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KHPHII (pancada noxropn (PhD) aucceprauHacH AHHOTAUMSACH)

JiMccepTaus MaB3yCHHHHI N0A3ap6aurn Ba 3apypartn. Byrynru xyHza
«IyHEnaru THE6UET TexHUKacH 6030pHaa K3 Ty6H, I0pak-KOH TOMHPIapH TH3HMH
Ba Gomka 6MoTHG6MH TacBHPNApHUHT IOKOPH CH(}AT/IH CypaTIapHHH ONMIN YIYH
KeHT KYJIaMAarh }HUXo3/iap TaKiH() KHIHHMOKA], OMpOK KYITHIWIMK TH3HMIIapAard
aManHii TABMUHOTAA TaCBHpMIapHU JacTiabku KaifTa Muuiam, cuaTHHH OLIHPHIN
yuyH dakaTTHHa SHT oMmaGon GynraH BoCHTaIapruHa MaBxyamup»' JyHEHHHT
pUBOMUIAHIaH MaMNIakamIapuza, skymnanai AKIL, SAnonns, Mcnanus, Fepmanus,
Byrok Bpuranus, ®panums, Poccus Genepaimacu Ba Gomkanapaa KIHHHKaNap Ba
aMaMéTNapHy TYNHK KOMIBIOTEPIAIITHPHUIHHHT JAaCTYpHH-TEXHHK MasKMyasiapy
Kagawmk Owian pusoxiaHuG GopMmokma, 6y 3ca pakammu TacBHprnap OwiaH
HUUTOBYM MOHHTOPHHT HAcTyphiapH Ba 3KCHepT TH3MMJIapura G¥nraH TanaGHHHT
OIIMIIKTa ONTM6 Kellagu.

XaxoHma XosuprH BakTAa (ofimanaHmnagrraH ycmyGusTiap TypiH
KacaJUINKIIap TYFPHCUAA TYNHK TacasByp 6epmaiimy, xucobra onum y4yH MyMKHH
Gynran Gapua kacalUIMKNIAPHHM TAIUXHMCNAWl Ba ONAMHM onumpa QoAnanaHHm
MYMKHH 6¥niran GyTyH oMWUIap TYILTaMUHY TaKAMM 3TMaliau. BeMopHHHT sKopuit
XONaTHHH HOTYFpH TANKHH KWIMHHILY JABONall Ba KaCA/UTMKIIAPHH OJIIMHH OJHII
camapaJlop/IMTHHUHT Ce3Wap/y Aapakajia nacaifmiumra onmb kenanu. beMopnapra
épHaM  KypcaTMIIZar® caMapafoOp/MKHMHT KeCKHH OIMIINMIa TaUIXHCHH
MabJIyMOTJIaDHH KaliTa MIIVIaIl, TAJKMH KWIMII Ba cakfam Gyimda 3aMOHaBHH
KOMITLIOTEp TEXHONOTHANAPUAAH (oliianaHH 3apypaTHHH BYXKyATa KelTTApaIH.

Pecrry6rmkaMusga 6apua WKTHCOOMii Ba IDKTHMOMH coxamapura ax6opoT-
KOMMYHUKaLMs  TEXHONOTMAIADMHM  KOpMH  KwmMmra amoxufa 3BTHGOP
kaparwiMokna. 2017-2021 i#wutapga VY3bekucroH PecrybnmxacHuM sHaza
puBOXUIAHTHpHII GYitnua Xapakatnap cTparerniacha, xXKyMianaH «... HKTHCOOMET,
wiTHMOnii coxa, 6oukapys TH3UMHIa ax6opoT-KOMMYHHKALIAA
TEXHONOTHSNIApUHM  KOpHMH 3THI® Basudanapu Genrwianran. Maskyp
BasHdatapHH aManra OMpPHIIZA KOH TOMHpJIapH TacBHpJIapHiari TaHIXHCHA
KUXATAAH MYXHM MaBIYMOT/IapHH aXpaTHO onMm yciyOMATHHM spaTHIL,
TOMMPJIap TH3MMHM TACBHpJIapHHH MOJCIUTANITHPHII, KaiTa MUOUAm Ba TaxXJTHI
KHJIMII YCYJUTapH, anropHTMIIapH Ba aX60POT TeXHONOTHAIApHHY HILTA0 JHKHIN Ba
TalKMK KWIMID XaMpaa ynap acocHia THOOM MakcammapaarH YJIapHHHT
mopdonoruk GenrmnapuH¥ MUKOOpHH Gaxonamr acocHaa KOH TOMHpnapH
KaCAJUIMIUIAPUHK 3PTA TALIXHCIAL OHIaH TAbMHHIIOBYHM KOMIBIOTEP TH3HMIAPHHH
KypHL! om3ap6 Basudanapaan 6upu xucobnananu.

Vabekucron Pecny6nukacu Tlpesupentunmur 2017 iun 7 ¢espangard
T1®P-4947-con «Y36ekncron Pecnybnukacuiu sHaga PHBOXUTAHTHpHI GYyimua
Xapakatnap crpatermscH TyFpucuparmwru, 2018 wmn 19 despangarn

1 HIO. Hasacosa, A.B. Kynpusnos, AO . Kopenanos, M.A. Arasnmm. MatemaTideckie MOACAA # MCTONE!

OLCHHBAHHA AHATHOCTHICCKHX MapaMETPoOB APCBOBHIHAIX CTpyKTyp.~ Camapa: CTAY,2007 104 6.
2 YsGexucron Pecny. TMpessmesmvmmur 2017 finn T-hespangarn  T10-4947-con  “Vabexmcron
Pecnvb. AHaga #oum 6Vitna XaoakaTnap croarerusce TVrouckaa” ra GapMoHn
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[1d-5349-coH «AXBopOT TEXHONOTHANAPH Ba KOMMYHHKaLMsIap COXacHHH AHa®a
TAKOMWUIALITHPHID 4Opa-Tanbupnapn Tyrpucnoanry @apmonnapd, 2017 #wun
29 asryctmaru [TK-3245-con  «AX60pOT-KOMMyHHKaUMA TEXHOJIOTHAIAPH
coxacuaa JoimXa O6OIKapyBM TH3UMHMHHM SHafa TAKOMWUIAWITHPHII 4Opa-
Tag6upnapH TYFpucuganTH Kapopu xamaa maskyp (iaonuatra Ternuuin Goulka
MeBEPHIi-XYKYKHH XydokaTiapha GesrinanraH BasudanapHH aManra OIUHPHILTa
ym6y quccepTaumA TAOKHKOTH MyaiisH Napaskala XM3MaT Kilanu.

TanKHKOTHHHI pecriy6inka ¢aH Ba TeXHOJOTHSJIAPH PHBOXKJIAHHILH-
HMHT YCTYBOP HYHANMILIAPHTa MOCTHIH. MasKyp TankHKOT pecry6mika daH Ba
TEXHONOTMANAp PHBOXJIAHMIMHHHT [V. «AxGopoTnamrupuin Ba ax6opoT-
KOMMYHHKALMA TEXHOJNOTHANIAPHHM PHBOAUIAHTHPHIL» YCTYBOp HyHaNHLIN
AoupacHaa GaxxapuiraH.

MyaMMOHHHT JpraHwIraHiuK Aapasxaci. MabllyMoT/IapHH HHTEI-fIeKTyan
TaxJIWI KWINi Macananapy Gunax Jl.3ane, P.Anves, Mamaanu, CyreHo Ba 6ollika
xopwkuit osMMIap HTaHWLUIap o6  Gopran. TacBHpHHMHr  CTaTHCTHK
XapaKTEPHCTHKATApHHN XHMCOOTra oiraH xonga AWaMETPHH YIMMAIMHHHT JHHaMHK
ycynunn Y.Wang, J.Cheasty, R. Zuckermanmap Ttaknud xunumungu. Odrans-
MOJIOTHK TacBHpJIapHHM KaifTa wnutam (cudaTHHM Axmnwlam) ycyiutapuun Carl
Zeiss, Rodenstok, Topcon Ba Gomkanap ToMoHuaaH Taknud stunan. Michael
Goldbaum TacBMp pakamalUTHpWIraHMAaH KeliHH MyXHM 3/eMeHTJIapuHH
axpaTH® oMMHNIIHY 6aéH xunagy. Ky3 TyOu ToMHprnap TH3HMHHH TalUXMcJiamga
H.IO. Hnpacoea, A.B. Kynpuasoe, A.O.KopenaHoB, M.A. AHaHplll LIysiap
HIyFyJnaHrawnap 6ynap acocaH KOPPENALMOH TaXJWl, pPerpecCHOH TaxJIWi,
dakropyiM  TaXII, KIAaCTEpJIH TaxX/Wl, JOHCKPHMHMHAHT TaXJWwl acocHIa
H3aHHIWIap onHb GopraH.

Pecnry6nmkaMu3sga HopaBmaH MaBJIyMOT/IapHA HHTEIUIENTYaNl TaX A KWIHII
macananapn O6wian T.D.BexmypatoB, MM. Kamunos, II.X.do3munos,
H.A Hrnatses, JI.T.Myxamenuesa, &.T.Onqunosa, H.C.Mamaros, P.H.YcmaHos,
A X .Humonos, C.C.Paxa6os, X.A .[lpumoBanap unmuii uanaHumuiap onu6 6opras.

Xo3upaa wWaxcHUHr K¥3 TyOH onf, KYpUHUIIM KOH TOMHPH TacBHpH TYpPJH
KuliMaTnapuHu xucobnamt acocMga TAlUXHCNALl ANrOPUTMHHH Xamaa  Ky3
KaCAUTHKJIADHHH TaLIXHCJAll MacaaCHHH e4HL Y4yH ¥pamin HeipOH TapMOFH
apXWTEKTYPaCHHH MILTA0 YHKUIN Ba K¥3 TyOH &€H KYpHHHIIN KOH TOMHPH TacBHPH
acocHaa Ky3 Kaca/UIMKIApHHH aHMKIall JITOPpUTMHMHH HOpaBmaH TYTUlamnap
Ha3apHACHHH K¥JUTaraH Xonja Huulab YHKMIIra KapaTHnraH wiMuil TagkMKOT/Iap
€TapiH Japakaza oymb GoprimaraH.

Hucceprauna TAAKMKOTHHHHI AMccepTauusi GaxapuwiraH WiMHii-
TAAKHKOT MYACCACACHHHHT HWIMHA-TAOKHKOT WIOLIapH pekajsapn OuiaH
Gormmnurn. Juccepraums TankMKOTH Myxamman an-XopasMmuii HOMHOaru
TomkeHT ax6opoT TEXHONOrUANPH YHHBEPCHTETH XysypupmarH Ax6GopoT-
KOMMYHHKALMS TEXHOJOTHANAPH WIMHA-HHHOBAHMLIOH MapKasH WIMHI TaOKHKOT
Huwtapu pexacura mysopuk NeBB-B-04-011  «Hoawnknux 1mapoutiapuna
MabITyMOT/IapHH MHTEsIeKTYan TaXJTMJIHHHHT HOpAaBINaH-HOKOPPEKT



MacanalapyHH €4HLl YCyJi Ba anropurmiapu» (2017-2020) maB3ynapugaru wWiMHid
TamKMKOT JlofiuxanapH aoHpacuzaa GaxapuiraH.

TaAKHKOTIAPpHHHT MAaKCaAu YpamMnM HelpoH TapMOFM Ba HOpaBlIaH
TYIIamMnap Ha3apHACHHH KyjlaraH XonJa WAXCHHHr Ky3 TyOu ong Ba €H
KYpHHHIIH KOH TOMHDH TacBHPH acOCHAA KY3 KaCaJUTHKIApHHM  TalIXHCJall
MacaJlaCHHH euHIL.

TaagKHKOTIapHHHT BasH(anaph:

TOMHP MATONOTHAJIADHHH  TaUIXHC/Aall  MyaMMOJIADHHWHI — 3aMOHaBHi
XONaTHHH TaxjWi KWIHI, KY3 TyOM TacBHpNapAard TOMHMD MaTOJIOMHACHHH
TalIXKCNall y9yH 3apyp NapaMeTpJiapHHH aHUKJIall;

TacBUpNap ycTHaa OaxapunaguraH HopasmiaH MopgoNoruk amasuiapHH
TaKOMIWLTALUTHPHLL;

IIAXCHHHT K¥3 TyOM oNg  KYpPHHMINM KOH TOMHDHM TAcBHpHM TYPIH
KMiiMaT/IapuHH XHcoball acocKAa TAXHCIIAL ANFrOPUTMUHM HILTat YHKHI;

K¥3 KaCaUTHK/IapHHK TalIXMC/Ialll MacalaCHHH €9HIl y9yH YpaMin HelipoH
TapMOFH apXHMTEKTYPaCHCHHH WIWIab YMKHI Xamaa K3 TyOH éH KYpHHHIIN KOH
TOMMPH TacBHPH acOCHAa K¥3 KacalUIMKIapHHM AaHWKIAall anrTOpHTMHHH
TaKOMWUTALITHPHIL;

K¥3 kacauminap 6¥itnua MabnyMoTnap TYIUIlaMMHHHH IAKIUIaHTUPHIN XaMAa
IIAXCHHHT Ky3 TyObu onm Ba &H KYpHHMIUM KOH TOMMpDH TacBHpPH acocuia
Kaca/UTMKJIapHH aHHK/Tall JacTyp/apHHH HOLNa6 wuKuI.

TagKHKOTHUHT o0beKTH cHdaTHaa WaXCHHHr kY3 Ty6M onn Ba €H
KYPHHMLIN KOH TOMHDH TaCBHPH OJIMHIaH.

TagKNKOTHHHI MNpeAMETH WAXCHHHT K3 mcnnpn acocHia TaHIXHMC/am
YCYJIH Ba aJITOPHTMH XaMZAa JAcTypHii TABMHHOTH TaIHKHI STAfH.

TagKMKOTHHHr ycyianapH. MIIHMHr Hasapuif TaOKMKOT/Iaph MaTeMaTHK
TaX/IHJ1, TAMCOJUTApHH aHHKAll, HOpaBIIAH TYIUIamIap Ha3apusaCH, HeifpoH TYpiap
ycyJulapura, IIYHHHTOCK TAacBHpNAapHM Kaifta HOUIaml YycyJuiapn, HeifpoH
TapMOKJIapH acocHAa YKHTHII AITOPHTMIApPH, eYMMIIapHM TakKocnam yCyn Ba
anropHTMJIapHra  acocjiaHraH, OallOpaTNAlUHMHI KOMIBIOTEPNM MOIE/MAaH
Taxxpubanap acocu cudaruaa QoiinanaHWIrad XaMma TaqKMK KHIHHTaH.

TaaKNKOTHHHI WUIMHI SSMTIUIMIHM Ky#HparuiapaaH nbopar:

HOpaBIIaH TYTnamiap HasapuicHaarn $assuukaims Ba HedasznHKAINA
onepaTop €pAaMHIa TaCBHpJiap ycTHAa Gaxcapwiagurad MopQonoruk auiaraums
Ba 3p03MA aMaJUlapH TaKOMIWUIAIITHPHIITaH;

MaXCHUHT K¥3 TyOH o KYpHHHMIIK KOH TOMHPH TaCBHpH NapaMeTpJIapHHH
aHMKJIALW aCOCH/A TYPH XK KaHIUTH THabeT, THNepTOHHK, apTepHan rHIepTeH3HA
Ba 6oIlKa KacaJUIHKNAPHH TALIXHCAL a/ITOPUTMH HILIA0 YHKIITaH;

Ky3 KaCaJUIMK/IApHHH TAUIXHC/All MAacaNaCHHH €YMIIHMHI YpamaH HeHpoH
TapMOFH apXHTEKTypPacH Ba allTOPHTMH MILIA0 YMKHITaH;

KY3 TyOH €H KYPHHHIUM KOH TOMHpPH TaCBHDPH acCOCHIA K3 KacallIMKJIapHHH
aHUKJTALl ANFOPHTMH TAKOMHJUTALITHPUITaH.

