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Kupum (Joxropink auccepranuac aHHOTALHACH)

HdueccepTauna MaB3yCHHUHT xossapGanrn Ba 3apypatu. Jlyné axGopor
MaKOHHHHHI M3YHJI CyphaTAa keuraiinG GopuillH ManaymoTAapra HuLnos Gepuin
*apaEHHHHHT MypakkaOnawyunra onnb kesau. nobGan HAKTHMOHI-HKTHCONHE
PHBOMCUTAHHIN KAPAEHNAPHH TaBCH(NOBYH MaBJIYMOTNAp acoCHAA TaXAusulaln,
TaHnalWl, TacHH¢Aaw Ba Oamwopatnall MacananapMHM evHLINA 2aHbaHaBHH
MaTeMaTHK EHDAMIYBJIAPDHUHT eTapny GynMaraH Ba HOMYBO(HK kUXaTnapw
Hamoén 6yna Gomnanu. MHcounsaTHHHr axGopoTra OYAraH IXTHEXHHH KyH Caltii
owwH6 GopHILIK MabAYMOTIIapra HULIOB GepHill aHUK/IHTH Ba TeskopiMrara Gynran
Tanabuu KywaiTHpAH. ByHOaill xonart osuMmaap TOMOHMOAH KarTa MAcCHBJIH Ba
Mypakkab  TysuAManum  MaB/lyMOT/Napra  MUIOB  OepUIUHMHT  sHrM4a
€HpalIyBIapHHH ApaTHIIKTa acoc 6y nuau.

PecnyGnukanunr rioGan axGopoT MakOHHra HHTErpaUMACHHH TabMMHMAMI,
IKTUMOHH-HKTHCOAUH COXa pHBOMUTAHWIIM TanaGnapu AoMpacHAa 3aMOHABWi
axGopoT-KOMMYHHKALHS TEXHONOTHANAPHHH KeHT >opHit 3T Gopacuza kinnab
WAMPI-TAAKHKOT HUUIAPH aMara OlHUpPHIMOK/A.

Mypakkab  HMHTErpajmamiraH  THIWMJIAD  JJIEMEHTJIapH  OpacHAarH
MyHocabaThnap TypiH THILIH Ba HOYM3HK XapakTepra ara G¥im6, TH3MM Xakuaara
ax6opoTHHHr GHp KHcME 3ca cHdaT, COH, MUKAOPHI KYPUHHIINAATH KT COHAH
wapa€HnapH¥  HQOAANOBYH  KHPHII-YHMKMID Ba  JieMEHTNapH  GunaH
xapakTtepnaHaaH. Hatwxkaza TuauMra TascHp KYpCaTyBuH — mapameTpnap
TAaKCHMOTH KOHYHHATHHH aHMKIAml MypakkaOnamagw, Gan3H MacallaH, BaKTra
YEKNOB KaThHil G¥iiraH Xo/anap KOHYHHSATNAPHH KeNTHPHO 4YHKApHII HMMKOHHATH
6ynmait komanu.

3amonaBuit  axGOpPOT-KOMMYHMKALHA ~ TEXHONOTHANMAPMHHHT  kajan
CyppaThapuaa HXTMOWi-HKTHCOIMEA apadunapHHu  Gowkapuwra JKOpHii
STHIHIIA CaMapanoOp/UKHH OLIMPHINTa, MOLAW, MONMUABMH, BAKT Ba MIU KY4H
pecypcnapuin capd XapakaTRapuHHM HKTHCOL KWiuHHIIMra onuG kenmu. By
CYHITH {unnapaa kapop Kabyn KuaMumra kyMmaxnamiMuyla MabITyMOTAapHH
HHTSVICKTYaN TaxAHAnauWl YCyUlapuHH Kyanawra O6ynran xugnnii waMmuit Ba
amanuii  KM3MKHW  cababGnapugan Gupn XucoGnananu. ManayMoTnapHu
UHTENNEKTYaNn Taxiuanaul ycynanapura TakpuOuif XHcoGnamra acocnaHraf
HOpaBWiaH XyJjocanaul Mojenu, Heiipou Ba rHOpHA HeHpoH TY¥pnapu, HMYH,
reHETMK XamAaa XaiiBOHJApHHMHC ¥3HHM TYTHMIUH, XATTH-XapaKaTJapHHH
MMHTAUMANOBYH anropuTMAap Ba KoMOMHAUMANaHraH MOIOE/UIAPHU  ¥3una
MyxaccamnartHpyBun «IOMuIoK XpcoGnaun BOCHTANAPHHA KHPHTHII MYMKHH,

XKapaéunapuy GollxapHil MAcananapu KAMpOBHHHHS, GOLIKAPYBHHHT ONAKTA
Kyfinnaérran Basudanap TapkHOHHMHC KeHrafimiuy Ba MypakkaGnawmé Gopuiu
uicon dQuxpnamura AKMH G¥iran KapopnapH¥ Kalyn KWJIHINra KyMaknammin
JapaxacHia CUAMNapra SpUIIHIIHA Tanab stanu. Hopaswan Tymnamnap
Ha3apuACHHHHT MaTCcMaTHK annapaTH HOpaswaH ¢ukpnam Ba KoMjanapra
acocnaHHG 0GBEKT MOAENHMHI KYPHIL KMKOHHHH Gepanu. V3 Has6GaTina Hopasiian
Mozennap KapaéH Ba XOAMCaNapHH MUHIBHCTHK TEPMIap OpKanu Tabuuii THama
Gain Kwica, HOPABIIAH XyNOCANAUl MEXaHH3MH WHCOH yuyH waddod Ba
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TywyHapnu Oynanu. Ywby ycrywnuknap ¢au, TeXHHKa Ba HKTHCOOMETHHHT
amManmu€T Ounan GOFNHK cCOXaNapMHM aBTOMaT/alITHpHITaH GOlKapys Ba
MOHHTOPHHI JKapa€HNnapHia TaxJuwanaw, Tawnawl, Kapop KaGyn Kuauul,
Gawopatnam kaGy MacananapUHy e4HIl yHyH KYIalll HMKOHHATHHH ApaTai.

Kenmupunran ¢ukpnap sa 3uqauatiap Maskyp TAAKHKOTHA Makcan KMauG
KyiiuiraH HopaBWlaH Tynnamiap Ha3apHACHHMHI  MOIEMIapH  acocHia
ManJIyMOTIapHH HHTEUIEKTYaN TaxJIW/Ial TH3HMJIApHHY ApaTHLl Ba Kapop kaGyn
KHJIHLIrA KyMaknaulyBs4i MyKoOHILnapaary XaToNnHk MUKIOPHHH HOpaBLLaH MOAE
MapaMeTpIapHHK TYFpH TaHMalW Ba CO3JNALI OPKANH KaMaiTHPHILI MacaiaslapHHH
e4HI nonsap6iuruni acocnab Gepamw.

V3Gekncron Pecniy6nukacuuunr « AX60poTnauTHpuLin, «EKTPOH Xyxakat
aiinannwk»  Tyrpucuaarn  Komymnapn,  V3bexucron  PecnyGnukacw
Mpesunentununr 2013 #iun 27 monmarn «V3Gexucron Pecny6nuxacn Munnwuit
ax6opoT-KOMMYHHKAUHA TH3AMHHH sSHANA pUBONJUIAHTHDHLE  TYrpUcHOanTH
TMK-1989-con Kapopu, Y3i6exucron Pecny6nukacn Basupnap MaxkaMacHHHHF
2013 #inn 31 nexabpaaru «V3bexucron Pecny6aukacuia ax6opoT-KOMMYHHKAUMA
TEXHONOTHUTADHHY PUBOHUTAHTHPHILI XONATHHH 6axonaul TH3HMUHH XKOPHIA 3THIL
yopa-TanbuprapH TYFpHCHOanTH 355-coHNM kapopnaa GenrumavraH Basudanap
HWXPOCHHH TALMHHJIAIITA Ma3Kyp TAAKMKOT XH3MaT KHJIAIH.

TanKMKOTHRHT pecnyﬁ.nmca ¢$an Ba TexHONOIHAIAPH PHBOXKIAHHINH
acocwit ycTysop iiymanumnapura Gornmkaurm., ViGekncToHnma axGopoT-
KOMMYHHKaUHs TexHonoruanap O¥iimua wunmuii TagkukoTnapuu 2008-2015
Avnnapaa puBoxuTanTUpHIL JactypH; UTH-14 — « AXGopoT Ba TelCKOMMYHHKALMA
TEXHONOTHANIAPHHHA KEHT PHBOXJIAHTHPHLI Ba XOpHi ITHIUHM TabMUHMaiguraH
samoHaBnii  axGopoT TH3umnapH, OOWIKApHIN Ba YKATHIL HHTEInexTyan
BOCHTANAPH, MabIymMOT/Iap Ga3acH Ba AacTYpHii MaxXCyJIOT/IApHH HILNAO YMKHIIY;
UTH-17 - «AxGOpOoT TeNeKOMMYHHMKAUMA  TEXHONOrMANAPHHH  KEHT
PHBOXXNAHTHPHILI Ba KOpHH OJTHIIHH TabMMHMaiouraH 3amoHaBHit axGopot
TH3HMNApH, GOWIKapYB Ba YKUTHIHHHI HMHTE/UIEKTYQ] BOCHTANApH, HIMMii-
TEXHHKaBHH MawnaymMoThap GasacH Ba acTypHil Maxcy/loT/iapHu HUab YHKHUL;
UTO-5 - «Xamuarnuy  axGopoTAalITHPHIN — AapaXacHHW  OWIMpHIIra
AiyHanTuprTan nAMui XaxMaop axGopoT TEXHONOTHANAPHH, TENEKOMMYHHKALNA
TapMOKJIApHH, anNnapaT-gacTypuii  BOCHTANapHH HHTCHeKTyan GouwlkapHiu,
YKUTHUI YCYANapHHK Ba TH3UMIAPHHH NLNat yuknw».

Jucceprauuanunr map3ycn OFiiuwa xopmwxuii wimuil-tagkuxoraap
wapxp. OOLEKTHH TAaBCHNOBYH MALIYMOTIAPHH HHTEANEKTYaN TaxJmAanaul,
kapaéH Ba obGbekTnapnu TacHudmaw Ba OGawoparnaw, «HOMwoK xucoGnaunm
BOCHTQNApHH KyMNMall Ba HOpaBIUAH TYTIaMiap HasapuscH kabH sHTH asiion
anropuTmnapuHu spatnw Gopacuaa KamudopHua yuwsepcutetr, Maccauycerc
TEXHOJIOTHANAp WHCTHTYTH, Microsoft akamemuacy, Oracle TagkpkoT Mapkasun
(AKI), Kuoto yuusepcutern, Tokno yuupepcutet (Snonus), Huxa
yHusepchterd, Ceyn Munnuii ¢an Ba TexHojlorusnap yHMsepcutetd, Huuo
yHusepcutern (XKanyGuii Kopes), LluMonnit Xutoii TeXHONOTHS! YHHBEPCHTETH
(XXP), Mocksa aaBiaT TexHuka yHHBEpCHTETH, MOCKBA JaBnar yHHBEPCHUTETH,
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Poccua ®A Xucobnam mapkase, HoBocubupex nasnar ynnsepeutets (Poccus),
Bapwasa Texunka yHusepcutets (ITonbia) xaby HAMMHIE-TAZKHKOT MapKas3napH
Ba YHHBCPCHTET/IAPH TOMOHMAAH WIMHi-TARKHKOTIAp onnb GopmMokaa.

Kefiunrn  fiunnapna Anccepraums TAOKHKOTH  HyHAMMIINAA MYXHM,
KyMmnaaaH, KyiHHIaru KiMui HaTikanap ONHHIaH: MaBJIYMOTNADHH WHTEJUIEKTYaN
TaXJANANAW TH3HMAADHHM ApATHLI B2 XKODHH 3THII OpPKANH MabIyMOTIApHH
Taxaunnaw, GawopatnawAa xartonux 10-15%ra  xaMaiiHwmra  3pHIIMraH
(Maccauycerc TexHojoruanap HHCTHTYTH, Microsoft akanemuacu, Oracle
TANKMKOT Mapka3sH, Mocksa JgaBiaT TeXHHKa YHuBepcuteTH, Poccus OA
Xucobnam Mapkasu, Mixa ynusepcurern, Ceyn Mummuit dau Ba TexHonorusanap
yHHBEPCHTETH, MHYO YHHBEPCHTETH); O0LEKTHH TAaBCH(IOBYM GeNrnnapHHHT CycT
WAKJUTAHTAHIUTH XoNaThHAa TacHudnamaa «OMIWOK XKHcobRam» BOCHTANApHHH
K¥ynnaw opkanu xaronuk 20-25%ra xamalinwin anuknanrad (ILnmonuii Xutoit
TexHHKa yHHBepcuteTH, Kanngopuua yHusepcutetH, Ceyn Mwmnuii ¢an Ba
TEXHONOTHANap ynusepcutern, HoBocHGHpPCK NaBNaT yHHBEPCHTETH).

Xo3upaa MawlyMOTAApAapHH WHTEUIEKTYan TaxauwmuHunr  «IOMumok
XHcOOnal»  BOCHTANApHHH  DUBOXNAHTHDHID  GOpacHZarH  TagKHKOTIap
daoanawran 6ynub, ManTYMOT XaKMHHHHT OPTHILM, YHAArH 3MEMEHTIap
XapaKTEPUCTHKACHHNHT KeHraitn6 GopHIun Kapop kabyn KumMiira kyMaknamyB4H
MyKOOHINApOarH  XaToMMK  MHUKIOPMKH  KaMalitupuiura  HHANTHpUITaH
TAXMWUIAW  BOCHTANApH UMKOHHATIAPHHH KeHradtupHmr 6¥iinga ycrysop
TAAKHKOTAAp onub GopuaMokaa.

MyaMMOHBHT Jpranuirannuk fgapakacH. HHTemnexTvan TaxTHinam
TH3UMIIADHH APATHI, OOBEKTHH TaBCHQNOBYH MABIYMOTAAPNAPHA TAXJTHINALI
MyamMMOCHHH TafIKMK 3THII KeHr Jokpaaa onubé GopunnG, Oy Gopamarn nuuap
HaTHXacHIa Ha3apuii Ba amamuii MuutaHManap Tapakkuii TonraH. Kapop xabya
KHAMILrA KYMakfallyBYH Ba MAKCAWITW MOHHMTOPHMHI TH3HWMIIAPHM sApaTHIUra,
XycycaH, OOBEKTHH TaBCH(NOBYH TYPAM XapaKTepNH MabiIyMOT/apNapHy
Tacuudnaw Ba GauropaTnanl MacananapuHu eMHIIra WYHaNTHpPUATaH MaTEMATHK
annapamnapiy waknantapumra  Jl3ane, P.JIrep, A.Koddman, H.Knnpa,
E.A.Mamaann, Tepano, Cyreno, Acan, A.H.Asepxun, A.H.Bopucos,
J.A.lMocnenos, P.A . Annes, ®.Xepepa, T.Oykyno, U.Kapp, MJlo3ano, M.Cakasa,
O.Kopaon, XK.Kacunnac, &.Xobdman, P.SIar, B.Kpyrnos, A.Porureiin,
C.llro6sa xabn AYHEHMHr €TakyW OANMAApH  ¥3  M3NAHHLIIAPHHH
GarvunamMokaanap.

PeciyGnukamusza XaM  MaBiyMOTNApHH  MHTE/UIEKTYal TaxfJHanaum
TH3UMIIADHHHY HOPaBIIAH TYMIaMNap HalapHACH MOAEJUIApH acocHAa APATHII
Gunan GoFnMHK TaakukoTnap onub GopunMokaa. Bekmypator T.®., Komunos
M.M., Paxmatynnaes M.A., ®o3unos LII.X., Myxamenuesa JI.T., Urnatees H.A.,
Huwanos A.X. kabu onumnap TomoHWAaH oNHG GOpHNAETTaH TALKHKOT
HATHXANAPHHN KNPHTHIL YPHHIH.

JuccepTauia MaB3yCHHHHT AHCCEPTANNSA Gasapunaérran oamii TanauM
MyaccacaCHHUNT WIMHH-TAAKHKOT HuulapH Gunan Sornuknuru Kydunarn
noiiuxanapaa ¥3 akCMHH TONMraH: AABNAT WAMMY TankukotTiap mactypu (JIUTI)-
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17: «AXGOPOT Ba TENEKOMMYHHKAIMA TEXHONOTHANAPHHH KEHT PHBOXCIAHTHPHL
Ba JKOpHil 3THLIHH TabMHHMAlAMTaH 3aMOHaBHiT ax60pOT THIUMJIADH, 6ouKapH
BA YKHTHIIHUHT MHTENNEKTYal BOCHTanapH, WIMHA-TEXHHKaBHii MabiaymoTnap
Oa3zacH Ba nacrypuii Maxcynornapuun vunab unknuy (2009-2011ii4.); gasnat
HIMuA  TaOKMKOTNMap pactypu (AWUTH)-5: «XKamusATHH axGopoTiaurrupum
AapakacHHM  K¥TapMmra  iiywantupurad  axGopoT  TeXHOMOrMAnapHHH,
TENEKOMMYHHKaUN TapMOK/IapHUHH, A2CTypuii-annapaT BOCHTIAPHHHM XaMaa
VHTE/UIeKTyan GOLUKAPHIN, YKATHII yCynM Ba TH3HMIApHHHM HIUNGG YHKHII»
(2012-2014ii#.).

TapKHKOTHHHr MaKcagM CycT Iak/UIaHTaH XapatH Ba o6BeKT/napHH
MaKkcalUli MOHHTOPMHTHAA Kapop KaGyn Kuauwra Kymaknauwysuu Kapop
MYKOOUANapHHH WULTA0 YMKHIINA MABLIYMOT/apHH HHTETEKTyan TaXaujulatm
TH3HMMAPHHH APATHWHHHT YCyN, MOZeN Ba ANTOPUTMHK-AACTYPHA TabMUHOTHHH
HOpaBIIaH TYNJaMAap HasapHACH MATEMATHK alnapaTH MeEXaHW3MH acocHia
Huab uYMKMIL Ba CYCT TyswiaManu Kapop Kkabyn KuIMmra kymakiaiysu
TH3WMNAP TapkuGHIa sxopuil sTHgan HGopar.

Makcazra 3pHIKL yuyH Kyiiugary TaAKMKOTHHHT Basudanapn kiiiunran:

MaKcaJ/yii MOHHTOPHHI Ba KHTE/UICKTYaNn TaXJHANAW TH3UMIApHH nmnabd
unkum  Gopacuma onub GopuiraH TAOKHKOTNAPHUHT XONATAapUHH YpraHut
YUKHIY XaMIa TH3HMAH TaXJIHJIMHH aManra OLUINpHLI;

HOPaBIUAHJIHK IIAPOUTAA Kapop KaOyn KHIHII MOAEN Ba yCYNNapHNin nuinab
YHKMLIHHHT Ha3apuii-ycny6Hit :uXaTnapHH TAOKAK KHIHLL,

MABJIYMOT/IApHH MAHTHKUA-IMHIBUCTHK aKC 3TTHPHUIAA CYCT TY3HAMANH
Kapop KaOyn KHAKII CTPATCrHACHMHH KYpPHII MacalaCHHUHT HOpPABIIIaH TYIuiamJiap
Ha3apHACH annNapaTH acocHAa MaTeMaTHK HoJdaNnaHHIWNHH WaKNaHTHPHIL,

MOHHTOPHHT Ba MaBJIYMOT/MapHH HHTEUVIEKTYaN TaxJIMAnall TH3HMiapuaa
HOpPaBWIAH MONENHH KYpPHIll YYyH KoHAanap 6a3acHHH LIAKNNAHTWPHIN YCYJIHHK
HINa0 YHKHLL;

MabBIyMOTJIADHH  HHTEJINEKTYan TaxWwiiaul TU3UMJapHAa HOpaBlUaH
MACHTHQHKAUKMA MOAENMHM KypHII Ba HOPaBWIAH Kouganap Gasacu
napaMeTpAapHHY co3Nall YCyNapuHH HULTA0 YHKHLL;

MaBAyYMOTNApAa HOpPABLWAHNMK QAHUKJAHTaH Xoflar Y4YyH Ba CyCT
WAKANAHTHPWITaH Macananapfia kyn Me3oHNW Kapop Kabyn xuiauwm Moaenunu
KypHW, Taunam, TacHudnam Ba Gawoparnatl MacanalapHiy euHllAa HOpaBman
TYTIaMAIap Ha3apHACH YCYUTApHHY TAIKHK KHIHUI XAMIA HILIAG YHKHII,

MabLyMOTIapHH MHTE/UIEKTYyaN TaxJWwuiawl ycyJ, MO, aIrOpHTMHK Ba
AacTyphit BOCHTANapHH CYCT TY3HIMaiM Kapop Kabym KMmMwra Kymaxnawysuu
TH3MMJIApHAA KOPHINAWITHDHLI, HATHXANAPHUHT KHECHH TAXMHMIHHH amanra
OLUHPHLL, HLUIAHMAJTAp caMapalopIMrHHH TEKIWHPHIT Ba TaCAWKIALL.

TankuKoTHEHT 06LexTH cHaTHaa 06BEKT Ba Kapa€HnapHyu TascHdoBuH
MaBJyMOT/Iap acocufia Kapop kaGyn xuaHwra KyMaknallyB4¥ MOHHTODHMr Ba
MabJIYMOTNAPHH HHTEANCKTYaN TaXIH/UTall THIHMIIapH OJIHHTaH,

TankAKOTHHHT npeaMeTH - HHTENCKTYad TaXfHmiAW TH3HMAPHUHA
WakNAaHTHPHILAA Kapop Kalyyn KunMlWra KyMakaallyBYH ManiyMOTRapHH



HHTC/NCKTYAN TAXMHNINAUWHNAHT HOPaBWIaH TYIIaMiap Ha3apHACH EHAAIIYBIH
MOZEJUTAPH Ba YJIAPHHHT NapaMeTpJIapuHH co3jlaul Yy, MOAEN Ba aIrOPHTMITapH.

TankukoTHHHr  ycynsapu. TaIKHKOT KapaéHuaa  MabLiyMOTIapHH
HHTC/UICKTYANn TaxXJWnaml YCy/UJlapH, HOpPAaBIIaH TYymaamaap, 3XTHUMOJUIHK Ba
GoLKapHuIl HazapHACH, aKcnepT Gaxonaul, CYCT TY3W/IManH KapopnapHH Kalyn
KHITHW MOMENNApH, HOpPaBIaH MOAEN MapaMeTp/lapHHH co3nall, GaulopaTnaul Ba
TacHMQNALIHKAT HOPABIWAH YCYJUIApH, anrOpHTMH Ba ofbekTra HyHamTHpHATaH
JAacTypnaul ycyanapH KyUlaHHAraH.

TazKuKOTHHHHT WM AHMWIATH Ky#Angarunapaan ubopar:

Kapopnap Kabyn KHAWIITA KYMakNalTyBYH MOHHWTOPHUHI Ba WHTEJNEKTyaul
TaxXIMANAIL TH3KMIAPHHH APATHILAA HOpaBILAH MOAENHM KypHLUI YYYH HOpaBIHaH
KoHpganap 6a3sacHHY WaKANAHTHPHIU YCY/IH APATHATaH;

MakCaJii MOHHTOPHHI Ba MaBiyMOTNApHH HHTELIEKTYa] TaXJMIall
TH3UMNAPHHH  KypHIIAa  MABLIYMOTNAPAapHH  MAHTHKMA-AMHIBUCTHK  aKc
STTHPHIUHHHT CYCT TY3WIMaIH Kapop KaOyn KHIMII CTPaTerHsiCMHU KyPHIUHMHT
MaTeMaTHK MOJENH HILA0 YHKHITAH;

MaKcal/li MOHHTOPHHT Ba MRABIYMOTJApHH WHTEUIEKTYaNn TaXJiHutam
TH3UMAapH  Kapop Kabynm  KuiMIIra  KyMaknamHil — MEXaHH3MHHHHT
caMapafopJIMrHHH OLIUPHLIAA HOpAaBIIAH KoWjanap Oa3acH NapaMeTplapHHM
co3nam ycmy6usTH, MOAUGHKALMANAHTAH TPAIMEHT YCYNH Ba MapKoB MOJEH
acoCHIA APaTH/ITaH;

CYCT IIAKANAHTHPUATAH Macananapga MabiyMOT/IapHU HHTEUIeKTyan
Taxnwinauw ycys Ba MOAC/UIADH HOPaBIUAH TYIUIaMIap HAa3apHACH KYpHHHIIKIAA
udogananran;

MaKCaaH MOHHTOPHHTHH aMaira OLIMpHIL/A HOpaBIIaH MOAEJIapAa MakOyn
CTpaTerMssH¥ aHHMKNAUIJa HOPABIUAH TYMAAMAAp HA3apHACH anmapaTHAaH
¢oliganannnrad xonna peKyppeHT TEHIIaManap HULab YHKKITaH;

MaBAYMOT/IApHM MHTEJUICKTYaNl TaxXJHWlall YCY/JNapH Ba AanropHTMIIapH
acocuga MOHUTOPHHT XaMAA Kapop Kaby. KHKIIra KYMaKnaltyBuu HHTEMNEKTyan
TH3UMHH APATHIIHHHT TaMOMNILIAPH, ME3OKIApH Ba Tanabiapy UINAald YHKHAraH;

Kapop kalyn XuAuIIA2 MaBIYMOTAApPHH MHTEJUICKTYaNn TAXTH/UTALIHHHT
Tawnaw, Gamopatnall Ba TACHNQNANINWHT HOpaBIIaH TYTNaMmiap Ha3apHACH
&nnalysnm MoeN Ba ANTOPHTMNIAPH APATHATAH.

TaaKHKOTHUHT aMaJIiil HATIDKAacH Kylinaarunapaan uGopar:

HOPABIIAH TYNMamjiap Ha3apHACH MaTeMaTHK annapaté  3aMHpuia
MOHHTOPHHI Ba CYCT IWAK/INAHTHPHIraH Kapop KaOyn KunMm MacanalapHHH
eyHiira HYHaNTHpWIraH MAabIYMOT/apPHH HHTEICKTYaNl TAXAHANAL TH3HMJApH
Tapkubuii snemenTn cudaruna doiinanaunnysun «Kapop kabyn kuaMUHWHT
HopaBllIaH KOHIANapH acocuaa Mypakka® obbektnapHu TacHudnaum sa «AKT-
MOHHTOPHHT» JacTypuii BOCHTANIapH HKTHMOHH Ba MKTHCOAMH coXxanapaaru
TaHna, TAXAMAMAW, TacHudna Ba GawopaTnal AHHKNUTHHYM OLIMPULIHH
TasMHUHNANAN;

MaKCAIUIH MOHHTOPHHIAA KApop Kalya KMIHLIra KyMakjaulyByH HOpasiian
Mozie/lapHH  KypHILZA HOpaBluaH xoupanap 6a3’acHHH IUAKNNAHTHPHII YCYAH
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00bekT  Xakuaarmu OWIHMNAPHH  XOCHN KMAHMWI, OKCEPT OGHAMMAapuHH
PacCMHHANAUITHPHII ~ WMKOHMHH  ApaTalli, HOpaBIaH KOMZANap  Gasach
NapaMeTpiapHHH co3nadl, MYKOGHNAapHH TaHnaw AITOpUTMJIApH, Macananap
XapakTepHra Kapa® HaTxkanap aHUKAMrH 97-99.3%Hu TaWwKWi 3Tamu Ba Hw
Camapanopaurauy 1,5-2 maportabara owkpanw;

HIal YUKHNraH HHTENNEKTYan TaxAWAnaWw yCynnapH Ba monennapu
HETH3HAA KHUINOK XJKaNnUri MaxcyNOTAaPHHH MaBCYMHIl eTHIITHPHLIIA TaHMaw,
Gautoparnaw anropuT™H Ba acTypHii TABMHHOTH MILNAG YHKHATaH. Kapop ka6yn
KHIHIITa KYMaKTallyBYy HOpaBIIaH MOACHH KyPHIU TOPHTMH KeNTHPHIraH
6y1u6, onuuran Hathxanap xopuii Kypcatkuunapra vucGaran 0,5-3% camapaHu
Tawikun  ITagu. Ilaxra cndar kypcatkHunapusn  Xycycau, XOCHANOPAKK
AdapaxacuHH Gawopartnam MacananapuHu  edHmga  96,5-99,8%  anuknmx
KYpCaTKH'WIapHIa PHILHILH;

MaKCallH MOHHTOPHHI, Kapop Kabyn KHauMwra kyMakmallHWHH amaira
OLIMPHII YYYH HOpaBILAH MOENHHM CO3MAlll YCY/INAPpHIa MOC anrOPHTMAAP HIINa6
HHKHMIraH Ba YHH Tawiaw, TacHH¢am MacanacHra KyJulaHran Xo/1aTHAA ONMHIaH
HaTWkanap aKc JTTHPWIraH. AMamuii MacananapHi ewn xkapaéumna (OKuszax
BunoaTH Kuuuiok Ba cys Xjpkanuru GOLIKApMacH TH3MMMIA XyAyAJa naxTa
HaBHHH TaH/IaW Ba TaCHU(AAI Macanack Xamaa YpTa-Maxcyc Kach-XyHap TanJum
GollkapMacHia Xy#oKaT aTMalIMHYBHHH TAaCHHGAAW Macanack) Taxpubanap
yTxasunam pa mxoGuit 92-95% aHHKIKK KAl STHAIH.

