202392106 Al

(19) EBpa3unckoe 2 202392106 13 Al
naTeHTHoOe
BeAOMCTBO

(120 OMUCAHUE U30BPETEHUA K EBPABUMCKOM 3ASIBKE

(43) Aara ny6nukauum sasiskm (51) Int. Cl. GIOL 15/16 (2006.01)
2023.09.27 G10L 25/63 (2013.01)

GO6N 3/08 (2006.01)

(22) [ata nonaum 3aaBku
2021.07.26

(54) OBYYEHHUE HEMPOHHOM CETHU U CET MEHTALIUSA AYIUO3AITUCHU JJIs1
PACITIO3HABAHUSA 5MOIIUA

(86) PCT/RU2021/000316 (72) Waobperatens:

(87) WO 2023/009020 2023.02.02 Tumogees Unbsa BanepbeBuy,

(71) 3assurens: Aradonos FOpuii Onerosud, AKy/10B
OBILECTBO C OTPAHUYEHHOM Aprtem Bukroposuu (RU)
OTBETCTBEHHOCTBIO "IIPT- (74) Mpencrasurens:

MHHOBAIIMA™ (RU) HunoBa ML.H. (RU)
(57) Hacrosee nzobperenne OTHOCHTCS K clocoly oOyuenus HelpOHHOM ceTu Ui 3a/1a4K PacTiO3HABAHHS

SMOLMI B CErMEHTax pe4Yd W CHCTeME /I CETMEHTAlUH pe4Yd W PAclOo3HABaHUS HMOIMH B
VKa3aHHBIX CETMEHTaX pEeYd, B YaCTHOCTH, H300pPETCHHE HAMpPaBICHO HAa BBIICIICHUE CETMCHTOB
peun ¢ HEOOXOAMMOW SMOLMEH W3 JJIMTENBHBIX ayauo3amuceid. [IpemiokeHHbIH cmocod o0yueHUs
HEHPOHHOW CeTH JUIA 3aJa4dll paclO3HABAHMS AMOIMH B CETMEHTE PEeYH BKIIOYACT CICAYIOIIHE STallbl:
3aMOpaXMBAlOT CBEPTOYHYIO HeWpoHHYI ceTh Openl3; ¢opmupyroT 0a3y pa3MedeHHBIX PEIUIHK,
cofiepKallyo peruiukd He Oomee 10 ¢, K KaXIOW M3 KOTOPBIX C HCIOJNB30BAHHEM Pa3METUUKOB
MIPUCBOCHA COOTBETCTBYIOIIAs SMOIMOHANIBHAS METKa WM METKa IIyMa, a Pa3METYHUKU MPEACTaBISIOT
CcOO0OW TPYHIy pa3METYHUKOB, M3 KOTOPOH WCKIIOUEHBI PAa3METYUKH, HECOOTBETCTBYIOIIHE YPOBHIO
cornacoBannoctr 0,4 1o kamme ®dneiica; 00ydarOT PEeKyppPEHTHYHO HCHPOHHYIO CETh MaJlOW EMKOCTH,
MOCTPOCHHYI0O Ha YKa3aHHOW IIpEeIBapUTENIbHO OOy4eHHOW CBepTOYHON HeiiponHo# cetm OpenLl3,
C WCIIONB30BaHMEM C(HOPMHUPOBAHHON 0a3bl pa3MEUCHHBIX PEIUINK;, Pa3MOPAKUBAIOT BEPXHHUE CIIOU
YKa3aHHOHM TMpenBapUTeNbHO OOyYeHHOU CBepTOYHOM HelpoHHON cetn Openl3 st mpoxXoxAeHUS
n000y4YeHHsT HEHPOHHOU CETH.
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OBYUYEHHUE HEHPOHHOM CETH U CETMEHTAIIUA AYIHO3ATINCH JJIsI
PACIIO3HABAHHA OMOIIUHU

OBJIACTH TEXHUKH

Hacrosimee nzobpereHne OTHOCUTCS K cioco0y oOydeHusi HEHpOHHOH ceTu AJis 3aauu
pacno3HaBaHuA SMOL[I/Iﬁ B CErMCHTax pe€Yu U CHUCTEMC OJId CErMEHTAlMU ayauo3aliuCu H
pacrno3zHaBaHUs SMOIUHU B YKA3dHHBIX CEIMEHTAX pe€4l, B HaCTHOCTHU I/I306peTeHI/Ie HaIllpaBJICHO Ha

BbIACJICHUC CCIMECHTOB pE€YH C HGO6XOI[I/IMOI‘/'I SMOIIUEN U3 IJIUTEThHBIX aynnosanmceﬁ.

YPOBEHb TEXHHUKH

V4ér SMOLMOHANBHOIO COCTOSIHMSI KIHEHTa B CLEHapusx paboThl TOJOCOBBIX
ACCHCTEHTOB, B YaCTHOCTH 3MITaTUYECKasl (aA€KBATHAs) PEaKLUsl rOJI0OCOBOrO po0OTa HAa HYMOLIUU
kiueHra (cobeceqHrKa), U CBOEBPEMEHHOE pEILIEHHE CIOPHBIX CHUTyalUl Wrpaer Bce Oolee
Ba)KHYIO pOJib B IHTEpHET-UHAYCTPHH.

Haubonee pacnpocTpaHeHHBIMH METOIaMHU MOJEIMPOBAHUS U KJIACCU(PUKAINN B 00JIaCTH
pacro3HaBaHMsl PEYEBBIX OMOLIMI SIBISIOTCS CMECH TrayccoBCKHMX pacrpenenenuin (Gaussian
Mixture Models, GMM), ckpriTbie Mapkosckue moxenu (Hidden Markov Models, HMM), meron
ONOpHBIX BeKTOPOB (Support Vector Machines, SVM) u rnybokue nefipornsie cetu (Deep Neural
Networks, DNN).

OnHUM U3 TJIABHBIX KPUTEPHEB YCHEINHOro oOydeHus! riiyOOKoi HeHpOHHOW ceTu i
3a7a4il Pacro3HABAHUsS OMOLMH MO PEeYH SIBJISIETCS HAJIUYHe OOJbLIOr0 00beMa MPUMEPOB.
OnHako, MOCKOJbKY 3MOLIMOHAJBHBIE pEYEBbIE IAHHBIE TPYAHO TMOJYYUTh M CIOXHO
MapKHpOBaTh, 00beM 0a3 TaHHBIX, COAEPIKALINX PA3MEUEHHYIO Pedb, YaCTO OTPAHUYEH.

