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Kupum (TOKTOPJIHK THCCEPTAIASICH AHHOTAIUSICH)

Juccepranmss MaB3yCHHUHI [0J3ap0jurn  Ba 3apyparu. JKaxoH
0o030puary HeHpoH TYpiaapuHUHT Xaxmu 2005 Hiunu 10 Mupa. 1o/UIapHH, FOKOPH
TEXHOJIOTUK Xu3MaTHUHr 2014 ¥unpgaru ynymu 17 Mapa. JojuiapHU, UMK
Yyeumm sca 45% Ttamkun sTranaurd Synergy Research skcneprtiapu TOMOHHIaH
»TUpo¢ >Trirad. Lllynunraex, 2015 ¥un OupuHYM Yoparuia I0KOPU TEXHOJIOTHK
uH(ppaTy3WIMaTapHd KOPUM OSTUII Y4yH O030p CEpBUCH XaKMHU S5 MIP/I.
nojutapHu, Oyaaa Amazon Web Services KOMOaHUSICUHHUHT yaymu 29% Tamikui
stau’. KOKOpH TEXHOIOTHK XHM3MATIap CaBIOCHHUHI JMHAMUK PABUIIIA OIIMIIN
xucobura 2015 #unHuHr sHBap-mapT oiiapuga Google mapomanu 74%ra,
IBMuuku 56%ra, Salesforce.com mapomaam 3ca 34%ra omran. JXaxoH
0030puAard OMMaBUN IOKOPH TEXHOJOIMK Xu3maTinap yuyH 2018 iwmmm 127.5
MJIpJI. AOJUIAp MUKIOPHUAA UHBECTUIUS KUPUTUIMIIN, Oy BaKTra Keiaud yJIapHHUHT
mapoMajl MuUKaopu Mwimmra Yypraya 22.8%, seHu IT 0Go3opuma OGamopar
KWJIMHIAHUTa HUCOATAH OJITH MapTa KYIIPOK OIIMIIHM KyTHIMOK/IAZ.

CycT makJutanra skapaéuiap XoJaTuHH MGOJATOBYM MabIyMOTJIap KaTTa
XaKMra Ba HOMabJIyMIIUK XyCYCHUATIApUra sra OYiraH mapouTia MablyMOTIap
ypracumaru SAMMApUH OOFIUKIWMKHH, KapaHiiap OOpUIIMHU OaropaTiallHUHT
y3ura xoc KOHyHUSTJIIADUHU aHUKJIAIlI, CHHGIAIITAPUIN YpraHuiaaéTra skapaéHHu
WHTEJUICKTYall TaxJIMJ KWIMIIHUHT MyXHM Macajaiapu xucoOiaHamau. Maskyp
JKapa€HJIApHUHT Talllki Ba HWYKM MYXUT Ba3UATIApU HOPABIIAHIUK SHHH,
HOCTOXACTUKJIMK XamJa TYJIMKMAclIuK OuiaH TaBCU(IaHTaHWIa MYypakkad
*)apa€Hiap y4yH MOC OYyJraH cojjia MaTeMaTHUK MOJEJUIAPHU KypHUII UMKOHUSATH
MaBxkya Oynmaiau. byHpail kapa€HIapHUHT TapaMmeTpiapu TYFpUCHAArU
MabJIyMOTJIAp aKCapHsT XOJUlapAa SKCIepTiap TOMOHUAAH uMOopa €KU 1apTiu
Oenrmnap €paammiaa, SbHU JIMHTBUCTUK Imaknjna wudopanananud. byHpaaii
xonatiapaa oMok — xucobmanuiap  (Soft Computing) — TexHOJOTHSACH
BOcUTanapuaan Ghoigarannd MOACIIIAIITHPHUII, Kapop KaOyJl KUJIHUIIT Ba OOIITKApyB
TU3UMJIAPYHU KYJUTalll Makcaara MyBOQUKIUP.

OMmmiok  xucoOnanuwiap  TEXHOJOTHUSUIApU  KOMIIOHEHTajmapu  Oyirad
HOPABIIIAH MAHTUK, HEUPOH TYpiiap Ba SBOJIIOLUOH aITOPUTMIIAPHU OUPIIAIITHPHIILL
HATIDKACHJa OJIMHAJAWTAH THOPHI TH3UMJIAp TaOWuMil TWiIgard OWIMMIIapJaH
doiinamaHuIIAeK MHTENIEKTyall Xycycusariapra sra Oynanu. IllyHunr yuyn
MabIYMOTJIAPHA MHTEIUIEKTYal TaxJIMJ KWW, SbHU CUH(IAIITUPHIL, OaxoJiail
Ba OamiopaT KWIMII MacalaJlapuHUHT HOpaBIIAaH KOWJa XyJocalapu, HEHpoH
TYpJlap Ba SBOJIOLMOH QJITOPUTMIIApPra acoCliaHraH HOpaBLIAH MOJIeJUIApUHU
KypHIll aJropuTMJIapM Ba JacTypjapMHA HWOUIA0 YMKUII Joi3apd Macana
XHCOOJIaHaIH.

[Ily caGabmu cycT IAKJUIaHTaH >kapa¢Hiap XoJaTUHU UdOIATOBYN
MabIYMOTJIAPHA WHTEIUIEKTyal TaxJIWulami, CUHGIATHPUII, Oaxojamr Ba
Oarmopariamn MacalaJapUHUHT HOPAaBIIAH MOJICJIMHU HOPABIIAH KJIACTEPU3AIIHSI
yCyiu €paaMuia Kypull, MOZEN MapaMeTpilapuHy HEMPOH TYpJap Ba 3BOJIOLHOH
apwjiap KOJIOHWSICH alrOpPUTMIIAP acOCHia CO3Jall Ba MOJEN Kypull KapaéHuaa

1 http://www.intuit.ru/studies/courses/3735/977/lecture/14689?page=2 5
2 http://www.tadviser.ru/index.php



MIAKJIJITAHTAH ~ HOpaBIIAH  KYNME30HJIM  ONTUMAJUIAIITUPHIN,  HOpaBIIaH
MOJCIJIApUHM ~ KYpUII ~ MacajlaCMHM  C€UMIIHUHT  TuOpua  ycyld  xamja
AITOPUTMIIAPUHU UILIA0 YUKUIIT MYXUM aXaMHsT KacO 3Tajiu.

V36exucTon Pecnyonukacununr 2015 i#wmn 9 nekabpaaru SV’PK—395—COH
«DNeKTpOH XyKymMaT TyFpucHua»Ti Kouynu, V36ekuctoH Pecry6mukacu
[Ipesunentunn 2014 #un 3 ampenmaru 11K-2158-con «MHDO-KOMMYHHKAIIMOH
TEXHOJOTUSJIADHA HWKTUCOAUETHUHT peall CEKTOpHUra sHaAa JKOPUM KHIIWII
Tyrpucuma»ry Ba 2013 dimm 27 wmrommarm  T1K-1989-con  «Y30ekucToH
PecniyOnukacu Munmii ax00pOT-KOMMYHUKAIIUS TU3UMUHU sHaaa
puBOXIaHTHpUII Tyrpucuaa»tu Kapopmapu xampa Basupnap MaxkamacHHHHT
2015 #tun 17 nexabpaaru 365-coH «KucmoHuii Ba IOpUAMK IIaxciap MapKazui
MabJIyMOTJIap Oa3ajlapyHyd IAKJJIAHTUPUIIT Ba «JEKTPOH XYKymaT) TU3UMHU
dbolinananyBUMIapUHU UACHTUPUKAIUSATIANIHN AroHA axO0pOT TU3UMUHU >KOPUH
ATUII YOpa-TaJ0upiiapu TYFPUCHUIA»TU Kapopuja OelruiaHraH BasudaniapHu
MyalsH Japaxaja amaira OUIMpPUINra Ma3Kyp AHCCEpTalus TaAKUKOTH XH3MaT
KHWJIAIN.

TagkuKoTHUHT pecnyOinka GaH Ba TeXHOJOTHSJIADH PHUBOKIAHMIIN-
HUHI YCTYBOp WHyHAJIMILIApura OoFJMKIMId. Maskyp auccepranus
pecniyOnuka (aH Ba TEXHOJOTHUSJIAD PHUBOXKIAHUIIMHUHT KyHUJaru YCTyBOP
WyHanmumuiapura Moc paBuniga  Oaxapuwiaran:  WUTH-17.  «AxGopor Ba
TEJIEKOMMYHUKAIIUS TEXHOJOTUSUIAPUHY KEHT PUBOXKJIAHTUPHUIIL Ba KOPUH STUIIHU
TabMUHJAUAUIaH 3aMOHABUIM axOoOpOT THU3UMIIApU, OOUIKAPUIN Ba YKUTHUIIHUHT
WHTEJUIEKTyall BOCUTAalapu, WIMHUN-TEXHUKAaBUA MablymoTiap 0Oa3acu Ba
Jactypuit  maxcyiaomiapunu — unad  uukumy; 0 UTH-5. «Kamusatau
ax0opOoTHAIITUPUIT AApa)KaCUHU OUIMPHUILITa HYHAITUPWI-TAH WIMUNA XaXMIOP
ax0OpOT TEXHOJIOTHSUIAPHU, TEIEKOMMYHHMKALMOH TapMOKJIApHU, ammnapar-
JTACTypul BOCHUTAJIIAPHU MHTEIUICKTyasl OOIIKAPHUIN, YKUTUII YCYJUIApUHHU Ba
TU3UMJIAPUHU UIUTA0 YUKHUIID).

Juccepranus MaB3ycu OYyMHYA XOPWKUHM MIMHI-TAIKHKOTJIAP IIAPXH.
CycT maksutanraH OOBEKT Ba >KapaéHJIapHH MOJEUIAIITUPHUIN, HOMabIyMIIUK
HIAPOUTHIA TUMCOJIJIAPHU aHUKJIAI, MHTEJUIEKTyal TH3WMIIAPHU KYpHIL, Kapop
KaOyJ KWJIMINTa KYMakKIallMil Ba poOOTOTEXHHKada Owymmiap Oa3zach xamjia
OoIIKapyB, HOpaBIIaH MOJICJUTAIITUPHUII Ba HOpABIIaH MaHTHUKUAK XyJocaiap
Hazapusiapu, “FOmiok xucoOnamr” ycya Ba BOCHUTallapu, HEUpOH TypJjap Ba
ABOJIIONMOH XHUCOOJAlll YCY/UIApUHU HILIA0 YUKW WYHAIWIIWAA >KaXOHHUHT
€TaKyu MaMJIAKaTJIAPUHUHT WJIMUNA MapKasjiapy Ba OJIMHA TabJIMM Myaccacaiapuia
xymnanan, APPLE, IBM, E.piphany, SAS, Silicon Graphics, SPSS, Oracle Data
Mining, Oracle, UNICA, SQL Server Data Mining (AKII), Angoss, Cognos,
STATISTICA Data Miner (Kanama), humanlT Software GmbH, BonaVista
Systems (I'epmanms), Mentegrafica infovis solutions (Mramus), Acknosoft,
SIPINA (®panmus), Xungucton (GR Brains), Marcom (Xwutoii), NeuroShell,
PolyAnalyst (Poccust), Jooble (VYkpamna), ALI11, ALI12, AL13, ESPLAN
(O3apbaiikoH)mapaa KeHT KaMpPOBJIM WIMHA-TAIKUKOT UIIIJIapH OO OOpUIMOKIA.


http://www.bonavistasystems.com/index.html
http://www.bonavistasystems.com/index.html
http://www.mentegrafica.it/infovis/

WNuTennekTyan TaxIMIAIIHUHT HOPABIIaH MOJEIUIAPUHU SPATULI Ba aMaijia
JKOpUM HTUII Fo3acuiaH oiu0d OOopwiIraH WIMHA-TaIKUKOTIAp HaTHXKacuaa
HOpABIIIAH OWJIMMIIAp IIAPOUTHAA CUH(IAmTUpHIL, Oaxonaml Ba Oamopatiiail
MOJICJIJIApUHM SIpaTHUIl YCYJl Ba aJITOPUTMIIAPUHU TaKOMWUIAIITUPUIN Oopacuia
daxoHJa OWp Karop WIMHN HaTWKamap, XKymijagaH, KyWHJIaruiap OJIMHTaH:
HOpABIIIAH OWIMMIIAp IIAPOUTHAA CHUH(IAITUPUIN Ba Oamiopatiail ycyiiapu
unuiad yukuirad «Attar Software Ltd.» (byrokOpuTtanus); 3BOJIOIMOH AaCTypJiall
anroputmiiapu spatuiran «PolyAnalyst Tusumu Unica» (AKI); mabaymoTaapau
CUH(IAIITHPUIT XaMmJla edyuMiap OOpPUIIMHM TaXJIWI KWIMIIHUHT Tpad ycyiau
takmud stmran «C5.0, RuleQuest» (ABcTpanus); OamopaTiantHUHT MaHTHKAN
MOJCJJITApDUHM ~ HOpAaBIIAH  KJIACTEPJNAIITUPUIN  YCYJIM  HMIIA0  YMKWITaH
«Clementine, Integral Solutions» (byrokOpuTanusi); HopaBIIaH axO0POT MyXUTHIA
KYIIME30HJIM onTtuMautamtupuil Macanacu euwirad «SIPINA, University of
Lyony (®panius); HopaBIllaH MOJIEJI TapaMeTpJIapuHu HEHPOH TYpliapu EpraMusia
cognmam ycynmu Kymutanwiran «IDIS, Information Discovery» (AKIL); cycr
[IaKJUTAHTaH >Kapa€Hjap XOJIATUHM WHTEJUIEKTyald TaxJIWUlall MOJe/UIapuHu
HEHpOH Typiap €paamuia unuiad yukuin ycyiiapu takiud stunran «NeuroShell,
Ward Systems Group» (Poccus).

CycT makylaHraH >kapaéHjap XoJaTH MabJIyMOTJIADUHUA HWHTEUICKTYall
TaxJIWIIall TU3UMJIAPUHM HILIA0 YMKUIIIA HOAHbaHABUHA EHJAIYBIAp, SHHU
“)OMIIOK XMCOOJIall” BOCHUTAJIAPUHM KYJUIAI, KaTTa XaXMJIM MabIyMOTIIApHU
KaiiTa HIJIam, COHJM XHCOONaliap/iaH JUHIBUCTUK XucoOjanuiapra YTull,
HOPABIIIAH MOJEJUIAIITUPHUIL Ba HOPABIIIAH MAHTUKUHI XyJocajap Ha3apusuiapu Ba
YJIApPHUHT KYJUIAHWIMIIM COXAJIAPUHU AHMKJIALL, HEWPOH TYypJlap Ba 3BOJIOLHOH
ruOpuj ycysl Ba aJIrOpUTMIIAPHU MILIA0 YMKHII KaOW YCTyBOp HyHanMIIapnaa
WIMUNA-TAJIKUKOT UIIapU 0JIM0 OOpUIIMOKIA.

MyaMMOHMHI YPraHu/JIraHjJuK Japamxacu. HopaBmiaH MaHTUK, HEHWPOH
TYpJiap Ba DOBOJIOIMOH aQJITOPUTMIIAD SPaATHIL, COHJIM XHCOOJamiap/iaH
JUHTBUCTUK XHcCOOJaluiapra YTUII Ba MabIyMOTJIADHU KalTa WIUIAII, Kapop
KaOyJl KWJIUII Ba OOIIKAPYBIArd axaMHSATH, UMKOHUATIAP HA3apUsCH Ba YHHUHT
WHTEJUICKTyall THU3UMJIapAa Kyyuiam Oopacuaa Oup KaTtop OJMMIIAPHUHT:
HOpABIIIAH MOJICIJIAIITUPHUII Ba HOpaBIIAH MAHTHKUW XyJocajap Hazapusiiapw,
caHoaT THU3MMJapuJa IOMIIOK XHcOOJaluiap, HEWpPOH Typiap Ba HSBOJIIOLMOH
XUCOONaNUIapHu KYJUIAHWIIMIIN, HOAHUKJIMK MIApOUTHAA Kapop KaOysl KWIJIMII
yCyJUlapd, CHUTYallMOH OOIIKAapyB; HMHTEIUIEKTyal TUOpUA THU3UMIIAP SpPaTHIL
Macananapu oup katop onmmiapuusr: J.3age, A.dwo0Oya, A.llpaga, E.Mamuaanu,
M.Cyreno, T.Takaxu, M. Jxammmau, H.H.Mowucees, C.A.OpnoBckuii,
O.Mymnuk, O.W.Jlapuues, I'.C.IlocnenoB Ba [.A.lloctienoB , P.A.AnneB Ba
OOLIKaapHUHT MIUTapyaa KYyprO YUKUIITaH.

MabiyMOTIapHY WHTEJUIEKTYaJll TaXJIMJIW, HOPABIIIAH TYIUIAMJIap HA3apHUsCH,
HOpAaBLIaH-CTOXaCTHK MaTeMaTHK MOACIIIAIII THPHUIIT MacajaJapuHUHT
PUBOXKIIAHUIIK Ba YJIAPHUHT KYJUIAHWIUIIM OuiaaH OOFJIMK — TaIKUKOTIAP
Kyiuaara onumiap TOMOHUAaH onub Oopwirad, sxymuagan: M.M.Kommuios,
T.®.bexmypatos, ®.b.AGyTtanues, A.P.Mapaxumos, T.C.Hycparos,
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M.A PaxmarynnaeB, H.A.WUrnateeB, P. Ycmanon, JI.T.Myxamenuena. Illynra
KapamMail CyCcT MIAKJUIAHTaH >Kapa€Hiap XOJAaTUHU MHTEJUIEKTyal TaXJIHII
KWIMIIHUHT HOPAaBIIaH MOJICJUIADUHU KHPYBUYM Ba YHWKYBYM MabIyMOTIIap
opacujard OOFIMKIUKIAD HOYM3UKIWIMK IIApOUTUIa 3ra OYynran Xxosuiapaa
KypHIIl aJrOPpUTMJIAPUHMA MILIA0 YMKHIL, HOPABIIAH MOJEN KYypHUII >KapaéHuaa
MOJEN NapaMeTpIapyuHu KYNareHT/IM ONTUMAJIIAIITUPUI, KYMIIAIaH, YBOJTIOLHOH
apuiiap KOJIOHMSICH Ba HEHWPOH TYpiap acocujlia CO3JIAIIHUHT THOpUJ yCyJiapu
Xamja ajJropuTMIIApPUHA MIUTA0 YUKUII MacajlajJapuHHU €YUl MyaMMoJIapu KypuoO
YTUIIMAaras.

ly Owmman Oupra CycT MIAKJUTAHTAH >Kapa€HNIAp XOJIATUHU HHTEIUICKTYI
TaxJIWUIAIl y4yH HOpPaBIIAH KOWJAJIAp XyJIOCAJIapura acoCJIaHraH MaHTUKUU
MOJICJIJITADHM HOPABIAH KJIACTEPJAIUTUPUIN yCyau €Epaamuia Kypull, ymoy
KapaéHaa MOJEN MapaMeTPIIAPUHM HEUPOH TYpPJIApU Ba 3BOJIIOLIMOH apwiap
KOJIOHMSICH ~ aJITOpUTMIIapu €pAamMuaa Cco3JIall  MacajaJlapuHy  CYUIIHHWHT
TaKOMWJUIAIITaH TUOPHUA yCyJUlapy Ba aJIFOPUTMIIAPUHM SpaTUIITra OarvilIaHTaH
WIMMNA W3JIaHUILIAp €Tapiiu Japaxkaaa oaubd OopuiiMaraH.

Jucceprauuss MAaB3yCHHUHI JUCCEPTANMSA 0axapuiaaéTraH WJIMMU-
TAAKMKOT MYacCACACHHUHI MJIMHUH-TAAKMKOT MILIAPH OMJIaH OOFIHMKJIMIH.
Ma3kyp nauccepranusi TagKUKOTH  TOHmKEHT axO00poT  TEXHOJOorusiiapu
YHUBEPCUTETH Xy3ypuaaru JlacTypuil MaxcyjoTjap Ba anmnapar-IacTypui
MaXMyaJiap sIpaTUIll MapKa3WHUHTUIMUN-TAJAKUKOT HILIApU OWIaH OOFIHMKJIWIU
Kyhiugaru GyHIaMeHTall Ba amanuil joiuxanapaa akc sartupwirad: ®A-O1-0015-
D056 «Hoanuknuk mapoutuaa axOOpoTIapHH KalTa MIUIAII Ba TUMCOJUIAPHU
AHUKJAUTHUHT WHTEIEKTyal TU3UMJapu Hazapuid acociapu» (2007-2012 iiid.);
DA-A17-D056 «OOBEKT XaKuaaru ax0OpoT HOAHUK IIAPOUTHIA MAbIyMOTIapHU
MHTEJUIEKTYall TaxJIMJ KWIHII Y4yH MOCJAllyBYaH THUMCOJUIAPHUA TaHUO OJIMII
TU3UMUHUHT  aNTOpUTMHUK TabmMuHOTH»  (2009-2012  #iit.); AS-OA-DO19
«HopaBmian Tymuiamnam  EHAallyBra acocjaHraH Kapop KaOyd —KuUJIuIra
KYMakJalulyB4u TUBUMHUHT alTOPUTMUK-AAcTypuil Bocutanapw» (2012-2014ii1.).

TaagKMKOTHHHI MaKcagM CyCT IIAKJUIAHTaH JKapaéHiap XOJATUHU
MHTEJUIEKTYaJl Tax/InUIall MOJIEJUIAPUHN HOPAaBLIAH KJIacTepJIall yCysnu €paaMuaa
KypMIll, MOJEN MNapaMeTpiapUHH HEUPOH Typjaap Ba SBOJIOLMOH apuiiap
KOJIOHUSICH aJITCOPUTMH €pJlaMuia CO3JIAIIHUHT THOPHU YCyJl Ba alrOpUTMIIApUHU
spaTulIIad ubopar.

Makcaara 3puIImI y4yH KyHuaard TaAAKUKOT Basugajiapu KyHWIras:

CyCT INAKJUIAHTaH JapacHjap XOJAaTUHU MHTEJUIEKTyal TaxXJWil KUJIWII
MacaJIaJIApUHU [AKJUIAHTUPHILI;

CyCT IIAKJUIAHTaH KapaéHjapAa HOPAaBIIAaH KOWAA XyJIocallapura acoCIaHTaH
cuHnamThpui, Oaxoyiall Ba OamIOpaTIAIIHUHT MAHTUKUM  MOJEIIapUHU
HOpAaBLIaH KJIACTEPJAIITUPUIL YCyIu €pAaMuia Kypull alrOpuTMIApUHU HILIA0
YUKW,

HEWPOH Typjapu XaMJa apuiap KOJIOHHMSCH alrOpUTMIIapu €paaMuia
HOpaBIIaH MAHTUKUM MOJEN MapaMeTpiiapuHH CO3Jall aJrOpUTMIIAPUHU WILIA0
YUKUIII;



HOpABIIAH MOJEN Kypull »apa€HuJa BYKyIAra KeJIyBUM HOpaBLIAH Kyl
ME30HJIM ONTUMAJUIAIITUPUIL MacalajJlapuHd €4YUIl  aJrOPUTMJIAPUHHU HILIA0
YUKULI;

cuH(uiamTpunl, Oaxonamr Ba Oamiopariaml MacajlaJJapUHUHT HOpaBIIaH
MOJIEJUIAPUHM KYPHUIIHUHT 1aCTypuil TABMUHOTHHM MIUIA0 YUKHIL;

HOpPAaBIIAH KYNME30HJIM ONTUMAJUIAIITUPHUII MAacaJajlapuHU  Mapaljieln
XMCOOJall TEXHOJOrusulapuAaH (oillagaHraH Xojija EUUIIHWHT J1acTypui
Ta@bMUHOTUHU UIILIA0 YHAKHILL,

unuUiad YMKWITaH alropuTM Ba JacTypiiap camMapaJopiurdHu  Oaxosain
Oyiimua xucoOmam 3KCHEPEeMEHTIApUHU YTKAa3uIl Ba OJMHTaH HaTHKaJapHU
TaxJIMJT KHJTALL.

TagKUKOTHHHI O00BEKTH CyCT INaKJUIAHTaH »JKapa€Hilap XOJIATHHHU
MHTEJUIEKTYyaJl TaXJIWJUIall Macajlalapu.

TagKUKOTHHHI TNpeIMeTHM — HOpaBIIaH axO00poTiap MYyXHUTHIA OOBEKT
XOJaTUHU MHTEJUIEKTyall TaxXJIWUIAIIHUHT  CHUH(UIaITHpunI, Oaxojam Ba
OalopaTiiai ycyjuiapy, MoJIe/UIapy, alrOpuTMIIapu.

TaankuKOTHUHT ycyJuapu. TusumiM €HAAIIYB, HOpAaBIIAH TYyIUIaMIIap
Ha3apusACH, HEWpPOH Typiap XaMJa SBOJIIOLMOH AJITOPUTMIIAD TaMOMWILIApU Ba
yCYJUIApH.

TanKUKOTHUHT WM SIHTHJIMIH Kyiuaaruiapaad uoopar:

CyCT IIaKJUIAHTaH >Kapa€Hjap XOJIATUHU HWHTEJUIEKTyal  TaXJIWJUIanl
HOPABILIAH MOJAEIUIAPUHHU KYPUILIHUHT THOPUA yCyJIIapy TaKIU( KUJTUHTaH;

CyCT IIAKIJIAaHTaH >Kapa€Hjiap XOJaTUHU WHTEJUIEKTyaldl TaXJIWJUTAIIHUHT
cuH(mamtupuin, Oaxojam Ba Oamopatriall HOpPaBIIaH MaHTUKUNA MOJICITMHU
HOPABIIIAH KJIACTEPIAIITUPUII YCYIIU EpAaMUaa Kypyll aITOPUTMHU APATUIITAH;

CyCT IIAKJUIAHTaH JKapa€Hiap XOJaTUHU CHH(IAIITHpUII, Oaxonaml Ba
OalopaTiiall HOpaBIIaH MAaHTUKUNA MOJEIJIAPUHU KypHUII jKapaéHuaa TypJid Xuil
TEerMIUIMIIMK (YHKIMsUIapy OYiraH xojaTjiapaa MOJEIN MapaMeTpiapuHu HEHpOH
TypJlapy €pAamMuaa co3jall acoCHJa HOPABIIAH €YWMHM OJIMII MYMKHUHJIMIH
KypCaTUITaH;

CyCT IWIaKJUIAHTaH >Kapa€Hjap XOJIATMHHW HWHTEJUIEKTyal  TaXJIWJUIal
HOPABIIAH MAaHTUKHA MOJEIUIApUHM KypHUIl >Kapa€HHWJIa TYpJIHd TETHILIUINK
byHkusapu OyiraH xoJjiaTiiapAa MoJe MapaMeTpiapuHu apuiap KOJOHHSICH
aNropuT™MH €pAamMuaa CO3Jall acoCHJa HOPABIIAH €YMMHH OJMII MYMKHHIIUTH
KypcaTuiras;

HOpABIIIAaH ax0OpOT MYXUTHIA KYIME3OHJU ONTHUMAJUIAIITUPUIL Macajlacu
HIAKJUTAHTUPUIITAH Ba €UUIL aITOPUTMIIAPH SIPATUIITaH;

HOpAaBIIIAH JAacTiia0ku axO0o0poT MyXUTHAA ONTUMAJUIAIITUPUINL Ba Kapop
KaOyJl KWAJMII ME30HJapy Ba aJIrOpUTMIIAPU MUUIA0 YMKAPUIIUIIHN, TETHILTUINK
byHkuscu uOopajapuga €UYMMIIApHU SXIIWIAHUII XYCYCUSATIApU XaKUaard
TacIUKIap HCOOTIAaHTaH;

CYCT IIaKJIJIaHTaH >Kapa€Hiap XOJIATUHU HMHTEJUIEKTyal TaxJidjaml Truopuj
ycyiuiapu €paaMujia aJekBaT HOpaBILIaH MOJEIAp KypUIl TEXHOJOTHICH HIILIa0
YUKHWJITaH.



TaaKMKOTHUHT amMaJIuii HATUKACH KyWHaruiapjaad uoopar:

MHTEJUIEKTYyall TaXJIMLIAITHUHT HOpAaBIIIAaH MOJEUIapU acocHjia KOpXoHaiap
OAHKpOTIUTH XaB(-XaTapuHU OaxoJjall Ba Oamropartianl mMacalajlapuHu €4MINIa
95-98.2% aHUKIUK KYpcaTKUYJIapura SpUILIUITraH;

HOpaBIIaH Mojen acocuna “MKTUCONMETHUHI arpap CEKTOpH UILIa0
YUKApUIl TapKUOWHU ONTHUMAIUIAITHPUIL OYHHYa MKTUCOAMM-MaTEeMaTUK MOJEI
uniad yukum  yenyoustu” gactypu aouwpacupa  “2011-2013-iimnnmapaa 3KuH
MalJOHJIApU TAPKUOWHM MAKOYJUTAIITUPHUII OPKAIH KUIUIOK XY KaTUTHIa aCOCUI
O3WK-OBKAT MaxCyJoTiapu unuiad dukapuin XakMuHua Oarmmopatmam’” Ba “2010-
2013-fivutapa  4OpBAYMIMK TApMOK TAPKUOWHM MaKOYJUIAITHPHII OPKaIU
YOPBAYMIIMK MaxXCyJOTJIapy WIUIA0 YMKApHII XaXMIapUHH Oamropatiam’” kabu
MacaJalapHUHT 92-96,5% aHUKIMKIA eYuMIIapu OJINHIaH;

cuHpnamTupum, Oaxoyiall Ba Oamoparjall Y4YyH HOpaBUIaH MOJIETHU
co3jaiml ycyJulapura MoOC ajropuTMiIap HWIUIa0 4YMKWITaH Ba yHHM Oaxouail,
CUHGIAIITUPUIIT Macajlacura KYJUIAaHTaH XOJIaTUJla OJMHTaH HaTKallap aKc
STTUpWITaH. AmManuii Macananapuu euuin >xkapaéHuna (Tomkent TuobOuér
aKaJeMusacHia TyFpyKKaua Ba TYFPYKJaH KEHUHTH OHalap YJIMMHHUHT aCOCHM
cababnmapyHM aHUKJANI Ba YJIapHU KaMaWTHPUII YOpajJapUHU HILIA0 YUKW
MacajlacH) TaxkpuOanap YTKa3wiral Ba mxkoouit 92-95% aHUKIMK Kaia STUIITaH.

