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KHUPHII (dancada goxropu (PhD) auccepraruacH aHHOTALMACH)

Aucceprauna MaB3yCHHHMAr Joa3ap6auru Ba 3apypatu. Xaxouna
TacBMpNapAaH MyXHMM oOBeKTNapHHM axpaTub onuul, KOHTYPHHM aHMKIall Ba
MaTHJIapHH TaHHO ONHII TAAKHKOTIAPHra KaTTa KM3HKHIU Ba aloXupaa 3b5THGOp
GepunMokaa. TacBHpiapAarH BU3yall MabJyMOT/IapHH aHHK Ba camapand OfiHiL
yuyH pakamnu MuUioB Gepuiua (uasTpnali, CHKMIU, aHWKMAUI, aKPaTHII Ba
TAHMI MACANANApHHM €YHIUAA SHFH KOMIMBIOTED KYPHWM ANropUTMAApHHH
ApaTHIN XaMJa HXTHMOMI coxanapha Kyjanaml ydyH AacTypHil BOCHTanapHu
Hi1a6 YUKHII MacananapH XaM MyXHM axaMHAT kac6 sTMokaa. MucomnapHumr
KYPHII TU3UMH TaCBHp/IApAarH MyXHM o6BbeKTapHH BH3yall paBHLIAA TE3 Ba aHHK
TaHHLI y4yH aKn 6oBap xunmaiiauran kobunusaTra ara 66, Oy paswanauk ae6
aranagy. Yby Bu3yan paBlIaHIHK MEXaHH3MH TacCBHpAAarH 6ab3u 06GBeKT/IapHH
atpoduparn Hapcanapaah axpati6 Typaau. By sca kypuw ko6unuatu 3audnapra
Mypakka6 TabuuHit TACBHPIApHH HAPOK 3THIIAA MyXHM XHcobnaHanu. Taceupaark
MyXUM o6BbeKTIIapHH akpaTHO ONHIL XaMJa MAaTHNAPHHM TaHHII ANTOPMTM/IAapH Ba
ycynnapuiu uumnab uukum myammonapu 6yiimya AKLL, Iepmanus, Byiok
Bpurauus, Xuto#t, Snonns, Xuuaucron, XKaHy6uit Kopes pa Poccus
depepaunsacy kabu YHEHHHT PHBOX/IAHTAH MaM/IaKaT/iapulia HIFOP TaOKHWKOTAap
onu6 Gopunmokaa.

JKaxoHaa aKMIM KypHAMAQIap COHHHHHI OPTHUIM Ba YNApPHHHT YHMBepcal
6ynu6 Gopuiu, WxTEMOMH Kyinab-Kyesatnawi, o6beKTNapHH TaHuLI, Epaamuu
HaBMrauud, FeOKOAUHr Kabu TacBup Xamaa BuAeo GunaH HuIAlaMraH nacTypHii
BocuTanapra 3xThéx opTH6 GOpHIIMHK KYpCaTMOKAA Xamja ynapra KapaTHAraH
KaTop MJIMHH TAAKMKOT Muuiapy onub Gopunmokza. Y6y coxana, Ky3u oxus
axcnap BH3yal MabiyMOTJIapHM MAPOK 3THIIM Y4yH Tabuuit Taceupnapmaru
MyXuM O0ObeKTNapHM &kpaTHO ONHIN, KOHTYpNapHHM Oenrunami Ba TaKTHA
rpapukachia  Mdoaanaw  ycynnapu, anropuTMIapM  XaMia  JAacTypwil
BOCHTANapMHH MINA0 YMKHIIra anmoxuaa 35THOOp KapaTunMmokma. Illy Guman
Gupra Tabuuii TaceMpnapaaH y3bex Tuamuaard matiaapHu Genrunaiw, axpatub
OMHIL, TARHHW Ba TOBYULIH Tanaddy3 Kunuw QIrOPHTMIGDHHH XaMmAa AacTyphii
BOCHTACHHHM MLIA6 YMKHIL SHT Jon3ap6 Macananapaau 6upu Xucobnasaau.

Pecny6nnxaMu3saa X03Mpru KyHaa HOFMPOHNAPHUHL MaHQJaa'rnapan XuMos
KWIKI, yhapHd peabWiuTaums KM Ba WKTHMOME . MOCHalWMwra Epaam
Gepuwra anoxuna 3bTHGOp Kapatwiamokma. Taceupnapra uwos 6Gepuu
yCyAnapMHM  KynaraH, WIMHA Ba MHHOBAUMOH TexHonoruwiap Gunau
XKMXO3MAHMAH HMXTHCOCNAWITHPHATAaH MAaKTal:MHTepHaTIapH, Mapkailap Ba
KyTyOxoHanap Tawkun v 6¥iinua keHr KaMpoBiHM uopa-Taabupnap amanra
omwmpunmokaa. 2017-2021 i#unnapaa V3aGekucron Pecry6nukacuuu smana
puBOXUIAaHTHPHIL G¥itnua XapakaTiap cTpaTerHscuia, xymnaaaH «...MMKOHHATH
yeKIaHraH INaXCNnapHU AaB/IaT TOMOHMAAH KyanaG-KyBBaTialWlHM KyyaiTupMiu,
WKTUMORH XH3MaT KYPCATUIHY AXILKAALY, ...K¥3H OXH3NAp yuyH TABIUM ONHIL



YYYH KEHI HMKOHMATNAp ApaTuul.»' Basudanapu Genrunawran. Maskyp
BasudanapHH aManra OWMPHW, >KyMAafaH Ky3M OXH3NAp YYYH BH3yan
M2bIyMOT/IapHH HMAPOK 3THUUIApDH Y4YYyH TacBUpAard MyXHM oOOBeKTIapHH
@KpaTH6 onuw  anropuTMmapM acocMpa TakTMA  rpadukacH  Apartuum,
TacBUpflapAary MaTHAapHY TaHHMIl ANTOPUTMAApPH OpKaiH ynapHu Tanapdys
KWIyBYH HYTK CHUHTE3aTOPH AAacTypHil BOCHTanapuHH HUUIA0 YHKHLI XaMAa
amainra oLIMPHII MyXHM MacaianapiaH XxucobnaHaau.

V36exncron Pecny6nukacu IMpesupentununr 2017 #un 7 (beapa.rmam
Md-4947-cor «V36ekucron PecryGnukacuHiH sHama pHUBOXJIAHTHpHII 6Yiinya
Xapakatiap crpareruicu Tyrpucupanru Ba 2017 #imn 1 pgexabpparu
I1®-5270-con «Horuponnuru 6Ynran maxcnapHu AaBlaT TOMOHHEAH Kynna6-
KyBBaTnaut  TH3MMMHM  TyGHaH  TaKOMWUIALUITHpHWI  4opa-taaGupnapu
TYFpUCHOANTH ®dapmoHnap, V36exucron Pecnybnukacu Basupnap
Maxkamacuuunr 2018 #iun 18 wosGpmaru 739-con «Horupownuru 6ynran
laxcnapra ax6opoT-kyTyGXxoHa XM3MaTH Kypcatuin TH3UMHHH
TaKOMHWJIAWTHPHIL Tyrpucuaanru Kapopu xampa Maskyp ¢aonuatra Teruwnu
Gowka MebEpuil-XyKyKuii XyxokaTnappa GenruwnaHrad BasHanapHu amanra
owHpHIAa ywby AucCepTalMs TAAKMKOTH MyaitaH Aapaxkala XH3MaT KHnaju.

TankKuMKOTHHHr pecny6auka ¢aH BA TeXHOJOTMSJIARH PHBOKIAHMILM-
HUHT YCTYBOp iiynanuumaapura Mocaurn. Maskyp TagkHKoT pecny6imka dau
Ba TCXHOJIOTHSNAPH DHBOAIAHMIIKHHUHT [V. «AxGopoTnawTHpHil Ba ax6oport-
KOMMYHHKaUMs TEXHONOTHAJMApMHH PUBONUIAHTHUPHIL) YCTYBOp HyHanuwun
Aoupacuna 6axapunras.

Myammonnnr  ypraumaranauk  gapakacd. TacBupnaphard — MyXuM
OGBEKTNIapHH aHMKNAI Ba aKPaTHG ONMIN, MATHHH aHMKJAll Ba TAaHHG onuuw,
IlyHHHTAGK, caMmapanu XHcobnaul anropuTMiapH Ba JAAcTypHil BOCHTAIApHHH
Mnab YMKUWHK YpraHui XxamMaa amanra olMpHILHKET MakOyJl mapaMeTpaapHHu
aHUKNAW yuyH Xucobnaw TaxpuGanapy HaTHXKanapHHH Taxaun Kumuw 6yinua
KEHr KampoBi¥ TagkukoTnap onu6 Gopunmokma. Bywpa#i ycymnap Ba
aIropUTMJIApHM SpaTHLIra AyHanTHpuarad Macananap Springer, Association for
Computing Machinery, IEEE Xplore, Cyberleninka, Web of Science, Elsevier
HAUWIPHETIADHHHHT MabiyMoT/Iap 6asacura kuputuarad, acocat, IEEE Xplore Ba
Scopus pyiixaruaary waMMil kypHannapaa OXMprM Mwulapaa 4on 3THAraH
Makosianapjad yprauunau.

Busyan axGopoTHM onuw y4yyH TacBHpiapaard o0beKTNapHH KPaTHIN Ba
MaTHHY TaHMII MyamMONApH KaxOH MNMHII anabuéTuaa aHYa KeHr EPUTHIraH.
Ywby Tagkukor fiyHanuwunra M.M.Yenr, JLUTru, A.Axunnw, P.Cmur, LJIn,
10.1. Xypaenes, Jl.Heymaun, M.B.Mensenen, C.Jlodepman, A.C.KysHeuos,
X.30y, H.Bpamneit, B.3nwtenn, C.flo, C.Kuucoo, I.E.CynpyH, H.Taxarm,
M. Xanep6epr, P.Mapronusu, I1.®.denzencasan6, T.JyTour Ba GOIKA TaHHUKIN
Xopwxuii onuMnapHuHr uwnapu G6aruwnasrad. Ulysnuraek, Pecny6nukamusaa
THMCO/IapHH TaHWG onuw Ba TacBupnapra HWOB GepHIIHHHr Hasapwuii

"WiGekucron PecnyGnuxace  [lpesmaewrmumnr 2017 fiun 7 despanpmarn  [1D-4947-con  «V3Gexncron
Pecny6auxacuiu suaza pueoxnanTuprin 6¥fuua Xapaxatnap crpareruacu Tyrpsicuaanty Gapmonn
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acocnapMHH puBoxnantHpuuwira M.M.Kamunos, LI1.X.do3unos, H.M.Mup3aes,
V.P.Xamnamos, C.C.Papxa6oB, T.COKymaee, A.A.Maxkamos, O.H.Ilxypaes
XxamMza Gowka onMM Ba TagkukoTuWnap ywoby HyHanuuaarn HiIMHii-
TaIKHKOTapra ¥3 XHccanapHHH KYIHLIraH.

Coxara oua oax6 GopuaraH TaxXMWJl HaTWKanapy IUYHH KYpCaTAMKH,
TacBMp/apaH MyXuM OOBEeKTNapHH @KpaTHO ONMIl Ba MaTHHH TaHHLI
AyHanMINApHHUHE PHBOMUIAHHINMIA KapamaH, Ky3M OXM31ap Y4YYH TaKTuin
rpaduKacHHi fApaTHIIAA TacBUpnapard MyXuM oOBEKTNIapHM aHMKIalll Ba
akpaTM6 onuW, WYHUHIAEK MaTHHH HYTKKa ainaHTHpHIl MeXaHH3MJTApHHH
Mwnab yukMILAa TacBMpapAard MaTHAapHH aHHMKAaWl Ba TAHHO ONMIL yCyJulapH
Xamaa anroputMnapu nonsap6 6¥nu6, ¥3bex Tunm yuyH erapnd Aapaxaza
yprauunmarat.

Juccepraiis TAAKMKOTHHHHI AHCCePTALNS faxapiiiran ojuii TabauMm
MyaccacaCHHHHT HIMHI-TAAKHKOT HULIAPH pexajapn Ounan Gorankaury.
Huccepraumus TaakukoTH Myxamman an-Xopasmuit HoMuaru TowkeHT ax6opot
TeXHONOrHANapH YHHBEPCHTETHHHHI WIMHH-TAAKHKOT HIWIAPDH PEKACHHHUHF
NeBB-®4-011 - «CurHannapHH Ba TacBHpAapHH KaiiTa HUUIall Macananapuaa
napamen xucoGnail Ha3’apHACH, METOVIapH Ba BOCHTAIADHU PHBOXJIAHTHPHLLY
(2017-2019) Ba NeBB-ATex-2018-251 — «K¥3u oxu3 waxcinap yuyH KOMObIOTEp
TexHuKachaaH ¢oilaanaHuw, MaTHIapHH YKHW Ba &3ul HMMKOHWHM OepyBumn
§36ex THAMra acoc/IaHraH ranupyB4H AacTyphit TABMHHOT Ba OBO3 CHHTE3aTOPUHH
nwna6 uyukuw» (2018-2019) mas3ynapugard WiMHIl Joiiuxanapu aoupacunaa
Oaxkapuarat.

