUCIIMTENBHONW JIMHMBUCTMKM W KOMMbIOTEPHBIX Mogenen [dembsiHkoB,1985;
Manbkosckui, 1985], a Takke KOMNLIOTEPHYIO NOAJEPXKKY 3TUX NpoLeccos [Zaboleeva-Zotova & Orlova, 2009].
B KoHeYHOM uTOre METOAbl BbIMUCIUTENBHOA NUHIBUCTUKM CBOAATCA K MOPOMOrMYECKON MHTEpRpeTaLum,
onepauusam Haf CUHTAKCUCOM U CEMaHTUKOW, a B MPaKTUYECKOM NraHe pelatoT YacTHble 3adadun. Bbigenntb
NMEHHO npodykm cemaHmu4veckoli 06pabomku — YyHUBEpCanbHbIA W CTaHOAPTWU30BaHHbIA pesynbTar,
KOTOPbIM 3aTEM MOXHO 1CNOMb30BATh B COBEPLUEHHO Pa3HbIX MPUNOXEHNSX, — TaKast LieNb He npecneayeTcs.

®aHToM «KOMMNbKTEPHOIO CMbICIa TEKCTa» YCKONb3aeT.

Bwmecte ¢ Tem noTpebHOCTM aBTOMATMYECKOr0 aHammaa EA TEKCTOB HacTosTenbHO TpebylT oTBeTa Ha
BbILUEMPVBEAEHHDIA KapaMHambHbIA BOMPOC: YTO MOXET CIYXMTb YHUBEPCANbHLIM NPOAYKTOM CEMAHTIUYECKON
obpabotkn TekcTa? Pasgensis nosuumio P. LeHka, Mbl B Ka4eCTBE Takoro yHUBEPCanbHOro NpoaykTa BBOAUM B
PacCMOTPEHNE «¢hOPManu308aHHbIl CMbIC».

Ha aToM nyTi MOXeT MaTepnanu3oBaTbesl 1 OPOPMUTLCS «KOMMBIOTEPHBIA CMbICT».
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OHTOMOrMYecKum cMblicn

Ha nomoLwp B onpeaeneHnmn NoHATUS: «CMbICIT» NPUXOAMT oHTonorust MO*3.

Wnes cocTouT B TOM, YTO €CMIM «MPONYCTUTLY TEKCT Yepe3 OHTOMOMMI, KOTopast IBNSIETCS CTPYKTYPON 3HaHWIA,
TO Ha BbIXOZe MOMYyYNM KOHUEHMPUPOB8aHHOE 3HaHUe, KOTOpOe KoppenupyeT ¢ TekcToM. KOHLenTyanbHbIi
(UNbTP OHTOMNOMM AACT Ha BbIXOAE KOHLeNTyanbHbIA, UM OHMOI02UYECKUL CMbICH.

B pabote [Casatorop u MMagyH, 2009] npusogutcs chopmanbHoe onpeaeneHne «OHTONOTMYECKOro CMbICTay;
30€eCb OHO NOBTOPSETCS TE3UCHO.

3afaH koHUenTyanbHbIi oHTONorMveckuit rpadg MO*3.

AneMeHmapHbIl CMbICA ONPEeLensaeTcs Kak napa COEAMHEHHBLIX COCEOHWX Y3NOB OHTONOMYECKOro rpada.
CBsisn He 0643aTeNbHO MMEHYHKOTCS, OHU MOTYT NNLWb OUKCMPOBaTb (haKT HEKOTOPOro B3aUMOAENCTBUS ABYX
CnoB (Hampumep, B80POHa—nNmMuua, naccaxup-camoném, pasgumue-npoepecc). OHTO-rpad CoCTOMT U3
MHOXECTBA CBSI3aHHbIX Mexay COBOK anemMeHTapHbIX CMbICMOB, KOTOpble BCTYMalT B [03BONEHHbIE
kombuHauun. CBsisHast YacTb OHTO-Tpacdha, CoeamHsioLlas [Ba YAanéHHbIX yana, obpasyeT nodepagh; npu
N3MEHEHWUN B HEM CTPESIOK Ha NPOTMBOMNONOXHbIE (CHU3Y — BBEPX) NOMy4aeTCs yenoyka nodepagha.

Llenqua CBA3AHHbIX 3N1IEMEHTAPHbIX CMbICMNOB, KOTOpPad Ha4YMHAETCA B HEKOTOPOM «aKTMBHOM» Y3ne W
3aKaH4MBaeTCA B BEPLUMHE OHTONOINU, 06pa3yeT OHMOJT0SUYECKYI0 Uenoy4yKy aKmugHo2Oo ya3/ia. Llenqua,
BblaendaemMasa akTMBHbIM Y3NIOM Ha OHTONOrM4eCKkoM rpa(be, TPaAKTYeTCA KaK CMbIC/i08asd mpaekmopusa wu
Ha3bIBAETCA OHMOJ102U4eCKUM CMbIC/IOM aKmueHO020 cJjioea.

KommeHTapui. Mpouecc BO3OYXAEHUS CMbICIIOBOM TPAEKTOPUM HAYMHAETCs C TOro, YTO B MPEANOXEHUM M3
SOEPHOM KOHCTPYKLMM BbIAENSETCS HEKOTOPOE «KMOYEBOE CNOBO». ECAM OHO MPUCYTCTBYET B OHTOMOMMYECKOM
rpacdbe, TO aKkTUBHOE CIOBO BO3BYXKOAET COCEOHW KOHUenT, Bo3OyxaeHue nepedaéres ganblle Ha BbiCLLMe
YPOBHMW OHTOMOMMM — BNNOTb 40 BEPLUMHbI MMpamMiabl. PeaynbtaTom npolecca SBNsSeTcs Lenovka, To eCTb —

OuckpemHas  ynopsdoyeHHas nocredosamenibHOCMb  83aUMOCSSI3aHHbIX  KOHUEeNmos, OHa  sensemcs
¢hopmarbHbIM OHMOM02UYECKUM CMbIC/IOM BXOAHOIO CII0Ba B 3aAaHHOMN «KapTUHE 3HAHWAY.

Mpumep. B sgpe npeanoxeHus BbiAeneHbl KouM: BOpoHa M cbip. [Ans Hux 6ygyT noOCTPOeHb
COOTBETCTBYHLUME KOHLENTyanbHble Lenovku: 1) BopoHa — [Imuya — loném - [euxeHue — buochepa —
KusHb — Mamepus v 2) cbip — EQa — KusHb — Mamepusi.

CBs31 NOKA-YTO He WHTEPNPETUPYITCS — B JAHHON PEMPE3EHTaLMM OHTONOMYECKOrO CMbICMA OHW He UMEIOT
3Ha4eHus: HeobXoaMMO W [OCTATOMHO 3adMKCMpOBATb MOJBKO C8A3b hapbl 0b6bekmos. [lanee, NOCKOMbKY
KMHOYM HaxoasTCs BHYTPU OOHOTO MPEArOXeHWs, TO aBToMaThyecku OydeT MOCTpoeHa CBSi3b, paHee B
OHTONIOMM OTCYTCTBOBABLUAS: BOPOHA — CbIp. B uTOre, NnHeiHbIA hopMaT OHTONOMMYECKOro cMbicna byaet
cneayioLLuit:

BOpOHa (nmuya, noném, deuxeHue, 6uocghepa, Ku3Hb, Mamepust) —

- cbip (eda, Xu3Hb, Mamepus).

CemaHTHUYecKkoe NosiCHeHMe cymmapHoﬁ Lleno4Kku, B Crny4vae HeobXoaMMOCTH, MOXET ObITb JAHO NO3XKE, a CBA3M
MoryT ObITb MHTEPNPETUPOBAHbI NO8MOPHbLIM o6paLueHueM K TEKCTY (BOpOHa umeem Cblp).

B 3aBMCMMOCTM OT Lieneit CeMaHTUYEeCKOro aHanm3a LenodkM MOXHO ykopauuBaTb 3a CYET abCTpaKTHbIX
kaTeropuit. Kpome TOro, LEnmouku MoOryT ObiTb Kak NMHEAHbIMM, Tak M Pa3BETBNEHHbIMU, TO €CTb — C
MPUCOEANHEHNEM Y30B, NPUMbIKALOLLMX K TPAEKTOPUN.

Pe3ynbTaToM MOMHOrO NPOCMOTPA TEKCTA SIBMISIETCS MHOXECTBO — «MY4YOK CMbICIIOBBIX TPAEKTOPUIA», KOTOPBIN
MOXHO TPaKTOBATb KaK «CEMaHTUYECKMA MOPTPET TeKCTay.

OHmonoauy4eckuli cMbICiT MOXET ObiTb Yelbio U pe3yslbmamoM CEMaHTUYECKOTO aHanmsa EA Tekcta
Brnaropaps TakiMM CBONCTBaM:

— KIKOYeBbIE CNOBA B CMbICIIOBOM Lieno4Kke n3BnekarTca HENOCPENCTBEHHO U3 TEKCTA,
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— 9TM CroBa NOMELLAKTCS B KOHTEKCT 0BLMX 3HAHWIA, KOTOPbIE OPraHM30BaHbI Kak KOHLENTyanbHas CMbICoBas
cpepa (oHTonorus);

— MHOXECTBO CMbICIIOBbIX Lenovek OaéT KpaTkoe, AMCKPEeTHOe U (hopMann3oBaHHOe OnucaHue TekcTa
((bparmeHTa TEKCTA) — «CEMAHTUYECKMIA NOPTPET TEKCTa» B TEPMUHAX OOLLMX 3HAHMIA.

OYHKUMIO BbIAENEHNst B TEKCTE 3HAYMMOTO CriOBA BbIMOMHSIET JIMHIBUCTUAYECKUA npoueccop. OyHKuus
BbIAENIEHNs1 B OHTONOMMYECKOM rpacde CMbICTIOBOM TPAeKTOpUKM BO3MAraeTcsi Ha CMbICIIOBOA MPOLEeccop.
OYHKLMI0 aAanTMPOBAHHOTO NPELCTABNEHNS CMbICITa BbINOMHAET TPAHCIATOP «CMbICT — TEKCT» (CM. PUCYHOK).

OHTONOrMYECKNA CMbICT, M3BNEYEHHBIA M3 TEKCTOBOTO AOKYMEHTa KOMIMbIOTEPHOM CUCTEMOM, CTAHOBMTCS
anemeHmom ba3bi 3HaHU, KOTOpas 4OCTYNHA BCEM NapTHEPAM KOMMYHWKaLMK.

NMoHnMaHue cBA3HOro TeKcTa

Onpepenve hOpManbHO OHTONMOMMYECKUA CMbICA, Mbl MOXEM B MNparMaTU4ECKOM MraHe roBOpPUTb O
«KOMMbIOTEPHOM MOHUMaHWM TekcTay. [log atum Bygem nogpasymesatb, 4TO: (@) KOMMbOTEP BbISBASET
«3aMbICeNl aBTOpa», MHTEPNPETUPYET €ro BHYTPWU COBCTBEHHOW CUCTEMbI 3HAHWMW U (0) NMPOWM3BOAMT Haj
CMbICTIOM OMpefenéHHble onepauuu, B TOM 4ucnie — OaéT eMy eCTECTBEHHO-13bIKOBYIO rpaMMaTUYECKYHO
uHTepnpetaumio [LLUtepH, cTp. 60; Manbkosckui, 1985; JembsaHkos, 1985].

MpeanoxeHHbIi annapat KOMMbOTEPHOTO MOHUMaHWS! BKMYaeT Tpuady «OHmonoausi — Tekem — CMbIc».
Mpachnyeckre CTPyKTypbl TpUambl HEMOCPEACTBEHHO NOAAEPKMBAIOT NPOLECC NOHUMAHWE TEKCTa, NOTOMY YTO
CeMaHTYecKas CeTb B SIBHOM BUAE CNOCOGHA 0TBEYATh HA OCHOBHbIE BOMPOCH! MOHMMaHHS, Hanpumep: «Ymo
cesisbleaem KOWkKy C Mblwkol?», «4Ymo obwee cywecmsyem Mmexdy denogekoM u nmuuel?», «Hem
omnuyaemcs 4esogex om nmuuybi?». MopyepkHEM, YTO OTBETHI [AlOTC He B TEKCTOBOM JIEKCMKOHE, a Ha
KOHL|ENTYanbHOM YpOBHE 0BLLEro 3HaH!s — Ha METasi3bke OHTONOTN.

B 10 xe BpemMA roBoputb 0 NOHMMaHWUM aBTOPCKOro 3ambicna, UMea Oeno ¢ MHOronnaHoBbIM N NEKCUYECKKN-
30bITOYHBIM TEKCTOBBIM AOKYMEHTOM, JOBONbHO CINOXHO.

Kak yKa3blBanocChb, OHTONOMMYECKUN CMbICH, KOTOprl7I ABNAETCA NPOAYKTOM CEMaHTUYECKOro aHanu3a nosiHoro
TEKCTa, peanu3yetcd B BMAE Ny4dKa TpaeKTOpI/II7I, MOLLIHOCTb KOTOPOro 3aBUCWUT OT AJIMHbI TEKCTa. TpaeKTOpVIVI
aKTUBMU3MPYIOTCA  KNKOYEBbIMU  CNOBamMW U «HAKPbIBAKOT» BECb TEKCT AUCKPETHO, HO HE XaOTU4YHO.
[NocnenoBaTenbHOCTL pas3BnTNA CUTyaL M COXpaHAETCA.

TpaekTopun YnopsiiodeHbl N0 BPEMEHN WX MOSIBIIEHUS, OHU CEMaHTUYECKM B3aMOCBSI3aHbl OAHON (hpasoil,
ab3auem, pasgenom. OTAenbHble KOYEBbIE CMOBa BCTYNAlOT BO B3aMMOAENCTBME Yepe3 ObLUMe KOHLENT
Bonee BbICOKOro YpoBHS. OTAENbHbIE TPAEKTOPUM NEPECEKAIOTCS W YACTUYHO CIIMBAKOTCS, MPUYEM MX KOHLIENTHI
MepeceKalnTcsl B PasHbIX KOMOWHALMSX M C pa3HOil YacTOTOA. OTOT CMOXHBIA MeXaHW3M CTPYKTYPHO W
CXEMaTUYHO OTpaxaeT, B MPUHLMME, BCIO CEMaHTUYECKYIO CIIOXHOCTb U C8S3HOCMb MeKcma, BCe NOBOPOTH
ero Tematuki. «HeyuTEHHbIMMY OCTaKTCS NULWb AeTanu, MogpoBHOCTM, YMCNOBble AaHHble W T.M. OpHako
YTOUYHEHWe AeTaneit NPUHLMNMANBHO BIXOAWT 3a PaMKU BbISIBIIEHWS! CMbiCNa U TpebyeT Apyroit TEXHONOoruu.

OyHpameHTanbHasi LEHHOCTb MexaHW3Ma BbISIBIIEHWUSI OHTOMOTMYECKOTO CMbiCria KPOETCs B TOM, YTO OH,
cosnaBasi rpacdhmyeckuit MOPTPET TeKCTa M OMUCbiBasi ero MeTasisblkOM OHTOSOTMM, MO3BOSISIET YeroBeKy
CNOXWUTb XOTS U camoe obluee 1 CXeMaTU4YHOE, HO BMOMNHE afjekBaTHOE NpeaCTaBneHne O CUTyaLum, aatb emy
KOHLIEHTPUPOBAaHHYIO MHOpMALMI0, BO3OYANTb LieneHanpaBneHHble BOMPOCHI, OTCESTb JIULLHWE TUMOTe3bl.

B umoze nompe6umens nosyyaem onpedenéHHyto SCHOCMb — 8 YEM cOCMoum cyms cO06UjeHusl.

UTo KacaeTcs YEeroBeYeCKOro NOHMMAaHWS OHTONOTMYECKOro CMbicna, qopMaT KOTOPOrO HenpuBbIYEH A0S
(coBpemeHHOro) YenoBeka, TO Ans ero npeobpa3oBaH1s B rpaMMaTUYECKy0 A3bIKOBYIO hOpMY NpeayCMOTPEH,
KaK ykasaHO Bbllle, CreLmanbHblii TPAHCAATOP «CMbICN — TekcT». [puHUMNbI TpaHcnsumu paspaboTaHbl B
NIMHIBUCTUYECKON MOAENN «CMblCn—TekcT» [Menbuyk, 1999].
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Pacprlme CMbICna B guanore

«TekcT oborawaeTt cmbicn» (31a opmyna npuHagnexut C. Bacunbesy, 1988 ).

Kak 6bIno nokasaHo BbIlWE, aKTUBHAs (DYHKUMS TEKCTa MpOSIBNSETCS B TOM, YTO OH SIBNSIETCS, B MPUHLMNE,
HeucYepnaembIM WCTOYHWKOM WHTEpeca, NPUYEM NPWU  NOBTOPHOM UTEHUM BO3MOXHO HE  TOMbKO
NepeocMbICIMBaHME ANCKypca, HO gaxe uameHeHune oHTonorum ( Sic! ). OcobeHHO 3T0 OTHOCUTCS K y4ebHbIM
MaTepuanam W BbICOKOXYAOXKECTBEHHbIM Npon3seaeHusM. MoaTomy Heobxoaumo 06ecneynTb MHOTOKPATHBIN
[OCTYN Nonb3oBaTeNst K NepBOUCTOMHMKY Ans Gonee MOMHOTO packpbiTUs ero pecypca. OTO BO3MOXHO B
pexume auanora.

B Teopun penpeseHTauMM 3HaHWM UCMOMb3YKOT MOHATME «cmpambl 3HaHuly [[aBpunoBa W XOPOLIEBCKUN,
2001]. Crpatudmkaums 3HaHUIA NMPOW3BOAMTCS MO TUMY WX aHanusa, npy 3TOM pasnuyatoT: 3ayem — 3HaHus,
Kmo — 3HaHus, Ymo — 3HaHus, Kak — 3HaHus, [de — 3HaHus, [Toyemy — 3HaHWa U T.4.

Ecnm B ynpowéHHOM BWAe WCMONMb30BaTb 3Ty METOZONOMMI0 ANs OpraHWsauuu gwanora, TO cregyeTt
MOZEPHN3NPOBATL IMHIBUCTUYECKMA Npoueccop. B npouecce nocTpoeHns gepeBa CMHTaKCUYECKOro pasbopa
NPEANOXeHMs CBA3N (CTPENKN) MeXay YneHamu NPeanoxXeHns 4OMKHbI ObITb NPOMHAEKCMPOBAHbLI BOMPOCAMM,
HanpuMep, TakuMu: kmo, ymo-Oenaem, 20e, koa0a, Kakol, CKOMbKO, 3ayeM, Kakum-obpasom u T.0. Takas
WHAeKcauMs Co3naéT Ana Aguanora  NMHrBMCTMYECKylo 6a3y. Bonpocbl Kk TekcTy, CGhopMynMpoBaHHbIE
Monb30BaTeNEM, aKTUBM3MPYIOT COOTBETCTBYIOLWIME TPYNMbl CNOB, KOTOpble HOPMUPYIOT OTBET WU TEM CaMbIM
pacKpbIBaOT «rNyBUHHbIE Napexuy cutyaumm [Mocnenos, 1988; Manbkosckuia, 1985; WtepH, cTp. 71].

3aknioyeHue

Mpegnaraembii B3rnsg Ha oblwme pecypcbl TekcTa EA, Ha 3agaum ero cemMaHTWYECKOro aHanmaa, crnocobel u
pesynbTaT 06paboTkn NPUBOAMT K eanHon Tpuage: « OHmonoaus — Tekem — Cumbicy. 3apadeil CeMaHTUYECKOro
aHanM3a TeKCTa MofaraeTcsl W3BMEYEHWe KOHLEHTPUPOBAHHOMO 3HaHWUS, PEneBaHTHOTO 3aMbICry aBTopa.
Mnatcdopmoit n3sneveHust 3HaHus cnyxut oHtonorus MO*3 — koHUenTyanbHas cuctema penpeseHTauuy obLmx
3HaHWA O MMpEe W NpeaMeTHbIX obnacTsx. Pe3ynbTaToM B3aMMOAENCTBMS TEKCTA C OHTOMOMMEen SIBRSETCS
OHTOMOIMYECKNN CMbICI — MHOXECTBO B3aMMOCBSI3aHHbIX NOArpadoB OHTONOMMYECKOro rpada.

OHTONOrMYeCKNn  CMbICNT  WM3BNEKAETC W3  OHTONOMMYECKOro rpadpa «CMbICIIOBbIM  MpoLeccopomM» U
MHTEPNPETUPYETCA C NOMOLLLIO TPAHCNATOPA «CMbICIT — TEKCTY.

[ins 6onee rnyGoOKOro W3yYeHWs coflepaHusl AOKYMEHTa UCMOMb3YeTCs «AManoroBbli NpoLeccop», KOTOpbIi
uccneayeT [EepeBO CUHTaKCUMYeckoro pas3bopa MpeanoXeHus W No 3aJaHHOMY BOMPOCY HAXOAWT B TEKCTe
(hparmMeHT, CryxalLuit KOHKPETHBIM OTBETOM Ha BOMPOC MOMb30BaTeNs.

KomnbtoTepHOe MOHMMaHWe TeKCTa AOCTUraeTcs 3a CYET: 1) MOrpyXeHUs TekcTa B €AUHYIO Cpeay 3HaHMn —

OHTOJIOTUIO, 2) (bopmaanoro npeacTaBneHna cMbiCina B NaMAT KOMNbOTEPa U 3) BO3MOXHOCTU onepau,vlﬂ Hag
OHTOJIOTM4€CKNM CMbICITOM.

Bo3MoXHble npuMeHeHus

Mpeanaraemyto HOBYIO MHADOPMALMOHHYIO TEXHOSIOTMIO MOXHO MCMONb30BaTh ANs (hopMMpoBaHus ba3 AaHHbIX,
apXVMBMPOBAHUS 3MEKTPOHHBIX JOKYMEHTOB, UX MHAEKCWPOBaHMS, Knaccudukaumv u noucka B WHTepHeT. B
BMpTyarbHbIX flabopaTopusx BO3MOXHO Ha €€ OCHOBe CO03faBaTb WHTENnekTyanbHble 6aHku AaHHbIX,
paboTaroLLme B €AMHON cpeae 3HaHMM.

[laHHasi TEXHOMOrMsi OpUEeHTWpPOBaHa Ha aBTOMATUYECKOE W3BMEYeHWe MemadaHHbIX W3 TEKCTOBbIX
AoKkymeHTOB. [Mpu cOOTBETCTBYtOLWEA AOpaboTke OHA MOXET CNyXMTb B CHUCTEMAaX aBTOMATUYECKOro
pediepupoBaHns HaydyHbIX NyOnMKauuin, a B NepcnekTee — ANsS OCMbICNIEHHOrO WHTEPMPETUPOBaHMS
MYNbTUMEANIAHBIX AOKYMEHTOB.
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BEA30BAS OHTONOrUA PACNPEQENEHHON BUPTYANbHOW TABOPATOPUM
NPOEKTUPOBAHUA CEHCOPHbIX CUCTEM

AnekcaHap ManaruH, Bnagumup PomanoB, Kpaccumup Mapkos,
Butanun Benunuko, Uropb Manentoka, Kpaccumupa UBaHoBa,
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AHHOmayusi: B cmambe paccMOmpeH an2opumm NOCMPOEHUs OHMOMIo2UU 8upmyansHol nabopamopuu
aemomMamu3aupogaHHo20  npoekmupogaHus.  CghopmynuposaHbl  mpebogaHusi, — CO21acHO  KOMOPbIM
paspabomaHa oHmonoaus. [lpueedeHbl chpaeMeHm anoccapusi U npuMep peanusayuu paspabomaHHoL
0HMOI02UU CheyuarnbHbIMU NPo2paMMHbIMU cpedcmeamu.

Kntoyeenie cnosa: Bupmyaanaﬂ nabopamopusi; agmomamu3ayus NPOEeKMUPOBaHUs,; OHMO02US.

ACM Classification Keywords: J.6 Computer-Aided Engineering - Computer-Aided Design (CAD);
K.4.3 Organizational Impacts — Computer-Supported Collaborative Work.

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

OnuncanHas B [Palagin et al, 2009] komnblOTEPHAs TEXHOMOMMS Pa3paboTKyM CEHCOPHBLIX CUCTEM C MOMOLLbIO
BMpTYyanbHOM nabopaTopuy aBTOMATM3MPOBAHHOTO npoekTupoBaHus (virtual laboratories of computer-aided
design — VLCAD) nosBonseT cneuuanucTam pasnuuHbiX nNpeaMeTHbIX obnacten, Takux kak xumus, buonorus,
Ovoxumuns, usnka CaMOCTOATENBHO MPOBEPUTH BO3MOXHOCTb CO3[AHWSI W3MEPUTENBHOTO YCTPOWCTBA U
CMPOEKTUPOBATbL HOBbIA NpUbop BNMOTb 0 pa3paboTku koHCTpykTopckon aokymeHTauun. VLCAD cosgaetcs Ha
6ase hopmann3oBaHHOro NpPeACTaBNEeHUs TEOPETUHECKIX 3HAHWI, MPUHLMMOB OpraHn3aLi, METOA0B U CPEACTB
aBTOMATW3VNPOBAHHOMO NPOEKTMPOBAHMS 1 TECTUPOBAHUS MHEOPMALMOHHO-M3MEPUTENBHBIX CUCTEM U NPUOOPOB
C UCNonb30BaHNEM MeToZOoMNOMM cUcTeMHON UHTerpaumm [Manarud u Kypraes, 2003]. [1ns dopmann3oBaHHOro
OMUCaHUS CIIOXHbIX CUCTEM, CTPYKTYPUPOBaHUS W NpeLCTaBMeHUs 3HaHU O HEKOTOPOW NpeaMeTHoON obnacti B
MalMHHON (hopme Bce Goree LWMPOKO MCNONMb3ytTCA OHTOMOrMW. OHTOMOrMS, Kak MpaBuno, OMWCHIBAET
Nepapxmio  KOHLENTOB MPeAMETHON 06nacT W CyLeCTBEHHbIE CBOWCTBA KaXOOrO KOHLENTa C MOMOLLbIO
MexaHusma "atpubyT - 3HauveHue". CBS3M Mexay KoHuentTamu MoryT ObiTb  OMMCaHbl C  NOMOLLbIO
[ONONMHUTENbHLIX  NOTUYECKUX  YTBEPXKAEHUA.  OEKTUBHOCTL  MCMONb30BAHWA  OHTONOMA  OCOBGEHHO
NPOSIBNSAETCS B TakMX HAYKOEMKUX MCCreaoBaTenbCkux 06nacTsx, kak TeXHUKA NpeacTaBieHns U ynpasneHus
3HaHWAMM, MOLEenMpoBaHue OOLEKTOB W MPOLECCOB, MpOEKTMpoBaHWe 6a3 AaHHbIX, MHMOPMALMOHHas
WHTerpauus u obHapyxeHue 3HaHui [nagyH, 1994]. Paccmotpum oHTonormyeckoe npeactasnenune VLCAD.

MocTpoeHue oHTONOIMKU BUPTYyanbHOW NabopaTopum aBTOMaTU3UPOBAHHOIO NPOEKTUPOBaHUS

Mog oHTOMorMen B gaHHom paboTe Oygem MOHMMATb KOPTEX MHOXECTB O=(X,R,F>, rae X — KOHeuHoe

MHOXECTBO KOHLENTOB (MOHsTWIA) 3ajaHHOW npeameTHoi obnactm — BupTyanbHas nabopatopus
aBTOMATWU3WUPOBAHHOMO MPOEKTUPOBaHUs, R — KOHEYHOE MHOXECTBO OTHOLUEHU Mexzy koHuentamu X, F —
KOHEYHOE MHOXECTBO (DYHKLMIA MHTEpNpETaLnK, 3aaaHHbIX Ha MHOXecTBax X w/wunu R. B 6a3oBoi oHTOnOrMm
MPUMEM, YTO MHOXECTBO F TOXAECTBEHHO MHOXECTBY akCMOM A, NPEACTaBNAKLLMX UCTUHHbIE BbICKa3bIBaHWS O
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COOTBETCTBYIOLWMX MOHATUAX X. MO Lenn co3paaHus JaHHas OHTOMOMMSt OTHOCUTCA K MPUKIALHOW OHTOMOrMU
obbektoB VLCAD 6e3 onpefeneHusi OTHOLLEHUI C OHTONOMEN BEPXHEro YPOBHS (MeTaoHTonoruen). ObLmmm
TpeboBaHWAMM K pa3paboTke OHTOMNOTUN ABNAKTCS:

1) ACHOCTb — OHTONOrNA OOMKHA SquDGKTMBHO nepefasaTb coaepxaHne BBEAEHHbIX KOHLIENTOB;
2) COrnacoBaHHOCTb — BCE NOHATUA 1 onpedeneHna OHTONOrnn OOMKHbI ObITb TOMMYECcKn He NPOTNBOPEYNBDI;

3) pacwnpaemMoCTb — OHTOMOrMA LOOMKHa AonyckaTb BO3MOXHOCTb pPacllnpATb CnoBapb TEPMUHOB Ges
HeobxoanMocTy pesn3nn CyLLeCTBYOLLMX MOHATUNA.

4) CTPYKTYPUPOBAHHOCTb — MPOCTOTA A1 MOHUMAHWSI W NOWUCKA MOHSATUIA, YTO JOCTUraeTcs MPUMEHEHWEM
CMCTEMOIIOTYECKOro NoaxoAa k aHanuay npeameTHoi obnactu [Conosbesa, 1999].

Mpouecc MOCTPOEHUS OHTOMOTMW COCTOMT M3 psiga aTanoB. [pu 3TOM 3TW 3Tanbl BbINOMHSKTCA HE
rnocregoBaTenbHo, a UTEPaLMOHHO B 3aBUCHMOCTM OT MONHOTHI M TOYHOCTU HAKOMMEHHbIX AaHHbIX. OCHOBHbIE
aTanbl NOCTPOEHUS OHTOMOMAM BKIIOYAKOT: OfpedereHne Lenei Co3haHust M UCTOMb30BaHWs OHTONOTUW,
fMepeyHsi BOMPOCOB, Ha KOTOpble MO3BONSIET AaTb OTBET OHTONOIMS; PacCMOTPEHWE BApPUAHTOB MOBTOPHOTO
WUCMONb30BaHUSI OHTOMNOMAM; MOCTPOEHME CMKCKA MOHATUIA, TEPMUHOB MPEAMETHON 06nacT W WX CBOICTB;
onpeerneHne KnaccoB 0OBEKTOB NMPeAMETHON 0BnacTi W UX Mepapxuu; onpeaeneHue CBOWCTB KNaccoB —
CNOTOB; 3afjaHie OrpaHUYeHWA W aKCMOM, NOCTPOEHME AMarpaMM Heuepapxuyeckix  (hyHKLMOHANbHbIX)
OTHOLLIEHMI; BBOL, K3EMNIISIPOB OGBEKTOB OHTOMNOMM.

Llerm noctpoenns oHTonornn VLCAD MOXHO pasgenuTb Ha 2 rpynnbl — Lenn paspabotynka nabopatopum u
Lenu paspaboTunka aNeKTPOHHOro ycTponcTea. [na paspaboTunka nabopatopuit OCHOBHOW LIEMb0 NOCTPOEHMUS
OHTONOTMM SIBNSIETCA (hOpManbHOE OnUCaHWe U Knaccudukauus SNEeMEHTOB BUPTyanbHOM nabopatopun w
CBSA3EH MeXay HUMKU AN OUEHKM (YHKUMOHanbHOCTM Tekywero coctosiHug VLCAD W nnaHupoBaHus
JanbHenwen paspabotkn nabopatopun. C TOYKM 3peHust paspaboTyumka SMIEKTPOHHOrO YCTPOMCTBA OCHOBHOM
Lienblo OHTONMOMN SBNSIETCA aKTUBHAS NOMOLLb NONb30BATENIO NPY CO3L4aHUM CEHCOPHOM CUCTEMbI C 06LLEeHeM
Ha OrpaHNYEHHOM eCTeCTBEHHOM s3blke. OTBET CUCTEMbI JOMKEH NPEACTaBNsATb COOOM onucaHue npoLeayp,
METOAO0B W KOMMOHEHTOB BUPTyanbHOW nabopartopui, KOTopble MO3BONSIOT PELUMTb 3adady, MOCTaBMEHHYH B
3anpoce nonb3oBatens. Ons 6asoBon oHtonorun VLCAD 6bino NpUHATO OrpaHUunTb (hyHKLMOHANBHOCTb
cnegyowmm:

— npegocTaBneHne MHopMaLMK, Kak 0 MOSTHON, Tak U 0 YaCTUYHOW CTPYKType nabopaTopun B TEKCTOBOM M
rpacuyeckom Buae;

— npepocTasrieHne I/IH(*)OpMaLlI/IM O 3aBUCMMOCTAX MexXOdy OTAenbHbIMU KOMMOHEHTaMMU BI/IpTyaJ'IbHOIZ
na6opaTopV|V| Nno 3anpocy nonb3oBatend, BKMOYaA BXOAHble W BbIXOAHbIE [OaHHblE ONA KaXaoro
KOMMNOHEHTa.

[Ona 3agaHHOW npegMeTHOW obnacTu co3daH rnoccapuin, KoTopbii BknovaeT TepMuHbl VLCAD m wnx
€CTECTBEHHO-A3bIKOBbLIE OnucaHus. Bcero onucaHo 62 TepMuHa, a hparMeHT rnoccapus npuseaeH B Tabnuue 1.
B kauecTBe s13blka 415 hopManbHOro npeacraeneHust oHtonorim npuksT s3eik OWL (Web Ontology Language),
a Ans HenocpefcTBEHHOMO NOCTPOEHUSI OHTOMOTMM Wcrmonb3oBancs pegaktop Protégé-OWL. Asbik OWL
noaaepxmeaeT 3hEKTMBHOE NPEACTABMEHWME OHTOMOrMA B TEPMMHAX KMAccoB M CBOMCTB, obecneveHue
NPOCTbIX NMOrMYECKUX NPOBEPOK LIENOCTHOCTY OHTOMOMMW W CBSA3bIBAHWE OHTONOMMIA ApYr C ApyroM. Jlornyeckas
MoZenb MO3BONSET WCMOMb30BaTb MEXaHU3M PacCyXOEHWA, C NOMOLLbIO KOTOPOro MOXHO MpOBEPSTH
nocrefoBaTeNnbHOCTb  NMOCTPOEHUS  YTBEPXKOEHUA U ONpefeneHnid, KOpPPeKTHO NOALEepXWUBaTb Uepapxuto
koHuenToB [Horridge et al, 2004].
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Tabnuua 1

TepmuH

OnucaHve TepMuHa

ba3bl AaHHbIX

®ain (UM Heckonbko (hainoB) AaHHbIX, KoTopble XpaHsaTes B MK wnm Ha
HOCWUTENAX [aHHbIX W cofdepxaTr WHopmauuio, Heobxogumyt  ans
NPOEKTUPOBAHMS YCTPONCTB. YCNOBHO AeNsTcs Ha GubnmoTeky.

bubnuoteka TMNOBbLIX
yHKUMOHANbHbIX
pelueHun

fBnsetca yvactblo ba3 paHHbIX. CopepuT TUNOBbIE DYHKLMOHAMBHbIE
pelleHns AN peanusaumm  yHKUMA (UM NOACUCTEM) MPOEKTUPYEMOro
yCTpOMCTBa

Bubnuoteka cuctem
cbopa faHHbIX

fBnseTca nogknaccom bubnuotekn TMNOBBLIX PYHKLMOHANbLHbIX PELUeHUN.
CopepxuT BapuaHTbl peanusauuin (3K3emnnsapbl) cucteMm cbopa  AaHHbIX,
KOTOpblE MpegHasHa4eHbl ANs NOMyyYeHus N3MepuUTenbHON HGopMauuu U ee
nepBuYHON 06paboTKM

Ha ocHoBe rnoccapusi 6bina nocTpoeHa KnaccuuKauMoHHAs cxema C WUCMONb30BaHMEM TaKCOHOMMYECKNX
oTHoweHnid  "NMOIKNACC-HAIOKNACC"  (subclass-of), "4ACTb-LUENIOE" wu  "KIIACC-3K3EMMNAP"
(islnstanceOf). Cxema uepapxum knaccos VLCAD npuseneHa Ha pucyHke 1

Asserted Hierarchy

’._c: ) owl: Thing
| = (C) BrpryansHas_nabopatopna

= C)ANnapaTHeie_cpeacTea

{ c: Nepedepiitee Y TPONCTES_BBOAS-BRIBOAS
{ g:, MepCoHanEHLIE_KOMNBMTEDE

= {C) NporpatmHbIe_CPeACTEa

=/ (C) AAMAHHCTPHPOBAHHA_B/

g ) CbecneveHna_LuenocTHocTH_BA
C) MononenA_BrbnnoTer_B/
C) Npeofipasoeata_aarHex_6un.

=-.C) Bazbl_aaHHbIX
(C) OHTONGr 0=y NpaBRAEME_MOAY (C)BA_Moaenei_obbeKToB_HCCNeAcBaHHA
= C)MpoexTHPoBaHMA_NpHbopa \C)BA _roaened_snemeHTos

= (C) 3KCNEpHMENT_Mcen_MoAenn_nprbopa

= (C)Nonesosatend
C) AAMHHACTPATODE!

\C) PaspabioTmei_nabiopaTopui
\C) Pa3paboTuMkH_YCTROACTE

C)PesynbTatel

(C) MoAENHPOBaHHA_OBbEKTOB_HCCNEAOBaHHA | - .
; 7 (©)BA_IBIS_moaenei

\C)BA_SPICE_moaeneH
(C)BA_ouerouHsix_nnat
=1 C) BA_hYHKUMOHENbHBIX_peWweHHH
(C) BH3YaNM3aUHH_ASHHbIX
} AETHOCTHRH_H_KanHGposKA

| £) NpoeKTHpOBaHHA_Kopnyca

{ C) MpoeK THPOBEHHA_NEYETHOM_NNaTe!
| C) Pa3pabioTKH_KOHCTP_ACKYMEHTSUHH
(C) PazpaboTkn_oTnaakm_NO_npubopa
|C) PacyeTa_napaneTpos

(z)

l_: ) CXeMOTEXHWHECKONo_NPOeK THPOBaHKMA

: ¥ () MOHMTOPMHI 3_MHTaHHA
| C) DopMHpoBaHHA_TpeboBaHki o
2 (C) oBpaboTKH_AaHHBIX
C) PErHCTPAEUH_AaHHBIX (C) NepeaaqH_aaHHoIX
\C) CTaTHCTHYECKoA_obpaboTkH (C) cBopa_aHHeIx
gil DopMHPOBAHHA_HabopoE_AaHHB: _EJEﬂ._BJ‘IEHEHTOB

PucyHok 1. KnaccudukaLmoHHas cxema BUPTyanbHoit nabopatopum.

[aHHas cxema nO3BOMSIET MOMYYNTb MHKOPMAUMIO O CTPYKType nabopatopum U COCTOSHUM pa3paboTku
OTOENbHbIX (PYHKUMOHANBHLIX MOZYNEN, Ans 4vero ucnonb3yetcs aobaeneHHoe CBOWCTBO Tuma Annotation
Datatype Property — peanusayus KoMnoHeHma.

[ns onncaHus yHKUMOHANbHbBIX OTHOLIEHMIA MEXAY OTAENbHbIMU KOMMOHEHTaMU BUPTYanbHOW nabopatopum
3afaHbl cnegyowme obbekTHble coiicTBa (Object properties): obecneyusarom pabomy, coxpaHsmcs Ha,
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opmupytom < S8niemcs pesynbmamom, Uucnonb3ytomes, ynpasensiem. BoibpaHHble OTHOLEHUS NO3BONAKT
HaxoauTb HeobXoaMMble MONb30BATEND 3aBMCUMOCTU MeXZY KOMMNOHeHTamu nabopatopun. OyHKLUWMOHaMNbHbIE
OTHOWeHns B pepakTope Protégé-OWL onuwem 4epes orpaHWyeHusi, 3agaBaeMble Ans knaccoB. ®OparmeHT
CXeMbl (OYHKLMOHASbHbIX OTHOLLEHWIA NPUBEAEH Ha PUCYHKE 2.

‘ Mpoekmpee aHMA_Npkbopa

MporpaMMHble_cpepcTea ]
; (J)ynpaenaeT some
{ Bazkl faHHelX J

NpoekTHpoBaHHA_nprbopa

él) MCMONE3YI0TEA
S0ME NporpaMmMHLIe_cpeacTes

ey
(3 hopmrpyroT ! \ T
() bopripy *(3) hoprmpyraT some
SOME PesynbTaTel <) _ . Bidisbl_AaHHk1x
k (3 menonesyroTea some
™ OHTONOrO-yMPEENAEMEIA_MOAY Nb
Pe3yeTaTl j ‘ OHTONOrC-yIPaBNAEMEI_MOAY e

PucyHok 2. ®parmMeHT cxembl (PYHKLMOHaNBHBIX OTHOLLEHUI Mexay knaccamu VLCAD.

Mocne onpeneneHna beHKLl'MOHaJ'IbeIX OTHOLLIEHWI B OHTOMOTNI0 A06aBNSOTCS aK3eMnnApbI 00bEKTOB.

BbiBoabl

1. PaspabotaHa 6a30Basi OHTOMOrMS pacnpedeneHHon BUPTyanbHOW nabopaTopun  NPOEKTMPOBaHUS
CEHCOPHbIX CUCTEM, KOTOPasi COAEPXKMT OCHOBHbIE MOHSATUSA, OnuCbiBatoWme npeameTHyto obnacte VLCAD u
BMPTYarnbHbIX METOAOB MPOEKTUPOBAHMS, a TaKkKe OTHOLIEHWS, CEMAHTUYECKM 3HAYMMble ANs 3TOM
npeameTHOM obiacTu.

2. Ha cnepytowem aTtane gaHHas oHTonorust OyaeT gononHeHa aksemnnspamu o6bekto. VLCAD nonyuut
pasBUTUE B HampaBneHWM NpeaoCTaBreHNs MONb30BATENO KOHTEKCTHO-3aBMCUMOM MOMOLUM Kak no
KOMMOHEHTaM BUPTYyarnbHOW nabopatopuu, Tak 1 no npoueccam W Metogam npoekTuposanus. O6LeHue ¢
nonb3oBateniem 6yaeT opraHM3oBaHO Ha eCTECTBEHHOM Si3bIKE B paMkax BblibpaHHOM NpeaMeTHOM obnacTu.

BnaropgapHocTu

Pabota BbinonHeHa npu ¢uHaHCOBOM nogaepxke MuHuctepcTBa 06pa3oBaHMs W Hayku YKpauHbl B pamkax
COBMECTHOrO  YkpawHcko-bonrapckoro  npoekta  Ne 145/23.02.2009 «PaspaboTka  pacnpegeneHHbIx
BMpPTyarbHbIX nabopatopuit Ha OCHOBE MPOTPECCMBHLIX METOLOB AOCTYNa AN NOLOEPXKU MPOEKTUPOBaHMS
CEHCOPHbIX cucTem» M bonrapckoro HauuoHamnbHOro HayyHoro oHga B pamkax COBMeCTHoro bonrapcko-
YkpaunHckoro npoekta D 002-331/19.12.2008 ¢ Tem xe Ha3BaHMEM.
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ABTOMATU3NPOBAHHOE CO3AHUE TE3AYPYCA
TEPMWUHOB NPEOMETHOW OBNACTH
AnA NOKAJNbHbLIX MOUCKOBbLIX CACTEM

Butanun Benuuko, Nasen BonowwuH, CBeTnasa Ceutna

AHHomayusi: B cmambe paccmompeH Memod asmoMamu3uposaHHO20 Co30aHusi mesaypyca MmepMUHOB
npedmemHoll obnacmu Ha 0CHO8e CUHMAaKMUKO-CEeMaHMUYECKO20 aHanu3a eCmecmeeHHO-SI3bIK08bIX MEeKCMo8
Onis noBbILUEHUS peflegaHMHOCMU  Noucka 6 NOJHOMEKCMOBbIX JIOKa/bHbIX  NOUCKOBbIX — CUCMEMaX.
Mcnonb3osaHue npednoxeHHo20 Memoda No3gossem COKpamumb 3ampamb! 8PEMEeHU Ha COCMmagrieHue U
pedakmupogaHue mesaypyca.

Kntoyesnbie cnioga: fiokasnbHble NOTHOMEKCMOBbIE NOUCKOBbIE CUCMEMBI, me3aypyc mepMuHos, CUHMaKkmuko-
ceMaHmuyeckuli aHanus.

ACM Classification Keywords: I.2.7 Natural Language Processing - Text analysis

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

KonuyectBo aneKTpOHHbIX JOKYMEHTOB, KOTOPbIE UCMOMb3YeT B CBOEN EXeAHEBHOM AEATENBHOCTA COBPEMEHHAS
KOMNaHusi, CTPEMUTENBHO Bo3pacTaeT. pu 3TOM [aHHble XPaHATCA B Pa3NMyHbIX XpaHUIWLAX, Kaxgoe w3
KOTOPbIX UMEET CODCTBEHHYHO CTPYKTYPY (6a3bl AaHHBIX, MHPOPMALMOHHEIE MOPTanbl, 3NEKTPOHHBIE BUBNMOTEKM
W T.04.) B0 XpaHMnMLLE AOKYMEHTOB BOODLLE HECTPYKTYPUPOBAHHO ((halnbl Ha XeCTKOM AMCKe Nonb3oBaTens).

Moatomy Anst obecneyeHns XM3HEAESTENbHOCTI KPYMHbIX FOCYAAPCTBEHHbIX CTPYKTYP M YaCTHBIX KOpropaviuil
HeObXOAMMBIM YCIIOBUEM SIBNISIETCS UCMONb30BaHME JTOKaNbHbIX MOMUCKOBBIX CUCTEM 1Sl OCYLLECTBMEHMS Noucka
MO BHYTPEHHUM MH(OPMALMOHHBIM pecypcam.

OnH1MKM 13 OCHOBHbIX TPeBOoBaHWIA K MOA0OHLIM CMCTEMAM SBNAKOTCS:

e0bsi3aTeNnbHas  MOMHOTEKCTOBAs  MHAEKCALMS BCEX  MH(OPMALMOHHBIX  PECypcoB, B KOTOPbIX
OCYLLECTBNIAETCS MOWUCK, HE3aBMCUMO OT TUMOB (halirioB U CTPYKTYPbl XPAHEHUS JaHHbIX;

eHannymne NMHrBUCTUYECKOro npoueccopa Ana BblAENEHNA NeKceM, KOTOprVI No3BONAET OCYLLEeCTBNATb
NOUCK NO BCEM NMafeXHbIM (bopmaM ICKOMOTO CIIOBa UINM CIOBOCOMETAHMS, YTO OCOOEHHO BaXKHO AMS
d)J'IeKTVIBHbIX A3bIKOB, B YaCTHOCTU, PYCCKOIo M YKPAWUHCKOrO A3blKa;

e yMOPSiA0YMBaHIE Pe3yNbTaTOoB MoWCKa NO PENeBaHTHOCTU HaWAEHHbIX JOKYMEHTOB.

Ha cerogHsWHMI AeHb B YkpauHe Hanborbluee pacnpocTpaHeHne Nonyyuny fiokanbHble NOUCKOBble CUCTEMBI,
Takne kak META, Google Desktop Search, Yandex.Server. B Toxe Bpems, Bce Gonbluee pacnpocTpaHeHue U
nonynspHOCTL NpUMobpeTaeT NporpamMMHbIA npoaykT komnanum Microsoft — "Microsoft Office SharePoint Server
2007", koTOpbLIN ABNSIETCS CPEACTBOM OpraHM3aluu KONNEKTMBHOM paboTbl ¢ KOPMOPATMBHLIMW AaHHBLIMK W
UCnonb3yeTcs Ans peLueHns Ype3BbliyainHo LUMPOKOro cnekTpa 3agad [1]:

eynpaBneHne MHPOPMaLMOHHLIM NOPTarNoM U BU3HEC-AaHHbIMY;
#1OVCK MO AaHHBIM NPEANPUATHS;

® KONNEeKTUBHasA pa60Ta C OOKyMEHTaMU;
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*ON3HEC-aHaANNTIIK;
©aBTOMATM3aLMS [eN0BbIX NPOLECCOB.

lMouck Mo AaHHbIM npeanpusTus, ocywecTensembin Microsoft Office SharePoint Server 2007, He Tombko
YOOBNETBOPSIET BCEM BhILLENEPEYNCIIEHHBIM OCHOBHbIM TPEOOBaHMSIM K NOKamnbHbIM NOUCKOBLIM CUCTEMAM, HO U1
NMeeT Takue MpeuMyLLECTBa Kak: NEerkocTb afAMUHUCTPUPOBAHMS, HACTPOMKa CTPaHMLbl BbiBOAA PE3yMbTaToB
noucka; Mouck He TOMbKO MO COAEPKMMOMY, HO M NO CBOWCTBAM [OKYMEHTA; BO3MOXHOCTb MOAKMOYEHMS
CMVCKOB PaCLUMPEHNS 1 3aMELLEHNS AN1S YNPaBIEHNS MOUCKOBbLIM 3aNPOCOM U T.[.

Cnucok 3ameLLeHuns onpeaenseT WwabnoH, KOTOpbIil 3aMEHSETCA B MOMCKOBOM 3anpoce OLHUM 1N HECKONbKUMU
cnoeamu — noacTtaHoBkamu. Hanpumep, "pocm" wabnoH, a "sospacmanue" - noactaHoeka. [Mpu BBOZE
MOMCKOBOroO 3anpoca "pocm" NOWCKOBbIA MeXaHu3M 0ToOpasuT pesynbTaThl MOMCKA TOMbKO ANSi MOMCKOBOMO
3anpoca "go3pacmarue”. Pe3ynbTathl noucka ans crosa "poct" otobpaxatbes He 6yayT. Cnncok paclumperus —
9TO rpynna MOACTAHOBOK, KOTOpble SBMSIOTCA CMHOHMMamW. 3anpocbl, Cofepkaluse CrnoBa M3 MHOXeCTBa
NOACTAHOBOK, PACLUMPAKOTCS MyTEM BKIHOYEHWUS BCEX APYrX MOACTAHOBOK. Hanpumep, MOXHO co3aaTb CMMCOK
pacLUMpeHns, rae Creayllme MOACTAHOBKM SABMAIOTCA CUHOHMMamMu: "eospacmaHue", "HapauwjueaHue",
"pacwupeHue". Mpn BBOAE NOMCKOBOrO 3anpoca "eo3pacmaHue” MOMCKOBbIA MEXaHM3M 0TOBpasuT pesynbTaThl
rnoucka Takxke 4ns CnoB "HapawjusaHue" v "pacwiupeHue”.

OpHako, BCE BbILENEPEYNCNEHHbIE MOUCKOBbIE CUCTEMbI HE WMEKT BCTPOEHHBIX CMMCKOB TEPMMHOB
(TesaypycoB), Y4UTbIBAIOLLMX CUHOHUMUIO MOHATUIA NpegMeTHON obnactu. [na nonyyeHus Hambonee NOMHbIX
pe3ynbTaToB MoucKa, MONb30BaTeNsM B MOWCKOBbIX 3amMpoCOB MPUXOAUTCA MOCTOSHHO Mepeyncnsitb BCE
CMHOHMMbI BBEAEHHOIO TepMIHa (Hanpumep, Poccus — 310 u Poccutickas ®edepauyus, n PO).

anI HanM4yun Te3aypyca TepMuMHOB npenmeTHoM obnacti, nonb3oBaTeno B MOWCKOBOM 3anpoce OocTtatovHo
BBECTU TOJIbKO OAMH TEPMUH. Ecrm B Tesaypyce eCTb CnnCcoK CUHOHMMOB K BB€1IEHHOMY CIOBY, TO B pe3ynbTatax
Nnouncka 6yﬂyT NPUCYTCTBOBATb KaK AOKYMEHTbI, KOTOPblE COAEpXaT CnoBO, BBEAEHHOE NOJSIb30BATENEM, TaK U
OOKYMEHTbI, coaepxaLine cnoBa-CUMHOHUMBI.

K coxaneHuio, n3-3a OTCyTCTBUS (DOPMann30BaHHbIX CrOBapel TEPMUHOB [Nt KOHKPETHbIX MPEeAMETHbIX
obriacteil, aBTOMaTM4YeCKOe CO3faHWe Tesaypyca HEBO3MOXHO. PyyHOe COCTaBNeHWe Tesaypyca sIBMSieTCs
BECbMa TPYAOEMKOIA 3afayeil, Tak Kak TPeOyeT SKCMEPTHOrO aHanM3a 3HaYUTENbHOTO KONMMYECcTBa AOKYMEHTOB
opraHusauuu (Kopnopawuu) Ans BbiAENEHUs Crucka TEPMUHOB MpeaMETHOM 0bracTi, npy 3TOM A0CTATOMHO
TPYOHO OLEHUTb MOMHOTY MOMYyYeHHOro crucka. [nsi peleHnst Takon 3ajayn HeoBXxoaumo MCmonb3oBaTh
aBTOMATU3MPOBAHHOE CO3AaHNe Crncka TEPMUHOB NPeLMETHOM 0bnacTu.

MpUHUMNbI aBTOMATU4ECKOro BbIGOpa TEPMUHOB

[ns NOCTPOEHWS MOHATUIHOTO annapaTa W3 TEKCTOB NPEAMETHOM 061acTi UCNONb3yeTCs MOMCK U BblAeneHne
CYOCTaHTMBHBIX UMEHHBIX CITOBOCOYETAHWN, BEIPAXXaEMbIX CXEMOM: COrnacyemMoe CMoBO + CyLlecTBUTENbHOE. B
3TOW MOJENW CyLIEeCTBUTENBHOE SIBNSIETCS [MaBHbIM CIOBOM, @ COrNlaCyeMOe CMOBO — 3aBUCUMbIM M MOXET
BbIpaXaTbCs Kak npunaratenbHbIM, Tak W CyLlecTBUTENbHbIM [2]. CnoBOCOYETaHUS MOrYT BKMKOYaTb B CBOM
COCTaB TaKKe NPeAnon N COMMHUTENbHbIE COHO3bl. KOnMYecTBO CNOB B MMEHHbIX CIIOBOCOYETaHMsIX konebneTcs
OT ABYX A0 NATHaguaTu W B CpeaHem cocTaBnseT Tpu crnosa [3]. B pabote [2] npusogutcs 18 wabnoHos
MMEHHBIX CIIOBOCOYETAHMIA, UCMIONb3YEMbIX ANS BbiAENeHUs TEPMUHOB NPeaMeTHOM obnactu. B pycckom s3bike
CUHTaKCWYecKast CTPYKTypa TEPMUHOB npeamMeTHoi obnactu 6onee yem B 90 NPOLIEHTOB Cry4aeB COOTBETCTBYET
cnegylowum natM  wabnoHaMm:  OOMHOYHble  CYLLECTBMTENbHble, MpunaratenbHble, W COKPALLEHMs;
CYLLECTBMTENbHOE + CYLUECTBUTENIEHOE B POAWTENBHOM Nagexe; npunaraTernibHoe + CyLeCTBUTENLHOE;
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npunaratensHoe + npunaratenbHoe +  CyLeCTBUTENLHOE;
CyLLECTBUTENBHOE B pOAUTENBHOM nagexe [4].

cyllecTButenbHoe + npunaratenbHoe +

BmecTe ¢ Tem CyLLecTBYIOT CMOXHbIE CNOBOCOYETAHNS, NCMONb3yeMble Ans 0603HAYEHUs MOHATUI 1 TEPMUHOB,
COCTOSLLMX W3 Tpex W Bonee 3HaYMMbIX CMOB. BbipaxeHne NOHATUIA M TEPMUHOB CMOBOCOYETAHNUAMM B NSATb U
fonee cnoB, C MCMOMb30BaHWEM COKO30B W MPEANOrOB  BCTpEYaeTcs peako, OCOBEHHO  Takumu
CMOBOCOYETAHUAMM, B KOTOPbIX YacTW peun He YepeayroTcs (Hanpumep, npunaratensHoe + npunaratensHoe +
npunaratensHoe + CyWECTBUTENbHOE + CyLEeCTBUTENbHOE B POAMTENBHOM Nagexe). JKCNepUMEHTHI no
BblOENEHNI0 TEPMWMHOB MOKa3anW, 4YTO B YKPAMHCKOM $3blke [Ang npegMeTHon obnacty  "akoHomuka"
LienecoobpasHo YBENUYNTb KONIMYECTBO CIIOB B CUHTAKCUYECKOWM CTPYKTYPE MMEHHBIX CIOBOCOYETAHNA B0 NATW.
CnoBocoyeTaHns AMHONM NATb 1 6oree CroB UCMONb3YITCH B HAMMEHOBAHWSAX OpraHu3auuii, B onpeseneHum
MOHATUIA OTHOCSLMXCS K (OMHAHCOBO-3KOHOMWUYECKON chepe AeATENbHOCTU opraHu3aumit. LLabnoHbl MMeHHbIX

CMOBOCOYETAHMIA, UCTIONB3YEMBIX AN MOMUCKa TEPMUHOB, NpuBeaeHbl B Tabnumue 1.

Tabnuua 1
Ne | CtpykTypa wabnoHa Mpumep TepmuHa
1| A66pesuarypa CHI"; MB®
2 CywecteutensHoe Cuctema;
rocyaapcTeo
3 CylectBuTenbHOE + CyLLeCTBUTENBHOE_B_poanTensHoM_nagexe | MpesnaeHT YkpanHbl;
naBa rocyaapcTea
4 lMpunaraTtenbHoe + CyLLeCTBUTENBHOE KoHcTuTyLmoHHbIN Cya;
3KOHOMUYECKII POCT
5 | CyluecTBUTENbHOE + CYLLECTBUTENbHOE_B_POAUTENLHOM_Nagexe | MUHUCTP (UHaHCOB YkpauHb;
+ CyLLeCTBUTENbHOE_B_POAUTENBLHOM_Nafexe Ykas NpeanaeHTa YkpauHbl
6 lMpunaratenbHoe + CyLecTBUTENbHOE + ®uHaHcoBas cucTema rocyaapcTaa;
CyLLeCTBUTENBHOE_B_POAMTENEHOM_Nagexe BepxoeHas Paga YkpauHsl;
BrogxeTHbIN Kodeke YkpanHsbl
7| CywecTauTenbHoe + NpUnaraTenbHoe_B_poauTenbHOM_Nnagexe + | OpraHbl UCTIONHUTEMbHOI BNACTH;
CYLLeCTBUTENBHOE_B_POANTENBHOM_Naaexe AeBanbBaums HaLMOHaNbHOM
BanoThl
8 lMpunaratenbHoe + npunaraTenbHoe + CyLecTBUTENBHOE CpegHemecsyHas 3apaboTHas nnata
9 CyliecTtBuTenbHOE + CyLecTBUTENBHOE_B_poanTensHoM_nagexe | MoctaHosneHue KabuHeTa
+ CyLLEeCTBUTENbHOE_B_POANTENBHOM_Nagexe + MuHWUCTPOB YKpamHbl;
CyLLeCTBUTENbHOE_B_POAUTENBHOM_Naaexe apxus MunucTepcTBa 060pOHbI
YkpauHbl
10 | Mpunaratensoe + CYLLECTBUTENbHOE + HauuoHansHas nporpamma
CYLLECTBUTENBHOE_B_POAMTENBHOM_Nagexe + UMMYHONPOUNAKTUKIA HaceneHus
CyLLeCTBUTENbHOE_B_POAUTENBHOM_Naaexe
1 CyliectBuTensHoe + npunaratensHoe_B_poauTtensHoMm_nagexe + | Cpeactsa '0CyAapCTBEHHOMO
CYLLECTBUTENBHOE_B_POAMTENBHOM_Nagexe + BrompxeTa YkpamHbl;
CYLLECTBUTENBHOE_B_POAUTENBHOM_Nagexe Mpencepatens BepxosHoit Pagbl
YkpauHbl
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Ne | CtpykTypa wabnoHa Mpumep TepMuHa

12 | MpunaratensHoe + npunaratensHoe + CyLLECTBUTENBHOE + 'ocynapcTBeHHas Hanorosas
CyLLeCTBUTENbHOE_B_POAUTENBHOM_Naaexe aOMWUHUCTPaLKUs YKpauHbl

13 CyliectBuTenbHOE + CyLlecTBUTENbHOE_B_poanTensHoM_nageke | Cuctema ucnonb3oBaHus
+ npunaratenbHoe_B_poauTenbHOM_nagexe + OIOKETHBIX CPEACTB;
CYLLECTBUTENBHOE_B_POAUTENBHOM_Nagexe OpraH ynpaBneHus rocy4apCTBEHHOI

cnyxboit

14 | Mpunaratensoe + CyLLECTBUTENbHOE + LleHTpankHble opraHbi
npunaratensHoe_B_poanTensHOM_nagexe + UCNONHUTENBHON BNacTy
CYLLECTBUTENBHOE_B_POAUTENBHOM_Nagexe

15 CyliectBuTenbHOE + NpunaratensHoe_B_poAUTENbHOM_nafexe + | 30Ha Ype3Bbl4alnHOM 3KONOTMYECKOi
npunaratensHoe_B_poanTensHOM_nagexe + cuTyauuu;
CYLLECTBUTENBHOE_B_POAUTENBHOM_Nagexe nocneacTans MUPOBOTO

(DMHAHCOBOTO Kpu3uca

16 | MpunaratensHoe + npunaratensHoe + npunaratensHoe + He3aBuCUMbIN rocy1apCTBEHHbIN
CYLLECTBUTENBHOE (DMHAHCOBLIN KOHTPOMb

17 lMpunaratenbHoe + CyLecTBATENbHOE + ®WHAHCOBO-3KOHOMUYECKAS
CYLLECTBUTENBHOE_B_POAMTENBHOM_Nagexe + pesTensHocTb MuHuCTepcTBa
CYLLECTBUTENBHOE_B_pOAMTENBHOM_Nagexe + 0060pOHbI YKpanHbl
CYLLECTBUTENBHOE_B_POAUTENBHOM_Nagexe

18 CyliectBuTenbHoe + npunaratensHoe_B_poauTensHoM_nafexe + | KoMuteT MHaHCOBOro KOHTpONS
CYLLECTBUTENBHOE_B_POAMTENBHOM_Nagexe + MuHucTepcTBa (hUHaHCOB
CYLLECTBUTENBHOE_B_POAMTENBHOM_Nagexe +
CYLLECTBUTENBHOE_B_POAUTENBHOM_Nagexe

19 | MpunaratensHoe + npunaratensHoe + CyLLeCTBUTENBHOE + Ob6ecLeHeHHbIE AEHEXHbIE
CYLLeCTBUTENbHOE_B_POAMTENBHOM_Nagexe + cbepexeHus rpaxagaH YKpanHbi
CyLLeCTBUTENBHOE_B_POAUTENBHOM_Nagexe

20 CywecTBuTenbHoOE + CyLeCTBUTENBHOE_B_poanTenbHOM_naaexe | PoHA COAENCTBIS MOMOAEXHOMY
+ npunaratenbHoe_B_poauTensHOM_nagexe + XUIMULLHOMY CTPOUTENLCTBY;
CYLLECTBUTENBHOE_B_pOAMTENBHOM_Najexe + HOpMbI Bl0KETHOrO
CYLLECTBUTENBHOE_B_POAUTENBHOM_Nagexe 3aKkoHogaTensCTea YKpauHbl

21 lMpunaraTenbHoe + CyLecTBUTENbHOE + CneuuantHbli oHA
npunaratensHoe_B_poanTensHOM_najexe + rocynapcTaeHHoro GlogxeTa
CYLLECTBUTENBHOE_B_POAMTENBHOM_Najexe + YKpauHbl
CYLLECTBUTENBHOE_B_POAUTENBHOM_Nagexe

22

CyLI.LeCTBMTeJ'IbHOG‘ + npunaraTenbHOoe_B_poanTenbHOM_nagexe +
npunaraTenbHoe_B_poauTenbHOM_nagexe +
CyLLleCTBUTENIbHOE_B_pOANTENIbHOM_Najexe +
CyliecTBuTenbHOE_B_POAUTENbHOM_Naaexe

YnpaBreHye rocyaapcTBEHHbIMU
(h1HAHCOBbLIMM pecypcamm YkpanHbl
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Ne | CtpykTypa wabnoHa Mpumep TepmuHa

23 CyLiecTtBuTENBHOE + CYLLECTBUTENBHOE_B_poanTensbHOM _nagexe | VICTOYHMK puHaHCMpoBaHNS
+ CyLLECTBUTENbHOE_B_POAUTENBHOM_Nagexe + Aecuumta ocyaapcTBEHHOrO
npunaraTenbHOe_B_poauTenbHOM_nagexe + BrogxeTa; pedpopma cUCTEMbI
CyLLeCTBUTENBHOE_B_POANTENBHOM_Naaexe KOHTPONS rOCYAAPCTBEHHbIX

(bnHaHCoB

24 [MpunaraTensHoe + NpunaratesibHoe + npunaratenbHoe + 0CynapCTBEHHbIN BHEOHMKETHBIN
CyLLEeCTBUTENBHOE + CYLLECTBUTENbHOE_B_POAUTENbHOM_nagexe | MeHCUMOHHbIN (hoHA YKpauHb!

25 | MpunarartenbHoe + CyLLECTBUTENbHOE + NaBHbIN pacnopsanTens CpeacTs
CYLLECTBUTENBHOE_B_POAMTENBHOM_Nagexe + l'ocygapcTBeHHoro BrogxeTa
npunaraTenbHoe_B_poanuTenbHOM_nagexe +
CyLLeCTBUTENbHOE_B_POAUTENBHOM_Naaexe

26 CyliectBuTenbHOE + NpUnaratensbHoe_B_pOAUTENbHOM_nagexe + | KOHTPonb 3KOHOMUYECKON
CYLLECTBUTENBHOE_B_POAMTENBHOM_Nagexe + AEeATENBHOCTY KOMMEPYECKMX
npunaraTenbHoe_B_poanuTenbHOM_nagexe + opraHu3auui
CyLLeCTBUTENbHOE_B_POANTENBHOM_Naaexe

21 | MpunaratenbHoe + npunaratenbHoe + CyLLECTBUTENBHOE + MexayHapoaHbIA ayanuTOpCKUiA
npunaraTenbHoe_B_poanuTenbHOM_nagexe + KOHTPOSb (OMHAHCOBOA
CyLLeCTBUTENbHOE_B_POAUTENBHOM_Naaexe AeATeNnbHOCTH

28 CyuiectButenbHoe + cyLlecTBUTENbHOE_B_poanTensHoM_nagexe | Cuctema ynpaBneHus
+ npunaratenbHoe_B_poauTenbHOM_Nagexe + rocyapCTBEHHbIMM (HUHAHCOBLIMM
npunaraTenbHoe_B_poanuTenbHOM_nagexe + pecypcamu
CyLLeCTBUTENbHOE_B_POAUTENBHOM_Naaexe

29 | MpunararenbHoe + CYLLECTBUTENbHOE + 'oCynapCTBEHHOE perynupoBaqme
npunaratensHoe_B_poanTensHOM_nagexe + BHELLHEN 3KOHOMWUYECKOM
npunaraTenbHoe_B_poanuTenbHOM_nagexe + AeATeNbHOCTH
CyLLeCTBUTENbHOE_B_POAUTENBHOM_Naaexe

30 CylectBuTenbHoe + NpunaratensHoe_B_poauTensHoM_nagexe + | OpraH BHELHEro rocy4apCTBEHHOM0
npunaratensHoe_B_poanTensHOM_nagexe + (OMHAHCOBOTO KOHTPONS
npunaraTenbHoe_B_poanuTenbHOM_nagexe +
CyLLeCTBUTENBHOE_B_POAUTENBHOM_Naaexe

31

CyLLleCTBMTeJ'IbHOG + CyLLecTBUTENbHOE_B_pOAMTEeNbHOM_Majexe
+ CyLlecTBUTENbHOE_B_poanTenbHOM_nafexe +
CyLLlecTBUTENIbHOE_B_POAUTENIbHOM_Nagexe +
cyliecTsuTenbHOEe_B_pPOAUTENIbHOM_Naaexe

lMporpamma aestensHocTn KabuHeTa
MUHUCTPOB YKpanHbl

ABTOMAaTMYECKOE BbILENEHNE OLHOCMOBHBIX W MHOTOCIOBHBIX TEPMWHOB, KpoMe LWabnoHOB, WCMONb3yeT
pesynbTaThl CUHTAKTUKO-CEMAHTUYECKOrO aHammMsa TekcTa. Pacnos3HaHue MOBEPXHOCTHBIX CEMaHTUYECKUX
OTHOLLEHWIA OCYLLECTBSETCS C NOMOLLBIO aHan13a (hrekcuin NOMHO3HAYHbIX CMOB, YYMTbIBas NPEANON 1 CO3bI,
6e3 npeaBapuTENbHOMO MOMHOTO rpamMMaTYeckoro pasbopa M MOCTPOEHWS! CWUHTAKCUYECKUX OTHOLLEHMH,
KOTOpble UCMOMb3YeTCs B TPAAULMOHHON rpammaruke [5).

I'Ipou,euypa BblAENEHNA TEPMUHOB N3 TEKCTA BKIMOYAET [1Ba OCHOBHbLIX 3Tamna.
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Ha nepBom aTane npoucxoauT HENOCPEeACTBEHHLIN NOWUCK B TEKCTE CIIOB W CIOBOCOYETaHU — KaHaM4aToB B
TEPMUHbI. B KkayecTBe OOHOCMOBHbIX TEPMWHOB BbIOMPAlOTCS  CyllecTBUTENbHbIE U abbpeBMaTypbl.
MHOrocnoBHble TEpPMUHbI (DOPMUPYIOTC C MOMOLLbIO ONpedeneHHbIX TWUMOB OTHOLIEHWA MEXAy CroBamu
NPeAnoXeHus, NyTeM NoCTEeneHHOro NPUCOEAMHEHUS COB K OQHOCIOBHOMY TEPMUHY-CYLLeCTBUTENbHOMY. [Ans
TEPMWHOB — WMEHHbIX CMOBOCOYETAHWA WCMOMb3YKTCA Credylolne OCHOBHble TWMbl OTHOLLEHUA MeXay
cnoeamu: 06bekmHoe, npuHadnexHocmb (Mexay [OBYMS CYLIECTBUTENbHbIMU), onpedenumenbHoe (Mexay
npunaraTenbHbIM U CYLLECTBUTENbHBIM), 00HOPOOHbIE crioga (MeXAy OBYMS CYLIECTBUTEMbHbIMA UNU ABYMS
npunaratenbHbiMK).  BbloeneHHble rpynnbl CAOB NPOBEPSIOTCS Ha COOTBETCTBME 3afaHHbIM  LuabnoHam,
npuBeaeHHbIM B Tabnuue 1. Mopsgok pacnonoxeHns B NPeAnoKeHM CrioB, 06pasyrowwmux TEPMUH, MOXET TOYHO
He COOTBETCTBOBATb 3afaHHOMY LWabnoHy, HO 06s3aTenbHbIM YCMOBMEM BblAENEHUS TepMUHA SBRSETCS
COOTBETCTBME OTHOLLEHMI MeXAy CroBaMW OMPeAeneHHbIM TMnaM OTHOLLEHUIA. OTO NO3BOMSET, HaNpUMep, 13
npeanoxenus "flocmpoeHue oHMooauU ykasaHHoU npedmemHol obnacmu" BbIAENUTb TEPMUH "OHMOso2us
npedmemHol obnacmu'".,

Ha BTOpOM aTane CnMCOK KaHOMOATOB B TEPMMHbl (DUIbTPYETCS: YYMTLIBAETCH 3HAYNMOCTb BblAENEHHbIX
CMoBOCOYETaHNN (NpUONMKEHHOCTb B AepeBe pa3bopa K noanexallemy Mnu ckadyemoMy NpeanoxeHus) 1
4acToTa, C KOTOPO OHW BCTPEYAOTCA B TEKCTE.

lMpvBeAeHHbIE MPUHLMMbI aBTOMATMYECKOro MOCTPOEHUSI CrMCKAa BO3MOXHbIX TEPMWHOB peann3oBaHbl Ans
YKPaMHCKOro 1 PycCKOro A3bIKOB B nporpamme "KoHcnekT".

MocTpoeHue Tezaypyca TepMUHOB

MMonyyeHHbIN NpeaBapUTENbHBIA CNUCOK TEPMUHOB PELAKTUPYETCS BPYYHYIO C MOMOLLbIO YTUINTLI — peaakTopa
Te3aypyca TepMMHOB NpeaMeTHON obnacTu (0Bwuit BUA okHa peaakTopa nsobpaxeH Ha Puc. 1.)

¥ Pepantop Te3aypycal Te pMMHOB 1P aMe THOH 061acTH

I'IDMCKI}E] l Coxpanute B ] l I ” - ][ > ” > ” + ]
WIHE RONOIT KM -~ [n] |Ea305b|ﬁTepMMH |Tur| ~
MiHLOGEMES | 55 BHpOSHHLTED 1
BE | koHTpoas

MiHEKOGEZNEKM - :
B4 | nigpozain

<= BepHyTe E BE spocTaHHs
B9 =akiHYeHHA

MiHEKDHOMiKEA

MIHEKOPECYRIC

miHEpaneH RobprEs 70| noparor
MIHERANEHO-CHPOEMHHE Gasa Mouck & 75 onnata
wiHinizaL 2 7B | Aow0nHa 4acTHHE

V7 pocnigmeHHA

o o

MAIHIRTY A —

— 86 | HEBYaNEHMM 3akAaa
MIHICTERCTED e i
MIHICTERCT BEO SKONaTT
MIHICTERCTBO EHERMETHRM EEE]
MIHICTERCTED KYNETYIH |ID |Pacmupeﬂuﬂ TEpMUHA s
MIHICTERCT BO MaWHOGY LY BESHHA Ceaaare % » BE | z6inkLWeHHA

MiHICTERCT B0 oSapaHK BE  Hakom4eHHA

BE | HApOLWYBaHHA
Mouck 1= B6 | pict
BB | poswMpeHHa

MIHICTERCTED OCEITH

MIHICTERCT BO 0X0POHK 340P0E'A
MIHICTERCTEO NPEY

MIHICTERCTED TREHCNORTY

H I'IepeMEu:THTb] ’ th JameHuTE ] ’ W, BepHyTh

PucyHok 1. [naBHas dopma peaakTopa Tesaypyca TEPMUHOB NpeaMeTHON obnacTu
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BxogHbIMW faHHBIMW ANS YTUAUTBI SBASIETCS CMMCOK TEPMWUHOB, CHOPMUPOBAHHBLIN Nporpammon "KoHenekt".
OKCnepT-aHanuTUK BPYYHYK CBSA3bIBAET TEPMMWHDbI, SBMSIOLMECS CUMHOHWMaMKU AN 3af4aHHON NpegMeTHON
obnactu (cm. Puc.1). Mony4yeHHbIe KOPTEXM CMHOHUMOB TEPMUHOB NpeameTHoON obnactu coxpaHnstotes B XML-
hain 3afaHHoO CTPYKTYPbI, KOTOPLIA MOXET MCMONb30BaTbCA MOMCKOBOI cuctemon cpeabl Microsoft Office
SharePoint Server 2007 B kayecTBe Tesaypyca (Crucka paclumpeHwit). B obwem Buge mnpouecc
aBTOMATW3MPOBAHHOTO NOCTPOEHUS Te3aypyca TEPMUHOB NPEAMETHON obriacT n3obpaxeH Ha Pwc. 2.

BrinonHsaeTca akcnepTamu-aHanuTrkamm:
1. BeiGop Tuna AOKYMEHTOB ANA BblAENEHUA
[Buﬁop [OKYMEHTOB AN aHannaaj ——~—- TEepMUHOB NpeameTHoi obnacTu.
2. Onepepenexne KonW4ecTsa JOKYMEHTOR AN NCCNeaoBaHus,
\L 3. NepBuuHasn obpaboTka BbIGPAHHBIX AOKYMEHTOB.

Gbﬁopka paboumnx QOKYMEHTOR opraHmauHHj

J/ BeinonHseTcs ¢ nomoLsio nporpammel "KoHcnekt":

(HOJ'IY'-IBHHE cnucka Tepmmoej —————— 1. OBpaBoTka BbIGOPKM AOKYMEHTOB.
J/ 2. BulaeneHne 3HauMMelX TEPMUHOB.,

(Cnncox TEPMWUHOB NPEgMETHOWM 06nacm)

BhinonHseTcs akcnepTamu-aHanuTkamu:
1. OBpaboTka cnUcka TEPMUHOB C NOMOLLLH
[Cocrasnenue Tesaypyca TEPMWHOB NPEAMETHON oﬁnacra —————— cneumansHol yTunuTsl.
2. CoxpaHeHue pesyneTartos e cdain
onpeaeneHHon CTPYKTYPbI.

(Teaaypyc TEPMWHOB NPeaMETHON oﬁnacm)

v

[nOﬂKHIO‘-leHHe Tesaypyca K nokankHon NoMcKoBoR GHGTEMS) - =

BoeinonHseTca agMuHUCTpaTopamu NOWCKOBOKW CUCTEMBI [ﬁ

(I'Ioucmaaﬂ cUCTEMA C NOAKMIHEHHBIM Teaaypycom)

PucyHok 2. Cxema npoLiecca aBTOMaTU3VPOBaHHOTO MOCTPOEHUS Te3aypyca TEpMUHOB

OKCNepUMeHTbI

PaccmMoTpeHHbIn MeToa aBTOMATU3MPOBAHHOTO CO3[aHWs Tesaypyca TEpPMUHOB NpeaMeTHon obnactu 6bin
“cnonb3oBaH Ans 06paboTkN TEKCTOB Ha YKPaUHCKOM A13blKe, OTHOCSALMXCS K (OMHAHCOBO-3KOHOMMYECKON cchepe
JeATenbHOCTM opranHnsaumin. U3 172 pasnunyHbix TekcToBbIX AokyMeHToB 3a 2000-2008 roga obwmm obbemom
npumepHo 3000 cTpaHu, TekcTa Be3 dopmaTuposaHus (npumepHo 12 M6 chaiinos gopmarta txt) aBTomaTyeckm
Obino BbigeneHo 26 860 cnoB M crioBocoveTaHuin. M3 cchopMMpOBaAHHOIO CUCKA A1 JanbHEMLLero pyyHoro
PeAaKTUPOBaHNS TEPMUHOB Obifio OCTaBMEHO 6,5 ThIC. CNOB W CMOBOCOYETAHWW, KOTOpbIE BCTpEYanucb B
NCXOAHbIX TEKCTOB Bonee Tpex pa3. TepMUHbI, HE UMELOWMe CUHOHUMOB, Bbinn UCKMIOYEHbI 13 Tesaypyca. B
kayecTBe 6a30BbIX TEPMMHOB ObINo BbibpaHo okono 400 CMOB M CNOBOCOYETAHWA, @ B CMUCOK PaCLUMPEHMI
pobasneHo npumepHo 650 TepmmnHoB. OT 0BLiero Konn4ecTsa TEPMUHOB B Te€3aypyce OLHOCIOBHbIE TEPMMHbI
coctaBunn 76%, aByxcnoBHble — 21%, TEPMUHBI, cocTosiLMe 13 Tpex u bonee cnos- 3%.
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BbiBOAbI

B cTaTbe paccMoTpeHa MeToAmMKka aBTOMAaTU3MPOBAHHOMO CO3AaHNS Te3aypyca TepMUHOB NpegMeTHO obrnacTu
Ha OCHOBE CMHTAKTWUKO-CEMAHTWYECKOrO aHammsa eCTeCTBEHHO-A3bIKOBbIX TEKCTOB. [1pUBEAEHHbIE MPUHLMMDI
aBTOMATUYECKOrO MOCTPOEHNS CMINCKA BO3MOXHbIX TEPMUHOB Peann3oBaHbl A5 YKPauHCKOrO 1 pyCcCKOro S3bIKOB
B nporpamme "KoHcnekT". Wcnonb3oBaHne aBTOMATM3WPOBaHHOMO METoda MOCTPOEHWS Tesaypyca TEPMMHOB
npeamMeTHON 0611acTh ¢ NOMOLLbIO CUCTEMbI aHanM3a eCTECTBEHHO-A3bIKOBbIX TEKCTOB MO3BONSET 3HAYUTENBHO
COKpaTUTb 3aTpaTbl BPEMEHU Ha COCTaBMEHWE W PeAakTMpoBaHWe Tesaypyca. [anbHenwuumu HanpasneHuaMu
“ccnegoBaHuin SBASIETCS COBEPLUEHCTBOBAHWE anropuTMa BbiAeneHus UMEHHbIX CNIOBOCOYETaHUI AN noucka
TEPMMHOB MPOM3BOIBHON [SIMHBI HA OCHOBE OMPEAENEHHbIX MOBEPXHOCTHBIX CEMAHTUYECKUX OTHOLIEHWA 6e3
SBHOMO 3aaHus BCEX BO3MOXHbBIX LIABMOHOB CTPYKTYPbl TEPMUHOB, BblAENEHNE HEKOTOPbIX TUMOB FNAarofbHbIX
CMOBOCOYETAHWA W UCNONIb30BAHME UX KaK CUHOHUMOB K UMEHHBIM.

BnaropgapHocTu

Pabota onybnukosaHa npv cuHaHcosomn nogaepkke npoekta ITHEA XXI MHCTUTyTa MHGOPMALUMOHHBIX TEOpUI
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounaumm cosgateneln u nonb3oBaTenen
WHTennekTyanbHbIx cuctem ADUIS YkpanHa www.aduis.com.ua.
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METHODS OF SYNTHESIZING REVERSIBLE SPATIAL MULTIVALUED
STRUCTURES OF LANGUAGE SYSTEMS

Grigoriy Chetverikov, Irina Leshchinskaya, Irina Vechirskaya

Abstract: The basic construction concepts of multivalued intellectual systems (MIS), which are adequate to
primal problems of person activity and using hybrid tools with many-valued coding are considered. The concepts
are agreed with the dialectic laws opened by a man and their manifestations in problems connected with creation
of identification systems prediction and recognition of imagery in which the interactive operational mode is a main
part of the whole complex of intellectual properties. The law of unity and struggle of contrasts changes and
alternation of coding indications of messages about objects in neurons of a brain - from space to temporal and
from two-place to multivalued.

Keywords: multivalued intellectual system, language systems, parallelism (spatial), AFP (algebra of finite
predicates ), AFP-structures, knowledge base, multiplevalued logic, multistate reversible element.
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Introduction

Developing and improving computer facilities underline the process of automatizing mental activity, which was the
starting - point of emergence of concept of artificial intelligence. However, the successes in the field of
intellectualizing computer machines are insignificant especially if one compares the achieved results with
anticipated ones and forecast. The orientation on the attain of qualitatively new technologies of information
processing manifest itself in attempts to realize systems of artificial intelligence (Al) on Neumann computers.
Therefore, new requirement of the technology of information processing are caused by need for solving problems
which are badly formalized and the availability of user who is not a professional programmer. (1) Thus, we came
to realizing one of the variants of developing Al systems - this is the way of analyzing modeling and synthesizing
a natural language intelligent interface by means multiple-valued logical systems, in particular by the algebra
finite predicates as well as the theory of multiple-valued structures and coding. Since the advent of computers
facilities research has been carried out and realization at the level of engineering solutions multi-valued structures
and coding in view of high information saturation of their signals has been conducted. Structures of data
processing means, which are conducted on the basis of multiple-valued logical elements and modules with
appropriate links, are called multiple-valued ones. All the objects, which are described by finite structural
alphabet: elements, modules, structures, system of computer, measuring and control facilities and natural
language information tools are classified among such structures.

At present there exist a great number of uncoordinated approaches and methods of building and applying
multiple-valued structures, however, their systematization and classification are not available (i.e. any kind of an
ordered system of realization means). At the same time the optimum design and technical realization of computer
machines on the base of multi-valued structures are impossible without simultaneous development of entirely
new (nontraditional) kinds of mathematical models and their research for various models of operation and
interpretation of the modeling results. All this has resulted in a critical situation, which is caused by the absence of
the integral theory of constructed highly effective multi-valued structures of spatial type. The analysis done shows



International Book Series "Information Science and Computing" 33

that the problem of developing the generalized theory of building highly effective multiple-valued computer
structures and coding for language systems can be solved only within the class of intuitive and constructivist
theories [1-4].

In particular, in works the accent on the concept of neuro -physiologic and neuro - cybernetic aspects of alive
brain mechanisms is made. It is connected with the following natural neuron structures from nervous cells -
neurons, essentially are highly effective recognizing systems and, for this reason, is of interest not only for
doctors and physiologists, but also for the experts designing artificial intelligence systems. However direct
transfer of research results of neuro- physiologists in engineering practice is now impossible because of a lack of
an appropriate bioelectronic technology and an element basis, that has led to development and creation of a set
of varieties of artificial neurons realized on the elements of the impulse technology.

As the corollary, non-adequacy of used principles of coding and element basis to simulated processes entails a
redundancy, complication and non evidence of used mathematical and engineering means of transformations,
loss of a micro level of parallelism in handling expected fast acting and flexibility of restructuring without essential
modifications of architecture and connections.

1. Choosing the Body of Mathematics

The availability of algebra of finite predicates (AFP) provides an interesting opportunity of realizing a transition
from algebraic description of information processes to their description in the form of equation in the language of
given algebra and the equations specify relations between its variables [5,6]. All the variables in the equation
possess equal rights and any of them can be both independent and dependent ones. The presence of equations
and their advantage over algorithms consist in the fact that there appears an opportunity to calculate the reaction
of the system even in case of the incomplete definiteness of initial information, whereas an incompletely
developed algorithm is unable to operate. One should note that by means of AFP-structures which realize
appropriate finite predicates. The given approach is similar to the process of constructing combinational circuits
by the formula of the algebra of logic. Depending on the level of functional and structural realization we have
AFP-structures of the first, second and third level 6].

The algebra of finite predicates is used as the body of mathematics of the research. We treat AFP as the one
which is represented by the set M of all the predicates U™ . Let T be a set of all relations onU™ , O be a set
of all predicates on U™ . The relation T and predicate O are called corresponding to each other, if for any

X,5X,,..., X, W€ have:

0,if x,,x,,....,x, ¢T;

Q(xl,xZ,...,xm)z{ (1)

Lif x,x,,....,x, €T.

In accord with (1) there can be a transition from the arbitrary relation 7' to predicate O corresponding to the said
relation 7' . The predicate O which is found by the expression is called the characteristic function of relation 7.
The condition of the form:

0,if a#x,;

Lif a=x,. &

a(x,)=x" ={

is called predicate of recognizing an object a € U of variable x,,i=(/,m).
The predicate a(x,) should be considered as the predicate a(x,,x,,...,x,,...,x,) from Pc O, whose all

arguments, except x,, are negligible. We will replace the expression in the form a(x,) , where i = Im, acU
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by x,” (here a is called an exponent of the variable x,. Thus, the set 7 and basic elements x,” (i =I,m,

a € U ) and basic operations: disjunction, conjunction and negation is called the algebra of finite predicates over
M . Eliminating the operation of negation out of the basis of the given algebra enables to obtain the so called
disjunction and conjunction algebra of predicates (DCAP). Its completeness is proven [5]. Thus, the given algebra
is considered as an instrument of research but not as its subject.

2. Formalizing the Concept of Unification of Spatial Multiple-valued Structures

A concept of unifying (reducing to uniformity and indissoluble interaction) two-digit and multi-valued means of
processing appropriate (symbolic) data semi digital in a natural language. The present approach is based upon a
single methodological and special purpose principle by applying the proposed methods of the theory of
intelligence [7] for mathematical description and appropriate formalization of the concept of unifying input/output
data [8] and their intermediate transformation [9] an appropriate AFP-structure of the third sort (Fig.1) [5].

r—-————">""—"~>""™>"~>7 7777 1
|
i 1 0 2 | 0 5 0 6 0 7
| > i > > >
15‘-ian|t 1 |
— > L 1 1
X 2 ; > > >
| P | Matrix Matrix Y
| ADC ‘ Decoder : selector ' switch ' DAC
| (bC) | (MS) | (MS)
| 2(k-2) |
| P | k-1 k-1 k-1
| 2(k-1) : > > >
| g |
: : Y 7y /Y y
I Recognition element (RE) : 011 k-1 01 k-1
|
——————————————— 4 3 RE 4 CuU
2nd input x2 Control input R

Fig.1. Two-input AFP-structure of the third sort

AFP-structure of the third sort is proposed on the basis of the sdf architectural studies presented in the works [5-
8], as well as proceeding from the need for structurizing problems in developing the intuitive and constructivistical
theory of constructing multiple-valued structures of spatial type for language systems.

AFP-structure of the third sort based upon a two-input universal multivalued functional converter [5] includes the
following components: a recognition element (RE) n-valued variable which is formed by a parallel ADC together
with a spatial DC, a MS and MSW, a control unit, a parallel digital-to-analogue converter (key switch). After
describing the logic of operation of these components by the appropriate equations of the algebra of finite
predicates, we will obtain their mathematical models. The use of the concept of unification and the given algebra
will ensure boundary parallelism and uniformity of the structure as a whole. Obtaining analytical relations of input
foutput variables of component will make it possible to formalize and automatize synthesis procedure of multiple-
valued structures of spatial type [5,6].

An RE of k-valued variable realizes the recognition predicate - the basic element of the algebra of finite
predicates. The AFP is specified on the set M of all n-place k-valued predicates, i.e. the function of the form
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v=f(x,x,,....,x,), where x,x,,...,x, are letter variables specified on alphabet of letters
A={a,,a,,...,a,}, y€{0,1} isalogic variable, i.e.

y O,ifaj;txi;
T Wifa, =x,=1n, j=1k).

As the recognition element has % -levels (0 +(k —1) ), the number of output recognition signals for a spatial set
of the RE will constitute: % : a,,a,,...,a, ,. Thus, paralleling the process at the level of the boundary speed of

response of appropriate transformation is provided already at the AFP-structure input. The logic of operation of
DC particularly decoder 2 (DC 2) is described by a set of the AFP equation of the following form:

b1?2,3 =V
b11‘2‘3 =0V
bllj;,ls =YViars

The logic of operation of MS 3 is described by a system of the AFP equations of the following form:
g()l) = bl(l &bzo gm = bll) &bzl"go(/f*” = bll) &b;\?l"
& = b]1 &bf 8, = b]l &bzl;gl(k—l) = b]l &bzkil;
g(k—l)o = b1(k71) &bf? g(x—l)l = bl(H) &bzl'g(k—l)(x—l) = bl(H) &sz'
where g, is the output signals of matrix selector, which take the values out of the set £, €{0.1},

i, je€{0,,...,k—1} . The logic of operation of the space switch in the AFP-structure of the first sort is described
by the following system of the AFP equation:

0 1 k-1
8oo v &ot V'--Vg(()( _)1) =dy>

k-1
gloo Vglll V-~Vg1((k_1)) =4,

g(ok—l)o v g(lk—l)l Vv g((;l:ll))(k_l) =4 (k1)

Correspondingly, the switch input signals are formed at the expense of the wire OR for signals with the same
indexes but with different commutation level:

Z0 =I"o \/S0 qu,

Zl = rl 4 Sl 4 ql >

2y = Moy VS YV Gy
The final result of the universal conversion can be formally represented in the form of the following operator
picture:
k-1 k—.l
F(zi ) = n}%x(nlnon z,t, |,

where i =1,k —1,(¢,,¢,,...,t, ) are sets of signals of adjusting (selecting) the output functions of the universal
AFP-structure of the third sort. Thus, the aim of this approach is achieved by decompiling multiple-valued
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hardware means (AFP-structures of the third sort) into multiple-valued and two-value discrete and analogous
subunits, especially in the part of their intermediate spatial information transformation.

The research has shown that the application of traditional methods of combinational synthesis in functionally
complete bases as disjunction (conjunction) normal forms to multiple-valued structures of spatial type is
ineffective from the point of view of retaining the properties of uniformity and parallelism of structural formations
[3,5]. There is a need for seeking objects of research which are the most natural and closest to the inner logic of
functioning for a natural language particulary of corresponding structures a variety of algebraic and logical means
of modeling and new methods of synthesis of corresponding structures [5,9].

In problem of information processing in a natural language (for instance, in a Slavonic one) one needs to
recognize and process not less than 33 letters already at the level of phonetics. Consequently, beginning already
with problems of phonetical level of language information processing, value increase is an inevitable problem of
further research. It is evident that considering such an approach to the investigation of problems of creating and
constructing AFP-structures of the third sort on the base of universal multiple-valued functional converters
requires expanding from the point of view of increasing the values of a structural alphabet (£ > 3)

As the converter has a property of universality, the power of a set of functions which can be realized by a one-
input AFP-structure of the third sort makes up the value N = k" . Increase the digits of the structural alphabet
(the number of analogue-to-digital converter parallel stages out of comparator series).
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Fig.2. Structure and logic of realization of combinationed of matrix circuits of: a) a selector b) a switch

With a joint reference voltage divider from 3 to 10 makes it possible to increase the functional potentialities with
respect to realizing a set of logical functions of one variable to 1010/33 times. Thus, applying two-input AFP-
structure, of the third sort, as well as constructing a space decoder, a matrix selector and switch on conjunction
elements enable to ensure uniformity and homogeneity of its inner structure, as well as to increase speed of
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response at the expense of the boundary parallelism of the structure. The AFP-structure uses logical, but not
computing methods of intermediate transformation with the use of the concept of unifying 2 digit and k-valued
coding, which ensures the simplification of structure of intermediate subunits of a matrix selector and a
switch (Fig.2)

3. Solution Process of the Task of Hypothetically Connected Subscribers

This part of article is devoted to building of formalization methods of the relation with linear logical transformation.
It is a main tools for realization of logic network which focused on parallel information processing and its program
realization.

Let variables x,, i=1,2,...,12,... - are the telephone numbers of city Kharkiv and Kharkiv area. The task
consists of finding all telephone numbers of subscribers, with which can be connected subscribers numbers x,,
X,, X,, X,, X,. The numbers set of subscribers, on which entrance rings are fixed will designate y i

o X0 @Xil gXi2

Q Y21 Y22 Y23 Y24

N

LAY AN N

Fig.3. Finding of the hypothetically connected subscribers
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On Fig.3 evidently, that subscribers, x,, x,, x,, x,, x, hypothetically connected with subscribers y, —y,,, a

4 7

decision is found for 3 steps. The using the developed method of finding the degree of linear logical
transformation allow to minimize time to search decisions of this task.

Variable x,, i =1,2,...,12,... - are the telephone numbers of Kharkiv and Kharkiv area. It is necessary to find the
telephone numbers of subscribers, with which can be connected subscribers with numbers x, = 0572230508,
x, =0572945376, x, =0577124387, x,=0577774004, x,=0577711691. The numbers set of
subscribers, where rings acted is presented in [10].

Thus, the followings numbers of subscribers Kharkiv and Kharkiv area were found:

x, =0577153256, x,=0577356578, x,=0572995633, x,=0577332376, x,,=0572278745,
x,, =0577126534 , x,, =0572937694.

Conclusion

Thus, the above listed results make it possible to make the following important conclusion: using new algebraic
and logical means of modeling of natural language constructions in the form of a system of equations based on
the AFP-language and explicit way of specifying a finite alphabet operator which underlies method of solving
these equations, ensures realization the property of reversibility of AFP-structures and a wide paralleling of
symbolical information processing. Fundamental research of the algebraic and logical structure of an natural
language as well as algebraic and logical means of its modeling in the form of AFP-structures of the first, second
and the third sort permits to come close to the solution of the important scientific problem: attaing qualitatively
new technologies of symbolical information processing on the basis of the concept of unification and methods of
synthesizing reversible spatial multivalued structures of language systems. The way of method of #-th power of
linear logical transformation’s adaptation in complex accounts computer-based system of integrated data-
processing system of telecommunications enterprise is adduced.
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COMPUTER TECHNOLOGY FOR SIGN LANGUAGE MODELLING

lurii Krak, lurii Kryvonos, Olexander Barmak,
Anton Ternov, Bohdan Trotsenko

Abstract: The work suggests a complex informational technology for sign language modeling (for Ukrainian sign
language implementation). The technology and corresponding mathematical model for formalization of sign
language primitives, dactyl alphabet and face mimics primitives have been suggested. The corresponding
software applications have been created which allow gestures as well as face mimics storage and reproduction.
The results have been analyzed and the roadmap for further research has been created

Keywords: Sign language modeling, Computer technology, Face mimics modeling, Ukrainian sign language

ACM Classification Keywords: 1.2.8 Problem Solving, Control Methods, and Search H.1.1 Systems and
Information

Conference: The paper is selected from XV International Conference ‘Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

Introduction

Significant limits of existing means for sign language reproduction give a reason to create more powerful
algorithms which would allow to create computer-bases systems for sign language tutoring with aim to facilitate
communication with deaf people and people having hearing disabilities. The authors suggest [1,2] a concept of
informational technology of non-verbal communications with deaf people. Using a virtual 3d human model, the
complex informational technology includes functionality to reproduce sign language gestures, gestures of dactyl
alphabet, proper face mimics during pronunciation.

Implementation of the feature to generate pronunciation animation for a custom gesture requires having proper

informational and mathematical models. Therefore, the following problem statement has been formulated:

1) To create informational and mathematical models for the formal sign language morpheme description and for
the face mimics synthesis;

2) Using the created models, to create a technology along with corresponding software for the gesture
capturing, storage and reproduction, with support for the face mimics.

Model of sign language morphemes fixation

Process of sign language reproduction on a 3d human model can be regarded as animation of the corresponding
frequency of different skeleton states.

The skeleton human model is a simplified correspondent of the human skeleton. It can be formalized as the
hierarchical structure of kinematic pairs, which reflect the basic human bones.

Modern 3d animation software (Poser, 3D Studio Max) are able to generate animation using virtual skeleton and
information on angles change. Therefore, for the formal description of a gesture we can use sets which reflect the
simplified human skeleton and changes in time of angles between bones: H = {H,: H, = {k,d,,M, e M }} - the

simplified human skeleton (bones hierarchy) and change of angles in time, where #, — i-th bone of the skeleton

(i=0,---,N—1, N - amount of bones in the skeleton); x - index of the parental bone; d, =[x, y.z,] -
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coordinate of the bone’s ending point using the coordinate system connected with the parental bone;
M ={M,: M, ={order,0,}} - the angles and order of angle application for the each bone.

For the storage of the gesture using this formalism we suggest to use the BVH[3] file format. The format was
introduced by Biovision company exactly for the storage of movement. The BVH is one of the best formats for this
kind of storage, with its sole disadvantage being the absence of the complete definition of the starting pose; yet
this disadvantage is irrelevant to our problem. File in BVH format consists of two parts. The header contains the
hierarchy of the model and the initial pose of the skeleton and description of the animatory part. The primary
reason for using this file format is its simplicity and suitable for the our problem. It's very convenient that it is
recognized by primary software on the market. The figure 1 shows a virtual human skeleton that is used for the
formal description of the sign language reproduction.

Technology for gesture obtaining and storage

The history of 3d animation is much more than a decade old, thus the progress is essential. This work benefits
from the Motion Capture technology for modeling a virtual human, which is designed for the sign language
reproduction. Systems using Motion Capture appeared on beginning of 90ies of the past century. The problem of
3d animation was among the most important ones before the technology appeared. The underlying principle of
the Motion Caption is quite simple: the real-world human plays the role for the virtual character. Typical Motion
Capture implementation contains a number of signal emitters which are tightened to the real-world human. The
information about the placement of the emitters is perceived by some detectors and thereon registered by a
computer. Later on the information is processed by software, which reconstructs movements for the virtual
character.

The primary disadvantage of existing Motion

Capture systems is the relatively large cost h il o

of the equipments and the service for the e : ' Ty
data processing. Authors suggest much iy ' ! ;
simpler implementation of the technology. '

Given as granted that for the sign language

digitalization a relatively small amount of

movements should be captured, the

following is suggested:

%
4

In order to obtain a set of angles which
reflect the changes of bones relatively to the
initial state of the skeleton the following
technological scheme is suggested:

1) Using 3 cameras a real-world human performing a custom gesture is recorded. The cameras are set on the
same focus distance ( L ) from the object of the recording and thus fixate 3 projections: frontal, left and right
(see figure 2). States of the skeleton characterize N frames of the recording (using 15 frames per second).

2) For the fixation of i-th state (i=1,---,N) of the skeleton we use the proper frames from the recordings
(see figure 3). The skeleton is then set to correspond to the image (see figure 4).

3) Let's combine points of skeleton projection with the corresponding image of the real-world human (for the

frontal, left and right frames), we obtain new coordinates: (x’ yr ,—1) — for the frontal, (x‘.’”’, e ,zj‘f’}) -

Figure 1.Virtual human skeleton

for the left projection and (x;'g‘”, y}*‘”",z;'g‘”) — for the right projection. Where:

X ifronz _ x]lsU” + Of'lfnmr\ ’ ylfram _ yilsO +o ﬁ{;/wm\ ’ x’{uﬂ _ x: +o jfllfﬂ\ , xing/ll — x: +o0 jfirighr\ ’ Zirig/u — Z,* +o ff;rig/n; (1)
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The shifts off, obtained this way we will apply for all the frames which correspond to the gesture. For the

more exact values off; it is recommended for the first frame to make the real-world human stay in a T-

position (or close to it).
4) For the j-th (j=1,---,N ) frame on the pair of images (frontal and left or frontal and right) we consider points

of bones connections which have actually moved ((x/, y/=) and (x>, y< <)) and then computer
their 3d coordinates (relatively to the center of the skeleton):

new | new _new old _ old _old
(Xi Vi % )_(xr s Vi 5z )’

Where x fmzl Of/z)m old — ylfmzl ) ernl’ Zio[d lﬂ or right _ ff'[e/lo r right (2)
«Left» «Right» A B
Camera j
. Object . Camera F G
G R AL B 2D
A
L
%«Front» = 5
Camera
B H
Firgure 2. Placement of camera during recording Figure 3. Planes for frames projection

Figure 4. Working scene example for the angles detection

Then, given the 3d coordinates of the new location of the bones connections we compute the Euler angles, which
is the equivalent information of the points coordinates in combination with the previous intersection location.

Consider coordinate system XYz and two vectors in it: 7 =(x,,y,.z,) and r, =(x,,y,.z,) (see figure 5). What
are the Euler angles ¢_,¢ ,¢_ for the rotation of X, ¥,Z which will combine 7 into , . For this:

1) Let's build a rotation matrix 7", which transforms vector 7 into vector 7, :

=17 where T=t, t, t,|= cos(am,z) cos(ay,‘y,z) cos(ay,,z,z).

o 1) oosla,.,.) coslar,.) cosla,,.)
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Given that the vectors are normalized, we obtain:

Z‘11 :xl'xl +y1y2 +ZIZZ' (3)

ras )

Y2
ﬂx +yl Axi+y!
Ly, =2,X, + 2,4 xlz +y12‘ (5)

AX2 ©)

-X,y, + .
,/x +yZ X+

x1x2 + ylzlyZZZ

by ==yx,+

Ly=yY,+
\/x12+y12\/x22+y22 _ (7)

yZ ZV'x +.yl
VD (8)

3 = X,2, +21¢x +y2 (9)

' +
t23 =YLt — hE x yZ
\/xl +y, (10)

t33:ZIZZ+\)x12+ylzvx22+y22. (11)

t,=-2zy

}:
¥l A
. _\‘” (x]r_}"]r Z])
» N1 -~  l_____.

: I{I‘.J.‘r}b:i} ¢y I’ :

oA ’ 1

€00 " [y, NG

: 7 ' p-*
Z /- ’
Figure 5. Coordinate systems: XYZ,X"'Y"Z", X"Y"Z" Figure 6. Directing angles for the rotation

2) We then compute Euler angles ¢ ,¢ ,¢. . It should be underlined, that the multiplication of matrices is not

commutative, and thus 6 cases of multiplication precedence should be considered. Therefore, we compute
angles for the following 6 orders of multiplication usage: ZYX, YXZ, YZX, XYZ, XZY, ZXY.
a)Multiplication order ZYX, ( ¢() = cos(), s() = sin() ):

2 1) (o, )lp) X)S()) A )s(p.) o, (o )slo,)
0 bt |=| o (o) (.)+ ((P)( )S( ) — . )s(p, )+ <

wo ln Ly S(@) C( ‘)ygox C((ox ((oy)
Then

Q. —arctg[j ]+n7r (13)
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@, =arctg LTI (P (14)
tlzl + tzzl
t32
Q= arctg[—J +nr. (15)
33

b) The angles for the other orders are computed in a similar way.

Figure 7. The application which implements motion capture technology

Model for face mimics synthesis for the pronunciation process and a technology for visemes
computation.

Face mimics play a role of an additional information channel in the sign language. In order to support this
additional channel and make gesture reproduction look more real, special research work has been conducted and
then face visemes have been introduced. From the numerous researches [4,5] we conclude that visual alphabet
contains no more than 6-15 elements. The actual number depends on the required level of natural look.

Using results of the researches on face mimics and visuals mentioned above a set of visemes has been creates
for 6 vocals and 32 consonants (see table 1), as required for the Ukrainian language phonetics. Phonemes have
been classified into 15 groups, excluding additional group for the idle state (no pronunciation). We define viseme
as a position of lips which is naturally observed during pronunciation of a particular phoneme.

For each group of phonemes (i.e. for each viseme) frames of face mimics were computer. These frames are
further used for pronunciation animation (see figure 8).

TABLE 1.

viseme phoneme viseme phoneme viseme phoneme viseme phoneme
1 a 5 i, 9 no,m 13 p

2 e 6 i 10 B, 14 np

3 0 7 w, X, 4, ok | 11 T,0,H, N 15 T, 0, H

4 y 8 K, TXT 12 C, 3,1, 03 16 idle state
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3d gesture animation and face mimics reproduction model and its implementation

For the process of gesture and face mimics animation synthesis the following formal description is suggested.
The formal description using proper set of parameters and algorithms. The 3d virtual human model which
implements the animation and face mimics has such attributes:

llyll Ilall "TﬂHn" Ilnlplll “C3Lt'q3“ n n

Viseme nom c/en

MBO

Figure 8. Sample visemes for Ukrainian sign language
v ={V. .V, ={x,y,z}} — set of triangles’ vertices for the triangulation of the 3d human model;

N={N,:N, ={x,y,z}} - set of normals for the vertices; 7 ={7;: 7, = {u,v}} - set of texture coordinates for the
vertices; ¥ ={y" :v™ ={k k,,k,}} - set of indices which specify the order of triangles construction;
1=1{I :1 ={img}} - set of pictures for the textures

For the skeleton-based animation modeling it is necessary and sufficient to compute the new values of vertices
(V). To reach this goal we suggest to using so-called skinning method. Skinning can be defined as an algorithm of

computing new values of vertices as a weighted sum of points which belong to different bones of the skeleton.
The model of skeleton-based animation can be formalized as follows:

MH ={MH, : HM, = {k,{l,,---1,},d.,GIb,,Order,}}— description of the simplified human skeleton (bones
hierarchy) for the implementation of the skeleton-based animation, where MH, - i-th bone of the skeleton
(i=0,---,N—-1, N - number of bones in the skeleton); & — index of the parental bone; {ll---lm} — set of
children’s indices, d, =[x, ,.z,] - coordinates of the ending point of the bone in the coordinate system which
center is in the beginning of the bone; GIb — vector which is used for determination of the bone’s coordinates in
the global coordinate system; Order, — order of rotations.

Skin = {Skin, : Skin, = {(IndexVertex,,Weight, ),---}} — set of vertices which influence the current point.

For each vertex v skinning is computed as follows:

v.=3{v, *1BM,, *am,, Jraw, |, (16)
where: n - number of bones related to the vertex v;
IBM ,, - inverted bind-pose matrix for the bone H,; JM, - moment matrix for the bone H,; Jw, - weight

coefficient for the influence of the bone A, on the vertex v.

For the modeling of animation process we use so-called morphing method. It is a way of smooth change of
properties from one state to another. The states in between are called key states. Intermediate states are
computed based upon key states using weight coefficients. Thus it is a key part for the animation. The morphing
process for face mimics is described as follows:

Face mimics is built for a virtual 3d human model is built using a segmented (or targeted) morphing of the head in
a common state and the head showing the most distinct face mimics.

The formula for relative morphing of M basic morphs is:
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Vi=V+w, M, (17)

where w, - weight coefficients, » — mesh of the basic model without morphing, 7, - the mesh of the distinct
face mimics. The result is a linear combination of meshes.

Method of segmented morphing allows to form several facial expressions based of a relatively small amount of
morphs. It enables animation as well.

Additional advantage of segmented morphing is a feature to animate jaws independently of eyes, lips and
emotional expression.

For the 3d reproduction of gestures and face mimics an application has been created which implements the
skeleton-based (for the gesture) and morphing animation. The application benefits from OpenGL 3d API and
shows 3d human (see figure 9) using the attributes mentioned above. The application uses morphing and
skinning to show animation (see figure 10).

il

L X

Figure 10. Frames of animation for the gesture “you”

For testing the correctness of gestures appropriate software has been created (see figure 11):

Figure 11. Software for gesture reproduction testing
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Implementation of Ukrainian sign language

A specialized software has been created to implement the Ukrainian sign language. The software uses the same
methodology as in Ukrainian schools for deaf children. Those underlying teaching materials are issued by the
Ministry of Education of Ukraine [6] and are targeted at a beginner’s level.

The functionality included in software has 3
informational categories (topics, words and
sentences) and viewport with virtual human who
shows gestures. The primary information category
is “topics”. It contains main methodological
information for each lesson: points to make, skills
to teach (or to learn), necessary information for
comprehension and explanations. It also contains
a list of gestures relative to the topic and sample
sentences with the gestures (see figure 13).

The categories “Words” (see figure 14) and
“‘Sentences” are secondary. They contain all the
gestures and samples of sentences respectively.

Gesture reproduction viewport has a special
meaning. First of all, because of the feature to
demonstrate custom gesture’s dynamics, that is,

[ ——
Mo B s |

Toat Cooma -

BuGip Temu

TEMA 1. 3naiioncTee

TEMA 2. Moa cim's

TEMA 3. Apisgening

TEMA 4, Weana

TEMA 5. Tacphsin

TEMA 6. Tpasicnopr

TEMA 7. Kaoprspa

TEMAB. Opar

TEMA . Tlocyn

TEMA 10. TTpogywna xapuysamma

TEMA 11 Yacosi nowusrra

TEMA 12 ¥ marassis

TEMA 13. Thapss poxy

TEMA 14. Wkana (npogonmenia)

TEMA 15, Knopripa (npoassmeHns)
TEMA 16 Onar {npomoameiscs)

TEMA 17, Apispuetiia (npofosmenia)
TEMA 18 Tlocyn (nponcsmesmin)
TEMA 19. TTpasiuna syamusors pyxy
TEMA 20. TTpomywTis XapuyBaHn (APasonseHHA)
TEMA 21 Susioni mavsiynue

TEMA 22 Teopuum (nposoamenms)
TEMA 23 Yacosi nowaTra (Npomonsenna)
TEMA 24. Topu pony (npoposmessis)

Hwfipars

Figure 12. Software application “Ukrainian Sign Language”

to show a gesture frame-by-frame. Because the gestures were digitized using recordings of native speakers and
assuming that the software will be widely spread, it gives a rise to a standard of the sign language. The feature of
showing a gesture frame-by-frame is a true competitor to a live teacher who needs to demonstrate gestures very
slow and with lots of explanations during the teaching process. Using a single program for teaching sign language
means that all the deaf children on all the territory of Ukraine will know the same gestures and thus communicate
more effectively. This is how a standard of the sign language can emerge.

«]  TEMA 1. 3HaitomcTBO

DOPMYBAHHR YABNEHS NPO NOBEIHKY Ta 0COBMMBOCTI
CRiNKYBaHHA B CHTYal|il 3HarioMcTBa. Hasiukw noGy108in Ta
DO3YMIHHA KeCTOBHX BUCMOBMIOBAH. TOHATTA Mpo
KyMbTYPY KeCTOBOT MOBH.

Criosa

T TIOETOPUTH

TDEPE TIFOLY (U6 NACKA)

TIDEPE (2] POMITH
CNABOHSIO-WI

OKECTOBE IR T

BYTh ABKECT)

3OPACTYH
SHATH

HE 3HATM
HE PO3UMITH

Peuenns

Moga et Ykpaiiceka Mosa

A GKECTIIBYTEHMMHOHNNE  Mene soyrs Muona

A PKECTJPKECTOBE IMAHEMAE] A newar xeotosoro iveri
A PKECTJ[T UKW A eayui

A DKECTIDKECTUIHATUIZ0BPE] A shaio wecTosy vosy a0pe

Figure 13. “Topic” category
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Figure 14. “Words” category “Meeting new people”
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Conclusions

A set of gestures has been digitized using motion capture technology and material with recorded gestures.
Gesture reproduction on a virtual human showed the technology to be able to repent naturally looking gestures,
all very close to the video they have been digitized from.

Appropriate software has been created, which contains several lessons of the Ukrainian sign language. The
lessons have been taken from the materials for schools for the deaf children [6].

The created software is a candidate to represent a standard of the Ukrainian sign language. It can solve the
problem of differences between gestures with the same meaning, which are inevitably present as a result of
teaching from different speakers.

Further development is aimed on improvement of the suggested technology:

e taking into account natural limits for each connection of bones in order to have a virtual model capable of
intelligent controlling;

o fill the database with the major set of gestures of the Ukrainian sign language, that is, to create a standard of
the language;

e create a mean for semantic connection of sentences in the spoken language to sentences in the sign
language.
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Abstract: The problem state and multicriteria optimization procedure of neural network classifier's architecture is
considered. The scalar convolution of criteria with nonlinear trade-off scheme is offered as a goal function. The
search methods of optimization with discrete arguments are used. The neural network classifier of texts as an
example is given.
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Introduction

The important version of artificial neural nets are neural network classifiers. They are used for technological and
medical diagnostics, different kind of information sources classification. In general case the structure of g-layer
feedforward neural network classifier is represented in Figure 1.

X Wa+1 Pg+1 i

X2 %

Xn |—| Ym
Input (receptor) layer Hidden (processing) layers

Output layer

Fig. 1
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Here X1,Xp,...,X,, are features of classification object which compose the input vector

X = {xi}?zl;po =n s the number of neural elements in the receptor layer, pp, p3,..., Pgmean

number of neurons in each of hidden layers; p 1 = m is the number of neurons in the output layer (number

of classes); ¥ = {y\ }’]?:1 is output vector of neural network which defines belonging of classification object
toone of 7 classes; W, W),..., Wy, Wg.] -is the vector of synaptic weights of a neural network.

Let's present some necessary items from the neural networks theory [1-3]. Artificial neural network is a set of
neural elements and connections between them. Each neuron has a group of synapses - unidirectional input links
connected to the outputs of others neurons. Each synapse is characterized by its weight (determined at learning

n
of a network). Neuron has current state defined as a weighted sum of its inputs: s = >, w;x; . The output of
i=1
neuron is a function of its state which is called the activation function: y» = f'(.s). Activation or inhibition signal

through the axons (output connection of the neuron) goes to the following neuronal synapses. Activation functions
can be of threshold or continuous kinds (bipolar sigmoid, gaussian, etc.). The set of all neurons of artificial neural
network is divided into subsets, called layers. Layer is a set of neurons on which in every time tact enter the
parallel signals received from other neurons of the network [2]. The output of the classifier is a vector of activation

functions y = {yk}Zzl. The index j for which output has maximum activity, ie. max yj = Vi
ke[l,m]

corresponds to the index of classification object class.

The number of input layer neurons is determined by the dimension of input attributes vector and can not be
edited. Similarly, the number of neurons of output layer p 1 = m s determined by the number of classes on
which the space of characters is divided, and is also a constant value. The number of processing (hidden) layers
g and the number of neurons in each of them represents the conception of neural network architecture [1] and
can serve as arguments (independent variables) in process of its optimization.

In this paper, we reduce the research to the case where value ¢ is fixed and specified. Then optimization
arguments of neural classifier architecture are the number of neurons in every processing layer which compose

the vector of independent variables p = { p j}?:l' The quality of neural classifier operating depends on

choice of architecture we do.

The problem consists in choice of such architecture when neural classifier has the best operating properties in
given conditions.

Problem formulation

In general, the problem can be formally represented by the problem

pr¥=argextrY(p), (1)
peP
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where Y (p)is objective function; extr is an operator of objective extremalization function with arguments
peP

p; P is admissible domain of independent variables.

Let us make additional particular assumptions for constructive problem solution. Let associate each property of
neural classifier with a quantitative characteristic f (p) which has a sense of quality operating criterion. One of
such criteria is the probability of classification error. Let us define this criterion experimentally and approximately
present it as the number of classification errors e( p) divided into the general, large enough number of tests

N:

filp) = %- (2)

It is supposed that with growth of neurons number in processing layers within some reasonable limits
classification accuracy increases, and the value of this criterion decreases. Maximum permissible network error

value should be known from physical considerations and is given as a restriction f1(p) < 4.

The second criterion characterizes time that is needed to train the neural network with current architecture p .

There is a strong correlation between that time and the total number of classifier neurons in hidden layers. So, let
represent this criterion in the form of

q
f2(p)= Xpi. (3)
k=1

It should be noted that this criterion also characterizes signal passing time through the neural network from input
to output. Criterion value increases with growth of neurons number. The maximum permissible value of the
second criterion is defined by acceptable neural network training time and is presented as the restriction

fo(p)< 4.

There are other criteria for different properties of the neural classifier characteristic. In this paper we will confine
ourselves to presenting just two main criteria, remembering that the proposed method allows including the other
classifier properties.

Admissible ~ domain  of  optimization  arguments is  given by the  parallelepiped
restriction P = {p‘O <pr <P, kel[l,P,),ue[l,q]}, where P, is the maximum number of
neurons in u -th layer.

As the both of included in view criteria should be minimized (the smaller criterion, the better corresponding

property of classifier), so objective function extremalization operator becomes exfr = min .

peP peP
Thus, the both of criteria are contradictory, nonnegative, subject to minimization and limited. There are all the
grounds to use the scalar convolution of criteria with nonlinear trade-off scheme as an objective function [4]. In
unified version such convolution is represented by the formula

~ B Al A2
V) =Y P = S ey

(4)
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where £ (p) = {f,( p)},r,il2 is two-dimensional vector of particular criteria. Considering (2), (3) and (4), the
optimization problem of neural classifier architecture for expression (1) is transformed to

. . A A
p = arg min A (p)/N + q (5)
P —e
PR A Ay - kZ Dk
L =l

It is easy to see that dependence e(p) in formula (5) a priori is unknown and subject to experimental
determination.

Method of solution

Among the optimization problems, there are such of them where arguments can acquire only discrete values
according to their physical nature. Discrete values can always be reduced to an integer by special normalization.
Such problems are considerably more difficult then continuous multicriteria problems and for their solutions
should be applied other approaches [5].

The set of acceptable discrete values may be infinite, finite, or even consisted of only two values, 0 and 1, for
example. In the first case the problem degenerates into a continuous optimization problem. To solve it the
efficient and formalized algorithms and software are proposed in [4]. In the last case, the integer programming
with Boolean variables, with specific methods occurs (logic synthesis of finite automaton, Rvachev’s functions,
etc.). From our standpoint, the most interesting and substantial is the case when the set of acceptable discrete
values is not so large that problem degenerates into a continuous one, but also is not so small that problem can
be solved by simple enumeration. Just this kind is the problem of nonlinear discrete (integer) programming.

Methods of discrete programming don’t have such unity as methods of variational calculus have, and in most
cases represent a set of particular techniques suitable for solution of particular problems. But their urgency
requires their development and improvement because, as a rule, the most of important applied problems are
reduced to the problems of partially or completely discrete programming. The complexity of solving discrete
(integer) programming problems increases in the case of multicriteria problem.

In the case when components of possible multicriteria problems solutions can acquire only discrete values

pI(CP”) ,ke[l,P,],ue[l,q], the scalar convolution of criteria with nonlinear trade-off scheme ¥ (p)is

the lattice function defined on the discrete set P . Optimization of lattice objective function build on nonlinear
trade-off scheme is reduced to the nonlinear programming problem with discrete (integer) arguments, which
solution, as noted above, is difficult enough.

To solve this problem, we assume that under the discrete set P there is an auxiliary area of continuous

. . . . P ,
arguments p . € Pc , Which contains all discrete points pl(C u) and all continuous space between them. In the

area P. the continuous function ¥ (p.)is defined, which coincides with the lattice functionY (p)in

points p](cpu) :

This assumption allows obtaining analytical solution, if in the expression (5) the dependence e( p) is specified in
the regression model form, for example.
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o N o dY(pe) .
Then it is possible to use the necessary condition of the function’s minimum: ———== = (. The solution of
P
this equations system gives the trade-off - optimal continuous point p . *  The last step of the algorithm is

searching on P the discrete point nearest to p. *, which will be the required discrete solution p *.
Unfortunately, in our case specifying of the analytic dependencies is very difficult or even impossible.

As a basic we consider the case when functions e( p) and therefore ¥ ( p) are unknown, but it is possible to

, , . P , .
define ¥ ( p) function’s values at the points pl(c ”)by measurement or calculation. Then we can organize a

nature or calculating experiment, which in result will realize the search movement to the required trade-off -
optimal discrete point p *.

There are different approaches to the search procedure organization, which should give the sequence of
improving solutions. One of them is the discrete analogue of the Nelder-Mead simplex-planning method (the
method of deformed polyhedron) [4]. This is the modification of gradient methods, which is very often and
successfully applied in practice. The second is the non-local (dual) approach [4], which is often more efficient
than the gradient methods.

As the search procedures use local or nonlocal models of continuous function ¥ (p,.), so for called above
variants exist the general necessity of searching the discrete point p; on P which is the nearest to the

continuous solution p . at the current or final iteration. If the number of hidden layers g is not great, then the
solution of this problem is not difficult (a simple rounding to the integer value). With multilayer classifiers we
recommend to use the following algorithmic technique. At the point p . is placed the center of hypersphere,
which diameter increases from zero until the surface of the sphere will not touch the nearest discrete point, which
thereby is identified as p ;. There are various software implementation of this algorithm. There are neural

classifiers of various types and purposes.

Multicriteria optimization of neural network texts classifier

As an example, let us consider in general terms the optimization problem of neural network text classifier
architecture. Text-classification system [3] consists of two main parts: the frequency analyzer with system
dictionary and neural network classifier itself (Fig. 2).

System
dictionary

Frequency |,  Frequency ,| Neuralnetwork | The index of the

Text —* ot 6
analyzer characteristic classifier class

Fig.2
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The text enters the input of the system, the output conforms the index of subject to which the text refers
(business, politics, medicine, sport, spam, etc.). Before we proceed to optimize the neural network classifier
architecture, it is necessary to perform the following steps:

1. Identifying m classes, with which the system will operate.

2. Selecting suitable training texts #z ,k € [1,m] and verifying (test) texts#;,/ € [1,L],L > m .

3. From the set of training texts in special way words v;,i € [1,7] are extracted and the system dictionary
V is formed.

4. The frequency analyzer determines for each word v; from the system dictionary V' its frequency of

occurrence X; in the given text#y, . Frequency characteristic is the vector x = {x; };-1:1 of text attributes, which
dimension is equal to the number of words in the system dictionary v; € V.
After obtaining of the training texts frequency analyzer results, we can begin to train the neural classifier with

some architecture p = {p j}?:l' The training process of neural network consists in specifying of such its

weighting coefficients WL W25 Wy wq+1where the maximum network error at the training texts for this

architecture does not exceed the maximum permissible value. Specific learning algorithms are not considered.

Now we can proceed directly to the vector optimization procedure. To optimize the neural network classifier
architecture let us use the search method of simplex-planning. Suppose, for specificity that the number of
processing layers ¢ = 2. Then the idea of the method in continuous form can be illustrated by Fig.3.

4

Fig.3
On the arguments plane p| — po in some starting area we construct the initial regular simplex, which in two-

dimensional case is represented by isosceles triangle with apexes p(l), p(z), p(3). For each of three

simplex architectures we realize the process of the classifier learning and feed to inputs a series of test texts 7; .

() o2 B

In each simplex apex we determine the number of classification errors e with total number of

tests N =L. By formula (2) we get criteria fl(l), fl(z), f1(3). By formula (3) criteria
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1 2 3
10,50

are defined. Formula (4) that serves in this case, as not objective, but as the evaluation
function for our example is given by

4 N Ay
Ay —e(p1,p2)/ L Ay —p1—p>

Y(p1,p2)= (6)

It provides the values of the scalar convolutions Y (1),Y (2),Y 3) for start simplex architectures. Comparing

these values between each other, we find that one of them, Y’ (1), for example, is bigger (i.e. worse) than others.

(4)

Most probably it could be predicated that the architecture p obtained by mirror reflection of the worst in base

simplex point p(l) relatively to the center of opposite bound, would be better. By all calculations for architecture
p(4)let us form the new simplex with apexes p(z), p(3) and p(4). Comparing the

values Y(z),Y(3),Y(4), we find that one of the points, p(z), for example, is worse than others in the

second simplex. By reflecting of this point relatively to the center of the second simplex opposite bound, we get

the architecture p(S), etc., until we get the architecture p*that corresponds to the objective function
minimum.
This is only the illustration of the simplex-planning method idea. In fact, this method in the Nelder-Mead modifying

provides simplexes adaptation to the topography of the objective function by means of the polyhedrons
deformation, it has well-developed algorithms and software. In addition, we must not forget that we have the case

of optimization with integer arguments, that dictates the necessity of nearest discrete solution p ; searching for
every obtained continuous solution p ..

The second, non-local search method is rather complicated in realization, but it is usually more effective [4, 5].
The method is based on the iterative construction of the non-local model ¥ ( p) «floated» together with the

system of changing base points and refined by experimental results. The set of control points is compressed and
constricted to the required extremum point ( « shagreen leather »). At each iteration at the same time and
interdependent is realized as our conception about the objective function at extremum region improvement, so
the definition of such arguments extremum estimation, which is adequate to the level of these representations at
the given iteration. Therefore, the non-local optimization method refers to the dual class and can be named as the
method of dual programming.

Both of search methods provide the series of experiments execution. Obtained herewith experimental data can
be used to build analytical regression models of particular criterion f1(p) = e(p)/ L. Using these models,

we can realize not search, but analytical vector optimization of the other same type neural network classifiers
architecture. If it will prove to be difficult, then a search procedure is executed, and with not nature, but
computational experiment, that is much easier.

