202192996 Al

(19) EBpa3unckoe 2 202192996 (13 Al
naTeHTHoOe
BeAOMCTBO

(120 OMUCAHUE U30BPETEHUA K EBPABUMCKOM 3ASIBKE

(43) Aara ny6nukauum sasiskm (51) Int. Cl. GO6V 40/16 (2006.01)
2023.04.28 GO6V 10/20 (2006.01)

GO6V 40/40 (2006.01)

(22) [ata nonaum 3aaBku
2021.11.30

(54) CHIOCOBb U CUCTEMA IJIA ONMPEAEJEHUA CUHTETUYECKHA U3SMEHEHHBIX
W30BPAKEHUIA JINI] HA BUJIEO

(31) 2021130421 (72) Waobperatens:

(32) 2021.10.19 Boimeropoaues Kupusiit EBrenseBuy,

(33) RU Banamos Ajexcanap Bukroposuy,

(71) 3assurens: Beabmoxun I'puropuii AstexceeBud,
MYBJINYHOE AKIHTUOHEPHOE CrpicoeB Banentun BajepbeBuu (RU)
OBIIECTBO "CBEPBAHK (74) Mpencrasurens:

” :
POCCHM" (ITAO CBEPBAHK) (RU) Tepacnn B.B, (RU)
(57) M3o0perenne OTHOCHTCS K 06/IACTH KOMIBIOTEPHBIX TEXHONOTHH, MPUMEHAEMBIX B 061aCTH 06paboTKH

JAHHBIX, B YACTHOCTH K CIIOCOOY U CHCTEME JIJIsI OTIPEIeIICHIS] CHHTETHYECKN H3MEHEHHBIX H300pakeHUH
nun Ha BHUeo. llpemnokeH croco0 ompenereHUs CHHTETHYSCKH M3MEHEHHBIX HW300paKeHWH JUI Ha
BUJICO C TIOMOIIIBIO pacueTa BEKTOPHBIX MPEACTABICHUN reOMETPUUECKUX XapaKTEPUCTUK BBISBICHHBIX
N300paKEHUH JIWI, C IIOMOIIBIO0 AITOPUTMA CPABHEHHUS OIOPHBIX TOYEK JIUI[ M IPOCTPAHCTBEHHO-
BPEMECHHOMY aHAIA3Y 3HAYUMOCTH KaXKJOT0 H300pakeHHs HA OCHOBaHUHM BEKTOPHOTO aHAJIM3A.

101 Monyuenme
usoBpaiKeHi ¢ Kaapos
auneo

102. Onpepenetine
1306paKeHUI AnL, Ha
MIONYHEeHHbIX KaAPaxX

103, Pacuer reomeTpueckix
XapaKTepuCTHK M30BpaeRHit ML, U
Bbigenenve auu niogelt

104. PacueT NPOCTPaHCTBEHHO-BPEMEHHOI 3HAUMMOCTH
M306paeHHii ML 1 BEKTOPA OLEHOK CHHTETUUECKIX
M3aMeHeHHii B M30BPaXEHMAX ML AR J-T0 YenoseKa Ha
Buaeo

{

105. Mogenb BeposTHOCTH
CUHTETUYECKOTo M306paXeHnsa uL j-ro
Yenoseka Ha B1AEO

l

106. MpeAckasaHme BePOATHOCTH
HaNMUNA CHHTETUUECKOTO U3MEHEHNA
My, Ha Bnaeo

!

107. MoAenb MHTerpanbHoro knaccumkatopa ans
¢ /MU Ha BuAEO
v bopmuposaHme ysegomneHna

IV . 966C61C0C
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CIIOCOB U CUCTEMA /111 ONPEJEJEHUSI CHHTETHUECKH H3MEHEHHBIX
W30BPAKEHMIT JINI HA BUAEO

OBJIACTb TEXHUKH

[0001] Hacrosiimee TexHUYeCKOe pelleHHe OTHOCUTCS K O0JIAaCTM  KOMITBFOTEPHBIX
TEXHOJIOTUH, MPUMEHSIEMbIX B 00JacTU 00pabOTKH NaHHBIX, B YACTHOCTH K CIIOCOOY M CHCTEME

IUIS1 OTIPENIENIEHUs] CHHTETUYECKH U3MEHEHHBIX N300pakKeHUN JIUI] Ha BUEO.
YPOBEHb TEXHUKH

[0002] Ha ceronnsmHuii eHh NPUMEHEHNE TEXHOJIOTHN U1t JOPMHUPOBAHUS CHHTETHUECKUX
n300paKeHNH, HAKJIaJbIBAEMbIX Ha N300paKEHHsI JINL] peaIbHbIX JIFOAEH, OCHOBAHO, KaK MPABUIIO,
Ha MPUMEHEHUH aJrOPUTMOB MAIIMHHOTO OOYYEeHMs, HAIpUMEP, MCKYCCTBEHHBIX HEWPOHHBIX
cereii (MHC). Takue moaxonpl HaNpaBJeHbl Ha HAJOXEHHE LU(PPOBBIX MACOK, MMUTHPYIOIIUX
muna onen. [lpumepom Takoid TexHonmoruu siBysieTcsi meroanka DeepFake, ocHoBanHast Ha
UCKYCCTBEHHOM  HMHTEUIEKTE M  IpPHUMEHseMas JJsl  CHHTe3a  u300pakeHWid  (cm.
https://ru. wikipedia.org/wiki/Deepfake).

[0003] U3Becten cnoco® pacrio3HaBaHUs CUHTETUYECKH M3MEHEHHBIX H300paKEHHH JIULI
moneit, B yactHoctH DeepFake m3o0pakenuti (Tolosana et al. DeepFakes Evolution: Analysis of
Facial Regionsand Fake Detection Performance // Biometrics and Data Pattern Analytics - BiDA
Lab, Universidad Autonoma de Madrid. 2020), kOTOpbIii OCHOBaH Ha aHAJN3€ CETMEHTOB,
bopMuUpyOIUX U300paskeHus Juia. AHaMU3 ocyiuecTBisieTcs ¢ momoinbto MHC, oOydueHHo# Ha
peabHBIX M CHHTETHUECKUX H300paKEHUsX JIML JIIOJEH, B YaCTHOCTH, 3HAMEHHMTOCTEH, 4YTO
MOXKET TPUMEHSITbCS JJIsl BBIIBJICHUS MOMJOXKHBIX ((eiikoBbx) BHaeo. Crmocol mo3BossieT
AHAJTM3UPOBATh CErMEHThl JIMLA, HAa OCHOBAHMM KOTOPBIX BBLIAETCS  KJIACCH(HKAIM
COOTBETCTBYIOLIETO H300paskeHHsI KaK COAEPIKAIIero CHHTETHUECKNE H3MEHEHUS! UJTH HET.
[0004] Henocratkom Takoro mnoaxonma seisercs HHU3Kas S(P(EKTUBHOCTb B CBSI3U C
OTCYTCTBHEM TPHUMEHEHHs] MHTErPAJIbHOW OIEHKH, KOTOopast Obl (opMHpOBanach HCXOAS H3
reOMETPUYECKHX MMapaMeTPOB H300pa)KeHMs JIMLA, TaK W Ha OCHOBAHUHM INPOCTPAHCTBEHHO-
BPEMEHHOH XapaKTEePUCTUKH JIUIIA UeIOBEeKa B BUAEO. J[pyruM HEAOCTATKOM SIBJISIETCS] OTCYTCTBUE
B HEKOTOPBIX pEIIeHUs X OOpaOOTKM HECKONBbKHX JIIOAEH, €ClIM Ha BHIEO NPUCYTCTBYET
HECKOJIBKUX YEJIOBEK. B APyTUX U3BECTHBIX OTKPBITBIX pEeLIeHUsAX
(https://www kaggle.com/c/deepfake-detection-challenge, https://ai.facebook.com/datasets/dfdc/)

Takas oOpaboTKa OCYIIECTBISETCS MyTEM HE3aBUCHMOM OLIEHKU Ka)KIOro M300paskeHus JHLA,
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KQ)KJIOTO YEJIOBEKA, Ha KAYKIOM aHAIU3HPYEMOM KaJpe BUACO U JAbHEHIIIEM yCpeIHEHHEM BCeX
TaKUX OLIEHOK. Bce Takue pereHns mokas3plBatoT HU3KYIO 3(pPekTuBHOCTD Mpu 00paboTKe BUIEO

C HECKOJIbKUMH JIFOAbMHU.
CYINHOCTD U30BPETEHUA

[0005] 3asBieHHbBIE CLIOCO0 U CHCTEMa HaIpaBJIeHbl HA PEIIeHHe TEXHUIECKOH MpoOIeMBl,
3aKJIIOYAIOIIEHCs B 3 ()EKTUBHOM U TOUHOM OTNPENEIeHUH CUHTETUYECKUX H3MEHEHUI

U300 paKeHUH JIUL Ha BUAEO.

[0006] TexHUYEeCKUM PEe3yIbTATOM SIBJISIETCS TIOBBILIIEHHE TOYHOCTH U 3 EKTHBHOCTH
OOHapy KeHHsI CHHTETUYECKOTO M3MEHEHHs U300paskeHUH JINL JIFOIeH B BHIEO.

[0007] B nepBoii npennodTUTENBHON peann3aii H300peTeH s IPEIIOKEH KOMITBEOTEPHO-
peanu3yemMblii Criocod ompeneNneHusl CHHTETHUECKH W3MEHEHHBIX M300pakeHUH JIMI Ha BUAEO,
BBIMNOJIHSIEMbIH C TOMOIIBIO [TPOLIECCOPa, MPU KOTOPOM:

a) TOJIy4aroT MO MEHbINEH Mepe OHO U300pakeHHe U3 BHIEO,

b) BBIABISIIOT M300paKEHUs JIUI] HA YIOMSHYTOM H300pakeHuH,

C) PacCUYHUTHIBAIOT BEKTOPHOE MPEACTABICHNE Nr€OMETPUIECKIX XapPaKTEPHCTUK
BBISIBJICHHBIX N300pa)KEHUH JINLI, C TOMOIIBIO IO MEHBLIEH Mepe allrOpUTMa CPaBHEHHUS
OTIOPHBIX TOYEK JIULL, JUIs OTIpeNeIeHNs] N300paXKeHUH TI0 MEHbLIEH Mepe JIMLA OTHOTO
4eJI0BeKa,

d) ¢ momoIIBIO MOKAAPOBOIO aHAJIM3a BUJEO PACCUNUTBIBAIOT IPOCTPAHCTBEHHO-BPEMEHHYIO
3HAYUMOCTh KaXJOT0 M300paKeHUs JINIA KAXKIOTO YeJIOBEKA Ha YIIOMSHYTOM
n300pake€HNH, KOTOpasi OIpeneNseTcs KaKk BEKTOPHOE IPECTABICHUE
MPOCTPAHCTBEHHOHN XapaKTEPUCTUKH JIULA, XapaKTePU3YIOLIei pa3mep 00IaCTH JIUIIA 11O
OTHOIIEHHUIO K KaJIpy, 1 BEKTOPHOE MPEACTABIEHIE BPEMEHHON XapaKTepUCTUKHU
N300 paKeHHs JIULA, XapaKTePU3YIOIIel BpeMsi OTOOpaKeHHsI aHATU3UPYEMOTO
N300 paKeHHs JIMLA HAa KaapaxX BUIEO;

€) PaCCUYHUTHIBAIOT BEKTOP OLEHOK BEPOSTHOCTH CUHTETUYECKUX M3MEHEHUH IS
N300 paKEHNH JINIL] YEJIOBEKA, XapaKTEPU3YIOIINN HATNYHE CHHTETHYECKUX N3MEHEHUH
N300 paKEHNUH JIUI] 3TOTO YEJIOBEKA B KAXKIIOM Kaape

f) paccunThIBarOT OOLIYIO OLIEHKY BEPOSATHOCTH CHHTETHYECKUX N3MEHEHNH Ha OCHOBAHUHU
BEKTOPHBIX MIPECTABJIEHHUI IPOCTPAHCTBEHHOIO, BPEMEHHOT'O paclpeeleHNs U BEKTOpa
OLIEHOK CHHTETUYECKUX U3MEHEHUH 111 H300payKeHUH JINIL KQXKOT0 YeJIOBEKA B BUJIEO;

g) (GopMUPYIOT UTOTOBYIO OLIEHKY HAJIUYHSI HA BUI€O CHHTETUYECKOTO H3MEHEHHSI

n300pakeHNs IO MEHbILEH Mepe OIHOrO JINIA,



h) ¢opmupyroT HHTErpaTBPHYIO OLIEHKY HAJIMYHS Ha BUACO CUHTETUYECKH H3MEHEHHOTO
N300 paKeHNs JIMLA TI0 MEHbLIEH Mepe 10 OJHOH UTOTOBON OLIEHKE MOJEIH U
TeHEePHUPYIOT YBEJOMIIEHHE O HATMYNU CUHTETUYECKH U3MEHEHHOTO JIMLA B BUTIEO.

[0008] B onHOl U3 "4acTHBIX peanu3auuii criocoda 3Tambl ¢) — h) BBIIOJHSIIOTCS MOAEIBIO
MAIIMHHOTO OOYYeHUs] Wi aHCaMOJieM MOJiesied, MPU 3TOM MOAEIb MAIIMHHOTO OOY4YeHUs WIn
aHcaMONb MoJeneil HaTpeHUpPOBaHbl Ha HAOOpe MAHHBIX, COAEPKAIIUX CHHTE3HPOBAHHbIC
U300pakeHUs JIUILI JIFOIEH.

[0009] B npyroii yacTHO# peanu3anuu crocoda Moneb MAIIMHHOTO O0yYeHUs UCTIOIb3YyeT
(YHKLMIO aBTOMATHYECKOW KOPPEKTHPOBKH pa3MeTKH, O0eCneunBaromel HUCIpaBIeHUe
HEKOPPEKTHOW Pa3METKM KaXIOro JIMIA Ha Kaupax, MyTéM CpaBHEHUS M300paXKeHUH JIUI Ha
CHHTE3UPOBAHHOM BHUJIEO C X U300PAKEHUSAMHU Ha UCXOIHOM BUIEO.

[0010] B ngpyroit wactHOl peanusanmu crocoda CpaBHEHHE JIMI[ OCYIIECTBIISIETCS Ha
OCHOBAaHUHW 3HAYEHHs BEKTOPHOH OJM30CTH OMOPHBIX TOYEK, (POPMHUPYIOIIUX T'€OMETPHUYECKHE
XAPaKTEPUCTHKH HCXOAHOTO H300pa’ke€HUs JHLA M CHHTE3MPOBAHHOTO HM300paKEHHsS Ha €ro
OCHOBE.

[0011] B npyroii uacTHO# peanu3aiiu criocoda cpaBHEHHE JIUL OCYIIECTBIISIETCS ¢ TOMOIIBIO
aHaJM3a KOOPAUHAT 00JIacTel NCXOAHOTO H300pAKEHHS JINLA U CHHTE3NPOBAHHOTO N300paskeHHS
JULA.

[0012] B npyroii wacTHOI peanuzanmu crioco0a MPOCTPAHCTBEHHO-BPEMEHHAsI 3HAUUMOCTh
paccuMThIBaeTCs Kak 00Inas MaTpHUIla HA OCHOBAHWU 3HAY€HHWH BEKTOPHBIX INPENCTaBJICHUH, a
OLIEHKA HAJIWYMs CHHTETUYECKUX HW3MEHEHUIH M300pa)KeHUI JIMI OTHAENBHOrO YellOBeKa
(bopMHUpyeTCs1 MOZIEIBEO MALTMHHOTO OOYy4YEHUs MO MOJNYyYeHHOH o01eii MaTpuLe.

