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H3ydeHbl hU3noNIOorndeckre U MoBeAeHYECKHNE XapaKTePUCTUKN YeJI0BeKa BO BpeMsl ITPOIOKUTEIILHOTO
peleHrs KOTHUTUBHOM 3a1a4i, OCHOBaHHOI Ha mapaaurMe CtepHOepra. BrisiBiieHa B3aMMOCBSI3b MEXITY
CYOBEKTUBHON YCTAJIOCTBIO UCHBITYEMOTO M TaKUMM (DU3NOJIOTUYECKUMHU XapaKTepUCTUKAMM KakK -
TEJIbHOCTh MOPTaHUI 1 AMAarna30H IBUKEHUS pa3Mepa 3padyka BO BpeMs pellleHUs 3a1a4u.
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BBEAEHUE

M3ydyenre mpuHLUAIIOB U (PU3NUECKMX 3aKOHO-
MEPHOCTEM paboThl TOJOBHOIO MO3ra SIBISIETCS OJl-
HOIi 13 HauboJiee BaKHbIX Y aKTUBHO UCCJIENYEMbIX
3ama4y coBpeMeHHOM Hayku [1—4]. OgapnM u3 Hanobo-
Jiee MepCNeKTUBHBIX U MOIIIHBIX MHCTPYMEHTOB JIsI
U3y4YeHUs] aKTUBHOCTU TOJOBHOIO MO3Ta SIBJISIETCS
okynorpadus (eyetracking) [5, 6]. [lmasonBuraTeanb-
Hasl aKTUBHOCTb SIBJISIETCSI BaXXHBIM KOMIIOHEHTOM
TMCUXUUYECKHUX MPOLIECCOB YesloBeka, Oiaromapsi Ko-
TOPBIM MPOUCXOIUT TMOJIyueHue, mpeodbpa3oBaHue 1
WCMOJIb30BaHNE 3pUTENbHOI WH@opmauuu. Peru-
CTpalMs U aHaJIu3 ABUKEHU IJ1a3 MO3BOJISIET MOy~
YUTh NOCTYN K BHYTPEHHUM ¢opMaM aKTUBHOCTHU,
KOTOpBIE MPOTEKAIOT OBICTPO U Heoco3HaHHO. Cero-
JIHSI OMHUM U3 OCHOBHBIX HaIlpaBJICHUI UCCIea0Ba-
HU C TOMOIIBIO CUCTEMBI TPEKMHTA B3IJIs/1a SIBJISET-
csl u3yyeHue OBICTPBIX ABWXKEHUI Tya3 (cakkan) U
MopraHuii. B HegaBHeM uccieqoBaHUM TPYIIbI TIPO-
deccopa MaptnHa Ponbdca 0610 TTOKa3aHO, YTO BU-
3yajibHasl MH(OpMaIMs BHYTPU cakkal (ciaem oobeKTa
Ha ceTyaTKe) MHOOPMUPYET O XapaKTEPUCTUKAX 00b-
€KTa M MO3BOJISIET OBbICTPO BBINOJHUTH KOPPEKIIUIO
B3mIsima [6]. B mpyrom mcciiemoBaHUY ¢ TIpeabsBIIC-
HYEeM HEOJHO3HAauYHOIro CTUMYyJia OBbLJIO TOKa3aHo,
YTO MOpraHusl 1 MUKPOCAKKaJlbl HE CITOCOOCTBYIOT
MEePeKJTI0YEHUIO BOCTIpUSITUSI, Oojiee TOTo, OOHapy-
JKEHO, YTO MEPEeKIIOYEHUIO BOCIIPUSITHS, HAIPOTUB,
MpenniecTByeT YMEHBIICHWE NOBWKeHMUS mia3 |[7].
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Taxke ¢ UCIIOJIb30BAaHUEM TEXHOJIOTUH CIIEKEHUS 3a
B3IVISIIOM OBLIM BBISIBJICHBI (PaKTOPBI, OMPEHCISTIO-
1II1€ BBICOKUI YPOBEHb OOyUYEHUS MyIaJeHIIEeB [8].

