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KHWPHUII (pancada noxkropu (PhD) nuccepranusicn aHHOTAIASICH)

JIuccepraumss MaB3yCHHUHI J0J3ap0jauru  Ba 3apypatu. JKaxonaa
3aMOHABUN KOMIIBIOTEp TEXHOJIOTHsIapu EpaMua TacBUpJapra WILIOB OepuIl,
KaliTa WIIUIaIl, }03 TACBUPH aCOCHIA IAXCHU TaHUO OJIMII Ba WACHTH(HUKAIUSIIAII
TU3UMJIAPUHUHT MacajajlapyuHU TAKOMUJUIAIITUPUIN Ba WIUIA0 YMKHUIIL Xamja
OMOMETPUK TEXHOJIOTHSJIAPHA PUBOXKJIAHTHPHIN KapaCHUAa sHaJAa Mypakkao
00BEKTIIapHU YpraHUINTra aJoxuaa YpTHOOp KapaTuiMokaa. by 6opama GnomeTpux
TEXHOJIOTUSJIAD acocuJa IIaXCHU TaHUO oOJuIl Ba  UACHTUUKAIMsIIAII
TU3UMIIapura Oyiran tajgadiap KeCKUH opTUO OOpMOKIaA, )KyMJIaJaH, a3pornopTiap
Ba METPOIOJMTEHIApAary HazopaTr, Oupop OuHOra €kM JacTypra KHpHIIL,
BUJICOKY3aTyBJap, KPUMHHAIMCTAKA Xamja Oolka OWp Kartop coxaiapja KEeHT
KYUTaHUIMO KeauHMoKAa. byryHru kyHnma Oy coxa WyHanmumuM Oyindya KyNruHa
Xopwxkuil mMamnakatiapaa, xymiaaad, AKII, ['epmanus, Poccus @enepanuscu,
Xurtoi, Anonus, Aurnus, XKanyouit Kopest Ba Oomika paBiaTiapaatacBupiapra
WIJIOB OEpuIll, TacBUpJArd OENTWIApHU aXpaTUIl Ba MAIIMHAIM YKUATHUII
Mozeiapuaan (oiagananu0, MAaxXCHU HACHTU(PUKAUMAIAI TU3UMIAPUHA WILTA0
YUMKUAIIHUHT Ha3apuil Ba aMaiui MacalajlapyHd €4YuIl KaTTa axaMmHsT KacO
ATMOKJA.

Kaxonna TacBupJiapra HIILIOB Oepulll, TacBUpPJArd OOBEKT OelruaapuHu
aXpaTull Ba yu0y 0ObeKTHH UJICHTHU(UKAIUSJIAIIHUHAT YCYJ Ba alrOpUTMIIApUHU
TAaKOMUJUTAIITUPHUII Ba MIUTA0 YMKHII XaM/la CTaTUK TaCBUPJIAp acOCHIA IIaXCHU
UACHTU(UKANMUTAITHAHT MaTEMaTUK Ba JACTypUd TabMUHOTIAPUHU SPATHINTA
JOUp KYTU1ad WIMUNA TaAKUKOT UIuiapu oiaud Oopuiamoxaa. by Oopana maxc o3
TAaCBUpHUJA XaM Y3UTa XOC MypakKad 3JeMeHTIap MaBXyJIUTH HHOOATra OJIMHUO,
KymilajiaH, OepwiiraH TacBUpra JacTia0Ku WIUIOB O€puIll, TaCBUPJAH OOBEKT
COXaCHHU aHUWKJAIl, TacBUpAArd WACHTU(PUKAIUOH OeITUiIapHu aXpPAaTHII,
MUKCEUIap UHTCHCUBIWTU OYiMYa TakKOCJalll Ba IIAXCHU HACHTU(UKAIMSIIALI
Kapa€HUHM KOMIIBIOTEp MYXUTHJIA UIUIAl  CaMapaJOpJIUTMHU  OIIUPUIIL
KYpCaTKUWIapUHU TabMHUHJIOBYM JACTypUil TabMUHOTJIAPUHU SPATUIT MYXUM
Bazudanapaad oupu xucoOaaHaIu.

PecnyOnmukamuziaa  Maskyp WyHanumaa  MIAXCHUHT  OMOMETPHUK
TEXHOJIOTUsJIapU acocuja (103, KyJOK YaHOFU, 0apMOK HW3JIapH, Ky3 KOpaudufw,
kapT, MOpUll ycayOW, OBO3 TOBYIIM) IIAaXCHU HWJACHTU(PUKAIUSIAITHAHT
ABTOMATJIAIITAPWITAH TU3UMIIAPUHU SPATHII Ba aMalM€Tra KEHI TaTOWK JTHII
qyopa-TaJA0UpIapuHA HILIIA0 YUKUINTA ajoxuja IbTHOOp Kapatuiamorma. 2017-
2021 jimnapaa Y36ekucToH PecryGnuKacMHM SHAIa PUBOMKIAHTHPHIN Oyiinua
XapakaTiap cTpareruscuia >KymiaJaH «...MKTUCOAUET, WXKTUMOHUM cOXa Ba
OOIIIKApyB THU3UMHUTAa axOOPOT-KOMMYHHUKAIIUS TEXHOJIOTHSUIAPUHU KOPHUMA DTHIII,
«...ax00poT xaB(PCU3MUTUHA TABMUHJIAII Ba aXOOPOTHU XUMOSI KWJIWII TU3UMHUHH
TAaKOMUJUTAIITUPHUII, axOOpOT coXacuaard TaxJujjiapra y3 BakTUJIa Ba MyHOCHO
KapIid  XapakaTJapHu TalKWil OTul»'Basubanapu  Oenruimanran.Maskyp

18“736e1<HCT0H Pecniy6imukacu mpesumentuaunar 2017 jimnm 7 ¢espamgarn [1D-4947-con «Y36ekucTon
PecnyOnukacunm siHaia puBOXIIaHTHPHUII Oyiinua Xapakatiap crparerusicu Tyrpucuaantu dapmMoHu
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BazudanrapHu amMaira OIIMPHUIIAA,TAIKWIOTIapAa Ba €NUK  XyJdyJjapra
axClIapHU KUPHUII TU3UMIIAPUHU  HA30paT KWIMIL SKapaCHUAa IIaxCHU
UACHTU(UKAIMSUIAIIHAAT ~ MAaTeMAaTHK — aJTOPUTMIIApU  acocuaa  JacTypuid
TabMUHOTHHU WIIIA0 YUKHII XaMJla IIaXCHUA TaHWO OJMIN Y4yH capdiiaHaauraH
BAKTHU KaMaWTHUPUII, AHUKJIUTWHU OIIUPHUIIHUHT TE3KOP aBTOMATIAIITHUPHUITaH
TH3UMJIADUHNA TAaKOMWUIALTUPHUINT Ba WIDIA0 YUKHUII aXOOpOT-KOMMYHHUKAITHS
TEXHOJIOTHSUIADUHU ~ PUBOXJIAHTHPUITHUHT  MyXWM  Basudanmapman  Oupu
XUCOOJIaHa M.

V36exucTon Pecniyonukacu Ilpesupentununr 2017 iun 7 QeBpangaru
[1D-4947-con «V36ekucToH Pecry6GiInMKacuHyM sHAa PHBOMIIAHTHPHIN Oyiinua
Xapakatiap crparerusicu Tyrpucuaanru 2018 iun 19 ¢espangaru [1D-5349-con
«AXOOpOT  TEeXHOJOTHsIapUd Ba  KOMMYHHUKAIMsUIapU ~ COXAaCMHU  sHaJa
TaKOMUJUTAIITUPUII Yopa-Taaoupiapu tyrpucunanru dapmonnapu Ba Bazupmnap
MaxkamacuHUHUHT 2018 i#tmn 7 wmaigaru  343-coH  ««XaBdcu3 maxap»
JOMUXACUHU amajra omwupuil Oyinda O00CKHYMa-00CKMY dYopa TaaOupiapu Ba
SArOHAa TEXHOJIOTMK EHJAUTyBHU TalIKWI KWIKMII TyFpucuaa»ru Kapopu xamia
Ma3Kyp (QaonusiTra TErHIUIM MEbEPUU-XYKYKHM XyxXoKariapia OenruiaHrad
BazudanapHu amaira omMpuinra ymoly AuccepTanus TaJKUKOTH MyalsH
Japakajaa Xu3MaT KHJIaau.

TagKuKOTHUHT pecny0jnka ¢aH Ba TEXHOJOTHSJIADH PHUBOKIAHMIIN-
HHUHI YCTYBOP HyHAJIHILJIAPUra MOCJIUru. Maskyp TaaKUKOT peciyOnuka ¢aH
Ba TEXHOJIOTHSUIAp PUBOXKIAHUIIMHUHT [V. «AXxOopoTiamTupuil Ba ax0opoT
KOMMYHUKAILIMSI TEXHOJIOTHSJIAPUHU  PHUBOXKJIAHTUPHIIDY  YCTYBOp HYHAIUIIU
noupacuaa Oaxxapuiras.

MyaMMOHMHI ypraHuJraHjuk aapasxkacu. CyHru Wuinapaa tacBupiapra
UIUIOB  Oepuill, TacBUpAArd  OCNTWIapUHM  aXpaTHIl  Ba  I[IAXCHU
WIeHTUPUKAIUSATIA  yCyJd  Ba  alTOPUTMJIAPUHU  HIUIA0  YMKUIIHU
TaKOMWUIAIITHPUII ~Macajlajapd XamJaa yJIapHUHT AaMaluil  KYJUIAHWIHIIHA
P.I'oncanec, 10.N.Kypasnés, D.1latpuk, V.IIpatt, B.A. Codep, LII.Vibman, S.A.
®ypman, B.A.®ypcos, 3.B.llonosa, B.H.Bannuk, I'.C.Ilocnenos, B.byprep,
M.N.Canex, b.XopH, I1.Xapt, M. 11ne3unrep, B.M. I'nymikoB Ba 601IKagapHUHT
WIMUH UIUIapuaa Kypuo YUKUIITaH.

V36eKnCTOH1a TaHNG OJIMIN Ba TACBHPIIAPTa HIIUIOB GEPHII HA3apHii-aMatuii
acoCJIapUuHU PUBOXKIIAHTUPUIITA M.M.Kamusios, 1. X.®Po3unos,
X.H. 3aitammunos, P.T. AoOaykapumon, 3.T.Amunoa, @.T.Aaunosa,
A. X Humanos, C.C.ComuxoB, H.C. Mamaros, C.C. Pamxa6os, I11.E. Tynsranos,
H.A UrnateeB, P.AJlyrdymnaes, H.M.Mupszaee Ba OoIIKaJapHUHT WJIMUAN
UIUTapy YbTHPOTa Ca30BOPAUP.

XO03Upru KyH/Ia MaXCHU UACHTU(PUKANUSIIAITHUHT WIMANA WYHAIUIIIapUIaH
Oupu OMOMETPUK TEXHOJIOTHSIIAP COXACHAA OJMO OOpPMIIraH TaIKUKOTIAP TaXJ MU
IIYHU KYpCATAWKU, IMaXCHU WACHTUDUKAIMSUTAIIHUHT aBTOMATIAIITHPUITaH
TU3UMJIAPUHU sIpaTUIIAa BYXXyAra KeJlaJuraH MyaMMoJjap XO3UpPrd KyHrauda
eTapiu Aapaxkana ypranwamarad. IIlyHuHTIek, 103 TacBUpPH acocuja IIaXCHU
UACHTU(UKAIMUTAIIHUHTABTOMATIAIITAPUITAaH  TU3UMJIAPUHU  TaKOMUJUIAILI-
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TUPHII Ba UIUIA0 YUKW Xamja peajl BaKT TU3UMUJA TE3JIMTMHU Ba aHUKJIMTUHU
OIUPHUIITHUHT YCYJ Ba QITOPUTMIIAPUHU WILIA0 YUKW XaMJa JacTypHi
TabMUHOTHHU SIPATUII aCOCHI MyaMMoJiapiaH Oupu XucoOaaHaIu.

Juccepranuss MaB3yCHHMHI JAHCCEPTAsl 0a’KapuwjraH oJMi TabJuM
MYacCaCACHHMHI WIMHMH-TAAKUKOT HIIAPH OWyIaH OorauKauru. Jluccepranus
TagKUKOTH TOMIKEHT axOo0poT TEXHOJOTHSIApU YHUBEPCUTCTUHWHT WIIMHMA-
TagKUKOT wuimiapu pexxaciHuHr Ne bB-ATtex-2018-249—«buomeTpuk curHauiapra
pakamJIM HILJIOB OEpHIl yCyJUIapd Ba aJIrOpUTMIApUHHU uiiad yukunn (2018-
2019) maB3ycuaary WIMHi-aMalui JIoMKXa Joupacuia OakapuiraH.

TagKMKOTHUHT MaKcau 103 TacBUpHU acocuia IaXCHU
UACHTU(UKANMUTAIIHUHT MaTeMaTUK MOJEIUIapy, aJlrOpUTMIIApu Ba JacTypHid
TAbMUHOTUHU UIILIA0 YUKUIIIaH HOopar.

TaagkuKoTHUHT Basudasapu:

Iaxc 103 TacBUpHUTa AacTIa0KW HIIOB OEpHUIll alrOpUTMIIAPUHU HIILIA0
YUKHIIT;

TAaCBHUPJIaH IMAXCHUHT 103 TACBUPH KOWJIAIITAH COXAHHW TOIHII AJITOPUTMH Ba
Maxcyc KyTyOXOHAaCHMHU UILIa0 YUKHUIII;

IIaXCHHUHT 103 TacBUpHU Oenruiap (HpazoCHHM MAKUIAHTUPUIL Ba HHPOPMATUB
Oenrunap MaXMyaCHHU aHUKJIAIT aITOPUTMUAHU WUILTA0 YMKHUIIT;

11axc 103 TACBUPUHU XapaKTEPJIOBUM MH(OPMATUB OeNruiap acocuaa maxcHu
TaHUO OJIUII AITOPUTMIIAPUHU SPATHUIIL.

TaaKMKOTHUHT 00beKTH cudaThaa IIAXCHUHT 103 TaCBUPH, TacBUpJapra
UIIJIOB OEPUIIl aCOCH/Ia IMIAXCHU TaHUO OJIMII Ba UACHTU(PUKALIUSIIAII )KapaCHIIapu
KapaJras.

TaagKMKOTHUHT TIpPeIMeTH INAXCHUHT 03 TacBUPUra WIIUIOB OepwuIll,
MabIyMOT/iap Oa3acupaH KUAMPHUIN, TaHUO OJUIN YCyJd Ba alrOpUTMIIApU
XucoOJIaHaIN.

TagKuKoTHUHT ycy/uiapu. TagkKUKOT )KapaéHuaa 3XTUMOJUIap Ha3apuscy Ba
MaTeMaTUK CTAaTUCTUKA, NHUCKPET MaTeMaTHKa, TacBUpJapra WILIOB OepuIl Ba
103J1apHU UACHTU(UKAIMSIIAII YCYJIJIapu Ba OOBEKTra WyHaNTUPUITaH JacTypJiall
TUUIapuaaH GoianaHuiIraH.

TagKUKOTHUHT MJIMUI SHTWJIMTY Kyiuaaruiapian uoopar:

IIAXCHUHT 103 TacBHpHW CHU(ATHHM aHUKJIANIAA TacBUpJAa HOTEKHUC
TaKCHUMJIAHTaH EPYFIMKIAPUHA HOPMAJUIAINTUPHII acoCUAa J1acTIa0Ku WIIUIOB
Oepulll aNroOpUTMIIAPH UILIA0 YNKHUITaH;

MUKCeIIap XyCyCUITIIApUHU HHOOATTa OJITaH X0J1/1a TACBUP/IaH MAXCHUHT 103
TACBUPH >KOMIAIITaH COXAaHU TOIHUII aITOPUTMH Ba MaxCyC KyTyOXOHAacu uiiad
YUKUJITaH,

CTaTUK TacBUpJap/a IIAXCHUHT 103 TacBUpH Oenrwiap wmacodaiapHu
TaKpuOUN aHUKJIAIl OpKaduM HMHPOPMATUB Oedruiap MaKMyacHHHU XucoOnail
aNTOPUTMIIAPH UIILIA0 YMKUIITaH;

Iaxc (03 TAaCBHPWUHHU XapaKTEPJIOBYM MaBCYMHUU Y3rapyBud HH(POpMaTHB
Oesruiap acocuaa MaxCHU TaHUO OJIMIL aITOPUTMIIAPH SPATHIITaH.



TagKUKOTHUHT aMaJIMii HATHXKAJIApH KyHuaruiapaad noopar:

Ky3aTyB KaMepacuIaH OJIMHTAaH TACBUPJAH 03 TACBUPHHHU AXPAaTHO OJIHIIL,
nacTiadku WUnuioB Oepwuil, WHGOPMATHB OCNTHIIAPHU aXKPATHUII, MabIyMOTIap
0azacuia cakiaml Ba TaHuO onuImHUHT «Face Recognation»mactypuii TabMHHOTH
nmad YMKUJIran;

maxc  IO3MHM  WACHTH(UKAMSIAm — >Kapa€HUHU  SKaJaJUIallTHPHIIL,
capdaHaIuraH BaKTHU KaMaWTUPHII, TAHUO OJIMIN aHWKJIWTUHUA OITUPHII XaM[a
Hazopar Tu3UMHU YyuyH «Face ldentification» mactypuii TabMHHOTH HIILTa0
YUKUJITaH.

TagKMKOT HATHKAJAPUHMHI HMINOHWIMIH. TaJKUKOT HAaTHXKaJapUHUHT
UIIOHWINTUIO3 TACBUPU acOCHa MIAXCHU HJeHTU(DUKanusnam Oyitndya Takiud
STWITAaH MAaTeMaTHK MOJEJI Ba aJIropuTMiap amaliuil MacalajllapuHu  Xal
KWIKIIard peall Ba TaxpuOaBUil TAaIKUKOTIAPHUHT MKOOMI COJUIITHPHUII
HaTWKaapy OuiaH U30Xj1aHaIu.