[0013] B npyroii yacTHOH peanusanuu crnocoda ancamOib MOnesIe MAIITUHHOTO O0y4YeHHsI
COCTOMT W3 TPYNIbl MOJENEH, Kaxaas M3 KOTOPbIX OOy4YeHa Ha BBISIBJICHUE ONPENEICHHOTO
anroputrMa (pOpMHUPOBAHUSI CHHTETUYECKHIX H300paKeHUH.

[0014] B npyroii yacTHOI peanu3anuu crioco0a COAEPIKUT MHTErPaIbHbINA Kiaccu(pukaTop,
NOJIYYAOLITHI Ha BXOJ OLIEHKH, (POpMUpyeMbIe ¢ TOMOIIBIO MOJIENEH, BXOIIIIHUX B aHCAMOJIb.
[0015] B npyrotii yacTHO peanusanyu criocoba o01ast OeHKa PpaCCUNUTBIBAETCS C ITOMOIIBIO
WHTETPAJIbHOTO Ki1accudukaropa.

[0016] B npyroii wacTHOW peanu3anuu crocoda NOTOJHUTENBHO OMPEAENSeTCs alrOPUTM

(hOpMUPOBAHUS CHHTETHYECKOTO M300paskeHUs JINIA B AHATH3UPYEMOM BHIIEOMTOTOKE.

[0017] B pgpyroii wactHOl peamuzanuu criocoba BUAEO TPEACTABISIET COOOW OHJIANH
BUICOKOH(EPEHIIHIO.
[0018] B npyroii dactHOW peamuzanuu crioco0a TPU  ONPEAESIEHUH CHUHTETHYECKH

WU3MEHEHHOTO N300 pakeHus JINLA B 00J1aCTH ero oTodpakeHust GOpMHUPYETCs YBEIOMIICHHE.
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[0019] B npyroii dacTHOW peanuzanuu crioco0a TPU  ONPEAESIEHUH CHHTETUYECKH
U3MEHEHHOTO0 M300paKeHUsl JIMLA OCYLIECTBIISETCS OJOKMPOBAHUE COENUHEHHsS C IaHHBIM
MOJIb30BATENIEM.

[0020] B npyrotii yacTHO peanuzannu cnocoda aHaIH3UpyeMoe H300paKeHHe MoIyydaroT U3
CHCTeMbI OMOMETPUYECKON HIeHTU(DHUKALNY WU ONOMETPUUECKON ayTeHTU(UKALINH.

[0021] B gpyroii uactHOW peanusauuu crnocoba TPH  ONPEAENeHHMH CHHTETHYECKH
U3MEHEHHOTO M300paKeHHs JIMLA OCYIIECTBIIETCSl OJOKUPOBKA AOCTYMA WM 3aNPAIIMBAEMOTO
NENCTBUS CO CTOPOHBI MOJIb30BATENS.

[0022] B npyroii dacTHOW peanuzanuu  criocoda TpPU  ONPENesieHUH CUHTETHYECKH
U3MEHEHHOTO HW300paKeHHs JIMIA IOMOJHHUTEIbHO 3alpalluBalOT JAaHHBIC AayTEHTU(UKALH
NIOJIb30BATEISA, BEIOMPAaEMbIE U3 TPYIIIBL: JOTHH, KO, Mapoib, ABYX(paKTOpHAs ayTeHTH(PHUKAIHS
WJIN UX COYETaHUs.

[0023] B ngpyroit dWactHOW peanu3anuu crnocoda (oOpMHUPYeTCss CUTHA B BHUJE
KOJINYECTBEHHOIN OLIEHKH BEPOSITHOCTH MPUCYTCTBUS CHHTETUYECKH M3MEHEHHOTO N300paskeHHsI
JIuLa.

[0024] B npyroii qacTHOH peanu3anuu crocoda n300pakeHus MOyYaloT U3 BHIEO CUCTEMBI
MOHUTOPUHIA MEIUANPOCTPAHCTBA U aHalu3a coluanbHbx Meauna U CMU, Bbemonssromen
IIPOBEPKY KOHTEHTA B coluanbHbIX Meaua u CMH.

[0025] B npyroii dactHOW peanuzanmu criocoda TPU  ONPEAESIEHUH CHHTETUYECKH
M3MEHEHHOT0 M300pakeHus Juua GopMHUPYETCsl YBeOMIIEHHE 1l HHPOPMHUPOBAHUS YEJIOBEKA,
KOTOPBIH OBLT MOABEPIKEHA CO3AHUIO H3MEHEHHOTO H300pakeH s JINLIA.

[0026] Bo BTOpO#l mpeAnoYTUTENHHON peanu3aly H300peTeHHs NpeIokeHa CHCTeMa
OTpeNeNieHUs] CUHTETUYECKH HM3MEHEHHBbIX H300paKeHUW JIMIl HAa BUAEO, COAepIKamasi o
MeHbIIe Mepe OJUH TMpoLeccop M IO MEHbIIeH Mepe OAHY MaMsTh, XPaHALIYIO
MAIlMHOYUTAEMble HHCTPYKLUH, KOTOpble IPU HX BBIMOJIHEHUH IPOLIECCOPOM PEANU3YIOT

BBILIIEYKA3aHHBIN CIIOCO0.
KPATKOE OIIMCAHHUE YEPTEKEN

[0027] @ur. 1 wurocTpupyeT OJIOK-CXeMy peaH3allii 3asBJISHHOTO Crocoda.

[0028] dur. 2 wumocTpupyeT mnpuMmep (HOpPMUPOBAHHUS BEKTOPHOTO MPEACTABICHUS
N300 paKeHNH JIUL B BUJIEO.

[0029] @ur. 3A — 3b wurOCTpUPYIOT NpuMep (POPMUPOBAHUST BEKTOPHBIX MPEICTABICHUN
MIPOCTPAHCTBEHHO-BPEMEHHBIX XapAKTEPUCTHK.

[0030] @ur. 4 nmrocTpupyer O0K-cxeMy (pOPMHUPOBAHUS BEKTOPA OLIEHOK CHHTETHYECKHX

n300paKeHUH JINL], BEKTOpPA MPOCTPAHCTBEHHOIN XapaKTEPUCTUKU U300pakeHUI JIUI U BEKTOPa
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BPEMEHHON XapaKTEPUCTHKH H300paKeHUH JIHL 11 M300paKEeHUH JIUI] KaKJOro YeJloBeKa Ha
BUJIEO.

[0031] Qdur. 5 wmocTpupyer OJOK-CXeMy HE3aBUCUMOIO (POPMUPOBAHUS HTOTOBBIX
NPOCTPAHCTBEHHONH M BPEMEHHOHM XapaKTEpPUCTHK, u OOIIeil OLIEHKU CHHTETHUYECKUX
M300paskeHNUH JIULI.

[0032] @ur. 6 wunocTpupyer OJ0K-cxeMy OOpaOOTKH HTOTOBBIX MPOCTPAHCTBEHHOH U
BPEMEHHOH XapaKTePUCTHK, NpPH HX HE3aBUCUMOM (OPMHUpPOBAHUU OT OOIIel OLeHKU
CHHTETHYECKUX W300pXKEHUN JIML, U1 WMCKIIOYEHUs JIML JIFOAeH W3 pacuéra OLEeHKH
CHHTETHYECKUX U3MEHEHUH B BHIEO.

[0033] @ur. 7 wunocTpupyer OJ0K-cxeMy (HOPMUPOBAHHS YBEAOMIICHUSI C HMHTETPAJIbHON
OLIEHKOM HAJIMYUsI CHHTETUYECKUX H300pakKeHUH JIHLL JIFOAEH B BUIEO, YBEIOMIIEHHSI O BEPOSTHOM
AJITOPUTME TeHEPALIUH JaHHBIX CHHTETHYECKUX M3MEHEHUH, PH MCIIOJIB30BAHUN COBOKYITHOCTH
aHcamOusieli 0Oy4ueHHBIX MoOJeNell MAalIMHHOrO OOy4YeHHs, KOrja MOIETH Ka)IOro aHcamOus
oOy4eHbl Ha HaOOpe MAHHBIX C OAHMM KOHKPETHBIM QJTOPUTMOM TI'€HEepallHd CHHTETUYECKUX
W3MEHEHUH JIUII, a, IO MEHbINEe Mepe MOJAENIM OTHOTO aHcaMOJsi, 0Oy4deHbl Ha HaOOpe NAaHHBIX C
HECKOJBKUMHU JITOPUTMAMH I€HEPAlM CHHTETHUECKUX U3MEHEHHH JINLI.

[0034] dur. 8 wunocTpupyer ONOK-cXxeMy, Korza YyBenomiieHHe (opMHUpYyeTcs
MHTErPabHbIM KJIACCU(UKATOPOM HAa OCHOBAaHMM OLIEHOK HECKOJIbKUX OOYHUEHHBIX MOAeJeh
MAIIMHHOTO 0Oy4eHUs WIN UX aHcamOJel, a Ha BUIEO MIPUCYTCTBYET HECKOJIBKO JIFOIEH.

[0035] @ur. 9 wutrocTpupyeT 00U BUA BBIYUCIUTENBHOTO YCTPOHCTBA.
OCYHECTBJIEHUE U30BPETEHUA

[0036] B HacTosileM peuieHnH MoJ TEPMUHOM CHHTETUYECKH M3MEHEHHOE M300paKeHUs
JULAY» 31eCh U Jajee Mo TEKCTy OyAeT MOHMMAThCs JiroOoW Tun (popmupoBaHust HuGPOBOTo
n300paKeHHst, UMUTHPYIOLIETO JIULO MJIM YacTh JIMLA JPYroro 4ejJoBeKa, B TOM YHCIE MyTeM
HAJIOKEHHs HU(PPOBBIX MACOK, MCKAKEHHE/M3MEHEHHe vacTed Juna u T.1. [1ox cuHTeTHdecku
U3MEHEHHbIM H300paKeHHEeM JIMLA CIeNyeT TMOHHUMATh, KaK MOJHOCTBIO CTreHEPHPOBAHHBIC
n300pakeHns, HampUMep, MacoK ¢ oMolIbio TexHonoruu DeepFake, HaknanbiBaeMbIX Ha JTUIO
peaTbHOro 4elioBeKa B Kaape C COXPAHEHHEM MHUMHUYECKOW aKTUBHOCTH HM300pakKeHUs, Tak M
¢dbopmMHupOBaHKE YACTUYHOTO U3MEHEHHUs OTAEIbHBIX YacTell nuna (a3, Hoca, ry0, yinel u T.11.).
[0037] Kak npencrasneno Ha @ur. 1, peanuzanus 3asBieHHoro crnocoba (100) onpenenenus
CHHTETHYECKH HW3MEHEHHbIX W300paKEHUH JIMI B BHIEO 3aKJIIOYAETCS B BBINOJHEHHU
BBIYUCIUTENIBHBIM KOMIIBIOTEPHBIM YCTPOHCTBOM, B YaCTHOCTH, C TIOMOIIBK) OJHOTO HJIH
HECKOJIbKMX TIPOLIECCOPOB B aBTOMATHU3HPOBAHHOM pEXHME MPOrPAMMHOIO AJrOPUTMA,

NPEACTaBJICHHOr0 B BuAe mnocinepoBarenbHocTH stanos  (101)-(107), obecneunBaromumx
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BBITOJIHEHHE MAaTepUabHbIX JeHCTBUH B BuAe OOpabOTKM 3JEKTPOHHBIX CHUTHAJIOB,
MOPOXKIAEMBIX IIPU UCTIOIHEHUH MTPOLIECCOPOM BBIUNCIUTENBHOTO YCTPOHCTBA CBOUX (PYHKLUH B
LEJISIX Peajii3aliy BIMOJHEHUsT 00pa0OTKHU NTaHHBIX B paMKax UCTomHeHus criocoda (100).
[0038] Ha mnepsom stame (101) ocymecTsisiercss MONyYeHHE W COXPAHEHHE B MNaMAThb
BBIYMCIIUTENIBHOTO YCTPOMCTBA, BbINOJNHsIOMEro crnocod (100), OmHOrO WM HECKOJNBKUX
n300pakeHNH, TOTy4aeMbIX U3 BUieo. B HacTOSAIMX MaTepranax 3asBKU MOA TEPMUHOM «BUIE0»
Oyner TMOHUMATbCS BHUIEOM300pakeHWe, BHUAECONMOTOK (HANPUMEP, C 1p-Kamepbl, Kamephl
3JIEKTPOHHOTO YCTPOWCTBA, BUPTYAJIbHON Kamepbl, ¢ NHTEpHET-NPUIIOKEHHST), YITOPSAOYCHHAS
NIOCJIEIOBATENIbHOCTD KaApoB (M300pakeHui), MOABBIOOPKA KaapOB, B TOM YHCJIE BIUIOTb U JIO
OJTHOTO M300paKeHUsI.
[0039] Ha stane (102) mony4eHHbIe U300paKeHNs aHATM3UPYIOTCS HA TPEAMET HAJTUYHsI Ha
HUX WM300paXCHUH JIMI Ui OINpENeNIeHUs] HAJIWYHMs €ro CHHTETUYECKOrO H3MEHEHHUs..
[Mocnenyromuii aHaIN3 MOTYYEHHBIX N300pasKEHII MOXKET BBITTOJIHATHCS C MMOMOIIBIO OHOHN WITH
HECKOJIBKHUX (aHCaMOIIst) MOZieNiel MaIlnHHOTO OOY4eHHUs1, KOTOPbIE OOYYEHbI Ha IETEKTHPOBAHNE
U KJ1acCU(PHUKANIO N300paKEHHH JIHLL.
[0040] IIpu BBISIBICHHH CUHTETHYECKOTO W3MEHEHUs M300pa’keHUH JIUI B BUAEO MOTYT
UCTIONIb30BAThCS  PA3JIMYHbIE MOJENH MAIIMHHOTO OOyuYeHHs, HampuMmep, apXUTeKTypbl
HEHPOHHBIX CETeH, TAKUX KaK MOJHOCBsI3aHHbIe HelipoHHble ceTH, CNN (cBepTouHbie ceTr), RNN
(pexyppentHble cetn), Transformer (cetu Tpancdopmeprr), CapsNet (kamncynbHble CETH) U UX
COBOKYITHOCTH.

[0041] Ilpu cBOEéM OOyueHHs CETH MOTYT BBIIBJIATH OAHY WJIM HECKOJBKO OCOOEHHOCTEH

CUHTCTUYCCKHU U3MCHCHHBIX PI306p8,)K€HPII>i JIM, B YaCTHOCTU:!

AQHATOMHYECKAs! TIPOTTOPIIHS JIUIIA U TOJIOBHI,

— aHaTOMHUYECKasi OCOOEHHOCTh PACIIONIOKEHHUS YacTel JINIIa,

— IPONOPLMH YaCTeH UL,

— IJIACTHKA U penbedh) MUMUYIECKOTO pa3HOOOpasus;

— 0COOEHHOCTH IJIACTHKU JIeTayel juia;: OpoBel, a3, Hoca, yIIel, Ty, KOxu,

— o0masi XxapaKTePUCTHKY MBIIIII] JIMIA U €W,

— CTpOEHHE W pachpenejeHHe MBI Ha TPYMbl (MUMHUYECKUE, >KEBAaTEJbHBIE,
MO3aThUIOYHBIE U MIPOYHE), MECTO PACIIONIOKEHHS,

— HEEeCTEeCTBEHHOCTh TeHEH, CBeTa, OJIMKOB, MONyTEHEH, pedIeKCOB OCBEIIIEHHOCTH U

OKPY>KEHHMsI IeTaJeH JINia U OKPYKAIOIIEro MPOCTPAHCTBA,

— TEMICPATYPHOEC pACHPCACICHUC T10 3JIEMCHTAM JINLA,



— pa3MbITHE, CTJIAKMBAaHUE IPH OTPHCOBKE 3JIEMEHTOB JIMIA, TOJIOBBI M JAPYTHX
3JIEMEHTOB U300PaKEHHUS,

— TIOBBILUIEHHWE pPE3KOCTH (LIAPITHOCTH) M HCKYCCTBEHHOE YCHIEHHE 4YepT IpU
OTPHUCOBKE 3JIEMEHTOB JIMLIA, F'OJIOBBI U APYTUX 3JIEMEHTOB H300paKeHus,

— rpaduyeckue apreakThl, OCTaBIsSEMble AITOPUTMAMHU TeHEPALUH W/HIH HX
KOHKPETHBIMH pealn3alusIMU B IPOrPAMMHOM OOECIeueHHH TPH CO3OAHUH
CHHTETHYECKUX U300paKeHHIH.

