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MNPV YaCTNYHO aBTOMATM3MPOBAHHOM
BOX[EHWI aBTOMOOUNA

BoxnaeHvie aBTOMOOUNA — CNOXKHaA 3afada, Tpebyiollan oT BOAWTENA BbICOKOrO
YPOBHA OAUTENBHOCTU, KOHLEHTPALUMKM 1 XOopollelt peakumnn. B pa3BuTbix cTpaHax
33 pyfb PerynapHoO caautca OOMbLIOe KOMMUYECTBO NIOAEN, U YMC/IO XePTB aBTo-
MOBUNBbHBIX aBapuii focTturaeTt 1,35 miH B rofd. B 90% cnyyaeB npuumnHoOM aBapum
CTAHOBUTCA YenoBeyeCckMin GakTop: 3acbinaHve 3a pynem, OTBfeveHne BOAWUTENA
OT [JOPOrK, arpeccrBHoe BoxaeHve. C 3TM CBA3aH TPeH[ YaCTMUYHOW aBToMaTH3a-
UMK TPAHCMOPTHbBIX CPEACTB, B YaCTHOCTW, aBTOMOOUNEN. <YMHbIE» CUCTEMbI YMPaB-
NeHUs, CNOCOBHbIE KOHTPOMMPOBATh MONOXKEHWE OTHOCUTENbHO LeHTPa Monochl,
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CKOPOCTHOW pexum, 0CBODOXAAT BOAWTENA OT HEOOXOAMMOCTU execeKyHAHO
cneauTb 3a [OPOroi, obneryas BOX/AeHWE, OAHAKO TeM CaMbIM NMPUBOAAT K pac-
CEeAHMIO BHVIMAHMS, HapacTaHMIO CKYKW U COHNMBOCTK. IMpn AanbHenwem pac-
NPOCTPAHEHNN YaCTUYHO aBTOMATU3MPOBAHHbBIX aBTOMOOUEN [1ONS CBA3AHHbIX
C oTBieveHUAMKM M 3acCblinaHem JOPOXHO-TPAHCMOPTHbIX I'IpOI/ICLUGCTBVIVI 6yueT
pacTn. B paboTe paccMoTpeHbl cneayolle METOAMKNA NOAAEPHKAHNUA BHUMAHNS
K 3afja4e v 60pbObl C COHMMBOCTBIO NMPW BbINOMAHEHM MOHOTOHHON OnepaTop-
CKOW [1eATEeNbHOCTU: BO3[ENCTBME KOPOTKOBOSIHOBOrO (ronyboro) ceeta, CHuxe-
Hue TeMnepaTypbl OKPYy»Katlolen cpefbl, 3arnaxoBaa CTUMYNAUNA, ayanoCTUMYA-
uua, BubpocTumynaumsa. Mo pesynbTaTtam o63opa Havbonee nepcneKTMBHbLIMM
oKazanuck: ronybor ceeT (NMpUMeHeHne orpaHnYeHO HOYHBbIM BPEMEHEM CYTOK),
CHUXXEHVe TeMnepaTypbl, 3arnaxosas CTUMyNaumna 3GUpHbIM MacIoM MATbI Nepey-
HOW, BMOPOCTUMYNAUMA. AyANOCTUMYNALMSA He MOXKeT WUPOKO MPUMEHATHCS
B CUTYaLMW BOXKOEHWA, MOCKONbKY OOMBbLIMHCTBO BOAMTENEN B JOopore CyliaeT
My3blKy. [pobyxaatowme 3GGeKTbl BCEX MePeUncrieHHblX TEXHUK, KpoMe GOHOBO
npeabABAeMoro ronyboro ceeta, HEMPOAOIKUTENbHBI U COCTaBAAIOT NOPAAKa
5-10 MUHYT.

KnioueBble cnoBa: BOX/eHVe aBTOMOOWNS, OnepaTopcKas AesTeNbHOCTb, COHMM-
BOCTb, BHUMaHMe, YaCTUYHO aBTOMATU3MPOBAHHbIE aBTOMOOU
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Psychophysiological aspects
of maintaining drivers’ optimal attention level
while driving semi-autonomous cars

Driving is a challenging task that requires a high level of alertness, concentration
and good reaction from the driver. In developed countries, where a lot
of people driveon a regular basis, the number of car accident victims reaches
1.35 million annually. 90% of all accidents are caused by human factor, particularly
by drowsiness, distraction and aggressive driving. Thus, semi-autonomous vehicles,
cars in particularare becoming more and more popular. Smart control systems,
able to control lane position and car speed, free the driver from continuous routine
during driving, thus leading to more distraction, boredom and drowsiness. While
semi-autonomous cars spread all around the world, there will be less accidents
caused by aggressive driving, but more caused by distractions and drowsiness.
In this paper we review contemporary techniques of sustaining operator attention
to the monotonous tasks and their applicability to real driving tasks. The following
methods were reviewed: blue light exposition, cooled air, odor stimulation, audio
and vibration stimulation. Blue light exposition was found to be effective during
night driving sessions. Audio stimulation should not be recommended for drivers
asthe majority of them listen to music while driving. Cool air, peppermint odor and
vibration stimulation seem to be effective for sustaining alertness, however, not for
long (about 5-10 minutes).

Key words: car driving, operator work, drowsiness, semi-autonomous cars,
attention
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BBepeHue

Boxnenne aBToMoOWIS — CIIOXKHAS 3a/1a4a, KOTOpasi MPEABSBISET BBICO-
Kre TpeOOBaHUs K KOTHUTHBHBIM CITIOCOOHOCTSIM, OBICTPOTE PEaKIuy U YPOB-
HI0 BHUMaHMs BoauTenst [Sawyer et al., 2012]. OnHako B pa3BUTHIX CTpaHaX
3a pyJIb aBTOMOOWIIA PETYIISAPHO CATUTCS OONBIIMHCTBO JFOACH TPYAOCTIOCO0-
HOTO Bo3pacTa. B pesynbrare aBTOMOOWIBHBIX aBapuil €XETOAHO YMHPAeT
1,35 muH yenosek (World Health Organization, Global Status Report on Road
Safety — Summary (2018), https://www.who.int/violence_injury_prevention/
road_safety_status/2018/GSRRS2018_Summary_EN.pdf), u B 90% ciy-
yaeB NPUYMHON aBapuu siBisieTcsl yenoBeueckuil daxrop [Hendricks et al.,
2001; Otte et al., 2009; Singh, 2015]. TIpu 3tom mo 20% JATII ¢ neranbHbIM
MCXOJIOM MPUXOJUTCS HA yCTANOCTh M 3achinanue (HanmonanbHoe yrpas-
nerne 6e30macHOCThI0 ABIKeHUs Ha Tpaccax CIHA, “Drowsy Driving and
Research Program Plan”, 2016, www.nhtsa.gov/sites/nhtsa.dot.gov/files/
drowsydriving_strategicplan_030316.pdf). Taxxe 3nauntensHas gacts JTI1,
T0 JIAaHHBIM TO¥1 ’Ke OpraHu3aliy, CBsi3aHa C OTBICYCHUEM OT JIOPOTHU (OKOJIO
25%) n arpeccuBHBIM BOXAeHHEM. C 3THM CBS3aH TPEHJ aBTOMATH3AINU
YIIPaBIICHUS CPEJICTBAMHU IIEPEIBUIKEHHS, B YACTHOCTH, aBTOMOOWIISIMH.

Pa3BuTHe TEXHOJIOTUI NCKYCCTBEHHOTO MHTEIJIEKTA YK€ TIPUBEJIO K MOSIB-
JICHUIO YaCTMYHO aBTOMATH3MPOBAHHBIX TPAHCIIOPTHBIX CPEACTB, M B OJIH-
JKalIIee AEeCATHIETHE 3TH TEHACHIMH OyayT ycuiamBaThesi. Bmecto exe-
CEKYH/IHOTO YIIPABJICHHS BCEMH ACIEKTaMH JBM)KEHHS BOJIUTENb YaCTHYHO
ABTOMATHU3MPOBAHHOTO TPAHCIIOPTHOT'O CPEJCTBA B OOJBIIECH CTENIEHH 3aHST
cynepBu3Mel paboThl AITOPUTMOB, 3aJI0KEHHBIX B aBTOMOOWIIE, U IPUHAMA-
eT Ha ce0sl yIpaBJIeHHUE JINIIb B CIIOKHBIX cuTyanusx. C 0JHOH CTOPOHBI, 3TO
JIeTIaeT BOXK/JICHUE MEHEe HalPSHKEHHBIM, C APYTOi — IPUBOJNT K PACCESTHUIO
BHUMaHus 1 ero cHmwkeHuto [Kundinger et al., 2019]. B pe3ynbrare yBenu-
YHMBACTCSl BPEMsl PEAKIMU M BEPOSITHOCTH 3aChINIAHUS 33 PYJIEM, YTO MOXKET
UMETh KaTacTpOQHUIECKUe TTOCIEACTBUSA I YYACTHUKOB IBIDKeHMs [Korber
et al., 2015]. BenencrBue 3Toro B ONMMKaIIe TOJbI YAaCTHYHAS aBTOMa-
TU3aLMsl BOXKJICHUS TPUBEJET K CHIKEHHWIO JIOJIHM arpecCHBHBIX JEHCTBHN
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ydacTHUKOB B obmem uncie JTII n moBemmennto gomm JTTI, cBsS3aHHBIX
C 3aCBIIIAHUEM U OTBIICUCHHUEM.

Takum 00pa3oM, akTyaJlbHOW CTAHOBUTCS MpoOJieMa TOCpKAHUS OfH-
TCJIBHOCTU BOAUTECIIA B CI/ITyaHI/II/I, HC Tpe6y}01ue171 OT HETO e)KeCGKyH)IHBIX
neiictuii [Collet, Musicant, 2019]. C mpyroii cTOpOHBI, MBI HaOJIFOJaCM
OypHOE pa3BUTHE OECKOHTAKTHBIX CHCTEM MOHUTOPUHTA COCTOSIHUS YEIIOBE-
Ka 1 aJiTOPUTMOB aHaJIN3a, HApUMED, BUIEOKaMep, aBTOMATHUECKH PacIo3-
HAarIIUuX MI/IMI/IKy, BaKpBITI/Ie TJia3 U gaxe Cep}lHC6I/ICHI/IC 10 HepaSJ’II/I‘II/IMI:-IM
JUIA 9KCTIepTa KoJeOaHWSM SIPKOCTH OCBEIICHHOCTH JHUIa. Ha mx ocHoBe
MOJXKHO pPa3padoTaTh aJalTUBHBIC ANTOPUTMBI, KOTOPHIH OyAeT MoAcTpau-
BaTbCs MOJI COCTOSIHUE BOJUTEISI U MOJaBaTh aKTUBUPYIOIINE CTUMYJIbI TOIb-
KO B MOMEHTBI, KOT/Ia 3TO TpeOyeTcsl, 4TO MO3BOJIUT N30ekKaTh pa3apakeHUs
CO CTOPOHBI BOAWTENSA W CHENATh BOXKICHHE MAKCHUMAaIbHO KOM(OPTHBIM.
MamuHHOe 00y4YeHHE W HEHpPOCETEBBIE MOJICNIH YK€ ITO3BOJSIOT CHENaTh
TaKue KJIACCU(PHUKATOPHI JOCTATOYHO TOYHBIMHE (CM., Haripumep, [Singh et al.,
2013] — TourocTh 0K0110 90%).

Panee mamu Obuta mpuBeneHa aprymentarnus [/lemeHnTtrenko, J[opoxos,
2013], uro Hamboyee OE30MACHBIMYI CHCTEMaMHU JUTS TOAICPKaHUSI HE00X0-
JTUMOTO YPOBHsI OOJPCTBOBAHUS OIEPATOPa SIBISIOTCS CUCTEMBI C TIPUHYTU-
TeNbHOM aKTHBaLMEH (MHUIMATIH3aIKeii) orepaTopa B MOMEHTHI ¢ KpUTHYE-
CKHAM CHIDKEHHEM YPOBHS OOIpPCTBOBAaHHUS W MOTepel BHUMaHHA. BakHBIM
3BCHOM TIPH TIOCTPOCHUU TAKOW CHUCTEMBI 0€30MaCHOCTH SIBISICTCS BBIOOD
ONTUMAJILHOW METOJUKH MO ICPKAHUN PabOTOCIIOCOOHOCTH Il KOHKPET-
HOT'O BUJA OCATCIIBHOCTH.

B nmamHO# craThe TpHWBEOCH KpaTKUl 0030p HM3BECTHBIX HA HTAHHBINA
MOMEHT METOJVK TIOIJICPKAHUS BHUMAHUS, KOTOPBIE MOTYT OBITH aKTyab-
Hbl B CHUTyallMH YIPABJICHUS YACTUYHO ABTOMATH3HPOBAHHBIM aBTOMOOM-
JIEM: BI/I6pOCTI/IMyJ'I$IHI/I${, ay}II/IOCTI/IMyJ'ISH_H/ISI, MySI)IKa, 3aIr1axXo0BbIC CTI/IMyJ'II)I.
Taroke pacCMOTpPEHBI CITOCOOBI (PU3MOIOTHIECKUE TTOKA3aTEIH, TI0 KOTOPBIM
MOJKET OBITh OIIECHEHO COCTOSIHUS BOIUTEIIS.

lNokKa3saTenn BHUMaHNA

He Ttonbko mncuxodu3uoaoram, HO W TMPAKTHYECKH JTHOOOMY YEJIOBEKY
XOPOIIIO 3HAKOMA OJIHA U3 TVIABHBIX XapaKTCPHCTUK BHUMAHUS: TPUBBIKAHIEC
K TOBTOPSIONIMMCS HE3HAYMMBIM CTUMYJaM, Wid radutyaius [COKoJOB,
1958; Gray, 1975]. ITosToMy Maso mogo0paTh CTUMYJIbI, KOTOPBIE BO3Bpala-
71 Obl BHUMaHHE 33/IPEMABILEr0 WIIM 3aMEYTaBIIETOCs] BOAUTENSI K I0pOre.
J11st TOTO, YTOOBI HE MPOUCXOIMIIO IPUBBIKAHS, HYKHO IT0IaBaTh UX TOJIBKO
B TC€ MOMEHTBI, KOTJ/Ia COCTOSIHUE BOJUTEIISI MOXKET IIOMEIIATh €My OIepaTHB-
HO OTp€arupoBaTb Ha BHCIUTATHYIO CUTYalUIO.

