OT13bIB 0pHUHAIBLHOIO ONMOHEHTA
Ha JiccepTanuoHHyio pabory Bypeirnna Aarona Onerosuya
Ha TeMy «MoJIeNu U aIrOPUTMbI HEHPOCETEBOrO OOHAPYKEHHUS 1e(HEKTOB MPOMBILILICHHBIX
MaTepUaIoB Ha X H300paKeHUIX),
IpeICTaBICHHYIO Ha COMCKaHUE YYEHOM CTENeHH KaH/iu/1ara TEeXHUHYECKHX HayK
1o crnenuanbHOCcTH 2.3.1. «CHCTeMHBI aHANU3, ypaBieHue 1 06paboTka HHpOpMALIHH,
CTaTUCTHUKA (TEXHUYECKHE HAYKH)»

AKTYyaJIbHOCTH JHCCEPTALIHOHHOI padoThI

Juccepranuonnas pa6ora Bypeiruaa A.O. NocBslleHa PEIICHHIO MPAKTHYECKOH 3a/1a4H,
C KOTOpPOM PEryIspHO CTAJIKHUBAIOTCA MPEANPHUATHS, SKCIUTyaTHPYIOIIME JIAHHH BH3YalbHOTO
KOHTPOJISI: BBIBICHHIO Je()eKTOB NMPOMBIIIICHHBIX MAaTEPHAJIOB 110 H300paXKEHUAM B YCIOBHAX
OrpaHUYEHHOTO YHCJA PAa3MEYEHHBIX INPHMEpPOB, HEOJHOPOAHOM TEKCTYphl MOBEPXHOCTH H
MOCTOSHHO MEHSOLIMXCS YCJIOBUM CheMKH. Bpak Ha MpPOU3BOACTBE BO3HHKAET 3MHM30IHYECKH,
nedexTHas IUIOMAAb Ha Kajpe OOBIYHO HEBEJIHMKA, a IOJYyYECHHE IMONMUKCEIBHON pasMETKH
TpefyeT MpUBICYEeHHS NPO(QUIBHBIX CNENUATNCTOB M NPAaKTHYECKH 3aHOBO MOBTOPSETCA IPH
CMeHe HOMEHKJIATyphl MpPOAYKLHH, MapTUH ChIpbS MM YCIOBHH ocsemeHus. Kiaccuueckue
METO/Ibl KOHTPOJISl, OPUEHTHPOBAHbI Ha OOJbLIME pa3MEYECHHBIE BHIOOPKHM JIAHHBIX, ¥ B TaKOH
CHTYaLlH OKa3bIBAIOTCS TPYIHO MPUMEHHMBIMH.

IuccepranponHas paboTa HampaBleHa Ha PELNICHHE TaKoro THNA 3a4a4 C y4eTOM
ocobeHHOCTEH Ha mpou3BozacTBax. IIpennoikeHHble MOJENH, alTOPUTMEI, 8 TaKXe pas/iesibHast
apxuTekTypa OOHapyXeHUs U JOKaIM3aluH Ae(EKTOB IO3BOJIOT aNnalTHpOBaTh CHCTEMY
oGHapyXeHust 1e(eKTOB K peaJbHBIM YCIOBHAM IIPOM3BOACTBA.

CrpyKTypa AuccepTalHH

Jluccepranmsi COCTOMT W3 4-X TIJIaB, 3aK/IIOYEHHs, CIOHCKa JATeparypsl u3 173
HauMeHoBanui. OOl 06beM mucceprauuu cocrasiseT 154 ctpanuusl ¢ 13 pucynkamu, 13
Tabnuuamu 1 1 pUIIOKEHHEM.,

ﬂ,OCT OBEPHOCTH PE3YJLTATOB HCCJIEA0OBAHHA

JlocTOBEpHOCTH TTOJTyYE€HHBIX pe3yabTaToB obecneunBaercs KOPPEKTHBIM
UCIIONb30BAHUEM METOZOB INyOOKoro oOyueHHs, TI'e€HEpaTMBHO-COCTA3ATENIbHBIX CETEH,
CErMEHTAIHOHHBIX APXHTEKTYp, METOIOB OOHApY)XeHHS AaHOMAaJIHH, SKCIEPUMEHTAIbHOH
IPOBEPKO# Ha peaIbHbIX H300PaXKeHHUSIX U CPAaBHEHUEM C U3BECTHBIMH IOX0/IaMHU.