JIroqu TpOSIBJISIFOT 3MOLIMUA B PEYH 3HAYUTEIBHO pPeXe, YeM B MUMHKE JIHIA, — 3TO
OOyCNIOBJIEHO KyJNbTypHbIMH HOpMaMu. Kak pesynbrar, mnomasisifoiee OOJBLIMHCTBO
00paboTaHHOrO MaTepuaja CO CIIOHTAHHOH peubl0 He comepkutT smoumit. Kpome Toro,
IPOSIBJICHHE CIIOHTAHHBIX SMOLMI B TOJOCE 3HAYMTENBHO OTIMYAETCS OT HAMIPAHHBIX
«aKTePCKUX» 3MOLIHIA, IO 3TOH NprunHe 00yUYeHHbIE HA «aKTEePCKUX» SMOLUSAX HEHPOHHBIE CETH

6yﬂYT HUMCETb HU3KYIO0 TOYHOCTD.



CnoKHOCTh MapKUPOBKH PEUEBBIX JAHHBIX 3AKJHOYAETCS B TOM, YTO METKH K KaKIOu
SMOLIMH BBICTABJISIFOTCS BPYYHYIO M Pa3METYHKU JOCTATOUYHO WHIAWBUAYAJIBHO HHTEPIPETHPYIOT
NPOSIBJICHUE SMOLMH B PEeUH, T.€. OJHO M TOXKE IMPOSBIEHHE 3MOLMI Pa3HBIMU Pa3METUYUKAMU
9YaCTO MHTEPIPETUPYIOTCS MO-pasHoMy. Takum oOpazom, O0bInast 4aCTh JAHHBIX, COAEPIKAIINAX
Pa3MEUEHHYI0 pedb, HE HMEIOT OJHO3HAYHOW pPAa3METKH, MOCKOJIbKY MHEHHsS Pa3METUYHUKOB
3a4acTyI0 PACXOMASTCS.

Yka3zaHHble TpoOJeMbl MOJTyueHUs1 0a3bl JAHHBIX MPUBOIAT K HEIOCTATOUHOMY OOYYESHHIO
ryOOKHUX HEHPOHHBIX CeTell M, COOTBETCTBEHHO, K HU3KOH TOYHOCTH OLEHKH 3MOLUN B
ayAHO3aIHCH.

Kpome Toro, pemeHue CIOPHBIX CHUTYalMii, BO3HUKAKOLIMX B OOMIEHUU KJIHUEHTA C
TOJIOCOBBIM ACCHCTEHTOM, TPeOYIOT MHOTO BPEMEHH Ha aHajH3, IOCKOJbKY, KakK IPaBHJIO,
Pe3yJIbTaTOM PACTIO3HABAHUS SYMOLIUN B PEYH SIBJIIETCS] MPUCBOSHUE SMOLIMH BCEH ayaHO3aIUCH.

Takum oOpa3oM, cymiecTByeT HeoOXOAUMOCTb B CO3[JAHUU pELIeHUs, KOTOpoe Obl
obecrieunBajio pacrno3HaBaHHE SMOLMH B PEYd C BBICOKOW TOYHOCTBEO M MPOC/YIIMBAHUE

CIIOPHBIX CeCCHUi B KpaTyaliinue cpoku st 3¢ eKTUBHOIN padOThI C KIUEHTOM.

PACKPBITHE CYIIHOCTHU U30BPETEHMA

CornacHO MepBOMY acCMeKTy HACTOALIEr0 M300PETeHHs MPEAJIOKEH Crocod oOydeHHs
HEMpPOHHOIN CeTH I 3aJaud PAcIO3HABAHUS 3MOLIMH B CETMEHTE Pedd, COTJIACHO KOTOPOMY
3aMOpaXKUBAIOT CBEPTOUHYIO HelpoHHyl cerb Openl3, mnpenBaputenbHO OOY4EHHYKO Ha
OONbIIOM HEPa3MEYEHHOM KOPITyCe JaHHBIX B pPEKHMe camooOydeHus; (GopMupyror 0aszy
pa3MeueHHbIX PEIUIMK, COAep KAyl peruinku He Oonee 10 CekyHI, K Ka)XIOH M3 KOTOPBIX C
UCMOJIb30BAHUEM PAa3METUYUKOB IPUCBOEHA COOTBETCTBYIOLIASI SMOLMOHAIbHASL METKA WJIN METKA
IyMa, MpHYeM JJIsl PEIINK, K KOTOPBIM OOJBIIMHCTBOM YKa3aHHBIX Pa3METYHUKOB MPHCBOCHA
OJIMHAKOBAasl SMOLMOHAIbHAS METKA, UCIOJb3YETCsl TEXHUKA XKECTKONW METKH, JUIsl OCTaJbHbIX
PEIUIMK HCIIONB3YeTCs] TeXHUKA MSTKOM METKM, a pa3METUYMKM MpPeNCTaBISIOT COOOH rpymmy
pPasMETYUKOB, U3 KOTOPOM HCKJIIOUEHBl Pa3sMETUUKM, HECOOTBETCTBYIOIIME  YPOBHIO
cornacoBaHHoctu 0,4 mo kanme Prelica; oOydalOT PeKypPpPEeHTHYIO HEHpPOHHYIO CeTh Malioi
€MKOCTH, TIOCTPOSHHYIO Ha YKa3aHHOH NpenBapuTesIbHO 00yUeHHOH CBePTOYHON HEHPOHHOM ceTn
OpenL3, ¢ ucnonp3oBanneM cHoOpMUPOBAHHON 0a3bl pa3MEUEHHBIX PEIUIHK, IPUYEM PETUTHKHU C

KECTKUMH MeTKaMu, ucronb3yroume ¢pyHkuuro noreps Cross Entropy, m MArkuMu MeTKamu,



ucronp3yromue GyHKIHo morepb mean squared error (MSE), nmepenaroT nakeraMu moo4epenHo;
Pa3MOpakUBAIOT BEPXHHE CIION YKa3aHHOMN MpeaBapuTebHO 00yueHHOI CBepTOYHOMN HelipOHHON
ceru Openl.3 myst poOXOoKAeHUST TOOOYUEHUs] HEHPOHHO CeTH.

ITpennaraemslii criocod oOy4deHust HeHPOHHOH CETH MO3BOJISIET MOMYYUTh HEHPOHHYIO CETh
CIOCOOHYIO PaclO3HABATh SMOLIUIO JIS KAKAO0TO CErMEHTa PeyH, BbIIEJIEHHOIO U3 ayJUO3aITUCH.

