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Sleep in Antarctica: from the Sleep Disturbances
Towards All the Challenges

Ped)epaT: C nepBbIX aKcneaMuMn agantaums ux y4aCTHUKOB K CYpOBbIM YCI1OBUAM AHTapKTVI,qu conpoBoXxganacb Xanobamu
Ha HapylleHua cHa. B xome anutenbHoro I'IpeGbIBaHVIH Ha KOHTUHEHTE MNONAPHUKK noaBeprakTcAd BO34EeNCTBMIO BONbLIOro Komu-
YyecTBa 3IKCTpeMalbHbIX q)aKTOpOB 0pr>|<a|ou.le|7| cpelbl Kak Ha CTaHuuu, Tak U BHEe ee npenenos, HO OCHOBHbIMU ¢)|/|3w4ec-
KUMKW NpUYnHamMu, Bbi3biBalOWLMMWU HapyLlleHUd CcHa, NMPUHATO CYUTATb 0COBEHHOCTM OCBELLIEHHOCTU U CbOTOI'IepI/IO,D,a. B nocnegHee
BpemM4A bonee npuctanbHOe BHUMaHWE YyaendaeTca BbIACHEHUKO ponu NMCUXONOrMYeckon agantaumm K ycnosuam AHTapKTM,qu C
y4eTOM XWU3HU B mMarowm rpynne wun 3aMKHYTOM TMpPOCTpaHCTBE. CyLLleCTByIOLLWIe MeToabl I'IpOTI/IBO,D.eVICTBI/IH HapyLlweHnAM CHa,
B NepByl o4epeb, BKMWOYaT MaHUNynuMpoBaHWE MapamMmeTpamMun OCBELUEHHOCTH, FpaCbVIKOM paGOTbI n oTabixa. TwaTtenbHbI
I'IpeLI,BapVITeJ'II:HbIIZ 0T60p Y4aCTHUKOB AO514 CO3aHuA HeobXo4MMOro MCMXONIorMYecKoro knumara, yyeT reHgepHblX U MYnbTUKYIb-
TYPHbIX ocobeHHOCTEN aganTauum Takke MOXHO paccMaTpuBatb C NO3NLUM NPEBEHTUBHbLIX Mep. ﬂpvl 3TOM U3YYEHUKO posn
«HEOCHOBHbIX» q)aKTOpOB (XpOHOTI/II'I, JINYHOCTHbIE 4epTbl U 0CcoBeHHOCTU I'IepCOHaJ'IbHOIZ ajgantTayum K 3KCTpemalribHbIM YyC-
noBuaAM AHTapKTI/I,ElbI), a TakKke BbIHYXOEHHOro KOHTakTa C Xono4doM, BIUAKLWKMX Ha COH, yaendetrcda He3HadyuTerlbHOe BHUMa-
Hue.

KnioueBble cnoBa: AHTapKTVILI,a, COH, HapyLleHuna cHa, LWIpKa,D.HbIPI PUTM, HU3KME TemMnepaTypbl.

Pedbepar: 3 nepwmx ekcneguuin aganTauis ix y4acHWKIB 4O CyBOPMX YMOB AHTapkTWAM COMPOBOMKyBanacb CKapramu Ha mno-
pyweHHs cHy. [Npotarom Tpuanoro nepebyBaHHA Ha KOHTUHEHTI MOMAPHWKM MiAAAl0TbCA BMMBY BEMUKOI KiNbKOCTI eKCTpeMarnbHUX
baKTopiB OTOYYIOHOro CepefoBuLla SIK B YMOBax CTaHLii, Tak i 3a ii Mexamu, ane OCHOBHUMMW (Di3UYHUMW YMHHMKAMW, SIKi NPU3BO-
OSTb [0 MOPYLUEHHS CHY, MPUAHSATO BBaXkatn 0cobnmMBOCTI OCBITNEHHOCTI i dpotonepiogy. OcTaHHIM 4Yacom binblu npucTanbHa ysara
NpuAINSETbCA BUACHEHHIO POMi MCUXOSOriYHOI aganTtauii 40 yMOB AHTapKTMAM 3 ypaxyBaHHAM nepebyBaHHS B yMOBax Marnoi rpynu i
3aMKHeHOro cepefoBuLLa. [CHytodi MeToan NpPOTUAIT NOPYLLEHHAM CHY, B MepLUy Yepry BKIOYaTb MaHinynioBaHHA napameTpamu oc-
BiTNEHHOCTI, rpadikom poboTn Ta BiAMOYMHKY. PeTenbHui nonepepnivi Biabip y4acHWKIB ANS CTBOPEHHS HeobXigHOro ncuxosnoriy-
HOro KnuMmaTty, BpaxOBYBaHHSA TeHAEPHUX i MyMNbTUKYNBTYPHUX OCOGMMBOCTEW afjanTauii TakoX MOXHa po3rmspatv 3 nosuuii npe-
BEHTUBHMX Mip. [py LbOMY BUMBYEHHIO POSli «HEOCHOBHMX» PAKTOPIB (XPOHOTWUM, OCOBMCTICHI pucy i 0CoBnMBOCTI MepCcoHanbHOI
apanTauii 4O eKCTpeMmarnbHUX yMOB AHTapKTUAK), @ TaKoX BUMYLLEHOTO KOHTaKTy 3 XOI0A40M, SiKi BNMBAKOTL HA COH, HE MPUAINSETbCS
3Ha4YHoI yBaru.

KniouyoBi cnoBa: AHTapkTaa, CoH, MOPYLUEHHS CHY, LMPKaAHWUIA pUTM, HU3bKi TeMnepaTypu

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 urons 1898 r. Bpau mepBoil Oenbruiic-
KOl aHTapkTuueckoi skcrnenuuuu Dpeaepux Ajb-
O0ept Kyk, Haxomsch Ha 3aTepPTOM BO JIbJIaX JalIeKO
3a IKHBIM TOJISIPHBIM Kpyrom kopabie «Belgica»
B Mope bemnmHcray3eHa, Hammcan B CBOEM JTHEB-
HUKe: «B Hadaje HOYM TMPAKTUYECKH HEBO3MOXKHO
YCHYTB, €CIIM MBI AN Kode, TO He CIajl COBCEM.
Korma sxe MBI IOTpYKaJINCh B COH, TO OH OB TAKOM
DIyOOKWH, 9TO HAC C TPYAOM MOXKHO OBLIO pa3ly-
outhy [19].

C Tex mop TPYIHOCTH C 3acChIaHUEM, 3aJepiKKa
HACTYIUICHUSI CHA, CHWXEHUE ero 3()(eKTHBHOCTH
U YMEHbIIICHUE JAJIUTEIHHOCTH, a TaKXKe HEJOCTATOK
BOCCTaHOBUTENBHOU (yHkimu cHa [8, 33, 46, 58,
70], ocTaroTcsi OCHOBHBIMHU KaJI00aMy Ha 37I0POBbE
y aHTapKTHYECKHUX 3UMOBIIUKOB U TIOCIIE OKOHYAHHSI
«TEPOMYECKOTO BEKaY.

