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Kupum (JIOKTOPJIUK qHCCePTAIUSIICH AHHOTAIIASICH)

Jucceprauusi MaB3yCMHUHI J0J13apOauru Ba 3apypartu. J[yHé axOopor
MaKOHMHMHI M34MJI CypbhaTAa KeHrainbd OopuIM MabymMoOTiapra MUIUIOB OepHIl
Kapa€HUHUHT MypakkaOnamumura oiub kenau. ['7100an MKTUMOMNH-UKTUCOAUN
PUBOKJIAHUIL >KapaéHJIapHU TaBCU(IJIOBUM MabIyMOTIAp acocHuaa TaXJIWLIall,
TaHJIall, TacHU(am Ba OamopaTiall MacalajJapuHU €YMIIJa aHbaHAaBUU
MaTeMaTUK EHJANIYBJIApPHUHI €Tapid OyiMaraH Ba HOMYBO(MUK JKuXariapu
HaMO€H OYna Oonwaan. MTHCOHUATHUHT axOopoTra Oyiaran SXTHEKUHU KyH CalilliH
omrO OOpHILIM MablyMOTJIapra UIUIOB O€pUIl aHUKJIUTH Ba TE3KOpJIUTUra Oyiran
TanaOHU KywyauTupau. byHaail xojiaT onumiap TOMOHHJAH KaTTa MAacCHBJIM Ba
Mypakkad  Ty3wiIMald  MablyMmMOTIapra  HIUIOB  OCpUIIHUHT  SHTHYA
EHJallyBIapUHU SIPATUILNTA acOC OYIIIu.

PecnyOnukanuHr rinoban ax00poT MakOHUTa WHTETPAlUSICHHU TabMUHJIAILI,
WOKTUMOUN-UKTUCOAUM CcOXa PHUBOXKJIAHMILM Tajabiapu Joupacujia 3aMOHaBUN
ax00pOT-KOMMYHHKAIUsl TEXHOJIOTUSUIAPUHU KEHT JKOpUM 3TUII Oopacuaa Kyriad
WIMHI-TAIKUKOT UIJIAPU aMaJira OIUPUIMOKAA.

Mypakka®  MHTerpauialiraH  TU3UMJAp  DJEMEHTJIapu  OopacHujaaru
MyHOca0atiaap TypJiM TUIUIM Ba HOYM3UK XapakTepra sra Oyiub, TU3UM XaKuJaru
axOOpOTHUHT OMp KUCMU 3ca cudar, COH, MUKAOPUI KYPUHUIINAATH KYI COHJIU
KapaéHiaapHu  U(POJATOBYM  KUPUII-YMKUII  Ba  DJIEMEHTJIapu  OuWiaH
xapakTtepiaHagyd. HaTwkama TH3uMra TabCHp KypcaTyBUM — [apaMeTpliap
TAaKCUMOTH KOHYHMSTHMHM aHUKJIAIl MypakkaOmamiaau, Oab3u MacajaH, BaKTra
YEeKJIOB KaThHIl OYJraH Xoiiap KOHYHUATIAPHU KEITHPUO YMKApUIL UMKOHUSATU
OynmMail Konaau.

3amMoHaBUI ax0OpOT-KOMMYHUKALIMSL ~ TEXHOJOTHUSJIAPUHUHT  KaJajl
cypbaTiapujia MKTMOUU-UKTUCOAMM  Kapa€HJIIAapUHU  OOIIKapuIlra XOpui
STWIMIIKA CaMapaJOpJIMKHU OLIWPUINra, MOJIIUN, MOJUSABHWA, BAaKT Ba WII Kydd
pecypciapuHu capd xapaxaTJapuHM MKTHCOJ KWIMHMIIUIAa oiu0 Kenau. by
CYHITHM HWWUIapja Kapop KalyJl KWIMINra KyMakJIamuiga MabIyMOTIapHU
WHTEJUICKTYal TaxXJWUIANl yCyJUIapuHHU KyJjamra OYiaraH Kujauil UIMUN Ba
aMalii  KU3WKWII  cababmapuman Oupu  xucoOmaHaau. MabiayMoOTIapHU
MHTEIUIEKTYyall TaxXJWwUIall ycyJulapura TakpuOuil XucoOjamra acocilaHTaH
HOpABIIAH XyJIOcajall MOJIEeNM, HEWPOH Ba THOPUI HEUPOH TYpjapu, HMYH,
FeHEeTUK XamJa XaWBOHJApPHUHT V3MHM TYTUIIM, XATTHU-XapakaTJIapuHU
UMUTALUSAJIOBYM  QITOpUTMIIAD Ba KOMOMHAIMSUIAHTAH MOJEIUIApHU  Y3uja
MysKaccamstalTupyBun «FOMIIIOK xucoOmanny BOCUTaTapUHU KUPUTHIL MyMKHH.

XKapaénnapuu Ooikapuill Macajgaiapyd KAMPOBUHHUHT, OOLIKAPYBHUHT OJIUTA
Kyhunaérran Basudanap TapKUOMHUHI KEHraluiM Ba MypakkaOnamuO Oopuiiu
MHCOH (uKpiamura sSKUH OYIraH KapopiapHU KaOysl KWJUIITa KYMaKJIalluml
Japaxkacujia euudmiiapra OSpUIIMIIHKA Tajnad ostagu. HopaBman Tymiammiap
HA3apUSCMHUHI MaTeMaTHK almapaTd HOpaBIIaH (QUKpJaml Ba Koujajiapra
acoci1aHn6 06BEKT MOACTHHH KypHII HMKOHMHH Oepajay. Y3 HaB6aTHIa HOpABIIAH
MozeIIap *kapa€H Ba XOJAMCAJapHHU JUHTBUCTHK TEpMJIAp OPKalIW TaOWMWK THIIIA
0a€H KuWica, HOpaBLIaH XyJjocajall MeXaHW3MH HHCOH yuyH maddod Ba
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TylryHapnu Oymamu. Ymly YCTyHIUKIap ¢aH, TEeXHUKa Ba HKTUCOTUETHUHT
amManuér OwiaH OOFIMK COXAQJIapUHU aBTOMATJIAIITUPWITaH OoIIKapyB Ba
MOHUTOPUHT KapaHlIapuaa TaxJIWJUIall, TaHJall, Kapop KaOyd KHJIMIL,
Oaropatian Kabu MacaialapuHu €4MII YUyH KYJUIall UMKOHUATUHHU sIpaTaju.

Kentupuiran ¢gukpnap Ba 3uAIUATIAD Ma3Kyp TaJIKUKOTAA Makcal KUIHO
KYHWITaH HOpaBIIaH  TYIJIamjlap  HA3apUACHMHUHT  MOJEJUIapU  acocuja
MabJIyMOTJIAPHU MHTEJUICKTYall TaXJIUJUIall TU3UMIIAPUHHU SPATUIT Ba Kapop Kadyl
KWINIITa KyMaKJIalnlyBud MyKOOMIIJIapIard XaToJIMK MUKJIOPUHU HOPABIIAH MOJAEI
napameTpJIapuHu TYFPU TAHJANIl Ba CO3JAIl OPKAJIW KaMaWTUPHILI MacalalapyuHu
SUHII JOJI3apOIUTUHA acociad oepanu.

V36exncTon PecryOmikacHHEHT « AXGOPOTIAIITHPUIIY, « DNEKTPOH XyXOKAT
alTaHUILID) TYFpUCHIATH Konyniapu, V36exucron PecnyOnukacu
[Ipesunentununr 2013 iun 27 uroHgaru «V36eKuCTOH Pecniy6nukacu Mumnuit
axO0OpOT-KOMMYHUKAIIUSl TU3UMUHU SHAJa PUBOKJIAHTUPHIL TYFPUCUAANTU
[1K-1989-con Kapopu, Y36exucron Pecny6nukacu Basupmap MaxkaMacHHHHT
2013 #iun 31 nexabpaaru «V36eKkucTon PecniyGnukacuaa ax00poT-KOMMYHHKAIIHS
TEXHOJIOTUSJIAPUHU PUBONIIAHTUPHUIL XOJIATUHHU Oaxojall TU3UMHHH KOPUM ITHIII
yopa-Taadupiapu TYyrpucugantu 355-coHnu Kapopuja OenruiiaHraH Basudanap
VKPOCHHU TabMUHJIALITA Ma3Kyp TAAKUKOT XU3MaT KUJIaIH.

TagKuKOTHUHT pecny0auka (aH Ba TEXHOJOIMSUIADH PHUBOKIAHWIIN
acocwii ycTyBOp MyHAIMILIApHra OGOFJMKJIMIH. Y30eKHCTOHIAa axGopoT-
KOMMYHHKAIUS TeXHoJorusiap Oyinya wunmuil tankukotiaapuu 2008-2015
Humnapaa puoxaantupui gactypu; MT/-14 — «AXGopoT Ba TeIEKOMMYHHUKALUS
TEXHOJIOTUSJIADUHU KEHI' PUBOXJIAHTHPUII Ba KOPUM ATUIIHM TabMUHJIANIATAH
3aMOHaBMI axOoOpOoT THU3UMIApH, OOMIKApPUII Ba YKUTHUII HWHTEJUIEKTYyall
BOCUTAJIAPU, MABJIyMOTJIap 0a3acu Ba AACTYPHUIl MaxCyJlOTIapHHU MILTIA0 YUMKHUIIDY;
UTA-17 —  «AXOOpOT  TEIEKOMMYHHKAIUS  TEXHOJOTHUSJIADUHU  KEHT
PUBOMUIIAHTUPHUII Ba SKOPUM OSTUIIHU TAabMHUHIJIAWIUTAH 3aMOHaBUN ax0opoT
TU3UMIIApH, OOIIKAPYB Ba YKUTUIIHUHT WHTEJUICEKTYall BOCUTAJApH, WIMMIA-
TEXHUKABHI MabJIyMOTNIap 0a3acu Ba JACTypui MaxCyJIOTIapHU UILIA0 YHUKHIID»;
UTA-5 - «KamusgstHn  axOopoTialITUPUIN  JapakKaCUHU  OLIUPHINTa
HYHAITUPWITAH UMUK XQXKMIOP aXxO00pOT TEXHOJIOTHSUIAPHU, TEICKOMMYHUKAIIHS
TAPMOKJIAPHU, amnmapaT-IacTypuil BOCHUTAJAPHU HMHTEIUICKTyal  OOIIKAPHIIL,
YKUTHUII YCYJUITAPUHU Ba TUZUMIIAPUHU UILIA0 YMKUIID).

JluccepranMsIHUHIT MAaB3ycH OyidM4Ya XOPWKUM WIMHMH-TAAKHKOTJIAP
mapxu. OOBbEeKTHU TaBCU(PIOBYM MabIyMOTJIAPHU HMHTEJUIEKTyal TaxXJWJjjiall,
xapa€H Ba 0ObeKTIapHM TacHU(am Ba Oamoparnam, «HOMIIoK xucoOmamn»
BOCUTAJIAPHU KYJUTall Ba HOpaBUIaH TYIUIAMJIAp Ha3apusCcU KaOW SHIU aBJOJ
anroputmiiapuHu sparuil O6opacuga Kamudopuus yHuBepcutetd, Maccauycerc
TEXHOJIOTUsIIAp MHCTUTYTH, Microsoft akamemmusicu, Oracle TaakukoT Mapkasu
(AKII), Kwuoro yHuBepcutet, Tokuo yHuBepcutetu (Amnonwms), Wuxa
yauBepcutetd, Ceyn Mwmnuii gan Ba TexXHOJOTHsIap YyHHBEpCcHUTETH, HHYO
yauBepcutetu (XKanyouit Kopes), [llumonuii XuToit TEXHONIOTUS YHHUBEPCUTETH
(XXP), MockBa maBiaT TEXHHKa YHHBEPCHUTETH, MOCKBA JaBiaT YHUBEPCUTETH,
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Poccuss @A Xucobnam mapkasu, HoBocubupck masnat yHusepcutetu (Poccus),
Bapmaga texnuka ynuBepcutetu ([lonbiia) kabu UIMUN-TAAKUKOT MapKaszjiapu
Ba YHUBEPCUTETIIAPU TOMOHHUIAH WIMHI-TaIKUKOTJIAp 0JIUO OOPMOK/IA.

Keliuarn #wuiapaa auccepranusa TaAKUKOTH — HWYHAUIMIIMAA  MYXHM,
KymilaJaH, KyHuJaru WiIMUK HaTHKaJIap OJIMHTaH: MabJIyMOTIIAPHA HHTEJUIEKTYall
TaxJIWJUIAll TU3UMIIADUHU SApPATHUII Ba >KOPUA ATUII OPKAJIM MabIyMOTIApHU
Taxjauuiam, Oamopamnamga xaroduk 10-15%ra  kamadiuimmra SpuIIMIra’
(MaccauyceTc TexHOJOTHsIap HWHCTUTYTH, Microsoft akamemwmscu, Oracle
TaIKUKOT Mapka3u, MOCKBa JaBiaT TEXHUKA yHUBEpcuTeTH, Poccus DA
Xucobnam mapkasu, Muxa ynusepcutetu, Ceyn Muuimii an Ba TeXHOJIOTHSIAp
YHUBEPCUTETH, IHYO yHHBEPCUTETH); OOBEKTHHU TaBCU(DIOBYM OCITHIIAPHUHT CYCT
MaK/UTAHTAHIUTH Xonatuaa TacHuduamga «FOMImoK xucoOanny BOCUTATApUHA
Kymutam opkanu xatoiuk 20-25%ra kamaiinmu anukitanrad (Ilumonuii Xwutoi
TexHuka yHuBepcutetd, Kamudopuusi ynuBepcutetn, Ceyn Mwumuit dan Ba
TEXHOJIOTUsJIAp YHUBEpcUTeTH, HOBOCMOUPCK NaBiaT yHUBEPCUTETH).

Xo3upa MabIyMOTIApJIapHU HMHTEUIEKTyal TaXJWIWHUHT  «HOMImok
XUcoOJanny  BOCUTAJAPUHU  PUBOXKIAHTUPHUIN  Oopacupar  TaAKUKOTIIap
daomnamran  6ynu0, MabIyMOT XaKMUHUHT OPTHUIIM, YHAArd DSJIEMEHTIap
XapaKTEPUCTUKACUHUHT KEHraub Oopuiu Kapop KaOys KUJIUIIra KyMaKianlyBuu
MYyKOOWJITIap/lard  XaTOJUK  MHUKIOPMHU  KaMalTupuinra  HYHaNTUPHITaH
TaxJIJUIAll  BOCUTalapd WMKOHUSTIAPUHU KEHraWTtupum Oyiudya yCTyBOp
TaJIKUKOTIap 0Ju0 OOpUIIMOK/IA.

MyaMMOHMHI VPraHwIrawjidk aapaskacu. VHTeIekTyan TaxjIuuiail
TU3UMJIAPHU SIpATUIl, OOBEKTHU TaBCU(IOBUM MabIyMOTJIApJApHU TaXJIWJIIall
MyaMMOCHHU TaJIKUK ITHII KEHT Joupajaa oiub Oopuiand, Oy Oopagaru uiiap
HaTIWXKacuJa Hazapuil Ba amMaiaui MIUIaHManap Tapakkui tomnraH. Kapop kaOyin
KWINIITAa KyMakjJallyBYd Ba MAaKCaJJdd MOHUTOPUHI THU3MMIIAPHU SIPATHUINITa,
XycycaH, OOBEKTHHM TaBCU(DIOBUM TYypJU XapakTepid MablyMOTIApJIapHU
tTacHu(Iam Ba Oaropatiail MacajaJlapyuHU €YHINra MYHAITUPHUITaH MaTeMaTHK
anmapatiapau  makantupuiira  Jl.3age, P.Arep, A.Kodbdman, XK.Kmmpa,
E.A.Mamnanu, Tepano, Cyreno, Acau, A.H.ABepkuH, A.H.bopucos,
J.A.Ilocnienos, P.A.Anues, @.Xepepa, T.®dykyno, U.Kapp, M.Jlozano, M.Cakaga,
O.Kopmon, XK Kacumnac, @.Xodpdman, P.Sar, B.Kpyrnos, A.Pormreiin,
C.IltobBa kabu  JOyHEHUHT  €TaKuyd  OJUMJIApU V3  W3JAHUILJIAPUHU
OaruInuIamMoKaanap.

PecnyOnukamMu3aa XamM ~ MabJIyMOTJIapHM  WHTEIUIEKTyal  TaxJIWJUIalll
TU3UMJIAPUHU HOpABIIIAH TYyIUlamjap Ha3apusCl MoOJeJIapy acoCHa SIPATHIII
OwnaH OOFJIWK TaAKUKOTIAp oiaub OopuiMokaa. bexmypatoB T.dD., Komwuiios
M.M., Paxmarynnaes M.A., ®o3unos I1.X., Myxamenuena [.T., Urnatee H.A.,
HumanoB A.X. xabu onumiap TOMOHUAAH oJu0 OopwiaérraH TaJaKUKOT
HaTWXKAJIAPUHUA KUPUTHUII YPUHIIH.

Juccepranus MaB3yCHHHMHI JHCCEPTALMS 0aKAPWIAETIaH OJIMH TABJIUM
MYyacCACACHHMHI WJIMHH-TAAKMKOT HILIAPH OWJIaH OOFJIMKJIMIM KyWuJIaru
Joiuxanap/ia y3 aKkCUHM TONTaH: JaBjiaT WUIMUNA TagkukoTiaap aactypu (IAT)-
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17: «AxGopoT Ba TEIEKOMMYHHUKAIIUS TEXHOJOTHSIIAPUHUA KEHT PUBOKIIAHTUPHIII
Ba KOPUHN ATUIIHUA TabMUHJIANAUIaH 3aMOHAaBUH aXxOOpOT THU3UMIIApH, OOLIKAPHUIIT
Ba YKWUTHUIIHWHT WHTEJUIEKTyal BOCHTAIAPH, WIMHUN-TEXHUKABUI MabIyMOTJIap
0azacu Ba JacTypuil MaxcynoTiapunu uiuiad umkuiny (2009-20111i4.); gaBmar
wiMuid  Tagkukotaap gactypu  (JAUT/)-5: «OKamusarHu axOGopoTIallTHPHIL
JapaKaCcUHM  KyTapulra  WyHanTUpUraH  axOopoT  TEXHOJIOTHSUIAPUHU,
TEJIEKOMMYHHUKAIUS TapMOKJIApPUHU, NACTypui-anmapaT BOCUTAJIApHHU XamJa
WHTEJUICKTYall OOIIKAPHIN, YKUTHII YCYJIH Ba THU3UMIAPUHU HIUIA0 YHUKHUIID)
(2012-2014iii4.).

TagKMKOTHHUHT MakKcaaM CYCT IIaK/UTaHTaH apaéH Ba OOBEKTIApHU
MaKCaJyId MOHUTOPMHTHJA Kapop Kalysl KWIMIIra KyMakjalulyB4d Kapop
MYKOOWIIAPUHU HIUIA0 YHKHUIIIA MabyMOTIApHU HWHTEIUICKTYyal TaXJIUJUIAIl
TU3UMJIAPUHU SPATUILIHUHT YCYJ, MOJIE]I Ba aJITOPUTMUK-AACTypUM TabMUHOTUHU
HOpABIIAH TYyIUIAaMJIAp HA3apusCHd MATeMaTUK afnmnapaTd MEXaHW3MHU acocuia
UIUIa0 YUKUII Ba CYCT TY3WIMalud Kapop KaOyJl KWIHIITa KYMakKJIalryB4H
TU3UMIIAP TAPKUOUIA KOPUI STUIIIAH HOOpAT.

Makcajra spuimuin yayH Kyduuaard TAAKUKOTHUHT Ba3u(ajapu KyHWITaH:

MaKCaJlJldi MOHUTOPUHT Ba WHTEJUICKTyall TaxXJWJUIAll TU3UMIIAPHU HIILIa0
yukuin Oopacuaa onu0 OopwiraH TaAKUKOTIAPHUHT XOJaTJIapuHU  Ypranuo
YUKHII XaM/1a TH3UMIIU TaxXJIWINHU aMalira OIIUPUILL;

HOPAaBIIAHJIUK [IAPOUTAA Kapop KaOyJs KWJIUII MOJEN Ba YCYJUIAPUHM HIILIA0
YUKUIITHUHT Ha3apuii-yCIyOul >KMXaTiapuHy TaJKUK KU,

MabJIyMOTJIAPHU MAHTUKUW-TUHTBUCTHK aKC JSTTUPHUIIAA CYCT TYy3WJIMalu
Kapop KalyJ1 KWIHII CTPATETUsICUHY KYpUIIl MacaJJaCHHUHT HOpPaBIIaH TYTUIamiap
Ha3apusICHU almapaTv aCocHu1a MaTeMaTUK U(poJaTaHUIIIMHU AKJITAHTUPUIIL;

MOHUTOPUHT Ba MabIyMOTJIAPHH HHTEJUIEKTYaJl TaxJWJUIall TU3UMIIApUIa
HOpABIIIaH MOJCIIHA KYypHII Y4yH Koujanap 0a3acHHU MIAKIUTAHTHPUIN yCYJIUHU
UILIA0 YMKHIIL,

MabJIyMOTJIADHU  WHTEJUIEKTyaldl TaxJIWUIall TU3UMIIApHUIa HOpaBIIaH
uAeHTU(UKAIMS ~ MOJETMHU  KYpUII Ba HOpaBIIaH Koujajgap  Oazacu
napameTpiapyuHU CO3JIalll YCYJUIApUHU UITUTA0 YUKHUIIL;

MabIyMOTJIapJla HOpPABIIAHJMK AaHUKJIAHTAH XO0JIAT Yy4YyH Ba CYyCT
MAKJUTAHTHPUJITAaH Macajajap/ia Ky ME30HJU Kapop KaOysl KWIHII MOJCIWHU
KypHIll, TaHjail, TacHU(aIl Ba Oanopariail MacajlajlapyuHU €4ulliga HOpaBIlIaH
TYTIaMyap Ha3apusICcH YCYJUTAPUHM TaJAKUK KWIUII XaM/a uiiad duKui;

MabJIYMOTJIADHU HMHTEJVIEKTYyaJl TaXJWIall yCyJ, MOJEJN, aJlrOPUTMHUK Ba
JACTypUil BOCUTAJIApPHU CYCT TY3WJIMAJId Kapop KaOyJsl KWIHMINra KyMakKjiallyBuu
TU3UMJIApUAA KOPUMIIAIITUPHIN, HATWKAJAPHUHT KUECUNM TaXJWJIUHU amajra
OIIMPHIII, UIIIJITAHMAJIAp cCaMapaopJIMTMHUA TEKITUPUII Ba TACIUKJIAIIL.

TagKUKOTHUHT 00beKTH cudaThIa 00BEKT Ba kKapaCHIApHH TaBCU(DIOBUN
MabIyMOTJIap acocuaa Kapop Kalysl KWJIHINTa KyMakJIallyB4d MOHUTOPUHT Ba
MabJIyMOTJIAPHU UHTEJUICKTYal TaXJIUJUIAIl TU3UMIIAPU OJIMHTaH.

TagKUKOTHUHI TpeAMeTH - WHTEJUICKTyall TaxJIWuIall TU3UMIapUHU
AKJJIAHTUPHUIIA Kapop Kalysl KWIWINra KYyMaklallyBuYd MabiIyMOTIApHU
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MHTEIJIEKTYall TaXJIWUJIAIIHUHT HOpAaBIIAH TYIJIaMJiap Ha3apusacu EHAIIyBIU
MOJIEJIJIapHU Ba YJIAPHUHT apaMeTpJIapyuHU CO3JIall YCyJI, MOJIeJ Ba alrOpUTMIIApH.

TagKuKOTHUHI  ycysuiapu. TagkukoT kapa€HuIa  MabIyMOTJIapHU
WHTEJUICKTYyall TaxJIWjulall YCyJulapu, HOpaBIIaH TYyIUIamiap, SXTUMOJUIUK Ba
OOIIKApHUIIl Ha3apHsACH, SKCIEpT Oaxosall, CycT Ty3WIMald KapopiapHH Kalyll
KWINIII MOJIeJIJIapy, HOpPaBIIaH MOJIEJ IMapaMeTpJIapuHU Cco3Jalll, OamropaTiiail Ba
TaCHU(JIAITHUHT HOpPABIIAH YCYJUIapy, aJlfOPUTMHU Ba OOBEKTra HyHaITUPHWITaH
JacTypiall yCyJUIapy KyJUTAHUIITaH.

TagKUKOTHHUHT WIMHH SIHTHJIMITY KyHuaarmwiapaad noopar:

Kapopiap KaOyd KWIMINra KyMakjiallyB4l MOHUTOPUHI Ba HWHTEIICKTYall
TaxJIMJUIANl TU3UMJIAPUHU SpaTUla HOPABIIIAH MOJICTHU KypHUIl Y4yH HOpaBIIIaH
Koujanap 0a3acUHU MAKIUIAHTUPHUII YCYIIU SPATHIITaH,

MaKCaJJITdi MOHUTOPUHT Ba MabIYMOTJIAPHU WHTEIUICKTYall TaxJIWJUIAIl
TU3UMJIAQPUHU  KypUIIJa  MabiIyMmMOTJapjapHd  MaHTUKUU-JIMHTBUCTHUK  aKC
STTUPHUIITHUHT CYCT TY3WJIMAaJId Kapop KaOyJl KWJIMII CTPATETHUSCUHH KypPUIIHHHT
MaTeMaTHUK MOJICIN HUIIIA0 YUKUJITaH;

MAaKCa/JIi MOHUTOPHMHI Ba MAbJIYMOTJIAPHU HWHTEIUICKTYaJl TaXJWJIJIaIl
TH3UMJIApU  Kapop  KaOya — KWIWIra  KyMakJalikil — MEXaHU3MUHHHT
caMapaJIOpJIMTUHKA OILIMPHUIIAA HOpaBIIaH Koujaaiap Oazacu IapaMeTpiapuHu
co3Jall yCIyOusATH, MOJU(PUKANUSAIAHTAH TPAJAUCHT YCYJIHM Ba MapKOB MOIEIH
acocuja sipaTUiraH;

CyCT WIAKUIAHTUPWIITAaH Macajajiapfia MabJIyMOTJIapHU HWHTEIJIEKTyal
TaxJIMJUIAll yCyJI Ba MOJEJUIApYM HOpAaBILAH TYIJIaMjap HazapusCu KYPUHHUIIN]IA
udomananray;

MaKCaJIJTi MOHUTOPUHTHYU amaJjira OlMpHUIIIa HOpaBIIaH MOJeIap/ia MaKkoyJ1
CTpaTerusiHd aHMKJAllga HOpaBIIaH TYyIulamyap Ha3apusacH anmnapaTujaH
dolinanaHuiIrad X0J1a peKyppeHT TeHraaMajap uiuiad YuKuiras,

MabJIYMOTJIADHM HWHTEJUICKTyaJl TaxXJIWJUIAIl YCYJJIapu Ba ajropuTMmiapu
acocHuia MOHUTOPHUHT Xama Kapop KaOyil KHJIMINTa KYyMaKIallyBuYd HHTCIICKTyall
TU3UMHH SIPATUIITHUHT TAMOWMIIJIApH, ME30HJIapH Ba Taylabjapyu UILTad YUKUITaH,

Kapop KaOyJl KWIWIIAQa MAabJIyMOTJIApPHH WHTEINICKTyall TaXJIMJIIAITHUHT
TaHjam, OamropaTiam Ba TacHU(IIAIIHUHT HOpPABIIAH TYIUIamiiap Ha3apuscu
€HJJAlTyBJIM MOJIEJN Ba aJITOPUTMIIAPU SIpaTHIITaH.

