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crioco0y o0y4eHusT HEHPOHHBIX CETeH OIIEHNBATh OTHOIICHNE CUTHAJ/IIYM, BpeMs peBepOepartim, Kiacce
[IymMa, MPUCYTCTBYIOLIErO B 3alMCH, U JIaBaTh OOLIYIO OIEHKY KaueCTBa KaK (PYHKIIUIO OT YKa3aHHBIX
OLICHOK Ha IIeJIOM PeYeBOM CHTHAJIe WK ero parmenTe. [IpeioxkeHHbli criocod o0y4yeHust HeHpOHHO
CEeTU OIICHUBATh XapaKTEPUCTHKU Ka4eCTBa BXOIHOI'O PEUEBOTrO CHI'HAJNA CONCPIKUT ATAIlbl, HA KOTOPBIX
BBIMOJHSIOT MOATOTOBKY HabOpa 0OydaroluX PeYeBbIX CHTHAJIOB, VIS KAXKIOT0 U3 KOTOPBIX H3BECTHO
OTHOIIICHUE CUTHAJI/IIyM, BpeMsl peBepOepaliiy | KJIacC IIyMa, BRIOMPAeMBbIil 13 3aJJaHHOTO MHOXKCCTBA
KJIACCOB IIIyMOB, IPUMEHSIIOT K KQKJOMY 00y4aroleMy peueBOMY CUTHAJY IETEKTOP PeYeBOM aKTHBHOCTH
C BBIICJICHHEM U3 YKa3aHHOTO O0yd4arollero peyeBOro CHUrHaia OOy4arolMX MPU3HAKOB, BBIIOJIHSIOT
0o0y4YeHHE HCHPOHHOW CETH OJHOBPEMCHHO IIPE/ACKA3bIBATh HA OCHOBE MOJNYYCHHBIX O0YYaromux
MIPU3HAKOB OTHOIIICHHUE CUTHAI/IITYM, BpEMsI peBepOepannu, KI1acc ryMa i 0000IIeHHYTO OIIeHKY KadeCcTBa
JUTSL BXOJTHOT'O PEYEBOIr0 CUTHANIA.
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CMNOCOB ABTOMATUYECKOW OLIEHKW KAYECTBA PEYEBbIX CUTHAJIOB
C NCMNONb30OBAHNEM HEMPOHHBIX CETEW NS BbIBOPA KAHANA B
MHOIOMUKPO®OHHbBIX CUCTEMAX

OBNACTb TEXHUKW

Hactosiwee wmsobpeteHne OTHOCUTCA K 0BnacTy aBTOMAaTUYECKOW OLIEHKM
Ka4yecTBa PEYEBOro curHana, B 4acTHOCTU, K crnocoby obydyeHUss HEMPOHHLIX CETEN
OLUEeHMBaTbL OTHOLUEHME curHan/wym, Bpemsi peBepbepauum, Knacc Lyma,
MPUCYTCTBYHOLLErO B 3anmcu, M faeaTbh ODOLLYI0 OLEHKY KadecTBa Kak (PYHKUMIO OT
yKasaHHbIX OLEHOK Ha LIENIOM PEYEBOM CUrHane Unm ero parMeHTe.

OueHka kadecTBa peyveBOro curHana MOXET WUCMONb30BaTbCs B Pa3fMYHbIX
NPUNOXEHNAX pedeBon 00paboTkn, Hanpumep, ANA aBTOMaTU4eckoro Bblbopa
Hanny4Lwero MMKPogoHa B MHOrOMUKPOGQOHHOM CUCTEME 3annCK 3BYKOBbIX CUrHanoB.
B cnyyae ronocoBon OUMOMETPUM OHa MOXET MCMONL30BATLCH ANA OnNpeneneHus
Hambornee Ka4yeCTBEHHbLIX CETMEHTOB peYM B 3anMCsX, BbINMOSIHEHHbIX B Pa3fMyHbIX
aKyCTUYECKUX YCIOBMSX, [ANA MNOCTPOEHMS T[ONOCOBOM MOAENM AWKTOpa Mo

BbIOpaHHbIM bparmeHTam.

YPOBEHb TEXHUKW

B obnactm obpaboTkm curHanoB AfsS OUEHKM TOr0 WM WMHOTO WUCKaKEeHWUs
0BObIMHO MUCMONb3YHOTCA KONMMYECTBEHHbIE XapPaKTEPUCTUKKN, TaKMe Kak OTHOLLUEHWE
curHan/lwym mn Bpems pesepbepaumn.

OTHoweHne curHan/wym (SNR, signal to noise ratio) Bbipaxaetrca uyepes
OTHOLUEHME MOLUHOCTEM CuUrHana wuwyma u MOXeT ObiTb NpeacTaBneHo ¢

ncnonb3oBaHMeM crnegyrLlero MareMaTn4eCKoro BblpaXeHn4:

2
SNR = PCI/II‘HaJI — (ASCI/II‘HaJI>
PLuyM AI.LIy'M

roe SNR — oTHoleHWe curHan/wym,

PCHFHaﬂ — cpeaHAaa MoWHOCTb curHana,

Puym — CpeaHss MOLHOCTb Liyma,
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Acurnan — CPeAHEKBagpaTMYeckoe 3HauyeHne amnnnTyabl curHana,

Apyn — CpeaHeKBaapaTu4eckoe 3HaueH1e amnnTy bl Lwyma.

Bpemsa pesepbepaumm (RT, reverberation time) aBnseTca ogHUM 13 OCHOBHbIX
napameTpoB ANS ONUCaHUs akyCTUYECKMM cpeabl 0BnacTn NPoCTPaHCTBa, B KOTOPOW
npoBoAMnack 3anncb pedn. Yawe Bcero, OHO OnNpeaenseTcs Kak BpeMs, 3a KOTOpoe
YPOBEHb 3BYKOBOrO AaBneHns ymeHbluaetca Ha 60 6 (B 1 MiH. pa3 no MOLLHOCTU
nnm B 1000 pas no 3BykOBOMY AaBneHuto). B nutepartype Bpemsa pesepbepaumn,
onpeaeneHHoe TakuMm obpasom, 0OblMHO 06o03Hauvaetca kak RT6E0 wnu T60.
CyuwlecTBytoT ycTosBLMECS MeToabl Ana onpegenenvs RT60 no wsBecTHOM
UMMNYbCHOW XapakKTEPUCTMKE NMOMELLEHNSA, OOHAKO B pearnbHbIX cueHapuax paboTbl
CO 3BYKO3anuCAMM, MOMYYEHHbIMA W3 MNPOWU3BOSBbHBIX WCTOYHWKOB, MMMyINbCHas
Xapaktepuctmka He pgoctynHa. [losTomMy CTaHOBUTCS akTyanbHOW  3ajadva
NpnbnM3nTENBHON OLIEHKM BPEMEHU peBepbepaumm no gaHHOM 3Byko3anucu 6es
LAOMOMHUTENBHBIX CBEAEHUM 0D aKyCTUYECKMX YCNOBUAX.

