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KauecTBenHubIE ICHX0(DU3NOTOTTIECKTE UCCIEN0BAHNST TPEOYIOT 06ecede sl JOCTYITHBIMEI U XOPOIIIO OPTaHM-
30BaHHBIMU 0a3aMU JTAHHBIX, COIPS?KEHHBIX C OOJIBINON IIPeIBAPUTEILHO pabOTOM 10 CO3AHUIO N3MEPUTEIBHBIX
KOMILJIEKCOB, BKJIIOYAIONINX HE TOJIBKO CPEJCTBA /I U3MEPEHHs ICUXOMU3INOIOTHIECKUX apaMeTPOB YejIoBe-
Ka, HO W €ro 9MOIMOHAJIILHOTO COCTOSIHUSI, KOTOPOE OTOOParKaeTCsi B BBIPDAYKEHUH JINIA, PEYN U TOBEIEHIECKUX
MaTTEpPHAX PECIIOHIEHTOB. VI3MepuTe/IbHbIE KOMILIEKCHI JTOJIPKHBI TAK¥Ke BKJIIOYATh M CPEJICTBA 0OpabOTKU IKCITe-
puMeHTaIBHOrO Marepuasa. CyTh UCCIeIOBaHUS COCTOSIA B IPOBEIEHUN MMJIOTHOIO SKCIEPUMEHTA IO CO3/IaHIIO
npororuna baser Peuerbix JJaHHBIX PYCCKOS3BITHBIX PECIIOHIEHTOB, IOy Y€HNUsI OTBETOB Ha, METOIUIECKHE BOIIPO-
ChbI, BOSHUKAIOIINE Y CHEIUAJNCTOB IIPU UCIIOJIb30BAHUN 6a3bl JJIsl 38149 PACTIO3HABAHMSI COCTOSIHUST Y TOMJIEHUST
4JesioBeKka. PaspaboraH anmnapaTHO-IPOrPAMMHBIN KOMILIEKC, ITO3BOJIAIONINI CHHXPOHHO PErMCTPUPOBATH IICHXO-
GU3UOIOTHIECKIE TTAPAMETPHI, BIICO3AIICH TOBEJICHIECCKUX PEAKIINI 1 ayHO3alnCh pedn JeaoBeKa. B kadecrse
MOJIe/ TN (PU3UIECKOTO YTOMJIEHUST UCIIOJIBb30BAJICSA KapAHOPECIIUPATOPHBIN TecT ¢ dpusnaeckoit Harpy3koii. Jlo mpo-
XOKJIEHUS U IIOCJIe 3aBEPIIEHNN TeCTa JOOPOBOJIBIBI 3aYUTHIBAIN HAOOD CTAHIAPTHBIX (DOHETUUECKHU IIPEeJICTa-
BUTEJBHBIX TeKCTOB. [lomyuennbie aymaumosamnucu oO6pabaThIBAINCh C IOMOIIBIO CIENUAIN3UPOBAHHON HEHPOHHON
ceTu, CIIOCOOHOU aHAM3UPOBATh MHTErPAJIbLHBIE CIEK-TPAJILHBIE XaPAKTEPUCTUKH 3BYKa. Pe3yIbTaThl THIOTHOTO
9KCIIEPUMEHTA I10-Ka3aJl BO3MOXKHOCTB PACIIO3HABAHMUS COCTOSIHUS yTOMJIEHUs 4eJIOBEKa 110 €ro pevu, 4TO I103-
BOJISAET TIEPENRTH K CO3/IAHUIO OOIBIITOro OGaHKa ayAMO3aINCeil U COBEPIIEHCTBOBAHUIO AJITOPUTMOB PACIIO3HABAHUS
COCTOAHUA YTOMJIEHUS.

Kmouesvie crosa: boavuwue daH’H,’bte, peHs, YmomaeHue, HeﬁpO’HHaﬂ cems.
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BBenenue

Pabora 1enoseka-oneparopa (Jajee — orepaTopa) XapakKTepu3yeTcsl HAIPsKeHUeM BHHMa-
HUS C HEOOXOIUMOCTBIO €r0 MEePEeKII0UeHNs, & TAKYKEe HEPBHO-IICUXUIECKIM HAIPIZKEHUEM B CBsI-
31 C BBICOKOW OTBETCTBEHHOCTDLIO 3a PE3Y/IbTATHI HeATENLHOCTU. BbICOKME HArPy3KU BEIyT K
Pa3BUTHIO y OIEPATOPOB COCTOSIHUS YTOMJIEHUSI, YTO CONPSZKEHO C yIPO30# IPOIyCKa 3HAYNMBIX
CUTHAJIOB U HEMOTUBUPOBAHHOT'O PEATMPOBAHUS HA CUTHAJIBI JIOKHBIE. [[09TOMY KOHTPOJIL 38 pas3-
BUTHEM yTOMJIEHUS Yy CIEIUAJIMCTOB OMEPATOPCKOrO MPOMUIIS B IIPOIECCe UX MPO(hreCCUOHATBHOIM
JIeATeIbHOCTH SIBJISIETCsT aKTyaJIbHOU 3ajiadeit. OJIHAKO pelleHne JTAaHHOW 3aJladu COIPSI?KEHO C
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— MOJIEJINPOBAHKE YCJIOBUI TPYJa CIEINUAJINCTa B OOJBIIMHCTBE CJIyYaeB HE COOTBETCTBYET
peabHBIM YCJIOBHSAM €r0 JesSITeIbHOCTH;

— IIOIBITKA IPOBECTH KAaKHe-JIMO0 M3MePEeHUsl B IIPOIECCe TPYAOBON JIESATEIbHOCTH C IIEJIhIO
onpesenTh ee 3(PPEKTUBHOCTD, IIPEJACTABIIIET TOMeXy paboTe OIepaTopa;

— IPOTHOCTHYECKAs IEHHOCTD CYyIIECTBYIOIIINX MATEMATHKO-CTATUCTUIECKAX MO/IesIeil OIeHKN
pabOTOCIIOCOOHOCTH OIepaTopa HEBEJIMKa B CHJIy OTPDAHUYEHUl, HAKJIAIbIBAEMBIX B OOJIb-
IIIHCTBE CJIydYaeB HEOOIBIMTUMU Pa3MEPAMU U3y IEHHBIX BBIOOPOK.

B HacCTOdAIee BpeMs aKTHUBHO Pa3BHUBaIOTCA METOAbl PAaCIIO3HaBaHNA COCTOAHUSA YeJIOBEKa-
orepaTopa Io peun, N300ParKEeHUIO U MTOBEJIEHUIO, PEAJIN3yeMble C ITIOMOIIBIO CUCTEM aBTOMATU3H-
POBAHHOI1 OIIEHKHU C IPUMeHeHHeM HepOHHbBIX cereil [14]. Takue cucTeMbl IO3BOJISIOT OLEHUBATH
COCTOSTHUST “€JIOBEKa-0IlepaTopa JUCTAHIIMOHHO, HE OTPBIBAasl €r0 OT IPUBBIYHOMN JI€ITETbHOCTH.

st perucTpanuy COCTOSTHUST YTOMJIEHUST I€JIOBEKA MTEPCIEKTUBHBIM SIBJISIETCS PEUYEBON Ka-
waj. OH OPOCT U HEJOPOr W B HAUMEHBINEH CTENEHU IOJBEPXKEH MCKAXKEHUSIM BO BPEMsl PEru-
CTPaIK, I10 CPABHEHUIO C 3aIIMCHI0 BHIACO MJIM (PU3UOJOIMIECKUX ITOKA3aTe e,

WccnenoBareabcKasi aKTUBHOCTD, IMOCBAIIEHHAsT AHAJN3Y PEYM 4YeJIOBEKa, B OCHOB-HOM CO-
CpPeIOTOYEHA B CJICIYIONINX HAPABJICHUSIX:

— COBEpIIEHCTBOBAHNE AJITOPUTMOB 00pabOTKH PedeBOr0 CUTHAJIA, BKIIOYaS:

1. coBepIleHCTBOBaHME MTPOIrPAMMHBIX MWHCTPYMEHTOB JjIsi BU3YAJIM3AIINA PEYEBOTO CHT-
HaJla 1 pacdera IPU3HAKOB, XapaKTEPU3YIOIINX peueBoil curaaj, B vactuoctu PRAAT
[7, 8], ISIP [5], openSmile [15];

2. aJlallTalusd COBPEMEHHbBIX aJTOPUTMOB MAIIIMHHOI'O O6yquI/I$I JJId pereHns 3a/J1av aHa-
JI3a pedeBoro curxasa [14];

— pa3paboTKa aJrOPUTMOB U METOJUK PACIO3HABAHUS PA3JIUIHBIX COCTOSTHUN M HATOJIOTHIA
JeJI0BEeKa Ha OCHOBE aHAJIN3a er0 Pedr, BKIII0UAast:

1. pacno3naBanue pa3aIUIHBIX dMOIMOHAJBHBIX COCTOSIHUIA;

2. pacrio3HaBaHUe Psifia OTKJIOHEHUI OT HOPMAJIbHBIX ICUXUIECKUX U (PU3UOIOTUIECKIX
COCTOAHUIL;

3. pacHo3HaBaHUEe OT/IEJIbLHBIX COCTOSAHMI Y€/ I0BEKa, CBA3AHHDBIX C MCIIOJTHEHHEM UM CBOUX
PYHKIIMOHAJIBHBIX 00A3aHHOCTEN B IIPOIECCEe HAeSITETbHOCTH, B TOM YHCJIE COCTOSHHSI
yromtenus [1].

Bwmecre ¢ Tem, ocHOBHOI TIpobJIeMOIT JJIsT HCCIeI0BATE e ABIAETCI HAJIMINE KaIeCTBEHHBIX
HaOOPOB PEUYEBbIX JAHHBIX WK 6a3 peueBbix HaHubX (BP/L), cocraBisionux 0CHOBY MAITHHHOTO
obydennsi. OcHOBHast MpobIeMa COCTOUT TOM, UTO JJIsT KarXKJI0r0 sSI3bIKa HeOOXOIMMO CO3/1aBaTh
csou BPJI. B gacraOCTH, y2Ke paspaboTaHbl 6a3bl JAHHBIX, COMEpIKAIIe DOJIBIIOe KOJIUIECTBO
3amnceil peun AUKTOPOB, BBIPAXKAOIINX HEUTpAaJIbHBIE, MOJOXKUTEIbHbBIE JINOO OTPUIATETHHBIE
AMOIIHN. 9TI/I 6&3]31 JaHHBIX CYyIIECTBYIOT B CBO6OILHOM JOCTyIlE€ U CJIy2KaT B Ka9eCTBE UCTOTHUKA
STAJIOHHBIX CUIHAJIOB JJjIsl paclo3HaBaHus sMouuii B rosoce. Onxnako stu BPIl conepxar aH-
[JIMACKYI0, HEMEIKYIO, UTaIbsAHCKYIO pedb |2, 10|, mpu sTrom pycckosisbranoit BP/I ¢ orKpbITBIM
JIOCTYIIOM IIOKa He IIpeICTaBJICHO.

B nacrositiiee Bpems pazpaboTaHO 3HAMUTEBHOE TUCI0 AJITOPUTMOB 00pabOTKHU pedn, U3y de-
HBI XapPaKTEPUCTUKHI T'0JIOCA, BBISIBJIECHBI PEYEBbIE TAPAMETPhI, KOTOPbIE CIIOCOOHBI BApbUPOBATH B
3aBHCHUMOCTHU OT PYHKIMOHAJIHHOTO U SMOIIMOHAJILHOIO COCTOSHMA destoBeka. OIHAKO co3/aHne
aJITOPUTMOB, TO3BOJIAIONINX PACIIO3HATH YTOMJIEHIE YeJI0BEKa 110 er0 PeYN B IIpoliecce mpodeccu-

OHAJILHOM JIesITeJIbHOCTH, HAXO/IUTCS Ha dTale pa3paboTKU IPEXK e BCEro 10 IPUINHE TPYIHOCTEH



MOJIEJINPOBAHUS COCTOsIHUST yTOMJIeHUs 1uejioBeka. [liisi cosmanus takoit BP/I Tpebytorcst oTBeThI
Ha CJIeJIyIolue MeTOANYeCKIe BOIIPOCHL:
1. xak MoJlesIpoBaTH YTOMJIEHUE U YTO dBJIAETCS JOCTOBEPHBIM KPUTEPHUEM HACTYILJIEHUS CO-

CTOSAHUSA yTOMJICHUS,;

2. KaKue TEKCTHI JIOJI?KHBI OBITH UCIOJIB30BAHBI JIJIs YTEHUS;
3. KaKol JJINTEJLHOCTU JOJ2KHBI ObITH pedeBble (hparMeHThbl, JJOCTATOYHBIE /IJIsi PACIIO3HABAHMS

COCTOAHUSI YTOMJICHUS;

4. MuUKpPOQOHDBI KAKOT'0 Ka4eCcTBa HEOOXOINMO UCIIOIb30BATE ISl 3AIIUCH PEYU U KaKOW YPOBEHb

«orpy0JIeHHST» MCXOJIHBIX JAHHBIX JIOMYCTUM IIPU O0YyIeHUN.

CyTb Hacrosimeir paboThl COCTOSLIa B MPOBEJIEHUU MMIJIOTHOIO IKCIIEPUMEHTA 10 CO3IAHUIO
npororunia BPJI pyccKOsI3bIMHBIX PECIIOHIEHTOB C IEJIbIO TOJIYYeHUsI OTBETOB Ha, BLIIIEIIEPEYINC-
JieHHBbIe BOTIPOChl. OCHOBHBIE YCUJIUsI OBLIN HAIIPABJIEHBI Ha PEAIN3AIINI0 3aKOHIEHHOTO IIPOIECcca
pacro3HaBaHUus YTOMJIEHUsI, BKJIIOYAIONIErO MOI00P TEKCTOB JJjIsl UTEHUsI PECIOHJEHTOB, pa3pa-
BOTKY alllapaTHO-IIPOrPAMMHOIO0 HHCTPYMEHTAPHS, IPOBEJIEHUE CAMOI0 SKCIIEPUMEHTA, OPraHu-
3aIMI0 PETUCTPUPYEMbBIX JIAHHBIX, (POPMUPOBAHIE 00YUAIOIIEH BEIDOPKHU C PEUYEBBIMU CUT'HAJIAMEI
PECIIOHJIEHTOB, ee mpeobpaszoBanue B npororunt BPJ u, B MeHbIne#l cremnenu, Ha aHAJNU3 U BbI-
60p aJrOPUTMOB PACIO3HABAHWS PEYM, TAK KaK B 9TOM BOIIPOCE BO3MOXKHO OIMPATHCH HA yIKe

TOTOBbBIC U ITPOBEPEHHBIEC MOJICJIN.

1. Marepuanabl U METOAbI

OCHOBY 9KCIIEpUMEHTa, COCTaBUJIa CHHXPOHHAsSI PErHCTPAIldsl PeYU B IPOIecce UTeHUsl 100~
POBOJIBIIEM CTAHIAPTHBIX (DOHETUIECKU ITPEJICTABUTEIHLHBIX TEKCTOB. B MIMJIOTHOM 9KCIIEpUMEHTE
IpUHSAIO yuacTre 9 j00pOBOJIBIER (370POBble MyKUYUHBI B Bo3pacre 22-25 JieT), HONUCABIINX
nadopMupoBarHoe coryiacue. OJuH U3 JTOOPOBOJIBIEB HPUHS yYacTHe B IKCIEPUMEHTE JIBa-
Kbl B X071 KazK10ro ucciieiopanust JO6pOBOJIEl] YuTajl TPU CTaHIAPTHBIX TEKCTa («KOMAHIHbIIH
TEKCT», «IIPO3a», «CTUX») JI0 U Hocje HAarpy3ku. Takum 06pa3oB, 6bLI10 1m0s1ydeH0 30 HCXOHBIX
ayAnO03aIIUCEe.