TagKMKOT HATWKAJTAPUHUHI WIMMHA Ba aMajiMil axamMusiTU. TaakukKoT
HaTWKAJTApPUHUHT  WIMHA ~ axaMusiTd 103  TacBUpH  OyiiMya  IIaXCHU
UJICHTUPUKAIUSATIOBYM  OMOMETPUK  TEXHOJOTHSUIAPUHUHT  Ha3apuii-aMasiniii
acocCJIapyuHU UCTUKOOJUTN PUBOMIIAHUIIM OWJIaH U30XTaHAIH.

TagKUKOT HATWXKAJTApPUHUHT aMaJIMi aXaMUSITH Takau@ STUIraH MaTeMaTUK
MOJIe] Ba aJrOpUTMIIAP AacoCHJa HIUIA0 YUKWITaH JacTypuil TabMUHOTHUHU
TAIIKAJIOTIIapra Ba €MUK XyJyJajapra KUpPUII Ba YUKUAIIHU HA30paT KWJIMII
TU3UMIIApUA KYJUIAHWIMIIN [IaXCIApHU HWAECHTU(GUKAIUSIAIIHUHT 3aMOHABUN
aBTOMATJIAIITUPWITAH TU3UMIIAPUHU Johuxanamaa (ongaaHuill MyMKUHIUTH
OnIaH M30XJIaHaAIN.

TaagkuKOT HATH:KAJAPUHUHT Kopuil KuwiuHumu. KO3 TacBupu acocuma
IIaXCHU TaHWUO OJUII Ba WUJCHTU(DUKAIMATIAII CaMapaJOPIUTHMHU ONIMPUITHUHT
MaTeMaTUK MOJEIb Ba aJIrOpUTMIapH Xamja JacTypuil TabMUHOTH Oyinua
OJIMHTaH WJIMHUI HaTHXajaap acoCh/a:

103 TacBupuaaru Oenruiap macodanapHu TaKpuOWil XucoOiam Ba CTATUK
TacBUpJla MAaBCYMHUMW Y3rapyBuM Oeirwjiap acocuja IIaXCHU TaHUO OJIUIIHUHT
«Face Identefication» nacTypwmii TabMuHOTH Y306ekucTon Pecrry6mukacu Kypommm
Kyumap akageMHSICHHUHT KypCaHTJIapHM OWHOTa KHPHUII Ba YHKWAIIUHU
HazopaTjall [OCTUra J>KOpUM KWwiMHraH (AXOOpOT TEXHOJIOTHsUIapu Ba
KOMMYHUKAIUSIAPUHA PUBOXKIIAHTUPUII Bazupauruauar 2019 itun 8§ HosOpaaru
33-8/7941-con mabiymoTHOMACH). VMUl TaaKUKOT HaTH)Kacuia KypcaHTJIap Ba
XOJMMJIapHU OWHOTAa KUPUII Ba YUKUIIMHU HA30paTiaIl OpPKaJIW IIaXCHU TaHUO
oymm Ba waeHTH(UKanusuram Tu3uMu 85-90% ra aHWKIMk OWIIaH IIAaxXCHU
UeHTUUKAIUSIIAN UMKOHUSITHHY SIpAaTTaH.

maxc 3ujara Oenrmiapu Oyinya MabIyMOT/Iap Oa3zacujaH KUIUpUIaéTran
IIaXCHU MUKCEJJIap UHTEHCUBIUTY OYinya TaHWO OJIMIN Ba WIACHTU(UKAIUSIIAIIT
acocuaa unuiad yukwiran «Face Recognation» nmactypuit TabmuHotn «UZTEX
SHOVOT» MabCcynuaTH YEKJIaHraH >KaMUAT KylIMa KOPXOHACUTa YKOPHUM
KWIMHTaH (AXOOPOT TEXHOJIOTHSJIAPU Ba KOMMYHUKAIUSIIAPUHU PUBOKIIAHTHPHUIIL
Basupiauruauar 2019 iinn 8 Hosopaaru 33-8/7941-con mabiaymoTHOMacH ). MnmMuii
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TaJKUKOT HATWKACHJla KOPXOHAHUHI €MUK Ba OUYMK XyAyMJIapula XOJIWMIIAPHU
uACHTU(UKAIMUIAI OpKAK Hazopariam Ba 75% ra aHUKIMK OWJIaH IIaXCHU
TaHUO OJIMII camMapaJOpJIMTU OIIMPWIIU Xamjaa IMIaXCHU WIACHTH()HUKAIUSIIAIITA
cap(ranaauran BakTHU 2 OapaBapra KUCKapTUPUII UMKOHHHU OepraH.

[Iaxc 103 TaCBUpPHUra JacTIa0KW WIUIOB OEpUIl Ba TACBUPAAHIO3 COXACHHU
axpatub onmm acocuaa unuiad uukuiaran «Face Recognation» Ba «Face
identification» nmactypuii TabMuHOTH DapFroHAa BHIOSITH XOKUMIIWUTH Xy3ypuIaru
«AXOOpOT TEXHOJOTUSJIAPUHKM PUBOXIIaHTHpUII Mapkasw» JYKra sxopuit
KuJIMHTaH (AXOOPOT TEXHOJIOTHSIIApU Ba KOMMYHUKAIUSIIADUHU PUBOKIAHTUPHUII
Basupauruauar 2019 wmn 8 HosOpmarm  33-8/7941-coH  MabIIyMOTHOMACH).
NnMuii TaaAKUKOT HaTUXKacuJa Ky3aTyB KaMepaJaH OJIMHTaH IIaxXc 03 TACBUPUHU
MabIyMOT/Iap ©Oa3acujga MaBXKyJ UIaXCIApHUHT 03 TacBUpJapu OwuliaH
COJIMIITUPHIN HATHUXKACUA IIaXCHU TAaHUO OJIMII Ba WIACHTU(UKAIUSIAII TE3JIUTU
2,5 OapaBapra OUIMpHUIITa HSPUILIAITAH XaMJa IIaXCHU WJIACHTU(UKAIMIIALI
TU3UMUra capdianaaurad BakTHu 25% ra KUCKapTUPHUII UMKOHUHU OepraH.

TagKMKOT  HATHKAJAPUMHUHI  anpodaumsick.  Maskyp  TaaAKHUKOT
HaTwxanapu 25 Ta, xxymiaaad 13 Ta xankapo, 12 ta pecnyOnuka WiMHi-aMadi
aHKyMaHJIapuJa Mabpy3a KWJIMHIaH Ba MyXOKaMaJlaH YTKa3WIIraH.

TagKMKOT HATHKAJTAPUHUHT JIbJOH KWIMHraHJauru. Jluccepranus
MaB3ycu Oyitmya >xamu 40 Ta WIMUN WII YOI STWITaH, KyMJIaJaH, V36ekucTon
Pecniy6mukacu Onuii attectanysi KOMMUCCHSICHHUHTIOKTOPJIUK JUCCEpTaIUsIapy
acoCUi WJIMHUI HATH>KAIAPUHY YOI STUII TaBCUS STHJITAH WIMHN Hampliapuaa 12
Ta MakoJja, myiapjad 2 Tacu xopwxkuh, 10 Tacu pecyOnrka KypHauiapuaa Haip
stuarad xamja 3 Ta XM yuyH spaTUiraH J1acTypuid BOCUTAJApUHU KAl KWJIUILL
T'YBOXHOMAJIApY OJIMHTaH.

JAucceprauMsHUHI TY3WJIHIIM Ba Xa:kMHu. Jlucceprauus kKupui, TypTTa
000, xynoca, (oiinanaHuiaran anabuériaap pyuxatu Ba uWJIOBajapAaH HOopar.
JucceprauustHUHT XakMu 120 OETHU TalIKKUIT STaJIH.

JIMCCEPTAIIUSIHUHT ACOCU MA3ZMYHHU

Kupum xucmuga nuccepranusi MaB3yCHUHUHT J0J3apOJIMTH Ba 3apypusiTH
ACOCJIaHTaH, TAJAKHKOTHUHT Y36EKHCTOH PecniyOnukacu ¢aH Ba TEXHOJIOTHSITIAPU
TapaKKUETUHUHT YCTYBOp WyHAIUIUIAPUTra MOCIIUTHA KypcaTwirad. TagKUKOTHUHT
Makcaj Basudamapu Oenruinad OJWHraH XaMJla TaJIKUKOT OOBEKTH Ba IPEAMETH
aHUKJIaHTaH, OJIMHTaH HATM)KAJTAPHUHT HWINOHWIMJIMTA acocinad Oepuiiras,
YJApHUHT Ha3apui Ba aMaJIMil aXaMUsATH KypCcaTWraH, TaAKUKOT HaTHKaJlapUuHU
aManuéTra KOpUH KWIMHHUIN XOJIaTH, HaIp ATHITaH UIUIap Ba OJUO OopwIraH
TaJKAKOTIIAP TUCCEPTAIUs UK aHUK KypcaTuino OepuiraH.

Huccepranussauar  «llaxc 103 TaCBUPMHU MACHTH(PUKANUAJIAINHUHT
OMOMeTPHK TeXHOJOTusIapw» Je0 HomiIaHraH OupuHuM O00HM, TYpTTa
naparpadgaan udopar O0ynub, yHIA IIaXCHU WIACHTU(PUKAIUSIAIT MacaJaCUHUHT
3aMOHABUU YCyJUIapyd KUECUM TAJKWUK JTUITaH. BUOMETpUK TU3UMIIap acocuia
MaxCHU WACHTU(UKAIMUIAT TU3UMJIApUAArd MaBXyJ MyaMMoJiap Ba YJIapHU
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Oaprapad otum #Hymmapu 0O0aéH otuiarad. KO3 TacBupm Oyiimya IaxcHU
UASHTU(UKAIMSUIAIIHAAT MaBXyJ YCyJ Ba alTOPUTMIIAPUHM TaXJIMJI KHJTHII
HaTWKacuja JWCCepTalusg  TAAKUKOT WM  MacCaJaCHHUHT  KYWWIJIAIIN
[IaKJUTAHTUPUIITaH.

1.1-naparpadnaa maxc 103 TaCBUPUHH HACHTU(DUKAIMSIIAITHUHT OMOMETPHK
TU3UMJIAPU YCYJUIAPUHUHT KHECHM TaxXJIWJIM aMmaira omupuirad. by Oopana
TaxJIWJUIap HaTIKacuJa IIaxCHH WACHTU(UKAIMUIAl —MacalajJapuHd — Xail
KWIKIIIA sSTHTUYa EHAANIyBIapHU UIIIa0 YuKui Oyiinda TaBcusiap 6a€H 3TUITaH.

1.2-naparpadaa IIaXCHU ueHTUPUKAIHSIAIT MacaajapuHu
TAaKOMUJUTAIITUPUII UIJIAPUHKA 3aMOHABUH yCyJUlap acocuja 03 TacBUpHU Oyiinua
MIAXCHU WACHTU(PUKAUMUIIAIIHUHT 3aMOHABHM JacTypuii-anmapar BOCUTalIapu
TaJKUK STUIIIH.

1.3-maparpadna maxc 103 TaCBUPUHU UACHTHU(UKAIMSIAII TU3UMIIApUTA
KyHWIagurad TanabJapHUHT TaxJIMIM aCOCHAA Ky3aTyB KaMepallapHUHT TacBUpPra
OJIMIITUHUHT MYXUM TIapaMeTpiiapy UIiad YUKUITaH.

By 6opana 1-xanBanga maxcHA TaHUO OJIMIN Ba WACHTU(UKANUsIIAIN Tanad
KWIWHCA, KaTTa Kuiimataarn ¢(okyc macogara sra kamepanapiaH (organaHuil
TU3UMJIAPU UILITA0 YUKUIITaH.

1-sxaaBaJ
HlaxcHu uaeHTHUKANUATIANILA KaMePAJaPHUHT
TaxXMHHU Macodajiapu
dokyc macopacu, (MM) HNnenTuduxanus macodacu, opanukaa(m)

2.8 [1.86, 4.66]
3.3 [2.20, 5.50]
3.6 [2.40, 6.00]
4.2 [2.80, 7.00]

6 [4.00, 10.00]

8 [5.33, 13.33]

9 [6.00, 15.00]

12 [8.00, 20.00]

22 [14.66, 36.66]

50 [33.33, 83.66]

1-xanBanga MIAXCHA TAaHUO OJIMII Ba WIACHTU(UKAIUSIANT TU3UMUHUHT
MUKCEJUIap COHUTa Tajgadiap Uiiad YMKUIIU Ba Kyruaaruiap:

-00BEKTHU aHUKJIAIl YIYH YU3UKJIM MUKCeIIap COHM - 20 muKcen/m;

-TaHUO OJIMII YUYH YU3HUKJIM NUKceiap conu - 100 nmukcen/m;

-UJIeHTU(PUKALMS KNI YYyH YM3UKJIU TTUKceiap coHu - 250 nukcen/m;

-maTpunacuaaru nukcesmiap conu 1080 (2Mn Full HD), 700, 560, 480, Ba

380 6ynran BuIeOKaMepanap yUyH;

-TaHUO ONIMINI y4YyH Cyparra TYHIMpWITaHAa 03 TacBUPH HATypal
KATTAIMTUHUHT 1/7 KUCMUHM TAIIKWI KWIAIIA TaBcHs dTuianau. JIekuH OyHiai
napaxagard Kuaukiamrupuira dakat 6x9, 19x12 Ba yHmaH KYIpoK Xakmaard
KaJpJiii Kamepanap €pJaMuia aMmaira OIMpuiIras.

1.4-maparpadnaa onmuaru maparpadiapia OJIMHTAH TaxJ I HaTHXKalapJaH
qUccepTaluusl HIIA Joupacuaa Xajdl KWIMHUINKA Ky3[a TYTWITaH MakcaJ Ba
Bazudanap MakUIaHTUPUIITAH.
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Hucceprauusinunar «llaxe 103 TacBUpuUra aacTiadKd HILJIOB Oepuin
ycyJulapd Ba ajJropurMmiapum» 1e0 HOMJIAHTaH WKKHHYA O000M TYypTTa
naparpadaan ubopat 60, 103 TaCBUPJIAPUHU TaXJIUI KUIUII aCOCHAA IIAXCHU
uACHTU(DUKAIS KWK YIyH TacBUpra JacT/IaOKy UILIOB OEpHIll, TaCBUPAAH 103
COXaCHMHHM axkpaTHO onum acocuja ¢oiamaHuIaAUural aaropuTMiIap TakKIud
KWJIMHTaH.

2.1-maparpadaa 103 TacBUpHra AacTiaOKv WIUIOB Oepuilia TacBUpHAAru
Oo0BEKT Yyiuamiapu, pakypc, QuiIbTpiaml, paHT Ba EpUTWITaHIWrura OYyiraH
Maxcyc Tajabnap makuaHTupwiad. bynaa acocuit tanabnap cudartuaa maxcHu
UACHTU(UKALMSUIIAI TU3UMHUTA MOC KETyBUM TacBUpPra JacTiabKu MIUIOB Oepull
yCyJl Ba arOpUTMIIApU Oa€H KUJIMHTaH.

2.2-naparpaduga TacBUpra IacTia0K¥ HIIUIOB O€pHUIll TaxJIMIM acocuaa
TAaCBUPHU KaiiTa MUUIanl, CUpaTUHU SXIIWIALI, 03 TACBUPUHU HOpMaJUIAIITHPHULI,
XalaKUTIapHA HWYKOTUIUIADHUHT MAaBXyJ YCyJd Ba alNroputmiap TaBcudu
épuTtwiirad. TacBupja €EpyFIMK HOTEKHC TAaKCUMJIAHTAH XOJaTaa TAacBUP
EPKUHIIMTUHE HOPMAaJUTAIITHPUIT Oyiinua TaxIwiap KenTHpuiraH. l-pacmua
TaCBUpP/Ja HOTEKHUC TAKCHUMIIAHTaH EPYFIUKIAPHA HOPMAIUIAIITHPHILN aJTOPUTMHU
TakauG STHIAN Ba y KyHHIard KajaamiaapaH noopar.

g,,+k-d -M, azap @, ,<mMy;

gnew_ H
S 255 —
O,y +k-d ~A, aKkc xonoda.
‘ 255—m,,

Oy epma 0,,- OepmiraH TacBUPHHHI Xap Oup koopaunaracu, K -tacBup

napametpu [-1;1], My TacBUPHHUHT OFUPJIMK MapKa3H, H -TacBHp THCTOrpaMMacH.
1-kaoam. bepuiran TaCBUpHU KUPUTHULI.
2-kadam. TacBup ructorpamMmmacu H HM KypaM#3 Ba yHAArd OFUPINK MapKa3u

My HU aHUKJTAUMU3.

3-xkadam. d mapameTpnapHu aHUKIaiMu3, spHU: d =|m,, —127|.

4-xaoam. K mapameTpHu aHukianmus. K =1. Arap m,, >1276ynca, y xonna
k=-1.

5-xkaoam. 9 x,y -TaCBUPHHUHT Xap OUp KOOpIMHATACH OYyiiMYa MHUKCEN paHT
KuiMatinapu 293 — 0, , SHrUIaH XUCOOIaiMu3:

6-kaoam. TacBup EpyFauKIapUHA HOPMAJUIAIITUPHUINITA YTUIIA TN,
7-xaoam. Tamom.
AJropuT™ HaTHXacu |-pacmaa KeJITHPUITaH.

a)

1- pacm. O3 TacBMpH EPYFIMTMHA HOPMAJLIAITHPHUILI
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Oy epma a) 3x4 ymyamparu 103 TacBupu  (Kopa ¢GoH Kympok) 0) 3x4
yndaMaard 103 TacBUPH EPYFIMKHM HOPMAJUTAIITHPHUIN  HaTwkach. Takmud
STWITAaH aJTOPUTMAA OHWOMETPHK OOBEKTIAp TACBUPJIAPUHUHT Y3UTa XOC
XYCYCHATH XUCOOTa OJTMHTaH.

2.3-maparpadaa mIaxc 103 TaCBUPHUTa SBPUCTUK YCyJUIapAa TacBHUpJapura
IacTIa0KM  WIUIOB  OCPHUIMHUHT CH(pATHHU  TAKOMIUIAIITHPHIN, HWKKHHYA
TOMOH/IaH KOMIIBIOTEpPra KHPYBYHM 103 TACBUPHWHM CaKJjall, KaiWTa WIUIANl Ba
OOILIKAPUII, KOMIMBIOTED AJITOPUTMIIAPUHUHT KYPUHUIIM, MAaTEMaTHK XHUCOO
*KapaCHUHM  TalIKWJI ~ OJTHUIIHUHT  XyCycusiTiapura  Kapab,  IIaxCHU
UACHTU(UKALMSIIALL YUYyH SKCIEPT TOMOHHUAAH Kapop KaOyJ KWJIMII aJropuTMHU
UNUIa0 YUKUJITaH.