Havnbonee w3BeCTHbIM CnocobOM OLEHKM KavecTBa peYeBbiX CUrHarnos
angetca  MOS-oueHka (Mean Opinion Score), npegcrtaBnawwas cobdown
CyOBbEKTUBHO-CTATUCTUYECKME UCMBITAHWUS C  MOMOLBK  Fpynnbl  CriyliaTeneu-
akcrnepToB. HecmoTpa Ha [OCTaTOYHO BbICOKYHD HaAEXHOM TakoW OLEHKU Mpw
BonbLLIOM KONMYEeCTBe criyLuaTenemn, oHa ABNAeTCa camon pecypcosarparHon. Cpean
OBbEKTUBHBIX METOAOB, HE 3aBUCSLLMX OT 3KCMEPTOB, YacTO UCMOMb3YHTCA OLIEHKM,
OCHOBaHHbIE Ha CpPaBHEHUW OPUrMHaNbHOrO (3TanOHHOMO) W KOAMPOBAHHOMO
(nckaxkeHHOro) curHanoBs. Hanpumep, nepuentmeHas oueHka kadectsa peun (PESQ)
N ee YCOBEPLUEHCTBOBaHHas BEpPCUA — nepuentMBHas OObekTMBHAsA OLueHKa
kadectsa BocnpuaTna pedn (POLQA). HecmoTpsa Ha LWMPOKY pacnpoCcTpaHeHHOCTb
B TENEKOMMYHUKALMOHHBLIX CUCTEMAX, Takme OLEHKM OrpaHnYeHbl B MPUMEHEHUU K
peuyeBon 0OpaboTke B peanbHOM BPEMEHM, TaK Kak 3TanoOHHbIA CUrHam npyv 3TOM
HELOCTYMEH.

N3 ypoBHA TEXHMKM M3BECTHbI METOAbI aBTOMaTMYEeCKOW OLEHKM KayecTBa
curHana, He Tpebyrowme sTanoHHoro obpasua Anga cpaBHeHVs. Takue pelueHus
MCNONb3YIT METOAbl MaLMHHOMO OByYeHus ANS NONyYeHUa CUCTEM, Kak Npasurio,
HEMPOHHbIX ceTen, npenckasbIiBaoLLmx MOS-oueHky (CN104581758A,
EP3494575A1) unu oueHkn PESQ, POLQA (CN108346434A, CN108322346A).
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OpHako 0606LeHHbIe OLUEeHKM, MOoMyYeHHble TakuMm obpas3oMm, TaXKeno
WHTEPNPETUPOBaTb B TEPMUHAX KOMUYECTBEHHBLIX XapaKTEePUCTUK aKyCTUYECKOU
cpeabl, TakMx Kak OTHOLUEeHWe curHan/lym n Bpemsa pesepdbepaumn. 3HaHWe 3TUX
napameTpoB HeOBX0ANMO ANSA NpefcKkasaHus yCrnoBun paboTocnocoBHOCTU CUCTEM
06paboTkm peun: Hanpmumep, AN NOCTPOEHNSA FONTOCOBON MOAENN ANKTOPA XOPOLLMMMU
ycnosusamm cuntarotea SNR = 15 16, RT60 < 600 mc. Noatomy He06Xx0aMMO NOMUMO
000OLLEHHON OLEHKM KayYecTBa curHana UMeTb NPeacTaBneHne O KONMMYECTBEHHbIX
XapakTeEPUCTMKaxX Cpeabl, B KOTOPbIX MPOBOAMNACH 3amnuCh.

B US9396738B2 paccmartpumBaeTca OLEeHKa KONMMYECTBEHHBIX XapakTepucTuk
Ka4yectTBa curHana C MOMOLLBD HEWPOHHbIX CETeW, B YaCTHOCTW, OnpeaensaeTca
OTHOLWEeHWe curHan/wym (signal to noise), cnekTpanbHaa ACHOCTL (spectral clarity),
KO3 pUUMeHT acummeTpumn (skew), koadpduumeHT akcuecca (kurtosis) n cpegHasa
YacToTa OCHOBHOro ToHa (pitch average). OgHako OCHOBHas Lenb AaHHbIX UBMEPEHUA
- OLleHKa UCKaXKEHHOrO curHana, nepefaHHoro rno cetu, Anga TeNeKOMMYHUKALMOHHbBIX
npunoXxeHun. [losToMy Takme ¢akTopbl akKyCTUYECKOW Cpefbl, Kak Bpems
peBepbepaumm, B JaHHOW OLEHKE KayecTBa He paccMartpuBatoTCs.

Cam npouecc BblMMCNEHUS BpeEMeHW peBepbepaumm curHana vawle BCero
OCHOBaH Ha WCMosb30BaHUM UMMYMbCHOM XapakTepUCTUKN MOMELLEHUS, B KOTOPOM
Obina caenaHa 3anuck (EP2238590A1, WO02015010983). OueBMAHO, 4TO Takue
METOAbl MOXHO WCMONb30BaTh, TOMbKO €CnM  UMMyNbCHAsa XapakTepucTuka
NOMELLEHNS U3BECTHA, YTO MPaKTUYECKM HEBO3MOXHO B pearbHbIX MPUMEHEHUSX
aBTOMAaTM4YECKON peveBon 06paboTku.

Mpy HEW3BECTHOW WMMYNbCHOW XapaKTepuUCTUKE MOMeLeHusa  (Takke
ncnonb3yeTca TepMuH “‘cnenas  oueHka’, blind  estimation) oueHka BpemeHu
peBepbepaumm Kak npaBuO CBOAMTCS K KNaccuyeckum metogam obpaboTkm
curHanoB. Hanpumep, B US 9558757B1 npepnaraeTcsa onpefeneHne CKopocTu
3aTyxaHus 3ByKa Yepes NoCTPOEHME aBTOKOPPENALNOHHOMN PYHKLMN UHTEHCUBHOCTH
curHana no BpemMeHu. [lpy sToM OBHapyXMBaOTCA TOMbKO 3HAYEHUA BPEMEHU
peBepbepaumm, npeBocxopsdwme onpeaenerHHsin nopor. K Hepgoctatkam Takoro
noaxoAa MOXHO OTHECTU HU3KYH YyBCTBUTENBHOCTL K CUrHanam ¢ marnbiM BpeMeHEM
peBepbepaumm, HEBO3MOXHOCTb MPUMEHEHUS Ha KOPOTKMX parMeHTax pednm u

HeyCTOIZ‘-IVIBOCTb K 3alyMmIieHHbIM AaHHbBbIM.
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Cnocob OLIEeHKM BpeMeHU peBepbepaumm c NCNOMb30BaHMEM
MynbTUKaHaNeHOro MUKPOGOHa, MCMOSb3YHOLWNA ryBoKMe HEMPOHHbIE CETU, ONMUCaH
B US 20200082843A1. CornacHo pJaHHOMY Ccnocoby, aHanuMaupyroT CcurHansl,
NOMyYeHHbIE C MOMOLLLIO MYyMbTUKaHaNbHOro MUKpodoHa. OfHako npuMeHeHune
AaHHoro cnocoba ansa obpaboTkm peyeBbIx CUrHANOB OT O4HOrO MUKPOGOHHOrO BXoAa
LAOCTaTOYHO 3aTPYLHUTENBHO.