TagKMKOT HATIKANAPHHHHT UIIOHWIWINCH TAKIHQ STHAraH Makcagnm
MOHHTODHHT Ba Kapop Kalyn KWIHIOTa KYMaKnaWHImAA MabIyMOTAIpHH
HHTEINIeKTyan Tax/IMlall ycyn Ba MOAE/UIapH YTKA3MNTaH TANKHKOT, ONKMHraH
Gopmyna Ba amanuii Hatwxanap ymMymMMakOyn KMAMHTAH ME3OHMAp acocuaa
yTkasunran kuEcuii Taxymn 6uman  acocnaHaM. TaIKMKOT HATHKANAPHHH
MaHTHKMH  acoCnaHMIUHHK Oaxonaw  yd4yH  mactypuii BOCHTanap
MaBIlyMOT/Iap/lapHH  ¥3HAA MyxkaccaMMatUTHpraH Tamnai, TtacHudnawr Ba
6amopa'rnam MacananapHHy eyHIiAa TecT CHHOBMAAH ¥rTkaunam, BacTypHii
BOCHTaJIap CamapafiopiMruHHHT KHECHIH TaXJIMNH AacTnabku MawiiyMoT/Iapaiap
TapkHOHAa HOPABIWAHIHK aHHKIAHTaH XONATAapAa XaMAa CYCT IaKMNaHTHPHIraH
Kkabu Mypakkal xapakrepnmy Macamanapia MaKCalUTH MOHWTODHHT, kapop KaGyn
KHTHUIra KyMakiaulyBuW MyKOGHANApAarH XaTONHK MUKAOPHHHM KaMaiTHpHIL
ME30HH acOCHAAa HOPABLIAH TYIiamnap Ha3apuACH EHAALIYBAU aNropHTMAapH

Y4yH Gaxcapunran.
Tagxukor HaTuARaNApUHUAT WaMHii Ba amanuii axamusaTu. Taakukoraa

OJIMHFaH  HATHXXANAPHUHT  HIAMHI  MOXMATHHH  Takiud  stuaran  cyct
WAKANAaHTHPHIITAH Macananapia Kapop Kabym xumMm  ycyn, Mojenb ea
anropUTMIapH HOPABLIAH MOJeJUTap MapaMeTpAapHHH CO3NANI acocKHIa MAKCAITH
MOHHUTOPHHT Ba MabyMOT/IapiapHH HHTEJUICKTYAN TAXJIHIH TH3HMNAPHHH KypHIL
Ha3apUACHHHW PUBOXIAHUILHIA XH3MAT KMIYBYH HLWIAHMANAp, CYCT TY3HAMaTH
Kapop kalyn KWW CTpaTerHacMiHM KypHil Mojeiuuuur waddodnuk sa
COVTANIMTHHY TaBMHMHJIOBYH MALAYMOTIAPNAPHH  MAaHTHKUIA-NHHIBHCTHK  aKC
STTHPHIL Ba HOpaBWAH MOACAHH wuaeHTHdHKauuanaw ycyanapu, obwekrt
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XaKHaard AacTnabkH MabiyMOT/IApRapHH HMHTEIEKTYyan TaX/WIUTAll, Taujiami,
6awoparnam Ba TacHuGnAll MacANAPHHH eYHIN CaMApafOP/IMCHHK OLIHPUINTa
XH3MaT KWIYBYH aNrOPHTMHK-NACTYpHit BOCHTANAp TaWKHJI 3TalN.

JucceprauMsiHUHT amManyii axaMHATHHH MINNA0G YUMKApUATaH MOAeN Ba
ANTOPHTMIIAD MAKCAIIM MOHHTODHHT XaMfla MaLIyMOT/IapNapHH MHTELIEKTYan
TaXANNAN  TH3UMIADUHHHC AAcTYpHii TasMHHOTH TapkHOMza xapop kabyn
KMIHIIra KyMaknalivil TH3UMHHH TAallKUA 3THIN  BocuTanap cudartuaa
KOPHItNATHPHITAHAA KHUMIOK XJKalurH MaxcyioT eTHIUTHPHILAA TaHfall Ba
Gawoparnall  MacanmacHHH  €YHII  HATHXANApH  aHHKIMCH  aMmaniard
kypcaTkuuapra nucbatan 2-5%ra, MabiyMOTNApHH TaXJWJl KHAHIIL, KApop
MYKOOHANApHHH  INAKNAGHTHPHIAAMH camapamoOpAMKHMHF 1,5-2  Mmaporaba
OWraHMUrHHH H30Xnaign. Hopaswan konmanap GazacH Epmammma cycr
WAKJUIAHTHPHAITaH MacananapHi €HHII ANropUTMH KapopinapHH kaGyn kuauu
YUYH XyJocanaul annapaTHHH TAKOMUJLIAWTHPHIL HMKOHHHY APATanM.

TagKHKOT HATIAKANADMHAHT xopHil Kwmumwmy, «AKT-MOHHTOpHHM»
asroMaTamITHpMATal  axGopot TH3MMuM Omuit Ba YpTa Maxcyc TaBIHM
BasUPJIHFHHHHT  «ODJIEKTPOH  TaBAHM» MHImMH  TapMoruaa, Gomkapys
JNEMCHTIGPHHH  aBTOMATMAINTHPHIN Ba coXaga axOopOT-KOMMYyHMKaLHs
TEXHONIOTHANAPDHHH SKOpHil STHIN Kapa€HAapH MOHHTOPHHTHHH IOPHTHIITA,
Goluxapye TH3UMMIapHAa Kapop KaGynm Kunuwra xyMakiamyBdH ycys, Moaen Ba
anropUTMAap «ONCKTPOH XYKyMaT» TH3HMH aompacuga «Tasaum» axGopoT
TH3UMAAPH MAOKMYaCHHH HIAK/UIAHTHPHUIFA K¥nnanunraH. ManiayMotnapra
nunos Gepuil, axGOPOTNAIITHPUIN BOCHTA Ba YCYJUIapu Xamiaa Gomka wiMui
HITAHMANApHN XKOPHIl STHAKINN Xapa&HHM TAWIKHA 3THINrA KeTraH capd-
XapaxaTnapHuHr 12 %ra kaMaiinwmra spuumairan (Y3Gekucron PecnyGnnkacu
Onuit Ba ¥pTa Maxcyc TabauM BasHpAKrHuuHr 25.05.2015 finnnaru 89-01-129-con
MaBJIYMOTHOMACH).

«[MPACK-2» Ba «Hopaswan é&upawrysnn Tachudnamm  mactypwii
maxvyanapu JKussax sunoatH Kuuwiok Ba cys xikanuru xamaa Ypra maxcyc
kacOG-xyHap TawauM GollikapManapHaa Kapop KaGyn Kunuimra kymakiauryBuy
MYKOOHUIapHH LIAKIUTAHTHPHII MacananapHii eYHILIa KY/UIaHunrad. MaxcynoT
TAHHApPXH Ba XOCHNOPAWIMHM (amiopaTnall HaTHXACHAA TEXAaMKOPMHK 5 %ra
OLIraH, 3NEKTPOH XYXGKAT Xamla XOAHMNAp KOHTHHIEHTH MakOyn TapkuOHHM
TacHupnamw Xxucobura M ynymaopnuru 12 %ra kyrapunran, yMyMuil iwuiuak
HKTHCOOMit camapanmopnuk 215,5 man. cyMuu Tawkun atau (OKM3szax Bunoatn
xoxumaurunnyr 02.04.2015 dunnaru 04-229-con MabiIyMOTHOMACH).

TaaKHKOT HATHAKAIAPUHKAT anpobaunncu. TaakukoT HaTHxanapi 15 Ta
WiMHit-aManuit  amkyMaunap, wy KkatopAa 12 Ta Xankapo CHUMIIO3HMYM,
koHd(cpeHItNs Ba CeMHHApnapaa, Xycycan, «HMATennektyan tusumnapy Xankapo
Cumnosuym (INTELS'2008, 2010, 2014 - Poccus, Hmwkumuii Hosropon,
Bnazumup), Hopaswan tn3umnap sa FOmMwok xucobnam BocHtanapu [X-Xankapo
koudepenuun: (ICAFS-2010. ~ Yexus Pecny6nukacu-2010), «ICEIC 2008». The
9% International conference on Electronics, information, and Communication
(Tashkent-2008), «WCIS-2008, 2010» Mwnab 4MKapHiuH¥ ABTOMATAALITHPUIL
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HHTeNeKTyan THaumnap GyTyHxkaxoH koHdepenumscH. (Towkenr-2008, 2010),
«30HT-2009, 2011» Ymympoccus koudepeHuuacH (Xankapo HTHpokuunap,
Poccus, HosocuBupck-2009, 2011), «Amanuii MaTeMaTvk Ba HHGOPMALMOH
TEXHONOTUANAPHUHT RoN3ap6 Myammonapy — An Xopasmuit 2009» Xankapo
KoHdeperuus (Touikent-2009), «Ew MaTeMaTHKNAPHUHT AHTH TeopeMaiapy —
2009» PecmybGnuka wunmuii  awxymaun (Hamawran-2009), «AxGopor Ba
KOMMYHHKAUHA TeXHONOrMsnapH uuianmanapu» IV-Xankapo koHdepenuus
(Towkent-2010), «MupokoMMyHHKaUHOH TexHONOTHANap» PecryGnuka unmuii—
TexHuk kotidpepenuuacH (Towkent-2010), «AXGOpPOT TEXHONOrHANAPHHUHT
3aMOHaBMi XONaTH Ba PHUBOXIAHTUPHIN HcTukOomnapn» Pecnmybnuxa HaMwuii-
TexHHKk  koHpeperumacH  (TowkeHt-2011), «Mypakkab  TH3UMAapHK
ONTHMALTAITHPHIT Myammomnap» Xankapo Ocué makrab-cemunapy (TomkenT-
2011), P& ®A Cubupsr 6ynumu Xucobnaw maTeMaTHKacH Ba reodM3MKa
MareMaTHkacH MHCTHTYTHM, HoBocHOGHMpcK gaBmar  yHHBepcHTeTH Xamaa
HoBocubupck nmaBnat TexuMka YHMBEPCHTETHMHHHT «AXGOPOT-kOMMYHHUKaUHs
TH3MMAPUHH MOJCMNAWTHPHINY OupiatiraH ceMuHapnapHga anpoGauusaaan
yTran,

TaaKHKOT HATHAANAPHHHHT BJOH Kunmaumu. Mucceprayus Massycu
6¥iinua 41Ta HaMui W, KymaanaH, 4 T2 WIMHIE MAKOA2 XanKapo ypHAILA HOM
ITHIITaH.

JMuccepraunsHuAr xaxMHu Ba Tysmanmi. Jvcceprauua xupum, Gewrta
600, xynoca, ¢ofinanannnran anabuérnap pyiixaru, 13 Ta unosa sa 200 caxuda
MmatH, 42 Ta pacM Ba 14 Ta xaasauiapaas n6opar.
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JnccepTauHAHKHI SCOCHIT Ma3MYHH

Kupun kucmMijla qucceptauusa TAIKHKOTHHHHE 1013ap6anryu Ba 3apypuaTn
ACOCNAHraH, TaAKMKOT MaKcanH Ba Basudanapy Xamia o6LEeKT Ba NpeaMeTnapH
tascudnanran,  ViGekncron  PecnyGnukacn GaH  Ba  TEXHONOrMACH
TAPaKKMETHHHUI YCTYBOp HyHanMlIapura MOCAHMIHM KYpcaTuirad, TaOKHKOT
HWAMHIi AHTWINTH Ba amanuil HaTwkanapu Ga€H KWIHHraH, osMHraH
HAaTHXaNTapHHHT Halapuii Ba amanuil axaMuaTH EPUTHO GepunraH, TanKMKOT
HATHXAMAPHHH JKOPHA KHNHW PYHXaTH, HAlp JTHArAH HWAp Ba QHCCEPTaUHA
Tysunuwm 6¥iiuya MabLTyMOTAAp KEATHPHIITaH.

Huccepraunanuar Gupunun G6o6n «MabiayMOTIapHH HHTe/LTeKTYaN
TANTIULIALD  TH3HMJJAPDHHH XOZHPrH XONATHHHHT THIUMJM TaxJamaH»ia
MaBIYMOTJIAPHH HHTE/UIEKTYaN TaxJHWuIall TH3HMJApHHH Huma  unkum
€nnaurysnapy, doiimanasmm  XaMaa HOpaBIIaH TYaMAap  Ha3apHACH
annapatiapuaan doiinanannm Gopackaa KMIMHIMAH TAOKHKOT HUUIAPH TAXJIMMH
kesrrupunrad. lllynapgan kenn® vHkuG, OHCCEPTAUMAHHMHT acOCHH Makcamu,
Aynanuwm Ba Macananapuau udoganoByH HuUtaHManap 6agH aTunran. Xycycas,
HHTCJIEKTYAN TH3HMMApHW TAWIKHA JTYBYH JJIEMEHTJApHOAH  TaHMalm,
Gawopatnam Ba TacHH(namw macanacuHH wOAATAIN XAMIA YNApHH edHII
€uaawysnapBHM  amanra  OWMpHILAA  HOpaBliaH  Koupanap  §a3acHHM
WAKJTAHTHPHII YCYUIapH, GOIINanFHY MablyMOTap HOpasiIaH GyiraH Xonaruaa
Kapop KabyJi KHAHI THIHMHHM Hal YHKHIHUHT YCYIT BA MOLE/UIADH TaX/THIH,
MAaRTyMOTNAPHH MAHTHKWH-TUHIBHCTHK aKC 3TTHPHLIAA CYCT TY3W/MaliH Kapop
Kabyn KWIHII CTPAaTETHACHMHM KYPHII MAaCaNacHHHHI YMYMHl MaTeMatuk
Kyiinnuum Ypuu onra,

Hurtennektyan Taxiumnalml TH3WMHHH KYPHIIHHHT Haszapuit acocnapu
EpuTHarak 6¥nub, yHaa HHTENNEKTYaNn TH3IHMIADHHHT TALIKWIHIE 3MIEeMEHTAApH Ba
tynkuuonan Tapkubu Taxmud THaran. HHTeIneKTyan TaxXAHANA TH3UMIApHH
KYpHILIAA HOpaBLIaH EHAAIYBAAP TETHULIH TabpHnap Gunan acocnanras.

Hntemnextyan Taxmimnaul TH3HMIAPUHHHT aCOCHHY TAIUKHI 3TYBUH Kapop
Kalyn KUJHINra KYMaknamwHil THIHMIAPHHH WAKINAHTHPHUIHKHT HOpaBLIaH
TYnnamnap Ha3apHACHHHHI MATEMATHK anfapaTH TH3HMIHN Taxiuau tacHudnaul,
Gawopatiaw Macanasapi MHCOJH/IA aMalira OLIHPHIITaH,

HopaBwaunuk xonatina kapop kabyn KMAnMW Macananapy ycyn Ba
MOACHAPHHH TH3HMJIIH TaxXJIul KHJIHW, YHapHH cund)nammpnm Xamaa
THIAMIAWTHPKIL amMaira oWHpHIrad, Y0y KMCMAA WHTENIEKTYan TaxIHnaim
THU3UMJIAPWHHHT CTAaTHK Ba JWHAMHK MoAc/napk GaéH 3TUNraH XamIa aHHK coxa
6yiinua Kapop kabyn kumuiuky ¥3apo Gornuk 6Ynran Gewrra KucM TYmnamu
Tapxkubnit KucMnapn Ba coXa 6¥iinua xapop xalyn KHIHIWHUHFT TYPT GocKuwnu
npouexypacH Taecudnanrad. Kapop kalyn KuIHII MacanacMHM HOpaBIIaH
HdoaanawHHHT Y4 X0NaTH 6aéH sTHATAH.

MabyMOTIapHH MaHTHKHA-THHIBUCTHK aKC STTHPHLIAA CYCT TY3HAMAnH
Kapop Kabyn KuHI CTPATErMACHHH KYpPHII MAacanacHHHHT YMYMHH MaTeMaTHK
KYAuAMIIN KEITHPHATaH 6¥anG, yrna vopasian Tynnamnap tapud sa amannapw,
IXTHMONNHK ¥IMOBJIAPH, TApTHOHAHT HOpaBILaH MyHocabaTnapu 6aén >THATaH.
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Llly Ounan 6upra THIWMIM TAXAMN  Ba  aHMKNAAAP  AcOCHAA
MablyMOT/IApIapHN HHTENEKTYan TaXJMUIall Kapop Kalyn KMMW TH3HMUHH
amanna *OopHH STHWHNHI YMYMNAIIraH Ty3H/IMAcH KEJTHPHIITaH.

Takmud >Tunaran ycynnap acocuaa HOpaBlIaH MOACINAPHH KyPHI YuyH
YCTKypMa Basudacuuu GakapyB4H Kapop Kabysn KMIHII TH3HMWHH KYPHLHHUHT
YMyMnamiras Tysunmacu apatunrad (1-pacm).

Kapop Kabyx suaon

_______ A

Kapop Ka6ya KILIImITa K FMAK ST TINIIT

t
I l

|
| Hopezmas mogen Bamoparnam Taceudpam i
: npeumdamargency : )
4
]
R
: 1
: Tyaumsasuii MapaseTpmc Hopastuan Gumimnap
: MACUTANTHPHII HACRTHYHKaHA 6 a3acHRN INAKUIAHTHD HIIT
| t f
| i :
! Hopaemar kouganap 6;ack Mogen napareTpaapicm !
1 €pRarana Mofies1 KypHil Ba CORNIaIN BA KOHAANRp SasacHHy :
! coanam MIAICTARTHpHELI ‘
|
|
|
‘ -

1-pacm. Kapop ka0ya KHAKLI TH3HMHUHH XOPHIl ITHIHHHT YMyMJaluraH
TY3HIMACH

By epna HopaBwaH MoZe/NApDHH MOCHTAQUKAUMANALS OPKAAH Mozen
MapaMeTplapHHy CO3NAIIHKA aMaira OWHPHI, HAeHTHdHKauMANAW KapatHu
TY3HIIMaBHH Ba NapaMcTPHK KYpHHHILAAQ aMaira OLIMPHIHILM KeNTHPHIIraH.
Hopaswan monennapuu cosnaw HopaswaH xowaanap Gasacu Ba Gunumnap
0a3aCHHN WAKNNAHTHPHWHUHT HETHIWHY TALKKA TAIH.

Muccepraunannur nkxuuau 6o6n «Makcaamn MOHHTOPHHI TH3HMIAPHAA
Kapop xabyl KWIMmra KyMaKnamwlyBu# MabLAYMOTJIADHH HHTEJUIEKTYan
TaXJTHNIAI YCYJUIAPH» HHTEUICKTYA! TH3UMIADHH TaIUKKA THUIAA HOPABLIAH
KOMaanap acocHiaa HMACHTHHMKAUMANAW MOAESINApUHH  HWAab  uukMiira
Garuwmanran 6§nu6, Hopaswan MACHTHOUKAUMS MONCHHMHH KYPHIUAAa JKCrepT
6axo/apuHN WAKINAHTHPULI YCYNH HLITab YUKHATaH.

HUnentudukauuanam monesMHK Kypuuiga HOPaBINaH Xynocanaul TH3HMHHH
Hunab unkHn Gunan 6ornnk Macananap kapanran 6¥nu0, ynaa Mampanun sa
CyreHo Typuaaru MoZennapuaa Xynocanatnap Kapairad. Mofeauu TysunMasui
HiacHTHGUKAUMANAW yUYH MabAyMOTHApHHM KNacTep Taxaunu Ba CyGbekTus
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aXpaTtHil EHRAWIYBIApH acOCHAA HOPAaBIIAH KOHAAnap 6a3acHHN WAKIUIAHTHPHLL
MAacCaNacHHH eYHL YCYJIH KEMTHPUNTAH.

Hopasta HReHTHHKaUMANAI MOAEHHHH KypPHIUAA IKCNEPT GaXosiapuHu
WAK/IAHTUPHIL Gunan GOFNMK MacananapHH edHll YCYAM spatHiarad GynuG,
HOpaBIIaH  MAHTHKHH  Xynocanami  MeEXaHH3MH  Ba  NpOUEAYpacHOaH
¢oiinananunras xonaa GouIMaHFHY MABJIYMOTHHUHT HOpaBwaH GepHIMIIMAA
XOCHINOPANKHY GalIOpaT/iall MOJEHHH KyPHLI AITOPHTMH HINA6 YHKUraH.

HopaBwan xonatda OGawoparnawl MacafnacH KyHugarH KypHHHLLIA
ndogananaau.

X =(x,x3,....x,) ~- OaulopaTnamr XonaTH TaWIKNW MYXHTH KHIMaTHHH
XapaKkTeploByH XaMAa Kapop BapHaHTIapHHH HGONANOBYH KHPYBYM mapaMerp;
Y=(),¥2.0¥y) KAPOPNApHM aManra OIIHPHII HaTWKAcHOA KeMub uHKuim
MyMmkun 6yaran Oawopatnall XonatTnapH Xampa okubartnapHu Hdonanosuu
YHKYBYY mapameTpnap; W = (W),#3,...,#;) — Kapop Ba YHHHT okubaTHHH Gaxona
napaMetp; P=(A,A,.,F,) — KHpYBYH Ba YHKYBYH MapaMeTpJapAard Xampa
yNapHUHT 6aX0CUAaTH HOPaBIIAHNHK IapaMETpPIIapH.

Baitopatnai MOOENTUHAHT KoaanaHHLIH

Mppge =<X,Y,W,P>. (1)

Bawoparnam mogenu (1) ¥3 Tapkubura:

- GauropaTnau MyaMMoBHii XONATH MOAETHHN
My =<X.Y,R x >;

- Y Gamopat kuiimMaTnapn 6aXxocH MOAENRHHH

My =<My.W,Ryy > @)
onagu. By epaa: Pyy - KMpYBYM BAa UHKYBYM nNapaMeTpRapHUHT
HODABIIZHAMK NapaMeTpH; Ryy- Y HOPAaBIIAHAMK 6aXOCH NapaMeTpnapH;

P=(R y.Byy)-

Monen (2) F:(X,IV,P)—Y akCnauTHpHMILHH amanra ownpanu. Bynu xucobra
onran Xonaa GawopaTnaml MAacanaCHHH yMyMIallraH KYypHHHUIMHH Kyiiuaaruua
udiopanalr MyMKHH

Y=F(X,W,P). 3

By epna, F onepatop P=(P x,Ayy) HOpaBWAH MapaMerpiiap MaBXyQ
6ynran xonma, oMok Moxeanap KypunuwHaa udonananamy. bywunaii
MOJIE/NIApDHHAHT KEHr TapKaIrauiapH KHpYB4YM Ba YHKYBYUM MapaMeTpiapH
HOpaBIUaH TepM KYPHHHUIAATH NPOAYKUHMOH XamJta HelipoH TYpaap xucobnanazmm.

Hwaa naxrta Xocunaopanruiyu Gawsoparnaty Macanack xapa6 ytunran 6ynub,
yHaa (3) mogemHuur yMymuil TysunmacH CyrsHO THNMZArH HOPaBIIAH MOAE
opkanu udonananra. Kapanaérran Macana KyiunuiIMaa Taknug 3THIraH Moaen
Kyfiuparn KYpMHHMUIZArH HOpaBWIAH KOMNA JMHIBHCTHK MyfoXasajaiuap
&pnamuna udonanananu.
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AT'AP [(x =alﬂ }BA(x = a/ )BA...BA(x,, -a’ )] (w1 §nuos Gunan)
EKHU [(x =a{2)BA(x2 =a2')BA...BA(x,, -a,, )] (w2 ynuos Gunau)

4)
EKH [(x) =a]”* )BA(xy = 2P’ )BA..BA(x, = alP")] (5, §mi0B Gunan),

EKH [(x —al ’)B4(x2 %, )BA...BA(x, --a,, %, )] (w sk, ¥nuos Gunan),

V XOJIOA Gapua j=l,—m YUyH y; = /0+b Al x,+bj2-x2+...+bv,,-x,,,

Oy epna: j =1,m - Kouna TapTHG pakamu; a”’ / - j —xonnmanmur p, =1k pakamiu
KOHBIOHKUHS CATPHAArH X; Y3rapyBYH GaxonaHaWraH JHHIBHCTHK Tepm; K ;-
KHHMaTIapy d, NTUHrBHCTHK TepM Guian Gaxonamysdd y, Xynocanap cuHura
TAAUTYKIH  KOHBIOHKIIHA-CATPAap COHM; W, -jp, TapTHONH (UKD YmuaMHHH
ndonanosun [0,1] opanukparu con. x;, i=1,» - Kupysuu y3rapysuu; y ;= YMKYBYH
Y3rapyBum (XOCHAROPIMKHUHT GaulopaTt KuitmMaTH).

YMyMuit kpunua HopaBway GalopaTnall MOJCTH KHPYBYH Ba YHKYBHH
MapaMeTpapuHi Gaxonam yuyH TEpM cudaruga Kyfnnaru
KBaHTH(HKaTopnapaan ¢oiinananunany: Xynaa nacr, Iacr, Vpravanan NacTpoK,
Vpraua, Vpravanau 1oKkopH, IOkopH, XKyna roxopu. YMymuil kypuHMmaaru
Gawopatnaw (1) Mogenutn ndonanosun (4) HaTHNKABKI NPOLYKUHOH KoHZzanap
TH3HMH XOCHAAOp/inkHH Oawopatnaw Oaxoch 6yiiMua kapop kabyn kunuw
THIHMHHHHF HOpaBwaH Gunxumnap 6asackia akc STTHPHIAON.

BUAMMIapHUHT 3kcmepT MAaTPHUACH KOMAanapu TapTHOH KHLLIOK XJxamuk
SKHHHHMHI 3KHII Ba BereTauHsa JaBpHaarn AacTnabku 1wapoHTHaaH (4)
MOJIENHHHT  YHKYBYH (GallopaTnaHa&rraH) TEpPMHHHr GOFMMKIMIHHK  akc
strupany. Y3 nasGatuaa Gownanruy wapTnap (4) MOACA KHPYBUH ¥3rapyByUHNapH
TEPMIIAPHHHHT KOHKpeT KoMGHHauuscuun ugonanad Gcpaau.

Has6ataarn Gockuuna ugentndukauus MOACTHHA HOPABIIAH KOUAANAPNAH
TAIIKKA TONTaH HOPABLUAH XYNOCANAMNADP TH3UMH KYPHHHILIMAA HILNA0 YHKHLIHA
Cunraron Ba Mamaanu Typu mopesmuiard Xyldocanaul TH3uMIapu cHdatuiaa
amMaiira OWHpHIN KeNTHPUIran.,

Wimnab unkuarad wopaswan koupanap 6Gasacu Epaamuia Momen Kypwi
MaCaNnacHHK €4HI YCYJM Ba aJTOPHTMH KeATHpHAraH. Ywly ycyn sa anroputm
kapop kabyn xwmMira kyMaknawuuga MabayMOTIapNapHi  HHTCANEKTyan
TaXJTHINIAL TU3UMIAPHHHHT TAWIKHIINI 7IEMEHTH XMCOONaHANH.

Conna sa 10kopu camapanopnnkka ara 6yaran conin MabayMoTnap acocuna
HOpaBLIaH koHaanap 6asacuuy Kypuwl ycynu Taknug atunrad. By ycyn maesxyn
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Kougamap 6a3aCHHM COHNH MablyMOTNAp acoCHAa TYNAMPUATaH YKHUTHOI
MaBAyMOT/IapH cHaTHEa ONKWHFAH COHAM MABLIyMOT/Iap Ba Koupanap Gasack
KYPHHHUINAA OJIKHMAH JHHFBHCTHK axGopoTnapH GMpAAlUTHPHII HMMKOHHHH

6cpann.
Hopasian TH3HM yHyH £ KHDHILUTH Ba GUTTa YHKMILIH KoHpatap GasacHHH

Tawkun atunagd. Kyiimgarn xydpTanknap Tynnamu KypHHHWmAard YKATHII
MaBIyMOTNapH 3apyp 6¥nanu
(5 (D, %5 (0)ye oo, (D), d (D)), i=1,2, ...,

yHa  x,(i),%,(i),....x,(f)- HopaBwan Gowxapuw wmozenura Gepunaguran
CHrHATap, d(i)- KyTHnaETran (ITANTOHIIN) YKHKHLI CHTHANH KHiiMaTH.

X ¥nuoB ¢azocu Ba r:X —>R dasona aHMKIaHraH ymn4oB Gupmury,
(X};....X,,)© X - X nart# a1eMeHTAAP KETMA-KETANTH.

[lly katopaa xap-6up i MHAEKC YYYH TETHIUAHNHK GYHKUNS AHHKIAHHLIA
MYMKHH, ¥ i TapTHOaary j - 3NEMEHTHHHE MOCITHTH YAUOBHHK ndonanalinu:

& {L...np=> (o],
L (X, X,)
sU=1 ax{d(X,, X ) kefl,..n}}
Xap Gup i umaekc ydyH k- Ba /- 3nemeHTHMHr i- 3neMeHTra HucGaran
MOCITHK AapakacHuy HGORANoByH GYHKUMA KyRHAArHYa aHUKIaHaAH:
& +{l-nf > [0,],
i) =1-£,(X,) =&, (X))]-
k=12,...,n yuyn pexypcus GYHKIHA AHHKIAHATH
24,27 = [o.1],
106, )= G J), ©
£, j) = max{infu® G, 9,4 s, )| 5 € (...}
O =1VYik. ©)
106Nz u* k> 2.
a €[0,1] 1 i, jyperfirj € {l-ret} YHYH Kyliunar xonat Jpusnu:
1y )bt ) 2 = e Nza.
aelo], i,j.kel,..,n} pa £, )2 e 6yncun. Y xonna wynnait a con
BA Jyyeeurfpy € {l,...,n} MHZEKC MABKYA GFNANUKH, YHHHT YUyH
U J s tlUms ) 20

YpuHIY.
ae [0 l] i, jyme{l...n} Ba y”G )2 a, #" (G, m) 2a OYncrH.

VY xonaa
uimza
ae0] yayn {X,...X,} Tynnamua Kyfinpars kypunumga Gepunaguran

Ry < {X},..X,)? 6uHap Myuocaﬁamu AHUK/IALT MYMKHH:
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(XiX;) e Ry = (i, ) 2a.

