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PecbepaT: C nepBbIX aKcneauumii agantaums ux Y4aCTHMKOB K CYpOBbIM YCIOBUAM AHTapKTVIﬂ,bI conpoBoXxaanacb *anobamu
Ha HapyleHusa CHa. B xope anutenbHoro npe6b|Bava Ha KOHTUHEHTE NONAPHUKM noaBeprarTcA BO3AENCTBUIO BonbLIOro Konu-
4YecTBa OJKCTpeMalibHbIX CbaKTOpOB Opr)KalOLIJ,eVI cpedbl Kak Ha CTaHuuu, Tak U BHE ee npenenos, HO OCHOBHbIMU dmsmqec-
KUMW NpUHnHaMu, Bbi3bIBAaOWMMKN HapyLeHUa CHa, NPUHATO CHUTaTb 0COBEHHOCTU OCBELLEHHOCTU 1 CbOTOI'IepMOﬂ,a. B nocnepHee
Bpema bonee npucrtanbHoOe€ BHUMaHuWE yaenderca BbIACHEHUIO PO MCUXOMOrM4yecKkon agantaumm K ycnoBuam AHTapKTMﬂ,bI Cc
Y4€TOM KNU3HU B manow roynne v 3aMKHYTOM MpPOCTPaHCTBE. CyIJ.l,eCTBleU.I,VIe MeToAbl MPOTUBOAENCTBUSA HapyLweHunam CHa,
B NepByw o4epenb, BKMKOYAKT MaHUNynupoBaHWe nNapaMeTpaMmu OCBELLEeHHOCTH, I'pa(bVIKOM paGOTbI n otabixa. TwartenbHbIn
npenBapuTenbHbIN OT60p Y4acCTHUKOB AO514 co3faHua HeobX0AMMOro MCUMXOMNOrMYeckoro KnvMmara, YYeT reHaepHblX U MynbTUKYIb-
TYPHbIX ocobeHHOCTEN ajanTauun TakkKe MOXHO paccMaTpmBatb C NO3NULUUN NPEBEHTUBHbLIX Mep. anI 3TOM MU3y4YEeHU0 ponu
«HEOCHOBHbIX» CbaKTOpOB (XpOHOTVII'I, NIMYHOCTHbIE 4epTbl U ocobeHHoCTH nepcoHarnbHON afanTauum K SKCTpPeMaribHbIM yc-
nosmnam AHTapKTVI,CI,bI), a TakKke BblIHYXOEHHOro KOHTaKTa C XOnoAoM, BIUAKWKWMX Ha COH, yaendetcda He3Ha4dyuTeribHOe BHUMa-
Hue.

KniouyeBble cnoBa: AHTapKTVI,D,a, COH, HapyLlleHunsa cHa, LlVIpKaﬂ,HbIVI PUTM, HU3KME TemnepaTypbl.

Pecpepat: 3 nepwmnx ekcneauuin agantauis iX y4aCHUKIB OO CyBOPWMX yMOB AHTapKTMAM COMNPOBOAXKYyBarnacb CKapramu Ha no-
pyLleHHs1 cHy. MpoTtsrom TpuBanoro nepebyBaHHS Ha KOHTUHEHTI MOMSIPHWKM MiAAATLCS BMMBY BEMUKOI KilbKOCTI €KCTpemManbHUX
hakTopiB OTOYYIOYOro cepedoBMLLa SIK B YMOBaX CTaHUjl, Tak i 3a ii MexaMu, ane OCHOBHUMWU Di3UMHUMU YMHHMKAMMU, SKi NPU3BO-
OSTb 10 MOPYLUEHHSI CHY, MPUHSATO BBaXaTu 0COBNMBOCTI OCBITNEHHOCTI i doTonepiogy. OcTaHHIM Yacom Ginblu npucTanbHa yeara
npuaINseTbCs BUSICHEHHIO POri NCUXOMOrivHOI aganTadii 40 yMOB AHTapKTMAM 3 ypaxyBaHHsIM nepebyBaHHs B yMOBax Maroi rpynu i
3aMKHEHOro cepefosuLLa. ICHyO4Ui MeToAM NPOTUAIT NOPYLUEHHSIM CHY, B MepLUy Yepry BKIOYaloTb MaHinynBaHHSA napameTpamu oc-
BITNEHHOCTI, rpadikoMm poGoTu Ta BiANOYMHKY. PeTenbHuin nonepefHint BiAGip yyYacHWKIB Ansi CTBOPEHHSI HeobXigHOro ncuxororiv-
HOrO KNUMaTy, BpaxoBYBaHHS FeHAEPHUX i MYyNbTUKYNBTYPHUX OCOBMMBOCTEN afanTalii TakoX MOxHa po3rnsgatv 3 noswuuii npe-
BEHTUBHMX Mip. [Mpy LbOMY BUBYEHHIO POfi «HEOCHOBHMX» (DAKTOPIB (XPOHOTWMN, OCOBMCTICHI pucu i 0cobnMBOCTI nepcoHanbHOI
apanTauii 4O ekcTpemarnbHUX YMOB AHTapKTUAM), @ TakoX BMMYLLEHOMO KOHTaKTY 3 XOro4oM, siki BNAUBaKTb Ha COH, HEe NPUAINSAETbLCS
3Ha4HoI yBaru.

KntoyoBi cnoBa: AHTapKTUAa, COH, MOPYLUEHHS CHY, LIMPKaAHUA PUTM, HU3bKi TeMnepaTtypu

Abstract: From the first expeditions, adaptation to the harsh environment of Antarctica, the expeditionists complained of a
trouble sleeping. During a long stay on the continent, the polar explorers are exposed to a large number of extreme environmental
factors both at the station and outside it, but the main physical factors of sleep disturbances are considered to be the pecu-
liarities of light and photoperiod. Recently, more attention has been paid to clarifying the role of psychological adaptation to the
Antarctica conditions, regarding the living in a small group and confined space. Existing methods to prevent the sleep disorders, first
of all, comprise the manipulating with light parameters, activity and rest schedules. A thorough preliminary selection of expedi-
tionists to establish the necessary psychological climate, thinking about gender and multicultural characteristics of adaptation
can also be considered with the perspective of preventive measures. At the same time, little attention is paid to the investigation
of the role of ‘non-core’ factors (chronotype, personality traits and features of personal adaptation to the extreme environment of
Antarctica), as well as forced contact with cold, affecting sleep.

Key words: Antarctica, sleep, sleep disturbances, circadian rhythm, low temperatures.
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[lepBoro uronst 1898 r. Bpau mepBoii Oenbruiic-
KOW aHTapKTHUecKoW skcneaunnu Ppenepuk Anb-
O0ept Kyk, Haxomsich Ha 3aTepPTOM BO JbJaX AAJICKO
3a TIOJIIPHBIM FOKHBEIM KpyroMm KopaOme «Belgicay
B Mope bemnmHcrayseHa, Hammcaa B CBOEM JTHEB-
HUKe: «B Hauaje HOYM MPAKTUYECKH HEBO3MOXKHO
YCHYTB, €CJIM MBI UM Ko(e, TO He CIajl COBCEM.
Korma ske MBI IOTpy>KaJIuCh B COH, TO OH OBLT TaKOU
DIyOOKWH, 9TO HAC C TPYAOM MOXHO OBUIO pa3ly-
outh» [19].

C Tex mop TPYOHOCTH C 3achIIaHHWEM, 3aJIepPiKKa
HACTYIUICHUSI CHa, CHWXeHue ero 3¢ddexkruBHOCTH
Y YMEHBIIICHUE JUTUTEIBHOCTH, a TAK)KE HEJOCTATOK
BOCCTaHOBUTENBHOU (yHKIMu cHa [8, 33, 46, 58,
70], ocTaroTcs OCHOBHBIMHU kaJI00aMU Ha 37I0POBbE
Y aHTapKTUYECKUX 3UMOBIIHKOB H MTOCIIE OKOHYAHUS
«TEPOMYECKOTO BEKAY.

B xome npeObIBAHWM B aHTApPKTUYECKHX 3KCIie-
TUIHSIX, 3UMOBIIHMKH TIOABEPTalOTCS BO3JEHCTBUIO
KOMOMHaUKM (HaKTOPOB, BKITIOYAIONIYIO KOJIcOaHUS
METEOPOIOTHIECKUX YyCIoBHUi [2, 3, 42], BBICOKYIO
3BYKOBYIO Harpysky [2, 3, 42], ©HBepCHUIO ce30Ha U
CABUT 4acoBoro mosca [8, 9], ocodbeHHocTu ororme-
puofa U CHEKTPAILHOTO COCTaBa CBETa B 3MMHUI/
JeTHU# ce3oH [8, 9, 49, 58], noBbiennyo YD-Ha-
IPY3Ky B MEPUOJ «OTKPBITUS 030HOBOU NBIPB» [42],
OTHOCHUTEIHHO HU3KYI0 (DU3MUYECKYI0 aKTHBHOCTH
[2, 3, 42], conuanbHyI0 U30JISAIUI0 B OTPAHHICHHOM
JKU3HEHHOM mpocTpaHcTse [33, 55, 70], ceHcopHYIO
1 CeKcyanbHyro AenpuBammm [33, 55, 70], a B psage
CIIydacB M HEHOPMHPOBAHHBIN Tpaduk paboTel Ha
MIPOTSHKCHNH Pa3HBIX MHTEPBAJIOB BpEeMeHH [2, 3, §, 9,
33, 42, 52, 58, 70]. Kakaplit U3 nepednciicHHBIX (hak-
TOPOB OTJICIBHO MOXKET BIUSITH Ha COH W IIMPKAJI-
HBIE PUTMbI OPraHK3Ma, YTO B CBOK) OUEPE/lb, MOXKET
HETaTUBHO OTPa3UThCS Ha (DU3MUYCCKOM M TICUXUYCC-
KOM COCTOSTHHY TIOJIIPHUKOB, TIPOU3BOJAUTEIBHOCTH HX
Tpy/a U aJianTaluy OPraHu3Ma B 1IEJIOM.

CylecTByeT MHEHUE, YTO IpPH COOTBETCTBYIO-
IeM MEIUIIMHCKOM W TICHXOJIOTHYECKOM OTOope
YYaCTHHKOB B aHTAPKTHUYCCKHE OHKCreaumuu [15]
U COONIOZICHUH pa3yMHO OOOCHOBAaHHOTO pacIo-
psaaka mas [12, 39, 68] Ha coBpeMeHHBIX KOoM(Op-
Ta0eJIbHBIX CTAHIUIX HAPYIICHUS CHA HE JIOJDKHBI
SIBIATBCSL OOIIEH dYepTOl TMOJSPHBIX DKCITCIUITHH.
Opnnako M. Zimmer u coaBT. B 0030pe [70] oTme-
TWJIM, YTO, HECMOTPS HAa 3HAYHUTEIBHBIC YIydllle-
HUE YCIIOBHIA XU3HU U PA0OTHI HA aHTAPKTHYECKUX
CTaHIMAX B MOCIIEIHUE TOMBI, HAPYIIEHUS CHA Y 3H-
MOBIIIMKOB OCTArOTCS HauboJiee pacrpoCTpaHCHHOMN
’kamo0oit u otMmeuarorcs B 40,9% wcciiemoBaHmii.

Hzmenenuss cna 6 Anmapxkmuoe. llepBoe monm-
rpadudeckoe uccienoBanue cHa [45], mpoBeneHHOE
B 1967 r. ma crannun Amundsen-Scott, pacrmoio-
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On June 1%, 1898, the physician of the first
Belgian Antarctic expedition, Frederick Albert
Cook, being in the Bellingshausen Sea on the
Belgica ship, ice-bound far beyond the southern
Antarctic circle, wrote in his diary: During the
carly part of the night it is next to impossible to
go to sleep, and if we did drink coffee we do not
sleep at all. When we do sink into a slumber, it is
so deep that we are not easily awakened [15].

Since then, difficulties with falling asleep, de-
laying the onset of sleep, reducing the duration
of sleep and reducing its effectiveness, as well as
the lack of restorative function of sleep [4, 29, 44,
57, 70], remain the main health complaints from
Antarctic winterers even after the end of the Heroic
Age of Antarctic exploration.

During their living in Antarctic expeditions,
the wintering crew members are exposed to a
combination of factors, including fluctuations in me-
teorological conditions [38—40], high sound load
[38-40], season inversion and jet lag [4, 5], the
features of photoperiod and spectral composition
of light in the winter / summer season [4, 5, 47,
57], increased UV load during the °‘the ozone
hole opening’ [39], relatively low physical activity
[38—40], social isolation in a confined living spa-
ce [29, 53, 70], sensory and sexual deprivation
[30, 53, 70], and in some cases an irregular
work schedule over different time intervals [4, 5,
29, 38-40, 50, 57, 70]. Each of these factors
can solely affect sleep and circadian rhythms of
a body, which in turn can negatively affect the
physical and mental state of polar explorers, their
productivity and adaptation as a whole.

There exists the opinion that with approp-
riate medical and psychological selection of the
participants for Antarctic expeditions [11] and fol-
lowing a reasonable daily routine [8, 35, 68] at
modern comfortable stations, sleep disturbances
should not be common feature of polar expedi-
tions. However, M. Zimmer et al. in a review
[70] noted that, despite significant improvements
in living and working conditions at Antarctic sta-
tions recently, the sleep disturbances among win
terers remain the most common complaint and
are reported in 40.9% of studies.

Changes in Sleep Patterns in Antarctica. The
first polygraphic study of sleep [43], performed
in 1967 at the Amundsen-Scott station, seated
at a 2,835 meters above sea level, demonstrated
that although the total sleep time (TST) did
not change, there was a delayed sleep onset, the
proportion of paradoxical sleep (PS) decreased, and
the 4" stage of slow-wave sleep (SWS) virtually
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JKEeHHOM Ha BbIcoTe 2835 M Haag ypoOBHEM MOpS
mokasaio, 4to, xots obmee Bpems cHa (OBC) He
M3MEHSJIOCh, BPeMsl OTXOAa KO CHY CMEINajioch Ha
Oomee mo3MHEE, yMEHBIIATIACh JONS TapajoKcab-
Horo cHa (I1C), a 4-s1 cTagus MeIJICHHOBOJIHOBOTO CHA
(MBC) mnpakrtudeckn ucdesana. [Ipym 3ToM YpOBEHB
MBC He mocTHran MCXOMHBIX 3HAYCHUN JaXe depe3
6 MecsIIeB TTOCTie BO3BpaIieHNs Ha bombiryro 3emitio,
YTO, TI0 MHEHHIO aBTOPOB, MOKET OBITH CBSI3aHO C JICH-
CTBHEM XPOHUYECKON THIO0APUIECKOM TUTIOKCHH.

Opnnako, P. Anderson u coaBrt. [7] moka3anu, 4To
MocJyie mepenera ce30HHBIX PaOOTHUKOB CO CTAHIIUH
McMurdo (ypoBeHb Mopsi) Ha cTaHIHI0O Amundsen—
Scott (BbicoKOrOphe) 3(D(EKTUBHOCTD CHA, a TaKKe
MPOLIEHT OOIPCTBOBAHUS, MOBEPXHOCTHOTO W TIIY-
6oxoro MBC wu IIC ma TpeTuit neHb mpeOBIBaHM
Ha BBICOKOTOPHE 3HAYMMO HE OTIMYAINCH MEXIY
BBJIETICHHBIMH TPYIIIIaMU C pa3BUTHEM H 0e3 pas-
BHUTHSI OCTPOM TOPHOU OOJIC3HH, XOTS CyOBEKTUBHOE
YXyAIIEHHE CHA OTMEYAIOCh B 00EHX TpyIax.

