202092230 Al

(19) EBpa3unckoe 2 202092230 13 A1l
naTeHTHoOe
BeAOMCTBO
(120 OMUCAHUE U30BPETEHUA K EBPABUMCKOM 3ASIBKE
(43) Aara ny6nukauum sasiskm (51) Int. Cl. GO6F 17/00 (2019.01)
2021.08.31 GO6N 3/00 (2006.01)
GO6N 3/06 (2006.01)
(22) Aara nopaum sasskn G060 20/04 (2012.01)
2020.10.20
(54) CHOCOb NOJYYEHUA HU3KOPASMEPHbIX YUCJIOBBIX HPEI[CTABJIEHI/Iﬁ
MOCJIEJOBATEJIBHOCTEM COBBITUN
(31) 2020107035 (72) Waobperatens:
(32) 2020.02.14 Bbab6aes imutpuii Jleonunosuu, OBcon
(33) RU Huxura IMasiaouy, Kupees UBan
(71) 3assurens: Anexcanaposuy (RU)
MYBJINYHOE AKIHTUOHEPHOE (74) Mpencrasurens:
OBIIECTBO "CBEPBAHK rz ’; cnn E.B. (RU)
POCCHM" (ITAO CBEPBAHK) (RU) P o
(57) Mzobpererne oTHOCHTCS K oOnactd HMHGOPMAIMOHHBIX TEXHOJOTWH, B HYAaCTHOCTH K CHOCOOy IOMyYeHUs

HU3KOPAa3MEPHBIX YHCIOBBIX MPEACTABICHUH IOCIEIOBATEIbHOCTEH COOBITHH. TeXHHYECKHMM pe3ylIbTaToM
ABJSIETCS. MOBBILICHWE 3(PQPEKTUBHOCTH (OPMUPOBAHUS MPU3HAKOB JUIA MOIENEH MAIIMHHOTO OOy4YeHUs
C ToMompbl0 (OPMHUPOBAHUS HU3KOPA3MEPHBIX UHCIOBBIX MPEICTABICHUH IOCIENI0BATEILHOCTEH COOBITHIA.
3asBICHHBIII TEXHUYECKUH pe3ynbTaT JOCTUraeTcsl 3a CUET KOMIBIOTEPHO-PEAM3yeMOro Crocoba MONydeHHs
HH3KOPa3MEPHBIX YHCIOBBIX IMPEICTABICHUH MOCIEI0BATENbHOCTEH COOBITHI, CONEPIKAIETO ATalbl, HA KOTOPBIX
MOJTy4JatoT Habop BXOAHBIX HAaHHBIX, XapaKTEPU3YIOIIUH COOBITHS, arperHpOBaHHBIE B IOCIEAOBATENbHOCTD
U CBf3aHHBIC C II0 MEHbIIEH Mepe OXHOW HHGOPMALMOHHOH CYIIHOCTBIO, TPHYEM YIOMSHYTBIC JaHHbIE
cozep>kar Habop aTpuOyTOB, BKIIIOYAIOIINI KaTeropuaibHbe EPEeMEHHBIE, YHCIOBbIE IEPEMEHHBIE U BPEMEHHYIO
METKY; IIpU DOSTOM BBbIIIOJIHACTCA npeaoGpaGOTKa YHOOMSHYTOI'O Ha60pa BXOIHBIX HOaHHBIX, IIpU KOTOpOﬁ
(hOpMUPYIOT TO3UTHBHBIC Maphl IMOCIICAOBATCIBHOCTEH TPAH3aKIIMOHHBIX COOBITHH, KOTOPBIC IMPEACTABIAIOT
co00ll TOZMNOCIeOBATEIBHOCTH, ITIPUHA/UISKAIINE I0CISOBATEIbHOCTH TPAH3aKLHOHHBIX COOBITHH OJHOMN
MH(OPMALMOHHON CYIITHOCTH; (POPMUPYIOT HEraTHBHbIE ITAPhI MOANOCIIEI0BATEIbHOCTEH TPaH3aKIIMOHHBIX COOBITHIA,
KOTOpBIE SIBISIIOTCS OIOCIEOBATCIBHOCTAMH, HPUHA/UISKAIINMH IIOCIEI0BATEIBHOCTAM TPaH3aKIMOHHBIX
COOBITHH Pa3HBIX MH(POPMAITHOHHBIX CYITHOCTEH; C TOMOIIBIO KOAUPOBIINKA TPAH3aKLHOHHBIX COOBITHH (POPMHUPYIOT
BEKTOPHOE TPEACTaBICHHE Ka)XKIOTO TPAH3aKIMOHHOTO COOBITUS W3 YIOMSHYTOro Habopa aTpuOyTOB, NPU STOM
KOZIMPOBIINK COJEP)KUT MHMEPBHYHBI HaOOp MapaMeTpoB W BBIIOJNHSET OSTallbl, HA KOTOPHIX OCYIIECTBIISIOT
KOZIMPOBAaHNE KaTeTOPHAJBbHBIX ITEPEMEHHBIX B BUJE BEKTOPHBIX IPEICTAaBICHHH; OCYIIECTBISIIOT HOPMHPOBAHHE
YHCJIOBBIX IIEPEMEHHBIX; OCYIIECTBIAIOT 0OOpabOTKY BPEMEHHBIX METOK [UIS BBICTPAMBAHMS YIOPSAOYEHHOM
10 BPEMEHH IOCIENOBATEIFHOCTH TPAH3AKIHOHHBIX COOBITHI; OCYIIECTBISIOT KOHKATEHAIHIO ITOTYYSHHBIX
BEKTOPHBIX IPEJICTaBICHHH KaTeropuaJbHbIX IIePEMEHHBIX X HOPMHUPOBAHHBIX YHCIOBBIX EPEMEHHBIX; (POPMUPYIOT
SIVHBIA YUCIOBOM BEKTOpP OIHOTO TPAH3AKIMOHHOTO COOBITHS IO HTOTaM BBHINOJHCHHON KOHKAaTCHAIUH, C
TIOMOIIBI0 KOAUPOBIIHKA ITOATIOCIIEIOBATEIFHOCTH (DOPMHUPYIOT BEKTOPHOE IPEICTaBICHIE OIIIO0CIe0BATEIbHOCTH
TPaH3aKIHOHHBIX COOBITHH I MOCNEeXyIomero (GopMHpOBaHHS (OPMHUPYIOT HHU3KOpa3MEpHBIE YHCIIOBBIX
TIPE/ICTABICHNUS MOCIIEI0BAaTEILBHOCTEH COOBITHIA, CBA3aHHBIX C OHONH HH(OPMAIIMOHHOH CYIHOCTHIO.
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MIIK: GO6F 17/00; GO6N 3/00; GO6N 3/06

CIIOCOB MOJYUYEHHUA HU3KOPA3SMEPHBIX UHCJIOBBIX ITPEJCTABJIEHUI
HNOCJEJOBATEJIBHOCTEN COBBITHH

OBJIACTb TEXHUKH

[0001] 3asiBneHHOE N300peTeHNne OTHOCUTCS K 0071acTH MH)OPMAILMOHHBIX TEXHOJIOTHH, B
YaCTHOCTH K CIIOCOOY MOTyYeHHsI HU3KOPa3MEPHBIX YHCIOBBIX MPEICTaBICHUN

[OCJIEAOBATEIbHOCTE N COOBITUIA.
YPOBEHDb TEXHUKU

[0002] Co3nanne CeMaHTUYECKH 3HAYMMBIX YHCJIOBBIX MPEACTABICHUN U3 OIPOMHOTO
KOJINYECTBA HEPA3MEUEHBIX JAHHBIX COOBITHH KM3HEHHOTO MOTOKA SBIISIETCS CIOKHOM 3a1aueit
11 MAITUHHOTO OOYYeHUs. DTU NPEABAPUTEIHbHO OOYYEHHbIE YHCIIOBbIEC MTPEACTABICHUS
U3BJIEKAIOT CIIOKHYIO HHQOPMALHIO M3 UCXOAHBIX TaHHBIX B BUE HU3KOPAa3MEPHBIX YHCIIOBBIX
BEKTOPOB (PUKCUPOBAHHOH JUTMHBI U MOTYT OBITh JIETKO IPUMEHEHBI B PA3JINYHBIX
MOCJIEAYIOUINX 33/1a4aX MAIIMHHOTO OOYYEHUs B KaUeCTBE NMPU3HAKOB WM JOOOYUYEHBI TTOA
KOHKPETHYIO LIEJIEBYIO IEPEMEHHYIO.

[0003] TpaauoHHO TSI MOAXO0Aa METPUUIECKOro OOYUIESHHs HITH METPUK JIEPHUHT (QHTJI.
Metric learning) TpeOyroTCs mapbl OOBbEKTOB, TIOMEYEHHbIE KaK OXOKUE, HO 3TH Maphbl HacTO
HEJOCTYIIHBI JJIs1 JAHHBIX JKU3HEHHOTO IMIOTOKA COOBITHIA. JlaHHbIE O TOC/IeIOBATENbHOCTH
COOBITHH T€HEPUPYIOTCS BO MHOTUX OM3HEC-TIPUIIOKEHHSX, HEKOTOPbIE MPUMEPBI - TPAH3aKIIUU
M0 KPEAUTHBIM KapTaM U TaHHbIE O MOCEIIEHUSIX HHTEPHEeT-CaliTOB, a aHAJIH3
MOCJIEIOBATEIBHOCTH COOBITHI - O4Y€Hb PAaCPOCTPaHEHHAs TPOOIeMa MAIIMHHOTO 00yueHus [1]
—[4]. Lifestream - 3T0 mocnenoBaTeIbHOCTh COOBITUIH, KOTOpAasi MPHCBAUBAETCS YEJIOBEKY U
(dukcupyer ero / ee peryJisipHble U PyTHHHBIE IEHCTBHSI ONPEAETICHHOTO THUIIA, HATIPUMeEp
TPaH3aKIHH, TIOUCKOBBIE 3aMPOCHI, TeJe(OHHBIE 3BOHKH U COOOIIEHUS.

[0004] MeTtpuk JIEpHHHT NTOIXOA K 00yUEHHIO, JISKAIINH B OCHOBE 3asBJICHHOTO Cr1ocoda
MeLES, mmupoko HCHOIB3YETCs B PA3IMIHBIX 00ACTSIX, BKJIIOUAs TAKHE JOMEHBI KaK
kommnbroTepHoe 3penue, HJIIT u aynuo. B 4acTHOCTH, METPUK JIEPHUHT MOAXOA K OOYUEHUEO JJIsI
pacro3HaBaHus JIUL ObUT MEPBOHAYAIBHO NMPEAJIOKEH B [S], rae KOHTpacTUBHAsS (PYHKLIUS
noteps (aHMIL. contrastive 10ss) ncnonb3oBanack st 00y4YeHus PyHKIHH COTIOCTaBJICHHSI
BXOJIHBIX IaHHBIX C UX HU3KOPAa3MEPHbIMU MPEACTABIEHUS, UCIOIb3Yysl HEKOTOphIE
npeaABapUTEbHbIE 3HAHNS 00 OTHOLIEHUH MOXOXKECTH MEXIy 00y4YaroIMMU BEIOOPKAMH UITH

pyunyo pazmetky. Kpome toro, B [6] aBrops! nmpencrasunu FaceNet, meron, KoTopblii oOy4aer
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oTtoOpakeHne n300pakeHu ULl Ha 128-MepHbIe MPENCTABISHHS C UCIIONb30BaHIEM (PYHKIIUU
norepu TpuruieT (aHrd. triplet loss), ocHOBaHHOI Ha kynaccuukanuy OIKalIINX cocenen ¢
oompmnm MapskuaoM (LMNN) [7]. B FaceNet aBTopbI Takske IpeACcTaBIId OHJIAHH-METO
BBIOOpA TPOEK OOBEKTOB - TPUILIIETOB U TeXHUKY hard-positive u hard-negative mailiHuHra ns
npoLenypbl OOyUEHHS.

[0005] Kpome Toro, MeTpuk JepHUHT UCIIONB30BAJICS AJIS 337a41 PACIIO3HABAHUS rOJI0Ca
[8], rme xoHpacTuBHas GyHKIHMsS oTepu (contrastive 10ss) onpexnensercs Kak OJIM30CTh
YHCJICHHOTO MPECTABICHHS KXKI0TO BhICKA3bIBAHUSA K LICHTPOUAY YUCJIEHHBIX MPEICTABICHHHA
BCEX BBICKA3bIBAHHI 3TOTO TOBOPSIIIETO (positive pair - MOJIOKUTENbHAS apa) U JATbHOCTh OT
LIEHTPOU/IOB YHUCIICHHBIX MPECTABJICHUI BbICKa3bIBAHUI JPYTUX MOBOPSIIHX, BBIOPAHHBIX O
HauOobinel 6JTU30CTH cpenu Beex npyrux ropopsiux (hard negative pair - skecTkas
OTpHIATENIbHAS T1apa).