B xome mpeOpiBaHMM B aHTapKTUYECKUX OIKCITE-
TUIHSIX, 3UMOBIIHUKH TIOJBEPTalOTCS BO3EHCTBHIO
KOMOMHAIMH (PaKTOPOB, BKIFOYAIONIYIO KOJICOAHMS
METEOPOIOTHIECKUX YycIoBuil [2, 3, 42], BBICOKYIO
3BYKOBYIO Harpysky [2, 3, 42], HHBepCHIO ce30Ha U
CJIBHT 4acoBOro mosica [8, 9], ocodbenHoctu dotore-
puoJa M CIEKTPAILHOTO COCTaBa CBETa B 3MMHUI/
netHuil ceszoH [8, 9, 49, 58], noBeiicHHyI0 YD-Ha-
IPY3KY B MEPUOJ «OTKPBITUS 030HOBOU NBIPb» [42],
OTHOCHUTENFHO HHU3KYI (HU3MUYECKyI0 aKTUBHOCTH
[2, 3, 42], counanbHyI0 U30JSIUUI0 B OFPAHUYEHHOM
JKU3HEHHOM npocTtpaHcTBe [33, 55, 70], ceHcopHyIO
1 CeKcyanpHyo aenpuBammu [33, 55, 70], a B psaae
CIly4acB M HEHOPMHPOBAaHHBIN Tpaduk paboTel Ha
MIPOTSDKEHNH Pa3HBIX WHTEPBAJIOB BpeMeHH [2, 3, 8, 9,
33, 42, 52, 58, 70]. Kaxxnplit U3 nepednciieHHbIX (hak-
TOPOB OTACTHHO MOKET BIUSATH HA COH W IUPKA-
HbIE PUTMBI OPTraHU3Ma, YTO B CBOIO OYEPEIb, MOXKET
HEraTUBHO OTPa3UThCS Ha (DU3MUYESCKOM M TICHXUYEC-
KOM COCTOSIHUH TIOJISIPHUKOB, POU3BOJUTEINBHOCTH UX
Tpy/a ¥ aJanTalii OPraHu3Ma B TIETIOM.

CymiecTByeT MHEHHE, YTO TMpPH COOTBETCTBYIO-
meM MEIUIIMHCKOM W TICHXOJOTHYECKOM OTOOpe
YY9aCTHUKOB B aHTApKTHUYECKHe HSKcreaunud [15]
U COOMIONCHUHM pPa3yMHO OOOCHOBAaHHOTO pacIio-
psaaka mus [12, 39, 68] Ha coBpemMeHHBIX KoM(bOp-
TaOCIBHBIX CTAHIUSAX HAPYIICHUS CHA HE JTOJDKHBI
SIBIIATBCSL OOIIEeH YepPTOH TMONSPHBIX 3KCIIEAUIINH.
Onnako M. Zimmer u coaBT. B 0030pe [70] orme-
TUJIM, YTO, HECMOTPS HA 3HAYUTEIHHBIC YIyullle-
HUE YCJIOBHI XU3HU U PAaOOThI HA aHTAPKTHUYECKUX
CTAaHIUAX B MOCJECIHUE TOMbI, HAPYLICHUS CHA Y 3U-
MOBIIIMKOB OCTArOTCSI HanboJiee pacripoCTpaHeHHOMN
»Kayo0oi u orMevarorcs B 40,9% ucciie1oBaHui.

HWsmenenusn cna 6 Aumapxmuoe. IlepBoe momu-
rpadudeckoe ucciaenoBanue cHa [45], mpoBeaeHHOE
B 1967 r. ma crannmu Amundsen-Scott, pacmoio-

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
early 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 ef 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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JKEHHOM Ha BbIcOTe 2835 M Haa ypoOBHEM MOpS
rmokasano, 4to, xots obmee Bpems cHa (OBC) He
M3MEHSJIOCh, BPeMsl OTXO[a KO CHY CMEIajoch Ha
Ooree mo3mHEE, yMEHBIIANACh O TapajoKCcaib-
Horo cHa (I1C), a 4-s1 cragus MeAJICHHOBOIIHOBOTO CHa
(MBC) mpakruueckn ucyeszana. [Ipum 3TomM ypoBeHb
MBC He pocTHTan MCXOMHBIX 3HAYCHUN Jaxe depe3
6 MecsIIeB TOCIie BO3BpaIieHNsT Ha bombiryro 3emitio,
YTO, TT0 MHECHHIO aBTOPOB, MOXKET OBITH CBSI3aHO C JCH-
CTBHEM XPOHUYECKON TMII00apHYECKOM THITOKCHH.

Opnnako, P. Anderson u coaBrt. [7] moka3zanu, 4to
MoCJIe TIepesieTa Ce30HHBIX PAOOTHUKOB CO CTAHIIUU
McMurdo (ypoBeHb Mopsi) Ha cTaHIHi0o Amundsen—
Scott (BbicokorOphE) 3(H(HEKTUBHOCTD CHA, a TaKKe
MIPOIIEHT OOIPCTBOBAHUS, TMOBEPXHOCTHOTO W TITY-
6okoro MBC u IIC Ha Tperuii neHp npeOBIBaHUS
Ha BBICOKOTOPhE 3HAYMMO HE OTIMYAIHACH MEXKIY
BBIJIETICHHBIMHU TPYIIIIaMU C Pa3BUTHEM M 0e3 pas-
BUTHsI OCTPOM TOPHOU OOJIC3HU, XOTS CyOBECKTUBHOE
VXyIIICHHE CHA OTMEYAIOCh B 00CHX TPyTIIax.

[Tomucomuorpadugeckoe UcCciIeJ0OBaHNE Ha CTaH-
nuu Concordia (3233 M Hajx ypoBHeM Mopst) [39, 60]
YCTAHOBWJIO YBEIUYCHUE JIATCHTHOCTH HACTYILJICHUS
CHA ¥ KOJIMYECTBA OOCTPYKTUBHBIX PECIHPATOP-
HBIX COOBITHH BO cHe. [IposiBiieHne ocaeHuX, UMe-
JI0O WHAMBHyallbHbIE OCOOCHHOCTH W OCTaBajoCh
CTaOWMJIBHBIM Ha TPOTSDKEHUH BCEro TpeOBIBaHUS
B AHTapktuie. HecMoTpsi Ha BbIpa)KeHHOE WHIMBH-
IyaJbHOE pa3iuyhe B YA3BUMOCTH K HapyIICHUSM
IBIXaHWASA, y OONBIIMHCTBA YYaCTHUKOB Ha MPOTS-
JKeHHH BCETO TepHoja MpeObIBaHWS BO BpEeMs CHA
MIPEBATUPOBATIO TIEPHOANUECKOE NBIXaHWE, KOJIHYe-
CTBEHHBIC TOKA3aTEIM KOTOPOTO HE CHIDKAIUCH K
okoH4YaHUIO 3uMOBKH [60]. Cumraercs, 4To CylIe-
CTBYET TE€CHAsl KOPPEJSIIIHS MEXAY HePUOIUYECKIM
JIBIXaHUEM BO CHE U KOJIMYECTBOM HHAEKCOB IIPO-
Oyxnenust [57], yBeIHMUeHHE KOTOPBIX MOXKET Hapy-
marh KauecTBo cHa, ogHako OBC 3HaunMo He u3Me-
HSJIOCh W JJaK€ WUMENIO TeHJCHIIMIO K YBEITUYCHHUIO
C «MAKCUMYMOMY MO3JHEH 3UMOIA.