2.4-naparpadaa TacBUp/a JKOWJIAITaH 103 COXACHHU aHHUKJIAI Ba a)XpaTHO
onmuin macanacu kypub uumkuirad. lllynunraex, onu6 OopwiraH TaaKuKoOTIap
HaTWXKacKuaa TacBUPAAH 103 COXACHMHU aXpaTHUO OJUII y4yH aJrOpUTM TakKIu®
STUIIIU Ba Y KyHHAard KajaMmiiap/ia aMmaira OMIHpUIIH.

1- kaoam.bepunran RGB KypuHUIIMAAaru paHriy 103 TaCBUP KUPUTUIIAIN.

2- kaoam.RGBro3 tacBup YCrCb monenwra y3rapTupuiaad Ba KyWHIard
dbopmyia OVitnua xucobiaHaiu.

Y =0.299*R+0.587*G +0.114B
Cr=05*R-0.4187*G -0.0813*B +128
Cb=-0.1687*R—-0.3313*G +0.5*B +128

Oy epna Y -TaCBUPHUHT EPKUHJINTH, Cr - TACBUPHUHT KaHaJUIapH, R -Oepuiran

TaCBUPHUHTY -EPKUHINTU, Cb -TacBUPHUHT R -KaHamiapu, B -Oepuiran

TaCBUPHUHT Y -EPKUHIITH. ] _
3 —xaoam. g _ )b arap [Cr(x,y) €[133;173]N Cb(x,y) €[77:127]
! 0, akc xonma
Oy epaa S; — TaCBUp/A IIaXC 103 TACBUPHU KOMJIAIITaH COXaHU aXXpaTHlll.
3 3
AKAOAM. Dy (x )y =SS S, (4x+i,4y + ])

i—=0 j=0
1, arap D(X, y) =16
5-kadam. S, = {

o0y epma D[X,y]=16 103 coxacu xucobmamamu, D[x,y]=0103 coxacu
XUCOOJIaHMaNIu.
6-xaoam. Tamonm.
2-pacMzia TakJIu( KAIUHIAH alrOpPUTMIAH TACBUPIAH 03 COXACUHU aHMKJIALI
Ba a)KPaTHO OJIMIIHY aMajira OIIMPHII HATUKACH KEITHPHJIITaH.

0, akc xoiaa

Hisoblash

2-pacM. TacBup/aaH 103 COXaCHHH AHUKJIANI BA AKPATUO OJIUIII
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VYHUHT MaBXyJ aJIropuTMIIapAaH aB3aJUIMIM IIyHJAaH HOOpaTKu, YHJIA
[IaXCHU M3Na OyTyH O0OBeKT OYiuda sMac, OalKy YHMHT aXpaTuO OJMHTaH 103
coxacu Oyiimya amaira OMpPHIaaM Ba Oy 3ca MKKUTA TACBUPHU COJIMILTHUPHILIra
KETaJuraH BaKT cap(PpuHU KUCKAPTUIII IMKOHUHU Oepajiul.

HMuccepraumssauar  «Ilaxe 03 TtacBupuaarum Oearmiaap ¢a3ocHHH
IAK/UVIAHTHPUIIHUHT MATeMAaTHK MOJeJH Ba aJrOpuTMU» 1e0 HOMIIAHTaH
yuuH4YH 000u TYpTTa maparpadaan uoopar 6yiamo, 103 TacBUpHAard HHHOPMATUB
oenruiap (pazoCUHU MIAKUIAHTUPUIL Ba aKPaTUO OJIUILIHUHT MATEMATUK yCYyJUIapU
Ba aJrOpuUTMJIapU TakauM HTwirad. CTaTUCTHK YycyiapiaH (oiganaHuirad
X0J1/1a, TUKCEN Ba OENTUIIApHU COIMILTUPUIL AJITOPUTMH TaKJIA( STHIITaH.

3.1-maparpadaa 103 TaCBUPUHHU XapaKTEPJIOBUU OENTUIAPHU aKPATUIIHUHT
camapainu ycyjuapiaaH ¢oiijnanaHu0, 103 TacBUpU OENTMJIApUHUHI  acOCUM
TypyXJIapyd XaMmJa yJapHU IIAK/UIAHTTUPUII Ba UIUIA0 YMKUIIHUHT MaTeMaTHK
acocliap, >KyMJjaJaH, IIaXCHU TaHUO OJMII Ba WACHTH(PUKALMIIAI Macajacu
YUYH MyXUM Oyiran OenrwjiapHu axpartuO OJIMII XYCYCUSTIAPUHHU aHUKJIAII
HaTWxacu kentupwirad. by 6opana nHpopMaTuB OenruiapHu MAKILUIAHTUPUILIA,
Oonutanruy Oenrmmap ¢Gasocu X =(xq, Xp,..., XN ) YKYB TaHJIAHMacu Oepuira

OyncuH xamjaa OenTWiapHU aHUKJIAlAa 3apyp OYJIaguraH BEKTOp KaTTalHMK
KUPUTHUIIA]IH.

c=(c, ¢y, ... Cy ),
Oy epma C; (i=1L,N) KOMIIOHEHTa |- 4Yd OCITUHH aHUKJIANI y4yH Kepak

Oymaguran KuiiMaT. Arap |-um OeJIrMHHM aHHMKJIAII Kepak Oyjca, y Xojja YHUHT
yuyH C; MHUKAOp capdiaHanu Ba Oy Oelru SXTHUMOJUIMTM Oupra TeHr Oyiarax
aHUKJIMKAA Tomwiagu. 4-pacMmua 103 TacBUpumgaru wuHpopmatuB OenruiapHu
Tannab onum yayd A=(4, 4, ..., 4, ) Bektopaan doiinananamus. By epaa A, (i=1N)
Oup €xku HOJb KUIMaTHU KaOyn KuiuO, uHpopMaTUB Oenruiap Maxmyacuaa Iy
OeJITMHU MOC paBHIIA KATHAIIUI KU KaTHAIIMACIUTUHHA OWJITUPAJTIH.

a) 103 Oearuyiapu  0) 1031arv OCJIrMJIAPHUA AKPATHII
3-pacm. KO3 TacBupuaaru HH(GpOPMATUB OeJITWIAPHHU AXKPATHII

3—(a),(6)pacmaa miaxc ro3uAard HyKTajapHu HHpopMmaTuB Oenruiap aeo
oJIcak, 103/1a 2278 ta uHdopMaTUB Oenruiaap MaBxKy[ Ba yjap IIAKUIAHTUPUIHO
onmuuu. llynnan P =103 TacBUpHUHT K¥3, OypyH, OFU3 opacugaru mHGOpMaThB
Oerwiapu P =68Taman nbopar xucoodmanaau. byHaa ky3mnap opacugaru oypyakiiap
uHOOATra oOJIMHMaraH, Iy ca0abiu fo3nard Ky3, OypyH, OFU3 OpaluFuaaru
oenrunap Macodanapu yadamumard 24 ta uHGOpPMATHB Oenruiap axpaTuiuo,
ynap Kyiuaarua Gopmysia opKaJid XUcoOJaHaIu.

P*= (X, + X))+ (Y, +Y,)?
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Oy epma x,y-HyKTamap, X,,y,-Oenrunmap KudMaTIapuHU WUFUHIUCU
Xxuco0yiaHaM Ba Kyhuaaru popMysa Keaud YuKaau.
‘R‘ :‘b(xi i) — P(X; Yi)‘
Oy epma R -sxuH kymHwiap Oenrunapu, p(xy;)- Oenrmmap smac, p(xy;)-
makianran  Oenrwnapaup. LlyHWHTrIEexk ky3, OypyH, OFH3 oOpacuiard sSKuH
OenTuiapHd SKUHJIAMTUPHIT Macodaniapyu XucoOiad YWKWIIW Ba KyHumard

dbopmyIia opKaiu XucoosaHaau
p, =(37,32), p, =(37,33), p, = (37,34), p, = (37,31), ps =(37,30), ps =(37,39), p, = (40,32),

P, = (40.33), p, = (40.34), p, = (40.34), py, = (40,31), p, =(4325), py, = (43.26), py; = (4330,
Pre = (4330), P15 = (43.29), pis = (46:34), B, = (46,35), i = (46,36), Py = (46,31), P, = (46,30),
P = (46,29), p, = (4031), Py, = (40,30), p,, =(40,29).

VYnap opacumaru macodanapau 10 % xaTonmknaa TakpuOuii xuco0maol,
KUIMaTIApHUHT  ypTaya KUiiMaTu HucOatura aHukiad omuHau. LllyHuHraex
KeATUpWiIraniap (dam Ky3, YHT Ky3, OypyH Ba Ofu3) opacujaaru macodanapHu
aHuK1a0, myHaaH 24 Ta OeNTrWIapHUHT camMapaJopiurdHu Oaxonama SKUH
KYIIHUTIAp ycyiauaaH ¢oiiaganu0 anropuTM Uiiad YuKUIIu.

1-kadam. bepunran Kuiimatiap: X, € X, oobektiap i ( Lm,; pzl,_r) Ba X*
HOMAabJIyM OOBEKT F03Uaru Oeiaruiap.
2-gaoam.Xap  Oup X (i =Lm;; p=1 r)yqu pri — x*ﬂ Oenrunap  opacuiaru
Macodanap TakpuOui KuiMaTiiapaaxucooIaHaIu.
; _ . Y *
3-kaoam.Arap rrglppri - x*ﬂ = quk x*ﬂ Oymnca, X*e€ X, Ba 5 Kamamra
YTUJIAIA.
4-gadam. Arap minx, —x*| =[x, —x*| =[x, -x*| 6¥m1ca, x* Genrunap opacumarn
Pl
mMacodanap aHUKJIaHMA/]IH.
5-xadam. Ynkum mapamerpu X*€ X, &€ku X* Oenrumap opacujparu

mMacodaap aHUKJIaH]IH.

6-xaoam. Tamom.

Anroput™m HaTwkacuja 24 Ta OCNTUIAPHUHT COHJIM KMMMaTH Kyhujaru 4-
pacMjia KeITUPUIITaH.

AR UNRRETENRANTRERT DN A% ey

4-pacm. 103 TacBUpUHMHT 24 Ta 0eJITHIAPUHUHT
COHJIM KHMMATH
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TaakukoT HaTwxkacuaa 4-pacMaa MabiyMoTiaap 0a3acuaa MaBxy[ IIaXCHUHT
103 TacBUpiapu Ownan 24 ta uHopmartuB Oenruiap yiauamiapu KuiMatiapu
acocWIa COJUINTHPAId Ba HWHACHTU(UKAIUSAIAII caMapaJopiurd  OOIIKa
aNropuTMIIApUTa HHUCOATaH IMIaXCHU WACHTU(UKAIMSIAN TE3JUTH, AHUKJINTH,
TaHUO OJIMII TU3UMIIAPH OWJIaH caMapaopINKKa SPHUIIATIAIM.

3.2-maparpadaa CTaTHCTHK ycyJulapjaH ¢oiganmanud, 103 TaCBUPH acoChja
MaxXCHU WACHTH(UKANMUIANAA TAKCEI Ba OeNTWiIapuHU  KHHUMaTIapUHU
AKUHJIAIITUPUIIIA TAKOMWUIAIITUPUIITAH KOPPeIanusi Ko3PPUIUMEeHTH yCyJIulaH
doitnananno, alropuT™ MILIA0 YUKW Ba KyHuaaru Kajamiaapaad ubopar.

1-kaoam. YMymuil KoppensiiioH HUCOATMHUHT KuiiMmatu [-1,+1] opanuruga
oynanu.

2-xaoam. KoppensnuoH HUCOATMHUHT KuiiMathu | ra KaHuya sIKMH OYica,
OOFJaHMIII MKKH TAacCBUp ypTacuaa IIyH4a 3ud (kyda yxmiamn) Oynmaau. Arapia
KOppENsIMOH HUCOATMHUHT Kuiimatu 0-ra KaHya SKMH OYyica, WKKH TacBUP
YpTacuaa OOFJIaHUII TapKOK OViamau.

3-kaoam. Onatiaa WKKM TAacBHp Ypracuaa nmkcen Ba Oemrmmap RX;; <0.3

6ynca, Ttapkok Oormanmmra osra,0.3<RX;; <0.9 opacuma &érca, ypraua

6ornmammmra sra, RX; ; > 0.9 6ynca 3uu Gornanmmra sra xuco6manay.

4-gaoam. Xamma Tonmuiral oenrwiap kiaccuduxatopra Oepuiaiu.
S5-kadam. busra ukkuTa X,S-TacBUp OepwiraH Kepakiu Oenruiap Ouiad

Oenrmnab onumya Matpuna siparamus X;;,3S,i,k =1,n; j, 1 =1, m. aparunran Oy
MaTpULIaHU KOBapUallMOH MaTpulia J1e0 ataiiMus.

6-kaoam. KoBapmanuoH wmarpuiia ycTHJa CTAaTUCTHK TaxjIMI YTKa3aMus,
acocHil Jxoinapra 0enru Kyinod nukceiap oiHacu Kypuo OJIMHAIN.

7-kaoam. Koppenauuss Ko3(pPUUUMEHT HATHKACH acOCHAA TacBUP MOJEIHU

épmammuaa R;; = X KOppeIALMOH MaTpUIa Ty3u0 ONaMu3 Ba TaXJIMJ YTKa3aMMu3.

8-xadam. Koppensusa kodpUIUEHT KMAMaTh KyHuaard mapt Oaxkapuiica
RX;; >T(a,n)a=95%  Gusra OepuiraH UKKAHYM TACBUP OMPUHYM TACBHD

Monenu xucobmanamu, ymap RX; ; ypracumarn yxmanumk 80-90% dousnan

FOKOPUCH XUCOOJIaHAIN.
9-kaoam.Koppersiiust ko3bpuimenTr Y3uHuHr 0Kopu Kuiimatn RX; ; =1lra

-2
Ba Ouy = OTenr OynraHga mMareMaTuKk MOJCTMMM3 aJIeKBaT HaTHKacura
SPUILIAIH.

10-xkamam. RX; ; < T (¢, M) ukkuHUM mapT Xocun Oyiaca, Oy HKKUHYU

TacBUp OMPHUHYU TACBHP MOJIEJIM 3MAC JIETaH XyJjocara KeJIMHAIM Ba KEHUHTH 3-4u
TacBUp OwyaH 1-uyum OOCKMYJaH KalWTa TakpopjaHaJu Ba y3ura yxumiam MOJAEJIHU
TONTYHYA JKapaéH TakpopiaHaau (5-pacm).

11-xkaoam. Tamom.
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EEP
PEr

Caeldin

Derected face

Name: Kamoliddin
Coeff:81 %

S-pacm. 103 TacBuprHN naeHTHUKANMSAIALI
KO3 puLHeHTH

Taknud sTunaTaH anropuTM acocuaa MHKCEUIap Ba Oenruiap acocuja
VTKa3uiran Takpuba CHHOBHM IIAXCHU HACHTHUGUKanMsutam aHukmuru 85-90%
MMKOHUHU Oepra.

3.3-maparpadga mIaxc F03M TACBUPHUHHM MAaTpULIATM KOJAIl acocuaa
UAeHTU(UKAIUSIIAITHIAT MaTEMaTHK Macajacu €duiraH. TaaKkuKOT HaTrKacHia
8x8 muKcen YI4OBIM 103 TACBUPHU AHUKJIOBUM 8-TapTUOIM MaTpuiia OepuiraH
XamMla MATPUIIAHUHT YCTyH Ba caTp KYPUHHUINHIArd TMHKCEUTAPHU KYIITUII
HaTWKaJlapyd acocH/ia MKKWHYHM 03 TACBUPHHHT YCTYH Ba caTp NHKCEIapu
KUMaTIapu WUFUHAUCUHN XUCO0JIa0 YMKHUII )Kapa€HU TYpTTa OOCKMYAa UIIad
YUKUJITaH.

3.4-naparpadga maxc 103 TACBUPUHUHT WJAECHTU(GUKAIIMOH OelruiapHu
AQHUKJIOBYM  3aMOHABUM yCyJJlap caMmapajopiiird HaTH)Kachaa TaCBUPHUHT
XYCYCHATIIAPH Ba dJIEMEHTIApUHHU XUCcOOall Macanacy euriran (6-pacm).

e e A bt
Topidllie! Shaxs yuz tasvirini belgilar asosida identifikatsiyalash Topidemn Inson yuzini ma'lum belgilar asosida identifikatsiyalash

6-pacm. lllaxc 103 TacBUPUHH OeJIrujiap acocuaa
HICHTU(PUKAIU AT AL

6-pacMjia 1mraxc 3uaaru Xap Oup TakkociaaHaérran O6enru (Ky3, KOIL0ypyH,
aiipuMm Oenrunapu) uACHTHUKAIMS OOBEKTH cHdaTHIa OJUHHIIN cadadim,
IIAXCHU TaHUO OJIMIN Ba UACHTU(DHUKALHMIAITI HMKOHUHHN Oepaiu.

Huccepranusauar «llaxc 103W TAaCBUPUHM HACHTH(PUKANUSIAMIHAHD
ax0opoT pecypciapd Ba JacTypuil TABMUHOTHHHMAPATHIN YCyJJiapu el
HOMJIQHTaH TYPTUHYU OOOM 103 TACBUPHU acoCHa IIAXCHU HACHTU(PUKALMSIIAIT
TH3UMUAATH BasudasapHu OOIIKapyBUYM MACTypuil TabMHUHOTJIADHU SPATHII Ba
TQIKUKOT HaTWKaJIapuHu OaéH OSTHIN XaMmJla aMaJliid MacajajlapHu CUHIIra
OaruIIIaHTaH.
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4.1-maparpada Ky3aTyB KaMepa OpKaJId TacBHpPra OJHMHIaH IIaxc 03
TacBUpHUIa JacTiaOKu HMIUIOB OepHIl, TaCBUPJAH 03 COXACHHU aXpaTUO OJIMIL,
103/1ard  UACHTU(UKAIIMOH OCNTHIapHi aHHWKJIAll Ba MablIyMoTiap Oa3zacura
&sumra mymkaiianran «Face Identification» nactypu TaBcudu kentupuiras.