OO0  AHanutuyeckune ob63opbl
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[ToBenmeHueckue moka3aTeny (JacToTa KOPPEKIMH MOJIOKESHUS Py, pac-
CTOSIHHE JI0 LIEHTPA TT0JIOCHI, COOJIIOIEHIE CKOPOCTHOT'O PEeXXHUMa U aHAJIOT -
HBIE MM) HEIUIOXO 3aPEKOMEHIOBAIM CE0sl B CHTYaIlMH PYyYHOTO BOK/ICHHS.
OpHako MMEHHO 3TH IMapaMeTphl B INTAaTHBIX CHUTYAIMSIX KOHTPOJIHPYIOT-
CS CHCTEMOH «yMHOTO YIIPaBICHHS» ABTOMATH3UPOBAHHOTO aBTOMOOWIIA,
a 3HAYMT, UX HEJb3s UCIIOJIb30BATH JUIS OLIEHKH COCTOSHHS BOJUTEIIS.

Kak yxe yrnoMuHanoch BbIIE, OTBJIEYEHHE BHUMAHHS M HECIOCOOHOCTH
BOJIMTENICH MOJHOCTBIO COCPEIOTOUUTHCS HAa JOPOre SBISIFOTCS OJHUMH
W3 OCHOBHBIX IIPHUYUH JAOPOKHO-TPAHCIIOPTHBIX TMporciiecTBUi. CaMo orpe-
JIeJICHUE OUTEIFHOCTH BKJIIOYAET COCPEIOTOYEHHE Ha BHIITOIHAEMON 3a1a4e
[Parasuraman, 1998]. Buumanue k gopore, BOOOIIE TOBOPSI, MOXKET CHUKATh-
Csl HE TOJIBKO M3-32 COHJIMBOCTH JIMOO YTOMIICHHSI, HO TaK)Ke M3-3a OTBIICUE-
HUS, HalIpUMep, Ha pa3roBop Mo TesneoHy WU JaXe TIPOCMOTP Ha HEM pa3-
BJIEKATEJILHOTO copepkuMoro. HarmonansHoe yrpaBieHne 0e301acHOCTBIO
nBmwkeHust Ha Tpaccax CIIIA pa3pabortano MeTOaUuKy, B KOTOpOW momdep-
KHUBACTCA BpPCA OTBJICUCHUA HA IMOCTOPOHHUE CTUMYIJIbI BO BPEM BOXICHUA.
MOJKHO TIPEAIONOKUTh, YTO OTBIICUCHHE BOAWTEINS OT IOPOTH Ha TenedoH
HE CIIMIIKOM M3MEHHT ero (DyHKIIMOHAIBEHOE COCTOSIHUE M BPS JIM OTPa3UT-
csl B (QM3MOJIOTHUECKUX TTapaMeTpax, MMOCKOJIbKY B 000MX Cily4yasx OoH Oyaer
pemaTb HEKOTOPLIEC KOTHUTHUBHBIC 3aJa4u. 3)ICCB MOHO IOPEKOMCHI0BATH
CHCTEMY BUACOCIICKEHHS, KOTOpasi KOTPOJIMpoBaia Obl HAIIPaBIEHHUE B3TJIA-
Jla TI0 TOJIOKEHHUIO TOJIOBBI M KOOPJIMHATAM 3pavyKoB BOJHTEINS (COBpEMEH-
Hble aliTpeKephl JaBHO M YCIEUIHO PEIIaloT Takue 3aaa4n). [losromy nanee
MBI COCPEAOTOUNMCA Ha COCTOTHUN MOHOTOHUH, IEPEXOAAIIEM B JPEMOTHOEC.

MOHOTOHHIO CIIEAYeT OTINYATh OT YMCTBEHHOH yCTaIOCTH, KOTOpask BO3-
HUKAaeT B CUTyallnW IOBBIIICHHBIX, @ HE CHIDKEHHBIX TPeOOBaHMH 3a/auu
K BHUMaHMIO ¥ KOTHUTHUBHBIM CIIOCOOHOCTSIM. Pa3BuTHE MOHOTOHHHM CBsI3a-
HO CO CHMXCHHUEM YPOBHA 60}1pCTBOBaHI/I${ " IepexoaoM B T.H. IPEMOTHOE
COCTOSIHHE, TIPENAIIECTBYIONIETO 3achMaHuio. B psge mccremoBaHmii OBIIO
MIOKa3aHo, YTO CaM BOJHTENb HE MOXKET OOBEKTHBHO OLICHUBATH CBOE COCTO-
ssaue [Moller et al., 2006; Schmidt et al., 2009; Aanuolupo, 2019], nosTomy
HCO6XO)1PIMO OTCIIEKMBATh €r0 HE3aBUCUMBIMHA OOBEKTUBHBIMU MCTOJAaMH,
M0 (pM3MOIOTHYECKUM WIIH TTOBEJICHUECKIUM KPUTEPHUSIM.

Pa3zBuTHE APEMOTHOTO COCTOSHUS 3aTparMBaeT HE TOJBKO MO3T, HO
n nepudepuueckue otnensl HepBHOHM cuctembl [Oken, Salinsky, Elsas,
2006]. OTu mporecchl OTPaXKAIOTCSl B MEPBYIO O4Yepeqb B AIEKTPOIHIEda-
norpamme (D0I) gemoBeka: cmektp DD cMmemaeTcs B HH3KOYACTOTHYIO
o0JyiacTh, HapacTaeT MOLIHOCTh anb(da- W TETa-PUTMOB, CHIDKACTCS MOII-
HOCTh Oeta-putma. Tem He meHee, DOl 00lamaeT 3HAYUTEIHLHON MEKHH-
JIMBUYalTbHOW BapraOeIbHOCThIO, TIOATOMY TPeOyeT HACTPOHKH aJrOpuTMa
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KPUTHUYECKOTO CHIDKEHMS ypOBHSI 00JIpCTBOBaHMA. B mocnenHee necsTuie-
THEe OBLIO Pa3pabOTaHO MHOTO MOPTaTHBHBIX HOCHUMBIX YCTPOWCTB, PETrH-
CTPHUPYIOIINX HECKOJIbKO KaHajioB DD, 00padaThiBalOIUX €€ U JArOLIHX
00paTHYIO CBSI3b B PEAIbHOM BpeMeHH (CM., Hanpumep, 003o0p [Minguillon,
Lopez-Gordo, Pelayo, 2017]), a coBpeMeHHbBIE TEXHOJIOTHH TIO3BOJIAIOT MIPH-
MEHSATh [UIS aHAJIN3a B PeajlbHOM BPEMEHHU KaK allrOPUTMBI MAIMHHOTO 00Yy-
YeHUsl, TaK M MPEJBAPUTEIHLHO 0OydeHHBbIE Ha OOJIBIIMX 0OBEMax JAaHHBIX
HelipoceTH. Yke pa3paboTaHbl MporpaMMHbBIE OHOIHOTEKH, HW3BICKAIOIINE
n3 D01 mokazaTenn GpyHKIIMOHAIEHOTO cOCTOsHUS, Hanpumep, SDK (Suite
Development Kit) of Neuro-Headset Emotiv EPOC ot xomnanuun EMOTIV.

JpyruMm nepcrieKTHBHBIM ITO/IX0/I0M K OLIEHKE COCTOSIHHSI BOJUTEIS SIBIIsI-
I0TCSI aliTpeKkepbl U BUJICOKAMEPBI, KOTOPbIE HA JaHHBIH MOMEHT CIIOCOOHBI
ABTOMATHUYECKH OTCIIC)KUBATH MUMHUKY, ITOJI0)KEHHE TOJIOBBI U I71a3 UCTIBITYE-
mbIx [Hecht et al., 2018]. XopomrMu KoppensiTaMu IpeMOTHOTO COCTOSTHHSA,
WU3MEHEHHSI KOTOPBIX MPEALIECTBYIOT HOSBICHHIO OMIMOOK BOXKACHHUS, SBJIS-
IOTCSl 3€BKH, CTEIICHb 3aKPBITHS I71a3 BEKaMH, 4acTOTAa MOPTaHHH, AUAMETP
3pauka [Korber et al., 2015], 3amemnenne cakkaImdecKUX IBHKCHUH TIa3
[Morales et al., 2017]. Ananornunsle n3mMeHenust 331 1 mapaMeTpoOB JIBHKE-
HUH I71a3 IPU CHW)KEHUU YPOBHS OJMTEILHOCTH OBUIHM IOKa3aHbl U B HAIIMX
pabotax npeapyaymux Jyiet [Tkauerko, 2012; Mukpocos..., 2013; Dorokhov
et al., 2013; ITporno3uposanmue..., 2014; Tkagenko u ap., 2015].

MeHee OIHO3HAYHBIMH, HO TAaK)Ke MEPCIIEKTHBHBIMH ITOKa3aTEIAMH JUIs
OLICHKH YPOBHS 0O/IPCTBOBAHUS SIBIISIIOTCS M3MEHEHHE BapuaOelIbHOCTH Cep-
JICYHOT0 pUTMA U (Pa3UuecKoil KOMITOHEHThI KOKHO-TAIIbBAHHUYECKOW PEaKIHN
(KT'P). 3menenus dasmueckoit komrnoHeHTH! KI'P mpu 3achmanuy moapo6HO
paccMmatpuBainch B paborax [Wright, McGown, 2001; Tenemexanuueckas
cucrema..., 2017]. MHoro pa0oTt 1o ApeMOTHOMY COCTOSIHUIO TAK)KE ITOCBSIIIC-
HO M3MEHEHHIO BapraberpHocTH RR-nHTEpBana cepaeyHoro purma, KOTOphIi
JIETKO PEruCTPUPOBATH M HA COBPEMEHHOM yPOBHE TEXHOJIOTHH AK€ MOXKHO
BBIJICTIUTh OSCKOHTAaKTHO M3 BHACOM300PAKCHHUS JIMIA HCIIBITYeMOro (Ipu
JIOCTAaTOYHOM OCBEIIEHUH). B 0CHOBHOM 3achlllaHne acCOLMUPYETCS C MOBBI-
nieHueM BapuabensHOCTH RR-MHTEepBana, XoTs, Kak ¥ OONBIIMHCTBO (hrzno-
JIOTHYECKHX TIOKa3aTelield, OH AEMOHCTPUPYET CYIIECTBEHHYIO MEXHHANBH-
IyalsHyTo BaprnabensHOCTh [Abtahi et al., 2017]. 1o cpaBHenuto ¢ I3 sToT
MOKa3aTelib ABJISIeTCsl MeHee uyBcTBUTENbHBIM [Cisler, 2019].

MeTtopgukn nogaep»aHna BHNMaHuA

Ecnu BHUMaHue BOJUTEINSI CHIDKACTCSI M3-32 COHJIMBOCTH, BBI3BAHHOU
HEJIOCHITIAHUEM WIIN JUTUTEIIHBIM MOHOTOHHBIM BOYKICHUECM, OJHOM M3 HaW-
JOy4imux Mep siBisieTcst octanoBka U 20-30 mun cHa [Sagaspe et al., 2007;
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Watling, Smith, Horswill, 2014]. Ota pekomenganus opuInaIbHO TOAACP-
JKMBAETCS TPAHCIIOPTHBIMU BEIOMCTBaMH, K mpumMepy, B HoBom HOxHOM
VYanece ee chopmynupoBanu kak “Stop. Revive. Survive!” («OcTaHOBHCE.
BoccranoBuch. Beixusu!y).

Jns monnepkaHMs ONTHMAIBHOTO YPOBHS OOJPCTBOBAHUS HEpen-
KO WCIIOJb3YIOT Pas3iIM4HbIE MUIIEBBIE MPOIYKTHI (B 4acTHOCTH, KO(euH)
W HOOTPOIHBIE npenaparsl (MogaduHuiI). Mbl HE CTaHEeM OCTaHABJINBATHCS
Ha HHUX NOAPOOHO, MOCKOJIBKY BPSZ JIM MOYKHO PEKOMEH/IOBATH UX IPHEM
Ha TIOCTOSIHHOW OCHOBE BCEM HIIM XOTs OBl OONBIIMHCTBY BoAuTenen. VHTe-
pecyrolrecs BIMsSHAEM KopernHa 1 HOOTPOITHBIX TPENapaToB Ha BHUMATEIb-
HOCTh YHMTATEIN MOTYT OOPaTHUThCS K COOTBETCTBYIOIIMM pasjenam o03opa
[Al-Shargie et al., 2019]. Tam >xe MOKHO TO3HAKOMHUTHCS C UCCIICIOBAHUSIMH
BIIMSIHUS JKBAUKH HA YPOBEHb OOAPCTBOBaHUS. B maHHOI craTthe MBI cocpe-
JOTOYMMCSI Ha He(hapMaKOJIOTHUECKHX METOANKAX.

