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AHHOTALUA

B craree mpexcTaBieH aHAJIMTHYECKOH 0030p, OXBATHIBAIONIMH MOCIEIHHWE pe3yJbTaTbl, JOCTHTHYThIE B 00JIacTH
ayZIMOBU3yaJbHOTO O0BEIMHEHNs (MHTErpalii) MHOTOMOAAIBHOM HH(pOpMalK. PaccMaTpuBaloTCs OCHOBHBIE IPOOIEMBI 1
00Cy>K1aroTCst METOABI UX pereHus. OfHOHN 13 BaXKHEHINX 3a1a4 ay[JMOBU3YallbHOW HHTETPALlUY SBISETCS TOHUMaHHUE TOTO,
KaK MMEHHO MOJAIbHOCTH B3aHMOJEHCTBYIOT U BIUSIIOT APYr Ha Apyra. B manHoil paboTte 3TOT Bompoc paccMaTpuBaeTcs B
KOHTEKCTE ayJHOBH3yaJlbHON 00pabOTKH peud, B OCOOCHHOCTH Paclo3HaBaHUS peud. B mepBoit wacTé 0030pa M3I0KEHBI
0a30BbIe MPHHIUIBI ayANOBU3YaJIbHOTO PACIIO3HABAHUS PEUH, MPHBOANUTCSA KIACCH(UKAIUS THIIOB ayldO- U BU3YalbHBIX
npu3HakoB peun. OTaensHOe BHUMaHHUE YAEISIeTCS CHCTEMAaTH3aluy CYIIECTBYIOIIUX CIIOCOOOB M METONOB OOBEIMHCHUS
ayanoBU3yanbHON MH(popMarmu. Bo BTopoil yacTH Ha OCHOBE HMPOBEICHHOIO aHANN3a O0OJIACTH UCCIIENOBAHUIT IPUBOIUTCS
CBOJHBIH CITMCOK 3a]a4 U MPUJIOKEHHH, NCTIONB3YIOMNX ayIHOBH3yalbHOe 00bEIMHEHNE C YKa3aHUEM METOJIOB, COCO00B
oObequHEHUs] HMH(OpPMAIMM M UCHONB3YeMBIX ayAuo- M BHUICONpPHU3HAKOB. [lpemnaraercs CTpyKTypu3aunusi METOIOB
ayZMOBU3YyadbHON MHTETPAIMHU 110 TUIIAM PEIIaeMbIX 3a/a4, a TaKxkKe 00CYKIal0TCs IPEUMYIIIECTBA M HEJOCTATKU Pa3IMUHbIX
noxxozoB. IIpuBeneHs! BBIBOIBI, MPENIOKEHA OLEHKa OyayIlero pa3BuTHs oOmacTH. B xone manpHeHIIMX HcclemoBaHMI
IUTAHAPYeTCS peann3aldsl CHCTEMbl ay[JHOBH3YaJIbHOTO pACIIO3HABAaHWS CIUTHOH pYCCKOH peuH ¢ HpUMEHEHHEM
COBPEMEHHBIX METOI0B 00BEANHEHHS MHOTOMOAAIBHOM HH(OPMaLUH.
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Abstract
The paper deals with analytical review, covering the latest achievements in the field of audio-visual (AV) fusion (integration)
of multimodal information. We discuss the main challenges and report on approaches to address them. One of the most
important tasks of the AV integration is to understand how the modalities interact and influence each other. The paper
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addresses this problem in the context of AV speech processing and speech recognition. In the first part of the review we set
out the basic principles of AV speech recognition and give the classification of audio and visual features of speech. Special
attention is paid to the systematization of the existing techniques and the AV data fusion methods. In the second part we
provide a consolidated list of tasks and applications that use the AV fusion based on carried out analysis of research area. We
also indicate used methods, techniques, audio and video features. We propose classification of the AV integration, and discuss
the advantages and disadvantages of different approaches. We draw conclusions and offer our assessment of the future in the
field of AV fusion. In the further research we plan to implement a system of audio-visual Russian continuous speech
recognition using advanced methods of multimodal fusion.
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BBenenue

Ha ceromusimHuii ieHb CyIIECTBYIOT MHOTOUUCIICHHbIE 00J1aCTH IPUMEHEHHs, TpeOyoLre 00beIMHEeHNs
MHOTOMOJIQJIbHBIX JaHHBIX. [IpMepamMu Takux oOjacTeil MOTYT CIyKUTh OMOMEIUIIMHCKHE NMPWIOKEHHs (MO-
HUTOPHHT HHTEHCUBHOH TEpayy U MEJULIMHCKAX N300paKeHNH ), TPAaHCIIOPTHBIE CHCTEMbI (YMHBIH aBTOMOOHIIb
U JIOPOXXHBIE CHUCTEMBI), MYJIBTHUMEIUHHBIA aHauu3 (ayJuoBU3yalbHas HAEHTH(UKALUS YeJOBeKa, MHOTOMO-
JabHOE B3auMOIeiicTBIE ¢ pOOOTOM M MHOTOMOJAJIEHBII BUAEOIIONCK).

MHoromozanpHOe 00BEJUHEHNE — 3TO CHHEPIETHUECKOE HCIIONB30BaHNE MH(OPMAIINH, TTOMYIEHHOH M3
Pa3HBIX MOAANBHOCTEH (KaHaJIOB B3amMopeicTBusI). TepMHH «MHOTOMOJANbHAS WHTErpanus/MHOTOMOIAIEHOE
O0BEMHEHNE)» MOXKET OTHOCUTHCS K JII000H CTaany Ipolecca HHTErpalyy, [Ae IPUCYTCTBYeT peanbHas KOMOHU-
HalMs Pa3yIMYHbIX UCTOYHMKOB HH(opManuu. OObeANHEHHEe NaHHBIX UMEET CMBICI, KOTa JAaHHBIC MPEeNOCTaB-
JSIOT M30BITOYHYIO W JOMOJIHUTENBHYI0 HHpopManuio [1]. 1o ymeHbmaeT oOIIyl0 HEOIPEAEIeHHOCTh U CIIO-
COOCTBYET IMOBBINICHUIO TOYHOCTH, C KOTOPOM NPU3HAKKA BOCIPUHUMAIOTCS cucTeMoil. V30bITounocTs nHdop-
Mallu TaKKE CIIYKHUT LCJIN MOBBIIICHUA HAACKHOCTU CUCTEMEBI B Cliy4aec OHJI/I6KI/I NIIn C60ﬂ B UCXOJHBIX CHUI'HA-
J1ax. IIOHOHHI/ITeﬂbHaﬂ I/IH(l)OpMaIJ,l/ISI U3 HECKOJIbKHUX MO[laHLHOCTeﬁ IMO3BOJISICT UCIIOJIL30BaTh IMPU3HAKHU, KOTO-
pBIe HEBO3MOXHO OTHO3HAYHO BOCIIPHHSATH, UMES JIMIIb HH(YOPMALIUIO OT KaXKJ0H MOJAIbHOCTH B OTAEJIBLHOCTH.
Taxoxe Onaronmapst mapajuiesibHOM 00paOOTKe NaHHBIX HECKOJIBKO MOIAJIbHOCTEH IPEeNOoCTaBIsIIOT Ooliee orepa-
TUBHYIO HH()OpPMALHIO.

AynnoBusyanbHbelli (AB) aHanm3 sBiseTcS 9acTHBIM CIlydyaeM MHOTOMOJAJIBHOTO aHali3a, B KOTOPOM
BXOIHBIMH JIJaHHBIMH SIBJISIFOTCSI TOJIBKO ayAno- M BUAeocurHaibsl. O0e MOAaIbHOCTH B3aMMOCBSI3aHbI U COZIEpIKaT
JOTOJHSIONIYIO ApyT Apyra nHdopMarmo. Harmpumep, BUAMMOCTS JIHIIa yaydlIaeT Bocnpusitue pedu. B padbore
[2] mpoBoAMINCH MCCIIENOBAHMA 110 U3YYEHHIO B3aMMOOTHOUICHUS apTHKYIALNOHHBIX IBHXECHHUH, PEUEBON aKy-
CTHKH ¥ (OPMBI peueBoro Tpakra [3], B KOTOPHIX OBLIO JO0Ka3aHO CYIICCTBOBAHHWE KOPPEIALUU MEXIY dTHMHU
napamerpamu. [lopoxkaeHre 1 BOCTIPUATHE PEUU YEIOBEKOM SIBIIsIETCSl OMMoAaibHBIM. OCOOEHHOCTH OUMOIaITh-
HOHW mHTerpaunu AB mH}opManuu npu BOCIPUSTHH pedr ObUIM MPOMUIIOCTPUPOBaHHI eie B 1970-e roasl mno-
cpenctBoM «addekra Mak-I'ypkay» [4]. DTOT 3BPEKT MOKHO JIETKO NPOAEMOHCTPUPOBATH IIPU ITOMOLIH BHJIEO-
psina ¢ onHo# (hoHeMOit (BH3eMOIi) M 3ByKOBOI JTOPOXKKOW C TPOM3HOIIEHHEM Jpyroi ¢poHembl. YacTo Bocmpu-
HiTass (pOHEMa SIBISIETCSl TPEThEH, CpemHeil Mexy 3TUMHU aAByMs (oHemamu. Hampumep, Ha BHIEO 3ammcaHbl
ciory /ra-ra/, Ha (hoHOrpamMmMe peur — /6a-6a/, a 0ObEMHEHHO MHOTHE JFOAN BOCIPUHUMAIOT CJIOTH /1a-1a/.