[Tonmncomuorpaduueckoe nccieqoBanne Ha CTaH-
uu Concordia (3233 M Hax ypoBHeM Mops) [39, 60]
YCTaHOBWJIO YBEIMYCHUE JaTEHTHOCTH HACTYIUICHUS
CHA ¥ KOJIMYECTBA OOCTPYKTHUBHBEIX PECIHPATOP-
HBIX COOBITHH BO cHe. [IposiBieHre mocaeHuX, UMe-
JI0 WHAMBHIyaTbHBIE OCOOCHHOCTH U OCTaBaIOCh
CTaOWJIBHBIM Ha MPOTSDKEHUM BCEro TpeOBbIBaHUS
B AHTapktune. HecMoTpsi Ha BbIpa)kKeHHOE WHIMBH-
IyaJbHOE pa3iuyhe B YA3BHUMOCTH K HapyIICHUSM
IBIXaHAA, y OONBIIMHCTBA YYaCTHUKOB HAa MPOTS-
KEHHH BCETO TepHojaa NMpeObIBaHWS BO BpEMs CHa
MPEBATUPOBAIO TEPHOANYECKOE [IbIXaHHE, KOINde-
CTBEHHBIE IIOKA3aTelH KOTOPOrO HE CHIDKAIHNCH K
OKoHYaHuio 3uMOBKH [60]. Cumrtaercs, 4To Cylile-
CTBYET TECHAsl KOPPENSAIHS MEKAY MEPUOANICCKUM
JBIXaHUEM BO CHE M KOJIMYSCTBOM HHJICKCOB TIPO-
OyxneHust [57], yBeInueHHE KOTOPHIX MOXKET Hapy-
marh KauecTBo cHa, ogHako OBC 3HaunMo He u3Me-
HSJIOCh U JIaK€ UMENI0 TECHJCHIMIO K YBEIUYCHUIO
C «MaKCUMYMOM) TTO3/THEN 3UMOH.

Creqyer OTMETHTH, YTO aOCOJIOTHOE OOJIBIIHH-
CTBO AHTAapKTHYECKHX CTAHIMH pAacrooKEeHO Ha
YpOBHE MOps, TMO3TOMY, HE TOABEpPras COMHEHHIO
pOJb TUMOOAPUU W THIIOKCHH B Pa3BUTHH BO3MOXK-
HBIX HApYyUIeHWH CHA, BHUMaHHWE OOJBIIMHCTBA HC-
cienoBaTelneil ObUIO aKIECHTHPOBAHO HA MOUCK JIPY-
rux ()aKTOPOB, BIHUSAIOIINX HA 3TU MPOIISCCHI.

WccnenoBanus Ha aHTapKTHYECKOW cTaHIuu Hal-
ley mokazanm, 4TO BBIPRXKEHHOE CHW)KCHHUE JOJU
MBC HaumHaJIOCh 3UMOH U MPOJOIKAIOCH JI0 JIEeTa,
0e3 muka B ceHTI0pe (BeCEeHHee PaBHOACHCTBHE).
N x0T cyOBEeKTMBHBIE OTYETHI O COCTOSHHHU CHA
OBLTH TIOJIOKUTEIHHBIMA (COH PETHCTPUPOBAJICS B
MPUBBIYHBIX TSI YYACTHHUKOB YCJIOBUSAX — KaXKIBIN
WCIIBITYEMBIM Cial B COOCTBEHHON KpOBAaTH), JOJIS
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disappeared. At the same time, the level of SWS
did not reach the initial values even 6 months
after returning to the mainland, which, as repor-
ted, was owing to chronic hypobaric hypoxia.

However, R. Anderson et al. [3] showed that
after the seasonal workers travelled from the
McMurdo station (sea level) to the Amundsen-Scott
station (highlands), the sleep efficiency, as well as
the percentage of wakefulness, light and deep SWS
as well as PS on the third day of stay in the high-
lands differed between the selected groups with
and without the development of acute mountain
sickness, although subjective sleep impairment was
noted in both groups.

A polysomnographic study at the Concordia sta-
tion (3,233 m above sea level) [35, 59] found an
increased latency of sleep onset and the number
of obstructive respiratory events. The manifes-
tation of the latter had individual characteristics
and remained stable throughout the stay in Antarc
tica. Despite a pronounced individual difference
in vulnerability to respiratory disturbances, the
periodic respiration prevailed in the majority of par-
ticipants when sleeping, the counts of which did
not decrease by the end of wintering [59]. It is
believed that there is a close correlation between
periodic breathing in sleep and the number of awake-
ning indices [36], an increase in which may im-
pair the sleep quality, but TST did not signifi-
cantly change and even tended to increase with
a ‘maximum’ in late winter.

It should be noted that the vast majority of
Antarctic stations are located at sea level, there-
fore, without questioning the role hypobaria and
hypoxia in the development of possible sleep
disorders, the attention of most researchers was
focused on the search for other factors affecting
these processes.

Studies at the Halley station demonstrated that
a pronounced decrease in the SWS proportion
started in winter and continued until the summer,
without any peak in September (spring equinox).
And although the subjective reports on the state
of sleep were positive (sleep was recorded in fa-
miliar conditions for the participants, i. e. each
subject slept in his own bed), the SWS proportion
reduced with a rise in its 2" stage. In summer, the-
re was an increase in TST and the number of PS
[46].

Polysomnographic studies at the Maitri station
in winter months showed a decrease in TST for
polar explorers; increase in sleep onset latency and
amount of wakefulness after the onset of sleep;
decreased sleep efficiency; a pronounced reduc-
tion in the duration of the 3™ and 4" stages of
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MBC ymeHbLIaNCh IpY YBETUUEHUH €0 2-1 CTaANH.
B nernee Bpems ormedanoch ysenmueHue OBC u
konuuectsa [1C [48].

IIpu monmucomHOrpadeckoM HCCIENOBaHUN Ha
cTaHIuy Maitri Bo BpeMs 3UMHHUX MECSIIEB Y TOJISp-
HHUKOB oTMedanoch ymensinenne OBC; yBenmnueHue
JATEeHTHOCTH HACTYIUICHHS CHA M KOoJM4ecTBa Oomp-
CTBOBaHUS IIOCTIE Havajla CHA; CHIKeHHEe 3hdek-
THBHOCTH CHA; BBIPA)KEHHOE COKpAIICHUE TUTEb-
HOocTH 3- U 4-i1 craguiit MBC u yBenudenue 1- u
2- cramuit, a taxxe npeacraBienHoctu I[IC [11,
12]. ABTOpBI MOJIATaIOT, YTO OCHOBHBIMH (hPaKTOpaMH,
Be3eIBaromMu m3MeHenne MBC wu TIC, gBasror-
Csl CHIDKCHHE (PM3MYECKOM aKTMBHOCTH M TOBBIIIE-
HUE CEHCOPHOW HMH(OPMALMOHHON HArpy3Kd Nepen
CHOM (TIPOCMOTP KHHOMDHUIHLMOB, YTEHHE, pa3HO-
00Opa3HbIE UTPHI U T.1.), COOTBETCTBEHHO.

Omnako A. Buguet u coaBt. [15] npu momuco-
MHOTpaUUECKOM HCCIEJOBAaHUN TOJTSIPHUKOB Ha
craammu Dumont d’Urville BeIssBHIN TeHIEHINIO HA
MPOTSDKEHUH 3UMOBKH K YBEITHYEHHUIO KOJMYECTBA
JIeNbTa-CHA Ha ()OHE YMEHBIICHHS JITUTEILHOCTH 1-
u 2-i craguit MBC. Ilpu 3TOM OTCyTCTBOBaiIM 3Ha-
yrMble u3MeHeHus1 npopomkutensHoct I1C, a ero
JIATEHTHOCTh, XOTSI M ObUIa B TpeAeiiaX HOPMBEI,
uMena HMHIUBHIyalbHbIE OCOOCHHOCTH pacmlpere-
nenus. Kpome toro, Tonmpko y omHOro (HamMeHee
aJalITUPOBAHHOTO YYaCTHHWKA) BPEMs CHa COKpalia-
JIOCh Ha TMPOTSKEHUU 3MMOBKH. ABTOPHI IMpeoia-
rafoT [15], MOCKOJIBEKY BCE€ YIACTHUKY CHIAA B CBOUX
COOCTBEHHBIX OTCEKaX, HU «3(h(deKTa IepBoi HOUMY,
HH «IOJSIPHOH WHCOMHHUWY», HU KaKUX-IHOO CBS3CH
MEXIy U3MEHEHHSAMH MaTTepHa CHa U METEOPOJIOTH-
YECKHMHU YCIOBHAMH OOHApyXeHO He ObUIo, W, He-
CMOTpsSl Ha BapHallid BPEMEHU CHA Ha MPOTSHKE-
HUU 3WMOBKH, 3WMOBIIMKH HE CTpajaid OT He-
JOCTaTKa CHa.

Tem He MeHee, TPOBEICHHBIE HEAaBHO BO BPEMS
3UMOBKHM Ha aHTapKTHueckol cranuuu Belgrano II
WICCIIEZIOBAaHUSI BBISBUIM YMEHBIICHHE TUTEIbHO-
CTH CHA 3UMOU (HIOJIb, TIOJISIPHAS HOYb) B CPEIHEM HA
9ac 10 CPaBHEHHIO C MAPTOM M HOSIOpEM IpH He3Ha-
YUMOM 3aJIepKKE€ BPEMEHU HacTyruieHus cHa. Ilpu
ATOM Y BOCHMHU M3 12 3MMOBIIUKOB (HAa OCHOBaHUH
JAHHBIX aKTUTPAQOB M OIMPOCHUKOB) BO BCE IIEPHO-
JIbI HAOMFOJICHHSI OTMEYAJICS. MUHUMYM OJIMH 3IH30]1
JTHEBHOTO CHA B HEJENIO, HACTYIJICHHE KOTOPOTo 3a-
Jep>KUBAIIOCH 3UMOM, UIMTEILHOCTh BO3pacTala, a
3((EeKTUBHOCTH TMOBBIIANACH. ABTOPHI IOJIATAIOT,
YTO YBEJIIMYEHHUE JUIUTENFHOCTH IHEBHOTO CHA MO-
KeT yKa3bIBaTh Ha pOCT JlaBiieHust cHa. Bonpoc o Tom
SIBIISICTCS. JIM YBEJIHYEHHUE ITUTEIFHOCTH THEBHOTO
CHa CIJIEJICTBHEM YKOPOUYEHHUS HOYHOTO WM Hao0o-
POT, OCTaeTcsi HeBBISICHEHHBIM, HO NPAKTHKY IHEB-
HOTO CHa, 10 MHEHHIO aBTOPOB, CIEAyeT paccma-
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SWS and an increase in the 1% and 2™ stages, as
well as the PS presence [7, 8]. The authors sug-
gest that the main factors causing a change in SWS
and PS are the reduced physical activity and an
increased load of sensory information before bed-
time (watching movies, reading, various games,
etc.), respectively.

However, A. Buguet et al. [11] during a poly-
somnographic study of polar explorers at the Du-
mont d’Urville station revealed a tendency during
winter to an increased delta sleep against the
background of a reduced duration of the 1% and
27 SWS stages. At the same time, there were no
strong changes in the PS duration and although
its latency was within the normal range, as well it
had individual distribution features. In addition,
only in one individual (least adapted participant)
the sleep time was reduced during the winter.
The authors suggest [11] that since all the participants
slept in their own compartments, neither the
“first night effect’, nor ‘polar insomnia’, nor any
connection between changes in the sleep pattern
and meteorological conditions were found, and
despite the variations in sleep time over winte-
ring, the winterers did not suffer from the sleep
lack.

However, the recent studies during the winte-
ring at the Belgrano II Station revealed a decrease
in average sleep time in winter (July, polar night)
by an hour if compared to March and November
with a slight delay in the sleep onset time. At
the same time, eight of 12 winterers (based on
actigraphs and questionnaires data) during all the
periods of observation had at least one episode
of daytime sleep per week, the onset of which
was delayed in winter, the duration and efficiency
increased. The authors believe that an increase
in daytime sleep may indicate a rise in sleep pres-
sure. The question of whether the increased dura-
tion of nap is a consequence of shortening night-
time or vice versa remains unclear, but the practice
of daytime sleep, as authors described, should
be considered as an important factor in planning
the organized activity of multicultural teams at
the station [20].

When comparing the sleep parameters of the
participants of the Japanese Antarctic expedition
(Syowa station) and residents of the Japanese
city of Kofu, it was revealed that in the first case,
there was a delayed sleep onset time in winter
and phase advance in summer, independently of
age and gender. In winter, the average number
of sleep episodes increased and synchronization
with a 24-hour period became more complica-
ted [60].
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TPUBATh B Ka4ECTBE BAXKHOTO (pakTopa MpH IUIAHU-
POBaHUU OPTaHW30BAHHOW AKTHBHOCTU MYJIBTHUKYIIb-
TYpPHBIX KOMaH]l Ha CTaHINH [24].

IIpu cpaBHeHMH TIapaMeTPOB CHA y yYaCTHHKOB
SITIOHCKOM aHTapKTUYCCKON DKCIICTUITUN (CTaHITUS
Syowa) u xkuTenel simoHckoro ropogaa Kody BbIse-
JIEHO, YTO y MEPBBIX HAauajo HACTYTUICHUS CHA 3UMOM
CMeInaioch Ha Oonee mo3nHee, a JeToM — Ha Ooree
paHHee BpeMms, KOTOpO€ HE 3aBHCEI0 OT BO3pacTta
U 1moja. 3UMOH yBEITMYUBAJIOCH CPEIHEE KOJINYecT-
BO 3IU30/I0OB CHA W YCJIOKHSIACH CHHXPOHU3AIUS
¢ 24-4acoBbIM niepuoaoM [61].

P. Gander u coaBt. [26] Ha OCHOBaHHMH aHAIIN3a
aKTUTPapUIECKUX NaHHBIX YCTAHOBWIIM, YTO TMOCIE
npuOBITHA B AHTApKTHIY JIETOM Yy 2/3 y4acTHHKOB
YXyAIIAICS COH, a CIIOKHOCTU C TIPOOYKICHHEM HC-
MBITEIBAIN Bce. Hanboree OonmbITHBIN 3UMOBIIUK (J1€-
TOM B TEPUOJ TOCTOSHHOTO OCBEIIEHHS) IMPHCIIO-
cabyMBajICs K PUTMY CHA JIeT4e, a caMble OOJIBbIIHE
CIIO)KHOCTH OTMEYAJIUCh Y y4YacTHHKAa C Hamboiee
3a/iep>KaHHBIM ITUPKaTHBIM puTMOM. [Ipu 3TOM puT™M
TEMIIEPaTyphl Tella, aKTHBHOCTH M YacCTOTBI Cep-
JICYHBIX COKPAICHUI 3aICP>KUBATTUCH HA J[BA Yaca o
OTHOIIICHUIO KO BPEMEHH HACTYIUICHUs cHa (TI0 Bpe-
Menu Hosoit 3enanaun).