TagKUKOTHUHT aMaJIMii HATHXKACU KyWuaaruiapjan noopar:

HOpaBIIAH TYyIUlamjap Ha3apusicH MaTeMaTUK aflapatd 3aMupuja
MOHUTOPUHT Ba CYCT IIAKJUIAHTUPWIITAH Kapop KaOysl KWJIMII MacajlaJlapuHu
eUUIITa WYHANTUPWITaH MabIyMOTJIApHU MHTEUICKTyal Tax IMJUIall TU3UMIIApU
TapkuOuii snemeHtd cudaruaa doigananuayBun «Kapop KaOysnl KUIMIIHUHT
HOpABIIAH KOWJAJlapu acocuja Mypakkad oObekTiaapHu TacHuduamn Ba «AKT-
MOHUTOPHUHI» JACTypUM BOCHUTAJIapu WXTHUMOUM BAa HKTUCOAHMM COXAJIapIaru
TaHJaIl, TaXJWUIam, TacHAQam Ba Oamroparianl aHWKIWTHHA OIIAPUIITHN
TabMHUHJIAN Y,

MaKCca/JIi MOHUTOPHHTJA Kapop KaOysn KHJIWIITa KYMakKJIallyBYd HOpPaBIIaH
MOJICIIJIAPHY KypHIIJa HOpaBIIAaH KOouJanap Oa3acHHM MAKIIAHTUPHII YCYIU
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O0OBEKT XaKuJarda OWIMMIAPHU XOCWJI KWJIHIIL, OKCIEePT OWIMMIapUHU
pacMUMNAIITUPUII ~ WUMKOHMHM  sgparajgd, HOpaBllaH Koujamdap  0Oasacu
napaMeTpiapyuHu CO3Jall, MYKOOWIJIapHM TaHJalll alropuTMIIapu, Macajanap
XapakTepura Kapad HaTwxanap aHuKIuru 97-99,3%Hu Tamkuia 3Taayd Ba MII
caMapajopiuruau 1,5-2 maporabara ommpasiu;

UIUIa0 YUKWITaH WHTEUIEKTyall TaxJIWUlall YCyJUlapu Ba MoJeulapu
HEru3uja KUILUIOK XYKallUrl MaxCyJOTJIapUHU MaBCYMHU €TUIITHPHUILAA TaHJIAIIl,
Oarropatiani ajJropuTMH Ba TacTypuil TAabMHHOTH uiiad yukwirad. Kapop kalyn
KWINIITa KYMaKJIallyBYd HOPABIIAH MOJEITHU KypPHWII QJITOPUTMH KEJITHUPHUITAH
OYnu0, OJMHTAH HATWXKaJIap JKOpHUi Kypcarkuwiapra Hucbaran 0,5-3% camapanu
tamkua odtagu. [laxta cudar kypcaTKuwiapuHu XyCycaH, XOCHUJIOPIIUK
JapakacuHd  Oamopatiaml — macaidaiapuHu  eudmiga  96,5-99,8%  aHUKIMK
KYpcaTKAYJIapura dpUIIUIIIHN,

MaKCaJJli MOHUTOPHUHI, Kapop KaOyn KWIMINra KyMakJaIllWIIHA amajra
OIIUPUII YUYYH HOPABIIAH MOJIEIIHU CO3JIAll yCYyJUTapUra MOC aJlfrOpUTMIIAP UIILIA0
YUKWJITaH Ba YHU TaHJIAIl, TACHU(IIAII Macalacura KyJJlaHTaH X0JaThua OJMHTaH
HaTWXKalap akc STTUPWITaH. AManuii MacaianapHu euuin skapaéuuna (JKuszax
BuosTH KHIUIOK Ba CyB Xy»Kaiauru OolIKapMacu TH3MMHUJA XyIyAja IaxTa
HABUHU TaHJIAII Ba TaCHU(JIIAII Macajlack Xamja ypTa-Maxcyc KacO-XyHap TablIuM
OollkapMacuja XyXxKaT aJIMAallMHYBUHU TacHU(Iam Macajacu) TaxkpuoOaniap
VTKa3uiau Ba k00U 92-95% aHUKIWK Kail1 STUIIN.

TagKMKOT HATHXKAJIAPUHUHT WINOHYJIMJIMIU Takiu(] STUITaH MaKcamv
MOHUTOPHMHT Ba Kapop KaOyJd KWIHINIra KyMakJIalluiiga MabIyMOTIapHU
MHTEIJIEKTYall TaXJIWIall ycysl Ba MOJE/UIapH YTKAa3uiraH TaJKUKOT, OJIMHTaH
dopMmyna Ba amanuii HaTWXkaidap YMyMMakOyJd KWJIMHTAH ME30HJIap acocuja
VTKazuiaran KA€CUM Taxjuia OusiaH acociaHiau. TaJKuKOT HaTWKaJlapuHU
MaHTUKHMI aCOCIJIaHUIITUHU Oaxomnari y4yH IacTypui BOCHUTAIAp
MaBbIYMOTJIApJApPHA  y3uja My)KacCaMJIAIITUPTaH —TaHjami, TacHudiam Ba
Oamopariann MacajdajJlapyHu €YMIJa TeCT CHHOBHMJIAH YTKA3WIIW, JAaCTypHi
BOCUTAJIAp CaMapaJOpPJIMTUHUHT KUECUN TaxXJIMIM JAcTIaOKu MabIiyMOTIIapiap
TapKUOUa HOPABIIIAHIUK aHUKJIAHTaH XoJaTiapia Xamaa CyCT MaKJIJTaHTUPUITaH
Kabu Mypakka® xapakTepyid Macajajap/ia MakCaJyIi MOHUTOPHHT, Kapop KaOys
KWINIITa KYMakjIallyBYd MYKOOWIJIapJard XaTOJMK MUKIOPUHH KaMaWTHPHII
ME30HHM acOCHJla HOpAaBIIAH TYIUIamJIap Ha3zapusiCl EHAANIYBIU aJIrOpUTMIIApU
yUyH Oa)KapuiraH.

TaagkuKOT HATHKAJAPUHUHT WJIMHI Ba aMaJIMi axaMusTH. TaIKuKOTIa
OJIMHTaH  HATWKAJIAPHUHT WJIMHA  MOXHMATHHM  TaKiIu( OTWITaH CYCT
MIAKJUTAHTUPWIITaH Macajaiapja Kapop KaOyn KWwiMIl yCyJd, MOJeidb Ba
IrOpUTMIIapU HOpaBLIAH MOJEIIap MapaMeTpiIapyuHy CO3Jall acCoCHla MaKcaJn
MOHUTOPHHT Ba MabJIyMOTJIAPJIAPHUA UHTEIUICKTYaJl TaX IMJIA TH3UMJIAPUHH KypPHIII
HA3apUSACHHHU PHUBOKJIAHUIINTA XW3MAaT KWJIYBUM HIILIAHMAJAp, CYCT TY3WJIMAIA
Kapop KaOyn KWJIWII CTPATEeTUSICMHU Kypuil MojenuHuHr maddoduuk Ba
CONJIAJIMTUHA TabMUHJIOBYM MabJIyMOTJIAPJIAPHA MAHTUKUI-JIMHTBUCTUK aKC
STTUPHIN Ba HOPABIIAH MOJEITHN HWASHTU(UKAIMSAIANT yCYJUIapu, OOBEKT
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XaKAJaru AacTia0Kd MabilyMOTJApJIapHU HHTEUIEKTyall TaxJIMJIaml, TaHJaml,
OamropaTiaml Ba TaCHU(UIAIl MacaJlapuHU €YUl CaMapaJOpJIMIHMHHU OLIMPUIIra
XU3MaT KWIyBYU AJITOPUTMHK-AACTYPUI BOCUTAJIAP TAILKUI 3TAIU.

JluccepTallMsIHUHT aMalui axaMUSTUHM HWIUIa0 YWKApWIraH MOJEN Ba
ANrOPUTMIIAP MAKCaJUIM MOHUTOPHUHI XaMJla MabIyMOTJIApJIapHU HHTEIUICKTYall
TaxJWUIall TU3UMIIAPUHUHT JAacTypuil TabMUHOTH TapkuOuaa Kapop KaOyi
KWJIUIIra KYyMakialluil THU3MMHHM —TalIKWI OTUII  BOCUTAlapu cudartuia
KOPUMTAITUPUITAHIA KULNUIOK XYXKAJIUTW MaxCyJOT E€TUIUTHUPHILIA TaHJIall Ba
OamopaTiamr ~ MacaJaCMHM  €YHMII  HaTWKajlapd  aHUKJIWTH  aMajjiard
Kypcarkuunapra HucOatan 2-5%ra, MabIyMOTJIApHH TaxXJWil KWJIHII, Kapop
MYKOOWJUTApUHU  INAKJUIAHTUPUILJATH — caMapaJopiukHuHr 1,5-2  mapoTtaba
OLUTAHJIUTHHUA wu30xJdaiau. HopaBman koupamap ©Oa3acu €EpaaMuaa CycT
IAKJUTAHTHPUIITAaH MacajalapHd €YMII aJITOPUTMHM KAapopJlapHU KaOyJd KWJIMIL
YUYYH XyJOocajlall alnapaTHHA TAKOMWIIAIITUPUIL UMKOHUHH SIpaTaH.

TaagKMKOT HATH/KAJAPHUHHMHI SKOpUMHA KuauMHMIM. «AKT-moHMTOPHUHD»
aBTOMAaTJalITUpWIrad axoopor TuzumMu Onuii Ba ypra Maxcyc TabiIuM
BAa3UPJIMUTUHUHT  «DJEKTPOH  TabIMM»  MWUIMA  TapMOFuaa,  OOIIKapyB
AJIEMEHTJIApUHU  aBTOMATJIAIITUPUII Ba  coxada axOopOoT-KOMMYHHUKALUs
TEXHOJIOTHSJIADUHU  KOPUM ATHUII Kapa€HJIApM MOHUTOPUHTMHU FOPUTHINIA,
OomKapyB TH3UMIIapuAa Kapop KaOysn KUIUIIra KYMakjIallyBud YCyJ, MOJEN Ba
anropuTmiiap «IJEKTPOH XyKyMmMaT» THU3UMH joupacuaa «Tabaum» ax0opoT
TU3UMIIAPM  MAXMYAaCHUHHM IIAKIUIAHTUPHUINra KyJUIaHWiIrad. Masbiymotiapra
MIUIOB Oepwil, axOOpOTIAITHPUII BOCHTA Ba YCyJUIapu Xamja OoIIKa HIMUN
WIUTAHMAQJIAPHU KOPUWA DSTUIMIIM KapaCHHU TaIIKWJI JTHUINra KeTraH capg-
XapaxaTiaapHuHr 12 %ra kamaiiumura spunnoiral (Y36exucrton PecryGmukacnu
Omnuii Ba ypTa Maxcyc TabiauM Bazupiauruauar 25.05.2015 imngarun 89-01-129-con
MabJIyMOTHOMACH).

«ITPACK-2» Ba «HopaBmian ¢&npamyBnu  TacHUGIAND  JACTypuid
Maxkmyanapu JKuz3ax Buiostd KHIILUIOK Ba CyB XY»KaJIWTU XamJa Bv’pTa Maxcyc
KacO-XyHap TabJiUM OoIlKapMaiapuaa Kapop KaOysl KWJIUINTa KYMakjiallyB4u
MYKOOWJIJIApHM IIAKJUITAHTUPUIL MacalajlapuHU eduinja KyiiaHwirad. Maxcysor
TaHHapXU Ba XOCWIJOPWIMTHMHU OaliopaTiail HaTH)KacuJa TEeXaMKOPIUK S %ora
OLITaH, MEKTPOH XYXOKAaT XamJa XOJUMIIAp KOHTHMHTEHTH MakOysl TapKHOWHU
TacHu(am xucodura um yHymaopiauru 12 %ra kyTapunrad, yMyMuid HHIITUK
UKTHCOAMI camapanopiuk 215,5 muH. cymMHM Tamkuia 31aum (OKuzzax BHIIOSTH
xokuMuruHuHT 02.04.2015 vinnnaru 04-229-coH MabIyMOTHOMACH).

TagKuKOT HATHKAJTAPUHUHT anpodaumsicu. TaakukoT HaTwKamapu 15 Ta
WIMUKA-aMaJIni ~ aHKyMaHjap, Iy Katopaa 12 Ta Xainkapo CHUMIIO3HYM,
KOH(epeHIs Ba ceMHHapiapnaa, xycycaH, «MHTemekTyan Tu3umiap» Xaukapo
Cumnozuym (INTELS'2008, 2010, 2014 — Poccus, Hwxuuit Hosropon,
Bnagumup), Hopasman tuzumiap Ba FOmimmok xuco6mamt Bocutanapu [X-Xamkapo
koHpepentms: (ICAFS-2010. — Yexust Pecniy6nukacu-2010), «ICEIC 2008». The
9™ International conference on Electronics, information, and Communication
(Tashkent-2008), «WCIS-2008, 2010» Mnuiad 4YMKapuIIHA aBTOMATIAIITHPHII
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MHTEIUIEKTyall TU3umiiap OyTyHxkaxoH koHpepenuusicu. (Tomkent-2008, 2010),
«30HT-2009, 2011» Ymympoccusi koHbepeHmsicu (Xalkapo HIITHUPOKYUIAP,
Poccus, HoBocuOupck-2009, 2011), «Amanuii maTeMaTuKk Ba HWHOOpPMAaIMOH
TEeXHOJIOTHSJIApHUHT J013ap0d Myammosnapu — An Xopasmuit 2009» Xankapo
koH(pepeHims (Tomkent-2009), «Em MaTeMaTUKIAPHUHT SHIU TeopeMalapu —
2009» Pecnyonuka wiamui amkymand (Hamanran-2009), «AxOopor Ba
KOMMYHUKAIIMS TEeXHOJIOTHsUIapu wunuianManapu» |V-Xankapo xoHbepeHIms
(TomkenT-2010), «HPOKOMMYHUKAIIMOH TEXHOIOTHsIap» PecnyOimka mimMuii—
TexHuk KoH(pepenmmsichu (Tomkent-2010), «AXOOpPOT TEXHOJOTHUSIIAPUHUHT
3aMOHABUM XOJAaTH Ba PHUBOXJIAHTUPHUIN HCTUKOOIIapw» Pecrnybnuka wiammii-
TEXHUK KoH(epeHusICcH (TomkenT-2011), «Mypaxkkab TU3UMIIAPHU
ONTUMAJUIAIITUPUIT MyaMMonapu» Xankapo Ocué maktab-cemuHapu (TomkeHT-
2011), PO DA Cubups OymumMu XucoOnam MaTeMaTUKAcH Ba reousuka
MaTeMaTUKacu MHCTUTYTH, HoBocuOuUpCK JaBiaT yHUBEPCUTETH  Xamja
HoBocubupck naBnaT TeXHUMKAa YHUBEPCUTETUHUHT «AXOOpPOT-KOMMYHHKAIUS
TU3UMIIAPUHU  MOJCIUIAIITHPUII» OWpJaliraH CeMHHapjapujia amnpoOanusian
VTraH.

TagKuKOT HATHKAJAPUHUHT IbJOH KWIMHMIIM. Jlucceprauus MaB3ycu
oyiinua 41ta wiMuii Ui, )Kymiajiad, 4 Ta WIMHA MakKoJia XajlKapo JKypHaJa dyom
ATUJITaH.

JluccepTauMsIHUHT Xa’KMHM Ba Ty3wauminM. Jluccepramusi xupuii, Oeira
000, xynoca, dhoigananuiarad agadbuérnap pyiixaru, 13 ta unosa Ba 200 caxuda
MatH, 42 Ta pacm Ba 14 ta xxanBajuiapjaH noopar.
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JucceprauMsHUHT aCOCUIT Ma3MYyHH

Kupunm xucMuga aucceprauusi TaAKUKOTUHUHT J0713apOjUTy Ba 3apypHUsTH
acocjaHrad, TaJKUKOT Makcaau Ba Basuganapu xamjaa oOBEKT Ba IpeaMeTIapH
TaBcH(IaHraH,  Y30ekucToH  Pecnybnmkack — (aH = Ba  TEXHOJOTHACH
TapaKKUETUHUHT YCTYBOp HYHAJMIUIApUra MOCJIMIM KypcaTWITraH, TaJKUKOT
WIMHA SHTWIMTM Ba aMajiuil Hartwkanapu OaéH KWIMHTaH, OJIMHTaH
HaTWKAJapHUHI Ha3apuil Ba aMalnuid axaMusiTd EpUTHO OepuiraH, TaAKUKOT
HATWKAJIIAPUHU KOPUM KWIMII PYWXaTH, HAIIP 3TWITAH HUIUIAp Ba AMCCEPTALUs
TY3WINIIY OVHYa MabIyMOTIap KEITUPUITAH.

HucceprauustHUHT OMpUHYM 000M «MabJIYMOTJAPHH MHTE/LIEKTYAJ
TAXJIWIAI  TU3MMJIAPMHHM  XO3MPIM XOJATHHMHI TH3UMJIM TaXJIWIN»Ia
MABJIYMOTIAPHA HMHTEIUIEKTyaldl TaxXJWUIall TU3UMIAPUHUA HIIIad YHMKHII
éumamyBnapy, (GoiamaHUIl  XaMmJa HOpaBIIaH TYIJlamliap  Ha3apusCh
anmnapatiapuaad Qoigananum O6opacua KWIMHIAH TaJKUKOT MIUIAPH TaXJIMIU
kentupwirad. lllynapnan kenu6 uyumkuO, OuCCEpTALMSIHUHT acOCHl Makcajw,
HyHanuIy Ba MacanajapuHu M(oaaJoBun uuiaHManap 0aéH stuiarad. Xycyca,
MHTEIUIEKTYal  TU3UMIIAPDHU  TAlIKWJI 3TYBYM  DJIEMEHTJIApUAAH  TaHJAIl,
OamopaTiaml Ba TacHU(UIall MacajacMHM Hdojanam Xamia yJapHH €4HIl
¢HJalIyBIapUHU  aMajira  OLIMPHUIAA  HOpaBIIaH  Koujamap  0Oa3acuHH
MIAKJJIAHTUPUII YCYJUIapH, OONIJIaHFUY MabIyMOTJIap HOpaBIIaH OYJraH XojaTuaa
Kapop KaOys KMIUII TU3MMUHU MIUTA0 YUKUIITHUHT YCyJI Ba MOJEIJIapU TaXJIHIIH,
MaBJIYMOTIAPHA MaHTUKHUUA-THHTBUCTUK aKC STTUPHINAA CYCT TY3WJIMAIH Kapop
KaOyl KHJIWII CTPATeTMsICMHA KypHUII MAacaJaCHHUHT YMYMHH MaTeMaTHK
KYWWJINILIHA YPUH OJITAH.

WuTennekTyan TaxIWulalll THU3WUMHHHA KypPUITHHHT Ha3apuid  acociapu
Eputniran 6ynuo, yHAa MHTEIUICKTYal TH3UMIIADHUHT TAIIKWIIMNA 3JIEMEHTJIapu Ba
dbyHKMoHan TapkuOu Takiau@ sTuirad. MHTemekTyan TaxJauuiaill TU3UMIApHU
KypHILAa HOpaBIllaH EHIalTyBIap TErHIUIM Tabpudiiap OuIaH acociaHTaH.

WuTennekTyan TaxJMuliall TU3UMIIAPUHUHT aCOCHHM TAIlIKWJI 3TYBUHU Kapop
Ka0yn KWIMIIra KyMakJalluil TU3UMJIAPUHU IHAKJUIAHTUPUIIHUHT HOpPABILAH
TYIIaMmiIap Ha3apUsACMHUHT MaTEeMaTHK anmapaTtd TU3UMIIM TaXJIWIM TacHuUdarl,
OaropaTiiain Macajiaiapy MUCOJIMIAa aMajra OLIUPUIITaH.

HopaBmannuk xonatuaa Kapop KaOynl KWIMII Macajajapu ycyd Ba
MOJICTTApUHU  THU3UMJIM  TaXJIWJI KWIWII, YJIapHU CUHQIAINITHPUII  XaMmJa
TU3UMJIAIITAPHIN aMajra OIMUPUITaH. YOy KUCMAa WHTEIUIEKTyal TaXJIWJLIall
TU3UMJIQPUHUHT CTaTUK Ba AMHAMHK Mojeiapu 0aéH STHITaH XaMJa aHUK CcOXa
Oyiinua kKapop KaOysn KWIMIIHM Y3apo OOFIMK OyiaraH Oemra KUCM TYIUIaMu
TapKuOui KHCMIIapu Ba coxa Oyilmda Kapop KaOyJl KWIMIIHUHT TYPT OOCKUWIN
nporeaypacu TaBcugpmanraH. Kapop KaOyn KWiHWIl MacalacHMHUA HOpaBIIaH
n(pOoAaNAIIHUHT Y4 X0JIaTH 0a&H 3TUJITaH.

MabilyMOTIapHH MaHTUKUNA-TMHTBUCTUK aKC STTHUPUIIIA CYCT TY3WJIMAIU
Kapop KalyJ KWJIMII CTPAaTErHsiCHHU KYpHII MacaJlaCHHUHT YMYMUN MaTeMaTHK
KYHWINIIY KeNTUpWIran 0yiau0, yHaa HOopaBlIaH TYIjiamiap Tapud Ba amaljiapu,
HXTUMOJIIUK YITYOBIApU, TAPTUOHUHT HOpaBIIaH MyHOcabaTnapu 6aéH 3TUIraH.
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Hly Owman Oupra TH3UMIM TaxJIWid Ba aHUKJIANUIAp  acOCHAA
MabJIyMOTIApJapHN WHTEIUICKTyaJl TaX)IMJUIall Kapop KaOynl KWIMII TH3UMHHU
amalza *OpHid STUIIHUHT YMyMJIAITaH Ty3UJIMacy KeITHPHITaH.

Taxnu¢ sTunran ycymiap acocuia HOpaBIIaH MOJEIJIApHU KypUII Y4IyH
ycTKypMa BazudacuHu OaxkapyBud Kapop KaOysl KWIUII TU3UMUHH KypPHUIIHUHT
yMyMJIalrad Ty3uimacu sipatuirad (1-pacwm).

Kapop gadyx K

Kapop xadyI KILIIUTa K{MAK AL THEMEL

r

Hopasntas rmogen Eam OpATIIAIT T aCHqu JIATIIT
HEeHTHDMEATEACH
rF F
1
£
TyaHIMARHIT TTapame T Hopapmran HHmiMmnan
IIIAKILTAH THRHII H eHTHG HEAITHA £33aCHHH MIAKIUTAHTH HIIT

t f !
T M
0J1EJT TTap aMe TP ap HHH

COSJAIT Ba KOHTANAp BasacHHH
LIAKIUTAH THHII

Hopaeman xopganap bazack

EpOanmima MOJEN KFPHIL Ea
COIIALT

1-pacm. Kapop kaOyn KNI TU3UMHHU KOPUH STULITHUHT yMyMJallirad
Ty3WJIMacu

By epna HopaBmiaH MoJeNapHU HWACHTU(UKALMsUIAIl OpKaJId MOJe
napaMeTpilapuHi CO3JIAIIHA aMajra OIIMPHIL, HWIACHTU(PUKAIMUIA >Kapa&HU
TYy3WIMaBUi Ba NapaMeTpPUK KYpUHUIIJA aMmajra OIIMPWINIIM KEeJITUPUIITaH.
HopaBmian wmojennapHy co3iaml HOpaBIIaH Koujanap Oazacu Ba OuiumIiap
0a3acMHU MAaKJUTAHTUPULITHUHT HETU3UHU TAIUKWII STa/IH.

JluccepTauusiHUHT MKKUHYM 0001 «MaKcajaim MOHUTOPUHTI TU3UMJIapHaa
Kapop Kal0yJ1 KWIHIITa KyMAKJIAIIYBYH MAabJYMOTJIAPHH HHTE/ICKTYAJ
TaXJIMJJIAI YCYJUIAPW» MHTEIUIEKTyall TU3MMIIAPHU TAlIKWJI 3TUIIAA HOpAaBILIAaH
KOMJanap acocuaa HJCHTU(UKAUUAIa MOJE/UIApUHM MOuiad  YUKMILTa
OarviuIaHran OynuO, HOpaBIIaH HUICHTU(UKAIMS MOJAEIMHU KypHILIJa 3KCIEpPT
0axoiapyvHy MAKJUTAHTUPUIIT YCYJIHM UIIIIA0 YMKUITaH.

Nnentuduxanusuiam MOACTUHU KypHILJa HOpPaBIIaH Xyjocajall TU3UMUHU
unutad yukum OuylaH OOFIMK Macananap KapayiraH O0ynmb, yHma Mamjganu Ba
CyreHo Typujard MojJeuiapuia Xyjocajaluuap Kapajirad. MoaenHu Ty3WJIMaBHi
UACHTU(DUKAIMUIAT YyYYH MablIyMOTJIApHU KIACTEp TaxJIWIM Ba CyOBEKTUB
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aXpaTuill EHJANTYBIIApK acOCUAAa HOpaBIIaH Kowjanap 0a3acuHU MIAKIUTAaHTHUPHII
MacaJIaCHHU €YMLl YCYJIH KEITUPUITAH.

HopaBman uaeHTuuUKausuiam MOAECTUHU Kypulllga SKCrepT 0axoJiapuHu
MIAKJUTAHTUPUIT OujlaH OOFJIMK MacajalapHd €YMIl YCyJIu spaTuiran O0ynuo,
HOpAaBIIAH  MaHTUKHI  XyJiocajall  MEXaHM3MH  Ba  MOpoueaypacuiaH
doiimananuiaran xonjga OONUIAHFUY MabJIyMOTHUHI HOpaBIIaH Oepuivinuia
XOCWJIZIOPIMKHYU OaropaTiail MOACIMHN KyPHIIl alTOPUTMU UILIA0 YMKUIITaH.

HopaBmian xonataa Oamiopariam Macalacd —Kydujard KYpUHUILIA
ndoaaranay.

X =(X{,X9,..., Xp) - Oamiopariam XoJIaTU TallKu MYXUTH KUIAMaTUHU
XapaKkTEepJIOBYM Xamja Kapop BapuaHTIapuHU U(GOJATOBYM KUPYBUU MapaMeTp;
Y =(Y1,Y2,» Ym) KapopjlapHU amajira OUIMPHII HATIKACHUIA KeIUO YUKHIIN

MyMKUH OynraH Oamopatiaml XoJjaTiapu xXamja okuOaTiaapHu uQOoaaToBUn
YUKyBYM napamerpiap; W = (W;,Ws,...,W|) — Kapop Ba YHUHT OKHOAaTWHU Oaxoialil
napamerpu; P =(P,P;,...,F) — KUpyBYM Ba 4YUKYBYM I1apaMmeTpiiaplard xamjaa
YJIIAPHUHT 0aX0CUAAaru HOPABIIAHIMK IMapaMeTPIIapHu.

bamoparnam MoJIeTMHUHT U(OJaTaHUIIH

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

bamoparnam mozaenu (1) y3 Tapkudura:
- Oamopatail MyaMMOBHIA X0JaTH MOJICITUHH
MY :<X,Y,&,X >,

- Y Oamopar KkuiiMatiiapu 6axocu MOJACIMHU

My =<My ,W,Ryy > (2)
omamd. by epma: R/ x - KHPYBYM Ba YHKYBYM IapaMeTPIApHUHT
HOpaBIIAHJMK MapamMeTpu; Ryy- Y HOpPaBIIAHIUK O0axocu TmapameTpiapu;

P=(R x.Rvy).

Monen (2) F:(X,W,P) —Y aKCIaHTUPHIIHH amalira omupaad. byru xucoOra
OJITaH XOJijia Oalropariail MacaJlaCHHA YMyMIIAIITaH KYPUHHIIUHU KyWHIarnda
udoganamn MyMKUH

Y =F(X,W,P). (3)
by epna, F oneparop P=(R/ x,Ryy) HOpaBlaH IapaMmeTpjap MaBxKy.l

Oynran xoJyjma, IOMIIOK Mojewiap Kypunumuga udonanananu. byHnai
MOJICJUIAPHUHT KEHI TapKajiraHjiapu KHPYBUYM Ba UHUKYBYM MapameTpiiapu
HOPABIIIAH TEPM KYPUHHIIIATH TPOAYKITMOH XaM/a HEHPOH TYpiap XucoOiaHaIu.

Nimpga maxta XOCUJIIOPIUTUHE Oalopatiall Macaiacu Kapad yrunrad 6yiuo,
yHAa (3) MOAenHUHT yMyMmHil Ty3wiMacu CyrsHO THNMJIAard HOPAaBIIAH MOJEN
opkayii udonananran. Kapamaérran macana KyWnuauImmaa Takaud dTHUITaH MOJIET
KyWHJard KYpUHHUILIJArd HOpaBIIaH KOWAAa JIMHTBUCTUK MyJoXa3aialuiap
épnamuia udoaanaHau.
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ATAP [(x; = a/")BA(x = alh)BA..BA(x, =adl)] (Wi Ymuos Grnan)
EKU [(xq =a/?)BA(xz = a)?)BA..BA(x, = ad?)] (W2 §maos Gunan)

(4)
EKY [(xq =" )BA(x, = ajp’ )BA...BA(x = 2P ] (w jp, 108 Grna),

EKU [(x = a1 )BA(XZ—a ")BA.. BA(Xn—an )] (WJk YII90B OWITaH),

YV XOJIJIA Gapua j=1m yuayn Yj=bjo+bj1-X+bj2 X +..40j 5 Xn,

Oy epaa: j =1m - Kouaa TapTUO paKaMu; ajp j KOMJAHUHT [ =1, 1,k pakamim

KOHBIOHKIUSI caTpujard X; y3rapyBuud OaxojaHaJUraH JIMHTBUCTHUK TepM; k -
KuiiMariapu d; JMHTBUCTHK TepM OuilaH 0axolJaHyBud y; XyJjocanap CHH(puHra
TAaJUIyKJIH KOHBIOHKIWSI-CATPIAp COHM, W, - jpj TapTHONM ¢uKp yriamuHH

udonanosun [0,1] opanukmaru co. X;, i =1n - KUPYBUHM Y3rapyBun; Y- YHKyBUH

y3rapyBun (XOCHIIOPIUKHUHT OaIropar KUiMaTH).

