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@e4epanrHoro rocyAapcrBeHHoro yrrpexAeHras <@eAepalrurrll HCCJIeAoBaT:elrcxufi

rleHrp Vlucruryt npaxna4uofi MareMarHKII unl. M.B. Kel4rrura Pocurficxoff

aKaAeMr{r.r HayK)) Ha Ar4cceprarliroHHylo paSory TIIEIIIKI/CA Anerccau4pa

B.uaAuuupoBuqa Ha reMy <I4cromsoBaHr4e npeo6pasoBaHuq Xa$a B KarIecrBe cJro,

uefipoHuofi cerrr)), npeAcTaBneHHyro Ha cor4cKaHr{e y.leuofi creIIeHIr KaHAIrAara

TexHr{r{ecKr,rx HayK no cneurraJrbHocrlr 1.2.2 - <MarenrarurlecKoe MoAenupoBaHrre,

LrHCJreHHbre Meronbr 14 KoMn,leKCbt nporpaMM> (rexunqecKue uayrcu)

ArcryanrHocrb reMbI AIrccepraIIuu

fiucceprauns TlleruKyca Aler<cau4pa Bna4uMupoBuqa nocBqrleHa Ba]I(H oit u

aKTyanbHofi npoSneMe - co3AaHr4ro coBpeMeHHbIx aBToMarrr3lrpoBaHHblx cucreM

il oAroro BKr.i rl noAAep xKI4 rrpriHfl'rr4fl p e ure u ufi .

HcxyccraeHHbre uefipouuue cerr4 - 6rrcrpo pa3Br{Barotyuficn IrHCrpyMeHT,

npuueureutrfi ilnr perueHrrfl rxrrpoKoro crreKTpa 3a4a.u) B ToM rII{cJIe 3aAaq

Marrrr4HHoro 3peHr{fl rr pac[o3HaBaHvrs, o6pa:oe. OrHocqcr K Knaccy raK Ha3bIBaeMbIx

o6yuaelmx MaluaH, neilpocereBbre MoAenH {BJrrrorc-f, yHr.IBepcaJIbHbIMLr

annpoKcr4MaropaMlr r4 rro3Bonqror Ha [paKTHKe peanu3oBarb rrAero <o6yueuLr fl Ha

lprrMepax), [pr4 KoTopbrx HHcTaHrlr{poBaHr{e MoAeJrr4 ocyrqecTB.]rreTc-[ rIyTeM

croxacrnrrecr<ofi olrHMH3arIHrr B rrpocrpaHcrBe ee [apaMerpoB. Hseecruo, rrro

pelueHl4e raxofi orrrr{Mr{3aquouuofi 3ap:aqw MoxHo 3Haqr4TeJlr,uo o6rerr{r4Tb 3a crrer

nu6opa flpaBlrnbHofi apxureKrypbr uefipoulroir ceru. Tax, n 3a4av'ax o6pa6orxw

ra:o6paNeHIzfi MoxHo lrcxoAr{Tb kr3 rrpeAnonoNeHlrfr o npocrpaHcrseHHoil

orpaHl4r{eHHocrl4 It ne6oruxoM pa3Mepe peqerrrrrBHoro rroJu nefrponon, a raKxe
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rrepecraHoBor{Hocra orrepaquit o6pa6orKr.r co cABI4rou rz:o5paxeHuq. B'lacruocru,

[o3ToMy cBeprorrHrre uefipocereBbre apxr.rreKTypbl, peanu3yroulre 3TI4 orpaHurreHl'1-f,,

cyulecrBeHHo e$Qerrunnee B o6pa6orre u:o6pa>xeuui,r, qeM KrIacQHrrecKHe

tIOJIHOCBfl3HbIC.