[0042] Tak sxe BO3MOKHO UCTIOJIb30BAHUE NPEeA0OYUEHHBIX HEMPOHHBIX CeTeH C aTbHEUIITNM
ux oOy4yeHue win 06e3 TaKOBOro. B ciydae NCIONb30BaHUS ADXUTEKTYP CO CBEPTOYHBIMH CETSIMU
MOTYT HCIOJb30BaThCsl Takue mnpenodydeHnble momenu kak: AlexNet, VGG, NASNet-A,
DenseNet, DenseNet-B, DenseNet-BC, Inception, Xception, GoogleNet, PReLU-net, BN-
inception, AmoebaNet, SENet, ResNet-18, ResNet-34, ResNet-50, ResNet-101, ResNet-152,
XResNet, Squeeze-and-Excitation ResNet (SE-ResNet), EfficientNet-BO, EfficientNet
EfficientNet-B1, EfficientNet-B2,  EfficientNet-B3, EfficientNet-B4, EfficientNet-B5,
EfficientNet-B6, EfficientNet-B7, YOLO u HacnenyeMbIX OT HUX.

[0043] OOyuenne MofeN MATMHHOTO OOYYEHHUs POU3BOAMIIOCHh KAK MUHIMYM C OJHUM
3TANoOM M3 CIEAYOLINX:

— Tlonyuenne knaccupuIUPOBAHHBIX (pPa3MEUEHHBIX, C POCTABICHHBIMU
KJIaCCaMH) IAHHBIX B OTHOM MJIM HECKOJIBKUX (POPMATOB. BHIIEOTOTOK,
Buaeodaii, kaapsel (Kaap) BUAEO;

— Breigenenue kaapoB B Cllydae NOJTyYeHHs: BUAEONIOTOKA WK BUAeodaiiia;

— OO6napyxenue uua (JuL) Ha Kaapax. FxX Beipe3ka 13 Kkaapa ¢ HEKOTOPO
OKPECTHOCTBIO BOKPYT JIMIIA U MOTy4Ye€HHEe MACCUBOB TAHHBIX JIHII,

— JInsa nansbIX Knacca «CHHTETUYECKU U3MEHEHHOE N300paskeHHe» B Cliydae
HAJIMYHST UICXOHOTO Ka/ipa U300paskeHus — Kaap U3 KOTOPOro (OpMHUpPOBAIOCH
TaKOe M3MEHEHHOE H300pakeHue, MPOBEPKa MPABMIIBHOCTH MPOCTABIEHHOTO
KJ1acca,

— I Ka)Xoro JMna Npou3BOAUTCS TPAHC(POPMALIUS €r0 MACCHBA JAHHBIX
(3HaueHwmit mUKcenei, bmp-kapThl) 1O AIrOPUTMY NpenodpadboTKu
(cTanmapTu3anus JaHHBIX, MACIITAOUPOBAHNE U300PAKEHUS U IPYTHE),

— AyrMeHTainus JaHHbIX;

— ®@opMHpOBaHUE MMAKETA NAHHBIX M M0Jja4a ero Ha O0y4YeHne HEHPOHHOU CETH;

— Tloncuér 3HaueHus ueneBoil PyHKINU 1 0OpaTHOE PACIIPOCTPAHEHUH OLINOKH

MmaKke€Ta JaHHbIX OJIA O6yLIeHI/I$[ cetu. B kadecTBe nokasareei kauecTBa MOTyT



npumensTbes: Logloss, accuracy, precision (TouHocTs), recall (momHoTta), F-

mepa, AUC-ROC, AUC-PR, xoadpdumment/unnexc [xxunu (Gini coefficient),

confusion matrix (MaTpuma OmuOOK).
[0044] B kauecTBe anroputmMa TPEHHPOBKHM  MOAEIN MALIMHHOTO OOYYEHHUS MOKET
MCTIONIb30BAThCS OUH MJIM HECKOJBKO crenyrommux anroputMos: Adagrad (Adaptive gradient
algorithm), RMS (Root mean square), RMSProp (Root mean square propagation), Rprop
(Resilient backpropagation algorithm), SGD (Stochastic Gradient Descent), BGD (Batch Gradient
Descent), MBGD (Mini-batch Gradient Descent), Momentum, Nesterov Momentum, NAG
(Nesterov Accelerated Gradient), FussySGD, SGDNesterov (SGD + Nesterov Momentum),
AdaDelta, Adam (Adaptive Moment Estimation), AMSGrad, AdamW, ASGD (Averaged
Stochastic Gradient Descent), LBFGS (L-BFGS algorithm - anroputm bpotinena-®@neryepa-
TonbadapOa-1llaHHO ¢ OrpaHUYEeHHBIM HCIONB30BAHUEM MaMSTH), & TaK K€ ONTHMH3ATOPBI
BTOpOTO nopsiaka, Takue kak: Meron HetoToHa, KBasunstoToHOBCKHUH MeToa, Anroputwm I'aycca—
Herorona, Meton conpsikeHHOTO rpaaueHTa, Anroputm JlesenOepra-Mapksapara.
[0045] B kauectBe wneneBoil (QyHKUMH TpPU OOYYEHMH MOJENH MAIIUHHOTO OOY4YeHHs
UCTIONIb3YETCs 10 KpaliHedl Mepe omHa u3 ciaenyroumx ¢yakomii: L1Loss, MSELoss,
CrossEntropyLoss, CTCLoss, NLLLoss, PoissonNLLLoss, GaussianNLLLoss, KLDivLoss,
BCELoss, BCEWithLogitsLoss, MarginRankingloss, HingeEmbeddinglLoss,
MultiLabelMarginLoss, HuberLoss, SmoothL1Loss, SoftMarginLoss,
MultiLabelSoftMarginLoss, CosineEmbeddingloss, MultiMarginLoss, TripletMarginLoss,
TripletMarginWithDistanceLoss.
[0046] IIpu oOydeHMm MoOnenu MAMIMHHOTO OOy4YeHHS MOXKET NPUMEHSThCS OTal
CaMOIIPOBEPKHU pa3MeTKHU (aBTOMATUYECKON KOPPEKTHPOBKU Pa3METKH), Ha KOTOPOM MPOBOIUTCS
MpoBEpKa KaKIOro JHIAa Ha M300pakeHuH (Kaape), KOTOpOoe pa3MeYeHO Kak CoIepiKallee
CHHTETHYECKOE M3MEHEHHUE, YTO OHO EHCTBUTEIBHO COIAEPKUT MPU3HAKH TAKOTO H3MEHEHUSI.
[0047] JlaHHasi TIpOBepKa pealu3yeTcsl B Cliydyae HaJIW4Yusl HUCXOAHOrO BUAEO (Kaapos,
u3o0paxkennii). McxomHoe Buameo (kKampbl, H300paKeHHs) 3TO peasbHOE (HEU3MEHEHHOE
BHEJPEHHEM CHHTETUYECKOTO M3MEHEHMUs) BHIEO U3 KOTOPOro (popMHUpPOBAIUCH CHHTETUYECKU
U3MEHEHHOE BHAEO y4eOHOro (IOMONHUTENBHO M TeCTOBOro) Habopa. JlaHHash OCOOEHHOCTH
peanu3yeTcsi CIeAYIOIUM 00pa3oM U MOXKET COAEPKATh CIACAYIOIINE LIarH:

— AiropuTMOM OOHapy>KeHHsI JIUIa Ha M300PaKEeHUH Ha KaJipe CHHTETUYECKH U3MEHEHHOTO
BHIICO OOHAPYKMBAETCs JHLO. BbIpe3aercst yacTb M300paXKeHUs! C JIMLIOM U HEKOTOPOit
OKPECTHOCTBIO BOKPYT HEero. Pa3mep OKpeCTHOCTH MOKET BApbUPOBATHCS.

— B cooTBeTcTBYIOIEM KaJipe HCXOIHOTO BUAEO OOHAPYKUBAIOTCS BCe Jula. BoiOupaercs

Lo ¢ HanboJsee OMM3KUMH XapaKTepUCTUKAMHU K JIMIY C IpeAbIAyIIero mara. B kauectse
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Mepbl OJIM30CTH, B 3aBUCHMOCTH OT HCIOJB3YEMOIrO ajJrOpUTMa JETEKTUPOBAHUS JIHLL,
UCTIONBb3YeTCsl OJM30CTD MO OAHOM MIIM HECKOJIBKUM TOYKaM (COBOKYITHOCTD TOUEK) JIMLIA!
— HOCa,
— HO3JpeN;
— JIMHUH BOJIOC;
— JIMHUM PaCcTUTENIbHOCTH Ha juue (0opoaa, ychel);
- PpTa,
— 1y0 (BepxHeH 1 HUXKHEN);
— 1n0a;
—  rnas;
—  3pavyKoB
—  yLIeW;
— Oposeii;
—  BeK;
—  TOJIOBBI,
—  CKyI,
— mondopoIKa;
— HOCOTryOHOTO TPEYTOJIbHUKA,
— KOOPJAMHAT MPSIMOYTOJIbHHUKA JIHIIA.
[0048] B kauectBe anroputMa ajig AETEKTUPOBAHUS JIML JIOJEH MOTYT HCIIOJIb30BATHCS
TaKue MOAXObl, KAaK: amaNTHPOBAHHOE YJYYIIEHHE M OCHOBAaHHBII Ha HEM Merton Buombl-
J:xonca, MTCNN, meron rubkoro cpaBHeHus: Ha rpadax (Elastic graph matching), DeepFace
Facebook, ckpeiteie Mapkosckue momenu (CMM, HMM), Meron riaBHbBIX KOMIIOHEHT W
aJITOPUTMBI HA OCHOBe pa3jiokeHusi Matpulibl nanubix (PCA, SVD, LDA), Active Appearance
Models (AAM), Active Shape Models (ASM), FERET (face recognition technology), SURF,
NeoFace, SHORE, ROI, Template Matching Methods, DPM (Monens nedopmupyemoii neranm),
Uckyccreennbie Heliponnble cetu (Neural network: Multilayer Perceptrons), @®akxTopHOro
ananmuza (@A), Jlunelinplii quckpuMuHaHTHBIA aHanu3 (Linear Discriminant Analysis), Meton
onopHbIX BekTOpoB (Support Vector Machines (SVM)), HauHblii OaliecoBckuii KiaaccupukaTop
(Naive Bayes classifier), Ckpeiteie Mapkosckue monenn (Hidden Markov model), Meron
pacnpenenenus (Distribution-based method), Copmemenne @A u MeTona rJaBHBIX KOMIIOHEHT

(Mixture of PCA, Mixture of factor analyzers), PaspexxenHnast cerb okoH (Sparse network of

winnows (SNoW)).



[0049] ITox 6GMU30CTHI0 TOHUMAEM MUHHUMAJIBHOCTb PACCTOSIHHS JISl YUCJIOBBIX JaHHBIX TIO
merpuke bpes—Képruca, KanbOepps, Pyxwuuka, Kynpunnckoro, Xakkapa, Eskmunosa
paccTosiHUs, METPUKH MaHX3TTeHa, paccrosHue pasmepa [leHpoysa, paccrosiHue (Gopmel
Ilenpoy3a, Jlopenuesckoe paccTosiHUE, PACCTOsIHUE XEJUIMHIKEPa, PACCTOsIHUE MMHKOBCKOIO
Mepbl p, paccrosHue MaxanaHoOuca, CTaTUCTUYECKOE PACCTOSIHUE, KOPPESIIMOHHBIC
nogoOHOCTH W paccTosiHus (koppensuust IIupcona, momoOHoCTs OpYMHH, HOPMHUPOBAHHOE
CKaJSIPHOE TPOW3BeNeHHe) WiM HWHOe. [Ipu BbluMCIeHMH OJU30CTH Uil pacuera OepyTcs
KOOPAMHATHI TOUEK HA KaJApe CHHTETUYECKH M3MEHEHHOTO BUIEO M KOOPIHMHATHI TAKUX TOYEK Ha
KaJpe UCXOHOTO BHUIEO, Jajiee BhIOUpaeTcss Hanboee Oiu3Kkoe n300pakeHus JINLA, KaK JIUIa C
MHUHHMAJIbHBIMU PACCTOSIHUSIMUA MEKY UCTIONB3yEeMbIMH TOYKAMH.
[0050] B ogHOM M3 4YacTHBIX MNPUMEPOB peaNu3ald TAaKXKE BO3MOXXHO BbIACJICHHE
(mosyueHne KOOpAMHAT) O0NACTH JIMLA HAa KaAPe CHHTETHYECKH N3MEHEHHOTO BHJIEO, TTOCIIE YETO
BBITIOJIHSIETCSI BbIpe3aHUe OOJIACTU C TAKUMHM K€ KOOPAMHATAMH Ha Kaape HMCXOIHOro Buuaeo. B
APYTOM YacTHOM MpHUMeEpe peai3alud MOKET BBINOJHITHCS OOpaTHBI BuA 0OpabOTKH - Ha
KaJipe UCXOIHOTO BUIE0 OOHAPYIKUBAETCS JIULIO, & HA KaIpaX CHHTETHYECKU H3MEHEHHOTO BHIEO
BbIpe3aeTcss O0JIacTh C TaKUMH K€ KOOopAMHATaMH. II0 WTOTy BBIMOJHEHHBIX OIEparlui
MOJIy4aeTcsl 1Ba HM300pakeHUs, KOTOpble MPEACTaBISIIOT COo00OM 00JacTh € JUIOM C Kaapa
MCXOIHOTO BUJIEO U JIMILA C KQJIPOM CUHTETHYECKH U3MEHEHHOT'O BUIEO.
[0051] ITonyuyenHas napa n300pakeHUI CpaBHUBAETCS MEXAY COOOM MO 3aJaHHON METPUKE
Il OLIGHKHM YPOBHS HCKaKeHus wu300pakeHusi. B kauecTBe TakOH METPUKU MOXKET
UCTIOJIb30BAThCS:
— IluxoBoe ortHomenune curHana k wmymy (PSNR - peak signal-to-noise ratio).
https://ru.wikipedia.org/wiki/ITnkoBoe OTHOIIEHHE CHTHaJNa K LIyMY ;
— CpenHekBanpaTH4HasI omudKa (MSE - mean square error).
https://ru.wikipedia.org/wiki/CpenHekBaapaTH4eckoe OTKJIOHEHHE |
— Ksanparneiii kopeHb QyHKIME cpenHekBaapaTiueckor ommbku (RMSE - root-mean-
square error). https://ru. wikipedia.org/wiki/[InkoBoe OTHOLIEHHE CHTHAlla K_INyMY ;
— OrHocurenbHoe cpennee otkioHeHue (RMD - Root mean squared deviation);
— CpenuexBanparuunoe otkjionenne (RMS - Root Mean Squared);,
— MHHpekc CTPYKTYPHOTO CXOZICTBA (SSIM - structure similarity).
https://ru.wikipedia.org/wiki/SSIM ;
— CrpykTypHBIE OTJIIMYUS (DSSIM - structural dissimilarity).

https://ru.wikipedia.org/wiki/SSIM ;
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— OrtHowmeHnne CUTHAJ/LIyM (OC1L, SNR - signal-to-noise ratio).
https://ru.wikipedia.org/wiki/OTHomenue curxan/mym/ ;
— AOcomoTHas pa3HULA MEXAY NMUKCEISIMU M HaclieyeMble OT Hee MOKa3aTesnu (CpemHss,
OTHOCHTEJIbHAS U TIPOUHE).