YMymuii KypuHUIIIa HOpABIIAH OaropaTiail MOACIN KUPYBUM Ba YUKYBUYHU
napamMeTpiIapuHu Oaxosar YUYH TepM cudaruza KyWlHnaaru
KBaHTH(bHKaTopJIaszaH doitnananunaau: Kyna nacr, Ilacr, YpTaqaz[aH [IaCTPOK,
Vpraua, Yprauaman roxopu, IOxopu, Xyma oKopu. YMyMmuii KypHHHIIArH
6amoparnam (1) mogenuuu udoaanoBuu (4) HaTHXKABUNU MPOAYKIIMOH KOHUJaiap
TU3UMU XOCWIIOPJMKHM Oamiopamiam 0axocu Oyiinda Kapop KaOysl KWIJIHII
TU3UMHUHUHT HOpaBIIaH OunumIiap 0azacujia akc STTUPHUIIA]IN.

BunumnapHUHT 3KCHepT MaTpUIlack KOouJajdapu TapTHOM KUILJIOK XVKaTUK
SKUHUHUHI DKWIII Ba Bereramus JaBpujard Jactiadku mapoutugaH (4)
MOJICTHUHT 4YUKYBYM (OamiopariiaHaéTraH) TEPMHUHT OOFJIMKIUTHHU  aKC
sTTUpagu. V3 HaBGaTHa GOILTAHFUY apTiaap (4) MOIeT KHPYBUH Y3rapyBUHIapH
TEPMIIAPUHUHT KOHKpPET KoMOuHaIusicuau ndoaanad 6epanu.

HapOaTnarn Oockuyna uaeHTH(UKAIMS MOJSIMHNA HOpPaBIIaH KoujaajdapaaH
TAIIKWAJI TONTAaH HOpaBIIAH XyJiocajaluiap TU3UMH KYPUHUIIK/IA UIIIA0 YUKUALITHU
Cunrnton Ba Mammanu Typw MOJEIWAArd Xyjocallall TU3UMIIApH cudaTuga
amaJra OIIMPHUII KeITUPHUIITAH.

Numuna® yukuiran HopaBlIaH Koujaanap Oaszacu €paaMuja MoJen KypHIl
MacaJlaCUHU €4HIl YCYJIM Ba aJTOPUTMU KEJITUpUITaH. YOy yCysl Ba aJlrOPUTM
Kapop KaOya KWJIuIra KyMakjJallMIia MabIyMOTIapJiapHd WHTEUIEKTYal
TaxJIMJUIAI TU3UMIIAPUHUHT TAITKWIIMKM 3JIEMEHTH XUCOOIaHaIH.

Conna Ba 10KOpY camapaJopiIMKKa 3ra OYJraH COHJIM MabiIyMOTIap acocuia
HOpABIIIAaH Koujaaiap 0a3acUHM KypHUILl yCyJIW Takiu@ 3Twirad. by ycyn mMaBxyn
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Kouganap Oa3aCMHM COHJM MAbJIyMOTIap acocuia TYJAUPWITAH YKUTHII
MabIyMOTJIapu cudaTuia OJIMHTaH COHJIM MabIyMOTJIap Ba Koujaaiap Oaszacu
KYPUHUIIKMA OJIMHTAaH JIMHTBUCTHK axOOpOTiapHU OWpPIAIITUPHUIIL HWMKOHUHH
oepaau.

HopaBmian Tu3um ydyH N KUPUILIM Ba OUTTa YUKUIILIM Koujianap 0a3acuHU
Tamkwi dtunanu. Kyhunarn skyQmiumknap TYIjiaMu KYPUHMIIJIATA  YKATHII
MabJIIyMOTJIapH 3apyp OYynaau

(X (1), %, (1),....x, (1),d (i), i=1,2, ...,
yama X (i),x,(i),...,X,(i)- HOpaBmian Oomkapum Mojenura OepHiaauraH
curHauiap, d (i) - kyrunaérran (3TaJOHIN) YUKUII CUTHAIA KHAMATH.

X ymaoB daszocu Ba r:X —> R ¢da3zoma aHukmanraHn Yia4oB OWpiUTH,
(X{ye- X)) © X - X maru sneMeHTIap KeTMa-KeTJIUT .

Hly katopma xap-OMp | WHIEKC yUyH TETHILIMINK (YHKIUS aHWKJITAHUIIHN
MYMKWH, Y | TapTUOJAru | - SIEMEHTHUHT MOCIIUTH YTYOBUHH U(OTATANIH:

&f,...nt—Jo1],
&i())=1- ——J :
max{d(X;, X,) |k e {L...,n}}
Xap Oup i wmHmekc yuyH K- Ba |- aJeMEeHTHHHr |- 3ieMeHTra HucOaTaH
MOCJIHMK JapaxxacuHu nhoaaioBun GyHKIMS KyHuarnya aHuKJIaHa u:

¢ {L..nJ" >[01],

ci(k1) ::1_‘§i(xk)_§i(xl)‘-
k=12,...,n yayH peKypcuB (yHKIUS aHUKJTaHA TN
24,01 > [01],

{u‘” (i §) = (i, ), -
19, §) = max{min {0 (i, s), u* (s, )l s e &...n}}

1Mi,i) =1, Vi, k. (6)
199G, ) = u* vk >2.

ae [0,1] ai,ji,nl, ] € {1,...,n} y4yH KyHUJard XoJiaT YpUHIIH:

uG, j)eett(i, N za=u® i, ) za.
ae [O,l], I, J,k e {1n} Ba ,u(k) (i, J) = o 6Yyncun. Y xonaa myHaaik M coH
B Jy,es ]y € {1,...,n} WHJICKC MaBXy/ OYIJIaquKy, YHUHT YIyH

/J(Iv jl)""uu(jm’ j)ZO{
YPUHIIN.
ael0l] i, jme{L..n} Ba £ j)=>a, 4" (j,m)>a Gyncum.
VY xonna
L3 ,m) >«

a e[O,l] yayH {X,..X,} Tymaamga Ky#ujparu KypuHHIIIa Oepuiajura

Ry <{X1,..) Xn}2 OuHap MyHOCa0aTHU aHMKJIAIl MYMKHH:
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(Xi,Xj) Ry = 1V (j ) 2 a.

R, MyHocabar {X,,..X,} TYIIaMHM KeCHIIMaiIuraH >KBHMBaJICHTJIapra

aXpaTyB4M SKBHMBAJICHTIMK MyHOCa0aTh XMCOOMaHagu. X, X; HMKKHU JJIEMEHT (5),
(6)mapHUHT KeTMa-KeTiukaaru (X;, X ) (XX ) (X X5) KypTiukmapaa u
GyHKIIUS KUHAMaTH KarTa OyiraHia 3KBUBAICHTIWKHUHT MaBXYUIUTH acoCUia

£ QyHKUMSHUHT KuiiMaTH yIIOy 3IeMeHTIapaH KaTTa 6yica Ba (pakaT MIyHail
Oynran xonarga Oup CUH(G SKBHIAJICHTIMTUTa KUPagd. ( HUHT aHUKJIAHUIINTA
Kapab dJeMEeHTIapHUHT Xap-0up *Kyprauru Oup-oupura sSIKWHIUTHHU OUJIIUPAIH.

Kapop xabyn xunuiira KyMakjJalmMiga MabIyMOTJIapHA HHTEUICKTyall
TaxJIUIalll Macajlac INAKUIAaHTUPWITaH Koujaanap ©Oas3acu acocuua OOIIKapyB
MOJYTA KUPYBYM CHUTHAJUIAPHU OJMIIM OWJIaH KaM MHKIOpAArd XaTOJMKKa dra
OyJIraH YMKyBYM CUTHAJUIAPHU OJIMIIHM Tajdal 3TaAMraH TU3MMHU MIUIA0 YMKHILTA
3apypaT TyFaupaad. YOy TU3SUMHUHT KyWuJard KypUHUIIIArd HopaBIllaH Kouaanap
0a3acHHU KypHII aITOPUTMH OPKAJIM aMalira OLIUPUIIaIu:

1-xanam. KupyBuu Ba yukyBuM (pa3o MabJIyMOTIApUHU coXajlapra axpaTul.
Xap Oup KupyBUM Ba YMKYBYM aXOOPOTHHMHI MHUHHMMaJ Ba MaKcUMall KUMMaTiIiapu

aHUK OYIraHma X; KAPYBYM CHTHAT YUyH [X; ,X ] OpajaMK OJHHAIW. Arap X; Ba X

KUMMaTiIapy HOAHWMK OYiica, y Xojda YKUTHUII MabiyMOoTIapuaaH ¢oiiganaHrad
XOJila yiapJaH MOC paBHIIa MHHMMaJI Ba MaKCHUMal KUHMAaTJIapHU TaHJIa0

omuuaau. Omataa d 3TaloH curHamM yuyH [d~,d "] opaiuk oimHamu Ba Xap Oup
opauk K coxanapra 0ynm6 ynkunaau. Kuputuiran cudart tepmiapu Ba 3KCIEpPT
OumuMITapu acocuaa MyHoca0aTIapHH JKaABaJl KYPUHUIIUIA TACBUPIIAHAIH.

2-KagaM. YKATHII MabiyMOTJIApM acoCHJa HOPABIIAH KOWJAJapHHM
KYpHIII.

Akpatuiaran  xap Omp coxa yuyH (X (i), X2 (i),... X, (),d(i)), 1=12,...,
TETMIUTINK QYHKIUSICH aHUKIaHaAu. by mapaxanap HOpaBIIaH TYTJIAMHHUHT Xap
OUp rypyxu yu4yH MOC TeTULLTWINK (QYHKIMsICH KuiiMaTu OuiaH udogaiaHaiu.

Ternmmumuk QGyHKIUSICHHUHT aHATUTHK MOJETN KyWWIard KYpUHUITHU
OJIa/IN:
~j 1

1+(u—bj2
c

3-kanam. Xap Oup Kougara XakKOHUHIUK JapakacCuHU OOFJIalll.

MabayMKH, YKUTHII MabIyMOTJIAPUHHHT KaTTa MUKIOPAArd Ky(pTiukiapu
MaBXKy/Jl, IIyHUHT yYyH ynapAaH OupoHTacu ‘“3un’” OYnuMO KOJMIIM MyMKHUH. By
Oup XWJI MApTIM Typiiiya XyJocayiall Kouaajapura TaauTyKiau. Y0y MyaMMOHU
SUUIN yCyJmapuaad OupH 3uIUsA TN OYIIraH KouJanapiaH Japakacu FOKOPUCUHUHT
TETUIIUTMIINK JTapakaCUHU Y3NAIITUPHIT OpKaiu amanra omwmpuianu. Ly Ounan
Ooupra 3uIMATIA KOUJadap MyaMMOCH 3Mac, OaJIKW, YJIapHUHT YMYMHA MUKIOPU
XaM KaMauTHpUO OJIMHAIH.

4-xanam. Hopapnran kouaanap 0a3acHHM MAKJLIAHTHPHIIL.
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B()=0; | =1,L aaBaj XOCUJI KWINHAH.

HapOatmarum  (xq(i), X2 (i),..., X, (1),d(i)), i=12,..., MabaymoTiap Xydtauru
TaHJIaHAH.

Kylinparu KypuHHAILIIa KOUTAHUHT XaKKOHUMIIMK 1apakKacu aHUKJIAHAIN

*

ydi (xf,x;,...,x;): max[ydj (xfx;x;)] )
j=Ln

d* *  * * d. [ > = * .
Arap p(l)y<u J(X1,X2,---,Xn)= max[,u ‘(X1,X2,---,Xn)} Oyica, y xonaa
j=Ln

dif = = * d. [ » = *
ﬁ(l):/j J(X1,X2,...,Xn): m?-X|:,Ll J(X11X21"'1Xn)i|-
j=Ln

S-kajam. [ledazzudukanusnan.

UukyBun y  KMIMaTHH XucoOjam y4yH ypra Mapka3z Oyiinua
neddazudukanysa ycynuaas (pongananunaim.

JucceprauusitHUHT yYuHYM 000M «Makcaaim MOHMTOPUHI TH3MMJIapUaa
MABbJYMOTJIAPHA MHTE/UIEKTYAJ TAXJIW/UIAIIHUHI HOPABIIAH KOMIAJap
0a3acuHH IAK/UIAHTHPUII YCY/UIapW»da HOpaBIIaH Koujajnap Oa3acuHU
JoMuxanamniia napaMeTpuK UAeHTU(UKAIUSIAIT MOJCIMHN KypHIll yCcyJuiapu V3
udonacunu Tonrad. Hopapmian koupmanap Oazacu mapameTpiapyuHH TPATUEHT
ycynu €pllaMujia Co3alll KeNTUpHiIran O0yiaubd, yHaa N y3rapyBud XOJaTH Y4yH
ycyis takinug stuinral. Jluarsuctuk | tepmra Oynunrad CHHTITOH THOHAArd N
KHUPYBUM Y3rapyBUMJIM HOpPaBIIAH MOJEUIAPp YYYyH YKUTUIIHUHT TPagUuEHT
QTOPUTMU KypwiraH. by epma (x,x,,.x,,y"), KypuHHIIAa Oepwiran YKyB
TaHJJAHMAaCcu Y4YyH XaTOJWKHU MUHUMAJUIAIITUPUIN Makcad (PYHKUIUSICU Takiaud
KWIMHTaH

1, = 2
E==(y -»)%,
5 v =)
OyHma y - KyTWIraH 4YHMKyBYM KHHMAaT, )y — HOpaBIIaH XYyJIOCAJIaIl
HATWXKACHUJIA OJIUHTAH y = ()y,..., ¥, ) YAKYBUU KUHMAT.
by epna:
Vi = (g N, + Mg, +o b Mg + pyge +o4 1),
r; KOMJa KOHCEKBEHTHHHHT t+1 KaJamJard KHMMaTH KyWdaard KypHuHHIIIA
aHMUKJIaHaIU
h *
[T omij (%)
= Vi +7(y" —y)-*E——
2
k=1
t+1 kagama mapameTpiiap KMiMaT KyWuaaru KYpuHHIIIa aHUKJIaHA U
| |
Mj 2 Mig = 2 MikHMik (> *
* Vo o TR (G —ap) - i ()
ajj (t+1) = aj(t) —a(y —y)- i :
2
( Z Hik )
k=1

OE
hj (t+1) =r;; (1) - V—ayij O

b
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0 2 Mg = DNk
by (t+1) =by (t) - By —y)-—= | k=l
(Zﬂik)z

Xynau UIyHUHTIEK WIia ymoy €HIallyBHUHT KYHFUPOKCHMOH, Tapabora,
yuOypUaKIH, Tpamnenusi KypUHUIIHAATH TeTUIUIMINK (QYHKIUATIApU YIyH aMmaira
OIIUPUITUIIIN KEJITUPUIITAH.

Hly Ounan Oup KaTropja TAIKHKOT JOWpacuaard OOIIKapyB >KapaéHUHU
amaJira OIIMPHIIJIA JIEMEHTIIap Opacuaard OOFIUKINK acocianraH (1-pacwm).

N BOIIKAFPYB OBBERTH

Y

Boumapye tiramnt Kapop z
KAa0y T KHIHII THSHMIT
— i
Bummaomap _‘ -
fazacw Kapop Kaoyn pumimra
— KVMAK TAIIIIIT THHMIT ‘
F

F Y ' Y F Y ' Y 'y
Bromemmapee: amman

THZ HIE '-
F i
i 'z i AXBOPOT MYXHTH

2-pacM. bomkapyBHU amalira OMHMPUIIIA YIEMEHTIAp OpacHaaru
OOFITUKJIUKIIAP

By epna ax6opoT MyxuTu Ounmmiap 0a3acu Xamja OWIMMIIApPHH KaMJiall
TH3UMHU OpKaJIM Kapop KaOyJl KWJIHINTa KYMaKJIAIUI TU3UMUHHA XOCHJT KUJIaIH,
¥3 HaBOatuja ymoOy TU3UM OOIIKAapyB THU3UMHUHHU TAIIKUIUN 3JeMEHTH OYnuo,
OomkapuaaéTran 00beKTra OOMKAPYB TABCUPUHU UIILIA0 YUKAIH.

bomkapyB MexaHW3MUWHM HOpABIIAH TYIUIaMjiap Ha3apusiCH EHJAITyBUTa
acocliaHraH Ty3uiMacu 3-pacmaa kenrtupwiran. Coxa Oyiimua dsKcmepTiap
épraMmia XOCWJI KWJIMHTaH OuimMiap 06a3acu MaHTHKUN XyJiocaiaml MEXaHU3MHU
OpKaJIM OJIMHTAH Kapop MYKOOWIIapuHH OOMIKapuiIaéTraH OOBEKTHUHT TUHAMUK
Mozienu OunaH MyBOGHUK Tap3la TakKKociall OJOKKM Kapop XaKKOHUHIHK
napaxacura ouguHauK kuputaau. lllyngan cyHr Kapop MyKoOWIUIapu
doitnananyBum €Ky Kapop KaOysl KUITYBUHM IIAXCra TaKAUM 3TaJIu.
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3-pacMm. HopaBiian Tymiamiap Hazapuscu EHIANTyBUIN Kapop Kaly
KWINII TU3UMUHUHT TY3WIMacu

JluccepTalvsIHUHT TYPTUHYM 000M «MabJyMOTJIAPHU MHTEJVICKTYAJl
TAXJIHJLIAI TU3UMJIApUIA Kapop Kaoya KHJIMIII MO eJLTIapu»
MabJIyMOTJIapJIapHA HWHTEJUIEKTyal TaxXJIWIall TU3UMIIApU YUyH Kapop KaOyi
KWINII yCYJUTAPUHU UIIUTA0 YMKUIITA OaFuIIIaHTaH.

bonutanruu ax60poT HOpaBmiaH OynraH XojaTAa Kapop KaOyn KHIIHII
Mozenu uniad yukuiaraH OViamO, yHAa aHUKJIMK Ba HOAHMKJIWK IIApOMTIIApHIA
Kapop KaOyJ1 KUJIUII MacajajJapuHUHT hopMa KyHHUIUIIN aKC STTUPUIITaH.

HopaBman Tymiam Ba MyHoca0atjap TYIIYHYaCHMHU KHPHUTHUII Kapop KaOyi
Kuauin  xonaTuau  aHukiaamHuAar {P,0,F} dopman cxemacu C MyXUTHHHT

OepuiiraH TypJid HOpAaBIIAH XaTTH XapakaTjiapyd MOJEIWMHU IIAKUIAaHTUPUII
UMKOHUHU Oepau.
1-momen. C MyXUTHUHT MYMKHUH Oyiaran xonatiu ©={@,..,6,} TYIUK

TYIUIAMHUMHT OepuiMIIMAaH XOocul Oynanurad A ={(0j,1j)}geco HOpaBLIAH
TyIiaM — Kapaidaad, Oy  epaa Y7 TEeTUNUTAINK  (PYHKIUSACH O na
0=0joa wO)=pj (j=1..n) KYpUHUII OWJIaH aHUKJIAHTaH.

bynnait 4o HOpaBIIaH TYIUIAMHUHT WHTEpIpeTanusicu cudatuaa © TYIHUK

tymiam C MyXUT XOJIaTJapUHU axpartuiiHd Y - OOLIKApYyB MJIOpAacH amajira
OLIMPaAM, CYHTpa HOpaBIIaH MyHOcaOaTiap OpKadu TETUUUIMIUTHUHU OepuiiraH
4 (0) GyHKIMS OpKaiu A4, HOpaBIIAH TYIUJIAMHU aHUKJIAII amalira OIIMPUIIa IH.
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2-mMoaen. C MyXHTHHHT MyMKHH Oyiaran xomatid ©={4,..,0,} TYIHuK
TYIUIAMHUHT Ba P =(Pq,..., Py) TAKCUMIIAHUIIHUHT (0y epla ua(0) TETUIUIAIUK
GyHKIIUSACH OpKadu @ e® DIEMEHTHHHT A Ta TETUIUIMWINK J1apakacH
TYITYHUJIQ TN ) OCpUIIHIIINIaH XOCHIT Oynmaauran
Ae ={(0,1(0)): P{0=0;}=p;(j=1..,n)} HOpaBIIaH TYJIUK Taconauduii Xoauca
Kapajiaau.

bynpaii 4, HopaBmaH TYynMK Tacoanupuil xomucaHuHr {®,Agq,F} KKK
xoJatugaaru uaTepnperanusicu cudaruma C MyxuT xonatiapuHu Y - OOIIKapyB
puaopacu ® TYIUWK Tyruiamra TakCUMJIauau, CyHT p =(py,.., pp) BEKTOpH €pAaMua

TacoAAU(HI TaKCHUMIIAIl MyXUTHHU XucoOmaian, 4°(0) TerHILIMINK (YHKIHICH
acocuma ©  aHWUK TYIUIaM {(6’;10(6’))}9669 HOpaBIIaH TYyIulaM  OuiIaH

aIMaInTUpuiIaau, Ba HUX0AT Y - OomkapyB uaopacu C MyXUTHUHT HOpaBIIaH
XaTTH Xapakatu Mojenu cudatuga uy(0)=ug(@)naru A4, HOpaBIIaH TYIUK

Tacoaauduil XoaucaHu Kapaiam.
3-mMozmen. C MyXUTHUHT MyMKHH Oynaran xonamin O ={@,.., 6,} TYIuK

TYIIAMHUHT GEPHIMIIMIAH Ba YIIOY KMCM TYILIAMIAPAA p =(py,..., p) TAKCUMOT
xocun 6ynaguran  Ag ={(©j,uj),P(0€®)=p; (i=L..,n)} HOpaBIIaH TacoxIHuii
xoauca Kapanaau, Oy epaa g 6K ©;na terunummmk ¢yskiusacu. Bynmait A
HOpaBIIaH TYJIWK Tacomuuduii xomucaHuHr {®,Ag,F} Kapop KaOyJd KHJIHII

XoJaTujaaru uHTepnperauuscu cudatuna C Myxut xonariapuHu Y - OOLIKapyB
uaopacu ® TYIUMK TYmamMHU Oenrwiaiau, CYHr O HM ©; KHUCM TYyIUlamra

axparajau xamzia 6 ea ©jra p, OXTUMOJLTHK OuiaH Tymaau e onamu. Hartwxkana
Y - OowKapyB uaopacu ®@ aHMK TYIUIAMHM @ aHUK TyIuiamiap OupriaiiMacura
Uoj, éxu {(0;, 4 )}i”:1 HOpAaBIIAH TYIUIamMra aaMamtupaay, oynaa C MyxXuT XaTTH
xapakatu Mojienu cudartuga 4, HopaBiiaH Tacoaauduil xoauca Kapajiaiau.

4-monen. C MyXUTHUHT MYMKUH OynraH xonatiun O ={4,..,6,} TYIuK
TYIUIIAMHUHT ~ OCpHIMINN  Ba g (6;,0f) TETHIUIMIMK  (QyHKOWsICH —Ouian
anuknanrad  B(u, ¢, )HUHr ©x©,ra HoOpaBmiaH OMHAp MyHOCA0aTH XOCHII
Oynaguran Ag ={(6.0;), us, (6;,0; 3 j—1 HOpaBIlIaH TyruiaM Kapaiaau. Hopasiian
OunHap MyHOcabaT cudaTuaa HOpaBIIaH KUCM TapTHO, HOpPABIIAH YU3UKIN TapTHO
Ba OOIIIKa HOpaBIlaH MyHOcabaTiapaaH GoiganaHuIl MyMKHH.

S5-monen. C MyXUTHUHI MYMKHH OYiraH XoJIaTid © TYJIUK TYTJIaMHUHT
OepHIMIIKIaH Ba YOy KUCM TYILIAMIAPAA p=(pq,...ps) ©Ta TAKCUMOT XOCHI
Oynamuran Ba pg, TETHIUIMINK QYHKLMSCHTA 5Ta S HOpaBIIaH MyHocabatiap
OunaH XOCWJ KWIMHAIUTAH Ag ={((4.0;), s, (6,.0]):P{O=0j}=pj (j=1...n)}

HOpaBIIaH TacoAauduil xoauca Kapayiaau. byHiail MOJEIHUHT UHTEPIPETALUSICH
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4-mopenaaru MHTEPIpPETALUsIHA XUCcOoOra OJraH Xoijaa 2-MoAenaaru Kkabu amanra
OILMPUIIA]IH.

TaakukoT HaTuxkanapu cudaruga cycT Ty3WIMaId Kapop KaOysl KHJIMII
kKapa€éHu OJOUN MOoJeUlapuaa ONTHUMAall CTPATErHsiHU TOIHII YYYH PEKYpPPEHT
TEHTJIaMallapra acoCIaHTaH X0JIJa UIIIa0 YUKWITaH ajJrOpPUTM KEeITHUPUIITaH.

MapkoB moxaenu (MM)HUM THUMCOJJIApHM aHUKJIANIAA KyJulall Y9yH ydTa
MacaJaHUHT UMY OYaau:

Arap 0=0,,0,,..07 Ky3aTyBiap KeTMa KeTiuru Ba A=(4,G,lI) Mojueln
Oepunran Oynca, y xonga p(O|4) - MojaenHUHT GepuiraH mapameTpiapd KeTMa
KETJIUTH 3XTUMOJLUTUTH CaMapaJopiIury KaHaal XxucoobiaHau.

Arap 0=04,0,,.07 Ky3aTyBllap KE€TMa KETIUru Ba A=(4,G,II) Mojueln
Oepwiran Oyica, y xonaa Q=0;,0s,..0r HWYKA XOJIaTJap KEeTMa KETJIUTH KaHJan
aHUKJIaHAIU.

p(O|/1) MaKCUMAJJIAIITUPUII ME30HUJAaH KenuO 4YMKKaH Xonaa A= (4,G,II)
MOJIEN apaMeTpu KaHIal aHUKJIaHAIH.

MM acocuid MacajnajJapuHM ~€4MII y4YyH KyWUJara ycyjuiapaaH
ol nanaHuIIN:

- Oepwiiran KeTMa KeTJIMKHU camapalid TeHepalusiIall;

- XOJIATJIAPHUHT ONTUMAaJ KETMA KETJIUTUHU TOMUI,

- TeCT KeTMa KeTuru O0yiinua MMmiapuHu YKUTHIILL.

JuccepranussHuHr OemiuHuu 000u «HopaBman tymiamiap Ha3apusicu
¢HIALIYBJIAPUIa acCOCJAHIaH CYCT TY3WIMaJd ax00poT pecypcaapuHu
TAXJIMVUIAIIHUHT  Kapop Kal0yJ KWIMIIra KyMakJIAlIyBYd MAaKCalJId
MOHUTOPUHI TH3UMJIAPU» Kapop KalOysl KWIMIITa KYMaKJIAIIUIIIHA TalTKUAJ
ATUII/IA HOPABIIAH-TYTUIAMIIA yCYJTa aCOCJIaHTaH AACTYpUN TH3WMIIApHHU UIIa0
YUKW, TAXPUOABUM TaAKUKOTIAp YTKAa3WII Ba OJIMHTAaH HATWXKajlap TaxJIWJIUTa
Oarmnuianran. WMmma0d dukuiarad EHAANIYBIIAp acocuja WIUIad YUKWITraH
TU3UMIIApAA MAabJIyMOTJIAPDHU TaxXJWil KWIHIL, TaHIall, TacHUGiam Ba
Oamiopariamn MacajlajJapuHd  euulga Oup Heda coxala  KYJUIaHWJIUIIU
HaTWXXKaJIapy KeNTUPUIITaH.