TaakuKOT HATHKATAPUHUHT MIHOHYJIMJIMIU CYCT IIAKJUIAHTaH Kapa¢Hiap
XOJIATUHU MHTEJUIEKTyal TaxXJIWJUIall HOpaBUIAH MOJIEIUIAPUHU KYypHII yCYJUIapu
Ba aJITOPUTMJIAPUHUHT UILIATHIUIIN, CUH(IAIITHPHUI, 0axoiall Ba OamropaTiiaiil
MacaJIaJlapUHA  €YMIIAA TECT CHUHOBHJAH YTKA3WIWIIM, HA3apuid Ba aMajui
TaJIKUKOTJIAPHUHT OJIMHTaH HaTWXKalapu Ba yJIAPHUHT y3apo
MYBODUKIAMTAPUITAHINTYA OUIaH TabMUHIJIAHAIH.

TagKUKOT HATHKAJIAPUHUHI MJIMHMH Ba aMaJidii axaMUSATH. TaaKuKoTIa
OJIMHTaH HATWKAJIAPHUHT WIMHH aXaMmHsITH HOpaBIIaH MAaHTUKUN MOJEIIapHU
HOPABIIIAH KJIACTEPJIAITUPHIN YCYJIH €pAaMuia KypHIll, MOJEN MapaMeTpiiapuHu
HEHPOH TYypiap Ba apwuiap KOJOHUSCH DBOJIOIHMOH alropuTMiapu EpaaMuia
co3J1alll, MOJIEN KypHIIl >KapaéHua MIaK/UTaHTaH KYT ME30HIM ONTUMAIIAIITUPHUIIT
MacajajapuHyd €4Yull, OOBEKT XOJIATUHM CcUHGIamTUpui, Oaxonam Ba
Oaropariani ycyJiapu Ba alTOPUTMIAPUHU TAKOMUJUIAIITUPAIH.

WuTemiekTyan TaxJIHIIIall HOPAaBIIAH MOJICJUTAPUHU KypHUIl yCyJUlapu Ba
aITOPUTMJIIAPU aCOCHIa OJIMHTaH HaTHXXaJlapHU KOpXOHajgap OaHKPOTIWTH XaB(-
XaTapuHU Oaxojaml Ba OamiopaTiall, KUIUIOK XY>Kadurujaa acoCHil 03MK-OBKAT
MaxCyJoTJapyd HWILIa0 YWUKApWIl Ba YOPBAYMWIMK XKMHUHHU Oalropatiiaiil
MacajajapuHyd  €4YMIlra KyJulall — acocuJa HMKTHCOOUN  caMapaJopiiuKKa
APUIIIIIAIN.

TagkukoT HATHKAJAPUHUHI xopuid KujauHumu. CycT IIakijIaHTaH
)apa€Hyiap XOJIaTUHU WHTEJUICKTYall TaXJIUJUIAl HOPABIIAH MOJICJUTAPUHN KypPHIII
yCyJl Ba ajJTOpPUTMIIApU acoCH[a WUIIIad YMKWITaH CUHGIAIITHPUII, Oaxojamn Ba
Oamopariant JacTypwii BOCHUTAJapUHU ACOCHH O3HWK-OBKAT MAaxCyJOTJIApUHU
UNuIad YUKApUIT XKMHUHHU Oamropatiaii, 3KWH MalJoHJIapu Ba YOPBAYUIIMK
COXacy TY3WIMACHHU MaKOyJUIAIITHPHUIIAA aHUKITUKHUHT 92-96,5% TabMUHIIaHU-
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M HaTWXKacujaa Ba KOpXOHamap OaHKPOTIUTU XaBd-xaTapuHH Oaxojaml Ba
Oamopariam MacajlalapuHU €4YMIlJa W camapajgopiuruau 1,5-2 OGapaBapra
OILIMINMY Ba aHUKJIUKHUHT 95-98.2% TabMUHIAHTaHIWTH xucodOura wmuiuk 170.5
MJIH. CYMJaH OPTHK MKTHCOMMi camapara spuuminy (Y36exucTon Pecriybnnkacu
ax0oOpoT  TEXHOJOTWsJapyu Ba  KOMMYHUKALMSUIADUHUA  PUBOKIAHTUPHUII
Basupauruauar 2016 iiun 21 suBapmaru 02-8/343-coHaM MabIyMOTHOMACH;
Kuzzax BWIOATH KUIUIOK Ba CyB XYyKaiauru OomikapmacuHuHr 2015 iwmn 24
utornaru 03-399-conmm mMabIyMOTHOMACH; XYCYCHIJIAIITUPHIN, MOHOIOJIUSIAH
YUKAPUIIT Ba PAKOOATHW PUBOXKJIAHTHPHUIN JaBiIaT KyMUTACHHUHT TOIIKEHT
BUJIOATH Xynyawi OomkapmacwHuHT 2015 #imn 16 wionmarm 15-2214-conmm
MabJIyMOTHOMACH).

TaaKuKOT HATHKAJTAPUHUHT anipodauusicu. /[uccepTauusiHUHT Ha3apuil Ba
aManuyd KUXaTiIapu KyWMJarn Xajdkapo Ba MWUIMKM CEMHUHApiap Ba
KoH(epeHUusapaa Myxokama KuinuHrad: “Unterpanpubie ypaBHenus — 2009”
(KueB m1., Vkpawna, 26-29 smBap 2009 itmn); “CoBpeMEHHOE COCTOSHHE U
NEPCIEKTUBBl Pa3BUTHS WH(OOPMAIMOHHBIX TexHoJoruil® PecnyOnuka wiIMuMii-
TexHUK KoH(epenuuscn (V3bekucton, TomkenT m., 5-6 centsop 2011 iim);
Bcepoccuiickas koHbepeHIMs € MEXAYHAPOJHBIM ydacThHeM ‘‘3HaHUSA —
Onronoruu-Teopun” (Poccusi, HoBocuOupck 1., 3-5 okts6p 2011 iinn); ceapmoit
MEXIYHApOJHOMW a3uMaTCKoM mKoiabl — ceMuHap “IIpobGremMbl onTuMHu3anuu
CIIOKHBIX CHUCTEM’ (§’36eKI/ICT0H, Tamkent 1., 17-27 okrsgops 2011 itwn); VI
MEXIyHApOIHAasl Hay4YHO-TIpakTUyeckash KoHdpepeHuus ‘“VH»KeHepHbIe CUCTEMBI-
2013” (Poccuss, MockBa 1., 24-26 ampen 2013 iwn); Bceepoccuiickas
KOH(epeHLusa ¢ MeXIyHapoaHbIM ywyactueM ‘3Hanus — OHrtonoruu-Teopun”
(Poccus, HoBocubupck 1., 8-10 oktsop 2013 #iwin) Ba “Eighth World Conference
on Intelligent Systems for Industrial Automation” (Tashkent, Uzbekistan,
November 25-27, 2014 year).

TaakuKOT HATHXKAJAPUHHMHI bJOH KWIMHMIIM. J[uccepranus MaB3ycu
Oyiinua >xamu 44 Ta WIMHNA U, )KyMJaaaH, 4 Ta MU xypHauiapaa 11 Tta Ba
XaNKapo KypHauiapaa 4 Ta WIMHA Makoja, IIyHUHTIIEK, WIMHN aHXyMaHiIapa
20 Ta Mmabpy3anap Ba Te3ucnap, 1 Ta MoHorpadus HaIIp STUITAH.

JluccepTAMSIHUHT Xa:KMH Ba Ty3wiaumu. Jluccepranus Kupuii, Oemira
000, Xysoca, ¢oiinananuiran afabuétap pyixaru, uinosa Ba 194 caxuda martH, 9
Ta pacM Ba 14 Ta xkajBajjgaH uoopar.
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JINCCEPTAIIUSIHUHI ACOCUM MASMYHH

Kupum xucmuaa nuccepranuss MaB3yCUHUHT J10J13apOJIUTH Ba 3apypiIuk
Japaxkacu acocyiab OepuiiraH, Makcaj Ba Bazudanap makIJIaHTUPUITaH, TAAKUKOT
00BEKTH Ba NPEIMETH AHMKJIAHTAH, TAJKHKOTHHHT Y30eKMCTOH Pecry6imkacu
(daHu Ba TEXHOJIOTHSUIAPUHUHT YCTYBOP MYHAJIUIUIAPUTH MOCIUTU OEJTHUIIaHTaH,
TaJKUKOTHUHT WJIMUN SIHTWIMTA Ba aMaluil HaTKalapu KypcatuO YTHIIras,
OJIMHTaH  HATIKAJApHUHT  XaKKOHMMIUTH  acocnabd  OepwiraH, OJUHTaH
HATWKAJTAPHUHT Ha3apuil Ba aMajiuil axaMusITH O04Yu0 OepwiraH, TaJaKUKOT
HATIWKAJIADUHUHT  aMalnuérra TaTOMK OTWIUIIM pYWXaTh, UIIHK CHHAII
HaTWKaJlapy, Hallp 3TWITaH UIUIap Ba AWCCEPTalUs Ty3WIMacH TYFpUCHUIIATH
MabJIyMOTJIAp KEJITUPUITaH.

HuccepraiussHUHT OMpuHYM “CycT MAKIJIAHTAH Kapaéwiap XoJaTHHU
HHTEJUIEKTYaJ TaXJIM/LIall MOJeJUIAPUHE KYpHII MyammoJiapu” 6o0uja cyct
HIaKJUTaHTaH xKapa€Hiap XOJIATUHU MHTEJUICKTYall TaxJIMJUTAIIIHUHT
cuHIamTHpuUI, 6axonam Ba OamiopaTiamnl MOJS/UIAPUHU KypHUIIT MacalaCUHUHT
AHATMTHUK TaXJIWIM KeITHUPUIITaH.

Hoanuknmuk mrapoutnapuja amMaiuii MacajajlapHU €uuIaa CUH(IAIITHPHIIL,
Oaxouai Ba Oamropatianl TU3UMHUHHA KypHUIIl YU4yH 3apyp OViraH HopaBIIaH s’bHU,
HOCTOXACTHK TabuaTra sra Oyiran MabJyMOTJIApHUA UKKH KUCMTa OYIUII MyMKUH:
COHJIM (MHUKIOpWH) Ba HKCHEPTAAH OJMHAETTaH JIMHTBUCTHK (cudar) Kucmiap.
HopaBilan TU3UMJIApHUHT KaTTarMiHa KUACMU HWKKUHYM TypJard OwiuMmiapiaH,
KYIIPOK HOpaBIIAH XyJOocCa TU3UMJIApUra OWUpIAIITUPWIAAUTaH HOPAaBIIAH KOoua
xyjocanapu 0Oazacu makiauaa udojanaHagural MabiyMoTiapiaH QoiganaHaiu.
HopaBmian koupamap XyJiocajapura acoClaHraH HOpaBLIAH  MAHTHKUUN
MOJICJUTADHA ~ KypHUIIl aJTOPUTMIIApM KHUPYBUM MAbJIyMOTJIap HOPABIIAHIUK
TabuaTura sra Oyirad mapouTtiapaa cuHIAmTHpUIL, Oaxoiaml Ba Oamopartianl
MacajajJapyuHy €4MIIa aCOCUNM YPUHHU drajulanjiu.

CycT makijmaHrad >kapa€Hiap XOJaTHHH MHTEIUICKTyall TaXJIWJUTAIIHUHT
cuHnamTupuii, Oaxoyam Ba Oamiopariaml MOJACIUIAPUHU KYpHUII JKapaéHuaa
HOpaBIIaH KOWJa XYJIOCAJAPUHU MIAK/UTAHTHPUIN KOWJandap COHUHUHT MakOyll
Japakasia KUCKapTUPUII KapaéHUHUHT MyXUMIIMTUHU Oenrmiad Oepau.

Monennamrupuin kapaéHuga OOBEKT TYFPHUCHIIATH JKOPHM MabIyMOT Kal
mapaxkana TYFpU WINUIATWITAHJIWTUHU, SHHU MOJEN aJeKBATIIMTU Kaill Japakana
HKAHJIMTMHU aHUKJAIl KaTrra axaMmusTra sra. by Oopajga cycT IIakuiaHraH
JKapaéHJIAapHUHT  MOJIeJUIAapUHU  MILIA0 YUKUIIHUHT aCOCHH  MyaMMoJiapu
IAKJJTAH TUPUIIIH.

AHbaHaBUI HOpPABIIAH THU3UMJIAp MIyHJAd KaMUWJIMKIapra 3raku, Koujaaiap
Ba TETMIUIWIMK (YHKIUSJIADUHUA IIAKIJIAHTUPUII Y4yH y €ku Oy coxamaru
HKCIIEPTIAPHU KO KUIHI 3apyp. by aca Oup KaTop HOKYJIalJIMKIApHU BYXKYyAra
KEJUIITUTra oMU OynuiyM MyMKUH. MocnantyBuan HopaBiad Tusumiap (adaptive
fuzzy systems) ymOy myammonu xan Kwianud. bByHnait tTusnMiapiaa taxpuOaBuit
MabJIyMOTJIAPHU VKUTHUII >Kapa€HHWJAa HOpaBIIAH TU3UMJAP MapaMeTpilapuHU
co3naml aMmayira omupuiagd. HopaBilaH TU3MMIIApHU MOCTAIITUPUIN KapacHu
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KyWHIard MKKA OOCKUYJaH Tamkwi Ttonafau: 1. JIMHrBUCTHK KOoWJalapHU XOCHII
kuunr, 2. Mojaen mapaMmeTpiiapuHH cosnaml. HopaBiman KoumamapHH XOCHI
KWW YY9yH TETHIUIMIMK (QyHKIMATApU, HOPABIIAH XyJlocara SpUIIUII yI9yH dca
— Kouanap 3apyp oymamu.

CycT makiaHraH >kapaéHiap XOJaTHHU MHTEIUIEKTyall TaXJIMJUTAIHUHT
CUH(UIAITHPHUII, Oaxoyiall Ba OamopaTiaml HOPABIIAH MAHTHKUA MOJCTUHU
Kypulll ~ MacajajJapuHd  TypTTa  Makcang  (QyHKIusAcUra dra  OynraH
ONTUMAJUIAIITUPHUII Macaiacu cudaruaa udoganam MyMKHH.

: . 1w . :
f(S)— max, f,(S)— min, f,(S)— min, f,(S) :Ezl(y" ~9,F = min.
j=

by epna fl(S) — S Kowmanmap TYyiaMmuaaH doigaliaHraH XoJiga TYFpU
CUHGIATHPUITAH 00BEKTIAp COHH, fZ(S) — S Kowmanap TYIiaMuard HopaBIiaH
Kouzangap couu, fq (S) — S ra KUPYBYH JJIEMEHTIAPHUHT ymMyMmuii conn Ba f, (S) -

KyTWITaH Ba MOJIEJ/IaH OJIMHTaH HATWXKajap OopacuJard OFULUIap KBaJpaTiapu
durnaancu. Illynnaidk kunMO KYNME30HIM ONTUMAJUIAIITUPHUINL  MACalaCUHU
CUMIITa KeIUO KOJIMHAIH.

[ynunraex ymoy 606/1a CycT MAKJIaHTaH Kapa€HJIapHU CUH(IIAIITHPHIIL,
Oaxosaml Ba OamiopaTIallHUHT MaBXKYJl YCYJUIADUHU AHAIWTUK TaxJIMIW Xamja
KYII ME30HJHM ONTHMAJUIAIITUPUII MACAJIACHHHA €YHIIra HOPABIIAH TYIUIAMIIN
¢npamyBiaap kypuO VyTwinu. Taxmwn HaTHxKacuja TaJKUKOT HIIUAA €YUMHUHU
KyTa€Tral Macajia Ba MyaMMOJIap aHUKJIAIITHPUIIIN.

Acocuil eywMImM KyTWIa€TraH MyaMMO HOpPAaBILIAH KiacTepiall yCyJu
€plaMHJla HOpaBIIaH KOWJA XyJIOCaJapura acoCJIaHraH MaHTUKHA MOJEIIapHU
KypHIIJIaH noopar.

Taknud kunuHa€TraH €EHJANTYBHM aHbaHaBUM EHJamyBiapAaH (dapku
cuHamtupuii, 6axosan Ba OamopaTian Macajlaiapu MAaHTUKUN MoJieNIapyuHu
HOpABILIAH KJIACTEPJAIITUPUIL YCYJIM AacoCHJa KypPUILIHUHT aJIrOPUTMHUK Ba
JACTypui BOCUTAJApUHU MILTA0 YMKUII YYYyH 3aMOHABUN MHTEIIEKTyal ax0opoT
TexHoJorusapuaan (Ouwmumiap ©6aszacu, Soft Computing KOMNOHEHTIapu —
HEHPOH TYpJlapH, apuiiap KOJOHHICH alrOpUTMIIapH) (poraanaHuimIan nuoopar.

HuccepraisitHUHT UKKUHYM “CycT HMIAK/JIAHTAaH KapaéHjiap XO0JaTHHHU
HHTEJUICKTYaJl TaXJWUIall MOAC/JIADMHM HOPABIIAH KOWAA XyJocajapura
aCOCJIAHTaH X0J1/1a Kypulll yCy/UIapMHM MILIA0 ynmkuin” 0obujga HOpaBIIaH
KOMJa XyJiocajapura acocCjlaHraH CyCT IIAKJUIAHTaH JKapaéHiaap XOJATUHU
WHTEJUICKTYall TaxJIWUlalll MaHTHUKAW MOJCIUIAPUHU KYypHII YCYJUIapu HIILIa0
YUKUJITaH.

CycT mak/uiaHrad  kapaéH  XOJaTUHU  MHTEIUIKTyall — TaXJIWJUlall
MOJCIJIapUHA OUp KaTop OJMMIIAp HWIUIapUAa KEATUPUITaHUu Kabu Kyiuaaru
HOpaBIIaH  Koujamdap  Xyjlocaitapu Epnamuaa  TaBcudmianamu  [J1.3aze,
A.Il.Potwreitn, P.A.Anuesnap]:

K; n
U[ﬂxi =@, ,,» W,, BasH 6I/IJ'IaH)—) Y, = f (6 %00 X)) (1)

p=1\ii=1
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By epma @, - Jp KaTOpHMHI X, ¥3rapyBUYMCHHM H(ONATOBYH JMHTBUCTHK TEPM,;

W, - jp - KounamuHr BasH koddpoummentu; Y, = f (X,X,,...,X ) - HOpaBman

KOUJAQHUHT YAKHIIIH.

HopaBman koupamap Xynocaigapu €EpAaaMuja TaBCU(IaHYBYM — CYCT
NIAKJUIAHTAaH JKapa€H XOJaTUHUM HHTEIUICKTYyaJl TAaXJIWUIAIIHUHT  y4  XHJ
KYPHUHHUIIAATH HOpPaBIIaH MOICIUIAPHU UIILIA0 YMKUIIIH.

1. Uukumu HOYM3MKIW OOFJAHMII KYPUHHUIIJATW >KapaéH XOJaTUHU

CUH(IaIITHPUII, 6axoail Ba OaopaTIallHUHT HOpaBIIaH MOIEIIH:
k

U((n] X, =@, ,, W, BasH 6I/IJIaH) —Yy,=b, + hi_:l[bj(hw (X1 )h +..+b, (Xn)h](Z)

p=1\i=1

2. Yukumu YM3WUKIA  OOFJIAHWIN KYPUHUINUZATH JKapaéH XOJIATHHU

cuH(amThpuil, 0axoJail Ba OalIopaTIAllHUHT HOPABILIAH MOJIEIIN:
Ki /'n
pL_Jl(Qxi =a, ;,, W,, Ba3H 6I/U'IaHj—) y;=b; +b;x +..b; x,. (3)

3. UukumM HOpABIIaH TEpMJIAp KYPUHUINUAATH KapaCH XOJATHHU

cuH(amThpuIl, 0axoJam Ba OalIopaTIAlIHUHT HOPABILAH MOJIEIIN:
Ki /'n .
U(ﬂxi =a, ,, W,, BasH 6I/IJ'IaH)—)yj =r,j=1LM. 4)
p=1\ii=1

CycT makiiaHraH >kapa€Hiap XOJaTHHU WHTEIUIEKTyal TaXJIMJIJIAIIHUHT
HOpABIIIAH MAaHTUKUI MOJEIMHU KypullJa €TTH KaJamJiaH uOopaT HOpaBIlaH
KJIACTEpJIAIll AITOPUTMH UIILIA0 YUKHUIIIH.

HopaBmian mMozaen Kypuiijga TypJid TETHIUTWINK (YHKIUSIIAPU XO0JIaTH[A
HEWpPOH Typjlapu Xamjaa apwiap KOJOHUSICHU QITOPUTMHU acoCUIa MOJEIN
napaMeTpjapuHd  CO3JIalll, SbHU MAHTHUKAW HOpaBIIaH MOJEIHU YKUTHUIII
Macanajapyd eUYWIraH. YKUTHIIHAHT MOXMSTH HOPABIIAH AIIPOKCHMALHSIAP
HaTWXKaJlapy Ba OOBEKTHUHT XaKUKUNM XYCyCUATIIapu Ypracuaard ¢GapkHU SHT KaM
Japaxara KeJITHPYBYM ONTUMAJUIAIITUPUII MacajlaCUHU €UulaH noopar.

CycT makulaHral >kapa€Hiap XOJIATUHM MHTEJUIEKTyaldl —TaXJIMJUIall
HOpaBIlIaH MAHTUKUK MOJEJH TapaMeTPIIApUHU HEHUPOH TYpJIapu XamjJa apuiiap
KOJIOHMSICH aJITOPUTMIIapU OWJIaH cO37all MYTJIaKo sHruya cudar kacO 3Taiu.
byHpnaii co3namn HaTwKacuja OJIMHAWIAH MOJIENl MHTEIUIEKTyal XYyCYCHsITra sra
Oynagu. Jluccepranus WIIMAA TETHILUTWIMK (QYHKIUATIAPH TaycC IIMaKIUIary,
KYHFUPOKCHMOH, TMapa0OJIMK KYPUHHINIATH, Y4OypUaK MIAKIAard Ba Tpamerus
MIaKJAard Typjapra sra OyaraHaa MoJel mapaMeTpiIapuHd HEHPOH TYpiap xamaa
apuiap KOJIOHUSICH alTOpUTMIIApU OMIIaH CO3JIAI KapaéHu KYpuo YTUITaH.

1. Heiipon Typnapu acocuaa CyCcT IIaK/UIaHTaH JKapa€HiIap XOJATUHU
MHTEJJIEKTYall TaXJIMJUIall MOJEIN apaMeTpIapyuHu CO3JIall:

ViuTum YUYyH HEMPOH TYpJiap HazapusACUIa KYJJIAHUITYBYA

E:;%(yj—yj)zemin (5)

ME30HHM MUHUMAJUIAIITUPYBYM TYPIW TETUIUTWIMK (QYHKIUsUIapu OVyiraH
X0JaTJard peKyppeHT MyHocabarnap Tu3umunaH Qoimananunan (1l-xagsanra
KapaHr).
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1->xanBai.

Typau TerunuuiIvK GyHKIUsIapyu OYiIran XojaaTAaard Moiell napameTpiapuHu
co3Jjall peKyppeHT MyHocabaTiapu

Ternmmunuk GyHKIMSICH

PexyppeHT MmyHOcabatiap

["aycc Typuparu:

u(X)=eXp[—(X;Cﬂ

ﬁyfp(x)
JP(X)

cP(t+D)=cP ) -nly, -y w,

850 =206 0Dy owy. ey

m 2 _jp 2
(Zu""(y)] R
j=1
| | ﬁﬂ”’(x)
P =0 O =y = g, e
LD =ST )y oyt o
" 0" . Y R
(121# ’(y)j
KYHFUpPOKCHMOH: T,
1 i P H,ujp(X)
4(x) = P+ =c”®)-nly, - 9w,

1+(x—cj
O

JP(X)

VIR I O R T

X

S <v>}2 (@™ + 0 ~em?
| g, qu"’(X)
ip 1) =cP(t)=

I ORI ) R

X

(zy ,-(y)j

((0P)? +(x —cP)2 ]

[Tapabonuk KYypuUHUIIIATH:

u(x)=1—(x“’]z
(o2

f[y"’(x)

P+ =c”®)-n(y, — g w,, - e

X

TS A -3d |
,J_Z:;u (y) ,le 1 (y) 25— e

mooy 2 (O'ijp)2
(Zﬂ ’(y)]

j=1
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ﬁu"p(x)

O'ijp(t+1)zo'ijp(t)_77( yt) WX
-\ dj _ N q. 4
G202 0 0 ey
m 2 (O'ijp)3 .
[Zu‘“ (y)j
j=1
Y:I6yp‘-IaKCI/IMOH ﬁ 2P (x.)
KYpHUHHUIIIATH: al (t+1) =a/ (t) - n(y, yt) AL x
X—a #E ()
, <x< b, o m m _
b-a a2 u -2 )
,u(x)= E1 bSXSC, % j=1 j=1 i~ Mi

b
0, 6omka xoJmiapaa.

LI 2 (bijp _aijp)2 ,
(Zﬂ '(y)J

[Ts00)

P+ =cP®) -nly, - w, T
WIS W IAI0)
X (bijp _Cijp)Z !

2
[Zud" (y)j
j=1
arap a<x<b O¥yrca,

[T )

b (t+1) =b” ) - n(y, — 9w,

G D20,

(Z (Y)j (bF —al)? ,

arap b<x<c 6ynca,

X

3

[T )

B2+ =07 0) (Y, =9 e
iu () - Zd wW
(bijp _Cijp)2 .

[ily (y)]z

JP(X) ETY VRN

W, (t+12) =Wy, (0) - 4e(y, — ) _E = ij_l}#"’(xi)-

—m

d,>u" (y)- Zdju (y)

n

(jz_ludj (y)j
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2. CycT mak/UlaHTaH JKapa€Hiap XOJaTHHU WHTEJUICKTyal TaXJIJUTall
HOpAaBIIIaH MOJIEIIH TTapaMeTpIapruHU apuiiap KOJOHHICH — 3BOJIOIMOH alITOPUTMHU
acocua co3jiam kapa€Hu KypuO VrTwiaau. Ymly anroput™M - apuiiap
KOJIOHUSICUIATd apWIApHUHT XapakaT XyCyCHsTIapuIaH Keiaud YHKKaH XoJjua
AIU1ad YUKUIraH.

Apwiiap KOJIOHWSICH — alTOPUTMH  acoCHJa MOJACNT  MapaMeTpiIapuHH
CO3JIAITHUHT aCOCUN MOXHUSATH MOJIET YUKHUII HATHKAIAPH Ba OOBEKTHUHT XaKUKUH
XycycusTiaapu Vypracumard ¢GapkKHA OHT KaM Japakara KeITHPYBUA MOJEI
napameTpiiapyu KuiMaTIapuHA TaHmaad onumagad wubopar. Ym0y anropuTMHU
Kyiuaara Kagamiap acocuaa udoaana MyMKUH:

1-kaoam. Wanmmanuzarnusinam. byHma totalNumberBees — apumap conw,
numberlnactive — ¢aon 6yimaran apuiaap coHr, numberScout — Ky3aTyBUH apriiap
conr, maxNumberVisits — xap oup HekTapra kupunuiap cour, maXNumberCycles
— TaKpOpJIaHHUIILIAp COHH, &, b, C Ba W mapametpiap KHHMATIapUHUHT OPATHKIAPH
aHWKJTaHATH.

2-kadam. Ky3aTyBuum apuiap TOMOHHUAAH JacTiiadKu SIKMH aTpoduaru
HEKTapJIapHu KUAupuO Tomwil. byHa mapaMeTpiiapHUHT JacTiIabKu KuHMaTIapu
aHWKJTAHAIU Ba TOMWITAH HaTwkKaitap BS MaTpuiiara cakianasm.

3-kaoam. Waggle dance — ky3atyBun apuiapHUHT pakcH. byHaa aHuKIaHTaH
HEKTapJiap OpacuIaH dHT ONTUMALIApH (HEKTap MUKIOPH KYIUTapH, EKHU JHT SIKUH
macodanarmnapu) BS marpunianan WG martpurara yTkasunaiu.

Waggle dance maBomwuiimuru D, =d A dopmyna acocuna xucobmanamu. By

epaa A- macmrrabiamtupuin kodddunuentr; d, - pakc Tymaérran | — Ky3aTyBuu

apy TOMOHHUJAH TONWJITAaH HEKTApHUHT HHCOui Qoiinamwiru, cudatu Ba
MUKJIOPUHHU KYpCaTyBUU KaTTAJIUK.

4-gaoam. | — Ky3aTyBuM apu OepaéTraH MabIyMOTHH OOINKA WINYH apujap
TOMOHM/JIAH TAHJIAHUII HXTUMOJUIMTUHU P, XucoOarl.

Ky3aryBun apunapgan ommuaran WG wmaTpuma acocuaa HIIYU  apuiiap
HEKTapHU TaIllMMIM Ba NIy HEKTap aTpoduja SHTH HeKTapiap (mapamerpiiap
KuiiMaTiapu) Kuaupub Tomaau. Tomunran wmabiymomiap NW  marpuiiara
KUPUTHIA/IN.

5-kadam. NB wmatpumann maxuiantupumn.  KysaryBum  apumap WG
MabJIyMOTJIAp acocHJa HEKTapJapHH TalluWId Ba SHI ONTHUMaj KUHWMATIIApHU
OepyBuUM HaTWXKa aHUKJIAHWO best y3rapyBumra y3namrupuiaad. OIuHTaH
HaTwkainap NB maTpuiara cakjiianaau.

6-xkadam. Masxyn NW, NB, WG martpunanap acocuaa suru W edumiiap
apXWBHUHM IAKJJTAHTUPHILL.