TaaKHKOTHHHT aMaiiii HaTHXXAJIapH KyWHaarwiapaas uoopar:

K3 KacaJUTHKIIap 6¥iinia MamTyMOTAap TYMnaMu WaK/UIaHTHPHIAH;



ypamiin HelipOH TapMOFH acoCHAA TaCBHP 0GbEKTIIAPHHH TAHKG O/IML 1aCTypH
MIad YHKUAIH;

odTansmonor-mudokop  TOMOHMEaH  Kapopnap — Kabyn  KwiMiwra
KyMaKnalnm TauxXucnam JacTypy ApaTWigH.

TaagKHKOT HATHKAIAPHHHHT MIIOHWIHAHTH. TagKUKOT HAaTKaTapHHHHT
HIIOHWIWINTH  €YMMJIaDHHHT HHTeJUIeKTyan TaXJdWid KeJTHpWiIraH 6ymm6,
HOpaBIDAaH XHCOONam amalapM acocMga TaHuO onwm Ba GamopaTnaimn
MacanalapHHy peal Ba TKpHOa CHHOBHAA eTUMITApHY COTMIITHPHIN GKiTaH MOZeN
aJIeKBaTJIMTH TABMHHJIAHTaH.

TagKHKOT HATIKAJAPHHHHT WIMHIT Ba amannii axamMmuard. TankukoT
HaTIKAIAPHHHHT WIMHI aXaMMATH HOpaBllaH MyXHMTA2a Ky3 TyOH TacBHpiapHHH
TaxJIu/ KWIHLI aCOCHUAA TOMHUpPap TH3UMH TaCBUpJIapHHU KajiTa HILLIaul Ba TAHKO
OJMITHHHT JITOPUTM/IAPHHH APaTHIIAaH KOopaT 6§/m6, K3 TyOHHUHT NMaTONOrHK
¥3rapHIIapHHM TalIXMCcAaul MMKOHHHH Gepuiu GuiiaH acocnaHafu.

TagKUKOT HaTIDKaNapUHWHT aMamMii  axaMHMATH HILIa0  4MKHAraH
afropuTMJIap Ba spaTWITaH JacTypHii Bocutanap  odrTaneMosor-mudgokop
TOMOHHMIAH Kapopnap Kaby/l KWiHmra KyMakmallyBYM TalIXHCHH TH3HMIApHH
PHBOKIAHTHPHINAA KyJUTaml MyMKHIJTUTH G1aH H30XJ1aHaIH.

TaaKMKOT HATHIKAJAPHHHUHT 3K0pHif KWIHMHHIIH. laXxcHHHT K3 TaCBHPH
acocHza TallIXHCsiall aNropuTMIIapH Ba AacTypuii TAabMHHOT EpAaMua:

KOH TOMMpNapM TacBHpJIapHOarKM TAWIXHCHHl JKMXaTAaH axaMHATIH
Mak/TyMOTJIapHH @KpaTHIl yciayGusaTtn Pecny6nuka mommwiuHy THO6MH Epmam
WIMHIT Mapka3n AHIKOH ¢unnanuaa, AHOWXKOH 1axap THO6MET Gupralmacnza,
AHOWKOH BWIOATH KYI TapMOKIM THOOMET Mapkasuia, AHIWKOH BWIOATH
IOKyMJTH Kaca/UTHIUTap mudoXoHackaa Xamaa AHAMWKOH BHIOATH O(pTanbMOJIOTHA
mugoxoHacHaa xopuit KwiMHTaH (COFIMKHH cak/lall Ba3sHpJMruHuAT 2021 finn 07
malinarn 8-7-10/686-coH MablyMoTHOMacH Ba AXCOPOT TeXHONOTHANapH Ba
KOMMYHHUKALMAIADHH PHBOMUIAHTHPHIN BasupauruHuHT 2021 #imn 09 depamru 33-
8/931-con ManymMoTHOMacH). VTMHii TAOKHKOT HATIKACHAA KY3 TyOH TacBHpiapH
épaaMuia Ky3 Kaca/lIMKIapHHH TalIXHCHall caMapafopiuruHu ypraua 15% ra
OLIMPHIUI HMKOHHUHHM Geprau;

Ypamnu HelipoH TapMOFM acoCHAAa KOH TOMHpJIapH KaCaLTHKJIAPHHH
TATXHCIIAMHUHT KOMITBIOTEP TH3MMIapH Pecry6bnuka momunuaa TH66u#t Epnam
wimnii Mapkasu daproHa pnwmanuaa, daproHa waxap THOOHET GupnammMacuaa, Ba
®aprona BHI0ATH odTaneMonorus mudoxoHacuaa xopuit kunuuraH (CormkHn
cak/iam BasHpiuruHuHr 2021 #un 07 malinaru 8-7-10/686-con MaBJyMOTHOMacH
Ba AX6OpPOT TeXHONMOTHANADH Ba KOMMYHHMKAUMANADHH pPHBOXJIAHTHPHLI
Basupnurunuar 2021 #iun 09 ¢eppangaru 33-8/931-coH MamiyMOTHOMAacH).
Unmuii TagkMKOT HaTkacMia Ky3 TyOM NaTONOTHK KYpHHHIIH acocuia
KaCA/UTHKIIapHH TalIXHcall camapagopiauruiy ¥pradal 5% ra olmmpuin BMKOHHHH
Gepran.

TagkuKoT HaTHKAAAPDHHHMHT anmpobaumsicH. JluccepTauMAHUHT acocuii
Ha3apuii Ba aMaJinit HaTIKanapy 7 Ta Xalkapo Ba 9 Ta pecnyGinka wimpit-amanuit
amKyMaHnapuia MyxokaMajaH yTKaswiraH.
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TagKHKOT HATHXKAJAPHHMHT J3bLJOH KWIHHMAHAHTH. TagKMKOTHHHT
acocuil HaTiwxkanapy 29 Ta WiMHMH MLLIapAa SBI0OH KWIMHraH, ynapaaH 10 Tach
V36ekucron Pecry6ukacy Onuit aTTecTalMs KOMUCCHACH TOMOHHAAH JOKTOPJIHK
JVCCEpTaLUsUTIapUHUHT aCOCHH WIMMI HaTHXaNapHHU 3BJIOH KWIHID YUYH TaBCHA
KHIHMHIaH JKypHa/UIapHa, 3 TacH XOPIDKHi JKypHa/Ulapaa Ba 7 TacH pecny0mmka
KypHAUTapHAa Hamlp KWIHTaH, Xamzaa 2 Ta OXM ydyH gacTypsiapHM pacMui
py¥ixaThaH ONWHraHIHIY TYFPHCHAArH IyBOXHOMA OJIMHTaH.

JHuccepTaLHAHMAT TY3HWIHIIH Ba XamMH. Jluccepraiusa KHpHII KHCMH,
Gewra 606, Xynoca Ba ¢oiigananwiraH agabuérnap pyiixaty, WioBaJaH TaIIKHWI
TonraH. J{uccepTauMaHuHr XaxMu 102 6eTHM TamIKun 3TraH.

JACCEPTAIUAHHHT ACOCHIA MASMYHH

Knpum KHCMMZA AMCCEpTalMA HIIWHWHT RON3apOnuru Ba 3apypHATH
aCOC/IaHraH, TagKMKOT MakKcaOu Ba Ba3udanapu Xamaa oGbekT Ba MpeaMeTIapH
TaBcugnaHran, Y36ekncTon Pecry6nukack ¢aH Ba TEXHONOTHACH TaPAKKAETHHHHT
YCTyBOp #YHamHUUTApHTAa MOCIHTH KYpCaTHITaH, TagKUKOT WIMHH SHTHIMIH Ba
amanuii HaTikanapy 6aéH KWIMHTaH, OJIMHraH HaTIkaNapHUHT HasapHii Ba aMaTHi
axaMuATH 04H6 GepHiraH, TAIKUKOT HaTHKaJapHHH XKOPHI KHIIMIO XOJIaTH, Halp
STH/IMaH HLIAp Ba AXCCEpTaLMA Ty3WHLH 6¥iinua MabiyMOTIap KETTHPHITaH.

Hucceprauusauunr «IdaxcHHHr K§J3 TacBHpH acocHga TamIXHCIAM
ANrOPHTMJIAPHHMHT RHAJMTHK TaxXawim» fne6 Homnadran Gupuaunm Gobu
TauIXMCHii napameTpnapHu Gaxonmall YCy/UIaDHHHHT aHAMTHK  Tax/IWIH,
THMCOJUIapHH TaHHO OJIMIIHHHT 3aMOHABHH AIrOPHTM/IapH TaxX/IWMH, TYPIH
ax6opoT/AM XONaTiapda TACBHMpJIapHH TaHHWO ONMMIN Macananapura GarMmUIaHraH
O6y/m6, yHoa TacBHpHH TaHK6 onmum G¥iiHua MamxXyX ycysl Ba alirOpHTMJIapHHHT
KMECHI TaXTHITH KeJTHPWITaH, YOy Tax/Mul HaTKalapH acocuaa KOH TOMHpIapH
TaCBHPJIapHHH KOMMBIOTEpIA TaX/IW1 KWIHID TH3UMJIAPHHMHT KHECHA TaxIHIH
Taknug stwiran (l-kameam). Bynman Tamkapu, maskyp 6Gobma mmcceprais
MIIMHUHT DIAXCHHHT KY3 TaCBHPH aCOCHMAA TANIXHCNAIN ANTOPUTMIIAPHHH HMILIad
YUKUIIAH uOopaT MakcanM WakulaHTHpwirad. Eynmnapu KyiimnraH maxcaara
3pHIUTHPYBYH Bazudanap GenrunaHras.

Xo3upru BakTra Ke/NuG TAHMG ONMILHHHT KOPPENALMOH HasapuscH OHIaH
6Gornmuk OYnran ycynnmapm KeHr TapKangu. DBysmapra Typnu THIgard
MyBoOMKIAWTHpWIraH GWILTpNap, KOPpeNATOpNap, CHEKTp aHanH3aTop/apH
kupamy. Bushunrya OyHpait €upmamyspa Genrmnap ¢asocHHMHT Yirdamu JKyna
1oKopH 6ynagn.KypcatRb yTWiTaH KAMYWINKNADHH €HrHO YTHII ydyH TaOKHKOT
HIUMAA TAUIXMCIIAHAETTaH TACBHPIIADHHHT TIeOMETPHK IapaMeTpiiapHaaH
doiinananum Taknng xumuHaou. Opransmonor-wrdokop yuyH GyHaait Genrniap
66 K¥3 TyOH KOH TOMUpNIapH AHAMETPHHUHT 6MP TEKUC IMAC/UTH Ba STPHIHTH
xucobnananu.
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HOuccepraunsHuar «Ky3 TyoM oja KypUMMOIM TacBHpAapH acocHAa
TaWIXHMCIAm ajaropurmaapm» e HoMiaHraH HMkkuH4YM 6o6upa npeoMer
coxacHHHHr GagHu KexTupwnraH. DByHmaH Tamikapm, aiipuM  ycyn Ba
QIrOPUTM/TAPHHHT TaKOMWUIAWTHPWIFaH KYPUHHUIIAPH Taknu$ STHAraH.

Vwly wmpaa [apaxTCMMOH — TY3WIMAQJapHMHT  MaBxXymmMrH  Gunad
TaBcuaHyBuu 6uoTH66HMIT TacBHprap cHHQH KYpHG uukwnagud. ByHmal
TacRHpiapra ofaM Ky3 TyprnapfacH K¥3 TyOMHMHT TacBMpNapH, ogaM KOH
TOMHpJIapH TH3UMH TOMHpJiapH Ba 60mKa 6MONOTHA Ty3WnManap CypaT/IapHHH
KHPHUTHII MyMKWH. JlapaXTCHMOH TY3WIMalap TaCBHPNIaDHHH TaxJHiI KWIHMIIAA
TapMOKJ/1ap MapKaznapHHH aXpaTHO OJMIU Ba TapMOKHHMHT Xap OWp HykracHaa
HYHanMWIapH) aHUKMAL MacalacH acocHil Xucobnananu.

Vwby napamerpnap épaamMuna KyhAugarn Tu66uii-ranxucuii napamerpiapHu
6axonam amanra OMpHIaW: YH3HKIM FeMOIMHAMHKA NapaMeTpH (TOMHPHHHT
JIOKQJI IUaMETPH); KpaTHIraH CerMEHTAArH TOMHPHHUHT ¥pTaua AHaMeTpH; TOMHD
KaMOPUHUHT HOTEKMCIIMK TapaMeTpylapy (TOMHP NCBOPHHHHT STPWINTH Ba
OyKWITaH/IHIH); XpaTWIraH CerMEHTA2 TOMHp XapaKaTHHHHT TMapaMeTpfapy
(GopMiIMHMHT SrpwiMry Ba OGYKWITAH/IHTH); TOMHDJIAaDHMHT TapMOKJIaHHII
6ypyaksapH; TYpPAH TOMHPJIApHHHT MAkJIyM coXanap/iard KeHIJTHK/Iaph HHCOaTHHH
XapakKTepnoB4M napaMerp.

HOpMa TMaToNiOrHA HOopMa MarofiorHss HOpMa IAaTONOrHs
a) 6) B)
1-pacm. Typnapaa naTosorusicu GeIMUIAPHHHHT pacMIapH:
a) 3rpH-Gyrpuink, 6) TapMoKIaHHI 6ypuary, B) KaJHHIMK y3rapamm
ANHAMHKAacH

Tamxucut mapamerpyiap TYTwiaMu Kyimparn 6aéH KWIMHYBYH TalIXHCIAII
Genrunapy TYIaMHHH XOCHT KHnaau: 1) TapMoKHUHT YpTavua mquamerpy; 2) TYFpH
YM3UKJIWIMK ~ TapMOKHHHT TYFPH UM3MKIM HAYHaMINOaH YenIAlIHAIMHH
xapaKkTepnaiiny; 3) TapMOKHHHT aHHK 0OpazTWINIH TapMOK KaJIHHIHTHHHHT
HOTEKHCIUTMHH  Xapakrtepiaiiiy; 4) TapMOK KAMHHIMTH TeGpaHUIUIapH
aMTUTHTY JaCH TapMOK JEBOPHUHHMHT TYFPH YH3HKAAH YeTIaHUIINHY XapaKTepaiiy,
5) KanHHIKK TeGpaHULILIApH YaCTOTaCH YHUHT Y3YHIIMK GHpRUrura Tyrpu KeTyBYH
TapMOK I€BOpH HYHANHIIMHUHT Y3rapHUIMHN XapakTepiaimm; 6) KanHHINKHHHT
3rpu-6yrpunuru Tpacca 6yinab xanuunMk GyHKUMACHHMHT Y3rapHin TE3TUTHHA
XapakTtepnaiiny; 7) TpacCaHHUHT 3rpu-Oyrpunuri Tpacca (TapMOK TpeaKTODHACH)
(GYHKUMACHHUHT Y3rapHIl TE3NHIHHN XapakTepnaiimu; 8) Tpacca TeGpaHMmiapH
aMIUTMTYAacH Tpacca OOpMIUMHWHT TYFpHM 4YH3MKIM WYHAIMIINaH ueTIaHHm
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AapakaCHHH Xapakrepnaiau; 9) Tpacca TebpaHHLIIapH YaCTOTACH TAPMOK Y3YHJINK
6upiurura TYrpM  KelyBYM Tpacca HYHaIMWM  Y3rapuIUIAapH  COHMHH
XapaxkrepJakian.

