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KMPHUI (pancada noxropn (PhD) aiceepraunsic annoranusci)

Juccepranus  MaB3ycHHHur foasap6anrm  Ba  3apypatn. JKaxoina
TacBHpaapra HILIOB chHl.ll ycyJuiapn acocHna 6HOMCTPHK TCXHOJIOrHAJIapHH
PHBOXNAHMIITHPHINTa aJIOXUAA axamuaT Gepwimoxna. ByHra acocuii cababnap
6ynu6, Gup TOMOHAA JaBIaT Ba THXKOpaT Ty3WIMAIapHIHNT OGHOMETPHK
TCXHOJIOTHANIAPTa KH3UKHLIKHUHT OIIKLIHK, Gollika ToMoHAal 3ca axGopoTiy Kai
STHI, caKiall, KaiTa Munall Ba y3aTHUIHMHE TEXHHK BOCHTAIAPHHMNT Kajial
cypbatnap Gunan puBoxuiaHHLK Xucobnanaau. LLyHHHT yuyH XaM X03HprH Kyiiia
OJIaMHHHT HO¥6 GHOMCETPHK MapameTpaapH acocka 6HOMETPHK TEXHONOrHANIapHH
HUIA6 YMKHIL Ba PUBOXKNAHTHPHII MYXHM Macananapian 6upu 6¥nu6 konmowia.
Pusoxnanran xopwxuii MamiakaTtnapaa, wry oxymnanad, AKIL, ®dpauuus,
Xunnucron, Poccua denepaunscu, Xuroi, SAnonus, l'epmanns, Xany6uit Kopes,
Anrnns Ba Gomka  pmaenariapiaa 6uomeTpHK TCXHONOrUANIApHU
PHBONIAHTHPHILIHKEC Halapuil Xamaa amannit MacajajapHHH CYHIlNra Karra
3BTHOOp KapaTHIMOK/IA.

Xaxouna 6GuomeTpuk o6BCKTIAp TacBMpAapura MUUIOB Gepuin Ba Taximi
KUNHKII YMyH aBTOMATIalITHPWIral TH3UMINAp SPaTHMIIHHHT MaBXyHd ycyn Ba
ITOPUTMJIAPHIY TAKOMHJITAIITHPHLI Xamaa SHCH XHcoOGnall anropuTMIIapuiy
MuINa6 MMKMILTA AYHARTAPUATAH KCHT KAMPOBJH WIMHA-TAAKHKOT MLULIApH 01HG
6opunmoxua. By 6opana, 6epunrad Tacsupiap cupaTHu 3Tanoncus Gaxosnau,
TacBMpHiark o6BEKT Koinamwran coXaHH aHHKNaL, O6BCKTIAPHH XapaKTCPIOBYH
Genrusapiy axpaTMil 8a TAaHMG ONMW AINOPHTMIAPHHM HILIA0 YMKMLW, yrap
acocHaa 1WAXCHM TauW6 ONMIIHMNI ANMApaT-AacTYPHil MakKMyanapHHH ApaTHUll
ax0opoT TeXHOJOrHANIAPUEH PHBOXIAHTHPHLIHHHT MyXHM Basudanapuaan Gupu
Xucobnananu.

Peciy6nnkamus/ia Maskyp HyHaiuwiia pakamin TacBupnapra Kaitita muuios
Gcpuin  Ba MHTC/NICKTYad TaXiWl KWIMII acocuia  Laxchu 6uomeTpuk
WACHTH(MKALMANAL YHYH aBTOMAT/IAWITHPHITaH TH3HMIAPHH HUUIA0 YHKMIN Ba
amanuérra KeHr kopril sTMWra anoxuaa 3bTHOOP Kaparwimowaa. 2017-2021
fiunnapna Vabekucron Pecnybnuxacuiin  sHaza  PHBONUIAHTHPHIL 6yiinua
Xapaxatiap crpaTerMsacHia, >KymjialaaH «... MKTHCOIHET, HXXTHMOMIA coxa Ba
6owKapyB TH3MMHra ax6opoT-KOMMYHHKaLHA TCXHONOrUANApHIH JKopuit ITHL,
... AX6OPOT XaBICHINUIHHM TAbMUHIALL BA aXGOPOTHH XHMOS KHIIHIL TH3UMHHH
TaKOMMWJLIAIUTHPHIL, ax60opoT coxacHaard Taxauanapra ¥3 BakTHAA BA MyHOCHG
KaplM XapakaTnapiu Tawkuwn ITHuy' Basudanapu Genrunanran. Maskyp
Ba3p|(1)anap“" aMalira OlMpHILAa Kymhajaald, WaxCHH Hnen'm(pm(auunnalu}m
OUMOMETpMK TexHoJsioruanapaaH doiinanann6 axbopoT TH3UMH Ba KOMHNLIOTEp
TApMOKJ/IapHra PyXCAaTCH3 KMPHIIHM YeKialll, Ha30paT KH/IHLI Xamaa Goikapuin
TH3UMAAPHHM  ApaTMIl axGopoT XaBGCHIMMUIHHM TAbMUHNALWNKIT - MYXUM
macananapia Gupu xucoGnauauu. LLyHunr y4wyH TacBupiarn oObekTHMur
GenrunapuHM aKpaTHIl Ba TaHKG OJHIL MacananapHHH €HMIl HYKTaW Hasapuna

'Y36ckucron PecryGaixacy rpexuaenmsnr 2017 fiun 7 gespanaacn [1d-4947-con “¥16exncron
PecnyGnutkaciin anaza pusoxcnanTipitis 6Fitnia Xapaxaraap crpaternich t¥rpucuia”ri Gapmonn



pakamJiM TacBHpJiapra MLIOB Gepuin ycyn Ba aropuTMiapHH PHUBOXIAITHPHLL
XaM/la ynapHH ax00opoT XaBQICHINMIMHH TAabMMHNOBYM Ba ENMMK XyAyAiapra
KHPHIUIHA HA30paT KWIYBYH THIHMIIAp/ia Kyanatu jion3ap6 myammo Xucobnanany.

Vabekucron Pecriy6nukack IMpeawnentununr 2018 #inn 2 despanaaru
Md-5349-con «AX6OpOT TEXHOOrUANAPH Ba KOMMYHHKALMAIAPH COXACHHHU AHala
“TaKOMHJIAAITHPHIL yopa-Taj0Hpnapu Tyrpucupa», 2017 jiun 7 despannaru
[1b-4947-con «V36ekucron Pecrybnaukacuun suana puBOXIaHTHPpHIL 6¥iinua
Xapakatnap cTpaTeruicH Tyrpucuna»ru ®dapmonnapu, 2017 #iun 29 aBrycriary
[MK-3245-con «AX60pPOT-KOMMYHUKaLMA TeXHoJIOrusNIapu coxacuaaru
noiiuxanapiy GOLIKaPHIL TH3UMUHH AHANA TAKOMIULIAIITHPHIL 40Pa~Ta6upnapH
Tyrpucuaan, 2014 iiun 3 anpenjarn IMK-2158-con «Ax60poT-KOMMYHHKALHOH
TCXHOJIOTHANIADHN  HKTHCO/IMETHHHI peajl CCKTOpMra AHAla JKOpHH KHIHI
tyrpucuaanty  Kapopnapu xampa Maskyp ¢aonmatra Teruuuii  Gouika
MeLEPHA-XYKYKHI XysiokaTiaapaa Oenrunasrad sasudanapiHy amaira OWMPHILLa
yiuby nucceprauus TAIKMKOTH MyaiaH apaxaia Xu3MaT KHiajiu.

TaaknkoTunur pecnybiauka ¢an Ba TeXHONOrMAAAPH PHBOMUIAHMIIN-
IHT YCTYBOP HyHAIMILIAPHTa MocIHrH. Maskyp TaaKHKOT pecry6nuxa dat Ba
TEXIOJIOrusAnap PHBONJIAHHUIIMHHMHT V. «Ax6opoTnalTHpHIL Ba
ax00pOT-KOMMYHHKAUHA  TEXHOJNOTHANAPUHH  PHBOMUIAHTHPHLI»  YCTYBOD
Aynanumnra Moc paBuwja 6akapuirau.

Myammounnur yprannaraniuk aapaxacn. Cyurru fiunnap/ia Taceupiapra
uuuios  GcpHiu, THMCOJIApDHH TanubG onuil ycymwiapunp uuwab 4ukuil Ba
TAKOMWUTAIUTHPHLI  Macanajapd Xam/a YIapHUHI amManuii  KyJulanuinuu
B.B.Anckcanapos, M.M.Bourapa, C.Baranabe, P.I'oncancc, 10.A.)Kypasics,
B.B.CrapogofiTos, J.[Tartpuk, ¥Y.I1patt, M.H.lnesunrep, P.J.Flynn, K.W.Bowyer,
A.Ross, J.Daugman, H.Proenca, A.Czajka, R.P.Wildes Ba Oowka xopmxuii
OIMMJIApHUHT WIMHIT MULIAPHAA TAAKHK STHIrAIL.

V36exucrona THMCONLIAPHH TaHKG OMHLL BA TACBMP/IAPTa HULIOB GCPUILIHUHT
nasapuii  acocnapuiu  pusoxulantHpuwira M.M.Kamuios, 2.M.Anmues,
1. X.do3unos, H.A.Mrnarses, C.C.Coauxos, H.M.Mup3acs, LIE.Tynsarauos,
H.C.Mamaros, C.C.PamkaboB Ba Oolukanap y3napHHHHr KaTra XuccajllapMHu
Kywramnap.

Xo3upru kynaa 6nomerpuk o6beKTIap TacBUpapura Huwos Gepuill acocunia
WaxcHy TaHUG ONMUI TU3UMAApH Jkajan cypbatiap 6Gunan pusoxnanmoa. Yoy
fiynanuu 6¥iinua yTrasuarad TaAKHKOTAAP TaXJIHAKN WYHH KYpcaTanuky, Ky3sunur
pauraop napaacu Hoé6, 6apkapop, axiuu ndonananrad Ba 10Kopn HHHOPMAaTHBIIH
HuomeTpuk obbekTaapaan 6upu 6¥an6 xucobnananu. Ky3uuur panraop napaacH
TACBUPH acCOCHAA WIAXCHH TAHKUG OJIMILIHMHI KATOP YCyJl Ba anropuTMiIapH Huab
yukwiran Oyncapa, 6Mpok, uaean O6ynmaraH lLapouTiiapAa cypatra OJIMHIaH
KY3HMHT PaHrIop MapAacH TACBMPM acocHJa WAXCHM TE3KOp TaHMO onAMUILK
TabMHUIUIALY YYYH MaBiKyJ/l YCYJI Ba QJICOPHTMANAPHH TaKOMUITAITHPUIL EKH ALK
ycysn Ba aIrOpuTMIapHM HMumnab YHMKHII MyaMMOCH e€Tapili  Jlapaxana
ypranunmarat.

JuccepTauua TAAKHKOTHHHHI AHCCepTaUHA GakapuaraH oauii TabauMm
B2 HIMHI-TAAKHKOT MYyacCacaCHHHHI MWIMHH-TAAKHKOT MIIJIAPH PeXANApPH
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6unan Gormukaurn. Jucceprauus TankukotH Camapkana NaBRaT YHUBEPCHTETH
WIMHA-TAQKHKOT HuLNapu pexcacuHuHr «BHoMeTpuk obnekTiap TacBHpiapura
HIINOB GepHll Ba TaXJHN KWIHILHHHT MaTeMaTHK YCyl Ba alrOpHTMJIapH»
(2015-2020) MaB3ynarH TagKHKOT MuUtapH Aoupacupa Ba ToukeHT ax6opor
TeXHoJIoruanapH YHUBEPCHTETH Xy3ypHaaru Ax60pOT-KOMMYHHKaLHA
TeXHOJNIOFHANApH HIMHIl-MHHOBALUMOH MapkasH WIMMA-TAIKHKOT MILIapH
pexxacuHuHr BB-ATex-2018 wn¢pnu «lO3 TacBMpAapvHH OKMMIIK KaiiTa uiinai
acocHa IIAXCHH HAeHTHMKAUMA KWIHII ITOPHTMIIaDH Ba  JAacTypHii
TabMMHOTHHH Hmna6 uukumw» (2018-2020) mas3ymaru soitnxa gompacuaa
Gakapuiran.

TaAKHKOTHHHI MAKCaaH K{3HHHT paHTAop NapAacH TacBHPJapH TaXJIHIH
acocupa IWaxcHu GHOMETPHK MAeHTHdHKaUHANAIl aIropHTMJIApH BAa AacTypHil
MaXXMyacHHH MuLal yukumzad H6opar.

TaaKHKOTHHHT BasHpanapu:

KY3HHMHT paHraop NaphacH TacBHpH chdaTHHM 3TanoHcus 6GaxonmawHuur

TE3KOp Ba aHMK/IMTH 10KOpH 6FIraH aNropUTMHUHY HILIAG6 YMKHMIL;

TACBMpJArH KY3HMHI DaHrOp napaa >ojnaliraH COXaHM KHWAMPHIL Ba
KPaTHII ATOPHTMHHY HULTA6 YHKHLI,

TaCBMpAarH  Ky3HWHI  DaHrAOp  napAac  KomawraH — coxacu
napameTp/iapHHHHT cHdaTHHH 6axonall aNroOpUTMHHHA HLLIAG YHKHLL;

KY3HWHT PaHraop Napaacit TACBHPHHMHI GelrmiapuHu aXpaTull Ba TaHHO
OJIHIL ANTOPHTMIIAPHHH HLLNA6 YHKULL,

KY3HUHT paHraop MapAacH TACBUPHHH TAX/IHI KWIHLI YHYH HuU1al YHMKUIraH
Xamaa MaBxyZl anropHTMIIAp aCOCHAA APATIWIraH AacTypuii MkMyaHH amManuéTaa
K¥Jnau 103acHaH TaBCHAIap HULIa0 YHKHLIL.

TaaKuKoTHHHT 06beKTH cu(aTHAa TypH WapOHTIapAa GoTo-BHACO ycynna
CYPATra ONIMHIaH K§3HHHI PAHTAOp MapAaCHHHHT PAKaMIIH TACBHP/apH Kapairax.

TaAKHKOTHHHI NPeAMETHHH KY3HUHT PAHIIO0p NaplacH TAaCBHpHra MULIOB
Oepull xaMaa Tax/IHA KHAKI YCyJ1 Ba a/IrOPHTM/1apH TalIKWI STaaH.

TaakukoTHuHr yecyanapH. TaakuKOTIapHH onu6 Gopuw kapaduunma
TH3MMJIH TaXjMA, JAHCKPET MAaTeMaTHKa, SXTHMO/Iap HAa3apHiACH Ba MaTeMaTHK
CTATHCTHKaA, paKaM/IM TaCBUp/apra Miunos Gepuiul Ba THMCOMLIaPHH TaHWG onuw
ycynnapupaan ¢goiranaHHaraH.

TAAKHKOTHHHT MMMl SHCHIMIK Ky#naarunapaan ubopar:

K¥3HMHr paHrgop napaacH TAacBHPH cudaTHHH MKKH Ynuoenu dypre
IMALITHPHINY CHEKTPHHUHT IOKOPH 4acTOTAIAPHHUHI YMyMHUH OHEPruACHHH
xucobnaw acocuaa sranoncus 6axonaul anropuTMH HULIA0 YHKHIraH;

TACBMPAA KY3HHHI PAHTAOP MAPAACHHMHI MYKM BA TallKH uerapanapuiu
AHHKNAIW Ba DKPATHIUHHHI TyP/IH XanaKHT/Iapra TyPryH Xamia TacBupra HIios
Gepuiun Teskop Gynran anropuTMIapH uunab YUKUIraH;

TACBHpAA KJ3HHMHI paHrOp NapiacH KYPHHHMII COXaCHHH TYCyBuH
XQIaKMTNApHH AHMKNAWHMHT TE3KOP Ba AHHKAMK NApaxacH IOKopH Garan
NropUTMH HULIA0 YHKWIraH,;



TacBHPAArH KY3HUHI paHrA0p NapaacH COXaCHHMHI CH(ATHHU XapaKTepaoBYH
napaMeTpapunu  CTaTHCTHK TaXAun acocuia Gaxonail alropuHT™MH Hiwia6
YHKHIraH.