TaaKHMKOTHHHI MaKCaAH TacBUpnapaard MyXuM obbekTnapHu axpaTHO
OJIMILI, KOHTYp/IapHHY aHUKJIall Ba MaTHAAPHH TaHMIL, TOBYIINU Tanaddy3 KHIHLI
yCyinapy, anropuTMIapH Xama AacTypuil BOCHTAaCHHH HMIINA0 YHKHILAAH
ubopar.

TaaKHKOTHHHT Ba3dudasapu:

TACBHp paHr KHAMATNapHHHHI r106an KOHTpacTHHH OLUMPMIU Ba JIOKan
MochalyBYaH yu KuliMaTiu yerapanau acocuia TaCBHpAard MyXuM o6beKTnapHi
axxpaT6 ONHIL YCYJUIAPHHH TAaX/TH KUIIHIL;

TYIUK KOHBO/MIOLMOH HelipOH TapMOK MoAeNn acocHaa Tabuuii TacBHpnapaaH
y36ex TMAMAArM MaTHaapHH Genrunail, axkpatub. onMil Ba TaHHMIU sKAPA&HUHUHI
AJIFOPHTMHUK YCYNHHH HILIA0 YHKHLI;

TacBupnapaard rpaguk oObekTNnapHH aHUKNal, ynapHM HYKM Ba TalIKH
yerapanapuiu Genrwiarad xonaa takthi rpadpukachaa udoaanalt anropuT™MH Ba
JacTypuit BOCHTaCHHH HINa0 YMKHL;

K¥3M O0XM3 axciap MAPOK 3THWIM Y4yH Tabuuii TacBMpnapaaH ¥36ex
THAMAATH MaTHAapMHU ToByuuin Tanaddys KHAMII @IrOPHTMMHM ApaTHII Ba
JAacTypuii BOCHTaCHHH MIUNA6 YHMKHLL.

TanxkukoTHuHr ofbexTn cudarnaa Tabuuit  Tacsupnap, BHAeO
MabiIyMOTNap, §36€K THIH OBO3 CUHTE3aTOPH Y4YyH C¥31ap Ba ayAHO MabilyMOT/Iap
Xamza TaCBMpJapra HIUIoB Sepyil BOCHTANapH OJIMHIaH.



TaakukoTHHHT NpegMeTHnK TacBHp/IarH OGBEKTNAPHH aHHKITALL, AXKPATHLL
Ba MaTH/IAPHH TaHHG ONMI MyaMMONapHHHM CaMapanH Xai KWIKIIAA TacBUpnapra
Hunos 6epuu &NIOPUTMIIApH, HElipOH TapMOK MOAENNApH Xampaa AacTypial
KyTy6XoHanapu Tamkun stanu.

TaakuKoTHUNT ycyanapu. TankukoT xxapaéHuia TacsMpnapra HWILIOB
GepuIbHHr 3aMoHaBuii YCy/iap, o6beKTIapHH aHHKNAL, MAaTHIAPHH aHUKAALL,
YYKYP YpraHuil, 3XTHMOJUIMK Ha3apuaCH, MaTeMaTHK TaX/Wi, anropuTmiaul,
TY3HIMany NacTyprai TEXHONOTHACH Ba XucobaL 3KCTIEPHMEHT/IapHH §TKA3HIL
YCyJulapH KyanaHunrax.

TaaKHKOTHHHI MAMHIT SHIHAHIH Kyiunarunapnax u6opar:

TaCBHp paHr KWAMATNIapUHUHT T106an KOHTPaCTHHH OLIMpPMII Ba JIOKan
Moc/aulyB4aH y4 KUAMaT/Iy yerapanau acOCHIa TACBUPAry MyXHM OGBEKTIapHH
WKPaTHO OIMLI YCYNH TAKOMULIAWTHPHATAH;

TY/IMK KOHBOMNIOLMOH HeiipOH TApMOK MOZENH acocHaa Tabumii TacBUpNapAaH
y3bex TunMparu matnapuny Genrunai, axpaTH6 ONMW Ba TAHUL skapa&HHHHHT
IFOPUTMHK YCYJIH MIINA0 YHKWIraH;

Tacsupnapaard rpaduk o0bekTNapHUM aHMKNAO, yNapHM MYKM Ba TAILKM
erapanapuiy Genarunarad xonaa TakTun rpadukacuaa Wooganaw anropuT™Mu Ba
AacTypuit BOCHTAacH HLWNA6 YHKHIraH; -

Ky3H OXM3 wWaxclap MAPOK 3THIUM yqyH TacBUpnapgarn ¥36ek THau
MaTHNapUHW TOBYWUIH Tanaddy3 KWIMIU anropuTMHM Ba AacTypuii BOcHTacH
sipaTuiras.

TaaKHKOTHHHT amanuiil HATHKACH KyiiuaarunapaaH n6opart:

Ky34 OKuINap yuyyH TakTWN rpapuMKanapUHM APATHIL  kapadHuIa
TaceMpniapnary Myxum oOBEKTNIapHM aHMKMAWl Ba axpaTH6 onMw 6¥iuua
JacTypuil BOCHTACH ApaTuiira;

Ky3u oxuanap yuyH y36ek Tunuparu matunaphu tanaddys KuayBuM OBO3
CHHTE3aTOPUHH APATHLI KapaéHWAA TacBUpNapAard MaTHHW aHMKIaWl Ba TaHHO
OJIULL IACTYPHil BOCUTACH APaTHIIraH; '

TaKnu¢ 3TUnraH TacBupiapiard oGBEKTNIapHN aHMKTAll Ba KPaTHG OMMIN
DacTypuil BocHTacH 77-COHIM MXTHCOCNAWITHPHUATAH KY3U OXH3Nap MakTa6-
HHTEépHaTHAA2 XaMJa XaaK TabIMMH coXacHza ax6opoT-kKOMMYHMKauus
TEXHONOrUANIAPHHM  PHBONUIAHTHPHMIL  Mapka3uga MyBaddaxkuatnu TaTbuk
STWIraH, IUYHUHCAEK KY3M OXH3Napra BU3yan MabAyMOT OepHil Y4YyH TaKTHA
rpadgukanapHu aparuil xxapadHuaa KY/UTaHHraH;

Taknug 3TWIraH TacBMpJIApAard MaTHAAPHH aHMKIAll BAa TaHULI AACTYpHil
Bocutacu Va6ekucron Ky3u oxuanap xamuatin mapkasuil GowikapyBuioa xampaa
HmkonuaTu ueknauran &wnap sa Gonanap mapkasupa MysadakuaTIH TaTOHK
STHAraH, WYHUHIAEK KypHuu KoOunuaTura sra 6yamMarainap yuyH y3tex Tunuaaru
MaTHNapuHu Tanagpdys KwIyBuM OBO3 CHHTE3aTOPHH APaTHIL >KapagHuaa
Ky/1naHunrax.

TaAKHKOT HATHKAJAPHHMHI HIMOHYIHAMIH. TaAKUKOT HAaTHXKANAPUHUHI
HIUCHYIMIIMIY TanKud 3THNaéTrad ycysulap Ba anropuTMiaapHi 6oluka 3aMOHaBHi
ycynanap 6unad Muxnopuil Ba cHdaT xkuxaTHaaH TaKKocnall OpKajlM aHMK Ba

8



camapalny HaTHXKanapra 3pHIIMAraH/HMFH Xama MocC ryBoXHomanap Ba xopuit
KWIMHMAHAMK TYFPHCHAary pAanonarHomanap Ounan acocnanraH. Bymnian
TallKapy, TawIng KWIMHAaETraH MyXuM OOBEKTHH aHMKNal, MyXum obLexTHH
axpaTHb OoNnMLl, MaTHNApHH aHMKNAWl BA MATHIapHM TaHub onuw ycysiapu
Taxkpubasuit xucobnaut Ba CONMULITHPHLL OpKat 6axonaHraH.

TaaKMKOT HATHKAJAPHHHHT HaMuil Ba amannii axammnari. Tajkukor
HATIKANADMHMHT WIMHHA  axamMMATH yHaaH wubopaTkd, Tacsup  paur
KMAMATNapMHHHT  FUCTOTPaMMacHHM  TeHMlalTHpuw  EpaamMupa  rioba
KOHTPACTHH OIUMpPHINra acocfaHraH OOBEKTHH AaHMKNAll YCYSH, HHTerpal
TacBMp/apaad doiinanaHral Xon/a Jiokan MocaailyByan y4 KuiiMaTiy ucrapanai
acocuaa OOLEKTHH aXpaTHG onMII YCynH, TYJIMK KOHBOMIOUMOH HEHpon
TAapMOFHra acocjiaHraH MaTHHM aHuknam ycynu Ba Tesseract OCR mozenunu
$36CK TWIMHMHL JOTHH Ba Kupuin anudGonapu GunaH YKuTHI acocupaa §abek
THUAMAATH MATHIAPHK TaHKL YCysnapy 61nan H3oxaaHaa.

TanKMKOT HaTIXKATapMHUHr aManufi axaMHATH LIyHAaH HbopaTtku, Ky3u
OXH3NAp YUyH TaKTW1 rpaduKanapHHM SpaTHUWIAA TAacBHpiapAard oGbCKTIapHH
axparub6 ONULUI, YNapHH KOHTYPNapMHH aHHKNall JacTypuid  BOCHTacH,
wyHunraek, ¥36ex tuauaa tanaddys KMAYBUM OBO3 CHHTC3aTOPHHH ApaTHULLA
TACBHpNApAaH MATHHM AHUKNAW Ba TaHuG oAMIN AACTYpHil BocHTacH Hunab
YMKHNTAHAUTH GunaH H30XnaHanH.

TaAKMKOT HATHXKARJAPMHHHI Kopuil Kuanuuws., Ky3u oxuanap yuyH
TacBMpnapaard o6beKTapHM axpaTH6 onuwl, MaTHAApHH TaHHW Ba TOBYLUIM
Tanagdy3 KWIMII YCyJnapd, anropuTMiIapd Xamaa AacTypuii BOCHTanapHHH
apatui 6¥iinya onuHrad HaTHXXanap acocuaa:

TacBUp paHr KHiAMAaTAapHHHHI rAoban KOHTPacTHMHH OLUMPHII Ba JIOKaJ
MOC/IallyBYaH Yy KHiiMaTAH yerapanai acocua TaCBUpard MyXuM o6bCKTIapHH
axpaTb ONMIWIHHHI TAKOMHJUIALITMPHIraH YCy/H, @IFOPHTMH Ba JacTypui
Bocutach VY36exucTon Pecnybnukach Xank TanaMMM BasMpiura  77-coiuid
MXTHCOCAAUTHPIWIraH KY3H Oxu3nap MakraG-uHTepHaTHAa Muiab 4MKapuiu Ba
yKyB xapatHnapura okopHH KunuHrad (AxGopoT TexHonorusslapH Ba
KOMMYHHKaUHANAPUHH PHBOXUIAHTHPHIN Basupaurduuur 2019 #inn 3 aexabpaaru
33-8/8552-con MamityMoTHOMacH). HaTuxkana ky3m oku3 YKyBUHIap TOMOHMIaH
ynapra T8KAMM OSTWIraH TypnM TacBUp o6bekTnapuaaH HOGopar TaKTHI
rpadukanapuHuHr 74 GOH3HHH aHHK TAHHLI HMKOHMIA 3PHIUKIIFaH;