Xo3Mpru BaKTaa MaTeMaTHK MOpPQONOrus TacBMpNapra pakamili HIUIOB
Gepumpa keHr Kymwiamwimokma. Ymby 606aa Tacempnap ycTuoa HopaBilaH
MOop¢0NIoTHK orepaliHaIap TaKOMH/LTAITHPHIH.

Acocwii Mopdonornk onepaunsnap 6¥aM6 KynpaHr uIaTauMs Ba 3pO3MA
onepauHsIapH KUPHTHIT2H:

(.feb)(s,t)=(‘_glg¥eol(f(s_x7t—y)+b(xfy)); (1)
(IJ’)EDA

(OB = min | (f(s+x+5)=b(x ) @)
(x.y)eD,

6y epna f(5,!) — TacBupHuHr EpruHIMK hyHKUMACH;
b(x,y) — Tyswnma xocun KuyBaM snement;
D;,D, — fBa b HuHT aHUKNaHKIm coXanapy.

Alraitnuk, HILIOB Gepunaérran TacBHp
P={xy)|xe{L2,..N},ye{L2,..,M}} mukcennap Texucnuruma [:P—[0,]]
epruHMK dyHKumMAcH 6unad Gepwiran 6Yncun. Y xomna (1) éxu (2) onepauns
KYJUIaHHITaHARaH KeiMH TACBHPHHHT EPKMHINK QYHKUMACHHMHT [0, 1] opamux
JOWpacHiaH YHKHIUMHHM KYPHII KHHHH 3Mac, 6y 3ca mwierauus &ku 3po3udnaH

TacBHpNap  yCTMOarM MyCTakWl —onepauusanap cudaruna  doiinananum
HMMKOHHSATHHH GepMaiinn.

Mopdonoruk onepaunsnapHuHr aHUKIaHraH KaMYWIHKJIapHHH €HrHb yTum
YUYH HOpaBllaH TYIUlamiap Ha3apusicHaaH $polinanaHui TaIH) KHIHHOK.

Kynpaur Tacenpiap Ba Tyswnma Xocun Kuwiysuu 3NMeMEHTNapHA KyiHaaru
KYpHHUIIAATH HOpaBLIaH KHCM-T¥TU1amiap 6unan 6enrunaiimus:
A={ ply ,(p),pe P} TacBHPHUHT TErMIUTMIMK byHKUMACH YHMHP EPKMHAHK

¢ynkumsacu O6unan Genrmnananu: yd(x)=fd(x), TY3WIMaBHi 3JIEMEHTHHHT

TeTHIUTWIMK  GYHKUMACH anpuopu Gepwiamn. V  xonma Takmu} KWIMHTaH
€HpallyBra Kypa [QWIaTallMAHK Ky#nparu Kabu HOpaBWIaH XOJiaT Y4YYyH
YMYMJIAIITHPHIN MyMKHH:

A®B= {clilx ((xe(B),)A(xeA)}= {c|n33nx(p®‘(x) A ,u4(x))}.
TacsHpnap Xo/aTHra 3p03Ks ONEPALMACHHN YMyMIALITHPHIL YUyH Ky#AHIaru
ndonanax dotinanannm Takind KuTHHaW:
4GB = {clw(min{l,l = Uy, (X) + ey, })}

HMunataunss Ba Jpo3us ONEpaUMANApH acocHia TyY3WAraH YerapanapHi

WKPATHIIHNHT MOPGOJIOTHK YCYIIH HOPABIIAH XONaTra KeHrafitupum KyHAngaraya
KYpHHHUIIra >ra 6ynann:

4'=(49 B)\(408),
12



6y epHa 11,5 (x) = max{41,(X) = 45(x),0}.

Huccepraims numHUHr « Heilipon Tapmoruaan doiinananran xonaa xys
KaCAMHKIAPHHY AHHK/IAII AJropuTMIapH » he6 HOMMaHTaH yduHIH 6o6una
ypaMnM HeiipoH TapMoOKJIapHaaH ofilananraH Xofiza Ky3 KacalTHKJIApHHH
aHHKJIAIl anropuTMIIApH TaiHg STWiraH. XaTONHMKHHHT TECKapH TapKATHIIH
anroputMi G¥iiMya YKUTHIN OMnaH TYNAMpWIraH ¥pamJin HeEHpOH TapMoOFHAaH
doiinanannnan.

Vpamnu HelipoH TapMOFH TYP/H KaT/iaMapiaH TAIIKHI TONaIU:

Katnamnapuuir gactiabku ukku Typu (convolutional, subsampling), y3apo
ypuH anMaluraH xonga Kyn KaTjamid NEpCENTPOH YYYH KHpYBuUH Gesrwmnap
BEKTOPHHH XOCH] KWIaau.

Vpamnu Tapmoknap 6HOJOrHK YXIMAmm TApMOK/Iap G1IaH oamui KT KaTiaMimH
nepcenTpoH Ypracugarn MyBaddakusTiu opamuk 6¥m6 xucobnanann. Byrynra
KYHJa TacBHp/apHH TaHWG oy 6¥#uua aHT AXIIM HATWKanap yiap éplavuia
onuuany. Vpraua onranpa GyHmalt TapMOKNMapHHHI aHMK/IMIH OAAMH CyHWbHit
HelipoH TapmoruaaH 10-15% ra okopuaHp.

Ypawum KATIAMHUHT Gapua XapHTanapH yauammapH Kyiiunaru dgopmyna
6yiinua xucobnaHamu:

(w,h) = (mW —kW +\,mH - kH +1),
6y eppa (w, h) — ypamnu xapuTaHuHTr XMcobnmaHaétran Ymiamu; mW — aBanru
XapUTAHUHT KEHTIMTH;mf — aBBalrM XapHTaHHHT Ganamumm' kW — anpoHuHr
KeHrimurH; kH —aapo 6ananpmury.

Slnpo aBBarM XapuTaHMHT OyTyH coxacH G6Fiinab6 cupnaHysum Ba
o6beKTNapHUHT MabiIyM GenrunapuHy TonyBYH Gunstp Eku oitHagaH nbopar. Siapo
aBBarM xapura O¥iiMua cHpnaHanu Ba KYTIMAYAa TacBHpJapra HUUIOB Gepuiina
doinananntysun Ky#uaaru dopmyna 6yiinya ypam onepaumsacuimn 6axapamm

(f *mn)=3.,, flm—kn—1]1*glk],

6y epaa f— GepunraH TacBUp MaTpHLACH; g — YpaM AAPOCH.

TaunoB ocTH Kartiamu sapocH ($uisTp) 6HnaH aBBaNru KawiaM XapHTaCHHH
CKaHep/alll kapaéHUAa CKAHEPNIOBYH SApo YpaMiTH KaTnamaaH ¢apk Kunrad Xonna
kecummaiiau. Onataa xap 6up xapura 2x2 ynuamaara aapora sra 6¥namu, 6y 3ca
YpaMnu KaTAaMHUHT aBBIIH XapUTalnapHHH 2 MapTa KamaffTHpHira HMKOH
6epanu. Bapua Genrwnap xapuracH 2X2 3neMeHTZaH HWOopar Aueiikanapra
6ynuHann, ynapaaH kKuiiMaTH 6YHuda MakcUMany Tan1ab onuHau.

Opatna TawnoB OCTH KarnamMuga RelU daonnamrnpum  ¢yHximsacu
KyJUlaHHIaIH.

Katnamuu Kyiugaru ¢opMyna 6unan ngoganam MyMKHH:

x' = f(a' * subsample(x'™) + b'),

6y epna x! -KaTJIaM qIHKHINH; f ()—q)aonnam'mpnm dyHkIMsCH; a’,b'
KaTAaMHUHT CWDku  ko3$duuuentnapu; Subsample () Jsiokam MakcHMan
KHIMaTNapH! TaHNab ONuIl onepaLysAcH.
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HefipoH TYpuHM YKHUTHIHUHT KBaJApaTHK XaTOCHHH KaMaiTHpHIL yYyH Xap
Oup BasHra HucGaTaH E? 4acToTa XOCWIACMHM XMCO6Na6 rpamMeHT TywMuw

ycynunad doiinananamus. Kyitnnarn MyHoca6atra ara 6ynamus:

OEF , OEf OE; _ ., , OEP
—=xn—l"_i’ _1=g(‘xn)' i?
awi @n ayn axn
Oy epna g’ akTHBaLMA JyHKUHMACH.
P
aE;, =X ~d!,
,

x,{-n - j- KaTnaMHMHr ("-1) - HeHpOHMHHMHI YHKHLUH, A -(n-1)-katnam
HEeHpOHNapHHUHT 6apya YMKHMIIMHUHC CKaNAp KYTIAfTMacH Ba TervlUTM BasH
ko3hduumeHTIapH.

K¥3 xacajumknapu napamerpnapu épaaMuaa Taxywuiap Ba TaxpuGanapaan
¢oinanann6, Ky3 kacaMKIapHHM aHMKJIAMAA TOMHpP XyCYCHST/Iapura Kapab
MOJREJUTAIITHPHILH:

K K
2.4, 2D,

~TOMHP KalHHIHTMHU XHcobnamw g = "}( , v= "='K Ba v>-§a 6yaranna

K¥3 Kacalnury TamxXucH Kyiunamu(2- pacm a) 6y epna d; -apTepusi KOH TOMHp
HYHra YH3WIraH a#inada nuamerp, Di-BeHa KOH TOMHp HYHMIra YH3WiraH aiinana
IpaMeTpH, K- KOH TOMHp HYHIa YN3WITaH alllaHanap cOHH

-iga opKamy Gypuak xucobmal omuHagy A Ba B TOMOHM XOCHI KHW/IMHTaH

y4bypuak TOMOHJIapHTa TeHr. a = arctg%+arctgﬁ- NHUKcesuap opkanu 6ypuak
a

Xuco6naHu6, YTMac Gypuak XonaTH yuyH Kaca/UTUK TAIIXHCH Ky iunaam.(2-pacw 6).

2) 6) o)
2- pacm K¥3 Ty6H KoH TOMHPHHHHT KYPHHHID MWAK/LIapH
Arap ¢byHKims rpaduk KYpHHHIMMAA EKM Mypakkab aHamHTHK ndona Gunan
Gepunran 6¥nca, y xonna Gomka Typaard BapHaHTIH macarnarnap BY>KyZra xeJiaJii.
Macanan, [a,6] opanukuu / Ta 6¥nakka axpaTHI TANa6 ITHICHH:
la..aqli=1 .., a =a, a =b,
xap 6up [a.,.q] kecMana yskuuaHu Kyfumaru Kynxanra SKHHIAIITHPHIN KEPaK:

[ =gx)=Y cx*.
k=0
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Kyapasr racsapra
¥TrRaznm

a,v-xacobaa
)
a
a=arcig—
v
3
L 220 e
|' ‘coraoM ! Aprepman rumeprensaa

3- pacm. JIacTypHHHT QYHKIHMOHAN TY3HIMACH
SAxuHnammmuuHr GyHOal ycywnapu WuumaH y Eku 6y MabHOMAa MyKOOHNM
Tonwnamu. KymiuHua onauias, p, =...=n,, m, =...=m, HeraH Tanab KyAnamm, )
6¥yvMHraH KecManapHHUHT COHH XHcoOnaHamu Ba a,, ..., a_,nBam 6yituaa ycyn
MyKeOwunammupwiann. Xycycuit Xonga, seHm /= pa GenrwnaHraH KecMana
K{nxafra TeKUC SKHHJIAIINLI MacaNiacu TyFiiamH (2- pacm ¢) K¥3 TOMHpHHMHT o

15



Tapac) TacBMPH aCOCHAA ACTYPHUHT (GyHKUMOHAN Ty3WIMacH MLWIa6 yukumy (3-
pacm).

Vpamiin HEHPOH TAPMOFM apXHTEKTYpacHHM APATTraHAaH Ba YHU YKHTraHIaH
KelHH yHIaH ¢oANanaHNIIHy JTKa3HI MYMKHMH. Vpawm HeHpOH TapMOFH, TYFpH
TapKaJlyBuYM HEApOH TapMOKJapu &prammuua KnacCHQHKAaTOPHH KYpHII GHpHHYH
ypawmn KaTnammaHoK OGomnanamu. SlpatwaraH ypaMaM  HEHpOH TapMOFH
apXUTEKTYpacH 4-pacMAa KeITHPHITaH.

]
o v
[ 3
'.. @o.. = o.. Cﬁ: o
©
® Ynkum
{welk =1, ... K|}
Ypam  Cy6amc- Ypam  Cy6guc- Vpam Cy6anc-  Tyna
KpeTH3auM KpeTnsaun KpeTn3auu Gornaura

4-pacm. Vpamau neiipon TAPMOFHMHHHT YMYMH TY3WIHIIH
4-pacMna KeNTHPWITaH Ypamiin HeHPOH TApPMOFH KaT/IaMJIapHHHT Typnapu:
¥pammm (convolutional) xarnamnap, cy6muckpernzaums (subsampling, TamnoB
OCTH) KaTNamNapuiaH TAIIKW TonraH. Ypam onepaumscuia dakaT KugukK
ymuamnarn weknanraH BasHNap MaTpHMUAcHmaH &ku 3x3 YrmuaMaarn oifHagaH
toiinanaunnanu

Bupunun katnampman keiimn 28x28x/ Marpuuaci — Gao/alwTHpHII
byHkupnacy Eku Genrunap xapuTacHHH, AbHM 784 Ta KuiiMaTHH onamus. Keiinx C1

KaT/iaMJia O/IMHIaH MaTpHLIA &%k YT4aMiH oitha Epnamuaa cy6auCKpeTH3aLMs
onepaupsicunan (MyauHraaH) Yranu. Kys ToMupusunr &n Tapad TacBupH acocnaa
Kyliuga rubpun anroputm unwiab YHKWIIH.

K¥3 ToMupunuHr &H Tapad Taceupu acocmpma NacCTYpHHMHI (pyHKUMOHAN
Ty3nnMacH Hiwiab uukmwngm (5-pacm).

Huccepraimsnunr «Ky3 Ty6u TacBupnapn 6¥#mua K¥3 KacalIHKJIADHHH
TamXHCIam JACTYPH Ba OJMHIAH HATIDKA TAXTWIN» e6 HOMIAHIaH TYPTHHYH
606u Taknug sTnran uHTenNeKTyan rupun YCyn Ba anropurmiap acocmuaa Ky3
Ty6H Taceupnapn 6yiiMua Ky3 Kaca/NIMKNAapuHM Tamxucnam AAcTYpH Huuiab
YHKHNraH Ba OJIMHraH HATHKA TAXJIWIM KeTTUPHIIraH,

Hactyp python 3.6.7 sepcusicuna wuna6 uukunau. JJacTypHM HILTALIMHH
TabMHHNAlA BUAEOXaPUTAHUHT MaBXKyn GYmuimm Tana6 stunany. TacBupnaphu
KaiiTa nimnamna kyitngark KyTyGXoHanap okna6 OJIMHAIN:

absl-py=0.10.0 astunparse==1.6.3 attrs==20.2.0 cachetools==4.1.1

certifi==2020.6.20 chardet==3.0.4 cycler==0.10.0 dill=0.3.2 future==0.18.2
gast=0.3.3 google-auth==1.21.1 google-auth-oauthlib==0.4.1 google-
Pasta==0.2.0 googleapis-common-protos==1.52.0 grpcio=1.32.0 h5py==2.10.0
idna==2.10 importlib-metadata==1.7.0 Keras==2.4.3 Keras-Preprocessing==1.1.2
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i

Mamiy- !
MoTIap |

Tyanamm |

Conv(32x3x3) pool 212

Conv(64x3x3) poel 2x2
Conv(64x3x3) pool 2x2
‘Dropout 025
softmax

S-pacm. K¥3 ToMupusmunr éu Tapad TacBHpPH acocHaa APaTWIraH
ARCTYPHIET $yHiamonan TysmiMAcH
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kiwisolver==1.2.0 Markdown=3.2.2 matplotlib==3.3.1 numpy==1.18.5
oauthlib==3.1.0 opencv-python=—=3.4.3.18 opt-einsum==3.3.0 Pillow=—=7.2.0
promise=—=2.3 protobuf==3.13.0 yasn1=0.4.8 pyasnl-modules==0.2.8
pyparsing==2.4.7 PyQt5==5.15.1 PyQt5-sip==12.8.1 python-dateutil=—2.8.1
PyYAML==53.1 requests=—2.24.0 requests-oauthlib=—=1.3.0 rsa=4.6
scipy=—1.4.1 six=1.15.0 tensorboard=2.3.0 tensorboard-plugin-wit—1.7.0
tensorflow==2.3.0  tensorflow-datasets=3.2.1 tensorflow-estimator=—=2.3.0
tensorflow-metadata=—0.24.0 termcolor=—1.1.0 tqdm==4.48.2 urllib3==1.25.10
Werkzeug=—1.0.1 wrapt==1.12.1 zipp=3.1.0.