[To HameMy MHEHHIO, ObUIO OBl HEPAIIMOHAIBHO PEKOMEH/IOBATh BOAUTE-
JISIM, YKEJTAIOIINM TOBBICHTH CBOIO BHUMATEILHOCTD, BUIEOUTPBI HIIH JIOTOJ-
HUTEJIBHYIO BH3YalbHYIO CTUMYJIALHUIO, XOTS OTJCIbHBIE PAOOTHI B 3TOM
HalpaBJICHUHN TaKXXe BEAyTcs (HampuMep, MepHOANYECKH aKTHBUPYEMbIC
MCTOYHMKH CBeTa, oOpamiisitoinue nose 3penust Bogurens [Capalar, Olaverri-
Monreal, 2017]).

TpanckpannanbHas cTuMyIsnus (transcranial alternating/direct current
stimulation, cokpamento tACS wimu tDCS) B 9KCIepuMEHTAIBHBIX YCIIOBH-
SX YCIELIHO TOBBIINIAET BHUMAHUE UCIBITYEMbIX K MIMPOKOMY KpYTY IICH-
XOMOTOPHBIX 3aiau: MOAYJsius OauTenbHocTH [Annarumma et al., 2018],
peakmus Ha pasnuuHble TAMBI cTUMyNIoB [Loffler et al.,, 2018], orciexu-
BaHHUC MOTCHIMAILHO OMACHBIX cUTyanuid Ha gopore [Nelson et al., 2014],
HO Ha CETOJHSIITHEM YPOBHE Pa3BUTHS TEXHOJIOTUI CTUMYJISILIUS TAKOTO PoJia
IJIOXO COBMECTHMA C BOXKJCHHEM, a mobouHsbIe 3 ekt tACS u tDCS nums
M3y4aroTCs.

OtnenbHast Ipylmna HMCCIEAOBAHUI CBs3aHA C OTBJICYCHHUEM BOAMTEIS
Ha HE CBS3aHHYIO C BOXJCHHEM 3ajJady, KOTOpas MOiJiepKuBayia Obl ero
OauTenBHOCTD (HampuMep, B3aUMOJIEHCTBUE C CEHCOPHBIM 3kpanoMm [Farooq,
Evreinov, Raisamo, 2019], mvabop Texcra mon auktoBKy [Wehlack, 20201]).
MBI oslaraeM, 4TO BOBJIEYEHHE BOJUTEINS B BBIIIOJIHEHWE CTOPOHHEH 3aja-
Y1 MOXKET 10 aHAJIOTHHU C UCIIOJIb30BAaHUEM MOOMIIBHOTO Tene(oHa 3a pyJieM
MIPUBECTH K MOBBIMIEHUIO aBAPUHHOCTH, TOATOMY He OyJieM moJIpoOHO ocTa-
HaBJIMBATHCS HA 3TOM HAIlPaBJICHUM.

Jlazee MbI pacCMOTPHM CITIOCOOBI CEHCOPHOW CTUMYJISILINH, HCIOJIb3yEeMbIe
JUISl TIOBBIIIICHUS] OJJUTEIILHOCTH BOJUTENEH: OCBEIICHNE, N3MEHEHUE TeMIIe-
partypbl, ayIMOCTUMYJISALUIO, BUOPOCTUMYIISLIUIO, 3a[IaXOBYI0 CTUMYJISIIKS.
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KopOTKOBONIHOBOW CBET

Cpenu macCUBHBIX METOJIUK TOBBIIIECHHSI BHUMAaHHS U OOPHObI C COHITMBO-
CTBIO B IEPBYIO OYEPEb CTOMT OTMETUTHh KOPOTKOBOIHOBOI (Toiy0oit) cBeT
(Tabmn. 1), KOTOPBIH, IO MHOTUM JaHHBIM, YXy/IIaeT COH aKTHBHBIX ITOJB30-
BaTeliell KomrproTepoB u cMapTdoHoB [Kimberly, James, 2009; West et al.,
2011; Chang et al., 2014; Mortazavi et al., 2018]. Ilo HEKOTOPHIM TaHHBIM,
C BO3PacTOM CTUMYJTHpYomHii 3 ekt romydoro ceera ociabeBaet. Bo3moxk-
HO, 5TO TIPOMCXO/UT N3-3a MOMYTHEHHs Xpycraiuka [Daneault et al., 2014].

BonpmmHCTBO HMccenoBaTeneld CBA3BIBAET BO3JIEHCTBHE TOyOOTO CBETa
C moiaBJIcHUEM BhIpaboTKu MenatonnHa [Lockley, Brainard, Czeisler, 2003],
OJTHAKO TAK)KE UMEIOTCSI CBUIETEITLCTBA, UTO IIBETOBASI TEMITEpaTypa OCBEIIIe-
HUSI MOXKET BJIMSTHh HA (PYHKIIMOHAIBHOE COCTOSIHUE MO3I'a HEIOCPEACTBEHHO
n HemeureHHo [Vandewalle et al., 2007; Kiessling, Sollars, Pickard, 2014].

B GosbmmHCTBE paboT TOTy00H WM 000TaIleHHBINA TOTYOBIM CBET OKa3bI-
BaJI MMOJIOKUTEIFHOE BIIMSHUC HA PEAKIIMIO U YPOBEHb OOAPCTBOBAHUSI BOJIH-
TeJs, IPUYEeM B OJJHOM HCCIIEIOBAHNH JaXKe Orepexal KOQEeHH Mo KauecTBY
BoKeHHs (cM. Tabm. 1). CHMKEHUE COHJIMBOCTH TPH BO3JCHCTBUH TOIY-
0oro cBera IMOKa3aHO KaK Ha MOBEJICHYECKOM M CyOBEKTHBHOM YPOBHE, TaK
u B criektpe DOI. Tem He MeHee, B 0J{HOIT paboTe yKa3aH BHICOKHM MPOIEHT
ucbITyeMbIX (17%), y KOTOPBIX TOXy0Oas MOJICBETKA CajOHA aBTOMOOWIIS
IIpY HOYHOM BOKACHUH BbI3Baja auckompopr [Taillard et al., 2012]. Dror
BOIPOC TPeOyeT OMOIHUTEIBHBIX HCCIeqoBaHuil. C y4eTOM 3TOr0 OpraHH-
YeHHUs MBI TI0JIaraeM, u4To oboramieHHas royOsIM MOJCBETKA CaloHa aBTO-
MOOMIISI MOJKET UCIIOJIb30BaThCs Kak (DOHOBOE CPEICTBO OOPHOBI ¢ COHIUBO-
CTBIO TIPH BOXKACHHUHU B HOYHOE BPEMS CYTOK.

CHVXXeHMe TemnepaTypbl OKpY»KatoLen cpeapl

Eme onun s¢d¢exTnBHBII MeTos O0pBOBI C IPEMOTHBIM COCTOSIHUEM —
HOHIKEHHE TEMIIePaTyphl OKPYXKaIoIel cpeabl. MHOr1e BOAUTEINH, CTAIKH-
BasICh C COHJIMBOCTBIO 32 PYJIEM, BKJIIOYAIOT KOHJIWIMOHEP Ha OXJIaXJCHUE
WM OTKPBIBAIOT OKHO. DTO CBSI3aHO HE TOJBKO C MPUTOKOM CBEIKETO BO3MY-
Xa, HO M ¢ OOJpSIINM BO3AEHCTBHEM IPOxXJiaabl. OCHOBHBIEC MCCIIEI0BAHUS
9TOro Crocoda CTUMYJISILAK NPUBEACHBI B TA0M. 2.

K coxanennto, ncciaenoBaHUN IPOXIIAAHOTO BO3AyXa KaK CpelcTBa O0pb-
OBl C MOHOTOHHMEH HE CIHMIIKOM MHOTO. B 071HO# paboTe k ToMy ke oTMeda-
eTCsI HeTIPOAOIDKUTEIBHBIN 2PPEKT TaKOTo BO3ACHCTBHS (ITOPSAAKA HECKOIb-
kux MuHYT) [Schmidt et al., 2017]. [ns npoBepku 3¢ GEeKTUBHOCTH ¥ I'PAHHUL]
NPUMEHUMOCTH METOJMKH TpeOyercss Oosplie wucciienoBaHuid. OmHaxo,
MIOCKOJIbKY IOYTH BCE COBPEMEHHbIE aBTOMOOMIIM 000PYI0BaHbI KOHIHIINO-
Hepamy, THPOPMHUPOBAHHbIE BOAUTEIH YK€ MOTYT HOJIb30BATHCS ATUM CPEel-
CTBOM CaMOCTOSTEIBHO.
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Tabnuya 1

BiansiHue KOPOTKOBOJIHOBOTO (CHHEIr0) CBETa HA YPOBEHb OIUTEILHOCTH
[Influence of shortwave (blue) light on the level of alertness]

Yucio
HcTounuk HMCIBITYeMbIX OcBemenue Sddext Tun 3axaun
[The source] [Number [The light] [Effect] [Task type]
of subjects]
Cajochen et al., 10 Cunnit (460 HM) Cunnii cBeT CHIXKAN CyOBEKTHBHYIO OnpoCHUK COHIIUBOCTH,
2005 u 3eseHblit (550 HM) COHJIMBOCTb, ITOBBIIIAT YaCTOTY (dusronornuecKue
CBET cepaeunsix cokpamennii (UCC) HU3MEpPEHHs
U TeMIiepatypy Tena
Vandewalle et al., 18 Cunnii (470 HM) CHHHUI CBET MOBBIIIAT KAYeCTBO CiryXxoBoe BHUMaHHE,
2007 u 3eneHsbiit (550 HMm) BBINOJTHEHUS 33/1aHU CpaBHEHHE CTUMYJIOB
CBET
Viola et al., 2008 104 OoboramieHHbIH O0orarieHHbIH roxyObIM CBET JlneBHas opucHas
royyObIM Oeblid cBET yIydIiaig HacTPOSHHE, YPOBEHb pabota
(17000 K), cpaBaeHne | OOUTENBbHOCTH, CHHKAJ THEBHYIO
¢ OenbIM CBETOM COHJIMBOCTB M BEUEPHIOIO YCTAIOCTh
(4000 K)
Chellappa et al., 16 CpaBHeHHe roiay0oro ViydiieHne BpeMeHH peakinu TecTbl Ha peakIHIo,
2011 cBeTa (BeuepHee B 3aJa4ax, TPeOYOUINX BHUMAHHUS, TpeOyIOIre pa3THICHUS
OCBelleHHe, 2 Jaca) KOppeJIUpYIOIlee C I0JaBJIeHHEM CTHMYJIOB
C JKENTHIM U OeIIbIM BBIPA0OTKN MeTaTOHWHA
Taillard et al., 48 Cgert ¢ JumHoii BoiHbl | ['omy0oii cBeT yiydiaia Ka4ecTBO HouHoe ynpasienne

2012

468 HM (cpaBHEHHE
¢ mpremMoM KoderHa
H u1ane6o)

BOXK/ICHMS, HO B MEHbIIEH CTENEeHH,
4yeM Koent; 17% HUCIBITYEMbIX COUIN
€ro AUCKOM(OPTHBIM

aBTOMOOMIIEM
(4 4., 400 k™)
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LIBETOBOI
TEeMIIEPaTypbl

cgeT TemnepaTypsl 4000 K
(HeHTpanbHbII OeIbIii)

Yucao
Hcroynnk HCHBITYeMbIX Ocgemenne I dexr Tun 3axaun
[The source] [Number [The light] [Effect] [Task type]
of subjects]

Beaven, Ekstrom, 21 CuHmii cBer, Kodenn u cunmii cBeT yiydmanm Peaxnus Ha BU3yalbHBIE

2013 CpaBHEHUE BpeMsI peakIiu; KoenH HeraTUBHO CTUMYJIBI (Iapagurma
¢ KoernHOM BJIMSUT HA TOYHOCTH BbInoiHeHust Tecta | Go / No go)

Purawijaya, Fitri, 4 CuHmii cBer, PazHoHampaBiieHHbIE H3MEHEHUS CHMYJTISTOp BOXKICHHS

Suprijanto, 2015 CpaBHEHHE ¢ TEMHOTOH | Oera-purma DOI y pa3HBIX HCIBITye- ABTOMOOMJISI, HOUHAsI

MBIX IIPH BO3JICHCTBHHU CHHETO CBETa ceccust

Baek, Min, 2015 20 TemHuoTa, 1Ba BUaa CHHUIA CBET yJIy4IlIaeT BHINOJHEHNE Peaxiius Ha 4nCIOBBIE
CHHETO CBeTa, OebIit 337241 ¥ CHIKACT MPEJICTABICHHOCTh | CTHMYJIBI C HX
CBET anbda-purma B D0I pas3yinyeHueM

Fitri et al., 2018 7 Cunnii cBeT (AIMHa YBenuuenne 6era-aktuBHOCTU B OO | CuUMyIATOp BOKACHUS
BOJTHBI HE yKa3aHa), TI0CJIe BO3/ICHCTBHS TOTyOOT0O CBETa ABTOMOOMJISI, HOUHAsI
CpaBHEHHE C TEMHOTOH ceccHs

