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KauecrBennble nncnxodusnosiornyeckre UCCJIEI0OBAHUS CONPSIPKEHBI C CO3/IaHNEM JOCTYIHBIX M XOPOIIO Opra-
HU30BaHHBIX 0a3 MaHHBIX, TPEOYIONNX OOJIBIIYIO IPEIBAPUTEIBHYIO PAOOTY MO Pa3pabOTKe M3MEPUTEIBHBIX KOM-
IJIEKCOB, BKJIIOYAIONINX HE TOJBKO CPEJICTBA JJIsi U3MEPEHUsT ICUXO(MUINOJIOTTIECKUX TAPAMETPOB U€JIOBEKA, HO U
€ro SMOIMOHATIBLHOIO COCTOSIHUsI, KOTOPOEe OTOOPaKaeTCsl B BHIPAXKEHHY JINIA, PEYU U [TOBEJIEHYECKUX HaTTEePHAX
pecnonieHTOB. M3MepuTesbHble KOMILIEKCHI JOJXKHBI TAKXKE BKJIIOYATH U CPEJCTBA 00PAbOTKU SKCIIEPUMEHTAIb-
Horo marepuasia. CyTh UCCIETOBAHNS COCTOSIA B MIPOBEJIEHUN MIJIOTHOTO KCIIEPUMEHTA 110 CO3IAHUI0 ITPOTOTHUIIA
Basbr PeueBbix /IaHHBIX PYCCKOSI3BBIYHBIX PECIIOHIEHTOB, TOJYYEHUsI OTBETOB HA METOJUYECKUE BOIPOCHI, BO3HU-
KAIOIe Y CIEIUAJINCTOB [IPU UCIIOJIb30BaHUN 0a3bl JJIsl 331291 PACIIO3HABAHUS COCTOSIHUASI YTOMJICHHS I€JIOBEKA.
Paspaboran anmmapaTHO-TPOrpaMMHBIN KOMILIEKC, TO3BOJISIONINI CHHXPOHHO PETUCTPUPOBATDH ICHXOMU3NOIOTH-
YecKre MapaMeTphl, BUIE03AIUCH TOBEJEHYECKUX PEAKINN M ay ro3alliCh pedn 4dejioBeKa. B KadecTBe Mojen
bU3UIECKOr0 yTOMIIEHUST UCIIOJIH30BAJICS KapAMOPECIINPATOPHLIA TecT ¢ (bu3mdeckoil Harpy3koii. Jlo mpoxox ie-
HUS ¥ TIOCJTE 3aBEPIIIEHUH TeCTa JOOPOBOJIBIIHI 32N THIBAIN HAOOP CTAHAAPTHBIX (POHETUIECKN MIPE/ICTABUTETBHBIX
TekcToB. [lomyuenubie ayauosanucu 06pabaThIBAINCEH C TOMOIIBIO CIENUAIN3NPOBAHHON HEHPOHHOM CETH, CIIOCO0-
HOIi aHAJIM3UPOBATH UHTErPAJIbHBIE CIIEKTPAJIbHbIE XaPAKTEPUCTUKY 3ByKa. Pe3ysibraThl IIMJIOTHOIO 9KCIIEPUMEHTA
[I0Ka3aJI1 BO3MOYXKHOCTb PACIIO3HABAHUS COCTOSTHHS YTOMJIEHUSI Y€JIOBEKA 110 €ro PeYH, UTO [MO3BOJISIET IepeiiTu K
CO3JaHMIO OOJIBINOro OaHKa AyJUO3AINCEH U COBEPIIEHCTBOBAHUIO AJITOPUTMOB PACIO3HABAHUS COCTOSIHUS YTOM-
JIEHUSI.

Karoueswie caosa: pacno3nasanue yYymomaenus, 0a3a pevesur O0GHHOT, UHCMPYMEHMAALHBLL KOMNAEKC,

KaAPOUO-PECTIUPAMOPHBLL MECTN, MAWUHHOE 00YueHUe, HEUPOHHAA CEMD.
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BBenenue

Pabora wenoBeka-oneparopa (Jajtee — omepaTopa) XapaKTepU3yeTcst HAIPSZKEHUEM BHIMa-
HUSI C HeOOXOANMOCTBIO €10 IIEPEKJIIOUEHNS], & TaKyKe HEPBHO-TICHXIIECKNM HAIIPSIZKEHIEM B CBsI-
3 C BBICOKOH OTBETCTBEHHOCTHIO 33 PE3Y/IbTATLI JIEATEJLHOCTH. BBICOKME HAIDYy3KH BelyT K
Pa3BUTHIO ¥ OLIEPATOPOB COCTOSIHUS YTOMJIEHUSI, ITO COILPSIZKEHO C yTPO30H IPOIyCKa 3HATHMBIX
CHTHAJIOB U HEMOTHUBHPOBAHHOTO PEaripPOBAHNsSI Ha CHIHAJIBL JTO2KHBIE. [[09TOMYy KOHTPOJIB 32 pas-
BUTHEM yTOMJIEHUsI Y CHEIMAJICTOB OIIEPATOPCKOro Npoduilsi B porecce X mpodecCHoHaIbHOMN
JIesITeJIbHOCTH SIBJISIETCS aKTyaJbHOl 3asadeil. OHAKO pellleHre JaHHOM 3a/aui COLPSIZKEHO C
PSIOM TIPOOJIEM:

— MOJIEJIMPOBAHUE YCIOBHI TPY/a CHEIUAJINCTa B OOJIBIINHCTBE CJIydaeB HE COOTBETCTBYET
PeaIbHBIM YCJIOBHSM €r0 JIesiTeIbHOCTH;

— IONBITKA [IPOBECTH KaKHe-JIM00 M3MEPEHUsI B IIPOIECCEe TPY/IOBON JESTEIbHOCTH C IETIbI0
oupenenTh ee 3PHEKTUBHOCTD, MIPEJICTABIAET IIOMeXy paboTe oneparopa;

— IPOrHOCTHYECKAs! I[EHHOCTD CYIIECTBYOMNX MATEMATHKO-CTATHCTHIECKIX MOJICJICH OICHKH
paboTOCIIOCOOHOCTH OlLlepaTOpa HEBEINKA B CHJIYy OUDAHMYEHUIl, HAKJIABIBACMBIX B OOJIb-
IINHCTBE CJIy9IaeB HeOOJIBIINMA Pa3MePaMi M3y IeHHbBIX BHIOOPOK.

B macrosiiiiee BpeMsi aKTHBHO DPa3BHBAIOTCS METOJLI PACIO3HABAHUST COCTOSIHUST U€JIOBEKA-
oIepaTopa IO pedn, N300pParkeHuIo U MOBEEHHIO, Pealn3yeMble C HOMOIIBIO CHCTEM aBTOMATH-
3MPOBAHHOI OIEHKH € IPUMEHEHIeM HellpoHHbIX ceTeil |1]. Takue cucTeMbl I03BOJISIOT OICHNBATD
COCTOSIHHSI I€JI0BEKA-OIIePATOPA JTUCTAHIIHOHHO, He OTPBIBAsI €r0 OT IIPUBBIYHOI J€STeTbHOCTH.

st perucrpanyu cocTOsiHUST yTOMJIEHHsI Y€JI0OBEKA TIePCIEKTUBHBIM sIBJISIETCS PEYeBOil Ka-
Hasi. OH IPOCT U HEJIOPOr M B HAWMMEHbIIEIl CTEleHN II0J[BEPXKEH MCKAYKEeHUSIM BO BPEMsl Deru-
CTpAIH, 10 CPABHEHUIO C 3aIIMCHI0 BUJIEO WJIH (DU3MOJIOIMIECKUX [TOKa3aTe el .