Taxpubasuii TAMKMKOTNAp K§'3 TOMHp NATONOTHACKHAA aKpaTHb ONIMHIaH TecT
TacBHpJIapHAa YTKa3WIIH.

K¥3 ToMHpuHHHT €H TapadJaH K pUHUIIM TaCBUpPJIapH MabIyMOTIap TYILaMu
kaggle.com ounK ManIyMOTIap TYIUIaMH CaliTHIaH onuHAHN. YGy ManiyMoTnap
TYTUIaMHIaH OJIMHTaH TacBHpJap KyiHIariua TakCHMAIaHaH. 2-yxaaBar.

2-xagBaj
Taxpnbanapaa ¢oiinaNaHWIraH TACBHPAAPHUHT TAKCUMJIAHHINH

Cornom | Xopuounesnan | Jipycen ky3
Ky3 ycraH sIHTH KOH | KaCaJUTMIH
TOMHp
‘YMyMmHii TacBHpJIap COHM 26315 37205 28616
VKHTHIraH TRCBHpPJIap COHM 242 242 242
TecT KWIMHTaH TaCBHpJiap COHH 26557 37447 28858

Vmby ManiyMoTnap TywiamMM acocHaa TypiM CTPyKTypadaru HaTxanap
TaxJTWUIapH OJTMHIH.

Wmpaa YxuTysam GHiIaH YKUTHI YCYJIM acocuiia 00beKT/IapHH TaHHO omnm pa
cundnapra axpatuin 6¥iiMdga pacTypuii TaBMHHOT ApaTWIAM, MIIAA ApaTWIraH
GUTTa KMpPHII KaT/aMH, YITa {paMJiTH KaT/iaM Ba yuTa Cy6aycKpeTH3alus KaTlaMura
ara 6yaraH Ypamm HeiipoH TapMorH. TAPMOKHHHT Ty3WIHILH acochza 3- kaasaiga
KeJITHPWITaH HaTwKanap OJHHOH.

TaHnanraH TapMOKHH YKHTHIL, Y3rapTHPHIL Ba TECTAAH YTKa3ul ity 6unan
SMOXaJIapHHHT (MTEPaLHANAPHUHT) ONITMMAJT COHH aHHMKJIaHAH.

3-xapBan
TH3nM yIYH HOTAHHI O¥IraH TecT MABJIYMOT/IAp TAHHTIWITaH HATHXKA
Ne| Kareropus HOMH JKamu Tyrpn | Hotyrpn ®ous
Tecmiap
1 |Xopunonnesanan ycrau 242 212 30 87,6
SIHTH KOH TOMHP
2 |pyceH ky3 242 199 43 823
KacaJUTHTH
3 [Cornom ki3 242 232 10 95,8

Vpamnu HeifpoH TapMoru uukMmmMIa Gazana maexyn Gynran o6bekTra Moc
KE/MII 3XTHMOJUIMKIIApH ONMHAAX. MakchMMan Aapakajari 3XTHMOJUIMKKa 3ra
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6ynran kaap Tawnal onMHANM Ba Wy BaKTAArM AKyHHH Xynoca cudartnma kabyn
KunuHanu. Xaronap coHM 4-40% HH TalIKHI KHIIOH.
Mopdonoruk ¢puapTpaumus amanra owMpHAraHaa 4 xaasanaars Taiu6 o
HaTDKarnapH OJIHHraH.
4-xaaBa

TH3nM yJdyH HOTaHMII 6YJIraH TecT MabAYMOTAapHH Mopdooruxk
duabTpaums opKaJH YKHTHITaHAarH HATHXANAp

Ne Kareropus Homu XKamu Tyrpu Hotyrpn | dous
TecTIap
1 | XopuoupeamaH ycrau 242 208 34 85,9
SHIY KOH TOMHD
2 |HdpyceH k¥3 KacaJuTHTH 242 192 50 79,3
3 Cornom Ky3 242 221 21 91,3

HopaBwan mopdonornk ¢uibTpauus amanra OWHpPHIraHAa S afBajiiark
TaHWO ONMII HAaTHKAIADH ONHHAM.
S-xaaBan
TH3um ydyH HoTaHHI G¥/NraH TecT MabJIYMOT/IaPHH HOpaBIMIaH
Mopdosornk GUAbTpaALHs OPKAIH VYKHTHIrAHAA

Ne | Kareropus Homu Kamn Tyrpu Hotyrpn dous
TecTnap
1 | XopuoupeanaH |242 229 13 94,6
YcraH AHrH KOH
TOMHP
2 HOpycen kyz  |242 218 24 90,2
KacayUTuTH
3 CornoM ki3 242 235 7 97,4

Hopasman mMopdonoruk GuisTpauus amanra oHIMpIIraHAaH CYHT S-xamsai
HaTKaIapy onvHAM. XaTONHKIAap COHH 5-7% HM Tamkuwil Kwian. Hopasmax
mopdonornk QUIETpaUMA amanra OWMPIIraHAa XucobyianmapharM aHMKJIHK
ouny.

VYpamnu HelipoH TapMOKiapM MacwTal Y3rapHmnap, CHDLKHIUIAp,
6ypuiiap, pakypCHUHT anMalMmy Ba Gomka Gyswiunulapra HucGaTaH KMCMaH
TypFYHIHKHH TabMHHJIAAIH.

K¥3 TyOu opraHH3MIar# TOMHp/ap TH3HMHUHHHT TYpHapAa TOMHpJapuAaryd
[IATONIOTHK ¥3rapHIIapHM MHKIOpMH 6Gaxonam ycyJulapy Ba anropHTMIapHra
acoc/laHraH Ky3 TyOM TacBHpNapHHH Taxjul KWIMIAA HOUlab6 YMKWIraH
aBTOMATVIAINTHPWIFAH TH3MM TYpnapiaHuHr 6o0mIKAa KaCAUTHKJIADHHH XaM
Tawxucnaura MMKOH Gepagu.

Vwby TAOKMKOT HIUMAR KY3 Ty6W TAacBHPNApHHM TaXJIWJ KHIHIIHMHT
aBTOMATNALITHPWIraH TH3MMH TalIXMCNANIHHHT  IOXMAA GoCKAWIapHHU
aBTOMAT/IALITUPHINTa HMKOH Oepanu.
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XVJIOCA

«LJaXCHMHT K¥3 TACBMPH aCOCHAA KACAUIMKIADHY aHUKJIAL aNrOpHTMIIaPHY
Mas3ycuza onuG GopunraH AMccepTauHs TANKMKOTHHHHT acOCHH HaTWKanapw
Kyiiunarmwnapaas ubopar:

1.ToMup mnaTosiorHANapHHH TAlIXHC/All MyaMMOJIapHMHHHT 3aMOHaBHii
XONaTH TaxXawil KwimHoH. Onub Gopwiran TaX Wi — HaTWkanapH Ky3 Ty6u
TacBHp/IapHard TOMHp TATOJIOTHACHHH TAUIXHCIAll YYyH 3apyp NapaMeTprapH
aHMK/alra Ba TAlIXHCIANl MacalanapHH WaK/UTaHTHPHINTa HMKOH Gepaj.

2.Taceupnap ycTuaa MOp@ONOrMK oOnepalManap HOpaBlaH TYIUamnap
Ha3apHUACH acoCHAA TakOMWUIAIITHpWIAM. Takmnd KWwIMHTaH HopaBIlaH
mopdonorux onepauMsnap TacBUpNiapra NacTnabku MIWIOB Gepuiu Ba yiapHM
TaxXJIW KWIHLIHHHT SHFH YCYJUIapHHY HIWIA0 YHKMIL YUYH doiigaiaHuILIra HIMKOH
6epmu.

3.1llaxcHuHr K3 TyOH oA KYPHHHLIN KOH TOMHPH TaCBHPH NapaMeTp/iapHHu
aHMKJTall acoCHAA TYP/M XWI KaCa/UTHKJIApHH TaLIXKC/IAl afArOpUTMH HILIab
YHKWIIH. Y6y anropuT™ K3 kacauTHKIapHaaH ¢apkim GolKa KacalMKIapHHH
XaM TalIXHCIamra MMKOH 6epaH.

4. K¥y3 kaca/UMK/IapHHH TAmIXHCIAll MacalaCHHM eYHIN MaKCaamuaa ¥pamiu
HEeHpOH TApMOFH apXHTEKTypacH Huuab unkwiaH. By aca k3 Ty6u € kpHHMIIM
KOH TOMHPH TAaCBHpH acocHla KV3 KaCalUIMKIapHHH aHHKIAWl aIrOPUTMMHH
TaKOMWUIAIITHPHIITa HMKOH Gepay.

5.Ky3 kacamniiap 6¥iinya ManTyMoTiap 6asacHHH INAKLIAHTHPHIL XaMAaa
WAXCHUHI K¥3 Ty6m ong Ba €H KYpHHHLIM KOH TOMHPH TacBHUpPM acoCHAA
KACA/MIUIAPHM aHWKJIAm JacTypriapu wuwia6 unkwum. Ypamwmm Helipow
TapMOKJiapH MacmTab y3rapunulapH, CWDKMUUIAp, Gypuuinap, paKypCHHHT
anvanmmu¥  Ba Gomka Oysmmunutapra HucbaTaH KHUCMaH —TYpFYHIHMKHH
TabMHHJIAIITa HIMKOH Gepau.

6.K¥3 Ty6n opraHMsmpgars TOMHpJIap TH3HMHHHHT TYplapAa TOMHpAapHIaru
MaTONIOTHK ¥3rapHULIapHX MHKOOpHH Oaxonmaml ycy/UtlapH Ba anTOpHTMJIapHra
acoCJIaHraH K3 TyOH TacCBHp/IapHHH TaX/INA KWIMIIHHUHT aBTOMAT/NALIraH TH3UMH
6 gukunay. Jactyp Taing KWIMHraH ajirOpUTMNApHUHT aeKBAT/IMIHHH
TeKIIHpHIITa UMKOH Oepau.

7.Ymby TanxMKOT MmHKAa kY3 TyGH TacBMPAapMHH TaXJIWil KWIHIOHHHT
aBTOMATNAIUTHPHATaH TH3MMH TAmXHCIAWHUHT  aloXuaa GOCKMUNapHHM
aBTOMAaT/IAIITHPHINITa UMKOH Gepau.

8 Kon TOMHprnapn TacBHpNapHAard TAWIXHCHK >KMXaTHaH aXaMHSTIH
MawIyMOT/IapHH axXpaTumn ycayOuatH Pecny6inka mwomwmmHga THOOMH Epaam
WIMHIi MapKa3¥ AHIIDKOH dunnanuaa, AHOWKOH Laxap THOOMET GupnalMacuaa,
AHIIDKOH BWIOATH KyN TapMOKNM THOOMET Mapkasuaa, AHMDKOH BWIOATH
IOKYMJTH Kkacannmivtap ndoxoHacuna Xamaa AHmnkoH Ba (DaproHa BHWJIOATH
otpransmonorusa wndoxoHacuaa TaaOMK 3Tuarad. HnMmuil TAOAKMKOT HaTHXKacHaa
K¥3 TyOM TacBupnapM éEpoaMMAa kY3 KacaUIMKIADHHA  TaUIXHCHALI
caMapanopiuruHy 15% ra owupyIn KMKOHHHY Gepan.

20



PA3OBBI HAYUHBIN COBET IIPM HAYYHOM COBETE
DSc13/30.12.2019.T.07.01 IO MPHCYXAEHHIO YYEHBIX CTEINEHEH
IPU TAIDKEHTCKOM YHUBEPCHUTETE HH®OPMAIIHOHHBIX
TEXHOJIOrNi

" HAYYHO-WHHOBAIIMOHHBIN EHTP MHOOPMAIIMOHHO-
KOMMYHHKAIUOHHBIX TEXHOJIOr Ui ITPH TAIIKEHTCKOM
YHHBEPCHTETE HHOOPMAIHMOHHLBIX TEXHOJIOTHHU

COTBOJAUEB TUJIIIOABEK MAPH®)KXOHOBHY

AJITOPHTMEI BBISABJEHHUSA 3ABOJIEBAHHI N0 H30EPAXKEHHIO
I'JIA3A YEJIOBEKA

05.01.03 - TeopeTHecksie OCHOBBI HH(BOPMaTHKH

ABTOPE®EPAT THCCEPTAIIMN
JAOKTOPA ®HJIOCO®HH (PhD) MO TEXHHYECKHM HAVKAM

TamxenT - 2021



Tema ancceprauun ackropa drnocodpun (PhD) no TexnAuecknM HayKaM 3aperHCTPHPOBaNa
B Buicmeii arTecranuonsoii KomiccHn npu Ka6anere Munncrpos PecrryGnmka Yibexncran 3a
B2020.4.PhD/T896.

Juccepraups suinonseHa 8 Hay4Ho-HHHOLHOHHOM LieHTpe HHGOPMALHOHHO-KOMMYHHKAUHOHHEIX
TexHonornii npy TamKkeHTCKOM yHHBEpCHTeTE HHGOPMALIMOHHEIX TEXHOMOTHIA.

Astopedepar OMccepTauMi Ha Tpex sasblkax (ysGexckuil, pycckuii, aurnmiickuit (pestome))
pasmenieH Ha BeG-CTpaHMLE HayuyHOro coBera (Www.tuit.uz) u Ha HudopMaumonHo-06pa3oBaTensHoM
noprane «ZiyoNet» (Www.ziyonet.uz).

HayuHbiii pykoBoIHTEIL: IIpamoBa Xoanna Anop6oesna
IOKTOp TEXHHYECKHX HayK, CTapIIHit HayuHbIH COTPYAHHK

OdnnnannaLie oNNoHEHTH: Hcmannos Mapxaamn Ar3aMoBHY
IOKTOP TeXHHYECKHX Hayk, npodieccop

IOcynos O3on PaG6aMoBHu
PhD

Beaymas opraan3anHus: TamkenTcknii rocyAapcrBeHnblii TPAHCIOPTHBIT
YHHBEpPCHTET

3aumTa AMCCEpTALMN COCTOUTCA «___ » 2021 r. B ____ vacoB Ha 3acefianun Hayunoro
coeeta DSc.27.06.2017.T.07.01 npu TamkeHTCKOM YHHBEpCHTETe HHGOPMAUMOHHBIX TEXHONOTHIL.
(Anpec: 100202, r. Tamxent, yn. Amupa Temypa, 108. Tes.: (99871) 238-64-43; daxc: (99871) 238-65-
52; e-mail: tuit@tuit.uz).

C nmuccepraumeil MOkHO o3HaKomuTheA B MHGopMauucHHO-pecypcHoM ueHTpe TakeHTCKoro
YHHBEpCHTETR HH(OPMAIMOHHBIX TexHonmorn#t (perncTpauvoHHsii Homep Ne ). (Ampec: 100202,
r.TaumxenT, yn. Amupa Temypa, 108. Ten.: (99871) 238-65-44).