7-gkadam.  llapameTpiapHUHT  ONTMMal  KUHUMATJIApUHUA  aHMKJIAILL

E = %%(fj(w, a,b,c,d)- yj)z — min  ME30H INapTH OaxapwiraH XojaTaa EKu
j=1

ypuatraran maxNumberCycles kamamiap cOHHWrada TaKpOpJIaHMIILUIAD amMajra
ommpmiran xomaraa WG 1maH mapaMeTpiapHUHI SHT ONTHMal KhAMaTiapu
aHWKJTaHau. by epma fj(W, a,b,c, d) - nnu1ad YUKWIaéTrad MOAE YAKUIIN, W —
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KOMJanap BasHiapu, Y- OOBEKTHHHI XaKMKMH Xycycustiapu, d, b Ba ¢

TErHIUTHINK (PyHKUIMATApU TapaMeTpiiapu.

8-xadam. YpHATHIITAaH Me30H IIAPTH GaKapHIMaraH XoJa 2-KajaMra Y THIII.

AJTOpUTMHUHT Xap OMp KagaMuaa MOJEN MapaMeTpiapUHUHT KUHMaTiIapH
¥3 onTuMan KuiimaTtura sikuHiaamuo 0opasu.

Cycr 1akjulaHraH o>kapa€Hiap XOJIATUHM —MHTEJUIEKTyall — TaXJIWJUIall
MOJICJIMHM KypHIl >kapaéHujga Oup Karop ME30HJIapHU KAaHOATJIAaHTUPYBUYU
ONTUMAaJ MOJEJ KypHUlI Tajnad dTUIaIu.

JuccepranussHuHr yuynHun “HopaBmaH Moae/sIapHM KYPHII KapaéHuaa
IAK/UIAHTAH  KYNME30HJIH ONTHMAJUIAIITHPHUII  MACAJATAPUHA €YU
AJITOPUTMUHM MILIA0 YUKUII” 600M1a CyCT IIAKJJIaHTaH KapaéHiap XOJIaTUHU
UHTEIICKTyall TaxXIW/UIAIIHAHT HOpPAaBIIAH KOWJA XyJiOcalapura acoclaHTaH
MAHTHUKUAH MOJETMHH HOPABIIAH KJIACTEPIAIITHPUIN YCyIu EpaaMuia KypHII
ATOPUTMUHU WIUTA0 YMKHUII Ba MOJEN KypHIJa IIAKIJIAaHTaH KYI ME30HIU
HOpAaBIIaH ONTUMAIIAIITUPHUII MACATACUHU €UHII KYpUO YTHUITaH.

HopaBmian MaHTUKHI MOJAEN NapaMeTpilapHHH CO3Jall aJrOPUTMHU HUKKH
0ockuuan nbopat. buprHun O0CKMY/Ia OOBEKT YMKUILIMHUHT TYPHUHT OE€pUiITraH
apXuUTeKTypacura Moc Oyiaran monen kuiimatiapu (Y ) xucobmanagu. MkkuHum

O0ockuysia 3ca orunuiap kuiMatu (E) xucoOGnaHaau Ba TErMUUTMIMK (DYHKIHSICH
napameTpJiapy XUCcoOIaHa Iu.

by »apa€nga SHT IOKOpHM KUWMATIapHH OepyBuM (YyHKIUsAIAp EpaaMmia
HOpaBIIaH Koujaa Xyjgocaitapuaad uoopar (2)-(4) kypuHugaru Moaes Kypuiaiu.
bynna by (i=1,2,...m; j=0,1,2,....,f) xo>puueHTIap KUNMATIAPUHU TOIHII
Tanad 3TUIaau.

Mogen uym3ukiau OynraH xonaTuaa t=n, HOYM3UKIU OYIraH xojaTaa dca
t =Q Oynanu.

Tomunran koaddunmentnap KukiMatiaapu (5) KBagpaTHK YETJIAHUIIHU
MUHAMAJIIAIITUPYBYHM KUHMATIap XUcoOJaHa u.

KupyBun X, = (X1, X 5,..s X, ;) BEKTOp KyHHJarmda HOpaBIIaH YHKHUIITA 5Ta

2hy (%)
oymamm: y, =17 J-Kouja XyJIOCACHHUHT OaXapwIMIl Japakacu
Z:lll’ldj ) (Xr)
j=
K: K. k. .
ty (%) = a1 (X)) - 17 (X)o7 (X)) mpopia EpnamMuzia aHUKIAHAMH.
Hy, (%) :
By =—-——— muboma oOpkaam 5ca X, KHPYBYM BEKTOD Y4YyH  J-KOuza
>ty (%)
k=1
XYJIOCAaCUHUHT Oa)KapHJIUII HUCOMM napa)kacy aHUKJIaHAIH.
VY xonpa:

a) YMKHIINA YU3UKTN OOFJIAaHUI KYPUHHINNA OYITaHua:
m m
yr = Zlﬂr yj = _Z‘i(ﬂrjbjo +ﬂr,— bjl ’ Xrl +"'+ﬂrj ) bjI1 ’ Xrn) '
J= 1=
0) YMKUIIN HOUYM3HUKIN OOFJIaHUII KYPUHUIINUA OYIraHuaa;
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Y. :iﬂr Y, :Jil(ﬂnbio +,Brj bil "X, +...+ﬂrj .bjn X+

SO ﬂr] ) bj(h—l)rwl ' Xr(h—l)n+1 Tt ﬂrj ' ij ) X"H )

f, TIApaMETPHUHT KUAMATIIApU TeTHUUTIMK QYHKIMACHHUHT TypHUra OOFIIHK

paBuIIIa Typiinya XucobaaHaau (2-kaaBajira KapaHr):

2-KaaBaill.

Typin Ternuumik GyHKIMIIApU OYIIrad xonaa f, napamMeTpHH

XUcoOJIall

Ternmmuiuk GyHKIUSICH

f,, TapameTp KuiMatu

I'aycC typunaru: PR B
x—c’ f, =exp —ii[x“ C”J 3 exp —ii(xf' C'k}
IU(X) — exp(_( j J 2 i=1 Gij k=1 i=1 Oix
O
KYHFUPOKCUMOH: 1 1

p(x) =

1

X— 2
1+( C)

O

[Tapabonuk KYypuHUIIIATH:

u(x)=1—(x‘6)z
O

YubypuakcuMoH
KYPUHHUILJIAru:
X78  a<x<b,
b—a
u(x)=12=% p<x<e,
b-c
0, 6omka xoyapna.

Ky#innarnda 6enrunaniay KHpUTaMus3:

Y=y Yo Y ) o ¥ = (91 92 90 )

A=

ﬂl,l""'ﬂl,m’ )(1,1'161,1""'X1,1'161,m’ T X1,n'ﬂ1,1"'"xl,t'ﬂ1,m

IBM,l""’ﬂM,m’ XM,l '181,1""’XM,1 'ﬁl,m’ ""XM,n 'ﬂM,li"'!XM,t 'ﬁM,m

VY xonpa (5) macana KyWuaard maTpuila KYpUHMIINTA KEATHPUO OJMHAIM:
KyHUJary mapT KaHOATJIAHTUPYBYH B BEKTOP TONUIICHH:

E=(Y-Y) -(Y-Y)—>min. (6)

Ymby (6) macana Kyiiuaara TeHTJIaMa OpKaiu udoaanaHaIu:

Y=A-B.
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CycT mIakyuiaHraH Kapa€Hjiap XOJIATMHU  MHTEJUICKTyal  TaxJIWJuUIalll
MOJICIMHU ~ KypHII Kapa€HUJa KYIME30HJIM ONTUMAaUIAIITUPUII Macallacu
BYXKYJIra KeJlaau.

YMyMul xoiga Kyl ME30HJIM ONTUMAUIAINTHPUIN Macajlach KyHHaard
KYpUHHUIITA dTa Oyaau:

£(x)=[£,(x), £,(<)s..., f,(x)] = min, xe X (7)
Oy epna
f()=2cyx, keQ={L2...ahx={xeR"| Axc K,x>0} K={y| yeR", y<b}

HopaBmaH MaKcaara ara 65'7J'II‘aH KS'/H MC30HJIN OIITUMAJUIAIITUPUIIT MacCaJlaCHu
KyﬁHI{&I’H MIAPTHU KaHOATJIAHTUPAINUTI'daH X HU TOIIMITHW Ha3apJad TyTalau:

§.={z| zeR% z<0,}, f.(x)=§,, k=12..,Q, xeX, (8)
L f()<g,;
_ 9
(500 =108 g < g =g 4, ©
0, f(x)>g, +t,.

by epna g, - HOpaBIIaH TYIUIaM.
(8) HOpaBIIaH MacajaHM edyull Xap Oup A KecuMjJa KyHuJaru pablIaH

MacaJlaHy €YMINTa AlIaHTHPUINIINA MyMKHFH:
A —max, i (f,(x))> 1, xe X,

Arap 6apua y map yuyH u,(f,(y))< 4 (f,(x°)) Ba xeu 6yamaranna 6urra y yuyn
21 (£.(y)) < (£, (x°)) Tenrcusmux Gaxapmica, X° € X eunm IlapeTo onTHMAI ednM

ne0 aTanajy.
Arap ITlapeto Typuaarum Me3oH Oyimda X° ra HucGaTaH SXIIMPOK OYiaraH
y € X maBxyn 6yamaca, X° € X eunm Ilapero Typumaru Me30H Oyiinua onTHMal

11e0 aTaimaau.

HopaBmian wmyxutna Ilapero Typumaru Me30H Oyiin4a €UYMMHHHT
SAXIIIAHYBYAHJIUTH TYITYHYaCUHUHU KupuTtamu3: arap llapero typumgaru Me3oH
OyiiMua y ednMMaH Kypa axmmpok Oyaran X° € X eunm Mapxyn Oyiaca, Yy e X
SUMM SIXIUIaHyBYaH J1e0 aTasiajy.

l-racmuk. x°eX  e4MM  KyOm ~ MakCcaJyId  HOpaBIIaH  e4uMIIap
f(x)=[f,(x), f,(x).... f,(x)| on KaOyn kummmza Gaxar Ba pakar Gapua k e ..., Q} nap

Ba Xeu Oyimaranza OurTa s € {l,.., Q} yuyH

AU B RS
TCHICU3JIMK Oaxapuiaguran yeR® BEKTOp MaBXKya OyiraH XoJjaruHa
AXIIMIaHyBYAH XucoOmanam, Oy epaa ¢ =c—y,, c= max mkin[,uk(fk(y))Jr 7}
2-TacuK. AUTaNIK, fk(y) HUHT (9) paru cuHrapu aHUKJIaHAJUTaH
. (f (y)) Termmmumk dysxumscH, X°- MacaJaHMHI SXIIMIAHAGTIAH ONTHMAI
€4MMU OYJICHH:
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Q *
D, = max, p(f (X)) =7 >4, k=1..,Q,xeX, y, >0. 9)

V xonaa X’ € X eunm (7) macananunr [lapeTo — onTuMan e4uMuaup..

JucceprallMsiTHUHT  TYpTHHYH  “ONTUMA/UVIAIITHPUAII  MAaCAJACHHU
napaJies Xucobaam — ajJropuTMJIapM  acocujaa  eqyuin” 600u1a
ONTUMAJTAIITUPUII MacaJlaCHHU €UUIIIa Tapalijiesl X|ucooall TeXHOIOorusiiapura
acoCJaHraH aJropuTMJap HOUIad YWKUII >kapaéHu KypuO yrunrad. byHna
ONTUMAJIAIITHPUII MacaJlaJJapuHU Mapajuie’] XucoOJjaml TEeXHOJOTHsUIapuaaH
doiinamanran xojijga €YUl yYyH PEKYpPpeHT HEHpoH Typiap — Xomduia Typu Ba
MOMU(UKAIMOH HEUPOH TYpjapura acocliaHTaH aJropuTMIIap Xamja apuiiap
KOJIOHUSICH aJITOPUTMIIAPY MIIUIA0 YMKUITaH.

ByryHru KyHzaa akcapusaT ONTHUMAJUIAIITHPUII MacajlajapH, IIYHUHIAECK
KOMOMHATOPJM ONTUMAJIAINTUPUIT Macananapu NP-tyna mypakkaOivkka sra
Oynran macaiia xucoOnaHaau. Ymly ONTUMAUIAIITUPUIIT MacajalapUuHU SUMIIIA
HEHpOH TYpiu EHJANTYBAAH (QOMAaNaHUII ONTHUMAJI €YUMIa IPUILIUII KapaCHUHU

Ce3WIapiu Japaxkana — Te3JallTHPaIU. bepwiran ~ KOMMHUBOSDKED -
ONTUMAIIIAIITUPHUII Macasiack yayH Xornduil HEMPOH TYPUHUHT MaKca PyHKIUACH
KYpUJIIH.

bu3 anHuk Oup oONTUMAUTAIITHUPUII MACAJTACHHU MapauieNl XucoOmain
TEXHOJIOTHSIIApH EpAaMu/ia €UMIIIa, MacalaH! €YUl JAacTypuHHU OOII MpoIeccop
TOMOHHUJIaH Oup BakTHUHT y3uaa N Ta mpoiieccopra mapajien okiaiiMus. Yoy
nporeccopyiap  Oup-OupuaaH MyCTakwi paBuiiga V3 ontuman  (JIokan)
ednMiapuHn xucobmad Tomammmap. bapua mpoueccopiapaa MaBxyn, TOMWITaH
HaTIKamap Oom mpoleccopra KaWTagaH TYIUIaHAAW Ba yjap OpacHAaH OJHT
ONTHUMAaJ KUiMaT oraHu Ba Oy KuiiMaTHH OepraH maxapiap KeTMa-KeTIUTUHU YHT
onTuMai e4uM cudaruia TaHidaHaaud. byHaa mpoueccopiap COHMHMHT OpPTHIIM
ONTUMaJ €YMMHU TONWIMII SXTUMOJUIMTMHM OLIMpUII OwiaH Oup Karopra
XHUCOOJIal BAKTUHU XaM OILLUIINIa OO KeJTUIIH MyMKHH.

Nmina® 4YuKWwirad aaropuTMiliap acocuja OJMHIaH HaTKajgap TaxJIWiu
Takiau@ H>TUIa€TraH aNropUTMIAPUMM3 HATWXKaJIapu I100ajl ONTUMYyMra >Xynaa
SKUH 3KaHJIUTHHU KypcaTAu. AMMO TabKUJUIAI KOU3KH, YIIOY aJrOpUTM acocuaa
Macaia €4yull BakKTHJa KyJa KYI HTEpaldoH XHcoOjanuiap Tanad KUIUHAIH.
Yoy myamMmmonu GapTtapad >THUII MaKcaauaa mapajiies Xucooail TeXHOJIOTUsICH
yayH MOAe(UKAIIMOH HEHPOH TYP AITOPUTMH UIILTA0 YUKHIIIH.

Kyiiwiran onTuMaalITUPUII  MacajaCMHM €UYUII  y4yH KyWHJaru
muddepennnan TeHriamMa Ousnan udoganaHaIural peKyppeHT HEHPOH TYp Takaud
KUJTUHAIU:

au#(t):—ﬂ(éxik(t)—i—éx” (t)—Z)-I—ﬂrij exp(_i} (10)
Oy epaa X; = (U (1)), o(u) = m

Kypunu6 typubnuku, ymoOy xonna xam XomnduibJ TYypuaard kaOu nxn
yinyamnM MaTpula BYKyAra kemaaun. AMMo ymOy Xosijga Helponnap “xap Oupu
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xap Oupu Omnan” Tamoimnu Oyiu4a smac, Oanku carpiap Ba ycTyHiuap Oyitnua
¥3apo Tascupaamaamwiap. MabliyMku, yiml0y Macaianu Xondwiba TYpu épaaMuia
euMIga n® Taraya WUTEPalMOH XHCOONaluIap aMaira OUIMPWIMIIN MYMKHH.
Taxkmmd stunaérran mojaeduKamon HEHpoH TYpaaH (olgamaHuiTaH XoJaa dca
UTEPALMOH XMCOOIaILIap COHMAM XOn(uIb Typuaarura Hucbaran N’ mMaprarada
KaMaWuTUPHUII MyMKHH.

Takmud stunaérran Helipon Typ épaamuaa eunm yuyH (10) TeHrmamMaHuHT
YeKIIM alupMajapra acoClaHTaH BapHMAHTHHHM KyHuAaru KypuHMIga udogamant
MYMKHH:

uit =ul — At {n(éxik(tﬁéxu - 2) — Ar; exp(— %ﬂ (11)

Oy epaa At - BakT OVinua Kajgam Ba ymOy napametrp kuitmatu [0,1] opanukaaru
KAAMAaTIApHU OJIUIIN MYMKHH. 77, 4,7, 5 mapamerpiap 3ca Taxpuodanap acocuia
TaHJaa0 OJIMHAM Ba Macalla €YMMUIra SPUILUII TE3JIUTU Ba ymOy edyuM cudartura

. o o 1 .
KUAOOUNA Tabcup Kypcaraau. Kys3aTHOulapHUHTI KypcaTuliudda 7 =1 Oynranma

caMapaJId HaTH)XKa OJIMILI MMKOHUATH opTap 3kaH. byHna t — urepanuon Kagamuiap
COHH.

OnuHraH HaTWXKajap TaxXJWId IIyHU KYpcaTIuKH, Takiaud >Tuiaérran
CYHBUU HEHPOH TYpPJM aJrOpUTMIIAPUMH3 HATIKajdapu Xomnpuia HEHpoH TYpu
acocujia Kypwirad alrOpuTMIIApUTM HaTHKajlapura HucOaTaH MIUIAII TE3JIUTH Ba
KaM XHcOoOJalll pecypcilapuHu Tajad KWIUII XyCycUsTiiapu Oyiinya caMapaaiupor
DKaH.

[Tapamnen xucoOiiamn TEXHOJOTHSIIApUIA apuiiap KOJOHHUACH aJrOpUTMU
épramMuza ONTUMAUIAIITUPUIN MacajlaCUHU €YWII Ce3WIapiid Japaxaja Te3 Ba
camapaJlid HaTWa OCpUILIMHU Ky3aTHILI MyMKHH.

Conuiutupuin Makcaania KOMMHBOSDKED TECT MacajdacuHU Xonuia HeMpoH
TYpu Ba apwiap KOJIOHUSICH alropuTwiIapu Epaamuya mapamien XucoOmall
TEXHOJIOTUSICU/IA €YU JKapagHIapu KYpuo YTUIIN.

Macananapuu napasuien XucoOjaml TEXHOJOTMsCHIA edulia Oup mapTa
YPYHUII acocHJa ONTHUMAJI €YMMHHU OJMII Ky3Aa TyTWwiraH. byHaa ednnaérran
MacaJlaHUHT CU(ATUHHM, HIIOHWIWIMTUHU OIIMPHII Makcaauna Oup Jacryp,
Macaia Tynajauruda Oup HeuTa mpolieccopiiapra rokiuatwinu. Ilponeccopnapaan
OJIMHTaH €4MMJIap OpacuJaH 3HT MakOys (ONTUMYM) €4UM KaOyJl KUJIMHAIH.

Ymly macananu euuin yayH Java gactypiam tunuga FMPJ kytyOxonacuaan
doitmangu. Macananu eddia MKKH ~ OPOLECCOPIM  Ba HMKKH  SAPOJIH
napameTpiapra sra Oynaran 15 Tta kommiorepnan (kamu 60 Ta mporecc)
dbolnanaHuIIN.

Ymby macananun Xonduiaa HEUPOH TYpU y4yH TyryH HykTanap coHu 10 ta
Oynrannma, apujiap KOJIOHUSACH aJTOPUTMHU YUYyH 3ca TYyryH HyKraiap conu 1000
OynTaH XoJIap yIyH XUCOOJaIl SKCIEPUMEHTIIApU YTKA3UIITH.

Kyitnna (2,3-pacmmapra kapanr) Xomduna Typu EpaaMuaa Ba apuiap
KOJIOHUSICH airoputMiapu EpaaMuaa OJUHTAaH HaTwkalzap rpapuK TacBUpPHU
KEJITUPWIITaH:
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PATH LENGTH
=

2 4 8 10 16 20 32 60
PROCESSORS

2 — pacm. Xondung TYpu EpaaMuaa oJuHTaH HaTmwkanap: OnTuman HyHaIuI
Y3YHJIMTUHHU TIPOIIECCOPIIAp COHUTA OOFIMKINK rpaQuru

52500 -52065,15
52000
51500

Z 51000

% 50500

Z 50000 581,42

g 49500
49000
48500
48000

51455,18 51435,10

20779,56 50p6a,49 50708,32

2 4 8 10 16 32 60

PROCESSORS

3 — pacM. Apuiap KOJIOHHUSICHM aJTOpUTMHU €pAaMuia OJMHTaH HaTHKajap:
OnTuman HyHamuII Y3yHIUTHHH MPOIECCOIap COHUra OOFIUKINK Trpaduru

Huccepranusitnuar  OemmHun  “HopaBman  Koujaa — XyJiocajapura
ACOCJAHIaH MHTE/UIEKTYA TAXJIWLJIAI MOJAEJMHM KyPHII JACTYPH aCOCHIA
Xuco0Jam IKCIEPUMEHTJAPUHU YTKa3zum” 0o0uja CycT IIaKJUIaHTaH
)apaCHiiap X0NMaTHHA CUH(IIamTUpHII, 6axoram Ba OamopaTaalTtHUHT HOPaBIIaH
KOHWJa XyJiocalapura acoCJIaHTaH MAaHTHKUH MOJICIIMHH KYpPHIII TacTypH EplaMusa
XUCcOoOJIaI SKCIEPUMEHTH HATHKAJIAPH KENTHPUJITaH.

Nmna® yukuiran gactyp €paamunaa Oup xatop upuc ryiau macanacu (Iris
Data Set), mmma macanacu (Glass Identification Data Set), nmabet xacTaauruau
tamxuc Kuimm Macanacu (Pima Indians Diabetes), skonorus macanacu (Ecoli
Data Set), xabepman macanacu (Haberman's Survival Data Set), BuHo macanacu
(Wine Data Set), »xwurap macanacu (Liver) kabu macananapu (3-)kaaBajira KapaHr)
ycTuaa CUHOIAMTHPUIN Ba Oaxojall Mmacaiajiapd €udid Ba MaBxXyn OoOIIKa
MOJIEJI Ba aJIrTOPUTMIIAp HATHKAJIapU OHMJIaH COJIUIITUPMA TaXJIUI YTKA3UIIIH .

3-kaaBaill.
Mojien MacanajJapHUHT TapaMeTpiiapu

MacaaHuHT HOMH Cundmap conn | Benrmmap coun | OOBEKTIap COHU
[uma (Glass) 7 9 214
Xab6epman (Haberman) 2 4 306
Wpuc (Iris) 3 4 150
Okonorwust (Ecoli) 8 7 336
Jlnabet (Pima) 2 8 768
Buno (Wine) 3 13 178
Kurap (Liver) 2 6 345

TaxpubaBuii TAaAKUKOTHM amajira OLIMPHUII Y4YyH HEWpPOHOpaBIIaH
EHIAIIYBIM YCYJIHU KyJUlalll acoCHM Makcaa KwinO OJMHAM Ba KyHUJaru
Macajiajap e4nIIn:
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eHOpaBIIAH Koujanap 0a3aCMHH XOCWJ KWJIMII XaMmJa HOpPaBIIaH Kowjaaiap
0a3aCHMHUHT HOPABIIIAH MOJICNIM IMapaMeTpIapuH HEUPOH Typiap EpaaMuia
co3JIall OpKaJd KoWjajap TYIUIAMHUHHA KUCKApTHpHUII Oapobapuaa IOKOpH
caMapaJiopJiukka (TaHUO OJUIIHUHT [OKOpU ousaaru KYypcaTKHUUHUTra)
SPHUIITYBYX OaxoJiall HeWPOHOPABIIIAH MOJICITMHN KYPHIIL.
® TYypIIM Macajajapia OJIMHTaH HaTWXKAJApHUHT KUECHUH  TaXJIMIMHU
’KaJBaJUTH Ba rpapuKIId KYpUHUIIAA aMajra OIIUPHILL.
Taxnud xkunmmHaETran ycyn Ba MaBXyJA ycyiuiap €paaMujia IIUIIa, UPUC Ba
BUHO Macajajapyd €4WIIWM XamJa OJIMHFaH HaTwxkanap CoJAITUpwian (4-
»KaJIBaJira KapaHr).

4-xanBait.
Takmud >Tunaérran yCyJaHUHT MaBxXy/Jl yCyJiap OMIaH COMUIITHPMA
HaTXajgapu
Macaia Takmud GBC |SGF |SVM | 1NN |KNN | Conventional
ATHIITaH YCYII RBF network
Hluma (Glass) | 87.85 84.27 |75.74 | 7150 |72.01 | 72.01 | 69.16
Upwuc (Iris) 98.3 98.00 |97.33 |97.33 |96.00 |95.33 | 95.33
Buno (Wine) | 98.88 100 99.44 |99.44 | 95.52 | 96.07 | 98.89

bynga xypub yTuiaran anropuTMiap HaTWKaJapUIaH »dHT  SXIIHIAPU
KEeNTUpWIraH. AHUK Oup Macana y4yH OJIMHTaH JSHT SIXIIK HaTWXajlap axpatuo
KypCaTUJITaH.

[Iynunrnek GBC (Gravitation Based Classification) anroputmMu, SVM
aIropuT™Md Ba Ou3 Takiud KWIa€TraH yCYyJUIApHUHT TYpJIM Jlapa)kajaru
HaTYOKaJapy cofuiTupmirad (5->xaasaira KapaHr).

5-)xaaBail.
Takmud >TunaéTrad yCyJIHUHT MaBxXy/Jl ycyJuiap OWIaH COMUIITHPMA
HaTXKajaapu

Takmaud stunran yeyn | GBC SVM

X3 | X & |4 X3 | % & |4 %3 | % &4
Xabepman 82.7 875 |85.1 75.2 86.7 815 | 72.3 82.1 | 78.8
(Haberman)
Kurap (Liver) | 784 |86 |823 |635 |728 |67.1 |60.4 |68.3 |655
DKonorus 88.5 942 |191.8 |89.7 |985 955 |894 |94.4 |92.3
(Ecoli)

bu3z Taknud sTaéTraH yCyJHUHI caMapaJOpJMIMHUA KypcaTHll MaKcaauja
nuabeT MacaJlaCuHU TaKJIM( dTUIITaH yCyJl Ba MaBXy/[ ycyJap €piraMua OJUHTaH
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6->kaaBall.
Taxnud sTrnaérran yCyJIHUHT MaBKYy/I yCyJuiap OuaH COMMIITHPMA

HaTOKaJIapu
Macana | Takmud DGC Fuzzy integral-based | SAMGA
ATWJIAETTaH yCYJI perceptron
Huaber | 87.2 81.82 74.81 73.00
(Pima)

HaTWXKamap OwnaH comumTupwiau (6-xanBayira Kapanr). Hatmwkama 6u3 Takmud
KWIAa€TraH HOpaBlIaH MoOJEN Kypuiaran ymly wacaiajna OolIKa ycyJuiapra
HUCOAaTaH SXIIUPOK HATIXKA OepIu.

CunoB xapaéunapu xap Oup macana yuyH 10 (10x10) mapramu cross-
validationgan ¢oiinananran xoiaa aMmaira ONIHPUIITaH.

Taxknmud  osTunaétran  yCymHUHT  HaTWKalapu  Oomika Oup — KaTop
cuHamTpuI ycysapu HaTmkanapura (kymianan CBA, GBC, SGF, SAMGA,
C4.5-type, INN, KNN, Fuzzy integral based perceptron, Conventional RBF
network, GARC Ba SVM kiaccudukaTopiap) KaparaHia aHUKJIUTH FOKOPUPOK
AKAHJIUTH Ky3aTUJIIH.

HopaBmian koupa Xylocajgapura acocCliaHTaH MOJEN Kypulll JacTypu
Epnamuna THOOMETHArM amanmuii “TyFpykkada Ba TYFpPYKJaH KEWMMHTU OHaJap
ynuMu” Macanacu edwsid. Y0y macaiaga OHaJIapHU TYyFpPYKKaua Ba TYFpyKIaH
KEHMUHTU BakTAaru ynumMuHu 67 Oenru acocuja Oaxosiail, CUH(IAIITHUPUIN Ba
Oamropatian Macajiacu CUrIIu.

Hatmxana cunduamrupuin xapaéuuna 12,5-3% rava cuHgramrupumaara
xaTonukiap Ky3atunau. HopaBman mozen acocuaa ymlOy macana eddsIiraHuaa
YHJIArd XaTOJWK Japakacu Cce3wapiii jnapaxkana karra Oymau. Kyiuma (7-
YKaJ[Bajra Kapanr) Takiaud TWIaETral yCcysl Ba HOpaBIIaH MOJIEN aCOCHIa OJIMHTaH
HATHXKaJIap COJIUIITUPMA TaXJIUIH KEITHUPUIIIN:

7-KamBail.
Taknud sTunaérran ycyn Ba HOpaBIIIaH MOJIEN aCOCU A OJTMHTaH
HATHYKAIAPHUHT COJTUIITHPMA TaX TN

Kyiin Ypra Axmm
Taxnud stunran ycyn 87.5% 93.75% | 96.9%
Hopasman 54% 57% 75%

Opnatna Tu6O6METAArM Macananapaa cuddiaap oup-oupu OunaH KecuIaau, EKu
Oup-Oupura cykynuO kupran Oynanu. byHmail Xosnapaa paBiiad ycysuiap
épramMuia cuH(MIAMTUPUII Macalacu eUriIraHuia caMapaiy HaThKa OepMaciiuru
MYMKHH. SIKyHUN TaxJui IIyHU KYpPCaTAWKH, TakAuQ ATHIraH TMOpuA ycyJap
CYCT LIAKJIJIAaHTaH jkapa€Hiiap X0JaTUHU MHTEIUIEKTYyall TaXJIMJUIAIl MacallallapyuHU
eUHrIIIa caMapaii HaTWXKanap OCpUIIM MyMKHH JKaH.
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XVYJOCA

JuccepTranisi HIIMHUHT aCOCUM HATIDKAJAPUHUHT TaxJIWIU KyWuaaru
XyJlocallapHU KeNTUPUO YUKAPIH.