Kamepanu ynai Acocuil unrepgeiic L 103 TacBupHu
OJIOKHU + apxXuBall
* | Tacsup y4yH KyHuiaran
Peas BaKTIa Tana0HM TEKIUPHULI MB kypum
HILJIALT l
103 TacBu
Kamepaian — Macmtabnan g TacBHp
(batimuHN
TaCBUPHH <
OYHII
OJTHILI v
— Bypuakka Oypum
TacBupra 103
JacTiabKu < < TaCBUPHUHU
WIIJIOB OepHuIr KYIINIIT
>, JIACTIIIEH
TacBupaaHs 103 103
COXaCHUHH < TaCBUPUHU
XXpaTHIL TapTHOIAIT
[ /_V ID
O31aru >
OenrunapHu > Mb
KpATHUII Ba g < 103
TaCBUPUHH
TaKKOCJIaII
S~ Yaupu
[Maxc xakuna Y
MabJIyMOTIapHH [TaxcHu
TAKIITAHTHPHIIT UJIeHTU(DUKAIHSIIAIIT
O3 TacBupHu =
TaKKOCJIAII AUcILICH

7-pacm.«Face Identification» mactypuHuHT GyHKIHOHA
TY3UWJIMaCH

Ymly macTypHM WKKH TOMOHJIaMa Kapall MyMKHH, OMpWHYHJIAH, aIapar-
IacTypuid Makmya cudaTuia, HKKHHYMIAH 3ca JacTypuid BOcUTa CcCHUdaTHIA.
Anmnapar-gactypuii  Maxkmya  Ae0 aranumura cabal, Ky3aTyB THU3UMHU
KaMmepayapura OeBocuMTa  yJIaHHMO, peajq BakTAa IIaxXC FO3WHW aHUKJIAII,
TacTaabKu  UILIOB  OEpulIll, TacBUPAAH (03 COXAaCHUHM aXpaTubd  OJuIl,
uaeHTU(PUKAIMOH OeNTuiIapHu aHUKIAll XaMmJla (03 TacBUpJapuaaH uoopar
MabIIyMOTIap Oa3acMHU  Kypwll Ba  OOIIKApUII THU3UMIIAPH HUMKOHHUSTH
apatwirad. LllyHuHTIeK gacTypia kaMepa MEHIOCHHHM WINTa TYIIUPHIN OPKaJH
TaCBUpJIa 103 OOBEKTH OCNTHIaHAAN XaM/la aKpaTHO OJIMHTAH 103 TACBUPH XaKUaa
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MabJIyMOT/Iap 0a3aCMHU KYpHUIIl UMKOHUSTHUHH OEpyBUM allOXUJA MOJYJIHUA HINTa
TYIIUPUIIT UMKOHUATHA OCpHIITaH.
bynnan tamkapu 4.1-naparpada TacBUp MaiJOHHAA (03 OOBEKTIAPUHU
aHUKJAIl Ba Ky3aTuO OOpWIN AJITOPUTMHHHM CHUHOBIAH YTKA3WII MaKCcaauia
TaHJIAaHTaH 103 TAaCBUPUHU KUJUPHUII Ba XapakaTMHU Ky3aTUII OpKaIU 03
TaCBUPUHM YCTYH Ba caTp KYpUHUIIUJA NHUKCEIJIAp HMHTECHCUBIUTUHU
COJIMIITHPHIN HATWXKAacWjaa INaxCHW TaHWO onumHuHT «Face Recognation»
JACTYPUHUHT TaBCU(IapH KEITUPUIITAH.
4.2-maparpada 1maxc 103 TaCBUPUHHU UJIEeHTU(PUKATUSTIAITHUHT
MabJIyMOT/Iap 0a3acUHU MILIA0 YUKUII TaXJIWIM aCOCHAA IIAXCHU TaHUO OJUII
HaTWXKalapu 2-xaasanga keatupwirad. Kuécuil tTaxiamira Kkypa KEHI TapKaJraH
anropuTMiIap Te3Kopauru Oyhnua crangapt xonataa (CPU-peanu3zanus)
takkocianau xamjaa ORL Database, AAF, YFDB TtacBupnap 6azanapunan
dornananunan. Taxxpubdba taakukorn Core 15 3,4 GHz npoueccopiau, 8 Gb
onepatuB xotupanu, 1050Ti 4Gb Bugecokaprara »sra OyiaraH mnepcoHan
KOMIIBIOTEP/1a amMaJira OIIUPHIIJIN .
2-maaBaJ
ORL Database, AAF Ba YFDB 6a3anapu acocuaa 103 TACBUPHHH
AHMKJIAII HATHKAJIAPH

JAeHTHGUKATOH [IIaxCHY KITACCHK TaHUO OJIMIII
Oearnaap - Bak.cek
= -
E S Vxutumr Taun6 TauuO oy
; e OJIHII aHUKIUTH %
= =
103 5 %
“ | A
TacBupHu 0a3zacu S| 3
= =
1 | ORL 200 350 1,783451 0,150609 85-90
Database
2 | AAF 230 300 1,058891 0,825061 70-75
3 | YFDB 160 220 2,634553 0,064683 80-85

2-maaBaj KENTUPWITaH  HaTwkajmapaaH KypuHuO  Typubamku, ORL
Database, AAF Ba YFDB 06a3zamapuga Mapxyn OyjiaraH (03 TacBHPJIapHH
UJEeHTU(UKAITMOH OeNTuiIap mapameTpiapruHu COMUIITUPHUIN HATHXKACKA TIaXCHU
TaHHO OJIMIN Ba WJCHTH(HUKAIMIANIIA BaKT cappUHU KaMaUTHPHUII UMKOHUHU
oepaam.

4.3-maparpadaa taxpubaBuii TagkukoTiap «Face identification» Ba«Face
Fecognation» macTypiap TabMHHOTH EpJaMua OJIMHIAH aMalliii MacajajapHu
XaJI KWW HaTWKaJapu KeITHPUIITaH.

TaxpubaBuii Taakukoriaap 100 ta maxcuunr 10000 Ta 103 TacBUpiapiaH
TAIIKWJI TOMTaH Ba FOKOPHIA KEITHPWITAH HMEPApXHMK TYy3WIHINra sra OyiraH
MabIyMOT/Iap 0Oa3acM acocuaa MIAKUIAHTHPWITAH  YKyB TaHJIaHMacuiaH
doiinananub amanra OUUPHUIIIH.
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8-paCMI[a maxc 3 TACBUPUHU TaXJIUJ KHWJIMII acocuaa maxCcHHU
I/II[eHTI/ICbI/IKaI_II/IH KWJIMII IIPpOHCAYpAaCUHHU aMalir'a OHIMPHUII HATUKACHMHHN aKC
OTTUPYBYIU MUCOJI KCITHPWJITAH.

Seen e mca v

14

g
4

o Shaxsni yuz tasvir asosica anvqlash

8-pacm. HO3 TacBUPHHM TAXTHJI KMJIHII ACOCHIA IAXCHH
UaAeHTUPUKANUA KUJIUII HATHKACH

yHuHrAaek TaxpuOaBUil TAIKUKOTIAp OJUO OOpWII HATHXKAcHAA IIaXCHU
TaHuO onmumHu Al anroputmugad ¢oiiganaHu0 aMmanra OIMPraHjaa TaHUO OJIMIL
anukuru  70% Hu, A2 anroputMuigaH Qoiimananranna sca 75% Hu, A3
anroput™Muad (Qoigananrasga 80% Hu Tamkwil Kwind. by Oopanga ymOy
HaTIKAJIApHU SIXIIWJA Makcaauaa A4 anroputMmuaaH (oWgamaHUIIU Ba DHT
axmy Hatmwka 85-90% ra ospummian. Oamb  OopuiaraH  TaaKUKOTIIap
HaTWKalapuJaH IIyHU aWTUII MYMKHHKH, O3 TACBUPJIAPUHU TaXJWJ KUJIUII
acocH/ia TaCBUP/AH 03 COXACHHU aXpaTUO OJIUIN Ba TaJKUK KWIMHAETTaH 103
TacBUpJapu HJICHTU(DUKAIMOH OENTHIApHU aXpaTHO OJIMHTaHIa OeNruaap COHU
24 Tta Oymranga A3, A4 anroputMuiaH QoimanaHWIn — Makcaara MyBO(HK
SKAHJIUTU KYpPCATUIIIU.

4. 4-naparpadga MaBXKyd Ba UOa  TaKIW(  KWIMHTAH ajaropuTMIiap
acocuja WIUIa0 YMKWITaH JAacTypud TabMUHOTJIAPHUHT aMau€Tra TaTOMKJIapu
HaTWXKaJlapy KeATUpWIran.by nacTtypiiapHUHT KYJUTAaHWIMIIHM TalIKWJIOTIapra Ba
€nuK Xyayjuiapra IaxcjiapHd KUPUIIL Ba YUKHUIIMHU Ha3opatiall Makcaauja
IIAXCHU TaHUO OJMIN Ba HWJACHTU(PUKAIUSAJIANI BAKTUHU KaMaWTHpHUIL XamJa
IAXCHU TaHUO OJIMII TE€3JIUTH aHUKJIMTUHU OUIMPUII UMKOHMHH OEpras.

NnoBana JUccepTaIus 17000071 HaTWKaJIAPUHUHT amanuérra
KYIAHWITAHINTMHA  TACAMKIOBYM XyXoKaTiap, — Y30ekuctoH PecryGmukacu
WNHTemnekTyal MyJK areHTauruad OXM ydyH sipaTWirad AAacTypJIapHU pacMUi
pYyMXaTIaH YTKAa3WITaHJIWTY XaKUJaru ryBOXHOMQJIApU HycXaldapu KEJITUPUITAH.

XVJO0CA

«Illlaxc 103 TacBupura Kkypa WACHTU(UKAIVUIAITHUAT MaTeMaTHK Ba
JacCTypud TabMUHOTH»  MaB3yCHUJAru nuccepranus Oyinya onaub Oopuiiran
TaJAKUKOTIIAp HaTHXKAcK1a KyHUaaru Xyiocanap TaKIuM dTHIIIH.

1. TacBupjaH 103 COXaCHMHU aXpaTHO OJIMII aJITOPUTMU HMIUIA0 YHKUJIIIH,
YHUHT MaByJl aJIrOpUTMJIapAaH aB3aJUIMTH IIyHJaH HOOpaTKH, YHJAA HIAXCHH
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u3nail OyTyH oOBbeKT Oyiimya sMac, OalKkyd YHUHT Oelruiad OJMHraH 103 COXacu
Oyiinya amaira OMMPHIAAN XaMJa UKKUTA TACBUPHU COJMILTHUPHUILNTA KETaJUTaH
BaKT capuHU KUCKAPTHUILI UMKOHUHH Oep/Iu.

2. Taxpubanap oOpKadud 03 TACBUPUHM MATEMATUK MOJEIUIAIITHPHUIIL
Kapa€HuJa 103 TACBUPUHHU YJIAp OpacHAArv yia4amMJIapuHHU CTATUCTHK KUXATIaH
AKUHJIAIITHPUII, UACHTU(PUKAIUATIAI KAapaCHUHUHT HMHPOpPMATHB Oenruiap
KUIMAaTIapUHU YXIIANUIMK jKapaéHUHUHT KOppenanus Kodh UIMEeHTH yCyIuaaH
dolinananuI Makcaara MyBopuK dKaHIUTH KypcaTuO OepuIIn.

3. Illaxc 103 TacBUMpW mapameTpilapuHu UAEHTU(UKAIMSIIANT SKapaéHu
MOJICJIMHY HIIa0 YMKUIJIAa AacoCaH pPaHMVIM 103 TACBUPUHHU OOIKA PaHTIU 103
TacBUpJap OMIaH COMUIITUPHUIIT KETMA-KETIUTH YCYJUIapu UILIA0 YUKUIIJIH.

4. lllaxc 103 TacBupura Kypa mapaMeTpJapuHd HACHTU(DHUKAIMAIAIIHAHT
CTAaTUCTUK YCYJUIApUHM  TAKOMIJUIAIITHPHUIN Kapa€HWIa TaJKUKOT aMallui
HATIDKAJIAPUHUHT JACTypUi TabMUHOTH wnuiad umkwigu. by Oopaga 1maxcHu
TaHUO ONWII Ba WIACHTUUKALMSATIAINI TH3UMIIAPH TYpTTa OOCKMYIA amanra
OLIMPWIIIA XaMJla CTATUCTUK YCYJUIAPHUHT caMapagopiuru 6axonanau. TaakukoT
UIYAa UIad YMKWITaH alrOpUTM HATHXKAacHUla NMKCeNl Ba Oedruiap acocuaa
VTKa3unaraH TaxkpuOa CHHOBM IIAaXCHU uaeHTHUKanusiaam aHukaurd 85-90%
TAIIKWI YT/IH.

5. Ilaxc 03 TacBUpMHU HWH(POPMATUB OEITUIAPUHU aXpaTUO OJIMII
QITOPUTMIIAPDHUHT TYpJIM BapuaHTiIapu unuiad yukuigu. WMmmad yukuirax
QITOpUTMIIAp 103 TACBUpUTa Kypa IIAXCHU WUACHTU(UKAIMUIIAN aHUKIUTHHU
OIIUPUIIT UMKOHUHU Oep/Iu.

6. Ilaxc 103 TacBUpWMHU MabIyMOTIap Oa3acHJaH KUJIWUPHUII aJTOPUTMHU
unuiad yukwiay. byHna tacBupiapra gactiadKy MIILIOB, TACBUPJAH 03 COXACUHU
axparu0d onuil, wHGOpPMATUB Oeiruiaap acocuja TaKKOCHall HaTKalapu
caMapoJOopJUTru OaxoJaHIu.

7. ¥O3 TacBupsapura nactiabku MUIUIOB Oepull Ba MACHTU(UKAIUSIAIIHUHT
Takn(] HTWIraH ycyJulapd Ba MaBXKyJ aJrOpUTMIIApU acocHuja MOJEIA Ba
aMaJIMi MacaJlaIapHU XaJl KWJIWII MHCOJUIApHUIA CUHOBIAH yTKasuiraH «Face
Recognition» Ba «Face identification» nactypuit TAbMUHOTH UIIA0 YUKUIIIH.
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HAYYHBINA COBET DSc.13/30.12.2019.T.07.01110 MIPUCYKIAEHUIO
YUYEHBIX CTENEHEN INPU TAIIKEHTCKOM YHUBEPCUTETE
WH®OPMAIIMOHHBIX TEXHOJIOT'MI

TAINIKEHTCKUH YHUBEPCUTET HH®OPMAIIMOHHBIX
TEXHOJIOI'UI

HYPKAHOB ®YPKATBEEK PEHMMBEPIT AHOBUY

MATEMATHYECKOE U IPOI'PAMMHOE OBECIIEYEHUE
NIAEHTHOUKAIMHU JIMYHOCTHU 110 U30BPAKEHUIO JIMLA

05.01.04 — MaremaTHuecKo€e U MPOrpaMMHOE 0OeCTI€YeHNEe BBIYMCIUTEIbHBIX MAIIIUH,
KOMIIJIEKCOB U KOMITBIOTEPHBIX CEeTeH

ABTOPE®EPAT IUCCEPTALIUU
JOKTOPA ®NJIOCO®PUHU (PhD) IO TEXHUYECKUM HAYKAM

Tamkent -2020
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Tema aqucceprauuu aoxkropa ¢pusocodpun (PhD) no TexHnyeckum HayKaM 3aperucTpupoBaHa

B Bolcuieii arrectaunonnoii komuccuu npu Kadunere MunuctpoB PecnyOjauku Y30ekucTaH 3a
Ne B2017.3.PhD/T445.

Huccepranus BeIOJHEHA B TaIIKEHTCKOM YHHUBEPCUTETE HHPOPMAITHOHHBIX TEXHOJIOTHH.

ABtopedepar muccepranMu Ha Tpex s3bIKax (y30€KCKHH, PyCCKHW, aHTIMHCKui (pe3iome))
pa3MerieH Ha BeO-CTpaHHIlE HAydHOro coBera (Www.tuit.uz) m Ha WHbopMammonHo-00pa3oBaTeI-HOM
noprane «ZiyoNet» (Www.ziyonet.uz).

Hay4yHblii pyKoOBOAMTEJIb: 3aiinuaunoB Xakum:kon Hacupuannosuu
JIOKTOP TEXHUYECKHX HayK, podeccop

OdunuanbHbie ONMOHEHTHI: Mymunos baxoaup bosraesny
JIOKTOP TEXHHMYECKUX HAYK, JOLIEHT

Paxumos Baxtuép CaugoBua
KaHIUAAT TEXHUYECKUX HayK

Bexymas opranusanus: «UNICON.UZ»-ueHTp HAy4YHO-TeXHHUYECKHX H
MapKeTHHIOBBIX HCCJIeT0BaHMii

3amuTa JUCCEPTAIUU COCTOUTCS « » 2020 rona B 4acoB Ha 3aCeJaHHUU
Hayunoro cosera DSc.13/30.12.2019.T.07.01 mpu TamkeHTCKOM yHHBEpCUTETe WH(OPMAITMOHHBIX
texHonoruid. (Anpec: 100202, r. Tamkent, yn. Amupa Temypa, 108. Tem.: (99871) 238-64-43; daxc:
(99871) 238-65-52; e-mail: tuit@tuit.uz).

C nuccepTanuen MOJKHO 03HAKOMUThHCS B HNudpopmanmoHHO-pecypcHOM
nenTpeTamkeHTCKOroyHUBepcuTeTa  WH(POPMAIMOHHBIX — TEXHOJOTHH  (peTrHCTPAallMOHHBI  HOMEp
Ne ). (Ampec: 100202,r. Tamkent, yi1. Amupa Temypa, 108. Teun.: (99871) 238-65-44).

ABTOopedepar auccepTannuy pa3ociaH « » 2020 ropa.

(mportokoin pacchuiku Ne OT « » 2020 roga.)