W. Weymouth u coaBr. [66] npu uccieqoBaHUU
CHa C TOMOUIbIO AKTUTPpad)oB y CTYACHTOB-BOJOH-
TEpOB, MPHOBIBIINX B AHTAapKTUKY W MPOBEAIINX
7 Houed B mojeBOM Jyarepe B paiioHe Windless
Bight, k cBoeMy yauBIICHHIO HE OOHAPYKWIIA CBSI3U
MEXIy YCIOBUSMH TMpeObIBaHUA W HapYIICHUSIMHU
CHa: KOJMYECTBO HApYIIEHWH CHAa HE BO3PACTalIo
10 CPAaBHECHHIO ¢ KOHTPOJbHBIMU 3HadeHussMu, OBC
3HAUUMO HE OTIMYAIOCH OT MPEAIKCIICAUIIMOHHO-
ro, CyObCKTHBHAS OIICHKA Ka4eCTBa CHAa TaKXKE OC-
TaBajgach Oe3 wu3MeHeHuid. [Ipemmomaraercs, YTO
MOJIIPHBIE  YCJIOBUSL B TIEPUOJ] AHTAPKTHYECKOTO
JieTa, MO KpailHeW Mepe y CTYACHTOB, HE BBI3HIBA-
JIU CePhE3HBIX HAPYIICHUN CHA B BUJIY TOTO, YTO OH
MOT W3MEHHUTHCS B TIEPUON MOATOTOBKM K IIyTe-
IIECTBUIO M OCTaBajcCs TAaKUM B IIOJIEBBIX YCIIO-
BHAX WIM HE IOCTpajal BCIEACTBHE BBIPAKEHHON
JBUTATEIbHON aKTHBHOCTH YYaCTHUKOB U JI00Oe
YMEHBIIICHUE CHA, BBI3BIBAEMOE HEOOBIYHBIM (O-
TOTIEPUOAOM, OBIJIO CBENEHO HA HET IOBBIIICHHOW
MOTPeOHOCTHIO B OTABIXE.

M. Steinach u coasr. [58] mokazanu, 4To U3MEHE-
HUS CHA, OI[CHCHHBIC C MMOMOIIBI0 aKTUTpadoB, TpU
npeObiBanny Ha ctaHuusx Neumayer I u 111 umenn
BBIPQXCHHBIC TCHIICPHBIC Pa3NIMYUS; y JKEHIIUH TI0
CPaBHEHHUIO C MYXXYMHAMHU YBEIMYMBAIUCH BpEMS
HaXOXKACHUS B MOCTENN M JUIUTENBHOCTh CHA, YHC-
710 TIPOOYKJIEHUI W JAaTEeHTHOCTh HACTYIUICHUS CHA.
[Ipn yMmeHbIIeHHH BpeMEHH COJHEYHOTO OCBeIle-
HUSl YBEIMYMBAJOCh JIUTENHHOCTh NMpeObIBaHUA B
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R. Gander et al. [22] based on an analysis
of actigraphic data established that after arriving
to Antarctica in summer, 2/3 of the participants
had worse sleep, and everyone experienced diffi-
culties with awakening. The most experienced
winterer (in summer during constant light) adap-
ted to the rhythm of sleep more easily, and the
greatest difficulties were noted in the subject
with the most delayed circadian rhythm. At the
same time, the rhythm of body temperature, ac-
tivity and heart rate was delayed by two hours re-
lative to the time of sleep (by New Zealand
time).

W. Weymouth et al. [66] while investigating
sleep using actigraphs, the volunteer students
who arrived to Antarctica and spent 7 nights in
a field camp in the Windless Bight area, to their sur-
prise, did not find any connection between the
living conditions and sleep disturbances: the num-
ber of sleep disturbances did not increase compared
with control values, the TST did not significantly
differ from the pre-expedition one, a subjective
assessment of sleep quality also remained unchan-
ged. It is assumed that the polar conditions during
the Antarctic summer, at least among students, did
not cause serious sleep disturbances, since it could
alter during the preparation for the trip and remained
so in the field or did not suffer as a result of the
pronounced physical activity of the participants and
any the decrease in sleep caused by wunusual
photoperiod was negated by the increased need
to rest.

M. Steinach et al. [57] reported that sleep
changes, evaluated using actigraphs, when staying
at the Neumayer II and III stations had pronounced
gender differences: in women compared with
men, the time spent in bed and the length of sleep
increased, as well as the number of awakenings
and the sleep onset latency did. With a lack of
sunshine, the length of stay in bed increased,
the effectiveness of sleep decreased, the begin-
ning and end of sleep was delayed and the energy
expenditures of all participants decreased during
the Antarctic winter, and at the Neumayer III station
the time for going to bed and waking up signifi-
cantly shifted to a later time. According to the
authors, in isolation, a decrease in the quality
of sleep in women with constant physical acti-
vity indicates a higher susceptibility to psycho-
emotional stress and changes in the circadian
rhythm.

Studies conducted at the Akademik Vernadsky
Antarctic station [55] showed that after crossing
six time zones, some winterers for a long time
noted individual disturbances in a sleep-wake
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MOCTENN, CHIDKadach 3(PQPEKTUBHOCTH CHA, 3alep-
KUBAJINCh HAYaJ0 M OKOHYAHHE CHA W yMEHBIIa-
JIUCh IHEPTETUYECKHUE 3aTpaThl Y BCEX YYaCTHUKOB
BO BpeMs aHTAPKTUYECKOM 3UMBI, a Ha CTAaHIWH
Neumayer III BpeMst oTxoma kKo CHY M IPOOYXe-
HUS 3HaYMMO cMemanoch Ha Oomee mosnmuee. Ilo
MHEHUIO aBTOPOB, B YCIIOBHSAX H3OJSIUN CHIDKCHHE
KauecTBa CHA y JKEHINWH NMpH HEU3MeHHOH (u3u-
YeCKOW aKTUBHOCTH CBUIETEIHCTBYET O O0Jiee BBICO-
KO BOCIPUMMYHUBOCTH K TICHXO-3MOIIMOHAIEHOMY
CTpeccy W U3MEHEHHSM ITUPKATHOTO PUTMA.

HWccnenoBanus, mpoBeieHHBIC HA aHTAPKTHYECKON
cTaHuuu «Akanemuk Bepnanckuit» [4], moxazamnu,
YTO TOCIIE TIEPECCUCHUS IECTH YaCOBBIX TIOSCOB He-
KOTOPBIC 3UMOBILIUKU JIUTEILHOE BPEMs OTMEUaIH
OT/IENbHBIC HApYIIEHWs IMKIIA COH-OOIPCTBOBaHME
W ONIYIIaJd TPHUCTYIBl COHJIWBOCTH MPHUMEPHO
B 18 4 mo MectHOMy BpeMeHH. B Toxe Bpems y
YYaCTHHKOB 1-H TypelKoOd aHTApKTUYECKOW IKCIIe-
TUITAH, TPUOBIBITNX B AHTAPKTHIY C TAKUM K€ CMe-
IIEHWEeM 10 BPEMEHHW, 3aMETHBIX HapyUIeHWHA CHa
OTMEUYCHO He OBLIO [6].

IIpu 3TOM aHanMM3 OTBETOB YKPAaWHCKUX 3UMOB-
uuKoB [4] Ha YeThlpe NEpBBIE BOIpPOCAa OMPOC-
Huka IDS-SR30 [54] mokasan, yTo HapylIeHUs] CHA
VMENH WHAWBHyaTbHbIE OCOOCHHOCTH W 3aBUCEIH
OT CE30HAa 3UMOBKHU. Y YYaCTHHUKOB CyMMapHO Hau-
Ooree BBIpaKEHHBIE TPOSIBICHUS OBUIHM OTMEUYECHBI
TIPU UIOJIBCKOM olpoce (B 3uMHee Bpems): y 10-tu —
TPYAHOCTH C 3achillaHueM, 8-MH — OECITOKOWHBIH
COH, 3-X — paHHee MPOOYXKACHHE U 2-X — M30BITOUHBII
coH. PanHee mpoOyXOeHHE OTMEYANIOCh ONWHAKO-
BOE KOJIMYECTBO Pa3 Ha MPOTHKEHUH CE30HA, a CITy-
YyaeB M30BITOYHOTO CHA OBLTO OOJIBINE B amperie U OK-
Ts10pe (1o 4 yyacTHHKA).

Kpome TOro, ucciiejoBaHUE IBUTATSIEHON ak-
TUBHOCH BO CHE C HCIOJb30BAHHEM IEPCOHATBHBIX
cMapT(OHOB C MPOrpaMMHBIM oOecrieueHneM «Sleep
as Android» (Urbandroid Team) BBISBUIO WHAWBHU-
nyamsHoe m3MeHeHne OBC m BpeMeHH TiIyOOKOTO
BPEMEHH CHA B Te€UeHHe rona. Tak, ucxoas u3 WHIH-
BHIYIbHOU (TIPEIIIOYNTAEMOM) UTMTEIHHOCTH CHA
(7 vmu 7,5 9), y IByX 3UMOBIIIUKOB OTMEUEHO HAKOTII-
nenne neduuura cHa (134 m 85 u 3a rom cooOT-
BETCTBEHHO), a Y JABYX JAPYTHX, HAITPOTHUB, — IIPHPO-
cta konmuuectBa cHa (111 u 277 94 COOTBETCTBEHHO),
B TOM YHUCJIE U 3a CYET PMU30J]0B THEBHOIO CHa [4].

Crnenmyer Takke OTMETUTh, YTO y BCEX Y4YacT-
HUKOB BHE 3aBHCHMOCTH OT Bo3pacta u mpodec-
CHUOHAJIBHOW AKTUBHOCTH HAOIIONAUCh KBa3HIIC-
PUOAMYECKHUE U3MEHEHHSI CyMMAapHOUW JTUTEIILHOCTH
CYTOYHOHM TIPENCTaBICHHOCTH CHA (PUCYHOK), IPH-
YIHA KOTOPBIX HEBBISICHEHA. BeposiTHO, M3MEHEHUs
M3yYEHHBIX MTapaMeTPOB CHA SIBJUIMCH PE3yJABTaTOM
B3aMMONIEHCTBUS CHA (€r0 MHAWBHIYaIbHBIX XapaK-
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Bpewms cyTok, 4
Time of day, hrs

29.01 03.02 08.02 1302 18.02

OHn
Days

23.02 28.02

MpoAoMmKUTENBbHOCTL CHA, M
Sleep duration, hrs

01.02

07.02 13.02 19.02 25.02

OHn

Days
MpyMep u3MeHeHus ANUTENbHOCTU CHa B TeYeHWe Me-
caua. A — CMHUMK cTonBUKamyn OoTMeYeHa ANUTENbHOCTb
HOYHOrO CHa (HWXXHSASI rpaHuua cTtonbuka — Hayano cHa,
BEPXHSA — OKOHYaHue); B — AnMTenbHOCTb CyTOYHOrO CHa —
XenTas NUHUS, ANUMTeNbHOCTb rMybokoro cHa — dmoneTo-
Bas NuHUs, cpedHee BpeMs cHa — ronybasi nuHmsa. Ocb
abcumcc — OHU peructpauun, OCb OpaMHaT — BPeMs U
OnnTenbHOCTb cHa (Yackl) Ans A n B cooTBeTCTBEHHO.

Example of altered duration of sleep during the month.
A — blue bars indicate the duration of a night’s sleep (the
lower border of column is the beginning of sleep, the upper
is the end); B — duration of daily sleep — yellow line, the
duration of deep sleep — the purple line, average sleep
time — blue line. The abscissa axis is the days of recording,
the ordinate axis is the time and duration of sleep (hours)
for A and B, respectively.

cycle and felt drowsiness at about 18 o’clock local
time. At the same time, the participants of the
I Turkish Antarctic expedition, who arrived to
Antarctica with the same time zone, had no noti-
ceable sleep disturbances [2].

At the same time, an analysis of the answers
of Ukrainian winterers agents [55] to the first
four questions of the IDS-SR30 questionnaire
[52] showed that sleep disturbances had indivi-
dual features and depended on the wintering sea-
son. In participants, the most pronounced mani-
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TEPUCTHK), Tpadrka pabOTHI U MpHeMa MHULIH U OT-
paxkaliu 0COOCHHOCTH WHIMBHIYaJLHOW aJanTalliu
K YCIIOBUSIM JKU3HU Ha CTaHIUH.

Hapymenns cHa — oOmenpru3HaHHBIA (HEeHOMEH,
BO3HUKAIOUINHA B YCIOBUSX HEMPUBBIYHOTO OKPYXKe-
HuUs [ 5], mATenbHOE MPeOBIBAaHME B KOTOPOM, MOYKET
BIIHMSTh Ha CIIOCOOHOCTH a/IeKBaTHO pearupoBarh Ha
HEOOBITHYIO U JJaXKe «BpaXkICOHYION» CpEy, TOTO0HYIO
AHTAPKTUYECKON. XOTS NPUYMHHO-CIIEICTBEHHBIE
MEXaHU3Mbl HapyIICHUH CHAa TPU aHTAPKTUYCCKHUX
WCCIICJIOBAaHUSAX TOYHO HE HICHTH(QHUIIMPOBAHHI [9,
47, 49, 50], cuurtaercs, 4YTO B HUX OCHOBE MOXET
JISKATh TPU TEPEKPHIBAIOIIMXCS CHHIPOMA: «aH-
TapKTUYECKUHA CUHAPOM», «TOJApHBIN T3-cuHapom»
u cybcuHapoManbHoe ad@eKTUBHOE paccTpOHCTBO
[47]. Pa3BuBaromascs mpu 3TOM «IOJISIPHAS WHCOM-
HUS» TPOSIBIISIETCS, B YaCTHOCTH, B 3aJiepKKe (asbl
CEeKpelMu MeJaTOHWHA TIPU HOPMAJIBbHOM CyTOU-
HOM Mpo(uiie CeKpelMy KOPTH30JIa M HapylleHUe
YIBTpaJMaHHOW pUTMUYHOCTH cHa. [locnennee xa-
paKkTepu3yeTcs TMOSBICHHEM OONBIIOTO KOJINYECTBA
[IC B nauane Houn, a MBC, HampoTuB, B OCHOB-
HOM B KOHIIE, UTO CBSI3BIBAIOT C 3aJICPKKOH CEKPELIH
MenaronuHa [49]. Kpome Toro, 3amepikka ero cex-
peluy MO0 CPaBHCHHUIO C «HOPMAJIBHBIMY» pPa0O4YrM
BPEMECHEM TPUBOJUT K PAa3BUTHIO CHA B CYOONTH-
ManbpHOH (asze [9].

IIpu sTomM Hambomee BBIpa)KEHHBIE HAPYIICHUS
CHa XapakTepHbI B OCHOBHOM JJIS CEPEAMHBI 3UMBI
[47, 49] v IPOSBIISAIOTCS B TPYAHOCTH C 3aCHITAHUEM
/WU TIOANep KaHNEeM CHa, CHIDKCHHE ero 3ddex-
tuBHOCTH, yMeHbIeHne OBC, kommuectBa MBC
(3- m 4- g cragum), yBenwueHWe (pparMeHTAITIH
cHa [49], nonu TIC, a Takxe 1- u 2-i1 ctaquit MBC
[14]. CymecTByIOT JaHHBIE O CXOJHBIX, MEHEE BBIpa-
JKEHHBIX M3MEHEHUsX B JieTHUM mepuon [50], koTo-
pble TpeOyIoT Oosee AETAIBHOTO 00CYKACHUS.