HaHHasi paboTa MOCBsSIEHA U3YYEHUIO KOTHU-
TUBHOM Harpy3ku, BbI3BAaHHOW TMPOMOKUTEIbHBIM
MOHOTOHHBIM pellleHMeM KOTHUTUBHBIX 3ajay, Tpe-
Oy1oII1X BBICOKOTO YPOBHSI BHUMaHUs. [Ipencrasie-
HbI pe3yabTaThl U3YYEHUS] MOBENCHUECKON U T1a30-
JIBUTaTeJIbHOM aKTUBHOCTH, a TAKXKE UX KOPPEISILIUiA,
B IIpoliecCce MPOIOKUTEIBHOIO pPEIleHUsI KOTHU-
TUBHBIX 3a1a4.

METOJbI

bout nipoBeneH HelipodU3UOIOTrMIEeCKUM SKCIIe-
PUMEHT, B KOTOPOM MPUHUMAIM YYacTHUE YCIOBHO
3I0POBBIC BOJIOHTEPHI 0€3 NCTOPUM HEMPODU3NOTIO-
ruyeckux 3aboyieBaHuii B Bo3pacte oT 19 mo 21 r.
(Bcero 15 yenoBek). OCHOBHasI SKCIIEpUMEHTaJIbHAsI
YacTb HAUMHAETCS U 3aKaHYMBAETCsI 3aUChio (hOHO-
BOI aKTUBHOCTHU B TeueHue 60 c. DKCIiepuMeHTa co-
CTOUT U3 YETBIPEX OMMHAKOBBIX OJIOKOB 3adaHMIA, T1e-
pen u Iociae KaXaoro 0JioKa 3agaHuil UCITBITYeMBbIi
MIPOXOIUT TECT Ha BU3YaJIbHYIO CyOBEKTUBHYIO OLICH-
Ky yctayioctu [9]. Kaxnaplit 6J10K cocTouT 13 72 3aga-
Huil B popme Tecta CrepHOepra [10]. Tect CrepH-
Oepra ObUI peann3oBaH B cienytonieit popme. Kax-
JIoe 3aJjaHue HaYMHAETCS C 4YepHOIro JKpaHa, Ha
KOTOPOM 3aTeM B TeueHue 1.5—2.5 ¢ ieMoHCTpupyeT-
cs1 OesBIil KpecT, TIPUBJIEKAIOIINIT BHUMAaHUE WCITHI-
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Puc. 1. 3aBUCUMOCTbD CTETIEHU CYOBEKTUBHOM YCTAIIOCTH
OT CTaAuu SKCIIEPUMEHTA.

Tyemoro. Jlajee TMosiBIsieTcsl CTUMYJT B BUIe Habopa
U3 7 CUMBOJIOB, B KOTOPOM OT 2 10 7 CUMBOJIOB TIpe/l -
CTaBJISIIOT cO0O0ii 3amIaBHbIE OYKBBHI KMPWUIMIIBI, a
ocTajbHbIe — “*”. [IpenbsaBiieHre Habopa OyKB IIPO-
WCXOIMT B TedeHme 1.5—2.5 ¢, TIpy1 3TOM UCITBITYyEMO-
MYy He0OX0IMMO 3aTIOMHUTHh MMOKa3aHHbIe OYKBEI. 3a-
TeM B TedyeHUe 3—7 C NEMOHCTPUPYETCS YEpPHBIH
9KpaH, Mocje Yero Ha 9KpaHe MpeabsBIsSeTCs OIHa
CTpoYHasi OyKBa 1 UCIBITYeMOMY HEOOXOOUMO OTBE-
TUTh, ObLJIa I 3Ta OyKBa B IOKa3aHHOM paHee Habo-
pe wi HeT. OTMETUM, 4TO IOKa3 CTPOYHOI OyKBBI
HEOOXOOUM, IJISI TOTO YTOOBI YIOCTOBEPUTHCS, UTO
WCIIBITYEMBbI 3alIOMHUJI CEMaHTUYECKOE 3HayeHUe
OYKBBI, a HE €e BU3yaIbHbIN 00pa3. OTBET UCHBITYE-
MOMY IIpemiaraeTcsi 4aTh C IOMOIIBIO ABYX OMMHAKO-
BBIX ITYJILTOB, IPEIBAPUTEILHO aCCOLIMMPOBAHHEIX C
HaJanm4IneM M OTCYTCTBHEeM OYKBBI B Habope. B kaxk-
JIOM OJIOKE CONEPKUTCS BCEero 72 3agaHusl, KOTOPKIC
pazaelieHbl B paBHOI CTeNeHU MEXY IIECThIO CI0X-
HOCTSIMU B 3aBUCUMOCTHU OT KOJIMYECTBa OYKB B Ha-
6ope oT 2 0o 7 OyKB.