CrengyeT OTMETHTH, YTO aOCOJIOTHOE OOJIBIIHH-
CTBO AaHTAapKTHYECKHWX CTAHIMA pacrojOKeHO Ha
YpPOBHE MOpS, TOITOMY, HE IOABEprass COMHCHHIO
pOJIb THUMOOAPUH U THIOKCHH B Pa3BUTHH BO3MOXK-
HbIX HApYUICHWI CHAa, BHUMAaHHE OOJIBIIMHCTBA HC-
cienoBatelnieli ObUIO aKIEHTUPOBAHO HA MOMCK JIPY-
rux (PaKTOPOB, BIMSIOIIUX HA 3TU MPOIICCCHI.

UccnenoBanus Ha aHTapKTHUECKo cTraHiu Hal-
ley mokazanu, 4TO BBIPRXKEHHOE CHW)KEHHUE JIONU
MBC naynHanoch 3MMON U MPOAOHKAIOCH 10 JIETa,
0e3 muKa B CEHTAOpe (BeceHHee pPaBHOJCHCTBHE).
W x0T cyOBEeKTMBHBIE OTYETHI O COCTOSHHU CHA
OBLTM TIOJIOKUTEIBHBIMH (COH PETHCTPUPOBAJICS B
MIPUBBIYHBIX ISl YYACTHUKOB YCIOBUSAX — KaXKIBIN
HCIIBITYEMBIN criall B COOCTBEHHON KpOBAaTH), IO
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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 ymenbanch npy yBeIUUEHUH €ro 2-1 CTaauu.
B nernee Bpems orMedanoch ysenmueHue OBC u
konuyectsa [1C [48].

[Ipu monucomHorpaduaeckoM HMCCIEAOBAHUU Ha
cTaHuuM Maitri Bo BpeMsi 3MMHUX MECSLEB Yy HOJISP-
HHUKOB OoTMedanoch ymeHsinenne OBC; yBenmnueHue
JIATEHTHOCTU HACTYIUICHHs CHA M KOJIM4ecTBa Ooap-
CTBOBAHUS TIOCTIE Havalla CHA; CHIXeHHE 3hdek-
TUBHOCTH CHA; BBIPQ)KEHHOE COKpAIICHUE JTUTEIb-
HOoCcTH 3- U 4-i1 cranuit MBC u yBenuuenue 1- u
2-#1 cranuit, a taxxke mpeactaBiennoctu [1C [11,
12]. ABTOpBI [10J1araroT, 4TO OCHOBHBIMH (haKTOpaMH,
BeI3eIBaronuMu u3mMeHenne MBC wu IIC, gBisror-
Csl CHIDKCHHME (PM3MYECKOM aKTMBHOCTH M TOBBIIIE-
HUE CCHCOPHON MH(POPMALMOHHON Harpy3Ku Iepen
CHOM (IPOCMOTP KHHO(DHIBMOB, YTEHHE, DPAa3HO-
o0Opa3HbIe UTPHI U T.J.), COOTBETCTBEHHO.

Opnako A. Buguet u coast. [15] npu mommco-
MHOIpaMuecKoM HCCIIEIOBaHUN IOJSIPHUKOB Ha
cragimn Dumont d’Urville BEISIBHIM TEHIECHIIMIO HA
MPOTSDKEHUM 3UMOBKH K YBEITMYEHHUIO KOJMYECTBA
JieNbTa-CHa Ha ()OHE YMEHBILCHHS JJIUTEIBHOCTH -
u 2-it craguit MBC. Ilpu 3TOoM OTCyTCTBOBaJM 3Ha-
yuMble U3MeHeHus npopokutensHoctu 1IC, a ero
JaTeHTHOCTh, XOTSI M OblIa B IpenesaXx HOPMBI,
uMena WHIUBHIyalbHbIE OCOOCHHOCTH paclpese-
nenus. Kpome Toro, Tompko y omHOro (HammeHee
alaNTHPOBAaHHOIO YYaCTHUKA) BPEMsI CHA COKpalla-
JIOCh Ha NPOTSDKEHUH 3MMOBKH. ABTOPBI MpeaIosia-
raroT [15], MOCKOIBEKY BCE€ YIACTHUKY CHIAH B CBOUX
COOCTBEHHBIX OTCEKaX, HU «3(hdeKTa IepBol HOUMY,
HU «IOJSIPHOM WHCOMHHUM», HU KaKWUX-THOO CBs3eH
MeX/1y U3MEHEHHSMH MaTTepHa CHa U METEOPOJIOTH-
YECKUMHU YCJIIOBUSIMH OOHapy:XeHO He OblIo, U, He-
CMOTpsl Ha BapHallud BpPEMEHU CHA Ha TMPOTSKe-
HUU 3MMOBKH, 3MMOBIIMKM HE CTpajajd OT He-
JIOCTATKa CHA.

TeM He MeHee, IPOBEIEHHBIE HEABHO BO BpPEMs
3WMOBKHM Ha aHTapKTU4ecKoil craHimu Belgrano II
HCCIICIOBAHUSl BBISIBUJIM YMEHBLICHHE [UINTEIBHO-
CTH CHA 3UMOH (HIOJIb, TIOJIIPHAS HOYb) B CPEIHEM Ha
4ac 110 CPAaBHEHUIO C MapTOM U HOSIOpeM IpH HE3Ha-
YUMOM 3aJep)KKe BpEeMEHM HacTyIieHus cHa. [lpu
9TOM y BOCHMH U3 12 3UMOBIIMKOB (Ha OCHOBaHHUHU
JAHHBIX aKTUTPa(oOB U ONPOCHHUKOB) BO BCE TEPHO-
JIbl HAOJIOJICHUST OTMEYAJICSi MUHUMYM OJIMH SMH3071
JTHEBHOTO CHA B HEJENI0, HACTYIJIEHHE KOTOPOro 3a-
JEPKUBAIOCH 3UMOM, UIMTENBHOCTh BO3pacTania, a
3¢ PEeKTUBHOCTh MOBBILIATACE. ABTOPBHI IOJIATAOT,
YTO YBEJIMYEHHUE JUIUTEIBHOCTH JHEBHOIO CHA MO-
KET yKa3bIBaTh Ha POCT JaBieHus cHa. Bonpoc o Tom
SIBIISIETCS. JIM YBEJIMYEHHUE JUIMTEIBHOCTH JHEBHOIO
CHA CJIEACTBUEM YKOPOUCHMS HOYHOIO WJIM Hao0o-
POT, OCTAeTCsl HEBBIACHEHHBIM, HO IIPAKTUKY JHEB-
HOTO CHa, 10 MHEHHIO aBTOPOB, CIEAYyeT paccma-

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 ef 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
20 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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TPHUBaTh B KaY€CTBE BAXHOTO (pakTopa Mpw IUIaHH-
POBaHUU OPraHU30BaHHOW AKTHBHOCTU MYJIBTUKYIIb-
TYPHBIX KOMaH]l Ha CTaHIuH [24].

[Ipu cpaBHeHHH TIapaMETPOB CHa y yYACTHHKOB
SITIOHCKON aHTapKTUYECKOH OJKCTeAuIHuy (CTaHIIHS
Syowa) m kureneii simoHckoro ropoga Kody BbIsB-
JIEHO, YTO y TIEPBBIX HAUaJ0 HACTYTICHUS CHA 3UMOM
CMeInajoch Ha Ooree Mmo3jHee, a JETOM — Ha Oolee
paHHee BpeMs, KOTOpO€ HE 3aBHCEI0 OT BO3pacTa
1 mona. 3uMON YBEITMYMBAJIOCh CPEAHEE KOJIUYECT-
BO 3IM30/I0B CHAa U YCIOXKHSAJIACh CHHXPOHH3ALUSA
¢ 24-4acoBbIM niepuoaomM [61].

