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KauecrBennbie mcunxodu3noorniaeckue UCC/IEIOBAHUsS CONPSI?KEHBI C CO3JAHUEM JIOCTYIIHBIX U XOPOIIO Op-
TaHM30BaHHBIX 0a3 JAHHBIX, TPEOYIOMIINX OOJIBINYIO MPEIBAPUTEIBLHYIO paboOTy MO pa3spaboOTKe M3MEPUTETbHBIX
KOMIIJIEKCOB, BKJIIOYAIOIIMX HE TOJBKO CPEICTBA JJIsi U3MEPEHUs! NCUXOMU3NOJIOIMIECKUX [1apaMeTPOB YesIoBe-
Ka, HO U €ro 3MOIMOHAJILHOIO COCTOSHHSI, KOTOPOE OTOOPaXKaeTCs B BBLIPAXKEHWM JIUIA, PEYM U IOBEICHIECKUX
MaTTepHAX PECHOHIEHTOB. 3MepuTesbHbBIE KOMILIEKCHI TOJI?KHBI TAKXKe BKIIIOYATDH U CPEJICTBA 06pabOTKM SKCIIe-
puMeHTaIBHOTO MaTepuasia. CyTh UCCIETOBAHIS COCTOSIIA B MIPOBEIEHIN SKCIIEPUMEHTA, IT0 CO3/TaHUIO TTPOTOTHUIIA
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 aHAJIM3MPOBATH MHTEIPAJIbHBIE CIEKTPAJbHBIE XaPAKTEPUCTUKH 3BYKa. Pe3ysIbTarsl 9KCIEepUMEeHTa, TOKa3a/ 1
BO3MOYKHOCTDH PACIIO3HABAHUS COCTOSTHUS YTOMJIEHUST YEJIOBEKA 110 €r0 PEUU, YTO MTO3BOJISIET MEPEHTH K CO3TaHUIO
6OJIBITIOr0 GaHKA Ay UO3aInCceil U COBEPIIIEHCTBOBAHUIO AJITOPUTMOB PACIIO3HABAHUSI COCTOSIHUSI YTOMJICHMSI.

Karoueswie caosa: pacno3naganue ymomaenus, 0a3a pevesur O0GHHVIT, UHCMPYMEHMAALLHBLL KOMNAEKC,

KaPOUO-PECIUPAMOPHBLT MECTN, MAWUHHOE 00YUeHUe, 2AYOOKAA HEUPOHHAA CEMD.
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HaIPsI?XKEHUEM B CBSI3U C BBICOKOII OTBETCTBEHHOCTDIO 38 PE3YJILTATHI JesITeJIbHOCTH. Bhicokne Ha-
IPY3KHU BEAYT K PA3BUTHUIO Y TAKUX CIIEIIUAJICTOB COCTOSTHUSA YTOMJIEHHUsI, ITO COIPSI?KEHO C yI'PO-
3011 MPOIYCKa 3HAYNMBIX CUT'HAJIOB M HEMOTHBHPOBAHHOIO PEATMPOBAHUS HA CUT'HAJIBI JIOYKHBIE.
[TosToMy KOHTPOJIb 3a pa3BUTHEM YTOMJIEHUSI V CIEIMAJIUCTOB B IPOIECCe UX MPOdECCHOHATb-
HOIt IedATeIbHOCTH SIBJISIETCS aKTyaIbHON 3agadeit. O1HaKO pelleHne JaHHOM 3a/1a9u COIPSKEHO
C psiIoOM IIPOoOJIEeM:

— MOJIEJIUPOBAHNE YCJAOBUN TPY/IA CIEIUAJINCTa B OOJBIMUHCTBE CIyIaeB HE COOTBETCTBYET
PpeaJIbHBIM YCJIOBUAM €TI0 JeATEJIbHOCTU]

— IIOIBITKA IMPOBECTH KAKUEe-JTHO0 U3MEPEHUsI B IPOIECCe TPYIOBOH JESITEIbHOCTH C IEJIBIO
OIpeiesInThb ee 3(PHEKTUBHOCTD, IIPEICTABIISIET TIOMeXy paboTe CIIeNNauCTa;

— HOPOrHoCTuYeCcKas IMEeHHOCTb CYHMIECTBYIOIIUX MaTEMaTUKO-CTATUCTUICCKUX IVIO,ZLGJIeIuJ OIICH-
KI pabOTOCIIOCOOHOCTH CIIENUAJIICTA HEBEJIUKA B CUJIY OIPAHUYEHUN, HAKJIAIbIBAEMBIX B
OOJIBIIMHCTBE CJIyYIaeB HEOOJIBIIUME PAa3MepaMU U3y UEeHHBIX BBIOOPOK.

B macrosiee BpeMsi aKTUBHO Pa3BHBAIOTCsI METOIbLI PACIIO3HABAHUSI COCTOAHHSI IEIOBEKA

10 pevr, N300ParKEHUIO U IOBEAEHUIO, PEAJM3yeMble C IOMOIIBIO CUCTEM aBTOMATU3UPOBAHHOMN
OIEHKM ¢ IpUMeHeHneM HeifipoHHbIX cereil [1]|. Takue cucreMbl MO3BOJISIOT ONEHUBATH COCTOSTHUS
9eJIOBEKa JUCTAHIIMOHHO, HE OTPBIBasi €r0 OT NMPUBBIYHON AeSTe/THbHOCTH, HAIIPUMED, OT yIpaB-
JIEHUST aBTOMODHJIEM.

st perucTparun COCTOSTHIS YTOMJIEHUS YeJI0BEKa MMEPCIEKTUBHBIM SBJISIETCST PeIeBOl Ka-
Hast. OH IIpoCT, HEIOPOT U B HAUMEHBINEH CTEIeHN II0JBEPyKEH UCKAYKEHNSIM BO BPEMSI PErnCTpa-
U, TI0 CPABHEHUIO C 3allUCHIO0 BUJIEO MJIN (PUBHOJOITIECKUX MTOKA3aTe e,

Uccnenoparesbckasl aKTHBHOCTD, ITOCBSIIIIEHHAsI aHAJM3Y Pedd YesIOBEKa COCPEIOTOYEHA B
HECKOJIbKUX OCHOBHBIX HAaIIpaBJICHUAX.

