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Kauecrennbie ncnxodusnosiornieckue UCCIEI0BAHUS CONPSIXKEHBI ¢ CO3/IaHNEM JOCTYIIHBIX W XOPOIIO Opra~
HU30BaHHBIX 0a3 JaHHBIX, TPEOYIOMNX GOJIBIIYIO IPEIBAPUTEIBHYI0 PAOOTY MO Pa3pabOTKe M3MEPUTETBHBIX KOM-
[IJIEKCOB, BKJIIOYAIOIINX HE TOJIBKO CPEJICTBA JJIsl N3MEPEHHUsI ICUXO(PU3UOIOTNIECKUX [1apaMETPOB YeJI0BEKa, HO 1
€ro SMOIMOHAIBLHOIO COCTOSHUsI, KOTOPOEe OTOOPAaXKAETCs B BHIPAXKEHUY JINIA, DEYU U [IOBEJIEHYECKUX HMAaTTEePHAX
pecrionieHTOB. VI3MepuTebHbIE KOMILIEKCHI JOJIKHBI TaKKe BKJIOYATh U CPEJICTBA 0OPabOTKH IKCIIEPUMEHTAIb-
Horo marepuasia. CyTh UCCIEIOBAHUS COCTOSLIA B IPOBEJIEHUN MUJIOTHOTO KCIIEPUMEHTA 110 CO3/IAHUI0 ITPOTOTHUIIA
6a3bl PEUYEBBIX JIAHHBIX PYCCKOS3BIYHBIX PECIIOH/IEHTOB, [IOJIyY€HUsI OTBETOB HA METOJUYECKNE BOIPOCHI, BOSHUKA~
OIKE Y CHEIUAJINCTOB TP UCIOJIB30BAHUN 0a3bl JJIsi 33/a4UN PACIO3HABAHUsI COCTOSIHUST YTOMJICHUS IETOBEKA.
Paspaboran ammapaTHO-TTPOrpaMMHBIN KOMILIEKC, TO3BOJISIFONINI CHHXPOHHO PErMCTPUPOBATDH MCUXOMPU3NOIOTH-
YecKMe IapaMerTpPbl, BUJICO3AINCU IIOBEJIECHIECKUX DEAKINN M ayJ[MO3alliCh pedr dejioBeKa. B KadecTBe MOJesn
bUBUYIECKOTO YTOMJIEHUST UCIIO/IH30BAJICs KapAMOPECIIUPATOPHBIA TecT ¢ (busmdeckoil Harpy3koii. Jlo mpoxox ie-
HUS ¥ TIOCJTE 3aBEPIIIEHNH TeCTa JOOPOBOJIBIILI 3aYNTHIBAIN HAOOD CTAHAAPTHBIX (POHETUIECKHU MIPEICTABUTETHHBIX
TekcToB. [losyuennbie ayauosanucu 06pabaThIBAINC € TOMOIBIO CIEIUAIN3NPOBAHHON HEHPOHHON CETH, CII0CO0-
HOI aHAJIM3UPOBATH NHTErPAJIbHbBIE CIIEKTPAJIbHBIE XaPAKTEPUCTUKY 3BYKa. Pe3ysibTaTsl MUJIOTHOTO 9KCIEPUMEHTa,
TMOKA3a/IM BO3MOYKHOCTDH PACIIO3HABAHUS COCTOSTHUST YTOMJIEHHUS 9€JIOBEKA IO €0 PEYU, UTO MO3BOJISIET MEPEHTH K
CO3JIaHMIO BOJIBINOro GaHKa Ay MO3AINCEl M COBEPIIEHCTBOBAHUIO aJIOPUTMOB PACIO3HABAHUS COCTOSIHUS YTOM-
JIEHUS.

Karoueswie caosa: pacno3nasanue yYymomaenus, 0a3a pevesuir J0aGHHOLT, UHCMPYMEHMAALHBLL KOMNAEKC,

Kapouo-pecnupamoprvili Mmecm, Mawurkroe odyuenue, 2aybokas HeuPoHHas cemp.
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BBenenue

Pabora crenuaancToB, BBITOJHSAIONUX OrepaTopckue (OyHKIUHU, (J1ajee — CHeNUaIncTOB)
XapaKTEePU3YeTCsT HAMPSKEHNEM BHUMAHWS C HEOOXOIMMOCTBIO €r0 TEPEKTIOUEHUsI, a TaKiKe
HEPBHO-TICUXUIECKUM HAIIPSI’KEHNEM B CBSI3U C BBICOKON OTBETCTBEHHOCTBIO 38 PE3YJIbTATHI Jesi-
TEJILHOCTHU. BBICOKME HATPY3KHU BEAYT K PA3BUTUIO Y TAKUX CITEITUAINCTOB COCTOSTHUST YTOMJICHUSI,
ITO COTPSIZKEHO C YTPO30# MPOITyCcKa 3HAYUMBIX CUTHAJIOB M HEMOTUBHPOBAHHOTO PEarnpOBAHUS
HA CUTHAJIBI JIOXKHBIE. [[09TOMY KOHTPOJIb 38 Pa3BUTHEM YTOMJIEHUS ¥ CIEIIHANCTOB OTIEPATOD-
CKOTO TTPOUIIS B TIPOTIECCE UX TPOMECCHOHATBHOMN TESITETLHOCTH SIBISETCS aKTYAJTBHON 3amaqeii.
OjHako perrenne TaHHON 33/1a91 CONPSI?KEHO € PIIOM TIPOOJIeM:

— MOJIEJTUPOBAHUE YCJIOBUN TPYAa CIEIUAINCTA B OOJBLITHHCTBE CJIYyIAEB HE COOTBETCTBYET
pPeaJIbHBIM YCJIOBUSAM €TI0 AeATEe/IbHOCTH;

— TOIBITKA MMPOBECTH KaKHe-JTHO0 M3MEPEHHs B IPOIECCe TPYIO0BOH JIeATEIbHOCTH C IEIbIO
OTpeJIETATE €6 3(PEKTUBHOCTD, MPECTABIISIET TOMEXY paboTe CIIEIHAINCTa,;

— MPOrHOCTUYIECKAsT EHHOCTH CYIECTBYIONIMX MATEMATHKO-CTATUCTUYECKUX MOJIesIel OIeH-
Ki pabOTOCTIOCODHOCTH CIENUAIICTa HEBEJIUKA B CHIY OTPAHUYEHUH, HAK/IAIBIBAEMBIX B
OOJIBITMHCTRE CIyYaeB HEOOJBITNMI pa3MepaMy N3yUYeHHBIX BHIOGOPOK.

B macrosiiiee BpeMsi aKTUBHO Pa3BUBAIOTCS METOLI PACIO3HABAHUST COCTOSTHUS YETOBEKA

0 pevn, N300pPaKEHWIO W TOBEJEHNIO, PeATN3yeMble C MTOMOIIBIO CHCTEM aBTOMATU3UPOBAHHOMN
OIEHKU C [IpUMeHeHneM HelipoHHBIX cereil |1|. Takue cucTeMbl O3BOJISAIOT OIIEHUBATL COCTOSTHUSI
IeJI0BEKA, JTUCTAHITMOHHO, HE OTPBIBAs €r0 OT MPUBBIYHON MeATeTLHOCTH, HATIPUMED, OT yIpaB-
JIEHHUSI aBTOMOODIJIEM.