P.X. XamapamoB
[Ipencenarens HAy4YHOTO COBETA MO MPUCYKACHUIO
Y4EHBIX CTETIeHeH, 1.T.H., mpodeccop

®.M. Hypanues
Y4éHbIil cekpeTapb HAyYHOT'O COBETA IO
MPUCYXKJICHUIO YYEHBIX CTENEHEN, /I.T.H., JOLEHT

Bb.b. MymuHoB

IIpencenarens HaydHOro ceMUHapa NpHU HAyYHOM
COBETE IO MPUCYKICHHUIO YUCHBIX CTETICHEH,
I.T.H., TOLICHT
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BBEJIEHUE (anHoTamusi Auccepranuu gJokropa ¢uiaocodpun (PhD))

AKTYaJIbHOCTh M BOCTPEOOBAHHOCTb TeMbI Juccepranun. B Mupe ocodoe
BHUMAHHUE YNENACTCS W3YyYCHHIO CJIOKHBIX OOBEKTOB B IIPOIECCE PAa3BUTHSA
OMOMETPUYECKUX TEXHOJIOTHA, a TakKKe COBEPIICHCTBOBAHUIO U Pa3pabOTKe
CUCTEM HJICHTU(HUKAIMKA W PACTO3HABAHUS JIMYHOCTH MO M300paKEHUIO JIMIIA Ha
OCHOBE OOpabOTKH H300pAKEHHS C MOMOILBIO COBPEMEHHBIX KOMIIBIOTEPHBIX
TEeXHOJOTUN. B 3TOIl CBA3U, CyIIECTBEHHO MOBBINIAIOTCA TPEOOBAHUS K CUCTEMaM
pacno3HaBaHWsl W WACHTU(PUKALUMU JIMYHOCTH HA OCHOBE OHMOMETPUYECKHX
TE€XHOJIOTUH, B YACTHOCTH, IIMPOKO MCIIOJIB3YETCA MPU KOHTPOJE B a3pONOpPTax U
METPOIOJUTEHE, JOCTyNe B 3/IaHWE WIM NPOrpaMMmy, BHUIACOHAOIIONCHUH,
KPUMUHAIIMCTUKE W B psge aApyrux cdep. B Hactosimee Bpemss B 3TOM
HampaBJICHUH  OOJBIIOEC 3HAYCHHE HWMEET pEIICHHE TEOPETUYECKUX U
MPAKTUYECKUX BOMPOCOB pPa3pabOTKM CHUCTEM UACHTU(PHUKAIMKU JIMYHOCTH C
UCIIOJIb30BaHUEM MoOJese 00pabOTKM M300pakKeHH, BBIAEICHUE MPU3HAKOB U
MAIlIMHHOTO UYTEHHUS Ha M300pKEHUSX BO MHOTUX 3apyOEKHBIX CTpaHaxX, B
yactHocTH, B CIIA, T'epmanun, Poccuiickoir ®@enepauuu, Kurae, Anonun,
Anrimmu, FOxnon Kopee u apyrux rocyaapcrpax.

B Mupe npoBOaUTCS MHOXKECTBO HAYUHBIX HCCIEIOBAHUM, CBSI3aHHBIX C
pa3pabOTKOM U COBEPIICHCTBOBAHMEM METOJIOB W aJITOPUTMOB BbIJEICHUS
MIPU3HAKOB O0BEKTa Ha HM300paXECHUU M HJCHTU(PHUKAIMU JAaHHOTO OOBEKTa,
CO3JJaHMEM MaTEMaTHYECKOTO M MPOTPaMMHOTO oOecreueHus: UAeHTU(DUKAIIH
JUYHOCTA Ha OCHOBE CTAaTHYECKUX H300pakeHWil. B 3Toil cBs3u, ¢ yuyeTom
HAJIN4YUS CTIeNU(PUUECKUX CIOKHBIX JIEMEHTOB Ha M300pa)KEHUH JIUIIA JTUYHOCTH,
BOXHBIMHU 3aJladyaMu  SIBIIAIOTCS CO3J]aHUE TIPOrPAMMHOTO OOeCreYeHus: ISl
OmpeeICHUS oOJractu 00BeKTa Ha n300paKeHNH, BBIJICJIEHUS
UACHTU(UKAIIMOHHBIX ~ MPU3HAKOB HAa M300paXKEHUHU, COIMOCTABJICHUS IO
MHTEHCUBHOCTU MUKCEJICH, MOACPKKHU MoKa3aTeseil noBblieHust 3QPEeKTUBHOCTH
UJCHTUPUKAIIUY JTUYHOCTH B KOMITBIOTEPHOM Cpejie.

B Pecnybiaumke B 3TOM HampaBlieHUH 0CO00€ BHUMAaHUE YAENAETCS
pa3paboTKe Mep MO CO3JaHHUI0 M IIUPOKOMY BHEJIPEHHIO aBTOMATHU3UPOBAHHBIX
CUCTEM HWJICHTU(UKAIMKU JIMYHOCTH HAa OCHOBE OMOMETPUYECKHX TEXHOJIOTUH
JUYHOCTHU (JIMIla, YIIIHOM PAaKOBUHBI, OTIIEUATKOB MaJbIIEB, 3pavyka Iyia3a, jJaJoHH,
MOXOJIKE, 3BYKOB rosioca). B cTpareruu AeHCTBH 1O JajdbHEUIIEMY pPa3BUTHIO
Peciy6muku Y306ekucran B 2017-2021 roapl ompeneneHbl TakKve 3a7adyd Kak
«...COBEPIIICHCTBOBAHUE CHUCTEMBbI OOecrieueHs] HH(POPMAIMOHHON 0€30MacHOCTH
W 3amuThl WHGOPMAIIMH, CBOEBPEMEHHOE H aJeKBaTHOE MPOTHUBOJICHCTBUE
yrposzaMm B umH(opManuonHoit cdepe»l. Ilpu peamusanmu 5TUX 3a1a4 BaKHBIMH
BONIPOCAaMHU  Pa3BUTHUA  MHGOPMAIIMOHHO-KOMMYHUKAIIMOHHBIX ~ TEXHOJOTUHN
SBJISIFOTCSL pa3paboTKa MPOrpaMMHOTO OOEeCIeUeHUsI Ha OCHOBE MaTeMaTUYeCKHX
QJITOPUTMOB HUACHTU(DUKAIIMK JTUYHOCTH B TPOIIECCE KOHTPOJS CHCTEM JIOCTyma
T B OpraHu3allMd W 3aKpbIThle  TEPPUTOPUM,  pa3padoTKa U

1Y1<a3 IIpesunenta PecyOnmku Y36ekuctan ot 7 deBpaist 2017 roga Ne ITI1-4947 «O Crparerun nericTBuid
0 JanpHeHeMy pa3Butio PecriyOnuku Y30ekuctany.
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COBEPLICHCTBOBAHUE OIEPATUBHBIX ABTOMATU3HPOBAHHBIX CUCTEM IOBBIIIEHUS
TOYHOCTH, COKPAILIEHNS BPEMEHH, 3aTPauyMBa€MOI0 Ha PaCO3HABAHNUE JTUYHOCTH.

JlaHHOE JUCCEepPTAlMOHHOE HCCIIEIOBAHUE B OIPEACICHHOW MEPE CIYKUT
BBITIOJTHEHUIO 3af7ady, oO0o3HaueHHbIX B Ykazax I[Ipesupenta PecmyOmmku
V36exuctan ot 7 deBpans 2017 roga NeVII-4947 «O Crparerun HeWCTBHM TIO
nanpHeleMy pa3Butuio Pecrybnuku Y30ekuctan», ot 19 despans 2018 roxa
NeVII-5349 «O wmepax mo [ajdbHEHWIIEMy COBEpIICHCTBOBAHHUIO C(hepsl
UH(OPMAITMOHHBIX TEXHOJIOTHM W KoMMyHuKauuii» u IlocranoBnenuss Kabunera
MunuctpoB PecnyOnuku V36exkucran ot 7 wMas 2018 roma Ne343 «O06
OpraHM3allid TO3TallHBIX MEpP H €AUMHOTO TEXHOJOTHYECKOTO MOJIXO0Aa IIOo
peanuzanuu npoekTa «be3omacHelii ropom»», a TAaKXKE APYruX HOPMATHUBHO-
IPABOBBIX aKTaX, KACAIOIIUXCS JaHHOU cephl.

CooTBeTcTBHE HCCIEA0BAHUS NMPUOPUTETHBIM HANPABJIEHUAM Pa3BUTHS
HAYKH M TeXHoJIoruid pecmyOguku. JlaHHOE wHccieoBaHUE BBIOJIHEHO B
COOTBETCTBHUH C MPUOPUTETHHIMU HAIMPABICHUSIMU PA3BUTHUSI HAYKU U TEXHOJIOTHI
IV — «ndopmaTuzanus u pazBuTie HHPOKOMMYHHUKATUOHHBIX TEXHOJIOTHI.

Crenenb wM3y4YeHHOCTHM mpolJeMbl. B mocienHue roasl  BOMNPOCHI
COBEPIICHCTBOBaHUs  pa3pabOTKM  METOJOB U  alTOPUTMOB  OOpabOTKHU
M300paKEHUM, BBIACICHUS MPU3HAKOB HA M300PAKEHUSX U UJCHTHU(DUKAIUU
JUYHOCTH, & TAKXKE MPAKTUYECKOTO0 MPUMEHEHHSI UX PaCCMAaTPUBAIIUCH B HAYYHBIX
pabotax Takux ydenbix kak P.I'oncanec, FO.M.Kypasnés, O.Ilatpuk, VY.IIpaTT,
B.A. Codep, Ul.Ynbman, S.A. @ypman, B.A.@ypcos, 3.B.ITonosa, B.H.Bannuk,
I'.C.ITocnenos, B.byprep, M.N.Canex, b.Xopn, I1.Xapt, M.N.I1Ine3unrep, B.M.
['myumikoB u np.

B V306ekucrane 00abII0M BKIAAB pa3BUTHE TEOPETUKO-TIPAKTUIECKUX OCHOB
pacro3HaBaHus W O0OpaOOTKM H300paKEHU HANUIM OTPaKEHUE B HAYUYHBIX
pabotax M.M.Kamuiosa, [11.X.®@o3unosa, X.H.3aitnuaunos, P.T. AOaykapumoBa,
H.C.MawmatoB, C.C.Pamxabos, 3.T.AgumoBoi, @©.T.AnunoBoii, A.X.Humanosa,
C.C.Conpikosa, HI.E.Tynsaranosa, H.A.Urnarsesa, P.AJlyrdynnaesa,
H.M.Mup3zaesa u ap.

AHaM3 TPOBOJMMBIX Ha CETOAHSIIMN JCHb UCCIEJOBaHUM B cdepe
OMOMETPUYECKUX TEXHOJOTHM, KOTOpas SBJISETCS OJHUM W3 Hay4YHBIX
HaInpaBiIeHUN UACHTU(PUKAIMN JTUYHOCTH, TTOKA3aJl, YTO O HACTOSIIEr0 MOMEHTa
HEJOCTAaTOYHO  W3Yy4YeHBI  NPOOJEMBI,  BO3HUKAIONIME  TPU  CO3JAHUU
ABTOMATU3UPOBAHHBIX CHUCTeM uAeHTU(UKauu JudHocTH. Kpome Toro,
OCHOBHBIMU  MpOOJIEMaMH  SIBJISIIOTCA ~ pa3paboTKa W COBEPIICHCTBOBAHHE
ABTOMATU3UPOBAHHBIX  CHUCTEM  WACHTU(PHUKAIUA  JIMYHOCTH HA  OCHOBE
M300paKEeHMsI JIMIA, CO3JaHHE MPOTPAaMMHOTO oOOecreueHuss W pa3paboTka
QITOPUTMOB M METOJIOB TMOBBIIICHHUSI ONEPATUBHOCTH U TOYHOCTH B PEXHUME
peanbHOrO BPEMEHH.

CBsi3b IMCCEPTAIMOHHOIO HCCJIEJI0BAHHUSA € IUIAHAMH  HAy4HO-
HCCIEA0BATEJIbCKUX PaldoT BhICHIEro 00pa3oBaTEJbLHOI0 Y4Ype:KIAeHHs, Iae
BBINIOJIHEHA JuccepTanuA. JluccepTalMOHHOE HWCCIEAOBAaHUE BBIMOJHEHO B
paMKax IUJlaHa HAay4YHO-HCCIEAOBATENbCKUX PA0OT TalIKeHTCKOro YHHBEPCHUTETA
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UH(OPMAITMOHHBIX TEXHOJIOTHI MO TeMe Hay4dyHO-TpUKIaaHOro mpoekrta: Ne BB-
ATex-2018-249 — «Pa3paboTka METOMOB W aIrOpUTMOB HHUGPPOBOH 00pabOTKH
oroMeTpudeckux curHaiony (2018-2019).

Henbro uccaenoBanmMs sBIAETCS pa3pabOTKa M BHEAPEHHE B IPAKTUKY
MaTeMaTUYECKNX MOJCNICH, aJrOPUTMOB M TPOTPAMMHOTO  OOECreYeHUs
UIeHTU(GUKAITIY JIMYHOCTH Ha OCHOBE M300payKEeHUS JTUTIA.

3agaum uccjieI0BaAHUA:

pa3paboTka aJIrOpUTMOB TIEPBUYHON 00paOOTKM H300paKeHWM JIHIla
JUYHOCTH;

pa3paboTka crnenralbHOM OUOJIMOTEKH U alIrOpUTMa HAXOXKIEHUS O00JacTH
U300paKEeHUS JTUIA JTUYHOCTU Ha N300paKEeHUU;

pazpabotrka  aiaroputma  (OPMHPOBAHUS  MPOCTPAHCTBA  MPHU3HAKOB
U300pKEHUS JIHMIAa JUYHOCTA M ONpEeNeNIeHUsT KOMIUIeKca WHGOPMATHUBHBIX
MIPU3HAKOB,

CO37IaHUE ATOPUTMOB PACIIO3HABAHUS JTMYHOCTH HA OCHOBE HH(POPMATUBHBIX
MIPU3HAKOB, XapaKTEPU3YIOMNX H300paKEHNE JIUIA TNIHOCTH.

O0bekTOM HMCCIEIOBAHUSL SBISIOTCS NPOLECCHl  MACHTU(UKALUU U
pacro3HaBaHus JTUYHOCTH HAa OCHOBE HM300paKEHUS JUIla JIMYHOCTH, 00pabOTKU
M300paKEeHU.

IIpeamera nccjie0BaHUA METOJIBI U AITOPUTMBI PACIIO3HABAHUS, 00paOOTKU
U TIOHCKa B 0a3e JaHHBIX N300pa)KEeHHUs JTUIA JIMYHOCTH.

Mertoabsl uccienoBanus. B xone wuccienoBaHusi NPUMEHSUIUCH TEOpUs
BEPOSTHOCTEW, METOAbl MAaTEMaTHYECKOMW CTAaTUCTHKA, JUCKPETHOM MATEMATHKH,
00paboTKK  W300pakKeHWM, WIACHTUOUKAIMK JIMIl U  S3BIKH  OOBEKTHO-
OpPUEHTHUPOBAHHOTO MPOTPAMMUPOBAHUS.

HayuyHasi HOBU3HA UCCJIEI0BAHUSZAKITIOYACTCS B CIICIYIONIEM:

pa3paboTaHbl ~ QJITOPUTMBI  MEPBUYHOM  00pabOTKHM  M300pakeHus B
OTIpeIeIICHNH KadyecTBa M300pakKeHHS JUIAa JUIYHOCTH HAa OCHOBE HOpPMAaJIHM3alluy
HEpPaBHOMEPHO pacIpeIe]IEHHOTO CBeTa Ha U300pakeHUH

pa3paboTaH aIrOpuTM HaxXOXJACHUs o00JacTh U300paKeHUM JMIa Ha
M300pKEHUHM JMYHOCTH C yYE€TOM CBOWMCTB IHKCENEH, a TaKkKe CIelruaabHas
OoubIMoTeKa,;

pa3paboTaHbl  QJITOPUTMBI  BBIYMCICHUS KOMILIEKCa HMH(DOPMATHUBHBIX
MIPU3HAKOB MYTEM aNMPOKCUMAIIMHA PACCTOSTHUN 70 M300paKCHUS JIUIA TUIYHOCTU
B CTATHYCCKUX M300paKCHUSX;

pa3paboTaHbl aNTOPUTMBI PACIIO3HABAHUS JMYHOCTH HAa OCHOBE CE30HHBIX
M3MEHEHU MH(OPMAIIMOHHBIX MPU3HAKOB, XapaKTEPU3YIOIINX U300paKeHHE JIUIIA
JTUYHOCTH.

IIpakTHyeckue pe3yjbTaThl HCCJIAET0BAHUSA 3aKIIIOYAIOTCS B CICAYIOMIECM:

paspaboTaHo mporpamMmHoe oOecrieueHue «Face Recognation» o
BBIICICHUIO TIEPBUYHON OOpaOOTKM M PACIIO3HABAHUIO H300paKCHUS JIHMIA Ha
U300pOKCHUH,  TOJYYCHHOTO ¢ KaMephl  HAOJIOACHUS,  BBIICICHUU
MH(OPMATUBHBIX TPU3HAKOB, COXPAHCHHS MX B 0a3ax JaHHBIX;
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paspaboTaHo mporpamMMmHoe  oOecreuenne«Face  Identification»  mms
WHTCHCU(HUKAIIMU Tpoliecca HACHTU(UKALMKA JIMLA JIMYHOCTH, COKpAIleHUs
3aTpavyrBaeMOro BPEMEHH, MOBBIIICHUS TOYHOCTH PACIIO3HABAHUA U CHUCTEMBI
KOHTPOJISL.

JlocTOBEpPHOCTDH pe3yJIbTATOB HCCJIeJ0BaHNSA. /[[0CTOBEPHOCTh pe3yIbTaTOB
UCCIIeIOBaHUsI  OOYyCIIOBJIEHA  TOJIOKUTEIBHBIMU ~ pe3yJbTaTaMH  CPaBHEHUSA
peaTbHBIX W SKCIEPUMEHTAIBHBIX HWCCJICIOBAHUM TPHU PEUICHUH TPUKIATHBIX
3alad  MOPEeJJIOKEHHBIX  MaTeMaTUYeCKUX  MOJelied H  ajJroOpuTMOB IO
UACHTU(UKAIIMY JTUYHOCTU Ha OCHOBE M300paKeHUs JIHIIA.