B ro xe BpeMr, B 3aAar{ax MarrrrrHHoro 3peHLIq, TaKHx KaK orlpeAeneHlre

co6crseuHoro rroJroxeHLtfl, LI r43MepeHrre yrnoB rr paccroxrtuit to u:o6pa>xeuuro

crleHbr, peuenrnBHoe [oJre nefrpouon nocneAHero cnofl uefipocerra AonxHo

BKrrorrarb cyrqecrBeHHyro nnoruaAb z:o6paxeunx. 3ro Aenaer axrya;nuoff

pa:pa6orKy HoBbrx uefipocereBbrx apxr4reKryp c 6onbIrIHM peue[THBHbIM tIoJIeM I4

xopour.rMr4 noKa3arerqMu o6yuaenrocrlr. Peuresuro 3Toit 3ailaqv rrocBfl[IeHa

Ar4ccepraUr4oHHafl pa6ora llleruxyca A.B., B Koropoit uccteryoBaHbl uefrpocereBble

apxrrreKTypbr, ocHoBaHHbre Ha BKrrorreHHH ueoSyuaeMblx cJIoeB npflMoro Ll

rpaHcrioHrrpoBaHHoro r{HrerpaJrrHoro npeo6pa:oBaHlr-f, XaSa MexAy cBeprorIHblMu

croqMu cerrr. fannrrfi rroAxoA ro3Bo.rr.f,er o6ecneqrrrb rpedyenryro xonQurypaqhro

peqe[Tr.rBHbrx rroJlefi uefipoHoB B cJro{x, HAytUHx IIocJIe Xa$-cnox, Ho, B To xe

BpeMfl, coxpaHr4Tb xopouyrc o6yuaelaocrr nplr pelxeHrlr{ [pzKnaAHblx 3aAarr

Marrrr{HHofo 3peHI4{.

Hayuuar HoBrr3Ha

Aeroporta [onyrreHbr HoBbre HayqHbre pe3ynbrarbl, o[peAen.f,Iotque HayrrHylo

HoBI43Hy c o6ocnosaHHbrMlr orJII4rIHTeJIbHbrMr{ nplr3 HaKaMr\ a rrMeHHo :

1. B pa6ore BnepBrre npoBeAeHo rrccJreAoBaHue rpauc$opuarJrpr peuenruBHoro

rloir{ nefipounofi ceru rrprr 4oSauenuz B Hee cJIoeB IlprMoro 14

rpaHcnoHr4poBaHHoro 6rrcrporo npeo6pa:onauaa XaSa. B pa6ore roKa3aHo,

qTo trnfl Tolo, 'rro6rr uefipouuar CeTb 6rua cnocoSsa pelxaTb 3ailaqLl

KoM[brorepHoro 3peHtrfl) ee peqerrrr4BHoe [oJre Aon]r(Ho o6:raAam

AOCTaTOTTHbTM pa3MepOM.

2. B pa6ore flpeAnoxeHa HoBa-s apxr4reKTypa cerefi co crroflMr4 npflMoro

npeo6pasoBaHufl Xa$a, a raKxe MeroA ee rrcrroJrb3oBaHr4fl An, perueHrrfl

3a4.aqr4 [or4cKa nseuruefi ToqKr4 cxoAa.



3. B pa6ore BrrepBbre rpelnoxeHa apxureKrypa ueiipoHuoft cerll c

r{crroJrb3oBaHr{eM rpaHcnoHrrpoBaHHoro upeo6pa3oBaHlr.a XaSa Anf, pelxeHlrfl

3AAaq KOM[brOTepHOfO 3peHr{fl r,r rroKa3aHo, tITo 'faKafl, apxrrTeKTypa cnocoSna

peuaTb 3alLa:c{]'/- [or4cKa BHyTpeHHHX TOTIeK CXOAa pI CeMaHTl{r{ecrofi

cefMeHTaIIr{H qerbrpexyronbnux o6reKToB c npeBocxoAHblM KarrecrBoM, lIpH

groM o6ralas Ha ;.Ba noptrAKa MeHrITII4M KorzqecrBoM oSyvael'trtx

rapaMerpoB.