MuHHNMaNbHOW 0a30BOM €OMHUIIEH pedr, KOTopas MepenacT JIMHTBUCTHUECKYI0 HWH(OPMAIHIO, SBISETCS
(oHEeMa. AHATIOTHYHO, OCHOBHOH BH3YaJIbHO Pa3IMIMMON €IWHUIICH, HCcromb3yeMoii B AB 00paboTke peun u -
Teparype, MOCBSIIICHHON YeIOBEYECKOMY BOCTIPUSTHIO [5], sBisiercs: Bu3emMa. DOHEMBI OTpaskaroT Pe3yabTaT apTH-
KYJIAIIAH, B TO BpeMs KaK BH3EMBbI OTIPEIEIIIIOT MecTo apTUKy siun [6]. Kak npasmuio, AB anami3 peun oxBaTsIBa-
€T JIBa OCHOBHBIX dTana. Ha nepBoM 3Tane U3 Kakaold MOZAIbHOCTH U3BJIEKAIOTCS COOTBETCTBYOIIME MH(OpMa-
THBHBIE PU3HAKK. DTOT ILIAT MOJTHOCTHIO 3aBHCUT OT TUIIA UCIIOJIB3YEMBIX MOAAIBHOCTEH 1 OT 00IacTH IpUMEHe-
Hust. Ha BTopoMm aTame ocymiecTBIseTCs HHTErpalis HHGOpMAITiK, MOJyYeHHOH 0T pa3HbIX MOTAILHOCTEH.

CyU_leCTByeT MHO>XKECTBO npnnomeﬂnﬁ, B KOTOPBIX MPOU3BOAUTCA O6’be}1HHeHl/le ayaiuo U BUACO, TaKuUC
KaK pacrio3HaBanue peun [7-13], pacnosnaBanue nukropa [14—-16], 6uomerpudeckas Bepuduxanus [17-21],
oOHapyxeHHe coObIThs [22—25], ciexeHne 3a YeIOBEKOM Wil 00beKToM [26—31], JoKanu3amus u ClekeHUE 3a
AKTUBHBIM JUKTOpOM [32, 33], aHainu3 My3bIKaJIbHOTO KOHTEHTA, pAacliO3HaBaHUE AMOLIMN, BUIEOIOUCK, YeJIOBe-
KO-MalllMHHOE B3aWMOJIEiCTBIE, OOHApy>KEHUE TOJIOCOBOM AaKTHMBHOCTH M pPa3ZejeHHE MCTOYHHUKOB 3BYKOBOTO
curHana [34-36]. O4eBHIHO, YTO B HEKOTOPHIX MPUIOKEHHUAX UCTIONB3YIOTCS N300paKeHHS JIHII, 2 MHOTAA JTaXKe
JBIDKCHUS BCETO TeJa, a HE TOJIBKO JINMIA.

B macrosimieit pabote BBOASATCS OCHOBHBIE IMOHATHS U MPHBOAUTCS 0030p MOCIEAHUX PadOT 1Mo mpodie-
maruke AB mHTerpanun peun. IlpenctaBieHsl HEKOTOPBIE U3 3a/1a4, BO3HUKAIOIINX [P 00bEIUHEHHH JBYX MO-
nmanpHOCTel. CpaBHMBAIOTCS pasiHYHBIE CHOCOOBI pemIeHUs] TaKuX MpoOaeM, MpeaiaraloTcsl MepCHeKTHBH Oy-
JYIIEro pa3BUTHsI JAHHOTO HAIpPAaBIICHUS MCCIe0BaHUN. PaccMaTpiBaroTCs MOCIEAHNE JOCTHKEHUS M IOAXObI
B 3TOM obnactu.
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ba3oBble NPpUHIMIIBI AY/ITHOBU3YAJIbHOI0 PACIIO3HABAHUA peYH

BaxxapiM BompocoM Ipu npoekTupoBaHud AB cucteMm pacro3HaBaHUS SBJSETCA TO, KaK MPaBUIBHO WH-
TErpyupoOBaTh 3HAHUS U3 PA3IMYHBIX MOAAIBHOCTEH (B HAIlleM CiIydae ayAuo M BUJIEO), YTOObI COXPAHUTh HEOO-
XOIMMYI0 MH(OPMAIMIO OT KaXJOH MOIAJIbHOCTH, HO NPH 3TOM M30aBUTHCSA OT HeNocTaTkoB obemx. OOmas

cTpykTypa AB crucTeMsl pacnio3HaBaHUs pedd IpUBEIEHA Ha puc. 1.
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TOJIBKO ITO BUACO

Puc. 1. ObLwwas cTpykTypa ayamoBM3yanbHON CUCTEMbI pacro3HaBaHWS peyn

ITpu npoexTrpoBanuu AB cuctembl pacrio3HaBaHUS! BO3HUKAIOT CIIEAYOLIE IPOOIEMBI.

D¢ heKTHBHOCTh KaXI0W MONAIBHOCTH HE SIBJISICTCS OAMHAKOBOW B Pa3sIMUHBIX YCIOBHAX. B HEKOTOpBIX
ClTy4yasix CHCTEeMa JI0JDKHA OOJbIIe MOoJaraTthCs Ha ayIuoMH(OpManuio, HalmpuMep, B TEMHOM ITOMEIIEHHH,
TOT/Ia KaK B JIPYTHX yCIOBHAX HEOOXOAMMO OOJIBIIE MONAaraThCs Ha BUIEO, HAIPUMED, B aKyCTHIECKH IITyM-
HOM OKPY’KEHHH. J[pyruMH ClI0oBaMH, CUCTEMa JOJDKHA OBITh alallTUBHOM K KauyecTBY, HAJEKHOCTH M JOCTO-
BEPHOCTH MozainbHOCTeH. OO MOAX0 K JOCTHKEHHUIO 9TOH LIENH 3aKI0YacTCs B pACCMOTPEHHU BECOB
JUISL KaXJIOW MOJAJIbHOCTH BO BpeMs oObeOWHEHMs MHpOpManuu. B3BemmBaHue MOKET OBITh BBIIOIHEHO
IyTEM HOCTOSIHHOIO JWHAMHYECKOTO PETYIMPOBAHUSI BECOB MOAAIBHOCTEH B COOTBETCTBUHU C Kau€CTBOM
TECTOBBIX JaHHbBIX [37, 38] mim myTeM pacdyera HEKOTOPBIX ITOCTOSIHHBIX BECOB Ha OCHOBE O0Y4alOIIUX JaH-
HBIX [39]. B Tex ciyuasx, koraa B 00y4arolluX W TECTOBBIX AaHHBIX Ka4€CTBO MOJAILHOCTEH peun oTinya-
eTcsl, He0OOXOJMMO UCIIOJIb30BaTh JMHAMUYECKOEe B3BeIBaHue. [IpobiieMa OlEeHKH COOTBETCTBYIOIUX BECOB
JUISL pa3lInYHBIX YCIOBUI OCTAaeTCsl HEPELUIEHHOM, XOT4 Psi UccaenoBareneil yaensn el BauManue [40].
PabGora ¢ HECKOJIBKUMH MOJAJIbHOCTSIMH Pa3HBIX THIIOB MOXKET CTaTh MPUYMHOM NMpoOJIeM pacCHHXPOHU3A-
un nHpopmaruy. CyIiecTByeT JBa OCHOBHBIX THIIA aCHHXPOHHOCTH B AB murterpauuu. Ilepsbiii Tnn Bo3-
HHUKaeT 0Jarogapst aCHHXPOHHOCTH ayAHo- U BUICONOTOKOB. HanpuMep, BU3yallbHbIE M 3BYKOBBIE ITPU3HAKH
peun He 0053aTENbHO OXBATHIBAIOT MMEHHO OJIMH M TOT JK€ MIPOMEXYTOK BPEMEHHU. B pe3ynbraTe BO3HHKAeT
€CTECTBEHHAsl aCHHXPOHHOCTh MEXKY PEUbl0 U BU3YaJlbHBIMU JaHHBIMH. B AB pacniozHaBanum 3Ty mpoGuie-
MYy OTHOCST K COXpaHSIOLICWCS M MpexaeBpeMeHHo# koaprtukyisiun (Preservatory and anticipatory
coarticulation) [41]. Ipyro#i Tvn acHHXPOHHOCTH CBSI3aH C pa3HUIEH MEXKAY CKOPOCThIO CUMTHIBAHHS U Bpe-
MeHeM 00paboTKM pa3UuHBIX MojainbHOCTe. Kpome Toro, o0beM NaHHBIX, KOTOpPBIA TpeOyeTrcs Jjs Bbl-
TIOJTHEHHMS OTIPEZIeJICHHOM 3a/lauy, 3aBUCHT OT KOHKPETHOro MpuiokeHusi. Hampumep, 3ToT 00beM TaHHBIX
Oynet Oosbllie TIpH pelieHnH 3a1aun AB oOHapyxeHHs: coOBITHI 1O cpaBHeHHUIO ¢ AB pacrnioznaBanuem pe-
4y, YCTpaHEHHE PACCHHXPOHM3ALMN MOJAIBHOCTEH SIBISIETCSl OJHON M3 Ba)KHEHIIMX MPOOJIEM B peanbHBIX
MPUIOKEHUSAX.