UccnenoBarenbekast ak THBHOCTD, HOCBSIIIEHHAST AHATIN3Y PEUH YeJI0BEKA, B OCHOBHOM COCPe-
JIOTOYEHA B CJIEYIONINX HAIPABJICHUIX:

— COBEpIIECHCTBOBAHUE aJI'OPUTMOB 06pPabOTKI PEYEBOIO CHIHAJIA, BKJIIOUASL:

1. COBEpIIEHCTBOBAHNUE IIPOrPAMMHBIX HHCTPYMEHTOB JJIsl BU3YAIH3aIii PEIeBOr0 CUIHA-
Jla U pacdeTa IPU3HAKOB, XapaKTepU3YIOIINX pedeBoil curnai, B yacraoctn PRAAT |2,
3|, ISIP |4], openSmile [5];

2. ajanTanust COBpEMEHHBIX aJI'OPUTMOB MAIINHHOIO 00y Y€HNST JIs PEIIeHIs 33/1a1 aHa-
Jm3a pedeBoro curnaga [1;

— pa3paboTKa aJrOPHTMOB U METOAUK DACIO3HABAHIS PA3IMIHLIX COCTOSHHUN ¥ HATOIOTHI
YeJI0BeKa Ha OCHOBE aHAJIM3a €r0 Pedn, BKIIOYAs:

1. pacro3HaBaHHe PA3IHIHBIX SMOIHMOHAIBHBIX COCTOSHHUIL;

2. pacro3HaBaHUe Dsi/ia OTKJIOHEHHH OT HOPMAJIbHBIX IICHUXUIECKUX M (DU3MOJIOIMIECKUX
COCTOSIHU;

3. pacro3HaBaHUe OTJIEJIbHBIX COCTOSIHUIT YeJIOBeKa, CBSI3AHHBIX C UCIOJHEHIEM UM CBOUX
dbyHKIMOHAIBHBIX 06s13aHHOCTEl B IPOIECCe JIeSTEeIbHOCTH, B TOM YUCJE COCTOSHUS
yromsenust [6).

Bmecte ¢ TeM, 0CHOBHO{I 1po6IIeMOii JIjIsi HCCIIe1oBaTelIeli sIBIseTCs HAJINIHe KadeCTBEHHBIX
HabOPOB PEYEBBIX JIAHHBIX MK 0a3 peveBbx jaHubix (BP/L), cocraBisionyx oCHOBY MaIMHHOIO
obyuenusi. OCHOBHasI 1IpOOJIEMa COCTOUT TOM, UTO /Il KayKJIOrO sI3bIKa HEOOXOJIMMO CO3/aBaTh
cson BPJI. B wactHoCTH, y2Ke paspaboraHbl 6a3bl JAHHBIX, COAEPIKAIUE OOJIBIIOE KOTHIECTBO
3anmnceil peun JUKTOPOB, BHLIPAKAIONINX HEHTPAJIbHbBIE, ITOJOXKHUTEIbHbIE JIHOO OTPHIATEIbHbIE

9MOIUK. DTHU 0a3bl JAHHBIX CYIECTBYIOT B CBOOOTHOM JIOCTYIIE U CJIYXKAT B KAUECTBE NCTOTHUKA



9TAJIOHHBIX CHUTHAJIOB JIJIs paclio3HaBaHusi sMmonmit B rojioce. Omuako stu BPJL comepxkar an-
DJIMICKYI0, HEMEIKYIO, UTAJIbsHCKYIO pedb |7, 8|, mpu sTom pycckoszeranoit BPII ¢ oTKpbIThIM
JIOCTYIIOM IIOKa, HE MIPEJICTABJICHO.

B nacrositiiee Bpems pazpaboTaHO 3HAYUTEIHHOE YUCIIO AJITOPUTMOB 00pabOTKHU pedn, U3y de-
HBI XapaKTEPUCTUKHU I'0JIOCA, BBISIBJIEHBI PEYEBbIE IIapAMETPhI, KOTOPbIE CIIOCOOHBI BAPbUPOBATH B
3aBUCAMOCTH OT (DYHKIIMOHATHLHOTO U IMOIHOHAIBHOTO COCTOSTHUST desoBeka. OIHAKO CO3TaHme
AJITOPUTMOB, ITO3BOJIAIONINX PACIIO3HATH YTOMJIEHNE YeJI0BEKA 110 €ro Pevn B Iporiecce mpodeccu-
OHAJILHOM JIeATeIbHOCTH, HAXOIUTCS Ha, dTalle Pa3pabOTKH IIPEXK e BCETrO 0 IPUIUHE TPYTHOCTEH
MOJIEJTUPOBAHUS COCTOSHUS yTOMJIeHus dejioBeka. s cozmanus rakoit BP/L tpebyiorcs oTBeTh
Ha, CJIEJIYIOIINE METOIUIECKUE BOIIPOCHL:

1. KaK MOJIE/IUPOBATH YTOMJICHUE U UTO SBJISIETCS JTOCTOBEPHBIM KPUTEPUEM HACTYILJICHUS CO-

CTOSTHUS YTOMJIEHUS;

2. KaKue TEKCTHI JIOJKHBI OBITh UCIOJIB30BAHBI JIJIsI UTEHUS;
3. KaKoW JIUTE/IbHOCTU JOJI2KHBI OBITh PedeBbie (hPArMEHTHI, JIOCTATOUHBIE JIJIsi PACIIO3HABAHUS

COCTOSTHUSI YTOMJIEHUSI;

4. MUKPODOHBI KAKOTI'O KAIECTBa HEOOXOUMO UCIIOJIb30BATD JIJIs 3AIICH PEUN U KAKOH yPOBEHb

«OTpyOJIeHUST> UCXOJIHBIX JIAHHBIX JIOIYCTUM HPU O0YIEeHUN.

CyTb HacTosIneil paboThl COCTOsIA B IIPOBEJEHUN IMUJIOTHOIO SKCIEPUMEHTA 0 CO3JIAHUIO
npororuna BPJI pyccKosi3bIYHBIX PECIIOHIEHTOB C IEJIbIO MTOIyYeHnsl OTBETOB HA BbIIIEIEPEYnC-
JIeHHBIE BOTIPOCHI. OCHOBHBIE YCUJIHUS OBLIN HAPABIEHBI HA PEATU3AINIO 3aKOHIEHHOTO ITPOTIECCa,
pacCIO3HaBaHUs YTOMJIEHUsI, BKJIIOYAIONIErO MOI00P TEKCTOB JjIsi YTEHUsI PECIIOHIEHTOB, pa3pa-
OOTKY alapaTHO-IIPOrPAMMHOIO HHCTPYMEHTAPHS, IIPOBEJICHNE CAMOIr0 SKCIEPUMEHTA, OPraHU-
3aII0 PETUCTPUPYEMbBIX JAHHBIX, (DOPMUPOBAHUE 00yUIAIONIel BHIOOPKHU C PEUEBBLIMU CUTHAJIAMUI
PECIIOHIEHTOB, ee mpeobpasopanue B npororunt bPI u, B MeHbIeit crenenu, Ha aHAJIN3 U BbI-
O0Op aAJITOPUTMOB PACIO3HABAHUS PEUM, TAK KAK B 9TOM BOIIPOCE BO3MOXKHO ONUPATHCS Ha yKe
TOTOBLIE U ITPOBEPEHHDBIE MOJIEIIH.