Solving the problem of the regression models construction, we must specify the type of approximating
dependence, known accurate within unknown regression coefficients. Analysis of the problem leads to the
assumption that with sufficient for practice accuracy, we can limit ourselves by the linear regression:

S1(p1,p2) = (a1py +azpr)/ L, (7)
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where aj,a, are regression coefficients, determined from experimental data by least-squares procedure. A

linear regression model is checked for the adequacy by mathematical statistics methods. If it is necessary, the
model can be complicated.

Considered methods provide the start of search procedure from the architecture, which in decision-maker's
opinion is close enough to the optimal point. If in the search procedure occurs increasing of neurons number in
processing layers, the neural networks theory [1] characterizes this approach as the constructive. If the start
number of neurons is superfluous the approach is as called destructive (The Rodin principle: to model a
sculpture, you need to take a block of marble and remove from it unnecessary).

The implementation of stated in the paper stages of vector optimization provides such neural network classifier
architecture, which systematically correlates contradictory criteria of its functioning effectiveness.
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APPLICABILITY FOR SOLUTION OF PROBLEM OF FORECASTING OF GAS
DISPERSION IN ATMOSPHERE
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Abstract. The problems of artificial neuron networks (ANN) applicability for forecasting of hazardous pollutants
(HP) discharge into the atmosphere are considered in this article. It is spoken in detail about existing approaches’
and methods’ advantages and disadvantages. The fundamental scheme of ANN usage for modelling is offered.
The scope of its applicability is described.
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Introduction

The problem of gas dispersion modelling is of interest not only in science, but also in practical life, especially if
this problem has deal with emergency discharge of HP into the atmosphere due to emergency situation at
transportation time or in permanent placements (stores, chemical plants and so on). These situations in turn
increase probability of HP affection of civilian population or possible damage of special resources.

The problem of provision of emergency services with precise information about forecasting of HP emission in the
atmosphere for efficient salvage operations.

Problem Statement

In terms of mathematical description the problem of gas dispersion modelling comes to evaluation of function (1)
with known initial parameters.

F(t,,{Met, . .Met,}{x,,y,z,}{t,,Met,S,{x,,y,,2,}})=Con,, (1)
where t, —interest time at which we want to know gas concentration Con,,;
{x,.,y,,Z,} —location coordinates of interest place in which we want to know gas concentration Con, ;
{Met,...Met, } — description of meteorological parameters in a period [0..n] time units;

{Met, ={Met, }, (2)
where Met; — meteorological parameters which are get at time moment / from meteorological station j;

Met; ={Temp, ,Humid ;,WS,WD} , j=1,k, (3)

[ja
where Temp, — set of temperatures measured from different heights;
Humid i~ relative air humidity;

WS - set of wind speeds measured on different heights;
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WD - set of wind directions measured on different heights;
k — amount of meteorological stations;
S - emission characteristic parameter:
S ={Type, Vol _All,Press,, Temp,,Vol _Ex}, (4)
where Type — gas’s type;
Vol_All - total gas volume in the source;
Vol_Ex - released gas volume ( Vol_Ex < Vol_All );

Press, —gas pressure inside the source at the release moment;
Temp, — gas temperature inside the source at the release moment.

However the problem of evaluation of gas concentration in some fixed location with certain radius is greatly more
actual in the real practice.

The problem of modelling for short-term periods is considered. So having these conditions we can account
meteorological parameters to be constant for further calculations.

Analysis of Existing Approaches

Existing models and approaches which describe gas dispersion in the atmosphere don’'t have a satisfactory
accuracy when its deal with open space. And they are almost useless for forecasting and further building of the
most precise picture of HP dispersion into the urban regions.

In some cases when gas dispersion process is described by physical laws expressed through mathematical
formulas it becomes impossible to take into account all physical and statistical laws. And it leads to simplify to that
view which can be programmed (e.g. Navier-Stokes equations) but accuracy is extremely decreased. In other
cases Gaussian plume model and its modifications are used but it give to us only a very approximate picture what
is going on, because shape of potential gas dispersion region is determined as ideal regular curve.

The Lagrange and Eurlian model-based algorithms give more precise results. The main idea of these methods
consists in division of gas emission into many elementary boxes with individual characteristics. But these models
don't sufficiently take into account complexity of that processes which occur at dispersion time, especially in
cases concerning with complex obstacles (e.g. 3D location between arbitrarily situated buildings).

Task Decision

So assigned task has following characteristics:
- nonlinearity;

- accounting of huge count of factors (meteorological conditions, geometrical parameters of landscape
and different objects);

- dynamics of process and parameter variability.

ANN can theoretically cope with this task (as follows from problem definition). And it is one of all ANN's purposes
[1]. It is also declared in [2] about possibility of application of artificial intelligence techniques, especially about
ANN for decision of similar tasks. It is necessary to formulate the task in terms of ANN and properly prepare data
for possibility of ANN application.

Figure 1 shows scheme of gas dispersion in 2D flat ground which includes following peculiarities:

- the area s divided into conventional square regions - the cells;
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- coordinate system is usually relative with center in the locate of gas emission source with information

S (4);

- meteorological stations with information Met (2).

It is obvious that all meteorological parameters are not known exactly at any point of space under consideration.
In order to determine approximate parameter value an interpolation of existing data is used.

- gas concentration level is determined in all corners of space cells, i.e. any cell is characterized by

concentration data C:

C, ={M;,Con; },i=1,n, j=1,m,

where M,./. — interpolated environment parameters at time i for cell j;
Con,/. — concentration level at time iin cell j;

m - current amount of cells;

n —amount of time units.

(5)

A
Mas Mets

Mét,

A 4

Mek

Fig. 1. Gas dispersion general scheme
* — gas emission source;
A _ meteorological station;
O - locations with determined concentration;

O —location with undetermined concentration.

The algorithm of determining of gas concentration in any point of space has similar nature of graph breadth-first

search algorithm, i.e.:

1. Atfirst concentrations in the cells which are the nearest to the release source are determined.
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2. A concentration in the cell is determined by using concentration data from neighbor cells and
meteorological conditions interpolated from parameters measured in the weather stations (Fig.2). This
step is performed by means of ANN.

The ANN'’s structure is multi-layer feed-forward perceptron. The learning process is implemented on data
sampling which is received from different experiments. The measurements of meteorological parameters and gas
concentration level are made in different places of the space when experiments are carried out [3].

Meteorological data Information about
(Met) gas emis(s;t))n source Data Base about
) gas properties
interpolation

Meteorological data o
and concentration level | 19" malization
in the each cell C = {C;;}

Concentration level
in the new cell

)

yy Artﬁcial Neﬁral Network

Fig. 2. General scheme of algorithm of computation of concentration in the cell

The advantages of proposed approach:
- accounting of many factors with different natures in one system;
- an ability to find decisions in nonlinear dependences.
The disadvantages of proposed approach:
- this approah needs a lot of time to analyse whole picture;
- thereis an ANN's teaching problem: it is hard to receive precise information about different data.

Proposed approach testing

Proposed approach was tested on base of data from open source files [5].The Kincaid field experiments were
performed in 1980-1981. This investigation was a part of the EPRI Plume Model Validation and Development
Project. A numerous reports described these experiments are comprehensive source of information about gas
dispersion process. The Kincaid power plant is situated in lllinois, USA and is surrounded by flat farmland with
some lakes. The power plant has a 187 m stack with a diameter of 9 m. During the experiment, SF6-gas was
released from the stack. The most meteorological measurements were taken from a "Central Site" located around
650 m east of the Kincaid plant. The radiosonde data supplied on diskette are routine data from the station
Peoria, 120 km north of the source.

So as stated above it is necessary to represent research area in the grid format. This performance claims two
stages:

1. To choose a step — grid cell size. In fact this is distance in kilometers.

2. To calculate average concentration in each cell.
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A step parameter has been chosen according to the following rule: the amount of cells with nonzero concentration
must be maximal and the amount of cells with zero concentration because this would make ANN teaching easier.
As a result of the test carried out on base of data extracted on May 7, 1980 at 11 a.m. is Tab.1.

Tab. 1. The “useful” cells amount dependence on step parameter

Step An amount of cells with | An amount of cells with |  An amount of cells with | Total amount of cells with
size, average concentration | average concentration average concentration nonzero average
km 0O<coni<10 10<=coni<100 100<=coni<1000 concentration
1 7 9 9 25

0.5 6 13 15 34

0.1 7 19 21 47

0.05 7 19 21 47

0.01 7 19 21 47

So, optimal step size is 0.1 km.

After preliminary described above the set of data which specifies concentration distribution for each cell of
investigated area at certain time is generated. The grid with 0.1 km step for situation on May 7, 1980 at 10 a.m. is
depictured on Fig.3. This figure shows that cells with nonzero concentration is not situated consecutive but have
disordered arrangement. Gas monitors were located rarely and this explains previous fact, but it doesn’t mean
that unmeasured concentration is equal to zero. But lack of information about precise data doesn't allow to use
these cells for analysis. It is offered the following decision of this problem: not only neighbouring cells
concentrations have to be included into the learning sample for ANN but also distances between cells and
analysis cell (is bold encircled in Fig.3) have to be included too.
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Fig.3. SF6 gas concentration distribution on May 7, 1980 at 10 a.m.

empty circles — cells with average concentration 0<con, <10;

filled circles — cells with average concentration 10<=con, <100;

filled squares — cells with average concentration 100<=con; <1000.
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The analysis of eight nearest cells is performed for each cell taking into account distances. So, the learning
sample LernSamp has following structure (6):

LearnSamp = {learn, } ,i=1.k, (6)
where Iearn,. — training pattern;
k —amount of training patterns.

learn, = {Con,,Dist, WS, WD.,Temp, } , (7)

where Con, ={con j }— concentration levels in the eight nearest cells, j=1..8;

Dist; = {dist, } - distances between eight nearest cells and analysis cell, j=1..8; WS,;,WD,,Temp, is described
above (3).

As stated above ANN is multi-layer feed-forward perceptron. As a result of tests carried out network’s structure
was determined: first (input) layer consists of 20 neurons (19 of input data + 1 addition neuron); first hidden layer
consists of 4 neurons, second hidden layer — 6 neurons. Output layer consists of single element which output
result determines a grade of membership to classes with low (<10), middle (<100) or high (<1000) concentrations.
Hyperbolic tangent function (8) is chosen to be activation function for ANN testing.

o(v)=a-th(b-v),(a,b)>0 (8)

As a result of ANN's teaching the average learning error was minimized to 0.007 value (Fig.4).
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Fig. 4. The average learning error — learning epoch curve

Conclusion

Proposed approach can be applied for gas dispersion modelling in case of accidental releases of hazardous
pollutants. Unfortunately, there is no research works about modelling such situations in Ukraine. It leads to
impossibility to estimate model efficiency in circumstances of certain climatic zone. Nevertheless estimations
made on basis of data [3] confirm acceptability and applicability of chosen approach of concentration evaluation.
For the further development of this approach it is necessary:

- to carry out additional research of dependence of effective ANN teaching from meteorological
parameters;

- to give a qualitative and quantitative assessments of the algorithm by means of data received
experimentally.
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CErMEHTALIMSA AHOMATbHbIX OBJIACTEW HA MYNbTUCMEKTPAJIbHbIX
U30BPAXEHUAX LUEAKU MATKU

KatepuHa ManbiweBckas

AnHOmayus: B pabome npedcmasneHa ceaMeHmauyus MySbmuchekmpanbHbIX U306paxeHull welku MamKu.
MpedcmasneHa cemb KoxoHeHa 0ns ceameHmayuu u3obpaxeHull U KOPOMKO U3fioxeHa ee cymb. [pugedeHb!
pesynbmambi pabombi, cOenaH aHanau3 NoyYyeHHbIX Pe3ynbmamos U 8bi800bI OMHOCUMENbHO NPOSEAeHHOU
paboms!.

Knrouesnle cnosa: ceameHmayusi, cems KoxoHeHa, welka Mamku, QuagHocmuka.
ACM Classification Keywords: |.5.1 Pattern Recognition - Neural nets

AHnHomauyus: B pabome npedcmagneHa ceameHmayusi MynbmuchekmpasbHbIX u3obpaxeHul weliku Mamku.
lMpedcmaeneHa cemb KoxoHeHa 0ns ceameHmayuu usobpaxeHull U KOpPOMKO u3fnoxeHa ee cyms. lNpugedeHb!
pe3ynbmame! pabombi, cOenaH aHaau3 NnoyYyeHHbIX Pe3ynbmamos U 8bi800bi OMHOCUMENbHO NPOBEAEHHOU
paboms!.

Conference: The paper is selected from XV International Conference ‘Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

B paHHon paboTte paccMoTpeHa BO3MOXHOCTb CETMEHTALMN MyMbTUCNEKTPANbHOTO U306PaKEHNS LIEAKN MaTKW.
Takas 3agaya NpPOAWKTOBAHa HeOBXOAMMOCTbIO paHHeW AwarHoCTMKM 3aboneBaHnsi C  MCMOMb30BaHWEM
KOMMbIOTEPHOW CUCTEMbI, KOTOpas MOMOXET Bpady Onpeaenutb 0bnact ¢ BONbLUMM PUCKOM BO3HWKHOBEHMS
paKoBOM TpaHcdopmaumn TkaHW. [JaHHas cuctema 6asvpyeTcs Ha YTBEPXKAEHWW, YTO ONTUYECKME CBOMCTBA
30OPOBOI KNETKW OTNINYAKOTCA OT CBOWCTB OOMbHOM M 3TO OTNMYME Gonee BbIPAXEHO, YeM OTNNYMUS KNETOK
pasHbIX ftogen. B kayectse MCXOAHBIX AaHHbIX B A4aHHOW paboTte Mbl MMeeM uHcbopmaumio o 206 naumeHTkax,
NPOLIEAWNX AUArHOCTUKY B KIMHWUKE MPW NMOMOLLYM HOBOWA ONTUYECKOM CUCTEMbI, BHEAPEHHON B MEAWLIMHCKOM
yHueepcutete ApusoHbl (CLUA). MapannenbHo Bpay CTaBW AWarHo3 NauMeHTkam nyTem Knaccudukauum Tunos
TKaHeW, B3ATbIX Ha GMoNcui. YuacTku, 13 koTopblx 6bina caenaHa Buoncus, Beinn 0603HaYeHbl HA CHUMKE, 1
pesynbTathl Groncum Bbinn CONOCTaBmeHb! C ykadaHHbIMM y4acTkamu Ha u3obpaxeHun [Schoonmaker J. 2007].
[laHHbIe 0 KaXaoW NaUMEHTKe XpaHATCs B 0TAENbHOM (haiine dhopmata MATLAB

MocTtaHoBKa 3agaum

CywecTtByloT ~ criegylwme aHomanbHble obrmactu:  SEA  (squamous  epithelial — abnormalities) -
[06pOKaYECTBEHHbIE U3MEHEHNS NNOCKOrO ANUTENMS, KONMOLUTLI Be3 M3MEHEHWI, MO3BONSIOLMX NPEANONOKNATL
CIN, Squamous cell changes - u3meHeHus nnockoro anutenus 6e3 yeTkux npuaHakoB onyxonu, CIN-I -
avcnnasus nerkoit ctenenu, CIN-II - gucnnasns ymeperHon ctenenu, CIN-III - nHTpasnuTenuansHas Heonnasus
TSDKESION CTENEHM, NOHATUE 0BBEAMHSAET TSKENYH0 AMCMNA3MI0 U BHYTpuanuTenuanbHeln pak (CIS - carcinoma in
situ), pak, MOAO3PUTENbHBIN Ha MHBA3WIO, MHBA3WBHbIA NNOCKOKNETOYHbIA pak. [Koss L.G. 1989] [na cospaHus
CUCTEMBI, KOTOPast NOMOXET pacno3HaBaTh 3T aHoMarbHble 0651acTy, Ha NepeoM aTane Heobxo4MMO NPOBECTH
cermeHTaumio u3obpaxerus. [Janee, 4ns Toro Ytobbl ONPEAenUTL TUM TKAHW B KaXOOM CErMeHTe, HeobXoanumo
KnaccuuumMpoBaTb Kaxablid CerMeHT ucnonb3ys 6asy daHHbIX cofepxallylo obpasupl pasnuyHbIX TKaHen
Mony4YeHHbIX Mo pesynbtatam Buoncuiri. B pabote [Schoonmaker J. 2007] 6bina npoBedeHa knaccudmkaums
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TUNOB TKaHeW no nukcensam. ®opmynbl AnNs Knaccudukaumy nogbupanuch amnupuyeckum nytem. Ho ¢
yBenuyeHnem 0asbl nauueHToB nofobpaHHble Takum 06pas3om hopmynbl MOryT paboTaTb HEKOPPEKTHO.
3apaven aToit paboTbl SBNSETCH aBTOMATM3MPOBaTL paboTy CMCTEMbI pacno3HaBaHWst aHOMarbHbIX obnacten 1
npucnocobute ee ans paboTel ¢ HOBbIMK M300paeHusMu. [ns cermeHTaumm 1300paxeHnn MCnonb3ytTes
Kaptbl KoxoHeHa. Vcnonb3oBaHue 3TOM ceTM OOYCMOBMEHO XenaHuem n3bexaTb BAMSHUS YEe0BEYECKOro
cakTopa npu paboTe ¢ N306paxeHnIMU.

WcxoaHble pgaHHbIe

TexHonorusi, C MOMOLLUbIO KOTOPO ObIMM  NOMy4YeHbl 3MNEKTPOHHbIE K300paxeHus TKaHeW, Ha3blBAeTCs

«KBapponpuameHHoe anepTypHoe pasgenexue» (‘Quad-prism Aperture-Splitting”, QPAS). [aHHas TexHonorus

cnocobHa 0HOBPEMEHHO pPa3aensTb CBET OTAENbHbIX AMMH BOSH U/MNK Nonspuaauuii, puUnsTpoBaTh Kaxablil v

3aTeM nepenpoeunpoBaTh Ha OTAENbHbIE KBaApaHTLl ANEKTPOHHOMO onTuyeckoro ceHcopa. QPAS ocHalleHa

4eTbIpbMs Habopamu PUNLTPOB, KOTOPblE COBMpatoT:

1. YeTblpe AvanasoHa OTPaXEHHOrO NOMSPU3OBAHHOTO CBETA C MOMSAPU3ATOPOM, MapanienbHbIM UCTOYHUKY
cBeTa.

2. YeTblpe [OuanasoHa OTPaXEHHOTO MOMSPM3OBAHHOrO CBETA C MOMAPU3aTOPOM, NepneHaUKynsipHbIM
MCTOYHMKY CBETA.

3. Bocemb aManasoHoB ¢hnyopecueHUMn, MCMonb3ys WCTOMHWMK C ASIMHOW BOMHbI 365 MM (OBa Habopa
UnbTPOB).

Takum 06pa3om, Mbl cobupaem 16 kaHanoB AaHHbIX, KOTOpble M ByayT MCnonb3oBaThCs AN Knaccudukaumm

TKaHew.

MeToabl

[Ans cermeHTaumn wn3o0paxeHuin Obina paspaboTaHa nporpamma, B KOTOPOW MCMONMb30BanMCb rOTOBble
oubnmoteku. lpunoxeHns ¢ yceuveHHoi [ayccoBOM U KONMOKONOOOpasHOM dyHKUMAMM cocefacTa Obinu
pa3paboTaHbl CaMOCTOATENBHO NS NPOBEPKN UX S(EKTUBHOCTY.

Kaptbl KoxoHeHa CeTu, HasbiBaemble kapTamu KOXOHEHa, - 3TO HEMPOHHbE CETU KOTOPblE WCMOMb3YHT
HekoHTponmpyemoe o0byyeHne. Obyyatollee MHOXECTBO COCTOUT MULb M3 3HAYEHUI BXOAHBIX NEPEMEHHBIX, B
npouecce 00y4YeHUs HET CpaBHUBAHUS BbIXOLOB HEMPOHOB C ATaNOHHbIMK 3Ha4eHusMU. MoXHO ckasaTb, 4To
TaKas CeTb YUYMTCS NOHUMATL CTPYKTYPY AaHHbIX. Mpes ceTu KoxoHeHa npuHagnexuTt uHckomy yyeHomy Toiso
KoxoHeHy (1982 rom). OcHOBHOA nNpuHUMM paboTbl CETEM - BBEAEHWE B NpaBWNO 00Y4eHMs HerpoHa
WH(OpMaLMM OTHOCUTENBHO ero pacnonoxenus [3anderko HO.MM. 2004].

CamoopraHusylowascs ceTb nogpasyMeBaeT UCMONb30BaHWE YNOPSOOYEHHON CTPYKTYpbl HEMpOHOB. OBbl4HO
MCNONb3YITCA OOHO M ABYMEPHbIE CETKM. [pn 3TOM Kaxabl HEMPOH npefcTaBnseT coboil N-MepHbIN BEKTOp-

cronbey w=[w,w,,...w,1", 1A N ONPeAenseTca pasMepHOCTbID NCXOAHOTO MPOCTPAHCTBA (PA3MEPHOCTbIO

BXO[HbIX BEKTOPOB), W

1

- BEC i-f0 HeipoHa. [MpUMEeHeHNe OAHO U ABYMEpPHbIX CETOK CBS3aHO C TeM, YTO
BO3HMKAIOT NPOGreMbl Npu 0TOGPaKeHUN NPOCTPAHCTBEHHbIX CTPYKTYP BOMbLUEH pa3sMepHOCTY.

O6bl4HO HEeWpOHbI pacrnonaralTcs B Y3nax ABYMEPHOW CETKM C MPSIMOYrOfbHbIMA WAW LUECTUYTONbHBIMU
Averkamu. Mpn 3TOM, Kak ObINo CKasaHO Bbille, HEMPOHbI Takke B3aMMOLENCTBYIOT Apyr ¢ ApyroM. BenuunHa
3TOr0 B3aUMOAENCTBUSI ONPedenseTcs pacCTOSHUEM Mexay HepoHamu Ha kapte. Ha pucyHke 1 gaH npumep
PaCcCTOSHUS ANS LECTUYTONBbHOM U YETbIPEXYrONBHON CETOK.

an 9TOM J1ErKO 3aMEeTUTb, YTO AN LIJeCTVIyFOJ'IbHOVI CETKM pacCTosAHUE Mexnay Hel7|pOHaMVI Oonblue coBnaaaeT ¢
€BKNA0BbIM paccTodaHneM, Yem ana qublpexyroanoM CETKN.
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Pwvc.1. PaccTosiHne mexay HepoHamu Ha KapTe Ans WeCTUYroNbHON (a) 1 YeThIPEXYronbHoi (6) CeTok.

Mpn 3TOM KONMYECTBO HEMPOHOB B CETKe ONpeaensieT CTeneHb AeTanusauuy pesynbtata paboTbl anroputma, 1
B KOHEYHOM CYeTe OT 3TOro 3aBUCUT TOUHOCTL 0606LLaoLLEN COCOBHOCTY KapThl.

HavanbHaa wHuumanusauma kapTbl. [Mpyn peanu3auun anroputMa CeTW 3apaHee 3afaeTcst KOHdurypaums
CETKM (NMPAMOYroNbHas MM LUECTUYroNbHas), a Takke KONMMYECTBO HENPOHOB B CETW. HEKOTOpbIe WCTOYHMKK
PEKOMEHAYIOT 1CNOMb30BaTh MAKCUMarbHO BO3MOXHOE KOMMYECTBO HEMPOHOB B KapTe. [Npu 3TOM HavamnbHbIi
paguyc obyyeHus (neighborhood B aHrmos3bI4HOW nUTEpPATYpe) B 3HAYMTENBHON CTEMeHWM BMMSIET Ha
cnocobHocTb 0600LeHNs Npu MOMOWM MOMYYeHHON KapTbl. B cryvae, korga KOMMYeCTBO Y3nOB KapThbl
npeBbILLIaeT KONMYECTBO NpuMepoB B obyyatoLieil BbIBOPKE, TO yCnex UCNonb30BaHWs anroputMa B 60MbLLON
CTENeHN 3aBMCUT OT NoaxoasLuero Bbibopa HavarnbHoro paguyca obyveqns. OgHako, B cnyyae, Korga pasmep
KapTbl COCTABNSET AECATKN ThICAY HEMPOHOB, BpeMs, Tpebyemoe Ha 0byyeHne KapTbl, 00bIYHO ObIBAET CRINLLKOM
BEMNUKO ANS peLLeHns npakTuyeckux 3agad. Takum obpasom Heobxoaumo JocTuraTb AOMYCTUMOTO KOMIPOMMCCa
npu BbIGOPE KONMYECTBA Y3OB.

Mepen Hayanom oOyyeHus: kapTbl HEOOXOAMMO MPOMHULMANM3MPOBATb BECOBbIE KOIPMULMEHTHI HEAPOHOB.
YaayHo BbI6paHHbIi Cnocob MHULManU3aLm MOXET CYLLECTBEHHO YCKOPUTL 0ByYeHMe U MPUBECTU K NONYYEHWIO
Bornee ka4yecTBEHHbIX pe3ynbTaToB. CyLlecTBYIOT TpM cnocoba MHULMMPOBAHWUS HavanbHbIX BECOB.
VHnumanusaums criysainHbiMy 3Ha4eHUsIMK, Korha BCeM BECaM AaKTCS Marble Cry4YailHble BENUYUHBI.

VHnumanusaums npumepamn, KOrAa B Ka4yecTBe HayanbHbIX 3HAYEHUA 3a[aloTCH 3HAYEHUS CRyyarHo
BbIOpaHHbIX NPKUMeEPOB 13 00yYaroLLeit BbIGOpKM

NIvHenHas wHuUManu3aums. B 3TomM crnyyae Beca MHUUMMPYIOTCS  3HAYEHUSIMWA  BEKTOPOB, TMHENHO
yNOpPSAOYEHHBIX BAOMb NIMHENHOTO MOAMPOCTPAHCTBA, MPOXOASALIEr0 Mexay ABYMS MaBHbIX COBCTBEHHbIMM
BEKTOpPaMu MCX0OHOr0 Habopa AaHHbIX. COBCTBEHHbIE BEKTOPA MOTYT BbITb HaldeHb!, HAaNPUMEP, Npy NOMOLLM
npoueayps! 'pama-lLmuara.

O6yuyenune. OOyyeHue COCTOMT W3 NOCNELOBATENbHOCTM KOPPEKUMA BEKTOPOB, MpeAcTaBnstowmx coboi
HEMpOHbI. Ha kaxaom Lware obyyeHus 13 ucxogHoro Habopa AaHHbIX Cy4anHo BbIOMPaETCs OAVH M3 BEKTOPOB,
a 3aTeM MPOW3BOAMTCS NOMUCK Hanbonee MOXOXKETO Ha HEro BeKTopa KO3((ULMEHTOB HEMPOHOB. [pn 3TOM
BblOMpaeTcs HeipoH-nobeamnTenb, KOTOPbIA Haubonee NOXoX Ha BEKTOP BXOZoB. 104 MOXOXECTbI B AaHHOM
3afjaye NOHNMAETCS PaCcCTOSIHNE MeXy BEKTOpamu, 0BbIYHO BbIYMCNISIEMOE B €BKMMAOBOM NPOCTPAHCTBE.

Takvm 06pa3om, ecn 0603HaUMTb HElpOH-NoBeauTeNb Kak ¢, TO NonyuMM |x —w, | =min, {|x —w[|} , w; - Bec
i-rO HEMpOHa.

lMocne TOro, Kak HaigeH HempoH-nobeamTenb NPOM3BOAMTCS KOPPEKTMPOBKA BECOB HeWpoceTu. [pu aTom
BEKTOP, ONUChIBAOLLMIA HEMPOH-NobeauTent U BEKTOPa, OMKUChIBAIOLLME €r0 COCeeN B CETKe, NepeMeLLaoTcs B
HanpaBeHWU BXOAHOrO BEKTOpa.

[Mpu aTOM AN MOAMMKALMM BECOBBIX KO3PULMEHTOB UCMONb3yeTcs opmyna:

W (1) = w; (0) + h; () * [x(t) = w(D)]
roe t obosHayaeT Homep anoxu (auckpetHoe Bpemsi). Mpu atom Bektop X(t) BbiGMpaeTcs cnyvyanHo M3
obyyaroLLer BbIBOPKM Ha UTepauun t, w; — Bec i-ro HelpoHa. PyHKUMA h(t) HasbiBaeTes (yHKUMeln cocencTaa
HEMPOHOB. OTa (byHKUMS NpeacTaBnseT coboit HeBO3pacTaloLLyio YHKLMIO OT BPEMEHU WU PacCTOSHUS MeXay
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HelpoHoM-nobeauTenemM M COCeOHUMM HeWpoHamu B CeTke. 3JTa (PyHKUMS pasbuBaeTcs Ha OBE 4acTu:
COBCTBEHHO (DYHKLMIO PacCTOSHNS U DYHKLMM CKOPOCTU 0ByYeHUs OT BpEMEHW. rae I onpeaensieT nonoxexue
HeipoHa B CETKe.

d2
OBbIyHO MpuMeHsieTcs Takue yHkumm: FayccoBa dyHKUMS h(d,t) =e 2"2(”, TaKke MOryT UCMOJb30BaTLHCH
d2
yceueHHas layccosa A(d,f)=e > O1(a(r)—d) w konokonoobpasHas h(d,r)=1(c(t)—d), o(f) -
paanyc yHKLMM cocencTBa B nepuos Bpemeru t, a d — pactosHne mexay HeipoHamm ceTki. [Kohonen T. 1997].

Mpn 3TOM, Kak nokasanu AanbHEMwne 3KCNePUMEHTSI, -
nyywnit - peynbTaT nony4YaeTcs npu - MCMomb30BaHNM & [
[ayccoBon (yHKUMM paccTosiHus. Mpu 3TOM SBRSETCS

ybbIBatoLLlei YHKUMEN OT BpeMEHU. YacTo 3Ty BENMUMHY

Ha3blBAlOT pagMycoM 0Oy4veHus, KOTOPLIA BblbMpaeTcs

[OCTaTOYHO GOMbLUMM Ha HayarnbHOM aTtane 0byyeHus u L
NMOCTENEHHO YMEHbLUAETCA TaK, Y4TO B KOHEYHOM uTOre -

obyyaetcs oauH HeitpoH-nobeautens. Hanbonee yacto )
ncnonb3yetcss  (PYHKUMS, NWHEHO  yOblBawwas  oT

BPEMEHM.

PaccmoTtpum Tenepb GyHKUMIO ckopocTu obyyeHns a(t). Ota dyHKuMa Takke npefcTaBnseT cobor yHKUMIO,
ybbIBaloLLYI0 OT BpeMeHW. Hanbonee Yacto 1cnonbayloTcs ABa BapuaHTa 3TOM PYHKLWW: NUHERHas u o6paTHO

A y
npornopL1oHansHas BpemeHn — Buaa a(t) =3 roe A n B 310 KoHCTaHThI, t - Bpemst. MpumeHeHne aToi
t+

(OyHKUMM NPUBOAWT K TOMY, YTO BCE BekTopa 3 OBydarolien BblGOpKW BHOCAT MPUMEPHO PaBHbIA BKNag B
pesynbTar 06y4eHus.

OByyeHne COCTOMT W3 ABYX OCHOBHbIX (Da3: Ha mepBOHavYanbHOM 3Tane BblbupaeTcs LOCTAaTOMHO Gornbluoe
3HauyeHne CKOpoCTW 0ByveHus u paguyca obyyeHwe, 4TO MO3BOMSET PACMONOXUTb BEKTOPA HEWPOHOB B
COOTBETCTBUM C pacrnpesesieHMemM npuMepoB B BblIBOpKe, a 3aTeM MPOM3BOAWTCS TOYHAs NOLCTPOVKA BECOB,
Korga 3HayeHus napameTpoB CKOPOCTM OOYYEHWS MHOMO MeHblue HavambHbiX. B cryyae ucnonb3oBaHMs
NIMHENHOW VHWLMANM3aLMy nepBoOHaYanbHblid aTan rpyboit noacTpomnkn MoxeT ObiTb mponyweH [CTapukos A.
2000].

MpumeHeHne anroputMa. [laHHy0 METOLMKY MOXHO UCMONb30BaTh AMsi NOMCKA M aHanmaa 3akOHOMEpHOCTEl B
NCXOAHbIX JaHHbIX. [pn 3TOM, NMocre Toro, kak HeMpOHbI pasMeLLieHbl Ha KapTe, NoryYyeHHas kapTa MOXET ObiTb
oToBpaeHa pasHbIMU LiBETaMu.

Pe3yn bTaTbl CerMeHTauumn

Hwxe npuvBeseHbl pesynbTaThl CErMeHTaLumn UCTOMb3yst pasnuyHble PYHKLMM. PasnnyHble CerMeHTbl BblaeneHbl
pa3HbIMUM OTTEHKaMW CEPOrO.

Mo u3obpaxeHnsm BUOHO, YTO MPUMEHEHME BCeX (YHKUMA OaeT npubnmauTenbHO OAMHAKOBBLIA Pe3ynbTar,
noaTomy B danbHenwem 6ygeT Mcnomnb3oBaTbCs TOMbKO [ayccoBa GyHKUWMS MPUHAAMEXHOCTW, Tak Kak 3To
Hanbornee ctaHgapTHas PyHKLMS.

[anee npeacrtaeneHbl pesynbTaThl CETMEHTALMN Ha pasnuyHoe konnyecTtBo knactepos 10 (Puc. 4), 20 (Puc. 5)
1 50 (Puc. 6) COOTBETCTBEHHO:

M3obpaxenns Obin pa3butbl Ha pasHOe KONMMYECTBO CETMEHTOB ANS JanbHeliwen npoepku no 6ase Tvnos
TkaHen. ONTUMarnbHOE KONMYEeCTBO CETMEHTOB MOXHO OyaeT onpeaenuTb Npu AanbHenLen paboTe, XOTS yxe Ha
JaHHOM 3Tane BUAHO, 4To 20 cermMeHTOB oTOOpaxaloT Te obnacTu, KOTOPbIX He BuaHO mpu 10 cermeHTax
(oTnnumsa obeefdeHbl Ans HarmsgHOCTK Ha puc. 4 u puc. 5). W kak BugHo Ha puc. 5 u puc. 6, yto 20 n 50
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CEerMeHTOB MPaKTU4EeCKN He OTNN4YaloTCAd, XOTA NpoBepkKa 50 cermeHTOB no 6ase TMNOB TKAHEWN MOXET 3aHATb
3HauMTenbHO Gonblue BPEMEHMN.

Puc. 4. 10 knactepoB Puc. 5. 20 knactepos Puc. 6. 50 knactepos

BbiBoAbI

—  Wcnonb3osanue cetn KoxoHeHa 06ycrnoBneHo HamepeHueM u3bexaTb BRMUSHIAS YeNOBEYeckoro daktopa
Mpy CEerMeHTaLMN N306paXeHNs.

— o pesynbTaTtam 3KCMEPUMEHTOB BWUAHO, YTO UCMOMNb30BaHNE BCEX (PYHKLMIA COCEACTBA AaeT OAMHAKOBLIN
pesynbTar.

- Bbinu npoBeeHbl KCNEePUMEHTbI MO p336|/1eHmo Ha pa3Hble KOnM4yecTBa CErMEHTOB U yXe Ha OaHHOM
gTane pa6OTbI BWOHO, 4TO ucnonb3oBaHne 10 CEerMeHTOB MOXET ObiTb HEJOCTaTOMHbIM, TaK Kak He
MOMHOCTbLIO OTO6pa)Ka€T KapThHY COCTOAHMA OpraHa.

BnarogapHocTu

Pa6ota onybnukosaHa npu dmHancoomn nogaepxke npoekta ITHEA XXI MHCTUTYTa MHPOPMALMOHHBIX TEOpUiA
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounauum cospatenein 1 nonb3oBaTenen
WHTennekTyanbHbIx cuctem ADUIS YkpanHa www.aduis.com.ua.
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NIMHENHBIE CTPYKTYPbI B MPUKNAOHbIX 3A0AYAX U KOHCTPYKTUBHbIE
METO[bI UX OMUCAHUA

Hukonait KupuueHko|, Bnagumup [loHueHko

AHHOmauyus:  PaccmMompeHb! ceolicmea OCHOBHbIX NUHEUHbIX CMPYKMyp 8 egkiudosbix NpocmpaHcmeax,

pa3gumbI KOHCMPYKMUBHbIE cnocobbl UX ONUCaHUS U NOCMPOEHUS Ha 0CHOBE CUCMEeMamuyecKo20 passumus u
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NPOUNIICMPUPOBaHa Ha WUPOKOM Cnekmpe npuknadHbix 3aday: Oom peepeccuoHHO20 aHanusa u 3aday
npozHo3a do meopuu ONMUMasbHO20 YNPagneHUs.
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HauMeHbWUX Keadpamos, IUHelUHass peapeccusi, CUCMEeMbl ONMUMabHO20 YNPasneHus, NPO2HO3,
Knacmepu3ayusi, UCKYCCMBEHHbIe HElPOHHbIe cemu.

ACM Classification Keywords: G.3 Probability and statistics, G.1.6. Numerical analysis: Optimization; G.2.m.
Discrete mathematics: miscellaneous.

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

Bctynnenue

Kak otmevanocb B pabote [[oHueHk0,2009 ], anennsums K «CTpykType oObekta» accouumpyeTcs ¢
npeacrtasneHmem 06 0bbekTe, kak YEM-TO eAMHOM, COCTaBMEHHOM M3 B3aWMOAENCTBYIOWMX Mexdy Coboro
yacTten. Kak npaBuno, «CTpykTypa» 1 «CBA3M» MEXAY YacTaMu 06bekTa, paccMaTpuBaEMOro Kak eAnHoe Lienoe,
ynoTpebnaTca Kak peanu3ylolne OBHO W TOXe npefctaBneHne o6 o6bekte C TeM AOMOSHEHMEM, YTO
«CTPYKTypa» — 3TO COBOKYMHOCTb yYacTeil OObekTa Nmoc «CBA3N» Mexay Humu. Cpean BaxHeLWwwux
MaTeMaTUYeCcKuX CTPYKTYP, OTMEYEHHBIX B YNOMSHYTON Bbiwe paboTe, 0coboe MECTO 3aHUMAIT «fMHEMHbIE
CTPYKTYpbI». K HUM MOXHO OTHECTM NIMHENHbIE NPOCTPAHCTBA W MOANPOCTPAHCTBA, TMNEPNIOCKOCTU a Takke —
NMHENHbIE onepaTopbl U (yHKUMOHanbl. Cpean NMHEeMHbIX CTPYKTyp no  ©GoraTcTBy  BO3MOXHOCTEN
NCMONb30BaHNS CBSA3EN 3aHMMaeT €eBKMWMAOBO MPOCTPAHCTBO: KOHEYHOMEPHOE IWHENHOe MoC CKansipHoe
nponssegeHne. boratctBO CBOWCTB JIMHEWHbIX CTPYKTYpP: W B BapuaHTe NMHEMHbIX MPOCTPAHCTB U
NOANPOCTPAHCTB, W B BapWaHTe OnepaTopoB COOTBETCTBYIOLLErO BUAA, — B MaTeMaTUYECKOM MOAENMPOBaHUM
0ObEKTOB TPYAHO NepeoLeHUTb. OTO Kacaetcst kak abCTpakTHbIX MaTeMaTMYeckux, Tak U WUCCreaoBaHuit
NPUKNagHoOro xapaktepa. B nomHOW Mepe ckasaHHOe BbllWE OTHOCUTCS, B 4acTHOCTW, K anrebpe,
PErpeccMoHHOMY aHanuay, Teopuu CryyamlHbIX MPOLECCOB, TEOpUM AuddepeHLnanbHbX 1 UHTErpanbHbIX
YPaBHEHWA, CUCTEM ONTUMANbHOrO YNpaBMneHUs, NpUKNagHbIM 3agadyam Knaccudmkauuu, nporHosa u T.4.
BaxHyto ponb B NpUKNagHbIX UCCIIER0BAHUSX MIPAIOT KOHCTPYKTWUBHbIE METOAbl OMUCAHWS COOTBETCTBYHOLLMX
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00beKkTOB. B TOM, YTO KacaeTcs IMHENHbIX OnepaTopoB M NUHENHBIX (PYHKLMOHANOB, BONPOC KOHCTPYKTUBHOCTY
peLlaeTcs NOCTPOEHMEM MaTpuL, COOTBETCTBYIOLMX 06BEKTOB, a ANs OnepaLuin — UCMOoMnb30BaHWMEM OnepaLmi
MaTpuyHoi anrebpbl. B TOM, 4TO KacaeTcs NOANPOCTPAHCTB, NOPOXAEHHBLIX TEMU UIN UHBIMU COBOKYMHOCTSIMM
BEKTOPOB, N0 06CTOUT CriokHee. VX KOHCTPYKTUBHOE On1caHne MOXHO NOony4uTb, CBA3AB yka3aHHbIe 06 bEKT
C MPOCTPAHCTBOM 3HAYEHUN MOAXOAALEN MaTpuubl, KOTOPOE B CBOKW OYepedb OMUCHIBAT MOAXOASALIMM
OPTOrOHanbHbIM NPOEKTOPOM. VIMeHHO 3TOT nogxod passuBaeTcss Hwke. OTMETUM, YTO OpPTOroHambHble
MPOEKTOPbl MrPaloT BaXHYI0 PONMb B WCYEPMbIBAKOLLEM WCCMEA0BAHUM CUCTEM IMHEWHbIX anrebpanyeckmx
ypasHeHuin (CJTAY). MpuHUMIKaneHO BaxHbI OHW Takxe B MOCTAHOBKE W PELUEHWUW BaXHbIX ONTUMU3ALMOHHBIX
3apav ¢ KBagpaTuieckuM yHKLMOHANOM KayecTBa B €BKNMA0BbIX NPOCTPaHCTBAX, B TOM YUCHE — B MOCTPOEHNN
Haunyywux kBagpaTuyeckux npubnmkeHuin npasom Yactu CIIAY 3HaueHusmn neson, koraa CITAY HecoBMeCTHa.
TakMe Haunydwme npubnMKEHUs Ha3biBaKT Takke MNCeBaopelleHnsMu.  KOHCTPYKTUBHOE — onucaHue
OPTOrOHanbHbIX MPOEKTOPOB B CBSI3W C €CTECTBEHHbIMK MOAMNPOCTPAHCTBAMK JIMHENHOMO onepaTtopa NpsiMo
onpegensetcs ncesgoobpalleHnem no Mypy - Menpoyay[Moore,1920], [Penrose, 1955](cm. Takke, Hanpumep,
[An6ept, 1977]). OTMeTUM, Takke, YTO BaXHY) PONb B KOHCTPYKTMBHOM PELIEHWMM MpUKNagHbiX 3agay C
NCNOMNb30BaHNEM NIMHENHBIX CTPYKTYP UrpaeT CUHIYNSpHOe NpeacTaBneHune (ero HasbliBaKT TAKKE CUHIYNSPHBIM
pasnoxennem unm SVD - npeacTaBneHneM) Matpuubl B CeLMgUYeckon 3anucu B BUAE B3BELLEHHOM CYyMMbI
TEH30PHbIX NPOW3BEAEHMI CneLmranbHoro Habopa nap BEKTOPOB. Huke paccMaTpuBaloTCs OCHOBHbIE CBOWCTBA
NIMHENHBIX CTPYKTYP, OCHOBHbIE OCOBEHHOCTN 1 BOBMOXHOCTM (“tips and tricks”) Mx KOHCTPYKTUBHOTO onucaHus, a
Takke — WCMOMb30BAHUA B ANS KOHCTPYKTMBHOIO pPELUEHUS BaXHEWLWWX MpUKNagHbIX 3ajady nporHosa,
Knactepusauuu u knaccudukamm, B gpyrux obnacrax.

EBknuaoBbI NnpocTpaHCcTBa U NnoAnpocTpaHcTBa: 6aszoBbie “tips and tricks”

B nanbHeliwem, rosops 06 €BKNMAOBOM NPOCTPaHCTBE ByneM UMETb B BUAY MHOXECTBO KOHEYHBIX YMCMOBbIX

nocneaoBaTenbHOCTEN OAHOM U TOM Xe ANUHbI 7., 3an1CaHHbIX B CTONOMK C MOKOOPAMHATHLIMIA Onepaumsmm

CMOXEHWS U YMHOXEHUS Ha CKansp W CYMMOW MOKOOPAWHATHbIX MPOM3BEAEHUIA B KAYeCTBE CKANSPHOTO

npousseaeHns. CTaHaapTHbIM 006pa3oM, VIMEHHO TaKkoii BapuaHT €BKMWAOBOTO MpOCTpaHcTBa Oyaem
a,

CTaHgapTHbIM o00pa3om 0003HayaTb 4eped R™, a ero anemeHTbl — yepes a =| --- |. CTaHOapTHble

a,

OPTOHOPMMPOBaHHble 6asncbl, COCTaBMIEHHble W3 BEKTOPOB C EAMHCTBEHHOW €AMHMYHON KOMMOHEHTOM
(ocTanbHble — HynM) Ha MecTe C COOTBETCTBYHOWMM Homepom Oyayt obosHayaTbest ans R™u R™

COOTBETCTBEHHO  uepes e(j) e R™,j =1,m, ey€R"i=in. Onepatop AusR",8 R™:
A:R" > R™, B OpTOHopMMpOBaHHbIX Basucax e(j) € R™,j=1,m,e; € R",i = i,nbynem
OTOXOECTBASTb ¢ mxn - Matpuuen A = (a;) 9toro onepatopa. [ina matpuupl A = (a;) 6Gyaem
ncnonb3oBaTh Takke 61oYHoe NpeAcTasrneHne no cTonbuyam ( cTonbLoBoe ) 1 CTpokam( CTPOYHOE):

T
Ay

A=| - |=(al)i...la(n),a}, € R",i=1,m,a(j)e R™,j=1n.

T
A(m)

InHeitHoe NPOCTpaHCTBO BCeX m x n MaTpuy, Byaem obosHayate R™" .
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JIHeHoe MOANPOCTPAHCTBO, MOPOXAEHHOE CcUCTEMOW BekTOpoB ¢, € R¥,k =1, K GyaeT o6Go3Hauatbes
yepes L(c,,k =1,K) = L(c,...,Cx), @ NUHENHOE NOANPOCTPAHCTBO 3HAuYeHWi NUHENHOro onepaTopa
A:R" > R™-vepes L,.

MepBbiM 13 Habopa “tips and tricks"aBnseTcs yTBEPXKAEHNE O TOM, YTO

1. “tips and tricks™ L, = L(a(l1),...,a(n)).

Takum 06pasoM, NMHeHOe MOANPOCTPaHCTBO, MOPOXAEHHOE HaBOpOM BEKTOpOB, COBMafaeT C
MOANPOCTPAHCTBOM 3HAYEHUIA MaTPLbl, COCTABNIEHHOM M3 BEKTOPOB Habopa, kak 13 CTONGLOB.

2.'tips and tricks”: pans anemeHTOB CTONGLOBOTO M CTPOYHOrO NPeAcTaBNeHus MaTpuubl A € R™™
cnpaBeaAn1BblI COOTHOLLEHNS

a(j) = Ae(j),j =1,n,
a(Ti) = e(Ti)A,i =1m.
3.“tips and tricks”: pana npou3BedeHMs Npou3BONbHbIX MaTpuy B, Cco CTonboBbIM M CTPOYHbIM
)
npeactaenexem B = (b(1):...:b(r)),b(j) € R",j =1,r,C =| -+ |,¢,),c(i) € R",i=1,r cootser-

T
Cir)

CTBEHHO M naroHansHon matpuusl A = diag(,..., A, ) CNpaBeanmMBo COOTHOLLEHWE
r i T
1=

BaxHoi cocTaBnstoLieit annapata KOHCTPYKTUBHOTO OMMCAHUS W UCMONb30BaHUS NINHENHBIX CTPYKTYP SBASETCS
MOHATME OPTOrOHamnbLHOTO MPOEKTOpa, KOTOpPOE MOMHOCTHI0 OTBEYAaeT CTaHAapTHOMY reOMETpUYEcKoMy
npeactaBneHnio 06 OpTOroHanbHOM npoekTupoBaHuu. O6Len, OcHOBOM 3GhHEKTUBHOTO MCNONb30BaHMS
OPTOrOHaNbHbIX MPOEKTOPOB SBMSETCA HANMWuME ABYX OKBUBANEHTHbIX ONPedeNeHuid TakuX MPOEKTOPOB W
BO3MOXHOCTW WX KOHCTPYKTUBHOTO MOCTPOEHMS B CBA3M C MNWHEWHbIMKU MOAMPOCTPaHCTBAMKU  Yepes
ncesgoobpalLeHue.

4. “ips and tricks” («reomeTpuyeckoe onpeaeneHMe OPTOrOHANbLHOrO MNPOEKTOpa»): AN  PasnoXeHUs

RP =L+ L"B npamyld CyMMy OpTOrOHanbHbIX MOAMPOCTPAHCTB OPTOrOHaNbHbIM MPOEKTOPOM P, Ha
NVHENHoe  moanpocTpaHcTBO L < RPHasbiBaeTcs  omepatop,  OMPedensieMblil  COOTHOLUEHWEM
Pox =P (x, +x,.)=x,

roe

X=X, +Xx xLeL,xLieLl (1)

i

— 0[]HO3Ha4YHOE MPeaCTaBneHne NPOKU3BOMLHOM BekTopa x € RP no ABYM COCTaBMAIOLMM OPTOro-
HanbHO CymMMbl. OueBMAHbIM 06PA3OM OMepaTop OPTOrOHANbHOTO MPOEKTUPOBAHWA SBMAETCA NUHEMHbIM
ornepaTopom.

5. “tips and tricks":pasnoxeHue (1) Npou3BONbLHOTO BekTopa x € RP B cuny CUMMETPUYHOCTM OTHOCMTENBHO
OPTOTOHAmNbHbIX ~CraraeMbiX ONpeaenseT OAHOBPEMEHHO [ABa OPTOTOHAmNbHbIX Npoektopa: P, P, ¢

OYeBMAHbIM COOTHOLLEHNEM



72 15 — Knowledge — Dialogue - Solution

P,+P.=E,,
roe Ep — €QWHKYHaa matpuua COOTBeTCTByPOLLl'eIZ Pa3MepPHOCTH.

6. “tips and tricks”: ans opToroHanbHOro npoektopa P, Ha nopnpocTpaHcteo L onepatop Z, = E, — P,

p

ABMAETCA OPTOrOHAMbHBIM NPOEKTOPOM Ha OPTOrOHaMNbHOe fononHeHne Lk L:Z L =E,-P, =P, .

7.'tips and tricks“(abcTpakTHOe onpegeneHne OPTOrOHamnbHOrO MPOEKTOpa): AN TOro, YTobbl NWHENHbINA
onepatop P : R? — R”, 6Gbin onepaTtopoM OPTOrOHANbHOMO MPOEKTUPOBAHWUS HEOOXOAMMO M LOCTATOYHO,
4TObbl OH ObIN WAEMMOTEHTHBIM CUMMETPUYHBIM OMEepaTopoM. JIMHelHoe npocTpaHCTBO L, Ha KOTOpoe
COBEpLUAeTCH OpTOrOHaNbHOE MPOEKTUPOBaHWEe B COOTBETCTBUM C  «FEOMETPUYECKUM OnpedeneHuem»
ONMCbLIBAETCS OAHUM W3 [1BYX COOTHOLLEHNI:

L, ={x:x=Pu,ue RP} ={x:x=Px,x € R"}.

8. “tips and tricks“(cuHrynspHoe unn SVD- npepcTtaBneHue npousBonbHoM A € R™™): ans npow3BOnbHOM
A € R™" paHra r < min(m,n)cnpaBeanmBo creayroLiee npeacTaBneHne MaTpuLbl B BULE B3BELIEHHON
CYMMbI TEH30PHbIX NPOU3BEAEHMI
¢ T
A= up;, (2)
i=1
roe:

- A3 >...222 > 0 obuwwmit Habop HeHymesbIx COBCTBEHHbIX uncen Matpuy AAT, ATA .

- u; € R™,i = j,r- 0pTOHOPMUPOBAHHBI HABGOP COBCTBEHHbBIX BEKTOPOB MaTpuLbl AA™

OTBEYaKLLMX HEHYIEBbIM COOCTBEHHbIM

. T 42 42 . T T
sncnam:  AA'w; = A, A > 0,i=1r,uiu; =9y,

i#J;

- v, € R",i= j,r-0pTOHOPMMPOBAHHbII HAGOP COBCTBEHHBIX BEKTOPOB MaTPHLib ATA,
OTBEYaIOLLMX HEHYNEBbIM COBCTBEHHBIM YnCIaM:
ATAv; = Xv;,0% > 0,,i=1rv/v, =38

Ui, ij,i *J.
9. “tips and tricks“(onpeaeneHue ncesgoobpalienns yepes SVD - npeactaBneHme MaTpuLbl): Ans NPOU3BONbHOM

A e R™" ¢ SVD - npepcTaBneHnem (2) ncesgoobpaTHas k Heil, A* , onpeaensieTcs COOTHOLIEHUEM
AT =>2\vul :R™ > R". (3)
i=1

MceBnoobpalleHne B fanbHeiwem byaeT o6o3Hauatbes abbpesnatypon MaO.

3ametum, yto SVD - onpepenenne [pO (cooTHoweHue (3)) nos3sonsieT nerko ycraHoBuTh, 4to [1g0
KOMMYTUPYeT C TPaHCMOHWPOBAHWEM, a TaKKe PsA APYrMX MOME3HbIX COOTHOLUEHWA, B YaCTHOCTW, 4TO

AT(ATY = A*A.
10. *tips and tricks": opToroHankHble npoektopbi Ha L , , L, OMpeAensieTcsi COoTHOLLEHNeM

r

AAT = uu!
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ATAT) = ATA=>vp!

11. “tips and tricks“:onepatopsl Z(A), Z(AT), onpenensiemble COOTHOLIEHNAMI
Z(A)=E, -A"A,
Z(AT)=E, -ATAT=E_-AA",

ABNSIOTCS ONepaTopamy OPTOrOHaNbHOrO NPOEKTUPOBaHNA Ha L, Lj\ r

BaXHOCTb nocneaHWx COOTHOLLEHWI OMPEeLensioTcst TeM, YTo L;T SIBNISIETCS MHOXECTBOM Hyreil onepaTopa

A.

12. “tips and tricks*:nognpocTpaHcTBo quT aBnsetcs sapom KerA (MHOXeCTBOM Hynen) onepatopa A:
1 n
L, = KerA = Z(A)R".

13. “tips and tricks*: ans comecTHocTH CITAY Ax = y HeoBX0aUMo 1 [ocTaTouHo, utobbl y' Z(A')y = 0. B

9TOM cnyvyae A’y SBNsSeTCs HauMeHbLUMM Mo HopMe pelueHneM. OHO OpTOroHanbHO kK KerA, a MHOXECTBO

BCEX PeLUeHnit 2, ON1CHIBAETCH COOTHOLUEHIEM
Q,=A"y+Z(AR" ={x:x=A"'y+Z(Ap,v e R"}. (4)

14.“tips and tricks": ecrm CMIAY Ax =y HecoBmecTHa, T.e y' Z(AT)y > O MHOXecTBO, onpeaensemoe

COOTHOLIEHNEM (4) OMMCbIBAET COBOKYMHOCTb BCEM HAaMMYyYLLMX KBAgpaTUHECKUX MPUOMVMKEHWA NpaBoi YacTy
3HaYeHnsMU NeBon:

+ n . 2
Q,=A"y+Z(AR" = Argmin | | Ax-y | |". (5)

xeR"

3HaueHue HeBsA3KM Ans MoBOro HaunyudLLero KBaapaTudeckoro npubnmkerns coctasnset y’ Z(A”)y.

15. “tips and tricks*: Ans Toro, uTo MaTpuyHoe ypaeHenne AX =Y, A e R™"X € R"",Y € R™ umeno
KOPHI HEOBXOANMO 1 [0CTaTOuHO, YToBbl trY” Z(AT)Y = 0. B aToM Cryyae MHOXECTBO (), onpefensetcs
COOTHOLLIEHUEM

Q, ={X:X=AY+ZAV,V e R""}. (6)

16. “tips and tricks". ons nuHeiHom 3aBucuMocTM  BekTopa d € R™  OT  cTOMGLUOB  MaTpuLbl

A € R™" HeobX01MMO M JOCTATOYHO, YTOObI BbIMOMHANOCh COOTHOLLEHME
d"z(AT)d = 0. (7)

Ccbinka Ha BEKTOPbI--3NMEMEHTbl  OMOYHOTO NpPEeACTaBMEHUS MaTPULbl A HUCKOMBKO HE OrpaHUuMBaioT
BO3MOXHOCTW MPUMEHEHMUS YTBEPXKOEHUS 3TOr0 MyHKTa ANs OnpejeneHus TMHENHOW 3aBUCUMOCTM TOr0 MMu
WHOrO BeKTOpa OT (hMKCMpOBaHHOrO Habopa BekTOpoB. [ns Wcnonb3oBaHus pesynbTata B obLiem cnyvae
HeobOXxoOMMO W [OCTAaTOMHO COCTaBUTb MaTpuly, B KOTOPOW BekTopbl Habopa sBnsitoTca cronbuamu, M
JONOHUTENBHO Mcnonb3osaTth n.1ips and tricks®.

OTMETUM Takke, YTO YCMOBMEM NMHENHOA HE3aBUCMMOCTU CTPokW a’,a € R™ 0T CTPOK MaTpuupl

A € R™" aBnsetca ycnosue
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a’Z(A)a = 0. (8)

17. “tips and tricks“(npsmble dopmynbl Mpesuns): NMaO npoussonbHoi MaTpuusl A € R™ ™, AONONHEHHON
ctpokoit  a” € R™, onpepmensetca anemeHtamu P e R™™, g e R™6nodnoro npepcraneqns Mpo

AY .
( TJ = (P:q) paclmpeHHon MaTpuLbl:
a

Z(A)a T .o
.- 7aTZ(A)a ,a Z(A)a > O(idg .) 9
R(A)a T oy
————,a Z(A)a = 0(¢aa)
l1+a R(A)a

P=(E, —qa")A",
rae R(A)= A"A" .

lMepBas cTpoka B (9) 0TBEYAET CMyYatd NMHENHON HE3aBUCUMOCTU CTPOKU - PaCLUIMPEHNS OT CTPOK MaTpuLbl A,
BTOPOW — NUHEHOM 3aBUCMOCTH.

C y4éTOoM KOMMYTMPOBaHMS TpaHcnoHupoBanus ¢ M40, npsambie dopmynbl [peBuns o4veBugHbIM 0bBpasom
nepenucLIBatOTCS ANst BAapUaHTa pacluMpeHnst MaTpuLbl CTONBLOM.

18. “tips and tricks“(obpaTHble hopmynbl IpeBuns): 4ns 6noyHoro npeactasneHuns MoO paciumpeHHon MaTpuLbl

AY ,
( TJ = (P:q) NoO matpuubl A onpeaensieTcs COOTHOLIEHUAMN
a

T
(E g quql . \P,a"q = 1(idcaq.)
At = ! : (10)
(E + ]LqLT)P, a’q *1(caq))
- a q

Ycnosue B NMEpBOM CTpOke B COOTHOWEHWAX (10) OTBEYaeT NWHENHOM HEe3aBWCMMOCTW CTPOKWM, KOTOpast
ygansetcs, a BTOPOM — 3aBMCUMOCTM OT OCTanbHbIX CTPOK MaTpuubl A. CnpaBeanuBoCTb 3TWUX YCROBUIA
HenocpenCcTBEHHO BbiTekaeT M3 .17 “tips and tricks®, n ucnonbayetcs, korga gononHuTensHo ussectHa MgO ans
pacLUMpPeHHON MaTpuLbl.

19. “tips and tricks": ksagpat paccrosHus p2(a, L ) BekTopa a € R™ ot nognpoctpaHctea L , onpeaensetcs
COOTHOLLEHNEM

p’(a,Ly)=min||a~y| = a'Z(A)a.

20.“tips and fricks“: ksagpaT pacctosHus  p>(a,T'(b,L,))Bektopa a € R™OT  runepniockocTy

I'(b,L,) = b+ L ,o0npeaensercs COOTHOLLEHNEM
p’(a,I(b,L,) = min ||a-y|’=(a-b)"Z(A")(a-Db).
yel'(b,L,)

OTmeTum, 4To npuBsska nognpoctpaHcTe B Nn.19, 20 k MHOXECTBY 3HaYeHMI onepaTopa A He orpaHnyMBaeT
chepy npumeHumocT pesynbtatoB. C nomowbto n.1 ‘tips and tricks’ OHM o4veBMOHbIM 0BpasoMm
PacnpOoCTPaHAKTCA Ha CUTYaUMIo, Korda NOANPOCTPAHCTBO MOPOXAAETCS 3aAaHHON KOHEYHOW COBOKYMHOCTbIO
BEKTOPOB.
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®opmynbl aHanuTyeckoro BoamylyeHus Ma0O onucbiBatoT MO BO3MYLWEHHON MaTpWLbl, KOTAa BO3MYLLEHWE
uMeeT BWA aaauTvBHON nobaskn ab’,a € R™,b e R™. B pabote [KupuueHko,1997] mcyepnbiBatoLLm
0Bpa3oM nccnefoBaHbl BapuaHThl npeacTaenenns (A +ab’)*, koTopble, kak OkasblBaeTCs, onpeaensioTes
TeM, SBRSIOTCA NN NIUHEIHO 3aBUCUMBIMA KOMMOHEHTBI BO3MYLLEHNS: a, b’ 0T, COOTBETCTBEHHO, CTONBLOB 1
CTPOK MaTpuLpbl A, a Takke COXPaHEHUEM UM NaJEHUEM PaHra BO3MYLLEHHOW MaTpULEN, KOraa O4HOBPEMEHHO
a, b’ nHeiHo 3aBUCUMbI B CBA3M C MaTpuLieit A . W yCnoBuS MMHENHON HE3aBUCUMOCTY 1 YCTIOBUE NafeHNs
paHra HOCAT aHanuTuyeckuin xapakrep. B n.16 “tips and tricks” npeacraBneHs! ycnoBus NMHENHON 3aBUCUMOCTMU.
YcnoBue CoOXpaHeHWs paHra NpesCcTaBneHo CreaytoLwmM nyHKTOM.

21. “tips and tricks“:paHrn matpuy Au A + ab’ 0aMHaKoBbI: rank(A + abT) = rankA, Toroa u TONbKO
Toraa, koraa b A*a=— 1 .PaHr Bo3MyLLEHHOI MaTpuLbl nadaeT, korna b” Ata=—1.

[MpuHUMas BO BHUMaHWE rPOMO3AKOCTb COOTBETCTBYIOLWMX POPMYIIMPOBOK, HIXKE NPUBEAEH OOWH U3 BapUaHTOB
yTBepkaeHus o Buge MaO ang Bo3MywéHHOM MaTpuubl. C MOMHLIM BapuaHTOM YTBEPXKOEHWS MOXHA
03HaKOMWTBLCA B YXKe ynoMsiHyTol paboTe [KupuyeHko,1997].

22.“tips and tricks“(aHanuTnuyeckme dopmyrnbl Bo3mylleHus MO maTpuu, dparmMeHT): ecni KOMMOHEHTLI
BO3MYLEHNs:: a, b’ MUHEHO He 3aBUCUMbI OT, COOTBETCTBEHHO, CTOMBLIOB M CTPOK Matpuupl A, T.e.
a’z(A")a > 0,6"Z(A)b > 0, 10

A'aa’z(AT) z(A)pbTA®
a’z(A"j  bZ(A)D

T A+
+ Z(Apa’z(aT)  L1Th Aa

TY _ A+
(a+ap’) - ‘a’z(AT b Z(A)p

MpumeneHus “tips and tricks“- cowcTB Ma0: NuHeNHaa perpeccus, ckansapHble HabnwAeHMA

A

MpumeHenne MoO B nuHenHoW perpeccun onpepensetcs Tem, yto MHK — ouenka [3 (oueHka MeTogda

p-1
HalMEeHbLUNX KBaﬂpaTOB) HEW3BECTHOrO NapameTpa B e R? NHENHON perpeccun y = Zijj(X) + €Ha
j=0

ocHoBe Habmiopenwin (x;,y;),x; € R™,y; € R',i=1,nonpenenserca peLieHNeM ONTMMU3ALMOHHON
3apayu

BeArgmin||Xp-Y| P, (11)

BeRP

B KOTOpoW X - MaTtpuua nnaHa, a Y - Bektop — cTtonbel, C KOMMOHEeHTaMu y; € R',i=1,n- Bektop

HabntogeHun. B cooTBeTCTBMM C cooTHoweHuem (4) n.13 “tips and tricks® oblwee peweHun 3apaum (11)
onpeaenseTcs COOTHOLIEHNEM

B=X'Y+Z(X,veRP* (12)

o cB06OAHLIM NapameTpoM v € RP .

Pewenne 3agaun MHK - oueHuBaHus B Buge (12) NOMHOCTBIO COrnacyeTcs C KMNacCUMY4eCKUM peLLeHUEM
ypaBHeHus aycca — MapkoBa B Buge

A

B=(X"X)'X"Y,



76 15 — Knowledge — Dialogue - Solution

Mockomnbky B Crly4ae MOMHOrO CTONBLOBOrO paHra Matpuupl nnaHa X = (X'X) ' X"y aZ(X)=0.B
3TOM Cny4ae Knaccudyeckom cnydvae MHoxecTBo MHK — oueHok B (12) SBNSieTCst OAHO 31IEMEHTHbIM.

MpumeneHus “tips and tricks“- ceoicTB Ma0: 3apavya TepMMHANbLHOIO ynpaBneHus

[Nog 3apayen TepMUHAmNLHOTO yNpaBneHus 4ns NWHEeNHOV AMHaMUYECKOi cUCTEMBI C ONCKPETHLIM BpeMeHeM
x(k +1)=A(k)x(k)+b(k)u(k),

x(0) = x0,,

roe

x(k)e R", u(k)eR', A(k)e R™™, b(k)e R™, k=0,N, uvment B Bigy 3agady sbi6opa Takoro
ynpaenexns u(k), k= 0,N, KOTOpoe MO3BONSET BLIBECTM (ha30Byl0 TPAEKTOPUIO B MOMeHT N +1Ha

ypOBeHb X(l)MJ'IVI, €ClIn 3TO HEeBO3MOXHO, BbI60pOM TOro Xe ynpaBneva MWHWUMU3NPOBATL OTKINOHEHKE
2
Hx(N+1)—x(1)H .

MpUHUMNMANbHLIM PE3ynbTaToOM AN UCCNedOBaHMs 3aaadyu TEPMUHAIBHOMO YNpaBlEHNs ABMSETCS Teopema
pedykLmuu, No3BonsioLLas CBECTH 3adady TepMuHanbHoro ynpasneHus k CIIAY.
Teopema (Teopema peaykunn). 3agava TepMUHANBHOTO YNpaBneHus aenseTcs akarneaneHTHon CIIAY

W(N +1)u=x;,— A(N-1)A(N -2)...A(0)xq, ,

B KOTOpOV BekTop 1 € R™*! — 06beauHeHHbIl BexTop ynpasnexns, a Matpuua W (N + 1) aensetcs 6nouHoir:
W(N +1)=(W(N +1,0)W(N +1)1):...W(N +1,N)),

¢ Gnokamm W (N +1),k),k = O,N , onpeaensemMbiMi COOTHOLLEHNSMU

W(N +1,k) = A(N)A(N -1)...A(k +1)b(k),k =0,N -1,

W(N+1,N)=b(N).

Teopema peayKumn NO3BONSET UCHEPNbIBAOLLMM 0Bpa3oM uccnenoBath 3apaqvy TEPMUHAMNBHOTO YrpaBneHus ¢
nomotsto nn.13,14 “tips and tricks”.

Cnepyet pobaBuTb, 4TO aHanorMyHbiM obpasom ¢ nomowbio a0 ygaétcs ucuepnbiBalowmm 0bpasom
nccnenoBath 3agadvy TEPMUHANbHOTO HabMIoAEHVs B TOM YUCTie B Criyyae OwnbOoK W LWyMOB(CM., HanpuMep,
[KupuueHko, floHuyeHko, 2005] )

MpumeneHus “tips and tricks“- csoncts Ma0: knacTepusauums

MoO pacwwupsieT BO3MOXHOCTW KnacTepusauuu, no3sonsas 9QEeKTUBHO norpyxatb Knaccuuumpyemble
0ObekTbl B MoaxodsluMe noanpocTpaHcTBa mnn runepnnockoctn. .1 “tips and tricks” maeT BO3MOXHOCTb
CBA3bIBATb MOANPOCTPAHCTBO, MOPOXOEHHOE HAbOPOM BeKTOpOB, C noaxopswei matpuuen. Ecnn obbekt
CBSA3bIBAETCA C rMNEPNIOCKOCTbIO, TO €€ CMELLEHMe — 3TO, KaK NpaBuio, CpeaHee No BEKTopam nopoxgatoLLen
COBOKYMHOCTW, a@ NOANPOCTPAHCTBO — 3TO MOANPOCTPAHCTBO 3HAYEHWA MaTpuupl, MOCTPOEHHOW W3
LLeHTPMPOBAHHbIX CPEOHUM BEKTOPOB MOPOXAAMLUEA COBOKYMHOCTM, Kak 13 ctonbuos. PesynbTtathl nn..19, 20
“tips and fricks” ofecneusBalT  BO3MOXHOCTb  KOHCTPYKTMBHOrO  BbIUMCIEHWSI  PaCCTOSHWUA  OT
00bEKTOB(NOANPOCTPAHCTB  WAWM  TUMEPNNIOCKOCTEN), accoLMMpyeMbIX C  MOPOXAAIOLEN COBOKYMHOCTbIO.
MpUMeHeHWe CTaHOAPTHBIX PEKYPPEHTHbIX MOCNEefoBaTENbHO YTOYHSAEMbIX pasbueHuii ¢ paccTOSHUMU
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cooteTctBMA M3 n.19 wunm n. 20 “tips and tricks” npugaét npouedype knactepusauum Heobxoaumon
3aBepLuéHHocTn. C nogpobHOCTAMM MOXHO O3HAKOMMUTLCS, HampuMep B pabotax, Hanpumep, [KupuueHko,
[HoHueHko, 2007], [KupuyeHko, [lonyeHko, 2008]).

MpumeneHus “tips and tricks“- coicT Ma0: RFT- pyHKUMOHaNbHbIE ceTH

cKyCcCTBEHHbIE HEMPOHHbIE CETW ABMNSIOTCS CTaHAAPTHBIM TEXHONOTUYECKUM WHCTPYMEHTOM MCCREA0BaHUS B
3ajavax nporHo3a, knaccudukaumm u knactepusauun. B cylwHOCT, OHM NpeacTaBnsioT coboi rpaduyeckoe
n3obpaxeHus: rpacbl CynepnosnLmii, CTaHAAPTU30BaHHbLIX (DYHKLMOHAMBHBIX 3NEMEHTOB. B 3TOM cMbicne ux ¢
MOMHbIM  MPaBOM MOXHO HasBaTb  (PYHKUMOHANbHbIMM  ceTamu. CTtaHgapTvsaums  (PYHKLUMOHAMbHbIX
9NEMEHTOB(HENPOHOB) NPOSIBNSETCS B TOM, YTO OHW Peanu3ytoT CKanspHyo (YHKLMIO BEKTOPHOTO aprymMeHTa kak
CYNepnosunLMIo NMMHENHOTO GhYHKLMOHaNa U CKansapHON YHKLMM CKanspHOro aprymMeHTa:

y=F(w'x),w,xe R™",F:R' - R.

YNOMsHYTas cTaHgapTM3aums — YHUULMPOBAHHOCTb MOXKET MPOSIBNATLCSA U B BblOOpE BHELUHEN YHKUMK: F
KoTopasl Ha3bIBAETCS (OYHKUMEN MHULManM3aumn HeiipoHa. OHa MOXeT ObiTb PUKCMPOBAHHOW WMWK NPUHUMATb
3HaYeHMs 13 KOHEYHOro Habopa dyHKLMIA.

3ameTim, 4TO, Kak NpaBuro, (UKCUPOBAHHOM SIBMSETCS M CTPYKTypa CETW: KOMMYECTBO CTaHOapTHbIX
(hyHKLMOHANbHBIX 911EMEHTOB HEMPOHOB U CNOCO6 UX COEAMHEHMS!: TOMONOMUS CETH.

BO3MOXHOCTM  (PYHKLMOHANbBHBIX CETEN MOXHO 3HAUMTENBbHO paclmputb, ecrv 1) npuaatb  60nbLuyo
(DYHKUMOHAMbHYID  YHMBEpCanbHOCTb W obecneunTb  aganTWBHOCTb B MOCTPOEHWMM  KaXOOrO0 W3
CTaHAaPTM30BaHHbIX 9NEMEHTOB; 2) obecneuntb Bornee rmbKMe BO3MOXHOCTM B COEAMHEHUM SMNEMEHTOB:
Gonblyto cBobogy B hopMUpOBaHUM TOMONOMW CeTH; 3) rapaHTUpPOBaTb afanTUMBHOE MOCTPOEHUE CTPYKTYpbI
Bceil cet B Uuenom. [locnegHee MOXET OblTb KOHCTPYKTMBHO peanu3oBaHO B XOQE€  BbIMOSIHEHMS
nocneaoBaTeNbHbIX LWaroB HapalyBaH1s CETU, UMEIOLLMX PEKYPPEHTHbINA XapakTep.
Peanusauns Takoi nporpamMmbl 415 3a4auv NporHo3a - BOCCTAHOBMNEHUS (OYHKLMM, NPEACTaBNEHHON CBOMMM
3HauYeHNaMN  (x;,Y;),x; € R",y, € R™,i=1,n cCOCTOUT B NOCTPOEHUM CTaHLapTHOrO (HYHKLMOHAIBHOMO
anementa( RFT - npeobpasoeartens) B Buae

y=AVY(Cx), (13)

B KOTOpOM MaTpuua C- Matpuua npeaBapuTenbHoro npe06pasoBaHms| BekTopa npusHakoB x, Y-
HeNnHelHoe NOKOOPANHATHOE npe06pa3OBaHV|e M3MEHEHHOro BEKTOpa NPU3HaKOB, A

.- Matpugya MHK
OLieHMBaHWs Ha Bblbopke (x;,y;),x; € R",y, e R™,i=1,n.

OekTnBHOCTL NpeobpasoBatens (13) B NporHo3e 3aBUCUMOCTU MOXET KOHTPONMPOBATLCA MO HEBSA3KE U MO
TECTOBOM BblBOpKe.

B obwem agantueHas npoueaypa nocTpoeHust (PyHKUMOHaNbHoON ceTu passueaeT ugeto MIYA A.l.MBaxHeHko

3aknoueHue

B pabote npoaHanuanpoBaHbl BaXHbl€ B MPUKNAAHOM OTHOLIEHUM acneKTbl UCMONb30BaHNS IMHENHBIX CTPYKTYP
B paMKaXx eBKILOBbIX MPOCTPAHCTB B PELUEHMM NPUKNaAHbIX 3a4a4 MaTeMaTUYECKOro MOAENMpoBaHus. B uncne
APYrMX PacCMOTPEHbI KOHCTPYKTMBHbIE CMOCOOLI NOPOXAEHWS NOANPOCTPAHCTB W TMNEpnoCKOCTENR, a Takxke
OPTOrOHanbHbIX MPOEKTOPOB, CBSA3AHHLIX C  YyKasaHHbIMM  0ObekTamu. YNOMsiHyTas KOHCTPYKTMBHOCTb
obecneunBaeTcs npumeHeHnem ncesgoobpatieHns no Mypy — Mexpoy3y(Mg0), a Takke HOBbIMK pe3ynbTaTaMmu
B 3T0OM 06nacTu. BaxHocTb M 3GhdheKTUBHOCTL MCMOMb30BAHWS MPUBEAEHHBIX Pe3yrbTaToB NPOUNICTPUPOBaHA
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Ha LWWPOKOM CnNeKTpe 3afad, BKNoYakoLlem J'II/IHeI;1Hyi0 perpeccuo, B TOM 4uUCne B BEKTOPHYK, TEOputo
ONTUManbHOro ynpasneHua, Knactepusauuio, nporHo3 U beHKLlIAOHaJ'IbeIe CeTun, ABndlLnecs 0606I.LleH|/18
NCKYCCTBEHHbIX HeIZDOHHbIX ceTeil.

BnaropgapHocTu

Pabota onybnukosaHa npu cuHaHcoBomn nogaepkke npoekta ITHEA XXI MHCTUTyTa MHGOpMaLUMOHHBIX TEOpUI
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounaumm cosgatenen u  nonb3oBaTenen
WHTennekTyanbHbIx cuctem ADUIS YkpanHa www.aduis.com.ua.
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CNOXHOCTHO-CTPYKTYPHbIN NOAXOM K UCCNEOOBAHUIO OBNACTU
NPUMEHUMOCTU ANTTOPUTMA PROFIT

Tatbsina CTynuHa, MBaH Kynakos

AHHOMauyus: B pabome npedcmasneHa hopmarnbHas NOCMaHoBKa CIIOKHOCMHO - CMPYKMypHo20 nodxoda K
uccnedosaHuro obrmacmu npumeHumocmu anzopumma PROFIT (PROfile Forward and Inverse Tomographic
modeling). OcHogHasi udesi cocmoum & onpedeneHuu Knacmepa modenell cpedbl (paspesa 2e0102U4ecko20
CmMpoeHuss 3eMHOU Kopbl), npedcmaeneHHbIX U30bpaxeHusMu, Komopble ¢ Aonycmumol Nno2pewHoCmbo
goccmaHaenugaromes anzopummom. Mempuka 8 npocmpaHcmee u3obpaxeHull 3adaemcsi cheyuarnbHbiM
obpaszom. OHa yyumbigaem U3MEHEHUE Nofisi CKOPocmel U aHOMarbHble 6KITYEHUS, KOMUYEeCmeeHHbIl U
KayecmeeHHbIl cocmas KomopbIx ompaxaem 3mank! yCroXHeHusi Modesnel cped.

Knrouesbie cnoea: celicmuyeckoe npogunuposaHue, momoapagus, npsimoe ModernuposaHue, CuHmemuyeckas
mooernb.

ACM Classification: G1.10. Mathematics of Computing - Applications

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBepeHue

Mooxogd k 0bpaboTke 3KCNEPUMEHTANBHBLIX AAHHBLIX 3aBUCUT OT Cneuudvky peluaeMoi 3agadum B KOHKPETHOM
NPUKNagHoM 0BracTu 1 KOHEYHON Lienu, KoTopas CTaBMTCS B 3agaye. B pasnunuHbix obrnactsix 3HaHuii, Lernbio
KOTOpPbIX SBNSETCA OBHapyXeHWe NPUYMHHO-CIEACTBEHHbIX CBS3eN Kakoro-nnbo npouecca Wian SBReHus,
Heobxoaumo pewwatb obpaTHylo 3agady, KoTopas, Kak NpaBuro, SBMSETCS HEYCTOMYWBOW Kak OTHOCUTENbHO
BXOAHbIX AaHHbIX, Tak U CaMoro orepatopa MHBepCuW. [N OLEHKM KayecTBa MOMYYEHHOTO PELLEHWS TaKKe
HeoOX0AMMO yMeTb pelatb M NpsMylo 3adady. Ha Kaxgom aTtane BO3HMKAKT CBOWM TPYAHOCTU, C KOTOPbIMM
HeobX0AMMO CnpaBnATLCS, MCNONb3ys, NPEANOXKEHHbIE K 06paboTke AaHHbIe M OCHOBbLIBASCH Ha BbIOPaHHOM
mozerm. OueHWTb Xe KayecTBO BbIOpaHHOW MOZEnM He3aBMCMMO OT kavecTBa obpabaTbiBaemblX AaHHbIX
BO3MOXHO MWL TEOPETUYECKM NPU U3BECTHON «MCTUHHOWY» Mogenw [BanHuk, 1984].

B panHoi pabote paccmatpusaetcs anroputm PROFIT npsmoro n o6paTtHOro MoaenupoBaHns NpogunbHbIX
JaHHbIX B cercMuyeckon Tomorpadpum [Kynakos, 2007]. lNMpeumyliecTBa JaHHOMO anroputMa npu peLleHun
3afjay Ha peanbHblX W CUHTETMYECKWX AaHHbIX NoAapobHO oTpaxeHbl B pabortax W.HO. Kynakosa. B pabote
NPeACcTaBneHbl OCHOBHbIE 3Tanbl 3TOr0 anropuTMa, MogYEpKMBatOLLME MHOMOMapPaMETPUYECKYHD CIIOKHOCTb M
cneunduky pellaemon 3agayn. BaxHOM KOMMOHEHTOW NPEeAnOXEHHOTo anroputMa SBMSETCS BO3MOXHOCTb
NOCTPOEHNSI PEKOHCTPYMPOBAHHOM MOAENN reonor1yeckorn cpefpbl, T.e. rryOMHHOMO paspesa, YTo SBRSETCS
[OCTaTOMHO MHTEPECHBIM W BaXHbIM ANS 3a4ay reoriornyeckon MHTepnpeTaumn B Lensx U3yYeHnst CTPOeHUs
3eMHOW KOpbl M MOWCKa MOMesHbiX uckonaemblX. [ns TOro 4tobbl OLEHUTb MHOXECTBO MpaBLoMOA0GHbIX,
OTHOCWTENBHO 3KCMEPTHBIX 3HAHWUA O MOAENSX CPEA, PEKOHCTPYKLMIA NpeanaraeTcst CROXHOCTHO - CTPYKTYPHbIA
noaxog.

B pabote npeanoxeHa dopManbHas MOCTAHOBKA COXHOCTHO - CTPYKTYPHOTO NoAxoda K WCCNeA0BaHUIo
obnactn npumeHumoctn anroputma PROFIT. OcHoBHasi uaes COCTOWT B OMpedeneHnn Knactepa Mogenei
cpenbl, NpeacTaBneHHbIX K306paXeHUAMM MyOMHHBIX Pa3pe3oB, KOTOpble C AOMYCTUMOW MOrPELUHOCTHH
BOCCTAHaBMMNBAIOTCS  anropuTMOM. OMeMeHTbl  Knactepa (OpMUPYIOTCS B METPUYECKOM MPOCTPaHCTBE
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1300paxXeHUn OTHOCUTENBHO HEKOTOPOrO 3KCMEPTHOro LWwabnoHa (MoAenb, JONyCTUMAs MO CMbICAY C TOYKM
3PEHNS CTPOEHMS 3EMHOW KOpbl B AAHHOM peruoHe). [pyrumu cnoBamu, 3agaetcs KpUTepuin, onpeaensioLmi
JONYCTUMYK0  PEKOHCTPYWMPOBAHHYIDO MOAENb Cpedbl, MocTpoeHHylo anroputmom PROFIT ang  AaHHoro
reorpadu4eckoro permoHa 1 MKCMPOBaHHOW CUCTEMbI HAaBMIOgEHMIA.

OCHOBHbIe NOHATUA

B obLuem Buae 3apava cencmuyeckon Tomorpadumn [Honet, 1990] 3akntouaeTcs B onpeaeneHum nons ckopocten
v(7) N0 MHOXECTBY M3MEPEHMIA BDEMEHMN HA NOBEPXHOCTM

ds
T =
V(r)
3agaya fBnseTCs LOCTATOMHO COXHOM, MOCKOMbKY HeM3BeCTHas YHKUMS v(7) B HESIBHOM BUAE MPUCYTCTBYET
B onpefeneHnn nyvesoin Tpaektopuu S,. loatomy 3agaya pellaeTcs B NMHEApU3oBaHHON MOCTAHOBKE

npumeHeHnem npuHumna ®epma. O6o3HaunUM BpeMsi, NPeAckasbiBaeMoe HavanbHoM (PedepeHTHON, OMopHOIA)
MOZENbIo

j et (1)

Cpe S; - TpaekTopust Nyya B Ha4anbHoM MOAENM, TOrfa BpeMs 3afepXku onpeaenseTcs creaytLLm o6pasom

(2)

rne ov(r)=v(r)—v,(r). 3pecb Obina npousBefeHa 3aMeHa HEW3BECTHOM Iy4eBOW TPAEeKTOpUW Ha

TpaekToputo Ans pedepeHTHON Modenu, no3aToMy B MPsSMYK 3afadvy BHeCeHa nornpaska BTOPOrO Mopsaka.
ObBpatHas xe 3agada MOXeT BbITb NNOXo 0ByCroBeHa U HET YBEPEHHOCTH, YTO OWWbKa BTOPOro nopsaka He
npvBedér k GonblUon owwubke B peleHun. Ha npakTuke O4YeHb 4acTo cucTeMa HabnioaeHun He OTBevaeT
ngeanbHbIM YCNOBUSIM, KOrda HEBO3MOXHO 00ECneunTb JOCTATOYHYH NMyYeBY0 MIOTHOCTb, NO3TOMY oBpaTHas
3ajava peLuaeTcs YnicneHHsIMm metogamu. C 3ol Lenbio onpeaenérHbIM 0bpa3oM 3agaeTcs napameTpusaums

no Gasucy £, (r)
M
S(r)=Y 7 ,h,(r).
Jj=1

Torpa ypaBHeHWE BPEMEHHbIX 3a[epXeK NepenuiLeTcs B CeAyoLLeM BUae

oT, = Z j Ty s =;A!,y_,.

o7, __Ih (’”)

he A, - MatpuLa nepBbIX NPOU3BOAHBIX M0 NapameTpam, A, = —— =
‘ - 0y, V] (r)

Takum obpazom, 3agada ceogutcst K pelieHuio CITAY
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Ay =0T . (3)

B obuwem cnyyae Takas cuctema SIBMSETCS NoXo 06YCMOBMNEHHOW, NOSTOMY MPK €€ PEeLLEeHUM NPUMEHSAKTCS
MeTOAbl perynspusaumy 1 uTepaTuBHble Moaxodbl OOpalleHus CUMbHO paspeXeHHbIX MaTpuy 60Mblioro
pasvepa. B anroputme PROFIT peanu3oBaHbl OAHW M3 TakuX METOAOB, NO3BOMSALME 3a [LOCTATOMHO
npuemneMoe Bpemsi NonyvaTb XOPOLIEE PELUEHUS.

MpuHuun pabotkl anroputma PROFIT

Mporpamma PROFIT cocTouT M3 gBYX OCHOBHbIX KOMMOHEHT. lNepBas COOepKUT anropuTMbl TOMOrpagnyeckomn
WHBEPCUMM M MOXET OblTb MCMONB30BaHA M B KayecTBe OTAENbHOTO U HE3aBMCUMOrO MPOrpaMMHOro Koga Ans
0bpaboTkn ceiicMuyeckux pedparvpoBaHHbIX [aHHbIX. BTopas KOMNOHEHTa MOAKMIYAET K MCMOMHEHMIO
COBMECTHO MnpsiMoe M obpaTHOe MOLeNnMpoBaHWe U MpefHa3HayeHa AN MOCTPOEHWUS PEKOHCTPYMPOBAHHOM
mogenu cpegel. Kog nporpammbl peann3oBaH Ha si3bike ®opTpan-90 u paspaboTaH nog onepaLymoHHOi cucteme
Widows. McxoaHble 1 ncnonHsemble Koabl NpOrpammbl HAXoaaTcst B CBOOOAHOM JOCTyne.

OcHoBHas CTPyKTypa anroputma TOMOFpaCbI/I‘-IeCKOM MHBEPCUM B :ls Y
nporpamme OCHOBbIBAETCA Ha 06LI.I|eI'IpVI3HaHHbIX BbIMNUCNUTENDBHBIX v

. b r
MeToAax KomnbloTepHon Tomorpachum [Honet, 1990]. Bblumcnexus W
NPOM3BOASATCA UTEPATUBHO B COOTBETCTBUW CO CMEAYIOLMMI Laramu:

1. Tpaccuposka nydeit B 2 D CKOPOCTHOI Mogeni (CTapToBasi Mogerb
A0S NEePBOW UTepaLyMM U nepecynMTaHHasl CKOPOCTHas Mogesb nocne
npeablayLmnx utepauui);

2. TlocTpoeHue CETOYHOW napameTpusaumn (TONMbKO ANns NepBou
uTepaumm);

3. Bbluucnenne mMatpuupl 1 obpalleHue;

4. OGHOBMEHME CKOPOCTHOI Moaeni. MNepexop Ha Nep.bIii Lwar.

Bonee |'|0,U,p06H0 onuieM Havmbonee BaxHble MOMEHTbI ANS Kaxaoro
M3 3TUX LLaroB.

NyyeBoe TpaccupoBaHue. JlyyeBoe TpaccupoBaHMe, NPUMEHSEMOE B
NPeACTaBNSIEMOM anropuTMe, OCHOBbIBAETCA Ha MpuHuune depma U
COCTOUT B HAXOXAEHUM MyTH, 0BECNEUMBAILLAM MUHUMANBHOE BPEMS  Puc. 1. MnmiocTpaLis fiyuesoro TpaccHpoBanus
MEX[Y UCTOYHMKOM W MPUEMHMKOM. OTa upes ABNSETCS OCHOBOW AN

pacyeta u3rmba ny4yeBOrO TPACcCUPOBAHMS, KOTOPas LIMPOKO MPUMEHsSNach B MOCNeAHWe AECATUNETUS U
BHeOpANacb Kak OCHOBA B Pa3MWYHbIX anropuTMax TOMOrpadMi NOKanbHbIX 3eMNETPSCEHUA, TaK U
CeNCMIUYECKOro MOAENNPOBaHNS.

B npeactaBneHHOM anroputMe peanu3oBaHa anbTepHaTWBHAs BEpCUs anroputma pacyéta uarnba, kotopas
CXeMaTWYHO nokasaHa Ha puc. 1. Tlouck Nyt ¢ MWUHUManbHbIM BPEMEHEM COCTOMT W3 MOCMeoBaTenbHO
BbINOMHSEMbIX HECKOMbKMX LUAroB BblYMCAEHMs W3ruba nyya B, nepeoHavanbHas TPaeKTOpUS KOTOPOro
ONWCLIBAETCA TPUTOHOMETPUYECKON (hYHKLMEN

Ha nepeom ware (®urypa A) Touka Ha MOPCKOM JHe (Touka b) pacnonaraeTcs cpasy nog UCTOYHUKOM S. Mbl
HaYMHaeM C MPAMON MMHUM MEXOY TOYKOW b U MPUEMHMKOM r, NOTOM MOCEAOBaTENbHO U3MEHseM eé [0
NONyYeHUs: MUHUMArbHOMO BpeMEeHU npoxoda fiyya. B nepsom npubrvkeHnn oTknoHeHne A(S) OTHOCUTESBHO
HayarnbHOro NPSIMOro NyTW BbIYUCASETCS B COOTBETCTBUM CO CriedytoLlei (hopmMyrnon:
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_ s=%
A(s) = Bcos(;z 5 j , (4)

roe B — BbluMCNeHHOe 3HaueHue n3ruba, S - pacCTosHWE BAOMb HAYanbHOro NyTh, D — AnuHa HadyamnbHOro nyTu.
3HayeHne napameTpa B HacTpauBaetcsi Takum obpasom, uTobbl kpuBas S, obecrieuvBana MUHUManbHOE

3HaueHue uHterpana (1), T.e. B = argmin7,(B), rae v(s) - pacnpefeneHue ckopocTy BAOMb nyya S, .
B

Ha BTopom ware (®urypa B), Mbl nepegsuraem Touky b [0 NOMYYEHUS MUHUMANBHOTO 3HaYeHus nHTerpana (1).
B cnyyae HaseMHbIx HabmniofgeHu 3TOT Lar MponyckaeTcsi, MOCKOMbKY TOMKM S W b UMEIT OfWHaKoBble
KoopAuHaTHI.

Ha TpeTbeM Luare JanbHerLlee OTKIOHEHWe OT MyTW MeXAY b W  BbIMMCNAETCS UTEPATUBHO C UCMOMNb30BaHUEM
cnegytoLleit opmynbl:

(D,-Dy)
S — 1
A L

(Dz _Dl) 2 (5)

B
A(s) = ECOS 2

roe D1 n D2 COOTBETCTBYIKOT ANNHAM BOOITb nyTe|71 Ha4ana 1 KoHUa TeKyLlero cermeHTa.

Ha nepBoi uTepauum BblYUCNEHNE 3Ha4eHns n3rnba nNpou3BOAUTCS [N BCEro CerMeHTa b-r, NpeacTaBneHHOM
Ha ®urype A, no copmyne (4). Ha Topoit utepaumu (durypa 1) nyTb LenuTcs Ha [Ba paBHbIX CErMeHTa C
AnvHamu b - m1 1 m1-r COOTBETCTBEHHO U ANS KaXAO0r0 U3 HUX NepecynTbIBAETCS AnnHa 13rnba B COOTBETCTBUM
¢ chopmyroi (5). Mocne onpeaeneqns MUHUMaNLHOMO BPEMEHU, BECh MyTb AENUTCA Ha Tpu YacTu (durypa D), u
nepecyeT 3HaveHuin uarnba ocyLecTBnAeTCs Ans TPEX cermeHToB b-m1, m1-m2, u m2-r. locnefoBatensHo 3Ta
npoLeaypa noBTopseTcs Ans YeTbIpéX, NATH, Wwectn 1 bonee yactei. Mpoleaypa 3akaH4MBaeTCs, korga AnuHa
CermMeHTa CTaHoBUTCS MeHbLUe 3aaHHOM BENUYUHDI.

Mapametpusauua. B nporpamme PROFIT 2D pacnpeneneHue CKOpoCTel 3agjaetcs Mo aHanorum ¢ paHee
paspaboTtaHHbiM Ans 3D Tomorpachuyeckon MHBEPCUM MOAXOAOM U peann3oBaHHeiM B nporpamme LOTOS-07
[Kynakos, 2007]. CkopoCTHble aHOManuW (HEOOHOPOZHOCTM)  MHTEPNOMMPYIOTCA  BUAMHENHO  MeXay

(hUKCMPOBAHHBLIMI y3namu CETKM {h /.(r)} r = (x,z), KOTOPbIE 33AaI0TCA HA MHOXECTBE BEPTUKANBHbIX

j=1m’
NIMHUIA C (PUKCUPOBAHHBLIM WwaroM Ax BHonb npoduns. Baonb kaxgon NuHAM NO HanpaBneHWto B rybuHy (no
NepemMeHHOl Z) BbIYMCNAETCA 3HAYeHMe NNOTHOCTU Myyeit o(S”/) Kak CyMmMa OMMH Myuyeil B @AVHUYHOM
obvéme. W Torga yambl j, j=1,.,M, pacnpemensiotcs B COOTBETCTBMM C Ny4eBOW NMOTHOCTbK. B
BEpTUKAINbHOM HanpasneHuu, BO n3bexaHue Ype3mMepHbIX Y3noBbiX (ryKTyauui, 3a4aéTCs MUHUMANbHBINA Lar
Az mexgy y3namu. B 06nacTsax ¢ NOHMKEHHOM Ny4eBOi NOTHOCTLIO PAcCcTOSHIUE MEXAY y3namu HanbonbLuee.
Y3nbl He yCTaHaBMBAKTCA B 06N1ACTAX C My4eBOM NIOTHOCTBH MEHbLLE 3a4aHHOro 3HaveHus (Hanpumep, 0.1 ot
cpeaHero). XoTenock 6bl 0TMETUTb, Y3M0Bble Lark B BEPTUKANbHOM U rOPU3OHTANbHOM HanpaBneHni He paBHbI
Mexay coboit, NOCKOMbKY Mbl MoflaraeM pasfMyHoe paspeLleHne no BEpTUKanM W ropusoHTanu. Ysnbl CeTku
yCTaHaBNWBAKOTCA TOMbKO B NEPBON UTEpaLIMU B COOTBETCTBUW C pacnpeseneHneM fyyeit, NpoTpaccupoBaHHbIX
B CTapTOBOV MOAeNy. Ha nocneaytoLnx utepawmsix CKOPOCTHbIE U3MEHEHNS AV, NepecUUTLIBAIOTCS B 3TUX Xe

yanax.

an NOCTPOEHUN Y3NOBOro pacnpeneneHus no nyquoPl NNOTHOCTU CETb MOXHO OI'Ipe,El,eJ'IéHHbIM 06pasoM
agonTnpoBatb B COOTBETCTBUM C HEKOTOPbLIMU 0CODEHHOCTAMW AaHHbIX W nepecynTatb AnA BblOENEHHbIX
U3MEHEHM B nyquoﬁ NNIOTHOCTU. PacnpeueneHMe nyqe|7| W NNOTHOCTb ABNAKTCA WHANBUAOYANbHbIMU
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napameTpamn anq Kaxaon obnactu pe(bpaFMpOBaHHbIX [aHHbIX, 3aBUCALLME HE TONbKO OT MHCprMeHTaJ'IbHOIh
HaCTpOVIKVI, HO 1 OT KOMNO3MLUK 1 TEOMETPUN reonornyeckom NOBEPXHOCTU U Cpeabl.

OTMETUM TaKXKe, YTO XOTS Marblii pasmep (Mopsiaok) ceTki obecneunBaeT 0OHapPYXEHNE CKOPOCTHBIX aHOMarui,
PaCnomnoXeHHbIX B 13y4aeMor 0bnactu B TOXe BPeMst 3TO MPUBOAMUT K YBENMYEHMIO Pa3MEPHOCTU MaTpuubl
obpaLlgHus.

Bbluncnenue matpuubl U obpaweHne. Matpuua nepebiX NPOM3BOAHBIX BbIYUCISETCS HA OCHOBE Jly4eBbIX
TPaekTopuit .S, KOTOpble ONpefenstoTcs C MOMOLLBbI Ny4eBoro TpaccuposaHus no 2D mogenu. Kaxabli

anemeHT A, matpuubl A B ypasHeHUM (3) paBeH BpEMEHHOMY M3MeHeHmio A, BLOMb S, Nnyya 3a eauHMIHOE

CKOPOCTHOE U3MeHeHne Av ;. B - OM y3ne napameTpusaLyy. SNeMeHTbI MaTpuLibl ONPEENSIoTCS YUCTIEHHO.

ObpaleHne matpuubl 4 ocylecTenseTcs ¢ nomoLbio utepatueHoro LSQR anroputma [Cnyuc, Bopcert, 1987],
KOTOPbIM [0CTaTOMHO ObICTPO CXOAMTCA MPW XOpOLO nogobpaHHbIX napameTpax perynspusauum  Am
(amnnutyga gemndupoBaHus) M Sm (BECOBOW mapaMeTp CriiaxmBaHUs CKOPOCTHbIX Bapuauwid B COCEOHUX
y3nax napameTpu3aLMoHHON CeTkm). UTepalmoHHO peLlaem CMCTeMy ypaBHEHUIA:

A dT
am | |dy=0 |. (6)
sm C 0

Fne | - AvaroHanbHas eguHuyHas matpuua pasmepa M, C - npsMoyronbHas MaTpuua, kaxmasi NuHUS

KOTOPOW COCTOMT U3 BYX AUHWNYHBIX SEMEHTOB NPOTMBOMOMOXHOIO 3HaKa, SBMSIOLMXCA COCEAHUMM y3Namu B
napameTpu3aLOHHOI CETKe.

OnTumanbHble 3Ha4eHNs ITUX MapaMeTPOB 3aBUCAT OT MHOMMX (PaKTOPOB. Hanpumep, npu yBennyeHnn pasmepa
[aHHbIX NapameTp Aemn@upoBaHNS LOMKEH YBENMYMBATLCS, B TO BPEMS KaK MPW YBENUYEHWUM yucna y3noB
BCNeACTBME M3MENbYEHNs pa3bueHns napameTp AemMnupoBaHus AOKeH ObiTb yMeHblleH. B cnyvae xe
GonbLlWIOr0 YPOBHS LymMa B [aHHbIX mapameTp AemndupoBaHWs LOMKEH ObiTb [OCTAaTOMHO BECOMbIM Af1S
COXpaHeHMs YCTOMUMBOCTU peLLeHus. Npoleaypa HaxokaeHUs KoahhULMEHTOB AeMNMUPOBAHNS 1O CUX NOP He
thopmanusoBaHa. K TOMy e COOTHOLLEHWE MEXAY YACIOM NapaMeTpoB, Nyveit 1 3Ha4YeHUIMU KOSMULMEHTOB
amMnNAuTYg U CrnaxuBaHns SBRSETCH HENMMHeNHbIM. Hanpumep, npu yOBOEHUN Yucnia nyyei COOTBETCTBYIOLAs
amnnuTyda pelleHns nonyyaeTcs yBenuyeHueM koadhduumeHTa gemnduposanna o 1.2. [Ana kaxgon cetw
HabnIOLEHMA 3TN 3HAYeHUs ONpedenstTCs MHOMBMAYanbHO. B kayecTBe OCHOBHOTO KpuTepUem mnpu
HaxOXAEHNN BeCOBbIX KOIPAULUMEHTOB AeMNUPOBaHNS WUCNOMb3YETC OLeHKa CpeaHeKBaapaTU4ecKoro
cpegHero (RMS) Ha kaxgmoit wTepaumn. Ho OH He sBnsietcs abcomoTHO OOBEKTMBHBIM, MOCKOMbKY He
obecneunBaeT yCTOMYMBOCTM peLleHs. ANbTEPHATMBHBIM NOAXOA0M, peann3oBaHHbIM B nporpamme PROFIT, k
OnpedeneHnuio  ONTUManbHbIX  3HAYEHWA  napameTpoB  OeMNMPOBaHUS  SIBMSETCS  CUHTETUYECKOe
MOZESNMPOBaHME Ha TECTOBbIX MpUMepax C aHoManusMu (UKCMPOBAHHOTO pasmepa. Hanpumep, TecTbl C
LUAXMaTHO JOCKON.

CKOpPOCTHbIE aHOMasuK, MoryyeHHble Mocrne MHBEPCUM, BLIYUCTISIOTCS MO PErynsipHoit ceT 1 AobaBnsioTcs B
CKOPOCTHYHO MOAENb, MONyYeHHYI0 Ha NpeablayLLeit uTepauuy.

¢0pMaJ1VI3aLI,VIF| noaxoAa K uccnenoBaHuio obnactu NPUMEHUMOCTH anropnTMa

,U,J'IFI TOro YTOOb OLEHUTb Ka4eCTBO peLLeHUA, nony4yaemoe anroputMom, 4acto npm6era+0T K TECTUPOBAHUIO Ha
CUHTETUYECKNX, TECTOBbIX UMK pealibHbIX AaHHbIX. Bbliwe I'Ipe/J,CTaBJ'IeHHbIIZ anroput™M nmeet B CBOEM Koae
KOMMOHEHTbI reHepaunn CUHTETUYECKNX OaHHbIX NO MOAENAM cpen (peLIJeHI/Ie I'IpFIMOIZ 3auaqm). Obnapas Takou



dapth, km

depth, km
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NHCTPYMEHTOM, MOSIBNSETCS BO3MOXHOCTb (DOPManbHO OnMCaTh KnacC 3agay (MHOXECTBO reOnormyeckux
Pa3pe3oB 3eMHO KOPbl) XOPOLLO peLlaemblX AaHHbIM anropuTMOM.

ObosHauum yepes G =< (Ld,vf,ic)>, d € N, rpaduyeckoe LBeTHOE W30DpaxeHWe Mons CKopoCTeil

MoJenu cpeabl ¢ onucanusamia: LY - d — biti «BbINyKNbIity KOHTYP, v

o

- CKOpOCTb Cpefdbl BHYTPU KOHTYpa, K -
KOMMYEeCTBO CBS3aHHBIX BbIMYKMbIX KOHTYpoB. CBsi3aHHbIMM Oyaem HasbiBaTb KOHTYpbl, MMetoLme obLyyo
rpanmuy. Mycte G - n3obpaxeHne CuHTETUHECKO Moaenn cpedbl, G - PeKOHCTPYMPOBaHHOE N30BpakeHine
cpenbl. PekoHCTpympoBaHHOE W30bpaxeHne CTPOUTCA NONb30BaTeNleM MO TOMOrpacuieckoMy n3obpaxeHuio
Monst CKOPOCTeW, SIBMAOLErocs pelweHnem anroputma. [pu nogbope napameTpoB perynsipusauum u
MUHAMM3aLMM  3HaveHuss RMS, ecTecTBeHHO npeanonaraeTcs, YTo CHUHTETUYECKas MOZenb SBMseTcs
HEeW3BECTHOM.

3apaoum mHoxectBo G(G™) monycTuMbix Mogeneit G” OTHOCUTENbHO CUHTETMYeckon G~ credyroumm

obpa3zom

GG =1G" 1 g(G",.G")< 8" [T =T < ¢}, 7)

Foe g(G",G") - «MeTpudeckast» PasHOCTb M30GPAXEHWMI, MOCTPOEHHAs HA OCHOBE CUMMETPUYECKON
Pa3HOCTM TOMONOMUiA, OrPaHUYEHHbIX KOHTYpaMu L M30BpaxeHuit U yuuTbIBAIOLAS [ONYCTUMbIA A1aNasoH
M3MEHeHNs cKopocT Av? BHYTPU KOHTYPA:; HT—T"H - RMS oueHka kayecTBa peLLeHus npu NOCTPOEHUM
TOMOrpagN4ECKOro M30BPaXKEHNs anropuTMOoMm.

Onpenenum MHOXECTBO (knacTep) I Kak 06nmacTb NPUMEHUMOCTI anropuTMa creayoLmm 06pasom

3={6":3G g(G.GY <8, Jr-1° <el )

Ecnv MOLHOCTb 3TOTO MHOXECTBA AOCTATOMHO Gorbluasi, TO MOXHO rOBOpUTL O Gonbluoit obnacTy
MPUMEHUMOCTN  anropuTMa. Kaxablii 9NeMeHT 3TOr0 MHOXeCTBa NpeAcTaBnseT CcobOi  CyLIECTBEHHO
OTNMYaIOLLMECS APYT OT ApYra U300paXeHnst cpef, HanpyUMep 30HbI CyBaYKLMN 1 CONsiHbIE Kynona.

,D,J'IFI TOrO YTOOBI paHXunpoBatb M306pa)KEHMFI q)opmanmyeM NOHATME CNOXHOCTU recnornyeckoro |/|306pa>|<eH|/|;|

v 3apagum eé napoit u = (4, 4y), ty =d, =1—n}din V(L"), V(L") - HopMUpOBaHHbII 0GBEM

(I'IJ'IOLIJ'a,D,b) TONONOrM4eckoro MHoOXecCTea, OrpaHUYEHHOro KOHTYPOM Ld .

B kauyectBe npumepa Ha pwc. 2,3,4 npuBegeM K300paXeHUs CUHTETWYECKOW MOZENM COMsHbIX KYMomoB,
ABNSOLLMECs pesynbTatamu pabotsl anroputma PROFIT.

A.) Stanting model A.) Synthetic model

dn
|
i
i
i
i
i
|‘ l
i
I
i
depth, km
dn o

L] 10 20 30 40 50 &0 To 80 a0 100 o i 20 30 40 50 60 To a0 a0 100
B.} Invession result after 10 iterations (SM=0.5, AM=0.5) B.) Reconstruction result

dapth, km

3
g
g
=]

o 10 20 30 40 50 60

20 30 40 50 &0 T0 80 20 100
distance alang profile, km distance along profile, km
| B I HE B w
15 28 3 a5 4 45 5 55 P yelocity, kmis 1528 3 5 4 45 5 55 P velocity, kmis
Puc. 2. durypa B sBnsieTcs TOMOrpacuueckim n3obpaxeHmem, Puc. 3. durypa B sBnsieTcst Tomorpacpuyeckum n3obpaxeHuem,
NpeAcTaBnALWMM pe3ynbTaT MHBEPCUM C ONTUMAINBHO NOA0BPaHHbIMM MPEACTABNAOLNM PE3YrbTaT MHBEPCUM MO BpEMEHAM PEKOHCTPYNPOBaHHOTO

rapamMeTpaMy Mo BpeMeHaM, NOMy4eHHbIM 10 CUHTETUYECKO MOAENH. u3oBpaxeHus urypsi A.
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A} Synthetic model “SALT"

‘epth, km
in

[] 10 20 30 40 50 0 70 a0 a0 100

15 25 3 35 4 4.5 5 55 P velocily, kmis

B.) Ray paths in the synihetic model

depth, km

] 10 20 30 40 s0 &0 70 80 80 100
distance along profile, km

Puc. 4. durypa A aBnsetcs cuHTeTMYeckon Moaenblo. durypa B
[AEMOHCTPUPYET TPaeKTOpUI Ny4eBOro TPaccpoBaHWS.

3akniouyeHue

B pabote npeanoxeHa opmanbHas NOCTaHOBKA CNOXHOCTHO - CTPYKTYPHOrO nogxofa K WCCReAoBaHMIo
obnactu npumennmocTy anroputMa PROFIT. 310 No3BONSIET KONMYECTBEHHO OLEHNTD BO3MOXHOCTH anroputMa
OTHOCUTENBHO YMCna («MOLIHOCTb» MHOXKECTBA <3) M CMOXHOCTW (4L) PEKOHCTPYMPYEMbIX TE€ONOrNYECKNX

n3obpaxeruin. OTMETUM, YTO K HACTOSILLEMY MOMEHTY MPWU MHTEPNPEeTaLuM pe3ynbTaToB TOMOrpacuyeckoil
WHBEPCUN B OCHOBHOM WCMOMb3YeTCs 9KCMEPTHas OLEHKA «KayecTBa» Monyvyaemoro u3obpaxeHus. Hamu
NpeanpuHsATa NONbITKa HEKOTOPOI (hopmanuaaLmm oueHku. bonee Toro Takom noaxoa MoxeT ObITb MCMOMb30BaH
W NpY CpaBHEHMM TOMOrpacuyecknx n3obpaxeHuii C HEKOTOPbLIMI NOMPaBKaMK Ha Pa3MbITbIE rPaHNLbI KOHTYpA.
B 3aknioueHnmn Take 0TMETUM, YTO HECMOTPS Ha TO, YTO MPW PELUEHWM NPSAMON 3aayuM U BbIYUCTIEHUM BPEMEH
MO CMHTETUYECKON MOZENM NPUMEHSNCS OAUH METOZ, NYYEBOr0 TPACCMPOBaHWS, NOCTPOEHWE NTy4el MPONCXOaNT
abconTHO Hesasucumo. B Oyayliem B uensx Hanbonee OOBEKTVBHOTO OLEHMBAHWS KayecTBa MiaHMpyeTcs
OLieH1BaTb Ka4eCTBO anropuTMa Mo CUHTETUYECKAM MOAENSAM C BpEMEHAMU, NOMYYEHHbIMA APYTUMIA METOAAMM.

BnarogapHocTu

Pabota onybnukosaHa npu cuHaHcoBon nogaepxkke npoekta ITHEA XXI MHCTUTyTa MHGOPMALUMOHHBIX TEOpUIA
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounauum cospateneln u nonb3oBaTenen
WHTennekTyanbHbIx cuctem ADUIS YkpanHa www.aduis.com.ua.
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9OOEKTUBHOCTb BAMECOBCKMX NPOLEQYP PACMO3HABAHMS

Anekcanppa Baruc, Anatonui 'ynan

AHHomayus: B ocHose baliecoscko2o nodxoda nexum onpedeneHue makux cmpykmyp onucaHus 06bekmoe,
0nsi KOmMOpbIX B03MOXHO NOCMpoeHUe 3hhekmuUgHbIX (onmumMarnbHbIX) npouedyp pacno3HagaHus. B
Hacmosiuee 8peMsi 3mu 80NPOCkI pelwieHb! Ol OUCKPeMHbIX 0ObEKMO8 C He3aguCUMbIMU Npu3Hakamu U
obbekmos, Komopble onucbiBalomea uensmu  Mapkosa. [lonydeHbl  0emepMUHUPOBAHHbIE — OUEHKU
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BBeaeHue

3afaya pacnosHaBaHUs paccMaTpuBaeTCs C TOYUKM 3pEeHUs MUHMMM3aUMM (DyHKLMOHAnNa CpenHero pucka
[BanHuk, 1979].Takas noctaHoBKa sBNsieTCsl 000DLIEHNEM KIacCUYeCKnX 3adaY, PeLlaeMbiX Ha OCHOBE MeToaa
HaMMeHbLUMX KBaZpaToB, B TOM CMbICe, YTO HabmiogeHnio obbekta MOXET COOTBETCTBOBATb HE OfHO, a
HECKONbKO COCTOSIHUI 06bekToB. OHa Ha nopsdok crnoxHee ntobon NP-nonHon 3agaun [apu, xoHcoH, 1982].
lMpu peLLeHun 3afay pacno3HaBaHNs onpeaenstoLLMM MOMEHTOM SBRSAETCS CTPYKTYpa onucaHus obbekta. Ecnm
OHa M3BECTHa, TO He NpeAcTaBnseT Tpyga no obyvyatolen BolIbopke nocTpouTb GanecoBckue npoLeaypsl, kak
9TO NMpofenaHo Ans HesaBMCUMbIX MPWU3HaKoB M Lened Mapkosa [[ynan, 1995], [l'ynan, Baruc, 2001]. B
OWCKPETHOM Cnyvae MoKasaHo, YTO OLEHKa CHM3Y CMOXHOCTW Kracca 3ajay pacrnos3HaBaHWs COBMajaeT C
BEPXHEN OLEHKOM NOrpeLlHOCTM C TOYHOCTbIO A0 abCOMITHOA KOHCTaHTHI, T.e. OalecoBckas npouedypa
pacnosHaBaHus siBnseTca cybonTumanbHoW. KOnM4ecTBO KMAcCoB M YMCMO 3HAYEHWN NPU3HAKOB JMHEWHbLIM
00Opa3om BXOAAT B OLEHKY norpelwHocT GaiecoBckoi npoLeaypbl pacnosHaBaHus. Takum obpasom, npobnema
MUHAMW3ALMN CPERHErO pUCKa peLleHa AN AMCKPETHBIX 0OBEKTOB C HE3aBUCUMBIMM MPU3HAKAMM: NOCTPOEHDI
ONTUMasbHbIE OLEHKM NOTPELUHOCTM NpoLeayp pacno3HaBaHWs B 3aBUCMMOCTM OT BXOAHbIX NapaMeTpoB 3ajayu.
VccnegoBanne apdpekTMBHOCTM GaiteCcoBCKOM npoLedypbl pacnosHaBaHWs Ha Lensx MapkoBa OCHOBaHO Ha
1CCreaoBaHMM CBOMCTB OLIEHOK MEpPeXOAHbIX BEPOSTHOCTEN. [na HecTaunoHapHbIX Leneid MapkoBa nomnyyeHs!
acUMNTOTMYECKNe OLeHKM MOrpelHocT GaliecoBCKOM npouedypbl pacnosHaBaHMs, KOTOpble aHanoruyHbl
OLieHKaM Ans He3aBMCUMBbIX MPU3HAKOB.

B moHorpaduu ['ynan, CeprueHko, 2008], no cytu, Bnepsble NpoBeaeHo 060CHOBaHWE WHAYKTUBHOMO NOAXO0Aa C
TOYKW 3PEHNS NOCTPOeHMs 3hPEKTUBHBIX NMpoLeayp pacnosHaBaHus. CaenaH BbiBO O TOM, YTO COBPEMEHHYIO
MaTeMaTuKy crnegyeT cunTaTb 06beauHEHWeM LeOyKTUBHOMO UM WHAYKTMBHOMO noaxogos. Cdepa npumeHeHns
[EOyKTUBHOrO NoAXoAa — NOMyyYeHUe TOUHbIX PELUEHWA B 3a4a4ax Manol pasmepHoCTH; 06nacTb npuMeHeHMs
WHOYKTMBHOMO MoAgxoda — pelleHue 3afjay pacnosHaBaHus M NPOrHO3MpoBaHMsS GOMbLIOK pPasMepHOCTM Ha
ocHoBe MHhopmauuv B obyvatowmx Beibopkax. B [Fynan, CeprueHko, 2008] usnaratotcs npuknagHble acnekTol
pasBuBaemoil Teopun. NpoBEAEHHbIE YMCNEHHbIE pacyeTbl Ha OCHOBe MHdopMauun 13 BcemupHoro 6aHka
OenkoBbIX CTPYKTYp NOATBEPOMNM BbICOKYK 3(DEKTMBHOCTL OalleCoOBCKMX MpoLeayp pacnosHaBaHWs (Ha
Mozensix uenei MapkoBa pasnuMuHbIX NMOPSAKOB) B 3agayax Pacno3HaBaHWst BTOPUYHOM CTPYKTYpPbl Genkos.
OBcyxgatoTcs BONPOChI MPOrHO3MPOBaHUS KYPCOB aKLMiA LIEHHbIX Bymar, BamoT, AMarHoCTVKM FIMOM FONIOBHOMO
MO3ra 1 T.4.
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MocTaHoBKa 3aAaun pacno3HaBaHUs B GyneBom crnyyae

[ycTb MMEKTCH MHOXECTBO ODBEKTOB X , MHOXECTBO OTBETOB Y (cocTosHUiA 06bekToB). COBOKYMHOCTL nap
X'=(x',y,)., Ha3biBaeTcs obyyatoLLeil BoIGOPKOM. DneMeHTb MHOXECTBA X — 3TO He pearbHble 06bEKTbI, a

NWLWLb UX OMMCaHWS, COJepXallme AOCTYMHY YacTb MHGOpMaLUK 06 06bekTax. HeBO3MOXHO NCYEpPMbIBAOLLMM
06pa3om OxapaKTepK3oBaTh, CKAaXEM, YenoBeka, reonorMyeckuii paoH, NPOM3BOLACTBEHHOE NpeanpuUsTUe Unu
9KOHOMMKY CTpaHbl. [103TOMY OIHOMY U TOMY € ONMUCAHMI0 X MOTYT COOTBETCTBOBATL Pa3NnyHble 0GBLEKTHI, a,
3HauYMT, W HEKOTOPOE MHOXECTBO OTBETOB (COCTOSHMIA 0ObekToB). MpeanonaraeTcs, YTO Ha MHOXECTBE
X x Y CylLecTBYeT HeN3BECTHOE BEPOSITHOCTHOE pacnpeaenenue P(x,y), COrMacHo KOTOPOMY CreHepupoBaHa

1
i=11

Bblbopka map X' =(x',y.).,, x — ByneB BekTop X =(x,,X,,...,X ) Pa3MEPHOCTU N, COCTOSHIE y NPUHUMAET
[Ba 3HaYeHMs Hymb W eanHMLa. [ns (yHKUMM pacnosHaBaHus A(x) onpenenseTcs kayectso obyyeHus B Buae
(byHKUMOHanNa

1(A) =22 (A(x)=y)' P(x,y). (1)

xeX y=0

MuHumusaums cpegHero pucka (1) senseTcs 0606LeHMeM Knaccuyeckyx 3adaY, pewaemblx Ha OCHOBE MeToaa
HaWMeHbLUWX KBafpaToB, T.e. KOrAa HabnwogeHnto x =(x,,Xx,,...,x,) COOTBETCTBYET HE OfHO, @ HECKOMbKO

COCTOSIHMI 0BBEKTOB (MCX040B aKcnepumeHToB). B.H. BanHuk n A. A. YepBOHEHKAC BbInn 0gHUMU M3 NEPBLIX,
KTO npugan 3ajadaMm pacrnosHaBaHus CTPOryl MaTemaTuveckylo TpakToBky. B panbHeiiuem 3afava
MWHUMU3aLMW  cpedHero pucka (1) npuBnekna BHUMaHWME MHOTUX y4yeHblx. [ns 6yneBbiX BEKTOPOB

X =(X,,X,,..,X,) YICNO pasnuuHbIX yHKUMA A(x)e {0,1} paBHO 2° . C mMaTemaTMyeckol TOYKM 3peHus

npobnema MuHMMM3aUMM cpegHero pucka (1) cnoxHee nwoboit NP-nonHoi 3apauyn, Kpome TOro, MpOBEpPKY
PELLEHNS HeMb3s MPOBECTM 3a MOMMHOM Onepauuii, MOCKONbKY ycpeaHeHne B (1) BbiNonHseTcs no Bcem 2
BEeKTOpaM x = (X,,X,,...,X,) .

Mpeanonaraetcs, YTo HabnofaeMblil OGBEKT OMUCHIBAETCH BEKTOPOM X,,X,,....X,, f , TAE X, X, ..., X,
nNpu3Hakm (M3mepeHns) obbekta, 1 — cocTosiHue obbekTa. [ycTb NpoBeaeHo m HabnoaeHuih Hag obbekTaMm 1
B KaxdoM cryyae Obino 3admkcupoBaHo cocTosiHe obbekTa. Vimeem obyvatowwyto Buibopky V = (V,,V.,V,)
crefylollero Buaa: nepeas yactb ¥, — byneea matpula pasMmepHoCTM m, xn, rae m,— 4ncrno CTpok. Kaxaas
cTpoka npefcraenser coboit Bektop X =(x,,X,,...,X,, f), KOTOPblA BbIGPaH B COOTBETCTBAN C
pacnpegenenem P npu ycnosun f =0 . Bropas yacTb ¥, — 6ynesa matpuLa pasmMepHoCTU m, xn, TAe m, —
umcno cTpok. Kaxaast cTpoka mMaTpuubl — BEKTOP x, KOTOPbIA BblibpaH Ha OCHOBE pacnpefenenus P npu
ycnosun f =1. MocneaHss vactb ¥, — Bynes BEKTOp pa3vepHocT m, . Kaxaas KOMNOHeHTa 3Toro Bektopa —
HabntogaeMoe 3HauYeHWe COCTOSHUA £, KOTOPOe BbIOMPaEeTCs B COOTBETCTBUM C pacnpefeneHneM P, MOXHO
cuuTatb, uto m, = m=m,+m, . MIHOykmueHbIl waz. TpebyeTcsa NOCTPOUTL Takylo NpoLeaypy WHAYKTUBHOTO
BbIBOAA, KOTOpas MO WM3MEpeHnsMm x,,x,,...,x, Jtoboro cnedywolero obvekta u obyvatowen Bbibopke
vV =(,V,V,) onpegenser coctosHne f obbekTa.

MoepewHocmb npouyedypbl. CnoxHocmb Knacca 3aday. lonaraem, YTO NPOLECC OnpeaeneHns COCTOSHMS
f obbeKkta Mo U3BECTHbIM 3HAYeHUsIM BeKTopa Bxofa X =(X,,X,,...,X,) MPOBOAUTCA C MOMOLLBIO (PYHKLM
A(x), 1.e. F=A(x). TaK kaKk MHOXECTBO (OYHKUMA A(Xx) KOHEYHO, TO CPeay HMX CYLECTBYET Hawmydas
dyHkumMs A (x), Takas, yto P(x, A" (x)) = max(P(x,0), P(x,1)). Jlerko 3ametutb, Yto yHKUMS A (x)
MUHAMW3NPYET CpeaHni puck (1).

lMorpelwHoCTb yHKUMM A(x) — YCpeaHEeHHas BeNMYuHa

v(4, P) = ZP(x, A" (%)= P(x, A(x)). 2)
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T1.6. U(A*,P)=0. lNorpeLuHoCTb (2) B OTANYME OT METOLOB MUHUMMU3ALIMM SMIUPUYECKOrO pUCKa YKa3biBaET Ha
OTKMOHEHWE MOrPeLLHOCTU YHKLUMN A(x) OT MUHUMYMa CPEAHEro pucka, No3ToOMy Af1s NPaKTUYECKUX PacyeToB
C Hen ypobGHee pabotath. MHAyKTWBHAs npouedypa pacno3HaBaHus ()  CTPOWT MO [JaHHOW Bbibopke
V=,,V,V,) vBektopy x dyHkumo A(x)=Q(V,x). MorpewHocTb npoueaypbl Q Ha pacnpepenexn P —
yCpeaHeHHas BennyuHa:

v(Q,P) =D (4, P)P(V). (3)

vew

YcpegHeHue (3) — NpUHUMNMANBHBIA MOMEHT B TEOPWUW OLIEHMBAHWS MOTPELLHOCTM Npouedyp pacno3HaBaHus,
3aKM0YaLLMIACA B YCPeOHEHUM MOTPELUHOCTM (DyHKLWAWM NO MHOXECTBY BCeX 0DyyatoLimx BblGOPOK, MMEHLLmMX
3aaHHble pasMepbl KnaccoB. B pesynbTate Takoro yCpeaHeHWsi noryyaetcs LeTepMMHMPOBAHHAs OLEHKa
norpeLuHocTH 6anecoBCkon NpoLieaypbl pacrno3HaBaHus Ans BCEro knacca 3agay, y4uTbIBatoLLEro COBOKYMHOCTb
BCEBO3MOXHbIX pacrpefeneHuin BeposTHOCTEN. 3aMeTuM, Y4To B METOLAX MUHUMM3ALMN SMMMPUYECKOrO pucka
aHanorMYHbIE OLEHKM HOCST aCUMMTOTMYECKUIA M BEPOSTHOCTHLIN XapakTep, B CBA3U C YeM, WX HeynobHo
ucnonb3osath Ha npaktuke [BanHuk, 1979]. Onepaums ycpeoHeHWs no CBOEW CYTW BbINOSHAET (PYHKUMIO
KOHTpons: ¢opmyna (3) oueHuBaeT KayecTBO paboTbl Mpouedypbl Ha BCEBO3MOXHBIX HOBbIX 0ObEKTax, He
BXOZSILUMX B COCTaB 0ByyatoLLeil BEIOOPKY.

Knacc 3agay C =C(m,,m,,m,,n) — COBOKyNMHOCTb BCEBO3MOXHbIX pacnpeferneHnn BeposTHOCTen P,

[ETEPMUHNPOBaHHbIE uucna m,,m,,m,,n — BXOA 3adays, OHW ONPedenstoT pasmepbl BbIOOPKY.

lMorpeluHOCTbI0 NpoLeaypbl pacno3HaBaHns O Ha knacce C HasbiBaeTcs uucno v(Q,C) =supv(Q, P).
PeC

CnoxHocTb knacca C onpefensietcst BENUYMHON u(C)zi%f U(Q,C)Zi%f supv(Q, P) . B koHeuHOM wTOre
peC

HY>KHO MOCTPOWUTL Takylo MPOLEaypy pacnosHaBaHua @, Ans kotopoit umcno o(Q,C) Mano oTnnyaetcs ot
uncna u(C).