[0006] Hakownen, B [9] aBTops! npemnoxiim noodyuenue monenu BERT [10], kotopas
UCTIONIb3YET METPHUK JICPHHUHT B (POPME CHAMCKHX U TPUIUIET HEWPOHHBIX CETeH Il 0OOydeHus
YHCIICHHBIX MPEICTaBICHUH MPENIOKEHNH IS 3a/1a4 CEMaHTHUECKOTO TEKCTOBOTO CXOJCTBA €
UCTIOJIb30BAaHIEM CEMAHTUYECKOW OJIM30CTH aHHOTALWH Map MPENIOKEHHH.

[0007] XOTsl METPHK JIPHUHT UCTIOJIB30BAJICS BO BCEX ATUX OOJIACTSIX, OH HE ObLT MPUMEHEH
K aHAJIN3y COOBITHI JKU3HEHHOTO ITOTOKA, CBSI3AHHBIX C TPAH3aKIIMOHHBIMH JaHHBIMH,
KJIMKCTPUMOM U APYTUMH TUIIAMU AAHHBIX COOBITUH KH3HEHHOTO IIOTOKA, UTO SIBJISIETCS
NPEAMETOM JaHHOM CTaThU.

[0008] BaxxHO OTMETHTB, YTO B IpEAbIAYLIEH JIUTEPATYPE MOAXOA METPUK JIEPHUHT
NPUMEHSUICS B CBOUX 00JIACTAX Kak 00y4YEeHHe C yUHuTeseM, B TO BpeMsl KaK 3asiBJIEHHbIH CrIoco0
MeLES BHenpsieT uaen METPUK JIEPHUHTA COBEPIIEHHO HOBBIM CITOCOOOM, CITOCOOOM 00yUeHuUst
0e3 yuurensi B 00J1aCTH MOCIEA0BATEILHOCTEN COOBITU.

[0009] Jpyras unesi npuMeHeHust 00y4YeHus 0e3 yUUTeIsl K MOCIeI0BaTeIbHBIM TAHHBIM
ObLTa paHee MpeUIo’KeHa B METOIE KOHTPACTHOTO MPOTHO3UPYIOLIET0 KOAUPOBAHUS (@HTJI.
contrastive predicting coding - CPC) [11], rae 3Ha4uuMbIe IPpeaCTaBICHUS U3BJICKAKOTCS MyTEM
MPOTHO3UPOBAHUS OyIyIIEro B CKPBITOM MPOCTPAHCTBE C UCTIOJIB30BAHUEM aBTOPETPECCUBHBIX
meronoB. [Ipencrasnennss CPC nponeMOHCTpUpPOBaN BEICOKYIO 3P QEKTHBHOCTD B YEThIPEX
Pa3INYHBIX OOJACTSIX: ayAHO, KOMITBIOTEPHOE 3PEHNE, €CTECTBEHHBIN S3bIK  O0yUYEHHE C
MOJKPETUICHUEM.

[0010] B o0nacTi KOMITBIOTEPHOTO 3pEHHsI CYLIECTBYET MHOKECTBO IPYTHX MOAXOI0B K
O0yUYEHHIO C yUUTeNIeM, KOTOpbIe XOpoino 00o0mens! B uctouHuke [12]. EcTb HeCKOIbKO
crocoOO0B OMpeAesuTh 331a4y OOYUeHHsI ¢ yuuTesIeM (aHAJIOTMYHO 3aIaHUI0 MTPEeICKa3aHus

CJIEAYIOIIETO CJIOBA B TEKCTE) A n300paxkeHus. OUH U3 BAPHAHTOB - U3MEHUTh U300paKeHUE,
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a 3aTeM TOMBITaThCs BOCCTAHOBUTD HCXOAHOE H300paxkenue. [Ipumepamu sToro noxxona
ABJISTFOTCSI CyTIep-pa3peLIeHre, N3MEHEHUE LBeTa N300pakeHUsI 1 BOCCTAHOBIICHHE
HOBPEKAEHHOTO N300paskeHust. JIpyroi BapuaHT - MpeicKa3aTh KOHTEKCTHYIO HHPOPMALIUIO U3
JIOKAJIbHBIX IPU3HAKOB, HATIPUMeED, MPeICKa3aTh MECTO MaTya M300pakeHus: Ha H300paskeHUH C
HECKOJIbKUMH OTCYTCTBYIOIIUMH NaTYAMU.

[0011] ITpu 5TOM NOYTH KXl TOAXOA K O0YYEHUIO O3 yUUTesst MOXKET ObITh
MCTIONIb30BaH IS TIOJTyYeHUS YUCIIEHHBIX MPECTABICHUH NCXOAHBIX IaHHBIX B (hopme
smbennuHroB. CymecTByeT HECKOJIBKO MPUMEPOB MPUMEHEHHS TTOJy4eHHOro Habopa
YHCJICHHBIX MPEICTaBICHUI HCXOAHBIX JAHHBIX ISl HECKOJIBKUX MOCIenymux 3anad4 [13],
[14].

[0012] OnHUM U3 pacIpOCTPAaHEHHBIX MOAXOMOB K U3YUYESHHIO MPEACTABIIEHUH 0e3 yuuTest
SIBJISIETCS JTMOO TPAAMLIMOHHBIA aBTOKOAMPOBINUK (aBTOSHKOAEP) [15], mubo BapmanmoHHbIIH
aBTosHKOAEp [16]. OH MUPOKO UCTIONB3YETC s ISl H300paskKeHUH, TEKCTa U ayIU0 UJTH
arperupoOBaHHBIX TaHHBIX COOBITHH jkn3HEHHOTo NoToka ([17]). XoTs aBTOSHKOIEPHI YCIIELTHO
HCTIOJIb30BAIMCH B HECKOJIBKHX TEPEUNCIIEHHBIX BbIIIE 00JIACTSX, OHU HE IPUMEHSIIHCH K
HeoOpabOTaHHBIM JAHHBIM COOBITHH KU3HEHHOT'O ITOTOKA B BHJIE TIOCJIEAOBATEIbHOCTEH
COOBITHI, B OCHOBHOM M3-32 IIPOOJIEM ONPENETICHUs PACCTOSTHII MEXy BXOJOM U

BOCCTAHOBJICHHBIMH U€pe3 aBTOIHKOAEP BXOAHBIMU MOCIEA0BATENbHOCTAMU.
CYINHOCTD U30BPETEHUA

[0013] B nHacrosieMm pereHnn npeajiaraeTcst HOBblii METOA: METPUK JIGPHUHT
(MeTpuyeckoe oOy4eHue OT aHml. metric learning) 11t mOCae0BATENBHOCTEN COOBITHIA
(MeLES), ucnosp3yeMblii AJis1 TOJTY4EHUs TPEACTABICHUS TaHHBIX JKU3HEHHOTO MOTOKA B
CKPBITOM MPOCTPAHCTBE.

[0014] B Hacrosiem peleHnn BOIJIOMIEH HOBbIM METO - METPUK JIGPHUHT Ha
nocienoBatesibHOCTsIX coObrTuii (MeLES) st mony4yeHns HU3KOpa3MEPHbIX YHCIIOBBIX
MPECTaBJICHUI TOCIE0BATENIbHOCTEH COOBITHH, KOTOPBIM MOXKET XOpOIIo paboTaTh CO
cenn(pUIeCKUMHU CBOHCTBAMH JKU3HEHHBIX ITOTOKOB COOBITUH, TAKUMH KaK MX JUCKPETHAsS
pUpoOJA.

[0015] B mupokom cmbicnie merog MeLES anantupyer nogxon merpuk jgepuusr [18]-[19].
MeTpuk JIEpHHUHT 4aCTO CTABUTCS KaK 337a4a OOYUYEHHs C YIUTENIEM ISl OTOOpaKEeHUs
MHOTOMEPHBIX OOBEKTOB B IIPOCTPAHCTBO HU3KOPA3MEPHBIX YMCIOBBIX MpeacTaBieHui. Llenbro
METPHK JIEPHUHTA SIBJISIETCS IPENICTaBIEHNE CEMAaHTUYECKH ITOXOKUX 00BEKTOB (M300pakeHu ,

BUZEO, ayAHO U T.1.) OJIFbKe APYT K APYTY, a PA3HOPOIHBIX - AAJIbIIe. BONBITUHCTBO MOAXOI0B



METPUK JIEPHUHIA UCIIONb3YIOTCS B TAKUX MPUJIOKEHUSIX, KaK pacrio3HaBaHue peuu [ 8],
KoMIbtoTepHOE 3peHue [20]-[21] u ananus Tekcra [9].

[0016] B 3Tix 0651acTsIX METPUK JIEPHUHT YCIIENTHO MIPUMEHSIETCS KaK 3a/1a4a 00y4YeHus C
yuuTeneM k naraceram (Habopam aHHBIX ), T€ Mapbl MHOTOMEPHBIX 3K3€MIUIIPOB OMEYEHBI
KaK OIMH M TOT K€ OOBEKT MM pa3Hble 00BbEKTHL. B oTiIH4Me OT BceX MpeabIIyLIuX METONOB
metpuk jepaurra, MeLES nomaocTeio oOyuaercst Oe3 yuutens u He TpeOyeT HUKAKUX METOK.
OH ocHOBaH Ha HAaOJFOIEHNH, YTO JJAHHbIE JKU3HEHHOTO MOTOKA COOBITHI MOAUUHSIIOTCS
NEPUOIUYHOCTH M MOBTOPSIEMOCTH COOBITUH B MOCIEA0BATEILHOCTH. [103TOMY HEKOTOpBIE
MOJIOCIEA0BATEIBHOCTH OJHOIO U TOTO K€ )KU3HEHHOI'O TOTOKA MOKHO pacCMaTpUBAaTh Kak
MHOTOMEpHbI€ MIPECTaBICHUs OAHOIO U TOro e 4yenoseka. Mnes MeLES 3aknmrouaercs B ToMm,
YTO B CKPBITOM HU3KOPA3MEPHOM IIPOCTPAHCTBE YHCIEHHbIE MTPEICTaBICHUs TAKUX
MIOJIMOCIIEI0OBATEIPHOCTEH TOJKHBI OBITh OJIMKE IPYT K APYTY.

[0017] OObyuenne 6e3 yuuTenst Mo3BoIsIeT 00y4aTh MOJIENH, UCTIONB3YsT BHYTPEHHIOK
CTPYKTYpY OOJNBIINX HEPA3MEUEHHBIX MM YACTUYHO PA3MEUYEHHBIX OOYUAIOIINX AaTACETOB.
OObyuenne O6e3 yuuTess IpOAEeMOHCTPHPOBANIO 3(PPEeKTUBHOCTD B Pa3IMUHBIX 00JIACTIX
MaIIMHHOTO 0Oy4YeHus, TaKUX Kak oOpadoTka ectecTBeHHOro si3bika (Hanpumep, ELMO, BERT,
U KOMITBIOTEPHOE 3PEHUE).

[0018] Monenb MeLES, oOyuenHast 6e3 yauresns, MOXKeT UCIIOIb30BAThCS IBYMsI
cniocobamu. IIpencrasienus, co3gaBaeMble MOJENbBIO, MOTYT HETIOCPECTBEHHO HCIIONIB30BAThCS
B KauecTBe (PUKCUPOBAHHOIO BEKTOpA MPU3HAKOB B HEKOTOPOH MOCIENYIOLIEH 3a1aue
MAIIMHHOTO 00y4YeHHUs C yuuTeseM (HanpuMep, 3a1ade KiacCu(puKaImm), aHaJIOTHYHO PELICHHUIO
u3 ucrouHuka [22]. B kayecTse anbTepHaTHBBI, 00yUYE€HHAsi MOZEb MOXKET ObITh 1oo0Oy4eHa [ 10]
11 KOHKPETHOM MOCNEAYIoIel 3a1a4i MAIMHHOTO O0YUYEHHsI ¢ YUUTEJIEM.

[0019] ITpoBeneHHbIE SKCIIEPUMEHTBI C IByMsI OTKPBITBIMH JaTaceTaMu ¢ OaHKOBCKHMHU
TPaH3aKIUSAMH TO3BOJHIN OLEHUTh 3()()EKTUBHOCTD 3asBJICHHOTO METOA JJIsl TIOCIIEAY IO LIHX
3amad MammHHOTO o0y4enus. Korna unciennbie npeacrasienus MeLES HenocpencTBeHHO
UCTIOJIb3YIOTCS B KAYECTBE MPU3HAKOB, METOJ 00€CIIEUNBAET BHICOKYIO IPOM3BOIUTEIBHOCTb,
COIOCTaBUMYIO C 0a30BBIMU MeTonamHu (Oer3naitHoOM).