B xauecTBe 000pynOBaHMS IJISI PETUCTPALIMY TBU -
»KeHus 171a3 ucronb3oBajicsa EyeLink 1000 Plus.

st aHanu3a MopraHuii OHU ObUIM pa3OUTHI Ha
4 KaTeropuu: KOPOTKUE WInTeapbHOCcThIO 50—150 Mc,
cpenane — 150—350 mc, gpmmaaBlIe — 350—700 Mc, n
MOpTaHUsI, KOTOPhIE OBLJIM KJIacCUPUIIMPOBaHBI KaK
MukpocoH — 700—2000 mc. is1 cpeqHero pasmepa
3paydka u 11 TIpo0OkI, U [T Habopa OyKB ObLIa Mpo-
BelleHa Ipoleaypa KOppeKIInyu 6a30BOM JIMHUU, UTO-
OBl yCTPAHUTD Pa3ININSI MEKIY UCIIBITYEMBIMU.

Boutu BeIAEICHBI IBE CJIOKHOCTHU, OIIpeIeIsieMble
KOJIMYECTBOM OYKB B JIEMOHCTPUPYEMOM Habope.
Jlerkoii CI0XXHOCTH COOTBETCTBOBAJIM HAGOPHI OYKB,
comepKamiue ot 2 1o 4 OyKB, a CJTOKHOM — comepKa-
mue ot 5 1o 7 OyKs.
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Puc. 2. 3aBUCUMOCTD IIPOLICHTAa COBEPIIAEMbIX OIIIMOOK
OT CTaIuU dKCIIepuMeHTa 11s1 Beicokoit (High) n Huskoit
(Low) cioxHocTei.

M3meHeHus B paccMaTpUBaeMbIX ITOBEIEHYECKUX 1
(bU3MOTOrMYECKUX XapaKTepUCTUKaX B XOJe DKCIIepU-
MEHTa OLIEHUBAIMCh C TOMOIIBIO AUCIIEPCUOHHOTO
aHaJM3a ¢ MOBTOPHBIMU n3MepeHsIMU (RM ANOVA).
Post-hoc aHanu3 mpoBOAWJICS C MOMOIIBIO TTAPHOTO
BbBIOOPOUYHOTO 7-TeCTa C TOTNpPaBKoi XojMa JJ1si MHOXKe-
CTBEHHBIX CPaBHEHMIi; KOppEJslius Ha T'PylinoBOM
YPOBHE MeXay HaOJIloJaeMbIMU W3MEHEHUSIMU B
CyOBbEKTUBHOI OLIEHKE YCTAJIOCTU W Pa3inyHbIMU
PErUCTPUPYEMBIMU (DU3NOJOTUYECKUMU XapaKTepU-
CTUKaMU ObLIa oTpeesieHa ¢ TIOMOIIbIO MeTo/1a KOp-
pensiiuu ioBTopHbIX Mep (RM CORR) [11] B cTaTu-
cTudeckoM Itakere Pingouin mist Python.

PE3VYJIBTATDbI

ITpoBeneHo wucclienoBaHWE TOBEACHYECKMX Xa-
PAKTEPUCTUK UCHBITYEMbIX B TpOLeCCe MPOXOXKIe-
HUS aKcrnepuMeHTa. OOHapyXeHO, YTO C TeYEeHHEM
9KCIEpUMEHTA YeJIOBEK cujibHee ycTaBas (puc. 1),
4YTO OBLIO MOATBEPXASHO ¢ Momoinblo RM-Anova ¢
BbICOKOIT nocTtoBepHOCTHIO (p < 0.01). Post-hoc ana-
JIU3 TIOKa3aJl 3HaYUMBbIe pa3IMuyrs MeXIy BcemMu da-
3amu akcriepuMeHTa (p < 0.01).