BaiiecoBckas npoueaypa pacno3HaBaHUs

Hamu BbiOpaH npsiMOM Moaxod K MOCTPOEHMO METOAOB pacro3HaBaHUs: HeOOXOAMMO OmnpedenuTb Takue
CTPYKTYpbl OMMUCaHWUs OOBLEKTOB, AMNsS KOTOPbIX MOMXHO MOCTPOMTb 3G(EKTUBHBIE W AaXe ONTUManbHble
npoueaypbl pacnosHaBaHusl. JTOT NOAXOA WUMEET OYeBMAHOE MPEUMYLLEeCTBO nepes ApYrMW Moaxodamu:
BMECTO MCMOMb30BaHNS JOCTATOMHO CMOXHBIX MPOLEAYP MWHUMMU3ALMN IMMUPUYECKOrO pUcKka UMM APYrux
(OYHKUMOHAMNOB KayecTBa (B CneuynanbHOM Knacce napameTpuyeckux (yHKUMIA) MCnonb3yeTcs npocToe
BailecoBckoe NMpaBuo Knaccugvkaumm, KOTOpoe MCMonb3yeTcs ANs pelleHns 3aaad BonbLioit pasMepHOCTH.
/3BeCTHO,MTO  ONTMUMArnbHLIM  MPaBUNOM  Knaccudukaumm  sBnsietcs  GallecoBckoe MpaBuno,  KOTOpoe
MaKCUMM3MPYET anoCTEPUOPHYK BEPOSITHOCTb pacnpedeneHnst KnaccoB Npy 3afaHHOM Habope npuaHakoB
obbekta. OgHako npobnema 3aknoyaeTcs B TOM, YTO pacnpeaeneHne BePOSTHOCTEN HEWU3BECTHO, U3BECTHbI
MMWb SMNUPUYECKME AaHHbIE OTHOCUTENbHO 3HAYeHUl NPU3HAKOB OOBLEKTOB W WX COCTOSHMIA, KOTOpble
COCTaBnAKT 00yyatoLyto BbIOOPKY. MOCTPOEHHOEe MpaBUNO Knaccudukaumm AOMKHO Xopowo paboTtaTb 3a
npegenamn obyyarowiein Bbibopku, T.e. obnagatb o6obLyatolen cnocobHoCTE. Heobxoaumo Takke, 4Tobbl
OLeHKa NOrpelwHOCTM npoueaypbl [OCTAaTOMHO ObICTPO YMeHbluanach Npy YBENWYEHUW Pa3MepoB KIacCoB
06BbEKTOB, COCTaBNSAIOLLMX 06Y4atoLLYHO BbIGOPKY.

Myctb d =(d,,d,,...,d,) — bynes Bektop. Cuutaem, 4to pacnpegenexus P u3 knacca C npu kaxgom d
YOOBNETBOPSIOT YCIIOBUIO P(x =d ) = HP(X, = d/| f= i), i=0,1,4T0 03Ha4aeT He3aBMCUMOCTb NPU3HAKOB

X, ANS KaX[oro knacca 06bexTos. PaccmaTpusaloTes cryyaitHble BenuumMHbl &(d, i), KOTOpble 3aBUCAT OT d 1
i KaK OT napameTpoB,:

&(d,i)=(k(@)/m)[ T (k(d ,i)/m), i=0,1. (4)
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3pecb k(d,,i) — KOMMYECTBO 3HaYeHWUH, paBHbIX  , j-ro MpusHaka B j-M cTonbue matpuupl V; k(i) —
KONM4eCTBO 3HAYEHWA LIENeBoro npuaHaka, paBHbIX i, B Bektope V,. Torga dyHKUMS pacrosHasaHus
onpegensetcs popmynoi

0, ecmu (d,0)=4(d.)),

Ald)= {1, ecn &(d,0) < E(d]). ©

Mpouenypy pacnosHaBaHus, Onpeaensiemyio COOTHOLEHUAMM (4), (5), 06o3Haumm Q, . 3aMeTUM, YTO BENUYUHDI
E(d, ) I(E,0)+£(d))) npeacTaBnAT coboin NPUONMKEHHbIE 3HayeHns BEpOATHOCTEN

P(f:i|x] =d,x,=d,,.,x, =d ), BblMMCNEHHbIX MO Teopeme baiteca. pn nopcyeTe OLIEHOK 3TUX

BEPOSATHOCTEN CyLIECTBEHHbIM 06pa3oM MCnonb3yeTcs WHGOpMauUs OTHOCMTENbHO Pa3MepPoOB KNacCcoB B
obyvatoweit BbIOOpKEe, MOITOMY 3TN 3HAYEHUS BXOAAT B MPUBOAMMBIE HIXKE OLIEHKW MOrPEeLUHOCTY BanecoBCKo
npoueaypsl. [ns 6anecoBckon npoueaypbl NPOBOANTL pa3bueHne Ha 0By4atoLLyro U KOHTPOIBHYIO BbIBOPKM He
HYXHO, NOCKONMbKY NpW MOACYETE NOrPewwHOCT yunTbiBaeTcs pabota npouedypbl Ha BCEM MHOXECTBE
obyyatowwmx Bbibopok. bBarecosckas npouegypa (4), (5) cTpouTca nporpammHbiM - 06pa3om, HalTy
aHanUTUYECKUA BMA PYHKLMKM pacnosHaBaHus (5) HeBO3MOXHO. Ha ocHoBe HepaBeHcTBa YebbilleBa BbiBegeHa
OLieHKa cBepxy norpeLuHocTyh BaitecoBckoi npoueaypbl Ha knacce C [Mynan, 1995].

Teopema 1. Cywecmeyem abconomHasi KOHCMaHma o < o , Makasl, Ymo cnpasednueo HepaseHcmeo

U(QB,C)Sa\/++L (6)

min(m,,m,) m, )

Mpw ycnoBun min (m,,m,) > 2n OLeHKa CBEPXY NOrpeLuHocT GailecoBCKoil NpoLieAypbl 3a8aeTcst KBaapaTHbIM
KOPHEM, B MPOTUBHOM Cyyae (Ans Manbix BbIGOPOK) OHa He MPEBOCXOAMT eauHUUbl. M3 gokasaTenbcTea

TEOpEMb! BbITEKAET, YTO aBCOMIOTHAsH KOHCTAHTa a = 4+/2 . Tpyt BbIBOAE 3TOM TEOPEMbI He HyXHO TpeboBarb,
Kak B METOZ4aX MMHUMM3ALMN SMMMPUYECKOTO PUCKA, PABHOMEPHYK CXOAMMOCTb YacTOT K WX BEPOSITHOCTAM,
MOCKOIBKY B cUIy ycpeaHeHus (3) MaTeMaTyeckoe OXuaaHne 1 aucnepcumn vactot B dopmyne (4) coBnagaet ¢
BEPOSTHOCTAMM M ucnepcusimu BepHynnMeBCKUX CryvaiHbIX BenuumH. lMokasaHo, 4yto ecrv B obyuvatolei
BblIbOpKe OTCYTCTBYeT OAWH U3 Knaccos, T.e. min(m,,m,)=0, T0 nbas npouedypa, B TOM uucne W

GanecoBckasi, paboTaeT nnoxo 1 ee NOrpeLlHOCTb CTPOro NONOXMTENbHA.

B TeopuMM MUHMMM3ALMM IMOMPUYECKOro pucka [BanHuk, 1979] OTCYTCTBYIOT HWXHME OLEHKM MOTPELUHOCTM
npoueayp, NO3TOMy Henb3s CAenaTb BblBOL OTHOCUTENbHO dPGEKTUBHOCTU NpedfioxXeHHoro noaxopa. [Ans
[0Ka3aTenbCcTBa ONTUManbHOCTY BaneCcoBCKoN NpoLeaypbl pacno3HaBaHus HeobxoauMOo nokasaTb, YTO HUKakast
Jpyras npoueaypa pacno3HaBaHus He MOXET «paboTatb fiyywey», Yem baiiecosckas npoueaypa. B moHorpadum
[Fynan, Cepruenko, 2008] ¢ NOMOLLBI0 HeTpUBMANbHLIX KOHTPNPUMEPOB MOCTPOEHbI TakWe «nioxuey»
pacnpefeneHns BEpPOSITHOCTHEW, AN KOTOPbIX HWXKHSS OLeHKa MOrpeLuHoCT MpOM3BOMBHOM npoLenypsl
pacno3HaBaHWs OTMMYAETCA OT BEpPXHEeW OLEHKM MorpeluHocTu BaiecoBcKoW npouedypbl Ha abContoTHy
KOHCTaHTY, T.e. 6allecoBckas npoLeaypa pacnosHaBaHus ABSeTCs cy6onTUMansHON.

Teopema 2. Cywecmsyem abconomHas KoHcmaHma a, >0 makas, Ymo cnpasednuso credyrowee: Kakosb!

6bl HU ObiTU yenble Yucna m,, m ,, m,, HamypanbHoe 4ucio n, u npouedypa pacnosHasaHusa Q,

cywecmsyem makoe pacnpedeneHue seposimHocmell P u3 krnacca C , Ymo 8bINOSIHAEMCS HEPaBEHCMEBO

17 27

v(Q,P)2 al\/ (7)

1
min(m,,m,) m,
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MomnyyeH Takke MHTEPECHBIN pe3ynbTaT OTHOCUTENBHO TOTO, YTO GaltecoBckasi MpoLedypa pacrnosHaBaHus B
OyneBoM cryyae 9KBMBArNEHTHA MPOLEAYPEe pacrio3HaBaHuWsl, MOCTPOEHHON Ha WCMONb30BaAHUK OTAENstoLen
rMNepnockoCTy.

BanecoBckas npoueaypa. [IMCKPETHbIN cnyyan

C TOYKM 3PEHMS MOITYYEHNS OLEHOK MOrPELUHOCTEN AUCKPETHBIN CRyyai CroxHee, yem OyneB cnydyan, Tak Kak
HeobX0AMMO JONONHUTENBHO YYECTb Takie NapaMeTpbl, Kak YCMO KNacCoB M KOMMYECTBO 3HAYEHWI NPU3HAKOB.
lMocTpoeHne OLEHOK B OMCKPETHOM Criydae — HeTpuBManbHas 3ajava, MOCKONMbKY 3apaHee HEeM3BECTHO Kak
KONMWYECTBO KNAcCoB, KONMYECTBO MPU3HAKOB W YMCMO 3HAYEHUn NpuaHakoB OyayT NpeacTaBneHbl B OLEHKe
norpeLLHoOCTH 6anecoBCKOM NPOLIEAYPbLI pacno3HaBaHus.

MycTb MMeeTcs KOHeYHOe MHOXeCTBO X onucaHuin 0BbekToB b = (x,,X,,...,Xx,, f); 30€Cb n — HaTyparnbHoe
wmicno, x, €{0,l,...,g-1}, j=12,..n; f€{0,l,..,h-1}; g—41Cno 3Ha4eHU! NPU3HAKOB, /2 — KONNYECTBO
knaccoB (cocTosiHuit), g >2, h>2. B obyuyatowen Bbibopke 7 konuyecTBa 0OGBHEKTOB Pa3nnyHbIX KNaccoB

3afjaHbl; Bonee TOro, Ha MPaKTUKE OHU YacTO onpedenswTcs 3apaHee. MMoaTomy cuMTaem, yto Bblbopka V
coctout u3  h+1 wvacw, V=F,V,. V). [ycb m,m,.,m — LeNble HeOTpULATENbHbIE

!
AEeTePMUHNPOBaHHbIE Yucra. YacTb ¥, npeActaBnser cobom LenodncieHHyo MaTpuLy pasMepHoCTbIO m, X1 .
Kaxpas crpoka aToM Matpuubl sBnsetcs HabniogaembiM - 3HauyeHeM  BekTopa  x =(X,,X,,...,X,),
onucblatowlero obbekT Knacca i, KOTopbl BbiOpaH M3 MHOXecTBa X B COOTBETCTBUW C pacnpenenieHuem
BEpOsTHOCTEN P npu ycnosuu f =i . MocneaHss yactb ¥, npefctasnser coboit LenoyncnerHblit BeKTop
pa3aMepHoCTblo 1, . Kaxpaas KOMMOHeHTa 3Toro BekTopa ecTb Habniogaemoe 3HaueHue Lenesoro npusHaka f
KOTOpOe BblOMpaeTcs B COOTBETCTBUM C pacnpedeneHnem P . VHbIMM crnoBamu, BEPOSITHOCTb TOrO, YTO /-5
KOMMOHeHTa BeKTopa ¥, npuHUMaet 3HayeHue i, pasHa P(f =1i) . Bce ctpokv matpuubl V., i =0,1,....,h—1 1

h

KOMMNOHEHTbI BekTOpa ¥, SBMSIOTCS HE3ABUCUMbIMW CryqaiiHbIMKU 3nemeHTamu. Cuntaem m, <m, <..m,;

BbINOITHEHME 3TOr0 HepaBEHCTBA BCETa MOXHO 06eCneynTb NyTeM NepeHyMepaLn KNaccoB OGLEKTOB.
BaitecoBckasi npoLieaypa pacro3HaBaHus onpeaensieTcst Ha ocHoBe opMyribl

k(i k(dj,z)
&(d,i)= ()H e{0,l,..,h—-1}. (8)
3necb k(d,,i) — KONMYECTBO 3HAYEHUH, PaBHbIX dj_, Jj-To npusHaka B j— M cTonbue matpuupl V.; k(i) —

KONMYeCTBO 3HAYeHU LeneBoro npusHaka f , paBHbIX i, B BeKTOpe V. 3HayeHue PyHKLUN pacro3HaBaHus
A(d) paBHO MUHWMAIbHOMY Yucny s W3 MHOXecTBa {0,1,..., 2 —1} Takomy, 4To

g(d,S)Zg(d,l), RS {Oala-'-ah_l} . (9)
lMpvBenem OLeHKy CBEPXY norpeLuHocTy npoueaypsl O, Ha knacce C [Beneukui, 2006].
Teopema 3. Cywecmeyem abconomHasi KOHCmaHma @ < 00 makas, Ymo cnpasedsiugo HepaseHcmeo

v(Q,,0)< a —+i (10
m

0 mh

HWKHsAS OLeHKa CMOXHOCTM Knacca 3agay OTnMdyaeTcs OT BepxHen oueHku (10) Ha abCONKOTHYIO KOHCTaHTY.
Takum ob6pasom, npobnema MWHMMM3AUWKM CPEedHEero pucka pelleHa [Aansg [OUCKPETHbIX OOLEKTOB C
HE3aBMCUMbIMM MPU3HAKaMU: NOCTPOEHbI OMTUMANbHLIE OLEHKM MOTPELUHOCTY NpoLedyp pacno3HaBaHusl B
3aBVCMMOCTM OT BXOAHbIX MApaMeTpoB 3a4aun.
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BanecoBckas npoueaypa pacno3HaBaHuA Ha uensx MapkoBa

lMpoueaypbl pacno3HaBaHWs ANS HE3aBMCWUMbIX MPU3HAKOB WMEIKOT OrpaHWYeHHY0 06nacTb MpaKTUYeCKMX
NpUnoxeHuin. bonbloh MHTEpeC npeacTaBnsieT passuTMe 6ANECOBCKMX MPOLeayp pacno3HaBaHus Ha chydan
3aBWCUMBIX UCMbITAHWIA, CBSA3aHHbIX B Lienb Mapkosa. [1ns Toro utobbl nccnegosath 3GhHEKTUBHOCTL NPOLEAYP
pacnosHaBaHus Ha uensx MapkoBa 1 0BOCHOBaTb MPUMEHEHWE 3TUX MPOLEAyp Ha npakTuke, Heobxoaumo
W3y4nTb NOBEAEHME OLIEHOK NEPEXOAHbIX BEPOSTHOCTEMN.

PaccMoTpuM cuTyauuio, Korga X, ,x,,...,x, 06pasyloT nocnefoBaTeNbHOCTb 3aBUCUMBIX CryqailHbIX BENMYMH,
CBsi3aHHbIX B Lenb Mapkosa. [ins mogenu Lenn MapkoBa nepBoro nopsiaka BEPOSITHOCTb LIEMOYKN X, X, ,..., X,
3a/1aeTCsi COOTHOLLEHNEM

P(x,,x,,...,x,

J)=P(x [ f)xP(x, X,050)- (1)

3pecb P(x, | f) — HavanbHoe pacrpeferneHne BeposTHOCTEN BENNYMHBI X, P(xk|xH, f), k=2,..n, -

X, f)x.xP(x,

HecTauuMoHapHble NepexodHble BeposTHOCTM. Kak M B OMCKPETHOM Chlydyae nonaraeM, 4TO BenWUYMHbI
x,€{0L...,g-1}, j=12,.,n; fe{0l..,h—1}; g —4nNCNO 3HAYEHNIA NPU3HAKOB, /1 — YMCIO KIACCOB.

k(d,.i)

HayanbHoe pacnpegenenne BeposTHocTen P(x, =d, | f =i) annpokcUMuUpyeTcs 4actoTon ————, rge
m

1
k(d,,i) — KONMMYECTBO 3HaYeHWil, paBHbIX d, B nepeoM cTonbue matpuubl V.. B 6arecosckoit npoueaype
pacno3HaBaHns UCNOMb3YKTCS OLIEHKN NepexoAHbIX BEPOSTHOCTEN, MOCTPOEHHbIX B BIUE 4acTOT
_k(d,,.d)),D)

X, =d_,i)=
J J k(d/;l ,l)

p(x, =d, ,J=2,..,n (12)

3pecb k((d,.d,),i)— umcro nap (d . .,d,) B CTpoKax matpuupl V,, k(d ,i) — 4MCNO 3HAYEHWI, PaBHbIX
d,_ B (~1)-m ctonbue matpuupl 7, i € {0,1,....,A -1} .

i

B moHorpaduu ['ynan, Cepruenko, 2008] uccnegoeanncb CBOACTBA OLEHOK NEPEXOaHbIX BeposiTHocTel (12). Ha
OCHOBE 3TWX pPEe3ynbTaToB NOMyYeHbl ACMMNTOTMYECKME OLEHKM NOrpelwHocTn OaliecoBCKON npoLeaypbl
pacno3HaBaHus, KOTOPbIE aHaNOMYHbI OLEHKaM Ans HE3aBUCUMBbIX MPU3HAKOB.

MHAOYyKTMBHLIA NOAXOA B MaTeMaTuke

B moHorpaduu [l'ynan, CeprueHko, 2008] usnaraloTcs OCHOBHbIE MPUHLMMBLI LEOYKTUBHOTO W WUHAYKTUBHOIO
noaxodoB B Matematuke. [ledyKTWBHO-aKCMOMATUYECKUl MOAXOn MCMOMb3yeTCcs B WCKYCCTBEHHOM Cpefe,
CO30aHHOM YenoBEeKOM, rhe OCHOBHbIM TpeboBaHWEM SBMSETCA MOMyYEHUE TOYHOTO PELLEHWSt M CTPOroe
[0Ka3aTenbCTBO TeopeM. [ledyKTWBHbIA BbIBOA MPOBOAMTCA Ha OCHOBE NWWb OAHOTO Kracca — WCTUHHbIX
YTBEPXOEHWI, NTOXHbIE YyTBepXAEHNS He ucnonb3ytotes. OTcoaa crefyeT HenonHoTa PopmarbHbIX CUCTEM.

VHAYKTMBHBIA NOAXOA MMEET HEMOCPEACTBEHHOE OTHOLIEHWE K ECTECTBEHHBIM HaykaM, NOCKOMbKY OOBEKTbI U
SIBMEHNS MPUPObI U3y4aKOTCS HA OCHOBE M3MEPEHUIA 1 OMbITHBIX JaHHbIX. B MHAYKTMBHOM NOAXoAe Ha OCHOBE
KOHEYHOro Yncna HabmAeHN N UCXOLOB NPeabIAYLLMX SKCNEPUMEHTOB HEBO3MOXHO TOYHO MPEACKa3aTb UCXOA
cnepytowero akcnepuMeHTa. MpUHLMNLI MHAYKTUBHBIX BbIYUCNIEHWA KApAWHANBHO OTAMYAOTCS OT Ae4YKTUBHBIX
NPUHUMNOB. MHAYKTMBHbIE Npoueaypbl OPMUPYIOT MPUONIMKEHHOE peLLeHne 3aaadi, OLeHKa MOrpeLuHoCTy
KOTOPOro (kak Mbl Buaenu ans 6ainecoBckux NpoLeayp) 3aBMCUT OT BXOAHbBIX MApamMeTPOB 3adayu, NpUYeM OHa
CTpEMUTENbHO YObIBaeT npu yBenuyeHu o6bemoB obydvatomx BbIOOpok. B maTtematuke u 0bpasoBaHuM
WHOYKTVBHBIA NOAXOA LMPOKO HE WCMONb30BANCs, NOCKOMbKY [0 MOCMEAHEr0 BPEMEHM OH HE MMen
ybeanTensHoro 060cHoBaHMs.

[lenykTuBHbIE BbIYMCIEHNS MPOBOASTCS Ha OCHOBE OAHOIO Krmacca — MCTUHHbIX YTBepXaeHWn. VHAYKTVBHbIe
npoLeaypbl CTPOSITCS Ha OCHOBE MHGOpMaLuW, koTopasi nmpefcTaBnieHa B obydaiowux Bbibopkax. Mpuuem,
obyyatolme BbIGOpKK copepkaT MH(OPMaLMo OTHOCUTENbHO KOHEYHOrO YMcra KNaccoB HabmioaaeMblx
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0ObeKTOB (MO KpaiHei Mepe, He MeHee ABYX). [MO3TOMY AN HWUX YAAeTCs NOCTPOUTb hDEKTUBHBIE U Jaxe
OnTUManbHble NpoLeaypbl pacno3HaBaHus.

B MoHorpadomm, no cyTu, Bnepeble NPoBeAEHO 0G0CHOBaHNE UHAYKTUBHOIO NOAXOAA C TOYKM 3pEHIUS! NOCTPOEHUS
athchekTMBHBIX Mpoleayp pacnosHaBaHus. CAenaH BbIBOA O TOM, YTO COBPEMEHHY) MaTemaTuky crieayeT
cunTaTh 00bEANHEHNEM AEOYKTUBHOMO U WHAYKTUBHOTO NoaxoaoB. Cdepa NpUMEHEHUs AeLyKTUBHOTO Noaxoaa
— MONYYEHME TOUYHbIX PELUEHIA B 3aa4ax Maroil pasMepHoOCTH; 06NnacTb NPUMEHEHUS MHAYKTUBHOTO NOAX0Aa —
pelleHne 3adady pacro3HaBaHUsl M MPOTHO3MPOBaHWS GONbLIOKA Pa3MEPHOCTW Ha OCHOBE WHGOpMaLuM B
obyyalowyx Bbibopkax. Ha Haw B3rmsid, aT1 BbiBOAbI OYAyT MonesHbl MaTemaTikaM, M3yyatowmm npobrembl
MOCTPOEHNSI OCHOBAHMIA COBPEMEHHbBIX MATEMATUYECKIX AUCLMMINH.

3aknioyeHue

OnbIT pelweHnss 3agay B 06MacTM KOMMbIOTEPHOrO MaTepuanoBefeHnst (HannaBouHble MaTepuarsl,
Ka4eCTBEHHbIE CTanu, COXHble MaTepuarbl) Nokasan BbICOKY0 JOCTOBEPHOCTb METOAOB UHAYKTUBHOMO BbIBOAA.
PaspaboTaHHble MeTofbl NMPOAEMOHCTPUPOBANM CBOK 3((EKTUBHOCTb MPN PELLEHNN CMOXHBIX BUONOTMYECKIX
3aday, B YaCTHOCTW, NPU MOAENMPOBAHMM MpOLECca CEnekUMW CENbCKOXO3SACTBEHHbIX KyNbTyp U
MPOrHo3upoBaHuM GenKkoBbIX CoeaMHEeHUA. Ha ocHoBe GalecoBCKUX MPOLEayp WUCCNEdyIoTCs AarHoCTUYeCKue
cnocobbl onpeaenexus CTeneHu 3nokadyecTBeHHbIX ONyXoneil rofoBHOro Mosra. MoxHO caenatb BbIBOA O TOM,
YTO WHLYKTMBHbIE MPOLEAYPbl MMEKT Cepbe3Hble NepenekTUBbI Pa3BUTMS, MOCKOMbKY MPOLIECCHI, MpoTekatoLLme
B XXMBOW NpUPOZe, BbINOMHSIOTCS Ha OCHOBE MHAYKTUBHBIX BbIYUCTIEHWA.

BnarogapHocTu

Pabota onybnukosaHa npu cuHaHcoBomn nogaepkke npoekta ITHEA XXI MHcTUTyTa MHGOPMaLUMOHHBIX TEOpUI
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounaumm cospatenen u nonb3oBaTenen
nHTennektyanbHblx cuctem ADUIS Ykpanna www.aduis.com.ua.
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MOBbILLEHUE TOYHOCTW PELLEHWUS1 OBPATHOW 3AAYM
C UCNONb30OBAHUEM CNYYAUHbIX NPOEKLUK

Enena PeByHoBa, [iIMutpuit PaukoBckun

AHHOmauyus: [lpusodsmea pesynbmambl  uccriedosaHusi paspabambieaemozo nodxoda K  PeleHur
duckpemHol HekoppekmHol obpamHoli 3adayu ¢ ucnosb3ogaHueM Memodog ncegdoobpalieHus U crydalHbIx
npoekyud. B usgecmHbix 0bpamHbix 3adayax @ununca u bapma nonydeHa omHocumesibHasi OwubKa
80CCMaHOBIEHUS CUgHana He Xyxe, yem 0ns Memodoe peaynspudayuu TuxoHoea.

Knouesbie cnosa: obpamHas 3adaya, ycmollyusoe peweHue, cryyaliHble NPOEKyUU, pe2ynspusayus
TuxoHosa

ACM Classification Keywords: .5.4 Signal processing, 1.6 Simulation and Modeling, G.1.9 Integral Equations

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

PelweHne obpaTHOM 3agaus akTyanbHO AN LEeNnoro psga npunoxeHwd. K HAM OTHOCATCA MHTepnpeTauus
AaHHbIX (DU3NYECKUX SKCMEPUMEHTOB B 3adadvax WCCNeAOBaHMSA Pa3nnyHbIX MONei 1 cped, a Takke MHorve
Apyrvie 3agauu. B npaktuyeckux npunoxeHnsix Tpebyetcs pewwatb AUCKpeTHy0 0bpaTHYto 3agadyy Buaa:

dx=y, (1)
roe matpuua ®@ e RN n gektop y e RN U3BECTHBI 1 NMOMYyYeHbl B pesynbTaTte ounudpoBkM MeTogoM anepkuHa
ypaeHeHus Opegronbma nepeoro poga [1, 2, 3, 4]; TpebyeTcs oueHUTb BekTopa curHana x< RN,

B cnyvae, kora y cogepxut aganTueHbIn Wwym, @ umeeT BbiCcOkoe yncrno obycnosneHHocTy ||@1|| ||®||, pag
CUHTYNSAPHBLIX Ynucen @ nnaBHO CNapaeT K Hyrmio, — 3a4ady OLEHKU X HasblBalT [1] AMCKPETHON HEKOPPEKTHOM
obpaTHoi 3apayeit. Takue cBoicTBa ® xapakTepHbl Ans 3aKay ONTUKKM, CNEKTPOMETPUM, SNEKTPOPA3BEaKM.

PeLueHne OuCcKpeTHO HEKOPPEKTHOM 0BpaTHOM 3a4aum kaKk 3agaun HavMeHbLUMX KBagpaToB

x'=argminy ||y-®x||2 (2
B BUAE PELUEHNS MUHMMAIBHON HOPMbI [5] Ha OCHOBE NceBAO0OpaLLEHMS

X=0y 3)

SBNSETCA HEYyCTONUMBLIM [1, 3]. MpU3HAKOM HEYCTONYMBOCTM SBNSIETCA TO, YTO ManbIM U3MEHEHUSM BEKTOpa Y
COOTBETCTBYHOT 60MbLUNE U3MEHEHNS PELLEHNS X'; MPW 3TOM BENNKO 3HAYEHWE OLLMOKM peLLEeHms.
[ns npeofoneHns HeYCTOMYMBOCTU W, COOTBETCTBEHHO, MOBLIWEHWSI TOYHOCTU PELUEHWS B YCMOBMSX LUYMa
UCNoNb3yloT NOaAXoA perynapusaumu [1, 2, 3, 4], cocToswumin B y4eTe anpuopHoi uHGopMaLum — 0 TOM, YTO -
Hopma pellenus ||X|[2 mana [5]; nnbo uTO pelleHne SBNSETCS paspexeHHbiM [B], T.e. ||X|lo mano; nubo o
TOYHOCTY annpokcuMaLuu [6].
Mpu HanMuMK anpuopHO WHGOPMALMKM O MAnoCTU f-HOPMbI PELUEHNS ANS MOMYYEHNS YCTOMYMBOTO peLLeHns

NCMONb3YIOT peLleHne MUHUMarnbHOM Hopmbl (3) nubo perynapusaumio TuxoHosa [1]. B cnyyae perynsipusaumm
TwxoHoBa 3agady popMyNUPYIOT CreaytoLmMm obpasom

x=argminy ( |ly-@x||+Ax[|2 ), )
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roe A — napameTp perynspusauum.

Hepoctatkom, npucywMM MeTO4aM pELeHWs OMCKPETHbIX HEKOPPEKTHbIX 00paTHbIX 3a4ay Ha OCHOBe
perynspusaumn TuxoHoBa, aBnseTcs HeobxognmocTb nogbopa A-napameTpa perynsipusauum, oT NPaBuibHOCTM
KOTOPOro B 3HAYMTENBHON MEPE 3aBMCUT YCTOMYMBOCTL pelleHus. MeToabl noabopa napameTpa perynspusaumm
MMEIOT BbICOKYK) BBIMUCIIUTENbBHYK CMOXHOCTb. MeToabl Ha OcHOBe mceBaoobpalleHns He TpebytoT noabopa
napamMeTpoB, OAHaKO OHW He obecneumBatoT [1, 3] YCTOMYMBOCTM M TOYHOCTW pelueHus. [loatomy
BOCTPebOBaHHbIMM ABMAKOTCA NOAXOAb! K YCTOMYMBOMY PELLEHNIO AUCKPETHON HEKOPPEKTHON 0BpaTHON 3agayn
Ha OCHOBe NceBA00bpaLLEHNS, HO C TOYHOCTbIO Ha YPOBHE perynsapusauumn TuxoHoBa.

B nmaHHoW paboTe npuBOOSTCA pe3ynbTaThl MCCNEOOBaHWS pa3pabaTbiBaeMOro Hamu Moaxoda K PELIEHWHO

ONCKPETHON HEKOPPEKTHOM 0BpaTHOM 3adaun C MCMOMb30BaHWEM METOAOB MCEBLOODPALLEHNSt U CRYYalHbIX
NPOEKLMIA Ha OBYX U3BECTHbIX 00paTHbIX 3agayax - dununca v bapra [7], [8].

PeweHue AMCKPETHON HEKOPPEKTHOW 0OpaTHOM 3aaayu

Hamu npegnaraetcs noAxXo4 K PELUEHMI0 OWCKPETHOW HEKOPPEKTHOM 0BpaTHOW 3adayu, MCMOMb3yHLLMI
aHanomio ¢ coBpemeHHbiMi pabotamn B obnactn Compressed Sensing ("cxatoro soHauposanua”) [9], [10],
[11]. 3pecb 4ns BbICOKOTOMHOMO BOCCTaHOBNEHME X MO Rx B kayecTBe npoektopa R MCnonb3ytoT matpuuy ¢
aneMeHTamu, CCGOPMMPOBAHHBIMM  peanu3auusmMu  ClyyaiHOW BENMYMHBI  C  HOPMasbHbIM  3aKOHOM
pacnpegenenus [11], [12]. Takoro poga crnyyamHble NPOEKUMOHHbIE MaTpULbl ¢ K<N MCMOnb3yloTcs Takke B
Teopum [11], [13] n npaktuke [14] BNOXeEHWA BEKTOPHbLIX MpoOCTpaHCTB (vector space embeddings) ans
COKpaLLEHUsI Pa3MEPHOCTM BEKTOPOB C LIENbIO YCKOPEHMS OLIEHKM NX CXOACTBA.

[ns pewweHns obpaTtHoi 3adaym ¢ UCMONb30BaHWEM NPOEKLUMOHHOIO NOAxoda YMHOXWUM 0Be 4acT UCXOGHOro
ypaBHeHust (1) Ha matpudy ReRFN, k<N, anemeHTbl KOTOpOM — peanu3auuu ChyyvalHoi BENUYMHBLI C
HOpMarbHbIM pacnpeaeneHnem, HyneBbiM CpeaHNM U eauHUYHON aucnepcnen. Yucno ctonbuyos N matpuusl R
(hMKCMPOBAHO W OMpeaensieTcs Pa3MepHOCTbIO UCXOAHOW MaTpuubl @®: uncno CTPOK Kk MOXET BblbGMpaThes
nNpou3BonbHo. Monyyaem ypaBHeHne

R®x=Ry, R®=A, Ac ‘RN, Ry=b, be Rk (5)
BoccraHoBneHre curHana MeTogoM HauMeHbLUNX KBagpaToB
x'=argminy ||Ry-R®X||2. (6)
Toraa BOCCTaHOBMEHWe CUTHANa X Ha OCHOBE NCeBA00BPALLEHNS NONYYUM Kak
x'= (R®)*Ry, x'=(A)*b, 7
nmbo Kak
X'=((R®)R®)*(R®)'Ry, x'=(ATA)*ATb. 8)

BoccTaHoBMeHMe CirHana MeTofoM perynapuaaLy TUXOHOBa MonyuMM Kak
x'=argminy ( ||Ry ~ ROX[[2+A[[x]|2 ). ()

TouHocTb pelueHuss obpaTHoit 3agaun Oygem  OuUeHMBATb C  MOMOLYb)  OTHOCWUTENBHOM  OWWbkM  d
BOCCTAHOBJIEHMS UCTUHHOTO CUrHana X, Bbl4UCISEMON Kak

d={lx=xII[1x][=(lAx]|/] 1], (10)

roe AX - owmbka peLeHns, X - BEKTOP BOCCTAHOBJIEHHOIO CUrHana.

OKCnepyMeHTanbHO MccreayeM NoBeAEHUE 3aBUCUMOCTU OTHOCUTENBHON OLWINOKM BOCCTAHOBMNEHUS CUTHana ot
YPOBHSI aAANTUBHOTO COBCTBEHHOTO LWyMa B BEKTOPE curHana y (1).
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3Kcnepu MeHTalbHOe UccnenoBaHune

ViccnenoBanuch NpUMEPEI AUCKPETHBIX HEKOPPEKTHLIX 00paTHbIX 3aaad dununca v bapra [7], [8].
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2,00E+00 4
1,50E+00 4

1,00E+00 4

5,00E-01 4

0,00E+00 <

1 16 31 46 61 76 91 106 121 136 151 166 181 196

Puc. Matpuua ® oundposku sapa B 3agade dununca Pwvc. IMCKpeTHO 3afaHHble CUrHan X npaeas YacTu y B
3agave dununca
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Puc. Matpuua ® oundposkm sapa B 3agade bapra Puc. IMCKpeTHO 3aaHHble CUrHas X 1 npaeas YacTb Y B
3apaye bapta

B obewx 3apavax matpuuya ®, nonyyeHHas npu ouudpoBke sapa, uMena pasmepHocTb 200x200, BbicOKOe
uncno obycnoeneHHocTn (||®@1|| ||®||>>1), n psa CUHTYNSPHBLIX YKUCEN, NNABHO Crafatolmin K Hynwo. Bektop
NpaBol YacTW ypaBHEHWS (2) nocne OUWUPPOBKA WCKaxXancs agauTMBHBIM LWYMOM & C HOPMarbHbIM
pacnpepenexvem. Miccnenosanoch NOBEAEHWE 3aBUCYMOCTY OTHOCUTENBHOM OLIMOKM BOCCTAHOBINEHNS CUrHana
OT YPOBHS aaAUTUBHOIrO COOCTBEHHOrO Lyma B curHane y. CpaBHMBanuChL 3aBUCUMMOCTHW d(£) Ans METOZOB Ha
OcHoBe nceBgoobpalleHnss W perynspusauum  6e3  NPUMEHEHWS NPOELMPOBaHUS € aHaANOTrMYHbIMK
3aBUCMMOCTAIMW  MOCTe  MPUMEHEHUSI MpOeUMpoBaHus. PasmepHocTb Kk  ans  nceBgoobpalleHns ¢
NpOeLMpoBaHNeM BbiOMpanach KCNEPUMEHTAIBHO MO MUHUMYMY OLLMOKM d.

TectoBas 3apavya ®ununca. [na 3agaum Oununca matpuua @ nonyyaeTcs U3 aHanUTUYECKu 3afaHHON
dyHkumm agpa K(s,f) = @(s—t), #x) = 1+cos(nx/3) npu |x|<3, #x) = 0 npu |x|23, y u3 ¢(s) = (6-
S])(1+0.5cos(mts/3)) + 9/2 = sin(r|s|/3) nyTem oumndposky no meTtoady anepkuHa [1].

PesynbTaThl 3aBUCHMOCTI OTHOCUTENBHOM OLIMOKIM BOCCTAHOBIIEHUS! CUTHaMa OT YpOBHSA Wyma 6e3 yMHOXeHUS
Ha maTtpuuy-npoektop (pinv1, pinv2, reg1, reg2, reg3) n peaynbTaTbl ANS SKCEPUMEHTOB C YMHOXEHWUEM Ha
matpuuy R (pinvir, pinv2r, regtr, reg2r, reg3r) npuBeaeHbl Ha puc. 1 (paclumgpoBka Ha3BaHWA METOLOB
npueegdeHa aanee).
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Cpean MetonoB pelleHus obpaTHoit 3agaum 6e3 mpoeumpoBaHWs HaMBOMbLUYIO OLWMBKY [alT MeTodbl Ha
ocHoBe nceeaoobpallenns mMatpuubl ®. Mpu yposHe Wwyma nl 1e-7 oTHocuTenbHas owubka d (10) ans pinv1
coctaenset 0.36, a ana pinv2 — 0.14. Mpwn ypoHsiX wyma ¢ 1e-5 u 1e-6 (ans pinv1 v pinv2 cOOTBETCTBEHHO)
OTHocuTENbHas owubka d mpesbiwaer 1.0, YTO CBMAETENLCTBYET O 3HAYUTENBHOM MCKAXEHUM (OPMbl
BOCCTaHaBMNBaEMOro curHana. MeTog pinv2 BO BCeM UCCMEedOBaHHOM [uanas3oHe Liyma faeT Owwnbky
MEHbLLY0, Yem pinv1.

10 1,403 5

1,401 4 /

g0t BT 1EG6 BG5S 1E04TEDS 154 B¢ : 201

01 1,E-03 4

1,E-05 4

0,01

107 4 Imb1 Imb2 A—Imb3

—8—pin2  —A—regl —X%—reg2 1E09 4

0,001

—0—reg3  =—Q==pinvlr ==B=—pinV2r =—A=——regir
Xereglr =0==regf 1E M
0,0001 1E13 4
Puc. 1. 3aBUCMMOCTb OTHOCUTENBHOM OLLINOKM Puc. 2. 3aBUCUMOCTL NapameTpa perynspusamm
OT YPOBHS LyMa OT YPOBHS LWyMa

[ns perynsipusauum TuxoHoBa ¢ noabopoM napameTpa perynsipusauuy no metoay L-kpueoii reg2 B ananasoHe
wyma oT 1e-7 g0 1e-3 3HaueHve owmbkm d usmeHsietcs B npegenax ot 0.14 go 0.35; npu ganbHemwem
BO3pacTaHWmM ypoBHs Wyma owmnbka d pacteT. Bbicokas oTHoCUTENbHAs owmnbka d 3TOro MeToaa cBsizaHa C Tem,
4YTO NoryyYaeMble UM 3HAYEeHUs NapameTpa perynapusauum A He oNTUManbHbI.

HaumeHbLLIMe 3HayYeHust OWmMOKM d OEMOHCTPUPYET METOL OCHOBE perynspusauuu TxoHoBa ¢ noabopom A no
MeTogy kpocceanuaauum reg1. B gnanasoHe wymoB 1e-7 — 1e-3 meton obecneynBaeT HaMMeEHbLLYHO OLUMOKY
cpeay BCex WUCCneAoBaHHbIX HaMW METOZOB perynsapusaunv 6es npoeumnpoBaHns. Huskne 3HayeHns ownbku B
yKa3aHHOM [nanasoHe LwymoB obecneynsaroTcs brarogaps yaadyHomy noabopy napameTpa perynspusaumm.

3aBUCMMOCTb OWMOKKM d OT YPOBHS LyMa, NOMNy4YeHHas METOAOM perynsipusauum TuxoHoBa ¢ nogbopom A no
MeTogy 00606LIEHHON HEBS3KM reg3, aHanorMyHa 3aBUCUMMOCTM s METOAOB Ha OCHOBE MCEBLOMHBEPCUN: MpU
ypoBHsIX Wyma 1e-7-1e-6 oHa coctaenset 0.1 — 0.86; a npu ypoBHsx Wwyma Bbiwe 1e-5 d>1. Takoe noseaeHue
OTHOCMUTENBHON OLUMOKM CBSI3aHO C TEM, YTO BbIGOp A MeTogoM 0606LLEHHON HEBSA3KM OCYLLECTBNSETCS HEBEPHO
(puc.2). BugHo, 4TO 3HaveHWs napameTtpa perynspusauuu Imb3 ons aToro Metoda daneks OT 3HaveHui
napameTpa perynspusauuu Imb1, nonyyeHHsIX METOAOM reg7, EMOHCTPUPYIOLLMM MYYLLYH0 TOYHOCTb.

PaccmoTpum pesynbTaTbl METOAOB pelleHnst 0bpaTHOI 3agaun ¢ npoeyuposaHuem. Mpu onTuManbHoM k (B
3aBWCUMOCTM OT LWyMa k mMeHsnock oT k=37 npu ni=1e-7 o k=2 npu ni=1e1) Bce oHu obecneynsaioT bonee
YCTONYMBOE BOCCTAHOBNEHWE cuUrHama U 6onee HW3KMIA  YPOBEHb  OTHOCMTENBHOM  OWMOKM, 4em
COOTBETCTBYIOWME MeTOAbl 6e3 NpuMeHeHus npoeuupoBaHus. Tonbko Ans perynspusauun ¢ Bbibopom A no
MeTody KpocC-Banmaaumm olumbka nocrne npoeuupoBaHns reg1r u npu ypoeHsix Wyma 1e-6—-1e-4 npubnuxaetcs
K 3Ha4YeHWaM OLWmMbKM [0 npoeuupoBaHust reg?. Mpu ganbHenWweM HapacTaHuM YPoBHS WyMa owmnbka ans reg1r
CTQHOBMTCS HAMHOTO MeHbLUEN, YeM ans reg1.

Cpenu meToOoB perynspusauui ¢ NpoeLnpoBaHnem reg1r, reg2r, reg3r HAUMEHBLLYIO OTHOCUTENbHYH OWwnbKy d
JEMOHCTPUPYET MeTog ¢ Bbibopom A no obobLueHHoN HeBsiske regdr. Kak BuaHO U3 puc. 2, Tonbko ans reg3r
napameTp perynspusauu Imb3r pacteT ¢ pocToM Lyma, B TO BPeMS kak Ans MeTodoB regtr, reg2r 3Ha4eHus
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napameTtpa perynspusauyun Imb1r, Imb2r wmeloT TeHZeHUMO K yObiBaHMo. 3TO CBUOETENLCTBYET O
HenpaBurbHOM BbibOpe napameTpa perynspusauun ans regir, reg2r, Tak kak n3BecTtHo [1], 4TO ero 3HayeHue
JOIMKHO BO3pacTaTh C POCTOM YPOBHS LyMa.

OTmeTuM, YTO nocne NPOEeLMpOBaHUS METOAbI, OCHOBaHHbIE Ha NCeBaoobpalleHMn MaTpuLbl, obecneynBatoT
OTHOCUTENbHYI0 OLUMDKY HE XyXe, YeM METOAbI perynspusaummn. YUnTbiBas MEHbLUME BbIMUCAMTENbHBIE 3aTpaThl
METOAO0B pinv1r, pinv2r, NnpeanovTUTENBHO UX NCNOMNb30BaHKE.

TectoBas 3apaya bapra. [Ina 3agauv bapta matpuua ® nonyyaeTcs M3 aHanNUTUYECKU 3afaHHOW (hyHKLMK
dapa K(s,f) = exp(s cos f), y n3 g(s) = 2 sin s /s nytem ouudpoBkmu no Metomy IanepkuHa.

10 4 1,E+02 q
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Puc. 3 3aBuUCKUMOCTb OTHOCUTENBHON OLLINOKK
BOCCTAHOBIEHMS CUrHana d OT YpOBHS LiyMa

reg2
regir

16144

Puc. 4 3aBucumocTb MapameTpa perynspusauum Imb
OT YPOBHS LWyma

Ha puc.3 npuBefeHbl SKCNepUMEHTaNbHO NONYYeHHbIE 3aBUCUMOCTI OTHOCUTENBHON OLWNBKN BOCCTAHOBIEHMS
curHana d ot ypoBHs Lyma 6e3 yMHOXeHWs Ha MaTpuLy-npoekTop R ans metogos pinvi, pinv2, regt, reg2, reg3
W pesynbTathl NS 3KCNEPUMEHTOB C YMHOXeHWeM Ha R: pinvir, pinv2r, reg1r, reg2r, reg3r. B puanasoHe
cobCTBEHHbIX WyMOB 1e-8,...,1e-3 oTHOocUTEeNbHas owubka BOCCTAHOBMEHMS CUrHana [ans MeTodoB C
YMHOXEHWEM Ha MaTpuLly R MeHbLue 0THOCUTENBHOM OLIUBKM ANs METOA0B 6€3 YMHOXEHNS.

lMocne npoeuupoBaHus, Npu ONTUMansLHOM K (B 3aBUCUMMOCTMW OT YPOBHS LyMa, kK MEHANOCk OT k=7 npu ni=1e-9
po k=3 npu ni=1e-2) oTHocuTenbHas oOlwMOKa BOCCTAHOBNEHWSt curHana d [ans MeTOdOB Ha OCHOBE
nceeaoobpalleHns MaTpuubl BO BCEM WCCMEA0BAHHOM AMAanasoHe LUYMOB CTaHOBMTCS MeHblue Owmbku Ans
MeTOA0B perynspusamu.

BbiBoa

[insi AMCKPETHBIX HEKOPPEKTHBIX 06paTHbIX 3aaay dununca n BapTa, nonyyeHHbIX B pesynbTate oLunudpoBKY No
meToay lanepkuHa siapa W NpaBoW YacTu ypaeHeHust dpedronbma Nepeoro poga, NMpy PeLleHnt MeToaamu
nceBaoobpaLleHnst C UCNOMNb30BaHUEM MPOELMPOBAHUS CHIKAETCS OTHOCUTENbHAS OLWNOKA BOCCTAHOBMEHMS
curHana. Mpu 3TOM, MpWU ONTUMArbHOM K, TOYHOCTb PE3ynbTaToB HE XyXe, Yem ANs MEeTOJOB Ha OCHOBE
perynspusauum TuxoHoBa Ge3 npoeumpoBaHMs. JTO [enaeT UCMOMnb30BaHWE METOJOB Ha OCHOBE
ncesaoobpaLleHnst MaTpuLbl NpeanoyTUTENbHBIM B Cury WX Gonbluel YCTOMYMBOCTM (MpOosiBrstOLLeics B
MNaBHOM W3MEHEHWM OTHOCWUTENBHOM OLMOKM BOCCTAHOBMEHWS CUrHAma C POCTOM LUYMa); TOYHOCTY
BOCCTAHOBMEHMSI CUTHAMNA X, CPABHUMOWN WM NyyLller, YeM Y MeTOLOB perynsipusaum TUXOHOBA; U MEHbLUNX
BbIYUCTIMTENbHBIX 3aTpaT. HanpaBneHWeM AanbHEeMWNX WUCCreaoBaHun SBNSAKOTCS KCMEPUMEHTaNbHbE W
TEOPETUYECKIE METOABI BbIMUCTIMTENBHO S EKTUBHOTO anpUOPHOrO BbIGOPa ONTUMANBLHOTO K.
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METO[bI U CPEACTBA CETMEHTALIMM NONb30BATENEN WEB-CAATOB

Amutpun HovyeBHoB

AHHOMauyus: B cmambe npoaHanusuposaH xapakmep daHHbIX 0 nosb3osamensx 6 cemu WWW u mempuku
calimog ¢ MOYKU 3peHUsi BO3MOXHOCMU UX Ucnosib3oeaHusi 0nsi ceameHmauyuu nocemumenel Web-calimos,
npednoxeHa Knaccughukayusi makux Mempuk, PacCMOMpeHbl OCHO8Hble nymu u cpedcmea cbopa U
gu3yanusayuu ceedeHull 0 nonb3osamensix. [JaH cpagHUMENbHbIU aHanu3 OCHO8HbIX Memodos ceameHmayuu
"c yyumenem" u "6e3 yyumens", a makxe cpedcme ceaMeHmayuU pasnudHol croxHocmu, 8 mom yucne Google
Analytics, Web Mining for Clementine. PaccmompeHbl OCHO8Hble nokasamesnu kayecmsa ce2meHmauyuu u
npednoxeH adanmupogaHHbill 8apuaHm npouecca Cross-Industry Standard Process for Data Mining dns
ceaMmeHmayuu.

Kntoveanle crnoesa: Web user segmentation, Web usage mining, Internet marketing.

ACM Classification Keywords: H.2.8 Database Applications - Data mining. J.1 Administrative data processing -
Marketing.

Conference: The paper is selected from XV International Conference ‘Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

B WHTepHeTe npenctaBneHbl Web-caiTbl pa3nmyHbiX TUMOB - ANS 3MEKTPOHHON KOMMEPUUW, ANS BbISIBNEHMS
noTeHumManbHbIX noTpebutenen, cnyxbbl paboTsl ¢ NoKynaTensmu, OCHOBaHHbIE Ha pekname MHAPOPMALMOHHbIE
CalTbl, MHCHOPMALMOHHBIE CailTbl, OCHOBaHHbIE Ha Noanucke U BpeHaoBble CaiTbl. WX nonb3oBaTeny BeICTYNaoT
B poru notpebutenei TOBapoB M YCNyr, MH(OPMaLMsS O KOTOPbIX pasMelleHa Ha caiTe, M MoaTomy Ans
nccneaoBaHus aTUX Monb3oBaTesien eCTb CMbICA UCMONb30BaTb COOTBETCTBYIOLME MAPKETUHIOBLIE METOLbI 1
Moaenu, HapaboTaHHble Ha NPOTSHKEHUM MHOTMX aecatuneTuit. OgHako 0cOBEHHOCTM NOBEAEHNS YenoBeka B
WHTepHeTe, xapaktep cobupaeMblx O HEM AaHHbIX W MpUpPOAa CaMOW CEeTW 3acTaBnsT MapKeTOroroB U
npeanpuHumaTtenei uckatb 6onee addekTBHbIE MyTM WccnegosaHust nocetutenen Web-caiitos, 6onee
TOYHOrO aHanu3a M MPOrHO3WPOBAHUS WX MOBEAEHUS C LENbl NOBbILWEHUS 3PEEKTUBHOCTU NNaHNPOBaHMS
BusHeca u npoaskeHus ToBapos 1 ycnyr yepes WWW. OgHum 13 METOAO0B TakuX MCCefoBaHNs SBNSETCS
cerMeHTaums nonb3oBaTtenei.

1. OnpepenexHne n HasHa4YeHUe cermeHTaumm nonb3osatenen Web-caiitos

CermeHTauus nonb3oBatenen (apyroe HassaHve Profile Mining) 3akniovaeTcs B naeHTUdMKaLmM 1 aHann3e
OTAenNbHbIX rpynn Nonb3oBaTenei Co CXOXen aKTUBHOCTbO, NOTPEBHOCTAMM, KENaHUAMU, XapakTepucTukamu,
OTNINYAIOLLMXCS YCTOMYMBLIMA NPU3HAKAMK W peakuMen Ha NPeanoXeHns, C LeNblo onpeaeneHns pasmepa u
3HauYeHMsl MapKETUHIOBLIX CerMeHToB [Tokapes, 705].

Cdpepamu npuMeHeHns CermeHTaLum Nonb3oBaTenen canToB SBAAITCS:

1) onTUMU3aLMs NPOM3BOAUTENBHOCTI CalTa 3a CYET BbISBMEHWUS U UCMIPABIIEHNS BOSHUKAIOLLWX Y NOCETUTENEN
113 pa3nnyHbIX YacTel ayauTopum CroxHocTe B paboTe ¢ cailTom, yyéta ux npeanodtenuit [Burby, 2007];

2) nocTpoeHue pekomeHaaTensHbIx cuctem [Markov, 2007] n nepcoHanusauus Web-ctpaHu;

3) co3paHme LeneBbiX CTPaHWUL, Anst pasnnyHbIX CErMEHTOB NOCETUTENEN C LIENbIO YNYYLIEHUS KOHBEPCUN CaliTa
[Burby, 2007];

4) B uenesom mapketuHre [Weinstein, 2004] ons BbISBNEHUS W OMUCAHUSI PA3MMYHBIX XAPaKTEPUCTUK rpynn
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nonb3oBaTenen, u NPUMEHEHUA K HUM MapKETUHIOBbIX CTpaTeFMI7I n CTpaTeFVIVI pa3pa60TK|/| NPoAYyKTOB C LENbio
NOBbILLEHNA NpoAdaX, Ny4YLlero BbiABNEHUA, MOHUMaHNA U NOKPbITUA LENEBbIX PbIHKOB;

5) ana 6oree TOYHOrO BbIYMCMEHUS 3HAYEHWA KIKOYEBbIX MHAMKATOPOB MPOAYKTMBHOCTU 6GusHeca (KPI)
Brnarogaps y4éty CerMeHToB W, COOTBETCTBEHHO, BbISIBNEHUS PearbHOro Nporpecca opraHnsaumuy B JOCTUKEHUM
cobeTBeHHbIX BusHec-Leneit [Burby, 2007].

C y4yéToM [BYX OCHOBHbIX COCTaBnstoLMX cermeHTaumu [Mason, 2006] - cnocoba cermeHTaumm u 6asbl,
OTHOCUTENbHO KOTOPO BbLIMOMHAETCA CerMeHTaumMs - Obinn onpedeneHbl cregylowme yenu 0aHHO20
uccnedoeaHus:

1) BbINONHMTL 0630p 6a3bl CErMeHTaLmMm Nonb3oBaTeneli CanToB N UCTOYHUKOB CTATUCTUYECKUX AaHHDIX;
2) naTb CPaBHUTEMbHbIN aHanM3 OCHOBHbIX METOZOB CEerMEHTaLM;

3) BbIAENUTL NOKa3aTenu kayecTBa CermeHTaLm;

4) onpeAennTb OCHOBHbIE 3Tarbl CErMEHTaLNK;

5) BbINOMHUTL 0630P CYLLECTBYHOLNX CPEACTB CErMEHTaLMN.

Onpe,qenle CHa4Yana nepeveHb AaHHbIX O NOCETUTENSAX, KOTOPbIE MOTYT ObITb CO6paHbI B 6ase CerMeHTauuun, a
TaKxe ucnonb3yemble ansa 3Toro METPUKA.

2. basa cermeHTaumu nonb3oBarene Web-cautoB U MICTOYHUKM CTaTUCTMYECKUX AAHHbIX

2.1. Xapaktep AaHHbIX 0 nonb3oatensax Web-cantos

Bo Bpemsi pabotbl nonb3osatens B WWW BmecTe € 3anpocoM U 4epe3 CYETUMKM MOCELLEHUA Ha CcauT
nepeaalTcs NepBUYHble CBedEHWS O Nonb3oBaTene (primary data), TakMe Kak CUCTEMHbIN $3blK, agpec
WCTOYHWKA Nepexofa Ha CailT, agpece KoMnbloTepa U Ap. 3T CBELEHNS, BMECTE C UHGopMaLmen 0 caenaHHbIX
nomnb3oBaTeNsiMM AENCTBUSX, MOryT ObiTb 3anucaHbl B chneunanbHble crabocTpyKTypupOBaHHbIE XypHarbl
cepBepa, W Nno3xe npoaHanuavpoBaHbl. Kpome 3Toro B npodiaiinax nonb3oBatenst B 6ase AaHHbIX caiTa, a
Takxe B XypHanax pabotbl Web-npunoxeHnit 06bI4HO COXPaHSOTCA AONONHUTENbHbIE AaHHbIE O NONb30BaTene
(secondary data) [Burby, 2007]: ceedeHus M3 PErUCTPALMOHHON (HOPMbI, PEUTMHIM MPOJYKTOB, CTaTEMN,
NOCNeaH1e NOKYMKX W T.M., KOTOPbIE NO3BONSIOT YCTAHOBUTL SBHBIE UMK CKPbITbIE NPEANOYTEHUS NONb30BaTENS.

B Web Usage Mining npunsita cnegytowas tepmuHonorvs [Liu, 2008]:

e npocmMompbl  cmpaHuy  (pageview) — 0600wWEHHOe npeacTaBnenue konnekumn Web-06bekToB,
otobpaxaemblx B Web-6paysepe nonb3oBatens BO BPEMS BbINOMHEHWS OTAENbHOTO AEACTBUS
(Hanpumep, LIENYKa MbIWKOA Ha PEKNaMHOM ODOBLSBMEHWM, YTEHWs CTaTbW, MPOCMOTPa TOBapa W
pobaBneHune ero B KOP3UHY);

e ceccuu (sessions) — nocnepgoBaTenbHOCTb NPOcMOTPoB Web-CTpaHuL, oTAeNbHbIM MoNb3oBaTeNeM Ha
NPOTSKEHUM opHoro BuauTa. Ceccum MoryT ObiTb B AanbHeillem 0606LeHbl MyTéM BbiGopa
NOAMHOXeCTBa NMPOCMOTPOB MHTEPECYEMbIX CTPaHUL| B NPeAenaXx CEccum;

e 3nu300b! (episodes) — NOAMHOXECTBO NOCNELOBATENBHOCTEN Ceccuit, 0606LLatLMX CEMAHTUYECKN U
(OYHKUMOHAMBHO CBA3aHHbIE MPOCMOTPbI CTPaHML,

OYHKUMIO COXPaHEHMS XYPHANOB 3anpoCcoB noaaepxueaeT bonblumHCTBO Web-cepBepoB. CHETUMKN NOCELLEHMI,
BMeCTe CO CpefCcTBaMu MPOCMOTPa OTHETOB O COBpaHHbIX AaHHbIX, NpefocTaBnaTcs MHorumm Web-cryxGamu,
B TOM uncne Google Analytics, Coremetrics, W3Counter, SpyLog, Bigmir)Net v T.n.

2.2. Knaccudhmkaums nepeMeHHbIX CerMeHTaLumn nonb3oBartenen CanToB

B obnactu Web-aHanutuku n Web Mining npu cbope AaHHbIX 0 NONb3oBaTENsX MCMOMb3YHTCS creumarnbHble
mempuku calimos. Onn cocTaBnsoT 6a3y cermeHTaumm u MoryT ObiTb COOTHECEHBI C HEKOTOPbIMM
MapKETUHIOBbIMU NepeMeHHbIMU ceaMeHmayuu. Hanpumep, Takon NOBEAEHYECKON NepemMeHHON, kak YacToTa
MOKYNOK, MOXET OblTb NOCTaBNEHa B COOTBETCTBUE METPUKA "KONMYECTBO CAEMNaHHbIX Morb3oBaTefieM noKynok
Ha caiTe", a f3bIKk NOTPEBUTENS MOXHO CYMTaTh COBMAAAILLMM C CUCTEMHBIM S3bIKOM, Yka3aHHbIM B ero HTTP-
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3anpocax.

Paccmotpum nogpobHee MeTpukM CalToB, Mcnonb3yemble B obnactm Web-aHanuTuku, C TOYKM 3peHus
BO3MOXXHOCTM X UCMONb30BaHUS B KAYECTBE NEPEMEHHbIX CErMEHTALWW NONb3oBaTENEN.

B mapkeTuHre npu COCTaBnEHWW CXeMbl CerMeHTaumu notpebuteneit 0ObIMHO MCMONMb3YKOT [BE PynMb
nepemeHHbIx [Kotler, 2006]:

1) onucameribHble Xapakmepucmuku:
e reorpacuyeckune: CTpaHa, panoH, 06nacTb NPOXUBaHMA U T.0.;
e [emorpacuyeckue; BO3pacT, nosl, CeMeHoe NonoxeHne, 4oXoabl, COLManbHbIA Knace 1 T.0.;
e ncuxorpachuyeckue: TUN JIMYHOCTY U T.1.,;
2) xapakmepucmuku nogedeHus], HanpUMep Cnocobkl UCNONb30BaHMS NPOAYKTA U TOProBO MapKMu.
OTW rpynnbl NepeMeHHbIX MOXHO JONOMHUTL eLé TpeMs rpynnamu METPUK CailToB:

1) ceedeHusi, nepedasaemble ¢ KOMNbIOMEPa NOMb308amers asmoMamuyecku 80 8pemsi NOCeLeHus calima
("mexHu4eckue npuaHaku nosb3ogamens” cornacHo [MenewwmwuH, 2007]), Bkntovatowume B cebs:

o (OaHHble 0 KoMnbromepe, nepedasaemble 4epe3 noisd 3a2omoeka HTTP-3anpoca: XapakTepucTHKi
nNporpaMMHOro obecneyeHmnsi, CUCTEMHbIN A3blK, WCTOYHWK Nepexoda Ha CaiT, MOMCKOBbI 3anpoc
nonb30BaTenNsl, KOTOPbIN NPUBEN Ha CalT MAK CTPaHMLY, reorpadmyeckoe pacrnonoxeHne nposaigepa,
Cookies u 1.n.

e [aHHble O KOMMbKOTEPE, KOTOpble MOryT ObiTb MpounTaHbl 13 Web-6paysepa ¢ NOMOLLbK CYETUMKOB
noceLueHnit (BcTpoeHHbIx B Web-cTpaHuusl JavaScript-nporpamMm): XxapakTepucTukn MOHUTOpA, UCTOpUS
NPOCMOTPOB CTPaHML, B TekyLeM ceaHce paboTbl bpaysepa u ap.;

2) dononHumenbHas uHgopmauus ¢ catima [Liu, 2008]: knoyeBble CrnoBa NPOCMOTPEHHOTO COAEPXKMMOrO W
aTpubyTbl MHTEPECYEMbIX NPOAYKTOB UMW YCAYT;
3) 0606wWéHHas HmepHem-cmamucmuka:

- rnobanbHas W pervoHanbHas VIHTEpHeT-CTaTUCTMKA, KOTOPY MOXHO Haitu Ha carntax W3Counter,
Bigmir)net, SpyLog v ap.;

- METPWKM oTpacneson ctatuctukm (benchmarking), Bkntovatowme B cebsi ceeaeHUs 0 MOCETUTENSX CalToB B
3aBMCUMOCTM OT WX OTPacneBoOW NPUHAAMEXHOCTU M npepocTasnsemble Takumu Web-cnyxbamu, kak
Google Ad Planner, Google Trends, Google Benchmarking, Coremetrics, ClickZ Stats, Fireclick n ap.

Tonbko HeBOMbLLY YacTb onucamesibHbIX Xapakmepucmuk NoMb3oBaTeNe MOXHO X0Ts Obl NPUONU3NTENBHO
OnpeaennTb aBTOMaTUYECKM MO KOCBEHHBIM MOKa3aTensM, TakuM Kak CUCTEMHbIA S3blK, MECTO PacrONOXeHus
WHTepHeT-npoBaiigepa nonb3oBaTens, NpeanoyMTaeMble  TOBapaM, BpEMEHS W CyMMbl  MOKYMOK.
LlononHuTenbHyo MHAOPMALMI MOTYT [aTb KOMMEHTAPUM NOMb30BaTENEN 1 Yka3aHHbIe MU PEUTUHIM CTaTen n
npoaykToB. TOYHOe OnpeaeneHne onucaTeNbHbIX XapakTepUCTUK BO3MOXHO TOMbKO U3 OTKPbITbIX MCTOYHWKOB B
WHTEpHETE Mnu Ha camoM cailTe Yepes hopMy perucTpaLmi nonb3oBaTens, PasnuyHble aHKETb! U FONIOCOBaHMS.

Bornbluas YacTb NPUHATLIX B MapKETUHIe No8edeHYeCcKUX Xapakmepucmuk, Takux Kak oxudaembie 8b200b1 om
NOKYNKU, cmeneHb 8epHOCMU hpodykmy, cmeneHb 20MogHOCMU Kynumb npodyKm, OmHOWeHUe K npodykmy
TOXe C TPYAOM MOAAAITCS aBTOMATUYECKOMY U3MEPEHMNIO 1 MOTYT BbITb OnpeaeneHbl TONbKO KOCBEHHO UMK xe
cambIM nonb3oBatefieM. B Toxe BpemMsi M3 MEPBMYHBIX AaHHbIX O MOCELLEHUM CaiiTa MOXHO 3HAYMTENBbHO
TOYHEE, YEM C MOMOLLBbK TPaAULMOHHOTO MApPKETUHIOBOTO aHKETUPOBAHMWS, paccyuTaTtb Yacmomy NOKynok u
nonb3osamernbCKuli cmamyc (HOBWYOK, ObIBLUMIA, NOTEHUMANbHBIA, MAM MOCTOSHHBIA Monb3oBaTtenb). Kpome
atoro accoumaumen Web Analytics Association [Cutroni, 2008] npeanoxeHO HECKOMNbKO AECATKOB
[ONONHNTENbHLIX METPUK, YYUTBLIBAOWMX MOCeLlaeMble NONb3oBaTeNeM CTPaHWLbl M BbIMOMHSEMbIE WM
[ENCTBUS, BHYTPEHHWE U BHELLHME UCTOYHWKM NEpexoaa Ha CaiT, AnUTeNbHOCTb BUUTOB, CPEAHEE KONMMYECTBO
MPOCMOTPOB CTPaHWL, 33 BU3WUT, KONMWUYECTBO MOCELLEHUIA LieneBbIX CTPaHUL W LEeneBbiX AeNCTBUMIA (MOKYMOK,
NOAMMCOK, KIVKOB Ha PeknamHble CCbIkW 1 T.1.). B YacTMyHO OBHOBNEHHOM 1 JOMOMHEHHOM BUAE 3TN METPUKM



102 15 — Knowledge — Dialogue - Solution

noaaepxmaiotcs MHorummn Web-aHanuTuyeckumn noptanamu, cpeau kotopbix Google Analytics, Coremetrics
v op.

BonblimnHcTBo Web-MeTpuk nMetoT He Mayccosckuin 3akoH pacnpegenerus [Clifton, 2008], a cnyyaitHbin. M3-3a
3TOr0 MOMyYeHHble 6e3 cerMeHTaLun 3HaYeHUs MOryT ObiTb HEBEPHBIMU. [puuKHa 3TOro B TOM, YTO CobpaHHast
VHTepHeT-cTaTUCTMKa BKMtoYaeT B cebsi OAHOBPEMEHHO Kak CBEAEHUSI O HOBbIX MONb30BATENSsX, Tak U O TEX,
KOTOpblE BEPHYNUCb Ha CalT, KTO TOMbKO O3HAKaMMWBAETCA C MpogyKTamu, O MOKynaTensix, COTpyAHWKax M
KOHKYpeHTax (upMbl. Kaxaas u3 aTux rpynn MOXET, Hanpumep, NOCELLaTh CaliT B pasHOEe BPeEMS W AeHb HEdENU.
B Takoit cutyauun pasbueHne nonb3oBaTeneit Ha rpynnbl U BbIMMCIEHWE NS KAKOOW M3 HUX COBCTBEHHOrO
3HaueHMs CpefHero BpeMeHu noceLleHuns byger uenecoobpasHee.

3. CpaBHMTeanblﬁ aHanu3 OCHOBHbIX NOAXOA0B K CerMeHTaLumMmn nonb3oBaTenen Cautos

PaccMOTpuM CyLLecTBYIOLLME Ha CEroaHsWHWA AeHb OCHOBHblE MOAXOAbI K cerMeHTaumu, npuHsatole B Web
Usage Mining [Markov, 2007] ans aHanu3a nonb3oBaTenei, W MeToabl CermeHTauun notpebutenen,
“cnonb3yemble B MapKETUHIOBbIX UccneaoBaHusix [Weinstein, 2004]. B 3aBucumocTt oT cnocoba pa3bueHns Ha

CErMEHTbI, UX MOXHO pa3fenunTb Ha MeToAbl CermeHTauum "c yumtenem", "c nogkpenneHnem” n "6es yumrtens".
3.1. MeToab! cermeHTaumm "c yuutenem"

[ns meTogoB cerMeHTauun "C yumtenem" xapakTepHa 4YacTWyHas NpeponpenenéHHOCTb LiENeBbIX METPUK U
Hannume obyvatowmx obpasyos [Mason, 2006], [Markov, 2007]. lonyyaemble CerMeHTbl OCHOBaHbl Ha
HEKOTOPOM  MpefonpeaenéHHon  knaccudvkaummn, kotopas MoxeT OblTb  NpocToi  (Hanpumep, non
MYXXCKOMSKEHCKWN) unu  6onee cnoxHoit (Hanpumep, "MepBble NONb3oBaTENM C OTMEHEHHOW MOKYMKOW
Tenesm3opa"). Pa3bueHne BbINOMHSETCS HA OCHOBE rMNOTe3bl 06 MHTEPECHOCTU, BAXHOCTU W 3HAYUTENBHOCTH
OyayLUmX CEerMeHTOB.

BOMbLUMHCTBO CyLLECTBYIOWMX Ha CErofHs CPeAcTB aHanuWsa nonb3oBaTenelt calitoB, Takue kak Google
Analytics, Coremetrics, npegnaralT LETEPMUHMPOBAHHbIE NOAXOAbl K CErMeHTauuu C WCMonb30BaHWEM
cratucTudecknx metogos [Liu, 2008]. Mpu 3ToM AaHHbIE MOryT 06obLaTbes B NpeaonpeaenéxHble 6rokn Bpoge
[Heil NoceLUeHn, OTAENbHbIX CECCUIA, NOCETUTENEN UM AOMEHOB, U3 KOTOPbIX NOCTYNWI 3anpoC Nosb30BaTens.

Kak npasuno, metogsl obyyeHus "c yuutenem" BbinonHsiotcs 3a 3 wara [Markov, 2007]: 1) coctaBnsetcs
TPEHUPOBOYHbIN HABOP AaHHbIX C NPEeABAPUTENBHO KNacCUPULIMPOBAHHBIMI 3HAYEHUSMU LieNeBbIX NepeMeHHbIX
B JOMONHEHUN K HE33aBUCUMbIM NEPEMEHHbIM; 2) MyTéM 0By4eHNs C NOMOLLbI0 TPEHMPOBOYHOTO Habopa AaHHbIX
co3faétes 1 npoBepseTcs Mofenb Knaccudukalmm; 3) nonyyeHHas Mogenb NpUMeHseTes Ans Knaccudukawmum
HOBbIX MONb30BaTENeN.

K cermentauuu "c yuntenem" otHocat [Weinstein, 2004], [Markov, 2007], [Liu, 2008] cneaytowme meToapb!:
e 4aCTMYHO UMM NOMHOCTbLIO NpeaonpesenéHHbIe accoLMaTuBHbIE NPaBuUNa;
e  [1epeBbs PeLUEHMI;
e HauBHbIN BaecoBCKUiA KnaccudukaTop;
o  (DaKTOPHbIN, AUCKPUMUHAHTHBIN U PETPECCUOHHBIA CTAaTUCTUYECKUIA aHanu3;
e MeToq onopHbIx BekTopoB (Support Vector Machines);

e aBTOMATMYECKWUi OnpedenuTenb B3aMMOAENCTBMS NO Kputeputo xu-kBagpat (Chi-Square Automatic
Interaction Detection);

e  MHOrOMEpHOE LUKanNpoBaHMe;
e COBMecCTHbI aHanus (Conjoint Analysis);
e  MOAENMpOBaHWUe CTPYKTYpHbIMK YpaBHeHusMY (Structural Equation Modeling).

AccoyuamusHble npasuna 0CO6EHHO pacnpoCTpaHeHbl B PEKOMEHAATENbHBIX CUCTEMAX M MO3BOMAKT HaWUT
Web-cTpaHuLbl, KOTOpblE BMECTE NOCELLAKTCA, U rpynMbl NPOYKTOB, KOTOpble BMecTe nokynatotes [Liu, 2008].
OHM NpeaCcTaBnSIOT TOMbKO NOKANbHbIA WAbMOH A1 HEKOTOPLIX 3anucen U NepeMEHHbIX CErMeHTaLum, u He
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MOTyT CuMTaTbCs BCEODLWMMM M paccmaTpuBaThCsl B kayectBe ctporon mogenu [Markov, 2007]. Mpumep
accouuaTUBHOTO npaBuna: "ecnu Bpems npocmoTpa cTpaHuubl Default.html HeGonbwoe, 10 AnuTENBHOCTH

ceccum Toxe Byaet HebonbLuom ¢ gocToBepHocTho 80,825% 1 noaTepkaeHeM B 22,989% 3anucei”.

®akmopHbIl aHanu3 NpUMeHseTCs K BONbLIOMY KONMYECTBY MEPEMEHHBIX C LENbl0 WX COKpalleHus [0
KMtoYeBbIX (hakTOpPOB, YTO MO3BOAMT Nyulle MOHUMATL MapkeTuHroByl cutyaumo [Weinstein, 2004]. B
MapKeTuHre NPUMEHSIETCS IBE €ro OCHOBHbIX Pa3HOBUAHOCTY: 1) R-thakmopHkIl aHanu3, CoKpalLaLLmMi Maccus
[aHHbIX NyTEM noucka nogobuit B 3HAYEHUSIX nepeMeHHblX; 2) Q-aHanu3, WWYLWMA rpynnbl NOLOBHbIX
notpebutenen.

MHoxecmseHHbIl  pe2peccuoHHbIl aHanu3 Mones3eH AN aHanusa accoupauun Mexay nepeMeHHbIMU
cermeHTpoBaHns [Manxopta, 2002). bonee TouHyt0 KnaccuduKkaumio OaET MemMOoO ONOPHbIX BEKMOPOS 3a CHET
BbISIBMIEHNS HEMMHENHbIX 3aBUCMMOCTEN Mexay NepemeHHbIMM cermeHTupoBanus [Markov, 2007]. Ero
HEe[O0CTaTKOM SBNSETCS BblMUCAUTENbHAS CIOXHOCTL 0ByyYatoLLero anroputma.

Asmomamuyeckuli  onpedenumernb 63aumodelicmeusi NO Kpumepurw xu-keaOpam — Hambonee oOLWwMiA
knaccudpukatop. OH KaTeropusnpyeT BCe He3aBUCUMbIE HENpepbIBHLIE U AUCKPETHbIE Lienble NepeMeHHble no
nogobuto 1 onpegensieT pesynbTUPYHOLLME KaTeropum 4ns nepemMeHHbIX B Buae uenbix rpynn [Weinstein, 2004].

LuckpuMuHaHmHbI0 aHanu3 uCnonb3yeTcs Ans UCCNefoBaHUs pasHWLbl MeXay CerMeHTammu Unu npeackasaHns
BO3MOXXHOCTW YNEHCTBA B rpynnax, HampumMep, CPaBHEHWSI MOKMOHHUKOB MapKku C MPOTMBHUKAMM, OMbITHBIX
nonb3oBateneit ¢ HoBuykamu W T.N. OH BbINOMHSETCS C MOMOLLBK CreumMarnbHbIX YPaBHEHUNA, Ha3biBaeMbIX
OuckpumuHaHmHbiMu GyHKkUmsMu [Weinstein, 2004], n ucnonb3yeTcs 4n1s aHanmaa AaHHbIX B TOM Ciyyae, Korga
3aBKCMMasn NEPEMEHHAs kaTeropuarbHasi, a He3aBUCUMbIE NepeMeHHble — MHTepBanbHble [Manxopta, 2002].

MHozomepHoe wkanuposaHue — 3TO MAapKETWHIOBbIN METOA rpadpuyeckoro npeacTaBneHns atpubyToB
NMPOAYKTOB, OCHOBAHHOTO Ha BOCMPUATUM U MPEAnouTeHUsX nonb3osatenein. Llenblo Metoga sBnseTcs
NOEHTUMKALMA PBIHOYHBIX CErMEHTOB C OnM3KMMU MOTPEBHOCTAMW W B3rMSAaMM OTHOCUTENBHO MPOAYKTOB
[Weinstein, 2004].

Eweé ogHum ucnonb3yeMbiM B MapKETWHre METOOOM SBNsieTcs cosmecmHbili aHanu3 (Conjoint Analysis) —
OCHOBaHHbI Ha M3MepeHuit Bknaga pasnuyHblx aTpubyToB MpOAyKTa B MPUHATME pelleHus o nokynke. OH
MOZESNMPYET NPeanoYTEHUs UMK peakumy nonb3oBaTeneit B TepMuHax Habopa atpubyToB ToBapa. 3atem 3T
NPEANoYTEHNS PaHXMPYIOTCS, OLLEHUBAIOTCS U IPYNNMUPYIOTCS B 0OHOPOAHBIE cermenThl [Weinstein, 2004].

ModenuposaHue cmpykmypHbimu ypagHeHusmu (Structural Equation Modeling) - 310 noaxog k MOAEnMpoBaHuio,
PaCKpbIBAIOWMA CBSA3N MEXAY MHOXECTBOM HabniofaeMblX NepeMeHHbIX B TEPMUHAX CKPbITbIX NEPEMEHHbIX
[Weinstein, 2004].

YacTHbIM cnyyaem cermeHTauun "c yuutenem" siBnsetcs ceameHmauyusi "c nodkpenneHuem" (reinforcement
learning), korga Ans Kaxgoro npeuefeHTa MMeeTcs napa «CuTyauusl, NpuHsToe pelweHne». K atomy Buay
OTHOCAT, B YaCTHOCTU, 380THOYLIOHHOE ModenuposaHue [CHutiok, 2008].

3.2. MeToab! cermeHTaumm "6e3 yuutena"

[ns cermeHTauuv "6e3 yuutens” [Weinstein, 2004], [Markov, 2007], [Mason, 2006], [Liu, 2008] npumeHsitoT:
- KnacTepHblit aHanms;

- accouMaTMBHbIE NPaBUNa;

- HEMPOHHbIE CETY;

- pa3BefoBaTenbHbIN aHanu3 ganHbIx (Exploratory Data Analysis).

Knacmepusauusi 00blMHO MPUMEHSIETCS NEpBO/A BO BPEMS aHanM3a [AaHHbIX C  OTCYTCTBYHOLLMMM
npegonpeaenénHeiMn  3HadeHusiMn  meTpuk [Mason, 2006]. [Mpyu 3TOM NepemeHHble He pasgenslT Ha
3aBUCUMbIE W HE3aBUCUMbIE, U NPOBEPSIIOTCS B3aMMO3aBUCKUMble CBSA3M BCero Habopa nepeMerHbIx [ManxopTa,
2002]. Obwias Lenb KnacTepHOro aHanusa; MakcMM1anpoBaTh noaobue YNeHoB B Npeaenax Kaxaoro Knacrepa u
MakCUMU3UpOBaTb pa3HULy Mexay knactepamu. HegoctaTkoM 3TOr0 MeTofa SBMSETCS OMacHOCTb CO3OaHus
CTaTUCTMYECKM NPaBUIbHbIX, HO 6ECCMBICTIEHHBIX CErMEHTOB B CRyYae HEMPaBUbHbIX HAYamnbHbIX JaHHbIX.
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HelipoHHble cemu - ©Gonee MOLWHbIA WHCTPYMEHT aHanu3a, OLHAKO ero CrnoxHee HacTpauWeaTb U
WHTEpNpeTUPOBaTh pesynbTaThl N0 CPABHEHWIO C KNacTepHbIM aHannsomM [Mason, 2006].

Takke ANs npeaBapuTenbHOW MOArOTOBKW AaHHLIX O AENCTBUSIX NOMb30BAaTENs Ha CailTe MOXET ObiTb
ucnonb3oBaH pasgedbisamenbHbill aHanu3 OaHHbix [Markov, 2007]. 3TOT BWA CTATMCTUYECKOTO aHanuaa
NO3BONSIET BbLINONHATL MPOGHYIO OLEHKY Habopa [AaHHbIX, YMEHbLUMTb €ro pPasMepHOCTb, MPOBEPUTb
B3aMMOCBSI3M MEX[Y NepeMeHHbIMU W BbISIBUTb UHTEPECYEMblE MOAMHOXECTBA 3anuceil XypHana noceLleHui.
PesynbTaTthl aHanu3a oTobpaxatoTcs B BUAE NPOCTbIX rpacMKoB 1 TabnuL, Ans noaaepXKKv NPUHATUS PELLEHus 0
BbINOMHEeHWM Bornee rnybokoro MCCeaoBaHNs € UCMOMNb30BaHNEM CrieLyanbHbIX METOLOB CErMEHTaLuM.

4. MNoka3zaTenu KayecTBa cermeHTauum

He BCe CXeMbl CerMeHTauuu MnomnesHbl C TOYKM 3peHust MapkeTuHra. CornacHo pabotam [Tokapes, 705],
[Weinstein, 2004], [Kotler, 2006] B 0bLem crnyvae cerMmeHTbl JOMKHbI BbITb:

- U3MepsiemMbIMU;
- 00HOPOOHBbIMU 8 npedenax ceaMeHma v PasHoPOOHbIMU MEXQy ceaMeHmamu;

- docmamoyHo 6oMbWUMU W NPUBLUTbHBIMU, NS 3TOTO OHW LOMKHBI MOMHOCTBI) OXBATbIBATh OAHOPOAHYHO
rpynny nonb3osatenemn;

- 00CMyNHbIMU, TO €CTb [JOMKHA BbITb BO3MOXHOCTb JOCTYNa U 06CNYXMBaHUS NOMb30BATENEN CETMEHTOB;

- NPakKMUYHbIMU, TO €CTb MPUrOAHBIMKA K WCMONb30BaHNK SPPEKTUBHBIMA MAPKETMHIOBLIMU MPOrpaMMamu
npuBneyveHns 1 obenyxueaHus notpebutenen;

- cmabusbHbIMU, TO €CTb OCTABATLCA MPUHLMMUANBHO Pa3nMYMMbIMK M MO Pa3HOMY OTBeYaTb Ha pPasHble
KOMBMHALMIN MapKETUHIOBbIX 311EMEHTOB 1 MPOrPaMM.

5. 3tanbl cermeHTauumn nonb3osarenen Web-caita

B pasnnuHbix 0bnacTsix, ucnonb3ywmx cermeHTaumno nons3osarteneit - Web usage mining, Web-aHanutuka u
MapKeTUHT - CYLLECTBYIOT CBOW METOAMKM €€ BbINOMHEHUS. Tak, B MapKETUHIe CEermeHTauus noTpebutenbekux
PLIHKOB BbINOMHAETCS B Tpu 3Tana [Tokapes, 705]: 1) BbIGOP KpuTepues (MepPEMEHHbIX) CermeHTaumuy; 2) Belbop
MeToaa cermeHTauuu; 3) BbIOOp LEMeBbIX CErMEHTOB. OTMX LIAroB HEJOCTAaTOMHO ANf  CerMeHTauuu
nonb3osatenein Web-caintos. Bo-nepsbiX, B AaHHOM Cryyae npu Bbibope MeTpuk W MeTomoB Heobxoanmo
yunTbIBaTh 06MACTb MPUMEHEHUSI PE3yMNbTaTOB CerMeHTauuu: 310 MOXeT ObiTb MOBbILIEHWE APPEKTUBHOCTM
paboThbl cainTa, ero NepcoHanu3aums, Unm xe yTouHeHre noTpeduTenbCkux cerMeHToB. Bo-BTOPbIX, NEPBUYHbIE
AaHHble O MOMb30BaTeNsX, COXpaHseMble B XypHanax CepBepoB, HENPUrOAHbl AN HEenocpeACTBEHHOro
MCNONb30BaHUS W HY)XAATCA B AONONHUTENBHON 06paboTke. YTobbI UX 1cnonb3oBaTh, cornacHo [Jiawei, 2006,
HYKHO:

1) npeOBapuTENbHO WX OYUCTUTL OT HECYLLECTBEHHOW WHCGOPMaLWMKW BpOAE 3arpy3oK M300paeHWn wnn xe
3anwvceit npo nocelleHune carnta Web-areHTamu, cxatb 1 TpaHcOpMUPOBaTL B YA0BHBIN A1 NOMCKA M aHann3a
Ba)XHOW W NOME3HON UHGhopMaLmu;

2) 13 3TWX JaHHbIX MOCTPOMTb MHOFOMEPHbI MaccuB, rae B kayecte uamepeHuin OyayT ucnonbsosaHbl URL,
Bpems, |IP-agpeca, uHdopmauus o cogepxaHuu nocewéHHbix Web-CcTpaHny, LOMOMHWTENbHbIE AaHHblE O
nonb3oBartene u3 xypHanos Web-npunoxeHui, 4tobbl 3aTeM UMETb BO3MOXHOCTb OMPeeNUTb XapakTePUCTUKM
W nocrenoBaTenbHOCTI AEUCTBUI MONb30BaTENe, BbIYMCNTL MOBEAEHYECKME METPUKWN carTa W BbINOMHUTL
CerMeHTaLuio.

OTMW BOMPOCHI B 3HAYMTENBHOM CTENeHn yuTeHbl B MeToamuke Cross-Industry Standard Process for Data Mining
(CISP DM), koTopasi npeanoxeHa cosmecTHo komnaHuamu SPSS, NCR, DaimlerChrysler n OHRA. B koHTekcTe
AaHHon metoaukn [Markov, 2007] 1 ¢ y4éTOM HEOHXOAUMOCTW AOMONHMTENBHON 06PabOTKM NEPBUYHBIX AaHHbIX
0 nonb3osatene [Liu, 2008], cermeHTauus Nonb3oBaTeNein MOXET BbINOSHATLCA KaK UTEpaTUBHAs ¥ aganTuBHas
nocnenoBaTenbHOCTb has:
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1. ®asa onpegenexus GusHeca unm NOCTaHOBKM UCCEAOBaHUS.

2. ®asa cbopa, aHanuaa u BbIOOPKN AaHHbIX.

3. MpeaBapuTenbHas o4ncTka, 06beanHEHe 1 MHTerpaums AaHHbIX.
4. da3a MOAENMPOBaHNSA 1 CErMEHTaLN.

5. ®a3za oLeHKN pesynbTaTos.

6. ®asa npuMeHeHUs pe3ynbTaTos.

HekoTopble (hasbl CEermeHTaLmm MOryT 3aBMCETb OT pe3ynbTaToB npeablaywwmx das. B cBow oyepedb nobas
taza MoxeT OblTb MOBTOPHO BbIMOMHEHA C HOBbIMK YCNOBMAMM, ecnu 3Toro OyaeT HyxHO Ans
YOOBNETBOPUTENBHOMO  BbIMOMHEHUS nocrneaylwmx ¢as. Hanpumep, B 3aBMCUMOCTM OT NOBEEHUS U
XapaKTepUCTUK MOZENN CErMEHTaLMN MOXET NOSBUTLCS HEOBXOAMMOCTb BEPHYTLCS K (Das3e MOArOTOBKM LaHHbIX
ONS UX JONOMHUTENBHOM OYUCTKM nepeq ha3oi OLEeHKM pesynbTaTos.

6. CpeacTtBa cermeHTauumm

VHCTPYMEHTbI CEerMeHTaumMn MOXHO pa3aenuTb Ha npeanaraemble B cett WWW u npeacTaBneHHble Ha pbiHke
nporpammHoro obecneyeHus. MNepsble, kak Npasuno, Npu3BaHbl aBTomaThanposatb paboty Web-aHanutukos, 1
npeanaraloT CermMeHTauuio ans yrnybnéHHoro aHanusa ayputopun camta. Cdpepa MX MCNONb30BaHUS
OrpaHuyeHa, TaK kak y uccnegoBatens HeT AoCTyna HenoCpPeACTBEHHO K CTaTUCTUYECKUM AaHHbBIM, METPUKM Yxe
pa3buTbl Ha NpegonpesenéxHble KaTeropui U Ans CEerMeHTaLMn NPUMEHSIITCS NPOCTble MeToAbl 0ByyeHus "c
yautenem”. K Takum cnyxbam MOXHO OTHecTu OecnnatHblii cepBuc Google Analytics, n Kommepueckue
Coremetrics, Nedstat n gp. OHu UMeIOT MHOro 0buiero: GonbLIoe KONMYECTBO NPEeaONpPeaeNEHHbIX CErMEHTOB,
KOTOPbIE MOXHO AONONHUTL COBCTBEHHBIMMW, 06BEANHUTL 1, ONPEAENNB rPaHNYHbIE YCMOBKS, UCMOMNb30BaTh ANS
unbTpaum AaHHbIX, COOPaHHbIX C MOMOLLB COBCTBEHHOMO CYETYMKA MoceleHnin. OHM TaK e no3BONAKT
€03aaBaTh OTYET O XapaKTepuUCTMKax OTCMNLTPOBAHHBIX NOMb30BATENEN 3@ HEKOTOPbIA NEPUOA, CPaBHMBATL MX
XapaKTEPUCTUKM C APYrMMM rpynnamu noceTutenen.

Mpu HanuuMM MaccuBOB CTATUCTUYECKMX [aHHbIX O MOMb30BATENsX, MOXHO BbINOMHUTL CErMEHTaLMI C
MOMOLLbI0 NPeACTaBMEHHbIX HA PbIHKE KOMMEPYECKUX CPEACTB NPOdecCUOHamNbHOMO CTaTUCTUYECKOrO aHanusa
Bpoae Statistica, oubnuotekn "Web Mining for Clementine” SPSS, unu nonpo6oBatb CaMOCTOSITENBHO
BbINOMHWTL pacyéTbl ¢ nomoLybto Bubnuotekn Machine learning framework B cpege Mathematica ot Wolfram
Research, naketa aHanusa gaHHbix MS Excel. Takke eCTb BO3MOXHOCTb pa3paboTaTe COBCTBEHHYIO NporpaMmy
CerMeHTauuMm Ha s3blke Java, WCMonb3ys cCreuwanbHylo OTKPbITYIO KOMMEKUMo anropuTMOB MaLUMHHOTO
0byueHns WEKA.

BbiBOAbI

Bmecte ¢ npogonmxawowmumcs pocTOM UM PacnpoCTpaHeHWeM  3MEKTPOHHOW  KOMMEpUMW W Opyrux
WH(OPMALMOHHBIX  CUCTEM, OCHOBaHHbIX Ha WWW, HakannuBaloTCs UM KOMMEKUMM  NEepPBMYHbIX
cnaboCTpyKTYpUpOBaHHbIX AaHHbIX 06 MCTOPUSX NOCELLEHNN N XapaKTepPUCTMKax Nonb3oBaTenen, cobupaembix
Web-caitTamn Bo Bpems exedHeBHbIX onepauuii. AHanu3 nogobHOM MHAOPMaLMK MOXET MOMOYb ONpeaenuTb
peanbHylo UHGOPMaLMIo O KIMEHTaX, COCTaBUTb MapKETUHIOBbLIE CTPaTErMn Ans NPOayKTOB W YCIYr, OLEHWUTb
3(h(EKTUBHOCTL  KOMMaHWA MO  MPOABMXKEHUIO TOBApOB, MOBbICUTL MPOAYKTUBHOCTL  \Web-npunoxeHun,
nepcoHanuanpoeath cogepxaHne. OOHUM M3 BWOOB Takoro aHanusa SBMSIETCA CEerMeHTauus nonb3oBaTenen
Web-caittos.

B cratbe NnpoaHanuM3nMpoBaH Xapaktep AaHHbIX O MOJib30BATENAX WWW u METPUKN CalTOB B KOHTEKCTE MX
MCMNOJIb30BaHNA ANnA CerMeHTauun nocetutenein \Web-caitTos, npeanoxexHa KJ'IaCCVI(bI/IKaLI,VIFI METPUK,
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paccMOTPeHbl OCHOBHble MyTM U cpeactBa cbopa W Bu3yanu3auuu CBefeHuin o nonb3osatensx. [lad
CPaBHUTENbHBIA aHanM3 OCHOBHbLIX METOZOB CerMeHTauum "c yuutenem" n "6e3 yuntens”, a Takke CpeacTs
CErMeHTaLuM pasnuyHon CroxHocTn, B ToMm uucre Google Analytics, Web Mining for Clementine. Takxe
paccMOTPeHbl OCHOBHbIE NOKa3aTeN kayecTa CerMeHTaLun 1 NpeaioxXeH aaanTUpoBaHHbI BapuaHT npoLecca
CISP DM pns cermeHTauum.

BnarogapHocTu

Pabota onybnukosaHa npu cuHaHcoBomn nogaepxkke npoekta ITHEA XXI MHcTUTyTa MHGOPMALUMOHHBIX TEOpUIA
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounauum cospateneln 1 nonb3oBaTenen
WHTennekTyanbHbIx cuctem ADUIS YkpanHa www.aduis.com.ua.
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SAT-BASED METHOD OF VERIFICATION USING LOGARITHMIC ENCODING

Liudmila Cheremisinova, Dmitry Novikov

Abstract: The problem under discussion is to check whether a given combinational network realizes a system of
incompletely specified Boolean functions. SAT-based procedure is discussed that formulates the overall problem
as conventional conjunctive normal form (CNF) on the basis of encoding of multiple-output cubes the Boolean
functions are specified on and checking whether the combinational network realizes them using a SAT solver.
The novel method is proposed that speeds up the SAT-based procedure due to suggested efficient procedure of
logarithmic encoding multiple-output cubes that allows reducing the number of variables to be additionally
introduced into the CNF under construction.
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Introduction

The role of combinational verification becomes more and more important with the rapid increase of the complexity
of designs synthesized by modern CAD (computer-aided design) tools. Today, verification is a bottleneck in the
overall VLSI design cycle as it consumes up to 70% of design effort [Drechsler, 2000], [Kuehlmann, 2002]. The
objective of verification is to ensure that implemented and specified behaviors are the same. In a typical scenario,
there are two structurally similar circuit implementations of the same design, and the problem is to prove their
functional equivalence. In contrast to that, in the paper the verification task is examined for the case, when
desired functionality of the system under design is incompletely specified. Such a case usually occurs on early
stages of designing when assignments to primary inputs of designed device exist which will never arise during a
normal mode of the device usage. Thus when hardware implementing this device, its outputs in response of
these inputs may be arbitrary specified. In this case verification methodologies must consider only possible input
scenarios to the design under verification and verify that every possible output signal of the implemented behavior
has its intended (described in initial specification) value.

We consider the verification problem for the case, when 1) desired incompletely specified functionality is given in
the form of a system of incompletely specified Boolean functions (ISF system); 2) functions of the system are
specified on intervals (cubes) of values of Boolean input variables and these intervals are large enough; 3) the
ISF system is implemented in the form of a combinational circuit. Efficient methods for equivalence checking were
proposed [Drechsler, 2000], [Kuehlmann, 2002], [Kropf, 1999] most of them can be organized into two major
categories: simulation and SAT based equivalence checking. Both these techniques have in our case some
peculiarities following from incompletely specified functionality of one of the compared descriptions.
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At present, logic simulation is the most widely used technique for ensuring the correctness of digital integrated
circuits in industry because of its scalability and predictable run-time behavior. This technique is based on
verifying a digital system by stimulating inputs of the circuit with binary signal values that propagate in the circuit
leading to a corresponding activation of its outputs, whose values must be consistent with the expected ones. In
our case a special type of simulation could be applied: guided simulation, when inputs are assigned based on
certain information, provided by the design specification. This could reduce in some cases the search space of
the simulator. However though the specification of the designed circuit with n inputs would be specified with a
small number of multi-output cubes, the overall size of Boolean space covered by them can contain up to 27
combinations of n input variables. That is why simulation is infeasible for state-of-the-art designs.

In a modern combinational equivalence checking flow based on formal verification approach, both circuits to be
verified are transformed into a single circuit called a miter derived by combining the pairs of inputs with the same
names and feeding the pairs of outputs with the same names into EXOR gates, which are ORed to produce the
single output of the miter. The miter is a combinational circuit with the same inputs as the original circuit and there
is constant 0 on its output if and only if the two original circuits produce identical output values under all possible
input assignments. To check whether it takes place usually SAT solvers are used requiring their input to be in
conjunctive normal form (CNF). This type of solvers can be applied to circuits by converting them into CNF form.
Majority of SAT applications derived from circuit representation rely on some version of Tseitin transformation
[Tseitin, 1983] for producing CNF of the circuit called as conventional CNF. A circuit-to-CNF conversion has a
linear complexity and introduces as many variables as there are primary inputs and gates in the circuit.

In our case when we have a circuit and a system of incompletely specified Boolean functions we cannot construct
a miter. The key idea proposed is how to organize testing of all multiple-output cubes whether they are realized
by the given circuit. We present a novel SAT based verification method of testing if the given circuit implements
all the multiple-output cubes representing the system of incompletely specified Boolean functions based on
encoding its multiple-output cubes. The proposed method speeds up the SAT-based procedure due to suggested
efficient procedure of logarithmic encoding multiple-output cubes that allows reducing the number of variables to
be additionally introduced into the CNF under construction.

Basic definitions

A system F(X) = {fi(X), (X), ..., fn(X) } (Where X = (x1, X2, ..., X)) of incompletely specified Boolean functions is
represented as mapping of n-dimensional Boolean space E" into m-dimensional space {0,1,-}7, i.e. F(X):
Er —{0,1,-}m, where the symbol “~" denotes don't-care condition, such a function is not defined over the whole
Boolean space E". In the case of ISF don't-care points in E" may differ for different functions. A completely
specified Boolean function f(X) realizes an ISF g(X) iff f(X) can be derived from g(X) by assigning either 0 or 1 to
each don't-care point of E".

An ISF is specified by off-set, on-set and dc-set as subsets of E7, i.e. sets U, Us' and Uss of cubes (Uf'w UP L
Uss = En). Let us specify a system F(X) of ISFs as a set Sr of multiple-output cubes. A multiple-output cube
(u,t) € Sris a pair of row ternary vectors u and t (or conjunctions) of dimensions n and m that are called further
as its input and output parts. The input part u represents a cube in E or a conjunction of some literals (variables
x; € X orits inversions). The output part t is a ternary vector of values of functions for the cube u or a conjunction
of some literals f; € F. For each f; € F the j-th entry tiof tis 1 or 0 (¢/= 1, 0) if all the minterms of the cube u are
in the on-set Us' or in the off-set Uy® correspondingly; otherwise t/ is don’t-care. Representation of a function with
multiple-output cubes has the following distinctive feature: cubes u; and u; can intersect each other and don't-care
value of an element t/ of the output part of (u;, ;) means that either the function f; is don’t-care on the whole cube
u; or f; does not take the same definite value on the whole interval u;, i.e. there exist at least two minterms
covered by the cube u; on which f; has different definite values.

The system F(X) of ISFs given by the set Sr of multiple-output cubes (u;, ;) can be represented in matrix form by
a pair of ternary matrices U and T of the same cardinalities. The matrix U contains input parts of multiple-output
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cubes from Sr as its rows; similarly matrix T specifies output parts as its rows. For example, ISF system F(X)

specified by Sr= {(X3 Xa X5, f1), (X1 X2, i £2), ( X2 X3 X4, f1 o), ( X2X3 Xa, F2), ( X2Xa X5, )} is represented as follows:

X1 X2 X3 X4 X5 f; f
- - 1 1 - 1
1 1 - - - 1 0 2
u= - 0 0 0 - T= 0 1 3 (1)
- 0 1 0 - - 0 4
- 0 - 1 0 - 1 5

A CNF represents a completely specified Boolean function as conjunction of one or more clauses, each being in
its turn a disjunction of literals. CNF representation is popular among SAT algorithms because each clause must
be satisfied (evaluated to 1) for the overall CNF to be satisfied. The SAT problem is concerned with finding a truth
assignment of CNF literals, which simultaneously satisfies each of its member clauses. If such an assignment
exists the CNF is referred to as satisfiable, and the assignment is known as a satisfying assignment.

Matrix representation of CNF formula C containing k clauses and p distinct variables is a ternary matrix C having
k rows and p columns. The entry ¢/ of the matrix in the i-th row and the j-th column is 1, 0 or *~" depending on in
what a form (x; or X)) the variable x; appears or does not appear in the i-th clause of C.

SAT-based verification of logical descriptions with functional indeterminacy

The conventional CNF of a combinational network specifies all combinations of signal values of its terminals that
can take place when it functions. The procedure of derivation of conventional CNF is known, it associates a CNF
formula with each network gate that captures the consistent assignments between gate inputs and its output. Al
such gate local CNFs are joined then in the overall network conventional CNF by using the conjunction operation.
CNF for a gate representing a local function y = f(z1, 2y, ..., z«) is based on defining and representing in a CNF
form a new Boolean function ¢(y,f) = y ~ f(z1, 22, ..., z) [Kunz, 2002] that is true in the only case when both
functions y and f(z1, z, ..., ) assume the same value.
When we have conventional CNF C of a combinational network and a system F(X) of ISFs, the arguments and
the functions of which correspond to primary inputs and outputs of the network, a problem under discussion is to
check whether a given network implements the ISF system. It is true if it takes place for each multiple-output cube
of the system. In terms of the network CNF this condition could be reformulated as follows. For every
multiple-output cube (u;, t) € Sk a value assignment satisfying the conjunction u; At must satisfy the network
CNF. Or, this condition could be reformulated in the form more suitable for the task of SAT solving: a network
realizes an ISF system F(X) iff for every multiple-output cube (u;, ) € Sr a value assignment contradicting to it
and satisfying the conjunction u;A t; is unsatisfying assignment for a network CNF. If u;= x4/ x2'... xi and &=
fify... fai then the CNF P; specifying the contradiction of the multiple-output cube (u;, t), called as the cube-
prohibitive CNF, consists of the following n; + 1 clauses regarding the set X U F of variables:

P{X,F) = xiixg... Xini ( fii v vV Fd).
For example, the cube-prohibitive CNF for the multiple-output cube s, = (x1 Xz, f; f;) of the mentioned ISF system
F(X) (1) contains three clauses: Pa(X, F) = (x1) (x2) ( fi v £2). And all cube-prohibitive CNFs for the ISF system are
shown in the third column of Table 1.

Appending clauses of P; to the network conventional CNF C results in CNF Cpi= C A P;. It is not difficult to prove
that CNF Cp is satisfiable iff the network does not realize the i-th multiple-output cube. As to the whole ISF
system it is not realized by the network iff it does not implement at least one of its multiple-output cubes, i.e. if the
following formula is satisfiable:

Cr=CAP=CA(PivPyv..VvP), (2).
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where P is the ISF system prohibitive formula that, in general, is not in the form of CNF.

Table 1
Encoding cube-prohibitive CNFs P(X, F, W)of the ISF system (1)

Ne | P(X,F) cube-prohibitive CNFs Pi(X, F) unary codes logarithmic logarithmic
codes codes

X1 X2 X3 X4 X5 21 22 z3 f1 b W1 Wo W3 Ws Ws | Wi W2 W3 w1 W2 W3
1. |P - -1 - - - - - - - 0 - - - -1000 0 00
2. - - =1 - - - - - - 0O - - --1000 0 00
3. - - - -1 - - - - - 0O - - --1000 0 00
4. | |- - = = = - - - 0O - ]0----1]000 0 00
5 [P 1 - = = = = - - - - -0 ---1001 - 0 1
6. -1 - = = - - - - - -0 ---1001 0 1
7 0 |- === == - - 01 |-0---1]001 - 01
8 |Ps -0 - - =-=-- - - - - -0--1010 - 10
9. - -0 - - - - - - - - 0 - -1010 - 10
10. - - -0 - - - - - - - -0 --1]010 - 10
" |- - - == - - - 10 |- -0--1010 - 10
12. |Ps -0 - - - - - - - - - = =0 -1011 - 11
13. - -1 - - - - - - - - - =0 -10 11 - 11
14, - - -0 - - - - - - - = =0 -10 11 - 11
5. | |- - = = = - - - - 1 |- -=-=0-10 11 - 11
16. |Ps -1 = = = = - - - - - - - -0 11100 1 - -
17. - - =1 - - - - - - - - =--0 11100 1 - -
18. - - = =-1 - - - - - - - =--0 11100 1 - -
9. | |- - - = = = - - - 0O |- ---01]100 1 - -

20. |QW) 111 1 1 11 -
21. 1 - 1

Encoding of cube-prohibitive CNFs

Converting the formula P = Py v P, v... v P (from 2) into a CNF form could be done always, but that can be hard
problem. We propose the method of construction of ISF system prohibitive CNF P that has linear complexity. It is
based on encoding multiple-output cubes and their prohibitive CNFs using some coding variables w; € W. After
encoding, cube-prohibitive CNFs P(X, F) are transformed into encoded cube-prohibitive CNFs P#(X, F, W) and
the formula (2) into

C = C A (P A PE AL APK) A QW), 3)
where Q(W) provides that the CNF C+e will be satisfiable iff at least one CNF Cpi= C A P is satisfiable. From now
on Q(W) is called as alternative CNF.

When transforming the formula (2) to the CNF form (3) each cube-prohibitive CNF P; is encoded by a code in the
form of a clause di= wi®" v wp 2 v...v Wi (o € {0,1} and wi' = wi, wi= w;) where wj e W. As P(X,F) =
X1 X Xini ( i ffv...v i) then

PAX, F, W) = (i d) ... (X v d) (i ..oV v d).

All used codes should differ from each other. To formulate the conditions the alternative CNF Q(W) in (3) must
satisfy for the chosen encoding of cube-prohibitive CNFs, let us denote by fq and fy functions defined by Q(W)
and d(W) and by Uqg' and Uy - their on-sets that are subsets of the Boolean space E " of all different minterms of
Boolean variables w.

Assertion 1. Codes di(W), da(W), ..., d(W) of cube-prohibitive CNFs and the appropriate alternative CNF Q(W)
must satisfy the following conditions:
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1) (A fa) A fo=00r (M Mg') N Mo' = &;
1

1
2)( A fa) Afg=00r (M Mag") " Mg' = D forallj e {1,2,...,1}.

i#j i#j
The first condition ensures the CNF P(X,F, W)= (P¥ A Pk A... APK AQ (the part of the CNF C¥p) be
unsatisfiable when the analyzed ISF system is realized by the network, i.e. when all cube-prohibitive CNFs
Pi(X, F) (not coded) are unsatisfiable with respect to the network CNF C. If the first condition takes place then
there exists no value assignment of variables of the set W that can ensure all P*¥ and Q(W) be true. The second
condition ensures the CNF P(X, F, W) be satisfiable when the analyzed ISF system is not realized by the circuit,
i.e. there exists at least one multiple-output cube, for example the j-th one, that is not realized by it. Thus, a
variable value assignment can be found satisfying the j-th cube-prohibitive CNF P{(X, F) (and thus PA(X, F, W)
too). The fulfillment of the second condition guaranties that there exists at least one assignment of coding
variables that ensures satisfiability of Q(W) and all cube prohibitive CNFs P# except the j-th one (that is satisfiable
by the assumption).

Encoding by codes of unit length

The method of unary encoding has been proposed in [Cheremisinova, 2008], that introduces as many coding
variables w; as there exist multiple-output cubes in the ISF system specification. According to the method the
following encoded cube-prohibitve CNF is generated for each multiple-output cube (u;,t)= (X4 x2"... xh,
fify... find):

P,K(X, F, W) = (X1’v Wi)(XziV W/) (X’n,-v W/)( ﬁi\/ LV ?m,’V W,'),
and the following alternative CNF Q satisfying the Assertion 1 is (see the forth column of Table 1):
Q(W) = VV1V VVQ\/ eV VV/,
Such an alternative CNF Q satisfies the conditions of the Assertion 1 proposed above:

fyi= wi, fQ= VV1\/ VVQV =V VV/, /_\fd,'= wiwy...w, SO (/.\fdi) A fQ= 0;
1 1
./\.fd,'= WiWa... Wi Wi ... W, SO ( ./\.fd,') A fQ = WiWa... Wi ﬁ/jlﬂ/jﬂ LW #E 0.
i1#] i#]
In [Cheremisinova, 2008] it has been proven that an ISF system is realized by the network with functional
description specified by CNF C iff the following CNF is unsatisfiable:

CAPHEAPEAAPEAWINV W2V ...V W)

Encoding by codes of logarithmic length

The unary encoding of cube-prohibitive CNFs introduces too many additional variables into the CNF that is the
input for a SAT solver. The considerable reduction of the number of coding variables and accordingly the
reduction of the complexity of resulting CNF can be achieved when to encode cube-prohibitive CNFs with codes
of logarithmic length. In that case the minimal number of coding variables could be introduced, it is r= [ foga/|,
where [ is the number of multiple-output cubes. In this method cube-prohibitive CNFs are encoded with different
elementary dizjunctions di= wi®"vwp 2V ...vw;°r of size r. Accordingly, the following encoded cube-
prohibitive CNF is generated for each multiple-output cube (u;, t;) = (x4 X2... X, fi ... fmf):

P= (xiiv d)(x2 v d) ... XV d)( Fiv v Foi v ),

An alternative CNF Q(W) for the given encoding of cube-prohibitive CNFs could be found on the grounds of the
following assertion, that follows from the Assertion 1.
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Assertion 2. If cube-prohibitive CNFs are encoded with codes di(W), dao(W), ..., d(W) then the appropriate
alternative CNF Q(W) is specified by the function fo= A f; , where fy is the function defined by ai(W).
i

Indeed, two conditions mentioned in the Assertion 1 are satisfied:

AJdi
NIAf) AT )=0;

1

2) ( VAN fd,')/\ /\fdi =(fd1...fdj.1fdj+1...fd/))( fmv...v Fd,qv fdjv Fdjnv...v ?d/)=fd1...fdj.1 Ejfdjﬂ...fd/io.

i#] i
In conformity with the Assertion 2 the alternative CNF Q(W) will be:
QW) = (Wi w2y v WS A A (W wRPR Lo Wi th)) =

—|(W11611 vwl2v. v W1rc1’) V..V —|(W/1c/1 VWL v erc/,) =
= VVHG11 VV12012... VVWG" V..V VVMG” Vvlf’?v eV VV/,G/'. (4)
Thus alternative CNF Q(W) will consists of 2/ -/ clauses that correspond to those combinations of variable w;
values that are not used for encoding of cube-prohibitive CNFs. For example, when using codes
{( VV1V VV2V VV3), ( VV1V VVzVWa), ( VV1\/W2V VV?,), ( E/1VW2\/W3), (W1V VVz\/ VV3)}
for encoding five cube-prohibitive CNFs there are three free codes

{(W1 \Y4 VVz \4 W3), (W1 v W v VV:;), (W1 Vv Wo v Ws)}

that generate alternative CNF Q(W) = (w1 v w2) (wr v wa) (the fifth column of Table 1).

To simplify the alternative CNF Q(W), it to have less clauses and literals, the task arises to choose such 2/ -/
clauses that would be free from encoding of cube-prohibitive CNFs and could generate simpler CNF Q(W) (if to
apply the identical transformations to them).

The method of encoding by codes of logarithmic length

The idea of the proposed method of logarithmic encoding of cube-prohibitive CNFs is to take constant 1 as an
alternative CNF Q(W). So we should to select such codes for cube-prohibitive CNFs that 1) they satisfy the
conditions of the Assertion 1 and 2) the on-sets of the functions fy corresponding to them cover the whole
Boolean space E':
1) N fi=0 or deﬂ =,

1

1

2) A fg=00r N My'=Dforallje{12,...r
i#j i#j

3) \./fd/: 1or L.)Mdﬂ =Er,
l l

Let us call a clause containing the literals corresponding to all variables from W as a complete one, its size equals
r=[W|. The function fs(W) specified by a complete clause d{W) = wi®" v wp"2v ... v w;" takes the value 0 on
the only minterm that is wi “"wp °2...w; °". And the function fy(W) specified by an arbitrary clause d(W) =
Wit v w2\ ... Wi, p < r, takes value 0 on 22 minterms. Let us denote the set of these minterms as /(d)).

Assertion 3. Clauses di(W), do(W), ..., d(W) may be chosen as codes of cube-prohibitive CNFs, allowing an
alternative CNF Q(W) =1, if they satisfy the following conditions:

1) U l(d) = E;

2) each I(d;) contains at least one minterm (concerned with the clause d) which enters into no other set /(d)).
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These conditions follow from three ones sited above. From the Assertion 3 follows that any i-th minterm
concerned with one of | codes of cube-prohibitive CNFs belongs to the only set /(d;) but each of 27— [ free
minterms belongs to one or more sets /(d)).

The following method of encoding I cube-prohibitive CNFs by codes of logarithmic length results from the
Assertion 3.

1. Find r=[loga/ |.
2. Take | different minterms from E" as ones concerned with codes, they are accepted as initial codes.
3. Form the set M of free minterms of E" that are concerned with no code.

4. For each initial code di{(W) having initially the size r find the maximal interval in the set /(d}) W M. That could be
done using Quine-McCluskey method [Zakrevskij, 2008]. The clause corresponding to the found maximal interval
will be the code of the i-th cube-prohibitive CNF satisfying the second condition of the Assertion 3.

Let us consider the above example of ISF system consisting of five multiple-output cubes. Here three variants of
encoding cube-prohibitive CNFs are shown (minterms concerned with codes are on the left from them, free
minterms are below the set of concerned minterms):

Wi W2 ws w1 W2 ws w1 W2 ws w1 W2 ws w1 w2 w3 w1 w2 w3
P4 000 0 00 010 0 -0 000 0 0 -
P, 0 0 1 - 01 0o 1 1 0 - 1 010 01 -
Ps 010 - 10 100 - 00 100 10 -
P4 011 - 11 10 1 - 01 110 110
Ps 100 1 - - 110 11 - 111 - -1

101 0 0O 0 0 1

110 0 0 1 01 1

111 111 10 1

The first encoding variant is shown in the sixth column of Table 1 and the functions f,(WW) realized by the clauses
di(W) corresponding to the codes of this variant are specified by the following truth table:
Wi wo Wy for fo fon fas fas

000 11100
0 01 11010
010 10110
01 1 11110
100 1110 1
10 1 1101 1
110 101 1 1
111 o1 1 11

One could compare cods shown in the fifth and the sixth columns of Table 1 that are received by simple
logarithmic encoding and by the proposed improved method. It should note too that it is better to encode cube-
prohibitive CNFs with more clauses by codes with less definite components.

The optimality criterion when searching for the encoding of cube-prohibitive CNFs is the total number of literals of
all codes. It should be noted that from the point of view of the complexity of the encoding searched for, in some
cases it is not indifferent which of the minterms will be concerned with some code and which are free. That can
influence on the encoding complexity. The matter is each minterm is adjacent to as many minterms as its size is,
and it can be merged only with each of them. Thus the upper bound of the number of don’t cares in codes is
equal to the sum of sizes of free minterms minus the number of pairs of adjacent free minterms. So it is desirable
to choose 2r -/ free minterms to minimize the number of adjacent among them.

From the procedure of constructing codes of cube-prohibitive CNFs and the Assertion 3 follows that the proposed
method can ensure finding optimal codes of logarithmic length. The more is the number of free minterms the less
is the size of constructed codes. In the worth case when we have 2" multiple-output cubes (and correspondingly
2r cube-prohibitive CNFs) the number of free minterms equals to 0 and the codes are of size r.
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Results of computer experiments

Two encoding methods have been implemented on C++ programming language: one based on unary encoding
and the other based on the proposed here logarithmic encoding. Two similar programs of verification using these
methods of encoding cube-prohibitive CNFs were compared on the same set of pseudo-random pairs of
descriptions: ISF system and combinational network implementing it. MiniSat solver [MiniSat] has been used to
check whether the CNF Cfp = C A (Pik A P A... A Pf) is satisfiable.

The experiments have shown that the considerable reduction of variables (when using logarithmic encoding) did
not bring about substantial speedup of the solution of SAT problem. This fact could take place because of two
antagonistic impacts on the efficiency of SAT-solver. On one hand, the reduction of variables should to speed up
SAT-solver. For example, if verified ISF system consists of / = 32000 multiple-output cubes then it is necessary to
introduce 15 coding variables using logarithmic encoding compared with 32000 using unary encoding. But on the
other hand, the increment of the sizes of clauses in the case of logarithmic encoding (in comparison with the
unary encoding) complicates SAT-solving.
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Abstract: The multicriterion problem of discrete optimization on the feasible combinatorial set of
polyarrangements is examined. Structural properties of feasible region and different types of efficient decisions
are explored. On the basis of development of ideas of Euclidean combinatorial optimization and method of
general criterion possible approaches for the solution of multicriterion combinatorial problem on the set of
polyrrangements is developed and substantiated.
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Introduction

The multicriteria problems of optimization on different sets continue to attract attentions of many researchers [ 1-
10 ]. The models of discrete combinatorial optimization are widely used at the decision of important problems of
the geometrical planning, economy, placing of objects, control process of treatment of information, acceptance of
decisions and others. Lately in the area of research of different classes of combinatorial models, developments of
new methods of their decision great attention is paind to the methods which are based on the use of structural
properties of combinatorial sets [2, 8-15].

A new and actual problem which unites multicriterion of alternatives and feasible sets of decisions having different
combinatorial characteristics is formulated and is explored in this work.

It is of common knowledge, most combinatorial optimization problems can be taken to the problems of the integer
programming, but it is not always justified, as an opportunity account of combinatorial properties of problems [2] is
lost here.

The systematic study of properties of Euclidean combinatorial sets and their research is described in many works
Along with well - known Euclidean combinatorial sets of transpositions, placing, combinations, breaking up more
complicated structures are polycombsnatorial sets are selected. Interest to such sets is conditioned by the
different applied problems, as their certain number is well described by polycombinatorial constructions [12, 14].

t should be noted that problems of Euclidean combinatorial optimization on the polycombinatorial sets are
combined with combinatorial polyhedrons and their properties which are the protuberant shells of such sets. The
promoted interest to combinatorial and polycombinatorial configurations is conditioned by researches of the last
years in the area of computer technologies at creation of modern algorithms and programs for solution of
optimization problems. So polycombinatorial criteria is fated by the necessities of practice. The paper continues
the studies of multicriterion problems over combinatorial and polycombinatorial sets presented in [8, 9]. The
interrelation established between multicriterion problems over combinatorial sets and optimization problems over
a continuous feasible set is used to study some structural properties of the feasible domain and to formulate and
prove a number of theorems on the optimality conditions for different types of efficient solutions of the problems
considered. We propose a polyhedral approach to solving vector combinatorial problems over a set of
polyarrangements. It is based on the methods of principal criterion, cutting planes, and relaxation.
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1.Problem statement. Basic definitions

The multicriterion problems are examined:

Z(®, P (4, H)): max{@(a)|a e P (A,H)},
consisting of maximization of vectori criterion @(a) on the Euclidean combinatorial set of polyarrangements,
where @(a) ®;:R" > R',ieN.

For statement of material we use the concept of multiset A4, which is determined by foundation S(4) and
multiple of elements k(a).

Let a multiset A:{al,az,...,aq}, its base S(4)={e.ey,...e;}, Where e, €R'VjeN,, and the
multiplicity of elements k(e;)=r;,j € Ny, i+ +...+ 1, =g, be given.

Take an arbitrary n Ny Call the ordered n-selection from the multiset A as the set

az(al-l,al-z,...,al-n), (1)

where aj, €4 Vi; €Ny, VjeN,, iy #i, if s#t VseN,.
Let Pq”k(A) be a general combinatorial set of n-arrangements, induced by g>n elements from the multiset 4, k

its elements being different. Denote by E(A) the image of the set P;k(A) mapped into R”. Any point
x € E(A) is such that its coordinates take different values from the multiset A of real numbers, i.e.,
X =(x1,x2,...,xn) , Where X, =a; aj, €eAVi,jeN,.

Let us represent a set N, as an ordered partition into s (where s<q) nonempty pairwise disjoint subsets
J1seenJg, 8., sUCh that J; mJj =, J; #0, Jj #, Vi,je N_, and an ordered decomposition of the
number n into s terms ny,n,,...,n, that satisfies the condition 1<n; <g¢;, VieNs,|Jl~| =g; . Obviously,
Q+q+..+qs=qand n +n,+..+n,=n.

Denote by H a set of elements of the form 7 = (k(1),...,h(n)) = (h',....,h") , where h(j)e N,, je N,,a,and

h' is an arbitrary permutation of elements of the set J; Vi e N, .

Let a submultiset A° of the multiset A consist of the elements of 4 whose numbers belong to the set J; :
i_ i i _
A = {al,...,ani} , |Jl.| =n,.
Definition 1. [12] A set
Py (A, H) = {(@y1y5-- @ )|y € A Vi€ N,, Vhe H{ < R’
is called a general set of polyarrangements.

Without loss of generality, let us arrange elements of the multiset A in nondecreasing order:
a, <a, <...<a,.Obviously, this arrangement also remains for each submultiset 4" ie N, of 4.
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2. Properties of Euclidean set of polyarrangements

The convex hull of a set of polyarrangements P «(A) is a polyhedron of polyarrangements
11..(A4,H)=conv P’ (4, H), whose set of vertices consists of elements of the set of polyarrangements:
vert 7, (A, H)=P (A4, H).

Theorem 1. A polyhedron of polyarrangements 77 ;’,f(A,H ) is defined by the set of all solutions of the following

system of inequalities:

,1e Ny,

ml- m .
1 .
ZxajZZaj, miequ__l,aj eJ;,Vie Ny

a, #a,Vj#t,Vj,ted,.
Let us consider some properties of the polyhedron 77 (A4, H) and its relationship with the general set of
polyarrangements.
Obviously, s subsystems of linear inequalities describing polyhedra of arrangements Hglf'ki ( A ), being convex

combinations of the sets of arrangements «a,;,ie N, can be separated out from the system of linear

i
inequalities (2).
Therefore,

. i oo m; m;

H;;ki(A’)z xeRnin~SZal_ Z z )
J=1 J=1 J=1 J=1

m; € Ng._1,a;€J;,0;#a,9j#t,Vj,t€J;,Vie Ng.
The product of polyhedra M. .M, is known to be a set

N
_6_<)1Mi = {x e R X)), X, €M, Vie NS},where M is an d; -dimensional polyhedron.

Lemma. 1) The product of polyhedrons is a polyhedron;

d1m(®M )= ZdlmM ., where dim M is dimension of set M ;

i=l1

S s
3) k -measured the verges of polyhedron @IMi form the set with the elements of kind @E , where F' .- k, is

the measured verge of polyhedron M, and k, +...+k, =k .
By Statement 3.2 [12],

N . .
® 11" (Al)z{xeRd1+"‘+dS | X = (XpserXg), X; €T, (A') VieNS},
i=1 qik; qik;
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n

N .
i.e.,apoint xe ® Hq{k. (A") satisfies each of s subsystems of the system (2). Hence, we may state that if ai
i=1

)

a(h)=a,y,....a, , where a(h) € Py (4,H) .

is a vertex of the polyhedron H;’fk' ( A ), then a(h) = ®1ah[ ,

i=

Next theorems are just [14].

S .
Theorem 2. [7,{(A,H)=® 11" (4').
=1 9%

Theorem 3. For n<q, the polyhedron of polyarrangements H(’;,i(A,H) is combinatorially equivalent to the

polyhedron of polypermutations H;k(A,H ) of dimension n.
The vertices of the polyhedron HC’I’;E(A,H ) are elements of the set of polyarrangements (’;,i(A,H ).

Theorem 4. A vertex a(h) e vert I14; (4, H) is adjacent to a vertex a(z) € vert/I); (4,H) if and only if
a(z) can be formed from a(%) by a permutation of two unequal components af " a}, j€Jg1, i€Ny.

Note that the total number p of linear inequalities appearing in the system (2) and describing the polyhedron of

ns

polyarrangements 77, (A, H) is very high. It can be reduced in some cases.

Statement 1. If only k out of n coordinates x;,i € N, , of a point xeR" are different, then the number of

n’

inequalities of the system that describe the convex polyhedron 77 ;,f (A,H) can be reduced by excluding

. 4i .
N:Z;Ni inequalities, where N; =1+ ¢, + -Z‘llcé" .
i= I=

Proof. Let us call an aggregate of inequalities of the subsystem for a subset J,, i e N_, of the system (2),

having equal values 71; of the upper limit of summation, the #7; th group of inequalities of this subsystem. Each

mi m; th group includes C;'f" inequalities. Hence, the total number of inequalities describing the polyhedron
1

. qi .
H;iiki (A")is p;= ZCZ_”' =2%,ie Ny . Since there are k; different coordinates ), j € J;, out of g;,
i=0
then some inequalities can be excluded from the ith subsystem of inequalities (2). In view of the condition

a <ay<...<a, forany jeN . m;<gq;i<N;, the following equality holds: @} = a’,,. Therefore, if

i~
the inequalities of the first group in the subsystem (2) hold, the inequalities of the second, third, ... m; th,
) m; .
i€ N, groups will also hold. Indeed, since x;, >a,, jeJ,, ie N, the condition Zxa_ >maj is
!
satisfied for any m, € N, . Hence, the inequalities of the second, third, ..., m;th, i€ N, groups can be
excluded from each subsystem of system (2) describing the polyhedron of polyarrangements 77 ;’,f (4A,H), and

4di .
the total number of inequalities in the m1; th subsystem will be N; =1+¢; + Z Cé . If the set of numbers
J=i+l
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(af,ag,...,a;) possesses the property a§~ = a§-+1 Vj €Ny 1\ Ny _,» i € Ny, the reasoning may be

similar. Then it will suffice to leave only the inequalities of the first, second, ...,(m, — j)th group in the

S
subsystem of the system (2). Therefore, N = ZNi inequalities can be excluded from the system (2).
i=1

Let a set of polyarrangements P,’;,i(A,H ) be mapped into the Euclidean space R" and let us formulate the
problem Z(F,X) of maximizing a vector criterion F'(x) on a feasible set X:
Z(F,X):max{F(x)|xeX}.

To each point a ae Pans (A,H), there corresponds a point xe X such that F(x)=®(a), where
F(x)=(f1(x), f2(X)5ers f1(x)),  f;:R" —>R1,ieN,, X is a nonempty set defined as follows:
X = vert I3 (4, H), where 7y (A4, H) = conv Py (4,H) = IT . Let the problem Z(F', X) contain also
convex constraints that form a convex closed set D < R" of the form D ={x e R" | Bx <d} . Then the feasible
set X =vert I3 (4,H)ND.

In multicriterion optimization problems, the traditional concept of optimality is replaced with Pareto optimality
(efficiency), weak efficiency (Slater optimality), and strong efficiency (Smale ptimality). Thus, by solutions of the

problem Z(F,X) we will mean elements of the following sets: P(F,X) of efficient (Pareto optimal) solutions,

SI (F,X )of weakly efficient (Slater optimal), and Sm(F,X ) of strongly efficient (Smale optimal) solutions.