HayuyHnasi u npakTuyeckasi 3HAYMMOCTD Pe3yJIbTATOB HCCJIeI0BAHUSA.

Hayunass ~ 3HauuMOCTh  pe3yJIbTAaTOB  HUCCIeAOBaHUS  OOyCJOBIIEHA
NEPCHEKTUBAMHM PA3BUTUS TEOPETUKO-TIPAKTUYECKUX OCHOB OMOMETPUUYECKHUX
TEXHOJIOTUN, UACHTUDHUIIUPYIOMIUX JUYHOCTD MO0 U300paXKEHUIO JIUIIA.

[IpakTideckass 3HAYMMOCTH PE3yJbTATOB HCCIEAOBAaHUSA OOyCIOBIEHA
BO3MOKHOCTBIO MPUMEHEHHUSI MPOrpaMMHOr0 OOECTeUeHUs, pa3padOTaHHOTO Ha
OCHOBE TPEJUIOKCHHBIX MaTEeMaTHUYECKUX MOJENed U alrOPUTMOB, B CHCTEMax
J0CTyTa U KOHTPOJSI B OPTaHU3ALUAX U 3aKPBITHIX TEPPUTOPHUSIX, UCIOIB30BAHUS
MpH  MPOCKTUPOBAHUU COBpPEMEHHBIX aBTOMAaTHU3UPOBAHHBIX CUCTEM
UICHTU(UKAITIHN JTIMYHOCTH.

Buenpenue pe3ysabTaToB McciaenoBaHusi.Ha ocHOBe HaydHBIX pe3ylbTaTOB
0 MaTEMaTUYECKUM MOJICTSIM, aJTOPUTMaM M TPOrPaMMHOMY OOECIICUECHHIO
NOBBIIIEHUA I(P(HEKTUBHOCTH HISHTU(MUKAIIMU U PACIIO3HABAHUS JIMYHOCTH TIO
U300PKEHUIO JINIIA:

nporpammHoe obecnieuenune «Face Identefication», pazpaboTanHoe Ha OCHOBE
BBIYKCIICHUS WH()OPMATUBHBIX HAa0OpOB TMPHU3HAKOB IyTEM AaNpOKCHUMAIlUU
pacCTOSIHUM 70 M300pakKeHHs JIMIA JIMYHOCTH M PACIIO3HABaHUS JMYHOCTH Ha
OCHOBE CE30HHBIX M3MEHEHHU MH(POPMAIMOHHBIX MPU3HAKOB, XapaKTEPU3YIOIINX
M300pakeHne JMIa JUYHOCTH U BHEIPEHO Ha MOCT KOHTPOJS BXOJa M BBIXOJA
KypcaHToB B 31aHue Axagemuu Boopyxennbix Cun PecnyOnuku Y30ekucran
(cmpaBka MmuHHCTEpPCTBAa TO Pa3BUTHIO HMHGPOPMAIIMOHHBIX TEXHOJOTHH U
KoMMyHUKaruii ot 8 Hos0ps2019 roma33-8/7941). B pesymprare Hay4dHOTO
WCCIICIOBaHMs CcHCTeMa HACHTU(UKAIMM W PACIO3HABAHUSA JMYHOCTH HMEET
BO3MOXHOCTb UJIEHTU(PUIIMPOBATH TUYHOCTh C TOUHOCTHIO 110 85-90%.

nporpammuoe obecrieuenne «Face Recognation», paspaGotanHoe s
pacro3HaBaHusl U WIASHTU(UKAIMU JIMYHOCTH B 0a3e JaHHBIX MPU3HAKOB JIKIIA
YeJIoBeKa M0 MHTEHCHBHOCTH MHKCENEH, BHEJPEHO Ha COBMECTHOM MPEANPUATUN
oOmectBa ¢ orpannmueHHON oTBeTcTBeHHOCThI0O «UZTEX SHOVOT)» (cmpaBka
MuHucTepcTBa MO Pa3BUTHIO MHGOPMAIIMOHHBIX TEXHOJIOTHI 1 KOMMYHHUKAITUH OT
8 Hos10pst 2019 roma 33-8/7941). Pe3ynpTaThl HAy4YHOTO MCCIIEIOBAHUS TO3BOJIMIH
MOBBICHTH 3P (HEKTUBHOCTH KOHTPOJIS HACHTU(UKAIIUN COTPYTHIUKOB Ha OTKPBITHIX
U 3aKPBITHIX TEPPUTOPHUAX MPESATPUITHS U PACTIO3HABAHUS JIMYHOCTUC TOYHOCTHIO
B 75% W COKpaTUTh BpEeMs, 3aTpaudBaeMoOe Ha WISHTU(PUKAIIUIO JTUYHOCTH, B 2
pasa.
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nporpamMmmHoe obOecrieuenue «Face Recognation» m «Face identificationy,
pa3paboTaHHBIC HA OCHOBE TIEPBUYHON 00paOOTKU M300pKECHUS JIUIA TUIYHOCTH U
BbIIeNIeHUsT oOsnactu m3o0paxkenust nuila, BHeapenol B ['YII «lentp pasBurtus
MH(OPMALIMOHHBIX TEXHOJOTUI» Npu XokumusaTe depranckoit obmacTu (crpaBka
MunucTepcTBa MO Pa3BUTHIO HHPOPMAITMOHHBIX TEXHOJIOTUNA U KOMMYHHKAII OT
8 mHosa0ps 2019 roma Ne33-8/7941). Pesymbrarhl Hay4YHOTO WCCIICIOBAHUS
MO3BOJIMJIM COKPATUTh B 2,5 pa3a CKOPOCTh PACIO3HABAHUS M WICHTU(UKALUU
JUYHOCTU B MPOIECCE COMOCTABICHUSI M300pAKEHUM JIHII, MOJIYYEHHBIX C Kamep
HaOMIOICHUS, ¢ U300paKEHUSIMU JIUI] B 0a3e JaHHBIX, a TAKXKE COKpPATUTh BpEeMs
paboOThI CUCTEMBI UIECHTU(UKAIIUY JTUYHOCTH Ha 25%.

AnpoGauust  pe3yabTaToB  HccJeaoBaHusA.  Pe3ynbTaThl  JaHHOIO
UCCIIeIOBaHUsI OOCYXJaMch Ha 25, B ToM uucie 13 MEeXIyHapoaHbIX U 12
pecnyOIMKaHCKUX HayYHO-TIPAKTUYECKUX KOH(DEPEHITHSIX.

Ony0MKOBaAaHHOCTH pe3yabTaToB HMcciaeaoBaHus. [lo Teme nuccepranuu
ony0nrkoBaHo Bcero 40 Hay4yHbIX paboT, B TOM uucie 12 ctaTeil B Hay4dHBIX
M3aHUsX, PEKOMEHIOBaHHBIX Bhiciiel arTecTalimoHHON KoMuccueit PecyOnuku
V30ekucrtan sl myOJuKAalMM OCHOBHBIX HAyYHBIX pPE3YJIbTATOB JHUCCEpPTALUH,
U3 HUX 2 cTaThbu ONMyOJMKOBaHbI B 3apyOexHbIX U 10 crareil B PecnyOnmkanckux
KypHajlaX, a TaKKe MOJIy4eHO 3 CBUIECTENbCTBA O PETHUCTPALMHM MPOTrPaAMMHBIX
POAYKTOB 1yist OBM.

Crpykrypa m 00bém aumcceprammu. J(uccepranus COCTOMT U3 BBEICHUSA,
YeThIpeX IJIaB, 3aKJIIOYEHUs, CIUCKAa MCIIOJIB30BAaHHOM  JUTEpATypel U
npwioxkeHnit. O0béM quccepTanuu cocrapiser 120 ctpanuil.

OCHOBHOE COJEPXAHUE JJUCCEPTALIUUA

Bo BBeaeHuM 0OOOCHOBaHbI AaKTyaJlbHOCTb M BOCTPEOOBAHHOCTb TEMBI
JUCCepTalK, OMNpeeNieHbl LeIb U 3a/ladd, OObEKT W NpeaMeT HCCIeI0BaHus,
MIPUBOJUTCS  COOTBETCTBUE  HMCCIEAOBAHHUS TNPHUOPUTETHBIM  HAIPABICHUSAM
pa3BUTHS HAyKW U TEXHOJNOTHM PecryOnmuku Y30€KHCTaH, M3J10KEHbl HayyHas
HOBHU3HA, MPAKTUYECKHUE PE3YNbTAThl UCCIIETOBaHUsA, 0OOCHOBaHA JIOCTOBEPHOCTH
MOJYYEHHBIX PE3YJbTATOB, PACKPBIBAECTCS TEOPETHUYECKAass M MpaKTHYECKas
3HAYMMOCTb PpE3YyJIbTATOB HCCIICIOBAHUS, INPUBEACHBI BHEAPEHHUE PE3YJIbTATOB
UCCJIEIOBAHUSI, CBEIEHHUS 00 OIMyOJMKOBAHHOCTU PE3YJIbTATOB M CTPYKTYpe
IUCCEpPTaLUH.

B nmepBout rmaBe guccepraunu  «buomerpuuyeckue - TEXHOJIOTHU
HACHTH(PUKAIMH H300paKEeHUsl JIMLA JHUYHOCTH» COCTOSLIEH W3 YEThIPEX
naparpadoB, B CpPaBHUTEIHHOM acCIEKTe€ HCCIEAYIOTCS COBPEMEHHBIE METOIbI
uaeHTU(UKAMK JTUYHOCTH. OmnucaHbl MPOOJIEMbI, CYIIECTBYIOLIUE B CHCTEME
UACHTU(DUKAIIMY JIMYHOCTH HA OCHOBE OMOMETPHUYECKHX CHCTEM M IYTH HX
ycTpaHeHus. B pesysbrare aHanu3a AEUCTBYIOIIMX METONOB W aJITOPUTMOB
UJEHTU(PUKAIIMY JIMYHOCTH MO W300pa)K€HUI0 JiMiia cOopMUpOBaHA TMOCTAHOBKA
3a/1ayu AUCCEPTAMOHHON paboOThI.

B maparpadge 1.1 ocymiecTBieH CpaBHUTENbHBIA aHAJIU3 METOJIOB
OMOMETPUYECKUX CUCTEM HACHTU(PHUKALUU JTUYHOCTU MO H300paxkeHuto auia. B
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ATOM IIJIaHE ONHMCAaHbl PEKOMEHAIMH 110 pa3padOTKe HOBBIX MOJIX0JO0B K PELIECHUIO
3a/1a4 UACHTHU(PUKAIIUN JINIYHOCTH.

B maparpadge 1.2 wuccrnenoBaHbl COBpeMEHHBbIE NPOrpaMMHO-ANIMapaTHbIC
CpencTBa WACHTH(PUKANNKA JUYHOCTH 1O W300paXCHUIO JIMIla HAa OCHOBE
COBPEMEHHBIX  METO/JIOB  COBEPIICHCTBOBAHUS  BOIPOCOB  HUIACHTHU(PHUKAIUU
JMYHOCTH.

B maparpade 1.3 pa3paGoTanbl 3HaYMMBIE MapaMeTpbl ChEMKH KaMep Ha
OCHOBE aHajin3a TpeOOBaHUIl, MPENBABIAEMBIX K CUCTEMaM HJICHTU(PUKALUU
JIMYHOCTH 110 U300pa’KEeHHUIO JIUIIA.

B 31011 cBA3M, B Tabiuue 1 11 naeHTu(UKauyu U paclio3HaBaHUs IMYHOCTH
OPUBOJATCS CUCTEMBbl  HCIOJB30BaHUS KamMep ¢  OodblIUM  (OKYCHBIM
paccTOsSIHUEM.

Taoannal
Ipudau3uTenbHOE PACCTOSIHUE PACIIOJIOKEHUS KaMep NnpH
HAeHTH(PUKANMHU JUYHOCTH

DoKyCHOE paccTosiHue, (MM) Paccrosinue naeHTHpuKanuu, B MHTEPBaJe
(M)
2.8 [1.86, 4.66]
3.3 [2.20, 5.50]
36 [2.40, 6.00]
4.2 [2.80, 7.00]
6 [4.00, 10.00]
8 [5.33, 13.33]
9 [6.00, 15.00]
12 [8.00, 20.00]
22 [14.66, 36.66]
50 [33.33, 83.66]

B  tabmuue 1  pa3paboraHbl  cieayromme — TpeOOBaHUS ~ CUCTEMBI
UIEHTU(UKAIIMN U PACIIO3HABAHUS JIMYHOCTH K KOJIMYECTBY MUKCEJICH:

- KOJIMYECTBO JIMHEWHBIX MUKCENeN 15 onpeneneHus oobekra - 20 nukcen/m;

- KOJIMYECTBO JIMHEUHBIX JIJIs pacrno3HaBanus - 100 nmukcen/m;

- KOJIMYECTBO JIMHEHHBIX MUKCceNen I uaeHTugukanuu - 250 nukcen/m;

- KOJIMYECTBO MHUKCEJIEH B MaTpulle Ayl kamep ¢ paspemenuem 1080 (2Mn
Full HD), 700, 560, 480, u 380;

- 1711 pacro3HaBaHUSI PEKOMEHIYETCs, YTOOBI N300paKEHUE JTUIA TIPH ChEMKE
cocrapisio 1/7 HarypanbHOW BenuuuHbl oOBekTa. HO Takoe ymeHbleHUE
OCYIIECTBJISIETCS C TOMOUIBIO KaMep ¢ pasMepoM kaapa 6x9, 19x12 u Beiie.

B maparpade 1.4 chopmupoBaHbl 1eib W 3aayd, NPEIYyCMOTPEHHBIEC TMPHU
PAacCCMOTPEHUM PE3YJIbTATOB aHalM3a, KOTOpPhIE TOJYyYEeHbl B MPEIbIAYLIUNX
naparpagax B paMKax AUCCEPTAMOHHON pabOTHI.

Bo Bropoii rnaBe aucceprauuu «MeToabl M AJTOPUTMBbI NMEPBUYHON
0o0padoTKu H300pa’keHUs1 JHUIA JIMYHOCTH» COCTOSIIEH M3  YEThIpEX
naparpagoB. B 95Toll rinaBe mNpemsioKEHbl aJTOPUTMbl TEPBUYHON 00pabOTKHU
M300paKeHU ISl UASHTU(UKAIIMN JTUYHOCTH HA OCHOBE aHAIM3a M300paKeHUM
JMYHOCTH, a TAKXKe BBIJEICHUs 00JaCTH JIHIIa Ha U300paKEHUH.
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B mnaparpage 2.1 copmupoBaHbl clienuanbHble TPEOOBAHUSA K pa3Mepawm,
pakypcy, (QUIbTpaluu, LBETY U OCBEIICHHI0O O0bEKTa Ha HM300pPaKEHUU MPH
MepBUYHON 00paboTKe u300pakeHust juma. [lpuw 3ToM ommcaHbl METOABI M
QITOPUTMBI TEPBUYHON O0OpaOOTKH H300pakeHHs, COOTBETCTBYIOIIETO CHCTEME
UACHTU(DUKAIINHI TUYHOCTH, KAK OCHOBHBIX TPEOOBAHU.

B maparpade 2.2 ocBemieHbl XapaKTEPUCTHKU CYIIECTBYIOIIUX METOJIOB H
QITOPUTMOB 00pabOTKM W300paKeHMIA, YIY4IIeHUS KauecTBa, HOPMAaTU3alluu
N300paXeHUI JIMIA, YCTpaHEHHs] IOMEX Ha OCHOBE IEPBUYHOW 00pabOTKH
n3o0paxenui. [lpuBonuTCs Takke aHaIM3 MO HOPMAIM3ALMU  SIPKOCTH
N300pakeHHs MPU HEPAaBHOMEPHO OCBEIEHHBIX HM300pakeHusix. Ha pucynke 1
OpeUIOKEH ~ QITOPUTM  HOPMAIM3AallMM  KadecTBa  H300paXeHWs  IpH
HEPaBHOMEPHOM OCBEILLIEHUH, KOTOPOE COCTOUT U3 CJIETYIOIINX 1IaroB.

g
g,,+k-d-—*, ecru g, , <my;

gnewz H
Y 255—-g,,
O,y +k-d-———=, unaue.
’ 255 —m,,

37ech 0, - Kaaas KOOpAMHATa 3aJaHHoro usobpaxenms, K —mapamerp

nzo0paxenus [-1;1], My —mentp TtsbKecTH wu300paxeHus, H— rucTorpamma

M300paKEeHUsI.
[llaz 1. BHeceHue 3aJaHHOTO U300paKEHNU.
Lllaz 2. Tloctpoiika ructorpaMMbl M3o0paxkeHus H u ompeneneHue B HEM

neHTpa Tsokectu My .
Llaz 3. Onpenenenne napamerpos d, T.e.: d =|m,, —127|.

Illaz 4. Onpenenenne mapametrpoB K. k=1. Ecmu m, >127, 10 k=-1.
Hlaz 5. 9 «, y — 3HA4eHUs [BETa IMKCEJIEeH IO KaXIOM KOOpAuHATE

M300paKeHUs! BBIYUCIICHHUE [0 HOBOM 295— 0, ,

Illae 6. Tlepexoa K HOpMaIM3alMK OCBEIICHUS Ha N300paKCHUH.
Llaz 7. Koner.
Pe3ynbTarhl aliropuT™Ma IPUBOJATCS Ha puc. 1.

a)
Puc. 1. Hopmanu3zauusi 0CBEIIEHHOCTH U300paKeHM sl JIULA
3lech a) u300pakeHus Jjuia pasmepom 3x4 (6onbiie TemMHOro ¢oHa) 0)
pe3yabTaT HOpMaJIM3alliyd OCBEIICHHOCTH N300paKCHUS JIUIIA pa3MepoM 3x4.
B mpemnokeHHOM — alropuTMe  YYTEHBl OCOOCHHOCTH  M300paKeHUU
OMOMETPUYECKUX OOBEKTOB.
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B maparpade 2.3 pa3paboran aaropuT™M NPUHATHS PEIICHUN dKCIIEpTaMU IS
UISCHTU(GUKAIIMK JTUYHOCTH C YY4EeTOM OCOOCHHOCTEH COBEPIICHCTBOBAHUS
KauecTBa MEpPBUYHON OOpaOOTKM H300pakeHUH  JUI] JIIOJEH C MOMOIIBIO
ABPUCTUYECKUX METOJIOB, COXPAaHEHHUs, OOpabOTKH M YNPABICHHUS W300pa>KeHU
JUI] Ha KOMIBIOTEpE, OpraHU3alliy Mpolecca MaTEMaTHUYECKUX BBIYHUCICHHM,
(bopMa KOMITBIOTEPHBIX AJITOPUTMOB.