[TepBoe HalpaB/ieHUE COIPSI?KEHO C COBEPIIEHCTBOBAHUEM AJTOPUTMOB 0OPAOOTKU PEIEBOTO
CUTHAJIa. DTO HAIPABJIEHHE BKJIIOYAET COBEPIIEHCTBOBAHUE MPOIPAMMHBIX MHCTPYMEHTOB JIJIst
BU3YAJIM3AIMYE PEYIEBOTO CUTHAJIA U pacdeTa ero XapaKTePHBIX MPU3HAKOB, UTO PeajU3yeTcs B
qacTHOCTH B Takux cucremax kak PRAAT |2, 3|, ISIP [4], openSmile [5]. K coBepiencTBOBaHIIO
aJIrOPUTMOB 00pabOTKM PeYeBOro CUTHAJIa Mbl OTHOCHM TaKxKe paboTy IO aJalTalliid COBPEMEH-
HBIX AJTOPUTMOB MAIIMHHOTO OOYYeHNUs JJisi PellieHus 3a1ad aHajm3a pean 1.

Bropoe mampapiieHne CBsI3aHO ¢ pa3pabOTKON aJITOPUTMOB W TEOPETHYIECKUX IIOIXOI0B K
PACIIO3HABAHNIO PA3JIMIHBIX COCTOSTHUN M IMaTOJOTUI JeloBeKa Ha OCHOBE aHajn3a ero pednm. K
9TOMY HAIIPABJJIEHUIO MOYKHO OTHECTU PACIIO3HABAHUE PA3JINIHBIX SMOINOHAJIBHBIX COCTOSTHUI, a
TaKKe OTKJIOHEHU! OT HOPMAJIbHBIX IMCUXUIECKUX U (PUBMOIOTHIECKUX COCTOSTHUIA.

Tperbe nHampasieHne, ocoOEHHO BaykKHOe B obyiacTu obecrievenns 6€30IACHOCTH TPYIA CIie-
[UAJIICTOB OIEPATOPCKOIr0 MPOQUIIS JeITETbHOCTH, BKIIOYAET OBICTPYIO U HAJEXKHYIO OIEHKY
OTJICJIbHBIX COCTOSTHUM YeJIOBEKa, CBA3aHHBIX C HCIIOJTHEHUEM MM CBOUX beHKL[I/IOHaJIbHI)IX O6H—
3aHHOCTE}l B IPOIECCe JesTeIbHOCTH, B TOM YHUCJIe COCTOsIHUsI yToMieHus [6).

Bwmecte ¢ Tem, OCHOBHOII ITp00JIeEMOil JIJTsT UCCIeIOBATE el SIBJISIETCS] HAJIMIIE KadeCTBEHHBIX
HAOOPOB PEYUEBBIX JAHHBIX WM 6a3 pedeBbIX JIaHHBIX (fasee — BPJI), cocraBisonmumx OCHOBY
MaIIMHHOTO 00ydeHusi. TPyIoeMKOCTh 3TOI TPOOJIEMBI COCTOUT TOM, UTO JJIsi KAXKIOTO SI3BIKA
HeobxoauMo co3aaBaTh cBou BPI. B wacrHOCTH, y2Ke paspaboranbl 6a3bl JaHHBIX, COAEPKAIINE
60JIBIIIOE KOJIMYECTBO 3alliceil pedr JUKTOPOB, BLIParKaloIUX HeATpasbHbIE, TOJOXKUTEIbHbIE
JOO OTPHUIATENIbHBIE SMOIUU. DTH 0a3bl JaHHBIX CYIIECTBYIOT B CBOOOIHOM JIOCTYIIE U CJIYKAT

B Ka4eCTBE€ NCTOTYHUKA 3TAJIOHHBIX CUI'HAJIOB [JId PaCIIO3HaBaHUA E)MOIH/Iﬁ B roJ1oce. O,ZLH&KO TN



BPJI conepxkar aHIIMICKYIO, HEMEIKYIO, UTAJIbSHCKYIO pedb |7, (8], mpu s1OoM pycckosi3branoit
BPJI ¢ OTKPBITBIM [OCTYIIOM MOKa HE IPEJICTABJIEHO.

B nacrositiiee Bpems pazpaboTaHO 3HAYUTEIHHOE YUCIIO AJITOPUTMOB 00pabOTKHU pedn, U3y de-
HbI XapaKTEPUCTUKH I'0JIOCA, BBISBJIEHBI PEYEBbIe TapaMeTPhl, KOTOPhIE CIIOCOOHBI BAPbUPOBATH B
3aBUCUMOCTH OT (DYHKIIMOHAJIHHOTO W SMOITUOHAJBHOTO COCTOsIHUS desioBeka. OIHAKO cO3/iaHue
AJITOPUTMOB, ITO3BOJIAIONIAX PACIIO3HATH YTOMJIEHNE YeJI0BEKA 110 €r0 Pevn B mporiecce mpodeccu-
OHAJILHOM JIesITeJIbHOCTH, HAXO/INTCH Ha dTalle pa3pabOTKU IPEXkK e BCEro 10 IPUINHE TPY/IHOCTEH
MOJIEJTUPOBAHUs COCTOSHIS yTOMJIeHH: dejioBeka. s cozmanus rakoit BP/I tpebyiorcsa orBeTn
Ha CJIEJYIOIE METO/IMYECKNE BOIIPOCHI:

1. Kak MomeimpoBaTh yTOMJIEHUE U UTO SIBJSIETCS JOCTOBEPHBIM KPUTEPHEM HACTYILIEHUS CO-

CTOSTHUST yTOMJICHUST !

2. Kakue TeKCThI JOJIKHBI OBITH UCIIOJIb30BAHBL JJIsT ITECHUSI !
3. Kakoil JyinTeIbHOCTH JTOJIKHBI OBITH pedeBble (DPArMEHThI, JOCTATOYHBIE JIJIsi PACIIO3HABA~

HUsI COCTOSIHUST YTOMJICHUS !

4. MukpodOoHBI KAKOI'0 KA4eCTBa HEOOXOUMO UCIIOIB30BATH JJIst 3AIUCH PEUN U KAKOH YPOBEHD

«OTrpyOJIeHUST> UCXOJIHBIX JIAHHBIX JIOIYCTUM [IPU 00ydeHun?