[0052] [Ipy >TOM eciu aHATM3HPYIOTCS LBETHble M300pakeHUH (C HECKOJIbKUMH
KOMIIOHEHTaMH Ha IMKCEJIb) MPUMEHSIOTCS AHAJOTHYHblE C JaJbHEHINUM B3BELICHHBIM
yCpeaHEeHHeM Mo Kakaou u3 komnoHeHT. Hanpumep, nis RGB u3obpaskenus s pacyera PSNR
wimi MSE cuutaercs mo BceM TpeM KOMIOHEHTaM (M JETUTCS Ha YTPOCHHBIH pasmMep
uszo0paxkenus ). il CHHTETHYECKOTO M300pakKeHHs XOPOIIEro KavyecTBa U XOPOIIero KayecTsa
Buzeo (0e3 momex y IIYMOB) MPEANOYTHTENbHO HCmonb3oBaTh «PSNRy». Ecnu HamoskeHuro
CHHTETHYECKOTO M300pakKeHUs MOUICIKUT TOJIBKO YaCTh JIMIA, TO MPEANOYTUTEIBHO IPUMEHSITh
PSNR. Ecnum Buzpeo ¢ mnomexamM, HWIH BbICOKOH 3€pHUCTOCTBIO, TO MPEANOYTUTENBHO
ucnonp3zoBate DSSIM  wnu SSIM. Ilpu Hajnuuuu MHOXKECTBA IOMEX MPEANOYTHTENBHO
npumeHaTbess OCII. Ecnu kadecTBO BuA€O KpaliHe HM3KOTO KauecTBa, HaApUMep, C BBICOKOH
CTENEHbIO CXKaTus, TO mpennoututenbHo npuMeHaTb MSE unu RMD. Ecnu pasmeps! nuna no
OTHOIIEHMIO K KaJpy MaJCHbKHE, TO IPUMEHSIETCS] a0COMIOTHASL PA3HULIA MEXKY MUKCEISIMH.
[0053] ITo mpumeHsieMOH MeTpHKe BbIOMpPAETCsl TPAHUYHOE 3HAYEHHUE, IMPH 3TOM €CIH
3HAYEHNE METPUKHU MEKAY ABYMsI MOJYYEHHBIMU H300paKEHUSMU OOJIbIIE JAHHOTO TPAHUYHOTO
3HAUEHUs, TO JIMLO Ha KaJpe MPUHHMMAETCS KaK CHUHTETHYeCKU U3MeHeHHoe. Ecnu 3HaueHue
MEHbIIIE WM PaBHO, TO, HE CMOTPSl HAa Pa3MeTKy NaHHOrO HU300pakeHHs] KaK CUHTETHYECKH
WU3MEHEHHOT0, TO JAHHOE H300paskeHHe JINIA TPUHUMAETCS 38 PeabHOe.
[0054] ITpu BbIMOMHEHUHU TPaHC(HOPMALMK MACCHBOB AAHHBIX JIMI MOTYT HCIIOJIB30BATHCS
TaKle 3JIEMEHThl KaK: HOPMHUPOBKA JAaHHBIX, CTAHAAPTU3ALUs JAHHBIX, IPUBEACHHE pasMepa K
3aJaHHOMY, aJITOPUTMbI MaCIITAOUPOBAHHE U300PAKEHHS.
[0055] AyrMeHTalus AaHHbIX JJIsI TPEHUPOBKH OJJTHOM MIIM HECKOJIBKUX MOAeNIel MAaIIMHHOTO
00y4eHHsT MOKET IMMPOBOJIUTCS C UCTIOIB30BAHNE KAK MUHUMYM OTHOTO U3 CJIENYIOIUX MTOAXO/OB:
MacmTadUpoBaHHE H300pakeHUs1 (YBEJNMUYEHUs, YMEHbIIEHHUs), oOpe3ka HN300paKeHHS,
3aTeMHEHHE BCEro H300paKeHUs, OTAENbHBIX KAHAJIOB H300paKEHUS; OCBETJICHHE BCEro
U300paKeHNs], OTHENbHBIX KAaHAJOB H300pa’KE€HUs, MOBBIIIEHHE KOHTPACTHOCTH, LBETOBBIC
npeoOpa3oBaHus: IepeMeHa MeCT (TTepeMEeIINBaHNE) [IBETOBBIX KAHAJIOB, YCUJICHUE, YMEHBIIEHHS
OJHOTO MJI HECKOJIbKO IIBETOBBIX KAHAJOB, IMOJIyY€HHE H300paKeHHsI B Ipafjalusx Ceporo,
NOJIy4€HHE MOHOXPOMHOTO M300pakeHus], YAaJeHHE [IBETOBOIO KaHANA; CIBUTH U JIELIEHTPOBKA
N300paKeHNs; TIOBOPOThI M300paKeHMsI Ha PAa3JUYHbIE VIJIbl B PA3JIMYHBIX HAIPABICHUSX,
BpalleHne H300pakeHHs] WM €ro 4YacTH, HAKJIOHBI, IEePEKOChl H300paKeHMs; 3epKajbHOE

0T06pa>1<eHHe BOOJIb l'IpOPI3BO.]'IbHOI>i OoCH, JIMHUU, NJOMOJHUTEIbHBIC JIMHUH UK TCOMETPUYICCKUE
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OOBEKTBI Ha HM300paKEHUH: C MPO3PAYHOCTBIO CBOEro IBeTa, 0e3 MPO3PAaYHOCTH, LIBETHBIC
OOBEKTHI, cepble 00BEKTHI (OT O€Joro IO YEepHOro MBETa), B TOM YHCIE U YAAJICHHUE YacTH
n300pakeHuss (IMOMEIIEHHe YepHOro OOBeKTa Ha H300pa)keHHe) Ha TeOMETPUYECKHX WU
CMBICJIOBBIX TO3ULUAX H300pakeHus, nodasneHue modoro ¢poHa Ha M300pa’keHHe;, ONUKH U
3aTeMHeHHs dacTell wu3o0paxkeHus;, nedokyc (pa3mbiThe) H300pakeHUs WM €ro 4vacTeif;
HOBBILIEHUE 3€PHUCTOCTH, MIAPITHOCTH (PE3KOCTH) U300paKEHHS;, CKATHS M PACTSDKEHMS BIOJb
OCel, TMHMH, 3aIIyMIIeHHe N300pakeHre MO BCeMY M300PaKEHUIO WJIM €r0 YacTH, MOMEIIeHHe
0esoro WM MHOTO LIyMa, N0OaBJI€HHE OJHOTO WJIM HECKOJBKO 3JIEMEHTOB TrayCCOBOTO IIyMa
(Blur), maTHHCTOrO IIyMa, COBMELICHHE (HAJOKEHHE) ABYX MM HECKOJBKUX HU300pakeHUH M3
TPEHUPOBOUYHOW BBIOOPKM (WacTeil H300pakeHWH) C pa3IMYHBIMH BECAMH, 3JIACTHUECKAs
tpancopmanus uszobpaxkenuss (Elastic Transform), ceTouHoe wWCKakeHHE U300paAKEHUS
(GridDistortion); cxaThe HNaHHBIX HW300paKeHHsI PAa3JMYHBIMUA aJrOpUTMaMu 00paboTKH
H300paKeHUsT ¢ HEKOTOPBIM Ka4eCTBOM (HANpUMeEp, CXKaThe MCXOAHOro bmp-u3o0paskeHus 1o
crannapty JPEG HekoToporo kadecTBa, a 3aTeM MOJIy4YEHHUs U3 HEro CHOBa bmp-u300paeHus),
u3otponHele, adpdurHpie u apyrue npeoOpasosanus (https://github.com/albumentations-
team/albumentations).

[0056] ITpu 5TOM BCe BbIIIEyKa3aHHBIC MPUMEHUMBI BO BCEBO3MOKHBIX BUIAX IPaduiIecKoro
npencrasienus win ero kanajgax: RGB, sRGB, RGBA, ProPhoto, CMYK, XYZ, LMS, HKS,
HSV, HSB, HSL, AHSL, RYB, LAB, NCS, RAL, YUV. YCbCr. YPbPr, YDbDr, YIQ, PMS
(ITanton), Mancenna. Yka3aHHbIE METOIbl AYIMEHTALUH MOTYT HPUMEHSTBCS U K OJHOMY
N300pakeHHIO, B JIFOOOMH MOCIENOBATENbHOCTH, C BEPOSITHOCTBIO MPUMEHEHUsI Witk Oe3 Hee.
[0057] C nomorbto 00y4eHHOI MOJIENIN MITH aITOPUTMA IETEKTHPOBAHUS JIUILI JIFOJEH HIIH Ha
stane (102) Beimesnsitoress nuna. Ha stane (103) Boinosasiercs: o6paboTka M300pakeHui Jiui,
BbIZeNIeHHBIX Ha sTamne (102), ¢ Lenblo ompenesieHus Kakue W300paKeHHs JIML MPUHAIJIeKAT
omHoMmy uenoBeky. s storo Ha osrtame (103) ocCyluecTBISETCS pacdyeT BEKTOPHOTO
NPEACTABJICHUSI TE€OMETPUUECKUX XapaKTePUCTUK H300pakeHuil s, B obmem ciaydae 31O
BBITTOJIHSIETCS C TOMOLIBIO AJITOPUTMA CPABHEHHSI OMTOPHBIX TOUEK JIUL. C MOMOIIBIO ONPeaeNIeHHS
TeOMETPUYECKIX  XaPaKTEPUCTUK  OMPEHCNSIOTCS M300pakeHHsl JIML, TMPHHAIJIEKALTHE
HETIOCPEACTBEHHO OTHOMY M TOMY K€ 4UesioBeKy. POpMHUpPOBAHHE JAHHOTO BEKTOPA MO3BOJISET
OLICHUTHh BEPOSTHOCTb HAJIMYHUS JIMIA PEATbHOrO YeJOBEKa. ANTOPHUTM pPabOTBl MOXKET
OCYIIECTBJISIThCS clienyromum oopasoM. Ha 1-om kanpe Boiaensiercs j-oe muuo. JlanHoe j-oe TULo
UINETCS Ha TIOCJIEAYIOINX Kapax.

[0058] B ogHOM M3 HaCTHBIX MPUMEPOB peatr3aluu N300PETeHHs MOUCK OCYLIECTBIISIETCS
nyTéM BBIIENEHUs] HauOosee ONM3KOro M300pa’ke€HUsl JHIA B IPOCTPAHCTBE CPEOU BCEX

oOHapyxeHHbIX JiULl Ha 1+1-oM kaape. B kadectBe Mepbl OMU30CTH, B 3aBHCHMOCTH OT
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UCTIOJIb3YEMOTr'0 aJITOPUTMA AETEKTHPOBAHHMS JIHLI, HCTIOIb3YeTCs OJIM30CTh (YMCIOBBIX JAaHHBIX 10
merpuke bpes—Képruca, Kanbepps, Pyxuuka, Kynpuumnckoro, Xaxkapa, Eskmunosa
paccTosiHUs, MeTpUKM MaHxX3TTeHa, paccTosiHue pasmepa IleHpoysa, paccrosiHue (QOpMbI
Ilenpoy3a, Jlopenuesckoe paccTosiHUE, PACCTOsIHUE XEJUIMHAXKEPA, PacCTOssHUE MHUHKOBCKOIO
Mepbl p, paccrosHue MaxanaHoOuca, CTaTUCTUYECKOE PACCTOSIHHE, KOPPESIIMOHHBIE
nopoOHOCTH U paccTosiHus — Koppensauust ITupcona, nmomoOHocTe OpYMHM, HOPMHPOBAHHOE
CKaJISIPHOE MPOM3BENECHUE, MM HHOE) TI0 OJJHOI MIIH HECKOJIBKUM TOUKaM JINIA (ONIOPHBIM TOYKaM
JIMLA). HOCA, HO3JPEH, IMHUH BOJIOC, INHUHM PACTUTENIbHOCTH Ha jnie (0opoaa, ycel), pTa, ryd
(BepxHell u HrokHel), j0a, a3, 3padkoB, ymield, OpoBel, BeK, TOJIOBbI, CKYJ, MOAOOpPOIKa,
HOCOTYOHOTO TPEeyroJbHUKA, KOOPAMHAT MPSIMOYTOJIbHUKA JIMLIA.

[0059] OcyiiecTBisieTcss pacdeT pacCTOSIHUSL MeXIy COOTBETCTBYIOIIMMU OIOPHBIMU
TOYKAMH |-TO JIULA Ha 1-OM KaJpe ¥ TOYKaMH KaKAoro Jiuia Ha 1+1-oM kazape. 3aTem BeiOupaeTcs
MO ¢ i+1-ro Kagpa ¢ HAMMEHBIIUMH PACCTOSHUSIMU MO OMOPHBIM TOYKaM. B apyrom yacTHoM
nprMepe OCYINeCTBICHUH HU300peTeHus Ha 1+1-0M Kaape HINeTCs U0 ¢ Haubojiee OIU3KIMHU
XapaKTePUCTHKAMU MEXKAY JaHHBIMH OTIOPHBIMH TOYKAaMH (B3aUMHBIM PacCIOOKEHHUEM TOYEK).
B sToM cnydae cYMTArOTCS T€OMETPHYECKHE XapakTepUCTUKH (pa3MepaMiu) pacroNIOKeHHs
OTIOPHBIX TOYEK |-I0 N300paKeHNs JIUIA U Ha 1+1 kanpe uiiercs n3oOpaskeHus Tuia ¢ Haubdosee
MOXOKUMH T€OMETPHYECKUMH XapaKTepPUCTHKAMU. B elle O1HOM mpumepe OCYIIeCTBIICHHS JUIs
Ka)KJIOT0 JIUI[A BBIAEISAETCS HEKOTOPast MPOCTPAHCTBEHHAsI OKPECTHOCTD (00J1aCTh PACIONIOKEHN)
Ha Kajipe U MpOBEPsIETCs] €CTh JIU Kakoe-1ubo n3oOpaxkeHus nuua B 1+1-oM kanpe. Peanuzanus
HOAXOAOB TPH OCYLIECTBIEHUH 3asiBJIeHHOro criocoda (100) He orpaHUYMBAET HHBIE BO3MOXKHBIE
criocoObl MOMCKa N300paXKEHMs JILA HA KaIpax.

[0060] Janee na stane (104) mias kaxmaoro oOHapy:KeHHOTrO M300paskeHUs JIMIA Ha Kaapax
OIpeesIsIeTCSl PACCUNTHIBAETCST OLIEHKA BEPOSITHOCTH €ro CHHTETHYECKOTO M3MEHEHHUs [0
UCTIOIb3yeMOI OOYUEeHHOI MOJENN MAIIHHHOTO OOYYeHHUs! NeTEKTHPOBAHUS U KJacCH(UKALMN
CHHTETHYECKUX M3MeHeHuH. [laHHast olleHKa J00aBISIeTCs] B BEKTOP OLIEHOK M300pakKeHuit JIHLL |-
oro uyenoBeka. Ecam Ha ouepenHoM Kaape (WM CEepUHM  KaAPOB)  YIOPSIOYEHHOH
NOCJIEIOBATEILHOCTH KapOB M300paXKeHHe |-0ro JILa He OOHapy)KUBaeTcsi, TO popMHUpOBaHHUE
BEKTOpa OLIEHOK MOXeT 3aBepuinThesi. [lpumep QOpMUpPOBAaHHS BEKTOpPAa OLCHOK ISt
n300paKeHNs JIMLA YeJIOBEKa Ha KaIpax BUIEO npeacrasieH Ha dur. 2. B npyrom u3 BapuaHToB
peanm3anuy (GOpPMUPOBAHHIE BEKTOPA OLIEHOK I M300paKEHUH JINI] j-TO YeJIOBEKa IMPOUCXOAUT
0 BCEMY BHZEO, a HE 3aBEPINAETCS, €CIU Ha IOCIENyIOIeM Kaape H300paXeHHe JUIa He
OOHaApPYKUBAETCA.