Cnocob onpepeneHus xapakTepuctuk, otbopa n agantaumm oby4varoLmx
aKyCTUY4ECKMX CUrHanoB Ansi aBTOMaTUYECKOM CUCTEMbl pPacno3HaBaHUs peun
nasecteH n3 US 9922664B2. CornacHo gaHHOMYy cnocoby OCyLLEeCTBNAT NOArOTOBKY
oby4aroLmx AaHHbIX, UMUTUPYIOLLMX LIEMNEBbIE YCIOBUSA OKPYKarOLEn Cpefbl, B TOM
yscne ypoBHA WymMa W peBepbepaumy, KOTOpble  BMOCNELCTBMM  MOIyT
ncnonb3oBaTbCa Ana obydeHus rnybokom HeMpPOoHHOM ceTn. OBYyYEHHY0 HEMPOHHYHO
CeTb panee MOryT MCronb3oBaTh ANSA Knaccudukaumm obpasuoB peyeBbIX AaHHbIX
AN CUMYINMPOBAHWSA KOAEKOB, COOTBETCTBYNOLUMX [JaHHbIM obpasuam peyeBbix
AaHHbIXx. OgHako, AaHHbIM crnoco® He MO3BONSET, B 4YaCTHOCTM, OCYLUECTBUTH
ofyyeHne HEMPOHHOM CETU OAHOBPEMEHHO MPEACKasblBaTb WM OLEHMBAaTbL Ha
OCHOBE BbIAENEHHbIX OOyyaroMx J[aHHbIX OTHOLWIEHME CurHan/wym, Bpems
peBepbepaumm, knacc wyma n ODOOOLLEHHYH OLEHKYy KadyecTBa ANS BXOLHOMO
peyeBoro curHana.

Takum oBpasom, cyLlecTByeT NOTpebHOCTb B cnocobax 0byueHnss HEMPOHHbIX
CeTeN OCYyLLUECTBMATb OAHOBPEMEHHYH OLEHKY XapakTEepUCTUK BXOAHOrO PEeYEBOro
curHana 6e3 ncnonb3oBaHKs AOMNONHUTENbHBLIX CBEAEHNN 06 aKkyCTUYECKMX YCNOBUSIX,

NpPU KOTOPbIX MOMYyYEH AaHHbIN PEYEBOWN CUrHan.

PACKPbLITUE CYLWLHOCTU N3OBPETEHUA

CornacHo opHOMYy BapuaHTy peanu3aumm HacTtoawero mnsobpeTerHus
npeanoxeH cnocod obyyeHns HEMPOHHOW CETU OLEHNBATL XapaKTEPUCTMKM KadecTea
BXOLHOMO PEYEBOro CurHanma, CorfacHo KOTOPOMY BbIMOMHSAKT MOAroToBKYy Habopa
oby4aromx peyeBbIX CUrHamoB, AN KaXKAOro M3 KOTOPbIX M3BECTHO OTHOLLUEHMWE
curHan/wym, Bpemsa pesepbepauum M knacc wyma, BbidMpaembi U3 3a4aHHOro
MHOXECTBa KInacCoB LLUYMOB, MPUMEHSIOT K Kaxkaomy obyyaroLemy peyeBoMy curHany
LETEKTOP PEeYEBOM aKTUBHOCTU C BblAENEHNEM M3 yYKazaHHOrO 0ByyYaroLLEero pe4yeBoro

curHana obyyarwmx nNpU3HaKkoB, BbINOMAHAT OOy4YeHME HEMPOHHOW CeTU
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OOHOBPEMEHHO OUEHMBaTb Ha OCHOBE BblAeNeHHbIX Ofyvarowmx MpU3HaKOB
OTHOLLEHWe curHan/wym, Bpemsa pesepbepaumm, knacc wyma n o6oOLLEHHYHO OLIEHKY
Ka4yecTBa A4Ns BXOLHOro pe4yeBoro curHana.

MNpn mncnone3oBaHUM [aHHOrO cnocoba oOueHka KayecTBa curHamna MOXET
NPOM3BOAMTCS TOMBKO MO AaHHOMY BXOAHOMY curHany, ©6e3 HeobxogumocTtum
CPaBHEHUS C 3TaNnOHHbIM UIN HEUCKEKEHHBIM CUTHanoM, a Ans OLEHKM BPEMEHMU
peepbepaumm He TpebyeTcs 3HaTb WUMMYMbCHYHO XapakTepUCTUKY MOMELLEHUS, B
KOTOPOM Bbina caenaHa 3anmcb peyn.

CornacHo ofgHOMYy MpuMmepy peanusauum noarotoska Habopa obydaromx
pPEYEBLIX CUrHaNoOB MOXET BkoyaTb B cebs obecnedeHMe MHOXEeCTBa YUCTbIX
PEYEBLIX CUMHANOB, UMEKLLMX MUHUMAanNbHOE 3HAYEHWE OTHOLLEHWUSI CUTHas/LLUyM U
BPEMEHW peBepbepaLmn, MHOXECTBA CTaLMOHaPHbIX LUYMOBbLIX CUTHarOB pasnmyHbIX
KNacCoB M MHOXECTBa MMIYIbCHBIX XapaKTEPUCTUK, COOTBETCTBYIOLLMX Pa3fMYHbIM
NOMELLEHNSAM, ANS KOTOPbIX M3BECTHO BpeMs peepbepaumn, NPUMEHEHNE K KaXA0MY
YMCTOMY PEYEBOMY CUrHamny ornepauum CBEPTKM C MMMYSIbCHON XapaKTEPUCTUKON U3
yKa3aHHOr0 MHOXEeCTBa MMMYIbCHBIX XapaKTEPUCTUK C MONyYEHMEM MHOXECTBA
peBepbepmpoOBaHHbIX CUTHANOB, CHOXEHWEe NOMyYeHHbIX peBepOepupoBaHHbIX
CUrHanoB C CTauMoHapHbIMK LIYMOBbLIMW CUrHamamm pasfnunyHblX KnaccoB C
MNONMyYEHMEM MHOXECTBA WCKAXEHHbIX 3allyMNeHWeM  CUrHanoB, WUMERLLMX
pasnMYHOe OTHOLLEHWE curHan/wym, dopmMmpoBaHmMe UTOrosoro Habopa obyyaroLmx
pPEeYEBbIX CUrHaNoOB U3 NCKaXKEHHbIX 3allyMneHMeEM curHanos, cbanaHcMpoBaHHbIA MO
OTHOLLEHMIO cuUrHan/wwym, BpeMeHu peeepbepanmm 1 Knaccy LymMa, a Takke noacyeT
NHTErpanbHOM OLIEHKN KayeCTBa AN KaK4O0ro UCKaXKEHHOrO 3allyMIeHUMEM CurHana
Kak PYHKLUMN OT OTHOLLEHWUSI CUrHan/lwym n BpemMeHn pesepbepaumm.