B paote HCIONB30BaH OpPUrHHAIBHEIH HaOOp naHHBIX (maraceT) U3 546 m3o0paxeHHH
TEKCTHJIBHBIX CTPOIl C Py4YHOU pa3MeTkoit obnacreii nedexto. B nmpouecce nposeneHus paboTel
Habop nanHbIX ObLT pacmmpeH 10 24000 usobpaxenuii, Bkmodarommx 8000 Ge3nedexTHRIX U
16000 nedextHbIX H300pakeHui. Bribop Takoro 006BeKTa HCCIIENOBAHMS ONPABIaH, MOCKOJIBKY
TEKCTH/IGHBIE CTPOIBI HMMEIOT PEryJsApHYH CTPYKTYpy IIOBEDXHOCTH, Ha (OHE KOTOpOH
JIOKaJIbHBIE TIOBPEXICHHS MOTYT OBITh BU3yalIbHO C1a00 BBIPaXKEHBI.

Jlist KoMuyecTBEHHOM oleHkH KadectBa mpumeHsuinch metpuku IoU, Dice Coefficient,
Accuracy, AUC, AUROC u F-mepa. B wactHoCcTH, 171 KOHQHUrYypalyy ¢ arOPHTMOM BCTaBKH
nedexror gocturnytel loU 0.6009 u Dice Coefficient 0.6911, a Takxke Accuracy 92.45% u AUC
94.54%. B okchepuMeHTax IJaBbl 4 TIIOKa3aHO IOBbIIeHHE KadecTBa PatchNet++ mnpm
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HCTIONIb30BAHUH CHHTETHYECKMX NaHHBIX, COPMHPOBAHHEIX C npumeHeHHeM ResStyleGAN.
Hanuune HecKoNbKHX Ipynnm MeTpMK TNO3BONSET OLEHMBATH KAK KAayecTBO JNIOKaJTH3aL UK
Ae(exTHOH 061acTH, TaK U Ka4ecTBO 0OHAPYKEHHs aHOMATHH Ha YPOBHE U300pakeHHUl.

Crenyer IONOHUTENBHO OTMETHTB, Y4TO B paboTe aBTOp He OrpaHHYHMBAETCS OMHUCAHUEM
MOJE/IEH, a IPUBOJUT Pe3yNIbTaThl YUCIEHHBIX SKCIIEPUMEHTOB, M HX CPABHUTENbHBIH aHanus, a
TaKoKe MpOTPAMMHYIO PEANU3ALMIO U CBENCHUS O NPAKTHYECKOM HCIONB30BAHHH PE3YNIETATOB.
YTo B COBOKYIHOCTH IIO3BONSET CYMTATH OCHOBHBIE BBIBOJbI paboTel  IOCTATOYHO
000CHOBaHHBIMH.

HoBu3Ha HAyYHBIX MO/I0KEHUT

Hay4Hble monoxenns u BBIBOZBL, C(HOpPMYIHPOBaHHBIE aBTOPOM B JHCCePTALHOHHOM
paborte, obnanaror cnemyromei Hay4YHOU HOBU3HOII:

1. PaspaGoraHsl MOIENH U aIrOPUTMBI eTeKIMH Ae(eKTOB M300paXXeHHUH MPOMBIILIEHHBIX
MATEPHAJIOB C HCIIONL30BAHHEM HEMapKHPOBAHHEIX IAHHBIX H MOMYJIS BHEIIHEH MaMATH,
9TO MO3BOJIAET CHU3UTE 3aBUCHMOCTD OT 00beMa Pa3sMEUeHHBIX JaHHbIX.

2. Ilpennoxena Mozenb renepanun u306paxeHnil aepeKTos IPOMBIIIIEHHBIX MaTePHasIoB
ResStyleGAN, ocHoBaHHass Ha KOMOGHHHPOBaHHOM npuMeHeHuHn  StyleGAN3 u
ocTaTo4HbIX 6110K0B ResNet.

3. PaspaGorana jyansHas cHCTeMa NETeKIHH Ae(EKTOB PatchNet++, B xotopoii 3amaun
JoKanu3auuk Je(eKTHOH 00NacTH M OLEHKH aHOMATbHOCTH pacnpeneneHsl MexIy
CICIMAIM3UpOBaHHbEIMH KoMIIoHeHTaMu U-Net++ u PatchCore.