1t MoeIMpoBaHus yTOMIIEHIS HCIIOJIb30BaIN Kapanopecnuparopusrit rect (KaPen) ¢ mak-
CUMAJILHOM (bU3MIeCcKOil HArPy3KOil, BBIIOJTHIEMbIN T00POBOJIbIIAMI Ha Bestospromerpe Ergoline,
[IPU 9TOM KOHTPOJIMPOBAJIH KAP/IUOPECIINPATOPHbBIE U MeTabOTMYECKIE TApAMETPBI JJ0OPOBOJIHIIER
¢ TIOMOIIIBIO Sprocuupomerpudeckoro komiuiekca MetaLyser (Cortex, Iepmanust).

Jl1st 3amucu pevun OHOBPEMEHHO HCIIOJIb30BAJIOCH JIBA MUKPO(QOHA: MTPOdeCcCHOHaATbHBIA MU~
HuaTopHblil eTinanblii Mukpodon AKG C 417111 («eBblii» KaHas) U BBICOKOYYBCTBUTEIbHBII
merpostiornydeckuii Mukpodon PCB 378A14 (Ne 61720-15 B TocymapcrBeHHOM peecTpe CPeJICTB
u3Mmepenuit) copmectro ¢ ycuimresem PCB 482C («upasbiit» kanad). s ananoro-uudpoBoro
npeobpa3oBaHus 3BYKOBOI'O CHUT'HAJIa MUKPO(OHOB HUCIIOJIb30BAJIACH BHEIIHSS JIBYXKAHAJILHAS
sBykosasi kapra M-AUDIO M-Track Plus (MKII).

s pacriosHaBaHUS PACCMATPUBAEMBIX COCTOSIHUI YTOMJIEHUS JIOODPOBOJIBIIEB HCIIOJIb30BaA~
Jlach TUIyOOKasi HeffpOHHAsi CeTh C TOMOJOIHEil aBTOIHKOJEpa peajin30-BaHHAs B OMOIMOTEKE
auDeep [4]. ABrosukojep peanmzoBan ¢ momoribio 6ubmore-ku TensorFlow sepcun 1.15. O6y-
JeHue NIyOOKON HepOHHOM ceTH BBIMOTHAIOCH Ha Tpadudeckoit kapre NVIDIA Quadro M4000.

[Tomumo mepednciieHHOTO 000PY/IOBAHNS, B UCCJIEIOBAHNY OBLIN 3a/1eficTBOBaHbI mojurpad
Hunana-7M u cucrema suneozanucu dnana-Buaeo (Ilosmmkonnyc, Mocksa), ¢ HOMOIIBIO KOTOPBIX
perucTpupoBasin (pU3NOJIOIHIeCKre TOKA3aTEH, TOBEJeHYeCKNe 1 MUMUYECKNE PEAKINH J00Po-

BOJIBIEB. Tak»Ke ¢ MOMOIIBI0 OPUTHHAIBLHOTO IPOTPAMMHOTO 00ECIIeYeHs PErNCTPUPOBAJIN TTPO-



cTyI0 3puTesibHO-MoTOpHYIO peakiio ([IBMP) y n106poBosiblieB /10 U TOC/IEe NPEIbsiBICHUST UM
KaPen-tecra. lanubie ucciieioBanus ObLIN BKJIIOYEHBI B CIIEHAPUH SKCIIEPUMEHTA, a CO-OpaHHBIE
€ UX IOMOIIBIO [TOKA3AaTeJN HOCTYIAJIN B CO3JAHHYI0 0a3y JaHHBIX JJIs XPAHEHUs C IEJIbI0 UX

rocJie iyomeit 00paboTKu BHE PAMOK HACTOSIIETO MUJIOTHOTO SKCIEPUMEHTA.

2. Kparkas xapaKTepucTUKa pa3paboTaHHOTro KOMILJIEKCA JIJIst
dopmupoBanusa BP/I

Komiuteke mocTpoeH mo apxXuTeKType «KJIMEHT-CEPBEP» U COCTOUT U3 HECKOJbKUX 3JIEMEH-
TOB, OObEJMHEHHBIX B JIOKAJIbHYIO KOMIIBIOTEPHYIO CETh, BKJIIOUYAIOILYI0 0a3y JaHHBIX (MOJLYJIb
data-collection-system), pasmerennyto na oraenabaom cepsepe B CYBJ/I MySQL 5.8 u comepxka-
Y10 KaK METAIaHHbIE SKCIEPUMEHTa, TaK 1 BCE JAHHDBIE O PECITOHJIEHTAX, BKIIOYas UX PedeBbIe
JIAHHBIE.

st mocTymia K TabJImIaM | MmoJisiM 0a3bl JAaHHBIX ObLT paspaboraH web-cepBuc:

— TEPMUHAJ OllePATOpa Jisl yAAJCHHOTO 3aIlyCKa MPOIE/Iyp 3amicu (Moayis operator-cli);

— WebSocket-cepsep, ocymiecTBisiiomuii 3auch ayano 1m0 KOMaHjiaM oleparopa (MOJyJib
audio-recorder);

— WebSocket-cepBepa, BLIIOJIHSIONINI [T0KA3 CJIARI0B ¢ TEKCTOM JJjIsl YTEHUs Ha IIPOEKTOPE
(Momysb shower-server);

— Web-cepBuc, ocymmecTBisiionuii BBIIPy3Ky o0y4Jaroiieil BoiGopku JaHHbIX u3 B/l (Momy-
ns data-collection-system) 1o ompesiesieHHbBIM yCIOBUSAM: THUIIBI (halijIOB, XapaKTePUCTUKA
PECIOHIEHTOB (BBIOOPKA 10 TI0JIy, BO3PACTY), CO-CTOSIHUSL YTOMJIEHUSI PECIOHJIEHTOB, HC-
[TOJTb3yEMbI€ TE€KCTHI JIJIsT ITEHUSI.

CdopmupoBannasi 6a3a JaHHBIX COJIEPXKUT: OMMCAHUST KJIACCOB COCTOSTHUN YTOMJIEHUST; TEK-
CTBI, YUTaeMbIe JTOOPOBOJIBIIAMI; OMUCAHUS CIIEHAPUEB BBITIOJTHEHUsT SKCIIEPUMEHTOB; JAHHBIE O
JIOOPOBOJIBIIAX; OMUCAHNE KAYKJIOTO IKCIEPUMEHTA: PEeATN3yeMblil ClieHApUit, WAeHTH(MDUKATOD
JIOOPOBOJIBITA, JATA TTPOBEICHUS.

st mocryma K TabamiaM 1 moJigM 0a3bl JaHHBIX paspadoraH web-cepBuc, CTPYKTypa KOTO-
poro npejcrapiaena Ha puc. [ Pa6ora ¢ HUM IpOU3BOUTCS B €€y IOIIEH 110C/160BATETBHOCTH.
Ha mepBoM 3Talie opraHm3aTop MCCIEI0OBAHUs YKA3bIBAET KJIACCHI COCTOSTHUN YTOMJIEHHS, O
JIe’Kallye MCCJIeI0BAHUIO B PAMKax CO3/[aBaeMoro ciieHapust (ausaiina) uccieposanusi. lasee,
Ha, BTOPOM dTalle, B 0a3y JAHHBIX 3aHOCUTCS TECT, KOTOPBIH OyayT YUTATh JTOOPOBOJIBIILI JI0 U
ImocJjie MMpeabsBJICHUA UM HAarPDy3KH. Ha TpeTbeM 3Talle IIPOU3BO/UTCA OIIMCaHne CHEHapUd (ILI/I—
3aifHa) UCcsIeJ0BaHus B BUJIE MATPHIIBI, B KOTOPOIi IIOCTPOYHO yKA3bIBAETCsI MOPSJIOK (JIrOPUTM )
pPEerucTpanuy mokasareseil Jo00POBOJIbIA U MIPEIbsIBIIIeMasi €My Harpy3Ka.