According to [4-7], the following statements are true for each feasible x € X :

xeSI(F.X)e{yeX|F(y)>F(x)}=0 (3)
xeP(F.X)o{yeX|F(y)2F(x),F(y)#F(x)|=0 (4)
xeSm(F.X)={yeX|y#x,F(y)2F(x)}=@. (5)
Sm(F,X)c P(F,X)c SI(F,X). (6)

Since | X | < o0, the set P(F,X) = and is externally stable [15].

3. Structural properties and optimality conditions of different sets of efficient solutions

Theorem 5. The elements of set Sm(F,X) - strictly efficient, P(F,X) - Pareto-optimal, and SI(F,X)-

weakly efficient solutions of a multicriteria combynatorial problem over polyrrangements of the form Z(F,X)
are located at the vertices of polyhedron of polyrrangements 17, (4, H) .

Proof. Taking into account correlation (6) between the introduced sets of efficient solutions and also according to
fact that the set of feasible solutions X is a subset of the set of vertices of the general polyhedron of

polyrrangements, that 7,y (4, H) , and x < vert [7,; (4, H) we come to x < vert 77, (4, H) the justice of
inclusions Sm(F,X)c P(F,X)c SI(F,X)c vert Hé’,ﬁ (4,H) takes place. The theorem is proved.

Let the functions of vectorial criterion f;(x),i€ N;, are linear, that is F'(x) Structural properties of feasible
region and sets of different types of efficient decisions, marked in the theorem 5, and also linear of functions of



120 15 — Knowledge — Dialogue - Solution

vectorial criterion allows to take the decisions of problem f;(x)= (cl-,x>, ieN;. Xtothe X decision of the
problem G = 174 (4, H)()D.

Statement 2. The following inclusions are true for sets of optimal solutions of the problem Z(F,X):
Sm(F,X)c P(F,X)c SI(F,X)c vertI1; (4,H) .

Let us represent the polyhedron /7. as 77, (A)={x e R" |(z;,x) < y;.ie N} .

Introduce a set N(y)={ie N, |z;.y=7:}, 0" 0(y)={xeR" | 1;x<0,ie N(y)} is a cone that can be
constructed for all points y € vert I7,; (4, H) . Obviously, if N(y)=@, then X < y + 0" I1(y).

The structural properties of the feasible domain X and of the sets of various types of efficient solutions
mentioned in Statement 3 and the linearity of the functions of vector criterion allow reducing the problem

Z(F,X) tothe problem Z(F,G) defined on the continuous feasible set G = 17y (A)N D.

Theorem 6. The following inclusions are true:  P(F,G)NvertITy(4,H) < P(F,X),
SI(F,G)(vert g,i(A,H) c SI(F,X),and Sm(F,G)(vert (’;}E(A,H) cSm(F,X).

Proof. Since vert /753 (4,H)\ D < G, we have

P(F,G)Nvert I (4,H)N D < P(F,G N vert ITg; (4,H) D) = P(F, X).
Similarly, we can prove the relationships
Sm(F,X)=Sm(F,D\vert [z (4, H)) > Sm(F,G) N vert [Ty (4, H) .
SI(F,X)=SI(F,vert I1g; (4,H) D) > SI(F,G) N vert Iz (4,H) .

Let the functions f;(x),i € N,, of the vector criterion F'(x) be linear, i.e., f;(x)= (cl-,x>,i eN;,Ce R™ s
a matix and a linear mapping C:R" —R', and ¢, is its row vector, ieN,. Denote by
K = {x eR" |Cx > O} the cone of perspective directions [4] of the problem Z(F,X), K, = {x eR" |Cx = O}
is the kernel of the mapping C, and intK = {x eR" |Cx > 0} is the interior of the cone K .

As follows from (3)—(5), the statements below are true Vx e X :

xeSI(C,X)e (x+intK)NX =0, (7)
xeP(C.X)ox+(K\Ky)nX =0 (8)
xeSm(C,X)@(erK)mX\{x}:@. 9)

Theorem 7. If the feasible set X of the problem Z(F', X') contains no constraints that describe the convex
polyhedral set D, or I1gi(4,H)c D, ie., X =vertlly (A4,H), then the following equalities are true
VxeR":

SICF, T (A, H) N vert 1T (A) = SIF, X), P(F, I (A, H)) N vert 1T (4, H) = P(F, X),
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Sm(F,H(';)g (A)N vert H(’;,i (A)=Sm(F,X)
Proof. As follows from Theorem 6 and conditions of this theorem, the statements below are true Vx e R":
x e SI(F, g (4, H)) N vert ITyp (4, H) = x € SI(F, X),
xeP(F, Ug,i (4,H))N vert Ug,i (A4,H)= xe P(F,X),
x & Sm(F 11 (A, H)) N vert ITjj; (4,H) = x & Sm(F, X).
Let us prove inverse implications. Let x € SI(F, X), whence x e vert [T; (4, H) by Statement 3. Suppose by

contradiction that erSl(F,Hg,i(A,H)). Since functions f;(x),i e Ny, of the vector criterion F'(x) are

linear, the condition int K () (/7(x)—x) # < is satisfied by Theorem 5 [6], i.e., the cone (x+int K) contains

some points of the boundary of the polyhedron 77z (4, H)) . Therefore, there exists a vertex I7,; (4) belonging

to this cone. By virtue of (7), this means that x ¢ SI(F, X), which leads to a contradiction with the condition of
the theorem. Other statements of the theorem can be proved similarly.

Corollary 1. Under the conditions of Theorem 7, the following statements are true Vx € X :
x e SI(F,X) < xeSI(F, Iy (A, H)) N vert ITpi (A, H),
xeP(F,X) & xeP(F, g (4,H)) N vert [ (4,H),
xeSm(F,X)< xe Sm(F,ngg(A,H) N VertHg)g(A,H).
If the feasible domain X = vert Z,ﬁ (A,H), then the necessary and sufficient optimality conditions obtained in
[6] for all the above-mentioned types of efficient solutions are true for any point x = vert Hgli (4,H) of the
problem P(F', X) . If I1; (A)N D # 143 (A4), then only sufficient optimality conditions are true.
Theorem 8. For an arbitrary x = vert 1753 (4),
xeP(F, Iy (A))ND=xeP(F,X),
xeSI(F, Igi ()N D= xeSI(F,X),
xeSm(F I} (A)N D= xeSm(F,X).
Proof. Since G = 77 (1 D, the following implications are true:
Vx € vert Zi(A,H):xeP(F, g}E(A,H))ﬂD:xeP(F, gji(A,H)ﬂD) =P(F,G)= xe P(F,X),
x e SI(F, i (A, H) D= x e SI(F,X), x€Sm(F, Iy (4,H) D= xeSm(F,X).

Thus, Theorems 5 — 8 establish an interrelation between the problem Z (£, X') and the problem Z(F,G)
defined over a continuous feasible set. It enables to apply the classic methods of continuous optimization to the
decision of vectorial combinatorial problems on polyrrangements and on this basis develop new original methods
of decision, using properties of combinatorial sets and their protuberant shells.
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If the problem Z(F,.X') does not contain linear limitations forming a convex polyhedral set D — R", or if we
have I7 c D, ie. X =vertIl, then, taking into account necessary and sufficient optimality conditions
(theorem 7), the process of its solution is reduced to the search for efficient solutions of the problem Z(F,G)

over the continuous feasible set G =H£},§(A,H ) with the subsequent choice of only the solutions thatf are
vertices of the permutable polyhedron of polyrrangements Hg,i(A,H ).

Analyzing theorems 6 and 8, we obtain the following relationships between the problems Z(F,X) and
Z(F,G): if we have xeR(F,G)ﬂvertHZ;;i(A,H), then xeR(F,X), and if we have

x & R(F,G)Nvertllg; (4, H), then this does not imply that x & R(F,X), where R(F,X) denotes the set
set P(F,X), Sm(F,X) or SI(F,X).

4. Main approach of the task contains additional linear limitationds, the following approach its
decision is offered.

If the problem Z(F,X) contains additional linear constraints, then the following approach to its solve is
proposed.

1. We find the efficient solutions of the problem Z(F,HZ]I/“E (A, H)).

2. We check their membership in the set D . If we have x € P(F, ;’,i(A,H)) N D, then xe P(F,X).

3. We will consider feasible solutions x € X to the problem Z(F,X) that are inefficient in the problem

Z(F,II) e xeX\P(F,Ilg(A4,H)) D, and check them for efficiency. To this and, use the necessary
and sufficient conditions formulated in [15].

Statement 3. A feasible solution x° is efficient if and only if it is an optimal solution of the following problem:

i=1

ZI(F,X):max{ifi(x) Ixe X, fi(x)= fi(x"),ie Nm}

If the solution x” is inefficient, then, as a result of solution of this problem, we find an efficient solution x thatis
more preferable than x°, i.e., we have F(x*) > F(xo).

Continuing investigations and developing the results of [1, 5, 6, 8-13], we propose an approach to the solution of
the problem Z(F,X) on the basis of linear convolution (aggregation) of its partial criteria and the further

reduction of the search for solutions of the initial problem to the solution of a series of scalar (one-criterion)
problems and the check of the obtained solutions for optimality. The method of solution of one-criterion problems
is based on the ideas of decomposition, Kelly ’s cutting-planes, and relaxation.

Next, we consider a method whose realisation takes into account the fact that the number of constraints is
sufficiently large. Then it is expedient to use a relaxation procedure or temporary rejection of some constraints
and the solution of a problem over a wider domain, i.e., under remained constraints.

At the initial stage of construction of the sought-for algorithm, we should determine the initial point. We will

consider a one-criterion problem without constraints that describe a polyhedron D and call them additional
constraints.
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Statement 4. If, for the elements of the multiset A and coefficients ¢ 7. J € N,,, of the objective function of the

problem a maximum functions f(x), conditions ¢ <S¢, S..S¢ and @, <a, <...<a,, respectively, are
satisfied, on the admissible set is attained at a point X =(x;-:,...,x;;)e vert g;ﬁ (A,H) thatis specified as
follows:
* .
xijzajVjeNn, (10)

and its minimum is accordingly attained at a point y = (y,~1 Vi3 Vi, ), where

i =y ¥ 5 Ny U0},

For description and basing of method of decision of the problem we will introduce next denotations. We write
down the feasible region of the problem Z(£7,.X) inthe form G={xe R" | Hx<g}, g=(g1,82,--&4) S

matrix, which is used for the matrix-vectorial form of record of limitations of the form (2) and linear inequalities
describing a polyhedron D, where all limitations are taken to one < kind of inequalities. We will designate Ny

the set, the elements of which determine the numbers of limitations of the system (2) and additional limitations
describing the protuberant many-sided set D : = Ny.

We define sets G;={xeR"|(l.x)<g}.ieN, and, for an arbitrary x*eR", define sets
Ne(x")={ie N, ‘<h,~,x‘”> = g;} — accordingly active and nonactive limitations in the point; x" - accordingly
ieN, the vector-line of matrix and i component of vector H .

We will submit a problem in to consideration, the problem where Z (F,GV):max{F(x) |xe GV} is set of

indexes of limitations, describing the feasible region of problem G ={xeR”

<hi’x>Sgi3ieQV CNq}’a
which is solved on m step of algorithm, Z(F,G"') , is set of numbers of limitations which were not included in this
problem on M step.

Definition 5. We call the quantity 7 (x) = (hi,x) —gj, i € N, adeviation of point x € R” from the boundary of

aset G; and the quantity »(x) = max{z; (x)‘ ieN,} a deviation of point x € R" from the boundary of the set

G . ltis obvious that, for i e N P We have

ri(x)zz“xa/—zg;- , (1)
j=1 Jj=1
andforieNq\Np,wehave
r(x)=(b;,x)—d; (12)

where b;is the I th row vector of the matrix B,d; € R .
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Theorem 9. An efficient (Pareto-optimal, weakly efficient, and strictly efficient) solution x” of problem

Z(F,GY) is an efficient (in the same sense) solution of the problem Z(F,G) if and only if the condition
r(x) <0 is true.

Proof. The necessity of this statement is obvious since the feasible solution x° of the problem Z(/,G") is a
feasible solution of the problem Z(F',G) if and only if the condition »(x) <0 is satisfied. The sufficiency of this
statement follows from the construction of the problem Z(F,G) and the definition of »(x).

The approach to solving the class of vector problems proposed here is to reduce the original multicriterion
problem to an optimization problem with one criterion f,(x),» € N,, which is declared principal or basic

provided that the values of all other criteria should be no less than some prescribed (threshold) values
t,,i € N,\{r}.Thus, we have the problem

Z(f,. X (1) :max{ £, (x)| f;(x) 2 ;i € Ny \ {r},x e X} .
The optimal solution x° of this problem is always weakly efficient, and if it is unique (up to equivalence ~ 7 ), it
is also efficient. If the solution x’ is efficient, then it is a unique (up to equivalence ~ f ) solution of the problem

Z(f,,X()) foranyfixed re N; and ¢, = fl-(xo),i e N, \{r}. Choosing a criterion as the principal one does
not limit the choice of the optimal solution. To determine the threshold values ¢, i € N; \ {r}, Statement 4 can
be used, which makes it feasible to establish the upper and lower bounds for the criteria f;(x), i € N;, on a set
of polyarrangements. We propose two approaches to solve the original problem Z(F,X) . The first approach
assigns the minimum values of criteria f;(x), i€ N;, on the set of polyarrangements to the thresholds
t; € N, \{r} followed by the reduction of the feasible set of the problem Z(f,.,X) by choosing the values of
thresholds ¢, € N, \ {r}, arranged in increasing order, next to the minimum values of the criteria. The second
approach searches for the optimal solution of the problem Z( f,., X') by assigning the greatest feasible values to
the criteria f;(x), i € Ny, and then expanding its feasible domain if the original problem appears inadmissible; if
it is admissible, an efficient or weakly efficient solution is found.

The procedure of assigning constraints to a series of threshold values ¢, is simple in both approaches. Using

Statement 4 and ordering the coefficients of the criteria, we reduce this procedure to computing the scalar
product of two vectors, i.e., to finding values of linear criteria. Taking into account the structural features of the set

of polyarrangements, it is feasible to compute #, more efficiently, using permutations of the elements of each i th,
i € Ny, subset of the multiset A4 .

The general idea of the method proposed to solve the problem Z(F,X) consists in successive inclusion of
constraints of the problem that describe the feasible region.
1. Reduce the multicriterion problem Z(F,G) to a one-criterion problem Z( f,G) using the principal-criterion

method. Put v=0.

2. Select constraints of the original system of linear inequalities that describe the feasible set G = G of the

problem Z( f,G") and use the simplex method to find its optimal solution x" .
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3. If the optimal solution x" is an element of the set of polyarrangements, then, at the point x" , check the
constraints that have not been taken into account. Obviously, they can only be constraints that describe the

convex closed set D . If the solution x" does not satisfy some constraints, then supplement constraints of the

feasible region of the problem Z(f,G"), with the worst-satisfied constraint from the convex closed set D. If the

solution x" satisfies the above-mentioned constraints, it is an efficient solution of the problem Z(F,G) and,
hence, of the problem Z(F,X) .

4. If the solution x" is not a point of the set of polyarrangements, make a cutoff through adjacent vertices that
cuts off a vertex not being feasible (i.e., polyarrangement). Add this cutoff to constraints of the problem

Z(f,GY).
5. Compare the value £'(x") of the objective function with its value found at the previous step. If it decreases,
reject the constraints insignificant at the point x" . If the value of f(x") does not change, do not reject the

constraints. Use the changed feasible region go to Step 2 to solve the problem Z(f,G").

Obviously, the algorithm results in an efficient solution of the problem £ (x"") or establishes its unsolvability by

solving a finite number of subproblems of the form Z(,G").

Conclusions

A vector combinatorial problem has been analyzed using the information about the convex hull of the feasible
region and the properties of polyhedra whose vertices determine a prescribed combinatorial set of
polyrrangements. A method to solve complex multicriterion problems over this combinatorial set have been
developed and substantiated. Using the structural properties of combinatorial polyhedra makes it possible to
develop efficient algorithms to solve new classes of vector combinatoria optimization problems.
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METOQMKA ONPELENEHUA KAYECTBA TECTOBbIX 3AOAHUNA,
OLIEHUBAEMbIX MO HEMPEPbLIBHOW LUKANE
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AHHOmauyus: B pabome onucbieaemcs memoduka onpedenieHus Kayecmea mecmosbix 3adaHuli ¢ NOMOWbH
Kkomopol npogodumcsi ebi0efnieHue 8 mecme HecocmosmenbHbIX 3a0aHull u 3adaHull nIoxo2o Kayecmea.
B pabome nposedeH cpasHUMeNbHbIU aHanu3 npumMeHeHus AUXOmMOMUYECKOU U HenpepbisHOU wkKan 0ns
OUEHUBaHUSI.

Knouesbie cnoea: kayecmgo mecmosbix  3alaHull, Ko3aghhuyueHm  Koppensuuu,  eanudHOCMb,
HecocmosmenbHble mecmosble 3adaHusi, 3adaHusi NyIoXo20 Kayecmea, CIOXHOCMb Mecmoso2o 3adaHus,
cybbekm obyyeHus..

ACM Classification Keywords: K.3.1 Computer Uses in Education

Conference: The paper is selected from XV International Conference ‘Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

OpHUM M3 CrOXHBIX M MPOTMBOPEYMBBLIX BOMPOCOB MPU MPOBELEHWWN TECTUPOBAHWS SBASETCA OLEHWUBaHWE
3HaHWi. B HacToslee Bpems B BOMbLWNHCTBE ClyYaeB UCMOMb3yeTCs AMXOTOMMYECKAs LUKana, Mo KOTOpOM 3a
kaxgoe 3agaHne MoxHO nonyuutb 0 wnm 1 6ann. [aHHas wkana ygobHa npu OLEHMBaHWW 3afgaHui T.H.
3aKpbITOro TUNa, B KOTOPbIX BbIOUPAETCS OAWH NPaBUIbHbIN OTBET M3 MHOrUX. CyllecTByeT MHoroobpasne TMNoB
TECTOBbIX 3afaHuit: 3aKpbITble (MHOrOANbTEPHATUBHBIE 1 OAHOANBTEPHATMBHBIE), OTKPLITbIE, HA YCTAHOBIEHWE
COOTBETCTBUS MEXOY ONEMEHTaMW, Ha YCTaHOBMEHWE MpPaBMIbHOM MOCNEefoBaTENbHOCTY, CUTYaLMOHHbIE
TecToBble 3agaHns [Komnnekc HopMaTuBHUX AokymeHTiB, 1998]. [Ins oueHWBaHWA 3a4aHWid pasHbIX TUMOB YacTo
NPUMEHEHNE AMXOTOMWUYECKOW LKanbl 4acTO HEAOCTAaTOMHO, T.K. B Cnydyae, Koraa CyObekT obyyeHus paet
HenoMHbIM MMM YaCTUYHO NPaBWUIbHBLIA OTBET, OH OLIEHMBAETCS Kak HenpaBWibHblA. Kpome AuxoToMuueckom
LKanbl B HACToslLee Bpems WCMOMb3yeTcs MOMMTOMMYECKAs LUKana, B KOTOPOW AOMYyCKAeTCs HECKOMbKO
kaTeropuin OTBETa Ha 3afaHve, Kaxdas M3 KOTOPbIX OLEHMBAETCS MO-pasHOMy. Hanpumep, 3a MOMHOCTBIO
BEpHbIil OTBET Ha3HayaeTcs 2 6anna, 3a YaCTUYHO BepHbIi — 1 6ann 1 3a HeBepHbI — 0 6annos. Hegoctatkom
9TOM LUKanbl SBNSETCA CMOXHOCTb BblYMCAEHUS OBLiero pesynbrata Ha OCHOBe 0anfioB, MOMyYeHHbIX 3a
3aganus. Kpome T0ro, B 9TOM Clyyae He y4MTbIBAOTCS HENpaBuibHO BbiOpaHHble BapuaHTbl oTBeTa. [poctoe
CYMMMPOBaHMe 0annoB He COOTBETCTBYET MCTWHHOMY YPOBHIO 3HaHM 0byvaemblx. YToObl M3bexatb aTUX
HEeAO0CTaTKoB aBTOpaMu NpeanaraeTcs BBEAEHWE HENpepbIBHOM LUKasbl OLEHUBAHMS 3HaHU Ha UHTepBane oT 0
[0 1 1 cneunanmsvMpoBaHHbIe TEXHOMNOTUM ONpefeneHns OLEHOK 3a BbINOMHEHWE KaX4oro U3 TUMOB TECTOBbIX
3agaHui [Belous N., 2004].

YpoBeHb 3HAHWA CTYOEHTOB BapbMpyeT OT KayecTBa MOCTaHOBKM Y4eBHOro mnpouecca, OT KOnMyecTsa
BblJEeNseMbIX YacoB U OT KayecTBa y4ebHOro matepuana, B TOM Yucne u TecToBoro. PasHoobpasue npuumH,
BMMSAIOLLMX HA KAYeCTBO 3HaHWIA, MOATBEPXKAAET, YTO HEObXOAMMO KOHTPONMPOBATb KayeCTBO TECTOBOMO
mMatepuana C ONpPeAeneHHOn nepuoauyHoCcTbio. [0 KayecTBOM TeCTOBOrO MaTepuana npUHUMatoT
BO3MOXHOCTb pa3nuums cy6bekToB 0ByyeHms ¢ BbICOKMM YPOBHEM 3HaHMIA 1 cnabbix [ABaHecos B.C., 1989].

[ins npoBefieHMst KaYeCTBEHHOTO aHanu3a TEeCTOBOrO Matepuarna, OLEHWBAeMOro No AMXOTOMMUYECKON LuKase
OLIEHMBAHWS 3HAHWA, npeanaraeTcs NPOBEAEHME CTaTUCTUYecKoi 06paboTkv pesynbTaTOB TECTMPOBaHMS
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[ABaHecos B.C., 1989, OnenHuk H.M., 1991, Komnnekc HopmatuBHWX aokymeHTiB, 1998]. OpgHako, Ans
MOBbILIEHNS] TOYHOCTU OLIEHMBAHWS 3HAHWA aBTOPaMW MpeasnaraeTcs NPUMEHEHWe HenpepbIBHOW LWkanbl (B
avanasoHe ot 0 oo 1, rae 1 —OTBET MOMHOCTbIO NpaBWMbHbIA, O — OTBET MOMHOCTHK HEMPaBUNbbIN,
MPOMEXYTOYHbIE 3HAYEHWS1 COOTBETCTBYOT HEMOJHBLIM UMM YaCTUYHO NPaBWibHbIM OTBETaM). [Ans onpegenexus
KayecTBa TECTOB, OLEHMBAEMbIX MO HEMPEPbIBHOM LUKase, aBTopamu NpeanaraeTcs MeToaMKa, No3BonstoLas no
pesynbTataM NpeaBapUTENbHOTO TECTUPOBAHMS BbIAENSATh HECOCTOSTENbHbIE 3a4aHWs W 3adaHust MroxXoro
kayectBa. K HeCOCTOSTENbHLIM — 3aJaHMAM  OTHOCATCS Te  3afaHusl, KOTOpble He CcnyxaT Lenu
A epeHUMpoBaHNs 3HAHUN M ABNAKOTCA B 9TOM cnyyvae GecnonesHbiMu. K Takum 3agaHusM OTHOCATCS
CMULLKOM ferkue (Ha KOTopble OTBETUMW BCE) MU CMILLIKOM TPYAHbIE (Ha KOTOPbIE HUKTO HEe OTBETUN), a Takke
3afjaHus, He OTHOCSLUMECS K pacCcMaTpuBaeMoii B TecTe npegmeTHoi obnactu. 3agaHus, kotopble TpebytoT
KOPPEKTMPOBKM, HANPUMEP, 13-3a HETOUHOCTW (POPMYMPOBOK, OTHOCSTCA K 3aaHUAM NIIOX0ro KavecTsa.

Llenbto paboTbl SBNsieTcs pa3paboTka METOAMKM ONpeaeneHns kayecTBa TECTOBbIX 3aAaHuii, OLEeHUBAeMbIX Mo
HENpepbIBHOM LUKane, YaCTHbIM CNyYaem KOTOPOM SBASIETCS AMXOTOMUYECKas LKana.

MeTtoauka MpoBeaeHuns KayectBeHHoro AHanu3sa TecToBbIX 3agaHum

B obuem Buge TecT npeacTasnsieT coboii cucTeMy, COCTOSILLYIO U3 Habopa TecToBbIX 3afjaHuil. TpeGoBaHue
CUCTEMHOCTM 3aKMoYaeTcs B TOM, YTO MEX[y 3aAaHusAMM, BKMIOYEHHBIMW B TECT, AOMKHbI MPOCHEXMBATLCSA
YeTKMe CBA3W, KOTOPbIE OTPAXalTCA B PeaymnbTaTax BbINOMHEHMS TecTa rpynnoit cybbekto 0bydeHus. [nsa
OLIEHMBAHMA CUCTEMHBIX KAuyecTB TecTa MpUMeEHSIeTCA KoaMULMEHT KOpPEensaLmM, NoKasbiBalowWmMi CcTeneHb
CBA3W MeXMy CryyaiHbIMW BENUYMHAaMW, B AaHHOM Cnyyae, Mex[dy TeCTOBbIMM 3aAaHUAMM, Ha KOTOpble
oTBEYana rpynna CTyaeHTOB.

VcxooHbIMW AaHHBIMK 411 NPOBELEHWS ONMpefeNneHns kavecTBa TeCTOB ABNSAIOTCA pe3ynbTaTbl TECTUPOBAHMS
BbIOOpKM CyObeKTOB 00y4eHUsi, 3a4aHHbIE C MOMOLLBK HEYMOPSAOYEHHON MaTpuLbl Pe3ynbTaToB, B KOTOPOM
cTON6LbI COOTBETCTBYIOT HOMEPaM TECTOBbIX 3[aHUIA, CTPOKW — hamunnam cybbekToB 0byyeHus. SnemeHTamu
HeynopsgoYeHHON MaTpuLbl TECTUPOBAHMUS ABNSAIOTCA PesynbTaThl resj i-ro Cybbekta 0byveHns 3a BbINONHEHWe
j-TO 3afjaHusi, OLEHEHHOro0 NO HenpepbiBHOW cucTeme B Auanas3oHe [0,1]. Mo ucxogHOW HeynopsizoyYeHHOM
MaTpule CTPOWUTCS YNopsdoYeHHas MaTpuua, AaHHble K3 KOTOPOH SBMSAKTCA WCXOAHBIMW K MPOBELAEHMI0
JanbHeAWwux BbluMUCNeHWA. [lo  HeynopsigoYEHHOM MaTpuue pesynbTaToB TECTUPOBAHMS  ONpeaenstoTcs
HECOCTOATENbHbIE 3aAaHNs (3a4aHns, C KOTOPbIMU He CNPaBUIICS HU OAWH CyObekT 0By4eHus 1 Te, C KOTOPbIMM
BCE CMpaBUMn1Chb). OTW 3afaHus B yNOpsAOOYEHHYID MaTpuy He BkntovatoTcs. OcTaBLUMeCs TeCToBblE 3afaHus
ynopsaouMBaloTCs crefyowmum obpa3oM: CTPOKM MaTpuubl YnopsgouMBaloTcs no cymmapHomy 6Ganny 3a
BbINOTHEHWE BCEX 3afaHWi KaxabiM CyObekToM oByyeHus B MOpsiake BO3pacTaHUs CBEPXY BHU3, CTONOUbI
MaTpuLbl — N0 CyMMapHoMy Banny 3a BbINONHEHWE Kaxaoro 3afaHns Bcemu cybbektamm obyyeHus B nopsiake
ybbiBaHUS cneBa Hanpaso. YNopsnoYeHHas MaTpuLia TECTOBbIX pe3yNbTaToB NpuBeAeHa Ha pucyHke 1.

Mocrie ynopsigouuBaHus MaTpuLbl TECTOBLIX PE3yrnbTaToB BbIMMCMAIOTCS BENMYMHbI R - mepa TpyaHocTw

3afanus (cpeaHui 6ann no Bcem 3afaHuam) u R, - cpegHuit 6ann no Bcem cybbektam obyveHus.

R 1 N
R, =§i§resﬁ, (1)
J— 1 n
R, =—>res;, (2)

n j=1
rae n — Konn4yecTso 3a,anm7|, BKNMKOYEHHbIX B TECT,

N — KONM4YECTBO CTYAEHTOB, NPOLLEALLNX NPeSBAPUTENBHOE TECTUPOBAHME.
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Mo ynopsipo4YeHHOM MaTpuLe CTPOUTCS KOPPensLMOHHas MaTtpuua TecTOBbIX 3afaHui, kotopas oTobpaxaer
CTeneHb CBSA3N TECTOBbIX pesynbTaToB CybLEKTOB 00y4eHns (puc. 2).

Statistic

makin  Tabnkua

i R208
| cTuaeHT B 05 0 0.7 o 1 o
cryaern 8 0 03 03 05 o 05 22
[—— E 0 05 0 l015 07 235
I E 1 05 05 o 0 E
| crunewr 3 E 08 o 07 E 02 [37
P— 08 E [ E o 0 138
[— E E o B E B B
[ 03 B [1 0.8 06 B 53
:Koanemso npa... .8,2 ;5,1 -4,8 -4,5 -3,?5 ;3,4 .2?,55

PucyHok 1 — YnopsgoyeHHas Matpuua PesynstatoB TecTupoBaHus
OnemMeHTaMn KOPPensLMOHHON MaTpulbl SBNSIOTCA KO3dduuneHTbl koppensauyun Cj, KoTopble B Cnyyae
NPUMEHEHUS HEeNPepbIBHOM CUCTEMbI OLIEHMBAHWS 3HaHUIA aBTopaMu MpednaraeTcs paccuuTbiBaTh MO
topmyre (3).

N

Z(resia 'resib)_ N‘R_a‘R_b
Cop = = . (3)

(i res;, —N- (R_a)z) ' (i res,, —N- (R_b)zj

rie a u b — TecToBble 3aaaHus, NS KOTOPbIX paccuMTbiBaeTcs KoadduumeHT koppensumr; R, - mepa

TPYAHOCTM a-ro TecToBoro 3afavns; R, — mepa TpyaHoctu b-ro TectoBoro 3agaHmns; Ca, — Koa(puLMEHT

KoppenaLuv TeCTOBbIX 3aAaHnii a n b.

0200

T33 1 0476 0507 0234 0,235 0,151 0524
(121 0476 Kl oz 0,895 ' 0,00605 oion 0,799
136 0507 0124 E 007 057 0135 | 0157
T34 ‘023 085 00777 E 0,052 0,229 0803
T35 10235 000605 087 10,0529 '1 0211 0,367
(132 0151 oion L0125 0,229 0,211 El 0553
(- 1,589 | 2.35405 D407 12,3332 |0.93435 11,567 '

PucyHok 2 — KoppensauuonHas MaTpuua PesynbtatoB TeCTMpoBaHus

Koppensuus 3agaHuit Apyr ¢ Apyrom He AOMKHa ObiTb BbICOKOW, MHAYE 3afaHuns HaYMHaT Ayb6nupoBsaTth Apyr
apyra. o knaccudukaumm KkoadhuuMeHToB Koppenauun [1BOpELKoro CBs3b TECTOBbIX 3adaHuil [OrmKHa
paccmaTtpuBaTbest kak crnabas (koachduumeHT koppensummn Cq, < 0,3). C gpyron CTOPOHbI, MPK OTPULLATENBHBIX
3HaveHusx koadpduumenta koppensumm (Ca, < 0) HabniopaeTcs obpaTtHas Koppensuns Mexgy TeCTOBbIMU
3apanuamu. OTpuuatenbHas KOppensuus Mexay TecToBbiMM 3adaHusamu HexenatenbHa. Ecnn 3apanve
oTpuLaTeNnbHO KOppenupyeT ¢ ApYriMu 3aaHunsiM1, TO UCXOA OTBETOB Ha HEro NMPOTUBOMOMOXKEH pesynbTatam
no Apyrum 3aganusam. Mo Bceit BEPOSTHOCTM y Takoro 3agaHns nubo umeroTcs rpybble ownbku B CoaepKaHum 1
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(vnn) ochopmAneHun (HanpuMep, HeT NPaBMALHOTO OTBETA), IMBO NPOBEPSIOTCS 3HAHMS M3 OPYron NpeaMeTHOM
obrnactu. Takue 3agaHus nognexat yaaneHuo. B cnydvae, npuBedeHHOM Ha pPUCYHKe 2, OTPULATENbHOM
KOppensLmMen oTnmyatoTcs BCe TecToBble 3aaaHus. CrnegyeT obpaTuTb BHAMaHWE Ha TO, YTO OTpULATENbHAs
koppensums y 3aganun 1, 2, 3, 4 n 5 HabnogaeTcs MMEeHHO ¢ 3agaHunem 6. 3To 03HavaeT, YTo NPobneMaTUYHbIM
SBMAETCA WMEHHO TecToBoe 3afaHue 6. Y TectoBoro 3afgaHus 1 Habnogaetcs CunbHas Koppensuus
3ajaHuamn 3 n 4, 4To CBMAETENbCTBYET Takke O NpobremaTnyHOCTV TeCTOBOrO 3afaHus. Pasgenum tenepb
TECTOBbIE 3alaHNs Ha 3afaHNs NIOXOT0 KA4eCTBa U HECOCTOATENbHBIE TECTOBbIE 3aAaHus.

BaxHbIM napameTpom, NpUMEHSIEMbIM NPU NPOBEAEHUN KAYECTBEHHOTO aHann3a TeCTOBbIX 3afaHui, SBNSeTCS
K03(h(ULMEHT BanuAHOCTU. BanugHOCTb — 3T0 Mepa COOTBETCTBUS TOTO, HACKOMBbKO METOAMKAa M pesynbTarhbl
nccnenoBaHus COOTBETCTBYKOT MOCTaBMEHHbIM 3afadam. [ing onpeaeneHns KoauuMeHToB BanuaHOCTL
TECTOBbIX 33JaHW BLIYMCTISIIOTCS KOIPMULUMEHTLI KOPPENsuUMn 3aaaHuin Tecta ¢ cyMMmoi 6annoB cyObekToB

obyuetnss R;. CneposatensHo, V; =C, . A Bbl4MCTIEHNS KOI(DDULMEHTOB BanuaHOCT V, aBTopamm

npeanaraetcs npumeHeHne dopmynbi (4).

N

Z(resij ‘R, )—E-R
Vi=—— - —, (4)
(Zresijz—N-(ij)zj- ZR?—R—
) i=1 N

n
roe R, - cymmapHbiit 6ann 3a BbinonHeHne 3afanui i-ToiM cyGbektom obydenms, R; = > res;
=1

N n
R - cymmapHbIn 6ann, HabpaHHbI BCEMM UCMBITYEMBIMI 3@ BbINOMHEHWE TECTOBbIX 3adaHuii, R = ZZresij .
i=l j=1
Mo Ko3(hPULMEHTY BanMOHOCTM NPOBOAUTCA BbISBMEHWE TECTOBLIX 3afaHWA NMOXOr0 KayecTBa U
HEeCOCTOSATENbHbIX TECTOBbIX 3afaHui. [ns npakTuyeckux ueneidl ABOHECOB pPeKOMEHOyeT MCnonb30BaTh

koacpdpuunenTbl  BanuaHocTh  V; > 0.5[AsaHecos B.C., 1989]. B cnyyae V; > 0.5TectoBoe 3apaHue

pasgensieT CyGbekToB 0By4YeHMs C BbICOKMM YPOBHEM 3HaHMIA W criabbix. Bce Te 3apaHusi, Ans KOTOPbIX
K09th(HULMEHT BanMOHOCTM MEHbLLUE UMK PaBeH HyMto, HECOCTOSTENbHbI U HEMPUIOAHbI NS KOHTPONS 3HaHWA,
Mo3TOMY MX Hado yAansTb M3 CO3AABaeMOro TecTa, a Ans BKIIOYEHWS JaHHbIX 3afaHuii B Apyrue TecTbl X

Heobxoanmo CyLWEeCTBEHHO nepenenbiBatb U ynyylarb. 3apaxus xe, Ans KOTOpPbIX 0< Vj < 0.5, sBnsawTcs

3afaHnaMKU NIoXoro KavectBa W TpebytoT Koppekumn. [N OaHHbIX, MPUBELEHHBIX HA PUCYHKE 2, 3adaHnem
Nnoxoro kayectea sensetcs T3 6, HecocTosTeNbHbIM 3agaHuem sensaetcs T3 1. Takum obpasom, T3 1 Tpebyert
KOPPEKTUPOBKM, @ T3 6 OMKHO BbITb MONHOCTBIO yAANeHo U3 TecTa (puc. 2).

BbinonHeHve npeanoxXeHHbIX pacieToB NO3BOMSET CAeNaTh YACTKY TecTa W NepBble BbIBOALI O €70 OXMAAEMbIX
Ka4yeCTBEHHbIX XapakTepucTukax. KoppensumoHHas matpuua pesynbTaToB TECTUPOBAHWS MOCRe MpoBeeHUs
YUCTKK YNOPSIAOYEHHON MaTPULbI NpUBEAEHA HA PUCYHKE 3.

lMocne npoBedeHWst YMCTKM TecTa O MPOBEdEeHUs TEeKyLero M WTOroBOrO OLEHWBAHWSA 3HaHWA CyObeKToB
0byyeHus npouoauTCs pacnpedeneHne TECTOBbIX 3afaHuii MO YPOBHSAM  CNOXHOCTM C  MPUMEHEHUEM
pa3paboTaHHO! aBTOpPaMKU TEXHONMOTMM pacnpedeneHns TECTOBLIX 3aAaHuii MO YpPOBHAM CROXHOCTK [Benoyc
H.B. n ap., 2009].

C yyeToMm npmBeaeHHbIX B paboTe 0603HaUYEHWI, BbIMUCIIEHNE HAYaNbHOMO YPOBHS 3HAHWIA CyObEKTOB 00y4eHus

®i°, HaYarnbHOMO YPOBHS CMOXHOCTM TECTOBbIX 3aJaHui BJF’ N ouddepeHLmpytoLLen cnocobHOCTb TECTOBbIX
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3afaHuit a; npoBOAWTCS Mo hopmynam (5).

iF L RZ0Q

PES';I.I'IbTEITbI TECTHPOEIHHA

T33 1 0,234 0,235 0,602

T34 0,234 E | 0.0529 ' 058
(135 0,235 00529 E ' 0,65
EEE: 0,151 0,229 0211 E 0,654

PucyHok 3 — KoppensauuonHas MaTpuua PesynstatoB Tectuposanus Mocne MposegeHum Yuctku
YnopsgoueHHon MaTpuuel

R. V.

R.
@?:]n |, BQ:]n J_ , q. =—3J (5)
1-R, ! 1-R, ! /1_(Vj)2

C MOMOLLBKD WMHTErPUPOBAHHON (DYHKLWMOHANBHOM MOZENU BblYMCASeTCS Habop napameTpoB [3, KOTOPblE
COOTBETCTBYHKOT YCTOMYMBLIM OL|EHKAaM YPOBHSI CIIOXHOCTW TECTOBbIX 3afaHui. Mocne NpoBEAEHNUs OMMUCaHHBIX
BbIYMCIIEHMIA pa3paboTaHHbIN TECT MOXET NMPUMEHSTLCS N1 NPOBEAEHUs1 OOBEKTUBHOTO OLEHMBAHWS 3HAHWIA
cybbekToB 06y4eHus [benoyc H.B. v ap., 2009].

CpaBHUTENbHbLIN aHaNM3 NPUMEHEHUS METOAUKU NPU AUXOTOMUYECKON M HENPEPbLIBHOM LUKanax

lMycTb Ans onpedeneHus pesynbTaToB TECTUPOBAHUS MPUMEHANACh AMXOTOMWYECKas LKana OLeHUBaHMS
3HaHWi. PaccMoTpum 13noxeHHbIN Boiwe npumep (puc. 1-3) ¢ Ncnonb3oBaHeM AUXOTOMUYECKON LUKarbl. Takum
0bpa3om, ecnv pesynbTaT 3a BbINOMHEHWE TECTOBOrO 3aAaHuns Cy6bekTom 06yyeHnst MeHblue 1, TO B MaTpuLy
pe3ynbTaToB TeCTUpOBaHus ctasiM 0, B NpoTMBHOM crydae — 1. CriegoBaTenbHO, ynopsaoyeHHas martpuua
pesynbTaToB TECTUPOBAHWS NS AUXOTOMUYECKON LKAkl NPUMET BUA:

PesynsTaTel TECTHROBAHWA HnopAgoyeHHan MaTpLLE F.oppenALMoHHas MaTpL

_ T3a1 |T33 (T35 F.omive..
I

cTyaeHT 8 il 0 il 0 0 i
CTUYnEHT B il 0 1 0 0 0 1
CTYLEHT 7 0 1 0 1] 1] 1] 1
cTyneHT 1 1 1 il 0 0 0 2
CTYAEHT 3 il 1 1 0 0 0 2
cTyneHT 4 1 0 il 0 1 1 3
CTYaeHT 5 1 0 il 1 0 1 3
CTUYAEHT 2 1 1 1 1 1 0 ]
Komuecteo npa... |4 4 3 2 2 2 17

PucyHok 4 — YnopsgoueHHas Matpuua PesynstatoB TecTupoBaHus npu Juxotommudeckoi LWkane OueHnBaHns
[ins nony4eHHOM ynopsao4eHHoit MaTpuubl (puc. 4) NoCTPOUM KOPPENSLMOHHYIO MaTpULLy (puc. 5).

M3 aHanu3a pe3ynbTaToB, BHECEHHbIX B KOPPENALMOHHYI0 MaTtpuuy, BWAHO, YTO Gorbluas yacTb 3afaHuit
AEMOHCTPUPYIOT OTpULIATENbHYI0 KOPPENALMI0 MeXay pesynbTaTamut UX BbINOSHEHUS NMBO UMEIOT CUIbHYIO
CBS3b MeXAy 3adaHusIMK1, YTO CBUAETENbCTBYET 06 MX NNOXOM KayecTBe. B CBOK oyepedb, Mnoxoe KavyecTso
Mpu OLEHWBAHUM 3afaHuil NO HEMPEPLIBHOM LUKAane, nokasano Tonbko T3 1, a HecoCTOSATENbHbIM 3a4aHNEM
asnsetcs T3 6 (cM. puc. 2).
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Q208

| Pesynerarei Tectiposarin | YnopAncuentan Matouua | KOPPENAUMOKHAA MATOUUA | HecocTosTeneHes sonpoce! | HanewHocTs TecTa | Snadstin mon
131 1 0 0,758 0577 lus77 0577 l0775
133 0 [1 0,758 [o 0 |57 0,758
135 0258 0,258 1 (0143 [0.148 |0.447 [0.288

[132 losr7 [0 [0.143 [1 0333 (0,333 l0745

T34 losr7 [0 [0.143 [0332 1 (0,333 l0.745
136 0577 |.o577 0447 [0333 0,333 [1 0,348
Buvma [2473 0601 {0851 (2392 [2392 [1219 '
1 [z [0114 l0142 [0309 |0.308 |0.203
A lo17 loma |0.0202 [0159 |0159 [0m2

PucyHok 5 — KoppensuuonHas Matpuua Pesynbtatos Tectuposanns npu Juxotomuyeckoi Lkane OueHnsaHus

[Mpu geTanbHOM aHanm3e TECTOBbIX 3aAaHuiA, BKITIOYEHHBIX B TECT, ObINI0 0TMEYEHO, YTo B T3 6 Kak npaBumbHbIN
Obin BbiOpaH He TOT BapuaHT 0TBeTa, a B T3 1 CNOXHOCTL 3aaHNs 0OBSICHIETCS ANMHHON OPMYNMPOBKONA
3afjaHusl, YTO YCIOXHAET aHanu3 ero cogepxaHns cyobekramm obyyeHus.

Takum 06pa3om, MOXHO CAenaTb BbIBOA, YTO MPUMEHEHWE HENPEPLIBHOW LUKamnbl MpWU ONpeaeneHnn kayectea

TECTOBbIX 3aAaHWUi AaeT [JaHHble C GONMbLUMM YPOBHEM HAZEXHOCTW, YeM MPU MPUMEHEHUN AUXOTOMUYECKO
LKarnbl.

BbiBoabl

PaccmoTpeHHas meToamnka onpegeneHuns kayecTBa TECTOBbIX 3aAaHuiA, OLEHMBAEMbIX N0 HENPEPbIBHOM LUKarne,
NO3BONSIET CO30aBaTb Ka4yeCTBEHHblE TECTbl ANS NPOBEAEHUS OOBEKTUBHOMO OLEHMBAHWS 3HAHWN CyOBLEKTOB
obyyeHus. lMpegnaraemas B paboTe MeToAuMka NPOrpaMMHO peanu3oBaHa B BWAE CUCTEMbI MPOBELEHMS
Ka4yeCTBEHHOrO aHanm3a TECTOBbIX 3afaHui. PaspabotaHHas cucteMa MOXET NPUMEHATLCS Kak npu paboTe ¢
aBTOPCKMM MPOrpaMMHbIM KOMMIEKCOM NpOBefeHNst KOHTpons 3HaHui [Belous N., 2005], Tak U ¢ gaHHbIMK,
MNONYyYeHHbIMU U3 BHELIHUX CUCTEM aBTOMATM3MPOBAHHOIO TECTUPOBAHUS. JTO AenaeT paspaboTaHHy cucTemy
YHVBEpCanbHoW.

lMpegnaraemas nporpaMmHas cuctema npoluna anpobauuio Ha goctoepHom Buibopke (6onee 100 cybbekToB
obyyeHns Ha Tecte w3 132 Bonpocos). [lpu NpPOBEAEHMM aHamu3a pesynbTaToB MPeABapUTENBHOM
TECTUPOBaHNS ObINK BbISIBMEHb! 12 3a4aHWA NNIOXOr0 KAaYecTBa U 5 HECOCTOATENbHbIX 3aAaHuiA, YTO NoKa3ano
paboTocnocobHOCTL Npeanaraemon B paboTe METOAMKW MNPOBEOEHUS KAYeCTBEHHOTO aHanu3a TeCTOBbIX
3aJaHun.

BHeapeHue npeanaraemMon CUCTEMbl B BbICLIMX Y4eOHbIX 3aBEEHWsIX MO3BOMUT MPOBOAUTH KA4eCTBEHHbIN
aHann3 TeCTOBbIX 3afaHWA HEMoCPefCTBEHHO Neped NPOBEAEHMEM MPOMEXYTOYHOTO NMBO UTOrOBOrO
TeCTUpoBaHUS. MporpammHas cucTemMa NpUMEHUMA Kak B y4eOHbIX 3aBeaeHNsX NoGoro YpoBHS akkpeauTaLmm,
TaK 1 B OpraHM3aLusix 1 YYpexaeHusix, rae npoBoauTCs NpodeccuoHanbHblid 0T6OP ¢ MOMOLLBI TECTUPOBAHMS,
a TaKke Ha Kypcax MoBbILLIEHNS KBanMUKaLmu.

BaxHbIM MOMEHTOM MpW OLEHWBAHWW Pe3ynbTaToB BbIMOMHEHUS TECTOBLIX 3ajaHui cybbekTamu obyyeHns
SBMSIETCA BO3MOXHOCTb YrafbiBaHWs npaBunbHbIX oTBeToB [benoyc H.B., 2009]. BosmoxHa cutyaums, korga
cnabblii CTyAeHT cnpaenseTcs ¢ 6onee CroXHbIM 3a4aHNeM, a He MOXET BbINONHUTL 6onee npocToe. B faHHOM
cnyyae peyb MAET He O MIOXOM KavyecTBe MpOCTOro BOMPOCa, a O TOM, YTO Ha Bonee CroXHbI BONPOC OTBET
Obin  yrajaH. B panbHenweMm  nnaHMpyeTcs  YCOBEPLUEHCTBOBATb  METOAMKY NyTeM  MpoBefeHus
npeaBapuTENbHOr0  HOPMUPOBAHWSA, T.e. MepepacyeTa 3HaYeHWd YNOpPsiOYEHHOM MaTpuupl € y4eToM
BO3MOXHOCTW yrafblBaHusl NpaBUIbHOTO OTBETA W CNIOXHOCTW TECTOBbIX 3aAaHuil B 3aBUCUMOCTW OT OTBETOB
cy6bekToB 06y4eHms.
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MOCTPOEHWE MATEMATUYECKOW MOLOENW
ONnTUMMU3ALIUM NPOU3BOACTBEHHOIO PACNUCAHUA
METANNYPTMYECKOI O NPOU3BOACTBA

Anekcangp TypuuH

AHHomayus:  Paccmampusaemcss  npobnema  onmuMu3auyuu  nNpou3godCMeeHHO20  nopmaens
Memariypauyecko20 npednpusmusi 8 MecsyHoM paspese. [Mpednazaemcs OsyxypoeHegash MameMamu4eckas
modesnb, 8 Komopoli KOMGUHUPYemCS Kak nnaHupogaHue no OHAM 8 meyeHue Mecsua, mak U CymoyHoe
nnaHuposaHue npousgodcmea. B pesynbmame 603HuUkaem cneyuanbHas 3adaya onmumu3sayuu, Onsi PeweHust
KOMOPOU MOXHO NPUMEHSIMb NPUBITUXEHHbIE KOMOUHAMOPHBIE aneopummbl.

Keywords: combinatorial optimization, production portfolio metallurgical works.
ACM Classification Keywords: G.1.6 Nunerical Analysis; G.2.1 Discrete Mathematics.

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
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MocTaHoBKa 3agayv OoNTUMM3aLUK NPon3BOACTBEHHOro pacnncaHus

[ins noctaHoBKM 3agayn onTuMmM3aumMm npon3BOACTBEHHOro pacnucaHna MeTannyprmyeckoro npom3soacTea
Heobxoanmo npoaHanu3mpoBaTb OCHOBHbIE TEXHOJIOrMYECKNE npoLecchbl cTtanennaBnibHOro U NUCTONPOKaTHOroO
Npou3BOACTBa, OnpefennTb X 3Ha4Mmble OrpaHN4eHud, C(bOpMyJ'IMpOBaTb Tpe6OBaHMFI K d)yHKLI'VIOHaJ'IbHOCTVI
CCTEMbl aBTOMATHU4ECKOro (*)OpMVIpOBaHVIFI ONTUMarnbHOro NPON3BOACTBEHHOIO pacnmucaHna.

B npon3BOACTBEHHbIX MOAPA3AENeHnax MeTannypruieckoro KoMGUHaTa peanuayioTcs Crieayloline OCHOBHbIE
npoLecch!:

1. JIutbe cnsboB B MaLUMHE HENPEPLIBHOTO MNTHS 3arOTOBKM.

2. PasorpeB cnsiboB nepeq NPOKaTKOM B HAarpeBaTenbHbIX Nevax.
3. Mpokat cnsi6os.

4. Mopeska packaTa Ha OTAesbHbIE NUCTLI 1 06paboTKa NUCTOB.
5. CknaaupoBaHwe roToBoW NPOAYKLWW U BbICINKA 3aKa30B.

COOTBETCTBEHHO, 3HAYMMbIE OrPaHUYEHUs, UCMONb3yeMble MPU MPOEKTUPOBAHWWN CUCTEMbI MAHWUPOBAHUS,
OyayT cnegytoLmmu;

1'. CyTOYHass NpOM3BOAMTENBHOCTb MALUMHBI HEMPEpPbIBHOTO NWTbS 3aroTOBKW, O6bEM OOHOW MraBKu
(BbITONA).

2'.  CyTo4Has Npou3BOANTENBHOCTL, BPEMS BbIXOAA NEYM Ha paboumnin pexum.
3. CyToyHas npon3BOAMTENBHOCTb, MAaKCUMarbHbIN BEC OAHOrO cnsba.
4'.  CyTouYHbIi 06bEM BbiCbInkK, 06bEM Cknaga rotoBoi NPoLyKLWK.

Crnegylowum waroMm gBrseTcs (POPMUPOBAHWE MECAYHOro NOpPTdens 3akasoB, OCHOBHLIMK MapameTpamu
KOTOPOro SBASOTCS: BEC FOTOBOM MPOAYKUMM — V (TOHH), YnCrO OTAEMbHbIX 3aKka3oB — N (eawHuu), obliee
KONMYecTBO NNCTOB npokata — N (LUTyk).

Kaxgblin nnct npokata MOXeT ObITb OXapakTepusoBaH onpeneneHHbIM Ha60p0M napameTpoB (MapKa cTanu,
MeTpuyeckne napameTpsbl, Tpe6OBaHI/1$| no OTrpyske u ﬂp.), TO €CTb KaXAOMYy NUCTY MOXET ObITb npunmncaH
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YHUKanbHbIA HAabop napaMeTpoB, MO3BONSILMIA OAHO3HAYHO MAEHTUPMUMPOBATL €r0 Ha Kaxaom aTane
MPOM3BOACTBRA.

TpebyeTcs co3maTb MaTeMaTUyeckylo Mofenb Npobrembl, KOTOPYK MOXHO WCMONb3oBaTb B cUCTEMaX
ABTOMATUYeCKoro POPMMPOBaHHS MPON3BOACTBEHHOTO PacnncaHus, 06ecneynBatoLLero BbINOMHEHNE NPUHSATBIX
3aKa3oB Haubonee onTUManbHbIM cnocobom. oa NpPoOM3BOACTBEHHBIM pacnucaHWeM, MofpasyMeBaeTcs
COBOKYMHOCTb rpachukoB BbiMycka MPOLYKLMM NPOKN3BOACTBEHHBIMW NOAPA3AENEeHUaMU, B T.4.:

- rpatK nuTbs CNsiboB;

- rpadwk pasorpesa crsioos;
- rpadwk npokata cns6os;

- rpaduK BbICHISKM 3aKa30B.

OCHOBHbIM  KpUTEpUEM OLIEHKM 3ChEKTUBHOCTM CO3AABAEMOTO MHCTPYMEHTa MMaHUpOBaHUS SBMseTCs
UCNONMHUMOCTbL TEHEPUPYEMOrO UM MPOU3BOACTBEHHOTO PACTMCAHMUs, KOTOpasi MofpasymMeBaeT COOTBETCTBUE
c030aBaeMbIX NaHOB TEXHOMNOMYECKMM HOpMaMm 1 YAOBMNETBOPEHNE CYLLECTBYIOLLMM OrpaHUYEHNSIM.

Takke cnegyetr OTMETUTb, YTO Ha 3Tamax (HOPMUPOBAHMS CMSIGOB BO3HMKAKT ONTMMM3ALMOHHBIE 3a4auu,
KOTOpbIE OTHOCATCS K Knaccy npobnem OnTWManmbHOro packpost (cM., Hampumep, [1-3]). OTmeTum, uto Ans
peLLeHns O4HOrO M3 KnaccoB NOAOOHBIX 3a4ay YCneLHO NCnonb3oBanues G-anroputmbl [4].

MocTpoeHne matemaTU4eCcKOn Mogenu

Kak BMOHO U3 NpuMBENEHHOW MOCNeaoBaTeNbHOCTM  WaroB  1-5, MpOLECC BbICTPaMBaHWS  MCKOMOIA
rnocreaoBaTenbHOCT NINCTOB SIBMSIETCS OCHOBOMOMAralolM Mo OTHOLLEHWMIO KO BCEM [pYruMm MpoLeccam.
dopmMMpoBaHMe MocreaoBaTeNbHOCTM MIMCTOB OAHO3HAYHO OMPE.ensieT MocHefoBaTENbHOCTL BCEX APYTiX
TEXHONOrMYECKIMX MPOLECCOB — NUTbS CNsIGOB, pa3orpesa cnsiboB 1 BbICbINKM CHOPMMPOBAHHbIX 3aka3os. Mpu
9TOM peanu3auus ykasaHHbIX NPOLECCOB He NPEACTABMNNETCS CKONb-HUOYAb COXHOM, T.K. NEpPecTaHoBOK KakiX
n1bo anemMeHToB B CHOPMMPOBAHHOI NOCMENOBATENBHOCTM HE NpeanonaraeTcs.

YnopsigodeHne xe nocnegoBaTenbHOCT IMCTOB M3 NOPT(ens 3aka3oB SBMSETCA CIIOXHON ONTUMM3ALMOHHON
3afjayeit, yunTbiBas pa3MepHOCTU BO3HWKAKOWMX 3afay Ha nepecTaHoBKaX, a Takke TPyAOEMKOCTb mpouecca
BbIYWUCIIEHUS 3HAYEHMI LieneBOn (hyHKLUMM, NOCKONBKY ANs 3TOr0 HeobX0AMMO NMPOUMUTUPOBATL BhIMOMHSEMbIE
TEXHOMOrMYEeCcKMe NpoLecchl 1 onepawmmn no 0bpaboTke MMCTOB, COCTABNSAIOLMX MPOU3BOACTBEHHDIN NOPTdEND.

MpennaraeTcs Takas ABYXypPOBHEBas MaTeMaThyeckasi MOAENb: Ha BEPXHEM YPOBHE MPOUCXOAUT pasaeneHue
cnsboB — W, Kak pesynbTat, NUCTOB — MO JHSM NaHMPYEMOro Nepuoaa C y4eTOM OrpaHUYMBalOLLMX YCIOBUIA, a
Ha HIXHEM YPOBHE — (HOPMUPOBAHME U PeLLEHME 3aaau, KOTOPble OTHOCATCS K CYTOYHOMY NIaHMPOBaHMIO.

Kak no cogepxaHuio, Tak 1 C MaTeMaTUYECKON TOYKM 3pEHWsi LIEHTpanbHOM SBNsSeTCs 3ajava pacnpeseneHus
3aKa30B MeX/y AHSMM NaHOBOrO Nepuoaa, No3ToMy COCPELOTOUMMCS MMEHHO Ha 3TOM 3aaauve.

Beenem 0603Ha4eHus:

N={1, ..., N} - MHOXeCTBO HOMEPOB (MAEHTU(UKATOPOB) NUCTOB B NOPTENE 3aKa30B;
Vi - Bec i-ro nucta, i=1,..., n;

N = YACIO BCEX JIUCTOB;

NK — nncTbl, KOTOpPbIE BXOASAT B k- 3akas, k=1, ..., K;

K — yncno 3aka3os;

S - uncno chopmMMpoBaHHbIX CRsiBOB, KOTOPble MOCTYNAlOT HA MpOKaTHOE MPOW3BOACTBO M AMS KaXmoro U3
KOTOpbIX NpUNCaHbI ONPeAeNieHHble NUCTLI 3akasa C y4eTOM Kracca cTanu;

Dk — QMpEeKTUBHbIN CPOK MCMOMHEHMS K-TO 3aKasa (ecnu 4ns HEKOToporo 3akasa | € {1, ..., K.} oH oTCyTCTBYET, TO
cuntaem D'=T);

B- nponyckHasd CNocoBHOCTh NPOKaTHOro CtaHa B CYTKK;
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W — BEC (3Ha4MMOCTB) K-ro 3aKasa;

ms — knacc (kog) cTanu s-ro cnsida, s=1, ..., S;

T — NporHo3HbI Nepuog (415 MecsyHoro nnaHuposanus T e {28, 29, 30, 31}),
MHOXECTBO MMEHLLMXCS B HANM4MK CsIBOB MOXHO onncaTb MaTpuuen Y=(Vis)xs, rae

1, ecnm i—W nuUCT BXOAUT B S—N cnso,

yfs =
0—B MPOTMBHOM Criyyae.

Tyt i=1,...,n;5=1,...,S . MoHATHO, YTO 3aKa3bl POPMMPYIOT pasdueHne nopTdens:
K . .
N= U N N'NON’' =3 vi#jij=1,..,K
k=1

[ins npeacTaBneHns BapuaHTa pelleHus BBegem mMatpuuy X = (Xs)s.r pasmepa S x T, rae

1, ecnn s—n cnab wuarotoBnseTca B f{—1N [eHb,
st T

0-8 NPOTUBHOM CIy4ae.

Ha ocHoBaHMM MMeroLLEencs HcopMaLn 3anuwem Matpuly Z = (Zinxr, rae

1, ecnn nucT | U3roToBnsieTcs B AeHb

0—B MPOTMBHOM Criyyae.

[ns kaxgoro 3akasa k, k € {1, ..., K.}, BBeJleM MHOXECTBO, KOTOPOE COLEPXUT BCE T€ AHM NIaHOBOrO Nepuoga,
B KOTOPbIE UCMOMHSETCA 3TOT 3aKas;

TE(x)={te{,..T}: X z,#0}.

ieNk
OueBMAHO, YTO COCTAB 3TUX MHOXECTB 3aBUCUT OT BapuaHTa pacnpegeneHus cnsbos (MCToB) MO AHAM, YTO W
oTobpaeHo B 0603HAYEHMM.

[ycTb Tenepb
k . k
d; =max{t: t eT"(X)},
k H . k
d, =min{t : t eT*(X)}.
AHann3 COBPEMEHHbIX METanypruyeckux NPOM3BOACTB MoKasan, 4TO Haubonee BaXHbIMU KpPUTEPUSMM
3 dEKTUBHOCTI MOTYT ObITb Takue NoKasaTenu.

Kputepuit 1. PaBHOMEPHOCTb pacnpeaeneHmns 3akasoB MeXay AHAMM.

OnTUMM3aLMS 3TOrO KPUTEPMIO NpecreayeT LeNb AOCTVKEHUS PUTMUYHOCTM OTTPY3KM FOTOBbIX 3aKas3oB, Koraa
FOTOBHOCTb K OTFPY3Ke ONpeaensieTcs 3aBepLUeHeM M3roTOBNEHNS MOCNENHErO NUCTa U3 AaHHOTO 3aKasa.

Kputepuin 2. KoMnakTHOCTb cpoka (Mo AHAM) U3rOTOBNEHWS 3aKasa OTAENbHOMO 3akasuuka.

OTa BenuuMHa OMpeaenseTcs Kak pasHuua Mexay nocnefHWM M nepebiM AHEM, KOTAa UCMONHAETCS AaHHbINA
3aKas3. YMeHbLUEeHWEe Yncna Hen, B KOTOPbIE N3roTaBIMBaETCs onpefeneHHbIN 3akasa ("pasbpoc aHen 3akasa "),
NO3BONSET YMEHbLUNTb NOTPEOHOCTL B CKNAACKMX MOMELLEHNSIX.

Kputepuit 3. Makcumusaums exegHeBHOW 3arpysku MNpPOKAaTHOTO CTaHa, TO eCTb Macca NWUCTOB, KOTOpble
KaTalTCs 3a CYTKW, AOIMKHA B MaKCUMarlbHOM Mepe npubnuxaTbCst K nokasaTento MpomycKHOW CnocoBHOCTY
cTaHa.

YKasaHHbIi KpMTepMVI YYUTbIBAET BENUYUHY OTKMOHEHWA MNaHoBbIX 06bEMOB npokata OT 3afaHHOro
OrpaHn4YeHna Ha Npon3BOJUTENBHOCTb NPOKATHOrO CTaHa.
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Kputepuit 4. MuHuMmu3aums WTpagoB 3a HapyLUEHNE AUPEKTUBHBIX CPOKOB.
Kputepuit 5. MUHUMU3aUmMs NpOLOIIKUTENIBHOCTI UCMONHEHUS NIAaHOBbLIX 3aKa30B.

YuuTbiBaeTCS B TOM CNyyae, Koraa 3arpyeHHoCTb (06beM nopTdens 3aka3oB) He ABMSETCA CMULIKOM 60MbLUIO
MO CPABHEHWIO C NMAHOBLIM NEPUOAOM.

Kputepuit 6. Yncno mapok cTanu, KOTopble NPOKaTbIBAKTCS KaxXable CYTKU, AOMKHO ObiTb MUHAMATbHBIM.
dopmanuayem 3T1 KpUTEPUN MAHUMU3ALIMK CrieayHoLLM o6pa30M.

f(X)=_max {(d"”— (Y= min {(d—d))}, (1)

! ieft,... e el e, K 1}

rpe npepnonaraetcs, yto wacna /...l (I € {1,...,K}) TaKkue, ANs KOTOPbIX d < d’2 <...<dl’<

f2(X) =max{(d; —d;)w"}. 2)
f(X)=maxiyf ®
S n
B-> (D v Vi)xy.ecnu B>Z Zys,- Xy,
F,qu/t: s:‘lsl1’1 s=1 i=1
BB-> | Z Y -V)X,)—B NpOTMBHOM Cydae.

S:

B >0 - wrpad 3a neperpysky NPOKaTHOrO CTaHa Ha eAMHULLYY MacChl NPOAYKLMN.
K
f(X) =26, 4)

df —D*,ecrm df > D",

rge & = .
0—B MPOTUBHOM Crlyyae.
k
Js(X)=max d_. (5)
T
£ =5 ,00), o

roe U, (X') - uncno pasHbIx Mapok ctanu Ha MHOXecTBe cnsibos {re{1, ..., S}: X =1}.

WHTerparnbHyio Lenesyto hyHKUMIO 3a4a4u NPpeACcTaBuM B BULE CBEPTKM YKa3aHHbIX YaCTUYHbIX KPUTEPHEB:
6
FO=2af(X), "

roe a;>0 —BecoBble KOSquDVILI'MGHTbI, yCTaHaBNMBaeMbl€ SKCMEPTHbIM NyTEM.
OrpaquMTeanble ycnoBua 3agaydun:

iysi =1, i=1..n (8)
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Sx =1, t=1..T; (10)
s=1
T
xx, =1L s=L..8§; (11)
t=1
Yz =1, t=1..,T; (12)
i=1
T
Yz, =1, i=l..n (13)
t=1
d'>df, k=1,..,K. (14)

3afaya cocTouUT B NOMCKe Takon MaTpuubl X, , KOTopast MUHUMM3MPYET yHKUMtO (7), T.€.
X, =argmin f(X), (15)

roe obnactb /7 onpepensetcs ycnosusamu (8)—(14).

3aknoueHue

Ona  paccmoTpeHHo npobnembl  ONTUMW3aUMM  MPOM3BOACTBEHHOTO  MpoOLEcCa  MEeTannypruyeckoro
NPOM3BOACTBA MPEANOXEHa [ABYXYpPOBHEBas MaTeMaTtudeckas Mofenb KOMOWHATOpHOW onTumusauuun. [Ans
peLLeHns chopMynMpOBaHHO 3aaa4u Bbin NpeanoxeH KOMOUMHUPOBAHHbIA anropuTM, COCTOSILLMIA U3 anropuTMma
nocrneaoBaTenbHOro NOCTPOEHUS HAYanbHOTO BapuaHTa PeLieHus U UTEPaLMOHHOMO anropuTMa YCKOPEHHOro
BEPOSATHOCTHOTO MogenupoBaHust [5]. OH Obin yCMEWHO NpUMEHEH Ha NpaKkTWKe Ha OQHOM W3 BeayLynX
NPEANPUATAI METaNNypPruyeckoro KOMMeKca.
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Pabota onybnukosaHa npu cuHaHcoBomn nogaepkke npoekta ITHEA XXI MHcTUTyTa MHGOpMaLUMOHHBIX TEOpUI
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounaumm cospatened W nonb3oBaTenen
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MHOIOKPUTEPUANBHBIE 3A0AYM NEKCUKOrPAGUYECKOW ONTUMU3ALIUK
C NUHEAHLIMX ®YHKLIMAMU KPUTEPUEB
HA HEYETKOM MHOXECTBE AJIbTEPHATUB

Haranus CemeHoBa, Jllogmuna KoneukuHa, Anna HaropHas

AHHOmayus: Paccmampusaemcsi MHO20KpUmepuanbHasi KoMbuHamopHas 3adaya neKcukoepaguyeckol
OnMuUMU3auUU Ha HEYeMKOM MHOXecmee abmepHamue ¢ fuHelHbIMU Kpumepusmu. Uccnedyromes cgolicmea
obnacmu  donycmumbix  peweHull. M3nazaemcad O00UH U3 803MOXHbIX no0xo008 K  PeWeHUr
MHO20KpumepuanbHol  KomMbuHamopHol 3adadu C JUHEUHbIMU UeneebiMu (OyHKUUSIMU Ha HeYyemkom
MHOXecmee aflbmepHamus.

Knioueebie cnoea: MHO2OKpumepuanbHasi onmumu3ayus, OUCKpemHasi ONMUMU3auUs, HeYemkoe
KOMBUHaMOpHOe MHOXeCMB0, KOMGUHaMOPHOE MHOXECMBO NEPECMaHOBOK, [Tapemo-onmumarbHble PEWEHUS,
cnabo, CmMpo20  hhekmuBHble  PEWEHUS,  HEYemKoe  MHOXECmeo  allbmepHamug, — Heyemkoe
My/IbMUMHOXECMB0, (hyHKLUS npUHadnexHoCmu.
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BBeaeHue

Mpu peleHnn MHOTUX TNpUKNagHbIX 3afay [JOBOMbHO 4acTo MCXO4Has MHGopMauust [Ansi OnucaHus
MaTemaTU4eckux Mofeneil 3ajaHa HeuyeTko. Takue cuTyauun oToGpaxalT HeaocTaTok WHdopmaumu Ans
PELUEHNs 3a[ja4M, Tak Kak Mpy HEYETKMX YCIOBUSIX U KPUTEPUSIX CTaHOBUTCS MPOBNEMHBLIM NPUHATUE PELLEHNS.
Mpyu MOJEenMpoBaHUM pearbHbIX 3afay HEeYeTKOCTb NPOSIBNAETCS B (hopMe onucaHnst yHKLMIA 1 NapameTpos,
OT KOTOPbIX OHU 3aBUCAT.

HeueTkne MHOXECTBA LUMPOKO MCMOMb3YHTCA B Pa3NyHbIX NPUMEHEHNSIX UCKYCCTBEHHOTO MHTENNEKTA, TEOPUM
pacno3HaBaHusi 06pa3oB, NPUHSATUS PELLEHMIA 1 Ap. Bo MHOTMX NpakTUYeCKnX 3agadax UccnefoBaHMs onepauui,
NPOEKTUPOBAHMS CNOXHBIX CUCTEM, BO3HMKAET HEODBXOAMMOCTb MPUHATUS! PELIEHUS C YY4ETOM HECKOMbKMX
KpUTEPUEB OMTUMANLHOCTW. B TO Xe Bpems LOCTaTOMHO pacnpoCTpaHEHHbIMW Ha MpaKTUKe SBRSIOTCA 3adauu
MHOrOKpUTEPMAnbHOMO BbIBOpa, B KOTOPLIX 334aHO KOHEYHOE MHOXECTBO arnbTepHATUB W anbTepHaTUBLI MOMYT
OLEHMBATBLCA KaK KONMYECTBEHHO, TaK U kayecTBeHHO. OcOBEHHOCTb MHOMOKpUTEPUanbHbIX 3adad, Kak cnocoba
MOZEMPOBaHMs, COCTONT B TOM, YTO B YCMOBUSIX MHOTOKPUTEPUANEHOCTY BhIGOp Hanbonee LienecoobpasHoro
PeLleHns OCYLIECTBNSETCS M3 MHOXECTBA HECPaBHWUMbIX anbTepHaTwB. [lpobnema HaxoxaeHus 3Toro
MHOXeCTBa MMeeT O0MblIOe MPaKTUYECKOE W TEOPETMYECKOE 3HayeHue. Kpome TOro, B pearnbHbIX 3agadax
SKOHOMMKM MOLLHOCTb MHOXECTBA arlbTEPHATVB OYEHb BENMKA, YTO AenaeT npobnemy MpUHATUS peLIeHns
JOCTaTOYHO CnoxHoi. B pabote [2] Obina paHa Matematuyeckas (DOPMYNMpOBKA W MPUBEOEHO
akcumomaTiyeckoe 060CHOBaHMe K3BeCTHOro elle ¢ XIX B. npuHumna SoxsopTa—llapeTo Ana cnyvas 4eTkoro
OTHOLLEHWS NPEANOYTEHNS IULA, NPUHUMAIOLETO pPeLleHne. ITOT NPUHLMN SBMSETCS OCHOBOMOMaratoLLmMmM npu
BbIOOpE HaMMyULLMX PELUEHUA B 3KOHOMUKE M TEXHWKE B TEX CMyvasX, Korda MpUXOAWTCS YuuTbiBaTb Cpasy
HECKOMbKO LieneBbiX PYHKUMA (KpuTepues). BbISCHUNOCH, YTO OH HE YHWUBEpCaneH, a crpaBegMB NMub Npu



140 15 — Knowledge — Dialogue - Solution

peleHnn onpeneneHHoro (XOTﬂ N OOCTAaTOMHO LLII/IDOKOFO) Knacca 3ajay MHOrokputepuanbHOro Bbl60pa. 3a
npeaenammn 3Toro Knacca ero npUMeHeHne puCcKoBaHHO U xe BOO6I.LLe HeaonycTtumo.

B HacToswen pabote npuHUMn mKBOpTa-llapeto pacnpocTpaHseTcd Ha Oonee LUMpOKMIA Knacc 3agad
MHOTOKPUTEPUAnbHOro BbIBopa, B KOTOPbIX MHOXECTBO BOMOXHbIX PELLEHWNA SBASETCH HEYETKIM.

PasnnyHbiM acnektam Teopumu 3agad BEKTOPHOM OMTUMM3ALMN MOCBSLLEHb! paboTbl MHOMMX yueHbIx [1-6]. Kak
W3BECTHO, 3agayn KOMOMHATOPHOWN ONTUMW3aLMK, B TOM YMCNE MHOMOKpUTEpUanbHble, MOTYT BbiTb CBEAEHBI K
3ajavam LEernoYMCIeHHOr0 NPOrpaMMUMpOBaHIUS, OAHAKO 3TO He BCerga OnpaBhaHo, MOTOMY YTO MpU 3TOM
TEPSAETCA BO3MOXHOCTb y4eTa KOMOMHATOPHbIX CBOMCTB 3agayn [1], cnegoBaTensHo SBASETCS LenecoobpasHomn
pa3paboTka HOBbIX MOAXOLOB peLleHUs 3aday KOMOMHATOPHOrO TWMa Ha OCHOBE WCCNenoBaHWs CBOWCTB
obnacTv 4OMyCTUMbIX PELLEHNN.

B HacTosiee Bpems AOCTATOMHO BaXHbl MOAENM, YYWTbIBAKOWME HEYETKME MapaMeTpbl, Kak B LieneBblX
(YHKUMSIX, TaK M B OTpaHN4eHUsIX, 3aaaHHbIX Ha KOMBUHATOPHbBIX MHOXECTBaX.

B fmaHHOM cTaTbe paccMaTpuBaeTCcs MHOroKputepuanbHas 3ajada ¢ fMHEeMHbIMU LieneBbiMK (yHKLMaMK, a
TakKe ee nekcukorpacuyeckas MOCTaHOBKA, Ha HEYETKO 3adaHHOM KOMOGMHATOpHOW 0Brnactu AonyCTUMbIX
pewenuin. MccnenoBaHbl CBOWCTBA HEYETKO 33JaHHOTO KOMOMHATOPHOrO MHOXECTBA MepecTaHOBOK,
SBMAOLLErocst AoNycTMMO 06nacTbto 3agaum. [peanoxeH noaxon K PELIEHNIO U3Y4YEHHON MHOTOKPUTEPUATbHOM
3agauu.

1. MpepBaputenbHble cBegeHUA. OCHOBHbIE MOHATMA U onpeaeneHus

HeueTkne NOOMHOXECTBA OTNINYAKTCA OT 0BLIYHBIX, UMM YETKUX MHOXECTB TEM, YTO B HEYETKOM MOAMHOXECTBE
CTeneHb NPUHaANEXHOCTU aNnemMeHTa MHOXECTBY MOXET ObITb NIOOLIM YMCNIOM €ANHUYHOIO nHTEepBana [0,1], a

He TONbKO OfHMM M3 [BYX 3HAueHWii anemeHToB MHoxecTBa {0,1}, Kak B Cryyae WUHOMKATOPOB OBbIYHbIX

MOAMHOXECTB. OTO CBOMUCTBO HEYETKUX MOAMHOXECTB 06ecneunBaeT BOSMOXKHOCTb TEOPETUKO—MHOXECTBEHHOTO
NpeacTaBneHnst peanbHbIX HETOUHbIX MOHSITUIA, B KOTOPbIX NEPEX0d OT HEMPUHAZANEKHOCTH K NPUHAANEXHOCTH
MPOMCXOANT MOCTENEHHO. BO3MOXHOCTL (hopManuaaLmi MOHSTUN Takoro TUMa okasanach O4eHb NONe3Hoi npy
pa3paboTke NPUHLMMOB UCKYCCTBEHHOTO MHTennekTa 3BM, MOAenupymoLLmMX NPoOLECChl MbILLNEHUS YeNoBeka 1
Ap. HesaBucuMo oT TOro, YTO MCMONb30BaTh — HEYETKME UMK YETKME NOAMHOXECTBA, ONpEeLeneHne CTeneHen
MPUHASNEXHOCT ONUPAeTCsl Ha HEKOTOpble CyGbLEKTUBHbIE KPUTEPUM YENOBEKa, MPUHUMALOLLETO PELUEHNS.
OpHako ecnu npy oNpeseneHnu YeTKUX NOAMHOXECTB NPOM3BOANTCS BbIGOP OLHOTO W3 [ABYX YKCEN — HyMs Uin
eaMHULLI, TO ANs ONpefeneHust HeYeTkUX MOAMHOXECTB BO3MOXHOCTM BbiGOpa CTeneHel MpuHaLIeXHOCTY
HaMHOro pasHoobpasHee. B psiie cryyaeB onpefenieHne NOAXOAALMX 3HAYEHW CTeneHel NpUHAANEXHOCT
9MEMEHTOB HEYETKIX MHOXECTB NPUBOANT K 3HAYUTENBbHBIM TPYAHOCTAM B paboTe ¢ HEYETKIMM NOHSTUSIMM.

B paHHoi paboTe uccrieayeTcs 3agava BEKTOPHOM OMTUMM3ALMM, 3afjaHHasi Ha KOMOMHATOPHOM MHOXECTBE
MepecTaHoBOK, CrieoBaTeNlbHO, HEOOXOAMMO YYECTb TO, YTO BbIMYKIMONA 0GOMOYKON 3TOTO MHOXECTBA ABNISIETCS
06LMiA  NMEpPecTaHOBOYHbIN  MHOTOTPAaHHMK, MHOXECTBOM BEpLUMH  KOTOPOro €eCTb  pacCMaTpuBaeMoe
KOMBUHATOPHOE MHOXECTBO [6-8]. /13y4eHHble CBOACTBA KOMOWUHATOPHBIX MHOXECTB M UX BbIMyKMbIX 060M04YeK
[AoT BO3MOXHOCTb HAaX0aMTb PEeLLeHNe AUCKPETHOI KOMBMHATOPHO! 3aaun Kak ONTUMU3ALIMOHHON 3aaaum Ha
HEMpepbIBHOM  [OMyCTUMOM  MHOXECTBe. Ha  OCHOBaHWMM  YCTAHOBMEHHOW  B3aMMOCBSI3M  MeXay
MHOTOKPUTEPMANbHBIMU 3aja4yaMi Ha KOMOMHATOPHBIX MHOXECTBAX M OMTUMM3ALMOHHBIMK 3afadYaMu Ha
HENpepbIBHOM  [I0MYCTMMOM MHOXECTBE, MNOSIBNSETC BO3MOXHOCTb MPUMEHSITb  KNaccuyeckue MeToAbl
HENpepbIBHOM ONTUMU3ALMM K PELLEHMIO BEKTOPHBIX 3a4a4 Ha pa3nuyHbIX KOMBUHATOPHBIX MHOXECTBAX, a Takke
pa3BMBaTh HOBbIE NOAXOAbLI X PELLEHNS.
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OnpegenumM, Ans  [anbHeiwero wusnoxeHns 0600LeHMe NOHATUA 72 -BbIGOPKM, MyMbTUMHOXECTBA W
KOMOMHATOPHOTO MHOXeCTBa NEPECTAHOBOK Ha Cy4yal HEYeTKO 3aAaHHON HGOPMALMK.

Onpeaenenue 1. HeueTkiM MynbTUMHOXECTBOM X, 33faHHbIM Ha YHMBEPCANbHOM MyMbTUMHOXECTe X,
Ha3bIBAETCA COBOKYMHOCTb Map (x,u ;((x)), rie xeX,a pgy(x) - OyHums: X —>[0,1], koTopas
Ha3bIBAETCA (DyHKLME NPUHAANEXHOCTV MyNbTUMHOXECTBY X .

3HaueHue | i (x) AN KOHKPETHOro x Ha3blBaeTCs CTEMeHbio MPUHAANEXHOCTU ITOro aneMeHTa HeyeTKoMy

MyMbTUMHOXECTBY X .

CornacHo onpenenexHnto, 00bIYHbIE MHOXECTBA o6pa3y+0T NoaKnacc HeYeTKMX MHOXECTB. Hag HeuveTKumu
MHOXeCTBaMW, TaK Xe Kak M Hag OOblYHbIMM MHOXECTBAMU, BbIMOMHSETCS pan OI'Iean'I/IVI, Taknx Kak
o0beaunHeHme, nepecevyeHne, nekapToBo NpousBedeHne, pasHoCcTb U ap. o xe onepauuuM UMerT MecTo 1 And
HEYETKMX MYNbTUMHOXECTB.

MycTb 3apaHo HeueTkoe MynbTUMHOXECTBO A= {aj,p (a1 ),a2.1 7 (a2)-mag.1 (aq)}, ero OCHOBaHMe

S(zzl):{(el,ug (el)),(ez,p,;l (e2)>,...,(ek,p1;i (ek)>}, e e ERl Vj €N = {1,...,k}, KpaTHOCTb

BNeMeHTOB k(e;)=rj,j € N, +nr +..+1 =¢,

b (el-)—min{pL;1 (aij) a;, —ait,j:tt,Vi,j,teNq}.

Ynopsigo4YeHHON HEYETKOW 72 -BbIBOPKOI U3 HEYETKOTO MyNbTUMHOXECTBA A HasbiBaeTcs Habop

a:[(ail,w1 (@ ofa iz, ))] (1)

roe a,-je/] Vij € Ng, €Ny, iy =iy, €cm s=1 Vs € Ny, V1€ Ny,

,(al'z’ I-L/] (aiz)

Onpepenenvne 2. HeyeTkoe MOAMHOXECTBO P(A), anemMeHTaMu KOTOPOrO SIBMSIOTCA HeYeTkue 71-Bbi6opKM

Buaa (1) W3 HEYeTKOro MymMbTUMHOXECTBA A, HA3biBaeTcsl HEYeTKMM EBKMMAOBLIM  KOMBMHATOPHbIM
MHOXECTBOM, ecnm Ans MPOW3BOIbHON napbl ero 3rNEMEHTOB

a:((al’M/](al)>’(a2’Mlz](aZ))"“’(anauj(an))) " b:(bl’u‘/](bl)’bZ’M;l(bZ)"bnauj(bn))
BbIMNOMHAETCA YCNOBWE: a = b < (Hj €N, :(aj,ug(aj)) ::,(bj,u;l(bj))), TO €CTb MHOXECTBO P(A) UmeeT

Takoe CBOVCTBO: [1Ba 3NeMeHTa MHOXecTBa P(A) OTINYHbI OAUH OT PYIOro, eCrIN OHIM HE3aBUCUMO OT [PYriX
OTAMYMIA  PA3NMYAIOTCS MOPSAKOM  pa3sMeLLeHWst CMMBONIOB, KoTopble UMX 06pa3oBbiBaloT 1 CTeneHbl
NPUHAANEXHOCTN HEYETKOMY MHOXECTBY P(A).

[lagum onpeneneHre HeYeTKoro MHOXeCTBa nepecTaHoBOK.

OnpeAeneHMe 3. HeyeTkoe MHOXECTBO NepecTaHOBOK C NOBTOPEHNAMU U3 n [eACTBUTENbHBIX Yncen, cpean
KOTOpbIX &k  pasnuyHblX, Ha30BEM 06LLI|I/1M HEYeTKUM MHOXEeCTBOM MNEpecTaHOBOK T.6. MHOXECTBOM

YMIOPSIOYEHHBIX 72 -BbIGOPOK BUAA (1) M3 HEYETKOrO MyMbTUMHOXECTBA A,ecnn n=g >k, n 0603HaYMM
P, (A) . Mpn paseHcTBe n = g = k NONy4aeM HEYETKOE MHOKECTBO NEepecTaHOBOK 6e3 NOBTOPEHMIA,
Bynem paccmaTpuBaTb 3MEMEHTbI MHOXECTBA NEPECTaHOBOK Kak TOYKM apuUPMETUYECKOr0 €BKNMAOBOrO

npocTpaHcTea R”.
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/13BECTHO, YTO KaX[blil SNEMEHT MHOXeECTBA Pnk (A) ABNAETCA yNnopAAOYEHHbIM Ha60p0M N AeACTBUTENbHBIX

yucen, U3 KOTOpPbIX k pasnn4yHbI. He Tepad O6LI.I,HOCTI/I, ynopsaaodmMmMm  3nemeHTbl MynbTUMHOXEeCTBa A

cnegytowum obpasom:
a1§a2 <...§an. (2)

Hapsmy ¢ KnaccudyeckMM nepecTaHOBOYHBIM MHOrOrpaHHUKOM, BBeAeHHbIM Pago [14], onuwem obwmi
nepecTaHoBOYHbIN MHororpanHuk 11, (4)[15, 16], asnsowwmiics Bbinyknon o6onouykoin obLLero MHOXecTsa

nepectaHoBoK P, (A4):

n n i i
PETEDDTD DN DTS 3)
j=1 J=1

=t =1

ao; ENy, aj=oy, V=t Vi, teN;, Yie Ny, a By (4)=vertll,;(4).

Onpepenenue 4. Bbinyknoit KOMOMHALMER HEYETKUX MHOXECTB Aj,A,,...4, B R’ Ha3biBaeTcs HeyeTkoe
MHOXECTBO A C (hYHKUMEN NPUHaANEeXHOCTM BUaa

n n
“A<x)zz>\iui(x),me X\, >0,ieN,, z>\i:1_
i=1

i=1
HeueTkui BbiNyknbli MHOrorpaHHuk 11, (A) Takke MOXHO NpeAcTaBuTb, Kak BbIMyKMylo KOMGUHALMIO ero

BEPLUWH.

2.MocTaHoBKa 3agauu

O6bl4HO NOA 3ajayeit MaTEMATMYECKOro MPOrpamMMUPOBAHNS MOHUMAOT 3adady OTbICKAHWS JKCTPEMyMa
HEKOTOPO LieneBon (PYHKUMW Ha [OMYyCTUMOM MHOXeCTBe anbTepHaTs. C MOMOLLbI0 LieneBon (yHKLWK
hopmarnbHO NPeACTaBnNSeTC OQHO M3 OCHOBHBIX CBOWCTB aflbTEPHATMB: LIEHHOCTb, NONE3HOCTb, CTOMMOCTb W
Ap. HeuyeTkocTb B MOCTaHOBKE 3afayM MaTeEMaTMYECKOrO MPOrpaMMMUPOBaHUS MOXET COAepXaTbCs Kak B
ONMNUCaHUWN MHOXECTBA anbTepHATUB, Tak W B ONUCaHUM LieneBon (yHKUMU. Pa3nuyHble dopmbl onucaHns
NCXOQHON MHGopMaumn  0ByCMOBMMBAIOT  CYLLECTBOBAHME Pas3nuyHbIX (POPMYNMPOBOK 3aday HEeYeTKoro
MaTeMaTUYeCcKoro NPOrpamMMMpOBaHNs: a) 3agada LOCTWXKEHUS HEYEeTKO NOCTABMIEHHONM Lenn Npu HeyeTKux
orpaHuyeHusx; 6) 3agaya HEYeTKOro MaTeMaTMYecKoro NpPOrpaMMMpOBaHUS MPU  HEYETKOM MHOXECTBE
JONYCTUMBIX anbTepHaTUB; B) HEYETKUIN BapuaHT CTaH4APTHON 3aaun MaTeMaTYecKkoro NporpamMM1MpoBaHm1s co
«CMSATYeHneM» LieneBor (yHKLMM U / Unv OrpaHWyeHuit, rae BMECTO 3aJayu ONTUMM3aLmMu pellaeTcs 3ajava
YOOBMNETBOPEHNS LM U COOTBETCTBYILLME HEpaBEHCTBA ANA LENEBOW (DYHKUMWM W OrpaHWYeHuin MoryT
HapyLaTbCs; ) 3a4ada OnTUMM3aLMM C HEYETKUMI KOS hUUMEHTaMN 1 ap.

B paHHOM cTatbe uccrneayemas 3agava COCTOMT B MaKCUMMU3ALMWM BEKTOPHOM (PYHKUMM F Ha HEYeTKOM
eBKN1A0BOM KOMOUHATOPHOM MHOXECTBE X

PaccmaTpuBaeTcs  MHOTOKpUTepuUarnbHas 3ajgada KOMOWHATOpHOM — OMTUMM3ALMM  Chiedylowero  Buaa:
Z(F,X):rnax{F(x)|x€)~(C Rn}, F(x)=(fi(x)y.e0 fi(X)), f; :R" = R,iEN;, X =@, X —
HeyeTkoe MoAMHOXEeCTBO MHoxectBa X =vertll,; (A)ND, I, (A)=convP,;(A4), Puy(A4)-

KOMGUHATOPHOE MHOXECTBO NEepecTaHoBoK, D C R — BbiMyKMblii MHOrOrPaHHUK, HEYETKOE MOLMHOXECTBO
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X= {x,u )?(x)}, rae xe€X,a pg(x): X —[0,1]- yHKUMS NPUHAANEKHOCTN MHOXECTBY X. X 6ygem
Ha3blBaTb HEYETKUM MHOXECTBOM allbTEPHATUB.

Moa Makcummsaumen 6yaeMm MOHMMATh BbIGOP HEYETKOro MOAMHOXECTBA R HEYeTKOro MHOXecTsa X,
KOTOpPOMY OTBEYAeT Hauborbluee 3HaYeHWe Kak BEKTOPHOM (PYHKUMM F, Tak U PYHKUMM MPUHAZNEXHOCTY
g (X) HEYeTKOMy MHOXeCTBy anbTepHaTB. 3TW anbTepHaTvBbl B 3afjavax MHOTOKpUTEpUAmbHON

ONTUMM3ALMN B 3aBMCUMOCTW OT cnocoba WX CpaBHEHWS HA3bIBAIOTCA 3((EKTUBHBIMU (ONTUMANBHBIMKA MO
Mapeto), cnabo agdekteHbiMM (N0 Cnentepy), cTporo agdekTuBHbIMM (M0 CMmenny) U COOTBETCTBEHHO

o6osHavatotes: P(F.X),SI(F.X),Sm(F,X). Hanomum [14], uto anbTepHausa x*€ X HasbiBaeTcs
S((EKTMBHOM, €CMM  He CylLECTBYeT WHOM anbTepHaTbl x € X Takoil, 4to  F(x)> F(x*),
Lp(X)>pp(x*) M xoTA Bbl OOHO HEPaBEHCTBO CTporoe; cnabo adexTvBHOM, ecnu  dx € X :
F(x)> F(x*), 1 cTporo ahekTuBHON, ecrim 3x € X & x = x *, F(x)> F(x¥).

W3 onpenenenuii cneayert, uto Sm(F,X) C P(F,X)C SI(F,X).

WcxopHyto 3agady Z(F,X) npeactasum B Buge (I + 1) — kputepuanbHom 3agaym:

F(x) — max, p 3 (x) — max,x € X.

Moa pelieHneM 3afayn C HEYETKAM MHOXECTBOM anbTepHATUB MOHUMAEM HEYETKOE MHOXECTBO C (hyHKLME
MPUHAANEXHOCTI: pu(x) = {M)? (x)|xeP(F.X):0x¢ P(F,)?)}.

Takum 00pa3om, HeYeTKoe MOAMHOXECTBO pelueHnin OyaeT BkoyaTh B cebst Te M TONbKO Te anbTepHaTuBbl
YHMBEPCANbHOTO MHOXECTBA X, KOTOPble [aloT 3HAaYeHUs BEKTOPHOM (yHKUMM F(x) ¥ byHKUu

MPUHAANEXHOCTU | 7 (X),X € X, He ynyyllaemble OJHOBPEMEHHO.

Cne,qyeT OTMETUTb, YTO HEYETKMI BapuaHT 3TOi 3afaun 03Ha4aeT, 4uTo OrpaHUYeHna CMAr4atoTcda, T0 €CTb
[onycKkaeTca BO3MOXHOCTb UX HapyLUeHWs C TOW UNKN VHOI CTENEHBIO.

MycTb P(c) - MHOXeCTBO Boex atheKTUBHBIX anbTepHaTve (I -+ 1) - kpuTepuansHoi sanaun:
y; — max,i € Ny, pp(x) = max, F(x,y)>a, x€X,y=(yp,... )€Y

Toraa, pelleHnem BGKTOpHOVI 3aJa4um HeyeTKom onTuMmM3aumMm C He4YeTkMM MHOXECTBOM anbTepHaTB U CO
CTeneHbi0 HEAOMUHUPYKOLLMX anbTepHAaTUB, HE MEHblUE v, Ha3blBAETCA HEYETKOE MHOXECTBO C (byHKLWIeVI
NpUHaanNexHocT Bnaa.

Wp (x), xe P(oc),
0, x¢P(0¢).

Takum 06pa30M, HEYETKOE MHOXECTBO peLI.IeHVIVI MCXOOHOM 3adauu 6yp,eT BKMtouaTh B cebst T€ M TOMbKO Te
anbTepHaTuBbl CO CTENEHb HEOOMWHMPOBAHHOCTU HE MEHbLUEe o, KOTOpPbIE 6y,£|,yT 3de)eKTVIBHbIMI/I KaK no

Ho (¥)=

OLigHKaM anbTepHaTUB y;,i € N;, Tak W N0 (yHKUMM NMPUHAANEXHOCTU |up (x) HEYETKOMY MHOKECTBY

anbTepHaTVB. BbiGOp HEKOTOPOM KOHKPETHOM M3 HUX anbTepHaTMBbl OCYLLECTBNSIETCS C MOMOLUbI METOLOB
MHOTOKPUTEPUANbHOM OMTUMU3ALMMN.

Bonee TOro, BMECTO 3ahauM MakCMMWU3aLMM MOXHO NOCTaBUTb 3afady [OCTUXKEHWS HEKOTOPOro Hanepes
3a1aHHOTO 3HAYEHMS (DYHKLIMN LieNnn, COOTBETCTBYIOLLETO YAOBNETBOPEHMIO MCXOAHOM LiENM.
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3.Moaxoab! K peweHuto 3agaymn

Hepeako Ha npakTuke TeOpWUst ONTUMMU3ALMN NPUMEHSETCH K HETOYHBIM MOLENAM, TAe HET HUKAKWX OCHOBaHWI
3afaBatb KOIP(MUMEHTbI B BUAE TOYHO OMNpedeneHHbIX Yucen. Takoe WCKYCCTBEHHOE CYXeEHWe anpuopHOW
WHEOPMALMN MOXET NPUBECTU K UCKAKEHWIO KOHEYHbIX PE3YNbTaToB.

PaspaboTka MeTOOOB peleHus nocTaBneHHoW 3ajaun Z(F,X)B YCrnoBusX HEYETKOM OMpeaeneHHOCTM

npeanonaraeT 3HaHWe W WCMONb30BaHWE Pe3ynbTaToB Onepauyil HAXOXAEHUS CyMMbl, NPOU3BELEHNS,
MUHAMYMA UM MakCUMyma HeYeTKWX BenuuuH. [pn CpaBHEHWM [ABYX HEYETKUX BENUYMH HeobXxoaumo
ornpeferneHe PaBeHCTBa 3TUX BEMUYMH.

Moa HeyeTkMM YMCNOM 3Aech Oydem MOHMMaTb HEYETKOE MHOXECTBO C 06MacTblo onpedeneHus B Buge
WHTEpBana AeiCTBUTENBHON OCK R'. MHOXeCTBO BCEX HeueTKVX umcen, onpeaeneHHbIX Ha R', 0BosHaumm

yepes R Mycte x ® y - [Ba HEYeTKMX uucrma ¢ Hocutensamu S, =(aj,ap) W Sy:(al,az)

COOTBETCTBEHHO; dap >ay,by >b) ; g: R'xR' — R'- Hexotopasi chyHkuusi. Torma COTMacHo mpuHLmny
0606LLeHNs HeYeTKoe uncno D = g(x, y) onpeaensietcs yHKLMER NpuHaanexHocTym

bp(z)= sup  min{py(a),p,(b)}. (4)
g(ab)=z
acSy, beSy
MycTb ® - ogHa W3 YeTbipex apuMeTMyeckux onepauui: +, -, -, /; g(a,b)=a®b. Toraa opmyna (4)

onpepensieT pesynbTat apuMETUYECKOI ONepaLmn @ Haf HevyeTkuMK Yucnamm x u y . Ecrm g(¢) - yHKums
He ABYX, @ n apryMeHTOB, TO NPUHLMN 0606LLeHMs hopMynupyeTcs aHanormyHo (4).

Mpu CpaBHEHWUN [BYX HEYETKMX BENUYMH HEOOXOAMMO onpeaeneHne paBeHCcTBa 3THX BENUYMH.

OnpepeneHue 4. [IBe HeyeTkUX BENMUMHbI (1Ba ncna) (xy,py (x1)) 1 (xp,p(xp)) Gyaem cuuTath paHbIMM,
ecnm xp = xp 1 (x) = po ().

Onpepenenune 5. Ecnn BbinonHseTcs ycnosue x; >xp, py(xp) >po(Xxp) W OQHO M3 3TUX HEPaBEHCTB
CTPOroe, TO HeyeTkast BeNMuMHa (xy, iy (x1)) GOmblLE HEYETKOI BEMMUMHBI (xo,1p (7))

PaspabotaH nogxoa K pewwenuto 3agaun Z(F, X)), OCHOBaHHbIN Ha MeTofe nocnegoBaTenbHbIX YCTynok. pu
PELleHUM MHOTOKpUTEpUanbHOM 3adadus 3TUM METOLOM BHavane MpOW3BOAMTCA KayeCTBEHHbIM aHanms
OTHOCUTENbBHON BaXHOCTW YaCTHbIX kpuTepueB. OCOBEHHOCTLIO JAHHOTO METoAA €CTb TO, YTO KpUTEpPUM 3aLauu
JOMXKHbI BbITb NpeaBapUTENBHO YNOPSA0UEHDI MO YObIBAHWIO MX BXKHOCTM, TaK YTO MaBHbIM SIBNSETCS KpUTEPUIA
f1(x), MeHee BaxeH f>(x), 3aTem CredylT oOCTanbHble YacTHble kputepun  f3(x),..., f7(x).
MakcummuanpyeTcst nepsbIit MO BaXHOCTW KpUTepuin fi(x) U onpepensetcs ero Hambonbluee 3HadveHue fl*.

3aTem HasHayaeTCs BENMYMHA [OMYCTUMOTrO CHUXeHWs (yctynku) Ay >0 kputepust fi(x) W uweTcs
%
Hauborbluee 3HayeHWe f, BTOPOTO KPUTEPUS f>(x) MPU YCIIOBUK, YTO 3HAYEHWNE MEPBOTO KPUTEPUS AOMHKHO

%
BbiTb He MeHblue, YeM f; —A;. CHOBa HasHayaeTcs BenuuMHa YCTynku A, >0, HO yxe Mo BTOPOMY

KpuTeputo, Kotopas BMeCTe C nepaoﬁ NCnonb3yeTcsa npu HaxoXAeHWW YCNOBHOMO MaKCMMyMa TPETbEero
Kputepua, T.0. HaKOHeLl', MaKkCUMN3npyeTca nocneaHuii NO BaXHOCTM KpMTepI/IVI fl(x) npu ycnosuu, 4to

3HayeHne Kaxgoro kputepust f.(x) u3 [—1 npedblgylmux JOMKHO ObiTb He MeHbLUe COOTBETCTBYHLLEN

*
BeNN4MHbI fr — Ar , nony4yaemble B UTOre CTpaternm CHATaKTCA OnTuManbHbIMA.
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Takum 06pa3oM, BbIOOP PeLIEHUS 3aa4n OCYLIECTBNISIETCS MYTEM BbINOMHEHUS MHOTOLLIArOBOI NpoLeaypbl 1
COCTOWT B NOCNeA0BaTeNbHOM BKIHOYEHUN OrpaHiieHunid 3agaum Z(F, X) u y4eTe CTPYKTYpHbIX 0COGEHHOCTEN

ero gonyctumon obnacti. OnTUManbHLIM CYMTAETCS PELLEHIe, SBNAOLIEECs PELLEHeM NocreaHei 3afaum 13
crneyiolLel nocneaoBaTenbHOCTY 3aaay:

fl* :max{fl(x)|x€X}, f2* :max{f2(x)|x€X,f1(x)2f1*—Al},...,

S =max{ fix X, ()= 7~ A re N}

CnepyeT OTMETUTb, YTO B CRlyyae, Korga Bce A,.— HynW, METOZ NoCnefoBaTenbHbIX YCTYNOK BblAENseT TONbKO

neKcuKkorpachmyecki OnTUMarbHbIe anbTepHaTMBI; 3TW anbTePHATUBbLI AOCTABNANT HaMBOMbLLEE HA MHOXECTBE
[OMYCTUMbIX 3HAYEHUA PELUEHWE MEpBOMY MO BAXHOCTW KpuUTepuio fi(x). [M03TOMy BEMMYWHBI YCTYMOK,

Ha3Ha4yeHHblE AnA MHOFOKpMTepMaﬂbHOVI 3afayn, MOXHO paccMaTpuBaTb Kak CBOGO6p83Hy}0 MepPY OTKINOHEHUA
npuoputeTa (CTeI'IeHVI OTHOCUTESBHOM Ba)KHOCTVI) YaCTHbIX KPUTEPUEB OT XKECTKOTO, J'IeKCI/IKOFpa(*)VI‘-IeCKOFO.

Onuwwem NpUMEHeHWe 3TOro MeTofa Anst NOMYYeHUs NeKCUkorpacuueckn onTUMarbHbIX PELLEHMIA NPK HEYETKO
3a7aHHOM [10MyCTMMOM KOMGMHATOPHOM MHOXECTBE NMepecTaHoOBOK.

CyTb MeTofa 3aKnioyaeTcs B BblAENEHUN CHa4yana MHOXECTBA anbTepHaTMB C Haunydlleid OLeHKO no
Haubonee BaxHOMy kpuTeputo. Ecnu Takas anbTepHaTBa OfHA, TO OHa CYMTAETCs Nyyllen. ECnv ux Heckonbko,
TO M3 MOAMHOXECTBA anbTEPHATUB, BbIAENEHHOr0 Ha MpefblaylieM Luare, BbAENsTC Te anbTepHaTMBhbI,
KOTOpbIE MMEHT NyYLLYtO OLEHKY N0 CrieaytoLieMy KpUTEPHIO B psifly YNOPSLOYEHIS UX MO BaXKHOCTY U T.4.

O6o3Haunm Jij = fi(x ;) — He4eTkue OLieHKM anbTepHaTuB x ;, j € N, , 0 KpUTEPUAM f;, i € N
lMpMeHeHe MeToaa Npu HEYEeTKOM UCXOOHOM MHEPOPMALW CBOAUTCS K CNEAYIOLLUM AeNCTBUAM:

1. Kputepum ynopsgoumtb no BaxHocTn: f1(x), f2(x),..., f1(x).

2. C cornacust JIMP HasHauuTb ypoBeHb « €[0,1], ANS KOTOPOro OMPEAEnsieTcs MHOXECTBO JyuLnX
arnbTepHaTMB B COOTBETCTBUW C MyHKTamu 3 — 5:

3. OnpepennTb HKHIOO (1) W BEPXHIOK (1) TPaHWLbl ou — YPOBHEBLIX MOAMHOXECTB [151 OLEHKM anbTepHaTUB

no paccmarpusaemMomy kputepuio: /( fij): min  x, u( fl-j): max Xx.
by (020 h (2o

4, ,D,J'IFI Kax oM napbl anbTeEPHATNB z, y € X BbIYNMCNUTb NOKasaTesin B3aUMMHOIO NpPeEBbILEHNA KpUTepuanbHbIX

OLEHOK A, (2> y) W hy, (¥ > z):

a) eCi OLIEHKY TaKoBbl, 4TO f,-;‘ C fi, 10
b u(fiz) —u(fiy) = I(fiy)—1(fiz)
Toufi) ) T w1
e z,y € X ;

6) ecnv oLieHKN He NepecekatoTea U 3 fy €S £ VY es Ty fo>fr, 10

1 ”(fiy)_l(fiz) , hyZZO, (6)
max {7(2),7(y);

rae r(z) =u(fi;) —1(fiz), r(y) :u(fiy)_l(fiy) ;

zy
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B) ECNM OLIEHKM He nepecekarTes UV~ € Sfl,Z,ny € Sfiy fE> Y10
h,, =1, h,, =0. (7)
5. Bbluncnutb nokasarenu pf-j) NPUHAANIEXHOCTU j -1 anbTepHaTUBbl MHOXECTBY NyyLnX ( D -MHOXECTBY) no

i -MY KpUTepuio anbTepHaTnB Mz? =sup{0, (max A, —maxhy;)},

yeX yeX
y=j y=j
rae 4y, hy; BblYMCNEHbI N0 POPMyNam (5) — (6) anst i -ro kpuTepus.

6. Ecnn MHOXECTBO MNyylwnx MO paccMaTpuBaeMoOMy KpUTEpUIO anbTepHaTUB COAEPXUT POBHO OAHY

anbTepHaTnBy C LLI-]D- >, TO OHa cuyuTaertcd nquue|7|. Ecnn 3710 MHOXecTBO COOEepPXUT Gonee uem OOHYy

anbTepHaTMBYy C M,? > v, TO BblbUpaeTcs Cneaytowmin no BaxHOCTW KPUTEPWUIA U MOBTOPSKOTCA MyHKTbl 3 — 5.

Ecnn BCe KpuTepuu NPOCMOTPEHbI W MHOXKECTBO JIyylWMX MO pPaccMaTpyBaeMOMY KpUTEPUIO anbTepHaTuB
coaepxut 6onee 0aHOM anbTepHaTVBbLI U o <1, TO o MOXHO YBENUYUTL M NepenTu K nyHkTy 3. Ecnm v =1,
TO OKOHYaTeNbHbIN BbIBOP Nyyllern anbTepHaTuBbl npegocTaensetca JMP.

PaccmoTpuM elle OAUH NPOCTOA METOA pelleHus 3ajaun Z(F,.X), KOTopblil SIBNSIETCS pasBUTMEM METoAa

noeanbHoM TOYKM Ha cnyqa|7| HEYETKO 3afaHHbIX anbTepHaTuB, Npu OTCYTCTBUN I/IH(*)OpMaLIMM 0 NpeanoyYTeHnax
Ha MHOX€ECTBE KPUTEPUEB.

MycTb 3aAaHb! UM BbIMMCTIEHbI HEYETKNE OLEHKN f;(x ;) arnbTepHaTuB x;, j € N, , 110 KpUTepusM f;,i € N;.

Paccmotpum meTog Bbibopa anbTepHaTVB No 0606LLEHHOMY KPUTEPUIO NecCuMMamMa (MakcummuHa). OH cocTouT B
BbIMOMTHEHUN CrESYHOLLMX LUAroB:

1. Onsa  Kaxgoro  KpUTEpUS  BbIYMCIUTL  HEYETKYID  MaKCUMamnbHYK  KpUTEpUambHYl  OLEHKY
Simax = mﬁx{fi(xj) |x;eX,je Nn}, i € Ny, N0 KaXOOMY U3 KpUTEPUEB OLIEHKN.

2. BbluMcnutb  NpuBEdEHHbIE  HOPManM30BaHHbIE  OLEHKM  anbTepHaTMB MO KPUTEPUAM
fi; :fi(xj)/fimaxaxj €X,JEN,.

3. BbluncnnTe  MUHUMAmbHYIO  KPUTEPUAmbHYIO  OLEHKY Ans  KaXnod  anbTepHamBbl  fmin
ONPEAENAEMYI0 KaK [} i = min {f,]* lie N,}, JEN,.

4, Onpepenutb 00606LLEeHHbIN MaKCUMyM HalaeHHbIX MUHUMaIbHbIX OLIEHOK
Jomax :mﬁx{fjmin |Jj GNn}'

5. OLeHnTb CTerneHb CXOACTBA fomax C KaXMOM U3 OLEHOK [y, - B kadecTse nokasatens CXoAcTsa

HEYeTKMX Yncen MoXeT BbITb MCNOMb30BaHa BENNYMHA o i= Z ‘M fomax (z2)—p fmin (@)\|,jEN,.
z€[0,1]

6. BbiG1paem arnbTepHaTvBy C MaKCUMATbHBIM UHAEKCOM 0/, j € N,
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Ecrv anbTepHatBa BbIGUPAETCS MO MaKCUMAKCHOMY MPUHLMMY, TO Ha ware 3 Cnenyet BMECTO fjmin
~ * . .
BLIMUCTINTE /) max :max{ fij |zeN;}, J €N, " UCnonb30BaTb B OCTaNbHbIX Luarax anroputmMa BMECTO

Sjmin 3HAYEHUS [ may .

BbiBOAbI

B paHHoi pabote B pesynbTarte NpoBEAEHHOTO UCCMef0BaHUs BEKTOPHON KOMOMHATOPHON 3adauu, OCHOBAHHOIO
Ha WCMONMb3oBaHMM MHOPMAUMM O BbINykIOiA 0BoNoYke gonycTumon 06nacTi, M3yvyeHuM CBOWMCTB
MHOTOrpaHHWUKOB, BEpLUMHbI KOTOPbIX OMPeaensioT 3afaHHoe KOMOWHATOpPHOE MHOXECTBO NEepecTaHOBOK,
pa3pabotaH 1 06OCHOBAH METOL PELUEHWS CIOXHbIX MHOTOKpUTEPUAnbHbIX 3aday Ha HEYeTKo 3agaHHOM
KOMOMHATOPHOM MHOXeCTBe. Vcnonb3oBaHMe CTPYKTYPHbIX CBOMCTB KOMOWHATOPHbIX MHOrOrpaHHWKOB AAeT
BO3MOXHOCTb paspabatbiBaTb 3()(EKTUBHbIE aANrOPUTMbl PELUEHUS HOBbLIX KMAaCCOB BEKTOPHbIX 3ajady
KOMBWUHATOPHOM ONTUMM3ALIMM.

BnarogapHocTu

Pa6ota onybnukosaHa npu dmHancoomn nogaepxke npoekta ITHEA XXI MHCTUTYTa MHPOPMALMOHHBIX TEOpUiA
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounaumm cospatenelm W nonb3oBaTenen
nHTennektyanbHblx cuctem ADUIS Ykpanna www.aduis.com.ua.
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Decision Making

PROCEDURES OF SEQUENTIAL ANALYSIS AND SIFTING OF VARIANTS
FOR THE LINEAR ORDERING PROBLEM

Pavlo Antosiak, Oleksij Voloshyn

Abstract: This paper investigates the procedures of sequential analysis and sifting of unpromising variants after
restrictions and after the restriction on the goal function. On the basis of the modified procedure W and the
general scheme of sequential analysis, the algorithm of solving the linear ordering problem is developed for the
problems of discrete optimization.

Keywords: the linear ordering problem, the sequential analysis of variants.
ACM Classification Keywords: H.4.2 Information Systems Applications: Types of Systems: Decision Support.

Conference: The paper is selected from XV International Conference ‘Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

Introduction

The linear ordering problem (LOP) is NP-hard combinatorial optimization problem with wide application: in
collective decision making, economics, archaeology and scheduling [Reinelt, 1985]. Many works are devoted to
the development of efficient algorithms for solving this problem [Grotschel, 1984], [Chanas, 1996], [Laguna,
1999], [Campos, 2001].

Problem formulationa

LOP can be formulated as follows. Consider a set of alternatives A ={A,,...,A,} and permutationm:A —A.
Each permutation n=(m,...,m,) uniquely determines some linear ordering of alternatives. Denote by e;,
i,jeN={1,..,n} the cost of disposition of alternative A; to alternative A, in linear order, and by E the n-square
matrix of costs. Then LOP consists in finding such permutation 7, in which the maximum total cost is achieved
n-1 n
E(m)=>"> €. (1)
=1 j=it+
Evidently, that (1) is the sum of elements above the main diagonal of matrix P, its” elements p; are the result of
permutation of 7 lines and columns of matrix E, thatisP = XEXT , where X is the matrix, that corresponds to the
permutation 7 [Reinelt, 1985].

As in most combinatorial optimization problems, LOP has many alternative formulations. In the paper [Grotschel,
1984] the linear ordering problem is considered in the equivalent raising of linear programming problem with
Boolean variables.
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n-1 n
E(X):;:j%d”x”_)max (2)
X; +Xp — X <1, 1<i<j<k<n, (3)
—X; =X + X, <0, 1<i<j<k<n, (4)
X, eX;, 1<i<j<n, ()

whered; =e; —e;, X; ={0,1} are the set of possible variants of values of component x;, X = HX” is the set

j>i

i

of all possible variants.

Approach to solve the problem

The basis for developing an algorithm to solve the problem (2) - (5) is the method of sequential analysis,
elimination and creation of variants [Mikhalevich, 1965], [Volkovich, Voloshin, 1978, 1984,1993].

Procedures of sequential analysis

For the discrete optimization problems the basis of schemes of sequential analysis and elimination of variants
without step-by-step constructing solution is the procedure W of consistent elimination (exclusion from the
consideration, generally speaking, on the current step) of values of variables. The procedure W, in its turn,
consists of two procedures W, and W, . Specify them for our case.

Let's choose any indexesi,j,k e N, but such ask > j>i. Following the general scheme of sequential analysis and

elimination of variants for the problem with linear restriction, we receive the following criteria of elimination after
the restrictions (procedure W, on the s-step, s € {1,...,s,} ):

for fixed j>1i, if

Xi > 1—minx; +maxXx;,
| X(s) J 0
jk ik (6)
X; <—maxx; +minx;
I X(s) J X(s)
jk ik

at least for one k:k>j>i, then the component x; of permissible solution of problem (2) - (5) can't take the

value equal to X; € X{ where X{* is the set of possible variants of component x; on the steps, s {1,...,,};

for fixed k> j, if

Xy > 1—minx; +maxx;,
] MO

ij ik
X; < —MmaxX; +minx;
J xish e
] k

(7)

at least for one i:k>j>i, then the component x, of permissible solution of problem (2) - (5) can't take the
value equal to X, € X{y;

for fixed k >1i, if
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X <minx; +minx, —1
ng) J ngs) J
_ 8
Xj > Max X; +max X, ®)
x(s) | X(s) J

at least for one j:k>j>i, then the component x, of permissible solution of problem (2) — (5) can't take the

value equal to x, € X®.

1) Let [X{’

.‘xﬁ;)

)
e

>4 . Realized the selection of all possible situations and analysed them by relevant
criteria (6) — (8), it is easy to make sure, that the elimination won'’t be in this case.
.‘xﬁ;)

2) Let \xfﬁ =2. It is easy to see, when X{={0} i X{={1}, we'll have the

)
e

=2, Let[x{"

elimination of value x; =0. Similarly if XEE) ={1} andX{! = {0}, we'll have the elimination of value X;=1.1n

case when ‘XEE)

=2 andif X{ ={0}, X ={0,1, X{ ={1}, the value X, =0 will be eliminated, and in case

X = {1}, X§ ={01, X ={0} the value X, =1 will be eliminated. At \xf:’

=2, when we have X ={0},
X§) ={0}, X{' ={01}, the value X, =1 will be eliminated after the criterion (8), and if X{ = {1}, X{’ ={1},

X' =01}, then X, =0 will be eliminated. Like to the previous case, realized the selection of all other possible

situations (related to the case examined by us), it is easy to make sure, that the elimination after the criteria (6) —
(8) will never be.

3) Let |X*

- ‘x§;>

|

=1. 11X ={0}, X§ ={0} andX{={1}, then, after the proper criterion of

elimination, we receive X{¥ =@ . IfX{" = {1}, X{ ={1} andX{ ={0}, then we'l also receive X{” =& . Such

variants make it impossible to build any allowed variant of problem (2) - (5) and describe the situation, when on
the s-step we have an abnormal end of procedure W, . In all other cases, evidently, it won’t be the elimination.

From the total scheme follows that the criteria of elimination after the restriction on the objective function
(procedure W, on the s-step (s =1,...,s, )) will be:

If

djX; <es — max detxkt =e - me,x{dktxkt} (i>1) 9)
t>k t>k Xyt
(ki) (t]) (k=i)v(t=])

then the component x; of permissible solution of problem (2)-(5) can't take the value equal tox; , where e, some

value taken from the interval [ )r(piq) E(x),n?a%(E(x)] .
B X s—1

The follow cases are possible during the application of procedure W, .

Case 1. It wasn't any elimination. Then the contraction of set of possible variants may occur, if reinforce the
inequality (9), which, evidently, can be done only by increasing restrictions on the objective function, selecting, for

*

by the method of dichotomy from the interval [e;,e'® ], where

max
(s) _
€max = 2 r)?ﬁ?f{dijxij}

i

example, the value e

s+1
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is the maximum possible value of objective function on the step s.

Case 2. It was the elimination, but the reduced set of possible variants X'® is empty or X' = &, but there is no
allowable variant of problem (2) - (5). In this case, the abnormal end of procedure W, is carried out. It is also
known [Volkovich, Voloshin, 1978] that, in this case, any allowable variant of problem (2) - (5) satisfies the
conditions E(x,) < e, . Then the extension of set X'® can be obtained by reducing the value e , thus weakening

the further restriction on the objective function, by choosing e, < e. after the rule of dichotomy from the interval

*

[ef) e

min’¥'s

], where eﬁnﬂ)n = Z Qliﬂ {d;x;} is the minimum possible value of objective function on the step s.

i

max

Statement 1. The valuexi(j )=argr>?31>§{dijxij}, V i,jeN, j>iand V sef{l,..,s,} can't be eliminated for LOP

as a result of procedure W, work

Proof. Suppose the opposite. Let Sc {1,...,s,} is the set of all steps for which our supposition is correct. And let

s=argmins is the first of these steps (exactly at this stepW, the elimination will be firstly done after the

seS

supposition), on which at least one pair of indexes j > i will be found such that

dx™ < e — max{d,X,}

(k#)v(t£]))
Let N, Ni¥) are the sets that completely describe all pair of indexes j> 1, i N, jeN{®) for which on the step

S is executed (10). At first, let take the first of these pairs j; >i; (exactly for this pair W, the elimination will be

firstly done after the supposition), that is i; = arg mi(n)i and j; =arg mi(n)j. In this case the rule of choice S and
ieN(® jeN(
pair j; > iz gives an opportunity to rewrite the inequality (10) in the following equivalent form:

max{d; x;} + E max{dx,} < ez,
Xk t>k X
(ki (tg)

from where we get correlation
'é’ *
eld <er. (11)

But (11) contradicts the rule of choice on any step s of value e from the interval[e(®) e’®) ]. By analogical

reasoning, through the finite number of steps firstly we are convinced of the impossibility of our assumption for
the step s, and then after a similar reasoning for the other steps we arrive at the correctness of statement. The
statement is proved.

Corollary 1. For LOP the first situation described in case 2 can't arrise.
Corollary 2. For LOP the elimination of values of the component x; after the restriction on the objective function

can occur only when‘Xff‘”‘:Z, thus the values x{™ :arg)r(mg[lj){dijxij}, V ijeN, j>iand V se{l..s,} can
i

only be eliminated.

Corollary 3. For LOP the condition of elimination through the objective function can be rewritten in the following
equivalent form:
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(min) *
dix;" <eg—

el + max{dux”} (12)

U

(min)

then the component x; of permissible solution of problem (2) - (5) can't take value equal to x;

From (12) we get:

els)

max

+m|n{d - Q?Q)({dijx”ke; (13)

n)

Of the form (13) follows that for a given value e, if the value Xi. (™" gliminates, we have

51{ ity Hh} I')PaX{dHhXIm} ;nln{d|2jz |2]2} max{d

I1l1 " 1212 '212

izl 'sz} ’

n)

then the value x;; ™M) will be also eliminated. Then in order not to have the second situation of case 2, evidently, it

m|n)

is necessary to perm|t the elimination of all values x:

where

(i,j)eArg min {min{d; x;} - max{d e

|J|<JX5’ u

Remark 1. Note that the elimination of all such values can be obtained by using strict limit on the objective
function E(x) > e, and by choosing

e, =el +m|n[m|n{d it = T)I}Sa?)({dijxij}j-

(i,i<il x{s=h i

Algorithm

Step 1. Calculation of values els ande

max

Go to the next step.

Step 2. Application of procedure W, , that is the elimination of all values X, ™) where

(ij)eArg max | e;—¢&l.
i<j

ij): 1
(i.4) |ij3 )|:2

Step 3. Application of procedure W, .

At the abnormal end of procedure W, the restoring of all eliminated on a current and previous step values and
the end of algorithm work are realized.
Otherwise, if | TIX{” =1,

>

then it is the end of algorithm, otherwise it is the passage to the step 1.
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Conclusion

From point of view of realization the proposed algorithm is simple. If the found variant of solution X satisfies the
condition E(X) > e;o , itis an optimum variant [Volkovich, Voloshin, 1978, 1984, 1993]. The variant X can be taken

as an approximate solution if E(X) < e;O . In case of abnormal end of procedure W, we receive the reduction of set

of possible variants. The algorithm work efficiency is investigated on the real test dataset containing 49 matrices
«production cost» from the previous years of some European countries and is popular in Internet [LOLIB]. For 10
of 49 examples an optimum value was found.
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STATISTICAL MODELING OF SPREAD OF OPTICAL FIELDS IN FIRES

Elena Visotskaja, Olga Kozina, Veronika Lachenova,
Olga Remaeva, Tatiana Remaeva

Abstract: Application of Monte-Carlo method for determination of optical radiation flow density of forest fires in a
cloudless atmosphere with dependence on optic-geometrical parameters of surface’s relief for the case of multi
and single scattering is offered in this work. The use of initial directions of photon trajectory, free path length of
the photon, coordinates of interact points between the photon and environment, also probabilities of photon’s
getting to a receiver into the statistical modeling of direction of distribution of optical radiation of fires is proposed.

Keywords: Monte-Carlo method, photon trajectory, radiation transfer.
ACM Classification Keywords: I.6 Simulation and Modeling. 1.6.8 Types of Simulation - Monte Carlo.

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

Introduction

The checking of anthropogenic and natural objects and phenomenon which because chemical (the aerosols,
gases) and heat (thermal) soiling are source of potential or direct risk for biological systems and habitat, plays
important role in applied ecology. To such objects first of all follows to attribute the fires and smokes, which origin
can be due various reasons [[otanos, 2002]. Emphasizing unconditional importance of this problem, necessary
also to take into attention the direct influence of optical radiation (its heat component first of all) on atmosphere
and underlying surface. This influence has more energy power and duration during big fires that permits to
include its in special aspect of applied ecology - heat soiling the ambience [Doppep, 1979]. Given problem is
actual because directed checking optical (heat) of radiation overland objects and atmospheric phenomenon within
the framework of separate regions, continents, water areas and planets as a whole have not sufficient volume.
Measuring of the flow of heat radiation on fires is very complicated task that is why calculations parameters and
possibility of their modeling are playing great practical importance.

The numerical method of calculating the characteristics of the light field

At present most acceptable for a calculation of optical fields is the Monte-Carlo method [Cobonb, 1968] sense of
which in modeling of paths of the photons and events, which with them can occur.

The strategy of calculation of density of flow of scattered radiation from point source with single power [Mapuy,
1967] bases on using of three arrays of input data.

The parameters which characterize external habitat compose first array: meteorological visibility, S,,, km, aerosol
indicatrix of scattering y 5, molecular indicatrix of scattering y,,, optical thickness of atmosphere ), terrestrial
surface albedo A, height of slopes of relief h, lay /, orientation of slopes 3.

The second array of input data includes the spectral features of source - lengths of waves of radiation A, um.

The third array includes parameters which define geometry of source and receiver: height of a radiation source
H,, km, distance between the receiver and epicenter of the source R, km, height of receiver above the surface
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H,, km, visual angle of optical device 2&, grad, visual angles of device of observe (2¢, - vertical, 2&, —
horizontal angular field of view) grad, orientation of the receiver to the source of radiation (8,¢) .

The parameters of first group S,,, tp, x5 and yx, are interdependent therefore at decision of problem they are
represented like functions one variable — meteorological range of visibility S, .

For calculating the parameters of the third group (H,, R, H,, &, 6,¢) proposes to use the method of

dependent tests, according to which in the calculation of optical flow in several receivers can use the same path
of photons. At fixed location of the receiver of radiation a calculation is conducted with changing arguments S, ,

A h,B.

The process of radiation transfer is composed from independent "paths" of photons. This possible consider as
homogeneous Markov chain states of which are a positions of particles in space of coordinates and directions
[Epmakos, 1975]. Casual transition of the photon from one state to other is considered as row of casual events:
reflection, scattering or absorption. End result of calculating of free path length of the photon after a new collision
is mean value of desired functional [Uangpacekap, 1993]. In this task such functional can be the stream of
photons at the point of the receiver. The method of local estimation of the flow of photons is proposed [3urens,
1975] to calculate such functional. Estimation of complete flow of photons in the receiver carry out by average of
statistical weight of the photon — probabilities that the photon hit in receiver — on all collisions.

o & tiTi 20501 "

2mr?

where r - the distance between the receiver and the point of the photon interaction with environment;

r
L(r) - optical distance passable the photon along the pathr, L(r) = jc(r)dr ;
0

o(r) —scattering index of environment;

% () — indicatrix of scattering, defined by expressions (3.6-3.7);

T(r) - function of radiation transmission by atmospheric gases along the pathr ;

04 - angle between the normal to the plane of the receiver and the direction of motion of the photon from the
point of collision to the receiver.

Since the calculation is conducted under restrictions imposed by the receiver parameters (2¢), the receiver
having a round hole, the condition of getting the photon in the receiver will be determined by the type of inequality

cosf, >Cosé&, (2)

for receiver with square-wave input hole - system of inequalities

Z1-Zp

<singg

\/(X1 _Xn)2 +(y1 _yn)2 +(z4 _Zn)z
Ny (Xg=Xp)+ny(y1=Yn) ’ (3)

> COSE ,
V0 =xn)2 +(y1=y0)?

where, X4,y1,24 — coordinates of the photon interaction with environment;

Xn,Yn,Zp — coordinates of receiver 1.
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If values of F had found by expression (1), the expression for calculating the flow of radiation from source with
single unit capacity of power at the point of the receiver has the following form:

R}
20 (4)
-=2

where, {R, } - set of points of interaction within the solid angle © which depends on angle of view of optical

o

device;

N - number of modeled paths of photons.