CyTb Hacrosmeit paboTbl COCTOSa B IPOBEJIEHUN SKCIEPUMEHTA 10 CO3/MAHUIO IIPOTOTHU-
na BPJl pyccKos3bIMHBIX PECIOHIEHTOB C IEJIbIO IMOJIyYeHHsT OTBETOB HA BBIIIEIIEPEUNCICHHBIE
BOTpochl. OCHOBHBIE YCUJTHS OBLITH HATPABICHDI HA PEATH3AIIIO 3aKOHIEHHOTO MPOIECCa PACIIo-
3HABAHUS YTOMJIEHUS, BKJIIOYAIOIIETO [1000D TEKCTOB JIJIsi YTEHUS PECHOHJIEHTOB, Pa3pabOTKy
aImnapaTHO-IIPOrPAMMHOIO HHCTPYMEHTAPHUsI, [IPOBE/IEHNE CAMOTO YKCIIEPUMEHTa, OPTaHU3AIINIO
PerucTpupyeMbIX JaHHBIX, (POPMHUPOBAHUE OOyYaIoNeil BHIOOPDKHM C PEYEBLIMU CUTHAJIAMHU Pe-
CIIOHJIEHTOB, ee IpeobpazoBanue B npororunt BPJ u, B MenbImeil cremnenu, Ha aHaJIu3 U BLIOOD
aJITOPUTMOB PACIIO3HABAHUS PEUM, TAK KAK B 9TOM BOIIPOCE BO3ZMOXKHO OIUPATLCH Ha YK€ T'OTO-
BbI€ U IIPOBEPEHHBIE MOJIEJIN.

B paznerne (1] paccmaTpuBaioTcsa OCHOBHBIE METOJIBI U CPEJICTBA U3BJICUCHUS TEPBUYTHON WH-
dopmaruu. [lasee B pasnese 2 npuseiena kpaTkasi xapakTepucTuKa paspaboTaAHHOTO KOMILJIEKCA.
Paznenn [IOCBSIIIEHBI JIN3aiiHy, 00paboTKe U 00CYKIEHUIO PE3YJIbTATOB MPOBEICHUS IKCIIC-

PUMEHTa COOTBETCTBEHHO. OcHOBHBIE BBIBO/IbI pa6OTI)I N3JI02KEHBI B pa3JeJie 3aKJIIOYEHIE

1. Marepuajabl 1 MeTOAbI

OCHOBY 9KCIIEpUMEHTa, COCTaBUJIa CHHXPOHHAsSI PErHCTPAIldsl PeYd B IPOIecce YTEHUs J100-
POBOJIBIIEM CTaHIaPTHBIX (bOHeTI/IquKI/I IIpeacTaBUTE/IbHBIX TEKCTOB. B 9QKCIIEpUMEHTEe IIPUHAJIO
yuaacrue 9 j106pOBOJIBIEE (3/10POBbIE My>KUNHBI B Bo3pacTe 22-25 jier), noanucaBumx nHGOpMU-
poBannoe coryiacue. OIuH U3 H0OPOBOJILIEB MPHUHSI YYaCTHEe B SKCIEPUMEHTE ABarKibl. B Xo-
Jle KaxKJIOr0 MCC/IeI0BaHusl JI0OPOBOJIEI YUTaJl TPU CTAHJIAPTHBIX TEKCTA («KOMAHJIHBIA TEKCT»,
«IIPO3a», «CTUX») JIO U TOCIe HArpy3ku. TakuM o6pa3os, ObLIO 10/ydeHO 30 MCXOMHBIX Ay o~
3alucen.

Jtst MojiesIMpoBaHust yTOMIIEHHSs UCIIOJIb30BaIN Kapuopecnuparophblit rect (KaPen) ¢ mak-
CUMAJTBHOM (DU3UIECKON HATPY3KO#, BBIIOJIHIEMbIH TOOPOBOIBIIAME Ha BesiosproMerpe Krgoline,
[IPU 9TOM KOHTPOJIMPOBAJIHM KAPIUNOPECIINPATOPHBIE U METADOTNIECKIE [TapaMETPhI JOOPOBOJIbIIEB
¢ TMOMOIIBIO Sprocruupomerpraeckoro komiaekca MetaLyser (Cortex, I'epmanmst).

s 3amnucu pedn oJHOBPEMEHHO UCII0JIL30BaJIOCh JiBa MUKPOdOHA: TPOdEeCCHOHATBHBINA MU-
HUATIOPHBIA meTanaabii Mukpodon AKG C 417HI U BBICOKOYYBCTBUTE/IbHBII METPOJIOTNYCCKUNI

Mukpodor PCB 378 A14 cosmectro ¢ ycuuresnem PCB 482C. [I1s anasoro-niudpoBoro mpeodbpa-



30BaHMUs 3BYKOBOI'O CHT'HAJIa MUKPO(MOHOB UCIOJIB30BaIACh BHEIIHSS JIBYyXKAHAJbHAS 3ByKOBas
kapra M-AUDIO M-Track Plus (MKII).

s pacriosHaBaHus PaCCMATPUBAEMbBIX COCTOSHUN yTOMJIEHHS JTOOPOBOJIBIIEB MCIIOJIB30-
Bajiach TUIyOOKas HefpOHHAsI CeTh C TOIMOJIOTHEN ABTOSHKOIEpa peaqn30BaHHas B OHOIMOTEKE
auDeep []g[] ABTOosHKOMED peann3oBan ¢ moMorsio bubanorekn TensorFlow Bepcun 1.15. O6ywe-
Hue TIyOOKoN HeHpOHHON ceTH BLITIOMHSIOCH Ha Tpadudeckoit kapre NVIDIA Quadro M4000.

2. Kparkas xapakTepucTUKa pa3paboTaHHOrO KOMILIEKCA JJIs
dopmupoBannsa BP/1

Kowmiuteke mocTpoeH 1mo apxuTeKType «KJIMEHT-CEPBEP» U COCTOUT U3 HECKOJbKUX 3JIEMEHTOB,
00'bEIMHEHHBIX B JIOKAJbHYIO KOMIIBIOTEPHYIO CeTh, BKJIIOYAIOINIYIO 6a3y JAHHBIX, PA3MEIICHHYIO
na otaesabaoMm cepsepe B CYBJL MySQL 5.8 u cozepxkaliyio Bce cobupaeMble JIaHHbIE .

st ymameHHoTo ynpaBieHusT SKCIEPUMEHTOM ¥ JOCTYTIa K TabauIaM u mojsiM 6asbl JaH-
HBIX UCTOIB30BAJIICH CIIEIYIONIIE JIEMEHTHI KOMILIEKCa: TePMUHAJ OMEPATOPA JIJIsT YAATICHHOTO
YIPaBJIECHUST TIOKA30M TEKCTOB M 3AIUCHIO PEIH JOOPOBOJIBIIA; TPOrPAMMA, JJIs 3aIIMCH DI J00-
POBOJIbITA TIO KOMAHAM OTIEPATOPA; TIPOTPAMMA, BBITIOTHSAIONAS IT0 KOMAHIAM OMlepaTopa MoKa3
CJIAJIOB C TEKCTOM Ha IPOEKTOPE JIJIST UX IMPOUYTEHUsT JOOPOBOJIBIIEM.