CornacHo 0OAHOMY U3 BapUAaHTOB pealn3alii TEXHUKA KEeCTKOW METKU HCIIOIb3YeTCsl s
peIuTuK, K KOTOPBIM MPUCBOEHA OJJUHAKOBAsI SMOLIMOHANBHAs MeTka 80% pa3MeTunKOB.

CornacHo eme OJHOMY M3 BapUAHTOB peANU3aLUU 3MOLMOHANbHAsI METKAa OTpPa)kaeT
3JI0CTh, TPYCTh, PAJOCTh WM HEUTPAIbHOCTD.

CorjmacHO BTOpPOMY acCMEKTy HACTOALIEro H300peTeHHs MpEeAsio’keHa cHcTeMa
CerMEHTALlMM ayJHO3alluCH U PACHO3HABAHHS SMOLMHM B CETMEHTE pedH, COozaeprkarmas OJIoK
BpImeneHnss pedeBod aktuBHOCTH (Voice Activity Detector, VAD), BbImONHEHHbIH ¢
BO3MOXKHOCTBIO BBIAENEHUs PEIUIMK U3 ayAMO3amlucH, OJIOK JeNeHUs PEIyINK, BBITOJIHEHHbIH C
BO3MOXKHOCTBIO JIEJICHUS PEIUTNK Ha (PparMeHThl 1Mo 3 CeKyHAbI, OJOK pacroO3HABaHHS YMOLIH,
coaep Kaluil HEHPOHHYIO CeTh, O0YYEHHYIO COTJIACHO CIOCO0Y MO 1. 1, KOTopast conepskut OJIOK
NOJYYeHHUsT  MeJ-CIIEKTPOTPAMMBI,  BBINOJHEHHBIH C  BO3MOMKHOCTBKO —IOJIyYEHHUS]  Mell-
CHEKTpOrpamMmbl U3 (pparmMeHToB, OJIOK CBEPTOYHON HEWpOHHOU ceTr Openl.3, BBIMOJHEHHBIH €
BO3MOXKHOCTBIO Tpeo0pa3oBaHUsl MeJ-CIIEKTPOrpaMMbl B IIOC/IENOBATEIbHOCTb BEKTOPOB
pasmepHocTd 512, U ONOK peKyppeHTHOH HEHPOHHOI CeTH Majoil €MKOCTH, BBINOJHEHHAas C
BO3MOXKHOCTBIO (POpMHUpPOBaHMSA W3 NOJY4YEHHON I1OCIENOBATENIbHOCTH BEKTOPOB BEKTOpPA
BEPOSATHOCTEH HAMMYMA B KaXJIOM (pparMeHTe cOOTBETCTBYIOLIEH sMolun mwin myMa. Cucrema
TaKXKe COIep KUT OJOK (UIbTPALNH, BBITOJHEHHBIH C BO3MOKHOCTBIO ONpPENENIeHHs BeTHIHHbI
BEPOSITHOCTH HAJUYHsI COOTBETCTBYIOLIEH 3MOLMU B KaXXJIOM (parMeHTe, 1o 3HAUEHUI0 KOTOPOi
(GUIBTPYIOT KXl QparMeHT, ComepsKaIuii COOTBETCTBYIOIIYIO SMOLHIO, C UCTIONb30BAaHHEM
TIOPOTOBOI'O 3HAYEHUsS JJIsl BBIABIEHUS SPKOCTH 3MOLMU U OOBENUHEHHUS IOCIIEAOBATENbHBIX
(pparMeHTOB C OTMHAKOBOM SMOLIEH B CETMEHTBI.

IIpennaraemas cucreMa MoO3BOJISIET CETMEHTUPOBATD Ay JUO3AMNUCh HA KOPOTKUE CETMEHTBI
peyUd U Pacro3HABaTh SMOLUIO ISl KAXKAOTO BbIIEJIEHHOIO CETMEHTA PEUN.

CornacHo OfHOMY U3 BApHAHTOB PeATM3aLUU OJHO TOPOTrOBOE 3HAYEHNE UCTIONB3YIOT JJIs
pas3HbIX 3Mouuil. COrjaacHo ApyromMy U3 BAPUAHTOB PEANU3ALMHU JIJIS KaXKI0H SMOLUHU HCTIOIb3YIOT

COOTBETCTBYHOIIECC MOPOroOBOC 3HAYCHUE.



CornmacHo eme OAHOMY U3 BapUAHTOB pPEANM3ALMHM KaKIbIH CETMEHT, COAep Kaluil
COOTBETCTBYIOIIYIO 3MOILMIO, HMeeT HH(pOpPMALMIO O BPEMEHM €ero Havaja M KOHIa B

ayANO3aITHCH.

KPATKOE OIIMCAHUE YEPTEXEH

CymHocTh n3o0peTenus Oosee MoapoOHO MOSICHAETCS Ha HEOTPAHUYHUTEIbHBIX MIPUMEPax
€ro OCYIIECTBIICHHsI CO CCBUIKOH Ha MpHlaraeMble YepTeKH, CPeAH KOTOPBIX:

Qur. 1 - ¢yHKIMOHANBHAA cXxema cnocoda OOy4deHHs: HEWPOHHOW CeTH i 3ajauu
pacno3HaBaHUA SMOL[I/II\/'I B CECMEHTAax peyu,

@ur. 2 - pyHKIIMOHATBHAS cxeMa GopMupoBaHUs 0a3bl pa3MEUEHHBIX PEILIHK,

@ur. 3 - apxurekTypa 00yueHHOW HEHPOHHON CeTH JAJIs 3aa4M Paclio3HaABaHMs YMOLIUHU B
CErMEHTE peuH,

Qur. 4 — cucrema Ay CErMEHTALIMM PEYH W PACIIO3HABAHUS SMOLMHM B YKA3aHHBIX

CEerMeHTax PedyH.

ITOJPOBHOE OITMCAHHE

Crioco6 o0yueHns: HEHPOHHOM CeTH I 3a7a4i PACIIO3HABAHMS YMOLIUU B CETMEHTE PEeYH,
B COOTBETCTBUH C Pa3JINYHBIMU BapHAHTAMU Pealn3alii HACTOALIEr0 N300peTeHNs], MOXKeT OBbITh
OCYLIECTBJIEH C  HUCIIONb3OBAHHUEM, HAmpUMep, U3BECTHBIX  KOMIBIOTEPHBIX  WIU
MYJBTUIIPOLIECCOPHBIX CHUCTEM. B Apyrux BapuaHTax peanu3aliM 3asBIEHHBIH crnocod
MOJKET OBITh PEaJM30BaH MOCPEACTBOM CIHELHUATU3UPOBAHHBIX MPOTPAMMHO-AIIAPATHBIX
CPencCTB.