TYNHK KOHBOJIIOLMOH HEHpoH TapMOK Mojenu acocHaa Tabumit TaceMpnapaan
y36ex TuaMAary MaTHaapHu Genrunai, akpaTHG onMil Ba TaHMIU Xkapa&HMHMRC
IrOPUTMHK YCYJIH, AITOPMTMH Ba AACTYpPHil BOCHTAcH V36exucTon ky3u oxu3nap
XaMHATH MapKasuil GoiwkapyBuna axGopoT-xu3Mmar KypcaTuil dxapagunapHra
wopuii KunuHraH (AxXGopoT TeXHOmOrMAnapH Ba KOMMYHHKAUMAIAPHHU
pUBOKNAHTHPHIL Basupnuruuuur 2019 iun 3 nexaGpnarn  33-8/8552-con
MmabayMoTHoMacH). Harukana snextpod daitnnapaaru ¥36ek THAM MaTHAAPHHH
KoMmnsioTep TH3uMuzaa Tanagdys KWIMW OpKanKM K¥3M OxHITApHHHr Gpaiin
$3yBMjiary MabiyMmomiapra HucbGaraH KHMCKa BakT MYMAA KaTra Xakm/laru



axGopoTapiy ONMIIKra SPUIIMAraH XaMa TACBUPNApHark E3yBiapHu yxum Ba
aHryall MMKOHHMATH ApaTHAraH;

TacBupRapaarn MyXuM oOLeKT/IapHH aKpaTHO ONMIL, MaTHIAPHH TAHMLI Ba
ToByuniu Tanaddys KWIMII yCynnapu, anrOpMTMNapH Ba AAacTypull BOCHTAcH
Y36ekucton &uutap WUTTHGOKM Kowmparn VIMKOHMATH ueknaHram €mnap Ba
Gomanap Mapkasu xampa Xank TabIMMM coxachaa ax6opoT-koMMy HUKauuUA
TEXHONOTUANAPHHH PUBOXKIAHTHPHLI MapKasMHUHT WWA6 YMKapuul, YKyB Ba
WKTHMOMH XW3MaT KypcaTvil >kapaéunapura xopuit kunuuran (AxGopot
TEXHOJIOTHANIAPH Ba KOMMYHMKAUHANAPHHH DPHBOXUIAHTHDPHIL Ba3UPIHTHHHHT
2019 i#iun 3 nexabpaaru 33-8/8552-con MabnymoTHomacH). Hatikaga kysm oxus
luaxcnapHuHr Kkac6-xyHapra #HyHanTHpuiaran npodeccHoHan KYHHKManapuHu
InaknnaHTHpuwW 6yituya YKyB Kypcnapu Ba Tyrapaknapuiaa TakTi rpaduKacuaaru
YKyB, TapkaT™a, kyprasmasuii Mmarepuannapaad doiiganaHyint opKanu ynapHHHT
KacOuii KM3MKMIIM Ba KOGWNMATNADHHH PHMBOMNUIAHTHDHLI, TACaBBYp OJAMHHM
GoftuTHIL XaMna sxamMuATAArH HMMKOHHUATNIAPUHH KEHraliTHpHILra 3pHLIKATaH,

TankukoT  HaTHXKANAPMHMHT  anpobaumsich. Maskyp  TANKMKOT
HaTWwxanapu 5 Ta xankapo Ba 2 Ta pecry6nuka MAMKii-aManuii arxymaHnapuna
Mabpy3a KWIMHIaH Ba MyXOKaMaJiaH ¥TKa3uiraH.

TanKMKOT HATHKANADMHMNT YBJOH  KWIMHTAHIMLH. Aucceprauns
MaB3ycd 6yiinua xxamm 23 Ta MAMMIE ML YON THICAH, wynapaaH, Y36eKkucToH
Pecnybnukacn Onuii aTrecrauus KOMMCCHACMHMHI AucceprauManap acocuit
WIMHH HATMXaNapHHM 4OM 3THIUra TAaBCHA 3TWIAraH MAMMIL Hawpnapaa 8 Ta
Makona, wyHpad 4 tacu pecnyGnuka Ba 4 TacH XOpHKMil XypHawiapaa, 3 Ta
WIMKA Makonanap Goluka JKypHainapaa HAWpP KWIMHIaH, WyHUHIAeK DXM yuyn
ApaTUAraH NacTYpHUHr pacMuit pyiixatnaH YTkasHIraHnurd TYFpUcHIa 5 Ta
FryBOXHOMA OJIHHraH,

dunccepraumanunr Tysuaumn Ba Xaxmu. Jucceprauus TapkuOu kupuiu,
TYpTTa 606, ymymuii xynoca, ¢oitnananunran agabuérnap pyiixat, waprin

Genrunap Ba aramanap pyiixaTh Xamia unosanapaad u6opar. JUcCepTauMAHUHT
Xaxxmu 117 6etHu Tawkun aTrax.

JAUCCEPTALMAHUHI ACOCH MAZMYHH

Kupum kucMuaa auccepTals MaB3yCHHMHE [O/3apOnMru Ba 3apypusaTH
acocnaHraH, TafIKHKOTHMHI MaKcafii Ba BasWdanapy LWaKIJJaHTHPHAraH, o6BeKkT
Ba npenMeru TaBcudnanran, YabekucTon Pecmy6nukacu daH Ba TeXHoONOrusnap
TapaKKUETHHUHT YCTYBOp fiyHanMmunapura MOCAHIH KYpCaTHIraH, TalkKNKOTHHHT
WIMHMA sHrUAMrM Ba aManuii  HaTwkanapu GadH KMAMHIAH, OJIMHraH
HAaTHXXANAPHUHT HUIOHYNMIANTH acocnab GepunraH, TaAKMKOT HaTHXalapHHH
amanaa >KOpui KWIMII XONaTH, HalIp 3TWIraH HILIap Ba OUCCEPTALMS TY3UIMIUN
6yiinua MabIyMOT/Iap KENTUPHITAH.

Huccepranuannur «Tacsupaapaarn of6beKTIapHH aXpaTHII  Xamaa
TAHKO OJIMII YCYJUTApH BAa ANrOPUTMIIAPMHM TAXJIHI KHIKID 1e6 HOMIaHraH
6upnrun 6061aa, MaBXKy/ ycy/ulap H3OXJIAHTAH Ba TAX/W KWIHHIAH, WYHHHIACK
MyaMMOHMHr  Jon3ap6nuru  auuknauwrad. Tacsupnapaarn  o6BeKTiiapHH
10



WKPATUIUHMHT Ba MaTHJIapHH TaHWIUIHHMHI caMapaiHi ycynnapH 6yitnua xopuxuii
nasnatnap ea Pecy6nukamusaa onu6 Gopunaérran unMuii Ba amanmil TajkuKoT
viapy atpodnuya Taxaun KHIMHrad. TaAKHKOT/Iap HATHXacHla KOMIbIOTCp
KYPHILMHMHT MyaMMONK XKuXaTinapuaaH 6upu 6ynran o6bexTHH axpaTH6 onuul
Ba TaHHII yCyJ/UIApMHM ApaTHLI XamJa TacBHUpNapaarH MyxuM ofBbekmiapii Ba
MaTHNapHH caMapaldH aHHKIAWAA YNApHHHE PaHr KMUAMaTNapMUHMHE KONTPAcTH
MyXuM OMWnapaaH 6upH SKkaHnurura xysnoca xwinHrad. Llynunraek, myxum
ofbekTnapH MypakkabG Tabumit TacBMpnapoaH axpaTHO onMun ycyauaa Ky
KHitMaT/IH verapanalsu Xucobnaiu opkany 61p KuiiMatiu yerapanaiura nucbaran
Gapkapop HaTwKanapra puILHLI MyMKHHINTH aHHKJIAHTaH.

Bynaan TawikapH, TaGuuit TacBMpnapharH MaTHJIapHH aHHMKIall Ba TaHHII
ycyiniapy KOMNBIOTEp KYPHLIMHMHI €4MM TOMMaraH Ba Mypakkab Myammocu
Xucobnanaay, 4YyHKM MaTHAap opaTAa Tabuuit TACBMPHMHI KHMUMK KHCMHIM
arannaitan Ba ynap HOTEKMC MyXWTra 3ra 6¥nn6, camapaiy 1aTkanap oM yayn
Ky&1ll HypHra akClaHraHHHH, TYPIH KHUYHMK TYCHKNApHH, NOFIapHH XaM/ia TaCBHp
OBKUINAPHHN UHOOaTra onuw 3apyp. TacBupiapaarH MaTHAapHH TaHHLI
ycymnapuaa Aactnab MartHnapHM  okoinawraH  okoiiMHM  auuwia6  onuw
HATWXKaHHUHT UILOH'WIM OYnumuaa myxumaup. ByHaait, MaTHIapHHKr TacBHpAaru
Joitnawrad YpHUHH aHMKJIAl MyaMMoJiapHra e4yMM TOnuIAa Typau Heifpon
TapMOK MOZEJIapPHHH KYJUIalll 5HI camapaini ycyjulapaal GUpH SKalIMry Taxsuin
KHNHHIaH.

Llynunraek, aMcceprauuaHuHr ywby 606maa Kysu oxu3napHHHT BU3yall
ax6opoTnapHM HAPOK 3THUINAPMAA TacBUpnapfaH axpartHb onuHran o6bekT
KOHTYpPJapDHHHHT XKyAa COAJA Ba TYMIYHMIUra ocoH 6ynuium takThn rpadukanu
nnab 4MKMIAQ MyxuMm BasudanapmaH OMpH 3KaJIMrH aHuKnanran. Busyan
axGopornap oaarma TacBupnap, lakuap, rpadukanap, guarpaMmaiap, pauriap
Ba GowkanapHu ¥3 nuura onaau. lllynu Hasapaa TyTHIN J03MMKH, KY3H OXH3Nap
Busyan ax6opoTnapiu acocad Kyiuiard MKKHTa yCy/ OpKand Tywynuwmamm: (1)
ywuna6 x¥puu, asHK rpadukanap, TacBHpiap, AHarpaMmanap Ba pakamyiap TakTHIl
rpaguxacd €pnaMMAa TAKAMM OJTWIMILM Kepak; (2) SWHTHW, ABHM Kypuul
KOGMAMATH ueknaHrannapra arpod-MyXHT XaKuAa OBO3NM MabjiyMoT Gepuiu
3apyp.

MaH6anapHMHr TaXJIWIM IMYHU KYpcaTamuky, Ky3u OXH3Map yuyl
TacBMpiapaard MyXMM OOBEKTNapHMHI KOHTYpNApMHH TakTWn rpadukacHia
coala Ba OCOH TYWIYHapnW KWiHG sApaTuil Kepakiurd Xamaa y3bek Tuau
CHHTE3aTOPH YYYH TaCBHPIapAard MaTHNAapHH TaHHLI YCY/IH Ba alrOPHTMIIapHIIH
ApaTHill JO3UMINIY aHUKIAHAM.

Jucceprauna uimaa KyfunraH Makcagra OSpHIIMII yYyH YTKasuwirad
TaAKHKOTNAp  JAMCCEpTauUMA  AoupacHaa  Huunab  uuMkMmaran  TaakKHMKOT
MeTozonoruacy acocuza onub Gopunan. TanKHKOT METOAONOrHACH OGLEKTAApIU
aHuKIAl, @KpaTHLl Ba YJapHHHT KOHTypnapuud Genrunamn XxaMmaa MaTijlapHU
aHMKNall BA TAHWII YYyH TacBHpnapra pakamnu HuuioB GepHIl yCy/ulapuHM
TaXJIH KWIKLIHK, MaBXy MyaMMoJiapra e4HM TOMHIN YYYH caMapaiu ycyJulap Ba
aJrOPMTMJIAPHH APATHLIA KOMIBIOTEP KYPHIU BOCHTanapu Ba KyTy6xoHanapuiu
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TaAKHK KWL BA TaHMAUWIHK, 0GBEKTAAPHH 2KPAaTHO ONMLI Ba MAaTHNAPHU TAHHIL
A/IFOPUTMIIAPH acOCHAA TAKTHN rpaduKanapHHH XaMAa MaTHIapHH Y36ex THaAuAa
Tanagdy3s KunMI JacTypuii BocHTaNapuuy MILNAG YHKMLIHK §3 KuUra oay.

Huccepraumanuur «Ky3u oxu3nap yuyH TacBHpAApAarH MyXHM
o6bexTaapHH 2XKPaTHG OMMII ycynnaph Ba aArOPUTMIAPHHH APATHW» Aeb
HOM/aHraH HKKHH4YM 606mMaa rnoGanm KOHTPACTHM OLIMPHULI acocHaa MyXHM
O0beKTNAapHH aHMKNAW YCYNM XamAa JOKal MOCAAUIyBYaH y4 KMiiMaTiH
"erapanaii acocHaa MyXuM o6seKTIapHH axpaTHO ONMUI YCYJIH HIuab YMKHAraH.
l-pacMaa kypcaTunraHunek, TacBMpnapaard MyXWM OGBeKTNapHM aHMKIAWl Ba
axpatnb onnw 6¥iinya uwnab yukunran ycynnap Kyiuparunappan uGopar: 1)
THCTOrpaMMaHH TEHIMALWITHPHIL acocHaa rnobamn KOHTPACTHM OIIMpHIU, 2)
OGBEKTHHHI MYXMMJIWIHK XapMTacMHH ApaTvl, 3) JOKan MOCHAllyBuYaH yu
KWAMATIM yerapanalira acoclaHraH TAacBMpAArH MyXHM XyAYANapHM aKpaThG
OnH1L, Ba 4) MyXUM OGBEKTHUHI TALIKK BA HUKH KOHTYplapHHH aHMK/ALLL.