4. Btrqsreu Hosrrfi eSQexr npu rprrMeHeHurr Ir3BecrHofr rexuo:rorul'I [epeHoca

sr;auwir. Anfl alafirar\r4tt K .qoMeHy (domain adaptation): nepeHoc se^auuit'

yclerxHo npoucxoAr{T, Ho .qnf, BbrcoKoypoBHeBblx, a He Anfl HI{3KOypOBHeBbIX

rrpH3HaKoB.

O6uaq xapaKTeptrcrnKa pa6orr,I

luccepraqux lLleruxyca A.B. cocror4r r43 BBeAeHIT{, rlerblpex lJIaB,

3aKirror{egr4fl. kr crir4cKa nureparypbr rr3 95 nyuxrop. O5rqufi oSreu [vcceprar\tlu

cocraBrqer 723 crpaHrrllbl.

Bo BBe.UeHr{rr lLleurxyc A.B. o6ocuosrrBaer aKryanbHocrb w HayqHy]o

HoBr{3Hy AnccepraquouHofi pa6orrr, craBrrr qenb kr 3a4a.uv Arrccepralll'IoHHoro

r{ccneAoBaljl,Jfl r{ npI4BoAHT rloroxeHltrfl., BbIHOCHMbIe Ha 3aIrII'ITy.

B nepnofi rJraBe Ha ocHoB e aHarrzr3a pa3Bkrrr4fl nei.rpocereBblx rexHoJlorttit u

rrHxeHepHbrx anfoplrTMoB [nfr perxeHr4, 3aAar{ MaIIIIHHo|O 3peHUS AaeT

o6ocHosaH[e rrepc[eKTHBHoorrr vnev coBMelleHHfl HHTerpanbHoro o[eparopa

Pa4oHa Iz cBeprorruofi ueiipousofi cerr4 B eArrHyro cyrr]Hocrb, ilrrr rrero HccreAyerc-f,

[oBeAeHrre nefiponHbrx cerefi, nr<rtrouarcxllrx B cBoro apxuTeKTypy cnou Srrcrporo

upeo6pa:oBaHufl Xa$a B f,BHoM BrrAe, B npaKTur{ecKux 3a4.a.uax Marxl4HHoro 3peHar.

Bo nropoii rrraBe llleuu<yc A.B. orrrcbrBaer reoperulrecKr4e ocHoBbI, Ha

Koropblx 6asupyercx npoBeAeHHoe B Aacceprarlrr4 r4ccJreAoBatre. Ilo4po6uo

orlacblBaerc{ rpauc$opMarlr4fl perle[Tr{BHoro rroJu npu [prrMeHeHar4

npeo6pasoBaH:r.fl XaSa K KapraM nprr3HaKoB rr anropuru 6ucrporo npeoSpa:oBaHu.f,

XaQa, ocuonauurrfi Ha a[[poKcr4Marlr4r{ rrr4Kcerr{3 ar\vri [prMbrx A:aaglruecKnMrr

narrepHaMll. Anrop AoKa3brBaer, qro rpaHcnoHr4poBaHHoe 6nrcrpoe



[peo6pa3oBaHrre XaQa MoxHo Bbrrrrrcrrrrb reM xe caMbIM aJIropIrrMoM, ecJIH

npaBrrnbHulr oSpasoM npou3Becrr{ orpaxeHlrf, BxoAHbIx }I BbIxoAHbIx IzsoSpaNenufi.

3ro ro3Bor-ser He ronbKo paclpocrpaHrrb rpaAI{eHT anroprrrMoM c xoporuefi

acr{M[Tora.recroii cJroxHocrb]o, Ho tt crpollTb ceru, Koropble rrclonb3ylor

rpaHcnoHrrpoBaHHbrfi oneparop 6rrcrporo npeo6pa3oBaHrrr Xa$a B ,BHoM Blrre.