AsTopedepar nquccepTauny pasocnaH «_ » 2021 ropa.
(npotokon paccetiku Ne___ 0T «__» 2021 r.).

P.X.Xamaamos

lNpencenarens Hay4HOTO COBETA 1O NPHCYXACHHIO YHEHBIX
cTeneHel, JOKTOP TEXHHYECKHX Hayk, npodeccop
&.M.Hypannes

Vuenriit cexpeTapb HayqHOrO COBETA 110 NPHCYKACHHIO
YuY&HBIX CTeneHell, JOKTOP TEXHHYECKHX HAYK, AOUEHT
0.XK.Ba6omypaaos

TMpencenaTens HaysHOTO CEMHHApA MPH HAYHYHOM COBETE 1O
MIPHCYKAEHHIO YYEHBIX CTeneHe



BBEJEHUE (aHHoTaumsi AHccepTaLHH ZoKTopa ¢uiaoccoduu (PhD))

AKTYaJIbHOCTbL M BOCTpeGOBaHHOCTh TeMbl AnccepTauuu. CerofHa «Ha
OBOM pBIHKE MeAHULIMHCKOM TEXHHUKH NPEIaracTcA JOBOBHO GONbLIOH CIEKTp
OUOpYHNOBAaHHA MUIA TOJNYYEHHs BBICOKOKAYECTBEHHEIX H306paKeHHHCHHMKOB
3HOrO MHA, CEpACYHO-COCYHMCTOM CHCTEMBI M OPYTHX OHOMEOMUMHCKMX
n3obpaxeHHii, omHako mpuknamHoe ofecnedeHHe y OONBLIIHHCTBA CHCTEM
COJEPKHT NHILL Haubonee obLeynoTpeGUTeNbHbIE CPEACTBa 1A NpenotpaboTky
u306pakennit, OBEIMIEHHA MX KauecTsa»'. B pasBHTHIX CTpaHaxX MMpa, BKITOYad
CLIA, Snomwmio, Hcnmanwio, Tepmanmo, Benukobpuranmio, ®pauumo,
Poccuiickyio ®enepawyio u ap., GbICTpO pa3BHBAIOTCA NPOrpaMMHO-aNMapaTHbie
KOMIUIEKCH! YIS TOJIHOM KOMIBLIOTEPH3aLMH IJIHHHK H NPaKTHK, YTO MPUBOLMT K
NOBLILECHUI0 CNpPOCa Ha MpOrpaMMBI MOHMTOPHHI2 W 3KCIEPTHBIC CHCTEMBI,
onepHpyolye U¥GpOBEIMH H306paKEHHAMH.

MeTofel, MCIONB3yeMBIe B HAacTOALEE BpeMA B MHpe, HE HAlOT MONHOH
KapTHHBI pa3THYHBIX 3260NeBatKi, a TaloKe He NPEOCTABNIAIOT [ y9deTa MoJIHOro
Habopa (akTopoB, KOTOpEIE MOXKHO HCMOJNB30BaTh JfA OWArHOCTMKH H
npodunaKkTHKH BCEBO3MOXHBIX 3abonesanuii. HenpasunpHad WHTEpnpeTauya
TEKYLIero COCTOAHWA NaLUMeHTa NpPHBOAMT K 3HAUMTENEHOMY CHIDKESHHIO
apdexTHBHOCTH JieveHns M npodmwrakruku 3abonepanmii. CymecTBeHHOE
nosbiieHne 3¢QeKTHBHOCTH JNieueHud NauMeHTOB TpebyeT MCNONL30BAHMA
COBPEMEHHBIX KOMIBIOTEPHBIX TEXHONOTHH AnA o6paGoTkH, MHTEpNpeTaUMH M
XpaHeHHs QUarHOCTHYECKHX JaHHBIX.

Ocofoe BHUManHMe yZensercd BHEOPEHMIO HH(OPMALMOHHBIX H
KOMMYHHKALIMOHHBIX TeXHOMOTHII BO BCEX SKOHOMHIECKHMX H COLMANBHBIX Cpepax
ctpaisl. B Crpaternn neficteuii mo pamsHedmeMy pasBHTHIO Pecry6immkn
V36ekucrad Ha 2017-2021 roap! onpeneNieHsl 3aa4qH, B TOM YHCIE «...BHEAPEHHE
HH(OPMALMOHHBIX X KOMMYHHKALHOHHBIX TEXHONOTHil B 3KOHOMHKY, COLTHANBHYIO
chepy, cucteMmy ynpasnenms»’. IIpH BBINOJIHEHMM 3TMX 3amay Ha OCHOBE
pa3paboTK¥ MeTONOB MOZENHpOBaHHA, 00paloTkM M aHanM3a H300paxxeHMi
COCYAMCTOl CHCTEMBI, arOPUTMOB M MH(OPMALMOHHBIX TEXHOJIOTHii, a TaiokKe
KOJIMYECTBEHHOH OLEHKH MX MOp(ONIOrHiyeckux ocoGeHHOCTe!H AN MEIULIMHCKHX
ueneit, oqHOM K3 aKTyaNnbHBIX 3aja4 ABIAETCA CO3AAHHE KOMITBIOTEPHBIX CHCTEMBI,
ofecneunBaloLIe PaHHIO QUATHOCTHKY 3aGoneBaHHHA.

JlaHHOE JHCCEpTAaUMOHHOE HCCNENloBaHHE B ONpPEHENEHROH CTENEeHH
cnocofCcTBYeT pealn3aluy 3aAad, MoCTaRlIeHHbIX B Ykase [Tpeaunenta Pecny6nuku
V36ekucrad Ne VI1-4947 ot 7 despana 2017 roga «O Crparernn neiictauil mo
nanbHeiimeMy passuTtvio Pecry6nuku V3Gexucrann, [Tocranosnenuu IpesnaeHTa
Pecny6nuku V3bekucran Ne IM1-3245 ot 29 asrycra 2017 roma «O Mepax mo
JanbHelilleMy COBEpIIEHCTBOBAHMIO CHCTEMB! YIIpaBNEHHA NpoeKTaMH B cepe
MHGOpMALIMOHHO-KOMMYHHKALIMOHHBIX ~ TeXHONMOrMi» M VYkase Ilpesugenra

! H.IO. Uspacosa, A.B. Kynp , AO . Kop M.A. AHannm. MaTeMaTiHeckHe MOQENH H MCTOAMN
OLICHMRAHHA ARATHOCTHHECKHX MAPAMCTPOB APCBOBHIHMIX CTPyKTyp.- Camapa: CTAY,2007 104 6.

2 Vkas lpesuncnma Pecny6mixn Va6exucran Ne VIT-4947 ot 7 denpans 2017 rona «O Crparerym neitcenii o
pansHeiimemv nassamino Pecnivinuka VaGexncrany,
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Pecniybnmkn Ys6exncran Ne YT1-5349 ot 19 despana 2018 roga «O Mepax no
AanbHefilleMy coBepuIEHCTBOBaHMIO Ciepbl HHPOPMALUMOHHBLIX TEXHOJNOTHIA M
KOMMYHHKaUH#», a2 Taloke ApYrUX HOPMATHBHEIX aKTax, OTHOCAIUMXCA K NAHHOM
HEATEIBHOCTH.

Coo‘rne‘rcrnue HCCICAOBAHHA € NPHOPHTETHLIMH HanpaBJIECHHAMH
Pa3’BHTHA HAYKH N TeXHoJIOrn# pecny6HicH. DTO HCCNeN0BaHKE PEATH3OBAHO B
pamkax dacti IV npuopuTeTHoro HanpariieHus «MH$opMaTH3alMa M pa3BUTHe
HH(OPMaUHOHHO-KOMMYHHKALHOHHBIX TEXHONOTHI.

Crenens usy4yenHoctu npo6nemsl. J1.3ane, P.Annes, Mamnany, CyreHo n

mpyrue 3apybexkHble y4eHble NpPOBONWIM HCCNENOBAHHA MO  BOMPOCAM
HHTC/UICKTYalIbHOTO aHanusa paHHeX. Y. Wan, J. Cheasty, R. Zuckerman
TIPEANIOKHIN IMHAMUYHELA METOR M3MEpPEHHs AUaMeTpa C YYETOM CTATHCTHUECKHX
XapakTepHCTHK H306pakeHHs. Merogsl 06paboTku (NMOBBIEHMA KavecTBa)
o TaIBEMONOrHYECKHX H306paKEHHUiT GbLTH MPEIOIKEHDI yuéneiMu Kak Carl Zeiss,
Rodenstock, Topcon u npyrumu. Michael Goldbaum onmceiBaeT BblgesieHHe
BAKHEIX JJIEMEHTOB nocile ouudpoBKH H300paxkeHus. B auarHocTHKe cocyancTol
CHCTEMEI F1asHoro aHa H.IO. Unesacosa, A.B. Kynpusatos, A.O. Kopenatos, M.A.
AHaHBII MPOBOMMIH HCCNENOBAHMA HA OCHOBE KOPPEJIALMOHHOTO aHAN3a,
PETPECCHOHHOrO  aHanu3a, (JAaKTOPHOTO aHANM3a, KIACTEPHOrO aHalM3a,
JHCKPUMHMHAHTHOrO aHaJTH3a.
Ilo Bompocam MHTenseKTyanbHOTO aHaNM3a HEUETKUX NAHHBIX B Hay4HEIe
Hcenenosanus  Pecny6nuke  V36ekucran  nposomwnim  T.d.Fexmypatos,
M.M Kammunos, 111.X.®o3unos, H.A Hrnatses, I.T Myxamenuesa, ®.T.Omwiosa,
H.C.Mawmaros, P.H.Vcmanos, A X .Hunmonos, C.C.Pamka6os.

K Hactosmemy Bpemenu He GBUIO NMpOBEfCHO NOCTATOMHOTO KONHYECTBA
HCCNIElOBaHHH, HANPaB/IEHEIX Ha pa3paboTKy anTOPUTMa BEISBJICHUS 3a60MeBaHMI
TJla3 Ha OCHOBE pacueTa pa3fIMYHEIX 3HaUeHHH M306pakeHHs ryasHOro OHa, BUL
Clepeny, pemeHye 3a0a4H JHarHOCTHKH 3a6oneBaHuii ri1as, a Takoke pa3paboTky
TOTIOJIOTHH HEAPOHHOM CETH Ha OCHOBE M306paXKeHNs COCYIIOB ITIa3HOTO AHA, BHA
CcOOKY, H ¢ HCIO/IE30BaHKEM TEOPHH HEYETKHX MHOMKECTB.

CBfi3b  AMCCEPTALUMOHHOTO MCCTEAOBAHHA ¢  TUIAHAMH HAy4YHO-
HCCIER0BATeNLCKHX PaGoT Hay4uHO-HCC/IeR0BAaTeNBCKOr0 yupe:KieHHs, e
BBINO/IHEHA [HCcepTanus. CornacHo IiaHy HayqHO-HCCIE0BaTeNbCKOM paboTht
Hay4Ho-HHHOBalMOHHOrO UeHTpa MHGOPMAUMOHHBIX K KOMMYHHKaLMOHHBIX
TEXHOJIOTHH TpH TalKEHTCKOM YHHMBEPCHTETE WH(OPMALHMOHHBIX TEXHONOTHil
MMeHH MyXamMMmana anb-Xopesmu, HCCe[OBaHWE TNPOBOOMIOCH B PaMKax
HCC/ICI0BATENILCKUX NPoekToB mo Temam BB-B-14-011 «Merone! u anroputMet
PCIICHAA HEYETKHX 3a/ay MHTEJUIEKTYaIbHOTO aHaNM3a HaHHBIX B YCJIOBHSX
HeonpeneneHHoCTH» (2017-2020 rr.)

Wens neenenoBannii: pelenye 3anaun AMarHOCTHKH 3a00eBaHHit 7123 Ha
OCHOBE H300paKeHHA KPOBEHOCHBIX COCYMOB INIa3HOTO MHA, BMJ CHIEPENH M BHA
60Ky, C HCIO/Lb30BaHUEM TEOPHH HEHPOHHBLIX CETEH N HeEeTKHX MHOIKECTS.

3agaum HcciegoBannn:
AHAJTU3 TEKYIIEro COCTOAHHA Mpo0ieM AWAarHOCTHKH COCYIHMCTOH NaTOJIOTHH,

24



onpeneseHHe NapaMeTpoB, HEOOXOAMMBIX M/ [OMAarHOCTHKH COCYIAHCTOH
naToJIOrHu Ha n306pa>|<el-lmlx rinasHoro nHa;

yJTyHLUeHHE HeYeTKHX MOpoloruiecKux onepaumii Hax H306paKeHHAMH;

pa3paboTka AMarHOCTHYECKOTO AIFOPHTMa HA OCHOBE pacyeTa PasTUYHEBIX
3HaYeHHIi COCYqHCTOro U306paKeHNs HeloBeKa, epedHero BHAA rJ1a3Horo JHa;

pa3paboTka TOMONOrMH HEHPOHHOM CETH 1A pelleHus 3a0aYH JUarHOCTHKH
3a6GoneBaHHii ria3 ¥ COBEPLICHCTBOBAHHA aNrOPHTMA BEIABJIEHHA 3a601eBaHHi IMa3
Ha OCHOBE BH3ya/IH3allMH COCYNOB 60KOBOro 0630pa If1a3Horo Jua;

(opmupopanue 6a3bl NaHHBIX IMA3HBIX Gose3Helt u paspaboTka MporpamMm
IHarHOCTHKH 3a60JieBaHMil Ha OCHOBE M3006pakeHHs TNIa3HOTO OHA NMepelHero
6oxoBoro 0630pa.

O6bexTa HccnenoBaHus 6bUI0 NPHHATO M306pakeHHEe KPOBEHOCHBIX
COCYZI0B IJIA3HOTO [IHA YeJIOBEKa, BHI CiepenH u c6oKy.

TpeameToM HCCIEAOBAHNS ABMAIOTCA METOH M AIOPHTM JHATHOCTHKH, a
Taloke AporpamHoe ofecneueHye, Ha OCHOBE H306paKeHHA 11232 YeNloBeKa.

Metoan1 uccnenoBanms. Teoperuieckne uccenosanus paboThl OCHOBaHBI
Ha MaTeMaTH4YecKOM aHalM3e, pacno3HOBaHWH o0pa3oB, TEOPHMHM HEUETKHX
MHO>KECTB, MeToZaX HEAPOHHEIX ceTel, a Taloke MeTofax o6paboTku H306paskeHui,
anropuTMax o0y4eHHA Ha OCHOBE HEHPOHHBIX cereif, MeTOZax M AIrOpPHTMax
CPaBHEHHsA pelIeHHil; MNPH 3TOM KOMILIOTEpHas MOAEN: NpPOTHO3UPOBaHHSA
HCIMONB30BANack U HCCAEAOBANACh B KaUeCTBE IKCIEPAMEHTANTBHOMN OCHOBEL

Hay4yHasi HOBH3HA MCC/IeA0BaHHA 3aKIII0YAETCA B CIeAYIOLIEM:

YCOBEpIUEHCTBOBAHE! MOP(OIOrHYECKHE ONepaLMH QuiaTalliy U 3PO3HH Hal
H306paskeHMAMH ¢ HCTIONE30BaHHEM onepaTopa azsuduxauuH 1 AedazzndHKamHn
TEOPHH HEYETKUX MHOKECTB;

pas3pab0TaH anTOpHTM IHATHOCTHKH paxTMYHBIX 3aGoNeBaHWM, TakKMX Kak
caxapHer# 1uaber, apTepHanbHas THIEPTOHHMA M apTepHanbHad FUNEPTEH3NS Ha
OCHOBE OrmpefelieHHs NapaMeTpoB COCYAHCTOro M3o0paxkeHHA NepefHEro BHAA
TNIa3HOTO AHA YEeNOBEKa;

pa3paboTaHbl apXHTEKTypa M airOPHTM CBEPTOYHOM HeHpOHHON ceTH WA
pellieHHnA 33a/1a4u AUarHOCTHKH IMa3HbIX 3a0o/neBaHHii;

yJIyullleH aJIrOPUTM BEIABJIEHHA 3a0oeBaHui a3 Ha ocHOBe H300paxkeHHUs
COCYIOHCTOrO pyciia IrJ1a3Horo gHa, BUl c6oky.