HopaBmian Ounumiiap 0a3acu Ba HOpABIIAH XyJocajall TU3UMUHU KypHII
AITOPUTMH KEATUpWITaH OYIMO, aNrOpuTMHU KYpHIIIa HOpABIIaH XyJocasarl
TU3UMHUHU CO3JIAIl yUyH KJIACTEPU3AIMSHUHT TOFJIM yCynujaH (oigamaHuIn Ba
naxTa XOCHWIJOPJIUTHHH OamopaTiainl MacaJlaCHHM E€YHUIl MHUCOJIMAa amajra
OIIMPWIIMINK KenTupwirad. TaxpubaBuili Tankukoriap Matlab nactypnam
MYXUTH]Ia aMaJjra OMIMPUIITaH.

FOxopu XOCHIIIOpAUKKA SPULIUIT OPAIUKJIAPUHUA KUUMHYMIUKCHU3 TOIHUII
MYMKUHIUTH 4-pacMja rpaduk TtacBupiapuaa wudopananrad. bouutanruy
MaBJIyMOTIAp: 1-KUpUIl — TYOpoOK TUNU Oyiimua; 2-kupum — HaB Oyitnua; 3-
KUPUII — YFUTIANI PeKUMHU OYiinya MabIyMOTIap.
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4-pacm. [laxTa eTHIITHPUIIT XOCUIIAOPJIMTMHUHT acll Ba OamopaT MabilIyMOT/Iapu
rpaduru

by epna:
- FACT — maxTa XOCHJIJOPIUTUHUHT acl KHMaTiIapu;
- CLUSTER — HOpaB1an Mo/ien OpKaik aHWKJIAHTaH MaxTa
XOCHJIIOPITUTH;
- REGRES-L — un3ukym perpeccroH MoJIeN OpKalld aHUKJIaHTaH MaxTa
XOCUJIIOPIIUTH.

Typnaun HaBmapHUHT HOpaBIIaH OepuiiraH TYNPOK THUILIAPH, CYFOPHII
peXuMiapu Ba VFUTIAIL, KoJiaBepca 00-XaBO IIAPOMTHUIA XOCHIAOPJIMKHU
Oarropatarn MO KypWITaH. Mopgenna VKK KYPHUHUILUIHA
anmpoKCUMAIUSTIaHyBYM MoJied uiiaTuiaran: CyreHo TUMUAard HopaBIlaH MOJIEN
xamza perpeccuon mozen. Hatmxanap CyreHo monenura acociiaHu® KypuiraH
Oamoparmam (xarommk 0-2,77%) perpeccuon mMojenra HucOaTad (XaToymK — 7.5-
79.5%) camapanopaurura SpUIInIIN.

HopaBman wmyxutna kapop KaOysl KWJTUIIHUHT aMaluid MacalalapuHu
SUMINTa KYJUTAHWIUIIA — MyKOOWJUTApHU OaxoJiall Ba TaHJIAIl alrOPUTMH, TaxTa
XOCWIZIOPJAUTUHUA Oatopariamga OOFIUKIMKIApHU 0axosall Ba MyKOOWJUIapHU
TaHJIAI eYnMIIapy KeITHPUIITaH.

Macananu euuin anropuTMu:

1. ®akar P, OenrmHu Xpcobra oiarad xoimaa R, MakOysumukiap marpuiacu
TYy3HWJIaJIH.

2. Kapamaérran Oenrunap Typinya MakOY/UIMK Japakacura STaIUTHHU
XycoOra oJirad XoJijia yJiapjaH Oupyu MyXUMpPOK, OOTIKaIapy — MKKUHYH JTapakalid
axaMmusaTra sra, Oy xojaTna OeNrwIapHUHT axaMusaTIuiurd R GenrunapHuHT
HOpAaBIIIaH MaKOYJUIUK MyHOCAa0aTH OPKAJIM XapaKTepiiaHaIu.
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3. Q 6wmnan Gemrunanran R,,..., R, nopaBman mynocaGatmap xecumimMacu
TOTWJIA TN

Q=R "NR,n---NnR,.

4. R yuyn erakum OYynmaran R TymiaM tomuinagu. OnuHrax
s (P1)s grr (P2)s-es Mg (Pk) TETUIUTHNIUK (QyHKIUATAPH l1,10,.... 1k opxamn
OenrwiaHagd. Yjap xap Oup Oenrd ydyH Ay, ,m=1m Y1408 ko3QpUIreHTIapuHHI
XUCOOIanIu.

5. Qo marpumacu Ty3uO OJMHAIW Ba dJEMEHTIApH Kyhumgaru (opmyra
OpKaJIl XUcoOJIaHaIN:

k
IUQZ (X! y) = Z ﬂmﬂRm (X! y)

m=1

oy H
6. IOxopuma KenTHpWITaH alrOPHTMHHHI Kagamimapu Oyitmua Q,
XucoOJIaHaIu.
_o# HA
7. Q=0Q," NQ,” xecuiryB KypHiay.
Q Makcumanm KuiiMatra 3ra OynraH MYKOOWJIHW TaHJIANl TETHILIUIAK

Japakacu paoHasl XUcoOJaHaaH.

Taxpuba TypT cenexkunoHn HaBiaapuaad: C-4727, Tomxkent 1, 108-D, 159-®
(X =, X%2,..., X4}) FY3aHUHT (P={p1. P2,--.s P5}) caMapaJiopJivK
XYCYCUSITIApUIaH: XOCWJIJIOPIUK, TOJIA Y3YHJIUTH, TOJIA MUIIUKJIUTH, YPYFHUHT
a0COJIIOT OFUPJIUTH, YPYFHUHT EFIMIIMK Japakacu aKpaTUO OJUHAIM.

bapua cenekumoH HaBiapHHUHT paHkupoBkacu 108-O HaBUHUHI Fy3aHUHT
Oomika HaBiapujaH (Q HOpaBIIaH TYIJiaM OViWYa TETHIUIWINK JapaKaCUHUHT
KHiiMaTH 10Kopu O0yiaranu xucobnanaau (0,96).

HopaBman xoupanap 0a3acHHM IIAKIUIAHTUPHILA MOJEN MapaMeTpiapuHu
co3Jjalll, TacHU(IIam ycyi Ba anropuTMIIapu €paaMuaa aMmalira olupuiIrad 0ymnuo,
aBBajjo CyreHo TUNUAArd MOJEIHA KypUIIHUHT YH KaJaMiId aJrOPUTMH
KEeNTUPWITaH, TAMCOJUJIAPHU TaHUO OJIUII MacajlaJJapUHM SUUIlTa KYJUIall Tap3ua
amaJira OIIMPUJITaH.

TaxxpubaBuii TaAKUKOTHA amajira OIIMPHUII Y4YyH HOpaBIIaH TYyIuIamiiap
Ha3apusICH YCYJIMHM KYJJlall acoCHil Makcaj KUiIuO ONMHAM Ba KyHuaaru
Macajanap e4riraH:

e TacHudmam macamacMH{ Xajl STHUIIAA HOPABIIAH TYIUIAMIIU €HJIIAITyBHU
KYJUIaIl.

e HopaBman koupanap 6a3acHM XOCHJI KMJIMII XaMJla HOpaBIllaH Koujanap
0a3acMHM HOpaBIIaH MOJE] MapaMeTpiiapyuHu CO3JaIl OpKaIu Koujamnap (Kousa)
TYIUIAMHHE ~ KUCKapTUpHUIl Oapobapuja IOKOpHM caMapaJopiukka (TaHuO
OJIMITHUHT FOKOPH (oU3aaru KypcaTKUuura) SPHUIIIHIIL

e bepunran  TacHupnam = MacamadapuHA = €4YMM  HATHKAIAPWHUHT
COJIUIITAPMA TaXTUJIMHH JKaJBAJUTH Ba TpapUKIN KYPUHHUIIIIA amMalira ONIHPHIII.

Typt Typnaru macana 6epunras: IRIS (150ta o0bekT; 4ta 6enru; 3ta cuad),
WINE (177 oobekr; 13 Oenru; 3 ta cund), Ut-0ypu (00bexT — 42 Ta; Oearu — 61a;
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cun® — 2 ta), OHKOJOTHS TMarHOCTHKacu Owmian 60rmuK (00bekT — 136 Ta; Oenru
— 11Ta; cund — 4 Ta) nap (5-pacm).

Nuua® yukwiraH HOpaBIIaH MOJEN MapaMeTpllapuHu  Co3jall  yCyJura
acocClJIaHraH HOpAaBIIaH Koujanap O0a3acHMHU KypHUIl aJIrOPUTMHHH TUMCOJUIAPHU
aHUKJIAII YYYH KYJJIall KyWuaara HaTuxKalapHu Oepiu:

1. HopaBmian kouanap 60azacu nmapaMeTpiIapuHu CO3Jalll aMalira OUIUPHUIIIN.

2. Hopagsian xonpanap 6a3acu KUCKapTUPUIIIN.

3. HopaBmian €énpanryBra acociaHrad TUMCOJUIAPHUA TaHUO OJUII JacTypuid
TabMUHOTH UILIA0 YUKUJIINA Ba TAKPUOABUHN TANKUKOTIAAH YTKA3UIIIH.

4. Onuuran Hatwxkanap IRIS macamacunm euuimiga — ymymud Koupjanap
6azacuuuHar 20% Ba 83% Mmuxknopuaa Koumana 99,3%; WINE macanacuau edumiga
— ymymuil Koupanap 6aszacuHuHr 24% xoumama 99,4%; Ut-6ypu macanmacuHu
euunga — ymymud kKoujanap OazacuHuHr 15% kounma wmuxgopuna 100%;
Onkojorus MacajdacHHH euuiga — yMyMuil kouaanap 0asacuHuHr 39,7% kouna
Mukaopuaa 97,1% aHUKINK KYpCcaTKUWIAPUHU TAITKUAI IT/IH.

VTKkasuinran Taxpubagap HATHKACHAA OJNHHIAH KYpPCATKHWIAPHMHT ypTada
kuiimatu IRIS — 2,09%; WINE — 4,48%; Ut-6¥pu - 0 %; Ounkonorus — 4,18 %
XaTOJMKHY TAIIKHII 3T/H.

/" onkologiya
it-buri
iris

onkologiya
it-buri 1
iris

5-pacm. TYpT macana HaTWXKaJapy Ba KOMIa TAHJIOB KYPCATKUUIAPUHUHT
TaKKocam rpadguru
NaoBa KucMuaa AUCCEPTAIMSHUHT TaXPUOABHM TaJIKUKOTIAPUHU amMalira
OomMpHUIll y4dyH (oWJaTaHUITaH CTATUCTUK MabJIyMOTIAp, TAJAKUKOT HIIUHUHT
HATWKAJAPUHU aMalMETIa KYJUIAHTAHJIMTWUHU TacAWKJIOBUM XYXOKaTiaap Ba
V36ekucron PecnyOnukacu JlaBnatr IlareHT wupopacu TOMOHHUIAH JacTypiiap
Ma)XMyaCHHU pyuXaT[aH YTTaHJIWTYd TYFPUCHUIATU TYBOXHOMAAP KEJITUPUIITaH.

XyJaoca

Jucceprauusiga  TA3MMIIM  TaxJWil  KOHILEMLUSCH,  PEHPE3CHTATUB
MabJIyMOTIApHU HHTe/UIeKTyan Ttaxauwnu (Data Mining), XxycycaH, HOpaBIIaH
TYIUIaMJIap Ha3apusiCH acoCHa Kapop Kalys KWIWIITa KYyMaKJIaIlWil TH3UMUHU
KypUIlTa KOMIUIEKC EHJAIlyBHM amMalira OIIUPYBYM Yycyjulap, MOJEIap Ba
aITOpUTMIIAP UILTA0 YUKHUIIIH.

TaakuKOTHM amanra OUIMPHINIAH OJWHTAH acOCH HaTwkaimap cudaruga
KyWUMJAarujaapHy KalJ 3TUII MyMKUH:
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1. MabaymMOT/IapHH HMHTEJUICKTYyall TaxJIWUIall TU3UMJIAPHU KypHIIIa
HOpABIIIaH TYIUIaMjiap Ha3apusiCH YCYJJIapUHHM UIIa0d YUMKUIIHUHT Ha3apuil Ba
aMaJIMM  JKUXATJIADUHUHI 3aMOHABUM XOJATUHU EPUTYBYM WIMHUU-TEXHUK
agabuérnap TaxJWIM, WIMUNH MabIyMOTIApHU THU3UMIM TaXJIWJIA Kapop Kaoyn
KWIMIITa KYMakiIalldil — THU3UMJIApPUHM  UIUIa0  YUKUIIHUHT  KOHIIENTYall
TaMOWWJIJIADUHU,  KOHCTPYKTUB  EHJAANIyBJAp, ycyjuiap, MOJEIAp  Ba
ANTOPUTMIIAPUHU AKJUIAHTHPHIL BA ACOCIIAIl UMKOHUHU SIPATaJIu.

2. Makcaanu  MOHUTOPHHI  TH3MMJIApHIa Kapop KaOynl  KWIHIITa
KYMaKJIallyBYd CYCT Ty3WJIMaldd KapopJiapHU HIIad YHMKWLI, MYpPaKKad
Ty3WJIMaId MacajaJlapHU EUYUIIHM camMapajid aMajra OLIMPUIIHUHI MaTEeMaTUK
KYWWINIIK WIIa0 YUKWITaH, yoi0y HIUIaHMalap Kapop KaOynl KWIIMINTa
KYMakJalluIl ~ THU3MMHHH  Kapop  MyKoOwuiapy  OWjlaH  TabMHUHJIALI
caMapaJIopJIMTMHU OIIUPATH.

3. Makcaaiu MOHUTOPUHT Ba MabIyMOTJapHH HMHTEIUICKTyasl TaXJIAJUIalll
TU3UMIIAPUHU KypUIIl >KapaéHuJa UJESHTU(DUKAIUS MOJIETH YYyH HOpaBIIaH
XyJiocallalll TU3UMHUHUA KYpPHUII YCyJIW WIUIA0 YUKWIraH Oynub, rmapamMeTpuk Ba
Ty3WIMaBUUA HJCHTU(DUKAIMS MOJCIUIApH KYPUHHINKMIA aMajra OLIMPHIITaH.
[Tapamerpuk wuaentudukanus yuyH CuHraToH Ba Mampaanu Typujaru
uACHTU(UKAIMS MOJEINIAPUHU UIIA0 YUKUII OPKAJIM amalira OlMpuiral oyica,
Ty3WJIMaBUN UACHTU(UKAIMS MOJEIN HOpPABIIaH Koujajgap 0a3acMHU KypHIIIa
HOpaBIIaH  MOJICIHUHI  TY3WIMaBUM  XapaKTePUCTUKACMHM  aHUKJIAIITra
HYHANTUPWITAH KJAacTep TaxXJIWJIU aIrOpUTMIIApU Ba CYOBEKTHB a)XpaTHIL
yCyJUIapyura TassHUIraH X0JIJa amalira OMMPUITrad 0yau0, CycT MaK/UIAaHTUPUIITaH
MacajalapHy €4MIlJia HOpPAaBILIaH TYIUIaMmjiap Ha3apusICcu €HAALIYBIN MOJEIIApHU
MUU1a0 YMKUIIHUHT YCIyOuid aCOCUHU TaIlIKUII 3TaIu.

4. SlpatunraH HoOpaBIIaH Koujajnap Oazacumad camapaiu ¢GoigataHUITHU
TabMHHJIANI ACOCHJa HOpPABIIAH MOJAEIHHM KypHII MacalaCMHU €YHUIl YCYJIH Ba
QITOPUTMH  KeNTHpUiTaH OYynmmuO, yHHHT &€paaMuaa  MablyMOTIApJiapHU
UHTEIUIEKTyal  TaXJWulalll — TU3UMJIAPUHUHT  CaMapaJopjUrUHUA  OLIMPHIL
MYMKHUHJIUTH aCOCJIAHA/IH.

5. Makcaaim MOHUTOPUHT, MabJyMOTJIApHU WHTEUICKTyall TaXJIWJUIall
TU3UMJIAPUHU TAlIKWI JTUIILAA YHUHT CamMapaJopiurMHU OIIMPHUIIL MYXUM
axamMusaT KacO »dTaau, YyHKM OyHIall TU3uMiap KarTa XaXMId KAPYBYH
MabJIyMOTJIap OWJaH MIUIaraHja cajiouil oMuwiap Keaud YMKUIIN Ky3aTHIIAIH.
TagkukoTna canbuit omwimapHu  Oaprapad dSTUII  y4yH  TapaMeTpUK
uaeHTU(PUKaIMs y49yH TpagueHT ycynauaaH Qoiinananumn EHAanyB TakJIud
sTwirad. bynnan €HIallyBHUHI KYJUIAHWIMIIM HOPABIIAH TyIUIaMiap Ha3apusaCcH
EHIallyBIM MOJIeT Ba YHUHI TAapKUOWI »SJIEMEHTHM HOpaBLIAaH KOWAAJap
0a3aCMHUHI CYCT IIAK/UVIAHTUPWITaH MacajlajJapHUM €uYdllja WIIOHYWIMJIMTUHU
OIIMPUIIITA XU3MAT KU IH.

6. Kapop kabyn KuiIMIIHHHT Oemra Mojeiapu EpaaMuia MYXUTHUHT
MYMKHH OYJTaH XOJjaTJiapd Y4yH HOpaBIIaH TYIUIaM Ba Xxoawca UpOmaIaHUIIN
takmud stunran. CycT IIakUlaHraH macaiajapaa OoluUaHFUY MabIyMOTIApHU
HOPABIIAH-TYTUTAMIIA KYPUHUIIIA uQoaanant, MyKoOuuIapHu 6axosiai Ba MaKkOyJ
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CTpAaTEeTUSHA KHIMPHUII XaMmja TaHJall yCyJ Ba MOJE/UIapu Takiaud HTHITaH.
Makcaaiu MOHUTOPUHTIA Kapop KaOyJl KUJIUIITra KYMAKIUIIUAII TH3UMUHHA amaira
OIIMPHUII Yy4YyH TacHU(IAIl MacallaCHHU EYUIIHUHT HOpaBallaH EHIallyBIU
MapkoB Mojenu wunuad wukuirad. Kentupwiran ycyn Ba Mojemiap CycT
[IaKJUTaHTaH Macallajap XapakTepuHu Oenrminad, Kapop KaOysn KUIUII y4yH Kapop
MYKOOWJIJIapH aHUKJIMTY Ba CAMapaCUHU OIIUPHUIITA XU3MAT KUJIA]IH.

/. Wmnab 4MKuiIran ycyn Ba MOJEJUIAp acoCHJla KMIIJIOK XYXKaJIUTd MaxTa
ETUIITHPHUIIAA OaropaTiamn MacajaCHHU €YUl aJlfTOPUTMHU WILIA0 YMKWIITAaH Ba
VHU amajira OIIMPHUIIHWHT JACTYpud TabMHHOTH WNUIA0 4MKuiIraH. Hopapmran
MOJICIIHA KypHII YH KaJaMd aJTOPUTMH Takiaud OSTUiATaH OYIuO, OJMHTaH
HaTIKaJap MaBxXya Kycarkuuiapra HucOatan 0,5-3 % camapaHu TalKuiI STAAH.
XycycaH maxTta TaHHApXWMHU Ba XOCWIJOPJMKHU Oalopatiiail MacalaJlapuHH
euniaa 96,5-99,8% aHUKIMK KYPCAaTKUYJIAPUHHU OJIUILTA SPULLIIAIN.

8. Tacuudnam MacanacHM eduIla Kapop KaOysl KUIUIIra KYMaKIauIHA
ama’lra OIIMPHUIL YYyH HOpPABIIaH MOAEIHHU CO3Jall yCyJulapy acocuia ajaropuTM
unuiad 4yukwinO, HaTIWwKajiap TECT Ba aMalldid Macajalapaa WKOOUMITUTH
acoClIaH[: TUMCOJUIapHU TaHuO onumigaru anukiauk mozen (IRIS, WINE, Ur-
O0Ypu, OHKOJIOTHS KacaJUIMTUHU JUAarHo3 Kuiuiin) macananapaa 97-100% , amanuit
macananapza ([Taxta xocuwnnopauruau Oamopatiaii, MOC IMaxTa HaBUHU TaHJIAII,
XYXKKaT aJIMalliHyBU TU3UMHUAA TacHuuain) 92-98% KypcaTKudiid HaTUXaiap
OJIMHA[IN.

9. HMnura® yuKwiIraH HOpaBIIaH TYIUTaMJIap Hazapusch EHAANIYBIU Kapop
KaOyJ KWIMINra KyMakjallyB4Yd THU3UMHHM amajra OLIMpHUINra WYHaITUpWITraH
nacTypuii Bocutanap Y3zbekucron Pecry6iukacu Onuil Ba ypTa Maxcyc TabiuM
Bazupaury, JXKuz3ax BuiioaTn KUILIOK Ba CyB Xy Kaauru Oomkapmaaapuaa Taaouk
ATUJITaH, AUCCEpTaIMs HaATHXajdapy OYiirda OJIMHraH JlajlojlaTHOMaiap UKTUCO UM
camMapaJIOpJIMKHU TACAUKJIAN]IH.
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HAYYHBINA COBET 16.07.2013.T/FM.29.01 npu TAIIKEHTCKOM
YHUBEPCUTETE UH®OPMAIIMOHHBIX TEXHOJOI'UH u
HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKHUCTAHA 110
MNPUCYXJIEHUIO YYEHOHN CTENEHU JJOKTOPA HAYK

TAINIKEHTCKUH YHUBEPCUTET HH®OPMAIIMOHHBIX
TEXHOJIOI'UI

BABOMYPAZIOB O30/ ’KYPAEBUY

PA3ZPABOTKA METOJA0B U MOJJN®ULIUPOBAHHBIX
AJITOPUTMOB UHTEJUVIEKTYAJIBHOT'O AHAJIM3A JTAHHBIX
HOEJEBOI'O MOHUTOPHUHTI' A CJIABO®OPMAJIN30BAHHBIX
INPOLHECCOB 1 OB BEKTOB

05.01.02 — CucremMHblii aHaU3, ynpasJjieHue H 00padoTka uHGopMauu
(TexHHYeCKHEe HAYKH)

ABTOPE®EPAT JJOKTOPCKOM TUCCEPTAIINN

ropoa Tamkent — 2015



Tema noKkTOpCKOii AMccepTauu 3aperncrpuposana 3a Ne 12.05.2015/B2015.1.T465 B
Bbicmieii arrecraumonHoid komuccuu npu  KaOmnere MunucrpoB PecmyOuuku
¥Y30ekucras.

Jlokropckasi jauccepTanusi BbIolHeHAa B LleHTpe pa3pabOTKM MPOTPaMMHBIX TMPOJAYKTOB U
amnmapaTHO—TIPOTPAMMHBIX ~ KOMIDIEKCOB Tpu  TalIKEHTCKOM  YHHBEpPCHUTETe  HMH(POPMAIUOHHBIX
TEXHOJIOTH.

ABTopedepar quccepTanuy Ha Tpex s3bIkax (y30eKCKHUH, pyCCKUi, aHTIIMACKHAN) pa3MeIIeH Ha BeO-
crpanuiie Hayunoro coBera (Www.tuit.uz) u oGpasoBatenpHoM unH(popmaimonnoMm cetd “ZIYONET”
(www.ziyonet.uz).

Hay4HbIii KOHCYJIbTAHT: bexkmyparoB Tyakyn @aiizueBud
JIOKTOp TEXHUYECKUX Hayk, akageMuk AH PY3

O¢uunanbHbIe ONMOHEHTHI Paxmaryniaes Mapar AamMoBHY
JOKTOp TEXHHUYECKUX HayK, podeccop

HramobepaueB Xycan 3akupoBuy4
JOKTOp TEXHUYECKHUX HayK, Ipodeccop

Paxumos LllaBkat Xynaprenosu4
JOKTOP TEXHUYECKHUX HayK, Ipodeccop

Benymasi opranusanus: CamMapkaHACKUI TOCyJapCTBEHHbIN YHUBEPCUTET

BammTa auccepramuu coctoutcs « 11 » mroms 2015 r. B 10%° waco ma 3acemanmu
Hay4yHoro coeta 16.07.2013.T/FM.29.01 npu TamkeHTCKOM yHHBepcUTeTe MH(OPMAIIMOHHBIX
texHosoruii u HarmmonaneHoM yHUBepcuteTe Y30ekuctana. (Axapec: 100202, TamkeHt, yi1.
Awmupa Temypa, 108. Temn.: (99871) 238-64-43; hakc: (99871) 238-65-52; e-mail: tuit@tuit.uz).

C IOKTOpPCKOW nuccepTanyeil MOXHO O3HAKOMHUTBCS B MHQOpManmoHHO-pecypCHOM IIEHTpe
TamrkeHTCKOTO yHUBEpcUTETa MH(POPMAIIMOHHBIX TEXHOJIOTUH (PEeruCTpallMOHHBI HOMEp ). Anpec:
100202, TamikenT, yia. Amupa Temypa, 108. Ten.: (99871) 238-65-44.

Asropedepar auccepranuu pazocinan « 09 » urons 2015 rona.
(mporokoun pacceuiku Ne 03 ot « 09 » mronst 2015 1.).

X.K.Apunos
[Ipencenarens Hay4HOrO COBETA IO MPUCYKACHUIO
yu€HOM CcTeneHu JOKTOpa HayK JI.T.H., Ipodeccop

M.C.sAxkyooB

VYueHbIli CeKpeTaph HAyYHOTO COBETa IO
NPUCYKACHUIO YUEHOHN CTENEHH JOKTOpa HAYK
I.T.H., mpodeccop

H.PaBmanoB
3amecTuTeNb NpeceaTeNlb HAydHOrO CeMUHapa
npu HayuyHoM coBeTe 1o NpUCYKICHUIO YUEHOH

CTEIEHU JOKTOpa HayK J.T.H.
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BBenenune (AHHOTAIUSI JOKTOPCKOM AMCCEPTALIMN)

AKTYaJIbHOCTh " BOCTPEeOOBAHHOCTD TeMbI AUCCEPTALNH.
CrpemMHuTENBHBIE TEMIIBI POCTAa MHPOBOTO HH(POPMALMOHHOTO MPOCTPAaHCTBA
HEPa3pbIBHO MPHUBOJAT K MOBBILIEHUIO YPOBHS CIIOKHOCTH MPOLIECCOB 00pabOTKU
uHpopManuu. CTaHOBATCS OYEBHIHBIMM HEAOCTATOYHOCTh M HEAJEKBATHOCTh
TPaJAMLIMOHHBIX MAaTEMAaTUYECKUX alllapaToB IIpU PEIICHWH 3a4ad aHalu3a,
BbIOOpaA, KiIacCU(PUKAUM M MPOTHO3UPOBAHUS IO JAHHBIM, ONUCBIBAIOIINM
MPOLIECCHl TJI00AIBHOTO COIMATBHO-KOHOMHUYECKOTO pa3Butusi. B cBs3u ¢
€XKETHEBHO BO3pACTAIOIIMMHU WH(GOPMAIMOHHBIMU MOTPEOHOCTSAMHU YEJIOBEUECTBA
YCHJIMBAIOTCS TPEOOBAaHUS K TOUHOCTHU U ONIEPATUBHOCTU 00paOOTKU HHPOPMAITIH.
OT0 00OCHOBBIBACT CO3/IaHUE YUYEHBIMH HOBBIX MOAXOA0B K 00pabOTKe OOJIBIINX
MaCCHBOB JIaHHBIX CO CIIOXHOU CTPYKTYpOH.

Jliist obecnieuenusa uHTerpauuu PecnyOnuku B riao0anbHOE MH(DOPMATMOHHOE
OPOCTPAHCTBO,  IIMPOKOTO  BHEJPEHUS  COPEMEHHbIX  MH(POPMALMOHHO-
KOMMYHHUKAIIMOHHBIX TEXHOJOTUI B paMKax TpeOOBaHUM K Pa3BUTHIO COLUAIBHO-
SKOHOMUYECKOMN cdepbl peanu3yrorcs MHOTOYHMCIICHHBIE HAy4HO-
UCCIIEIOBATEIbCKUE PAOOTHI.

CnoxHble MHTETPUPOBAHHBIE CHUCTEMbI XapaKTEPU3YIOTCS OOJIBIIMM YHCIOM
BXOJIHBIX-BBIXOJIHBIX JIAHHBIX W JJIEMEHTaMH, OTHOLICHHSAM MEXAY KOTOPBIMHU
CBOMCTBEHHA Pa3HOTUIIHOCTh M HEIMHEWHOCTb, @ YacTb MH(POPMAILUU O CHUCTEME
MPEACTABISIETCS B KAueCTBEHHOM, YHMCIEHHOM M KOJWYECTBEHHOM BHAE. B
pe3ynbTaTe YCIOXKHSIETCS BBIBOJ, 3aKOHOMEPHOCTEH pacrlpeeneHusl napameTpoB
BJIMSIHUS HA CUCTEMY, & B HEKOTOPBIX CIydasx, HApUMeEp, KOTJa MPeIbsBIAIOTCS
KECTKHE OTPAaHWYEHUS HA BPEMSs, BHIBECTU 3aKOHOMEPHOCTb HE MPEACTaBISETCS
BO3MOYHBIM.