TaakKHKOTHHHI aManHil HaTHXRANapu KyinaarunapaaH ubopar:

€nuK XyIOyAa Ba Maxcyc XOHajlapra KMpMILIHH Ha3opaT KWiull Ba Gowkapuiu
XaMza axGopoT TH3MMIIApH Ba KOMMLIOTEpP TapMOKjaapuia (oiifanaHyBYHNapHH
Taub oML TH3BMIIADHHH APATHLI YYYH MYIDKAIUIAHTaH KY3HUHT PaHTAop NApAack
TacBHpH OFiinua wWwaxcHu OHOMEeTpHK HAEHTHQHKAUMATAWHUHT ANrOPHTMHK
TabMUHOTH HUINA6 YMKKITaH;

TacBUpAAry KY3HWHI PAHrA0p NapAacH KolaliraH COXacHHHU axpaTuLl, yuoy
coXaja KOBOK, KHMpHK, INyhila Ba Ooliika TYCyBYM XalaKMTIapHM aHWKAaLl,
axpaTwiraH coxa cHGaTHHM XapakTepjoBYH mnapaMeTpiapHu Gaxonawn Ba
XapakTepsoBu GenrunapHiH aKpaTHIL XaMa TaHub oNuI MacananapuHy eyuiura
MYJDKAUIaHTaH JacTypuit MaxMya HINab YHKHATaH.

TaagKHKOT HATICKAJADHMHHNT HIIOHWIWANCHM a/ITOPUTMAApPHH HMuUUIa6
UMKHIUJA pakamIM TacBUpnapra niios 6epuil Ba THMCOJUIAPHH TAHHO ONMUILIHUHE
MaTeMaTHK  aNnapaTMHHHT  TYFPH  KYJUNIAaHUNHWIM ~ XamMaa  TaxpuOasuii
TAAKMKOTIAapHUHI WxoOuil HaTHkanapn 6unaH TacAUKNaHAOM.

TaaKHKOT RATIGKANAPHHMHE HJAMMI Ba amanuii axaMuaTH. Tagkukor
HaTHXaNapHHHHT HIMHA aXaMHATH KY3HHHT paHrOp NapAacd TaCBUPHHH TaXJjiui
KWIMIN acocuia IAXCHH OGHOMETPHK HMAECHTHhHKaUMANALl TEXHONOTHANAPHHHUHE
Hazapuii acoCNapMHUHI HCTHKOGOUIM pPUBOXAAHMIUMCA HWIa6 uMKWUAraH
aNropUTMIIAPHHMHT Xicca KYLHILKM GunaH H3oxnaHaaH.

TaaKMKOT HaTHWXANAPUHUHE aMalMii axaMuATH MU0 YMKWAraH pacrtypwuii
MakMya IOKOpH XHMMOAJIAaHMIIM Kepak OYnraH Xyayanapra KMpHIUHM HasopaT
Kwiui Ba Gowkapuiu xamaa ax6opor THsumnapuaa doilpanaHyBsunnapHu TaHHO
O/IHLI MacanalapvHy Xajl KWIHILAA KYnaHWiKIuM G1unad H3oxnaHaau.

TaaKHKOT HATHXKAJNAPHUHII KOpHH KuaHHMmMH. Ky3uuer panrmop
napaacH TacBHpH GyiiMya maxcHu MAeHTH(HMKaLMANA MacanacHHH euui Gunan
6ornuk 6ynran uamMuit HaTwkanap acocnaa: )

TacBMUpHMHI cuaTHHH 3TaloOHCH3 Oaxonawl Ba yHAA KY3HHHT paHraop
napaacH xofinaraH CoxaHu axpartHin, ywby coxaaa TYCyBYH XamakMTIapHH
anuKnall XaMjaa yHWHr cugaTHHH XapaKTep/IoBYM NapaMeTpsaphu Gaxonat,
KY3HHUHT PpaHTAOp NapOacHHUHr OGeNrmiapHHH @KpaTHIl Ba TaHHO onHI
AIrOPUTMIIAPH  acOCHA ApaTHAraH JacTypuii Maxmya Ilaflapuk TymaHH
XOKMMMIHHMHT Maxcyc Oynumura pyxcarcH3 KHMPUIIHM deKnaul Makcanuaa
HasopaT KwiMIl Ba Gowkapuiuaa xxopuit KninHran (AXGopoT TexHOIOrHANapH Ba
KOMMYHHKaLMAIapHy PHBONUTAHTHPHII BasHpAMrUHHHT 2019 iinn 3 pexabpaaru
33-8/8554-con Ba CamapKaHI BWIOATH XOKUMIIMrHHHUHT 2019 itun 17 centabpaaru
07-10/1019-con masnymoTHOoManapu). Mnmuit-ragkMKoT HaTHXAacHAa XoauMIap
KY3MHMHT paHrop mnapiaacd TacBupiapu Oyfimua manimymornap Gasacu
IAK/UIAHTHPUNIHG, TecTnalll skapaéHuaa XoaUMapHu Maxcyc 6¥anMra KUpKILHHH
HalopaTr Kunuul Ba Gowkapuwm Gunadn Gornuk 6YnraH mm xaxmu 1.2 Gapobapra
KMCKAPTHPHIL XaMJia XOAHMJIAP IIAXCHHH MACHTH(HKALNA KWIMII aHUKIHTHHH
15% ra owuupHiLl UMKOHMHH Geprax;
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TACBUPHUHI cHdaTHHK 3TanoHCcH3 Gaxonaml Ba yHAa KY3HHHT paHraop
napjiacH xoisialiraH COXaHH axpaTHil, ymby coXala TYCyBYH XalaKHTJIapHH
aHMKNAll XaMJA YHHHT CH(AaTHHM XapaKTeploB4YM MNapameTpiapHH Gaxonauu,
KY3HHHT paHrAop MNapAacHHHHT GesrWIapHHM aKpaTHIl Ba TaHM6 onu
anropHTMIIapH acocHAa ApaTHAraH AacTyphit Maxmya Camapkann sunoatu Hapnait
TYMaHH J[aBnar COAMK MHCNEKUMACHHHHr ax0opoT TH3MM/apH Ba Maxcyc
XoHanapupa ¢oiinanaHyBymwiapHi  HACHTHOHKALMAMAWHHHT  HIIOHWIMIHHHA
OIUHPHII YYYH KY3HHHF PaHrAop NapAacH TacBHpH GyHHua IaXCHH 6HoMeTpHK
uaeHTHUKaUnAnam xopui kunuHran (Y36exucron Pecry6nukacu JJasnat conuk
KymutacuHuHr 2019 #inn 23 centsbpmarn 10-27680-con mabiyMoTHOMACH).
Unmuit-tagkukor Hatmwkacufa QofianaHysud XomuMmiap KY3HHHF pPaHTAOp
napaacH TacBupu 6§ituya pyiixaraaH YTkasunnb, Tectaaul xapatHuaa XoquMnapra
ax60poT THIMMNapH Ba Maxcyc XOHanapAaH ofinanaHuiura pyxcar Gepuin yuyH
XONMMNAPHHHT IUAXCHHM MAEHTHMKAUMA KW Baktuhu 2 6apo6apra
KHUCKapTHPHII HMKOHHHH GepraH.

TaAKMKOT HATHKANAPHHHHT anpobGauusicn. MasKyp TaAKMKOT HaTHXanapH
3 Ta xankapo Ba 5 Ta pecnyOnMka WIMMil-amManHii amXyMaHnapuaa Mabpysa
KWIHHraH Ba MyXoKaMaJiaH YTKasuiraH.

TaAKHKOT HATHXAJAPHHHHI IBJOH KHAHHIAHAHIH. TaaKMKOT Map3ycH
6yiiuua sxamp 18 Ta wimuil Mm von 3TwiraH 6Ynu6, wynapaas Y3bexucron
Pecny6nukacu Onuil arrecrauns KOMHCCHACH TOMOHHAAH TaBCHA STWIMaH WIMHEH
Halpnapna 6 Ta Makona, JKyMJIafaH 2 TacH XOpwxuii Ba 4 Tacu pecmybnuka
’KypHALTapHAa HAWp KWIMHraH Xamaa 2 Ta OXM yuyH Apatwiran Aactypuid
BOCHTaNapHHK Kailg KHIHLI FyBOXHOMA/IApH ONTHHIaH.

JMccepTauHAHHHT TY3WIHUIH Ba XaXMH. JluccepTauys KHpHLl, TYpT1Ta 6006,
Xynoca, doitnananunrad anabuérnap pyiixatu Ba unosanapaaH ubopar.
Huccepraumanuur xakmy 114 6eTHH TAUKAI ITaAH.

JUCCEPTALIMAHUHT ACOCHIi MASMYHH

Kupmuga aucceprauus —MaB3yCHHHHT Jonsapbnurn  Ba  3apypHATH
aCOC/AHraH, TANKUKOTHHHT peciy6mKa aH Ba TEXHONIOTHANAPH TAPAKKHETHHHHT
yCTyBop H§Hanuuumapura MocqMru KypcaTwiraH. TaAKMKOTHHHT Makcaa Ba
Basudanapu Genrwnab ONMHrAH XaMAa TAIKHKOT 00BeKTH Ba Npeamer
AHMK/IAHTAN, ONMHTAH HATWXANADHHHT HIIOHWIMIMIH acocnab  Gepwira,
YNIapHUHT Hasapuii Ba aManuil aXaMHATH KYpcaTHiraH, TAAKHKOT HaTHXanapHHu
aManuérra xopuil KMAMID XOJaTW, Hap STWIraH HIUMAp Ba AucCepTaumsi
TY3WIHWH GYHiHua MaBIyMOT/Iap KeJITHPHIraH.

Hucceprauuanunr  «IllaxcHu Tanub OJHIIHUKT  GHOMeTpHK
TexXHOAOrusnapw» ne6 HoMMaHraH GHpHH'H 606u, TYpTTa Naparpagaay uéopar
6yn1u6, yrna 6uomeTpuk HASHTHOHKALMANALL MACATACHHUHT 3aMOHaBHil XonaTu Ba
UMW YCynnapy TAXAWIH, Xap GHp GHOMETPHK YCYTHHHT I0TYK Ba KaMUHITHKIApH
Kalin sTunraH, GHoMETpHK YCyjulapra Ky#iunaguran Tanabnap KeNTHpWINraH,
6uoMeTpuK HACHTHQMKAUMANAI COXaCHAA MaBXyA acocHd Myammonap
IAK/UIAHTHPHITaH.



K¥anunr panraop napiacH TACBHDH 6y iuua 11aXcHH
WICHTHQHUKAUHANAWHKKUHT  yCy/l Ba alrOpuTMNapHHM  §pranuin  acocwjia
TA/IKUKOTHUHT YIuGy HYHATHIIHY PUBOXIAHTHPHII MyaMMONapH Ba yJapHH Xan
3THUI RYNNapH aHHKIAHraH XamMaa TaAKHKOT MIUM MAacanacHHHHT KyHAunuiu
aR/UTaHTHPHITAH.

l.1-naparpadna GuOMeTpuK TexHONOrMA Ba TH3MMIApHH Tascudawia
¢ofinananunanuran  acocuii  TymyHyanap Xamaa  waxcun - Guomerpuk
WACHTUOHKAUMANAWHNET yCYl Ba BOCHTANADHHHHT KMECHH TaxXmHil KWIMWI
HaTHXXalapH KeSTTHPUNTaH.

1.2-naparpadina Ky3uuur paurgop napaacHHMHC y3ura Xoc Xycycuatiapu
Kapairal Ba YHWHI TacBHpHM opKaid Iaxciu TaHuW6 onmin xkapatHura acoc
6¥nanuran ymuamMu Ba mwakMHAHT Mg OIACH KCNTHPHIral XaM/ia KY3HUHT panrzop
nap/lacH TCKCTy paCHHUHT Gouka GOMCTPHK [TapaMeTpapra, Xycycau 103 TacBHpH
Ba GapMoK HManapura Huc6aran HoE6AMrH aHua IOKOPH IKAIIMIH TAbKHUIaHTaH.

1.3-nmaparpaia k¥3uunr pauraop napjaci Taceupy 6¥inda maxciu Tanub
OJIMIAHHT MaBXyJ yCyNl Ba anroputMiapy Ku€cHi TaxX/IUIMHHHT HaTHXKanaph
kenatupwirad. Ywby HaTikanap acocuia KY3HMHI Paurjlop napjacd TacBHpH
6¥iiMua mwaxcHu TaHMO ONMIN BaKTHHY KUCKApTHUPHII Ba aHHKAWIHHH OLIHMPHIL
MaKca/iu/ia MaBxKyA IFOPUTMIIAPHH TAKOMMJINAWITUPULI 3apYPAHTH acoCiairaH.
Bynpan Tamkapu, K3 TacBMpuaarn paHraop napaa sKoinamrad COXacHHH
AUMKIAWHKAHC TE3KOp Ba aHMKIMK Japakacu lokopu 6yaran ycyn Ba
ANFOPUTMIAPHHHM MUUIA0 YMKMIN TAAKMKOTHMHF ywOy #yHanuwaary acocHit
MyammMonapuaan GMpH SKaHINCH Kaiix sTHrall. '

1.4-naparpagaa ongunry naparpadnapaary aHanUTHK TaXIn HaTWKaiap/ian
KeiM6 YMKKAH XONJa JAHCCEpTAUMA TAAKMKOTHHHMHT Makcaa Ba Basudanapu
WAKIUIAHTHPHIITAH,

Hucceprauusunur «Ky3uunr panraop napaacH TacBHpHIa jpactaabxu
nuutoB  Gepum  anropurmaapm»  Ac6  HomnaHyBYR  MKKHHYH 606n 3 Ta
naparpadan uGopar 6ynu6, KY3HUIF pauraop NapiaacH TaCBUPHHMHT CH(ATHIHN
Gaxostalu, TACBUp/Ia YHHHE sKOMATALIral COXaCHIIM KPATHIL Ba KYPUHHLL COXaCHHH
TYCYBYM XalaKUT/NapHH aHMKIAW YuyH HuUiab MMKWIraH ajropuTMiiapiy 6atn
aTvira GaruiuiaHrau. :

2.1-naparpaia K¥3HMHr PaHCAOp MNapack TacBHpH CHGATUHM STAIOHCH3
Gaxonammuur Mapxyjs alropuTMiapH TaxJIMNK acoCHAA ynapHHHI IOTYK Ba
KaMUMIMKIIADH aHMKNAHKG, aHMKIaHral KaMuyuauknapiy 6aprapad sTuiura HMKoH
GepyBun TaceuMp cudaTHHM FTanoncH3 Gaxonaul cxemacd HwnaG uukwiran Ba
YHMHT aCOCHAA TErHULUTM anropuT™ TaKind ITHIraH.

Ky3uunr panrsiop napaack 6yfinya WAxXCHH  Tauub onMm  TU3UMH
MULTAMMHMHT acocHit Ba MyxuM Gockuwiapuaa OGMpH ONMHraH Kky3 TacBHUpH
cudatuum Tesxop Gaxonai xucobnanaau. Arap Waxcli TaRKG oNHIL yuyH TAK/IMM
oTvnran Taceup cudarcus 6yica, y Xxonaa TauuG ONMLI HAaTHXanapn HOTYFpH

6y MyMKHH,

Kyzuunr panrjop napaacy TaCBUp/iapH TaXJIHaM Wyln KYpcaTaukH, cudarcus
TacBMpnap acocal Ky#ugaru xanakumiap xucobura 103 Gepuwm MyMKuH:
dokyenunr Macodac HOTYFpH YpHATHAMIIK; Kamepa Ba cyparra onunatrran
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06BEKTHHHT G1p-6upura HUCOaTaH XapaKkaTH HaTHXacHa TACBHPHUHT CYpPKaHILH;
TacBUpAAa KY3HHHT paHraop mapAacH coxacH TYNHK &KH KHCMaH KOBOK Ba
KUnpHKnap 6unan tycunuiuy. Ynby xanakuTiaapHHHT Xap 6upu 6up-6upuaan dapk
KWIIYBYH ¥31ra XoC XapaKTepHCTHKanapra sraqup.

IOxopumarsnapHn 3sTHOOpra onrad Xonzga yuby maparpagaa TacBHPHHHT
cudarvHu 3Tanoncu3 6axonai yuyH TakoMwulaWTHpUiIray JJayrman anroputMu
uinab 4uKMAraH Ba yHpa 8x8 ynuamau HUKo6 YpHHra 6x6 Ynuamnu HHUKo6aaH
doiinananunagy (1-pacMra KapaHr).

-1]-1]-1}-1{-1f-1
«1]-1]-1]-1{-1]-1
-11-118|8]-1]-1
-11-1]18|8(-1]-1
A-1]-1]-1]-1]-1]-1
“1|-1f-1}-1f-1]-1
1- pacm. Taxnnd 3Tunaérran oneparop HUKoGH

BepunraH  TacBMPMapHMWHr  CHAaTHHH  STAIOHCH3  GaXONMalIHUHP
Al anzopummu Kyiiuparuya aMmaira olHpHIamK.

1-xadam. TacBHp KHPHTHIAIH.