CornacHo eLe 0gHOMY NPUMEPY peanmnaaumn KaxKabIiv LLYMOBOW CUrHam MOXeT
BbITb NoaBePrHyT peepbepaumm C UCNOMb30BaHNEM MMIMYNbLCHON XapaKTEpPUCTUKM
TOro € NoMeELLEHMS, KoTopas Obina BbibpaHa ans peesepbepaumm COOTBETCTBYHOLLENO
YNCTOro peyeBoro curHana. Kpome Toro, Kaabli LUYMOBOW CUrHam MOXeT ObiTb
noaBeprHyT pesepbepauymm C  UCNONb30BaHWEM  MMIMYMbLCHON  XapaKTEPUCTUKM
NOMELLEHMSA, OTNIMYHOM OT MMMYbCHOW XapakTePUCTUKK, KoTopas Bbina BeibpaHa ans
peepbepaumm COOTBETCTBYHOLLENO YMCTOrO PEYEBOro curHana

CornacHo ewe oOAHOMY nMpUMepy peanu3aumm npeanoxeH cnocob,

coaepxalymm aTan Ucrnonb30BaHUA PErPECCUOHHON MOAENM NpeanKTopa, obyyaemon
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C MCMonb30BaHWEM CTOMMOCTHOM (YHKLUMM Ha OCHOBE CpeaHeKBagpaTU4ecKom
OWMOKM ANA  OUEHKM OTHOLIEHWS curHan/wym, BpemeHu pesepbepauum
000OLLEHHOM OLEHKM KayecTBa, .

OueHka knacca wyma MOXeT OblTb BbIMONMHEHA C  MCMOMb30BaHWEM
knaccudgukaropa, 06y4eHHOro ¢ NOMOLLLH BUHAPHOWM KPOCC-3HTPOMUM.

CornacHo ewe oOpgHOMY BapuaHTy peanusaumm npeanoxeH cnocob
aBTOMaTU4eCKOro Bbibopa kaHana B MHOrOMUKPOMOHHOM CUCTEME C UCMONb30BaHNEM
HEWNPOHHOW ceTk, 0By4YeHHON Ha OCHoBe 0DyYaroLLmMX NPU3HAKOB, COrNacHO KOTOPOMY
NOMy4YaroT BXOAHbIE PEYEBbIE CUrHamnbl U3 MHOXECTBa KaHarnoB MHOrOMMKPOGQOHHOM
CUCTEMBbI, MPUMEHSIFOT AETEKTOP PEYEBON aKTUBHOCTM K K&X40MY BXOAHOMY PEYEBOMY
CUrHany C BbIAENEHNEM U3 HETO MPU3HAKOB, XapaKTEPU3YHOLMX BXOLHOW peyveBOM
CUrHam W COOTBETCTBYHOLUMX OBydaromm npusHakam, nojarT BblLeNEHHbIe
NPU3HaKN, XapakTepUayLLMe BXOAHOW PEYEBOM CUrHAr, Ha BXO4 HEUPOHHOW CETU U
OCYLLECTBMSIOT UX OLHOBPEMEHHYHO OLIEHKY, MONy4YaloT C BbIXOAa HEMPOHHOW CETU
OLEHEHHbIE  3HAYEeHWS  OTHOLUEHWs  curHan/luym, BpemeHn peepbepauun,
00OOLLEHHON OLEHKM KadecTBa W NPeAckasaHHOro kKracca wyma ANa Kax4oro
BXOLHOIO peYeBOro curHana, W BblIBUpalT KaHanm M3 MHOXEeCTBa KaHanoB
MHOTOMWKPOMOHHOW CUCTEMbI, M3 KOTOPOro Obln Nony4YeH BXOLHOW PeYeEBOU CUrHan,
NMEIOLLMIN OLEHEHHbIE 3HAYEHNS, YA, 0BMNETBOPAIOLLME 3a4aHHOMY YCITOBUIO.

MNpn aTOM 3apaHHOe ycrnoBuMe MOXET MpPeacTaBnATb COBOM MakcumanbHoe

3HaveHne 0600LLEHHON OLEHKM KadecTBa.

KPATKOE OMNMUCAHUE YEPTEXEN

[MpeanoxeHHoe n3obpeTeHne ganee onmcaHo 6onee nogpobHO CO CChINKOW Ha
npunaraemble PUrypbl YEPTEXKEN, CPEAN KOTOPbIX:

dur. 1 — nocnegoBaTenbHOCTL AeNCTBUK, obecneymBarolas nonydeHue
oByuaroLLero MHOXeCTBa;

ur. 2 — cxema nNony4eHNs OLEHOK KauecTBa Pe4eBOro CUrHana nu3 UCXo4Hom

ayamnosanmncum ¢ NoMoLLb 0By4eHHON MOAENN.

OCYWECTBNEHNE N3OBPETEHUA
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CornacHo ogHOMy BapuaHTy npeanoxeH cnocob obyyYeHnss HEMPOHHbIX CeTeW
OLEeHMBaTb XapaKTEepUCTUKM KadecTBa BXOAHOro pedeBoro curHana. CornmacHo
cnocoBy, BbINOMHAT MOArOTOBKY Habopa obyyarowmx pedeBblX CUrHanoB, ANS
K&XK4Oro M3 KOTOPbIX M3BECTHO OTHOLUEHWE curHan/wym, Bpems pesepbepaunn um
Knacc wyma, BbiOMpaeMbli M3 3a4aHHOrO0 MHOXeCTBa knaccoB LwymoB. [lanee,
cornacHo cnocoby k kaxaoMy oby4daroemy peuyeBoMy CUrHany NpUMEHSIOT 4ETEKTOP
peYeBON aKTUBHOCTU C BblAENIEHNEM N3 yKasdaHHOro oby4aroLero pe4yeBoro curHana
ofy4aroLmx NPU3HAKOB, U BbINONHAT 0Dy4YeHne HEMPOHHOW CETU O4HOBPEMEHHO
OLEHMBAaTb Ha OCHOBE Bbl4eNEeHHbIX O0y4atoLLmMX NPU3HAKOB OTHOLLEHME CUrHan/LUym,
Bpems pesepbepaumm, knacc wyma n 06obLLEHHYO OLEHKY KadecTBa ANs BXO4HOro
peyeBoro curHana.

Kak nokasaHo Ha dour. 1, Ha nepBOM dTane noarotosky obydarowero Habopa
AaHHbIX 6epyT MHOXECTBO YMUCTbIX pedeBbiX curHanos 101, MeLWmMX MUHUMansHoe
3Ha4eHue curHan/wym 1 Bpemsa pesepbepaumin, MHOXECTBO CTaLMOHAPHbBIX LLYMOBbIX
curHanoB 102 pasnnyHbIX KraccoB, MHOXECTBO MMMYIbCHbIX XapakTepuctuk 103,
COOTBETCTBYHOLUMX pPasfMyHbIM MoMeLlleHusaM, Bpemsa pesepbepaumm (T60) ans
KOTOPbIX M3BECTHO. [Mpn 3TOM B KayeCTBE WUCTOYHUKA YUCTbIX PEYEBLIX CUrHANoB U
CTaLMOHapPHbIX LLYMOBbIX CUrHANOB MOryT ObITb NCMOMb30BaHbI CyLLEeCTBYOLWME Basbl
peus 1 wymoB. Tpebyemble WMMNyMbCHbIE XapakTepUCTUKM  MOryT  ObITb
CreHepupoBaHbl C UCNOMb30BaHNEM CrieynanbHON YTUMUTLI.