Domagalik et al., 48 OrpaHudeHue CHUKeHHE BHUMATEILHOCTH TecThbl Ha BHUMaHUE

2020 roxy0oro ceta ¥ IPOM3BOIUTEIHHOCTH TPYIa Y TIPOCTPAHCTBEHHYIO
(>kenThIe KOHTAKTHEIE B TPYIIIIE C )KEITHIMA KOHTAaKTHBEIMHU aMsATh
JIMH3BL), 4 HeJeH JIMH3aMHA

Faraut et al., 2020 17 Cunnii cBeT (aIrHa Kopruso:m, TecrocTepoH, anbda- Koprusom, TectocTepoH,
BOJTHBI HE yKa3aHa), aMMIIa3a, OIEHKA CTPecca MOKa3bIBAIOT | anb(a-aMmiiaza mocie
BEUEPHSIS DKCIO3UINS, | JIydlllee COCTOSIHHE IIOCie AeNPUBALMN | ACHPUBAILMN CHA, 331a41
30 MuH CHA B CPABHEHHHU C KOHTPOJIBHOMH Ha BHUMATEIbHOCTh

rpynmnomn
Zhang et al., 2020 8 CBeT pa3ianyHoi Hawnnydiee Bo3ielicTBUe OKa3biBajl KommnerotepHast 00y4aro-

Iast Ceccust ¢ Mociey-
IOIMM TECTHPOBAHHEM
(45 MuH), peructpanus
90I

|
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BansiHue mpoxJiaIHOro BO31yXa HA YPOBEHb OAUTEILHOCTH
[Influence of cool air on the level of alertness]

Tabnuya 2

Yucao

Hcrounnx HMCHBITYeMbIX Temneparypa { ekt Tun 3apaun
JUIMTCJIBHOCTH BO3/1I€CHCTBUSA
[The source] [Number . [Effect] [Task type]
. [Temperature / duration]
of subjects]
Reyner, Horne, 16 10°C /120 mun He o6Hapy>xeHO CTaTUCTUYECKH Cumynstop
1998 3HAYMMBIX U3MEHEHHI BOXKIICHUS
aBTOMOOHJIS
Landstrém et al., 20 Ha 10 °C menbIIe TeMmniepaTypbl 3HaYUTEIFHOS CHU)KEHHE COHIIMBOCTH Cumymnsrop
1999 okpyskaroteit cpenst (25-30°C)/ | mo onmpoOCHUKY M MOIITHOCTH alib(a- BOXKJICHUS
2 1 4 MUH; IEPHOINIECKUE HATPEB | PUTMA B IIEPHUOJIBI OXJIAKICHUS, ABTOMOOHIIS
U OXJIaX/CHHUE BO3/yXa B 3aBUCH- | HO HE y BCEX HCIBITYEMBIX
MOCTH OT aib(a-puTmMa
Landstrom et al., | 6 Boguteneit, | Ha 8 °C MenbIe Temneparypsl 3 13 6 UCHIBITYEMBIX OCTAJIUCh JOBOJIBHBL | Boxnenue
2002 54 moe3nku | OkpyKaromei cpeasl / 2—8 MuH paboToii cucTeMbl ABTOMOOMIIS
Van Veen, 2016 32 5°C /4 muH (pyxn) 83% counu cucTeMy OXJIaKACHUS PYK Cumynsarop
s¢dexTrBHOI B 60pbOE C yCTaIOCThIO; BOJK/ICHHUS
crarucTudeckn 3HaunMoe ysemmueHne YCC| aBToMOOHIIS
Schmidt et al., 34 17°C/ 6 Mun 3HAaUYUMOE CHI)KEHHE CyOBeKTUBHOM COH- | CuUMyIsiTOp
2017 JIUBOCTH, YKCJIa MOPTaHUH, YBETHICHUE BOXKJICHUS
JMaMeTpa 3paydka; ONTHMaJIbHas IIPOJIOJ- | aBTOMOOMIIS
JKUTEITBHOCTh CTUMYJA — 3 MHH; HETIPO-
JIOJDKUTEIBHBIN (D (GEKT CTUMYJIISIIUH
Schmidt, 33 15°C/2 n 4 mun YcuneHne aKTUBHOCTH CUMITATHYECKOM Cumynarop
Bullinger, 2017 HepBHOMH cucTteMs! (3padok, YCC); BOXKJICHUS
JydIIee caMOUyBCTBHUE IO OIIPOCHHUKY ABTOMOOHJIS

HpI/I6J'II/I3I/ITeIILHO Ha 6 MUH TOCJIE
CTUMYJIANN

AHanuUTUuYeckrie 0630pbl

N Ol ‘L ‘0207 MUIOLOHX3L UMK IOLOSE-OHALRMTION)

O



ISSN 2500-2961 Environment and Human: Ecological Studies. 2020. Vol. 10. No. 4

AHanuTyeckmne 0630pbl

494

3anaxoBas CTUMynALUA

O TOM, 4TO 3amaxW MOTYT BIMATh Ha HACTPOCHUE 4YEJIOBEKA, FOBOPH-
JIM eIl C IPEBHUX BPEMEH, OJHAKO COBPEMEHHbIC TEXHOJIOTUHU TO3BOJIIOT
MPOBEPHUTH HE TOJILKO BPEMsi PEaKkiMU M Ka4deCTBO BBINOJIHEHMs 3a/IaHHS,
HO M OTCIIEIUTh U3MEHEHUS! aKTUBHOCTH MO3Ta B HEMTPAIBbHOM OKpPYKCHUH
U TIPU BO3JEHCTBUM apoMaTHYeCKOro BemiecTBa. [Ipupona 3Toro siBIeHUS
ele He A0 KOHIIA N3y4eHa.

WccnenoBanus BIMSHUS 3a11aX0BOM CTUMYJISILIMN HA BHUMaHUE CyMMHPO-
BaHbI B Ta0J1. 3. B HeKoTOpHIX paboTax BO3AEHCTBHE H(pUPHOTO Macia cpas-
HUBAETCS BIMSHUEM HEOOJIBIIOT0 BO3HATPAXK/ICHHS, U3 YETO JETaeTCs BEIBOJ,
YTO peaklysl CBs3aHa C MO3MTHUBHBIM cTuMysioMm [Baron, Thomley, 1994].
B npyrux paboTax mokasaHo, 4TO BO3JCHCTBHS U NPUSTHOTO, U HEMPHUSITHO-
O 3ar1axa NPUBOAT K YIIYUIICHHIO KauecTBa orepaTopckoid padotsl [Millot,
Brand, Morand, 2002]. OxHako NpHUSATHBIE MCIBITYEMbIM 3aIlaxy JIaBaHIbI
U WIAHT-WJIAaHTa, KOTOPHIE HCIOJIB3YIOTCS B apoMaTepanud I paccia-
OneHus1, B psifie MCCIEIOBAHUN yXY/IIAIN KauyecTBO pabOThl UCIIBITYEMbIX,
B OTJINYXE OT OOLICTIPU3HAHHO OOAPSIIIIETO 3amaxa MAThI IEPEIHOM.

B OCHOBHOM MOBBIIICHUIO OIUTETBHOCTH CIIOCOOCTBYET MSATHOE MAacio
(Tabm. 3). Heckompko uccienoBaHU OTMEUAIOT TTOAOOHEIH 3 derT y r¢up-
HOTO Macjia po3MapuHa. OTHOCHUTEIBHO JIaBaHIbl M JKaCMHHA MOJTyYEHBI
MIPOTUBOPEUMBBIC PE3yIbTATHI, HO B OOJBIIMHCTBE MCCIIEAOBAHUI 110 apoMa-
Tepaluy OTMEYEHO YCIIOKaWBalolee ACHCTBHE 3(HUPHOTO Macia JIaBaHIbL.
HawnGornee nepcneKTUBHBIM JUIS TTOBBIILICHNST YPOBHS 0OPCTBOBAHUS Hpeji-
CTaBJISIETCSI MAcIIo MATHI repeyHoil. Ckopee BCero, IpH JUTUTEIbHOM BBINOJ-
HEHUW 3a]aydl BO3HHMKAeT IpUBBIKaHHE K (OHOBOMY 3amaxy. MBI mpea-
MojlaraeM, 4To aJalTHBHAs MOJENb IOJAa4M 3alaXxOBOTO CTHMYJa MOXKET
YIIyYIIUTh [OJIy4YEHHbIE aBTOPAMH IEePEYHCIICHHBIX cTaTell apdekTsl. CooT-
BETCTBYIOIME TEXHWYECKHE peIIeHus yxke cosfgatoTcs [Dmitrenko, Vi,
Obrist, 2016]. Kak nmokazano B uccnegoBanuu [Yoshida, 2011], nmpenbsie-
HHUE 3(DUPHOTO Macia MATHI NPH BBITOJIHEHHH MOHOTOHHOM 3a/1aud IOBBI-
II1aJI0 YPOBEHb OOJPCTBOBAHMUS UCTIBITYEMOTO IPUOTU3NTENHHO Ha 10 MHH.

OtMeTnM, 4YTO B psiie¢ YHOMSIHYTHIX HCCIICJAOBAHUH BpEMs, OTBEICHHOE
Ha 3aj1a4y, COCTaBIsUI0 MeHee Jaca. CKopee BCero, 3TO CBSI3aHO C BBICOKOH
TICUXOAMOIIMOHAIIBHOM CJI0KHOCTBIO IOJYTOPa-IBYXYaCOBBIX JKCIEPHMEH-
TOB 10 MOHOTOHHOM JIESITETILHOCTH ISl HCIIBITYEMBIX. B TO ke BpeMs cocto-
SITHUE MOHOTOHHMHM Pa3BUBAETCS y BBICIIABIIEIOCS 4YEJIOBEKAa NMPUOIN3UTEIb-
HO uepe3 30—40 MuH mocne Havyala BBINOJHEHHS 3aJaHus (B 3aBUCHUMOCTU
OT CJIOKHOCTH ¥ MOHOTOHHOCTH), & 3HAUUT, IIPH YBEJIUUCHNUH JUTUTEIILHOCTH
HKCIEPUMEHTA MOXHO OXKHJATh O0Jiee YeTKUX Pe3yIbTAaTOB.
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Tabnuya 3

BansiHue 3anaxoBoii CTUMYJISINMY HA YPOBEHb OIMTEIbHOCTH
[Influence of odor stimulation on the level of alertness]

Yucno
Hcrounnk HCHBITYeMbIX 3anax ekt Tun 3apaun
[The source] [Number [The odor] [Effect] [Task type]
of subjects]
Baron, Kalsher, 80 JInmon VYiydiieHne KadecTBa BBIIONHEHHUS | YIPaBJICHUE JBIDKYIIMMHUCS
1998 3aJaHus 00BEKTaMH Ha YKpaHe
Sullivan et al., 40 Msita ViydiieHne BHUMATeIbHOCTH OrtcrexrBaHie 3HAYUMBIX TATTEPHOB
1998 (20 mocne y 00eux rpymmn cpear HeHTpalbHbIX Ha MOHUTOPE
HHCYJbTA)
[Imberger, 100 Msira, s)xacMuH, | Pasmnyus He 3HAYMMEBI Peakmust Ha 3HAUMMBIE CTUMYJIBI
2001 WJIAHT-HUJIAHT, CTaTUCTUYCCKU
9BKAJIHIIT, MEHTOI
Millot, Brand, 33 JlaBanpa, W npusTHBINA, 1 HeNpUATHBIN 3anax | Bpewms peakuuu Ha BusyasbHbIE
Morand, 2002 MUPUANH CHIDKAIOT BpeMsl PeaKkLuu U CIyXOBBIE CTHUMYJIBI
Barker et al., 26 Msita VYirydiieHne CKOpOCTH Ie9YaTH Ilamsate; andaBUTHBIA TOPSIOK
2003 U YTCHUS CJIOB; YTCHHME HE3HAYAIIINX
TIOCJIeI0BATENEHOCTEH OyKB,;
CKOPOCTbh IeyaTu
Sakamoto 36 JlaBanna, JlaBanpa: yimydieHue KOHIEHTpanuy; | Peakius Ha u3MeHEHHs pa3mepa
et al., 2005 JKaCMHUH JKaCMHH: 0€3 U3MEHEHMIT JIBHKYIICHCS LIeH
Moss et al., 144 Msra, Msra: noBbllIeHUE OAUTEILHOCTH; Drug Research Computerized Assess-
2008 HJIaHT-UJIaHT WJIQHT-WJIAHT: CHIDKEHHE OnTeNb- ment System (TamsATh, BpeMsI peax-
HOCTH, YCIIOKauBaIOIIUii A dexT L1, paclo3HaBaHHUe N300paKeHNUT)
Shimizu et al., 15 JlaBanna, JlaBaHza: IPENSITCTBYET PA3BUTHIO Bpewmst peakunm Ha 3HAaUUMBIIT
2008 SBKAJIUIT YCTAJIOCTH; 3BKJIMINT: 0€3 M3MEHEHNH | CTHMYJI Cpeiy He3Ha4aInx
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Yucao
Hcrounnk HCIBITYeMBbIX 3anax Iddexr Tun 3apaun
[The source] [Number [The odor] [Effect] [Task type]
of subjects]
Heuberger, 240 Msra, ;xacMuH, | MsTa, )kacMuUH: 0€3 U3MEHEHMII; OTcleXuBaHUE MEHSIOIIMXCS
[lmberger, JUHATWIALETAT | JUHAIAIALETAT: YMEHbLICHUE MaTTEPHOB, PEAKIH HA HUX
2010 (KOMITOHEHT BPEMEHU PEAKLUH
JIaBaH/IbI)
Matsubara 9 JlaBp VYiydmienue GAUTETHHOCTH Peaxmust Ha 3HAYMMEBIEC CTHMYJIBI
etal., 2011 cpenu HezHavyamux (uudpor)
Manuel et al., 45 Msra, naBanna | MsTa: Bo3pacTaHue OIUTEIBHOCTH; 3anomunanue 20 Ha3BaHHUH OpEHIOB
2014 JIaBaHJa: CHIDKEHUE OIUTEILHOCTH
Mahachandra, 12 Msita D3I '-nmokazarenu: TeHIeHIMs K Ooee | CHUMYJIISITOP BOXKICHHS aBTOMOOHIIS
Yassierli, BBICOKOMY YPOBHIO BHUMaHUS
Garnaby, 2015 (HMKE CTaTUCTUYECKON 3HAUUMOCTH)
Babulka et al., 128 Po3mapum, OT1cyTCTBHE HU3MEHEHUI Peakuust Ha CTUMYJIbI HA MOHUTOPE
2017 JIaBaHJA (14 mun)
Moss et al., 40 (netu Posmapun ViydiieHue namsatu 3aroMUHAHKUE YHCEI U CIIOB
2018 9-11 ner)
Dmitrenko, 21 JlaBanga Viyuiienue BbITOJHEHUS 33134 CHMYJISTOpP BOXKICHHS aBTOMOOWIIS
2019 (cOpoc CKOPOCTH, HAXOXKICHHE
B LIEHTPE MTOJIOCHI)
Hoult et al., 100 Msra VYiy4iieHue BbINOJHEHUS 3a1aHUN BepObaibHble acneKThl
2019 KpPaTKOBPEMEHHON MaMsATH
Lwin, Malik, 73 Msrta IIpoTuBoneiicTBHE ycTanOCTH; Bpems peakuum; oTciIe)KHBaHNE
Neo, 2020 HepuoanYecKas CTUMYJIIIUSA JIydlle | [OJO3PUTEIbHBIX CTUMYJIOB