[0020] JlooOy4eHHbIe o] KOHKPETHYIO 3a/1a4y OOYYEeHHs C YUUTEIEM IPEACTaBICHUS
MO3BOJISAIOT AOCTUTATh CAMBIX BBICOKUX TOKa3aTesel KauecTBa, 3HAUUTENbHO MPEBOCXO/Is
HECKOJIBKO APYTHX METOOB OOYYEHHS C yUUTENEM H METOAOB C MPEIBAPUTEIBHBIM 00yUeHHEM
6e3 yuutens. [lanee B HACTOSAIMX MaTepuajax OyaeT TakKe MPEICTaBIeHO MPEBOCXOICTBO
npencrasienniit MeLES Han meTrogamMu oOy4eHUs C yuuTeseM B IPUMEHEHUH K YACTUYHO
Pa3MEUYEeHHbIM JaHHBIM I10 IPHYUHE HEAOCTATOYHOI'O KOJIMYECTBA PA3METKH [Tl O0yUeHHsI

JIOCTATOYHO CJIOKHOM MOAEJH C HYJIA.



[0021] CymecTByro1masi TeXHUYECKast MPo0ieMa COCTOUT B TOM, UTO FeHEepaLlvsl YHCIICHHBIX
NPEACTaBICHNUI COOBITHHHBIX TAHHBIX SBISIETCS HEOOPATHMBIM IPpeoOpa3oBaHuEM, TIOSTOMY
HEBO3MO)KHO BOCCTAHOBUTb TOYHYIO ITOCJIENOBATENIBHOCTD COOBITUI U3 €€ PEACTABICHHUS.
CrnenoBarenbHO, HCIIOIB30BAHUE MPECTABIEHUH MPUBOAUT K OONbLIEH KOHPUIAECHIINATBHOCTH U
0€30MacHOCTH TaHHBIX IS KOHEYHBIX ITOJIb30BATENEH, UeM Mpu paboTe HeOCPEACTBEHHO C
HeoOpabOTaHHBIMH JAHHBIMH COOBITHH, M BCE 3TO JOCTUraeTcst 0e3 moTepu KauecTna
MOJIEJTMPOBAHMUSL.

[0022] TexHUYECKUM Pe3yJIbTaTOM SIBJISIETCS] IOBBIIIEHHE Y(PPEKTUBHOCTH (HOPMUPOBAHHS
NPU3HAKOB JIJIsI MOJIENIeH MALTHHOTO O0y4YEHUs ¢ MOMOIIbIO (POPMUPOBAHMST HU3KOPA3MEPHBIX
YHUCJIOBBIX MPEACTABIIEHUH MOCIENOBATEIbHOCTEH COOBITHIA.

[0023] 3asiBIEHHBIN TEXHUYECKUH PE3YIbTAT JOCTUTAETCS 3a CYET KOMITBIOTEPHO-
peanr3yemMoro crnocoda Mmojxy4eHus] HI3KOPa3MEePHBIX YUCIIOBBIX MTPEACTABICHUN
NIOCJIEIOBATENILHOCTEH COOBITHH, COAEPIKAIIETO 3TAIbI, HA KOTOPBIX:

— TOJIy4aroT HaOOpP BXOIOHBIX JAHHBIX, XapaKTEPH3YIOIIUN COOBITHS, arperipOBaHHbBIE B
MOCJIEIOBATENIbHOCTD M CBS3aHHBIE C 110 MEHbIIEeH Mepe OHON NH(POPMATHOHHON
CYIIHOCTBIO, IPUYEM YITOMSHYThIE JAHHBIE CONEPKAT HA0Op aTpUOYTOB, BKITFOYAOLIHIA:
KaTeropuajbHble IEPEMEHHbIE, YUCIOBbIE IEPEMEHHbBIE U BPEMEHHYIO METKY,

IIPY 5TOM BBINOJIHAETCS TPeno0padoTKa YIIOMSHYTOrO Ha0Opa BXOAHBIX JAHHBIX, MIPH
KOTOPOM:

O (OpMHUPYIOT NO3UTHUBHBIE NTAPBI MOCIIEOBATEIBHOCTENH TPAH3AKLIMOHHBIX
COOBITHH, KOTOpPbIE IPEICTABISIOT COOOI MOANOCIENOBATENBHOCTH,
NPUHAIEKAIUE TOCIEAOBATEIbHOCTH TPAH3AKIIMOHHBIX COOBITHIT OTHON
UH(OPMALMOHHON CYIIHOCTH;

O (OPMHUPYIOT HETATHUBHBIE MAPHI OATOCIEAOBATEIbHOCTEH TPAH3aKLIMOHHBIX
COOBITHI, KOTOPBIE SBJISTFOTCSI MTOATIOCIIEIOBATEIBHOCTSIMH, IPUHAIJICIKAIIUMHA
NIOCJIEIOBATENIbHOCTSIM TPAH3AKLIMOHHBIX COOBITHH pa3HbIX HH(POPMALIMOHHBIX
CYILIHOCTEN;

— € IIOMOIIBIO KOAWPOBLINKA TPAH3AKLIMOHHBIX COOBITHI (JOPMUPYIOT BEKTOPHOE
NpPEACTaBJICHUE KAKIOrO TPAH3aKLIMOHHOTO COOBITHSI M3 YIIOMSIHYTOrO Habopa
aTpulOyTOB, MPH STOM KOIUPOBIIUK CONEPKUT MEPBUIHBIN HAOOP MapaMeTpoB U
BBIMNOJIHSIET 3Talbl, HA KOTOPBIX:

O OCYLIECTBIISIIOT KOJUPOBAHNE KATErOpHAJIbHBIX NIEPEMEHHBIX B BUJE BEKTOPHBIX
NPEACTABIICHUI,

O OCYLECTBIIIIOT HOPMHUPOBAHUE YUCTIOBBIX IEPEMEHHDBIX



O OCYLIECTBIISIIOT 00pabOTKy BPEMEHHBIX METOK JJISl BBICTPABAHUS
YIIOPSAAOYEHHOH 110 BpEMEHHU MOCIIE0BATENbHOCTH TPAH3AKIIMOHHBIX COOBITHH;

O OCYLIECTBJISIIOT KOHKATE€HALIUIO [TOJIy4YE€HHBIX BEKTOPHBIX MIPECTaBICHUN
KaTeropHajbHbIX NEPEMEHHBIX 1 HOPMUPOBAHHBIX YMCJIOBBIX IEPEMEHHBIX;

O (OPMHUPYIOT €AUHBIA YUCIOBOI BEKTOP OHOTO TPAH3AKLIMOHHOTO COOBITHSI MO
UTOTraM BBIIOJIHEHHOW KOHKAaTEHaLUH,

— € IIOMOIIBI KOAUPOBIIMKA MOANOCIEI0BATENbHOCTH (POPMHUPYIOT BEKTOPHOE
NpEeACTaBJICHUE MOANOCIEIOBATEIbHOCTH TPAH3AKIIMOHHBIX COOBITHIT U3 Habopa
YHCJIOBBIX BEKTOPOB TPAH3AKLIMOHHBIX COOBITHUH, MOJyUYE€HHBIX C TIOMOLIBIO
KOJIMPOBIIHMKA TPAH3AKLMOHHBIX COOBITHIA, PU TOM KOIUPOBIIUK CONEPIKUT
NepBUYHBIN HAOOp MapameTpos;

—  OCYIIECTBJIIIOT (PUIIBTPALIMIO HETATUBHBIX AP BEKTOPOB IOATIOCIEIOBATEIbHOCTEH
TPaH3aKIIMOHHBIX COOBITHI, 3HAUEHNE BEKTOPHOTO PACCTOSIHHS MEXIY KOTOPBIMH HE
BBILLE 33JJAHHOTO IOPOTrOBOTO 3HAUEHUS,

— KOPPEKTUPYIOT IEepBUYHBIE apaMeTPhl YIIOMSHYThIX KOJUPOBLINKA TPAH3AKL[HOHHBIX
COOBITHH 1 KOJUPOBIIUKA OAIOCIEAOBATENIbHOCTH C MOMOIIBIO IPUMEHEHUT (PYHKLNUN
NOTEPh BUJla Map>KUHAIbHBIX UM KOHTPACTUBHBIX NOTEPD; U

—  (opMupyIOT HU3KOpa3MepHbIE YUCIOBBIX MPEACTABICHHUS TOCIEA0BATENIbHOCTEMH
COOBITHH, CBSI3aHHBIX C OAHOIN MH(OPMAIIMOHHON CYLIHOCTBIO, HA OCHOBAHUHU
BBITNIOJITHEHHON KOPPEKTUPOBKU.

[0024] B 01HOM U3 YaCTHBIX BAPUAHTOB peajH3aliu crnocoda MHYOPMAILMOHHAS CYILIITHOCTb
IpenCcTaBIsieT COOOH TPaH3aKIMOHHBIE JAaHHbIE (PH3HMUECKOTO WIIN FOPUANYECKOTO JINIA.

[0025] B npyrom 4acTHOM BapuaHTe pealu3alud Crocoda COo3JaHHe MO3UTHBHBIX IMap
OCYLIECTBIISIETCS C TIOMOLIBIO ArOpUTMa (POPMUPOBAHHSI HECBSIZHBIX TMOANIOCIEIOBATEIBHOCTEH.
[0026] B npyrom wacTHOM BapuaHTe peau3aliu crnocoda COo3qaHHe MO3UTHBHBIX Iap
OCYILECTBIISIETCS C MOMOLIBIO AITOPUTMA T'eHepalMK CIy4aiHbIX CPE30B MOCIeI0BATENIBHOCTH.
[0027] B  ngpyrom wacTHOM  BapuaHTe — peanuszauumud  cnocoda  (GopMupyeMble
MIOZTIOCIIEAOBATENIbHOCTH HE TIEPECEKAIOTCS MEXKAY COOOH.

[0028] B  ngpyrom wacTHOM  BapuaHTe  peanuszauuud  cnocoda  dopMupyeMble
MIOTIOCIIEAOBATENIbHOCTH HE TIEPECEKAIOTCS W/ MITH TIEPECEKAI0TCs MEXKAY COOOH.

[0029] B  nmpyrom 9acTHOM  BapwaHTe  peaju3alud  Crnocoda  KOIHMPOBIIUK

MOJIMIOCIIEIOBATEIHHOCTH TMPEACTABIISIET COOOM peKyppeHTHYI0 HelipoHHyo ceTh (PHC).



KPATKOE OITACAHUE YEPTEXEN

[0030] @ur. 1 WTIOCTPUPYET KOHLENTYAIBHY) CXE€MY 3as1BJICHHOTO PELIEHUS.

[0031] @ur. 2 - Qur. 3 WITIOCTPUPYIOT rpadUKU 3aBUCMOCTEN pa3MEPHOCTU BEKTOPOB B
3a7a4ax MPOrHO3UPOBAHMSI.

[0032] @ur. 4 WITIOCTPUPYET paclpeaeseHre BEKTOPOB B 3aaue MPOTHO3UPOBAHUS
BO3PACTHOM IPYIIIBL

[0033] Qur. 5 — @ur. 8 WUTIOCTPUPYIOT NPUMEPHI IPOTHO3UPOBAHUS HA PA3TUYHbIX

JaTaceTax.
OCYHECTBJIEHUE U30PETEHUA

[0034] 3asiBJIEHHBIH CITOCO0 CO371aH CIENHATLHO JUIS JAHHBIX COOBITHIA YKU3HEHHOTO IMOTOKA.
Takue naHHBIE COCTOST W3 OTHAEIBHBIX COOBITUH HMH(OPMAILMOHHOW CYIIHOCTH, HAIpUMep,
YeJIOBEKa MJIM FOPHIUYECKOTO JIMIA B HEMPEPHIBHOM BPEMEHHM, HAIpPUMeEp, MOBENSHHs Ha BeO-
calTax, BbIOJHEHUEM TPAH3aKLUMI U T. 1.

[0035] IlpyHuMass BO BHHUMAaHHME TPAH3AKLUHU, HANPUMEP, TPAH3AKUHUHU IO KPEAUTHBIM
KapTam, KaXxias TpPaH3aKIHs UMeeT Habop aTpuOyTOB, KATErOpHaJIbHBIX HIIH YHCIOBBIX, BKIIFOYAsI
BPEMEHHYIO METKY TpaH3akuuu. [Ipumep mocienoBaTenbHOCTH TPEX ONepanuii ¢ UX aTpudyTamu
npexncrasieH B Tabmuue 1. [Tosie Tuna nponaBLa npeACcTaBIisieT KaTerOPHIO MPOAABLA, TAKYIO KakK
«aBUAKOMITAHUA», KTOCTUHHULAY, «PECTOPAHY» U T.A.