CdopmupoBanHnas 6a3a TAHHBIX B IIEJ0M, KPOME CIIEHAPUEB U JAHHBIX O JOOPOBOJIBIAX, CO-
JIEP>KUT TAKYKe OIUCAHUS KJIACCOB COCTOSIHUI YTOMJIEHUSI U TEKCThI, UNTaeMble JOOPOBOJIBIIAMHU.
Ornrcanne KaxKJI0r0 SKCIEPUMEHTa BKJIIOUAET: Peanu3yeMblil ClieHapuil, nieHTudUKATOp 106po-
BOJIBIIA, JATY IIPOBEIEHNS SKCIIEPUMEHTA, PedeBblie (hailjibl.

Crpykrypa paspaboTaHHOro web-cepBuca Jjisg JOCTyIa K TaOJIUIAM U MOJIAM 0a3bl JTaHHBIX

npusezena na puc. [I

<« c @ © | D localhost:7240/7 e=scie

State classes File types Texts Load techniques Measure types Scripts Experiments Export

DoGagneHne TexkcTa

DobasneHne 3KCNepUMeHTa

Hasnanne | Nata S — |
TNanHoe GnucaH i |
CueHapui
HWamepenne Tekct Harpyska CocToAHne
M3MP (30} + Bupeo CocToAHWe Nepef NposeleHUEM 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. Unrepdeiicer web-cepBuca mjis pocrymna K 6a3e JTaHHBIX



3. MO,Z[GJ'II/IPOB&HI/IG COCTOAHUA YTOMJICHNA YeJIOBEKA

B kauecTBe MoJiesieii yToMIeHnsT OOBITHO UCTIOJIB3YIOTCST MOJIeJIb JdenpuBanun cHa |11], a Tak-
2Ke MOJIENb MIPEIbABICHUS MEHTAJIbHON HAIPY3KH, HAIIPUMED TE€CThI Ha IMEPEKJIOYEeHNE BHUMAHUS
6o pererne apudmerndeckux 3aga4 B redenne 100-180 munyr [12-14]. Takum obpazom, mis
MO/JIEJINPOBAHMS YMCTBEHHOI'O YTOMJIEHUs] TPEOYETCs 3HAUUTEHLHOE BPEMs, KPOME TOI'0, METOJIbI
MO/JIEJINPOBAHMS YMCTBEHHOI HAIPY3KHU CJIOXKHO cTaHgapTusnposarh. [losromy B mannoit pabore
OBLTO UCTIOBL30BAHO (PUBUTECKOE YTOMJICHIE, MOIEINPOBATE KOTOPOE JOCTATOTHO TPOCTO, MPO-
Be/ld TECT ¢ MAKCUMAJILHON (hU3nvecKoil HArpy3KOil «JI0 OTKa3a».

Jlamnast Momesb He TpebyeT 3aTpar OOJIBLIIION0 KOJUIECTBA BpeMeHU. BhIIo moKa3aHo, UTO
3JIeKTpoMuorpaduiecke IPU3HAKN YTOMJICHUS MBI TP (PU3NIECKOt HArPY3Ke COOTBETCTBY-
0T JIOCTHXKEHUIO YeJIOBEKOM aHadpobHoro nopora |15]. Jliobast mHarpyska, ymcreenHast jnbo ¢u-
3UYeCKasi, BbI3BIBAET sIBJICHUST YTOMJIEHUsI, XAPAKTEPUIYIONINECs M3MeHeHneM (DyHKITHOHAJTBHOTO
COCTOSIHUsI OPTaHU3Ma YeJI0BeKa ¢ Ipeob/iajaHueM IpOoIeccoB Bo30y K eHusl nbo (dalne Beero)
TOPMOXKEHUsI B IIEHTPAJIBHON HEPBHON CUCTEME. DTH IIPOIECCHI OKA3BIBAIOT BJIUSHIE HA CBOHCTBA
pevn YesIoBeKa, MOCKOJbKY PeUb PEryIupyeTcs IMEeHTpaabHON HepBHOI cuctemoit. Takum obpa-
30M, MOJIESb (PU3NIECKOTO YTOMJICHUS Ha JIAHHOM STAIle MOXKET CIUTATHCS aJeKBATHON, DU STOM
HanboJIee TTPOCTO BOCIIPOM3BOIUMOII.

B kauecrBe Harpy3o4qHoro ycrpoiictsa B kapaunopectnuparopaoM tecre (KaPen) mcnonbssosa-
JIA BEJIO3PTOMETP, IMIOCKOJIBKY OH [TO3BOJIsIET HAnbO0Iee TOYHO JI03UPOBATH (DU3UYECKYIO HATPY3KY.
Tecr BrItOUaeT B cebst asbl MOKos (2 MUHYTHI), pasorpesa (2 MUHYTHI), HArPY3KU (MHIMBUILY-
aJIbHOE BpeMsi) n BoccTaHoByenus (1 mumyTa).

JobpoBouter Kpy Tt easm co ckopoctbio 60 06 /mun. Vexonnast Harpyska cocrasuia 20 Br,
3aTeM OHA IJIABHO Bo3pacTasia co ckopoctbio 20 Br/mun. KoHTpompoBaaoch 10cTHzKEeHIe aHad-
po6uoro mopora (AIl), KpurepusiMu KOTOPOrO CUUTAIOTCS CJIEJLYIOINHE COObITUST: 1) BEHTHUIISITINSI
o yriekucjaomy razy VCOo HaumHAET TPEBBINIATh BEHTUISINIO 110 Kucaoporay VO, cooTreT-
CTBEHHO 3HauYeHUe JbIxarebHoro Koaddunuenra (1K) cranoBurcs 6osee 1; 2) BEHTUIISITTMOHHBII
sKBuBaJieHT 110 Kucjopopy VE/VOsg, ObIBIIMI OTHOCHTEIBHO MOCTOSHHBIM, HAYXHAET PACTH 32
CYeT TUIIEPBEHTU/ISIIUN; JOCTUTAeTC ToUKa nepekpecra jinauii perpeccuun VOg u VCO2 3a cuer
pocra VCOy [16].