R, MyHocabar {X,,..X,} Tynnamuu kecummaiinuran JKBUBAICHTIIApra
KPATYBYH IKBHBANCHTANK MyHOCabaTH XucoGnaHaau. X,,X, MKkku 3neMmeHT (5),
(6)napHHHT XeTMa-KeTIHKAaru (X, X )(X,,X,),..(X,.X,) xyprauknapma u
dyHkuHs xuiiMaTH KaTTa 6YnraHaa SKBHBANEHTAMKHUHT MaBXyIUIMTH acocHaa
4 dyHKunAHUHT KpiiMaTy ywby anemenTnapaau xarra 6yaca sa akar wyHga
Gynran xonatna 6up cung SKBMManeHTIMrHra KHpPaAH. 4 HHUHT aHUKIaHULINra
Kapab 3NeMEHTAAPHHHT Xap-6Hp KyTaury Gup-Gupura AKMHAMTHAM GuanHpany.

Kapop xabyn wwmwra xymaknamvimna MabyMOTAAPHH HHTE/UIEKTYaNn
Taxy/Uiall  Macanach Uak/aHTHpWIraH koufanap Gasacu acocuza Gowkapys
MOIYJIH KHPYBYH CHrHANNADHH onumy Ounan KaM MUKAOPAArH XaTONMKKA Jra
G¥raH YMKYBYH CHTHAIADHH ONMITHK Tana® STANMraH TH3MMHM WULIAG YHKHMLLra
3apypat TyFaHpand. Ywby TusuMHHHT Kyitunary KYpHHULIZArH HOpaBILUAH KOHAAIap
Ga3sacHHH KypHLU aNrOpHTMH OpKani amanra OLIMPHJIAIH:

I-kanam. Kupysun sa uukysuu daszo MaBAYMOTIAPHHH COXANapra axpaTHul.
Xap GHp KMpYBUM Ba YHKYBYM aXGOPOTHHHI MHHHMAJ Ba MaKCHMAN KHiiMaTapu
aHUK GJNranna x; KHPYBUH CHrHan yuyw [x,x7] OpamMK OMMHAIM. Arap x7Ba x}
KuiiMaTnap Hoawwk 6¥nca, y xomaa VxuTHIW MawTymMoTiapugaH d¢oitnananran
Xonga ynmapiaH MOC paBHIINA MHHHMal Ba MakCHMan KHAMaT/IapHH TaHnal
onuHany. Onara d JTanoH CHrHamM yuyn [d~,d*] opaimk onMHanu Ba Xap GHp
opanuk K coxanapra 6¥mmu6 unkunanu. Kuputunraun cudaT TepMnapm Ba kcnept
Gunumnaph acocna MyHOCaGaTNapHH xanBan KYpHHHIINAA TacBHpNaHaju.

2-KanaM. YKHTHII MabiyMOTNapH acoCHAa HOpaBIIaH KOMAANApHH
KypHu.

Axpatunran  Xap 6up coXa yuyH (xq()xy@ry(),d(@), i=12,...,
TErHULTUTHK QyHKUMACH aHHKnaHanH. By Japaxajap HOpaBIliaH TYILTAaMHHHT Xap
6uMp rypyxH yuyH MOC TErHILITHANK dyHxuuscu kuiiMatn Ounan ngonanananu.

Teruwnuank GyHKUMSCHHMHT ananuTHK Moaenu Kylimaard KYpUHHIIHUA
osanu:

1

l+(ﬂ)2
c

3-xanam. Xap Gup xounmara xakkoHUHIHK JapaxacuHu Gornau.

MabiyMKkH, JKMTHI MabTyMOTRapHHUHT KAaTTA MUKAOPAArH Xy(TAHKIapH
MaBXKyR. WYHHHT Y4yH ynapnau Gupontacu “sua” 6ynu6 konumm Mymkud. By
GHp XHN WapTiu Typanua Xynocanat KOMIAANApHra Taauykni. Yuby myammoHu
CHHL yCYIapHAaH GHPH HAIHATIK GYNran KouaanapaaH Aapakack IOKOPHCHHHHT
TETHUWNHAHK NapaXacHHM y3naurrupuns opkany amanra owwpunanu. Iy 6unan
Gupra 3UIUIMATIM KOHIANAP MyaMMOCH 3Mac, Gankw, YNApHHHT yMYMUH MHKIOpH
XaM xamaiftupu6 onunany.

4-xanam. Hopasuian kounanap Gasacuun HIAKJIIAHTHPHILL.

)=
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A(=0; 1=1,L *ansan XOCH] KHIHHALH.

HasGatmarn  (x(9),x2(0).... %, (),d(")), i=12.., MaBIYMOTNap xyQdTauru
TaHAAHAOH.

Kyiinnarn Kypuunuma Konnauuur XAKKOHHIIHK Aapa)kacH aHHKIaHaIH

a’ (X|,x2, 9xn J_—[‘u (tl'xz’ ’x")]

Arap /}(l)<ydl (vl ,xz,...,x,,)= r_mllx H d (xl ,xz,...,x,,)] Gynca, y Xonma
J=ln

ﬁ(l)=/ld; (t;,xs,...,x;)=-;t;aie_;t[;ld’ (xl',x;,...,x:,)] .

5-kanam. Jedaszsnduxaunsanams.

Ynukysun y  kuiiMatiu  XHcoOsmam  yuyH Ypra  mapkas  G¥iinua
Aeddazndukaunsnau ycynunas doiinanasunany.

JuccepraumaHusr yanaun Goon «Makcal/IH MOHHTOPHHT TH3IHMIapHAA
MabLJIYMOT/IADHH HHTEUIEKTYal TAXJMHJUIALIHHHIT HOpaBIIAH Komaanap
6a3acHHM WAKMAANTHPUID YCYANApH»AA HOpaBlaH Kowganap GasacHHH
Jioiiuxanaua napaMeTpHk HWACHTHQHKAUUANAL MOJAENHHY KYpHII ycymnapH ¥3
udomacunn Tonrad. Hopaswan kouaanap 6a3zacH mapameTplapHHH TIpajueHT
ycynu €paamuna cosnawl kesrupunrad 6ynub, ynaa n yarapyBun XonaTH y4uyH
yeyn Taxand 3twirad. JInursuctuk / tepMra 6yaMHraH CHHIJITOH THIHOArH 7
KHPYBYM {3rapyBuwIH HOpaBIZAaH MOJAENNAp YWYH YKHUTHIIHHHI CDPaMeHT
anropuTMH Kypunrad. By epaa (x,x;,.x..»), Kypunuwza Oepunran yKyB
TAHNAHMacCH YYYH XaTONINKHY MUHMMaMNAITUPHIN Makcal QYHKUMACH Takaud
KHHHIaH

1, .
E=2(" -y,

OyHna y'- KyTHATaH YMKYBUM KHHMaT, y — HOpaBIIAH Xynocanaw
HAaTHXACHIA ONIMHTAH y =(),,....¥,,) YHKYBUH KuHMaT.

By epna:

Vi =(pn, +pgan, +‘..+p,;:r,-,)/(y‘;. +ppa ot ).

r, KOMZA KOHCEKBEHTHHHMHT f+] Kanamjari KHAMaTH Kyiuaars KypuHMwaa

aHUKIaHAMH

] .
IT Bz (i)
k=1
e+ ) =r (@) -y —— =y () +70" -)- =
ay,, @ (Z ,U,k)z

£+ ] Kanamaa napaMeTpaap KHiiMaTH wnunam Kypunuuma aHHKNaHaK:

£/} Z Hig =~ Z rk"‘lk (x a)
. o= =i .”,_(x'
a,:,(l-‘-l):aij([)—a(y _.y)_ k=1 - i ij i (X

2
(z u,.,;)’ b
k=1

3

19



i '
IDNTEIN R
b,t+)=b, ()~ Ay ~y)- —t Pl

(Z Hi )

A=1

Xyaou wyHHHTAeK Muja ywoy €HAAWYBHHHT KYHFMPOKCHMOH, MapaGona,
yubypyaiin, Tpaneuus KYPHHHILKHOATH TETHINAKAMK GYHKUHANAPH Y4YH aMaira
OUIHPHJTHLIH KETTHPHATaH.

Iy 6unman 6up katopoa TaOKHKOT HOMpacHAArH GOLIKAPYB KapatHUHH
amara olMpHINAA 3NieMEHTAap opacHaarn GOFMIUTHK acocanraH (1-pacu).

AN

x BFOIIKAPYE OB BEKTIL N
yd .
¥ z l/
Z
Foumsapys TuanuvKepap z
EAOYT Kunm meamay

2-pacm. BowkapyBHH aManra OumHpHILAA JIEMEHTIAp OpacHaard
GornuKInknap

By epna ax6opor MyXutH Guaumaap GasacM Xamza OMAMMAApHH kamnaul
TH3HMH OPKANH Kapop Kabysl KMAWMIUra KyMaknalHil TH3HMHHHY XOCHIT KHJIARH,
¥3 HasGatupa ywly TusuM Gowikapys TH3MUMHHM TAWIKHAKA dnementd 6¥nus,
6GotukapunaérraH o6bekTra GoLKapys TabCHPUHH HLITA0 YHKAAH.

Boluxapys MeXaHHW3MHHH HOpaBlUaH Tyniamyiap HasapHACH EnnauryBHra
acocnanran TysunMacH 3-pacmaa kentupuarad. Coxa 6¥iinua skcrieptaap
épaamuaa XocHun KMIIHHraH GHaHMIap 6a3acH MaHTHKHIE Xynocanall MCXaHH3MH
OpKAIH OIMHIaH KAPOp MYKOOHNApHHH Goutkapunaétran 00LeKTHUHT RHHAMHK
mozenn Ounan MyBodbMK Tap3ma Takkocnall 6nOKH KApop  XaKKOHHAMHK
Aapaxacura ofiaunnaux  knputagu. [llyngan cywr xapop MyKOGHIITapH
doitnananysun €kH Kapop KaGys KHIYBUH AXCTa TAKAHM STAIH.
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3-pacM. Hopaguian TynnaMnap HazapHacH EHRALTYBUAK Kapop Kabyn
KHIHU TH3UMHHUHT TY3U/IMacH

Juccepraunsauuir Typrunun Gofu «MaLayMOTIADHH HWHTeJUIEKTYan
TAaXIWUIALN  THIHMJApHOA  Kapop Kabyn  KWIHm — Mogeanapm»
MaLIYMOTAAPNAPHH HHTEMEKTYaN TaXJHUlall TH3MMIAPH y4yH Kapop kabyn
KWAHW YCYNNapHHH Kunal ynukmmra Garuuuia|raH.

Boumnanrny axGopor HopaBmian 6ynaran xomatoa Kapop Kkalym Kuawm
Moaenn mwnab ynkuarad 6Ynu6, yHaa aHHKINK Ba HOAHMKJIMK INAapOMTIapuaa
Kapop kabyn KunHI MacananapiHHHE GopMan KFHHIHILH aKC ITTHPHIraH.

Hopasuian Tyrutam Ba MyHocaGaTiaap TYWIYHUAaCHHH KHPHTHLI Kapop Kabyn
K Xonatinu  anunautiuur {O,0,F} dopman cxemacH C MyXHTHHHT
Gepunran TypnM HOPaBIUAH XaTTH XapakaTnapH MOAGNHMHH IUAK/IAHTHPHLI
HMKOHHHU Oepau.

l-monen. C MyXuMTHHHr MyMKuH Oyaran Xonatis @={4,,..,6,} TYnHK
TynnaMuHHr Gepunniungan Xocun Gynmamurad  Ag ={(6;.4,)lgee HOpaBaH

Tynnam  kapanangy, Oy epma x4 TerMWMMWINK  QyHKUHACH ©uaa
6=9,- da /1(9)=/1j ( =1L,...,n) KYpuHHL GUIIAH aHUKIAHTaH.

bynnait 4, HOpaBwWaH TYMNAMHHHT WHTCPNpETaUHscH cudatuma © TYINK
TynnamM C MyXMT XOMaTNapHHH axpaTHmuu Y - GowlkapyB MAOpacH amanra
OmMpaau, CYNrpa HOpaBIaH MYyHOCA6aTNap OpKATH TETHILAKIWIMHH Gepuiran
# (8) gyHKUHNSA OPKANH A, HOPABIIAH TYTIAMHH AHHKJIALI aMalira OLTMPHIAIH.
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2-mogen. C MyXHTHHHT MyMKHH Gynran xomatnu ©=(6,...6,) TyInK
TYNNaMHUHT Ba p=(py,...py) TAKCUMIAHHIIHUHT (Oy epHa u4(6) TCTHLUAMK
PYHKUMACH oOpKanH @e® IMEMEHTHHHT A,rd  TErHWIHAHK Japaxacu
TYWyHHIanH) Gepunuumaan XOCHN 6ynanuran
Ao ={(6.14(0)): P(6=6,) = pP;U=1..n)} HOpaBwaH TYAHMK Taconaumii xommuca
Kapananu.

Bynnali 4, HopaBwan TYnMK Tacommugmii XomMCaHHHT (®,Adg,F) KKK
Xonarunaru uHTepnperaunacH cudaruaa C MyxXHT Xonariapusn Y - Goukapys
HAOpacH @ TYNHK TYniamMra TAKCHMIAALN, CYHI p=(py,... p,) BEKTOPH EpaaMuna
TacOIANGHI TaKCHMIAI MYXHTHHH XHCOONaAaN, 4°(9) TerHumummk GyHKUMACH
acocHnza @ awuk TYmaM  {(Gu°(0)}gee HOpaBWIAH TYIAAM  GuiaH

ANMATHPHNIANM, Ba HUXOAT } - Golkapys MmopacH C MYXHTHHMHI HOpaBIUaH
XaTTH XapakaTd moxnend cHdatHaa 4(0)=yg(f)aars 4, HOpaBIaH TYIHK

Taconauuii XonucaHu Kapaiau.

3-momen. C MyXuTHUHT MymkuH 6§nran XxonatiH ©={f,...6,) TYIuK
TYINaMHMHT GepumHingan Ba yw6y KHCM TYlamnapaa p=(p,...p;) TAKCHMOT
Xocun 6ynagnran  Ag ={(@ ,,p,-),P(&e@):Z, (i=),....n)} HOpaBIIAH TacommUHii
Xoquca xapananw, 6y epaa u; @ k© aa ternummunank dynxuuacH. Bynnait 4,
HOpaBIllaH TYNKK Taconmuduil xoaucanuur {®,4g,F) Kapop Kabyn kumuw
XOonaTuaars HHTEpnperaunsacH cHdatHaa C MyxXHT Xonatnapuau Y - Gowxapys
HoopacH O TYnuk Tymnamuu Genrmnaiinn, cyHr OHM O, KMcM TYnnamra
axpartaji Xamna fea ©,ra P,3XTHMOMIHK Gusian Tywanu ne6 onaau. Hammkana
Y - Gowkapys umopacu © amuk TynnamHn ©; aHuK TYIUamaap GupraluMackra
U, &mu {(8;,4,)}., HopaBwaH Tymnamra anMawTHpamy, Gynna C MyXHT XaTTH
Xapakard Monesnu cudatiia 4, Hopasiwas Tacoqauduii xofuca KapananH.

4-monen. C MyxuTHuMHr MymkuH OYnran XomamwiH @={4,,..6,) TVAHK
TynnamuHuur  Gepunuum  Ba Hs,(6;,6;) TETHINMIMK QYHKUMACH Gunan
aHuKnanran B(y, @, )uunr Ox0O,ra HopaswaH GuHap MyHocabaTH xocun
Oynanuran Ag =((6,.8,), 15, (6,:6,)}! ;=1 HOpasiaH Tynnam xapanany. Hopaswan
6unap Mynocabar cudaTuaa HOpaBIWIaH KHCM TapTHO, HOpaBIUAH YHIHKNM TapTHG

Ba Gowwka Hopasian MyrocaGatnapaan gofinanaHui MyMKHH.
S-Mozien. C MyXMTHUHr MYMKHH GY/raH XOmami¥ © TYAMK TYMNaMHUHT

Gepunuinpan sa ym6y kucm Tynnamnapaa p=(py,..p,;) ©ra TAKCHMOT Xochl
6ynanuran sa Hs, TernuTwinK dyHkuuscura ara S, Hopaswad MyHocabatiap
Gunan xocun xununanuran Ao ={(6,.0,). #s,(6,6,): Pl0=0,}=p, (j=1...m}
HOpaBian Tacopandmii xoauca kapananu. Bynaaii MoneAHHHT MHTEPAPETALMACH
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4-Monengary MHTEPNIPETAUHAHN XHcoOra oNTaH Xonaa 2-mojienaard kabn amanra
OILHPUIARH.

TankuKoT HaTHkanapH cugaTHaa CyCT Ty3HAMany¥ Kapop KalOyn KuMIHW
*Kapatuu oanMii MOAENNapHAA ONTHMAN CTPATETHAHH TONMII Y4YYH PEKYPPEHT
TCHrJIaMaJiapra acocHaHraH X0NAa HUINAt YHKHIraH anmropHT™ KETTHPHIITaH.

Mapxoe mozenn (MM)Hu THMCONNapHH aHMKNAWAA Kyanam ydyH yuTa
MACANAHUHT euuanwy 6¥nanu:

Arap 0=0;,0,,.0r Ky3aTyBjllap KeTMa KETIMrH Ba A=(4,G,I7) Moaen
Gepunran 6¥ynca, y xonma p(Oj1) - MonenHuur GepunaraH mapameTpnapH KetMa
KETJIHTH 3XTHMOJUTHIH CaMapal0Op/Iury KaHaail XHcoOnaHamu.

Arap 0=0,0,,.Or KXy3aTyBlap ketMa KeTnuru Ba A=(4,G,I7) molen
6epunran Gynca, y xonna Q=q,qz,..qr HUKM XONaTNap KeTMa KETAMMH KaHnai
aHUKJaHaOM.

p(O|/1) MaKCHMAJUTAIITHPHIL ME30HHAaH KeMO YHMKKaH xonma A=(4,G,IT)
MOJIEN NapaMeTPH KaHAAl aHHKIaHanw.

MM acocHii MacananapumHM eddHw YJYyH KyiinparH @ ycyanapiaH
doiinananungu:

- Gepuaran KeTMa KeTNHKHH CaMapany reHepatusan;

- XOnaT/NapHHHT ONTHMaN KETMa KCTIHIHHH TOMHUI;

= TecT KETMA KETNHTH O¥iinya MMnapuau yxuTyw.

HAucceprauuanunr Gemnuun 6061 «Hopapman Tymnamnap HaszapHACH
€énaamypnapura AacocHaHraH cycr Ty3waMamu axGopoT pecypciapHHH
TAXTHANAMHKHET  Kapop Kafyn KwHmra KyMakjgamyBud MaKcauIn
MOHUTODMHT TH3HMJApH» Kapop Kabyn KWIHIIrA KYMaKMAWHIIHH TalUKW/
3THILAA HOPABIUAH-TYIAAMITH YCYNITa ACOC/AHraH AAcTypHH TH3UMJIApHH HuL1ab
YHKHW, TaXPHOaBHil TanKMKOT/Map YTKasHWl BA ONIMHIAH HaTHXanap TAXJHIHrA
6aruwnanran. Mwna6 unmkunran Enpawysnap acocuaa Huab  UMKHraH
TH3UMNApIa MABAYMOTJIApPHM TAXAMA KWIHLI, TaHnaw, TacHudmam Ba
fawoparnail  MacananapuHd ednpa Oump Heda coxana  KYJUIaHHIIHIIH
HaTHKanapH KeNTHPHATAH.

Hopaswan Gunumnap GasacH Ba HOpaBWaH XyJiocanall THIMMHHH KypHII
ANrOpUTMH KEATHpHIraH O¥nxG, anrOpHTMHH KypHILIA HOpaBllUaH Xyjocanail
TMIUMHHH CONIAll YHYH KJIACTCPH3AUMAHHHT TOF/IM yCyiunaH doiigananuiu Ba
NaxTa XOCH/IOPNHrMHM GawopaTnaul MacanacHHH evHll MHCOMHAA amanra
ourvpunuwM  Kentupuirad, Tawpubasnii  Tamkukotnap Matlab  mactypnaw
MYXHMTHAA aManra oLlNpHIran.

JOKOpH XOCHIZOP/IHKKA JPHIIHII OPANHKNADHHK KMAMHYMIMKCU3 TOMHLI
MyMkHiurH  4-pacmpa  rpaduk  TacBuprmapuga Hogananrad. BomnaHruy
MabnyMoTap: l-kupum — Tynpok THnH 6¥iiwda; 2-kupum — uas Gyituda; 3-
KHpHLI — YruTHam pexumu 6¥itHua MasaymoTnap.
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4-pacm, [TaxTa eTHIITHPHII XOCHIIOPAHTHHUHT acll Ba falopat MabIyMOTIapH
rpadurn

By epna:
- FACT — naxTa XOCHJIOPIHrHHHHT ach KHiiMaTnapu;
- CLUSTER — HopastuaH MOAE/ OPKAITH aHHKJIAHTaH 1axTa
XOCHJIIOPAIHTH;
= REGRES-L — uu3uk/y perpecCHOH MOJIEN OPKATH aHHK/IaHraH naxTa
XOCHJIOPJIMTH.

Typnu HaBnapHHHr HopapilaH OepunraH TYMPOK THILIAPH, CYFOpHIN
pekumnapy Ba YruTaall, Konasepca 00-XaBo INAPOMTHEA XOCHJUIODNIMKHH
Gawoparnatw MoJeNH KYpHIraH. Monenna HKKH K{pHHHLN
anpoKCHMaUHANaHyBuH MoZea HuUiaTHiraH: CyreHo THMHRArH HOpPaBIUaH Mogen
Xamna perpeccuon Mogen. Harmwkanap Cyreso Mogenura acocnanu6 xypunran
6awopatnam (xarenux 0-2,77%) perpeccHon mMonenra Huc6atan (xatonmmk — 7.5-
79.5%) camapanopanrura 3pHIIHILH.

Hopasuian Myxutaa Kapop Kaby/l KMAHUIHHHI aMaiHil  Macananapuuu
CUHINra KYITAaHUAKIIH — MyKOGwInapHu 6Gaxonauwl Ba TaHnawm aNrOPUTMH, faxTa
XocHIOpnuruiK Gawopatnamaa GormukauknapHy 6axonaim Ba MykoSunnapuu
TaHALl eYMMTAPH KeATHPHIITaH.

Macanauu eunw anropuTmu:

1. ®akatr p, Genrunm xucobra onran xonaa R, MakOy/MTHKIap MaTpHuach
Ty3unagn,

2. Kapanaétran Genrunap Typauua MakGyMtHk AapaxacHra IrajiHruHu
Xucobra ofiraH XoNaa ynapnas 6HpH MyXHMpOK, OowkanapH — MKKHHYH Aapaxanu
axamusTra sra, 6y xonataa Genrunapuunr axamMusTAHaHrk R Genrunapuuur
HopaBuwaH MakSy MK MyHocabaTH opKaH XapakTtepnanaiu.
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3. @) Gunan Genrunanran R,,..., R, wopasmwan mynocaGatnap kecHuMacu
TOMUNAIU:

O =RNRN-NR,.

4. R yuyn erakun 6ynmaran R™ 1ynnam Tonunamw. Ommmran
Hpa (D), Bgra (P2)sees g (Pi) Terumnunuk Gyukunsanapu /.5 ,.... 0 opkam
Genrunanaau. Ynap xap Gup Genru yuyH A,,m=1Lm ¥1408B Ko3((PHLUHEHTNADHHH
XHcobnaiinu.

5. ¢, matpuuacH Ty3u6 onvHanu Ba 3JNEMEHTNApH Kyiiugarn dopmyna
OpKanH XucobnaHanu:

k
'UQ: (x’y)= Z—l 'lrmuR_ (x,.V).

6. IOkopuna KeNTHPHAraH aNrOpHTMHHHF KadamnapH G¥finua Q;w
XucoGnaHanu.

7. 0=0" N Q¥ kecnulys Kypuranu.

O MakcuMan KuiiMaTra ara 6ynraH MyKOOMNHHM TaHNAIl TErMLLTHIHK
JapaxkacH paluHoHan Xucobnauaau.

Taxxpnba TYpT cenekumon Hasnapuaau: C-4727, Toukent 1, 108-®, 159-O
(X ={x1, X245, %4}) FY3aHHHT (P={p1,P2:->P5}) camapafopIIHK
XYCYCHATAAPUAAH: XOCHINOP/HK, TONA Y3YHJIHMIH, TONA NMUWHKIHIH, YPYFHHHT
a6conmoT OTUPANTH, YPYFHHUHT EFNHANUK AapaykacH axpaTub onuHaau.

Bapua Ce/ieKUHOH HABNAPHHHT paHxuvposkacH 108-0 HaBMHMHC FY¥3aHMHT
6omka HaenapupaH Q Hopaswad TYmiaM G¥iiMua TErMITWIAK ZApaXKaCHHHUHT
KuiMaTH 10KopH 6¥ranu xucobnananu (0,96).

Hopaswan konnanap 6a3acHHH IaKIAHTHPHILLA MOAEN MapaMeTpnapHHu
coanai, TacHuguawr ycyn Ba anropuTMIapH EpAaMuia aManira omHpHran 6o,
assano CyreHo THOMAArH MOAENHH KYPHIIHUHT ¥H KagaMlli airopuTMH
KeNTHPWIraH, THMCONIAPHH TAHHO OJIHII Macananapyiy evuLlira Kyanam Tapsuaa
aMaunra OLMpPHIIraH.

Taxpubasuii TanKMKOTHH aManTa OWIMPHII YYYH HODABIWAH TYMRamiap
HasapuscH YCYNMMHH Kyanaiwt acocuii Makcan KHAHO onuHaM Ba KyiiHaaru
Macananap e4yWIrau:

¢ Tacuudnain MacaNacHHK Xan 3THIAA HOPaBLIRH TYNMaMMH EHAALUYBHA
Kynnaui.

* Hopasuwan xouganap 6asacHHH XOCHI KHAHW XamIa HOPABILAH KouZamap
GasacvHM HOpaBWAH MOAEN MapaMeTpIApHHU CO3MAIN OpKANH Kouaanap (koza)
TynnaMMHyM  KucKaptHpuw  Gapobapupma 10KOpH caMapalopnekka  (Tanu6
OJIMLUIHHMHT IOKOpH ¢oH3Aari KypcaTKHYMIa) 3pULLIHLLI.

e Bepunrad  TacHHQnaul  MacananapHHH = €YMM  HATHXKANApPHHUHT
COMUIUTHPMA TAXTHITHHH KaNBALTH Ba rpathHiuH KYPUHHIILA aMaNTa OILNPHLIL.

Typr Typaaru macana 6epunran: IRIS (150Ta obwexr; 4ta Genru; 31a cund),
WINE (177 o6wexr; 13 Genru; 3 1a cund), UT-6¥pu (06bekT — 42 Ta; Genru — 6Ta;
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cHH( — 2 Ta), OHKONOrHA AUarHocTikack Gunan Gornuk (06sekT — 136 Ta; Genrn
— I11a; cung — 4 Ta) nap (5-pacm).

Hwnab uukmaran HopaBmian MoneNn nNapaMCTplapHiiM co3nawl ycyiaura
acocjaHraH HopasiliaH Koufganap 6a3acMHH KypMill anrOPUTMHHH THMCONAApHH
aHMKAAW YYYH KyJutaul KyHHaary HaTukanapHu Gepau:

1. Hopasiuan xonaanap 6asacH napaMeTplapiHu cO3aly aManra OLHPHIIH,

2. Hopasian xonganap 6asacH KHCKapTHpHUAAH.

3. HopaBitan &upawyBra acoc/aHraH TUMCOJUIAPHH TAHUG ONMLI JacTypHii
TAbMHHOTH HILIA0 YHKHIAH Ba TAXPHOABHA TAKMKOTAAH YTKAa3UNIH.

4. OmaArad HatHxkanap IRIS Macanacuuu ewnuuia — yMyMmuil Kouaatap
Gasacuunur 20% sa 83% Muknopusa xousana 99,3%; WINE macanacuiu eunmna
— yMymuii Koupanap 6azacuuuar 24% xouaama 99,4%; Ur-6¥pn macamacuuu
eyvuga — ymymuii xoupamap Oasacuuuur 15% xouwna muxgopuna 100%;
Ouxonorus MacanacHuy eunuyia — ymymuit konaanap 6asacuuunr 39,7% xouna
MUKIOpHIA 97,1% aHHKNHK KYpCaTKMUNAPHHIN TALUKHA STAH.

VYTrasuiran Taxpubanap HaTHXacHAa ONWHFAH KYPCAaTKHWIApHHHT ¥pTaua
kuitMatu IRIS — 2,09%; WINE — 4,48%; Ut-6¥pu - 0 %; Onkonorna — 4,18 %
XaTONHKHY TAMIKHII 3TAH.

5-pacm. T¥pr Macana HaTHxanapH Ba KOHAA TAHJIOB KYpCaTKHUNAPHHHUHT
Takkocnaw rpaduru
Hnosa KHCMHOA AMCCEPTAUMSHHHT TaxpHOaBuii TAIKMKOTNApUHM amanra
omHprl y4yH (ofinanaHunraH CTaTHCTHK MabiyMOTAap, TAAKMKOT MLIHHWHT
HaTHXaNapyHH aManuérga KYANaHraHIUurdHe TacAHUKMOBYH XyXOKaTiap Ba
Vabekucton Pecnybnukacu [Hasnar I[laTtent niopacH TOMOHMIAH nactypnap
MaxMyacHHH pyHxaTaan YTraunury TYFpUcHaard ryBoXHoManap KeITHPHIraH.

XyJsoca

Huccepraunana  TH3MMAM  TAXAHA  KOHLCHIMACH,  PENPEICHTATHB
MaBIyMOT/IapH HHTemiekTyan Taxawnan (Data Mining), XycycaH, HopasliaH
TYNAamnap Ha3apusacH acocuaa Kapop KaGyn KHAMIUra KYMaKalWHi TUINMHHH
KYPHILITa KOMIMJIEKC E€HAAWyBHH amanra OLIMPYBHHM YCYJnap, Mojesuiap Ba
ANrOPHTMIIAP HILTAG YHKHIIRH.