TOCTOSIHHOM

|
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Ayanoctumynaumsa

Hawm He ynanmock HaiiTu paboThl, Tie ypoBEHb OOIPCTBOBAHMS MOAICPIKH-
BaJICS OBl MEPUOJMUYECKOH IMo/laueil HEOXXHJAHHBIX ayJIHOCTUMYJIOB, XOTS
BHOPOCTUMYIIALIUS YCIICITHO MCIIONB3YeTCsl B TaKUX mapanurmax. B mccie-
JOBAHUAX CBA3U AyAUOCTUMYIIAIUHU C BHHUMATCIBHOCTBIO HCCICAOBATEIN
OOBIYHO OCTAHABIMBAIOTCS HAa My3bIKE WM HAOWPAIOMIMX HOMYJISIPHOCTH
B TIOCIEIHHE TOAbI OWMHAypambHBIX OMeHHsX. [IOCKONBKY Takumx padoT
HE OYEHb MHOTO, NEPEYUCINM HX B OAHOHM Tabn. 4. YIOMSIHEM OTAEIHHO
ellle OHO UCCIIeIOBAHUE, B KOTOPOM PacCMaTPHBAETCS BO3MOXKHOCTb I10J1a-
YW CHTHAJA BOAUTEIO M3MEHEeHEeM rpoMKkoct paano [Fagerlonn, Lindberg,
Sirkka, 2012].

W3-3a OosbIION TMOMYJISIPHOCTH MY3BIKM CPEAM BOJAUTENEH CpeaH HUX,
CKOpee BCEro, HE IOJy4aT paclpOCTpaHEHUs OMHAypajbHble OWMECHUS, AJIS
KOTOPBIX K TOMY K€ MOTpeOyIoTCsl HayIMHUKH. OIHAKO My3bIKa IIOXO TOJ-
XOANT JUISl MHTEPAKTHBHBIX TU3aiHOB BOXK/ICHHS: BOJHTENN, CKOpEE BCETO,
3aXOTSIT CAMOCTOSITEIEHO BBIOMPATh KaK >KAHPHl U KOHKPETHBIX MCIIOJIHUTE-
J'ICI‘/’I, TaK ¥ MOMEHTEHI €€ BKJIFOUCHHS U BRIKITFOUCHUS. Takxke CII0KHO nmpeackKa-
3aTh Pe3yJIbTAaThl HAJIOKEHUSI aJallTHBHON ayIMOCTUMYJISIIMK HA BBIOpaHHOE
BOJIMTENIEM JUTS MOE3IKH 3BYKOBOE OKpPY’KEHHE.

Bubpoctumynauuma

BubpoakycTiueckass CTUMYJSIIHAS HCXOJHO HCIIONB30BANach IS YIIyd-
IICHUS KaYeCTBA KU3HHU CTPANAIOIINX TIyX0Tol jroaei. OmpHako yxe Oosee
JIBAJINIATH JICT OHA PacCMaTPUBACTCS KaK IMEPCICKTUBHBIN CIIOCOO IMOJavu
CUTHAJIOB, HE OTBIICKAIOIMINX OT JOPOTH, BOJUTEISIM U JPYTUM JIFOISIM, 3aHS-
TBIM OTIEPATOPCKOM AesTenbHoCcThi0. C HapaboTKaMu B 3TOH 00IaCTH MOYKHO
MoJIpOOHO O3HAKOMHTHCS B 0030pax [Prewett et al., 2012; Yusof, 2020].
I[MoMuMoO cHIEHBSI aBTOMOOWIIS,, CHTHANT MOYKET ITO/IaBaThCS HA ITYJBT JHOO
BuOpupytomuii opacier [Ma et al., 2019]. YomsiHeM HECKOJIBKO THITHIHBIX
UCCIICIOBaHMIA, CBI3aHHBIX C MOHOTOHUEH, B Ta0. 5.

O06001m1ast pe3yIbTaTH YIIOMSIHYTHIX 0030pOB, MOKHO CKa3aTh, YTO BHOPO-
CUrHaJibl, KaKk MUHUMYM, HE MCHEC 3(1)(1)CKTI/IBHLI, YEM BU3YAJIBHBIC U ayJIu-
anpHbIe CTUMYIBL. OJTHAKO B CHUTYallMd BOXJICHUS Y HUX €CTh BaXHOC Ipe-
MMYILECTBO — BO3JECHCTBUE HAa IMPAKTUUYECKH HE 3a/eCTBOBAHHBIA KaHal
BOCTIPHSITHSA, B OTIIMYHE OT BU3YaJIBHOTO U CIIyXOBOTO ((pOHOBBIH IITyM aBTO-
MOOWIIS U 3a9aCTYI0 My3bIKa B CaJIOHE).

B HECKOIBKHX HCCIEIOBAHUAX CPABHUBAJIOCH BO3ICHCTBHE MYJIBTH-
MOJAJIBHBIX W YHUMOJAJbHBIX CHUI'HAJIOB. BosnpmmHCcTBO ABTOPOB IIPHUXO-
JIIT K BBIBOJY, YTO MYJIBTUMOJAIBHBIC CUTHAJBI OoJyice I((EKTUBHBI, YeM
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Biansinue ayTinocTHMYJISIIMU HA YPOBEHb OTUTEIbHOCTH
[Influence of audio stimulation on the level of alertness]

Tabnuya 4

Yucao
HcTounuk HCIBITYeMBbIX Tun crumyasiuu Ipdext Tun 3apaun
[The source] [Number [Stimulation type] [Effect] [Task type]
of subjects]
Lane et al., 29 Bunaypanbueie Ouenns | buenus B Gera-nuamnazone Bpewms peakunu
1998 JenbTa- ¥ Oerta- yJlydlllaJId HACTPOCHUE U CHIKAIU | Ha OBTOPSIOIIUECS CTUMYJIbI
JIara3oHOB YHCIIO0 OMINOOK
Dibben, 1780 My3sbika OOHapy KeHBI CBSI3M MEXIY Tpei- | MaccoBblil onpoc BoquTenei
Williamson, [MOYMTAEMBIMU BOIUTEIISIMH KaH-
2007 paMu U aBapHHHOCTBIO
Wolfe, 76 My3bika My3bika yMeHbIIaga KOJIU4eCTBO Bocnpusrtue Ha cityx uctopuii
Noguchi, 2009 ounboK C OTBJICKAIOIMMHU CTHMYJIaMH
Unal et al., 47 My3bika BbICOKOU IToJIOKHTENIBPHO CKAa3bIBAETCS CirefoBaHue 3a aBTOMOOHIEM
2013 1 YMEpPEHHOM IPOMKOCTH | Ha KayecTBe BOXICHUS; I deKrT B CUMYJIATOPE BOXKACHUS
HE 3aBHCUT OT IPOMKOCTHU
Solca, Mottaz, 9 Bunaypanbueie 6uenns | [1omoXHUTENFHO CKa3bIBACT- Paznmuenne ayananbHbIX
Guggisberg, (10 I'm) cs Ha anb(ha-CUHXPOHHU3ALIUH, CTHMYJIOB
2016 HE OKa3bIBACT 3HAYMMOTO BIIMSIHUS
Ha BBIIOJIHCHHE 331241
Lim et al., 2018 25 BunaypanbHbie OueHus, | YIy4lIeHHE BBITOJHEHUS 0OJb- KorautusHbie TecTsI (5 THIIOB)
BHOpOMaccax LIMHCTBA TECTOB; CHIKEeHHE DT -
WHJIEKCOB YMCTBEHHOW yCTAIOCTH
Garcia-Argibay, 32 Bunaypasnbhbie OueHuss | Bo3aM0OXHO pa3HOHAIpaBIeHHOE 3aroMHHAHUE CIIOB

Santed, Reales,
2019

(5120 I'n)

BJIMSIHUC HA ITaMATb B 3aBUCUMOCTHU
OT 4aCTOTHhI
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BiansiHue BUOPOCTHMYJISIIMY HA YPOBEHb 0IMTeIbHOCTH
[Influence of vibration stimulation on the level of alertness]

Tabnuya 5

Yuciao
HUcrounnk HCHBITYEMBbIX Tun crumyasuuu ekt Tun 3apaun
[The source] [Number [Stimulation type] [Effect] [Task type]
of subjects]
Calhoun 18 AynuanbHble U TakTHiIbHEIE | O0a BHIAa CUTHAJIOB OJIMHAKOBBI YnaneHHOe yrpaBieHUE
et al., 2004 CHUTHAJIB 110 3()HEKTUBHOCTH, TAKTHIIbHBIE OCCIMIIOTHBIM aImapaToM
MOTYT OBITh TIPEATOYTUTETHHBI C JIOTIOJTHUTENBHBIMI
B IIYMHOM OKPY>KCHUH OTBJICKAIOLMMHU 3aa4aMU
Krausman, 12 TakTuibHble U BU3yajibHble | Bpems peakiuu Ha TaKTUJIbHbIE MMuranust yrpaBieHus
Elliott, peayNpeKACHU CTHMYJIBI CYIIIECTBEHHO MEHbIIIE, YeM | aBTOMOOMJIEM Ha BOCH-
Pettit, 2005 Ha BU3YyaJIbHBIC HBIX YYCHUIX
Scott, Gray, 16 TakTuibHbIC, ayTHAJIbHbIC Haumenbiiee Bpemst peakuuu CHUMYJIATOP BOXKACHUS
2008 Y BU3yaJIbHBIC TIPEYNPEkK- | HA TAKTWIFHYIO CTHMYJISIUIO aBTOMOOWIIS, peaKIns
JICHUSI Ha [PeyNPEKICHUS
Arrabito 98 Bubpoctumysiiust paznmud- | Peakuust Ha maTTepHBI 3HAYUMO HE pa3- | BrimerneHne KOpoTKUX
etal., 2011 HBIX YacTOT U MaTTEPHOB JIMYaJIach; BUOPOCTUMYJISILIUSL yIIy- CUTHAJIOB U3 Oeoro
(’KHIIeT C BOCEMBIO HE3aBH- | Iasla BHINOJIHEHHE 33aJaHUs MO CpaB- | IIyMma
CHMBIMH CTUMYJISITOPAMH) HEHHIO C KOHTPOJILHOM IPYIITON
Kalisch 78 Bpewmst peakunm Ha Tak- 3HAaYUTENFHOE TIOBBIIICHUE BPEMEHHU Marpuusr PeiiBena
etal., 2012 TUJIbHBIE CTUMYJIBI B 3aBU- peakuuu ¢ yBeJIMUEeHUEM BO3pacTa
CHMOCTH OT BO3pacTta
Telpaz 26 Bubpocurnan o nepenaye VYiyuiieHne kadecTBa BOXKICHUSA CUMYJIATOpP YaCTUYHO
et al., 2015 YIpaBICHHUS BOIUTEIIO aBTOMATH3UPOBAHHOTO
BOX/IEHMSI aBTOMOOMIIS
Zhang et al., 20 CunycounpnanabpHas BUOPO- VYirydnieHne BHUMATETbHOCTH IPU Peaxnus Ha rpadudeckue
2016 CTUMYJISIIMS yacToThl 15 ' | crumymsiimu CTUMYJIBI, ITapaurMa
Go / No go
Biondi 18 TakTunbHble, aynuanbhble, | MynbTUMonabHbie curHainsl 3dek- | Peakuus Ha ducioBbie
etal., 2017 BH3YaJIbHBIE H MYJIBTHMO- TUBHEE MPU HU3KOW MEHTAJILHOH CTUMYJITBI Ha 9KpaHe

JaJIbHBIC NIPEAYHNPECIKIACHUSA

Harpyske, IIpH BBICOKOH 3¢ ekt criia-
JKUBACTCS
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YHUMOaJbHEIEe, ogHako B pabote [Calhoun et al., 2004] 3ToT ddexT cria-
JKMBAJICS TIPU TNOBBIMICHUN KOTHUTHBHBIX TpeOoBaHMH K 3amade. ITockoib-
Ky YHCJIO UCIIBITYEMBIX B YIOMSIHYTBIX Pab0oTax OOBIYHO COCTaBJISET OKOJIO
20-30 yenoBek, a IW3alHBI HCCIEOBAHMN CYIIECTBEHHO OTIHYAIOTCS,
MBI [I0JIAraeM, 4TO PAa3INYUs MyJIbTUMOJAIBHBIX M YHIMOJAIBHBIX CHI'HAJIOB
TIOKa MCCIICA0BAaHbI HEJOCTATOYHO.