2-xadam. TacBHp CUGATHHKHT COHNM MHKAOPH Xucobnananu,

_ 1 M N
= M.N§§|I(x,y)tA|.

3-xadam. Q>Q, WapT TeKwMpunaau: arap wapt Gaxapunca, y Xonaza
KkeliMHrM KajaMra yTunamM, akc Xonga l-xkazamra §Tunub, keiimHru Tacsup
KHPHTHNAMH.

4-5a0am. TacBHp TAXIHIMHHHI KeiMHIM GOCKWIApUHM amaira OWHpHIL
6yituua kapop kabyn KHIHHAAH.

S-xaoam. Tamom.

2.2-naparpaaa Ky3HMHT PaHrAOp NapAac MYKM Ba TAlUKM YerapalapHHu
KWAMPHII Ba COXAaCHHH 2XKPATHI, COXAHH TYCYBYM XaNaKWTIAapHM aHMKnal
aNropuTMIIapH HULTA6 YHKHATaH.

K¥3HMHT PAaHrAOp NapAack MKy Ba TAlKH YerapanapuH1 BKPATHIL KapatHH
Kyliuaard OMWIAp TABCUPMAA HOKOPPEKT OY/MUIN MYMKHH: TYPSH XMA ONTHK
Kyphamanap EpAaMKAa paHraop napaa TaCBHPHHH CyPATra OMIL JkapaHUAA TypiH
XWN EpUTHIMAHIMK WAPOMTHHHHT MABXYANMH; KY3HMHT PAHrAOpP NapAacHHM
TcHG TypyB4H KOBOK Ba KMIPHKIAPHHHT MABXYUIHIH; KOPAYHKAArH HyKCOHNap;
paHraop mapAaHMHr KOpa paHraa 6ynuwu, Gy xonaa Kopauuk Ba paHraop napaa
paHrnapuuu Gup-6upuaan dapknail KHAMH; KOPAYMKHHHT KeHrafuwM (KOpaunK
AvaMeTpH KY3HHHT PaHrop NapaacH AHaMeTPHAAH KaMuaa 25% ra kuuuk 6§muwn
KepaK); GOLIHMHT XapakaTNaHHIIK, KY3HHHT NMp-NHpaliy Ba Gowkanap.

JOKopHaa KenTHPHAraH TabCHP 3TYBYH OMWLNApHH MHODaTra onran Xonma
KY3HMHT PAHTZOp MApAacK COXAaCHHH @KPATHIL Y4y 2.2-naparpadaa A2, 43,
A4 anropuT™nap HULMA6 YMKHITaH.
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K¥3uuHr paHraop napAacH HYKH 4erapacHMHH, ABHHM KY3HHHT KOpauHFH
YyerapacHHH aHHKIaMHHHT A2 aneopummu Ky ingarnda amaira olmupuiagm.

1-gadam. Taceup KupuTHIanu.
2-xkadam. T"aycc GHABTPH KyLTaHHNagM:

r’a-;f
" - G(x’y)=J2L e ¥ |
v {8

3-kaoam. TacBup dxd Ynuamnu TYprOypuak coxanapra 6¥nuHanu Ba Gy
coxanap y4yH ypTaua $pUTHNralIHK XHcoOnaHaau:
Jd d
Py=L 3 SUk-d+it-d+ ),
d* 5 J=1
4-xadam. MuHHMan YpTaya EPUTHATAH COXA AHHKNAHAAM:
Fn= n}'i'n £

S-xadam. Tacupia GMHapnall aManra olHPHIAAH:
_fn rxnss
L= {0, I(x,y)>1.
6-kadam. K¥3 xopauury yerapacy aHHK/IaHaQM:
Lxy) ={1, Ig(x,y) <v;
o 0, Is(x»)>7,
7-xadam. K33 Kopayury yerapaCHHH TaBCH(IIOBYM aiiNiaHa aHUKITaHamH.
8-xaoam. TamoM.
K¥3HHHT panrop napacH TAILKH YerapacHHK aHHINIAIHUHT A3 anzopummu
Ky#uparuya aManra oLHpHIaaM. '
1-kadam. Tacsup KUPHTHNIANH.
2-kadam. r, y3rapyBuMra r_ Kuimar yanawTupunanm (r, elr_ .5 1)
3-xadam. Taceupaa 2dx2d (d=2-r) ynuamnu TYprOypyak JoKan coxa
aKpaTWiIafH, ABHH:
xp—dSXSxP-l-d,
Y,—d<y<y,+d,
4-xadam. Jlokan coxama Iaycc ¢unsTpupan ¢o#inanaHu6 IOBKMHIAPHH
KaMaiTHpHIU Ba CWUIMKIall npoLeAypajlapH aMaira OlHpHiIaaH.
S5-xadam. JIokain coxaaa KMYMK XalakHT/IapHHU To3anaul npoueaypacH amanra
OLUMPWIIAIH.
6-kadam. Jloxan coxara raMma KOppeKIHs NpoLeAypacH Ky UTaHUIamm.
7-kadam. KaHHM ycynuHH Kyjulami OPKAIH JIOKan COXana KOHTYP “M3HKIap
KpaTHIaaM.
8-xadam. (x=%) +(y,~ %) <r’ wapt acocuaa JoKan coXaia To3anaul

NpoLeAypack aManra omHpHIaan.
9-xkadam. Ky3uuur paHrgop napaacH TAalIKM YerapacHHM TascuuIoBUH
aiijiaHa aHUKJIaHaH,
10-kaoam. Tamom.
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Mna6 wukunran A2 sa A3 anroputMmiap €pramMHa K¥3HUHT paHraop napaacu
COXACHHM KHAWPHLI XaMAa @xpaTHil OYiiMua ONMMHraH HaTHXanap 2-pacMaa
KeJITHpHAraH.

2-pacMzaaH KOBOK, KHMIPHK Ba JOF KaGU XalaKHTAapHUHT MaBxyn GY¥nummura
Kapamall KY3HHHr PaHraop MapAacHHMHT HYKH Ba TAlUIKM dYerapanapuHH eTapiu
Aapaxana aHuK udonanaHraHaury Kypriu MyMKHH.

2-pacm. Ky:mlmr PAHrIop NAPAACHHMHI HYKH Ba TAIKH
yerapajapHHH 2XpaTHII HATHKAIAPH

K¥3HHHT 10KOpH Ba MAacCTKH KOBOK/IApHHHMHI 4erapanapHHH aHWKIAWl yuyH
M6 YMKIWIFaH A4 arzopummu Kyiiuaaruia aMmanra olMpHIanH.

1-xadam. TacBHp KMpHTHIIALH.

2-xadam. TaceupmaH 2dx2d (d=15-r) ynuamnu 'ryp'rﬁyp'lal( JIOKan coxa
aKpaTwiagH, AbHH:

x,—dsx<x,+d,
y,—~dSysSy,+d.

3-xadam. Menuana QUILTPHHM KYANaWl OpKalH JIOKAN COXafa KHUMK
Xa/laKHT/IapHH TO3aNalll IPOLEYPacH amManra OUIMPHIa U,

4-xadam. KaHHM YCYNHHHM KYJUlalll OPKaaH JIoKan coxXafa KOHTYP HMM3HK/Iap
aKpaTUNagy.

S-kadam. (x,~%) +(y,~¥) Sr* wWapT acocuna nokan coxaa Tosanmams
npoueaypacH aMa/ira ouHpHIaad.

6-kadam. 2-Kanamaa WAKNNAHTHPWIraH TYPTOYpHaKIH NOKan coxa 2dxd
ynuamnK KKKUTA TYpTOYpYaK nokan coxanapra 6¥imHanu.

7-kadam. Xad anmawrtupummnaad Qoiinananub, KY3HUHT 10KOPH Ba MACTKH
KOBOKNAPHHMHT u4erapanapuii TascudioBuM napaGona (byHKumnapHHHHp
napameTpnapu, AbHU @, b, ¢ aHHKIaHalH.

8-xadam. TamoM.

Maskyp anropuTMHHMHI 7-KajiaMujard mnapaGonanapHHHT napameTpiapu

Ky#uaarnya aHMKIaHaau:
JOKOPH KOBOKHHHI HerapacuHu mbona.nosqu napabonana a napamerp

[—l, 0) ApUM MHTEpBANAA h Kanam Ounax anmmauann;
n

MACTKK KOBOKHHHI yerapacuuu udomanosuu mapaGonana sca a napamerp
(0, -1-] ApUM uHTEpBaNAa s kanam GunaH aHUKnaHanu;

n

1

b, ¢ napaMeTpniap Ky#Huaaru dopmynanap opkanu Xucobnaxnamu:
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b==2ax,, c=x;+y,
A4 anroput™.. €pAaMMia KY3HHHT 10KOPH Ba NacTKH KOBOKJIApHHHT
HerapalapMH{ aHHKNalll HaTHKanapy 3-pacmia KeJTUpHIraH.

3-pacM. Ky3HHHI I0KOPH Ba NACTKH KOBOKIAPHHII YerapajapHiH
AHHKMAI HATHKAIAPH

2.3-naparpaia  KY3HMHr paHrAOp nNapAacH TAacBHUPUHUNT CHATHHU
XapakTepioBYH MapameTpnapHyu 6axonalu Macanac Kapanran. Y6y napamerpiap
Ky#ugaranapaup: TacBMp KoHtpactH (Z,); MaiinoH  koadhduunentH (Z,);
3HTponHA (Z,); KOpPauMKHHHI' KeHralum (aunarauua) Yn4oBu (Z,); OKKMIO3UA
ynuoBu (Z;); paHrmop mapaa Ba KOpayMK YiuoBjnapu Hucbatd (Z;); Ky3HHHT
paHrIop mapAacu TaCBHPHHHHT UILOB GepHilra ApoKnK GynraH coxacu Yi4oBH
(Z,); axcueHTpuk Macoda ynuosu ( Z, ).

Bynnan Tawkapu, yw6y naparpadaa Goul KOMMoNEHTa yCyaura acociaHm6,
IOKOpH/IA KENTUPWIraH NapaMeTpiapHy Ky3HMHF PaHraop rnapAack TacBUPMHMHF
cH}aTHHH XapaKTepJIOBYH AroHa NapameTpra KeATHPHLL aMajira OLIHPHATaH,

Jucceprauvanuir « Ky3HHHI paHraop napAaacH TacBHpH 6yiinua mwaxcnu
HACHTHOHKALMAIAM AJrOPHTMAApH» Ae6 HOMIaHYBYH yUuHYH 606K KY3HUHT
PaHrAop NapaacH TACBUPHMHM XapaKTep/ioBuM OGeNrunapHu axpaTHWHKHT Kuab
YMKWIraH AIFOPUTMH Ba LIAXCHH TAHUG ONIMIL/AA Kapop KaGyn KuanL Me3OHIapHEH
6a&H sTHIra GarnuIIaHraH.

3.1-maparpagna KY3HHHC paHTAOP Map/JacH TacBHPHHH XapaKTep/OBYH
6enrunapuu axpaTHitHUBr [aGop ¢ubTpHra acoc/aHraH aropuT™MIIapH TaXJIWIHN
acocuja yNapHHHr I0TYK Ba KaMYWIHKIapu aHHKnauub, norapupmuxk I'abop
¢wiETpH acocHna TAKOMUIALITHPHITAH A5 anzopummu M6 YUKKIraH,

By anroputm Ky#inzarnya aMainra OlIHpHIIaay.

I-xadam. TacBUp KHPUTHIIANH.

2-xadam. Jlorapupmuk Tabop ¢uisTpn KyT6 KOOpAMHAcHiaH AekapT
KOOpAHHATacHra YTKkasHiIaau:

B A

3-xkadam. Tox cHMMeTpHK (GMIBLTPHH 1MAKUIAHTHPHILI NPOLEAYpacH aManra
OLUHPHIIATH:

G°(u,v) =exp(—ln (/J/Zln (/{, ))exp(zo_: ]sm(erfoul)

4-kadam. K¥3HMHT paHrmop napaacd TacBHpH KMcMiapra 6ynuHaau Ba xap
6up KMcMra TOK CHMMETPHK (GHILTP KY/UTaHWIAMK:

14



N M
C('J)=ZZl(i+x—%.1+y-ﬂ)G"(u.v).

- 2
x| yai
5-xadam. Xap OHp KHCMAA HKKH ¥n4amian @ypbe Te3 anMalUTHPHLIM
Gaxxapunaau.
6-xkadan. Xap 6up Kucm yuyn M, amnnutyna sa P, ¢asa xucoGnanaau:
M, (x,9) = F (x, »)F (x,5)
iFy(x,¥)= Fy(x,)
Fg(x,}')*“ﬁ,(x.}') )
7-xadam. Undopmatus Genrunap axpaTuianm:
§ = arg max (M,,),
J

B, (x,y)=arctan

T
(hr,h'.)—(l,l), OSPIq' SE’

n
(h,,h)=(O.N, 3< Plg' sm
3.

(hh)=©.0), 7<P <7

3
k(hr»h’-)—(l.o), 7(1",‘] <2r.

8-xadan. Tamom.

By epna MyHH TabKHANALI KEPAKKH, Ma3Kyp aNropuTMAa KY3HHHI paHraop
napgacH acocuia WaXCHH WAeHTHMKaumanaw xapatuHuna Gapuya Xapakrepnu
HyKTaTapAaH 3Mac, Oanku TaCBUPHMHI KHMCMJIapMAArH OSHF pENpe3eHTAaTHB

6enrwiapaan doiinananunaay Ba y y3 HasbGatuga, KypcaTunarad ixapauuuir
camapaZioplUrMHe OLWKPHLIra HMKOH Gepany.

3.2-naparpaaia K¥3HUHT palraop napfack TacBUpHHUHT GuHap Genrunapynm
TaKKOCAaIll YCYJIH, 1y TacBup 6¥inya waxcan naeHTHdHKaLMANaluaa kapop kabyn
KU yuyH 6ycarasuil KuiiMaTiy TaHal Me30HIApH KCNTHPWIraH,
K¥3nuur paHraop mapaacu TacBMpu Gunap GenrunapiHM Takkociall ywyH
Xammunr Macodacu ( HD) nau dofinanannnran:
.
HD=ﬁZ(X, ®Y)AX, AY,.

=]

»
6y epaa M=Z(X,*VY,*), X, Ba Y, nap TakxkocnaHa¥TraH K¥3mapHHHI paHraop
k=l

napaacH TaCBMPJIapHHH XapakTepnoByH GHuHap GenrunapHuHr KufiMatnapy; X, Ba
Y, nap TakKKOC/aHAaéTraH TacBMpfapAard Ky3HMHI paHIJOp MapaacH coXacHra
TabCHp 3TYBYH LWIOBKHHIAPHUHT OMHap KuiiMaTihapy; N KJ3HHHC paHraop napaacu
TaCBMPUHH XapaKTepoBuu 6uHap Genrunap conn.

Masbnymotnap 6ajacuia Kafii KWAHHraH Ba Kaiifi KWIMHMAraH KY3HWHC
paHraop napAacMHH Xapaktepnoeuu GuHap Genrumap Kujimatnapu yctMa-ycr
TYWHWH XaKHAA Kapop kalyn kunuaa Typrra Xonat MaBxyR 6ymub, ynapHuur
MKKMTAcH/a eYuM TYFPH Ba KO/MraH HKKHTacHAa 3¢a e€4uM HOTYrpu Gynamu. By
eyMMIapHHHT ¥3apo 6up-6upura GornukAMru 4-pacMaa kenthpwirad. Y6y
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" PacMiaH KYpHHHG TypuGaHKH, yCTMa-yCT TyWaJMraH Ba yCTMa-yCT TylUMalianran
Guniap Genrunapu YHYH 9XTHMOJUTHK TAKCHMOTH KECHLIa[AWraH COXacH Marxyn.
4-pacMia KenTHpunraH coxanap KyHMAard XonaTNapHu TakAMM 3Taju:
l-Mabmymotnap Gasacuma kaiim STmiraH Ba Tauu6 ONMHraH  maxcnap;
2-MabilyMoTap Gasacupma Kalji 3THIMAarad, JEKMH TH3MM TOMOHMAAH TaHHO
OnuHraH waxcnap; 3-mMabmymoTnap Gasacupa Kail ITHATaH, JIGKMH TH3UM
TOMOHMAAH TaHHG onuHMaraH waxcnap; 4-MabiyMoTaap 6asackaa Kaia sTuamaraH
Ba TH3UM TOMOHMJAH TaHub onmHMaraH waxcnap. By coxanapuunr xap Gupu
YTkasunran Taxpuba cunos HaTwxanapu 6yiinua yprayananiran MabyMOTNapHH
ndonanab, ynapnan 2-coxa GMpMHUM TYp XaTONMKHH, 3-COXa 3Ca MKKMHYH TYp
XaTONHMKHM aKe 3TTHpaau. LllyHu TabkuAIaw JO3MMKH, IDaxciy 6uoMeTpuK TaHHO
OJIMIUHHHT MaBXYJ TH3UMANapuaa 6ycarasuii kuiiMaT TH, Gapua Ky3HHHT paHraop
Napacu TaCBUP/IAPMHKHT MOC/IMTHHH TeKINHpUILAa Y3rapmaiinu. HD <TH, wapT
GaxapunuuK, KY3HMHT paHrAOp NMapAacH TACBHDHHM XapakTeplioBuM GuHap
Gesnrunapn MOC TyWHMIIMHK, aKC XOMa 3¢a MOC TYIUMacuruny Genrnnaiinm.