Tanxkukothn amanra owwmpuwnan onupran acocuii HaTHxanap cndatnaa
KyHunarunapiu kai 3THII MyMKHH:

26



1. MamiymoTnapHu HHTeMNeKTyan TaXWUlalWl TH3NMIIApDHH KypHuLIa
HODaBIIaH TYIIaMAap Ha3apHacH ycyJIapHHH Miial YHKMIDHWHT Haszapuii Ba
amManuil  KHUXATMIAPHHHHT 3aMOHABHH XONAaTHHH EPHTYBYHM  HJIMHHU-TEXHHK
anabuérnap TaxnunH, HIMHE MabAYMOTNApHH TH3UMIM TaXJHIK Kapop KaGyn
KWMUIra  KyMakialMm — TH3MMAAPHHH  HOINAa0  YMKHIMHHMHEC  KOHUEMTyan
TAMOMMNNApHHK, KOHCTPYKTHB  EHAAILYBNap, yCyanap, MoZennap Ba
ANrOPHTMAPHHH WAKIVIAHTHPHULL Ba acOCTAlll HMKOHMHH APATal.

2., Makcaiin  MOHMTOPHHT TH3WMNapHAa Kapop Kabym Kuiuuira
KyMaKkjalllyByH CycT TY3WIMadH KapopnapHu umna6 uuxum, Mypakkal
TY3HIMANH MacanalapHH eYUIUHM caMapanH amanra OHIMpPHIIHMHF MaTeMaTHK
Kyiunun  muna® uukunrad, ywby umnaHManap xapop KaGyn kuaMwmra
KyMaknalmmm — TH3UMHHM  kapop  MykoOunanapn  Ounan  TanMHHnam
caMapanopIurHHU olHpany.

3. Makcamiu MOHHTOPHHI Ba MabYMOTJIADHH HMHTEJUICKTYAn TaXJHJian
TH3UMIIADUHH  KyPHII >KapaéHuma HOCHTHOHKAUMA MONENH YUYH HOpaslUaH
Xynocanaw THIUMHMHM KypHII ycynH uuab sukwiraH Gysmb, mapamerpux sa
TY3UNMaBHil UAeHTH(HKALMA MOMAC/NADH KYPUHHUIMAAZ amanra OILMpPHAraH.
TMapametpux  uaenTHdukauua yuyH Cuuraron Ba Mampaun  Typuzaru
HICHTH(UKALMA MOAC/UTAPHAHN HILNA0 YHKHUW OpKATH amManra olMpHiran Gynca,
TY3UnMaBui MaeHTHUKAUHA MOINENH HOpaBWIaH KoHAamap Gajacuuum Kypuumma
HOpaBUWIAH  MOJIGNTHUHT  TY3WIMaBHi  XapaKTEPHCTMKAaCHHHM  aHUKaura
AyHanTUpHATaH KnacTep TAXJIMAW QIrOpUTMAapH Ba Cy(LeKTHB axpaTHL
YCYJUIapHra TasHUITaH X0Na amMainra olHpHaral 6ysmb, cycT WmakmaHTUpHIraH
MacananapHi eYuiyia HOpaBIliaH TYNnaMIap Ha3apHACH EHOAWYRIH MOIENNAPHH
HULA6 YHKHILHMHT yenyGuii aCOCHHM TalKKA ITamy.

4, Spatunran Hopaswan Koumanap Gasacumad camapanu dofaanaHuImHH
TabMHHAALI aCOCHAA HOPABIDAH MOJCHH KypHUl MacaJacHHW €YHIN ycynu Ba
anropuT™MH  KenTHpunran 6Ymu6, yHuHr EpmaMHIa  MasTyMOT/ApNapHH
HHTEIEKTYaNn  TAXAMIA  TH3MMIAPUHMHE  CAMAPANOPIKHTHHH  OLIMPHW
MYMKHHIUIH acocIaHanu,

5. Maxkcannu MOHHTOPHHT, MabLJAYMOT/IADHH HHTEJUIEKTY TaXJIHiLiann
TH3AMNADHHH TalUKMA STHIIIA YHUHT CaMapalOpiIHTHHH OWMpHI  MYXHM
axamMuaT kach oranu, uyHkH OyHaaH TU3HMAAp KaTTa XaXKMAH KHPYBYH
MaBAyMoThap GunaH uwnaranaa canbuil oMHNNap KeMUO UMKHMIMK Ky3atunanu.
Tanknkotaa canbuii  omuanapuu  Gaptapad 3THII yuyH mnapaMeTpHk
HACHTHOUKALHMA yuyH rpaaueHT ycynupad dofinanannm Eagawysu Taknud
stuaran. bynaaii énnalryBHHHT KYNAaHHIKIWH HOPABIIAH TYIIAMIIAP HA3apHACH
€ipaurysnH  Mozel Ba YHWHT TapkHOHA 3/MeMeHTH HOpaBIIaH Kouaanap
6a3acHHUHT CYCT WAKJMAHTHPWITAH MacaNaNapHUH CYHLIAA HLIOHWIHIHIHHH
OLIMPHKILTa XH3MaT KHAAIH.

6. Kapop kabyn kunuwHuHr Gewta Momennapu EpAaMHAa MYXMTHHHT
MyMKKH G¥nran XonatnapH y4yH HOpaBHIAH TYIJIaM Ba Xoauca KGoOmAnaHMumM
Taknud stunran. CycT maknnakwral Macananapia GolnanruHy MabiyMOTAApHH
HopaBwan-TynnaMiK kypuununa udomanai, Mykobunnapuu Gaxonaw Ba MakGyn
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CTpPaTerHsHH KMAWPHII Xamla TaHjall ycyn Ba MOACWIapH Taknud 3THaranm,
Makcannin MOHHTOpHHIA2 Kapop kabyn KMHLITa KYMAKTHIIHI TH3MMUHH aMara
OWHPHII y4yH TacHM}awl MacalacHHH eqHIUHMHI HOPABAWAH EHIALLYBIIH
MapkoB moaend Hmab umkunraH. Kentupunarau ycyn Ba mofennap cycr
LJAK/INaHTaH Macananap XapaktepHHH 6enrunab, kapop kabya kKummi yuyH xapop
MyKOGUIaph aHUK/THIH Ba caMapacHHH OLUMPHLLIFA XH3MAT KHaau.

7. HWunab yukunran ycyn Ba MOAE/IAp aCOCHAA KHUUIOK X§HKaTHrM Naxta
CTHIITHPHILAA GauiopaT/iall MacaNacuHi eyull aNropuTMH MUUIA6 YUKHAraH Ba
YHH amaira OIMHPpHIIHHHT JacTypHit TasMHHOTH Hiwiab yukwkaran. Hopasiuau
MOJCITHH KyPHWl ¥H KagamMH anropuTMH Takiud dTharad 6yamb, omuurax
HaTHXKanap Maexyxa Kycarkuwiapra HHcbatan 0,5-3 % camapanu TalwKHA 3TOaH.
Xycycan maxta TaHHapXMHHM Ba XOCHMMOPMHUKHM Gamiopatnamr macananapHi
eqnuaa 96,5-99,8% aHUKIUK KYpCATKNYAAPUHY ONHIITA IPHIUHIANH.

8. Tacuudnaw macanacHiy euniLaa KApop KByl KUIMIIra KyMaKIalMIIHA
amaira OWHUpPHII YYYH HOpaBLWaH MOJEJIHH COo3Jlalll YCYJUIapH acocHaa anropHT™
uwnaG 4ukuub, waTWkanap TecT Ba amaiMii Macananapaa  HkoGHINHTH
acoCJaHAH: THMCONIApHH TaHuG onumgarn auukmmk moxen (IRIS, WINE, Ur-
OY¥PH, OHKONOTHA KaCAINMNIHHA AHArHO3 KWIHW) Macananapia 97-100% , amanuii
Macananapaa ([1axta XoCHIIOPAHTHHH GatiopaTiaul, MOC TaXTa HABMHH TaHMALL,
Xy#KkaT ajMalUMHYBH TH3MMuAa TacHHdmaw) 92-98% kypcaTkuuim HaTHXamap
ONHHaMH,

9. Muna6G yukuAraw HopasiuaH TYMnamnap HasapuacH EHAAWYBAU Kapop
KaOyn KWIMIDra KyMakjamyB4H TH3HMHH aMaira OUIHPHIra HYHanTHpHIraH
nactypuii Bocuranap Y3bexucton Pecny6mukacu Onuii Ba ¥pTa Maxcyc TawiuM
Basupnury, JKussax punoatH KHuinok Ba cyB Xyxanury Gomkapmanapuaa taabux
ITHAraH, AUCCepTaUHA HaTHxanapH 6¥iinya onvHran fanonatHoManap HkTucoauii

CaMapafop/INKHH TacauKIaian.
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Beenenue (AHHoTaUHA AOKTOPCKOil AHCCEPTALIH)

AKTyaneHoOCTH H BocTpeGoBanHOCTL TEMBI AHCCEPTALMH.
CrpeMuTesibHBIE TEMMBI POCTa MHPOBOTO HHGOPMAUHOHHOrO MpOCTPAHCTBA
Hepa3pbIBHO NPHBOAAT K MOBBIILCHHUIO YPOBHSA CJIOKHOCTH NPOLECCOB 06paboTky
nHdopmauun. CTaHOBATCA OYEBHAHBIMH HENOCTATOYMHOCTh M HEaJeKBATHOCTD
TPaAHUHOHHBIX MATEMATHYECKHX anmapatoB INpH pElICHHH 3afad aHanuaa,
BeiGopa, KfMaccUGHKAaUMH W NPOTHO3HPOBAHWA MO JNAHHEIM, OMMCHIBAIOIMM
npotiecchl TNO6IBHOTO COUHANBHO-DKOHOMHUECKOTO pa3BUTHA. B cea3m ¢
€XE/IHCBHO BO3pacTaloMMH HHPOPMALHOHHLIMH NOTPeSHOCTAMH YeNoBeYecTsa
YCHIHBaIOTCA TPeGOBAHHA K TOYHOCTH H ONEPATHBHOCTH 00paGoTKH HHGOPMALMHK.
310 060CHOBLIBAET CO3JAHHE YHEHEIMH HOBBIX MOAXONOB K 00paGoTke Gomeumx
MAacCHBOB JAAaHHBIX CO CMOXHO# CTPYKTYpOii.

JIns o6ecnedenns unterpaunu Pecny6auku B robansHoe kHgopMauMoHHOE
NpPOCTPAHCTBO,  IIMPOKOrO  BHENPEHHS  COPEMEHHBIX  HHGopManuoORHO-
KOMMYHHKAUHOHHBIX TeXHONOTHH B paMkax TpeGOBaHUH K pa3BHTHIO COLMANLHO-
3KOHOMHYECKOi cdepsbl peanH3yloTcs MHOTOYHCEHHbIE Hay4HO-
HccienoBaTenbekue paboTsr.

CnoxHbie MHTEPHPOBAHHEIE CHCTEMBI XapaKTEPH3YIOTcA GONBLIMM YHCIIOM
BXOAHBLIX-BBIXONHLIX JAHHEIX M 3MEMEHTAMH, OTHOLICHHAM MeEXAY KOTOPBIMH
CBOWCTBEHHA Pa3HOTHIHOCTE H HEAHHEHHOCTh, 2 YacTh MHGOPMALMHK O CHCTEME
MPEACTABNAETCA B KAYCCTBCHHOM, YHCJICHHOM M KOJNMYECTBEHHOM Buie. B
Pe3yNBTATE YCNOKHAETCS BHIBOX 3aKoHOMepHoCTeH pacnpefesieHHs TIapaMeTpoB
BIHSHHA Ha CHCTEMY, a B HEKOTOPBIX CIIy4asX, HanpHMep, KOraa NPeXbABAAIOTCA
ECTKHE OTpaHMYEHHs Ha BpeMsi, BEIBECTH 3aKOHOMEPHOCTh HE NPEACTaBIACTCA
BO3MOXHEIM.

CrpemutensHoe pa3BUTHE COBpPEMEHHBIX nHGopMauHORHO-
KOMMYHUKALHOHHBIX TEXHOJOrHi NpHBENO K NOBHIUEHHIO 3ddexTHBHOCTH
ynpasaeuus COLHATBHO-3KOHOMHYECKHMH npoueccamu, 3KOHOMHH
MaTEPHANTBHEIX, (PHHAHCOBBIX, BPEMEHHBIX W TPYAOBBIX 3aTpaT. JTO ABJACTCA
OZHOi{ H3 NPUYHH MOBBIEHHOIO HAYYHOIO K MPAKTHYECKOTO HHTEpECca K METonaM
HHTE/NEKTYaNnbHOM 00paGoTkH JaHHBIX NMPH NofAepKKe NPUHATHA pemennii. K
METON2M HHTEJICKTYaNsHOTO aHANKM3a JAHHBIX OTHOCATCS, OCHOBAHHBIE Ha
NpUGIKMKEHHBIX PELICHHAX MOJCIH HEYETKONO BLIBORA; HEHPOHHBIX H rHOPHAHLIX
HElpOHHEIX ceTeil, HMMYHHbBIE, FEHETHUYCCKHC H, QITOPHTMbI HMHTHpPYIOUIHE
NoBeAcHHE XKHBOTHBIX, H B olLieM Bonnowaowue B cebe XOMOGUHHPOBaHHbBIE
MOJIC/TH CPEACTBA « MArKHX BBIYHCICHHIA®,

Pacumpenue cepsl oxsara npobGneM B 3ana4ax ynpasACHUA NPOHECCAMH, a
TaKke PpaIBUTHE H YCNOKHEHHE coctasa  (YHKUMH, BLINONHAEMBIX TNpH
YTPaB/CHHH, CTaBHT TPEGOBAHHE JOCTHXEHHA PE3YNILTATOB NMOANEPKKY NPHHATHA
pelleHnit Ha YpoBHE 4eNoBedeckoro cyxacHusa. HeweTkue mozenw, B cBolo
ouepelib, NO3BOAAIOT OMMCHLIBATH TPOLUECCEHl M COOBITHA PEANBHOTO MHpa
JAMHTBHCTHYECKHMH TEPMaMH HA €CTECTBEHHBIX A3bIKAX, & MEXAHHU3M HEYETKHX
pellenuii ABiseTCA MPO3PauHBIM W TMOHATHRIM AJIA YeNoBeka. DTH QYEBHAHbBIE
NperMylIECTBa  PaclIMPAIOT BO3MOXKHOCTH  peClCHAS 3aJad B  pasiMYHBIX
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NPHKNAJHLIX OTPACAAX HAYKH, TCXHHKH M 3KOHOMMKH, CBA3AHHLIX C pelleHHeM
3aga4  aHanu3a,  BbIGOpa, MPHHATHA  pellcHMi,  knaccudHKauMH W
IPOrHO3MPOBAHHSA B NPOLCCCE ABTOMATHYECKOTO YNPABICHHA H MONHTOPUHTA.

Bellteykasannele yTBepkAcCHHS M BbIIENCHHBIC NPOGAEMbl 0GOCHOBLIBAIOT
aKTYalbHOCTE MOCTABNCHHOH B HACTOAIIEM WCC/CAOBAHHH LEMH NO PEUICHHIO
3aKay CO3MaHHA CHCTEM HHTENIEKTYANbHOTO aHAIN3a JaHHBIX Ha OCHOBE Moaeneii
TEOPHH HEHCTKHX MHOKECTB M CHHXEHHMA NOTPELIHOCTEH B anbTepHAaTHBaxX ANMA
MOANEpAKH NPHHATHA PpeELICHHUH 3a cueT NpaBuALHOrO BLHICOpa M HacTpoiiku
apaMeTpoB HEYETKOH MozesH.

Hannas HccnegobaTenbckas paboTa CyXHT Ans o6GecneyeH s BBIIONHEHHS
3ana4,  NMOCTABNEHHRIX  3AKOHAMH Pecny6nukn  Vibekucran  «06
nHdopMaTHzaunu», «06 3JICKTPOHHOM J0KyMeHToo6opoTe», TMocraHoBneHneMm
Npesunenta Pecnybnuku VY3Gekucran TIT1-1989 «O Mepax no JansHelinemy
passuTHio  Hauuonambholf  HHGOPMaUHOHHO-KOMMYHHKAUHOHHOH  CHCTEMbI
Pecny6nukn Y3bexucran» ot 27 uions 2013 roma, a TaKke NMOCTAHOBAEHHEM
Kabunera Munnctpos Pecny6ankn V36ekucran Ne355 «O Mepax no Bueapenuto
OLECHKH COCTOAHHA Pa3sBHTHA HHGOPMAUHOHHO-KOMMYHUKALHOHHEIX TEXHONOTH
8 PeciyGnuke Y36ekucrann» ot 31 nekaps 2013 rona.

CooTBercraHe HCCNEXOBAHHA NPHOPHTETHLIM HANPABACHHSM Pa3sBUTHS
HAYKH H TeXHOAOTWHl pecmyGankmw. [lporpaMma paiBuTHA  HaywHBIX
HCCIENOBaHH MO0 HHGOPMAUHOHHO-KOMMYHHKALUHOHHEIM  TEXHONOTHAM
Pecybnuxu  Vibexucran na 2008-2015 rr; THTII-14 - «Pa3paGorka
COBPEMEHHBIX ~ WHGODMAUMOHHBIX  CHCTEM, HHTEJUIEKTYANLHBIX  CPEACTB
ynpasneHHa # ofyvenus, B/ U nporpaMMuEIX NPOXYKTOB, 0GecneqHBaIOMUX
UIMPOKOE pasBHTHE H BHEAPeHHE HHOPMAUHOHHBIX H TENEKOMMYHHKALUHOHHLIX
TexHonoruin; FHTII-17 — «PaspaGoTtka coBpeMeHHBIX HHGOPMALHOHHBIX CHCTEM,
HHTEJNIEKTYANBHBIX CPENCTB YNpaBieHHs H 00yueHus, HayuHO-TexHuyeckux BJI u
TpOFpaMMHEIX NPOAYKTOB, OGECNeuMBAIOWIWX WIHPOKOE Pa3BHTHE W BHEApPEHHE
MHODMALMONHEIX M TENEKOMMYHHKAUMONHBIX TexHonorwiin; [MMH-5 -
«Pa3paboTka MHQOPMAUMOHHEIX TEXHONOrWH, TENEKOMMYHHKALHOHHBIX ceTei,
annapaTHO-MPOTPaMMHEIX CPENCTB, METOAOB M CHCTEM HHTEMNEKTYANLHOro
ynpaeneHHs u  OOyucHMs, HanpaBMeHHLIX Ha  MOBBILEHWE  YPOBHA
uH$opmaTH3aunu obmecraar.

O630p 3apyGexXHBIX HAYYHLIX HCCHEJOBAHHI MO TeMe AMCCEPTALMM.
Hayunsie uccneoBany no npuMeHeHHIO cpeacTB «MArKMX BBISHCICHHI» M
paspaGoTke HOBOrO MOKONEHMA AIMOPUTMOB I MHTEJUIEKTYANbHOrO aHANH3A
A3HHBIX, KNACCHQUKALUKH W NPOrHO3UPOBAHMS MPOLECCOB M OOLEKTOB BEAYTCA B
pAlle HAy4HO-MCCENOBATENBCKMX LCHTPAX W  YHHBEPCHTETAaX, TaKMX Kak
Kamudopuuiicknit ynusepcuter, MaccauyceTckuii TeXHONOFHYECKHH WHCTHTYT.
akazemus Microsoft, Wccnenoratensckuit uentp Oracle (CILA), Knorcknii
ynusepcuteT,  Tokuiickuii  TexHomoruueckuit  yuusepcurer  (SInonus),
Yuusepcuter Wuxa, Ceynsckuit HauMoHanBHEIH YHUBEPCUTET HAyKH M
TexHomoruH, Vuusepcuter MHWnuo (IOwmas Kopes), Texuonoruueckmii
yhusepcutetr cesepHoro Kutas (KHP), Mockeckuii TeXHHUYeCKMHi YHHBEPCHTET,
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MockoBckuit rocynapcteennblii yHuBepcuter, Brruncnutensheidi uentp PAH,
HoBocubupcknii  rocynapctsennsiii  ynusepcurer (Poccust), Bapwasckui
TeXHonoruyeckni yunscpeurer (ITonsiia).

B nocneauuc roasl o Hanpanueuuﬁ UCCIICAOBAHHA AKUCCCPTALUH TMOTYHCHBI
Cliefiylollie CYUIECTBEHHBIE pecyNbTaThl: pa3pafoTka M BHEAPEHHE CHCTEM
HHTENNEKTYaNbHOrO aHanu3a AaHHLIX NPUBEIH K YMEHBLIUCHHIO MNOrpelHOCTH
aHanM3a JaHHBIX M nporHosuposanust Ha 10-15%  (Maccadycerckufi
TEXHOJNOTHYECKHH MHCTHTYT, akageMus Microsoft, Hccnenosatensckuit UeHTp
Oracle, Mockosckuit  rocynapCTBeHHBIH — TeXHHUECKH YHHBEPCHTET,
Buruucnutensusiit uentp PAH, Vuneepcuter Huxa, Ceynsckuii HannonantHeii
YHHBEPCHTET HAYKH M TEXHONOTHI, YHuBepcHTeT HIH4O); onpeaeneHo CHHXKEHHE
TNOTPEWHOCTH KIACCH(UKALMK NPy IPHMEHEHHH CPEACTB KMATKHX BEIMHCICHHID)
B cyyae cna6oil hopMaT3IOBAHHOCTH NPH3HAKOB, OMHCHIBAIOMIMX 0GBEKT, Ha 20-
25% (Texnonoruyeckuii ynuBepcuTer cesepHoro Kuras, Kanudgopruiickufi
yHusepcuteT, CeynbCkuii HAUMOHANBHBIA YHHBEPCHTET HayKH M TEXHOROTHi,
HosocuGupckuii rocynapcTaeHHBIN YHHBEPCHTET).

B nactosllee BpeMs aKTHBHO BEAYTCA HCCNENOBAHMSA NO PasBHTHIO CPENCTB
«MArkux BbIYMCHEHMI» B paMKaX HHTE/UICKTYansHONo aHaflH3a JaHHbIX,
NPHOPHTETHBIMH HAMpABACHUAMH SABJAIOTCA MCCNENOBAHHA MO PacCUIHPEHHIO
BOaMOXHOCTEH  CpeAcTB  aHaM3a, HanpaBleHHBIX HA  MHHHMH3AUHIO
TMOTPelIHOCTEH aNkTepHATHB TOMAEPXKKH NPHHATHA YNPaBICHUECKHX pelieHH
npu  yBenuuusalomuxcAa obnemax  oOpaGateiBacMoifi  uHGopMaun M
XapaKTEPHCTHK €€ JNeMEHTOB.

Crenmens  myuennocru mnpobiembl. B pesynvtare  pa3sBepHYTBIX
lWypoKoMaciuTabHeIX Hccenosanuii Mo paspaborke CHCTEM HHTEIUIEKTYAILHONO
aHIH3a JAHHBIX OMUCAHHA OOBEKTa NOMY4EHB! Pa3BUTHIE TCOPETHHECKHE H
NpaxTHYECKHE MpunoxkeHud. BecoMble pe3ynstaThl TEOPETHUYECKHX OCHOB
TOCTPOCHHSA ¥ WMCCNEROBAHAS BOMPOCOB MPAKTHYECKOTO BHEAPCHHS CHCTEM
NOAZEPIKKH TIPHHATHA PelleHNMil W LEEBOr0 MOHMTOPHHIA B PasiHuHbIX cdepax
Ha OCHOBE NPHMEHCHHSA TEOPHH HEYETKHX MHOXECTB, CHCTEM HHTEJLICKTYaNbHOTO
aHanu3a ® o6paGoTkn WH(OPMALMH, CHCTEM NPUHATHA PEHICHHI NONYHEHH! B
paboTax Bemywmx MuposeiX yueHsix Jl.3ame, P.frepa, A Koddmana, H.Knupa,
E.A Mamnann, Tepauno, Cyreno, Acan, A.H.ABepkuHa, A.H.Bopncosa,
HO.Alocnenosa, P.A.Anuesa, ®.Xepepa, T.®yxymo, Y.Kappa, M.Jlo3aHo,
M.CaxaBa, O.Kopnoua, ¥ .Kacumnaca, ®.Xoddmana, P.Slura, B.Kpyrnioea,
A Potuiteiina, C.l1Ito68a 1 T.0.

B Haweii Pecnybnuke Takxke BeAyTCA AaKTHBHBIC HCCNENOBaHHA 1O
pa3paGoTKe CHCTEM MHTE/NICKTYAIBHONO aHaiH3a JAHHBIX Ha OCHOBE MoAencH
TEOPHH HEUCTHX MHOKECTB. YMECTHO OTMETHTD PE3YNIbTATEI HCCME0BaHui B TOMH
obnactu T.®.BekmypatoBa, M.M.Komunosa, M.A Paxmatynnaesa,
LI1.X.®o3unosa, 1.T.Myxameanesoii, H.A.Urnatsesa, A.X.Huwanosa.

CBf3b  AHCCEPTANMOHHOrO HCCACAOBAHHA ¢ NIAHAMH  HaYTHO-
HCCneaoBaTeNbCKUX pabor BricmrHx  y4eGHLIX 3aBefeHuil oTpakeHa B
CNEAYIOUIMX NpoeKTax: rOCYHApCTBEHHBIR  HAY4YHO-TEXHHYECKWH  mpoexT
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(THTIN)-17:  PaspaGoTka  cOBPEMEHHBIX  HHQOPMALMOHHBLIX  CHCTEM,
HHTEJUIEKTYANBHEIX CPEACTB YNPaBAeHHA H O0YyYeHHSA, HayUHO-TCXHHYECKHX Oa3
JAaHHEIX H MApOrpamMMHBIX APOLYKTOB, 00ccnedHBaloLUMX WHPOKOE pasBUTHE H
BHeZpeHHE  HMHGOPMAUHOHHBIX H  TENEKOMMYHHKAUMOHHBIX  TEXHOJIOTHii
(2009-2011 rr.); rocynapcTeHHEIH HayyHO-TeXHHYeckhi npoekr (THTII)-5:
PaspaGoTka MHGOPMAUHOHHLIX TEXHONOrHH, TENEKOMMYHHKALHOHHLIX ceTeil,
annapatHo-NpOrpaMMHBIX CPEACTB, METOJOB M CHCTEM HHTEICKTYaNbHOro
ynpaejieHHs M  oOyuyeHHMA, HanpaBleHHBIX Ha  MOBLILECHUE  YPOBHA
nHopmaTH3auuK obmectra (2012-2014 r.).

lent. nccaemosamma pa3spaboTka METONOB, Mojeneli ¥ MPOrpaMMHO-
ANMOPHTMHYECKOro oGecneyeHta CHCTEM HHTEIIEKTYIBHOTO aHANK3a JaHHBIX Ha
OCHOBE MEXaHH3MOB MAaTEMAaTHYECKOTO aMNapaTa TEOPHH HEUETKHX MHOKECTB AN
NMOMACPKKH  pellleHHH  ympaBNeHYecKMX 3agay  UENEBON0  MOHHTOPHHra
cnaboopMaIHIOBaHHLIX NpOLECCOB M  OOLEKTOB, a TakkKe BHEApPEHHC
pe3ynsTaToB HccreJOBaHMiA B CHcTeMax NoAAepKKH NpHHSATHA
cnaboCTPYKTYpHPOBAHHEIX PEIiCHHIA.

Hna  pocrmkenus uenn  cdopMynupoBaHBl  cliedylOIUHE  3afadyH
HCCJIeJ0BAHUA;

H3YYEHHE M  CHCTEMHBIi aHanu3 COCTOAHHA  MCCIEROBaHWi WO
NPOEKTHPOBAHHIO CHCTEM LIECBOTO MOHHTOPHHIA H HHTEIUIEKTYaNsHOIO aHalIH3a,

HCCNEROBAHHE TEOPETUKO-METOJONONYECKHX OCHOB pa3spaboTku monmenu u
METONOB NPUHATHA pellieHuil B YCNOBUSX HEHETKOCTH;

¢opmupoBaHye MaTeMaTHYCCKOH NTOCTAHOBKH 3aa4H NOCTPOCHUA CTPATErHH
NPHHATHA  CNaBOCTPYKTYPHPOBAHHBIX pELICHHN NPH NOTHKO-THHIBHCTHYECKOM
0TOGpaKEHNH JaHHEIX;

pa3paboTka Meroga opranvsauuu 6a3 npaBHa AA NOCTPOCHHA HedeTKOH
MOJIENH CHCTEM MOHUTOPHHIA H HHTEJUIEKTYalbHOTO aHATH3a AAHHLIX;

MOCTpOeHHE HeyeTkol Mofienn wacHTHWKauuu H pa3paGoTka MeToA0B
HacTPOHKH napaMeTpoB Gasbl HeYeTKHX MPABU B CHCTEMAX HHTEIICKTYalbHOTO
aHaNN3a JAHHLIX;

HCCNeioBaNKe n pa3paGoTka METOAOB HEUETKONO MOAXOAA MPH PEIUCHHH
3aja4 NOCTPOEHHA MHOFOKPHTEDHANBLHBIX Mofenci TMPHHATHA  peuleHuii.
KnaccHHKauuH u NPOrHO3HPOBAHHA B YCAOBHAX HEYCTKOCTH HCXOAHBIX NAHHBIX
H cnabofi cTpyKTypHpoBaHHOCTH 3a0ay;

BHEIpEeHHe pa3paboTaHHBIX MeToj0B, MoAenei,
NpOrPpaMMHBLIX  CPEACTB HMHTEMICKTYANLHOIO aHanu3a JaHHBIX B CHCTEMax
NOANEPXKH NPHHATHA  CNAaGOCTPYKTypHPOBaHHBIX  pelliCHUH, npoBencHue
CONGCTABHTENRHOTO  aHANM32  MOMYYEHHBIX  PE3ynbTaToB M MPOBEpKA
3thpdexTHBHOCTH paspaboTok.