B mpescraBiieHHOM nprMepe IepBasi CTPOKA, MOKA3BIBAET, UYTO KOMILIEKC JOJI?KEH ITPOBECTH
y JI00POBOJIbIIA TECT «IPOCTasi 3puTesibHO-MoTOpHasi peakiwsi» ([ISBMP) ¢ ognoBpemenHoii pe-
rucTparnueii Bujeonsobpazkenus juna (Bueo suna) u dusnosornueckux nokasareseii ([Iunana).
[Ipu 3TOM HCHBITYEMBIA HAXOIUTCS B COCTOSHUU <«HE YTOMJIEH». BTopasi CTpOKa IIOKa3bIBAET,
ITO KOMILIEKC JIOIZKEH TPEIbIBUTL JTOOPOBOIBITY Jijist TpouTenusi TekeT «Teker v00» m oaHO-
BPEMEHHO IIPOBECTH PerucTpanuio ero peun (Aymmo), Bumeonszobpazkenus juna (Bugeo numa)
dbusnonornecknx nokazareseii (Inama). [Ipr 970M nenbITyeMplii TakzKe HAXOIUTCS B COCTOSTHAN
«HE YTOMJIEH>.

Tperbst cTpoKa OKa3BIBAET, 9TO JOOPOBOJIBILY MIPEIbABSIETCs HArPpy3Ka B Buje Tecta KaPen
Ha dpusndeckoe yromienue. Ilocae 3T0ro, KOMILIEKC BBIOJIHAET CTPOKU, aHAJOTUIHBIE TIEPBBIM

JIBYM, HO y2Ke (DUKCHPYET COCTOsiHME «yToMJieH». Ha uderBepToM 3rare B KOMILIEKC 3aHOCATCH
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Mimepenne Texct | Harpysxa CocTosnme

N3MP (30) + Brgeo CocToRmMe Nepea NpoBeAHHEM TecTa
nuua + fuara KaPeH na dususeckoe yTomnerme

Ayano + Bugeo nuua
+ Anara

CocToskwe Nepen nposenesmem TecTa

Texcr_v00
= KaPeH Ha (u3nveckoe yTomnenme

KaPeH CocTomnme HacTynuBuero dusuveckoro

KaPeH Tect
Tect yTomnenus (Tect KaPeH)

Ayano + Buaeo nwua Texer v0O0 COCTOANME NOCNE PNINHECKOrD YTOMNRHNA
KCT_V
- + Anana - (vepes 3 man)

N3MP (30) + Bugeo CocTonHME NOCAE HUIMIECKOrD YTOMNRHUA
nuua + Auana (10 Mun)

Puc. 1. Crpykrypa web-ceppuca ijist ocTyma K 6a3e JaHHBIX

JaHHbIEe rZ[O6I)OBOJH)HGB, IIPUHUMAIONUX yYdaCTHUE B HCCJICJOBaHUU. Ha mgarom srame B cooTBeT-
CTBHUHA C HpOI‘paMMOfI uccJsieJioBannd, KaxkKJ1oMy ,HO6pOBOJII)Hy Ha3HadYaeTCd JJaTa IKCIIEpUMEHTa 1

«IIOJIIEIITIAETCS » UCIIOJIb3yeMblil ClleHapUil SKCIIEpUMEHTA.

3. /JIuzaiiH NMMJI0THOTO 3KCHEePUMEHTA

B kadecTBe Mogiesieil yToMiIeHns OOBIYHO UCIOJIB3YIOTCS MO/JIeNb JenpuBanun cHa [6], a Tax-
2K€ MOJIEJIb IIPEIbsIBJICHNs] MEHTAJIBLHOM HArPY3KU, HAIIPUMED TECThI Ha ITePEK/II0OUeHNe BHUMAHUST
6o pererne apudmerndecknx 3ajad B rederne 100-180 munyr [12, 3, 13]. Takum obpaszom,
I MOJIEJIUPOBAHUS YMCTBEHHOI'O YTOMJIEHUS TPeOyeTcs 3HAYUTE/IbHOE BPeMsi, KPOME TOT'0, Me-
TOJIBI MOJIEJIMPOBAHUS YMCTBEHHOW HATIPY3KH CJIO2KHO CTAHIAPTU3UPOBaTh. [losTomy B manHoit
paboTe OBLIO UCITOIB30BAHO (PUZMIECKOE YTOMJIEHHE, MOJIE/IUPOBATH KOTOPOE JOCTATOYHO IIPOCTO,
[POBEJS TECT C MAKCUMAJIbHOM (DU3MIECKOI HATPY3KOM «J0 OTKa3a».

Jlannast Mojiesib He TpebyeT 3aTpaT OOJIBIIOIO KOJMIeCTBAa BpeMeHH. BhuIo 1moKa3aHo, 9To
3JjileKTpoMuorpaduieckne MPU3HAKKA YTOMJIEHUST MBIIIIL TPU (PU3NIECKON HATPY3KE COOTBETCTBY-
10T JIOCTHKEHUIO 4eJIOBEKOM aHaspobHoro nopora [9]. Jliobas narpyska, ymcrBenHas aubo ¢u-
3UvecKasi, BbI3bIBAET SIBJIEHUS YTOMJIEHUS, XaPAKTEPUIYIONINECs M3MeHeHneM (DyHKITHOHATBLHOTO
COCTOsIHMSI OPraHU3Ma JYeI0BeKa ¢ IpeobIialaHueM IIPOIeccoB BO30y K ieHus aubo (dale Beero)
TOPMOXKEHUsI B IIEHTPAJIBHON HEPBHON CHCTEME. DTH IPOIECChl OKA3bIBAIOT BJIMSTHIE Ha CBOHCTBA
pedn 4ejIoBeKa, II0OCKOJIbKY Pedb Peryjupyercs LeHTPaJIbHON HEePBHOU CUCTEMOIl.

Taxum obpazom, MOJEIb (PU3NIECKOTO yTOMJICHUS HA ITHUJIOTHOM dTale MOXKET CUYUTATHCH
aJeKBaTHOMN, IIPU 9TOM HambOJIee IIPOCTO BOCIPOU3BOAUMOIl. B KadecTBe HArpy309HOrO YCTPOU-
crBa B KapuopecruparopHom tecre (KaPen) ucrnosib3oBasim Besospromerp, MOCKOJIBKY OH 1103-
BOJIsIeT HambOJIee TOYHO JTO3UPOBATh (PU3NIECKYIO HArPY3Ky. TecT BK/IIOUaT B cebst (ha3bl MOKOs
(2 MunyTBI), paszorpesa (2 MUHYTHI), HArPY3KU (MHIUBH/YAJIbLHOE BpeMsi) U BoccraHoBjeHus (1
muHyTa). J{o6poBoster KpyTui nejganu co ckopocTbio 60 06 /mun. VcxonHast HArpy3Ka cocTaBuiIa
20 Br, 3arem oHa miaBHO Bo3pactasia co ckopoctbio 20 Br/mun. KonTposmposanu gocruzkerne
anaspobroro mopora (AIl), KpurepusMu KOTOPOro cumrtasum: 1) BEHTUIAIMS 110 YIVIEKUCTIOMY
ragy VCO2 HaumHaeT IPEBBINATh BEHTUIANNIO 110 KUCJI0poay VO2, cOOTBETCTBEHHO 3HAUYECHUE
neixaresnbHoro kosddunuenrta ([IK) cranoBurcs Gosee 1; 2) BeHTUIAIMOHHBINA SKBUBAJEHT II0

kuciaopoay VE/VO2, 6bIBIImIit OTHOCHTETBHO MOCTOSHHBIM, HATHHAJ PACTH 38 CUET THIICPBEHTH-



JISIIAY; JIOCTHXKEHe TOYKH repekpecta junuii perpeccun VO2 u VCO2 3a cuer pocra VCO2 [11].
Jo6poBoIel BLIIOJIHAI paboTy Ha BEJIOSProMerTpe 10 JOCTHUXKEHUS MM MAKCHMAJILHO [EPEHOCHU-
MOiil (pU3MYIECKOil HAIPY3KHU, [IPU 9TOM JOCTHXKEHUE aHA3POOHOI0 IOPOra J06POBOJILIEM PACLEHHU-
BaJIOCh KaK O0bEKTHUBHOE IOATBEPKIECHIE PA3BUTUS Y HET'O COCTOSTHUS (DU3UIECKOTO Y TOMJIEHMS.