B maparpade 2.4 paccMOTpeH BOMpPOC OIMpeAeNieHUs] U BBIACIEHUs 00JacTu
muna Ha uzobOpaxeHuu. Kpome Toro, B pe3yibTaTe MPOBEACHHOIO HCCIIETOBAHMUS
NPEAJIOKEH aJTOPUTM BbIJCICHHUS OOJACTH JHIla Ha M300pa)KEHWH, KOTOPbIN
peann3oBaH B CIeAYIONIEH MOCIeI0BATEILHOCTH 11ATr0OB.

Illae 1.BHecenue 3aqaHnHOTO U300payKeHU JInIla B 1IBETOBOM pexknme RGB.

lllae 2.1lpeoOpazoBanue wu3o0pakeHus: jgumna B pexume RGBramonens
YcrCh, koTopoe BBIUKCIISIETCS 10 Clieayoliel hopmyJie.

Y =0.299*R+0.587*G +0.114B
Cr=05*R-0.4187*G -0.0813*B +128

Cb=-0.1687*R-0.3313*G +0.5*B +128

3nech Y -IpKOCTh H300pakeHus,Cr -KaHaiIbl H300paxkeHus, R - Y -apKocThb
3alaHHOTO M300paxxeHus, Cb - R -kaHaibl u3o0paxenus, B - Y -ipkoCTh 3a1aHHOTO
U3OOPAKEHU. (7 oory [Cr(x, y) e[133:173]Ch(x, y) e [77:127]

a2z 3. S, =

0, nugaue

371eCh S1 — BBIJIETICHUE O0JACTH JIMIIA HAa U300PaKEHHH.

3 3
Llaz4. D(X,y)=> > S (4x+i,4y+ j)

i=0 j=0
[lla25.S, — {1, eciau D(X, y) =16
0O, mgaue
31ech D[x, y] =16 - ompeaeiieHue obgacTu auma, D[x,y]=0 - 001acTh JuIa He
OTIpeeISIeTCS.
Illaz 6. Konei.

Ha puc. 2 mnpuBomurcss pe3ysibTaT OCYUIECTBICHHS ONPENECIEHUA U
BbIICJICHUA O0JacTH JIMIA Ha M300paXEHUU C TOMOIIbIO MPEIJIOKEHHOTO
aNropuTM™MA.

Hisoblash

Puc. 2. OnpenesieHue u BbljiejieHHe 00J1aCTH
JINIA HA U300paKeHUN
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[Tpenmy11eCTBO JAHHOTO AITOpUTMa NEPE]] CYIIECTBYIOLUMMU 3aKJIFOUAeTCs B
TOM, YTO MOUCK JINYHOCTHU BBITIOJHSAETCS HE TI0O BCeMy OOBEKTY, a MO BBIACICHHON
o0JacTH JMIa, KOTOPBIA IO3BOJIIET COKPAaTUTh BpEMs CpPaBHEHHS JIBYX

M300paKEeHH.
B Tpetbeii rinaBe muccepranuu «MaTeMaTH4YecKHe MOJEJH H AJTOPUTMBbI
¢hopmupoBanus NPOCTPAHCTBA MNMPU3HAKOB HA M300pa’keHUH JHLA

JUYHOCTH» BKJIIOYaeT B ce0f1 dUeThlpe maparpada ¥ TPEACTABISCT
MaTEMaTUYECKUEe METOAbl W  AITOPUTMbl BbIACIECHUS U  (HOpMUpOBaHUS
IPOCTpaHCTBAa MH(POPMATUBHBIX MPU3HAKOB JUIa Ha M300paxkeHuu. [Ipenioxen
QITOPUTM  COIMOCTABJICHUS TPU3HAKOB U TMHUKCEIEH C  HMCHOJIb30BaHUEM
CTATUCTUYECKUX METOJIOB.

B naparpade 3.1 npuBoasiTCS OCHOBHBIE I'PYIIIBI MPU3HAKOB U300paKeHNU,
MaTEeMaTUYeCKUe OCHOBBI HMX (opMupoBaHUsT W pa3pabOTKH, B YACTHOCTH,
OTMHUCaHbl PE3YJbTAThl OMNpECICHUS OCOOCHHOCTEM BBIJEICHUS 3HAUYUMBIX
MPU3HAKOB JJISI UACHTU(DUKAIMK W paclio3HaBaHus JudocTtH. [Ipu sTomM mpu
dbopmupoBaHud HMHPOPMATUBHBIX TMPU3HAKOB 3ajlaHa ydyeOHas BBIOOpKaA
TIPOCTPAHCTBA MEPBHYHBIX MPU3HAKOB X = (X1, Xp,...,XN ), a TaKke BHOCHTCS

BEJIMUYMHA BEKTOPa, HEOOXOAUMOIO IPU ONPECIICHUN IPU3HAKOB.
c=(c, ¢y, ..., Cy ),

sneck ¢; (i=1,N) - 3sHauenne, HEOGXOMMMOE JUTS ONPEICICHHS | -IPH3HAKA
KOMITOHEHTBI. EC/i HY>KHO ONpeieNuTh | -MPU3HAK, TOT/Ia /I 3TOr0 PacXOLyeTcs
KOJIMYECTBO C; M HAXOAUTCS BO3MOXKHOCTH TOTO MPU3HAKA C TOUHOCTHIO PaBHOU
OJTHOMY.

Ha puc. 3 nns BeiOopa MHPOPMATHUBHBIX MPU3HAKOB HA M300paKEHUU JIUIIA
UCIIOJIBb3YyeM A =(ﬂi, Ayyes /IN). 3nech A (i=1,N) BHOCUTCS 3HAYEHHS OJUH WIIH
HOJIb, YTO O3HAYaeT HAJIMYUE WJIH OTCYTCTBHE JAHHOTO MpH3HAKa B KOMILJIEKCE
WH(POPMATHUBHBIX TPU3HAKOB.

a) NPU3HAKH JIUIA 0) BbljIeJIeHHE IPU3HAKOB JIMLA
Puc. 3. BoinesieHue nHGOPMATHUBHBIX NIPU3HAKOB
Ha M300paKeHUH JTULA

Ecnu Ha puc. 4—(a), (6) Touku Ha M300pKEHUH JIUIA YEJTOBEKa CUMTAIOTCS
UH(OPMATUBHBIMU TpU3HAaKaMu, TO chopmupyercs 2278 HHPOPMATUBHBIX
npu3HakoB Jua. 3 vux P =uHpopmaTuBHBIC TPU3HAKHU TJ1a3, HOCA, PTa, KOTOPHIC
cocroAT M3 P=68. Ilpyu >TOM HE YYTEHBl YIJbl MEXAY [Ja3aMH, IOITOMY
BbIieNIeHbl 24 MH(GOPMATUBHBIX NMPU3HAKA U3MEPEHUS MTPU3HAKOB TJia3, HOca U pTa
Ha JIMIIE, KOTOPbIE BEIYUCIIAIOTCS 1O CAeAyIoIen Gpopmyie.

p2: (Xl + X2)2+(y1+y2)2
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3I€Ch X,Y—TOYKH, BBIUYHCIIEMBIE B CyMME 3HAYEHUH X, Yy, -IIPU3HAKOB I10
cienyroiei hopmye:
|R| = |F_J(Xi yi) - p(Xi yi)|
3mech R - Onm3kue Mo COCeACTBY MpH3HAKW, P(XY;)- HE mpu3HAKH, P(XY;)-
chopMupoBaHHBIC TIpU3HaKU. KpoMe TOro, OCYIIECTBICHO BBIYUCIICHUE
paccTosiHUS COMMKEHUs OJIM3JISKAIMX TPU3HAKOB TIJ1a3, HOoca, PTa Mo Cleayronen
dbopmye:
p, =(37,32), p, =(37,33), p, = (37,34), p, = (37,31), p, =(37,30), p, =(37,39), p, = (40,32),
Ps =(40,33), py = (40,34), p, = (40,34), p,, = (40,31), p,, = (43,25), py, = (43,26), p;; = (43,31),
Pis = (4330), pys = (43,29), p;s = (46,34), p,; = (46,35), p;s = (46,36), pyq = (46,31), p,, = (46,30),
P = (46,29), py, =(40,31), p,, = (40,30), p,, = (40,29).

PaccTostnue Mexay HUMH BBIYUCIISICTCS C MOTPEITHOCTHIO MIPUOIM3UTEIIBHO B
10%, onpenensieTcsa COOTHOIIEHHUE CPeAHUX 3HaueHU. Kpome Toro, onpenensercs
paccTosiHUE MEXIy MPUBEACHHBIMHU NMpHU3HaKaMu (JIE€BBIN TJ1a3, IpaBbIi I71a3, HOC U
pOT), B pe3yibTaTe KOTOPOro pa3paboTaH aJrOPUTM HCIOJb30BAaHHUS METO]Ia
CMEKHBIX TOUEK IIPH O1leHKE d(PPEeKTUBHOCTU 24 IPUZHAKOB.

Illae 1. 3amaHHble 3HAUYCHUS: Xpi € X D OOBEKTHI, a TaKXKe (i =Lm;;p :1_r) u

X* MpPU3HAKU Ha MOBEPXHOCTH HEU3BECTHOTO OOBEKTA.
llae 2. BplUUCTAIOTCS NPUOJIU3UTENbHBIE 3HAYEHUS PACCTOSHUS MEXY

IpU3HAKAMH pri - xﬂ‘ JULSL KQKIOTO X i (i =1m;p =1_r)

[laz 3.Ecin min pri — xﬂ‘ = quk - xﬂ
p,1

, TO X*€ X 1 nepexoj k mary 5.

Hlae4 Eciy min X — x| =[x, —x* =[x, —x*, TO X* He onpeaeneHo pacCTOSHNIE
. pi gk th
Pl
MEKTy PU3HAKAMHU.
[llaz 5. Onpenensiercs napameTp Bbixofa X* € X Wl X* paccToSHUE MEXKTy

MIPU3HAKAMM.

Illaz 6. Konew.

KomnuectBenHble 3HaueHuss 24 TPU3HAKOB B PE3YJIbTATE BBINOJIHEHUS
JAHHOTO AJITOPUTMA IPUBEIEHBI Ha PUC. 4.

Puc. 4. KosiuyecTBeHHbIC 3HAYEHUA 24
NMPU3HAKOB U300pasKeHusl JTULA
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B pesynbraTte uccnenoBaHus Ha puc. 4 COMOCTABISIOTCS U300PaKEHUS JIUL
JIOZIeH, CYIIECTBYIOIIUX B 0a3e NaHHBIX HAa OCHOBE 3HAaYeHM 24 MH(OPMATUBHBIX
MPU3HAKOB, a TaKKe JOCTUraercs 3(PQPEeKTUBHOCTH CHCTEM pAaCIO3HABAHUS IO
OTEPAaTUBHOCTH, TOYHOCTH HIACHTHU(PHUKAIUU JUYHOCTH OTHOCHUTEIBHO APYTUX
AITOPUTMOB.

B maparpade 3.2 paszpaboraH anroput™M HACHTU(UKAIMHA JMYHOCTA Ha
OCHOBE M300paKEHHS JHMIA C HCIOJIb30BAHHEM METOJOB  CTaTUCTHKH,
KO(pPUIMEHTa YCOBEPIICHCTBOBAHHOW KOpPpEJSIIMM IpU  alNlpOKCUMAaLUU
3HAUEHUH TPU3HAKOB U TMuKcened. JlaHHBIA alropuT™M BKIIOYaeT B ce0s
CJIEIyIOIIME LIary.

lae 1. 3HaueHne OOIIEr0 KOPPEISALMOHHOTO COOTHOLIEHMs B INpeAenax |-
1,+1].

llaz 2. Yem Onmxke 3HAUEHHE KOPPEISILIMOHHOTO COOTHOILEHUS K 1, Tem
IJIOTHEE (OYEHb MOXO0XKE) COCIUHEHUE MEXIy ABYMsS HU300pakeHusmu. Eciu
3HAYEHHUE KOPPEISIUUOHHOTO COOTHOIIEHHs Onrke K 0, TO CONMpshDKEHUE MEXKIY
JIBYMSI U300pAKEHUSIMHU PACCESHHEE.

[llaz 3. Ecnu OOBIYHO MUKCENH W TMPU3HAKH MEXAY IBYMS H300paKEeHUSIMU

RX;; <0.3, t0 coenunenue paccesrHoe, jexut B orpeske 0.3 <RXx;; <0.9

UMEET CpelIHEE conpspkerne, ecmu  RX;; >0.9, 10 sBusercs MmIOTHBIM

COEJIMHEHUEM.
lllaz 4. Bce HaiiieHHbIE TPU3HAKY MPUCBAUBAIOTCS KIACCU(PUKATOPY.
lllaz 5. Co3naercsa matpulia MpU yCTAHOBJICHUM HEOOXOIUMBIX MPU3HAKOB

3aJIaHHBIX JBYX X,S mzobpawennit X;;,3S,i,K=1n;j,1 =1, m. Jlaunas marpuna
HAa3bIBACTCS KOBAPULIMOHHOM.
lllaz 6. TlpoBoaWTCA CTaTUCTHUYECKUN aHalW3 HaJl KOBapHUAIIMOHHOM

MAaTpPULEH, IPEICTABISAECTCA OKHO NTUKCEIIEH C MPU3HAKAMU OCHOBHBIX UEpPT.
Llaz 7. CocraBisercs KOppelsUUOHHAs Mmarpuia R; = X; ¢ HDOMOLIbIO

MOJIENIN HM300pa)KeHUsT HAa OCHOBE Pe3yJbTaToB KOX(h( UIIMEHTa KOPPENSIHU U
POBOJIMTCS aHAJIU3.
lllaz 8. Ecnv BBITIOJNHSIETCS CIEMyIONee yCIOBUE 3HAYCHHS KOdhOUIIMEHTTa

koppemsimu RX ; >T(a,n)a=95%, t10 BHIMMCHsSETCS MOIENL  BTOPOTO

M300paXeHUs] OTHOCHUTEIBHO TIEPBOTO 3aJaHHOIO M300paKEeHUs, a CXOACTBO
MEXly HUMU B oTpe3ke Rx; ; Oyzaer Boime 80-90%.

Illaz 9.Ecnu 3HaueHWE BBICOKOTO KOIPGUIIMEHTA KOPPEISIUA PaBHO

RX;; =1u Sost_z =0, to B MaTemaTHueCKON MOJEIN NOCTHTAaeTCs aCeKBATHBIN
pe3ybTar.

Ilaz 10.RX; ; <T (e, M) npu nonyuenun sroporo ycnosus RX; ; <T(a,m)
TO MOKHO HNPHHTH K BBIBOLY, YTO BTOPOE M300paKE€HUE HE SABIISETCA MOJENBIO
TIEPBOr0 M300paskeHHs], C NOCIENAYIOIUM TPETEUM M300pakeHneM MoBTopsieTcs 1

3Tarn, KOTOPBIH MPOJI0JKAETCS MOKA HEe HAXOAUTCS IMOX0Xkas He Hero Mojenb (Puc.
5). Illaz 11. Koner.
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.

Dervcted face Identificated faco

Name: Kamoliddin
Coeff:81 %

.....

Puc. 5. Koappunuent uaenrupuxanumn
H300pakeHus JJULA

OKCIEpUMEHT M0 MHUKCEISIM M IMpU3HAKaM, IMPOBEICHHBI HAa OCHOBE
PEAJIOKEHHOTO aJropuTMa TMO3BOJIMJI TOBBICUTh TOYHOCTb HJICHTU(DHUKALIUU
auyHocTH Ha 85-90%.

B naparpade 3.3 pemiena MaremaTuyeckas 3ajada UJICHTU(UKAIUU
JUYHOCTH HAa OCHOBE MAaTPUUYHOTO KOAUPOBaHUS U300pakeHus iuia. B pesynbrare
UCCIEIOBaHMS  TPEACTaBI€HAa  8-CTyneHYaTas  MaTpula, ONpeaessiomas
M300pakeHHeE JIMa pa3MepoM 8X8 MUKCEIEH, a TaKkKe pa3padoTaH B YEThIpE dTana
MPOIECC BBIYUCICHUS CYMMbl 3HAYEHUM MHUKCEIEH CTOJIOIOB U CTPOK BTOPOIO
M300paKEeHHsI JIMI[a HA OCHOBE PE3YJIbTATOB CIIOKEHUS IMUKCEJIEH CTOJOIOB U
CTpOK.

B maparpade 3.4 B pesynbrate 3(PGHEKTUBHOCTH COBPEMEHHBIX METOJIOB
onpeneneHus] UACHTU(GUKAIMOHHBIX MPU3HAKOB H300paKCHUs JIMIA JIMYHOCTH
peliieH BOIPOC BBIYHUCIICHUS 0COOCHHOCTEH U 3JIEMEHTOB U300pakeHus (puc. 6).

P o R & 3 W m e v e e T
Topiil
Shaxs yuz tasvirini belgilar asosida identifikatsiyalash 7 koo i maam billar azosida Kenilikabaiach

Orgagal ' o

Puc. 6. Unentuduxanus nu3odpakeHus Juua JUYHOCTH
HAa OCHOBE NPU3HAKOB

[Tockonpky Ha pUC. 6 COMOCTaBISEMBIN Ka)XAbld MPHU3HAK JUIA YeTOBEKa
(rmaza, OpoBH, HOC, OTIEIBHBIC YEPTHI) paccMaTPUBACTCS B KaueCTBE OOBEKTa
UIEHT(HUKAINH, TO 3TO TO3BOJSETCS UACHTU(DUITMPOBATH U PACIIO3HATH TUYHOCTb.