Ha ceropnsmnmii 1eHs JOCTYNHBI Oosblire 00beMbl AB pedeBbIX JaHHBIX, HO, B OCHOBHOM, OHH HE pa3Me-
YeHBI U HE CETMEHTHPOBAHBI 110 BpeMeHH. [Iporiecc pa3MeTKn JaHHBIX TPeOyeT YETOBEUECKHX PECYPCOB, YTO
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OTHHUMAaeT MHOTO BPEMEHHU M CPEICTB. AKTyaJbHO MMETh METOJ MHTETPALUH, KOTOPHII CIIOCOOCH M3BJIEYb
MOJIBb3Y M3 OOJIBIIOrO KOJIMYECTBA HEPa3MEUCHHBIX JAHHBIX. VCcronb30BaHME HEPAa3MEUEHHBIX NAHHBIX HE
paccMmaTpuBaercs B 60bIIMHCTBE 00BIYHBIX AB MeTonoB. OmHako HegaBHUE HccleaoBanus [7, 8] mpoBoIu-
JIUCH CO cLeHapusAMHU 00paboTkn AB maHHBIX 6e3 y4HTeNs U ¢ YaCTHYHBIM OOy4YeHHEM C yuuTeseM. B menom
OHM paccMaTpHUBAIM IMPOOJIEMYy MHOIOMOJAILHON 0Opa0OTKM Kak NpoOJieMy MHOTOBHJIIOBOTO OOYYEHHs
(Multiview learning). IIpeanaranuch HOBbIE METOJbI OOYYCHHUS IS PEHICHUS 3a/la4 OTCYTCTBYIOIICH pas-
METKH, 3allyMJICHHOW MOJAIBHOCTH U MCIIOJIb30BaHMS YaCTUYHOTO 00yueHus. B [42] moapoOHO ocBenaercs
nporecc co3naHus 0a3bl JaHHBIX YKPAWHCKOT'O JKECTOBOTO SI3bIKA U IOJYYEHHS XapaKTEPHUCTHK >KECTOBOM
PeuH C LENbIO BBIACIEHHS CTPYKTYPHI U CBA3EH MEX Iy MaHyaJIbHBIMH ¥ PEYEBBIMA KOMIIOHEHTAMHU.

BakHpIM 1m1arom nepesa MHTErpanueld MHGOpPMaIMK ABISICTCS NpaBUiIbHOE U 3()(EKTHBHOE TpeJCTaBIIe-
HHE MOJANbHOCTEH (ayauo- W BHICOCHTHAJIOB) B NPOCTPAHCTBE MPU3HAKOB. [IJI1 ayAMOCHTHAJIOB IIHUPOKO HC-
MOJIB3YIOTCST MEJI-4acTOTHBIE KeTicTpalbHble kodhdummentsl (Mel Frequency Cepstral Coefficient, MFCC), ko-
s ¢unments! muHeiiHOr0 npenckasanus (Linear Prediction Coefficients, LPC), amocrepropHbie nmpu3Haku (ho-
HEM, MIPOCOINYECKUE MPU3HAKU U T.A. C Ipyroil CTOPOHBI, CIIOXKHON 3a/1adeil ABIAETCSI BOSMOXKHOCTh BBIYHCIIC-
HHSI COOTBETCTBYIOIINX BU3yalbHBIX MPU3HAKOB U3 BUACOCUTHAIOB [43]. st M3BICUEHUS K€ BU3YalIbHBIX MIPU-
3HAKOB UCIIOJIb3YIOTCS [TOAXO0/IbI, KOTOPBIE MOTYT OBITH MOZIEJIEHBI Ha YeThIpe IPYIIbL: HA OCHOBE N300paKeHHs,
JIBIDKEHMSI, TEOMETPHH JIUIA U Mojienei [44].

B kayecTBe BU3yaJbHBIX IIPU3HAKOB, OIMCHIBAIOUIMX MapaMeTpsl Try0 AMKTOpa (BU3EM), MOTYT
UCIIOJIb30BAThCS JBE PA3INYHBIE CHCTEMBI:

1. mUKcenbHBIE BU3yalbHbIE IPU3HAKH, HCIIOJB3YIOIIME KOMIIAKTHOE ONMcaHue rpaduueckol obsactu Tyo0,
HarpuMep, aHaym3 TIaBHBIX KomroHeHT (Principal Component Analysis, PCA) BusyanbsHo# o0nacTu ry0 e-
JIOBEKa C IPOrpaMMHBIM 00HapYKEHHEM 00JIacTH HHTEpeca Ha N300pakeHUSIX C BUICOKaMephI;

2. TeoOMETpUYEcKHE BH3yabHbIE IPU3HAKH, UCIOIb3YIOIINE aHAN3 IIBETOBOH nuddhepeHnmnanny n300paxeHus
W ONMCHIBAIOIINE T€OMETPUIECKYI0 (hopMy TyO dUesoBeka: MMpUHA PTa, TOJIIMHA BEpPXHEH M HIDKHEH TYO,
BUANMOCTb 5I3bIKa M 3y0OB.

B GospIIMHCTBE CiTyyaeB MOCIE U3BJICUCHUS BU3YaIbHBIX TPU3HAKOB MPUMEHSIOTCS METObI OHKCHUS
pa3MepHOCTH MIPOCTPAHCTBA MPU3HAKOB. [l 3aXxBaTra BpeMEHHOH JUHAMHKH B ayluO- U BHICOMNOTOKAX M3 HO-
BBIX MPU3HAKOB OEpyTCsl MPOU3BOJHBIC IIEPBOTO M BTOPOIO MOpsiAKa. B crity TOro, 4To TEMITbI ayHo- U BUIIEO-
MIOTOKOB pa3jinyaroTcs, TpeOyeTcst 3Tan MHTEPIOJSLNH, YTOOBI PEICTaBUTh UX C OMHAKOBOI CKOPOCTBIO. XOTS
B OOJIBIIMHCTBE Cily4aeB MH(OpPMaLUs O MOAAIBHOCTIX OOBEAMHSIETCS TOJIBKO IOCIE M3BJICYCHUS PH3HAKOB,
MOXKHO PAaCCMOTPETh 3Ty HH(POPMALIMIO BO BpEMs U3BJICUCHUS TPU3HAKOB.

B paborax [45—48] Gosnee noxpoOHO omMcaHbl MOAXOB! K U3BIEUEHHUIO BU3yaIbHBIX TPU3HAKOB, HCIIOJb-
3yeMBIX B 3a[a4ax ONpEIeNIeHNs] KOHTYpa I'yd TOBOPSILIEro, CTPYKTYPHO-BH3EMHOI'O aHAIN3a PYCCKOH pedn M Ip.
B myOmukammsax [49, 50] Taxke paccMaTpUBAIOTCS METONBI W3BJICUCHUS BU3YAIBHBIX NPU3HAKOB B KOHTEKCTE
3aJa4y paclio3HaBaHUS PEUH IO TyOam.

Crnoco0b1 00beINHEHNS Ay AHOBH3YATbHOI HH(pOPMALUU

OObeauHeHNEe MOJAIBHOCTEH MOXKET BBINIOJHATHCS Ha HECKOJIBKUX PA3IMYHBIX YpoBHsX. OObennHEeHuE
Ha YpOBHE BEKTOPOB IPU3HAKOB JeJaeTcs A0 Hadaja Mporecca MOACIHPOBAHUS IyTeM 00bEeIIHEHUS TIPU3HAKOB
U3 BCEX MOAAJBLHOCTEH. DTOT crmocod Ha3piBaeTCs paHHel uHTerpanueii. C qpyroif CTOPOHBI, BO3MOXKEH CIIO0Cc00
00beIHEHUS MOIATIFHOCTEH Ha ypOBHE MPHUHATHUS PEIIeHni. B maHHOM cirydae MopenrpoBaHUe KaKIOTro KaHa-
JIa BBIMOJHSIETCS Pa3desIbHO, a 3aTeM BBIXOABI WM PELICHUS MOZENCH MHTETPUPYIOTCS IS NPUHATHA OKOHYA-
TenpHOTO pemreHus [51]. OToT cmocod n3BecTeH Kak mo3mHsAsA mHTerpanusi. Kpome Toro, cymecTByeT U Apyrou
croco0, KOTOPBI HAXOMUTCS MEXIY paHHEH M MO3JHEW MHTErpannell W Ha3bIBaeTCA IMPOMEKYTOUHOW MHTETpa-
1uel (B HEKOTOPBIX UCTOYHUKAX €T0 OTHOCAT K paHHeW MHTerpaiuu). Takke MOXKHO KOMILJIEKCUPOBATh JBa CIIO-
coba MHTETpalny, BBIMONHSAS 00beANHCHHE OJHOBPEMEHHO Ha JBYX YPOBHSX, YTO HA3bIBAIOT TMOPUIHBIM IIOJ-
xomoM [52]. Jasiee 3Tu criocoObl OmUcanbl 0ojiee MOAPOOHO C AaHAIM30M UX IIPEUMYIIECTB U HETIOCTATKOR.