Bce uccienoBanus MpoBOAWINCH B YyTPEHHIE YaChl, B CIEIUAJIBHO 000DPYIOBAHHOM IIOMEILe-
Hnn. Bee mocToOpoHHUE IMIyMBI B 9TO BpeMs ObLin ycTpaHeHbl. JI0OpOBOIbILI TPUXOANINA OTI0X-
HyBIIIMHA. [lepes HagaI0M KazKI0T0 UCCIIeI0BaHNUSI IIPOBOAUIOCH X aHKETUPOBAHUE € ITOMOIIBIO
ankerbl CAH (camouyBcTBHE, aKTUBHOCTB, HACTpOeHue). B ciydae 1m10xoro caModyBCTBHs 106~
POBOJIEIT K MCCJIEIOBAHUIO HE JIOIYCKAJICSI.

B xoe muioTHOrO SKCIIEpUMEHTa PErUCTPUPOBAJIH JIBA COCTOSIHUST TOOPOBOJIBIIA: COCTOSIHUE
nepeJi MOJIETMPOBAHUEM (DU3NIECKOIO YTOMJIEHUsT (COCTOSIHUE <«HE YTOMJIEH», jajnee — «HY»,
Sf 1) u cocrosinue nocsie pusndgeckoro yromienust (depes 3 MUHYTHI) (COCTOSTHUE «yTOMJIEH»,
nanee — «¥Y», St 3). Ilepes nperbsiBjieHeM HAIPY30YHOIO TECTA M Yepe3 3 MUHYTHI TIOC/IE €ro
3aBepIleHns JOOPOBOJIEl, YUTAJI CIENUAILHO IOATOTOBICHHLINA TEKCT.

Buibop TekcTa it dTeHus: J0OPOBOJILLEM IIPEICTABIIAL OTAEILHYIO HCCIEI0BATEILCKYIO 3a-
nagy. Ha MomenT ncciaenopanust He ObLIO KAKMX-IUO0 TOCTOBEPHBLIX CBEIEHMII O TOM, UYTEHUE
KaKOro THIa TeKCTa (KOMAHIHOIO, CTUXOTBOPHOIO U T.JI.) MOXKET ObITh UyBCTBUTEJILHO K BbISB-
JIEHHIO COCTOSIHUS «yTOMJIeH». [ToaToMmy ObLI cchopMUPOBaAH €IMHBINA TEKCT, COCTOAIINN 13 HEGOIb-
IO TEPBON «IIPOTPEBOYHOI» YaCTU U TPEX IEJEBBIX YaCTeEit:

— vyacTb 1 (<«IIpOrpeBOUHBIl TEKCT») — ObLIO NPEIbsBIEHO HECKOJbKO Komany uz ['OCT

16600-72 jist olieHKH cpejicTB cBsizu (pasmep — 131 3HaK);

— 4acTb 2 («KOMAaHJIHBIN TEKCT» ) — OBLIO IPEeIbsiBIEHO GOJIbIIee KOJINIECTBO KOMAH L U3 TOTO

ke 'OCT 1151 OIeHKU CPEJICTB CBSI3H;

— "gacThb 3 («1po3a») — ObLI MperbsiBieH dbparMeHT (POHETUIECKHU MPEICTABUTETHHOTO TeK-

cra;

— 4gacThb 4 («cTux») — 6bLI IpeIbsiBiieH (pparMeHT hOHETHUECKH TIPEJICTABATELHOIO CTUXO-

TBOPHOI'O TEKCTA.

M cxomublii TEKCT aBTOMATUIECKH Pa3buBaJsIcs Ha HeOOJIBIINE U XOPOIIO BUAUMEIE 10OPOBOJIb-
1y (pparMeHThl, KOTOpbie TOT YnuTaj. 1lo Mepe UTeHus olmeparop KOMILIEKCa JaBajl KOMAHIYy Ha
IpeIbsBICHIE CJIELYIOMEro pparMeHTa TaKuM 00pa3oM, YToObI He CHUKaJIca Temi yrenus. [Ipu
CcMeHe KaxKJI0ro ¢pparMeHTa aBTOMATHIECKH 3alUChIBAIOCH BpEMSI OTHOCUTEBHO HAUaJIa ayduo-
samucu. [IpemsioXKeHHbIi TOAX0M XOpomIo cebst 3apeKOMEHI0BAN IJIsI Cydasi YTeHUs U JajbHei-
[IIEro pasesieHns TEKCTOB Pa3HBIX TUIIOB BHYTPHU €IMHOTO TEKCTOBOTO JIOKYMEHTA, IIPeIbsBIIse-

MOT'O JJId YTCHUA.

4. OOpaboTKa pe3y/ibTaTOB ITUJIOTHOI'O MCCJIe0BAHUS

[To 3aBepIeHNN SKCIEPUMEHTAILHBIX HCCJIEIOBAHNN U IPOBEPKU KOPPEKTHOCTU COOPAHHBIX
9KCIIEPUMEHTAJIbHBIX JIAHHBIX ObLIA ITPOBE/IEHA BBIIPY3Ka TPedyeMoro Habopa JaHHBIX U3 MOLYJIs
data-collection-system ¢ momoripio web-cepBuca. Bbuin BBIMDY2KEHBI HEIIOCPEJICTBEHHO (hailiibl
ayIno3amnuceil 1 MeTKU, OTHOCSIIIE ITH ayIuodailjibl K COCTOSHUSIM «YTOMJIEH» U «HE YTOMJICHY.

s obyueHnss HEUPOHHON CeTU TOJIyYeHHbIE Ay IMO3alUCH PEIr KaXKJI0r0 U3 JI00POBOJIBIEB
Kak i cocrogaust «HYs», Tak u Jj1st cocTostaust <Y », ObLIN pasjeseHbl Ha 4 ayguodparMenTa;

— ayaumodparment Ne 1 — koman bl TekeT (qamee — «Komanapr»): s oOyueHns HeHpOH-
HOIl CeTH MCIIOJIBb3YeTCsT TOJIBKO 3allMCAHHBIH KOMAHIHBI TeKCT (IpodTeHHas T0OPOBOJIb-

[eM U 3alliCaHHasi 9YacTh 2 UCXOJHOTO TEKCTA);



— ayauodparment Ne 2 — cdoHeTnuecKu mpejcTaBuTesbHas nposa (nanee — «IIpozay): st
o0yUeHUsT HEHPOHHOM CeTH HCIOJIBL3YETCS TOJIBKO 3alucaHHas (POHETUUECKU PEICTABH-
TesibHAs TPO3a (IpoYTeHHAs JTOOPOBOJIBIIEM U 3alMCAHHAS YACTh 3 UCXOHOIO TEKCTA);

— ayamodparmenT Ne 3 — cruxoTBOpHBIi TeKCeT (nanee — «Cruxny ): 1115t 00y deHnst HeHpPOHHOM
CeTH UCIOJIB3YETCs TOJBKO 3alMCAHHBIN CTUXOTBOPHBI TEKCT (IPOYTEHHAS TOOPOBOJIBIIEM
U 3aIMCaHHasi 9aCTh 4 MCXOHOTO TEKCTA);

— ayamodparment Ne 4 — cvemanbii TekeT (nanee — «CMermanubiity ): 171t 00ydeHnst Heii-
POHHO# CEeTH HUCIOIb3YIOTCA BBIOPpAHHDBIE HSKCIEPUMEHTATOPOM CEKYHIbI U3 BCEX YETHIPEX
BIJIOB TEKCTOB, BKJIIOYas «IIPOI'PEBOYHBIN».