CrpemurenbHoe pas3BuTHE COBPEMEHHBIX UH(OPMAIMOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJOTHMH MpPHUBEJIO K NOBBIIICHUIO 3((HEKTUBHOCTU
yIPAaBIICHHUS COLIMAIIBHO-D)KOHOMHYECKUMU IPOLIECCAMU, HSKOHOMUHU
MaTepuaibHbIX, (PUHAHCOBBIX, BPEMEHHBIX WU TPYIOBBIX 3aTpaTr. DTO SBISETCS
OJIHOM M3 NMPUYMH MOBBIIIEHHOTO HAYYHOT'O U ITPAKTUYECKOI0 NHTEpPECA K METOAAM
WHTEJUICKTYaJIbHOM 00pabOTKH JaHHBIX TPH TOJJCPKKE MpUHATHS perenuit. K
METOJaM HHTEJUIEKTyaIbHOTO aHaliM3a JaHHBIX OTHOCSATCS, OCHOBAaHHBIE Ha
NpUOJIMKEHHBIX PEHICHUSX MOJENIN HEYETKOTO BBIBOJA, HEHPOHHBIX M THOPHIHBIX
HEHUPOHHBIX CeTeW, UMMYHHBIE, T€HETHYECKHUE U, QITOPUTMbl HMUTHUPYIOILIKE
NOBEJCHUE >KUBOTHBIX, U B OOIIEM BOILIOHIAIOUIME B ceOe KOMOMHUPOBAHHbBIC
MOJIENIN cpencTBa «MATKUX BBIYUCIIEHUIN.

Pacummpenue cdepsl oxBaTta npodsieM B 3aadax yIpaBJeHUsl MPOLIECCAMHU, a
TAK)K€ pa3BUTHE M YCJIOXKHEHHE cOCTaBa (DYHKIMI, BBIMOJIHAEMBIX MPHU
yIpPaBJICHUH, CTABUT TPEOOBAaHUE TIOCTHXKEHUS PE3YJIBTATOB MOIICPKKU TPUHATHS
pElIEHNI Ha YPOBHE YEJIIOBEUECKOro CyXJeHus. Hederkue Mopaenun, B CBOIO
ouepellb, TMO3BOJSIOT ONMCHIBATh MPOIECCHl M COOBITUS PpeaJbHOro MHupa
JIMHIBUCTUYECKUMH TEPMAMHM HA €CTECTBEHHBIX SI3bIKAX, & MEXaHW3M HEUYETKHX
pElIeHUI SBISETCS NPO3PAYHBIM M MOHATHBIM JUISI YEJIOBEKAa. DTH OYEBUIHBIC
MIPEUMYILECTBA PACUIMPSIIOT BO3MOXHOCTH pEUIEHUs 3aJad B  Pa3IMYHBIX
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MPUKIAIHBIX OTPAC/ISIX HAYKH, TEXHUKU U SKOHOMHUKH, CBSI3aHHBIX C PEUICHUEM
3aJlad  aHaiuu3a, BbIOOpa, TMPUHATUS  pelleHud,  KiaccupuKaluu |
IPOTHO3UPOBAHUS B MPOLIECCE aBTOMATUYECKOTO YIIPABJIECHUSI © MOHUTOPUHTA.

BrlleykazanHble yTBEPKJEHUS W BbIACICHHbIE MPOOJIeMbl 00OCHOBBIBAIOT
aKTyaJIbHOCTh IIOCTABJICHHOW B HACTOSILIEM HCCICJOBAHUM LEIU IO PELICHUIO
3a/1a4 CO3JaHUs CUCTEM MHTEIUIEKTYalIbHOTO aHAIN3a JAaHHBIX HA OCHOBE MOJEIIEH
TEOPUU HEUYETKUX MHOXKECTB M CHUIKEHHSI NMOTPEIIHOCTEW B albTEpHATHMBAX IS
MOJACPKKU TPUHATHUS PEIICHUH 3a CuUeT MPaBWIHLHOTO BbHIOOpA W HACTPOMKU
[1apaMETPOB HEUYETKON MOJIEIIH.

JlanHast uccienoBaTenbckas padoTa CIYKUT A7 00eCTIeYeHHs BBITIOTHEHUS
3a1ad4, ITOCTABJICHHBIX 3aKOHAMH PecnyOnmku V30ekucran «O06
uHpopmatuzauun», «OO0 3NEKTPOHHOM JOKyMeHTooOopoTe», IlocranoBieHunem
[Ipesunenta PecnyOmuku VY30ekuctan I1I1-1989 «O mepax mo nanbHEHmemy
pazBuTuio  HamuonaneHO#  MH(DOPMAIMOHHO-KOMMYHHUKAITMOHHOM  CHCTEMBI
Pecnybnmuku Y306ekucrtan» ot 27 umions 2013 roga, a Takke MOCTaHOBJIECHHUEM
Kabunera MunuctpoB Pecnybnuku Y36ekuctan Ne355 «O mepax mo BHEIPEHUIO
OIICHKU COCTOSIHUSI Pa3BUTHUSI MH(POPMAIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOTUI
B PecniyOnuke Y36ekucran» ot 31 nekadbps 2013 roxa.

CooTBeTrcTBHE HCCIEA0BAHUS NPUOPUTETHBIM HANPABJEHUSAM PA3BUTHA
HAYKH W TexHoJorui pecnyOoauku. IIporpamma pa3BuTuUsS  Hay4HBIX
UCCIEIOBAaHUM MO  HMHMOPMALMOHHO-KOMMYHHKAIIMOHHBIM  TEXHOJIOTHSM
PecnnyOnuku  Y30exkucran nHa 2008-2015 rr.; T['HTII-14 — «Pazpabotka
COBPEMEHHBIX  HMH()POPMALMOHHBIX  CHUCTEM, MHTEIUIEKTyaJIbHBIX  CPEJACTB
ynpasieHuss U oOydenusi, B/l ¥ mporpamMMHBIX HPOAYKTOB, OOECHEUMBAIOLINX
IIUPOKOE Pa3BUTHE U BHEAPECHHE MHGOPMAIMOHHBIX U TEIEKOMMYHUKAITMOHHBIX
texHosorui»; ['HTII-17 — «Pa3paboTka coBpeMeHHbIX HHPOPMALMOHHBIX CUCTEM,
WHTEJUICKTYaJIbHBIX CPEJICTB YIIPaBICHUS U 00ydeHUs], HAaydYHO-TexHnueckux bJl u
IPOrPAMMHBIX TPOIAYKTOB, OOECIECUHBAIOIIUX IIMPOKOE Pa3BUTHE U BHEJIPEHUE
UH(GOPMAITMOHHBIX ¥ TEJIEKOMMYHHUKAIIMOHHBIX  TexHonoruiy; [IIIN-5 -
«Pa3paboTka WHGOPMAIIMOHHBIX TEXHOJIOTHI, TEIEKOMMYHHMKAIIMOHHBIX CETEH,
arnmnapaTHO-IPOrPaMMHBIX CPEACTB, METOAOB M CHUCTEM HHTEILIEKTYyalbHOTO
yhOpaBjieHUss W OOydYeHHs, HANpaBICHHBIX HAa  TIOBBIICHUE  YPOBHS
uH(popMaTU3amK 00IIECTBAY.

O030p 3apy0e:KHBIX HAYYHBIX HCCJIE0OBAHMHA IO TeMe JMCCePTALMM.
Hayunble ucciienoBaHuM TO TPUMEHEHUIO CPelCcTB «MSTKMX BBIYMCICHUNW» U
pa3pabOTKe HOBOTO TOKOJICHHUS AJITOPUTMOB JUIsl MHTEIUIEKTYyaJIbHOTO aHaiau3a
JAHHBIX, KJIacCU(PUKAUUUA U TIPOTHO3UPOBAHMS MIPOLIECCOB U OOBEKTOB BEAYTCS B
psle HAy4yHO-UCCIIENOBATEIbCKUX IEHTpPAX MW YHUBEPCUTETaX, TaKUX Kak
Kamudopuauiickuit yHusepcuter, MaccauyceTCKUil TEXHOJOTHUUECKUNA HHCTHUTYT,
akagemuss Microsoft, MccnemoBarenbckuii 1ieHtp Oracle (CIHIA), Kwuortckuit
YHUBEPCUTET,  TOKMHCKHI  TEXHOJOTWYECKUH  yHHBepcutTeT  (Smonus),
VuuBepcurer Wuxa, CeynbCKuii HalMOHAJIbHBIM YHUBEPCUTET HAyKH U
texHosnorui, YHuBepcuteT HWMuuo (FOxnas Kopes), TexHosornueckuii
ynuBepcuteT ceBepHoro Kuras (KHP), MoCKBCKHMII TEXHUYECKUN YHUBEPCHUTET,
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MOCKOBCKHMII TOCYIapCTBEHHBI yHHMBEpPCHTET, BbrumciaurensHbli nentp PAH,
HoBocubupckuii  rocynmapcrBeHHbli  yHuUBepcuter (Poccus), BapiaBckuii
TexHoJornueckuit yuusepcuret (Ilonbia).

B nmocnennue roapl 1o HanmpaBJICHUN HCCIENOBAHUS JUCCEPTALUN MOTYyYEHBI
CIIeIyIOlME CYIIECTBEHHbIE PECYJbTaThl: pa3palOTKa W BHEIPEHUE CHUCTEM
WMHTEJUIEKTYaJbHOTO aHAIN3a JAHHBIX IPUBENIM K YMEHBIICHUIO MOTPEIIHOCTH
aHaM3a JIaHHBIX W nporHo3upoBanms Ha 10-15%  (Maccauycerckmii
TEXHOJIOTHUECKUI WHCTUTYT, akamgemus Microsoft, MccnenoBarenbckuii 1eHTp
Oracle, = MockoBckuii ~ TOCYHapCTBEHHBIM  TEXHHUUYECKHH  YHUBEPCHTET,
Boruucnurensubiii nentp PAH, Yuausepcurer Muxa, Ceynbckuii HanmoHanbHbIN
YHUBEPCUTET HAYKU U TEXHOJIOTHH, YHHBEpCUTET MHUO); onpenenceHo CHUKEHHE
MOTPEIIHOCTH KIacCU(PUKAINK TPU MPUMEHEHUH CPEACTB «MITKUX BBIYUCICHUI
B cilyuae ciaboi (opMaIn30BaHHOCTH MPU3HAKOB, OMUCHIBAIOIIUX 00bEKT, Ha 20-
25% (TexHomoruveckuii yHUBepcuUTeT ceBepHoro Kwuras, Kamudopuuiickuii
yHUBepcUTET, CEyJNbCKUIl HALlMOHAJIBHBI YHHUBEPCUTET HAyKH W TEXHOJOTHUH,
HoBocubupckuii rocy1apcTBEHHBIN YHUBEPCUTET).

B HacTosee BpeMsi akTUBHO BENYTCS UCCIEAOBAHUS IO PA3BUTHIO CPEICTB
«MSTKUX BBIYMCIIEHHID» B paMKaX HWHTEIUIEKTYaJbHOTO aHajlu3a JaHHBIX,
OPUOPUTETHBIMU HAIIPABJICHUSMU SIBJISIOTCS HCCIEAOBAHMS 110 PaCIIMPEHUIO
BO3MOXHOCTEM  CpPEACTB  aHAJINW3a, HANPABICHHBIX HAa  MUHUMH3ALUIO
MOTPEUTHOCTEW aNbTEPHATUB MOAJEPKKU MNPUHATHS YIPABICHYECKUX pPEIICHUN
IpyU  YBEJIMYMBAOIIMXCA  00bemMax  oOpabaTeiBaeMOWl  HMHpOpMaUUH U
XapaKTEPUCTHK €€ IJIEMEHTOB.

Crenenbr M3y4eHHOCTHM TmpolJseMbl. B pe3yaprare  pa3BEepHYTHIX
IIMPOKOMACIITA0OHBIX MCCIEIOBAHUN MO pa3padOTKE CHCTEM HHTEIUIEKTYalIbHOIO
aHanu3a JaHHBIX ONHUCAHMUS OOBEKTAa IOJYYEHBl PA3BUTHIE TEOPETHUUYECKUE WU
OPAKTUYECKUE TMPWIOKEHUs. Becomble pe3ynbTarbl TEOPETHUYECKHMX OCHOB
IIOCTPOCHUSI M MCCIEAOBAaHUsA BOIPOCOB IPAKTUYECKOIO BHEIAPEHUS CHUCTEM
HNOJJEPKKU MPUHATHS PELIEHUI U 1eJIeBOr0 MOHUTOPUHIA B pa3MUHBIX chepax
HA OCHOBE ITPUMEHEHUSI TEOPUU HEYETKUX MHOXECTB, CHCTEM MHTEJUIEKTYaIbHOTO
aHanu3a U oOpabOTKH MH(POPMAIMM, CUCTEM MPHUHSATHUS PEIICHUM TMOJy4YeHbI B
pabotax Bemymux MupoBbix yueHblx Jl.3ame, P.fIrepa, A.Kodpdmana, K. Kmupa,
E.A.Mamnanu, Tepano, Cyreno, Acau, A.H.ABepkuna, A.H.bopucosa,
J.A.IlocnenoBa, P.A.AnmueBa, ®.Xepepa, T.®Oykymo, Y.Kappa, M.JIozaHo,
M.CakaBa, O.Kopmona, X.Kacumnaca, ®.Xoddmana, P.Snra, B.Kpyriosa,
A.Potmrreiina, C.I1ITo6Ba u T.1.

B nameit PecnyOnuke Takke BEOyTCS AaKTUBHBIE MCCIEIOBAaHUSA TIO
pa3pabOTKE CUCTEM HWHTEUIEKTYaJbHOTO aHajiu3a JaHHBIX HAa OCHOBE MOjelen
TEOPUU HEYETUX MHOKECTB. Y MECTHO OTMETUTH PE3YJIbTaThl UCCIECAOBAHUM B 3TOU
oOJractu T.®.bexmyparosa, M.M.Komuiosa, M.A Paxmartyinnaesa,
HI.X.®o3unosa, /. T.Myxamenuesoii, H.A.lruareeBa, A.X.Humanosa.

CBsi3p IMCCEPTALMOHHOIO HCCJIEI0BAHMA € IUIAHAMHM  HAY4HO-
HCCJIEI0BATEBCKUX Pado0T BBICIIMX Y4YeOHbIX 3aBeJCHMH OTPAKEHA B
CIHEAYIOIIMX  IPOEKTax: TIOCYAAPCTBEHHBIM  HAYYHO-TEXHUYECKUM  ITPOEKT
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('HTID)-17: Pa3paboTka COBPEMEHHBIX UH(GOPMaLIMOHHBIX CHUCTEM,
MHTEIUICKTYabHBIX CPEACTB YIpaBlIeHUS W OOyYeHUs, HAYYHO-TEXHUUYECKUX 0a3
JaHHBIX M MPOTPAMMHBIX IMPOIYKTOB, 00ECIEUHBAIONINX IIHPOKOE Pa3BUTHE U
BHEJpeHHE WH(DOPMAIMOHHBIX U  TEIEKOMMYHUKAIIMOHHBIX  TEXHOJIOTHIM
(2009-2011 rr.); rocymapcTBeHHBIH HaydHO-TexHHUeckuii mpoekT (I'HTII)-5:
Pa3paboTka WH(POPMAIMOHHBIX TEXHOJOTHH, TEICKOMMYHHKAIMOHHBIX CETEH,
anmapaTHO-NIPOTPAMMHBIX CpPEACTB, METOJOB W CHUCTEM HWHTEIUICKTYyaJIbHOTO
yOpaBlieHUss W OOy4YeHMs, HalpaBICHHBIX HAa  TOBBIIICHHE  YPOBHSA
uHpopmatuzanuu odmiectna (2012-2014 rr.).

Leap wucciaegoBanusi pa3paboTKa METOAOB, MOJEIEH M MPOrpaMMHO-
ITOPUTMHUYECKOT0 00ECTIeUeHUs] CUCTEM MHTEIUIEKTYaIbHOTO aHalu3a TaHHBIX Ha
OCHOBE MEXaHM3MOB MaT€MaTUYECKOTO anmapaTa TEOPUH HEYETKUX MHOXKECTB IS
MONJEPKKA  PEIICHWH  YNpaBICHYECKUX  3aJad  [EJIeBOr0  MOHHUTOPHWHTA
c1a00QOpMaIM30BAHHBIX IPOLECCOB U  OOBEKTOB, a TaKXKe BHEIPEHUE
pe3yJIbTaTOB UCCIIEJOBaHUM B cucTreMax MOJIJICPIKKHU IPUHATHUS
CJ1a00CTPYKTYPUPOBAHHBIX PEIICHUN.

JUis  nocTwkeHuss  uenaud  c(OpMYJIMPOBAaHBl  CJEAYIOIIME  3a4a4M
HCCJIeJOBAHMSA !

U3y4€HWE W  CHUCTEMHBIH  aHaJu3  COCTOSHUS  HCCIENOBaHUM 1O
IPOEKTUPOBAHUIO CUCTEM I1I€JIEBOIO MOHUTOPUHIA U MHTEIIEKTYaJIbHOTO aHAIN3a;

HCCIIEIOBAaHUE TEOPETUKO-METOJOJIOTHIECKIMX OCHOB pa3pabOTKH MOJETH H
METO/IOB MPUHSATHUS PEUICHUI B YCIOBUAX HEUETKOCTH,

dopMupoBaHrEe MaTeMaTHUECKON MTOCTAHOBKH 331a4l TOCTPOCHUS CTPATETUH
OPUHATHS CIA0OCTPYKTYPUPOBAHHBIX PEIICHUN MPH JIOTUKO-JTMHTBUCTUYECKOM
OTOOpaXEHUU JTAHHBIX;

pa3paboTka MeToja OpraHu3aluu 0a3 TpaBWJl JJIsi MOCTPOEHUS HEYETKOU
MOJIENIA CUCTEM MOHUTOPUHTA M MHTEIJICKTYaJIbHOTO aHaJIM3a JIaHHbIX;

[OCTPOECHUE HEUYETKOM MOoAeNu HIEHTU(PUKALIUK U pa3paboTKa METOJO0B
HACTPOWKH TapamMeTpoB 0a3bl HEYETKUX MPABUI B CUCTEMAX WHTEIUIEKTYaTbHOTO
aHajan3a JaHHBIX;

UCCIIe[IOBaHUE U pa3paboTKa METOJI0OB HEYETKOIro IMOAXO0Ja NP pELICHUU
3alad  MOCTPOCHUSI MHOTOKPUTEPUAIBHBIX MOJEIeH TMPUHSATUS  PEIICHUH,
KJaccu(hUKayyu U MPOTHO3UPOBAHUS B YCIOBUSIX HEUETKOCTH MCXOJHBIX JAHHBIX
U c1abo CTPYKTYpUPOBAHHOCTH 3a]1ay;

BHEJpeHHUE pa3pabOTaHHBIX METOJOB, MOJENeH, alrOPUTMUYECKUX W
NPOrPaMMHBIX CpPEICTB HMHTEIUIEKTYaJbHOTO aHaju3a JaHHBIX B CHCTEMax
NOJJCPKKA  TPUHATHS  CIA0OCTPYKTYPUPOBAHHBIX  PEIICHUH, MPOBEICHUE
COTIOCTAaBUTEIILHOTO  aHaiM3a  TOMYyYeHHBIX  pe3ydbTaTOB M TIPOBEpKa
s pexTuBHOCTH pa3zpabOTOK.

OO0beKT HCCiIeI0BAHUSI. CUCTEMbl MOHHTOPHHIA W HWHTEIUICKTYaJbHOTO
aHalM3a JaHHBIX IS TOJNJEPKKU TPUHATHUS PEIICHWHA Ha OCHOBE JaHHBIX
OTMCaHUs O0OBEKTOB M TIPOIIECCOB.

IIpenmer ucciieqoBaHus — MOJENM WHTEIUIEKTYaJbHOTO aHalIM3a JaHHBIX
JUTSL TIOJJICPXKKH TIPUHSATHS PEIICHWA TPU OPTaHW3alliid  MHTEJUICKTYaTbHBIX
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CHUCTEM HAa OCHOBE HEYETKO-MHOKECTBEHHOI'O IMOJAX0/1a, & TAKKE METOJbI, MOJEIN
Y aJITOPUTMBI HACTPOMKH HX MMAPaMETPOB.

Metoasl uccaenoBanuii. B mpoiecce ncciieoBaHusT TPUMEHEHBI METObI
WHTEJUIEKTYaJbHOTO aHaju3a JaHHBIX, TEOPUM HEYETKHX MHOXKECTB, TEOPUU
BEPOSITHOCTA W  YINPABIECHUS, OKCIEPTHBIE OLIEHKA, MOJCIH MPUHITHUS
c1abOCTPYKTYPUPOBAHHBIX PEIICHUM, HACTPOUKH MapaMeTpOB HEUYETKOM MOJENH,
HEYETKHE METO/Ibl TPOTHO3UPOBAHUS U KJIACCU(DUKAIIMN, METO/IbI AJITOPUTMU3AIUU
¥ 00BEKTHO-OPUEHTUPOBAHHOTO MPOTPAMMHUPOBAHUSI.

Hay4Hasi HOBU3HA MCCJIeIOBAHUSA 3aKJIIOYACTCSA B CIIEIYIOIIEM:

pa3paboTaH MeTOJ; NOCTpOoeHHs 0a3 MpaBWUil JJIS peau3alud HEYETKOU
MOJEIN IIPU CO3JaHUM CUCTEM MOHUTOPHMHIA M HWHTEJUIEKTYaJIbHOI'O AaHaIu3a
MOAACP/KKHU IIPUHATHSI PELLICHUM;

pa3paboTaHa MaTeMaTU4yecKas MOJENIb NOCTPOEHUS CTPATErMu MPUHATHUSA
CJ1a00CTPYKTYPUPOBAHHBIX peLIeHnI pu JIOTUKO-JIMHI' BUCTHYECKOM
OTOOpaXeHMM  JUIsl  CO3JaHUsl ~ CHCTEM  LIEJIEBOTO  MOHUTOPUHTAa U
MHTEJUIEKTYaJIbHOTO aHAJIN3a JAHHBIX;

pa3zpaboTaHa METOAMKA HACTPOWKHM IMapaMETpOB HEYETKHX 0a3 3HaAaHUN Ha
OCHOBE MOJU(PHUIIMPOBAHHOTO I'PAJUEHTHOTO METO/JAa U MapKOBCKON MOJAENU IS
HOBBIIIEHUS 3PPEKTUBHOCTH MEXaHU3Ma MOJJCPKKU MPUHATHS YIIPaBICHYECKUX
pELIEHUH CHUCTEMBI IL€JIE€BOI0O MOHMTOPHMHIA W MHTEJUICKTYaJIbHOIO aHajau3a
JAHHBIX;

MPEUIOKEHO OINMCAHUE METOJAOB W MOJEIEH HHTEJUIEKTyAIbHOTO aHAJIN3a
JAHHBIX HA OCHOBE HEYETKOIo Moaxoja B cinabodhopMan30BaHHBIX 33/1a4yax;

pa3paboTaHbl PEKYpPPEHTHbIE YpaBHEHUS Ha OCHOBE armapara Teopuu
HEUYETKUX MHOXKECTB I HAXOXKJICHMS ONTHUMAJIbHOM CTPATETMH B HEYETKHUX
MOJENAX LENEBOIO MOHUTOPUHTA,;

pazpaboTaHbl  OPUHLUIBI, KPUTEPUH U TPeOOBaHUS  MOCTPOCHMS
WUHTEIJUIEKTYaJbHbIX CHUCTEM IIPUHATHS YIIPABJICHUYECKHUX PEIICHUNM Ha OCHOBE
METO[0B ¥ AJITOPUTMOB MHTEIUIEKTYAJIbHOTO aHAIN3a TaHHBIX;

pa3paboTaHbl MOJETM W AJITOPUTMBI pEIICHUs 3a7ay MPOTHO3UPOBAHUS U
KJIacCU(PUKAMU HA OCHOBE MHTEJUIEKTYaJIbHOI'O aHajdW3a J@HHBIX MPH NPUHATUU
YIPABJICHYECKUX PELICHUM.

IIpakTnyeckue pe3yabTarbl HCCAECA0BAHMS 3AKIIOYAOTCA B CIEAYIOLIEM:

pa3paboTaHHbIE HA OCHOBE MATEMATHUYECKOIO ariapaTa HEeYeTKUX MHOXKECTB
JUISl UCTIOJIB30BAHUSI B KAUYECTBE DJIEMEHTOB CHCTEM HMHTEJUICKTYyAJIbHOTO aHAIN3a
JAHHBIX TP  PELIEHUU CIa00CTPYKTYPUPOBAHHBIX YMPABICHYECKUX 3a/ay
nporpamMmubie cpeactBa «Kiaccudukanus CIOXKHBIX OOBEKTOB Ha OCHOBE
HEYEeTKUX NpaBui NpuHsaTHs pemeHuity u «UKT-monutopunr» obecneunBaroT
NOBBIIIEHHE TOYHOCTU KJIACCU(UKALMU M TMPOTHO3UPOBAHMUS B  3a/ayax
COIMAIBHON U IKOHOMHYECKOU Cephl;

METOJl peanu3aluy 0a3bl HEYETKUX MpaBWI MPU MNOCTPOCHUU HEUYETKOM
MOJEH MOANEPKKHU IPUHATHS YIPABICHYECKUX PEIIECHUN LIEJIEBOI0 MOHUTOPHUHIA
1a€T BO3MOXKHOCTH (popmMupoBaHus 3HAHUKH 00 o0OBekTax W (opmanu3anuu
AKCIIEPTHBIX 3HaHUM. HacTpoiika nmapameTpoB 6a3 HEUETKUX MPABUI U AITOPUTMBI
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BbIOOpa aJbTEPHATHB TMOBBIIMIAIOT TOYHOCTh pe3yiabTatoB a0 97-99,3%, a
IPOU3BOIUTEILHOCTh MOBBIIAETCS B 1,5-2 paza ucxo/s U3 XxapakTepa 3a/1ay;

pa3paboTaH aJNropuT™M M MPOrpaMMHOE OOEclieueHUe pelIeHHs 3a7adu
IPOTHO3UPOBAHMS BBIPALTUBAHUS CEIbCKOXO3IUCTBEHHONW MPOIYKIIMA HA OCHOBE
pa3pabOTaHHBIX METOJOB M MOJIEJEe WHTEIUIEKTYaJbHOTO aHanu3a. Pe3ynbTaThl
IPEBOCXOAT CyllecTBYIoIMe nokazarenu Ha 0,5-3%. B yactHOCTH, IpH pelieHuu
3a/1ay MPOTHO3UPOBAHUS CEOECTOUMOCTHU U YPOKANHOCTH XJIOIMKa-ChIpIla TOYHOCTD
cocTtasuia 96,5-99,8%;

pa3paboTaHbl AITOPUTMBl PEATH3AIUN I[EJICBOTO MOHUTOPUHTA, MOICPKKH
MPUHATHS PENICHU Ha OCHOBE METOJOB HACTPOWKHM TMapaMeTPOB HEUYETKOMN
MOJICIIA, OTOOPaKEHBI PE3yJIbTaThl MPUMEHEHUS K 3a7adaM kinaccudukanmu. [Ipu
peIIeHNN TPUKIAAHBIX 3a7ad O0TOOpa W KiacCHU(UKAIMK COPTOB XJIOMKa B
Ynpasnennu CEJILCKOTO u BOJTHOT'O XO3SMCTBA, KJ1accupuKanuu
JIOKYyMEHTOO000pOTa B YTIPABJICHUH CPETHETO CIEIHAIBHOIO MPOPECCHOHAIBHOTO
oOpa3zoBanusi  J[PKM3aKCKOTO BHJIOSITA  OCYIIECTBIEHBI  AKCIEPUMEHTAIbHbBIE
UCCJIEIOBAHUS U 3apETUCTPUPOBAHA TOYHOCTH B 92-95%.