[0061] Hanee Ha stane (104) mys kKaXaoro ONpeneeHHOro M300paskeHUs JIMLA YeIOBeKa

ONpeaAcCISItOTCA €ro MpPOCTPAaHCTBEHHASA W BPEMCHHASA 3HAYMMOCTDb, KOTOpPAasA OIPEACIISICTCA Kak
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BEKTOPHOE  MpEJCTaBJ€HHE  IPOCTPAHCTBEHHOW  XapakTEpPUCTUKM  JIMLA  4eJIOBEKa,
XapakTepusyoIei pasmMep oOJacTu JHUNa MO OTHOIIEHHUIO K KaAPY, U BEKTOPHOE MPEICTABICHHE
BPEMEHHOH XapaKTEepUCTHKH H300pa’KE€HHs JIMIA, XapaKTepU3yoLlell BpeMs OTOOpaKeHUs
aHATM3UPYEMOro M300paXkeHus Juia Ha kanpax suneo. Ha ®ur. 4 mpencrasneHa cxema sramna
104. PacuéTbl BEKTOpa OLIEHOK CHHTETHYECKUX M3MEHEHHIT N300paskeHuil JINIA j-Tr0 YeJOBeKa Ha
BHUJIE0, KOTOPBIN COCTOUT U3 OLIEHOK M3MEHEHNH M300pakeHHs JIMLA B KAXKIOM aHATHU3UPYEMOM
KaJipe, pacuéT BEKTOpa MPOCTPAHCTBEHHOH M BPEMEHHOH XapaKTepUCTUK (IIPOCTPAHCTBEHHOTO
BEKTOpPa U BPEMEHHOT'0 BEKTOPA) MOTYT MPOBOAUTCS TTOCIEIOBATENBHO, KaK 3TO MPEICTABICHO Ha
@wur. 4, WK napauIeNIbHO, HE3aBUCUMO JIpYT OT Apyra. Onucanue n300peTeHns: He OTPAaHUYHUBAET
MOPSIZIOK M CTIOCO0 pacuéra NaHHBIX BEKTOPOB, a OMHCHIBAET MX MPUMEHEHHUE ISl TIOBBILICHHS
Ka4eCTBa BBISBJICHUS CHHTETHUECKUX U3MEHEHUN M300paKeHHH JIUI] Ha BUJIEO.

[0062] Ha @ur. 3A-3b mpencrasieH mpuMep pacueTra BEKTOPOB INPOCTPAHCTBEHHON MU
BPEMEHHOHN 3HAYMMOCTEN M BEKTOpa OLCHOK CHHTETHYEeCKMX W3MeHeHui. Ha mpencraBneHHOM
npumepe st kaxaoro kaapa (K1) - (K6) monmyyennoro va stane (101) Bugeo paccuuTsiBaeTcs
BEKTOP OLIEHOK CHHTETMYECKH W3MEHEHHOTO JIMLA, BEKTOP MPOCTPAHCTBEHHOI'O pacIpeeIeHts]
JUI Ha KaJpax, a TaKKe BPEMEHHas XapaKTepuUCTHKa Jula Ha kaapax. IIpocrpaHcTBeHHas
XapaKTepUCTHKA MOXET pPacCUMTHIBATBCS WUCXOAsS W3 3aHMMAaeMOHl JOJW MJOLIAAM JMLA OT
pasmepa kanpa. Hampumep, npsMOyrojbHHK, B KOTOpBI BIHCAHO JMLO B Kajpe, HUMeEeT
koopauHatel: X1=100, Y 1=50 — Bepxnutii nesbiit yroa, X2=300, Y2=150 — HU>kHUI IPaBbIN yTrOJI.
ITnomane Takoro mpsMoyroibHuka 200%100 = 20000. Bupeo mnonyueHO B pas3peLIeHUN
1280x1920 nukceneli u ero miomanb pasHa 2457600. [Jons miomaaun auua B KaJape COCTaBUT
20000/2457600 = 0,8%. BpemeHHast XapakTepPUCTHUKA JIJIs KAXKIOTO JIMLA MOKET PACCUUTHIBATHCS
KaK CKaJisIpHAsl BEJIMYHMHA, HATIPIMEp, BpeMsi ero oToOpakeHus Ha BUaeo. B apyroii peanusanmu
MOXKeT (POPMHUPOBATHCS BEKTOP, MPH KOTOPOM | MPUCBAMBAETCS €CITH YEJIOBEK MPUCYTCTBYET B
kazape, win 0 — ecnu ero HeT B Kazape. IIpocTpaHCTBEHHYIO U BPEMEHHYIO 3HAYMMOCTH MOKHO
NPEACTaBUTh, B YACTHOCTH, KaK OOLIYI0 MaTPULy HA OCHOBAHHMM 3HAUYEHHUH CHOPMHPOBAHHBIX
BEKTOPHBIX MPECTaBICHUN.

[0063] Ha osrtame (105) ¢opmupyercss oOmas OLeHKa CHHTETHYECKUX H3MEHEHHI
N300paKeHNH JIML YeJIOBeKa Ha BUAEO HA OCHOBAHUU BEKTOPOB, MOJyYEHHBIX Ha 3Tanax (103) —
(104). To ecTh, pacuéT OLEHKH BEPOSITHOCTH CHHTETUYECKOTO M3MEHEHUs] M300paKEHHs IS
KQXJIOr0 JIMLAa 4YelIOBeKa B BHUAEO BBINOJNHAETCS HA OCHOBAHMHM BEKTOPOB BPEMEHHOT'O
pacnpeneneHus, NMPOCTPAHCTBEHHOIO pacIHpeleeHHs U BEKTOpa OLIEHOK BEPOSTHOCTH, YTO
n300pakeHue JIa Ha Kaape ObUIO MOABEPIKeHO CHHTETUIECKIUM H3MEHEHHSIM.

[0064] s hopmupoBaHus o0mel OIEHKH CHHTETUYECKUX M3MEHEHHN M300paKeHHH JIUL]

J-TO deJIOBeKa MOKET HCIIONb30BAThCSl OTAENbHAs MOJEIb MAIIUHHOrO oOyueHus. Jlis
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dopMHUpOBaHUs YIOMSHYTOH OOWIEHl OLIEHKH MOJNYYeHHbIE BEKTOPa NPOCTPAHCTBEHHOTO H
BPEMEHHOTO pacrpenesieHHs], BEKTOP OLIGHOK CHHTETHYECKMX HM3MEHEHUI HM300pa’KeHUs JUIa
00BEUHSIOTCS B OOLIYIO IBYMEPHYIO MaTpULly, IpeAcTaBieHHyto B Tabnuue 1 nins npumepa Ha
@ur. 3A. IlomydeHHas MaTpula MONAETCS HA BXOJ MOJENM MALIMHHOTO OOy4eHus [uis
¢dopmupoBanusi oOwIiel OLEHKM CHHTETHYECKOrO HM3MEHEHHUS JIMIA j-TO 4eJOBeKa Ha BUJEO.
JlaHHasi MOJEeNib MOXKET MPENCTaBNIsATh COOOM PEKYPPEHTHYIO HEMPOHHYIO CETb, CBEPTOUHYIO
HEHPOHHYIO CETh, MOJHOCBA3AHHYIO HEUPOHHYIO ceTh. [Tono0HOe 00benuHEHNE PEKOMEH Y ETCS
UCTIOIb30BATh JJIs CITy4asi, KOTJa YeJIOBeK MIPUCYTCTBYET Ha PA3HBIX BPEMEHHBIX OTPE3Kax BUJIEO,

a He TOJIBKO B OAHOM IMOCJIE0BATEIbHON CEPUM KaPOB.

Tabmuua 1. J/[BymepHasi MaTpuIia BEKTOPHOTO MPEACTABICHUS IPOCTPAHCTBEHHO-BPEMEHHOTO

pacrpeneneHus U BEKTOpa OLEHOK CUHTETHYECKUX U3MEHECHUH JIULI.

0,5 0,04 0,03 0,01 0,02 0,5
0 0,45 0,45 0,45 0,45 0
0 1 1 1 1 0
[0065] B npyrom wactHOM mnpuMepe peanm3aluu H300peTeHUs B OOIMYI0 JBYMEPHYIO

MaTpULy OOBEOUHSIIOTCS BEKTOP IPOCTPAHCTBEHHOTO paclpeneieHnuss H300pakeHHs JIUIa
YCJIOBEKA W BEKTOP OLECHOK MNPUCYTCTBUSA CUHTCTUYCCKUX n3MeHenuit. Ho ux O6”be):lI/IHeHI/Ie
IIPOUCXOAUT TOJIBKO MO KaApaM, Ha KOTOPBIX €CTh JIMLIO AaHHOTO Yenoseka. [Ipumep npencrasnex
B Tabmuue 2 muis @ur. 3A. [TonoOHoe 00beaMHEHHE PEKOMEHAYETCS UCTIONB30BATHCS IS CIIyvas,

KOTJIa YeJIOBEK NPUCYTCTBYET B OJJHOMN IOCJIEI0BATENIbHON CEpPUH KaJIPOB.

Tabnuua 2. J/IBymMepHasi MaTpuIia BEKTOPHOTO MPEACTABIEHHSI TPOCTPAHCTBEHHO-BPEMEHHOTO

pacrpeneneHusl.
0,04 0,03 0,01 0,02
0,45 0,45 0,45 0,45

OnuH u3 BapuaHToB (pOpMUPOBAHHME YBEJOMIICHUS HAINYMA W3MEHEHUH B BHIEO, MPHU Criocode
pacuéra oOmeli OIeHKH CHUHTETUYECKUX W3MEHEHHH M300pa)KeHHH JIMI] -0 YeJIOBeKa Ha 3Tare
105 ¢ momompro OOy4eHHOH MOZIENH, KOTopas UCIOJIb3yeT MATpHIly OOBEAMHEHUS BEKTOPOB
IPOCTPAHCTBEHHO-BPEMEHHOT'O TIPE/ICTABIICHHUS M BEKTOPA OLICHOK, IpesicTaBiieHa Ha Purype 8.

[0066] B ppyrom uwactHoM mpumepe peanmsauuu uzoOpereHust Ha stame (105) BekTop

OLIEHOK, XapaKTepU3YIOLIMH TO, 4YTO H300pakeHHe JMLAa Ha Kaape OBLIO IOABEPIKEHO
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CHHTETHUYECKUM H3MEHEHHsIM, AaHAJIU3UPYeTCs OTAENbHO OT BEKTOPOB BPEMEHHOIO W
MIPOCTPAHCTBEHHOrO pacnpeneneHus. lIlpumep nanHoi cxembl npusenéH Ha Pur. 5. B sTtom
ciyyae oOmiasi OleHKa CHUHTETUYECKOrO M3MEHEHHUS JIMLA ]-TO 4eJIOBeKa CTPOHUTCS TOJBKO Ha
BEKTOpPE OLEHOK CHUHTETUYeCKUX u3MeHeHui. [l ¢opmupoBanus oOmel OLEHKH MOXKET
UCTIOJIb30BAThCS OTAEIbHAS MOJENIb MAIINHHOTO OOYYEeHUS TN OTJENIbHBII aIrOPUTM.

[0067] B 01HOM M3 YaCTHBIX MPUMEPOB peannu3alnuy U300peTeHus, MPUBeIeHHOro Ha Dur. 5,
BEKTOP OLIEHOK MOMAéTCsi Ha BXOJ OTHENbHO OOy4eHHOH Mozenu. JlaHHash MOIeNb MOMKET
MPENCTaBISITh COOOM PEKYPPEHTHYHO HEWPOHHYIO CE€Th, CBEPTOYHYIO HEHPOHHYIO CETh,
NOJIHOCBSI3aHHYK) HEHPOHHYIO CeTh. B MOMOOHBIX Cilydasix MOMKET HCIIOJIb30BAThCS BEKTOP
onpenenéHHON JTHBL. B ciiydyae eciu moy4eHHbIH BEKTOP OLEHOK H300pakeHUs JINIa MEHbIIIe
33JJaHHONM JJIMHBI BEKTOpAa, TO TAaKOW BEKTOp [OMOJHSETCS 3HadeHusiMH, Hampumep, 0,5 ¢
ompenenéHHOro KoHua. Ecnu BekTop Oojble 3agaHHOH JUIMHBL, TO OH oOpes3aercs ¢
OIPEAEIEHHOrO KOHLIA.

[0068] B npyrom 9acTHOM mpumepe peanu3ali H300peTeHHs MPOM3BOAMUTCS IOACYET
KOJIMYECTBA OLICHOK IO 3aJaHHBIM MHTEPBAJIaM WM 4aCTOThl MHTEPBAJIOB OLICHOK. Hampumep,
bepyrtcs maTepBasl ¢ marom 0,1: [0-0,1; 0,1-0,2; 0,2-0,3; 0,3-0,4; 0,4-0,5; 0,5-0,6; 0,6-0,7; 0,7-
0,8; 0,8-0,9; 0,9-1] u MOACYUTHIBAETCS YACTOTAa OLIEHOK W3 BEKTOpPAa B JaHHBIX HMHTEPBaJax.
ITonyueHHble 3HAUEHUs] MOAAIOTCS HA MOJENb MAIIWHHOrO OOy4YeHHs], HAampuUMep, OIOPHBIX
BekTopoB (SVM), K-coceneii (K-nearest neighbour), nuneiiHo# (HenwHeWHOI) perpeccum,
Mozens aepeBbeB Kiaccupukaruu. OnucaHue H300pETeHHs HE OrpAaHUYMBAET BHUJ MOJEIU
MAIIMHHOTO OOy4YeHHs], a ONUCHIBAET €€ MPHUMEHEHHE K MOJy4eHHOMY BEKTOPY OLIEHOK.

[0069] B eme OgHOM 4YacTHOM IpuMepe pealu3aluu Hu300peTeHust ofmas OIeHKa
CUHTETUYECKUN W3MEHEHUH H300pakeHUi JIMIa YesIOBeKa MOJY4YaeTcsl YCPEeIHEHHEM BEKTOpa
OLIEHOK, WJIM IOJIy4aeTCsl U3BJICYEHUEM MAKCHUMAIbHOTO 3HAYEHUs], WA IO BCEMY BEKTOPY WIH
IO €r0 YacCTH.

[0070] B onHOM 13 4aCTHBIX MPUMEPOB peain3aly H300peTeHu s, TPUBEIEHHOT0 Ha Dur. 5,
IUISL TAJIbHEHMIIEro aHalin3a CTPOSITCS O0Iue MPOCTPAHCTBEHHBIE U BPEMEHHBIE XapaKTEPUCTUKU
n300pakeHni auna denoseka. O0mas mpoCTpaHCTBEHHAs XapPAKTEPHCTHUKA PACCUUTHIBAETCS KaK
CpemHssA MO MPOCTPAHCTBEHHOMY BEKTOPY AaHHOro juna. OO0mas BpeMEHHAs XapaKTepUCTHKA
MOJIy4aeTCs KaK JJIMHA BEKTOPa BPEMEHHOHW XapaKTEPUCTHKH 110 OTHOIIEHHIO K JIJIMHE BUAEO, TO
€CTb, SABJIAETCS NOJEH BPEMEHU PUCYTCTBHS AAHHOTO 4YE€JIOBEKAa HAa BUAEO OT BCEro BPEMEHH Ha
BUzeo. B npyrom wacTHOM BapuaHTe A pacdera oOIIel MpOCTPaHCTBEHHOW XapaKTEPUCTHKU
BBIOMpPAETCS MAaKCUMAJIbHOE 3HAYEHUE UITH MUHUMAaJIbHOE.