Pesysbrar «Beirpy3ku» ganubix u3 BPJI npencrasien Ha puc. 2]
AyouodparmenTt N21-->  fatigue_new_1
AyauodparmenT N2 2--> | fatigue_new_2

Ayauodparment N2 3 > fatigue_new_3
AyauodparmenT N24--> | fatigue_new 4
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Puc. 2. CrpykTypa BBITPYKAECMBIX KOMILIEKCOM JTAHHBIX

Kaxaomy u3z paccMarpuBaeMbIx ayIunodparMeHTOB COOTBETCTBYET CBOU KaTaJjor. B cBoro
ovepe/ib, BHYTPU KaXKJIOI'0 KaTajora pasMerniaioTcs JiBa mojkaraiora «data sety», comeprxkariue
HHTEPECyeMyIo BBIOOPKY JJIsi O0yUeHus, U «spectrogramsy, Ky/ia B JajabHEHIIeM OyIy T ITOMEICHbBI
copmuposannbie bubsimorekoit auDeep crieKTpOrpaMMbl, UCIOJIb3yeMble Jjist O0YYeHUs] aBTOIH-
kojiepa. [lonkarasor «data_set» comep:KkuT jiBa MOJKATAIOrA, COOTBETCTBYIOIINE JBYM KJIACCAM
OIIEHUBAEMOT'0 cOCTOsTHUS yToMitenusi: nojkaraior «001 — Sf 1» comepakut aynnodaiiias: B dop-
MaTe .0gg, COOTBETCTBYIOIIIE COCTOSTHUIO JIOOPOBOJIBIIA «HE yTOMJIEH», ogkaTagor «002 — St 3»
comepkuT ayauodaitabl B dpopmare .0gg, COOTBETCTBYIOIINE COCTOTHHUIO JTOOPOBOJIBIA «yTOM-
JieH». B CBSI3M ¢ TeM, UTO TEKCTHI MPEIbABIISIIUCH JOOPOBOJIbIIAM (pparMeHTaMu, TO KaXKIash U3
ayauosanuceil Tak:ke pa3buTa Ha Takue ke pparMeHTbl, CPeIHEeH IInTeIbHOCThIO Oosee 11 ce-
kyH1. TakuMm obpa3om, [y o0ydeHus HEeHPOHHOM ceTu ObLIO nperbsas/ieHo 1o 40 aymuozaruceit
JIJIST KaXKJIOTO M3 COCTOSTHUI YTOMJIEHUS JIJIsT KaXKJI0TO ayIuodparMeHTa.

Jlns periennst 3aj@uu  pacO3HABAHUSI yTOMJIEHHUSI YeJIOBEKa ObLIa WCIIOJb30BaHA IJIy-
bokasi HEHpOHHasi CeTb C TOIOJIOTHEN ABTOYHKOJEpa, peaju3oBaHHas B Oubamorexe auDeep
(https://github.com/auDeep /auDeep). Bbibop ykazanuoii OGUOIMOTEKN OIPEEISAICS HECKOJIb-
KUMU 0OCTOSITE/IbCTBAMU. Bo-1EepBBIX, OHA 0KA3ajia BBICOKYIO0 TOYHOCTH KJIACCU(DUKAIINA aKYy-
cruyeckux ciiel Koukypca IEEE AASP mo o6Hapy-:keHnio n K1accupuKaIlul aKyCTHIECKAX CIIeH

u coberruit (DCASE 2017) [4]. Bo-BropbIx, OHA OCYIIECTBIISIET 3HAYUTEIbHDIH 06bEM mpeobpa-



30BaHMUIl, CBSI3aHHBIX C KOPPEKTHBIM ITPe0bpa30BaHUEM UCXOMIHBIX ayinodailjioB B n300parKeHus,
nocrymnarorue Ha BxoJ 6ubsnoreku TensorFlow 1.15 u, cOOTBETCTBEHHO, ¢ SKCIIOPTOM Cr€HEPU-
posanubix npusHakos B ¢dopmar CSV/ARFF. Ucnosnbzosanue 6ubimnorekn auDeep mpoucxomur
B [Th STanoB (puc. 3)):
— W3BJIEYCHUE CIEKTPOrPAMMBI (AHIVI. Preprocess): M3BJACYeHNe CIIEKTPOIPAMM U METaIaHHBIX
3 HeoOpabOTAHHBIX ayInodaition;
— obyuenue aBrosukozepa (auri. train): obydenne DNN Ha M3BI€UEHHBIX CIIEKTPOIDAMMAaX;
— reHepalusl IPU3HAKOB (aHIUI. generate): TeHepaIysl IPU3HAKOB C UCIIOJIb30BAHIEM 00y IeH-
noro DNN;
— OIIEHKA NIPU3HAKOB (aHIVL. evaluate): OlleHKA CreHEepUPOBAHHBIX [IPU3HAKOB;

— 9KcnopT (aHmI. export): SKCIOPT creHepupoBaHHbIX npusHakos B dopmar CSV/ARFF.

To4HOCTL
KnaccupuKalmu

OueHka
np13aHaKos

'“ HaBneveHune ObyueHue leHepauyma
CMBKTpOrpamMmMel aBTO3HKOAEPA NPW3HaKOB

Heo6paboTtaHHele
3BYKBOBLIE BOMHLI

BKenopT — CSV/ARFF

Puc. 3. Dransl ucnonbssosanus 6ubimoreku auDeep [1]

[Ipu obyuenun 1yIyOOKOI HepoHHOI ceTu B Oubanoreke auDeep ObLIN yCTAHOBJIEHBI
caepyomue Metanapamerpbl:  window-width=0.08; window-overlap=0.04; mel-spectrum=128;
epoch count=64; batch size=256; learning-rate=0.001; keep-prob=0.8; layer count=2;
unit __count=256. BapbupoBaJiuch ciefyioriye napaMerpbl o0ydeHus ryyOOKol HeHpOHHOI ce-
TH:
— ITapamerp Ne 1: kamaJi perucrpaiium: <«JeBblil» (KaueCTBEHHBIN METIMIHBIA MUKPOMOH),
«IIPaBbIii» (BBICOKOUYBCTBUTEIbHBI HEHAIIPABICHHBIN METPOJIOTHIECKUIT MUKPODOH).

— ITapamerp Ne 2: Buj TeKkcTa, ayIHO3AIMKMCH KOTOPOI'O MCIIOIB3YeTCsT JJIst 00y IeHUsT: «KOMaH-
Jlay, «IIPo3a», «CTUXU», CMEITaHHBIH.

— ITapamerp Ne 3: muTeIbHOCTD UCIIOJIB3YEMOI J1JTsT OOy IEHUsT ayINO3AIIUCH OTPBIBKA TEKCTA:
7,8,9, 10, 11 cek.

— [Tapamerp Ne 4: obpeska aMILIUTY I 3aIIUCAHHBIX ayIHOJAHHBIX HIXKE YKA3aHHOTO 3HAUEHUST
B Jenubenax (T. e. ypoBeHb <«OrpybOJIeHUs» UCXOJHBbIX JaHHBbIX): clip below = -45 dB;
clip below = -60 dB; clip _below = -75 dB.