" L E¥cara xniluary

DXTHROLANS TN

4-pacm. Xommuur macodpacnin KuiiMaTIapHHNNT WAPTAH
IXTHMOJLTHK TAKCHMOTH

Bycarasuii kuiiMmatiuu TonMiu yuyH Baiiec, Hefiman-ITupcoH Ba MuHHMakce
Me3ownapuaan ¢oitganuarat.

Kesnmupunran Me3oiapaaH Ba3HATra GOFINK X011 INaXCHH KY3HUHT pasraop
napjacH TacBHUpH 6¥ituya TaHub onuil THINMAApHAA GofiaTaHULL TABCUs ITHNANH.

Hucceprauusiuur «Mpuiaé YHKWIraH ajaropuTMaapHu Taxpubapnil
TAAKHK KWIHII Ba amMaauii Kyanam» ae6 HomnanyBuM TYpTuHun 6061 maxcHH
6HOMETpHUK  MACHTUOMKAUMANAIIHUHT  OaCTypHil  MaXMyacMHM  spaTHll,
TaXpUGaBHil TanKMKOT/Iap HaTIXaTapuHU GadH >THIL Ba amanuil MacananapHH
eydiura GaruuLIaHran.

4.1-naparpadaa  loxopumarn  6GoGmapaa  Taxnud  ITWIraH B2
TAKOMHJUTAIUTHPWITAH XaM[a MaBxyA aJrOpHTMJIap acocHfa HIab 4HKuiraH
AacTypuit MaXMyaHHHT yMyMuii cxemacH, GyHKUMOHAN MMKOHMATIApH, rpaduk
uHTepdeiicapu Ba MOTyANapH KenTHpuirad. Jlactypuii MaxMya KY3HHHI paHraop
napAacH  TaCBMPM  TAaXJIMAM  acocMjia  IaxciM  HWAeHTH(uKauusanawra
M¥IDKaJUIaHraH.

5-pacMma MOAYJIMNMK  TaMofwiM acocuaa Huab uMKWwIraH jaactypuii
M@OXMYaHHHT YMYMHil HILIAI CXEMACH KEITHPUIIraH.
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KIp TRCBHPNAPHKH 6unap Genrunap acocHaa Takkocaam

l_l

Hamira
Mazaymoraap Gaszacu (MB)

5-pacm. Ky3uuur panraop napaacu (KPII) TacBupu acocnaa
GuoMeTpHK HAeHTHDHUKALMANAL AACTY HUERO AREINOMIDAS]
cxemagu TOSHKENT AXB8OROT

TEXNOL ?g UNIVERSITET!

Bunap Genrunap acocnaa
waxcHit pyixaraas Yrxaum
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4.2-naparpada KysHUHr paHrZOp MapAacH TACBMpNGpuHH §3 HUHMra ofiraH
O4HK xamkapo CASIA Ba UBIRIS xampa pecrmy6iinkamMu3ia LIaK/UIAHTHPHITaH
MBIRIS-1 Ba MBIRIS-2 manymoTiap 6asanapu acocuaa ojiMHran Taxpubasuit
TARKHKOT HATXKANIADH KENTHPHIIraH.

Buometpuk Tann6 onum THanmnapn camapagopnuru 1-typ (FRR) Ba 2-Typ
(FAR) XaTONMKNapHUHIr Yi4oBu Gunan Genrunananu. 6-pacmaa CASIA-Iris-Lamp,
UBIRIS V2 Ba MBIRIS-2 mabaymornap 6asanapupars TacBMpsiap acocuza
yTkaswnran Ttaxpuba-cuHORNApAa oONMHTaH 1-Typ Ba 2-Typ XaTonHKnap
GOFMUMKNHIHHUHF 3rpH YU3HKNApH KypHIIraH.

0.06 T
——— CASIA-Iris-Lamp
- — —UBIRIS V2
st e MBIRIS-2
0.04 -
-3
3 0.03 .

6-pacm. 1-Typ (FRR) Ba 2-Typ (FAR) xaTonuiap GoOFIHKINIHHHHT 3rPH
YH3HKAAPH

1-xansanza 8 Ta MabiaymMoTnap Gasanapu acocHaa YTkasunran TaxpHba CHHOB
’Kapa@Hu/ia OJIMHraH TaHMG ONMILAArH XaToNMK YnuoBu ERR Ba XapakTepnoBuH
6enrmnap cudpatmHu 6Gaxonawl Me30HM d' HHHI KuiiMaTjlapu KeNTHPHIraH.
BuoMeTpuk Tanu6 ONMII TH3UMM AHWKIMK AapaXacH TaHHO onMIIAard XaToNHK
Ynuosu (ERR) erapnuua KMyMk GYnuwm Ba xapakrtepnoBud OGenrunapHusr
cudatuny Gaxonau Me3onn (d' ) erapnuua Kkatra 6ynuwy 6unan Genrunanany. by
KaJBalIaH KY3HHHT PaHr[0p NapAacH TAacBUPH TAaXJIMIK acocHia WAaXCHU TaHHG
ONIHII YYYH TAKIM( STUAraH AIrOPUTMIIAPHHHI CaMapaii JKAHIUTHHH KYpHI
MYMKHH.
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1-xanBsan
Tanu6 onnmaaryu xaroauk ¥a4dosn ERR Ba xapaxtepnoBuu Gesrwiap
cudaTHHu 6aX0131 Me30HH d’' HMHI KHIMAaTIapH
MB H, g, A, A d ERR %
CASIA-Iris-Interval | 0,2710| 0,0502| 0,4692| 0,0183| 5,2450| 0,0154
CASIA-Iris-Lamp 0,2680| 0,0531} 0,4750; 0,0148| 5,3106] 0,0148
CASIA-Iris-Twins 0,2690| 0,0511| 0,4702| 0,0187] 5,2292| 0,0169

CASIA-Iris- 02764 | 0,0501| 04719 0,0186| 5,1746| 00171
Thousand

UBIRIS vl 02861 | 0,0549| 04711] 0,0141] 4,6158] 0,0182
UBIRIS v2 0,279 | 0,0621| 0,483 | 0.0141 | 4.5304| 0,0194
MBIRIS | 0.262 | 0,0498 | 0.471 | 0.0218| 5.4370] 0.0131
MBIRIS 2 0,263 | 0,0498 | 0.4681] 0,0189| 5.4454]| 0,0120

7-pacmna 1 Typ xatonuk (.000! ra TeHr 6yaranna GMTTa MIaxcra TErHUUTH Yamn
Ba YHr K¥3nap anoxuaa KapanraH Xo/iaTia TakiH¢ 3THAraH anropuTMaap acocHaa
Taxxpr6a-CHHOB jkapaHHIa ONTMHIaH TaHHO ONMUUIHMHT HaTHXKAIApH KeITHPHWITaH.

FAR=0.0001

098
0,96
094
092
09
0,88
086
084
082
08
078

5
e\" s,\"

j o ) S
& sé‘" &
=>“ o r
& C QP
EYan ki @ Vrrxjs
7-pacm. lllaxcHuur van Ba YHr K¥31apHHMHT PAHIAOP Napaanapu

TaceupaapH 6¥itnua TaHHG ONIHMIIHUHT HATHXRANADH

4.3-naparpadaa uiuna6 uMKKAraH AacTypuit MOXMyaHH aManuil MacananapHu
euumra tanbuxu GalH xunuHrad. Jactypuit MaxmyanaH dolinanaHuim waxcHm
MACHTHOUKAUMANAUIHHHT HIUOHYIHIH IOKOPH fapaxanu 6ynraH Jsiokan Ba
KOMI/IEKC XaBCHINMHK TH3MMJIADHHH ApaTHILra HMKOH Gepanu.
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XVJIOCA

«Ky3uuHr panrmop nappacH Taceupnapu Gyituua wwaxcHM GHOMETpHK
HACHTHOHUKAUMANAIN ANTOPHTMTApH» MaB3yCHAA ONHE GOpHNraH AMCCEpTAUHA
TaAKMKOTHHHHT acoCHi HaTxanapu KyHnagarunapaad néopat.

1. Ky3Hunr paurnop napmack Taceupy 6yiiMua MIaXCHM TAaHHG ONMMUIKHHT
MaBXyZ anrOPHTMAAPH TaXJIW KWIKHIAH Ba YAapHUHT KyWid TOMOH/IApH Xam/a
KaMYWITHKJTapH aHUKaHTaH.

2. Ky3uunr panraop mappacu TacBMp cudaTHHM MKKM Ynuomn Dypse
IMALITHPUINH CIIEKTPUHHHT FOKOPH 4acTOTalapUHMUHT YMYyMHH 3HEpPrUACHHH
Xucobnaw acocuma aTanoHcus Gaxomam anropuT™M Hwmab uukwiraH. Y6y
FOPHTM peaN BaKT peXUMHAA TaHMO ONHMII YYyH TAKAUM 3THNAETraH TacBHp
CH(}ATHHH aHUK MUKIOpHH 6axonall HMKOHHHH Gepaay.

3. Taceupaa KY3HHHI paHraop napAacHHHHT HUKH Ba TALUKH uerapanapHHH
XPATHIWHHHT TYPJIH XaNaKWT/apra TYpFyH Ba TacBHpra HUUIOB GepyluH Te3Kkop
6ynras anroputmnapu umua6 umkuaraH. Ywm6y anropuTMiap TYpnH XHA
IIApOHT/IapAaH Kaiia STWIraH TacBUp/ap GHiaH MiLIAWIra HMKOH Gepaay.

4. Taceupna Ky3HMHr paHrop NapfacH KYPHHMII COXAacHHH TYCYBUM
XaNnakUTAapHH aHMKAAWl anrOPHTMH HIal yMKWiIraH. By anroputM Maexyn
anropuTMIapAaH Te3KOPJHK Ba IOKOPH aHHK/IMIH OMiaH gapknaHany.

5. TacBMpaa KY3sHMHr paHrZOp MapAacH COXACHHHHT  CHpaTHHM
XapaKTepoOBYH MapaMeTpNapHMUHr CTaTHCTHK TaXJIMIH acocuaa 6axomam
IropuT™MH HUWIA6 YHKWIraH. Y by anroput™ HHGOpMaTHB GeIrHIapHN aXpaTHil
YUyH KY3HHHT PaHTHOp MapAacH COXacH SpOKAM &kM ApoKcH3nurH Gaxonawra
HMMKOH Gepanu Ba Teakopnuru 6unaH dapknaHagy.

6. TacBupaaru K¥3HHHT paHraop napAacHHH XapakTepnoByH
HACHTHQHUKALMOH GeNrunapHy axpaTHil AIrOPHTMH cH(aTHAA KY3HHHT PaHrAop
napaacH TeKCTypa YacToTacH Ba (a3aCHHH TaX/IMN KWIHIIHH TabMHH/IAHIHraH TOK
cuMMeTpuk aGopuuHr mkku Ymuamnu norapudmuk dunetpupan dotinananum
MaKkcaara MyBOQHKIMCM acocnaHad. By amroput™ K¥3HMHr paHraop napaacH
TacBHpH G¥iiHMua INaXCHN TaHUO ONHII aHMKJIMIMHH OLIMPHIITa UMKOH GepanH.

7. KY3uuHr panrnop napaacH TacBHpH OYitMua IaxcHH TaHMG oM
Macanaiapuzia Kapop Kabys Kunui yyyH 6ycarapuil KUAIMaTHH TaHsall Me30HNapH
uuab yukuarad. bycarasuii KMifMaTHM KOPpEeKT aHHUK/AW MIAXCHH 6uomeTpHK
TaHW6 ONHI TUIMMMHMHT 1-Typ Ba 2-Typ XaTOJMKIApHHH KaMaituuura onn6
KeJlazu.

8. Maskyp mwga sApaTWiraH Ba TAaKOMWUIAWITHPWIraH Xamaa MaBXyad
ANrOPUTMIAP ACOCHAA KY3HMHI PAHrA0p NapAacH TACBHUPHMra AAcTaabku KuLioB
GepHIn Ba TAXMWJ KWIMIUHMHI AACTypuil MaxkmyacH Huwiab umkunran. Yoy
JacTypuil TabMHHOTHAH €MUK XyAyd Ba MaxcyC XOHanapra KHPHIIHH Hasopart
kM Ba GowKkapuw Xamaa ax6opoT Ba KOMNBIOTEP TH3MMIApHAA
doiiganaHyBunnapHy TaHUG ONMMIIHMHT ANMAPAT-AACTYPHUHl MaxkmyanapuHH
Aparuuiga goliganaHui MyMKHH.
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BBEJEHME (anoTauus aHccepTALHH 0KTOpa pitocoduu (PhD))

AKTYaAbLHOCTL M BOCTPeGOBAHNOCTb TEMbI AHCCEPTALIMH. B mupe ocoboc
BHUMAaHHE YAENACTCA pasBUTHIO GHOMETPHYECKHX TEXHONOMHiH Ha OCHOBC MCTO/I0B
o6paboTkH H306paxenuit. OcHOBHBIMH NpHIHHAMH 3TOrO ¢deHoMeHa ABNAIOTCA, C
OmHOM CTOPOHBI, BO3pacTalOUIMil WHTCPEC FOCYNAPCTBEHHBIX H KOMMCPYECKHX
CTPYKTYp K GMOMeTpHueckMM TEXHOJOTHAM, & C JPYroii CTOpOHbI pPa3BHTHC
BLICOKHMH TCMIIaMM TeXHHYECKHX CPEACTB PerucTpauyu, XxpaHenue, o6paboTku u
nepenaun undopmauuu. B ceasM ¢ 3THM B HacToAllee Bpems paspaboTka H
pa3suTHC GMOMETpPHUECKMX TEXHOJIOTHH Ha OCHOBC MCIOJIB30BAHHA YHHKAMIBIX
6HOMETPHUCCKHX MapaMeTpoB UejIoBeka ABJACTCA OAQHONH BaxHbIX 3ajay. B
pa3sBHTBIX CTpaHax mupa, B ToM uucne, B CLIA, ®panuuu, Unauu, Poccuiickoi
dencpauun, Kurae, Sinonuu, [epmanny, I0xHoit Kopee 1 Anrnmu u apyrux
cTpaHaXx, yjAenserca Gonpwioc BHHMAHHC  PCLICHMIO  TEOPCTHYCCKHX H
NpaKTHYECKHX 3a/1a4 6HOMETPUIECKUX TEXHONOTHH.

B Mupe BeayTca mmpokoMaciuTabnble Hay4HO-HCCIICAOBaTENbCKHE paboTsl,
HanpasJICHHbIC Ha yconepmcuc‘raoaalme CyueCTBYIOLNX MCTOAOB H aNropuTMOB,
a Take pa3paboTKy HOBBIX BBIYHCIIMTENBHLIX AITOPHTMOB JUIA  CO3AAHHS
aBTOMaTH3MPOBAHHBIX  cucTeM 00paboTkH M ananuza  M306paxcHuil
GuomeTpHUueckux napamerpos. [To3ToMy paspaboTka anropuT™MOB GessTanomioi
OLIEHKM KauecTBa 3aflaHHBIX M306pakeHuii, onpeae/icHus o6nacTh pacnonoxeins
061beKTa Ha H306paXeHUH, BEIAENEHHS XapaKTepHbIX MPH3HAKOB 3TOro o6bsekTa U
€ro pacno3HaBaHusA C MCNONL30BAHHEM XaPAKTEPHLIX NPU3HAKOB,  TAKKE CO3/AHHC
Ha OCHOBE 3TMX AIrOPUTMOB aBTOMATH3MPOBAHME CUCTEM, ABJSETCA OAHOH W3
BaXKHBIX 3a/1ay.