Tabmuna 1 — cTpykTypa HaHHBIX

Cymma 230 5 40
Bagarora EUR USD USD
Crtpana FR UsS US
Bpems 16:40 20:15 09:30
Harta 21 Jun 21 Jun 21 Jun
IIpoaasen Pecropan Tpancnopt Marasun
[0036] JIpyrum npuMepoM NaHHbBIX JKU3HEHHOT'O TIOTOKA SIBJISIETCS KIIUKCTPUM (OT aHTIL.

click-stream) - >xypHan nmocemeHunii UHTEpHeT-CTpaHuL. Ilpumep skypHana nmocemeHuit

MHTEPHET-CTPAHUIL] JJIs1 OAHOTO NOJIb30BaTeNs peacTasieH B Tabmune 2.

Tabnuua 2 - xypHa MOoCeeHn HHTEPHET-CTPAHHUL]

Bpems

HMara

ldomen

JloMeH nepexoaa

17:40

21 Jun

Amazon.com

Google.com




17:41 21 Jun Amazon.com Amazon.com

17:45 21 Jun En.wikipedia.org Google.com

[0037] Ha ®ur. 1 npencrasnen oOuinii mpuHIUN 3asiBJIEHHOTO crioco0a. 3aaH0 KOJIHYECTBO
JUCKPETHBIX COOBITHH {X{} (=1 B 3a7aHHOM uHTepBane Habmonenus [1, T] KOHEUHOM LEbIO
ABJISIETCS TOJTy4€HUE YUCIEHHOTO MPECTABIEHUS ITOCIEA0BATEILHOCTH Ct IJIs1 BDEMEHHON METKU
T B ckpeIToe pocTpancTso RY. UToGB 00yUHTh KOXMPOBIIUK MOCIENOBATENLHOCTH {X¢} ¢ = 1
reHepUpPOBaTh OCMbICJEHHOE YHCIIEHHOE MPEeJICTABIEHHE Ct U3 { Xt} =1, HEOOXOIUMO IPHUMEHHUTh
MOJIXOJI METPHK JIEPHHUHT TaK, YTOOBI PACCTOSIHME MEXAY MPEACTABIECHHSIMU OJHOW M TOW JKe
UH(POPMALMOHHON CYIHOCTH OBLJIO HEOONBLINM, TOTAA KaK MPEICTaBICHUs PA3HBIX CYIIHOCTEH
(oTpULIaTENbHBIE TAPHI) BETHKH.

[0038] OpgHuMU M3 TPYOHOCTEH NPUMEHEHMsI TOAXOAAa METPUK JIEPHUHT IJI JaHHBIX
YKU3HEHHOTO IMIOTOKA 3aKJIF0YAETCs B TOM, YTO MOHSATHE CEMAaHTHYECKOTO CXOACTBA KaK U Pa3IMUHiA
TpeOyer 3HaHHMA 0a30BBIX OONACTEeH, a TakKe TMpoLecca pPa3METKH IMOJOXKHUTEIbHBIX H
OTPULIATENIbHBIX IPUMEPOB SBIIAETCS TPYAOEeMKUM. KilroueBbIM CBOWCTBOM MPEAMETHON 00IacTH
COOBITHI KM3HEHHOTO IIOTOKA SIBJSIETCS TNEPHUOAMYHOCT W TIOBTOPSIEMOCTb COOBITHH B
MOCJIEIOBATENILHOCTH COOBITHH, YTO MO3BOJISIET HaM NepeOopMyIMpOBaTh 3a1ady METPUK
JIEPHUHT KaK 3a1a4dy oOydeHus: 6e3 yuurens. MeLES usyuaer HU3kOpa3MepHbIe NpenCTaBIeHHS
U3 TIOCJIEAOBATENbHBIX JAHHBIX O BBIOpPAaHHONH HH()OPMAILMOHHOW CYIIHOCTH, HampuMep, O
YeJoBeKe, OTOMpasl MOJOXKUTENbHbIE Mapbl KaK IMOAIMOCICAOBATEIbHOCTH OIHOM M TOH ke
NOCJIEAOBATENIBHOCTH OAHOIO YEJIOBEKA U OTPULIATENIbHBIE MTapbl KaK MOATIOCIE0BATEIbHOCTH U3
HOCJIeIOBATENIbHOCTeH pasHbIX Jofeil. CooTBercTByromue napel GOPMHUPYIOTCS C MOMOIIBIO
00pabOTKM BXOAHBIX ITAHHBIX KOIUPOBIIMKAMHU, (POPMHUPYIOLUIUMH BEKTOPHBIE MPEICTABJICHUS
TpaH3aKLHOHHBIX COOBITHI, O YeM Oyaer OoJiee NeTaabHO PACKPBITO Jaliee.

[0039] IIpencraBieHre NMOCIENOBATEIBHOCTU Ct, OJIYYEHHOE HA OCHOBE METPUK JIEPHUHT,
3aTeéM HCIIONB3YETCs B PA3UYHBIX 3aJadyaX MAIIMHHOTO OOy4YeHHsT B Ka4deCTBE BEKTOpa
npu3HakoB. Kpome TOro, OmqHUM M3 BO3MOXKHBIX CHOCOOOB TOBBIMIEHUS] KadecTBa 3a7a4yH B
KOTOPOI MPUMEHSIFOTCSI YUCJIEHHBIE MTPEICTABICHNS COOBITHHHBIX JAHHBIX SIBJISIETCS] BCTPAUBAHHE
NpeaBapuUTEeNbHO OOyYeHHOro ¢¢ (HampuMep, BBIXOZHOTO BEKTOpa MOCIEOHEro  CJOs
pekyppeHTHOH HeliponHoil cetm RNN) B 3amauy KiaccHpUKAUU C KOHKPETHOH LeJIeBOH
NEPEMEHHOM, a 3aTeM COBMECTHO O0ydYaTh, TO €CTh HACTPAaWBATh BECA CETU KOAMPOBIIUKOB U
KJIaccupukKaTopa.

[0040] Urobbl MOCTPOUTH MPEACTABICHUE IMOCIEAOBATEILHOCTU COOBITHI B BUIE BEKTOpPA

duxcuposanHOro pasmepa ¢t € RY, ncronssyercs noaxon, aHaIOTMUHBINA SHKOEPY TPAH3AKIIHUIA



kaptel E. T.-RNN, onucannomy B pabote aBTopos [ 15]. Besi ceTh KOOUPOBIIMKOB COCTOUT U3 IBYX
KOHLIETITYQJIbHBIX YacTel: KOJUPOBIIUK COOBITHI 1 IMOACETH KOJUPOBINHKA MTOCIEA0BATENIEHOCTH
COOBITHIA.

[0041] KomupoBuuk coObiTuii Oeper Ha BXOA HaOOp aTpUOYTOB OXHOrO COOBITHS X¢ U
BBIBOJUT €ro TNPENCTaBJICHHE B CKpbIToe mpocTpaHcTBO Z € R™ 7z = e(xy). Kogmposmmk
HIOCJIEIOBATENILHOCTH § IPUHUMAET CKPBITBIE MIPEACTABIEHHS ITOCIEIOBATEIbHOCTH COOBITHI: Z1:T
= Z1, Z2, * * ZT ¥ BBIBOJUT IPEACTABJICHUE BCEH MOCIEN0BATEIbHOCTH Ct HA BDEMEHHOM Liare t: C
=S (Zl; t )

[0042] CeTb KOOMPOBINKKA COOBITUI COCTOUT U3 HECKOJIBKUX SMOEIIUHT CJIOEB U CJI0s OaT4
HopMmanm3anmu [16]. Kaxnapiii sMOeamuHT CJIOM HCHOJB3YeTCsl AJIT KOTUPOBAHHS KaXIOTO
KaTeropuaJIbHOro aTpuOyTa CoOBITHS. baTd HOpMaIH3auus MPUMEHSETCS K YUCIOBBIM aTpUOyTam
coObITHs. HakoHer, BBIXOHBIE JaHHBIE KAXKIOTO SMOEAUHT CJIOS U CJI0s1 0aTd HOpMaTH3aLHH
KOHKAaTEHUPYIOTCS JJISl CO3AHMSI TPENCTABIEHHS Z¢ OHOTO COOBITHS B CKPBITOM IPOCTPAHCTBE.
[0043] [TocnenoBaTeNbHOCTb CKPBITBIX MPEACTABICHUNH COOBITUH Zz1¢ Tepenaercs B
KOZIMPOBIIMK IOCIEIOBATENBHOCTH S ISl MOJYYEHHs BEKTOpa Ct (PUKCHPOBAHHOTO pa3Mepa.
Heckonpko moaxomoB MOTYT OBITh MCIOJB30BAHBI JJISI KOAMPOBAHHUS IMOCIENOBATEIBHOCTH.
OnHuM U3 BO3MOXKHBIX TOAXOJOB SIBJISIETCS UCNOJNb30BaHUE pekyppeHTHoi cetu (RNN), kak B
[17]. [dpyroil moaxon 3akiHOYaeTcss B MCMONb30BAHUM KOAMPYIOIEH YacTH apXUTEKTYpbl
Transformer, npencrasnenHoii B [18]. B oboux ciydasx BEKTOp HOCIEIHETO COOBITHS MOXKET
UCTIONB30BaThCs IS TNPEACTABIEHUs BCEH MOCIenoBaTeNbHOCTH coObiTuil. B cinyuyae RNN
HOCJIEIHUH BBIXOA hy SIBIISIETCS MPEACTABICHUEM TOCIIEA0BATEIBHOCTH COOBITHIA.

[0044] KonupoBuiuk, ocHoBaHHbIi Ha apxurektype RNN-tuma, Takoit kak GRU [18],
MIO3BOJISIET BBIYHUCIISITh IPEACTABICHUE Cr+k ITyTEM OOHOBJIEHUSI TPEACTABIICHHS Ct BMECTO pacdera
MIPEICTABJIEHUS Ci+k U3 BCEH MOCIENOBATEIBHOCTH MPOIILIBIX COOBITUM Z1:¢. Ck = rnn (Ct, Zt+1k). ITa
OMIMsI TIO3BOJIIET COKPATHTh BpeMmsi UHQepeHca, Korga HeoOXomauMo OOHOBUTH Yike
CYIIECTBYIOIUE  PACYUTAHHBIE  KJIMEHTCKHE  TIPEACTABJICHUS  HOBBIMH  COOBITHSIMH,
MPOU3OILIEIIUMU TI0CJIE€ pacuera. JTO BO3MOXKHO M3-3a MEPUOJUYECKOr0 XapakTepa ceTeil,
nonoOHbex RNN.

[0045] ODyHKIYS NOTEPU B METPUK JIEPHUHI€ U3MEHSIOT YHCJIEHHBIE MTPEACTABICHNS] TAKUM
o0pa3om, 4TO pacCTOSIHUE MEXIY MPEACTABICHUSMH U3 OJHOTO KJIACCa YMEHBIIAETCS, a MEXIY
NPEACTaBICHUSIMH U3 JPYrOro KJacca YBEIHMUHUBAaeTCs. bbUIO pacCMOTPEHO HECKOIBKO (PYHKLINH
NOTepb METPHK JIEpHUHTra — contrastive loss (koHpacTuBHBIX motepb) [19], binomial deviance
(motepr OuHOMMaTBHOTO OTKIIOHEHUsT) [20], triplet loss (TpumnerHbix noteps) [21], histogram loss

(rucrorpaMMHBIX OTeph) [22] u margin loss (MapkHHANBHBIX TIOTEPD) [23].



[0046] Bce Brimeykazanable (YHKIUH MOTEPh PELIAIOT CIEAYIOIMYIO MpodiieMy moaxona
METPUK JICPHUHTA. UCIIOJIb30BAHUE BCEX Map BHIOOPOK Hed((EKTHBHO, HATIPUMEP, PACCTOSHHE
MEXAy TNPENCTaBICHUSIMH HEKOTOPBIX W3 OTPULATENIbHBIX Iap YK€ OCTATOYHO OOJNBLIOE,
MIO3TOMY 3THU Iapbl HE MPUTOAHBI 11 o0yueHus ([24]-[25]).

[0047] Hanee paccMoTpuM ABa Buaa GyHKIUH MOTEPb, KOTOPbIE KOHLIETITYaJIbHO MPOCTHI, HO
B TO € BpeMsl IMPOAEMOHCTPHPOBAIN BBICOKYIO 3()()EKTUBHOCTb NPH BaJIUAALUH B
SKCIIEPUMEHTAX C 3asBJICHHBIM CIIOCOOOM, & MMEHHO, ()YHKIIMH KOHTPACTUBHBIX MOTEPb U
Map KMHAJIbHBIX TIOTEPb.