B rpeuefi rJraBe lLleruxyc A.B. Aaer orll4caHlre pa:pa6oraHHblx

uefipocereBbrx apxr{TeKTyp, Hcnonb3yrorU[x cnol4 npf,Moro H TpaHCnoHI{poBaHHoro

6rrcrporo npeo6pasoBaHrrr Xa$a, v uccneAyer Hx ceoficrsa v cnocoSst

rrplrMeHeHr{fl. Baxurrtr acrreKToM craHoBrrrc.f, coorHeceHrre KoopAI{Har Ha Kapre

ripr43HaKoB, o6padau,rBaeMbrx nefipoceruo, c Koop,{vHaraMr B TpexMepHoM

npocrpaHcrBe aHa;rl43l4pyeMofi cqeriu.

r{ernepras r.lraBa fiocBflrileHa [paKTr.rr{ecKr4M [pr{MeHeHHrM [peAJIoxeHHbIx B

rlraBe 3 apxurer<Typ kr orrrcaHuro npoBeAeHHoro BHeApeHLIT vx B HHAycrplranbHoe

lporpaMMuoe o6ecneqeHlre KoMTIaHITI{ "Crr,rapt 3nANuuc Cepnuc".

B saxrroqelr4tt rrpr{BeAeHo o6rqee o[uaaHr{e u ocHoBHbIe pe3ynbrarbl pa6orrr

llleumyca A.B.

focronepHocrb lr o6ocnoBa H H ocrr, pe3yJr['Taro e pa6orsl

B pa6ore r4crronb3yrorc.r MeroAbr rMSponoff o6pa6orxu uzodpa>xeuurt,

MeroAbr croxacrrr.{ecxofi ueupepunuofi o[Tr4Mrr3aIIHH, MeroAbI craracrur{ecKoro

aHarrv3a. Bce pe3ynbrarbr o6ocHoesrBarorcq $opnranrHo-IeAyKTI4BHo uIIr4

Bbrql4crHTeJIbHbIM 3KCrleprrMeHTOM.

flocronepHocrb nonyqeHHbrx pe3ynbraroB noATBepx[aerar, coorBercrBzeM

TeopeTr4r{ecKr{x vr 3Kcrrepr{MeHTaJrbHbrx pe3ynbTaToB, npotreMoHCTpHpoBaHHbIx B

pa6ore, ycueruuofi anpo6aqneii pe3ynbraroB u BHenpeHrreM B KoMMepLIecKI4e

crrcTeMbr pacno3HaBaIJufl AoKyMeHToB.

OcHoeHrte pe3ynbrarbr rro reMe Ancceprarynu orty6rrrrKoBaHbr s B rerrarHbrx

H3AaHIrsx (1 crarb-f, B xypHane, peKoMeHAoBaHHoM BAK, 7 B lr34.aozflx,

I,IHAeKcrIpyeMrIx s Web of Science n Scopus), 4oxlaAbrBaJrr4cE u o6cyN4arntcb Ha

xonSepeuunsx International Conference on Machine Vision (ICMV) B 2016-w,

2017-xr 14 2019-w roAax, Interrrational Conference on Document Analysis and



Recognition (ICDAR) B 201.9-w roAy, International Conference on Image

Processing" (ICIP) s2020-\a roAy.

3Haqlruocrb AJIfl HayKH rr rlparcTrrrcrr

3ua.rraN{ocrr pa6omr A.B. ILleurxyca Alt-fl HayKu 3aKrloqaercfl B BbIrIorIHeHHoM

r.rccneAoB aH4yr noAxoAoB rr MeroAoB oSyueurza uefrpocereBblx apxl4TeKTyp,

BKrroqaroulrrx Heo6yuaelaue cJrorr r4HTerpanbHblx upeo6pa:ooaruuit, a I'{MeHHo -
upeo6pasosanlafi Xa$a.

BrruolseHHafl pa6ora r4Meer 6onrruyro npaKTuqecKyro 3Har{zMocrb. 3ro

rroATBepx.qaercf reM, r{To MeroAbr o6y.reun-a nefipouurrx cereil c HcIIoJrb3oBaHrreM

rrccneAoBaHHbrx n pa6ore cJroeB upeo6pa:oBaHrtfl Xa$a BHeApeHbI B oreqecrBeHHyro

cr4creMy o6yueurax Hefipouurx cereii KoMnaHIrIr OOO <Cuapr SuAxrauc Cepenc>.