P. Gander u coaBt. [26] HA OCHOBaHMU aHaU3a
AKTUTPapUUECKHUX JIaHHBIX YCTAHOBWIIH, YTO TOCIIE
NpUOBITAS B AHTapKTHIy JETOM Yy 2/3 y4acTHUKOB
YXYAIIAJICSA COH, & CIIOKHOCTU C MPOOYKICHHEM HC-
MBITBIBANIN Bee. Hanbosiee onmbITHBIN 3UMOBIIUK (JIe-
TOM B TIEpHOJ] TTOCTOSHHOTO OCBEIIEHHs) IMPUCITO-
cabmuBajcs K pUTMY CHA JIeTde, a CaMble OOJIBIIHE
CIIO)KHOCTH OTMEYAJIMCh Yy y4YacTHHWKa C Hamboiee
3aJIepyKaHHBIM IUPKAIHBIM pUTMOM. [Ipu 3TOM prT™M
TEMIIepaTypbl Tela, AKTUBHOCTH W YacCTOTHI Cep-
JIEYHBIX COKpPALIeHUN 3aepKUBAITUCH HA JIBa Yaca Mo
OTHOIIICHUIO KO BPEMEHH HACTYIUICHUs cHa (TI0 Bpe-
Menn HoBoit 3enanann).

W. Weymouth u coaBr. [66] npu uccieq0BaHUN
CHa C TIOMOIIBI0 aKTUTPa(oOB y CTYIECHTOB-BOJOH-
TEpOB, MPHUOBIBIIUX B AHTAPKTUKY M MPOBEIIINX
7 HOYeH B TmoileBoM Jjarepe B paiione Windless
Bight, k cBoeMy yauBICHHIO HE OOHAPYKIIIA CBSI3H
MEXIy YCIOBUSMH IpeObIBaHUA W HAPYIICHUSIMHU
CHAa: KOJMYECTBO HAPYIIEHWH CHAa HE BO3PACTaJIO
10 CPABHEHUIO C KOHTPOJIbHBIMHU 3HaueHussMu, OBC
3HAYMMO HE OTINYAJIOCh OT MpPeaIKCHeTUIIUOHHO-
ro, CyObeKTHBHAsI OL[CHKAa KayecTBa CHa TaKXe OcC-
tTaBajach Oe3 wu3MeHeHuid. [Ipenmomaraercs, uTO
MOJISIPHBIE  YCJIOBUSL B TIEPUOJ] AHTAPKTHYECKOTO
JieTa, MO KpailHeW Mepe y CTYJACHTOB, HE BBI3bIBA-
JIU CePhE3HBIX HAPYIICHUH CHAa B BHJY TOTO, YTO OH
MOT W3MEHHUTBhCS B TIEPHUON MOJTOTOBKH K IIyTe-
IIECTBUIO M OCTaBajJCs TAaKUM B IIOJIEBBIX YCIIO-
BHUSX WIH HE TIOCTpajai BCIEICTBHE BBIPAKEHHON
JBUTATCIILHON AKTHMBHOCTH YYaCTHHUKOB W JIt000E
YMEHBIIICHHE CHA, BBI3BIBAEMOE HEOOBIYHBIM (O-
TOIEPHUOIOM, OBLJIO CBEIICHO HA HET IOBBIIICHHOW
MOTPEOHOCTHIO B OTJIBIXE.

M. Steinach u coaBt. [58] mokasanu, 4To H3MEHE-
HUS CHA, OIICHCHHBIC C MTOMOIIBIO akTUrpadoB, IpU
npeObiBanny Ha ctaHuusix Neumayer I u 111 umenn
BBIP2XCHHBIC TEHJICPHBIC Pa3IIUYUs: y JKEHIIWH TI0
CPaBHEHHIO C MYXYMHAMH YBEINYHBAIUCH BpEMS
HaXOXKJACHUS B MOCTENW M JUIUTEIBHOCTh CHA, YHC-
JI0 TIPOOYKJIEHUH W JTATEeHTHOCTh HACTYIUICHHUS CHA.
[Ipy yMeHbIIeHHH BpEeMEHH COJHEYHOTO OCBeIle-
HUS YBEJIUYMBAJIOCH JJIMTEIILHOCTh NMPEObIBAHUS 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 unusual
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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nocTeny, cHmwkanach 3(pQeKkTuBHOCTH CHa, 3aaep-
JKUBAJIMCh HAYaJo W OKOHUYAaHWE CHA W yMEHbIIa-
JUCh DHEPreTHUYECKHUEe 3aTparhl Y BCEX YYaCTHUKOB
BO BpeMs aHTApKTUYECKOH 3UMBI, a Ha CTaHIUU
Neumayer III Bpems oTxoma kKo CHY W IpOOYXme-
HUS 3HAYMMO CMemanoch Ha Oomee mosnmuee. llo
MHEHHUIO aBTOPOB, B YCIOBHIX H3OJSIUN CHIDKCHHE
KayecTBa CHa y JKEHIIWH TP HEM3MEHHOH (u3u-
YEeCKON aKTUBHOCTHU CBUICTEIHCTBYET O 00JIee BBICO-
KOW BOCIPUUMYHBOCTH K TICHXO-3MOIIMOHAJILHOMY
cTpeccy U U3MEHEHMSIM LIUPKaTHOTO PUTMA.

HccnenoBanus, IpoBeIEHHbIE HA aHTAPKTUYECKOU
cTaHuuu «Akanemuk Bepnanckuit» [4], moxazanu,
YTO TOCIIE TIEPECEYCHHS IECTH YaCOBBIX TIOSCOB HE-
KOTOpBIE 3UMOBIIUKA JITUTETFHOE BPEMs OTMeUasd
OTAeNbHBIC HApYIIEHHs IUKJIa COH-OOAPCTBOBAaHWE
W OUIyIIaJd TPHUCTYIBl COHJIWBOCTH MPHMEPHO
B 18 u mo MectHomMy BpeMeHU. B Toxke Bpems y
YYaCTHUKOB |- Typeukod aHTapKTUYECKOW H3KCIie-
TUITAH, TPUOBIBITUX B AHTApKTHY C TAKUM K€ CMe-
[IEHHEM [0 BPEMEHH, 3aMETHBIX HapyIIeHWH CHa
OTMEUYEHO He ObLIO [6].

[Ipu sTOoM aHanM3 OTBETOB YKPAaMHCKUX 3UMOB-
muKoB [4] Ha YeThpe MEPBBIE BOIpPOCAa OMPOC-
Huka IDS-SR30 [54] nokasas, 4yTo HapylIeHHUs CHA
MMENH WHAWBHUIyalbHble 0COOCHHOCTUA W 3aBUCEIN
OT Ce30Ha 3UMOBKHU. Y YYaCTHHKOB CyMMapHO HaW-
Ooiiee BBIPAKEHHBIE TPOSIBICHUS OBUIH OTMEUYCHBI
P MFOJIECKOM oripoce (B 3uMHee Bpemst): y 10-tu —
TPYIHOCTH C 3achIllaHueM, §-MH — OECIIOKOWHBIN
COH, 3-X — paHHee MPOOYKACHHE U 2-X — H30BITOUHBIH
coH. Pannee mpoOyXaeHHE OTMEYaIoCh OJWHAKO-
BO€ KOJIMYECTBO pa3 Ha MPOTSKEHUU CE30HA, a CIy-
4yaeB M30BITOYHOTO CHA ObLIO OOJIBINIC B arpesie U OK-
Ts10pe (1o 4 y4acTHHKA).