TacBUpHMHr paHr KuiiMaTnapM rMCTOrpaMMacHHH  TEHIAWITHPHIIra
acocnaHraH rno6an KOHTPAaCTHM owMpuw ycynu atpoduparu o6bekTnapra
HUCOATaH MYXMM OGBEKTHMHT KOHTPACTHH OLIMPHII YYYH TAacBMpra AacTiaaGku
HuoB Gepuw Gockuumupa Kyinanunaau. TacBMpAarH XymyAJapHH TaKKocnall
OpKanu atpoduaark Xyayanapra HuchbaTaH I0KOPH KOHTpAcTra 3ra 6¥nran xymyn
MYXHM OGBEKT 3KAHIUIUHN aHrnaTany. TacBUP MUKCENMHHHT PABLUAHIIMTH. YHHHT
Taceupaaru Gapua Gowka nukcennapra HMCGATaH PaHr  KOMTPACTHHM
CONMIITHPHILI OpKanH aHuknaHanu Ba O(N?2) pakTHu onagu. Bynu Xuco6nam
XaTTo ypTaya ynuampark TacBMpiap ydyH XaM y30K BakTHM onaau. Ly ca6a6au
XucoGnatl BaKTHHH KMCKAPTHPHIU MaKCaIufa TaCBMP/ApHH CErMEHTAalUHA KWIMLL
yCynan &€ppamuna TacBMp XyAywlapra axparunaad. XYAYAHHHT paBLUAHJIMK
KuHiMaTH Taceupharu Gowka Xydyanap OWaH YHHHT DaHr KOHTPACTHHM
TaKKoCJIall OpPKany Ky#uaaruua xucobnaHanu:

S(rk) = Zrk#:r‘ W(T()D(Tk, ri) ' (1)

6ynma w(r;) —r; Xyoyauuur kuiimatn, D(ry,7;) — MKKMTa XyOyA Ypracuparu
PaHIap OPUHFHHHUHT YA4YOBH Xucobnanaan. SIKHHPOK XyAYMIaPHUHE TAbCHPHHH
KyualiTHpHII Ba y30K XYAYAJAapHHHT TabCHPHHH  KaMalTHpHLI  yuyH
XYAYONapHHHE >KofnawiraH skoitm Xakupary Mabaymor S(r) KupuTHRamu.
Kofinawuw >xofin KuiiMaTMHK xucobnawpa D(ry, 1) — 7, Ba r; Xyayanap
opacHary JKONaluul OpanuFMHK aHriaTaau, J XKOMNAILHIL OPAMFH KHiiMaTh
KYYUHHHM Ha3sopaT Kunagu. w(r;) — 1y XyOyOuHHr KuiimMatH 6Ynu6 r; Xymyanaru
OMKCe/Iap COHMAaH aHuknanany, ws(re) = exp(—9d%) xofinawmnw Kuiimatn
atamacH Xxuco6namuu6, d, TaCBMpHMHI YpTacH GunaH 7, XyAyAmard NMHMKCELIap
opacuzard ypraua opanukiu 6enrunaigu Xamaa of = 0.4 ra Tenr 6ynanu.

Ds(ri.r()

S(re) = ws(m) Zryzrie ~% w(r)Dr (e, ) 2)
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ByHnoaH TallKapH, JIOKanm MocnauryBuaH Yy KufiMaTiu uerapanamra
acoc/laHFaH MHTErpan TacBHp/apAaH MyXHM OOBbEeKT/IapHH aXpaTHO onuul ycysiu
Taknud sTHAAM. l-pacMaa  KypcaTWiaraHzjek TacBHpnapaard oGbexTiiaphu
aHUK/IAW Ba axpaTHO onumwl 6yinua HIIa6 uMKUAraH ycynnap TYpTTa, AHH
Aactnabku vuios Gepui, MyXHMITHIIHK XapHTacH, OOBEKTHH aXKPaTHIL, TallIKH Ba
HYKH KOHTYp/1IapHHH aHHKNaW Oockuunapuaad nbopar.

JHactaaGxin MyxsumTionm OGnextant Huxit Ba Tamxs
smnos Gepim XapiTacH axpaTHm YerapanapitHi AHHKIAI

1- pacm. TacBHpAapAarH MyXHM 06bCKTIapHH AHUKIAM BA A5KPaTHG 0JIHIN
yeyJaapu

ByHaa, MyXHMJIMIIMK XapMTacWJard KyJIpaHT TacBUp OpKalM MHTCrpas
TacBHp KMAMaTnapu Xuco6nab unkuiaamm, cynrpa xap 6Mp nuxcen yuyn MHTCrpa
TacBHp €plamuaa maxauinid ofinand (SxS) aHMKIall XamMAa TakKocnaml OpKaiM
JIoKan MocallyByaH y4 KMAMATAHM yerapanawn KuitMatu xucobnanaau. Ywby yu
KWiMaTIKH 4erapanaml acocHaa MyXHMITWIMK XapuUTacH TYpTTa Xyuyluiapra
aKpaTWiagH: aHHK opKa (hoH, 3XTHMONHI opKa (OH, IXTHMONHIT O0OBEKT, alMK
obwvekt. GrapCuts ycynunan dofinananu6, TypTra XyAyAlM TaKpopwii
xucobnawnapiad CYHr TYAHK XaXMAard [OKOpH cudamid OK-Kopa TacBHp
spaTHIaau. . :

Jlokan mocnalllyB4aH y4 KuitMaTiM yerapanall YCyJIHHH HUUIA6 4WKMLIAAH
acOCH Makcall, MYXHMIHIMK KHAMATJIapH KHuMK 6¥nraH MyXum ofBbeKTiaapiH
aHHK axpathb onuumigad ubopar. BUpOK Jokan verapanaw ycysinapuaa rio6an
yerapaiail ycyjsnapura Kaparasnjia xucobnam yqyH Kynpok BakT capdriaraiiuri
ca6abnu, HHTErpan TacBHpiapHH XHcoGnaw opKany Jlokan yerapanau ycyauHuHr
XHcOOnalll TE3NMMrMHM OlMpHIUra SpHIUMAAMW.- WHTerpan TtacBup (furwiran
MaiIoOH ’KanBanu ne6 XaM HOMJIAHAAH) YCYNH NMKCennap KuiMaTjiapuHuur
AMFHHAMCHHHK Xucobnaiaa Te3 Ba caMapaid ycyn xucobnaHaau Ba Kyiiuaaruua
aMaJira oLy punajgy;

Ixe,y) =ixy)+1(x-1,y) +I(x,y-1)-I(x—-1,y—-1) 3)



Byunan Tawkapu, MyXuM OGBEKTHHHT KOHTYpHapHMHM aHHKMawga Kauuu
KOHTYpPJIapHH aHHKJIAWl YCYNMHH KYnnall caMapany HaTHKa OJTMIIHUHT HMKOHHHH
Gepaau. Ywby o6beKTNapHMHI TAUIKM KOHTYplapuaaH Ky3u OXXH3Nlapra
TacBHp/iapAard BH3yaJl MakilyMOTIAapHH €TKasHIll YYyH TaKTHN TrpadUKacHHH
ApaTulIAa KYJ/UlaHUNaaH. BUpoK, 0nn6 Gopunran TaAKMKOTAAp LIYHH KYpCaTagHKH
Gab3u Xomnapaa ky3u oxuanap ydyH OGBLEKTHMHr (akaT TalIKH KOHTYpsapyu
TYFPHCHIArH MabAyMOT/IAp eTapiH XucobnauMaiiau. Llly ca6abmu, 06beKTHHHT
HYKH KOHTYpJIapHHH XaM aHUKJIAll TaCBHpJAArKd BH3yan axXGOpPOTHH TYIHK HAPOK
STMIINra Xu3MaT Kunanu. TacBupnar# MyXuM OGBEKTHHHT MYKM KOHTYPSapHHH
aHMKJallAa acil KMpHMII TacBHP MaTpHLIACHAAH OK-KOpa TacBUp MaTpUUAacH
JIEMEHTIIapUHHHT KMAMaTH 1 ra TeHr 6ynraH NMUKcesnapuaaH Hycxa OJIMHAM Ba
Ky#fnzaruya amManra olIMpHJIaau:

So = B(x,y) * Ty(x,y) 4)

Oynma S, — myxum obwekt, B,,(x,y) — ok-kopa Ttacsup, T;(x,y) — 3ca acn
KHpPHII TaCBHPUAMP.

TanxukoT HaTwkanapura acociaHraH Xojja XyJoca Kwiu6 afiraauran
6yncak, conna Ba TywyHapau TakTun rpadMKacHHH SAPaTHIU YYYH TACBHpJAAri
MYXHM OGBEKT/NIapHM QxpaTHG ONHII Ba YHMHI KOHTYpPJapHHH aHMKnaW Hr
camapasu ycysulapaas 6upu xucodnaHanu.

AuccepraunanuHr «HeiipoH TapMOK acocuaAa MATHAAPHH AHHKIALI
XaM/Ja TAHMII YCYJIM Ba aJrOPHTMHHH HILIA6 ynKHm» 1e6 HOMIaHTaH YUHHYH
6o6una TYNuMK KoHBOMOUMOH Hefipon Tapmok Ba Tesseract OCR mopennapu
acocHjia TacBMpIard MaTHHH aHMKall Ba TaHHMIWI YCYJUIAapHHH aMajra OMMpHLL
KeNTHpWIraH. 2-pacMaa KypcaTWiraHgek, MaTHJAapHH aHHUKIAll Ba TaHMII
ycyJjulapu TYpTTa acocuii Gockuyzaa amanra owmmpwiagd: 1) rucrorpamMaHH
TEHrMaWTHPHIU acoCHAa rtoban KOHTPAacTHU oWMpHLI, 2) TYJIUK KOHBOJIOLMOH
HepoH TapMOK acocuaa MaTHHM aHuknau, 3) Tesseract OCR Moaenu acocuaa
MaTHHM 2XpaTHIl Ba TaHHLI Xamaa 4) aHMKNaHraH cysnapHu y36ex Thaupa
Tanagpdys kunuuw. TacBUpAard MaTHIApHU TaHMII YCYJH MKKM KUCMJAaH nGopar:
MaTHHH aHUKJIAII Ba MaTHHU TaHHMW. TanKUKOT HaTHXKaNapura acocjaHraH xosaa
LWIYHX TabKMANAILl KepaKKH, aHbaHaBMH Ba HeilpoH TapMOK MoJesuiapvra
acocnaHraH MaBXyA &Hpawnyenap Kyn BakT capdnaiiauraH, kyn OGockny Ba
KucmnapaaH ubopar ycymnap a3kawnurd auuiianay. llynra kypa, 6ynpait
€HaallyBNapHUHT caMapafopiiMri Ba aHUKIHCH X/l eTapiiy Aapaxajaa amac.