YerBepras rnaBa gucceprauuu «Meroabl co3XaHMsI MH(POPMAUOHHBIX
pecypcoB H MNPOrPaMMHOI0 ofecrnedeHUs: HIAEHTHPUKANMUA U300paKeHUs
JINIA JIMYHOCTH» TTOCBSIIEHA ONMCAHUIO PE3YyJIbTATOB UCCIEIOBAHUS U CO3AAHUIO
MporpaMMHOro  oOecleyeHuss 1O  YNpPaBICHUIO 3aJayaMd B CUCTEME
UJICHTU(PUKAIIUN JIMYHOCTU TI0 M300PaKEHHUIO JIMIA U PEHICHUI0 MPAKTUYECKHUX
BOITPOCOB UCCJIEAOBAHUS.
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B maparpade 4.1 npuBOgMTCS XapakTepHCTUKA MporpaMmbl  «Face
Identificationy, npenHazHavyeHHas IS MEPBUYHON 00paOOTKU M300paKEHUH JIHIT
Jronel, TMOJMYYEeHHBIX C Kamep HaONIOJCHUs, BBLACICHUS O0JacTH IJMIa Ha
U300paKEeHUH, ONPENEIICHUs UICHTH()DUKAIIMOHHBIX TPU3HAKOB JIUIA U 3aIHCH UX
B 0a3y TaHHBIX.

brox BxiItoueHUA OcHoBHOI1 HHTEpdEiic - ApxuBarus
KaMephbl 7 M300paKCHHUS JIHIIA
v | W3yuenue tpeboBaHuii
Paborta B peanbHOM K M306paKCHHIO IIpocmotp B/{
BpPeMEHU ¢
P OTKpBITHE
ITonyuenue —  MacmrabupoBaHue aiina
y
I/I306pa)KCHI/I5[ C < I/I306pa)KeHI/I$I
KaMephbl v U
— IToBopoT yrios
Ilepsuinas JlobGaBneHue
.
obpabotka - < M300pakeHUs
M300pakeHUs o
>, JUCILICH
Briaenenus - _
00JIACTH JIULA HA |« Op’{f[SOBHH
H300pasKeHUN <
: n300paKeHus
/—" JIALA
Brinenenne n >
COIIOCTABIIEHHE > b1
HPU3HAKOB JIMLA g < Ynanenue
M300paKEeHUS
S~ B11%00F:)
DopMHUpOBaHUE \
CBEJCHUM O Unentudukamnms
JUYHOCTHU JIMIHOCTH
ComnocraBieHue THCIVIEH
M300pakKeHHUS JIHNIIA

Puc. 7. ®yHKUMOHAJIBHAS CTPYKTYPA NPOIrPAMMBI
«Face Identification»
JlaHHY10 mporpaMmy MOKHO pAacCMaTpuBaTh B JIBYX aCIEKTaX, BO-IEPBBIX,
KaK anmapaTHO-MPOrPaMMHBIM  KOMIUIEKC, BO-BTOPBIX, KakK IPOrpaMMHOE
cpeactBo. IIporpamma  siBAsieTcsli  anmapaTHO-IPOTPAMMHBIM — KOMILIEKCOM
MOCKOJIbKY  HEIMOCPEACTBEHHO TIOJCOCIUHSIETCS K KaMmepam HaOJoJIeHUS,
OCYUIECTBJISIET OMNPECIICHUE JIMIA JIMYHOCTH B PEXKUME PEATbHOTO BPEMEHH,
NepBUYHYIO 00pabOTKy u300pa)keHus, BbIJeIeHUE O00JacTH JiMila Ha
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N300paKeHUH, OIpeNeiICHHe HACHTU(UKAIMOHHBIX MPU3HAKOB, (popmupoBaHUE
0a3bl TaHHBIX, COCTOSIIIYIO U3 N300paKEHUH JINII, yIIPABICHUE CUCTEMOM.

Kpome Toro, B maparpade 4.1 B pe3ynbpTare COMOCTaBICHUS WHTEHCUBHOCTH
MUAKCeJIe W300paXeHusl JIlla B BUIE CTPOK M CTOJIOIOB MyTeM HaOIIOACHUS
JBYDKEHUS W TOWCKa H300pakKeHHS BBIOPAHHOTO JIUIA C IEIBI0 HCIBITAHUS
aNropuTMa OMpENSICHUS W HAOMIOACHHUS 3a OOBEKTAMHU JIMIA Ha HW300paKeHUH
ornmcaHa nporpamma «Face Recognationy» pacro3HaBaHus JIMYHOCTH.

B maparpade 4.2 pe3ynbTaThl pacrio3HaBaHMsI JIMYHOCTH HAa OCHOBE aHAJIM3a
pa3paboTku 0a3bl JaHHBIX HUIACHTH(PHUKAIUU JTMYHOCTA IO H300paKCHHIO JIHIIA
npuBOAATCS B Tabmuie 2. B COOTBETCTBHHM CO CpPaBHHUTCIBHBIM aHAIU30M
Hanboyiee paclpoCTPaHEHHBIC AITOPUTMBI  COIMOCTABJICHBI B  CTaHIAPTHOM
cocrossHur  (CPU-peanuzarusi) 1Mo HMX ONEPaTHBHOCTH M HCIIOJIB30BAaHbI
n300paxkeHnss u3 0a3 maHHbix u3oOpaxkemmit ORL  Database, AAF,
YFDB.OkcniepyuMeHTanbHOE HCCIIEIOBAaHUE OCYIIECTBICHO Ha MEPCOHATHLHOM
kommbioTepe ¢ mpoueccopom Core i5 3,4 GHz, onepatuBHol mamsateio 8 Gb,
Bugeokaptoit 1050Ti 4Gb.

Tabauna 2
Pe3yibTaThl onpeaesieHusi H300paskeHus1 JIUIA HA OCHOBE
0a3 naunbix ORL Database, AAF uYFDB

WnenTuguxannonnnie Kunaccuueckoe pacmo3HaBaHue
pU3HAKH JMYHOCTH
=
= = Bpems, B cek.
E = 5 | OGyuenue Pacno3na TouHOCTB
e S = BaHME pacro3HaBaHus
Baza uzobpaskenuii = & %
S 2
JIMIX = =
1 ORL Database 200 | 350 1,783451 0,150609 85-90
2 AAF 230 | 300 1,058891 0,825061 70-75
3 YFDB 160 | 220 2,634553 0,064683 80-85

W3 pe3ynpTaToB, MPUBEACHHBIX B TaOMuUE 2, BHJIHO, YTO COINOCTaBJICHUE
napamMeTpoB HACHTHU(PUKALMOHHBIX MPU3HAKOB, KOTOpbIE CYIIECTBYIOT B 0azax
ORL Database, AAF u YFDB, no3BossieT COKpaTHTh BpeMsi, 3aTpauuBacMoe Ha
pacno3HaBaHWe U UIECHTU(OUKAIUIO TUYHOCTH.

B maparpade 4.3 npuBoasITCS pe3ybTaThl IPAKTUIECKUX 3a71a4, MOTYUYEHHBIX
C MOMOIIBI0 IKCIEPUMEHTANBHBIX UCCIIEJOBAaHUM U MPOrPaMMHOI0 oOecreueHus
«Face identification» u «Face Fecognation».

OKCHEpUMEHTAIBHBIE HCCIEJOBAaHUS OCYIIECTBIEHBl C HCIOJb30BaHUEM
y4eOHOM BBIOOPKH, CPOPMUPOBAHHOM HA OCHOBE 0a3bl TAHHBIX C UEPAPXUUECKOU
CTpyKTypoii, kotopasi coctouT u3 10000 uzobpaxkenuii muiy 100 yenoBex.
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Ha puc. 8 mnpuBegeH npumep, OTpaKaroOMIMM pe3ysibTaT BBINOIHEHUS
IpoLeAyphl UASHTU(PUKALMK JTUYHOCTH HAa OCHOBE aHAIM3a M300pakKeHHs JIMIa
YEJI0BEKa.

Seen e mca v

T

[4

v tamn taya o - P R

ombor béan whiasn omborgs quaweh  Ombordan o et =

Puc. 8. Pesyabratr naeHTHUKANMH JUHYHOCTH HA OCHOBE AHAJIN3A
HU300paKeHus JINLA

Kpome Toro, B pe3ysibrare NpoBeI€HUs SKCIIEPUMEHTAIBHBIX UCCIIEI0BAHUM,
P MCHOJB30BAHUM AJTOPUTMA pPACHO3HABaHUS JUYHOCTH Al TOYHOCTH
pacro3HaBaHusl JTUYHOCTU coctaBuia 70%, mpu MCIonap30BaHUM anroputma A2
TOYHOCTH cocTtaBuiia 75%, a npu ucnonbs3oBannu aroputma A3 — 80%. C uenbro
YIIyUIICHUS] TIPU IPUMEHEHUH anroputmMa A4 ObUT JOCTUTHYT JIYUIIUA pe3ybTaT B
85-90%. Cynas 1o pe3yapTaTaM MPOBEIECHHBIX HCCIEOBAHUN MOXKHO CKa3aTh, YTO
Y BBIJICTICHUU 00JIACTH JIUIa HA U300paKEHWU Ha OCHOBE aHaIN3a U300pakKeHHIM
JUI, a TaKXKe KOrjJa TpHU BBIICICHUU 24 HICHTU(DHUKAIMOHHBIX TPU3HAKOB B
mpolecce  BBIACICHUS — UACHTU(GUKAIMOHHBIX  MPU3HAKOB  HCCIEIYEMbIX
M300pKEHUI JUI] 11EJIeCO00pa3HO UCIIOIb30BaHUE alropuTMOB A3, A4.

B naparpade 4.4 npuBeneHbl pe3yJabTaThl BHEAPEHUS B MPAKTHKY
MPOrpaMMHOr0 oOecnedyeHusi, pa3padOTaHHOIO Ha OCHOBE CYIIECTBYIOIIMX U
MPEAJIOKEHHBIX allrOPUTMOB. VICHONB30BaHME JAHHBIX MPOrpaMM IO3BOJSET
MOBBICUTh TOYHOCTh M CKOPOCH PAaCIO3HABAHUSI JIMYHOCTH M COKPATUTH BpeMs,
3aTpayMBaeMoe Ha MJICHTU(PHUKALWIO U PACIO3HABAHUE JUYHOCTH, JJIsI KOHTPOJIS
BXO/1a U BBIXO/Ia JIFOCH B OpraHU3allii U 3aKpbIThle TEPPUTOPHUHU.

B npunoxeHund TPUBOIATCS TOKYMEHTHI, TMOATBEPXKIAIOIINE MPUMEHEHHE
pPEe3yIbTAaTOB JTUCCEPTAIIMOHHONW palbOThl HAa TMPAKTHKE, KOMHH CBHUCTEIILCTB
ATeHTCTBA HMHTEIUIEKTYaIbHOM COOCTBEHHOCTH O PETHCTpPAllMd TMPOTPAMMHBIX
npoaykToB Ayist OBM.

3AK/IIOYEHUE

B pesynbTate mpoBeACHHBIX HAYUYHBIX M MPAKTUYECKUX HCCIEAOBAHHUM IO
TEeMe JMCCEepTAMOHHON paboThl «MaTeMaTnyeckoe U MporpaMmMHoOe 0OecrieueHne
UACHTU(PUKALMKY JTUYHOCTA MO HU300paKEHUIO JIMIa» MPEACTaBICHbI CIEAYIOIINe
BBIBOJIBIL:
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1. Pa3zpaGoTtan anroput™m BBIIEIEHHUS OOJIACTH JHIAa HA HM300paXEHUH, €ro
MPEUMYIIIECTBO MO CPABHEHUIO C CYIIECTBYIOIIUMHU aJITOPUTMAMU 3aKIIIOYAETCs B
TOM, YTO TOWCK JIMYHOCTH OCYIIECTBISIETCS HE MO BCeMy OOBEKTy, a IO
BbIJIEICHHOW 00JacTH JIMIIA, YTO MO3BOJIUIIO COKPATUTh BpEeMs, 3aTpauynBaeMoe Ha
COINOCTAaBJIEHUE JBYX N300paKEHHM .

2. B mporiecce MaTeMaTHueCKOTO MOJCIMPOBAHUSA U300paKeHUS JIUIIA TyTEM
HKCIIEPUMEHTOB II€JIECOO0Pa3HO MPOBECTU CTATHCTUYECKYIO AamMpOKCUMAIUIO
paccTossHUM Ha H300pakK€HUHU JIMIA, HUCIOJB30BaHUE MeToja KO3 QUIMEeHTa
KOppEJSIIMM  TIPOLIecCa COIMOCTABJICHUSI 3HAYEHWH HH(OPMATHUBHBIX IPU3HAKOB
IpU UACHTU(DUKAIIMY JTUYHOCTH.

3. Pa3paGoTaHbl MeTO/bl CONOCTAaBJIECHHUS I[BETHOIO H300pakeHUs JIMLA C
JAPYTMMH LBETHBIMH W300pa)KEHUSIMHM JIMIAa MPU pa3pabOTKe MOJENM Ipolecca
UACHTU(UKALMY TAPAMETPOB U300PAKEHUS JINLA JTUYHOCTH.

4. Pa3paboTaHO mHporpaMMHOE OOECleYeHUE MPAKTUYECKUX PE3YJIbTaTOB
WCCJICIOBAaHMsI B TMPOIIECCE COBEPUICHCTBOBAHUSA  CTAaTHCTUYECKUX METOJIOB
UACHTU(DUKAIIMK TI0 TTapaMeTpaM H300paKeHUs JMIa yenoBeka. B 3Toii cBs3u B
YeThIpe JdTala pealn30BaHbl CHUCTEMBbl pACMO3HABAHUS U HJICHTU(DUKALNN
JUYHOCTH ¥ OCyIIecTBIeHa J(PQPEKTUBHOCTh CTATUCTUYECKHMX METOA0B. B
pe3ynbTaTte pa3pabOTaHHOM B HCCIEAOBATENbCKOW paboTe anropuTtMa B XOJHE
HKCIIEPUMEHTA, IPOBEIEHHOTO HA OCHOBE MHKCENIEeH M TPU3HAKOB, TOYHOCTH
uaeHTU(PUKAIKM JIMIHOCTH cocTaBmia 85-90%.

5. Pa3paboTranbl pa3nuyHble BApUaHThl AJITOPUTMOB BbIIENIEHUS 00JaCTH TULa
Ha M300pakeHUH JIUL Jrojeil. PaspaboTaHHble aqrOpUTMbI MTO3BOJIMIIN MOBBICUTH
TOYHOCTb UICHTU(PUKAIIMHN JTUYHOCTH 110 N300paKEHUIO JIUIIA.

6.Pa3paboran anroputm nomcka u3o0paxeHus JIMIla YeJIoBeKa B 0aze JaHHBIX.
[Ipu »TomM Oblma oOCymiecTBIEHAa OIEeHKa J(PGEKTUBHOCTH  PE3yJIbTaTOB
COMOCTAaBJICHUA HAa OCHOBE IEPBUYHON 00pabOTKM H300paKeHUs, BBIJCICHHUS
00J1aCTH JIMIIA Ha N300pakeHNH, UHPOPMATUBHBIX MPU3HAKOB.

7. Pa3zpaborano mporpammuHoe oOecrnieuenue «Face Recognition» Ba «Face
identification», ucnpITaHHBIC HA PUMEPE PEUICHHUS MPAKTHYECKUX M MOICIBHBIX
BOTPOCOB Ha OCHOBE CYIIECTBYIOIINX M MPEIOKEHHBIX METOI0B UACHTH(DUKAITUN
Y MIEPBUYHON 00pabOTKU N300paKeHUM JIUIL.
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INTRODUCTION (abstract of PhD dissertation)

The purpose of the research work is the development and implementation
of mathematical models, algorithms and personality identification software based
on facial images.

The object of the research work are processes of identification and
recognition of personality based on the image of the human’s face, image
processing.

The scientific novelty of the research work is as follows:

algorithms for primary image processing in determining the image quality of
a person’s face based on the normalization of unevenly distributed light in the
Image have been developed;

an algorithm has been developed for finding the area of the face image on the
personality image taking into account the properties of pixels, as well as a special
library;

algorithms have been developed for calculating a complex of informative
features by approximating the distances to the face image of a person in static
Images;

personality recognition algorithms based on seasonal changes in information
signs characterizing the image of a person’s face are developed.

Implementation of the research results. Based on scientific results on
mathematical models, algorithms, and software to increase the efficiency of
identification and recognition of persons by face image:

«face Identefication» software, developed on the basis of calculating
informative sets of signs by approximating distances to the face image of the
person and recognizing the person based on seasonal changes in information signs
characterizing the image of the person’s face and implemented at the post of entry
and exit control of students in the Academy of the Armed Forces of the Republic
Uzbekistan (certificate of the Ministry for the Development of Information
Technologies and Communications of November 8, 2019, 33-8 / 7941). As a result
of scientific research, the system of identification and personality recognition has
the ability to identify a person with an accuracy of 85-90%.

«face recognation» software, designed to recognize and identify a human in
the database of facial features by pixel intensity, was implemented at the joint
venture of the limited liability company UZTEX SHOVOT (certificate of the
Ministry for the Development of Information Technologies and Communications
of November 8, 2019 No. 33-8/7941). The results of a scientific study made it
possible to increase the effectiveness of the control of employee identification in
open and closed areas of the enterprise and personality recognition with an
accuracy of 75% and to reduce the time spent on identification by 2 times.

the«face recognition» and «face identification» software, developed on the
basis of the primary processing of the face image of the person and the
identification of the face image area, were implemented in the State Unitary
Enterprise “Center for the Development of Information Technologies” under the
khokimiyat of the Ferghana Region (certificate from the Ministry for the
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Development of Information Technologies and Communications from 8 November
2019 No. 33-8 / 7941). The results of scientific research allowed to reduce by 2.5
times the speed of recognition and identification of a person in the process of
comparing images of persons received from surveillance cameras with images of
persons in the database, as well as reduce the time of work of the identification
system by 25%.

Structure and volume of the dissertation. The dissertation consists of an
introduction, four chapters, conclusion, a list of bibliography and appendixes. The
volume of the dissertation is 120 pages.
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