Kpome TOro, mccinenoBanue JBUTATENBHOM ak-
TUBHOCH BO CHE C WCIOJIb30BAaHUEM IEPCOHAIBHBIX
cMapThOHOB C IPOTPaMMHEIM oOecriedeHneM «Sleep
as Android» (Urbandroid Team) BBISBHIO WHIWBH-
nyanmpHoe m3MeHenne OBC m BpeMeHH TiTyOOKOTO
BpEMEHH CHA B Te4eHHue rona. Tak, ucXoas U3 WHIH-
BHyaJbHON (TPENIOYNTaeMO) JUINTENBHOCTH CHA
(7 wvmm 7,5 49), y AByX 3UMOBIIIKOB OTMEUEHO HAKOII-
nenue nedunura caa (134 m 85 9 3a rom coot-
BETCTBEHHO), a Y JIBYX JIPYT'HX, HAlpOTHUB, — IPUPO-
cta xkonudectBa cHa (111 u 277 4 COOTBETCTBEHHO),
B TOM YHCJI€ ¥ 3a CYET AMHU30/0B JTHEBHOTO CHa [4].

Crnenyer Taxkke OTMETUTh, YTO Yy BCEX Yy4acT-
HUKOB BHE 3aBHCHMOCTH OT Bo3pacta u mpodec-
CHUOHAJIbHOW aKTUBHOCTH HAOIIOAIUCh KBa3HIIC-
pUOAMYECKHe U3MEHEHHSI CyMMapHOH JITUTENLHOCTH
CYTOYHOH TPEICTaBIEHHOCTH CHAa (PHCYHOK), TIPH-
YMHA KOTOPBIX HEBBISICHEHA. BeposTHO, M3MEHEHUS
M3yYEHHBIX TTApaMETPOB CHA SBJSUIUCH PE3yIbTaTOM
B3aMMOJICHCTBUS CHA (€r0 MHAWBHIYaJbHBIX XapaK-

Bpewms cyTok, 4
Time of day, hrs

13.02  18.02

OHn
Days

29.01  03.02 08.02 23.02 28.02

MpoaomkNTENLHOCTL CHa, 4
Sleep duration, hrs

19.02

01.02

07.02 13.02 25.02

OHn

Days
Mpumep M3MeHeHUs ONUTENbHOCTU CHa B TeYeHWe me-
caua. A — cnHuMK cTonbrkammn oTMeyeHa AfIMTENbHOCTb
HOYHOrO CHa (HWXHAS rpaHuua ctonbuka — Hayano cHa,
BEPXHSASA — OKOHYaHue); B — AnnTensHOCTb CYyTOYHOTO CHa —
Xentas nuHWS, ANMTENbHOCTb rMyBGOoKoro cHa — moneTo-
Bas NuHUs, cpedHee BpeMs cHa — ronybast nuHmsa. Ocb
abcuncc — OHWM perucTpauumv, oCb OpguHaT — BpeMms ”
ANUTENbLHOCTL CHa (4ackl) 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
1%t 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 [55] to the first four questions
of the IDS-SR30 questionnaire [52] showed that
sleep disturbances had individual features and de
pended on the wintering season. In participants,
the most pronounced manifestations were obser-
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TEPUCTHK), Tpaduka pabOTHl ¥ MpHeMa MHULIH U OT-
pakanu 0COOCHHOCTH WHAWBUAYaJIBHOH ajanTaluu
K YCIIOBUSIM JKU3HU Ha CTAHIUH.

Hapymienns cHa — oOmenpu3HaHHBIH (DEeHOMEH,
BO3HUKAIONINH B YCIOBUSX HEMPUBBIYHOTO OKPYIKeE-
HUA [5], ATEeTRHOE MPEOBIBAHUE B KOTOPOM, MOYKET
BIHATH Ha CIIOCOOHOCTH a/IEKBATHO pearnpoBaTh Ha
HEOOBITHYIO U JAXKE «BPAXKACOHYIO» CPEITy, TOTOOHYTO
AHTApPKTUYECKOM. XOTS NPUYMHHO-CIIEACTBEHHBIC
MeXaHHM3Mbl HAPYIICHHH CHA IMPH aHTapKTHYECKUX
HCCIICJIOBAHUSAX TOYHO HE HJCHTH(PHUIIMPOBaHBI [9,
47, 49, 50], cuurtaercsi, YTO B HUX OCHOBE MOXKET
Jexarh TPH NEPEKPHIBAIOUIMXCS CHHApPOMA: «aH-
TApKTHUUECKUNA CUHAPOMY, «IIoyIApHBIN T3-cuHapom»
u cyocuHapoManbHOe apGEeKTUBHOE PACCTPOHCTBO
[47]. Pa3BuBaromascs npu 3TOM «IOJSIpPHAsT HHCOM-
HUSD) TPOSBIISIETCS, B YaCTHOCTH, B 3aJiepKKe (pas3nl
CeKpelMu MeJIaTOHWHA TIPH HOPMAJIBHOM CyTO4-
HOM TIpo(miIe CeKpenry KOPTH30JIa W HapylIeHHe
yABTpaZaHHOW pUTMHYHOCTH cHa. [locnennee xa-
pakTepusyeTcs MOSBICHHEM OOJBIIOT0 KOJIWYECTBA
IIC B mauane noun, a MBC, HampoTuB, B OCHOB-
HOM B KOHIIE, YTO CBSI3BIBAIOT C 33JIEP’KKON CEKpeLnn
menatonuHa [49]. Kpome Toro, 3amepikka €ro cex-
peUMU MO CPaBHEHHIO C «HOPMAJIBHBIM» PabOunUM
BpeMEHEM NPUBOAWUT K Pa3BUTHIO CHAa B CyOONTH-
MaibpHOH (aze [9].

[Ipu sTom Hambojee BBIpaKEHHBIE HAPYIICHUS
CHa XapakKTePHbI B OCHOBHOM IS CEPEIMHBI 3UMBI
[47, 49] u IPOSABIAIOTCS B TPYIHOCTH C 3aCHIITaHUEM
W/WIA ToANepKaHUEeM CHa, CHIDKCHHE ero 3ddex-
tuBHOCTH, ymeHbmienne OBC, xommuectBa MBC
(3- m 4- g cragum), yBenuueHue (¢parMeHTaALUuU
cHa [49], monmu TIC, a Takxke 1- u 2-it ctaguit MBC
[14]. CymiecTByIOT JaHHBIE O CXOIHBIX, MEHEE BhIpa-
KCHHBIX M3MEHEHHAX B JeTHui mepuon [S0], koto-
pbie TpeOyIoT Oojiee AeTANBHOTO 00CYKACHUS.