JlobpoBosJier BBITIOTHST PAO0Ty HA BEJIOIPrOMETPE JO JOCTUKEHUS UM MAKCUMAJBHO Iepe-
HOCUMO# (PU3MUIECKON HATPY3KH, IIPU ITOM JIOCTUKEHUE aHAIPOOHOTO TOpora JI00POBOJIBIIEM Pac-
[EHUBAJIOCH KAK OOBEKTUBHOE MOJITBEPXKIEHUE PA3BUTHSA Yy HETO COCTOSAHUS (DU3UIECKOTO YTOM-
JIEHUS.

NccnenoBannst mpoBOJUIINCH B YTPEHHUE YACHI, B CIEIUAJIHLHO OOOPYI0BAHHOM ITOMEIEHUH.
Bce mocToponnue 1ryMbl B 3T0 BpeMs ObLn ycTpaHeHbl. JoOpOBOIBIIbI TPUXOIUIA OTHOXHY BIITH-
mu. [lepes HaTaI0M KarkKI0r0 NCCAETOBAHNS ITPOBOINIOCH NX AHKETHPOBAHKE C TIOMOIIBIO AHKEThI
CAH (camouyBcTBHE, aKTHBHOCTH, HACTPOEHUE). B cilydae MI0X0Oro caMoO4dyBCTBHs JI0OPOBOJIEL]
K HMCCJICIOBAHUIO HE JOMYCKAJICS.

B xoj1e skcmiepuMeHTa perucTpUpPOBAJIH JIBA COCTOSIHUST JIOOPOBOJIBIIA: COCTOSTHUE TIEPe]T MO-
JleIMpOBaHreM (PU3NIECKOrO yTOMJIEHHsI (COCTOSIHUE «HE YTOMJIEH», jiajiee — Sp) U COCTOSIHUE
nocsie pU3nIecKoro yromieHus (depe3 3 MUHYTHI) (COCTOSIHUE «yTOMJIEH», najgee — S). Ile-
PeJI IIPeIbsIBJIEHUEM HAI'PY30YHOI'O TECTA U Yepe3 3 MUHYTHI [IOCJIE €TI0 3aBepIeHus JJ0OPOBOJIer]
YUTAJ CHEIUAJBHO TOJIIOTOBJICHHBINA TEKCT.

Bribop TekcTa jiiist aTeHust JOOPOBOJIBIIEM IIPEJICTABIIAN OTIEIBHYIO UCCIEIOBATEIBCKYIO 3a-

naqy. Ha MoMeHT mcciteioBannst He OBLIO KaKHUX-JIUOO JTOCTOBEPHBIX CBEJIEHUN O TOM, UTEHHE



KaKOro THIA TeKCTa (KOMAHIHOIO, CTUXOTBOPHOIO U T.JI.) MOXKET ObITh YyBCTBUTEJILHO K BbISB-
JIEHHWIO COCTOSTHUSI «yToMmJIeH». [TosroMy 6611 cOpMUPOBAH €IMHBIA TEKCT, COCTOSIINN U3 HEOOIb-
LIOM TPEHUPOBOYHON YaCTU U TPeX IIeJIeBbIX JacTeil:
— 49acThb 1 («TPEHUPOBOYHBIN TEKCT» ) cojiepzkasa Heckoabko komaw u3 'OCT 16600-72 s
OIICHKU CPEJICTB CBsi3u (pasdmep — 131 3HaK);
— 9acTh 2 («KOMaH/HBI TEKCT» ) cojieprKalia OoJrbIee KoandecTBo KoMar u3 toro ke ['OCT;
— qacTb 3 («1posay ) comeprkaia ¢pparMeHT GOHETHIECKH IPEACTABUTEILHOIO TEKCTA,
— vacrb 4 («cTux») cojepxkasa GpparMeHT (HOHETHUECKU [PEICTABUTEILHOIO CTUXOTBOPHOTO
TEKCTA.

Ncxomublit TEKCT aBTOMATHIECKN pa30dUBaJICss Ha HEOOJIBIINE U XOPOIIIO BUANMBIE T0O0POBOJIb-
1y (pparmMeHThI, KOTOphIe TOT unTaj. 1lo Mepe UTeHUs: onepaTop KOMILJIEKCa jTaBajl KOMAHIy Ha
peIbsIBJICHUE CJIEIYIONEro (pparMeHTa TaKuM 00pa3oM, YTOObI He CHUKAJICs TeMn ureHust. [Ipu
CMeHe KaXKJI0ro (pparMeHTa aBTOMATHIECKN 3alUCHIBAJIOCH BPEMST OTHOCUTE/IBHO HAYAJIA, Ay IO~
sanucu. [IpeaaosKeH bl TOIX0I, XOPOIO cebsl 3aPEKOMEHI0BA JJIsl CIydas 9TEeHUsT U JaJIbHel-
IIero paszeseHusl TEKCTOB PA3HBbIX THIIOB BHYTPH €IMHOI'O0 TEKCTOBOI'O JOKYMEHTA, IIPEIbsIBIIAe-

MOT'O JJIdd YTCHMA.

4. OOpaboTKa pe3yJIbTaTOB MCCJIeJOBAHUS

st periennst 3aja9u paclio3HABaHUs yTOMJIEHHSI YeJI0BeKa ObLa MCIIOJIb30BaHa TUIyOOKast
HefipOHHAsI CceTh C TOINOJIOTHEl aBTOHKOJIEpa, peajn3oBanHas B bubimoreke auDeep [9]. BeiGop
YKa3aHHON OHOJIMOTEKU OIpPEeIsyiCsl HECKOJBKIMHU 00CTOSTeIbCTBaM. Bo-TIepBbIX, OHA ITOKAa-
3aJ/ia BBICOKYIO TOYHOCTH KjacCUpuKanmum akycrudeckux cieH koukypca IEEE AASP mo o6na-
py2KeHHIO U Kiaaccuduranuu akycrudeckux ciet n coobrruit (DCASE 2017) [9]. Bo-Bropsix, ona
OCYIIIECTBJISIET 3HAUUTE/IbHBIN 00beM TPeodPA30BaHMil, CBSI3AHHBIX C KOPPEKTHBIM ITPeoOpa30Ba-
HUEM UCXOJHBIX aynodailjioB B 300parKeHus, mocTymnamwlinue Ha Bxon bubsmoreku TensorFlow
1.15 u, COOTBETCTBEHHO, C IKCIIOPTOM CreHepHpOBaHHBIX pusHakoB B opmar CSV/ARFF.