B paznene (1] paccmaTpuBaroTcsd OCHOBHBIE METOJIBI U CPEJICTBA U3BJICUEHUs] IEPBUYTHON WH-
dopmaruu. dasee B pasnese 2 npuBeiena kpaTkasi xapakTepucTuKa paspaboTAHHOTO KOMILJIEKCA.
Paznenn MIOCBSIIIIEHBI JU3aiiHy, 00paboTKe U 00CYKICHUIO PE3yJIbTATOB IPOBEICHUS TAJIOT-
HOT'O 9KCIIEPUMEHTa COOTBETCTBEHHO. OCHOBHBIE BBIBOJIbI PAOOTHI U3JI0XKEHBI B Pas/ieie
[enmel

1. Marepuanbl 1 METOAbI

OCHOBY 9KCIIEpUMEHTa, COCTaBUJIa CHHXPOHHAsSI PErHCTPAIlidsl PeYU B IPOIEcce YTeHUst J100-
POBOJIBIIEM CTAHIAPTHBIX (DOHETUUECKU ITPEICTABUTEIbHBIX TEKCTOB. B MUI0THOM SKCIIepUMeHnTe
NpUHAIO yuacTue 9 j06pOBOJIBIER (370POBble MyKUYUHBI B Bo3pacre 22-25 JieT), MONUCABIINX
undopMmupoBarroe coryiacue. OauH U3 JTOOPOBOJIBIEB PUHS yIaCTHe B IKCIEPUMEHTE JIBa-
Kbl B X071 KaxK10ro ucciieioBanust JO6POBOJIEl] YuTajl TPU CTaHIAPTHBIX TEKCTa («KOMAHIHbIH
TEKCT», «IIPO3a», «CTUX») JI0 U Hocje HArpy3ku. Takum 06pa3oB, 6bL10 1m0s1ydeH0 30 UCXOHBIX
ayAno3alucei.

it MoteIMpoBaHust yTOMIIEHHS HCIIOJIb30Ba/IN Kapaunopecnuparopubit rect (KaPen) ¢ mak-
CUMAaJIbHOM (bU3MIecKOil HArPY3KOil, BBIIOJTHIEMbIN JOOPOBOJIbIIAMI Ha Bestospromerpe Ergoline,
[IPU 9TOM KOHTPOJIMPOBAJIH KaP/INOPECIINPATOPHbBIE U MeTabOIMYeCKHEe TapAMETPbI JJ0OPOBOJIBIIER

¢ TOMOIIBIO Sprocrunpomerpraeckoro komiekca MetaLyser (Cortex, Iepmarmmst).



s 3anucu pedu OJHOBPEMEHHO UCIIOJIb30BaJIOCh JIBa MUKPOQOHA: TPOMECCHOHATIBHBINA MU-

71T

HUATIOPHBIH meTnanblit Mukpodon AKG C 41 «JIEBBIi» KAHAJ) U BBICOKOUYBCTBUTEIHHDII
merposiorndeckuii Mukpodon PCB 378A14 (Ne 61720-15 B ['ocymapcTBeHHOM peecTpe CpeJICTB
u3Mepennit) copmectro ¢ ycuauresem PCB 482C («mpassiity kanas). s anagoro-mmdpoBoro
1peoOpa3oBaHmsl 3BYKOBOI'O CHI'HAJIA MUKPO(MOHOB HCIOJIB30BAJIACh BHEINIHsS JBYyXKaHAJIbHAS
3Bykosast kapra M-AUDIO M-Track Plus (MKII).

g pacriosnaBaHus PacCMATPUBAEMbIX COCTOSHUN yTOMJIEHHS JOOPOBOJIBIIEB MCIIOIB30-
BaJIach IIyOOKas HEHpOHHAs CeThb C TOIOJIOrHEll aBTOIHKO/Epa pean30BaHHAs B OMOIMOTEKE
auDeep [9]. ABTosHKozIep peasm3oBaH ¢ nomorneio 6udianorekn TensorFlow sBepeun 1.15. O6yue-
Hue T1yOOKOI HePOHHON ceTu BBINOJIHIOCH Ha rpadudeckoit kapre NVIDIA Quadro M4000.

[Tomumo mepedunceHHoro 060pyIOBaHUs, B UCCIEIOBAHUN OBLIN 3aJICIICTBOBAHDI ITOJIUTPad
Huana-7M u cucrema sumeoszanucu Inana-Bujeo (ITosmkonnyc, MockBa), ¢ HOMOIIBIO KOTOPBIX
peructTpupoBayii (PU3UOJOTUIECKUE TTOKA3ATEN, MOBEJEHIECKNEe U MUMHYECKUAE PEaKInud J100-
POBOJIBIEB. Tak»Ke ¢ MOMOIIBLI0 OPUTHHAJIBLHOTO TPOrPAMMHOIO ODECIIEUEHUs] PErUCTPUPOBAJIN
IPOCTYI0 3pUTEIbHO-MOTOPHYIO peakiuio (IISMP) y 106poBosiblieB 70 U 1MOCsIe TPEbsIBICHUS]
uMm KaPen-recra. {anubie uccieioBanms ObLIN BKJIIOYEHBI B CIIEHAPUH SKCIIEPUMEHTA, a COOpaH-
HbIE C UX MOMOIIBIO [TOKA3ATEJN TOCTYIAIN B CO3MaHHYIO 0a3y JAaHHBIX JJIs XPAHEHUS C MEJIbI0

UX IOcJjeayoneit 06paboTK BHE PAMOK HACTOSAIIETO THUJIOTHOIO SKCIIEPUMEHTA.

2. Kparkasg xapakTepucTUKa pa3pabOoTaHHOTO KOMILIEKCA JJIs
dopmupoBanns BP/1

Komiuteke mocTpoeH mo apxXuTeKType «KJIMEHT-CEPBEP» U COCTOUT U3 HECKOJBKUX IJIEMEH-
TOB, OObEJMHEHHBIX B JIOKAJIbHYIO KOMIIBIOTEPHYIO CETh, BKJIIOYAIOILYI0 0a3y JaHHBIX (MOJLYJIb
data-collection-system), pasmerennyto na orjuenabaom cepsepe B CYBJT MySQL 5.8 u comepxka-
IIyI0 KaK MeTaJaHHbIe 9KCIIEPUMEHTa, TaK U BCE JAHHBIE O PECIOHACHTAX, BKJIOYasl UX PEUEBbIE
JIAHHbBIE.

st mocTymia K TabJmIaM u MmoJisiM 0a3bl JAaHHBIX ObLT paspaboran web-cepsuc:

— TepMUHAJI OIlePATOpa JJIsl YAAJEHHOTO 3aIlyCKa MPOIe/Iyp 3amucu (Moayis operator-cli);

— WebSocket-cepsep, ocymiecTBisiiolmuii 3aich ayano Mo KOMaHjaM oleparopa (MOJLyJib
audio-recorder);

— WebSocket-cepsepa, BLIIOJIHSIONINI [T0KA3 CJIANRI0B ¢ TEKCTOM JJjIsl YTEHUs Ha IIPOEKTOPE
(Momysb shower-server);

— Web-cepBuc, ocymecTBisiionuii BBIIPY3Ky o0y4Jaroiieil BiGopku JaHHbIX u3 B/l (Mosy-
ns data-collection-system) 1o omnpejiesleHHbBIM yCIOBUsAM: THUIIBI (haliIOB, XapaKTePUCTUKN
PECIIOHIEHTOB (BBIOOPKA 10 TI0JIy, BO3PACTY), COCTOSIHUS YTOMJIEHUSI PECIOHJIEHTOB, HC-
[IOJTb3yEeMbI€ TE€KCTBI JIJIsI UTEHUSI.

CdopmupoBannast 6a3a JAHHBIX COICPKUT: OMUCAHUS KJIACCOB COCTOSTHUN yTOMJICHUSI; TEK-
CTBI, YATaE€MbIe JOOPOBOJILIIAMH; OIMCAHUS CIIEHAPUEB BBIIOJHEHHUSI SKCIEPUMEHTOB; JaHHBIE O
T0OPOBOJIbIIAX; ONUCAHUE KAaXKJIOTO KCIIEPUMEHTA: Pean3yeMblil CIeHApHuil, UIeHTU(MUKATOD
JT0OPOBOJIBbITA, JATa IMPOBEICHUA.

st moctyma K TabmiaM 1 moJigM 0a3bl JaHHBIX paspadoraH web-cepBuc, CTPYKTypa KOTO-
poro npejcrapiaena Ha puc. [l Pa6ora ¢ HUM IpOU3BOMTCS B €€y IOMIEH 110C/160BATEIBHOCTH.
Ha mepBoM 3Talie opraHm3aTop MCCIEI0BAHUsI YKA3bIBAET KJIACCHI COCTOSTHUN YTOMJIEHHS, O/
JIe’Kallye MCCJIeI0OBAHUIO B DAMKax CO3/[aBaeMoro ciieHapust (ausaiina) uccieposanusi. lasee,

Ha, BTOPOM 3Talle, B 0a3y JaHHDLIX 3aHOCUTCH TEKCT, KOTOPBLIH Oy/IyT YuTaTh JTOOPOBOJIBILI 0 U



IIocJie INpeabsABJICHUA UM HalPDY3KH. Ha TpeTbEM ITalle IIPOU3BO/IUTCA OIIMCaHMEe CHEHapUA (,[LI/I—
3aﬁHa) nccjieJoBanud B BUJI€ MaTPUIIbI, B KOTOpOI7I IIOCTPOYIHO YKa3bIBa€TC ITOPAITOK (aJH‘OpI/ITM)

perucTpanuy rnokasareseil 700pOBOJIbIA U MIPEIbsIBIISeMas eMy Harpy3Ka.