Ilooxo0bl K Koppexyuu HapyweHuu cHa. B oc-
HOBE PEryiisil[ii CHa JIeKaT JIBa IpoIecca: TOMeo-
CcTaTUYeCcKuid M uupkaaHwid. IIpu sTomM cuuTaercs,
YTO TIOCTIEIHUH, B OTIIMYUE OT MEePBOTO, HE 3aBHCUT
OT JUTUTENFHOCTH TPEIBIAYIIEr0 CHa W OOAPCTBO-
BaHUS, XOTA B IOCJEJHEe BpeMsl HAKaIUIMBAIOTCS
JIaHHbBIC, CBUCTEIbCTBYIOIIME 00 oOparHom [13].
Kpome TOro, B peryssiuio cHa BOBIEUEH TaKxke
yABTPaAMaHHbIN Mpolecce, NPeACTABISIONNN co0o0i
yepenoBanue MBC u I1C [32]. BzaumoneiicTBue 3Tux
MIPOLIECCOB OMPEAEISAET «HOPMAJIbHOE» TEYEHUE CHA
B HOYHOE BPEeMS M «HEOOXOJUMBI» ypOBEHb OOIp-
CTBOBaHUS JHEM, OJHAKO MX PacCOTIIACOBaHUE MO-
JKET TPOUCXOIUTh IPH IIOMEIIEHUN CYOBEKTOB B
YCIIOBHS C «HEHOPMAJIbHBIM» (OTIHYHBIM OT 24-4a-
COBOT0) PUTMOM CMEHBI CBET-TEMHOTa, CMEHHO pa-
00Te 1 CABUIe BpEMEHH.
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ved during the July survey (in winter): 10 — diffi-
culty falling asleep, 8 — restless sleep, 3 — early awa-
kening 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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[lockonbKy MHOTHE aHTAPKTHYECKHE CTaHLUU
pacrionoxeHsl 3a [lonspHBIM KpyroM, W HOJSAPHOMN
HOYBIO 3UMOBIIUKH BBIHYX/ICHBI TI0 HECKOJILKO Me-
CSIIEB KUTh M pabOTaTh B YCIOBUAX TOJIBKO HCKYC-
CTBEHHOTO OCBEIICHHS, MPUHATO CYUTATh, YTO CBET,
a TOYHee JKCTpeMallbHOe M3MeHeHHe (oTomeprona
SBIISIETCSI OJHUM W3 OCHOBHBIX (DaKTOPOB, Ompere-
JISIIOIIMX TEYEHHE CHA y 3UMOBIIMKOB B AHTapKTH-
ne. IIpu 3ToM M3BECTHO, YTO HU3KHUM YPOBEHb OCBE-
IIEHHOCTH yXyAIIaeT COH U HacTpoenue [9, 25, 32],
a aJIeKBaTHO TMOA0OpaHHBIE MapaMeTphbl OCBEIIECHUS
MOTYT CABHHYTh PHUTM INIaBHOTO MeiicMekepa — cy-
[paxua3MaTudecKue sjapa TUIIOTaaMyca, M DPUTM
OonpcrBoBanue-con [21]. Tak, ompeneneHHas 3¢-
(hbeKTUBHOCTH CBETOBOH Tepanmuu (MCTOIh30BaHUE
CBETa pPa3HOH WHTEHCHBHOCTH M CIEKTPajJIbHOTO
COCTaBa, KaK MPaBUJIO, OOOTAIIEHHOTO €ro ToJTy0oi
COCTAaBIISIONIEH) IMOKa3aHa TIPU KOPPEKIMH Hapy-
[ICHHBIX MapaMeTPOB CHA, YIy4IIEHHH KOHIIEHTpa-
UM BHUMAaHWSI, KOTHUTHBHBIX CIIOCOOHOCTEH, camMo-
YyBCTBHUS, HACTPOCHHUS, paOOTOCTIOCOOHOCTH U KJIH-
mara B kojuiektuse [17, 20, 25, 37, 43, 44, 51, 52].

WzyunB npu momomy akTurpadoB Ce30HHBIE
HU3MEHEHUS! CHa y O(MUCHBIX PaOOTHHKOB, MPOXKHU-
BaIOIINUX 32 MOJIIPHBIM KpyroM (. Kupyna, [IBermus),
A. Lowden u coaBt. [37] BBISBIIN 33J€PKKy Hac-
TYIJICHHWs] Hadalla CHa, KoTopas cocTaBuia 39 MuH,
Y YMEHBIIICHNE JITUTEIILHOCTH CHA 32 HEJIENIO B 31M-
HUM TIEPUOJl MO CPABHEHHUIO C JIETHUM. 3ajiepiKKa
BPEMEHHU CEpPEIWHBI CHa COCTaBWIA 25 MHUH B OyI-
HUE THA U 46 MUH B BBIXOAHBIC. YBEIWYEHHE yTPEH-
HEH OCBENIEHHOCTH TPHUBOAWIO K Oomee paHHEMY
HACTYIUICHHIO BPEMEHH CEpelMHbl CHAa, a YBellnue-
HHUE OCBEIIEHHOCTH BEYEPOM, BBI3BIBAJIO €0 33/ICPIKKY.

Ha cranuumn Halley V (cezon 2002-2003) mpu
JUITETIbHOM (OKOJIO TpeX MecsleB) NpeObIBaHUH
B YCIIOBUSIX HCKYCCTBEHHOTO OCBEIIECHHS y 3UMOB-
IIMKOB OTMEYAIIMCh (PparMeHTaruss CHa W 3aJepiK-
Ka ero HactymieHus [25]. U xoTs 3amepkka cHa
COXpaHsIach TPU HWCIIONB30BAHUHA OCBEIICHHS C
YBEJIIMYCHHON WHTEHCHBHOCTBHIO CBETOBOTO TOTOKA,
ero 3(pPeKTUBHOCTE OblIa HECKOJILKO BEIIIC TIPH HC-
MTOJTb30BAaHUH CBETA C OOOTAIEHHBIM CIEKTPaIbHBIM
COCTaBOM.

[IpoBenennniit Ha craninuu Halley V ananus
JAHHBIX aKTUrpadoB, OMPOCHUKOB U PUTMa U3MCHE-
HUS KOHIeHTpauuu 6-sulphatoxymelatonin B moue
y TOJSIPHUKOB BO BpEMsl aHTapPKTUYECKOW 3UMBI
2006 roga [43] mokasain, 4TO JOMOJHUTENIBHOE HC-
KyCCTBEHHOE OCBEIleHHe, O00OTallleHHOe ToTy0oi
COCTABIISIIONIEH CIIEKTPa, IMOJIOKUTEIFHO BIUSIIO Ha
TEYeHHUe, JIUTENbHOCTh, 3(PPEKTUBHOCTh U KadecT-
BO CHA.

Eme omuo wmccrmenoBanme cHa (akTHTpadus u
onpocHUK) Ha ctanimu Halley V mokasaino, 1to Bce-

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 Antarctic 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.
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r0 4ac YCHJICHHOTO SIPKOTO OCBEILEHHS B yTPEHHEE
BpeMs yckopseT (azy IHMPKaJHOTO PHTMa CeKpe-
LM MEJAaTOHWHA, CIBUTaeT Ha Ooliee paHHUE Yachl
BpeMsl OTXO/Ia KO CHY M MPOOYKICHHS, HO B MEHb-
e creneHw, yaydliaeT COH, BHUMAaHHE W KOTHH-
THUBHBIE criocoOHoCcTH [20].