3aknioyeHmne

B OonbIIMHCTBE PacCMOTPEHHBIX MCCIIEJIOBAHUM BpeMsl 3KCIEpUMEHTa
OBLTIO HETOCTATOYHO IS Pa3BUTHS YPOBHS MOHOTOHHH, CBOWCTBEHHOM Mpo-
JOJDKUTENIEHOMY BOXKACHHUIO. BO3MOXHO, mpu yanuHeHHH omblTa 3(Qek-
ThI METOAMK IPOSBIIINCH Obl sipue. OCHOBBIBAsACh HA COOCTBEHHOM OIIBITE
paboThl ¢ CUMYJIATOPAMHU BOXKACHHS M M3yYEHHBIX pab0Tax 10 MOHOTOHUH,
MBI TI0JIATaeM, 4TO TAKOH JKCHEPHUMEHT MOJDKEH JUIMThCS HE MEeHee daca,
Jqydine — OT IHOJIyTopa A0 ABYX YacOB, XOTS 3TO CYIIECTBEHHO ITOBBIIIAET
CJIOKHOCTB AKCIIEPUMEHTA JUISl UCITBITYEMBIX.

[Ipuem kodenHa, HOOTPOITHBIX TPENapaToB M HCIIOJIb30BAHHE >KBAYKU
IO MOHATHBIM MNPUYUHAM OCTACTCA ACJIOM JIMYHBIX HpC}IHO‘ITCHI/Iﬁ BOJUTC-
JIeH, XOTsI Bce TPHU CIOCOOa TOBBIMICHUS OAWTEIBHOCTH MOAPOOHO H3yda-
JIMCh W TIOKA3JIM HEKOTOPYIO 3((GeKTUBHOCTD. Jlydmmm cpecTBoM 00pbObI
C BBIPQKEHHOW COHJIMBOCTBIO, OJHAKO, OCTAeTCs NpEpbIBAHHWE BOXKICHUS
Ha KpPaTKOBPEMEHHBII COH.

CoriacHO JaHHBIM HAIIETO 0030pa, 17151 60PHOBI ¢ (OHOBOI COHIMBOCTHIO,
0COOCHHO B HOYHOE BPEMsI CYTOK, MOXKET YCIIEIITHO HCIIOJIb30BATHCS KOPOT-
KOBOJIHOBAas (Toiry0ast) MM 00OTalleHHas TOTyObIM IIBETOM I10JICBETKA CaJIO-
Ha aBTOMOOMJIS.

CHmKeHne TeMIepaTypbl OKpy Karomel cpesl Kak criocod 00psObI ¢ COH-
JIMBOCTBIO TTOKA HEZOCTATOYHO MCCIIEOBAHO, HO MOXKET PEKOMEHJI0BATHCS
BOJIUTENSIM KaK 0€30IacHbIi criocol JuIsi caMOCTOSTEIBHOIO MPUMEHEHHS,
MIOCKOJIbKY COBPEMEHHbIE aBTOMOOMIIN, KaK MPaBHJIO, OCHAIIEHBI CUCTEMaMHU
KIIMMaT-KOHTPOJIS.

Uro Kacaercsi CUCTEM, OTCIIC)KHBAIONINX COCTOSHHE BOJUTENS B peallb-
HOM BPEMEHH: YTOObI CUTHAJI ONIOBEIIEHHS O CHIDKEHHOM YPOBHE 0OAPCTBO-
BaHUs OCTABAJICA 3HAUUMBIM JUIsI BOAUTCIIA, OH JOJIKCH I1OJaBAaThLCA HEYa-
CTO M TOJIBKO B HEOOXOAWMBIE MOMEHTHI, MHAYE MPOU30UAET rabuTyanus
U BOAMTENb ITEPECTaHET PEearupoBaTh HA CTUMYJ KaK Ha 3HAYMMBIH. [l
ONTHUMU3AIMN COCTOSIHHSI BOJMTEIISI OUCHb Ba)KHA CHCTEMa €ro pacro3HaBa-
HUSI B peaJIbHOM BpeMeHH. Ha coBpeMeHHOM ypOBHE TEXHOJIOTHIA 3Ta 3a/1a4a
MOXET PeMaThcsl OECKOHTAaKTHO — IIyTEM OTCIIC)KMBAHMS HAKJIOHA TOJIOBBI,
CTEIICHN 3aKPBITHS IJ1a3 U 9aCTOTHl MOPraHuil uchbITyemMoro. /it co3nanus
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0oyee YyBCTBUTEIFHBIX CHCTEM KOHTPOJISI COCTOSTHHS MOYKHO HCIOJB30BaTh
nokazarenau O01.

MpI noslaraeM, 4To U3 PacCMOTPEHHBIX ar€HTOB JJIS 3alIaXOBOW CTHUMYJIS-
MY HanOoJiee MEePCIIeKTUBHO MCIIOIB30BAaHUE Macia MATHI TIepeuHoi (JInbo
€ro OCHOBHOW COCTaBJIAIONICH — MeHTOMa). JIaBaH a W WIaHT-MJIaHT, Ha000-
POT, OKa3bIBAIOT pacciia0IrIoniee BO3ACHUCTBUE, YTO MPHUBOAUT K YXYAIIC-
HUIO KaueCTBa JIJTUTEIBHON MOHOTOHHOH PabOOThI M YBEIUYCHUIO BPECMCHU
peaxky Ha 3HAYMMBIE CTHUMYJBL. D(QHUPHOE MAco KacMHUHA HE OKa3bIBAaeT
3HAYMMOTO BIIUSHUS HA MCTIBITYeMbIX. JJIst n3ydeHus Bo3aecTBUS dPUPHBIX
Macell po3MaprHa ¥ JIaBpa TPEOYIOTCS JTOMOTHUTEIBHBIC UCCIICIOBAHNS.

AyJIUOCTUMYJISILMSA HCHBITYEMBIX B YCIOBHUSIX DPEAIBbHOIO BOXIEHUS,
Ha TEPBBIM B3MUIAN, Ka)KETCS MEpCIEKTHBHOH, HO, CKOpee Bcero, Oyaer
3aTPyIHEHA, ITOCKOJIBKY MHOTHE BOJUTEIH JIFOOST CITyIIaTh MY3BIKY 32 pyJIeM,
U CIBIIUMOCTB TIPOOYKIAFOIIETO CTHMYJIA HA e¢ (JOHEe HEBO3MOXKHO IMPELy-
ragath. CamMa My3blKa BIHSET Ha BOJUTENEH CKOpee MOJ0XKHUTENBbHO, YeM
OTPHIIATENIHO, OJHAKO €€ JCHCTBHE CHIIBHO 3aBHCHUT OT B3aWMOJCHCTBHUSA
TeMIIepaMeHTa M (PYHKIMOHAIBHOTO COCTOSHHS BOANUTEIS U )KaHPA MY3BIKH.

BubpocTuMymsmus B paCCMOTPEHHBIX paboTax Mmoka3aia cBoro 3(pQeKTus-
HOCTH U MOJKET OBITh PEKOMEH/IOBaHa K IPUMEHEHHIO B YaCTUYHO aBTOMAaTH-
3HUPOBAHHBIX ABTOMOOMIIAX.

bubnunorpaduyeckuin cnmucok / Referense

Hementrnenko B.B., JlopoxoB B.b. Onenka 3(¢exTHBHOCTH CHCTEM KOHTPOISL
YPOBHSI OOJPCTBOBAHMS YENIOBEKA-OIIEPATOPa C YYETOM BEPOSTHOCTHOW IPHPOJIBI
BO3HUKHOBEHHsI OIIMOOK npy 3ackinanny // JKypHai BbIcIIel HEpBHOM AESTEIEHOCTH
um. WL.II. [TaBnosa. 2013. T. 63. Ne 1. C. 24-32. [Dementienko V.V., Dorokhov V.B.
Estimation of control operator’s alertness level by reference to random nature of errors
during falling asleep. I.P. Pavlov Journal of Higher Nervous Activity. 2013. Vol. 63.
No. 1. Pp. 24-32. (In Rus.)]

Jopoxo B.b. Ananu3 ncuxou3nOIOrHYECKUX MEXaHH3MOB HApYIICHUsS Jes-
TEJILHOCTH MpPH JPEMOTHBIX H3MeHeHHsx cosHanusi // BectHumk Poccuiickoro
ryMmanuTapHoro HaygHoro ¢onzga. 2003. Ne 4. C. 137-144. [Dorokhov V.B. Analysis
of psychophysiological mechanisms of operator’s faults during drowsiness. Vestnik
Rossiyskogo gumanitarnogo nauchnogo fonda. 2003. No. 4. Pp. 137-144. (In Rus.)]

JTopoxos B.b. MexaHn3Mbl BO3HUKHOBEHHUSI OIIHOOK B ESTEIBHOCTH IIPU 3aChlIia-
uun: J{uc. ... a-pa 6uon. Hayk. M., 2006. [Dorokhov V.B. Mechanisms of operator’s
errors during falling asleep. Dr. Hab. Dis. Moscow, 2006.]

MukpocoH: aHanu3 ocobeHHocTell u3MeHeHHit D3I NpH ICHXOMOTOPHBIX Hapy-
mennsix / Tkauenko O.H., JlaBposa T.II., Jfopoxos B.B. u np. // XKypuan Bbic-
et HepBHOH nesrensHoctd uMm. LI IMaBmosa. 2013. T. 63. Ne 1. C. 141-153.
[Tkachenko O.N., Lavrova T.P., Dorokhov V.B. et al. Microsleep: Analysis of EEG
changes during psychomotor errors. I.P. Pavlov Journal of Higher Nervous Activity.
2013. Vol. 63. No. 1. Pp. 141-151. (In Rus.)]

S AHanutmyeckune ob3opbl

D
—



ISSN 2500-2961 Environment and Human: Ecological Studies. 2020. Vol. 10. No. 4

AHanuTyeckmne 0630pbl

502

ITporHo3upoBaHNE MOMEHTOB KPUTHYECKOTO CHIIKEHMS YPOBHS OOIPCTBOBAHHS
[0 II0Ka3aTelsIM 3pUTEIbHO-MOTOpPHOU KoopiauHaumu / ApcenseB I'.H., Tkauen-
ko O.H., Yxpaunuesa 10.B., lopoxos B.b. // XKypHan BeicIIeii HEpBHOI IesTEIBHO-
ctu um. WL.I1. TTaBnoBa. 2014. T. 64. Ne 1. C. 64-76. [Arsenyev G.N., Tkachenko O.N.,
Ukraintseva J.V., Dorokhov V.B. Prediction of critical alertness decrease using eye-
motor coordination indices. L.P. Pavlov Journal of Higher Nervous Activity. 2014.
Vol. 64. No. 1. Pp. 64-76. (In Rus.)]

Coxkonor E.H. Bocnpusitue u ycnoBHblil peduexc. M., 1958. [Sokolov E.N.
Vospriyatie i uslovnyy refleks [Perception and behaviour reflex]. Moscow, 1958.]

TenemexaHudeckass CHCTeMa KOHTpoJisi OoxpcTBoBaHMs Mamunucra / Byra-
eB A.C., T'epyc C.B., [lementuenko B.B. u np. // Bromnerenb OObeIMHEHHOTO
yaeHoro coBeta OAO «PX». 2017. Ne 2. C. 21-41. [Bugayev A.S., Gerus S.V.,
Dementienko V.V. et al. Telemechanical system of locomotive drivers’ alertness
monitoring. Organization of the JSC Bulletin. 2017. Vol. 2. Pp. 21-41. (In Rus.)]

Trayenko O.H. ®Pu3MOJIOTHYECKHE I0KA3aTEIH JPEMOTHOTO COCTOSIHHS IIpU
BBINOJHEHUH MOHOTOHHOH OIepaTopcKoi nesrenbHocT: Jduc. ... kaHa. OMoi. Hayk.
M., 2012. [Tkachenko O.N. Physiological indices of drowsiness during monotonous
operator activity. PhD Dis. Moscow, 2012.]

Txauenko O.H., HopoxoB B.b., CeemnukoB J[.C. ®usnonornyeckue Koppeis-
TBI JPEMOTHOT'O COCTOSIHHS TIPU BBIIIOJIHEHHH MOHOTOHHOM OIEPaTOpCKOil AesTelb-
HoctH // BectHuk MITY um. M.A. lllonoxoBa. Cepusi «llemarornka u mcuxoino-
rus». 2015, Ne 2. C. 84-92. [Tkachenko O.N., Dorokhov V.B., Sveshnikov D.S.
Physiological correlates of drowsiness during monotonous operator activity. Pedagogy
and Psychology of Education. 2015. No. 2. Pp. 84-92. (In Rus.)]