Ha ¢ur. 1 npencrasnena cxema 10, onupasicb Ha KOTOPOIO MOKET OBITh PEaTH30BaH CIIOCO0
o0y4eHuUs1 HEHPOHHOM CeTH JJIS 3a]a4i PAcIiO3HABAHMS HYMOLIMH B CETMEHTe peud (najee - crnocod
00y4eHus: HeHPOHHOM CeTH) B COOTBETCTBUH C OJJHUM U3 BAPHAHTOB OCYIIECTBJIEHHSI HACTOSALIETO
N300peTeHHs.

Jlns oOy4eHust HEMPOHHOM ceTH HeOOXOMUMO Hauvre oOydvaroieii 6a3bl, @ IMEHHO Oa3bl
pasmedeHHbIX peruuk (pur. 1, 6mox 100). Cxema popmupoBanus Ga3pl pa3MEUEHHBIX PEILUINUK
nokasaHa Ha ¢ur. 2. B kadecTBe MCXOMHBIX AaHHBIX sl opMupoBaHusi 0a3bl pazMedeHHBIX
PEIUIMK HCTOJB3YIOT ayAHO3alNuCH KOJIIEHTPA, COIEep Kallie CIIOHTAHHBIX SMOLIMH B JHajore

(®ur. 2, 6mok 101). Takke, MOTYT UCIIOJIB30BATHCS JTIOOBIE APYTrUe ayaHO3aMKUCH, CONEpsKalIie



OMOLUHUOHAJBHYK CIIOHTAHHYHO PE€4Yb, HAIIPUMEDP ayaAuO3aIllMCUl UHTCPBbIO C PA3HBIMU JIFOAbMHU U
ayAMo3amucu  TOK-Ioy. lcromp3oBaHMe — aynuoO3anuced, COXEpKaIlUX  «AKTepCKHe»
(HaurpaHHbIE) SMOLMH, ANl OOyUeHMS HEHPOHHOH CETH MpPUBENET K CHIDKEHHIO TOYHOCTH
Pacro3HaBaHUs SMOLIHI.

B TpasuIMOHHBIX MOAENSIX PaclO3HABAHUS 3MOLMH HCIOIB3YIOT BCKO ayIHO3aINCh WUIH
ayau03aMnCh, pa3fesieHHYy0 Ha JOCTATOYHO JUIMHHBIE PEIUIMKH, TIOCKOJIbKY TaKUe ayJuO3aIiCcH
WIN PeIINKH  cofepkaT OoJsblIoe KOJMYECTBO XapaKTePUCTHK, IO3BOJISIOIINX BbIIBUTH
COOTBETCTBYIOINYIO 3Moluio. TakuM o0pa3oM, yka3aHHblE MOJEIM BBIABJSIIOT SMOLIMIO BCeH
ayJUO3aINUCH B LIEJIOM.

B npennaraemom criocoGe HCIIONB3YIOT ayAHO3alNCh, Pa3[eNeHHyI0 Ha Oojee KOpOTKHe
peruuku (GUKCUPOBAHHOM IJIHHBL B 4yacTHOCTH, mpemiaraembliii criocod oOydeHus: HeHpOHHOM
CEeTH HaIlpaBlieH Ha pacliO3HaBaHWE SMOIUH Ka)KAOTO CErMEHTa ayIuO3aliCy MHANBHIYAJIBHO.
VYka3zaHHas 3a71a4a pacro3HaBaHUsl SMOLUN B KOPOTKHUX CETMEHTAaX PEUH SIBJIIETCs 00Jee CIOKHON
IO CPaBHEHUIO C TPAAULUOHHBIMU METOAAMU, MMOCKOJIbKY XapPaKTEPUCTHUK B KOPOTKOM CEIrMEHTE,
TIO3BOJIAIOLINX BBISIBUTH COOTBETCTBYIOLIYIO SMOLIMIO, MEHBIIIE, HO IPEUMYIIECTBOM SIBJISIETCS TO,
YTO MOSIBJISETCS BO3MOXKHOCTH 0OJIe€ TOUHO BBIYICHSTH 3MOLIUHM B CHUTYalUsX, KOTAA Pa3HbIe
SMOLIUH CMeIIaHbl Mexay coboii. B mpennodrnTensHOM BapHaHTe ayJuO3aINCH, COAepIKaIne
SMOLIMOHAJIBHYIO CIIOHTAHHYIO PE4b, PA3AeSIIOT Ha PEIUTHKH, JMHOW He Oojnee 10 cekyHz, ¢
WICTIOJIb30BAHUEM MOJIENIN BbIeNeHus1 peueBoil aktuBHOCTH (Voice Activity Detector, (VAD))
(@ur. 2, 6ok 102). B nanpHeliieM U3 yKa3aHHBIX PEJIMK HUCIONB3YETCS TOJBKO 3 CEKYHIHBIN
(bparMeHT peun, BHIOpAaHHBIH MTPOHU3BOJIBHO.

Kax Obuto ykasaHO paHee, HCHOJb3yeMble ayAHO3aIHCH COAEPKaT CIIOHTAHHbIE peueBble
B3aUMOJENCTBHS, B KOTOPBIX TPAaHULbI MEXIy HMOLMSIMH (3MOLIMOHAJIBHBIMHU KJIACCAMH)
pPa3MBITHI U cMemaHbl. TakuM 00pa3oM, 4ToObI 00eCIeYnTh BBICOKYEO TOYHOCTh PACIIO3HABAHMS
SMOLMHN KaXKAOM perumMKu (CerMeHTa peIUIMKH), BaXXHO O0eCHeunTh COrjacoBaHHOCTh
Pa3MeTUYMKOB, MPHCBAUBAIOIIUX COOTBETCTBYIOIIYIO SMOLIMOHAJIbHYIO MeETKy peruiuke. B
IpeANnOYTUTCIIBHOM BAPUAHTE, MPUCBAMBAHUE PEIUIMKAM COOTBETCTBYIOINHNX 5MOLIHMOHAJIBHBIX
METOK BBITIOJIHSIOT HE MeHee 7 pazMeTdukoB (Pur. 2, 6nok 103). [lnsa Onoka perunk (He MeHee
100) mpoBomsT BEIOOp HEe MeHee 5 Hamboliee COTJIACOBAHHBIX Pa3METYHMKOB MO Kamre Dieiica
nobuBasch ypoBHs coriacoBaHHOCTH 0,4, YTO MO3BONSAET HCKIIOYUTH Pa3METUYUKOB, 4be

NpeCTaBIEHHE O MPOSIBIIEHUH 3MOLMI B peUr OTIM4YaeTcst OT OobinuHcTBa (Pur. 2, 6ok 104).