1. Cyctr mak/utanral TU3uMJapja cuHGuIamTdpuin, Oaxosam — Ba
Oaroparian MacalaJJApuHUHT HOpaBIIAH MOJEIUIAPUHU KypHUIl MyaMMOJIApUHU
TU3UMIIM  TaxJIMJI KAJWHUIIM YJapHU €YUl YCYJUIapUHM HIIa0 YUKHII
JI0J13apOJIUTH Ba 3apypaTHHU acociad Oepasu.

2. MareMaTuK TaxJujil HATHKACH TAIKUKOT MPEIMETH TYFPUCHUIATH KOPUH
MaBJIIYMOTHUHT ~ MOJCIUIAIITUPUIN  >kapaHUAa Kald Japaxana Makcad
UIUTATWITAHIATUHA, SHHA MOJEN aICKBATIIMTUHA TAbMHUHJIAN MyXUM aXaMHITTa
ATa SKAHJIMTUHU KypcaTa.

3. XKapaén xonaTMHM MHTEIEKTyall TaXJIMJUTAITHUHT HOPABIIAH MOJICITHHH
KYpHIII aITOPUTMH JKapa€H XaKHJard MablyMOTIap CYCT MAKJLIAHTHPWITAHIIHK,
HOpABIIIAHJIMK XyCycHUsiTJapura sra Oynranaa cuHdiamrupun, Oaxonam Ba
Oaroparian MacajlaJapuHu €4HIll UMKOHUHH Oepajii.

4. CycrT mak/UlaHraH »kapa€Hliap XOJIATMHM WHTEJUICKTyall TaXJIMJUIall
HOPBIIIAH MOJICIMHU KypHUIll *)apa¢HHIa AK/JIaHyBYM HOpaBIIAH KYIIME30HIIU
ONTUMAIIAIITUPUIIT MacajlaJJapuHd TaxXJWJ KWIHII HOpaBIIaH axOopoTiap
XojlaTuaa >Kapa€H XoJaTWHM cuH(uamTupuil, Oaxojam Ba —OamopaTiaiil
MOJICJJITAPUHM KYPHII KapaéHuJa MaK/IaHyBUYM KYTIME30HIM ONMTHUMAILIAIITHPUII
MacajaJapyuHy 9|l UIMKOHWHH sIpaTajy.

5. Nuuta® yukuiarad alropuTMiap, SpaTuiral JacTypyuid BocUTazap acocuia
MOJEIIIM CUH(IamTUpUI, 0axoanl Ba Oamoparian MacalajJapyuHu eduil oyrinya
AKCIIEPEMEHTal TAIKUKOTIAp YTKA3WIMIIN XaMmaa yIapHH MaBXy[ ajJropuTMiap
HaTWKajmapu  OWIaH  CONMINTHPWIMINK  Takiaud  STuimaéTraH  ycysuiap
caMapaJopJUTruHU KypcaTaiu.

6. HopaBman ax6opotTiap mapouTuaa >kapa€H XOJIATUHU WHTEIUICKTyal
TaxTWUIIAITHAHT CUHOIATHpHUII, 6axosail Ba Oamopatiian MOJISIUHU HOpaBIllaH
KJIaCTepU3allusgd yCYJIU acocuja KypHUIIaH OJIMHTaH HaTKalap TaxJIWId IIyHU
KYpcaTAWKH, HOpaBIIaH EHJAITYB Xap KaHAall TasHY MabJIyMOTJIapra CySHUIIHU
Ba aHUKJIMK Japa’kacu xamja OONUTaHFUY MabIyMOTJIAPHUHT MaBXXyJIMTH OYiinya
aJICKBaT HOPABIIIAH €YMMHHU OJIMIITHA TAbMUHIIANIN.

7. HopaBmiam wmonmen Kypull SkapaéHuJa IMAKJJIAaHTaH  HOpaBIIaH
KYTIME30HJIM ONTHUMAJUIAIITUPHII Macajacd CYMMIIAPUHU  SXIIMIAHYBYAHITHK
XYCYCHSITIIADHHA aHUKJIAHWIIKA OWp KaTop aMaluil MacalajlapHu CdYrIa
camapajy HaTHXa OJMIITa KyMakK Oepajiu.

8. Cycr makmiaHrad jxapaéHiap XOJAaTHHU WMHTEIUICKTYal TaXJIWJUIam
MOJICIJIAPUHHA KYPHIII aJrOPUTMIIAPUHU HIIIA0 YUKHII aMalui CHHOIAIITHPHIII,
OaxoJaln Ba OGaroparian MacaJlalapiHUHT caMapajid €YMMHUHU OJTUII UMKOHUSITH
MaBXXYJIMTUHU KYypcaTaiu.
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HAYYHBINA COBET IIO NPUCYKIEHUIO YYEHOUN CTENIEHU
JOKTOPA HAYK 16.07.2013.T/FM.29.01 ITPU TAIIKEHTCKOM
YHUBEPCUTETE UH®OPMAIMOHHBIX TEXHOJOI'MA U
HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKNCTAHA

TAIIKEHTCKU YHUBEPCUTET _
NHPOPMAILIMOHHBLIX TEXHOJIOI'NH

MUHIJIMKYJIOB 3A®AP bO30OPOBHNY

METO/bI U AJITOPUTMbI IOCTPOEHUSI HEUETKUX MOJEJIENA
UHTEJJEKTYAJIBHOI'O AHAJIU3A COCTOSIHUI
CJIABO®OPMAJIN3YEMBIX ITPOIECCOB

05.01.03 — TeopeTuueckue 0OCHOBbI HH(POPMATHKH
(TexHHYeCKHEe HAYKH)

ABTOPE®EPAT JOKTOPCKOI TUCCEPTALIUM

Tamkent — 2016



Tema aoKTOpcKOIl auccepTanmu 3aperucTpupoBaHa 3a Ne 30.06.2015/B2015.2.T531 B
Boicuieii arrecTannmonHoi komuccuu npu Kadunere Munuctpor Pecnydauxu Y30eKkucraH.

JokTopckast nauccepTanysl BBIIOJIHEHA B TalmIKEHTCKOM TOCYJapCTBEHHOM TEXHHYECKOM
YHHUBEpCUTeTE M TaIlKeHTCKOM YHUBEPCUTETE HH()OPMAIIMOHHBIX TEXHOJIOTHIA.

[TomHBIiA TEKCT AOKTOPCKOHM NOHCCEpTAlMi pa3MelieH Ha BeO-CTpaHWIle HAaydHOTO COBETa II0
NPUCYXACHUIO YUE€HOH cTenenn JokTopa Hayk 16.07.2013.T/FM.29.01 npu TamkeHTCKOM YHUBEPCUTETE
UH()OPMAITMOHHBIX TeXHOJIOrH 1 HalmoHampHOM yHHBepcHTETe Y30eKHCTaHa 1Mo ajpecy WWW.tuit.uz.

ABTopedepar auccepTanuy Ha Tpex sS3bIkax (y30eKCKHiA, pyCCKui, aHTIMHCKAN) pa3MeIIeH Ha BeO-
cTpaHuie mo aapecy Www.tuit.uz u Hupopmannonno-oopasosarensuom moprane «ZIYONET» mo
aapecy Www.ziyonet.uz

HayuHblii KOHCYIBTAHT: Myxamenuesa JJunnos TynkyHoBHa
JOKTOp TEXHUYECKUX HayK, mpodeccop

O¢uunanbHble ONNOHEHTHI: VYcemanos Pumat Husz6exoBuy
JOKTOP TCXHUYCCKUX HAYK

Hab6uer O301 MannkoBud
JOKTOp TEXHUYECKUX HayK, mpodeccop

Paxumos [laBkaT XynapreHoBUY
JOKTOp TEXHUYECKUX HayK, podeccop

Benymasi opranusanus: TalmkeHTCKH TOCYyJapCTBEHHBIN TEXHUYECKHI YHUBEPCUTET

3ammra auccepranuu cocToutcs «26» ¢espans 2016 r. B 14%° vacos Ha 3aceqaHuMM HAayYHOTO
cogera 16.07.2013.T/FM.29.01 npu TamkeHTCKOM yHHBEpCUTETe HH(POPMAIMOHHBIX TEXHOJOTHH W
Hammonansaom yHuBepcutere Y30ekucrana. (Anpec: 100202, Tamkent, ya. Amupa Temypa, 108. Ten.:
(99871) 238-64-43; dhakc: (99871) 238-65-52; e-mail:_tuit@tuit.uz).

C JOKTOpPCKOHM IuccepTanyield MOKHO O3HAaKOMHUTHCS B MH(OpPMaIMOHHO-pECypCHOM IIEHTpE
TamkeHTcKOro yHHUBEepcuTeTa MH(GOPMAMOHHBIX TEXHOJIOTHI (perucTpannonHbiidi Homep Ne ). Anpec:
100202, Tamikenr, yia. Amupa Temypa, 108. Temn.: (99871) 238-65-44.

ABTopedepar auccepranuu pazociaH «25» ssaBaps 2016 roxa.
(mpotokoi pacceutku Ne_ ot «25» ssHBaps 2016 1.).

X.K.Apunos

[pencenarenb HAy4HOTO COBETA IO MPUCYKICHHUIO
y4€HOM CTENEHN JOKTOpa HayK,

I.¢d.-M.H., mpodeccop
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COBETE M0 MPUCYXKICHUIO YUEHON CTEIIEHH JOKTOpa
HayK, I.T.H., aKaJeMHK
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BBeneHue (AHHOTAMS TOKTOPCKOM TUCCEPTAIINH)

AKTYaJIbHOCTb M BOCTPEOOBAHHOCTHL TeMbl JIMCCEPTALMU. ODKCIECPTHI
Synergy Research otmeruim, yto oOuuit 006EM peiHKa HEHMpoHHBIX ceTeit k 2005
roay npeeicun 10 mupa. momtapos, B 2014 rogy oO0beM 00JaUYHBIX CEPBUCOB
coctaBmi Oonee 17 wmupa. goiapoB, yBenuuuBmiMCch Ha 45% B TOJ0BOM
MCUUCIEHuU . A Taxxke, B epBoM kBaprajie 2015 roma o0beM pHIHKA CEPBHCOB,
NpeHAa3HAYCHHBIX Il Pa3BePTHIBAHUS OOJIAYHBIX WH(OPACTPYKTYP, MPEBBICKIT $5
MIIpa., Tie mpoist Amazon Web Services cocraBmia 29%. 3a cyeT qTUHAMHYECKOTO
YBEJIMYEHUS MPOJaX 00IauyHbIX yCIyT B siHBape-mapte 2015 roga noxoasr Google
yBenmuumuch Ha 74%, IBM — Ha 56%, a nmoxoasr Salesforce.com mopHsuiuch Ha
34%. Takum obOpa3om, B 2018 roay Ha pbIHKE IMyOJIMYHBIX OOJIAYHBIX CEPBHUCOB
OyIyT UMeTh MECTO MHBECTUIIUH B pasmepe $127,5 mupa., a ux pasmep K 3TOMy
BpeMeHU OyAeT yBeIMuMBaThCs B cpeaHeM Ha 22,8% B Toj, 4TOo B IIECTh pa3
GOJIBIIE IIPOTHO3MPYEMOTO pocTa riodansHoro U T-peiaka?,

BolsiBlIeHHE  CKPBITBIX ~ 3aKOHOMEPHOCTEM,  KiacCHU(UKAIMs  JaHHBIX,
IIPOTHO3UPOBAHUE MTPOTEKAHUS MPOLECCOB, a TAKXKE aHAIM3 U3y4aeMoro mpolecca
npu OO0JIBIINX o0BeMax JIAHHBIX, ONMCBIBAFOIINX COCTOSIHHE
ciaboopmaliu3yeMpIX MpOLECCOB, U B YCIOBHUAX MX HEONPEIEICHHOCTH
ABJISIIOTCSI OCHOBHBIMU 33/1a4aMH MHTEJUIEKTYalIbHOTO aHaIn3a AaHHBIX. /{15 Takux
MPOLIECCOB, XapaKTEPU3YIOIINXCSI HEYETKOCThIO CUTYAI[Mid BHEIIHEN U BHYTPEHHEH
Cpellbl, T.€. HECTOXaCTUYHOCTBIO U HEMOJHOTOW MCXOJHOM MH(pOpPMALIMK, OOBIYHO
HEBO3MOKHO TMOCTPOUTHh MPOCTYI0 aJE€KBaTHYI0 MaTEMaTHYECKYID MOJIEIb.
Nudopmanus o napameTpax TakKUX MPOLIECCOB OOBIYHO BBIPAKAETCA IKCIEPTAMHU B
BU/JIE CJIOB U MPEJJIOKEHUM, T.€. B IMHIBUCTHYECKOU opMme. B Takux ciydasx npu
MOJICIMPOBAHUM, TMPUHATUM  PEIIEHUA W  YOpaBICHUM  LEeIecoo0pa3Ho
UCTIOJIb30BaTh CPEACTBA TEXHOJIOTMH MATKUX BeruucieHui (Soft Computing).

['uGpunHas cuctema, MOJy4eHHas Ha OCHOBE OOBEIMHEHMS] KOMIIOHEHTOB
TEXHOJIOTUM MATKUX BBIYMCICHUM — HEYETKOM JIOTMKU, HEHPOHHBIX CETEM U
HBOJIIOIMOHHBIX AJTOPUTMOB, OyAeT oO0JagaTh TEM K€ HWHTEIUICKTYalbHbIM
CBOWCTBOM, UTO U NPUMEHEHUE 3HAHUN Ha €CTECTBEHHOM S3bIKE. B CBS3M ¢ 3TUM
pa3paboTka ajIrOpUTMOB W MPOTrpaMM IOCTPOCHUS HEYETKUX MOjJeNed 3aaad
KJaccu(uKaIyy, ONeHKH, MPOTHO3UPOBAHUS W TIPUHATHS PEIICHUN, OCHOBAHHBIX
Ha HEYETKHUX MpPaBUJIaX BbIBOJA, HEHPOHHBIX CETSAX W IBOJIOLUOHHBIX aJITOPUTMAX
ABJIAETCS AKTyaJIbHOM 3a71auei.

CrnepoBaTenbHO, BO3HUKAET HEOOXOAUMOCTh pa3padOTKU METOJI0OB U
QITOPUTMOB PEIICHUS 3a7a4 UHTEJUIEKTYaJIbHOTO aHAlIM3a JJAHHBIX, TO €CTh 3a]a4
MOCTPOEHUSI HEYETKUX MOJeeil KiacCu(puKalK, OUEHKH U MIPOTHO3UPOBAHUS Ha
OCHOBE METOJa HEYETKOW KiacTepu3alii, HACTPOWKH MapaMeTpoB MOJEIU C
ITOMOIIIBI0 HEVMPOHHBIX CETEN U 3BOJIOLMOHHBIX QAJITOPUTMOB, a4 TAK)KE HEUYETKOU
MHOTOKPUTEPUATILHON ONTUMHU3AIMN, BOSHUKAIOLIEH [TPU MTOCTPOCHUU MOJIEIIH.

JlaHHOE JUCCepTallMOHHOE MCCIIEOBAaHME HANpPABJICHO HAa pEUIeHUE 3ajad,
yCTaHOBJEHHbIX 3akoHOM PecmyOmuku  Y30ekucran «OO0  3JEKTPOHHOM
npasutenscTBe» 3a No 3PV-395 ot 9 gexabpsa 2015 rona, IloctanoBneHusmu
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[Ipesunenta PecriyOnuku Y30ekucrtan «O mepax Mo JanbHEWIIEMY BHEIPEHHUIO
WH()OPMAITMOHHO-KOMMYHHUKAIITMOHHBIX ~ TEXHOJOTUH B  pEalbHBIA  CEKTOp
skoHOMHKM» 3a Ne [1I1-2158 ot 3 ampens 2014 rona, «O Mepax no JajabHEUIIEMY
pazButuio  HarmonaneHOl  MHPOPMAIMOHHO-KOMMYHHUKAIIMOHHOW  CHUCTEMBI
PecniyOnuku Y306ekucran» 3a Ne IIT1-1989 ot 27 wurons 2013 roma, a Takke
[ToctanoBnennem Kabunera munuctpoB Pecnybnuku Y3o6ekucran «O mepax 1o
(GbOpMHPOBAaHUIO LIEHTPAIBHBIX 0a3 JAHHBIX (PU3MYECKHX U IOPUAMYECKUX JIUI] U
BHEJPEHUIO €AMHON MH(POPMAIIMOHHON CUCTEMbI UACHTH(PHUKAIIUHN TOIb30BaTeNeH
CUCTEMBI “DIEKTPOHHOE PABUTENHCTBO» 3a Ne 365 ot 17 gexabps 2015 roza.

CooTBeTCTBHE HCCJIEI0BAHUSA TPUOPUETETHBIM HANIPABJIEHUSIM Pa3BUTHS
HAYKH M TeXHoJorui pecnyOumkm. J[ucceprannonHas paOoTa BBINOJTHEHA B
COOTBETCTBHHU CO CIEAYIOIIMMHU MPUOPUTETHBIMU HAIIPABICHUSAMU Pa3BUTHS HAYKH
u texnosoruii: ITIIN-17 — «Pa3paboTka cOBpeMEHHBIX HH()OPMALIMOHHBIX CUCTEM,
WHTEJUICKTYalIbHBIX CPEJICTB YIpaBJICHUS M OO0y4YeHHUs, HAyYHO-TEXHUYECKUX 0a3
JAHHBIX W TMPOTPAMMHBIX TMPOAYKTOB, OOECIEUMBAIOUIUX IIUPOKOE PA3BUTHE U
BHEJIpeHUE MH(OPMAITMOHHBIX U TEJICKOMMYHHUKAIMOHHBIX TexHoJorui»; [1IT1-5
— «Pa3paboTka MH)OPMAIMOHHBIX TEXHOJIOTHH, TEICKOMMYHUKAIIMHHBIX CETEH,
anmapaTHO-MIPOrPAMMHBIX CPEJCTB, METOJIOB M CHUCTEM HHTEIUIEKTYalIbHOTO
yOpaBieHHss W OOydYeHHMs, HaNpaBJICHHBIX HAa  TOBBIIICHHE  YPOBHS
uH(pOpMaTH3aIUU 00IIIECTBAY.

O030p 3apy0e:KHBIX HAYYHBIX MCCJIEA0BAHUI M0 TeMe aucceprauuu. Ha
CETOMHAIIHUN JIeHb B HAyYHBIX IIEHTPaX M BBICIIMX YyYEOHBIX 3aBEICHUSIX
Pa3BUTHIX CTPAH MUPA MPOBOJATCA MIMPOKOMACIITAOHBIE HAYUYHbBIE HCCIIEIOBAHUS
B 00JIaCTU MOJEIUPOBAaHUS CIIa00(POPMATU30BAHHBIX OOBEKTOB M MPOLECCOB,
pacno3HaBaHMs O00pa30B B  YCIOBHMSIX  HEONPEAEIEHHOCTH, IMOCTPOEHUS
WHTEJJICKTYaJIbHBIX CHUCTEM, MOIACPKKUA MPUHSATHS PEIIeHUN U 0a3bl 3HAHUM U
yIOpaBJeHUs] B POOOTOTEXHUKE, HEYETKOTO MOJEIHMPOBAHUS, TEOPHUH HEUETKHUX
JIOTUYECKUX BBIBOJIOB, TPUMEHEHHUS METOJOB U CPEACTB “MSATKUX BBIYUCICHUN B
pa3sNUYHBIX TPUKIAAHBIX CHUCTEMax, HEHPOHHBIX CETeH U HSBOJIIOIMOHHBIX
BBIYHCIICHUH, B yacTHOCTH, Apple, IBM, E.piphany, SAS, Silicon Graphics, SPSS,
Oracle Data Mining, Oracle, UNICA, SQL Server Data Mining (CILIA), Angoss,
Cognos, STATISTICA Data Miner (Kanaga), humanIT Software GmbH,
BonaVista Systems (I'epmanus), mentegrafica infovis solutions (HMramus),
Acknosoft, SIPINA (®panmms), GR Brains (Mumus), Marcom (Kuraii),
NeuroShell, PolyAnalyst (Poccus), Jooble (Yxpamna), AL11, AL12, ALI13,
ESPLAN (AzepOaiimxan).

[IpoBeneHHble  UccleOBaHUS MO  pa3paboTKe M MPAKTUYECKOMY
MPUMEHEHUIO HEUETKUX MOJCNICH WHTEJUICKTYyaJIbHOTO aHalin3a MOoKa3ajid, 4ToO B
obyacT pa3pabOTKH METOAOB U aITOPUTMOB MOJIEIICH Ki1acCH(pUKAIIUN, OLICHKA 1
MIPOTHO3UPOBAHUS B YCIOBHSIX HEYETKUX 3HAHUW B MHUPE TOJYYCHBI, B YACTHOCTH,
CIeyIOUMe  pe3yJbTaThl:  pa3padOTaHbl  METOAbl  KiIacCUPUKaUUU U
NPOTHO3UPOBAHUSI B YCIOBMSIX HEYETKUX 3HaHuil «Attar Software Ltd.»
(BenukoOpuTanus); peaau30BaHbl METOAbI 3BOJIOLIMOHHOTO MPOTPAaMMHUPOBAHUS B
cucreme «PolyAnalyst, Unica» (CIIIA); pa3paboTaH METOJ CTPYKTypHpPOBaHUS
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3aJaud B BHAE Trpada, MNO3BONAIOIIMN KIACCU(PUIMPOBATh JAaHHbIE WU
OCYILECTBJISITh aHAJIN3 MOCIEACTBUN PEMIEHUM, U 3TOT METOI peain3oBaH B «C5.0,
RuleQuest» (ABcTpanusi), peaqu30BaH METOJ MOCTPOEHUS JOTHYECKUX Mojelnei
MIPOTHO3MPOBAHUSI HA OCHOBE HedeTkoil kiactepuzanuu B «Clementine, Integral
Solutions» (BenukoOputanusi); B «SIPINA, University of Lyon» (®panims)
peleHa  3aJadya  MHOTOKPUTEPUAJIbHOM  ONTHUMHU3AlMM B YCIIOBHSX
HEOMpPEAECICHHOCTH; HACTPOMKa NapaMeTpOB HEYETKOW MOJAEIH € TOMOIIBIO
HEeHpOHHBIX ceTell peanu3zoBana B «IDIS, Information Discovery» (CIIIA);
pa3paboOTaHbBl METOABI TOCTPOSHUS MOJENCH WHTEIUICKTYaJlIbHOTO aHaIn3a
COCTOSIHUS C1a00(hOpMaIN3yeMbIX IPOIIECCOB C MOMOIIBIO HEHPOHHBIX CETEH B
«NeuroShell, Ward Systems Group» (Poccus).

B oGmactu pa3paboTKu CHCTEM HMHTEIUICKTYyaJIbHOTO aHajdn3a COCTOSHUS
cnaboopMann3dyemMbIX  MPOIECCOB HA  CETOAHAIIHUM  JI€Hb  IPOBOMASTCS
UCCIICIOBAHUSI B TAaKUX [PUOPUETETHBIX HANpPAaBICHUSIX KaK IPUMEHEHUE
HECTAHIAPTHBIX IMOAXOJOB HAa OCHOBE CPEICTB TEXHOJIIOTHUU  “‘MSTKHX
BBIYHCIICHU’, 00paboTKa JaHHBIX OOJBIIOr0 00BbEMa, MEPEXOJ OT UYMUCIECHHBIX
BBIYUCJICHUA K  JIMHTBUCTUYECKUM  BBIUHCICHHSM, TEOPUU  HEUYETKOIO
MOJICIUPOBAHUSI U HEYETKOTO JIOTHYECKOTO BBIBOJIA M OMpeeiIeHUEe 00JIacTH UX
MPUMEHEHUS, THOPUTHBIE METOJIBI HA OCHOBE HEHPOHHBIX CETEH U IBOIFOIMOHHBIX
aJIrOPUTMOB.

CreneHb U3y4YeHHOCTH NMPOoOJieMbl. 3aa4l HEYETKOM JIOTUKH, pa3paboTKu
QNTOPUTMOB HACTPOWMKM HEWPOHHBIX CETEH M HSBOJIIOLMOHHBIX aJITOPUTMOB,
nepexo/ia OT YUCJICHHBIX BBIYMCICHUM K JIMHBUCTUYECKUM BBIUYHCICHUSIM U
MCIIOJIB30BaHUIO HATYPAIbHBIX SI3IKOB B 00paOOTKE TaHHBIX, MPUHATUN PEIICHUM
W YIpaBJICHUH, TEOPUH BO3MOXKHOCTEM W €€ MPUMEHEHUS] B UHTEIUICKTYaIbHBIX
CUCTEeMaX, TEOPUU HEYETKOTO0 MOJICIMPOBAHUS U HEYETKUX JIOTUUECKUX BHIBOIOB,
IPUMEHECHUSI MSTKUX BBIYMCIICHUM, HEUPOHHBIX CETed M 3BOJIIOLHUOHHBIX
BBIYHCIICHUM B TPOMBIIUICHHBIX CHCTEMaxX, pa3paOOTKM METOJO0B MPUHSATHUS
pelieHnid B YCIOBUSIX HEONPEAECICHHOCTH, CUTYallMOHHOTO YIIPABICHUS H
WHTEJUICKTYalIbHBIX THOPHUIHBIX CHUCTEM PACCMOTPEHBI B paboTax psA/a YYCHBIX:
J.3ane, A.Jlro0ya, A.llpana, E.Mamnanu, M.Cyreno, T.Takaxu, M.J/[>xammmmm,
H.H.Mouceesa, C.A.OpnoBckoro, 2.Mymnuka, O.N.Jlapuuesa, I'.C.ITocnenosa,
J.A.IlocnienoBa, P.A.Anuesa u npyrux.

Taxke OoJIbIION BKJIaJ B Pa3BUTHE TECOPUM WHTEIJICKTYaJbHOTO aHaliu3a
JIAHHBIX, HEUETKUX MHOXECTB, HEUYETKO-CTOXaCTUYECKOI0 MaTeMaTHYECKOTro
MOJEIUPOBAHUsI BHECIM OTeYeCTBEHHBbIE yueHble: KammioB M.M., bexkmyparos
T.®., Abyranues ®@.b., MapaxumoB A.P., Hycpato T.C., Paxmarymiaes M.A.,
Urnatees H.A., YcmanoB P.H., Myxamenunesa JI.T. Hecmotpss Ha 3TO, HE
paccMOTpEeHbl 3ajlaud pa3pabOTKU aJTOPUTMOB MOCTPOEHUSI HEUETKUX MOJEJICH
WHTEJUICKTYaJIbHOTO aHaJu3a COCTOSIHHS ClIab0oopMaInu3yeMbIX MPOIECCOB MpHU
HEJIMHEWMHOW 3aBUCUMOCTH BXOJHBIX U BBIXOJHBIX JAHHBIX, [OCTPOECHUS
MHOIOar€éHTHOM ONTUMH3ALMU [apaMETPOB CO34aBAEMOW HEUETKOW MOJEINHU, B
YaCTHOCTH, aJTOPUTMa HACTPOWKH MapaMeTPOB C MOMOIILI0 THOPUIHOTO METO/A,
OCHOBAaHHOI'O Ha HEMPOHHBIX CETAX U aJTOPUTME 3BOJIIOIMOHHOTO MYETUHOTO POSl.
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Bmecte ¢ Tem, Bompochl pa3paOOTKd MOAU(DHUIMPOBAHHBIX THOPHIHBIX
METOOOB WM  aNrOPUTMOB  MOCTPOCHUS  JIOTMYECKHX  MOZENEeH 1A
WHTEJUIEKTYaJbHOTO aHallu3a COCTOSIHUK  cllabo(popMamu3yeMbIX MPOIECCOB,
OCHOBAaHHBIX Ha HEYETKUX NpaBWJIAX BBIBOJA, C MOMOIIBID METOAAa HEYETKOU
KJIACTEpU3aLUH C NMPUMEHEHUEM HEWPOHHBIX CETEW M aJrOpUTMA MYEIUHOTO pOos
JUIS HACTPOMKH IMapaMeTPOB 3TUX MOJEIEH HEJOCTATOYHO UCCIICIOBAHBI.

CBs3b  IHCCEPTAIMOHHOTO HCCJIEAOBAHHUA C IUIAHAMH  HAY4HO-
HCCIIeA0BATEIbCKUX PA0OT BHICIIMX Y4eOHBIX 3aBeleHnid. Pe3yapTaThl JaHHOTO
JUCCEPTAIMOHHOTO MCCIIEIOBAHUS OTPAXKEHBI B CIACAYIONINX (PyHIAMEHTAIBHBIX U
MPUKIAAHBIX TMPOEKTaX, BBIMOTHEHHBIX B lleHTpe pa3paboTku mTporpaMMHBIX
MNPOAYKTOB M  amnmapaTHO-MPOrPAMMHBIX  KOMIUIEKCOB IMpu  TalIkeHTCKOM
YHUBEPCUTETE UH(OPMaIMOHHBIX TEXHOJIOTHH: DPA-O1-P015+D056
«TeopeTrueckne OCHOBBI MHTEILIEKTYaIbHBIX CHCTEM O00pabOTKH MH(OpManuu B
YCIIOBUSIX HEOTPEJEICHHOCTH M pacmo3HaBanuu oOpaszoB» (2007-2012 rr.); DA-
A17-®006 «AnropuTMHUYECKOe oOOecriedeHre aJanTUBHOM  paclo3HaoIIeH
CUCTEMbl MHTEIJUIEKTYaJIbHOIO aHAJIM3a JaHHBIX B YCIIOBHSX HEOIPEIEICHHOCTH
unpopmaruu 06 oOwvekTax» (2009-2012 rr.); AS-OA-DO019 «lIporpammuo-
ANTOPUTMUYECKUN MHCTPYMEHTApUM CUCTEM MOAJNCPKKU TPUHATUS PEIICHUH,
OCHOBAHHBIX Ha HEUETKO-MHOXECTBEHHBIX nmoaxoaax» (2012-2014 rr.).