CornacHoO ogHOMY BapuaHTy peanus3auun, B KadecTBe CTauMOHapHbIX
LLYMOBBIX CUrHanoB mcnonb3oBanacb 6asa ns 79 knaccoB LUYMOB, TakmxX Kak LUyM
KnaeBmaTypbl, AOXANA, Tyn TONMbl NOAEN, NPON3BOACTBEHHbLIX CTaHKOB WM T.4. B
Ka4yecTBe MHOXECTBa WMMYSbCHbIX XapakKTEPUCTMK WCMonb3oBanachk cneymnansHO
creHepupoBaHHasa 6asa MMNynNbCHbIX XapakTEPUCTUK, KoTopas ummutuposana 40000
KOMHAaT pasnmyHbIX pasmMepoB C BpemeHeM peepbepauumm ot 0 40 2 CekyHz, NpU4emM
ANA KaXKAOW KOMHaTbl Oblnv CreHepupoBaHbl MO 4 MMMYNbCHbIE XapPaKTEPUCTUKM,
NMUTUPYHIOLLME Pa3fNYHBIE NMONOXEHUS UCTOYHMKA 3BYKa BHYTPWU STON KOMHATbI.

Ha BTOopom sTane noarotoBku obydarowjero Habopa fAaHHbIX K KaXaomy
YACTOMY pPEYEBOMY CuUrHamy nMPUMEHSAT Onepauuio CBEpPTKM C  MMMYNbCHOW
XapaKTepPUCTMKOMN MPOM3BOSIbHO BbIOPAHHOM KOMHAaTbl C MOSyYEHUMEM MHOXECTBA

peBepbepnpoBaHHbLIX peyveBbix curHanos 104,
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Kaxgon KomMHaTe MOXET COOTBETCTBOBaTb HECKONbKO  MMIMYbCHBIX
XapakTEPUCTUK B 3aBMCUMOCTU OT NOSTOXKEHNA MCTOYHMKA 3BYKa B 3TOM NMOMELLEHNN.

B pononHutensHOM npumepe peanu3auun Kaxabli LYMOBOW CUrHam Takxe
MOXeT ObITb nogBeprHyT pesepbepauun 105. Mpu aTom peBepbepaums MoxeT ObiTb
OCyLleCTBNeHa C MWCMONb30BaAHNEM  MMMYNbCHON  XapakTEPUCTMKM TOro  Xe
nomewleHns, kotopas Obina BbibpaHa ana peesepbepaumm COOTBETCTBYHOLLErO
YACTOrO PedYeBoro curHana. Ecny mMMnynbCHbIX XapakTEPUCTUK B MNOMELLEHUN
HECKONBbKO, MOXET BObITb MCMNOMb30BaHa UMMNYNbCHAaA XapakTepUCTMKa, OTNndHasa oT
ncnonb3yemon ana pesepdepaymm 4YMCTOro pPedeBoro curHana. JTo Mo3BongaeT
CbIMUTMPOBAaTL PasfnnYHbIE MONOXEHNA NCTOYHUKOB PeYn 1 LLyMa B NPOCTPaHCTBE U
cosgartb bonee peanuctmuyHyto 6aay.

Ha TpeTtbem sTane noprotoBku oby4varowlero Habopa AaHHbIX BbIMOMHAKOT
CrnoXeHune Kaxkgoro peBepbepmpOBaHHOro curHana n3 MHOXeCTBa
peBepOeppoOBaHHbIX  CUrHanoB, MOMyYMeHHbIX Ha npegblgyliem 3Tane, ¢
CTaLUMOHapPHbIMX  LUYMOBBIMW CUTHanNaMmM pasfuyHbIX KNaccoB C MOSlyYeHWEM B
pesynbTare MHOXEeCTBa 3alyMreHHbIX curHanos 106 ¢ pasnuyHbIMK 3HAYEHUSMN
OTHOLLEHWSA CUrHan/Luym.

B ogHOM 13 BapnaHTOB peanu3auuu, Ang nony4YeHns KOPPEKTHOrO OTHOLLEHNS
curHan/WwymMm MOLLHOCTb PEeYEeBOro CurHama pacCyMTbiBAeTCA TOMbKO Ha peyeBblX
cermeHTax 6e3 yyeta nays, ANA 3TOr0 K pe4eBOMY CUrHamy NpUMEHSIETCA AEeTEKTOp
peyeBon akTMBHOCTU (voice activity detector, VAD).

Ha yetBepToM sTane noarotoBkk obyuatowiero Habopa gaHHbIX (POPMUPYHOT
ntoroeoe cbanaHcmpoBaHHoe obyvarowee un TectoBoe MHoxectBo 107 u3
NOArOTOBNEHHbBIX PEYEBLIX CUrHaNOB, UCKaXEHHbIX 3allyMneHnem u pesepbepaumen.
[Mpu 3TOM ANA KaXK[0ro U3 TakMx curHanoB u3BecTHbl napameTpbl SNR, RT60 n knacc
lwyma.

Ha natom stane ocyuwectBnaT noacyeT oboOLEHHON Mnu MHTErpanbHOu
oueHkn kadectBa (QE) ana kaxporo nckaxkeHHoro peesepbepauymen 1 saymMmneHmem
pPeyYeBoro curHana Kak HekoTopom yHkUmMmM oT napameTpoB nckaxkeHna SNR 1 RT60.
CornacHo 4vacTHomy cnydaro peanusauuu, BblumcnieHne QE  ocywectBnawT C

MOMOLLIbIO CNEAYIOLMX MaTEMaTUYECKMX BbIPaXKEHWNI:

1

SsNR = — =575 —T5y
SNR = | —025(NR,5-15)




Spreo = !
RT60 ™ 11 ,0.0125-(RT60y,—600)’

0Q = \/SSNR " SRrT60

rae S¢yp — oueHka yposHa SNR peueBoro cermexra,

S rT60 — OLEHKa ypoBHs pesepbepaLmn peveBoro CermeHTa,
OQ — vHTerpanbHas oLeHKa KauecTBa PeyeBoro CEerMeHTa,
SNR ;5 — 3HaueHne SNR peuesoro cermeHTa B feumbenax,

RT60,,. — 3HauyeHve BpemeHM peBepOepaumn B MUININUCEKYHAAX NS PEeYeBoro
cerMeHTa.