Pesysibrarbl OneHKH TOYHOCTH OOyYeHUs] HEHPOHHON CeTH - MATPHIILI CMEXKHOCTH (aHIVL.
confusion matrix) st clip below=-45dB, clip below=-60dB, clip below=-75dB npusemensr,
COOTBETCTBEHHO, B Tab/IMIAX Jisi EeTIINIHOr0 MUKpodona (Tabir. U JIJIsi HeHAIIPABJIEHHOTO
METPOJIOTTIECKOro MUKpodoHa (Tabdir. . B kax1i0it maTpuiie oTpakeHbl BEPOSTHOCTUA Pas-
guans Mexkay coctosausMu «HY» n «¥Y», npu sTom «bold» mpudToM oTMedeHbI HAWTyUIINe
3HAYEHUs TPABUJIbHBIX OIPEJIEEHIT JAHHBIX COCTOSHUN, KyPCUBOM — yMEPEHHbIE 3HAUEHUS ITPa-
BWJIBHBIX OlIpesiesiennii. B Tabiuiax Tak»Kke IPUBEIEHO BpeMsl 00y YeHUs JIJIsT KaXKI0I'0 COYeTAHMS

napamerpos (T obyuenus).

5. O6cyxkaeHue pe3yIibTaToB

Ucxonst n3 Tadir. TounocTh pacnosHasanuit Y u HY nocrurana 69-80%. Hecmorpst
HA HEBBICOKYIO TOYHOCTH PACIO3HABAHWS, PE3yJbTaThl IPOBeJIeHUs] 00yUeHUsl HEHPOHHOM ceTn

IIO3BOJINJIN CAEJIaTh CJICAYIOIINE BbIBOIbI:



Tabaua 1. Marpuiier cmexkaoctu jyist clip  below=-45dB ¢ nernuanoro mukpodona

HmmHa tekcra, ¢  Tum tekcra — Komasaer IIpoza Cruxu CwMerraHHbI

Cocrostaust Hy vy ny vy Hy vy Hy v

HY 0.69 0.3 0.7 0.3 0.59 043 0.71 0.29
7 N 0.33 0.67 0.51 049 033 067 0.41 0.59

Bpewmst oOyuenust  2mbH3s 2mb6s 2mb8s 2mb6s

ny 0.71 029 059 04 082 0.18
8 v 0.32 0.69 0.41 058 03 0.7

Bpewms ob6ytenust 3m10s 3ml4s 3mlbs

ny 0.68 0.32 0.68 0.32 081 0.2
9 v 0.27 0.73 0.38 0.62 026 0.74

Bpewms obyuennst 3m32s 3m35s 3m33s

Hy 0.68 0.33 0.65 035 0.73 0.27
10 v 027 073 026 074 036 0.64

Bpewmst obyuenust 3mbdls 3mb6s 3mbH3s

Hy 06 04 062 0.38
11 N 0.36 0.64 041 58

Bpewmst o0y aennst 4m20s 4m13s

Tabuuna 2. Marpuiisl cmexknoctu it clip  below=-60dB ¢ nersinunoro mukpodona

nuna tekcra, ¢ Twun tekcra — Komanaer IIpoza Cruxn CMelraHHbIH

Cocrostaust Hy v HY ¥ Hy Vv Hy v

HY 0.6 04 0.61 0.39 0.55 046 0.55 0.46
7 v 0.35 0.64 034 06 0.37 0.64 0.35 0.65

Bpewmst obyuenust 2md3s 3m12s

HY 0.61 0.39 0.55 045 0.68 0.32
8 v 0.31 0.69 0.47 0.53 0.36 0.64

Bpewmst obyuenus 3ml7s 3mlbs

HY 0.69 0.3 054 046 0.7 0.29
9 N 0.21 0.79 0.41 0.59 0.33 0.67

Bpewmst obyuenus 3m39s 3m28s

HY 0.59 0.42 0.58 041 0.57 043
10 N 0.36 0.65 0.42 0.57 047 0.53

Bpewms obytenust 3mdos

HY 0.47 0.54 0.67 0.33
11 N 0.43 0.57 0.46 0.55

Bpewmst obyuennst

— Ilpu wcnosnb3oBaHUM ayJIUOJAHHBIX € METJIHIHOIO MHUKPOMQOHa (<«JIEBbIil» KaHa) Hau-
JIYUIIUI PE3YJIbTAT OIPEIEEHUs] COCTOSTHUS OBbL MPU KCIOJIB30BAHUU JIEBATUCEKYHIHO-
ro dparmenTa npo3bl ¢ napamerpom clip below pasaomy -60dB. Heitpocers onpeseiisiia
BEPHO COCTOsTHME «HE yTOMJIEH» B 69

— Ilpu ucnosb30BaHNM ayIHOJAHHBIX C METPOJIOIMYECKOT0 MUKPOMOHa (<«IpaBblii> KaHa)

HaI/IJ'Iy“IIHI/H'/JI pe3yabTaT OIIpeJe/ICHUA COCTOAHNA OBLII IIPU UCIIOJIB30OBAHUUN TaK>Ke JICBATU-



Tabaua 3. Marpuiier cmexkaoctu jyist clip  below=-75dB ¢ nernuunoro mukpodoHa

HmmHa tekcra, ¢  Tum tekcra — Komasaer IIpoza Cruxu CwMerraHHbI

Cocrostaust Hy vy ny vy Hy vy Hy v

HY 0.64 036 061 039 052 048 0.52 0.48
7 N 0.37 0.63 04 0.6 0.36 0.64 0.32 0.69

Bpewmst o0y uennst 2mb6s 2mb7s

HY 0.71 0.28 0.62 0.37 0.68 0.33
8 v 0.4 0.6 0.35 0.65 0.39 0.61

Bpewms ob6ytenust 3m13s 3m18s

ny 0.66 0.34 0.55 045 0.57 042
9 v 0.32 0.69 0.42 0.57 0.36 0.63

Bpewms obyuennst 3mbd2s

Hy 0.59 0.42 0.58 041 0.57 043
10 v 0.36 0.65 0.42 0.57 047 0.53

Bpewmst obyuenust 3mbHs

Hy 0.53 047 0.71 0.28
11 v 0.46 0.54 0.52 048

Bpewmst o0y aennst

Tabuma 4. Matpunsr cmexxnoctu st clip _below=-45dB ¢ nHenanpaBieHHON0 METPOJIOIUYECKOTO

MHUKpodOoHA
nuna tekcra, ¢ Twun tekcra — Komanaer IIpoza Cruxn CMmenraHHbIH
Cocrostaust ny v Hy vy Hy vy Hy v
HY 0.66 0.34 078 023 0.73 0.27 0.64 0.36
7 v 0.33 0.67 04 0.6 0.37 0.63 0.34 0.66
Bpewmst o0yuenust  2m49s 2m48s 2mb7s 3mbs
"y 0.8 0.2 0.61 0.39 0.57 0.42
8 v 0.32 0.69 046 054 0.32 0.68
Bpems obyuenus 3m8s 3ml7s 3m21s
HY 0.8 0.2 064 036 073 0.27
9 N 0.25 0.75 0.32 0.68 0.29 0.71
Bpewms obyuenus 3m33s 3m4ls 3m36s
HY 0.84 0.16 0.68 0.33 0.66 0.34
10 v 0.46 054 03 069 036 0.64
Bpewms obyuenust 4m0s 3mb59s 4m7Ts
HY 0.66 0.34 0.71 0.28
11 N 0.39 0.61 0.55 0.46
Bpewmst oOyuenust 4m?27s 4m19s

CEeKYHIHOTO (pparMeHTa Mpo3bl, HO ¢ mapamerpoM clip below paaomy -45dB. Heitpocers
onpeJiesisiia BEPHO COCTosiHue <«He yromyieH» B 80% ciydaeB, a COCTOSIHHE «yTOMJIEH» B
75% ciyJaes.