ITlooxoowvl x Koppexyuu Hapywenuu cHa. B oc-
HOBE PEryJsi[Ui CHa JIeXKaT [1Ba IPOIEcca: TOMeo-
CTaTUYeCKUW M UMpKaaHbid. IIpu sTOoM cuuTaercs,
YTO TOCJETHUI, B OTJIMYUE OT MEPBOTO, HE 3aBHCUT
OT JIUTENFHOCTH MPEABIAYIIEro CHa W OOAPCTBO-
BaHUS, XOTA B TIOCJEIHEe BpPEMsS HAKaIlUIMBAIOTCS
JaHHBIC, CBUIETENBCTBYIOMUE 00 oOparHom [13].
KpoMe TOrO, B pEryisIli0 CHa BOBIICUYCH TaKXkKe
yABTPaJIMaHHBINA TPOIIECC, MPEACTABISIFOIUNA COO0H
yepenoBanue MBC u T1C [32]. BzaumoneiicTBue 3Tux
MPOIIECCOB OMPEACTSICT «HOPMaIbHOES» TEUCHUE CHA
B HOYHOE BPEeMs M «HEOOXOAUMEI» ypOBEHb OOIp-
CTBOBaHUS JHEM, OJHAKO MX PaCcCOIIaCOBaHUE MO-
KET TPOUCXOOUTHh TPH IOMEIIEHNH CYOBEKTOB B
YCJIOBHSI C «HEHOPMAaTbHBIM» (OTIMYHBIM OT 24-va-
COBOT'0) pUTMOM CMEHBI CBET-TEMHOTa, CMEHHOI pa-
00Te U CIBUTE BPEMEHHU.
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festations were observed during the July survey
(in winter): 10 — difficulty falling asleep, 8 — rest-
less sleep, 3 — early awakening and 2 — sleeping
too much. Waking up too early was observed the
same number of times during the season, and there
were more cases of sleeping too much in April
and October (4 participants each).

In addition, a study of motor activity when
sleeping using personal smartphones with the ins-
talled Sleep as Android software (Urbandroid
Team) revealed an individual change in TST and
deep sleep time during the year. So, based on
the individual (preferred) duration of sleep (7 or
7.5 hours), two winterers noted an accumulation
of sleep deficits (134 and 85 hours per year, respec-
tively), while the other two, on the contrary, confir-
med an increase in the amount of sleep (111 and
277 hours, respectively), including owing to daily
episodes [55].

It should also be noted that for all participants,
regardless of age and professional activity, qua-
siperiodic changes in the total duration of the daily
representation of sleep were observed (Figure),
the cause of which is unclear. It is likely that changes
in the studied sleep parameters were the result
of the interaction of sleep (its individual cha-
racteristics), work and meal schedules, and ref-
lected the individual adaptation to living condi-
tions at the station.

Sleep disturbances are a generally recognized
phenomenon that occurs in an unusual surroun-
dings [1], a long stay wherein may affect the abi-
lity to adequately respond to unusual and even
‘hostile’ environments like Antarctica. Although
the causal mechanisms of sleep disturbances in
Antarctic research are not precisely identified [11,
45, 47, 48], it is believed that they can be based
on three overlapping syndromes: ‘Antarctic synd-
rome’, ‘polar T3 syndrome’ and subsyndromal sea-
sonal affective disorder [45]. The ‘polar insomnia’ de-
veloping in this case is manifested, in particular,
in a delay in the phase of melatonin secretion
with a normal daily profile of cortisol secretion
and a disturbance in the ultradian rhythm of
sleep. The latter is characterized with an appea-
rance of a large number of PS at the beginning
of the night, and SWS, on the contrary, mainly
at the end, which is associated with the delayed
melatonin secretion [47]. In addition, the delay
in its secretion compared to ‘normal’ working
hours leads to the development of sleep in a subop-
timal phase [5].

In this case, the most pronounced sleep distur-
bances are characteristic mainly for the middle of
winter [45, 47] and are manifested in difficulties
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[TockonbKy MHOTHE AHTAPKTHYECKHE CTaHLIUU
pacronoxeHsl 3a [lonspHBIM KpyroM, W HONAPHOMN
HOYBIO 3UMOBIIMKU BBIHY)KICHBI 110 HECKOJIBKO Me-
CSILIEB KUTHh W paboTaTh B YCIOBHUAX TONBKO HCKYC-
CTBEHHOTO OCBEIICHHS, TPUHATO CUUTATH, YTO CBET,
a TOYHEe JKCTpeMallbHOe M3MEHeHHe (oTorepruosaa
SIBIISIETCSI OJHUM W3 OCHOBHBIX (DaKTOpOB, Ompere-
JISONINX TE€YEHHWE CHA y 3WMOBIIMKOB B AHTapKTH-
ne. IIpu 3ToM M3BECTHO, UTO HU3KUN YPOBEHb OCBE-
LICHHOCTH yXyAIlIaeT COH U HacTpoeHue [9, 25, 32],
a aZIeKBaTHO MOJOOpaHHBIC MapaMeTPhl OCBEIICHHS
MOTYT CABHHYTH PUTM TJIABHOTO MeicMeKkepa — Cy-
npaxua3MaTuieckue fAapa THUIoTajaMyca, U PUTM
OonpcrBoBanme-con [21]. Tak, ompenenenHas s¢-
(DEeKTMBHOCTb CBETOBOHM Tepamnuu (MCIOJIb30BaHHE
CBETa pa3HOW WHTEHCHBHOCTH M CHEKTPaJIbHOTO
COCTaBa, KaK IMPaBHIIO, 0OOTAIIEHHOTO €ro Toy0oit
COCTAaBIISIONICH) IMOKa3aHa TPU KOPPEKIHH Hapy-
IIEHHBIX MapaMeTPOB CHA, YITyYIIEHHH KOHIIEHTpa-
MM BHUMAaHUS, KOTHUTHBHBIX CIOCOOHOCTEH, caMo-
qyBCTBUS, HACTPOCHUS, PabOTOCIIOCOOHOCTH U KITH-
Mara B Kojuiektuse [17, 20, 25, 37, 43, 44, 51, 52].

WzyunuB npu mnomomy akTUrpad)oB Ce30HHBIE
HU3MEHEHHUS! CHa y O(UCHBIX PabOTHHKOB, MPOXKH-
BaIOIIMX 32 MOJSApHBIM KpyroMm (T. Kupyna, HIseuns),
A. Lowden u coaBr. [37] BBISBUIM 3aJiepKKy Hac-
TYIJICHUS] Hayajla CHa, KoTopas cocTaBuia 39 MuH,
Y yMEHBIICHNE JITUTEFHOCTH CHA 32 HEJENIO B 31M-
HUW TIEpUOJ 10 CPAaBHEHHWIO C JIETHUM. 3aJepiKKa
BpPEMEHH CEpPEeNUHBI CHA COCTaBWIA 25 MUH B OyI-
HUC THU ¥ 46 MUH B BBIXOITHBIC. YBEIMUCHHUE YTPCH-
HE OCBENIEHHOCTH TPHUBOAWIO K Ooiee paHHEMY
HACTYIUICHUIO BPEMEHH CEpelWHbl CHA, a YBEINde-
HHE OCBEILIEHHOCTH BEYEPOM, BBI3BIBAJIO €TO 33/ICPIKKY.

Ha cranumm Halley V (cezon 2002-2003) npu
JUTUTETIbHOM (OKOJIO TpeX MecAleB) NpeObIBaHUH
B YCJIOBUSIX MCKYCCTBEHHOT'O OCBEIICHHS y 3UMOB-
IIMKOB OTMEYaJHCh ()parMeHTalus CHa M 3aAepiK-
Ka ero HactymieHus [25]. U xord 3azmepxka cHa
COXpaHsIaCh TPH HCIONB30BAHUM OCBEUIEHHS C
YBEIMYEHHONW WHTEHCHBHOCTHIO CBETOBOTO ITOTOKA,
ero 3(ppeKTUBHOCTEL ObllIa HECKOJILKO BHIIIC TIPH HC-
MOJTE30BAaHUH CBETA C 0OOTAIEHHBIM CHEKTPaIbHBIM
COCTaBOM.

IlpoBenennplit Ha cranmum Halley V anmamms
JaHHBIX aKTUTpadoB, OMPOCHUKOB M PUTMa U3MCEHE-
HUS KOHIeHTpauu#u 6-sulphatoxymelatonin B moue
y TONSPHAKOB BO BpeMs AaHTApPKTUYECKOH 3HMBI
2006 roga [43] mokasaln, 4TO IOMOJHUTEIBHOE HC-
KyCCTBEHHOE OCBEILEHHE, O0OoTalieHHoe Trony0oii
COCTaBIISIIOLICH CHEKTpa, MOJOKUTEIBLHO BIUSIIO HA
TeueHue, JTUTEIBHOCTh, 3(QPEKTHBHOCTh M KavyecT-
BO CHa.

Eme omuo wmccienoBanme cHa (akTuUrpadus u
onpocHWK) Ha crannuu Halley V moxazaio, 9To Bce-

8

*

npobnemu Kpiobionorii i kpiomeaNUNHN

mreohlame AfF Arvunhialacsysy srnA Arvvamadicainos

with falling asleep and / or maintaining sleep, a
decrease in its effectiveness, a decrease in TST,
and the number of SWS (3™ and 4" stages), increa-
sed fragmentation of sleep [64], the PS propor-
tion, as well as the 1% and 2™ stages of SWS [7].
The data on similar, but less manifested changes
in summer season [48], have to be studied in de-
tails.

Ways to correct sleep disturbances. Sleep is regu-
lated by two processes, homeostatic and circa-
dian. It is also believed that the latter, unlike the
former, does not depend on duration of previous
sleep and wakefulness, although recently an evi-
dence has been accumulating indicating the op-
posite [9]. In addition, the ultradian process, which
is an alternation of SWS and PS [39], is also in-
volved into sleep regulation. The interaction of
these processes determines the ‘normal’ course of
sleep at night and the ‘necessary’ level of wakeful-
ness during the day. However, their mismatch can
occur when the subjects are placed under condi-
tions with an ‘abnormal’ (different from 24-hour)
rhythm of light-darkness change, shift working and
time shift.

Since many Antarctic stations are located beyond
the Arctic Circle, and in polar nights, the win-
terers are forced to live and work for several months
only at artificial light, it is generally accepted
that light, or rather an extreme change in the pho-
toperiod, is one of the main factors determining
the sleep pattern of wintering in Antarctica. It
is also known that a low level of illumination
worsens sleep and mood [5, 21, 28], and ade-
quately selected light parameters can shift the
rhythm of the main pacemaker, i. e. suprachias-
matic nuclei, and wake-sleep rhythm [17]. So, a cer-
tain efficiency of light therapy (use of light of
various intensities and spectral composition,
usually blue-enriched) is shown in the correction of
disturbed sleep parameters, improvement of alerhess
cognitive abilities, well-being, mood, performance
and climate in the team [13, 16, 21, 33, 41, 43,
49, 50].

With the help of actigraphs, seasonal sleep
changes in office workers living beyound the Arctic
Circle (Kiruna, Sweden), A. Lowden et al [33]
revealed a delayed sleep onset, which amounted
to 39 minutes, as well as reduced duration of sleep
per week in winter compared to summer. The
delay in mid-sleep was 25 minutes on weekdays
and 46 minutes on weekends. An increase in mor-
ning light led to an earlier onset of mid-sleep
time, and an increase in light in the evening
caused its delay.

npobnemu Kpiobionorii i kpiomeaULMHN

problems of cryobiology and cryomedicine
Tom/volume 30, Ne/issue 1, 2020



TO 4aCc YCHJICHHOTO SPKOTO OCBEINCHUS B YTPCHHEE
BpeMsl yCKopsieT ¢a3y IMPKaTHOIO PUTMA CeKpe-
MU MEJIATOHWHA, CIBHTACT Ha OoJiee paHHHE Yachl
BpeMs 0TXOza KO CHY M HpPOOYXKICHHS, HO B MEHb-
el CTeneHw, yaydllaeT COH, BHUMAaHHE W KOTHH-
THBHBIC criocoOHOCTH [20].

CornacHO JaHHBIM, MOIYYEHHBIM B Xome 30-i
WHIAHCKOW aHTApPKTUICCKON dKCTIeMUIINU [52], Mak-
CHUMaJlbHBIE HApPYIICHUS CHAa IMPOUCXOIMIA B TEp-
BBII MecCsI] MOcjie MPUOBITHS Ha CTaHIMIO Maitri
(BUAMMO B CBSI3W C HEOOXOAMMOCTHIO aJanTanuu
K 24-4acoBoMy CBETOBOMY Tepuopay). Kpome Ttoro,
Ha (pOHE OTCYTCTBHE M3MCHECHUH PUTMa CEKPEIUU
KOpPTH30Ja, MOJISIPHON 3UMOW Hapyliajach UPKa-
Has Cekpeuus MenatoHuHa. Ompoc mokKasall, YTo
y TATH YYacTHUKOB (25%) Bpemst MEXIy OTXOIOM
KO CHY W €ro HacTyIuleHHeM yMeHbmminoch, OBC
¥ KaueCTBO CHA 3MMOM YBEIHYMIOCH, 2 KOIUYECTBO
paHHUX TPOOYXKIEHUH CHU3WUIIOCH MO CPAaBHEHUIO
c JeTHUM mnepuopoM. llarTepH cHa y TexHHUYec-
KOTO TIepCOHAaNa OTINYAJICS TOJBKO OOIIEH JTHTENb-
HOCTBIO B JeTHee Bpems. OTMedaercs, 4To OOImas
JUIUTENBHOCTh CHA BO3pacTaja W3-3a YBEITUYCHUS
YacTOTHl €ro JTHEBHBIX 3IMH30/I0B W ObUIa CBs3a-
Ha CKOpee C OTCYTCTBHEM IMociieo0eicHHOi pabo-
Yeil CMEHBI, YeM C YCTalIO0CThI0. B KauecTBe CpescTB,
CHOCOOCTBYIOIIMX HACTYIUICHUIO CHA, 3UMOBIIUKHU
CIIyIIadH MY3bIKY, YATATH MU CMOTPEIH TEJIEBU30pP.
Cemepo yuactHukoB (35%) mpubernu K ¢apmako-
JIOTMYECKOH Teparuu.

UccnenoBanne, npoBenenHoe Ha craHimu Con-
cordia [44], moka3ayio, 9TO y MOJSPHUKOB B TCUCHHE
3WMBl OTMEYAIMCh 3HAaYMMasl 3alep>kKKa BPEMEHHU
OTXO/la KO CHY W BBIKIIIOUCHUS cBeTa (MpH OOBIU-
HOM OCBEIICHUH), BEJIIMYMHBI KOTOPHIX CHIIKAIHUCH
MPU HUCIOJNB30BaHUU CBETa, OOOTAIIEHHOTO JIOMOJ-
HUTCIEHBIMA ~ CIIEKTPAJIBHBIMUA  COCTABJISIOIIMMH.
[Ipu 3TOM COOTBETCTBYyIOIIEE BpeMs MPOOYKIACHUS
HE OTIMYAIOCh TIPU Pa3HBIX BapHaHTaX OCBEIIe-
HUS, OMHAKO JUINTENBHOCTh CHA yBEIMYMBAalIach Ha
(done «oborameHHOro cBeTay. DPPHEKTUBHOCTh CHA
TaKke HE OTIMYAJach MPHU DTUX PEKUMax OCBelle-
HUS, 4TO, TI0 MHEHHIO aBTOPOB, MOTJIO OBITH CBSI3aHO
KaKk C HeIOCTaTOYHOW TOYHOCTHIO aKTHrpadoB B
OTIpEeNIeTIeHNH TOHKWX HM3MEHEHWH CTPYKTYphI CHa,
TaK U C HEYYBCTBUTEILHOCTHIO A((EKTUBHOCTH
CHa K BIHSHUIO «00OTameHHOTO cBeTay. OgHako
WCIIOJh30BAHUE «OOOTAIEHHOTO CBETa» 3HAYUMO
yAy4IIIajgo CaMOYyBCTBHE U BHUMAHHE, A TAKKE YMCHbB-
mano 30-MUHYTHYIO 3aJCpXKKy CEKpPEIUH MeJaro-
HUHA, OTMEYAEMYIO IPU OOBIYHOM OCBEUICHHUU.