IlToMumMO 3MOLIMOHANBHON METKH, KOTOpash OTPa’kaeT 3JI0CThb, IPYCTh, PaAOCTb HIIH
HEHTPAJIbHOCTb, PA3METYMKU TAKXKE MPUCBAUBAIOT COOTBETCTBYIOLIEH PEIUIMKE METKY LIyMa.
Mertka myma Hy»KHa AJs1 o0ecreueHust ycTomuuBocTu K ommOkam VAD. B uactrOoCcTH, mpu
pasneneHuH ayAaro3arycy Ha pedeBble perunkd VAD Mosker ommnbaThbes, MPHHUMAS LTyMOBBIE
noMex (1yM MUKpodoHa, BeTep U 1p.) 3a peub. Takum 0O6pa3om, eciiu mpu 00y4eHNH HEHPOHHOM
CEeTH He YYHUTHIBATH IIYM, B JAJbHEHIIIEM IIPH €€ UCTIONIb30BaHUN OHA OyAeT BhIIaBaTh OOIBLION
npoueHt owmmbok. Ilpemnmaraemeiii crmoco® oOy4deHUs] HEHPOHHOW CETH MpearnoJiaraet
BO3MOXKHOCTb HaJIMuUsl IIyMa Cpeau peruidK, 4YTO II03BOJIA€T MUHHMM3MPOBATH OLINOKY
HEHPOHHOH CeTH, a UMEHHO IpeayrajaTb INPHCBAaUBAaHUE PEILUIUKE C LIYyMOM 3MOLMOHAJIBHON
METKH, HAIIPUMEP 3JI0CTH, KOTOPast CXOXKa M0 XapaKTEPUCTUKAM C HUM.

3Ha4yeHne BBIPAKEHHOCTH 3MOLMH (3JI0CTh, TPYCTh, PalOCTh, HEUTPAJIBHOCTD) B PEIUIHKE
OIIPENeNA0T AOJeH pa3MEeTUNKOB, OTIABIINX CBOH rojioc 3a yKa3zaHHYyI0 sMouuto (®ur. 2, 6ok
105). B wactHOCTH, 17151 PEIUTHK, K KOTOPBIM OOJIBITMHCTBOM YKa3aHHBIX PA3METUYUKOB IPHUCBOECHA
OOHHAKOBas1 OMOLMOHAJIbHAA MCTKa, HCIIOJIB3YETCA TEXHUKA JKECTKOU METKH. B
NPEANOYTUTEIbHOM BAPUAHTE, TEXHUKA JKECTKOM METKHU MCIONB3YETCs AJ PEIUIMK, K KOTOPBbIM
MPUCBOGHA ONWHAKOBas OMOIMOHaNbHAs wmeTka 80% pasmeruumkoB. JJis  OCTajmbHBIX
HEOAHO3HAYHO PAa3sMEUYCHHBIX PEIUIMK HMCIIOJIB3YETCSA TEXHUKA MSITKOH MCTKH, KOTOpPas HA3HAYACT
CHJIy 5MOLMOHAJIBHON METKU MPOMNOPLHUOHANBHO AOJIM PA3METYUKOB, OTHECUIMX PEIUIUKY K
COOTBeTCTBYIOH_[eI\/'I 3MOLIPIOH21.]'IBHOI7I MmeTke. Permmku KaTeropuu MmymM OTMEYAOT OTACJIbHO
TOJIbKO KaTETOPUEH LIyM.

OOyuaemasi HelpoOHHast CeTh SIBISIETCS] TIIyOOKOW HEWPOHHOH CeThI0, HCIONb3YIOIEei
TEeXHUKY IepeHoca 3HaHui (transfer learning), a UMEHHO MeXAY CBEPTOYHON HEHPOHHON CETHIO
(convolutional neural network, CNN), OpenlL3, npenBaputenbHO OOy4eHHOH Ha OOJBIIOM
Hepa3MeueHHOM KOPITyCe JaHHBIX B PEXKHME CaMOOOyUeHUs], U PeKyPPEHTHOH HEHPOHHOM CeThIO
MaJIol eMKOCTH, CJIEAYIOIIeH 3a YKa3aHHOU HelpoHHOM ceThro Openl3.

OOyueHne HEMPOHHOMW CeTH BBIMOJHSIOT B ABa Tana. Ha mepsom stane (¢ur. 1, 6mok 200)
CBEpPTOYHYIO HeHpOHHYIO ceTh Openl.3 3amopakuBaroT (Beca He OOHOBIISIOT) U OOYYaIOT TOJIBKO
PEKYPPEHTHYI0 HEHPOHHYKO CE€Th MaJlOl €MKOCTH, MOCTPOCHHYIO HAa YKa3aHHOM CBEPTOYHOH
HetiponHoit cetn Openl3. Beca pexyppeHTHON HEHPOHHON CeTH MHUIHAIU3UPYIOT CIIyYaiiHBIM
o0pazom. PexyppeHTHYI0 HEHPOHHYIO CeThb 00y4aroT ¢ UCIONb30BaHUEM cHOPMUPOBAHHON Ga3bl

PasMEUYCHHBIX PCIUIUK, MMPUYEM PCILIUKH C XKECTKHUMH MECTKaMU U MATKHUMHU METKaMHU IEPEAAIOTCA



HaKeTaMH IIO0YePeIHO U ¢ UCTIoNb3oBaHueM GyHkuui noteps Cross Entropy n mean squared error
(MSE), coorBerctBenHo. IIpum oOydenunm wucnonssyercss ontummszarop Adam. OOyuenwue
NPOJOJDKAETCA A0 cTabuiau3auny GyHKIHH NOTeph HA BAIUAALIUH.

Ha Bropom stame (¢ur. 1, 6mok 300) pasmMopakuBarOT BEpXHHE CJIOH YKa3aHHON
IpeABapuTENbHO 00yUEHHOH CBEPTOUHOM HelipoHHOM cetn Openl.3, koTopble co cneayroleit 3a
HUMH PEKYPPEHTHOW HEWPOHHOW CEeThIO MPOXOISAT OrPaHUYEHHOE KOJMYECTBO HUTEpaLuid
o0yueHus.