<« c @ © D localhost
State classes File types Texts Load techniques Measure types Scripts Experiments Export

Mamepenme Texct | Harpysxa Cocronmme

N3MP (30) + Buneo CocTonwme Nepen NpoBeneHAe TecTa
naua + Anana : : KaPeH Ha (GM3MvecKoe yToMneHme

AyRKo + Braeo nwua
+ lwaria

CocTomume nepen nposeneHmem TecTa

Texcr_v00
- KaPeH na dusuiecxoe yTomnerme

KaPeH COCTOANME HACTYNMBLIETO BUIUHECKOrD

KaPeH Tect
Tect yTomnenmn (rect KaPeH)

Ayauo + Buaeo nmua CocTomnme NOCAE BUIMHECKOrD YTOMARHNA
Texer_v00
[ + uana i (wepes 3 muw)

N3MP (30) + Bugeo CocToRHMeE NOCAE BHINHECKOrD YTOMRHNA
nuua + Auana (10 mu)

Puc. 1. Crpykrypa web-cepBuca st JlocTyma K 6a3e JaHHbIX

B mnpejscraBiennoM npumepe mnepBasi CTPOKA IMOKA3bIBAET, UTO KOMILIEKC JOJI2KEH ITPOBECTH
y JI00POBOJIbIIA TECT «IIPOCTasi 3pUTeIbHO-MOTOpHAst peakiusi» ([IBMP) ¢ ogHOoBpemenHOli pe-
rucrparueii Bueonzobparkenust jsuna (Bujeo smna) u dusnosorndeckux nokasareseit (Jluana).
[Ipu 5TOM HCIBITYeMbIN HAXOJNUTCS B COCTOSTHUEM <«HE yTOMJIEH». BTOpasi cTpOKa MOKA3bIBAET,
YTO KOMILIEKC JIOJIZKEH TPEIbIBATH JTOOPOBOJIBITY Jjist TpouTeHusi TekeT «Teker v00» m oaHO-
BPEMEHHO IPOBECTU perucTpanuio ero peun (Aymmo), Bumeonszobpazkenus Jjuna (Bugeo suma) n
dbusnonornyecknx nokazareseii ([Inana). [Ipu 970M nenbiTyeMblii TakzKe HAXOIAUTCS B COCTOSTHUN
«HE YTOMJIEH>.

Tperbst cTpoKa MOKa3BIBAET, ITO JOOPOBOJIBILY IIPEIbABIISETCS HArpy3Ka B Bue Tecta KaPen
Ha dusmdeckoe yromierue. [locie 9Toro, KOMIIIEKC BBITIOIHIET CTPOKHU, AHAJTOTUIHBIE TTEPBBIM
JIBYM, HO y2Ke (DUKCHDPYET COCTOsiHME «yToMJieH». Ha 4derBepTOoM 3rare B KOMILIEKC 3aHOCATCH
JaHHbIC ,I[O6pOBO.HI)L[eB, OPpUHUMAIONMNX yY9aCTUue B HUCC/I€IOBaAHUN. Ha IIATOM 3Talle B COOTBET-
CTBHUH C ITPOrPAMMOIl UCCJIEOBAHNUSI, KaXKI0MY JIOOPOBOJIBILY HA3HATAETCS JaTa SKCIEePUMEHTa U

IIOJIICIIISICTCA» UCIIOJIb3YyEMbIH ClICHAPUHA 9KCIIEPUMEHTA.

3. Ju3zaiiH NU/JI0THOrO 3KCHEPUMEHTA

B kauecTBe Mojiesiell yToM/IeHHsT OOBIYHO MCIIOJIb3YIOTC MOJIeIIb fenpuBanun cHa [10], a Tak-
2Ke MOJIEJb [PEIbBICHUS MEHTAJIbHON HAIPY3KH, HAIIPUMED TE€CThI Ha IMEPEKJIIOYEeHNE BHUMAHUS
6o pemenne apudmerndeckux 3a1a4 B redenne 100-180 munyT |[11-13]. Takum o6paszom, jyist
MO/JIEJINPOBAHMS YMCTBEHHOI'O YTOMJIEHUsI TPEOYETCs 3HAUUTEHLHOE BPEMsi, KPOME TOI'0, METOJIbI
MO/JIEJINPOBAHMS YMCTBEHHOI HATPY3KHU CJIOXKHO CcTaHgapTu3nposaTh. [losTomy B mannoit pabore
OBLITIO UCIIOJB30BAHO (DUBUTECKOE YTOMIIEHUE, MOAEINPOBATL KOTOPOE JOCTATOTHO MPOCTO, TTPO-
Be/ld TECT ¢ MAKCUMAJILHON (hU3MIecKoil HArPY3KOil «JI0 OTKa3a».

Jlamnast Momesbp He TpebyeT 3aTpar OOJIBLIIION0 KOJUIECTBA BpeMeHU. BhII0 MOKa3aHo, ITO
3JIeKTpoMuorpaduieckre IPU3HAKN YTOMJICHUS MBI IpU (PU3NIECKONl HArPY3KEe COOTBETCTBY-
IOT JIOCTUZKEHUIO YeJIOBEKOM aHa’3POOHOIO Iopora . Jliobast Harpyska, ymcTBeHHast b0 bu-

3UYeCKas, BbI3bIBACT ABJICHUA YTOMJICHNA, XaPaKTEPUIYIOIIUECd NSMEHEHUEM (1)yHKLII/IOHaJH)HOI‘O



COCTOSIHUsI OPraHU3Ma YeJIOBeKa ¢ Ipeob/iajaHueM MpOoIeccoB Bo30y K eHust nbo (darne Bcero)
TOPMOYKEHHUsI B IEHTPATBbHON HEPBHOM crcTeMe. DTH MPOIECCHl OKA3BIBAIOT BJIMSHUE Ha CBOWCTBA
pedn YesoBeKa, MOCKOJbKY PeUb PEryInpyeTcs MeHTPaJIbHOM HEPBHON CUCTEMOIA.