Ilocne 2-HenmenbHOTO TIPEOBIBAHUS HA CTAHIIMH
Canadian Forces Station Alert [51] xonuuecTBO cHa
Yy TOJSIPHUKOB OCTABAJIOCh HEM3MEHHBIM, HO €ro
Ka4eCTBO 3aMETHO YIyUIIMIOCHh ITOCJIE WHAWBHIY-
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At the Halley V station in 2002-2003, during a
long-term (about three months) stay at artificial
light, the winterers noted a sleep fragmentation
and delay in its onset [21]. Although the sleep
delay was retained when using extralight, its effi-
ciency was somewhat higher when using light
with an enriched spectral composition.

An analysis of the data of actigraphs, ques-
tionnaires, and the rhythm of changes in the con-
centration of 6-sulphatoxymelatonin in urine of
polar explorers during the Antarctic winter [41] per-
formed at the Halley V station showed that ad-
ditional blue-enriched artificial light positively affec-
ted the course, duration, and efficiency and quality
of sleep.

Observations of sleep (actigraphy and question-
naire) at the Halley V station demonstrated that
only an hour of intensified bright light in the mor-
ning accelerates the phase of circadian rhythm of
melatonin secretion, shifts the time of sleep onset
and wake up to earlier hours, but to a lesser extent,
improves sleep, attention and cognitive ability [16].

According to the data obtained during the 30®
Indian Antarctic expedition [50], maximum sleep
disturbances occurred in the first month after ar-
riving at the Maitri station (apparently because of
adaptation to the 24-hour light period). In addi-
tion, in the absence of changes in the rhythm of cor-
tisol secretion, the circadian secretion of melatonin
was disturbed during the polar winter. The survey
showed that in five participants (25%), the time
between going to bed and sleep onset decreased, TST
and its quality in winter increased, and the num-
ber of early awakenings decreased compared to the
summer period. The sleep pattern of the technical
support team differed only in total sleep duration
in the summer. It is noted that the total duration of
sleep increased due to an increase in the frequency
of its daily episodes and was associated more with
the absence of an afternoon shift than with fa-
tigue. As a means of promoting the onset of sleep,
winterers listened to music, read and watched TV.
Seven participants (35%) resorted to pharmacolo-
gical therapy.

Investigations performed at the Concordia sta-
tion [42] showed that the polar explorers experien-
ced a significant delay in the time they went to bed
and turned off the light (under normal light), the va-
lues of which decreased when using light enriched
with additional spectral components. At the same
time, the corresponding awakening time did not
differ with various light options, however, the du-
ration of sleep increased with ‘enriched light’.
The efficiency of sleep also did not differ under
these light conditions, which, as authors reported,
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QIBHOTO «CBETOBOTO JICUCHHS» — MPHUMEHEHUS J0-
MOJTHUTEILHOTO OCBeIeHUs. «CBETOBOMY JICUCHHIO)
MOJIBEPTAUCh YYACTHUKH, Y KOTOPBIX OTMEUaIOCh
paccoriiacoBaHue pPUTMa CEKpEIMH MEJIAaTOHWHA W
pacmiucanus cHa. [Ipu 3TOM yYMEHBIIAOCh KOJIUYe-
CTBO TPOOYKIEHUH (M3MEPEHHBIX IO KOJIUYECTBY
SIHU30/I0B CHA) M BpeMs OONPCTBOBaHUS IOCIC Ha-
Yasa CHa, YTO MPOBBIIIAJO er0 3(PHEKTHBHOCTD.

N. Chen u coarr. [17] nmo gaHHBIM akTUrpagoB,
OMPOCHHUKOB U PE3yJIbTaTaM HCCICIOBAHUS METado-
JIUTOB MEJIATOHWHA B MOYC BBISBWIN, YTO y 3UMOB-
IIMKOB Ha cTaHiuu Zhongshan Bo Bpemsl moysipHON
HOYM TPOUCXOJUIIA 33JepKKa MUPKAJHOTO PHTMA
n (a3sl HACTYIJICHHWS CHA, Pa3BHBAJCS IO3IHUN
XPOHOTHI. 3HAYUMBIX U3MEHEHHI OO0IIEro BPEMEHH,
() (PEKTUBHOCTH W JIATEHTHOCTH CHa OOHapy>KEHO
He Obuto. /IJisi CHWOKEHHS BBIPaKEHHOCTH CHMIITO-
MOB OBIJIO IIPEATIOKEHO UCIOIB30BATh B KOMOMHAIINN
HCKYCCTBEHHOE SIPKOE OCBEIlEHWE M CTporoe coO-
JIOJICHNE PEXKUMa COIIMAIbHON aKTHUBHOCTH, a TaK¥Ke
BKJIIOUCHHC B PAIMOH OOTaThIX TPUNITO(GAHOM IIPO-
JYKTOB TIUTAHUS TIEPE] CHOM.

M. Bhattacharyya u coasr. [12] Taxxe momara-
I0T, 4TO KOMOWHAIMSI WCKYCCTBEHHOTO OCBEIICHUS
U cTpororo coOmoaeHus rpaduka COUUATBLHOTO
B3aMIMOJICHCTBUS BO BpPEMs MOJSPHON HOYM, MOXKET
CHOCOOCTBOBATh TOMJCPKKE (YHKIIMM OpraHu3Ma
Ha ypoBHE, HEOOXommMoM ISl oOierdeHus: mpoO-
JIeM, CBSI3aHHBIX C HAPYUICHUSIMU IMPKATHBIX PHT-
MOB B AHTapKTHJE, a PaccTpoilcTBa CHa MOTYT
OBITH HEHTpamn30BaHbl He(papMaKOJTOTHICCKUMHE Te-
pareBTHYECKIMH BMEIIIATEIbCTBAMU: Hora, MeIu-
Tamnwsl, pa3yMHO TIOA0OpaHHbIe (PU3UIECKHUE YIIpaXk-
HEHUs, 0COOEHHO B TEMHBIC 3UMHHUE MECSIIbI, KOTJa
YY4aCTHUKHM B OCHOBHOM HaXOMAATCS B TOMEIICHUU
CTaHIINY.

SInoHCKHe HCcaeoBaTeN CYUTAIOT, YTO COH WITH
PUTMBI aKTUBHOCTH y YYaCTHHUKOB aHTapKTUYCCKUX
SKCHEMUIMH B OCHOBHOM KOHTPOJHPYIOTCS Tpa-
¢ukoM paboOTBI M MOTYT OBITH B OIPEACICHHOMN
CTETICHH HOPMAJIM30BaHbl MIPH CTPOTOM €ro COOJF0-
neHuu [68].

O. Mairesse u coaBT. [39] Taxke MpeANoIaraor,
YTO COOJIONECHHUE PETYISIPHOTO peKuMa OOIPCTBO-
BaHKE-COH, 0COOCHHO IMOIbEM B OJIHO U TOXE BpeMs,
MOXET CIYKHUTh JTOCTATOYHO MOIIHBIM HECBETOBBIM
3aJIaTYNKOM BPEMEHU NPOTHBOICHCTBUS BIIUSHUIO
AKCTPEMaBbHBIX (DOTOTICPUOIOB.

Ha 3HaumMocTh conuanbHOTo 33aT9hKa BPeMEHU
(0 CpPaBHEHUIO C IUKJIOM CBET-TEMHOTA), M0 Kpaw-
HEel Mepe B MOJIeP >KaHUU IUPKATHOTO PUTMa yPOB-
HSl UPKYITHPYIOIINX TOPMOHOB B KPOBH YKa3bIBaeT
u T. Takagi [59].

Ha anTapkruyeckux craniusx Rothera u Halley
[29] HaA TPOTSHKEHWW 3WMOBOK HAPYIICHHH CyTOY-
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could be due to insufficient accuracy of actigraphs
in determining subtle changes in the structure of
sleep, and insensitivity to the efficiency of sleep
to the influence of ‘enriched light’. However, the
use of ‘enriched light’ significantly improved well-
being and attention, and also reduced the 30-mi-
nute delay in melatonin secretion observed in
normal light.

After a 2-week stay at the Canadian Forces Sta-
tion Alert [49], the amount of sleep in the expedi-
tioners remained unchanged, but its quality impro-
ved markedly after an individual ‘light treatment’,
i. e. additional light use. The participants with
a mismatch in the rhythm of melatonin secretion
and sleep schedules were light-treated. At the same
time, the number of awakenings (measured by the
number of sleep episodes) and the time of wakeful-
ness after the start of sleep decreased, which in-
creased its efficiency.

N. Chen et al. [13] as stated in actigraphs,
questionnaires and the results of a study of mela-
tonin metabolites in urine, revealed that winte-
ring at the Zhongshan station during the polar night
there was a delay in the circadian rhythm and phase
of the sleep onset, as well as there was late chro-
notype developed. No significant changes in total
time, efficiency and sleep latency were detected.
To reduce the severe symptoms, it was proposed
to use in combination artificial bright light and
keeping strictly the regime of social activity, as
well as the inclusion of tryptophanrich foods prior
to bedtime.

M. Bhattacharyya et al. [8] also believe that
a combination of artificial light and strict keep-
ing a schedule of social interaction during the
polar night can help maintain body function at the
level necessary to alleviate problems associated
with circadian rhythm disturbances in Antarc-
tica, and sleep disorders can be neutralized by
non-pharmacological therapeutic interventions: yo-
ga, meditation, reasonably selected physical exer-
cises, especially in the dark winter months, when
participants are mainly inside the station.

Japanese researchers suggest that sleep or ac-
tivity rhythms among participants in Antarctic
expeditions are mainly controlled by the work
schedule and can be normalized to a certain ex-
tent with its strict keeping [68].

O. Mairesse et al. [35] also indicate that obser-
ving the regular wake-sleep regime, especially
rising at the same time, can serve as a rather
powerful non-photic zeitgeber for counteracting
the influence of extreme photoperiods.

T. Takagi [58] also points to the significance
of the social zeitgeber (compared to the light-
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HOTO PHUTMa CEKpPEIMU KOPTU30Jia OOHAPYXKEHO HE
OBUIO M TOJNBKO CYOBEKTHBHBIC MPOOJIEMBI CO CHOM
M yCTaJOCTh YKa3bIBAJIM HAa Pa3BUTHE «AHTAPKTH-
gecKkoro cuHApoma». Kpome Toro, mpemmonaraeTcs,
YTO CTPOTOE COOMIONEeHNEe rpaduka BpeMEHH pabOTHI
W OTHbIXa, & TaKKe IMpHUeMa MUIITH CKa3aJloCh Ha COX-
PaHCHHH HOPMAJIbHOTO DPHUTMa BBIPAOOTKH KOPTH-
30714, a €T0 BBICOKHH YPOBEHH MHPH MPOOYKICHUU U
HU3KUN TPH OTXOAE KO CHY y YYaCTHHKOB, OICHCH-
HBIX KaK «XOpOIIO aJalTUPOBAHHBICY, CBUACTEIb-
CTBOBaJI 00 WX YCHEIIHOW afanTtanuu [29].

PesynpraTel akTHrpadUUeCcKUX HCCICTOBAHUN
G. Collet u coapr. [18] mokazamu, 4TO BapHalUU
JUIUTETBHOCTH OCBEIICHHOCTH MOTYT SIBISTHCS HE
€IMHCTBEHHOW MPUYMHONW HM3MEHEeHUs cHa. Tak, Ha
craamusax Dumont d’Urville (ypoBeHb Mops) 10
cpaBaenuio ¢ Concordia (BeIcOKOropbe) Ha (oHe
OTCYTCTBUS CE30HHOW 3aBUCHUMOCTH IJIUTEIHLHOCTH
pabodero BpeMEHH, DHEPTETHYCCKUX 3aTpar opra-
HH3Ma WM KOJIMYECTBA II1aroB, CACIAaHHBIX B CBETIIOE
Bpems cytok, OBC 0Opu10 OoIbIne, >PQeKTHBHOCTE
CHa BBIIIE, a BpeMs OOIPCTBOBAHHS TIOCIE €T0
HACTYIUICHUS MeHbIle. KpoMe Toro, Ha 3THX CTaHIUSIX
SHEPreTHYECKUE 3aTpaThl W KONUYECTBO 3MH30/I0B
(bparMeHTaIMK CHA OBLIX BBIIIIE B JICTHUI IEPUOI.

Ha Oonplryro 3HaYMMOCTh THUIIOKCHH IO CpaB-
HEHUIO C YKCTPEMAbHEIM (hOTOTIEPHOIOM Ha BBICO-
KOTOPHBIX CTAHITUSIX 00paIalT BHUMAaHUE U IPYTHE
aBroper [18, 39]. Ilomumo Hapymenuir cHa [47],
Y 3UMOBIIIMKOB Ha 3TUX CTAHITAAX OTMEUACTCS ITIEPHO-
TUYIECKOE JBIXaHWE BO CHE, YTO, BUIUMO, TpeOyeT
CIIEITHATBHBIX TIOXOOB K €r0 KOPPEKITHH.

«Kasoponxuy, «coevly u opyaue ... — poib Xpo-
HOMUNO8 U JUYHOCHHBIX Yepm @ adanmayuu u us-
MEHEeHUsX cHa 8 Yca0usx Aumapkmudvl. VI3BecTHO,
YTO, KPOME CBETa, COH UYBCTBUTEJICH K MHOXXECTBY
BHEIIHUX, BHYTPEHHUX (aKTOPOB, B TOM YHCIEC U
JUYHOCTHBIX [32], poib KOTOPBIX BO3pPACTAaET MHO-
TOKpaTHO B CBSI3M C T€M, YTO BO BpeMs MpeObI-
BaHUS B AHTApKTUAE 3WMOBIINKAM TPUXOAUTCS
JUTATENBHOE BpeMs JKUTh U pabOTaTh B MajoM KOJ-
JIEKTUBE U B OTPBIBE OT MIPUBBIYHOTO OKPYKEHUSI.

Tak, MOJSPHUKM HA AHTAPKTUYECKON CTaHIUU
SANAE (850 M Ham ypoBHEM MOPSI) COOOIIIIH
00 YBEIIMYCHHM KOJIUYECTBA U TSKECTH CIydacB
BpakA€OHOCTH, AETpeccuy, OECCOHHUIBI U Oecro-
koiictBa [63]. Ilpudyem OONBIIMHCTBO MPOSBICHUN
OBLIO BBIIIC B CEPEIUHE U KOHIIC 3UMBI.

Opnako J. Wood u coabt. [67], nmpoaHamu3upo-
BaB coo0meHus 104 aBCTpaJMHACKUX 3UMOBIIUKOB
MPHUIILUTA K BBIBOAY, YTO YacTOTa IMOSBICHUS TO3H-
THUBHBIX ONIyIIEHWH ObIJa 3HAUYMTENHHO BBIIIE, YEM
HETaTUBHBIX MEPEKUBAHUHN, HECMOTPS Ha TO, YTO Tie-
pedYeHb MOCIeTHUX 3HAYNTENBHO JITHHHEE.
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dark cycle), at least in maintaining the circadian
rhythm of the level of circulating hormones in
blood.

At the Rothera and Halley stations [25], du-
ring wintering, no disorders in circadian rhythm
of cortisol secretion were detected, and only subjec-
tive sleep problems and fatigue pointed to the
development of the ‘Antarctic syndrome’. In addi-
tion, it is assumed that strict keeping the time-
table for an activity and rest, as well as food in-
take, affected the maintenance of a normal rhythm
of cortisol production, and its high level upon
waking up and low on going to bed among partici-
pants rated as ‘well adapted’ testified to their
successful adaptation [25].

The results of actigraphic studies of G. Collet
et al. [14] showed that variations in the light dura-
tion may not be the only cause of sleep changes.
So, at the Dumont d’Urville stations (sea level)
compared with the Concordia (high mountains),
with the absence of a seasonal dependence of the
working hours, energy expenditures of a body
or the number of steps taken during daylight hours,
the TST was longer, sleep efficiency was higher,
and the wakefulness time after its onset was shor-
ter. In addition, at these stations, energy costs
and the number of episodes of sleep fragmentation
were higher in summer.