Abtahi F., Anund A., Fors C. et al. Association of drivers’ sleepiness with heart
rate variability: A pilot study with drivers on real roads. I[FMBE Proceedings. 2017.
Pp. 149-152.

Al-Shargie F., Tariq U., Mir H. et al. Vigilance decrement and enhancement
techniques: A review. Brain Sciences. 2019. Vol. 9. No. 8. P. 178.

Annarumma L., D’Atri A., Alfonsi V., De Gennaro L. The efficacy of transcranial
current stimulation techniques to modulate rsting-state EEG, to affect vigilance and
to promote sleepiness. Brain Sciences. 2018. Vol. 8. No. 7. P. 137.

Arrabito G.R., Ho G., Aghaei B. et al. Effects of vibrotactile stimulation for
sustaining performance in a vigilance task: A pilot study. Proceedings of the Human
Factors and Ergonomics Society Annual Meeting. 2011. Vol. 55 (1). Pp. 1160-1164.

Ayeni A., Beghal G.S., Pengo M.F. et al. Self-reported sleepiness in the context
of fitness-to-drive. Sleep and Breathing. 2019. No. 23. Pp. 1227-1232.

Babulka P., Berkes T., Szemerszky R., Koteles F. No effects of rosemary and
lavender essential oil and a placebo pill on sustained attention, alertness, and heart
rate. Flavour and Fragrance Journal. 2017. Vol. 32. No. 4. Pp. 305-311.

Baek H., Min B.-K. Blue light aids in coping with the post-lunch dip: An EEG
study. Ergonomics. 2015. Vol. 58. No. 5. Pp. 803-810.

Barker S., Grayhem P., Koon J. et al. Improved performance on clerical tasks
associated with administration of peppermint odor. Perceptual and Motor Skills. 2003.
Vol. 97. No. 3. Pp. 1007-1010.

Baron R.A., Kalsher M.J. Effects of a pleasant ambient fragrance on simulated
driving performance. Environment and Behavior. 1998. Vol. 30. No. 4. Pp. 535-552.

Baron R.A., Thomley J. A whiff of reality. Environment and Behavior. 1994.
Vol. 26. No. 6. Pp. 766-784.



CoumanbHo-aKkonornyeckme texHonorun. 2020. T. 10. N2 4

Beaven C. M., Ekstrom J. A comparison of blue light and caffeine effects
on cognitive function and alertness in humans. PLoS ONE. 2013. Vol. 8. No. 10.
P. e76707.

Biondi F., Leo M., Gastaldi M. et al. How to drive drivers nuts. Transportation
Research Record: Journal of the Transportation Research Board. 2017. Vol. 2663.
Pp. 34-39.

Cajochen C., Miinch M., Kobialka S. et al. High sensitivity of human melatonin,
alertness, thermoregulation, and heart rate to short wavelength light. The Journal
of Clinical Endocrinology, Metabolism. 2005. Vol. 90. No. 3. Pp. 1311-1316.

Calhoun G.L., Fontejon J.V., Draper M.H. et al. Tactile versus aural redundant
alert cues for UAV control applications. Proceedings of the Human Factors and
Ergonomics Society Annual Meeting. 2004. Vol. 48. No. 1. Pp. 137-141.

Capalar J., Olaverri-Monreal C. Hypovigilance in limited self-driving automation:
Peripheral visual stimulus for a balanced level of automation and cognitive workload.
IEEE 20th International Conference on Intelligent Transportation Systems (ITSC).
2017. DOI: 10.1109/ITSC.2017.8317925

Chang A.-M., Aeschbach D., Duffy J.F., Czeisler C.A. Evening use of light-
emitting eReaders negatively affects sleep, circadian timing, and next-morning
alertness. Proceedings of the National Academy of Sciences. 2014. Vol. 112. No. 4.
Pp. 1232-1237.

Chellappa S.L., Steiner R., Blattner P. et al. Non-visual effects of light on melatonin,
alertness and cognitive performance: Can blue-enriched light keep us alert? PLoS
ONE. 2011. Vol. 6. No. 1. P. ¢16429.

Cisler D., Greenwood P.M., Roberts D.M. et al. Comparing the relative strengths
of EEG and low-cost physiological devices in modeling attention allocation
in semiautonomous vehicles. Frontiers in Human Neuroscience. 2019. Vol. 13.

Collet C., Musicant O. Associating vehicles automation with drivers functional
state assessment systems: A challenge for road safety in the future. Frontiers
in Human Neuroscience. 2019. Vol. 13.

Daneault V., Hébert M., Albouy G. et al. Aging reduces the stimulating effect
of blue light on cognitive brain functions. Sleep. 2014. Vol. 37. No. 1. Pp. 85-96.

Dibben N., Williamson V.J. An exploratory survey of in-vehicle music listening.
Psychology of Music. 2007. Vol. 35. No. 4. Pp. 571-589.

Dmitrenko D., Maggioni E., Obrist M. Towards a framework for validating
the matching between notifications and scents in olfactory in-car interaction. Extended
Abstracts of the 2019 CHI Conference on Human Factors in Computing Systems.
2019. DOLI: 10.1145/3290607.3313001

Dmitrenko D., Vi C.T., Obrist M. A comparison of scent-delivery devices and their
meaningful use for in-car olfactory interaction. Proceedings of the 8th International
Conference on Automotive User Interfaces and Interactive Vehicular Applications.
2016. DOIL: 10.1145/3003715.3005464

Domagalik A., Oginska H., Beldzik E. et al. Long-term reduction of short-
wavelength light affects sustained attention and visuospatial working memory with
no evidence for a change in circadian rhythmicity. Front Neurosci. 2020. Vol. 3.
No. 14. P. 654.

Dorokhov V.B., Arsenyev G.N., Tkachenko O.N. et al. A psychomotor test
for assessment of visuomotor coordination during performance of a monotonous
target-tracking ativity. Neuroscience and Behavioral Physiology. 2013. Vol. 43.
No. 1.

AHanuT1ueckre 0630pbl

503



ISSN 2500-2961 Environment and Human: Ecological Studies. 2020. Vol. 10. No. 4

AHanuTyeckmne 0630pbl

504

Fagerlonn J., Lindberg S., Sirkka A. Graded auditory warnings during in-vehicle
use. Proceedings of the 4th International Conference on Automotive User Interfaces
and Interactive Vehicular Applications. 2012. Pp. 85-91. DOI: 10.1145/2390256.
2390269

Faraut B., Andrillon T., Drogou C. et al. Daytime exposure to blue-enriched
light counters the effects of sleep restriction on cortisol, testosterone, alpha-amylase
and executive processes. Frontiers in Neuroscience. 2020. Vol. 13. DOI: 10.3389/
fnins.2019.01366

Farooq A., Evreinov G., Raisamo R. Reducing driver distraction by improving
secondary task performance through multimodal touchscreen interaction. SN Applied
Sciences. 2019. Vol. 1. No. 8.

Fitri L.L., Chusnia C., Suprijanto. Blue light exposure and visual distraction effect
of the cognition brain waves of driver in car simulator at night. JOP Conf. Series:
Earth and Environmental Science 197.2018. DOI: 10.1088/1755-1315/197/1/012051

Funato H., Yoshikawa M., Kawasumi M. et al. Stimulation effects provided
to drivers by fragrance presentation considering olfactory adaptation. 2009 [EEE
Intelligent Vehicles Symposium. 2009. DOI: 10.1109/1VS.2009.5164396

Garcia-Argibay M., Santed M.A., Reales J.M. Binaural auditory beats affect long-
term memory. Psychological Research. 2019. No. 83. Pp. 1124-1136. DOI: 10.1007/
s00426-017-0959-2

Gray J. A. Elements of a two-process theory of learning. London, 1975.

Hecht T., Feldhiitter A., Radlmayr J. et al. A review of driver state monitoring
systems in the context of automated driving. Proceedings of the 20th Congress
of the International Ergonomics Association (IEA 2018). 2018. Pp. 398-408.

Hendricks D.L., Freedman M., Page J.F. et al. The relative frequency of unsafe
driving in serious traffic crashes. Summary Technical Report. 2001. URL: https://
one.nhtsa.gov/people/injury/research/udashortrpt/documentation_page.html (date
of access: 09.04.2020).

Heuberger E., Ilmberger J. The influence of essential oils on human vigilance.
Natural Product Communications. 2010. Vol. 5. No. 9. DOI: 10.1177/1934578X10
00500919.

Hogema J.H., De Vries S.C., Van Erp J.B.F., Kiefer R.J. A tactile seat for direction
coding in car driving: Field evaluation. EEE Trans. Haptics. 2009. Vol. 2. No. 4.
Pp. 181-188.

Hoult L., Longstaff L., Moss M. Prolonged low-level exposure to the aroma
of peppermint essential oil enhances aspects of cognition and mood in healthy adults.
American Journal of Plant Sciences. 2019. Vol. 10. Pp. 1002-1012.

Ilmberger J. The influence of essential oils on human attention. I: Alertness.
Chemical Senses. 2001. Vol. 26. No. 3. Pp. 239-245.

Kalisch T., Kattenstroth J.-C., Kowalewski R. et al. Cognitive and tactile factors
affecting human haptic performance in later life. PLoS ONE. 2012. Vol. 7. No. 1. DOI:
10.1371/journal.pone.0030420

Kiessling S., Sollars P.J., Pickard G.E. Light stimulates the mouse adrenal
through a retinohypothalamic pathway independent of an effect on the clock
in the suprachiasmatic nucleus. PLoS One. 2014. Vol. 9. DOI: 10.1371/journal.
pone.0092959

Kimberly B., James R.P. Amber lenses to block blue light and improve
sleep: A randomized trial. Chronobiology International. 2009. Vol. 26. No. 8.
Pp. 1602-1612.



CoumanbHo-aKkonornyeckme texHonorun. 2020. T. 10. N2 4

Korber M., Cingel A., Zimmermann M., Bengler K. Vigilance decrement and
passive fatigue caused by monotony in automated driving. Procedia Manufacturing.
2015. Vol. 3. Pp. 2403-2409.

Krausman A., Elliott L.R., Pettit R. Effects of visual, auditory, and tactile
alerts on platoon leader performance and decision-making. Army Res. Lab. 2005.
Rep. ARL-TR-3999. URL: https://www.researchgate.net/publication/235171997_
Effects_of Visual_Auditory_and_Tactile_Alerts_on_Platoon_Leader_Performance_
and_Decision_Making (date of access: 09/04/2020)

Kundinger T., Riener A., Sofra N., Klemens W. Drowsiness detection and
warning in manual and automated driving: Results from subjective evaluation.
Proceedings of the 10th International ACM Conference on Automotive User
Interfaces and Interactive Vehicular Applications. 2018. September. Pp. 229-236.
DOI: 10.1145/3239060.3239073

Kyriakidis M., Happee R., de Winter J.C.F. Public opinion on automated driving:
Results of an international questionnaire among 5000 respondents. Transportation
Research. Part F: Traffic Psychology and Behaviour. 2015. Vol. 32. Pp. 127-140.

Landstrom U., Englund K., Nordstrom B., Stenudd A. Laboratory studies
on the effects of temperature variations on drowsiness. Perceptual and Motor Skills.
1999. Vol. 89. 3 suppl. Pp. 1217-1229.

Landstrom U., Englund K., Nordstrom B., Stenudd A. Use of temperature
variations to combat drivers’ drowsiness. Percept. Mot. Skills. 2002. Vol. 95. No. 2.
Pp. 497-506.

Lane J.D., Kasian S.J., Owens J.E., Marsh G.R. Binaural auditory beats affect
vigilance performance and mood. Physiology, Behavior. 1998. Vol. 63. No. 2.
Pp. 249-252.

Lim J.-H., Kim H., Jeon C., Cho S. The effects on mental fatigue and the cognitive
function of mechanical massage and binaural beats (brain massage) provided
by massage chairs. Complementary Therapies in Clinical Practice. 2018. Vol. 32.
Pp. 32-38.

Lockley S.W., Brainard G.C., Czeisler C.A. High sensitivity of the human circadian
melatonin rhythm to resetting by short wavelength light. The Journal of Clinical
Endocrinology, Metabolism. 2003. Vol. 88. No. 9. Pp. 4502-4502.

Loffler B.S., Stecher H.I., Fudickar S. et al. Counteracting the slowdown
of reaction times in a vigilance experiment with 40 Hz transcranial alternating current
stimulation. /EEE Transactions on Neural Systems and Rehabilitation Engineering.
2018. No. 26 (10). Pp. 2053-2061. DOI: 10.1109/TNSRE.2018.2869471

Lwin M.O., Malik S., Neo J.R.J. Effects of scent and scent emission methods:
Implications on workers’ alertness, vigilance, and memory under fatigue conditions.
Environment and Behavior. 2020. DOI: 10.1177/0013916520940804

Ma Z., Liu Y., Ye D., Zhao L. Vibrotactile wristband for warning and cuiding
in automated vehicles. Extended Abstracts of the 2019 CHI Conference on Human
Factors in Computing Systems. 2019. May. Paper No. LBW2220. Pages 1-6. DOI:
10.1145/3290607.3312819

Mahachandra M., Yassierli, Garnaby E.D. The effectiveness of in-vehicle
peppermint fragrance to maintain car driver’s alertness. Procedia Manufacturing.
2015. Vol. 4. Pp. 471-477. DOI: 10.1016/j.promfg.2015.11.064

Manuel S.J., Syazwan M., Han C.W. et al. Peppermint and lavender essential
oils: Are they therapeutic aromas for attention and memory? The Internet Journal
of Alternative Medicine. 2014. Vol. 9. Ne 1.