Ywby xamuunuinapuu Gaprapad oSTHl yuyH HKkM 6ockuugaH ubopar
6ynraH MaTHHH Te3 Ba MINOHWIM aHMKnaw ycynu Huwiab uukunon. Taxnud
STHAraH yCynjia KHCKa BakTRa cy3map €kM MaTH CaTpJapHHMHI >KOW/aluraH
¥pHuHH OGaxonaiiguraH TYAWMK KOHBOJIIOUMOH HeHpOH TapMOK MOACIH
Kymnauunrad. TacBMpaard MaTHJIapHH aHUK JKoialurad YpHHHHM aHHKNall Y4yH
KOHBOJIIOLIMOH HEMpPOH TapMOK MOAeNMJaH Kypa TYJHUK KOHBOMIOLMOH HEHpOH
TapMOK MoaenuaaH ¢ofijanaHuil OKOPH AHUKIMKIArH HaTHXKaIApHH OJHLL
UMKOHHHH Gepaau.
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¥26ex THmInS cian0B9H

2- pacm. TacBHpAapAArH MATHHH AHHKAALI BA TAMMG oMW yCyaaapu

Bynpau TalikapH, MaTHHH aHHKnalWl yuyH HeHpoH TapMOK MOJIC/UIApHHH
ApaTdiuAa TYpAHM XonatTiaapHH Xxucobra onuiu Tanab astunamm.  Tabumii
TacBHpNapAary MaTHAM XydyMIapHHHT 6up-OMpHaaH KeCKMH (apK KMJIFaHiMrH
cab6abnu, y3yH MaTHNap MaBKyAJIMTHHM aHMKIALL YYYH HelipoH TapMOFHHHNT
OXHpry OOoCKHYNapHUAarH XycycHATiapu Tanab KUMMHHIUM, LWYHUHIACK KHMCKA
MaTHIap MaBXyAJHIMHH aHHKIawaa Gomnanruy GocKHUnapaarn Xycycuaiapu
Tanab KuauHuwKM auuknanan. Iy cababnu, ueiipon Tapmox Monenu ymby
TanabnapHy  KOMAMPHIN y4YyH Typnau GocKMunapaaru  Xycycustiapjail
¢oiinanannb amanra ownpunuwy 3apyp. Taknug 3TMAraH TYAMK KOHBOJIOLMOH
HeApoH TapMOK moaenuaa OMpHH-KeTHH TypaH GOCKMWIapAaru Xycycustiapliv
OupnawtHpuw 6unad Gup Katopaa KMcka Xucobnaw BakTHHH cakiab Kosmwira
XaM 3pHIWKNAK. MOAENHH Y4 KHCMIa axpaTHll MyMKHH: XYCYCHAT &KpaTyBuH,
XYCYCHATJIapDHH OGHMpNaWITHPYBYH Ba HATHWXKA YMKHII KMCMH. XyCYCHATIapHH
akparyBun KucMu ImageNet 6asacuaa onauHaaH YKUTHATaH KOHBOJIOUMOH
TapMOK XHcobnaHanu. XycycHAT XapuTalnapHHHHI TYPTTa napaxact f; cudaruna
K¥pcaTuirad, ynuamnapu Moc paBHLIAA acn KMpPHII TaCBUPUHMHT 1/32, 1/16, 1/8
Ba 1/4 xucmnapupaH u6opar 6¥nraH XycyCHATIADHM aXpaTyBuMaaH OAUHA/IN.
XycycustnapHu 6upnawTHpyil Ky#naarsua aManra oWHpUIany:

_ {unpool(h,) arap i<3 5)

T leonvags(hy) arap i=4 (

h={f’ arap i=1 )
P U convaxa (convyy, ([9i-1; £il)) axcxonpa

6ynna gi — 6upnamma GasacH, h; — GHpIAWITHPHAraH XYCYCHATIIAp XapHTacH Ba
[;] oneparopu kaHan ¥kH 6unaH GornaHHILHK aHMIATAAH.

MatH XyRyau aHHKIaHraHAaH CYHT Kel{HHrH 60CKHUIapaa, MaTHHH aXpaTu6

YHH TaHHIL xapaéHu amaira owxpwiagy. ByHHHT yduyH §36ek noTHH Ba KMpHIUI

anmndbocuparn  xappnap Ounan ykurunran Tesseract OCR  mouenujan
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bofinananunau. Mmna6 yukunran MaTHHM TaHHIL YCYNH TacBHpZaH MaTHJIapHH
TaHub, y3bex Tunuma cyznapHu Tanapdys KuAMW YHyH HYTK CHHTe3aTOpura
1060pazu. :

Ruccepraunauunr ym6y 606una y36ek THAH JyFaTHAArH CY3apHH YpraHuiL
Ba Taxnun Kunuw Hatixacupa 31,5 MuHr cysman mbopar 3JIEKTPOH JIyFaT
ApaTHIAN Ba andaBuT TapTu6uAa KoinawTupunan. V3bex TUANRA CYII0BUM HYTK
CHMTE3aTOpM  KOHKAaTeHauus yCyjura acocnavraH 6Ynu6  cyanapHuur
Tanapdysunn §3 uuura onamu. Ly ca6abnu, Y36ek TUHM SMEKTPOH JyFaTHOAaru
31,5 munr cyanap ypranunau sa 6apua cyanap 2,5 MUHr KMCMra, SbHU 6§runnapra
KpaTuaaM. TacBupnapaan TaHuG ONMHran MaTHAApHH TYFpH Tanaddys KWK Ba
¥36ex Tunmmaru 3JIEKTPOH JiyraT 6asacMHM sHrmna6G GoOpMII YYYH TaHHIraH
MaThap 31€KTpOH JiyraT 6asacu GHNIaH TaKKOCNaHanW. Arap C¥3 3JIEKTPOH JIyFaT
Gasacuna masxyn 6yaca ynu y3bek Tuauaaru HYTK CHHTE3aTOpHra 1o0opanu, akc
X043 AHrY CY3HM TacAMKNALL YHYH 3KCrepTra joGopunaau.

Huccepraumanunr  «TacBupnapaarn o6beKTAAPHH AXKPATHII  XaMAA
TAHHII YCyANapHHM amaira oWHpMIN Ba TaxpubaBuii 6Gaxosam» ge6
HomiaHrad TypTuHuM 606una TacBMpnapaary o6LEKTIapHH aHHKAAL Ba aKpaTHG
ONMII  aNrOpUTMNApH, MATHIAapHH aHMKAAll Ba TAHUII AITOPUTMIIAPHHUHI
RacTypuii BocuTanapu uuuiab uumkwnrad. Mmna6 uMKMaraH anropHTMIAPHUHT
caMapanopnuruHu aHuknaw 6yitvua Takkocnam TakpuGanapu, Gaxonaw Ba
amanuii TaToMK 3THIN HaTwkanapu &putwirad. TacBupaaH oO6beKTHM axpaTuG
OMUII Ba MAaTHHM TAHMIN anroputmiapu C++ nactypnam Tunuaa OpenCV
kyTyGxoHacuaan doiinanann6 amanra OLUMpHIITaH.

Nuwnab unkunran ycynnap sur omma6on TacBup 6a3anapunaH doiinananrad
- Xonma Gowka 3amMoHaBMW Myko6Wn ycymnap 6GunaH TaKKOCAAHTaH: MYXHM
obbekTnapun aHuknaw ycynu 12 Ta MyKo6un ycymnap 6unan MSRA 10K
Gasacupan doiinananu6 Takkocnamau; MYXHMM OOBEKT/IapHH aXpaTHIL yCyiH 2 Ta
Mykobun ycynnap 6unan MSRA 10K 6asacupan doiimananub TakkociaHau;
MaTHHHM aHHKNaW ycynu 17 ta myko6un ycynnap 6unan ICDAR 2015 sa MSRA-
TD500 6azanapunan ¢oinananub TakKocJaHAM; MaTHHH TaHMII ycynun 7 Ta
MyKoGun ycynnap 6unan ICDAR 2013 6asacupan ¢oiinananu6 TakkocnaHau.
Ilyuunraex, Taxiud stunran ycymnapuu Gowka ycymiap 6unan Mukaopuii Ba
cudar xMUXaTAaH TAKKOCAAl XaM aMaJira OIHpPHIIM.

Taknud sTunran TacBHpnapaaru MyxuM o6beKT/IapHM aHWK/IaLl Ba aXpaTHO
O/ ycynnapu cudaT KMXaTHAAH TaKKOCNaHraHaa, Muial YMKWIraH ycysuiap
€pnamuna ¢onnapuu camapanu GocTHpuG ona o6bEKTIApHM aHHK aKpaTulura
SPHILWIAH, WYHHHIAEK MYXMMJIWIMK XapHTacuaaH Kuiimatnapu ku4uk Gynran
MyXuUM OGBEKT/IapHH caMapasii aXpaTH6 Oonuil Ba TacBMpAard GUp HeuTa MyXum
00beKTnapHu GMPralMKAa WXPaTHIL HMKOHMATH APATWIAM. MaTHHM aHMKnal Ba
TaHu6 onuw ycynuHu ¢udar xKuxaTuaad TaKKocnalwaa MaTH Xy Ay Anapu camapanu
Ba aHMK aHMKJIAHAM, WIYHUHraek Yy36exk Tunauaard MaTHAApHH TYFpH TaHUO
OJIMLIra pHIUMAAM. .

Juccepraums AoMpacuaa MUWIab YMKWIraH yCyJUIapHH MMKAOPUIA KHUXaTAaH
TakKocnawza wy HhyHanumparn craHaaprt Gaxonamn ynyosnapu: AHMKIUK (P),
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Tabcupuarnuk (R), F-ymuos (FM), Kabyn Kuar#uHuur uiai xXycycustiapu
(ROC), arpu un3ux ocrunark mainon (AUC) Ba §praya myinak xatonuk (MEA)
ynyosnapaaH oiiganaHwiaM. AHHKIMK Ba TabCHPUAWNHMK KyAuaarpua amaira
owMpHIau:

aHHKIHK = TDonet @
~  ADO
TDONGT
TabCHPHAHIUK = ——— (8)

6ynna TDO Tyrpu aHuknaHraH Myxum obwext, ADO Gapua anukianran
Xyayanap, Ba GT kynaa uuuiab uMKuiaran pocT HaTipka. F-YimuoB anHiiMk Ba
TabCHPYAHJIHK ¥pTacHAarH MyBO3aHaT ¥nuo OHpnurnaup Ba y Kyiiupgaruya
amainra OomHpHIaau:

Fa = (14B3)aHUKAHKX TABCHPYAHAHK ©)
B2XaHHKAHKH+TabCHPYAHAHK

6ynna 8 = 0.3 ra TeHr.

Llynunraex, Takaud 3Twirad MatHuu auknaw ycymu ICDAR 2015 Ba
MSRA-TD500 Gasanapuaa 3Hr I0KOPH HaTHkanapra 3pHILHLI HMKOUHHH Gepu.
By moc pasuwzga 84,7 dous Ba 84 ¢ous F-ynyos Gupnurunm Tawkun 3tau.
Byuaan Tawkapu, Takiud STHAraH MaTHHM TaHMW ycymu 6Golika ycysuiaphu
opTaa Konaupu6 94,6 Gous aHHKIUKAA TAHHLI JaPOKACUHH TAKAHM ST/IH.

Hucceprauus Aoupacuia HiNab YHKHATAH TACBHPAArH MYXHM OOBEKTHH
axpaT6 oNuiL Ba YHH KOHTYpNapHHM aHWKALU, MaTHIApHW TaHHO onuuw Xamjia
Tanady3 KWK ycyanapy Ba anropHTMnapuian Hatakat TakTin rpaduxacu Exu
y36ek TWIM HyTK CHHTe3aTopnapuaa, Ganku Gowka ax6opor Texuonoruanapu
coxanapuia XxaM ¢oiifataHui MyMKHH.

XVJIOCA

«Taceupnapaarn O0BEKTNApHH KPaTHIUI YCYJUIapH Ba alirOPHTMIAPHHH
Hunab yMKuLWY MaB3ycunary aucceprauus 6¥itnda onub Gopuiaran TaaKMKoTNAp
HaTHXacHAa Kyliuaary xynocanap TakAHM 3THNaaH:

1. TacBUpHHHr paHr KuiiMaTnapH TUCTOrpaMMacHHH TCHITIAIUTHPHIL
#pmamMuaa YHUHr rnoGan KOMTPAaCTHHH OLIMDHIN ODKANM TACBMPHHHI MyXMM
obBbeKTapH) aHMKIALl YCY/IH Ba aNrOpUTMIapH TAKOMH/UTAIITHPHAAN Xamaa 12
Ta MyKoOun ycynnap 6unan Takkocnamau. Taxpuba acocuma cTaHzapT ¥irioB
6upnuknapuaan dofinananub SpuIIHIral HaTHxXanap 6axonaHay.

2. Jlokan mocnauryB4aH y4 KuiMATAH uerapanamiu Kynnab TacBHpHuNT
MyXuM 00beKTNapHHH HKPATHO ONHUILI YCYH Ba AIrOPHTMIIApH ApaTURM Xamaa 2
Ta Myko6un ycymanap 6unan TakkocnaHad. Hariokama, TacBHparH opka Ba osin

XyZyZANap ManyMOTAapH xkyAa Yxwai 6Yiran Takaupaa xam: ?‘-‘Wa
MYXHUM 0OBEKTNapHH AXKPaTHE ONHIL a Qﬂm{miﬁp\%l'%l:-\%‘ﬁ%ﬂ‘lnm
TOSY
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3. Taxpuba HaTHXanapH WyHK KypcaTaukH, Gowka MyKob6un ycynnap
€pnamuaa TacBupaaru bakar GuTTa MyXuM OGBEKTHM axpaTH6 onHMII Xamaa
TacBHpNary Myxum o6bexT NUKCE/TapHHUHE KUtMaTNapH KHUMK GYAranaa Myxum
obbeKTnapHH @wKpaTHG GYNMacHUrM aHMKNAHOH. Bupok Taknind kunuHran ycyn
épnamuna Taceupnaru 6up HeuTa MyXuM OOGBEKTIApHHM GHpranMkaa aHWKNALI
Xamaa MyXUMIIHNIMK XapUTanapuaa KMYMK KuiiMaTnapra ara 6ynran o6beKTnapHu
XaM Opka XyZRyanap cudarina TacHugnamacnaH axpaTib oMLIra IPULIHIAH.