Other authors pay attention to a great impor-
tance of hypoxia compared to the extreme photo-
period at high altitude stations [14, 35]. In addition
to sleep disturbances [45], the periodical breathing
has been observed in winterers during sleeping,
which apparently requires special approaches to
its correction.

‘Larks’, ‘owls’ and others... — the role of chro-
notypes and personality traits in adaptation and
sleep changes in Antarctica. In addition to light,
sleep is known to be sensitive to many external
and internal factors, including personality factors
[28], the role of which increases many times over
due to the fact that during the stay in Antarctica
the winterers have to live and work for a long
time in a small team group and in isolation from
the usual environment.

So, polar explorers at the SANAE station
(850 m above sea level) reported an increase in
the number and severity of cases of hostility,
depression, insomnia and anxiety [63]. Moreover,
most manifestations were more vivid in the mid-
dle and end of winter.

However, J. Wood et al. [67], having analyzed
the reports of 104 Australian winterers, concluded
that the frequency of positive feelings was much
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ITo muenuio S. Khandelwal u coabrt. [31] ocHOB-
HBIMH CTPECCOBBIMU (DAKTOPAMU SIBIISIOTCS CKOpEe
MICUXOJIOTHYECKHE, 4YeM (U3NYCCKUE YCIOBUSA, W
OTMEYAIOT, UTO Kakmas (aza mpeObiBaHUsS B AHTap-
KTHE XapaKTepu3yeTrcs OIpeAeiIeHHBIM HabOpOM
MICUXOJIOTHYECKHUX peaKIHid, HO He TMOATBepKIa-
0T HaJIM4YUe TaK Ha3bIBaeMOTo «(eHoMeHa TpeTbei
YeTBEPTH», XapaKTEPHU3YIOLIETOCs HHU3KOH MOTHBa-
1yed, MEXINYHOCTHBIM HampsDKeHWEM M TUIOXUM
HACTPOCHHUEM.

R. Bhargava u coasrt. [10] Takxe yka3bpiBaeT Ha
3aBHUCHMOCTh TE€X WM WHBIX [ICUXOJOTHYECKHUX
MPOSBICHUN, TPEANOI0KUTEIFHO BIUSIOIMMUX Ha
MPOAYKTUBHOCTD, OT (ha3bl 3SMIMOBKH.

OxapaxTepu30BaB HETaTUBHOE U TIO3UTUBHOE BIIHSI-
HHUE, BO3HUKAIOIIEEe BO BpeMsl MpeObIBaHUS B AHTap-
ktuge, M. Zimmer u coaBT. [70] monararot, 9To mep-
BO€, TO-BUIMMOMY, SIBIISIETCSI CJIEACTBHEM HEaJeK-
BaTHOTO B3aUMOJIEUCTBUSI OpPraHU3Ma C OKpY’Karollei
Cpemoi M TPOSIBIISIETCS] B Pa3BUTHE IEIIOTO Psifia CHH/I-
pOMOB U M3MEHEHUW. B CBOIO ouepenh MOIOKHUTENb-
HbIe 3()(PEKThI, TAKUE KAK CATIOTOTCHHBIE, BOSHUKAIOT
B pe3yJbTaTe YCIISITHON aanTalui K HeOIarompHsT-
HBIM YCIIOBHSIM OKPYKAFOIIEH CPEIbL.

J. Leach [33] orMeuaeT, 4TO «HaIlla KOTHUTHBHAS
CUCTEMa TIPUCIIOCOONCHA K MOACPKAHUIO IIeie-
HanpaBJICHHOTO TIOBEJCHHUS B YCIOBHUSIX HOPMalb-
HOTO OKPYKEHUSI», OTHAKO B «aOHOPMAaIbHOI» cpe-
1e, K KOTOpOW OpraHu3M H3Ha4aJbHO ONTHMAaJIbHO
HE aJanTHpPOBaH, OHA (KOTHUTHBHAS CHCTEMa) MO-
JKET MPHUCIIOCAOINBATHCS Yepe3 Pa3BUTHE COOTBETCT-
BYIOIIMX CTpareruii BeDKHWBaHUA. llpudem ycmoBus
OKpYXaloIIel cpeapl MOTyT OBITh «aOHOPMAabHEI-
M JJIs OMHUX WHIUBUAYYMOB U BIIOJIHE TNPUEM-
JIEMBIMU JJIs1 APYTUX, & OLICHKA YCIIOBHI OKPYKaro-
e Cpeapl MOXKET MEHSATHCS KaK ¢ TCUCHHEM Bpe-
MEHU, TaKk W C mpuoOpeTeHueM ormbita. Criemyer
OTMETHUTh, YTO «HEKOTOpPhIC HHIUBUIAYYMBI CO3Ha-
TEJIBHO JICTAIOT BBHIOOP B IOJIb3Y JKU3HHU U PabOTHI
B HCKIIOYMTENBHBIX YCIIOBHUSX, TaKWX KakK IOJSIp-
Has 0a3a, KOCMHYECKasi CTAHIUS, TTOABOAHAS JIOIKA
U T. A., T. €. YCIOBUH, K KOTOPHIM OHH ONTHMAaJIbHO
HE aJanTHpPOBAaHbI, HO MOTYT HAWTH HEKOTOPYIO
CTENICHb TPHUCIIOCOONICHUS OOBIYHO dYepe3 pasBH-
TH€ CTPATETHI BEDKUBAHUSD).

IToxoxxero MHEHUS TPHUICPKUBAIOTCI TaKKe
L. Palinkas u P. Suedfeld [47], xoTopsie npu aHa-
JU3e TOCIENCTBUN «BCTPEUM» C IKCTPEMATbHBIMH
1 HEOOBIYHBIMU CHUTYAITUSIMH TIOKa3bIBAIOT, YTO OHU
MOTYT OBITh KaK HETaTUBHBIMH (T1aTOT€HHBIMH),
TaK W TMO3UTHBHBIM (CaNrOTOreHHBbIMU). [Ipuuem
U COOBITHA, W WX TIOCIENCTBUS MOTYT SBISATHCS
MaTOT€HHBIMHU JIJISl OTHOTO WHAMBHIyyMa U CalOTO-
TeHHBIMH ISl PYyTrOoro, a WX OIEHKa MOXET Me-
HATBCS cO BpeMeHeM. [Ipu 3TOM MO3WTHBHBIE TIOC-
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higher than negative experiences, despite the fact
that the list of the latter was much longer.

S. Khandelwal et al. [27] consider that the main
stress factors are psychological rather than physical
conditions, and note that each phase of stay in
Antarctica is featured by a certain set of psycholo-
gical responses, but do not confirm the presence
of the so-called ‘third quarter phenomenon’, cha-
racterized by low motivation, interpersonal tension
and bad mood.

R. Bhargava et al. [6] also indicates the depen-
dence of certain psychological manifestations, pre-
sumably affecting productivity, on the wintering
phase.

Describing the negative and positive impact
that occurs during a stay in Antarctica, M. Zimmer
et al. [70] believes that the first, apparently, is a
consequence of the inadequate interaction of the
body with the environment and manifests itself
in the development of a number of syndromes
and changes. In turn, positive effects, such as
salutogenic, arise as a result of successful adap-
tation to adverse environment.

J. Leach [29] notes that ‘our cognitive system
is adapted to maintain goal-directed behavior in
a normal environment’, however, in an ‘abnor-
mal’ one, to which the body is not optimally adap-
ted initially, it (the cognitive system) can adapt
through developing appropriate coping strategies.
Moreover, environmental conditions can be ‘ab-
normal’ for some individuals and quite accep-
table for others, and the assessment of environ-
mental conditions can change both over time
and with the gaining the experience. It should be
noted that ‘some individuals consciously choose
to live and work in exceptional conditions, such
as the polar base, space station, submarine, etc.,
i. e. conditions to which they are not optimally
adapted, but can find some degree of adaptation
usually through the development of survival
strategies’.

A similar opinion is also shared by L. Palinkas
and P. Suedfeld [45], who, when analyzing the
consequences of ‘facing’ the extreme and unusual
situations, show that they can be negative (patho-
genic), and positive (salutogenic). Moreover, both
events and their consequences may be pathogenic
for one individual and salutogenic for another,
and their assessment may change over time. At
the same time, positive consequences indicate
successful coping with stress.

A correlation between the degree of psycholo-
gical adaptation and the level of cortisol in blood
during sleep was discovered by A Harris et al
[25]. Based on the subjective assessments of the
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JIEICTBHS CBHUJCTENBCTBYIOT 00 YCIEITHOM MpPeoo-
JICHUU cTpecca.

Koppensauuss mexay CTENeHblo MCHUXOJIOTHYec-
KO ajjanTaiuyd ¥ YPOBHEM KOPTH30Ja B KPOBH BO
BpeMs cHa Obuta oOHapyxkeHa A Harris U coaBT.
[29]. Ha ocHoBanmm CyOBEKTHBHBIX OIIEHOK PYKO-
BOAMTENICH CTAHITMH BCE YIACTHHKHU OBLIM OIICHECHEI
KaK «IJIOXO aJalTHPOBAaHHBIE», «CPEIHE XOPOIIO
AT TUPOBAHHBIE» U «HCKITIOYUTEIHHO XOPOIIIO afarl-
TUPOBAaHHBICY». Y TIOCIEAHUX OTMEYajcs BBICOKMI
YPOBEHb KOPTH30JIa MpHU MPOOYKACHUH W HHU3KHHA
MIPU OTXOAIE KO CHY.

[Ipu nccnenoBanny U3MEHEHHS CTPATErUid BBDKU-
BaHMsSI CO BPEMEHEM M B3aUMOCBS3H 3TUX U3MECHEHUM
C HaCTpOEHHEM M CHOM [55] Opuia ommcaHa ermie
OIlHA aJanTHBHAs CTpaTeTHsl MO TPEONOJCHHIO CY-
POBBIX YCJIOBHH OKpyXalollel cpeabl, CBsi3aHHas
C ICHUXOJOTUYECKOW YCTONYMBOCTHIO 3UMOBIIMKOB —
«TOTPYXKEHHE» B COCTOSHUE IICHXOJIOTHYECKON TH-
OepHaIMm», MPU KOTOPOH OHHM CTAHOBIUINCH «OoJee
nHANPPEPEHTHBIMHU HITH SMOIOHAIBHO TUTOCKUMI)
BO BpeMsI 3MMHHX MECSLIEB.

O. Mairesse u coaBT. [39] monararot, 4TO Xa-
pPaKTepHbIC WHAWBUIYATbHBIC Pa3IN4YUsl TPOSBIIC-
HUI HapyleHuil cHa (COHJIMBOCTb, CHMXKEHHE KOH-
LEHTpalli BHUMAHHA, CKOPOCTb NCHXOMOTOPHBIX
peakuuii W HEHPONOBEIEHUYECKUE OTBETHI), HMe-
IONUE OIPENENICHHYI0 CTENEeHbI0 CTaObMIBLHOCTH
U YCTOWYHBOCTH, SBISIOTCS (DEHOTUITUYECKUMH W
MOTYT OCHOBBIBAaTbCSA Ha €Ile HE PACKPBITHIX T'eHe-
THueckux (akropax. [Ipu 3ToM OONBIIMHCTBO H3Y-
YeHHBIX MMM XapaKTePUCTUK CHA W IJIUTEIHHOCTH
€ro CTaguii MMENH JOBOJBEHO CTAaOMIBHBIE W YyC-
TOWYMBBIE MEXIMYHOCTHBIC Pa3IdYMiM, XOTS JIU-
TenabHOCTs MBC 1 mapameTpsl €ro 3aJiepKKi UMENH
cnabyro 3aBUCHUMOCTb OT 4epT XapakTepa

B kakoii cremeHu BBIOOp TOW MM MHOW WHAU-
BUAYaJILHON CTpaTerud IMOBEIACHUS B 3KCTpEMallb-
HBIX YCIIOBHSIX OTPENENSeTCs] TeHETHUYECKUMH OCO-
OCHHOCTSMH OpTaHW3Ma M KaK BIUSET ITOT BHIOOD
Ha JKCIPECCHIO TE€X WM MHBIX T€HOB H3Y4YEHO He-
JOCTATOYHO J1a)Ke€ HAa MOJIETHHBIX CHCTEMaXx.

B skcneprMeHTalbHOM WCCIIEZOBaHUU Ha JKH-
BOTHBIX OBLIO yCTaHOBIEHO [23], 9TO B 3aBHCHMO-
CTH OT BEIOPAaHHOTO THITA TIOBEICHYECKON CTpaTeTnn
BO BpeMs TPEHHUPOBOK B TECTE MO aKTUBHOMY H30e-
TaHWIO Pa3BHUBAIOTCA cHeNU(UYECKHE H3MEHEHHS
MOCTIEYIOIETO CHA, KOTOPHIE OTPa)XXaroT €ro BOB-
JieYeHWEe B KOHCOJMAALUIO CTPATerHidl IMOBEICHHS,
1 yKa3bIBaloT Ha To, yTo I1C 1 MBC MoryT BbIIOIN-
HATH pa3nuuHble (QYHKUUH B 3TOM Ipolecce B 3a-
BHCHMOCTH OT TOTO, SIBIISIETCS JIM TIOBEACHHE aJall-
THUBHBIM HJTH HET.

B skcniepuMeHTe Ha TEHETHYECKH MOAUDUIIHPO-
BaHHBIX MBIIIaX OBUIO TIOKAa3aHO, YTO HAPYIICHHUS
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base commanders, all participants were rated as
‘poorly adapted’, ‘moderately well adapted’, and
‘exceptionally well adapted’. The latter had a
high level of cortisol on waking and low on going
to bed.

In the study of changes in survival strategies
over time and the relationship of these changes
with mood and sleep [53], another adaptive stra-
tegy was described to overcome the harsh en-
vironment associated with the psychological sta-
bility of wintering, i. e. ‘immersion’ in ‘psycho-
logical hibernation’, in which they became‘ more
indifferent or emotionally flat” during winter
months.

O. Mairesse et al. [35] believe that the charac-
teristic individual differences in the manifesta-
tions of sleep disturbances (drowsiness, decreased
concentration, speed of psychomotor reactions and
neurobehavioral responses), which have a certain
degree of stability and resistance, are phenotypic
and can be based on genetic factors that have not
yet been discovered. Moreover, most of the cha-
racteristics of sleep and the duration of its stages
that they studied had rather stable and resistant
person-to-person differences, although the dura-
tion of the SWS and its delay parameters were
slightly dependent on personal traits.

In which extent the choice of one or another
individual strategy of behavior in extreme condi-
tions is determined by genetic characteristics of
body and how this choice affects the expression
of certain genes has been poorly studied even in
model systems.

In studies in experimental animals it was found
[19] that, depending on the chosen type of beha-
vioral strategy, during training in the active avoidan-
ce test, specific changes in subsequent sleep de-
velop, which reflect its involvement into conso-
lidation of behavioral strategies, and indicate that
PS and SWS can perform various functions in
this process, depending on whether the behavior is
adaptive or not.

In genetically modified mice, it was experimen-
tally shown that sleep disturbances, leading to an
inability to maintain a high level of attention, can
shift consciousness and behavior towards more
automatic, stereotypical forms that require low
attention, in contrast to goal-directed behavior,
which requires a high level of attention. It is interes-
ting to note that sleep disturbance can contribute
to the choice of automatic behavior, and conver-
sely, automatic behavior can reduce the need for
sleep [65].