The finding of the photon in the solid angle carries out by system of inequalities
-200 km < x < 200 km,
-200 km <y < 200 km, (5)
0 km<z <80 km

The task of radiation transfer in the above formulation is solved by modeling the trajectories of particles (photons).
Input data for modeling are parameters describing the environment (the first group of parameters), the spectral
characteristics of the source (the second group of parameters), the geometry of the source and the receiver (the
third group of parameters).

Values of scattered radiation of the first and second group of parameters, as well as the height of the source H,,
and the receiver H,are defined as constants. The distance from the fire epicenter R, angle of view of the
receiver 2& and orientation of the receiver to the source (0,), as well as the height h and orientation B of
slope terrain appears to be an array of variable information.

Photons enumerator provides to go to the next photon, and to control the number of calculated cycles for a given
number of photons. End result is formed when all photons are checked.

The first calculated cycle begins with the choice of initial trajectories for the photon and then calculated the length
of free path of photons in a given direction. In a heterogeneous environment (clear atmosphere) the length of free
path of photons is determined according

4

A - - A - -

Cinjy =220l | g oMy M0 (g o Bomlnp yg ol 6)
aogm A Bomx

where m =cosC - cosine of the angle ¢ between the initial direction of motion of the photon and the normal to

the surface of the Earth;
hg — the height of the point of the photon scattering on the ground surface.

After that coordinates of the point of the photon interaction with the environment be calculated. But inside area of
calculation the photon can interact with environment, for example, absorbed of atmospheric gases and the Earth,
scattered on aerosol particles and the molecular environment, reflected from the Earth.

The probability that a photon is not absorbed by atmospheric gases (mainly water vapor), is characterized by
function

1

I v

where K, — spectral absorption coefficient of water vapor in the visible light spectrum K, =0, infrared K, =
0,076 cm2/ g;
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G(r,nq) - volume of «besieged» water along the path defined by the distance r, and 4 =cos(900 -0p),
where 0,, — polar angle of vector between the interaction point and the receiver

.
G(r,p1) = Gy g g o (M)gy (®)

where Gy — concentration ratio of water vapor in the surface layer, the value of which vary widely depending on
weather conditions and geographical areas. The average value of this ratio for the summer is 10 g/m3, for the
winter — 2 g/m3, o — approximation ratio equal to 0.6 km-".

Calculation of the integral of (8) along free path of photons gives us
GO —nHi —cgml
Gllpp,m)=——e 0" (1—g "0Tmw),
(Inp.m) oM ( ) 9)
where m = cos( .

Volume of «besieged» water along the path from the interaction point till the receiver

6, y) = 0~ (10, (10

Gok

Thus, by defining of function G(r,u4) itis possible to decrease statistical weight of the photon @ by multiplying its
on probability of “hit” T(r) during every part of interaction between the photon and environment.
Type of photon interaction with the environment is determined according to the condition

L(lpp)>—=Injs, (1)
where L(In,) — optical distance passable along the length of the photon free path. If condition is not right,
"albedo situation" exist. In other words, the photon can be absorbed with probability 1-A or be reflected with
probability A which equivalent of terrestrial surface albedo.
In moment then the photon is absorbed y Earth, new photon are defined and modeled its trajectory.
After establishing the fact of crossing the path of the photon, the coordinates of the point of intersection are
finding.
If a regular model of the terrain are using, coordinates (x, y, z) of the intersection point are searching from a set of

three equations, two of which describe the motion of the photon after the last interaction point (xo, yo, Zo)
(departure from the source) and third equation is represented by piecewise-linear approximation.

After this reflection of the photon with attention to orientation of terrain slope can be modeled: directional cosines

normal ng to the elementary surface area slope ng,,ngy .ng, are calculating, the angle between the direction of

the photon moving and the normal % determined, indicatrix of reflection is determined.

If the photon is in the direct line of sight from the point of reflection to the receiver, functional ®(R) that determine
the contribution of the act of reflection in the total flow of radiation ® coming into the receiver are calculated
according to the formula

%o (01)A N

OR) = > exp(-L(r)A(x.x,) , (12)

2nr
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where  yomp(04) — indicatrix of reflection from the surface with condition of normalization

T
J. Xomp (91 ) sin 61d91 =1;
0

A - albedo into intersection point;
r —distance between intersection point and the receiver;

A(Zz) — pointer of condition of “hit” of the point into view area of the receiver. This pointer can be equal 1 if the
condition is right, and 0 — in contrary.

(ZE) — coordinates in phase space RxQ of points of intersections between trajectory of the photon and
underlying surface or between trajectory of the photon and the receiver accordingly.

If the photon does not come into receiver after reflection, new direction of moving of the photon are determined.
And new value of angle of scattering y is selected and whole procedure of calculations of distances, orientations

and angle fields are repeated.
Thus, result of one modeling cycle is the probability of getting a given number of photons N =K in the receiver

for the given matrixes of distances {R}, orientations {8,¢}, visual angles of the receiver {2&} or {2&, x2¢,}
is completed for condition N > K .

Qualitative estimation of the reliability of the developed method

Qualitative estimation of the reliability of the developed method was carried out by the way comparing received
results to results by calculations based on the Monte Carlo method and based on finite-difference method of
solving the transport equation.
@ RY
*102

cIm

104 \

<

10* D
o~ \ the Monte Carlo method
\ ______ the finite-difference method
10 =
107
0 20 40 G0 R km

Fig. 1 Comparing received results to results by calculations based on the Monte Carlo method
and based on finite-difference method.

Initial data for these calculations are: height of a radiation source H=1km, the Earth's albedo A = 0, lengths of
wave of radiation A = 0,45 um, measuring range of distances — from 5 to 100 km, the radiation is taken from the
whole upper hemisphere.
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Due to fig.1 it is seen that the results in reference points at h—0 have satisfactory agreement with literature
data. At the molecular atmosphere, the maximum divergence between the results is 15% for single scattering
(include the two curves shown in fig. 1). Given that divergence between curves in fig. 1 obtained by different
methods are varied in the same range, reference options can be considered like coordinated and responsive to
the real picture of radiation transfer.

Conclusion

Proposed numerical method of calculating the characteristics of the light field, which is based on the Monte Carlo
method, are well in line with probability sense of the problem. Equation of radiative transfer which solved by the
Monte Carlo method, takes into account the many scattered and reflected components of radiation, allows the
use of a stratified model of the atmosphere and any method of mathematical modeling of the underlying surface.
Using the proposed technology for calculating the density of optical radiation as a component of geoinformation
system allows simulating the spread of optical radiation fire that will enhance the effectiveness of measures to
eliminate it.
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MPUHLUMNbI U 3A0AYU ONTUMU3ALIMM PASMELLEHUA OATYAKOB NMOXAPHOW
CUrHANKU3ALUWKU B YCNOBUAX HEONMPEQENEHHOCTHU

Anekcanap 3emnsHckuin, Butanun CHuUTIOK

AHHOmauyus: B cmambe paccmompeHa npobnema pasmeuieHuss 0amyukos noXapHoU cueHanuzayuu. YkasaHb!
ocobeHHocmu U Hedocmamku COBPEMEHHbIX Memod0o8 pasMeleHUss makux OGamyukos, Ces3aHHble C
02PaHUYEHHOCMbIO ydema (hakmopos, KOmopble 6MUSIM Ha NPOUECC KakK UX pasMeweHus, mak u
ucnosnb3oeaHusi. [TpednoxeH KoMneKkcHbIl no0xod K onmuMu3ayuu pasmeuwieHus 0amyukos, y4umsigaruull
ycnosusi 8HeWwHel cpedbl U 8HYMPeHHUE 0COBEHHOCMU NOMeWeHUl, a MakKXe 9KChepmHbIe 3aKMOYeHUs U UX
06BekmusU3ayUIo.

Knrouesnie cnoea: MoxapomyweHue, Hedemkas no2uka, NPUHSMue peweHud, onmumu3sayusi.
ACM Classification Keywords: I.2.1 Applications and Expert Systems

Conference: The paper is selected from XV International Conference ‘Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

ExxeroaHo Ha 3emne BO3HMKAET OKOMIO CEMW MUMIIOHOB NOXAapoB. Mcxoas U3 NporHo30B, cAenaHHbIX Ha OCHOBE
MNOXapHO CTaTUCTUKA, B MUPE B TEYEHWe Chedylolero roga MOXeT norubHyTb Ha moxape OKono 225 Thic.
yenosek, 2 munnmoHa 250 TbIC. YenoBeKk NONyYnTb yBeYbsl, U 4,5 MUNMUOHA YeNOBeK - TKEMbIE OXOroBble
TpaBmbl. OCHOBHbIMK HampaBneHusmMu obecneyeHnst NoxapHon 6e30MacHOCTM SBASIOTCS YCTPAHEHWE YCNOBUIA
BO3HMKHOBEHMS NoXapa W MUHUMM3aums ero nocneacteuin. OgHUM M3 cnocobOB pelueHns Takux 3agad ectb
yCTaHOBKa aBTOMATU4ECKMX CPEACTB NPeaynpexaeHns O BO3HUKHOBEHUS NoXapa.

B YkpauHe cpedctBamu noxapHoi aeTomaTuku obopygosaHo 89,1% o06bekToB. ALpEecHbIMU YCTaHOBKaMM
curHanusaumm  obopygosaHo okoro 78% o06bekToB. TexHudeckoe obcryxuBaHue npoBoautcs Ha 72,6%
06bekToB. 17,2% yCTaHOBOK BblpaboTanu CBOWM pecypc v nognexar 3ameHe. Ha 11,8% o6bekToB ycTaHoBKM
NOXapHOM curHanuaauum nognexar 3ameHe. B 39,1% cnyyaeB noxapHas aBTomaTuka He cpabotana, 4To
NPUBENO K 3HaYNTENbHbIM MaTepuanbHbIM NoTepsam. Takum 0Bpasom, CyLiecTByeT YCTOMYMBAs TEHAEHUMS K
POCTY KONMYECTBA NOXAPOB M aBapwii, YPOBHIO WX nocneactsuit. OQHOM U3 NMPUYMH STOTO SBMSIETCS HW3Kas
3 heKTMBHOCTb CCTEM NOXAPHOI aBTOMATUKW 1, B YaCTHOCTM, CUCTEM MOXKAPHON CUTHANM3ALIMMN.

HacTosiwas cratbs npogorkaeT Uukn paboT 06 onTMMM3auMM MpOLECCOB MPUHATUS PELUEHWA npu
noxapotywenun [Snytyuk, 2007], [Chutiok, 2007] u aBnsieTcs MHMUMANBHOM paboToi MO ONTUMANbHOMY
pa3MELLEHNO AATYMKOB C MCNONb30BAHMEM METOAOB TEOPUM HEYETKUX CUCTEM.

Oco6eHHOCTH pa3meLLeHNs NOXaPHOW CUrHaNWU3aLuK, ee BepPOSTHOCTHbIE XapaKTePUCTHKN

PaccMoTpM 0avH 13 NOAXOAO0B K ONTUMM3ALMW pa3MeLLieHns AaTYMKOB MOXapHOW curHanusaumu. Ha ceropHs
CYLLECTBYIOT TpaauLMOHHble crnocoba ux pasmellenns. CornacHo nepsoMy crnocoby faTuvki pasMeLLaoTcs no
TpeyrornbHoW cxeme (puc. 1), BO BTOPOM CIyyae [aTuyuk¥ HaxogaTcs B yrmax MpsMOyrofibHuka (puc. 2).
V13BECTHbI MHOrOYMCEHHbIE UCCIENOBAHNS, PE3yNbTaToOM KOTOPbIX ABMAKTCA PEKOMEHAALMN no KOnmyecTBy
[aT4NKOB TOTO MMM MHOTO TUMa, KOTOPble MOryT ObiTb MCMOMb30BaHbI B ONPefeneHHbIX NOMELLeHUsX, Ha
camorneTax, NoABOAHbIX flofKax ¥ T.n. B uX ocHoBe nexar onpefeneHne BeposTHOCTEN:
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- Cpa6aTbIBaHVIﬂ [aT4yuKa, ecnv MeeT MeCcTo NoXxap,
—He Cpa6aTbIBaHVIFI [aTyuKa, ecnn noxapa HeT,
- Cpa6aTbIBaHVIﬂ [aTt4MKa, ecnv noxapa HeT,

- HeCpa6aTbIBaHVIFI [aTt4yuKka, ecrnv noxap ectb.

a/z a

Puc. 1. Cxema TpeyronbHoro pasmelyeHns aaT4ukoB

Puc. 2. Cxema npsiMOyronbHOro pasmelLeHns 4aTinkoB

a — paccTosiHue MEeXAY AaTyMKkamu; 6 — paccTOsHNE OT CTEHKW K AaTUNKy

Mcxoast M3 3HaueHWin ykasaHHbIX BEPOSITHOCTEN, OCYLLECTBNSETCS YCTaHOBKA [OMOMHUTENbHbIX [ATYMKOB M
TakuM 00pa3oM OCYLECTBNISIETC PE3ePBMPOBAHIE M MOBLILIAETCS HAEXHOCTb MpaBUNbHOTO cpabaTbiBaHus
MoXapHOI cUrHanu3aLuun. 3aMmeT M, YTo Takasi PaKTUKa UMEET MECTO Ha BbICOKOTEXHOMOTMYHbIX 06bEKTaX, YKe
MepeymncrieHHbIX Kopabnsix, camoneTax, aTOMHbIX 3MeKTpPOCTaHUuMsiX. Bmecte ¢ Tem, OcTaeTcs Hemaro
NpeanpusTUii, OBGLEKTOB XWMOr0 CEKTOpa, TAe CUrHANW3aLMs yCTaHABNMBAETCs, MCXOAS M3 cxeM (puc. 1 u puc.
2). Mpyu 3TOM yuMTbIBAETCS BLICOTA pa3MeLeHWst [aTuMkoB (Kak MpaBUno, OHA WMEET WHTepBanbHOe
fpeacTaBneHue), W kak creacteue, NNOLagb 30Hbl, KOHTPOMMPYEMOWA AAT4YMKOM. 3HauuTenbHas 4acTb
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NOMELLEHNA O0CTaeTCa HeKOHTDOHMpyeMOﬁ, nnn - OaTynkn Cpa6aTbIBaPOT, Korga noxap pAocturaet CBOEN
MaKCUManbHOM TOYKN.

Takum 06pa3om, yuuTbiBasi OCOBEHHOCTM M HEJOCTATKM pa3MeLieHUst JaTYMKOB MOXAPHOW CUrHanM3aLmu,
npeanaralTcs crieaytoLme NpUHLMNbI

Npy YCTaHOBKE AATYMKOB MOXApPHOM CUrHanmM3aLMW OpUEHTUMPOBATLCA HA BO3MOXHbIE YEroBEYecKue
xepTabl (X)), BEMMuMHy MaTepuanbHoro yilepba ( X, ), a Takke BO3MOXHbIE MOCNEACTBUS TEXHOTEHHbIX 1

akonornyeckux katactpod ( X, ), BblaBaHHbIe HecpabaTbiBaHneM aaTunkos. Heobxoanmo Takke yuuTbiaTh

yObITKM OT M NOXHOTO cpabaTbiBanms ( X, );

[NS peleHns 3afaqi ONTAMM3ALMM  CTPYKTYpbl CUCTEMbl MOXapHOA CUrHanusauuu, Heobxoaumo
paspabotatb MeTof onpeaeneHns KoadduuneHTa, ykasbiBalowWwero Ha BENMYMHY ONacHOCTM noxapa Ha
obvekte, k = F(X,,X,,X;,X,);

NP NPEBbILLEHNN 3HAYEHUst KoaddmuneHTa k HekoTopoi BenmunHel C > 0 paspabotaTb TEXHOMOMIO,
MO3BONSIOLLYI0 ONpesenuTb KOMMYECTBO W CTPYKTYPY PasMELLeHUs AaTyMKOB MOXapHOW CUrHanusauuu.
OyeBWaHO, YTO B TaKOM Criy4ae, KONMYECTBO AaTuMKoB OyaeT GonbLUMM, YeM PacCMOTPEHO B CTPYKTYpE Ha
puc. 1 mpuc. 2;

npu paspaboTke CTPYKTYpbl pasMeLyeHns AaT4MkoB 6a3vpoBaTbCA Ha UX TEXHUYECKWUX XapakTepucTUKax;

pesynbTaTax CTEHOOBbIX MCMbITaHUA; OCOBEHHOCTAX MOMeLLEHWn, rae OyayT YCTAHOBMEHbl LaTuKu;
9KCMEPTHBIX 3aKIOYEHNSIX.

Basupysicb Ha NPeAnOXeHHbIX MPUHLMNAX, ANst ONPeAeneHns ONTUMAnNbHON CTPYKTYpPbI Pa3MeLLeHst AaT4NKOB
MoXapHOI cUrHanm3aLmm HeobXoaUMO peLLnTb CeayIoLLmMe 3aaaum:

1. OcywecTButb  UaeHTUMKaLMIO 3aBucumoctn k= F(X,, X,, X,,X,), ncxoga M3 3KCMEPTHbIX
3aKITHOYEHUI M CUCTEMbI HEYETKUX NPOAYKLMOHHBIX NPaBu:
i i i i i i i i i .1
Ecu X, e A,uX,ed,uX;eA,uX, A, mked,i=Ln,
roe Aj. — HeYeTKEe MHOXECTBA CO CBOMMM (DYHKLMAMMU NPUHAANEKHOCTM, 71 — KONUYECTBO 3KCMEPTOB.

2. M,U,eHTI/I(bMLl'VIpOBaTb BEPOATHOCTb CpaGaTbIBaHl/IFI [aTt4yMKka B 3aBMCUMOCTM OT PacCTOAHMA [0 o4vara
BO3ropaHusa n temnepatypbl rOPEHUA:

Ecuud eB uT e€B,,mo peP,i=1,n,
rae d' - paccTosue OT o4ara BO3rOPaHUs A0 AaT4MKa, B;— COOTBETCTBYIOLIEE HEYETKOE MHOKECTBO,

T - Temneparypa nnameHu, p — BePOATHOCTb NPaBUNbHOMO Cpa6aTbIBaHVI$I haTyunka.

3. Wcxogs w3 pelweHud 3agad 1 v 2, onpedenuTb ONTUMAnbHYIO CTPYKTYPY pa3MeLLeHWUst OaTymKoB,
UCMONb3ys HeYeTKMe NPOAYKUMOHHbIE NpaBuna:

Ecu S, eCl,upeB uked,moQeR;, i=ln,j=1m,

roe Sj.— J -Ih BapnaHT CTPYKTYpbl, NPEANOXEHHbIA -M SKCNEPTOM, Cj.— COOTBETCTBYIOLLEE HEYETKOE
MHOXeCTBO, (O — MHTErpanbHbIN NokasaTenb, YKasblBatoWMiA Ha ONTUMANbHOCTb PasMeLLeHNst JaT4NKOB,
Rj.— COOTBETCTBYIOLLEE HEYeTKOEe MHOXECTBO. PelueHne nocrnefHen 3ajaum U ykakeT Ha BapuaHT

CTPYKTYphlI, ﬂBJ'IFHOLL[MIZCFI onTUManbHbIM.
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HeobxoaumMo 3aMeTUTb, YTO B MNPUBEAEHHBIX 3adadvax MpUCYTCTBYET 3HAYNTENBHOE KOMMYECTBO HEYETKUX
NPOAYKLMOHHBIX NPaBu, copepallyx YHKLAM NPUHAANEXHOCTH, NPeANOXeHHbIe aKkcnepTamn. OYeBMaOHO, YTO
TaK1e NpaBuna HePeaKko MMEKT NPOTUBOPEUMBLIN XapakTep. VX 0ObeKTUBM3aLMS 3aKM0YaeTCs B ONpeneneHnm
napameTpoB (hyHKUMA MPUHAANEXHOCTM, UCXOAS U3 3HAYEHWUH, COAEpXKalmxcs B 0byyatowmx BblGOpkax, U
PELIeHNM 3adaum MUHUMM3ALMM CyMMapHOW OWWOKM NpW paBHOMPABHbLIX 3AKMHOYEHUSIX, WM MUHUMU3ALMN
B3BELUEHHOI OLIMOKM, B MPOTMBHOM Cllyyae.

[N pelleHus Takoii 3afayM BO3MOXHO MCMOMb30OBaHWE annapata TeopuM HEYETKUX HerpoceTen Wnu
9BOIMIOLMOHHOTO MOAEeNupoBaHus. MocnenHee no psgy coobpaxeHUidl NPeACcTaBMSeTCs NPeAnodTUTENbHbIM,
XOTS1 3KCMEPUMEHTbI OCTAKOTCS ELLe BEpeay.

3aknioyeHue

PaccmoTpeHHble acnekTbl pelleHns 3agads OnTUMMU3aLW CUCTEMbl MOXApHOr0 MOHUTOPWHrA B YCROBUSIX
HeonpeaeneHHOCT! Bbi3BaHbl HU3KOM BEPOSTHOCTBIO CpabaTbiBaHWs AATYMKOB MOXAPHOM CUrHamuM3auum 1
COOTBETCTBYIOLMMI NOCMEACTBUAMMW. 3aBUCUMOCTb pa3MeLeHuss AaTynMKoB OT (DaKTOPOB BHELLHEN cpedbl U
BHYTPEHHWUX 0COOGEHHOCTEN OOBLEKTOB [OSMKHA Y4YMTbIBATbCH Hapsgy C  SKCMEPTHbIMU - 3aKMHOYEHUSMM.
COOTBETCTBYIOLLME TEXHOMOTMM ONTUMM3ALMI CTPYKTYPbI AATYMKOB MOXapOoTyLeHus Heobxoaumo BasnposaTb
Ha TEXHOMOIUAX «MSrKUX» BbIMMCMEHUIA, NOCKOMbKY XECTKO 3afaHHbIe NpaBuia UX pasMeLLeHUs OKasbiBatoTCs
[OCTaTOYHO YaCcTO HE3(EKTUBHBIMMU.
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KOONEPATUBHbIE MOAENE-OPUEHTUPOBAHHBIE METASBPUCTUKWU ANA
3AOAY KOMBUHATOPHOW ONTUMU3ALIMUA

Neonup MNynaHuukun, Ceprun CupeHko

AnHomayus: Mpednazaemcs Memodonoeusi NOCMPOEHUSI KOONEPamuBHbIX Memasgpucmu4yeckux memodoe
peweHusi 3aday KOMBUHamOPHOU OnMUMU3auuu Ha OCHOBe MOOENe-0pUEHMUPOBaHHbIX aneopummos. Ee
0COBEHHOCMbIO SiBiAemcs peweHue 3adayu nymem noucka (onmumu3ayuu) e npocmpaHcmee modened,
KkomopsIll nposodumcsi Ha OcHoge YacmHbiXx Modesnel, CHOPMUPOBaHHBIX 6a308bIMU  (COCMagHbIMU)
aneopummamu. OnucaHa cxema makux Memodos, paspabomaHa KoonepamusHas Memasspucmuka Ha 0CHo8e
aneopummos  ONMUMU3auuu  MypasbUHbIMU  KOMOHUAMU, nposedeHo uccredosaHue 3ghhekmugHocmu
npednazaemoli Memod0102uU Ha OCHOBE aHaslu308 Pe3yTbmamos 8bIHUCTUMESTbHO20 SKCNepUMeHma.

Knioyeenie crnosa: kombuHamopHas onmumu3ayusi, Modene-opueHmuposaHHbie Memodbl, KoonepamueHble
mMemasgpucmuku, onmumusayus MypasbUHbIMU KOIOHUAMU.

ACM Classification Keywords: G.1.6 [Numerical Analysis] Optimization, 1.2.8 [Artificial Intelligence]: Problem
Solving, Control Methods, and Search — Heuristic methods, General Terms: Algorithms.

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

Cpean npuknagHblX METOLOB pelleHus 3ajady kombuHaTtopHoit ontumumsauum (3KO) B nocnegHee Bpems
thopmupyeTcs Knacc Mofene-opueHTMpoBaHHbIX (model-based) anroputmoB — B OTnMuMe OT GOMbLUMHCTBA
TPaOMLMOHHBIX anropuTMOB, KOTOPbIE OTHOCAT K Knaccy 3apave-opueHTupoBaHHbIX (instance-based) [Zlochin et
al., 2004]. 3agave-0pueHTUPOBAHHbIE ANrOPUTMbI TEHEPUPYIOT HOBbIE BapWaHTbl PELUEHWA TONMBKO HA OCHOBE
OOHOTO WMINM HECKONBKMX TEKYLUMX BapWaHTOB pelleHuid. K uucny Takux MeTogoB OTHOCATCS TEHETUYecKue
anropuTMbl, MOBTOPSIEMbIN NOKanbHbLIN nouck v apyrne [Hoos and Stiitzle, 2005]. B Mogene-opreHTMpOBaHHbIX
METOZax BapuaHTbl PELUEHUA TEHEPUPYIOTCS C WCMOMNb30BaHMEM NApameTpU3MPOBAHHON BEPOSITHOCTHOM
MoZenu, Kotopas OBHOBMSIETC Ha OCHOBE paHEe PacCMOTPEHHbIX BapWaHTOB peLUeHWi Tak, 4Tobbl Mouck
KOHLIEHTPUPOBANcs B 00OnacTax C BapuaHTaMu pelleHuit ,Bbicokoro kavectBa” [Zlochin et al., 2004]. Kak
oTmeyeHo B [Dorigo and Blum, 2005], B Mogene-opueHTUPOBAHHOM anropuTMe MPOUCXOAWT ONTUMWU3aLNS
napameTpoB W/MMKM CTPYKTYpbl Mogenu, T.e. BMecTo ucxopgHom 3KO pellaeTcs 3apava HenpepbiBHOM
ONTUMW3aLMN B NPOCTPAHCTBE NapameTPOB MOMENM MCMONb3yeMoid 3TUM anroputmom. LLnpoko 13BeCTHbIMM
MOZENe-0pNEHTUPOBAHHBIMU METOZaMW SBNSKOTCS anropuTMbl ONTUMM3ALMM MypaBbUHBIMK KonoHuUaMK (OMK)
[Dorigo and Stiitzle, 2004], meTog kpocc-aHTponum [Rubinstein and Kroese, 2004] n MeTog, BbIMACIIEHNS OLEHKM
pacnpegenenns [Larrafiaga and Lozano, 2002).

[pyroi aKkTMBHO MCMOMNb3YEMON TEXHOMOTMEN MOCTPOEHNSI COBPEMEHHBIX anroputmoB pelueHus 3KO sensetcs
rmbpuansaumst BbICOKOYPOBHEBbLIX anroputmMoB — MeTasBpucTuk [Raidl, 2006). C Touku 3peHws cTparterum
YNpaBreHus PasnuyaloT MHTErpaTuBHbIE U koonepaTueHble cxembl [Cotta, 1998]. Hawe BHumanwe Oyget
COCPEfOTOYEHO Ha BTOPOM TWME CXEM, B KOTOPbIX COCTaBHble anropuTMbl 0BnafgatoT BbICOKOM CTEMEHbH
aBTOHOMHOCTH, 06pa30BbIBast Ha HKHEM YPOBHE HEYTO BPOLE aCMHXPOHHbIX rpynn [Taludar et al., 2003].

B pabote npegnaraetcs u uccneayetcs METOLONOMS NOCTPOEHUST KOOMEPaTUBHBLIX META3BPUCTUK HA OCHOBE
MOZene-0pueHTUpPoBaHHbIX anroputMoB [[ynsHuubkuia, 2009]. OcobeHHOCTbIO npeffaraemoro nogxoga K
NOCTPOEHNIO  KoonepaTuBHbIX MeToaoB peleHuss 3KO ABNSeTCA Hanuune ynpaBnstoLLero anroputma
arperMpoBaHms (ONTUMM3aLmMK) YacTHbIX MOAENEeN, ChopMUPOBaHHbLIX 6a30BbIMI (COCTaBHLIMM) anropuTMami. B
cnegylowem pasgene onucaHa obwas cxema Takux MeTOLOB, Janee w3naralTcs Aetanu paspaboTaHHOM
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koonepaTMBHOW METa3BpUCTUKM Ha ocHoee anroputmoB OMK. Pesynmbrathl M 0BCyxaeHWe npoBeSeHHOro
uccnenoBaHus 3hdeKTUBHOCTM NpeanaraemMon MeTodOoMNorM Ha OCHOBE BbIMUCIMTENBHOMO SKCMEPUMEHTA
npvBedeHbl B NPeAnocneaHeM pasgene. 3aknoyeHne n OnncaHue HanpaBneHWn JanbHEeNLWero MccneaoBaHms
3aBepLuaet pabory.

Mog 3KO wmbl Byaem noHMMaTh 3apavy MWUHUMM3AUMM 3afaHHON LEneBon (yHKLUMW Ha NOKanbHO-KOHEYHOM
NPOCTPaHCTBE BAapUAHTOB PELLEHNS, COCTOSLLMM M3 KOMOMHATOPHbIX 06bekToB [ynsHuybkuit, 2008].

MocTpoeHue KoonepaTUBHbIX TMOPUAHBIX META3BPUCTHUK

Paccmotpum npobrnemy nocTpoeHus rubpuaHbIX KOOMepaTUBHbIX METadBPUCTUK, KOTOpble BasnpytoTcs He Ha
OOHOM, @ Ha HECKONbKUX MOLene-OpUEHTUPOBAHHbIX anroputMax; nyctb K — YMCNO TakuX anropuTMOB,
koTopble Ha3oBeM 0a3oBbIMW. Bygem cuuTaTb, YTO KaXOblil TakOW anroputM ONepupyeT CO CBOE MOLENbH0
M, k=1,.,K, aBpesynbrare ux [esTenbHOCT (hOPMUPYETCSH OAUH UMK HECKOMbKO BapUaHTOB PELLEHMS.

PaccmoTpum  0ofHy 143  BO3MOXHbIX peanusauui. [MpegnonoxumM, 4to pabota anropuTMOB  MOXET
OCYLLECTBAATLCA ACMHXPOHHO, @ WX B3aWMOAENCTBME Ha wTepauun /s npoucxogut nyteM (hOpMUpOBaHMS
BbILLECTOSLLEN NPOLeaYpPON arpernpoBaHHoi Mogenu (metamogenu) M I+l ak ¢ Y4eTOM OTAEMNbHbIX Mogene
Mlh,...,M ,}é 1 CHOPMMPOBAHHON Ha MpefblayLLeit UTepaL Mogenu M " | Tak 1, BOSMOXHO, CreHepUPOBaHHbIX

anropuTmMamm pelLeHuin. Takum o6pa3om, koonepaTuBHas METa3BPUCTHKA ONEPUPYET HECKOBKUMM MOLENSMU Y
OCYLLECTBNSET ONTUMU3ALMI0 B NPOCTPAHCTBE MOAENen, C LEnbio NpefocTaBneHns BO3MOXHOCTU 6a30BbIM
anropuTMam (Mnn HeKOTOpbIM U3 HUX) reHepupoBaTh Haunyuwwmre pelueHuns 3KO.

procedure BasoswiiAnropurt™m (k , M)
VHMumanm:3aumnga,;
while (ze zaBepmena patGora) do

T'enepuporanueBapmanTosPemenus (M, M) ;

ObnoenenmeMomemmn (M) ;
end while
return HamnyuemeeHanmeHHoePemeHne;
end procedure

procedure YnpaemasomasMeTasBpuUCTHKA ()
VHuuManmsaumus;

for k:= 1 to K do

SanyCTMTb(BaBOBHﬁAnPopMTM(k’,A{l));

h=1;
while (He BrmosHseTcs ycnoBmue 3asepmeHus) do
if (Bononusercs ycroBue obmMmeHa) then
for k=1 to K do
A4£F=HOHVHMTBMOH€HB(A4k);
end for
h+l h h h
M"" :=CdopmmposarsMonens (M" M| ,...My) ;
for k=1 to K do
PagocnaTbMonenb(k’,AIMJ);
end for
h=h+1;
end if
end while

BaBepumTEPabOTYyANITOPUTMOB () ;
return HamnyummeHalineHHbePemeHns;
end procedure

Puc. 1 Cxema rmbpuaHoi koonepaTBHON MOLENE-OPUEHTUPOBAHHOM METAIBPUCTHKM
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lMpegnaraeTcs METOLOMOMS CO3AAHUSA METAIBPUCTUYECKMX anropuTMoB pewerns 3KO, obulas cxema KoTopbIx
COCTOWT U3 3TanoB, NMPeACTaBfieHHbIX Ha Puc. 1. 3gecb Ans NpocToTbl W3NOXEHUs Mpu hOPMUPOBAHMUK
arperMpoBaHHoON MoLenn (MeTamogenu) He OTpaXeH SBHO (PAKTOp y4yeTa pPELIeHUiA, CreHepupoOBaHHbIX
©a30BbIMM anropUTMamu.

Onuwwem KntoyeBble aTarbl KOONEpPaTUBHOIO anroputMa. flocne atana WHULManu3auum oCyLLeCTBSETCA 3anyck
BCex 0a3oBbiX anropuTMOB, KaXObl W3 KOTOPbIX WTEPALMOHHO M HE3aBWUCUMO TFEHEpUpYeT peLleHus 1
0OHOBNSIET CBOK COOCTBEHHY Mogenb. [Mpu BbINOMHEHWM yCroBun oOMeHa, Tekywme mogenu 6a3oBbix
anropuTMoB (1, BO3MOXHO, HaLEHHbIE UMW BapuaHTbl PeLeHn) UCMonb3yloTes ANs hOPMUPOBaHMS HOBOW
arpernpoBaHHoi Moaenu (Metamogenu). Mpy 3TOM MOXET TaKkKe MCMoMnb30BaTbCs arperMpoBaHHasl Mogenb C
npeadblayliein wtepaumy obmeHa, a cam npouecc (hOpMUpPOBaHMS MOXeT ObiTb NpeacTaBneH B BuAe
ONTUMMU3ALMOHHOM NpobnemMbl MOMCKA HawWnmydylero anemMeHTa B NpocTpaHcTBe Mogeneit. [ocne aToro
arpernpoBaHHast MoZenb paccbinaeTcs 6a3oBbiM anropuTMam, rae MOXeT, Kak UCMoNb30BaTbCs B COMETAHUN C
NXx COBCTBEHHOW MOAENbI, Tak W 3aMECTUTb €€ MOMHOCTLH. [pu BbINONHEHUN YCIOBUI 3aBepLUEHNS paboThl
KoonepaTuBHas METa3BPUCTWKA BO3BpALL@eT OAMH WM HECKOMbKO Haumyylwux K3 HanaeHHblX 6a30BbiMU
anropuTMamm BapnaHTOB PeLLEHUS.

B kayecTBe 6a30BbIX anroOpUTMOB MOTYT BbICTYNaTb OTAENbHbIE 3K3EMMIISAPLI OLHOTO anropuTMa, B 3TOM Cry4ae
CXema HasblBaeTCs TOMOTEHHOM. JK3EMNNSpbl anrOpUTMOB MOTYT UMETb PasNnyHble 3Ha4YeHUs napameTpos. B
Cny4yae reteporeHHon cxembl (korga 0as3oBble anropuTMbl HE OCHOBBLIBAKOTCS HA OAHOM anropuTMe/MEeToAE),
mMogenu 06a3oBblX anropuTMOB  AOMKHbI  OblTb  COrMacoBaHbl, T.e. [OMKEeH CyllecTBoBaTb  Crnocob
npeobpa3oBaHus 3HAYEHU NapaMeTpOB W/unu CTPYKTYp Mogenen Mexay coboi.

YnpaBnsiowas MeTasBpucTuka MoxXeT )OpMMpOBaTL Ha OJHOWM UTEpaLMK He OfHY, @ Cpasy HECKONbKO pasHbiX
arperMpoBaHHbIX Moaenen (meTtamogenein). 370 LenecoobpasHo Kak B Cryyae reTeporeHHoM Cxembl, Korga
6a3oBble anropuTMbl MOMYT WUCMONb30BaTb MOAENW PasHOW CTPYKTYpbl, Tak W korda Tpebyetcs uccnegoeatb
HECKOIbKO pasfNyHbIX MoZenei OgHUM anropuTMOM.

[Mpu MCNONb30BaHWM AAHHOM METOAONOMMW HEOBXOAMMO ONPEAENUTL:
1. Tun(bl) 6a30BbIX MOAENE-OPUEHTUPOBAHHBIX aNrOPUTMOB;
2. cnocob ucnonb3oBaHus 6a3oBbIMK anropuTMamm arpermpoBaHHoON Mogenu (MetTamogeni);
3. ycnosus obmeHa (Cxema KOMMYHUKaLmK);
4. cnocob (hopMMpOBaHNS arperMpoBaHHoO Moaen (MeTamogenu);
5. ycrnosus 3aBepLueHns paboTbl KOONepaTUBHON METAIBPUCTUKN.

Mpegnonaraetcs, YTO NpUMeHeHWe pa3paboTaHHOM METOZONMOrMKM MO3BOMNT AMBepcUdMUMpoBaTh paboty
0a3oBbiX anNropuTMOB, YTO YMeHblUaeT BEepOSTHOCTb 3aBepLUEHWs npouecca noucka B obnactsax, He
coaepxalumx rnobansHo-onTuMansHoe pelueHne. ObmeH uHdopmauweir mexay 6a3oBbiMKM - anropuTMamm
NO3BONSET HAZeeTCs Ha NoBbleHWe 3 EKTUBHOCTI NPOLIECCa MOUCKa 3@ CHET MPOSBMEHNS CUHEPreTUYECKMX
ahpekToB. Takum 06pa3oM, BbIOGOP KOHKPETHOM Cxembl 0OMeHa MHopMauum (cnocoba koonepupoBaHms)
onpegenset BanaHc Mexzay WHTeHCUtKaLmen 1 aueepcudukalmen noucka.

PaspaboTaHHas cxema MOXeT Takke CRyXWTb OCHOBOW Ans Knaccucukaumm rmbpuaHbix anroputmos KO,
HanpuMep, Ha OCHOBE MNapameTpu3auun Takux mnokasaTeneml, Kkak CUHXPOHHOCTb BbIMNOMHEHUS W CXEMb
B3aMMOAenCcTBUS 6a30BbIX anropuTMOB, MX OAHOTWUMHOCTb, KOMWYECTBO MCMOMb3YeMbIX MOZENei W MeTodsl
(hOPMUPOBaHMS arpernpoBaHHbIX Mogenen, CTeneHb MCNoNb30BaHNS NPeabICTOPUM.

Ons wmanoctpaumm M NepBWYHOTO MCCNEdOBaHWS AaHHOM cxeMbl Obina paspaboTaHa koonepaTvBHas
MeTaaBpucTuka Ha ocHose anroputmoB OMK. OHa nanoxeHa nocne kpaTkoro onucanus metaaspuctkn OMK.

Ontumusaums MypaBbUHbIMWU KOJTOHUAMU

B nocnegHue rogbl aKTWBHO pa3BmMBaldTCA MeTOAbl TaK Ha3blBAEMOro pPOEBOro WHTENNEeKTa, B KOTOPbIX
COBOKYMHOCTb CPaBHUTENbHO NPOCTbIX areHTOB KOHCTPYMPYET CTpaTeruio CBOEro noBeaeHUs 6e3 Hanuuus
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rnobanbHoro ynpasnexns [Kennedy et al., 2001]. OgHUM U3 LUMPOKO M3BECTHBIX POEBLIX METOLOB SBMSETCA
metoa OMK. Mo aHanorum ¢ Bruonoruyeckon mogensto, OMK 6asnpyetcs Ha Henpsimom o0bMeHe HGopMaLmei
KOMOHUM areHTOoB, Ha3blBaEMbIX WCKYCCTBEHHbIMM MypaBbsiMM, MCMOMb3YIOWNX (HEPOMOHHbIE Crnedbl Kak
KOoMMYHMKaLMoHHoe cpeacTeo [Dorigo and Stiitzle, 2004]. ®epomorHble cneabl B OMK cnyat pacnpegeneHHomn
YNCNEHHOW WHopMaLmen, KoTopas, Hapsdy C 3BPUCTMYECKOW WHGopMauueid O 3afade, UCMONb3yeTcs
MypaBbsiMU AN HEAETEPMUHUPOBAHHOMO KOHCTPYMPOBaHUS PELUEHWA 3a4aum U KOTOPYH MypaBbW afanTUBHO
W3MEHAIOT 4N 0TOOPaKEHWNS OMbITa, HAKOMIEHHOMO B MPOLECCEe Moucka pelleHus. BaxHo 0TMETUTb, YTO XOTS
KaObl MypaBeii [OCTaTOMHO CROXEH, 4TODObl HalTW pelleHue 3ajaun, XOpolWe pPeLleHns, 0BbIYHO,
NOSIBNAIOTCA TOMbKO B pe3ynbTaTe KOMMEKTMBHOMO B3aUMOAEUCTBUS MeXOy MypaBbaMW, MOCPEOCTBOM
3anncn/cunTbIBaHNS 3HAYEHWN (PEPOMOHHBIX CrEAoB. B N3BECTHOM CMbICNE, 3TO ABMSETCA pacnpeseneHHbIM
npoueccom obyyeHns, B KOTOPOM OTAENbHble areHTbl, MypaBbW, HE afanTupylTcs, a HaobopoT, aganTUBHO
W3MEHSIOT BUA 3a4a4 1 ee BOCNPUATIE APYrMUM areHTamu.

Kpome mocTpoeHnst MypaBbsMM pelleHuin, MeTasspuctuka OMK BknrovaeT ewe ase npoueaypbl (PUC. 2)
[Dorigo and Stiitzle, 2004]: 06HoBNEHNE (PEPOMOHHBIX 3HAYEHWIA U JEACTBUS AEMOHA (BKIHOYEHME NpoLeaypbl
JencTBui JemoHa HeobsizaTeneHoe). [naBHas npoueaypa metaaspuctukn OMK — lMnaHupoBanueeincTeuin He
onpegenset, KakuMm obpa3oM pacnnaHMpOBaHHbI U CUHXPOHW3MPOBaHHBI MocTopoeHneMypaBbsaMuPeLLeHui,
O6HoeneHne®epomora u [enctausflemoHa, Yto octaBnseT paspaboTumky ceobogy B onpeneneHum crnocoba
B3aMMOZJENCTBUS 3TUX Tpex npoLeayp.

O6HOBNEHME (DEPOMOHHBIX 3HAYEHUI BKMIOYAET Kak YBENMYEHWE 3HauYeHuit — aobaBneHne MypasbsMU
(hepoHOHa COTMacHO MOCTPOEHHOMY MMM PELLEHMI0, Tak U YMeHblleHWe — ucnapeHue (DepoMoHa, MpoLiece ¢
MOMOLL|bH0 KOTOPOrO UHTEHCUBHOCTL (DEPOMOHHOTO Criefja aBTOMATUYECKN YMEHBLLAETCS CO BPEMEHEM.

procedure OMK ()
while (ue BrmosHsercs ycnoBue z3asepumeHus) do
[InauupoBaHuelleCTBUN
[locTopoeHmueMypabbaMmuPemenu () ;
O6HoBJeHuedepomoHa () ;
IemcrBuallemoHa () ; {Heobaz3aTeJsILHO}
end TnanupoBaHuelleiCTBUMN
end while
end procedure

Puc. 2 MeTtaaBpucTvka onTUMM3aLm MypaBbUHBIMA KONOHWAMM

VicnapeHue ocyLlecTBnsSieT nonesHyto opMmy «3abbiBaHus», COOENCTBYS MCCMEeAOBaHWI0 HOBbIX obrnacTeit B
MPOCTPaHCTBE MOMCKa M 13BEeXaHNI0 04EHb DBICTPOI CXOAMMOCTM anropuTMa K cybontumanbHoi obnactu.

ﬂeﬂCTBMﬂ AeMOHa MOryT UCnonb3oBaTbCA ANA OCYLWECTBNEHUA LEeHTPpanuM3oBaHHbIX npouenyp, KOTopble He
MoryT ObITb BbINOMHEHBI OTAENbHbIMU MypaBbAMU. Hanpmmep, aKTuBauna npouenypol nokKansHoN onTnMmsayumn
nnn 060p rnobansHon Mmbopmaumm KOTOpasa MOXeT ObITb MCMONb30BaHa Ona NPUHATUA peLleHnda npu
OTKNaAblBaHUX JONOSTHUTENBbHOIO (bepOMOHa Ana OTKNOHEHNA npoLecca nomncka ot nokanbHoM nepcnexkTnBbI.

Anroputmbl OMK' ycnewwHo npuMeHsiioTcst ko MHorM crnoxdbeiM 3KO. [ns oTaenbHble ux knaccos Obinm
nomnyyeHbl TEOPEeTUYECKMEe pe3ynbTaTbl, CBMAETENbCTBYIOLWME O CXOAWMOCTW MO 3HAYEHMIO K rnobanbHo-
onTumansHoMy pelueHuto [Dorigo and Blum, 2003].

[eTanbHo MeTOA onucaH, B YacTHocTK, B paboTax [Dorigo and Stiitzle, 2004; Dorigo and Blum, 2005)].

KoonepatuBHas meTaaBpucTmka Ha ocHoBe anroputmos OMK

B pamkax npefnoxeHHoON MeTogonoruu Beina paspabotaHa koonepaTuBHas rmbpuaHas MeTasBpuCTUKa B BUaE
nocrefoBaTensbHOro (4ns O4HOr0 MpoLeccopa) anroputMma, KOTOpbIA BKMKOYaeT Heckorbko anroputmos OMK
(Puc. 3). [aHHas cxema He npeanucbIBaeT, CreayeT M WUCMONb30BaTb SK3EMMNMSAPbI OOHOMO W TOMo Xe
anroputma, mbo oHa MOXET ObiTb FeTEPOreHHON, YTO OCTaBNSET pa3paboTumky BhIOOpP Mpu peanusauuu.
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AnroputMbl  paboTalOT CMHXPOHHO W NOCNE 3aBepLUeHUs UMM 3afaHHOro konnuecta 7 wTepauui,
coBepLuaeTcs 0bmMeH MHGopmMaumeir. B pamkax gaHHOW CxeMbl arpernpoBaHHasi MOAenb PopMUPYETCs TONMBbKO
Ha OCHOBE TeKylmx mogenei 6asoBbix anroputMoB (0e3 yyeTa npeabICTopuM) U mocne opMMpOBaHMS
3amelLlaeT coboro ux mMogenm.

B kauecTtBe mpoLeaypbl arpernpoBaHus bbina peanu3oBaHa CXeMa B3BELIEHHOrO CyMMMPOBAHWS 3HAYEHWi
napameTpoB (PEePOMOHHBIX 3HaYeHUIn) Mofeneit 6asoBbIX anropuTMOB 7,...,7x (ANS MPOCTOTbI U3NOXEHUS

6yaeM CYNTATb, YTO 3HAYEHUA NapameTpoB HOpMMpOBaHbO.Beca BbIYMCNISIOTCA HA OCHOBE 3HAYEHMI ueneBoM

(OYHKLMM Ha TeKyLLMX Hauny4Lwmux BapuaHTax peLleHui fl"”’ ,?p’ 1 CPeQHUX 3HaYeHUI LieneBoit yHKLMM

S f¢78 no HailfeHHbIM 6a30BbIMM anNropuTMaMy PeLLEHNAM Ha NocneHeit 3aBepLUEHHO TepaLm no

cnenyouiemy COOTHOLLEHNIO:

= Y wr, w=02/K+ 0.65f0m Jont * 0-25,.avg Jae Jk=1,..,K,
k=1,..K ko ko
opt : opt avg : avg O’ X # Vs
e f =ki1111nK{ s },f =k£1nn1<{fk },5x’y =1 ey

procedure KooneparuBHasa MerasspucTtura OMK ()

VHMUMaIn3aumns (Tl);

h=1
while (Ah-ITLIT

max )

for k=1 to K do

="

end for
for i:=1 to IT do
for k=1 to K do

HOCTOpOGHMeMypaBbHMMPemeHMﬁ(Tg);

O@HOBHeHMe@epOMOHa(Tg);

HemcrBualleMoHa () ;
end for
end for

BuumciureBeca (w),...,Wg ) ;

K
o= ZWkr,i’ ;
k=1

]’l2=h+1;
end while
return HamnyuemeeHanmeHHoePemeHne ;
end procedure

Puc. 3 KoonepaTtueHas Mogene-opueHTMpoBaHHas cxema Ha ocHose anroputmoB OMK

lMockonbky MCCreqoBanoch BAMSHWME HanuuMs obMeHa MHQOpMauMen B KOOMEPaTMBHOW CXeMe Ha
3(h(HEKTMBHOCTb, TO B KayecTBe YCNOBUS 3aBeplueHus Obino BbiGpaHO BbINOMHEHWe 6a30BbIMK anropuTMamu
onpe/enieHHoro konuyecTsa utepauun 17, . .

BbluncnurenbHbIN 3KCNEPUMEHT

HOCKOHbe TeopeTnyeckoe wuccneaoBaHne MeETadBPUCTUYECKUX anrOPpUTMOB peLLeHns 3KO KpaﬁHe peako
No3BONAET nofyvYatb NPaKTU4eCKM nNpUMEeHMMble pe3ynbTatbl, MNPUHATO aHanM3UpPOoBaTb MOKa3aTesnn
SdeeKTMBHOCTM nyTem npoBeaeHnA BbIYUCITUTENbHbIX 3KCNEPUMEHTOB. C aron Lienbto 00bI4YHO Menonb3yKT
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"knaccuyeckne" mogenu KoMOMHATOPHOWU onTUMM3aLMKM — Takue, Hanpumep, kak 3agada kommusoskepa (3K)
[Hoos and Stltzle, 2005], koTopasi COCTOMT B MOMCKE MWHMMAMNbHOrO ramUibTOHOBOTO LMKNA B MOMHOM
B3BELLEHHOM rpade.

[MpoBeaeHHbI AKCMEPUMEHT COCTOSN B CPABHEHMM Pe3ynbTaToB, NONYYEHHbIX kak pa3paboTaHHOW rMbpuaHoM
reTeporeHHoON MeTasBpUCTUKOM, CO3LaHHON Ha OCHOBE WUcnornb3oBaHus asyx anroputmos OMK (cnefoBatensHo,
K =2), TaK 1 anropuTMOM, WAEHTUYHBIM YKa3aHHON METadBPUCTUKE, HO C OTKIMIOYEHHbIM MoZyrnem obmeHa.
Takum 00pa3om, B KauyecTBe MOCMEeHero paccmaTpuBancs KOMOWHMPOBAHHBIA anropuTM, BKMKOYAKLWWA OBa
ak3emnnspa anroputma OMK, paboTatowumx napannensHo U He3aBUCKMO, KOTOPbI BO3BpaLLan B KoHLe paboTol
nyyLiee U3 ABYX HaaeHHbIX peLleHi.

dopmupoBaHne ynpaenatoLLei META3BPUCTUKON arperMpoBaHHON MOZENM OCYLLECTBAANOCL nocne kaxdbix 100
nTepauuit, BbIMOMHEHHbIX 6a30BbIMM anroputMamn. Kputepuem 3aBeplueHus paboTbl BCEro KoonepaTMBHOMO
MeTofa SBMSNIOCh BhIMOMHEHME KaxabiM M3 6a3oBbix anroputmos 1000 utepaumii.

B kavectBe 6a30BbIx anropuTMOB Mpu peanu3auun Bbinn UCNONb30BaHbI 3K3EMMNSAPbI U3BECTHOTO anropuTMa
Max-Min Ant System (MMAS) ¢ penHuumanusaumen epoOMOHHbIX 3HaveHuin [Stiitzle and Hoos, 2000] u
ak3emnnsapel anroputma Ant Colony System (ACS) [Dorigo and Gambardella, 1997], peanusaums koTopbix B3siTa
n3 naketa ACOTSP [Stiitzle, 2004]. ®epOMOHHbIE 3HAYEHUS PEMHULMANUUPYIOTCbS, €CMIN  PeLLeHus
CreHepupoBaHHble Ha OfHOW WTepauun OCTATOMHO OnW3KM ApYr K Apyry M Ha NpOTSXKEHUM 3afaHHOro
KOnMYecTBa UTepauuii anroputMoM He Obino HanaeHo ynydwenus. Mogens B atux anroputmax OMK ans 3K
nNpeacTaBneHa B BUOe KBaApaTHOW MaTpulbl, SMEMEHTaMK KOTOPOW SBASIOTCS (DEPOMOHHbIE 3HAuyeHus. B

anroputme MMAS ncnonb3yrTCa ANHAMUYECKME OrpaHuUYEeHna 7 T Ha 3Ha4yeHna 3SnNemMeHTOoB

max’ “ min

(DEPOMOHHON MaTpuLbl (MapamMeTpoB MOZENM), NO3ITOMY nepen arpervpoBaHWeM MaTpuL OCYLLEeCTBASNOCh
MacLTabupoBaHue 3I1EMEHTOB c npuBeseHnem nx 3HayeHui K OTpesky [0,1]:

r~"°””=(ri -7 )/(z’ -7 ) B anroputme ACS TaKkMe OrpaHW4eHWs OTCYTCTBYKT W Mpw
min max min

1

MacLUTabMpOBaHNM MCMONb30BANNCh MUHUMArbHbIA W MaKCUManbHbIA 3MEMEHT MaTpWLbl, COOTBETCTBEHHO.
AHanormyHbIM 06pa3oM OCYLLEeCTBNISNOCH MacliTabupoBaHWe arpervpoBaHHbIX MaTpul Mpu UX nepepave
6a30BbIM anropuTMam ¢ y4eTOM COOTBETCTBYHOLLMX OFPAHUYEHMIA.

MapameTpbl 6230BbIX anNrOPUTMOB YCTaHABNMBANNCh PAaBHLIMI CTAHAAPTHBIMU 3HAYEHWAM, PEKOMEHAYEMbIMU B
nutepatype ans 3K [Dorigo and Stiitzle, 2004], T.e. gononHUTENbHAA UX ONTUMU3ALMS AN KOHKPETHOrO Habopa
TectoBblx 3K He nposogunach. KommuectBo MypaBbeB COCTaBNANO 25, koapdUUMEHT ucnapeHus pepomoHa
p = 0.5, B nceBgocnyyaiHoM MponopLMOHanbHOM npasure Bblbopa, KOTOPOe MPUMEHSNN MypaBbu Mpu

NOCTPOEHNN peLLeHui, Bbinu Takne 3Ha4eHns napameTpos: a =1, S = 2. B kayecTBe 4eATENbHOCT AEMOHA B

anroputmax OMK ko BCemM MOCTPOEHHLIM MypaBbsMI PELUEHUSIM NPUMEHSNCS anropuTM NPOCTOrO NOKanbHOro
noucka 3-opt [Hoos and Stitzle, 2005], peanusaums kotoporo Takke B3dTa 13 naketa ACOTSP [Stiitzle, 2004].

B 1abn. 1 npueeaeHb! pesynbTaThl 20 BApUAHTOB PELIEHWS KaXOOW W3 MpencTaBleHHbIX CUMMETPUYHbIX 3K
(Takux, B KOTOPbIX rpadh ABMSETCH HEOPUEHTUPOBAHHBIM) C U3BECTHBIMU ONTUMANbHBIMU PELLEHUSAMM, B3ATbIX U3
WHTepHeT-61bnnotekm TSPLIB [TSPLIB, 2009]. 3gech 4ncno B Ha3BaHWM 3adaqvn 0bo3HavaeT ee pasMepHOCTb,
Sopt — W3BECTHOE 3HAYEHME LiENeBoit (YHKLMM B TOUKe rnobanbHoro MUHUMYMa, f,;, — Nyullee HaifeHHoe

COOTBETCTBYHOLM ANTOPUTMOM 3HAYEHNE LIENeBO (YHKLMN, 5., — CPEAHSIS OTHOCUTENbHAS MOTPELUHOCTD

anroputma (%), i,,, — CpeAHee KONMMYeCcTBO UTEpaLii Ha MPOTSHKEHNA KOTOPbIX anropuTMoM Bbino HaiaeHo

a

flyyluee pelieHve, f,,, — CPEAHEe BPEMS, Ha MPOTSKEHUW KOTOPOTrO anroputMoM Bbino HaideHo myuwee

peleHne Ha NMIBM knacca Pentium IV 2,66 [T (c). PaspaboTaHHas rubpuaHas koonepaTueHas METasaBpUCTUKa
obo3HayeHa B Tabnmue kak ACS_MMAS_koon, a anroputm, 00beanHSAIOWmiA HeaBucMble ak3emnnsipsl ACS
MMAS, - ACS_MMAS_Hes.

OtmeTtuM, 4TO pa3paboTaHHbIl MeToh CpaBHWBAnNCA C koMOuHupoBaHHbIM anroputMom ACS_MMAS_Hes,
ABNAOWMMCSH [OCTATOYHO 3((EKTUBHBIM, MOCKOMbKY A1 BCeX 3adady (kpome 3apaun d657), yyacTsytolumx B
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9KCMEPUMEHTE, OH Y€ Haxoaun rnobanbHO-ONTUManbHbIe peLleHnst XoTa Obl B OAHOM U3 MOMbITOK. Hanuune
obMeHa MHOpMaLuM He yXyawwno aToT nokasatenb B anroputme ACS_MMAS_koon, oH Takke Hawwen
rnobanbHo-oNTUManbHble PELUeHMs TECTOBbIX 3adady (3a WckmodyeHuem 3agav d493 n d657). Ho ans
GonbwuHcTBa 3apay anroputm ACS_MMAS_koon nokasan nyulyl CPEeAHH0 OTHOCUTENbHYIO MOrPewHOCTb
(MckmoyeHne cocTaBnsieT 3agada alib3b). CregyeT noavepkHYTb, YTO WMEHHO YIydlleHue mnokasaTtens
9PPEKTUBHOCTN B CPEOHEM U SBMSETCH BaXHbIM, MOCKONbKY B 3KCMEPUMEHTE WCCrenoBanucb anropuTMbl,
KOTOpblE COCTOANM B OAHOM 3amycke anroputma (6e3 pecrapta) ACS_MMAS_Hes u ACS_MMAS_koon,
COOTBETCTBEHHO.

Tabnuua 1 PesynbTathl pewwenus 3K
ACS_MMAS_He3 ACS_MMAS_xoon

Somin 5avg % lavg Lavg s COK | froim §avg % lgvg Lavg » CEK
d493 35002 35002 0.021 620.05 61.30 35004 0.013 561.7 54.55
att632 27686 27686 0.051 302.90 34.38 27686 0.032 450.0 47.53
ali535 202339 | 202339 0.005 406.00 64.31 202339 0.007 268.5 40.92
us74 36905 36905 0.052 522.40 63.21 36905 0.008 412.7 49.91
p654 34643 34643 0.026 457.20 53.27 34643 0.010 635.1 73.69
d657 48912 48913 0.078 550.70 83.55 48913 0.032 574.3 80.94
u724 41910 41910 0.047 602.25 77.76 41910 0.032 350.8 4547
rat783 8806 8806 0.065 522.50 77.73 8806 0.026 590.8 82.54
pr1002 | 259045 | 259045 0.160 721.90 153.80 | 259045 0.077 775.7 165.83

vm1084 | 239297 | 239297 0.025 580.90 | 21240 | 239297 0.012 470.1 166.38

3apava Jopt

Bpemsi paboTbl M KOMMYECTBO WTEpaUMi [0 HAXOXAEHUS Jydqllero BapuaHTa peLleHus, Yy anroputma
ACS_MMAS_koon 6binv cpaBHUMbIMM C COOTBETCTBYIOLMMM nokasaTensmu anroputva ACS_MMAS _Hes.

Pe3yanaTb| BbIMUCNUTENBHOrO 3KCNEepuMeHTa CBUAETENbCTBYOT O TOM, YTO [AaHHAA MEeToOonorMa no3sonaet
NnoBbILWAaTb SQ)d)eKTI/IBHOCTb MOZeNne-0pUEHTUPOBAHHbBIX anroputMoB nNyTeM OpraHu3aunn KoonepaTuBHOro
peleHnsa 3agadu.

3akniouyeHue

B pabote npeanoxeHa wmetogonorus pa3paboTku rmbpuaHbIX KOOMepaTUBHbIX MOAEne-0pUEHTUPOBAHHbIX
METasBPUCTUK, NPEANoNaralolas Hanuumue ynpaensLWEro YpoBHS, Ha KOTOPOM OCYLLECTBNSIETCS MOCTPOEHME
arperMpoBaHHOM (MeTa) MOENM, a B Ka4eCTBe UCXOAHBIX AAHHBIX AN TAKOTO NOCTPOEHUS BbICTYMAOT YacTHble
mogenu, ChopmMMpoBaHHble  ©a3oBbIMM  anropuTMamu.  BaxHenwen OCODEHHOCTHIO — NpednaraeMbix
koonepaTuBHbIX METOAOB SBMSETCA TO, YTO OHW OMEPUPYIOT C HECKONbKAMM MOAENAMM, a ONTUMU3ALMIO
OCYLLECTBNSIOT B NPOCTPAHCTBE MOAENEN, a He B NMpocTpaHcTee pelueHnid ucxopHor 3KO. B kayectee 6a3oBbIx
anropuTMOB MOTYT BbICTYNaTh Kak OTAENbHbIE 3K3eMNNAPbl OQHOTO MOAENE-0PUEHTUPOBAHHOMO anropuTMa, Tak
1 3K3eMNAspbl anropuTMOB PasHbIX METOL0B.

[ns oueHK1 ahhEKTUBHOCTM NpeanaraemMon METOAONONMM B pamkax onucaHHoro noaxopda Obin paspaboTaH u
UCCNEN0BaH 3KCNepUMEHTaMNbHO reTepPOreHHbIN KoonepaTuBHbIA MeToA Ha Gase anroputmo OMK. PesynbTarthl
BbIYUCTIMTENBHOTO SKCEpUMEHTa No pelleHunto 3K nokasanu, YTo paspaboTka METO0B COrMacHo NPeAnoXeHHOI
METOZONOMMM MOXeT [aTb MOBbIlWEHME 3((EKTUBHOCTM MO CPaBHEHMIO C MapanienbHbiM U He3aBUCHMbIM
BbINOMHEHMEM COCTaBHbIX anrOPUTMOB C WUCMONb30BAHMEM NYYLLEro pesynbTara.

MpenMeToM [anbHENLero UccreaoBaHns sIBNsOTCS paspaboTka W MCCneaoBaHWs CXeM  arpervpoBaHms
mofeneit  (MeTaonTMMW3aLWM), B YaCTHOCTW, C  UCMONb3OBaHMEM Apyrux  ©asoBbiX  anropuTMos,
(hopMynupoBaHue YycroBuii Ha 06a3oBble anropuUTMbl, NP KOTOPbIX 3TW CXEMbl MO3BONAT AOCTUMHYTb
MOBbILLEHHbIX NOKa3aTeneit 3 GEKTUBHOCTY, a TakkKe IKCNEPUMEHTANIbHOE UCCTEA0BAHNE NPY PELUEHUN APYTIX
3KO.

lpeanoxeHHast METOAONOMS MOXET TaKKe CIyXWUTb OCHOBOW ANs KnaccudukaLuuy NpuKNagHbIX anropuTMoB
pewenus 3KO.
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BnarogapHocTu

Pabota onybnukoBaHa npu cuHaHcoBomn nopaepxke npoekta ITHEA XXI MHCTUTYTa MHGOPMALMOHHBIX TEOPUIA
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounaumm cos3gatenen u nonb3oBaTenen
WHTennekTyanbHbIx cuctem ADUIS YkpanHa www.aduis.com.ua.
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OB OCOBEHHOCTAX NPUHATUA PELUEHUX NPU OPTAHU3ALIMA
BbIYMCNEHUN HA OCHOBE METO[JA EA3UCHbIX MATPUL

Anekcen BonowwuH, BceBonop boraeHko, Bnagumup KyauH

AHHOmauyus. Vicnonb3osaHue pasHbix munos 0aHHbIX NPU NPOBEOEHUU 8bl4UCTEHUl (Yucen ¢ nnasatouiel
3anamol o0uHapHoU, 080UHOU, NOBLILEHHOU MOYHOCMU) CYWECMBEHHO BUSEeM Ha OCHO8Hble KpUumepuu
OUEeHKU aghchekmusHocmu: bbicmpodeticmeue, moyHocmb U 06beMbI 8biMuUcieHul. B pabome uccrnedosaHo
8/1USHUE UCNO/b308aHUSI Pa3HbIX 8apUaHMO8 OpeaHu3ayuu 8bIMUCTEHUl Ha 3(hghekmusHOCMb an2opummos
memoda 6asucHbIX Mampuy. [TpednoxeH gapuaHm NOCMPOEHUSI cucmembi NOOOEPXKKU NPUHSIMUS pelieHus ons
Op2aHu3ayuu 8bMUCIEHUl Ha nuHelHbIX modensax Ans docmuxeHus 3adaHHbIX 3HayeHul napamempog no
OCHOBHbIM KpUmepusiM: moyHocmu u bbicmpodelicmsuro.

Kntoveenle crnoea: nuHeliHas Modesb, munbl OaHHbIX, 6a3ucHas Mampuya.
ACM Classification Keywords: H.4.2 Information Systems Applications: Types of Systems: Decision Support

Conference: The paper is selected from XV International Conference ‘Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBepeHue

13BeCTHO, YTO BOMBLUMHCTBO UCCredyeMblX (MU3NYECKUX NPOLECCOB HA ONPEAENeHHOM 3Tane MOAEenMpoBaHus
OMMCbIBAKOTCA B KINAcce NIMHENHbIX MOZenen, B YaCTHOCTM, B BUAE CUCTEMbI NOX0 06YCMOBMEHHbBIX NIMHENHBIX
anrebpamyecknx ypasHeHnn(CITAY) ¢ kBagpaTHON MaTpULEN orpaHnyeHuin. Marble HETOYHOCTU NpeLCTaBNeHUs
noAobHbIX MaTeMaTUYeckux MOAenen MOryT CyLIeCTBEHHO BMWATb HA KOMMYECTBEHHblE U KaYeCTBEHHblE
XapaKTepuCTUKM MONY4aemMoro peLleHnst Mpu UCMONb30BaHUM KOHKPETHOrO MeToga (anroputma) [BoeBoauH,
1979]. Takue HETOYHOCTW 3ayacTyi 0OYCrOBMEHbI OrPaHUYEHHOCTBIO AMMHBI MaHTUCChI NPKU NPEACTaBMEHNN
yucen C nnaBalowen 3ansToi. BaxHO OTMETUTb, YTO, HECMOTPS Ha Hanwnume 3BM, y KoTOpbIX onepaumm
OKPYrNEeHMs peanu3oBaHbl CaMbIM fy4LMM 0Bpa3oM, TeM He MeHee, u3bexaTb OLWNBOK OKPYTNEHNS W YNy4LWNTb
WX U3BECTHblE TEOpEeTUYECKMe oueHKM He yaaeTcs [BoesogmnH, 1979]. Bbi6opOM KOHKPETHBIX TUMOB AaHHbIX C
nnasatoLle 3andaTol, A0oCTUraeTcs pasfnyHas SMEKTUBHOCTE MO TOYHOCTWM MOMY4aeMoro peLLeHus,
ObICTPOAENCTBIIO 1 06bEMAM BbIMMCAEHUIA. [JONONHUTENBHON BO3MOXHOCTbIO AMNS NOBbILLEHUS 3GhDEKTUBHOCTY
BbIYWUCIIEHUI SBNSETCS NpaBUIibHAs OpraHM3aLmns UCMONb30BaHWA PErMCTPOBON, KALU-NamMsATH, ONepaTUBHOM M
BHeLWHen namsiti [demmens, 2001]. 3BeCTHO, YTO CKOPOCTb OOMEHOB MEXIY STUMKU TUMaMK MaMSTH 3a4acTyio
HaMHOrO BblLLE CKOPOCTU NPOBEAEHMUS BbIYUCIEHWIA 1 NPW NNOXOA OpraHW3aLmMmy BbIYMCTIEHUIA MOXET “CBECTU Ha
HeT” achpekT OT ucnonb3oBaHus “OeiCTpoir” namaTn. Bee 310 0OycnaBnvMBaeT BKMOYEHWE B KOHTYP MPUHATMS
pelenns nuua, npuHuMarowero pewenue (IMP), ¢ Uenblo NpaBWNbHOM OpraHM3aLMy BbIMMCTIUTENBHOTO
npouecca: ykasaHus MexaHuama (MpoLeaypbl) YCTpaHeHUs HeonpeaeneHHoCTen npu Belbope npUopuTETOB MO
KPUTEPUAM K PELLEHWMO U TUNam AaHHbIX. [locTuraeTcs 370, HanpuMep, UCMONb30BaHWEM KaTeropum yHKLMIA
npuHagnexHoctn [Opnosckuin, 1981]. Takoit NOOX0A YCNOXHAET UCCNE0BaHUS, HO, B TOXE BPEMS, OTKpbIBaeT
HOBblE BO3MOXHOCTU 47151 NOCTPOEHWS anrOpUTMOB.
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MocTtaHoBKa 3agaum

MpeamMeToM WUCCnefoBaHMs SIBMSIETCA NIMHENHAs MOZENb — CUCTeMa NMHEMHbIX anrebpanyecknx ypaBHEHUI
BMAa:

Au=C, (1)

roe A= {alj } =L - KBagpaTHas maTpuua pa3MepHoCTH (mx m),

j=Lm
. N T
a, :(aﬂ,ajz,...,ajm), jeJ=1={2,.,m}, - ctpokn matpuupl A , u=(u,,u,,...,u, ) - BEKTOp
T o .
nepementblx, C =(c;,¢,, ..,C,)" =~ BEKTOp OrpaHuyeHud, au<c, j€J, - NOmynpoCTPaHCTBO,
onpeaeneHHoe rnnepnnockocTblo a it =c,, j € J . Mopenb (1) uccneayetcs B npoctpaHctee E£™ .

Llenbro “ccneaoBaHuin ABnseTcs:

- 9KCMepUMEHTarbHbIA aHanu3 BIWSHUS UCMOMb30BaHWS PA3NUYHbIX TWUMOB [aHHbIX, anrOpUTMOB, YPOBHS
06YCNOBNEHHOCTM CUCTEMbI NPU MOCTPOEHWUM BbIYMCIIUTENbHBIX CXEMbl HA OCHOBHbIE MapameTpbl pPeLleHus -
TOYHOCTb PeLUeHIst M obpalLLeHust MaTpuLbl, BbICTPOAEHCTBIE;

- npoBepka 3EKTMBHOCTA BbIYMCIUTENbHBIX CXeM MeTogda 6asucHbix Mmatpuy (MBM) [KyawuH, 2002] no
YKa3aHHbIM KpUTEpUSM Ha MOAENSX 3aaHHON Pa3MepHOCTH;

- MOCTPOEHME KOHLIENUMU MPUHATUS PELUEHNs MO OOCTUXEHMIO 3afaHHON 3DPEKTUBHOCTU BbIYUCIUTENBHOMO
npouecca;
KoHuenums aHannaa COCTOUT U3 YeTbIpex CTaaui.

MepBas cTagua COAEPXMT aHamM3 TMNOBOW MOAENW 3adaHHOM pPa3MEepHOCTM Ha  paspeLLMmocTb
(cyliecTBOBaHME, €AMHCTBEHHOCTb pelennin CITAY), uccnemoBaHue CBOMCTB MOAENM Ha OCHOBe Gas3nCcHOro
MeToZa M anropuTMa.

Bropas - npoBeaeHWe pacyeToB Ha OCHOBE BbIMMCIUTENbHbIX anropuTmMoB (C Bbibopom unm 6e3 Boibopa
rMaBHOrO anemeHTa, 6e3 npoueaypbl YTOUHEHWS, C OGHO UM ABYXCTaAUMHON NPOLIEAYPON YTOUHEHUS B KaXAOM
13 HUX), NPK PasHbIX CLEeHapusax 0ObSBMNEHUS TUMOB JaHHbIX (C NNaBatoLLei 3ansaToil pasMepHoCTbio 64, 128,
256 06uT) 1 ypoBHen nnoxoit 0bycnosneHHocTH (0-7). OUKCHUpYIOTCS 3HAYEHUs nmapameTpoB ObICTPOAENCTBMS,
TOYHOCTM pELLEHNS 1 0BpaLLeHns MaTpULbl, OLEHKI KONMYECTBA MCMOMNb3yeMON NaMsTH.

TpeTbsa - NOCTPOEHME (HYHKLMOHAMbBHBIX 3aBUCUMOCTEN (MHTEPMOMNSILMOHHBIX MHOMOYNEHOB) BbICTPOaENCTBIS,
TOYHOCTM PELLEHMs M 0BpaLLeHNs OT TUNOB OOBABMEHUI NEPEMEHHBIX, YPOBHS 0BYCOBMNEHHOCTN CUCTEMBI.

YeTBepTas cTagua NoCTPOEHWE HA OCHOBE WHTEPMOMALMOHHBLIX MHOMOYNEHOB (DYHKLMIA NPUHAONEXHOCTU C
00nacTbl0 3Ha4eHW M3 WMHTepBana [0,1]. ®opmnpoBaHMe Ha OCHOBE (DYHKUMA NPUHAANEXHOCTM (Mpu
(DMKCUPOBAHHOW pPa3MEPHOCTM MOAENM W YpPOBHS OBYCMOBMEHHOCTW) MexaHu3ma Bblbopa npueMnemMbix

3HaYEHWUN napameTpoB (anropuTMa M TUMOB AaHHbIX) B BbIYMCIUTENBHON CXeMe ANS AOCTUKEHMS Xenaembix
3HaYeHWI OCHOBHbIX KPUTEPUEB HA HAMEHHOM PELLEHNN.

OcHoBHble nonoxeHns metoga 6asucHbIx matpul (MBM)

B npegnoxeHHom MEM BBefeHbl B pacCMOTpPEHME CTpoyHble BasncHble maTpuubl. BasucHble maTpuupl
nocnefoBaTeNlbHO  M3MEHSITCH  3aMeLleHnemM  CTpok  BcrmomoratensHon  CITAY - cTpokamn  (Hopmansmu
orpaHuyeHuin) ocHoBHon CJTAY. B oblem crnyyae, B MOOENM KONMYECTBO OrpaHUYEHNA NPEBLILLAET KONMYECTBO
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nepemenHbIx Buaa (1), B 4aHHOM cnyvyae m =n (QNS aHanusa BBOAMTCS B PacCMOTPEHWE BCromoraTerbHas
CINAY ¢ 13BeCTHbIMW CBOCTBAMM COOTBETCTBYIOLLEH pasmepHocTy) [KyauH, 2002].

Onpepnenenve. KsafpaTHyto MaTpuLy A, , COCTaBMEHHYIO U3 M JINHEIHO HE3aBUCUMbIX HOPMAren OrpaHnyeHui,

Bynem HasbiBaTb Ba3NCHON, a pelleHne COOTBETCTBYIOLEN eil CUCTEMbI YPaBHEHUA Asu = ¥ GasncHbIM. [ee
BasuncHble MaTpULbl, OTNIMYAIOLLMECS OLHOM CTPOKOM, DyaeM Ha3biBaTb CMEXHBIMMU.

YcTaHoBneHbl hopMynbl €Bs3M BasncHOro pelleHns, KO3MULMEHTOB Pa3NOXeHUs HOpManen orpaHUYeHun u
LieneBomn yHKLUMK, Ko3hULMEHTOB 0BpaTHON MaTpuLbl, HEBA30K OrpaHNYEHU 1 3HAYEHWUI LieneBoit hyHKLMM

y ) . A y
npu nepexofe Kk GasucHoit MaTpute As (cmexHoi), KoTopas 06pasyeTcst U3 MaTpuLbl ¢ 3aMEHOi ee CTPOKH

A
% pa Y , koTopas He BxoauT B GasucHyro matpuuy ¢ [BonowwH, 2009]. Mpu HaxoxgeHun dopmyn w
OCHOBHbIX COOTHOLUEHWA MEXOy 9feMeHTamy MeToaa Mpu nepexoge OT OfHoW 6asncHoi Matpuubl K

T . .o .
au <c;,jed; J;={i,i,,..0,

a a. o
im HopManaAMu orpaHuyeHun, -/

cnegyloLiei cuuTaem Qit>Gizseees
MHOEKCaMK OrpaH1yYeHnit, HOpManu KOTOpbiX 0BpasylT CTpoku 6asucHoi matpuupl A, a, - HOpManbio
orpaHndenns au <c,, a,=(a,,q,,...,Q,,)- K03PDULMEHTaMNn Pa3NoXeHNs BEKTopa a, MO CTPOKaM
baancHon matpuLbl A, .

Teopema 1. Mexay anemeHTamm MBM B cMeXXHbIX 6a3nCHbIX MaTpuLax MMEKT MECTO COOTHOLLEHNS:

% %

an=-"% ai=a,——%a,, r=0,n; i=lm; i#k; (2)
Ay I

erk:i, erizeri_ - all’ 7":1, > l=17 s lik: (3)
e oy,

_ € L —

U, :u0j — Al’ J =l,m, (4)

Ik
— A — a —
Ae=——L, A=A ——2A, r=Lnm rk; )
ay ay

MPU4YEM YCMIOBMEM HEBLIPOXAEHHOCTU sBMseTcs ycrnosue ¢, # (0, AOMYCTUMOCTU OMNOPHOrO BasnucHoro
pewenns - «, <0, pocta 3Ha4yeHns Lenesont dyHKkuMM - «,, < 0. 30ecb e - aremMeHTbl MaTpuLibl Agl,
obpatHoit k A.; e, =(4; l)k - cTonbel obpatHon matpuupl, A = aruOT —C, - HeBA3Ka I-ro OrpaHnyeHns B
BEpLUMHE U, .

Teopema 2. Ecrin 3 uHpexc k takon, uto o, <0 u «, >0 ang Bcex HeBasuCHbIX r, TO Lienesast yHKLNs
(4) 3apaum NpuHAMAET HeorpaHNYeHHbIE 3HaYeHIUst Ha MHOXECTBE 0MYCTUMBIX PELLEHUA.

Ha ocHose (2)-(5) nocTpoeHa BbluncnMTENbHAS cxeMa MeToAa 6asncHbIX MaTpuL.

BbluncnnTeNnbHbIN IKCNEePUMEHT

BO3MOXHOCTb MPUMEHEHMS PA3NYHbIX TUMOB JaHHbIX Ha pasHbIX Moaudukaumusx anroputMo MEM nossonset
MoCTPOUTb CUCTEMY MOALEPNKM MPUHSTUS pPELUEeHWsi, KOTOpas Ha OCHOBE 3afaHHblX Monb30BaTenem
OrPaHMYEHNA Ha TakMe napameTpbl anropuTMOB, Kak ObICTPOAENCTBME UM TOYHOCTb, MO3BOMMT BblGpaTh
HaWUNyyLWwnin No 3TUM KpuTepusiM anroputm. Beibop 6asnpyetcs Ha 3BpUCTUYECKMX 3aBMCMMOCTSIX NapamMeTpoB
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anropuTMa 1 3Ha4YeHuit KpUTepUeB OT NapamMeTpoB MaTpULibl orpaHuyeHmin CITAY: pasMepHOCTM U OLEHKM Yncna
06YCnoBneHHOCTI. BbICTPOAEHCTBIE anrOpUTMOB 3aBUCUT TONBKO OT PasMEPHOCTM MaTpULbl 72 U HEKOTOPOro
napameTpa ObICTPOAEACTBHS CUCTEMbI ANS 3a1AHHOTO TUMa AaHHbIX 1 MOXET ObiTb OL|EHEHa KaK

T°(n) = Z(Zni + n))tc =(n’+2n°)t,,
©)
Ans anroputma 6e3 BeIbopa BeAyLLEro aneMeHTa, 1

T*(n)=@Bn’ +n')t,, (7)

ANs anropuTMa C BbIOOPOM BEAyLIEro SriemMeHTa, rae 3HayeHve napametpa f. OOMKHO OLEHMBATLCA ANst
KaXJ0W KOHKPETHOW annapaTHO-NPOrpaMMHOi NNaTgopMbl SKCNEPUMEHTANbHBIM MyTEM.

[N NOCTPOEHUS! 3BPUCTMHYECKMX 3aBUCUMOCTEN MEXAY TOYHOCTBIO PELUEHMs, YMCrIOM 0OYCMOBMEHHOCTH W
Pa3MepPHOCTbI0 MaTPHLIbl OrpaHUYEHHIt, Bbina NPoBeAEeHa Cepyst BbIYMCIIUTENbHbIX 3KCIEPUMEHTOB.

MpoBogunock pelueHue pasHoiMi anroputmamm MBM CITAY pasmepHOCTbH 256x256 ¢ MaTpuLieit OrpaHnYeHui:

a, =(rnd(1.0),...,rnd(1.0)), i =0

A = o
a,=a, ,+—(rnd(1.0),...,rnd (1.0)), i > 0,
n

e |la,—a; |P<a, O - uncno, KOTOpOe KOPPENMPYET C YMCIOM 0BYCOBREHHOCTH cUCTeMbl. B kauecTse
_ -1
KpUTepWeB TouHocTu Gpanuch TOYHOCTb obpaluernst matpuupl € = |/ — A~ A| ¥ TOYHOCTb MaLLMHHOTO

pewennst u, (1) B CpasHeHn C aranuuveckum (TourbiM) u = (1,0,...,0), &, =[u, —(1,0,...,0)| .

lMonyyeHHble aKCMEpUMEHTanbHble [aHHble npuBedeHbl B Tabn. 1,2. W3 HWX cnepyeT, 4TO Kaxabld W3
anropuTMOB [@eT peLLeHus, NpuUONMKEHHbIE K TOYHOMY, TOMbKO B OMPedenéHHOM [Auanal3oHe 3HauveHuit
koapduumeHta OL . Koraa xe OL BbIXOAWTb 3a Npedenbl 3Toro ananasoHa, CITAY cTaHOBUTCS HepaspeLlmon
C nomolbto anroputma. B npegenax AuanasoHa NPUMEHEHWs, 3aBUCHMOCTb MOTPELUHOCTM peLleHns oT Ol
SBNAETCA NWUHENHON 4N BCEX pacCMaTpUBAeMblX anroputMOB. JTW 3aBUCUMOCTYW, NOCTPOEHHble Ha OCHOBE
JaHHbIX 13 Tabn. 1,2, npueeaeHsl B Tabn. 3, B KOTOPOM UCNONb3yHTCA crieaytolme obosHaveHus: double —umcna
C NnaBatLen 3ansaToil 4BOWHOM TOYHOCTK (646MTHOM pasmepHocTy), dd —uucna ¢ nnaBatolen 3ansToi
pasmepHocTH 128 61T, qd — uncna ¢ nnaBatoLLen 3ansToin pasMepHoCTM 256 GuT, +1, +2 - KONMYECTBO UTepaLmi

yTouHeHus, log,, o - ypoBHU noxoit 06ycroBneHHocTH cuctembl (0-7).

Tabnuua 1. Mopsaaok TouHocTh obpalleHns matpuupl (log,, &, )

log;pa 0 1 2 3 4 5 6 7
Anroputm 6e3 Bbibopa BeayLLEro anemeHTa
Double -15.30 -12.48 -10.31 9.15 -5.47
double+1 -18.95 -17.62 -15.87 -13.96 -8.12 -9.63 -6.44
double+2 -16.84 -15.80 -15.79 -14.08 -5.86 -9.30 -5.95
Dd -46.26 -43.88 -41.67 -39.77 -39.57 -37.05
dd+1 -51.36 -48.99 -48.01 -44 47 -43.88 -41.87 -39.02
dd+2 -51.22 -49.99 -47.43 -45.22 -43.99 -41.83 -39.68 -38.17
Qd -108.82 | -110.08 | -108.03 | -10256 | -102.79
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qd+1 -116.80 | -11297 | -113.53 | -110.23 | -109.95 | -108.10 | -105.26
qd+2 11752 | 11617 | -113.75 | -11140 | -108.72 | -105.66 | -106.13 | -103.19
AnropuT™ ¢ BbIBOPOM BeayLLEero anemeHTa
Double -17.70 -16.82 -14.54 -13.07 -9.87 -8.95 -7.10
double+1 -19.02 -17.63 -15.83 -13.92 -8.27 -9.57 -6.33 -5.31
double+2 -16.83 -15.77 -15.76 -14.06 -5.89 -9.37 -5.93 -3.22
dd -49.96 -47.71 -46.16 -43.81 -43.16 -40.95 -38.16 -35.42
dd+1 -51.31 -48.97 -47.99 -44.48 -43.85 -41.86 -39.33 -38.69
dd+2 -51.21 -49.90 -47.41 -45.21 -44.03 -41.83 -39.70 -38.16
qd -115.70 | -113.03 | -111.33 | -10947 | -10646 | -104.84 | -103.51 -100.48
qd+1 -117.04 | -11458 | -11383 | -110.06 | -109.04 | -106.80 | -10547 | -102.29
qd+2 -112.25 | 11494 | 11379 | -111.73 | -10824 | -105.84 | -104.93 | -103.90
Tabnuua 2. Mopsaok OTKMOHEHNs MALLMHHOTO PeLleHs OT aHanuTiieckoro, log,, &,
logp o 0 1 2 3 4 5 6 7
Anroputm 6e3 Bbibopa BeayLLEero anemeHTa
double -12.87 -7.95 -3.95
double+1 -13.84 -13.07 -6.55 -4.04
double+2 -9.08 -1.72 -7.11 -3.38
dd -44.92 -40.09 -36.43 -29.96 -29.35 -25.62
dd+1 -45.81 -44.34 -38.23 -34.12 -30.16 -26.51 -22.26
dd+2 -45.25 -42.67 -38.96 -32.50 -31.81 -26.97 -23.13 -20.36
qd -106.98 | -105.95 | -103.00 -95.91 -93.20
qd+1 -111.25 | -104.62 | -103.19 -98.63 -96.29 -94.11 -89.22
qd+2 -111.67 | -10949 | -107.34 -99.94 -96.08 -87.79 -89.67 -84.60
AnropuT™ ¢ BbIBOPOM BeayLLEro anemeHTa
double -15.81 -12.29 -8.89 -2.75
double+1 -12.40 -10.55 -5.37 -2.70
double+2 -10.85 -8.55 6.75 -2.27
dd -46.16 -42.45 -39.07 -34.66 -32.50 -27.71 -22.33 -19.33
dd+1 -45.92 -43.43 -36.86 -31.96 -29.12 -26.33 -22.43 -17.85
dd+2 -44.41 -42.15 -36.89 -32.16 -31.15 -26.44 -21.90 -20.09
qd -113.35 | -107.94 | -104.76 | -100.43 -96.25 -93.69 -86.65 -85.01
qd+1 -109.58 | -108.57 | -103.25 -95.93 -93.22 -91.00 -87.99 -80.48
qd+2 -101.21 -106.73 | -107.70 | -100.30 -93.89 -87.59 -86.52 -85.47
Tabnuua 3. KoapdrumeHTbl NIMHERHbIX 3aBUCUMOCTEN MOrpeLHOCTEN 0BpaLLeHns 1 peleHns oT Ol
MorpelwHocTb 0bpaLleHus [MorpeLHOCTb peLLeHus
E;(256,0) = a0+ b, E,;(256,0) =a,o.+b,
aq by a) b,
Anroputm 6e3 Bbibopa BeayLLEero anemeHTa
double 2.298301 -15.13695 4.460865 -12.71689
double+1 2.187973 -19.50594 3.594783 -14.76752
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double+2 1.984797 -17.89935 1.772247 -0.482547
dd 1.739039 -45.71417 3.862877 -44.0509
dd+1 1.977781 -51.30349 4085718 -46.74769
dd+2 1.916184 -51.39725 3.674145 -45.56692
qd 1.959164 -110.3728 3.759974 -108.5303
qd+1 1.712103 -116.1141 3.357264 -109.6857
qd+2 2.113576 -117.7165 4179782 -112.9506
AnropuTM ¢ BbIGOPOM BeayLLETO dneMeHTa

double 1.865153 -18.17445 4.258355 -16.31943
double+1 2.105514 -19.35422 3.425782 -12.8938
double+2 2.044694 -18.01112 2.7152232 -11.2342
dd 1.974183 -50.0744 3.864485 -46.55131
dd+1 1.852254 -51.04376 3.999826 -45.73785
dd+2 1.908559 -51.36158 3.617025 -44 55755
qd 2.102657 -115.4602 4,073971 -112.7673
qd+1 2.034889 -117.0114 4119735 -110.671
qd+2 1.61611 -115.1076 3.309921 -107.7606

YunTbiBas NOMyYeHHble 3aBUCMMOCTW, AnropuTM paboTbl CUCTEMbI MOAAEPXKKN MPUHATUS PELLEHUIA MOXHO
onucaTb crefytolmM o6pasom.

BxoaHble AaHHble: tm - MaKCuUManbHO [0onyCcTuMoe BpeEMA paC‘-IéTOB; Sm - MaKkCumanbHO

[0NyCTVMAas NOrpeLLHOCTb peLlenns; P - npruopuTeTHOCTb KpUTEPUEB (BPEMEHH 1 NOrPELLHOCTH).
Anroputm:

lMocTpoeHne MHOXeCTBa anropuTMOB, KOTOPbIE YAOBNETBOPSIOT YCMOBWMIO OTHOCUTENBHO BPEMEHM
pacyéToB:

4, = {Ai :T:(n)<t, } rae T;(n) - Bpems paGotbi anroputva A;, koTopoe oueHMBaeTcs
no copmyne (1) umm (2).

nOCTpOGHI/Ie MHOXeCTBa anropMtMOB, KOTOPblE YOOBIETBOPAOT  YCNOBUHO  OTHOCUTESBHO
NMOrpeLLIHOCTU:

A, = {Al- :E;(n,a)<¢g,, } rae E;(n,0) - oueHka norpewwHocTv obpatyeHns MaTpuLibl uim
pewenuns CITAY gns anroputma Al (n3 Tabn.3).
Ecru At M A8 # (J, B 3aBNCUMOCTM OT MPUOPUTETHOCTM BHIGUPAETCA CaMblit BbICTPbIA MK

camblit TouHbli anroputm us A4, M A, .

B cnyyae, koraa A, N A, =0, A, #, A, #D, B 3aBUCUMOCTH OT MPUOPUTETHOCTH

BbIGUPAETCS Cambilit GbICTPbIi anropuTM 3 A, Wi camblit TOUHbIA anroputm u3 A,

Ecrn At = wm A8 = (J, B 3aBMCMMOCTI OT NPUOPUTETHOCTH, BbIBMPAETCS Camblit BbICTPbIlA

Wnu camblit TouHbIf anroputm s A, U A, .
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BbiBoabl

KoHuenuus npuHsaTus pelleHus Ha ocHose MBM nmMeeT cnegytoLime CBOMCTBA:

o BO3MOXHOCTb HAXoauTb PELLeHWe KBagpaTHOM CUCTEMbI YpaBHEHU 3a (IMKCMPOBAHHOE BPeMS C 3aAaHHOM
TOYHOCTBIO;

e B03MOXHOCTb 1CMOMb30BaTh PELLEHIe UCXOLHOM MOLENN NpY aHanM3e BO3MYLLEHHOM Mofenu;
e BO3MOXHOCTb KOHTPONMPOBATb UMK HANPABEHO M3MEHSITL BENMYMHY paHra CUCTEMbI;

o B0O3MOXHOCTb NpoBOANTb aHanu3 CBOWCTB CUCTEMbI npu N3MEHEHUN 3HA4YEHUI OTAENbHBLIX 3NEMEHTOB U ee
KOMMOHEHT.

BnarogapHocTu

Pabota onybnukosaHa npu cuHaHcoBomn nogaepkke npoekta ITHEA XXI MHcTUTyTa MHGOpMaLMOHHBIX TEOpUI
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounaumm cospatenelm u nonb3oBaTenen
nHTennektyanbHblx cuctem ADUIS Ykpanna www.aduis.com.ua.
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MOUCK MHAUBUOYANBHO-ONTUMANBHBLIX PABHOBECWIA B YCIIOBUAX
YACTUYHOW UHOOPMUPOBAHHOCTU UFPOKOB

Ceprei MaweHko

AHHOmayus: Paccmampueaemcs noHsmue UHOUSLUAYaribHO- ONMUMaIIbHO20 PABHOBECUS 8 HEKOONePamueHbIX
uepax. OnucaHbl MemoObl napamempu3sayuu MHOXecmea amux pagHoseculi. lMpednazaemcs npouedypa
noucka uHOU8UOyasbHO-0NMUMalbHbIX PagHOBECUL 8 YCI08USX YaCMUYHOU UHEHOPMUPOBAHHOCMU LU2POKOS.

Knrouesble cnoea: HekoonepamusHble Uepbl, pasHosecue no Hewy, onmumanbHocmb no [lapemo,
uHOusUdyanbHO-oNMUMasbHOE PagHOBECUE.

ACM Classification Keywords: H4.2 Decision support

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

Hanbonee npuBnekatenbHbIMU KOHLENUMAMM ONTUMAmNbHOCTW B YCNOBUSX MOSIHOM MHGOPMMPOBAHHOCTY
UrPOKOB ABASKOTCS NPUHLMMLI ONTUMansHOCTK no MapeTo v no Hewwy [1].

KoHuenumsi onTumanbHocTM no Mapeto ocHoBaHa Ha Waee KoomepaTWBHOTO MOBEAEHWS UTPOKOB, KOraa OHM
KONNEKTUBHO BbIGMPAOT CBOW CTpaTerM M COBMECTHO Y4MTbIBAIOT (DyHKUMW BbiMrpbilwa. [losTomy He
CYLLECTBYET CUTYyaLMid, KoTopble BymyT ANs BCeX UrPOKOB OfHOBPEMEHHO fyylle NtoGoi MapeTo-onTuManbHOi.
B cnyyae, Kkorga Mrpoku BbIOMPalOT OCHOBOW Anst COrmMalleHnst mexay coboi  koHuenuuio [MapeTo-
ONTUMaNbHOCTM, Y HEKOTOPbIX M3 HWUX MOXET BO3HUKHYTb COOGMasH npu Bbibope KOHKpeTHoi [Mapeto-
ONTUMaNbHOM CUTYaLMK M3MEHIUTL CBOK CTPATENIO Ha Apyryto, kotopasi ByaeT nydwe Ans HUX. B aTom cnydyae
TaKas cuTyauus GyaeT HecTabunbHOI 1 X [OrOBOPEHHOCTb MOXET ObiTb pa3pyLUEHHON.

KoHuenuus paBHoBecu No Helly OCHOBLIBAETCS Ha MAee HEKOOMepaTUBHOIO MOBEAEHWS UTPOKOB, KOr4a OHU
WHAMBMAYaANbHO BbIOMPAOT CBOM CTPATErMM U KaxXabl YYUTbIBAET NINLWb CBOK (OYHKLMIO BbiMrpbiwa. Cutyaums
WUrpbl Ha3blBaeTCs paBHOBECMEM Hella, €CMM OT Hee HEBLIFOAHO OTKMOHSATLCS MOOOMY OJHOMY WFpOKY (BCe
Apyrve Wrpoks CBOW CTpaTer He WM3MEHSIKOT), MOCKOMbKY 3HAYEHWE ero (OyHKLMM BbIMIpbILa He YNyuywnTCcs
(byneT ans Hero onTuManbHbIM). Ecniv Urpoku 3akmioyaloT cornalleHne o ceoem Oyayllem noBegeHwun u ero
OCHOBOW SIBNAETCSA paBHOBecue Helwa, To oHO OyaeT cTabunbHbiM. “LieHoi” npuBRekaTeNnsHOCT PaBHOBECHIA
Hewa sBnsi0TCS CepbesHble Npobnembl, KOTOpble CBSA3aHbl C UX CYLLECTBOBAHWEM, CMOXHOCTBI) HAaXOXAEHWs,

npobnemoit Bbibopa eAMHCTBEHHOTO paBHoBecus [1].

B onpeneneHHOM CMbicrie, 3TV MPUHLMMBI OMTMMAMNbHOCTU NPEACTABNsOT coBoit KpailHOCTU B MOBEAEHUM
WUrPOKOB MEXIY KOMMEKTUBHBIM U MHAMBMAYANbHBIM BbIGOPOM CTPATErA 1 YHETOM (PYHKLMIA BBIUMPLILLA UTPOKOB.

MPUHLMN MHOMBUAYANbHOA ONTUMANLHOCTK [2], NpeaoCTaBNsAET BOSMOXHOCTb KaXaoMy UrpoKy BbiGMpaTh CBOM
cTpaTerMm WHAMBMAYANbHO (HEKOOMEPaTMBHO), HO Y4YMTbIBATb MPU 3TOM WMHTEPECHI BCEX APYIUX WUrPOKOB
(KOMNPOMUCC paaun paspelueHnst KOHADMKTa). JTOT MpUHUMN 0BOCHOBaH B, TaK Ha3blBaeMbIX, OHOLENEBbIX
urpax, roe y BCEX WIPOKOB LieMb — OAHA, HO OHa XapaKTepu3yeTcs [Ns KaXaoro Mrpoka CBOen (OyHKLMEi
BbIMIpbIwa. B naeane, ata uenb 3aknioyaeTcs B BbiGope Mrpokamu CBOMX CTpaTeruit Tak, Ytobbl crioxunach
Hanbonee NpeanoyTUTENbHAS CUTyaLMs 1S BCEX UrPOKOB. MOCKOMbKY Takue CUTyaLumn MOTyT He CyLLEeCTBOBaTb,
TO UrPOKM MOTYT COTMAcKTLCA Ha KOMNPOMICC paau 0BLLyel Lenu.
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Uupu BUAyanbHO-ONTUMalbHble paBHOBECUA

Paccmotpum ogHouenesyto urpy G B HopmarbHoi gopme (X Ui eN), e N= {1,2,...n} - MHOXECTBO M3 N

nrpokos; X, - MHOXECTBO CTpaTerum /-ro Urpoka; u;(x) - ero PyHKUMs BbIUrPbILLA, KOTOpas OnpederneHa Ha

MHOXecTBe cutyauun X =HX, Urpbl W NPUHUMAET AEUCTBUTENbHbIE 3HaYeHUs. Kaxabll 13 WUrpoKkoB
ieN

CTPEMUTCS MOMYYMTb MO BO3MOXHOCTM GOrbluee 3HAYeHUs CBOEN (PYHKLMM BbIMrpbilla. [1OCKOMbKY WrpoKu

“MetoT 0BLLYHO LieMb, OHM MOTYT COrnallaTbCst Ha KOMMPOMMCC.

MPUHLMN MHAMBKUAYANbHOM ONTUMANBHOCTM OCHOBLIBAETCS Ha cneuuanbHOM OTHOWeEHUM NE-[OMWUHUPOBaHUS.
Byaem roBopuTb, YTO CUTYauust y Urpbl G HAXOAMTCS B OTHOLIEHWM cunbHOro NE-goMUHMpOBaHMs urpoka i e N
NE(i)
K CUTYaUMn X (y == X ), €CM ¥ = (¥;,Xy,;) » TB€ BEKTOP Xy = (X;) ey » ¥ U (Vi Xwyi) > U (X),Vj €N
Cutyaums x* HasblBaeTcst cnabbiM MHAMBNAYANbHO-ONTUMAbHLIM PABHOBECMEM (MHOXECTBO STUX PaBHOBECUIA
060o3Haunm Yepe3 WIOE'), ecnv He cylecTByeT Takoro urpoka i€ N u gpyron cutyaumm y € X, kotopas 6bl
NE (i)

cunbHo NE-gomuHmpoana x*, T.e. AieN,Ay e X1y => x .

lMpumeHeHne cnabbiX WHAMBMAYANbHO-ONTUMANbHBIX PABHOBECUA MOTUBMPYETCA CREAYILWMUM CLEHapUeM
OfHOLEeNeBoN wurpbl. Mrpoku poroBapuBaloTcs O Heobsi3aTenbHOM COrMalleHNN NPUAEPKUBATLCS CUTYaLuu

X" =(X;);.y - Jlanee oHn He3aBUCMMO OJMH OT [IPYroro MPUHMMAKT PeLLEHIe O BbiGope CBOMX cTpaTeriit. B Tom,
W TOMbKO TOM Cryyae, korga OCHOBOW cornalleHust byget cnaboe vHOMBMAYaNbHO-ONTUMANbHOE PaBHOBECHE
x", 3MeHeHue nobbiM Urpokom i € N, cOrnacoBaHHoOM ¢ ApYruMM Urpokamu, CTpaTeriu X, Ha pyryto, Bceraa
NPWBELET K CUTyaLum, kotopas He OyaeT AOMMHMPOBATL X* XOTS Bbl AN OLHOTO Mrpoka (B TOM YWCTE W ero
camoro). Moatomy uenb urpoka i € N, KoTopasi COCTOMT W3 €ro NIMYHbIX MHTEPECOB U MHTEPECOB PYrUX UrPOKOB,

KOTOPbI€ OH YYUTbIBAET, MOXET ObITb He yﬂOBJ’IeTBOpeHHOIZ n ,D,OCTVIFHyTbII7I B X04e npedpiayuimx neperosopos
KOMMNPOMMUCC MOXET ObITb paspyLUeHHbIM.

I'IapameTpmauMﬂ MHOXeCTBa MHOUBUAYaANTbHO-ONTUMAIbHbIX paBHOBeCMﬁ

CBoOWCTBa 1 YCNOBWS MHAMBMAYANBHON ONTUMANbHON PACCMOTPEHbI B [2]. B 310 paboTe Mbl paccMOTPUM OAMH
Noaxoa K NoWUCKy UHAMBMAYANbHO-ONTUMArbHbIX PABHOBECUH.

Bynem cuntaTh, Y4TO (hYHKLMM BbIMIPbILIA UTPOKOB OrpaHMYeHbl Ha MHOXecTBe X cuTyaumit urpbl G. O6osHauum

Y = > supu;(X) <oo - BEpXHIOI0 rpaHu MMbl (PYHKLMA BbIWrpblia UrpokoB. Beegem BeKTopbl
epes S i EPXHIO rpa c a wrpokos. BBsegem BekTO
ieN xeX

napameTpoB y; = (#/ )i i€N. 0603Haumm MHOXeCTBa aTUX napameTpoB yepes
M7 =1 = () jen| Dl = 14l 20, je N, i eN. Vimeet mecTo cnepyiolas Teopema.

jeN
Teopema 1. Ecnu B urpe G cutyaums x* € WIOE , cbyHKkumu Bbiurpbiwa urpokos u;(x*)>0,ie N, To Bceraa

CYLLECTBYIOT TaKUE BEKTOPbI NAPAMETPOB L, € M,ZO , I €N, B YaCTHOCTU C KOMMOHEHTaMM:

i =u,(x")IS+1n=" u(x)ISn, jeN,ieN, (1)

keN

YTO BbIMOMHAKTCA CneayoLine HepaBeHCTBa.
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min(u, (6 Xy )= Spal) S min(u ()= Spe)) Vx; € X, eN. )

jE
NioBoe pelweHne x* cucTeMbl HepaseHCTB (2) npu 3amaHHbix i, e M?°, ieN, sBnsetca cnabbim
WHOMBWAYamNbHO-ONTUMANbHBIM PAaBHOBECHEM.

Hokaszamenscmeo. IMycTb cutyaums x™ ynoBneTBopsieT HepaBeHcTBaM (2). OTctoga cnepyeT, uto ang Vie N u
VX; € X; VMeT MeCTO HepaBeHCTBa: mi/\rlm(uj(x,.,x,*v\,) Syl )<m|n( J(X) = Sul)<u (x*)=Suf, YkeN,
je

noatomy ans VieN, Vx; e X; cywectsyeT jeN Takoe, 4to uj(x,.,x;‘,\,)SUj(x*). CneposatensHo 13

NE
onpenenerns NE-gomuHnpoBaHns urpoka i€ N crneayet, 4to Ax = (X;,Xy,) € X : x>=>=x" . OTCtoga nony4um,

yto x* e WIOE .

Bosbmem BekTOpb ;—z,.z(ﬁ/)je,\,, ieN, ¢ xomnoHenTamu (1). HecnoxHo yBepwuTscs, uto 2z e M° ana

NE
VieN . W3 Toro, 4to x* - craboe MHAMBMAYaNbHO-ONTUMANLHOE paBHOBECHE CremyeT, yto Ax € X i x>=>=X",

T. e. and VieN, Vx;eX;, 3jeN, uro uj(x,,x,*\,\,)Suj(x*), a 3Hauut uj(X,,X,T,\,)—S;,{SU/(X*)—S;,{.

Mockonbky Ans VieN 3HadeHns u (x")—Su; =—[S—Zuk(x*)J/nﬂﬂﬂ VjeN, 10 ana Vx; € X,

keN

keN

MoMy4nMm miﬂ(uj(x,,x;‘,\,)—spf)s—[S—Zuk(x*)J/n m|n( (X)) = Sy,) Mostomy  cutyauuss  x*
je

YOOBNETBOPSET HepaBeHCTBaM (2). Teopema AokasaHa.

CrielyeT OTMETUTb, YTO napameTpbl z; € M7° nossonaioT urpoky ieN BbIpasuTb CBOE MPEANOYTEHME Ha
MHOXeCTBe (DYHKUWIA BbIMTPbIWA U, (X), j € N, BCeX UrpokoB. Tak, HampuMep, Cr OH CYMTaeT, YTo ANs Hero
Bonee BaxHbl MHTepeckl urpoka j; € N, yem urpoka j, € N, To cornacHo Teopeme 1 emy cregyet BbibpaTtb
/"> 12 Bapbupys napametpbl 4, €M’ ieN, MOXHO HaxomuTb Te UMM [pyTVie MHAMBUOYaMbHO-
onTMMarbHble paBHOBECKS, pellas HepaBeHCTBa (2). C apyroi CTOPOHbI, Kaxaoe WHAMBUAYaNbHO-ONTUMarbHOE
PaBHOBECHE XapaKTepUayeTcs HEKOTOPbIM MHOXECTBOM napameTpos u; € M:®, ieN, n, COOTBETCTBEHHO,
NPEAnoYTEHNEM Ha MHOXKECTBE (DYHKLIMIA BbIUMPbILLA BCEX UTPOKOB.

CriemyeT Takke OTMETUTb, YTO napameTpam ., KoTopble UrypUpYIOT B HEPABEHCTBaX (2), MOXHO MpuaaTh

onpegeneHHoe UrpoBoe cogepxanue. Myctb x* - cnaboe WHAMBMAYaNbHO-ONTUMANbHOE paBHOBECKE Urpbl G.
Torna cornacHo Teopeme 1 OHO OygeT pelweHMeM CUCTEMbl HEPABEHCTB (2), MO KpailHenm Mepe npu

w =u(x)IS+1In— Zuk )/Sn, jeN,ieN. Otcloga nerko ysugeTb, YTO Ans KaxAoro MKCMPOBaHHOMO
keN

urpoka i €N 3HaueHns napameTpa 4/ yKkasbiBaeT kakiM, MO €ro MHEHMIO, KENaTenbHO, YT Bbl Bbin BINTPHILL
urpoka jeN B AOCTUTHYTOM Komnpomucce x*. Toraa M Tombko Torga wrpoky €N OymeT HeBbIrogHo

OTKITOHATBCA OT X*. nOCKOJ'Ibe BENUYUNHY SZZSUpUi(X) MOXHO MWHTEPMNPETUPOBATL KakK cymmaprn?l
ieN xeX

WaearnbHbIA BbIMIPbILL BCEX UFPOKOB, TO MOXHO TaKKe CkasaTb, YTO BEKTOP NapamMeTpoB 4 , KOTOPbIA OTBEYAET

cnabomy WHOMBMAYaNbHO-ONTUMANbHOMY PaBHOBECUMIO X, SIBNSIETCS XenaemblM [enexomM CyMMapHOro
WAEanbHOTO BbIMMPbILLA S MeXy MUrpokamu, C TOYKW 3peHnst urpoka i. Mpu Takom aenexe urpoky i byaet He
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BbIrOAHO paspylwlaTtb ,lJ,OCTVIFHyTbII;i KOMMPOMUCC N3MEHEHNEM CcBOEN cTpaTeruun.

HepaBeHcTBa (2) MOryT 6biTb 3HAUMTENBHO YNPOLLEHbI, €CIIY (PYHKLMM BbIMIpPbILLIA UTPOKOB ByayT BOTHYTbIMM, @
MHOXECTBA CTpaTEr il UrPOKOB — BbIMyKIbIMM.

Teopema 2. ycTb MHOXecCTBa CTpaterun UrpokoB X;,ie N, - BbINyKnbl, @ GyHKLWUK KX BbiurpbIwa u;,ie N, -

BOTHYTbl MO CTpaTerysiM KaXagoro urpoka B OTAENbHOCTW. CuTyauust x* GyaeT crnabbiM WHOMBMAYaNbHO-
ONTUMarbHbIM PaBHOBECHEM TOrAa W TOMbKO TOrAA, KOrfa CyLLeCTBYHT BEKTOPbI NapameTpoB u; € M;,ie N,

TaKue, 4To CUTyaumsa X 6WJ,GT yOOBNETBOPATb cnep,yrow,eﬁ CNCTEME HEPABEHCTB!

>l (Ui (x") = u;(x;,X5,:)) 20 Vx; € X i eN. (3)

jeN

[okasamenbcmeo. MMycTb BbINONHAWTCA HepaBeHcTBa (3). [onyctum oT npoTtusHoro, uto x* ¢ WIOE . Torga
NE(i)
JieN, IxeX:x>=-x*. Otcona cneayet, 3ieN:u;(x;,Xy,;)>u;(x"),VjeN . B3ap B3BeLEHHy Cymmy

9TUX HEPABEHCTB M0 BEKTOPaM ; € M, , Mony41M npoTUBOpeyne, a UMEHHO Zy,f (U (x7) =u; (X, x,)) < 0.
jeN

Mycts x* € WIOE . Torpa ans VieN cuctema HepaBeHCTB uj(x,-,x,ﬁ\,)>uj(x*), jeN 6ymet HecoBMeCTHOIA
Ha MHoxecTBe X,. [locTpoum 06pasbl MHOXECTBA AOMYCTUMbIX PELUEHUIA 3TOW CUCTEMbl HEPaBEHCTB W

MHOXecTBa  cTpaterh X,  npu  oToGpaxeHuw y,fzuj(x,-,x,’;\,-). Mornyyum  COOTBETCTBEHHO:

I
\/I':{(V/)jeN yij:uj(xiaxltl\i)!xiEXivjeN}-

Vij =Uj(xi’X;\i) >Uj(X*)vj€N}, Y= {(yij)jeN

Ouesngro, V,NY,=@. O6osHaum uepes V. = {(v[)je,\, v/ =uj(x,,x;‘,\,)2uj(x*),jeN} - 3aMblkaHue

MHOXecTBa V, . O4eBMaHO, MHOXeCTBO V; - Bbinykno. MokaxeM BbINyKNOCTb MHOXecTBa Y, . [leficTBuTenbHO,
nyctb y; :(uj()_(,-,x,’(,\,-))jeN, }7,- =(uj()=(,,x,’\‘,\,))j€,\, €Y,. PaccvmoTpum cTpaternio X; =i)?,+(1—/1))=(,,ie[0,1].
Torga, B cuny  BOTHYTOCTM  (DYHKUWA  BbIMIpbllla MO CTpaTerMsM  WrPOKOB,  MOMYyYUM:
U (X, X5, = U, (A%, + (1= D)X, x0,) = A, + (1= A)y, 2u,(x"),VjeN. Mostomy Ay, +(1-A)y, €Y,
MHOXECTBO Y; SBNSETCS BbIMyKMbIM.

Takum 06pa3oM, MMeeM Bbinykmble MHOkectBa Vi # Y., W MycToe nepeceyeHMe MHoxectBa Y, ¢

1 I I

BHYTPEHHOCTBI0 V, MHoXecTBa V.. OTCIOfa, COTMacHo Teopeme Mpo OTAENSIOLLYI0 TMNepnnockocTb, BCera

CyLLECTBYET TaKOM BEKTOP =(y/),e,\, #0,410 Y 1/ (v,—y,)=0,Yv, €V;,Vy, €Y,. 310 HepaBeHCTBO Gyzer
jeN
BEPHbIM, B 4acTHOCTW, M Ana V; = (U;(X"));oy. MoaTomy, nockonbky ¥; = (U;(X;,Xy) ey, TO nOMydMm (1).

Teopema gokasaHa.

MapameTpam 4/ MOXHO NpMAaTh CrieayHLLyo MHTEpNpeTaLmio. BennunHa 4/ xapakTepuayer OTHOCUTEMbHbIIA
BEC BbIUrpbIla Urpoka j € N B npeanoyTeHun urpoka i € N Ha MHOXECTBE (DYHKLWA BbIUTPbILLIA BCEX UIPOKOB
HEeOBOXOONUMBIA 1 AOCTATOMHbIA ANs TOro, YToObl UrPOKY i ObINO He BLIFOAHO OTKIMOHSTHCA OT AOCTUTHYTOrO
komnpomucca. Tak, Hanpumep, eCr OH CYMTaeT, YTo Ans Hero Gonee BaxHble MHTEpechl Urpoka j; € N, yem
urpoka j, € N, TO cornacHo Teopeme 2 eMy criefyeT BbibpaTb s/ > 41/2 . Bbibupas pasnuuHbie napameTpb

M € M,ZO JdeN , MOXHO HaxoOuTb pasHble WHOMBUAYaNbHO-ONTUMAllbHbIE pPaBHOBECUA KaK pellueHuA
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HepaBeHCTB (3). C Opyron CTOPOHbI, Kaxaoe WHAMBUOYanbHO-OMTUMANbHOE PaBHOBECME XapaKTepuayeTcs
HEKOTOPbIM MHOXECTBOM BEKTOPOB napameTpoB s, € M?°, ieN, u, COOTBETCTBEHHO, MPeAnoqTeHMeM Ha
MHOXECTBE (DYHKLMI BbIMIPbILLA BCEX UIPOKOB.

Ecnu nogeect uTor, TO MOXHO 3aMeTUTb, YTO AMs HaxoXdeHus NMoBoro WHAMBKAYanbHO-ONTUMANbHOTO
PaBHOBECMS UrpokaM JOCTaTOMHO BblGpaTh COOTBETCTBYIOLUMNE BEKTOPLI NapaMeTpoB x; € M., ie N, u pewutb

CUCTEMY HEepPaBEHCTB:
F(UG X )t ) SFUKX) 1) X € X i €N, (4)

roe yHKums F,.(U(x),y,)=miArll(uj(x)—Sy,f) - B obwem crnyyae u E(U(x),y,.)zzu/uj(x) - B Cnyyae
Je jeN

BbINYKMON Urpbl. Ecnn urpa npoucxogut B yCnoBumsiX NONHON MHAOPMUPOBAHHOCTM (Kaxabi Urpok i € N 3HaeT
(yHKUMM BbMpbIlWa U, , j € N\{i}, 1 npesnoyTeHns Apyrvx UrpokoB, KOTOPbIE XapaKTEpU3ylTCs BEKTOpamm

napameTpoB 4;, jeN\{i}) ona peweHna oTOM 3a4a4M MOXHO NPUMEHATb Te, WM WUHbIE METOAbI

ONTUMM3aLMK AN NofoBHOro kracca 3agay.

Mounck nHam BUAYyallbHO-ONTUMalbHbIX paBHOBECMVI

OcobeHHbIN MHTEpeC NpeacTaBnseT criyyai YacTUYHON MHAOPMMPOBAHHOCTW UrpOKOB. MyCTb Kaxabli UrPoK
i €N 3HaeT dyHKuMm BbiMrpbIwa u;, j € N\ {i} , BCEX ApYTuX UTPOKOB, HO BEKTOPbI NapameTpoB 4 , j e N\{i},
€My Heu3BeCTHbl. Takas MHOPMUPOBAHHOCTb - €CTECTBEHHA, MOCKOMbKY MPEAnoYTEHNE Kaxgoro Urpoka Ha
MHOXECTBE (DYHKUMA BbIMIPbILLA APYrMX WIPOKOB, Kak MpaBuro, nNpeactaBnsieT coboi KoHuAeHUManbHyo

WHchopmaLmio. Kpome 3Toro, 3710 MpegnouTeHMe MOXET He Bcerga MONMHOCTbIO OCO3HABATLCS MIPOKOM M
N3MEHSITBCS (YTOYHSITBCS!) B MPOLIECCE NPUHSITUSI PELLEHMS.

[ns peanu3auuu npoueaypbl NOMCKA UHAMBUAYANbHO-ONTUMANBHOMO PABHOBECUS UTPbI B YCMOBUSIX YACTUYHON
MHCOPMMPOBAHHOCTM WIPOKOB HEODXOAMMO pellaTb CUCTEMY HepaBeHCTB (4) Tak, uTOObl KaXabld Wrpok
onepupoBan NuLUb TOW MHOPMaLMEN, KOTopas eMy U3BECTHA.

Hanbonee yHuBepcanbHOM CXEMOW, KOTOPYH0 MOXHO MPUMEHUTb B YCMOBUSX YaCTUYHOM WHCOPMUPOBAHHOCTM
WUrPOKOB eCTb, TaK HasblBaemas, NpoLeaypa “HatynbisaHus KypHo” [1].

Myctb x°=(x?),,, HeKoTopas HauanbHas cuTyaumus wrpbl. [INA (DUKCUPOBAHHOrO BeKTOpa NapameTpoB

p#=(4 )iy OBOHAUMM uepes  BR(u;)= {X EX‘E‘(U()’;’XN\/)#,' )SFUX) 24 ),9Y; € Xii Xy, EXN\:'}

MHOXECTBO HanmnyuLLMX 0TBETOB Urpoka i € N Ha dhmKkcpoBaHHble Habopbl CTpaTeruil 4pyrux UrpoKoB.

Mpoueypa HallynbisaHus KypHO CTPOMT MOCNeaoBatenbHocTb X',..x',... CATyaumin urpsl G Takylo, uTo

x'eBR (1), =12..., the BR}f-“(ﬂ,.)={XEX\F,.(U(X,,x;;\}), 1) SFUX),1),Vx; eX,-} - MHOXECTBO

HaunyLWMX OTBETOB UrpoKa i N Ha HABOP Xy = (X[ ) (PMKCMPOBaHHBIX CTPATENin APYUX UTPOKOB,

KOTOpbIE MOMyYeHb! Ha NpeablayLLeM Liare npoLeaypsl.
Takum 0bpasom, kaxabln Urpok i € N onepupyeT NuLb C N3BECTHON eMy WHGopMaLmen (PyHKLMKM BbIMIpbILLa
BCEX WIPOKOB 1 BEKTOP NapameTpoB 4, KOTOPbIA XapakTepusyeT ero COBCTBEHHOE MpeanoyTeHne Ha
MHOXeCTBe (DYHKLMA BbIUTpbILLa APYTUX UTPOKOB).
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Ecnm npouenypa HallynbiBaHUA KypHo cxoauTed, TO Mbl NOnNyyYynMm HEKOTOPOE MHAMBMAYanbHO-ONTUMarbHOE

paBHOBecMe x”, KOTOPOe OTBeYaeT Habopy MpeanouyTeHMil BCEX WIPOKOB. Takas mpouedypa MOXET U He
cxoauThes. HepgoctaTkoM npoueaypbl HallyrbiBaHus KypHO SIBISIETCS Takke HM3kasi CKOpPOCTb CXOAMMOCTH,
koTopasi B 06LyeM Cryyae He NOAAAeTCs OLEHNUBaHMIO.

B atoit paboTe Mbl paccMOTpUM APYrylo Npoueaypy Noucka WHAMBKAYarbHO-ONTUMANbHBIX PaBHOBECHHN,
KOTOpasi OCHOBaHa Ha pacnpefeneHHbIX METofax PeLleHs ONTUMU3ALMOHHBIX 3aaau [3].

Obwas cxema pacnpefeneHHoro peLleHUs ONTUMMU3ALMOHHBIX 3aday OCHOBaHa Ha onpefeneHuu, Tak
Ha3blBaeMOW, (PyHKLUMM paccornacoBaHust [3]. OTa (hyHKUMS MOXET OonpegensiTbCi pasHbiMM cnocobamu, HO
[OMmKHa ObITb KONMYECTBEHHOM OLIEHKOMN, XapakTepuaytoLLei HeCOrnacoBaHHOCTb PeLLEeHUIA, KOTOpbIe BbibpaHbl
OTAENbHbIMM UrPoKaMK, MO UX MPUHALNEXHOCTU K PELLEHMI0 BCEN 3adadn B Lenom. Booblue, onpegenexve
(YHKLMK paccornacoBaHns Brin3ko K diyHKLMKM WTpadha 1 xapakTepusyeT BEMUYKUHY arpervpoBaHHOM pasHuLb
3HAYEHWIN CBA3YIOLMX NEPEMEHHBIX, KOTOPbIE NOMYYeHb! B NIOKANbHbIX PELLEHUSX B3aMMOCBSA3aHHbIX NoA3afay.
Obwas maes NOCTPOEeHUs pacnpefeneHHoro peLleHUs CUCTEM B3aWMOCBSA3aHHbIX 3adady 3akniovaeTcs B
MOLLArOBOM COrNaCoOBaHUM MX PeLleHuit C Lenblo obecneunTb MonyyeHne Cheaytowero npubnmkeHns K
PELLEHNIO 3aa4u, C MEHbLUEN BENNYMHON (hYHKLMN paccornacoBaHuns, Yem Ha npegpiayliem ware. CXoaumocTb
Takux npoueayp obecneynBaeTcs KoppeKUmei Mogeneit 3aay Ha Kaaom Luare.

Mepenuwem 3aaavy (4) B 3KBUBANEHTHOM BUAe pacnpedenvs NepeMeHHbIe No KaxaoMy Urpoky B OTAEMbHOCTM:
o o , ,
x’:-Zx’,x’eBR, (;),ieN. 3pecb kaxgomy wurpoky (€N OTBeYalOT BEKTOPbI pacnpefeneHHbIX
n-=:
jeN
NepeMeHHbIX X' (x) . BrionHe nowsaTHO, yto x* =x',ieN Toraa w TonbKo TOrda, Korga Xx* sBMseTcA
peleHneM 3agaun (4). [locTpoum BCrOMOraTenbHyld 3afady C  KBagpaTW4HOM LieneBoit  (hyHKUMen

paccorfiacoBaHus, peLleHue KoTopoit BygeT Takke coBnagath ¢ pelleHuem (4):
2

gx=> x"—lzxf —min, x' €BR, (;),ieN.
ieN Njen

,D,J'IFI peleHnsa 3TOi BCMOMOraTenbHOM 3agaun ncnonb3yem MTepaLJ'MOHHbIVI MeTo4 CnycCka, B KOTOPOM 6y,u,eM
BbI6MpaTb A0nyCTuMmble HanpaBneHUA cnycka, C UCnonb30BaHNEM NNHENHON annpokcumaumm LleJ'IeBOI7I beHKLlMM

N0 BEKTOPaM nepemeHHbIX x',ieN .

MycTb HavanbHoe npubrukenne x'® e BR.(u),ieN. Torga ana k-ro npubnukerna x'® ie N, nonyuum:

g™ =g(x("))+22<x’(")——2xf X —x )> i=12,.... OTBPOCMB KOHCTAHTbl M MOCTOSHHbIE MHOXUTENM,
ieN jeN

OyoeM uckaTb HarnpaBneHue cnycka Ha (k+1)-M ware, nyTem peLleHus  Creaywowmx  3agad:

Z< ——Zx’ >—> min, x' €BR, (x),ieN. 3Tn 3agaqn, B CBOK OYepeab, AEKOMMONPYKTCS Ha N
ieN jeN

He3aBUCUMbIX Noa3anav:
(x® ——zxf >—>min x' €BR; (1) (5)

(0603Ha4MM BeKTOPbI X petuenmit yepes X ¢V ieN).

Cnepytowee (k+1)-e npubnuxeHne onpenensieTcss M3 YCroOBMIA YMEHbLUEHUS (PYHKLMM BLOMb LOMYCTUMOrO
HanpaBneHus cregyoLmm 0bpasom:
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Xi(k+1) +ﬂy ( i(k+1) Xi(k)), iEN, (6)

rge ﬂ(k) -HaxoguTbCAa U3 yCJ'IOBI/II7I HanbonbLero YMEHbLIEHUA 3Ha4YEeHUA d)yHKLWIVI paccornacoBaHunA:
1 i) _ 2
216 = arg min g( /‘L( k+1 z<x *ZXJ( )’X:(k) _X/(k+‘l)> ZH k+‘| H (7)
Ad01] ieN N ien

Takum 06pa3om, B COOTBETCTBUM C 3aAaHHBIMU NMPEaNOYTEHUAMU HA MHOXECTBE (PYHKLMIA BbIUMPbILLA, UTPOKM
npeanaraioT OAUH APYroMy K pacCMOTPEHWMIO CUTYaLWK Urpbl. OTU CUTYaLMK ONPeaensioTcs UMK no opMynam
(7) bnarogapst peLeHno KaxabiM UTPOKOM OTAENbHO ONTUMM3ALMOHHON 3adaum (5). OTW 3a4aymn OMUCHLIBAKTCA
Ha OCHOBE TOJbKO TOW MHGOpPMaLWK, KOTOPOW BNadeeT COOTBETCTBYIOLWMIA UIPOK, T.€. MHGhOpMaLUMEN 0 PyHKLMK
€ro BbIMrpbILLA W CUTYaLuK Urpbl, KOTOpast HabnogaeTcs BCEMM UrpoKamu BMECTE.

O60oCHYeM CX0aMMOCTb PAaCCMOTPEHHOI BbILLE NPOLIeAYpPbl 1 OLEHUM CKOPOCTb €€ CXOAUMOCTMY.

[Ona  pokasaTenbCcTBa  Teopembl  OydeM  MCnonb3oBaTb — OOLIEM3BECTHOE  CBOWCTBO  BbIMYKIbIX
AUt bepeHLMPOBaHHBIX (YHKLMA Ha BbINYKIbIX MHOXECTBAX, NPUBEAEHHOE B CrieaytoLLen neMme.

Nemma. MNyctb ¢(x) - ouddepeHUMpoBaHHas yHKUMS, KOTopas onpefeneHa Ha HeKoTopoM MHoxecTse X

3BKMMOBOTO NPOCTpaHcTBa E”, rpaaveHT KOTopoit YAoBNeTBOpseT yenosuio Nvnwmua, a umerHo 3L >0, ana

kotoporo [Ve(x)—Ve(y)| <L|x—y|| ana Vvx,yeX. Torga ana Vx,y € X WUMeeT MeCTO HepaBeHCTBO
L 2

P(X)—p(y) = (V(p(X),x—y)—EIIX -y

[lokaxeM creaytoLLyto Teopemy.