CornacHO MaHHBIM, MOITY4YeHHBIM B Xome 30-i
WHIAHCKOW aHTAPKTUICCKON dKCTenuuuu [52], Mak-
CUMAJIBHBIC HApyIICHUA CHA IMPOUCXOAWIIM B IIEp-
BbI MecCsIl IMOCie NMPHOBITUS Ha CTaHuioo Maitri
(BHIMMO B CBSI3H C HEOOXOAMMOCTBIO aJalTalliH
K 24-dacoBoMy cBeTOBOMY mepuonay). Kpome Toro,
Ha ()OHE OTCYTCTBHE HM3MEHEHHMH PHTMa CEKPELHH
KOPTH30J1a, MOJSIPHOM 3MMOHM Hapyllanach LHUPKal-
Has cekpenus MenatoHuHa. Ompoc ToKaszall, 4To
y MATH Y4acTHHKOB (25%) BpeMsi MEXIy OTXOAOM
KO CHY U €ro HacTymuieHueM yMeHbluminoch, OBC
Y KadeCTBO CHA 3MMOM YBEIHYMIOCH, a KOJIHYECTBO
paHHUX TPOOYXKIEHUH CHU3HUIIOCH MO CPAaBHEHHUIO
¢ JeTHUM nepuonoMm. llarrepH cHa y TexHudec-
KOTO TIEPCOHANA OTIIMYAJICS TOJBKO OOIIEeH JUTHTEIb-
HOCTBIO B JieTHee Bpems. OTmeuaercs, 4To 0OIIas
JUIMTETIbHOCTh CHA BO3pacraja W3-3a yBEIUYCHHS
4acTOThl €ro JHEBHBIX SIMU30A0B M OblIa CBs3a-
Ha CKOpee C OTCYTCTBHEM IOCIC00eICHHOM pabo-
4eil CMEHBI, YeM C yCTaloCThlo. B kauecTBe cpencrs,
CIOCOOCTBYIOIIMX HACTYIUICHWIO CHA, 3UMOBIIUKH
CIIyIIaT MY3BIKY, YUTAJIH U CMOTpPEIH TEJIeBU30pP.
Cemepo yuactHukoB (35%) mpubermu k dapmako-
JIOTUYECKOH Teparuu.

Uccnenosanmne, npoBenenHoe Ha craniuu Con-
cordia [44], moka3asno, 4To y MOJSPHUKOB B TEUCHHE
3UMBI OTMCYAJIMCh 3Ha4YuMasg 3aJCpKKa BPEMCHU
OTXOIa KO CHY M BBIKIIOYeHHs cBeTa (TIpU OOBIY-
HOM OCBCHICHI/H/I), BCJIMYMHBI KOTOPBIX CHHKAJIUCH
IIPU HCIONB30BaHUU CBETa, OOOTAIEHHOTO JIOMOJI-
HUTEJBHBIMU ~ CIIEKTPAJbHBIMH  COCTABIISIOMIMMH.
[Ipu 3TOM COOTBETCTBYIOIIEE BpEeMsi MPOOYKICHHS
HE OTIMYAIIOCh TIPU Pa3HBIX BapHaHTax OCBelle-
HUS, OJIHAKO JUINTEIBHOCTh CHA yBEIMYHMBajach Ha
(hone «oborameHHOro cBeTay. DP(HEeKTHBHOCTh CHA
TaK)Ke HE OTIMYajach NMPU 3TUX PEKUMaxX OCBeIle-
HUS, 9TO, TI0 MHCHHUIO aBTOPOB, MOTJIO OBITH CBSI3aHO
Kak C HEIOCTaTOYHOW TOYHOCTHIO akTHrpad)oB B
ONpPENEICHU TOHKHUX W3MEHEHUU CTPYKTYphl CHa,
TaK U C HEYYBCTBUTECIBHOCTHIO 3(P(EKTUBHOCTH
CHa K BJIMSHHUIO «o0OorameHHoro csera». OnHako
HCTIOJIb30BaHUE «OOOTAIIEHHOTO CBETa» 3HAYMMO
yJIy4lIano cCaMOvyBCTBHE M BHUMAHHE, a TAKIKE YMEHb-
mayo 30-MUHYTHYIO 3aJIepKKy CEKpEeIMH MeJaro-
HUHA, OTMEYaeMYI0 TP OOBIYHOM OCBEIICHHU.

[Tocne 2-HemenmpHOTO TIPEOBIBaHWS HA CTAHIIUU
Canadian Forces Station Alert [51] xonmnduecTBO CHa
y TIOJSIPHUKOB OCTaBAJIOCh HEM3MEHHBIM, HO €ro
Ka4€CTBO 3aMCTHO YJIYUHIWJIOCH IIOCJIEC HWHIAMWBUIY-
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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 JICUCHHUS» — HMPUMEHEHUsS J10-
MOJTHUTENFHOTO OCBeIeHHs. «CBETOBOMY JICUCHHUIO
MOABEPTAINCh YYACTHUKH, Yy KOTOPBIX OTMEYAJIOCh
paccoriacoBaHie pUTMa CEKPEeIMd MENaTOHWHA H
pacnmicanus cHa. lIpu 3TOM yMEHBIIATOCH KOIHWYe-
CTBO TPOOYXAEHWH (M3MEPEHHBIX MO0 KOJIHYECTBY
SIU30/I0B CHA) M BpeMs OONPCTBOBAHUS IOCIIE Ha-
yaJia CHa, YTO MPOBHIIIAJIO ero 3(h(HEeKTHBHOCTD.

N. Chen u coabrt. [17] no naHHbIM akTUrpadoB,
OINPOCHHUKOB M pe3yibTaraM HccieJOBaHHS MeTabo-
JUTOB MEJaTOHWHA B MOYE BBISBWIIM, YTO y 3UMOB-
IIMKOB Ha ctaHimu Zhongshan Bo BpeMst MOMSAPHOI
HOYM TPOMUCXOAMJIA 33JEPKKa LUPKATHOTO PHUTMa
n (a3pl HACTYIUICHHS CHA, DPa3BHUBAJICS IO3IHHUM
XPOHOTHUI. 3HAYMMBIX U3MEHEHHUH 00IIero BpeMeHH,
3¢ (EeKTUBHOCTH W JIATEHTHOCTH CHAa OOHApy>KEHO
He Obuio. [t CHYDKEHUS! BBIPQKEHHOCTH CHMIITO-
MOB OBIJIO TIPE/TIOKEHO UCTIOIB30BAaTh B KOMOMHAIINN
HCKYyCCTBEHHOE SPKOE OCBEUIEHHE M CTPOroe cod-
JIOJICHNE PEXKUMa COIMaIbHON aKTHBHOCTH, a TAKKe
BIJTIOUEHUE B PAMOH OOTaThIX TPUNTO(AHOM TIPO-
JOYKTOB IUTAHUS MIEPE] CHOM.

M. Bhattacharyya u coaBt. [12] Taxxke monara-
IOT, YTO KOMOHMHAIMsI MCKYCCTBEHHOTO OCBEICHHS
U CTpOroro coOmoneHus: rpaduka COUUATBLHOTO
B3aMMOZICUCTBHS BO BpeMs IMOJISIPHOH HOYHM, MOMKET
CIOCOOCTBOBAaTh TMOAJEPKKe (YHKIIMH OpraHu3Ma
Ha ypOBHE, HEOOXOAMMOM st OOJNerdeHus mpoo-
JIeM, CBS3aHHBIX C HAPYIICHUSAMU IUPKATHBIX PHUT-
MOB B AHTapKTHJE, a pPaccTpoOMcTBa CHa MOTYT
OBITH HEHTpaMM30BaHbl He(hapMaKOJIOTHICCKUMH Te-
pareBTHYECKUMH BMEIIATEIbCTBAMU: Hora, MeJIu-
TaIys, PasyMHO MOJOOpaHHbIe (U3MYECKHE yIpakK-
HEHHsI, 0COOCHHO B TEMHbIC 3UMHHE MECSIIbI, KOTra
YYaCTHUKH B OCHOBHOM HAXOASTCS B IMOMEIICHUH
CTaHLUH.