TakuMm 06pa3oM, MOJENb (PU3MIECKOTO YTOMJICHWST HA THUJIOTHOM JTAlle MOYKET CUUTATHCS
aJIeKBATHOM, TIPW 9TOM HamboJiee TPOCTO BOCTIPOM3BOAMMOi. B KadecTBe HATDY309IHOTO yCTPOH-
crBa B Kapuopecrtmparopaom tecre (KaPen) ucrosb3oBasiu Besospromerp, MOCKOJILKY OH 1103-
BOJIsTeT HanboJIee TOYHO J03UPOBaTh (pU3MIecKyo HArpy3Kky. TecT BK/IOUa B cebst pasbl MOKOSI
(2 MunyTBHI), pasorpesa (2 MUHYTBI), HArPY3KH (HMHANBHIYAJIbHOE BpeMsi) U BoccTaHOBJIeHUs (1
muHyTa). J{o6poBoser KpyTui nejaam co ckopoctbio 60 06/muH. MexoiHast HarpysKa cocraBuiia
20 Br, 3arem oHa miaBHO Bo3pactasia co ckopoctbio 20 Br/mun. KonTposmposanu gocrukerne
anaspobuoro mopora (AIl), KpurepusiMu KOTOPOro cUmTaau: 1) BEHTUJIANMS 110 YIJIEKUCTIOMY
razy VCOgy HauMHAET MPEBBINATh BEHTWIANNIO 110 KUCaopoay Vo, COOTBETCTBEHHO 3HAUYECHUE
nbixaresibHoro kosddunuenra (JK) cranoBurcs Gosiee 1; 2) BEHTUISAIMOHHBINA SKBUBAJIEHT 110
kuciaopony VE/VOs, OGbIBIIIiT OTHOCUTEIBHO MOCTOSHHBIM, HAYMHAJ PACTH 3& CYET MUIEePBEHTH-
JISIIAY; JIOCTHZKEeHUe TOYKK niepekpecta jimauii perpeccun VOg 1 VCOg 3a cuer pocra VCOq [15].
Jo6poBoJtert BBIMOMHT paboTy Ha BEJIOIPrOMETPE JI0 JIOCTUKEHUST UM MaKCUMAJIBHO MEPEHOCH-
Moit pUBUIECKON HATPY3KH, TIPU 9TOM JTIOCTHZKEHIE aHAIPOOHOTO TIOpora, TOHPOBOJIBIIEM PACIICHU-
BaJIOCh KaK O0BEKTUBHOE TOITBEPIKICHIE PA3BUTHS Y HETO COCTOSTHUST (PUBUIECKOTO YTOMIICHUSI.

Bce nccnenoBanmst IpoBOUINCH B YTPEHHIE YACHI, B CHENUAIBHO 0OOPYIOBAHHOM MTOMEITE-
Hun. Bee mocTOpoHHUE IIIyMBI B 9TO BpeMs ObLin ycTpaHeHbl. JI0OpOBOIbILI IPUXOANINA OTI0X-
HyBIuMHA. [lepest Haga10M KasKI0T0 UCCIIeI0BAHUSI IIPOBOIUIOCH X aHKETUPOBAHUE € ITOMOIIBIO
ankerbl CAH (camouyBcTBHE, aKTUBHOCTB, HACTpOeHUe). B ciydae 110Xoro caModyBCTBHs 7100~
POBOJIEN], K MCCIEOBAHUIO HE JOMYCKATICS.

B xose muioTHOrO SKCIIEpUMEHTa PErUCTPUPOBAJIHN JIBA COCTOSIHUST TOOPOBOJIBIIA: COCTOSTHUE
nepeJi MOJIETMPOBAHUEM (DU3NIECKOIO YTOMJIEHUsT (COCTOSIHUE <«HE YTOMJIEH», jajiee — «HY»,
St 1) u cocrosinue nocse pusngeckoro yromienust (depe3 3 MUHYTHI) (COCTOSTHUE «yTOMJIEH»,
nanee — «¥Y», St 3). Ilepes nperbsiBjieHeM HATPY309YHOIO TECTA M Yepe3 3 MUHYTHI TIOC/IE €ro
3aBepIeHnst TO6POBOJIE] YUTAJ CIIEIUATBHO MTOITOTOBICHHBIA TEKCT.

Bribop TekcTa jijist aTeHust JOOPOBOJIBIIEM IIPEJICTABIIA OTIEIbHYIO UCCIEIOBATEIBCKYIO 3a-
nady. Ha MoMeHT wmccseoBanusi He OBLIO KAKUX-THOO JIOCTOBEPHBIX CBEJICHUI O TOM, UTEHUE
KaKOro THIa TeKCTa (KOMAHIHOIO, CTUXOTBOPHOIO U T.JI.) MOXKET OBITh UyBCTBUTEJILHO K BbISB-
JIEHUIO COCTOSTHUST «yTOMJIEH». [loaTOMY OBLIT C(hOPMUPOBAH €TUHBIH TEKCT, COCTOSIIII 13 HEOOTb-

IO TTEPBOM «IITPOTPEBOYHOI» YaCTU U TPEX IEJEBBIX YaCTEit:

qacTh 1 («IIpOrpeBovHBIl TEKCT») — ObLIO IPEIbsiBI€HO HecKoabKo Komani u3z ['OCT
16600-72 jist orieHKH cpejcTB cBsizu (pasmep — 131 3HaK);
— 4acThb 2 («KOMAHJIHBIN TEKCT» ) — OBLIO IPEIbsIBIEHO GOJIbIIee KOJINIECTBO KOMAHL U3 TOTO
ke 'OCT 1151 OIeHKU CPEJICTB CBSI3H;
— "gacTh 3 («1po3a») — ObLI perbsiBieH dbparMeHT (POHETUIECKHU MPEJICTABUTETHLHOTO TeK-
cra;
— 4gacThb 4 («cTux») — ObLI IpeIbsiBiieH (PpparMeHT hOHETHUECKH IIPEJICTABUTELHOIO CTUXO-
TBOPHOI'O TEKCTA.
Wcxoaublit TEKCT aBTOMaTHIECKH Pa30uBaJiCs Ha HEOOJIBIINE U XOPOIIO BUIUMBIE JI00POBOJIb-
1y pparMeHThbl, KOTOphble TOT YnTaJsl. [lo Mepe 4TeHms omepaTop KOMILIEKCA JaBajl KOMAaHIy Ha
IpeIbsIBICHUE CIEAYIONero (pparMenTa TakKuM o0pa3oM, 9ToObI He CHUXKAJICS TeMIl uyrenust. [Ipu

CMCEHE KazKJI0To (bparMeHTa ABTOMATUYICCKH 3aIlIMChIBAJJIOCH BPpEeMdA OTHOCHUTE/IbHO HavdaJia ayIauo-



3alliCH. Hpe,ILJIO}KeHHI)Iﬁ IIOIXO/ XOPOIIIO cebs 3apeKOMeHJ0BaJI [IJId CJIyYdad YTeHUud 1 ,HaJIbHefI—

mIero pasjaesieHnsd TEKCTOB Pa3HbIX TUIIOB BHYTPU €/IMHOI'O TEKCTOBOI'O JJOKYMEHTA, IIPEAbABIIAC-

MOI'O OJId YTECHUA.

4. OOpaboTKa pe3yJIbTaTOB IMIUJIOTHOI'O MCCJIEI0BAHUS

ITo 3aBepIieHNN SKCIEPUMEHTAIBHBIX UCCJIEIOBAHNN U IPOBEPKU KOPPEKTHOCTU COOPAHHBIX

KCIIEPUMEHTAIBHBIX JIAHHBIX OblLjIa POBE/ICHA BRIIPY3Ka TpeOyeMoro Habopa JTaHHbIX U3 MOLYJIs

data-collection-system ¢ momornsio web-cepBuca. Bbuin BBIIDYKEHBI HEIIOCPEICTBEHHO (Dailibl

ay;:mosanuceﬁ 1 METKHU, OTHOCAIIUE 3TN ay,ZLI/IOCI)afIJIbI K COCTOAHUAM «YyTOMJICH» U «HE YTOMJICH».

s obyueHust HEUPOHHON CeTU TOJIyYeHHBIE ayIMO3ANCH PEUr KaXKJIOro u3 JI00POBOJIBIEB

Kak jj1s1 cocrostaust «HY», Tak un st cocrosinus «Y», ObLIn pasieseHsbl Ha 4 ayauodparMenTa:

aynunodparment Ne 1 — komasaHblil TekeT (nanee — «Komanbi»): jist 06ydeHusi HepoH-
HOIl CeTH MCIOJIb3YeTCsl TOJIBKO 3allUCAHHBIA KOMaHIHBIN TeKCT (IpodTeHHas T06POBOJIb-
[eM ¥ 3alliCaHHas 9acTh 2 UCXOIHOIO TEKCTa);

aynnodparment Ne 2 — doHerndeckn npejcraBuTesbHast mposa (anee — «Ilpozay): ais
o0yveHUsT HEHPOHHOM CeTH WCIOJIB3YETCS TOJBKO 3alucanHas (POHETUYECKHU PECTABH-
TesibHAs IPO3a (IPOYTEHHAsT JTOOPOBOJIBIEM U 3AIMCAHHAS YaCTh 3 MCXOHOIO TEKCTA);
aynnodparment Ne 3 — cTuXoTBOPHBI TeKCT (Hatee — «Cruxmy ): 11t 00y IeHus HePOHHOM
CeTH UCIIOJIB3YeTCs TOJIBKO 3alMCAHHBIN CTUXOTBOPHBI TEKCT (IIPOYTEeHHAsT TOOPOBOJIBIEM
U 3allMCaHHasi 9aCcTh 4 MCXOJHOIO TEKCTA);

ayzmodparment Ne 4 — cmerranubiit Teker (anee — «CMmemanHbliiy ): 1yist 00yYeHus Heii-
POHHOI CEeTH WCIOJIb3YITCsS BhIOpAHHBIE YKCIIEPUMEHTATOPOM CEKYHJIBI U3 BCEX YEeTBIPEX

BUI0OB TEKCTOB, BKJIIOYad «HpOFpeBO‘{HbeI».