Teopema 3. ycTb AN (PUKCMPOBAHHOMO BEKTOpPa MapameTpoB u = (4; ),y MHOXecTBA BR;(y;) Haunyywmx

0TBETOB MrpokoB [ €N Ha (hUKCUpOBaHHbIE HAabopbl cTpaTernin Apyrux UrPoOKOB - BbIMyKIbl W 3aMKHYThI, @ UX

nepecevenme X" (u)=(BR;(z;) - Henmycto. Toraa npoueaypa (5)-(9) reHepupyeT nocrnefoBaTenbHOCTH
ieN

npubrimkernin X' € BR.(1,),ieN; k=12,., KOTOpble CXOOATCA K HEKOTOPOMY WHAMBMAYyamnbHO-

* * ~ ~ n
ONTUManbHOMY paBHOBECUIO X~ € X (1) CO CKOPOCTLIO FreOMETPUYECKON NPOrPeccun € OLIEHKON O(FJ .

[fokasamenbcmeo. CHavana onpesenuM  Kowctawty Jlanwiua Anst yHKum  @(X;,X,) =|x, - x2||2 .
Mockomnbky Vo = (2(X, — X,),~2(X, — X,)) , T0 IVe(x)-Voly)| =
=||(2(X1_Xz)!_z(x1_Xz))_(z(}ﬂ_}’z)y —2(Y1-Y,) "—"2 1= X2) =20y = Y2)—2X = X,) + 2y, — ) ”—
=2|(x, = x5) = (1 = ¥2)| = 2|o(x) - ga(y)" . Takum 06pa3om, koHcTaHTa Munwnua L=2.
[insi HekoTOporo k = 0,1,... PacCMOTPUM PasHOCTb

AR — gl _glkst 8)

KoTopasi cornacHo nemme npi L =2 MoxeT ObiTb OLiEHEeHa crieaytoLym 06pasom:

(k) (k) _ y (k) et 2 _ ) k) itkry[[2
A 2<Vg(x),x > Hx ;[2<x Zx > “(x’ X' )”].

i(k+1)

Myctb x Y = x'®) _ 3(x'®) _x"®*1) "j e N . Torga ans VA [0,1] nonyuum:
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_ 1 B » , » 2
Ak >21 xz(k) 1 x./( ),xz(k) _xz(k+1) _ /12 xz(k) _ xz(k+1) ' (9)
DY) )= 2 )
Bbibepem A=A% no topmyne (7). Torga B cnyvae, korga
Z<x’( Zx k”> Z“ x'k) H 3navenve A% =1 n ¢ (9) mbl nonyumm:
ieN jeN ieN

ieN jeN ieN jeN

k)222<xi( __ZX k+1> Z” i(k+1) HZZ Z < __ZX (k+1)>
ieN
lMockonbky N0  MPefnonoXeHU  TeopeMbl ||x - y|| <R<w pnavx,yeBR,(x),ieN, T0 BeEnMunHa

. 1 T
<Xl(k)__zxf()’xl( k+1> HX __ZX/ “ HX i(k+1)
Nien

<R?. He TpyaHo ybeauTscs, 4To oTCioAa

1w/ o 0 i —iteen\2
Mbl  nomyuum  HepasexctBo AN > (x'W) —— x’(k),x’“‘)—x’(k”)>. B cnyyae, Korga
R* i Njen
. 1 i : 2
Z<x"k)——2x’(k),x’( k*‘> Z“ x!key H saverne A¥ <1 w us (9) Mbl  nomyuum
ieN NN ieN

ieN

o B o o 2
HepaseHcTBO AKX > z<xl(k) 3 ® —x’(k+1)> ZH(x’(") - x’("“))” . Otcloga, MOCKOMbKY Mo
n Jje ieN
npeznonoXeHuio Teopemsl [x — y| < R <oo Ans Vx, y € BR,(x;),i € N , ONy4UM HEPaBEHCTBO

A© > Lzz<xi(k) _l ij(k),xi(k) _ )—Ci(k+l)>2 . (10)

R ieN n JeN

Takum obpasom, B oboux cnyyasx, korga A¥ =1 umm A <1, gns Toro, ytobbl nokasath, yto A¥) >0
[10CTaTONHO 10Ka3aThb CNpaBeA1BOCTb HEpaBEHCTBA

O PR SR B LA} (1)

ieN jeN
OeictauTtensHo, u3 (5) nonyunm: ) :Zmax{< ——Zx —x’>‘x’ eBR,(,u,-)}z
ieN jeN
ZZ<X ——ZX X’>,ineBRl.(yi). (12)
ieN jeN

B yacTHOCTY, HepaBeHCTBO (12) GyaeT BuinonHaTbeA n Ans x“ =x',ie N, rae x* - pewenue 3agaum (4). Toraa

- 0 L)

ieN jeN ieN jeN

s T B et o g

ieN jeN jeN ieN

BronHe nowsiTHo, yto &%) =0 Torga 1 Tonbko Toraa, korga X' ¥ = x*,ie N, roe x* - pewenue 3apaun (4), T.e.

X eX*(u)= N BR;(x;) . Taknm oBpasom, ecn x'*) = x* xotq Gbl Ans ogHoro i €N, To HepaseHcTeo (11)
jeN

6ynet crporm. Toraa A% >0, k =1.2,... 1 Mbl NONY4M CTPOTO MOHOTOHHO YBbIBAIOLLYIO NOCAEN0BATENBHOCTb
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{AM}, ,, , KOTOpas OrpaHMygHa cHuay. MoaToMy A* = im A¥ =0,a x" = im X0 ieN.
o —>0 —>0

[MocTpoum OUEHKY CcKopocTM cxoammocT npouenypbl. M3 (10) nocpenctBom HepaBeHcTBa MUHKOBCKOIO

1 ; 1 ' ; i
(Za,)2 <nY al cnpasegnmeo HepasexctBo AY) > — (3 (x'! —szj(k),x'(k) —x’(k*”>)2 . OTcopa v 13

ieN ieN NR™ ien jeN

2
(11), (13) nonyuum HepasexctBo A*) ZRLZ[ZHX’“‘)—le/“‘)HZJ . Torga cornacHo 0603HayeHnio (8)
N\ ien Y

1 1g"F

(k)
9 ) >1. Torpa

1
(k) _ olk+) (k)72 _ (k)
g —g ZnR2 [9"']°, k=01,... TMockonbky ¢’ >0, 7O o 21+nR2 e

1 1 gl_gkd g g
o = 2 =2 . Ecnu paccmotpetb ntobylo KOHEWHy CymMy MOCREaHNX
g gl T glgk = pp2 gl = 2
N 1}(1 1jk°1k
HEepaBEeHCTB, nomny4nMm:; el R Rl P R R Torpa
;[gw g g0l g0 ;HRZ nR?
2_(0)
gt = an—gO —0| L |. Teopema noxasara.
nR? + g%, k,
3aKnroyeHune

MPUHLUMN  MHOMBMAYaNbHOM  ONTUMAanbHOCTM  0600LWAeT  Knaccuyeckue MpUHUMMLI - OMTUMamnbHOCTU B
HEKoOMepaTMBHbIX WUrpax M pacluMpsieT Knacc KOH(IMKTHO paspelmmbix urp. MpuMeHeHWe 3Toro mpuHuuna
060CHOBaHO, €CIi KOHAMKT MEXAY UrpokaMu He MOXeT ObiTb paspeLLeH COrMacHO KraccYeckum npuHLmMnam
ONTUMANbHOCTM M UIPOKI COTNALLAKOTCS MATU HA KOMMPOMMCC Pafyt ero AOCTUXKEHNS.
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HEYETKUN ANTOPUTM NOCNEQOBATENBHOIO AHANIU3A BAPUAHTOB
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nocrned0osamesibHO20 aHanu3a U OmceusaHusi eapuaHmos nNpu HeYemKo 3adaHHbIx 00NYCMUMbIX MHOXeCmeax
anbmepHamue OUCKPemHbIX Modesieli NPUHAMUS peweHuUL.

Knrouesnie cnosa: duckpemHoe npoepammupogaHue, nocnedogamesbHbIl aHanu3 8apuaHmos, HeYemKOCMb.
ACM Classification Keywords: H.4.2 Information Systems Applications: Types of Systems: Decision Support.

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

OgHum 13 HaubBornee 3(EKTUBHBIX METOAOB PELIEHWUS ONTUMU3ALUMOHHBIX 33day PasfuyHbIX Kaccos,
BO3HWKAIOWWMX NPU MOAENMPOBaHUM NPOLECCOB MPUHATUS PELUeHUin, SBRSETCS MeTO4 MOCnefoBaTenbHOro
aHanuaa BapuaHnToB ([MAB), npeanoxeHHbin B 60-x r. XXcT. B UHCTUTYTe KinbepHeTukn AH YkpanHbl [Muxanesuy,
LLop, 1961]. C Touku 3peHust hopmanbHoii norvkn cxema MAB SBNSIETCS NOBTOPEHUEM TaKMX AENCTBUI:

- pasbueHMe MHOXECTBA BapMaHTOB PELUEHMA 3adayn Ha NOOMHOXECTBA C OOMOMHUTENbHLIMU
CBONCTBAMY;

- 1CNONb30BaHMe 3TUX CBOMCTB Nnpu nNOucKe nornvyecknx I'IpOTMBOpe‘-lI/II7I B OnncaHmn OoTaenbHbIX
MHOXECTB;

- WCKIOMEHME N3 pacCMOTPEHUA NOAMHOXECTB, B ONNCaHUN KOTOPbIX UMEKOTCA NPOTUBOPEYNA.

B [Muxanesuy, LWop, 1977] obwas cxema MAB KOHKpeTM3MpYeTCs NS PasnnyHbIX KNacCoB MHOTrOBApHUaHTHbIX
3aay, ONuCLIBAKTCS anropuTMbl “NOCIEA0BATENBLHOMO KOHCTPYMPOBaHMUS, aHann3a u 0TCeuBaHWs BapuaHToB”, B
YaCTHOCTM, LUMPOKO M3BECTHbIA anroputm “Kunesckuit BeHMK'. OCHOBHbIM NPaBUIOM OTCeBa DecnepcnekTUBHbIX
BapWaHTOB B 3TWUX anroputMax SBRANCS NPUHUMN MOHOTOHHOM pekypcuBHOCTW [Muxanesumd, Lop, 1961],
POLCTBEHHON KPUTEPUIO OMTUMANLHOCTUM AWMHAMUYECKOTO nporpamMmupoBanus [bennmad, 1960]. Hapsgy c
W3BECTHbIMM  AOCTOMHCTBAMW anropuTMbl MOLIArOBOrO KOHCTPYMpOBaHWS 00nagaloT M OnpeaeneHHbIMU
HegocTaTkamu [Bonkosud, BonowwH, 1984]. B passutue obwwmx koHuenuwit MAB B pabotax [Borkosuy,
BonowwH, 1978-2009] npeanoxeHbl NpoLUeaypbl NapannenbHoro OTCeBa NOABApWAHTOB, B YaCTHOCTM,
eauHUYHONM anuHel (anroputm W [Bonkosuy-BonolumH,1978)). Mpu 3ToM BO3HMKAET Npobnema KOHCTPYMPOBaHHS
MOMHOTO BapuaHTa, KOTOpas pellaeTcs nyTeM MOCNeA0BaTENbHOMO BBEEHUS OrpaHUYeHUin Ha 3HauveHure
(byHKumoHana [BonowmH, 1987]. MNpeanoXeHHY0 CXeMy MOXHO MHTEPNPETMPOBATb Kak AEKOMMO3WULMOHHBIN
METOA peLleHns 3adauu, B KOTOPOW aHanw3 noLBapuaHToB MPOBOAWUTCS HE3aBWUCUMO (MapannenbHo) gpyr ot
Apyra, KOHCTPYMPOBaHME MOSHbIX BApUAHTOB OCYLLECTBSETCA HA BEPXHEM YPOBHE MpU aHamnu3e arperypyroLlen
(koopauHmpytoweir) 3apaun [JlacgoH, 1975]. OhdeKTUBHOCTb anropuTMoB, BasnpyOWMXC Ha NPEANOXEHHbIX
NpuHUMNAX, MOATBEPKOEHA BbIMUCNIUTENbHBIMUA 3KCMEPUMEHTAMKM, TEOPETUYECKUMU WUCCMEeoBaHUAMU 1
pelleHneM npakThyeckux 3agad [Bonkosuy, BonowwuH, 1987, 1993, 2004, 2009]. Mpu peleHnn NpuKnagHbIX
3afay MCxodHble AaHHbIE 3adalTCA, Kak NpaBuno, NPUOMMXEHHO, HEeTOuYHO, HeyeTko. B [BonowwuH, 1980]
npeanoxeH anroputv MAB ans HaxoxaeHus "cybonTManbHbIX” peLieHni (€ — NPUOAMKEHHBIX MO (YHKLMOHANy
W & — npubnuxeHHbIX NO orpaHudeHusm). [Mpu atom nbble "¢, & — OTKNOHEHWS” CuUMTanMUChb
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"pasHonpremnemMsiMn”. B faHHol paboTte npoueaypbl 0TceBa B NpubnmxeHHbix anroputmax MNMAB obobLatotes
Ha HeuveTkui cnyvait [Opnosckuit,1981]. Mpegnonaraercs, YTO0 B ONTUMU3ALMOHHON 3afade MaTeMaTUYECKOro
NPOrpaMMMPOBaHNS MPU YETKO 33JaHHBLIX MHOXECTBAX BO3MOXHBIX PELEHWA W 3HAYEHWA (PYHKUMOHANOB
HEYeTKO 3aAalTCs AONYCTUMBIX MHOXECTBA PELUEHUI N MHOXECTBa YPOBHEN LieneBon (DYHKLMK.

MocTaHoBKa 3apaum

MycTb 38AaHO HEKOTOPOE KOHEYHOE MHOKECTBO X = (X = (x,,..., X, ..., X, )} BO3MOXHbIX BapuaHToB 3agaun.
MHOXECTBO BOSMOXHbIX BAPUHTOB MOCTPOGHMS! j -Oi1 KOMIOHEHTa x, BekTopa X ofosHawum X, j=Ln.
MHOXecTBa X ; MOryT 337aBaTbCA MHOKECTBOM 3HAYEHUA (DYHKLMM [VICKPETHOO apryMeHTa; 3ajaBaTbCs
TabnuyHo; 6bITb MHOXECTBOM MEPECTAHOBOK HEKOTOPOro 6asncHoro MHOXecTsa napameTpos. Bektop
p= Xy ), TR xp€X,, X, €X, xpeX, (1S),<-<j, <n), HasosaeTcs
NOABApUAHTOM [nMHbI & . MHOXECTBO BCex MopsapuaHtos ofosHaumm yepes P(X ), B KOTOPOM BbigenuM
MHOXeCTBO [OMyCTUMbIX nogsapuaHtoB D(X )< P(X). B mMHoxecte D(X) Bbigensercs NOAMHOXECTBO
MOMHbIX [OMYCTUMbIX BAPUAHTOB (BAPUAHTOB AMMHHbI n) D < D(X), ANA KOTOPOrO CrpaBenvBso
COOTHOWEHNE D = X .
MycTs F(p) — dyHKuMOHaN, OnpeaeneHHbIi Ha MHoxecTe P(X).
PaccmaTpysaeTcs crieayloLias 3afada HaxoxaeHns BapuaHta X :

Xe Argmax F(X) ;

xeD

Argmax F(x)= ix e D| F(x)=max F(x')}.

xeD x'eD

BapuaHT X" € D, KOTOpblil MakcuMMaupyeT cyHKuMOHan F(x), Ha3oBeM ONTUManbHbIM. BapuaHT X, mpu

S
KOTOPOM [OCTUraeTcs MakcuMym (yHkupoHana F(x) Ha HeKoTopoM MHOXecTse X mgX , HasoBeMm

MakcuManbHbIM. MomnyyeHHble MakcuMarbHble BapUaHTbl UCCNIeayTCS C MOMOLLbK KPUTEPUER ONTUMANBHOCTM.
MHOXeCTBO AONyCTUMbIX NoasapuanTos D(X ) onuiem cneayoLym 06pasom:

D(X):{p|G[(p)iGi,peP(X), 030531},

me G,(p)= {(gi(p), 1, (gi(p))) i:I,_m}, — (hyHKLMOHAN NOABapUaHTa p, OMPEdeNeHHbId Ha MHOXECTBe

a

P(X), G, z{(gi,,u[(gi)), g €|§i’§iJi:1’_m} — 3adaHHble HeYeTKMe MHOKECTBA, > —  HeveTkoe
OTHOLLEHWE NPpeanoyTeHns, @ — cTeneHb npeanoyteHus [Opnosckui, 1981].

O4EBUAHO, YTO MHOXECTBO MOSHbIX AONYCTUMbIX BAPUAHTOB OMPeAeNnAeTes Kak:
a
D=1x|G,(X)<G,xe X, 0<a<l}.

Popj0BbIM MHOXECTBOM NoaBapuaHta p € D(X ) HasbiBaeTc MHOKECTBO R(p), COCTOALLEE U3 TEX BAPUAHTOB
X, KoTOpble COAepXaT noasapuaHT p. B CBOW OYepedb, AOMYCTAMBIM POLOBbIM MHOXecTBoM R(p)
nojBapuaHTa p HasbiBaeTCsl Takoe MOAMHOKECTBO POFOBOTO MHOXecTBa R(p), KOTOpOe COCTOMT W3
[ONYCTUMbIX BapuaHToB Xe& D. POROBLIM MHOXECTBOM R(p) HEKOTOPOrO MHOXECTBA MO[BapHaHTOB
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P < P(X) HasbiBaeTc MHOXECTBO, KOTOPOe ABMSETCA OBbeAMHeHMeM POLOBLIX MHOXECTB MopBapuaHTa
peP,T0€ectb R(p)z UR(p).

peP

BennuntHa A[pz{(Ag;,y(Ag;)) Ag;e[Ag; ,Aglp} Ha3blBaeTCs [OMyCKOM Ans MoABapuaHta p

a .
OTHOCUTENbHO MHOXeCTBa D MO i-OMy OFPaHUYEHW), €CRM U3 TOro, YTO Gi(p)>A’p, cremyeT, uTo

[10MyCTMOE POAI0BOE MOAMHOXECTBO R(p) noagapuanTa p nycTo.

B cootBetcTBUM ¢ MeTogonorveit MMAB Heobxoaumo nOCTPOWTL Mpouedypy aHanusa pOdoBbIX MHOXECTB
NOABAPUAHTOB W UCKIHOYEHUS TEX U3 HUX, ONYCTUMbIE POLOBbIE MHOXECTBA KOTOPbIX MYCTbl UMK He cogepxar
ONTUManbHbIX BapUaHToB. JTa 3ajaya CBOAMUTCA K 3adave BbIYUCIEHUS LOMYCKOB W MPOBEPKM MHOXeECTBa
NoJBapuaHTOB Ha YAOBNETBOPEHUE 3TUM [OMYCKaM.

0OGo3Haunm yepes Q(P)z{AjD}, i=1,m, MHOXeCTBO AONYCKOB OTHOCUTENbHO MHOXecTBa D [ang

MHOXECTBa NoABapUaHTOB P No BCEM OrpaHNYeHusM.
Ha wmHoxectse P 3agagum onepatop E = E(P,Q), OTcevBaiowmii Te NOABApUaHThl, KOTOpble He
YAOBIETBOPSIOT MHOXeCTBY fonyckoB O . [pUMeHUB onepatop E Ha MHOXECTBE P, MOMy4MM MHOXECTBO
nogsapuaHToB P’ < P, TaKoe 4To

R(P)=R(P'). (1)
Tem caMbIM, U3 PAaCCMOTPEHUS BbIKNKOYAKOTCA NOABAPUaHTbl p € P=P\P, pns KOTOPbIX R (15) =J.
0603HauMM ( = UP KOHEYHOE CeMelCTBO MHOXECTB noasapuanTos P < P(X ), Ans KOTOPOro CnpasednBso
R(p)= X, R(p)=D.Nycts O(p) = UO(P) - cucTema gonycko cemeicTsa ¢ .

OnpegenM Ha MHOXeCTBEe ¢ onepatop € annpokcuMaLuM MHOXecTBa D < X , KOTOpbl BblMUCHSET
cucTemy gonyckos Q(g) v CykaeT MHOXeCTBO X nyTem npuMeHeHus onepatopa £ Ha MHOKECTBax R < (.

Onucanue anroputma

Onunwem cxemy pabotsl onepatopa Q.
Lar 0. Bblumcnsiem HavanbHyto cucTeMy AoMycKoB Q(go(o)) Ha MHoxecTBe ©° =@ .

IWar s. Ha nogmHoxecteax PU) < oY) nng sananHoit cucTemsl pomyckos Q(go(s_l)) MPMMEHsIEM OnepaTop

orcesa E . B pesyribTate nomny4aeM HOBOE CEMEICTBO MHOXecTB nopgapuantos o) = UP™) | takoe, uto

P <t @
YuutbiBas, 4to R(go(“’l))z X6y cnpaBegnBo (2), Nony4nm, YTO CNpaBeavBO CrieaytoLLee YCroBue:
xW e xt
lMoatomy, yuntsiBas (1), nony4um
E(go(s’l)) = E(go(s)): D.
[lanee nepecyuTLIBAEM CUCTEMY [OMYCKOM ANst MHOxecTBa o).

Ha ware s onepatopa 2 BO3MOXHbI CrieayIoLLMe Cryyam:
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a. CnpaBeanveo ycrnosue NpeanoyuTeHuns Q(go(s))> Q(g)(“_l)), TO €CTb JarnbHelLiee NPUMEHEHWE onepaTopa

E Ha MHOXecTBax noaBapuaHToB pb) npu Jonyckax Q(go(“)) MOXeT MPUBECTM K CYXXEHWUIO MHOXECTBA pb),
[Mepexooum K wary s+1.

b. CnpaBennueo YyCMoBME PaBHOCTM Q(go(“))zQ(go(*"‘l)), 10 ectb PV = pl), Otcloga cneayert, 4To
x) = x61 g YCIOBWS CBUAETENLCTBYIOT 06 OKOHYaHMM paboTbl onepaTopa .

AnanornyHo [Bonkoud, BonowmH, 1984] MoxHo nokasatb, 4To onepatop €2 okaHuMBaeT paboTy 3a KOHeYHoe
4UCIIO LLIaroB.

B cnyyae, koraa onepatop €2 HeAOCTATOMHO CyXaeT MHOXeCTBa X () npumensioTcs npouemypbl aHanmaa no
(yHKLUMOHANY, KOTOpble 3aKNIYaAlOTCS B BblLENEHUM U3 MHOXEeCTBa X (%) NOZMHOXECTB NepcrekTUBHBIX Mo
(hyHKUMOHANY BapuaHToB X ﬁ‘“o) 1 BbIGOpE B 9TOM MHOXECTBE MaKCUManbHOro BapuaHTa.

Ha beHKLUAOHaJ'I BBOOMTCA OONONHUTENBbHOE OrpaHnYeHne:
B
F(x)=F""), 0o<p<t, (3)

roe F*(V)e[mi )F(x), ma}x)F(X)} - HeYyeTkMd napameTp C (yHKUMEN NpUHaLNEXHOCTU v(F*(7)).
xeX'%0 xeX\0

0603Ha4MM MHOXECTBO BapUaHTOB, KOTOPbIE YAOBNIETBOPSIOT (3) Npu BbIGPaHHOM 3HaueHt F*7) | yepes

5
D} ={X|F(X)>F*(7)},

" MHOXECTBO A0MYCTUMbIX BApUaHTOB BO MHOXeCTBe D} 4epe3

D,=DNDj.
0O603Haunm yepes P(X (‘Y")) MHOXECTBO BCEX MoABapuaHToB. ChopMupyem CeMeNcTBo (o, = UP” MHOXeCTB
nogsapuaHToB P’ P(X(“")) TaKoe, YT R(p},)z x50y E(@): Dy..

BenmunHa AF) Ha3blBaeTcs JONYCKOM AN MHOXECTBA MOABApUaHTOB P” C (, OTHOCUTENbHO MHOXECTBa

B
D7 no (yHKUMOHany, ecnu W3 TOro, YTo F(p)<Apr cnefyert, 4to JOMyCTMMOE POLOBOE MHOXECTBO

Ry(p)zR(p)ﬁD}, noagapuaHTa p nycro.

VcknioveHne BapuaHToB U3 MHOXeCTBa X (o) 1o OrpaHuYeHmIo (3) ocyLLecTBASIETCA NyTEM OTCEBA C MOMOLLbHO
[O0MYCKOB TEX NOABAPUAHTOB p € P’ , KOTOpble HE BXOAAT B MaKCUMarbHble BapUaHTbl.

AHanoruyHo [Bonkosud, BonowwumH, 1984] MOXHO noka3aTb, YTO €CrM MHOXECTBO Dy He NycTo U NoaBapuaHT
p He Y[oBneTBopseT Aomycky AF) N0 (hyHKuMOHany, TO AOMYCTUMOE POAOBOE MHOXECTBO R (p)
noJBapuaHTa p He COAEPXMUT ONTUMAnLHOTO BapuaHTa.

O60o3Haunm c1CTeMy [OMYCKOB Anisi CEMENCTBa (o, “epes Q(goy): U{AF; } Cuctema [0MyCcKoB BblYUCAAETCS
C MOMOLLbto OriepaTopa annpokcuMaLiv €2, oNpefeneHHoro Ha CEMencTBax (@, U & . B pesynbtate nony4um
MOMHYI CUCTEMY [OMYCKOB Q(go, py): Q(go)u Q(goy).

Torga cxema paboTbl «HeYeTKoro» onepartopa Q2 Oyget cnegyrowen:
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War 0. ns 3agaHHOro 3HaveHns F*) spimcnsiem AN CEMENCTB go(o) =p N go(yo) =g NOMHYI CUCTEMY

Ve
[10MyCKOB Q(go(o),go(yo)), e o =UP, o, =UP’.

s—l)

WWar s. Ha mHoxecteax P u P7('*“), BbIOpaHHbIX M3 CEMENCTB p( " go(s), Npu 3agaHHON MOSHOW

CUCTEME [A0MYCKOB Q(go(s‘l),go(j‘l)), npumeHsiem onepaTtop oTceBa £ . B pesynbrate nonyuum HoBble

cemeincTea go(“)zuP(“), go(*")ggo(“") " go(j)zuPy(‘), go(y‘)ggo(j“) M MHOXECTBO Xﬁs) Takoe, 4To
s s—1 -~ s s s s

X ﬁ ) cX i )g X . Ana cemencts p( )y go(y) BblYMCNSAEM MOJIHYIO CUCTEMY [OMYCKOB Q(go( ), go(y)) MMpn

BbIYWUCIIEHUM [JONMYCKOB MpefniaraeTcs UCMomnb3oBaTb HeYeTKMe MHOXecTBa a-ypoBHei [Opnosckuit, 1981] u

CMELLEHVe BrPaBO HWXKHEN rpaHnLbl MHTepBana Aonycka. B crydae, ecnu Q(go(s’l),goy’l))z Q(go(“),go(;)), T0

BbIYNCNEHNE OKaHYMBAETCS, NpK 3TOM X ﬁ“‘)) =X f), NHaYe nepexoamnM K wary s+1.
MHOXeCTBO BapnaHToB X' ﬁsf’), KoTopble 06pa3oBbIBaETCs B pesynbTaTe NPUMEHEHUs onepatopa ), SBnseTcs
annpoKcvmMaLneit MHOXeCTB AOMYCTUMbIX BapuaHtoB D, < X ﬁs"), cpeau KOTOPbIX WLLETCS MakCUManbHBbIN

BapuaHT. PaccMoTpum criegytoLpe crnyyan.

1. Xﬁst’) =, TO ecTb MHOXECTBO D, He COREPXUT [OMYCTUMbIX BapUAHTOB. AHanornyHo [Bonkosuy,

BonowwuH, 1984] MoxHO nokasaTb, YTO B 3TOM crnyyae nobon BapuaHT X e D yaoBneTBOPSET YCNOBMIO

B
F(x)<F*(7 ). Takum obpasom, F*) ssnsetcs OLIEHKOM (byHKUMOHana F Ha MHoxecTBe X . B aTom cnydvae

yMeHbluaem 3Haderne F*) | Bbibupaem semmunky F 0+ < F*0) y onstb npumensiem onepatop Q.

2. MHoxecTBO X ﬁ‘o) 00BEMHO, TO eCTb ‘X ;S")

> N . Torga B HeM HaxoaMM MaKkcUMasbHbIA BapuaHT, KOTOPbIN

MpoBepsieM Ha ONTUManbHOCTb C MOMOLLBK KpUTEPUEB OMTUMArbHOCTU. ECNM MakcumanbHblil BapuaHT X* He
YZOBNETBOPSIET YCIOBMUIO (3), TO OH MOXET BbITb BbIOpPaH B Ka4ecTBe NPUBIMKEHHOrO BapuaHTa.

3. [

onTUManbsHoCTb. B cnyyae, ecnv oH gonyctum, HO He onTUManeH, 10 BbI6VIpaeM €ro B Kayectee ﬂpVI6J'IVI)KeHHOFO.

< N. B wmHoxecTBe Xﬁ“)) BbIOMPaEM MakCMManbHbIA BapuaHT X, KOTOPbIA MpoBEpsieM Ha

Ecnm oH HeaonycTum, 1o Ha cemeicTBax p(s{’) n ((OE,SO) NPUMEHAEM onepaTop KOHCTPYUPOBAHUA K , KOTOprI7I

CTPOUT MHOXECTBO 55 =p U gé)y n d)OpMVIpyeT arperMpoBaHHyo 3agady Ay . MakCMMN3nNpoBaTb

F(pl,...,pj,...p,)

npwu gi(pl,...,pj,...,p,)ﬁg:, i=1,_m, (pl,...,pj,...,pr)egz, r<m, Upj=XeX£S°).

Ecnn ona makcumanbHOro BapuaHTta qupj HE BbINONMHAETCA KpMTepMﬁ ONTUManbHOCTU, TO peLlaeTca

3ajava A;, M Nony4YeHHOe peLleHne npoBepAeTCAa Ha ONTUManbHOCTb.

3aknioyeHue

MMpy peLleHnn NpakTUYeckuX 3aaay NPUHATUS peLLeHnin He0BXOAMMO YYNTbIBaTb NPUBIIMKEHHOCTb, HETOYHOCTD,
HEYETKOCTb MCXOAHbIX AaHHbIX. BO MHOrMX cryyasx "OCHOBHOW KOMMOHEHTOM HEYETKOCTU B CUTyaumsx
MPUHATUSA  PELLEHWNA, KOTOPbIE OMMCHIBAIOTCA MOZENSAMM MaTeMaTUYecKoro MporpaMMMUpOBaHMs, SBASETCS
OnucaHWe [OMYyCTMMOTO MHOXECTBa peLUeHMA (MpaBbiX YacTel orpaHunueHwit). B poknage npegnaraetcs
MoamdmKaLums npoueayp MeToga NocneaoBaTeNbHOr0 aHanu3a BapuaHToB, OAHOMO 13 Hambonee aheKTUBHbIX
METO0B peLLEeHNs MHOTOBapUaHTHbIX 3a4ay Bbl6opa, Ha Cry4ai HeYETKNX AaHHbIX.
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BnarogapHocTu

Pabota onybnukosaHa npu cuHaHcoBomn nogaepxkke npoekta ITHEA XXI MHCTUTyTa MHGOPMALUMOHHBIX TEOpUI
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounaumm cosgatenen u nonb3oBaTenen
WHTennekTyanbHbIx cuctem ADUIS YkpanHa www.aduis.com.ua.
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KAYECTBEHHbIN AHATTIU3 MHOTOMEPHbIX HEYETKUX PASHOCTHbIX CUCTEM

EBreHun UBoxuH

AHHomayus: lNpednazaemcs cnocob uccredosaHust ycmolyusocmu HeYemKuUX pasHoOCMHbIX cucmem 607bwol
pa3MepHOCMU Ha OCHOBe npuMeHeHus Memoda eekmop-yHKuyul JlsanyHoea u cneyuanbHoU npouedypbi
0eKoMno3uyuu cucmembi Ha nodcucmembi.

Knrouesnie cnosa: pasHocmHble cucmembl, oyHKyuu JlanyHosa, He4yemKocmb
ACM Classification Keywords: H.4.2 Information Systems Applications: Types of Systems: Decision Support.

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

Vicnonb3oBaHWe HEYETKNX MHOXECTB ANS ONUCaHUs CUTyauuil C HeonpedeneHHOCTb0 HaxoauT Bce bonbluee
NPUMMEHEHNE B pasHbIX NpuknagHbix otpacnsx [Yynuukos, 2000]). OgHako, cneayeTt 3ameTuTb, YTO B OCHOBHOM
paccMaTpuBalOTCA CUCTEMbI, pa3MepHOCTb KoTopbix Hesenmmka [Mepenkos, 2000; Mywkos, 2001; MBOXWH,
Bonukos, 2006]. /iccnenoBaHs MHOTOMEPHBIX CUCTEM YCMOXHSIIOTCS HE TONMbKO Mpobrnemamu, CBS3aHHbIMM C
Pa3MepHOCTbI), HO WM C OTCYTCTBMEM CMeUM(UYHbIX Onepaunii AEKOMNOULMM W arperMpoBaHUs HeueTKUX
MHOXeCTB.

B nmaHHoi paboTe paccmatpuBaeTcs ogHa M3 BO3MOXHbIX peanusauuii npoleaypbl AEKOMMO3NLMN HEYETKNX
CUCTEM Ha MOACUCTEMbI U €€ UCTONb30BaHUE [4N1S aHanmaa yCTOMYNBOCTU MHOTOMEPHbIX PA3HOCTHBIX HEYETKMX
CUCTEM METOAOM BEKTOPHUX (hYHKLMIA JlanyHoBa.

MocTtaHoBKa 3agaum

PaccmoTpum Npou3BOMbHOE KOHEYHOMEpHOe MPOCTPaHCTBO Haa nonem AeicTBuTenbHbIX uucen X = R".
Bynem HasbiBaTh X yHWBepCanbHbIM MHOXECTBOM.

OnpedeneHue. HeyeTkum MHOXeCTBOM A YHUBEpCanbHOro MHoxectBa X = { x }, Ha3biBaeTCH COBOKYMHOCTb
nap A={(p;(x),x)} toe py(x): X —[0]1] - orobpaxenne mHoxectea X B eAuHN4HbIN OTPE3OK
[0,1], koTOpOe Ha3blBaeTCA PYHKLMEN NPUHALNEXHOCTM HEYETKOrO MHOXECTBa A .

PaCCManMBaeTCFI HeYeTKad pa3HOCTHasdA CUCTema:

X, =Ro°X, k=012,.. (1)

rae X(t,)=X,€E" - KomMnakTHoe MHOXECTBO HauanbHblX COCTOSHWA, X (¢, )=X, - HeueTkue
MHOXecTBa B X = R" BO3MOXHbIX COCTOSHMIA CUCTEMbI B MOMEHTbI BpeMeHM ¢, € T', KOTopble onpeaensiot

pewenns cuctembl, R(#, )=R, - Hekotopble HeueTkne oTobpaxeHus u3 X B X, onpepensiowme

nepexodbl CUCTEMBI, o - onepauust komnosuuuu, k£ =0,1,2,....

Jonyctum, WO CcyulecTByeT TpaekTopus {)_c } , X, esupp X . k=012,.., kotopas sBnsetcs

k=0,1,2,...

perynspHoi Tpaektopuein (PTC) cuctemsl (1).
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Onpedenewve.  PTC (1) {x }k=0,1,2,... HasbiBaeTcs  yctoumBoid  no  JlanyHoy,  ecnu

VT >0,Ve>0,Vn>0 3 8(e.nT)>0,7(e,nT)>0 Take, uto Ana nwoboil TpaekTopum

{x, }k:O,l,Z,... cucTeMbl (1), HavanbHbIe YCOBUS KOTOPON YIOBNETBOPSIOT HEPABEHCTBAM:
[ Xy =X |[< O,
| u(xy)=1I<y,
ona Vk:t, >T cnpaBeanvBbl HepaBeHCTBa:
1%, —x |lke k=012,..,
\u(x, )—-11<n, k=012,...

[Tpumep pasHocmMHoU HeYemkol cucmems!,

PaCCMOTpVIM OWHaMUKY CUCTEMbI
X, =R, oX,, k=012,..

x, esupp X, =[a,,b,|c X =[-11] k=0,12,...

a ., =sin(a, ), b, =sin(b, ), ay==1b, =1,

_|1=cos(x, ), x, e[ak,bk]
= 0, &|a,.b,]

TpaekTopumn JaHHOM CUCTEMbI UMEIOT BMA, NOKa3aHHbIA Ha puc.1.

membership function

t (time) 0 -1

Puc.1. Tpaektopumn pasHOCTHON HEYETKOM CUCTEMDI
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YmeepxdeHue. Ecnn cuctema (1) vMeEET perynsipHyio TpaekTopuio {)?k W CYLECTBYIOT (yHKLMM

}k:0,l 2,

V:X—>[0]] 1a G:[01]—>/[0]] rtame, uto pnna rnwboit Tpaextopum cucremsi (1)

14 }_0.1.». BBIMOMHSIOTCH HEPABEHCTBA:

V,=V(x,)>0
V(x,)=0

AV, =V, -V, <0
G, =G(1,)20
G(H,)=G(1)=0
AG,=G,, -G, <0

TO perynsipHas TpaekTopus cuctembl (1) SBNSIETCS YCTOAYMBOIA NO JISMyHOBKM.

Pe3yanaTb| nccnegoBaHMA MHOroMepHbIX CUCTEM

I. Cnyyaill MHO2OMepHOU YemKoll pasHOCmHoU cucmembl (1).

MycTb cuctema (1) umeet BuA

x,(k+1)= f, + 3¢ (k) i=Lm, k=012,...
J=1j#i . (2)

PaCCMOTpVIM KaxKayto 13 nodcucTem

x,(k+1)= fi(x,(k)k), i=1,

OTAENbHO. nyCTb ﬁ(O,k)EO, TO €CTb noacuCTeMbl UMEKT HyneBble NOMNOXEHWA paBHOBECUA, KOTOPbIE

3

(3)

acUMNTOTYECKM YCTOMuMBLI. CyLiecTBytoT yHKUMM JlsnyHoBa O l,(x,.,k), KOTOpble YAOBNETBOPSIOT BAOSb

peLLeHnit xl.(k) KaXxdoW 13 NofcuCTeM (3) yCroBUsM:
1. Ci1||xi(k)"2 sv i(xi (k):k)S ci2||xi(kl|2 , 4)

2 Av (1) =0 (5 (kDb +D)=0 (3 60k) < e (O

An

3. ‘gmdu i(xi(k),k1=0i4| A

lMpn 3TOM HyneBoe pelueHne x,.(k)s 0 kaxgon n3 noacuctem (3) ByoeT SKCMOHEHUMANBHO YCTONYMBLIM, TO

, cl.j>0,i=1,m,j:1,

€CTb BbINONHAETCA HEPABEHCTBO

||xl.(kj| < e, /¢, (l—ci3 /c k/2||x m

PaccMoTpuM cnyyain IMHEeRHbIX NOACUCTEM

x,(k+1)=A4x,(k), k=012,... i=1m. (5)

SaMKHyTaﬂ cuctema nmeet Bung

x,(k+1)= Z (k) k=012,... i=1m. (6)
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O6osHaunm
® (HO):j’max( )/ﬂ’mm( ) v (HO):ﬂ“min(QO)/ﬂ‘max(HO)’

rae H,, O, - CUMMeTpUYeckue MONOXMTENbHO ONpefeneHHble MaTpulbl, CBS3aHHbIE MAaTPUYHBIM
Pa3HOCTHbIM ypaBHeHWeM JlsinyHoBa

H,-R"H,R=0Q,. (7)
3peck R = {rl.j } I,j= m - KBaapaTHas MaTpuLa, aNeMeHTbl KOTOPON ONPeaenstoTC COOTHOLLEHUSIMM
1+[=24 (0)+ D |A'HC ||/ 2 (H,) i=j

r.o= s=1,5#i (8)
CTHC /A (H) %]

K= ma—x{ﬁ’max( )}/mln{ﬂ“min (Hi )} )

i=1l,m i=1l,m

a H,, O, i=1m cummeTpuyeckue nonoxuTensHO onpeaeneHHble MaTpuLibl, KOTOpbIE BXOAAT B MaTPUYHbIE
Pa3sHOCTHbIE ypaBHEHNS JlsnyHoBa
T _ .
H—-AHA=0,i=1m. (10)
Teopema Mycmb dns kaxdol u3 nodcucmem (5) cywiecmeyom nomoXumesbHO onpedeneHHble Mampuubl

H., i=1,m, makue, 4mo mampuya R = {U} i,j=1,m euda (8) acumnmomuyecku ycmolyuea (umeem

i’

cobcmeeHHble yucna ‘/1 (Rj <1, i=1,m). Toeda ucxodHas cucmema (6) makxe acumnmomu4yecku
1
yemoliquga u 0515 ee pelieHust x(k) cnpagednueo

<) < Ko H,)f

k=12,.... (1)

II. Modx0d k ka4yecmeeHHOMY aHanu3y MHO20MEPHbIX HEYeMKUX Pa3HOCMHbIX CUCMEM.

MycTb 3agaHa [uMHamMyeckasi cuctema S, MHOXECTBO COCTOSIHWA KOTOPOW OMMCHIBAETCS HEYETKMM
MHOXEeCTBaMu ZS ={(x,us(x)),xe X}, roe X - HekoTOpoe yHMBEPCanbHOE MHOXECTBO. Mpeanonoxum,
4To B CUCTEMe BbleneHo ABe nopacucTeMbl S),S,, COCTOSHWS KOTOPbIX OMMCHIBAKOTCS HEYETKUMMU
mHoxectBamn  Ag ={(x, us (x,)).x, € X, } wn Ag ={(x,, 45 (X,)),x, € X, } yHuBepcanbHbix
MHoXecTB X, X, cootBeTcTBEHHO, X, LU X, = X . Otoxpectenan s (x,) Ta  pg(x,) ¢

nonesHocTbio noacuctem S,,.S, , yaem npeacTaBnsaTh BENNYNHBI MEPbI NPUHAANEXHOCTU Lo (X ) B BAAE
ps(x)= [ g (%, )] [ 5, (%, )], (12)
rae o, >0.

HaxoxpeHne «, 5 MOXHO MPOBECTM HA OCHOBE METOAMKM MPUHSTUS PELUEHWUst B MHOTOKpUTEpUanbHOI
CUTYaLMN C Y4ETOM BaXHOCTU KPUTEPUEB.
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MMycTb 3nemeHTbl KBagpaTHOA MaTpuubl P = {py} y2 =1, Dy >0, i,j=12,i+# j onpeaensiot

ij=12"
BaxHocTM nogcuctem S, S,. Matpuya ¢ HeoTpuuaTenbHbIMM 3nemMeHTamu Hasblisaetcs  M-matpuuei
(nosutueHoi matpuuei). Mo Teopeme lMeppoHa-Opobernyca oHa MMeeT MakcumaribHoe COOCTBEHHOE YKUCHO

A(P)=0 u HeoTpuuatenbHblit cobecTBeHHbIN BekTop v( P )=(Vv,,Vv, ), COOTBETCTBYIOWWNIA COBCTBEHHOMY
wcny A(P). Boibupaem o =v,,f=v,, nonydaem nokasatenu creneHen B (12). Kpome aToro,
Hs, (X, )+ g (x,)=1. B pesynbrate HaxoxneHue (YHKUM i (X, ) W fig (X, ) CBORUTCS K PELueHuio
HEMUHENHON CUCTEMbI YpaBHEHNI

[ s, (x )] [ 15, (x,)]" = pas(x)

13
s (%) + g (x,) =1 (13)

3aknioyeHune

MpeanoxeHHsle npoueaypbl AEKOMMNO3WLUMW W arperupoBaHus HEYETKUX CUCTEM Ha OCHOBE BBELEHHOM
onepauun C HeYeTKUMKU MHOXKECTBaMW MO3BOMSAIOT PACCMOTPETb 3adayM Ka4yeCTBEHHOrO aHanuia AMHaMMKW
MHOrOMEpPHbIX HEYETKUX cucTeM BuAa (1) ¢ UCNONb30BaHUEM METOAA BEKTOP-CPYHKLMIA JlanyHoBa.
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WHTennekTyanbHbIx cuctem ADUIS YkpanHa www.aduis.com.ua.
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COLLECTIVE PRODUCT COST SHARING
IN CONDITIONS OF MANAGED ECONOMY
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Abstract: The collective product cost-sharing problems in the conditions of the managed economy are being
observed. The fuzzy generalization and “dual” approach to the solution of this problem is offered.
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Introduction

The distribution of costs, profits and resources (financial, energy e.t.c) is one of the most important problems
existing today. Thus, in 2007 the Nobel Prize in economy was granted to U.S. scientists Leonid Hurwicz, Eric
Maskin and Roger Myerson for research of cost sharing processes in the conditions of managed economy
[Nobelprize].

Liberal economists proclaim that state shall not interfere into economic relations. However, the classic liberal
economic model with its cult of liberation of economic relations from the state’s interference proved to be unable
to cope effectively with multiple relevant challenges. Unregulated economic relations are abstract. Maximizing
their profits, major economic players (monopolists and monopsonists [Ponomarenko, Perestyuk, Burym 2004]) do
not pay much attention to solving social problems (including ecological). At the same time, existence of
monopolies creates certain advantages. For example, in the situation when the production technology has
increasing returns to scale, monopoly is more efficient at the production. Even under decreasing returns to scale,
the case for joint production frequently arises (the workers of the cooperative jointly own its machines, and the
partners of the law firm share its patrons [Moulin, 1991]). Considering the above, state regulation of economic
activities is becoming a very important issue. The symbiosis of market and state methods of regulation is very
popular, especially nowadays during the world economy crisis.

Collective product manufacturing problem

The model of production of collective product is examined [Voloshin, Mashchenko, 2006]:

u,(M, —xi,y)ﬁmax,ieN:{;},nZL
S x, =) (
i=1

M - initial amount of money of the agent /; x, - his contribution to the production of y units of the collective

~

product; c(y) — the cost of producing y units of collective product; u, - his utility function. Let us assume that
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cooperation is efficient: c(y) < ZM ;- We impose on functions ¢ and u, terms that are ordinary for the
i=1

models of the microeconomics [Ponomarenko, Perestyuk, Burym 2004]: ¢(0) =0, c is non-decreasing and
convex; u, are cuasi-convex functions, increasing on every variable (m, = M, —x, and y) for all agents;

¢ and u, are differentiable. The economy has two goods, one pure public good and one private good (money).

Using additive aggregation ¥ = Z”i (which refers to the utilitarian approach [Voloshin, Mashchenko, 2006]),

i=1
we can find Pareto optimal allocations (in assumptions of the (1) problem) from next necessary and sufficient
condition (Samuelson’s condition [Moulin, 1991]):

;uiy Ju,, =c'(), )

where u,, (u,, ) —is the partial derivative of each agent's utility function w.r.t the public (private) good. c'(y) -

is the derivative of the production function w.r.t. the collective product.

Assume that all preferences are additively separable in the input and output goods and linear on the output:
u,(M, —x,,y)=>b,(y)+ (M, —x;),where b,(y) is the monetary equivalent of y units of public good.

Under quasi-linearity of utilities, Samuelson’s condition (2) simplifies to Zbi »=c '(y), namely, the sum of
i=1

marginal benefits equals the marginal cost of the public good. Note that the input levels x; disappeared from the
formula. One of the approaches to the solving of the (1) problem is modeling it as the following transferable utility

(TU) cooperative game: for all S < {1,...,n}: w(S) = m%x{ZMi + > b.(») —c(y),O} (the reflection v
rz ieS ieS
puts in accordance to every coalition its surplus)

A feasible allocation (x,,x,,...,x,,») is then in the core of our TU public good economy if and only if

Z(bi )+ (M L= X )) > v(S) for all of the coalitions. Note that this inequality for S = N means precisely
ieS
that the level y is efficient (i.e., maximizes total surplus).

. . , . 3
In [Moulin, 1991] a numerical example is examined. The technology has constant returns to scale c(y) = 5 V.

There are two agents with quasi-linear preferences: b,(y) = In(1+y), b,(y) = 2\/; . Initial money values
are ignored (accepted equal to zero). Unique maximum y" is computed by solving the Samuelson’s condition (2):
y" =1. The corresponding surplus is v(12) = (b, +b, —c)¥") =1,19. Costs for production of " are
equal c(y") = 1,5 . The surplus that single agent coalitions can achieve are v(1) = 0 and v(2) = 0,67 .

The core allocations divide arbitrarily the cooperative surplus Av(12) = v(12) —v(1) —v(2) = 0,53 between

the two agents. Particularly, in [Moulin, 1991] two allocations are proposed. At one extreme, agent 1 keeps all the
cooperative surplus, implying the following cost shares: x, = 0,17 and x, = 1,33 . At the other extreme, agent

2 keeps the cooperative surplus, and hence the cost shares: x;, = 0,69 and x, =0,81.
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“Dual” approach to the solution of problem (1)

The “dual” approach to the solution of problem (1) with quasi-linear preferences is proposed. Three cost-sharing
principles are a priori set between agents [Voloshin, Mashchenko, 2006]:

c(»)
1. Costs equality (X: = " for all i);
M —
2. “Free money” equality (x; = b, _—c(y));
n

3. Cost proportionality (to initial money amounts x, = (M, /M )/c()).

Note that in this model, agents can freely transfer the input (money), so these cost-sharing principles are not
ideal. Thus, when using the cost equality principle there can be a situation, when some agent’s cost share will
exceed his initial wealth. Also, when using “free money” equality principle there can be a situation when some
agents will receive a cash payment for using the public good. In such cases the will to co-operation decreases.
The cost proportionality principle always leads to the allocations from the core of the game. But there can be a
situation, when some of the agents will not be satisfies by his part of the collective surplus — in this case he might
give up the co-operation.

Let's illustrate these cost-sharing principles on the above-mentioned example. Initially the agents are endowed
with following amounts of money: M, = 0,19, M, =1,81. Application of the cost equality principle leads us to

the following allocation: x, = x, = 0,75. As we can see, cost share of the agent 1 exceeds his initial wealth, so
he won't co-operate. Maximal coalition surplus in this case equals v(12) = (M +b,+b, — c)( y)=3,19.
Using “free money” equality principle gives us the next allocation: x, =-0,06 and x, =1,56. In this case the
agent 1 receives a cash payment of 0,06. It's natural, that the agent 2 will refuse the co-operation.

The cost proportionality principle gives us a following cost sharing: x, = 0,1425, x, =1,3575. Agents’
surpluses are b, (y")+(M, —x,)=0,7405 and b,(y") + (M, —x,)=2,4525. If agent 1 will not be
satisfied with his surplus, he can give up co-operation and coalition will disintegrate.

Let us consider the case, when all preferences are additive in the input and output goods:
u,(m;,y)=a,In(m, + M)+ b, Iny (m, + M >0, because we suppose that the expenses of each agent

can not exceed the sum of money in the economy), where a,,b, are positive constants, 7 = Ln,

In this case there are difficulties with the search of the optimal cost share allocation, because in general we have
two equations with n+1 variables. The above-mentioned cost-sharing principles allow avoiding these difficulties.
Beforehand setting some cost-sharing principle and putting the proper cost share expressions in the Samuelson’s
condition we can get an equation with one variable - y.

Let us consider an economy with constant returns to scale: c¢(y) = ay . In this case the optimal amount of the
public good y* can be find analytically (in general it can be found numerically [Bandy, 1988)).

We find the expressions for the partial derivatives of each agent’s utility function:

b, ,
u,-y(m,-,J/):—’, uim_(ml.,y): a, (r'qe mizMi—xi’\v’ieN)_
y ' m, + M

i

As the technology has constant returns to scale, ¢'(y) = @ .

Putting these expressions in equation (2), we get:
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b M —x, + M
=ty a;

a,
n b
LM, -x, +M]=ay.
i=1 a;

Let's examine the case of equal cost-sharing (x; = 0‘%, Vie N). Then

2 b, ay b, b, a3 b,
— M, +M|-— > —= — M, + M=y — ) —
50t + 1] 2 5y 3200w, + 1) y[@ai”]
n bi
* ;A[Mi+M]
From the last expression we can get the formula for y": y =

i=1

0{1+n‘lzn:(bi la )}

In a similar manner we can get formulas for finding the optimal value of the public good in case of other cost-
sharing principles:

’ Z%[M(I‘Fn‘l)]
o

a[l + ”lé(bi/ai )}

' g%[Mi+M]

y =“{”i<be,-/a,.Mﬂ

i=1

(in case of “free money” equality);

(in case of cost proportionality to initial money amounts).

Let's consider a numerical example. There are two agents with initial wealth A/, =0,19, M, =181 and
additive preferences:

uy(m,y)=2In(m +M)+Iny u,(m,,y)=3In(m,+M)+Iny
3
Technology has constant returns to scale: c(y) = 5 V.

For different cost-sharing principles we will get different optimal values for public good production. Thus, using
cost equality principle gives us y* =1113 with corresponding cost share x, = x, = 0,835 and surplus
v(12) =4,093. Using “free money” equality principle we get the next values: y* =L176, x, =0,072,
x, =1,692, v(12) =4,077. In case of cost proportionality y* =1,169. Corresponding allocation is

x, =0,167 and x, =1,586. Cooperative surplus in this case equals v(12) =4,119. As we see, cost

proportionality principle gives the biggest cooperative surplus. In the case of equal cost sharing agent 1 will
refuse the co-operation, because his cost share exceeds his initial wealth.

Fuzzy generalization of problem (1)

Let us consider a fuzzy generalization of problem (1) [Voloshyn, Laver, 2008]. Assume the agents are normalized
in order by their initial wealth A7, . Then N can be presented as a union of sets: N = N, U N, U N;, where
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N, = {l,nl} - “poor” agents; N, = {nl +1,n2} - “‘middle class”, N, =n, +l,n} - ‘wealthy” agents,
n=l,n,22,n <n, <n.

Assume that there is some optimal value of the public good production y’, found from the distinct problem using
some cost-sharing principle. There can be a situation that “poor” agents will not have enough money to cover
their cost share. On the other hand, “wealthy” agents can consent to cover the cost deficit, to guarantee the issue
of optimum amount of public good.

Agents’ cost shares satisfy the following terms: 0 < x, <M., Vie N . Each agent sets a membership
function g, :[0,M ;] — [0,1], which characterizes the agent's satisfaction with his cost share.
Then the optimal allocation (x1, X2,..., Xs) can be found as a solution of the following problem:

M, (x) = max;

Zn:x —c where g2, (x) = min{ﬂ] (X)), 1y (X3 )5eens 4, (xn)}! c= C(y*)- (3)
i=1 l ’
a — max;
(3) can be equivalently offered as: w.(x,)>a (VieN); (4)

n
Sy, =c
i=l1

Let us examine a numerical example. There are three agents with the following initial amounts of money:
M,=2, M,=5, M,=9.Collective product worth c=9 has to be produced. Using equal cost-chare we will
get the following allocation: x, = x, = x; = 3. Agent 1 will refuse the co-operation, as his cost share exceeds
his initial wealth. We can avoid this problem if the agents’ cost-share satisfy the following terms
0<x,<M,VieN.

One of the possible cost-sharing methods in this case is the head tax [Voloshin, Mashchenko, 2006] with
corresponding allocation x, = 2,x, =3,5,x, = 3,5. Assume that the agents agree to deviate from their cost
shares and their priorities are described with following membership functions:

1,x, €[0;0,8]; 1,x, €[0;3];
M, =1—-0,6x, +1,48,x, €[0,8;1,3]; M, =1—0,2x, +1,6,x, €[3:4];
-x,+2, x, €[1,3;2]; -0,5x, +2,8,x, €[1,3;2];

L x, €[0;4,5];
—-0,05x; +1,225,x, €[4,5;6,5];
571 0,6x, +4.8,x, €[6,58];
0,x; €[8:9].
Optimal allocations can be found as the solution of the next problem:
From next system we find the high boundaries of the agents’ maximum permissible cost share changes:
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. v < L 48 —a
ao—;maxl,48> 1= 0,6 >
-0,6x, +1,48 > a; <1,6—a.
-0,2x, +1,6 2 a; X, = 0.2 5
—0,05x, +1,225 > a; 1225
! X, S ———.
dx =c 0,05
i=1

Summing up the right parts of these inequalities and comparing them to ¢, we get the equation for finding the « :

148—a 16-a 1225-a o ' 097

0,6 0,2 0,05
Optimal (with 0,97 degree) allocation we find from the following terms:
x, <0,85;
x, <3,15;
x; <51

X, +x, +x;=09.

One of the possible allocations is x, = 0,85;x, =3,15;x, = 5.

Conclusion

The considered models enable to adequately describe the process of the collective good production and cost
sharing processes. Unevenness of money allocation in society and individual preferences are taken in account.
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THE FUZZY GROUP METHOD OF DATA HANDLING WITH FUZZY INPUTS

Yuriy Zaychenko

Abstract: The problem of forecasting models constructing using experimental data in terms of fuzziness, when
input variables are not known exactly and determined as intervals of uncertainty is considered in this paper. The
fuzzy group method of data handling is proposed to solve this problem. The mathematical model of the problem
mentioned above is built and fuzzy GMDH with fuzzy inputs is elaborated in the paper. The corresponding
program which uses the suggested algorithm was developed. The experimental investigations and comparison of
FGMDH with neural nets in problems of stock prices forecasting were carried out and presented in this paper.

Keywords Group Method of Data Handling, fuzzy, economic indexes, stock prices, forecasting
ACM Classification Keywords: H.4.2 [Information Systems Applications] Types of Systems - Decision support

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

Introduction

The problem of forecast in financial sphere is of great importance. Financial processes have some specific
features which prevent the application classical statistic methods and stipulate the development of novel
approaches and methods based on artificial intelligence. One of such novel methods is fuzzy group method of
data handling (FGMDH) developed in [3aitueHko, 2003, Zaychenko, 2006]. As is well known, fuzzy GMDH allows
to construct fuzzy models and has the following advantages:

1. The problem of optimal model finding is transformed to the problem of linear programming, which is
always solvable;

2. There is interval regression model built as the result of method work out. Fuzzy GMDH in its original
form has one limitation: the input variables must be crisp, non-fuzzy while the model constructed is
fuzzy.

At the same time situations in financial sphere often occur when the input data are uncertain, given in the form of
uncertainty intervals.

The goal of this paper is the development and investigation of extended version of FGMDH working in fuzzy
environment when input variables are fuzzy and its comparison with fuzzy neural networks.

Mathematical Model of Group Method of data Handling with Fuzzy Inputs

The initial fuzzy GMDH considers a linear interval regression model:
Y=AoZotA1Z1+...+AnZn, (1.1)

- where A; are fuzzy numbers, which are described by threes of parameters A, =(A,,Z\,,Z,), where A -

interval center, Z, — upper border of the interval, A, - lower border of the interval,

- and Z are input variables which are also fuzzy numbers determined by parameters (Z,,Z.,Z.), Z; - lower

border, Z. - center, Z - upper border of fuzzy number.
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Then Y is output fuzzy number, which parameters are defined as follows (in accordance with L-R numbers
multiplying formulas):
Center of interval:

Deviation in the left part of the membership function:
7-y=2(A["(Z~-2)+(A-A)*
Thus the upper border of the interval
7=>(A

For the interval model to be correct, the real value of input variable Y should lay in the interval got by the method
workflow.

Z).

“(A—A)+A*Z).

(Zi-2)+[Z,

So, the general requirements to estimation linear interval model are following:

to find such values of parameters (A,.,Z\,.,Z,) of fuzzy coefficients, which enable:

a) Observed values y, lay in estimation interval for Y, ;

b) Total width of estimation interval be minimal.

Input data for this task is Zi=[ Z] - input training sample, and also yx — known output values, k :1,_M, Mis a
sample size ( number of observation points).

There are two cases of fuzzy values membership function investigated in this work:

- Triangular membership functions

- Gaussian membership functions.

FGMDH with Fuzzy Inputs for Triangular Membership Functions

Let’s consider the special case of the linear interval regression model:
Y = AcZotAiZt.. +AnZn, (1.2)

where A; - fuzzy number of triangular shape, which is described by threes of parameters A, = (A,,a,,z,) , Where
a, - center of the interval, Z, — its upper border, A; - its lower border.

Current task contains the case of symmetrical membership function for parameters A;, so they can be described
via pair of parameters (a;, C; ).

A =a-c, A= a,+¢;, ¢, —interval width, ¢, 20,
Z; - also fuzzy numbers of triangular shape, which are defined by parameters (Z,,Z,Z), Z; - lower border, Z. -

center, Z - upper border of fuzzy number.

Then Y is a fuzzy number, whose parameters are defined as follows:
Center of the interval:

y=>4a*Z.
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Deviation in the left part of the membership function:

J-y=2(a"Z-2)+c |z
The lower border of the interval:
y=>(a*Z —c,‘Z,‘).
The upper border of the interval:

}7=Z(ai*z+ci‘zi‘)-

For the interval model to be correct, the real value of input variable Y should lay in the interval got by the method

It can be described in such a way:
Z(ai "Ly —c ‘Z/k‘) <Y
Z(a/ *Z,+c, ‘Zk‘) = =1M.

Where Z=[ Z); is input training sample, yx —known output values, k = W , M = number of observation points.

So, the general requirements to estimation linear interval model are to find such values of parameters (a;,c;) of

fuzzy coefficients, which enable:

a) Observed values y, lay in estimation interval for Y ;

b) Total width of estimation interval is minimal.
These requirements can be redefined as the following task of linear programming:

M —_— ~ ~
r;jicer(Z(a,.*Z,.+c,.‘Z,.‘)—Z(a,*Z,—c,.‘Z,.‘)) (1.3)
P k=1
under constraints:
Z(a/ AR ‘Zk‘) <Y
_ _ _ (14)
Z(a/ Y7+ ‘Zik‘) >y, k=1M.
Formalized problem formulation in case of triangular membership functions
Let's consider partial description
F(x,,X;) = Ay + AX; + AX, + AX X+ AXE +AXS. (1.5)

Rewriting it in accordance with the model (1.1) needs such substitution z, =1, z, = x;,

Z)=X;, Zy= XX

) )
X Zy=X, Z5=X;

Then math model (1.3)-(1.4) will take the form
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min (2Mco+a1z Xk — +201Z|x,k|+azz Xjk— +2022|xjk|+

1.6
+asz IR Cx - |xjk| Xik — +2CBZ|X/kak|+Za Z|x,k| Xic — Xy )+ 19

+2042x,k+2a52|x1k| Xjk — +2052xjk
with the following conditions:
)+ Xy +a,X; +a, _|)?ik| 7(‘ _Xjk)_|7(jk|()?‘k _Xik)+)v(ik)v(jk)+
205, | (% = x) + X,7) + @ Z‘Xjk‘ —X;)+ X,0) =Gy — ¢ |X, |-

Cz|X1k| CS|X1kak C4 :k CSX/k <V
8, +a,X, +8,X,, +ay(|X, [ (xx |x]k| Xik = X)) = XX, )+ 8, (2|, | (i -
—)?,k)—)?.z)+a5(2|xjk| Xjk—Xjk)— f )+co+c1|xik|+cz|xjk|+cs|x,kxjk|+
C4X/k +C5Xjk 2 Yy
¢, >0, /=05. (1.8)

As we can see, this is the linear programming problem, but there are still no limitations for non-negativity of
variables a;, so we may pass to a dual problem, introducing dual variables {3, } and {5, }-

Write down dual problem:
M M
max(zyk'5k+M_zyk'5k)- (1.9)
k=1 k=1

Under constraints:

M M
Z§k+M _Z5k =0.

k=1 k=1

Zx,k S — Zx,k 5, = Z Xik =X ), (2.0)
k=1

M M Mo _

ZX - Opem _Zlfk "0, = Z(X/k ~ %)

k=1 k=1 k=1

And several constraints inequalities corresponding to variables C; are not presented here for brevity.
It was proved that the dual LP problem is always solvable as well as the primary LP problem (1.6)-(1.8).

Experimental Investigations of FGMDH and Comparison with Fuzzy Neural Networks

The numerous experimental investigations of the suggested method-FGMDH with fuzzy inputs were carried out at
the problem of forecasting stock prices of shares at Russian stock market RTS and comparison of efficiency of
FGMDH and fuzzy neural networks. Some of the obtained results are presented below.

Experiment 1. “LUKOIL” stock price forecasting.
1. Stock price forecasting using fuzzy group method of data handling with triangular MF and Gaussian MF:
a) Forecasting based on previous data about stock prices at the period: 01.12./2005 - 20.12.2005.
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The following results were obtained which are presented at the table 1 and Fig. 1

Table 1. Experiment 1 results using FGMDH with fuzzy data and triangular MF

Date Real Values | Lower Border | Center | Upper Border | Deviation
01.12.2005 58.1 57.5984 | 58.30609 59.05755 | 0.2060885
02.12.2005 58.7 58.22393 | 58.70375 59.29865 | 0.00375055
05.12.2005 59.4 58.35602 | 59.10925 59.85003 0.290755
06.12.2005 59 57.94641 | 58.70476 59.55968 | 0.2952399
07.12.2005 59.85 58.78311 | 59.60075 60.4198 | 0.2492475
08.12.2005 59.6 58.6168 | 59.42533 60.16382 | 0.17467435
09.12.2005 59.9 59.43436 | 60.13189 60.94283 | 0.2318917
12.12.2005 60.65 59.70792 | 60.46069 61.22393 | 0.1893122
13.12.2005 60.65 60.10314 | 60.77584 61.39809 | 0.1258443
14.12.2005 61.15 60.63159 | 61.44362 62.25126 | 0.2936235
15.12.2005 60.25 59.7932 | 60.44087 61.0663 | 0.1908689
16.12.2005 61 60.15238 | 60.88398 61.60982 0.116021
19.12.2005 61.01 60.58471 | 61.24406 61.85153 0.234062
20.12.2005 60.7 60.02635 | 60.71058 61.35923 | 0.01058345
MSE = 0.215421
63
62 A

61 - \/‘/‘\‘
60 - —&— Left border
—a&— Center
59
—a— Right border
58 -
—>¢— Real values

57

56

55 — T
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Fig.1. Experiment 3 results using FGMDH with fuzzy input data and triangular MF

Experiment 2. “LUKOIL” stock price forecasting based on previous data about stock prices of leading
Russian energetic companies for the same period:

EESR - shares of “PAO EQC Poccun” joint-stock company, YUKO - shares of “lOKOC” joint-stock company,

SNGSP - privileged shares of “CypryTHedbteras” joint-stock company, SNGS - common shares of
“‘CyprytHedpteras” joint-stock company.

The following results were obtained:
MSE = 0.115072
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Fig. 2. Experiment 2 results using FGMDH with fuzzy data and Gaussian MF

Experiment 3. Stock price forecasting using fuzzy neural nets with Mamdani and Tsukamoto algorithm.

267 everyday indexes of stock prices during period from 1.04.2005 to 30.12.2005 were used for neural net
training. The following results were obtained:

Table 2. Experiment 3 results using FNN

Date Real Value Mamdani with | Mamdani with | Tsukamoto with | Tsukamoto with
Gaussian MF | Triangular MF | Gaussian MF Triangular MF

01.12.2005 58.1 58.23 58.41 58.37 58.48
02.12.2005 58.7 58.54 58.46 58.47 58.37
05.12.2005 59.4 59.14 59.11 59.1 59.05
06.12.2005 59 59.11 59.15 59.25 59.27
07.12.2005 59.85 59.97 60.1 60.19 60.23
08.12.2005 59.6 59.416 59.313 59.37 59.23
09.12.2005 59.9 60.12 60.22 60.27 60.32
12.12.2005 60.65 60.5 60.45 60.48 60.4
13.12.2005 60.65 60.54 60.31 60.42 60.28
14.12.2005 61.15 61.32 61.39 61.4 61.42
15.12.2005 60.25 60.1 59.99 60.06 59.97
16.12.2005 61 61.2 61.25 61.22 61.27
19.12.2005 61.01 61.24 61.34 61.28 61.34
20.12.2005 60.7 60.54 60.44 60.48 60.38
MSE 0.18046 0.28112 0.268013 0. 10093

As experiment 3 results show, forecasting using FNN with Mamdani controller with Gaussian MF was the best
place, Tsukamoto controller with Gaussian MF takes the second place.

Forecasting using FGMDH with fuzzy input data gives best results when using Gaussian MF.
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Table 3. Summarizing forecasting results for FGMDH and FNN with Gaussian MF:
FGMDH With fuzzy inputs | FGMDH with fuzzy inputs
Mamdani controller | Tsukamoto Controller
(4 input variables) (previous values on input)
MSD 0.18046 0.268013 0.115072 0.094002
For triangular MF:

Table 4. Summarizing forecasting results for FGMDH and FNN with triangular MF

Mamdani controller

Tsukamoto Controller

FGMDH with fuzzy inputs

(4 input variables)

FGMDH with fuzzy inputs

(previous values on input)

MSD

0.28112

0.34443

0.210865

0.215421

As we can see from tables 2 and 3, the best MSD are given by FGMDH with fuzzy inputs, and this method also
allows to build interval estimation of forecasted value. Gaussian MF is more accurate than triangular MF in
FGMDH with fuzzy inputs, and also in FNN.

Experiment 4. RTS index forecasting (opening price)

Forecasting of RTS index (opening price) using fuzzy neural nets with Mamdani and Tsukamoto algorithm.

267 everyday indexes of stock prices during period from 1.04.2005 to 30.12.2005 were used for neural net
training.

The following final results were obtained: which are presented at the table 5 ( for Gaussian MF) and table 6 (
triangular MF)

As experiment 4 results show, forecasting using FNN with Mamdani controller with Gaussian MF was the best,
Mamdani controller with triangular MF is on the second place.

Forecasting using FGMDH with fuzzy input data gives best results when using Gaussian MF and using 5 input
variables:

Table 5. Forecasting results of experiment 4 for FGMDH and FNN with Gaussian MF

Mamdani Controller

Tsukamoto Controller

FGMDH with fuzzy inputs

(5 input variables )

FGMDH with fuzzy inputs

(previous values on the input)

MSD

MAPE. %

3.692981
0.256091

7.002467
0.318056

2.1151183
0.179447

2.886697
0.256547

Table 6. Forecasting results of experiment 4 for FGMDH and FNN with triangular MF

Mamdani Controller

Tsukamoto Controller

FGMDH with fuzzy inputs

(5 input variables )

FGMDH with fuzzy inputs
(previous values of the input variable)

MSD

MAPE. %

3.34179
0.318056

5.119318
0.419659

4.717268
0.40437

4.977901
0.415434

Experiment 5. RTS 2 index forecasting (opening price)

Table 7. Forecasting results of experiment 5 for FGMDH and FNN with Gaussian MF

Mamdani controller

Tsukamoto Controller

FGMDH with fuzzy inputs

(4 input variables)

FGMDH with fuzzy inputs

(previous input values)

MSE

0.18046

0.268013

0.115072

0.094002




International Book Series "Information Science and Computing" 213

Table 8. Forecasting results of experiment 5 for FGMDH and FNN with triangular MF
FGMDH with fuzzy inputs | FGMDH with fuzzy inputs

Mamdani controller | Tsukamoto Controller | (4 input variables) (previous values on input)
MSE 0.28112 0.34443 0.210865 0.215421

As current experiment results show, forecasting using FGMDH with fuzzy input data using Gaussian membership
function was the best, fuzzy Mamdani controller with triangular and Gaussian MF takes the second place.

Best MSD are given by FGMDH with fuzzy inputs, and this method also allows to build interval estimation of

forecasted value. Gaussian MF is more accurate than triangular MF in FGMDH with fuzzy inputs, and also in
FNN.

Conclusion

In this paper new method of inductive modeling FGMDH with fuzzy inputs is described. This method represents
the development of fuzzy GMDH when information is fuzzy and given in the form of uncertainty intervals. The
mathematical model was constructed and corresponding algorithm was elaborated. The experimental results of
application of the suggested method in the forecasting of market index and stock prices and their comparison with
FNN are presented and discussed. The main advantages of the suggested method are following:

- It operates with fuzzy and uncertain input information and constructs the fuzzy model;
- The constructed model has minimal possible total width and in this sense it is optimal;
- For finding optimal model we solve corresponding linear programming problem which is always solvable.

Experiments have shown that FNN and FGMDH with fuzzy inputs are effective methods for forecasting stock
prices and market indexes.

The best results were obtained in cases of Gaussian MF both for fuzzy neural nets and FGMDH.

Besides accurate results, which are in many cases better than the results of FNN, FGMDH also has the following
advantages: possibility to work with arbitrary number of fuzzy input variables.
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9KOHOMMWYECKUE MMMNOTE3bl U ABOUCTBEHHASI OUHAMUYECKAA MOLENb
NNEOHTbEBA “3ATPATbI-BbIMYCK”

Uropsb JaweHko, EneHa JlaweHko, AHapen OHULLEHKO

AHHOMauyus: B cmambe asmopamu npednoxeHbl Hosble AsolicmeeHHble Modenu ueH Ons QuHaMUYecKol
modenu JleoHmbesa «3ampambi-8bINyCK», KOMOPbIE UCNOMb3YOM pasHble 2Unome3bl OMHOCUMENbHO
uHaHcosbIx banaHcos. [lapannenbHO K Knaccuyeckol eunomese 0 omcymcmeuu OeHEeXHbIX 3anacos
ucnonb3yemcs 00Ha U3 mpex anbmepHamugHbIX: 2unome3a 0 HeUSMEHHOCMU 80 8peMeHu obuwjeli cmoumocmu
Kanumana, eunome3a O pacwupeHuu npoussodcmea MOMLKO 3a cYem UHGAAUUU, @ makxe eunomesa o
Koppynyuu npu pacwupeHuu npousgodcmea. B 3agucumocmu om npuHsmoU 2unome3bl NOMy4eHbl pasHble
MazucmparbHble Mpaekmopuu UeH.

Knroyeenle cnosa: OuHamuyeckas modenb JleoHmbesa «3ampambi-8binycky», dgolicmeeHHasi QuHamuyeckas
mo0erb, 3KOHOMUYECKUE 2UNOMe3bl OMHOCUMESTbHO (PUHAHCOBbIX banaHcos, OUHaMUKa PaBHOBECHBIX UEH.

ACM Classification Keywords: I|. Computing Methodologies, H.4.2 Information Systems Applications: Types of
Systems: Decision Support

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

N3yueHne oTpacneBoii CTPYKTYpbl SKOHOMWKM B HaTypanbHbIX MNOKA3aTensix NPUMBOAUT K HeoOXOLMMOCTY
nepexoga K COOTBETCTBYIOLLE CTOMMOCTHOM CTPYKTYpe — LieHOBbIM nokasaTensim. OnpegeneHue aMHamMuKL LieH
C Y4ETOM pa3Hoo6pasHbIX SKOHOMUYECKUX MMNOTE3 NO3BOMSIET NPOAHANN3NPOBATL CYLLECTBYHOLLYIO CUCTEMY LIEH,
CPaBHUTb €€ C PacyeTHbIMM 3HAYEHUsIMM, YCTAHOBUTb B3aMMOCBS3b OCHOBHbIX NOKa3aTenei AMHaMUKM
HaTyparbHbIX 1 CTOMMOCTHbIX MOAENEA.

MocTtaHoBKa 3agaum

B pasBuTUM S3KOHOMUKO-MATEMATUYECKOTO MOAENMPOBAHMS, KaK B TEOPETUYECKOM TaK 1 NPaKTUYECKOM acnekTax,
ocobyto ponb ceirpana mogenb JleoHTbeBa [1, 2], CTaBLIas OCHOBOW NWUHEHON 3KOHOMUKW. MaTematudyeckas
cbopmanuaaums Mogenu UMeeT Bua;

x=Ax+y, x20, (1)

T T
rme x= (xl, Xyyenn xn) — BEKTOP-CTONGMK BanoBOrO BbiMycka MPOAyKUMM, y = (yl, Vs eens y,,) -
BEKTOP-CTONGMK KOHEYHOro npoaykta, A = (aij );’ > () - HeoTpuuaTenbHas MaTpuLa koahULNEHTOB MPSIMbIX

NPOU3BOACTBEHHbIX 3aTpar.
[laHHo MoJeny coOOTBETCTBYET ABOMCTBEHHAS MOZESb LieH [2]:

p=pA+r, p=0, (2)

me p=(p,, py».... p,) — BEKTOP-CTPOKA LeH Ha mpopykumio, » = (7, 7,,...,7,) — BEKTOp-CTpoka

k03achprLMEHTOB NprOABOYHON CTOMMOCTM.
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YMHOXUB COOTHOLLEHME (1) cneBa Ha BEKTOP P, @ COOTHOLLEHME (2) — cnpaBa Ha BEKTOP X , MPUXOAUM K ABYM
COOTHOLUEHUSM:

px = pAx+ py, x2=0, 3)
px=pAx+rx, p=0.

CpaBHuBasi NONyYeHHble COOTHOLUEHUS, MPUXOANM K YCMOBUIO:

py=r,x>20,p>0, (4)
neBasi yacTb KOTOPOrO OTpaXaeT CTOMMOCTb KOHEYHOrO MPOAYKTa, a mpaBas — CyMMapHylo npubaBouHyo
CTOMMOCTb. TakuMm 06pasom, COOTHOWEHWe (4) SBNSETCA rMNOTE30M OTCYTCTBMA AEHEXHbIX 3anacos, T.e.

Co3aHHaa CTOMMOCTb paBHa CMONb30BaHHOM CTOMMOCTW. YTO SBNSIETCS KNACCUMYECKOM SKOHOMUYECKOM
rMnoTesomn Bcex 6anaHcoBbIX SKOHOMMKO-MATEMATUYECKUX MOZENeN.

Cnepytowum Lwarom pa3sutig mogenu (1) ctan nepexop K AMHaMWYecKon Mofeny “3atpatbl-Bbinyck” [2]:
x=Ax+Bx+y, x=0, (5)

roe )'c(z‘):()'c1 (t), xz(t),...,)'cn(t))r - BEKTOp-CTON6MK  MPMPOCTOB  MPOW3BOACTBA  MPOAYKLMM,

B= (b,.j )I’ > () - HeoTpuLaTENbHAsA MaTpULA KO PULMEHTOB HOHAOEMKOCTY NPUPOCTOB NPON3BOACTBA.

YMHOXas COOTHOLLIEHWE () CneBa Ha BEKTOP P W y4nTbIBas rMnoTessl (4) nonyyaem:

px =pAx+ pBx+rx, x=20, p=0. (6)

OKOHOMMYECKUIA CMbICTT CIaraemMoro  pBx 3akmnioyaeTcs B OTPaXeHUM UM CTOUMOCTM KanuTana Heobxoaumoro
Anst obecrneyeHnst NpupocTa NPOM3BOACTBA X .

B maTemaTuyeckux 1ccrieaoBaHUsX Nepexop K ABONCTBEHHOM audidepeHUManbHO MOAenu OCYLLECTBASIKT ¢
MOMOLLbIO MOCTAHOBKM 3afayit ONTUMAmNbHOTO YNPaBMEHUS M MOCTPOEHWS raMUNbTOHMAHA, OTHOCUTEMNbHO
KOTOPOro 3anuCbiBalOTC HEOBXOAMMbIE YCIOBUSI ONTUMAmbHOCTW. B MexaHuke, kak MpaBuro, ramMunbTOHMaH
OTpaxaeT CyMMapHYH SHEPIUI0: NMOTEHLMAMBHYIO 1 KMHETUYECKyt0. B criyyae Mogenm (5) raMmunbToHMaH

H = pBx

OTpaxaeT CyMMapHYt CTOMMOCTb Kanutana. [pn 3TOM Krnaccuyeckas runotesa 0 HEM3MEHHOCTW BO BPEMEHU
3TON CTOMMOCTY (DOpPManM3npyeTcs Creaylowmum obpasom:

d . : (7)
—(pr) = pBx+ pBx=0.
dt
YuuTbiBas JaHHbIN pe3ynbTaT, COOTHOLEHNE (6) MOXHO 3anucaTb B BUAE:

(p—pA+pB-r)x=0, x>0, p=>0. 8)
[Ona BbinonHeHus ycnosus (8) nmpu nwbom x >0 HeobxoguMo M [OCTATOMHO, YTOBLI BbIMOMHANOCH
COOTHOLLIEHNE

p=pA—-pB+r, p=0. 9)

lMonyyeHHas Mofenb ABMAETCA [BOWCTBEHHOW MO OTHOLLEHWIO K Mofenu (5) npu yCroBuM, YTO BbIMOMHAKTCS

[BE€ Kraccuyeckue rnotesbl: ctatuyeckas (4) n guHammudeckas (7).

BoamoxHo paccMoTpeHne NHbIX anbTePHATUBHbBIX K BBEAEHHbIM MMMNOTES. B vactHocTk,
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pBx = pBx, (10)
KOTOpas OTpaxaeT ycnosune yesenn4eHusa 06u4e17| CTOMMOCTW NPUPOCTa Kanutana 3a CYeT I/IH(*)J'IFILI,VIVI CTOMMOCTH
o6mero Kanutana, a TaKkxe
(1+¢)pBi = pBx, &>0, (11)

KoTOpas BBOAWUT NOHATME KOppynuuu (“oTkata’) B 0BbeMe gpBx npu OCYLLECTBIEHUN NPUMpOCTa NPOU3BOACTBA.

3apgaya gaHHom pabotbl coctouT B 0OOCHOBaHWM HOBbIX runoTe3 (10) u (11), a Takke B MCCnegoBaHWM
MarucTpasnbHbIX TPAeKTOpUIA BanoOBOTO BbiMycka NPOLYKLMM 1 COOTBETCTBYHOLMX TPAEKTOPUI LIEH, XapaKTEPHbIX
QNS BBEAEHHbBIX TPEX CNy4aes.

PesynbTathl

1. MazucmparbHble mpaekmopuu Knaccudeckux npsamol u deolicmeeHHol modenel SleoHmbesa “3ampamei-
8binyck’”.

MpoBoas wuccnepoBaHne npsmoit moperu, Oyaem wckaTb oOLiee  peLleHne CUCTEMbI  FIMHENHbIX
AnddepeHymnanbHbix ypaBHeHUA (5) kak obluee pelueHue cUCTeMbl OOHOPOAHbLIX ypaBHeHWA (mpn y =0)

YaCTHOE PEeLLEHME CUCTEMbI HEOAHOPOMHBIX YpaBHeHUH (5) npu 0BLIEM 3HaYEHUN y(t) :

Paccmotpum HeoTpuuatensHoe obliee pelieHne cucteMbl anddepeHumanbHbix ypaBHeHUA (5) npu ycnosum
v =0 BBuge

x(t): e“’x(O), (12)
roe 4 — HeoTpuuaTernbHbI YUCNOBOW NapameTp, x(O) > () — NpoM3BONbHBI HEOTPULATENBHBIN BEKTOP.

MogcTasnas ycnosue (12) B (5), NPUXOANUM K COOTHOLLIEHWIO
x(0)= u(1 - 4)" Bx(0). (13)

BBoasa npeanonoxeHne 0 NPOLyKTUBHOCTU MaTpuubl Npamblx 3atpat 4 > 0 [2], npuxoamum K BbIBOZY, YTO ee
KopeHb ®pobennyca A, € (O, 1) W cyliecTByeT obpaTHas HeoTpuLaTenbHas MaTpuua (I - A)f1 >0.
lMepenuwem cooTHoLweHue (13) B BUae

(1= 4y B=a1)(0)=0, x(0)20, u=1". (14)
Ycnosue (14) umeeT MeCTo nnWwb B cryyae paBeHcTBa A kopHio ®pobenunyca, a x(O) npaBoMy BEKTOpY
®pobeHnyca HeoTprLATENBHON MaTPULLbI (I - A)_l B, 10 ectb

A= >0, x(0)=x > 0. (15)

1-4)"'B (1-4)"'B

Torga Temn pocTa BaroBOro BbiMycka NpoayKLUK yaOBNETBOPSIET HEPABEHCTBY:

-1
u=Al ., >0 (16)

Cnegytoliee HeoTpULATENbHOE YaCTHOE PELLEHME CUCTEMbI HEOAHOPOAHBIX ypaBHEHMI (5) byaem uckatb mpu

t

ycrnoBuM y = y,e”, rae S — 4ncnoBoA napametp, a v, =0 — 3a4aHHbI HEOTPULATEMbHbIA BEKTOP.

CornacHo obLen Teopumn anddepeHLmanbHbIX YpaBHEHUI OHO Takke ByaeT UMeTb BuA
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x,()=e"x,, x,20,

YTO NO3BOJIAET nepe17|T|/| K COOTHOLLEHWIO
(I-A4-sB)x,=y,>0,

OTKyda cnepyet
(1=s(1=A)" B, = (1—4)"y, 2 0. (17)

CootHoweHue (17) mpu ycrnoBum, 4TO MaTpuua s(] —A)leZO NPOAYKTUBHA, MMEET HeoTpULaTeNbHOE
peLeHmne

xo =1 =s(1-4)"B) ' (1-4)"y, 0. (18)

V3 ycrosust NpogyKTUMBHOCTM MaTpuLibl s([ - A)_IB > (0 cnepyer, uto

Sﬂ(m;)f'g <1,

70 €CTb
S<u=A_ . (19)

(1-4y"'B

Takum obpasom, obliee HeoTpUUATENbHOE pELUEHWe cucTeMbl AuddepeHUmManbHbiX ypaBHEHUA (5) npu

y(z) =e"y,, s<u= ﬂ( -1y SBABETCS COOTHOUEHMEM

x(t)= Ce"x +e"(I-4-sB)"y,, (20)

(1-4)"B

rae C > 0 npou3BonbHOE NONOXUTENBHOE YACIO, @ 4L U S yOoBNeTBOpSeET ycrosuio (19).

AHann3 nomnyyYeHHOr0 pPELIeHNst MpU ¢ —> o0 yKasbiBAaeT Ha TO, YTO AOMMHUPYIOLMM SIBNSIETCS NepBoe

cnaraemoe. Takum 06pa3oM, MarucTpanbHOM TPAEKTOpUEN BanoBOrO Bbifycka MPOAYKUMM SBMSETCA NpaBblii
-1 -

BekTop ®pobeHnyca maTpuLbl (I - A) B ¢ temnom pocta ¢, KOTOpbIit paBeH 0BpaTHOMY 3HAYEHMIO KOPHS

®pobeHunyca aToi xe matpuubl (16).

Mpuoepxusascs NPOBELEHHON BbILLE NPOLEAYpbl, NPOBEAEM WUCCrefoBaHMe ABOMCTBEHHON MOAenM LeH (9), a
WMeHHO onpegenumM obllee HeOTpULATENbHOE PELLEHME COOTBETCTBYHOWEN CUCTEMbI AnddepeHUmManbHbIX
YPaBHEHU 1 MarucTpanbHyt TPAeKTopuo passuTis. [insg aToro Ha nepeoM aTane Gygem uckaTb pelueHre npu
ycnosun » = 0 B BUZE:

plt)=e"p(0), @)

e vV HensBeCTHbIN YUCTIOBOM NapameTp, p(O) > (0 — NPON3BONbHbIN HEOTPULLATENbBHbIA BEKTOP.
lMopcTasme cooTHOWEHME (21) B (9) NpUxoanM K paBeHCTBY

pONI+vB(I = 4)")=0, p(0)=o0. (22)
[NocneaHee nepenuiwem B Buae

pO)B(I -4y = a1)=0, p(0)=0, v=—-a" (23)
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M3 ycnosus (22) cnegyet, 4to A sBnseTcs kopHem Ppobenuyca, a p(O) - neBbIM BekTopoM PpobeHunyca

HeoTpuLaTenbHON MaTpuLbl B(I - A)_l >0,T0€ecTb

A=Ay >0, pO)=p,, 20 (24)
Mockonbky AB([_A),I = A(]—A)"B , TO
-1
v=—p=—i ., <0. (25)

Ha crnegyowem aTtane MIWEM peleHWe 4YacTHOEe HEeOoTpULATENbHOE peLUeHUe CUCTEMbI HEOLHOPOAHbIX
ypaBHeHuit (9) npu ycnosuu r(t): ek’ro, roe k — HeKoTopbli YMCNOBOI NapameTp, a 7, = 0 — 3aaaHHbI

HeOTpVILI,aTeJ'IbeIVI BEKTOP. YacTHoe HeoTpuUaTenbHOE PELUEHNE TaKxKe 6y,qu UCKaTb B BLUAE
kt
po(t):e pOa pOZO,

4YTO NPUBOAUT K COOTHOLLEHWNIO
poI—A+kB)=r,>0,

OTKyZa noryyaem

Po (1 +kB(I - A4)" )= r(I-4)">0. (26)

-1
ocnegHee COOTHOLWEHWE MpW  YCMOBMM, 4TO MaTpuua —kB(I —A) >0 npoaykTMBHa, UmeeT

HeoTpuuaTenbHOE peLleHne

-1

Py :rO(J—A)‘1(1+kB(1—A)‘1) >0.

/13 npoayKTUBHOCTM MaTpULbl — kB(I - A)fl > 0 cnepyer, 4o

—kA <1,
B(

1-4)"

TO €CTb

-1
k>ve—u=-A) .. @)

B

Takum obpasom, o6Liee HeOTpULATENbHOE pELUeHne cucTeMbl AuddepeHumanbHblX ypaBHeHuin (9) npu

yCnoBmu r(t) =e'"r, 20, k>v= —/1(’]1_ 11 p 3apaeTcs B Buge:

)
P(t) = Cle_ﬂlpB(I—A)_l e (I —A+ kB)il "o (28)

rae C, > 0 — npon3BonbHOE NONoXUTENbHOE Yneno, a k > —u1 .

AHann3 nony4eHHOro peLueHust Mpu ¢ —» oo MO3BONSIET YTBEPXAATh, YTO B (28) AOMUHMPYHOWMM SBRSIETCS
BTOpOe craraemoe. OTctofa NPUXOAMM K BbIBOAY O CYLLECTBOBAHWM MaruCTpanbHO TPaeKToOpuM LieH — BEKTOP
7, , KOTOPbI M3MEHSIETCS C TEMMOM k > — 4 BO BpEMeEHW.
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2. [unomesa 0 pacwupeHuu npoussodcmea 3a cyem UHGDAFUUU.

BBepneHHas runoTesa onucbiBaeTcs cooTHoweHmeM (10). C yuetom atoro, moaens (6) npuHUMaET BuA;
(p—pA—pB—r)x:O, x>0, p=>0. (29)

MonyyeHHOE PaBEHCTBO MMeeT MecTo npu Mbbix x >0 Torga W TOMbKO TOrfa, KOrga BbIMONHSETCS
COOTHOLLEHUE

p=pA+pB+r, p=0. (30

MonyyeHHast MOZenb SBMSETCA JBOVICTBEHHOM MOLENbIO K (5) Mpy YCMOBWM, YTO BbINOMHSIOTCA ABE TUMOTESbI:
knaccuueckas runotesa (4) u HoBas guHamudeckas — (10).

PaccmoTpum 3agady MOCTPOEHMS MarucTpanbHOM TpaekTopun Ans asoicTeeHHom mogenwn (30). Ons atoro
Heobxogumo  onpefdenuTb  ofllee  HeoTpULATENbHOE  pelleHMe  COOTBETCTBYIOWEA  CUCTEMb
anddepeHynanbHbix ypasHeHun. Obluee HeoTpuuatensHoe pelueHve cuctembl (30) npu » = 0 Byaem uckatb
B BMAE

plt)=e"p(0), 1)
o€ V — Heu3BEeCTHbIN YACIOBOW NapamMeTp, p(O) > (0 — NpoM3BOIbHbIN HEOTPULIATENBHbINA BEKTOP.

MogcTasme cootHoweHue (31) B (30) nonyyaem
pONI-vB(1—4)")=0, p(0)=0. (32)
YpaBHeHue (32) nepenuiem B Buae
pONB(I-A4)" =a1)=0, p(0)=0, v=1". (33)
/3 nonyyeHHoro pesynbTata cregyeT, uto A sBnseTcs kopHem ®pobenuyca, a p(O) — NEBbIM BEKTOPOM
®pobeHnyca HeoTpHLATENBHON MATPULLbI B(I - A)f1 >0, 710 €ecTb

A=Ay, g >0, pO)=p,, .20 (34)

Takum 06pa3oM, NPUXOAUM K YCHOBUIO

a1
v=p=2A, g, >0. (35)

[anee bygem uckatb yacTHoe HeoTpuuaTenbHoe pelleHne cuctemsl (30) npu ycnosum » = ek’ro, roe k -
HEKOTOPbIN YXCNOBO NapameTp, a 7, = 0 — 3afaHHbIA HeoTpULAaTENbHbI BEKTOP B BUAE
kt
po(t): e " py, Py 20,
4TO NO3BONSET NPUITMU K COOTHOLLEHMIO
2,0 —4—kB)=r,>0,
13 KOTOPOro crneayeT

poll —kB(I = A" )=r,(1 - 4)" > 0. (36)
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-1
[lonyyeHHOe COOTHOWIEHWE NpyU  YCMOBMM, YTO MaTpuua kB(I —A) >0 npomykTMBHa, UMeeT
HeOTpuULATENbHOE peLLeHue

po=ry(I =AY (1 —kB(1 - 4)")" 0.

13 ycrosust npogyKTMBHOCTM MaTpuLibl kB([ - A)_l > 0 cnepgyer, 4to

kA <1,

B(1-4)"
TO eCTb

k<v=u=4] .. &

_ )*'B
Takum obpa3om, obluee HeoTpUUATENbHOE pelleHne cucTembl auddepeHumanbHbix ypaBHeHuin (30) npu
r=e"r, >0, k<V:,L1:/I(_11_A)

p(t) = Cze‘”pB(HI),l + ef”’ (I —A- kB)f1 , (38)

-5 3afaeTcd COOTHOLEHMEM

rae C, > 0 —npoun3BonbHOE NOMOXMTENbHOE YACIO, @ 4L W k y[OBNETBOPAIOT ycrosuto (37).
MockonbKy npn ¢ — o0 B peLleHny (38) 4OMUHUPYIOLLMM SBNSIETCS NepBOe CraraeMoe, TO MOXHO YTBEpKAaTb,
yTo neBbili BekTop ®pobeHnyca MaTpuubl B(] - A)*l SBNSETCA MarucTpasnbHOi TpaeKTopuen, koTopast
BO3pacTaeT C TeMNoM £ , paBHOMY 06paTHOMY 3HaueHuIo kopHs PpobeHunyca aTom xe MaTpuLpl.

MpoBefeHHOE UCCrefoBaHWe NO3BOMNSET caenatb CrieyloWwui BbIBOL: B YCHOBUSX BbINOMHEHUS TMNOTE3bI O
YBENMYEHUM NPOU3BOACTBA TOMbKO 33 CYET UHAMALMN LieH BOMOXHO NPUATY K COaNaHCMPOBAHHOMY COCTOSIHUIO
SKOHOMMKM, KOrAa U NPOM3BOLCTBO NPOAYKLMM, W LieHbI BO3PACTAIOT C OAHUM 1 TEM XKe TEMIOM.

3. Funomesa o Koppynyuu (‘omkam”) npu pacwupeHuu npoussodcmea.
BBeneHHast runotesa oTpaxeHa cooTHoweHueM (11). BkrioyeHne ee B moaenb (6) npuBoauT K criedyrowemy
paBeHCTBY

(p-pd-(+&) pB-rk=0, x>0, p=0. (39)

[insi BbINOMHEHWS MOMYYEHHOrO COOTHOLIEHUS MpK fbom x > 0, HeobXoaMMo M [OCTATOMHO, YTOGHI
BbIMOJHANOCH PABEHCTBO

-1 .
p:pA+(1+g) pB+r, p=0. (40)
MonyyeHHast Mofenb SIBMSIETCS ABOWCTBEHHOA MO OTHOWEHMO K (5) MpW YCroBWM, YTO BbIMONMHSIOTCS [BE

rMnoTesbl: knaccuyeckas (4) u auHamnyeckas (11).

PaccmoTpum 3apady NOCTPOEHUS MarucTpanbHOA TpaekTopuu [nBoWcTBeHHOM wmogenu (40). YuutbiBas
WOEHTUYHOCTb anropuTMa NOCTPOEHUS BhiLLe PACCMOTPEHHOMY KpaTKO OCTAHOBUMCS Ha OCHOBHbIX pesynbTaTax.

Haigem obujee HeoTpuuatensHoe pelleHune cuctemsl (40) npn » = 0 B BUge
p(t)=e"p(0), p(0)=0, @)

OT KOTOPOro nepexognm K COOTHOLLUEHWIO
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pONB(I-4)" =a1)=0, p(0)=0, v=(1+&)1" (42)
W3 nocnepHero cnepyet, uto A sBnsetcs kopHem ®pobeHuyca, a p(O) - neBbIM BekTopoMm ®pobeHunyca
HeoTpULATENbHON MaTPULLbI B(I - A)fl >0, T10€ecTb

v=_1+e)A 1+&)u>0. (43)

(1-4)"B - (

CoOTBETCTBYIOLLEE YaCTHOE HEOTpULATENbHOE pelleHne cuctembl  (40) mpw r(t)=ek’r0 B BuIe

po(t)=ek’p0, P, =0, roe k - HekoTopbid uMcrnioBoi napametp, a r, =0 - 3a4aHHbIA

HeOTpULaTENbHbIA BEKTOP, NPUBOANT K COOTHOLLEHUIO

polr =K+ B =AY )= r (1 - A" 20, (44)

MonyyeHHOe YpaBHEHWe MpW YCrOBMM NPOAYKTMBHOCTM MaTpULibl k(l+5)_lB(I —A)_1 >0 umeer
HeOTpULaTeNbHOE PeLLeHme

po=n(1-4)' (1-k(1+&)" BI-4)")" >0.

/13 ycnoBust NpogyKTUBHOCTM MaTpuLibl k(l + 8)71 B(I - A)f1 cnepnyeT HepaBeHCTBO

k(1+e)' 2 <1,

B(1-4)"

TO eCTb

k<v=(1+eu=01+e)1 (45)

-1
(1-4)y'B"
Takum obpasom, oblee HeoTpuUATENbHOE peLleHne cuctembl auddepeHumanbHbix ypaBHeHuin (40) npu

r(t) =l 20, k<(1+&)u=(01+ g)ﬁ(‘llf 4y p 33ABETCA COOTHOLIEHNEM

p)=Ce™ M p, . rel (1—a-k(+2)'B)", (46)

rae C; > 0 — npon3BoNbHOE NONOXUTENbHOE YACNO, @ 4L U k YAOBNeTBOpsioT (45).

AHanu3 nosly4YeHHOro peLLeHns Npu ¢ — o0 yKasbiBaeT Ha AOMUHUPYIOLLEE NePBOE CaraeMoe, YT NO3BONSET
paccmaTtpuBaTh NeBbI BekTop PpobeHnyca maTpubl B(] - A)f1 MarucTparnbHO/ TPaeKTOpPUEN LieH, kKoTopas
BO3pacTaeT ¢ TEMMNOM (1 + g),u , CBA3aHHbIM ycrnosueM (16) ¢ cooTBeTCTBYOWMM KopHeM ®pobeHnyca.

Takum 06pasoM, NpW BbIMNOMHEHUM TUMOTE3bI O KOPPYNUWM MpY pacLIMPEHUW NpOW3BOACTBA [LOCTUraeTcs
COCTOSHME CBanaHCUpPOBAHHOCTU SKOHOMWKM, B KOTOPOW LiEHbI BO3pacTalT Goree ObICTPbIM TEMMOM, Yem
MPOM3BOLCTBO NPOAYKLMM.

3ameuanite. COOTHOLLGHME TEMMOB MarvCTPaIbHbIX TPAEKTOPHIA BbIYCKa MPOAYKLM 1 LieH
v=(1+¢&)u

[aeT BO3MOXHOCTb OL|EHUTb YPOBEHb KOpPYNLAN
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v (47)
e=—-1
7
B kayectBe npumepa npusegem cnegytolume ganHele: npu ¢ = 0,08, v =0,12 nonyyaem & = 0,5, a npu

£=008,v=016-¢c=1.

BbiBOAbI

WccnepoBaHne marucTparnbHbiX TPaekTOpUiA B Cry4Yae KMacCUYecKoW rMnoTesbl O MOCTOSIHCTBE BO BPEMeEHM
CyMMapHoro obbema kanutana nokasano, YTo TeMmn Bbinycka MPOAYKLUMM OnpeaensieTcst TOMbKO MaTpuuamu
npsambIx 3aTpaT A 1 HOHAOEMKOCTH NPUPOCTa NPOAYKUMM B, a TeMn pocTa LeH — BEKTOPOM MpUBGaBOYHOI
CTOMMOCTW 7. BBefeHWe HOBOW rMMOTE3bl O PaCLUMPEHUM MPOWU3BOACTBA TONMbKO 33 CYET MHNALUMM LieH
MpuBOAMT K pe3ynbTaTy cbanaHCMpOBAHHOCTM TEMMOB BanoBOrO BbiMycka MPOAYKUMM UM pocTa LEeH
(BbINOMHSIETC CTPOrOe paBeHCTBO). BTopasi paccMOTpeHHast runote3a O KOppynuuuM MpW  pacluMpeHuu
MPOM3BOACTBA NPUBOANT K 3aKOHOMEPHBIM pedynbTaTaM: TEMN PocTa LEeH onepexaeT Temn pocta 06beMoB
BaNloBOr0 BbiNycka Npoaykuwu. Hamnume WHGopMauuyM O [aHHbIX XapaKTepucTukax Mo3BONSET OLeHWBaTb
YPOBEHb KOpPYNLMK.

BnarogapHocTu

Pabota onybnukoBaHa npu cuHaHcosomn nopaepxke npoekta ITHEA XXI MHCTUTYTa MHGOPMALMOHHBIX TEOPUIA
n npunoxenmn FOI ITHEA bBonrapua www.ithea.org u Accounauum cospatened W nonb3oBaTenen
nHTennektyanbHbix cuctem ADUIS Ykpanna www.aduis.com.ua.
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BBeaeHue

WHbnaums saBnseTcs 0gHUM M3 WHAWMKAaTOPOB MAKPOIKOHOMUYECKON CTAabMMBHOCTM M (hakTOPOM, OT KOTOPOro B
3HAUMTENLHOWM CTEMEHN 3aBUCUT COLMANbHO-3KOHOMUYECKOE pa3BUTWUE CTpaHbl. 0STOMY caepxuBaHWe pocTa
WHGNAUMM 1 ee nopdepkaHue Ha BGrnaronpusTHOM AN 3KOHOMWKM YPOBHE SBNSIETCA KNHoYeBon npobnemon
roCyAapCTBEHHOM 3KOHOMUYECKON NOAUTUKW. BbicoKas MHDNALMS paspyLUaeT AEHEXHY CUCTEMY, NPOBOLMPYET
BbIBO3 HALMOHAmNbHOrO Kanutana 3a npegenbl CTpaHbl, 0CNabnseT HauuoHamnbHyto BantoTy, cnocobCcTByeT ee
BbITECHEHMIO BO BHYTPEHHEM OBpaLLeHN MHOCTPAHHOW BantOTON, NOAPLIBAET BO3MOXHOCTU (DUHAHCMPOBAHNS
rocygapcTBeHHoro bromkeTa. [JoCTOBEPHbIA NPOTHO3 MHGNAUMM SBMSETCS OQHOM W3 NPEAnOCHINOK YCMELLHOro
NpoBedeHUs MaKpOaKOHOMUYeckon nonuTukn. OfHako caenaTtb ero [OBOMbHO CROXHO, MO KpailHen mepe, B
YkpauHe. puunHon 3TOMy - 0COBEHHOCTU IKOHOMUYECKMX Npeobpa3oBaHuii, NPOMCXOAMBLUMX B HALLEN CTpaHe
Ha NpOTSXKEHUM nocnegHnx neT. 3a 370 Bpemsi, B YaCTHOCTU, NPOM3OWNW (yHAAMEHTaNbHbIE U3MEHEHMS B
NOBEAEHUM HaceneHus W NPeanpuUATUA OTHOCUTENBHO CMOCOBOB COXPAHEHWS! AEHEr; BO3HWKNM KaHanbl
YHUUKALMN HanmMyHbIX M Be3HanuuHbIX CpedcTB; Y fiogen nosiBuiacb BO3MOXHOCTb Bblbopa BamioThl B
npouecce HakonneHus. MMpu BLICOKMX HEMPOrHO3MpYeMbIX Temnax pocTa WHNAUMM TPYAHO nNpegyrafath
NOBEAEHNE HaceneHns u CyOBbEeKTOB XO3SMCTBOBAHWA. ITU U Apyrue akTopbl 3aTpyaHSIOT NpOrHO3MpOBaHMe
MaKpO3KOHOMMYECKNX NOKa3aTernei, B YaCTHOCTU, MHAAALMM.

MpuMeHeHNs NPOrHO3HbIX MoAenen

MporHo3npys MHGNSUMIO, crieayeT OMpefensTb CPOKW, Ha KOTOpble [AenaeTcss MporHos. B gonrocpoyHom
nepuoae OCHOBHbIM (haKTOPOM WMHAMALMK ABNSIETC POCT KONMMYECTBA AEHEr B 9KOHOMUKE. B KOpPOTKOCPOYHOM
MPOrHo3e CyL|eCTBEHHbIMI MOrYT ObiTb HEMOHeTapHble (DaKTOpbl UMW (haKTopbl KOCBEHHOTO MOHETapHOrO
BrMsHNAS. TakMMM MOXHO CUMTaTb afMUHWUCTPATUBHbIE W3MEHEHWS LieH, BHELUHME LUOKM, WH(NSLUMOHHbIE
OXugaHus v T. n. HW ogHa matemaTtuyeckasi MOfienb He B COCTOSIHUN AaTb UCYEpnbIBatoLLEro OTBETA Ha BOMPOC
0 TOM, KaKoil UMeHHO ByneT uHbnsuns B byaywem. OaHako, NpUMeHeHe MeToaa SKCMEePTHbIX OLEHOK MOXET
Aatb Gonee 0BOCHOBAHHbBIM MPOrHO3 MHGNSLMM, KaK B KPAaTKOCPOYHOM, Tak M B AONTOCPOYHOM nepuopax.
WHTepec k npobreme MHGNSUMM yeunusancs uiu ocnabesan B 3aBUCUMOCTH OT poCTa UMM yMeHbLUEHWE ee
TEMMNOB, XOTS OHAa HUKOTAA He ocTaBanach 6e3 BHUMaHWs SKOHOMUCTOB. B MMPOBOI 3KOHOMMYECKON MbICTN
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chOpPMMPOBANIOCh HECKONBKO OCHOBHbBIX TEOPETUYECKMX KOHLIENLWA MHNALUMM, KOTOPbIE OTAMYAIOTCS MeXay
coboii no hopme AaHHOro ABNIEHNS. Mo 3TOMY NpK3HaKy MOXHO BbILENUTH ABa HaNPaBMEHMs:

1. OTOXAECTBNEHME UHANALMM C NIOBLIM POCTOM LiEH Ha TOBapbI U YCIIyTY;

2. OTOXaecTBneHne NHGALMM ¢ 06ecLeHMBaHMEM HEPa3MEHHbIX Ha 30M10TO ByMaXHbIX AEHEr HE3aBMCUMO OT
(hOpMbI, B KOTOPOIA OHO NMPOUCXOANT (POCT LieH W 3apaboTHOM nnaThl, NageHne Kypca HaLMoHanbHOM BamtoThl,
yrnybnenus TosapHoro gecuunta u gp.) [depbexues, 2001 ].

CrabunbHoe passuTie OGO 3KOHOMUKM HEBO3MOXHO 6€3 3(h(hEKTUBHOMO ynpaBneHUs WHQNALMOHHBIM
NPOLLeCCOM W OnpefeneHns NepenekTUB ero passuTus. PesynbTtaThbl NPOrHO3MPOBAHMS HbIHE SBNSIOTCA OQHUM
U3 pellarwmx hakTopos (POPMMPOBAHWNS MaKpPOSKOHOMMYECKOM MOMWUTWKM rocyaapctea. B cBasnm ¢ atum
BO3HWKaeT OObeKkTUBHAs HeOoOXOAMMOCTb B MPOrHO3MPOBaHUM OydylWMX TEMMoB WHMAALMM, BbISBNEHUN
(haKTopOB, KOTOpble OyayT BIMSTb HA MHPMALUMOHHBIA POCT, pa3paboTke LENCTBEHHLIX AHTUMHAMNALMOHHBIX
Mep, TO eCTb B (DOPMUPOBAHMM METOZONOMN MPOrHO3MPOBAHWSA, KOTOpas OOSMKHA OnpesensiTb OCHOBHbIE
NPUHLMMBI, NOAXOAbl U METOAbI OCYLLECTBMEHUS PACYETOB AMHAMUKM MH(NALMOHHOMO npouecca. B npaktuke
NPOrHO3MPOBaHNS MaKpPOIKOHOMMYECKWX NapaMeTPOB YalLle BCEro UCMONb3yKTCs CreaytoLme:

1. CTaTucTuyecke MeToabl (MeTog hakTOPHOrO aHanmaa; SKCTPanonsLumM TpeHLa U PErpecCHOHHOT0 aHanu3a).

2. CLieHapHbIN NPOrHO3 (JepeBo peLLeHnit, SKCNEPTHbLIN MeTOS, ).

Cratuctuyeckme metoabl

Kak npaBuno, metoauka (hakTOpPHOrO aHanu3a MCnonb3yeTcs Npy  KPaTKOCPOYHOM  NPOrHO3MPOBaHUM
(NpenBuaeHne cpokoM Ao 1 roaa). Ha onrocpoyHbIii Nepuoa Moaenb AOMKHA KOPPEKTUPOBATLCS C NMOMOLLbIO
JOMOMHUTENBHBIX (haKTOPOB U faxe MOAenen, KoTopble CBA3bIBaOT Mexay coboit BBI, geHexHylo maccy,
CKOPOCTb €€ BpaLLeHUst U MHAALMIO (HanpuMep, NCNoNb30BaHUE B3aNMOCBSA3M, KOTOPble ONUCaHbI YpaBHEHNEM
obwmeHa).

Ota mogenb 6asnpyeTcs Ha ypaBHEHWW WHAEKCA MHANALMM KaK CpeaHen B3BELUEHHOW BENMMYMHBI TPEX APYriX
WHaekcoB. MMpu 3TOM MPUHUMMAETCS BO BHUMaHWe 06Lias CTpyKTypa noTpebneHus HaceneHus u u3MeHeHwe
BECOBbIX COOTHOLUEHMIA Mexdy OTAENbHbIMW rpynnamum  ToBapoB U ycrayr. OCHOBHbIM  MPUHLMMIOM
MPOTHO3MUPOBaHUS ABMNSETCH MPUHLMM KOMMPOMMCCA MEXAY MakcuMarnbHbIM POCTOM LeH W 3ddeKTom oT
JeiCTBMS COEPXMBAKOLMX (PakTOpoB [MUHUCTEPCTBO 3KOHOMMKM M MO BOMPOCAM €BPOMNENCKON MHTerpauuu
YkpauHbl, 1998]. Takon KoMnpomMucC HOMKEH ObiTb HaWAeH MO KaXOOW Mo3uuuW, KoTopas u3yvaercs
ockoMcTaTOM B CTPYKTYpE TOBAPOB 1 YCIyr. ATO MOXHO BbIPa3nUTh CReaytoLLei (popmynoil:

S,
10=2-W,, (™)

rie W ,- BecoBble KOI(ULMEHTBI, OTpaxaiole CTPYKTypy noTpeGuTensekoi KOp3VIHbI,ZW/=1;
OTHOLIEHWE  KO3(hDULMEHTA BRWSIHUS  CTUMYNUPYOWMX  (PaKTOPOB (Sj) K KO3(hPULMEHTY BRMSHUS
caepxwvBatowmx (77 ;) - OXuAAEMBIN KOIDULMEHT POCTa LigH MO KaXpov rpynne ToBapoB.

[laHHas Mogenb OCHOBLIBAETCH Ha MPEAnoONOXEeHWsSX OTHOCWUTENbHO MOBEAEHUS OnpedeneHHbIX (haKTopoB
WHGNAUMM B NPOrHO3HOM NEpUOLE, OLEHKE KOHBIOHKTYPbl BHYTPEHHEr0 W BHELUHErO PbIHKOB, a Takke
NPeABUAEHUS M3MEHEHUA B MAKPOIKOHOMMYECKOW nonuTuke (Puc.1.). YueT nogoBHbIX npesnonoxeHui
BO3MOXEH NWLb MPW YCHOBUM MCMONB30BAHWUS METOOA 3KCMEPTHbIX OLEHOK WM CBUAETENLCTBYET O 6GOMbLLOM
3aBWCUMOCTM NPEAJIOKEHHOr0 METOA4a NPOTHO3MPOBaHMS OT CyDbEKTMBHOMO (hakTopa.
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—&— LleHbl Npon3BoaNT eneit NPOMbILLIEHON NPOAYKLK —&— MoTpebuTensckue LieHsb

Puc.1. ViameHeHns noTpebuTtenbekux LIEH 1 LeH NPOU3BOAUTENEN

Koraa nHdbopmauys 06 ypoBHe LieH AaHa 3a psid NepuosoB, NPOrHO3HOe 3HaueHne (hakTOpOB-apryMeHTOB MOXET
ObITb ONPEeAeneHo Ha OCHOBE 3KCTPaNonsLMM TPEHAOB. Takyk YCTONYMBYHO TEHAEHLMIO MOXHO N300pasuTb i
aHaNUTUYECKN - B BUAE ypaBHeHMs (Mogeni) TpeHaa (Hanpumep, B Buae YHKLMW Unu rpadonyeckm).

CylHOCTb METOAOB MPOrHO3HOM  SKCTPamnoNAUMM  3aKMOYaeTC B M3YYEHWM OWUHAMMKA  U3MEHEHUS
9KOHOMMYECKOrO SIBMEHWS B MPEeanporHO3HOM Mnepuoge W NEepeHeceHns HalpeHHOM 3aKOHOMEPHOCTW Ha
HeKoTOpbIN Nepuog byayLyero.

OpHako CTeneHb peanbHOCTM Takoro POAA MPOTrHO30B M COOTBETCTBEHHO CTeMeHb [0BEpUS K HUM B
3HaUMTEmNbHO Mepe 3aBUCAT OT aprymMeHTauuyu BblGOpa NpedenocB KCTPANoOnsuMM U CTabUNbHOCTU
«M3MepUTENe» No OTHOLIEHMIO K CYLHOCTI paccMaTpuBaemoro sienexus. Crneayet oGpaTTb BHUMaHWE Ha To,
4YTO CIOXHbIE OBBEKTBI, Kak NPaBIo, He MOryT OblTb OXapakTepU3oBaHbl OAHUM NapaMeTpoOM.

C NOMOLLbI0 PErpeccMoHHOr0 aHanuaa YCTaHABMMBAETCS CTENeHb BNUSHUS (HAKTOPOB HA  M3yyYaemblit
rokasaTerb W Ha OCHOBE 3TOrO (B 3aBUCMMOCTM OT UX 3Ha4YeHUs B ByayLiem) AenaeTcs pacyeT NPorHo3upyemoro
3HaueHnst PYHKUWK. Takne MOZENM, kak NpaBuno, CTPosiTCs 6e3 ApobreHns MHAeKca NoTpedUTenbCKUX LieH 1 B
kayecTBe (DAKTOPOB NMPUHMMAKITCS 3HAYEHUS] MAKPOSKOHOMUYECKMX BEMUYMH. [t MOCTPOEHUS PErpecCUOHHOI
MOZLENM UCMOMb3YHT MHOPMALIO, KOTOPast XapaKTepU3yeT YPOBEHb LIEH MO OTAEMNbHLIM BiAAM SKOHOMUYECKO
[EATENbHOCTU 33 OnpedeneHHbIi MPOMeXyToK BpeMeHu (kBapTar, rof), a Takke AaHHble NPOrHO3vpoBaHWS
OCYLLECTBISIOTCS MyTEM MOLCTAHOBKM B MOCTPOEHHYI MOAENb 3HAYEHUI HEe3aBUCUMbIX NEpPeMEHHbIX B
Byaywem nepuoge. YCTaHaBNMBaETCS KOPPENSLMOHHAs CBA3b MoKasaTenei, Mpu KOTOPON KaxAoMy 3HaYeHNHo
(haKTOPHOrO 3HAYEHMSI MOTYT COOTBETCTBOBATL HECKOMbBKO 3HAYEHUIA Pe3ynbTaTUBHOrO. BrusiH1e TOro unm MHOro
(haKTopa WU3MEHSIET CpeaHee 3HayeHue YpOBHS LieH. Mpu 3TOM AonyckaeTcsl, YTO 3Ha4YeHUs ko3hULMEHTOB
perpeccun OyAyT COXPaHSTHCS HEM3MEHHbIM B TEYEHWE BCEro MNPOrHO3HOMO nepuoga. Takum 06pasom,
MosyYeHre NPOrHO3HbIX OLEHOK GasupyeTcs Ha onpeaeneHn NPOrHO3HbIX NokasaTenel (PakTOPOB-apryMEHTOB.
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MHorothakTopHble MOAENM NPOTHO3UPOBAHMS MHAEKCA MHAAALMM MOMYT CTPOUTLCA Ha U3YYEHUN BIIUSHWS TaKuX
(haKTOpOB, KaK Temmbl U3MeHeHWst pearnbHoro BBI1, 0bbemoB HanuuHbix AeHer B obpatuenun (M ), obbema

arperata MZ’ er,EI,VITHOVI 3a0IDKEHHOCTU MeXay npeanpuaTuaMKn, AesarnbsBalun rpuBHbI, obbemos KpeanTos

HBY, 00oX0d0B HaceneHusl, UeH Ha 3HeproHocuTenu, oObLEMOB HAYMCNEHHOW M HEBbINMAYeHHON 3apaboTHOM
nnatbl W 7.4.Takue MOZEeNU UMELOT CReayHoLLMIA BUA;

P=a,+aY +a,M, +...+aK, +u,, (2)

roe P - temn nHenauum 3a nepuop ¢, Y - obvem peanbHoro BBI1 3a nepuog ¢, M, - obbeM AeHexHoN

t

maccel 3a nepuop ¢, K, - daktop K, OCyLIECTBNSIOWMIA CYLLECTBEHHOE BMUSHWE HA TEMMbl MHANALMA B
nepuog ¢, u, - NOrPELHOCTb, d,,...d, - KO3MPULMEHTLI perpeccun.

Ha npakTuke NporHo3vpoBaHne AMHaMUKK MHAMALMOHHBIX MPOLECCOB 03HAYAET PacyeT OAHOTO UK HECKOMbKIX
WHOEKCOB LeH, C MOMOLLBI0 KOTOPbIX W3MepseTcs WHGNAUMS. [MaBHbIMM M3 HUX SBRSETCS MHAEKC
notpebutensckux LUeH n gednstop BBIN. Ecnn 0CHOBHOM MPpUUMHONM MHGNAUMM SBASIETCS POCT pacxopos, TO
MOJENMPOBaHNe UHMNALNN YYUNTBIBAET W3MEHEHWE MUPOBbLIX LIEH, HOMWHAMBHOMO BanKTHOMO Kypca, YPOBHS
3apaboTHON NnaThbl U M3MEHEHME KOCBEHHbIX HAMoroB. B JaHHOM criyyae LenecoobpasHo paccumTbiBaTh MHAEKC
ONTOBbIX LEH. Ecnv xe Mbl umeem Aeno ¢ WHnsumeir cnpoca, TO €e OCHOBHbIMM MPUYMHAMK BbICTYNatoT
AVHaMVIKa [EHEXHON Macehl, AeduLnT rocyaapCTBEHHOrO BlogKeTa, OXMAaHNS Niogen OTHOCUTENBHO pocTa LieH
W CYLIECTBYIOLMA PEXMM LieH W BamoTHOrO Kypca (kak npaBumo, 3TU nokasaTenu OTpaxatoTcs npu pacyete
nHaekca noTpebutenbekux LeH n gednsatopa BBIT).

C noMmoLLbl0 AaHHbIX, KOTOpble npeaocTaBnsieT [0CyAapCTBEHHbIA KOMUTET CTATUCTUKW YKpauHbl, MOXHO
npocneauTb 3a POCTOM NOTPEOWUTENbCKMX LEH (C MOMOLUb MHOEKCa MOTPebuTenbCKMX LEH), a Takke
NpOaHanM3MpoBaTb BO3MOXHbIE MPUYMHBI CTPEMUTENBHOTO U3MEHEHUS MOKa3aTens MHANALUA B TEKYLLEM roay
1 NOCTPOWTbL NPOrHO3 Ha Byaywmii rog. Mpexae Bcero, NOCTPOUM rpadomk U3MEHEHNS MHAEKCA NOTPEOUTENCKNX
LieH no rogam (nporHo3 Ha koHel, 2007 roaa Ha OCHOBE JaHHbIX [ockomcTaTa 3a siHBapb-CeHTs0pb 2009 roaa u
nporHo3a Esponeiickoro 6aHka peKOHCTPYKLMA U pasBUTKS):
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BnaHo, 4To nocne He3HaYMTENBHOMO CHUXEHUS TEMMOB pocTa MHAEKca noTpebutensckux LeH B 2005 rogy (oH
NpakTU4eckn npubamusunca K «nonsyLiemy» YPOBHIO), OCTanbHble rodbl Habnogancs 3HauMTENbHBIA POCT
(Puc.2.). B yem xe npuunHa Takoro pocta? CpaBHUM nokasaTesb MHAeKca noTpebuTensCkux LieH 1 Temnbl pocTa
JEHEXHOM Macchbl. AHanManpys rpaduk, Mbl BUGWM, YTO MPAMON 3aBUCMMOCTW MEXAY 3TUMM NOKa3aTENSMM HeT,
XOTSl HEKOTOPOE BNWSIHME YPE3MEPHOrO0 Temna pocTa [LEHEXHOM MacChbl Ha W3MEHeHWe WHOEKca
noTpebuTeNbCKMX LiEH OKasbiBaeT (C HeOOMbLUOM BPEMEHHOW 3adepXKOW, MOCKONMbKY SKOHOMMUKA obnagaet
HEKOTOPOW MHEPLIMOHHOCTBLIO).
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Puc. 3. AameHeHuWe uHaekca NnoTpebuTeNnsCKMX LieH B COOTBETCTBUM C M3MEHEHUSIMU Pa3MEPOB [JEHEXHOM
maccbl

[lenaem BbIBOZ, YTO BbICOKAs WMHGNAUMS B YKpauMHe Bbl3BaHa HE TOMbKO MPUPOCTOM LEHEXHOA Macchl
(«MHnsAYmen cnpocay). MocKomnbKy aHTUMHGNALMOHHAS NONMMUTIKA rOCYAAPCTBa B AaHHbIA MOMEHT HanpaBneHa
Ha OrpaH14YeHne pocTa AEHEXHON Macchl, @ MHAEKC NOTPeOUTENbCKMX LEH UMEET TEHAEHUMIO K MOBBILLEHNIO C
KaxabIM MecsUeM, 3HauMT Takas [OEHEXHO-KPeauTHAs MOMMTUKA, HanpaBrieHHas MPOTWB  KacCUYecKom
«MHNAUMN cnpocay, He UMEET cyllecTBeHHOro adhdhekta (Puc.3.). HekoTopoe CHWXeHue TeMnoB npupocTa
WHOeKca B NeTHWUE MecsiLbl 0OBACHAETCS 0ObIYHBIMY CE30HHBIMY TEHAEHLMAMM YKPAUHCKON SKOHOMMKA.

CueHapHbIn nogxon

Cneundnyeckum MeToaoOM NPOrHo3vpoBaHus sBnsietcsl CueHapHbli MporHo3. 370 - CBOEro poja MeTod
ONMCaHWs NOTMYECKM NOCNeOBaTENbHOTO Mpouecca Mnm CobbiTUS, WUCXOAS W3 CNOXMBLUENACS CUTyauuu.
Onucanue cleHapreB BELETCA C Y4ETOM BpEMEHHbIX OLeHOK. OCHOBHOE Ha3Ha4eHue CLeHapust - onpeaeneHme
reHepanbHoOI Leny passuTis NPOrHO3MpyeMoro obbekTa, SBMeHNs U hopMynnpoBaHNe KpUTEPUEB NS OLEHKM
BEPXHWUX ypoOBHeM «gepeBa Uenei». CueHapum 06blMHO pa3pabaTbiBalOTCd Ha OCHOBE  AaHHbIX
NpeaBapUTENbHOr0 MPOrHO3a M WCXOAHBIX MaTepuanoB MO pasBUTWKO MPOTHO3HOrO obbekta. K ucxogHbim



228 15 — Knowledge — Dialogue - Solution

matepuanam Cneayet OTHECTU TEXHWUKO-3KOHOMWYECKME XapaKTEPUCTWKWA W NOKa3aTenu OCHOBHbIX MPOLECCOB
NPOM3BOACTBEHHOI M Hay4HOM 6a3bl 41151 PeLUeHUst NOCTABNEHHON Lienu.

CueHapuit - 310 KapTuHa, oToOpaxaloljas nocreaoBaTenbHOE AeTanbHOe pelleHue 3afayl, BblSBNEHUe
BO3MOXHbIX NPensTCTBAN, OOHapyXeHWe CepbesHblX HeJoCTaTKoB, C TeM 4ToObl NMpeapewwnTb BOMPOC O
BO3MOXHOM MpeKpalleHN HayaTbiX UMW 3aBepLUEHNM NPOBOAMMbIX PabOoT MO MPOrHO3MpyeMOMy OOBLEKTY.
CueHapwuit, N0 KOTOPOMY JOIMKEH COCTABAATLCS MPOTHO3 Pa3BUTUst 0BbEKTA UMK NPOLLECCOB, AOIKEH COepXKaTb
B cebe BOMpOCHI Pa3BUTHS HE TOMbKO HAykW M TEXHWKM, HO W SKOHOMMKM, BHELUHEN W BHYTPEHHeN MONMUTUKM.
Mo3TOMy CLEHapuu AOMKHbI Pa3pabaThiBaTbCs BbICOKOKBANMMULMPOBAHHBIMA CMELManMcTaMm ¢ y4eToMm
COOTBETCTBYHOLLEr0 Mpocunsi nporHosupyemoro obbekta. CleHapuii Mo CBOe OnMCaTenbHOCTU SIBRSieTCs
aKKyMyNSITOPOM MCXOLHOM MHC(hOpMaLMW, Ha OCHOBE KOTOPOW AOMKHA CTPOMTLCS BCs paboTa Mo passuTHio
NporHoaupyemoro obbekta. MMo3ToMy CLeHapuit B TOTOBOM BWAE [OOMKEH ObiTb MOABEPrHYT TLIATENbHOMY
aHanmay.