B Halueit pecry6nuke B 3TOM HanpaBfieHUH ocofoe BHHMaHHe yJensercs
paspaoTke M  IMpPOKOMY BHCAPCHHMIO  aBTOMATH3MPOBAHHEIX  CHCTEM
GuoMeTpuueckoif  MAeHTHdMKAUMHM  JHMYHOCTH  HAa  ocHoBe  o6paborkn
MHTE/eKTYanbHoro ananusa uudpoBbix uzobpaxennit. B Crpareruu nelicrauii no
RanbHelimemy passutuio PecnyGnunky Y3bekucrad B 2017-2021 rogax onpeencHs!
3a]a44, B TOM YMCAe, «.. BHeapeHue HHGPOPMALUOHHO-KOMMYHHKALMOHHBIX
TEXHONOIHA B 3KOHOMMKY, COLMaNbHYi0 cdiepy, CHCTEMBl YNpamjeHus.

... COBEpLLIEHCTBOBaNHEe cUcTeMbl obecnieueHHa nHdopmaLHoHHoi 6esonacHocTy
H 3alUTHI KHPOPMALIMK, CBOEBPEMEHHOE 1 aJICKBATHOE NPOTHBOACHCTBHE yrpo3am
B undopmauuonnoii chepen'. B 4aCTHOCTH, B pCa/IM3aLMH YKa3aHHBIX 3aa4 ORHHM
M3 BaXHLIX BompocoB no obecneucnuio GesomacHocTH B HHGOPMAUMOHIO-
KOMMYHHKAUMOHHLIX TEXHONOrMAX ABNACTCA CO3MAHHE CHCTEM OrpaHHYEHMs,
KOHTpPOJIA M YNpaBjieHHs HeCAHKLUHOHHWPOBAHHBIM JOCTYMOM B KOMILIOTCpHBIC,
nHpopMauOHHbIE CHCTEMbI M CETH, MCNONAbL3ys OHOMeETpHUECKHE TEXHOJOTHH
unentidyxauuu nuunoct. [lo3ToMy pa3BuTHE METOROB U anropuTMoB o6paboTku
umudpoBbIx H306paXkeHKit B KOHTEKCTE 3aAay BbIACACHUA NpPU3HAKOB o0BeKTa Ha
n3obpaxkeHMH M €ro pacno3HaBaHMA, a TaKKE MX NPHUMEHEHHE CUCTEMax

! Vxa3 [Npesnaenra Pecnybankn Ysbekucran NeYT1-4947 ot 7 ¢espana 2017 roga “O cpareruu peficrenit no
nansuehcmy palsuTHio PecnyGnukn ¥Yibekuctan”
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- obecneyenns HHGOpManHonHoil 6e30MacHOCTH M CHCTCMaX KOHTpONIA OCTYna Ha
S2KPBITHIC TEPPUTOPHHU ABNACTCA aKTyanbHOA 1poGeMoit.

Hannoe AUCCEPTALUMOHHOE HMCCMeN0BaHHUE B onpeaenelHoi mMepe CIyXKHT
Peanuzalmu 3ajau, npemycMoTpeHHmix Yykasamu [Ipesupenta Pecmybnuxu
Y3bexucran Ne VI1-5349 ot 2 ¢espans 2018 ropa «O mepax no AansHeAWEMy
COBCPLIEHCTBOBaHMIO Chepsi HH(OPMALMOHHBIX TCXHONOMHA H KOMMYHUKALMID,
Ne VI1-4947 o1 7 ¢espana 2017 roga «O cTpaTerun AciicTBuil no AanbHEAIWEMY
PpasBuTHIO Pecy6nuku V3a6ekncrany, noctanosnenuamu Mpesuaenta Pecy6muxy
Y36exucran Ne IM1-3245 ot 29 asrycra 2017 roza «O Mepax no AanbHeiuemy
COBEDIICHCTBOBAHMIO  CHCTEMbl  yMpaBncHMA — npockTamu B cdepe
HH(OPMALHOHHO-KOMMY HUKALIHOHHEIX TexHonoruity, Ne T111-2158 ot 3 anpens
2014 roga «0 Mepax no nansuefimemy BHEJIPEHHIO
"“q)OPManuonﬂo-xommyuuxauuomblx TEXHOJIOTHIi B pCalbHOM  CeKTope
9KOHOMHMKH», a Takxe JApPYTMMM HODMAaTHBHO-TIPABOBLIMH  JIOKYMEHTaMH,
TIPUHATEIMH B laHHOi cepe.

CooTBercTBHe HcCeA0BAHHSA NPHOPHTETILIM HATIPABACHHAM PA3BHTHA
HAayKn n Texwmonorwii pecnyGanki. [lanHoe MccneaoBaHHe BbLINOAHEHO B
COOTBETCTBHH C MPHOPHTETHEIM HAmpaBieHMEeM Da3BUTHA HAYKH M TCXHOMOrMi
Pecny6nukn ~ Vi6ekucran  IV.  «Passutie  nudopMatHzaumm H
HHGOPMALHOHHO-KOMMYHHKALMOHHEIX TEXHONOTHIi».

Crenens usyyennoctn npo6aemsl. B nocneanue roasl 3aaauu paspaboTky 1
YCOBEPLICHCTBOBaHMA MeTof0B 0GpaGoTku  M300pakeHuit, pacno3HaBaHuA
06pa308, a Takke X NpaKTH4ECKOE NPUMEHEHHE HCCACAOBANDI B HAy4HbIX paboTax
B.B.Anexcanpposa, M.M.Bonrapaa, C.Barauabe, P.[oncancca, 10.1.XKypasnesa,
B.B.CrapoBofitosa, 3.[Marpuxa, Y.[lpatra, M.H.lnesunrepa, P.J.Flynn,
K.W.Bowyer, A.Ross, J.Daugman, H. Proenca, A.Czajka, R.P.Wildes u apyrux
3apy6exkHBIX YYEHBIX.

B Y36ekucrane B pa3siTHE TEOPETHUECKHX OCHOB pacno3nasaHnd 06pa3os H
obpaboTku niobpaxennit Gonbiuoii Bxnan suecan M.M.Kamunos, 3.M.Anues,
llL.X.®a3bmos, H.A.Mrnarees, C.C.CansikoB, H.M.Mup3acs, 11IE.Tynsranos,
H.C. Mamaros, C.C. PamkaGos n apyrue.

B Hacrodmee Bpema BBHICOKHMH TEMNaMH pa3BHBAIOTCA  CHCTEMSI
Pacro3HaBaHMs JHYHOCTH Ha OCHoBe 06paboTkn M30Gpakennii GHoMETpHUECKHX
00bEKTOB. AHanu3 HCCNeAOBaHMH, NPOBEACHHBIX B 3TOM  HampaBiCHHM,
MOKa3biBaeT, YTO pafyxHat ofonouka [nasa ABNAETCA OfHMM M3 cyryGo
HHAMBHAYANBHBIX, HEU3MEHAIOHUXCA, XOpoLLo OMHCHIBAEMBIX "
BbICOKOHH(pOpMATHBHBIX GuOMeTpHyeckHX oObexToB. XOTA, K HAcTOALLEMY
BpEMEHH pa3paboTaH pAA METOA0B M AIrOPUTMOB Pacno3iaBaliMid JTMYHOCTH HA
ocHoBe H300paxceHus pamyxHoii 0OONOYKH [Uasa, OAHAKO IIPH 3TOM B
HEMOCTATOYHON  CTEMEHM HMCClefioBaHa npobncMa  yCOBEpLUCHCTBOBAHMA
CYLIECTBYIOWMX H pa3paboTka HOBBIX METOA0B H alropHTMOB, ofecneynBaloLiuX
GbiCTpoe pacrno3HaBaHMe JIMYHOCTH Ha OCHOBE aHanH3a H300pakenHa pajyXKHOM
060/104KH 71a3a, MOTYYEHHOrO B HEHACANLHBIX YCNIOBHAX.

Cas3b AUCCepPTALHOHHONO HCC/ICA0BANHA ¢ JIAHAMH
HAYYHO-HCCAEA0BATEILCKUX  paGor  Bhlcmero  obpasoBaTennHoro H
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HAYYHO-HCCJIC/I0BATENbLCKOr0 YUpPEKACHHsI, IA¢ BbIMOJHEHA AHCCEPTanHs.
JuccepTauoHHOE HCClleAOBaHHE BBIMIOJIHEHO B COOTBETCTBMH C MJJaHOM
Hay4HO-HCCAEeA0BaTEIILCKHX pa60‘r Camapkalmcxoro rocyaapcrBeciHOro
YHUBEPCHTETa B paMKaX Hay4YHO-HCCHIC[OBaTeNLCKOi paboTel Mo TeMce
«MaremMaTHYeCKHE METOABI M aNropuTMbl o6paGoTKH M aHanHM3a H306pakeHHH
6uomeTpHueckux o6bekToB» (2015-2020) M nnaHoM Hay4HO-HCC/ICAOBATCIBCKHX
pabor HayuHo-MHHOBallHOHHOrO LEHTPa HH}POPMAUHOHHO-KOMMYHHMKaUHOHHBIX
TeXHONOruit nNpu TaUIKEHTCKOM YHHBEpCHTETE WHGOPMAUMOHHBIX TEXHONOTHH B
pamkax nmnpoekra no Teme bBB-ATtex-2018: «Paspaborka anropuTMoB M
NporpaMMHOro o6ecrneyeHus HACHTH(PUKALMK JMYHOCTH HA OCHOBE MOTOKOBOM
o6paboTku H3obpaxenuit nuiy (2018-2020).

Ilens mcceaoBaHHm COCTOMT B pa3paboTke anropuTMOB H KOMILICKCA
nporpaMM G6HoMeTpuueckodl HACHTHOMKALUMM JHMYHOCTH HAa OCHOBE aHalu3a
H306parkennit pamyxHoii o6onouku rnasa.

3agaun uccienoBaAHHAS

paspaborka  6bICTpOAEiCTBYIOIEr0 M BLICOKOTOYHOrO  IropHTMa
6e33TanoHHo# oueHKH kauecTBa 306 paXkeHus paay kHoii 060104KH FJla3a;

pa3paGoTka anropuTMa NoOMCKa M BhuleNieHWs Ha u3o6pakeHuH obnacTu
pacnoioxkeHu paayKHoi 0600UKY 1a3a;

pa3paboTka aaropuTMa OLEHKH MapaMeTpoB o06nacTH PpacnoloXeHuns
pany»xHo# o6onoukn rnasa Ha H306paKeHHN;

pa3paGoTka aNrOPUTMOB BbIAENEHUA MPHU3HAKOB M306paskeHHA palyKHOH
060/104KH rnasa ¥ pacno3HaBaHHs;

paspaborka pekoMeHAauMii MO NPaKTHHECKOMY MPHMEHEHHIO KOMILIEKCa
MporpamMM, CO3AaHHOIO0 HA OCHOBE MNMPCIUIOKEHHBIX U CYLICCTBYIOIHX AIITOPHTMOB
06paboTku nsoGpaskeHuii pamyxHoi 06010uKky rnasa.

OO6bexkTOoM HccaeaoBaHMA ABJAIOTCA UHpPOBble M306paxKeHHA pamyKHoi
obomoukH rnasa  yenoBeKa, MOJyUECHHblE B  Pa3fMuHBIX  YCJIOBHMAX
¢doTo-BuneochéEMku. .

IIpeamer Mccie0BAHMS COCTAaBJAIOT METOALI H ANrOpUTMbI 06paboTKH M
aHanu3a H3o6paxkeHuii paxysxHoit 060/104KH rna3a.

MeToas! uccieposanns. Ilpy npoBeaeHUH UccleAOBaHNA HCNOJIL30BAUINCH
METOAL!I CUCTEMHOrO aHa/IM3a, AUCKPETHON MaTeMaTHKH, TEOPHH BEPOATHOCTEH H
MaTeMaTHYeckoii CTaTHCTMKH, oOpa6oTku uMdpoBbix H300paxeHuid H
pacno3HaBanHus o6pa3os.

Hay4nas HoBHM3HA MCCJICA0BAIIMA 3aK/IIOYACTCA B CIEAYIOLLEM:

paspaboTan anroput™M OGe3dTalOHHON OLEHKHM KadecTBa H306paxkenns
panyxHoii oGonouku rnaza Ha OCHOBE BbIMHCACHMA oOOLUeH SHEPrHH BbICOKHX
4acTOT CnEeKTpa AByMepHOro npeobpasoranus Oypee;

pa3paboTaHbl ycTOHUHBBIE K PasjiMYHBIM NoMexaM H 6bicTpoleicTBylolume
aJIFOPUTMBI BblAEIEHUA BHYTPEeHHelH M BHelllHeH rpaHuLL pafyskHoi 060/104KH rnasa
Ha U306paxKeHHH; )

paspabGoTaH 6bICTpoACHCTBYIOUIHI H BBICOKOTOUHDIH afrOpPHTM onpeesieHus
MOMeX, 3aKphIBAIOIMX BHAUMYIO 00nacTe pamyxHoif o060/0YKM rJjlasa Ha
H3006paxkeHuH;
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pa3paboTaH anropuT™ OlEHKM NapaMETPOB 1ia OCHOBE CTAaTHCTHYECKOro
ananM3a, XapaKTepHsyIOWHX KauecTBO OGmacTH pajiykHodi 0GONOYKM rfasa Ha
u3obpaskenuu.

IIpakTieckne pesynnLTaTel HeC/I0BAHNSA 32KITIONAIOTCS B CHEAYIOUIEM:

pa3spa6orano arOPHTMHYECKOE obecneyenue 61omMerpHieckoii
WICHTHQHKAUMH IMMHOCTH N0 M30GPAKEHUIO pAlYXIOH 06ONOUKM rnasa,
NpcHasHa4eHOC Ul CO3AaHMA CMCTEM KOHTPOJIA M YNpasjicHUs AOCTYNOM Ha
3aKpBITLIC TCPPHTOPUM H CHCUHANLHBIE NMOMEUICHHS, a TaKKC Pacno3HaBaHHA
noJib30BaTeNeh HHpOPMALHOHHBIMH CHCTEMAMH H KOMIBIOTCPHBIMH CCTAMH;

Pa3paboTaH KoMIUleKC nporpaMM BbUICACHMA OGNAcTH pacnooXKeHHs
Pajyxiioli o6onouky rnasa na M306paKCHHUHM, ONPCICACHHA PACTONONENHS BEK,
pecmll, G/IMKOB M APYruX NoMex, OrpaHHYMBAIOUMX MONHOC BOCIPUATHE STOH
onact, oueHku napaMeTpoB, XapaKTepH3YIOWIHX ¢ KauccTBO, BbIACICHHA
XapaxTCpHBIX NPU3HAKOB, & TAKKE PpaCMo3HaBalMA JIMUHOCTH,

JocToBepnocrs Pe3yjJbLTaTOB HCCEA0BAHMSA NOATBCPXKAACTCH KOPPEKTHLIM
TpHMEHCIHEeM MaTeMaTHyeckoro anmnapara o6paGoTki UKQpPoBbIX H306pakeHHA 1
pacno3uasanna 06pasos npu paspaboTke anropuTMOB, a TAKIKE N0A0KHTELHEIMH
pC3ynbTaTaMH 3KCNEPHMEHTANBHRIX HCCIIEIOBAHHA.

Hayunas u npakruyeckasn 3naunMocThb pe3syabLTATOB HCCIEAOBAHMS.

Hayunan 3nauuMocts pesynsTaToB MCCNCHOBaHMA OMpEACAAETCA TEM, UTO
paspaboTannbie aNropHTMEI SBASIOTCA ONpeACHeHHLIM BKJIAZOM B AanbHeiiliee
Pa3sBHTHE TEOPETHHECKMX OCHOB TEXHONMOTHit GHoMeTpuueckoii WaeHTHOHKAUKK
JIMYHOCTH Ha OCHOBE aHaAIK3a H300paxkeHna paayxHoii 000N0UKH r1a3a.

INpaxTuyeckas 3HaYMMOCTH pesyNILTATOR MCCIICAOBAHUA OMpeAeNAeTCs TeM,
4To pa3paGoTaHHEIH NPOrPaMMHBIN KOMILIEKC MOXHO HCTIONL30BATE UIA PELICHHSA
33/1a4 KOMTPONA W YNIPAB/ICHHA [OCTYIIOM Ha CTPOro 3allyUlEHHbIC TEPPUTOPHH, &
TaKXKC aBTOPU3AUNHU NoJib30BaTeNelt MHGOPMALIMOHHBEIMM CHCTCMAMH.