Pesysbrar «BbIrpy3Kku» gaHHbIX n3 BP/I npexacrasien 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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spectrograms 002 - 5f_3
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Puc. 2. Crpykrypa BBIIPYKaeMbIX KOMILIEKCOM JTAHHBIX

Kaxomy n3 paccmarpuBaeMbIx ayInodparMeHTOB COOTBETCTBYET CBOW KaraJjior. B cBoro

ovepe/ib, BHYTPU KaXKJIOI'0 KaTaJjora pasMeniaioTcs JiBa mojkarasora «data sety», comeprxkariue

HUHTEPECyeMyIo BBIOODKY JIJIsi 00y4deHus, u «spectrogramsy, Ky/ia B JlabHeHIeM Oy/y T IIOMEIeHbI

copmupoBarHbie 6ubMOTEKON auDeep CIIeKTPOrpaMMbl, UCIOJIb3YEMbIE JIJIsT 00y IeHUsT aBTOIH-



kojiepa. [lonkarasor «data_sety» comep:KkuT jiBa MOJKATAJIOrA, COOTBETCTBYIOIINE JBYM KJIACCAM
OIIEHUBAEMOT'O COCTOsTHUS yToMiienusi: nojkaraisor «001 — S 1» comepakut aymanodaiiiast B dhop-
MaTe .0gg, COOTBETCTBYIOIIE COCTOSTHUIO JIOOPOBOJIBIIA «HE YTOMJIEH», ogkaTagor «002 — St 3»
cozepkuT ayaunodaitnbl B dpopmare .0gg, COOTBETCTBYIOIINE COCTOAHHUIO JTO0OPOBOJIBIIA «yTOM-
Jien». B ¢BsI3U ¢ TeM, YTO TEKCTHI MPEIbABISAINCH JOOPOBOJIbIIAM (parMeHTaMu, TO KaXKIasd u3
ayamo3anunceil Takyke pa3buTa Ha Takue ke pparMeHTbl, CPeIHel IINTeIbHOCThIO Oosee 11 ce-
KyH1. TakuMm obpa3om, [y 0OydIeHus HeHPOHHOM ceTu ObLIO mpeabasieHo 1o 40 aymuozamuceit
JJId KazKJ10I'0 U3 COCTOSIHUTL yToMJieHud JIJIsd KazKI0TO ayﬂI/IO(bpaFMeHTa.

st periennst 3aj1a9u paclio3HABAHUST yTOMJIEHHUST YeJI0BeKa ObLIa MCIIOJIb30BaHa TUIyOOKast
HefipOHHAsI CeTh C TOIOJIOrHeli aBTOHKO/IEpa, peasn3oBanHas B 6ubsmoreke auDeep |16]. Beibop
YKA3aHHON OUOJIMOTEKU OIpPEesiyiCsl HECKOJBKIMEU 00CTOSTeIbCTBaM. Bo-TIepBbIX, OHA ITOKAa-
3aJ/1a BBICOKYIO TOYHOCTH KjacCupuKanmum akycrudeckux cieH koukypca IEEE AASP mo o6na-
pyKeHuio u Kiaccudukanuu akycrudeckux ciet u cobprruii (DCASE 2017) |9]. Bo-Bropbix, ona
OCYIIECTBJISIET 3HAUUTE/IbHBIN 00bEM TPeodPA30BaHMIl, CBSI3AHHBIX C KOPPEKTHBIM ITPpeoOpa3oBa-
HUEM UCXOJHBIX aynodailjioB B n300paKeHus, mocrymamwiinue Ha Bxon bubsmoreku TensorFlow
1.15 1, COOTBETCTBEHHO, € YKCIIOPTOM CreHepupoBaHHBIX npusHakoB B popmar CSV/ARFF. c-
nosib3oBanne 6ubmorekn auDeep mpoucxoauT B naTh Tanos (puc. 3)):

— W3BJIEYECHHUE CHEKTPOrPAMMBI (AHIVI. Preprocess): M3BJAeYeHne CIIeKTPOIrPAMM U METaIaHHBIX

3 HeoOpabOTAHHBIX ayanodailion;
— obyuenue aBrosukozepa (anri. train): obydenne DNN Ha n3BI€UEHHBIX CIIEKTPOIDAMMAaX;
— reHepalusl IPU3HAKOB (aHIUI. generate): TeHepaIysi IPU3HAKOB C UCIIOJIb30BAHIEM 00y IeH-
moro DNN;
— OIIEHKa NIPU3HAKOB (aHIVI. evaluate): OIleHKA CreHEepUPOBAHHBIX [IPU3HAKOB;

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

To4HOCTL
KnaccupuKalmu

OueHka
np13aHaKos

'“ HaBneveHune ObyueHue leHepauyma
CMBKTpOrpamMmMel aBTO3HKOAEPA NPW3HaKOB

Heo6paboTtaHHele
3BYKBOBLIE BOMHLI

BKenopT — CSV/ARFF

Puc. 3. Dransl ucnonbsosanus 6ubsmoreku auDeep [1]

[Ipu obyuenun 1yIyOOKOI HepoHHOI ceTu B OumbOaMoTeKe auDeep ObLIN yCTAHOBJIEHBI
caepyomue Mertanapamerpbl:  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 ciefyroriye napaMerpbl o0ydeHus IJIyOOKOW HEHpOHHOI ce-
TH:
— ITapamerp Ne 1: KaHay1 perucTpaium: <«JeBblil» (KaueCTBEHHBIH MeTIMIHBIA MUKPOMOH),
«IIPaBbIii» (BBICOKOUYBCTBUTEIbHBI HEHAIIPABICHHBIN METPOJOTHICCKUIT MUKPODOH).

— Ilapamerp Ne 2: Buj TeKkcTa, ayauO3aIICh KOTOPOI'O HCIIOIb3YeTCs JIJIsi OO0y YeHUsT: «KOMaH-
Jlay, «IIPOo3a», «CTUXU», CMEITaHHBIH.

— ITapamerp Ne 3: muTeIbHOCTD UCIIOJIB3YEMO [IJIsT OOy IEHUsT ayINO3AIIUCH OTPBIBKA TEKCTA:
7, 8,9, 10, 11 cek.

— ITapamerp Ne 4: obpeska aMIIUTY/] 3aIIUCAHHBIX ay/INOaHHBIX HIXKE YKA3aHHOTO 3HAUEHUS
B Jenubenax (T. e. ypoBeHb «OrpyOJIeHUs» UCXOJHBIX JaHHbIX): clip below = -45 dB;
clip_below = -60 dB; clip _below = -75 dB.