O0LexkT HeCMeNoBaHMsu: CHCTEMB MOWHTOPHHTA H HHTCIUIEKTYalbHOTO
aHanM3a NaHHBIX JJI1 NOMAEPKKH NPUHATHA peleHHii Ha OCHOBE [aHHBIX
onucanns o6BEKTOB U NPOLlEccoB.,

ITpeamer uccnenoBaHHUS — MOAENM WMHTCILIEKTYyANLHOTO AHANM3A RANHBIX
AN MONNEPKKM MPUHATHA PpeliCHMH npu OpraHH3aUHK HHTCINCKTYANbHBIX

QNTOPHTMHYMECCKHX H
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CHCTEM Ha OCHOBE HEYeTKO-MHOXECTBEHHONO MOAXOAA, & Taoke METOMRI, MOJENTH
H aNrOpKTMB! HACTPORKH MX NapaMeTposB.

Meroasl nccaexoBaHuii. B npouecce HCCACAOBaHHA MPHMEHEHB! METOARI
HHTCINCKTYAILHONO aHaAH3a MAHHBIX, TCOPHH HEHYCTKUX MHOXECTB, TCOPHH
BEPOATHOCTM H  YNPaBJEHHS, OKCNCPTHHIC OUEHKH, MOJENH NPHHITHA
cnaboCTpYKTYpHPOBaHHBLIX pelleHuii, HaCTPOHKH mapaMeTpoB HEHETKOM Moneny,
HeueTkue METOAb! NPOFHO3HPOBAHHA H KNAacCHPHKaUHH, METOAL! ANTOPHTMH3AUHH
1 00LEKTHO-OPHEHTHPOBAHHOTO NPOrPaMMKUPOBAHHS.

Hay4Haa HOBH3HA HCCJIEAOBAHHS 3aKJTIONACTCA B CRCAYIOMEM:

paspaBoraH Meron TNOCTpoeHus 6a3 mpaBMn AiA peamH3alUH HEYETKOH
MOJENH NPH CO3NAHMH CHCTEM MOHHTOPHHIA M HMHTEJUICKTYaNIBHOIO aHaimsa
NIOAACPKH NPHHATHA pellieHuUi;

paspafoTaHa MaremaTHuecKas MOICNb MNOCTPOEHHMS CTPAaTErHH NPHHATHA
cnaGocTpYKTypHpPOBaHHBIX pelueHHi ApH JIOTHKO-NIMHIBHCTHYECKOM
oToOpaXkeHHH  JANA  CO3NAaHHA  CHCTEM  LENEBOrO  MOHHMTOPHHrA M
HHTC/MNEKTYANLHOTO aHAMH3a aHHBIX;

pa3paGoTaHa Merognka HacTpofKH napameTpoB HeueTkux 6a3 3nannii Ha
octiose MOAM(UIHPOBAHHOTO rPATUEHTHOTO METOAa ¥ MapKOBCKOH Mozenn mns
noBsiweHHs 3 HEKTHBHOCTH MEXaHH3IMA NMOAEPKKH MPHHATHA YNPaBACHYECKHX
peileHHit CHCTEMB! LENEBOTO MOHWTOPHHTA M HHTENUICKTYaNhHOrO aHaMH3a
JAHHBIX;

APENJIOKEHO OMHCAHHE METOA0B H Mojesnell HHTELIEKTYalbHOIO aHaNK3a
JaHHBEIX HA OCHOBE HEUETKOTO NMOAXO0/A2 B CiiaGodiopManiaoBalHEIX 3aa4ax;

paipaGoTaHbl PpeKyDPeHTHEIC YPaBHCHHS HAa OCHOBE annapara TEOpHH
HEYCTKHX MHOXKCCTB ANl HAXOXACHHA ONTHMANBHON CTPaTerHH B HEYETKHX
MOJZIE/IAX UEIEBOr0 MOHHTOPHHTA;

paspa0oTaHbl  TPHHUMNBI, KPUTEPHH M TpefoBaHUA  MOCTPOEHHA
HHTE/NIEKTYANbHBIX CHCTEM MPHHATHA YTPAaBNEHYECKHX pelleHnii HA OCHOBE
METOROB H ANTOPHTMOB HHTE/IEKTYaNLHOIO aHANH3A JAHHEIX;

pa3paGoTaHbl MONC/IH M AITOPHTMBI pellieHHs 3anay NPOTHO3HPOBAHHA H
KnaccHpHKaUMH Ha OCHOBE HHTE/UIEKTYANEHOTO aHAH3A NAHHEBIX MPH NPHHATHH
ynpaBAcHYCCKHX pelleHHIA,

MNpaxTuveckne pe3yJbTATHI HCCJIEAOBAHHA 3AKMIOUAOTCA B CNEAYIOLIEM:

pa3paGoTaHHbIe HA OCHOBE MATEMATHYECKOTO aNNapaTa HeMeTKHX MHOKECTB
ZNA HCMONB30BAHHA B KAaUECTBE 3NIEMEHTOB CHCTEM HHTENIEKTYyansHONO aHANH3a
JAHHWIX 0pH  pelleHHH cnaGoCTPYKTYPHPOBaHHBIX YMpPaBAeHYECKHX 3adav
nporpammuiie cpenctsa «KnaccHHMKAUMA CHOXHBIX OOLEKTOB Ha GCHOBE
HEYeTKHX NpaBuyl NpHHATHA pewennii» W «HKT-monuTopunr» ofecneunsaior
MOBEIMICHHE TOYHOCTH KJacCH)HKAUMKH ¢ TPOTHOIHPOBAHHMSA B  3amayax
coumansHo# U akoHOMHYecKol cepsl;

METON peanusauuu 6a3bl HEYETKHX MNpPABUA NPH NOCTPOGHHM HEYeTKOH
MOZE/H TIOAACPKKH TIPHHATHSA YNPABJICHYECKHX PCIUCHH LIeieBOTO MOHHTOPHHTA
na€r BO3IMOXHOCTL (IOPMMpPOBaHHA 3HaHHA 06 ofbekTax u QopmanuzaLyuH
3KCnepTHLIX 3nanuii. HacTpoiika napameTpos 6a3 HeYeTKHUX npasHi H ANMOPHTME!
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BeI6Opa aNbTEpPHATHB MOBLILAIOT TOYHOCTh pe3yNsTaToB a0 97-99,3%, a
NpOK3BOANTENEHOCT MOBRIIACTCS B 1,5-2 pasa HCXoas K3 XapakTepa 3afay;

paspaGotan anroputm M nporpammHoe ofecredeHHe peleHHA 3anadH
NPOrHO3HPOBAHMS BEIPALIHBAHWA CEJILCKOXO3AHCTBEHHON NPOAYKUHM HA OCHOBC
pa3pa6oTaHHEIX MeTONOB H MofeseH HHTEIEKTYansHOTO aHann3a. Pesynbrathi
NpEBOCXOJAT CyecTByloHe nokasateny Ha 0,5-3%. B vactHocTH, npH pelrennu
3anay NPOrHO3HPOBaHNS CeOECTOMMOCTH H YPOXKaliHOCTH XJIONMKA-ChIPLIA TOYHOCT
coctasuna 96,5-99,8%;

paspaboTaHel AITOPHTMBI peaNH3aUUH LENEBOr0 MOHHTOPHHFA, TOMAEPKKH
NIPHHATHA pElIEHHi HAa OCHOBE METONOB HACTPOHKH MapaMeTpoB HedeTkoil
Mozenu, oToGpaxkeHE! pe3ysTaTh! NPUMEHEHHA k 3afayaM knaccudukaunu. Ipu
PCIICHHH NPHUKNANHEIX 3ada4 oTGopa M KiIacCHPHKaUHM COPTOB XJIONKa B
YnpaBneHHH ~ cenbCKOrO M BOOHONO  XO3aHCTBa,  KiaccHuKauum
AoxkymeHTooG0poTa B YNpaBneHuu cpeaHero ClnelHaIsHoro npogeccuoHansHoro
obpazosanna  JIku3aKCcKOrO BH/OATA  OCYILECTBACHB!  JKCMEPHMCHTANMLHEIC
HCCAed0BaHHA H 3aperNCTPHUPOBaHa TOYHOCTE B 92-95%.

HocToBepHocTh Pe3yARTATOB HCCIEXOBAHHA OGOCHOBBIBaETCS TeM, 4TO
NPOBEACHO MaTeMaTHYeCKoe MCCea0BaHue MpEAIoKeHHBIX METOROB H MozeneH
HHTEJUIEKTYAIBHOTO aHAIH3A JAHHBIX MPH LEJeBOM MOHUTOPHHTE U NMOAACPHKE
NPHHATHS YTIPABNCHYECKHX pelCHHH, OCYILECTBACH CPaBHMTENBHLIA aHanH3
MONYYEHHBIX (OPMYN ¥ BHIKNALOK C PEANBHBIMM H IKCIICPHMEHTANBHBIMU
AAHHEIMH Ha OCHOBE oOWenpHHATBIX KpuTepHeB. [l OUCHKH pe3y/bTaToB
HCCNIEI0BaHNH Ha HMX HENpOTHBOPEYUBOCTh MpPOTeCTHpoBaHa 3hdeKTHBHOCTE
NPOrpaMMHLIX  KOMIUIGKCOB  [UiS  petieHHs  3afad  KnaccHHKaUMH H
NPOTrHO3HPOBAHHA M0 00BERAUHEHHBIM AAHHEIM.

CpaBHuTenbHblli  aHaMH3  3(pQeKTHBHOCTH NPOrpaMMHBIX CPEACTB  JUTS
ANIrOPHTMOB C HEYETKHM MOAXOAOM NpOBEACH MO KPHUTEPHIO MHHHMMH3AUHH
OWwHOOK LENeBOr0 MOHHTOPHHIA, B ANbTEPHATHBAX MOANEPNKKH TPHHATHA
YUPaBNEHYCCKUX pEUICHWH B yCROBHAX HEYETKOCTH HCXOAHBIX MAAHHBIX H
cnabodopManu30BalHLIX CNoXKHBIX 3a0aY.

Hayunas u npakTndeckas 3HAYHMOCTH pe3y/ibTaTOB HCCJIEROBAHMS.
Hayunas anauuMocTs mMomyueHHLIX pesynbTaToB McceNOBaHHA 3aKNIOYaeTCA B
TOM, YTO NPEVIOKEHHBIE METObI, MORENH, ANNOPHTMb] U APOrPaMMHLIE CpeACTBa
MOJAREPKKH NPHHATHA pemieHHHi  cnaGodopmanu3oBaHHBIX  3ala4  Clyxar
Pa3BUTHIO  TCODHH  TOCTPOCHHA  CHCTEM  LEJICBOTO  MOHHTODHHIAZ M
HHTENNIEKTYANbHOrO0 aHANN3a JAHHLIX C NOMOLBLI0 HACTPOHKH mNapaMeTpos
HEYETKOH MOIENH, METONOB HIcHTHMKayny, ofecneyHBalOUIMX NMPO3PaYHOCTD H
NPOCTOTY NPHHATHA pewleHki B cnabofopmann3oBaHHEIX 3a/la¥ax HA OCHOBE
HEYETKOH MOAENH M  NOTMKO-NMHIBHCTHYECKOTO OTOODMKEHHS  JAHHBIX,
HHTENNEKTyansHol  06paGoTkH  ucxomHolt uH¢opMauuH, KIacCHHKAUWH U
NPOrHO3MPOBAHHMA.

Npaktuueckan  ueHHocTs  paGoTel  3akmiouacTcs B (IPHMEHCHUM
PpaspaboTaHHBIX MoZeNeH M anropuTMOR B COCTABE CHCTEM HHTEIICKTYaNsHOTO
aHanu3a HHQOPMAUMOHHBIX pecypcoB Kak CpeAcTB (POPMHPOBAHHA CHCTEM
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NOICPKKY PUHATHS PEIICHHUE 1 B MOBLILICHAH Noka3aTeNell TOYHOCTH pelleHHi
PElICHHS 3a0ay IIPOrHO3HPOBAHUS CeNbX03 KYLTYD NPH peannsaulH paspaGorox
Ha 2-5%. TIpoM3BOANTENLHOCTb aHMNKU3A DAHHEIX NPH (GOpMUPOBAHNH peleHnH
NS MOANEPKKH MPHHATHSA YINpaBleHYecKHX pelieHuii moseieHa Gonee ueM B
1.5-2 pa3sa. PaspaGotanHasn Ga3a HeueTKHX IIPaBUIT MO3BONAET YCOBEPIIEHCTBOBATE
annapaT HEYETKHX BLIBOAOB I/IA NIPHHATHA CNaGOCTPYKTYPHPOBAHHBIX PELUEHHUI.

BHeapenue — pe3yALTATOB  MCCJICAOBAHMS.,  ABTOMaTH3HpOBaHHas
HHpopMauHoHHas cucteMa «AKT MOHHTOpHHI» NpHMEHEHA NPH MOHHTODHHIE
NpOLECCOB  BHEAPEHHA HHPOPMAUWOHHO-KOMMYHHKAIMOHHEIX TEXHONOTHI B
HAUHOHANEBHOH ceTH «DnekTpoHHoe 06pasoBanKey», aBTOMATH3ALUWH 3JIEMEHTOB
ynpas/ieHusi MEHHCTEpPCTBA BHICLIETO H CPEHEro cneunansHoro obpasoBanus, a
MeTONbl, MOJEAH H AIFOPUTMBI NOANCPKKH NPUHATHA pelieHHdt B CHCTEMax
ynpaByieHUs NpUMEHEHb! NpH (OPMHPOBaHHH KOMIEKca HHGOPMALHOHHBIX
cucrem «Tabnmum» B paMkax cUCTeMB! «DJIEKTPOHHOE MpPaBHTENECTBON.
Bueapenue cpeacts u merofos oGpaGotku mndopmauun, undopmarusayuu, a
TaKke APYrHX HaydHBIX paspaboTOK MO3BOJIWIH AOCTHYL YMEHBIICHHS PacXodoB
Ha opraHusaumio npoilecca Ha 12% (Cnpasxa MunucTepcTBa BhHICIIETO H
cpeaHero cneynanstoro o6pasosanua PecnyGnuku YaGexucran Ne 89-01-129 or
25.05.2015 rona).

IMporpammueie kommnexcsl «[TPACK-2» n «Hederkad knaccuuxauus»
NpHUMeHEeHE! MpH peweHHd 3anad GOPMHpOBaHMA aANbTEPHATHE MOLNCPIKKH
NPHHATHA pelcHus B ynpaBlicHHH CenbCKOr0 H BORHONO X03diiCTBA, 3 TAKKeE B
YNpaBJCHUM  CPeHero crenuansHoro mnpodeccHoHansHoro  ofpasoBaHus
Dxusakckoro Bunosta. B pesynsTaTe nporHosupoBaHks cebecToMMocTH
NPOAYKUHH H YPOxaiiHOCTH AOCTMrHYTa PauyHTENBHOCTL pecypoB Ha 5% 3a cuer
KAacCH(HKAUMH  ONTHMANGLHOIG  COCTaBa  JJEKTPOHHBIX  AOKYMEHTOB H
KOHTHHICHTA COTPYAHHKOB NpOM3BOAWTENLHOCTL paGoT yBenuueHa Ha 12%,
ofulas roaoBas JKOHOMHYeckas 3QipeKTHBHOCTH cocTaBuna 2155 MIH. cyMm
(Cnpaska xokumusta Jl;xH3akckoro Busiosira Ne04-229 ot 02.04.2015 roza).

AnpoGamusa pe3yibTATOB HCCACAOBAHHA. Pe3ynbTaThl HCCNEAOBaHHS
anpo6upoBanK! Ha 15 Hay4HO-NPAKTHYECKHX KOHdepeHUMAX, B TOM YHCJie Ha 12
MEXAYHAPOAHEIX CHMNO3MYMaX H CEMHHapax, B 4acTHOCTH Ha «ICEIC 2008», The
9t International conference on Electronics, information, and Communication
(Tashkent-2008), «WCIS-2008» World conference on Intelligent Systems for
Industrial Automation. (Tashkent-2008, 2010), MexayHapoauom CHMIO3HYME
«Uurennektyancusie cucrems» (INTELS'2008, 2010 - r.Hwxuuit Hosropos,
r.Bnanumup, Poccus), I1 Beepoccniickoil kondepenuut «3nanus — Onronoruu —
Teopuu» (HosocnGupck-2009), Mexkaynaponuoii kondepeHuMH «AKTyanbHEle
npo6neMsl NMpHKNagHON MATEMATHKM M WHGOPMAUHOHHBIX TEXHONMOTHA — An
Xopasmuii 2009» (Tamxent-2009), PecnyGnukancko#t HayuHo# koHdepeHunn
«HoBble TeOpeMbl MONOABIX MaTeMaTthkoB — 2009» (Hamanran-2009), The 4t
international conference on «Application of information and communication
technologics» (Tashkent-2010), Ninth International Conference on Application of
Fuzzy Systems and Soft Computing: (ICAFS-2010. — Prague, Czech Republic-
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2010), Pecny6nukaHcknx HAYYHO-TIPAKTHYECKUX KoH(epeHIHAX
«HugokomMMyHuKauuoHHEIE  TexHonornuy  (TauwkedT-2010), CoBpeMenHoe
COCTOfIHHE M NEpCneKTHBh Pa3BUTHA HHGOPMaUMOHHEIX TexHonorHii (TalkeHT-
2011), MexaynaponHo# A3snarckoii wxone «IIpobnaemMsl ONTUMH3ALMH CAOKHDBIX
cuctem» (Tawkent-2011), O6neannenHoM cemHHape «MeToas! ympaBiicHUS H
Monennposanuay HMHCTHTYTa BBIYHCAMTENBHOM MaTeMaTHKH K MaTeMaTHYecKoi
reopusukn CO PAH, HosocuGHpckoro rocynapcTBEHHOrO YHHMBEpCHTETa M
HoBoch6Hpckoro rocyfapcTBeHHOTO TEXHHUYECKOrO YHHBEPCHTETA.

Ony6IHKeBaHHOCTL PE3yILTATOB HecAeNoBanHd. ITo Teme aMccepTauuu
onyGmuxosano 41 HayuyHbIX paoT, B TOM uHcie 4 Hay4HBIX CTaTbH B
MEX/IYHapOAHBIX KypHasax.

Crpyxrypa u o6bem auccepranmu. Juccepraunontas paGota cOCTOMT K3
BBEACHHSA, NATH INAB C BLIBOJAMH, CMHCKa MCMOAL3OBAHHON JIMTEPATYpHI,
sakmoyenus, 13 npunoxennii, conepxut 200 crpaHsy Tekcra, Bkmovaer 54
pucyHka x 14 Tabnuu.

OcHoBHOe cofiep:kaHHe QHccepTALME

Bo BBegeHnn nprBoAATCA 060CHOBaHHE aKTYaANBHOCTH H BocTpefoBaHHOCTH
AUCCEPTaUHOHHOTO HMCCNICAOBAHUS, ONTHCAHHE LeJH ¥ OCHOBHBIX 3aj4ay, a TaKke
O0LEKTOB U MpeAMETOB, COOTBETCTBHE NPHOPUTETHBIM HANPABACHHUAM PAIBHTHSA
Haykd MW TexHonornu PecrmyOnuku Vibexucran, HayyHaa  HOBU3HA H
NpaKTHYECKHE pPe3yNLTaTel, TEOPETHYeCKas H TPUKNAgHas 3HAYHMOCTH
pe3yNLTATOB, CBEACHHA 06 0ny6MHKOBAHHOCTH paboT H CTPYKTYpe AUCCEPTALMH,

B nepsoii rnanse «CucreMHbIii aHANH3 COBPEMEHHOHN COCTOAHHH CHCTEM
HHT/UICKTYAJIbHOT0 AHAAH3A AaHHBIX» NPHBEAEH aHann3 paboT no paspaforke
H HUCTOME30BAHHIO CHCTEM HHTEUIEKTYaNBHOrO aHanmu3a JaHHLIX W MpUMCHEHHS
annapara TEOPHH HEYETKHX MHOXXECTB MpPH PEILEHHH Pa3sNHYHLIX NPHKIATHBIX
sanay. OnHcaHbl BONpOCHl  peanu3alMM  OCHOBHBIX Uenedl ¥ 3aday
AuccepTaitHoHHoO# paboTel. B yacTHOCTH, NpoBeAeH aHANH3 NOAXO0N0B K PEIICHHIO
3aga4 NpoOrHO3a M KnacCHOHWKALMH, ABAAIOKXCA COCTABHEIMH JJIEMEHTaMH
CHCTEM HHTEUICKTYANLHOTO aHaIH3a, M3YyeHsl MeToaw dopmuposanna 6as
HEYETKHX MPaBHJ NpPH PEanH3alUNH STHX MOAXOMAOB, a TAKXKE METOABI M MOIENH
pa3paboTki cucTeM NMOANEPKKH NMPHHATHA peicHHA NpPH HEYETKOCTH MCXOZHBIX
JaHuelX, cgopmynuposaHa obwas MaTeMaTMdecKad [OCTANOBKA  3alauy
MOCTPOCHHA CTPaTerMd MNPHHATHA CcNaGOCTPYKTYpHpPOBAHHLIX PpelicHuii  npu
JIOTHKO-IMHIBHCTHYECKOM OTOOpakeHHH JaHHBIX.

ONHCaHE! TEOPETHYECKHE OCHOBBI TMOCTPOCHHA HHTENIEKTYAIBHBIX CHCTEM,
APHBOAATCA OPTaHH3ALMOHHLIE JNEMEHTHl H (GYHKUHOHANBLHBIC COCTaBAAIOWIHE
HHTEJUIEKTYANbHLIX CcHCTeM. H3noxennl obocHoBalHbIE COOTBETCTBYIOLIHMH
YTBEPKICHHAMH HEYETKHE NMOAXO0/AbI K NOCTPOEHHIO HHTEIEKTYANbHEBIX CHCTEM,

Ha npumepe 3agay nporHo3upoBaHHs M KracCH(HKAUMH OCYIUECTBAEH
aHanu3 paboT Mo OpraHM3aUMH CUCTEM TIOMCPXKKY IPHHATHA pelieHHii, KoTophie
ABNAKOTCA OAHOH U3 OCHOBHBIX NOACHCTCM MHTEMJICKTYANLHEIX CHCTCM.

ITpoBesien cHcTeMHBI aHanNK3 Mofiesicit ¥ METOAOB NPHHATHS pellctinii B
HEYETKUX YCNOBHAX, KAaccndHKaLMK i cucTeMaTH3aukH. ONMHCaHLl CTaTHUECKHE
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W JUHAMHYECKHE MOICHH CHCTCM MNPHHATHS pEllCHHH, COCTaBHBIE YacTH MATH
B32HMOCBA3AHHBIX  TOAMHOXECTB MNPHHATHA  pCUICHHHA N0  KOHKPETHOH
npeaMeTHOH oGnacTH M uersipe 3Tana MNPOUCAYPH TNPHHATHA PpeWeHHH no
npeametHoli o6nactu. U3anosxeHsl TPH COCTOAHHA HEUETKOTO OMNMCAHMSA 3anady
MPUHATHA peUICHHIH.

Hanee cdopmynupoBana obias MaTeMaTHueCkad MOCTAHOBKAa 3anaqH
MOCTPOEHHA CTPATEerHN MNpHHATUA CcNabOCTPYKTYPHPOBaHHEIX pelleHuii npH
JIOTHKO-/IKHTBHUCTHYECKOM OTOOp®XeHHH HABHHEIX, OMNHCAHB!I ONpPEACNICHHA |
NpoUefypbl HEYETKHX MHOWXECTB, pa3MEpHOCTH BEPOATHOCTeH, HedeTkHe
OTHOILCHHS NMOCNEN0BATENLHOCTCH.

Hapsxy ¢ 3tumu npusenena oGoGuieHHas CTPYKTypa CHCTEMBI NMPHHATHA
pelieHuif Ha OCHOBE NPOBENEHHONO CHCTEMHOTO aHanu3a H onpeaeNeHnit.
OGo6ieHHan CTPyKTypa peaqH3alMM CHCTEMbl NPHHATHS peleHHH CIyRHT
OCHOBOIi A1 NpeaNaraeMbiX NoJAX0A0B NOCTPOCHHA HEYETKHX Moaeuei. (puc.1.)

OcyluecTsicHa peann3alus HaCTPOMKH NapaMeTpoB HEUETKOH MOJCNH MyTeM
HOCHTHQUKAOWA HeueTKOH MOAENM M pEIIeHBl 3aJauyH CTPYKTYpHOH H
napamerpuyeckoil HaeHTHHKaUHH. B npoliecce HaCTPO#KH, HEUETKOA MOJIENH, 3
TAKKE C €e MOMOILBI0 cHopMUPOBLIBAaCTCA HeveTkan 6a3a nmpaBuil, YTO ABNACTCA
KJTIOYEBBLIM MOMeHTOM (opMHpoBanns 623 3HaHHH.

Bropas rnasa «Merogbl HHTEJUIEKTYRJILHOTO AHANM3A AAHHBLIX,
NOoAZePAXUBAOLIHE NPHHATHSA pellIeHHI B CHCTEMAaX LEJIeBOr0 MOHHTOPHHIa»
nocesieHa pa3paGoTke HeveTkux momeneH 3amay MACHTM(UKAUMH HA OCHOBE
HEYeTKHX NpaBuA NpH NOCTPOEHHH HMHTC/UICKTYaNBHBIX CHCTeM, paspaboTan
noaxoA K GopMHPOBAHHIO SKCMNEPTHEIX OLUEHOK NMPH HACHTHOHUKAUWH HEYETKHX
Moneneii.

IlpH mocTpocHHH HACHTHOHKAUMOHHOK MOMENH PacCMOTpeHB! 3afavH,
CBsi3aHHbIE C pa3paGoTKOH CHCTEMBI HEYETKHX BLIBOAOB M TNpElJIOKEHO AJA
ToTyueHUs BBIBOJOB HCNONEL30BATH MoAeaH Mamzaany u CHHIIITOHA.
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Pucynox 1. O6o6uicHHas CTPYKTYpa peani3aii CHCTEMBI IPHHATHS peIleHUil
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Ans  CTpyKTypHOH HIEHTHQHKAUMH nNpeinoXkeH MOAXOX KNAacTEPHOro
aHanusa M CyGBCKTMBHOTO pacnpelieicHHA JaHHBIX, Ha OCHOBE KOTOPHIX
paspa6oTaH MeToJ pelleHHs 3a1a4H NPOCKTMPOBaHHA HEYEeTKHX 6a3 npaBun.

Pewlens! 3anauH, cBA3aHHLIE C (POPMHPOBAHHEM SKCNEPTHBIX OUEHOK TpPH
NOCTPOEHUH HedeTkoH HAeHTHukaunonHoif mMomenn. Paspa6oran amroputM
NOCTPOEHHS MONENH MPOrHO3NPOBAHUA YPOKAHHOCTH B YC/IOBHAX HEYETKOCTH
HCXOOHBIX RAHHBIX, HCMOJB3YIOUHA MEXaHH3M H NPOUEAYPH JIOTHYECKHX
BbIBOJIOB.

B obmem Buie 3azad¥a NPOTHOHPOBAHHS B YCNOBHAX HEONpEAENCHHOCTH
dopMysHpyeTCa CleRy oM 00pazoM.

3anaHel: X = (x,,x,,..,x,) — BXOAHBIC MAPaMETPH, XapaKTepH3yIouHe
3HaUEHHs BHEIHEH Cpelbl MPOTHO3MPYEMOH CHTYaUMH H  ONMCHIBAIOLIHE
BapHAHTH! peWeHHit; ¥ = (3, y,,...,,,) — BLIXO[HbIE NapaMeTpPhl, XapaKTepusyolue
3HaYeHHA NPOrHO3UPYEMOH CHTYaUUH M ONHCHIBAIOMIME NOCHAEACTBHA (MCXOOBI),
BO3MOXKHbBIC B PE3y/IBTATC peaiu3auuu petehuii; W=(W,,H,,...W,) — napamerpsi
OLCHOK pellieHHH H HX HCXONOB; P =(R,P,,..,F,) — NapaMeTps! HeonpeaeneHHOCTH

BO BXOJIHBIX ¥ BEIXOJIHEIX TAPAMETPax H HX OLeHKaX.

Moznesnb nporHo3upoBaHUsA ONKHCaHa B BUIE

M, =<X,YW.P>, n

Mozaens npornosnposanna (1) exmovaer:

- Moflens NPoG/ICMHOM CHTyalU UK NPOrHO3HPOBANHA

M, =<X.,Y,P. >;
- MOZAEJIb OLIEHKH NMPOTHO3HLIX 3HaYeHHit ¥
M, =<M,,W,F., >, 2
e Fy  —NapaMeTphl HEONMPEAENEHHOCTH BXOAHBIX H BEIXOAHBIX NapaMeTpos;

Fy y — NAPAMETPLI HEONIPEAENCHHOCTH OUEHOK Y5 P=(F; v, By r).