JocroBepHocTh pe3yiabTaToB HCC/IeXOBaHHS. Hccnenosanue
obecrieyHBaeT HHTEJUIEKTYaNbHEIN aHAH3 PeLIeHHI M 06ecreunBacT afneKBaTHOCTD
MOIE/IH MyTeM CpaBHEHMsA pelIeHHH B peEambHOM M 3KCHEPHMEHTATEHOM
TECTHPOBaHHH 3aflay paco3HABaHHA M NMPOTHO3HPOBAHHSA HA OCHOBE HETMHEHHBIX
BBIYHCJIHTENIBHBIX onepalHii.

Hay4yHasi n npaKTHYecKas 3HAYHMMOCTb Pe3yJLTATOB MCC/IEZOBAHMA.
Hayunas 3HauMMoCTe pe3yNBTaTOB HCCJENOBAHMA 3aKiOYaeTC B CO3NAHMH
anroputMoB 06paboTkH H pacno3HaBaHHA H30OpaKEHHMI COCYANCTOM CHCTEME! Ha
OCHOBE aHalu3a H3o0paxceHHil I1a3HOTO IHA B HEYETKOI cpenle, NMO3BONAIOMIMX
IMarHOCTHPOBATh NMaTOJIOTHIECKHE H3MEHEHHA F/Ta3HOro JHAa.
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l'lpamqecmn 3HaYMMOCTh Ppe3yJIbTaTOB MCCAEJOBAaHHA 3aKMIOYaerca B
BO3MOXXHOCTH HKCHOJIb30BaHHA pa3p360'l'dHHbD( AIroOpuTMOB H TPOrpamMMHBIX

CPEIICTB BpaYOM-O(TANBMONOrOM NpM paspaGoTKe AMATHOCTHYECKHX CHCTEM,
HOMOTAIOMMX NPHHAMATh PEMIEHUA.

BHeJpeHHe Pe3yALTaTOB HCC/IeAOBAMHMIA.

C TmoMOmBI0 IMArHOCTHYECKMX aNrOpHTMOB NO H306paKeHHIo riasa
HiesioBeka U MporpamMMHoro obecnieuents 65UT0 oCymECTRIIEHO CleAyIOLIce:

Mertonvka BrineneHms AMArHOCTHYECKH BOKHBIX JAHHBIX 110 H306paxeHUIM
COCYROB MPHMEHANACE B AHAIKAHCKOM (unuane Pecrry6IMKaHCKOrO HayuyHOro
UCHTPa SKCTPEHHOH NOMOWM, AHMMKaHCKOM 06/1aCTHOM MHOTOTPODIIEHOM
MEHUMHCKOM LEHTpe, AHIMKAHCKOH 06nacTHOil MH(EKUMOHHOH GonbHMUE H
AHmkaHCKOA  obnacTHOM  odransmonormueckolt  GombHuue  (Crpaska
MunucrtepeTso 3npaBooxpatenns Ne 8-7-10 / 686 ot 7 mas 2021 r u CripaBku
MunucTepcTsa pasBuTHA HHGOPMALMOHHEIX TEXHONOMHH 1 KOMMYHHKauuii Ne 33-
8/931 or 09 despana 2020 r.). B pe3ynbTaTe HMCCNIENOBaHHA Gbulo
TIPONCMOHCTPHPOBAHO, 9TO HCMOML30BaHHWE H300paykeHHi IJIa3HOTO [JHA MOXET
TNOBBICHTD 3()PeKTHBHOCT AMATHOCTHKH TNIa3HBIX 3aGoneBaHmi Ha 15%;

KoMribioTepHEle CHCTEMEI IMAarHOCTHMKM COCYAMCTBIX 3a6ONieBaHMi Ha
OCHOBE HEHPOHHOH ceTn BHenpeHs! B depranckoM ¢unuane Pecny6mukaHckoro
Hay4YHOTO LICHTpPa dKCTPEHHOH MoOMoLIH, DepraHcKkoM ropoACKOM MEIHLIMHCKOM
obsenuHeHIH, epranckoit o6nacTHo# odTamsMonoruiecko GonsHuue (Cripaska
MunmcTepcTBo 3npaBcoxpaHenus Ne 8-7-10 / 686 ot 7 mas 2021 r u CrnipaBkH
MpuHncTepcTBa Pa3sBUTHA MHPOPMALMOHHBIX TEXHOJIOTUH H KOMMYHHKaumii Ne 33-
8/931 ot 09 depans 2020 r.). B pesynsrate HccleqoBaHUs YOanoch NoBBICHTH
sdexTHBHOCTE HArHOCTHKM 3a60MEBaHMIA 10 H306PaXKEHHIO NATONOMHH INA3HOTO
IHa Ha 15%.

AnpoGauMs pe3y/NLTATOB HCClefoBaHHA. OCHOBHBIE TEOPETHYECKHE M
NPAKTHIECKKE Pe3y/IbTaThl QUCCEPTALMH obcykaanuck Ha 7 MeXIyHapOOHEIX 1 9
pecry6HMKaHCKHX HaY9HBIX KOH(epeHIHX.

OnyGaHKOBaHHOCTL Pe3yALTATOB HCC/AeA0BAHUA. OCHOBHEIC PE3y/bTaThi
MCCIICIOBaHHA OMyG/MHKOBaHEI B 29 HayuHbIX CTaTeaX, 10 H3 KOTOpBIX
onyG/MKOBaHbI B JKypHaNaX, PeKOMEHIOBaHHBIX Bbicieli ATTecCTaUMOHHOH
Komuccuedt  PecriyGnukmn V3bekucran mis nyGIMKALMH OCHOBHBIX HaY4YHBIX
PE3YNLTAaTOB NOKTOPCKHX AMCCepTauMii, 3 - B 3apy6exHbIx KypHanax u 7 - B
OTEUECTBEHHBIX, a TakKe MOYYEHO CBHAETENECTBO 06 opHIMaNBHON perucTpammn
2 nporpamm s DBM.

CTpykTypa n ofbem muccepraumm. JluccepTamus COCTOMT M3 BBEIEHHA,
MATH IJIaB, 3aK/IIOYEHHs, CMHUCKA MCMONB30BAHHONK JIMTEPATYphl U NpPHIIOXKEHHUIL.

- O6bEM muccepraumy coctanser 102 crpanuy.
OCHOBHOE COJAEPXAHUE JUCEPTAIINH

Bo BBemeHun auccepraumu o6OCHOBaHa aKTyalbHOCTh, BOCTPEGOBAHHOCTH
HCCICNOBAHMA, ONpedcfeHbl UeNb M 3aja4d, a Talkoke Oo0bekT M mnpeoMer
HCCNIEOBaHUs, MOKa3aHO COOTBETCTBUE PaboThl MPUOPHTETHEIM HAMNpPaBIEHHUAM
Pa3BUTHA HAyKH U TeXHONOTHi1 Pecirybsky Y36ekncTaH, NpHBEAEHBI CBENEHUS O
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Hay4yHO#M HOBM3HE, NMPAKTUYECKHX PE3YJNIbTaTaX, TEOPETHUECKOHN M MpaKTHYECKOH
3HaYUMOCTH, BHEJIPEHUH PE3YNLTATOB B NPAaKTHKY, anpoSauu, onyﬁnuxoaaunocm
paboT 1 CTPYKTYpe OuccepTaLHH.

B nepsoit riaBe AuccepTalMH MON Ha3BaHHEM «AHAJMTHYECKHH aHamH3
AHATHOCTHYECKHX AJIFOPMTMOB HA OCHOBe H300paskemMs Ijia3a deJioBeKa»
TPHBOOMTCA  AHAIMTHYCCKMH aHATH3 METONOB OLEHKM OHArHOCTHYECKMX
NnapaMeTpoB, aHANN3 COBPEMEHHLIX aNnrOPMTMOB pacmo3HaBaHHA o6pa3os,
pacno3HaBaHHs H306pakeHHHt B pPa3nHYHBIX HHGOPMALMOHHEIX CHTYaLMAX,
CpaBHHBAIOTCA CYIUECTBYIOIIHE MeToasl M anroputMel. [lo pe3ynsTaTam 3TOro
aHanu3a NpeIaraeTcs CPaBHUTENBHEIN aHATH3 CHCTEM KOMITBIOTEPHOTO aHaMH3a
n3o6pakennii cocynos (Tabnuua. 1). Kpome Toro, uensio stoil rass! AuccepTaly
ABJACTCA Pa3paboTka JMArHOCTHYECKHX ANrOPUTMOB Ha OCHOBE H300pakeHHs
riasa. OnpeneneHs! pelaeMble 3aayn.

Bo BTOpO#i rnase AUCCEPTALMH, 03aI/IaBNCHHON «AJNIFOPHTMBI AUATHOCTHKH
Ha OCHOBe M300pakeHHii NMepeqHero BHAA IJIa3HOI0 QHA», NaéTCi OMKCaHHE
npexaMeTHo# ob6mactu. Kpome Toro, ObLIM NpenjioKeHB! Y/yuINEHHEIE BHAIBI
HEKOTOPbIX METOZOB ¥ aJirOPHTMOB.

B nanHo#t paboTe paccMmaTpHBaeTCs Kimace GHOMEAMIMHCKHX M306paKeHH i,
XapaKTEPHU3YIOWHUXCA HANHYHEM NPEBOBHAHLIX CTPYKTyp. Takue H30GpakeHHA
MOIYT BKJIIOYATh M300paKEHHA IV1a3HOr0 OHA CETUATKM IMa3a YejIoBEKa, CHUMKH
COCYI0B KPOBEHOCHOM CHCTEMBI UeJIOBEKA M APYTHUX GHONOTHIECKHMX CTPYKTYP.

IMpu aHanuse wn300paxceHUi APEBOBHOHBIX CTPYKTYp 3aJaya BbUIENIEHHA
LIEHTpPOB CeTell W onpeleNeHNUs HamnpaBleHuH B KaXROH TOYKE CETH ABMAETCA
KITIO4€eBOH. .

ITo 3THM mapamMeTpaM OLICHWBAIOTCA CNERYIOMME MEOHKO-AHArHOCTHYECKHE
napaMeTpsl. napaMeTp JIMHEHHON reMOOVHaMHMKH (JTOKANMbHEIH AWaMeTp cocyla);
cpeqHMt  OMaMeTp cocyla Ha  BBIIEJEHHOM CETMEHTE;  MapaMeTphl
HepaBHOMEPHOCTH Xanubpa cocyma (KPHBM3HA M H3BHTOCTh CTEHKH COCYZa);
MapaMeTphI ABIKEHHS COCYOB Ha BBUIEIIEHHOM CerMeHTe (KpMBH3HA M H3BHTOCTh
Xoza); yIJibl Pa3BETBJIEHHA COCY/0B; NTApaMeTp, XapaKTEpH3YIOLIHii COOTHOMEHHE
HWIMPUHEI PA3/IHYHEIX COCYZIOB Ha ONpefeNleHHBIX YUacTKax.

Ha ceronuAmHmii AeHb MONYYNAM pacnpoOCTPaHeHHE METOLBI, CBS3aHHbIE C
Teopueil KOppeNAUHOHHOro pacno3HaBaHHi. K HUM OTHOCATCS pa3iM4HBIE THIBI -
COrJIaCoBaHHEIX GHIIETPOB, KOPPEIATOPOB, aHA/IH3ATOPOB criekTpa. Ha Ham B3rnsa,
pa3mep NpoCTPaHCTBAa CHMBOJIOB MPH TaKOM noaxone Oyner ouens GomsmumM. s
TIPEOIONIEHNs YKAa3aHHBIX HEJOCTAaTKOB B JAHHOM MHCC/ICNOBAaHHM TpeIyIaracTcs
HCIOJb30BaTh FreOMETPHYECKHE MTapaMeTphl AHarHOCTHPYEMBIX H300pakenuit. Jns
Bpaua-opTATLMONOra TAaKHMM MpPHU3HAKAMH SIBJAIOTCS HEPABHOMEPHOCTH H
KPHBH3HA AMaMeTpa COCy0B FIa3HOro JHa.
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Tabnuua 1

omHedorAdogo 3 exekand]]

HHHOMEAQOEH (J§ E£aLHHD M SHULRHY

2074009 UHHSHAWEH XImoanHIoropdow
XIOOhHHUINQAD EHIRHY INMHLOOHJEHY dolele
KHITREHLEWOLEY “8dadolHH Haloelrgo KHeNH(HOIeLD]

(smrondaniedex xindshutoropdow
1AdT OHMOWEOS) BUHALALAE HOLLIA ‘HLOOLIUIHEEH EXHATIQ)

(1900edL qrora acdrowent Igwwedtedt)|
auHacd1ooU OHXOWENE ) (YA V) d0dLowenT eXHINQ)

80wA200 MHHHIr HoHTado aHHALLIIGE ‘edadaLH]
HALOBLIQO BYHAYIO KEHHAGLOShHION H KHTIRLHOWIS))

nuHaxedgoen puHadowen 1 migodimiden
mirogedgo yoHdraindearadu ki earowads aiHLIdeTHELY)

poueWwdodHH HONOShHLOOHIBHT HIWQO U IShA
‘sumeenIreAend yuraxedgoen U kumedioniad

+

-+

CymecTBY0IMNe KOMNbIOTEPHbIE CHCTEMBI ISl aHAJIH3A COCYA0B

WOLOHUO HLOOHXOWEOYH

KomnriotepHeie
CHCTEMBI

SIRUS
LIVE-VESSEL

STARE

I'amma

MyBETHBOKC
Myrian® XP-

Vessel

VAMPIRE

JJIEKTPOH

Allura
Xper(Philips)

InterView
Fusion (Mediso)
GOP (Context

Vision)
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HOpMa naTonoruss HopMa TIaTOfIOrHs HOPMAa TaTOMNOrHA
a) , 6) B)
Puc. 1. AnnocTpanusa NpA3HAKOB NATOJOMHH CETYATKH:
a) M3BIINCTOCTS, 6) yroJ oTBeTBNEHNA, B) ANHAMHKA H3MEHEHHS TOJIMIHHLI

HaGop nmarHocTMdeckMx mnapametpoB (hopMupyeT chemyouuiiHabop
ONMHCHIBAEMBIX NHMArHOCTHYECKHX TMpU3HAKOB: 1) CpefHMii nmametp ceTH; 2)
NpAMOJINHEAHOCTh  XapaKTepH3yeT OTKIOHEHHEe CeTH OT MpAMOJIHHEHHOro
HanpaB/ieHHss; 3) u4eTkoOOpa3HOCTL CeTH XapaKTepH3yeT HepaBROMEPHOCTb
TONMWHBI ceTH; 4) aMIMTYyA2 kofeGaHWii TOMIMHBI BETBH XapaKTepH3yeT
OTKJIOHEHHE CTEHOK CETH OT NpAMOi JIMHMM; 5) 9acToTa KojeGaHMil TONMIMHEI
XapaKTepH3yeT M3MEHEHHE HanpaBlleHHs CTEHOK CETH, COOTBETCTBYIOmIeH. ee Ha
COMHHLY €€ MJIHHBI, 6) H3BIWINCTOCTS TONIIMHEI XapaKTEpH3yeT CKOpPOCTh
H3MEHEHNsT (YHKUMM TONIIMHH BAONb TPacchl; 7)  HM3BHIMCTOCT TPacchl
XapaKTepuU3yeT CKOPOCTh M3MeHeHWA (yHKUMM Tpacchl (TpaeKTopHu ceTH); 8)
aMIUTHTYIa KoneOaHHuit TpacChl XapakTepusyeT cTeneHb OTKJIOHEHHMA XOZA TPacChl
OT NpAMOJIMHEHOrO HanpasieHnA; 9) yacTora koneOaHuil Tpacchl XapaKTepH3yeT
KOTHYECTBO H3MEHEHHH HAMpaBJICHHA TPAcChl HAa eMUHHLYY JUTHHEI CETH.