Pesysibrarbl OneHKH TOYHOCTH OOyYeHUs] HEHPOHHON CeTH - MATPHIILI CMEXKHOCTH (aHIVL.
confusion matrix) s clip below=-45dB, clip below=-60dB, clip below=-75dB npusemensr,
COOTBETCTBEHHO, B Tabymiax st nerinanoro Mukpodona (tabo. [IH3|) u nisa senanpasiennoro
METPOJIOTTIECKOro MUKpodoHa (Tabdir. . B kaxkoit MaTpuiie oTpakeHbl BEPOSATHOCTH Pas-
guans Mexkay coctosausMu «HY» n «¥Y», npu sTom «bold» mpudToM oTMedeHbI HAWTYUIINe
3HAYEHWST TPABUILHBIX OMIPEIETICHII TAHHBIX COCTOSTHUN, KYPCUBOM — YMEPEHHBIE 3HATEHUST TTPa-
BUJILHBIX OTIpeieieHnii. B Tabanmax Tak»Ke PUBEIEHO BPEMsT OOy ICHUS I KayKI0TO COTETAHMUS

napamerpos (T obyuenus).

Tabuuua 1. Marpuiier cmexkunoctu it clip  below=-45dB ¢ nersnunoro mukpodona

danaa tekcra, ¢ Twun tekcra — Komanasr IIpoza Cruxu CwMmertaHHbIi

Cocrostamst HY Vv Hy 'y HyY Vv Hy v

Hy 0.69 0.3 0.7 0.3 0.59 0.43 0.71 0.29
7 v 0.33 0.67 0.51 049 033 0.67 0.41 0.59

Bpewms obyuenusi  2mbH3s 2mb6s 2md8s 2mb56s

ny 0.71 029 059 04 082 0.18
8 v 0.32 0.69 041 058 03 0.7

Bpewmst obyuenust 3m10s 3mlds 3m15s

HY 0.68 0.32 0.68 0.32 081 0.2
9 v 0.27 0.73 038 0.62 0.26 0.74

Bpemst obyuenus 3m32s 3m35s 3m33s

Hy 0.68 033 0.65 035 0.73 0.27
10 Y 027 073 026 0.74 036 0.64

Bpewmst obyuenus 3mbls 3mbd6s 3mb3s

HY 0.6 04 062 0.38
11 N 0.36 0.64 041 58

Bpewmst obyuenus 4m20s 4m13s

5. OO6cy>kaeHne pe3y/IbTaTOB

Ucxonss u3 Tabir. Tounocth pacnosHasanuit Y m HY mocrurana 69-80%. Hecmorpst
HA HEBBICOKYIO TOYHOCTH PACIO3HABAHWS, PE3yJbTaThbl IIPOBeJeHUs 00ydeHusl HefpoHHO ceTn
[IO3BOJIMJIN CJIeJIATh CJIEJYIOIINE BBIBOIBI:

— Ilpu wmcnosb3oBaHUU Ay MOJAHHBIX C IIETJIMIHOIO MHUKPOMOHA (<«JIeBBIii» KaHA) Hau-
.HyLIH_II/Iﬁ pe3yyibTaT olupeaejieHnsl COCTOSTHUA 6]:>I.H IprU HCIIOJIb30BaHUUN AEBATHUCEKYH/IHO-
ro dparMenTa npo3sl ¢ napamerpom clip below pasnomy -60dB. Heitpocers onpejeisina
BEPHO COCTOsIHUE «He yTomJieH» B 69% citydaes, a cocrosiaue «yTomjieH» B 79% ciydaes.

— Ilpu ucnosb30BaHUM ayIMOJAHHBIX C METPOJIOIMYECKOr0 MUKPOMOHa (<«IIpaBblii» KaHaI)
HAWJIYYIIANA Pe3yJibTaT OIpPEeeICHUsT COCTOSIHUSI ObLI IIPU UCIIOJb30BAHUN TAKXKE JIEBATH-
CEeKYHIHOTO (pparMeHTa mpo3bl, HO ¢ mapamerpoMm clip below pasaomy -45dB. Heiipocers
olpeJiesisiia BEPHO COCTosiHue <«He yromyieH» B 80% ciiydaeB, a COCTOSIHHE «yTOMJIEH» B
75% cinyuaes.

Takum obpazomM, JiydIiiue pe3yJbTaTbl HPUXOAATCH Ha ayauodparmeHTs 8-9 cexynj. [Ipu

MEHDIIEN JINTETHLHOCTH, BEPOATHO, HEHPOCETH HE XBATAET JAHHDBIX JIJIsI TOrO, YTOOBI HAWTH HPU-

3HAKU JIJIs PA3IMYIUsT COCTOSHUI, & IIPU MCIOJIH30BAHIN (DPATMEHTOB C OOJIbIIel JINTEeTbHOCTHIO



Tabauia 2. Marpuiier cmexkaoctu jyist clip  below=-60dB ¢ nernuunoro mukpodona

HmmHa tekcra, ¢  Tum tekcra — Komasaer IIpoza Cruxu CwMerraHHbI

Cocrostaust Hy vy ny vy Hy vy Hy v

HY 06 04 0.61 039 055 046 0.55 0.46
7 N 0.35 0.64 034 0.6 0.37 0.64 0.35 0.65

Bpewmst o0y uennst 2mb3s 3ml2s

ny 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

Bpewms ob6ytenust 3ml7s 3mlbs

ny 0.69 0.3 054 046 0.7 0.29
9 v 0.21 0.79 0.41 0.59 0.33 0.67

Bpewms obyuennst 3m39s 3m28s

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 0.47 0.54 0.67 0.33
11 N 0.43 0.57 0.46 0.55

Bpewmst o0y aennst

Tabuuna 3. Marpuiisl cmexknoctu i clip  below=-75dB ¢ nernnynoro mukpodona

nuna tekcra, ¢ Twun tekcra — Komanaer IIpoza Cruxn CMelraHHbIH

Cocrostaust Hy vy HY ¥ Hy vy Hy v

HY 0.64 036 0.61 039 052 048 0.52 0.48
7 v 0.37 0.63 04 0.6 0.36 0.64 0.32 0.69

Bpewmst obyuenust 2mb6s 2mb7s

HY 0.71 0.28 0.62 037 0.68 0.33
8 v 0.4 0.6 0.35 0.65 0.39 0.61

Bpems obyuenus 3ml3s 3m18s

HY 0.66 0.34 0.55 045 0.57 042
9 N 0.32 0.69 042 0.57 0.36 0.63

Bpewmst obyuenus 3md2s

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 obyuenust 3mdos

HY 0.53 047 0.71 0.28
11 N 0.46 0.54 0.52 048

Bpewmst o6yuennst

MIPOUCXOJIUT, TI0 BCEH BUJMMOCTH, «IepeobydeHne» HEHPOHHON ceTh — sIBJIeHWEe, KOTJIa MOCTPO-
eHHasT MOJIE/Tb XOPOIIO OObICHSIET MPUMEPBI U3 00ydalolieit BEIOOPKH, HO OTHOCUTETHHO IIJIOXO
paboTaeT Ha IIpUMepax, He yIacTBOBABIINX B 0OydeHuu. Takum oOpas3oM, ObLIa IMOKa3aHa CIIO-
COOHOCTBL paspabOTAHHON MOJEIM PACIO3HABATHL B IEJIOM C BEPOATHOCTBIO Oosee 60% paszsuTne

GU3NIECKOTO YTOMJIEHUS ¥ TOOPOBOJILIIEB B YCAOBUSIX MPEIbsIBICHUS UM (DU3NIECKON HATPY3KH.