ApXHUTEKTypa HEHPOHHOMN CeTH, OOY4eHHOH JJIsI 33/1a4H PACIIO3HABAHHS YMOLIUU B CETMEHTE
peun nokaszaHa Ha ¢ur. 3. biok MelSpec conepxur 6noku FFT and MEL u BbIONHEH C
BO3MOJKHOCTBIO ~ TIOJYYEHHsI ~ MEJI-CIEKTpOrpamMmbl U3 ¢parmMeHTOoB peun  (ObicTpoe
npeodpazoBanre @ypre (FFT) ans nepexona B 4aCTOTHYIO 00NAaCTh U MOCIEAYIOIIAs arperamus
YaCTOT C YU4ETOM YYBCTBUTEIBHOCTH YEJIOBEYECKOro yxa), He TpeOyeTr oOyuenus. biok OpenL3
copepxkut CNN Block1 (1,64), CNN Block2 (64,128), CNN Block3, (128,256) u CNN Block4
(256,512), mnpuuem CNN Block comepxur crenyromue (GYHKUMH B YKa3aHHOU
nojiceqoBarenbHocTH: Conv2d (in, out), BatchNorm2d, Relu, Conv2d (out, out), BatchNorm1d,
Relu u MaxPool2d. Mcnone3oBanne O10ka Openl3, mpenoctaBisiromero co0OH CBEPTOYHYIO
HEHPOHHYIO CeTh, NMPEABAPUTENIBHO OOYUEHHYI0 HAa MWJUIMOHAX ayIHOCErMEHTOB, IO3BOJISIET
peLIuTh npodiieMy MpeaBapuTeNbHON 00pabOTKU 3ByKa, B YACTHOCTH B MpejiaraeMoM crocobe
BBICTYIIAET B KAUeCTBE OSKCTPAKTOpa NPU3HAKOB, MpeoOpas3yroIlero Mej-CIeKTPorpaMmy B
MOCJIEZIOBATENIbHOCTD BEKTOPOB pa3MepHOCTH S512. CTOUT OTMETHUTh, YTO paHee CBEPTOUHAsS
HelipoHHast ceTb Openl3 mpuMeHsUIaCh TONBKO Uil NETEKTUPOBAHHS aKyCTUYECKHX COOBITHIA,
aHaJIM3a MY3bIKHU WUJIK BUOCO.

ITocnenoBaTenbHOCTE BEKTOPOB, OTPAXKAIOLINX COCTOSHUE 3ByKa ()parMeHTa 3a CEKyHIY C
HePEeKPBITHEM IIOJI CEKYHIBI, MIPENAI0T B KauyecTBe TOKeHOB Ha Osok Emo, mpenocrasisiomero
coOOl peKypeHTHYI0 HEHPOHHYIO CeTb, a UMeHHO long short-term memory (LSTM). binok Emo
COIEPKUT Clieayromre GyHKIMK B yKazaHHOU nocnenosatenbHocT: BathNorm1d, LSTM, RelLu,
Linear, ReLu u Linear IIpoxoxneHnue TokeHOB uepe3 nBa Dence Onoka ¢ akruBanmei RelLu
(dopmupyeTcs BEKTOp BEpOSTHOCTEH HalW4Us CIEAYIOLIUX 3MOLUil BO (parmMeHTe: 3J0CTb,
IPyCTh, PamoCTb, HEUTPAJbHOCTh WM MyM. [JloOaBieHHe THma IOIyM MO3BOJSIET COKPATHTH

JIOKHbIe cpabaThIBaHUs B Cily4ae CrielMQUIHBIX MUKPO(OHHBIX TIOMEX.



Ha ¢ur. 4 npencraBnena cuctema 400 cerMeHTalMu ayquO3alUCH U PACIIO3HABAHHS
SMOLIMM B CErMEHTe peud (nanee - CHUCTeMa) B COOTBETCTBUU C OJHHUM H3 BapUAHTOB
OCYILECTBJICHHUS HACTOSIIErO N300PETEeHUS.

CornacHo cucreme, BBIACNSIOT PEIUIMKH C MCHOJIb30BAHHEM OJIOKA BBIIENEHHs pedeBOit
aktuBHOCTU (Voice Activity Detector, VAD) (dur. 4, 6mox 401), a ¢ ucrnonszoBaHuem 0OJ0ka
nenenus perutuk (ur. 4, 6ok 402) pa3aessiFoT PErUIMKK Ha (parMeHThI 10 3 CEKYH/IbI.

Hanee, B Onoke pacnosHaBanusi smouuii (pur. 4, 6ok 403) onpenensitoT BEPOSTHOCTH
SMOLIMOHANBHOIO COCTOSIHUSA MJIsl KaXJA0ro (pparMeHTa C UCIOJb30BaHHEM HEHpOHHOH ceTw,
00y4eHHO! MPEeAIOKEeHHBIM BhILIEe CIIOCOOOM. B yacTHOCTH, epenaroT nosny4eHHble (parMeHThl
B OJIOK TOJNy4YeHHs MEIN-CIIEKTPOrPaMMBbl, BBINIOJHEHHBI C BO3MOKHOCTBIO IONYYEHUS Mell-
CIIEKTPOrpaMMBbl M3 (PparMeHTOB IS JaIbHEHIIEero ee MpeoOpa3oBaHusl B IOCIENOBATEIbHOCTD
BEKTOPOB pa3MepHOCTH 512 ¢ ucnoiap3oBaHHEM OJI0Ka CBEpTOYHOI HeipoHHOH cern Openl3, u
(bopMHpOBaHUsl U3 MOIY4YE€HHOHN MOCIe10BaTEIbHOCTH BEKTOPOB BEKTOPA BEPOATHOCTEN HAINUUS
B KaXOOM (parMeHTe COOTBETCTBYIOLIEH SMOIMM WM IIymMa C HCIHOJb30BaHHEM OJoKa
PEKYPPEHTHON HEHPOHHON CETH MaJOi €MKOCTH.