4. TlokasaHa BO3MOKHOCTH TIOBBILICHHS KAauecTBa oOHapykeHHs naedeKToB 3a cuer
COMIACOBAHHOIO MPUMEHEHHs ICHEPATHBHOM ayrMEHTAalHH W CHENHATH3MPOBAHHBIX
METOOB NETEKIIHH.

HoBu3Ha paboTEI COCTONT He TONBKO B IPUMEHEHHH OT/IE/bHbIX HEHPOCETEBEIX MOJIENIEH,
HO ¥ B OCTPOCHHH KOMIIIEKCHOTO MOJIXOJI, CBS3BIBAIONIETO NIOATOTOBKY NAHHBIX, TEHEPALIHIO
Ae(eKTHBIX TPHUMEpPOB, JIOKAIH3AIMIO U OGHADYKEHHE AHOMAIMH B paMKax eIuHON 3amaum
IPOMBIILICHHOTO BH3yaJIbHOTO KOHTPOJIS.

IIpakTHyeckas 3HAYUMOCTH paGoThI

Pesynbrarel nuccepranMoHHOro HCCIeIOBaHMS HCTIONIB30BAHE] IpH pa3pabOTKe CUCTEMBI
JETeKIMH Ae(eKToB rpaHyn TpuHarpuiipochara Ha xumuueckom 3aBoze AO «BX3» B ropozxe
Koctpome. Cormaceo Marepuanam mucceprauuu u aBTopedepara, BHEJPEHHE MO3BOIHIIO
CHU3MTb ypOBeHb Opaka ¢ 5% mo 2%. Ilpakruueckas peanusauus PE3YNIBTaTOB TaKKe
TIOATBEPXKICHA CBHACTENHCTBOM O TOCYAApCTBEHHOM perncTpanuu mporpammsl mis DBM Ne
2021682077 «Cucrema o6HapyxeHus 1e(eKTOB TKAHEBOI CTPOIIBI».

3ameuanus

[taBHBIM 0606MIAOIMM HEZOCTaTKOM W ONHOBPEMEHHO OCHOBHBIM OrpaHHYEHHEM
HCCICNIOBAHHSA  ABIACTCS HENOCTATOYHO IOJHOE SKCIEPHMEHTAIBHOE OMNpeeleHue TPaHHUIL
[IPUMCHAMOCTH  TIPEAJIOKEHHOTO KOMILIEKCHOTO NOAX0Aa. Ero OTHeNnbHBIE KOMIOHEHTE
OLCHHBAIIACE B PAa3HBIX SKCIEPUMEHTAIBHBIX IPOTOKONAX, OJHAKO B paGoTe He IpeICTaBieHa
C/IMHAA NIPOBEPKA YCTOMYMBOCTH BCEH CHCTEMBI IPH H3MEHEHMH THIIA MaTepuaa, Mopdooruu
nebexra M yClOBHH mOMydeHHs u300pakeHui. OTO 3aTpynHsAeT ONEHKY 06obmarome
CIIOCOGHOCTH pa3pabGOTaHHBIX pEIIeHMH 3a Ipeeamu PacCMOTPEHHBIX CLIEHAPHEB U TpedyeT
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AanbHEHIIEro u3yyeHus. IIpuBeNieHHbIC HHXXE 3aMEYaHHS KOHKPETH3HDYIOT OTHeNbHBIC
IPOSIBICHHUS JaHHOTO OrPaHHYEHHUS.

1.

B nuccepranuu ucXomHsIi naracet, cocTosui u3 546 u300pakeHHH, OXapaKTepu30BaH
KaKk Habop ¢ MajbM KOJMYECTBOM Ae(eKTHBIX mpumepoB. OxHAKO 0OOIIee KOMUYECTBO
u300pakenuit conepkammx gedextsl coctaBmser 426, uto cocraBaser 78% OT HX
obmero xommuectpa. IlostomMy nauHas (GopMymHpoBKa TpedyeT JOINOIHHUTEILHOIO
NOSICHEHHS.

B paGore He mpuBonATCA pesynsrarhl paGoThI NPEINIOKEHHOTO METOJAa Ha JApYTUX
Aaracerax JJIsi NOATBeP)KAEHUS YHUBEPCAIbHOCTH IPEIJIOKEHHOTO MOAXO0/A.