Tabuauia 4. Marpurnsr cmexxuoctu fist clip below=-45dB ¢ HeHapaBIEHHONO METPOJIOITIECKOTO

MHKPO(DOHA,
Hmmaa tekcra, ¢  Tum tekcra — Komasaer Ilpoza Cruxu CwMermiaHHBI
Cocrostaus HY 'V HY ¥ HY V¥ HY V
HY 0.66 0.34 0.78 0.23 0.73 027 0.64 0.36
7 N 0.33 0.67 0.4 0.6 0.37 0.63 0.34 0.66
Bpewms obyvenusi  2m49s 2m48s 2mb7s 3mbs
Hy 0.8 0.2 0.61 0.39 0.57 0.42
8 v 0.32 0.69 0.46 0.54 0.32 0.68
Bpewms obyuenust 3m8s 3ml7s 3m21s
ny 0.8 0.2 064 036 073 0.27
9 v 0.25 0.75 0.32 0.68 0.29 0.71
Bpewmst obyuenust 3m33s 3mdls 3m36s
ny 0.84 0.16 0.68 0.33 0.66 0.34
10 v 046 054 0.3 069 036 0.64
Bpemst obyuenus 4m0s 3mb9Is 4m7s
Hy 0.66 0.34 0.71 0.28
11 N 0.39 0.61 0.55 0.46
Bpewmst o0y uennst 4m?27s 4m19s

Tabuuna 5. Marpunsr cmexxnoctu i clip _below=-60dB ¢ HenanpaBieHHON0 METPOJIOITIECKOTO

MHUKPOdOHA
nuaa Tekcra, ¢ Tun tekcra — Komanaer IIpoza Cruxn CMelraHHbIH
Cocrostaust nHy v Hy vy Hy vy Hy v
HY 06 04 0.7 0.29 0.66 0.34 0.57 043
7 v 0.32 0.69 041 058 046 0.55 0.34 0.66
Bpewms obydenust  2m50s 2mb7s 3m8s 2mb8s
ny 0.84 0.16 06 039 083 0.17
8 N 0.41 0.9 042 0.57 039 0.61
Bpewmst o6y uennst 3m9s 3mlds 3m33s
HY 0.79 0.21 0.55 046 0.59 0.41
9 N 0.28 0.72 043 056 0.32 0.68
Bpewmst obyuenus 3m32s 3m40s 3m38s
HY 0.73 0.27 056 044 0.53 047
10 N 0.32 0.69 0.33 0.67 0.33 0.67
Bpewms obyuennst 4m2s 3mb57s 4mls
HY 0.59 0.41 0.66 0.34
11 v 0.41 0.59 0.62 0.37
Bpemst oOyuennst 4m26s 4m?27s

,HaJH)Heﬁmee COBEPIICHCTBOBaHUE pa3pa6aTbIBa6MOI71 METOAUKHU OIEHKHN COCTOAHUA YTOMJICHUA 110

peun OyJieT MPOJIOIKEHO B CJEIYIONINX HAIPABJICHUSIX:

— ¢dopmupoBanne nosHoreHHo BPII 11T pyCCKOS3BITHBIX PECIIOHIEHTOB;

- ,]IO6&B.H€HI/IG JJId paClIO3HaBaHUA COCTOAHNA YTOMJIEHUA BUICOCUTHAJIOB]




Tabuauia 6. Marpunsr cmexxuoctu fjist clip below=-75dB ¢ HeHapaBIEHHONO METPOJIOTTIECKOTO

MHKPO(DOHA,

Hmmaa tekcra, ¢  Tum tekcra — Komasaer Ilpoza Cruxu CwMermiaHHBI
Cocrostaus HY 'V HY ¥ HY V¥ HY V
HY 0.68 0.32 0.68 033 066 034 0.62 0.37

7 N 0.45 0.56 0.34 0.67 043 056 0.41 0.59
Bpewms obyvenusi  2m59s 3m8s 3mo6s 3m0s
Hy 0.78 0.22 056 044 08 0.2

8 v 0.3 0.69 045 0.55 042 0.57
Bpewms obyuenust 3m8s 3m12s 3m32s
ny 0.69 0.32 0.48 0.52 0.61 0.39

9 v 0.34 0.67 0.38 0.62 036 0.64
Bpewmst obyuenust 3m37s 3m38s 3m38s
ny 0.71 0.29 052 048 0.58 0.41

10 v 032 0.69 0.33 0.67 038 0.62
Bpewms obyuenns 4ml4s 4m8s 4m7s
ny 0.65 0.35 0.65 0.35

11 N 0.47 0.53 0.56 0.43
Bpewmst o0y uennst 4m1bs 4m26s

— COBEpIIEHCTBOBAHUE AJTOPUTMA, JIJIs PACIIO3HABAHUS COCTOSHUS YTOMJIEHUSI;
— pa3paboTKa METOIUKHU OIEHKU TOYHOCTU PACHO3HABAHUS YTOMJICHUS.
3akJjroueHmne

Boin mpoBeieH MUIOTHBIN SKCIEPUMEHT C IIEJIBIO TOIYIeHUs OTBETOB Ha, Psi/i METOINIECKIX
BOITPOCOB, Bo3HUKaONmMX npu cozganuu BPJl mo yromenuro. s cosmanus npororuna BPJI
OBLI CIEIUAIBLHO Pa3paboTaH aIapaTHO-IIPOrPAMMHBIN KOMILJIEKC JJIs IIPOBEIEHUS HCC/IeI0Ba~
HUI IO PACIO3HABAHUIO YMCTBEHHOIO U (PU3UIECKOro yToMm/ieHus. Brijia paspaborana MeToInKa
dopmupoBanus y 100POBOJIBIEB COCTOSHUS (PU3MIECKOro yToMyeHus. [IpoBeeHHbI 9KCIIEpU-
MEHT ITO3BOJIMJI IIOJIYyYUTH OTBETHI Ha IIOCTaBJIEHHBIEC B Ha4daJie UCCJ/IeJOBaHUA METOJUIECCKNE BO-
IPOCHL:

1. mist MosieiMpoBaHUst (PUBUIECKOTO YTOMJIEHUS 11JIeCO00PA3HO UCIIOJIb30BATH KAPINOPECIIH-
PaTOPHBII TECT C MAKCUMAJILHOM (pU3MIECKOl HAIPY3KOi, JOCTOBEPHLIM KPUTEPUEM HACTYII-
JIEHUsI COCTOSIHUSI YTOMJIEHUSI CJIY?KUT JOCTHKEHUE JJOOPOBOJIBIIEM aHAIPOOHOTO IOpora Ipu
BBIIIOJTHEHUN 9TOI'O TECTA,;

2. npu dopmupoannu BPJI mis arennst megecoobpa3HO MCIOJB30BATH TEKCTBI, COOTBETCTBY-
IOIIe OCODEHHOCTSAM pPEYeBO KOMMYHHKAIIUN OIEPATOPOB, T.€. KOMAH/HbIE B COUYETAHUU C
TEKCTAMH THUIIA, «IIPO3a».

3. perucrpupyemble pedeBble pParMeHThl, JOCTATOYHbBIE JJIsT PACIIO3HABAHUS COCTOSHUS YTOM-
JIEHWSI, JIOJIZKHBI OBITH He MeHee 8-9 CexyH;

4. MpU UCIOJIL30BAHUHU HETJIUIHOIO MHUKPOMOHA 11e/1eCO00PA3HO UCIIOIB30BAThL «OrPyOIeHUEe»

-60dB, a npu ucnosb30Banuu 00Jiee TyBCTBUTEIHHOTO MuKpodona -45dB.
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Qualitative psychophysiological research is associated with the creation of accessible and well-organized
databases that require a lot of preliminary work on the development of measuring complexes, including not only
tools for measuring the psychophysiological parameters of a person, but also his emotional state, which is displayed
in his facial expression, speech and behavioral patterns. Measuring systems should also include the means of
processing experimental material. The essence of the study was to conduct a pilot experiment to create a prototype
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of the Speech Data Base of Russian-speaking respondents, to obtain answers to some methodological questions that
arise among specialists when using the database for the task of recognizing the state of human fatigue. A hardware
and software complex has been developed that allows synchronously registering psychophysiological parameters,
video recordings of behavioral reactions and audio recording of human speech. As a model of physical fatigue,
a cardio-respiratory test with physical activity (load) was used. Before and after completing the test, volunteers
read out a set of standard phonetically representative texts. The resulting audio recordings were processed using
a specialized neural network capable of analyzing the integral spectral characteristics of sound. The resulting
audio recordings were processed using a specialized neural network capable of analyzing the integral spectral
characteristics of sound. The results of the pilot experiment showed the possibility of recognizing the state of
fatigue of a person by his speech, which makes it possible to proceed to the creation of a large bank of audio
recordings and the improvement of algorithms for recognizing the state of fatigue.

Keywords: human fatigue recognition, speech database, instrumental complex, cardio-respiratory test, machine
learning, neural network.
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