O6yueHurre ueiipocereBbre MoAenrr rpr4MeH-f,rorafl. lnfl, o6pa6o'rxu uzoSpaxesuit vr

pacrro3HaBa:ntrfl. AoKyMeHroB B uuQopnaaquoHHofi IanQpacrpyKrype Psp.a

rocyAapcrBeHHbrx crpyKTyp Poco.rficxofi @e4epaqaz, a raKx(e KoMMepqecKI4x

opraulrsaqufi

Aoroporr [onyrreHo cBr4AerenbcrBo o perucrpauuu tlporpaMMbl anfl

3neKTpoHHbrx Bbrqr{cJII4TeJrbHbIx Malrrun (3BM) u rareHr CIIIA.

PexouenAa II rru rlo lrcrroJ'r r,3oBaH H Io pe3yJr LTaroB Ir ccJI eAoBaH uq

Pe:ylmarrr AuccepraquouHofi pa6omr Moryr 6rrrr [pHMeHeHbI tIpH

pa:pa6orKe HoBbrx uefipocereBbrx anropr4TMoB Marrrr4HHoro 3peHI4.rI, ocHoBaHHbIx Ha

aHaJrr{3e luuefiurrx npr43HaKoB Ha u:o6paxetntr, a raKxe Anfl pa3paSorr<u HoBbIx

uefipocereBbrx apxr4TeKTyp.

fuccepraqr{oHHafl pa6ora v ee pe3ynbrarbr Moryr 6rms [pIrMeHeHbI B

leAarorr4rrecKoM rrpoqecce lnfl u3yqonnfl Arrcrlunnuu <O6paSorKa u:o6parxeuuit>>,

<Texsuqecxoe 3peHr4e) kr <<PacnosHaBaHrre oSpasoe> B MocKoscxoN{

rocyAapcrBeHHoM yHr4Bepcrzrere rrM. M.B. JloMonocosa {fuIf-V}, MocxoecxoNa

Sr.r:uxo-texHuirecKoM rrHcrrrryre (uarluoHarrHoM r{ccJreAoBare.rrbcKoM

yHIrBepcI4rere), HaqnoHaJrbHoM HccJreAoBarenbcKoM yHr{Bepcnrere <<Br,rcuras

IIrKorIa gKoHoMuKt{>, CxorxoecxoNt r{HcruTyre HayKrr v rexuolorufi Ll T.A.

Pesymrarbl Al4cceprauurr Moryr 6rrrr ucrroirb3oBaHbr B r4Hcrrrryrax Poccnficxoit



aKaAeMr4r4 HayK (LIruwuryre rrpr{KnaAnofi MareMarI4KH I4M. M.B, Kel4rtura PAH,

l/.uctutyre upo6leu nepeAaqu uuQopuaqrzu, @e4epalruorra I4ccrleAoBarerlbcKoM

rleHrpe <I4nSopuarvrKa kr ynpaeneuae>) 14 Hayuno-nccJreAoBare.trbcKoM qeHrpe

<Kypu aroe cKI,Iit r{Hcrl{Tyr)).

HeAocrarKrr u 3aMeqaHtlfl rlo AlrcceprauuoHnoii pa6ore

B ra6nvrle 1 4zccepraqr4oHHofi, pa6orcr [pI{BeAeHbI IroKa3areJ]Ir rotlHocru

pa3nurrHbx uefipocereBbrx apxr4TeKTyp npr4 Harvrtr4tr 11 orcyrcrBrpr pe3ynbraroB

npeo6pas oBaHkrfl. XaSa, oAHaKo He nprrBeAeHa MeroArrKa Bblr{ucreHu-s

[peAcraBJreHHbrx s ra6ruqe 3HarreHr4it. Moxuo npeAnoJloxlrrb, o r{eM v4er per{b,

ncxoAf, r{3 Toro, r{To oueHprBaercfl. Kar{ecrBo xraccu@zKallau, oAHaKo Anfl flcHocrll

rroBecrBoBaHkrfl croHJIo 6rt Aarr pa3BepHyroe orrucaHlre.