[Tocne gero, B Onoke punbrpanmu (dur. 4, 610k 404) onpenesstoT BETUIHHY BEPOSITHOCTH
HaJIMYUS] COOTBETCTBYIOLIEH SMOLIMU B K&KIAOM (pparMenre, 1o 3HAUEHHIO KOTOPOH (UIBTPYIOT
KaXplil pparMeHT, coxepsKaluil COOTBETCTBYIOILIYIO SMOLIUIO, C UCHOJIb30BAHHEM TIOPOrOBOTO
SHAYCHUs AJId BBIABJIICHUA APKOCTU SMOLMH. I[pyr‘I/IMI/I CJIOBaMy, moporoBO€ 3HAUCHUE BJIMSACT HA
TOYHOCTH U NOJHOTY (Precision u Recall) amonuii, comep:kaiuxcsi B MOJy4eHHBIX (parMeHTax,
TaKUM 00pa3soM I KaXkIAOro, M3 IONYYEHHBIX (PArMeHTOB, CHCTEMa OIPEAeNsieT Mepy
yBepeHHOCTH B pe3yibrate (Confidence), o 3HAUEHHIO KOTOPOT'O BBITTOIHAETCS (HIIBTPALIHSL.

IToporosoe 3HaueHue nmonOupaercs B uHTepBaje ot 0 1o 1 s kaxmou 3a1a4u CerMeHTaIuH
1 MOJKET BBICTABIISITBCS KaK €IMHOE JJIST BCEX KJIACCOB SMOILMN, TaK M CHENHaIbHOE IS KaKIou
OTAENBHON 3MOLMM, TakuM o00pa3oM, IIONIb30BATENb HMEET BO3MOXHOCTb PpEryJupoBaTh
PE3yJIbTaT, BEIAABAEMbIA CHCTEMOM.

ITonyuennble mocnenoBaTeNbHble (PPAarMEHTHI, COIEpIKallie OAWHAKOBYIO 3MOLIHIO
OOBEIUHAIOT B CETMEHTHI, HalpUMep MOTYT OBITh OObeAMHEHBI UAYLIHe MOAPsA (PparMeHTh
copeprkamue 3510ctb. OqUHOUHBIE (PparMeHThI TaKXKe MPeoOPasyoTCs B CErMEHTBL

Tax, Hanmpumep, NpU BBICTABJIEHHUH €IHMHOTO IOPOTrOBOrO 3HadeHus, Onmskoro k O,

IMMOJIB3OBATECIIb ITOJYUUT OoublIee KOJHYECTBO CETMEHTOB AJI aHalr3a, YTO CHHUXKACT BEPOATHOCTD



IPOMYCTUTh CETMEHT C HEOOXOIMMOI SIPKOCTBIO (BBIPAXKEHHOCTHIO) sMonmu. [Ipm BBIOOpE
TIOPOTrOBOI0 3HaYeHHUs1, ONM3KOro K 1, HefipoHHast ceTh OyIeT OnpenemnsTh CEerMeHThI O0siee TOUHO
(c Gonee APKUMHU SMOLMSIMH), MOJB30BATENb MOJYYUT MEHbIIEE KOJHMYECTBO CETMEHTOB, YTO
YCKOPHT MX aHAJIM3, HO YaCTh CETMEHTOB OyJeT MPOMyIIeHa.

IIpu BrICTaBIEHNUN MMOPOTOBOTO 3HAYEHUS CIEIMATBbHOTO AJIsl KaKAOH OTAENbHON IMOLMH,
TI0JIb30BATEIb MOJIYYUT BO3MOJKHOCTh OT(HIBTPOBATH CErMEHThI C HEOOXOANMOH HMOLHE.

Taxum oOpazom, npenyaraemasi CHCTEMa TO3BOJISIET ITOJIB30BATENIO MPOCIYLINBATH HE BCIO
ayAMO03aMKCh MOJHOCTBIO, & TOJBKO BbIIENIEHHbIE CETMEHTBI, COIeprKalle HEOOXOAUMYIO SIPKOCTh
KOHPETHO OIpeeIeHHON YMOLIH.

IIpennaraemast cucremMa NO3BOJSIET OOECNEUUTH BBICOKYIO TOYHOCTh PpacCIO3HABAHUS
SMOLMH B PEYU U YCKOPEHHOE MTPOCIYIINBAHUE CIIOPHBIX CECCUIl OOIIEH s, HANpHMep KJINeHTa U
T'OJIOCOBOT'O aCCHCTEHTA, UTO JIeJIaeT BO3MOKHBIM KOHTPOJIHPOBAThH Ka4€CTBO PaOOThI KOJNIIEHTPA,
B YaCTHOCTH IIO3BOJIIET KOPPEKTHO OIPEAENsTh IPoOIeMy CECCUU U CBOEBPEMEHHO €€ pa3peliaTh
TEM CaMbIM, OJIATOIPUSITHO BIIUSISI HA BIIEYATIICHUE KJIIMEHTa O KOMITAaHHH.

Kpome Toro, mpenmnaraemoe u300peTeHHE MOXKET OBITb HCIOJNb30BAHO IS
aBTOMATHYECKOTO COCTABJICHNS] MOAOOPKH SIPKUX MOMEHTOB ayJIWO WJIM BHAEO Nepenadd, TeM
CaMbIM COKpaIasi BpeMsi Ha IPOCMOTP.

Taxke, MOCKOIBKY KaKABIM CETMEHT, COAEPKAIIUN COOTBETCTBYIOIIYIO SMOLIMIO, UMEET
UH(OPMAILMIO O BpeMEHH ero Hadaja U KOHIIA B ayIUO3aIUCH, 00eCreynBaeTcsi BO3SMOKHOCTh
AenaTh Pa3METKy ayAHO3aniCH MO 3MOLMSM.

Hacrosimee wn3o0pereHne He OrpaHMYEHO KOHKPETHBIMH BApHAHTAMH peaH3allvy,
PacCKpBITBIMH B OIMCAHWM B WUIOCTPATUBHBIX IIENIIX, M OXBAaTbIBAET BCE BO3MOXKHBIE
Moau(UKaLUKU U aJbTEPHATHUBbI, BXOAAIINE B 00bEM HACTOSAIIEro U300peTeHus], ONpeaeIeHHbIH

bopMyoit u300peTeHusI.