ﬂﬂﬂ perucrpanum COCTOAHUA YTOMJIEHUA Ye€/IOBEKa IMEPCHEKTUBHBIM ABJIAECTCH pequoﬁ Ka-
Has1. OH IpocT, HEJOPOI' U B HAUMEHbBIIEH CTEleHN I0IBEPXKEH NCKAYKEHHUSIM BO BPEMSI PErUCTPa-
IIUH, IT0 CPABHEHUIO C 3aIMCHIO BUJIEO WM (PUBHOTOTUICCKUX TOKA3ATEIIEH.

UccnemoBarenbckass aKTHUBHOCTD, TOCBSIIEHHAS AHAJIN3Y PEUH UEIOBEKA COCPEIOTOYEHA B
HECKOJIbKUX OCHOBHBIX HAIPABJIEHUSIX.

[TepBoe HapaBJieHHE COMPSIKEHO C COBEPIIEHCTBOBAHUEM AJITOPUTMOB 00pabOTKY PEYEBOrO
cUTHaJjIa. DTO HAIMPABJIEHHE BKIIOYAET COBEPIIEHCTBOBAHUE MPOrPAMMHBIX WHCTPYMEHTOB JIJIst
BU3yaJIM3aIMN PEYEBOTO CUTHAJA M pacdeTa ero XapaKTEPHBIX MPU3HAKOB, UTO Peasim3yeTcs B
qacTHOCTH B Takux cucremax kak PRAAT |2, 3], ISIP [4], openSmile [5]. K coseprencrsoBanmio
AJITOPUTMOB 0OPAOOTKN PEIEBOTO CUTHAJIA MBI OTHOCHM TaK:Ke paboTy MO aJallTAIINN COBPEMEH-
HBIX aJIFOPUTMOB MAITMHHOTO O0YYeHUsT JIJIsl PellleHusl 3a/1a9 aHaan3a pedan [1).

Bropoe mampasienne cBsizano ¢ pa3pabOTKO# AITOPUTMOB W TEOPETUYECKUX ITOIXOJ0B K
PACTIOBHABAHUIO PA3JINIHBIX COCTOSTHUI W MATOJOTHI YeIOBEeKA Ha OCHOBE aHAIn3a ero pedn. K
9TOMY HallpaBJIEHUIO MO?KHO OTHECTU PacCIIO3HaBaHUE PA3/IMIHBIX 3MOITMOHAJJIbHBIX COCTOHHHﬁ, a
TaK>Ke OTKJIOHEHU OT HOPMaJIBHBIX IICUXWUYECCKUX U1 d)I/I3I/IO.HOFI/I“IeCKI/IX COCTOSIHUIA.

Tperbe Hanpab/ieHue, ocOOEHHO BaykKHOe B obyiacTu obecrievuenus 6€30IACHOCTH TPYIA CIie-
[IIAJUCTOB OIEPATOPCKOTO MPOMUIISA JEATEIbHOCTH, BKIIOYAECT OBICTPYIO U HAJEKHYIO OICHKY
OTJEBLHBIX COCTOSIHUN 1U€JI0BEKA, CBA3AHHDBIX C UCIOJHEHHEM UM CBOMX (DYHKIIHOHAILHBIX 00si-
3aHHOCTEl B IIPOIECCE JesITeIbHOCTH, B TOM YUCJIE COCTOsIHUsI yTOMJIeHus [6).

Bwmecre ¢ Tem, ocHOBHO# TpobieMoii JIj1s1 MCCIeoBaTeN el SBIAETCS HATHINEe KaIeCTBEHHBIX
HaOOPOB PeYeBbIX JAHHBIX WK 6a3 peueBbix JaHHbiX (BP/L), cocraBisironux 0CHOBY MAIIMHHOIO
obyuenusi. TpymoeMKOCTh 9TOH MPOBJIEMBI COCTOUT TOM, UTO JIJIsT KAXKJIOTO SI3BIKa, HEOOXOMMO
cosmaBarh ceou BPJI. B wacrtHOoCTH, y2Ke paspaboraHbl 6a3bl JAHHBIX, COAEp:KAIlie OOJIbIIoe

KOJIMYECTBO 3alucell pedu JIMKTOPOB, BHIPAXKAIONINX HEHTPAJIbHbBIE, IOJIOKUTE/ILHbIE JTUO0 OTPHU-



[ATEIbHBIE SMOIUHU. DTU 0A3bI JIAHHBIX CYIIECTBYIOT B CBOOOJIHOM JIOCTYIIE U CJIYKAT B KAUECTBE
HUCTOYHUKA STAJOHHBIX CUTHAJIOB JIJIsi Paclo3HaBaHus sMonuit B rosioce. Oxrako stu BP co-
JlepKaT aHITHACKYI0, HEMEIKYIO, UTAIbsHCKYIO0 pedb |7, 8|, mpu sTom pycckosisbranoit BPII ¢
OTKPBITBIM JIOCTYIIOM IIOKA He IPEJICTABIICHO.

B nacrosiee Bpemst paspaboTaHO 3HAYNTEIHLHOE YUCIO AJITOPUTMOB 00pabOTKM pedn, n3yte-
HbI XapaKTEPUCTUKH I'0JI0CA, BBISBJIEHBI PEYeBbIe TapaMeTPhbl, KOTOPhIE CIIOCOOHBI BAPHbUPOBATH B
3aBUCAMOCTH OT (DYHKIIMOHATHLHOTO U IMOIMOHAIBHOTO COCTOSHUST desioBeka. OIHAKO CO3TaHme
AJITOPUTMOB, TIO3BOJIAIONINX PACIIO3HATH YTOMJIEHUE YEJIOBEKA 110 IO PeUn B IIporiecce mpodeccu-
OHAJILHOM JIeATeIbHOCTH, HAXOIUTCS Ha, dTalle Pa3paboTKH IPEXK e BCETrO 0 IPUINHE TPYTHOCTEH
MOJIEJTUPOBAHUS COCTOAHUST yTOMJIeHus dejioBeka. s cozmanus rakoit BPJL tpebyiorcsa orBeTh
Ha, CJICJIYIOIINE METOIUICCKUE BOIIPOCHL:

1. KaK MOJIeJIUPOBATH YTOMJICHUE U UTO SBJISETCS JTOCTOBEPHBIM KPUTEPUEM HACTYILJICHUS CO-

CTOSTHUST Y TOMJICHWUSI;

2. KaKue TEKCTHI JIOJKHBI OBITH UCIOJIB30BAHBI JIJIsI UTEHUS;

KAKOI JIJINTEJIbHOCTH JIOJI?KHBI OBITH PEeUEBbIE (DPATMEHTHI, JIOCTATOUHBIE JIJI PACIIO3HABAHUS

COCTOSTHUST yTOMJICHUST;

4. MUKPODOHBI KAKOT'O KAIECTBa HEOOXOIUMO UCIIOJIb30BATD JIJIs 3AIMCH PEYN U KAKOH yPOBEHb

«OTpyOJIeHUST» UCXOJIHBIX JIAHHBIX JIOIIYCTUM [PU O0YYEeHUN.