Mozens (2) peanusyer otoGpakenne F:(X,W,P)—Y. C ydetom 3TOrO
paccMaTpHBAEMYIO 3a1a4y NPOrHO3HPOBAHUA MOXKHO NPEACTABHTL B BHAE

Y =F(X,IV,P). 3)

Onepatop £ npH HamHYuM napaMeTpoB HEONPEACNCHHOCTH P=(P, A, ;)
MpPEACTABAACTCA, KaK MNpaBuNio, B BuHAEe MArKHX Moacnch. HauGonee
PacnpoCTpaHEHHEIMH MOACIAMH TaKOro THAA ABAAIOTCA MPOAYKUHOHHLIC M
HelipoceTeBbie, BXOAHBIC H BLIXOAHLIC MApPaMeTPhl KOTOPHIX MPEACTABNAIOTCA B
BHIEC HEYETKHX TEPMOB,

B pabote -wuccrenyerca 3amaua npOrHO3MPOBAaHHA  YPOWANHOCTH
XnonmYyaTHHKa, B KOTOPOil CTPYKTypa ofuieil Monenn (3) onHchIBAaeTCS HEYETKOM
mozensio THna CyraHo. B paccmatpusaeMoii nocranoBke mpefiaracMas Moaenh
npeacras/jseTca COBOKYITHOCTBIO HEYeTKHUX npaBui npoAyKuui
(THHrBHCTHYECKHUX BRICKa3bIBaHMUIT) ClleyIoliero BHaa

ECIM [(x, =a]" )H(x, = aj')H..H(x, = a}')] (c Becom W,,)

W [(x, =a{*)H(x, = a}*)H..H(x, = a!*)] (c Becom w,)
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: C)
WM [(x, =a/" YH(x, = a” V.. H(x, =a’")] (c Becom w,, ),

WU [(x, = 4" Y (x, = al"" YH..H(x, =a}")] (c BecoMm w, ),
TO y,=b;4+b,,-X,+b,, %, +..+b,, %, A Beex j=im,

rhe: j=1,m —HoMep npaBHia;
i, -
a”’ — NMHrBHCTMYECKMIl TEpM, KOTOPHIM OLEHHBAETCHA NEpeMeHHads x, B

CTPOKE-KOHBIOHKUHHU C HoMepom 2, =Lk, j—ro npasuna;

k j ~— KONMYECTBO CTPOK-KOHBIOHKIHH, COOTBETCTBYIOWIMX  KAaccy
3aKMOUEHHil y,, 3HAYCHUA KOTOPHIX OLCHHBAIOTCS JMHTBHCTHYECKHM TEPMOM d, 3

w,,, — uncno B auanasone [0,1], koTopoe XapaKTEpH3YeT BeC BLICKasbIBaHHA C
HOMEPOM jp, .

x,, i =1,n — BXOJIHBIE NIEPEMCHHbIE;

¥,— BRIXOAHas nepeMchHan (NNPOrHo3HOE 3HAYCHHE ypoxaiiHOCTH).

B ofeM cnydae B KauecTBE TEPMOB LA OLUEHKH BXOXHBIX H BEIXOAHBIX
napamMeTpoB HCYETKHX moaeneit NpPOTrHO3NPOBAHHA HCNONB3YIOTCA
KBaHTH(HMKaTOopel TMAa: Ouens Hu3kui, Huskwii, Hinke cpenuero, Cpennnii,
Beiwe cpeauero, Bricoknii, QueHs Beicokuii. CHCTEMa NPOAYKUHOHHEIX NMPaBHI
(4), onucriBatowwas Moaenb NPOrHO3MpoBaHHs obero Buaa (1), MpeAcTaBnAeTCS B
HeueTkofi Gase 3mammii CHCTEM NPHHATHA PEllCHHH MO NPOTHO3HOH OLCHKE
ypoxaiHoCTH,

Mopsanok npasun MaTpHuB! IKCIIEPTHBIX 3HAHHIA OTPAKAET CBA3M BLIXONHOTO
(nporxosupyemoro) TepMa MOENH HCXOA W3 HaYANBHBIX ycnosnii (4) nepuoaa
NOCeBa M BEreTauHH B celbckoM Xosdiictse. Havanbheie ycnosus (4), B cBoio
ouepenb, ONUCHLIBAIOT KOHKPETHYH0 KOMOHHALMIO TEPMOB BXOIHBIX MEPEMEHHEIX
Moznenu.

Hanee uanoxens) Bonpockl paspaboTkM MOAEHH MAeHTH(HKauuu B Buze
CHCTEMB! HEYETKUX BBIBOZOB, COCTOALIEH U3 HEHETKHX TPABHII MYTEM peANK3aluHH
CHCTEM BLIBOJIOB B MOZENAX TUna CHHINITOHA ¥ MaMuaatu.

[IpuBenens! MeToA M ANrOPHTM PellEHHs 3a0a4H MNOCTPOCHHA MOACIH Ha
OCHOBE MpEIIOKCHHBIX §a3 HEYETKHUX NpasHi. METOR M AIrOpHTM ABNANOTCA
COCTABHEIMM JJICMCHTAMH CHCTEM HHTCUICKTYAILHOrO aHANH3a NAHHBIX Ans
MOICPHKH NPUAHTHS PELICHHM.

TMpennoxken MeTod NOCTpocHUA 6asb! HEMETKHX NpaBuil, HAa OCHOBE
YUCMEHHKIX JAHHBIX, NOCTOHHCTBA KOTOPOrO 3aKNIOYAlTCA B MAPOCTOTE H
BEICOKO# 3(pexTHBHOCTH. DTOT METON NO3BONAET OOLEAHHATD KONHUCCTBEHHYIO

undopmaitnio B gopme o6yHalOUINX NAHHBIX C JMHTBHCTHYeCKOH HHGopmatwmeil,
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umerowlell BUR 623kl Mpasuy, 3a cHeT AOTIONHEHUA HMelollelica §a3sr npasunamy,
CO37aHHBIMH Ha OCHOBE YHCICHHBIX JaHHBIX.

HonyctuM, uTo MBI co3maem 6a3sy npaBMy QNIA HEYETKON CHCTEMBI C 7
BXONAMH H OXHHM BRIXOZOM. OUEBNIHO, YTO A5 3TOTO HeoOXoANMEL 06yyalomue
JaHHbIE B BHIE MHOKECTBa Nap

(e (D), x5(9),...0x, (D),d(i)), i=1,2, ...,
rae x,(i),x;(i),....x,({) — curuansl, nopasaeMpie Ha BXOH MOMYNA HEYETKOrO
ynpasnenus, a d(i) - oxuuaemoe (3TAIOHHOE) 3HAYCHHE BBIXOAHOTO CHFHANA,

Mycts X — MetpHyeckoe npocTpancTso U r: X —> R onpelienchuas Ha HeM
MeTpHKa, (X),....X,) € X — nocnenosarenstocTs 3neMenToB 13 X.

Toraa nana  xaxaoro wuHgexca § MOXHO onpeaenuTs QyHKiuIO,
ONHCHLIBAOLYIO MEpY CXOACTBA j-Or0 2MEMEHTa TOCNEAOBATENLHOCTH C §~BIM
INEMEHTOM?

& :{L,...n}=[o,1],
L()=1- A2
i max{d(X;, X, )| kefl,...n}}

Ins xaknoro wnmexca i onpegensercs (YHKUMS, ONUCHIBAIOWAA Mepy

CXOJICTBA K -0r0 H /-0T0 IIEMEHTa OTHOCHTENBLHO { -Or0 NIEMEHTA:

& {l,...nf’ > [0,1],

Gk D) =1-[&,(X,) = &,(X)].

Onpenenserca pekypcustas dynkuma s k=12,....n
u:{l,...nf >0,.1],

{/J"’(i,j) = pi, j), 5)

u®G, = max{min[p"‘"’(i,s), #* Vs, j)}l se {I,...,n}}
#PGi)=1Vik. (6)
OG22 P V> 2.
Han @ €[0,1] v i, jyyennji j € {L,....n} cnpasennnso:
- Hl )ty 22 p PG 2.
Mycts aefo)], i, j,ke{l,...n} n ¥, j)za. Toraa cymectsyer Takoe
YHCIIO M U HHIEKCH .../ € {l,-...11}, 4TO
ﬂ(ivjl )a"'ﬂu(jm s.l) za.
Mycts a €[01], i, jime{l,...n} u 4™, H2a,u(m)ze.
Torza
Hrlimza
s ae [0,1] OnMpeReanM Ha MHoXecTBe {X,,..,.X,}OuHapHoe oTHOUIEHHE
R, c{X,,... X,} cnemyrouwmm o6pasom:
(x.%)eR, = u”G pza.
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OtHowenne R ABNACTCA OTHOLUEHHWEM 3KBHBAJIEHTHOCTH, KOTOpOE

pasbusaeT  MHOoXecTBO  {X,...X,}] Ha  HemepeceKalOWMeCA  KNacchi
IKBHBANCHTHOCTH. [lBa 3sleMeHTa X, X, BXONAT B OAMH KJAcC SKBHBANCHTHOCTH
TOrAA H TOJBKO TOTIA, KOTAa 3HaYeHHe GYHKUHH 4™ OT ITHX 3NEMEHTOB BENHKO,

YTO Ha OCHOBaHHH (5), (6) IKBHBAJIEHTHO CYLLIECTBOBAHHIO MOCNEAOBATENIBHOCTH
Nap IMeMeHToB (.Y,,.X,),(X,,X,),...(X,,X,), Ha KOTOpLIX 3Ha4EHHE Gy y
Besuko. [To onpenenchuio u o3HauaeT GAU30CTH HNEMEHTOB KaXIOH Naps! ApyT
JApyry, T.€. ABa 3/IEMEHTA BXOAAT B OJHH KAACC IKBHBAICHTHOCTH TOTHA H TONEKO
TOrAa, KOTa MEXIy HHMH €CTh NOC/IEAO0BATE/IBHOCT NONApPHO GNM3KHUX ApYr K
ApYTY 3NEMEHTOB.

3amaya CHCTEMB! HHTENEKTYANbHOrO aHanM3a HaHHBIX A MOAMEPKKH
NPHHATHA YNPABNCHYCCKMX pellienHii 3axmovactcad B (POPMUPOBAHHH TakHX
HEYEeTKHX MpaBHi, YTO0b! CKOHCTPYKPOBaHHBIE Ha HX OCHOBE MORYNb YIPABACHHA
TpH  MOAYYEHNMH BXOLHLIX CHTHAIOB TICHECPHPOBA HMEICIAC HAHMCHBILYIO
NOMPEIIHOCTh BHIXOMHBIE CHIHANG!. Huke NpHBOAWTCA aNrOPHTM NMOCTPOEHHA Gasbi
HEYCTKHX NpaBHL:

Idar 1. PasgeneHWe NPOCTPAHCTB BXOAHBIX H BBIXOAHBIX MAHHBIX Ha
obnactu. :

TMpencrasuM, 4TO H3BECTHO MHHMMANLHOE M MAKCHMATBEOE 3HAYCHHE KaXIOH
BxogHOH M BBIXOAMON MHpopMauuH. [To HMM MOXHO ONPEACTHTE MHTCPBANLI, B
KOTOPBIX HAXONATCA JOMYCTMMBIC 3HaueHus. JIs BXONHOTO CHTHANA x; TakoH

uiTepsan o6o3naunM uepes [x7,x; ). Ecnu 3HaueHHs x; H X; HEU3BCCTHBI, TO

MOXHO BOCNONIb30BATHCA 00YHAIOUMMH JAHHBIMH H BRIGPATL M3 HUX COOTBETCTBEHHO
MUHHMATTEHOE H MAKCHMATBHOE 3HAYCHHA. AHANIOTHYHO 1A STAOHHOrO cirHana d
onpepenuM uutepsan [d”,d’]. Tlonb3yach BBEACHHBIMM KAueCTBEHHLIMH
TEpMaMH H 3HAHHAMY FKCTIEPTa NPEACTABUM COOTHOMEHNSA B BHJE TAGHIIEL.

1lar 2. MocTpoenne HEYETKUX MPaBHA HA OCHOBE OOYYaIOWHX AAHHBIX.
Bravane onpegenuM cTeneHM NPHHAANEKHOCTH  OOydalowuX — AAHHBIX
(X, (), x5 (0)y...5%, (), d (i), i=12,..., k Kaxno#H obnacth, BBIIENCHHOM Ha ware 1.
OTu crencuu GymyT BLIPAKATHCA 3HAYCHUAMH (QYHKUHH NPHHALIEKHOCTH
COOTBETCTBYIOLKX HEYCTKHX MHOXKCCTB JUTS KKIOH MPYNIib! JAHHBIX.

AHanuTHYecKan MOIeNb QYHKUHH NPHHALNEKHOCTH UMECT BILL:

l+(£__1_,)’ .
c

1ilar 3. HasHavenHe kaxaoMy OpaBuily cTENeHH HCTHHHOCTH.

Kak nipasuno, B HaiHyuM MMeeTcss GoMblIoe KONMHYECTBO Map oOyyaloumx
JIAHHBIX, MO Kax/0i 13 HUX MOXeT 6LITh chopMYAHPOBAHO OIHO NPABHIO, IOITOMY
CYWECTBYeT BLICOKaA BCPOATHOCTE TOr0, YTO HCKOTOPBIC H3 3THX NpaBui
OKDKYTCA MPOTHBOPCYMBBIMH. 3TO OTHOCHTCS K MpaBHNAaM C OAHHM H TeM ke
YCHOBHEM, HO C PasHbIMK BEIBOAAMH. OJHH U3 MCTONOB pellieHus: IToH npobnemsl
3AKMIOYACTCA B HA3HAYCHHM KAKIOMY TNPABAIY Tak HasblBacMOW cCTeneHH
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HCTHHHOCTH C MOCHEAYIOMUM BEIGOpOM M3 NMPOTHBOPEYALLMX ApYr APYrY NpaBui
TOro, Y KOTOPOTO 3Ta CTCeNcHb OKakeTcs Hanbonbiuei. Takum o6pasoM, He TONEKO
paspeuraetest  mpobseMa  NMPOTHBOPEHMBLIX MpPaBWil, HO M 3HAYMTEILHO
YMeHbLIaeTcs X obliee KonHYecTso.

Lilar 4. Co3natve 623kl HedeTKHUX NMpaBuIL.

Cosnats Tabnuny S(N=0; I=1,L.

Bei6pats o4epenHyio napy AaHHEIX (x, (), X, (1);...,x, (0),d(D), i=1,2,...,

VYCTaHOBHTE CTeneHs HCTHHHOCTH NpaBuia

PO B A |
Ecmn p(y<p” (5}, %} 0% )= l"}%[ﬂd’ (e ,xQ,---,x,:)] ,

10 AU)=H" (x,' X3 ,...,x;)= %Lf" (x, Xperer X )]

ar 5. Jeda3sudmkayus.

Jna  BolMMCNEHHS  BBIXOZHOTO 3HAYEHMA y  MPHUMEHRCTCA  METON
Jedassudrkaliy no cpenHeMy UEHTpa.

Tperen rnaea «MeToasl mnoOCTpoeHMA HEYeTKo#l 6alsl  mpaBHI
HHTEJUIEKTYANTLbHOTO RHANW3A JAHHLIX B CHCTEMAX LENEBOr0 MOHHTOPMHIa»
TIoCBAUICHa pa3paGoTke MeTOHOB MapaMeTpUYeckold MACHTHOMKALMH INpu
TpeACTaBICHHH MOAEEH, HeclienyeMEIX 00BEKTOB B BHAE HedeTKHX 6a3 nmpasui.

Ipepnowes rpagleHTHLIE MeTOm C 7 NMEPEMEHHBLIMH JIA  HACTPOiiKH
NapameTpos 6a3 HeweTkuX npasui. Jng HeueTkux Momeneit Tna CHHOITOH ¢ n
BXOZHBIMH TMEPEMEHHLIMY, pa3feNeHHLIMH Ha [/ JINHTBUCTHYECKMX TEPMOB,
paccMOTPEH FPAAHEHTHEI anroput™ oGyyenus. 3aecsk Ja obyqaolmx BoIGOPOK,
3aJaHHBIX B BHAE (X],X;,..x,,y’), MPEMNONKEHA leneBas QYHKUMA MHHUMH3ALUY

NOrPEeMIHOCTH peLICHM#A:

1,0 o
E==(y -y,
2
rac y -— JKenaeMoe BBIXOHOC 3HA4YCHHUHE, y — BBIXOJHOC 3HA4YCHHC
y=,.-» Y.) MIOJYYEHHOE B PE3YJIBTATE HEYETKONO BLIBOAA.

3aecs:
Ve =l + Bl 4ot pur Y gty + fhis + o 1),

3HayeHWE KOHCEKBEHTa NpaBHIa r, Ha ¢+1-OM 1are onpeaenserca
cregyromuM obpaszom:

oE I ow,)
r,t+)=r (- 7ay o =y +y( -y) A ——.
v (Zﬂ..

A=l
3HaYCHHA NapaMeTpoB Ha ¢+1-OM lIare ONpefeNaioTcess CACAYIOLIHM
obpazom:;
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[
I;Zﬂ“; _Zr-l'-”d" (x: —a,,) ‘l‘y(xi.) .
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(le,.-)z 9
kel
! I
"‘Z‘”'"Z’f”ﬁ SRR
b,+)=b,()-80" -y) ki f = b "”Z, #x),
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B pabotre Takxe peanu3oBaHs MOAXORE! ANf  KONOKON0OGpasHO#,
napabonuuecKux, TPeyroNLHLIX, TpaneuueBHAHEIX GyHKuui npunannexHocreil.
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Pucynok 2. B3aHMOCBA32HHOCTS 31€MEHTOB NMPH PEAUTH3AUKH YTIPABACHHS

Hapany c atHM ofocHoBaa B3aBMOCBA3h MEXAY SMCMEHTaMH IpH
aBTOMATH3allK NPOLIECCa YNPABJICHNA B paMKaX HeclenoBaHis (puc.2).
3neck undopMauHOHHas cpena co3faér CHCTEMY MNOMNEPKKH NPHHATHA
peurenyil ¢ noMousto 6a3el 3HaHHI M CHCTEMB! KOHLIGHTpaLUH 3HaHHi, B CBOIO
oyepenpb 3Ta CHCTEMa ABNACTCA COCTABNAIOILIEH CHCTEMBI YIIpaB/ieHus, C MOMOLIBIO
KOTOpOro BhipaGaThiBaeTca ynpasnsiowas BO3AcHCTBAS,

Jnnsuuvecias HozeT
Ofvny yrpuanssa
i
3
Bonmaesd

_:b-

i = )
]

L

Pucynok 3. CTpyKTypa CHCTEMBI MOANCPXKH NPHHATHA PELLeHU ¢ mogxonam
TCOPHH HEHCTKUX MHOXKCCTB

Menrcsatens
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C'rpyk‘rypa MeEXaHu3Ma ynpaBliecHHA OCHOBaHHasA Ha TCOPHH HCYCTKHX
MHOXECTB MpHBEAEHAa Ha pHC.3. Bnok comocTasneHHsA YTOYHSET CTeneHb
HCTHHHOCTH PCIICHHHi B COOTBETCTBHE C ANLTEPHATHBOM PCUICHHUH MOMYUCHHBIX
JIorm4eckHM BLIBONaM chOPMHpPOBaHHBIE IKCIEpPTaMH IO MpeaMeTHOH obnacty, a
Takke AHHAMH4YECkoil Mogmenu ynpasnsemoro obnexra. [ITocne 3roro
anbTEPHATHBBI  PEIUCHHH  MpeNOCTaBAAIOTCA  MONL30OBATENI0 MM JIHLY
TPHHHMAIOLLEMY pelleHHS,

Yersepran rnaBa «MofenH nNPHHATHA peleHnli B CHCTeMax
HHTE/UIEKTYabHOTO aHANH3a [AAHHLIX» MOCBAlIeHa paspaboTke METooB
NPHHATHA PEIIEHNA B CHCTEMAX HHTEJUICKTY AILHOIO aHaNH3a NaHHbIX.

Hana dopmanbHas moCTaHOBKA 3a4adM NPUHATHA pEWIEHUH B YETKHX M
HEUYETKHX YCIOBHAX M OMHMCAHBI MONEJIH TNPHHATHA pEUICHHH B YCIOBHAX

HEYETKOCTH HCXOHO# HHBOpMaUMH.
Beenenne nOMATHIE HeueTKMX MHOXECTB H OTHOLICHHIH  MO3BONMIO

NMOCTPOUTE MOLENL CpeAsl NPHHATHA pemeHHd C ¢ HeveTko 3aNaHHEIMU
XapaKTEPHCTHKaMH B Buze gopMansHoii cxemsl {P,0,F}.

Monesns-1. PaccMaTpHBaeTcst HeweTkoe MHOXECTBO Ag ={@;,#;)}geo>
BEIBOZHMOE H3 33JaHHOTO NONHOLICHHOTO MHOXecCTBa @={(8,,...,6,,} B JONMYCTHMOM
cocrosiHun cpensl C, rae dbyHKUHA NPUHALIEKHOCTH # B © ONpEenicTCA Kak

O =p;npub=0; (j=1,..,n).

B kauecTBe MHTepnperalMM TaKOTO HEYETKOTO MHOXECTBA .4, Oprad
ynpasyicuns ¥ peamusyer pasfieieHHe COCTORHHI cpefikl C, B KOTOPBIX BO3MOMKHO
TIOJTHOLCHHOE MHOXECTBO @, 3aTeM Ha OCHOBE (JYHKLHH NMPHHAIJICKHOCTH 4 ()
BBIBOAHMO U3 HEYCTKUX OTHOLIEHH}, ONPEACNAETCA HEYETKOE MHOXKECTBO Ag .

Monens-2. PaccMatpuBaeTcs HeyeTkoe MOJHOLEHHOE BEPOATHOCTHOE
cobEITHE Ag ={(0.#46)): PI6=6,}= p;(j =1...,n)}, KOTOPOE BO3HHKAET N0 AAHHBIM
TIONHOUEHHBIX MHOXECTB ©=({f,,..,6,} B AOMYCTHMbIX COCTOSHHAX cpeast C u
pacnpeneneinii p=(p,,..,p,) (34ech 3a GYHKUMIO OPHHADNEKHOCTH i 4(6)
NPHHUMAETCA NMPUHAIIEKHOCTD IJIEMEHTa 0 @ K A,).

B xauectse uHTepnperauMu Takoro HeueTKOro NOJHOUEHHOrO Chyuafiloro
cobeITHA 4, B COCTOAHMM npuUHATHA pewleHuil {®, Ag,F} opran ynpasjieHus V

pacnpeiesiaeT AoNyCTHMEIE COCTOANMUA cpeasbl C Ha NONHOUEHROE MHOXECTBO O,
3aTCM BLIMHCIIACT Cpedy chyualiHoro pacnpenenicHua BeKTopa p=(p)....P,), Aaniee

Ha oCHOBE GYHKUMM NPUHANICKHOCTH 4°(f) YeTKoe MHOKECTBO @ 3aMeHseTcs
Ha HeueTkoe MHONecTBO ((Gu°(6)))geo, M HAKOHEU OpraH ympasichus Y
PaccMaTpHBaeT He4eTkoe NONHOUEHHOE CNyuaiiHoe coBBITHE Ay B 4,(6) = 4,(6)

Kak Moaens xapakrepuctik cpenst C.
Monens-3. Paccmarpusaerca HeYeTKoe cnyyaiiioe cobbiTHe
Ao ={(©,u;),P(0@®)=p; (i=],.,n)}, BOIHUKAIOLICE MO JAHHBIM NONHOLUCHHOTO
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MHOXeCTBA ©={6,,..,0,} npH HONYCTHMLIX COCTOAHHAX cpeanl C H n3
pacnpenencHus p=(py,....p;), FAC #; — GyHKUNA NpRHALNEKHOCTH o 64 O,. B

KauecTae HHTEPNIPETAUMH TAKOrO HEUETKOrO NONHOLUEHHOrO cIy4aitHoro coGbiTHs
Ag B COCTOAIHHH NpHUHATHA peletnit {®, 4g,F} opraH ynpasneHus Y onpenenser

NONHOUEHHOE MHOXECTBO @, 3aTeM pasicfeT © Ha NOAMHOXKECTBA O;, Ranee
NpUHHMAETCH, YTO ¢ nonanaer B ©; ¢ BEPOATHOCTHIO p,. Ha nocnenuem stane
OpraH ynmpasjieHHs ! 3aMeHAeT ueTkoe MHOkecTBO @ Ha ofnenunenne U,

NMOAMHOXKECTB ©;, HIH HA HEYETKOEC MHOKECTBO {(6,-,/1,-)},7'21, npH 3TOM B Ka4ecTse
MOZIENH XapaKTepucTHK cpefibi C BHICTYN2ET HedeTkoe ClydaiiHoe cobbitie Ag.
Monens-4. Paccmarpupaercs HeYeTKoe MHOXeCTBO
A ={(¢9,-,0j).y_9‘ (0,,0,-)}2 j=1, OMpENenIoLIeecs 1o JAHHBIM  MOJHOUEHHOIO
MHOXecTBa @={f),...6,} B ZOMYCTUMBIX COCTOSHHAX CpeAsl C H M3 HEJETKOro
Gunaproro oTHolweHHA B(, @), BHBOANMOTO ¢yHKUMeH NPHHALNEKHOCTH
Hs (6;,6;) Ha OxO. B KauecTBE HEYETKOTO OHHApPHOro OTHOIICHUS MOXHO

HCONE30BATs  HEYETKYI0 NOANOCIENOBATENBHOCTh, HEYETKylo JIHHEHHYIO
NOCNEN0BATENRLHOCTD H APYrHe HEYETKHE OTHOIICHHS.

Monens-5. PaccmatpuBaetcs HEueTKoe cryvafitoe coOrITHE
40 ={(6,.6,), 15, (6,,0,): Pl0=0,}=p; (i =l,..,n)) ONpeAenAomeecs N0 HAHHBIM
AAHHBLIM MONHOLEHHOrO MHOXKecTBa O=(4,,...6,} B AONMYCTHMBEIX COCTOSHHAX
cpens C ¥ u3 pacnipenenennit p=(py....p;) BEHBOAUMbIX Ha © , @ TAIOKE HEYETKHX
oTHomeHuit S, ¢ QyHKumMEH NPUHALNEKHOCTH ug, . MHTEpnperauyus MonenH
peanusyeTcs TaKkke Kak B MOAENH-2 ¢ y4eTOM HHTEPNIpETALlHH B Moaenv-4.

B  kauectse pesyibTaTa MCCNENOBaHMA  NPHBOAMTCA  anropuTM,

paspaGoTanbili Ha OCHOBE PEKYPPEHTHBIX YPaBHEHHH A HAXOXICHHA
ONTHMANBHBIX  CTpaTeruii B APOCTRIX  MONEAAX TNpouecca  NPUHATHA

CnaGoCTpYKTYpHPOBAHHLIX pellieHuit.
Ins ucnonsapsanus Mapkosckoii Mogenu (MM) npu  pacno3HaBaiHu

o6pa3os HeoGXOAMMO PEWIHTL TPH 3a4aUH:

BBIMUCIHTS 3¢ dekTHBHOCTL p(O|A) — BEPOATHOCTH MOC/ICAOBATENLHOCTH NPH
3aaHHBLIX NAPaMETPax MOACH, €ClH 3aJaHbl NOCNEN0BaATCALHOCT HabmoneHHi
0=0,0,...0, umonens A=(4,G.!);

ONpEACNHTh  COOTBETCTBYIOWIYI®  TOCHEA0BATENLHOCTE BHYTPEHHHX
coctosuulit Q=gq,,¢,.-qy, CCIH 3aMaHBI NOCNEN0BATEIBHOCTE  HabmoneHui
0=0,0.,,.0, nMogens A=(4.G,1);

ONMpENC/INTG MapameTpbl  MOAENH A=(4,G,IT), wncxons W3  KpUTepHA
MakcuMHu3aunH p(Ojd).

Ilna pelieHys OCHOBHEIX 3a/1a4 MM HCnoL30BalE! CIEAYIIHE METONBI:

- 3(geKTHBHOE  BBIYMCICHHE  BCPOATHOCTH  TEHEPALUH 3alaHHoM

nocnenoBaTeNIbHOCTH;
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- OTBICKaHHE ONTTUMANILHOMH NOCIeN0BaTEeIEHOCTH COCTOAHMHI;

- 06ytienre MapKOBCKHX Mojienell TECTOBLIMH NOCNEI0BATENLHOCTAMH.

Ilgras raasa «CuHCTEMBI LEeBOr0 MOHHTOPHHra NOAAepKHBAIOIIHE
NpHHATHA  Ppellennii  ananAH3a  c1a60CTPYKTYPHPOBAHHBIX  JAHHLIX
OCBOBaHHblé HAa TeOopHH HEYeTKHX MHOXKECTB» I[OCBAUICHA OIHCAHUIO
pa3paGoTaHHEIX CHCTeM (BOPMHPOBAHHS NOJUIEPKKH NPHHATHA pemeHuii Ha
OCHOBE HEYETKO-MHOKECTBEHHOTO MOAXOAa, NPOBEAEHHIO BBLIYHCIHTEIBHBIX
IKCNEPHMEHTOB H COMOCTABHUTENIBHOMY aHANH3Y MOJYYCHHBIX pe3ysbTaToB.
Ipuseneusl pesynbLTaThl NPUMEHEHHA pa3spaloTaHHBIX CHCTEM Ha OCHOBE
HEYETKO-MHOKECTBEHHOTO NOX0/1a B pelleHuAX 3alad aHanu3a JaHHBIX, 0TGopa,
KIaCCH(HKALHH U TPOTHO3a B PA3NHYHBIX NIPeIMETHBIX 00AaCTAX.

Pa3paboTan ajiropHTM NOCTPOEHHA HedveTkoili 6a3sel 3HaHMii M CHCTEMbI
HeYeTkHX BBIBOJIOB, B KOTOPOM JJIA HACTPOHKH HE4eTKOH MONENH HCNONb30BaH
Meroi ropHoii Knactepusauud. Peannsaums anropuTMa ocylecTeieHa Ha
npuMepe PpELUCHHA 3aJa4YH MpOrHO3MPOBAaHHA YpoXaifHOCTH XJomka chipua.
OkcrepUMEHTANbHEIE HCCIEN0BAHHA MpoBeAeHE! B cpeae Matlab.