Takum obpazomM, Jiydiue pe3yJbTaTbl MPUXOAATCA Ha ayauodparmeHTs 8-9 cexynj. [Ipu

MEHBIIEH JJTUTE/THHOCTH, BEPOATHO, HEHPOCETH HE XBATAET JAHHBIX JJIs TOTO, YTODBI HANTH TIpU-



Tabuauia 5. Marpurnsr cmexxaoctu fjist clip  below=-60dB ¢ HeHapaBIeHHONO METPOJIOTTIECKOTO

MHKPO(DOHA,
Hmmaa tekcra, ¢  Tum tekcra — Komasaer Ilpoza Cruxu CwMermiaHHBI
Cocrostaus HY 'V HY ¥ HY V¥ HY V
HY 06 04 0.7 029 0.66 0.34 0.57 043
7 N 0.32 0.69 041 058 046 055 0.34 0.66
Bpewms obyvenusi  2mb50s 2mb7s 3m8s 2mb8s
HY 0.84 0.16 0.6 039 083 0.17
8 v 0.41 0.59 0.42 0.57 039 0.61
Bpewms obyuenust 3m9s 3ml4s 3m33s
ny 0.79 0.21 0.55 046 0.59 0.41
9 v 0.28 0.72 0.43 0.56 0.32 0.68
Bpewmst obyuenust 3m32s 3m40s 3m38s
ny 0.73 027 0.56 044 0.53 047
10 v 032 0.69 0.33 0.67 033 0.67
Bpemst obyuenus 4m?2s 3mb7s 4mls
Hy 0.59 041 0.66 0.34
11 N 0.41 0.59 0.62 0.37
Bpewmst obyuenus 4m26s 4m?27s

Tabuuna 6. Marpuisr cmexxnoctu i clip _below=-75dB ¢ HenanpaBjieHHON0 METPOJIOIUYECKOTO

MHUKPOdOHA
nuaa Tekcra, ¢ Tun tekcra — Komanaer IIpoza Cruxn CMelraHHbIH
Cocrostaust nHy v Hy vy Hy vy Hy v
HY 0.68 0.32 068 033 066 0.34 0.62 0.37
7 v 0.45 0.56 034 067 043 0.56 0.41 0.59
Bpewms obydenust  2m59s 3m8s 3m6s 3m0s
HY 0.78 0.22 056 044 08 0.2
8 N 0.3 0.69 045 0.55 042 0.57
Bpewmst o6y uennst 3m8s 3ml2s 3m32s
HY 0.69 0.32 048 0.52 0.61 0.39
9 N 0.34 0.67 0.38 0.62 0.36 0.64
Bpewmst obyuenus 3m37s 3m38s 3m38s
HY 0.71 0.29 0.52 048 0.58 0.41
10 N 0.32 0.69 0.33 067 0.38 0.62
Bpewms obyuennst 4m1l4s 4m8s 4m7Ts
HY 0.65 0.35 0.65 0.35
11 v 0.47 0.53 0.56 0.43
Bpemst oOyuennst 4m15s 4m26s

3HAKW JIJIS PA3JIUUUs COCTOSHUH, & P UCIIOJIb30BAHUY (PPArMEHTOB ¢ OOJIbIIEH JTUTEIbHOCTHIO
MIPOUCXO/IUT, IO BCEHl BHUANMOCTH, «IlepeoOyvueHne» HEHPOHHON ceTu — sgBJIeHHe, KOTJa IIOCTPO-
€HHAasl MOJIEJIb XOPOIIO OObSACHSET IIPUMEDPHI U3 00yYaloIieil BIDOPKH, HO OTHOCUTEJHHO ILIIOXO

paboTaeT Ha IpUMepax, He yIacTBOBABIINX B 0OydeHun. Takum oOpas3oMm, ObLIa IMOKa3aHA CIIO-



COOHOCTD pa3paboOTaHHON MOJIEIM PACO3HABATL B IEJIOM € BEpOSITHOCTLIO Gostee 60% paspButue

bU3NIECKOr0 yTOMJIEHUS Y JOOPOBOJIBIIEB B YCJIOBUSIX IIPEIbsIBJICHUS UM (DU3UIECKON HADY3KH.

JlasibHeiiee COBEPIIIEHCTBOBAHNE PA3PA0AThIBAEMON METOIUKHU OIEHKU COCTOSTHUS YTOMJIEHUS 110

peun OyJIeT MPOJIOI?KEHO B CJIEIYIONINX HAIPABJIEHUSIX:

— ¢dopmupoBanne mogHoeHHON BPI 1T pyCCKOS3BITHBIX PECIIOHIEHTOB;
— nmobaBjieHne JJIsT PACIIO3HABAHUS COCTOSIHUSI yTOMJIEHUSI BUAEOCUTHAJIOB;
— COBEPIIEHCTBOBAHNE AJTOPUTMA JIJIsT PACIIO3HABAHMS COCTOSTHUS yTOMJIEHHST;

- pa3pa60TKa METOUKHN OINEHKN TOYHOCTHU PACIIO3HaBaHWA YTOMJIECHUA.

SaKJ/II0ueHue

Brun IpoBeacH NUJIOTHBIN 9KCIIEPpUMEHT C IEJIbIO IIOJIYIE€HNA OTBETOB Ha PAJ METOJUICCKUX

BOIIPOCOB, BO3HUWKAaOmuX npu cozgannu BPI no yromaenuro. dns co-zmanusa npororuna BPJT

OBLII CIIeII1aJIbHO pa3pa60TaH aHHapaTHO—HpOFpaMMHbIﬁ KOMIIJIEKC JIJId ITPOBEJEHUA MCCJIEJ0OBa~

HUI 110 PACIIO3HABAHUIO YMCTBEHHOTO U (PUBUIECKOI0 yTOMJIeHUsI. Bblia pazpaboraHa METOIUKA

dopmupoBanust y J100POBOJIBIIEB COCTOsIHUST (DU3UIECKOTO yTOoMJIeHus. [IpoBeeHHbIil Kcrepu-

MEHT ITO3BOJIXJI IIOJIYINUTH OTBETHI Ha IIOCTAaBJIEHHbIC B HaYaJle UCCACJOBaHUA METOJIUYIECKUE BO-

IIPOCHI:

1.

JUIS MOJIEJIMPOBaHUS (DU3UUIECKOTO YTOMJIEHUS 11€J1eCO00PA3HO UCIIOJIb30BaATh KAP/IMOPECIIH-
PaTOPHBIN TECT C MAKCUMAJIHLHON (PpU3MIECKON HAIPY3KOI, JOCTOBEPHLIM KPUTEPUEM HACTYII-
JIGHUSI COCTOSTHUS YTOMJICHUSI CJIYZKHUT TOCTUKEHUE TO0OPOBOJIBIIEM aHAIPOOHOTO ITOPOTa, MIPHU
BBIIIOJIHEHUU 3TOI'O TECTA;

npu gopmupoannu BPJI s arenust nesecoobpa3Ho MCIOJIB30BATH TEKCThI, COOTBETCTBY-
IOIIe OCODEHHOCTSAM PEYeBOl KOMMYHUKAIIUU OIEPATOPOB, T.€. KOMAHIHLIE B COUETAHUU C
TEKCTaMU TUIIA <IIPO3a».

perucTpupyembie pedeBblie (bpParMeHThl, JIOCTATOUHBIE JJIsI PACIIO3HABAHUS CO-CTOSTHUS YTOM-
JIEHUsI, JTOJI>KHBI ObITH He MeHee 8-9 CeKyH;

[IPA UCIOJIb30BAHUH IETIIMIHOIO MUKPOMOHA 11e/1ec000PAa3HO UCIOIB30BAThH «OrpybJieHue»

-60dB, a npwu ucnosipzoBanuu OoJsiee YyBCTBUTEILHOTO MUKpodona -45dB.
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