CyTp mHacrosmeil paboTbl COCTOSAa B IPOBEJEHUU SKCIEPUMEHTA 10 CO3MAHUIO IIPOTOTHU-
na BPJl pyccKoS3bIMHBIX PECIIOHIEHTOB C IEJIbIO IMOJIyYeHUs OTBETOB Ha BBIIIEIIEPEUNCIEHHBIE
Bonpochl. OCHOBHBIE yCH/IHsT OBIJIN HAIIPABJIEHBl HA Pean3alliio 3aKOHIEHHOTO MIPOIECCa paciio-
3HaBaHUs YTOMJIEHUS, BKJIIOYAIONIEr0 MOJA00D TEKCTOB IjIsl YTE€HUs PECIOHIEHTOB, pa3pabOTKy
ammnapaTHO-IIPOrPAMMHOIO UHCTPYMEHTAPHUsI, [IPOBEJIEHNE CAMOTO SKCIIEPUMEHTA, OPTaHU3AIINIO
PEruCTpPUPyEeMbIX JaHHBIX, (POPMUPOBAHUE OOydUaloNeil BLIOOPKHM C PEUYEBBLIMU CUTHAJAMHU pe-
CIIOHJIEHTOB, ee IipeodbpazoBanue B npororunt BPJI u, B MeHbImeil cremnenu, Ha aHAJIN3 U BLIOOD
aJITOPUTMOB PACIIO3HABAHUS PEUM, TAK KAK B 3TOM BOIIPOCE BO3ZMOXKHO OMUPATLCA Ha YK€ T'OTO-
BbI€ U IIPOBEPEHHBIE MOJIEJIHN.

B paznere [I| paccmaTpuBaioTcss OCHOBHBIE METO/BI U CPEJICTBA U3BJIEUCHUS IEPBUYHON WH-
dopmarmu. dasee B pasnese[2 npuBesena kpaTkasi xapakTepucTuKa pa3spaboTaHHOTO KOMILIEKCA.
Pasznesnbr [IOCBSIIEHBI JIN3aiiHy, 00paboTKe U 0OCYK/IEHUIO PE3YJIbTATOB MPOBEICHUS IKCIIC-

puMeHTa COOTBETCTBEHHO. OcHoBHBIE BbIBOJIbI pa60T1>1 N3JIOZKEHBI B pa3deJsIe [DaKJIIOICHIC]

1. Marepuanbl 1 METOAbI

OCHOBY 9KCIIEpUMEHTa, COCTaBUJIa CHHXPOHHAsSI PErHCTPAIlidsl PeYU B IPOIEcce YTeHUst J100-
POBOJIBIIEM CTAHIAPTHLIX (POHETUUECKHU IIPEICTABUTE/ILHBIX TEKCTOB. B aKcliepuMeHTe TPUHSLIO
yuaacrue 9 j106pOBOJIBIEB (30POBbIE My>KUMUHBI B Bo3pacte 2225 jier), noanucapumx nHGOpMU-
poBannoe corjiacue. OJuH U3 JOOPOBOJIBIIEB MPUHSIT YIACTHE B 9KCIIEPUMEHTE JBaXKJbl. B Xo-
Jle KayKJIOrO MCCJIeI0BaHusl JI0OPOBOJIEI YUTaJl TPU CTAHJIAPTHBIX TEKCTa («KOMAHJIHBIA TEKCT»,
«IIp03a», «CTHUX») JI0 U T0Cae HArpy3ku. Takum o6pa3oB, ObLIO 10syueHO 30 MCXOMHBIX ay/Ho-
3alucen.

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-

A1

HUATIOPHLIA neTanaubii Mukpodon AKG C 41 1 BBICOKOYYBCTBHUTEILHBIN METPOJIOrTIECKIit
mukpodor PCB 378 A14 cosmectro ¢ yennuremem PCB 482C. [l anaoro-nindposoro mpeobpa-
30BaHUs 3BYKOBOI'O CHT'HaJIa MUKPOQOHOB HCIOJIb30BaJach BHEIIHSS ABYyXKaHAJbHAs 3ByKOBas
kapra M-AUDIO M-Track Plus (MKII).

st pacriosHaBaHUS PACCMATPUBAEMBIX COCTOSTHUI yTOMJIEHHS JOOPOBOJIBIIEB MCIIOIB30-
BaJlach TIyOOKas HEHpOHHas CeThb C TOIOJIOTHEl aBTOIHKOIEPa peain30BaHHAs B OMOIMOTEKE
auDeep [9]. ABrosukozep peasmsoBaH ¢ nomortnpio 6udianorekn TensorFlow sepcun 1.15. O6yue-

Hue T1yOOKON HEePpOHHOW ceTH BBINOJIHIOCH Ha rpadudeckoit kapre NVIDIA Quadro M4000.

2. Kparkasg xapaKTepuCTUKa pa3paboTaHHOro KOMILJIEKCA JIJIst
dopmupoBanusa BP/I

Kowmmieke mocTpoeH mo apXuTeKType «KJIMEHT-CEPBEP» W COCTOUT M3 HECKOJIBKHUX IJIEMEH-
TOB, OODBEINHEHHBIX B JIOKAJTBHYIO KOMIBIOTEPHYIO CETh, BKJIIOYAIONIYIO 0a3y JAHHBIX, pa3Me-
meHHyo Ha oTaeabHOM cepBepe B CYBJL MySQL 5.8 u comep:kalyio Bce cobupaemble TaH-
uble [15Yankovlev2022].

ﬂﬂﬂ YVAaJIEHHOT'O YIIPpAaBJICHUA IKCIIEPUMEHTOM U JIOCTYIIa K Ta.6ﬂHL[al\/[ " I10JIIM 6&31)1 JaH-
HBIX HCIIOJIB30BAJINCH CJIEIYIONINE 3JIeMEHThI KOMILJIEKCa: TEPMUHAJ OllepaTopa sl YIaJeHHOTO
YIPABJIEHUST TIOKA30M TEKCTOB U 3aIIACHI0 PeUn JOOPOBOJIBIIA; IIPOrPAMMa JIJIst 3aIIUCH PeUn J100-
POBOJIBI[A TI0 KOMAHIaAM OIIepPaTOpa; IIPOrpaMMa, BBITOIHSIIONIAS [T0 KOMAHIAM OIEPATOpa MOKA3
CJIAMJIOB C TEKCTOM Ha IIPOEKTOPE JIJI UX IMPOUYTEHUsT JOOPOBOJIBIIEM.