Mpn noprotoBke obyyarowero Habopa AaHHbIX Takke MOXeT ObiTb
NCMNONb30BaH CyLUECTBYHOLWMMA HabOp AaHHbIX, KOTOPbLIA YAOBMETBOPSET YCNOBUIO
cbanaHcuposaHHocTM no granasoHam SNR 1 T60, a Takke no Knaccam LyMOB.

[anee BbINONHAT BblgeneHne oby4varomx NPU3HakoB M3 NOArOTOBNEHHbIX
peyeBbIX curHanoB. B 4acTHOCTM, NMPUMEHST K MOATOTOBMEHHBIM PEYEBbIM
curHanam getektop pedeBon aktuBHocTM (VAD) € Uenbto BbIAENEHNSA U COXPaHEHUS
TOMBKO peyeBblx yyacTkoB. [lanee, OCyWEeCTBNAT BblAeneHUe U3 MOMyYeHHbIX
curHanoB obydarolmx nNpU3HaKoB, HanpuMmep, Men-4acTOTHbIX KencTparbHbIX
koadppuumerHtos (MFCC) vnum BaHka (Habopa) nonocosbix punbTpoB (FBANK) nnn
APYrnX MPU3HAKOB, XapakTepuayroLmMx ayanocurHarn, N3BeCTHbIX N3 YPOBHSA TEXHUKU.
MonyyeHHble obyvarome npuaHaki noaseprarT  ganbHenwen obpaboTke,
Hanpumep, NyTeM MPUMEHEHUS HOpManuaauum KenctpanbHOro cpepHero (cepstral
mean normalization, CMN).

BbigenerHHole obyvarome npusHakm panee ucnonb3yT ans obyyeHus
CBEPTOYHOW HEMPOHHOW CETU B PEXUME MHOro3agaqyHocTu. CBEPTOYHYH HENPOHHYHO
ceTb 0By4aroT OQHOBPEMEHHO OueHMBaTb OTHoweHune curHan/wym (SNR), Bpems
pesepbepaumm (RT60), knacc wyma mn obobLlieHHyro oueHKy kadectBa (OQ) Ha
BXOAHbIX Mpu3HaKkax, MOSlyYeHHbIX Ha npeablayliem sTtane. JTO OCyLeCTBNSEeTCS
Bnarogaps MCNonb30BaHUK YETbIPEX BbIXOAOB B apXUTEKTYPE HEMPOHHOM CETU U
KOMOMHMpOBaHHOM pyHKUMM noTepb (loss function), 0CHOBaHHOM Ha CyMMMPOBaHUA
YeTbIPeX CTOMMOCTHbIX PYHKLWUA C pa3nnyHbIMU BECOBLIMU KO3 PULMEHTAMMU.

B ogHOM 13 BapnaHTOB peanusauuu, ans asTomatnyeckomn oleHkm SNR, RT60

m OQ MCNonb3yrT pPErpeccuoHHyt0 Mofenb npegukTopa, obydaemyto C
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NCMNONb30BaHMEM CTOMMOCTHOM (DYHKLMM HA OCHOBE CpeAHEKBapaTUYECKOM OLLMOKN
(MSE). ABTOMaTuyeckas oOueHka Kracca Lwyma MoxXeT OblTb OCHOBaHa Ha
NCnonb3oBaHUM  Knaccudgukatopa, obyd4aemMoro € nNOMOLbH OMHAPHOW KpOCC-
sHTponuu (BCE).

B kadecTBe HeorpaHv4yMBaroLLEro npumepa, Hxe npueegeHa dpopmyna ans

pacyeTa KOMOUHNPOBAHHOW OYHKLMN NOTEPD:

L =10-MSE(0Q) + 0,001 - MSE(RT60,,.) + MSE(SNR,5) + 10 - BCE (kn1acciuyma)

roe L — koMBuHmpoBaHHasa QyHKUMS NOTEPD,

MSE(0Q) — dbyHKUMSA NOTEpb Ha OCHOBE CPeAHEKBaAPaTUYECKON OLLMBKM ANS
MHTEerparnbHOM OLIEHKN Ka4ecTBa,

MSE(RT60,,.) — dyHKUMS NOTEPb HA OCHOBE CpeaHEKBaAPaTUHECKON OLLIMBKY
Aans oueHkn RT 60,
MSE (SNRaB) — PYHKLUMA NOTEPL HA OCHOBE CpeaHEKBaApPaTM4eCKON OLLNMOKN

ans oueHkn SNR,
BCE (knaccuiyma) — BuHapHasa KpoCC-aHTPONMnHasS dyHKUMS NoTEPb

ANS Knaccugpukaumm wyma.

MockonbKky npepnonaraeTcs, 4TO paspabartbiBaemas HenuMHenmHas Mogenb
npeacKasaHns kayecTsa peyeBoro CUrHana AomKHa OLEeHNBaTL Ka4eCTBO Ha KOPOTKMX
dbparmeHTax peun (0T 1 4o 2 cekyHg), obyyeHne mMoaenm B O4HOM U3 BapuaHTOB
peanusagumn Takke NpOUCXOAUT Ha KOPOTKMX peyeBbix pparmeHTax. B peanbHocTm
YenoBeyeckasn pedb U eCTECTBEHHbIE LYMbl HE SBIAOTCA CTPOro CTauyMoHapHbIMW.
JTO 3HauuT, 4To rnobanbHoe 3Ha4YeHWe OTHOLUEHUS CUrHan/lym, nonyyYeHHoe Ha
3Tane noaroToBKM JaHHbIX W eauHoe Ana uenoro dawna, AOMKHO ObiTh
CKOPPEKTUPOBaHO ANS KaXAOoro KOPOTKOro cermMeHTa 3toro davna. B kadectse
HeorpaHM4YMBaroLLEro NpUMepa HXe npueeaeHa opMyna ANnga nogcyera fokanbHOro

OTHOLIEeHWA CVII'HaJ'I/LlJyMZ



SNR local 10l0g( Erev )

notise

rev
rae E ¢ - aHeprus pesepbeprpoBaHHOro peyeBoro curHana Ao 3allyMrieHus
E;f,?se - 3Heprus pesepbepupoBaHHOro wyma. KoappuumeHtbldnfBana Kaxnoro

CUrHana HaxoAsTCA C MOMOLLbIH PELUEHUSI CUCTEMbl JIMHEMHbIX YPaBHEHWI Mo

YyeTblpem dparmeHTam curHana:

rhe Xqug(i) — i1 dpparMeHT ayrMeHTMpoBaHHOro curHana, X (i) w

Xnoise (i) — ero peeepBeprpoBaHHbie peueBast U LLyMOBas YacTb.

B kauecTBe HeorpaHuuMBarOLLEro npuMepa HWKe nNpuBeLeHa apxXuTekTypa
HEWPOHHOW CETK, KOTOpas MOXET ObiTb MCNONb30OBaHa ANA OLEHKN XapakTEPUCTUKN
KayecTBa pey4yeBoro curHana.