Bueapenne pesyabTaToB necineaoannus. Ha ociiose nayunpix pe3ysbTaTos,
CBA3AHHBIX C peLUeHHEM 3afauH HACHTHMKAUMM JIMMHOCTH Mo M300paxeHuio
pajtyxuoii o6onouku rnasa:

CO3JaHHbIA HAa OCHOBEC anroputMoB (e3oTanoHHON OuUEHKM KauecTBa
M306pacenna U BbAENeHUA Ha HEM 06NIaCTH PacnoNoKeHUA pajLy XHOH 060N0UKH
asa, onpejeneHus MoOMeX, OrpaHHiMBAIOILMX NONHOC BOCTIPUATHE 3TOi 06/1acTH,
OLCHKH 11apaMeTpoB, XapakTCPU3yIOLHX e KaycCTBO, BbIIC/ICHHA NPHU3HAKOB U
pacniosnaBaHus paay»xHoii 060N0YKH rnasa NporpaMMUBI KOMIUIEKC BHEAPEH B
Xoxumusate IMaftapuikckoro pafioHa i KOHTPOJA M YNPaBliCHHA JOCTYNOM B
CneuManbHbii  OTAEN B UEAAX  MCKMOYMEHMA  HECAHKUMOHMPOBAHHOIO
NpOHHKHOBeHHA (crnpaBk MHHUCTEpCTBA MO  Pa3BUTHIO MHGOPMAUMOHHEIX
Texuonorui ¥ kommyHukaunit Ne 33-8/8554 or 3 aexabps 2019 rona, Xoxumusra
Camapkanzckoii o6nacru Ne 07-10/1019 ot 17 centa6ps 2019 ropa). B pesynsrare
Hayulioro wuccnenosanus Gbuta copMupoBana 6asza AaHHBIX, BKJIOYaoLIas
u3obpaxceHus pagyxHoii 060N04KH 7123 COTPYAHNKOB H B POLICCCE TECTHPOBAHHA
6bul0 mocTHrHYTO CcoKpalleHHe oObema paboT, CBA3aHHBLIX C KOHTPONIEM H
YNpaBcHHEM I0CTYNA COTPYAMMKOB B Crieumansliblit ot/ied, 8 1.2 pasa, a Takxe
NOBbIUICHUE TOYHOCTH HACHTH(HKAIHH JIMYHOCTH COTPYAHHKOB Ha 15%;
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CO3MaHHBIA Ha OCHOBE &JIrOpMTMOB GcaoTanonHoM  OIICHKM  KatuccTBa
n300paxkeHHA M BBIEICHHA Ha HEM 06/acTH pacriofioXcHHA pajtyxuiofi 660/104KH
r/1a3a, ONpe/ie/ICHHMsA MOMEX, OrPaHUMHBAIOLIMX 110/1HOC BOCIPHATHC y1oit ofJacTH,
OLCHKHM NapaMeTpoB, XapaKTepU3yIOmHMX ¢t KaucCTBO, BbUIC/ICHMA 1IPH3HAKOB Y
Pacrio3HaBaHUA pagy’KHON OGONIOYKHM Iiiasa HPOrpaMMHBINA KOMILICKC BHC/IpCH B
I'ocynapcrsenityo HaJIOrOBY10 MHCIICKIHIO Hapraiickoro paioua
Camapakanjckoii o0nacTH i1 IOBBILICHMA JIOCTOBCPHOCTH wicirrnukanumn
nose3oBaresel HHGOPMALIMOHHBIMH CHCTCMaMH U CIICLHANIBHBIMH HOMCLICHHAMH
Ha OCHOBE MCIIOJIG30BAHMA OHMOMETpHUYCCKOH WICHTHHKALMK JIMUIOCTH 110
uzobpaxenmio pamyxkHod o6omouku rmasa (cnpaska I'ocy/lapCTBCHIIONO
Hajiorosoro xomurera Pecny6nuiu Ya6ekucran Ne 10-27680 or 23 ceurabpsa
2019 rona). B pesynsTaTe Hay4HOrO MCCIIC/IOBAHUA 6puIa  OCYLICCTBIICHA
PETHCTpauMA COTPYAHMKOB MO M3obpaxcuuio pajyxiiofi 0boJouKkd 171333 M B
MpOoLECCe TEeCTUPOBAHHA NPOLEAYPhl IOMYUCHMsA pa3pellUCHHA 1A 110JIb30BaHHC
COTPYAHHKAMH MH(POPMALHOHHBIMY CHCTCMAMH H CIICUMAIBHEIMU HOMCIUCHUAMM
6ru10 AOCTHIHYTO COKpaulcHHC BPEMCHH HJICHTHMKALIUH JIMIHOCTH COTPY/AHHKOB
B 2 pa3a.

Anpo6aunsi pesyIbLTATOB MCCJeR0Banmsi. Pe3ysbTarTbl  HMCCIIC/IOBAHMA
NOKNanpIBaJINCE ¥ O6CYNIanuch Ha 3 MCEXJ{yHapO/IHbIX H 5 peciry6iMKalCKHX
HaYYHO-TIPaKTHYCCKHUX KOH(EPEeHLIMAX.

Ony6HK0BAHHOCTL Pe3yJbTATOB HccieaoBanus. Ilo Teme jMccepraiuun
omy6nuxoBano 18 mayunsix pa6ot, M3 KOTOphIX 6 OlyGJIHKOBaIEI B HAYHNLIX
H3/IaHKMAX, PEKOMCHI0BAHHEIX Briciucii aTrecranyonno komuccucii Peciry6ivkn
VYa6exucran, B Tom umcie 2 B 3apy6exibix H 4 B peciy6iaMKaHCKMX JKypHalax,
TaKKe NOJTyyeHsl 2 CBHACTENBLCTBA O PCrHCTPALMM POIPAMMIBIX 11POJIY KTOB JULA
3BM.

Crpykrypa u of6nem auccepranmi. Jluccepranua COCTOMT M3 BBCJ/ICHHA,
4eTHIpEX IJ1aB, 3AKIIOYCHHA, CIIUCKA MCTIONBL30BAHHOMN INTCPATYPh] H IIPHIIOKCHH.
O6neM auccepraunu coctaBnset 114 crpanmuit,

OCHOBHOE COJIEPXXAHME JIHCCEPTAIIHN

B BBegcunmH 000CHOBaHBI AKTYaILHOCTh M BOCTPCOOBANHOCTH TCMBI
OWccepTalMM, IIOKAa3aHO  COOTBCTCTBHC — MCCIIC/IOBAHHA  IIPHOPHTCTHLIM
HaIpaBJicHMAM PasBUTHA HAayKH M TeXHONOIHH pecilybnukn. O6o3uayciel Nejib 1
3a7a4YM KCCIIC/IOBAHMS, a TAKKC ONMpPCAC/ICHBI OOBEKT M NPC/MCT HCCIIC/IOBAHHS,
ofocHOBaHA JOCTOBEPHOCTH MONYYCHHBIX PC3yJIETATOB, IIOKA3albl HX HaydHasd H
NpaKTHUYeCKass 3HAYMMOCTD, NPHBEIACHEI CBC/ICHMA O BHC/PCHMH PC3yNLTaTOB
HCClIeI0Banus, Oy 6IMKOBaHHBIX paboTax H CTPYKTYpe AUCCCPTAIlHH.

B nmeppoii maBe jguccepranuM  «buomerpHuecKHEe  TeXHOJIOIHH
PACIIO3NABAHMA JIMHMHOCTH», COCTOANICH M3 HCTHIpCX naparpados, HPHBC/ICHBI
pe3synLTaThl aHANM3a COBPEMEHHOTO COCTOAHMA IpobicMbl GuoMcTpHHCcCKoH
UICHTHQHUKAIME JIMYHOCTH H METOJOB CC pCHICHHA, @ TaKXC OTMCYCHBI
MPEHMYIIECTBA M HCAOCTATKM KAXCIOTO M3 OTHX MCTOHOB, CHOPMYIMpOBaHbI
ocHopHple  npobsieMmel, cymecTBylomuc B ofsacth  GMOMCTPHUUCCKOH
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uicuTHUKaMu uaHocTH. Ha ocHoBe paccMOTpeHMA METOJIOB M anropHTMOB
WICHTHMKAIMM NHYHOCTH MO M306paxcelnio pamyxHoM OBONOMKM riasa,
onpejiencubl MPoGACMBI Pa3BUTHA ITOrO Hampas/eHHUA MCCAC/I0BaHUI M NMYTH HX
perneius, a Takcke chopMynHpoBaHa 3af1a4a faHHoik Hayunoii paGoThI.

B naparpade 1.1 npuBciensl OCHOBHBIC MOHATHA, MCMONB3yCMBIC TNPH
OHMCaHK  GUOMCTPMYECKMX TCXHONOMMH M CHCTCM, a TAKKC Pe3yNbTAThl
CPaBHHTC/ILHOIO aHAIH3A METOAOB M CPeACTB GMOMETpUUCCKOM HACHTH(HKALMU
JIUYHOCTH.

B mnaparpade 1.2 paccmoTpenst ocobennocti pagysxioii 0607104KH rnasa, a
TaKkKC NPUBC/ICHO OMHMCAHME ¢¢ pasMepoB U ()OPM, ABNAIOUIMXCA OCHOBOI i
HACHTHHKALMH TUYHOCTH, OTMEYEHA BEICOKAA CTCMNCHb YHHKANBHOCTH TEKCTYphI
paiyxHoft 06onouku Iasa N0 CpaBHEHMIO € JPYrHMH GHOMCTPHUECKHUMH
napamcTpamy, B 4aCTHOCTH, ¢ H300paskeHUEM JIMLA M OTIICHATKAMU NAJIbLEB,

B naparpaje 1.3 npuBenenbl pesyabTaThl CpaBHMTE/NBHOrO aHaNM3a
CYUCCTBYIOIIMX METONOB M anropuTMOB HAEHTHOHKAUHM NHHHOCTH Mo
usobpaxenuio pamyxuoii ofonouku rnaza. Ha ocnose 3THX pe3y/nbTaToB
ofociioBana HE06X0AMMOCTE yCOBCPILIEHCTBOBAHHA CYLUECTBYIOUUX ANTOPHTMOB C
1CJIBI0 COKPAUICHHA BPEMEHH M MOBBILIEHHA TOYHOCTH Pacno3laBaHHs JIMYHOCTH
no wu3obpaxcHuio pamyxHoii ofonouku rnasa. Kpome TOro, OTMEueHO, yTo
paspabotka 6LICTPO/ICHCTBYIOMX M BBICOKOTOMHBIX A/IFOPUMTMOB ONPEACIEHHA Ha
u306paxkenny rnasa o61acTH pacnonoxkeHus pajysxHoi 060/104KH ABNAETCA OAHOl
U3 OCHOBHEIX Npo6/IeM B 9TOM HanpaB/IeHUH UCCNICAOBANNIA,

B naparpade 1.4, Hucxoma M3 pe3ynLTaToOB aHAIUTHHECKOro 0630pa,
NpHUBC/ICHHBIX B nNpeAbylymieM naparpade, cdopmynuposanbl UCNb H 3afaup
JMCCepTallMOHHOTO HCCIE0BAHMUS,

Bropas rnasa aucceprauuu «Anropurmsl npeasapuTebioii 06paGorku
u3obpaxenus papyxnoii oGomouxu», cocrosmas u3 Tpex naparpados,
NOCBALICHA  OMMCAHMIO  paspabOTaHHBIX  ANFOPUTMOB OLCHKH  KavuecTsa
n306paxkciua pajrysioii 060N0uKH rN1a3a, BbiACNEHMS 06/1acTH ¢ PacnoIOKEH s
Ha uzobpaeliny, a TakKe oNpeaencin NoMeX, 3aKphIBAIOLKX BHAKMYIO 06nacTs
panyxHoii o6onouky rnasa.

B naparpage 2.1 na ocHOBe aHanM3a CyWIECTBYIOWMX AQIIrOPUTMOB
Gc3oTanonnoli oueHkM KauecTsa H300paxcchua pamyxioii  oGoMoukM [1aza
BBIABJICHBI HX MPEHMYLICCTBA M HEAOCTATKH, pa3paboTailsl cxema U Ha eé OCHOBE
COOTBCTCTBYIOWMA anroput™ Ge3sTaonHoN OUCHKM KauccTBa M306paxkenus,
cB0GOANBI OT HEOCTATKOB, MPUCYIUUX CYLIECTBYIOLHMM AIFOPHTMAM.,

OnHMM M3 OCHOBHBIX M B@KHBIX 3TanoB ()yHKUHOHMPOBAHHA CHCTEMbI
MACHTH(MKAUMK JIMYHOCTH MO palyxHOH ofonouKe rnasa cumtaercs GbiCTpoe
oucHHBaHHE KauyeCcTBa HCXoAHoro n3obpaxeHua rnasa. Ecnu npeacrasnentoe ans
pacnosnaBaHuA JIMYHOCTH U306pakeHHE ABMACTCA 1IEKAYECTBEHHBIM, TO B 3TOM
CJlyyac pe3ysbTaThbl pacno3yaBaHHs MOIYT OKa3aThCA OWMGOUHBIMK.

AHaus  u3obpaxeunii pamyxHOii OGOMOMKM [/1a3a NOKa3bIBaeT, HTO
HCKA4CCTBEHHbIE M306paeHHA MONYHAIOTCA BCNEJACTBHC CHCAYIOUIUX TPHUHH:
HCrpaBU/IbHAA YCTaHOBKA (OKYCHOro paccCTOAHMA; PasMbITOCTb M306paxceHMA B
pe3ynbTaTe ABMKCHUA KaMepel H CHUMaeMoro o6bekTa OTHOCUTENBHO APYT Apyra,
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MONIHOE MMM YacTUYHOE 3aKpHITHE BEKOM H pecHHUaMH obnactd pamyskHoit
o6osoukH Ha u306paxkeHur rnasa. Kaxknas U3 nepeqHcIeHHBIX MOMEX HMEET CBOIO
XapaKTepHUCTHKY, KOTOpast OT/IHYAET 3Ty MOMEXY OT APYTrHX.

VYuuTsiBasg cKa3aHHOe, B 3TOM naparpade mis 6e33TanoHHOro OLECHHBAHMS
KayecTBa H3o00paxeHHs paspaGoTaH ycoBepLIEHCTBOBaHHLIH anropHT™ Jlayrmana,
B KOTOPOM BMECTO MacKH pa3MepoM 8x8 Hcmonb3yercs Macka pasMepoM 6x6
(cMoTpurTe pHc.1).

-1|-1f-1[{-1]-1]-1
-1]-1]-1{-1{-1]-1
-11-1]18(8]-1]-1
-1/-1/818|-1]-1
-1]-1{-1]-1]-1]-1
“1]-1(-1]-1]-1]-1
Puc. 1. Bua npeanaraemoii onepatopHoii Mackn

Anzopumm Al Ge3dTanOHHOro OLEHMBAHMA KayecTBa MH300paxeHui
peanu3yerca cnefyiowum obpazom:

Llaz 1. Beon n3o0pakeHHs.

Llaz 2. BpryucneHue YHCIEHHOro 3Ha4eHNsA Ka4ecTBa H306paKeHHs

l M N 1
= e— *
Q M.N§§| (x,y)*4|

Ulaz 3. Tposepka ycmoBus Q>0 ecnM OHO  BHINOJNHAETCH, TO
OCYIUECTB/IAETCA TNEpexoi Ha CleqyloWHi uar, B MNPOTHBHOM Ciy4ae,
OCyIECTBAAETCA Nepexo Ha luar 1 u BBoaMTCA cnenylowee H3obpaxenue.

Llaz 4. TpunaTHe peILEHHA MO OCYMIECTBJCHHIO NalbHEMIIEro aHanu3a
TeKy1ero u3obpakeHus.

Llaz 5. Konewu.

B naparpade 2.2 paspaGoTanbl anropuTMbl NOMCKA BHYTPEHHEH M BHEIIHEH
rpaHHuLL, a TakxKe BbLIEICHHA 06/1acTH pamyskHoi 060/10uky Ha H306paxeHHH rnasa,
OnpefeseHns MoMeX, NPENATCTBYIONHX MOJHOMY BOCHPHATHIO 3Toil 061acTH.

TNpouecc BhIENeHUs BHYTPEHHeH M BHeliHel rpaHHL pajyHOH 0GonoukH
[Jia3a MOXET OKa3aThCH HEKOPPEKTHEIM MO/l BAHAHHEM CEAYIOIUHX 05CTOATENBCTR:
HATHUME CUTYALHH C Pa3IMYHON OCBELIEHHOCTHIO IPH CheMKe pally kKHO# 060104kH
riasa ¢ MOMOILLBIO PasyInYHBIX ONTHYECKHX yc'rpoﬂm; HanMn4yMe BEK H PECHHL,
MPHKPHIBAIOIMX PallyXKHyl0 0GonouKy rnasa; AedeKTsl 3pauka; pajyXHas
ofonouka MMeer 4YepHHIH LBET, T.e. UMEET MECTO COBMAaJEHHE LBETa 3pavyka u
pamy>xHo#t 0607I04KM I1a3a; yBENHUEHHE 3payka (AMAMeTp 3pauka AOJKEH GbITh
MeHB1lIe AHaMeTpa paaykHOii 060I0UKH He MeHee UeM Ha 25%); ABHKeHHE FONOBI,
MHraHHe TJ1a3 H apyrue.