CdopmupoBannas 6a3a JAHHBIX B I[EJIOM, KPOME CIIEHAPUEB U JAHHBIX O JJOOPOBOJIBIIAX, CO-
JIEPKUT TaK¥Ke OTMMCAHUST KJIACCOB COCTOSTHUN YTOMJIEHUSI U TEKCTHI, YATaEMbIe JTOOPOBOJIBIIAMU.
Omnucanne KaxX10r0 9KCIIEPUMEHTa, BKIIOYAET: PEATU3YEeMbIii ClieHApUit, UIeHTH(MUKATOD JT0OPO-
BOJIBIIA, ATy MPOBEJIEHUST SKCIIEPUMEHTA, pevueBble (hailIbl.

Crpykrypa paszpaboranHoro web-cepBuca Jijisi JOCTyIa K TaOJUIAM U OJISAM 0a3bl JAHHBIX

npuBe/ieHa Ha puc. [I]

3. MoaenupoBaHue COCTOSHUS yTOMJIEHUS YeJIOBEKA

B kauecrBe Mojieeil yTOMIICHHsT OOBITHO MCIOJIB3YIOTCS MOJIe/Ib jlenipuBaliun cHa [10], a Tak-
2Ke MOJIEJIb NIPEIbsABIECHNS] MEHTAJIBHOM HATPY3KU, HAIIPUMED TECTHI Ha ITePEK/II0MeHe BHUMAHUST
6o perterne apudmerndeckux 3aja4 B rederne 100-180 munyr [11-13]. Takum obpazom, st
MOJIEJINPOBAHUST YMCTBEHHOI'O YTOMJIEHUsT TPEOYETCsT 3HAUUTEILHOE BPEMsi, KPOME TOT'0, METOJIbI
MOJIEJINPOBAHMS YMCTBEHHON HATPY3KHU CJIOZKHO CTaHAapTH3upoBaTh. [losTomy B maHHO# pabore
OBLIO UCIOJIb30BAHO (DU3NIECKOE YTOMJICHUE, MOJEIUPOBATH KOTOPOE JIOCTATOYHO IIPOCTO, ITPO-
BeJsI TECT ¢ MAKCUMAaJIbHON (PU3MIEeCKOil HArpY3KO# «JI0 OTKa3ay.

Jannas Mojiesib He TpebyeT 3aTpaT OOJILIIOIO KOJMYeCcTBa BpeMeHH. BbuIo 1moka3aHo, 9To
aJjileKTpoMuorpaduueckue MPU3HAKKA YTOMJIEHNsT MBIIIIL TPU PU3NIECKON HAIPY3KE COOTBETCTBY-
I0T JIOCTUZKEHHIO YeJIOBEKOM aHaspobHoro nopora [14]. Jliobas narpyska, ymcrsenHast jubo ¢u-
3UYeCKasl, BbI3bIBACT sIBJICHUsT YTOMJIEHUSI, XapaKTePU3yIoInecs n3MeHeHneM GyHKITHOHATHLHOTO
COCTOsIHMSI OPraHU3Ma JYe0BeKa ¢ IpeobIiaJlaHneM IIpoIeccoB Bo30y K ieHus aubo (dale Beero)
TOPMOXKEHUsI B TIEHTPAJIBHON HEPBHON CHCTEME. DTH IIPOIECChl OKA3BIBAIOT BJIMSTHIE Ha CBOHCTBA
peun YesioBeKa, MOCKOJbKY PeYb PeryJmpyercs IeHTPaJIbHOM HepBHOM cucTemoii. Takum obpa-
30M, MOJIEIb (PUBUUECKOTO YTOMJIEHUS HA JIAHHOM JTAIE MOYXKET CUUTATHCS aJI€KBATHOM, IIPU STOM

HanboJIee ITPOCTO BOCIIPOM3BOUMOII.
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DoGagneHne TexkcTa

DobasneHne 3KCNepUMeHTa

Hasnaine | Harve [ — |

CueHapui
HWamepenne Tekct Harpyska CocToAHne
MN3MP (30) + Bupeo : } CocToAHWe Nepeq NposeeHnem TecTa
nnua + fnaxa KaPeH Ha dimanHeckoe yToMneHme
Ayawo + Buneo nuua CocToAHWE Nepen NPoBEeHUEM TecTa

Tekct_v00
+ OmaHa KaPeH Ha dmsmyeckoe yToMneHwe

1 KaPeH CocToAHWE HAacTYNMBWEr o huanyeckoro
KaPeH Tecr -
TECT yTomnenwns (Tect KaPeH)

Ayano + Buaeo nuua CocToAHWe nocne QU3MHeckoro yToMNEHWA
Tekct_v00 | -
+ OwuaHa - [4epes 3 MuH)

MN3MP (30) + Bupeo . } CocToAHWE Nocne hUIMHecKoro YyTOMNEHWS
nvua + Anaxa (10 MuH)

Puc. 1. Crpykrypa web-cepsuca jijist 1oCTyTa K 6a3e TaHHBIX

B kavecrBe Harpyso4dHoro ycrpoiicrsa B Kapauopectuparopaom tecre (KaPen) ncnosbzosa-
JIX BEJIOAPTOMETD, IIOCKOJIBKY OH MO3BOJIET HANOOJIee TOTHO JI03UPOBATH (DU3UIECKYIO HATDY3KY.
Tect BritOUaeT B cebst (asbl MOKOs (2 MUHYTBI), pa3orpesa (2 MUHYTHI), HATPY3KU (MHUBULY-
aJIbHOE BpeMsl) U BOCcCTaHOBJIeHHs (1 MuHyTA).

Hobposouter KpyTui efasm co ckopoctbio 60 06 /mun. Vexonnast Harpyska cocrasuia 20 Br,
3aTeM OHA IJIABHO Bo3pacTasia co ckopoctbio 20 Br/mun. KorTposmposasioch ocTizKkenne aHas-
po6uoro mopora (All), KpurepusMu KOTOPOro CUUTAIOTCS CJAELYTIONE COOBITHST: 1) BEHTUIISIHS
o yriaekucaoMmy razy VCOg HaYMHAET MPEBBLIMATHL BEHTUIANNUIO 10 Kucaopoay VOsg, cooTBeT-
CTBEHHO 3HaveHue jpixarebHoro koaddurnuenra (JIK) cranosurcs Gosee 1; 2) BEHTUIISIIIMOHHBII
sKBuBaseHT 1o Kucsiopopy VE/VOsg, OGbIBIIMI OTHOCHUTEIHHO MOCTOSIHHBIM, HAYUHAET PACTH 33
CcYeT THIIEPBEHTU/ISIIIUN; JJOCTUTaeTC s TOUKa Hepekpecra juanii perpeccuun VOg u VCOs 3a cuer
pocra VCOq [15].

Jlo6poBotelt BIIOIHSI paboTy Ha BeJ0IProMerpe 0 JOCTUXKEHUsSI UM MaKCHMAJbLHO IIepe-
HOCUMOMN (PU3NIECKON HATPY3KH, IIPH 9TOM JOCTHKEHUE aHAIPOOHOTO MOPOTa TOOPOBOJIBIIEM PAC-
[EHUBAJIOCh KaK OOBEKTUBHOE MOJITBEPXKICHUE PA3BUTHS Y HETO COCTOSIHUS (DPU3UIECKOTO YTOM-
JIEHUSI.