JI0CTOBEPHOCTh Pe3yJIbTATOB MCCJIEA0BAHUSI OOOCHOBBIBAECTCA TEM, UTO
IIPOBEJICHO MAaTeMaTHYE€CKOE UCCIIEIOBAHUE MPEJIOKEHHBIX METOJ0B U MOJIENeH
WHTEJUICKTYaJbHOTO aHaIW3a JAHHBIX MPU 1EJIEBOM MOHHMTOPUHIE U TMOAJEPKKE
OPUHATUS  YIPABICHUYECKUX PEIICHUN, OCYIIECTBICH CpPaBHUTEIbHBIA aHAIN3
MOJYYCHHBIX (OPMYJT H BBIKJIIAJIOK C pPEATbHBIMH M OKCICPUMEHTAIBHBIMU
JTAHHBIMH Ha OCHOBE OOIIETIPUHATHIX KpuTepueB. JIIsl OIEHKH pe3yJbTaToOB
HCCICIOBAaHNM Ha WX HEMPOTHBOPECUYUBOCTH MPOTECTHpOBaHA 3S(PPEKTUBHOCTH
MPOTPAaMMHBIX ~ KOMIUIGKCOB  JIII  peIIeHWs  3amad  Kiaccu(uKaruu |
MIPOTHO3UPOBAHUS TT0 O0BETMHECHHBIM JTAHHBIM.

CpaBHHTENBHBIN aHaMM3 A(OPEKTUBHOCTH TPOTPAMMHBIX CPEACTB IS
QITOPUTMOB C HEYETKUM IMOAXOJOM IMPOBEACH IO KPUTEPUI0 MUHUMHU3AIUU
OmMUOOK TEJIEBOT0 MOHUTOPHHIA, B aJbTEPHATUBAX TOMJCPKKH TPUHITHUS
yIPABJIICHUYECKUX PEIICHUNH B YCIOBUSAX HEUYETKOCTH HWCXOJHBIX JaHHBIX U
cnabo(opMaIM30BaHHBIX CIOKHBIX 33J1a4.

Hayuynass M mnpakTuyeckasi 3HAYMMOCTH Pe3yJbTATOB HCCJIeT0BAHUA.
Haydnast 3Ha4MMOCTh TMOJYYEHHBIX DPE3YJIbTATOB HCCIEAOBAHMS 3aKIIOYAETCS B
TOM, YTO MPEJJIOKEHHBIE METObI, MOJIEIIH, AJITOPUTMBI U TIPOTPAMMHBIE CPEJICTBA
MONJICP)KKU  TIPUHATHSA ~ pelieHud  cimabodopMaan3oBaHHBIX — 3amad  Cy)KaT
Pa3BUTHIO  TEOPHUM  IOCTPOCHUS  CHCTEM  IIEJICBOTO  MOHUTOPHWHTA U
MHTEJUICKTYaJbHOTO aHajdu3a JaHHBIX C TIOMOIIBI0O HACTPONKH IMapaMeTpoB
HEYCTKOW MOJICIN, METOJ0B MACHTU(UKAIINN, 00ECIIeYNBAOIINX TPO3PAYHOCTh H
IPOCTOTY TPHHATHS penieHUu B ciaado]opMaaIn30BaHHBIX 3ajJadaX Ha OCHOBE
HEYCTKOM MOJACIM ®  JIOTHKO-JHMHTBHCTHYECKOTO OTOOPAKEHHS JaHHBIX,
WHTEJUICKTYyaJIbHOH 00pabOTKM MCXOAHOW wHpOpManuu, KiacCuPuKamuu u
MIPOTHO3UPOBAHUS.

[IpakTuueckass  IIEHHOCTh  pabOTBHl  3aKJIIOYAETCS B MPUMECHCHHUH
pa3pabOTaHHBIX MOJIENIEH W aJTOPUTMOB B COCTABE CHUCTEM HHTEIUICKTYaJbHOTO
aHanu3a WH()OPMAIMOHHBIX PECYpCOB Kak CPeACTB (HOPMHUPOBAHHUSI CHUCTEM
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MOJJICPKKU MMPUHATHS PELIEHUN U B TOBBIICHUH MMOKA3aTEIEeH TOYHOCTH PELIEHUN
pelIeHus 3a7a4 MPOTrHO3UPOBAHUS CEIbX03 KYJIbTYp MPHU peaiu3anuud pa3padboTok
Ha 2-5%. IIpou3BOIMTEILHOCTh aHUIM3A JTAHHBIX MPU (POPMUPOBAHUU PEIICHUN
JUTSL TIOJIEP KKU TPUHATHS YIPABJICHUYECKUX PEIICHUN MOBbIIIEHA 0ojiee 4YeM B
1.5-2 pa3za. Pa3zpaborannasi 6a3a HEUETKUX MPABUII MO3BOJISIET YCOBEPILIEHCTBOBATD
anmnapaT HEUeTKHUX BBIBOJOB JIJISl IPUHSATHS CIa00CTPYKTYPUPOBAHHBIX PEUICHUH.

Buenpenne pe3yJibTaTOB HCCJIeIOBAHUA. ABTOMaTHU3UPOBAHHAS
uHpopmanmonHas cucrema «AKT MoHUTOpWHT» NMpuMEHEHa MpPU MOHUTOPUHTE
MPOIIECCOB BHENPEHUS WH(GOPMAIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOTHA B
HallMOHAIBHOW CEeTH «DJIEKTPOHHOE OOpa30BaHHE», aBTOMATH3aLUHU 3JIEMEHTOB
ynpaBieHuss MUHUCTEPCTBA BBICIIETO M CPEIHETO CHEIHAIBHOTO 00pa3oBaHUs, a
METOJIbl, MOJICIM U AJITOPUTMbI MOIJCPKKH MPUHATUS PEUICHUA B CUCTEMaxX
yIOpaBJeHUs] TPUMEHEHBI TpU (POPMHUPOBAHUHU KOMIUIEKCAa HH(POPMAITMOHHBIX
cucteM «TabpnumM» B paMKax CHCTEMBI «ODJIEKTPOHHOE MPABUTEIbCTBOY.
Buenpenue cpenctB u MeTonoB 00paboTku MHGOpMaIMK, WHPOpMATU3AIMH, a
TaK)Ke JIPYTUX HAYYHBIX pa3pad0TOK MO3BOJIMIIMA JIOCTHYb YMEHBIIIEHUS PACX0JI0B
Ha opraHuzaiuio mnporecca Ha 12% (CmpaBka MuHHCTEpCTBa BBICIIETO U
CpeaHero crnernuaibHoro oopaszoBanus Pecnybnuku Y36ekucran Ne 89-01-129 or
25.05.2015 rona).

[Iporpammubie kommuiekchl «ITPACK-2» u «HeweTkas xkmaccudukamms»
MPUMEHEHBl TPU PEIICHUU 3ahad (HOPMHUPOBAHUSA AIBTEPHATUB MOJJIEPKKU
MIPUHATHUS pellieHus B yrpaBiieHMH CelbCKOTO M BOJHOTO XO3SCTBA, a TakKe B
VOPABJICHUH  CPEIHET0  CHEUUAJBbHOTO  MPOPECCHOHAIBHOIO  00pa3oBaHUs
Jlxu3zakckoro BujiosiTa. B pe3ynbrate NpOrHO3UPOBAHMS — CEOECTOMMOCTHU
MPOAYKIMU U YPOKAUHOCTU OCTUTHYTA PAYUTEIBLHOCTh pecypoB Ha 5% 3a cuer
KIaccu(puKalui  ONTHUMAJIBHOTO  COCTaBa  JJICKTPOHHBIX  JIOKYMEHTOB U
KOHTHUHTEHTa COTPYIHUKOB TPOU3BOJUTEIBHOCTh paboT yBenudeHa Ha 12%,
oOmasi romoBasi skoHOMHUYecKas 3G(HEKTUBHOCTh cocTaBuia 215,5 miH. cym
(CrpaBka xoxkumusita [Jxuzakckoro Busosita Ne04-229 ot 02.04.2015 rona).

Anpofauusi pe3yJabTaTOB HCCJaeA0BaHUA. Pe3ynbTaThl HCClIeI0BaHUSA
anpoOupoBaHbl Ha 15 HAyYHO-TIPAKTUYECKUX KOH(MEPEHIUAX, B TOM YHCie Ha 12
MEXIYHApPOIHBIX CUMIIO3UyMax U ceMuHapax, B yacTHoctu Ha «[CEIC 2008». The
o International conference on Electronics, information, and Communication
(Tashkent-2008), «WCIS-2008» World conference on Intelligent Systems for
Industrial Automation. (Tashkent-2008, 2010), Mexnaynapoaaom Cummnosuyme
«UuTemnekryanbubie cucteMbl» (INTELS'2008, 2010 - r.Hwxkuuit Hosropop,
r.Bnagumup, Poccust), II Beepoccuiickoit kondepeniuu «3Hanust — OHTOJIOTHU —
Teopun» (HoBocubupck-2009), MexayHapoaHOW KOH(pEpPEHIMH «AKTyaJlbHbIC
npoOJieMbl TIPUKIIAJHOW MaTeMaTUKH W WH(POPMAIIMOHHBIX TEXHOJOTUHA — Al
Xopasmuit 2009» (Tamkent-2009), PecnyOnukaHCKOW HaydHOH KOH(EPEHIIUH
«HoBble Teopembl MonoAbIXx MaTemaTukoB — 2009» (Hamanran-2009), 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-
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2010), PecnyOinkaHckux HAyYHO-TIPAKTUYECKUX KOH(EpEeHLIUAX
«uadokommynukarmonubie  TexHosorun»  (TamkenTt-2010), CoBpeMeHHOE
COCTOSIHUE U TEPCIEKTUBBI Pa3BUTHS MHPOPMALMOHHBIX TexHOnorui (TamkeHt-
2011), Mexnaynapoanoii A3uarckoii mkoje «I[IpoGieMpl ONTHMHU3AIMK CAOKHBIX
cuctem» (Tamkent-2011), O0bequHeHHOM ceMuHape «MeToabl ympaBjieHUS U
MOJIeNTUpoBaHus» MHCTUTYTa BBIYUCIUTEIBHOM MaTEMaTUKU M MaTEMaTUYECKON
reopuszukn CO PAH, HoBocuOupckoro rocyaapCTBEHHOTO YHUBEpPCUTETa U
HoBocuOupcKkoro rocy1apcCTBEHHOIO TEXHUYECKOTO YHUBEPCUTETA.

Ony0/MKOBAHHOCTH pe3yJabTaTOB MccienoBanus. [lo teme nuccepraiuu
onyonukoBaHo 41 HayyHbIX pabor, B TOM uucie 4 HAay4dHbIX CTaTbU B
MEXIyHApOIHBIX JKypHAJIAX.

CTpykrypa u 00beM guccepTranuu. JlucceprannonHas paboTa COCTOUT W3
BBCJICHHS, ISTH TJaB C BBIBOJAMH, CIHCKAa WCIIOJIH30BAHHON JIMTEPATYPHI,
3akiroueHus, 13 mpunoxenudt, cogepkut 200 cTpaHul] TekcTa, BKIOYaeT 954
pucyHka u 14 tabmui.

OcHOBHOe coepxkaHNe JUCCEPTALNHA

Bo BBegenun npuBoaATCs 000CHOBAHUE aKTyaJIbHOCTH U BOCTPEOOBAaHHOCTHU
JUCCEPTALMOHHOIO UCCIEI0BAHMSI, ONIMCAHUE LEIU U OCHOBHBIX 33Ja4, a TaKKe
OOBEKTOB M TNPEAMETOB, COOTBETCTBUE NMPUOPUTETHBIM HANPABICHUSAM pPa3BUTHS
Hayku U TexHosorun PecnyOnukum VY30ekuctaH,  HayyHas ~ HOBHU3HA U
MPAaKTUYECKHE PE3yJIbTAaThl, TEOPETHYECKass M MpHUKIagHas 3HAYUMOCTh
pE3yNbTaTOB, CBEICHUS 00 OIMyOJIMKOBAaHHOCTH padOT U CTPYKTYpPE AUCCEPTALIUU.

B nepsoii riaBe «CucTeMHBIN AaHAJINU3 COBPEMEHHON COCTOHMU CHCTEM
HHTE/VICKTYAJIbHOI0 AHAJIM3A JAHHBIX» [IPUBEACH aHAIU3 padoT 1o pa3paboTke
Y UCIOJIb30BAHUIO CUCTEM HHTEJUIEKTYaJIbHOTO aHajiu3a JIaHHBIX U MPUMEHEHUs
anmapaTra TEOpHHM HEYETKHX MHOKECTB IMPHU PELIEHUU PA3IUYHBIX MPHUKIATHBIX
3amad.  OnMcaHsl BONPOCHI  peajlu3allid  OCHOBHBIX LeJIed MW 3a4ad
JMCCePTAMOHHOM paboThl. B yacTHOCTH, MPOBEIEH aHaIM3 MOIX00B K PEIICHUIO
3aJad TPOTHO3a U KJIACCU(DPUKAIMM, SBISIOMIUXCS COCTABHBIMU 3JIEMEHTaMHU
CUCTEM MHTEJUIEKTYaJIbHOIO aHajin3a, HU3y4eHbl METOJbl (opmMHupoBaHUs 0Oa3
HEYETKUX IPABUJI MPHU PeaU3aluu 3THX MOJIXOJO0B, a TAKKE€ METOABI U MOJEIH
pa3paboTKU CHUCTEM MOAJEPKKH MPHUHATHS PEUICHUA MPU HEYETKOCTH MCXOIHBIX
JaHHBIX, chopMynHpoBaHa oOmas MaTeMaThyeckas IIOCTaHOBKa 3aJauu
NOCTPOEHUSI CTpPATerMv NPUHATHS CIA0OCTPYKTYPUPOBAHHBIX PEHICHUN TpH
JIOTUKO-JTMHTBUCTUYECKOM OTOOpPaKEHUU JAHHBIX.

OnucaHbl TEOPETUYECKHE OCHOBBI MOCTPOCHUS MHTEIIEKTYaJbHBIX CHUCTEM,
OPUBOJSATCS OPraHU3ALMOHHBIE 3JIEMEHThl U (YHKUHUOHAIbHBIE COCTABIISIIOIINE
UHTEJUIEKTYaJbHbIX cucTeM. M31moxeHbl 000CHOBaHHBIE COOTBETCTBYIOIIUMU
YTBEPKJICHUSAMH HEUETKHE MOJX0/Ibl K TOCTPOCHUIO UHTEIUIEKTYaIbHBIX CUCTEM.

Ha mnpumepe 3amad mnporHO3MPOBAHMS M KiIaCCU(PHUKAIMKM OCYILECTBICH
aHayu3 paboT MO OpraHU3alMU CUCTEM MOANEPXKKH MPUHATHS PEIICHUN, KOTOpbIE
SBJISIFOTCSL OJTHOM U3 OCHOBHBIX ITOJICHCTEM MHTEJUIEKTYyaJIbHBIX CHCTEM.

IIpoBeneH CHUCTEMHBIM aHAIW3 MOJEJIEW M METOAOB NPHUHATUS DPEIICHUM B
HEYETKHX YCIIOBUSX, Kiaccuukauu u cucreMarusanuu. Onucanbl CTaTHUECKHE
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U JUHAMUYECKHE MOJIEJIM CUCTEM MPUHATHS PELIEHUH, COCTABHBIE YaCTU ISATH
B3aMMOCBSI3AHHBIX  [OAMHOXECTB MPHUHATUS  PEUIEHUA IO  KOHKPETHOM
NpeIMETHOM O00JIaCTU W 4YeThIpe dTama MNpOUEAYphl MNPUHATHUS PEIICHUN TI0
npeaMeTHoM obnactu. M310oKeHbl TpU COCTOSIHUS HEYETKOTO OMUCAHUA 3aJadyd
IPUHATHS PEIICHUI.

Hanee cdopmynupoBaHa oOIIas MaTeMaTHYeCcKas IIOCTAHOBKA 3aJauud
MOCTPOEHUSI CTpPATErMv NPUHATHS CIA0OCTPYKTYPUPOBAHHBIX PEHICHUN TIpH
JIOTUKO-TMHIBUCTUYECKOM OTOOPAKEHHHM JIAHHBIX, OIHCAHBl ONpPENEICHUs U
MPOLIEIYpPbl HEYETKUX MHOXKECTB, PAa3MEPHOCTH BEPOATHOCTEH, HEYETKUE
OTHOILIEHMS NIOCJIENOBATENBHOCTEMN.

Hapsiny ¢ sTumMu mpuBeieHa 0000IIEHHAs CTPYKTypa CHUCTEMBbI MPUHSITHS
pelIEHN HAa OCHOBE MPOBEJCHHOIO CHUCTEMHOIO aHajau3a W OIPEACICHUN.
OO06oO1IeHHas CTPYKTypa pealu3alldd CUCTEMbl NPUHSATUS PEIICHUN CIIYKUT
OCHOBOW JIJIs1 TIPeJIaraeMbIX MOJIXO0JIOB MOCTPOCHMUS HEYeTKUX Mojieneit. (puc.1.)

OcymecTBiieHa peanu3anys HaCTPOMKHY ITapaMeTPOB HEUETKON MOJEIIN ITyTEM
UACHTU(UKAIIMK HEYETKOM MOJEIM ¢ PEIICHbl 3aJaud CTPYKTYpHOU H
napaMeTpuuecKoi uaeHTupuKauuu. B mpouecce HacTpOHKH, HEUETKON MOAENH, a
TaKXe C €€ MOMOILBI0 CPOPMUPOBBIBAETCS HEUETKasl 0a3a MpaBuUIl, YTO SIBISETCA
KJIIOYEBBIM MOMEHTOM (OPMHUPOBAHUS 0a3 3HAHUM.

Bropas rnaBa «Meroabl HHTEIEKTYaJbHOI0 AHAJW3A [IaHHBIX,
No//IepKUBAIOIIMeE PUHATHS PeLlIeHU B cUCTeMaXx 1eJ1eBOr0 MOHUTOPUHI A
MOCBAIIEHA Pa3padOTKe HEYETKUX MOJeNed 3aJad HUICHTU(UKAIUU Ha OCHOBE
HEYETKUX NPaBWJI MPU NOCTPOCHUU HMHTEIUIEKTYalbHBIX CHCTEM, pa3zpaboTaH
MoAXoA K (POPMUPOBAHUIO SKCHEPTHBIX OLEHOK MPU HUICHTU(DUKAIUU HEUYETKUX
MOJEEN.

[Ipy mnocTpoeHMH WACHTU(PUKALMOHHON MOJAEIN PpPacCMOTPEHBI 3a7ayH,
CBSI3aHHBIE C pPa3pabOTKOM CHUCTEMbl HEYETKHX BBIBOJIOB U MPEIJIOKEHO IS
MOJIYYEHHUSI BBIBOJOB MCIOJIb30BaTh Moieii Mamaanu u CHHTIITOHA.

MpuasTae pemennii

i

‘ CucTeMa moJJep:KKH OPHHATHA pelmleRn it ‘

?
| |

Heuerxan TIporHO3HpORAHHE Knaccudukarms
HAeHTHOHKAIHI
1 t t
‘(I)OpMH‘pOBaH}Ie HETSTKHX 0a3 3HaHHﬁ‘
Hactpofixa mapaMeTpoE HedeTKOH
CrpyeTypHas IMapameTpraeckasn MoIemH H bopMHEpOEaHHE Da3EL
uneHTHOHKAIHA uaeHTHHKAHA IpaEmI

i i
?
TocTpoeHHe MOJETH C

TIOMOITEED HedeTKOH 033kl
3IHAHHH I
i

Pucynox 1. O000111eHHAas CTPYKTypa peann3aluy CUCTEMbI PUHATUS PEIICHUI
39



Jis  CTpYKTypHOM UWACHTHU(PHUKAIMN TPEAJOXKEH TMOAXOA KIACTEpHOTO
aHaJlu3a W CYOBEKTHUBHOTO paclpeiesieHUus] JaHHbIX, Ha OCHOBE KOTOPBIX
pa3paboTaH METOJ1 PEeLIEHUs 3a]jaul IPOEKTUPOBAHNS HEUETKUX 0a3 IpaBuJl.

Pemens! 3amaun, cBsi3aHHbIE ¢ (POPMHUPOBAHMEM SKCIEPTHBIX OLIEHOK IPH
IOCTPOEHUU HEYETKOW WJIeHTU(UKALIUOHHOW Mozaenu. Pa3paboran aiaroputm
IIOCTPOCHUST MOJEIU IPOTHO3UPOBAHUSA YPOXKAWHOCTU B YCIOBUSAX HEUETKOCTH
UCXOJHBIX JAaHHBIX, HCIIOIB3YIOIMIUNA MEXaHU3M U IPOLEAYPHl JIOTUHYECKHUX
BBIBOJOB.

B o0mem Buzae 3agaya MPOrHO3UPOBAHMS B YCIOBUSAX HEOINPENEICHHOCTH
(GopmynupyeTcs cieayomuM 00pa3oM.

3amasbl: X = (X,,X,,...,X,) — BXOJHBIE MapaMeTpbl, XapaKTEPU3YIOLIUE
3HAQYCHUs BHEIIHEH Cpeabl IIPOTHO3UPYEMOW CHUTyallUM M OIIKMCHIBAIOLIUE
BAapUAHTHI pelieHu; Y =(y,,Y,,..., ¥,,) — BBIXOJHBIEC IAPAMETPBI, XapaKTEPU3YIOLIUE

3HAYEHHS MPOTHOZMPYEMOUM CHUTyallMd W ONMCHIBAIOIINE MOCIEACTBUS (UCXOAbI),
BO3MOKHBIE B pe3ysbTaTe peanusauuu pemenuit; W = (W,,\W,,..,W,) — mapaMmerpsl

OLICHOK pEeLICHUI U uX ucxonos; P =(R,P,,..., B ) — mapaMeTpsl HEONPEAECIEHHOCTH
BO BXOJHBIX U BBIXOJHBIX ITapaMeTpax U UX OLCHKaX.

Mozenb MporHo3uPOBaHHsI ONUCAHA B BHIE
M, =< X,Y,W,P >. (1)

prog
Monens nporao3upoBanus (1) BkimtoyaeT:
- MOJIEJIb TPOOJIEMHOM CUTYyaIluu TPOTHO3UPOBAHUS
M, =< X,Y,R, y >;
- MOJIENIb OLIEHKHU MTPOTHO3HBIX 3HAYCHUH Y
M,, =<M, ,W,R,, >, (2)
rae P, , —IapaMeTphbl HEONPEAEICHHOCTH BXOAHBIX M BBIXOJHBIX IIAPAMETPOB;

Pyy — MapaMeTpbl HEOIPEACIECHHOCTH OLIEHOK Y ; P=(R, ,,R, ).

Mogens (2) peamusyer oroOpaxkenue F:(X,W,P)—Y. C yd4eToM 3TOro
paccMaTpuBaeMylo 3a71auy MPOrHO3UPOBAHUS MOKHO MPEICTABUTH B BUIE

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

Omnepatop F npu HalnM4yuM MapameTpoB HeompeneiaeHHoctu P=(R ,,R,y)
NpeACTaBiseTCs, Kak TMpaBuio, B BUAE MIrkux Mojened. Haubonee
pacrpoCTpaHEHHBIMU MOJEISIMA TaKOTO THMA SIBISIOTCS MPOAYKIIMOHHBIE U
HeWpoceTeBble, BXOJIHBIC M BBIXOJHBIC MapaMeTPbl KOTOPHIX MPEICTABISIOTCS B
BUJIC HEUETKUX TEPMOB.

B pabore wuccnemyercs 3amada  MPOTHO3UPOBAHUSA  YPOXKANHOCTH
XJIOIYAaTHUKA, B KOTOPOM CTPyKTypa oOried moaenu (3) onuchiBaeTCsl HEYETKOU
Mozenbto tuna CyraHo. B paccMarpuBaeMoll MOCTaHOBKE Ipeasiaraemasi MOJIelb
MIPEJCTABIIACTCS COBOKYITHOCTBIO HEUETKUX MpaBUII NPOAYKIUI
(JIMHIBUCTUYECKUX BBICKA3bIBAHUI) CIETYIOLIETO BUIA

ECJIM [(x, =a/)H(x, =a] )U..H(x, =al)] (c Becom W)
WM [(x, =a/*)H(x, =a)®)d..H(x, =a)*)] (c Becom W, )
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(4)
WIN [(x, =a )1 (x, =al 1. d(x, =a™)] (c Becom wi, ),

VA [(x, =2/ ) (x, =) ) .. H(x, =a)")] (c Becom w, ),
TO v, =bj’0 +bj,1 X -I-bL2 - X, —l—...-i-bLn - X,, I BCEX | =1m,
rae: j = 1m — HOMEp IIpaBHIIa,

1P;j o
q ' — JIMHTBUCTHYECKUM TCPM, KOTOPBIM OHNCHUBACTCA IICPCMCHHAA X, B

CTPOKe-KOHBIOHKIMH ¢ HoMepoM P; =LK; j-ro mpasuia;

k j — KOIMYECTBO CTPOK-KOHBIOHKIIHMN, COOTBETCTBYIOIIUX  KIIACCY
3aKJIIOUEHUH Y, 3HAUECHUS KOTOPBIX OILIEHUBAIOTCS JIMHIBUCTHYECKMM TEPMOM d; ;

Wi, — 4ncio B quamnasone [0,1], koTopoe xapakTepusyeT Bec BbICKa3bIBAHUS C

HOMEPOM jp; .

X;, i =1,n — BXOJAHBIE IEPEMEHHBIE;
Y, — BBIXOJIHas NEPEMEHHAs (IPOrHO3HOE 3HAUYEHUE YPOIKAKHOCTH).

B oOmeMm ciiyqae B KauecTBEe TEPMOB JJi OIICHKHM BXOJHBIX M BBIXOJHBIX
napaMeTpoB HEYETKHUX Mozenein MIPOTHO3UPOBAHUS UCIIOJIB3YIOTCS
kBaHTHUKaTopel Tumna: Ouenb Hu3kuM, Huskuit, Hwke cpegnero, Cpemnwuii,
Briie cpeanero, Beicoknii, OueHb BbICOKHI. CucTeMa MPOAYKIIMOHHBIX MPaBUII
(4), onuchIBaroIIas MOJIETh TPOrHO3UPOBaHUs o01iero Bua (1), mpencrapisercs B
HEYETKOM O0a3e 3HAHUN CHUCTEM MPUHSTHUS PEIICHUH MO MPOTHO3HOW OIICHKE
YPOKAMHOCTH.

[Topsimok mpaBUJT MaTPUIILI SKCIIEPTHBIX 3HAHUN OTpPa)KaeT CBSI3U BBHIXOJIHOTO
(TpOTHO3UPYEMOT0) TEpMa MOJEIINU MCXOJAS U3 HadalbHBIX yclIoBHH (4) mepuojaa
MoceBa W BereTaluu B CEIbCKOM xo3siiicTBe. HawanbHbie ycioBus (4), B CBOIO
odepe/lb, OMUCHIBAIOT KOHKPETHYI) KOMOWHAIIMIO TEPMOB BXOJHBIX MEPEMEHHBIX
MOJEIIH.

Jlanee W3MOKEHBI BOMPOCHI Pa3pabOTKA MOJETU HISHTU(UKAIUU B BUJE
CHUCTEMbI HEUETKHUX BBIBOJOB, COCTOSIIIEH U3 HEUETKUX MPABUII MYTEM pealnu3aiun
CHUCTEM BBIBOJIOB B Mojesix Tuna CuHrnToHa 1 MaMjaanu.

[IpuBeneHbl METON M AJNTOPUTM PEUICHUS 3aJa4yd MOCTPOEHUS MOJEIU Ha
OCHOBE TPEIJIOKCHHBIX 0a3 HEUETKHX MpaBWwi. MeToJ W aJrOpuTM SBIISIFOTCS
COCTaBHBIMHM JJIEMEHTAMU CHCTEM HWHTEJJIEKTYallbHOTO aHajdu3a JaHHBIX s
MOAACPIKKU MIPUSHTHSI PEILICHUIA.

[Ipennoxxen wmeTon TMOCTpoeHHMs 0a3bl HEYETKUX IIPaBUJ, Ha OCHOBE
YUCJICHHBIX JIaHHBIX, JOCTOMHCTBA KOTOPOTO 3aKJIOYAIOTCS B MPOCTOTE H
BBICOKOUN 3((HEKTUBHOCTH. DTOT METOJI MO3BOJIAET OOBEAUHATh KOJTUYECTBEHHYIO

uHpopManmio B popme 00yUyaromMX AaHHBIX C JUHTBUCTUYECKOW MHGOpMAaIUEeH,
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uMerotel By 6a3bl IPaBuUIl, 3a CYET JOIMOJHEHHSI HMEIOIIEHCsT 0a3bl MpaBUIIAMH,
CO3JIaHHBIMH Ha OCHOBE YHMCJIEHHBIX JAHHBIX.