Pannsis maTerpamms. VMinmoctpanus cnocoba paHHel MHTerpaunuy IpHBeJeHa Ha puc. 2. BHavane u3
JIBYX MOJIQJILHOCTEH M3BJICKAIOTCSI BEKTOPHI MHGOPMATUBHBIX MPU3HAKOB C TIOCIIEIYIONINM 00bEANHEHUEM TTPHU-
3HAKOB B OJIMH OOLIMH BEKTOp. DTOT IIPOLIECC Ha3bIBAETCsl MHTErpanueld npusHakoB. Hampumep, o0beanHeHne
(KOHKaTeHalHs1) BXOJHBIX BEKTOPOB MPU3HAKOB B OJWH BEKTOP SBISCTCA OJHUM M3 MPOCTEHIINX CIIOCOOOB HMH-
Terparyy MPU3HAKOB. 3aT€M HHTETPalbHBIE BEKTOPHI MPU3HAKOB MOIAIOTCS HA BXOI METOJa MOICITHUPOBAHHS
pedn, KOTOphIil (hopMHUpYET pelIeHne 0 THIIOTe3€ paclno3HaBaHus. B cmocobe paHHEH MHTErpariy KOPpessIus
MEXy MOJAIbHOCTAMHU OOHApPYKMBAeTCA HA yPOBHE IIPU3HAKOB, OJaromaps yemMy TpeOyeTcsl TONBKO OJIUH TpO-
[[ECC MOJEIUPOBAHM. DTO MPUBOJUT K CHIDKECHHIO CIOKHOCTU Pean3alliyl M0 CPaBHEHHIO C APYTHMHU OIXO-
JlaMHU, KOTOPbIe HYXJIAIOTCS B OOJIBIIEM KOJIMYECTBE MPOLIECCOB MoaenupoBaHus [53]. OnHaKo BEKTOPHI MpH-
3HAKOB JIOJDKHBI OBITH ITPEOOPa30BaHbl M MACHITAOMPOBAHBI JIJIsl TOrO, YTOOBI COXPAHUTH KOPPEISIHIO B MPO-
CTpaHCTBe Npu3HaKoB. Eiie ogHOIT poOiieMoii siBisieTcs: pa3Mep MHTErPAIbHOTO BEKTOpa IMPU3HAKOB, KOTOPBIH
MOXET IIPUBECTH K PabOTe B MPOCTPAHCTBE MPU3HAKOB BBICOKOW Pa3MEPHOCTH. DTO MOXKET 3aTPYIHUTH MPOLIECC
MOJICTIMPOBAHMS M YMEHBIIUTh MacIITa0MPyeMOCTh CHCTEMBI. J{iis perneHus 3Toil nmpobiaeMbl MOTYT OBITH HC-
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MOJIb30BAHEI TAKWE METO/BI, TAaKME KaK aHau3 TiIaBHBIX KoMrnoHeHT (Principal Components Analysis, PCA) nmm
JTUHEHHBIN qucKpuMHHAHTHBIN aHanmu3 (Linear Discriminant Analysis, LDA). Kpome Toro, u3-3a pa3Hoi cKopo-
CTU CUUTBHIBAHUS M BpeMEHHM 0OpabOTKM MOKET BOSHHUKHYTh ACHHXPOHHOCTb MEXKIY MOJAIBHOCTSIMH. Taroke
HaJl0 YYUTHIBATh TOT (haKT, YTO BEKTOPHI IPU3HAKOB, 00BbEANHEHHBIE BMECTE, OJDKHBI HMETh OJIMHAKOBYIO JIH-
TCJIBHOCTDH IO BPEMEHU (OHI/ICbIBaTI) CEIMCHTHI CUT'HAJIOB O)lPIHaKOBOﬁ IlJ'II/IH])l). Crour OTMETUTD, YTO, HECMOTPA
Ha TO, YTO WHTErpauus NMPHU3HAKOB SIBJISETCS Haubojee paclpoCTPaHEHHBIM CIIOCOOOM paHHEW HHTErpaluu,
HHOrga ogHa MOJaJIbHOCTb MOJXKET HCIIOJb30BaThCs AJIA onpeﬂeneHHof/i WHUIIMAJIW3aluyl UK IIOAIOTOBKH CHUC-
TEMBI, & OCTaJIbHAasl YacTh 3aJja4ll BHINOJHSETCS C UCIOIb30BaHNEeM Jpyroii MonansHocTu. Hanpumep, B [54] st
3aJaull BU3YAJIbHOTO CIISKCHHUS 32 HECKOJBKUMH JUKTOPaMH 3BYKOBas MOJAIBHOCTH HCIIOJIB30BAJIaCh TOJIBKO
JUISl THULMAJIM3alU CUCTEMBI, OJ1arofapst 4eMy OrpaHMYHMBAJIOCH ITPOCTPAHCTBO TOMCKA BU3YaJbHOTO JETEKTO-
pa JIUL, a BIIOCJICACTBUH B CUCTEME HCIIOIB30BAIACh TOJIBKO BU3yallbHash MOJAJIbHOCTB.

Aynuocursan Buneocurnan
W3BneueHue W3Bneyenue
MIPHU3HAKOB MIPU3HAKOB
AynuonpusHaku Buneonpusnaku
Hurerpanus
MIPU3HAKOB
ITpusnaku
v
IIpouecc
MOJIEJIUPOBAHHS
l Pemenue

Puc. 2. Cnocob paHHel nHTerpauumn ayamo- n BugeonHgopmaumm

IIpomexyTounas maTerpanusi. Crioco0bl NPOMEXYTOYHOM MHTErpaluy OJIM3KU K paHHEH MHTETpalyy.
C NOMOIIIBIO 3THX MOJIXOA0B ayJHO- M BUJICONIPU3HAKY PEUU IPEIOCTABIAIOTCS OJHOMY IIpOIieccy MOAETHpPOBa-
HHs1. OCHOBHBIM OTJIMYMEM 3TOTO CIIoco0a SBISETCS TO, YTO MPOLIECC MOJISIMPOBAaHUS CIIEUAILHO pa3paboTaH
JuIsl 00pabOTKM HECKOJIBKHX KaHanoB. OH MOJEIHMPYET KaKAYI0 MOAAIBHOCTD pa3/ieIbHO C YUYETOM B3aHMOJIeH-
cTBU MexXy HUMU. 1o cpaBHEHUIO ¢ paHHEN MHTErpanueil, KoTopas He AelaeT pa3Iuyui Mexay MpHU3HaKaMu
OT Pa3HBIX MOJAIBHOCTEH, IPOMEKYTOUHbIE MOAXOIb! YIUTHIBAIOT PA3HUIy MEKAY HHMH, YTO MO3BOJSIET UM
00pabaThIBaTh HEKOTOPYIO CTENICHb ACHHXPOHHOCTH MEXIY MOJAIbHOCTSIMH, a TaK)KE PAcCMaTPUBATh Beca IS
HUX B Pa3MUYHbIX CUTyarusx. OCHOBHOW TPYAHOCTBIO NPOMEXYTOUHON MHTETpalny SBISIETCS OTPaHUUYCHUE B
BBIOOPE METOI0B MOJEIMPOBAHNUS, IOTOMY YTO OHM JIOJIKHBI OBITH Pa3padOTaHbl CHENHATBHO JUI IPOMEXYTOU-
HOT'O MHTETPAllMOHHOTO MPOIIecca.

Io3nusist uarerpanusi. [Ipu Takom crioco6e OTAEIbHBINA IPOLECC MOACTUPOBAHUS IPUHUMAET [TPU3HAKH
OJIHOI‘/II MOJAJIBHOCTH B Ka4Y€CTBC BXOAHBLIX NAHHBIX U (bOpMI/IpyeT BbIXO/JHOC PCUHICHUC (FI/IHOTeSy pacrno3HaBa-
HUS). 3aTeM pelIeHHs UHTErPUPYIOTCS, U (pUHAIBHOE PElICHHE O THUIIOTe3e Paclo3HaBaHMs NPHHUMAaETCs OJI0-
KOM MHTerpanuu pemenni. Hanbosee mpocTeiMu MeTOJaMu, UCTIONB3YEMBIMH HA 3TOM 3Tarle, SBISIOTCS B3Be-
IIMBaHKWE, CYMMHUPOBAHUE U TOJIocoBaHUE. Takke MOTYT OBITH HCHOJIB30BaHbl 00Jiee MPOABUHYTHIE AITOPUTMEI
MAaIIMHHOTO O00y4YeHHMs, TaKMe KaK aJanTHBHOE ycuieHue kiaccuduratopoB (Adaptive Boosting, AdaBoost) u
Ip. B o0mem Buze mporecc mo3aHe HHTETrpaliy IpeICTaBIeH Ha puc. 3.

B nozaaem criocobe MHTErpanyy BBIXOABI MPOLIECCOB MOASIUPOBAHMS UMEIOT CXOJHBIE MPEICTABICHUS
THITOTE3 PaclO3HABaHUs, M OOBEIMHNTH UX JIErde, 9eM OOBEIMHNTD BEKTOpAa NPU3HAKOB, KaK 3TO JENAETCs MpU
panHel uHTerpanuu. Kpome toro, 06paborare aCHHXpPOHHOCTh MOJAJIBHOCTEH JIerue Ha YpOBHE MPHHATHS Pe-
mennii. Takast cuctema siBisieTcsl Oonee MacmTabupyeMoi MO0 YHCITy MONATBHOCTEH MO CPaBHEHHIO CO CIIOCO-
6oM paHHEl mHTerpauuu. Eme onHO MpenMyIecTBO 3TOT0 MOAX0Aa COCTOUT B TOM, YTO Ul KaXJIOW KOHKPET-
HOW MOJAJbHOCTH MOTYT OBITh MOMOOPaHBI COOTBETCTBYIOIIME MeTOAbl 00paborku. Hanpumep, B 3amaue AB
pacro3HaBaHUs PeYM METOJ OMOPHBIX BeKTOpoB (Support Vector Machines, SVM) ucnonb3yercs Kak mporece
MOJIETUPOBAHNUS BU3YyaJIbHBIX IIPU3HAKOB, B TO BpPEeMS KaK CKpbITbie MapKoBckue Mozaenu (CMM) ucnomns3yorces
JUISl pe4eBBIX CUTHAJIOB. OCHOBHBIM HEIOCTATKOM CIIOCO0a MO3HEH MHTETrpaliy SBISETCS TO, YTO HEBO3MOXHO
U3BJIE€Yb HEMOCPEICTBEHHYIO BBITOJY U3 KOPPENLUN MOJAIBHOCTEN Ha ypoBHE Ipu3HakoB. Kpome Toro, u3-3a
HEOOXOIMMOCTH Da3AeIbHOTO MOJEIMPOBAHUS KaXKJOW MOJAJIbHOCTH IIO3MIHSS MHTErpauus sBiseTcs Oolee
CJIOKHOM B peajln3alliy 0 CPAaBHEHUIO C pAHHEH UHTErpaLuei.

Kak yxe roBopmsioch BBIIIE, KaXKAbIH THI HHTETPALMM MMEET CBOM IUIIOCHI M MHMHYCBI. Hexotopsle
PaboThI MpemIararoT oObeOUHATE 3TH MOAXOABI M MOJXYYUTh BBITOAY M3 IpeumylecTB oboux. Takoil momxon
00OBIYHO Ha3BIBAIOT THOpHIHON MHTerpamueil. [Ipu 3ToM HCHoNb3yeTcs KOMIUIEKCHPOBAHHE METOAOB paHHEH,
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MPOMEXYTOYHON U MO3MHEH WHTErpanuu. 3areM AJsl MONYyYSHUS] OKOHYATEIbHOTO pe3yJbTarta Pacro3HaBaHUsI
UCIIONIb3YIOTCSL pEIleHns] 00eMX CHCTEeM B COYETaHMM C OJIOKOM HHTerpauuu peuieHuid. Takum o0pasom,
OJIHOBPEMEHHO MOXXHO KCIIOJIb30BaTh NPEMMYIIECTBA KaK pPaHHEW, TaKk M MO3JHEH MHTerpauud. Bo3moxHbIe
MOJX0bl K AB MHTErpanmuu pedeBbIX MOJAIBHOCTEN KiTaccu(pUIIMPOBAHBI HAa pUC. 4.