B pabotax [BonowwmH, MuxotHuk, 1999], [Voloshin, Panchenko, 2001], [Voloshin, Panchenko, 2003], [BonoLumH,
2005], [BonowwH, [onosHs, 2005], 6GONbLMHCTBO KOTOPbIX MPEACTaBNsANOCb Ha KoHdepeHumsx KDS,
Pa3BMBAETCS KOHLLENLMS «KAYECTBEHHOMO NPOrHO3MPOBAHWS HA OCHOBE MHOTONapaMeTPUYECKUX 3aBUCUMOCTEN,
NpeacTaBnsieMblX AEPEBOM pelleHuny. CuuTaeTcs, YTO CreACTBUE OMpedensieTcss MHOXECTBOM MPUYMH,
CTENeHb BAWSIHUS KOTOPbIX Ha CreacTBue onpenensietcs «CyObekTUBHO» (AKCMEPTHbIM M3MEPEHMEM). Yem
Gornblue napameTpoB, KOTOPLIE «HOPMUPYOT» MPUUMHY, TEM Nydlle (ans ageksaTHOCTU Moaenu). OgHako aTo
MPUBOAMT K CNIOXHOCTSM B aHanu3e Mogenu (BO3HUKAeT «MPOKMsTe pa3MepHOCTMY, C KOTOPbIM HeobXoaumo
GopoTbes). B [BonowwmH, ManyeHko, 2002] npegnaratoTes anroputMbl NOCHEA0BATENBHOMO aHanM3a BapuaHToB,
nossonsioLne obpabatbiBaTb 4EPEBbS C COTHAMM BEPLUKH.

WUHcTpymeHTapui co3faHus NpUKNagHbIX CUCTEM NPOrHO3MPOBaHUS

[MocTpoeHme NpuKnagHoi CUCTEMbI NOAAEPKKA NpuHATUS pewwenni (CMNIP) cBognTCs K BblAENEHNIO SKCnepTamMu
npobnem 1 noanpobnem (BepLUMH OepeBa) 1 CBA3EN Mexay HuMK (ayr Aepea). JKCMepTbl ONpeaensioT Beca
(BEpOSITHOCTM) NEPEXOAOB Mexay BeplmHamu. [onycKaloTCs HEYeTKME OLEHKM 3KCMEPTOB C MOMOLLbHO
IOTYECKMX NEePEMEHHBIX, OMMUCHIBAEMbIX 3HAYEHUSMW PYHKLWM NPUHAANEXHOCTN (BEKTOPaMU LeACTBUTENbHBIX
umcen ot 0 pgo 1). Kaxgblih akcnepT 3agaeT TpW OLUEHKM — ONTUMMCTUYECKYHD, PearMcTuyeckyio 1
NECCUMUCTUYECKYHO, CKansapu3aLns KOTOPbIX OCYLLECTBNSETCS C Y4ETOM MCUXONOMMYECKOro Tuna akenepta. Tun
OnpeaensieTcs Ha OCHOBaHUM NCUXOMOTMYECKNX TECTOB, 3aNOXEHHbIX B CUCTEMY. Ha OCHOBE MCMXONOrMYECKNX
TECTOB ONPEAENSIOTCA TaKKe KOIPPULNEHTLI «PABANBOCTUY, KHE3ABUCUMOCTNY, KOCTOPOXHOCTUY U T.4.

[lepeBo CTPOMTCA Ha OCHOBE KOMMEKTMBHbLIX OLEHOK 3KCMEPTOB C NMPUMEHEHWEM MeTofa MapHbIX CPaBHEHWI.
[nsa noctpoeHus pe3ynbTUPYIOLLEro epeBa MpUMEHsoT anrebpanyeckue meTodbl 06paboTKM KCMEpTHOM
WHOpMaLMK, B KAYeCTBE PACCTOSHUS MEXOYy PaHXWPOBKaMU MPUMEHSIOT METPUKY XeMMWHra 1 Mepy
HecoBMnageHuin paHroB 06bekToB. PesynbTupytoliee AepeBo onpeaensieTcs kak meanaHa Kemenu-CHenna unu
kak komnpomucc [BonowwuH, 2005]. B cnyyae 3agaHus NpuoOpUTETOB B HEYETKOM pOpME 3NEMEHTbI MaTpULbI
3a0atoTCa Yepes PYHKLUMY NPUHAANEKHOCTH.

[ns onpepenexns onTuMmarbHbIX NyTel B AepeBe MpeanaralTcs anropuTMbl MOCNEA0BATENbHOMO aHanuaa
BapuaHToB [BonowwuH, MaHyerko, 2002], no3sonsiowme obpabaTbiBaTb LEPEBLS C COTHAMM BEPLLMH.
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[epeBo pelleHuit 3agaetcs Tabnuuamun. Kaxaas tabnuuya — 310 OTAENbHbIM YPOBEHb AEPEBA, Kaxaas CTpoka
Tabmuupl — OTAEMNbHas BepLUMHA Ha 9TOM YpoBHE. Kaxabl 3nEeMEHT CTPOKM — 3TO BEpPOSTHOCTb, C KOTOPOM
BO3MOXEH Nepexos U3 AaHHON BEPLUMHBI B BEPLLUMHY HIKHETO YPOBHS. OT BEPOSTHOCTM 3a4al0TCS (PYHKLMAMM
NPUHAANEXHOCTY, NpeacTaBnstoLLme cobon BekTopa AencTBuTENbHLIX Yncen ot 0 go 1 ntobon anuHel. Tabnuua
3anonHseTcs nytem onpoca akcneptoB. CylwecTBytolme (yHKLMM NO3BONAKT [06aBNATH CTONBLbI, CTPOKHU,
3afaBaTb CnoBapb (KOTOPbIN N03BONSET BepbanbHbIM OLEHKaM 3KCnepTa CTaBuUTb B COOTBETCTBIE BEPOSTHOCTH,
nyTem 3agaHus onpeaeneHHbIX YPOBHEN), COXPaHATb Tabnuubl B (haiine, cunTbiBaTh Tabnuubl U3 taiina.

OKCMEepTHBIM MyTeM 3afalnTcs MaTpuLbl — Pe3ynbTaT CPaBHEHUS BapuUaHTOB BEPLUMH, KOTOPble MOrYT ObiTb
BKITKOYEHbI B JepeBo. Ha 0cHOBe aHanmaa MaTpuL, OnpefensioTcst BEPLUMHBI, KOTOPbIE BKIOYAIOTCS B AEPEBO U
BEPOSITHOCTW, C KOTOPbIMW BO3MOXEH MEPEXOf B HUX M3 BEPLUMH BEPXHEro ypoBHs. Ecnu [epeBo pelueHus
MOXHO [JEKOMMO3MpPOBaTb Ha HECKONMbKO MOMNEepPEeBbEB, KOTOPbIE WMEKT OfMHAKOBble NNUCTbS, BHavane
BbIYUCNISIOTCS BEPOSITHOCTM STUX NIUCTLEB B KAXKOOM M3 HIX, @ 3aTeM HaxOAATCS BEPOSTHOCTM Ans BCEro Aepesa
B LIENIOM.

MporHo3upoBaHue UHAEKCa MHGNALUK

HanomMHUM NporHo3Hble JaHHble HalWX UcenefoBaHuin: UHOeKC uHgnauum B Ykpaure 3a 2005-2006 rr coctasun
3-5% [Voloshin, Satyr, 2007]. MporHo3Hoe 3HayeHne wHaekca wHpnaumm 3a 2007 r. B | keaptane 2007r.
[BonowwH, 2007], npuHagnexano uHtepsana 16-18% (c yposHem poctoBepHocTu 0.9, MOCKOMbKY WMHAEKC
WHNALMM paccMaTpuBancs Kak HeYyeTkuii mapameTp, TO MakCUMyM (YHKUMM MPUHAANEXHOCTH - "Hanbonee
BEPOATHO" 3HaueHue - paBHANOCh 17.3%). HaumoHanbHbIn 6aHK YkpauHbl NPOrHO3vpoBan HANALMIo B YkpauHe
B 2007 r. Ha ypoBHe 7%, NpaBnUTenbCTBO - 8%, oduumanbHblin ypoBeHb MHnALuM 3a 2007 r. coctasun 16.6%.
Ha 2008 r. Hamu nonyyeH nporHo3 B 28-30% [BonowwuH, 2008] (yposeHb goctosepHoctn 0.95, "Hambonee
BEpOATHO" 3HaueHue - 29.3%), B BiogxeTe 6bino 3anoxeHo 9.6%, oduumanbHble NPOrHO3bl JaBany 3HaYeHne
11-13%. MUHUCTEPCTBO SKOHOMMKM MPOrHO3MPYET, YTO MO MTOram Tekyllero roga uHdnaums coctasut 21,9%.
Haw nporHo3- 20%-24%, ¢ yposHem poctoBepHoct 0.9, 21%-23% ¢ yposHem poctoBepHocTn 0.85 ¢
MaKCUMYMOM (DYHKLMW MPUHAANEXHOCTN Ha 9TUX MHTepBanax 22,4%.

BbiBoabl

MeTogonorus NpOrHO3VMPOBaHUS BKIKOYAET OCHOBHblE MPUHLMMbI, MOAXOAbI M METOAbl OCYLIECTBMEHUS
MPOrHO3HbLIX PacyeToB AMHAMUKA MHMAALMOHHOTO npouecca. B ¢BA3u ¢ 9TuM, chopMynupoBaHbl OCHOBHbIE
MPUHLMMBI  MPOTHO3MPOBAHUSA MHNALMKM  (LieneHanpaBneHHOCT, CUCTEMHOCTU, Hay4yHOM OBOCHOBAHHOCTM,
afeKkBaTHOCTW 1 anbTePHATUBHOCTY) 1 onpeaeneHbl OCHOBHbIE NOAXOAb! M METOAbI, KOTOPble MOXHO NPUMEHSATb
npu pa3paboTke WHGNAUMOHHBIX MPOTHO30B  ((haKTOPHbIA  aHann3, PErpecCUOHHbIN  aHamms, METOA
9KCTPanonALmMmM TpeHaa 1 KOHEYHO MEeTOZ SKCMEPTHbIX OLEHOK).
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OB PACNPELENEHUN UHBECTULIMA B 9KOHOMUKO-COLIMANBHON COEPE

MapuHa KopoboBa

AHHomayus: PaccMampueaemcss npobremMa  onmuManbHo20 — pacnpedeneHus  uHeecmuyuli - Mexdy
SKOHOMUYECKUM U COUUaTbHbIM HanpaeneHusMu, komopasi c800UmbCs K 3a0ade onmuMarbHo20 ynpagneHusl.
Haxodsmcsi  onmumanbHble mpaekmopuu OUHAMUKU — COUUATbHO-3KOHOMUYECKOL cucmeMbl ¢ yyemom
coomeememeyWux onmuManbHbIX KanumanognoxeHul. Takum obpasoM, npednazaemcs KoHuenuusi Ons
NPUHAMUS| ONMUMasTbHbIX YNPaeneHYeckux PeweHuli no UHBECMUPOBAHUID Ha Makpo- U MUKPOYPOBHSIX.

Knroyesnie crnoea: coyuanbHO-3KOHOMUYeECKas cucmema, UHeecmuyuu, 80306HOBUMBIL pecypc, ynpasneHue,
npuHAmue peweHud.

ACM Classification Keywords: |. Computing Methodologies, H.4.2 Information Systems Applications: Types of
Systems: Decision Support.

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

OcoGEeHHOCTLI0 COBPEMEHHOTO 3Tamna X03aNCTBEHHOIO PasBUTHS BNSETCS (hOPMUPOBAHUE KOHLIEMLMN O TECHOM
B3aMMOCBSI3W MEXIY SKOHOMMYECKIM W 3KOMOrNYECKM Briaronomnyymem.

B Hawe Bpems 9KOMOro-skOHOMMYeckas npobrnematika onpegensieT He TOMbKO  3GhEeKTUBHOCTb
(OYHKUMOHMPOBaHUS BCEX BMAOB M (POPM XO3ANCTBEHHOM [EATENbHOCTW, HO M MPUHUMNMANbHBIE YCNOBMS
HOPMarnbHOrO  (PYHKLUMOHMPOBAHWA  KaXOOro 4enoBeka. OTO  BKMKOYAeT, BO-NEPBblX,  dPPeKTUBHOE
NCMONb30BaHNEe 3KOHOMUKOW NPUPOAHBIX PECYypCcOB, @ BO-BTOPbIX, OTbiCkaHMe W 0OOCHOBaHME METOAOB
nNpegoTBpaLLeHns W nukeugaumn yuwepba OT 3arps3HeHust OKpyxatowei cpefbl. 3T Npobnembl AOMKHbI
peLaTbCsl Ha OCHOBE 3aKOHOMEPHOCTEN eCTECTBEHHOUCTOPUYECKOrO XapaKkTepa, a TakKe C Y4eTOM NOCTOSIHHO
MeHsiroLmxcs noTpebHocTen obLyecTsa.

Pa3BuTME 9KOMOrMYECKOM SKOHOMMKM TECHO CBSI3aHO C MPUOPUTETaMW BHYTPEHHEN W BHELUHEN MNOMUTUKM
rocygapctea. OHWM pomxHbl obecneunTb Npupodo- W pecypcocbeperaolime HaUWOHANBHbIE MHTEPECHI.
OueBMgHO, YTO WcYepnaHMe MPUPOAHBLIX PECYPCoB SBASETCS NOBOYHLIM Pe3ynbTaToM  SKOHOMUYECKON
JesTenbHocTu. [1o3ToMy 0 BOCCTAHOBNEHWN PECYPCOB MOXHO FOBOPUTL Kak 00 OTAENbHOM NMPOM3BOACTBEHHOM
cektope, 00BbEMbI «MPOM3BOACTBA» B KOTOPOM LienecoobpasHo Obino Obl MakcumuampoBaTb. B aTon cBasm
MPOLECC WHBECTMLMOHHBLIX BMOXEHWA Ha pasBUTME 3KOHOMUKM 00s3aTenbHO OOMKEH COMPOBOXAATLCA
BblOENeHNeM YacTu WHBECTWULMA Ha BOCCTAHOBMEHWE pecypcoB. B 4acTHOCTW, NMPUPOOHBIA PECYPC MOXHO
paccMaTpuBaTb Kak MaTtepuarnbHoe obecrneyeHue TPyAOBOrO pecypca (MPUPOAHBIA M TPYAOBOM Pecypc
SBNSAOTCS B3aUMOZOMONHALMMKM). B Takom cnyyae €CTb OCHOBAHWSI TOBOPUTL HE O 3KOJIOT0-3KOHOMUYECKOM
B3aWMOLENCTBIAN, @ O B3aUMOAEUCTBUM IKOHOMUKM C couLManbHOW cdepoit. Huxe npeanoxeHo Moaenb
ONTWManbHOTrO  pacnpefeneHns  WHBECTUUMA  MeXdy CEeKTOpOM  MaTepuanbHOro  Mpou3BOAcTBa W
BO30OHOBNEHMEM  TPYAOBbIX PECYpCOB, MNpuyeM nocnegHee OygeT TpakToBaTbCA Kak  coumanbHble
KanuTanoBNOXeHWS.

MocTtaHoBKa 3agaum

Ha MakpoypoBHe COLMAnbHO-9KOHOMUYECKYH0 CUCTEMY MOXHO paccMaTpuBaTh Kak [BYXCEKTOPHYK 3KOHOMMUKY
(Kaxmblil CEKTOp MPOWU3BOAWT CBOI €OWUHCTBEHHbIA MPOAYKT), rAe OCHOBHbIM CEKTOPOM SBMSIETCA CEKTOp
MaTepuarbHOro NPOKU3BOACTBA, @ BCNOMOraTeNbHLIM CEKTOPOM — COCTOSIHWE MPUPOAHOTO (TPYAOBOrO) pecypca.
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Bocnonbayemcs onucanHoi B [Ipuropkis, 1998], [Kopobosa, 2001] MeTOAMKOM MOCTPOEHWS M UCCIEQ0BaHWS
TaKoW CUCTEMbI.

MycTb K- OCHOBHble NPOW3BOACTBEHHbIE (hoHAbI (kanuTan); p €(0, 1) koapduumeHT nsHoca ¢oHAoB; R -
00bem BOCCTaHOBIEHHbIX PECYPCOB (TPYAOBLIX); R’ —3HayeHue nokasaTens COCTOSIHUS HEBO3MYLLEHHbIX
pecypcoB; ¢, C>0-Ko3(UUMEHT €eCTECTBEHHOrO BOCCTAHOBMEHWS pecypcoB; [—oblwas BenuumHa
WHBECTULMNA; Ik — MHBECTULMM, BIIOXEHHbIE B Pa3BUTME 3KOHOMWKM; Ir— WHBECTULMW, BIOXKEHHbIE B
BOCCTaHOBIEHWE PECYPCOB (coumanbHylo ciepy); &, & > 0 — KonmyecTBO eanHnL, pecypca, Heobxoaumoe Ans
CO30aHNs eauHNLbl MHBECTULMI Ik, U1, Uz — BECOBbIE KOS(MULMEHTLI COOTBETCTBEHHO UHBECTULNIA Ik U IR V1,
V2 — BECOBbIE KO3 ULMEHTI KOMMOHEHT K 1 R COCTOSAHWS CUCTEMBI.

lMocTaBum nepen MHBECTOPOM CRIeAyHOLLYI0 3adady: pacnpeaenuTsb | eQuHNL MHBECTULMA B TEYEHWE 3a4aHHOM0
npomexyTka Bpemenu [0, T] Tak, 4Tobbl B KOHLE AaHHOTO neproga A0CTUYb MaKCUManbHO BO3MOXHON BENUYMHBI
kanutana K 1 MUHUManbHO BO3MOXHOW BENNYMHBI OTKIIOHEHWS pecypca OT HEBO3MYLLEHHOMO COCTOSHMA R*, 1
npu 3TOM MWHUMW3WMPOBATL OOBbEM WHBECTWULMIA, BROKEHHBIX B Pa3BUTUE SKOHOMMKM M Ha BOCMPOW3BOACTBO
pecypcoB (TpyaoBblx). [ns cBefeHWs 3TORM OBYXKpUTEPUANbHOM 3afaun K OOHOKpPUTEPUArbHOW, NpUMEHseTes
MeTOA afanTUBHOMN cBepTkuM [BonoLwuH, 2006).

MaTemaTquCKyro MOAENb TaKoW 3a4aun MOXHO 3anucaThb B BUAE:

)
[(=uily —u,lg)dt +v.K(T)=v,(R" = R(T))* - max,

I g
f0< =1, —pK,
R=c(R —R)+1,—&l,, (1)
K

(0)=K™, R(0)=R',
cHl <0 120, I, >0

L

Wtak, umeem cuctemy auddepeHumanbHbiX ypaBHEHWA, NepBoe W3 KOTOpbIX OTOOpaxaeT B CTOMMOCTHOM
¢opme pocT KanuTana, a BTOPOE — AMHAMUKY pecypcoB. CuMTalOTCS M3BECTHBIMU WCXOBHOE COCTOSIHUE
(KO, R®) cuctembl 1 OrpaHnYeHns Ha UHBECTULN Ik 1 Ir.

CBepeHMe UCXOAHOM 3a4a4un ONTUMANbLHOTO yNpaBneHus K 3aaayve NIUHEWHOro
NporpaMMMpoBaHma

Mockonbky mogenb (1) sBnseTcs 3agadeit ONTUMANbLHOTO YrpaBneHus, To AN ee UCCNEA0BaHUS MUCMOMb3yem
npuHUMN Makeumyma MoHTpsruHa [Kpotos, 1990].

MocTpoum dhyHKLMIO [amMunbToHa:
H(t, K, R, L, Ly vy wy) =y (L —pK) +y, (¢(RT=R) + 1, =&l )+ (=ul, —u,l,), (2)

W peLLmnM crieyroLLyto 3agady:
Ht, K, R, 1, Iz, vy, w,y) —>rITKlax.

g
OueBMIHO, 3Ta 3a7a4a IKBMBANEHTHA TaKoit 3apave:
L(le, o) = (wy =&y, —u)l + (W, —U,)le — r/ne}x’
K 'R

KoTOpas, B CBOIO 0Yepe/lb, SBMAETCS 3aAa4ei NIMHENHOro NPOrpaMMIUPOBaHKS BUAA:

c,l +¢,l, — max,

I +1; <1, (3)

l, =20, I, >0,

rae ¢, =y, —&y,—U;, C,=y,—U,.
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Tenepb Nepeiaem K MCCriefoBaHuio BapuaHToB peLueHns 3apadn (3), kotopoe oGosqaunm (I, 1,)).

AHanu3 3Ha4yeHun KoapcpuumeHTOB LeneBon hyHKLKUM B 3afave IMHENHOTO
nporpaMMupoBaHus

OTmeTuM, yTo 3afava (3) UMeeT peanbHbiil CMbICT Wb npu (¢’ +c¢7)#0. B cnyyae, korga ¢1=c;=0 B

KayecTBe pelleHns (3) MOXHO BblbpaTb MPOM3BOMBHYKD JONycTUMYyKD Touky, B yactHocTu (0, 0). AHanu3
noBefeHus rpaferTa ¢ = (C1, C2) LLeneBoil (PYHKLMU NPUBOANUT HAC K CrEAYIOLMM CUTYaLMaM:

1)C1=0, c2>0; 2)C1=0, c2<0; 3)C1>0, c2=0; 4)C1<0, c2=0;
5)C1<0, Cz<0; 6)C1<0, Cz>0; 7)C1>0, Cz>0; 8)C1>0, ¢ <0.

B 3aBMCMMOCTM OT TOrO, KaKOBbl 3HAYeHUS KOSCbeI/ILIMGHTOB C1, C2, MEEM cneayoline BapuaHTbl Bbl60pa
OnTMMarnbHOro pacnpeneneHna KanuTamnoBnoXeHuN:

) Ie =0, Ie =1 2) Iy el0,1] 15 =0; 3) Iy =1, 15 =0;
4) 1y =0, 1, €[0,1} 5) I, =0,y =0;
6) Iy =0, 1 =1 7) Iy =1, 15 =0

Cutyauwto 8) Heobxoammo nccnegoBatb OTAENBHO.
8.1) Paccmotpum nuHuio ypoBHa ¢,/ +C,l, =0. Ecrm ci\co=1 (um (c1-c2) =0), TO NUHUA YPOBHS

napannensHa npamowt I, +/, =1, 10ects I, €[0, 1], I, =1-1I,.

8.2) MycTb oL — 3TO Yron HaknoHa NMHUKM YPOBHSA K NpsiMont [z = 0 (g< o <), Torga G tgo . Mockonbky Ha
CZ

T 3n
MPOMEXyTKe (2, nj TaHreHC BO3pacTaeT, TO M3 ycrosust (Ci—Cz) >0 cnegyet, yto 0 <7, @ aHaT

l.=1, 1,=0.
8.3) AHaroruyHble CooGpaxXeHUst MPUBOASAT K BbIBOAY, 4TO Npu (C1 — ¢2) < 0 umeem: |, =0, [, =1.

Jagum Kaxaon U3 STUX CUTyauWid COOTBETCTBYHOLLEE COLMANbHO-3KOHOMMYECKOe TorkoBaHue. Cutyaums 1)
MOXET BO3HUKHYTb, KOr4a KONM4eCTBO TPYAOBbIX PECYPCOB Y)Ke OYEHb Marlo, a kanuTana A0CTaToOuHO 4Nsi TOro,
yToObl HE MHBECTMPOBATb CEKTOP MaTepuanbHOro MpousBOACTBA. [OBbILEHME YPOBHS TPYOOBbIX PECYPCOB
npoucxoaut 6narofaps yMeHbLUEHWIO NPOM3BOACTBA (a TEM CaMbIM 1 YMEHbLLEHUS UCMOMNb30BaHUS PECYPCOB),
a TaKke MHBECTMPOBAHMIO CEKTOpa N0 BOCCTAHOBMEHMIO PECYPCOB (CoLManbHoi cdepsl).

B cutyauun 2) TpyaoBbIX PpecypcoB AOCTATOYHO AJNS TOTO, YTOObI MX MOXHO Obino Obl B Onkaiiee Bpems He
BOCCTaHaBMMBaTh, kanuTan NpeacTaBneH B OTHOCWTENBHO [OCTATOMHOM OObeMe, MO3TOMY B 3TOM CUTyaLuu
MOXHO 4aCTU4YHO NPOWUHBECTUPOBATL CEKTOP MaTepUanbHOro NPOU3BOACTBA.

CuTtyaums 3) 03HayaeT, YTo COCTOsHME TPYAOBbIX PECYPCOB HAXOASTCS B MpeAenax LOnyCTUMbIX 3HaYEeHUH, U
MO3TOMY BCE MHBECTULMN BbiNo Bbl LienecoobpasHo BMOXMTL B CEKTOP MaTepuarbHOro NpoM3BoLCTBa.

B cutyaumun 4) cocTosiHMe TPYAOBbIX PECYPCOB TaKke HAaXOAUTCS B Mpeaenax HOpMbl, a CEKTOp MaTepuanbHOro
MPOM3BOACTBA HE WHBECTUPYETCS, MO3TOMY YBENMYEHWS YPOBHS TPYLOBbIX PECYPCOB MOXHO [OCTUYb
eCTeCTBEHHbIM BOCCTAHOBMEHWEM PECYpCOB, a Takke BO3MOXHO BIOXEHME MoOOA CyMMbl UHBECTULMA Anst
LOCTVXEHUS BOMbLLEr0 BOCCTAHOBNEHUS TPYAOBOIO pecypca, 1, TeM cambiM, NOMY4NTL 3anac Ha byaylyee.

Cutyaums 5) o3HayaeT, YTo YBENUYEHWS COLMANbHOTO YPOBHS TPYLOBbIX PECYPCOB MOXHO AOCTWYb 3@ CYET
yMeHbLUeHNs 06beMOB NPOM3BOACTBA U ECTECTBEHHOIO BOCCTAHOBIIEHWS PECYPCOB. Ta CUTyaLusi NPUBOANT K
YMEHbLUEHWIO KanuTana, KOTOPbIA MOXHO YMeHbluaTb A0 TeX Mop, Moka 3TO He HaYHEeT CkasblBaTbCs Ha
KWU3HEHHOM YPOBHE NtofieN Ui SKOHOMUYECKOM COCTOSIHUM CTPaHbI.
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CuTyaums 6) NOMHOCTLIO aHanornyHa cutyauuu 1); cutyaumus 7) aHanornyHa cutyauum 3).

On peaeneHne onTMManbHbIX UHBECTULIUK

[ns HaxoxaeHWs peLleHns NCxoaHon 3agaym (1), yunTbiBas (2), pelumm ConpsKEHHY0 CUCTEMY:

\;’ = aH_H\V
1T - 1
oK
. X @)
YV, :_aR =0y,.

PewwueHnamm cuctembl (4) ByayT dyHKUuK:
y,(t)=de", v, (t) =d,e”, (5)

roe dimdy — NpoM3BOSIbHBIE MOCTOSHHBIE.
Tak kak (1) sBnsieTcsa 3agaden co cBOOGOAHBIM NPaBbIM KOHLOM, TO CNpaBea/MBbI YCNOBUS TPAHCBEPCANbHOCTH:

vi(T)=-v,

¥, (T) == 2v,(R" = R(T)).
YuutbiBas (5), (6), MOXEM HalTK pelLeHne cuctembl (4), koTopoe OyaeT MMeTb BUA:

v, () =-ve" ", v, () =—2v,(R" —R(T))e’" ",

(6)

OueBuaHo, uto W, (t) <0 AN NPOM3BOILHOTO 3HAYEHMS .

N3yunm nosegenne yHkuniA ¢, (t), i =1, 2. B panbHeiiwem Gynem cuutaTh, YTO BECOBbIE KOIMMPULMEHTDI Ui,
Vi, i =1, 2, ABNSIOTCS NONOXUTENbHBIMM.

PaccMoTpuM nuwwb TOT cryyaid, koraa R™ > R(T) . Toraa s, (t) <0. CnegosatensHo, ¢,(t) <0 npu te [0, T].
Tenepb HeoBXOAMMO TOMBLKO UCCNEeAoBaThb 3HaK KoaduLmeHTa c1. Haingem c,(t) :

c() =y, —Ey, —u, =—ve"" " +2ev, (R —R(T))e" " —u,. (7)
B kayecTBe ynpoLLeH1s npeanonoxum, Yto [ =C , Toraa (7) 6yaeT umeTb Crieaytowmi BuA;

¢, (t) =(2&v, (R —=R(T))—v,)e* " —u,.
[lanee nccriepyem 3Hak koadhduLmenta c,(t) :
1. Ecnm 28v,(R* —R(T))—v, <0, 1o BCeraa c,(t) <0 npu noGom .
2.Ecm 26v, (R —R(T))—v,>0,To ¢,(t) <0 npu t <t m ¢,(t)>0 npu t >t , roe t umeeT BUA:
In( _ )
28v,(R —R(T)) v,

t =T+ ,
c

npuyem c,(t')=0. MMockonbky Mbl Mpegnonoxuim, 4to ¢, <0, TO Ans AaHHoi cutyaumn (R >R(T))
CYLLIECTBYIOT TPU BapuaHTa ONTUMArbHOTO pacnpefeneHns HBECTULMIA:
¢, <0,¢,<0, I, =0, I, =0,
(I, l.)=4¢,=0,¢,<0, I, €[0,1], I, =0,
¢,>0,¢,<0, I, =11, =0.
1.B cnyyae ¢, <0, ¢,<0 Mbl umeem cnyyain 5) U3 paccMOTPEHHbIX Bbille cuTyauuin. C TOUKM 3peHns

9KOHOMWKM B 3TOM CIly4yae CEKTOpP MaTepuanbHOro MpOM3BOLACTBA HE MHBECTUPYETCS, CMEAOBATENbHO, HE
nonyyaeT OOMKHOTO pasBuTus, U Noatomy u3 (1) cnegyer, 4to M NpPUPOAHbIA (TPYAOBOM) pecypc cnocobeH
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CamMOBOCNPOM3BOANTLCA 6e3 [onOnHMTENbHBLIX  KANUTANOBNOXEHWIA. ,U.aHHyPO cutyauuio uenecoo6pa3Ho
ncnonb3oBatb, €CIM yMeHblleHWe KanuTtana He CIULWIKOM CKaXeTCd Ha XW3HEHHOM YpPOBHE nogen unu
9KOHOMWNYEeCKOM COCTOAHUKN CTPaHbI.

2.B cnyyae ¢,=0, ¢,<0 Mbl umeem cryyan 2) C ONTMUManbHbIM pacnpefeneHeM WHBECTULMIA

I, €[0,1], I, =0 . PearbHo Takasi CuTyaLmsi MOXET 03Ha4aTb, YTO COCTOSIHIE UMEIOLLMXCS TPYAOBbLIX PECYPCOB

HaxoauTCsl B Mpefenax HOpMbl UMK Jaxe ecTb M3BLITOK PecypcoB, a COCTOSHME kanuTana npubnuxaeTcs K
HOPMe, MO3TOMY MOXHO OCYLLECTBUTL HEKOTOPbIE KAaNWUTaNOBIIOXEHUS B CEKTOP MaTEpMasnbHOro NPoM3BOACTRa C
TEM, 4YTOObI MOMYYNTb AONONMHUTENbHYK MPUOLING W [JOBECTU BENUUYMHY KanuTana A0 HOpMbl, WM Aaxe
MoNy4MTb 3anac NPOM3BOLACTBEHHOO KanuTana.

3. OTa cuTyauus coBnagaeT Co CriyyaeM 7) W 03HA4YaeT, YTO YPOBEHb kanuTana CTan KpUTUYeckM MarbiM, a
COCTOSIHME UMEIOLLMXCS TPYAOBbIX PECYPCOB HAaXOAATCS B NpeAenax HopMbl, NO3TOMY LienecoobpasHo 6bino Obi
NHBECTUPOBATH CEKTOP MaTepuanbHOMo NPOM3BOACTBA U HapalyuBaTb 06beMbI NPOM3BOLACTBEHHOO KanuTana.

Kak Bumum, cutyaumsi, korga R* > R(T) (1o ecTb, Koraa 3anac pecypca B KOHLE NniaHoBOro nmepuvoga He

MpeBbIAeT 3HAYeHWE MoKasaTensl COCTOSIHMS HEBO3MYLUEHHbIX PECYpPCOB), CBUAETENbCTBYET O TOM, YTO
MPUPOAHBIA pecypc crnocobeH caMoBOCNPOM3BOAMTLCS HA AaHHOM NPOMEXYTKE BpeMeHM Ge3 AoMONHUTENbHBIX
KanuTanoBNOXeHWN, YTO 1 NOATBEPXKAAETCS pe3yrbTaTaMi UCCIe[0BaHuS.

C Uuernbl HaxoXOEHUs COOTBETCTBYIOLMX ONTUMAnbHLIX TPAEKTOPUM [JOCTaTOMHO pPELUMTb  CUCTEMY
AnddepeHumanbHbX ypaBHeHUd B 3apade (1), NOACTaBNS B Hee HaWAeHHble ONTUManbHble 3HaYeHUs
UHBECTMUMIA. WTaK, MMeeM crieaytoLume Tpu crnyyas:

1.0ns Bcex te[0,T] ¢ <0, c,<0. OntumarbHble 3HaueHus kanutanosroxenui: [, =0, I, =0.

[NoacTaBnss aTu 3HaYeHus B cucTeMy ancdepeHumMancHbIX YpaBHEHN 3agaqn (1) v pellas ee, Nonmyyum Takue
ONTUMarbHbIE TPAEKTOPUN:

K(t) =K, R(t)=(RY —R')e™ +R’ .
2.ns Bcex te[0,T] ¢,=0, a ¢, <0. OnTManbHble 3HaYeHsi COOTBETCTBYHOWMX UHBeCTULMIA: [, [0, 1],

I, =0, a COOTBETCTBYIOLLME UM ONTUMATbHbIE TPAEKTOPUM:

Kty = (KO =Ly 4 I R(f)=(R® —R +5[)e +R — 5. ®)
u u c c
3. ina Bcext [0, T] ¢, >0,a ¢, <0. PeweHnem byayT 3Ha4eHns I,} =1, I; =0, a onTUManbHbIe TPAEKTOPUM

[INS 3TOTO CIly4ast UMEIOT B, aHanormuHbIii (8) npu 1, =1.

BbiBOAbI

B paHHOM uccrefoBaHuM Obina paccMOTpeHa AMHAMUKA 9KOHOMMYECKOW CUCTEMbI, COTMIACOBAHHYI0 C
[VHaMWKOA CaMOBOCCTaHaBNMBAIOLMXCS MPUPOLHBIX PEcypcoB. B 4acTHOCTM, ecnu B pomu MOCRELHMX
paccmaTpuBaTh TPyLOBbIE PECYPChI, TO MOLENb NPUoBpeTaeT NpU3HaKkW CoLManbHO-3KOHOMMYECKOrO XapakTepa.
B pamkax Takoi coliuarnbHO-3KOHOMUYECKO CUCTEMbI pacCMOTPEHa NPOTMBOPeYMBast 3afada 06 onTuManbHOM
pacnpesfieneHnn OnpefeneHHoro OrpaHUYEHHOro 0obbema KanuTanoBMOXEHWA (MHBECTULMIA) B TeYeHMe
3a1aHHOMO NPOMEXYTka BPEMEH! Takum 06pa3oM, YToBbI B KOHLIE JaHHOrO nepuofa A0CTUYb Kak MaKCUMarbHO
BO3MOXHOrO pesyrnbTaTta B 3KOHOMUYECKOM cdepe, Tak W Haunyylwero 3ghdekTa OTHOCUTENBHO MPUPOAHOTO
(TpymoBOro) pecypca, M Mpu 3TOM [OCTMYb 3TOM LENM HEeOBXOAMMO MUHUMArbHBIMA MHBECTULMOHHBIMM
pacxofamu.

B pa60Te npeanoxeH oAauvH M3 BapWaHTOB pPeELLEHUA TaKom I'IpO6J'IeMbI. cxogHas 3agada onTMManbHOro
ynpaeneHna ceefeHa K 3afdave NHeNHoro nporpamMmmMmnpoBaHuns. MocnegHss Bbina pelweHa and OaHON U3
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BO3MOXHbIX CMTyaLuii, KacaloLMXCs COCTOSIHMSI COLManbHOM CcocTaBnsiolleit (Tpyaosoro pecypca). [Ans
yKa3aHHOW cUTyauun Obinu HaldeHbl ONTUMAanbHble MHBECTULMA U ANS KaXaoro U3 ONTUMAnbHbIX 3HAYEHWI
KanuTanoBnoXeHu BbINu NOCTPOEHbI ONTUMATbHBIE TPAEKTOPUM, XapPaKTEPU3YIOLLME COCTOSHUS SKOHOMUYECKOIA
W CoLManbHOI COCTaBIISIOLLMX CUCTEMBI.

3aknioyeHue

OKOHOMMYECKOE Pa3BUTME B LiENOM OMPEedensieTcs Tpemst (haktopamu 3KOHOMMYECKOrO pocTa: TPyAOBbIMU
PECcypcamm, UCKYCCTBEHHO CO3aHHbIMI CPEACTBAMI NPOM3BOLCTBA, NPUPOAHLIMIA PECYpcaMu. JKOHOMUYECKas
Hayka mMano obpalljana BHUMaHWe Ha SKOMOrMYeckie 1 couuanbHble Npobnembl, YTO W MOCAYXUIO OAHON U3
MPUYMH HOPMUPOBAHMS TEXHOTEHHOO TUMA 3KOHOMUYECKOTO Pa3BuTHsl. ATOT TUM MOXKHO OXapakTepu3oBaTb Kak
NpVpOLOpa3spyLIaLLMI, OCHOBAHHbIA Ha MCMONb30BAHMM WUCKYCCTBEHHbIX CPEACTB MPOM3BOACTBA, CO3AaHHbIX
0e3 yyeTa aKONOru4eckIx OrpaH14eHUi.

C uernblo npenoTBpalyeHus rnobanbHOro W NIOKanbHOrO 3KOMOTMYECKMX KPU3MCOB HEOOXOOWMO 3aMeHWTb
TEXHOTEHHDbI TN PasBUTUSI Ha YCTOMuYMBLIA. [MocnegHWn JaeT BO3MOXHOCTb YAOBMNETBOPUTL MOTPEBGHOCTY
COBPEMEHHbIX MOKOMNEHN, OAHAKO He CTaBUT NOZ Yrpo3y CyLLeCTBOBaHWe nocneayowyx. 3T0T Te3UC, 04EBUAHO,
KacaeTcs M COUManbHOTO KOHTeKCTa. Pa3BuTUE 3KOMOTMYECKOW SKOHOMUKM TECHO CBSI3aHO C MpUOpUTETaMu
BHYTPEHHEM W BHelHelr nomuTukn noboro rocyaapctBa. OHM  JOMKHbl  obecneynTb nNpupogo- U
pecypcocheperalolne HaLMoHasbHbIe MHTEPECHI B paMKax KOHLEMLMN YCTOMYMBOTO 3KOHOMUYECKOrO Pa3BUTHS.

PesynbTaTbl MCCNELOBaHUS MOTYT CIYXWTb METOAONOrMYecko 6a3oi NS MPUHSTUS  ONTUMAnbHBIX
yNpaBMNEHYECKMX PELUEHNN, KacaloLLMXCsi COrMacoBaHHOTO (DMHAHCWUPOBAHMS BbilLEYKa3aHHbIX COCTaBNSIOLLMX
YCTONYMBOrO 3KOHOMUYECKOTO Pa3BUTHS.
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MOZEPHU3ALUA CUCTEMbI MAPTUHTEMN
U AHANU3 EE PABOTbI HA BANTIOTHBIX PbIHKAX

Bnaaucnas lNnakcuH

AHHOmauus: lpednazaemcs usmeHeHue U adanmauusi u3gecmHol mopaosoll cucmemb! "Mapmunreelin" ons
NPO2HO3UPOBaHUS KPOCC-KYpCco8 UHOCMpPaHHbIX sanom. [TpedcmagneHHble aKcnepuMeHmarnbHbie pesybmams|
ucnonb3osaHusi  ModepHusuposaHHol  eepcuu  MBAC  "Mapmuneeln" dokasbigatom  aghghekmusHOCMb
npednazaemoz0o nodxoda.

Knroyeenie cnoea: pbIHOK 8anombl, NPO2HO3UPOBAHUS KPOCC-KYpPCO8, mopaosasi cucmema
ACM Classification Keywords: H.4.2 [Information Systems Applications] Types of Systems - Decision support

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

Y ntoGolt KoMNaHUM BHE 3aBMCMMOCTM OT BWAA AEATENBbHOCTM B OMpEedeneHHbli MOMEHT BpeMeHW OblBatoT
BPEMEHHO CBOGOAHbIE AEHEXHbIE CpeacTBa. M yacTo BO3HWKAET BOMPOC, KaKk UX MCMOMb30BaTh C HaMBOMbLLE
MONEe3HOCTbIO AMNst OpraH13aLMn 1, KOHEYHO e, C MAHUMATbHBIMI pUCKaMu OT noTepb. CYLLECTBYHOT MHOXECTBO
BapMaAHTOB Pa3MELLEHIS CBOVX CPEACTB ANs NonyyeHnst npubbinen, K npumepy:

1. PaamecTuTb AeHeXHbIE CPEACTBA Ha Aeno3nTe B KOMMEPYECKOM BaHkKe.

2. MpuobpecTy pasnnyHble BeKcens Kak NPOMBbILNEHHbIX NPEANPUSTUI, Tak U KOMMEPYECKUX GaHKOB.

3. KynuTb rocyaapCTBeHHble LigHHbIe Bymarn.

4. MprobpecTy akumm KOPNopaTUBHLIX NPEANPUATHN.

5. Pabota Ha 3anagHbIx (MHAHCOBbIX PbIHKAX

6. Cnekynaumus Ha BamtoTHbIX Kypcax

[aHHblIi Habop BO3MOXHOCTEN MO Pa3MELLEHNIO JEHEXHbBIX CPEACTB MOXHO pPa3fgenuTb Ha ABa BaXHbIX BUAA:

Be3puckoBble onepalum — onepauuu, MetLLMe HanMeHbLWWUA puck (NpuobpeTeHne rocyaapCTBEHHbIX LEHHbIX
Oymar, penosntoB 1 Bekcenen CbepbaHka, Bekcenen W obnMraunin KpynHbIX 3KCMOPTHBIX  KOMMAHWHA,
kpeagutoBaHue co 100% obecneveHnem). Cneayet 0cob0 OTMETUTb, YTO MO ONPESENeHM0 roCyAapCTBEHHbIE
LieHHble Bymaru B HaLMOHaNbHOW BantoTe ABNSIOTCA CaMbIM HAZEXHbIM (DUHAHCOBBIM MHCTPYMEHTOM, OAHAKO
YWMHOBHMKM B HaLLei CTpaHe 3acTaBWiW HaC NepecMoTpeTb 3Ty akcuomy. [oBopst 06 OTCYTCTBMM puUcCka LaHHOrO
(hMHAHCOBOTO MHCTPYMEHTA, Mbl, K COXaneHuo, JOMmkHbl He 3abbiath, 4To B cTpaHax CHI™ 6e3puckoBocTb
AaHHbIX OnepaLuii CyLlecTByeT A0 OnpeaeNieHHOr0 MOMeHTa. Hanpumep, STOT MOMEHT MOXeT HacTynuTb npu
CUIbHOM CHIDKEHMM LieHbl Ha HE(Tb, BbICOKWX BHYTPEHHWUX MOMUTUYECKUX KONeBaHUsX 1 MHOTMX Apyrix
BHELUHE3KOHOMMYECKMX W MONUTUYECKMX (hakTopax. PUCKOBble onepauuy — onepauuu, B OCHOBE KOTOPbIX
NPeayCMOTPEH PUCK HE TOMbKO B MOMYYEHUW AOMONHUTENBHOMO 4OX0AA, HO W BO3MOXHOW NOTEPU OCHOBHOMO
kanuTana (NoKyrnka KOpnopaTUBHbIX aKLMii BHE 3aBMCUMOCTW OT CPOKa MHBECTUPOBaHMS, paboTa Ha 3anagHbIX
(hMHAHCOBbIX PbIHKAX, NpUobpeTeHne obnmraLmii KOpNopaTUBHLIX KOMMAHWUIA U Ap.).

OCHOBHbIM OTNMYMEM MEPBBIX ONEpaLMi OT BTOPbIX ABMSETCS BO3MOXHOCTb MOHUMAHUS W peanbHOM OLEHKN
Tekywlen cutyauun. Moatomy B yCroBWSIX XM3HW Ha Tepputopum CHI, a B 4acTHOCTM YkpauHbl, Bonee
Be3onacHoO 3aHMMaTbCA PUCKOBLIMM ONEpPaLMAMI U aAEKBATHO OLIEHNBATb PUCKW TUX OnepaLuil, YemM NOCTOSHHO
MbITaTbCs BbITAWWUTL «KOTA U3 MELLKay.
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Llenblo Hactosiwero Aoknaga sBRsSeTCs passuTUE W3BECTHOM cucTeMbl MapTuHrenna, ee agantauws Ans
BaniTHbIX (DUHAHCOBLIX PLIHKOB a Takke ee TeCTUpoBaHWE W MPUMEHEHME Ha BantoTHOM pbiHKE W
CPaBHUTENbHbIN aHanu3 ¢ 6a3oBoi CUCTEMO.

YnpaBneHue puckamu Ha BanioTHbIX pbIHKax

PaccmoTpuM KpaTKo BOMPOC PUCKOB Ha BaMOTHBIX PbIHKAX W YNpaBNEHUs JEHEXHbIMW CPeACTBaMU. AHaNU3Npys
OCHOBHbIE OLINOKA MHOMVMX TPergepoB (KOMMAHU UM YaCTHBIX NWL), KOTOpble TOPryloT Ha pbiHke dopekc,
MOXHO BblAenUTb CReayioLLmMe TUMbl OLNGOK:

1. HenpaBunbHOe COOTHOLLEHWE peasnbHbIX CPEACTB K 3aeMHbIM CPeACTBaM.

2. OTcyTCTBME NCMXONOMMYECKOro KOHTPOMS NPK HEYAAYHbIX COENKaX.

3. Asapr.

4. HeymeHuWe npaBUIbHO PacCUMTLIBATb BPEMEHHbIE PaMK/ CYLLECTBOBAHWS CAENKM.

Bce gaHHble Npobnembl SBNSIOTCS NEPBUYHBIMUA U 6€3 UX YCTPaHEHUS! HUKAKUX MOMOXUTENbHBIX Pe3ynbTaToB
[0BUTBCS, K COXaneHuto, Hembast. Mo 3Ton npuuMHe Kaxablil M3 TPEaepoB, Ha OnpeaereHHoM aTane CBOew
3BOMIOLMM HAYMHAET MCMONb30BaTh KOHKPETHYI CMCTEMY MO YNPaBMEHWUK AEHEXHbIMW CPEeACTBaMM, Ans
MUHAMM3ALMN NOTEPb U MakcMMM3aumu npubbineil. B faHHOM [oknage NpeAcTaBnsieTcs aaanTupoBaHHas W
MOZIEPHN3MPOBaHHas HaMK CUCTEMA YNpaBeHNst AHEXHbIMU cpeacTBamu «MapTuHreiiny.

«Cnctema MapTuHrenna» HasBaHa B YeCTb YAaunmMBoro kapTéxHuka XIX Beka, KOTopblit Obin 3aBcergataem
ka3uHo ®paHLy3ckon PUBbEpPLI, HO MOXHO C YBEPEHHOCTBIO CKasaTb, YTO 3TOT TEPMWH BBEN B Havane XX Beka
matematvk 1. Jleeu (Levy), m3yyaBmiA napagokcbl asapTHbIX urp. KoHuenuus JleBn nomyyuna LWMPOKoe
pasBuTME B Tpydax Apyroro matematvka — [lyba. Cuctema MapTuHreiina (Tak CokpalleHHO Tpeiaepsl Ha3satoT
[aHHYI0 CUCTEMY B YeCTb KapTexHuka W adepucta MapTuHrenna), unmoCTpUpyeT BCIO NPOCTOTY W
€CTECTBEHHOCTb YABOEHWS BEPOSTHOCTU. [poLLe roBopsi, OCHOBHOW MPWHLMM paboTbl CUCTEMbI 3aKMIOYaeTCs B
TOM, YTO B CIy4ae HeyauHoW CAENKM CneayeT YBENnMuMBaTh CriedyHoLLyto CTaBKy B ABa pa3a OT NoTepw, YTobbl B
UTOre KOMNEHCMPOBATL BCE NOTEPU OAHUM BbIUTPbILLIEM.

VIMeHHo TaKow NPUHLXN O4E€Hb YaCTO NPUAYMbIBAKOT HOBUYKK, BNEPBbLIE NONaBLLME HA (blechost PbIHOK Nnn B
Ka3nHO. O6paTI/IM Halle BHMMaHNE Ha OCHOBHbIE NITOChbl 1 MUHYCbI AAHHOMO noaxoaa:

1. CaMbiM 0YeBMAHbIM MWUHYCOM SIBNSIETCS MOCTOSIHHO PacCTyLUMi kKanuTan criegytolen CTaBku npy
BOMbLLOM KONMYECTBE MPOUMPBILLEI.

2. C [pyroit CTOPOHbI, OAHAM W3 CWMbHBIX MCOB OF0 MPUHUMNA SBNSETCS BbICOKAs BEPOSITHOCTb
BbIMTPbILLA NPY HE CUMbHbIX KonebaHusix (PUHAHCOBbIX PbIHKAX.

Moaudukaums 6asoBoi cuctembl MapTuHrenna, ee TeCTUpoBaHMe M aHanu3

B Havamne onuwem ycroBusi, B KOTOpbIX cobupaemcst ucnonb3oBaTb MapTuHreiina w agantupyem nop Hee
anropuT™ CUCTEMbI.

HayHem ¢ MaTemaTnyeckoi YacTu Ha NpUMepe pacyeta BEPOSTHOCTM 3aBUCUMOCTM BEPOSTHOCTW MPOMrpbilLa OT
BO3MOXHOWM MPWOLINW NpU Urpe B MOHETKY C MOMOLLBK MapTUHreina. Tak Kak Kaxgbld pa3 B pesynbTare
npourpbilHOrO  Bpocka Mbl  yABaWBaeM CTaBKy, TO 9TU BENWYMHbI MOXHO CBS3aTb CheaytoLlen
nocneaoBaTeNnbHOCTbIO:

1v, 2v, 4v, 8v, 16v, 32v, 64v .... 1024y .... CTeneHb ABONKM.
Tenepb onuwem 6a3oBble YCOBUS TOPrOBAM Ha pbiHKe hopekc, Ans nto6oii napbl BaniOT:
- KpeguTHoe nneyvo peanbHbIX AeHer k 3anoroebiM — 1 k 100
- Croumoctb ogHoro 1 nota — 1000 gonnapos

- CTOMMOCTb [BWXEHNS pbIHKA HA OAMH NYHKT npu kpeauTHoM nneye 1 k 100 pasHo 10 gonnapam npubbinm
nnm ybbIiTka.
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MCI'IOJ'Ib3yFI 3TN AaHHble, nomnblTaeMcAa CMOAENNPoBaTb CUTyauuio C MUCNONb30OBaHMEM CTaHOAPTHbIX yCJ'IOBMIZ

anroputma MapTuHreitna

Ne Obbem cTaBky Mpubbinb Bobimrpbiu
1 1 1 101000
2 2 -1 101000
3 4 -2 100000
4 8 -4 98000
5 16 -16 94000
6 32 -32 78000
7 64 -64 46000

Y Bac, kaK 11 y BCEX HauMHalOLLMX TPeraepoB, cpasy BO3HUKAET BOMPOC: NoyeMy paboyas cuctema B a3apTHbIX
urpax npu Tex e ycnoeusix He paboTaeT Ha pbiHke dopekc. CuTyauus 4o npefena npocta, B pbiHke dopekc
Bam npuxoguTcs unu dukcupoBaTh YBbITOK, Ui AepKaTb OTKPLITOM CAENKY C 3TUM YObITKOM, OXMaas cuTyaLum,
Korfia PbIHOK BEPHETCS B UCXOAHOE NosoxkeHue Ans caenku. Moatomy no cucteme MapTuHreiina anst BanioTHbIX
PbIHKOB HAA0 Y4NTLIBATL eLle W NpeAblayLLmue yobITKM.

lMoatomy mogmduumposaHHas 6a3oBas aganTupoBaHHas cuctema Maptunrenna (MBA C) ans duHaHCOBbIX
PbIHKOB BbIFMAAMUT CriedyoLM obpasom:

Vn=sum(v1+v2+..Vn-1)*2
Cmogenupyem aHarmormyHyo CUTyauuio Ha BamloTHOM phiHKe, HO yxe ans MABC MapTuHrenn, ¢ ycnosnem He
nonHoro Bo3aapalleHus Ha 100 nyHKTOB B 0O6paTHYH0 CTOPOHY, @ ABWKEHNS Ha NOMNOBWHY, TO €CTb 50 MyHKTOB:

Ne Obbem cTaBky Mpubbinb BbimrpbiL
1 1 1 101000
2 2 -1 101000
3 -2 101000
4 18 6 101000
5 54 -18 101000
6 162 -54 101000
7 486 -162 101000

Kak Buaum, npu MCnonb3oBaHWM 3Tol hopMmynbl Ans no6oit  BamioTHOM napbl, pesynbtar  Oydet
MONOXUTENbHbIA, HO GONMbLIMM MUHYCOM SIBNSIETCS ObICTPO PacTyWmii o6bem CTaBKW, KOTOPbIA MrHOBEHHO
MOXET YHUYTOXMUT BECb AEMO3WT, HO MpU 3TOM ANMHA OTKaTa YMeHblueHa B 2 pa3a, YTO MOBLILLAET CUMbHO
MOBbILLAET BEPOSTHOCTb MOMOXMTENBHO CAENKM.

,U,J'IFI [ETanbHOro TeCTUPOBaHUA Obina cneyuanbHO Co3faHa nporpaMmma un nposeneHbl UCTOPUYECKUE TECTHLI Ha
ANWHHBIX NPOMEXYTKax C WCNONb30BaHMEM Pa3HbIX obbemos aenosnta, Ana nonyvyeHusa MakCUManbHbIX
I'IpVI6bIJ'IeI;1 C MUHUManbHbIM PUCKOM. B utore mbl nony4yunu cnegywwme pedynbtatbl, NPy BEAEHHbIE Ha PUC. 1:
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Puc. 1

Moaudukaums 6asoBoi cuctembl MapTuHrenna ana paboTbl Ha BanlOTHOM pbiHKe Popekc

B pesynbTate nposeaeHHbIx uccnegosaHuin ¢ MBAC MapTuHrein Bein caenaH BbIBOA: O HeLenecoobpasHocTu
MCNONb30BaHUSA CUCTEMbI B TOM BMAE, B KOTOPOM OHA €CTb Ha AaHHbIA MOMEHT. MpUYMHONM TaKoro BbIBOgA CTan
aHanu3 UCTOPUYECKMX AaHHbIX OTHOCUTENBHO OTKATOB KypCa KOTUPOBOK BanioT BO BPEMS A/IMHHbIX ABUXKEHUIA B
OLHY CTOPOHY.

B pesynbTate uccnepoaHuin 6bin paspaboTaH cnegyowmii anroputm paboTbl NporpaMMbl, KOTOPbIA NMO3BONNN
mozepHuanposate MBAC MapTuHrein u BbIBECTU €€ Ha COBEPLUEHHO HOBbIM YPOBEHb PaboTbl, 4TO NPUBENO K
NOMNOXMTENbHLIM pPe3ynbTaTam.

Bbino npeanoxexo caenats cneayrLlee:

1. OTKpbIBaTb Cpa3y ABe BCTPEYHbIX CAENKM AN TOro YTobbl MakcUMMUaMpoBaTb Mpubbiib BO Bpems Mo6oro
ABVKEHUS PbIHKA (BBEPX UMK BHU3).

2. YMeHbLUUTb BXOZALLME NOTbI, 415 nonyyeHns Gonee cTabunbHOrO M MOCTOSHHOTO JOX04a.
3. ONTUMU3NPOBaTL BXOAHbIE AaHHbIe AMNs OTKPbITUS CTAPTOBbIX CAEOK.
4. Vicnonb3oBaTth NnaBakLLme «TenK NPOUTLI» AN NONYYEHUS MAKCUManbHOWM NpubbIni.

B pesyrbTaTe BbINONMHEHUS AaHHON paboTbl Obina HanucaHa HoBas NporpamMma AJ1si TOProBNK Ha pbiHke dopekc
W NpoBeAEeHbI SKCNEPUMEHTbI Ha NPeaMCTOPUM, Pe3yNbTaTbl KOTOPLIX JEMOHCTPUPYHOTCS HUXE:

Cumeon EURUSD (Euro vs US Dollar)
Mepuog 1 Munyta (M1) 2008.01.02 09:01 - 2008.09.16 23:56 (2008.01.01 - 2008.09.17)
HauanbHbin genosut 30000.00

O6was npubbinb 22938.70
OBwwmi ybeiTok -14882.19
YncTas npubbine 8056.51
lpadpuk n3ameHeHWs LoxoAa NPeACcTaBneH Ha puc. 2.
Eanes [ CpenTes B Tr [Riines TOMR METOR HE ORI BIST HERMEHLEMT ANTYTEST THRshpAinGE MIF resepulee sExRore Ta] | 2500 s
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AHanua paboTbl «COBETHMKa Tpeiaepa» Ha rpaduke EBpo- Jonnapa B nepuog ¢ 1 cespansa 2008 roga no 16
ceHTabps 2008 roga nokasbiBaeT, YTO «COBETHWK Tperaepa» Aan uucTylo npubbinb B pasmepe 29%, 4TO
SIBMSIETCA BbICOKMM MOKa3aTeNieM, OAHAKO B NEpBOV YeTBEepTU nepuoaa paboThl, «COBETHUK» MOKasan CUMbHYH
npocagky CpefcTB, YTO YyTb HE MPWBENO K MOMHOA MOTEPW [eno3nTa W [aHHas CuUTyauus sBRsieTcs
Henpuemnemoi. Mpocagka cocrasuna 8860.19 (29.11%). (cm. Puc.2)

BbiBoAbI

B pesynbTate AaHHOM 1 MHOXeCTBa ApYriX 3KCNEPUMEHTOB CAEeNaHbl CredyoLne BblBOAbI:

1. Micnonb3oBaHne mogepHuauposanHon Bepcu MBAC MapTuHreiin sensietcs 6onee npubbinbHON CUCTEMON
ynpaBreHus AeHEXHbIMU CpeacTBamm, Yem 6asoBas cuctema MapTuHrenn

2. [Ins 6e3onacHoi TOProBAN C MUHUMArbHBIMU pUCKaMU NPUBELEHHbIE CUCTEMbI HE MOAXOAAT, TaK Kak OHU
ABNAOTCA CUCTEMAMU YNPaBIEHUs AEHEXHBIMW CPEACTBAMM, a He CUCTEMaMW TOPrOBIIN.

3. Wcnonb3osaHue mogepHuaupoBaHHon Bepcn MBAC MapTuHrein B TEXHWYECKOM aHanu3e npuBEAET K
NOMOXUTENbHBIM pedynbTatam, U 9TUM CrnefyeT B AanbHENLLEM 3aHATHCA.

B KauectBe nepCneKTMBHbIX HanpaBNeHW AanbHeWWWX WCCNeaoBaHMA B AaHHOW npobremaTtike MOXHO
BblAENUTb Crieaytowme:

1. WHterpaums mogepHusmposaHHon MBAC MapTuHreidn ¢ TEXHUYECKUMU MHCTPYMEHTaMW Ans (PUHAHCOBLIX
pbiHKOB. Pa3paboTka aBTOMATM3MPOBAHHbIX CUCTEM U MPOBELEHWE aHanmu3a WX paboTbl C NOCReayHLMMM
BbIBOZAMY

2. /lcnonb3oBaHNst HEMPOHHBLIX CETEN ANst ONPedeNeHnst CMOKOMHBIX M BO3DYKOEHHBIX COCTOSHUA Ha pbIHKE
®dopekce C Lienbio NpaBubLHOMO MCMONb30BaHNA ModepHW3nposaHHoit MBAC MapTuHrenn.

BnarogapHocTu

Pa6ota onybnukosaHa npu dmHancoomn nogaepxke npoekta ITHEA XXI MHCTUTYTa MHPOPMALMOHHBIX TEOpUiA
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounauum cospatened W nonb3oBaTenen
nHTennektyanbHbix cuctem ADUIS Ykpanna www.aduis.com.ua.
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CUCTEMA MOJENMUPOBAHUA N AHATTU3A BAIKOTHbIX PUCKOB

BukTop boHaapeHko

AHHOmayusi: B cmambe onuchigaemcsi cucmemMa NOCMpOeHHas Ha 0cHoge peanusauyuu memoda MoHme-
Kapno nst aHanuaa puckos U ynpagneHus 8aiomHbIM Nopmeesnem.

Kntoueenle cnoea: BanomHble pucku, santomubili nopmebens, VaR memod, memod Morme-Kapno.
ACM Classification Keywords: J.4. Social and Behavioral Sciences

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBepeHue

BantoTHbIA puck - 3TO puck noTepb 0BYCMOBMEHHbIA HeGNaronpusTHEIM W3MEHEHWEM KYPCOB WHOCTPaHHbIX
BaNKOT B XOAE OCYLLECTBMEHWS COENOK MO Kynne-npoAaxe 3TX BamntoT. BaniTHLIA pUCK, UM PUCK KYPCOBBIX
noTepb, CBA3aH C WHTEpHaLMOHanM3aumei pblHka GaHKOBCKMX Onepauuid, co3aaHWeM TpaHCHALMOHAMbHBIX
NpeanpusTUil M BaHKOBCKUX YYPEXAEHMIA U NpeacTaBnsieT coboi BO3MOXHOCTb JEHEXHbIX NOTepb B pesyrbTaTe
konebaHmii BamnioTHbIX KypCoB.

Mpu 3TOM, U3MEHEHME KypCcOB BatoT MPOMCXOAMUT B CUMY MHOTOYMCIIEHHbIX (DAKTOPOB, HAMpUMEP, B CBSI3U C
W3MEHEHWEM BHYTPEHHEN CTOMMOCTM BamioT, MOCTOSIHHbIM NEepeTekaHeM [EeHEXHbIX MOTOKOB M3 CTpaHbl B
CTpaHy, cnekynsiumeit u T.4. KnioueBbiM (hakTopoM, XapakTepusyrolmm Niobylo BamioTy sBAsieTCs cTeneHb
[I0BEPUSI K BanioTe.

[loBepue K BanoTe CNOXHLIN MHOTO(AKTOPHBIA KPUTEPUI COCTOSLLMI U3 HECKOSbKWX MoKasaTenen, Hanpumep:
nokasaTtenb [OBEPUS K MONUTUYECKOMY PEXUMY, CTEMeHU OTKPBITOCTW CTpaHbl, nubepanusaumy SKOHOMUKU 1
pexuma OBMEHHOro Kypca, 3KCMOPTHO-MMMOPTHOrO GanaHca CTpaHbl, 6a30BbiX  MaKPO3KOHOMUYECKMX
nokasaTtenen u Bepbl MIHBECTOPOB B CTabMNBbHOCTL Pa3BuTUs CTpaHbl B ByayLiem.

Bwmecte ¢ Tem, 13 Bcex (baKTOpOB, BNUAOLWNX HA KypcC BankT B ,lJ,OJ'IFOCpO‘-IHOIZ nepcnekTnee, MOXHO BbIAENTUTb
[Ba OCHOBHbIX.

1. I'IepBb||7| M3 HUX 3TO TEMN VIHCbJ'IFILI'MM, Ha6mo,u,aeM0|7| 3aKOHOMEPHOCTbKO KOTOPOro ABNAETCA TO, YTO B
CTpaHe C Gonee BbICOKUMM TeMnamu MH(*)J'IFIU'VIVI NOHMXaeTCa Kypc HaLIMOHaJ'IbHOVI BantTbl MO
OTHOLLEHWIO K BantoTamM CTpaH C Gonee HU3KUM TEMMNOM MHCbJ'IﬂLlIAM.

2. Peskue konebaHus KypCcoB BanwT MOryt OblTb  CBSI3aHbI NPUYNUHAMK, KaK ISKOHOMUYECKUMU U
NONIUTUYECKNMU, TaK W YUCTO CNEKYNATUBHBIMMW. PbIHOK YYyTKO pearupyet Ha BCE W3MEHEHUA
3KOHOMUYECKMX NoKasaTene, NPOrHO3bl 3KCNEPTOB, NONUTUYECKUE KPU3UCHI U NONTUTUYECKNE CITYXN.

Heobxoaumo OTMETWTb, 4TO pUCKYy OBYCNOBNEHHOMY TPYAHO NPOrHO3MPYeMbIMU KonebGaHusMM  BanoT
MofBEePXKEHbl KaK CTpaHbl, rae MpOUCXOAsST 3TU konebaHusi, Tak M CTpaHbl, COCEACTBYOLME C KPUIMCHBIMM
CTpaHaMi UNn UMELOLLME C HAMM 3HAYUTENbHBIE 3KOHOMUYECKWE UMK MONUTUYECKIE CBSI3N.

Lleﬂb aHanmsa BanTHbIX PUCKOB 3aKnio4aeTca B UX U3y4YeHUU U OueHke C Lenbd MUHUMU3aLuMK BantoTHOIrO
pUcKa 1 UCKNYEeHNN y6bITKOB, BbI3bIBAEMbIX KOnebaHusmm KypCOB BaltT.

OpHUM 13 HanGonee MOMyNAPHbIX CPEACTB CHKEHWS BamioTHbIX PUCKOB SBMSIETCS AMBEPCUMKALMS T.e.
TaKTMKa (POPMMPOBAHWUS aKTWBOB, MpW KOTOPO aKTMBbI YYPEXOEHWUS COCTOST W3 Habopa pasHbiX BanioT,
Bnarogaps Yemy, notepu OBYCNOBNEHHbIE CHUKEHMEM Kypca OAHOM BankTbl MOMYT ObiTb KOMMEHCMPOBAHbI
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NPWObINbI, MONYYEHHOM OT MOBbLIWEHWS Kypca ApYroi BaniTbl. Takoi Habop BamoT MPUHATO HasbiBaTbh
BanMiOTHLIM NOPTdEnem.

YuuTbiBas BbilEN3NOXEHHOE, BONbLLON WHTepeC NpeacTaBnAlT METOOUKN U TEXHONOTMK NOBbILLEHNA Ka4eCTBa
aHanu3a BaltTHOro noqu)enﬂ U NPOrHo3a noTepb, 06y0J'IOBJ'IeHHbIX BaltOTHbIMU PUCKaMMU. 3TN METOAMKM
No3BONAT YACHEHHO OLIEHUTb PUCK NOTEPL BantOTHOIO I'IOpT(*)eJ'IFI.

[LNst YMCNEHHON OLIEHK BamtoTHOTO pucka HeobXoAUMO Mcmonb3oBaTh Mepy pucka. Mepa pucka - 3To cnocob, ¢
MOMOLLbH0 KOTOPOTO, MOXHO YMCTIEHHO OLIEHWTb BENMYMHY pucka. Ins HYX[ XeMKMPOBaH!s HeOBX0ANUMO, YToBbI
C NMOMOLLbKO MEPbI PUCKa MOXHO BbINO OLEHMBATL PUCK NOTEPb Kak OTAENbHOI BanOThl BXOASLIEN B NOPTHhENb,
TaK W BCEro NopTens BankoT B LieNom.

CyLLecTByeT MHOXECTBO TEXHOMOTUIA OLEHKM PUCKOB. Cpean HUX MOXHO BbIZENUTb Kak Haubonee M3BECTHbIE
Value-at-Risk (VaR) n ee mogudmkaumm Marginal VaR, Incremental VaR, EaR, Cash Flow-at-Risk (C-FaR).
LLInpoko 13BeCTHbI 1 Apyrue meToauku - 6eTa-aHanms, Teopum CAPM, APT, Short Fall, Capital-at-Risk, Maximum
Loss. HekoTopble 13 3TUX TEXHONOMIA U3BECTHBI AABHO, @ APYrie TOMbKO HAYMHAKOT 3aBOEBbIBATbL NOMYNSAPHOCTL
B 6aHKaXx, MHBECTULIMOHHBIX W CTPAXOBbIX KOMNAHWSX, NEHCUOHHBIX POHAAX.

OcTaHoBMMCS Ha TEXHOMNOrMM puck-meHemkMmeHTa VaR [IlobaHoB,YyryHoB], koTopasi B MOCNeAHee BpeMms
HaxoguT Bce Oonbluee pacnpocTpaHeHe B cpede WHBECTOpoB. Hanpumep, kak Obino OTMeYeHO B
nccnegosaHun New York University Stern School of Business, okono 60% neHcuoHHbIX oHaos CLUA
ncnonb3ykoT B cBOer pabote VaR meToga.
VaR — 370 cTatucTyeckas OueHKa BbipaXeHHast B OEHEXHbIX eauHuLax 6a3oBoit BanoTel V ( K npuMepy, B
rpUBHaXx), KOTOPYIO He MPEBbICAT, C 3aAaHHON BEPOATHOCTBIO o (00bIYHO =0,95), oXmaaemble MakcuMarbHble
ybbITKM X BantoTHOrO NOPTens 3a 3agaHHbIN MHTEpBan BpemeHn t (Hanpumep, 3a 10 aHen).
Takum obpasom, VaR onpepensiet 3HaueHne V 13 COOTHOLLIEHNS
P(X< V)=a,

roe P(A) — BeposTHOCTb cobbiTvst A ( B HalleM cryyae, cobbiTie A 3akmioyaeTcs B ToM, 4to X< V).
Pacyetom VaR 3aHumaeTcs [OBOMbHO MHOTO CreuManu3npoBaHHbIX KOMNaHWM, a 3a4acTyio U COOCTBEHHbIE
nogpasgenexns uUHaHCoOBbIX CTPYKTYP. Kak npasumno, pacyetbl NPOBOAATCS BPYYHYHO HA HEBLICOKOM YpOBHE
aBTOMaTu3alum, YTo TpebyeT MCnonb30BaHMS psaa NIoXo 060CHOBAHHLIX AONYLIEHUH.
Hanpumep, knaccuyeckas TexHuka pacyeta VaR ocHoBaHa Ha npeanonoxXeHun 0 HopMarbHOM pacnpegeneHum
KypCOB BantoT BXoAALuMX B nopTdens. OgHako B cuny HeCTabunbHOCTW PblHKA 3Ha4YeHUst (MHAHCOBbIX BEMNYMH
[aneko He Bcerfa MOAYMHSIIOTCA 3aKOHY HOPManbHOrO pacnpedenexus, yto TpebyeT BOCCTaHOBMEHUSA
NNOTHOCTU BEPOATHOCTM N5 TOUHOM oLeHkmM VaR.
[MpoBedeHHbI aHann3 nokasan, YTo OAuH M3 Hanbonee 3 eKTUBHLIX METOAOB PELUEHWS YKasaHHbIX 3ajad,
SBNAETCA MEeTOL MOLENMPOBAHWS OCHOBAHHBIA Ha MCMONMb30BAHUM METOAOB CTATUCTUYECKUX WUCMbITaHUA (
meTogsl MoHTe-Kapro).
MoaTomy, uenbto paboTbl sBRseTCs paspaboTka TEXHOMOrMYHOW CUCTEMbI aHanu3a BanloTHOrO nopTdens,
koTopas 6asupyetcs Ha meTofe MoHTe-Kapno. Cuctema, formkHa no3sonsTh OMHAHCOBOMY MEHEZXepY:

1. Ha ocHOBe MCTOPNYECKOro aHanuaa KypcoB BanioT, AenaTb 3)DEKTUBHbIE MPOrHO3bl NpMObINK (MoTeph)

Mo Kaxzoi BantoTe NopTdens Tak U no Bcemy BantoTHOMY NOPTENto B Lienom.
2. OntummampoBaTb CTPYKTYpy nopTdens Takum obpa3om, 4Tobbl NporHo3vpyemble notepu Obinu
MWUHUMANbHBIMW.

3. OdeKTMBHO OnpenensaTb PasfuuHble XapakTepucTukn nopTdens (BeposTHOCTb 6e3yBbITOHHOCTM
nopTcens, BEPOSATHOCTb NOMyYeHUS MUHUMANBHOTO YObITKa 1 T.1.).
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OnucbiBagmas  TexHomnorus BHEpAeTCA Ha ©aHKOBCKOM qaaKyaneTe Kuesckoro HalWOHaIbHOro
OKOHOMWYECKOro yHnBepcuTeTa.

Anroputm metoga MoHTe-Kapno, peanu3oBaHHbIN B CUCTEME MOAENVUPOBAHUA U aHanu3a
BanTHbLIX PUCKOB

Peanun3oBaHHblit anroput™M mMoAenupoBaHnA W aHann3a PUCKOB BankTHOro nopchenﬂ OCHOBaHHbIN Ha
MCcnonb3oBaHM MeToaa MOHTe-KapJ'IO MMeeT pAaa AOCTOMHCTB Cpean KOTOpPbIX Hanbonee BaxHble:

®  BbICOKaA TOYHOCTb PAC4EeTOB;

e  BO3MOXHOCTb MOAENMpoBaHNA nobbIx NCTOPUYECKUX U TUNOTETUYECKUX pacnpe,ueneHMVl;
OpHako meToab! MOHTe-KapJ'IO He cBODOOOHbI OT HEOOCTATKOB, cpeaun KOTopbIX MOXHO OTMETUTD:

e BbICOKas CMOXHOCTb MOZENEN M COOTBETCTBEHHO BOMbLION PUCK ee HeajekBaTHOCTU;

e BbICOKME TPeBOBaHMS K BbIYMCTIMTENBHOM MOLLHOCTM M 3HAYMTENbHbIE 3aTpaThl BpEMeHW Ha
NPOBEEHNE PACYETOB;

PeanusoBaHHblit anroputm MeToga MonTe-Kapno ans pelueHust 3agay aHanusa BanoTHOrO noptgens umeet
crneayoLuin Bua;

1. Tlo MCTOPMYECKMUM AaHHBIM KypcoB BaniT NopTdens pacCyMTLIBAKOTCA OLEHKA MaTeMaTUYecKoro
oXugaHns X 1 cpefHeKBaapaTUYECKOro OTKMOHEHNS ( BonaTUibHOCTY ) O No Kaxaoii BanioTe.
2. C nomoublo reHepatopa MCEBAOCHYYalHbIX YUCEN TEHEPUPYIOTCS CryYalHble 3HAYeHUst KypcoB BasnioT

pacnpeferneHHble N0 HEOBGXOAMMOMY 3aKOHy PACTpEdErneHUs C MaTeMaTUYECKVM OXVOAHWEM paBHbIM X i
CcpeAHekBaapaTMYeckum oTkroHeHnem O . Kak nokasanu uccrnefoBaHusi, pacnpeaeneHie CryyaiHbix BENMUMH
KypCOB BamntoT 6113K0 K HOPManbHOMY pacripeaeneHmnto NoToMy, B Ka4ecTBE HOBbIX TMMOTETUYECKNX 3HAYEHMUIA
KypcoB B OyaylleM MOXHO MCNOMb30BaTh [EHepaTop NCEBAOCHYYalHbIX 4YUCEn pacrnpeneneHHbiX Mo
HopManbHoMy 3akoHy. OpHako, pacyetbl OyayT Gonee TOYHbIMM €ClM B Ka4yecTBe pacnpeneneHus
MPOrHO3MpyEMbIX KYPCOB BarnioT BbiOWMpaTb 3MMMPUYECKME pacipeneneHns, KOTOpbIM MOLUMHSIIACE KypCbl
BaNKT B PETPOCMEKTUBHON BbIOOPKE. MIMEHHO Takue pacnpedeneHust KypcoB BamlT WCMONb3yeTcs B
MPOEKTUPYEMOIA CUCTEME.

3. lMonyyeHHble B NyHKTe 2 3HAYEHUSI KypCOB BaroT MCMOMb3YKTCA NS NocTpoeHust Tabnuubl. Ctonbupl
Tabnuubl 3aat0T BPEMEHHbBIE TPAEKTOPUM MOAENMPYEMbIX KYPCOB BantoT (CLEHapUM BapuaHTOB pPacyeToB), a
CTPOKM OMpefensitoT Nepuod BPeMeHW MogenupoBaHusl. Takas Tabnuua CTpoWUTCS ANS KaXOoM BanmioThl.
PasmepHOCTb TabnuLbl NPOKU3BONbHAS M 3aBMCUT OT MUMEHLLMXCS BbIYWUCIMTENbHBIX MOLLUHOCTEN, HO YTODbI
meTog obecrneunsan npueMreMytd TOYHOCTb, Tabnuua fomkHa ObiTb [ocTaToyHO Gornblwoi. B Hawwmx
akcnepuMeHTax Bblna ucnonb3oBaHa Tabnuua s 11 ctonbuos (BapuaHTOB BPpeMEHHbIX TpaekTopui) u 20 CTpoK
(KONMMYeCTBO TOProBbIX AHE moaenupoBaHus). OgHako, B cnyyae HeobXO4MMOCTM pasMepHOCTb Tabmuubl
MOXeT ObITb IErko yBenmyeHa.

4. Ha ocHoBaHuu TaGJ'IVILl NOCTPOEHHbIX B NYHKTE 3, BblUMCNAOTCS BPEMEHHbIE TPaAEKTOPUN MOLAENUPYEMbIX
KypCOB BastoT. ,D,J'IFI 3TOro, He0HX0AMMO BbIMOMHWTL TaKNE AENCTBMS:

CHavana Bbibupaetcst nepuog rmybuHsl Bpemenu T (Hanpumep 20 TOProBbIX AHEW, 3@ KOTOPbIA OTCEXMBAKOTCS
ncTopudeckne nameHeHus Kypcos Py Bcex N BxoasLumx B nopTdens BamioT. Fae Py Kypc i-oi BantoTel nopTdens
B t-bIl TOPro.blit AeHb. 3geck i=1,2,3,...N, at=1,2,3.....T.

[ins Kaxmoro CUeHapusi BbIMUCISIETCS NMpUPaLLEeHUst KypcoB BaskoT BXOASLMX B MOPTdenb. ITU NpupaLyeHms
MOXHO OnpeaenuTb TakuM COOTHOLLEHUEM:
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APy =Py—Pi, (1)
roei=1,2,3,...N,t=1,2,3....T, P;, - TekyLlee 3Ha4yeHWe Kypca i-oi BamioTbl.
[ns  Kaxgoro cCLUeHapus MOZEenupyetcs MNOTETUYECKMA KYPC Kaxaood W3 BanioT nopTdens Takoe
MOZJENMPOBaHNE BbINOMHAETCA N0 opmyne:

o p. L AP

Pijt = Pj,tAPjt 2)
To eCTb MMNOTETMYECKMIA KYPC KaKOQOM 13 BamoT B OyayLueM MOgenupyeTcs Kak TeKyLLee 3Ha4yeHne Kypca nioc
MPUPOCT Kypca, COOTBETCTBYIOLLEN BhIMOMHIEMOMY CLIEHAPUIO.

BbinonHsieTcst nepeoLieHka CTOMMOCTM BCETO TEKYLLEro nopTdens no cMoAeNMpoBaHHbIM Kypcam BantoT. Takim
06pasom, [N KaKOoro CLEHapusi BbIYMCISIETCS HACKOMbKO W3MeHMnach Obl CTOMMOCTb  CErOfHSILUHEr0
BanTHOro nopTeens. Takasi NepeoLeHKa BbINONHSETCS Ha OCHOBE COOTHOLLIEHWIA:

*
AVit =Vu—=Vio= Qi (Pit - Pio) (3)
roe AV, - npupaLieHne CTOMMOCTW BanTHOTO NOpT(ENs no i-ou BanoTe Ang t-oro MOMeHTa BpeMeHu, 1/, -
CTOWMOCTb i- BantoTbl NOPTGENs B t-bll MOMEHT BPEMEHH, 0. KONMWYeCTBO i- ON BasoThl.

5. Onpegensiem NporHo3Mpyemoe 3Ha4YeHWe CTOMMOCTM i-OM BantoTbl nopTdens B 6a3oBoi BantoTe (rpuBHe)
MCTIOMb3YeMON NS pacyeTa pesynbTata Ans t-0ro MOMEHTa BpeMeHn 1/, :

*
Vi= (ViO +A Vit) K; (4)
roe K ;- CTOMMOCTb i-0/1 BanioThl nopTchenst B 6a30Boii BanioTe (FpUBHE) B TEKYLLMA MOMEHT BPEMEHH.

6. OnpegensieM HOBYIO MPOTHO3MPYEMYI0 CTOMMOCTb BamioTHOro noptens S, B 6a3oBoit BanTe Ans t-oro
MOMEeHTa BpeMEHM:

N
S = Z V:kt . ()
i=1

[ins nonyyeHns SMNUPUYECKOro 3aKoHa pacrpenenieHnst KypcoB BaskoT Ha OCHOBE PETPOCMEKTUBHOI BbIGOPKM
NCNoNb3oBancs MeTog TabmM4YHOTO MONyYeHWst 3HAYeHMI KypcoB BantoT. Takoil NOAXOA OTHOCUTEMNbHO NErko
(hopmanuayeTcss U MOXeT OblTb 3anporpaMMMUPOBaH, YTO AaeT BO3MOXHOCTb MO 3afaHHbIM CTATUCTUYECKUM
3HaYeHUsIM KYPCOB BasllOT aBTOMATUYECKN CTPOUTL SMMMPUYECKYI0 (DYHKLMIO pacnpeaenerus u onpeaensitb ux
MPOrHO3MpyeMble 3HAYEHMS B KPAaTKOCPOYHOIA NEPCMEKTMBE.

I'IporpaMMHaﬂ peanusauusa CUCTeMbl MmoaenupoBaHUA U aHanu3a BankTHbIX PUCKOB

[na peanusaumn cuctembl 6bin BoIGpaH MOLLHBIA 936k C++ 1 ero peanusauus B cpefe nporpaMMUpoBaHms
Borland C++ Builder. O6wumit BUS cucTembl MOAENMPOBAHWS 1 aHanu3a BanioTHbIX PUCKOB HaBeLEH Ha puc.1.
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AHanMz JOX0OHOCTH BAJHTHORD N0 |JT¢E 1A B YCIOBHAX Heonpe ne 1e HHOCTH M PHCKA

PaboTta c choTemon O npoekTe

CTOoMMOCTE NOPT$ENA BAMOT B FPHEHAX

- o
S5 10000

=

Dﬂm'ﬁwqggzlg{\

o_n_l-«l BaN0T BRaEEhre 01 01 0s

- 1000 1000

115,74 9217
3832
162,24

8000

32000

3140121 825264
323234 | 10654.36

"'Kunuuec‘rsu rpUEEINAA NoK

-
-1

5 -538.79

-296.19
A77
-393 67

]

Puc.1. OB Bug cMCTEMbI MOLENMPOBAHMS U aHann3a BamloTHbIX PUCKOB.

[na paboTbl C CUCTEMOI MOLENMPOBAHMS 1 aHanm3a BantoTHbIX PUCKOB, HEOOX0AUMbI CTAaTUCTUYECKNE LaHHbIE
0 Kypcax BamioT Bxogawwx B noptdens. Takue gaHHble yaobHo dopmuposath B cucteme Excel. Juct ¢
(bparMeHTOM 3HaYeHW PETPOCTEKTUBHON CTATUCTUKW KYPCOB BantoT HaBedEeH Ha puc.2.

1 Microsoft Excel - dat [Tonsko ana ureHua]

=] madn Opasea Era BcTgeka  oppart Ceperc  JaHH:
O E RS AT | M s T
: arial Cyr - 10 -~ | M & U | = = = =/
i T8 AobasmTe dmrypy @ Yo =2 | Maxer ~ .',_':: TamMerTE Ha
S8 - o

. A I B | = [ D [

1 | Odate aonnap EEQO pyBne

2 02.03.200% 2.643] 10,8506 0.25
= Q0303 200% 2,6] 10,3747 0,25

4 04 03 2009 28.45] 10,8098 0,255

5 05 .02 2009 2.5 10, &42 0,2

(=1 0&.03 2009 2.4 10,6772 0,238

7 10,03 20053 2,3528| 10,7461 0,245

=] 11.03 2009 2.3082] 10,6562 0,2

[=] 1202 20092 2.25] 10,5226 0.2

10 13.03 200532 8.152| 10,5822 0.2

11 1603 200% 2.2 10,6756 0,2

Puc.2. ®parmeHT paboyero nucta cuctembl Excel co cratuctukon kypcos Bantot
BXOAALLMX B NopThens.
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Kak BMOHO M3 puc. 2. nepBas CTpOKa CTAaTUCTUYECKUX AaHHbLIX MO Kypcam BanoT COAEPXWUT HaMMEHOBaHMS
BantoT. B Hawem cnyyae fonnap, espo 1 poccuinckuin pybb.

[ns paboTbl ¢ cuctemoit Heobxoaumo B cucteme Excel nogroToBMT CTaTUCTMYECKME JaHHbLIE MO Kypcam BasioT,
KOTOpble HeOOXOAMMO BKMOUNTL B nopTdens. PparmeHT Takoro paboyero nucta npuBeaeH Ha puc. 2. Kak BugHo
13 puc.2., B cTonbue A HaumHas ¢ knetku A2 pacnonaraioTcs AaTbl Ha KOTOpble (UKCMPOBANMCH KypChbl BanioT. B
cronbue B pacnonaraetca nepsblit BWA BanioTbl KOTOpas BKMOYEHA B NOPT(ENb, 3HAYEHWS BanioThbl
HaunHaloTca ¢ knetkm B2. B knetke B1 pacnonaraetcs HaumeHoBaHue BanioThl. Cregywwas BantoTa
BKNOYaeTcs B cneaytowmin ctonbel nucrta Excel (ctonGey C). PacnonoxeHue 3HaYeHUin aHanornyHo
PacMnomnOXEHNIO KypCOB BasioT 3anucaHHbix B ctonbey B. To ecTb, 3HaYeHNs pacnonaratoTcs HauuHas ¢ KneTku
C2, a B kneTke C1 3anucbiBAETCS HaMMEHOBaHWe BantoTbl. AHAMOMMYHO KypChl MOCMeayoWmMX BankoT noptdens
pacronaratTcsi B cnepytowx ctonbuax paboyero nucta D,E,F v 1.4. MNocne dhopMmnpoBaHust MICXOQHbIX AaHHbIX
B cucteme Excel ykasaHHbIX Bblwe 00Opa3oM, 3amyckaeTcsl CMCTeMa aHanu3a BaniTHOro noptdens (
3anyckatowymn taiin Projectl.exe). B oTKpbIBLIEMCS OKHE HEOBXOAMMO 3aHECTU KOMMYECTBO BasoT BXOAALLMX B
noptchenb, 06beM CTaTUCTUYECKUX AaHHBIX NO KaXOoW BantoTe, obLias CTOMMOCTb NOPTgENns BankoT B rpuBHaXx,
JONW KaXoit BanioTbl B nopTderne.

[MOHATHO, YTO CyMMa BCeX A0Mner BXo4AWMX B nopTdenb BanioT LOMKHA PaBHATLCS eauHNLbI. Mocne HaxaTtus
kHOMKM «CTaTuCTUYecKMe AaHHbIEe MO BanTaMm nopTdens» Ha SKpaHe B OKHE BbICBETUTCS AMArioroBOE OKHO
06wt BUL KOTOPOro NpuBeaeH Ha puc.3. 3TO AManoroBoe OKHO No3BonseT Bbibpath Excel dhaitn cogepxalimii
CTaTUCTUYECKYI0 MHEDOPMALMIO NO Kypcam BantoT nopTdens.

=
Marka: I_}1 ;I e cF B~

Edat
Projeckl

Aoia

EOMMEDT 2R

HMram dpaiina: I LI OTEpETE I

Puc.3. Bug avanoroeoro okHa ans Bbibopa Excel-dhaiina, cogepkallero cTaTMCTUYECKY0 MHGOPMALIMIO MO
Kypcam BantoT noptdens.

[anee BbiOuMpaem Heobxogumbld hain u Haxumaem kHonky «OTkpbiTe». [locne wyero, craTucTuyeckas
WH(bopMaLwms No Kypcam BantoT cumTbiBaeTcst n3 Excel-daina (k npumepy, dat.xIs) u 3aHocuTCcs B ciuctemy, rae
oTobpaxaeTcs B okHe «CTaTMCTMYeCKMe AaHHble Mo Kypcam BankoT nopTeensy.

locne aToro, HaxwumaeM KHOMKy «PacyeT» M cuCTeMa BbINOMHAET pPacyeTbl MO0 PacCMOTPEHHOMY Bbllle
anroputmy. PesynbTtaTbl pacyeTa 6yayT BbICBEYEHbl B pasHbiX OKHaxX Ha hopme «AHanmn3 pUCKOB BarlOTHOMO
noptens». B okHax «BonatunbHocTb» U «CpegHee 3HauyeHue KypcoB BamioT nopTdens» OyayT BbiCBEYEHbI
BONATUNLHOCTb W CpefHee 3HayeHue No Kaxaomy Buay BantoTbl nopTdens. B okHe «[lopTdhens BanoT» B
nepBomn cTpoke OyayT HaxoguTCs BBEAEHHbIE paHEE MEHeZXepoM AONM BamnoT COCTaBNSOWMX nopTdens. Bo
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BTOPON CTPOKE WUCXOOA M3 BBEAEHHOM MEHEeKEpOM CTOMMOCTM MOPT(ENs, BbIMUCASETCS CyMMma B puUBHaX
BblAeneHHas Ans noKynkv pasHoro Buga BantoT noptdens. B Tpeten ctpoke «Bantota noptdens» BoluucnseTcs
CyMMa BaroT pasHOro Buaa COCTaBASIOLLMX NOPTdEnb, MCXO4s M3 TEKYLLEro Kypca aTux BankT. B yeTBepToit
cTpoke bygeT onpeneneH MakcumarbHblid yObITOK MO KaXkaoi BamnioTe U CyMMapHbI MakCUManbHbIi YObITOK Mo
Bcemy noptdpento (ctonbey, «Ctoum. nopTdpens»), a B NsTon cTpoke «MakcumanbHas npubeinb No BamoTe»
OyneT BbluMCrieHa MakcuManbHas Npubbirb MO KaQoW BanTe M CymmapHas npubbinb no BCemy NopTdento
(cTonGew, «CToum. noptdens»).

PesynbTaTbl nocnegHUX ABYX CTPOK PaCCYUTBLIBAIOTCS HA OCHOBE AaHHbIX BblYMCIEHHbIX B OkHe «[1pubbinb
(yObITKM) MO KaOoWm BantoTey». YkasaHHas npubbinb (yObITKM) paccyMTbIBAKTCA MO Kaxgod BPEMEHHOM
TpaekTopun MOoAEenMpyeMbIX KypcoB BarioT (CLEHapui0 BapWaHTOB PacyeToB), KOTOPbIX B Hallen Moaenu
ncnonb3yetcs ogwHHaguatb. OTCtoga, MOMMMO MakcumanbHOro ybbiTka NO  BamloTHOMY nopTdent 1
MaKCUMarnbHOM Npubbinu NO BanlOTHOMY MOPTCENO BbIYMCNEHHOTO B OKHE «[lopTdenb BamoT», MOXHO
paccyuTbIBaTh PasnuyHble XapakTepUCTUKL NOPTEns, KOTOpble MHTEPECHBI ANS MEHeZXepa Ha OCHOBE aHHbIX
paccyMTaHHbIX B OKHE «BapuaHTbl NporHo3npyemoit npubbiny ( yObITKOB) MO KaXkaoi BantoTe.

MockombKy cucCTeMa paccymTaHa Ha paboTy nopen He SBRSIOLMXCS NMPOECCUOHAMBHBIMU CreumanucTamm B
06nacTM KOMMbIOTEPHO TEXHWKM, TO B CUCTEMY HEOBXOAMMO BKMKOUMTL ONOKMPOBKA He MO3BOMSHOLLME
nonb3oBaTento paboTaTh C OLMOOYHBIMI AAHHBIMM.

C aT0M Lenblo, B CUCTEMY BKIHOYEHO TPU GMOKMPOBKY:

1. OTa GroKkMpoBKa 3anpeLLaeT BbiNONHEHNE PacYeToB CNi UCXOAHAas MHAOPMALMS O CTaTUCTUKE KypCoB
BaniT He BBEZIEHa B cUCTeMy. B aTOM cryyae kHonka «PacyeT» byaeT 3abnokupoBaHa.

T P |

2. B0O3MOXHO MeHemkep HaxmeT KHOMKY «PacyeT» 3abblB npeaBapuTeNbHO BBECTM [JONM BamioT B
noptchene. B atom cnyyae pacyeTbl npon3seaeHbl ObiTb HE MOTYT W CUCTEMA YBEAOMIISET MeHeLkepa
0 OLLMOKE TakuM COOBLLEHMEM.

I
(T

Jaony BantT HE 334aHbI

3. MoryT umeTb MecTo oLwMbkM Npu Habope Jonen BantoT NOpPTGENs, 3aKYaLLMecs B TOM, YTO CymMma
[Onein BCex BantoT NopTdens He paBHa eguHule. B aTom cnydyae cuctema yBedoMISET NONb30BaTeNs
TaK1M COOBLUEHNEM.

x

ZyMMa ADNEH BEANHIT He PaEHa e AHHHLE

CregyeTt OTMETUTb, YTO AN paboThl C CUCTEMOI MOXKHO MCMOMb30BaThL M ANIEMEHT MeHto «PaboTa ¢ c1cTeMOiny.
[ins npocmMoTpa CBEeAEHWA O aBTOPCKWX MpaBaX M BEPCUSIX CUCTEMbI HYXHO BbiGpaTh M3 MeHK NyHKT «O
NpoeKTey.
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Pa6ota c cuctemoii MoAenvMpoBaHUsA U aHanM3a BankTHLIX PUCKOB

Vimes nporHoampyemble 3Ha4eHUs CTOMMOCTM i-0i BantoThbl MOPTENS Mbl MOXEM ONpeaensiTb 1 NPOrHo3nNpoBaTh
pasnuyYHble XapaKTepuCTUKK NopTens.

Hanpumep:
1. BeposTHOCTb TOr0 4TO NopTdens 6yaet 6e3yBbITOUHBIM.
2. MakcymansHo BO3MOXHbIe YObITKM nopTdens.
3. MakcumanbHo BO3MOXHYH Npubbinb nopTdens n Tomy nogobHoe.

PaccmMoTpUM KOHKpETHbIE MpUMepbl Takoro aHanusa. MMycTb npubbinb (YObITKM) MO BAMKOTHLIM COCTABNSIOLLMM
nopTens Ans Kaxgoro U3 OANHHaALATM CLieHapVeB BapuaHTOB pacyeToB UMEHT BUL:

Jonnap EBspo Pybnb
39,05969 38,05965  347,2579
38,47365 24,97965  231,6622
30,81099 15,36359 175,00443

26,371 7,779714 1204757

16,6762 1,370843  40,05551
10,07833  -0,24964  26,81973

1,12364 -1,032232  23,08937
-18,2897  -31,1727  -43,7303

23,019 -33,7671  -106,588
23,9159  -36,2926  -233,458
-59,4184  -39,0728  -442,936

Vcxops M3 ykasaHHbIX JaHHbIX Nerko BUAeTh, Y4To Hanbonblumii YobITOK no gonnapy -59,4184, no espo -39,07,
no pybnio -442,92. Takum 0Bpasom npu MakCUManbHbIX MOTEPSX CTOMMOCTb MOPTXENS MOXET COCTaBUTb
8950,61 rpH, a npu MakcumanbHoit Npubbinu koTopas coctasnseT no gonnapy 39,05, no espo 38,06, no py6nto
347,26 ctoumoctb noptdrens coctasut 10290,94 rpH. Takum xe 06pa3oM, MOXHO ONpeaenuTb pasnuyHble
BEPOSITHOCTM XapakTepuaytowme noptdens. Hanpumep, BEpOSTHOCTb TOTO YTO BCe BantoThl nopTdens Gyayt
npubbinbHbIMM. [0 gonnapy WMMeeM W3 OAMHHAAUaTWM  CTaTUCTUYECKMX SKCEPUMEHTOB  AOMnapoBble
cocTaBnstowas 6bina npubbinbHa 7 pas, Takum 0Bpa3oM, BEpOSTHOCTb TOro, YTO 4ONApoBasl COCTaBMsoLLas
Oyaet npubbINbHON:

Poon=7/11=0,64.

,D,J'IFI COCTaBJ'IFHOLU'eVI €BpPO 13 0AnHHaaUaT CTaTUCTUYECKNX IKCMEPUMEHTOB I'Ipl/l6bIJ'IbHOCTb €BpO Obina 5 pas.
Pespo =5/11=0,45.

Mo py6m0 13 OAWHHaAUATU CTAaTUCTUYECKUX IKCNEPUMEHTOB py6J'|eBaﬂ CoCTaBnAwoLwasn Obina np|/|6b|ana 7 pas.
Poysns =7/11=0,64.

Takum 06pa3som, BEPOSTHOCTb COBLITUS 3aKMIOYAOLLErocs B TOM, YTO Kaxgas cocTaBnstowas noptdens dyaet
NPMObINBEHON BBIPAXAETCH COOTHOLLIEHWEM NPOVN3BEAEHMIN BEPOSTHOCTEN.

Propravenn =Paon.*Pospo™Poysns=7/115/11*7/11=245/1331=0,18.
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AHanorM4yHo, MOXHO ONpeaenuTb BEPOSTHOCTU MUHUMATBHOMO yObiTka MO KaXaoi cocTaBnsiowei noptdens.
MuHuManeHble MPUBLINBHOCTM NO KaxXgon COCTaBNSIOWENR NOPTRENs U Apyrie XapakTepUCTUKM MHTEpeCYIoLLme
(PMHaAHCOBOrO MeHemxepa.

Bbi6upasi pasnuyHble BapuaHTbl CTPYKTYPbl BaMOTHOTO MOPTChensi, MOXHO NoaGupaTh ee TakuM 06pasom, YTobbl
MUHAMU3NPOBATL OXMIAEMbIE NOTEPU.

B nocnepyowmx Bepcusix npegnonaraeTcs BKAYUTL B CUCTEMY Moaenb [BOHOAPEHKO], MO3BOMSHOLLYHO
aBTOMaTUYeCckn noabupatb CTPYKTYpY BantOTHOrO NOPTGEns MUHUMU3MPYIOLLYIO PUCK OXMOAeMblX MOoTepb U
MaKCUMM3MPYIOLLYI0 OXnaaemyto Npubbinb.

CucTemMa MOXET MCMONb30BaTLCS He TOMbKO PUCK-MEHEKepamMu ANs NPUHSTUS PELLEHUA O puUcCKe BanKTHOTO
nopTens, Ho 1 B y4eBHbIX LIENsiX kak TpeHaxep Anst oTpaboTku y CTYAEHTOB HaBbIKOB paboTbl N0 yNpaBneHnto
BasOTHBIMM pyCKamu.

3akniouyeHue

B pabote paccmoTpeHo wucnonb3oBaHus MeToga MoHTe-Kapno ons MogenupoBaHus M aHanmsa pucKoB
BanTHOrO noptdens. Ha OCHOBaHMM NPOBEAEHHbIX UCCnenoBaHuii Obima  paspaboTaHa  cuctema
MOJENMPOBaHUS U aHanuaa pUCKOB BantoTHOrO noptdens. 3ta cuctema bbina paspabotaHa Ha s3bike C++ 1
peanu3oBaHa B UHTErPUPOBaHHOM cpeae npoekTposaHue Borland C++ Builder.

Ha ocHoBaHWM NpuBeaEeHHbIX B NUTepaType AaHHbIX Anst IPOrHO3MPOBaHWS KyYPCOB BamioT MOXHO UCMONb30BaTh
HOpMarbHOe pacrnpeferneHie, oaHako pesynbTathbl byayT 6ornee TOYHbIMW €Criv pacnpeseneHne KypcoB BantoT
ByayT CTPOMTCS KaK SMMUPUYECKUE pacnpeneneHnst NomyYeHHble Ha OCHOBE WCMOSNb30BAHUS PETPOCTEKTUBHBIX
CTATMCTUYECKMX AAHHBIX O Kypcax BantoT. MoaTomy, B paboTte Gbina oTpaboTaHa MeToAMKa NOCTPOEHUS Takoro
AMMUPKUYECKOTO pacnpeaeneHns Kypca BamnioT.

C uenbto ypobctBa pabothl, B cucTemy Obino BKKOYEHO psg OMOKMPOBOK 3aTPYAHSIOWMX MONb30BATEND
BbINONHEHWE OLWMOOYHbIE OEeNCTBWA B npouecce paboTthl cucTeMbl. WHTepdheic cucTembl, MPOEKTUpoBarcs
MaKCUMarnbHO YAOoOHbIM M HarnsgHbIM AN NONb30BaTens, YTO MO3BONSET OCBOMTb paboTy C CUCTEMOM 3a
MWHUMANbHOE BPeMs.

BnarogapHocTu

Pa6ota onybnukosaHa npu dmHancoomn nogaepxke npoekta ITHEA XXI MHCTUTYTa MHPOPMALMOHHBIX TEOpUiA
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounauum cospatened W nonb3oBaTenen
nHTennektyanbHblx cuctem ADUIS Ykpanna www.aduis.com.ua.
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Philosophy and Methodology of Informatics

3AKOH BONbLUKX YACEN AN FMNEPCNYYANHOW BbIBOPKM

Uropb MNopbaHb

AHHOmauyus: [okasaHb! 0se meopembi, onpedensiouiue ycnogus cxodumocmu ebIb0poYHO20 CpedHe20
aunepcy4yalHol 8enuduUHbl U anzopumm pacdema COCMOSMENbHbIX OUEHOK epaHul HayarbHbIX MOMEHMO8
aunepcrnydalHbIX  8enuyuH npu  BbiIcmpbIX U3MEHeHUsX cmamucmu4eckux ycrnosul. [JokasaHa 0ns
aunepcnydalHbix cobbimuli meopema, onpedenswowas npedenbHble 2paHuubl hyHKUUU pacnpedeneHus
yacmombI aunepcydaliHbix cobbimul npu ycmpemneHuu obbema 8bi60pku K beckoHeyHocmu. [JokasaHo, Yymo
HUXHSIA 2paHula Mamemamu4ecko2o oxudaHusi 2unepcrydalHol 8eUYUHbI HE MeHbWe MameMamuyecko2o
oXudaHusi 8epxHell epaHuubl pacnpedenieHus, a BepXHAd 2paHuua Mamemamuyecko2o OXuOaHusi
aunepcny4alHol 8enu4yuHbI He 6osble MameMamu4yeckoeo OXUOaHUs HUXHEU 2paHuUbl pacnpedeneHus..

Knrouesnie cnoea: meopusi 2unepcnydaliHbix sieneHul, 8bI60pKa, cXoOUMOCMb.
ACM Classification Keywords: G3 Probability and Statistics

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBepeHue

HepnasHo Obina onybnukoBaHa moHorpadms [FopbaHb, 2007], NOCBSLLEHHAs HOBOW TEOPUM TMNEPCRyYanHbIX
SIBINEHWIA, NOA KOTOPLIMI MOAPa3yMEBAETCH MHOXECTBO YCIOBHbIX CMyYaiHbIX ABIEHUIA — MHOXKECTBO YCIOBHbIX
CrnyyaitHbix CoObITUA, BENMYMH W yHKUMA. TunepcnyyaiHyio BenuumHy X Haubornee MonHoO xapaktepusytoT

YCrOBHble (hyHKUMN pacnpenenetus £, (x), COOTBETCTBYIOWME MHOXECTBY YCoBUI g € G, MeHee MONHO —

BEPXHSIA W HIKHAS rpaHuLbl dyHKUMW pacnpepenenns Fg (x), F, (x). MNpeactaBnexune o runepcnyyainHoil
BEMNMYMHE AAI0T HavamnbHbIe U LiEHTPanbHble MOMEHTbI FPaHNL, pacnpeaenerus, B YaCTHOCTH, MaTeMaTnyeckne

OXWAaHua rpaHny mg , m, , AUCNEPCUN rpaHuL DSx’ Dlx MU np., a TaKkke rpaHulbl MOMEHTOB, K 4YuCny

KOTOPbIX OTHOCATCA rPaHLIbI MaTEMaTUYECKOro OXMAAHNS M1, M, , TPaHmLbl aucnepcun D,

sx !

D, wpp.

sx !
B kHure ocoboe BHWMaHWE yOeneHo Metodam (DOPMMPOBAHWS COOTBETCTBYHLUMX COCTOSTENbHbIX OLIEHOK:

OLIEHOK YCMOBHbIX (DYHKLMIA pacnpeseneHus F;g(x), OLIEHOK rpaHuL, dyHKumM pacnpenenexns Fy (x),

F(X), OLEHOK MaTeMaTU4eckvX OXMBaHWA Mg , 1, STAX rpaHuLl, OLEHOK aucnepcuit rpanny Dy , D,

Ix?

OLEHOK rpaHuL MaTeMaTuieckoro OXWgaHus mi.., m,, OUEHOK rpaHuy mucnepcun D, , D, v np.

ix’
Mccne,uosaHa CXOAMMOCTb 3TUX OLUEHOK K COOTBETCTBYHOLUM TOYHbIM XapakTepuCTUKam W napaMmeTpam.
,D,0|<a3aH pan Teopem, onpeaensatrowmnx ycnosma CXoagumMocTi.
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OnucaHHas B KHUre npouegypa (POPMMPOBAHWMS OLEHOK MOCTPOeHa no cnedytoweir cxeme. [ns Bcero
MHOXecTBa G CTaTUCTUYECKUX YCNOBUIA g hopmupyeTcs Bbibopka

X={x,...xy/geG},
N0 Helt NS KaX/A0ro YCNoBUSt g B OTAENBHOCTM PACcCUUTLIBAETCS OLiEHKA YCTOBHbIX XapaKTEPUCTUK U YCIIOBHbIX

napamMeTpoB: OLiEHKA YCMOBHOM (OYHKUWW pacnpeaeneHus F;*/g(x), OLieHKa YCMOBHOr0 MaTeMaTu4ecKoro
OXu1aaHus mx /¢ » OLIEHKa yCrIOBHOW Ancnepcuy D: /¢ W Ap. Tlo oLeHkam YCroBHOM (hYHKLUM pacrpeeneHns

F, ¢ () BBIYMCNIAOTCA OLIEHKM IpaHuL, (yHKUUM pacnpeneneHus

F (x) =sup F;g (x), F(x)=inf F, (x)
geCG geG

M OLEHKM XapaKTepuCTVIK, XapaKTepuayloLLme 3TV rPaHNLbl: OLIGHKI MaTeMaTYecknX OXMEaHWIA TpaHny g,

m,_, ougHkN ancnepcuii rpakny D, D, v np. To oUgHKam YCROBHbIX NapaMeTpoB ONpeensioTcsi OLieHKY

*

rPaHnL, COOTBETCTBYIOLLMX BEINUYKUH, Hanpumep, No OUEHKaM YCNOBHbIX MaTeMaTu4eCKuX OX1OaHMN g T

* *

OLEHKM TPaHML MAaTeMaTu4eckoro OXWAaHWs m_ = supm

* .
m, =inf m
geG geG

/g c/g» N0 OLEHKaM YCrOBHbIX

avcnepenin D, - OLeHKM rpanuL gucnepcwn D, =sup D, ,

D,=infD, nTa
geG geG

B pabotax [FopbaHb, 2007, MopbaHb, 2006] oTMeyanoch, YTO onpeaeneHHble TPYAHOCTH MOXHO OXMAaTb Npu

(hopMMpoBaHuM BbIBOPKM X = {xl,...,xN /ge G} 13-32 CMOXHOCTI 00ECNeYeHNs, KOHTPOMS W NOAAEPKAHMS

yCJ'IOBVIl7I ge G . OgHako, B pane cny4aes BONpocC obneryaetcs TeM, 4To Ana pac4eTa UCKOMbIX XapaKTePUCTUK

He Tpe6y+0Tc9| 3HaHUA TOro, B KakuMX MMEHHO YCNoBUAX NOnyYeHbl YCNOBHbIE XapaKTEePUCTUKU N napameTpbl.
maBHoe, 4TOOLI BbInK NpeacTaBneHbl BCE BO3MOXHblE YCNOBUA £ MHOXECTBa G ¥ B MaccuB AaHHbIX,

NCNoNb3yeMbli st pacyeTa YCoBHbIX XapakTepucTUK U NapamMeTpoB, He nornaganyt JaHHbIe, COOTBETCTBYIOLLME
APYTM YCIIOBUSIM.

WHorga MOXHO npeanonoXutb, 41O CTaTUCTUYECKME YCNOBUA MEHATCA HenpepbiBHO U OTHOCUTENbHO
MeaneHHo. Kpome TOro, MOXET OblTb M3BECTHA MaKCHMANbHO BO3MOXHAs CKOpPOCTb U3MEHEHUA ycnoavu7|. Ha
OCHOBE 3TUX AaHHbIX HETPYAHO paccyMTaTtb MakCMManbHOE YMCNO nocneaoBaTeslbHbIX 3JIEMEHTOB BbI60pKVI

N,..., BN KOTOPbIX YCNIOBMS OCTATCS NPaKTUYECKV Hen3MeHHbIMU. Ecrin 0bbem Bbibopku N AoCTaTOueH

m; max
ana nonyYyeHna yCnoBHbIX OLUEHOK NnpuemMnemMoro Ka4decCtsa, TO anroputM HaxOXAEHUA UCKOMbIX TPAaHUYHbIX
OLIEHOK CBOAMTCA K c60py [aHHbIX Ha BOMNbLIOM nHTEepBane HabnoaeHus, p836I/16HVIFO NONy4EeHHOro Maccmea Ha

deaFMeHTbI no ]\7ma nocrnenoBatesibHbIX 3M1EMEHTOB, pacyeTy No HUM NPOMEXYTOYHbIX YCNOBHbIX OLEHOK, a

X

3aTeM BbIYNCNEHUIO TPaHNYHbBIX OLEHOK.

OnucaHHbIiA anropuTM AOCTATOMHO MPOCT M npo3padeH. Ero Hegoctatkom sBMsieTcs TO, 4YTO Tpebyetcs
BCMOMOraTeNibHasi anpuopHasi MHGopMaLUMW O CKOPOCTW W3MEHEHWM CTaTUCTUYECKMX YCMOBWIA U, TO, YTO OH
MPUMEHUM NNLLL NPU AOCTATOYHO MEANEHHON CMEHe YCIOBUN.

E,O HacCToALEero BpeMEHU OCTatdTCA HE ACHbIMU U|€J'Ibll71 pAA BOMNPOCOB, KacCatlolnXxca pasnnyHbiX OLEHOK
XapakKTepPUCTUK 1 NapaMeTpPoB FMI'IepCJ'Iy‘-IaVIHbIX SBNEHWI.

Llenbto HacTosLei cTaTbi SBNSETCA NPOSACHEHUE HEKOTOPBIX M3 HUX HA OCHOBE [OKa3blBaEMbIX HUXE TEOpem
ANs runepcenyyanHbix cobbiTun U BenuuuH. epBas Teopema, aHanornyHas M3BECTHOM Teopeme YebblileBa,
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onpegenser YcrnoBus CXOOMMOCTM BbIBOPOYHOTO CPEAHEro rMnepcrydaiHoi BEenWYMHBI, BTOpas Teopema,
Gasupylowlasca Ha nepBoW, OBOCHOBLIBAET BO3MOXHOCTb pacyeTa COCTOSTEMbHBIX OLEHOK HayarbHbIX
MOMEHTOB MMNepCyYaiHbIX BEMYMH NpU BbICTPbIX W3MEHEHMSAX CTAaTUCTUYECKUX YCIOBWA. TpeTbs Teopema,
aHanornyHas Teopeme bepHynnu [Kopontok, 1985, MHeaeHko, 1961], onpeaenseT ycnoBus CXoammocTyt rpaHu
YacTOTbl rMNepcryyanHoro cobbiTs, YeTBepTas Teopema YCTaHaBMMBaeT CBA3b MexXZy MaremaThyeckumu
OXMAAHUAM rpaHuL, pacnpeaeneHns u rpaHuLamM MaTeMaTU4eckoro OXnaaHus.

Teopema 0 CXOAUMOCTM rpaHiL, BbIGOPOYHOrO CpeaHero

Teopema 1. llycTb runepcnyyanmHas BemuumHa X = {X /ge G} npeactaBnsietr cobo COBOKYMHOCTb
criyyanHbIx BenuumH X / g Ans pa3nuyHbiX CTaTUCTUYECKUX YCNoBUA g € G C YCMOBHBIMW MaTeMaTuyeckumu

oXnogaHnamm mx/g N OrpaHuW4YeHHbIMKU YCNOBHbIMKU - AUCNEepCUAMU Dx/g. HuwxHas 1 BEepPXHAA rpaHuLbl

MaTeMaTM4ecKoro OXMAAHUS TUNepcnyyailHon BemnumHbl X paBHbl COOTBETCTBEHHO mi,, m .. W3

SX
reHepanbHOM COBOKYMHOCTW MANEPCNyYaiiHON BENMMYMHLI X, MOMyYEHHON B HEKOHTPOIIMPYEMO MEHSIHOLLMXCS
CTaTUCTUYECKUX YCNOBUSX, (POPMUpYETCs runepcnyvanHas Bblbopka {Xl,...,X N} obbemom N . lo aton

N
" *
BbIGOPKE paccHUTLIBAETCS rMnepcryvainHoe BolbopouHoe cpeaHee m = —ZX

n'
n=1

Toraa npu yctpemneHnn obbema BblIbopkm k GeckoHeuyHocTH ( N — oo ) runepcryyaitHoe BbiBopoyHoe cpeaHee

' R —
M, CXORUTCA MO BEPOSTHOCTU K MHOXectsy uucen m, ={m ., & =(g,.-,gy), &, € G, n=1,N},

N

MpeacTaBnsitoLyx coboit MHOXECTBO CpeHuX mi, :—me /g, YCMIOBHBIX MaTeMaTU4eckuX OXuAaHWit
n=1

M, seensty ,  CNYYAWHBIX  BeMMGMH X/ g,..., Xy /gy, paccuuTaHHblX Ans  BCEBOMOXHbIX

g,€G, n=1,N, a HWKHIS 1 BEPXHAA rPaHuLibl 3TOTO BbIDOPOYHOTO CPEAHEro CXOAATCS COOTBETCTBEHHO K

HUDKHEN 1 BerHeﬁ rpaHuuamMm matemMaTuyeckoro OXXmaaHua rmnepcnyqaﬁHoM BEeNMYMHbI X :

>g)=0,

lim P(finf m; —m,

N-ow

>¢)=0,

lim P(‘sup m.—m,
N—wo -
rae P(z) - BEPOSTHOCTb YCTIOBYS Z , @ € — KaK YTO[HO Marioe NoMoXMTeNnsHOe YCHo.

[ns pokasatenbCTBa TeOPeMbl PacCMOTPUM CRyYailHyl0 BbIBOPKY {Xl 181y Xy/ gN}, MOMYYEHHY0 Npy
(h1KCpOBaAHHO NOCNEOBATENbHOCTY YCNIOBUA g, ..., g, € G . PaccuntaHHoe no Hel BbIGOPOUHOE CpeaHee

" 1

N
mx/g:—ZXn/ g, npu yctpemrieHun obbema BbiGopkn N Kk BECKOHEYHOCTM COTMacHo Teopeme

n=l1

Yebbilesa CXOANTCS N0 BEPOATHOCTY K CPEAHEMY YCTIOBHbIX MATEMATUYECKIX OXUAaHMI M, :

jklgoloP(‘mx/g —mx/g‘ >¢)=0.

- - * . —
CxopumocTb Crly4aiHoit BENWUMHbI m . K m, . ANA BCeX g =(g,---8x)> &, €G, n=1,N o3HavaeT

CXOAMMOCTb N0 BEPOSTHOCTY MNEPCIYYaIHONO BLIGOPOYHOTO CPEAHEro 71, K MHOXECTBY YuCen 71, .
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Mpn niobon rKCMPOBaAHHOW NOCNEeaoBaTENbHOCTU yCroBuil U N —> oo BbIBOPOYHOE CpeaHee m;g

. * * o
orpaHuyeHo wHtepsanom [infm , supm, ], @ CpefHee YCMOBHbIX Matematuqeckvx OoxugaHui m,,,

WHTepBanom [m,

ix?

m_]. Mpn 3TOM MUHUMAmNbHOMY CPEAHEMY 3HAYEHWIO 1, CPeAHero MatemaTUyeckoro
OKM[AHNA COOTBETCTBYET HIKHAA rpaHuua inf 7z, BbIBOPOYHOTO CPeAHEro, a MakcManbHOMY CpeaHeMmy

3HAYEHNIO M — BEPXHAA rpaHuLa sup mx BbIOOPOYHOro CpeaHero, T. €. CNpaBeaMBO PaBeHCTBO (1).

Teopema 0 CXOAUMOCTH OLIEHOK rPaHuL BbLIGOPOUYHOrO CpeaHero

Teopema 2. HYCTb rmnepcnyqaﬂHaﬂ BenuumHa X umeet rpaHnLbl MaTeémMaTU4eckoro oxmaanna m,., m .\
KOHEYHYI0 BEPXHIOH rpaHnLy ancnepcum sz W3 reHepaanoﬁ COBOKYMHOCTHU rmnepcnyanlHoﬁ BeNMYMHbI X B

HEKOHTPONMPYEMO ~ MEHSIIOLLMXCH  CTATUCTAYECKMX  YCrioBusax — chopmupyetcs L Henepecekarownxes
runepcnyyaitkblx  BbIBOPOK (X 5uees X yy)sewes (X 5ees Xy, ) OOBEMOM N kaxpan (L =2). MycTs

*

.
m,_,..,m

X2 X,

— COOTBETCTBYIOLLNE 3TUM BbI60pKaM rmnepcnyanHble Bbl60p0‘-IHbIe cpeaHue:

A N
mxl :ﬁ;an’“"me ZWZX”L’

n=1

* *

am,, m, - rmnepcnyanHble OLEHKK rpaHny, Bbl60p0‘-IHbIX cpegHnx I’l’lx1 ,...,I’l’le .
mix = }P% mx, ’ msx = SLE mx, * (2)
> I=1,L

Torga Mpu HEOTpaHUYEHHOM YBEMMYEHUM KOMMYECTBA BbIGOPOK 11 0BbeMa Kaxdoil BbIGOPKM OLEHKN rpaHuL
BLIGOPOUHOTO CpepHero mi., .

SX

CX0AATCA MO BEPOATHOCTM K COOTBETCTBYHOLWWM rpaHulaMm m, , m

SX
MaTeMaTU4eCKOro OXIMaaHNS runepcryyaitHoi BenuunHbl X

. . * . . *
lim lim m, =m,_, lim lim m_ =m

L—o N—>w L—>o N—>w© s

[okasatenbcTBo Teopembl coctouT B cregytowem. CornacHo Teopeme 1, ana nobon /-oit BbiBOpKM npw
ycTpemneHun obbema BbIOOPKM K OECKOHEYHOCTU TpaHMLbl TMNEPCIYYanHOr0 BbIOOPOYHOTO CPEOHEro m:[

CTPEMATCA NO BEPOATHOCTU K rpaHULIaM MaTeMaTU4ECKOro OXnaanna m, , m rmnepcnyqaﬁHoPl BEMMYMHb X .

ix?
OT0 03HayaeT, YTo 06NACTb 3HAYEHNI TUNEPCIY4aNHOro BbIGOPOYHOTO CPEAHETO m:[ OorpaHu4YeHa UHTepBarnoM,

CTPEMSLLMMCS K MHTEepBany [m.

ix?

m].
MpuH1Mas BO BHUMaHWe paBeHcTBa (2), npu L — oo ' N —> oo OLieHKM rpaHiL, BbIGOPO4HOTo cpeaHero m,

*
m,, CXOOATCA MO BEPOATHOCTW K TEM XK€ rpaHuLam m, , m .

ix?
/3 Teopembl CnemyeTt, YTO COCTOSITEMNbHbIE OLEHKM TPaHWL, MaTeMaTUYecKoro OXWUOAHUS TUMepcryYaiHoil
BENUYUHBI MOryT ObITb NnoNny4yeHbl nNyTeémM BbIYUCIEHUA CpeaHMX MO MHOXECTBY OTCYETOB ANA MHOXeCTBa
BbIGOPOK 1 pacyeTa Mo HUM UCKOMbIX FpaHuL.

*

Hepr,IJ,HO y6eﬂMTbCﬂ, YTO TAKNUM Xe nyTeéM MOXHO BbIMUCNATL COCTOATENbHbIE OLEHKM rpaHnLL mjw =inf m
. I=1,L

xv?

*
m,,, =SUpm, HavanbHbX MOMEHTOB MoGOro NOPAAKA V, A€ /7, — OLEHKA HAYAMbHOTO MOMEHTA V 10
I=1,L

nopsiaka, COOTBETCTBYIOLas /-0 BbiBOpke.
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* * o
Cne,uyeT 3aMeTUTb, YTO pacCyuTbiBaTb rpaHnlbl LEHTpanbHbIX MOMEHTOB [l ., W . MO ONUCaAHHOW BbIlLE

CXEMe Hemnb3sl 13-3a OTCYTCTBIS HEOOX0AMMON ANS 3TOMO MHGOpMaLK 06 OLIEHKaX YCIOBHbIX MaTEMaTUYECKMX
OXuOaHNAN.

Teopema, aHanorn4yHaa reopeme BepHynnM

Teopema 3. ﬂycn; B HEKOHTPONMMpyeMO MEHALWNXCA CTaTUCTUYECKUX YCNOBUAX NPOBOANTCA Cepus N

HE3aBMCUMbIX OMbITOB, B KAXIOM W3 KOTOPLIX MOXET NPOKU30ITU HekoTopoe cobbiThe A , paccMaTpuBaeMoe Kak
rvnepcnyyaiiHoe cobbiTue, NpeacTaBnseMoe MHOXECTBOM CryyaiHblx cobbitui A/ g B ycnosusx g € G':

A= {A /ge G} .
BeposiTHOCTb nosiBneHmst cobbitust A/ g B UKCUPOBaHHbIX ycriosusix g € G paBHsieTest p,,, . HWKHSs 1

BEPXHAA rpaHuLbl BEPOATHOCTU cobbITM A COOTBETCTBEHHO paBHbI PIa’ PSa' YacToTa nosiBNeHns codbITus

a

A B paCCManMBaeMOVI Cepun OnbITOB ONUCbLIBAETCA BblpaXEeHNUEM == , Tae Na — YMCNo OnbITOB, B

KOTOpbIX Mpon3oLwno cobbitne A . JTa yactota — runepcnyyaiiHas BENUYMHa, NPeAcTaBNsieMasi MHOXECTBOM
cnyvanHbix Benind 2/ g (g€ G): E= {E/g € G} :

Torpa rpanuupl F. (§), Fy.(E) dyHkunm pacnipegenenmus £ (E) vactotel = mpu N —> oo CXOASATCA MO
BEPOSITHOCTM K (PYHKLIMSIM €IUHUYHOTO CKauka B Toukax P, P, .

[lokasaTenbCTBO OCHOBaHO Ha Teopeme 1. lunepcrnyvaiiHoe cobbitue A MOXHO paccMaTpuBaTh Kak
rMnepcnyyaiHyto BennynHy X , MpuHUMaIOLLYIO 3HaYeHne, paBHOE eauHULE, Koraa NpoucxoauT cobbitne A, u

3Ha4YeHne, paBHOE HyI, Korda cobbITME He NPOUCXOOUT. YcnoBHOe MaTeMaTUveckoe OxuaaHue mx/g

CnyyaitHoit BennimMHbl X / g paBHo p,,, , @ yCroBHas aucnepcus

Dx/g_(l_pa/g) pa/g+(0_pa/g) (l_pa/g)_pa/g(l_pa/g)
€CTb BEMWYMHA OrpaHWyeHHast. paHuLbl MaTeMaTU4eCcKoro OXu4aHUs rMnepcnyvainHon BeIUYUHbI X paBHbI

a

P,, P, . BoibopoyHoe cpeaHee runepcryyaiiHoil BenuunHbl X npeacTaBnsieT coboit yactoty = = N

nosiBnexns cobbitna A . Toroa Ha OCHOBaHMK Teopembl 1 crnpaeseannBeo yTeepxaeHune [0Ka3blBaeMOon TEOpPEMbI.
N3 TeOopeMbl cnenyet, 4YTo npu yBenn4eHun 4mcna onbiToB (N —> OO) yacToTa nosiBneHns cobbiTuas A BHe

3aBUCMMOCTY OT KomiyecTBa ycrosuit G (ecnu G # 1) HaxoauTes B Avanasoxe [P

la>

P;,], He cTpemsch K

KakoMy-TO KOHKPETHOMY 3HaUEHMIO.

Teopema 0 COOTHOLLEHUM rPaHML, MaTeMaTU4YeCKOro OXUAAHMA U MaTeMaTMYECKOro OXMAaHMS
rpaHuL

Teopema 4. lycTb m, W m  — COOTBETCTBEHHO HIKHSS W BEPXHAS PaHMLbl MAaTEMATNYECKOrO OXMAaHNS
runepenyyanHon Bennumtbl X = {X/g € G} ¢ byHKUmMAMK pacnpegenenuns F, (x), F, (x),a mg v m,,

— MaTemaT4yeckne OXMAaHMsi COOTBETCTBEHHO BepxHel Fi (x) u HuwkHen F (x) rpaHuy dyHKUMK

pacnpegeneHns 3ToN rmnepceryyainHoi BEUUMHBI.
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Torpa m,, 2mg W m__ <m,_ .

[ins fokasaTenbCTBa TEOPEMbI PACCMOTPUM (PyHKUMM pacnpedenenus £, (x) n F (x). Ha ogHux yyactkax

3TV (yHKUMM MOryT COBNajaTh, HA APYriX — HeT. Ha WHTepBanax, rae OHM He coBnajaroT, kpusas £, (X)
1 1

pacnonaraetcst npasee kpusoi £ (x). lMoatomy J. xdF, (x) 2 J. xdF, (x), T.6. m, >mg . AHanornyHo
0 0

A0Ka3bIBAETCA HEPaBEHCTBO m < M, .