[TocetoBaTeILHOCTD IPUMEHEHNST PACCMATPUBAEMO TyIyDOKON HEIIPOHHO ceTH JIjIst 33,1891
pacIio3HABaAHUN yTOMJICHHsI U€JIOBEKA TI0 Pedn IpejicTaBieHa Ha puc. [2f [17].

OHa cOCTOUT W3 IIECTH ITAIOB:

1. IToxmroroska obydaroriero Habopa Jauubix (anri. dataset) — o6pa3IoB PeYeBbIX CUTHAJIOB C
MeTKaMu KJaccoB yromsenus (S u Sg) st «paboThl» ¢ HefipoHHO ceTbio. OOGbIMHO Takasi
ITOJINOTOBKA COCTOUT B «ODOPMJIEHHI» 3TOr0 HabOpa JAHHBIX B COOTBETCTBUU C TPEOOBAHM-
sIMI TIapcepa, KOTOPBI OyeT «pa3dupaThb» €ro Ha STalle W3BJEYeHHsT CIIEKTPOIrPAMM. DTO
OJIMH U3 HamboJiee TPYIOEMKHX JJIsl UCCJIe/I0BATE sl ITAIOB, TaK KakK Jgayke HeOOJIBIIOe OT-
KJIOHEeHMe ITpu 0(POPMJIEHUN JlaTaceTa OT TpeOOBaHUI mapcepa IPUBOAAT K HEBO3ZMOXKHOCTHU
BBITIOJTHEHUST [TOCJIEIYOIIUX ITATIOB.

2. N3Briedenne crieKTporpaMm: MU3BJIEUYEHUE CHEKTPOTPAMM M JAHHBIX O IPUHAJJIEYXKHOCTH 3TUX
CIIEKTPOI'PAMM K PACCMATPUBAEMBIM KjIaccaM u3 HeoOpabOTAHHBIX ayarnodailios.
OOydeHne aBTOIHKO/IEPA HA W3BJIEYEHHBIX CIIEKTPOIDAMMAX.
leneparus npusHakoB 00y4eHHON T1yOOKON HEHPOHHON CEThIO.

OHQHK& Cr'éHEpUPOBAHHBIX IIPU3HAKOB.

o ol

DKCIOPT CreHEepPUPOBAHHLIX Mpu3HakoB B popmarsl CSV uaun ARFF.

st aBTOMaTH3aIIY Tporiecca GOPMUPOBAHHUST TATACETOB B HACTOAIIEH paboTe NCIOIb30BA-
cs1 web-cepBuC JuTst TocTyTa K 6a3e JaHHbIX (puc. , nyHKT MeHio «Export» ). IIpumep pesynbrara
«BBIIPY3KHN» JaHHbIX n3 BPJI npencrasien na puc. [3
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[Tonkatasor data_set cOmep:KUT IBa IIOIKATAJIOTa, COOTBETCTBYIOIINE JIBYM KJIaccaM OIle-
HUBAEMOI'0 COCTOSTHUsT YTOMJIEHHsI: TogkaTaJsior 001 comepKut ayauodaiiibl, COOTBETCTBYIOIINE
COCTOSIHUIO TOOPOBOJIBIIA «HE YTOMJEH», momKaTaaor 002 colepkuT ayanodaitibl, COOTBETCTBY-

FOIIe COCTOSTHUIO JIOOPOBOJIBIA «yTOMJIeH». KaxKIblil U3 MOAKaTAJI0roB cojiepkal 1o 40 ayauo-

data_set » 001-5f_1

fatigue_new_1

fatigue_new_2

fatigue_new_3

fatigue_new_4

data_set 001 - 5F.1
spectrograms 002 - 5f_3
v O data_set » 002 -5f3 v 0
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audic_0002_00039_m_196_1_1.cgg
audic_0002_00039_m_196_1_2.0gg
audic_0002_00039_m_196_1_3.0gg
audic_0002_00039_m_196_1_4.0gg
audic_0003_00034_m_196_1_1.cgg
audic_0003_00034_m_196_1_2.0gg
audic_0003_00034_m_196_1_3.0gg
audic_0003_00034_m_196_1_4.0gg
audic_0003_00099_m_196_1_1.cgg
audic_0003_00099_m_196_1_2.0gg
audic 0003 00089 m 196 1 3.caa
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audic_0002_00061_m_196_1_1.cgg
audic_0002_00061_m_196_1_2.0gg
audic_0002_00061_m_196_1_3.0gg
audic_0002_00061_m_196_1_4.0gg
audic_0003_00036_m_196_1_1.cgg
audic_0003_000536_m_196_1_2.0gg
audic_0003_00036_m_196_1_3.0gg
audic_0003_00036_m_196_1_4.0gg
audic_0003_00101_m_196_1_1.cgg
audic_0003_00101_m_196_1_2.0gg
audio_0003_00101_m_196_1_3.0qq

Puc. 3. Crpykrypa BBIIPYKaeMbIX KOMILIEKCOM JAHHBIX

zammceii. Takum 06pazom, KarxK bl n3 (popMUPYEMBIX JIaTaceToB cojiepxkaj 80 aymosamuceii.

B cBasnu ¢ TEM, 9TO IEJIbIO HACTOAIIEro MCCJACJOBaHMUA ObLJI IIOUCK OTBETOB HAa BOIIPOCHI O
IpeaIO9ITUTC/JIbHOM THUIIE TEKCTOB [Jid YTCHUA, O MUHHUMAaJILHO rHOCT&TO‘{HOIL/'I JOJINTEJIbHOCTH 3a-

[UACHIBAEMbBIX PEUEBBIX PPArMEHTOB, O KAY€CTBE UCIOJIb3yeMbIX MUKPO(MOHOB, TO BAPbUPOBAJIHCD

JlaTaceThl, IIOCTYyNaoIe Ha BXOJ HEMPOHHOU CEeTH.