B Hacroslee Bpems MateMaTHdeckas MopgoNIOTHs LIHPOKO HMCHOJB3yeTcs
npn uudposoit 06paborke H3oOpakenuii. B 3Toil rnase YMyulleHH HEUCTKHE
Mopdoornyeckue onepaLmH ¢ H306paXeHHIMH.

K 0cHOBHEIM MOp(ONIOrHIECKHM ONEpauuaM OTHOCATCS ONEPALHH
PacIIMpeHHs CEpOro LBETa U 3pO3HH:

(f®b)s,0)= (.-2‘3’;0,“ (s=x,t = y)+b(x,»)); ™
(x.y)eD,

(fOb)(s,0) = ("("rp*:’%.b’(f (s+x,1+y)=b(x,»)); 2
x,y)e

roe:  f(s0) - GyHKIHA APKOCTH H306paXeHHs;

b(x,y) - crpyxrypubiit anemen;

D;,D, — 30151 06HapyxeHua f U g.

Mpennonoxxum, yro obGpabareiBaeMoe H3obpaxeHHe 3apaerci ¢yHKUHed
APKOCTH f:P=[01] B TMHKCEJLHOI IUTIOCKOCTH
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P={(x,y)|xe{L2,...N},ye{1,2,..,M}}. B 31omM cirynae HerpyaHo yBuzeTs, uTO
¢yHkums spkocTM M306paxeHWA mNocie npuMeHeHHs onepauuu (1) wm (2)
BEIXOOWT 33 mNpelesisl AuanasoHa [0, 1], 4ro He mno3BOMAET MCHONB3OBATH
OWICTaUHIO HWIH 3PO3HI0 B  KaueCTBE CaMOCTOATENBHOW oOmepaH ¢
H3006paXKEeHHAMH.

Jina nipeogoneHus BEIABNEHHEIX HENOCTATKOB MOPONOrHYECKHX ONepauui
HaM GbUT0 NpesiIoAKEHO UCIIONL30BATE TEOPHIO HEACHBIX MHOKECTS.

Me! onpesiensiem cepble n306paXkeHus U 3NIEMEHTEI, COCTABJIAIOLIHME
CTPYKTYPY, C HEACHEIMM MOAMHOXKECTBAMH CJIEAYIOLIETO BHA:

4={p|lu,(p).peP}

DYHKLHA PeNeBaHTHOCTH H300pakeHHA Onpezensercs ero gpyHKuuedt
APKOCTH:

H4(x)= f,(x), nana anpuopHas dyHKuUMS CTPYKTypHOro 3neMeHTa. B 3Tom

ciTy4ae, COrIaCHO NpejyiaraeMoMy NOAXOAy, AWaTaums MoxeT 65T o6061mena
IO HeOMpeHE/IEHHOTo COCTOSIHHA CIEAYIOMHM 06pazom:

40 B={cr:(xe Bl atxe &)} = {elmax{g, 00 A 1,

Ilpennaraercs WMCMONB30BAaTH CNEAyIONIEE BEIpAKEHHE A 0GOGmEHHA
ONepaLyH 3PO3HH Ha COCTOSHUE H300paKeHUS:

408 = {c|min(min{L,1- 4y, () + £, 3)}-

Mopdonoriueckuii MeTon BEIENCHNS PaHAL, CGOPMHUPOBAHHBIX HAa GCHOBE
onepauuii AHNATALMM H 3PO3HH, A0 HEYETKOrO COCTOAHHS BHINIAAMT TaK;

4=(4938)\(408),
THE f15(x) = max {,(x) = 1y (x),0}.

B TpeTbeil rnaBe AMCCEPTALMH, 03arIaBIEHHON «AJIFOPHTMBI 0GHAPYKeHHS
ra3HbIX GosesHell ¢ MOMOMILIO HeiiPOHHBIX ceTeid» NpeanaralOTCA arOPHTMEI
obHapy»eHHA raa3HeIx Gose3Hell ¢ MOMOIIBIO HelipoHHbIX ceTeli. Mcnons3osanack
CBEpTOYHaA HeHpOHHas CeTh, K KOTOPOH NPHUMEHAICA aIrOpUTM 06ydeHus
METOZI0M 00paTHOro pacnpocTpaHeHHA OWHGKHY.

CaéprouHas HelipOHHaA CeTh COCTOMT U3 Pa3HEIX C/I0eB:

Tepsrie apa THMA cyioeB (CBEPTOYHEIH, CyGANCKpETH3UpYIOLMIL) YepemyIoTCH,
qT06Bl CPOPMHPOBATL HEXKENATeNIbHbIA BEKTOP CHMBOJIOB 11 MHOTOCNIOHHOrO
TIepUENTPOHa.

CeepTodHEIE CETH - 3TO YCHEIIHBIH pa3phlB MeXAY GHONOrUuecKH NOKOGHEIMM
CEeTAMH M MPOCTHIMU MHOTOCIOHHBIMH NepUenTpoHaMu. CeroqHs ¢ UX fOMOIIBIO
IOOCTHTIOTCS JTy4luve pe3yNbTaThl B pacnosHaBaHuh H3oGpaxeHuii. B cpemmnem
TOYHOCTB TakKHX ceteii Ha 10-15% Beime, yeM y o6saHBIX INT.

Pa3Mepnl BCex kapT CBEPTOYHOrO CJIOS PAcCYHTHIBAIOTCA MO Chledyromel
dopmyne:

(w,h)=(mW —kW +1,mH - kH +1),
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roe (w, h) — paccuMTaHHBIA pasMep KapThl CBEPTOMHOro cjos; mW - LIHPHHA
npeabigyLieit kapThl; mH - BoicOTa NpeablIyLIeil kKapThl; kW - mHpHHa Anpa; kH -
BbICOTa Anpa.

Anpo cocToMT M3 GUIBTPA MM OKHA, KOTOPOE CKOMB3UT MO Beei o6IacTH
npeapigymiel KapTel M HAaxXOOWT ONpefde/ieHHBle OTMETKH o06bekToB. Smpo
nepeMeiliaeTcs MO NpegslOylleii KapTe M BHIMONHAET OMNEpalio CBEPTKH B
COOTBETCTBHH CO cleayioie#t ¢opMyno#f, koTopad 4YacTo HCNONB3YETCA NPH
o6paboTke H30OpakeHHit.

(S*mnl=2., fim—k.n—I1*glkl],

rae f- 3ajaHHas MaTpHLa U306pakeHns; g - AOpO CBEPTKH.

B npouecce ckaHMpOBaHHA KapThl NPEABUAYIIEro C/OA C AAPOM MOAC/OA
(dunsTpoM) AApO CKAaHHPOBAaHHA HE TIEpeceKaeTcs, B OTNHYHE OT CBEPTOTHOrO
cnos. O6GBIYMHO Kakgasd KapTa MMeeT AOpo pasMepoM 2x2, 4TO MNO3BOJIAET
YMEHBIINTD NpeAbIIyLIHe KapThl CBEPTOYHOTO cjiof B 2 pa3a. Bce xapThl NpH3HAKOB
pasduTEl Ha A4eiKK Mo 2x2 3NIEMEHTa, H3 KOTOPHIX BHIOHPAETCi MaKCHMallbHOE
3HaveHHe.

O6b1yno QyHkUMs akTBauuM RelU ucrnons3yetcs Ha ypoBHe NoABbibopa.

Cioit MOXXHO BbIPa3HTh cleAyloeii popmynoit:

x' = f(a' * subsample(x'") +b')

roe x'- BpixoRm cnos; f()- dynxums axrusaumy; a,b'- KO3 pHUMEHTHI COBHra
cnos; Subsample () - onepauns BeIGOpa JIOKANBHBIX MAKCHMATBHEIX 3HATCHHI.

Yro651 yMEHBIINTH KBaAPaTH4HYI0 OMIHOKY o6yuenna HelipoHHON CceTH, MBI
KCTIONIL3yeM METOJ FPaJHEHTHOrO CITyCKa, BEIMHCIIAA MPOH3BEICHHUE YacTOTHI JUIA
Kaxzoro Beca. IToyyaeM ClIeAyIOMHE OTHOWIEHHA:

OE’  , OE? oE? ., ;. OE!
=Xy i =80x) =
awl ayn ayn a‘xn
THAE g* aKTHBaLWMA QYHKLHH
L -,
»,

x!,-j- Boixon cnos (n—1) - Berxon Hefipona, - y; -(n-1)- ckanaproe npoussenerue
BCeX BHIXOIOB HEHPOHOB CJIOA M COOTBETCTBYIOLIMX BECOBBIX KO3((HLMEHTOB.
IMapamerpsl rnasHbIX GomesHeit ObUTM cMmoIenMpoBaHBI Ha OCHOBE
XapaKTepUCTHK COCY/IOB ITpH 06HapY>XEHHH IV1a3HEIX GOJe3Hel C HCTIONB30BAHHEM
aHAM30B M 3KCTIEPHMEHTOB:
K X
2.4, 2.D,

2
- pacuyer TOJIIHHBLI cocyda a='L‘K— v= MK H MpH Ha.nuqnuv>§a

CTAaBUTCA AMAarHo3 rnasHeix GonesHeil (pucyHok. 2 a) rae d; - AHAMETp Kpyra,
BTAHYTOTO B apTepHio, D; - quaMeTp Kpyra, BTAHYTOro B BeHy, K - KOJNMYECTBO
KpYros.
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Yron, non koTopsiM 06pasyioTcs CTOpOHbI A K B, BBMHCHseTCH yepes -/ga
PaBHbIA cTOpOHaM 06pa3oBaBLLIErocs TpeyroibHHKA.

a =arctg <L +arctg 2
b a

Yroi pacCUHTBIBAaETCA Yepes MHUKCENIH, B NPOBOANTCSA QHUarHOCTHKA IJIA COCTOSAHHA
Tynoro yrna. (pucyHok 2 6).

a
) 6) )
Puc. 2. ®opMeI BHAAKPOBEHOCHBIX COCYA0B IJIA3HOIO AHA

Ecmn ¢yHkuma 3anana B rpadudeckoiil dopMe WM B BHaE CIOKHOFO
2HATHTHYECKOTO BHIPOKEHHS, BO3HHKAIOT NpYyrHe THIbl BAapPHaHTHBIX MpoGieM.
Hanpumep, npoctpanctso [a,b] cnemyer pasnenuts Ha / yacteii:

la..a).i=1, ....I, g, =a, a, =b,

DYHKUMA KKAOrO OTpeska [q,,,q,] HOWKXHA OBITH mNpHOMIDKeHa K
ClIeAyIomeMy MHOTOUWIEHY

f)=g(x)= gcx

Cpenn Takux cnocoGOB KOHBEPreHHHMH B TOM HWIH MHOM CMBICHE Hafiaercs
ansTepHaTHBa. Yacto 3ToMy npeninecTByer TpebOBAHHE p =...=n,, g =..=my, |
- 3TO KOJIUYECTBO AENICHUH, KOTOPEIE AEJIATCA, 3 METOA YEPENYeTCA MO o,
Hm.

B yacTHoCTH, TO €CTh B CedeHHH, 3afaHHOM nipy | = 1, BosHuKaeT mpobnema
IVIOCKOro NpuGnMKeHHa K MHOTOWIEHy (pHCYHOK. 2 c). Ha ocHoBe H306paxeHus
COCYIIOB TNasHoro nHa, BuA cnepenu, Osma paspabGoraHa ¢yHKUMOHaNBHas
CTPYKTypa nporpammsi (puc. 3).

TMocne Toro, kak Bbl CO30ANN M apXUTEKTYpy CBEPTOYHON HeHPOHHOI ceTH M
o6yqmnm ee, BB MOJKETE Nepenars ee Ha Henoib3osaHue. [TocTopoeHHe cBepTOuHOI
HefpoHHOH  cetn, KilacchpMKaTOpa C  HCHOJNB30BAaHHEM  TNpPaBUILHO
pacnpeesieHHBIX HEiPOHHEBIX CeTelt HaTUHAETCS ¢ TIEPBOTO CBEPTOUHOTO CIIOA.
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HagaisHoe OKEo

I

P PPy

Hiobpasenmne
.| raazesix Gonesmeii

Hepexox K MOJIYTCHEOMY
n306pazenmro

BBRIYHCIHTS 3, V

HeT

=2

boaesun Aprepnanseas rOIepTeH3ns
OTCYTCTBYeT

Puc. 3. PyHknHoHaAIbHAaA CTPYKTYPa NPOrpaMMbl

Apxmemypé cdopmupoBaHHo# cBEPTOUHOMN HEHPOHHOM CeTn NMPEACTaBicHa
Ha pUCYHKe 4.
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8 Buixon

Bxoa -
o Welk = 1,... K]}
Céprk  Cy6Gamnc- CBEPTKA CyGguc- CBEPTK Cybpuc- IMonnas
KpETH3aIH KpeTH3anu KpeTHsanu  cBs3b

Puc. 4. O6masn cTpykTypa cBEpTO4HOI HelfpoHHO# ceTH

CaeprouHasHelipoHHas CeTb, MOKa3aHHas Ha pHCYHKe 4, COCTOMT M3
Clenyouux THINOB cloes: CBEpTOYHEIE crnou (convolutional),
cybmuckpetnsupytomue crnon  (cnou cyGaMckperusaumu, BuiGopku). [lpu
06epThiBaHHH HCMOJIB3YETCA TOJILKO HeGoMbIuan MaTpULa C OrpaHUHEHHbIM BECOM
WIH 3epkano pasmepom 3x3.

TTocne nepeoro cnos noyyaem Matpuiy 28 x 28 x 1 - QyHKLMIO aKTHBALUMH
WIH KapTy CHMBOJIOB, T.€. 784 3Hauenus. Toraa S1

MaTpuLa, NoJlydeHHasd B clioe, NOJBEPraeTcs ONepanHH CyOaHCKPETH3aIHH
(cxkaTio) ¢ MCTIONB30BaHNEM OKHa pa3mepa k x k. Hibke paspaGoTtan rubpumbii
aIrOpHTM, OCHOBaHHBIH Ha 60KOBOM H306parkeHHH COCYNOB Iiaza.

Ha ocHoe GokxoBoro H3obpaxkeHHs COCYNOB IMa3a Gnuta paspaboraHa
¢dyHKUHOHaNbHasA CTPYKTYpa nporpamMsI (pHc. 5).

B uerseproii rase aucceprauun «IlporpaMMa AHArHOCTHKH IJIa3HbIX
3a6oneBanuii ¥ aHAIN3 MOMYYEHHBIX Pe3y/ILTATOBY» HA CCHOBE MNpPELIOKEHHBIX
HHTEJUIeKTyaNIbHBIX MMOPHIHEIX METOLOB M alrOPHTMOB pa3pafoTaHa Nporpamma
IMAarHOCTHKH IfasHbX GoniesHell NMo M300pakeHMAM TINIa3HOrO [HA M aHaNH3a
pe3ynbTarToB.