UccnenoBanus MpoBOJUIINCH B YTPEHHUE YACDHI, B CIIEIUAJIBHO 0OODYIOBAHHOM TOMEITEHUN.
Bce nocroponHme myMbl B 3TO BpeMsi ObLIH yeTpaHeHbl. J[00pOBOJIBIBI TPUXOMIIN OTIOXHY BIITH-
mu. [lepe T HagaI0M KasKI0T0 UCCIe0BAHNS TIPOBOUIOCH NX AHKETUPOBAHUE C TOMOIIHIO AHKETHI
CAH (camouyBcTBHE, AKTHBHOCTD, HACTPOEHHE). B ciydae MI0X0ro caModyBCTBHsI JJ0OPOBOJIEL
K HCCIEOBAHUIO HE JTOMTYCKAJIC.

B xoze sKcmiepuMenTa perucTpupoOBAN JBA COCTOSTHUS TOOPOBOJIBIA: COCTOSTHUE TIEPeJT, MO-

Jle/IUpoBaHeM (bU3MIECKOr0 YTOMJIEHUsT (COCTOSIHUE «He yTOMJIeH», jajee — S1) U COCTOsTHUE



nocsie pu3nIecKoro yromienus (depe3 3 MUHYTHI) (COCTOSIHHE «yTOMJIEH», najgee — S). Ile-
pell IpeIbsBJICHIEM HAIPY30YHOIO TECTa W depe3 3 MUHYTHI IIOCJIe €ro 3aBepIIeHnsT J0OPOBOJIEI]
YUTAJ CHEIUAIbHO IOJANOTOBJIEHHBIN TEKCT.

Bruibop TekcTa fy1 9TeHnst J00POBOJIBIIEM TPEICTABIIAN OTACILHYIO HCCIEI0BATEIHLCKYIO 3a-
naay. Ha mMoMeHT mccitemoBannst He OBLIO KaKHUX-JIUOO JTOCTOBEPHBIX CBEJACHUN O TOM, UTEHUE
KaKOro THIA TeKCTa (KOMAHIHOIO, CTUXOTBOPHOIO U T.JI.) MOXKET OBITh IyBCTBUTEILHO K BbISB-
JIEHWIO COCTOSTHUSI «yToMJIeH». [losToMy O6bLT chOPMUPOBAH €IMHBIH TEKCT, COCTOAIINN U3 HEOOIb-
IO TPEHUPOBOYHON YaCTU U TPEX MEJIEBbIX YaCTe:

— 4acTb 1 («TPEHHPOBOUHBIN TEKCT» ) cojeprkasa Heckosbko koman u3 I'OCT 16600-72 mis
OIEHKN CPeJICTB cBsi3u (pasmep — 131 3HaK);

— 49acThb 2 («KOMaH/HBIH TEKCT» ) cojieprKalia 6oJiblee KOJan4iecTBo KoMau 1 u3 Toro ke ['OCT;

— uacThb 3 («1posar) comepxkaia dpparmeHT hOHETHIECKH PEJICTABUTEIBHOIO TEKCTA,

— uacTb 4 («cTux») cojepxasa GparMenT hOHETHUECKH TIPEJICTABUTELHOIO CTUXOTBOPHOIO
TEKCTA.

Wcxoaublit TEKCT aBTOMaTHIECKH Pa30uBaJiCs Ha HEOOJIbIINE U XOPOIIO BUANMBIE I00POBOJIb-
1y pparMeHThl, KOTOpble TOT YnTaJsl. [lo Mepe dTeHms omepaTop KOMILIEKCA JaBajl KOMAHIy Ha
IpeIbsBICHIE CIEAYIONEero (pparMenTa TakuM 00pa3oM, IToObI He CHUXKAJICS TeM ureHus. [Ipu
CMeHe KaxKJ0ro (bparMeHTa aBTOMATHYIECKH 3aIMCHIBAIOCh BPEMSI OTHOCUTEILHO HAYaIa Ay THO-
sanucu. [IpeamosKeHHbIi TOIX0 1, XOPOIIO cedsT 3aPEKOMEHI0BAT /TS CIydas ITEeHUs U JaTbHel-
IIIero pas3ieseHusi TEKCTOB PA3HBIX TUIIOB BHYTPH €INHOIO TEKCTOBOT'O JIOKYMEHTA, IIPEeIbsIBIIde-

MOTI'O JJId YTCHUSA.

4. OO6paboTKa pe3yJIibTaTOB UCCJIeJOBaAHUS

s perienust 3ajia9u pACIO3HABAHUS YTOMJIEHUS YeJ0BEKa ObLIa MCIOJIb30BaHa TVIyOOKast
HEHPOHHAsI CeTh C TOIOJIOrUell aBTOHKOIEepa, peajyn3oBantas B 6ubsmoreke auDeep [9]. Boibop
yKa3aHHOI OMOJIMOTEKN OIIpPeessiicsd HeCKOJIbBKIMHU 0OCTOATEIbCTBaMU. Bo-IIepBBIX, OHA ITOKa-
3aJ1a BBICOKYIO TOYHOCTD KJIACCHMDUKAINN aKycTudecKux cried konkypca IEEE AASP mo obna-
py2KeHHIo 1 Kiaccudukarmm akycrudeckux cret u cooprruii (DCASE 2017) |9]. Bo-Bropsix, ona
OCYIIIECTBJIIET 3HAYUTE/IbHBIN 00beM ITpeoOpa30BaHmil, CBI3aHHBIX ¢ KOPPEKTHBIM IIpeobpa3oBa-
HUEM HMCXOJHBIX ayaunodaiiioB B n300parkeHus, IOCTyaoIe Ha Bxoa budbamorekun TensorFlow
1.15 u, COOTBETCTBEHHO, ¢ SKCIIOPTOM CT€HEPUPOBaHHBLIX npusHakoB B (hopmar CSV/ARFF.

[ToctetoBaTE/ILHOCTD TPUMEHEHHS PACCMATPUBAEMOI TUIyOOKOH HEHPOHHOM ceTn /I 3aa49u
pacIlo3HABAHUY yTOMJIEHHsI YeJIOBEKa 110 pedn Ipejcrapiena Ha puc. [2[ [15Yankovlev2022|.

OHa COCTOWUT W3 IIECTH ITAIIOB:

1. Tloaroroska obyuatoriero Habopa jganubix (anri. dataset) — o6pa3ioB peYeBbIX CUTHAJIOB C
MeTKaMi KJaccoB yromsenus (S u S2) juist «paboThl» ¢ HefipOHHOI ceTbio. OOBIMHO Takasi
ITOJI'OTOBKA COCTOUT B «O(DOPMJIEHUI» ITOr0 HAOOpa JAHHBIX B COOTBETCTBUU C TPEOOBAHM-
sIMU TIapcepa, KOTOPbIl OyjierT «pa3dbuparb» €ro Ha dTalle U3BJEYEHHs CIIEKTPOIPAMM. DTO
OH U3 HamboJjiee TPYIOEMKUX JJIsl MCCJIeIOBaTe sl 9TalloB, TaK KaK Jake HeDOJIBIoe OT-
KJIOHEHNE IIpH 0pOPMJIEHUN JaTaceTa oT TpeDOBaHMWil mapcepa IPUBOINT K HEBO3ZMOYKHOCTH
BBIIIOJTHEHUST TIOCJIEIYIOIIIX ITAIOB.