4. TYAMK KOHBOMOUMOH HEMPOH TApMOK MOJENH Herusuaa TacBUpAaru
MaTHIapHY aHMKNAWl yCynM Ba aIrOpMTMIAapH HuUab uukunaum Xampa 17 Ta
MyKoOun ycynnap Gunam Takkocnamau. Harmwkapa, ICDAR 2015 6asacupa F-
ynyos Gupnuruuunr 84,7 dons, MSRA-TD500 6azacuna F-ynuoB GHpAUrHHHHT
84 o3 MuKnOpUIa aHMKNNKKA IpHLIKNAH.

5. ¥Y36ex ™M anud6ocura yxutunrad Tesseract OCR mopenn acocuaa
y3bex Tununaru MaTHJIapHH TaHMII YCY/NH Ba aNrOpHTMAap¥ Mumnab uukunau
XamMna 7 Ta Myko6un ycynmap GunaH Takkocnawmu. HaTwxkama TaHu6 onum
KypcaTkuyn 6yinua 94,6 Gon3 aHMKIHKKA IPHLLIWIIH.

6. Kyau OXH3JIAap yUYyH TacBMpAard MyXMM OOBEKTNApHHHI TAWIKK BAa HUKM
KOHTYPHapHHH aHMKNAl XaMAa TakTWA MpHHTepAaH doiinananub TakrTun
rpadukacuna Taceupnaw anroputMu umab yukunau. Hatikana TaceMpnapaar
MYyXUM OGBEKT/IADHMHI KOHTYPNApUHU IOKOPH aHMKIMKAA TaKTMn rpadukacuaa
TaCBUPMALLra SPHLINIAH.

7. Ky3u oxusnap yuyu TacenpnapaaH axkpaTH6 ONMHIaH MaTHIADHH TAHHMIL
Ba y30ek TWNM HyTK cumTesaTopuaa Tanaddy3 KMMII anroputMu Huwiab
UMKuIIM. Hamwxama tabumii Taceupnapaaru Ba anexTpoH aiinnapaarn ¥36ex
THIIH MaTHNIADHHY KOMMBIOTEP TH3UMKA Tanaddy3 KWIHINTa SpHILHAIH.

8. Muna6 unkunran Taceuparn Myxum o6beKTIapHH aXpaTHG ONML Xamaa
MAaTHIapHH TaHUW YCynnapH, anrOpHTMiIapH Ba NacTypuil BocHTacH “77-comnu
HXTHCOCNAIITYPUAraH KY3H OM3nap MakTaG-HHTepHaTH”, “Y30€KHCTOH K¥3u
OXKH3Nap >KaMHMATH Mapkasmii Gowkapysu”, “MMKOHMATH yeknaHraH €uulap Ba
Gonanap Mapkasu” xampa “Xank TabIMMH COXacHAAa axGOPOT-KOMMYHMKaUMs
TEXHONOTHANAPHHY PHBOMIIAHTHPHIL MapKa3u” HUHT HILTA6 YHKApHLL, HXTHMOH
XH3MAT KypcaTuil Ba TabiAWM OxkapaéHnapura TaTOéuk osTunou. Haruxkapa
TacBMpiapiard o6beKT/IapHUHT KOHTYp/IapMHK TakTH rpadukacHia TacBHpaLl
Xamaa MaTHiapHH ¥36ek Tunuaa tanaddys KUIMII OpKamH Ky3u oxu3 émnap Ba
YKyBunnapHuHr SXTHEKH, KacOuii KU3MKMLLK, KOGHIUATIAPH XaMAa KaMUATAArH
HUMKOHHUATIAPHHH KEHralTHPHILTa SPHULIHAIM.
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INTRODUCTION (abstract of PhD dissertation)

The relevance and demanding of the dissertation topic. A large number of
rescarch interest and special attention are raised to developing salient objects
extraction, contour detection and text recognition in natural scenc images
throughout the world. In digital image processing, the issues of filtering,
compression, detection, extraction and recognition are also important in the
deveclopment of new computer vision algorithms and the development of software
tools for social sphere to access an accurate and efficient visual information.
Human beings have an incredible ability to visually capture relevant targets
quickly and accurately, which is called focus of attention or saliency. This visual
saliency mechanism makes some objects in a scene stand out from the
surroundings. It can assist visually impaired to understand natural scenc images.
The algorithms and methods of salient objects extraction and text recognition
methods in images are considered relevant and widely researched in the devcloped
countries such as USA, Germany, United Kingdom, China, Japan, India, South
Korea and Russia.

In the world where number of smart portable devices increasing and
becoming universal, there is a growing need for the image and vidco-based
applications such as social support, object rccognition, assistive navigation,
geocoding, and a number of research studies focused on them. In this area, special
attention is paid to the development of methods, algorithms and software tools of
salient object extraction, contour detection in natural images and represent them on
tactile graphics for visually impaired persons to perceive visual information. At the
same time, one of the most important issues is the development of algorithms and
software for Uzbek language texts detection, extraction, recognition and
pronunciation in natural images.

In the Republic of Uzbekistan, the large scale attention is given for protecting
the interests of individuals with disabilities, assisting their rehabilitation and social
adaptation by establishing special boarding schools, centers and libraries which arc
planning to equipped with scientific and innovative technologies that used digital
image processing methods. In this matter, essential rcsults are achieved using
tactile graphxcs generation based on salient objects extraction and text recognition
from scene images can be used in text to speech technologi¢s. The Strategy for the
Further Development of the Republic of Uzbekistan outlings, the tasks such as «...
increased government support for individuals with disabilities, improving social
services, ... provndmg wide opportunities to education for the visually
impaired...»". In order to accomplish these tasks a development of the tactile
graphics based on salient objects extraction algorithms and spcech synthesizer
using text recognition algorithms in images to access visual information for
visually impaired people are considered as significant issues.

! Decree of the President of the Republic of Uzbekistan PD-4947 «On the Strategy for the Furtlier Development of
the Republic of Uzbekistan» of 7 February 2017
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The dissertation is directly serve the implementation of the tasks set out in the
decrec of the President of the Republic of Uzbekistan Ne PD-4947 of 7 February
2017 «On the Strategy -for the Further Development of the Republic of Uzbekistan
», decree of the President of the Republic of Uzbekistan Ne PD-5270 of 1
December 2017 «On measures to further improve the system of state support for
individuals with disabilities» and decree of Cabinet of Ministers of the Republic of
Uzbekistan Ne 739 of 18 September 2018 «On improving information-library
service system for individuals with disabilities» as well as in other regulatory legal
acts related to this activity.

Conformity of the research work with the priority areas of science and
technology development of the Republic. This research was performed in
accordance with the priority areas of science and technology IV — «The
development of informatization and information communication technologies».

The level of development of the problem. Extensive research is being
carried out to study development of salient objects detection and extraction, text
detection and recognition in natural scene images, as well as computational
algorithms and software, and the analysis of the results of computational
experiments to identify acceptable parameters of implementation performance.
Issues related to the creation of such methods and algogithms have been studied in
recent years in articles published in Springer, ACM, IEEE-Xplore, Cyberleninka,
Web of Science, and Elsevier, mainly in academic journals in the IEEE Xplore and
Scopus databascs.

This research area is dedicated to the work of scholars such as M.M.Cheng,
L.Itti, A.Akhilish, R.Smith, Sh.Li, Y.I.Zhuravlev, L.Neumann, M.B.Medvedev,
S.Goferman, A.C.Kuznetsov, X.Zhou, D.Bradley, B.Epshtein, C.Yao, C.Jinsoo,
D.E.Suprun, N.Takagi, M.Jaderberg, R.Margolin, P.Felzenszwalb, T.Dutoit and
other well-known foreign scholars. In addition, for the development of theoretical
foundations of image processing and pattern recognition in the Republic of
Uzbckistan M.M. Kamilov, Sh.Kh.Fozilov, N.M.Mirzacv, U.R.Khamdamov,
S.S.Radjabov, T.S.Jumaev, A.A.Makhkamov, O.N.Djuraev and other scientists
and researchers contributed to the research in this area.

The results of the analysis have shown that, despite the progress in the field of
object extraction and text recognition from natural scene images for the visually
impaired, detecting and extracting salient objects from natural images when
creating tactile graphics as well as text detection and recognition from scene
images when developing Uzbek language text-to-speech engine is insufficiently
studied.

Connection of dissertation topic with the plans of research activities of
the higher education institution where the dissertation is carried out. The
research was carried out within the framework of the projects on number NeBV-
F4-011 «Development of theory, methods and tools of parallel computing in signal
processing and image processing» (2017-2019), NeBV-Atex-2018-251
«Development of Uzbek language Text-To-Speech (TTS) software and spcech
synthesizer for the visually impaired to use computer technology to read and to
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write texts» (2018-2019) of the Tashkent University of Information Technologics
named after Muhammad al-Khwarizmi.

Thé aim of the research work is a development of methods, algorithms and
software of salient objects extraction, its cdge detection and scene text recognition,
pronunciation from natural scene images.

The tasks of the research work:

analysis of methods of salient objects extraction in images based on global
contrast enhancement of the color values with locally adaptive triple thresholding;

development of algorithmic method of Uzbek language texts detection,
extraction and recognition in natural images based on fully convolutional ncural
network model; . .

development of algorithm and software of graphic objects extraction and
inner and outer edge detection in images to represent on tactile graphics;

development of algorithm and softwarc of Uzbck language texts
pronunciation in natural images for perception process of visually impaired.

The object of the research work are natural scene images, vidco
information, words and audio information for Uzbek language text-to-speech
synthesis as well as image processing tools.

The subject of the research work — digital image processing algorithms,
neural network models, and programming libraries to solve the problem of object
detection effectively, extraction and text recognition in images.

The methods of the research work. In order to solve this problem modern
methods of digital image processing, pattern recognition, character rccognition,
deep learning, probability theory, mathematical analysis, algorithmization,
structured programming technology and performing computational experiments are
used.

The scientific novelty of the research work as follows:

method of objects extraction in images based on global contrast enhancement
of the color values with locally adaptive triple thresholding is improved;

algorithmic method of Uzbek language texts detection, cxtraction and
recognition in natural images based on fully convolutional neural network model is
developed; .

algorithm and software of graphic objects extraction, inner and outer edge
detection in images to represent on tactile graphics are developed;

algorithm and software of Uzbek language texts pronunciation in natural
images for perception process of visually impaired are developed.

The practical results of the research work are as follows:

the software on detecting and extracting salient objects in natural scene
images to generate tactile graphics for the visually impaired is developed;

the software on detecting and recognizing text in natural sccne images to
generate Uzbek language TTS synthesizer for the visually impaired is developed;

the proposed salient objects detection and extraction method have been
implemented in the specialized boarding school for visually impaired Ne 77, Center
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for the development of ICT in public education and used in tactile graphics
generation process to give visual information for the visually impaired,;

the proposed scene text detection and recognition method have been
implemented in the Central Board of the Uzbek Association of the Blind, the
Center of youth and children with disabilities and applied in Uzbek language TTS
synthesizer creation process for the visually impaired;

The reliability of the research results. The reliability of the research results
based on the fact that both quantitative and qualitative comparisons of the
proposed methods and algorithms with other state-of-the-art approaches
performed, achieved accurate and efficient results as well as confirmed by
appropriate certificates and documents of implementation. Moreover, proposed
salient object detection, salient object extraction, text detection and text
recognition methods also evaluated with experimental calculations.

The scientific and practical significance of the research results. The
scientific significance of the research results are salient objects detection method
based on global contrast enhancement using histogram equalization, salient objects
extraction method based on locally adaptive triple thresholding using integral
images, text detection method based on fully convolutional neural network and
Uzbcek language text recognition method using trained Tesseract OCR with Uzbek
Latin and Cyrillic alphabets. ST

The practical significance of the research results are software of salient
objects detection and extraction from natural scene images can be applied in tactile
graphics generation for the visually impaired. Moreover, the software of text
detection and recognition from natural scene images can be used in Uzbek
language TTS synthesizer for the visually impaired.