BbiBoabl

1. Ha 6a3e n3BecTHoit TeopeMbl YebbileBa Ans CryvaiHbIX BENUYMH JOKa3aHbl NS runepcryyaiHbiX BEUYMH
[BE TEOpeMbI, ONpeaenatowme yCrnoBnus CXoauMOCTH BbIGOPOYHOTO CPEAHEro runepcryyanHon BEMUYMHBI K
rpaHuLaM ee MaTeMaTU4eckoro OXWAAHWS W anropuTM pacyeTa COCTOATENbHbIX OLEHOK rpaHuL, HavanbHbIX
MOMEHTOB MMMePCyYaiHbIX BEMMYMH NPK BbICTPbIX U3MEHEHMSX CTAaTUCTUYECKUX YCIOBUI.

2. [okasaHa Ans runepcnyvaiHbix CobbITM TeopeMa, aHanmornyHas Teopeme bepHynnmu ans crnyyaiHbIx
cobbITvin, onpepensowas rpaHnLbl (yHKUWMM  pacnpedeneHns 4acToTbl rMnepcnyyaiHbix cobbiTU  npu
ycTpemneHu obbema BbibOpku K 6ECKOHEYHOCTY.

3. [lokasaHo, YTO HWXHAS rpPaHMLa MaTeMaTMYECKOro OXWAaHWA rMnepcriyvyanHoW BenWYMHbI HE MeHbLue
MaTeMaTUYECKOr0 OXWAAHUS BEPXHE rpaHuUbl pacnpedeneHus, a BepXHAs rpaHuua MaTemaTUyeckoro
OXWAAHUS  TUNEpPCryYainHoOM BENMYMHbI He Oonblue MaTeMaTUYecKoro OXWAAHUS  HUKHEN  TpaHuLbl
pacnpefenexus.

BnarogapHocTu

Pa6ota onybnukosaHa npu dmHancoomn nogaepxke npoekta ITHEA XXI MHCTUTYTa MHPOPMALMOHHBIX TEOpUiA
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounauum cospatened W nonb3oBaTenen
nHTennektyanbHblx cuctem ADUIS Ykpanna www.aduis.com.ua.
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KPATKUA METOLONOrMYECKUA MEMOPAHIYM -HACTb NEPBAS

Anaronuu Kpucunos, EkatepuHa ConobeBa, ABeHnp YemoB

- Wwwm kapty, Dxum! — rosopun bBunnm boHc. — OHu 300p0oBO ee 3anpsTan.
Ho Bcsi BaXHas MHGopmaLms — Ha Heil!

P.J1. CTuBeHcoH

"[Tyywe HalTh CUCTEMHOE 0OBSICHEHWE, YeM 3aHATb LapCkuid npecTon”.

HOemoxkpuT, HO. YpmaHueB

AHHomauusi: Paboma  nocgsiwieHa  Memodono2uu  CUCMEeMHO20  UccrnedosaHuss — CIIOXHbIX U
cnaboghopmanu3zogaHHbix 0bbekmos. [MokasaHb! npeuMyuiecmsa cucmemonoaudeckoeo nodxoda, npusedeHo
codepxaHue amanog cUCMeMHO020 aHasu3a; 3ampOoHymbl 80NPOCkI UHXEHEPUU U MEHEAXMeHmMa 3HaHUL.

Knrouesble cnosa: cucmemonozudeckoe uccredosaHue, CUCmeMHbIU aHanu3, onucaHue nnoxo noddarwuxcs
Cmpykmypu3ayuu u cnabogopmanusyembix 06bekmos, CUCMeMHbIe napamemphI, KO2HUMUBHbIe 3adayu.

ACM Classification Keywords: H.1.1 — Systems and Information Theory — General Systems Theory.

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

1. BBoAHble 3ameyvaHus

AHrnnvaxe FOBOPAT, YTO €CN XO4eLlb ObITb NOHSATHIM, Korga Tbl O YEM-TO rOBOPULLb, TO caenam aTo B PN
dTana: cnepsa CKaxu, 0 YeEM Tbl 6y,quJb rOBOPUTb, MOTOM 3TO CaMO€ TONKOBO pacCKaxu, a noTom 00bsicHN, 0
4eM Tbl, COBCTBEHHO, roBopwun.

B HacTosiwen paboTe B cxaTom Buge GyayT W3NOXeHbl OCHOBHblE COOBPaXeHWs O CMbICNE U COAEepKaHUM
METOZO0NIOrMYeCKOro UCCre0BaHusi, CUCTEMHOTO (CMCTEMOSIOTMYECKOro) NoaAXoaa, 1 0 TOM, MoYeMy MoresHo ero
npuaepxueaTbes. 3atem OyAeT BKpaTLe ONMMCaHO COAEpXaHWe OCHOBHbIX LUAroB CHUCTEMHOTO aHanmsa W
BbICKa3aH psif COOBPaXeHNi Mo TOMY, Y4TO MOXHO Ha3BaTb CUCTEMHBIM CUHTE30M.

[MpakTyeckn Becb MaTepuan W3NOXEeH B KOHCMEKTWBHOM BWAE: NMOYTW KaXOOE MONMOXEHWE HyXOaeTcs B
pacLumpeHnn, obcyxaeHuu, getanuaauu. OgHako Npu 3TOM HeM3OEXHbI «pacnonaaHne» MaTepuana u ytpara
LenoctHocTh. C Apyron CTopoHbl — paboTa orpaHnyeHa NpuHaTbIM hopmatom. Cnabas Hagexaa — Ha . |l

CuCTEMHBIN aHanu3 BO3HWK (M DOPMUPYETCS) Kak pe3ymnbTaT CTPEMIIEHUS! KOHKPETHO MPUMEHUTL WMAEONOTMI0
obuwien Teopum cuctem (OTC) B npakmuke ynpagneHus CrnoxHeiMn cuctemamit. OgHuM 13 dhyHaaMeHTamnbHbIX
MONOXEHNA TEOPUN CUCTEM SIBRSIETCA NMPELCTABMEHNE CNIOXHOMO 0BbeKTa (TO eCTb Takoro, KOTOPbIA C TPyAOM
nopnaeTcs HabMoAEHNIO M ONUCaHMIo, PopManM3aLm) — B BUAE LieNeHanpaBieHHON CUCTEMbI UMK, YTO BeCbMa
61m3Ko Mo CMbICMY, — MMEIOLLEN BHELHIOW (yHKUMHO. M0 CyllecTBy CBOEMY CUCTEMHbI aHanu3 npeacTaBnseT
coboit COBOKYNHOCTb METOA0B MCCESOBAHNS TaKuX CBOVWCTB U OTHOLUEHWI B CUCTEME, KOTOPbIE MMEHHO TakK (Kak
LieneHanpaBneHHY0) ee XapaKTepPU3YIoT, N M3Y4YEHNIO CBA3EN B 3TON CUCTEME Kak B3aMMOOTHOLLEHW MEXIY ee
Lensmu u cnocobamm nx peanusauu.
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OTMeTUM, YTO WHTEHCMBHOE Pa3BUTME M3MaraemblX B HACTOSILLEM MaTepuane MOMOXKEHWA MPUXOAUTCA Ha
nocregHWe nontopa-gBa AecATka NeT, OOHAKO O4YeHb CEepbesHble, MOXHO CKa3aTb, OCHOBOMONaratoLiye
pesynbTaThl UIMEN MECTO W ropasfo paHee (cM., Hanp., [1 — 4] u gp.) B HacTosee BpeMs MOXHO ykasaTb Ha
[Ba «BCTPEYHbIX» hakTopa, obecneunBarowmx aTy uHTeHcudmkaumo. C 0gHOM CTOPOHbI, pa3BOpaUuMBaOLMIACS
HOOC(epHbIN 3Tan pasBUTUS BbiABUraeT Bce Oomnee XecTkue, WMnepaTuBHble TpebGOBaHWA B ONUCaHUN 1
MOHMMaHMN MPOUCXOZALLMX (MPOSBMEHHbIX M HenposBeHHbIX!!) Ype3BblYalHO CNOXHbIX U He Bcerga wwunu
MOMHO NOHATLIX NPOLECCOB U CobbiTuii. C apyrom, — MMEET MeCTO NosiBNeHne Bce Bonee CunbHbIX, Bce 6onee
pa3paboTaHHbIX 1 OnepauuoHanbHbIX MPUEMOB, METOAOB, TEOPWUWA, aHAMUTUYECKUX M KKOHCTPYMPYHOLLMXY
CPeLcTB, — COCTaBNAOLMX B COBOKYMHOCTW W rnyboKyl annapaTtHylo 6a3y ans Takon paboTbl, W HOBYH
atMocdepy Ans HOBOro MoHuMaHus. (EcTb BOCTOuHas noroBopka: «Ckonmbko Annax npugyman 6onesHei,
CTONbKO MPeMyZpbIii COTBOPUN U NTEKApCTBY, BAXHO NNLLb He NponycTUTb MX). TemM He MeHee, Bpsig v cnegyeT
yTBEPXAATb, YTO Mpouecc (DOPMUPOBAHWS TaKOrO COBEPLUEHHOMO WHCTPYMEHTapUs MOXHO —CuMTaTh
3aBepLUEHHbIM, XOTS (DyHAAMEHTanbHbIe W MpUKNaaHble pes3ynbTaTbl HANWMLO — OT 3((EKTUBHOMO PeLLEHMS
NPOU3BOACTBEHHbIX U MHbIX ynpaBneHyeckux 3agay Ao CASE-TeXHONomi, peuHxXuHUpUHra GusHec-npoLeccoB
(BPR) 1 BBEOEHUS HA YKpPanHE Npodheccum «aHanmUTK KOHCONMAMPOBAHHOM MHGopMaLny (cM. [5 — 6] u ap.).

HecomMHeHHO, MHOTe 3aAa4y MOXHO peLlaTh C No3uLMi 30paBoro cMbicna. Ho UrHopUpoBaTh MHCTPYMEHTapH,
cneuuanbHo paspaboTaHHbIi AN aHanuaa v onucaHus CROXHbIX CUTYaLMiA, ANsi oVCKa rPamMOTHbIX PeLUEHMii B
YCMOBMSIX 3HAYMTENBHON HeonpegeneHHocTH, Ans paboTbl co crnabodopmanuayembiMu  obbekTamn 1
CUTYaLMsIMU — NPESCTABIISIETCS CErOfHS NPOCTO HECEPbE3HbIM N HECBOEBPEMEHHBIM.

He TaK yx peaku cnyvaum, korga AOCTaTOMHO HEKOTOPOMY aBTOPY BbISICHUTL, YTO OOBEKTOM €ro 1ccneaoBaHmMs
SBNAETCA CNOXHAsA CUCTEMA, — KaK BCE, YTO OH C 3TUM OOBEKTOM [enaeT, OH Ha3blBaeT CUCTEMHbBIM NOAXOLOM.
Ha gene e B 3TOM €ro MCCMEAOBaHWM CUCTEMHbIM MOAXOAOM W HE MaxHET. OMUTET «CUCTEMHBIN» ECTb
XapaKTEPUCTMKA MHCTPYMEHTA, C KOTOPLIM CYOBEKT MCCNEmOBaHWS MOAXOANT K CBOEMY OOBLEKTY, OH (3nUTET)
OTpaxaeT COCTaB M CTPYKTYpy STOrO MoAxoda, a He cBoicTBa obwbekTta. Korga HanoneoH rosopun: «bonbluve
BaTtanboHbl BCETAa MpaBbl», — 3TO ObINO XapaKTEpUCTUKON MHCTPyMeHTa HamoneoHa, a He Toro o6bekTa, K
KOTOPOMY OH C 3TUM UHCTPYMEHTOM «MOAXOAMUI.

3pecb cnemyeT OTMETUTb (B KOHTEKCTE HalLero «MemopaHZymar), 4TO nyraiolas pasHororiocuua ¢
OnpegeneHneM CUCTEMbl PE3KO YMEHbLUWTCS, ecniv BBELEHO [AyanbHOe MNpeacTaBieHue O cucTemMe — B
3aBMCMMOCTW OT BbIOpPaHHOW MNM Habnopaemon cucTeMoobpasylolelt XapakTEPUCTUKM: @) cucTeMa — 3TO
MPOM3BONbHLIA  ODLEKT, Ha KOTOPOM peanu3yeTcs Kakoe-TO OTHOWeHWe, obnagaoliee HEKOTOPbIM
OnpeaeneHHbIM CBOACTBOM; 6) cuctema — 9TO NPOM3BOSbHBIN 06BEKT, 0bnagatowmnii KakKUMIU-TO CBOMCTBAMM,
KOTOpbIE HAXOAATCS B HEKOTOPbIX OMPEAEneHHbIX OTHOWEHUsX. [Ans HOOCGEpPHbIX (M, NPaKTUYECKW, AN BCEX
ynpaesieHYecKux U OpeaHU3ayUoHHbIX) 3afjay crnefyeT paccmaTpuBaTb CUCTEMY BMECTE C €€ OKPYXeEHWEM,
HaOCMCTEMOW; B 3TOM Cryyae nof CMCTEMOW MOHUMAeTCsl (DYHKUMOHAmNbHLIN OOBEKT, CBOWCTBA KOTOPOro
obycrnoBneHbl YHKUMEN 3TOr0 0ObEKTa, CBOASLIENCS, B KOHEYHOM CYETE, K NOLAEPXKAHWO OnpegeneHHbIX
CBOWCTB HagcucTeMbl. Kak BUOUM, Ha OAMH 13 BEPXHUX YPOBHEN BbIXOAWT 3adava aHanusa (yHKyul obbekTa.

Kakve poBogbl criedyeT BbiCkasaTb, HacTauBas Ha MoMb3e CUCTEMONOMMYECKOro NoaX0Aa, B 4acTHOCTW, AnS
psga HanpaeneHuit n paboT, NpeacTaBnsaeMblx Ha kKoHepeHuusax KDS?

2. HekoTopble apryMeHTbl

B nepsyto ouepenb 0bpaTiiM BHUMAHWE Ha TO, YTO CUCTEMONOTMYECKMIA annapaT npeacTaBnseT coboi He pamky,
B KOTOPYI BMMCLIBAETCS [OaHHOE WCCMEROBaHWE, HE BHELLHIOW opMmy, B KOTOpon OyaeT npeacTaBneHa
HekoTopast CTPYKTypa unn npouecc. [oBops MeTathopuyeckn, 3TOT WHCTPYMEHTApUN €CTb HEKUN CTEPXEHb,
OMOpPHO-ABUraTeNbHas CUCTeMa WCCMEAOBaHUS, T. €. COBOKYMHOCTb MbILLL, CKENeTa, BCEl HEPBHOW CUCTEMbI,
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KOTOpbl€ COBMECTHO W ynpaBnAlT NpoueccoM, 1 OCYLECTBNAKT CaMO OBMXKEHNE. Bonee Toro, — atot annapart
NO3BONAET BbIABUTb COAEPXKaHNE, CYLLHOCTb, T. €. ABNAETCA UHCTPYMEHTOM NO3HaHUA.

YMECTHO 3[0eCb YKasaTb pasHWLy Mexay MeToaukoi W metogonorveid. Ecnu meToamka, METOAMYEckoe
PYKOBOACTBO OTBeYaeT Ha Bonpoc: «Kak Heuto Hago fenatb?», TO METOAONOMMS 0TBEYaeT Ha Bonpoc: «YTo B
3TOM HEYTO Hago Aenatb?» IJTO O3HA4YaeT, YTO METOAONOrUs onpedenseT, Kakie 3afauu crnefyeT pewnTb,
4T0bbI ONMcaTh/NpeaCcTaBUTb TBOW 06BEKT (keM Obl 1K Yem Bbl OH HK Bbin) Kak LLenoCTHOe, HE KKOMMIEKCHOEY,
a eanHoe obpasoBaHue, C ero CTPYKTYPON (TO eCTb COBOKYMHOCTLIO 3MIEMEHTOB U CBA3EN MEXOY HUMMU), C ero
OKpYXeHWeM (TO eCTb YTO npeacTaBnsieT cobon Mup, B KOTOPOM OH KMBET), C ero, obbekTa, CBOWCTBAMM,
OTHOLLIEHWSIMW MEXZY 3TUMM CBOACTBAMMU U T. .

OCHOBHOE CBOWCTBO CMCTEMOMNOUN — €€ BbIpaXeHHas (1 yHUBepcanbHas!) METoLoNornyeckas HanpasneHHOCTb.
Byayuu WHTEpNpeTMPOBaHHOM B TEPMMHAX KOHKPETHOM Hayku, CUCTEMOIIOTUS MOXET, KaK YkasbiBanioch Bbille,
O4YeHb 3(EKTUBHO BbINOMHATL B 9TOM Hayke MeTtogonoruyeckne ¢yHkUMM. OJHOBPEMEHHO CMCTEMONOMUS
MOXET MCMOnb30BaThCs AN COOepXaTeNnbHOM U KOHCTPYKTMBHOW 006paboTKM CO34aBaEMOro [aHHOW Haykom
3HaHUS, BNMOTb [0 CWHTE3a; B 3TOW PONMM OHA BbICTYMAET OOHUM U3 MOLLUHbIX CPELCTB «OpraHu3auumy»
Hoocdhepbl (kak cdhepbl 3HAHMS).

Mo cyTn, peyb maeT O noryyeHun (MOCTPOEHWM) CUCTEMHBIX 3HaHU 06 uccrnegyeMoM obbekTe — B [aHHOM
npeaMeTHOM 0bnactu. M cucTemonornyeckuii MHCTPYMEHTapuiA ABRSETCS, T. 0., CPEACTBOM Ans (DOPMMPOBaHMS
TaKuX 3HaHWA; OTMETUM — data mining n knowledge discovery B YACTOM Buze.

[anee, nockonbky 0ObEKTOM MCCnenoBaHui, ckaxeM, B pamkax npobnematuku KDS (u, pasymeeTcs, MHOrMX
ApYruX) SBSKOTCS, Kak NpaBuio, MMEHHO CIOXHbIE, NMOX0 NOAAAOLLMECS CTPYKTYPUPOBAHUIO 1 (hopManmsaLmm
npoLecchl, CUTyaLuKn, SBREHUS, TO MOHSATHO, YTO aAeKBaTHLIM 3TUM 3afadam OygeT MMEHHO WX CUCTEMHBIN
aHanu3. Marno Toro, MOXHO Ha3BaTb Cryyau, Korda MeTOAONOMMYeCcKUin annapaT Aasan U B NPUMEHEHUN ero K
OTHOCUTENBHO NPOCTbIM 06BEKTAM HOBYIO MH(OPMALMIO O HUX, OTKPbIBAN B HUX HOBbIE CBOWCTBA, BbISBNSAMN He
3aMeyeHHble paHee UCCNeAoBaTENsAMM UX CBS3N C BHELIHAM MAPOM W T. .

K Yncny BeCOMbIX MPUMEPOB NONE3HOCTN NPUMEHEHNA annapaTa CUCTEMONIOTMN MOXHO TaKXe OTHECTU:

HaUEeNeHHOCTb Ha BbIABNEHWE KOHTEKCTa (683 NnpuBne4YeHna KOHTEKCTa KpaMHe TPyaHO AaTtb CMbICIIOBOE
onucaHue 3anaqv|) 1 nony4yeHune FJ'Iy6VIHHbIX, 00BEKTUBHbIX 3HAHMIA,

OLeHKa COOTBETCTBMS CHOPMYNMPOBAHHLIX Lienem — cucteme Tpebosanui [7];

NOCTPOEHMe BannaHbIX NPOrHO30B;

BbISIBIIEHME TUMA OTHOLIEHUA B WCCIIEAYeMON CUCTeMe (3NeMEHTbl [aHHOM CUCTEMbl HaxoasTcs B
CYObEKT-0OLEKTHBIX OTHOLIEHUSIX UMK B CYObEKT-CYOBEKTHBIX? — Halle PyKOBOACTBO cuMTaeT cebs
cyObekTOM, a Bce NpeanpusTis — 06bekTamm, cepbesHoe 3abnyxaeHue) — v psg apyruX.

Bo MHorMx npakTuyeckux cgepax MHTYUTUBHO NPULLIA K CUCTEMOMOTUM, HanpUMeEp, NOMbITKa y4eTa KOHTEKCTa B
0ObeKTHOM noaxoae, aHann3 6usHeca ans NoBbILLEHMS KOHKYPEHTOCNOCOBHOCTH, Ap.

HemanoBaxHbIM acnekTom SBASETCS 1 Takow. Mopoit pasHble uccnegoeatenu pabotatoT ¢ OAHUM 1 TEM Xe UK
C 0YeHb CXOfHbIMM 0BbEKTaMK, OAHAKO OMUCHLIBAKT UX MO-Pa3HOMY, UCMOMb3YIOT CBOK TEPMUHOMOTMIO, CTPOSIT
CBOW OMMUCAHWSA Ha pasHbIX A3blkax. ACHO, YTO CPABHUTL Pe3ynbTaTbl ATUX UCCNIELOBAHNA UK COCTaBUTb OOLLMIA
nopTpeT 3Toro o6bekTa CTaHOBMTCA BeCbMa 3aTpyAHWUTENbHbIM. 3HaHWE OCHOB CUCTEMOIIOTUM W MPUMEHEHNe
METOZONOTMYECKNX CPeACTB pe3ko obneryaeT aTy npobnemy, gasas paspaboTumkam oBWMiA S3bIK U 0OLMI
annapar, peLas Takum 06pa3om 3aaady OpraHu3aLun MEeXAUCLMNNHAPHBIX CBA3EN U T. .

HakoHeL, ecTb eLLe oaHa rpynna npuinH, 06bSCHSIOLLMX aKTyanbHOCTb METOAOMNOMMYECKIX, CUCTEMOSIOTMYECKNX
MOCTAHOBOK, — 3TO BuAUMast (M HeBMAMMas!) KaTacTPOPMYHOCTb HbIHELIHUX XapaKTEPUCTUK CouporeHesa B
Lierom. HekoTopble 13 3TUX BONPOCOB ByayT KPaTKo pacCMOTPEHbI B 3aKNHOUYEHMM.
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3. Kak hopmupyroTcs cucTeMHble npeacTaBneHns 06 oobekTax

KapTuHy opmmupoBaHnst LEMOCTHbIX 3HaHMM 06 0BObekTe uWCCredoBaHus, MOMyYeHUs  CUCTEMHOMO
NpeLCTaBnNeHns 0 HeM, — MOXHO OnucaTh C NOMOLLIO ONPeaeneHHon 2eomempuyeckol aHanoauu [8].

MpeacTaBum cebe HEKOTOPYK NMOCKOCTb, B KOTOPOW pacnonaraeTcs COAepxaTtenbHas WHgopmaums w3
OnpeAeneHHbIX HayK (Takyr NNOCKOCTb HA3bIBAOT OHTONOTMYECKON). Tam nexat npegMeTHble NPeaCcTaBneHns o
reorpacoum (rge 1 Kakvme HaxoOsATCsl KOHTUHEHTbI W OKeaHbl, ropHble XpebTbl 1 peku, TAe Kakol Knumar, rae w
kakas obutaeT Gmota M T. 4.), 06 3KOHOMWKe (YKnagbl, PECYPCbl, MPEeanpusTUs, TPaHCMOPT, PbIHKK,..), O
COUManbHOM MUCTOPUM  (XPOHOMOMMS COBbLITUA, MMMNEepaTopbl M BOEHAYambHUKK, CTAHOBMEHWE U NafeHue
LMBUNN3ALWMA,..), 0 B1ONOrMK, O CONPOTUBNIEHUM MaTepUanos 1 Tak Aanee.

MepneHanKkynsapHO K 3TOM, CKaXeM, ropyU30HTarbHON NOCKOCTY CyLIeCTBYET Apyrasi NNocKoCTb, BEPTMKarbHas.
B Helt 0BpeTaroTCs COBCEM [pYrie MOHATUS U KaTeropun: MpUHLMMLI, 3aKOHOMEPHOCTU, MEXaHU3MbI, KpUTepKM,
MOHSITUE O CTPYKTYPE M MH(PACTPYKTYPE U T. 4., — 3TO METOAOSOrMYECKast NOCKOCT.

Tak BOT, HacTosiLlee 3HaHWe, LIEMOCTHOE W CUCTEMHOe npeacTaBneHue o6 obbekTe (mpouecce, cUTyauuu,
SBeHnn) opmupyetcs B 06beme, 06pa3oBaHHOM ABYMS YKasaHHbIMW NAOCKOCTAMU. B aTOT 06bEM (CkaxeM, B
rnepcdepy, PenpeseHTUpYIoLLY0 OBBEKT OaHHOrO WCCReaoBaHWs) M3 OHTONOTMYECKOM mnockoctn Bepytes
KOHKpPETHble MpeAMEeTHble [faHHbie 00 3ToM o0bekTe (Hanpumep, WMS NPEanpuUsATAS, €ro NepcoHarn,
BbiMyCkaemas NpodyKumMs, OOXOAbl, KyNnbTypa,..), @ U3 METOAONOMNYECKON NIOCKOCTU — NOHATUSI O ero Lensix
nvnn PYHKUMAX, O XapaKTepe ero CTPYKTYpbl, O CTENEHU YAOBMNETBOPEHWSI UM 3aMpPOCOB OXBATbIBAOLLEN €ro
cuctemMbl M T. O. M3 3TUX OpraHu3oBaHHbIX OMpederieHHbIM CrnocoboM [aHHbIX (OTYET, MOHorpadwms,
BMaeounbM) M PopMUPYETCS LLENOCTHOe NpefcTaBneHne o6 obbekTe, CUCTEMHOE 3HaHWe O HEM; OHO U
SBMSETCA HACTONbKO LEHHbIM, YTO, MO MHEHWO KOMMETEHTHbIX CMEeLManucToB, ero cnegyeT npeanovectb
LLapckomy TPOHY, kak 06 3TOM CkasaHO B OQHOM M3 anurpados.

HeKOTOprM MOXET MOoKa3aTbCA, YTO 3TU coo6pa>|<eva KaKk-TO daneku OT NPakTUKK, YTO OHU, MATKO roBOpPA,
3adyMHbI, YTO B HUX MHOroBaTo aGCTpaKTHOFO...

Co BCel ONpedeneHHoCTbl0 CheayeT ckasaTb, YTO 370 rNyboko owwboyHoe MHeHne. 3amevatenbHas
aHrnunckas uccnegosaTesibHULA MbICIUTENBHON fesTenbHoCTM deTen Maprapet [JoHanacoH, yyesuua w
nocnegosatenb YKaHa naxe, roBoput: «/IMEHHO HTeNnekTyanbHas pabota UMeEeT camoe HenocpeaCcTBEHHOE
OTHOLLEHWE K peanbHON MPaKTUYECKOW XM3HW... YToObl pasdupatbCst B peanbHOM MUPE C MaKCUMMarbHOW
KOMneTeHUMeln (3mecb W hanee BblheneHue aBTOpOB), HEOOXOAMMO Y4MTbiBaTb (3HATb!) CTPYKTYpy Belyew,
HeobX0AMMO OBrnafeTb yMeHUsaMM paboTaTb C cuCcTeMami U HayuuTbest abeTparnpoBath POpMbI U CXEMbI (TO
€CTb, MPOBOANTb rMYyOUHHbIA CUCTEMHBIN aHanM3, Hay4YUTbCA BbIXOAUTL HA MeTa-ypoBeHb, — aBTOPbI). [apagoke
B TOM-TO M COCTOMT, YTO Haubonee 3HauMMble YCrexu B MPaKTUYECKON LEATENbHOCTH, HanpyuMep, B TEXHUKE,
Obin Obl HEBO3MOXHbI, € Obl Mbl CTanu UTHOPUPOBATbL TPYAHYO 3agavy — AencTBoBaTh 6e3 onopel Ha MUP
3HaKOMbIX (M3BECTHbIX, BUANMbIX) siBNeHUiA». W aanee: «BOT UCTUHA, KOTOPYIO YenoBek kak G1onoruyeckuil Bug
TONbKO HauuHaeT nocturatb. Ecnu 6bl Ham Koraa-HWbydb MpULLAOCh OTKA3aTbCA OT 3TONM AEATEeNbHOCTH, TO
nnata Obina 6bl crnwkom Benukay [9].

[obaBum, 4To cerogHsa ath coobpaxeHus akTyanbHbl Kak HUKOTAa paHee. MIMeHHO «abcTparupoBaHue gopm 1
CXeM», «Yy4eT CTPYKTypbl Beljen» W CcobblTuil, «ymeHue pabotatb C CUCTEMaMM» — MexXaT B OCHOBE
(hopMUPOBaHMS HOOCGEPHOW NapaaurMbl, Gonee Toro — B pa3paboTke MexaHU3MOB ee BHeApeHUs B MaccoBoe
co3HaHue. Ponb MeToonorum B 3Toi paboTe TPyAHO NEPEOLEHUT.
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4. OCHOBHbIe 3Tanbl CUCTEMHOIO aHanu3a

B nocnepnHee Bpems cTana MOAHOI UAMOMa «[OPOXHAs kapTay. B 370 NOHATME BKNafblBatOT PasHble CMbICTbl —
MocnefoBaTeNbHOCTL OPUEHTUPOB ABXKEHWS, NMnaH paboTbl, NepeyeHb 3adanui,... ObpaTM BHUMaHWe Ha To,
YTO 3TU MOHATUS HOCHAT, B OCHOBHOM, HOMWUHATVBHbIA XapakTep, OHW NULb 0603HAYAIOT XaHP [OKYMEHTa,
SBNSOTCH MMEHAMM, NOYTU HE PACKPLIBAs COEePXaHUs 1 CMbicria (paboTbl, JENCTBUA U T. .)

Mo OTHOLLEHMIO K CUCTEMHOMY aHann3y MOXHO MPOBECTU aHaNorMio NiLb C TaKOM KapTon MECTHOCTH, KOTOPYH0
Tonorpadibl Ha3bIBAKT «MOQHSATON», HA KOTOPOM He TOMbKO M30bpaxeHbl AeTanu penbeda, reorpaduyeckie u
X039CTBEHHble OOBLEKTbI, HO W MOKa3aHbl CBA3W W PACCTOSHWS MEXOy HWMM, OMUCAHO WX OKPYXEHWE,
npuBeaeHb! UX AeTarbHble XapakTepucTuki. Ho gaxe v B 9TOM cnyyae, XoTb 06pa3 v XopoLl, peyb MOXeT UaTK
NULWb 0 AOCTaTOYHO AANEKOM aHanorum, 0 CaMoOM HavanbHOM Pas3bsSCHEHNM.

OpHO 13 mepBbIX KpaTKMX W3MOXEHUA 3TanoB CUCTEMHOTO aHanmaa cogepxutcs B khure B. M. lmywwkosa
«Beegenue B ACY», koHey, 60-x — Hayano 70-x rogos. 3a uctekwue 30 — 40 neT UMenu MecTo onpeaeneHHbIe
KOPPEKTMBbI M YCOBEPLUEHCTBOBAHMUS, PasHbiMi aBTOPaMM YTOYHSNOCH COAEPXaHUE HEKOTOpbIX 3Tanos,
NOSIBNANUCb HOBble W T. 4. B npuBeAeHHOM HWXe OnuCaHMM Lark CUCTEMHOTO aHanu3a CLenneHbl Apyr ¢
JpYroMm, OfHaKo W 30ecCb BO3MOXHbI BapuaHTbl. Hanpumep, aHanu3 pecypcoB (4ns WUCCRefoBaHUs wnn ans
BbINOMHEHNS pabOoTbl) MOXHO MPOBOAMTL NOCNE NOCTAHOBKM 3a4ayv WK neped MOAENMPOBaHWEM, NPOBOAUTL
pednekcuio Nnocne Kaxgoro atana, HeKoTopble Larv BbIMOMHATL MapannensHo U T. 4. Muoroe 3asucut oOT
copepxaHus 3afadun, obbema U3BECTHOM MHAOPMALK, XapaKTEPUCTUK UccreaoBaTens u np.
CopepxaHue CUCTEMHOTO aHanun3a OnuCbIBAETCs, B OCHOBHOM, CREAYOLLMMM STanamu:

1. CamoonpeaeneHue.
2. LlenenonaraHue; nocTaHoBKa 3afayu.
3. TlepBuyHas CTpyKTypu3aums.
4.  [lekomMnosvums unn BTOpUYHAs CTPYKTYpu3aLms.
5. BbIsiBNEHWe OCHOBHbIX MPUHLMMNOB U 3aKOHOMEPHOCTEN, AENCTBYIOLLMX B UCCTIELYEMON CUCTEME.
6. OCHOBHblE KaYeCTBEHHbIE U KONMYECTBEHHBIE XapakTepPUCTUKIA AaHHON CUCTEMBI.
7. AHanu3 0CHOBHbIX NPOLIECCOB, NPOTEKAIOLLWX B CUCTEME, U JENCTBYIOLLMX B HEN MEXaHW3MOB.
8. AHanus pecypcos.
9. MopgenupoBaHue.
10. AHanua pesynbTaToB; (DOPMYIMPOBKA HOBbIX Liene.

BecbMa 4acTo Mofien1poBaHue BKIOYAET B ceBsi M CUHTES; MOXHO Cka3aTb, YTO B CUCTEMHOM WCCIIeA0BaHUM HE
BCEr/a JIerko NposioXKMUTb YETKYH rpaHuLy MeXay aHanm3oM U CUHTE30M.

5. MNepBas ¢pasa cucreMHoro aHanm3sa

Camoonpegenenue. 37O Ype3BblYAMHO BaXHbIA M OOWH W3 Hambonee CMOXHbIX 3TanoB. 3Oecb Hado
pa3obpaTtbCs — KTO Mbl €CTb MO CYLLECTBY, HA CaMOM Aene? rae Mbl HaX04MMCS BOODLUE 1 B AaHHOE BpeMs? BO
YTO Mbl MOTPYXEHBI? C YeM UMEEM Aeno?

Y Pycco ecTb Takas ¢pasa: «/CTWHON CO3HAHMSA SBMSIETCS CaMOCO3HaHME, HO YTOBbI JOCTUYb STOW WUCTUHBI,
CO3HaHWE [AOMKHO OXBAaTUTb TO, YTO NEXMT BHE ero», W, fobasum, onepupoBaTb 3TUM. [lOMHUTE, Kak
MroHxray3seH, coBpeMeHHUK Pycco, BoiTarvean cebs us 6onota? To, UTO AOMKEH NpofenaTh UCCNeaoBaTenb Ha
3TOM 3Tare, O4eHb MOX0Xe Ha AENCTBUS 3HAaMEHUTOro BapoHa, No KpanHelh mepe — o cnoxHocT. Mbicnb XK.-XK.
Pycco xopoLuo o6bsacHSET aTy crnoxHOCTb. OTMeTuM, 4To 1 I Teopema 'eaens 0 HEMONMHOTE FOBOPUT O TOM Xe.
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npaBI/IJ'IbHaﬂ 1 NonHaa peanun3aunsa 3Toro wara B 0M€Hb GonbLLON CTeneHu onpeaendet ycnex paGOTbI.

Kaknx kauyectB TpebyeT BbinonHeHWe camoonpenenennsi? OBbeKTUBHOCTb, NIOTMYHOCTb, YMEHWE HEMPenB3ATOo
BUAETb cebs CO CTOPOHBI, LIMpOTa OXBaTa U NOCNeA0BATENbHOCTb, CAMOKPUTUYHOCTb M «CAMOOTBETCTBEHHOCTbY
— BOT NpUMepHbIi ByKeT HEOBXOAMMbIX KaYECTB.

TexHuka, BU3HEC, UCTOPUSI 3HAKOT AECSTKM NPUMEPOB NPaBULHOTO, afAEKBATHOMO CaMOONPELEeneHus U COTHU
ThICSY — HEMPABUIBHOTO, HEAAEKBATHOMO 3afavye M cuTyaumu, GesrpamoTHoro. Mogasnsiollee Ymcno ownbok B
HallemM POAHOM YrpaBNieHWM SIBNSETCS CNeACTBAEM TOTO, YTO HalM «ynpaBUTENU» HEe MPOBOAST, He UMET
afekBaTHOro caMoomnpeaereHus, a nopom — BoobLue HUKaKoro.

Ecnv npu BbINONMHEHMM MOCMEAYIOLLMX 3TaNOB Bbl YBUAMTE WM MOYYBCTBYETE, YTO YTO-TO HE NAAUTCS, He
BSIKETCS — BEPHUTECH K 3TOMY 3Tary, CKOPEil BCETO OKaXeTCsl, YTO ELUE YTO-TO BaXHOE HE YYTEHO.

Llenenonaranue. O 3Ha4MMOCTW 3TOrO 3Tana CKkasaHO M HanMMCaHO MHOrO xopollero. CKOMbKO-TO BpeMeHw
Haszag copmupoBanach [axe Takas Hayka, KOTOPYK HasblBalOT TeNeonorueil WM akcuororuen (c
NCNOMNb30BaHWEM rPEYECKOTO W TaTUHCKOTO KOPHS COOTBETCTBEHHO). OrpaHNYMMCS HECKOMbKUMI 3aMeYaHNSaMU.

Ha camom pene B cBoeit paboTe HyxHO chopMynmMpoBaTh (BbISIBUTb, CKOHCTPYMPOBATb, ONPEAEnUTL) ABE Lienu.
OpHa — 370 Uenb TOW CUCTEMbI, K KOTOPOM NPUHALANEXNUT UCCreLyeMblit 0ObEKT (MO OTHOLLEHMIO K HeMy 3Ta
OXBaTblBAKOLAsA CUCTEMA HA3bIBAETCA BHELUHEN WNW HagcucTemon). BTopas — 310 COBCTBEHHO LeNb TBOEro
oObekTa, B CUCTEMONONMM €€ €lle Ha3blBalT BHEWHeN OETEePMUHAHTON UCCNedyeMOn CUCTEMbI, BHELHWM
3anpocoM, OMPEeaenstowmM  (YHKUMOHANbHOE HasHA4YeHWe [aHHOW CUCTEMbI; 3TWM Ha3BaHWEM Cpasy
BbICTPaAMBAETCS MPEACTABMNEHME O MEPAPXMYECKOM XapaKTepe OTHOLUEHMIA MexZy WCCNeayemoil CUCTEMON M
TOW, YTO ee OXBATbIBAET; 3TV OTHOLIEHWS AANEKO He TaK MPOCTbl, Kak MOXET MoKa3aTbCs C NEPBOrO B3rMsaa.
ECTeCTBEHHO, YKa3aHHbIE [Be LeNN He JOIMKHbI BbITb KOHKYPEHTHBIMY 1, TeM 6ornee, KOHIMKTHLIMU.

Kakvumu comcTBamm gomkHa obnagats hopmynupyemast Lenb? TUX CBOWCTB, NO KpanHen Mepe, YeTbipe: Lenb
[OMKHa ObITb KOHKPETHA, MOHATHA, U3MepUMa 11 He ObITb npoLeccom [7].

Ha BepxHem ypoBHe MOXET ObiTb He OAHa Lenb, a Age, Tpu. Hanpumep, Ans MyHALMNanMTeTa MOXHO Ha3BaTh
Takne [Be Lenu: noBbilleHWe 6narocoCTOsIHMA HaceneHus ropoda M MoBbllWeHWe  3GhEKTUBHOCTY
0bLecTBEHHOr0 NPoM3BOACTBA. MOCKONbKY ropoa SBMSETCH OTKPLITOW CUCTEMOW, TO MOHATHO, YTO BTOpas Lenb
He sBnseTcs crnocobom [OCTWXeHUs nepeoit. Mano Toro, mpakTUYecku cpasy BUOHO, YTO 3TW ABE Lenu
SBMSIOTCA KOHKYPEHTHBIMK, @ NOAYac U KOH(IMKTHBIMW. KOHKYPUPYIOT OHW 3a BCe BUObl PECYPCOB, BKMKOYas
KaapoBbIi pecypc 1 BHUMaHue ynpasnstowen cdepsl [10]. Takum 06pa3om, BOHUKAET TPETbs LEMb, HE TaK Yx
OYeBMaHas paHee: cPOPMMPOBATL CUCTEMY FAPMOHUYHOTO, cOanaHCUpPOBAHHOTO COYETAHMS ABYX HA3BaHHbIX
BbilLe LENeit; K CoxarneHunto, H1 ogHa U3 NapTui, U3 MOMUTUYECKUX KOMaHL He CTaBWT neped cobom B SBHOM
BMAE 9TY TPETbIO LieNb, YNpaBneHue BeAeTC CTUXUIMHO, KOHBIOHKTYPHO, Pe3ynbTaTbl — OYEBUAHI.

Ha atom aTane (TaK xe, BNpoyeM, KaK 1 Ha npeablayLem) BO3HUKAET HEOOXOANMOCTL B MPUMEHEHWN SIEMEHTOB
CUCTEMHOrO CMHTE3a. 3decb 3TO MPOWUCXOAMT MNOTOMY, YTO Lenn crnegyeT opMynupoBaTb MCXods W3
ONpeAeneHHon COBOKYMHOCTM TpeboBaHMi. Bo3HWKaeT HeoOXOAMMOCTb B UMHXEHepun TpeboBaHui K
nccneayemon unu NpoekTUpYeMoit cucteme, TpeboBaHUin KONMMYECTBEHHBIX W Ka4eCTBEHHbIX, Bonee CROXHbIX 1
Bonee npocTbIX, B OLEHKE MX nepapxum u T. 4. W cuctemy uenen cnegyeT GopMynnpoBaTh/CMHTE3MPOBATL B
COOTBETCTBUM C 3TOI OCMbICIIEHHOMN BbIBEPEHHOM COBOKYMHOCTHI) TPeOOBAHMUIA.

MepBuyHas cTpykTypm3aums. Ha 3Tom 3Tane 0BbeKT UCCMeaoBaHMs pacCMaTpUBAETCS KaK «HYEpHbIA SLLMKY,
kak HempospayHasl cucTema, — UCCrneayeTcs BCA A0CTynHas pa3paboTymky ramma ero, obbekTa, OTHOLIEHUI C
OXBaTblBalOLLEN CUCTEMON, HaLcucTeMoi. Kakue onepaluu 3geck cnegyeT npogenarb?

a) BbISICHNTb POAO-BUOOBLIE XapaKTEpUCTUKKU MccneayeMoro obbekta — K Kakomy pogy (M Buay) OH OTHOCUTCS,
kakue BOOOLLe CYLLECTBYIOT pofbl (KIacehl) U BiAbI B €70 CUCTEMATMKE; Kak OH C HUMM COOTHOCUTCA?
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6) NpoBeCTM BCE MbICIIMMbIE €r0 rPaHuLbl; Hanpumep, ANs ropofa — TeppuTopuanbHble, Jemorpaduyeckme
(KOro BKMOYATb B COCTAB HACENEHNs! 3TOrO FOPOAA — MMEIOLLMX MPOMMUCKY, XKUBYLIMX 6e3 Hee, NPOnUCaHHbIX, HO
OTCYTCTBYIOLUMX W T. [., 3TO 3aBUCKT OT MOCTABMEHHbIX Lieneit — Ans 06ecneyeHns Xuibem Unu xnebom,
TPaHCMOPTOM MR LUKOMAMK; MOXET, NPUAETCS BEPHYTLCA K LieNenonaranuio 1 NpoBECTU TaM PeBU3MI0); Aanee
— IpaHuLbl KyNbTYpHbIE, SKOHOMUYECKIE, NPON3BOACTBEHHbIE, SKOMOTUYECKUE U T. M.

B) Bbinucatb Bektop X = f (¢, t) BXOOHbIX BO3OEACTBUA Ha aHamM3UPyeEMytd CUCTEMY (@ — XapakTepu-CTUKM
BHELLHEN Cpebl, HagCcuCTeMbl; t — Bpemsl); 30ech BbISBSETCS, Kakue pecypcbl noTpebnsaeT gaHHas cuctema u
Kakue AeNCTBYIOT Ha Hee (haKTopbl U3BHE;

r) Beinucatb BekTop Y = f (X, A, t) BbIXOAHbIX XapaKTepUCTUK paccMaTpuBaemoil CUCTEMBI; 30eCh A — HEKOTopoe
0606LLeHHOe (Hanpumep, CTPYKTYPHO-(PYHKLIMOHANBbHOE) NpeaCTaBneHne 3TON CUCTEMI.

BaxHas nHdopmauus o cucteme byaeT nonyyeHa, €Cnv Mbl OTBETUM Ha BOMPOCHI O TPEX acnekTax CUCTEMBI,
Ha3blBaeMbIX CUCTEMHbIMM AECKpUNTOpamu: KOHLenT, cybcTpaT W CTpykTypa (MpuyeM, Kak 9TO BWUAHO W3
JanbHenLero, Takon NOUCK yKe eCcTb Nepexoq K credytowemy wary — BTOPUMHON CTPYKTypuaaLmm). McxoaHbIM
JECKpUNTOPOM SBMSIETCH KOHLENT (OT CroBa «KOHLENUMS», Y4TO NEXMT B OCHOBE OnpefdereHus CUcTembl?),
Janee — cybeTpart (13 Yero cuctema «caenaHa»?) u CTpykTypa cucTembl (kak OHa NocTpoeHa?).

[leckpunTop «KOHLENT» TECHO CBA3aH C MOHATWEM L€, C BbISIBIEHWEM BHELUHEW (DYHKUMM cuCTEMbl. B
3aBMCMMOCTM OT KOHKPETHOro cucTemoobpasyroliero (haktopa, KOHUenT MoXeT ObiTb aTpubyTWBHBIM MK
PENALMUOHHBIM, TO €CTb OMUCLIBATL CBOCTBA CUCTEMbI MW CBSA3M, OTHOLLEHMS B HEM.

[ns Gonbworo kmacca CNoXHbIX 3afav (a B Hawen paboTe nogpasymeBaeTcs aHanm3 rmoOpuaHbIX CUCTEM,
Hanpumep, € counanbHbIM KOMMOHEHTOM) NEPBUYHAS CTPYKTYPU3aLMs — O4eHb BaXHBbIA 3Tan.

BTopuYHas CTPYKTypu3aUMs Unu fekomMnosnums. HacToswmin atan MOXHO OTHECTU K OfIHOMY M3 HauGonee
eMKVX B CUCTEMHOM aHaru3e. 3nech 06BLEKT UccresoBaHNs NepecTaeT ObiTh «YEPHBIM SLUMKOMY, U3YYEHUO U
OnM1CaHMio NOANEXMT, COBCTBEHHO, €ro CTPYKTypa.

Mopconoruyeckuin  aHarm3 obbekta MOXET OblTb  BbIMOMHEH pPa3nUYHbIMU - NyTAMU.  [To-BUGMMOMY,
LenecoobpasHo Havatb 3Ty paboty, ucxogs M3 Hauwbonee oBWMX NpPeaCcTaBNEHWA U ONepupys TakuMM
MOHATUSMM, KaK «BELLW», «CBOWCTBA» W «OTHOLIEHMS». Kak opraHnsoBaH OOBEKT MCCredoBaHWs, KakuMM
cBOWCTBaMM 06M1afaloT ero aNeMeHTbl 1 KakiMK CBS3aHbI OTHOLLEHWUSIMM, — BOT HayarbHbli Habop BOMPOCOB,
OTBETbI Ha KOTOPbIE MOryT BbITb NOMNy4eHbl B pamkax ATO, a3bika TepHapHOro onucanHus [4].

PesynbTatoM mccnefoBaHuns CTpyKTypbl 06bekTa OyaeT onucaHue ero coctaBa (T. €. U3 Kakux 31EMEHTOB OH
COCTOUT) NAKC ONUCAHNE OTHOLLEHUIA MEXAY STUMM 3fIeMEHTaMI MAKC ONUCAHNE CBOWCTB 3TUX OTHOLLEHMIA 1
CBOWCTB CaMWX 3M1EMEHTOB, — 34ecb bonbLuon obbem pabothl. CneayeT pa3obpatbCsi, MMEKT NN ANEMEHTLI
OOMHAKOBYI0 Mpupody (CucTemMa romMOoreHHa) Win OHM 00napaloT pasHoOW MpUPOLON (CMCTeMa reTeporeHHa),
NMEIOT OHM OAMHAKOBblE MaclTabbl UM pasnuyHbl U T. 4. OTMETUM, YTO B ABYX NMPUBEAEHHBLIX MpUMepax (o
CBOJWCTBaX MPUPOAbl 3NIEMEHTOB U O CXOACTBE/pasnuumm ux MaclutaboB) Mbl OnepupoBanu ampubymusHbiv
CUCMEMHbIM napamempoM: OCHOBAHWE [AENEHWs CUCTEM Ha TOMOTEHHbIE W TeTEepOreHHble, OTKPbITbIE U
3aMKHyTblE, CTabunbHble U HeCTabunbHbIE U T. [, — NpeanonaraeT CUCTEMHOE PacCMOTPEHWNE COOTHOCSALLUMXCA 1
COOTHOCHMbIX BeLLer. B Halem criyyae ncnonb3oBancs 6UHapHbIl aTpubyTUBHBIN NapameTp.

OuyeHb BaXHO OMPEAENNTb TWUM CTPYKTYpbl — OHA MOXeT ObiTb MepapXuyeckom (Kak CTPYKTYpa apMencKux
noapasaenexuni), retepapxnieckon (MMeTb HECKONBKO Bonee unm MeHee paBHOMPAaBHbIX LEHTPOB YNPaBneHus),
Unn BooGLLE — aHAPXMYECKOM, HE UMETb BblAEeNEHHbIX LIEHTPOB ynpaBneHus. Hanbonee npocTorn nepapxuyeckon
CTPYKTYpOV SIBNSAETCSA APEBOBMAHAS, MOXHO Ha3BaTb CUCTEMbI 3Be3A4aThIe, KOMbLEBBIE U AP.

MpumepoMm JiuHelHo20 aTpubyTMBHOrO napameTpa (B OTNIMYME OT OMHApHBIX, TAE BO3MOXHbI TONMbKO [Ba
3HauYeHWsl) SIBNSIETCS MPOCTOTA/CNOXHOCTL paccMaTpuBaeMoil cucTeMbl. [lpUMeHeHWe 30ech CUCTEMHbIX
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JECKpUNTOPOB JaeT UCCrnefoBaTeNto 3HaUMTENbHbIE NPEUMYLLIECTBA, NO3BONSAS U3Yy4KUTh (M 3aTEM UCNONb30BaTh
B Mogenu!) pasiuyHbie munbi NPOCTOTbI/CIIOKHOCTU: KOHLENTYanbHYI0, CTPYKTYPHYIO, CyOCTpaTHY, CTPYKTYPHO-
cybeTpaTHyHo, OLEHUTL Mepy crnoxHocTM u T. A. [11].

I'IpM 3aBepLlleHnn OaHHOro 3Tana Mbl yXXe pacnonaraém AOBOMbHO BECOMOM MH(*)OpMaLl'MeVI.

6. Bropas ¢pa3a cuctemHoro aHanusa

I'Iocne,qyrom,vle Larn 3Ha4mTenbHo COJJ,eVICTByPOT BbIABMEHUIO, ONUCAHUIO N aHann3y d)yHKLl'VIVI CUCTEMBbI.

BbifiBNEeHWe 0CHOBHbLIX NPUHLIMNOB U 3aKOHOMEPHOCTEeN. [leiCTBYET N B paccMaTpiBaeMon CUCTEME 3aKOH
COXpaHeHust (BELLECTBa, 3Heprv, MHdopmaLn)? Mo KakuM 3aKkoHaM NPOUCXOAST M3MEHEHUST B cucTeme? Kakue
BOOOLLe 3aKOHbI 1 3aKOHOMEPHOCTM MMEOT MeCTO B cucteme? (Hanpumep, cobntogatoTes v v B kakoi mepe Il n
1 3akoHbl Bappn KommoHepa: «Bce QOMKHO KyAa-TO AEBATLCS» U «3a BCE HYXHO NNaTUTb»?).

[lencTByeT NW NPUHLMN KOHKYpeHUMM? MpuHUmMn B3anmonomoLyn? B kakoin mepe cobniogaeTcs cornacoBaHHOCTb
Mexay 9nemMeHTaMW WK CUHXPOHHOCTb B UX AercTBUAX? Kak ocylecTBnseTcs GanaHc mexagy npuHuunamu
LieHTpanu3aumm (LeHTPOCTPEMUTENbHbIE TEHAEHLWM) W eLeHTpan13alum — aBTOHOMIU3aummn?

AHanms oCcHOBHbIX NPOLIECCOB U AEUCTBYIOWMX B CUCTEME MeXaHWU3MOB. OueHb BaXHO BbISBUTb NPUPOaY
MPOMCXOASLLMX B CUCTEME MPOLECCOB — KakMe M3 SNeMEHTOB pa3BMBAIOTCS, KakMe HEeM3MEHHbI, Kakue
[ErpafunpyroT; Kakoa NPMpoAa STUX M3MEHEHUIA — HEMPEPBIBHO UMM CKaYkaMu, MPUYNHLI BudbypKaLmi U T. 4.

[anee, cnenyet onpeaennTb, Kakne MexaHu3mbl B CUCTEME ,El,eVICTBy}OT (VI ana Kaknx SJ'IeMeHTOB)Z

- KaK BbIMMSAWT W YeM 3arnyckaeTcsl MeXaHu3M W3MEHYMBOCTM, Kakumu chaktopamu onpedensercs
BO3HWKHOBEHMWE MyTaLMI (31IEMEHTOB, MX CBOWCTB, CBA3EN MEXY HAMK);

- KaK NpoUCXOAUT 0TOOP M3MEHEHUI W KaKoBbI €70 KpUTEPUH, YTO M MOYEMY HACMELYEeTCS NpK 3TOM, @ YTO
1 NMoYeMy OTBEPraeTcs, kakoBa porib NaMSITV CUCTEMbI B 3TOM U KaKOB €€ MeXaHu3wm;

- KaK 3aKpennsioTcs HOBaLWW B CUCTEME, Kak M B Kakoi Mepe MPOM3BOAWTCA PasfNyeHne Mexay
«yHacnefoBaHHbIMWY W «BnaronpuoBpeTeHHbIMUY MHHOBALMSIMIA U KTO/MTO OLIEHMBAET UX Ka4eCTBO — W
T. 4.
KayecTBeHHble W KONMYECTBEHHbIE XapaKTePUCTUKW CUCTeMbl B 3ToA 4acTM npegmeToMm aHanu3a
BbICTYNAIOT KOMMYECTBEHHbIE W Ka4eCTBEHHblE MPU3HAKM OCHOBHbIX 3NIEMEHTOB CUCTEMbI, WX CBOWCTB U
OTHOLLEHWA, AMHAMWKa 3TUX XapaKTEepUCTWK BO BpemMeHu W T. A. [lepBbli npuMep: KayecTBEHHas U
KONMYeCTBEHHAs OLEHKA XKU3HEHHOTO LiMKNa camoii CUCTEMbI U ee OCHOBHbIX 31eMeHTOB. BTopoit npumep: ecnu
B CUCTEME MPUCYTCTBYET afanTaumsi, TO pacCMOTPETb, B YEM MMEHHO M KaKOBO €€ Ka4yeCTBO — NaTonornyeckas
(HacTynaeT AMCKYHKLMSA), KOMMEHCATopHas (3a CYeT ApYriX CBA3eW WNW 3NEMEHTOB) WIM HopMarbHas,
(hyHKUMOHanNbHas aganTauys; UMEET fn MECTO CaMOBOCNPOM3BOACTBO U T. .

AHanus pecypcoB. 3T0T aTan paboTbl (Bbile FOBOPUNOCh, YTO OH MOXET pacrnonaraTtbCs U B ApyroM MecTe,
[€10 3aBUCUT OT COAEPXaHWs 3aayu, YCoBuiA paboThl U T. [1.) BKNoYaeT B cebst aHanu3 1 oLeHKy, No KpanHen
Mepe, BYX rPynn pecypcoB: a) kakie pecypchl HEOOXOANMbI UCCNEA0BATENO ANst LOCTUXKEHWUS NOCTaBMNEHHBIX
Lenen (Bpems, kaapbl, UCXOAHas MHAOPMaLWS, 3HAHUS O NPeaMETHON 0bnacTu, 3MepuTenbHas TexHuka U T.
A.) v 6) Kakue pecypchbl UCMONb3YET UMK JOMKHA MCTOMNb30BaTh paccMaTpiBaeMas cucTema 1Sl BbiNofHeHUs
CBOMX (DyHKLMA, CBOEBPEMEHHO N OHM MOCTYNAtoT, Kakie 0GMEHHbIe COOTHOLLEHWS MEXY HAMU CYLLECTBYHOT,
KakoBbl OrpaHU4eHnst U np. HemanoBaxHbIM SBRSETCS BOMPOC O TOM, Kakie W CKOMbKO TPaTWUTb B CUCTEME
PECYPCOB Ha PAa3BUTME, @ CKOMbKO — HA MOAAEpXaHWe CTabunbHOro (yHKUMOHMPOBaHWs. KTo oTBevaeT 3a
PECYpChI, NPEAOCTaBNSET UX, KTO pacnpeaensieT, KakoB Y 3Toro NepcoHana yposeHb npodeccuoHanuama?
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7. MogenupoBaHue (NOCTPOEHME CUCTEMHON MOAENH)

3HaunTenbHast YacTb MpeAblayLiero npoBoAunack, Mo CyTu, Ans TOro, Ytobbl MOCTPOUTL BO3MOXHO Gomnee
MONHY0 MOAENb HaLLE! CUCTEMbI M HA HEW NpaKTUYeCKM UCCreaoBaTh Bce HeoOX0aAnMoe.

CerogHsi apceHan Mogernen O4YeHb BENUK, «MOLErbEepbl» MMEIOT OYeHb LUMPOKMI BbIGOp: OT Mogeneit
(heHOMEHOMOMMYECKMX, Ae MOAENUPYETC NWWb sIBNEHWe, (DEHOMEH, A0 CMOXHbIX MOMMUCUTYALMOHHBIX
UMUTALMOHHBIX MoZieneit. Buabl Moaenei 1 TEXHOMOMM CUCTEMHOTO MOAENNPOBAHMS NPEACTABNEHbI B Pa3HbIX
UCTOYHMKax. BecbMa emKkuit 1 nocnefoBaTenbHbI MaTepuan UMEHHO MO CUCTEMHBIM MOLENsM COLEepXUTCS B
pabote [6]; 30ecb ke ykaXeM Ha HEKOTOPble BaXHble, B TOM YMCIie — U B METOLOMNOTMYECKOM OTHOLLEHWM,
00beKTbl MoAenMpoBaHms. K ux uncny oTHocsTCs:

- MopgenupoBaHue B3aMMOENCTBUS CMOXHbLIX 06BEKTOB, C Pa3HLIMM LIENSMM U MHTEPEeCcaMM; UCYUCTIEHNE
9TOro B3aMMOLENCTBMS, OLleHKa CUHeprnveckoro adekTa; ncenegosaqmne hakTopos BAWSHMS.

- AHanus 30Hbl B3aMMHbIX MHTEPECOB M NPUEMIIEMbIX OLIEHOK, MOMCK OTKPbITbIX KOMNPOMMUCCOB.

- MO,EI,eJ'IVIpOBaHVIe MOTVIBaHVIVI, KONNEeKTUBHbIX N NHONBMAOYanNbHbIX, UX NpUpoabl U 3aBMCHMMOCTEN.

- [lonoxutenbHble n oTpuuatenbHble OGQaTHbIe CBA3N, UX BNUAHME Ha CornacoBaHHOCTb M pasnaa.
HeKOTOpre M3 3TUX BOMNPOCOB npeanonaraeTca pacCMOTPETb B NPOJOITKEHNN HaCTOFILU'eIZ pa6OTbI.

HakoHeL, No pe3ynbTatam aHanu3a — onpefeneHue HoBbIX Lenei, Hanpumep, B paMkax CUHTe3a.

8. HekoTopble BONPOCLI CUCTEMHOIO CUMHTE3a

He paccmatpuBas B 370 YacTu paboTel METOAOB M CPEACTB CUHTE3A CNOXHBIX 0O6BEKTOB (COBCTBEHHO B pamkax
CUCTEMOIIOTYECKOrO UHCTPYMEHTapusl), NpuBedeM [Ans npumepa psg 3ajady CuHTEe3a, pPelleHue KOTOpbIX
NPEeACTaBNsAeTC BECbMA HACyWHbIM C Pa3HbIX TOYEK 3peHWs (BKMoYas M MEeTOLONornyeckyto!), ¢ apyron
CTOPOHbI, — 3TOr0 MOXHO AOCTUYb UIMEHHO C MOMOLLbIO CUCTEMOIIOTYECKOrO apceHana.
BoT 3T10T NpMepHbIN nepeyeHb, 6e3 paHX1poBaHUs, — Ans pasHbIX YCoBUA paHri ByayT pasHbIMU.
- Paspabotka MexaH13MOB nepexoaa OT KOHMKTA K KOHKYPEHLIMK, OT KOHKYPEHLMM K KOoomnepaLui.
- ®opmupoBaH1e KOHKYPEHLM 3a Ka4eCTBO, YPOBEHD XKI3HW, aTTPaKTUBHOCTb, COTBOPYECTBO, 3a CTENEHDb
COOTBETCTBUSI CCTEME TPeBOOBaHMIA... 3aKOHbI (DOPMUPOBAHMS HOBbIX TpebOBaHMI M MOTVBALMIA.
- ®opmupoBaH1e HOBOM CUCTEMBI (M LKanbI!) nOTpeBHOCTEN.
- TeHesuc obbekra, ero oueHka M MeTpu3auns (MPOCTPaHCTBA W3MEPEHMIA, €OUHWLbI, MeTOoAbl,
npoLeaypbl, NPU6OpbI, TAKCOHOMMS, MPOrHO3, Banuan3auus,..)

- PaspaboTka Takol CMCTeMbl arperupoBaHusi, CBEPTKW, MpU KOTOPOM B oObekTax Gomnee BbICOKOTO
YPOBHSI COXpaHsinack Obl OCHOBHas MHopmauus 00 0ObeKTax HUKHMX YPOBHEN (MX CBOWCTBA,
OTHOLLEHNS,..)

- KoHcTpympoBaHWe TEHCErPUTHBIX (HaNPSPKEHHbIX, CKPENSIOLWMX) CBSA3EIA B CUCTEME.
- MeTogbl coumanbHoi pedpnekcun (4To 370 BbI0? + CMHTE3 COLManbHON CaMOOTBETCTBEHHOCTH).

- HakoHel, HoBoe HayyHoe HampaBneHue — coumodeHeTuka. OHO BKIHOYAET: U3y4eHue MpOoLEecCoB M
3aKOHOMEPHOCTE (hOPMMPOBAHMS COLMANbHO 0CBAMBAEMOrO HEHACTECTBEHHOIO HOBOTO (CoLManbHas
NHHOBATMKA) W KOHCTPYWMpOBaHWE METOAOB 3aKpenneHus Takoro MonesHoro HOBOro; TbMa npoGrem —
OLIEHKY, KPUTEPUM MONE3HOCTI, YPOBHU 3AKPENNEHMS, COLManbHas NamaTb, yuuTens,..
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9. BmecTo 3aKknioueHus

HaBepHo, Npy O4YeHb MparmMaTviHOM MOAXOAE MOXHO ANS KaKMX-TO 3adady NMPUMEHsTb NMULb onpegeneHHble
OTAenbHble 3Tanbl CUCTEMHOrO aHanm3a. MHoroe 3aBuCMT OT 3ajaun W ymenust uccneposatens. OgHako B
MOLABMSIOLLEM YMCTE CMyYaeB U3YYEHWS CHIOXHBIX OOBEKTOB Takoe MPUMEHEHME CUCTEMHOTO aHanusa byget
MOXOXe Ha CUTYyauuto, B KOTOpOM Obl Mbl, CoBupasi KOCMOHaBTa Ha paboTy B OTKPLITOM KOCMOCE, 3aLUMTUnN Bbl
€My, CKaXeM, TOIbKO rofioBY U PyKU.

BaxHbIM acrnekToM CUCTEMHOTO MOAXOdA SBMSETCH «PeKyppeHTHOe» MOoBEAeHMe paspaboTtymka: He crnegyet
GosiTbes pedbriekcun, PETPOCNEKLMN; He CriedyeT AymaTb, YTO KaXOblid 3Tan — 3TO 3aKOHYEHHbIA FOTOBEHbKWA
Habop onepauwii, 1, BbINOMNHKB UX, Tbl 0653aTeNbHO Nonagaellb B HAMEYEHHYHo TOUKy. Kaxagomy n3 Hac MOXeT
NOHaZobNTLCA BEPHYTLCS, 3aHOBO NPOAENaTh ONpeAeneHHyio YacTb paboTbl, AONONHATENBHO OCMBICAUTL U NO-
HOBOMY MOHSATb caenaHHoe. Buaumo, 310 0auH 13 nyTel NpeofoneHus napagokca 0bpa3oBaHWsS/BOCIUTAHNS,
KoTOpbIN (napagokc) 6bin 0TMeYeH B TpeTbeM Tesnce Mapkca o ®eitepbaxe: ecnu AenuTb MUP Ha yuuTenen u
YYEHWUKOB, TO KTO Xe Hayuun yuutenein? Mol obpeyeHbl Ha HenpepbiBHOe 06y4yeHne u camoobydeHue,
camoobpasosaHue. [1o-Buaumomy, Metogonor Tenepb ByaeT yunTbes Beerpa.

lMpogonxeHneM HacTosiLein paboTbl NPeACTaBNSETCS M3MOXKEHNE HEKOTOPLIX CMCTEMONOMMYECKUX NPUEMOB U
METOAO0B MCCNefoBaHNs CMOXHbIX OOBEKTOB M MOCTPOEHWUS (CUHTE3WUPOBAHMS) MX CUCTEMHBLIX MOZEnew; no-
BMOMMOMY, peyb OyaeT matn o6 oueHke HeompedeneHHocTU B cucteme, 00 MCMONMb30BAHMM CUCTEMHbIX
napamMeTpoB M [ECKPUNTOPOB ANS ONUCaHUS LUMPOKOTO Knacca rMbpuaHbIX CUCTEM, UMEHLMX eCTeCTBEHHO-
NCKycCTBEHHYI0 Npupoay (E-WN-cuctem), 0 KOHCTPYKTUBHBIX CBOCTBAX CMCTEMONOMYECKMX METOLOB, HanpuMep,
Ha ©ase ecTecTBeHHOW Kknaccudmkaumm (cm. [12] u gp.), o BbisgBReHUN (M opMUpoBaHMM!) SMEPIKEHTHBIX
XapaKTepUCTUK CUCTEMBI. [epeuncreHHble 3aeck paboTbl SBASIOTCS, HABEPHO, NNLWb HEBOMbLLOM Aonei BCero
aHcambns CpeacTB, NPefOCTaBNSEMbIX B pacropsikeHne paspaboTumka CoBpeMeHHOM MeTogonorueit. MoxHo
HafleATbCS, YTO YHMBEPCANbHbIA XapaKTep 3TOr0 MHCTPYMEHTApUs CO BPEMEHEM CMOXET MOMOYb Hayke B
uenom, opMupys 1 OTCRExXuBas HOOCHEPHYID AENCTBUTENbHOCTb, BEPHYTb cebe (YHKUMIO coumanbHoro
KPUTUYECKOrO OpraHa, B 3Ha4YNTENbHON Mepe NOAPACcTEPSHHYI B MOCNEAHME TOAbI.

OpnHoit u3 Hanbonee BaXHbIX CoLManbHbIX YHKLMIA CaMON CUCTEMHON METOZOONMM SBASIETCA HA CErOQHSLIHNIA
JeHb NpoBedeHWe BO3MOXHO Oonee LUMpOKOTO aHanMa3a CIOXVBLUENCS KPUTUYECKOM MMPOXO3SINCTBEHHOM
cUTYyaUuu B LENOM (T. €. coumanbHO-3KOHOMUYECKOM, COLManbHO-NOMMTUYECKOM, COLManbHO-3KOMOMYecKoi), —
W KOHCMpyuposaHue cmpameauu OCMbICIIEHHO20 U npuemnemo2o ebixoda W3 Hee. JTa CUCTEMHas,
CUCTEMOIOTYeCcKas AeATeNbHOCTb, KpalHe Heobxoaumas ¢ TOUKM 3peHuUst HOOCKEPHbIX MPEACTaBNEHNN (W,
Ge3ycnoBHO — He TONMbKO Ana ctpaH «BegHorox» Oral), TpebyeT kBanuduumMpoBaHHOW paboTbl, BbICOKOM
KyrnbTypbl, BbICOKMX W €CTECTBEHHbIX MOpArbHbIX MPUHLMMOB, COLMANBHOrO W OYXOBHOMO YBaXeEHWs W
TONEPaAHTHOCTU KO 8ceMy xueomy. 3aecb BesHa MEeTOAOMOrMYECKUX M OHTOMOTMYECKUX 3aday — Co3faHue
KOHLIENLUMI BbIXOZ4a M3 «3KONOro-kanuTanucTuieckoro» Tynuka (BoipaxeHne A. Cybertto [13]), nouck meTogos
nepexoga OT nmbepanbHOW, KOHKYPEHTHOW W WHAWBMAYANM3MPOBAHHOW AOMMHAHTBI K  KOOMEpaTUBHOM
AEeATENbHOCTU U NPOCTO 3KOHOMHOM XW3HM, (DOPMUPOBAHNE UHCTUTYTOB COrNAcust 1 0Tkasa OT BECKOHEYHOro W
BCe YBENNYMBAIOLLErOCs (O4EHb aCUMMETPUYHO) NOTpebneHuns, Bonpeku xenaHnam muposbix THK.

Ha aTom none o4yeHb MHOrO paboTbl AN METOZONOrMM — OT (hOPMYNMPOBKW 3aday, Noucka Kputepues,
npoueayp, CKpbITbIX CBA3EA 1 T. 4., A0 NOCTPOEHUS CUCTEMHbBIX MOZENen, SKCNEPUMEHTUPOBAHNS C HUMM (a He
CO CTpaHamu), cnocoboB AEMOHCTpauLuW pesyrnbTaToB M nponaraHabl — nyTeln (hOPMUPOBAHMS MAacCOBOTO
CO3HaHWsI, coLMarnbHON 1 MMPOBO33PEHYECKON adanTauum 1 MHOroe Apyroe (cM., Hanp., [14]).

B 3akntoueHue xotenock Obl CkasaTb BOT 0 YeM. [pUMEHeHNe CUCTEMONOTMYECKOTO MHCTPYMEHTapUS SIBNSIETCS
CrMOXHOW W TPYLOEMKOW 3ajayell, OAHaKo pesynbTaTbl MOTYT ObiTb OYEHb BbICOKMMM, AOIMKHbLI MULb ObiTh
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cobniogeHbl HeKoTopble ycrioBus. BecbMa BEpHOM aHanoruen, nNpuyem no BCEM TPEeM MPUBELEHHBIM HUKE
no3nuusMm, SIBNSIETCS, MO HalleMy MHEHW0, BbiCKasblBaHWE W3BECTHOrO COBETCKOTO NuTepaTypoBega HO. M.
NotmaHa, caenaHHoe Bpoae Obl COBCEM MO ApyroMy noBoAy: «oHUMaHWe Takoro Npou3seaeHs, kak «EBreHnin
OHeruH» — 370 CepbesHas 3agava. 3agava, Tpebyiowas Tpyaa, nobsun 1 KynbTypbl». BoT Tak.
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3AYEM U NOYEMY B 3PUTENBHOWU CUCTEME UMEIOT MECTO MHBEPCUSA
CETYATKW U NEPEKPECTbI 3PUTENbHbIX BONTOKOH

leHHagun BopoHkoB

AHHOMayus: B pesynbmame aHanusa numepamypHbix OaHHbIX NOMyYeHbl ceudemeniscmea O MOM, Ymo
U38ECMHbIE  aHaMOMO-U3UOI02UYeCKUE (DEHOMEHBI, NEPEeKPecmbl 3pUMENbHbIX BOMOKOH U  UHBEPCUS
cemyamku, XOpowo U3yYeHHble 8 HellpoaHamoMUYecKoM nfaHe, HO ocmarowuecsi 00 cux nop 6e3
0bWenpuHImo20  0b6bSICHEHUS 8  (DYHKUUOHANbHOM — niaHe,  SI8NSoOMCcs  MexaHu3MaMmu — 3epKallbHbIX
npeobpasosaHull. briazodaps amum mexaHusmam obecneyusaemcs hopmuposaHue makoli HelipoHHOU modenu
(kapmbI, npoekyuu), ocu KOopAUHam KomopoU Ha 80chpuUHUMaroweli CmMopoHe HanpaseHb! He3epKarbHO (a Ha
omdarouwell — 3epkanbHO) makosbiM UCXO0HO20 opueuHana — "nuya" eduHO20 nonisi 3peHus U "nuya” e2o
cocmaensrowux, nonell 3peHus. bes amux npeobpasosaHuli ocu KOOpAUHam Ha 80CNPUHUMaKWEl CMOpOoHe
HelipoHHOU Modenu bbiu bbI HanpagneHb| 3epKasbHO, Kak Mo UMeem Mecmo y onmu4YeckKol NPOeKyuU.

Knroueenle cnoea: uHgepcusi cemdyamku, nepexkpecmbl 3puUmesibHbIX 80/IOKOH, 3epKaslbHble npeobpazogaHus
(coomeemcmeusi), NPOEKLUU NOel 3PEHUS.

Conference: The paper is selected from XV International Conference “Knowledge-Dialogue-Solution” KDS-2 2009,
Kyiv, Ukraine, October, 2009.

BBeaeHue

WMHBepcus  cetvatkm  (MC) u nepekpecT B xuasme (1X) NO3BOHOYHBIX — XOPOLIO U3BECTHblE
Mopchochuamonormdeckne eHomeHbl. OgHAKO KakOM Lienn OHU CryxaT, A0 CUX MOp OCTaeTCs HEW3BECTHLIM
[Xbtoben, 1990]. Y 6ecrno3BOHOYHBIX CETYaTKa, Kak npaBumno, He MHBEPTUPOBaHa. B TO e Bpems, Y HUX UMeeT
MECTO MepeKpecT PELEnTOPHLIX aKCOHOB Ha mncunatepansHon rnady cropoHe [Cajal, 1917; 3asapauH, 1950],
OTCYTCTBYIOLMI Y MO3BOHOYHbIX. Buonornyeckas ponb atoro "wncunatepansHoro” nepekpecta (MIM) Toxe He
“MeeT yaoBneTBopuTentHOro obbsicHeHms [Bullock, Horridge, 1965].

Llenblo paHHoro coobuieHus sBnseTcs: 1) nokasaTtb, YTO B MOCMELOBATENbHOCTU 3KPaHHBIX CTPYKTYP
3puTenbHOro Nyt npoekuns (Mopens) nons 3pexns (M3) nocne WM (y 6ecnossoHouHbIX) v nocne UC (y
MO3BOHOYHbIX), @ TaKke Mpoekums eguHoro monst 3peHus (EM3) nocne MMX sBnsoTtcs 3epkanbHbiMiA! no
OTHOLUEHWIO K HEMOCPeACTBeHHO npegwecTytowen mogerm M3 u EMN3 cootsetctBeHHo. 310 Oyger
ceugeTenscTBoBatb 0 Tom, yto WM, UC n MX ¢BNstoTCcS MexaHuM3Mamu 3epKanbHbIX MpeobpasoBaHuil
(cooTBETCTBMIA) 2, 2) NOKa3aTb, YTO 3TK MexaHuambl — X, a Tarke MM n NC — HanpaBneHbl Ha (hOpMMpOBaHME
TakoW HeipoHHoM moaenu ENM3 u Takon Moaenu kaxaomn ero coctasnsioLlei (M13), oTaatowas cTopoHa Kaxaon
13 KoTopbIX Obina 6bl 3epkarnbHa (@ BOCIPUHUMALOLWAs — He3epKarbHa) COOTBETCTBEHHO "nuuy" ncxogHoro EM3
n "nuuy" nexogHoro [13.

Obcyxaaetcst HeobOX0aNMOCTb 3epKarbHbIX MPeobpasoBaHHil.

' 3epkanbHble Apyr apyry oBbeKTbl, HaNpUMep ABYMEpHbIi OGBEKT U ero oToBpaxeHue B 3epkare, OTIMYAIOTCS Apyr OT Apyra
HarnpaBreHneM KOOPAMHATHBIX OCEM Ha UX «fMLEBbLIX» CTOpOHaX. Mpu CPABHEHUN «TML» TakuX OBBEKTOB BUOHO, YTO MPU OAMHAKOBOIA
HanpaBreHHOCTM OCEil B 0AHOI Nape OAHOUMEHHbIX OCeli B APYroil Nape 0cel 0cv UMEtoT oBpaTHble ApYr Apyry HanpaBneHus.

2 Hue B TekcTe TEPMUH "COOTBETCTBME" BE3/le OMyCKAeTCs — Kak Nnoka Mano ynotpebnsembiit B uanonornyeckoin nutepatype. B to xe
BPEMS UMEHHO TEPMUH "MeXaHW3M 3epkanbHOTO COOTBETCTBUS" Haubonee afexkBaTHo OTpaxaeT (yHKLMOHANbHYK CYTb OMUCHIBAEMbIX
teHomeHos — UC, UM n MX.
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Kpatkoe onucanue eHomeHOB

MHBepcma cetuatkm (UC). Y Bcex NO3BOHOYHbIX CETYATKA MHBEPTMPOBAHA. OTO 03HAYAET, YTO €€ PELIENTOPHLIN
cnomn obpalleH BOCMPUHUMALOLLEN CTOPOHON OT XpycTanuka, OT CBeTa, a OTAAOLLEN - HaBCTpeyy CBETY. Takoi
CMON MOXHO CPaBHUTb (C TOYKM 3PEHUs] 3epKarbHOCTM €ro BOCMPUHUMAIOLLEA CTOPOHbI) C (hOTOMMEHKOM,
00paLLEeHHON 3MYNbCUOHHON CTOPOHON OT 06BbEKTHBA, OT cBeTa. Y BOMNbWMHCTBA BECNO3BOHOUHBIX CETUYATKA He
WHBEPTUPOBAHa, T. €. ee Croi peLenTopoB obpalleH BOCNPUHAMAIOLLE CTOPOHOW K CBETY, a OTAAlOWen — oT
cBeTa. TaKoi o MOXHO CPaBHUTbL C (POTOMEHKOM, 0OPALLEHHON 3MYNbCUOHHON CTOPOHO K 06 BEKTUBY.

MUncunatepanbHbin nepekpect (MM). HaubGonee wn3BecTeH nepekpecT 3pwUTENbHLIX BOMOKOH B Xuasme
NO3BOHOYHbIX. MeHee u3BeCTHO, 4TO Yy 6OnblWWHCTBA ©GECNO3BOHOYHBIX (TEX, CeTyaTka KOTOpbIX He
WHBEPTMPOBAHA) MMeeT MECTO eLUe NMEPEKPECT, KOTOPbLIN MOXHO Ha3BaTb "MncunatepanbHbiM”. OTO NepexkpecT
aKCOHOB (hoTopeLEenTopoB (poTopeLenTopsl Y 6ECNO3BOHOYHBIX, B OTAIMYME OT TaKOBbIX Y NO3BOHOYHbIX, MMEKT
ANWHHBIA aKCOH), OH HAX0AMTCA Ha TOW Xe CTOPOHe, rae Haxoautcst rnas. OCobeHHOCTb €ro COCTOUT €LLe B TOM,
YTO TOYKM HEMPOHHOTO CNosi, B KOTOPbIE MPOELMPYIOTC BepTUKanbHble (Y MOMMKCKA OCbMMHOMA) Wnu
rOpU3oHTanbHble (B (HaceToYHOM rnasy y HaceKOMbIX) pPsabl TOMEK PeuenTopHOro Crios pacnonarakTcs B
0bpaTHOM (3epkanibHOM) NOPSAKE, N0 CPABHEHMIO C TaKOBbIMU PELIENTOPHOTO Cos. Mpn 3TOM NPOeKLMs no Tuny
TOYKA B TOUKY COXPAHSETCS.

Mepekpect B xua3me (MX) N03BOHOYHLIX. Y psiAa NO3BOHOYHBIX (HAaNpUMep, HekoTopble NTUUb) X aBnseTcs
nomHbIM (MXn); y MHOrMX ApYrux NO3BOHOYHBIX (HanpUMep, MpUMarthl) OH YacTuyHbIn — (MX4). Mo3BOHOYHbIE C
NOMHbIM NEPEKPECTOM UMEIOT HenepekpbiBatowuecs 13, Toraa kak y NO3BOHOYHBIX C YaCTUYHBIM NEPEKPECTOM
M3 nepekpbiBatoTcs. [pyrumMu cnoeamu, y MO3BOHOYHbIX € momHbiM X 13 He nepecekaoT ( He
"nepexnectbiBaloT" 3a) BepTMKamb — 0Cb cummeTpum EM3, no nesyld M npaByl CTOPOHbI OT KOTOPOW
cUMMETPUYHO  pacnonaraiotes 3. [loatomy kaxgoe [13  3TUX  XWBOTHbIX SBASETCA  MONHOCTHH
uncunatepantHbIM rmasy. Y MNo3BOHOYHBIX € 4YacTuyHbiM X T3 nepecekaioT ("nepexnectbiBaoT" 3a) OCb
cummetpumn EM3. Moatomy kaxgoe M3 aTx NO3BOHOYHBIX AenuTcs ocbio cummetpumn EM3 Ha gse, 0bbluHO
HepaBHble, UMNCK- U KOHTpanaTepanbHyio YacTu. [lepekpect, T. e. nepexop B KOHTpanartepanbHoe nosyLiapue,
OCYLLECTBASIOT BOMOKHA rnasa, "BuAsLmMe" TOMbKO uncunatepanbHylo 4vacte EM3, T.e. "Bupswme" nubo
nomnHocTbto uncunatepansHoe M3 (8 cnyyae MXn), nnbo Tonbko ero uncunatepanbHyo YacTs (B cryyae MXu).

UM, UC un NX kak MexaHM3MbI 3epKanbHbIX Npeodpa3oBaHUm

WM. Ha puc.1 npefcrasneHa cxema npoekumin M3 Ha peLenTopHbIit 1 HEAPOHHBIA CROM B 3pUTENBHON CUCTEME
ocbMuHora Octopus. OHa nocTpoeHa Ha OCHOBE HEMPOAHaTOMMYECKUX AaHHbIX, CYMMMUPOBAHHbIX B
(yHoameHTansHoM Tpyade bannoka n Xoppugxa [Bullock, Horridge, 1965].

XpycTanuk cosgaet Ha HEMHBEPTMPOBAHHOM PELeNTOPHOM CIoe, KaK Ha aKpaHe, ONTMYECKyto npoekuuio M3 (1
obbekTa B HeM). Mnu, gpyrumu crnosamu, ycTaHaBnMBaeT COOTBETCTBME NO TUMY TOYKA B TOUKY (HO NO 3aKOHam
ONTWKM) BCex Touek M3 ¢ Toukamu pelentopHoro cnost. Ontuyeckas npoekums M3 (ontuyeckas mogens M3) Ha
BOCMPUHUMAIOLLEN CTOPOHE SIBNSETCS MOBEPHYTOM "C HOM Ha ronoBy" M 3epKanbHOW B OTHOLLEHWW OpuriHana
(M3). (B nutepaType 3epkanbHbIi XapakTep ONTUYECKOA NMPOEKUWM, KaK NPaBWIo, He OTMEYaeTCsl Uik eMy He
npuaaetcs 3HadveHus.) [loaTomy cosgarowascs peuentopHas mogenb 13 ¢ BOCMPUHWMMAIOLLEN CTOPOHbI
WOEHTNYHA ONTUYECKOH NPOEKLMN — OHA NOBEPHYTas W 3epKanbHas.

B cBOW oyepedb C NMOMOLLBIO aKCOHOB TOYKM OTAAOLEN CTOPOHbI PELENTOPHOM MOLENN YCTaHaBMWBAIOT
O[HO3HAYHOE COOTBETCTBME C TOYKaMM CNeaytLLero, HeipoHHoro crnos. OgHako, Gnarogaps WM, BepTukanbHas
OCb KOOpAMHAT HEMpoHHOW Mmogenu [13 MeHsieT, Kak MOXHO BMAETb Ha 3TOM pucyHke (puc. 1), cBoe
HanpaBreHue Ha obpaTHOe, 3epKanbHOe (B CPaBHEHMM C TaKOBOW Y PeLEnTOpHON Mogenu). Takum obpasom,
HeWpOHHas Moaenb
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1 o

OPUTMHAN 3EPK. 3EPK. HE3EPK.

Puc. 1. UncunatepanbHbin nepekpect (UM) B 3putensbHom cucteme 6ecnoasoHouHoro (ocbMuHor Octopus)
kak MexaHW3M 3epKanbHOro NpeobpasoBaHms.

1 - none 3penus (M3). 2 - peuenTopHas mogens M3; oHa paccMaTpuBaeTCs Takke kak 0OblYHbI 3KpaH A71s ONTUHECKOW NpoeKLun. 3 —
nepBas HeipoHHas mogens 3.

Crpenkm B M3 1 Mogensx — NpuHATOe HanpaBneHue ocel koopavHat B 13 1 TakoBoe, "co3patolleecs” B Moaensx, COOTBETCTBEHHO; OHM
e — o0bekT B M3 1 B Moaensix.

HuxHuin psg naobpaxenuii — "nuuo" M3 1 Buabl Ha BOCMPUHMMALKOLLYIO CTOPOHY €r0 MoZenew; 3epk. (M Hesepk) — 3epkarbHas (1
He3epkanbHasi) Moaenb opuruHana ("nuua” M3).

1- 4 — o4k M3 1 NocTaBneHHbIE UM B COOTBETCTBUE TOUKU B PELIENTOPHON (2) 1 HellpoHHON (3) Moaensx. TOUeUHOM 3anm1BKOI OkpalleHa
Ta CTOpOHA KaXaoi MOZenM, CO CTOPOHbI KOTOPOI MofeNb 3epkanbHa "nuuy" M3

M3 (1 HeMpOHHas Mogenb M30bpaeHNst B HEM) SIBNSETCSA 3epKarnbHON B OTHOLUEHUM PELEenTopHOM Moaenu. M3
9TOro cregyet BbIBOA, YTO WM ecTb MexaHW3M 3epkanbHOro npeobpasoBaHusi. Kpome Toro, MOXHO Takke
BMAETb, YTO HEMPOHHAs MOAENb HedepkarnbHa ucxogHomy opuruHany (“nuuy" M3) '. U3 atoro cneayet BbiBOA
(HabntogeHme), uto mMexaHuam WM HanpaBneH Ha hopMUPOBaHUE HedpoHHOM mogenu M3, BocnpuHMMatoLas
CTOPOHa KOTOPOil He3epKanbHa OpurHany.

Ha puc. 2 npeactaeneHa cxema npoekuuin M3 Ha peuenTopHblil ¥ HEMPOHHBIA CNIOW B 3PUTENBHON CUCTEME
Hacekomoro. OHa MocTpoeHa Ha OCHOBE M3BECTHBIX HEMPOAHATOMMYECKMX AaHHbIX [Ma3oxuH-TNopLuHskos, 1983].

MockonbKy (haceTOuHbIA rna3 HacekoMoro He WMeeT AN PeLenTopHbIX eauHUL-OMMaTMaMeB 0bLiero
XpycTtanuka, "coctaBHoe" I3 rnasa kak Obl "oTnevaTtbiBaeTcs" Ha OoMMaTUAMEBOM (peuenTopHom) croe. Kak
MOXHO BMAETb, CO3AaBaeMas npu 3TOM peLientopHas Moaensb 13 okasbiBaeTCs HenepeBepHYTON, HO Toxe (kak
W Yy OCbMWHOra) 3epkanbHOM (C BOCMPUHMMAlOLEN CTOPOHbI) cBoemy opuruHany — [13. Bnarogaps WM
cnegylwas, HeWpoHHas MoLeNb OKasbiBAeTCH, Kak MOXHO BWAETb, 3epKarbHOM MpeALLeCcTBYHOLIEN,
PeLenTopHO, MOAENN W He3epKamnbHON UCXoaHOMY opurHany — 3. Takum 06pa3om, kak Uy OCbMWHOra, Y
HaceKoMbIX MexaHuam UM sBnseTcs MexaHU3MOM 3epKanbHOro NnpeobpasoBaHus, U HanpaBneH 3TOT MeXaH!3M
Ha hopMMpOBaHWe HelpOoHHOW Moaenu M3, koTopast ¢ BOCIPUHUMAIOLLEHA CTOPOHBI HE3epKanbHa opuriHany.

' OpuruHan Bcerga obpallieH "MMLOM" (MCTOUHMKOM CBETA) K BOCTIPUHUMAIOLLEH CUCTEME, @ MOZEMb, PELIENTOpHas WM HEMpOHHaS,
BCEraa 34€ech, KPOME OrOBOPEHHbIX CIy4aeB, PaccMaTpUBaeTCs C ee BOCTPUHUMAIOLLEN (AEHAPUTHOM) CTOPOHI.
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Puc. 2. incunatepansHbin nepekpect (MM) B 3putensHON cucteme 6eCrno3BOHOYHOTO
(Hacekomoe ¢ haceToUHbIMM Masamm) kak MEXaHM3M 3epKanbHOro Npeobpas3oBaHms.
1 - none 3peHus (M3). 2 - peuentopHas mogens M3. 3 — nepBas HelpoHHast mogens 3.

1-16 — nons 3peHus OTAENbHLIX OMMAaTWUAMER U NOCTABMEHHbIE UM B COOTBETCTBUE TOYKM-OMMATWAMM PELIENTOPHOM W TOYKW-Y4aCTKM
HenpoHHoi moaeneit M3. F obbekT B M3 1 COOTBETCTBYIOWME EMY MOAENM (M3 TEMHBIX, "aKTUBMPOBAHHBIX" TOYEK) B PELENTOPHOM W
HEeMpPOHHOM cnosix. HuxHMIA psa n3obpaxeHnin — "nuuo” M3 v BuAbI Ha "BOCIPUHMMALOLLYID" CTOPOHY €ro Mogene.

MUC no3BOHOYHbLIX. Ha puc.3 npeacTaBneHa Cxema PeLEenTOpHOA WM HEWpOHHbIX npoekuwit M3 B rnasy
MO3BOHOYHBIX (B TOM 4ucre yernoseka). Kak u y oCbMWHOra, XpycTanuk cCo3faeT Ha PeLenTopHOM Coe, Kak Ha
9KpaHe, OMTMYecKyto npoekumto 13, NOBEPHYTYIO M 3epkanbHyl B CpaBHeHUM ¢ opuruHanom. C obpaTHow
CTOPOHbI 9KpaHa 3Ta OMTUYECKas MPOEKUMs, XOTS M OCTaeTcs MOBEPHYTOM "C HOT Ha rofoBy", SABRSeTCH,
€CTECTBEHHO, 3epKarbHOM TOM, YTO CO3f4aeTcs Ha BOCTpUHMMarowen ero ctopoHe!. OpgHako MMeHHO 3Ta,
obpaTHasi, CTOpOHa 3KpaHa SBNSETCS BOCMPUHUMAIOLLEN CTOPOHOW MHBEPTUMPOBAHHOMO PELENTOPHOTO CrOos.
Moatomy cosgaBaemas peLenTopHas MOAEnb (C ee BOCTPUHUMAIOLLEN CTOPOHbI) SBNSETCA 3epkanbHoOn (a ¢
OTAaloLLe — He3epKarnbHON) B OTHOLIEHWM ONTUYECKOW MOZENW Ha BOCMPUHUMAIOLLEN CTOPOHE 3KpaHa. TakuM
obpasom bnarogaps VC peLentopHas Mogens (C ee BOCMPUHUMAIOLLEN CTOPOHbI) B MHBEPTUMPOBAHHON CEeTYaTKe
OKasbIBaeTCA CPOPMMPOBAHHON Cpa3y Kak HesepkanbHas (@ ¢ OThakLien — Kak 3epkanbHasl) B OTHOLIEHWN
CXOHOro opuruHana, 3.

! 3epKarnbHOCTL CTOPOH MNOCKOCTY — aTpUBYTUBHOE CBOICTBO MIKOGOM MIOCKOCTH.
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Puc. 3. MuBepcus cetyatkn (MC) NO3BOHOUHbIX XKMBOTHBIX Kak MEXaHW3M 3epKanbHOro npeobpasoBaHus.

1 - none 3penus (M3); BHM3y — "nuuo" M3. 2 — peuentopHas mogenb 13 B WHBEPTMPOBAHHOM ceTYaTke; BHU3Y — BUA Ha
BOCMPWHMMAIOLLY0 CTOPOHY Mogenu. 3 1 4 — HelipoHHble Mogenu M3 (6unonspHas v raHrmno3Hash CoOTBETCTBEHHO); BHU3Y — BUAbI Ha
BOCMPUHMMAIOLLYIO M OTAAIOLLYI0 CTOPOHY Mogenen 3 u 4 cooTBeTcTBEHHO. OcTanbHble 0603HaueHNs Te Xe, 4To Ha puc. 1

Takum 06pa3om, peuenTopHas Moaenb [0 WHBepCWM (Takasi MOAENb XapakTepusyeT GOonbLUMHCTBO
©eCno3BOHOYHbIX) M PELENnTOpHas MOAEenb Nnocne WHBEPCUM (Takas MOAENb XapaKTepU3yeT BCEX MO3BOHOYHbIX)
3epKanbHbl Apyr Apyry. 310 CBUAETENLCTBYET O TOM, 4To MC ecTb MexaHuam 3epkanbHoro npeobpasosaHus’
(TOYHEE, MEXAHM3M, 3K8UBANIEHMHbIL MEXaHU3My 3epKanbHOro NpeobpasoBaHns — CM. CHOCKY Ha CTp. 7).

A3BECTHO, 4TO BCNEACTBME MIIOTHOMO MpUREraH1s apyr K Apyry Kaxabli npeawecTByOWMA Crioi CeTHaTkn Kak
Obl OTNeYaTbiBaeTCS Ha CredyloLem Crioe, U YTO OTMeYaToK BCerda 3epkareH B OTHOLWWeHuM nevatu. B cuny
TOrO, YTO OTAAlOWas CTOpOHa peuenTopHon Mogenu 13 y NO3BOHOYHbIX 3epkamnbHa ucxogHomy I3 (kak
MOKa3aHo BbILLE), U YTO OHA "OTmeYaTbiBaeTCa" HAa BOCMIPUHUMAIOLLENA CTOPOHE HEMPOHHOMO BGUMONSIPHOro cros
CeTyaTku, NOCReAHUA C BOCTPUHMMALOLLE CTOPOHbI OKa3blBAETCS 3epKarbHbiM B OTHOLEHUM OTZatoLen
CTOPOHbI peLienTopHO MOZeNu U, CnefoBaTensHO, He3epkarbHbIM B OTHOLLEHWUM UCXOOHOTO opuriHana, "nuua"
M3. OueBMAHO, YTO TO K& CNPaBEANMBO U MO OTHOLIEHUIO K CMOK FaHrMO3HbIX KNETOK — raHrnnosHas Mogenb
M3 Takke HesepkamnbHa (C ee BOCTPUHUMALOLLEN CTOPOHbI) UCXOAHOMY OpuriHany. Takum 06pa3oM, MOXHO
BMaeTb, 4to UC, kak u WU, Toxe HanpasneHa Ha (hopM1poBaH1e HesepkarbHOW HelpoHHOM Mogenu 3.

lMonyyeHHble 3d0ecb faHHble O HanpaeneHHocty WUC u UM Ha ¢opMuMpoBaHMe He3epkanbHoM (C
BOCMPUHUMAIOLLEN  CTOPOHbI)  huanonormyeckon mogemm kaxgoro [13 B OTAENbHOCTM  MO3BOMMMM

' 3ech MOXHO OTMETHTb, YTO MeXxaHuaM UIC SBRAETCA, 04eBIAHO, Gonee SKOHOMHLIM 11 MPOAYKTUBHLIM MeXaHN3MoM, e WUT. 16o, kak
n WM, HanpaBneHHbI Ha hopMMpoBaHWe HesepkanbHoi Mogenu N3, oH pelwaeT ewe, No kpaiHen mepe, ABe 3agaun: 1) yctpaHser
Heo6x0AMMOCTb B CrioxHOM, rpomosakom UMM v 2) bnarogaps C cTaHoBuTCS HesepkanbHON yxe camas nepsas cusmonoruyeckas (He
onThyeckas), peuentopHas mogenb 3. ( EcTb ocHoBaHWs npeanomarath, YTO He3epKanbHOCTb CaMoil MepBoil (huanonoriyeckon
(peLenTopHoi) Mogenu Morna 6biTb BaHbIM (hakTOPOM, CIOCOBCTBYIOLLMM 3BOMIOLMM 3PUTENBHON CUCTEMBI Y MO3BOHOYHBIX. )
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chopmynmpoBaTh elle Gonee WMPOKOe NPeAnonoXeHe, CBOEro poga NOCTynarT — YTo HesepkanbHOM CBOEMY
opurvHany gorpkHa 6biTb M Mogenb nons 3peHus B Lernom (eguHoro nons 3penus — ENM3). M3 noctynarta
BbITEKAET CneacTeme 0 HeobxoauMoCTu B 3epkanbHOM npeobpas3oBaHuu mogenu EM3 B OTHOLWEHMM nonen
3peHns (M3) kak emuHUYHbIX SNeMeHTOB, cocTaBnstowmx EM3. EctectBeHHO OblN0 Npegnonoxuts, 4T
MexaHW3MOM 3TOro npeobpa3oBaHus SBNSETCA NEPEKPECT 3pUTENbHbIX BOMOKOH B xuasme — [MX. Mpusogumble
HWXe pe3ynbTaTbl aHanuaa B OTHOLEHUV X NOATBEPXKAAKOT 3TO NPEANOSIOKEHNE.

MonHbii MX no3BoHoYHbIX (MXn). OTMETUM ABa BaXHbIX MOMEHTA B OMMUCAHWM U3BECTHBIX AaHHbIX 0 XN, 1)
M3 y XMBOTHBIX C NOMHbLIM NEPEKPECTOM SBASAKTCSA NOMHOCTLIO UNCUNAaTePanbHbIMA — OHW HE NepecekarT 0Cb
cummetpun EM3; gpyrumm cnosamu, Touka Gudumkcaumn B3opa y 3TWUX XMBOTHbIX OTCYTCTBYET (SBNSETCS
MHuMoN). 2) TNpu nepexoae BONOKOH B KOHTpanareparnbHoe nonywapue nMeeT MecTo npsiMas (He 3epkarbHas)
TONMYecKas NMPOeKUMs BbIXOAHbIX HEMPOHOB CETYaTKM Ha HeWpoHHble cnou HKT, T. €. mpocTpaHCTBEHHblE
OTHOLLEHNS MEXOY BHYTPEHHUMU anemeHTamu (Toukamu) mogenu M3 coxpanstotcs B HKT Takumu xe, kak
MeXay TakoBbIMK B BbIXOAHOM CflOe CETYaTKM (Mpu paccmaTpuBaHun obeux mogenen C BOCTPUHUMAtOLLEN
CTOpOHbI). Apyrumu crosamu, nonHeli MX obecneunsaet npeobpasosaHune EMN3 B OTHOLIEHMM BCEro ABYX €ro
3NeMEHTOB — ABYX [13, BbICTYNaOLWMX KaK e4uHNYHbIE SNEMEHTBI.

:
OPHUIAHAN

Puc. 4. MonHbIn nepekpect B xuaame (I1Xn) No3BOHOYHbIX KUBOTHBIX
KaK MexaHW3M 3epkanbHOro npeobpasoBaHus.

1 - epguHoe none 3penus (EM3), coctosiwee u3 fByx M3 (HemepecekalowMXcs, CUMMETPUYHO PAaCMONOXEHHbIX OTHOCWUTENBHO OCK
cummetpum ENM3). 2 — mopenb EMS3, cocTosiyas n3 mogenen M3, Ha ypoBHe ceTyaTok. M300paxeHbl TONMbKO BbIXOAHbIE CroM 0Benx
cetyatok. 3 — mogens ENM3, coctosiwas u3 mogenen M3, Ha yposHe HKT. M306paxeH Tonbko nepsbIit HelMpoHHbIit cnoit HKT.

HuxHui psig n3obpasxennit — "nuuo” EM3 1 BUABI Ha BOCNPUHUMALOLLY0 CTOPOHY Mofeneii EM3.

S 1 D - nesas 1 npaBas CTOPOHbI NPOCTPAHCTBA OTHOCUTENLHO 0ck cummeTpiy ENM3, a Takoke NeBbIit 1 NpasbIi rMa3 COOTBETCTBEHHO.
Si v Di — nonHoCTbH0 MncunaTepanbHble rnasy nesoe v npasoe M3 1 ux mogenu.

CTpenku — NpuHATOe HanpaBnexue ropu3oHTanbHoN ock koopanHat B ENM3 (cresa Hanpaso) 1 TakoBoe, "cosparolLeecs” B ero MoAensx

ToyeyHas 3anuBka — MeTka uncunatepanbHoin AaHHomy (D wunn S) rnasy vactu M3 (3gech uncunatepanbHbiM sBnseTcs kaxaoe 13
MOMHOCTBHO).

Cxema Ha puc. 4 NoCTpOeHa € Y4ETOM 3TUX MOMEHTOB. MOXHO BUAETb Ha 3TOM PUCYHKe, YTO nocne nosHoro MX
HenpoHHas Mogenb ENM3, coctoswero asyx M3, 3epkanbHa TakoBoW 40 NEPeKpecTa, a Takke YTO Nocne NOfHOro
X OHa CTaHOBMTCS HE3epKanbHOM ucxogHomy opuruHany, EM3. A3 atoro cneaytoT gga Beieogda: 1) monHbIn X
€CTb MexaHu3m, obecneumBaoLmii 3epkanbHoe npeobpasosaHne B OTHOLWEHMM anemeHToB EM3 — ero M3 kak
LienbIX eauHuL; 2) HanpaBieHHOCTb 3TOr0 MexaHu3Ma OTBEYaeT NocTynary.
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OPHUIrMHARN — ; HESEPK.

Puc. 5. YacTnuHblin nepekpecT B xuaame (MX4) y N03BOHOUHbIX
KaK MExaHW3M 3epkanbHOro npeobpasoBaHus.

1 - egnHoe none 3penus (EM3), cocToswee n3 gByx M3 (MOMHOCTbIO MEPEKPLIBAOWMXCS W KaKOOE W3 KOTOPbIX PasfeneHo OCbi
cummeTpumn EMN3 nononam). 2 — moaens EM3 (cocTosiwas n3 mogenei uncu- n KoHTpanatepansHoi yacten M13) Ha ypoBHe ceTyaTok. 3 —
mopenb EM3 (cocToswwas 13 mogenein uncu- u koHTpanatepansHoi yacter MN3) Ha yposHe HKT. U3obpaxeHsl Tonbko nepsbie crion HKT,
nony4aloLLme NpoeKLM U3 ceT4aTok.

Si — uncunatepansHas rmasy vactb 13 nesoro rnasa (oHa Haxogutcs B neson vactu EMN3) u ee mogenu. Di — uncunatepanbHas rmasy
yacTb 13 npasoro rmasa (oHa HaxoauTcs B npasoi Yactu EM3) n ee mogenun. Sc — koHTpanaTepanbHas rnasy vacTb 13 npasoro rnasa
(oHa HaxoauTcs B neson vactu ENM3) n ee mogenn. Dc — koHTpanaTepanbHas rmasy yactb [13 nesoro rnasa (oHa HaxoAuTCs B NpaBoi
vactu EM3) n ee mopenm.

ToueyHoi 3anMBKON OKpaLLeHbl UncunaTteparnbHble rnasy vactu kaxaoro M3 u ux mogenu. OctanbHble 0603HaYEHNs! TakMe ke, kaK Ha
puc. 4

YactyHbin MX no3soHouyHbIx (MXu). Y psga nosBOHOYHbIX (Hanpumep npumatbl U Yernosek) oba 13
NepeKpbIBAKOTCA NOYTU MONHOCTLIO (T. €. HANOMoBMHY "nepexnecTbiBaloT" 3a ocb cummeTtpun EM3), n noatomy
kaxgoe ux M3 cocTouT 13 ABYX NMOYTW PaBHbIX YacTEM, UMCKU- U KOHTpanaTepancHom (a Bce EM3 — n3 vetbipex
yacreit). OTn vacTu pasgensieT ocb cummetpum ENM3, npoxogswas BepTuKanbHO yepes Touky Oudmkcaumm
B3opa (puc. 5). Mogenu aTux yeTbipex vacten Toxe, kak u mogenu M3 B cnyyae ¢ [1Xn, BbiCTynatT B
npeobpa3oBaHmsix, CBA3aHHbIX C XY, KaK eanHNYHbIE NIeMeHTbl. TEOpPeTUYECKM B COTNacum ¢ NOCTynaTom, a
TakxKe Kak 910 crefyeT U3 CAENaHHoro paHee (Bbille) onucaHus NofiHoro X, B KOHTpanaTepansHoe nonywapue
BOIMKHBI NPOELMPOBATLCSA TOMbKO MncunatepanbHble YacTu-anemeHTbl EM3, Torga kak koHTpanaTeparnbHble
[OMKHBI NPOEeLMpoBaTLHC B uncunarepansHoe nomnywapue. IMeHHo Takas HelpoaHaTOMUYecKast opraHM3aLms
yacTuyHoro X umeeT Mecto B feicTBuTenbHocT (Xbtoben, 1990). Takum obpasom, puc.5 oTpaxaert
OZHOBPEMEHHO U TEOPETUYECKIE, W SKCNEPUMEHTASbHbIE JaHHbIe. OHY NOTHOCTbLIO COBMAAAlT.

MoxHo BugeTb (puc.5), yto mMogenb gonn EM3, coctoswei 3 ero uncunartepanbHbix yacten, nocne Xy
3epkarnbHa TakoBOM 40 Nepekpecta, U 4to B mogens ENM3 nocne MX4Y cTaHOBUTCS NOMHOCTLIO HE3epKanbHOM
ucxogHomy opuruHany, EM3. Otcloga cneaytoT ABa BbiBoda: 1) nepexon BOMOKOH B YacTuyHoM X aBnseTcs
MEXaH13MOM 3epkanbHoro npeobpa3oBaHns (B oTHOWeEHMM gonu ENM3, cocToswwen u3 gsyx uncunatepanbHbIX
vacteit M3); 2) B Uenom xe BeCb MexaHwsMm [1X4 HanpaBneH Ha POPMMPOBaHWE MOLENW, He3epKarbHOW
ncxogHomy opuruHany — EMM3, coctoswwemy u3 deTbipex (2 uncu- u 2 KoHTpanatepanbHbix) vacteit M3,
BbICTYMALLMX KaK €ANHUYHbIE SNIEMEHTbI.
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3akniouyeHue

Takum 0Opasom, pesynbTaThbl MPOBEAEHHOTO aHanu3a ceugeTenscTeyloT, yto UC, UM u MX saenswoTtcs
MexaHuamMamu 3epkarnbHbix npeobpasosanuii’. UC (y no3BoHOuHbIX) 1 UIT (y 66CMO3BOHOYHBIX) OCYLLECTBASIOT
3epkanbHble npeobpasoBaHns mogenen 13 B OTHOLUIEHMM UX SMEMEHTOB, COOTBETCTBYHOLWMX Toukam [13.
MonHbi MX 1 yacTuuHbIA X OCyLWEeCTBNSIOT 3epkanbHble npeobpasoBaHus mogenu EM3, cOOTBETCTBEHHO B
OTHOLLEHWUN [BYX U YeTblpex COCTaBMAILWMX €r0 YacTen, BbICTYNAWMX Kak eauHUYHble anemeHTbl. B utore
opmmupyeTcs eauHas HelpoHHas Mogenb El3, koTopas ¢ oTAaloLWeih CTOPOHbI CTAHOBUTCA MOMHOCTbIO (B
LLe/IOM M BO BCEX €€ YacTsX) 3epkanbHOM (a C BOCTIPUHUMALOLLEN — HE3ePKanbHOM) "NuLYy" MCXO4HOMO OpuruHana.
Be3 atux npeobpasoBaHuii "3epkanbHOCTL" CTOPOH Mogdenu 6bina Bbl 0BpaTHOW — TaKoW, Kak Y OMTUYECKOM
NpOoEKLyM.

EcTecTBeHHO 3apaTb BOMPOC: "3ayem M MOYEeMy MO3TY HYXHO 9TO CNOXHOE 3epkanbHoe npeobpasoBaHue?".
OtBeT-rMNoTe3a Ha 3agaHHbIN BONPOC BO3MOXEH, Ha Hal B3rnsd, C camblx 06Lmx nosvumin. Moar v cpega (Mup)
B3aMMOAEMNCTBYIOT: 3pUTENbHAs Cpeaa BO3AEMCTBYET HA MO3r, MO3r BO34ENCTBYET (B MTOre) Ha 3pUTENbHYIO
cpepy. Mo A.A. 3asapauHy [3aBapanH,1950], MO3r cocTouT, No BGOMLLUOMY CYETY, W3 NOCNEeSOBaTENbHOCTH
MPOEKLMOHHBIX 3KPAHHBIX CTPYKTYP (CEHCOpHbIX W 3theKTOpHbIX). Kaxaas W3 HUX WMEET, eCTEeCTBEHHO,
3epkanbHble Apyr Apyry, BOCMPUHMMAIOLYK M oThawowyl ctopoHbl. Cpega Bcerga obpalleHa "nuuom” K
9KpaHHbIM CTPYKTYpaM — Kak npu BO3AENCTBAW ee Ha MO3r, TaK W Nnpu BO3AENCTBAWM MO3ra Ha cpegy. Apyrumu
crnoeamu, OHa Bcerga "oavHakoBas", HesepkanbHasi No onpepenennio. OTBET Ha BOMPOC MOSIBISETCS, €CMN
MPUHATb, YTO MO HaMpaBMEHHOCTW KOOPAWHATHbIX OCEil cpeda HaxoauTCs BCErda B OTHOLUEHUSX
«KOMMIEMEHTAPHOCTU» C BXOAHOW W BbIXOAHOM SKPAHHLIMU CTPYKTYpamu, T. €. B OTHOLLEHWSIX NPUHLMNMANBHOM
COBMECTUMOCTH — NOAOBHO TOMY, Kak 3TO UMeeT MEeCTO, HanpuMep, NGO B OTHOLLEHUSX TOMOTETUYHBIX Quryp,
nmbo "nuueBon" CTOpOHbI meyatn ¢ €& OoTTUCKoM, nnbo obbekta ¢ ero otobpaxeHMeM B 3epkane.
[eicTBUTENbHO, ANS BbINOMHEHUS 3TOMO YCMOBKUS HeoBXoaMMO, 4TobblI 1 BOCMPUHAMALOLLAs CTOPOHA MepBOW
BXOZHOW 3KpaHHOW CTPYKTYpbl (Mogenu)!, n oTgalas CTopoHa NOCcneaHen BbIXOQHOM 3KPaHHOW CTPYKTYPbI
Obin Obl 3epkanbHbl "muLy" Mupa. 3TO B CBOK ouyepedb TpebyeT, kak 04eBMgHO, 4TOObI roe-10 B
noCneaoBaTenbHOCT  SKPaHHbIX CTPYKTYP MMENo MeCcTO 3epkanbHoe npeobpasoBaHue. VIMeHHO 3To 1
0BHapyxu1BaeTCs B LEACTBUTENBHOCTY, YTO NOKa3aHO B HacTosLLen paboTe.

lMockonbky B nutepatype MC, UM wn MX n obecneunBaemble umu npeobpasoBaHus He Obinu paHee
NOEHTUULMPOBAHDI B Ka4yeCcTBe MeXaHu3MOB 3epKanbHbIX Npeobpa3oBaHuil, a 3epkarbHble npeobpa3oBaHus
He Bblnu ugeHTuduumposaHbl B LIHC nMeHHO kak BWA (DYHKLMOHANBHO 3HA4MMOro npeobpasoBaHms, UX MOXHO,
no-BUAMMOMY, paccMaTpuBaTb COOTBETCTBEHHO Kak HOBbIN BWA MEXaHW3MOB W HOBbIA BUE npeobpa3oBaHuii B
3pUTENbHON CUCTEME M MO3re B LIESIOM.

OTMeTUM elLle OAMH MOMEHT, CBA3aHHBIN C MeXaH13MaMu 3epkarbHbiX Npeobpa3oBaHuil. Bo3MOXHO, 3HaHWe 0
HWX MMEET OTHOLLEHME K BOSHYIOLLEN, HO eLle COBEPLUEHHO Hepa3paboTaHHoi npobrneme "cyobekTuBHOrO" — ¢
KakuMKU CTPYKTYpamu HerocpedCTBEHHO CBS3aHO OLUyLieHWe BUAEeHWS. [JeMCTBUTENbHO, €CnW MPUHATbL, YTO
OLlyLlEHVNe MPEeOMETHOTO BUAEHUSI €CTb MPOSIBIIEHWE aKTMBHOCTU HEMpOHOB HelpoHHonm ElM3-mogenn (4to
0bLenpuHATO), TO, MO MPUYMHE OYEBWAHOTO CXOACTBA (MO MapameTpy «3epKanbHOCTbY, MO KpanHelh Mepe),
3pUTENbHOrO OLylleHns (=obpasa BMAMMOrO Mupa) M "nuua" BMAMMOrO Mupa, cregyeT, no-BUAMMOMY,

! Bypet npaBunbHee umeHoBaTb MexaHuam VIC, B otnmumne ot UM v MNX, akgusaneHmHbIM MexaHU3My 3epkanbHoro npeobpasoBaHus —
1bo B cnyyae ¢ MC He MpomcxoauT 3epkanbHOro NepeMeLLiEHNs TOYEK HU B Camoil NMOCKOCTU, HU B CMEAYHLER 3a Hel NPOEKLMOHHON
NMockoCTn (4o umeet mecto B cnyyae ¢ UM u MX). Cnyyan ¢ UC aHanornyeH, B npuHumne, cnyyato ¢ obpalieHnem oTonmeHkm K
06bekTrBYy 06paTHOM, HE3MYIbCUOHHON CTOPOHON (B pesynbTaTe Yero "HeraTe" ¢ SMYMbCUOHHOM CTOPOHBI OKa3bIBAETCS He3epKamnbHbIM
"nuuy" mupa).
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npu3sHaTb, YTO CyObEKTMBHLIN 0Bpa3 (OwlyLieHne) cxodeH ¢ "kapTuHoi", "Buoumon" Ha eocnpuHumarowiel
CTOPOHE HEMPOHHOM MOLENM.

3epkanbHble npeobpa3oBaHWs WMEIOT, BUAMMO, AOCTATOMHO LUMPOKOE MPEACTaBUTENbCTBO B MO3re — WX
MexaHu3Mbl (N0 KparHe:l Mepe NEepeKpecTbl) XapaKTepuaytoT MOMUMO 3PUTENbHON TakKe HEKOTopble Apyrue
MO3roBble CUCTEMBI. TaK, CPEAN CEHCOPHBIX CUCTEM NEPEKPECTbI UMEID MECTO, HAaNpUMep, B COMaTOCEHCOPHON 1
CNyXOBOW cucTemax (B Tex cucTemax, CTUMYI KOTOPbIX UMEET NPOCTPAHCTBEHHbIE XapaKTEPUCTHKM, HO He B TeX
cuCTeMax, CTUMYN KOTOPbIX MMEET TOMbKO KAYeCTBEHHbIE XapaKTEPWUCTWKW, Hanpumep B ODOHSATENbHOM
cucTeme).

Kpome TOro, 13BeCTHbl (hyHKLMOHAMbHbIE NPOSABREHUS "3epKanbHOCTK" B MO3rOBOM AEATENbHOCTU B HOPME U
MpX MO3rOBLIX paccTpoicTBax. Hanpumep, 3epkarnbHOE NUCbMO W PUCOBAHWE, a Takke HEKOTOpble (DEHOMEHbI
MblLLMEeHMs. B TEeOpeTUyeckoM acnekTe BaxHbIM MOMEHTOM, MO-BUAMMOMY, SBRSIETCH TaKKe Yxe cama
HenpoaHaToMUYecKkas Npupoda MexaHuM3MOB 3epkasbHbIX NpeobpasoBaHuii, ykasbiaoLlas, no cyTu, Ha cnocob
(HeMpoaHaTOMMYECKNA) MO3rOBOr0 MpeAcTaBUTENbCTBA M 00paboTkM MHGOpMauuMM O MPOCTPAHCTBEHHbIX
KoOpAMHaTax 3pUTENbHOMO MMpa.

BnarogapHocTu

Pabota onybnukosaHa npu cuHaHcosomn nogaepxkke npoekta ITHEA XXI MHcTUTyTa MHGOPMALUMOHHBIX TEOpUI
n npunoxenmn FOI ITHEA bBonrapus www.ithea.org u Accounauum cospateneln W nonb3oBaTenen
WHTennekTyanbHbIx cuctem ADUIS YkpanHa www.aduis.com.ua.
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In memoriam:

npoceccop admMH Hukonan ®égopoBuy KupmyeHko

19 pekabps 2008 roga Ha 69-oM rogy YWEN W3 KU3HM WM3BECTHbIN CrneuyuanucT B 0BNacT MeXaHuku,
MaTeMaTUYeCcKoro MOAENMPOBaHUS PODBOTO-TEXHUYECKMX CUCTEM, TEOPUW ONTUMArbHOrO  yNpaBMneHus,
KOMMblOTEPHOM rpaduki, 06paboTkM CUrHAMoB W pacno3HaBaHWs 0bpa3oB, LOKTOP (PU3NKO-MaTEMATUHECKMX
Hayk, npodeccop Hukonait ®égoposuy KnpuueHko.

B Hay4Hou kapbepe H.®. KupnyeHko SBCTBEHHO BbIAENSAOTCA HECKOMBKO 3TanoB, CBA3aHHbIX C AEATENbHOCTbIO B
TOW WUIN UHOW KOHKPETHOWN NPUKMNagHON 0611acTy, B KaXOO0M U3 KOTOPbIX MM MOMYYeHb! 3HAYMMbIE pesynbTaThl.

Hauano HayuHoi gestenbHoctn H.®O. KnpnyeHko cesisaHo ¢ pabotoil B MHCTUTYTE rapomexaHukn AH YkpanHbl,
re OH 3aluTvn KaHampatckyto, a B 1973 rogy B Bospacte 33-X NET — JOKTOPCKYH AUCCEPTaLyio, NOCBALLEHHYI0
OL|eHKaM YCTONYMBOCTY U CTABUIMBHOCTW NPU OrpaHUYEHHbIX BO3MYLLEHMSIX.

C 1970 no 1986 rog HayyHas u neparoruveckas gestenbHocTb H.®. KupuyeHko npoxogut Ha dpakynbreTte
knbepHeTukn Knesckoro yHusepcuteTa um. T.I. LLleBYeHKo, roe ero HayuyHble MHTEpPEChl CBs3aHbl C TEOpUEN
ONTWMANbHOTO YNpaBMeHWs, @ C MOMEHTa, KOrga OH BO3rMaBui Kadpeapy TEOPETMYECKOW KMOEpHETUKM —
¢ 0bpaboTKoM cMrHanos, pacno3HasaHMeM 0bpa3oB, POBOTOTEXHMKOM.

Kak n3BeCTHbIN cneunanuct B obnactm obpaboTku uHdopmauum oH Obin mpurnaléH BO3rmaBuTb kadedpy
MatemaTuyeckux npobrnem ynpaenewns B YepHosuukom yHusepcutete um. 0. ®egpkoBuya. [aTUneTHAS
pabota H.®. KupnyeHko B YepHoBUax MMena pe3ynbTaTOM CO3[aHWe KOMNEKTMBA, KOTOPbIN 3(hdEKTUBHO
paboTaeT 1 NOHbIHE.

C 1992 ropa xu3Hb H.®. Kupnyerko cHoBa cBssaHa ¢ KueBom, a HayyHas pabota — ¢ MHCTUTYTOM KubepHeTuku
HAH YkpawHbl, C OTAENOM WHTENMeKTyarnbHbIX CUCTEM YNpaBneHUs AMHAMUYeCKUMU OobbekTamu, rge OH
pabotan BegylWWM Hay4HbIM COTPYOHMKOM. OTOT dTan HayyHom pabotbl H.®. KupuueHko onpegensert
pa3paboTka (hyHAaMeHTaNbHbIX MaTeMaTUyecknx MeToaoB 0BpaboTki CUrHAMOB, a Takxe CO3LaHWEM Ha 3TOW
OCHOBE KOHKPETHbIX cucTeM 06paboTki n3obpaxeHuit, pacno3HaBaH1s TEKCTOBOW MHKOPMALK, pacnosHaBaHmUs
0bpa30B, pa3paboTKO WHTENMEKTyanbHbIX CUCTEM MPUHATUS peLleHuin. Bblaarowmmes SOCTUXEHEM 3TOro
aTana HaydHoi pgestensHocT H.®. KupuueHko cranma paspaboTka aHanuTUYeckoi Teopun BO3MYLLEHUS
ncesgoobpawyeHus no Mypy-TeHpoy3sy, koTopas NpeaoCTaBMseT LUMPOKME aHanNUTUYeCKMe BO3MOXHOCTU
PELUEHNS BaXHbIX MPUKNadHbIX 3a4ay B CaMblX pa3Hblx 06nacTsx: OT Knaccudukauuu, knactepusauum w
pacno3HaBaHus 06pa3oB 40 TEOPUM YNpaBneHNs AMHAMUYECKUMIU CUCTEMAaMMK.

H.®. KupnueHko octasun nocne cebs HayyHylo LUKOMY, B KOTOPOA TOMbKO MM CaMUM MOLTOTOBMEHO
30 kaHamgaToB u 5 fokTopoB Hayk. OH sBnseTcs aBTOpoM 4 MoHorpadmi 1 11 yuebHbIX nocobuii.

CseTnas namstb 0 Hukonae ®énoposnye KnpudeHko: y4€Hom, neaarore, Komnmere, Apyre, yuuTene, CoXpaHuTCs
B cepauax 1 namsiTu BCEX, KTO UMEN cyacTbe paboTaTb psihoM U BMECTe C HWM, 06LIAThCs M y4acTBOBaTh B
HayYHbIX UCCTIEA0BaHUAX MO ero PyKOBOACTBOM BHE 3aBUCUMOCTY OT reorpaduu.
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3 ADUIS

ASSOCIATION OF DEVELOPERS AND USERS OF INTELLIGENT SYSTEMS

ADUIS consists of about one hundred members including ten collective members. The Association was founded
in Ukraine in 1992. The main aim of ADUIS is to contribute to the development and application of the artificial
intelligence methods and techniques. The efforts of scientists engaged in ADUIS are concentrated on the
following problems: expert system design; knowledge engineering; knowledge discovery; planning and decision
making systems; cognitive models designing; human-computer interaction; natural language processing;
methodological and philosophical foundations of Al.

Association has long-term experience in collaboration with teams, working in different fields of research and
development. Methods and programs created in Association were used for revealing regularities, which
characterize chemical compounds and materials with desired properties. Some thousands of high precise
prognoses have been done in collaboration with chemists and material scientists of Russia and USA.

Association can help businessmen to find out conditions for successful investment taking into account region or
field peculiarities as well as to reveal user's requirements on technical characteristics of products being sold or
manufactured.

Physicians can be equipped with systems, which help in diagnosing or choosing treatment methods, in forming
multi-parametric models that characterize health state of population in different regions or social groups.

Sociologists, politicians, managers can obtain the Association's help in creating generalized multi-parametric
"portraits" of social groups, regions, enterprise groups. Such "portraits" can be used for prognostication of voting
results, progress trends, and different consequences of decision making as well.

Association provides a useful guide in technical diagnostics, ecology, geology, and genetics.

ADUIS has at hand a broad range of high-efficiency original methods and program tools for solving analytical
problems, such as knowledge discovery, classification, diagnostics, and prognostication.

ADUIS unites the creative potential of highly skilled scientists and engineers

Since 1992 ADUIS holds regular conferences and workshops with wide participation of specialists in Al and users
of intelligent systems. The proceedings of the conferences and workshops are published in scientific journals.
ADUIS cooperates through its foreign members with organizations that work on Al problems in Russia, Belarus,
Moldova, Georgia, Bulgaria, Czech Republic, Germany, Great Britain, Hungary, Poland, etc. ADUIS is the
collective member of the European Coordinating Committee for Artificial Intelligence (ECCAI).

www.aduis.com.ua

For contacts: V.M.Glushkov Institute of Cybernetics; National Academy of Science of Ukraine;
Prospect Akademika Glushkova, 40, 03680 GSP Kiev-187, Ukraine;
Phone: (380+44) 5262260; Fax: (380+44) 5263348, E-mail: glad@aduis.kiev.ua



ITHEA
~~

The ITHEA International Scientific Society (ITHEA ISS) a successor of the international scientific co-operation
organized within 1986-1992 by international workgroups (IWG) researching the problems of data bases and
artificial intelligence. As a result of tight relation between these problems in 1990 in Budapest appeared the
international scientific group of Data Base Intellectualization (IWGDBI) integrating the possibilities of databases
with the creative process support tools. The leaders of the IWGDBI were Prof. Victor Gladun (Ukraine) and
Prof. Rumyana Kirkova (Bulgaria). Starting from 1992 till now the international scientific co-operation has been
organized by the Association of Developers and Users of Intellectualized Systems (ADUIS), Ukraine. It has
played a significant role for uniting the scientific community working in the area of the artificial intelligence.

ITHEA INTERNATIONAL SCIENTIFIC SOCIETY

To extend the possibilities for international scientific collaboration in all directions of informatics by wide range of
concrete activities, in 2002 year, the Institute for Information Theories and Applications FOI ITHEA (ITHEA) has
been established as an international nongovernmental organization. ITHEA Official representatives are
Krassimir Markov — President, Krassimira Ivanova and llia Mitov - Vice-presidents.

ITHEA Scientific Council includes:
- Honorable Chair Persons: Victor Gladun (Ukraine) and Rumyana Kirkova (Bulgaria);
- Chairman: Levon Aslanyan (Armenia);

- Members: Adil Timofeev (Russia), Alexander Kleshchev (Russia), Alexander Kuzemin (Ukraine), Alexander
Palagin (Ukraine), Alexey Voloshyn (Ukraine), Arkadij Zakrevskij (Belarus), Constantin Gaindric (Moldova),
Hasmik Sahakyan (Armenia), llia Mitov (Bulgaria), Juan Castellanos (Spain), Koen Vanhoof (Belgie),
Krassimira Ivanova (Bulgaria), Krassimir Markov (Bulgaria), Larisa Zainutdinova (Russia), Laura Ciocoiu
(Romania), Luis Fernando de Mingo (Spain), Martin Mintchev (Canada), Nikolay Zagoruiko (Russia), Peter
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