Heanb ucciaenoBaHusi 3akitoyaercs B pa3paboTke THOPUAHBIX METOJOB H
QITOPUTMOB TOCTPOEHUS MOJENEeH HMHTEIUIEKTYalbHOTO aHalu3a COCTOSIHUS
cnabodopMaliu3yeMbIX MPOLECCOB HA OCHOBE METOJ/la HEYETKON KiacTepH3aluu,
HACTPOWKHA TApaMETPOB OBTUX MOJENECd C TMOMOIIbI0 HEUPOHHBIX CETEN U
HBOJIFOLIMOHHOTO AJITOPUTMA MTYEITUHOTO POS.

Jns  pocTvkeHusT  Uenud  cOpMYJNIMPOBaHbl  CIEAYIOIIHE  3aJa4M
HCCJIeIOBAHMSA:

dbopMmupoBaHMe  3aJad  WHTEJUICKTYaJbHOTO aHaau3a  COCTOSIHUSA
cnabodopMaIn3yeMbIX MPOIECCOB;

pa3paboTKa aJrOpUTMOB JIOTHYECKUX MOJENeH Kiaccuukalyy, OLEHKU U
MPOTHO3UPOBAHUSA, OCHOBAaHHBIX HAa HEUYETKUX IMpaBWJIaX BbIBOAA, C IMOMOIIbIO
METO/1a HEUETKON KIJIacTepH3alluu B caabodopmMann3yemMbix mpoleccax;

pa3paboTka aJrOpuTMOB HACTPOMKM TApaMETPOB CO3JAAHHOW HEYETKOM
JIOTUYECKON MOJEIN HA OCHOBE HEMPOHHBIX CETEN U AIITOPUTMOB ITYEITUHOTO POS;

pa3paboTka  aJIrOPUTMOB  PEIICHUS] HEYETKOW  MHOTOKPUTEpPUATIbLHOU
ONTUMHU3ALMOHHOMN 3a]a41, BOSHUKAKOIIEH ITPU IIOCTPOECHUN HEYETKON MOJIEIH;

pa3paboTka  mporpaMMbl  IOCTPOEHUS  HEYETKUX  MojeNed  3amad
KJ1accuuKaIyu, OIEHKH U IPOTrHO3UPOBAHMUS;

pa3paboTka MPOTPaMMHOTO  OOeCleueHHs JJIsi  PEIICHUs]  HEYeTKOU
MHOTOKPUTEPUAIBHOW ONTUMHU3ALMOHHOM 33aa4yd C TIOMOIIBI0 TEXHOJIOTHH
napasuiesIbHbIX BBIYUCIICHUN;

MPOBEJCHNUE BBIUUCIUTEIIBHBIX SKCIEPUMEHTOB U aHAJIU3 UX PE3yJIbTaTOB s
OlCHKH  A(P(PEKTHBHOCTH  pa3paOOTaHHBIX  aJTOPUTMOB H  MPOTPaAMHOTO
o0ecrneueHusl.
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OO0beKkT HMccaeAoBaHUsI — 337a4d MHTEIUIEKTYaJlbHOIO aHaju3a COCTOSHUS
ciabohopMaliu3yeMbIX MPOIECCOB.

IIpeaMer ucciaeroBaHus — METObI, AITOPUTMBI U MOJIETHN KiacCU(pUKAIIIH,
OLICHKU M TMPOTHO3UPOBAHUSI MHTEIUICKTYaIbHOTO aHaliM3a COCTOSHUN O0BEKTa B
YCIIOBUSIX HEYETKON MHGOPMALIHH.

Metoabl wucciaenoBanmii. TeopeTHueckue UCCIEAOBaHHS B paboTe
0a3upOBAIUCH HA CUCTEMHOM TIOJIX0JIe K MOJEIUPOBAHUIO cl1abodopMann3yemMbix
MPOIIECCOB, TEOPUM HEUETKUX MHOXKECTB, HEHPOHHBIX CETE€U W HBOIIOLMOHHBIX
aJIrOPUTMOB.

Hay4nasi HOBU3HA MCCJIEIOBAHUA COCTOUT B CJICAYIOIIEM:

MPEMIOKEHBl THOPHUIIHBIE METOABl IOCTPOCHUS HEYETKUX  MoJelei
MHTEJUIEKTYaJIbHOTO aHaJIN3a COCTOSHUS cl1ab0oPopMann3yeMbIX MPOLIECCOB;

pa3paboTaH  aNroOpuTM TMOCTPOCHUSI HEYETKOW JIOTMYECKOM  Mojenu
WHTEJUICKTYallbHOTO aHajin3a — Kiaccu(UKaAIUMU, OICHKH W MPOTHO3WPOBAHUS
COCTOSIHUSL  c1abo(opMaIu3yeMbIX IPOLECCOB HA OCHOBE METOJa HEYETKOM
KJIaCTEpU3allUH;

MOKAa3aHa BO3MOHOCTh MOJIYYEHHUSI HEUYETKOTO PEUIEHUS MPU MOCTPOCHUHU
HEYETKON JIOTHYECKOM MOJENH KiIacCU(PUKAIUU, ONEHKH M IPOTHO3UPOBAHUS
COCTOSIHUA CJ1a00(hOpMaTU3yeMbIX MPOIECCOB Ha OCHOBE HACTPONKU MapaMeTpoB
MOJIeJId HEWPOHHBIMU CETSMU MPH PATHUYHBIX (PYHKIUSAX MPUHAIJIC)KHOCTH;

MOKa3aHa BO3MOKHOCTh TOJIYYEHHS] HEUETKOTO PEIICHHUS MpPU MOCTPOEHUU
HEUYETKOM JIOTUYECKOM MOJAENM KJIacCU(pUKAIMK, OLUEHKH WU MPOTHO3UPOBAHUS
COCTOsIHUA CJ1a00(OpMaNu3yeMbIX MPOLECCOB Ha OCHOBE HACTPOUMKHU MapaMeTpoB
MOJEIM  QJITOPUTMOM  MUEJIMHOIO  pOsi  MNPU  Pa3IMUHBIX  (DYHKIUAX
MPUHAJICKHOCTH;

chopMHpoOBaHa 3alaya MHOTOKPUTEPUAIbHOW ONTUMHU3ALMH B YCIOBUSAX
HEYEeTKON MHGOpMAIMK U pa3pad0TaH aarOPUTM PEIISHHUs dTOU 3a/1a4u;

pa3paboTaHbl KPUTEPUM W QITOPUTMBI PEHICHUS 3a/lady ONTHMH3AIUU |
NPUHATUS PEIICHUS TMPU HEUETKOW HCXOAHOW WHGPOpMAIMK, JOKa3aH psi
YTBEPXKJICHUM O CBOMCTBAX YIYyYIIAEMOCTH PEIICHWH B TEepMUHAX (PYHKIUN
MPUHAJICKHOCTH;

pa3paboTaHa TEXHOJIOTHS TIOCTPOCHHUS aJCKBAaTHOW HEUYETKOW MOJENIU Ha
OCHOBE THOPUIHBIX METOJOB HHTEIUICKTyaJIbHOTO  aHajlu3a  COCTOSIHUS
cinaboopmaIn3yeMbIX MPOIECCOB.

IIpakTH4yeckue pe3y/abTaThl HCCJIETOBAHUSA 3aKIIOUAIOTCS B CIEIYIOLIEM:

NPy pEIICHUM 3a7a4 OIEHKHM M TPOTHO3UPOBAHUS pHUCKa OaHKPOTCTBA
OpraHu3allid C T[OMOIIbI0 HEYETKOW MOJIEIM HWHTEJUIEKTYyaJIbHOIO aHalin3a
JIOCTUTHYTHI MTOKa3aTesu TOYHOCTH 95-98.2%);

npu pemennn 3anad “IIpornozupoBaHue o0bemMa MPOU3BOJICTBA OCHOBHBIX
MPOJIOBOJILCTBEHHBIX MPOJIYKTOB B CEIHCKOM XO3SICTBE HA OCHOBE ONTUMHU3AIUU
CTpYKTYypbl TloceBHBIX moJieid Ha 2011-2013 rr.” u “IIporHo3upoBanue oOnema
MPOU3BOJICTBA MPOAYKTOB >KMBOTHOBOJACTBA B CEIbCKOM XO3IICTBE Ha OCHOBE
ONTUMHU3AIMU CTPYKTYpPHl >KHUBOTHOBOAYEeCKOM otpaciu Ha 2011-2013 rr.” B
pamkax mporpamMmbl “MeToauka pa3pabOTKH  SKOHOMHKO-MATEeMaTUYECKOM
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MOJIEM MO ONTUMH3ALMU CTPYKTYpbl MPOU3BOJACTBA AarpapHoOro CeKTopa
SKOHOMHUKHA~ C TIOMOIIbIO pa3paOOTaHHOW HEYETKOM MOJENH TOYHOCTh
pe3yabTaTtoB gocturuyra 92-96,5%;

pa3paboTaHbl aJIrOpPUTMbl HACTPOMKH IMAPAMETPOB HEUETKOM MOJENIH JUIs
KJaccu(UKanuy, OUEHKHM U TPOTHO3UPOBAHMS U TPUBEACHBI PE3YJIbTAaThl HX
NpUMEHEHUs1 K 3ajlayaM OIEHKM M Kiaccudukanuu. B mpoiecce pemeHus
npakTUYeckux 3afad (B TalIKeHTCKOW MEAMIIMHCKOM akajieMuu — 3ajada
ONpEeIeJICHUs] PUYMH U MYTEeW CHUKEHUS JIETAJIbHBIX CIIy4aeB CpeAu MaTepeil B
JI0- U TIOCJIEPOJIOBOM MEPUO]I) MPOBEACHBI SKCIEPUMEHTHI U MOJy4eHa TOYHOCTh
92-95%.

JIOCTOBEPHOCTh Pe3yJbTATOB MCCJEeA0BAHUSI OOOCHOBBIBACTCS TEM, UTO
NPUMEHEHBl ~ METOJbl W  JFOPUTMBI  TMOCTPOCHUSI  HEYETKHX  MoJieiel
MHTEJUIEKTYaJbHOTO aHallu3a COCTOSIHUK  cJIa00(pOopMau3yeMbIX MNPOLECCOB,
BBICOKAsi TOYHOCTDh MPHU PEHICHUH MPUKIAIHBIX 3a7a4 KilacCU(UKAINK, OLEHKH U
MIPOTHO3UPOBAHUS, PE3YJIbTAThl TEOPETUUECKUX M MPHUKIATHBIX HCCIEIOBAaHUN U
UX HEMTPOTUBOPEUYUBOCT.

Hayynasi ¥ mnpakruyeckasi 3HAYMMOCTb Pe3yJbTATOB HCCJICI0BAHMS.
Hay4ynass 3HauuMOCTh pE3yNbTATOB HKCCIEIOBAHUN 3aKIIOYAETCS B Pa3BUTUU
METOJOB U AJITOPUTMOB MOCTPOEHUSI HEUETKUX JIOTUYECKUX MOJEIEH Ha OCHOBE
METOJ]a HEUETKOW KJacTepu3alluy, HAaCTPOMKH MapamMeTpoB MOEIH C MOMOIIbIO
HEUPOHHBIX CETEM W DBOJIOUUOHHBIX AJTOPUTMOB, pEIICHUS HEYETKOU
MHOTOKPUTEPHUAIBHON ONTUMHU3AIMOHHON 33141, BO3HUKAIOIIEH MPU OCTPOEHUH
HEUETKOM MOJeNd, a TakXe KilaccupuKaluu, OIEHKH U MPOTHO3UPOBAHUS
COCTOSIHUSL OOBEKTOB.

JlocTurayta sxoHOMuYecKasi 3QPEKTUBHOCTh MPU PEIICHUM 3a]a4 OIEHKH U
MPOTHO3UPOBAHUSI  pUCKa  OaHKPOTCTBA  OpraHM3allid, IPOTHO3UPOBAHUS
MIPOU3BOJICTBA OCHOBHBIX MPOJOBOJIbCTBEHHBIX MPOJIYKTOB B CEILCKOM XO3SICTBE
u o0beMa MPOM3BOJCTBA MPOJIYKTOB *XKUBOTHOBOJICTBA HA OCHOBE MPUMEHEHUS
pe3yJabTaTOB METOJOB M  AJITOPUTMOB IIOCTPOCHUS HEUETKUX  MOJeJen
MHTEJJIEKTYaJbHOTO aHAJIN3a.

BHeapenue pe3yabTaToB HMcciaeaoBaHusi. [IpumeHsis  mporpamMmHbIe
cpelnctBa KiacCU(UKAIMU, OICHKA M TMPOTHO3UPOBAHUS, pa3pabOTaHHBIE Ha
OCHOBE  METOJIOB W  QJITOPUTMOB  MOCTPOEHUS  HEUETKOM  MOJeIu
WHTEJUIEKTYaJIbHOTO aHaln3a COCTOSHUS clabopopMaInu3yeMbIX MPOILIECCOB, MPHU
pellIeHUH TPAKTUYECKUX 3aJayd TPOTHO3MPOBAHUS TMPOU3BOACTBA OCHOBHBIX
MPOJIOBOJILCTBEHHBIX MPOJIYKTOB B CEJILCKOM XO3SIMCTBE U 00beMa MPOU3BOACTBA
MPOJYKTOB JKMBOTHOBOJACTBA C TOYHOCTBIO 92-96,5% wu 3amau oOneHKH U
MIPOTHO3MPOBAHUSI pUCKA OAHKPOTCTBA OpraHU3ALMK C TOYHOCTHIO 95-98.2% 3a
CYET TMIOBBIIICHUS TMPOU3BOAUTEILHOCTH B 1,5-2 pa3za JOCTUTHYT TOJIOBOM
sKOHOMHUYECKUU 3ddekT Ha cymmy Oomee 1705 wmmH. cym (cmpaBka
MuHucTepcTBa 10 Pa3BUTHIO WH(DOPMAITMOHHBIX TEXHOJOTUNA M KOMMYHUKAIIUNA 32
Ne(02-8/343 ot 21 suBaps 2016 rona, cnpaBka YTpaBieHHUsS! CEIBCKOTO M BOJIHOTO
xo3giicTBa Jlxu3zzaxckoit ob6nactu 3a Ne03-399 ot 24 urons 2015 rona; crnpaBka
[ocynapctBennoro komuteta PecnyOnmku VY30ekucTtaH 10 NpUBaTU3ALNH,
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JEMOHOIIOIN3aUMA U pa3BUTUU KOHKypeHuuH 3a Nel5-2214 ot 16 urons 2015
roja).

AnpoGanus pe3yJbTAaTOB MCCJAeA0BaHUs. TeopeTuyeckue U TMPUKIIATHBIC
aCmeKThl JHCCepTallud OOCYXIEHbl Ha CHEAYIOIMIHUX MEXIYHAPOAHBIX H
HaIlMOHAJIBHBIX CEMUHapax U KoHpepeHmusx: “Hurerpanbubie ypaBHeHuUs1-2009”
(KueB, VYxkpauna, 26-29 suBaps 2009 roma); PecmyOnukaHckas Hay4HO-
TexHuueckas KoHpepeHus: “CoBpeMEHHOE COCTOSIHUE M MEPCHEKTUBBI Pa3BUTHS
uHpopMaimoHHbix TexHojorui” (Tamkent, Y36ekucrtan, 5-6 centsOps 2011
roga); Bcepoccuiickas koH(pepeHIHs ¢ MEXIyHapOIHBIM ydacTHEM ‘‘3HaHHS—
OnTonorun—Teopun” (HoBocubupck, Poccusi, 3-5 oktsiops 2011 roma); cempmast
MEXIyHapOaHas a3uarckas mkona-cemuHap “IIpoGieMbl ONTUMHU3AIUU CIIOKHBIX
cucteM” (Tamkent, Y30ekucran, 17-27 okrs0ps 2011 rona); VI mexnynapoaHas
Hay4HO-TIpakTuyeckas koHgpepeHuus “Unxxenepusie cuctembl-2013” (Mockaa,
Poccusi, 24-26 anpenss 2013 roma); Bcepoccuiickas KoH(peEpeHIUs ¢
MEXIYyHApOaAHbIM yuyacTueM ‘‘3Hanust — OnHtonoruu — Teopun” (HoBocuOupck,
Poccus, 8-10 oktsaops 2013 roma) u “Eighth World Conference on Intelligent
Systems for Industrial Automation” (Tashkent, Uzbekistan, November 25-27, 2014
year).

Ony0JMKOBAaHHOCTH pe3y/IbTAaTOB HccJegoBaHudA. 1lo Teme nuccepranuu
ormyOnuKoBaHO 44 Hay4dHBIX TpyJa, W3 HuX 11 crateit B 4 pecrmyOJUKaHCKUX
HAy4YHBIX XKypHajlaX U 4 cTaTbu B 3apyO€kKHBIX HAYyYHBIX XypHanax, 20 10KJIaa0B
Y TE3UCOB JIOKJIA/I0B B HAyYHbIX KOH(pepeHIusAX, 1 MoHOrpadus.

Crpykrypa U 00beM auccepramuu. /[ucceprauusi COCTOUT W3 BBEICHMUS,
ISATH TJaB, 3aKJIIOYEHUs, CIHCKA HCIONb30BAHHOM JUTEPATYPbl U MPHIIOKEHUS.
OO6mmii 00beM auccepTaluu cocTaBiaseT 194 cTpaHuIl MAIIMHOITUCHOTO TEKCTa ¢ 9
pucyHkamu u 14 tabnuuamu.
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OCHOBHOE COIEPKXAHUE IUCCEPTALIMU

Bo BBegenumm 00OCHOBaHa aKTyalbHOCTh M BOCTPEOOBAHHOCTH TEMBI
JUCcepTal, cPOpPMYIUPOBAHbI II€NIb U 33/1aYH, BBISIBICHBI OOBEKT U MPEIMET
UCCIICIOBAHMsSI, OIpPEAETICHO COOTBETCTBHE HCCIEAOBAHUSA MPUOPUTETHBIM
HaIpaBJICHUSIM pa3BUTHS HayKu M TexHojorud PecrnyOnuku VY30ekucraH,
U3JIOKEHbl HayyHas HOBU3HA W TIPAKTUYECKUE Pe3yJbTaThl HCCIEIOBaAHUS,
000CHOBaHa JIOCTOBEPHOCTh MOJYUYEHHBIX PE3YJIBTATOB, PACKPHITHI TEOPETHUECKAs
U TpaKTUYECKass 3HAYUMOCTh TOJYYEHHBIX pPE3yJbTAaTOB, MPHUBEICHBI MEpEeYEHb
BHEJIDEHUI B MPAKTUKy PE3YJIbTATOB HCCICAOBAHUS, PE3YJbTaThl ampoOanuu
paboThl, CBEACHUSI 110 OITyOJIMKOBAaHHBIM pabOTaM U CTPYKTYpE AUCCEPTALUH.

B nepgoii rnase “IIpo6aeMbl MOCTPOEHHUSI MOe/Iell HHTE/IEKTYaJIbHOI0
aHAJIM3a COCTOSIHUI  cjaadodopMau3yeMbIX MPOLECCOB”  auccepTaluu
NpUBEICH aHAIMTUYECKUI 0030p 3a7ad MOCTPOCHHUs Mojeiel KiacCupUKaluy,
OLIEHKH U TIPOTHO3UPOBAHMS COCTOSHUN C1a00QopMann3yeMbIX MPOIECCOB.

[Ipm pemieHUM MPaKTUYECKUX 3adad ISl  MOCTPOCHHS  CHUCTEMBI
KJIacCU(UKAIMU, OLUEHKH W MPOTHO3MPOBAHHS B YCJIOBHSX HEOMPEAEIECHHOCTH,
HEOOXOJIMMYI0O HEYETKYI0 uH(opMaiuio, 001aJalonyl0 HOCTOXAaCTUUYECKUMU
XapaKTEepUCTUKAMHU, MOXKHO  pa3feiuTh HAa  JIBE  YacTU:  YHUCJICHHYIO
(KOIMYECTBEHHYI0) M MOJYYEHHYIO  OT  OJKCHepTa  JIMHTBUCTUYECKYIO
(KaueCTBEHHYI0) 4acTH. BOJBIIMHCTBO HEUETKHUX CHUCTEM HCHOJIb3YIOT 3HAHUS
BTOPOTO THIa — Yallle BCETO JIaHHbIE, OMMChIBa€MbIE€ B BUE 0a3 MpaBui HEUETKOTO
BbIBOJIa, KOTOpbIE OOBEAMHSIOTCS B CHUCTEMbl HEUETKHX BBIBOJOB. AJTOPUTMbI
MOCTPOCHUSI HEUYETKUX JIOTUYECKUX MOJENIeld, OCHOBAaHHBIX Ha TMpaBHIIAX
HEYETKOI0 BBIBOJIA, UTPAIOT OCHOBHYIO POJIb MPHU PEIIEHUH 3aau KilacCu(puKaluy,
OLIEHKH ¥ TIPOTHO3UPOBAHHMSI B YCIOBUAX HEOMPEICICHHOCTH BXOHBIX JTaHHBIX.

dopmMHUpOBaHUE TMPaBWJI HEYETKOTO BBHIBOJA IMPHU TMOCTPOCHHH MOJETEH
KJIacCU(PHUKALMU, OLEHKH W MPOTHO3MPOBAHUSA COCTOSHHS CIa00(opMaIn3yeMbixX
MIPOIIECCOB  OMPEACTSIOT BaXKHOCTh ONTHMAIBHOTO COKpAIIEHUS KOJIHYECTBa
TIPaBHIL.

KoppekTHoe ucnosib3oBaHue TeKylie nHpopmau 00 00bEKTE B Mpoliecce
MOJICJIMPOBAHUS, TO €CTh ONPEJCNICHHUE aJeKBAaTHOCTH MOJEIH, UMEET BaXKHOE
3HaueHue. B sTom maHe chopMynHpOBaHBI OCHOBHBIC MPOOJIEMBI pa3pabOTKU
Moene ciaabodopmMann3yeMbIxX IPOIIECCOB.

TpanuionHble HEYETKHE CUCTEMBI 00J1a1al0T HEKOTOPBIMU HEAOCTaTKaMH,
MO03TOMY HEOOXOJUMO TMPHUBJIEKaTh SKCIEPTOB TOM WJIM HHOM 00IacTu s
dbopmupoBanus mpaBuil U (GYHKIUA NPUHATDKEHOCTH. DTO B CBOIO O4YEpeb
ABNseTCS (PAKTOPOM BO3HMKHOBEHHUS LIEJIOr0 psga HEyaoOCTB. AJanTHUBHBIC
HeueTkre cuctembl (adaptive fuzzy systems) pemraror gaHHyro mnpoGiemy. B
NMoMOOHBIX CHCTEMax B Tpollecce OOYYEeHMS OCYIISCTBISACTCS HACTPOMKa HX
mapaMeTpoB Ha OCHOBE OKCIIEPUMEHTAIBHBIX NaHHBIX. [Ipomecc amanranuu
HEYETKHUX CHUCTEM COCTOUT M3 JBYX OTanoB: 1) co3gaHue JUHTBUCTUYECKUX
npaBui; 2) HACTpoiika mapaMeTpoB Mojenu. s co3gaHusi HEYETKHUX MpaBUIl
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HGO6XOI[I/IMBI COOTBCTCTBYIOIIHC (bYHKI_[I/II/I, a JUId MPHUHATHUA HCUCTKOI'O BBIBOJA
HY’KHBI IIpaBUJIa.

BOHpOCBI IMIOCTPOCHHUA HCUCTKHX MOI[GJ'Ieﬁ KJ'IaCCI/I(bHKaHI/II/I, OLOCHKHN H
IIPOTrHO3UPOBAHUA MOKHO BBIPA3UTH B KAUCCTBC 3aJdda4U MHOFOKpHTGpH&HBHOﬁ

OIITUMH3AIUU C YCTBIPbM:A L CIICBBIMU (I)YHKHI/IHMI/I
M
=1

f,(S)— max, f,(S)—> min, f,(S)— min, f4(S):%Z(yj ~9,f —min.

3necy ,(S) — kommuecTBO TpaBMIBHO KIACCH(MIMPOBAHHBIX OOBHEKTOB C
WCTIOMb30BaHMeM MHOKecTBa mpasun S; f,(S) — kommdecTBO HeweTKUX TpaBUII
BO MHOKecTBe mpaBun S; f4(S) — obee KoTMIECTBO 3MEMEHTOB MHOKECTBA S
u f,(S) — cpennexBanparHueckas TOTPENIHOCTh MEXKIYy MOTYYCHHBIMH H

OXXMJAaEMbIMU pe3yJbTaTaMH MojJeld. TakuM 00pa3oM, 3ajilaya CBOJUTCS K
PEIICHUIO 33/1a4l MHOTOKPUTEPHAIBHON ONTUMH3AIINH.

Taxoke B JaHHOM TJ1aBe JJaH aHATUIIMYECKUN 0030p CYIIECTBYIOMIMX METO/IOB
KJ1accu(uKaIum, OlleHKH U MPOTHO3UPOBaHUS Ci1a00(hopMaliiu3yeMbIX MPOIECCOB,
a TakXKe paccMaTpUBAIOTCA TMOAXOAbl HEYETKUX MHOXKECTB I PEIICHHUS
MHOTOKPUTEPUAIIBHON 3aJlaud  ONTHUMHU3aUMU. B  pe3yinbraTe MNPOBEACHHOIO
aHajau3a ONpPEICJICHbl OCHOBHBIE MPOOJIEMBbl M 3aJadyd, peniaeMbleé B JaHHOU
pabore.

OcHoBHas 3ajmaya, TpeOyrollas pPEIICHUs, MPEO0JIEBAETCS MOCTPOCHUEM
JIOTUYECKON MOJIeNI, OCHOBaHHOM Ha MpaBUJIaX HEYETKOI'O BHIBOJA, C TTOMOIIBIO
METO0/1a HEYETKON KJIACTEPU3aLIUU.

OTnuuune npensioKEeHHOro NoAX0Aa OT TPAAUIIMOHHBIX MOJAXO0J0B COCTOUT B
WCIIOJIb30BAHUU COBPEMEHHBIX TEXHOJIOTHA MHTEIJICKTYaJIbHOTO aHaJIM3a JaHHBIX
(6a3a 3HaHwmii, komrnoHeHThl Soft Computing — HEMPOHHBIE CETU, aATTOPUTMBI POSI
myelnn) g pa3pad0TKU aJTOPUTMUYECKUX M MPOTPAMMHBIX CPEACTB MOCTPOCHUS
JIOTUYECKUX MOJIeJIed Ha OCHOBE METOJa HEUYETKOM KiacTepu3aluu 3ajad
KJ1acCU(UKAIMH, OLICHKU ¥ TIPOTHO3UPOBAHUS.

Bo Bropoii rnaBe “Pa3paGorka MeTOHOB TMOCTPOEHHUSI MOAeJiel
HHTE/UIEKTYAJIBLHOT0 AHAJM3a COCTOAHMI caadodopman3yeMbiX NMPOUECCOB
HA OCHOBE HEYETKHX MPABHJ BbIBOJAA” JuccepTallu pa3pabOTaHbl JIOTUUECKUE
MOJEIM  KJaccHu(PUKalMU,  OLEHKAU W TPOTHO3UPOBAHUS  COCTOSTHUU
cnabodopmMann3yemMbIX MPOIECCOB HA OCHOBE HEUETKUX MTPaBUJI BHIBO/IA.

Mopgenun  knaccudukanu, OIEHKM U  IPOTHO3UPOBAHUS  COCTOSIHUIN
cnabodopMaliu3yeMbIX MPOILIECCOB, KOTOPHIE HCCIENOBAHBI B HAYYHBIX TPyAax
yueHblXx, Takux kak Jl.3ame, A.ILPotwmreiin u P.A.AnueB, omnpenenstorcs

IOCPEACTBOM CJIICAYIOIIUX IIPABUJI HCYCTKOI'O BBIBO/IA.
K

] n
gl(irjlxi = ai,jp’ ij Ba3H 6HH3H) — yj = fj (Xl, ) S Xn). (1)
3mech @, ;, - BBIpAXACT JMHIBUCTUYCCKUI TEPM TIEPEMEHHHON X; CTPOKH JP; W, -

koo puument seca npasuna jp; Y, = f,(X,X,,...,X,) - HE4E€TKOE MPABUIIO BHIBOJIA.
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Pa3paboTansl Tpu BHAa HEUETKHX MOJENICH WHTEIUICKTYalbHOTO aHaIN3a
coCTOsIHUA c1a00(hopMalIi3yeMbIX MPOLIECCOB, OMUCHIBAEMBIX C MTOMOIIBIO MPABUIT
HEUYETKOI'0 BBIBOJA.

1. Heuerkass w™Mojenb KiaccuUKanuu, OIEHKM U MPOTHO3UPOBAHUS

COCTOSIHUU CJIa60(1)OpMaJII/13yeMI>IX IMpOHCCCOB B BUJAC BbIBOJA HEJIMHEHHOMN CBSI3HU
K

U(ﬁ X =8 5 CBeCOMijj Y= bjo + hil[bj(“’”*l (Xl )h Tt bihn (Xn)h](z)

p=1\.i=1
2. Heuerkas MOACIIb KJIaCCH(i)I/IKaHI/II/I, OOCHKHM H IIPOTHO3HUPOBAHUA

COCTOSIHMM ITPOLECCOB B BUJE BBIBOJA JIMHEWHOM CBSI3H
K.

U((n]xi =a, ,,, CBECOM ij) —>Yy,=b, +b,x +..b, X,. 3)

p=1\li=1l
3. Heuerkas MOJCIb KJIaCCI/I(i)I/IKaHI/II/I, OOCHKHM W IIPOTHO3HUPOBAHUA
COCTOSIHUH IMpOoLHCCCOB B BUJC BbBIBOAA HCUCTKUX TCPM

k.

U(ﬁxi =4, ,,, CBECOM ijj =Yy, =r,j=1LM. (4)

p=1\i=l

[Ipy noOCTpoeHUM JIOTMYECKOHM MOJAENM KIacCU(PUKAUMH, OLEHKH M
MPOTHO3UPOBAHUSL COCTOSIHUM ciiabodopManu3yeMbIX MPOIIECCOB pa3paboTaH
aITOPUTM HEYETKOW KJIaCTEepU3alli, COCTOSIINMN U3 CEMU IIATOB.