JlaTaceTsl (hOPMUPOBAINCH MCXOJI U3 3HAYEHUN CJIEIYIONINX MapaMeTpPOB:




— THUI POYUTAHHOI'O TEKCTA, AyJUO3aIUCh KOTOPOr0 UCIOJIb30BAJIACH JJIsi OOYUEHUS: <«KO-
MaHJay, <IP0o3ay, «CTUXU», CMEIIaHHBIH;

— JUINTETLHOCTD UCIOJIB3YEMBIX JJIsi 00yYeHUs HEUPOHHOU ceTn (DPArMEeHTOB ayMO3aIuceit
(L): 7, 8,9, 10 win 11 c.;

— KaHaJ PErucTpaIfy: Ka4eCTBEHHBIH METIUIHBIN MUKPO(OH WU BBICOKOYYBCTBUTEIbHBIIH
HEHAIIPABJIEHHBIT METPOJIOIUIECKIT MUKPOMOH;

— ypOBeHb 00pe3aHus aMILIUTY/Ibl 3allUCAHHBIX ayJ/IMOJIAHHBIX HUXKE YKA3aHHOTO 3HAYEHUS
B zernubenax: -45 ab, -60 ab, -75 a1b. 9TuMm mapaMerpoM yCTaHABIMBAJICS JTOILYCTUMbII
YPOBEHb «OrpyOJICHUST» MCXOIHBIX JAHHBIX, C OIHOM CTOPOHBI, U, CTEIEHDb y/IaJIeHUsT U3 UC-
XOJTHOM 3aINCU HU3KOAMILIATY/IHBIX IYMOB. TeM caMbIM OI€HUBAJIOCH, HACKOJIBKO UCIIOJIb-
3yeMbIil HEepoceTeBOl aJIrOPUTM YYBCTBUTEJICH K IIIyMaM, IPUCYTCTBYIONINX HA UCXOJHON

Ay INO3alluCH.

Pesysbrarbl OIEHKH TOYHOCTH OOYUYCHUsI HEHPOHHOW CeTH - MATPHUIBI OIMUOOK (aHIVI.
confusion matrix) mist garaceToB, cPOPMUPOBAHHBIX C YIETOM BBIINIENEPEINCICHHBIX TapaMeT-

poB, npuBejieHbl B TabJI. |1} Onenkn kadecTBa KiiaccuUKAIUU ITPUBEIEHBI B TabJI.

Tabaura 1. MaTpuiipr orrubok 00y YeHHBIX HEHPOHHBIX ceTeil 111 chOPMUPOBAHHBIX JTATACETOB

T YpoBeHb 00pe3aHus aMILIATYIbI ayINOJAHHBIX HUYXKE YKA3AHHOTO 3HAYCHUST
HII IIPO-
P 45 B 60 AB | 75 1B
IUTAHHOTO
Kanan perucrparum: KadeCTBEHHBINH METINIHBIN MUKPOMOH
TEKCTa,
L, C. Sl SQ L, C. Sl SQ L, C. Sl SQ
K . S1 1 0.70 | 0.30 . S1 1 0.60 | 0.40 - S110.64 | 0.36
OMAaH/IbI
. Sy | 0.33 | 0.67 Sy | 0.35 | 0.65 Sy | 0.37 | 0.63
S1 | 0.68 | 0.32 S1 1 0.69 | 0.31 S110.66 | 0.34
IIpoza 9 9 9
So | 0.27 | 0.73 Sy 1 0.21 | 0.79 So [ 0.32 | 0.68
C 10 S1 | 0.65 | 0.35 . S1 1 0.54 | 0.46 g S1 | 0.63 | 0.37
TUXHI
Sy | 0.26 | 0.74 Sy | 0.37 | 0.63 Sy | 0.35 | 0.65
S1 | 0.80 | 0.20 S1 1 0.71 1 0.29 S110.68 | 0.32
CMermanHabIii 9 9 8
Sy | 0.26 | 0.74 Sy | 0.33 | 0.67 Ss [ 0.39 | 0.61
Kanas perucrpaiuu: BbICOKOUYBCTBUTEIbHBIN HEHAIIPABICHHBIH
METPOJIOTHIECKHIT MUKPOGOH
L, C. Sl Sg L, C. Sl S2 L, C. Sl 52
S1 ] 0.66 | 0.34 S1 | 0.60 | 0.40 S110.68 | 0.32
Komamabr 7 7 7
Sy | 0.33 | 0.67 Sy | 0.31 | 0.69 Sy | 0.44 | 0.56
S1 1 0.80 | 0.20 S110.79 | 0.21 S1 1078 | 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 1 0.56 | 0.44 S1 1052 048
Cruxn 10 10 10
Sy | 0.31 | 0.69 Sy | 0.33 | 0.67 Sy | 0.33 | 0.67
C . 9 S1 1073 1 0.27 3 S1 1 0.83 ] 0.17 g S110.80 | 0.20
MeITaHHbII
Sy | 0.29 | 0.71 Sy | 0.39 | 0.61 Sy | 0.43 | 0.57

5. OO6cy>kaeHne pe3y/IbTaTOB

OmneHKy KadecTBa PACIO3HABANNS [IEJIEBOT0 COCTOsHus S2 («yToMiemn») (tabmmst 1, 2 pu-

CYHOK 4) MOKa3bIBAIOT, ITO MPUMEHEHIE HEPOHHO CeTH ¢ TOMOJIOrHeil ABTOIHKOED MMO3BOJISAET



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

JIOCTHYb TOYHOCTH PaCIO3HaBaHMs LEJeBOro cocTosHud 110 75—79%. B 3aBucumocTu oT Hpo-
ey Phl 3alMCH U XapPAKTEPUCTUK 3aIIAChIBAEMON PEUYEBOM MPOJYKIIUA 9TH PE3yJIbTaThl MOTYT
BapbUPOBATHCHL.

SHAYNMBIX OTJINYNI MEXKIy UCIOJIHL30BAHUEM Ka4eCTBEHHOrO METINYHOIO0 MUKPOQOHA U BbI-
COKOYYBCTBHUTEIHHOIO HEHAIIPABJIEHHOIO METPOJIOINYECKOT0 MUKPOMOHA HE BBISIBJIEHO. DTO I103-
BOJISIET HUCIOJIb30BaTh B JAJLHEUININX HMCCIEIOBAHMAX IIIHPOKO PACIPOCTPAHEHHBIE METIMIHbIC
MHUKPOMOHBI, HO ¢ BHEIIHE# 3BYKOBOH KapToil. OTAe/JbHBIM BOIPOCOM OCTAETCd OIpeIe/IeHne
JIOIYCTUMBIX JHAAIIA30HOB TEXHUYECKNX XaPaKTEPUCTUK HCIIOIL3yEMOro 000Dy IOBAHMSI.

B cBsi3u ¢ TeM, 9TO HMCCIEIOBAHUS IPOBOAMINCH BHE aKyCTHYECKOIl 6€33X0BOI KaMephl, & B
O(PUCHOM TIOMEIIEHUH B YCJAOBHUSIX OTHOCUTEJIHLHON THUINMHBI, Ha AyIHO3AIUCAX IIPUCYTCTBOBAJIM

myMbl. /laHnabre TabInIbL 2 HILTIOCTPUPYIOT, 9TO 00pe3aHne aMILIATY/IBI UCXOIHOTO ayINOCUTHAJIA,



Hike ypoBHs -45 1B (s ayamosanuceit npo3el Huzke yposHs -60 1B) mosBosisier yirydnmTh
KadeCTBO PACIO3HABAHMUSI.