[0071] Ha »srtane (106) BblYMCIsieTCS WTOrOBasi OLEHKA TNPHUCYTCTBUS CHHTETHUECKUX

W3MEHEHUH JIUI JJIsl BCero Buzaeo. J{aHHast OLleHKa CTPOUTCS C TIOMOIIBIO KaXKI0H 00Iel OLIeHKH
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CHHTETHYECKUI M3MEHeHMH n300paxkeHui ymu soneit. Jpyrumu cnosamu, Ha stamax (104) -
(105) momyyaeMm OLIEHKM CHHTETHYECKHMX W3MEHEHHMH Ui KaXXJAOTO YelOBeKa Ha BHIEO
(oTmenbHbIM yenoBek Bhimensercs Ha sTarme 103), a Ha stane (106) mo omeHKam s JIOAEH
paccunTbIBa€M OLIEHKY 111 BUieo. JlaHHBIN 3Tal COBOKYITHOI'O aHAIN3a OLEHOK BCEX JIJEH Ha
BHUJIEO MO3BOJISIET MOBBICHTH Ka4eCTBO paboThl M300peTEeHHs 10 CPABHEHHIO C CYINECTBYIOIIUMH.
Hanpumep, ecniu Ha BUAEO MHOMKECTBO JIOAEH M MO BCEM MM HMMEEM BBICOKYI) OLEHKY
CHUHTETUYECKOI0 U3MEHEHMs], TO BEPOSITHO BCETO UCCIEAYEMOE BUIEO OYEHDb CUIIBHO CXKATO, U MbI
UMeeM JIOKHOE TMOJIOKUTENIbHOE pEelIeHHe MoJeneld MNpu aHaiu3e H300paKeHUn JIuIIL.
CoBoKymHBIH aHATHM3 OLIeHOK Ha dTare (106) Mo3BOIUT B TAKOM Ciiy4ae ¢hOpPMUPOBATH HTOTOBYIO
OLIEHKY JJISl BU/IEO KaK «BUAEO 0€3 CHHTETHYECKUX N3MEHEHHITY.

[0072] B omHOM W3 4YaCTHBIX BAapHAHTOB peau3alUK H300peTeHUs, MPENCTABICHHOM Ha
@ur. 1, ucnonap3yeM o0IIME OLEHKHU JIUL BCEX JIIOMAEH 11 (OpMUPOBAHMS MTOTOBOH OLICHKH
BUJIEO MOTYT MPUMEHSTHCS CIEAYIOLIIM 00pa3oM:

— Onpenensiercst CpeHEB3BELIEHHOE 3HAUEHNE OLIEHOK HCIONIb3YEeMBIX JIMILL Jirojiell. B oqHOM 13
YAaCTHBIX BAPUAHTOB M300PETEHHs] BECAMHU IJII OLEHOK MOTYT OBITh NMPOU3BENEHHE CPEIHETO
pa3mepa n300paskeHHi NI JAHHOTO YeJIOBEKA U JOJIH BPEMEHU NPUCYTCTBHS Ha BHIEO.

— Bpmmcnsiercs mpocToe cpeaHee MO OLEHKAM CHHTETHYeCKMX H3MEHEHUH H300pakeHHi
HCIIOJIb3Y€E€MBIX JIUL] JIFOJEH.

— @®opmupyeTrcss MakCUMaJbHAas OLIEHKA CPeu OLIEHOK UCIOJb3yEeMbIX JIULL JIFOJEH.

[0073] B npyrom dacTHOM BapHuaHTe peanu3alii H300peTeHMs Ui YKa3aHHOIO BBILIE
IpuUMepa MOKET HCIOJb30BaThCsl OOy4deHHast Mopesb. JlaHHask MOJENb MOXKET NPeACTaBIATh
meron onopHbIX BekTopoB (SVM), K-coceneii (K-nearest neighbour), nunHeliHON (HeTHMHEHHON)
perpeccun, MOAeNb IePeBbEeB KJIACCU(PUKALUK, ONHY WJIM HECKOJIbKO HEWPOHHBIX CETEH.
[TonoOHast Mozmenb MOXKET MPUHUMATh Ha BXOJ BEKTOp (BEKTOPHOE IMPEINCTABIICHHE JAHHBIX),
KOTOPBIA XapakTepu3yeT KOJUYECTBO MHCIIOJNIb30BAHUS HHTEPBAJIOB OLIGHOK CHHTETHYECKUX
WU3MEHEHUN 1O JIMLAM.

[0074] B npyrom dacTHOM BapuWaHTe peaiu3aluud H300peTeHUs, MPUMep STAroOB KOTOPOTO
npuBeneHbl Ha @urype S, QopMmupyIOTCS OOImUe MPOCTPAHCTBEHHbIE M BPEMEHHBIE
XapaKTEePUCTHKH U300pakeHWH Juma uenoBeka. Ha stame (100) >TH  XapakTepUCTUKU
CPaBHUBAIOTCSI C COOTBETCTBYIOLIMMH TIpPaHUYHbIMM 3HaueHussMU. Eciaum no uTorosoii
XapaKTEPUCTHKE pa3Mep M300paKEHHUs JIMLA UM BPEMsSl €ro MPUCYTCTBUSI MEHBIIE TPAHUYHOTO
3HaU€HUs, TO OLIEHKA JaHHOIO JIMLA YeJOBEKa HE YUUTBHIBAETCS INPU pPacuéTe BEPOSTHOCTU
CHHTETHYECKOro U3MeHeHus Bueo (oneHka None). Cxema naHHOro npumepa rnpuseneHa Ha Pur.
6. OcraBluinecs: OLEHKU CUHTETUYECKUX M3MEHEHHUH JIUL JIIoJel aHAIU3UPYIOTCs Aajiee BbILIe

OINMCAHHBIMHU CIIOCOOaMU.
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[0075] B npyrom uacTHOM BapuaHTe H300pETEHHUs] NByMEPHBbIE MAaTPULIbI BEKTOPHBIX
NPEACTaBICHUN MPOCTPAHCTBEHHO-BPEMEHHOIO paclpeesieHuss U OLEHOK CHHTETUYECKUX
M3MEHEHUH JINI Pa3IUYHBIX JIFOAEH, (OpMUPOBaHIE KOTOPHIX OMUCAHO BBIIIE, TOJAIOTCS HA BXOJ
srana (106), roe BeIONHSETCA (HOPMUPOBAHHE HTOTOBOW OLIEHKM HAJIMYHMS CHUHTETHYECKUX
W3MEHEHUH JIUI] TI0iel Ha BUIE0. DTOT 3TAIl MOXKET BBITIOJHATHCS TAK)KE C TOMOLIBIO OTAEIbHOM
MOJIEJIM MAaLTMHHOTO O0yUeHHs Wil aHcaMOJ1sl OOyUEeHHBIX MOJeNeil.

[0076] Ha »srame (107) dQopmupyercss uHTErpajbHas OLIEHKA HAJIWYUs HA BHIEO
CHHTETHYECKH U3MEHEHHOTO M300pakKeHUs JIMLA IO UTOTOBBIM OLIEHKA HAJTUYUSI CHHTETUYECKUX
W3MEHEHUI JIULI JIToAel Ha BUAeo. i 3TOro UCHOJIb3yKOTCS MO MEHbLIEH Mepe OJHA UTOroBas
OLIEHKA HAJIMYHsI CHHTETHYECKHX U3MEHEHHH JIUI] Ha BUJE0, KOTOpast YOpMHUPYETCs IO OTAEIbHON
MOZENN KJIACCU(PUKAIMK U TETEKTUPOBAHUS CUHTETHUECKUX M3MeHeHuH jmi. [lo 3aBeprieHnio
stana (107) reHepUpYIOT YBEOOMIIEHHE O HAIMYMH CHHTETHYECKH H3MEHEHHOTO JIUIA B BUJIEO.
[0077] YBenomMiieHre MOXKET 0TOOpakaThCss HETIOCPEICTBEHHO B rpadudeckoM uHTepderice
MOJIb30BATEJSI, HATIPUMEP, MPH MPOBEIECHUHN OHIaiH-KoHpepeHuu (Zoom, Skype, MS Teams).
Takke, yBemOMIIGHHE MOXKET OTOOpaKaTbCsl HEMOCPEACTBEHHO B OOJACTH  BBISIBICHHS
CHHTETHYECKOTO W3MEHEHHMs JIMLA, Hampumep, B 00JacTH C M300pa’keHHEM JIMLA YeJIOBEKa.
JononHuTeNbHBIM 3P PEKTOM OT MPUMEHEHHS H300PETEHHSI MOKET SIBJISITHCS €0 UCTIOIb30BAHNE
B CHUCTEMax OHOMETPHYECKOrO0 KOHTPOJIS, HAmpuMep, NPU TONyYeHHH YCIyr (Harmpumep,
OaHKOBCKUX YCIIYT) MJIH JOCTyIa (CHCTeMa KOHTPOJIA AOCTYNA, TYPHUKET C OMOMETPHUYECKUM
ceHcopoMm). [Ipu BBIIBIEHHH CHHTETHYECKH M3MEHEHHOrO M300paXKeHMs JIMLA OCYLIECTBISETCS
OJIOKHMpPOBKA AOCTYTA MIIH 3aIPAIINBAEMOrO EHCTBUS CO CTOPOHBI MONIb30BaTeNsl. B aToM ciydae
MOXKET JOTIOJHUTENIBHO 3alpalluBaThCs JaHHbIE ayTeHTU(HKALNHU MTOJIb30BATENsI, BEIONpaeMble
U3 TPYIIIbL: JIOTHH, KO, MapOJib, NByX(paKTOPHAs ayTEHTHU(UKALIHS UK UX COYSTAHUS.

[0078] 3asBIEHHOE  pEIIeHHE MOXET TMPUMEHAThCS B  CHUCTEMaxX  MOHUTOPHHIA
MEIUANpPOCTPAHCTBA W aHAIM3a COLMANbHBIX Menua u CMU, nist BbISIBIEHHS MyOJUYHBIX
W3BECTHBIX JIFOJEH (TIepBBIE JIUIAa TOCYAAPCTBA, MEIUHHBIE IMUHOCTH, U3BECTHBIC JIFOAW U T.I1.),
Ha KOTOPBIX MOJKET MPOM3BOAUTHCS TMOMBITKA MX KOMIPOMETalMH. Takue CUCTeMbl OynayT
SIBIATBCS HWCTOYHUKOM IOJIy4aeMOro BHAEO ISl €ro MOCJeNyIoIlero aHaliu3a, U, B clydae
BBIIBJICHHSI CHHTETHYECKHX W3MEHEHHH W300pakKeHUH JHL TaKuX JIOAeH, WM WM
COOTBETCTBYIOIIEH CIy)0e MOXeT OBITh HAamlpaBICHO YBEAOMJIEHHE O TMOUJIOKHO
copmupoBaHHOl nMHpOpManuu. sl TAKOrO BHIA YBEOOMJIEHHUS MOXKET TaK)K€ COXPAHSATHCS
uH(pOpMaLs O BpEMEHH BBISIBJIEGHHOTO COOBITHUS, UCTOYHUKE COOBITHSI.

[0079] B onHOM wacTHOM BapWaHTe H300pPETeHHs HCIOJIB3YEeTCsS HECKOJbKO MOIeel
BBISIBJICHUS CHHTETUYECKUX M3MEHEHHH B N300paKeHMAX JINL, KaKaast U3 KOTOPBIX, IO MEHbLIEH

Mepe OJIHa MOJeJib, 00y4YeHa Ha CBOM aJITOPUTM F'e€HEPUPOBAHUS CHHTETUYECKUX H3MEHEHHIH.
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[0080] B apyrom 4acTHOM BapuaHTE Ha KaXAbli AJITOPUTM I'€HEPUPOBAHUS CUHTETUYECKUX
n3MeHeHuil o0y4deH aHcaMOnp Monened. OLEHKH C HECKOJBbKHX MOJeJel B JaHHOM aHcamOle
YCPEOHSIOTCS.

[0081] Jlns  uTOrOBOM  KJACCU(PUKALMK  TOJY4YEeHHbIE OLEHKH  0OpalaThIBatOTCS
VHTETPAJbHBIM KJIACCH()UKATOPOM, HYTO IMO3BOJISIET BBIIBISITH CKPBITbIE B3aUMOCBSI3H MEXIY
NpeACKa3aHUsAMU MoJeNell [l Pa3JUYHBbIX aJrOPUTMOB T'€HEPUPOBAHUS CHUHTETHUECKUX
U3MEHEHHUH. DTO Ka4eCTBO MO3BOJISIET TOCTUYD CBEPXAAIUTHBHOTO 3P (ekTa (CHHEPTeTUYECKOTr0)
U TOBBICUTH KAa4yeCTBO BBIIBJICHUS BHUACO C MPUCYTCTBUEM CHUHTETUYECKHX H3MEHEHUI
uzoOpakenuii jui. OOmast cxema mnpencrasieHa Ha Dur. 7. Bonee monmpoOHasi cxema
npexacrasieHa Ha ur. 8.

[0082] B npyrom wacTHOM BapwaHTe H300PETEHHs HWHTETPaJbHBIM KJIACCH()HKATOPOM
(opMHpyeT HE TOJBKO MHTETPAIbHYIO OLEHKY HAJINYNS CHHTETUYECKUX M3MEHEHHI JIUI] JIF0 e
Ha BHJEO, HO U HauboJiee BEPOSTHBIN aJTOPUTM, C MOMOIIBI0 KOTOPOro ObUT CO3/IaHBbI JaHHBIC
CHUHTETHYECKHE U3MeHeHus. [laHHblil npumep npencrasieH Ha Our. 7.

[0083] Ha @ur. 9 mpencraBneH oOummii BHI BBMUCIHTENBHOTO ycTpoicTBa (600),
NPUTOAHOTO /ISl PeajiM3allii 3asiBJIEHHOTO pelieHus. Y cTpoicTBo (600) MOXKET MpencTaBisiTh
co0OoH, HampuMep, KOMIIBIOTEP, CEPBEP MIIM MHOM THI BBIMUCIUTEIBHOTO YCTPONUCTBA, KOTOPBIH
MOXET TMPHUMEHSTBCS [UIS pealn3alliil 3asiBJIEHHOIO TEXHUYECKOro pemieHus. B Tom uwmcie
BXOAMTD B COCTAaB OOJIAYHON BBIYHCIUTENBHOHN IIIaT(HOPMBI.

[0084] B of0mem ciydae BprauciuTenbHoe ycTpoicTtBo (600) comep:kut oObeAHMHEHHBIE
oOrmeli muHOH MHGOPMALIMOHHOTO OOMEHa OMH HJIH HECKOJIbKO mporueccopos (601), cpenctsa
namsaty, takue kak O3Y (602) u I13Y (603), unrtepdeticel BBoga/BeiBoaa (604), ycrpoiicTBa
BBOAa/BbIBOAA (605), M YCTPONCTBO sl CETEBOT0 B3auMoaecTaust (606).

[0085] ITpoueccop (601) (Mnu HECKOJIBKO MPOLIECCOPOB, MHOTOSAEPHBIN MPOLIECCOP) MOTYT
BBIOMPATHCS M3 aCCOPTUMEHTA YCTPOICTB, MIMPOKO MPUMEHSIEMBIX B TEKYIIEe BPeMsi, HAIIpUMep,
kommanuii Intel™, AMD™ MediaTEK™

Apple™, Samsung Exynos™ Qualcomm

2 2 2

Snapdragon™ u T.1. B kauectBe mpoueccopa (601) MOKET Takke MPUMEHSThCS rpadUIeCcKHii
npoueccop, Hanpumep, Nvidia, AMD, Graphcore u mip.