AHanuT1ueckre 0630pbl

505



ISSN 2500-2961 Environment and Human: Ecological Studies. 2020. Vol. 10. No. 4

AHanuTyeckmne 0630pbl

506

Matsubara E., Fukagawa M., Okamoto T. et al. Volatiles emitted from the leaves
of Laurus nobilis L. improve vigilance performance in visual discrimination task.
Biomedical Research. 2011. Vol. 32. No. 1. Pp. 19-28.

Millot J.-L., Brand G., Morand N. Effects of ambient odors on reaction time
in humans. Neuroscience Letters. 2002. Vol. 322. No. 2. Pp. 79-82.

Minguillon J., Lopez-Gordo M.A., Pelayo F. Trends in EEG-BCI for daily-life:
Requirements for artifact removal. Biomed. Signal Process. Control. 2017. Vol. 31.
Pp. 407-418.

Moller H.J., Kayumov L., Bulmash E.L. et al. Simulator performance, microsleep
episodes, and subjective sleepiness: Normative data using convergent methodologies
to assess driver drowsiness. Journal of Psychosomatic Research. 2006. Vol. 61.
Pp. 335-342.

Mortazavi S.A.R., Parhoodeh S., Hosseini M.A. et al. Blocking short-wavelength
component of the visible light emitted by smartphones’ screens improves human sleep
quality. J. Biomed. Phys. Eng. 2018. Vol. 8. No. 4. Pp. 375-380.

Moss M., Earl V., Moss L., Heffernan T. Any sense in classroom scents? Aroma
of rosemary essential oil significantly improves cognition in young school children.
Advances in Chemical Engineering and Science. 2017. Vol. 7. No. 4.

Moss M., Pewitt S., Moss L., Wesnes K. Modulation of cognitive performance
and mood by aromas of peppermint and ylang-ylang. International Journal
of Neuroscience. 2008. Vol. 118. No. 1. Pp. 59-77.

Nelson J.T., McKinley R.A., Golob E.J. et al. Enhancing vigilance in operators
with prefrontal cortex transcranial direct current stimulation (tDCS). Neuroimage.
2015. Vol. 85 No. 3. Pp. 909-917.

Oken B.S., Salinsky M.C., Elsas S.M. Vigilance, alertness, or sustained attention:
Physiological basis and measurement. Clinical Neurophysiology. 2006. Vol. 117.
No. 9. Pp. 1885-1901.

Otte D., Pund B., Jinsch M. A new approach of accident causation analysis
by seven steps ACASS. Proceedings of the International Technical Conference
on the Enhanced Safety of Vehicles. Stuttgart, 2009.

Parasuraman R. The attentive brain. Cambridge, MA, 1998.

Prewett M.S., Elliott L.R., Walvoord A.G., Coovert M.D. A meta-analysis
of vibrotactile and visual information displays for improving task performance. /[EEE
Transactions on Systems, Man, and Cybernetics. Part C (Applications and Reviews).
2012. Vol. 42. No. 1. Pp. 123-132.

Purawijaya D.A., Fitri L.L., Suprijanto. Evaluation of blue light exposure
to beta brainwaves on simulated night driving. AIP Conference Proceedings. 2015.
Vol. 1677. Issue 1. DOI: 10.1063/1.4930757

Reyner L.A., Horne J.A. Evaluation of “in-car” countermeasures to sleepiness:
Cold air and radio. Sleep. 1998. Vol. 21. No. 1. Pp. 46-50.

Sagaspe P., Taillard J., Chaumet G. et al. Aging and nocturnal driving:
Better with coffee or a nap? A randomized study. Sleep. 2007. Vol. 30. No. 12.
Pp. 1808-1813.

Sakamoto R., Minoura K., Usui A. et al. Effectiveness of aroma on work efficiency:
Lavender aroma during recesses prevents deterioration of work performance.
Chemical Senses. 2005. Vol. 30. No. 8. Pp. 683-691.

Sawyer B., Teo G., Mouloua M. Drive ID: Safety innovation through individuation.
Work. 2012. Vol. 41 (Suppl 1). Pp. 4273-4278.



CoumanbHo-aKkonornyeckme texHonorun. 2020. T. 10. N2 4

Schmidt E., Bullinger A.C. Mitigating passive fatigue during monotonous drives
with thermal stimuli: Insights into the effect of different stimulation durations. Accid
Anal Prev. 2019. May. No. 126. Pp. 115-121.

Schmidt E., Decke R., Rasshofer R., Bullinger A.C. Psychophysiological
responses to short-term cooling during a simulated monotonous driving task. Applied
Ergonomics. 2017. Vol. 62. Pp. 9-18.

Schmidt E., Schrauf M., Simon M. et al. Drivers’ mis-judgement of vigilance state
during prolonged monotonous daytime driving. Accid Anal Prev. 2009. No. 41 (5).
Pp. 1087-93. DOI: 10.1016/j.aap.2009.06.007

Scott J.J., Gray R. A comparison of tactile, visual, and auditory warnings for
rear-end collision prevention in simulated driving. Human Factors: The Journal
of the Human Factors and Ergonomics Society. 2008. Vol. 50. No. 2. Pp. 264-275.

Shimizu K., Gyokusen M., Kitamura S. et al. Essential oil of lavender inhibited
the decreased attention during a long-term task in humans. Bioscience, Biotechnology,
and Biochemistry. 2008. Vol. 72. No. 7. Pp. 1944-1947.

Singh R.R., Conjeti S., Banerjee R. A comparative evaluation of neural network
classifiers for stress level analysis of automotive drivers using physiological signals.
Biomedical Signal Processing and Control. 2013. Vol. 8. No. 6. Pp. 740-754.

Solca M., Mottaz A., Guggisberg A.G. Binaural beats increase interhemispheric
alpha-band coherence between auditory cortices. Hearing Research. 2016. Vol. 332.
Pp. 233-237.

Taillard J., Capelli A., Sagaspe P. et al. In-car nocturnal blue light exposure
improves motorway driving: A randomized controlled trial. PLoS ONE. 2012. Vol. 7.
No. 10. P. e46750.

Telpaz A., Rhindress B., Zelman 1., Tsimhoni O. Haptic seat for automated driving.
Proceedings of the 7th International Conference on Automotive User Interfaces and
Interactive Vehicular Applications. 2015. DOI: 10.1145/2799250.2799267

Unal AB., de Waard D., Epstude K., Steg L. Driving with music: Effects
on arousal and performance. Transportation Research Part F: Traffic Psychology and
Behaviour. 2013. Vol. 21. Pp. 52-65.

Van Veen S. Driver vitalization: Investigating sensory stimulation to achieve
a positive driving experience. PhD Thesis. TU Delft. 2016.

Vandewalle G., Gais S., Schabus M. et al. Wavelength-dependent modulation
of brain responses to a working memory task by daytime light exposure. Cerebral
Cortex. 2007. Vol. 17. No. 12. Pp. 2788-2795.

Viola A.U., James L.M., Schlangen L.J.M., Dijk D.-J. Blue-enriched white light
in the workplace improves self-reported alertness, performance and sleep quality.
Scand J. Work Environ Health. 2008. Vol. 34. No. 4. Pp. 297-306.

Warm J.S., Sullivan T.E., Peterson S.J. et al. Effects of olfactory stimulation
on the vigilance performance of individuals with brain injury. Journal of Clinical
and Experimental Neuropsychology (Neuropsychology, Development and Cognition:
Section 4). 1998. Vol. 20. No. 2. Pp. 227-236.

Watling C.N., Smith S.S., Horswill M.S. Stop and revive? The effectiveness
of nap and active rest breaks for reducing driver sleepiness. Psychophysiology. 2014.
Vol. 51. No. 11. Pp. 1131-1138.

Wehlack V. Automated driving: Development of a drowsiness management
concept and evaluation of related key elements. Dr.-Ing. Dis. Technischen Universitat
Miinchen. 2020.

AHanuT1ueckre 0630pbl

507



ISSN 2500-2961 Environment and Human: Ecological Studies. 2020. Vol. 10. No. 4

AHanuTyeckmne 0630pbl

508

West K.E., Jablonski M.R., Warfield B. et al. Blue light from light-emitting diodes
elicits a dose-dependent suppression of melatonin in humans. Journal of Applied
Physiology. 2011. Vol. 110. No. 3. Pp. 619-626.

Wolfe D.E., Noguchi L.K. The use of music with young children to improve
sustained attention during a vigilance task in the presence of auditory distractions.
Journal of Music Therapy. 2009. Vol. 46. No. 1. Pp. 69-82.

Wright N., McGown A. Vigilance on the civil flight deck: Iincidence of sleepiness
and sleep during long-haul flights and associated changes in physiological parameters.
Ergonomics. 2001. Vol. 44. No. 1. Pp. 82-106.

Yoshida M., Kato C., Kakamu Y. et al. Study on stimulation effects for driver
based on fragrance presentation. MVA2011. IAPR Conference on Machine Vision
Applications. 2011.

Yusof N.Md., Karjanto J., Terken J.M.B. et al. Gaining situation awareness through
a vibrotactile display to mitigate motion sickness in fully-automated driving cars.
International journal of automotive and mechanical engineering (IJAME). 2020.
Vol. 17. No. 1. Pp. 7771-7783.

Zhang S., Wang D., Afzal N. et al. Rhythmic haptic stimuli improve short-term
attention. /EEE Transactions on Haptics. 2016. Vol. 9. No. 3. Pp. 437-442.

Zhang R., Yang Y., Fang Q. et al. Effect of indoors artificial lighting conditions
on computer-based learning performance. International Journal of Environmental
Research and Public Health. 2020. Vol. 17. No. 7. P. 2537.

CraTtba noctynuna B pegaxumio 21.08.2020, npuHaTa K ny6nukaumm 14.10.2020
The article was received on 21.08.2020, accepted for publication 14.10.2020

Cseperua 06 aBTopax / About the authors

Tkauenko Ouabra HukonaeBHa — xaHIMIAT OMOJOTMYECKHX HAYK; HAYYHBI
COTPYAHUK JlabopaTopun HelipoOuonoruu cHa u 6oapcTBoBaHus, VIHCTHTYT BBICIIEi
HEpBHOU JesiTenbHOCTH 1 Helipodusunonorun PAH, r. Mocksa

Olga N. Tkachenko — PhD in Biology; research fellow at the Laboratory
of Sleep and Wakefulness Neurobiology, Institute of Higher Nervous Activity and
Neurophysiology, Russian Academy of Science, Moscow

ORCID: https://orcid.org/0000-0002-5100-8980

E-mail: tkachenkoon@gmail.com

JopoxoB Biaagumup BopucoBuy — 10KTOp OMOIOTHYECKUX HAYK; 3aBETYFOIIHHA
nabopaTopueil HeiipoOuonorun cHa U 0oJapcTBoBaHMs, VIHCTUTYT BBICIICH HEpBHOU
JeATeIbHOCTH U Helipodusnonornn PAH, r. Mocksa

Vladimir B. Dorokhov — Dr. Hab. in Biology; head at the Laboratory
of Neurobiology of Sleep and Wakefulness, Institute of Higher Nervous Activity and
Neurophysiology, Russian Academy of Science, Moscow

ORCID: https://orcid.org/0000-0003-3533-9496
E-mail: vbdorokhov@mail.ru



CoumanbHo-aKkonornyeckme texHonorun. 2020. T. 10. N2 4

Basepuii BacuibeBnu JleMeHTHEHKO — JOKTOp TEXHHYECKHMX HAYK; BETYLIHH
Hay4HbIH COTPYIHMK JIaOOPAaTOPUM MEAUIMHCKOH 3J1eKTpoHHKH, VHCTHTYT paamno-
TEXHUKH U 27ekTpoHuku umenn B.A. Korensuukosa PAH, r. Mocksa

Valeriy V. Dementienko — Dr. Hab. in Engineering Science; leading research
fellow at the Laboratory of Medical Electronics, Kotelnikov Institute of Radio
Engineering and Electronics, Russian Academy of Science, Moscow

ORCID: https://orcid.org/0000-0003-0488-7334
E-mail: dementienko@neurocom.ru

3aABNEeHHbIV BKNaJ aBTOPOB

O.H. TkaueHKo — aHAIN3 HCTOYHUKOB Pa3/IesIOB «3araxoBasi CTHMYIIIHD), «Buo-
POCTUMYJISIIUSDY

B.b. J/lopoxoB — aHaynm3 HCTOYHUKOB pazjelia «KopoTKOBOIIHOBOW CBET»

B.B. /leMeHTHEHKO — aHAINU3 MCTOYHUKOB Pa3lesioB «CHIDKEHHE TeMIIEpaTypbl
OKPY’KaIoIIeH Cpeas, « Ay THOCTUMYIISIIUSDY

Contribution of the authors

O.N. Tkachenko — analysis of the sources of the sections “Smell stimulation”,
“Vibration stimulation”

V.B. Dorokhov — analysis of sources of the section “Shortwave light”

V.V. Dementienko — analysis of the sources of the sections “Reducing the ambient
temperature”, “Audio stimulation”

Bce aBTOpbI NpounTany 1 ofo6pYIN OKOHYATENbHbIV BapUAHT PYKOMMCK
All authors have read and approved the final manuscript

(94

pbl

S AHanuTnyeckre 0630

O