YuuTbiBad NepeyHcIeHHble O0GCTOATENBCTBA, MUIA  BhAeNeHua obnactu
pamyxHofi ofomouku Ha M3oGpaxenun rnasa B maparpade 2.2 paspaGoTaHsi
anropuTMB!, 0603HaYeHHbIe Kak 42, A3, A4.

Anzopumm A2 onpefieneHus BHYTpeHHeH rpaHuubl pagyxHoi o6onouku
I71a3a, T.e. PPAHKLEBI 3pauKa, PeaTH3yeTcs ClEeAyIoLUM 06pasoM.
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Llaz 1. Beop n3oGpaskeHHs.
Llaz 2. TIpuMeHeHue dunbTpa l"aycca:

._x_‘_ﬂﬁ
G(x,y)= 7=—

e 242

Ulaz 3. Pasbuenue H306paKeHN Ha KBAAPAThi ¥ BBIYKCIEHHE A KOXAOrO

KBajpara cpem!ei»’l APKOCTH comacuo
R, --ZZ/(& cd+il-d+j).
(=] f=]

Llaz 4. Onpenenenue o6aacT, UMeloLLEl i MUHHMATBHYIO CPE/IHIOKD APKOCTb,

T.e.
P.= mm B

Llaz 5. Ocymecnmeune 6HHapu3auuH H300paXKeHHs COrJIaCHO
1, I(x,y)<rt;
b(x)y) {0 !(x y) >r
a2 6. Onpeneneuue TPaHHLBI MTa3HOTO 3pauKa CorylacHo
1, Iz(x,y)sy,
Len=fi EGRSY
Llae 7. TlocTpoeHHe OKPY>KHOCTH, onpefendiomtelt FpaHHLY F1a3HOrO 3payka.
Lllaz 8. Koneu,.
Anzopumm A3 onpepeneHus BHewHed rpaHHLbl pamyKHOM 060JIOYKH rnaza
peanusyercq B BUAE Ceayioulel nocnefopaTesbHOCTH LIAroB.
Lliaz 1. BBoa n3obpaxenus.
Llaz 2. TlpucBoeHHe repeMeHHOM £ 3HAYECHHA 7, ('; €ln ,';m])-

Llaz 3. Beinenenue jokanbHoH oG.pacm B Bnne kBaApata 2dx2d (d=2-1),

T.€.
x,—d<x<x,+d,
Y,—dsys yp +d. )

Illaz 4. Beinonuenue Ha noxa.mmoﬁ obnacTu mpoueayp CHHXEHHS YPOBHs
UIyMOB H CrIKMBaHHA C HCHob30BaHHeM ¢unsTpa [aycca.

llaz 5. Brinonxenue Ha JoKkansHo#t 061acTH NpoLeayphl yCTPaHEHHA MATbIX
noMex.

Illaz 6. BeinonHeHne Ha NOKIbHOM 06/1aCTH NPOLIEAYPbI FAMMa KOPPEKLIHH.

Ulaz 7. Beipenenne Ha nokanbHOH 06MacTH KOHTYPHEIX JHMHHB c
Hcnonb3opadueM Metoa Kannu.

Lilaz 8. BeinonHeHne Ha JoKanbHOR 061aCTH NMPOLEAYPE! OUHCTKH € YHETOM
YCnoBHA (x,—x,)' + (¥, -y,)' sr2.

Ulaz 9. TlocTpoeHHe OKDYXHOCTH, OMpEAENAIOWEH BHEUIHION TIPaHHLLY
pafykHoii 060JI04KH rfiasa.

Ilaz 10. Konew.

Pesynvrarbl moucka M BbideneHus ofnacTH pamgyxHo# oGonoukH rnasa,
TI0JTyi€HHBIE C HCTIO/NBb30BaHHEM pa3paGoTaHHBIX AITOPHTMOB A2 H A3 NnpHBEACHHI
Ha puc. 2.
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M3 puc. 2 BuAHO, 4TO, HECMOTPA Ha HaNMYME MOMEX B BUAE BEK, PECHHI H
NATEH, MOXHO B JOCTATOYHON Mepe TOUHO ONpPENe/IHTh BHYTPEHHIOIO H BHELIHION0
rpaHMLBl paaykHoi 060104KH raza.

- D TR
Puc. 2. Pesy1bTaThl onpeaeieHus BHyTpenieii H BHeLIHeil rPaHHI paayxuoii
0060J104KH IJ1a32

Anzopumm A4 onpenencHus FpaHMll BEPXHEro M HKXXHEro Bek rnasa
peanusyercs B BUAE ClleAyIoueH nocaea0saTe/ibHOCTH LIaros.
Ilaz 1. Beoa n3obpaxeHua.
Ulaz 2. Buinenenne noxansHo# o61actu B BHAE KBApaTa pasMepoM 2dx2d
(d=15r), Te.
x’—deSxF+d,
y,,-dSySy,i-d.
Illaz 3. BbinonHeHue Npoueaypsl YCTPaHEHHs Ha JIOKaLHOH 06NacTH ManbIX

NOMeX ¢ HCMONb30BaHHEM MeAHaHHOro (uibTpa.
Lllaz 4. Buinenenne Ha JOKanbHOW O6NacTH  KOHTYPHBIX JIHHHMHA  C

ucnone3opanueM Merona Kanuu.

Ilaz 5. BoinonHeHue Ha JIOKanbHOH 061acTH NMPOLEAYPLI OYHCTKH C YUCTOM
YCnoBua (x, —x,)* +(y, = y) Sr°.

Llgz 6. BoimonHeHue MNpouEAYPbl  PasfeNeHus  JOKaNbHOH obnacth,
chopmMupoBannoif Ha lare 2, Ha ABE NPAMOYFONIBHBIC obnacti pasmMepoM 2dxd .

Lliaz 7. Onpenenctue ¢ NCTIONB30BAHNEM NPEOGPa3OBaHHs Xada napamerpoB
napaGon, npeACTAaBAAIOWMX rPaHMUbl BEpXHEH H HWKHe#l Bek rna3a, T.C.
napamertpoe a, b, c.

gz 8. Konen.

B fnaHHOM anropuTMeé Ha ware 7 TapaMeTpbl napaGon ompenensioTcs

cneaytomuM obpazom:
B mapabone, MpeACTAB/AIOUIEH TPaHMLY BEPXHETO Beka, MapaMeTp a

onpeaensgeTca B NOJyHHTepBase [—l, 0] ¢ waroM h ;
n

B napaGose, npeicTapafiowell rpaHHLY HIKHENO Beka, mapaMmeTp 4

onpeenseTcs B NOJyHHTEpBane [0, 11 ¢ warom &
Y

nmapaMeTpel b, ¢ BHIYMCASIOTCA N0 CEYyiowuM dopmyIiam:
b==2ax,, c=X+,.
Ha puc. 3 npHBeficHBI pe3y/bTaTh ONPEeNICHNA FPAHHLL BEPXHETO K HIKHEr0
BEK [J1a3a C HCTIO/IB30BAHHEM aNropuT™a A4.
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- Puc. 3. Pe3yanTaTsl onpeae/eHHA rPaHHL BEPXHEro H HIXKHEro BeK r/jaa3a

B naparpage 2.3 paccMOTpeHa  3ajjada  OUEHKM  NapaMeTpos,
XapaKTepu3YIOlHX Ka4eCTBO H30GpaxeHHs patyxkHolH 060/104kH rasa. TakoBLIMHU
napaMeTpaMH ABIAIOTCA: KOHTPAacTHOCTh M3oOpaxkeHus (Z,); KoaduuHeHT

njomaau (2,); aHTponua (Z;); BeIMYMHA paclIMpeHHs (RWiaTauuu) spauka (Z,);
BENHYHHA OKKMO3uH (Z;); OTHOIIEHHe pa3sMepoB paxy>kKHOi OOOMOUKM M 3pauka
Huc6atn (Z;); pasmep ofnactu pamyxHoli ofonouku, npurogHolt ans

o6paborku (Z;); Benu4MHa 3KCLEHTPUYECKOrO paccToaHus (2, ).

Kpome Toro, B naHHOM naparpade, UCNONb3yd MeTOA TNIABHBIX KOMHOHEHT,
nepeunciieHHbIe MapaMeTphl CBEAEHDI K €JMHOMY napaMeTpy, XapaKkTepu3ylowemy
KauecTBO H300parkeHNa paxyxHoi 060M0YKH riasa.

Tpetba raBa guccepTaluuy «AJFOPHTMBbI HACHTHOHKAUNH JIHYHOCTH MO
paayxHoii 060/104KH ri1a3a» NOCBALIEHA OMHCaHUIO pa3paboTaHHOro anropuTMa
BBIZICJICHHSA XapaKTEPHLIX NPH3HAKOB H300parkeHHA pamy>XHOH o6onouku rnasa, a
TaKKe KPHTepHEB NPHHATHA PELUEHHA [PH Pacno3HaBaHHA JIHYHOCTH.

B naparpade 3.1 Ha ocHOBe aHanH3a aIrOPHTMOB BBIACIICHHA XapaKTePHBIX
npu3HakoB M300paxkeHua papyxHo#l 060/OuKH rnaza, Oasupyloluxcs Ha
Hcnonb3oBaHuHU GuneTpa abopa, BbIABIEHB CHILHBIE CTOPOHBI H HEAOCTATKH 3THX
anroputMoB. [lo  pesynsTaraM  npoBeeHHOro  ananm3a  paspabotan
YCOBEpILUEHCTBOBAHHEIA  aneopumm AS, OCHOBaHHBII Ha HCMONB30BAHMH
norapupmuyeckoro ¢punstpa ['aGopa.

Hauubiit anropuT™ peanusyercs cneayioluM o6pasom:

Ulaz 1. Brog uzobpaxkeHus.

lllaz 2. BemonHeHHe mpouedypsl NepeBofia jorapudmuueckoro (uisTpa
I'abopa M3 cHCTeMBI MOMAPHBIX KOOPAMHAT B CHMCTEMY AEKAPTOBBIX KOOPAMHAT
COIJIaCHO BBIPAXXEHUIO

ol () ()

Llaz 3. dopMupoBaHHEe HEYETHO-CHMMETPHYHOrO (PMALTPA  COIMIACHO
BBIPDKEHHIO
G°(u,v) =cxp(—ln2 (-'5'—) / 2In? (2‘,._) exp(——vlz-)sin(er fo4,)
fo 1 20, -
Lllaz 4. Pa3buenne u3oGpaxeHus pamyxHo#t 060IOUKH HA OTAENBHBIE YACTH
M NIPUMEHEHHE K HUM HEYETHO-CHMMETPHUYHOrO GUIILTpa:

N M
c.n=3 3 10+x-5. s+ y-2eown.

xm] ym) 2
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Ulaz 5. Tlpumenenne aBymepHoro O6nicTporo npeobpaszopanus dypse K
Kaxaoit yacTu uzobpaxkeHu.
Lllaz 6. Buiucnenue ana Kakaoil 4acTH n3oGpaxenus ammuuTyast M, W

(baSbl P,, CorjlacHO cnenyiomUM BbIpXKEHHUAM

My(x,y)= \/ F (x,0)Fy(x.3),

iFy(x, )= Fy(x,»)

Fyx )+ Fy(x.y)

Illaz 7. Beinenenue niipopMaTHBIBIX MPH3HAKOB:
s= argli'nax (M,,) >

B, (x,y)=arctan

’(hr,h)=(l.l), 05 P, %5
ot = D, %<Plgs;r;r
(. h)=(0,0), T<F;ST
(k. h)=(1,0), 12’5<P,q.szn.

Lliaz 8. Kouew.

Crneflyer oTMETHTb, YTO B JaHHOM airopuTMe B npolecce uaeHTudUKaLHH
MCMONB3YIOTCA HE BCE XapaKTEPHBIC TOUKH, @ JIHLIL CaMbIC penpe3elTaTHBHbIC
NPH3HaKKM OTHENBHBIX YacTell H30GpaXkeHHs, YTO, B CBOIO 0YCPE/ib, obecneunBact
NoBbILeHHe 3¢ eKTHBHOCTH YKa3aHHOrO npoLecca.

B naparpade 3.2 npuBelcHb! METOH COMOCTaBACHHI 6uHapHBIX NPH3HAKOB
u306paenns pamyxHoii 060I0UKH rJ1a3a U KPUTCPHH prifopa 3Hauenus nopora
MJIS NIPUBATHS pellileHns NPy HASHTHGUKALMH IHIHOCTH 110 ITOMY n3o6paskeHHIO.

Ans  conocrapnenus OuHapHbIX MpH3HAKOB n306paxkeHNs  palyKHOMH
060NOuKH rnasa MCMOJB30BaHO paccTosHHe X3MMHUHra (HD), onpeaensemoc
COrlacHo
N
Y X, BNAX, AL,

rae M =i(,\’,, vY,), X, n ¥, — 3naueHns GMHApHBLIX NPU3HAKOB CPABHHUBACMbIX
kel

u306paxkeHuii pamyKHbIX 060/I04eK rN1asa ; X,, u Y, — GunapHble 3HaYeHUs NOMEX,

BJIMAIOMUX Ha OONacTh pamyXkHoit o6Gomouxd rjasa Ha CpPaBHUBAcMBIX

u306paxennsx; N —KOAMHECTBO OHMHAPHEIX MPU3HAKOB, XapaKTepU3ylOLUX

u3o6paxenne payxHoil 06004KH rasa.

IIpu cpaBHeHuH GMHAPHBIX NMPH3HAKOB n306paxkeHuil pamyxHoil 06onouku
171233, UMEIOLMXCA ¥ HE UMEIOIHXCA B 6a3e 1aHHBIX, BOSHUKAIOT HETHIPE CHTYalUH
NPH NPUHATHH PELICHUA O COBMAICHHH 3Ha4EHHIt 3THX [IPU3HAKOB, IIPH 3TOM B ABYX
CHTyauusX HMeer MecT0 MNpaBHAbHOE  pellleHHe, a B OCTalbHbIX
ABYX-HenpaBubHOe. B3aMMOCBA3b 3THX PelICHHH WUTIOCTPHPYIOTCA Ha PHC. 4,13
KOTOpOro BHIHO, YTO VIS COBNAAAIOLINX H HE COBNAMAIOMWNX OHBapHBIX NPH3HAKOB
MMeeT MecTo 06acTh nepecedeHns pacnpeiecHuil BEpOsTHOCTH.

1
HD=——
N-M
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Tlpusenetinbic na puc.4 obnacTd OTpaxaloT clie/yiouue CHTYyalluu:
l-cywectayiomue B 6a3c faHHBIX ¥ NPaBUABNO Pacno3HalibC JHYHOCTH, 2- He
cyuecTByiomue B 6ase AaHHbIX, HO KaK MpPaBUILHO PACMO3HANHBIC JIMYHOCTH;
3-cywmectsylompe B 6aze faHHBIX, HO HE pacno3HaHHBIC JWYIOCTH, 4-He
cyuiecteyiomue B 6ase MaHHBIX M He pacro3HaHHble nuuHocTH. Kaxkmaa u3
nepequceHHsIX o6acTedl OTpaxaeT YCpeAllCHHBIC AAHHbLIC MO pe3ynbTaTaM
akcnepuMenToB. Ilpu 3ToM obnacte 2 oTpaxacT owubkM nepeoro poaa, a
o6nacts 3 - ommnbku BTOpOro poaa. ClefyeT OTMETUTD, HTO B CYLICCTBYIOMIMX
cucteMax GMOMETPHYECKOro pacrio3HaBaHMs JIMMHOCTH 3uauciue nopora 7/, B
npolecce CONoOCTaBleHHs H300paxeHHil panyxHeix ofonoyek rnas Bcex
TIPOBEPAEMBIX JINYHOCTEH OCTAETCA HEH3IMEHHBIM. Boinonnenue ycnosus HD<TH,

03HA4aCT COBMAJCHHE, a HE BHIMOMHEHHE — HE COBMAJACHHC 3HAYCHUI GHHApHBIX
NpPHU3HAKOB, XapaKTePH3YIOLLHUX H300pakeHHe paayKHOIt 06OOUKH rnasa.

.f Iasenus nopora

o
T

Cyutectnyrontae » Sase agnamx e cyntecTnypmsie o 62re 3281183

somnocTs ncpoutnocTn
T

]l,_

2
ImLé%;ﬁ

° L) L] " 7 (1) L 2] 1
anonnne Xmmmrn

Puc. 4. YcnoBHoe BeposiTHOCTHOE pacipecieHie 3Hadcnmii
paccrosins XoMMHHra

Jlna onpenesienus 3HadeHHs MOpOra HCMOAB3OBAIMCH KpuTepuu Baiteca u
Heiimana-ITHpcoHa, a Takke MUHUMAKCHEI KpHTEPHI.