[0086] O3Y (602) mpencrapnsier COOOH OMEPATHBHYIO MaMATh W TPEIHA3HAYEHO JIJIsi
XPaHEHHsI UCTIOJNHAEMBIX MporeccopoM (601) MamMHOUNTAEMbIX HHCTPYKIUH AJIS1 BBITOJHEHNE
HEOOXOIMMBIX ONEePaLHi 110 JIorndeckoii o0padoTke nanHbIx. O3V (602), Kak mpaBUIIO, CONEPIKUT
UCTIOJIHSIEMbIE WHCTPYKIMU ONEPALMOHHOM CHCTEMBI W COOTBETCTBYIOIIUX IPOTPAMMHBIX
KOMITOHEHT (TIPHJIOKEHHs1, IPOTPAMMHBIE MOAYJIH U T.11.).

[0087] I13VY (603) npencrasiser coOOH OIHO UK OOJiee yCTPONHCTB MOCTOSHHOTO XPaHEHHUS

TaHHBIX, HarpuMep, kectkuit nuck (HDD), TBepaoTenbHblii HakonuTenb aHHbIX (SSD), ¢uam-
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namsite (EEPROM, NAND u 1.11.), ontudyeckue Hocurenn uHpopmauuu (CD-R/RW, DVD-
R/RW, BlueRay Disc, MD) u np.

[0088] Jlns opranu3anyuy paboTel KOMIIOHEHTOB ycTpoiicTBa (600) n opraHuzammu padoThI
BHEIIHUX MOAKJIIOYAEMbIX YCTPONUCTB MPUMEHSIOTCS pa3indHble BUabl nHTepdeiicoB B/B (604).
BbiOop  COOTBETCTBYyHOIIMX  HHTEP(EHCOB  3aBHCUT OT  KOHKPETHOTO  MCHOJHEHHS
BBIYHMCIIUTENIBHOTO YCTPOICTBA, KOTOPbIE MOTYT MPEACTaBIsATh coO0i, He orpaHmumnBasck. PCI
AGP, PS/2, IrDa, FireWire, LPT, COM, SATA, IDE, Lightning, USB (2.0, 3.0, 3.1, micro, mini,
type C), TRS/Audio jack (2.5, 3.5, 6.35), HDMI, DVI, VGA, Display Port, RJ45, RS232 u .11.
[0089] Jlis obecrieyeHust B3AUMOIEHCTBUS MOJIb30BATENISI C BBIUUCIUTEbHBIM YCTPONCTBOM
(600) nmpumensiroTcst pasnuuHble cpeactsa (605) B/B unrpopmanuy, Hampumep, KIaBHATYPA,
HCIIIel (MOHHUTOp), CEHCOPHBINA AUCIUICH, Tad-Taj, JKOWCTHK, MAHHITYJIATOP MbIIIb, CBETOBOE
nepo, CTUIIYC, CEHCOpHAas NaHeNb, TPEKOOJ, AUHAMUKH, MHKPO(OH, CpPeacTBa AOMOJHEHHOW
peaNbHOCTH, ONTHYECKHE CEHCOpPBl, IUIAHIIET, CBETOBble WHAMKATOPBI, MPOEKTOp, Kamepa,
cpeacTBa OHOMETpHUECKOW HIeHTH(UKAUUK (CKaHep CEeTYAaTKHU TIJja3a, CKaHep OTIEYaTKOB
NaJIbLEB, MOYJIb PACTIO3HABAHUS TOJIOCA) U T.II.

[0090] CpenctBo cereBoro B3ammopeincTBusi (606) obecneunBaer mnepenady JaHHBIX
ycrpotictBoM (600) mocpeacTBOM BHYTPEHHEH MM BHELTHEH BBIYHUCIUTENbHON CETH, HAPUMep,
Hnrtpaner, Unrepuer, JIBC u 1. B kauectBe omgHoro mmu Gonee cpeacts (606) mosker
UCTIOJIBb30BaThCs, HO He orpanmuuBaThesi: Ethernet xapra, GSM mozem, GPRS wmonem, LTE
mozneM, SG monem, monyisb cryTHukoBol cBsizu, NFC moayis, Bluetooth n/umn BLE monys,
Wi-Fi monyas u zip.

[0091] JIOTIONHUTENBHO MOTYT MPHUMEHSTbCA TAK)KE CPEACTBA CIyTHUKOBON HaBUraluu B
coctase ycrporictsa (600), nHanpumep, GPS, 'TTOHACC, BeiDou, Galileo.

[0092] IIpencraBneHHble MaTepuasibl 3asBKH PACKPBIBAIOT MPEANOYTUTENbHBIE MPUMEPHI
peanu3alyy TEXHUYECKOro pelleHus] U He AOJDKHBI TPAKTOBAThCs KAK OrPaHUYUBAIOLINE HHBIE,
YacTHbIE MPUMEPHI €ro BOIUIOLIEHUs, HE BBIXOJSALINE 3a IMpeneibl UCIpalINBaeMOi MpPaBOBOM
OXpaHbl, KOTOpbIE SIBJISTFOTCSI OYEBHIHBIMU JJIsI CIIELUAIMCTOB COOTBETCTBYIOLIEH obmactu

TEXHUKH.
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DPOPMYVYJIA

1. KoMmneroTepHO-peanu3yemblii  COCOO0  ONpenesneHus CHHTETHYECKH  H3MEHEHHBIX
n300paKeHNUH JIMLl HA BU/IEO0, BBIMIOJIHAEMBIH € MOMOIIBIO MTPOLIECCOpa U COMEP KA STamnbl, HA
KOTOPBIX:
a) TOJy4aroT IO MEHbIIEH Mepe OTHO N300paKeHne U3 BUAIEO;
b) BBIIBISIOT M300paKEHUs JIUI] HA YIIOMSHYTOM U300paskeHuH,
C) PacCUYHMTBHIBAIOT BEKTOPHOE NPEACTABICHUE TIEOMETPHUECKUX XapaKTEPHCTUK
BBIIBJIEHHBIX M300pa)KEHUH JIMI, C TOMOLIBIO 1O MEHbINEH Mepe alropurMa
CPaBHEHHsI OTOPHBIX TOYEK JIML, JUI ONMpeNeeHUus M300paKeHUH MO MEeHbIIeH
Mepe JIUIa OJTHOTO YeJIOBEKa,
d) ¢ NOMOLIBI0 TMOKAJAPOBOIO AHAIM3a BHIEO PACCUUTHIBAIOT MPOCTPAHCTBEHHO-
BPEMEHHYI0 3HAYUMOCTbh Ka)KIOr0 M300paKeHUs JIMLA KaXKAOTO 4YeJoBeKa Ha
YIOMSHYTOM  W300paKEHHH, KOTOpash  ONpenensercs Kak  BEKTOPHOE
NPEACTaBICHNE IMPOCTPAHCTBEHHONW XapaKTEePHCTHUKHU JIMLA, XapPaKTePU3YIOIIEH
pasmep oONacTH JHIa MO OTHOIIEHHIO K KaApy, U BEKTOPHOE NPEACTaBJICHHE
BPEMEHHOH XapakTepUCTUKH M300paKEHUs JIMLA, XapaKTePH3YIOLIeH BpeMms
0TOOpakeHMs aHAIM3UPYEMOTO N300paXKEHHSI JTMLA Ha KaaApaxX BUMEO,
€) pPaCCUMTBHIBAIOT BEKTOP OLIEHOK BEPOSTHOCTH CHHTETHUECKUX H3MEHEHUH s
U300paKEHUH JIUI YeJIOBEKAa, XapaKTepU3yIOIIUH Haludhe CHHTETUYECKHX
M3MEHEHHH H300paskeHHH JIUL 3TOTO YeJIOBeKa B KaXKIOM Kajpe
f) paccumThIBalOT OOLIYI0 OLIEHKY BEPOSITHOCTH CHUHTETHMYECKUX H3MEHEHHH Ha
OCHOBAaHMU BEKTOPHBIX IPECTABJIEHMNH IPOCTPAHCTBEHHOIO, BPEMEHHOIO
pacrpeneneHusl ¥ BEKTOPa OLEHOK CHHTETHYECKUX U3MEHEHUH Uil U300pakeHHH
JIUI] KAKIOTO YeJIOBEeKa B BHIEO;
g) (GopMUPYIOT UTOTOBYIO OLIEHKY HAJIMYHs HAa BUAECO CHHTETUYECKOTO U3MEHEHHUs
M300paKeHHsI IO MEHbINEH Mepe OJHOTO JINLIA,
h) ¢opmupyroT uUHTErpambHYR0 OIEHKY HAJM4YUsl HAa BHACO CHHTETUYECKU
M3MEHEHHOTO M300payKeHUs JIUIA 10 MEHbINEH Mepe M0 OAHONH UTOTOBOH OLIEHKE
MOJENI U TE€HEPUPYIOT YBEAOMJICHHE O HAJIMYUH CHHTETHYECKH HW3MEHEHHOTO
JMLA B BUJIEO.
2. Crocob mo 1.1, XapakTepU3yIOLUIMICA TeM, YTO 3TaIbl C) — h) BBINOJIHIIOTCS MOJENbBIO
MaIIMHHOTO OOy4YeHHs WM aHcamOJieM Mozelnel, MPU 3TOM MOAENb MAIIMHHOTO OOYYEeHUs UITH
aHcaMOJIb MoJieNiell HAaTPeHWPOBAaHbI Ha HAOOpE MAaHHBIX, COAEpPIKAIIUX CHHTE3UPOBAHHBIE

N300 paKeHNs JIULL JTFOJIEH.
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3. Crmoco6 mo m.2, XapakTepU3YIOUIUHCS TeM, YTO MOJAENb MAIIUHHOTO OOyYeHHS
UCTIONB3YyeT (PYHKLMIO aBTOMATHYECKOM KOPPEKTUPOBKH pPa3METKH, OOeClednBaroLIeit
WCIIPABJIICHUE HEKOPPEKTHOM PAa3METKH KaKIOro Jula Ha Kaapax, NOyTEM CpPaBHEHUs
H306pa)KeHHﬁ JIML Ha CUHTE3UPOBAHHOM BUICO C UX I/1306pa)KeHI/I$IMI/I Ha HCXOAHOM BHACO.

4. Croco® mo 1.3, XapaKTepHU3YIOILIMNCS TeM, YTO CPaBHEHHE JIUI OCYIIECTBIISIETCS Ha
OCHOBaHHMHU 3HAYEHUs] BEKTOPHOH OJM30CTH OMOPHBIX TOUEK, (POPMHUPYIOIIUX T€OMETPHUYECKHE
XaPAKTEPUCTHKH MCXOMHOTO M300pa’keHUs JIMLA M CHHTE3HMPOBAHHOTO H300pAKEHMs HAa €ro
OCHOBE.

5. Cnocob mo m.3, XapakTepU3yIOIIUNUCS TeM, YTO CpPaBHEHHUE JIUI[ OCYIIECTBIISETCS C
MIOMOIIBI0 aHAJIN3a KOOPAMWHAT O0JIACTEeH MCXOMHOTO M300paKEHMs JIMLIA U CHUHTE3HPOBAHHOTO
N300 paKEeHUs JIULIA.

6. Croco0 mo 1.1, XapakTepu3yOIUICs TEM, YTO MPOCTPAHCTBEHHO-BPEMEHHAS 3HAYUMOCTb
PacCUUTBHIBACTCA KaK O6H_Ia$I MaTpuia Ha OCHOBAaHHUU 3HAYEHUH BEKTOPHBIX Hpe}:[CTaBHeHI/IfI, a
OLCHKAa HaJIu4iyusgd CHHTCTHYCCKHUX N3MeHEHHH 1/1306pa>1<eH1/H‘/'1 JIMIT OTACJBHOI'O 4YCEJIOBEKA
(bopMHUPYETCsT MOIENTBIO MAIIUHHOTO OOYYEHHS IO TIOJy4eHHOU 001Ieit MaTpule.

7. Crniocob 1o 1.2, XapaKkTepu3yOIMUICS TEM, YTO aHCAMOJIb MOJIeJIel MAIIMHHOTO O0YYeHHSI
COCTOHMT U3 TPYIIBI MOJEJEH, Kaxaas U3 KOTOpbIX OOy4YeHa Ha BBISIBJICHHE OMPEAEIEHHOTO
anroputrMa (pOpMHUPOBAHUS CHHTETUYECKIX H300paKeHUH.

8. Crioco0 mo 1.7, XapakTepu3yIOIMUNCS TEM, YTO COAEPKUT NHTETPATIbHBIHN KJIaCCU(PUKATOP,
NOJIy4aIOLINH Ha BXOJ OLEHKHU, popMUpyeMble ¢ TOMOIIBIO MOJIENEH, BXOISAIIUX B aHCAMOIb.

9. Crnocob mo 1.8, xapakTepu3yIOIIUICS TeM, YTO WUTOrOBasl OLIEHKA PACCUUTHIBAETCS C
HIOMOIIBIO MHTETPAJIBHOTO KiIaccuukaTopa.

10. Cniocob 1o 1.9, XapakTepu3yIOIMUNHCS TeM, YTO JOTOTHUTEIBHO OMPenessieTCsl alrfOPUTM

(OPMUPOBAHUS CHHTETHYECKOTO N300pasKeHUs JIMIA B AHATM3UPYEMOM BHIEOTOTOKE.

11. Cnocob mo m.1, XapakTepusymIIHUICS TeM, YTO BUAEO MpeacTaBisier coOOl OHaiiH
BUIEOKOH(DEPEHIIHIO.
12. Cnocob mo m.11, xapakTepu3ymIIHICS TeM, YTO MPHU OMNPeNesIeHUH CHUHTETUYECKH

W3MEHEHHOTO M300paskeHus JIULA B 00J1aCTU ero otodpakenust GopMHUpyeTcs yBeIOMIICHHE.

13. Cnocob mo m.11, XapakTepu3yIIHICS TeM, YTO MPHU OINpPEeNesieHUH CHHTETUYECKH
U3MEHEHHOTO H300paKeHUsl JIMLA OCYLIECTBISETCS OJOKMPOBAHUE COENUHEHHsS C IaHHBIM
MIOJIb30BATENIEM.

14. Crioco0 mo 1.1, XapakTepHu3yIOLIHUICS TeM, YTO aHAJIH3HUPYEMOe N300pakeHNe MOMyYaroT

U3 CHCTEMbl OMOMETPUUECKON UIEHTH(PUKAINN HITH OMOMETPUYECKOH ayTeHTU(DUKALHH.
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15. Crmocob6 mo m.14, XapakTepu3yOIIHICS TEeM, YTO IPHU OINPENeSIeHUH CHHTETUYECKH
M3MEHEHHOTO M300payKEHHs JINLA OCYINECTBIAETCS OJOKHPOBKA AOCTYMA WM 3aNPAIINBAEMOTO
JENCTBHsI CO CTOPOHBI MOJIb30BATETIS.

16. Cnoco0 mo m.14, XapakTepu3yIOIIMICA TEeM, YTO IPHU OINpPEeNeSeHUH CHHTETUYECKH
WU3MEHEHHOTO HM300pa’keHMsl JIMLA JOMOJHUTENIPHO 3ampalliBalOT JaHHbIE ayTeHTH(UKALMU
HOJIb30BATENsA, BEIOMpPaeMble U3 IPYIIIBL: JIOTHH, KO, Mapoiib, ABYX(akTopHAs ayTeHTU(DUKAINSI
WIN UX COYETaHUsI.