Aynuocurnan Bupeocurunan
W3Bneuenue H3Bneuenue
MIPU3HAKOB MIPU3HAKOB
Ayauonpu3HaKu l l Buneonpusnaku
IIponecc IIpouecc
MOJICTUPOBAHUS MOJICITUPOBAHUS
Pemenne Permienne
N Hurerpanus
pelieHui
l Pemenne

Puc. 3. Cnocob nosaHei nHTerpauum ayamo- u BuaeouHdopmMaumum

[ Pa3HoBUIHOCTH MHTETpALIIN ]

y

[ Pannss ] [ HpOMC)KyTOHHaﬂ] [ To3musist ]

I'ubpunnas

I'ubpunnas

Puc. 4. Knaccudmkauma noaxonoB K ayamoBuayaribHOW MHTerpaLmm peveBbiX MOAanbHOCTEN
Mertoabl ayinoBH3yaabHOro 00beuHeHUus: HH(popMauuu

CymiecTByeT psii METOAOB, KOTOpbIe OBIIM HMCIIOIB30BAHBI ISl PEAIM3allK 3TAllOB MOJEIMPOBAHUS U
oO0benmHenust B AB 00paboTke, Taknx Kak METOJ OIOPHBIX BEKTOPOB, rpaduyeckue MoaeiH, (HanpuMep, Oaiie-
coBckue cetH oBepusi 1 CMM), HCKyCCTBEHHBIE HEHPOHHBIE CETH U AJITOPUTMBI OLIEHKH (Harpumep, QUibTpa-
s Kanmana). Kak mpasuiio, 3Tn MeToas! MOAEIMPOBAHUS NMPUMEHHUMBI K pa3iniHbIM 4acTsiM AB cucremsr
pacrno3HaBaHUs. PaccMOTpUM HEKOTOPBIE METOABI OoJiee MOAPOOHO.

Merton omopHBIX BekTopoB (SVM) mpexacraBuseT co0oi MOMYJISPHBI METOJ MOICIHUPOBAHMUS, IITHPOKO
UCIIONB3YEeMBIH IIPU PELIeHHH MHOTHX 3ajad xiaccudukaimuu. B GonpmmucTBe AB padort, ncrnonb3oBaBIIMX
SVM, oHM NIPUMEHSUTHCH I HE3aBUCHUMOTO MOJIEITMPOBAHMS OHOM MONANBHOCTH. TeM He MeHee, CYIIEeCTBYIOT
UCCJe0BaHus, 0COOEHHO C UCIOJIb30BAaHUEM METO/IOB MO3/HEH MHTErpauuu, ucnonesyoume SVM B kauecTse
MeToZia OObEIUHEHHS W MHTETPallMy pElleHUH, MOJIyYeHHBIX OT APYI'MX KOMIIOHEHTOB cucteMbl. Hampumep,
B [34] Obun mpoBeneHb! uccienoBaHus o AB oOHapy>KeHHUIO OIpeAeeHHbIX coObITHI Ha BHeo. [Ipu aTom
HEKOTOpHIE ayJ10-, BU3yalIbHbIE M TEKCTOBBIE JIaHHBIE MOJIEIMPOBAIIUCH Pa3leNIbHO, a 3aTeM MM JIaBaJHCh COOT-
BETCTBYIOIIME OLICHKHU. [loJyueHHbIE OLIEHKH 3aTeM OOBEAWHSUINCH Uil (POPMHUPOBAHMS BEKTOpa IPH3HAKOB,
KOTOpBIH nozraercst B SVM ¢ nenblo 0OHapy>KeHHs! CEeMaHTH4eCKOro KoHuenTa. [TonoOHas uuest Mcronb3yercs u
B APYTUX NPUIOKEHUAX, TAKUX KaK OMOMeTpHuecKas MACHTU(UKALMS JIUIHOCTH, Ul OOBEIUHEHHS PE3ybTa-
TOB, MOJTYYEHHBIX OT Pa3INYHBIX KOMIOHEHTOB CHCTEMBI (Pacrio3HaBaHMS JIML, BEpPUPHKAIMH TUKTOPA, MOLYISI
OIIEHKHA CHHXPOHHOCTH/KOPPEIALNHU) C MOCIEIYIOIMNM HCIOoNb30BaHneM SVM B KadecTBe OJIOKAa MHTETpAIHd
pelIeHui.

Eme onua momynsipHeIid MeTox — auHammuueckue GaitecoBckue cetu (JIBC). baiiecoBckue cetn — 310 Be-
POSITHOCTHBIE I'paduuecKre MOJEIH, KOTOPBIE IIPEACTABISIOT cO00H HA0Op CIIydailHBIX BEJIMYMH C X YCIOBHBI-
MU 3aBucuMocTsamu. ['padudeckoe mpencrapiicHre 0alieCOBCKON CETH BBIMOIHSICTCS C MOMOIIBIO AITMKINICCKIX
OPHEHTHPOBAHHBIX Ipad)oB, B KOTOPHIX BEPLIMHBI MTPEACTABISIOT COOOH MEpeMEHHbIE, a YCIOBHAs 3aBUCUMOCTD
MEXIy AByMsI IEpEMEHHBIMH IMpECTaBIeHa peOpoM MeXIy COOTBETCTBYIOmMMH BepmuHaMu [55]. IBC saBng-
ercs 6alleCOBCKOH CEThI0, KOTOpasi MOJEIHMPYET IIOCIIEI0BaTENbHOCTh HabmoneHnid. VX BapHaHTBI IIMPOKO HC-
none3ytorcest B AB cucremax, 0cOOEHHO Tam, I7le pacCMaTpUBAaeTCsl BpEMEHHAs MOCIEA0BaTeIbHOCTD, T.€. TPH
00paboTke peun u BuAcoaHanmse. Apxutekrypa JbC, mpuMeHseMbIX I ayAHOBHU3YalbHOTO PACIO3HABAHUS
peun [11], mpuBenena ua puc. 5. HefipoHHas ceTs NmepBOHAYAIBHO MpenodydacTcst 0e3 YIuTels, Mocie 9ero Ha-
CTpamMBaeTcsl Ha MPEJICKa3aHUe BEPOSITHOCTEH KiaccoB (puc. 5, a). I[Ipu3Haku, U3BICUCHHBIE U3 CIIOS «OOTIIHEKY,
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nonyuyrian HazBaHue DBNF (cokp. oT aHm. mpusHaku «OOTIHEK» ITyOOKo# HelipoHHO# cetn, Deep bottleneck
features) (puc. 5, 0).

I'my6okue JIBC Opimm mprMeHeHBI B pabote [56], Tme ommchIBaeTcsl MeToA OOy4YeHHs MPOCTPAHCTBEHHO-
BPEMEHHBIX MIPU3HAKOB 0€3 yUuTeIs VIS ayIro- U BUICOAAaHHbIX, a TAK)Ke METO 00yUeHHS MX COBMECTHOTO MPEA-
craBlieHUs. B 9TOM ciyuae Clio)KHasi CTpyKTypa cOOMpaeTcst U3 COCTaBHBIX KOMIIOHEHTOB Pa3iIMYHOW CIIOXKHOCTH
Ha pa3HbIX YPOBHAX a6CTpa1<u1/u/1, IpH 5TOM BBIXO/ MPEAbIAYHICTO CJI0A MPEAOCTABIACT BXOAHBIC TaHHBIC TCKYIC-
My clI010. BBIX0z KaxII0ro ciiosi 0OBEAMHSIET BXOJBI MOCPEACTBOM MPOCTPAHCTBEHHBIX M BPEMEHHBIX cBsizei. Ha-
YMHas OT IEPBOIO CJIOS, BXOIBI KOTOPOTO BKIIOYAIOT B Ce0sl CEHCOpHBIE JaHHBIC/TIPU3HAKU (HAIpuUMep, ay-
JIM0/aKyCTUYECKHE TPU3HAKH, M300pa’keHHE/TPU3HAKH HM300paKeHUsT), COCTABHBIE KOMITIOHEHTHI Ka)K/IOTO CIIOS
CTaHOBSITCSI BCe 00jIee CIIOKHBIMH K BBIXOJAHOMY CJIOIO, KOTOPBIM B UTOTE IPEICTABIIET COOON CIIOXKHBIC MOJICIH
o0pazoB. B pabote [56] Ha BXOI MEpBOTO CIIOS TIOCTYIAIH HEOOpPaOOTaHHBIE NAaHHBIC, BKITIOUAs ay[Ho- U BHICO-
JaHHBIE. BTOPOIi CITOM SABISUICS CKPBITHIM U TPEACTABIISIT TPH3HAKY, W3BJICUCHHBIC OTIEIBFHO U3 aylIno- U BHUIIEO-
MopainbHOCTeH. TpeTunii croit cocTosT U3 OOMIMX MPU3HAKOB, OOYYEHHBIX M3 aylHo- U BUACONPU3HAKOB. Bee mpu-
3HaKH BO BTOPOM M TPEThEM CJIOSX ObLIM 00y4eHbI ITyTeM NMPUMEHEeHUs Merosa oOyueHus O6e3 yuurtens. B urore
BBIXOJHOI CJIOW MPeCTaBIsAET CO00I HEKHIA MaCCHB METOK, CBS3BIBAIOIINI Y3IIbI B CJI0€ OOIINX MPU3HAKOB.