JlomycTuM, 9TO MBI co3/laeM 0a3y MpaBWI JJIi HEYETKOM CHUCTEMBI C N
BXOJaMH U OJHUM BBIX0JI0M. OUeBHUIHO, YTO ISl ATOTO HEOOXOAUMBI 00yUarOIINe
JTAaHHBIC B BUJIE MHOXKECTBA Tap

(X (1), %, (1),...x, (1),d (1)), 1=1,2,...,
rae X (i),X,(1),....x,(I) — curnamel, mogaBacMble Ha BXOJ MOXYJIS HEYETKOTO
ynpasienus, a d(i) — oxugaeMoe (3TAIOHHOE) 3HAYCHUE BBIXOTHOTO CHTHAJIA.

IIycte X — MeTpuueckoe npocTpancTBo U I : X — R omnpeneneHHas Ha HeM
Mmetpuka, (Xi,...,X,) € X —IociaeqoBaTeNbHOCTh JIEMEHTOB U3 X.

Torma [ KaXmaoro HHACKCA | MOXHO  ONPEACIHTh  (PYHKIIHIO,
OIMCHIBAIOIIYI0O MEPY CXOACTBA | -Oro 3JIEMEHTAa IOCJIEI0BATCILHOCTH C | -BIM

DJICMCHTOM:
&f,...np—]o1],
- d(X;, X;)
si()=1- max{d(X,, X,) ke {L...n}}
I[J'ISI KaxKa10ro HMHIACKCa I OIIPCACIIACTCA ¢)YHKHI/I}I, OIIKMChIBaromasa McCpy
CXOIACTBa k -0Iro 1 I -0T'0 2JIEMEHTA OTHOCUTCIIBHO I -0r'0 2JIEMCHTA:

¢ {L...n}" >[01],

ci(k1) 3:1—‘§i(xk)—§i(x|)‘-

Onpenensiercs pekypcuBHas GyHknums it K =1,2,...,n
wu:f,...n}* —[0,.1],

@ N
{,u (i, §) = u(i, j), (5)

2% (i, ) = max{min{u“2 (i, s), u*2 s, )} s € f,....n}}
1Mi,i) =1, Vi, k. (6)
129G, )= u® vk > 2.
Juis a €[04 u i, j,....jy, j € {L...n} cupasemmBo:
1y j)eett(js ) 2= 1 (0, j) 2 a.

[lycts @ € [0,1], I, J,k e {ln} 5 ,u(k) (i, j))> . Torma cymecTByer Takoe

YHCII0 M ¥ HHAEKCH ..., ], € {L,...,n}, 4TO
(i, i)seett(ins ) 2 .
Iycts a €[01], i, jyme{L..n} u ™G, j)>a,x®(m)2a.
Torna
1M (@i,m >«

st ae[O,l] ONpEeleNUM Ha MHOXKECTBE {Xi,..,X,} OMHapHOE OTHOIIEHUE

R, < {X,,.., X, }” criemyronum 06pazom:
(Xi, X;)eR, = 1, ) > a.
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OtHomieHne R, SBISAETCS OTHOUIEHWEM SKBUBAJIEHTHOCTH, KOTOpPOE
pa3OuBaeT  MHOXKECTBO { Xy X} HAa  HENEepeceKaroluecs  KIacChl
SKBHMBAJICHTHOCTH. J[Ba deMeHTa X;, X, BXOAAT B OAUH KIACC SKBUBAJIEHTHOCTU

TOTJ[a ¥ TOJIBKO TOT/a, KOrjaa 3HaueHue QyHKIUU 4 OT 3THUX 3JEMEHTOB BEIIHKO,
4yTO Ha OCHOBaHUU (5), (6) SKBUBAJIEHTHO CYIIECTBOBAHUIO MOCIEAOBATEIILHOCTH
nap s3JeMeHToB (X, X;),(X;, X, ),....(X; ,X;), Ha KOTOPbIX 3HA4YCHUEC byHKIIUU 1
Benuko. [lo onmpenenennio x4 o3HavaeT OJMU30CThH AJIEMEHTOB KaXKJIOM Mapbl IpyrT
IpYry, T.€. IBa 3JIEMEHTAa BXOJAT B OJIMH KJIACC 3KBUBAJIEHTHOCTH TOTJA U TOJIBKO
TOTJIa, KOTJIa MEXIy HUMHU €CTh MOCIE0BATEIIbHOCTh MOMApHO OJMU3KUX JPYT K
IPYTy 3JIEMEHTOB.

3amaya CHUCTEMbl MHTEIUIEKTYaJIbHOTO aHalW3a JAHHBIX [JIS TOAJIEPKKH
NPUHATUSL  YIPABJICHYECKUX PpEIICHUN 3aKiovaeTcss B (POPMUPOBAHUM TaKHX
HEUETKUX TMPaBUJI, YTOObI CKOHCTPYHUPOBAHHBIA HAa UX OCHOBE MOJYJIb YIIPABIICHUS
IIPU TIOJYYEHUH BXOJHBIX CHUTHAJIOB TIE€HEPUPOBAI MMEIOIINE HAUMEHBIIYIO
MOTPEIIHOCTh BBIXOJHBIE CUTHAJIBL. Hike MPpUBOIUTCS aJITOPUTM MOCTPOCHMS Oa3bl
HEYETKUX MTPaBUIL:

[[lar 1. Pa3nenenue nPOCTPAHCTB BXOJAHBIX M BBIXOJAHBIX JAaHHBIX Ha
obJacTu.

[IpencraBuM, 4TO M3BECTHO MUHUMAJIBHOE U MAaKCHUMAJIbHOE 3HAYEHUE KAKIION
BXOJHOW M BBIXOJHOM HMH(popmanmu. [lo HUM MOXHO ONpeAeTuTh UHTEPBAILI, B
KOTOPBIX HAaxXOIATCA JIONMYCTUMbIC 3HAUY€HHUA. [l BXONHOrO CHUrHama X, TaKou

uHTEpBa 0003HauuM uepe3 [Xi, X ]. Ecnu 3HadeHust X; M X; HEU3BECTHBI, TO

MOKHO BOCITIOJIB30BaTbCsA 06y‘IaIOHII/IMI/I JaHHBIMH 1 BBI6paTI> N3 HUX COOTBCTCTBCHHO
MHHUMAaJILHOE ¥ MaKCUMaJIbHOE 3HAUCHHS. AHAJOTUIHO JJI1 OTAJIOHHOI'O CUT'HAJIa d

onpenenuM uatepBan  [d7,d"]. Tloap3ysach BBEIEHHBIMH KaueCTBEHHLIMU
TEPMaMH Y 3HAHUSAMH IKCIIEPTA MPEICTABUM COOTHOIIICHHS B BHJIE TaOTUIIBI.

[IIar 2. [TocTpoeHHe HEYSTKUX MPABUI HAa OCHOBE OOYYAIOIIMX JaHHBIX.
Bhavane omnpenenuM — CTeNeHW  MPUHAIICKHOCTH  OOYUYAIOMIMX  JTaHHBIX
(X, (1), %, (1),....x, (1),d (1)), i1=1,2,..., x Kaxmoil obyacT, BBIJEICHHON Ha mmare 1.
Ot creneHW OyIyT BBIpAXKAThCS 3HAYCHUSIMA — (DYHKIIMA TPUHAUIC)KHOCTH
COOTBETCTBYIOIINX HEUCTKUX MHOMECTB JIJISl KKIOM TPYIIIIbI TaHHBIX.

AHanuTndeckas MOACIIb (bYHKHI/II/I MPHUHAOJIC)KHOCTH UMECT BU/:
1

1+(u—bj2'
c

[ar 3. HaznayeHue Kax1oMy paBUly CTENIEHU HCTUHHOCTH.

Kak mpaBuno, B HadM4MKM MUMEETCS OOJIbLIOE KOJIMYECTBO Map 00y4arolux
JAHHBIX, TI0 KKJOW U3 HUX MOXKET ObITh CHOPMYIUPOBAHO OJHO MPABUIIO, TOITOMY
CYLIECTBYET BBICOKAas BEPOATHOCTb TOrO, YTO HEKOTOPBIE M3 OTUX IPABUII
OKaXXyTCS TMPOTUBOPECYMBBIMU. IJTO OTHOCHUTCS K IpaBWIaM C OJHHM MU TEM K€

YCJI0OBHUEM, HO C pa3HbIMU BBLIBOJAMM. OI[I/IH N3 MCTOOOB PCHICHMA 3TOU HpO6JI€MBI
3aKIIIOYAaCTCd B HA3HAUCHHUHM KaXXAOMY IIpaBUIIy TakK Ha3bIBAEMOM  CTEIICHU
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HMCTUHHOCTH C TIOCTEAYIONIMM BBIOOPOM W3 MPOTHUBOPEYANIUX APYT APYTY MPaBUI
TOTO, Y KOTOPOTO 3Ta CTENEHbh OKaKeTCsl HauboupInel. Takum oOpa3oM, HE TOIBKO
paspemiaercss mpobieMa TPOTUBOPEYMBBIX MPaBWJI, HO MW 3HAYUTEIHHO
YMEHBIIIAETCS UX 00ITee KOTHMIECTRO.

[ar 4. Co3nanue 6a3pl HEYSTKUX MTPABHUIL.

Coznatb Tabmauiy B(1)=0; 1 =1,L.

Bei6pats ouepennyto napy nansaeix (X, (i), X, (1),...,X, (1),d(1)), i=1,2,..,

Y CTaHOBHTH CTENEHb UCTUHHOCTHU TIPaBHUIIA

d* * * * * *
Y2 ‘(xl,xz,.. ) max[,u ( 1,XZ,...,XH)],

j=1,n

Bomn 0) <4 (060 ;)= maxa® (.G )]

X
J=Ln

To A(1)= 1 (xl,xz, S X, ) rjnzlix[y J(xj,x;,.., ]

ar 5. dedas3uduxanus.

JInst  BBIYUCIICHMSI  BBIXOJHOTO  3HA4YeHUSI Y  TNPUMEHSAETCA  METOJ
nedaszzudukaiyu mo cpeaHeMy HEeHTpa.

Tperbst r1aBa «MeTOabl NOCTPOCHHS HEYETKOW 0a3bl MNPaBUJI
HHTEJUICKTYAJIbHOT0 aHAJIN3a JAHHBIX B CHCTEMAaX LeJeBOr0 MOHMTOPHHIA)
MOCBAIIIEHA pa3pabOTKe METOJOB MapaMETPUYECKOM UACHTHU(PUKAUUU TIpU
MIPE/ICTABJICHUU MOJIEIIEH, UCCIIEyEMbIX OOBEKTOB B BUJIE HEUECTKHUX 0a3 MpaBUIL

[IpenyiokeH TpafgWEeHTHBIM METOJN C N TMEPEMEHHBIMM JUISl HACTPOMKHU
napamMeTpoB 0a3 HeueTKux mpaBui. J[jis HedeTkux mojesneld tuna CHHIITOH ¢ N
BXOJHBIMUA TIEPEMCHHBIMHU, pa3JeicHHBIMA Ha | JIMHIBUCTHYECKHX TEPMOB,
PacCMOTPEH T'PAAUEHTHBIN aIropuT™M 0OydeHHsl. 3/1eCh I 00y4YaroIuX BHIOOPOK,
3aJJaHHBIX B BUAC (X;,X,,.X,,y ), TpeIIOXKeHa IeneBas (QyHKIUS MUHAMH3AINAN

MIOIPEITHOCTH PELICHUM!
E=2( =),
2
rme y —  OKeJaeMoe BBIXOJHOE 3HAYCHHWE, ) — BBIXOJAHOE 3HAYCHHUC
v=0y,) IOIYYEHHOE B PE3YIbTATE HEYETKOIO BBIBOA.
371ech:
Vi = (Wb + phoW, ot a0 s+t + 4 1)

3HayeHMe KOHCEKBEHTa IpaBuia I, Ha t+1-OM IIare ONPENENIeTCs

CIEAYIOIIMM 00pa3oMm:

OE H alulj (X )
i+ =r ) -y = Vi) +r(y —y) A ——.
ay; (t) (z ;U-k')

3HaueHUs MapaMeTpoB Ha t+1-OM Iare OMNPEAeNsIOTCS CICAYIOIIIM
obpazom:
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riJZ'uik' _Izrikﬂik *_a.). *
é.ij (t+1) = a; ®) —a(y* —y)- k=1 k=1 ) (X aij) Hij (X))

(ZI: Hig ) ’ b"?

riizﬂik_lzrikﬂik' " a. (X
By (D = b, (- Ay —y) 3 AL )

B pabore Takxke pealqM3oBaHbl NOAXOAbl JUISI  KOJIOKOJIOOOpPa3HOM,
napaboIMuecKuX, TPEYToJIbHBIX, TPANECUEBUIHBIX (PYHKIIUN MPUHAITICKHOCTEH.

O6beKT ynpaB1eHAS
¥ z
z
z
CHereMa ynpaeneHns/CITP

CHCTEMa OIS KKH IPHHATHA
pemeHni

Baza 3HaHAH

KormenTpamms
3HAHHH

% % % HadopmanroHHEAA cpeda

PucyHok 2. B3anMOoCBsA3aHHOCTb 3JIEMEHTOB MPU peaanu3alui yIpaBICHUs

Hapsiny ¢ »TuM 000CHOBaHAa B3aMMOCBSI3b MEXKAY OJEMEHTAMU [pU
aBTOMATHU3ALIMH MPOIlecca YIIPABIEHUS B paMKax UCCIeI0BaHus (puc.2).
3necb uH(pOpMAMOHHAs cpefa CO3MaéT CUCTEMY MOMJEPKKUA TPUHITHUS
pEelIeHni ¢ TOMOIIBI0 0a3bl 3HAHUH M CUCTEMbI KOHIIEHTPALIUU 3HAHWUM, B CBOIO
ouepesib 3Ta CUCTEMa SIBIISIETCSL COCTAaBIISAIOIIEH CUCTEMBI YIIPABIICHHUS], C IIOMOIIBIO
KOTOPOTO BbIpabaThIBAE€TCS YIPABIISIONIAs BO3IEHCTBHUS.

,‘II:IBR}IB‘]ECKM MOJeIb

OfBeKT yOpaBIeHHA
IKcmepT

¥

Baza :namni

HuTepdeiic

Iloas3oBaTe b

r 4

®azubaxanua JIoraecKuil BEIBO] Jedazzadn- Baok
» > KAOMHEA [—®|comocTABICHHE

T |

Pucynok 3. CTpykTypa CUCTEMBI IOAAEPHKKH MPUHATHUS PELLIEHUN C MOAX0AaM
TEOPUU HEYETKUX MHOXKECTB
45



Crpykrypa MeXaHW3Ma YIIPABJICHUS OCHOBAHHAsi Ha TEOPUU HEUYETKUX
MHOXECTB TMpUBEAEHAa Ha puc.3. bIOK comocraBieHUs] YTOYHSAET CTENEHb
UCTUHHOCTH PEUIEHUH B COOTBETCTBUE C AJIbTEPHATUBOM PEUICHUN IMOIYYEHHBIX
JIOTUYECKUM BBIBOJIaM C(OPMHUPOBAHHBIE SKCIIEPTAMHU 0 MPEIMETHON 00nacTH, a
TaKKe JUHAMUYECKOM Mojenu  ympaisieMoro oObekTa. [locine  aroro
albTEPHATUBBI  PEUICHUN  MPENOCTABISAIOTCA  IOJB30BATENIO  WIH  JIUIY
MIPUHUMAIOIIEMY PEILICHHUS.

Yereprass r1iaaBa «Moaean NPUHATHS PpPelleHWd B cHUCTeMax
HHTE/UIEKTYAJIbHOT0 aHAAM3a JaHHbIX» TOCBALIEHA pa3pabOTKE METO/I0B
MPUHATHUS PELICHUI B CUCTEMAaX MHTEIEKTYaJIbHOTO aHAIN3a JaHHBIX.

Hana QopmanbHas NOCTAaHOBKA 3aJauyd MPHUHITHS PEIICHUH B YETKUX U
HEYETKUX YCJIOBHUSX M ONMCAaHbl MOJEIM NPHUHATHS PEIIEHUH B YCIOBHUAX
HEYETKOCTU UCXOHON MH(pOpMAIIHH.

BBeneHne NOHATUH HEYETKUX MHOXECTB M OTHOUIEHUH  ITO3BOJIMIIO
IOCTPOUTh MOJENb Cpelbl NpUHATHA pemeHuit C ¢ HEYeTKo 3aJaHHbIMU
XapaKkTepucThKaMu B Buje GopmansHoit cxembr {D, 0, F}.

Mopgens-1.  PaccmarpuBaetcst HedeTKoe MHOKECTBO  Ag ={(0,4)}geco

BBIBOJIMMOE U3 33JaHHOTO ITOJHOLEHHOTO MHOXKECTBA © ={4,,..., 6,} B JOIIyCTUMOM
coctossHuu cpenbl C, rae QyHKIHS MPUHAMIEKHOCTH 1 B O OINpeAesseTcs Kak
u1(0)=wjnpud=0j (j=1..n).

B kauecTtBe wuHTEpHpeTanMM TaKOr0 HEYETKOIO MHOXECTBAa 4, OpraH
yrnpasieHus Y peanusyer pasiesieHne cocTossHuM cpeabl C, B KOTOPBIX BO3MOXHO
MOJIHOIIEHHOE MHOXECTBO © , 3aTe€M Ha OCHOBE (YHKIIUU NMPUHAATICKHOCTH u (6)
BBIBOJIMMOM U3 HEUETKUX OTHOLLICHUH, ONIPEAEIACTCS HEUETKOE MHOXKECTBO A, .

Mopnenbs-2.  PaccMarpuBaeTcs HEUYETKOE IIOJIHOLICHHOE BEPOSTHOCTHOE
coObITHE Ag ={(0, up(0)): P{O = 0j}=pj(j=1..,n)}, KOTOPOE BO3HUKAET 11O JaHHBIM
MOJTHOLIEHHBIX MHOXECTB © ={f,..., 6,} B AONYCTUMBIX COCTOSIHHUSX cpeabl C u
pacrtipeneneHuid  p=(py,.., Pp) (31ech 3a QYHKIUIO NPUHAMICKHOCTH up(6)
NPUHUMAETCS TIPUHAJICIKHOCTD 3JIEMEHTA 0 € © K 4, ).

B xauectBe MHTEpnpeTranii TaKOr0 HEYETKOTO IMOJHOLIEHHOTO CIIy4alHOI'O
COOBITHS A, B COCTOSHMM NPHUHATUS pemieHuil {®,Ag,F} opran ympasiaeHus Y

pacrpenensier JonyCTUMble cOCTOSAHUS cpelibl C Ha MOJTHOIIEHHOE MHOXECTBO O,
3aTE€M BBIYMCIIET CPENY CIYUYANHOTO PACIIPENEIIEHUS BEKTOPA p = (py,..., Pp) , AAJIEE

Ha OCHOBE (DYHKIIMM NMPUHAIICKHOCTH 4°(f) YeTKOE MHOXECTBO ® 3aMeHseTcs

Ha HEYETKOEC MHOXECTBO {(9/10(0))}969, M HaKOHel] opraH ymnpabieHus Y
paccMaTpuBaeT HEYETKOE IOJHOIIEHHOE CilydailHoe coObITHe Ay B 11,(0) = 1,(6)

KakK MOJIETb XapakTepucTuk cpeast C.
Mogens-3. Paccmarpusaercs HEYETKOE CIy4anHoOe coObITHE

Ao ={(©®j,u j),P(0e®)=_pi (i=1...,n)}, BO3HUKAOLIEE IO AAHHBIM MOJHOLIEHHOTO
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MHOXKeCTBAa ©={f),..,0,} Ipu JONYCTHMBIX COCTOsHUAX cpeasl C U wu3
pacnipenenenus p=(py,..., py), T 4 — GyHkuus npuHamiexnocta no 0k ©;. B
Ka4ecTBE MHTEPHPETALIUH TAKOTO HEYETKOTO MOIHOLIEHHOTO CIIy4aiiHOrO COOBITHS
Ao B COCTOSIHUM NPUHSTHS pelueHuil {®, Ag, F} opra ynpasieHus Y onpenelnser
TOJIHOLIEHHOE MHOYXKECTBO O, 3aTEM pas/eNsdeT © Ha IOJAMHOXKECTBA O, JHajee
IPUHUMACTCSA, YTO ¢ MONALAcT B ©j C BEPOATHOCTBIO Ei. Ha nmocnegnem stane
opran ympapjieHuss Y 3aMeHsSeT 4ETKOE MHOXKECTBO © Ha oObemuHenue UO;

IIOAMHOXXECTB ©;, MJIM Ha HEYETKOE MHOXKECTBO {(O®j, 4 )}i”:l, IIpHA OTOM B KQUE€CTBE
MOJIETU XapaKTEpUCTUK cpelibl C BBICTYMAET HEYETKOE CIy4ailHOE COOBITHE A®
Monens-4. PaccmarpuBaercs HEUYETKOE MHOXECTBO
Ap ={(6;,0j), Us, (6,0 )}ﬂ j=1, OHNpeneysioeecs MO JaHHBIM IOJTHOLEHHOTO
MHOXeCTBa ©={4,,..., 6,} B JOMYCTUMBIX COCTOAHUSAX cpeabl C M W3 HEUETKOIo

Ounapaoro ortHoweHus B(i, @, ), BHBOAMMOro (GyHKLUHEH NPUHAIIEKHOCTH
Hs, (6;,0j) Ha OxO. B kadecTBe HEYETKOro OMHAPHOTO OTHOIIEHUS MOXKHO

UCIIOJb30BaTh  HEUYETKYIO  IOANOCIEI0BATEIbHOCTh, HEYETKYI0 JIMHEWHYIO
MOCIIEA0BATEIBHOCTD U IPYTHEe HEYETKHUE OTHOIIICHUSI.
Mopenb-5. PaccmatpuBaercs HEYETKOE ciiy4aiiHoe coObITHE

Ap :{((9-,0j ), Hs, (6i,0j):P{6=0;}=pj (j=1..,n)} omnpenensroleecs MO TaHHBIM
JaHHBIM IOJHOLIEHHOIO MHOXeCTBa ©={4,...,6,} B IOMYCTUMBIX COCTOSHHUIX
cpenbl C v U3 pactipenenenuii p=(py,..., p;) BHIBOJUMBIX Ha @, & TAKKE HEUETKHX
OTHOLICHHUI Sp C (YHKINEH NPUHALICKHOCTH ug . WHTEepmperamus Momenn

peanu3yeTcs TaKKe Kak B MOJIENU-2 ¢ yU€TOM MHTEPIPETALUU B MOJIETHN-4.

B  kawectBe  pe3ynprara = MCCIEAOBAaHWM  NPUBOIAUTCS  AJTOPUTM,
pa3paOOTaHHBIE Ha OCHOBE PEKYPPEHTHBIX YpaBHEHUN I HaXOXKICHUS
ONTUMAJbHBIX  CTPAaTErMid B  MPOCTBIX  MOJENSAX  MpoLecca MNPUHATHUSA
c1ab0CTPYKTYPUPOBAHHBIX PEIICHUH.

Jlis  wcronb3oBaHMs MapkoBckor wmojenmn (MM) mnpm  pacro3HaBaHUU
00pa3oB HEOOXOAMMO PELIUTH TP 3a/1a4u:

BBIYMCINTD 3PeKTUBHOCTL P(O|4) — BEPOSATHOCTH TOCIEN0BATENBHOCTH PH
3aIaHHBIX TIapaMeTpax MOJIENH, €CJIM 3aJaHbl MOCJIEA0BATEILHOCTh HAOIIOICHUM
0=0,,0,,.0, umoaens A=(AG,T);

ONPEAETUTh  COOTBETCTBYIONIYIO  IOCIEIOBATEIbHOCTh  BHYTPEHHUX
cOCTOSHUNA Q=¢,,0,,..0;, €CJIH 3aJaHbl IIOCISAOBATCILHOCTh HAONIOACHUN
0=0,,0,,.0, umoaenb A=(AG,T);

ONpEeneanTh IapaMeTpbel Moaenu A=(4,G,II), HUCXoAsd U3 KPUTEPHUS
Makcumusarmu p(O|4).

g pemuennss 0OCHOBHBIX 3a1a4 MM uCnoib30BaHbl CIEYIIUE METOIBI:

- 3¢(deKTUBHOE  BBIYUCICHHE  BEPOSTHOCTH  TE€HEepalud  3aJaHHOMN
MOCJIeIOBATEIbHOCTH;
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- OTBICKAHUE ONTUMAJILHOM MOCIIEI0BATEILHOCTH COCTOSTHUM;

- 00yueHne MapKOBCKHX MOJIeJIeld TECTOBBIMH MOCIEA0BATEIbHOCTIMU.

Iaras rnaBa «CucreMbl HeJIeBOr0 MOHUTOPHMHIA TMOAAEPKMBAKOLINE
NPUHATHA  pelleHMHd  aHaJu3a  CIA00CTPYKTYPHMPOBAHHBIX  IaHHBIX
OCHOBAHHbIC HA TEOPUM HEYETKHMX MHOKECTB» IIOCBSIIEHA OIHUCAHUIO
pa3pabOTaHHBIX CHUCTEM (OPMUPOBAHMS TOAJEPKKU MPUHATUS PpEUICHUN Ha
OCHOBE HEUYETKO-MHOKECTBEHHOIO IMOAX0/]1a, TPOBEICHUIO BBIYHCIUTEIbHBIX
SKCIEPUMEHTOB U COINOCTAaBUTEIIBHOMY aHAJIM3y IMOJYyYECHHBIX PE3YIbTaTOB.
[IpuBeneHsl pe3ynbTaThl MPUMEHEHHUSI pa3pabOTaHHBIX CUCTEM Ha OCHOBE
HEUYETKO-MHOKECTBEHHOI'O MOJIX0/1a B PEUICHUSIX 3a/la4 aHaJIn3a JaHHBIX, 0TOOpa,
KJIacCU(PUKAIMK U TIPOTHO3a B PA3JTMYHBIX MMPEAMETHBIX 00JIACTSX.

Pa3paboTan anropuT™ TOCTPOCHHS HEUETKOW Oa3bl 3HAHUH M CHCTEMBI
HEUETKUX BBIBOJOB, B KOTOPOM JIJIsi HACTPOWKM HEUETKON MOJENIM HCIOJIb30BaH
METOJ| TOpPHOM Kiactepu3auuu. Peanuzamusi anroputMa OCYLIECTBICHA Ha
IpUMEpEe pEIICHHUS 3aJayd MNPOTHO3MPOBAHUS YPOKAWHOCTH XJIONKA ChIPIA.
DKcnepruMeHTaIbHBIC UCCIIeI0OBaHMS TPOBeieHbI B cpeae Matlab.

Ha puc.4 mpousutrocTpupoBaHbl MOTy4YeHHbIE Tpaduueckre n300paskeHusl, 1o
KOTOpbIM 0€3 TpyJa MOKHO OIPEICIUTh MPOMEXKYTKH JIOCTUKEHUS BBICOKOU
w10A0poaHOCTH. [Ipu 3TOM HCXOOHBIE JAHHBIE 3aaBajUCh B CIEAYIOIIEM
nopsJiKe: BXo/-1 — mo TumaMm mouBbl; BXOA-2 — MO COpPTaM; BXOA-3 — JaHHBIC T10
pexXuMaM yJ100peHU.

45

40—
Z

i

30

i)
o

LI |
0 \ |

It

— FACT "
+ CLASTER
© REGRES-L u

s I | I | I s \ |
a 10 20 30 40 a0 B0 70 80 90

Pucynox 4. I'papuk peanbHbIX ¥ MPOrHO3HBIX JAHHBIX BhIPALTUBAHUS XJIOIKA

351ech:
- FACT — peanbHble mOKa3aTenn ypoKaMHOCTH XJIOMKA;

- CLUSTER - mnoxa3atenb ypO>KalHOCTH XJIONKa, MOJIYYEHHBIH C
IMOMOIIBI0 HEUSTKON MOJICIIHN;

- REGRES-L — mnoka3zarens ypo>KalHOCTH XJIOINKa, MOJYYEHHBIH C
IIOMOUIBIO PETPECCUOHHON MOJIEIH.
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PesynbTaThl BBIYUCIUTENHFHOTO SKCIEpUMEHTa Mokaszanmu (puc.4) Ooree
BBICOKYIO 3¢ (}EeKTHBHOCTh TPOTHO3UPOBAaHHUA Ha OCHOBe wMojeneld CyraHo
(ommbka nporunosa cocrasisier (0,0-2,77) %) Mo cpaBHEHUIO C TPOTrHO3UPOBAHUEM
10 PerpecCHOHHOM Moieau (omrbKa mporHo3a pasua (7,5-79,5) %).