Implementation of the research results. Based on the results obtained by
methods, algorithms and software of salient objects extraction, text recognition and
pronunciation for the visually impaired: ,

improved method, algorithm and developed software of objects extraction in
images based on global contrast enhancement of the color values with locally
adaptive triple thresholding have been implemented to the production and
education processes in the training laboratory of specialized boarding school for
visually impaired Ne 77 under the Ministry of Public Education of the Republic of
Uzbekistan (Certificate of the Ministry for Development of Information
Technologies and Communications Ne 33-8/8552 of December 3, 2019). As a
result, visually impaired students were able to clearly identify 74% of the tactile
graphics that were presented to them;

developed method, algorithm and software of Uzbek language texts detection,
extraction and recognition in natural images based on fully convolutional neural
network model have been implemented to the information services processes of the
Central Board of the Uzbek Association of the Blind (Certificate of the Ministry
for Development of Information Technologies and Communications Ne 33-8/8552
of December 3, 2019). As a result, Uzbek language texts in electronic files
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pronounced on computer system, the visually impaired readers were able to obtain
a larger amount of information in relatively short period of time than braille text;
developed methods, algorithms and software of salient objects extraction, text
recognition and pronunciation in images have been implemented to the production,
educational and social services processes of the Center of youth and children with
disabilities under Union of the Youth of Uzbekistan and Center for the
development of information and communication technologies in public education
(Certificate of the Ministry for Development of Information Technologies and
Communications Ne 33-8/8552 of December 3, 2019). As a result, the development
of the professional interests and skills, the enrichment of imagination and the
expansion of opportunities in society using educational, handout, and
demonstration materials in tactile graphics at training courses and circles for
developing the professional skills of visually impaired students were achieved.

The approbation of the research results. The results of the research were
discussed at 5 international and 2 national scientific conferences and scientific
seminars.

The publication of the research results. The total number of 23 scientific
works on the subject of the research, including 8 journal papers recommended in
scientific publication of the Higher Attestation Commission of the Republic of
Uzbekistan, 4 in republican, 4 in international journals and 3 scientific articles in
other journals, 5 in international and 2 national scientific conferences are published
and 5 certificates of registration of the software created for the computer are
received.

The structure and volume of the dissertation. The dissertation consists of
an introduction, four chapters, conclusion, references, abbreviations and
appendixes. The dissertation consists of 117 pages.

MAIN CONTENT OF DISSERTATION

The introduction provides the actuality and demanding of the dissertation
topic, a description of the objectives and main tasks, as well as objects and subjects
corresponding to the priority areas of science and technology of the Republic of
Uzbekistan, scientific novelties and practical results, the reliability and practical
significance of results, information on the implementation of research results in
practice, as well as information about the publication of the work and dissertation
structure.

In the first chapter of the dissertation, «Analysis of methods and algorithms
for objects extraction and recognition in images», explained the interpretation
and analysis of existing methods as well as the relevance of the problem. It is
emphasized that one of the most challenging aspects of the computer vision is
automatic object extraction and recognition methods. As a result of analysis of
existing methods, it is concluded that color contrast is one of the most important
factors for effective detection of Salient objects and texts in images. It has also
been established that the calculation of multi-level threshold values in the method
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of extracting salient objects from complex scene images allows more robust results
than a single threshold value.

Furthermore, text detection and recognition in natural scene images is an open
and difficult problem of computer vision since text typically settle just a short part
of the image, it has a non-uniform environment, it suffers from reflections,
occlusions, blur, and noise and perspective results need to be taken into
consideration. In recognizing texts in images, firstly it is important to .determine
the location of texts for reliable result. It has been suggested that the use of
different neuron network models is the most appropriate way to solve the text
detection and localization problems.

In this chapter of the dissertation, it has been viewed that visual information
generation based on tactile graphics is one of the most ambitious research areas
since these techniques require important information from an input image. Visual
information generally includes pictures, figures, graphs, diagrams, and colors and
so on. It is important to remember that visually impaired people access these
information mainly though the following two ways: (1) touching, that is, graphs,
pictures, diagrams, and figures have to be presented as tactile graphics; (2) hearing,
so the visually impaired need to be told the whole environment.

In addition, it has been analyzed that tactile, representation of important
objects in a natural scene image should be designed as simple and -easily
understandable for the visually impaired, and a wide range of studies are being
conducted to find optimal methods for extracting important objects from natural
scene images. Moreover, the stages, methods and process of developing Text to
Speech (TTS) synthesizer were analyzed.

The research aimed at achieving the goals and objectives of the dissertation
was based on research methodology developed within the dissertation. Research
methodology includes: analysis of digital image processing methods such as salient
object detection, extraction and edge detection as well as text detection and text
recognition; development of methods and algorithms for solving problems;
research and selection of relevant computer vision tools and libraries; develop
sofiware package for object extraction and text recognition as well as tactile
graphics generation and Uzbek language TTS synthesizer.

In the second chapter of the dissertation, «Creation of methods and
algorithms of salient objects extraction in images for visually impaired»,
salient object detection methods based on global contrast enhancement and salient
object extraction method based on locally adaptive triple thresholding were
developed. The proposed method consists of the following steps as shown in
Figure 1: 1) global contrast enhancement method using histogram equalization, 2)
saliency map generation method 3) salient region extraction method based on
locally adaptive triple thresholding, and 4) salient object’s boundary and inner
cdge generation method.

Global contrast enhancement based on histogram equalization of color values
of the image is applied into pre-processing step to improve salient region contrast
than surrounding regions. A high contrast against the surrounding region is usually
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a stronger evidence for saliency of a region than a comparable contrast against a
far-away region. Naively evaluating the saliency of a pixel is defined using its
color contrast to all other pixels in the image and takes O(N?) time, which is
computationally too expensive even for medium sized images. To reduce
computational time, contrast enhanced image segmented into regions using graph-
based images segmentation method and regions’ saliency value can be obtained by
measuring its color contrast to all other regions in the image:

Stn) = Zrk::r( w(T)D (e, 1) (1)

where w(r;) is the weight of region 7; and D(ry,7;) is the color distance metric
between two regions. Spatial information is incorporated by using a spatial
weighting term to increase the effects of closer regions and to decrease the effects
of farther regions. In the spatial weighting formulation, Ds(r, 7;) is the spatial
distance between regions 7, and 7y, o5 control the strength of spatial distance
weighting, w(r;) is the weight of region 7; defined by the number of pixels in 7;,
w;(r) = exp(—9d3) is a spatial prior weighting term, and dj is the average
distance between pixels in region ;. and the center of the image and g2 = 0.4.

Ds(rgry)

S(re) = ws(m) Zryer, @ ~ w(r)Dr (1, 11) (2

In addition, salient object extraction method based on locally adaptive triple
thresholding using integral images is proposed. The proposed salient object
detection and extraction methods consist of pre-processing, saliency map, saliency
cuts, outer and inner edges as shown in Figure 1.

Pre-processing Saliency map Saliency Cuts Outer and Inner edges

Figure 1. The proposed salient objects detection and extraction methods

It calculates an integral image in the first move through the saliency map
grayscale image and then second move figure out the local window (SxS) using an
integral image for every pixel in constant time further obtain local adaptive three

level threshold values by performing the comparison of further obtaining local
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adaptive three level threshold values. These three thresholds marked the saliency
map with four different regions, which demonstrates four types of seeds that are
assigned an iterative variant of the GrabCuts method, allude to as Saliency cuts and
a full resolution, a high quality binary mask is produced.

The purpose of proposing a locally adaptive triple thresholding method
accurately extracts salient objects that have small saliency values. However, due to
the fact that local thresholding methods are slower than global thresholding
methods, it has been able to increase the processing speed by computing integral
images. The integral image (also known as a summed-area table) is a method that
can be used as a fast and effective way that speed up for computing the sum of
values (pixel intensity values) in following formulation:

Iy) =iy +1(x—1,y) + I,y —1) = I(x -1,y — 1) 3)

Moreover, the contour of the salient object can be obtained using the binary
mask and applying Canny edge detection method. These outer boundaries can
translate into tactile graphics to deliver given natural scene image visual
information to the visually impaired. In some cases, however, the visually impaired
may not be confident about the object information just by feeling the boundary of a
salient object. Therefore, it is very important that internal edges also detected for
visually impaired to fully understand the salient object in a natural scene. For
obtaining internal edges of salient object with a help of our saliency cuts’ results,
which is binary mask, create a matrix with the same size and type as an input
image to achieve a desired output image. After that, just copy the non-zero
clements of binary mask that indicate the original input image matrix elements:

So = Bm(x' y)-* Tl(xt y) (4)

where S, is the salient object, B, (x, ¥) is the binary mask, and T;(x, y) is the input
image.

Based on the results of the research, salient objects extraction and its contour
detection in images to create a simple and easy-to-understand tactile graphics has
been proven to be one of the most effective methods.

In the third chapter of the dissertation, «Development of text extraction and
recognition method and algorithm based on neural network», text detection
and recognition methods based on fully convolutional neural network (FCN) and
Tesseract OCR model were developed. The proposed text detection and
recognition methods divided into four main stages as shown in Figure 2: 1) pre-
processing stage global contrast enhancement using histogram equalization method
2) text detection using FCN, 3) text extraction and recognition, and 4) Uzbek
language TTS synthesizer. The end-to-end text recognition approaches consist of
two parts: text detection and text recognition. It should be noted that, existing
approaches, both conventional and deep neural network-based, principally consist
of many steps and parts, which are reasonably sub-optimal and time-consuming.
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Accordingly, the efficiency and accuracy of such approaches are still far from
sufficient.

To overcome these drawbacks, a quick and reliable scene text detection and
localization method that has only two steps proposed. The proposed method uses
FCN model that instantly generates word or text-line level prophecies, apart from
unnecessary and heavy intermediate stages. Using convolutional neural network
(CNN) is not an effective solution to determine the precise location of texts in the
image. Therefore, the use of the FCN model will yield higher accuracy results.

Text detection Text recognition Text-to-Speech Synthesizer

Createtxt message Taxi-to-Speech

Figure 2. The proposed text detection and recognition methods and Uzbek
language TTS synthesizer

Furthermore, different circumstances must be considered when creating
neural networks for text detection. Because the areas of text regions differ
remarkably, discovering the presence of long sentences would need features from
late-stage of a neural network, while predicting correct geometry surrounding a
short text regions demand low level knowledge in early stages. For that reason the
network must utilize features from various levels to satisfy these demands. The
proposed method slowly unites feature maps while preserving the up sampling
features merging small. Simultaneously the method concludes with a network that
can both use various levels of features and retain a small calculation cost. The
model can be decayed into three parts: feature extractor, feature-merging and
output layer. The feature extractor might be a convolutional network pre-trained on
ImageNet dataset, along with interleaving convolution and pooling layers. Four
levels of feature maps, represented as f;, are obtained from the feature extractor,
whose sizes are 1/32, 1/16, 1/8 and 1/4 of the input image, respectively.
Mathematically, feature-merging formulation expressed as:

_ {unpool(hy) if i<3
t= {conva,(,(hl) if i=4 &)
= [ fi if i=1 ©
L7 leonvyys (convyxi ([9i-1: fil))  otherwise
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where g; is the merge base, and hy is the merged feature map, and the operator [;]
denotes concatenation with the channel axis.

In the next stages, once the text region is detected, the region can be cropped
and processed further to recognize the text. To do this, trained Tesseract OCR
model with Uzbek Latin and Cyrillic alphabet characters can be used. The
proposed method aiso includes recognized texts send to TTS synthesizer for Uzbek
language. )

In this chapter of the dissertation, the result of studying and analyzing words
in the Uzbek dictionary, an electronic database of 31,5 thousand words was formed
and arranged in alphabetical order. The Uzbek language speech synthesizer is
based on the concatenation method and contains pronunciation of the words.
Therefore, the Uzbek vocabulary with 31,5 thousand words were studied and all
words were broken down into 2,5 thousand sections, i.e. syllables. For correct
pronouncing of recognized texts and update Uzbek language database, recognized
texts are compared with database, if recognized text is exist in Uzbek language
database system send it to Uzbek language TTS Synthesizer, else the word send to
language specialist to confirm new word.

In the fourth chapter of the dissertation, «Implementation and experimental
results of objects extraction and recognition_methods in images» presents
object detection, extraction algorithms, text detection, recognition algorithms and
its software as well as the results of comparison experiments and practical
implementation. The proposed salient objects extraction and text recognition
methods arc implemented in C++, programming language using OpenCV library.

The all proposed methods are compared with other state-of-the-art alternate
methods using most popular available datasets: salient objects detection method
compared with other 12 alternate methods using MSRA 10k dataset; salient object
extraction method compared with other 2 alternate methods using MSRA 10k
dataset; text detection method compared with other 17 alternate methods using
ICDAR 2015 and MSRA-TD500 datasets; text recognition method compared with
other 7 alternate methods using ICDAR 2013 dataset. In addition, performed both
quantitative and qualitative comparisons of the proposed methods with other
methods.