Croii knaccupukamuu

1 DBNF
Bnyrpennuii cioi
K

Crolt «00TIHEKY Croii «0OTIHEKY
Buyrpennuii cnoi BuyTtpennuii cinoi
Bnyrpennuii cioi BuyTpennuii croi

Buytpennnii cioi Buytpennnii cnoi
K y
BxongHoii cnoit BxonHoii cnoit
a 6

Puc. 5. ApxutekTypbl AMHaMn4ecknx 6anecoBCKNX ceTen: Moaenb knaccudukauum (a); n3snedeHune rmybokux
npu3sHakoB (0)

B pabote [57] npemokeH MoAX0/ MOJEIMPOBAHNS Ha OCHOBE JBYXciioiiHOH JIBC, KoTopblit ncnonbs3yer-
csl B MPHJIOKEHUAX BUCOAHATN3A IS PEIICHUS CICAYIONIeH 3aaur: ONPEACIUTh, K KAKOMY YEIOBEKY OTHOCST-
Csl COOTBETCTBYIOIINE ayJlo- M BHICOAaHHBIC. B mepBoM ciioe KaXkaasi MOJAIBHOCTD PeYd HE3aBICHMO MOJICITH-
pyercst otaensHOi IBC. Bo BrOpom cioe ucrons3yercst HoBast JIbC mns MonmenupoBaHus B3aUMOACHCTBHSI Me-
KAy 3TAMHU AByMs MopmanmbHOcTsMH. s oumenkn mapamerpoB JIBC mcmomb3yercs alropuTM MaKCHMHU3AINH
oxunanms (Expectation maximization, EM). Jlpyrue mccieqoBaTeny Mpeaiaraid MCIOIb30BaTh MHOTOMOTOY-
ueie JIBC 11t MomenupoBaHus B3aMMOJCHCTBIS MeX Iy MopaidbHOCTIMH. Hamprmep, B [58] it ananmm3a Buzmeo-
KOH()DEPEHIIMI HUCIOJIb30BAJIaCh ABTOMATHUYCCKasi CUCTeMa Ha ocHoBe MHoromortoynbix JIBC. Ilemp —
ABTOMATUYCCKU CTPYKTYPUPOBATH TaHHBIC COBeHJ,aHHﬁ, 3aIIMCaHHbIX HECKOJIbKMMU MMKpO(l)OHaMI/I n KaMecpaMu,
B BHJE IOCJIEIO0BATEILHOCTH JCUCTBUI BCTPEUM, TAKMX KaK MOHOJIOL, OOCy)XAeHHe M npe3eHTanus. B pabore
OBLIO MpeAsIokeHo MoaenrpoBark AB nanHble coBMecTHO ¢ MHoronotoyHoi JIBC. O0miast cTpykTypa MHOTONo-
toyroro JIbC moxenupoBaHus moapoOHo omrcaHa B [59].

B pa6ote [12] ucnone3oBaics moaxon agantanui o0bearHeHHBIX CMM [uist yirydiieHus: pacrio3HaBaHUs
BU3EM I10 CPABHEHHIO CO CTAHIAPTHOW ajanTariiiell 1 COBMECTHBIM o0ydeHueM ayanoBu3yatbHeIx CMM. Anamra-
st 00benuHeHHBIX CMM COCTONT U3 HECKONBKUX HE3aBHCHMBIX 3TAIlOB, IEPBBIM M3 KOTOPBIX SBISAETCS MOATO-
TOBKa aKyCTHYECKOW MOJEIH W BEIPABHUBAHUE BUIEOKAAPOB. OOydeHHne aKyCTHYECKUX MOJENEH MOXKET OBITh BBI-
TIOJTHEHO C HMCIIOIBb30BAHMEM PEUEBBIX 0a3 JaHHBIX. JTO JAeT BOSMOXXHOCTH M3BJICYb BHITOAY M3 OONBIINX ayano-
KOPITYCOB ¥ co31aTh Oonee Tounbie mozenu (oneM. Kak ciencTBue, noimydeHHbIe MOJICN O0ECIIEUMBAIOT JIydlliee
BBIPABHUBAHUE BHICOKAIPOB. DTOT TOIXOA HE TOJBKO IO3BOJIAET IMOMYUYHTH JIy4YIIHEe aKyCTHUECKHE MOICIH JUIS
KOHEUHBIX ay[AMOBU3YaJbHBIX MOJEJEH, HO U OOECIeYnBaeT COIVIACOBAHHOCTH, Oyiaroyiapsi KOTOPOil BU3yasbHbIE
MOJIeNT CMECH I'ayCOBCKHUX pacnpeseienui (Gaussian mixture model, GMM) no6aBnsitorcsi K akyCTHUECKON Mojie-
JIA. ﬂaHHblﬁ oAXo4 XOpouIo ce0d mokazan IpH UCIIOJIB30BAHUU B 3allIyMJICHHBIX aKyCTUYCCKUX YCJIOBUSX.

HayyHOo-TexHu4ecKnii BECTHUK MHDOPMALMOHHBIX TEXHOSOMMIN, MEXaHUKM U ONTUKMK, 393
2016, Tom 16, Ne 3



AHAJTIN3 METOJOB MHOIOMOAAJIBHOIO OB bEANHEHNA MHOOPMALINA ...

Ckpeitie MapkoBckue moxenmu (CMM) moryt paccMmarpuBaThes kak mpoctas ¢opma JBC, koropas
MPEACTaBISIET PAcpeeCHIe BEPOSITHOCTEH Ha mocienosareapbHocTH HabmoneHuii. Kak u JIbC, CMM mupoko

WCTIONB3YIOTCS B 3a7adax 00pabOTKH pedn U BHIEO.
Msuoronorounsie (multi-stream) CMM (MIICMM) ucnonb3yror fBa uin 06oJiee OTAeIbHBIX OTOKOB JIJIs

ayJIlo- U BUJCOHAOMIONCHUI ¢ 00bETUHEHUEM ITHX HAONIONCHUI HAa KaXIIOM CETMEHTE. APXHUTEKTYpa CHCTEMbI
ayJIMOBU3yaJIbHOTO pacmno3HaBanus peun Ha ocHoBe MIICMM [7] mpuBeneHa Ha puc. 6.

AynuonpusHaku Buneonpusnaku
[[I. il] /al, /a:/, i, ..., !\i :I
Iyl, 12/, Isp/ \ |
I
. s & |
LY ’ 'f
: FnyGokmit CepTouHas
«OYHILICHHBIC» —— ITYMOIIO JABJISIOIINH HEWPOHHAas CeTh
ayIUONpPU3HAKU g ABTO3HKOJEP
’ w
rd LY

HavaJbHbIE
ayUOIPU3HAKU ok

Mmuoronorounas CMM

Wzobpaxenne

Aynuocursan

Puc. 6. Obwasn APXUTEKTYpaA CUCTEMbI ayanoBKU3yaribHOIro pacno3HaBaHMA peyn
Ha OCHOBE MHOIoONOTOYHbIX CKPbITbIX MapKOBCKUX MOAENAX

ApXUTEKTypa CUCTEMBI PAcIiO3HABAHUS OCHOBaHA Ha JBYX alTOPHUTMaX IITyOOKOTO OOyYeHHS: IIyMOIIO-
JABIIIONIEM aBTOYHKOZIEPE W CBEPTOYHOI HEHPOHHOM CETH JUI W3BJICUCHUS ayIuo- M BHICOIPH3HAKOB COOTBET-
CTBEHHO. | TTy0OKHii ITyMOIIOAaBIISAIONINIA aBTOIHKOAEP 00ydaeTcs MpeaCcKa3blBaTh «OUUIIEHHBIE) ayIHOTIPH3HA-
K4, GUIBTPYS 3alIyMIICHHBIA BXOJHO# curHan. CBepTovHas HEWPOHHAs CETh 00y4aeTcsl MpeaCcKa3bIBaTh MPOU3-
HOCHMBbIE BH3€Mbl HA OCHOBE BXOJIHBIX M300paXkeHuii oOnactu pra. B urore [yis nHTErpanuu moiy4deHHbIX MpHU-
3HAKOB U BbIJIaud Pe3yJibTaTa pacro3HaBaHUsI UCIIONb3yeTcst MHOronorouHass CMM.

CIIO)XHOCTH aJropuTMa JEKOAUPOBAHMS JTUHEHMHO 3aBUCUT OT KOJIMYECTBA MOTOKOB. DTOT THUIl MOAEIUPO-
BaHUsI IIUPOKO UCIOJIb3yeTCs B cucteMax AB pacnosnaBanus peun. BMecto o0beuHeHNs HaOMOACHU (BEKTO-
POB IIPU3HAKOB) HAa Ka)XJIOM cerMeHTe curHaia B [60] npemnaraercs acuaxponHas CMM, rie nBe cTaHIapTHBIS
CMM o00benuHSIOTCS HAa TPaHHUIAX MONAITBHOCTEH. AKYyCTHYECKas MOHANbHOCTh INPE/ICTABICHA BCHBICT-
MpU3HAKaMHU, a BU3yaJibHAs MOJAJIBHOCTH MPEACTABIAECTCS MPHU MOMOLIM AKTHBHBIX MOJEJEH BHEIIHEro BUAA