Ilpn moxGope runepnapamerpoB u 06ydeHHH Mozenelf Ha OTHOCHTENBHO HEGONBIION
MCXO/IHOH BBIOOpKE HE ONMHCAHBI MOXPOGHO MEpHI NPENOTBPAIIEHHS nepeoOyuenus. K
MPUMEpY, NPEACTaBIAI0 Obl HHTEpeC Goilee SBHOE yKa3aHHE Ha MCMOJNB30BAHHE KPOCC-
BAIMIAUAY, OTACIbHOH BalMIAUMOHHON BBIOOPKH, pETyISApH3alliM, ONHCAHHE U
NPUMEHEHHE KPUTEPHEB OCTAHOBKH 0GYUYEHHS.

O6ocnosanue BeiGopa GAN-apxutektypsl ResStyleGAN B paboTe NpHBOOUTCA, B TOM
YHCNe NpH OOCYXKICHHHM OrpaHHYEHHH COBPEMEHHBIX nubdy3HOHHBIX Mozenel mpu
MalelX oObemMax JaHHeIX. [IpH 9TOM CpaBHHTENBLHOrO aHanM3a pe3yibTaToB
IKCIIEPHMEHTOB C PasIMYHEIMU M} (DY3HOHHBIMU MOJIEIISIMU ABTOPOM He ITPOBOIHIICS.
Jlnst oLeHKn CHHTETHYEeCKHX M300paxeHuit B paGore HCIIONB3YIOTCS KOJIMYECTBEHHbIE
merpuku KID u LPIPS. Onnako He3aBucuMas BH3yaubHas WM 9KCIEpPTHas MPOBEPKa
TEXHOJIOTHYECKOH JOCTOBEPHOCTH CHHTETHYECKHX 1e(EKTOB PacKphiTa HEIOCTATOYHO.
Taxoe nomonnenwe mos3Bonuino Gbl yGemuTenbHee IOKA3aTh, UTO CT€HEPUPOBAHHEIE
Ie(eKTHI BBINIAAAT PABIONONOOHO HE TONBKO C TOYKH 3PEHHS METPHK, HO H C MMO3HULHH
MPEeIMETHOM 001acTH.

Ouenka kayecTBa CO3TAaHHBIX M300paXeHuH U MPOBEPKA UX BIHAHHA HA nocJyeayonee
oOHapyxeHue Je(EKTOB INpOBEAEHBl B Pa3HBIX yclnoBHAX. Mopenn cospanus
u300paxeHnit cpaBHUBaroTCs 1o nokasarensm KID u LPIPS, oxmaxo o0y4eHne MeTo0B
OOHapyCHHs BBIIOIHEHO TONBKO Ha BHIGOPKE, PaclIMpEHHONH C TMOMOIIBIO
ResStyleGAN. [lpyrue monenn B aHANOTHYHBIX YCIOBHSX He IIPOBEPSIUIMCE, MO3TOMY
BausiHEe ResStyleGAN Ha wutoroByio TouHOCTB oOHapyeHHus Ae(eKTOB IOKa3aHo
HEIO0CTAaTOYHO IOJIHO.

Ilpu pacumpenuu naracera 10 24000 ¢pparmenToB, BKmouaromux 8000 6e3nedexTHBIX 1
16000 nmedexTHBIX wH306paXkeHMil, HEIOCTATOYHO noApoOHO  OMMCAHO, Kak
KOHTPOJIMPOBAIOCH OTCYTCTBHE NPAKTHYECKH MACHTHYHBIX CHHTETHIECKHX 06Pa3IIoB.

B paGore He B mONHOM Mepe ommcaHbl OCOGEHHOCTH MPOU3BOJCTBEHHON CpeJIbI,
CIIOCOOHBIE BIUATL Ha PabOTy CHCTEMBI B PEATBHBIX YCIOBHAX: U3MEHEHHE OCBeIlEeHH,
3arpA3HCHHC ONTHMKH, BHOpallMs KaMepbl, CMENICHHE Marephana B Kajpe H Jpyrue
nofo0Hele BosmekcTBus. OGCYKIeHHe 3THX 0COBEHHOCTEH U OIIpe/IE/ICHHE UX BIUSAHHS
TIO3BOJIHIIO OBl TOYHEE OMPENENUTH YCIOBHSA NMPUMEHHMOCTH NPEIOKEHHBIX MOJIeei
IPH IPOMBIIIICHHOM BHEIPEHHUH.