O/iHUM U3 BayKHBIX PE3Y/IHTATOB UCCJIEIOBAHUS CTAJIO OIPE/IE/IEHUE IPEIOITUTEHHOIO TH-
I1& PeYeBON IPOJIYKIINU, PErUCTPAlUd KOTOPOH II03BOJIAIACh PACIO3HABATL HEMPOHHONU CETU CO-
CTOsIHME yTOMJIEHUS ¢ O0jiee BHICOKUM KadecTBOM. JlanHbie TaOIuIbl 2 MIOKA3bIBAIOT, 9TO UCIIO/hb-
30BaHME IETIINYHOIO MUKPOMOHA HpU 00pPE3aHUN AMILIUTY/IBl UCXOJIHOTO ay/IMOCUTHAJIA HUXKE
ypoBHs -45 1B (T0 ecTh B ycI0BUSX HEGOJIBINOrO 3allyMJIEHUs) II03BOJIsieT PACIO3HABATH CO-
cTOosTHUE yTOMJIeHHUs cO 3HadeHusmu F, papubiMu 0,680 mpu oOpaboTKe MPOU3HOCUMBIX KOMAH]T
JJIATEJIBHOCTHIO OT 7 cexkyH 1, 0,712 — mpo3sl jymrenbHOCTHIO 0T 9 cekyna, 0,708 — cTUxXOTBO-
pernit paurenbHOCTHIO 0T 10 cexyns m 0,762 it cMENTaHHOTO TEKCTa, COCTOSIIETO0 U3 KOMAaH/I,
MIPO3bI U CTUXOTBOPEHU JIIUTEIBHOCTBIO OT 9 cexkyH . IIpu MeHbIeH IINTEIbHOCTH, BEPOSTHO,
HEWPOCETH He XBaTaeT JAHHBIX JIJIg TOrO, YTOOLI HANTU MPU3HAKU JIJI PA3IUINAT COCTOSTHUM.

Taxum 06pa3oM, B pe3yJsibTare UCCAEIOBAHUS TOKA3aHa CIIOCOOHOCTH Pa3spabOTAHHON MOJIE N
pacCIiO3HABATH HACTYILIEHUE COCTOSTHUS (DUBUIECKOTO YTOMJICHUS Y JIOOPOBOJIBIIEB 110 UX PEUEBOIA
MPOLYKITUN.

JlasibHeiiIee cOBEpIIEHCTBOBAHUE PA3pabaThIBAEMOIl METOIMKN OIEHKH COCTOSIHUS Y TOMJIE-
HUs 110 peun OyJieT MpojoJikeHo B HampasieHuu paspaborku BPJI mjis ucciemoBanust cBst3u
peveBoil MPOIYKIINA W YMCTBEHHOT'O yTOMJIEHUSI, a TaKKe COBEPIIEHCTBOBAHIE PACCMOTPEHHOTO

B H&CTOHHleﬁ pa60Te aJITOpUTMa JJid PacCllO3HaBaHUA COCTOAHUA YTOMJICHUA.

SakJirouyeHue

Broin mpoBesieH MUIOTHBIN SKCIEPUMEHT C [EJIBIO TOJIYUYCHUS OTBETOB Ha, PsiJi METOINIECKIX
BOIIPOCOB, BO3HUKAONUX npu cozganun BPJI mo yromienuro. ns cozmanus npororuna BPJL
OBLI CHEIUAJBFHO pa3paboOTaH alnapaTHO-IPOTPAMMHBIN KOMILJIEKC JJIsi TPOBEJICHNST UCCIIe0Ba-
HUI 110 pACIIO3HABAHUIO YMCTBEHHOTO U (PUBUIECKOIO YTOMJIeHUsI. Bblia pazpaboraHa METOMUKA
dopMupoBanust y JT0OPOBOJIBIIEB COCTOsIHUST (DU3UIECKOTO yTOMJIeHUsi. [IpoBeeHHbIl 9KCIepu-
MEHT I[TO3BOJIMJI ITOJIy9UTh OTBETHI HA IOCTABJICHHBIC B HAYAJIE UCCJIC/IOBAHUS METOJUICCKUE BO-
[IPOCHL:

1. Jlna monenupoBanust U3MIECKOr0 yTOMJIEHHUS 11€71€CO00PA3HO UCIIOJIH30BAThH KAP/IMOPECIIH-
PaTOPHBIN TECT C MAKCUMAJIHLHON (pU3MIECKOit HArPy3KOil, JOCTOBEPHLIM KPUTEPUEM HACTYII-
JIEHUSI COCTOSIHUS YTOMJIEHUSI CJIy?KUT JIOCTH2KEHNE JJOOPOBOJIBIIEM aHAIPOOHOTO IIOPOra IIPU
BBIIIOJTHEHUN 9TOT'O TECTA.

2. Ilpu dpopmupoanuu BPJI qia urenus nenecoobpa3HO UCIOIb30BATH TEKCThI, COOTBETCTBY-
IOIIe OCODEHHOCTSAM PEYeBOl KOMMYHUKAIIUK OIEPATOPOB, T.€. KOMAH/HLIE B COUYETAHUU C
TEKCTAMU THUIIA, «IIPO3a».

3. Perucrpupyembie pedeBbie (pparMeHThI, JIOCTATOYHBIE JIjIsI PACIIO3HABAHUS COCTOSIHUST YTOM-
JIGHUSI, TOJIZKHBI OBITH He MeHee 7-10 cekymI.

4. UcnonpzoBanne 6oJiee 1yBCTBUTETHLHOIO MUKPOMOHA 110 CPABHEHUIO C MCIIOJIb30BAHUEM IIET-
JITYHOTO MUKPOMOHA He JIaeT 3aMEeTHON PA3HUIIBI KAUECTBA PACIIO3HABAHUS COCTOSTHUS YTOM-
JIEHUSI.

5. O6pesanue aMIUIUTY/bI UCXOHOIO ayJAMOCUIHAja HUXKe ypoBHs -45 1B (B psije ciydaes

Hizke ypoBHs -60 1B) mo3BossieT yIydnnTh Ka4ecTBO Paclio3HABAHMUS.
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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 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 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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