(Active Appearance Model).
542

NG

P P

Puc. 7. Tononorus coBoOeHHOM CKPbITOM MapKOBCKOW MoAenu ayanoBuayanbHOW eauHnLbI

B npyrom Bapumante CMM, Ha3biBaeMbIM cIBOeHHOH (coupled) CKpBITOHl MapKOBCKOW MOJIENBIO
(CCMM), MHOXXECTBEHHBIE IIOTOKH MH(POPMALUK MOJIEIUPYIOTCS C UCIIONb30BaHueM napamuiensueix CMM. Ha
puc. 7 moka3zaHa TOIOJIOTHS MOJIEIN ayIMOBU3YaJIbHOM €MHUIBI peud (rapa ¢poHeMa U BH3eMa) C HECKOJIIbKUMH
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COCTOSTHHSIMH IS KaXKIOTO TIOTOKa BEKTOPOB Tpu3HaKoB [47]. Kpyramu 0603HaueHBI COCTOSHUS ISl ayIioO- U BH-
JeoMonanbHOCTER peun (SA u SV COOTBETCTBEHHO), SIBISIFOIIMECS CKPBITHIMH [T HAOMIONEHUS, a KBaJparaMu —
CMeCH HOPMAaJIBbHBIX pacrpe/ieiieHHi BEKTOPOB HaOmoieHui B cocTosiHUAX. COCTOSHMS MOJIENU B HEKOTOPBIM
MOMEHT BpeMeHH ¢ Il Kakaoi CMM 3aBHCAT OT CKPBITHIX COCTOSSHUN B MOMEHT BpeMeHU (¢ — 1) Bcex mapaii-
nenbHbIx CMM. Takum obOpaszom, obuiee cocrosiune CCMM onpenensieTcsi COBOKYITHOCTBIO COCTOSIHUH ABYX
napaienbHeix CMM. TIpenMyiiiecTBO Takoi TOMOJIOTHH COCTOUT B TOM, YTO OHA MO3BOJISIET HECKOJIBLKUM TOTO-
KaM BEKTOPOB ITPHU3HAKOB HE3aBHCHMO IIEPEXOIAMTH MO COCTOSHHSM MOJIENH, YTO JaeT BO3MOXXHOCTh MOJEIHPO-
BaTh JOIyCTUMbIE BPEMEHHBIE PACXOXKACHHS B ayAHo- U BUAeoMaHHbIX. B Tononornn CCMM ayanoBu3yanbHBIX
€IMHUL] PeYH MPUMEHSIOTCS 0 TPH CKPBITBIX COCTOSHMS Ha KayKAbIH IapajulesIbHBII MOTOK BEKTOPOB IIPH3HA-
KOB, IIPH 3TOM CUHMTAETCS, YTO NEPBBIE COCTOSHUS COOTBETCTBYIOT AMHAMUYECKOMY IEPEXOAy OT IpeIbIayIei
pEeUYeBON ©OMHUIIBI, TPETHU — MEPEXOAY K MOCIEeTYIONIeH eNUHIIe, a BTOPBIE COCTOSIHUS OOBEIMHEHHOW MOICITH

(camble [UINTETBHBIE) COOTBETCTBYIOT CTALMOHAPHOMY LICHTPAJIBHOMY YIACTKY JIEMEHTA PEUH.

Oo0nacTu npuMeHenns MeTo0B AB o0bequnenns nHpopmanun

Tun Merton
Pemaemasi | Cebli- Tun BUIeONPU3HAKOB Cnoco6
3aJaua Ka AyAHOHPHIHAKOB (BU3yabHOW UH(pOpPMAaLIUH) 00beINHEHNA 00T,eAMHEnHs
(peun) HHpopmManumn
Oo6napyxe- | [34] SIBHO MHOK€eCTBO MPU3HAKOB, I'ubpuanas SVM
HUE IpeaMEe- HC YIIOMHWHAIOTCA BKJIIOYAOIHUX UBET, TCKCTYPY U HHTErpanus
TOB HUJIN 0613- OPHUCHTHUPOBAHHBIC TUCTOI'PAMMbBI
€KTOB Ha BU- | [35] MFCC HuskoypoBHEBbIE PU3HAKH, [Mozauss SVM, JI6C
JIe0 NIPE/ICTABISIONIME IBET, CTPYKTYPY | MHTETpaIys
u popmy
[36] MFCC JluckpeTHOe KOCUHYCHOE [To3nuss Jluneiinoe
npeoOpa3oBaHue OOJACTH LA | HHTErpanys | B3BEIIUBAaHUE,
(DKT) u cueT cHHXpOHHOCTH SVM
[16] MFCC [IpusHaku, OCHOBaHHBIC HA Pannss I'myboxas
n300pakeHNH 00IACTH JIMIIA WHTETpaIs HelipoHHAs
u obsacTu ry0 CETh
Buomerpu- | [17] MFCC [Ipu3Haky, ocHOBaHHBIC Ha hopMme [Mo3muss B3Bemennas
4eCcKoe +A+AA (1 u2 Y BHEITHEM BHIIE WHTETpaIus cyMMa
pacrno3HaBa- TIPOU3BOJIHEIE)
HIe JIn4HOCTH| [18] MFCC DCT o6nactu ry6d Io3nHss SVM
HHTErpanus
[19] MFCC [Tpu3Haku Ha ocHOBe popMBbI IIpomexy- AcuHXpOHHas
Y UHTEHCUBHOCTU TOYHAs UHTE- CMM
rpaums
[20] MFCC [Ipu3Haku Ha OCHOBE BHELIHETO [To3nuss Konkarenanusi,
+A+AA BHJA UHTErpanus GaliecoBckoe
o0beMHeHNE
[21] MFCC [Mukcenn obmacTy nwma Pannss MHuoroBuaoBoe
+A+AA HMHTErpamus o0y4enue
(CCA)
Obnapyxe- | [22] ZCR (Zero- RGB-kanans! u onpenenenue TubpugHas AbC
HHUE COOBITUS crossing rate), obmacrei BeIiecka WHTETpaIs
LPC, LFCC
(linear frequency
cepstral coefficients)
[23] | YpoBeHb BosiHe- | MHOECTBO MPU3HAKOB, TaKuX Kak | [uOpumaHas ABbC
HUS TOBOPSIIIIETO JIBUTATENbHAs! aKTHBHOCTh WHTETpaIs
U IJIOTHOCTD JIMHUM T10JIS
[24] MFCC, MHOXecTBO IPU3HAKOB HA OCHOBE Pannss RCCA (Regu-
OCHOBHOU TOH | CJIe)KEHHS 32 I10JIOKEHUEM TOJIOBbL, | uHTerpauus | larized canoni-
rybamu, OpOBSIMH, 3padKaMu cal correlation
analysis)
[25] MFCC [Tpu3Haky Ha OCHOBE U3MEHEHUS Io3nuss WnTerpanus
nosoxeHust 20 To4ek Ha JuIe MHTETpanus Ha OCHOBE
MIpeIcKa3aHus

Tabnuua 1. MepeyeHb 3aaay, pelaemMbiX ¢ NPUMEHEHNEM METOAOB 0GbeAVHEHUs] ayaMOBU3YyarbHOM

MHdopMaLmmn
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Kparkast cBogHast nHpoOpManust o0 3aadax ¥ NPUKIAIHBIX CHCTEMaX, HCIIOIB3YIOMMX MeToasl AB o0be-
JVHEHHMs, TIpuBeAcHa B Tabm. 1. B kaxknoM u3 metonoB AB npu3Haky HCHONB30BaINCh COBMECTHO C OMPEEICH-
HBIM CIIOCOOOM MHTETPALUH, YTO TAKXKE OTPAKEHO B TaOJIUIIE.

OcHognas npobiema ¢ CCMM u acuaxpoHHEIME CMM COCTOUT B TOM, YTO MPH HCIOIL30BaHUM Oojiee
JIBYX TOTOKOB JIaHHBIX CT@HOBHUTCSI NPOOJIEMAaTHYHOW pealn3alys UX aropurMoB oOyueHus. B padore [61] B
nononnenne Kk IBC 1 CMM 1 MHOroMOIaIbHOM MHTErpalny ObLIM UCIIONIB30BaHbBI M Ipyrue BUIBI Tpaduye-
CKHUX MOJIeJIeii, Takue Kak ycioBHble ciydaiinbie nons (Conditional random fields, CRF).

Hcnonp3zoBanne CMM 1 ux Bapualmii Kak MeToAa OOBEIMHEHHS MHOTOMOJAIBHONH MH(POPMAINH IOJIb-
3yeTcsi OOJIBIION MOMYJIIPHOCTHIO IPU PELICHUH 33/1a4 PAacIIO3HABAHMS PEUH, YTO OTPAKEHO B TaOI. 2.

Mertonbl 00beMHEHUs] HECKOJIBKMX MOJAIbHOCTEH Ha OCHOBE OLIEHOK BKIIIOYAIOT B CeOsl BapHUaHTHI
¢unpTpoB Kanmana n metoas! ¢punbrparnyu dactur (Particle filtering) [32]. @unsrpanns Kaamana — 3To meTon
OLIEHKH MOJIETH ITPOCTPAHCTBO—COCTOSIHUE, 3aKIIOYAIONIMNCS B ITOCIIEOBATEIbHOCTH HAOMIONEHUH IIyMOB B
TEUEHUE JOCTATOUHO Joiroro BpemeHu. uiprp KanMana npencrasiser co00i ONTUMaNbHBIA (UIBTP IS OA-
HOMEPHBIX JINHEHHBIX CHCTEM C aAJUTUBHBIM I'aycCOBBIM ITyMoM. Henuuelinas Bepcust gpunbtpa Kanmana Hasbl-
BAaeTCs pacIMpeHHbIM GuiabTpoM KanMaHa v MCIONb3yeTCs Al MOAEINPOBAHMS HEIMHEHHBIX cucTeM. PuibT-
PBI HaCTUIl UCTTOJIB3YIOTCA I MOACIIUPOBAHUA CTOXACTUUYCCKUX JUHAMHUYECKHUX CUCTEM B TCUCHUEC ONPECACIICH-
HOTO TepHoJia BPEMEHH M TaKKe M3BECTHBI KaK METOJbI nocienoBaresibHocteld MoHte-Kapino. B To Bpemst kak
¢unerp Kanmmana oOBIYHO MCHONB3YETCS Ul MOJCIMPOBAHUS JIMHEHHBIX CHCTEM, a PaCIIMPEHHBIH (UIBTP
Kanmana ucnonb3yercst st HEMMHEHHBIX CHCTeM, (PUIIBTPBI YacTHIL SIBISIFOTCSL Ooiee MOAXOSIIMMY ISl HeJIu-
HEWHBIX M rayCCOBBIX MOJIEJIEH, B YaACTHOCTH, JUISl MOJIEJIeH C IOCTaTOYHO OONBIINM YHCIIOM 00pasoB. DTH METo-
JIb1 TIOJTYYMIJIN TIOMYJISIPHOCTB TPH PEIICHWH 3a/1ad JIOKAIM3aluu OObEKTOB, OObEIMHEHUS JaHHBIX M B 3ajadax
CITe)KEHHS 32 YeJIOBEKOM/00BheKTOM (Tabu. 3). OHM MOTYT OBITH UCIIONB30BaHEI HA 000MX YPOBHIX OObEIMHEHUS —
Ha YPOBHE NPU3HAKOB M HA YPOBHE NPUHATHUS PEIICHMI.