OcraTtouHasg ceTb ResNet18 coctomTt n3 8 ResNet 6nokoB, kaxabih M3 KOTOPbIX
obpasoBaH ABYMSA CBEPTOYHBIMU CROoAMKM C 64 domnbTpamu pasmepa 3x3 1 CBA3bIO C
NponyckoM coeanHeHus (skip connection) depes pgBa cnoda. [laHHas CBS3b
OCyLLECTBNSETCA NpW NMOMOLLX NPOCTOro NO3MEMEHTHOrO CnoXeHus Bxoga bnoka m
BbIx04a nocnegHero cnosa 6noka, ecnu pasMepHOCTM coBnagarTt, nmbo c
NPUMEHEHNEM Onepaummn CBEPTKM AJ1 COrNnacoBaHNsa pasMepHOCTEN.

BepxHui ypoeeHb 06pasoBaH crioem rnobanbHoro yepeaHernuns (global average
pooling layer), 512-mMepHbIN BbIXO4 KOTOPOro MOXET ObITb HasBaH «BEKTOPOM
kadecTtBay (quality embedding). 3TOT BEKTOp NogaeTcsa 3aTeM Ha TPU NIMHENHBIX CMOS:
ANA npeackasaHna oTHowweHus curHan/wym (SNR), Bpemenu pesepbepaumm (RT60)
n oueHkn kadectea (OQ). [Ina oueHkn KayecTBa MCNONb3yeTcs PYHKUMS akTuBaumm
curmounga.

Ana knaccudukaymm Lwyma WUCNonb3yroT AOMOMHUTENbHBIA  ABYXCNOWHbLIN
knaccudpukatop ¢ dyHKUMEN akTuBauum softmax wnm ee mogudpukaumsamm no
KONMYECTBY KNaccoB LLUYMOB (B paccMatpuBaeMoM BapuaHTe - 79).

Takmm obpasom, npeanoXeHHbin crnocob obyyYeHnsa HEWPOHHOU CeTw

NO3BOMSIET NOMYyYMTL Kak 000BLLEHHYIO OLIEHKY Ka4eCTBa pe4eBoro curHana, Tak u ero
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KOHKPETHbIE aKyCTUYECKME XapakTepUCTUKM (OTHOLLEeHWe CcurHan/luym u Bpems
peBepbepaumm), 4TO MOXET ObITb NCMONB30BaHO Kak ANA MPUNOXEHUA rONIOCOBON
BruomeTpuun, Tak 1 Anga Bbibopa ny4dwero KaHana B MHOrOMUKPOMOHHbBIX CUCTEMax
COrnacHo 3afaHHOMy KpUTEpuUIo.

CornacHo euwe OAHOMYy BapwaHTy OCYLLECTBNEHUA NpeanoxeH cnocob
aBTOMAaTM4YECKOro Bbibopa kaHana B MHOrOMUKPOGOHHOM CUCTEME, OCYLLECTBNAEMbIN
C UCMNOSb30BaHNEM OMNUCaHHOW Bbille 0B6y4eHHOM HEMPOHHOW CETMW.

CornacHo pgaHHomy crnocoby M3 MHOXecTBa KaHanoB MHOrMOMUKPOK(OHHOM
CUCTEMbI NONyYaroT BXOAHbIE pedeBble curHanbl. [lanee, kak nokasaHo Ha our. 2, K
KakgoMy OTAenbHOMY pedeBoMy curHany 201 nNpUMEHSIOT AETEKTOP pPeYeBOn
aktTmBHOCTM 202 C BblAENEHMEM MNPU3HAKOB, XapakTEPU3YHOLMX AaHHbIM BXOLHOW
pPEYEBON CUrHaNM M COOTBETCTBYHOLUMX OOyvyaromm npusHakam, KoTopble Obinm
ncnonb3oBaHbl AN ODy4YeHMs HEMPOHHOW CETW, HamnpuMep, ME-4acTOTHbIX
kencTpaneHbiX koadpuumeHTo (MFCC) nnmn 6aHka (Habopa) nonocoBbIX PUNLTPOB
(FBANK) vnn gpyrnx npu3HakoB, XapakTepuayloLnx ayguocurHan, UM3BECTHbIX U3
YPOBHS TEXHUKMW.

[danee nopgatoT nonydeHHble npusHakm 203, xapakTepusyrowme BXOLHOW
peYeBOn CUrHarn, Ha Bxo4 HeMpOoHHOM ceTh 204 1 OCyLEeCTBNAIOT UX O4HOBPEMEHHYHO
OLEHKY C MONyYEeHNEM Ha BbIXOAE HENPOHHOM CETU OLIEHEHHbIX 3HAYEHNSA OTHOLLEHWNSA
curHan/wym 205, BpemeHnun pesepbepaumm 206, o6obLweHHon oueHku kadectsa 207 m
npeacKkasaHHoro knacca wyma 208 ana kaxnoro BXOA4HOrO pedeBoro curHana. Ha
OCHOBE YKa3aHHbIX OLEHEHHbIX 3Ha4YeHWU BbIDMPaKOT KaHan n3 MHOXECTBa KaHanos
MHOTOMUKPOOHHOW CUCTEMbI, N3 KOTOPOro Obin Nony4YeH BXOAHOW PEYEBON CUrHan,
NMEIOLLNIA OLIEHEHHbIE 3HAaYEeHMS, yA0BNETBOPSOLME 3a4aHHOMY yCnoBuio. [pn 3ToM
B KQUeCTBE 334aHHOr0 YCrNoBMs MOXET ObITb MCNONB30BaHO MakCUMarbHOe 3Ha4YeHne
o060bLeHHoM oueHKn kavecTBa. OgHako cneumanncTy ByaeT NOHATHO, YTO B KaYecTBe
3afaHHOro ycnosms MoryT ObITb MCMONb30BaHbI APYyrMe nokasaTenun, U3BECTHbIE B
YPOBHE TEXHUKW.

Hactoswee w3obpeTeHne He OrpaHuMYeHO KOHKPETHbIMKM  BapuaHTamu
peanusayun, packpbITbiMU B ONUCAHUM B UNINFOCTPAaTUBHbBIX LIENAX, M OXBaTbIiBaET BCE

BO3MOXHblE MO,D,VI('*)I/IKGLI,I/II/I 1 anbTepHaTUBbl HA K&2XXA0M 3T1ane OCyLLleCTBNEHNA.
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®OPMYNA USOBEPETEHUA

1. Cnoco® oby4yeHns HEMPOHHOW CETU OLEHMBaTb XapaKTEPUCTUKN KayecTBa
BXOAHOMO pe4yeBoro curHana, cCornacHo KOTopomy

BbIMOSTHAOT NOArOTOBKY Habopa oby4aroLmx peyeBbIX CUrHanoB, ANs Kaxaoro
N3 KOTOPbIX M3BECTHO OTHOLLEHME CUrHan/WyM, Bpems pesepbepaummn n knacc wyma,
BbIOMpaemMbIi 13 3a4aHHOTO MHOXECTBA KacCcoB LLYMOB,

NPUMEHSIIOT K KaxaoMy oby4datollemMy pedeBOMy CUrHany LETEKTOp peyeBom
aKTVBHOCTM C BblgENeHMEM W3 yKasaHHOro oby4yarolero peveBoro curHana
oBy4aroLmx NprU3HaKos,

BbINOMNHAT 00y4YeEHNE HEMPOHHOWN CETU O4HOBPEMEHHO OLEHMBATb HA OCHOBE
BblAENeHHbIX  OfyyarolmMx  MpPU3HAKOB  OTHOLUEHME  curHan/wym,  Bpems
peBepbepaumm, knacc wyma n OBOBLLEHHYH OUEHKY KadyecTtBa ANs BXOLHOMO

pedeBoro curHana.