[Ipy mocTpoeHUM HEUETKON MOJENM B Clydyae pa3iMyHbIX BHJOB (YHKIUH
IIPUHAJIEKHOCTH OCYIIECTBIISIETCS HACTPOMKA IapaMeTpOB MOJEIHM HAa OCHOBE
HEHpOHHBIX ceTel M MYEeIMHOTO posi, TO €CTh pelleHa 3ajada OO0y4yeHUus
jgoryueckor HeweTko wmojenu. CyTb OOy4yeHMS COCTOMT B  pELICHUU
ONTHMM3ALMOHHON 3aJa4¥ MUHUMH3ALUU OTJIMYMN MEXKIYy HACTOSIIHUMHU
CBOMCTBaMU 00BEKTA U pe3yJIbTaTaMU HEYETKOUN anmpOKCUMAIIHH.

HacTtpoiika mnapaMeTpoB HEUETKOW JIOTMYECKOM MOJEIM Ha OCHOBE
HEUPOHHBIX CETEN U AIITOPUTMOB IMYEIMHHOTO POSI MOBBIIIAET aI€KBATHOCTh 3TOU
Mozaenu. B pe3ynpTaTe NaHHOW HACTpOMKHM MoOJy4aemass MOJElb MpuoOperaer
MHTEJIEKTYyaJbHbIE XapaKTEPUCTUKHU. B TV CCEPTAlMOHHON pabote
paccMaTpUBAETCS MPOIECC HACTPOMKHU MapameTpoB (PYHKUUN MPUHAICKHOCTH B
dbopme [Maycca, mapaboJibl, TpeyroibHUKA, TPANEIUU U KOJIOKOJI000pa3HOH (HOpMBbI
Ha OCHOBE HEUPOHHBIX CETEH U AIITOPUTMOB ITYEITMHOTO POSL.

1. Hacrpoitka mnapaMeTpoB MOJEIM HHTEIJIEKTYaJIbHOIO  aHaIu3a
COCTOSIHUS cl1ab0(opMaIn3yeMbIX MPOLIECCOB HA OCHOBE HEUPOHHBIX CETEM:

Hcrnonb3oBaHa cUCTEMa PEKYPPEHTHBIX OTHOLIEHWM IS pa3IMYHBIX BHUJIOB
GYHKIUN NPUHAATICKHOCTH 11 MUHUMH3AIUH KPUTEPHSI

E:%é(yj—yj)zemin, (5)

MPUMEHSEMOTO ISl 00yYeHUsl B TEOPUH HEMPOHHBIX ceTel (Tabnuua 1).
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Tadmuma 1

PexkyppeHTHBIE OTHOIIIEHUSI HACTPOMKHU TapaMeTPOB MOJICNIU Pa3INYHbIX BUIOB
GyHKUIUNA TPUHAAIICKHOCTH

qDYHKIlI/IH MMPUHAAJICKHOCTH

PexkyppeHTHbIE OTHOLIIEHUS

®opwma ["aycca:

() = exp[—(%(ﬂ

ﬁ’ujp (X )
)
d_jgﬂdj (y) —gaiﬂdj (¥) 20X —c®)- 1P (X))

CP(t+) =c @) -n(y, -y W,

X

r"[u"’(x)
JP(X)
d_i _jzm;ajludj (y) Z(X* JP) /L[Jp(X )

S @)

oP(t+1) =" (t) -7y, -y W,

X

KosnokonooOpasnas dopma:

w(X) = ;2
1+(X—c]
(o

ﬁyip(x)

P+ =0 @)=y, —y W, = s

BEL W50 oo

ﬁyip(x)
JP(X)
djﬁiﬁf“(Y)“ﬁia}ff“(y) 207 (x —cl)?

oP(t+1) =0 1) -n(y, -y W,

[Sur (y>)2 (o) + (¢ =Py )
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B popme napabonbi:

ﬂ<x)=1—(x‘cj2
(o2

¢ (t+1) =) - n(y, -y, W,

Em 0, _ma- d, )
] 2 ) =24 () 5y

f[u"p(x)
JP(X)

¢
S ) )
| | [Tu* (x 3
O_in (t +1) = Gijp (t) - 77( yt) JP (X )
&2 a )= 2" 0) ey
S ) @)
B ¢opme tpeyronbHuka: ﬁ 1" (x )
s:z, a<xs<b, |af+1)=a’®t)-n(y, -y W, I
X—C _m m
p(x) = b—c b<x=<c, deﬂdj(Y)—Zdjﬂdj(y) x —p°
0, B ipyrux ciydasix. x —= - = 2 (b jpI _ aljp)z ,
(Z_;,ﬂdj (y)j e
| | ﬁu”’(x)
Cin (t +1) = Cin (t) - 77( yt) JP (X )
CDWIRIC) RS ITELC)
N =t j=1 i i
n 2 bijp_ iJ'p 2!
Sww) BT
ecoras<x<b, TO
| | [14"(x)
D 4D =D O = nly, =y W, = s
2 )-20u" () ey
X (bijp _aijp)Z '

(zu (y))

ecim b<x<c, TO

40




f[uj”(X-)

b (t+1) =b" () —n(y, - y, W, o0

J=l Cin — X

T r o)

d,> 1" (y)- Zdju v .,
Wi, (t+1) = w, (6) = uly, -y, )——— 2 W,-pli_llﬂ”’(xi).
2 H” () _

2. PaccmatpuBaeTcs npouecc HaCTPOUWKHU MapaMeTPOB CO3/1aBAEMOM HEUETKOM
MOJICIM  HWHTEJUICKTYaJlbHOIO  aHajlM3a COCTOSIHUS  ciabodopMaliu3yemMbIxX
MPOLIECCOB HA OCHOBE 3BOJIOLMOHHOIO JITOPUTMA — MYEIUMHOrO pos. [[aHHBIN
aJrOPUTM pa3pabOTaH IO aHAJIOTHUHU C NMOBEJACHUEM OC B KOJIOHUU IMUeET.

OcHOBHast CyThb HACTPOWKM IIapaMETPOB MOJEIM HAa OCHOBE AJITOpPUTMA
MYETUHOTO POSi COCTOUT B BBHIOOpE 3HAYECHUM MapamMeTpoB, MUHUMHU3UPYIOIIUX
Pa3HUILy MEXAY HACTOSAIIMMHU CBOMCTBAaMU OOBEKTA M BBIXOJHBIMHU PE3yJibTaTaMu
MOJIeNIU. [JJaHHBIN aNrOPUTM COCTOUT U3 CIEAYIOIIMNX 11aroB.

Hlae 1. Vuaunnamuzaumsa. 3aeck totalNumberBees — kommuecTBO muel,
numberlnactive — koianuecTBO HEaKTHBHBIX IT4eda, NUMbDErScout — Koau4ecTBO
myesn-pa3BeIunkoB, maxNumberVisits — KOJIWYECTBO TOCEIICHUH HCTOYHHKOB
Hektapa, maxNumberCycles — unciio uTepanuii, ONMpeaensoTcss MPOMEKYTKU
3HAYCHHI mapameTpoB a, b, ¢ u w.

Illaz 2. PazBemuuku 00CIEIYIOT MECTHOCTh BOKPYT YJIbsl B TTOMCKAaX HOBBIX
MCTOYHUKOB HeKTapa. B 3ToMm ciyuae ompeAessitoTcsi MCXOJHbIC 3HA4YeHUs
IIapaMeTPOB, a MTOIYYEHHbBIE PE3YIIBTAThl COXPAHSIOTCS B MaTpulie BS.

Illaz 3. Waggle dance — Taner HaGarOaONMX MYEN. 31eCh M3 HaMIEHHBIX
HMCTOYHUKOB HEKTapa camMble ONTUMAaJIbHbIE (B KOTOPBIX MHOTO HEKTapa WUJId CaMble
onvkaime) nepeBoasaTcs u3 Marpuisl BS B matpuiy WG.

[MpomomxutensHocts Waggle dance ompexpensiercss ¢opmynoit D, =d A.

3necb A — xodhGdUIMEHT MacmTabMPyeMOCTH;, BEIWYWHA, ITOKA3bIBAIOIIAS
OTHOCHTEJIbHYIO TMOJIC3HOCTh, Ka4eCTBO W 00beM Hekrapa, Hainennoro d. -

TaHIYOIEH | —ITYeION-pa3BeTUUKOM.

[Tocne BrIOOpa HEOOXOIMMOTO HCTOYHUKA HEKTapa, padodas mueyia HAaYnHAET
MOJIET K HEKTapy.

Ha ocnoe matpumst WG, mosydeHHOM OT MYeN-pa3BeAuMKOB, paboune
MYENbl TEPEHOCIT HEKTap W BOKPYT MCTOYHMKA 3TOTO HEKTapa HAXOJSAT HOBBIE
WCTOYHUKY (3HaUYCHUs mapameTpoB). HaiineHHbIe CBeICHHS] BHOCATCS B MAaTPHILY

NW.
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Illae 5. Tuenvi-pa3zBequnku Ha ocHOBaHuM cBefeHuit WG nepeHocsT HekTap,
ONpENENAeTCS PE3YIbTaT, NAIOIIMN CaMble ONTHUMAlbHbIE 3HAYEHUS, KOTOPBIM
npucBauBaeTcs nepeMeHHou best. [lomyueHHble pe3yabTaThl BHOCSITCS B MaTPUILY
NB.

Llae 6. ®opMupoBaHUE apXMBa PEUICHWH HA OCHOBAHUU CYLIECTBYIOIINX
matpuit NW, NB, WG.

Llaz 7. ITpu BBITIOJTHEHU U YCIIOBUI KpUTEpUs

E = li(fj (w,a,b,c,d)- ¥, )2 — min WIA OCYIIECTBICHUS ONPEAECTICHHON UTEpalu 10
22

maxNumberCycles omnpenensiroTcst onTumanbHble 3HaueHus napamerpos ot WG.
3necy f J.(W, a,b,c,d) - BBIXOJl MOJIEJH, W — BEC NPaBull, Y, - HACTOSIIHE

XapaKTepPUCTHKH OO0BEKTa, 8, D W C - mapaMeTpsl QYHKIUH MPUHAIICKHOCTH.
JlanHble TapaMeTpbl OMpPENESIOTCS COIVIACHO BUIY (PYHKUMH MPUHAJJIEKHOCTH.
Ecnu ¢ynkuus npunagiexxsoctu B popme ["aycca, mapabosbl, KOJIOKOI00pa3HOH
(dopmsl, To mapameTpsl GyHKIMNA OyayT a u b. Ecnu QyHKIMS MpUHAAICKHOCTH B
dopme Tpanenuu, To mapaMeTpsl GyHKIUH OyayT B BUje a, b, ¢ u d.

Illaz 8. 1lpy HEBBINOJHEHUH YCIOBHUM COOTBETCTBYIOIIETO KPUTEPUS
OCYILECTBIISIETCSA MEPEXO K mary 2.

C KaxIoM wuTepauued aIropuTMa 3HA4YEHUs [apaMeTpPOB  MOJAEIH
NPUOJINKAIOTCA K ONITUMAIIbHBIM.

B mpouecce mocTpoeHuss Moaenu HEOOXOOUMO peliaTh 3aJauyd HEYEeTKOU
MHOTOKPUTEPUATILHON ONTUMHU3ALNN.

B tperbeit rnaBe “Paszpaforka ajropurma peumieHusi 3aJavu
MHOIOKPUTEPUAJIBLHOH ONTHMH3AUMU, BO3ZHHKAKOUIEH INPH IOCTPOCHUH
HEYETKUX MOJeJIeil” nuccepTaluyd pacCMaTpPUBAKOTCS BONPOCHI pELICHUs 3aaad
MHOTOKPUTEPUAIIBHOM HEYETKOW OINTUMHU3AalWH, BO3HUKAIOUIEW B IPOLECCE
HACTPOMKM MapaMeTpoB (PYHKIMHA NPUHAUIEKHOCTH NPU MOCTPOSHUH MOJAEIU
KJaccu(uKaIumm, ONEeHKH U MPOTPO3UPOBAHUS COCTOSHUM Ci1abodopMann3yemMbix
IIPOLIECCOB € IIOMOLIBIO HEYETKOM KIIACTEPU3aLMHM, OCHOBAHHOM HA HEYETKUX
IIPaBWJIaX BBIBOJA.

Hactpoiika mapameTpoB HEYETKOW JIOTUYECKOW MOJAEIU COCTOMT M3 JBYX
stanoB. Ha nepBom 3tane onpenenstorcs 3HadeHus: mojaenu (Y ). Ha Bropom srare

omnpexaensiercss 3HaueHWe morpemHoctTd (E) u BRUMCHAIOTCS  3HAUEHUS
napaMeTpoB (PyHKLIUN PUHAICKHOCTH.

B stom mpouecce ¢ momouiplo (QpyHKUMHA TPUHAAIEKHOCTH, AAIOIIME B
pe3ysbTare camble BBICOKME 3HAYEHHsS, CO3/1a€TCS MOJEJb, KOTOpas COCTOUT W3
HeueTKuX nmpaBui BbiBoga (2)-(4). 3aech TpeOyercs HaWTH 3HAYCHHS
ko3 dunenros bji (1=0,1,2,...t; j=1,...m).

3nech B cilydae, eCiu MOJIeIb JIMHEHHOro TUIa, TO t =N, a IpU HETUHEHHOCTH
MOJICTIN t =2n.

3HaueHUs] TOMY4YEHHBIX KOod(h(duieHToB (5) CUMTAIOTCS 3HAYEHUSIMU,
MUHUMU3UPYIOIIUMH KBAaJPATHUECKOE OTKJIOHEHHE.
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BxonHoii BekTop X, =

>, (%),
Y, =5
E/’ldj : (Xr)

(Xr,l, Xi o1 Xr,n) MMEET CIEAYIOIINN HEUETKUIN BBIXOI:

YpoBeHb BBINOJHEHUS HEYETKOro TMpaBuja BHIBOAA

orpe (%) = 415" (%) 5" (%) oo 415 (Xer)
PEACIACTCA C MOMOILBIO BRIDAXKEHUSA Ay (X ) = ;" (Xp) -y (Xip) - s 57 (X )

ITocpencTteom BeIpaxenus [ =

Hy, (%)
W I BXOJHOTO BEKTOpa X,

kZzluyj (%)

OIIPCACIIACTCA OTHOCHUTEIbHBIN YPOBCHD BBIIIOJIHCHUA HCUYCTKOI'O IIPpaBUJIa BBIBOJA

J.
Tornma:

a) Ipu JIMHEWHOM 3aBUCUMOCTH BBIXOJIA:
m m
yr - Zlﬂr yj - Z:l(ﬂrjbjo +ﬂrj bjl ) Xrl + "'+ﬂrj ) bjn ) Xrn) '
]= 1=
0) Mpu HEIMHEWHON 3aBUCUMOCTH BBIXOJIA:

y, = %,Br y, = Ji_l(ﬂrjbjo + B, b, -x, +..+ B, ‘b, X+

et ﬂ"j ) bj(h—l)n+1

Keos Tt BBy X)),

h-1)n+1

3Ha4YCHUS mapameTpa ﬂr,- OIIPCACIIAIOTCA B COOTBCTCTBHUH C BUAOM (I)YHKI_II/II/I

NPUHAAJIEKHOCTH (Tabnuia 2):

Tabnuna 2
OmnpenencHne mapameTpa f, MpH pasIHYHBIX BUAAX QyHKINH
PUHAJIEKHOCTH
OyHKIMN 3HaueHue mapamerpa S,
MPUHA]JICKHOCTH
®opwma ["aycca: 2 2
1L X —C; m 14(X.—C
x—c\’ B, =expl— 3| S| 1S expl -~y Tt ||
— _| 2= ) 2ia| oy k=1 2= o
/,l(X) exp ij ik
o}

KonoxonooOpasnas popma: t 1 m t 1

p ; dop s, :g . /kz::lg .
p(x) = : Lo %G 1+{X—Cj

1+ X—=c o O
(o)

B dopme mapabosmbr: . X —cC. 21 « _c Y

x—c)’ B, =T1|1-| —| [/ ZI1|1-| "—" |
,u(X) :1_( j Poia Ojj k=1i=1 Oy

o
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B ¢opme TpeyronbHuka: ﬁ ' —a. i X, —a
i ij /
X—a
., as<x<b, i=1 b. — aij | k=1'i=1 — di

b—a /Br]. =i :Xu
X—C GRS

=<——, b<x<c, T

H() b-c x=e i1 | by —¢y } {

k=1 i=1 ik

} ecima< x<b,

X—C

,ecimb < x<c.

0, B Apyrux ciydasx.

Brenewm crnemyromnue 0003HaUYCHNUS:
Y =(Y,0 Voo V) s
Y =(9, 950 9 )
BBy X B X By oo Xy B X Br
A=
Bu i Bumr Xua B Xus Binr o Xun B Xue * Bum

Torna 3amaya (5) cBOAUTCS K MAaTPUYHOMY BHUIY: HEOXOJAMMO HANTH BEKTOP
B, oTBeyaronuii cienyronmm TpeOOBaHUAM:

E=(Y-Y) -(Y-Y)—>min. (6)
Pemenue 3anaun (6) CBOAUTCS K PELICHUIO CIEAYIOIIETO YPaBHEHHUS:
Y=A-B.

I[Ipy 1DocCTpoeHHH MOAENM HHTEUIEKTYaJIbHOTO aHajau3a COCTOSHUU

cinabodopManu3yeMbIX MPOIECCOB BO3HUKAET 3ajadya MHOTOKPUTEpPUATIHLHOM
ONTUMU3AIUU.

B oOmem Buae 3amadya MHOTOKPUTEPHUATHLHOW ONTHMHU3AIUN  BBITJISIAT
CJIEAYIOIIUM 00pa3oM:

= [fl(x)’ fz(x)""’ fq (X)]T — min, (7)
Xxe X
rae
(0=,
keQ={2..q},
={xeR"| Axc K, x>0}
K={y] yeR", y<b}

3agaya  MHOTOKPUTEPUAIIBHOW  ONTUMHU3ALMM C  HEUETKOM  IIeJbI0
MIPEIOJIaraeT HaX0XKICHUE X, YAOBIECTBOPSIOLIETO CIEAYIOIIUM YCIOBUSM:

:{z| Ze RQ, Z<0.}
fk(X)C J

k=12,.,0Q, xeX, ®)
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g
ﬂk(fk(x)):<l_m’gkgfk(x)ggk_i_tk’ 9)

IA€ g, - HEYETKOE MHOXECTBO.

Pemenne Heuerkoit 3amaun (8) B KaXJIOM CEUEHHMHM A MOXET OBITh
peoOpa30BaHO K PEIICHHUIO YETKOM 3a/1a4H:
A — max,

w (f(x)= 2,
X e X.

Pemenue X0 € X Ha3bIBaeTCs ONTHMAIbLHBIM PCUICHUCM I10 KPUTCPHIO THUIIA

HapeTo, €CJIM IJI1 BCCX Y BBIIIOJIHACTCS HCPABECHCTBO

Hy ( fk(y)) < :uk(fk(xo ))

1 XOTS OBl IJIA OAHOT'O BBIITOJIHACTCA YCIIOBHC

s (£ (y) < e (£.(°).

Pemrenne X° € X Ha3bIBaeTCA ONTHMAIBHBIM II0 KpUTepHIo Tuma Ilapero,
eCIIM HE CyIIeCTBYeT Y € X , mydmiee ueM X°.

BBenem mnoHsATHE YIy4YIIaeMOCTHM pemieHuss Y € X MO KPUTEPUIO THUIla
[Tapero B HeueTKkol cpejne: pelieHre Y€ X Ha30BEeM YIIy4dIlllaeMbIM, €CId

CYLIECTBYET penienre X' € X Jiydiiee, 4eM y 1o kputeputo tura [apero.
Yieepxkaenune 1. Pemenne X' € X ynyumiaeMo B CHTYallWd TIPUHSTHS
Heuetkux Mmuoronenessix pemenmii f(x)=|f,(x), f,(x),..., fp(X)J TOTJa U TOJIBKO

TOT/Ia, KOTJIa CYLIECTBYET BEKTOP ¥ € R®, Uit KOTOPOTO BBIOIHEHBI HEPABEHCTBA
w (£ ()<,
w(f.(x")) <
U1 Beex K e {1,...,Q} M XOTS OBI OJHOTO S € <{1,...,Q},
rie C* = C=7 C= m‘fy:lx mkin[/”k(fk(y))‘i' 7/k]'
Vareepspenne 2. Iycrs g (f (y)) dynxums npumammexnocta f(y),

onpenensemMoe Kak B (9). X’ — ONTHMaNbHOE PElIeHNEe YIyUIIaeMoii 3a1aun:
Q
> ¥, > max,
k=1

w(f.(x)-7. =7, k=1..,Q,
xe X, y, 2=0.
Torna pemenne X° € X Ilapero — onTuManbHoOe penieHue 3anauu (8).
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B derBeproii rnaBe “PemieHue 3aja4d  ONTHMHU3ALMHM HA OCHOBE
AJITOPUTMOB NMapaJJIeJIbHBIX BBIYUCIEHUA” TUCCEPTALNN PACCMOTPEH MPOLECC
pa3paboOTKu  aJIrOPUTMOB, OCHOBAaHHBIX Ha TEXHOJOTUSAX MapaJljIeIbHOrO
BBIYMCJICHUS TMpPHU pEIICHWM 3aJadyd onTuMuzauuu. J1d pelreHus 3anadu
ONTUMM3AIIMHU C TTIOMOIIBIO TEXHOJIOTUH NapalljIeIbHOTO BBIYUCICHUS pa3paboTaHbl
QITOPUTMBbI, OCHOBAaHHBIE Ha TMPUMEpPE MUETUHOTO pos, MOJIU(PUIIMPOBAHHBIX
HEUPOHHBIX CETEH U PEKYPPEHTHBIX HEUPOHHBIX CeTel — ceTu Xonduia.

Pemensl 3amaunm MOCTPOECHMSI JIOTMYECKOM MOJEIM HAa OCHOBE HEYETKHUX
IpaBUJ BbIBOJIa U MHOTOKPUTEPUIILHON ONTUMHU3ALMHU ITPH HACTPOMKE NapaMeTPOB
3TOM MoAenu. Pemenue 3agau MHOTOKPUTEPUAIBHON ONTUMHU3ALUMU MPOBEPEH
pElIeHUEM psila TECTOBBIX 3a/1a4y. B Hacrosimiee BpeMs 3HaUMTENbHAs 4acTh 3aa4
ONTUMM3ALMU, B YACTHOCTH, BOIPOCHI KOMOMHATOPHON ONTHUMHU3ALUUA CUUTAIOTCS
NP-nmomueiMu  3amavyamu. Ilpu pemeHuun JaHHOM 3a7audl  ONTUMU3ALMH
UCITIOJIb30BAaHUE HEMPOCETEBOTO MOJX0/a YBEJIWYMBAECT BEPOSITHOCTH IOJIYYECHUS
ONTHUMAJIBHOIO pemieHus. B KadecTBe TECTOBOM  3aJadyd  ONTUMU3ALMH
paccMmaTpuBaeTcs 3agada KOMMHUBOsDKEpa. [laHHas 3ajgaya pelieHa ¢ MOMOUIBIO
HeHpoHHOU ceTn Xonduiaa.

Bo MHOruX ciydasix npu pelieHud 3a/1a4 ONTHUMU3AIMHA TPEOYIOTCS OrPOMHbBIE
BBIUMCIIMTENBHBIE TPOLIECCHI M BpeMs Ul BBIUMCICHHA. B 3TOM ciydae B LEIsIX
HOBBILIEHHSI IPOU3BOUTEILHOCTH U YBEJIMUEHHUS] CKOPOCTH MPOTrPaMMBbl HAOIIOJat0TCS]
Cllyyal  HELENecooOpa3HOro  MpUOOPETEHUsS]  JIOTIOJIHUTENBHBIX — MpOrpamMM U
WHCTPYMEHTOB, TPHUBJICYEHHUE JIOTIOJHUTENBHBIX CIy:k0. OlleHMBaHWE Ha YPOBHE
UHTYUIIMM HE BCErJa NPUHOCUT HEOOXOAMMBIN pe3ynaprar. B aTHXx ciyuasx
UCIOJIb30BAHME TEXHOJIOTHH MapajUieNbHbIX BBIYMCICHUN sBIsieTcs  (DakTopoM,
JaromuM 3pGEKTUBHBIN pe3yibTar.

B mporpamme pemieHuss KOHKPETHOW 3aayd MO ONTHUMHU3ALHUUA MBI U3
IJIAaBHOTO TIPOIIeCCOpa MapaliyIeNIbHO HAMpaBiisieM 3ajayd OJHOBpeMeHHO Ha N
nporeccopoB. [laHHBIE MPOLECCOPBI HE3aBUCHMO APy OT Jpyra ONPEESIOT
ontuMaibHoe (JoKaiabHOE) pemeHue. HalineHHble pe3ynpTaThl BO  BCEX
npoleccopax 3aHOBO COOMpaloTcs B IJIAaBHOM  IPOLIECCOpPE, CPeAM HHX
OTIpENENSETCSl pEUIeHHEe C MUHUMAaJbHBIM 3HAuY€HHEM IeJIeBOM (YHKIUH U3
c(OPMUPOBAHHON MOCIEIOBATEILHOCTU TOPOJOB M BBIOMpAETCs KakK caMoe
OoNTHUMaJlbHOE. B 1aHHOM ciyyae yBEJIMYEHHME KOJMYECTBA IPOLIECCOPOB,
MPEIOCTABISAIONIUX BEPOSITHOCTh ONTUMAIBHOTO PELIECHUSI, MOKET OJHOBPEMEHHO
YBEJIUYUTH MPOAOHKUTEIbHOCTh BPEMEHHU pacueTa.

Ha ocHoBe pa3paOoTaHHBIX aJTOPUTMOB MPOBEAECH P BBIYMCIUTEIbHBIX
HKCIIEPUMEHTOB. AHAJIU3 PE3yIbTATOB MPEAJIaraéMbIX HaMHU aJITOPUTMOB TOKa3all,
YTO OHU OYEHb OJIM3KU K TJI00anbHOMY onTuMymMy. Ho HEe00X01MMO OTMETHUTH, UTO
MpU pelieHWH 3a7ad4 Ha OCHOBE ajroputMma Xonduiga TpeOyroTcs Oombliue
UTEpAIlMOHHBIE BBIYUCICHUS. B 1ensX ycTpaHeHWs MaHHOW MPOOJIeMBI st
napajyieIbHOTO pacueTa pa3zpaboTaH MOAU(PHUIIMPOBAHHBIA aNTOPUTM OOYy4ECHUS
HEUPOHHOM CETH.

JUist pemieHusi JaHHOM 3a7aud ONTUMHU3ALMHN NPEIJIOKEHA PEKYpPpPEHTHAs
HEHpPOHHAs CEeTh, BhIpAXXEHHAs CIeAYIOMUM auddepernanbHbIM YpaBHEHUEM:
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au#(t) Z_U(ixik(t)Jrzn:Xu <t)_2)+ﬁrij exp —3 , (10)

1 =1
1+exp(—pu)

M3 »3TOr0 BUAHO, YTO W B JAHHOM Clly4ae, KaK B IIPUMEpPE C CETHIO
Xondunga, BO3HWUKAET Marpuia pasmepoMm NxN. Ho 3mece HEUPOHBI
B3aMMOJICUCTBYIOT HE MO MNPUHUMUIY “KaXIbId C KaXIbIM~ , a MO CTPOKaM M
cTonbnam. M3BeCTHO, YTO penIeHUe JAHHOIO BOIPOCA MOYKET OCYIIECTBHUTHCS C
IOMOIIBIO  ceTd  XON(UIAa WTEPalMOHHBIMH  BBIYUCIEHMAMH g0  N°.
Hcnons3oBanue mpeajiaraeMoid MoIU(pUIIMPOBAHHOW HEHPOHHOM CETH MO3BOJISET
COKpPAaTUTh KOJIMYECTBO HTEPALMOHHBIX BBIYMCICHUW OTHOCHUTENIBHO CETH
Xondunga 10 n°.

PasnoctHblll BapuaHT ypaBHenus (10) umeer Buxa:

t+1 t : : t
U =u; — At 77(2 Xik(t)+lej - zj_/lrij EXPl —— || (11)
1 = T

rae At - mar Bo BpeMEHH M ITOT TapaMeTp MOKET NPUHUMATh 3HAYEHHS B
npomexytke [0,1]. ITapamerpsr 77, 4,7, B BEIOMpaIoT Ha OCHOBE PKCIIEPUMEHTOB

rae X; = (D(Uij 1), o(u)=

U OHU CWIBHO BJMSIOT Ha CKOPOCTh JOCTH)KEHHSI K PEIIEHUI0O M €ro KadecTBo.
CornacHo HaOMIOJEHUAM MpHU 77=E BEPOSITHOCTh MONYy4YeHUs1 3(P(HEKTUBHOTO

pe3yJsbTarTa MoBbIIIaeTCs. 37eCh t — YnuciIo ureparui.

AHanu3 TOJYyYeHHBIX pe3yJbTaTOB TIOKa3al, YTO pe3yJjbTaThl pPabOTHI
npeajiaraéMbIX HaMU  QJITOPUTMOB HUCKYCTBEHHBIX HEUPOHHBIX CETEH 10
CPaBHEHUIO C aJIrOPUTMAaMH, CO3JaHHBIMU Ha OCHOBE HEHPOHHBIX CETeH
Xondunga, OTINYAIOTCS MAJIOH PECYPCOEMKOCTHI0 U 3(()EKTUBHOCTHIO B IIAHE
BBICOKOM CKOpocTH paboThl. HO HEOOXOIMMO OTMETHTh, YTO €CIM 00BheM 3ajad
OYeHb OOJIBIION, TO aNrOPUTMbl HEHUPOHHBIX CETe MOryT CTaThb MEHee
3¢ HeKTUBHBIMU H3-3a 00JIee MPOIODKUTEIBLHOTO BhIYUCICHUSA. OOBIYHO B TaKHX
CIyJasx IIeJIecCOO0pa3HO WCIOJb30BAaHUE OSBOJIONHMOHHBIX — aIrOpUTMOB. B
YaCTHOCTH, B HCCIICIOBAaHUHM pPacCMaTPHUBACTCS HCIOJB30BaHHE aJTOPUTMa
ITYCITMHOTO POSI JIJIs1 TEXHOJIOTHUH MapajIeIbHOTO BIYUCIICHUS.