B nureparype MOXHO BCTPETHTH TAKXKE JOMOIHUTENbHBIC METOIBI AB MHTETpanuy MOfanbHOCTEH, KOTO-
pBIE 3a49acTyI0 pa3pabaThIBaloTCs 0e3 KaKoH-TH00 KOHKPETHOW MPHUKIATHON 3a1a4n. DTH METOIBl HHTETPAINU B
OCHOBHOM DPacCMaTpHBAIOTCS B KaueCTBE MPOMEXKYTOUHBIX monxonoB. Hampumep, B [62] mpennaraercs MeTon,
OCHOBaHHBIM Ha pa3peXEHHOM MPEICTABICHUM [UIS 3aJaudl pa3/elIeHHs PEe4d Pa3HbIX JUKTOPOB, B KOTOPOM
CTPOATCA ABa CJIOBaps IJIA BbIPpAKCHUS I/I36])ITO'-IHOFO MMpCACTaBJICHUA ayquo- U BH}ICOMOHaHbHOCTeﬁ. IToxoxas
WJiesl UCIIOJIb30BAHMS JIBYX CJIOBapeil C LENbI0 Pa3/ielIbHOTO MOEIMPOBAHUS ayAHO- U BHJEOCHTHAJIOB C CO3/1a-
HUEM YHHUKAJBHOTO CJIOBaps ObLIa MpejiokeHa u B padote [63].

Tun Tun BUAECONPU3HAKOB
" Cnoco0 MeToa 00beAMHEHNS
Ccblika | ayIMONPH3HAKOB (BM3yaJILHOIA B T — S —
(peun) uHpopMaIun)
[7] MFCC [Mukcenu obmactu ryo Pannss Pa3pexxennsie RBM
WHTETPaLus (Restricted Boltzmann
Machines) u riryOoxwmit
ABTORHKOJIED
[8] MFCC u LMFB [Mukcenu obnactu pra | [Ipomexyrounas | ['myGokuit aBTORHKOIED U
(Log Mel-Frequency HMHTETpalus CBEpTOYHAsi HEHPOHHAS
Filterbank) CeTh
[9] MFCC 2D-DCT obnacturyd | [Ipomexyrounas CaBoennsie CMM
HHTErpanus
[10] MFCC IMapameTps! nuiEeBoH IIpomexxyTounas MHnoronorounas JIbC
aauManmu (FAP) MPEG-4|  wuHTerpanus
[11] MFCC DBVF (Deep Bottleneck | [Ipomexyrounast | JIbC tuna «0yThuiouHOE
Visual Feature) HMHTerpanus TOPJIBILIKO»
[12] PLP (Perceptual |M300pakenue obnactu pra| ['uGpuanas Mmoronorounas CMM
Linear Prediction) + DCT HMHTErpanus
[13] - N3ob6pakenus obmactu pra To3muss Mmuoronorounas (4) CMM
C HECKOJIBKHX (4) Kamep HHTETpanus
[14] MFCC [Mukcenn obmactu pra [o3nuss I'myOoxkast HelipoHHAs CEeTh
HMHTErpanus
[15] MFCC [Mukcenn obmactu pra I'ubpunnas Msoromnorounas CMM
HHTErpanus
[16] PLP 60-mepubrii LDA-BexTOp I'ubpuanas CMM
MPU3HAKOB HHTErpanus

Tabnuua 2. MeToabl 06beanHeHUs: ayaMoBM3yanbHON MHGopMaLun B 3afade pacno3HaBaHUsi peymn
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Tun
Tun Meton
Pemaemas BH/I€ONIPU3HAKOB Cnoco0
321242 Ccebliika | ayIMONPU3HAKOB P B T — 00beINHEHN S
(peun) HHpOpMALH
HHpoOpMaLH)
Criexenue 3a [26] MFCC [ukcenu obmactu pra ([IpomexyrouHas TDNN
YEIIOBEKOM/ HHTETPALUs (Time-Delay
00BEKTOM Neural
Network), IbC
[27] Bpewms 3anepxku | Ilo3umwsi, CKOPOCTb, Tlo3musis Hepapxudeckuit
TIPUOBITHS pasmMep 1enu HWHTETpaIus bumsTp
curnaia (TDOA) Kanmana
[28] TDOA I'panuent Pannss Yactuunas
MHTErpanus ¢dunpTpanus
[29] TDOA Koopnaunatsr [To3nuss Yactuunas
UHTErpanus ¢dbunpTpanus
[30] TOA IMukcenu Buneoxanpos ([lpomexyrounass| Yacruunas
HWHTErpanus dbunpTpanus
[31] TDOA LIBeT xoxWu, Tlo3gnss YactuyHas
COBIIJICHHE KOHTYPOB, | HWHTErpaIus (bunpTpanus
[[BETOBBIC THCTOTPAMMEBI
Jlokanuzarms [32] TDOA [Mo3unmst quKTOpa TTo3muss PacmmpenHsrit
U CIIe)KEHUE WHTETpaLus upTp
3a IMKTOPOM Kanmana
[33] MFCC DCT o6mactu pra PanHss CMM
HWHTETpanus
[5] CrexTpanbHble Menkomacmrabueiii | [Ipomexytou- | BepositHocTHas
KOMIIOHEHTHI BUJ ¥ TIOJIOKEHUE Hast TeHepaTUBHAs
obmactu ry6 HWHTETpaLus MO/JIEJTb

Tabnuua 3. 3agayu, pellaemble C NPUMEHEHNEM MeToA0B 06beaAnHEeHNA MHAOPMAaLMK Ha OCHOBE OLIEHOK

3akarouenne

B crarbe mpezicTaBieH aHaIMTHYECKHH 0030p COBPEMEHHBIX METO/I0B 00beaAnHeHus uHpopManuu. [loka-
3bIBACTCA AKTYaJIbHOCTb UX MPUMEHCHHS HE TOJIBKO B 3aJa4ax paclio3HaBaHUsA pE€YU, HO U B pAAC CMEIKHBIX 06-
JacTel, TaKUX KaKk OMOMETPHYECKOE Pacrio3HaBaHHE JIMYHOCTH, CIEKEHHE 32 YeJIOBEKOM/OOBEKTOM, JIOKaIn3a-
Us JUKTOpa, 0OHApy»)KeHHe COOBITHI Ha BUAEO M T.A. [0 pe3ynbraraM aHain3a BBIACISACTCS HECKOIBKO CHOCO-
0OB MHTErpalii ayJMOBU3yaTbHOW MH()OPMAIMU: PAHHSS, TPOMEKYTOUHAS, TTO3/AHS U TUOpUaHAs. OTMEUeHBI
NPEUMYIIECTBA M HEJOCTATKU PA3IMYHBIX MMOAXOI0B, M HAPSAY C ITUM JAHbI OMPEICICHUS U CUCTEMATH3AIHsI
COBPEMEHHBIX METOJIOB ayIHOBH3YyaIbHON HHTETPALUH.

[TpuBOAXTCS CBOIHBIA CIIUCOK 33]a4 ¥ MPHIOKEHHUIN, UCTIONb3YIOIMX ayANOBU3yalbHOE 00bEIMHEHNUE, C
yKa3aHHUEM METOZIOB, CIIOCO00B 00beIMHEHHS HH(OPMALIUH, UCIIOIB3YEMBbIX ay[HO- U BUICONPH3HAKOB. JlaHHbII
CIMCOK 32/1a4 HE SIBJISIETCS] MCUEPIIBIBAIOIIUM, HO JJaeT BO3MOXHOCTb OINpPECIUTh Hanboliee akTyabHble obiac-
TH IPUMEHEHHUS] U METOJIbl MHTErpallii Ha CErOJHALIHUI IeHb. B yacTHOCTH, Giarogapsi 3ToMy MOXHO CHeJaTh
BBIBOJI 00 aKTYaJIbHOCTH MCIIOJIb30BaHKs METOIOB ITyOOKOro 00y4yeHus B JaHHOW obOnactu. [ybokoe oOyueHue,
HECOMHEHHO, YJIyYIIUT NPOU3BOJUTEILHOCTD ayMOBH3yalIbHOW MHTErPaly, KaK 3TO yKe ObUIO B JPYrHX 00-
JACTAX, KOTOPBIE OHO 3aTPOHYI0. Ero TONBKO Havasld UCIONB30BaTh B OONACTH ayTHOBH3YalIbHOH HHTErPAIiH,
HO MePBbIC NOJIYYCHHBIC PE3YJIBTATHI SIBJISIOTCS BEChMA MEPCIICKTUBHBIMH.

OCHOBBIBASICh Ha AKTYaJIbHOCTH HANpPAaBJICHUs ayTHOBU3YaJbHOTO PACIO3HABAHUS PEUH, B JallbHEHIIIEM
ABTOpaMH IUIAHUPYETCS Pean3alisi CHCTEMbI ayTHOBH3yaIbHOTO PACIIO3HABAHKS CIMTHOW PYCCKOH ped ¢ Hc-
MOJIb30BaHUEM MHUKPO(OHA M BHICOKOCKOPOCTHOW BHICOKAMEPHI C MPUMEHEHUEM COBPEMEHHBIX METOI0B MHO-
TOMOJAJIBHOTO 00BbEeIMHEHUS HH(OPMAIIHH.
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