2. Cnoco® no n. 1, cornacHo KOTOPOMY MOAroToBka Habopa obydaromx
peYeBbIX CUrHanNoOB BKOYaeT B cebs

obecneyeHne MHOXECTBaA  YMCTbIX  PEYEBbIX  CUrHanoB,  UMEHOLLMX
MUHUMAnbHbIE 3HAYEeHWs OTHOLLEHMS curHan/lwym wn BpemeHun pesepbepaumm,
MHOXeCTBa CTaLMOHapHbIX LLUYMOBbLIX CUIHANOB pasnnyHbIX KNacCoB M MHOXECTBA
UMMNYbCHBIX XapakTEPUCTUK, COOTBETCTBYIOLUMX pPasNUYHbIM MOMELLEHUAM, AN
KOTOPbIX M3BECTHO BpeMs pesepbepaumu,

NPUMEHEHNE K KaXKAOMY YMCTOMY PEYEBOMY CUrHamy onepaumm CBEPTKU C
MMMYNbCHOWM  XapaKTEPUCTMKOM M3  yKa3aHHOrO0  MHOXECTBa  MMMYJbCHbIX
XapaKTEPUCTUK C NOSyYeHNEM MHOXECTBa peBepOepupOBaHHbLIX CUrHarnoB,

CNOXEHNE TMONyYEHHbIX peBepbepUpPOBaHHbIX CUrHamnoB C CTaUMOHaPHbIMK
LLUYMOBbBIMW CUrHanammn pasnmyHbIX KNaccoB C NOMYyYEHNEM MHOXECTBA UCKaKEHHbLIX
3alUyMIEHMEM CUrHANOB, MMEIOLLMX Pa3fINYHOE OTHOLLEHNE CUrHan/Wwym,

opmmpoBaHme uToroBoro Habopa oOyvaromx peyeBbIX CUrHamoB U3
NCK&XXEHHbIX  3allyMieHMEM CUrHanoB, cOanaHCUMpOBaHHbIM MO  OTHOLLEHUIO

curHan/Lwym, BpeMeHn peeepbepauum 1 knaccy wyma,
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MOACYET WHTErpanbHOM OLEHKM KayecTBa ANS  KaX4Oro MCKaXXEeHHOro
3allyMNeHMeM curHana KkKak yHKUMWM OT OTHOLUEHUS CUrHasn/llym WM BpPEMEHU

pesepbepaumn.

3. Cnocob no n. 2, cornacHo KOTOPOMY KaXAbIA LLYMOBOW CUrHan nNogBepraroT
pesepbepaumm C UCNOMb3OBaAHUEM  WUMMYNbCHOM  XapakTEPUCTMKM TOrO  Xe
nomewleHms, kotopas Obina BbibpaHa ana peesepbepaumm COOTBETCTBYHOLLETO

YMCTOro pe4yeBoro cumrHana.

4. Cnocob no n. 2, cornacHO KOTOPOMY KaxAbIn LLYMOBOW CUrHan noasepraroT
peBepbepaumm C WUCMONb30OBAHMEM WMMYSIbCHOM XapaKTEPUCTMKN MOMELLEHNS,
OTNIMYHOM OT WMMNYNbCHOW XapakTeEPUCTUKK, KoTopas Obina BbiOpaHa Ans

peBepbepaummn COOTBETCTBYHOLLENO YMCTOrO PEYEBOro cUrHana.

5. Cnoco6 no n. 1, cornacHo KOTOPOMY AMS OLEHKN OTHOLLUEHWSA CUrHan/LymMm,
BpemeHn peBepbepaumm 1 060OWEHHOM OLEHKM KayecTBa  WUCMOMb3YHT
PErpecCcuoHHy0 MoAernb NpeaunkTopa, obyvyaemMyro ¢ UCNONb30BaHNEM CTOMMOCTHOM

dYyHKLUMM HA OCHOBE CpeaHeKBaapaTn4eCcKkom OLLIMOKN.

6. Cnocob no n. 5, cornacHo KOTOPOMY OLEHKY Knacca LuymMa BbINOSHAOT C
MCNonb3oBaHMeM knaccudukaropa, 0Oy4eHHOro C nomoulptd BMHapHOM Kpocc-

SHTPONUN.

7. Cnocob aBTomMaTn4eckoro Bolbopa kaHana B MHOroMMKPOGOHHOW CUCTEME C
NCMNONb30BaHMEM HENPOHHOW CETU, OBYYEHHOW Ha OCHOBE ODy4aroLmMx MPU3HAaKOB,
COrnacHo KOTOPOMy

MNony4altoT  BXOAHbIE  pedYeBble  CUrHambl W3  MHOXECTBa  KaHasnoB
MHOFOMMKPOGOHHOM CUCTEMBI,

NPUMEHSAIOT AETEKTOP PEYEBON aKTUBHOCTU K KaXLOMY BXOLHOMY pPEYEBOMY
CUrHany C BbIAENEHNEM U3 HETO MPU3HAKOB, XapaKTEPU3YHOLMX BXOLHOW pPeveBOM
CUrHan n COOTBETCTBYHOLLMX 0By4vatoLnm npmsHakam,

NOA AT BblAENEHHbIE MPU3HAKW, XapakTepusyoLme BXO4HON peyeBon curHan,

Ha BXO4 HEMPOHHOW CETU U OCYLLECTBSIIOT MX O4HOBPEMEHHYHO OLIEHKY,
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Nony4arT C BbIXO4a HEMPOHHOM CETU OLEHEHHble 3Ha4YeHUSs1 OTHOLLUEHMS
curHan/wym, BpemMeHn pesepbepauun, 0000WEHHOM OueHKM KadecTBa WU
NpeAcKasaHHOro Kracca Lyma Ansi Kaxaoro BXogHOro peyeBoro curHana, u

BbIOMPAKOT KaHan 13 MHOXEeCTBa KaHarnoB MHOMOMMKPOMOHHOW CUCTEMbI, U3
KOTOPOro 6bi1n1 NonyYeH BXOAHOW PEeYEBON CUrHAT, UMEROLNIN OLEHEHHbIE 3HAYEeHNS,

YAOBNETBOPSAOLME 334aHHOMY YCIOBUHO.

8. Cnoco® no n. 7, B KOTOPOM 3ajaHHOe YCroBWe npeacraBnseTr cobou

MakcumarnbHoe 3HavyeHne 0600LEHHOW OLIEHKM KadyecTBa.
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