17.  Cnocob6 mo m.14, xapakTepu3VIOIIMWCS TeM, 4YTO (opMupyeTcs CUTHal B BHIE
KOJINYECTBEHHO!N OLIEHKH BEPOSITHOCTH MPHUCYTCTBUS CUHTETUYECKH M3MEHEHHOTO M300pakeHus!
L.

18. Cmocob mo m.l, XapakTepu3yIOLIMICA TeM, YTO H300paKeHUs IOJNYYarOT W3 BHUIEO
CHUCTeMbl MOHHUTOpPHMHIA MENMANpOCTPaHCTBA M aHanmu3a coluanbHbix Menua u CMU,
BBIMNOJIHSIOLIEH MPOBEPKY KOHTEHTA B coLMaIbHbIX Meaua 1 CMU.

19. Cnocob6 mo m.18, XapakTepu3yOIIHICS TeM, YTO MPHU OMNPEeNeSieHUH CHHTETUYECKH
M3MEHEHHOTO M300pakeHus Juua (OpMHUPYETCsl YBEIOMIICHHE JUisl HHPOPMHUPOBAHHS YEJIOBEKA,
KOTOPBII OBLT MOBEPIKEHA CO3IaHUI0 H3MEHEHHOTO N300 paskeHHs JINA.

20. Cucrema ormpeneneHuss CHHTETHUECKH W3MEHEHHbIX H300paKeHWH JIMII Ha BUJEO,
cojiepsKalasi 1o MeHbLIEH Mepe OJJUH MPOLIECCOp U MO MeHbIIEH Mepe OAHY NaMATh, XPaHSIIYIO
MAIIMHOYUTAEMbl€ HHCTPYKIIMU, KOTOPBIE MTPH UX BBINOJHEHUHN IPOLIECCOPOM PEATM3YIOT CIIOCO0

o arobomy u3 mm. 1-19.
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101. HonqueHme
n3obparkeHUN ¢ Kagpos
BUAEO

Y

102. Onpeaenerue
n3obparkeHu nuu, Ha
NOMYYEHHbIX Kagpax

103. Pacuet reomeTpuyeCcKux
XapaKTepPUCTMK M300parKeHnn AnL
Bble/IeHWe N, Ntoaen

104. PacueT NpoCTPaHCTBEHHO-BPEMEHHOM 3HAYMMOCTH
1300parKeHUM NULL U BEKTOPA OUEHOK CUHTETUYECKUX
M3MEHEHMI B n30bparkeHMaX A1l AN j-To YeNoBeKa Ha
BUAEO

!

105. Mopgenb BepoATHOCTHU
CUHTETUYECKOTo n300bpaxeHns nnL, j-ro
yenosekKa Ha BUAEO

106. lNpeacKkasaHmne BEPOATHOCTH
HaNUunA CUHTETHUYECKOTO USMEHEHUA
vy, Ha BMAEO

'

107. Mopenb UHTErpanbHOro KnaccudukaTopa anna
onpeaeneHne CUHTETUYECKOTO U3006parkeHns n1ua Ha BUAeo
n popmmpoBaHue yBeLOMNEHUS

Qur. 1




aamo 1 anno 2

3 anno 4

HET JIAN
(0,02; 0,01) (0,23; 0,15; 0,12; 0,21; 0,19; 0,18) (0,01; 0,04)
BeKTOp Hna 1 BeKTOp JHNA 2 BeKTOp JHEA 4

(0,02; 0,01; 0,03; 0,04)

BEKTOp JHHA 3

dur. 2

K1 K2 K3 K4 K5 K6

(0,5;0,04; 0,03; 0,01; 0,02; 0,5) — BEKTOp OLEHOK CHHTCTHYCCKH U3MCHEHHOTO JTHLIA

(0;0,45;0,45; 0,45; 0,45; 0) — BeKTOp MPOCTPAHCTBEHHOT'O PACIIPEACIICHHUS JIUL] HA
Kaapax

(0; 1; 1; 1; 1; 0) — BpeMeHHas XapaKTEPUCTHKA JTHLA HA KaApax

Dur. 3A

K1 K2 K3 K4 K5 K6

(0,01; 0,08; 0,04; 0,03; 0,01; 0,02) — BEeKTOP OLICHOK CHHTCTHICCKH U3MCHCHHOTO
aULA

(0,45; 0,45; 0,20; 0,45; 0,36; 0,45) — BEeKTOP MPOCTPAHCTBEHHOTO PACITPE/ICICHUS
JIHILI HA KaJapax

(1; 1; 1; 1; 1; 1) — BpeMeHHas XapaKTCPUCTHKA JTHIIA HA KaAPax

®ur. 3b



Oram 103 104

PacueT BekTOpa OIIEHOK CHHTETHUCCKUX

M300PAKCHHUI JIHLI ]-TO YCTIOBEKA Ha 401

KaXKIOM HUCCICIYCMOM KaAPe C JaHHBIM
JVIIOM

Pacuer mpocTpaHCTBCHHOM

XapaKTEPUCTUKU H300PKEHHUN JTHIT j-T'O L am

YCIOBCKA HA BUACO

Pacuer BpeMEeHHOI XapaKTEPUCTUKH
M300paXCHUH UL j-TO YeIoBeKa Ha ~ [7 ~— 403
BUZEO

Oram 105

Qur. 4



Otan 103

PacueT BekTOpa OIEHOK CHHTETHUCCKUX
U300paskCHUH JTUIL -0 YCTOBEKA HA

KOKI0M UCCIICAYCMOM KaapC ¢ JaHHbIM

Moaesp oOmIcH OLCHKH BEKTOPa
BCPOATHOCTH CUHTCTHYCCKOI'O
M300PXKCHMS JINL] j-TO YCJIOBECKA HA

JIHLIOM BHJCO
401 501
PacueT npocTpancTBCHHOM
XaPaKTEPUCTHUKU H300PKECHHH JIUL] j-TO . ®opMHPOBAHKIEC HTOTOBO
Ll (v
4eIOBEKA HA BHACO MPOCTPAHCTBCHHON XapPaKTCPHUCTHKH

402

502

PacueTt BpeMEHHOM XapaKTepPUCTHKH
N300paKCHUH T j-TO YETIOBEKA HA

BUACO

A 4

®ur. 5

DopMUPOBAHUE UTOTOBOM BPCMEHHOM
XapaKTCPUCTUKHU

Otam 106



INMonyuenne n300paKEHUS ¢ KAIPOM
BHIEO

OnpeaeneHue H300PAKCHUH JTHIT HA
MOJTyYCHHOM KaJpe

PacueTt reoMeTpHICCKIX XapaKTCPUCTHK
I/I306pa>KeHI/II‘/'I JIUL ¥ BBIACJICHUE JTUL]
JTIOACH

A

PacueT npocTpaHCcTBEHHO-BPEMEHHON
3HAYMMOCTH H300paKCHUHN JTUL U
BEKTOPA OLICHOK CHHTCTUYCCKUX
HM3MEHCHUH B H300PKCHISIX JIHLT

YeI0BEKa

—~~—— 104

DopMHUpPOBAHUE UTOTOBBIX
XaPAKTCPUCTUKHU TSI H300PAKCHUH JTHILT
YEJI0BEKA

—_ — 105

HcknroueHuu
JTAHHOH O0IIeH
OLICHKU
CHHTETHYCCKHUX
U3MCHCHHH JTHLA
YCJI0BEKA

106

3HAYCHHE HTOTOBEIX
XapPAKTCPHCTHKA
BBILIC TIOPOTOBBIX
SHAUCHHIA?

OmnpeaeneHue CHHTETHYSCKOTO
n300pakeHus JIuna U GOPMUPOBAHKC
YBEIOMIICHHA

107

@ur. 6



AHcambnu gna

)

anropuTMOB: }

Moaenb Ne A_i}

1. DeepFakes

2. DeepFakesDetection

{ Mopaenb Ne A 2 !

3. FaceSwap

4, NeuralTextures
5. Face2Face

6. FaceShifter

7. DeepNostalgia g

Mopens Ne A nl }

m. Anropyurm
reHepaummsa dundeiika M

~/

OueHka aHcambna A: ©

-

{ Mopenb NeT_1 i

g Mogens Ne [ 2 ]

Mogens Ne I _n2 3

- ™

§ Mogenb Ne 4 1 J

[ Mopenb Ne 1 2 1

; Moaenb Ne O nm J

B

/OueHka aHcambnn [

|

BEKTOP UTOTOBbLIX OUEHOK — o (5 32.0,01; ... 0,05; 0,07)

{ Mogenb uHTerpanbHoOM Knaccubukaumn

L

—

[

Yeenomnexue:
MHTerpanbHasa oueHKa

J |

Yeegomnernune: BepoaTHbli
anroputm reHepaumnu Aundelika

dur. 7

AHcambnb
mogenei
«cnenom»
KnaccudpuKamm




P ~

101, Nonyuenne usobpadkeHVa C Kagpom BUAED

)

102, Onpegenerne nsobpaxeHui nuL Ha
NONY4EeHHOM Kagpe

Y

103. Pacuer reoMeTpU4EecKuX XapakTepucTK
N306PaKeHUIA KL, M BbIAENSHWE SULL Mol

. >
" -
Mo Hapkoou mogenyt BbiaBneHma ﬂ,“ﬂq}EHKOB
g
Flas may, Boex mopel Ha Bruaec, BelIRBABHHLIX Ha sTane 103
¥ [ ¥ I i
401. Pacuet BeKTopa OUEHOK 402. PacueT NpOCTPaHCTBEHHON 403. Pacuer sBpemeHHoR ‘ H
CUHTETUHECKMX M30BpaMeHMi AUl j-ro " XBPAKTEPMCTHRY MI0BPaKeHNH Any, i H
HENOBEKE Ha KaMO0oM MCCASAYEMOM YAPARTEPUCTHRI u3aoBpameHuil AnY $-PO YE/OBEKE HA BUAEC H
KBOPe C OaHHbIM AMLoM J-r0 MeN10BEKa Ha BUALC ! A l H
——-————-—————-—-——-———-——-——--——-—-—-——————————-—-——(x)————-‘ :
104 5
105, Mogent BePOATHOCTH CHHTETUMECHOTD :
306pameHUa ML j-To YeNOBEKa Ha BUAEO :
106. NpepacKasanue BEPOATHOCTH
HaNU4IMA CUHTETUMECKOTD UBMEHEHMSA
AW, HE BUAEO
o

107. Mogent UHTErpanLHOro KnaccudbukaTopa 4NA onpeaeneHne
CUHTETUYECKOTO M30DPaMEHNA LA HA BULEO MO HECKOTbKUM
mogenam u GopMUpOBaHHE YBEAOMNEHWA

®ur. 8



600

Ipoueccop IamsaTe CpeacTso XpaHeHuUsI
JTaHHBIX
601 602 603
MuHa
A
Hnrepdeiice B/B Cpeacteo B/B CpeacTBO CETEBOTO
B3alMOACHCTBHUS
604 605 606

dur. 9




IHoMmep eBpa3uiicKkoii 3asBKH:

OTYET O HATEHTHOM INOUCKE

(ctares 15(3) EAIIK u mpasumo 42 [TaTeHTHOH HHCTPYKIHH K 202192996
EAIIK)

A. KIIACCU®UKAILIUA TTPEJIMETA U30BPETEHU S
GO6V 40/16 (2022.01)

GO6V 10/20 (2022.01)
GO6V 40/40 (2022.01)

Cormacuo MexxayHapoasoii mareHTHOH Kiaaccupurammu (MITK)
5. OBJIACTB TTIOMCKA:

[IpocMOTpEeHHAS JOKYMEHTALHA (CHCTEMA KiIaccu(puranuu u wHAeKCH MITK)
GO6V 10/00, 10/94, 40/00, 40/10, 40/16, 40/40, GO6T 1/00, 7/00, 7/30, GO6K 9/00, 9/62, GO6F 16/00, 1/70, 16/73, 16/738, 30/00, 30/10, 30/17, GO6N

3/00, 3/02, 3/04, HO4N 7/00, 7/14, 7/15
DIcKTPOHHAA 0a3a JAHHBIX, HCIIOIE30BABIIAACS PH MOUCKE (Ha3BaHHE OA3BI H, €CITH, BO3MOKHO, HCIIOJIB3YCMEIC TIOMCKOBEIC TEPMUHBI)
Espacenet, EATIATHIC, EPOQUE Net, Reaxys, Google

B. JOKYMEHTEHI, CYHUTAIOINUECS PEJIEBAHTHBIMI

Kareropms* CCBUTKH HAa JOKYMEHTEHI C YKA3aHHEM, TJI€ 3TO BO3MOKHO, PEICBAHTHBIX YACTCH OtHocHTCS K myHKTY No

A CN 111770299 A (XTAMEN YEALINK NETWORK TECHNOLOGY COLTD.) 1-20
13.10.2020

A WO 2020/151489 A1 (HANGZHOU HIKVISION DIGITAL TECHNOLOGY CO., 1-20
LTD) 30.07.2020

A US 2020/0160502 A1 (ARTIFICIAL INTELLIGENCE FOUNDATION, INC.) 1-20
21.05.2020

A US 2021/0201474 A1 (PHOTOGAUGE, INC.) 01.07.2021 1-20

A RU 2712417 C1 (ITIYBJIMYHOE AKIIMOHEPHOE OBIIECTBO "CBEPBAHK 1-20

POCCHN" (TTAO CBEPBAHK)) 28.01.2021

I:I MOCJICAYOIMUE JOKYMCHTEI YKA3AHBI B PO JODKCHU U

«T» - Goee MO3MHMUIA JOKYMCHT, OITy OJIMKOBAHHBIH ITOC/IC AATHI IPHOPUTETA H
MIPHBCICHHBIN [T MIOHUMAHHSA H300PCTCHA ST

«X» - HOKYMCHT, UMCIOINUiT HAnOO0JIee OIM3K0C OTHOMICHHUE K MPCAMETY HOUCKA,
mopovaInuii HOBU3HY MM H300PeTATCIbCKUN YPOBCHB, B3ATHIA B OTICIBHO-

* OcoOBIe KATCTOPHI CCBUIOMHBIX JOKYMCHTOB:
«A» - DOKYMCHT, OLPCICIHIFOIIUA OOIIHH YPOBCHD TCXHHKH

«D» - DOKYMEHT, IIPUBCACHHBIN B €BPA3HICKON 3a4BKE

«E» - Gomee paHHMIT JOKYMCHT, HO OIMYOJIHMKOBAHHBIA HA JATY IIOJAYH

eBpa3UiiCKOl 3aABKH WM IIOCTIC HEE Y cTH 3 s s
<O - HOKYMEHT, OTHOCAIIHICH K YCTHOMY PACKPBITHEO, SKCIIOHHPO- «Y» - ROKYMCHT, HMCIOmuit HARGOIeE OAM3KOE OTHOMICHNE K IPEAMETY TOHCKA,
BAHWEO 1 1.1 nopoyarnuii n300PETATCIIBCKU YPOBCHD B COUCTAHUH C IPYTHMH JOKYMCH-

o TaMu TOil Jke KaTeropuu

"P" - IOKYMEHT, OIlyOJIMKOBAHHEIN IO JATHI IIOJAYH ¢BPa3HiiCKON

SASBKH, HO TIOCIIE AATHI HCPALIMBACMOTO IPHOPHTETA" «&» - MOKYMEHT, SBISIOIANCS TATCHTOM-aHAIOTOM
,

«L» - JOKYMEHT, IPUBCACHHBIH B OPYIUX IELIX

[Harta nmposeaenus mareutaoro moucka: 04 mroma 2022 (04.07.2022)

Hopssony pognacas

T ST e
VIO IHOMOYEHHOE UL S —— —
Hauanerux YIpasacHHS SKCICPTH3E epmey1B33420320433 CE. Ascpraics
Base sy CH=l=epkHeE L.
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