Bl mpoBedeH aHaIU3 MPOLIEHTa COBEPIIaeMbIX
OLIMOOK, C LIeJbI0 U3YYEeHUST UX 3aBUCUMOCTU — OT
CJIOXXHOCTHU 1 B TEYEHUM IKCIIepUMeHTa. B pesynbra-
Te ObLIO BBISICHEHO, UTO B CJIydyae BbICOKOM CJIOXHO-
CTU MPOLIEHT OIIUOOK 3HAYMTEJbHO BhIIIE, YEM MPU
peireHuM 3amgad Hu3kou cioxHoctu (p < 0.0001).
(puc. 2). OgHako CTaTUCTUYECKM 3HAUMMOTO U3Me-
HEHUS MpPOLIEHTa OLIMOOK C XOJOM 3KCIepHMMeEHTa
OOHapy:KeHO He OBLIO.

Ne 1
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Puc. 3. 3aBrcuMOCTb Cp€aHEro pasMepa 3payka, HOpMUPOBAHHOI'O Ha cpem—mﬁ pasMep 3pavyKa BO BpEMs 3al1MCU (bOHa, OT CTa-

MY BKCTIepUMeHTa (a). 3aBUCUMOCTb aMIUTUTYIbI KOJIEOaHWIT 3padykKa OT CTaauu SKCIiepuMeHTa (6). PSprobe — cpenHuit pas-

MED 3payKa BO BDEMSI IEMOHCTPALIMU MPOODL; PSy,cksround — CPEAHUI pa3Mep 3pauka BO BpeMsl IEMOHCTPaIMK GpoHa; PS¢

max

o min o
MaKCUMAaJIbHBII pa3Mep 3payka BO BpeMs IeMOHCTpaluu Habopa OykB; PSg.; — MUMHUMAJIbHBII pasMep 3pauka BO BpeMs 1e-

(73]

MOHCTpaIu Habopa OYKB; CUMBOJIOM
nm3e (p < 0.05).

AHaJIn3 MOpraHWii TOKa3aJl, YTO BCE BhIACICHHBIE
TUTIBI MOPTaHWI pa3MyarTcs MeXay coooii. B Toxe
BpeMsl, U3MEHEHNE KOJTMIeCTBa MOPTaHUI B TeUeHUE
9KCTIEPUMEHTA OOHAPYKEHO TOJIBKO IS JUTMHHBIX 1
CpEeIHUX MOpPraHuii, a UMEHHO MX KOJIMYECTBO B KaK-
IoM OJ0Ke B TEUCHWM SKCIIEpUMEHTa BO3pacTayio
(p <0.05).

ITpoBeneHo u3yyeHre TMHAMUKY 3padyka, a UMEHHO
W3MEHEHHE €TO CPEMHETO pa3Mepa M aMITIUTYIBI B Te-
YeHUe IKCIIepruMeHTa. BrIsIBIIeHO, UTO CpemHmii pa3mep
3payka Bo BpeMsl IEMOHCTPALIMU IMPOObI YMEHbBIIAICS B
TeueHnu skcnepuMeHTa (p < 0.05). B Toxke Bpemsi, BO
BpeMsI IToKa3a Habopa OyKB TaKO# 3aBUCUMOCTH OOHAa-
pyXeHo He 6bu10. OOHAapy>KeHO, YTO aMILIUTY/1a KOoJie-
GaHMIf 3padyKa BO BpeMsl AeMOHCTpaIlind Habopa OyKB
U IIpOOBI pacTeT B TeueHue akcnepumenTa (p < 0.05,
puc. 3).

IIpoBeneH aHaiuM3 B3aMMOCBSI3U paccMaTpuBae-
MbIX (PU3NOJOTUUYECKUX U TTIOBEIEHUYECKUX XapaKTe-
puctuk. OOHapyXeHbl CTaTUCTUYECKU 3HAYMMBbIE
KOppeJISILIMU CYObEKTUBHOM YCTAJIOCTU CO CJIENylO-
IIIMMHU XapaKTePUCTUKAMU: KOJIMUYECTBOM KOPOTKUX
Mopranuii (r = 0.3), KOJIMYECTBOM CpEeIHUX MOpra-
Huii (7 = 0.46), KOTMYECTBOM UIMHHBIX MOpPraHuii (r =
=0.53), cpemHUM pa3MepoM 3padka BO BpeMsI I€MOH-
cTpanuu npoodsl (= —0.54), cpemHMM pa3MepoM 3pad-
Ka BO BpeMsI AeMOHCTpaluy Habopa Oyks (r = —0.35),
aMITIMTYIOM KoJieOaHMii pa3Mepa 3padka BO BpeMs
JeMOHCTpaLuuu mpookl (= 0.52), aMmauTyaoii Koje-
OaHuit pazMepa 3pauyka BO BpeMsi AEMOHCTpALIMM Ha-
O6opa Oyks (r = 0.54).