2. V3Biiedenne cueKTpOrpaMM: HM3BJIEUEHNE CIIEKTPOIPAMM M JAHHBIX O MIPUHAIIEXKHOCTH ITUX
CITEKTPOTPaMM K pacCMaTPUBaeMbIM KJIaccaM M3 HeoOpabOTaHHBIX ayInogQailioB.

3. Oby4eHMe aBTOHKOIEPA HA M3BJIEYEHHBIX CIIEKTPOrPAMMAaXx.

4. Tenepanus MpU3HAKOB 00yYIEHHO# I/TyOOKO# HEMPOHHON CETHIO.
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AEYCTHYECKWA CHMHAN

Datzset MapiHr gaHHex gna
[HaBop pesespx curHanoe, oby4eHWA 3BT C3HEOOE DA W
COOTHECEHHBIX € COCTORHWAM MK TYNaKOEbIBEAHHED WX B "y 4- M
DHIMHMECKOrD yToMAEH HA 51 W 52) CNEUH 2NHIHPOES HHBIH

popmaT saHHBE, YO0 GHEIA
% M OA WABNESEHWAR

Crecrparpavma dpamnesra

.
CNEKTPOTPEMM NEH >
(00 OTROTC TR0 e (00 OTROTC TR0 e pom p AYCTHMe oD R |1 cemyma )
£0 TR HHID §HE OCTIR M obyseHuM
yTaMncH, 51 WyTaMACH, S8

v

MNpeges pMTENEHOE BOPMETHPOEEHHE
H200pP2a 3KCNEPMMEHTANBHBIX AAHHEE — pab0TaHHDIE
nog TpefoEaHHA NapCepa SEYROEME B OAHN

¥
TouHooTs | "™
anacentman [ €] OUEHKA NPU3HAKOE [« FeHepauma " Obyuenue
’ NPU3HAKOB aBTO3HKOepa
[ cviamrle—  Skenopt [T

Puc. 2. Drans ucnosb3oanus 6ubmoreku auDeep |9

5. OreHKa CreHepupOBAHHBIX TPU3HAKOR.
6. DKcropT creHepupoBaHHbIX pu3HakoB B ¢popmarsl CSV mim ARFF.
st aBToMaTu3anuu mpoiecca popMUPOBAHUS TATACETOB B HACTOSIIECH pabOTe UCIIOIb30BaJI-
cst web-cepBuC JIst I0CTyIA K 6a3e JaHHbIX (pUC. , nyHKT MeHio «Export»). [Ipumep pesysbrara
«BBITPY3KU» JMaHubix u3 BP] npencraBien wa puc.
AyouodparmenTt N21-->  fatigue_new_1
AyauodparmenT N2 2--> | fatigue_new_2

Ayauodparment N2 3 > fatigue_new_3
AyauodparmenT N24--> | fatigue_new 4

data_set 001 - 5F.1
spectrograms 002 - 5.3
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Puc. 3. Crpykrypa BBIIPYKaeMbIX KOMILIEKCOM JIAHHBIX

[Momkaramor «data_set» Cofep:KUT JiBa MOJKATAJIOTa, COOTBETCTBYIONINE JBYM KJIaCCaM OIle-
HUBAEMOT'O COCTOSHMS yToMyieHus: momkaTajor «001» comepxkutr ayamodailabl, COOTBETCTBYIO-
IIIeé COCTOSTHUIO JOOPOBOJIbIA «HE yTOMJIEH», mogkaraaor «002» comep:KuT ayauodailibl, cooT-

BETCTBYIOINE COCTOSTHUIO JTOOPOBOJIBIA «yTOMJIeH». KarKIblif U3 MOIKATAJIOrOB comepzKa mo 40



ayauosanuceit. Takum 06pa3oM, KaxKIblii n3 (GOPMUPYEMBIX JIaTaceToB cojepxkali 80 ayamo3aiu-
ceii.

B cBsi3u ¢ TeM, 9TO IEJIbIO HACTOSAIIErO HMCCJIEIOBAHUA OBLI IOWCK OTBETOB Ha BOIIPOCHI O
IPEAIIOYTUTEILHOM THUIIE TEKCTOB JJI YTEHUHA, O MAHUMAJBHO JIOCTATOYHOR JIJIMTEJIbHOCTU 3a-
MMICBIBAEMBIX PEUEBBIX (DPATMEHTOB, O KA9eCTBE MCIOJIb3yEeMbIX MUKPO(OHOB, TO BAPbUPOBAJINCH
JlaTaceThl, IIOCTyNAoIe Ha BXO HEMPOHHOU CEeTH.

JlaTaceTsl (hOPMUPOBAINCH MCXOsI U3 3HAUEHUN CJIEIYIONINX [apaMeTpPOB:

— Twun npoYnTaHHOIO TEKCTa, ayIn03aIlINCh KOTOPOrO MCIIOJIb30BAJIACh JJIsi OOYIEHUS: <KO-
MAaHJIa», «IIP0O3ay, «CTUXU», CMEITaHHbIH.

— JuTeIbHOCTD UCHIOIb3YEMBbIX [Jsi 00yueHns HeUPOHHO! ceTu (hPArMeHTOB ayIno3aInceit
(L): 7,8,9, 10 umm 11 c.

— KanaJs perucrparun: KadeCTBEHHBIN METIMIHBIN MUKPOMOH WU BHICOKOUYBCTBUTEIbHDIH
HEHAIPABJIEHHBIN METPOJIOTHYECKUN MUKPOQOH.

— YpoBeub obpe3aHusi aMIUIATYIbI 3aIIMCAHHBIX AyIUOJAHHBIX HUXKE yKA3aHHOTO 3HAYEHUS
B zernubesiax: -45 ab, -60 a1b, -75 a1b. 9TuMm mapaMerpoM ycTaHABIMBAJICS JIOIYCTUMbII
YPOBEHB «OIPYOJICHUS» UCXOJIHBIX JIAHHBIX, C OJIHOI CTOPOHBI, W, CTEIIEHb YIAJICHUS U3 UC-
XOJTHOM 3aIlUCU HU3KOAMILTUTY/IHBIX IIyMOB. TeM caMbIM OIEHUBAJIOCH, HACKOJIBKO UCIIOJIhb-
3yeMblii HefipoceTeBOil aJIr'OPUTM YYBCTBUTEJIEH K IIyMaM, IPUCYTCTBYIOIINX Ha MCXOJIHON

ayJUO3alIUCH.