INpuBenenHble KpHUTEpUH pEKOMEHOYETCA MCHONB30BAaTh B CHCTEMax
pacno3HaBaHus JIMYHOCTH MO pamy)kHo#f o6oJIoUKE I71a3a C YNCTOM YCIIOBHil
bYHKIHMOHHPOBAHHA 3THX CHCTEM.

YerBepras jlaBa HHCCEPTALMH «IKCNCPHMENTANILHOE HCCIeI0Banue M
NpaKTH4YecKoe MpHMeHeHHe Ppa3paGoTaHHBIX AJrOPUTMOB» NOCBALIEHA
paspaGoTke nporpaMMHOro KOMIAeKca OGHOMCTpHYCCKOH HAECHTH(HKALMH
JIMYHOCTH, OMMCAHHMIO PpE3yNLTATOB SKCMEPHMEHTANBHBIX HCCICAOBAHHH H
PCLICHHIO MPaKTHYECKHUX 3a/1aY.

B naparpade 4.1 npurenens o6was cxema, GpyHKUHOHAIBHBIE BO3MOXXHOCTH
 rpaduueckuit uHTepdelic nporpaMMHOro KOMIUIEKca, pa3paboTaHHOro Ha OCHOBE
NPCANIOKEHHBIX W YCOBEPLICHCTBOBAHHBIX B MPEABIAYLIMX FlaBax airopuTMOB, a
Talkoke CYMEeCTBYIOWHX anroputmoB. ITporpaMMHbIH KOMILIEKC NpeaHasHavyeH A
MACHTHQHKALKY THYHOCTH Ha OCHOBE aHaH3a H3o6pakeHus pagyxkHol 06004KH
riasa.

Ha puc. 5 npueenena ofwas cxema paboThl NPOrpaMMHOro KOMIIIEKCa,
€O3/1aHHOr0 Ha OCHOBE MOAYJILHOTO NpHHUKMNA,
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—> Qororpadisposansie rnasa u l
—p pericTpanus
Onpenencrie BHyTpeied #
‘ suewnedl rpannu PO
Ouetixa KasecTna iaobpaxenns l
Onpeaenetiue 1 sazencHie
fioMex Ha p
raaza
Haobpaxenne Buixicnene naparerpos,
KaReCTBCHHOCT X2PAKTCPHIYIOLUIX BHACNCHHEYIO
Ha n3obpoxenin obnacts POT
Her
OcyusecraieHite
reoMeTpitecKoro
npeobpasosanita ka
ssigenenofl obnacrit
Onpegencuue xepaxTepHbix l
npu3HAKOS
y PacnosHosanie THIHOCTH
Buuncnerite Gunapuex
MPIIIHIXOA HA OCKOBE
XBPAKTEPHBIX NPHINAKCD
Y. y
Ocyutectanetiie . Ocymectanctue
BepidHatitn saenTiuKaLHY
~ b1 < b
Pericrpauns MurocTH 0O s 110 GuHapHsiM np 6p A POT
6HHKIPHBIM MPUIHAKAM
Peayaurar
Baja aanusix

Puc. 5. O6uias cxema pa6oTb1 nporpaMmMHoro Kommiexca GHomMeTpHecKoi
HAeHTHOUKALMH JHYHOCTH HA OCHOBE AHAMM3A H306paxeHHe PaLyKNOi
oGonouxu rnasa (POT)
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B maparpade4.2  npuseneHs! Pe3yNeTaThl  IKCMEPUMEHTANBHBIX
HCCle0BaHHH, NOTyUeHHblEe C HCTIONBE30BAHHEM OTKPBITEIX MEXIyHAPONHBIX 6a3
RaHueix CASIA u UBIRIS, a Taioke copmupoBaHHEIX B Haweil pecry6iuke 6a3
naHHbIXx MBIRIS-1 Ba MBIRIS-2, BKmOYarOWHX H300paskeHHs pamyxHoi
060moukH rnasa,

. SpdexTuBHOCTL cHCTeM GHOMETPHUYECKOro pPacno3HaBaHMA ONpeAeNseTca
ownbkamu nepsoro poaa (FRR) u sroporo poaa (FAR). Ha puc. 6 npuseneHs!
KpPHBEIC 3aBHCUMOCTei! olM6OK NepBoro ¥ BTOpOro posa, MoMyYeHHEIE B npouecce
ONBITHEIX HCNBITAHWH, NPOBEACHHEIX C HCMOJIb30BaHMEM H300paxeHHit M3 6a3
Aauupix CASIA-Iris-Lamp, UBIRIS V2 u MBIRIS-2.

0.06 T T T T v T v v T
~———CASIA-lris-Lamp
— — —UBIRIS V2
005} <eoeee-ee MBIRIS-2 E
0.04 - y
% oot J
= 0.03
0.02 1
0.01 )
0 2 . .
0 0.1 02 03 04 05 08 07 08 09 1
FRR
Puc. 6. Kpubbie 3aBucumoctn omnbok nepsoro poaa (FRR) n BTOporo poaa
(FAR)

B TaGnuue 1 npuBeeHs! 3HaueHHA BeIHUKHBI OIIHGOK pacro3HaBaHut ERR n
KPHTEpHA OLICHKH KAYECTBA XapaKTEpHbIX MPU3HAKOB d', MOJy4eHHbIE B TpoLecce
ONMBITHOFO  HCABITAHMA  &IrOPHTMOB, MPOBEAEHHOr0 €  HCMO/b30BaHUEM
nsobpaxennit 3 8 6a3 naHHbIX. CTeneHh TOYHOCTH CHCTEMBbI GHOMETPHUECKOro
Pacno3HaBaHHsA ONpPEAENAeTCA AOCTATOYHO MaJIbIM 3HAYEHHEM BEJIHYHHBI OIHMOKH
pacnosHaBaua (ERR) W AocTaTodHO GOMBLIMM 3HAYEHHEM KPUTEPHA OLICHKH
Ka4yecTBa XapaKTepHbIX npu3HakoB (d4'). M3 ato#ft Tabnuuel BHAHO, uTO
npeanoxeHHsle anroputMel obecneyHBalOT AOCTATOYHO BLICOKYIO TOYMHOCTH
MACHTHHKALKH TMYHOCTH HA OCHOBE aHaNM3a H300paeHHs payKHOMH 06010KH
rnasa.
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Tabauua 1.
3nayenus BeIHYHHBI omKHGoK pacno3sHaBanus ERR H kpuTepus
OLleHKH Ka4yecTBa XapaKTepHLIX NpH3HaKoB d’

MB H, o, y7A a, d |ERR%
CASIA-Iris-Interval | 0,2710] 0,0502 | 0,4692| 0,0183| 5,2450! 0,0154
CASIA-Iris-Lamp 0,2680 | 0,0531] 0,4750 0,0148| 5,3106| 0,0148
CASIA-Iris-Twins 0,2690 | 0,0511| 0,4702| 0,0187] 5,2292| 0,0169

CASIA-Iris- 02764 | 0,0501| 0,4719| 0,0186| 5,1746| 0,0171
Thousand

UBIRIS v1 0.2861] 0,0549 | 0.4711] 0,0141| 4,6158] 00182
UBIRIS v2 0,279 | 0,0621] 0483 | 0,0141| 4,5304| 0,0194
MBIRIS | 0.262 | 0,0498| 0.471 | 0,0218| 5.4370| 0,013
MBIRIS 2 0.263 | 0.0498] 0,4681] 0,0189| 5.4454] 0,0120

Ha puc.7 npuBeneHs! pe3ynsTaThl paclo3HaBaHHs, TOJNYHMEHHBIE MpH
OMBITHOM HMCUOBITAHMH TMpEAJOKEHHBIX QITODHTMOB B CHTYauMH, KOraa
paccMaTpHBAIOTCA B OTAC/NBLHOCTH NIEBBbI M MpaBblif rNa3 OAHOR NMUHOCTH NpH
Hann4uK omuGKH nepsoro poaa, pasHo# 0.0001.

FAR=0.0001
0,98
096 -
0,94 S o .
092 - .
09
0,88
0,86 - .-
0,84
0,82 - ] SO
08 — - e P
0,78 e - -
g SO \
& f &
& 3

B Jlenutdi raa3  WTlpasstl raas

Puc. 7. PeayabTarhbl pacno3HaBaHKHA JIHYHOCTH N0 H306paKeHNAM PaxyKHbIX
ofono4ex 1eBOr0 H NPaBOro rJaa3a

B naparpade 4.3 npHBeAeHH! pe3ynbTaThl NMpHMEHeHUA paspaboTaHHOro
nporpaMMHOT0 KOMIVIEKCA [Jifl PeLeHHs NpaxTHyeckux 3ajad. Mcmombsosanue
NpOrpaMMHOIO KOMILIEKCA MO3BONAET CO3AaBaTh JIOKAILHBIE M KOMIUIEKCHBIE
cHcTeMbl 6€30MaCHOCTH ¢ NOBBINIEHHON HAZIEXKHOCTHIO HACHTH(HKALIMH JTHYHOCTH.
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3AKJIOYEHUE

OCHOBHBIE  pe3y/bTaThl JMCCEPTALMOHHOTO HCCIENOBAHMA 1O  TeMe:
«ANropHTMBl GHOMETpUYECKOH HICHTHHKALUMM JUYHOCTH MO n3obpaxkeruio
pamy>kHOii 060/104KH If1a3a» COCTOAT B CAEAYIOILEM:

1. TlpoeneH aHanus cyuecTBYIOMMX ANrOPHTMOB HOEHTHHKALMH IMYHOCTH
No-M306paxeHHAM pafyskHOH 060ONOYKH FI1a3a H ONpe/eNeHs HX CHABHEIE CTOPOHBI
H HEXOCTATKH.

2. Paspaboran anroput™ G6e33TanoHHOMR OLEHKH KayecTsa H306paxkenus
panyxHoii 060/10YkM I/asa Ha OCHOBE BHIYMC/IEHHA OGLEH IHEPruM BBICOKHX
HaCTOT CMeKTpa AByMepHoro npeobpasopanns ®ypee. [JlaHHBIN anropur™
NO3BONAET [aThb TOYHYIO KOJMYECTBEHHYIO OLEHKY KavecTBa M306paxeHHs,
NpebABIIAEMOro B peaibHOM pexKHMe BpeMEHH Ul paclo3HaBaHHA.

3. Paspa6oransi GricTpOAEHCTBYIOLINE H YCTOMYHBBIE K PA3THYHBIM TOMEXaM
ANrOPUTMBI  BbIAENICHHA Ha M300pakeHWHM BHYTpeHHeH M BHeWwHel rpanun
panyxHo#t o6onoykM rnasa. DTH aIrOpUTMHI  O6ECMeYHBAIOT BO3MOXHOCTH
06paboTky n306pakeHN, MOy EHHBIE TPH PA3THYHBIX YCIOBHAX CHEMKH.

4. Pa3pa6oTaH anropuT™ oOnpeneNeHHA MOMeX, 3aKPHIBAIOUMX BHAMMYIO
o6nacTh pafyxHoli 060/OYKM rnmasa Ha u3oGpakenuu. JlaHHEBIL anroputm
OTJIM48ETCA OT CYWIECTBYIOLINMX IFOPUTMOB OBICTPOAEHCTBHEM H  BBICOKOH
TOYHOCTBIO.

5. Paspaforan anroputM OLEHKH Ha OCHOBE CTATHCTHYECKOIrO aHamu3a
napaMeTposB, XapaKTepH3yIOIHX Ka4ecTBO obnacTy pamyxHoi 060104KH rnasa Ha
n3o6paxenun. JlaHHBI! anropuTM, OTAMYAACh BBICOKHM OHICTpoAEHCTRHEM,
MO3BONAET OLUEHHUTh NPHIOZHOCTH BHAMMON obnactH pamykHoit oGonmoukH riasa
i onpeaeneHns HHHOPMAaTHBHBIX MPU3HAKOB.

6. OGOCHOBAHO MCMONb30BaHME B KAueCTBE &ITOPHTMA  BBIAENEHUA
MACHTH)HMKALMOHHEIX MPU3HAKOB, XapaKTEPHU3YIOLIHX PalyKHYIO 060/IOUKy riasa
Ha H306paXeHHH, HEYETHO-CHMMETPHYHOTO JBYMEPHOro JorapH@MHueckoro
¢unsTpa 'a6opa, oGecneunsaroiiero aHanu3 4acToTs! ¥ (hassl TEKCTYPEI pagysKHOH
obonoukn rnasa. [aHHBIA anroput™M ofecrieyMBAcT MOBBLIIEHHE TOYHOCTH
pacno3HaBaHHA JINHOCTH N0 paxyskHoli o6onouKe riasa.

7. PaspaGoranbl kKpHTepuu BeIGOpa 3HAUESHHA NOPOra 1A NPHHATHA PEIEeHU
TIpH pacno3HaBaHMH JIHYHOCTH MO H300paxkeHHIO pajdykHOH 060onoukH rnasa.
KoppekTtHoe onpeneneHnHe 3HaueHms yka3aHHOTO mopora obecneumpaer
yMeHbllleHHe ownGoK MepBOro M BTOPOro posia B CHCTEMe OHUOMETpHuEcKOro
pacno3HaBaHHUA TMYHOCTH.

8. Ha ocHoge pa3pa6oTanHBIX 1 ycOBEpLIEHCTBOBAHHBIX B HacTOsALLel pabote
aNropuTMOB, 2 TaKXe CYIIECTBYIOIUMX a&JIOPMTMOB CO34aH NPOrpaMMHBIH
KOMIUTEKC MNpeaBapuTebHOM 06paboTkm M aHanu3a H3oOpakeHult pamyxHoi
o6onouxu rnasa. [laHHoe nporpaMmHoe ofecneueHne MOXKeT GbITb HCMONBb30BAHO
TpH CO3[aHMH AMMNapaTHO-NPOrpaMMHBIX KOMIUIEKCOB KOHTpO/IA H YNpaBleHus
ACCTYNOM B 3aKpLITHIE [OMEIUEHHA W TEPPUTOPHHM, @ TaKXKe ayTeHTHOHKALMH
noss30BaTenei NHGOPMALMOHHEIMU H KOMITLIOTEPHBIMH CHCTEMAMHU.
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INTRODUCTION (abstract of PhD dissertation)

- The aim of the research work is to develop algorithms and a set of programs
for biometric identification based on an analysis of iris images.

The object of the research work are human iris digital images obtained under
various conditions of photo and video filming.

The scientific novelty of the research work is as follows:

an algorithm for referenceless assessment of the iris image quality based on the
calculation of the total power of high frequencies of the two-dimensional Fourier
transform spectrum has been developed;

fast algorithms that are resistant to various interferences have been developed
for extracting the iris inner and outer boundaries in the image;

a fast and high-precision algorithm for determining interferences blocking the
iris visible region in the image has been developed;

based on a statistical analysis, an algorithm for estimating parameters
characterizing the quality of the iris region in the image has been developed.

Implementation of research results. On the basis of scientific results related
to tackling the task of iris recognition:

a software package created on the basis of algorithms for the referenceless
assessment of an image quality and extracting the iris location region therein,
determining the interferences that limit the full perception of this region, evaluating
the parameters characterizing its quality, extracting patterns and iris recognition has
been introduced at the Payaryk District Khokimiyat for monitoring and control of
access to the Special Department in order to prevent unauthorized entry (Certificate
No. 33-8/8554 dated December 3, 2019 issued by the Ministry for the Development
of Information Technology and Communications and Certificate No. 07-10/1019
dated September 17, 2019 issued by the Khokimiyat of Samarkand Region). As a
result of the research, a database that included employees® iris images was formed,
and during testing, a 1.2-fold reduction in the amount of work related to monitoring
and control of employees’ access to the Special Department, as well as an increase
in the accuracy of employee identification by 15% were achieved;

a software package created on the basis of algorithms for the referenceless
assessment of an image quality and extracting the iris location region therein,
determining the interferences that limit the full perception of this region, evaluating
the parameters characterizing its quality, extracting patterns and iris recognition has
been introduced at the State Tax Inspectorate of Narpay District, Samarakand
Region, to increase the reliability of identifying users of information systems and
special rooms on the basis of biometric identification using the iris image
(Certificate No. 10-27680 dated September 23, 2019 issued by the State Tax
Committee of the Republic of Uzbekistan). As a result of the research, employees
were registered using the iris image, and when testing the procedure for obtaining
permission to use information systems and special rooms by employees, a 2-fold
reduction in the length of time for employee identification was achieved.
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Structure and volume of the dissertation. The structure of the dissertation
consists of an introduction, four chapters, conclusion, the list of used literature and
appendix. The volume of the dissertation 114 pages.
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