Ha puc.4 npounntoctpupoBaHs! NoMy4eHHbIe rpadueckHe H3obpakeHus, no
KOTOphIM 6€3 TpyAa MOXKHO ONpeNeNHTh NPOMEXYTKH HOCTHXEHHS BLICOKOl
IUVIOROPORHOCTH. TIpH 3TOM HCXOZHBIE MAaHHBIE 3alaBANHCh B ClEAYIOLIEM
nopszKe: BXoA-1 — No THNaM MO4BbI; BXOA-2 — N0 COPTaM; BXOA-3 — AaHHEIC MO
pexuMam ynobpeHuii.
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Pucynok 4. Tpadmk peanbHbIX # NPOTHO3HBIX AaHHBIX BHIPAILHBAHHSA XJTONKA

3necs:
= FACT - peanbHsle nokasaresu ypoxalHOCTH XJIOnKa;
- CLUSTER - nokasaTesb ypoxaiHOCTH XJornka, MOAYHeHHEIA c
MOMOIILIO HEYETKOH MOAEH;
- REGRES-L - nokasatens ypoxaiHOCTH XJIONKa, TOMYYEHHBIH ¢
NOMOUIBI0 perpeccHOHHON Mojeny.
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Pe3ynbTaTel BLIMHCIHTENBHOTO IKCIEPHMEHTa mokasamy (puc.d) Gonee
BLICOKYI0 3¢eKTHBHOCTE NpPOTHO3MPOBAHHWA HAa ocuose Mozdened Cyrauo
(own6xa nporuosa cocrasnser (0,0-2,77) %) 1o CpaBHEHHMIO C MPOCHO3HPOBAHHEM
no perpeccHotnoit Mmoaeny (ownbka nporuo3a pasua (7,5-79,5) %).

Paspa6otaH anropur™ ouesky u ssifopa ansTepHaTHB, NPHMEHACMBIH 1pH
NPHHATHH peulcHHii B HeueTKoH cpene. B kawecTBe MpaKTHYECKO#H peanH3aliy
PEWeHb! 3aaUH OLUEHKH 3aBYCHMOCTE M BbIOOpa anbTepHaTHB NPOrHO3HPOBAHHA
ypoxaiinoctu xnonka.

AJITOPHTM pelleHHs 3aNadH OUEHKH W BbIGOpa ansTepHATHB BHINONHACTCA
NOCNCA0BATENBHOCTBIO CREAYIOLHX LIATOB!

1. CrposTca MaTpuus! npeanouTeHuii R, ¢ y9ETOM TONBKO NPH3HAKA P .

2. Tpeanonaras, YTO paccMaTpUBaeMBIC MPH3HAKH HMEIOT PATHUHYIO
CTCNeHb BAXHOCTH, T.¢. ONHH H3 HHX ABIAIOTCA Haubosee CYILCCTBEHHBIMH,
Apyrue MrpaloT BTOPOCTENEHHYO poib, BAXKKOCTh MPH3HAKOB XapaxTEPH3YETCA C
NOMOLIBIO HEYETKOrO OTHOLLICHHUA NpeANoYTeHHA npu3Hakos R.

3. Haxoautca nepeceueHne Heuerkux otroutenuit Ry,...R,, xotopoe

o6o3navaercs yepes O,:
O =RNR,N-NR,.

4. AHanorMyHo HaxoamTca And R HEOOMHHHpYEMOE MHOXKECTBO RHII.
Monyuennsic  cTemewu  MPHHAWNERHOCTH Mo (1) Hyua (Py)reees Hya (Pr)

o6o3naualoTca cooteercrBenHo 4eped /y.lz,....{y, KOTOpBIC HCMOMB3YIOTCA MpH
BBIYHC/EHUH BECOBBIX KOIDPHUHEHTOB A_,m=1m ANA KEXAOTO U3 NPH3HAKOB.
5. Cocrasnsercs marpuua 0,, 3/EMEHTH KOTOPOH BBIYHCIANOTCA MO
dopmyne:
13
Ho, ()=, Aubty (%,7).
mel

6. Haxoautcs Q{w N0 AIMOPHTMY, ONMHCAHHOMY BBIHIC.

7. Crpoutca nepeceuenne Q=0 N0~ .

BoiGop anbTepHaTHBL, MMmciowWel MakCHMAbHOEC 3HAUCHHE  CTCNCHH
NPUHARAACKHOCTH B Q, CYNTACTCH PALHOHAJIEHEIM.

JKCNepuMenT nposeneH Ais 3ada4u  Buibopa JYHMIIETO W3 HCTHIPEX
CENCKUMOKHEIX COPTOB XfomuaTHHKa (X ={x,,X;,....x,}): C-4727, Tamkent 1,
108-®, 159-® no xapaktepucrukam ( P={p,p;s-Ps}): ypoKaHHOCTE, ANHHA
BOJIOKHA, POYHOCTE BOSIOKHA, a0COMIOTHAA Macca CEMAH, MACTUYHOCTD CEMAH.

Pe3ynuTaThl paHKHPOBAHHA BCEX CENREKLUMOHHBIX COPTOB NOKA3ANH, HTO COPT
108-® sBnsercs HaMmydwHM CpeaM OPEAJIONEHHBIX CENEKIHOHHBIX COPTOB
XNONYaTHHKA, NOCKOALKY Pe3yNbTHPYIOLICE JHAUCHHE CTENCHH NPHHALNCKHOCTH
3TOro copTa HeveTkoMy MHOKecTBY Q aBnserca HanGonsmum (0,96).

Hanec B pa6oTc ANA NPaKTHYECKON peanusainy paspaGoTaHHLIX BO BTOPOH
rNaBe METOOR M ANTOPHTMOB PEUICHE! 3aa4H KNacCHYHUKALMH NYTEM HACTPOHKH
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TapaMeTpoB MOJEJIH MPH NPOEKTHPOBaHWH HedyeTkux 6a3 3wauuii. TNpuseaen
JECATHIIATOBEIH  aNTOPUTM TNOCTPOEHHS Mofend THna CyreHo, KOTOpBIii
peaiH30BaH Ha NpUMepe pelleHNs 3a1aYvH pacno3HaBaHusa o0pa3os.
o] ’

PucyHok 5. Pe3yneTaTs! ¥ cpaBHHTENbHEIC rpadHKU nokasarteneii BoiGopa
npaBu ANA vyeThipex 3aaay

Tlpn npoBeneHHMH 3KCRICPUMEHTANBHEIX HCCAECXOBaHHM (Ha mpHMepe 3agad
pacnosHasaHHs 00pa3oB) ocofoe BHHMaHHE YHAENEHO pealM3aluH METoAa ¢
HEYeTKO-MHOXECTBEHHEIM MOAXOAOM H PEIEHB! CIEAYIOUIHE 3aakH:

e HcnonnioeaHne HEYETKO-MHOMECTBEHHOTO ITOAXOAA JUIS  PelIeHHs
NnocraBNcHHOR 3afa4H KaccHHKauuy.

e dopMHupoBaHHe 6a3bi HEYETKHX NPaBUN M JOCTHXEHHE  BBICOKOIi
3¢ peKTHBHOCTH pe3yNsTaToB (BHICOKHII NPOUEHT PAacNO3HABAEMOCTH) HApAAy C
COKpallICHHEM MHOXECTBA MNpaBuN MNYTEM HACTPoOiikH NapaMeTpoB HEYeTKOH
Mozaenn B Apouecce GopMupoBaHus 6a3 HEYETKHX MPaBHIL.

¢ [lpoBenenue CpPaBHHTENIEHONO aHanu3a MOJY4YEHHBIX PE3YALTATOB MO
Ppa3HeIM 32%a4aM B Buae TabnuL H rpadukos (puc.5).

PaccMoTpens! uetnipe pashbie 3agaun: IRIS (150 o6wekTos; 4 npusHaka; 3
wnacca), WINE (177 obGwextos; 13 npusuakos; 3 knacca), CoGaxa-ponk (42
obnexta; 6 npu3nakos; 2 Kkiacca), 3anaya AuarHoctHk «Ouxonorus» (136
o6bexToB; 11 npusnakos; 4 knacca).

MOXHO KOHCTAaTHpOBaTh, YTO WCMOML30BaHHE paspaGOTaHHOrO ANTOPHTMA
NoCTpoeHHs 6a3 NMpaBHS Ha OCHOBE MeTofa HaCTpofikM HeueTkoM MojenH MpH
PE€UICHNN 3ana4 pacno3HaBaHHA OGPGBOB NPpHBOOMT K CAEAYIOUHM pe3ynbTaTam:

1. Ocymecrsnena HacTpoiika napaMeTpos 623 HEYETKHX NPABHJIL.

2. Cokpaiena 6asa He4eTKHX npaBul.

3. PaspaGotano nporpammzoe ofecneucHue pacnosHaiouiell CHCTEMb Ha
OCHOBE HEYCTKO-MHOXECTBEHHOTO MNOAX0JA, MpOBEHEHbl SKCMEPUMEHTANbHBIC
HCCNIeIOBaHHA,

4.B pewenusx samaun IRIS npu kommuccrse 20% u 83 % 6a3 npasun
TOUHOCTE pacnio3HaBaHHA cocTaBnser 99,3%; B 3anave WINE npn konuvecTse
24% 6a3 npaBuJ TOYHOCTH pacno3HaBaHmns coctasnset 99,4%; B 3agade «CobGaka-
BONK» MPH KonuuecTBe 15% Ga3s MpaBus TOWHOCTE pacrio3HABaHMA COCTaBASET
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100%; B 3anaye «Omnxonorus» npH konuvectse 39,7% 6a3 npaBHJi TOYHOCTH
pacno3Hasanus coctasnser 97,1%.

5. Cpennnii mokasates NOJNyYEHHLIX pe3ynbTaToB (no BhibopkaM H3 ceMu
3IEMEHTOB) NO NOrPEWHOCTH pacnosnaBaHus cocrasnser ana IRIS — 2,09%;
WINE - 4,48%; «Cobaxa-sonk» - 0 %; «Onkonorus» — 4,18%.

B npunokeHHH nNpHBOAATCA CTATHCTHYECKHE JiaHHBle, NOKYMEHTHI,
NOABEPXKAAIOUIHE pPE3YNbTaThi BHEAPEHHH TEOPETHUESCKHX HccnenosaHuii M
TNIPAKTHYECKHX pa3paloTox B JEATENLHOCTH OpraHusauuid M NpeanpHATHiA,
CBHIICTENIBCTBA Ha NporpamMMHubie poaykTst [TatenTHoro Benomcrsa PY3.

SAKMIOYEHUE

B nucceprauuonnoii paGote nposeacH CHCTEMHBIA aHANM3, pa3paboTaHsl
MCTOAEI, MOAENM H ANTOPHTMBl HHTEAICKTYaNbHOIO aHanM3a OaHHBIX,
peanu3yIolmHE KOMMJICKCHBIH NOAXOA K TGCTPOCHHIO CHCTEM TOAAEPKKH
TIPHHATHA pellcHHii.

OcHOBHBIMH pe3yNLTaTaMH HCC/ICAOBaKHIA ABNAIOTCA CICRYIOUHE:

1. Anamms Hay4HO-TeXHHYecKoH JIUTEpaTypBl, pacKpeIBalOLIEH
COBpEMEHHOE COCTOMHME Mpo6lieM NOCTPOCHHA CHCTEM HHTEJLIEKTYAlbHOIO
aHANH3a JaHHEIX HA OCHOBE HEMETKO-MHOXECTBEHHOTO NOAXOA2 MO3BOJHIH
copMupoBaTe ¥ 0GOCHOBATL KOHLENTYANbHEIE NPHHUMNLI, KOHCTPYKTHBHBIC
MOIXOAb!, METONb!, MOKEMH M ANTOPHTMbI TOCTPOCHHS CHCTEM TONACHKKH
NPHHATHS petleHH .,

2. ChopMynnpoBana MaTeMmaTHYecKad MOCTAaHOBKA 3aa¥  NPHHATHA
CnaboCTPYKTYPHPOBAHHBIX ~ YNPaBACHYECKHX  pewleHMl H  HAXOXKICHHUA
ONTHMANLHEIX pelleHuit CI0NHO CTPYKTYPHPOBAHHBIX 3afad, HTO crnocoGcTByeT
noBbIENHIO 3¢ deKTHBHOCTH obecneyeHHs anbTepHATHB pelleHHiH [ CHCTEMBI
NOAREPIKKH NPUHATHA pelieHHil B LEIEBOM MOHHTOPHHTE.

3. PaspaGoTan MeTOA NOCTPOEHMA HEYETKOro BbIBOA3 ANA  MOACTH
MICHTUGUKALUMM NpH NOCTPOEHMH CHCTEM  LEEBOro  MOHHTOPHHIA "
WHTENCKTYaNbHOTO aHANH3a [AHHBIX, B KOTOPHIX peanu3oBaHbl MOAEIH
NapaMeTpHueckoll M CTPYKTypHOH uaeHTHuKaunu. Jins napaMeTpHueckoi
HAeHTUdHKaUUN pa3paGoTansl MoaenH unentHpuKauny THAA CHHTITOHA H
Mampaun, monenn crpykTypmoit MaenTHuKAuMM peanH3oBaHa Ha OCHOBE
ITOPUTMOB KNACTCDHOTO AaHANM3A W METOZOB CYOBEKTHBHOMO PpasACICHHA,
OCHOBIOH QyHKIMCH KOTOPBIX ABNAETCA BbIABJIEHHE CTPYKTYPHBIX XapaKTEPHCTHK
HeueTkoif MOJENMM NpH NOCTPoeHMH 6a3bl HEYETKHX NpaBHJl, KOTOpHIC cIyxat
MeTonuueckoll ocHoBoli paspaGoTki mozenedl Ha OCHOBE MOAXONOB TEOpHH
HEYETKHX MHOXKCCTB.

4. PaspaGotannblif MeTOA M QITOPHTM pCIUCHHA 3aUa4H [OCTPOCHHA
HeueTkoil mogenu ¢ ad@ekTHBHOR peanusaumedl  6a3bl  HEYETKMX TNpaBHA
ofiocHoBRIBaeT BO3MOXHOCT:  co3fauus  oddexTHBHO  GYHKUHOHHPYIOUINX
MHTECKTYaNbHBIX CHCTEM AHANM3A AAHHBIX.

5. Jlna nosoiucHHs 3¢¢deKTHBHOCTH GYHKLHOHHPOBANHA CHCTEM UENICBOrO

MOHHTOPHHIA, UHTEVIEKTYANILHOTO aHanNH3a NAHHBIX npH pa601'c ¢ GonpunMu
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MaccHBaMH BXOAHEIX JAHHBIX Ha OCHOBE NPHMEHEHHA MCTOA HACTPOHKH
NapaMeTpoB npH HEYEeTKOM MoAxofe paspaboran rpamueHTHBIE  MeToxm
napameTpuyeckol unenTtHgukauun, TIpUMEHEHHE TakHX NOAXOAOB MOBBILIAET
ZROCTOBEPHOCTH pelleHH# cnaboopMaIH30BAHHBIX 3aHaY¥ MOJCNAMM HEYeTKO-
MHOXECTBEHHOTO NOAX0Aa M ANeMeHTaMH 6a3sl HeUeTKHX MMpaBmuIl.

6. TlpeanoxeHo naTe MoAeneil MPHHATHA PELICHUH C OMUCAHUEM HEYETKHX
MHOKECTB H COOBITHIi INA paspellieHHBIX COCTOAHMII Cpefibl NMpPH peanH3aunu
HHTEJUIEKTyanbHeIX cucTeM. PaspaGotaHsl MeTonbl W MOZENH OToOpakeHus
HCXOIHEIX HaHHEIX ciaGodopManH30BaHHLIX 33/1a4 B HEHETKO-MHOXECTBEHHOM
BHAC, OUCHKH anbTEpPHATHB, NOMCKA H HAXOXICHHA ONTHMAILHBIX CTpATerwii.
PaspaGotana mapkoBckass Mofenb ¢ HEHETKHM NOAXONOM JUIsi PELICHHS 3ajau
KJacCHQHKalMK B cHcTeMaX MOANEPKKH NMPHHATHA pewennii. Tpupenéunsie
METOAE! H MONENH onpeAensioT xapakrep cinaboopmanu3oBaHHBIX 3amay, H
MO3BONIAIOT NMOBEICHTE TOYHOCTb M 3((PEeKTHBHOCTS GOPMHPOBAHHSA WILTEPHATHB
peteHuii B cHeTeMax MogaepiKH PUHATHA PElIEHMI.

7. Ha ocHose NpeUIoKEeHHBIX METOJIOB H Moferncii paspaboTaH anropHTM
PCUICHHS 3afa4yM NpOrHO3HPOBAHHA B XJIOMKOBOACTBE H OCYLICCTBIICHA €ro
NporpammHan peanusauus. Ipeanoxken AecATHIIATOBbIN ANMOPUTM NOCTPOEHHUA
HE4eTKOH MojenH, pesynbTaTH NPOrHO3HPOBAHHA MO koTopoMy Ha 0,5-3%
3ddexTBHEE MO CPaBHEHHIO C CYILIECTBYIOUMMH anroputMami. B wactHocTh,
AOCTHIHYTa TOYHOCTh pe3ynbTaToB 96,5-99,8% npu peuwleHus  3amauu

NPOTHO3UPOBAHHA Ce0ECTOHMOCTH H YpOxalHOCTH XJIONKA ChIpUa.
8. PaspaGoran anropuTM Ha OCHOBE METONOB HAcTpONKH MapaMeTpoB

HEYETKOH MonenH Aans peanusauuu NOLAEpKKH TMDUHATHA pellleHuit u
o6ocHoBaHE nonoxuTeNbHEIE pe3ynbtathl. TOYHOCTb K1accHpHKaLuH 0GBLEKTOB B
MOReNMLHBIX  3amawax (IRIS, WINE, «Co0aka-BonK»,  JHarHoCTHKE
OHKONOTHYeCKMX 3abonesanuii) cocrasuna 97-100%, B NpHKIAAHBIX 3ajavax
(mporHos  ypoxaiiHocTi XMOMKA-ChipLa, BHIGOP COOTBETCBYIOWIEr0  COpTa
XionyatHuka, knaccudukauuu B cucteMe fokymentooGopore) — 92-98%.

9. Tlporpammusie cpencrea, OpHEHTHPOBAHHLIE HA PEATH3ALUIO CHCTEM
TIONACPKKH MPHUHATHA peeHHAi Ha OCHOBE pa3pabOTaHHBIX MOAXONOB TCOPHH
HEYETKOT0 MHOXecTBAa GsUTH BHempeHs! B MUHHCTEPCTBE BHICIICTO M CPEQHOro
crnenuansHoro obpasosatust Pecny6nukn Vibekucral, YnpasneHHH CENbCKOro H
BOAHOrO xo3aiicTBa JIKM3aKCKOrO BHJIOATa, HA KOTOpHIC NOMYYCHBI AKTHI
BHEAPEHHA, MOATBepXkjalomue skoHomuueckuii d¢dexT oOT peanusaunn
PesynsTaToB Henenosanuit AUCcepTaUHH.
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Introduction (Annotation of doctoral dissertation)

The topicality and significance of the subject of dissertation. The
rapid growth of the information world rates inextricably leads to increasing levels
of complexity while processing information. Insufficiency and lack of the
traditional mathematical tools while solving problems of analysis, selecting,
classifing and predicting according to data which describe the processes of global
social and economic development is becoming obvious. Demand for accuracy and
responsiveness of information processing is reinforced in connection with daily
increasing information needs of mankind. This encourages scientists to create new
approaches to processing large amounts of data with complex structure.

Numerous research works are implemented to ensure the integration of the
republic into the global information space besides implementation of modern
information and communication technologies within the demands for the
development of social and economic sphere.

Complex integrated systems are characterized as a large amount of input and
output of dates and elements, which have heterogeneous and non-linear
relationships among each other. Information about the system is presented in
numerical, qualitative and quantitative forms. As a result, the output of the
distribution mechanism of parameters impacting on the system becomes
complicated. In some cases, for instance, when severe restrictions on time are
imposed it is impossible to figure out the regularity of relationships.

The rapid development of modern information and communication
technologies has led to more effective management of production processes. Due
to it material, financial, time and labor costs can be saved. It is one of the reasons
which increased scientific and practical interest to data mining in support to
decision making. The methods of mining information resources are the fuzzy
inference models, neural networks and hybrid neural, immune, genetic and
imitating animal behavior, algorithms of optimization, and generally which
embodies the combined model means "Soft Computing™ all of which are based on
approximate solutions.

Expanding the scope of the problem in controlling processes, and the
development and complexity of the function structure performed by the
management requires achieving supporting results in making decision at the
level of human opinion. In their turn fuzzy models allow us to describe processes
and events of the real world in linguistic terms in natural languages, and the
mechanism of fuzzy-decisions is transparent and understandable for people. These
obvious advantages extend the capabilities of solving problems in various
application fields of science, technology and economics connected with the tasks
of analysis, choice. decision-making, classification and prediction in automatic
control and monitoring.

The above mentioned statements and highlighted problems justify the
actuality of the problem which is the aim of the research meets the challenges of
creating systems of data mining models based on the theory of fuzzy sets and
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reduce errors in alternatives to support decision making by proper selection and
configuration of fuzzy model.

This research work is fulfilled to ensure the implementation of that
objectives mentioned in the laws of the Republic of Uzbekistan «On
Informatization», «On electronic document circulation», the Decree of the
President of the Republic of Uzbekistan DP-1989 «On measures for further
development of national information and communication system of the Republic of
Uzbekistan» dated June 27, 2013 as well as the Decree of the Cabinet of Ministers
Ne355 «On measures of implementation of assess of development state of
information and communication technologies in the Republic of Uzbekistan» dated
December 31, 2013 to enhance the effectiveness of information in society and the
widespread introduction of it in social and economic sectors.

The relevance of the dissertation is characterized by the fact that while
managing social and economic processes it is very important to pay a special
attention to the development of algorithmic means with powerful mathematical
tool that implements the elements of artificial intelligence in solving problems of
processing and analysis of dates in the formation of alternatives for decision
support with minimum errors.

Research conformity to the priority directions of sciences
development and technologies of the Republic. The development program of
research on Information and Communication Technologies of the Republic of
Uzbekistan for 2008-2015 within the framework of long-term trends, «Analysis
and creation of knowledge and machine learning»; SPST-14 — «Development of
modern information systems, intelligent tools of management and training,
database and software products that provide wide development and implementation
of information and telecommunication technologies»; SPST-17 - «Development of
modern information systems, intelligent tools of management and training of
scientific and technical databases and software products that provide wide
development and implementation of information and telecommunication
technologies»; PPS-5 - «Development of information technology,
telecommunication networking, hardware programming means, methods and
systems for intelligent control and training aimed at increasing the informatization
level of the society».

Review of international scientific researches related to the subject of
dissertation. Scientific studies on the use of resources «Soft Con!putir!g» and
development of a new algorithms generation for data mining, classification and
forecasting processes and facilities are maintained in a number of research. centers
and universities, such as University of California, Massachusetts Institute of
Technology, Microsoft academy, Oracle Research Center .(USA), . quto
University, Tokyo University (Japan), Inha University, Seoul National University
of Science and Technology (SeoulTech), University of Incho (South Korea), South
China Technological University (China), Moscow Technical University, Mosc;ow
State University, Computing Center of Russian Academy of Sciences, Novosibirsk
State University (Russia), Warsaw University of Technology (Poland).
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In recent years, in the direction of research thesis, the following significant
results are obtained: development and implementation of data mining has led to a
reduction in errors of data analysis and prediction in 10-15% (Massachusetts
Institute of Technology, Microsoft academy, Research Center for Oracle, Moscow
State Technical University, Computing Center of RAS, Inha University, Seoul
National University of Science and Technology, University of Incho); the
reduction of the classification error is defined in the application of resources of
«Soft Computing» in the case of weak formalization of signs describing the object,
in 20-25% (South China Technological University, University of California, Seoul
National University of Science and Technology, Novosibirsk State University).

In the present time researches are actively being done on the development of
«Soft Computing» means in data mining. Priority directions are the researches on
expanding possibilities of the analysis means aimed for minimizing errors of
alternatives of support management decisions at the increasing volume of
information and the characteristics of its elements.

Level of the study the problem. As a consequence of large-scale researches
on the development of data mining describing the object, highly developed
theoretical and practical applications are obtained. Significant results of the
theoretical bases of construction and research issues of practical implementation of
decision support systems and targetmonitoring in various fields on the basis of
application of the theory of fuzzy sets, systems, data mining and processing
information, decision-making systems were obtained by leading scientists
L.Zadeh, R.Yager, A.Koffman, ZhKlira, E.A.Mamdani, Terano, Sugeno, Asai,
AN.Averkin, AN.Borisov, D.A.Pospelov, R.A.Aliev, F.Herrera T., Fukudo,
Ch.Karr, M.Lozano, M.Sakava, O.Kordon, Zh.Kasillas, F.Hoffman, R.Yang,
V Kruglov, A.Rotshteyn, S.Shtobv etc.

In our Republic active research facilities are also being done on data mining
system based on the theory of fuzzy sets. The results of researches by
T.F.Bekmuratov, M.M.Komilov, M.A .Rakhmatullaev, Sh.H.Fozilov,
D.T.Muhamedieva, N.A.Ignatev, A.H.Nishanov and other schientists can be
included to the works in this area.

Connection of dissertational research with the plans of scientific-
research works is reflected in the following projects:

State Science and Technology Project (SPST -17: Development of modern
information systems, intelligent tools of control and training, scientific and
technical databases, and software products that provide wide development and
implementation of information and communication technologies (2009-2011.).

SPST-5: Development of information technologies, telecommunications
networks, hardware and software tcols, methods and systems for intelligent control
and training aimed at improving the informatization of society (2012-2014.).

Purpose of the research is to develop methods, models and algorithmic
software of data mining on the basis of mechanism of mathematical tools, for the
theory of fuzzy sets for decision-making support of management tasks also the
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implementation of research results into systems of decision-making for
semistructured decisions.

Tasks of the research. To achieve thesis’s aims the following tasks are set
and realized:

study and systematic analysis of the research in condition on development of
data mining;

study the theoretical and methodological bases of the development of models
and methods of decision-making under uncertain conditions;

forming mathematical problem statement of constructing a strategy decision
making in semistructured logical-linguistic mapping representative of
heterogeneous information resources;

developing a method for the organization database rules to create the fuzzy
model system of monitoring and data mining;

constructing the fuzzy model of identification and development of methods
for parameters of fuzzy set rules bases in the systems of data mining;

research and development of the fuzzy approach methods in solving the
problems of constructing multi-criteria decision-making models, classification and
forecasting in the uncertain conditions of the original data and the weak structuring
of the tasks;

implementation of the developed methods, models, algorithms and sofiware
systems of data mining in the systems of semi-structured decision-making, a
comparative analysis of the results, and testing the effectiveness of development.

Object of the research: systems of monitoring and data mining for the
decision-making support on the basis of representative information resources.

Subject of the research: models of data mining for the decision-making
support in organization of intellectual systems on the basis of fuzzy set approach,
models and algorithms of setting its parameters.

Metheds of the research. Methods of data mining, fuzzy set theory,
probability theory and management, expert evaluation, model of semi-structured
decision-making, settings fuzzy model, fuzzy predictive methods and classification
algorithms and methods of object-oriented programming are used in the research
process.

Scientific novelty.

A method of constructing database rules to implement fuzzy model in
creating systems mining decision support is established; o )

A mathematical model of constructing a strategy decision maklr!g in semi-
logical-linguistic mapping systems to create a system of target monitoring and
data mining is developed;

A method of setting the parameters of fuzzy knowledge bases on a modified
gradient method and the Markov model to improve the efficiency of the
mechanism to support management decision-making system of target
monitoring and data mining is formulated; )

A description of the methods and data mining models on the basis of fuzzy
approach in weakly formalized problems is proposed;
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The recurrent equations on the basis of the fuzzy sets theory to find the
optimal strategy in fuzzy models in target monitoring are advanced;

The principles, criteria and requirements for constructing intelligent systems
management decision-making based on methods and algorithms of data mining
are established;

Models and algorithms for solving classification and forecasting problems
based on data mining in management decisions are developed

Practical results of the research are developed on the basis of the
mathematical tools of fuzzy sets as elements of data mining in solving semi-
structured management problems software tools, such as «Classification of
complex objects based on fuzzy decision rules» and «ICT-monitoring» are to be
used to improve the accuracy of classification and prediction problems in the social
and the economic sphere;

The method of implementing fizzy rule base in the construction of the fuzzy
model to support management decision-making enables the formation of
knowledge about objects and formalization of expertise. Settings of database of
fuzzy rules and algorithms for choosing altematives can improve the accuracy of
the results to 97-99,3%, while productivity increased by 1.5-2 times depending on
the nature of tasks;

The algorithm and software for solving the problem of forecasting crop
production on the basis of the developed methods and mining models are
developed. The results are superior to existing indicators at 0.5-3%. In particular,
the solution of forecasting problems of costs and yield of raw cotton was 96,5-
99,8% in accuracy;

The algorithms for the implementing the target monitoring, decision-support
methods based on fuzzy model parameter settings, display the results applied to the
problem of classification are worked out. While solving applied problems of
selection and classification of cotton varieties in the Office of Agriculture and
Water Resources, the classification of documents in the Office of secondary
special and professional education of Jizzakh region experimental studies have
been performed and 92-95% accuracy was registered.

Reliability of obtained results are based on the fact that the mathematical
study of the proposed metheds and mining models representative of heterogeneous
information resources with the support of management decision-making have been
developed besides a comparative analysis of the formulas and calculations with
real and experimental data on the basis of common criteria are carried out. To
evaluate the results of the research on effectiveness, the consistency of software
systems is tested on order to solve classification tasks and prediction in combined
date. A comparative analysis of the effectiveness of software algorithms for fuzzy
approach are undertaken by the criterion of error minimization alternatives in
support of decision-making under the uncertain conditions of information
resources and weakly formalized challenges.
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Theoretical and practical value.

The theoretical significance of the results of the study is that the metheds,
models, algorithms and software serve for the development of the theory of the
construction of data mining by setting the parameters of fuzzy model
identification- methods for transparency and ease of decision-making in semi-
structured problems based on fuzzy model and logical-linguistic display
representative of heterogeneous information resources, intelligent processing of
initial information, classification and prediction.