Pesynbrarel omeHKH TOYHOCTH OOYUCHHSI HEHPOHHOW CETH - MATPHUIIBI OIMUOOK (aHIVL.
confusion matrix) mast garaceTos, cPOPMUPOBAHHBIX C YIETOM BBIINIEIEPEINCICHHBIX TapaMeT-

pos, npuseensl B Tabu. [I] Onenku kadecrsa Kiaaccudukaiyuu npuseeHsl B tabur. [2]

5. O6cyxkaeHne pe3yIibTaToB

OreHKM KauecTBa paclo3HaBaHUsl 1EJIEBOr0 cocTosiHus S2 («yTomyen») (tabaunbl 1, 2 pu-
CYHOK 4) MOKa3bIBAIOT, YTO PUMEHEHNE HEHPOHHOI CeTH ¢ TOMOJIOrHeil AaBTOIHKOJED MO3BOJISAET
JIOCTUYb TOYHOCTU PACIO3HABAHWUs [EJIEBOr0 cocTosiuus 0 75-79%. B 3aBucumocTu or npo-
Ie/Iyphl 3aUCH U XapaKTEPUCTUK 3alNChIBAEMON pevueBOil MPOAYKIIUUA TH PE3YILTATHI MOTYT
BapbUPOBATHCS.

SHAYUMBIX OTJIMIHI MEXKJIy UCIIOJb30BAHUEM KAYECTBEHHOI'O METIIMYHOIO MUKPO(OHA 1 BbI-
COKOYYBCTBUTEIHLHOTO HEHAIIPABJIEHHOTO METPOJIOTUYECKOT0 MUKPOMOHA He BBISIBJIEHO. DTO 103~
BOJISIET UCIIOJIB30BATh B JIAJBHEHIINX HCCJIEIOBAHUSAX IIUPOKO PACIPOCTPAHEHHBIE HETIHYHbIE
MUKPOMOHBI, HO ¢ BHEIIHEHl 3BYKOBOH KapToii. OTIeNbHBIM BOIPOCOM OCTAETCs OIpeJIeseHue
JOIYCTUMBIX JTHAITA30HOB TEXHUIECKNX XaPAKTEPUCTUK UCIIOJIB3yEeMOTO 00OPYI0BAHUSI.

B cBazu ¢ Tem, 4TO mccienoBanus TPOBOIMINCH BHE aKyCTHIECKON 0E39X0BOM KaMephl, a B
0o(pUCHOM TIOMEIIEHUHN B YCJIOBUAX OTHOCUTE/IBHOM THUIIWHBI, HA ayIUO3AIUCIX IPUCYTCTBOBAJII
myMbl. Jlanabie TabIUIBI 2 UTIOCTPUPYIOT, ITO O0OpPE3aHe aMILIUTY/ IbI UCXOTHOTO ayINOCUTHAIA
HizKe ypoBHs -45 1B (s ayauosanuceit npo3el Huzke yposHs -60 1B) m03BOJISIET yIIydIIUTh
KadeCTBO PACIIO3HABAHUSI.

O/iHUM U3 BayKHBIX PE3YJIBTATOB UCCJICIOBAHUS CTAJIO OIPEJIE/IEHUE TPEITOITUTEHHOTO TH-
ma pedeBoil MPOMYKIINH, PETUCTPAIIdd KOTOPOU MTO3BOJISIJIACh PACIO3HABaTh HEHPOHHON ceTn co-
CTOsIHUE yTOMJIEHUS ¢ O0jiee BBICOKUM KadecTBOM. JlaHHbIe TaOJIUIbI 2 [IOKA3BIBAIOT, 9TO UCIIO/Ihb-
30BaHME IETJIMYHOIO MUKPOMOHA TpU 00pE3aHUU AMILIUTY/IBl UCXOJIHOTO ay/IMOCUTHAJA HUXKE
ypoBHs -45 1B (TO ecThb B yCi0BHAX HEOOIBINOrO 3AIIyMJIEHHsI) MO3BOJISET PACIO3HABATH CO-

CcTOsSTHHE yTOMJIeHHUs co 3HadeHuamu F, papubivu 0,680 mpu oOpaboTKe MPON3HOCUMBIX KOMAH]T



Tabsuiia 1. Marpuriibr omuboK 00y IeHHBIX HEHPOHHBIX CeTell 771t COOPMUPOBAHHBIX JATACETOB

T YposeHb 00pe3aHus aMIIUTYAbI ayIHOJaHHBIX HIUXKE YKA3aHHOTO 3HAUEHUS
HII IIPO-
P 45 1B ~60 1B | 75 1B
YUTAHHOI'O
Kanan perucrpanun: Ka9eCTBEHHBIN HETINYHBIN MUKPOMOH
TEKCTa
L, C. Sl SQ L, C. Sl SQ L, C. Sl SQ
Sy | 0.70 | 0.30 S1 ] 0.60 | 0.40 S1 1064 | 0.36
Komamabr 7 7 7
Sy | 0.33 | 0.67 Sy | 0.35 | 0.65 Sy | 0.37 | 0.63
S1 | 0.68 | 0.32 S110.69 | 0.31 S1 1066 | 0.34
IIpoza 9 9 9
Sy | 0.27 | 0.73 Sy | 0.21 | 0.79 Sy | 0.32 | 0.68
S | 0.65 | 0.35 S1 | 0.54 | 0.46 S; | 0.63| 0.37
Cruxn 10 7 8
Sy | 0.26 | 0.74 Sy | 0.37 | 0.63 Sy | 0.35 | 0.65
o . 9 S1 | 0.80 | 0.20 9 S1 1 0.71 | 0.29 g S1 | 0.68 | 0.32
MEIIaHHbIH
Sy | 0.26 | 0.74 Sy | 0.33 | 0.67 Sy | 0.39 | 0.61
Kanamn perucrparnum: BbICOKOUYBCTBUTEILHBIN HEHAIIPABIECHHDII
METPOJIOTHIECKAH MUKPOMOH
L, C. 51 SQ L, C. Sl SQ L, C. Sl SQ
K . S1 | 0.66 | 0.34 - S1 1 0.60 | 0.40 . S1 | 0.68 | 0.32
OMAH/IbI
. Sy | 0.33 | 0.67 Sy | 0.31 | 0.69 Sy | 0.44 | 0.56
S7 | 0.80 | 0.20 Sy ] 0.79 | 0.21 S| 0.78 | 0.22
IIpoza 9 9 8
Sy | 0.25 | 0.75 Sy | 0.28 | 0.72 Sy | 0.31 | 0.69
S1 | 0.67 | 0.33 S1 1056 | 0.44 S1 | 052 | 048
Cruxu 10 10 10
Sy | 0.31 | 0.69 Sy | 0.33 | 0.67 Sy | 0.33 | 0.67
Sy | 0.73 | 0.27 Sy ] 0.83 | 0.17 S| 0.80 | 0.20
CMermanHabIi 9 8 8
Sy | 0.29 | 0.71 Sy | 0.39 | 0.61 Sy | 0.43 | 0.57

JJUTEBLHOCTBIO OT 7 cekyH, 0,712 — mpo3bl AauTesbHOCTLIO oT 9 cexyua, 0,708 — cTruxoTBOpE-
Huil qyaTebHOCTHIO OoT 10 cekyHa u 0,762887 Jij1s1 CMENIAHHOIO TEKCTAa, COCTOSIIEr0 U3 KOMAaH,I,
IIPO3bI U CTUXOTBOPEHU JITUTEJILHOCTBIO OT 9 cexkyH 1. IIpu MeHbIeH JITUTeIbHOCTH, BEPOSTHO,
HEHpOCeTH He XBaTaeT JAHHBIX JJI TOrO, YTOOLI HANTH MPU3HAKN JJIA PA3IUINsT COCTOSTHUIA.