®dopmyna uzodbpeTeHust

1. Cnoco® oOydeHust HEHPOHHON CeTHU AJIA 3aJa4d PAcTO3HABAHUS SMOLIMM B CETMEHTE peyH,
COIJIACHO KOTOPOMY
3aMOpaXKUBAIOT CBEPTOUHYIO HelpoHHyl ceTh Openl3, mnpenBapurenbHO OOY4EeHHYKO Ha
O0NbLIIOM HEepa3MEeYeHHOM KOPIyCe JaHHBIX B PEKUME CaMOOOYYeHNs,
bopMupyroT 6a3y pa3MEUYeHHBIX PEIUTHK, COAEPIKAINYIO perIuKy He Oosee 10 CeKyHI, K KaKAOH
U3 KOTOPBIX C HCIOJIb30BAHUEM Pa3METYMKOB MPUCBOEHA COOTBETCTBYIOINAS 3MOLIMOHAJbHAS
METKa WM METKa IIymMa, Npuicm
IUISL PETUIMK, K KOTOPBIM OOJIBIIMHCTBOM YKa3aHHBIX Pa3METUHKOB IIPUCBOEHA OJMHAKOBAs
SMOLIMOHAJIbHAST METKA, UCIOJB3YETCsl TeXHHUKA KECTKOH METKH, JJIsI OCTAJIbHBIX PEIUINK
HUCIIOJIB3YETCs TEXHUKA MSITKOH METKH, IPUYIEM
pasMeT4YMKM TPEACTABIAIOT COOON Tpymmy pa3sMeTYUKOB, W3 KOTOPOH MCKIIFOYEHBI
pa3MeTYuKH, HECOOTBETCTBYIOLIUE YPOBHIO cornacosanHocTu 0,4 no kanmne Preiica,
0o0y4aroT PeKyppeHTHYI0 HEHPOHHYIO CEThb Malloi €MKOCTH, IOCTPOEHHYI0 Ha YKa3aHHOH
NpeBAPUTENbHO OOY4YeHHOW cBepTouHOW HelponHoi cetn Openl3, ¢ wucnonabp3oBaHUEM
copmupoBaHHOI 0a3bl pa3MEUEHHBIX PEIUIHK, IPUIeM
PEIUIMKU € JKEeCTKUMH MeTKaMH, Hucrnosb3yromue ¢yHkuuro norepb Cross Entropy, u msrkumu
MeTKaMH, ucronb3yromue ¢yHkuuo noreps mean squared error (MSE), mepenaror makeramu
MOOYEPENHO,
Pa3MOpPaKUBAIOT BEPXHHUE CJIOHN YKa3aHHOW MPeBapUTENIbHO OOYUYEHHOW CBEPTOUHONW HEUPOHHOM

cetu Openl.3 nist mpoxokaeHus: 1oo0y4eHusI HEHPOHHOM CeTH.

2. Cnocob mo 1. 1, B KOTOPOM TEXHHKA JKECTKOH METKH HCIOJIb3YeTCs IS PEIUIHK, K KOTOPhIM

NPUCBOEHA OIMHAKOBAs 3MOLIMOHAIbHAsA MeTKa 80% pa3MeT4YHKOB.

3. Cnoco® no m. 1, B KOTOPOM 5MOLIMOHATIBHAS METKA OTPA’KAeT 3JI0CThb, IPYCTh, PALOCTh HIIH

HEHUTPAJILHOCTD.

4. Cucrema A CErMEHTAlMKU ayAuO3aruc M pacClioO3HaBaHUA SMOLUU B CETMEHTEC pPEYU,

cozeprKaras
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Onok BbImesieHus: pedeBoil akTUBHOCTH (Voice Activity Detector, VAD), BBINOJHEHHBIH C
BO3MO>KHOCTBIO BbIIEJIEHUsI PETUINK U3 ayUO3aIUCH,
OJIOK JeNieHNsl PETIMK, BBIMOJHEHHbIH ¢ BO3MOXKHOCTBIO AENeHUs PEIUIMK Ha ()parMeHTh! 1o 3
CEKyH/IbI,
OJIOK pacriO3HABAHUS IMOLIMH, COEPIKAIUNA HEMPOHHYIO CETh, 00YUYEHHYIO COTJIACHO CIIOCO0Y MO
n. 1, koTopas cogep>kut
OJIOK MOJy4eHUs] MeJ-CIIEKTPOrPaAMMBIL, BBIIIOJHEHHBIH ¢ BO3MOJKHOCTBIO MOJYYEHUS Mell-
CIEKTPOrpamMmbl U3 (parMeHTOB,
Omox cBeprouHoii HeliponHol cetu Openl3, BbIMONHEHHBIH C BO3MOXHOCTBIO
npeoOpa3oBaHMs MEJI-CIIEKTPOrPaMMBbI B ITOCJIEAOBATEIBHOCTh BEKTOPOB Pa3MEPHOCTH 512,
u
OJIOK pEeKyppEeHTHON HEHPOHHOHN CEeTH MaJioil €eMKOCTH, BBIOJHEHHBIH C BO3MOXKHOCTBIO
(bopMHpOBaHUs U3 MOJYYEHHON IOCIEN0OBATEIbHOCTH BEKTOPOB BEKTOpA BEPOSITHOCTEH
HAJINYUS B K&KAOM (pparMeHTe COOTBETCTBYIOIIEH SMOLIUH WU IIyMa,
ONOK (pUIBTPAIMH, BBIMOJHEHHBIH C BO3MOKHOCTBIO OIpPENENIeHHs] BENUYHUHBI BEPOSTHOCTH
HAJIMYUST COOTBETCTBYIOLIEH SMOLIMU B KQXKIOM (pparMeHre, 1o 3HAYEHHIO KOTOPOH (PUIBTPYIOT
KaXIblii (parMenT, comepsKaluil COOTBETCTBYIOIIYIO SMOLIMIO, C HCIIOIb30BAHUEM MOPOrOBOrO
3HA4YeHUs ISl BBISIBJIEHUS APKOCTH SMOLIMU U OOBEIMHEHUs TOCIEA0BaTeNbHbIX (HPArMEHTOB C

OJIMHAKOBOM DMOLIMENA B CETMEHTHI.

5. Cucrema 1o 11. 1, B KOTOPO#1 OAHO MOPOrOBOE 3HAYEHHE UCIIOJIB3YIOT JIIsl PA3HBIX 3 MOLHH.

6. Cucrema o 1. 1, B KOTOPOH JJIsl KQXKAOW MO HUCIIOJB3YIOT COOTBETCTBYIOIIEE MTOPOrOBOE

SHA4YCHUC.

7. Cucrema mo m. 1, B KOTOPOH KaXKAbIH CErMEHT, COAEP KAIMI COOTBETCTBYIOUIYIO SMOIIHIO,

nMeeT HHPOPMALHIO O BPEMEHH ero Havaja U KOHILA B ayJHO3aITHICH.
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OOy4eHne HEMPOHHOI CETH M CerMEHTALUs ayAMO3aNUCH JIsl PACTIO3HABAHUS YMOLIUU
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