When analyzing the behavior of genetically
different chronotypes of Drosophila melanogaster
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CHa, MIPUBOJS K HECIIOCOOHOCTH TMOJICPKUBATh BBI-
COKHI YPOBHb BHUMaHUS, MOTYT CABUTaTh COZHAHUE
U TIOBEJCHHE B CTOPOHY O0oOjee aBTOMAaTUYECCKUX,
MPUBBIYHBIX QOPM, TPEOYIOIUX HU3KOTO BHUMAHUS,
B OTJIMYWE OT IIEJICHATPABICHHOTO TIOBEICHHUSI, JIIs
peanu3aryy KOTOporo, He0OXOMM BHICOKUH YPOBEHb
BHUMaHUs. VIHTEpEeCHO OTMETHTh, YTO HapyllIeHHUE
CHa MOXKET CIIOCOOCTBOBATH BHIOOPY aBTOMAaTHYEC-
KOTO TIOBEJICHHSI M HAIpPOTHB, aBTOMAaTHYECKOE II0-
BEJICHHE MOXET CHIXKATh MOTPEOHOCTH BO CHE [65].

[Ipu ananm3e mMOBeNEHUS TCHETHYECKU Pa3iny-
HBIX XPOHOTHIIOB AP030(ui («KaBOPOHKW» Xapak-
TEPU3YIOTCSA TMHKaMU aKTUBHOCTH pPaHHUM yTPOM
U BEUEPOM; «COBBD» — IMO3JHUM YTPOM U BEUYECPOM;
«CTPWXXW» — PAaHHUM YTPOM U TO3JHUM BEYEPOM
U «BaJBIIIHENBD) — TO3JHHM YTPOM W PaHHUM
BeuepoM) L. Zakharenko u coaBr. [69] mokazanu
UX pa3HylO PeakIuio, Kak Ha dKCTpeMajbHOE YIUIU-
HEHHE JUIUTEIBHOCTH CBETOBOTO IEPUOAA, TaK H
Ha ero KOMOWHAIIMIO C TIOBBIIICHUEM TEMIIEPATYPhI
oKkpyaromiei cpenpl. [IpuueM pasHasg peakiusi Ha
CTPECCOpPHBIC (haKTOPHI 3aBHCHT HE OT TOJOKCHUS
UPKAIHBIX (Da3, a OT CIIOKHOW CHCTEMBI CHHXPO-
HU3aIllUU, COCTOSINEH W3 LUPKAIHBIX, TOMEOCTaTH-
YECKUX W AJIOCTaTHYECKHX PEryJsTOpoB. Pe3ynb-
TaThl WCCICAOBAHMIA Ha JIIONAX JATH aBTOpPaM OC-
HOBaHHE ISl BBIJCIICHUS Yy HUX, MO0 KpaiHEH Mepe,
YTPEHHETO U BEUEPHETO XPOHOTHIIOB.

J. Vitale u coapt. [64], mpoaHaIM3UPOBAB pEaK-
U0 Ha TPEHHPOBKU Y CIOPTCMEHOB C Pa3INYHBIM
XPOHOTHIIOM, TPHUIILTA K BBIBOIY, YTO OKpPYXKaroImas
cpena 6e3 MMOCTOSTHHOTO THEBHOTO cBeTa (70-51 mmpora)
JIaeT OTpe/ICIICHHbBIC TIPEUMYIIIECTBA BEIEPHEMY THITY.

[Ipyn ananuse BIMSHUS OCBEUICHHS HAa WHJIH-
BHJyYMOB C YTPEHHUM M BEUEPHHUMH XPOHOTHIIA-
MU OBUIO CIENAHO 3aKIIOYCHHUE O HEOOXOIMMOCTH
WCTIOb30BAHUS YCKOPSIONIUX WA 3aMEIIISIONINX
npoduiei sl o0eciedeHnsT YCTOHYMBOTO 3aXBara
umu 24-gacoBoro putrma [27].

C npyroit croponsr [30] ObUIO TOKa3aHO, YTO
HU JUTUTETTLHOCTH CHA, HU €T0 KaUueCTBO, HU COITUAITh-
HBIA JDKET-JIar He 3aBHCAT OT XPOHOTHIIA CaMH IO
cebe, a MPUHAUICKHOCTh K SKCTPEMAIbHO paHHEMY
WIN TIO3[IHEMY XPOHOTHUITY HE 00S3aTeNbHO MPHBO-
JUT K HapylIeHUsiM cHa. [Ipu BO3MOXXHOCTH CIIaTh
B paMKax CBOETO «IIUPKATHOTO OKHA CHa», JJIH-
TEJIBHOCTh CHA OCTAeTCs, IO KpaiHeHh mepe, JoC-
TaTOYHOM, a pa3yMHO COCTaBICHHBIN rpaduk (ydu-
THIBAIOIIUN XPOHOTHUII, COIMANLHBIC HYXIbI U HC-
KITFO4aromuii padbory ¢ 3 1o 5 yTpa) MOXKET crocoo-
CTBOBaTh KAYECTBEHHOMY CHY HOYbIO, JJake B pado-
4ue JIHU, Y BCEX XPOHOTHUIIOB.

Buoinyoicoennviti konmaxkm ¢ xonooom. HecMoTpst
Ha KOM(OpPTHBIE YCIOBHS TPOXHBAHUS W PabOTHI
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(‘larks’ activity peaks are characteristic in the
early morning and evening; ‘owls’ ones are noted in
the late morning and evening; those of ‘swifts’ are
featured in the early morning and late evening
and for ‘wood-cocks’ the activity peaks are found
in the late morning and early evening) L. Zakha-
renko et al. [69] reported their different responses,
both to the extreme lengthening of the duration
of the light period, and to its combination with an
increase in ambient temperature. Moreover, a dif-
ferent reaction to stress factors does not depend
on the position of the circadian phases, but on a
complex synchronization system consisting of cir-
cadian, homeostatic and allostatic regulators. The
results of human studies gave the authors a basis
for distinguishing the morning and evening chrono-
types at least in them.

J. Vitale et al. [64], having analyzed the response
to training of athletes with different chronoty-
pes, came to the conclusion that an envi-ronment
without constant daylight (70" latitude) provides
certain advantages to the evening type.

When analyzing the effect of light on individuals
with morning and evening chronotypes, it was
concluded that it is necessary to use accelerating
or slowing profiles to ensure their stable entrain-
ment of a 24-hour rhythm [23].

On the other hand [26], it was shown that neither
the duration of sleep, nor its quality, nor the social
jet lag depend on the chronotype per se, and
belonging to an extremely early or late chronotype
does not necessarily lead to sleep disturbances. If
pne can sleep within ones ‘circadian sleep window’,
the duration of sleep remains at least sufficient,
and a reasonably designed schedule (taking into
account the chronotype, social needs and excluding
work from 3 to 5 in the morning) can contribute
to sleep quality during the night in all chronotypes,
even during work days.

Forced contact with cold. Despite comfortable
living and working conditions at all the stations
throughout the season, for the winterers an outdoor
activity is of a constantly need, at which they are
systematically or periodically exposed to low tem-
peratures, often in combination with high humi-
dity and wind. In this case, the least protected areas
of the body, i. e. the face and hands, experience
the maximum cold load. By activating the ther-
moregulation system, the cold can both disrupt
the homeostasis of the body (lead to frostbite,
hypothermia), and help increase its stability (adap-
tation), including cross adaptation. It is also
known that activation of the sympathetic branch
of the autonomic nervous system (ANS) is a key
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Ha BCEX CTaHIUSAX Ha MPOTSDKEHUHM BCETO CE30HA Y
3MMOBIIIMKOB CYIIECTBYET MOCTOSIHHAS TIOTPEOHOCTh
B aKTUBHOCTH Ha OTKPBITOM BO3AyXE, MPH KOTOPOH
OHHM CHUCTEMAaTHYECKH WJIM TEePHUOAMYECKH TOABEP-
TaroTCsl BIUSHHUIO HHU3KOH TEMIIEpaTyphl, 9acTo B
KOMOMHAIINA C BBICOKOH BIIAXKHOCTBIO M BETPOM.
[Ipu »TOM MakCHMalbHYIO XOJIOIOBYIO HAarpy3Ky HC-
MIBITHIBAIOT HaWMEHee 3alWIIeHHbIe YY9acTKH Tela —
JUIO0 U PYKA. AKTUBUPYS CHCTEMY TEPMOPETYIIS-
WU, XOJOJ MOXET, KaK HapyllaTh TOMeOCTa3 opra-
HU3Ma (IPUBOIUTH K OOMOPOXKECHUSM, THIIOTCPMUH ),
TaK ¥ CIIOCOOCTBOBATh MOBKIMICHUIO €r0 YCTONYNBO-
CTH (ajanTaIu), B TOM 9HCIe U iepekpecTHou. [Ipu
STOM H3BECTHO, YTO AaKTHBAllUS CHMITATHYECKOTO
3BeHa BereTaTMBHOW HepBHOW cuctembl (BHC) siB-
JISIeTCsl KJTIOYEBBIM 3BCHOM PEaKIUy Ha (PU3NUECKUit
U MICUXOJIOTUYECKUI CTpecc.

CpaBuenne aktuBHOCTH BHC y BomonTepoB 18-i
3uMHEed u 19-f1 neTHeW WHIWWCKUX aHTApKTHYEeC-
KHUX JKCITeAuIuii [28] mokaszaio, 9To BO BpeMs FOXK-
HOTO JIleTa TIOCTEIIEHHO CHIDKAeTCSI aKTHBHOCTH
CHUMIIaTUYECKOH HEPBHOM CUCTEMBI, & aBTOHOMHBIMI
0aJlaHC CIBHUTACTCS B MApacCUMIATUYCCKYIO CTOPOHY.
OnHako y 3WMOBIIMKOB aKTUBHOCTH CHMITaTHYEC-
KO HEPBHOH CUCTEMBI JOMUHUpOBaia (110 CpaBHE-
HUIO C JIETHEH TpPYyMMoii), 4TO MOIJIO CBUACTEIbCT-
BOBaTh Kak 00 YXYyAIICHUH €€ COCTOSIHHSA, TaK U O
niepectpoiike BHC.

ITokazano, uro mocne 40-mHEBHOrO mpeOBIBa-
HUS B AHTapKTHie Ha (OHE 3HAYMMOTO IafIeHHe
YpOBHSI TMTIO(PH3APHBIX W aJPEHATOBHIX TOPMOHOB
(Ipu cCOXpaHEHNH WX MUPKATHOW PUTMHUIHOCTH) W3-
MEHSETCSl BETETaTUBHBINA OallaHC, BEPOATHO, 33 CUET
YMCHBIICHHUSI AKTUBHOCTH CHMITATUYECKOTO 3BCHA
BHC, 4To BO3MOXKHO, IPUBOJUT K CHHKEHUIO YPOB-
HSl HHIUBUIYAIBHOTO BO30OYKACeHUS [22].

Y y4YacTHHKOB CE30HHOW aHTAPKTUUYECKON IKC-
MEUIMN Ha cTaHIMu Aboa ObUTa BBISBICHA 3HAYH-
Masi 3aJIepIKKa TOSIBIICHHSI IPOKH, YTO YKa3bIBaJIO Ha
pasBuTHe oOmier akkmuMmarm3aruu [53]. [Ipu sTom
WHANBUIAYYMBl C HHU3KAM HCXOJHBIM Ba30KOHCT-
PUKTOPHBIM OTBETOM OKa3aJINCh MEHEEe aKKIMMaTH-
3UPOBAHBIMH K JIOKAJIBHOMY OXJIQXKJICHHIO, YeM Te€,
Y KOrO OTMEYaJICS IOBBIIIEHHBIM HW3HAYAIBHBIN
OTBET B TECTE C XOJIOJOBOM Harpy3koil (IorpyXeHue
PYKH B XOJIOJTHYO BOZY).

Kpome Toro, cormacHo HenaBHUM HCCIEIOBAHUIM
y 3J0pOBBIX HEAJANTUPOBAHHBIX MOJOIBIX J00pO-
BOJIBLIEB B HOPME OTMEYAIOCh Pa3BUTHE JIBYX Pa3HBIX
CTpaTeruii pearnpoBaHus OpraHu3Ma Ha XOJOJ Mpuo-
JIU3UTENBHO B PABHBIX COOTHOIIECHUAX [14].

JIBa Tuma pearupoBaHUs Ha X0iox (MO H3Me-
HEHUSIM TI0Ka3aresIei 4acTOThl CepICUHBIX COKpaIIe-
HUH, apTepHaIbHOTO JaBICHHUS W BapuabeTbHOCTH
CEpIEeYHOr0 pUTMa) OBLTIO OTMEUEHO W B XO/€ TO-
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link in the response to physical and psychological
stress.

A comparison of the ANS activity among
the volunteers of the 18" winter and 19" sum-
mer Indian Antarctic expeditions [24] showed
that during the southern summer the activity of
the sympathetic nervous system gradually decrea-
ses, and the autonomous balance shifts to the
parasympathetic side. However, the activity of the
sympathetic nervous system dominated among win-
terers (in comparison with the summer group), which
could indicate both a deterioration in its condition
and a restructuring of the ANS.

It has been shown that after a 40-day stay in
Antarctica with a significant drop in the level of
pituitary and adrenal hormones (while maintaining
their circadian rhythmicity), the vegetative balance
changes, probably due to a decrease in the activity
of the sympathetic ANS branch, which may lead
to a decrease in the level of individual excite-
ment [18].

The participants of the seasonal Antarctic ex-
pedition at the Aboa station showed a significant
delay in the appearance of shivering, which indi-
cated the development of general acclimatiza-
tion [51]. In this case, individuals with a low initial
vasoconstrictor response were less acclimatized
to local cooling than those who had an increased
initial response in the test with a cold load (immer-
sion of a hand in cold water).

Also recent investigations have demonstrated
that in healthy non-adapted young volunteers,
as a response to cold the development of two dif-
ferent strategies being approximately equal was
noted [10].

Two types of response to cold (according to
changes in heart rate, blood pressure, and heart
rate variability) were also noted during a one-
year wintering in Antarctica [34]. At the same
time, the initial level of heart rate variability did
not affect the subsequent direction of changes
in cardiac activity indices and did not depend
on age, professional activity, and experience of
previous wintering. According to the authors, the
contribution of cold can be significant in the for-
mation of the final adaptation to stay in Antarc-
tica, since a significant part of daily activity occurred
on an open air.

It is also known that cooling the surface of
the body leads to activation of the sympathetic ner-
vous system, and the face and upper respiratory
tract, on the contrary, activates the parasym-
pathetic branch of the nervous system [32].
Under certain unfavorable conditions, cold can
cause significant simultaneous activation of both
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quyHoi 3uMoBKM B AwnTapkrtuzae [38]. Ilpu stom
WCXOJHBI ypOBCHb BapuaOEIbHOCTH CEPIACYHOTO
pUTMa HE BIWSI HA TMOCIEAYIONIee HaNpaBICHHE
U3MEHEHM Moka3areneil cepAedyHON JesTeNbHO-
CTH W HE 3aBHCEJl OT BO3pacTa, mpodecCHOHATHHON
JeSITETFHOCTH U OTIBITA MPEIIIECTBYIOIINX 3UMOBOK.
[lo MHeHHMIO aBTOpPOB, BKIJIAJ XOJIOda MOXKET OBITH
3HaYUMBIM B (POPMHPOBAHUM WTOTOBOW aJamnTanvn
K NpeOBIBaHUIO B AHTApKTHJE, MOCKOIBKY 3HAUH-
TeJIbHAS YacTh €XKCIHCBHOW IHEBHOW aKTUBHOCTH
3WMOBIIIMKOB TIPOMCXO/IUIIA HA OTKPBITOM BO3yXE.