OTMeyeHHBIE HEOCTATKH HE HOCAT MPHHIUIHAIBHOIO Xapakrepa, He CHHXKaIOT obIuel

TONIOKHUTEBHON OLECHKH IHCCEPTALMHU, €¢ HayYHOH HOBH3HBI, JOCTOBEPHOCTH H NPAKTHYECKOM
3HAUMMOCTH. OHH MMEIOT YTOUHSIONMH H PeKOMEHATeNbHBIH XapakTep i MOTYT GbITh YYTEHBI
ABTOPOM IIPY JAJIbHEHINIEM Pa3BUTHH BBIIOJHEHHOTO HCCIIENOBAHHS.




Jaknouenne

B muccepranuonHol pabore BypbiruHa AnToHa OjeroBuya MOCTaBjlI€HAa U pelICHA
aKTyaJlbHas HAYYHO-TEXHHYECKAs 3ajaya MOBBIIECHUS TOYHOCTH HEHPOCETEeBOro 0OHapyXKEeHHs
ne(eKToB MPOMBINUIEHHBIX MarepHagoB Ha HX u3o0paxenusx. PaGora mo cCTpykType,
CONEpP)KaHUIO ¥ O(GOPMIICHHIO BBINOJHEHA Ha XOPOLIEM YPOBHE M SBIIAETCA CaMOCTOSTEIBHOH
3aKOHUYEHHOU HAy4YHO-KBaTH(UKALIMOHHOH paboTOM.

Teoperryeckas ¥ MpaKTHYECKasi 3HAYUMOCTh pabOThI OTPakeHa B pa3pabOTKE MOZIENEH U
anroputMoB Jetekuuu aedextos, coszmanuu Mmomenu ResStyleGAN, paspaGotke xyaibHOM
cuctembl PatchNet++ 1 IpakTHYECKOM HCIIOJB30BaHUH IIOTyYSHHBIX pe3yabTaTtoB. ABTopedepar
COOTBETCTBYET U B IOJHOM 00BbEeMe 0TpaXkaeT OCHOBHOE COZIEPIKaHUE TUCCEPTalIMH.

HayuHple MOJIOKEHHUS U Pe3y/IbTaThl, BRIHOCHUMBIE Ha 3aLUTY, COOTBETCTBYIOT MAcIOpPTy
cienpanpHocTH  2.3.1. «CHCTeMHBIM aHanu3, ynpasieHHe M 00paboTka HHpOpMaIMH,
CTaTHCTHKA (TEXHHYECKHE HayKH)».

[To axTyaldbHOCTH pelIaeMON Hay4yHOH 3a7aud, €€ TEOPETHYECKOW M IPaKTHYECKOM
3HAYMMOCTH, TIIOJIyYEHHBIM pe3yiabTaraM, COACpP)KaHWI0 M OOLEMYy HAayYHO-TEXHHYECKOMY
YPOBHIO JuMccepTanuonHas pabora «Monenmu H airopuTMbl HeHpOCeTeBOro oOHApyKeHHs
nedeKTOB NPOMBILIJIEHHBIX MaTEPHAJIOB Ha HX H300paXeHHAX)» COOTBETCTBYET TPEOOBAaHMSM IIII.
9-14 «IlomoXkeHUsT O TPHUCYKAEHHH YHYEHBIX CTENEeHEeH», YTBEPKAEHHOIO IIOCTAHOBIEHHEM
IpaButensctBa Poccuiickoit ®enepaumu or 24.09.2013 r. Ne 842, mnpeabsBiseMbiM K
JHUCCEpTAlUsIM Ha COMCKAaHHE YUYCHOH CTENeHM KaHIuJaTa TEXHMYECKMX HayK, a €€ aBTop,
Bypeirus AHTOH OeroBuy, 3aciay)XUBaeT TPHCYXKICHHS YYCHOM CTEIEHH KaHAW/ara
TEXHUYECKUX HaykK 1o crenuanbHocTd 2.3.1. «CucTeMHBIH aHanu3, ynpasiieHHe U 0O6paboTka
HH(OPMAIIMH, CTATUCTUKA (TEXHUYECKHE HAYKH)Y.

OdunuanbHbIi ONIIOHEHT, K.T.H., 3aB.J1a6. [1-1 WUITIA PAH
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