Pa3paboran anropuT™ OILIEHKH U BBIOOpa ajlbTEpHATHB, MPUMEHSEMBIA MPH
NPUHATAN PEIICHUN B HEYETKOW cpene. B kKauecTBe MpaKTHUECKOH pearn3aiiiu
pEIICHBI 3a/la4¥ OIICHKH 3aBHCHMOCTEH U BBIOOpA albTEPHATHUB MPOTHO3UPOBAHUS
YPOKaMHOCTH XJIOTIKA.

ANTOPUTM pEIIeHHS 3a/Jadd OIEHKH W BBHIOOpA albTEPHATHB BBIMOIHSICTCS
MOCIIEA0BATEIHLHOCTHIO CIEIYIOIINX IaroB:

1. CTpositcst MaTpUIlbI IpeanodTeHuii R, ¢ ydeTom ToJIbpKO mpu3Haka P .

2. Hpezmonaraﬁ, 4TO pacCMaTpuBaACMBIC IIPHU3HAKH HMCIOT Pa3JIUYHYIO
CTCIICHb BaXXHOCTH, T.C. OAHH H3 HHX IABJIIIOTCIA HanoOoee CYIICCTBCHHBIMMU,
APYIruc UrparoT BTOPOCTCIICHHYIO POJIb, BA’JKHOCTH IIPU3HAKOB XAPAKTCPU3YCTCA C
IMTOMOIIBIO HCYCTKOI'O OTHOICHUA IIPCAIIOYTCHUA IIPU3HAKOB R.

3. Haxomurca nepecedeHHMe HEYETKMX OTHomeHuid R;,...,R,, xoropoe

o0o3nauaercs yepes Q;:

Q=R NR,Nn---NnR, .

HI
4. AHaNOTHYHO HAXOAWTCA IS R HeJOMHHHpyeMOoe MHOXKECTBO R .
[lomyyeHHBIe  CTENECHM  NPHHAUICKHOCTH Ao (Py)y Mg (P2)ees in (Py)

00603HayaoTCa cooTBeTcTBeHHO uepes li,ly,..., |, KoTOpBIe MCmONB3yrOTCH TPH
BBIYHCIICHUN BECOBBIX KOA(DMHUIMEHTOB A_,m=1m s KaXKI0TO U3 TIPH3HAKOB.
5. Cocrapnsercs Marpuna Q,, OSJIeMeHTHl KOTOPOH BBIYHCISIOTCA IO

dbopmyie:
k
/’le (X7 y) = Z ﬂ’m/'lRm (Xl y) .

m=1
H
6. HaXOI[HTCﬂ Qz 10 aJ'IFOpI/ITMy, OHI/ICElHHOMy BBIIIIC.

7. Ctpoutcs nepeceyenne Q =Q” mQ,”.

BriOop anbTepHaTHBBI, HMEIOIICH MaKCHMaJIbHOE 3HAYCHUE CTEICHU
MPUHAIJICKHOCTH B Q, cunTaeTcs paroHaIbHBIM.

OKCHEepuMEHT TPOBENCH IS 3aJadd BBIOOpA JIYYIIEr0 W3 YEThIpEeX
CENeKIMOHHBIX copToB xyomuatHuka (X ={X,,X,,...,X,}): C-4727, Tamkenrt 1,

108-®, 159-® mo xapakrepuctukam (P ={p;, P,,..., Ps}): ypokaiiHOCTb, IIHMHA

BOJIOKHA, IPOYHOCTH BOJIOKHA, A0COIIOTHAsI Macca CeMsIH, MacIMYHOCTb CEMSIH.
Pe3ynbTaThl paHKUpPOBaHUS BCEX CEJIEKIIMOHHBIX COPTOB MOKa3ajiu, YTO COPT
108-® sBnsieTcss HaWIY4YIIMM CPEAM TPEJJIOKEHHBIX CEJEKIMOHHBIX COPTOB
XJIOMYaTHUKA, [TOCKOJIBKY PE3YJbTUPYIOLIEE 3HAUECHUE CTEIIEHHU MPUHAIEKHOCTH
ATOr0 COpTa HeUeTKOMYy MHOXecTBY Q siBisiercs HanbombiuMm (0,96).
Jlanee B paboTe 11 MPAaKTHUYECKON peann3aluu pa3paboTaHHBIX BO BTOPOIi
rJIaBe METOJIOB U aJrOPUTMOB PEIICHBI 33]a4H KJIACCU(PUKAIIUU ITyTeM HACTPONKHU
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napaMeTpoB MOJEIU MpU MPOSKTUPOBAHMU HEUeTKux Oa3 3HaHuid. llpuBenen
JECATULIATOBBIA  aNrOpUTM nocTpoeHuss Mozaenun Tthna CyreHo, KOTOpBIA
pealin30BaH Ha MPUMEpPE PEIICHUs 3a]Jaul paclio3HaBaHUs 00pa3oB.

DOwine B wine

Wiris
Oit-buri

O onkologiya

Biris
Oit-buri
O onkologiya

onkologiya
it-buri
iris

onkologiya
it-buri 1
iris

Pucynok 5. Pe3ynbratsl U cpaBHUTENbHbBIE TpaUKK NTOKa3aTesel BIoopa
IpaBuJI IJIs1 YETBIPEX 3a/1a4

[Ipu nmpoBeneHUM 3KCIEPUMEHTAIBHBIX HCCIEIOBAaHMN (Ha mMpuMepe 3ajad
pacrio3HaBaHusi 0oOpa3oB) 0CO0O€ BHUMAHHME YJIEJICHO pealu3ali METoJa C
HEYETKO-MHOKECTBEHHBIM IOIX0/IOM M PEIICHBI CIEAYIONINE 3a/1a4u:

e lcnonp30BaHME HEYETKO-MHOXKECTBEHHOI'O IOAXOAa JJsl  pelIeHHUs
MOCTaBJICHHOM 3a/1a4u KJIaCCU(PUKAIIUU.

o dopmupoBaHue 0a3bl HEYETKUX TMPABUI U JOCTHKEHHE  BBICOKOM
3¢ (PEeKTUBHOCTU pe3yabTaTOB (BBICOKMU MPOLEHT Paclo3HABAEMOCTU) HApAIY C
COKpAIlleHHeM MHOXECTBa TMpPaBUJ MyTeM HACTPOWKH IapamMeTpoB HEYETKON
MOJIeTH B mporiecce (GopMHUpOoBaHHs 0a3 HEYETKUX MPABHIL.

e [IpoBeneHne CpaBHUTENHBHOTO AaHAIW3a TOJYYEHHBIX pE3yIbTaTOB TI0
pasHbIM 3aJa4yaM B BHe Ta0auIl U rpagukoB (puc.5).

Paccmotpensl detsipe pasubie 3amaun: IRIS (150 oObexToB; 4 mpusHaka; 3
kinacca), WINE (177 o0OwbekroB; 13 mpusnakoB; 3 kiacca), CobOaka-Bonk (42
o0bekTa; 6 mpHU3HAKOB;, 2 Kjacca), 3amada auarHoctuku «Onkomorus» (136
00bekTOB; 11 mpusHakoB; 4 kiacca).

MOo’XHO KOHCTaTUpOBaTh, UYTO HCIIOJIIB30BAHHE pPa3pabOTAaHHOIO AlropuTMa
MOCTpoeHus: 0a3 MpaBUJl HA OCHOBE METOJAa HACTPOMKM HEUETKOW MOJENU Mpu
pEIIeHNH 33719 Paclio3HaBaHUs 00pa30B MPUBOIUT K CICAYIOIIUM Pe3yIbTaTaM:

1. OcyiecTBiieHa HacTpoOiiKa mapameTpoB 0a3 HEUYETKUX MPaBUII.

2. CoxkpailieHa 0a3a HEYETKHUX MPaBUII.

3. Pa3pabotaHo mnporpamMMHOe OO€ClEeUeHHE pPaclo3HAIONMIE CHUCTEMBbl Ha
OCHOBE HEYETKO-MHOKECTBEHHOTO TIOJXOMa, TMPOBEICHBI JKCIEPUMEHTAIbHEIC
HCCIIETOBAHMUS.

4. B pemenusx 3amaun IRIS mpu xommuectBe 20% u 83 % 06a3 mpaBui
TOYHOCTH pacrio3HaBaHusi cocraBiser 99,3%; B 3amaue WINE npu xommuectse
24% 6a3 mpaBHII TOYHOCTH pacno3HaBaHus coctaBisieT 99,4%; B 3amaue «Cobaka-
BOJIK» Tpu KonuuecTtBe 15% 0a3 mpaBuUi TOYHOCTH PACIO3HABAHUS COCTAaBIISIET
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100%; B 3amaue «Ouxosorusi» mpu komuwdecTBe 39,7% 0a3 mpaBuI TOYHOCTH
pacrio3HaBanus coctasisier 97,1%.

5. Cpennuii mokasaTenb MOJYYEHHBIX PE3ylbTaToOB (IO BBIOOPKAM M3 CEMHU
AJIEMEHTOB) IO TOIPEIIHOCTH pacrno3HaBaHus cocraBisieT i IRIS — 2,09%;
WINE — 4,48%; «Co0aka-Bosk» - 0 %; «Ouxosnorus» — 4,18%.

B npuaoxkeHuM TIpUBOJATCS CTAaTUCTUYECKHE JaHHbBIE, JOKYMEHTHI,
MOJABEPKAAIONINE PEe3yJbTaThl BHEJAPEHUN TEOPETUYECKUX MCCICAOBAaHUN U
MPaKTUYECKUX pa3pabOTOK B JICSITCIBHOCTH OpTaHMW3AIuid W TPEINPHUSTHH,
CBHJIETEJILCTBA HA ITPOrpaMMHbIe TPOAyKThI [larenTHOrO Benomcrsa PY3.

3AK/IIOYEHUE

B nucceprannonHoli paboTe MpOBEACH CHUCTEMHBIN aHaIU3, pa3paboTaHbI
METONIbI, MOJIEIM W AaJITOPUTMBl HMHTEIUIEKTYaJIbHOTO aHalu3a JaHHbBIX,
peau3yrolue KOMIUIEKCHBIM MOJAXOJ K TOCTPOEHHUIO CHUCTEM MOAJEPKKU
PUHSTHUS PEIICHU.

OCHOBHBIMU pe3yJIbTaTaAMU UCCIIETOBAHU SBIISAIOTCS CIAEAYIOLIUE!

1. Ananuz HAy4YHO-TEXHUYECKOU JAUTEPaTYPHI, pacKpbIBaroIIEH
COBPEMEHHOE COCTOSIHME IMpOoOJIEM TIOCTPOEHHUS] CHUCTEM MHTEUIEKTYaJIbHOIO
aHaJi3a JIJaHHBIX HA OCHOBE HEYETKO-MHOKECTBEHHOTO MOJXOAa I03BOJIMIN
chopMupoBaTh M OOOCHOBATh KOHLENTYyaJIbHbIE IMPUHIMIbBI, KOHCTPYKTHUBHBIC
MOJIXOJbI, METOMABI, MOJICIH ¥ aJITOPUTMBI TOCTPOCHHUS CHUCTEM TOJACPKKU
MIPUHATHS PEILICHUM.

2. CdopmynmupoBaHa MaTreMaTudeckass TIOCTAHOBKA 3aqad  MPHHITHS
CIa0OCTPYKTYPUPOBAHHBIX  YIPABIEHYECKUX  PEHICHWA W HAXOXKICHUS
ONTUMAJIBHBIX PEHICHUH CIO0XHO CTPYKTYPHUPOBAHHBIX 3a/lad, YTO CIOCOOCTBYET
MOBBIIIEHUIO 3()(PEKTUBHOCTH 0OECEUeHUs albTEPHATUB PEILIECHUN JIJISi CUCTEMBbI
HNOJJEPKKU MPUHATHS PEILICHUHN B 1I€JIEBOM MOHUTOPUHTE.

3. PaszpaboraH MeTOA TOCTPOECHHS HEYETKOro BbIBOJA JJS  MOJEIH
UACHTU(UKAIIMY TpPU  TOCTPOCHUH CHUCTEM ILEJIEBOIO0 MOHUTOPUHIA U
WHTEJUICKTYaJTbHOTO aHajn3a JIaHHbIX, B KOTOPBIX pEATM30BaHbI MOJICTHU
napamMeTpuueckod H CTPYKTypHOUM wuaeHTHpuKanuu. Jas mapaMeTpudeckoit
uaeHTUGUKAIMK  pa3paboTaHbl Mojenu wuaeHTHGukamuu Tuna CHHTIATOHA U
Mampaanu, Mopenb CTPYKTYpPHOM HWICHTH(PUKAIMU pealn30BaHa Ha OCHOBE
QITOPUTMOB KIJIACTEPHOTO aHallM3a M METOJOB CYOBEKTUBHOTO pa3JesieHus,
OCHOBHOW (DYHKIIHEH KOTOPBIX SIBISIETCS BBISBICHUE CTPYKTYPHBIX XapaKTEPUCTHK
HEYETKOH MOJIENH TMpPH TMOCTPOCHUHM 0a3bl HEUETKUX TMPaBUI, KOTOPHIE CIyX,aT
METOJUYECKOM OCHOBOM pa3paOOTKH MOJieJie Ha OCHOBE IIOJXO0JIOB TEOPUHU
HEYETKHX MHOKECTB.

4. Pa3paboTaHHBI METOA ¥ AQJITOPUTM pEIICHUS 3aJa4yd TOCTPOCHHS
HEYETKONM wMonenu ¢ dPGEeKTHBHOW peanu3amuei 0a3bl HEYETKUX TPaBHII
00OCHOBBIBAET BO3MOXKHOCTh cO3MaHus 3(PGHEKTUBHO  (PYHKIIMOHUPYIOIUX
WHTEJUICKTYaJIbHBIX CUCTEM aHaJIn3a IaHHbIX.

5. Jlns nosimeHus 3QpPeKTUBHOCTH (PYHKIMOHUPOBAHUS CUCTEM LIETIEBOTO
MOHHUTOPHMHTA, MHTEJIEKTYaJIbHOTO aHaJnW3a JAaHHBIX Npu paboTe ¢ OOIbIIMMU
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MacCUBaMH BXOJHBIX JAHHBIX Ha OCHOBE TNPUMEHEHHS METO/la HACTPOUKHU
napamMeTpoB TIPU HEYETKOM TMOJXOJe pa3padoTaH TPaJUEHTHBIA  METOJ
napameTpuueckod uaeHTuukanuu. IlpuMeHeHne TakuX MOJIXO0J0B MOBBIIIAET
JIOCTOBEPHOCTh peIlIeHUN crabopopMaIn30BaHHbIX 3a7a4 MOJEISIMU HEYETKO-
MHO>KECTBEHHOT'O TIOJIX0/1a ¥ AJIEMEHTaMH 0a3bl HEYETKUX MPABUIL.

6. IlpemsokeHO MATH MOAEJNICH MPUHATUS PEIICHUIN C OMUCAHUEM HEUYETKUX
MHOXXECTB W COOBITUM /JI1 Pa3pelICHHBIX COCTOSHUM Cpelbl MpU peau3aiiu
WHTEJUICKTYalIbHBIX CHUCTeM. Pa3paboTaHbl METOABI W MOJETH OTOOpaKEHUS
HCXOJIHBIX JaHHBIX cIabo(opMann30BaHHBIX 3a/lad B HEYETKO-MHOKECTBEHHOM
BHJIC, OICHKH aJIbTCPHATHB, TIOMCKA W HAXOXKICHHUS ONTHMAJIBHBIX CTPATETHH.
Pa3paborana MapkoBCKasi MOJAENb C HEUYETKHM TMOIXOAOM JUIS PEHICHUs 3aJauu
KIaccupukanuu B CHCTEMaxX TOJIACPKKH TPUHATUA pemeHuid. [IpuBenéHHbIe
METOJIbI M MOJIENN OMPEACNAIOT XapakTep clado(opMamTu30BaHHBIX 3a1a4, U
MO3BOJISIIOT MOBBICUTh TOYHOCTh U 3(D(PEKTUBHOCTH (HOPMHUPOBAHUS aTbTEPHATHB
pElIeHUI B CUCTeMaX MOJICPKKU MPUHATUS PEIICHU.

/. Ha ocHOBe mpemioKeHHBIX METOJIOB U MOJIeleil pa3paboTaH aaropuTMm
pelieHusl 3aJa4yd TPOTHO3UPOBAHMS B XJIOMKOBOJCTBE W OCYIIECTBIEHA €ro
nporpamMmHasi peanuzanus. [IpemnokeH necsATUIIAaroBbId aJITOPUTM TOCTPOCHUS
HEYETKOM MOJIeNu, pPe3yJbTaThl MPOTHO3UPOBaHUs MO Kortopomy Ha 0,5-3%
s (dexTuBHEE MO CPAaBHEHMIO C CYIIECTBYIOIIMMH alropuTMaMu. B dacTtHOCTH,
JOCTHTHYTa TOYHOCTh pe3ynbraroB 96,5-99.8% mnpu pemennn 3amgaun
MIPOTHO3WPOBAHUS CEOCCTONMOCTH U YPOKAMHOCTH XJIOIKA CHIPIIA.

8. Paspaboran anropuT™ Ha OCHOBE METOJOB HACTPOMKH MapaMeTpOB
HEYETKONW MOJENH IS pealn3alii  TMOAJMCPXKKA TPHUHITHS PEIICHUH U
000CHOBaHBI MOJIOKUTEILHBIC PE3yJbTaThl. TOYHOCTH KiTaccu(uKanum 0ObEKTOB B
MOJENBbHEBIX 3agayax (IRIS, WINE, «Cobaxka-BoJIK», JTUATrHOCTHUKE
OHKOJIOTHUECKUX 3aboiyeBanuii) cocraBmna 97-100%, B TPUKIAIHBIX 3aaadax
(IpOrHO3  ypOKAMHOCTH  XJIOTMKA-ChIPIIA, BBIOOP COOTBETCBYIOIIETO COpTa
XJIOMMYaTHUKA, KJIacCU(UKAIIUU B CUCTEME JOKyMEeHTooOopoTte) — 92-98%.

9. IlporpammHBIE CpencTBa, OPUEHTHUPOBAHHBIE HA peAM3AIUI0 CUCTEM
MOJJICP)KKU TIPUHATHS DPEIICHUH Ha OCHOBE Pa3pabOTaHHBIX MOAXOJ0B TEOPHUH
HEYETKOTO MHOXXECTBa ObLIIM BHEJAPEHBI B MUHUCTEPCTBE BBICIIETO M CPEIHOTO
cHenuanbHOro oopasoBanust PecyOnnku Y30ekucTtaH, YIpaBleHUU CENbCKOTO U
BOJAHOTO XO3siicTBa J[PKM3aKCKOTO BWIIOSITA, HAa KOTOPHIC ITOTYYEHBI aKTHI
BHEJIPCHUS, TIOJITBEPXKAAIONINE JKOHOMHYECKHH dP(dEKT oT peanusanuu
pE3yNbTAaTOB UCIEAOBAHUN AUCCEPTAIIHH.
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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 Computing» 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), Kyoto
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, Moscow
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 Computingy 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, Zh.Klira, E.A.Mamdani, Terano, Sugeno, Asai,
A.N.Averkin, A.N.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 tools, 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 software
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.

Methods 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;

A mathematical model of constructing a strategy decision making 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 fuzzy 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 alternatives 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 methods 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 methods,
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-Educationy, 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-Governmenty». 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» II 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-
practical 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 introduction, 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 intellectual 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.
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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: X =(x,,%,,...,X,) - the input parameters characterizing values of

environment of the predicted situation and describing versions of decisions;
Y =(y,Y,..Y,) - the output parameters characterizing values of the predicted

situation and describing consequences (outcomes), possible as a result of
implementation of decisions; W = (W,,W,,...,W,) - parameters of decisions’ estimates
and their outcomes; P=(P,P,....,P,) - parameters of uncertainty in input and output
parameters and their estimates.
It is required to build the forecasting model
M g =< X,Y,W,P >, (1)
Forecasting model (1) includes:
- model of problem situation forecasting
M, =<X,Y,P, , >;
- model of an assessment of expected values Y
M,, =<M, ,W,R,, > . (2)
here: R, , - parameters of uncertainty in input and output parameters; B, -
parameters of uncertainty of estimatesY ; P=(R, ,,R, ).

The model (2) realizes display of F: (X,W,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 F in the presence of parameters of uncertainty represented, as a
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)4..U(x, =al")] (with weightw,)
OR [(x, =a/*)H(x, =a)*)H..H(x, =a)*)] (with weightw,,)

(4)
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OR [(x, =) H(x, =a," ) H..H(x, =a)")] (with weight w,, ),

OR [(x, =a/ ) H(x, =8, ) .. H(x, =a)")] (with weight w, ),

THEN Yy, =b,,+b;,-X, +b;,- X, +...+b, . -x,  forall j=1m,

where: j =1,m - number of a rule; aijpi -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 y,, 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=1n - entrance variables;
y, - 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/z,;, BO,;, B, Yby

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 productional 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 method 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 set of couples is necessary
for this purpose
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(x (1), %, (1),...x,, (1),d (i), i=1,2, ...,
where X, (i), X, (i),...,X, (i) - 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,
(X4,...,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 :

&fL,...np—[o1],
: d(X;, X;)
&) =1- :
max{d(X;, X, ) |k € {L,....n}}
For each iindex we will define the function, describing a measure of
similarity of elements k and I in comparison with element i :

¢ {L...nJ° >[01],
For k=1,2,...,n we will define functions recursively x® :{....,n}* =[0.],
1O, j) =, j),
{M“ (i, j) = max{min{z“ 2 (i,s), 1O (s, j)}| s € fL....n}}
1M (i,i)=1Vi,k. (6)
1Y G, )= 1™ P vk > 2.
For a€[04]m i, j;,oev i, j € {L...,n} is correct:
uQiy ) ot(i 2 a= 1, ) 2 a.
Let ¢ €[01], i, j,k e {1,....n} and ©™(i, j) > . Then, there exists such
number as m and indexes j;,...,j, € {....,n}, that
w1y p)seott(js ) 2

()

As a result
4" (@i,m) >«

For a€[01] we will define binary relation of R, ={X,,...X,}* on a set
{X,..... X, } by the following way:
(X, X;)eR, = 4, ) 2a.
The relation R, is relation of equivalence, which divides the set {X,,... X,} on
non-crossed classes of equivalence. Two elements X;, X enter one class of

equivalence only in that case, when value of function ™ is larger from these
elements, that is on the basis (5), (6) is equivalent to existence of elements’ pairs
(X0 X)), (X X)) (X, X)), on which value of function . is rather large.
According to x 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 the 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

[, % ]. 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, (i), x, (i),...,X, (i),d(i)), 1=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:

A=y
1+(u_bj
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 (1) =0; I =1, L.
To choose next pair of data (x, (i), X, (i),...,x, (i),d (1)), 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* * * * d: * * *
Y7, '(Xl’Xz,---’Xn)=rjn_?§[ﬂ ‘(xl,xz,...,xn)]_
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|fﬂ(|)<,“ (X1’X2’ ’X) nl?%([/” X1 X, ’X*>]’

then

ﬂ(l) H (X11X21 ’X ) nl?—%([,u X11X2; ,X )]

Step 5. Defuzzification.

To calculate output value y on a center average a defuzzification method 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 n variables for control of parameter of fuzzy bases of
rules is offered. For fuzzy Singleton models with n 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,, "), target function

for minimization decisions error is offered
1.+ 12
E==(" -y),
5 -y
where y- is desirable entrance value, y — entrance value y=(y,...,y,) results
in the fuzzy conclusion.

Here:
Vi = (,Uklri1 T MR, et L ri,)/(,uk'l T M "‘---"‘ﬂk'l)-

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

H O (X.*)
L+ =r,®) -y —<=Ya)+ y(y —y)--= i '
ay'J (t) (Z :uik)z

Values of parameters t+1 are defined as follows:

|
rij‘zlulk Z |k/u|k X_*_a__ - U X.*
8 (t+1) = a;(t) —a(y -y) —=— s ”b)zﬂ”( ).
(Zﬂ,k) !
k=1
| |
T Zluik - Z rikluik —a X,
by (t+1) = by () - By —y) — =" ”E)s 40,
(Zﬂik‘)z
k=1
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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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 management

Knowledge base I
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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

iIs 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 «Models 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 creating a
model of the environment C decision-making with fuzzy set characteristics in the
form of the formal scheme M_ ={®,®,F}.

Model-1. The fuzzy set 4o ={(0.1j)}4<o brought out of the set full-fledged
set ®=4{4,,..,, 6,}in an admissible condition of the environment C where belonging
function x in @ defined as w(0) = uj npu =065 (j=1...,n) is considered.

As interpretation of such fuzzy set 44, the governing bodyY realizes division

of conditions of the environment C in which a full-fledged set® is probable, and
then on the basis of function belonging « (¢) removed from the fuzzy relations is

defined a fuzzy set 4, .

Model-2. The fuzzy full-fledged probabilistic event
Ag ={(6,1a(0)): P{0=0;}=pj(j =1..,n)}which arises according to full-fledged sets
@ ={4,.., 6,}in admissible conditions of the environment C and distributions
p=(p1..., Py)iS considered (here considered element accessory wu,(0) is accepted
to function of accessoryo @ to 4,).

As an interpretation of such fuzzy full-fledged probabilistic event A, in a
condition of decision-making {®,Ag,F}the governing 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 = (py...., pn) , further on the basis
of membership function the clear set @ is replaced with an fuzzy set{(9:°(6))}y.o
and at last the governing body Y considers as an fuzzy full-fledged casual event A,
in u,(0) = u,(0) as model of characteristics of C environment.

arising according to a full-fledged set ®=4{4,..., 6,} is considered at admissible
conditions of the environment C and from distribution p=(p,... p5), Where g;- is
belonging function according tod k ©,;.

As an interpretation of such fuzzy full-fledged probabilistic event A in a
condition of decision-making of{®, Ag,F} the governing bodyY defines a full-
fledged set®, then divides ©into subsets®;, further it is accepted that ¢ gets
into@; with probability p,. At the last stage the governing body Y replaces an

accurate set® with associationU®; of subsets®;, or with an fuzzy set{(®;, 4)},,
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thus the fuzzy casual event A, acts as model of characteristics of the environment
C.

Model-4. The fuzzy set 4q ={(6;.6}).us, (6;.0;)} j1defined by data of a full-
fledged set®@={4,..., 6,} in admissible conditions of the environment C and from
the fuzzy binary relation B(u, ¢, )removed by membership function us, (6;,65)

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 s, 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 A, .
Model-5. The fuzzy casual event
Ao ={((6,,9), us, (6.0}) :P{0=0}=pj (i=1...n)} defined by data of a full-
fledged set @ ={4,,..., 6,}in admissible conditions of the environment C and from
distributions p = (py,..., p;) removed one, and also the fuzzy relationss, with
membership function i 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
{®, 4¢,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(Oj1) - probability of sequence in parameters model

If the sequence of observations 0=0,,0,,..0, and model 1=(4,G, I7), are given;

To define the corresponding sequence of internal states Q=q,,q,,..q, if the
sequence of the observations 0=0,,0,,..0, and model 2 = (4,G, 1), are given;

To determine model parameters A=(4,G,I),taking account criterion of
maximizing p(OJ4).

The following methods are used to solve principal tasks of MM

e Effective calculation of generation probability of the set sequence.

e Search of optimum sequence of states.

e 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 is 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 data of cultivation 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 alternatives applied in
decision-making in the fuzzy environment is developed. Assessment issues of
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dependences and a choice of alternative forecasting of cotton productivity are
solved as a practical realization.

The 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 relationsR;,..., R, which is designated

by Q;:
Q=R NR,Nn---NnR, .

4. Similarly there is for R not dominated set R™  The received degrees of
belonging s, (Py)s ttgis (P2)s-s tton (P ) are  designated  respectively through

l,,1,.,....I, which are used at calculation of weight coefficients 4_,m=1,m for each
of signs.
5. The matrix Q, which elements are calculated on a formula is formed:

AUQZ (X’ y) = Z ﬂ’m/’lRm (X’ y) .

m=1
6. Qfﬂ is on algorithm which is described above.

7. The crossing Q = Q” n Q% 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:
S-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 set objective.
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e 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.

e 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.

Bwine B wine
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QOit-buri

O onkologiya

Biris
Oit-buri
O onkologiya

onkologiya
it-buri 1
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onkologiya
it-buri
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wine wine

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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