In qualitative comparison of salient objects detection and extraction, it has
been determined the proposed methods effectively suppresses background regions
and uniformly emphasizes foreground regions as well as extract salient objects
with less amount of data about the saliency map without misclassifying them as
background regions, and even detect multiple salient objects. Furthermore, text
region effectively and accurately detected as well as Uzbek text correctly
recognized in qualitative comparison of text detection and recognition.

In this chapter of the dissertation, in quantitative comparison, the standard
evaluation metrics are used such as Precision (P), Recall (R), F-Measure (FM),
Receiver Operating Characteristics (ROC), Area under ROC Curve (AUC) and
Mean Absolute Error (MEA). Precision is the fraction of the detected salient pixel
belonging to the salient objects in the ground truth, and recall corresponds to the
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percentage of salient pixels correctly assigned. The PR curve is obtained by
normalizing the saliency map to [0, 255], generating binary masks with a threshold
varying from 0 to 255, and comparing the binary mask against the manually
labeled ground truth. Precision and recall rates can be obtained as follows:

. . _ TDONGT
precision = ——"= Q)
_ TDONGT
recall = ——— 8

where TDO denotes truly detected salient objects, ADO all detected objects, and
GT manually labeled ground truth. F-Measure value which balanced measurements
between mean of precision and recall rates. A higher F-Measure means a higher
performance and it is defined as follows:

Fo= (1+83)precisionxrecall ©)
B = " paxprecision+recall

where 2 = 0.3.

The proposed text detection method obtain the most robust results in both
ICDAR 2015 and MSRA-TD500 datasets with 84.7% per cent and 84% per cent F-
Measure respectively. Moreover, the proposed text recognition method achieves
94.6% per cent recognition rate by leaving behind other methods.

Developed salient objects extraction and its edge detection algorithms for
tactile graphics and displays as well as the Uzbek language texts detection,
recognition and pronunciation algorithms in images for speech synthesizer can be
used in other information technologies sphere.

CONCLUSION

The following conclusion were obtained during the research of doctoral
dissertation on the subject of «Development of methods and algorithms for objects
extraction in images»:

1. The proposed salient objects detection method based on global contrast
enhancement using histogram equalization has compared with 12 alternate
methods and obtained high performance in standard measurement metrics.

2. The proposed salient objects extraction method based on locally adaptive
triple thresholding using integral images has compared with 2 alternate methods
and obtained robust, full resolution binary mask in precision 0.94 even when
background and foreground regions have very similar information.

3. Experimental results shows that, other methods can extract only a single
salient objects from a given image and may fail to segment salient objects when
pixels in the image have low saliency values. However, the proposed method can
reduce these drawbacks and extract salient objects with less amount of data about
the saliency map without misclassifying them as background regions, and even
detect multiple salient objects.
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4. The proposed text detection method and algorithms based on fully
convolutional neural network has compared with 17 altematg methods and
obtained high accuracy of text detection of 84.7 percent F-measure in ICDAR 2015
datasct as well as 84 percent F-measure in MSRA-TD500 d?taset. _ _

5. The proposed text recognition method and algorithms based on trfaxned
eract OCR model with Uzbek language alphabets has. f:ompareq with 7
alternate methods and achieved the highest 94.6 percent recognition rate. .

6. An algorithm for visualization of tactile graphics using tactll?- printer
together with salient objects outer and inner edges in i.mages fo_r visually 1mpa|rcc:‘
has been developed. As a result, high-resolution tactile graphics of the edges o

salient objects in images were achieved.

7. An algorithm of text recognition in natural image§ anc! Uzbek language
speech synthesizer has been developed for the visually impaired. As a result,
Uzbek language texts in natural images and electronic files were able to pronounce
using computer systems. i )

8. The developed methods, algorithms and software .of salient objec;:s
extraction and text recognition methods in images have been |mgle!nented to t e
production, social service and education processes of the “Specialized ?oz}rdmgf
school for visually impaired Ne 777, “Central Board.qf' _tl}e’ Uzbek Ass‘?clatlonfo
the Blind”, “Center of youth and children with disabl!ltles’ as well as Qenterblc.)r
the development of information and communication tf:f:f}nologles In public
education”. As a result, the needs, professional interests, abilities and.oppgr!unmes
of visually impaired youth and students have been enhaflced by vnsuahzmgtthi
contour of salient objects on tactile graphics and pronouncing Uzbek language tex
using speech synthesizer.

Tess
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BBEJIEHME (aHHOTauus gAHCCEPTALUME A0KTOpA ¢unocoduu (PhD))

Ileablo NCCIeA0BAHHA ABIACTCA paspaboTka METONOB, IFOPHTMOB H
NpPOrpaMMHBIX CPEACTB H3B/MEUEHUA 3HAYHUMBIX 06BeKTOB H BBIIENIEHHE KOHTYPOB,
a TaKke pacno3HaBaHHe H MPOHU3HOLIEHHE TEKCTa W3 ECTECTBEHHMIX H300pakeHnH
IUIS TOHMMAHHA BU3YanbHOM HHPOPMALHH TIOABMH C HAPYIIEHHAMH 3pEHHA.

O6GbexToM HCCACA0BAHHS  ABMAIOTCA  €CTECTBEHHBIC H3o0paxeHus,
BugeonHdopMaLms, CoBa U ayAHOMHGOPMALIMA JUIA CHHTE3A peiH Ha y36eKcKoM
A3bIKe, TAKTHNbHBIE AUCIUIEH, @ TAKKE HHCTPYMEHTEI o6paboTtky H3o6paxeHuil.

HayuHasi HOBH3HA HCC1e0BAHHS 3aKTIOYAETCA B CIC/yIOLUEM:

YCOBEDIIEHCTBOBAH ~ METOA  M3BJICYEHHMS  3HAUHMBIX 06BbEeKTOB M3
u3o6paxeHHil Ha OCHOBE oOmepauuit yayuqLIeHHA rnobanbHOro KOHTpacra H
¢uABTpaUMK NOKATBHO-ANANTHBHEIM TPOHHBIM TOPOTOM  LBETOBBIX 3HaYEHHH
H306paxeHHit;

pa3pa6oTaH anropuTMHUYECKHH METOA MPOLECCOB ONPEACCHHA, H3BNEHEHHUA
M pacno3HaBaHUs TEKCTOB Ha y36eKCKOM A3bIKE B ECTECTBEHHBIX H300paxkeHHAX Ha
OCHOBE MOZENH MOJIHOM CBEPTOUHOMH HEHPOHHOM CeTH;

pa3paGoTaHbl  IFOPHTMBI M MpOrpaMMHbIe  CPEACTBa BBIACJIEHHUA
rpaduueckux o6BEKTOB B H306paxeHHAX, onpeaeieHne BHYTPEHHUX U BHEILIHUX
KOHTYPOB, a TAKKe NPEACTABACHHE X B TAKTHILHOH rpaguke;

paspaGoTaHbl aNrOPHTMBI M MPOTPaMMHbIE CPEACTBA ONpPEAENCHMA M
3BYKOBOFO BOCTIPOH3BEACHHSA TEKCTOB Ha y36€KCKOM A3bIKE M3 n3obpaxkennit ma
BOCOIPUATHA HE3PAUHMH JIIOALMH.

BHeapenue pesyabTaToB HcclefoBanms. Ha ochHoBe MONYyUCHHBLIX
pe3ynsTaToB Mo pa3paGoTKe METOAOB, AIrOPUTMOB H MPOTPAMMHBIX CPENCTB
M3BJICYEHHSA 3HAMMMBIX 06BEKTOB, Pacro3HaBaHMA M NPOM3HOWICHHA TeKCTa AnA
cnaGoBuAALINX:

BHEADEHbl METOAbl, ANrOPHTMbLI M MNPOrpaMMHbie CPEACTBa YJIyHLICHHA
rMo6anbHOT0 KOHTPacTa H306pakeHHs Ha OCHOBE BbIPABHMBAHWA THCTOrPaMMEI
3HaYeHHil LBETa NUKCesell ¥ M3BAEYEHNA 3HAYMMbIX OGBEKTOB H3 H306pakeHHH Ha
OCHOBE JIOKANbHO-aAANTHBHOrO TPOIHOIrO - MOPora-- B NPOH3BOACTBEHHbIE U
yuebHbie npoueccsl y4eGHo#t naGopaTopuu CNELHaTM3UPOBAHHONH  IIKOJIbI
MHTepHata ans cnabopupsmux Ne 77 npu Munucrepcrse napoanoro o6pasopaHus
Pecmy6nukun  Y3bekucran  (Cnpaska MunucTepcTsa N0 Pa3sBHTHIO
MH(DOPMALMOHHBIX TEXHONOTHIA W KOMMYHHKALMH Ne33-8/8552 ot 3 mexabpa 2019
roga). B pe3ynsTaTe Y4EHMKH C HapyLICHHAMH 3peHua” CMOIVIH MpPABUIIBHO
uneHTHUUMpOBaTh 74% TakTHABHOM rpaduky, KoTopas Gbula HM NpeACTaBIeHA
BO BpeMA SKCNEPHMEHTOB; T

o

BHepEHBI METOMIbl, ANrOPUTMBl M NPOrpaMMHEIE CPEACTBA ONPEAENCHHS H
Pacrio3HaBaHHA TEKCTa B M300paKEHHAX HA OCHOBE MOJCIH nonHoi cBEPTOYHOM
He/POHHOM ceTH B npouecchl HHGOPMaLHOHHBIX YTy LIEHTpanbHOro npasneHus
ofwecrsa cnenbix Y36ekucrana (Cnpaska MuHMCTEpPCTBA MO  PasBHTHIO
HH(OPMALIMOHHBIX TEXHONOTHA W KOMMY HUkauuit Ne33-8/8552 ot 3 nekabpsa 2019
roaa). B pesynsTaTe rosiocoBOrO NPOM3HOIUECHHA 3NEKTPOHHBLIX TEKCTOB Ha
y36eKcKOoM A3bIKe B KOMIBIOTEPHOl CHCTeMe ObUIM AOCTUrHYTHI Gonee BbICOKHE
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PC3YNLTathl npy monyyenny Gonblwero ofbeMa HHGOPMALMH CAAGOBUAAILIMMY
HUTATCIIAMM 32 OTHOCHTENBIO KOPOTKUIA CPOK, M TeKCTBI Bpaiins;

BHCIDCHBI METOABI, ANrODUTMbLI M NpPOrpaMMHbIE CPEACTBA W3BNEYEHUA
3HaYUMBIX 06BCKTOB, pacnosHasaus 1 NPOU3HOIIEHUA TEKCTOB Ha U306paXkeHHAX
B IIpOH3BOACTBEHHbIC M yueGHEIE NpOLECCH ANA MPEXOCTABACHHA COLMANBHBIX
ycnyr Llentpa monoaexu u aereit ¢ OrpaHUYEHHBIMU BO3MOXKHOCTAMH nipu Cotose
MOOAGKHM  V3Gexucrama M llewrpa  passutua HHGOpMaLUOHHO-
KOMMYIHHKAllMOHHEIX  TeXHoMorui B cepe HapomHOro o6pazoBamms npu
Munucreperse Hapoamoro o6pasosanusa (CrnipaBka MHHHCTEpCTBA MO Pa3BUTHIO
MH(OPMALMOHUBIX TEXHOMOMI U KoMMyHuKauuit Ne33-8/8552 or 3 neka6pa 2019
rosa). B pesyntate 6bi10 nocturiyro: passutie npogeccHOHaNbHLIX HHTEPECOB,
oborawenue Boo6pakeHHs wu pacuupeHue Bo3smokHocTe B ofliecTse ¢
HCMO/IB30BAHHEM yYeOHBIX, Pa3NaTOuHBIX, AEGMOHCTPAUMOHHBIX MATEpHANOB B
TAKTWNBHOH rpauke Ha yueGHBIX Kypcax u Kpy>KKax no pa3BHTHIO
Npo)ecCHOHANBIBIX HABLIKOB CHaGOBMAIIIX yHamxcs.

Crpykrypa M 06Bem Auccepraunu. Jlucceprauus coaeput 117 crpanuu u
COCTOMT M3 BBEACHMSA, YETHIPEX I/1aB, 3aK/IOYEHMA, CIMCKA MCMOMAB30BAHHOI
JHTCPATYPBI, CMIHCKA YCIOBHEIX 0603HAYEHHH H TEPMUHOB, PHIOKEHHS.
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