[0048] ODyHKIMSA KOHTPACTUBHBIX IOTE€Ph MMEET KOHTPACTUBHOE CllaraemMoe s
OTPULATEJIbHOW Maphl MPEACTaBICHUH, KOTOPOoe mTpadyeT MOAETb TOJIBKO B TOM CIIydae, eCiu
OTpULIATEJIbHAS MTapa HEJOCTATOYHO y/aJeHa U PACCTOSIHUE MEXIY MPEIACTABIEHUSIMUA MEHBIIIE,

YeM MapKUH m:
_ c 1 i 2 1 i 2
L_; (1-Y);(D})* +Y + {max(0,m-Di)¥*|, (1)

rae P - xonuuecTso Becex map B Oarue, Dlw - (yHKIHA PAacCTOSHUA MKy i-if TOMEYeHHOH
BbIOOpKOIM mapel npencraBieHuit X; u X», Y - OMHapHass MeTka, Ha3HadeHHas mape: Y = 0
O3HA4aeT MO3UTHUBHAs Mapa, Y = 1 03Ha4aeT HeraTuBHYIO napy, m> 0 - mapxkuH. Kak npensnosxeno

B [26], HCHIONIB3yeTCsT €BKJIMIOBO PACCTOSTHUE KaK (DYHKIIUS PACCTOSTHUS:

DY, = D(A, B) = VX (Ai — Bi)?.

[0049] @DyHKLIMA MApKUHAIBHBIX MOTEPh MOXO0’KA HAa KOHTPACTUBHBIX IOTEPb, OCHOBHOE
OTJIMYHUE 3aKJIF0YAeTCsl B TOM, YTO HE CYLIECTBYeT wITpada Il MOJOKUTEIbHBIX Map, KOTOpPbIe

HAXOJATCSI OJIMKe, 4eM MOPOr B (PYHKIIMH MAp>KHHAJBHBIX TIOTEPb.

P
£=>" [(1-Y)max(0,Diy —b+m)+Y » max(0,b - Dy, + m)],
i=1
(2)
I'me P — xonuuecTso Beex map B Oarde, D'y - QyHKIMS PacCTOSHMS MEXIY i-if MOMEYeHHOI
BBIOOPOYHOI mapoi mpeacraBieHndd X1 u Xz, Y - OuHapHas MeTka, Ha3HaueHHas mape: Y = 0
O3Ha4yaeT MO3UTHBHYIO mapy, Y = 1 o3Hauaer HeratuBHyw0 mapy, m> 0 u b> 0 ompenenurens
MIOPOTOBOTO 3HAYEHUST MapKUHA
[0050] BriOOpka HEraTMBHBIX Map - 3TO €lle OXMH CHoco0 pemeHust MpobieMsl,
3aKJIFOYAIOIIEHCS B TOM, YTO HEKOTOPBIE U3 HEFATUBHBIX Map YIKE JOCTATOUHO OTAAJIEHBL, I03TOMY
5TH Mapbl He IPUTOAHbI i1t o0y4enus ([24]-[26]). CnenoBaTenbHo, pu pacuere GyHKIUH OTEPh

YUUTBIBACTCA TOJIBKO 9aCTh BO3MOKHBIX HETATHUBHBIX I1ap. HpI/I OTOM PACCMATPHUBAKOTCA TOJIBKO
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Tekymue napbl B Oatde. CyliecTByeT HECKOJBKO BO3MOJKHBIX CTpaTeruii BbiOOpa Hambosee
MNOAXOMAIINX JIJIs1 0OyUEHHsI HETATUBHBIX I1ap:

e (CnyyaiiHas BBIOOpPKa HEraTHBHBIX T1ap,

e JKecTkuil HeraTUBHBIN MaWHUHI Nap: T€HEPUPOBaTh Kk CAMBIX CIIOKHBIX HETaTUBBIX Iap
IJ1 KaKIOW MOJIOXKUTENBHOMN Haphl,

e B3BEIIEHHAS II0 PACCTOSIHUIO BBIOOpKA Map, I7l€ HEraTMBHbIE K PacCMaTPHUBAEMOMY
NpUMEpPbl CEeMIUTMPYIOTCS PABHOMEPHO B COOTBETCTBHM C WX OTHOCHUTEIbHBIM
PacCTOSIHMEM OT 3TOTO paccMaTpuBaeMoro npumepa [27];

® TMOJy-)KeCTKHi OTOOp, MPH KOTOPOM OCYIIECTBIISIETCS BBIOOp Oymkaiiimero kK
paccMaTpuBaeMOMYy TIpUMeEpPY HETraTHBHBIH IpuMep W3 Ha0opa BCEX HETaTHBHBIX
NPUMEPOB, KOTOPBIE HAXOMATCS Jajbllleé OT PacCMATPUBAEMOrO NpPUMeEpa, HYeM €ro
no3uTuBHBIN pumep ([28]).

[0051] Urobpl BEIOpATh HETaTHBHBIE TApPbI, HEOOXOIUMO BBIYUCIIUTD MOMAPHO PACCTOSTHHUE
MEKAy BCEMH BO3MOKHBIMHU TapaMH BEKTOPOB NpenacTaBieHuil B Oatye. UtoObl caenath 3Ty
nponenypy Oojiee BBIMUCIUTENBHO 3((EKTUBHON, MBI BBIMOJHSIEM HOPMAJIHM3ALMI0 BEKTOPOB

NPEACTaBJICHUH, TO €CTh MPOenHpyeM HX Ha rumnepcdepy emquHUUHOro paamyca. ITockombky

D(A,B) = VEIA =B = {ZiAl+ LBl -2TiA gy | Al =1 B| =1, uroObl BLIMUCIUTH EBKJIHIOBO

B Tl

paccTosiHue, TO HEOOXOAUMO BBIUUCIIUTB!
[0052] UroOpl BBIMHCIUTH CKAISIPHOE MPOU3BEACHHE MEXKIY BCEMHU MapaMu B Oarude,
HEOOXOAMMO YMHOXKHTh MATPULy BCEX BEKTOPOB MpeACTaBleHH OaTda Ha camy ceOs
TPAHCIIOHUPOBAHHYIO, YTO SIBJIAETCS] BICOKO ONTUMU3UPOBAHHON BBIYMCIUTENBHON NPOLEypOi
B OOJIBIIMHCTBE COBPEMEHHBIX Cpen pa3paboTku ans riybokoro obyuenusi. CienoBarenbHO,
BLIYHCIIUTENbHAS CIOKHOCTh BHIOOpA HeraTusHOI mapsl coctaBmster O (nh), rme h - pasmep
MPeICTaBJIeHHUs, a N - pa3Mep OaTya.

[0053] [Tpouenypa reHepauuy MO3UTHBHBIX MAp HCHOJNb3YETCS ISl CO3MaHUs Oarda st
oOyuernss MeLES. N HauanbHBIX MOCJIEAOBATENbHOCTEH B3STHI sl TeHepauuu Oarda. 3atem
npoussoautcs K noanocnenoBaTeapHOCTEN I KayKA0M HAYaJIbHON MOCJIEN0BATENbHOCTH.
[0054] ITapel moamocneAOBATENbHOCTEH, TMOJYYEHHBIX W3 OAHOM W TOH  XKe
NIOCJIEIOBATEIbHOCTH, PACCMATPUBAIOTCSl KaK TIOJIOKUTENbHBIE OOpaslbl, a Mapbl M3 Pa3HBIX
NOCJIEIOBATENILHOCTEN PACCMAaTPUBAIOTCSA KaK OTpHUIATeNbHble 00pasipl. CrenoBaTeabHO, OCie
reHepaIi MOJIOKUTEIBHON mapbl Kaxabiid O0atd comepkut N X K momamocnenoBaTenbHOCTER,
UCTIONb3YEMBIX B KauecTBe 00y4Jaronx BeI0opok. B maprun umeercs K - 1 monoxxutenbHbIX map

u (N - 1) x K orpunarenbHbIx nap Ha oOpasel.
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[0055] CymecTtByet HECKOJIBKO BO3MOJKHBIX CTpaTeru reHepanun
noanocnenoBatenpbHocTu. Ilpocreiiueli crparerueii siBnsiercs ciydaiinas BbIOOpKa 0e3 3aMEHBI.
Jpyroii  crparerued  SBJAAETCS  CO3JAaHUE  MOAIOCIEAOBATEIBHOCTH  OT  CIy4alHOHU
NIOCJIEIOBATENILHOCTH PACIIEIUICHHUS 10 HECKOJIBKUX MOATIOCIIEN0BATENbHOCTEN Oe3 nepecedeHus
mexny HuMH (cM. Anroputum 1). TpeTuii BApHaHT - HCMOJIB30BaTh CIy4aiiHO BHIOPAHHBIE CPE3bI
coOBbITHH C BO3MOXHBIM IepecedeHreM Mexxay cpesamu (cM. Anroputm 2). ITopsnok coOpiTuii B
Cr€HEepUPOBAHHBIX MOATOCIEA0BATENbHOCTSIX BCEIIa COXPAHSIETCS.

[0056] Anroputm 1: Crpareruss reHepalMyd HECBS3HBIX IOANOCIEN0OBATENLHOCTE.

runepnapaMeTpol: k — 4UCII0 reHEpUPYEMbIX MOATIOCIEN0BATEILHOCTEN.
BXOJ: MTOCJIEIOBATEIBHOCTD S JUTHHBI |

BBIXOJ: S1,...,5k -TIOANOCIEA0BATEIbHOCTH CTeHEPUPOBaHHbIE U3 S.
Cdopmuposars BekTop inds mmunbl | co cnydalinbivu yucaamu u3 [1,k].
st 1 <— 1 to k BBIMOIHSATS!

Si = S[inds ==1]

Konen,.

[0057] AnroputMm 2: CtpaTerus reHepaliu Cily4aiiHbIX CPE30B MOCIEA0BATENbHOCTH.
runepnapaMeTpsl. m, M - MHUHMMalbHas M MAaKCHUMaJbHO  BO3MOXKHAas  JJIMHA
HOATMOCENOBATEIBHOCTH. K - KOJMYECTBO MOANOCIENOBATENbHOCTEH, KOTOpble OyayT
IIPOU3BEIEHBL.

BXOJI: TIOCJIEIOBATENILHOCTD S ITHHBI |

BBIXOZ: S1,...,Sk -TIOAMOCIEIOBATEILHOCTH CTeHEPUPOBAHHBIE U3 S.
st 1 <— 1 to k BBIMOJIHATE

Crenepuposats ciyqaitnoe uyucio li, mli <min(M,1).
CrenepupoBath ciydaitHoe 4yucio s, 0<s <l

Si =S[s:s+li]

Konewn.

[0058] JaTaceTsl:
(1) CopeBHOBaHME MO NpPEACKA3aHUIO BO3PACTHOH TPyNIbl KIHMEHTAa — 3ajada MpencKas3arh

BO3PACTHYIO TPYIIy KJIHEHTa B Ipenesiax 4 KJIacCOB Kak II€JIeBble MEPEMEHHbIE, 1 TOYHOCThb
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UCIIOJIB3YETCsl B KadeCcTBE IOKasaTesst kadecTsa. Jlatacer cocTouT u3 44 MIIH aHOHHUMHBIX
TpaH3aKUUM, TpeAcTaBIsromux 50 ThIC. KIIMEHTOB C LEJIeBOU NEPEMEHHON, PA3MEYEHHOU TOJIbKO
aiist 30 TeIC. U3 HUX (27 MIH U3 44 MITH TpaH3aKLMi), 11t ocTanbHbIX 20 ThIC. KineHTOB (17 MiH
13 44 MITH TpaH3aKIMH) MeTKa Hen3BecTHaA. Kaxknas TpaH3akius BKIIOYAET JaTy, THI (HalpuMep,
NPOAYKTOBBIM Mara3suH, OJeXy, 3alpaBKy, TOBapbl A feter u T. J1.) u cymmy. Mbl ucronszyem
BCe AocTynHble 44M TpaH3akIuil Al METPUK JIEPHUHTA, 3a uckioueHueM 10% - st TecToBOM

HaCcTHu garacera u 5% IJid BaJIMAAIUU METPUK JICPHUHTA.