Taxum 06pa3oM, B pe3ybTaTe NCCIEI0BaHNs TOKa3aHa CIIOCOOHOCTD pa3pabOTaHHOM MOIe /N
pacIo3HaBaTh HACTYILIEHHE COCTOSIHUST (DUBUIECKOTO YTOMJIEHHUS y JTOOPOBOJIBIEB 110 UX PEeIeBOil
MTPOJTYKITUH.

JlasbHelitiee COBEPITEHCTBOBAHNE Pa3pabATHIBAEMON METOINKH OIEHKHM COCTOSHUST yTOMJIE-
HUs 110 pedd OyIeT MPOJoJKeHO B Hampasyenuu paspaborku BPIl maa wmccmemoBanust cBa3u
pedeBOil MPOJYKIIUA W YMCTBEHHOT'O YTOMJIEHUS, a TAKXKe COBEPIITEHCTBOBAHUE PACCMOTPEHHOTO

B HACTOsIIEH paboTe ajaropuTMa JJjisi PACIIO3HABAHUS COCTOSHUS YTOMJICHU.

SaKJ/II0ueHue

Brin mpoBesieH TUITOTHBINM SKCIEPUMEHT C IIEJIBIO TOIYUYeHUs OTBETOB Ha Pl METOIMIECKIX
BOITPOCOB, BO3HUKAaIOMUX Ipu co3panuu BPI mo yromnenuto. [Ins cosnanusi npororuna BP/I
ObLI CIEIUAIBLHO pa3paboTaH alnapaTHO-IPOIPAMMHBIN KOMILIEKC JJIsi TPOBEJICHUS UCCIIE0Ba-
HUI 110 PACIIO3HABAHUIO YMCTBEHHOT'O U (PUBUIECKOI0 yTOMJIeHUsI. Bblia pazpaborana METOIUKA

dopmupoBaHus y 100POBOJIBIEB COCTOSTHUST (PU3MIECKOr0 yToMieHus. IIpoBeennbIil sKcmepn-



Tabuuia 2. Mepbl TouHOCTH KitaccuduKaiuu 00yIeHHBIX HEHPOHHBIX ceTeil myisi cop-

MHWPOBaHHBIX JaTaCeTOB

YpoBeHb Tun npo- Mepb! TOUHOCTH KJTacCU(DUKAIUT
obpezanust YUTAHHOI'O L, c. . .
Accuracy | Sensivity | Precision | F-mepa
aMILIATY/IBI | TEKCTa
Kamas perucrpanum: KadecTBEeHHBIN NETINIHBI MUKPOQOH
45 1B Komanpr 7 0,685 0,690 0,67 0,680
[Tposza 9 0,705 0,695 0,73 0,712
Cruxu 10 0,695 0,678 0,74 0,708
CMenraHHbIi 9 0,770 0,787 0,74 0,762
60 4B Koman e 7 0,625 0,619 0,65 0,634
ITpoza 9 0,74 0,718 0,79 0,752
Cruxu 7 0,585 0,577 0,63 0,602
CMeraHHbIi 9 0,69 0,697 0,67 0,683
75 4B Komanbr 7 0,635 0,636 0,63 0,633
IIpo3za 9 0,67 0,666 0,68 0,673
Cruxn 8 0,64 0,637 0,65 0,643
CMmernmaHHbIi 8 0,645 0,655 0,61 0,632
Kanast perucrpaiiun: BbICOKOUYBCTBUTEIbHBIN HEHAIIPABJIEHHBIN
MEeTPOJIOTHIECKUNT MUKPO(DOH
45 4B Komanbr 7 0,665 0,663 0,67 0,666
[Ipoza 9 0,775 0,789 0,75 0,769
Cruxu 10 0,680 0,676 0,69 0,683
CMemanHbIi 9 0,72 0,724 0,71 0,717
60 1B Komanbr 7 0,645 0,633 0,69 0,660
ITpoza 9 0,755 0,774 0,72 0,746
Cruxu 10 0,615 0,603 0,67 0,635
CMeranubIi 8 0,72 0,782 0,61 0,685
75 4B Koman e 7 0,620 0,636 0,56 0,595
ITpoza 8 0,735 0,758 0,69 0,722
Cruxu 10 0,595 0,582 0,67 0,623
CMeraHHbIi 8 0,685 0,740 0,57 0,644

MEHT TO3BOJIMJI TIOJIyYNTh OTBETHI HA ITOCTABJIEHHBIE B HavdaJle UCCIEJOBAHUS METO/IMIECKHIE BO-
IIPOCHI:

1. g momenupoBanust (pU3MIECKOro yTOMJIEHHS 11€JIECO00PA3HO UCIO/IH30BATDL KAPIUOPECIIH-
PaTOPHBIN TECT C MAKCUMAJILHOM (PU3NIECKON HAIPY3KOii, JOCTOBEPHLIM KPUTEPUEM HACTYII-
JIEHUSI COCTOSTHUSI YTOMJIEHUSI CJIY?KHUT JOCTUXKEHUE TO0OPOBOJIBIIEM aHAIPOOHOIO IIOPOTa IMIPHU
BBIIIOJIHEHUU 3TOT'O TECTA.

2. Ilpu dopmuposanuu BPJI qis arenus mesiecoobpa3sHo UCIOIb30BATb TEKCTHI, COOTBETCTBY-
IOIe OCODEHHOCTSIM PEUEBOil KOMMYHHMKAIIUU OIEPATOPOB, T.€. KOMaH/HbIE B COUYECTAHUH C
TEeKCTaMU THUIIa «IIPO3a».

3. Perucrpupyembie pedeBbie (hbparMeHThl, JIOCTATOYHBIE JJIs PACIIO3HABAHUS COCTOSIHUS Y TOM-

JIEHWSI, JTOJIKHBI OBITH He MeHee 7-10 cekym/I.



4.

D.

UcnonpzoBanue OoJiee 9yBCTBUTEILHOIO MUKPOMOHA 110 CPABHEHUIO C MCIIOJIb30BAHUEM TIET-
JITYHOTO MUKPOMOHA HE JIAeT 3aMETHON PA3HUIIBI KAUECTBA PACIIO3HABAHUS COCTOSHUS YTOM-
JICHUS.

O6peszanre aMILUTUTY/IbI MCXOJHOIO ayJHOCHTHAJIA HUXKe ypoBHs -45 1B (B psijie ciydaes

HIzKe ypoBHs -60 1B) mo3BoIsieT Yy dnInTh KAa9eCTBO PACIIO3HABAHMUSI.
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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
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, deep neural network.
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