Pemenne 3amad  onTUMHU3ANMM  ATOPUTMOM  IMUEJIMHOTO  POsT €
WCITOJIb30BAaHUEM TEXHOJIOTHMH TapaJIeIbHOTO  BBIYHMCIICHHUS MOXET OBITh
3HAYUTEIHHO d(PPEKTUBHBIM U OBICTPBIM.

Jnst omnieHkHn 3P dEeKTUBHOCTH Ppa3pabOTaHHOTO aJITOpPUTMa IPOBEICHO
TECTUPOBAHHUE TPOIECCa ONTUMHUBAIMK C TMOMOIIBIO aJITOPUTMA MYEITUHOTO PO
Jly1st conocTaBiieHHusI PAaCCMOTPEHO PEIICHUE 3a7]a4ll KOMMUBOSDKEPa alrTOpUTMaMu
HEeHpoHHOK ceTn Xomduiga U MYSITHHOTO POsi C HCIOJIb30BAaHUEM TEXHOJIOTHI
napaieTbHBIX BEIYUCICHUN.

Pemienne 3amad ¢ MOMOIIBIO TEXHOJOTUM NapallIeIbHBIX BbIYMCICHUN
npeciielyeT ABE LIeJU: a) YBEJIMYEHUE CKOpPOCTH BbluucieHuid. Ilpu 3Tom omHa
3a/laya pasJeNseTcss Ha HECKOJIBKO OTHEIbHBIX YacTed U JJIsl BBIYUCICHUS
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HE3aBUCHUMO JpYyr OT Jpyra paclnpenensercs Ha Ipoueccopsl. B wurore,
IOJIyYEHHBIE OT Pa3HBIX MPOLIECCOPOB PE3YNbTATHl CYMMUPYIOTCS; 0) MOBBIIIIEHHUE
KauyecTBa U HAJIeKHOCTU pelIeHHs 3agaud. [ 3Toro oObIYHO OAHA Iporpamma
(3a1aya) TMOJHOCTBIO  HANpPABISIETCS  HECKOJNBKMM  mporeccopaMm. Cpeau
HECKOJIBKMX IIOJIyUEHHBIX pE3yJbTaTOB IPOLIECCOPOB BbIOMpaeTcsl Hauboliee
ONTUMAJIbHBIN.

JUis peuieHus NaHHOM mpoOseMbl Ha sA3bIKE IporpaMMupoBaHus Java
ucnonp3zyercst oOoubmnnoreka FMPJ. Jlns pemenus ObUTM MCHONB30BaHBI 15
JBYXIPOLECCOPHBIX U JBYXbAJIEPHBIX KOMIIBIOTEPOB (Bcero 60 mpoueccopos).

JIns naHHOW 3a7a4M INPOBEIECHBI BBIYMCIUTEIBHBIE JKCIIEpUMEHTHI ¢ 10
y3JI0BBIMU TOUYKaMU AJisi HeiipoHHOU cetn Xondwmina u 1000 y310BbIMU TOYKaMU
JUISL QITOPUTMA ITYEIIMHOTO POSL.

Ha pucynkax 2, 3 npuBesieH rpauk pe3yJbTaToB, HOJYYEHHBIX C TOMOIIBIO
aJITOPUTMOB ceTu Xompuinaa v MIeTUHOrO Posi:

1 1,75

L8 1 ¢ 1,53
1,6 1,43 1,40 1,41 1,40 1,41 1,41

1,4 4
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PATH LENGTH
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Pucynox 2. Pe3ynbrat, nosry4eHHbI ¢ TOMOILBIO ceTH Xomnduiiaa - rpaduk
3aBUCUMOCTH YHCIIA IIPOLECCOPOB € JUIMHON ONTUMAJIBHOIO HAIIPABIICHUS
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Pucynok 3. Pe3ynbprar, moiy4eHHbId C MOMOIIBI AIrOPUTMa MYEITUHOTO
pos - TpaduK 3aBUCHMOCTH 4YHUCJIA IMPOLIECCOPOB C JJIMHOM ONTHUMAIbHOIO
HaIlpaBJICHUS.

B maron rnase “IIpoBeaeHHe BBIMHUCJAMTEIBHBIX JKCIIEPUMEHTOB Ha
OCHOBE NPOrpaMMbl NOCTPOCHUS MOAECIM HHTE/IEKTYaJlbHOI'0 AHAJIU3Aa HA
OCHOBE HEYEeTKHX MPaBHJ BbIBOJAOB” IUCCEPTALMHM INPUBEIEHBI PE3YJIbTATHI
BBIYMCIIUTEIBHOIO  JKCIIEPUMEHTAa C TOMOIUBI0 MPOrpamMMBbl  IOCTPOECHUS
JIOTUYECKON MOJIENTN, OCHOBAaHHOM Ha HEYETKOM IIpaBUJI€ BHIBOJA KJIacCHU(PHUKAIUH,
OLIEHKH U TPOTHO3UPOBAHUS COCTOSHUN C1ab0(popMann3yeMbIX MPOLECCOB.

Pemensl 3amaun kiacCUpUKAMU M OLEHKU C TOMOINBIO pa3paboTaHHOMN
IIPOTPaMMBbl, IPOBEIECH CpPAaBHUTEIBHBIA  aHAlIU3 MEXAYy pe3yJibraraMu
IIpEUIaraéMblX U U3BECTHBIX aJITOPUTMOB.
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JUIS  OCYIIECTBIICHUS AKCIIEPUMEHTAJILHOTO HCCIICIOBAHUS B KadeCTBE
OCHOBHOW 1IN BBIOPAaHO MPUMEHEHHE HEHPO-HEYETKOro TOIXOAa W PEIICHBI
3a/1aun;
e co3maHusi 0a3bl HEYETKUX MPABWJI U YMEHBIICHHS MHOXECTB IMPaBUII
NyTeM HACTPOWKHU IapaMeTpOB HEYETKOW MOJeIN ©0a3bl HEYETKHX
IIPABHJI C TIOMOIIbIO HEHPOHHBIX CETeH W aJrOpUTMa IMYCITHMHOTO Pos, a
TaK)Ke IOCTPOCHHUS HEUYETKOW MOJEIH BBICOKOI(D(PECKTUBHON OIECHKH
(BBICOKOTIPOLICHTHBIN MOKa3aTeIb PAClO3HABAHUA );

® TMPOBEJICHUS CPAaBHUTEIBHOIO aHAM3a IOJYYCHHBIX PE3yJbTaTOB
Pa3IUYHBIX 33724 B BHJIC TaOIUI] ¥ TPapUKOB.

Jl7iss IpOBEICHUS CPABHUTEIBHOTO aHAIHM3a B3SITHl W3BECTHBIC MOJICIHHBIC
3a/1a4d, pacrooKEeHHBIC 1o AJIEKTPOHHOMY azapecy:
http://www.ics.uci.edu/~mlearn/databases/. K Hum oTHOCSATCS ClIeAyIONINE 3a0a4u:
3amaya upuc (Iris Data Set), 3agaua unentudukanuu crexia (Glass Identification
Data Set), 3amaua guarnHoctupoBanus auabera (Pima Indians Diabetes),
skosornueckas 3amada (Ecoli Data Set), 3amaua Xabepmana (Haberman's Survival
Data Set), 3amaua onpenenenus copta BuHa (Wine Data Set), 3amaua onpenencHus
cocrostaus reueHu (Liver).

Hwxe B Tabnuiie 3 MpUBOAATCS apaMeTPhl IEPEUNCIICHHBIX 3a7ad.

Tabnumna 3
ITapameTpbl MOJICJIBHBIX 33124
HaumenoBaHue 3aga4u KonuuectBo KonuuectBo KonuuectBo
KJ1acCOB IIPU3HAKOB 00BEKTOB
Crexio (Glass) 7 9 214
Xabepman (Haberman) 2 4 306
Wpuc (lIris) 3 4 150
Okonorus (Ecoli) 8 7 336
Juabet (Pima) 2 8 768
Buno (Wine) 3 13 178
[Teuens (Liver) 2 6 345

B tabnune 4 st cpaBHEHMs MPUBENICHBI PE3yJbTaThl PEIICHUS HEKOTOPBIX
MOJENBHBIX 337a4 Ha OCHOBE PA3JWYHBIX H3BECTHBIX U MPEIJIAracéMoro
aJITOPUTMOB.

Tanuna 4
Pe3ynbTaThl paboThI MPEIaracMoro U CynieCTBYIOIIMX aJITOPUTMOB
3amava [Ipemna- | GBC | SGF |SVM |1INN | KNN | Conventional
raemMbln RBF
QJITOPUTM network
Crexkiio 87.85 84.27 | 75.74 | 7150 | 72.01 | 72.01 |69.16
(Glass)
Upuc (Iris) 98.3 98.00 | 97.33 | 97.33 | 96.00 | 95.33 | 95.33
Buno (Wine) | 98.88 100 ]99.44 {99.44 | 95.52 | 96.07 |98.89
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B Tabnume mnpuBeneHbl Jydimue pe3ynbTaThl PabOThl paccMaTPUBAEMBIX
anroputMoB. Hanbomnee mydmme pe3yabTaThl ISl KOHKPETHON 3a7a4d BBIJCIICHEI
OTJENBHO.

Kpome Toro, B Tabmuie 5 cpaBHUBAIOTCS pa3iMyHBIC PE3yIbTaThl PabOTHI
npemjiaraemMoro Hamu —anroputMa, anroput™MoB GBC (Gravitation Based
Classification) u SVM (Support Vector Machines).

Tabmuma 5
CpaBHeHUe pe3yabTaTOB padOThI MPEIAra€MOr0 U CYIIECTBYIOIINX
aNTOPUTMOB
[Ipennaraembrit GBC SVM
METOJI
0 0 a o o) o) a o o) o) a @)
@) o o
SFOEE |0 okE |OE O &L
Xabepman 82.7 | 875 |85.1 | 752 |86.7 |815|723 |82.1 |78.8
(Haberman)
[leuenn 784 186 823 |635 [728 |67.1 /604 |68.3 655
(Liver)
DkoJsorus 88.5[94.2 1918 |89.7 |985 [955|89.4 |[94.4 (923
(Ecoli)

Jlns Toro 4toObl mokaszaTh A()PEKTUBHOCTH MpEAIaracMoro MeTojaa ObLIu
COTIOCTABJICHBI PE3YJbTaThl MpelaraéMoro M CYIIECTBYIOIIUX METOJIOB Ha
npuMepe 3anaud auadera. B pesynbTare, mpeasiaraeMas HaMU HEYETKas MOJIeIb
NPy PEIICHUM JTaHHOMW 3aJlauM Jajia Jydlllue pe3yiabTaThbl, YEM IAPYTU€ METOIbI
(Tabmumna 6).

Tabnuma 6
Pe3ynbraThl paboThI MpeIaracMoro 1 CyIeCTBYIOIMX METOJIOB

3agaua AJNTOPUTMBI KJ1acCU(DUKALIIH ‘

[Ipenyiaraemeprii DGC FIBP SAMGA
Huabet 87.2 81.82 |7481 73.00
(Pima)

[TpoBepka pabOTHI KaXKJOTO aJIrOpUTMa BBHITIOJHEHA C KCIOJIb30BAHHEM
MeToza nepekpectHoit nmposepku (10x10 cross-validation).

PesynbpTaTel mpensiaraeMoro MeTo/ia o CpaBHEHHIO C pe3yIbTaTaMHu JPYTUX
MeTomoB Kiaccudukanuu (B yactHoctH, kinaccudukartoper CBA, GBC, SGF,
SAMGA, C4.5-type, INN, KNN, Fuzzy integral based perceptron, Conventional
RBF network, GARC u SVM) okazanuch 60j1ee TOUHBIMH.
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C nmoMouipl0 MmporpaMMbl, OCHOBAHHOM Ha MOJEIM Ha OCHOBE IpaBUII
HEUYETKOTO BbIBOJIA, pEIICHA NpakThueckas 3agaya ‘“‘JleranpHble cilydau cpeau
Mareped B J0- U IOCJIEPOIOBOM nepuoa’. B maHHON 3amade pemeHbsl BOIMPOCHI
KJ1accu(UKaIuy, OEHKH U MPOTHO3UPOBAHUS COCTOSIHUS MaTepel B IOPOJOBOM U
MIOCTPOJIOBOM MEPHUOJ]I HA OCHOBaHMM 67 MpU3HAKOB.B pe3ynbrare, pu pelieHuu
3a/lauu KiaccUpUKaIMKU JoMyleHa norpemtocts B 12,5-3%. Ilpu pemienuu >Ton
K€ 3aJa4d C WCIOJb30BAaHUEM TPAJAUIIMOHHOM HEYETKOW MOJIENN YPOBEHD
MOTPEIIHOCTA 3HAYUTENBHO BbICOKMMA. Jlyig cpaBHEHHs B Tabnuie 7 MPUBEACHBI
pE3yNbTAThI, NOJYYECHHBIE ITPEIAaraeMbIM METOJOM M HEUYETKON MOJEIIBIO:

Tabmauma 7
CpaBHHUTENBHBIN aHAIU3 PE3YJIbTATOB, MOJYYECHHBIX MPEIIAra€MbIM METOJIOM U
HEYETKOU MOJIEIIBIO

Hwuszkui CpeaHU BBICIIIUH
IIpenaraemsbrit 87.5% 93.75% 96.9%
METOJ
HEUYETKUM 54% 57% 75%

OOBIYHO B MEIMLMHE KJIACChl MEPECEKATCS WM B3aUMOIPOHUKAIOT. B
TaKUX CIIy4asX MPUMEHEHUE YETKHX METOJIOB B KJIACCH(PUKALMH MOXXET HE J1aTh
OKHMIAaeMbI pesynbprar. Tak, 3amada “JletanbHble cilydaum cpeayd MarTeped B
JOPOJIOBOM ¥ TIOCTPOJOBOM IMEpHOJ’, pemaeMmasi IMOCPEJACTBOM MeToda K-
ommwkarmmx coceneit (K-nearest neighbor), naet pesynsrar 31.25% mpaBHIBLHOTO
pacrio3HaBanus (ommbka — 68.75%).
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3AK/IIOYEHUE

AHanu3 OCHOBHBIX pE3yJbTAaTOB JHUCCEPTAIMOHHOW pabOThl IMO3BOJIUII
CAenaTh psij CIECAYIOIIHNX BbIBOJIOB.

1. CucteMHbIil aHanmM3 NPoOJEMbl MOCTPOSHUS HEYETKUX MojeNed 3anay
Kiaccu(ukanuy, OIEHKM M TPOTHO3UPOBaHUS B  Ci1ab0hOopMai30BaHHBIX
cucTeMax OOOCHOBaJ aKTYyaJIbHOCTh U HEOOXOJUMOCTh Pa3pabOTKU METOJO0B HX
pEILICHMS.

2. Ha ocHOoBe MaTeMaTW4yeCKOTO aHaln3a IMOKa3aHO, YTO BaXHOE 3HAYCHHE
uMeeT oOecredyeHrne ageKBaTHOCTH MOJIENH, TO €CTh TO, HACKOJIBKO MPAaBHIIBHO
WCITOJIb30BaHA TEKyIlas HHPOpMalMs O NpPEeIMETe HCCIEAOBAHMS B IMPOLECCE
MO/ICJIMPOBAHUSI.

3. ANTOPUTM TIOCTPOCHHUS HEUYETKOH MOJETH HWHTEIUICKTyaJlbHOTO aHaIu3a
COCTOSIHMSI TIPOLIECCOB IO3BOJISIET pellaTh 3aJauyd KIacCHU(PHUKALUHU, OLECHKU U
IPOTHO3UPOBAHMS COCTOSTHUI MPOLIECCOB B YCIOBUAX €Ia00(hopMaIn30BaHHOCTU
Y HEOIPEIeJICHHOCTH UHPOpMAIK 00 3TUX MpoLeccax.

4. Ananu3  3ama4y = HEYETKOM  MHOTOKPUTEpUATIbHOM  ONTUMHU3ALUHU,
(bopMHUpYEMBIX MPU MOCTPOCHUH HEUETKOM MOJEIU HWHTEIEKTyaJIbHOTO aHalIu3a
COCTOSIHMSI ~ C1ab0OpMalIu3yeMbIX IPOLIECCOB, TIO3BOJISIET peIlaTh 3a/ladyu
MHOTOKPUTEPUAIBHOW ONTUMU3ALMH, BO3HUKAIOIIEH IPU NOCTPOECHUU MOJEIEH
KJ1accu(pUKaluy, OLIEHKA U MPOTHO3UPOBAHUS COCTOSIHUN MPOLIECCOB B YCIIOBUSIX
HEYETKON MH(POPMALIHH.

5. IlpoBeneHHbIE HKCIIEPUMEHTAJIbHBIE HCCIEAOBaHUS TOKazaiu Ooiiee
BBICOKYIO 3(P(EKTUBHOCTh pa3pabOTAHHBIX AJTOPUTMOB MO CPABHEHUIO C
W3BECTHBIMHM aJTOPUTMaMHU MpPHU PEIICHHMH MOJENbHBIX 3aJad Kiaccudukanuu,
OLICHKU ¥ IPOTHO3UPOBAHMUSI.

6. AHanmu3  pe3ynbTaTOB, IMOJIYYEHHBIX IPU  [OCTPOCHUH  MOjENei
KJIaCCU(UKALMU, OLIEHKM W TPOTHO3ZUPOBAHUS MHTEUIEKTYaJIbHOTO aHajau3a
COCTOSIHMM MpPOLIECCOB B YCJIOBHUAX HEUETKOM HH(POpMAIMM HAa OCHOBE METoJa
HEYETKON KJIaCTepH3alyy, NOKa3aJl, YTO HEYETKUW IMOAXOJ AACT BO3MOKHOCTH
NOJyYUTh aJ€KBATHOE HEYETKOE peIIeHHe, ONUpasch Ha JIOObIEe anpHOpHbIE
JAHHBIE U YPOBEHb UX OMPEIEIECHHOCTH.

7. OmnpeneneHo CBOWMCTBO  yJIY4YIIa€MOCTH PEIICHHS 3aJaud  HEYETKOU
MHOTOKPUTEPUATBHOW ONTUMU3AIUH, (HOPMUPYEMOE MPHU MOCTPOCHUU HEUYETKON
MOJIEIN, U ITO CBOMCTBO CHOCOOCTBYET MOJIY4EHHIO d(P(HEKTUBHBIX PE3YyIbTATOB
IIPU PELICHUU Psiia MPAKTUYECKUX 3a]1ay.

8. IlokazaHa BO3MOXHOCTb MOJIy4eHUS 3(PPEKTUBHOTO pelIeHUs IPU PELICHUN
MPaKTUYECKUX 3a]ay KiacCU(UKAIMU, OUEHKHM U MPOTHO3UPOBAHUS HAa OCHOBE
pa3pabOTKu aJITOPUTMOB TOCTPOEHUSI MOJIENIEH MHTEIJIEKTyaIbHOTO aHalu3a
COCTOSIHUS cTTa00(OpMaTN30BaHHBIX MPOIIECCOB.
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Introduction (summary of the doctoral dissertation)

The topicality and significance of the subject of dissertation. Experts by
Synergy Research noted that the total market volume of neural networks by 2005
exceeded 10 billion. dollars, in 2014 the volume of cloud services amounted to
more than 17 bin. dollars, an increase of 45% year of calculus®. Also, in the first
quarter of 2015 the market volume of services designed to deploy cloud
infrastructures, exceeded $ 5 billion., where the share of Amazon Web Services
was 29%. Due to the dynamic increase in sales of cloud services in January-March
2015 Google's revenue increased by 74%, IBM - by 56%, while revenues
Salesforce.com rose by 34%. Thus, in 2018 the market of public cloud services
will take place an investment of $ 127.5 billion., And their size by this time will be
increased by an average of 22.8% per year, which is six times greater than the
projected growth of global IT-market?.

Determination of hidden patterns, data classification, prediction of processes,
as well as analysis of the studied process for large volumes of data and in terms of
their uncertainty are the main tasks of data mining. For complex, weakly
formalized processes with fuzzy nestohastichnostyu and incompleteness in the
source of information and situations of internal and external environment, not
usually given the opportunity to build simple adequate mathematical models.
Information about the parameters of such processes is usually expressed by experts
in the form of words and sentences, ie, in linguistic form. In such cases, the
simulation, decision-making and management tools appropriate to use the
technology of soft computing (Soft Computing).

The hybrid system obtained by combining the components of soft computing
technologies - fuzzy logic, neural networks and evolutionary algorithms, will have
the same intellectual property as the application of knowledge in natural language.
In this regard, the development of algorithms and software for generation of fuzzy
models of classification tasks, assessment, forecasting and decision-making based
on fuzzy inference rules, neural networks and evolutionary algorithms is an actual
problem.

Therefore, there is a need to develop methods and algorithms for solving data
mining, ie the tasks of building fuzzy models classification, estimation and
forecasting on the basis of fuzzy clustering, configuration parameters of the model
using neural networks and evolutionary algorithms and fuzzy multi-criteria
optimization that occurs when building the model.

This dissertation research is aimed at solving the tasks set by the Law of the
Republic of Uzbekistan «On electronic government » for the Ne LRU-395 of
December 9, 2015, Decrees of the President of the Republic of Uzbekistan «On
measures to further the implementation of information and communication
technologies in the real economy» for the Ne DP-2158 of April 3, 2014, «On
measures for further development of national information and communication
system of the Republic of Uzbekistan» for the Ne DP-1989 of June 27, 2013, and
the Resolution of the Cabinet of Ministers «On measures for the formation of the
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central database of individuals and legal persons and implementation of a unified
information system to identify users of the system «Electronic Government»»for
Ne 365 of December 17, 2015.

Research comformity to the priority directions of sciences development
and technologies of the Republic. The dissertation was performed in accordance
with the following priority directions of development of science and technology:
PPS-17 - «Development of modern information systems, intelligent management
tools and training, scientific and technical databases and software products that
provide a broad development and implementation of information and
communication technologies»; PPS-5- «Development of information technologies,
telecommunication networks, hardware and software, methods and systems for
intelligent control and learning aimed at increasing the level of Informatization of
society».

Review of intenational scientific researches related to the subject of the
dissertation. Today, in scientific centre and high educational institutions of the
developed countries of the world are carried out research in the field of modeling
weakly formalized objects and tasks of pattern recognition in the face of
uncertainty, building intelligent systems, decision support and knowledge base and
control in robotics, fuzzy modeling, theory fuzzy inference, the use of methods and
means of «soft computing» in a variety of application systems, neural networks
and evolutionary computation eg, Apple, IBM, E.piphany, SAS, Silicon Graphics,
SPSS, Oracle Data Mining, Oracle, UNICA, SQL Server Data Mining (USA),
Angoss, Cognos, STATISTICA Data Miner (Canada), humanIT Software GmbH,
BonaVista Systems (Germany), mentegrafica infovis solutions (ltaly), Acknosoft,
SIPINA (France), GR Brains (India), Marcom ( China), NeuroShell, PolyAnalyst
(Russia), Jooble (Ukraine), AL11, AL12, AL13, ESPLAN (Azerbaijan).

Carried out researches on the development and practical application of fuzzy
mining models have shown that the development of methods and algorithms for
classification models, estimation and forecasting in a fuzzy knowledge in the world
received, in particular the following results: developed methods for classification
and prediction in a fuzzy knowledge «Attar Software Ltd.» (United Kingdom);
implemented methods of evolutionary of programming system «PolyAnalyst,
Unica» (USA); developed a method for structuring the problem in the form of a
graph that allows you to classify data or to carry out the analysis the consequences
of decisions, and this method is implemented in «S5.0, RuleQuest» (Australia),
implemented a method for constructing logical models of forecasting based on
fuzzy clustering «Clementine, Integral Solutions »(United Kingdom); in «SIPINA,
University of Lyon» (France) solved the problem of multi-criteria optimization
under uncertainty; setting the parameters of fuzzy model by using neural networks
implemented in «IDIS, Information Discovery» (USA); The methods of
construction of models of the intellectual analysis of weakly formalized processes
using neural networks in «NeuroShell, Ward Systems Group» (Russia).

Today, conducted research in such priority directions as the use of innovative
approaches, that is, funds technology «soft computing» in the development of
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intelligent data analysis systems, data processing a large volume, the transition
from numerical computations to linguistic computing, theory of fuzzy modeling
and fuzzy logic and their field of application, the application in the production of
neural networks and evolutionary algorithms.

The degree of scrutiny of the problem. Tasks fuzzy logic algorithm design
settings of neural networks and evolutionary algorithms, the transition from
numerical computations to the linguistic computing and the use of natural language
in data processing, decision-making and management, theory of possibilities and
applications in intelligent systems, the theory of fuzzy modeling and fuzzy logic
conclusion, the use of soft computing, neural networks and evolutionary
computing in industrial systems, the development of methods of decision-making
under uncertainty, contingency management, and intelligent hybrid systems
considered in the works a number of scientists: L. Zadeh, A.Dyubua, A.Prada,
E.Mamdani, I.Sugeno, T.Takahi, M.Dzhamshidi, N.N.Moiseeva, S.A.Orlovskogo,
E.Mushnika, O.l.Laricheva, G.S.Pospelova, D.A.Pospelova, R.A.Alieva and
others.

Also a great contribution to the development of the theory of data mining,
fuzzy sets, fuzzy-stochastic mathematical modeling made our scientists: Kamilov
M.M., Bekmuratov T.F., Abutaliev F.B., Marahimov A.R., Nusratov T.S.,
Rakhmatullaev M.A., Ignatiev N.A., Usmanov R.N., Mukhamedieva D.T.
Although it is not considered the task of designing algorithms for constructing
fuzzy models of intelligent analysis state weakly formalized processes at nonlinear
dependence of input and output data, building multi-agent optimization settings
generated fuzzy model, in particular, the algorithm settings using a hybrid method
based on neural networks and algorithms evolutionary of a bee swarm.

However, the issues of development of modified hybrid methods and
algorithms for building logic models for the intelligent analysis states of weakly
formalized processes based on fuzzy inference rules by fuzzy clustering method
using neural networks and swarm algorithm for setting the parameters of these
models insufficiently investigated.

Connection of the dissertational research with the plans of scientific-
research works. The results of the dissertation research is reflected in the
following fundamental and applied projects carried out at the Center for
development of software products and hardware-software complexes at the
Tashkent University of Information Technology: FA-F1-FO15+F056 «Theoretical
foundations of intelligent systems for information processing under conditions of
uncertainty and pattern recognition» (2007-2012); FA-A17-F006 «Algorithmic
support adaptive recognition system for intelligent data analysis in the conditions
of uncertainty of information about objects» (2009-2012); AS-FA-F019 «The
algorithmic and software instrumentation systems to support decision making
based on fuzzy-set approaches» (2012-2014).

The purpose of research is to develop hybrid methods and algorithms for
building models intelligent analysis of weakly formalized processes based on the
method of fuzzy clustering, setting the parameters of these models with the help
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neural networks and evolutionary algorithm of a bee swarm.
To achieve this goal the following tasks of research is formulated:
formation problems of intellectual analysis of weakly formalized processes;
development of algorithms of logical models of classification, estimation and
forecasting based on fuzzy inference rules, by using the method fuzzy clustering in
weakly formalized processes;
development of algorithms settings created fuzzy logic model based on neural
networks and algorithms of a bee swarm.;
development of algorithms for solving the multicriteria fuzzy optimization
tasks arising in the construction of fuzzy model;
development of a program of construction of fuzzy models of task of
classifications, estimation and forecasting;
development of software solutions for the fuzzy the multicriteria of
optimization problem by using technologies of parallel computing;
conduct of computational experiments and analysis of results to evaluate the
effectiveness of the developed algorithms and software.
Object of the research - the tasks of intelligent analysis state of weakly
formalized processes
Subject of the research - methods, algorithms and models of classification,
estimation and forecasting intellectual analysis states object in the conditions fuzzy
information
Methods of the research. Theoretical research in this work was based on the
system approach to the modeling of weakly formalized processes, the theory of
fuzzy sets, neural networks and evolutionary algorithms.
Scientific novelty of the results of the dissertation is as follows:
proposed hybrid the methods of construction of fuzzy models intelligent
analysis of weakly formalized processes;
an algorithm for constructing a fuzzy logic model intellectual analysis -
classification, estimation and forecasting of weakly formalized processes based on
the method of fuzzy clustering;
the possibility of obtaining fuzzy solutions in the construction of the fuzzy
logic model classification, evaluation and forecasting of weakly formalized
processes based on the settings parameters of the model neural networks for
different membership functions;
the possibility of obtaining fuzzy solutions in the construction of the fuzzy
logic model classification, evaluation and forecasting of weakly formalized
processes based on the settings parameters of the model of algorithm of a bee
swarm for different membership functions;
it formed a multicriteria optimization problem in the conditions fuzzy
information and developed an algorithm to solve this problem;
develop criteria and algorithms for solving optimization problems and
decision-making with fuzzy initial information, proved several assertions about the
properties be improved solutions in terms of membership functions;
developed the technology constructing adequate fuzzy model based on hybrid
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methods of intellectual analysis of weakly formalized processes.

Practical results of the research are as follows:

the solution of problems of estimation and forecasting bankruptcy risk
organization by using fuzzy models of intelligent analysis achieved accuracy rates
95-98.2%;

to solve problems, "Estimates of production of basic food products in
agriculture by optimizing the structure of sown fields in 2011-2013." and and
"Estimates of livestock products in agriculture by optimizing the structure of the
livestock industry in 2011-2013." under the " development of the methodology of
the economic and mathematical models to optimize the structure of production of
the agricultural sector" with the help of the developed fuzzy model accuracy of the
results achieved 92-96,5%;

algorithms are developed parameter settings fuzzy model for classification,
estimation and forecasting, and the results of their application to the tasks
estimation and classification. In the process of decision of practical tasks (in
Tashkent Medical Academy - the task of determining the causes and ways to
reduce case fatality among mothers in the pre- and postnatal period) conducted
experiments and obtained the accuracy of 92-95%.