B reKcre Aplcceprallnu He pa3T,qcHeHbl o6osHaqeHtrq ki, R,, s, ai, -f,,

r.rcrro.rrb3oBaHHble e Sopuyn e (2.1).

Marpuqa oneparopa orpaxe:aus C Har{rlHaer rrcroJlb3oBarbcr n Sopuynax Ao

Toto, KaK B TeKcre BBoA.f,Tc-f, o6ogHa.reHr.rfl AaHHoro o[eparopa 14 ero Marprrubl.

B pa6ore rpucyrcrByer HeKoropa, rryraHuqa c HcnoJIb3oBaHVeM repMI4HoB

BHyrpeHHflr, BHerrrHs-f, co6crseHHafl Ir HecoScrBeHHa.fl ToqKa cxoAa.

Bsrcxa:auHbre 3aMelratnfl, no pa6ore He Hoc;rr npl4Hllrrnr{aJrbHoro xapaKTepa }I

He yM an{rcT Ao cror{HcrB Aacc epral{I4oHHof o Irccne AoBa}]krfl .

AeropeSepar a.qeKBarHo orpaxaer coAepxaHne Arrcceprallurr. OcnoeHrre

HayqHbre pe3ynbrarbr AocrarorrHo rroJrHo orpaxeHbr n uy6nraKaur{-f,x, B ToM qLIcJle B

xypHanax reper{Hr BAK u B kr31.araflx, HHAeKorrpyeMbrx B Web of Science v

Scopus.

3arcrro.reuue

,{nccepraqux llleurxyca A.B. sBr.serctr :aeeprueuuofr Hayr{Ho-

xnaruSuxaqr.rouuoii pa6oroii, rocBflrr{eHuoii rzccreAoBaHuro ceoficre ueirpouurtx

cetefi, BKlrroqaroruux cnou [p-f,Moro r{ TpaHcnoHrrpoBaHHoro upeo6pasosaHrafi XaSa

[pr4 perxeHrrr{ nprrKnaAHbrx 3a[aq Marur.rHHof o 3peHr4r.

Pa6ora coorBercrByer rpe6oeauzau pa3Aena II llocrauos:reHnrr

llpanure"rrbcrBa P(D or 24.09.2013 J\1b842 (O nopfltrKe npr4cyxAoaktn yueurrx



crereHefir, (p.a. or 26.09.2022), rpeAbqBnfleMbrx K KaHAI4AarcKrrM Aucceprar]rtfllu, a

TaKx(e [yHKraM 2 <Paepa6orxa, o6ocnosaHlae v recrlrpoBaHr{e e$Sexrunulrx

BbIIIIICJII{TEJibHbIX METOAOB C NPI4MEHEHTIEM COBPEMEHHbIX KOMIIbIOTCPHbIX

TexHolroruit>>,3 <<Peanrasaqux eSSeKTr.rBHbrx rrucreHHblx MeroAoB H anropl'rrMoB B

BrrAe KoMrrJreKcoB tpo6lelruo-oprreHTlrpoBaHHLIx tlporpaMM lnfl IIpoBeAeHIrfl

Bblrlucnr4TeJrbHofo gKcrIepHMeHTa)), 7 <KaqecrBeHHble w.Irkr amaJrlrrvqeaKre MeroAbI

rr c cneA o B aHnfl. MareMarurrecKrrx iraog elefi (rexuuue cKue nayxll)> n acnopra uayuu ofi

c[euuanbHocrrr I.2.2 <<Mareuau4rrecKoe MoAenl4poBarr4e, rlrlcneHHble MeroAbI tl

KoM[JreKcbr nporparmr> (rexHr.rqecKr4e uayxrz), a ee asrop, IIIsuKyc AnerccaHAp

BlaAunrupoBrrrt, 3acnyxr4Baer irp[cyxAeHrrfl yuenoii crer]eHr{ KaHAI'rAara

TexHuqecxrzfi nayr rro AaHHofi cuequaJlbHocrl4.
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