IMporpammuoe obecneverne 6bu10 paspaborano Ha Python Bepeun 3.6.7. Jlns
paboTel mporpammel TpeGyerca BHEeokapTa. [Ipm obpabotke wu306Gpaxkenus
3arpy»aloTcs cienyromme 6ubmorexn:

absl-py==0.10.0 astunparse==1.6.3 attrs==20.2.0 cachetcols==4.1.1
certifi=2020.6.20 chardet—3.0.4 cycler—=0.10.0 dill==0.3.2 future==0.18.2
gast—0.3.3 google-auth==1.21.1 google-auth-oauthlib==0.4.1 google-
pasta==0.2.0 googleapis-common-protos=—=1.52.0 grpcio=1.32.0 h5py=2.10.0
idna==2.10 importlib-metadata=1.7.0 Keras=—2.4.3 Keras-Preprocessing==1.1.2
kiwisolver—=1.2.0  Markdown==3.2.2  matplotlib==3.3.1  numpy==1.18.5
oauthlib==3.1.0 opencv-python==3.4.3.18 opt-einsum==3.3.0 Pillow==7.2.0
promise=2.3  protobuf==3.13.0 = yasnl==0.4.8  pyasnl-modules==0.2.8
pyparsing==2.4.7 PyQt5==5.15.1 PyQt5-sip==12.8.1 python-dateutil==2 8.1
PyYAML==5.3.1 requests==2.24.0 requests-oauthlib==1.3.0 rsa==4.6
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HagangkHoe oxHo:
npotpaMMer -

bl

Conv(32x333) pool 212
Conv(64x3x3) pool 212
Conv(64x333) pool 2x2

Dropout 0.25
softmax
v
. eto0
s .
za

Puc. 5. ®yHKUNOHANBLHASA CTPYKTYPa NPOrpaMMbI Ha OCHOBe 60K0BOr0
H300pareHNsn cocyaoB raasa
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scipy=1.4.1 six==1.15.0 tensorboard==2.3.0 tensorboard-plugin-wit=1.7.0
tensorflow==23.0  tensorflow-datasets==3.2.1 tensorflow-estimator==2.3.0
tensorflow-metadata==0.24.0 termcolor=1.1.0 tqdm=—4.48.2 urllib3=1.25.10
Werkzeug==1.0.1 wrapt=1.12.1 zipp==3.1.0.

3Kcnepmne}rranmue HCCNICAOBAHNA TMPOBOOWINCL Ha H30JINPOBAHHBIX
TEeCTOBBIX M306paKeHHAX MPH COCYAHCTOM MATONOTHH,

Ha6op nanneix 6okoBoro 0630pa cocyNoB rita3a GBUT B3ST ¢ OTKPHITOrO caiiTa
Habopa namHbiX kaggle.com. W3obpakeHus M3 3TOro Habopa NaHHBIX OBUIH
pacrnpe/iesieHs! cieAyomnM obpasom. Tabmua 2.

Tabnunna 2

Pacnpenesexue H306paxeHHii, HCHOAb30BAHHBIX B IKCIIEPUMENTAX

3nopoB | HoBeifi  KpoBeHoCHSIH | JIpy30Bckas
blii a3 | cocyn, pactywmii u3 | 6onesHs
xopHouaa raas
Obuee KoyMuecTBo | 26315 37205 28616
Hn300paxeHHH
Konuuectso OOY4eHHBIX | 242 242 242
H300paKEHHI
Konmgecteo  mpotectnpo- | 26557 37447 28858
BaHHBIX H300pakeHmii
Ha ocHoBe 3toro Habopa HNaHHBIX OBUIM MONMYyHeHBI pe3yNbLTaThl aHaNMM3a
Pa3IHbIX CTPYKTYP.

B xoze uccnenoBanus GBUIO co3jaHO mNporpaMmHoe ofecrnedeHne Iis
pacrosHaBaHHA ¥ KiaccHpukaumu OOBEKTOB Ha OCHOBe Meroma obydeHusa c
yuuTeneM, obepHyTo# HelipoHHON ceTH C OmHMM CIIOEM BXOHa, TpemA
CBEPTOYHBIMH CJIOAMH U TPeMs CyOAMCKPETH3HPYIOIMMH CIOAMH, CO3NAHHBIMH B
pabore.

PesyneTarsl, OCHOBaHHBIC Ha CTPYKTYpPE CETH, NPEACTaBieHsI B Tabnuue 3.

OnrnManbHoe KOJTHYECTBO 3M0X (MTepaumii) onpeensnocs myteM o6yyeHus,
MoavdHKaLuuy U TECTHPOBaHHA BeIGpaHHOI ceTH.

Ta6amua 3
He3HnakoMble cHCTeMe TeCTOBbIE JaHHbIE ABJIAIOTCS Pe3yJIbTATOM BHeAPeHHs

Ne Hazpanue xareropumn Bcero |Bepxo| Henpaswuns- | [Tpouent
TECTOB HBIiA
1 | Hogeiif kpoBeHOCHBIi cocyn, 242 212 30 87,6
pacTylumii U3 xopuoHaa
Jpy3osckan 6one3Hb ria3 242 199 43 82,3
3 3n0poBrlii rna3s 242 232 10 95,8

Ha Brixoze cBEpTOYHOH HeHpOHHOI CeTH MOJy4aloTCsA BEPOATHOCTH
COBMafeHNs 00beKTa, NMPHCYTCTBYIOWEro B Gasze aaHHbIX. Kanp ¢ MakcHManbHO#H
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BEPOATHOCTHIO BHIOMpPaeTCA U NPUHHUMAETCA KaK OKOHYATENbHEII pe3ysbTaT Ha TOT
MomeHT. KonnuecTBo omnbok cocrasisio 4-40%.
Pe3ynsTatel naenTudrkauny 8 Tabnuue 4 GUIH NOMyYEHH! NPH NPOBEACHUH

Mopdonoruueckoi GpunsTpaumu.
Tabanna 4.

Pe3yabTaThl, KOrIa TeCTOBbIe JAaHHbIE, HE3HAKOMbIE CHCTeMe, ITepeaalnTCs
yepe3 Mopdonorndyeckyio GHILTpaLHIO

Ne Haseanue kareropuu Bcero | Bepao (Henpaewnb-|IIpoueHt
TECTOB HBIH
1 | HoBslit kpoBeHOCHBIiH cocyn, 242 208 34 85,9
pacTyuuit n3 xopuonaa
2 | JpysoBckas 60se3Hb 713 242 192 50 79,3
3 3nopoBrlit a3 242 221 21 91,3

Pesyneratel Tabmuupl 4 ObUIM  MONYYEHBI NOC/HE  NPOBEACHMA
mopdonoruyeckoii puneTpaunn. Konnyecrso omnbok 9-36%.
PesynbTars! naeHTHHKaLHHK B TabnnLe 5 OBUTH NOTYYEHb! PH BHIMOIHEHHH

HenuHelHO# Mopdonormieckoii GHILTPaLHH.
Tabanna 5

Koraa TecroBble ZaHHLIE, He3HAKOMBIE CHCTEMeE, NPEN0JaloTCH Yepes
HedeTKY10 MopdosiorHdecKyw GwibTpauHo

Ne Kareropua Homu Bcero | Bep |Henpasune-| ITpouent
TECTOB | HO HBIA
1 HoBElif KpOBEHOCHBI# cocyn, 242 | 229 13 946
pacTyuuii H3 XopHOHAA
2 Ipy3oBckas 6onesHs a3 242 | 218 24 90,2
3 3noposslii mas 242 | 235 7 974

PesyneTars! TaGnuLE! 5 66U MONMy4YeHsI noclle HeueTkoi Mopdonorueckoi
¢mneTpaimn. Konmdecrso ommbok coctaBnwio 5-7%. TodHocTs pacueToB
MOBBICH/IACH NPU NPOBEAECHHUM HEYeTKOM MOposIornyecKoil GHIBTpaLHH.

CBepTouHbie HelipoHHBlE CeTH 00€Ccne4YMBalOT YAaCTHYHYI0 YCTOHYHBOCTH
MPOTHB M3MEHEHUA MaclITaboB, CABUFOB, CKPY4YHBaHHI, CMEHbI paKypca H JpyTHX
HCKaKEHHH.

PaspaGoTaHHas aBTOMaTH3MpOBaHHasd CHCTEMa aHanH3a H306paxxeHHi
rJa3HOro fJHAa Ha OCHOBE METONOB H ITOPHTMOB KOMHYECTBEHHOH OLIEHKH
MaTONIOTHIECKHX HM3MEHEHHH COCYNHCTOHW CHCTEMBI PNIA3HOTO OHA B OpraHM3Me
N03BONAET JHArHOCTHPOBATH OpYrHe 3a00NeBaHHA CeTYaTKH.

B naHHOM HccRemoBaHHMM aBTOMAaTH3HpOBaHHAd CHCTeMa aHaiH3a
n3o6paxkeHu#l rNIasHOro AHA MO3BOMNAET ABTOMATH3MPOBATH OTACJIBHEIC 3Tallbl
OUarHOCTUKH.
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SAKJTIIOYEHHE

PesynkraTel npoBeneHHOro NHMCCEPTALMOHHOTO HMCCNENOBAaHMS Ha Temy
«ANrOpUTMBI BBIABNEHH 3a060NI€BaHMi MO M30GPAKEHMIO IJ1a3a yeoBeKay
CBOIATCA K CIIEAYIOIM OCHOBHEIM BBIBOJIAM:

1. Tlpoananu3npoBaHO COBPEMEHHOE COCTOAHHE TPOGNEM IMArHOCTHKM
COCYRHCTBIX MaTONOTHH. Pe3yNbTaTEl aHANH32 MT03BONAIOT ONPEENTUTE TapaMeTpHl,
HEOOXOMMBIE [JIA [MarHOCTHKH COCYNMCTON MaToNOrMM Ha H306pakeHHAX
T123HOTO JIHa, M C(OpMYTHPOBATH AHArHOCTHYECKHE Npo6eMbI.

2. YcopepmeHcTBOBaHE MOPONIOTHYECKHE ONIEpalH Haj H300pakeHHAMH
Ha OCHOBE TEOPHM HEYETKMX MHOXECTB. IlpenjaraeMble  HeueTKHe
Mopdonoruueckue onepauMu NO3BOMAKT HCMONB30BAaTh M30GpaeHHs s
NIEPBHIHOH 06paboTkH M pa3paboTKH HOBLIX METOLNOB HX aHANH3A.

3. PaszpaGoTaH anropuTM OMarHOCTHKM pasMYHBIX 3aGoneBaHuii,
OCHOBAHHEIA Ha ONpEHENICHUH MapaMeTpoB H306GpaKEHHA COCYAOB INa3HOFO OHa,
BUJI CIEpe/iH. JTOT ITOPUTM TO3BOTHII AHAarHOCTHPOBATD HE TOJBKO Fa3HEIE, HO
H [pyTHe 3ab0JieBaHuA. .

4. Jlna pemenus npobnemsl AMAarHOCTHKM T[Ja3HBIX 6GonesHell 6buta
paspaborana Tomonorus cBEpTOuHOI HelipoHHOH cerm 6bina. 3To no3Bonser
YCOBEpLIEHCTBOBAaTL aQIrOPHTM BbLIABJICHHA 3a0o0neBaHHil TINia3 Ha ocHoBe
M306paxkeHHst KPOBEHOCHEIX COCYZIOB TNIa3HOTO AHA, BUA C6OKY.

5. Paspa6oTaHb! nporpaMme! a1 popMUpoBaHis 6331 AAHHBIX MO FA3HBIM
3a6oneBaHNAM M IUArHOCTHKH 3a601eBaHN Ha OCHOBE H306paKeHNs KPOBEHOCHBIX
COCYIOB IJIa3HOTO JHA, BHJ cniepeH M BHI cO0Ky. CBepTOUHble HEHPOHHEIE CeTH
OGECTeYHBaIOT YaCTHYHYI0 YCTOWYMBOCTB NPOTHE H3MEHEHMS MacITaGos,
CHBHIOB, CKPY9IHMBaHHH, CMEHB! paKypca H APYrHX HCKaXeHMN,

6. PaspaGoTana aBTOMAaTH3HpOBaHHas CHCTEMa aHaiM3a H30GpakeHwii
T7Ia3HOTO AHA Ha OCHOBE METOHOB W AJTOPHTMOB KOJNIMMECTBEHHON OLEHKH
NaTONIOrHYECKNX H3MEHEHWA COCYAMCTON CHCTEMBl IJlasHoro nHa. IMporpamma
NO3BOJIAET NPOBEPUTH aICKBATHOCTh NPeyI0KEHHBIX aNrOPHUTMOB.

7. B naHHOM HCCNeNOBaHHH ABTOMATH3MPOBaHHAA CHCTEMa aHANM3a
M300paXXeHHI TINIa3HOro [HA MO3BONAET ABTOMATH3MPOBAThL OTHCIbHBIE 3TAMEI
IHarHOCTHKH.

8. Meronsl OTAeNleHMs AMArHOCTMYECKM BaxHOM HHGopmaumu ot
n300pakeHHH  COCYNOB  MCMONB3OBAINCL B AHMDKAHCKOM  QHHare
Pecry6nkaHCKOro Hay4HOrO LEHTPa 3KCTPEHHON MEOMLMHEI, AHIMKAHCKOM
TOPOICKOM MEIMLIMHCKOM o0ObenUHEHHH,  AHIMKAHCKOM  ofnacTHoMm
MHOTONpoMIBHOM  MEeOMLMHCKOM  LEHTpe, AHMDKAHCKOH  o6nacTHoii
uHpekunonHo# GonbHuUue W AHmwkaHckoll M depraHckodf  0GNacTHBIX
ofransMonorueckux GonbHHULAX C YBENHYEHHEM Ha 15% B AHATHOCTHKE IMA3HBIX
Gonesnefi.
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INTRODUCTION (abstract of PhD dissertation)

The goal of the research was to solve the problem of diagnosing eye diseases
based on the fundus oculi image, front and side views, using the theory of
convolutional neural networks and fuzzy sets.

The object of the research was an image of the fundus blood vessels, front

1 side views.

Scientific novelty of research is as follows:

improved morphological operations of dilatation and erosion over images
using the fuzzification and defuzzification operator of the theory of fuzzy sets; _

an algorithm for diagnosing various diseases, such as diabetes mellitus,
arterial hypertension and arterial hypertension, was developed based on the
determination of the parameters of the vascular image of the anterior view of the
human fundus;

the architecture and algorithm of a convolutional neural network for solving
the problem of diagnosing eye diseases have been developed;

improved algorithm for detecting eye diseases based on the image of the
fundus vascular bed, side view.

Implementation of research results. Based on diagnostic algorithms for
the image of the human eye: .

the technique for isolating diagnostically important data from vascular images
was used in the Andijan branch of the Republican Scientific Center for Emerg.ency
Care, the Andijan City Medical Association, Andijan Regional Mulﬁdisciphq?ry
Medical Center, Andijan Regional Infectious Disease Hospital and Andijan
Regional Hospital of Ophthalmology (Certificate of the Ministry of Health I\jo. 8-7-
10 / 686 dated May 7, 2021, and Certificate No. 33-8/931 of the Ministry of
Development of Information Technologies and Communications dated Fevruary 09,
2021). As a result of the research, the successfulness of eye diseases diagnostics
using fundus oculi images increased by 15%;

computer systems for the diagnosis of vascular diseases based on a
convolutional neural network have been introduced in the Fergana branch of.the
Republican Scientific Center for Emergency Care, the Fergana City _Medlcal
Association, and the Fergana Regional Hospital of Ophthalmology (Certificate of
the Ministry of Health No. 8-7-10 / 686 dated May 7, 2021, and Certificate No. 33-
8/2959 of the Ministry of Development of Information Technologies and
Communications dated Fevruary 09, 2021). As a result of scientific reseftrch, the
imaging of fundus pathologies made it possible to increase the efficiency of
diagnosing diseases by 15%. . .

The structure and volume of the dissertation. The dissertation consists of
an introduction, four chapters, a conclusion, a bibliography and annexes. The
volume of the dissertation is 102 pages.
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