The practical value lies in the application of the developed models and
algorithms as a part of mining systems information resources as a means of
formation of decision support systems and improve the performance of precision
solutions meet the challenges of forecasting of agricultural crops in the
implementation of development at 2-5%. The performance of data analysis in
forming solutions for the support of decision making process is increased by more
than 1.5-2 times. Developed base of fuzzy rules can help improve machine fuzzy
conclusions for adoption semi-structured decisions.

Realization of the results. Automated Information System «ICT -
monitoring» is applied in the monitoring to implement information and
communication technologies in the national network of «e-Education», automation
of managerial elements and sphere of Ministry of Higher and Secondary Special
Education, and methods, models and algorithms for decision support in the
managerial systems is applied in the formation of a complex information system of
«Ta’lim» within the systems of «e-Government». The implementation of means
and methods of information processing, information technology and other
scientific developments have led to decrease the costs of organizing the process by
12% (Information report of Ministry of Higher and Secondary Special Education
of the Republic of Uzbekistan Ne 89-01-129 from 05.25.2015 years).

Software systems «PRASK-2» and «Fuzzy classification» are used to solve
problems while formation of alternative decision support in the management of
agriculture and water resources, as well as in the management of secondary
specialized vocational education of Jizzakh region. As a result of forecasting the
cost of production and productivity, the prudence of resources is increased by 5%,
due to the classification of the optimal composition of electronic documents and
contingent of employees, the work productivity is increased by 12%, the total
annual economic efficiency is amounted to 215.5 million. UZS (according to
Information Ne04-229 from 02.04.2011 by Jizzakh region)

Approbation of the work. Results of research are approved in 15 scientific
and practical conferences, as well as in 12 international symposia and seminars, in
particular at «ICEIC 2008», The 9" International conference on Electronics,
information, and Communication (Tashkent-2008); « WCIS-2008» Seventh world
conference on Intelligent Systems for Industrial Automation. (Tashkent-2008);
International Symposium «Intellectual systems» (INTELS'2008 — Nizhny
Novgorod, Russia); «<Knowledge — Ontology — Theories» 11 All-Russia conference
(Novosibirsk-2009); «Actual problems of applied mathematics and informational
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technologies — Al Khorezmi 2009» International conference (Tashkent-2009);
«New theorems of young mathematicians — 2009» Republican scientific
conference (Namangan-2009); International symposium on «Intellectual systems»
(INTELS’2010) (Russia, Vladimir, Moscow-2010); The 4% international
conference on «Application of information and communication technologies»
(Tashkent-2010); Ninth International Conference on Application of Fuzzy Systems
and Soft Computing: (ICAFS-2010. — Prague, Czech Republic-2010); «WCIS-
2010» Sixth world conference on Intelligent Systems for Industrial Automation.
(Tashkent-2010); «Info communication technologies» Republican scientific-
p.ractiml conference (Tashkent-2010); Joint Workshop «Methods of control and
simulation» of the Institute of Computational Mathematics and Mathematical
Geophysics SB RAS, Novosibirsk State University and Novosibirsk State
Technical University.
. Publication of the results. 36 scientific papers, including 4 research papers
in international journals are published on the topic of the dissertation.

Structure and volume. The thesis consists of an intreduction, five chapters
with conclusions, bibliography, conclusion, it also includes 13 applications,
200 pages of text, 54 pictures and 14 tables.

The main content of dissertation

In the introduction part relevance of a subject is proved, degree of study of
a problem is considered, the purpose and the main objectives of thesis, the
scientific and practical importance, scientific novelty of researches and structure of
the dissertation are described.

In the first chapter «System analysis of modern state systems, data
mining» the analysis of work on development and use of methods of the data
mining and use of the device of an fuzzy set while solving various applied tasks is
carried out. Realization questions of main objectives and problems of dissertation
work are described. In particular, the analysis of approaches to the solution of
predicting tasks and the classification which are components of the data mining
is carried out. Methods of formation fuzzy bases of at realization of these
approaches, methods and models of development of systems of support of
decision-making at an illegibility of basic data rules are also studied. The general
mathematical problem definitions of creation a strategy adopting semi-structured
decisions are formulated at logical-linguistic display of data.

Theoretical bases of creation of intellectual systems are described;
organizational elements and functional components of intellectual systems are
given. Fuzzy approaches to creation of intellectual systems which are proved by
the corresponding statements are stated.

On the example of problems of predicting and classification the analysis of
works on the organization of systems of support of decision-making which are one
of the main subsystems of intellcctual systems is carried out.

A systematic analysis of models and methods of decision-making in fuzzy

conditions. classification and systematization is analyzed. The static and dynamic
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models of decision-making systems, the components of the five interconnected
subsets of decision-making on a specific subject area and the four stages of
decision-making on the subject area are described. Three conditions of fuzzy
description  decision-making problems have been set up.

Next a general mathematical formulation of the problem of constructing a
strategy decision-making in semi-logical-linguistic mapping data is formulated.
Definitions and procedures described in fuzzy sets, dimension of probabilities,
fuzzy relationship sequences are described.

Along with these a generalized structure of the system of decision-making
based on the system analysis and definitions is shown. Generalized structure of the
implementation of decision-making system is the basis for the proposed
approaches for constructing fuzzy models. (Pic.1.)

Implemented implementation settings fuzzy model set up by identifying fuzzy
model is realized and the problem of structural and parametric identification is
solved. During fuzzy model setup and also formed with the help of it fuzzy rule
base that is a key point of forming knowledge bases.

The second chapter «Methods of data mining decision support systems
target monitoring» devoted to the development of fuzzy models identification
problems based on fuzzy rules in the construction of intelligent systems and an
approach to the formation of expert assessments in identifying fuzzy models is
developed.

In constructing the identification model problems considered related to the
development of fuzzy conclusions and proposed to infer the model used Mamdani
and Singleton.

Decision-makiog

A

| Decision-making support system |
1
] ]

Indistinet ideatificaticn Forecasting Classification
— t : 1
| Indistinct bases of knowledge _l
< 5 _ Setting of indistinct model
tructmral arametric H
identification identification pammete:, ::i bt:sr;nauon of
L 1 (G cun-]
Construction of model with
the help of indistinct
keowiedge base

Picture 1. Generalized structure of decision-making system realization
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For the structural identification of the approach of cluster analysis and
subjective data distribution is developed on the basis of this method of solving the
problem of designing the fuzzy rule bases.

The tasks connected with formation of expert estimates at creation of fuzzy
identification model are considered. The algorithm of modeling of forecasting
productivity in the condition of fuzzy initial data is elaborated.

In a general view, the problem of forecasting in the conditions of uncertainty
is formulated as follows.

There are set: .Y =(x,,x,,...x,) - the input parameters characterizing values of
environment of the predicted situation and describing versions of decis?ons;
Y =(.y.y.) - the output parameters characterizing values of the predicted
situation and describing consequences (outcomes), possible as a result of
implementation of decisions; I¥ = (I¥,,W,....V;) - parameters of decisions’ estimates
and their outcomes; P = (A, F,.... B;) - parameters of uncertainty in input and output
parameters and their estimates.

It is required to build the forecasting madel

M, =<X,Y,WV,P>. )

Forecasting model (1) includes:

- model of problem situation forecasting

M, =< X,Y, P ; >;
- model of an assessment of expected values Y
M, =<M; W,Py, > . 2)
here: F,, - parameters of uncertainty in input and output parameters; Fyy-

parameters of uncertainty of estimatesY ; P= (8¢, Firy). )
The model (2) realizes display of F:(X,I7,P) Y . Taking into account it the
considered problem of forecasting generally can be presented as following

Y=F(X,W,P). 3)

The operator £ in the presence of parameters of uncertainty repnas'entc?d, asa
rule, in the form of soft models. The most widespread models of this kind are
productional and neural network, input and output parameters of which represented

in the form of fuzzy terms. . . . )
In work the problem of predicting the yeild cotton is investigated, in which

the structure of the general model (3) described by fuzzy Sugeno model. In
considered statement the offered model represented by a set of fuzzy rules of
production (linguistic statements) of following view

IF [(x, = a")H(x, = a}")H..H(x, = a}")] (with weight,)

OR [(x, = a*)H(x, = a)H..H(x, = a]")] (with weightw,,)

“
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OR [(x, =a/” VH(x, =a” )H..H(x, =a))] (with weight w, )

OR [(x, =a]*™ YH(x, = al" YU .. H(x, =a’")] (with weight w, ),
THEN y,=b,,+b,,-x,+b,,-x,+..+b,, X, forall j=im,

where: j =1Lm - number of arule; @/ -a linguistic term by which the variable x,in
line conjunction with number is estimated P, =Lk, of j-rule; k,- quantity of
the lines-conjunctions corresponding to a class of the conclusions »,» which values
are estimated by a linguistic term d,; w, - number in the range [0,1] which
characterizes statement weight with number jp,. x,, i=i,n - entrance variables;
¥, - output variable (expected value of productivity).

In considered model (4) entrance variables x, = weather conditions when
sowing, x, - water availability, x, - weather conditions at vegetation, x, - weather
conditions when cleaning correspond to fuzzy variables n,, Bo,, B,, Y5,
models of productivity forecasting.

Generally as terms for an assessment of input and output, parameters of fuzzy
forecasting models the following type of quantifiers are used: Very Low, Low,
Below an average, Average, Above average, High, Very high. The system of
productional rules (4) which describes forecasting model of a general view (1), is
represented in the fuzzy knowledge base (FKB) of systems of decision-making on
productivity projection.

In FKB the system of preductional rules (4) represented in the form of one,
their modifications of TP called the expert matrix of knowledge (EMK). The
fragment of structure of EMK.

Further questions of development of model identification in the form of fuzzy
system consisting of fuzzy rules by realization of systems of conclusions in models
like Singleton and Mamdani are stated.

A method and algorithm of the solution of a problem in creation a model
based on the offered fuzzy bases of rules are carried out.

A methed of creation of fuzzy rules base based on the numerical data which
advantages consist in extraordinary simplicity and very high efficiency is offered.
It is a method that allows uniting the numerical information provided in the form
of training data, with the linguistic information having the appearance of base of
rules, due to addition of available base with the rules created based on numerical
data.

Let's say that we create base of rules for fuzzy system with n entrances and
one exit. It is obvious that training data in the form of a st of couples is necessary
for this purpose
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(2, (), x3(8)y...x, (D, d()), i=1.2,...,
where x,(#),x,(i),....x, (§)- the signals given on an entrance of the module of
fuzzy management. and d(i) - expected (reference) value of an output signal.
Let X — is a metric space and r : X — Rdefined on it metrics,
(X}.....X,,) © X - sequence of elements from X.
. Thus, for each index i we can define the function describing a measure of
similarity of an element of sequence j with an elementi :

& {L...n}= 0],
. dX;, X,
&N =1- - ) .
max{d(X,, X;)| k € {L....n}}
o Fgr each iindex we will define the function, describing a measure of
similarity of elements & and /in comparison with element i :

S :{I,...,n}z - [0,1],

For k=1,2,...,n we will define functions recursively #®:{....a}* =[0.],

{u‘“(i,j):u(i,j), )

u#® i, j)= max{min {y(""’(i,s), HE (s, j)}l se {1,...,n}}
40360 =1Yik. (6)
w6 ) 2 u* T VE> 2,
For ae[0]u i, j,,...ji» j €{l,...,n} is correct:
HG JettlGio N2 = uB G ) 2.
Let @ €[0,1], i, j, & € {l...,n} and #*'(i, j) 2 & . Then, there exists such
number as m and indexes jj,....Jn, € {l,...,n}, that
A i)t J) 2

Let ae[o,1], i,jme{l,...n} and 4G, N za.d"(im)2a.
As aresult

imza

For ae[o,l] we will define binary relation of R, c{X,..X,} on a set
{Vy.... X, } by the following way:

(X.X,)eR, = 4G 2a.

The relation R, is relation of equivalence, which divides the set {Xi... X} on
non-crossed classes of equivalence. Two elements X, X,enter one class of
equivalence only in that case, when value of function 4 is larger from these
elements, that is on the basis (5), (6) is equivalent to existence of elements’ pairs
(X, X W (X,,X,)...(X,.X,), on which value of function g is rather large.

According to g definition it means proximity of elements of each couple to each
other, i.e. two elements enter one class of equivalence in only case when between
them there is a sequence of elements in pairs close to each other.
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The task consists in formation of such fuzzy rules that thc module of
managements designed on their basis when receiving entrance signals will generate
output signals having the smallest error.

Step 1. Division of entrance spaces and output data into areas.

‘Let's imagine that we know the minimum and maximum value of each entrance
and output information. It is possible to determine intervals in which there are
admissible values by them. For an entrance signal x, we will designate such interval as
[x;x;'). If valuesx; and x; are unknown, it is possible to use training data and to
choose from them respectively the minimum and maximum values.

Similarly, for a reference signal d we will define an interval[d~,d*].

Using the entered qualitative terms and knowledge of the expert let us
imagine ratios in the form of the table.

Step 2. Creation of the fuzzy rules based on training data. In the beginning we
will define degrees of accessory of training data(x, (), x5(8),....%, (), d(D), i=1,2,
..+, to each area allocated on a step 1. These degrees will be expressed by values of

functions of accessory of the corresponding fuzzy sets for each group of data.
The analytical model of the membership functions has the following view:

1
T
l+(u__b)
c

The choice of such functions is caused by that they are good approximations
of functions of the accessory received from the expert by a method of pair
comparisons.

Step 3. Assigning each rule the degree of truth.

As a rule, there are a large number of couples of training data and from each
of them one rule can be formulated, therefore there is a high probability of that
some of these rules will be inconsistent. It refers to rules with the same condition,
but with different conclusions. One of the methods to solve this problem is
attributing to each rule of so-called degree of the validity with the subsequent
choice from contradicting each other ruled at what this degree will appear the
greatest. Thus, not only the problem of inconsistent rules is resolved, but also their
total considerably decreases.

Step 4. Creation of fuzzy base rules.

To create atable (/) =0; /= LL.

To choose next pair of data(x, (1), x, (i),....x, (), (), i=1,2,...,

To establish degrees of data belonging to fuzzy sets and to create the
corresponding rule,

To establish degree of the validity of the rule

”d] (xl',x;,...,x;)= ,}1:%%([#"! (xl‘,x;,...,x,.,)].

=
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if pay<p® (x,',x;,...,x,',)= I}l%[ﬂd’ (x,',x;,...,x,',)] ,
then ) '
Buy=4" (x,' ,x;,...,x;)= r}:l%t[pd’ (x, ,x;,...,x,',)]

Step 5. Defuzzification.

To calculate output value y on a center average a defuzzification methed is

used.
The chapter three «<Methods of constructing fuzzy rule base of data mining
in the systems of target monitoring» is devoted to the development of parametrical
identification methods at representation models of studied objects in the form of
fuzzy bases of rules.

The gradient method with # variables for control of parameter of fuzzy bases of
rules is offered. For fuzzy Singleton models with # the entrance variables divided
into / of linguistic terms gradient algorithm of training is considered. Here for the
training selections, which have been set in a view of (x],x},..x],y"), target function

for minimization decisions error is offered
|
E= 'z-(y -y,
where y’- is desirable entrance value, y — entrance value y =, ¥a) results

in the fuzzy conclusion.
Here:
Ve = (ot + pan, + ot oyt Wt + pp + o+ ).

Value of a consequent of the rule r, on ¢+1step is defined as follows:

]
oE IT a6
'.,(H-l)=f.,(')-rm=y...(t)+r(y°-y)-———*", .
! (Zﬂ;)z
Lt

Values of parameters t+1 are defined as follows:

! 3
WMt (g ). ()

Asl 4=l

[ 2
Sy b
ksl

a,u+)=a,()-a(y’ -y)-

! i
’Z'ZI‘ : "Z"..'ll' EPRET I .
b4y = b, (0= py" -y S m e i)
Qo m) "

k=)
In addition, the research realizes approaches for bell-shaped, parabolic,

triangular, trapezoid functions of belongings.
At the same time intercoupling between elements at automation of the process

management within the research is justified:
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> Object management
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(

Information environment

Picture 2.The interconnectedness of the elements at realization management

Here information environment creates a decision support system by means of
knowledge base and system of the concentration of knowledge in turn this system
is a component of the control system by means of which a control action is
worked out.

Dynamic model

Expert Object mansgement

1

v

Knowledge base
g Interface
Fuzification |—Logical inference || Defuzifica Block

tion comparisons

Picture 3. The structure of decision support system approaches to the theory
of fuzzy sets

The structure of the management mechanism based on the theory of fuzzy sets

is shown in Pic.3 Matching block specifies the truth degree of a decision in
accordance with the alternative solutions obtained logical conclusions formed by
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domain experts, as well as the dynamic model of the controlled object. After that
alternative solutions are available to the user or the host of solutions.

The fourth chapter «Moadels of decision-making systems, data mining» is
dedicated to the development of decision-making methods in data mining system.

The formal problem definition of decision-making in clear and fuzzy
conditions is given and decision-making models in the conditions of an illegibility
of initial information are described.

Introduction of concepts of fuzzy sets and the relations allows creatmg a
model of the environment C decision-making with fuzzy set characteristics in the
form of the formal scheme M_ = {©,0,F}.

Model-1. The fuzzy set Ag ={(6;,4;)}geco brought out of the set full-fledged
set @={#,,....4,}in an admissible condition of the environment C where belonging
function x in © defined as u(8) = u; npu6=86; (j=1..,n) is considered.

As interpretation of such fuzzy set 4, the goveming body ¥ realizes division
of conditions of the environment C in which a full-fledged set@ is probable, and
then on the basis of function belonging # (8)removed from the fuzzy relations is
defined a fuzzy set 4,.

Model-2. The fuzzy full-fledged probabilistic event
Ao ={(0.1£4(8)): P(0=6;} = p;(j =\....n)} which arises according to full-fledged sets

©={4,,...6,}in admissible conditions of the environment C and distributions
2=(P1,- Pa)is considered (here considered element accessory z4(6) is accepted
to function of accessory# e © to A, ).

As an interpretation of such fuzzy full-fledged probabilistic event4, in a

condition of decision-making {®,4g,F}the goveming body Y distributes
admissible conditions of the environment C on a full-fledged set®, then calculates
the environment of casual distribution of a vector p=(pj,... p), further on the basis

of membership function the clear set @is replaced with an fuzzy set{(@:°(©)seo-
and at last the governing body ¥ considers as an fuzzy full-fledged casual event 4y
in 2,(8) = 1,(8) as model of characteristics of C environment.

Model-3. The fuzzy casual event Ag=((@;.4,).P(@€O)= P Gi=L..n)}
arising according to a full-fledged set @={6),...On} is considered at adrmssnble
conditions of the environment C and from distribution 2= p,,), where y;-is

belonging function according to8 k ©,.

As an interpretation of such fuzzy full-fledged probabilistic event .igin a
condition of decision-making of{(®,4g.F} the goveming bodyY defines a full-
fledged set@, then divides @into subsetsd;, further it is accepted that & gets
into®; with probability p,. At the last stage the governing body Yreplaces an
accurate set® with associationU®; of subsets®,, or with an fuzzy set{(®;.#,)}} ;.

69



thus the fuzzy casual event 4, acts as model of characteristics of the environment
C.

Model-4. The fuzzy set 4g ={(6,.9,). us, (6;,6,)), ;=1 defined by data of a full-
fledged set@={4,.....6,} in admissible conditions of the environment C and from
the fuzzy binary relation B(, @, )removed by membership function #s,6;,0,)

on ©x©is considered. As the fuzzy binary relation it is possible to use a fuzzy
subsequence, fuzzy linear sequence and other fuzzy relations.

In model as interpretation of such fuzzy set 4 the following example is
reviewed. ©— the set of qualitative numbersg,,...6,, the binary relation
S ,expresses in itself the order relation >on a qualitative axis (R*). In this case, for
governing body Y we have expressions of type the set structure @is established,
the relation S, is chosen, for establishment of degree of reliability of performance
the relation S4,there is chosen function #s,(6;.6;). As a result, the governing body
Y as model of characteristics of the environment C accepts an fuzzy set 4.

Model-5. The fuzzy casual event
4o ={((9,,6;), 5,(0,,6;): P{0=8,}=p; (j=1,..,n)} defined by data of a full-
fledged set ©={4,,..., 4,}in admissible conditions of the environment C and from
distributions p=(py,... p;) removed on@, and also the fuzzy relationsS, with
membership function g, is considered. Interpretation of such model is realized
as in model 2 taking into account interpretation in model 4.

The simplified formation of characteristics of fuzzy models on a state
{®,4g,F } environments C with use of models of a simple type on the basis of

provisions of the theory of fuzzy sets is thus carried out.

As a result of the research algorithm developed on the basis of recurrent
equation to search optimal in simple models strategy of multicriteria decision-
making which is the process of multicriteria decision-making.

It is necessary to solve three problems in order to use the MM in Pattern

Recognition.
To calculate affectivity p(0}2) - probability of sequence in parameters model

if the sequence of observations 0=0,,0,,..0, and model 4 =(4,G, T), are given;
To define the corresponding sequence of intemal states Q= g,,;,..¢; if the
sequence of the observations 0=0,,0,,..0; and model 1=(4,G, IT), are given;
To determine model parameters A=(4,G,M), taking account criterion of
maximizing p(O}4).
The following methods are used to solve principal tasks of MM
e Effective calculation of generation probability of the set sequence.
¢ Search of optimum sequence of states,
¢ Training of Markov models by test sequences.
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The fifth chapter «Target monitoring systems support decision-making
analysis of semi-structured data based on the theory of fuzzy sets» is devoted
to describing the developed systems of formation support decision-making on the
basis of fuzzy-set approach, conducting computational experiments and
comparative analysis of the results. The results of the developed systems based on
the fuzzy-set approach in the task of data analysis, selection, classification and
prediction in various subject areas are also shown.

Algorithm for constructing of the fuzzy knowledge base and system of fuzzy
conclusions js developed where in order to control of fuzzy model the mountain
method of a clustering is used. The realization of algorithm is enabled according
to the example of solving of forecasting problem of cotton productivity.
Experimental researches are conducted in the environment of Matlab.

In Pic.4, the received graphics by which without effort it is possible to
determine intervals of achievement of high fertility are illustrated. Thus, basic data
were set in the following order: entrance-1 — on soil types; entrance-2 — on
varieties; entrance-3 — data on modes of fertilizers.
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Picture 4. Schedule of real and expected dat; of curtivation of cotton

Here:
- FACT -- real indicators of cotton productivity ;
- CLUSTER - indicator of cotton productivity received with the help of
fuzzy model;
- REGRES-L - indicator of cotton productivity received from the help of
regression model.

Results of computing experiment showed higher forecasting effectiveness on
the basis of Sugeno's models (the error of the forecast makes (0,0-2,77) %) in
comparison with forecasting on regression model (the error of the forecast is equal
(7,5-79,5) %)

The algorithm of an assessment and choice of the altematives applied in
decision-making in the fuzzy environment is developed. Assessment issues of
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dependences am? a choice of alterative forecasting of cotton productivity are
solved as a practical realization.

'l‘h_e algorithm of a problem solving of an assessment and choice of
alternatives is carried out in the following steps:

1. Matrixes of preferences R, -taking into account only a sign p, are built,

2. Assuming the considered signs have various degree of importance: one of
them are _the most essential, others — play a supporting role, importance of signs is
characterized by means of the fuzzy relation of preference of signs of R.

3. There is a crossing of the fuzzy relations R,...., R, , which is designated
by O:

O=RARNA--AR,.

4._ Similarly there is for R not dominated set R4 . The received degrees of
belonging s (P,), iz (D2 )rnees 1 a (B, ) are designated respectively through

ls1;,.... 1, which are used at calculation of weight coefficients4,,m=1Lm for each
of signs.
5. The matrixQ, which elements are calculated on a formula is formed:

13
Ho, (x,3)=3" A p, (x,).
ms=]

6. ©;” is on algorithm which is described above.

7. The crossing @=0f% N0 is built.

The choice of the alternative having the maximum value of degree of
belonging in Q is considered rational.

Computing experiment is carried out to choose the best four selection grades:
8-4727, Tashkent 1, 108-F, 159-F cottons (X ={x,X,,....X,} ) the best according to
the following characteristics (P={p,, p,,..., ps}): productivity, fiber length, fiber
durability, absolute mass of seeds, oil content of seeds .

Ranging results of all selection grades showed that the grade 108-F is the best
among the offered selection grades of a cotton as resultant value of degree of
accessory of this grade to an fuzzy set of Q is the greatest (0,96).

Further in the research problems of classification are solved by setting
parameters of model in designing fuzzy knowledge bases for practical realization
of the methods developed methods and algorithms in chapter 2. The ten-step
algorithm for constructing Sugeno model which is realized on the example of
problem solving of pattern recognition is given.

When carrying experimental studies (on the example of problem solving of
pattern recognition) the special attention was paid to the realization of the method
with fuzzy and multiple approach and the following tasks are solved:

e Use of fuzzy-multiple approach for the solution of sct objective.
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¢ Formation of fuzzy base rules and achievement of high results (high
percent of recognizability) along with reduction of a set of rules by a way of
control of fuzzy model parameters in the course of formation fuzzy bases of rules.

¢ Carrying out the comparative analysis of the received results of different
tasks in the form of-tables and bar charts. (Pic.5.)

Four different tasks are considered: «IRIS» (amount of objects - 150; quantity
of signs - 4; quantity of classes - 3), «Wine» (amount of objects - 177; quantity of
signs - 13; quantity of classes - 3), «a dog — a wolf» (amount of objects — 42;
quantity of signs — 6; quantity of classes — 2), a task of diagnostics «Oncology»
(amount of objects — 136; quantity of signs — 11; quantity of classes — 4).
In Pic.5 comparative bar charts of the received results are illustrated.

Picture 5. Results of comparative graphs and select indicators rules for four
tasks

Besides, it is possible to note that usage the developed algorithm of
constructing bases rules on the basis of a method setting a fuzzy model at the
solution of images recognition problems leads to the following results:

1. Setting parameters of fuzzy bases rules is realized.

2. The fuzzy base of rules is reduced.

3. Software of recognizable system on basis of fuzzy and multiple approaches
is developed. Experimental researches are conducted.

4. In solutions of a problem IRIS at number of 20% and 83% of bases of rules
accuracy recognition makes 99,3%; in a problem WINE at number of 24% of bases
of rules accuracy recognition makes 99,4%; in a task «A dog - a wolf» at number
of 15% of bases of rules accuracy recognition makes 100%; in a task «Oncology»
at number of 39,7% of bases of rules accuracy recognition makes 97,1%.

5. The average value of the received results (among seven elements) makes an
error of recognition for IRIS — 2,09%,; for WINE — 4,48%; for «a Dog - a wolf» -
0%; for «Oncology» — 4,18%.

The application contains statistical data, documents confirming the results of
the introduction of theoretical research and practical developments in the activities
of organizations and enterprises, and a certificate for software products of Patent

Office in Uzbekistan.
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Conclusion

In the dissertation work the system analysis is carried out. Methods, models
and algorithms of data mining, realizing an integrated approach to creation of
support systems of decision-making are developed.

The main results of researches are the following:

1. The analysis of scientific literature, revealing the current state of the
problems of building Data Mining systems based on fuzzy-set approach will allow
to generate and validate a conceptual framework, design approaches, methods,
models and algorithms for constructing decision support systems in
targetmonitoring.

2. The mathematical formulation of the problems of decision-making and
semi-structured governing of finding optimal solutions to the complex structured
tasks thereby provide effictive alternative solutions for the decision support
systems.

3. A method of constructing fuzzy inference of model identification in the
construction of target monitoring systems and data mining where the model of
parametric and structural identification are implemented. Singleton and Mamdani
models have been developed for parametric identification. Model structure
identification is implemented on the basis of the algorithms of cluster analysis and
subjective methods of separation, the main function of which is to identify the
structural characteristics of the fuzzy model in the construction of fuzzy rule base,
which serves as a methodological framework for the development of models based
on the theory approaches of fuzzy sets.

4. This very method and algorithm of solving the problem of constructing a
fuzzy model with the effective implementation of fuzzy rule base justifies the
possibility of creating a well-functioning system of data mining.

5. To increase the efficiency of targetmonitoring and data mining while
working with a large sets of input data by applying the settings with the fuzzy
approach developed gradient method of parametric identification. Implementation
of such approaches increases the reliability of decisions of the semistructured tasks
by models of fuzzy approach and elements of the fuzzy rule base.

6. Five models of decision- making with the description of fuzzy sets and
events for the allowed states of the environment in  implementing intelligent
systems are proposed. The methods and models display the source data
semistructured problems in fuzzy-plural form, evaluating alternatives, searching
and finding optimal strategies. A Markov model with fuzzy approach for solving
the problem of classification in decision support systems is developed. The given
methods and models determine the nature of ill-structured problems, and can
improve the accuracy and efficiency of the formation of alternative solutions in
systems support decisions.

7. On the basis of the proposed methods and models developed algorithm for
problem solving of forecasting the cotton and its application is implemented . The
results of prediction of proposed ten step algorithm to construct a fuzzy model are
0.5-3% more efficient than the existing algorithms. In particular, the accuracy of
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the results achieved 96,5-99,8% in  problem solving of predicting the yield and
cost of raw cotton.

8. An algorithm based on the methods settings fuzzy model for the
implementation of decision support is developed and positive results are justified.
Accuracy of objects classification in model problems (IRIS, WINE, «dog-wolf»,
the diagnosis of cancer) comprises 97-100% in applied problems (forecast yield of
raw cotton, cotton varieties selection of conformity, classification workflow
system) - 92-98%.

9. The software-oriented to the implementation of decision support systems
based on the developed fuzzy set theory approaches have been introduced in the
Ministry of Higher and Secondary Special Education of the Republic of
Uzbekistan, Department of Agriculture and Water Resources of Dzhizak region,
which received acts of implementation and confirms economic benefit from the
results of the research done in this dissertation.
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