(2) CopeBHoBaHMe MO MpeACKa3aHUs MOJAa KJIMEHTA - 3ajada NMpeAcTaBiseT coboil OMHapHYrO
KJIaCCU(UKALIMOHHYIO 3a[]a4y MPOTHO3MPOBAHUS MOJIa KIIMEHTA, W Hconb3yercs: metpuka ROC-
AUC. JMlaracer coctouT u3 6,8 MJIIH aHOHHMHBIX TpPaH3aKLUH, MPeNCTaBSIOIMNX 15 ThIC.
KJINEHTOB, U3 KOTOPBIX TOJBKO 8,4 ThIC. U3 HUX pa3MeueHbl. Kaxxnas TpaH3aKLMs XapaKTepU3yeTCs
IaTOH, TUTIOM (HanpUMep, «IeMO3UT HATMYHBIMU Yepe3 OaHKOMAT»), CYMMO U KOZIOM KaTeropuu

nponasLa (Takxe n3secTHod kak MCC).

[0059] JLis xaknoro Habopa AaHHBIX MBI BeiesieM 10% KIMEHTOB U3 pa3MEUEeHHOUN 4acTh
JAHHBIX KaK TECTOBYIO BBIOOPKY, HA KOTOPOH MBI CPAaBHUBAJIN Ka4eCTBO PA3jIMUHBIX Mozeneil. B
NPEACTABJICHHBIX SKCIIEPUMEHTAX UCMOIb3YeTCsl (PYHKIMS KOHTPACTHBHBIX MOTEPh M CTPATETHS
reHepaIy CIy4alHbIX CPE30B MOCIEN0BATENbHOCTH. 11 BCEX METOOB TUIEpIIapaMeTPhl ObLIH
BBIOpaHbl C HCIOJb30BAHUEM CIYYalHOrO mOHCKa C S5-pOoNmoBOH Kpocc-Banupanued Ha
TPEHUPOBOYHON BBIOOPKE C TOUKHU 3PEHHUS KAueCTBa HA OTJIOKEHHON BBIOOPKE.

[0060] Pe3ynpraThl HacTpOMKH runeprnapaMmerpos, nonyudeHHsle s MeLES, noxasan B

Tabnune 3.

Tabnuua3 - ['unepnapamerpsl npu oOyuennu MeLES

CopeBHOBaHUE 1O
MIPEACKA3aHUI0 BO3PACTHOMN

TpyIIbI KIMEHTa

CopeBHOBaHHME MO

npeacKasaHus 1mojia KIMEeHTa

[TapameTp oOyueHUsI
Konnuectso npumepos B
barue

Konnuectso 3mox

Hucno crenepupoOBaHHBIX

IOTIOCJIE JOBATEIbHOCTEN

0.002
64

100

0.002
128

150
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[0061] Jlnist onleHKH MeTonoB 00yueHus1 6e3 yunrens (Bkimoyast MeLES) 6bputn nenoap30BaHbI
BCE TPAH3aKIIMH, BKJIOYAsi HEPA3MEUECHHbIE TaHHBIE, KPOME TECTOBOI BBHIOOPKHU, TTOCKOJIBKY 3TH
METO/IbI MOAXOMAST ISl AATACETOB C YACTUYHOHN pa3MeTKoN Min BooOLIe He TPeOYIOT Pa3METKH.
[0062] OOyueHne apxUTeKTypbl HEHPOHHOMN CEeTH, MPUTOIHON AJIs PeaTu3aLni 3asBJIEHHOTO
ciocoba, mpoBoAMIOCh Ha oxHo# Bueokapre Tesla P-100. IIpu oOyuenun HeiipoHHOH ceTn
MeLES onun 0aty TpeHMpPOBOUYHOH BbIOOpKHM oOpalarbiBaercst 3a 142 mmyumcekyHabl. s
JaraceTa MPOrHO3MPOBAHMS BO3pacTa OAMH OAMH 0aTd TPEHUPOBOYHON BBIOOPKH COAEPKHUT 64
YHHUKAJIbHBIX KJIHEHTA C 5 OABBIOOPKAMH Ha KaXIOTO KJIMEHTa, TO €CTh B 001ei cioxuocTu 320
o0y4arouux BIOOPOK, CpeqHee YUCIIO TPAH3aKLUN Ha BBIOOPKY cocTaBiisieT 90, cienoBaTeNlbHO,
Kaxabld 0aTd comepkut okoyio 28800 TpaH3aKIUH.

[0063] 3asiBIIeHHBII C1IOCO0 CPABHHUBAJICS CO CIEAYIOIUMU ABYMsI 0a30BbIMU MozesiMu. Bo-
nepBbIX, Oynmer mpoaHanusupoBan meron Gradient Boosting Machine (GBM) Ha Bpy4HYyIO
NOCTPOEHHBIX npu3Hakax. GBM MOXXHO paccMmarpuBaTh Kak HaleXXKHYIO 0a30BYIO MOJETb B
ciy4ae TaOJIMYHBIX JaHHBIX C PA3HOPOAHBIMU MPU3HAKAMH. B 4aCTHOCTH, MOIXOBI, OCHOBAHHBIE
Ha GBM, N0O3BOJISAIOT AOCTUTAaTh CAMBIX COBPEMEHHBIX PE3YJIbTATOB B PA3JIMYHBIX MPAKTUYECKUX
3ajadax, BKJIOYas TOUCK B VIHTepHeTe, MNPOrHO3WPOBAaHHE TIOTOAbL, OOHApyKeHHe
MOLIEHHUYECTBA U MHOTHE JIpyTHe.

[0064] Bo-BTOpBIX, MNPUMEHSAETCSI HENABHO MPEMJIOKEHHBIM METOA  KOHTPACTHOIO
nporxo3uposanus (CPC), meron oOyueHus: O0e3 yuuTesns, KOTOPBIH MOKa3al BBICOKOE KaueCTBO
IUIS TIOCJIEAOBATENbHBIX AAHHBIX TAKMX TPAJULMOHHBIX OOJACTel, KaK ayIuo, KOMIIBIOTEPHOE
3peHHe, eCTECTBEHHbIN s3bIK M OOyueHHe ¢ mojakperuieHueM. Mopenb, ocHoBaHHass Ha GBM,
TpeOyer OOJBLIOro KOJWYECTBA BPYYHYIO MOATOTOBJIEHHBIX W3 HEOOpaOOTaHHBIX ITAaHHBIX
TpaH3aKLUMN arperaTHbIX MpU3HAKoB. [IpuMepoM arperaTHbIX MPU3HAKOB MOXKET CIYXKHUTh
CpenHssl CyMMa PacXoJ0B B HEKOTOPBIX KaTeropHsixX MPOAAaBLOB, TAKUX KaK OTEJH, PaCCUUTaHHAs
3a BCrO uctopuro Tpanzakuuil. [lpumensinace LightGBM peanuszanus anropurma GBM ¢ mouru 1
TBIC. IPU3HAKOB, MOATOTOBIEHHBIX BPYUHYIO AJI JAaHHOMN 3a7auu.

[0065] B nononHeHue K yIOMSIHYThIM 0a30BbIM MOJEJISIM 3asIBJICHHBIN CIIOCOO CpaBHUBAJICS
C MeToioM OOY4YeHHsI C yUMTeNeM, KOrja MOJACeTh KOAMPOBIINKA U TOACETh KiaccupukaTropa
COBMECTHO O0OYYarOTCs MO/ LEJIEBYIO NTEPEMEHHYI0 NaHHOH 3ana4yu. Ilpu 5ToM B TaHHOM ciiyyae
IpeaBapUTeSbHas OArOTOBKA arperaTHhIX MPU3HAKOB HE IPOU3BOAUTCS.

[0066] Hanee B Tabnmunax 4, 5, 6 u 7 OyayT npeacTaBieHbl Pe3yIbTaThl SKCIIEPUMEHTOB IO

Pa3JIMYHBIM BapUAHTAM 3asIBJICHHOTO CrIoco0a.

Tabnuua 4 — cpaBHEHHE THUIIOB KOIUPOBIIUKOB
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Tun KonupOBIIKKA Bospacr, Ilom,
Tounocts £95% AUROC £95%
LSTM 0.620 +£0.003 0.870 £0.005
GRU 0.639 £0.006 0.871 £0.004
Transformer 0.621 £0.001 0.848 £0.002
Tabnuua 5 — cpaBHeHHe QYHKIMN MOTEPh METPUK JIEPHUHTA
Tun noreppb Bospacr, Ilom,
Tounocts £95% AUROC £95%
Konrtpactusnbie norepu 0.639 £0.006 0.871 £0.003
buHOMManpHOE OTKIIOHEHUE 0.535+0.005 0.853 £0.005
I'mcTorpammusle norepu 0.642 £0.002 0.851 £0.004
Map:xuHanbHbIE IOTEPU 0.631 +£0.003 0.871 £0.004
TpunnerHsie norepu 0.610 £0.006 0.855+0.003
Tabnuua 6 — cpaBHEHHE aNrOPUTMOB (POPMUPOBAHUS TTAP
Anroput™m popMupoBaHUs Bospacr, ITomn,
nap Tounocts £95% AUROC £95%
CayuaitHas BeIOOpKa 0.628 +0.003 0.851 +0.004
CnyyaiiHble HECBSI3HbIE 0.608 £0.004 0.836 £0.008
IpUMEPbI
Crny4aiinble Cpe3bl 0.639 +£0.006 0.872 £0.005
Tabnuua 7 — cpaBHEHHE AITOPUTMOB HETATUBHOTO COMILTUPOBAHHS
AJITOPUTM HETaTUBHOTO Bospacr, ITomn,
COMILTUPOBAHMUS Tounocts £95% AUROC +95%
/KecTkull HeraTUBHBIN 0.637 +£0.005 0.872 £0.004
MaiHUHT
Crny4aiiHble HEraTUBHBIN 0.615 +£0.005 0.826 £0.004
COMILIUHT
OtnaneHHble B3BEIIECHHBIE 0.620 £0.003 0.867+0.003

o0pasiel
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[0067] Kakx mokaszano B Tabnuie 4, pasaudHble BapHAaHTBI APXUTEKTYP KOAUPOBIIHKOB
MOKa3bIBAIOT COMOCTABMMOE KaueCTBO B JAHHBIX 3ajadax. IIpu 5ToM QyHKUIMS KOHTPACTHUBHBIX
NOTepb, KOTOpasi MOKET PacCMaTPUBATHCS KAaK OCHOBHOW BapHaHT (PYHKIMU MOTEPH METPUK
JIEPHUHTA, MO3BOJIAET MOJYYUTb BBICOKHUE PE3YJIbTaThl MPHU HMCIONb30BAHUU INPENCTABICHUN B
3amayax MamuHHOro oOydenus (cm. TaOmumy 5). DTo mos3BonseT OTpasuTh TOT (aKT, YTO
YBEJIMYEHUE KA4eCTBA MOJIEJIN IS 3a/1a4l METPUK JIEPHUHIA HE BCETa NPUBOIUT K YBEJIMUECHUIO
Ka4eCTBa MPH UCTIOJIb30BAHUH TPEICTABICHUH B 3a/]a4aX MAIIMHHOTO O0yYeHUs.

[0068] JKecTkuii HeraTUBHBIN MaHUHT NPUBOAUT K 3HAYUTEIBHOMY MOBBILIEHUIO Ka4ueCTBa
NPU WCIIOJNB30BAaHUM TIPENCTABICHUI B 3aJadaX MAIIMHHOTO OOy4YeHHs MO CpPaBHEHHIO CO
ciy4yaiiHON HeraTuBHOH BbIOOpKOH (cMm. Tabmumy 7). [Ipyroe HabmroaeHHe COCTOUT B TOM, YTO
Oosee CIOXKHAsE CTpATEerusi TeHEPALUHU TTOATIOCIEIOBATEIbHOCTH (HAIPUMED, CITy4YailHble Cpe3bl)
IEMOHCTPHPYET HEMHOTO O0Jiee HU3KOE Ka4eCTBO MPH UCTIOJIb30BAHUH MPEICTABICHUH B 3a1a4ax
MAIIMHHOTO O0YYeHMsI TI0 CPABHEHUIO CO ClTydaiiHOM BhIOOPKO# cobbiTHii (cM. Tabnuiry 6).
[0069] Ha ®ur. 2 nokaszaHo, 4TO NpU UCIOJIb30BAHUU NPEACTABICHUN B 3a1a4aX MAIIUHHOIO
o0y4eHHsT Ka4deCcTBO 3a/a4M YBEIMYMBAETCS C Pa3MEPHOCTBIO NpeacTaBieHus. Hawmydmee
KaueCTBO JOCTUraercs npu pasmepHocTu npencrasieHuss 800. JlanpHeliee yBeIHMYECHUE
Pa3MEPHOCTH TNPEICTABIEHHs CHIDKAET KauecTBO. Pe3ynabpTaTel MOTyT OBITH MHTEPIIPETUPOBAHBI
Kak rnpobyieMa KOMIIPOMHCCA CMELIeHHA-OTKJIOHeHus. Korma pasmMepHOCTb INpencTaBlIeHHs
CIIUIIKOM MaJia, MO’KHO OTOPOCHTB CIIUIIKOM MHOTO MH(OpManuu (BHICOKOE CMELIEHUE YKIIOH).
C npyroii CTOpOHBI, KOTrJa pPa3sMEpHOCTb IMPENCTABICHUS CIMIIKOM BeNNKa, J00aBISETCS
CJIMIIKOM MHOTO IIyMa (BBICOKAsI AUCTIEPCHSI).