W3BecTHO Takke, YTO OXJAXKJICHHE MOBEPX-
HOCTH TeJla TPUBOIUT K aKTHBAIlMU CUMIATHYEC-
KO HEPBHOM CHCTEMBI, a JIUI]a U BEPXHHUX J[bIXa-
TEJBHBIX TyTEH, HA00OPOT, AKTUBUPYET MapacCHM-
MaTHYECKUNA OTHen HepBHOW cuctembl [36]. Ilpu
OTIPENIETICHHBIX HEOIaroNnpHsITHBIX YCIOBHUSIX XOJIOT
MOXKET BBI3BaTh OJHOBPEMEHHYIO 3HAYUTEIHHYIO
akTuBanuio oboux otaenoB BHC, uto moxer mpu-
BECTH K TSDKENBIM TIOCIENCTBUSM [UISI OpTaHHW3Ma,
CBSI3aHHBIM C HapyIICHHUAMH pabOTHI Cepira, M3-3a
BO3HUKHOBCHHSI TaK Ha3bIBAEMOIO «BETETATUBHOTO
KoH(IHKTaY [56].

Crnemyer OTMETUTh, YTO KakK (DM3HOIIOTHYCCKUC
OTBETHI, TaK U CYOBCKTHUBHBIC OICHKH, CICIYIOIIUE
32 XOJIOMOBBIM W TEIUIOBBIM BO3ICHCTBUEM, HEKO-
TOPHIM 00pa30M CBSI3aHBI C JIMYHOCTHBIMH 4YepTa-
mu [34]. IIpu 3TOM HEHpoTH3M (T. €. SMOITMOHAIb-
Has HECTAOWMIIBHOCTh) OTPHIIATEIIHFHO KOPPEIUPOBAT
C YBEIMYCHHEM TIOTPEOJeHHSI KUCIOPOMAa, CHIDKE-
HUEM TeMIeparypbl KOKH H YPOBHEM CyObek-
THBHOTO JIUCKOMQOpPTa BO BpPEMsI XOJOJOBOTO BO3-
nevictBus. Ilpenmonaraercsi, 4To 3TH U3MEHEHHS Y
SMOILMOHAILHO HECTAOWIBHBIX JIAI[ BBI3BAHBI II0-
BbIIIEHHOW akTUBHOCTHI0O BHC, a nautensHoe Biusi-
HUE XOJOJa MOXET NPUBOIUTH K 0Oojiee paHHEMY
Pa3BUTHIO THIIOTCPMHUH TEJIA.

J. LeBlanc u coasr. [35] noka3anu, 4To MpH OX-
JKICHUH JIMIA XOJIOJHBIM MMOTOKOM BO3IyXa OIILY-
menne Oomu W AUCKOMGOPT m3-3a (HU3HIECKOTO
crpecca aktuBupyior BHC (yBenmnueHuM KOHIICH-
TpaIy HOpaJpeHalInHa B KPOBH, CEPIEIHOTO PUTMA
U YpOoBHS CyOBEKTHBHOTO muckoMdoprta). OmHako
U YpPOBEHb JMCKOM(OPTa, W yBEIMUCHHE YACTOTHI
CepIEYHBIX COKpAIICHWH 3HAYNMO CBS3aHBI C JIMY-
HOCTHOM OLIEHKOM OJKCTpaBEepCHHM W HeMpoTU3Ma!
Ooyiee BBICOKAs WHIMBHIyalbHAS CaMOOIICHKA 3KC-
TpaBepcuu ObUTa OOYCIIOBJICHA BBICOKUM YPOBHEM
TICUXOJIOTHYECKOH W  (PU3UOJOTHYCCKOM PEaKTHB-
HOCTH, a 0OoJyiee BBICOKAas WHAMBHIyallbHAs CaMoO-
OIICHKa HEUpOTH3Ma — C HHU3KUM JUCKOM(OPTOM
n MeHbIel peaktuBHOCTHI0O BHC. ABTOpHI TIpen-
MOJIATal0T, YTO PETyIIMPOBAHHBIA OTBET IMOIOHAb-
HO HECTAOWJIBHBIX IJIUI] CBSI3aH HE CTOJILKO C BIIUS-
HUEM XOJIONa, CKOIBKO C Ppa3BUTHEM TraOWTyanuu
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branches of the ANS, which can lead to serious
consequences for the body associated with impai-
red heart function due to the so-called ‘vegetative
conflict’ [54].

It should be noted that both physiological res-
ponses and subjective assessments following cold
and heat exposure are in some way related to
personality traits [30]. At the same time, neuro-
ticism (i. e., emotional instability) was nega-
tively correlated with an increase in oxygen
consumption, a decrease in skin temperature and
a level of subjective discomfort during a cold
exposure. It is assumed that these changes in emo-
tionally unstable individuals are caused by an in-
creased activity of the ANS, and prolonged expo-
sure to cold can lead to an earlier development
of body hypothermia.

J. LeBlanc et al. [31] showed that when a per-
son is cooled by a cold air blowing, a sensation
of pain and discomfort due to physical stress
activates the ANS (an increase in the concent-
ration of norepinephrine in the blood, heart rate
and subjective discomfort). However, both the
level of discomfort and increased heart rate are
significantly associated with a personal assess-
ment of extraversion and neuroticism: a higher
individual self-assessment of extraversion was
due to a high level of psychological and physio-
logical reactivity, and a higher individual self-
assessment of neuroticism was associated with
low discomfort and less reactivity of the ANS.
The authors suggest that the reduced response of
emotionally unstable individuals is associated not
so much with the influence of cold as with
the development of habituation in response to the
repeated effects of mild stress factors of various
origins.

It should be noted that, along with the known
forms of adaptations to cold (hypothermic, meta-
bolic, insulative ones), the most common res-
ponse of an organism to repeated temperature in-
fluences is habituation, which leads to an enhan-
cement of its adaptive capabilities [36], and in
some cases may be accompanied by sleep changes
[62].

Despite the fact that temperature is a weaker
Zeitgeber than light, its fluctuations (both external
and internal) lead to pronounced changes in sleep
[28]. Thus, a slight increase in the temperature
of the skin is considered a more powerful stimulus
for initiating sleep than a decrease in the tempe-
rature of the body core [61].

In this regard, the question about using the
temperature (environment at the station, body
and skin) as an additional factor to the stimuli
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B OTBET HA TOBTOPSIOIINECS BO3ACUCTBUS MSITKHX
CTPECCOBBIX (PAKTOPOB PA3IUYHON PUPOJIBI.

Crnemyer OTMETHTH, YTO Hapsy C HM3BECTHBIMHU
dbopmaMu amanTarii K XoJoay (THIOTEPMHYCCKas,
MeTa0OIMYECKHsI, U30JISIMOHHAs) Hanboiee oOeit
peakiueil opraHu3Ma Ha MOBTOPSIONINECS TeMIIepa-
TypHBIE BO3/ICUCTBUS SIBISIETCS TaOWTYyaIlusi, KOTO-
pas TPUBOOUT KaK K TOBBIIICHWIO €ro aJalTHB-
HBIX BO3MOKHOCTeH [40], a B psme ciiydaeB MOXKET
CONPOBOXKIATHCSI U3MEHEHUsIMU cHa [1].

HecMmotps Ha To, uTO Temmneparypa — Oosee cia-
ObIll 3a7aTYMK BPEMCHHU, YEM CBET, €¢ KoJjecOaHus
(kax BHEIIHHE, TaK U BHYTPEHHWE), IPUBOJIAT K BBHIpa-
JKEHHBIM U3MeHeHUsM cHa [32]. Tak, He3HaUUTENb-
HOC TIOBBIIICHUE TEMIIEPATYPhl KOXKU CUUTACTCS 00-
Jiee MOIIHBIM CTUMYJIOM JUIS WHUIMAIINW CHA, YeM
CHIKCHHE TeMITepaTyphl sapa teia [62].

B a710i1 cBsi3n Bompoc 00 MCIOB30BaHUN TEMIIE-
parypbl (OKpy>Karomeil cpeapl Ha CTAaHIUH, Tela H
KOXXKH) KaK JOTIOJIHUTEIHLHOTO (haKTopa K YK€ H3Y-
YaeMbIM CTUMYJaM JUId KOPPEKIMH HapylIeHUH cHa
Y LUPKAIHOTO PUTMA Y 3MMOBIIMKOB MOXET OBITh
MPEIMETOM CIICIIUANBHBIX UCCIIETOBAHUM.

BrIBOABI

CorntacHo 00BEKTHBHBIM H CYOBEKTUBHBIM OIICH-
KaM CHMWXeHHE S((EKTUBHOCTH W JUIUTEIHHOCTH
CHa, TPYAHOCTH C 3achIlIaHUEM, 33a/Iep’KKa HACTYII-
JIEHUs] CHA, HEJOCTAaTOK €ro BOCCTAHOBUTEIHHOW
(YHKIINW SBJISIOTCS HanOOJIee YacTHIMHU JKaloOaMmu
Y YYaCTHUKOB aHTapKTHYeCKuX skcrnenunuil. [Ipu-
YUHAMU W3MEHEHHMH roMmeocras3a CHa B ATOM cpene
MOTYT OBITh KaK YCJIOBHS OOMTaHUS U paOOThl Ha
CTaHIMAX, TaK W HWHIAUBHUIyaJbHbIC OCOOCHHOCTH
(PU3UOIOTUYECKON M TICUXOJIOTUYECKON aanTaluy.
[Ipu sTOoM cumraercs [15], uTo co3manue HEOOXOM-
MBIX YCJIOBHM M COOTBETCTBYIOLIUN MEAUIIMHCKUN
U TICUXOJNIOTUYECKUI OTOOp YYaCTHUKOB ITO3BOJISAT
MUHUMH3UPOBATh HAPYIICHHUS TOMEOCTa3a CHa H,
KaK CJeJICTBUE, CHU3NUThH «HAKaD»» MHOTHX MpoOIeM,
CBSI3aHHBIX C pabOTOW B YCIIOBHAX, MOMOOHBIX aH-
TapKTUIECKHM.

IlpoBenenHsie B AHTapKTHIIE HCCIEIOBaHUA
MMOJHUMAIOT Sl BOIPOCOB, KOTOPBIE MOTYT OBITH
MPEIMETOM CIIENMAIBHBIX HCCIEIOBaHWN, Kak Ha
CTaHIMSAX, TaK U B JTaOOPaTOPHBIX yCIOBHX: 1) Ka-
KOBa TIPUPOJIA AJIANTalliUd U CIIOCOOHOCTH JUTUTEIEHO
(DYHKIIMOHUPOBATH B SKCTPEMAIILHBIX YCIOBUSIX; 2) Ka-
KOBa pOJIb CHA B aJalTallid W CIIOCOOHOCTH JJIH-
TENBHO (DYHKIIMOHUPOBAaTh B OSKCTPEMAJBHBIX YCIIO-
BUSIX; 3) KakoBa pOJIb U3MEHEHWH CHa (eCld OHU
MMEIOT MECTO), COMYTCTBYIOIINX YCIICIIHOW WM He-
YCHENTHON aJanTaliy, BRIOPAHHOW CTpaTreruu Ipeo-
JIOJIEHUSI CYPOBBIX YCJIOBHUH OKpYKaloIIled Cpebl
1 TICHXO(PM3HOIOTMIECKOM OCHOBE 3THX M3MEHEHHH.
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that are already being studied for the correction
of sleep disturbances and circadian rhythm in
the winterers may be the subject of special stu-
dies.

Conclusions

According to objective and subjective asses-
sments, a decrease in the efficiency and duration
of sleep, difficulty falling asleep, a delay in the
onset of sleep, and a lack of its recovery func-
tion are the most frequent complaints among parti-
cipants in the Antarctic expeditions. The causes
of changes in sleep homeostasis in this environ-
ment can be both living and work conditions at
stations, and individual characteristics of physio-
logical and psychological adaptation. It is belie-
ved [11] that the creation of the necessary conditions
and appropriate medical and psychological se-
lection of participants will minimize sleep ho-
meostasis disturbances and, as a result, reduce
the ‘tension’ of many problems associated with
working in the conditions similar to the Antarc-
tic.

Research performed in Antarctica raises a num-
ber of issues that may be the goal of special stu-
dies, both at stations and in laboratory conditions:
1) what is the nature of adaptation and ability
to function for a long time in extreme conditions;
2) what is the role of sleep in adaptation and ability
to function for a long time in extreme conditions;
3) what is the role of sleep changes (if any) accom-
panying successful or unsuccessful adaptation, the
chosen strategy to overcome the harsh environ-
mental conditions and the psychophysiological
basis of these changes.

In addition, the conditions at the Antarctic sta-
tions are a unique model for studying the problems
associated with being in a confined space, isolation
in a small team group, against the background
of extreme fluctuations in the photoperiod and al-
tered atmospheric conditions. It is with such a
combined effect of factors that participants in a long
space flight to Mars (unless, of course, one takes
into account other approaches for ‘overcoming
conflicts’, for example, immersion of astronauts
into artificial hibernation [12, 37]) and / or the first
inhabitants of the colonies on Mars and the Moon
may encounter, however fantastic these events may
seem now.

In this regard, the studies of sleep, identifi-
cation of its individual differences and charac-
teristics of changes depending on individual’s
ability to adapt to the conditions of existence in
a small group can be important, and the manipula-
tion with temperature (environment at the station,
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Kpome Toro, ycnoBusi Ha aHTaPKTHYECKUX CTaH-
IUSAX — YHUKAJLHAS MOJACIH JJIs U3y4eHUS TIpo0ieM,
CBSI3aHHBIX C TNPEOBIBAHMEM B 3aMKHYTOM IPOCT-
paHCTBE, U3OJAIMEN B MaJOM KOJJIEKTHBE, Ha (OHE
AKCTPEMATBHBIX KOJIeOaHW (oTomeproma U M3Me-
HEHHBIX aTMoc(epHBIX yciaoBuil. MeHHO ¢ 110700~
HBIM KOMOWHHMPOBAaHHBIM BO3ICHCTBHEM (aKTOPOB
MOTYT CTOJKHYTHCS YYaCTHUKH JIUTEIHFHOTO KOC-
MUYECKOTo Iepesera Ha Mapc (eciu, KOHEYHO, He
MPUHUMATh BO BHUMAaHHWE [PyTUE MOIXOABI IS
«TPEOAONCHUsT KOH(DIMKTOB», HAMpUMeEp, IOTpy-
JKCHHE aCTPOHABTOB B HCKYCCTBEHHYIO THOEpHa-
muto [16, 41]), w/wmm TepBBIC KUTENU KOJOHUN
Ha Mapce u JlyHe, xakumu Obl (haHTACTHYECKUMU
3TH COOBITHSI HE Ka3aJKcCh cerlyac.

B 571011 cBsI3M M3yYEHME CHA, BBISBICHHUE €0 UH-
TUBHIYaJbHBIX Pa3IuIrii U OCOOCHHOCTEH H3Me-
HEHUl B 3aBUCHMOCTH OT CIIOCOOHOCTH HHIWUBUAYY-
Ma aJanTHpOBaTbCd K YCIOBHUSM CYIIECTBOBAaHUS
B MaJIOM TPyIe MOXKET WMETh BaXHOE 3HAUYCHHE,
a MaHUMIYJSIHS TeMIepaTypol (OKpysKaroIieu cpe-
Il Ha CTAHIIUU, TEllda U KOXHU) — JOMOTHUTEIHHBIM
HECBETOBBIM CTHMYJIOM KOPPEKIIMU HapyIICHUH CHA
Y IIUPKATHOTO PUTMA Y 3UMOBIIIUKOB,
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body and skin) an additional non-photic sti-
mulus to correct sleep disturbances and circadian
rhythm in the winterers.
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