Reliability of the results research based on the fact that the applied
methods and algorithms for constructing fuzzy mining models states poorly
formalized processes, high accuracy for solving applied problems of classification,
estimation and forecasting results of theoretical and applied research, and their
consistency.

The scientific and practical significance of research results.

The scientific significance of the results of research is to develop methods and
algorithms for constructing fuzzy logic models based on the method of fuzzy
clustering settings parameters of the model using neural networks and evolutionary
algorithms, solving fuzzy the multicriteria optimization problems arising in the
construction of fuzzy model, as well as classification, estimation and forecasting
state objects.

On the basis of the results of the application of methods and algorithms for
constructing fuzzy of intelligent analysis models in solving problems of estimation
and forecasting the risk of bankruptcy organization, forecasting production of basic
food products in agriculture and the volume of production of livestock products to
achieve economic efficiency.

Implementation of research results. In solving the practical problems of of
estimation and forecasting the risk of bankruptcy of organizations using the
software classification, of estimation and forecasting, based on methods and
algorithms for constructing fuzzy model intelligent analysis of weakly formalized
processes by increasing productivity in 1,5-2 times and accuracy of 95- 98.2%
achieved an annual economic effect worth more than 170.5 min. UZS. (reference
of the Development of the Ministry of Information and Communication
Technologies for Ne02-8 / 343 of 21 January 2016; reference of the Office of
Agriculture and Water Resources of the Jizzakh region Ne03-399 of June 24, 2015;
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reference of the State Committee of Uzbekistan on privatization, demonopolization
and development of competition for Nel15-2214 of 16 June 2015).

Approbation of the work. Theoretical and applied aspects of the thesis
discussed at the following international and national seminars and conferences,
"Integral equations 2009" (Kiev, Ukraine, 26-29 January 2009); Republican
scientific-technical conference "Current state and prospects of development of
information technologies" (Tashkent, Uzbekistan, 5-6 September 2011); Russian
conference with international participation "Knowledge Ontology-Theory"
(Novosibirsk, Russia, October 3-5, 2011); seventh Asian International School —
seminar "Problems of optimization of complex systems" (Tashkent, Uzbekistan,
17-27 October 2011); VI International Scientific and Practical Conference
"Engineering Systems 2013" (Moscow, Russia, April 24-26, 2013); Russian
conference with international participation "Knowledge - Ontology - Theory"
(Novosibirsk, Russia, October 8-10, 2013) and "Eighth World Conference on
Intelligent Systems for Industrial Automation"” (Tashkent, Uzbekistan, November
25-27, 2014 year).

Results publication. On the topic of the dissertation was published 44
scientific works, including 11 articles in national journals 4 and 4 articles in
foreign scientific journals, 20 papers and abstracts in scientific conferences, one
monograph.

Structure and scope of the dissertation. The dissertation consists of
introduction, five chapters, conclusion, bibliography and appendices. The total
volume of the dissertation is 194 pages with 9 figures and 14 tables.
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MAIN CONTENT OF DISSERTATION

In introduction is motivated urgency and topicality of subject to thesises, is
worded purpose and problems, is revealled object and subject of the study, is
determined correspondence to of the study to priority directions of the
development of the science and technology of the Republic Uzbekistan, are stated
scientific novelty and practical results of the study, is motivated validity got result,
reveal; open theoretical and practical value got result, is brought list of the
introduction in practical person result studies, results to approbations of the work,
information on published work and structure to thesises.

In the first chapter “Problems of construction of models of mining
conditions of weakly formalized processes” of the dissertation provides an
analytical overview of the evaluation and prediction of model building,
classification of States of weakly formalized processes.

Classification, assessment and prediction of States of weakly formalized
processes using existing methods traditional mathematics difficulties arise, that is,
the results differ by inaccuracy, ambiguity, determinately, dynamic. In this case, to
obtain reliable data it is difficult or impossible to obtain promptly. When solving
practical problems under fuzziness of fuzzy data, i.e. information with
nestokhasticheskaya characteristics, to construct a system of classification,
estimation and prediction, it is necessary to divide into two parts: quantitative
(volumetric) and obtained from the linguistic expert (qualitativeMost fuzzy
systems use the data of the second type based on the basis of the conclusions of the
fuzzy rules are combined in fuzzy conclusions systems (FCS). Incoming data
algorithms for constructing fuzzy logic models, based on the conclusions of the
fuzzy rules under fuzziness play a major role in the classification, estimation and
prediction.

The rules of formation of the conclusions of the fuzzy rules when building
models for classification, estimation and prediction determines the importance of
appropriate abbreviations.

Correct use of current information about the subject of research in the
modeling process of the research subject, determination of the adequacy of the
model is important. This plan formed the main problems in the development of
weakly formalized processors. Traditional fuzzy systems have some
disadvantages, so nebohodimo to involve experts in a particular area for the
formation of rules and functions of prinadlejnosti. This in turn is a factor in the
occurrence of a number of inconveniences. Adaptive fuzzy systems (adaptive
fuzzy systems) reshut this problem. In such systems during the learning process the
experimental data is used to edit the parameters of fuzzy systems. Learning
adaptive fuzzy systems is considered more difficult and complex than the learning
algorithms of neural networks. The process of adaptation of fuzzy systems consists
of two stages: 1.Creation of linguistic rules; 2. Setting the parameters of the model.
To create fuzzy rules are necessary functions, and for making fuzzy inference rule.
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Construction of fuzzy models for classification, estimation and prediction can

be expressed as optimization problems with four target function.
: : 1M .
f.(S)— max, f,(S)— min, f,(S)— min, f,(S) :Ez(yj —y

)2 —> min.
=l

i

Here fl(S) — number of correctly classified objects using S rules set,
f,(S) — S number of fuzzy rules in the set of rules, f3(S) — total number of
items in the Input in S and f,(S) - root mean squared error between the

obtained and expected results of the model. Thus, we come to the multicriteria
optimization problems.

In particular, in this Chapter provides analytic review of existing methods
for classification, assessment and prediction of weakly formalized processes and
examines the approaches of fuzzy sets in question multicriteria optimization. As a
result of the analysis identified key issues and tasks that are decision making.

The main task to be solved, is overcome by the construction of a logical
model based on the conclusions of the fuzzy rules using the method of fuzzy
clustering.

A complex of interrelated models gives the possibility of building a software
module and algorithms for classification, estimation and prediction in weakly
formalized systems.

The difference between the proposed approach and the traditional approach
Is to use modern technologies data mining (knowledge base, the components of
Soft Computing - neural networks, algorithms colony of bees) to develop
algorithms and software tools for building-based method for fuzzy clustering,
logical models of the classification, estimation and prediction.

In the second chapter “Development of methods for mining models able
weakly formalized processes based on the findings of fuzzy rules” of the
dissertation developed logic models for classification, estimation and prediction of
States of weakly formalized processes on the basis of the conclusions of the fuzzy
rules.

Classification model, assess and predict the States of weakly formalized
processes, which is reflected in the research of scholars such as A. P. Rothstein and

R. A. Aliev, are determined by the following fuzzy rules:
Kk

U(ﬁxi =@, ,, W, BasH 6I/IJ'IaH)—) Y, = £,(%, X000 X,). (1)

p=1\i=1

Here a, . - jp expresses linguistic therm variable number of x .

ijp
w, - jp —weight of ratio rules.
y; = f,(X,X,,...,X,) - conclusion of fuzzy rules.

11 7720
Developed three types of classification models, estimation and prediction,
characterizing the state of poorly formalized processes using the conclusions of the
fuzzy rules.
1. Fuzzy classification model, evaluation and prediction of astoni poorly
formalized processes in the form of the output of the nonlinear connection.
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k

U(ﬁxi =a, ), withtheweighthpj —y,=b + hi_l[bj(hw (xl )h +..+b, (xn)“] (2)

p=1\.i=1
2. Fuzzy classification model evaluation and prediction of the processes in
the form of a linear relation output.

K;

U(ﬁ x=a,_, Withtheweightwjp) Sy, =b b x +.bx. (3
p=1\i=1 "
3. Fuzzy classification model evaluation and prediction of the processes in

the form of fuzzy inference therm.
K / n
U(ﬂxi =a, ., with the weight w,_ ]—> y, =1, i=LM. (4)
p=1\i=1l

In constructing a logic model for classification, estimation and prediction of
States of weakly formalized processes created algorithm of fuzzy clustering.

In the process of constructing fuzzy models membership functions may be
different. The advantage of fuzzy logic is the ability to use expert knowledge in the
form of linguistic opinions about the object. But the fuzzy logic has no mechanism
for learning. When building a fuzzy model in the case of different types of
membership functions is used to edit the parameters of the model based on neural
networks and bees, have made the task of solving the problem of learning fuzzy
logic model. The content of the training is to optimize the differences between
these properties of the object and the results of fuzzy approximation.

Setting the parameters of a fuzzy logic model based on neural networks and
algorithms bee swarm is brand new. As a result of this configuration of the
resulting model takes the intellectual characteristics. In the dissertation deals with
the process model tuning of membership functions with networks in the form of a
Gaussian, bell-shaped, parabolic, triangular and trapezoid based on neural
networks And algorithms bee swarm.

1. Setting the parameters of the model based on neural networks:
minimizing the criterion used in the theory of neural networks for learning

Ezéi(yj—yj)zamin (5)

uses a system of recurrence relations for different types of membership functions
(table 1).
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Table 1

The recurrence relations of setting model parameters of different types of

membership functions

Membership function

Recurrence relations

Gauss form: 11[ 1P (x, )
0~ exp[ (X_Cj] P+ =0P O =nly, ~ oy,
(o)
WL GES YV C) PR
" 0, Y (o)
(Zﬂu‘(y)j
| | ﬁui%x)
o (=0 =y, 9wy =
95u" -3 W) ey )
" R (o)’
_Zzlﬂ'(y)
Bell-shape: f[y”’(x )
() = P+ =cP®)-nly, - 9w, W

1

X— 2
l+( Cj

O

d_j%ud” (y)- iaw‘“ O o (-

| | ﬁu"’(x)
ip D=cP —
o’ (t+1) =" () - n(y, — 9. W, VIO
g2 a" )= Xd " ()

20°(x —cP)’
((Gijlo)2 + (Xu* _Cijp)2)2

X

(J_Z_ludj (y)]

In the form of a parabola:

ﬂ<x)=1—(x‘cj2
(o2

ﬁu"’(x)
lp(X)

P+ =cP®)-n(y, - 9w,
WO INEIC)

2(x —¢*)
[Zu (y)]

(O'ijp)2
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r"[ujp(x)

o (t+1) = (t) - n(y, - ¥ W, - 2P () ERTYAEURS

d, Zu ()~ Z G e ooy

" d. ? (O-ijp)3 '
[Zuj(y)]

In the form of a triangle: ey
X—a as<x<b a.jp(t+1)=a.jp(t)—77( y) H# (X)x
b—a' ' ' ‘ 1 (x)
X— C |

M=o bsxse 4,217 () Zld,u W)
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d,

M=

o (y)—ijm‘“ (y)

2
(jzlu"i(y)j
2. We configure the parameters of the generated fuzzy model-based
evolutionary algorithm - bee swarm. This algorithm was developed by analogy
with the behavior of wasps in a colony of bees. The main content of the settings of
the model parameters on the basis of the bees algorithm is to choose the parameter
values that minimize the difference between the real properties of the object and
output results of the model. This algorithm can be expressed incrementally in the
following form:

Step 1. The initialization. Here totalNumberBees - the number of bees,
numberlnactive - the number of inactive bees, numberScout - number of bees-
scouts (scouts - scout), maxNumberVisits - the number of visits sources of nectar,
maxNumberCycles - the number of iterations is determined by the intervals of
values of the parameters a, b, c and w.

Step 2. Scouts examine the area around the hive in search of new food
sources. In this case determined by the initial values of the parameters, and the
results are stored in the matrix BS.

Step 3. Waggle dance is watching the bees. Here from found sources of
nectar the most optimal (in which a lot of nectar or the next) are transferred from
the matrix BS in the matrix WG.

The duration of the Waggle dance is determined by the formula D, =d A.

Here A is the coefficient of scalability; the value indicates the relative usefulness,
quality and volume of nectar found d. - dancing i — bee-scout.

After selecting the desired source of nectar, the worker bee starts flying to the
nectar.

On the basis of the matrix WG obtained from bees-scouts, worker bees carry
nectar and around the source of this nectar finding new sources (parameter values).
Information is entered into the matrix NW.

Step 5. Scout bees on the basis of information WG carry nectar, the result is
determined, which gives the optimal value, which is assigned to the variable at
best. The results obtained are included in the NB matrix.

Step 6. Record of decisions on the basis of existing matrices NW, NB, WG.

n

ijl:!:ujp(xi) .

wi, (t+2) =wy () -y, - 9,)

Step 7. Under the terms of the criterion Et=%(ft(w,a,b,c,d)—yt)2—>min or

implementation of a specific iteration to maxNumberCycles and determine the
optimal values of the parameters from W.

Step 8. When the requirements of the relevant criterion, go to Step 2.

Here f (w,a,b,c,d) - output of the model, w — rule weight, § - these

characteristics of the object, a, b and c are the parameters of membership functions.
These parameters are defined according to the type of the membership function. If
the membership function in the form of Gauss, parabola, bell shaped, the options
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are a and b. If the membership function in the form of a trapezoid, the options are
in the form of a, b, c and d.

With each iteration of the algorithm the values of the model parameters
close to the optimum.

In the process of building a model, you need to meet a number of criteria
that meet the requirements of creating an optimal model.

In the third chapter “Development of the algorithm for solving multi-
criteria optimization problem that arises when building fuzzy models” of the
dissertation discusses the issues multicriteria fuzzy optimization arising in the
process of setting the parameters of the membership functions, build the model and
create a model using fuzzy clustering logic model, based on the conclusions of the
fuzzy rules for the classification, assessment and forecasting of States of weakly
formalized processes.

Setting the parameters of a fuzzy logic model consists of two stages. The
first step is to define the values of the model (y), conform to a given network

architecture output. The second stage is determined by the value of error (E) and
calculated values of the parameters of membership  functions.
In this process, using functions that result in the highest values, create a model that
consists of the conclusions of the fuzzy model (2)-(4). Here you want to find the
coefficients b; (i=0,1,2,....t; j=1,2,...,m).

If the model is linear type , and when the nonlinearity of the model.

Obtained coefficients (5) are considered to be values that minimizes the

square error.Input vector X, =(X,;, X, ,..., X, ,) has the following fuzzy output:

;ﬂdj '(Xr)'yj

Y, = — . Level of implementation of the conclusions of the rules
jzzlﬂdj ) (Xr)
j is determined by using the expression 4, (x,)= 2" (X1) - 5" (X2) - woo- 12" (%) -
_ Hy, (%) _ _
By means of the expression B, =—-——— for input vector X, is
gﬂyj (x.)

determined by the relative level of implementation of the conclusions of the rules j.
Then:
(a) at the output as a linear relationship:

y, = ,—zﬂﬁ“ Yy, =jzﬂ(ﬂrjbjo + 5, b X +..+p, ‘b, -x.).
b) when the output is in the form of nonlinear dependencies:
Vo =25, Y, = 2 (B0, + B, By X, ot by X+

S 'B"J ) bj(h—l)ml ) Xr(h—1)n+1 + '“+ﬂr1 ) ij ) XrH )
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Value of the parameter g, determined in accordance with the form of the
membership function (table 2):

Table 2
Definition of the parameter g, at the various types of membership functions
Membership functions Value of the parameter g,
Gaussian: 2 2
—C; m _C
x—c)’ g =exp <3| 5| S exp —Ei(—x” C'kJ :
ﬂ(x) — exp _( j ! 2 i=1 Gij k=1 2 i=1 Oix
(o)
Bell-shape: t 1 m _t 1
i =1l 2 g
p(x) = : L %G 1+(X—C]
(X — Cj Gij Oik
1+
o
In the form of a pzarabola: . X, G, 21 X ¢, 2
(X—cj B, =11{1- [T 1- | —— |
u(x)=1- i=1 Ojj k=li=1 Oy
O
In the form of a triangle: t [x —a. ] m t[x —a
_ N i X ifa<x<h,
XZ8  a<x<b, l.;[ bi,-au] kz_lll;[{bik_aij
b_a ﬂr. = -
X—C J : X, —Gj A X, —Ci .
Ux)=<——, b=<x<c, N { ' ,ifb<x<c.
b-c i=1 _bij — G :| é i=1 bik —Cik
0, in other cases.

Let’s introduce the  following  notation: Y =(y,,Y,0m Y, )

V=90 Yo 90 )'
ﬂl,l""’ﬂl,m’ X1,1'ﬂ1,1""’x1,1':81,m1 n Xl,n.ﬂl,l""’xl,t.ﬂl,m
A=|:

ﬂM,l""’IBM,m’ XM,l '181,1""' XM,l 'ﬂl,m' ""XM,n 'IBM,li""XM,t 'IBM,m

In this case, (5) the task is given in the following matrix: find the vector In
meeting the following requirements:

E=(Y-Y) -(Y-Y)—> min. (6)
This task (6) is expressed as the following equation:
Y=A-B.

In the process ofconstructing a model, there arises the problem of
multicriteria optimization.In General, the multi-objective optimization problem as
follows:
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£ () =[£,() £, ().... f,(x)] = min, o
XxeX
here
fk(x): chjxj '
j=1
keQ=1{2..,q},
X=1{xeR"| Axc K,x>0}
K={y] yeR", y<b}
The multi-objective optimization problem with fuzzy objective involves

finding such x, meet the following condition:
here g, - is fuzzy set.

gk:{z| zeR?, z<0,}

f.(x)c§,, k=12..,Q, xeX, (8)
1 fk(x)gng
a1, 00)= {170 g <) <g, o, ©
k

0, f(x)>g, +t,.
The fuzzy decision problem (8) can be converted to a clear solution of the
problem:
A —max, i (f(x)> 1, xe X.

Solution x° € X is called a Pareto optimal solution if for all y, the following

inequality holds:

and at least one of the condition

s (£ (y)) < aas (£ ().

Solution x” € X is called optimal according to the criterion of Pareto-type if
not exists y e X, best on the criterion of Pareto-type than x°.

We introduce the notion of improvement solutions y € X according to the
criterion of Pareto-type in fuzzy environment: decision ye X let's call are

improving, if there is a solution x° € X, which is better than on the criterion of
Pareto type.

Assertion 1. The solution x° e X improving in situation of the decion
making of fuzzy multi-purpose solutions f(x)=|f,(x), f,(x),..., f,(x)| then, and

only then, when there is a vector y € R, for which the inequality

u(f () <ct, m(fle)<e
Forall k e {l,...,Q} and at least one s € {L,...,Q},
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where ¢* =C-y,, c=max min[x, (f,(y)+ 7.}

Assertion 2. Let #,(f,(y)) membership function f (y), defined as in (9). x°
the optimal solution of improval tasks:

Q *
kz_;yk — max, yk(fk(x))—y/k >1, k=1..Q,xeX, y 20.

Then solution x° € X Pareto - optimal solution of the task (8).

In the fourth chapter “Solution of the problem of optimization algorithms
based on parallel computing” discusses the process of developing algorithms
based on the technologies of parallel computing for solving optimization problems.
In this problem optimization using parallel computing technologies to solve the
algorithms based on the example of a colony of bees, modified by neural networks
and recurrent neural networks - Hopfield network.

All methods for solving optimization problems can be divided into two
groups: exact and heuristic.

Heuristic methods can provide the most optimal solution, but the quality of
solutions, the importance of the result is close to the global optimum. Exact
methods are based on a complete enumeration of all possible solutions that, in turn,
makes them ineffective.

Solved the issue of constructing of a logical model based on the findings of
fuzzy rules and multicriteria optimization in the process of configuring their
settings. The process solution of the multiobjective optimization problem is
considered for some of the test task.

Currently, a significant part of optimization problems, in particular
combinatorial optimization issues are considered NP-complete problems. While
solving the questions of optimization using neural networks approach increases the
probability of the optimal solution. As a test optimization problem we consider the
task of a salesman. To solve this problem created by the objective function neural
network Hopfield.

In many cases, in solving optimization problems requires numerous
computations and computation time. In this case, in order to improve performance
and increase the speed of the program there are cases impractical to purchase
additional software and tools, the integration of additional services. Assessment at
the level of intuition does not always bring the desired result. In these cases, the
use of technology parallel computing is a factor that gives an effective result. But
parallelisierung desired solution, while the parallel calculation of the required
extended period of time, that is, for large problems, is effective. Parallelisierung on
many processors can only be effective when large tasks.

In the program solving a particular optimization task from the main CPU sent
in parallel at the same time on N processors. These processors independently from
each other determine the optimal (local) solution. The results are found in all the
processors re-gather in the main processor, among them is one solution with the
minimum value and consistency of the cities, which gave this result is selected as
the most optimal. In this case, increasing the number of processors that provide the
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probability of the optimal solution, can simultaneously increase the length of time
of calculation.

On the basis of the developed algorithms conducted a series of
computational experiments. Analysis of the results showed that the results of the
proposed algorithms are very close to the global optimum. But it should be noted
that when solving problems on the basis of this algorithm requires many iterative
calculations. In order to eliminate this problem for parallel calculation developed
by modifying the neural network algorithm.

To solve this optimization problem proposed recurrent neural network,
expressed in the following differential equation:

ou. < n
Ugt(t) = —U(kz_;, X (t)+ IZ_; X (t)_ 2) + ﬂ“rij exp(_ %j’ (10)
here X, = T(u, (1), T(u)= 1+ eXF:)L(—ﬂU) |

Obviously, in this case, as the example of a Hopfield network occurs matrix
nxn. But, then the neurons communicate, not on the principle of “each with each,
as in rows and columns. It is known that the solution to this problem can be done
using the Hopfield network iterative calculations to n*. Using of the proposed
modification of the neural network reduces the number of iterative calculations
concerning the Hopfield network to n®.

Difference variant of equation (10) has the form:

u;" =u; — At {U(i X, (t)+ Zn: X; — 2) — AL, exp(— LH (11)
k=1 1=1 T

here At - step in time and the value of this parameter [0,1], we can take
intermediate values. Parameters 77,4, 7, 8 obtained on the basis of experiments
and the speed of solving the problem, and this has a serious impact on the quality

i i i 1 .. i
of solutions. According to the observations at 7 = chances of obtaining effective

results increase. In this case t — number of iterative steps.

Analysis of the results showed that the results of our proposed algorithms,
artificial neural networks in comparison with algorithms developed on the basis of
neural networks Hopfield, have low resource consumption and efficiency in terms
of high speed operation. But, it should be noted that if the volume of tasks is very
large, the algorithms of neural networks may become less effective due to longer
computation. Usually in such cases it is advisable to use heuristic algorithms. In
particular, the study examines the use of bees algorithm for parallel computing
technologies.

In parallel computing technologies the solution of optimization problems
using the bees algorithm can be greatly efficient and fast.

In order to assess the effectiveness of the algorithm is executed a process of
testing the optimization algorithm. To map the processes solutions in technologies
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of parallel computing problems of a salesman by means of neural network
algorithms Hopfield and bee swarm.

Solving problems using parallel computing technologies can pursue two
objectives: a) increase the speed of computation, in this case, one problem is
divided into several separate parts and to calculate independently from each other
on parallel distributed processors. In the end obtained from the different
processors, the results are summarized. b) the quality and reliability of the solution,
in this case usually one program, the problem completely goes to multiple
processors. Among the obtained results for multiple processors is selected to be the
best.

To solve this problem use a library FMPJ in the programming language
Java. For solutions have been used 15 dual processor and dual core computers (60
processors).

In this problem when the number of nodal points in 10 for the neural
network Hopfield, while the number of nodal points in 1000 for the bees algorithm
computational experiments.

In the following figures 2, 3 shows the results obtained using the algorithms
of a Hopfield network and bee swarm:
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Figure 2. Results obtained using the Hopfield network — a graph of long optimal
directions
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Figure 3. Results obtained using the algorithm of bees colony — a graph of long
optimal directions

In the fifth chapter “Implementation of computational experiments based
on a program of building a mining model based on the findings of fuzzy rules”
of the dissertation summarizes the results of the computational experiment with the
program of building a logic model, based on the findings of classification rules,
assess and predict the States of poorly formalized processes.
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Solved the problem of classification and evaluation with the developed
program, a comparative analysis between the results of the algorithms and other
existing one.

For the pilot study as the main purpose selected using fuzzy approach and
performed the following tasks:

e Creating a database of fuzzy rules and sets of reduction rules by
setting the parameters of a fuzzy model of the fuzzy rules using neural
networks and the bees algorithm and the construction of a fuzzy
model high-performance evaluations (high recognition rate).

e Undertake a comparative analysis of the results of the different tasks
in the form of tables and graphics.

As an example, take widely distributed and located via email:
http://www.ics.uci.edu/~mlearn/databases/, various tasks. These include the
following tasks: the task of Iris (Iris Data Set), glass (glass Identification Data Set),
the task of diagnosis of diabetes (Pima Indians Diabetes), the task environment
(Ecoli Data Set), the task of Haberman (Haberman"s Survival Data Set), the task of
the wine (wine Data Set), the task of the liver (Liver).

Below listed table 3, in which the parameters are given these tasks model.

Table 3
Parameters of the model tasks
Name of the task Number of number of signs number of
classes objects
Glass 7 9 214
Haberman 2 4 306
Iris 3 4 150
Ecoli 8 7 336
Pima 2 8 768
Wine 3 13 178
Liver 2 6 345

To match when solving the tasks used different algorithms. In table 4 the
results were compared in various ways on the basis of the proposed method.

Table 4
Comparative results between the proposed and existing methods
Task Proposed | GBC |SGF |SVM |1INN | KNN | Conventional
method RBF
network
Glass 87.85 84.27 | 75.74 | 71,50 | 72.01 | 72.01 |69.16
Iris 98.3 98.00 | 97.33 | 97.33 | 96.00 | 95.33 | 95.33
Wine 98.88 100 |99.44 | 99.44 | 95.52 | 96.07 |98.89

Here it is seen that the best results of the considered algorithms. The best
results for a specific task allocated separately.
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In addition, Table 5 compares the different results of our proposed method
and algorithm GBC (Gravitation Based Classification), SVM algorithm.

Table 5
Comparative results of the proposed and existing methods
Proposed method | Gravitational SVM
potential method
P 0O P 0O P >0
ST 5973 ST 593 2| @ 8 8
>S8§>8a |[S&>38 a2 S8 >8a
Haberman 82.7 1875 851 |75.2 |86.7 [815|723 |82.1|78.8
Liver 784 |86 [823 |635 |728 |67.1]60.4 |68.3|65.5
Ecoli 88.5(94.2 [91.8 [89.7 {985 |955|89.4 |94.4 |92.3

In order to show the effectiveness of the proposed method were compared to
the results of the proposed and existing methods to the problem of diabetes. As a
result our proposed fuzzy model the solution of these tasks gave better results than
other methods.

Table 6
Comparative results of the proposed and existing methods
Task |
Proposed DGC | Fuzzy SAMGA
method integral-
based
perceptron
Pima 87.2 81.82 |74.81 73.00

Test processes are performed using 10-fold cross-validation for each model.

The results of the proposed method compared with other classification
methods (in particular, the classifiers CBA, DGC, QPL, SAMGA, C4.5-type, NN
and SVM) were more accurate.

The program construct the model on the basis of the conclusions of the fuzzy
rules solved a practical problem “deaths among mothers in the antenatal and
postnatal period”. In this problem solved the problems of classification, evaluation
and forecasting of the state of mothers in the antenatal and postnatal period, based
on the 67 signs.

As a result, in the classification process made the error of 12.5-3%. When
solving the same task using traditional fuzzy model error rate is considerably high.
In the following Table 7 shows the comparative analysis of the results obtained by
the proposed method and the fuzzy model:
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Table 7

Comparative analysis of the results obtained by proposed method and the fuzzy

model
lower average good
Proposed 87.5% 93.75% 96.9%
method
fuzzy 54% 57% 75%

Usually in medicine classes overlap or interpenetrate. In such cases, the
application of specific methods in the classification may not give the expected
result. So, the challenge to Lethal cases among mothers in the antenatal and
postnatal period” can be solved by a k-closest neighbors gives the result

correctness 31.25% (error - 68.75%).
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CONCLUSION

Analysis of the main results of the thesis allowed us to make several
conclusions.

1. A systematic analysis of the problem of constructing models of fuzzy
classification problems, estimation and forecasting in weakly formalized systems,
as well as the urgency of the development of methods for their solution.

2. On the basis of mathematical analysis shows that important to ensure the
adequacy of the model, that is, how to properly use the current information about
the subject of research in the modeling process.

3. Analysis of the fuzzy multi-criteria optimization problems generated by
the construction of fuzzy model predictive analysis of poorly formalized processes,
allows us to solve the problem of multicriteria optimization, resulting in the
construction of classification models, estimation and forecasting processes in a
fuzzy information.

4. An algorithm for constructing a fuzzy model predictive analysis of the
process allows us to solve the problem of classification, estimation and forecasting
processes in weakly formalized and the nature of the uncertainty of information
about them.

5. The experimental studies have shown a higher efficiency of the developed
algorithms in comparison with known algorithms for solving model problems
classification, estimation and forecasting.

6. Analysis of the results obtained in the construction of classification
models, estimation and forecasting of mining processes in the states of fuzzy
information based on fuzzy clustering method showed that the fuzzy approach
makes it possible to obtain adequate fuzzy decision based on any a priori
information and the level of certainty.

7. Determine the properties be improved for solving the problem of fuzzy
multi-criteria optimization, formed by the construction of fuzzy model, and this
property contributes to obtaining effective results in addressing a number of
practical problems.

8. The possibility of obtaining effective solutions for solving practical
problems of classification, estimation and forecasting based on the development of
algorithms for constructing models of mining state weakly formalized processes.
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