[0070] Ha ®ur. 3 npexncraBiieHa CXOasih 3aBHCHUMOCTb, OTOOPAKAIOIIYIO IUIATO MEKIY
pasMepHOCTBIO 256 u 2048, korma Kka4decTBO B 3ajadyax He yBenuuyuBaercs. Bo Bcex
SKCIIEPUMEHTAX, KPOME TeX, YTO MPEACTABIEHBI Ha TpaduKe HUCIOIB30BAJICS pa3Mep BEKTOPOB
(>mOennuHroB) paBHBIN 256.

[0071] VYBenuueHne pasMEepHOCTH MPENCTaBICHHs Takke OyIeT JIMHEHHO YBEIHMYUBATH
BpeMs1 o0yueHus1 U oObeM ucnonb3yemoit mamsiti Ha GPU.

[0072] Urobs! BU3yanmu3uposath npenacrasienns MeLES B mByMepHOM MpoCTpaHCTBE, ObLT
npumeHeH meton mpeodpasosanusi tSNE. tSNE npeoOpasyer MHOromMepHOe NMPOCTPAHCTBO B
HU3KOPAa3MEPHOE HAa OCHOBE JIOKAJIbHBIX OTHOLIEHUN MEXAY TOYKAMH, I[O3TOMY COCEIHHE
BEKTOPbl TNPEACTABICHUNH B MHOTOMEPHOM IPOCTPAHCTBE MNPEACTABICHUN OKa3bIBAKOTCS

OMM3KUMH B 2-MEPHOM IPOCTPAHCTBE.
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[0073] IIpencraBneHust OBLIM TOJNYYEHbI TOJHOCTBIO OOydeHUeM Oe3 yuHTens u3
HEOOpaOOTaHHBIX TOJIB30BATENILCKUX TpaH3aKUUH 0e3 Kakoh-mmbo WH(pOpMAIMH O IeNIeBOM
nepeMeHHou. IlocnenoBaTesbHOCTE TPAaH3AKIMI OTpa)KaeT MOBEACHUE IMOJIb30BaTENs, MO3TOMY
momenb MeLES ¢ukcupyer mnoBeaeHUeCKHe MMAaTTEPHbl W BBIBOJUT MPEICTABJICHUS
NOJIb30BaTeNeH C MOXOXMMHU matTepHamu modmusoctu. Bekroper tSNE u3 Habopa maHHBIX
IPOTHO3UPOBAHUS BO3pacTa npeacrasyieHsl Ha @ur. 4. Ha @ur. 4 moxxao Habmonats 4 kiacrepa:
KJacTepsl uist Tpymbl '1' 1 '2' HAXOOATCS HA MPOTUBOIOJIOKHOM CTOPOHE O0JIaKa, KIacTephbl s
rpymm 2' u '3' B cepenune.

[0074] Cpasuenue ¢ 6a3oBbiMu MeTomamu. Kak nokasano B Tabnuiie 8, 3asiBiieHHBIH COCOO
TeHEpUpPYET TPENCTaBICHUS] TOCIEIOBATENIbHOCTEH MAaHHBIX JKM3HEHHOTO IIOTOKA, KOTOpBIE
00ecreYnBarT BBICOKOE KaYeCTBO, CPABHUMOE C BPYUYHYIO IMOATOTOBJIEHHBIMU NPU3HAKAMU MTPH
UCTIOJIb30BAHUH B TIOCJIEAVIOIINX 3aa4axX. boyee Toro npeacTaBieHus, MOJyYeHHbIE C TOMOIIBIO
HAILIETO METO/1a, JOO0YUEHHBIE IO LIEJIEBYIO MIEPEMEHHYIO MO3BOJISIIOT JOCTUTATh CAMOE BBICOKOE
Ka4eCcTBO B O0OMX pmaracerax OaHKOBCKMX TPAaH3aKLHH, 3HAYUTEIBHO OIEpeXkas BCE YacTo

HCTIOJIb3YEMbI€ METOIbI O0yUEHHSI.

Tabnuna 8 — pe3ynbTaThl 00paOOTKHU NaHHBIX JKH3HEHHOTO MOTOKA

Cniocob Bospacr, ITom,
TounocTe £95% AUROC +95%
LightGBM Ha BPYUHYIO 0.626 +0.004 0.875 +0.004
MOCTPOEHHBIX MPU3HAKAX
LightGBM ¢ MeLES smbenaunramu 0.639 +£0.006 0.872 +£0.005
LightGBM Ha BPYYHYIO 0.643 +0.009 0.882 +0.003
MOCTPOEHHBbIX npu3Hakax U MeLES
SMOeNTUHTaAMHI
OOy4enue ¢ yuuteneMm 0.631 £0.010 0.871 £0.007
MeLES noo0y4eHHBIN MO IENEBYIO 0.643 +£0.007 0.888 +£0.002
NEPEMEHHYIO
LightGBM na CPC >mbennuarax 0.595 £0.004 0.848 +0.004
JlooOy4eHHbII o LIEJIEBYIO 0.621 £0.007 0.873+0.007
nepemennyio CPC
[0075] Kpome Toro, ucnonp3oBaHu€ MPEACTABICHHUIN MOCIEI0BATEIIBHOCTENH BMECTE C

MOATOTOBJICHHBIMU BPYYHYIO arperaTHbIMU NPU3HAKAMU MPUBOAUT K JIyYIIEMYy KadeCTBY, YE€M
17



UCNOJIb30BAHUE  TOJBKO  arperaTHbIX  INPU3HAKOB  WIAM  TOJNBKO  IPEACTaBJIEHUI
NOCJIEIOBATENILHOCTEH, TO €CTh BO3MOXKHO KOMOHMHMPOBATb PA3JMUHBIE MOAXOMABL, YTOOBI
HOJIy4UTh ele OoJiee TyUIIy0 MOJEb.

[0076] UroObl OLEHUTH 3asBJIEHHBIH CIIOCOO B YCIOBUSIX OrPAaHUYEHHOTO KOJUYECTBA
pPa3sMEUEHHBIX AAHHBIX, UCIOJIB3YETCs TOJNBKO YaCTb AOCTYNHON pa3sMETKH Ul SKCIIEPUMEHTa C
oOyuennem Oe3 yumrens. Tak ke Kak M B MOAXOAE OOYYEHHsI C YYHTENEM, BBIIOJIHAETCS
cpaBHeHHe npemioxkeHHoro Merona ¢ ligthGBM no Bpy4HYIO NMOATOTOBJIEHHBIMU arperaTHbIM
NpPU3HAKAM M METOIAOM KOHTPAacTHOro mporuosupyromero koxupoanus CPC. [Insa obowmx
metono rerepanuu npencrasiennii (MeLES u CPC) ouennBaercs kayectBo lightGBM kak Ha
NPEACTaBJICHUSIX, TaK W JOOOYYEHHBIX TMOJ LEJNEBYI0 IEPEMEHHYI0 MpencTaBieHuil. B
JOTOJTHEHNE K TUM 3KCIIEPUMEHTaM 3asIBJICHHBIN CIIOCO0 CPAaBHUBAETCS C OOYUEHUEM C YUUTENIEM
HA pa3MEYEeHHON 4acTH AaTaceTa.

[0077] Ha ®ur. 5 — @ur. 6 cpaBHUBAETCS Ka4€CTBO MOATOTOBJIEHHBIX BPYYHYIO arperaTHbIX
NPU3HAKOB U MPEACTaBIeHUH, Hakaaeias Meron lightGBM nosepx Hux. Kpome toro, Ha ®ur. 7
— @ur. 8 MOKHO HAaTH CPABHEHUE OTAENbHBIX MOJAEJEH Ha 3a7a4ax, PACCMOTPEHHBIX B CTAThHE.
Kax BuUAHO Ha pHUCYHKax, €CIM KOJUYECTBO pa3MeTKu orpaHudeHo, MeLES 3nauutenpHO
NPEBOCXOAUT MOAXO0/bI 00yueHus ¢ yuurenem u apyrue. Takxxe MeLES Hen3smMeHHO npeBocxoauT
CPC 1yt ;aHHBIX € pa3HbIM OOBEMOM Pa3METKH.

[0078] B nacrosimem criocobe ObUT MPUMEHEH MOAXOJ Ha OCHOBE METPHUK JIEPHUHTA IS
aHaJIN3a JaHHbIX JKU3HEHHOT'O MTOTOKA HOBBIM 00pa3oM, o0yueHneM Oe3 yuurens. B pamkax 3Toro
Obu1 paspaboran meton Metric Learning for Sequences (MeLES), ocHoBaHHBIIT Ha 00y4ueHnu 6e3
yuutens. B yactHoctu, meroq MeLES MokeT MCHONb30BaThCs AJST CO3/AHUS MPENCTAaBISHUMN
NIOCJIEIOBATEIbHOCTEH COOBITUH CO CIIOKHOW CTPYKTYpOH, KOTOpble MOTryT 3((HEKTUBHO
UCTIOJIb30BAThCS B PA3JIMYHBIX IMOCJIEAYIOIIMX 3aJadax MallMHHOro oOydenus. Kpome Toro,
3asIBIEHHBI METOJ] MOXKET OBbITh HCIIOJIb30BaH i1 MPenoOpaOOTKH TPU3HAKOB B YCIOBHSX
oOyuenuss Oe3 yumrens. C MOMOIIBIO HSMIUPHYECKUX HKCIEPHUMEHTOB JIEMOHCTPHUPYETCS
3¢ (GEeKTUBHOCTD 3asBJICHHOTO CIIOCO0a 3a CYET AOCTHIKEHHUS! BBICOKHX PE3YyJbTATOB B KA4ECTBE
111 HECKOJIBKUX 3a71a4, CYLIECTBEHHO OIeperkast Kak Kiaccuieckre 0a30Bble MOJIENN MALTHHHOTO
oOy4eHHsT Ha OCHOBE CO3[aHHBIX BPYYHYIO TNPU3HAKOB, TaK W IIONXOABI, OCHOBaHHBIE Ha
HEHPOHHBIX CETSIX.

[0079] B cpene ¢ orpaHrueHHO pa3MeTKOM, 3asBJICHHBIN CITOCOO AEMOHCTPHPYET elne Ooiee
CHJIbHBIE PE3YyJbTAaThl NMPU CPABHEHHWH C METOJAMHM HAa OCHOBAHWU OOyUYEHHs] C YUHUTENIEM.
IIpennoskeHHBIH METOJ TeHepaliy MPEICTaBIeHIH yI00eH Ui UCTIONb30BAaHUS B MPOIYKTHBE,
MIOCKOJIbKY JUIl TIOJYYEHHUSl CIOXKHBIX KOMITAKTHBIX TPEICTABIEHUH TOYTH He Tpedyercs

NpeABapuUTENbHON  O0Opa0OTKM IPHU3HAKOB HA OCHOBE CJIOXKHBIX IIOTOKOB — COOBITHIL.
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IIpenBapuTeIbHO pPACCUMUTAHHBIE MPEIACTABICHUS MOTYT OBITb JIETKO HCIOJB30BAHbI IS
Pa3NUYHBIX TOCIEAYIOMNX 3a1a4 Oe3 BBITOJHEHHS CIOXKHBIX M TPYAOEMKHX BBIYHCIECHUI
arperaTHbIX NPU3HAKOB HAa OCHOBE HEOOPAOOTAHHBIX MAHHBIX O COOBITHSIX. {1 HEKOTOpPBIX
APXUTEKTYP KOAMPOBILIUKOB CTAHOBUTCS BO3MOXKHO IOCTENEHHO OOHOBJISTh YK€ PACCUUTAHHbBIE
NPECTABICHUS, KOrJa MOCTYNAKT AOMOJHHUTENIbHbIE HOBbIE HaHHBIE COOBITHI >KU3HEHHOTO
nortoka. J[pyroe npenMy1necTBo UCIOIb30BAHMS NIPECTABIEHIH Ha OCHOBE MOCIIEI0BATEIbHOCTH
COOBITHIT BMECTO SIBHBIX JAHHBIX O COOBITUSIX 3aKJIFOYAETCS B TOM, YTO HEBO3MOKHO BOCCTAHOBUTD
TOYHYIO BXOJIHYIO TIOCJIEOBATENILHOCTD U3 €€ mpencTaBieHuil. CienoBaTesbHO, HCIIOIb30BAHNE
NPEACTABJICHUN MPUBOAMT K KOH(PHIEHIMATBHOCTH M OE30MaCHOCTH JAHHBIX JJIsI KOHEYHBIX
NIOJIb30BAaTENEH, YeM HETOCPEICTBEHHO MpU padoTe ¢ HeoOpabOTaHHBIMU AHHBIMH COOBITHH, U
BCE 3TO AOCTHraercss Oe3 morepu WHPOPMALMU MPU HMCIOJB30BAHMS IMOCIEAVIOINX 3amadax