MN3BECTUA PAH. CEPUA ®USNYECKAA  tom 87

BbIZICJICHBI CTATUCTUYCCKU 3HAYMMbBIC pa3INdUA MEXITY YCIIOBUSMU B pOSt-hOC aHa-

IMonyyeHHBIE pe3yabTaThl XOPOIIIO COITIACYIOTCS C
U3BECTHBIMU paHee. B 4yacTHOCTU, U3BECTHO, UYTO
YBEJIMUYEHNE YCTATIOCTU COITPOBOXKAAETCSI POCTOM aM-
IUIUTYIbI KOJIEOAHU pa3Mepa 3payka v pOCTOM I -
TEeJIbHOCTU MOPTaHMsI Y COOTBETCTBEHHO YBEINYEHU -
€M KOJIMYECTBA IIMHHBIX MOpraHuii [12].

3AKJIFTOYEHHME

Takum oOpasoM, OB OOHApPYKEHO, YTO TIPO-
JIOJDKUTEJIbHAasi MOHOTOHHAsI KOTHUTUBHAsSI Harpyska
BBI3bIBAET CUJIbHBIN POCT CYOBEKTUBHOM yCTaJIOCTU B
XOJIe 9KCIEPUMEHTA, UTO COMPOBOXKIAETCS YBEIUYUE-
HHUEM KOJIMYECTBA MOPraHUM CcpemHell U UIMHHOM
IJIUTEILHOCTH B X0Jie 9KcIeprumeHTa. [TokazaHo, 4to
KOJIMYECTBO COBEPIIAEMbIX OIIMOOK 3aBUCUT OT
CJIOXXHOCTU 3agaHusi. OOHaApyXKEeHO, YTO B TEUCHUE
9KCIIepUMEHTa HaOJII0AaeTCsl YMEHbILIEHUE CPEIHETO
pa3Mepa 3payka BO BpeMs JEMOHCTpallMU IPOoObI
WyBEJIMYECHUE aMIUTATYIbI KOJIeOaHUIi 3payka, Kak BO
BpeMsI IEMOHCTpalu Habopa OyKB, TaK U MPOOHIL.

B nanpHelinem miaHupyeTcsl UCClieqoBaTh OBICT-
pbie IBUKEHMS I71a3 (CaKKadbl) U (pUKcalliy 3padka,
Y IIPOBECTH MMOVCK UX B3aUMOCBSI3El € yKe MOTy4eH-
HBIMU B IaHHOM CTaThe pe3yIbTaTaMMU.

PabGoThl 1o pa3zpaboTKe METOIOB U IIPOBEACHUIO
HeHpO(MU3NOJIOTNIECKUX IKCIEPUMEHTOB BBIIOJI-
HeHbl Tpu noaaepxke CoseTa mo rpaHTam Ilpe3u-
neHTa Poccuiickoit @enepanuu (mpoext Ne MK-
2142.2022.1.2). PaboTsl 110 aHaNIM3y JaHHBIX IIOAIEP-

Nel 2023
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BPYCUHCKHWM u np.

XaHbl Poccuiickum HaydHbIM (QOHOOM (IIPOEKT
Ne 21-72-10121).
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Analysis of cognitive load in the Sternberg problem: eye-tracker study

N. A. Brusinsky» *, A. A. Badarin®?, A. V. Andreev* %, V. M. Antipov* ?,
S. A. Kurkin®?, A. E. Hramov*?
4 Immanuil Kant Baltic Federal University, Center for Neurotechnology and Machine Learning, Kaliningrad, 236041 Russia
b Innopolis University, Neuroscience and Cognitive Technology Laboratory, Innopolis, 420500 Russia
*e-mail: nikita@brusinskii.ru

We studied physiological and behavioral characteristics of a person during prolonged solution of a cognitive
task based on Sternberg paradigm. We found that evaluation of subjective fatigue and physiological charac-
teristics such as blink duration and pupil size range of motion during the task solution are correlated to each

other.
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