MAIIMHHOTO OOYYeHUSI.
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DPOPMYVYJIA

I. KoMmneroTepHO-peannsyemblii criocod nonyyeHust HU3KOpa3MEePHBIX YHCIOBBIX
NPEACTaBJIEHUH MOCIEA0BATENbHOCTEH COOBITHH, COMep KalUil STalbl, HA KOTOPBIX:

—  MOJy4aroT HaOOp BXOIHBIX TaHHBIX, XapaKTEPHU3YIOLINI COOBITHS, arperupOBaHHBIC B
HIOCJIEIOBATENIBHOCTD U CBSI3aHHBIE C 110 MEHbIIEH Mepe OJHON MH(POPMALIIOHHOM
CYIIHOCTBIO, IPUUEM YIIOMSHYThIE JaHHbIE COAEPKaT HAOOp aTpuOyTOB, BKIIFOYAOIIHIA:
KaTeropuajbHbIe IEPEMEHHBbIE, YUCIIOBbIE TIEPEMEHHbIE H BPEMEHHYIO METKY;

IIPY 5TOM BBINOJIHAETCSI MPeno0padoTKa YIIOMSHYTOIO Ha0Opa BXOIHBIX JaHHBIX, MPH
KOTOPOI:

O (OPMHUPYIOT NO3UTHUBHBIE NTAPBI MOCIIEIOBATEIBHOCTEH TPAH3AKLIMOHHBIX
COOBITHI, KOTOpPBIE MPEACTABISIFOT COOO0H MONMOCIEIOBATENBHOCTH,
NpUHAJIeKAIHE TTOCIEN0BATEIbHOCTH TPAH3AKIIMOHHBIX COOBITHIT OHOM
MH(OPMALIMOHHON CYITHOCTH;

O (OPMHUPYIOT HETATHUBHBIE MTAPBI TIOATIOCIEAOBATEILHOCTEN TPAH3AKIIHOHHBIX
COOBITHH, KOTOPBIE SIBISIFOTCS MOAIOCIEOBATEbHOCTSIMHU, TIPUHAICKAIUMH
MIOCJIEZIOBATENILHOCTSIM TPAH3AKLIMOHHBIX COOBITUI pa3HbIX HH(POPMALIMOHHBIX
CYILIIHOCTEN;

— € IIOMOIIBIO KOAWPOBIINKA TPAH3AKLIMOHHBIX COOBITHI (POPMUPYIOT BEKTOPHOE
NPEACTaBJICHUE KAKIOr0 TPAH3aKLIMOHHOTO COOBITUSL U3 YIIOMSIHYTOro Habopa
aTpuOyTOB, IPU 3TOM KOIUPOBILHUK CONEPIKUT MEPBUYHBIA HAOOP MapamMeTpoB U
BBINOJIHAET 3Talbl, HA KOTOPBIX:

O OCYLIECTBJISIIOT KOJUPOBAHNE KATErOPHAJIbHBIX IEPEMEHHBIX B BUIE BEKTOPHBIX
MpeACTaBIICHUI,

O OCYLIECTBIISIFOT HOPMUPOBAHHUE YUCJIOBBIX EPEMEHHBIX

O OCYULIECTBIISIIOT 00pabOTKy BPEMEHHBIX METOK JJIsl BLICTPAUBAHUS
YIIOPSIOYEHHOH 110 BPEMEHHU MOCIIeI0BATEIbHOCTH TPAH3AKIIHOHHBIX COOBITHH;

O OCYLIECTBISIIOT KOHKAaTE€HALUIO MTOJy4YE€HHBIX BEKTOPHBIX MPEICTaBICHUN
KaTeropHajbHbIX [IEPEMEHHBIX 1 HOPMUPOBAHHBIX YHCJIOBBIX IEPEMEHHBIX;

O (OPMHUPYIOT €IUHBIA YHCIOBOH BEKTOP OJHOTO TPAH3AKI[HOHHOTO COOBITHSI 10
UTOTraM BBIIIOJIHEHHONW KOHKaTeHaLUH,

— € IIOMOIIBIO KOAMPOBIINKA MOANOCIEI0OBATENBHOCTH (POPMHUPYIOT BEKTOPHOE
NPEACTaBJICHUE TTOATIOCIEIOBATEIPHOCTH TPAH3AKLIMOHHBIX COOBITHI 13 Habopa

YHUCJIOBBIX BEKTOPOB TPAH3aKIIMOHHBIX CO6I:;ITI/II\/'I, MOJIYYCHHBIX C ITOMOIIbIO
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KOZIMPOBIIHKA TPAH3AKLMOHHBIX COOBITHH, PH 3TOM KOIUPOBIIHUK CONEPIKUT
NepBUYHBIN HAOOp MapameTpos;

—  OCYIIECTBJISIFOT (PMIIBTPAIMIO HETaTHBHBIX Map BEKTOPOB IMOATIOCIEIOBATEIBHOCTEH
TPaH3aKIIMOHHBIX COOBITHH, 3HaAUEHHE BEKTOPHOTO PACCTOSIHUS MEXKAY KOTOPBIMH He
BBILLE 33JAHHOTO IOPOTOBOTO 3HAYEHUS,

— KOPPEKTUPYIOT MEPBUYHBIEC MAPAMETPhI YIIOMSIHYThIX KOAUPOBLINKA TPAH3AKILIHOHHBIX
COOBITHIT U KOJUPOBIIMKA MOANOCIEAOBATEIbHOCTH C MOMOIIBIO IPUMEHEHUsT (PYHKLUU
MOTEPL B4 MAPKUHAJIbHBIX WX KOHTPACTUBHBIX NIOTEPL, U

—  (opMupPYIOT HU3KOpa3MEPHBIC YHCIIOBBIX MPEACTABICHHUS MOCIEA0BATEIbHOCTEH
COOBITHH, CBSI3aHHBIX C OAHOH MH(OPMAIIOHHOH CYIHOCTBIO, HA OCHOBAHUU
BBITIOJTHEHHOW KOPPEKTUPOBKH.

2. Crmoco®d mo m.l, XapakTepusyrooLWiics TeM, 4YTO WH(POPMALMOHHAS CYIIHOCTb
NPEICTaBIIsIET COOOH TpaH3aKIIMOHHbBIE TaHHbIE (PH3NYECKOTO UJIH FOPUAMYECKOTO JIULA.

3. Crmoco6 mo m.l, XapakTepw3yIOLIUHCS TEM, 4YTO CO3JaHHE TMO3UTHUBHBIX IMap
OCYIIECTBISIETCS C TIOMOLIBIO aNrOpUTMa (POPMUPOBAHHS HECBSA3HBIX TOATIOCIEN0BATEIBHOCTEM!.
4. Crmoco6 mo m.l, XapakTepw3ylOIIUHACA TEM, 4YTO CO3JaHHE TIO3UTUBHBIX Tap
OCYILECTBJISIETCS C MOMOLIBIO aITOPUTMa NeHEPALIUU CITyYaiHbIX CPE30B MOCIE0BATEIBbHOCTH.
5. Crniocob mo .3, XapakTepu3yrIIHics TeM, 9YTO GOpMUpPYyEMbIe TTOANOCIEA0BATETbHOCTH
HE MePeceKaroTCst MeXy COOOM.

6. Cnocob mo m.4, XapakTepu3yrIIHics TeM, YTO GOpMUpPYyEMbIe TTOAOCIEA0BATETbHOCTH
HE MePeCeKar0TCs U/UJIH MEPECEKAIOTCS MEXKIy COOOI.

7. Crnoco6 mo 1.1, XxapakTepu3yOMUHCs TeM, YTO KOAUPOBIIUK MOAOCIEN0BATEIbHOCTH

npeacTaBisieT coOOH peKyppeHTHYI0 Helponnyto ceTb (PHC).
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OTYET O IATEHTHOM IIOUCKE  [HoMep eBpasuiicko 3asBku:

(crarpa 15(3) EAIIK u npaBuno 42 IaTteHTHOM HHCTPYKIMK K

EAIIK) 202092230

A. KTACCUOHKALIWA ITPEAMETA U30OBPETEHUS:

GO6F 17/00 (2019.01)
GO6N 3/00 (2006.01)
GO6N 3/06 (2006.01)
G06Q 20/04 (2012.01)

CornacHo MexyHapoaHO# nateHTHOM kinaccudpukauyu (MIIK)

I5. OBJIACTDH IIOMCKA:

[IpocMOTpeHHas JOKYMEHTaluA (cHcTeMa Knaccuukanuu U unaekcs MITK)
GO6F 15/00-15/16, 17/00, GOTF 7/00-7/10, GO6Q 20/00-20/40, 30/00-30/02, GO6N 3/00-3/06, HO4L 9/00-9/32, GO6K 19/00-19/07

:‘)J'lﬁl(Tp()HHa.ﬂ 6a3a JaHHBIX, UCMOJIL30BaBIIAAC TIPH MTOUCKE (Hasaanne 6a3bl U, €CIlH, BO3MOXHO, HCIIOJIB3YEMBIC TTOKCKOBBIC TCpMPIHLI)

ESP@CENET, K-PION, PAJ, RUPTO, USPTO, WIPO, GOOGLE, EATIATHUC

B. JOKYMEHTBI, CYUTAIOLIIMECS PEJIEBAHTHBIMH

[Kareropus* CchlKky Ha JIOKYMEHTBI C YKa3aHHEM, [A€ 3TO BO3MOXKHO, PENEBAHTHBIX YacTei OrHocutcs K myHKTy Ne
A US2017/0228731 Al, (FMR LLC), 10.08.2017 ' 1-7
A US2018/0183650 A1, (ORIGIN WIRELESS, INC.), 28.06.2018 1-7
A EA201491905 Al, (POPTUKOM I'PVIIII JITA.), 31.03.2015 1-7
A RU2148856 C1, (BEJUIE T'ATE UHBECTMEHT B.B.), 10.05.200 1-7
A RU2678659 C1, (MACTEPKAP]] UHTEPHDILIHJI UHKOPTIOPEMTE) 1-7

I:l NOCICAYIOHE JOKYMECHTHI YKa3aHbl B MPOJODKCHHAH

«T» - Gonee NO3AHHUI JOKYMEHT, OIMyOIHMKOBAHHEH NOCTIE JaThl IPHOPUTETA U
* Oco0ble KATErOPUH CChUIOYHBIX JOKYMEHTOB: KY! > OITy NIpHOP

«A» - JOKYMEHT, OTIpEJIENAIOMMI OGIIHMHA YPOBEHb TEXHMKH MPUBCACHHBIA 1113 NIOHUMaHHA H306peTeHNA
(D - IOKYMEHT, NpHBEACHHBIH B eBpaIHiCKol 3aiBKe «X» - IOKYMEHT, UMeiomuii HanGonee GH3KOE OTHOMIEHNE K PeMETy IOHCKA,

«E» - Gonee paHHii JOKYMEHT, HO OMyGIHKOBAHHBIH HA JATY TIOAYH niopovaluii HOBU3HY HJIH H300pETaTeNbCKUil YPOBEHD, B3ATHIN B OTACIBHO-

eBpasHICKOM 3aABKH WK MOCIE Hee crH

(O - IOKYMEHT, OTHOCSITHACS: K YCTHOMY PACKPBITHIO, JKCTIOHHPO- «Y» - IOKyMEHT, HMEIONHH Hanbosee GIIH3KOE OTHOLIEHHE K NPEIMETY MOUCKA,
BAHHIO 1 T.1 nopovamui n306peTaTensCKuit YPOBEHD B COUCTAHMH C APYTUMH JOKYMEH-

"P" - IOKyMEHT, OIyGNMKOBAHHBIH 10 AATHI M04aYH EBPA3HICKOl TaMH TOH K€ KaTeropuH

3afBKH, HO MOCTIE JaThl HCIPAMIMBACMOro NMpHopuTeTa” (<& - IOKYMEHT, ABIAIOMIHFCA NaTEHTOM-aHANIOrOM
«L» - MOKYMEHT, IPHBENEHHBIN B JPYTHX IeJIAX

Jara npoBeneHus nateHTHoro noucka: 06/07/2021 N

VoHOMOYEHHOE JIHLIO:
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