SImoHCKHE HCCIIe0BATENIN CUNTAIOT, YTO COH WIIN
PUTMBI aKTUBHOCTH y YYaCTHHKOB aHTAPKTUYECKHX
SKCHENUIUI B OCHOBHOM KOHTPOJHPYIOTCS Tpa-
(ukoM paboOTBl W MOTYT OBITH B ONpEAEICHHON
CTETICHH HOPMAJIM30BaHBI TIPH CTPOTOM €T0 COOIIO-
neHuu [68].

O. Mairesse u coaBT. [39] Taxke MpeAIONaraior,
9TO COOJIOJCHHUE PETYISIPHOTO pPeXuMa OOapCTBO-
BaHHE-COH, 0COOCHHO MOABEM B OJTHO U TOXKE BPEMSI,
MOXET CIIy’KUTh JJOCTATOYHO MOIIHBIM HECBETOBBIM
3aJaTYNKOM BpPEMEHU TPOTHUBOACHCTBHS BIUSHHIO
IKCTPEMAJILHBIX (POTONEPHOIOB.

Ha 3HauuMocTh coManbHOro 3aaT4nKa BpeMEH!
(IO CpaBHEHUIO C IUKJIIOM CBET-TEMHOTA), [0 Kpaii-
HEel Mepe B MoJIep >KaHn! IUPKAJHOTO PUTMA YPOB-
HS [APKYITHPYIONNX TOPMOHOB B KPOBHU yKa3bIBaeT
u T. Takagi [59].

Ha anrapkrnyeckmx cranmusax Rothera m Halley
[29] Ha TMpOTSHKEHWH 3UMOBOK HApYIIEHWH CyTOY-

s ilE e
ARG

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 CEKPELMU KOPTU30Jia OOHAPYKEHO HE
OBUIO W TOJBKO CYOBEKTHBHBIC MPOOIEMBI CO CHOM
W yCTalOCTh YKa3bIBAJIM HAa Pa3BUTHE «aHTaAPKTH-
4ecKoro cuHapoMay. Kpome Toro, mpezrmonaraercs,
YTO CTpOroe coOmoeHne rpaduka BpeMeHH padboThI
1 OTIBIXA, & TAKXKe TpUeMa THIIN CKa3aJI0Ch Ha COX-
paHEeHHH HOPMAIFHOTO pPHUTMAa BBHIPAOOTKH KOPTH-
30J1a, @ €r0 BBICOKHI YPOBEHb IPU MPOOYKICHUH U
HU3KHUH MPU OTXOJIC KO CHY Y YYaCTHHMKOB, OLCHCH-
HBbIX KaK «XOpOIIO aJalTHPOBAHHBICY, CBUICTECIIb-
CTBOBaJI 00 UX YCHEIIHOW afanranuu [29].

PesynpraThl akTurpaMuUeCcKUX HCCICOBAHUN
G. Collet u coapr. [18] mokaszanu, 4TO BapHalUU
JUTUTEIIBHOCTH OCBEIICHHOCTH MOTYT SIBJISTHCS HE
€AVMHCTBEHHOW MPUYMHOW M3MEHEHUs cHa. Tak, Ha
cranmmax Dumont d’Urville (ypoBeHr Mops) 1o
cpaBHenuio ¢ Concordia (BBICOKOTOpPhE) Ha (hOHE
OTCYTCTBHS CE30HHOM 3aBUCHMOCTH IJTUTEIHHOCTH
pabodero BpeMEHH, PHEPreTHYEeCKHX 3arpar opra-
HH3Ma WJIM KOJIMYECTBA I11AaroB, CACIaHHBIX B CBETIOC
Bpemsi cytok, OBC 0Obuio Oombie, 3¢heKTHBHOCTD
CHa BBIIE, a BpeMs OOJPCTBOBAHMS IIOCIE €ro
HACTYIUICHUS] MeHbIle. KpoMe TOoro, Ha 3THX CTaHIIUSIX
SHEPreTUUYECKHE 3aTpaThl W KOJIUYECTBO SIH30/I0B
(bparmeHTanMK CHA ObLIX BBIIIIE B JISTHHUIA IEPUOI.

Ha Oompinyro 3HaUMMOCTh THUIIOKCHU II0 CpaB-
HEHUIO C KCTPEMaTbHBIM (OTOIIEPHOIOM Ha BBICO-
KOTOPHBIX CTaHIUAX OOpAIalOT BHUMAHHUE U JIPyTHe
aBropel [18, 39]. IloMmumo HapywieHuid cHa [47],
Y 3UMOBIIMKOB Ha ATHX CTAHIIAAX OTMEYAETCs TIepro-
IUYecKoe JbIXaHHe BO CHE, 4TO, BHANMO, Tpebyer
CHEIHMAJIBHBIX MTOJIXO/I0B K €r0 KOPPEKIINH.

«Kasoponxuy, «cosvl» u opyeue ... — poib xpo-
HOMUNO8 U JUYHOCMHBIX Yepm 8 d0anmayuu u u3-
MEHEeHUsX cHa 8 Ycaosusax Aumapxmuowl. VI3BecTHO,
YTO, KPOME CBETa, COH YYBCTBUTEJICH K MHOXXECTBY
BHEIIHHUX, BHYTPEHHUX (aKTOPOB, B TOM YHCIE U
JIMYHOCTHBIX [32], poiab KOTOPBIX BO3PACTAET MHO-
TOKpaTHO B CBSI3U C TEM, YTO BO BpeMs IpeObI-
BaHUS B AHTApKTHAE 3UMOBIIUKAM MPHUXOIUTCS
JUTATETFHOE BpPeMsI JKUTh W paboTaTh B MajoM KOJ-
JIEKTUBE U B OTPHIBE OT MIPUBBIYHOTO OKPY KCHHUS.

Tak, MOJSPHUKM HA AHTAPKTUUYECKON CTaHIIMU
SANAE (850 M Ham ypoBHEM MOpsi) COOOIIMIH
00 YBCJIIMYCHHM KOJIMYECTBA M TSKECTH CIydacB
BpaKAEOHOCTH, ACTPeccu, OECCOHHUIBI U Oecro-
koiictBa [63]. Ilpuyem OONBIIMHCTBO MPOSBICHUN
OBLITIO BBIIIE B CEPEIMHE M KOHIIC 3UMBI.

Onnaxo J. Wood u coast. [67], npoaHanu3upo-
BaB coobmieHusi 104 aBcTpalMHCKUX 3UMOBIIUKOB
MPHUILUTA K BBIBOAY, YTO YacTOTa TOSIBICHHUS TO3H-
TUBHBIX OIYIIEHUI ObLTa 3HAYUTEIHHO BBIIIE, YeM
HETaTUBHBIX MEPEKUBAHUH, HECMOTPS Ha TO, YTO TIe-
pEYCHD MOCTETHNX 3HAYUTEIHHO IITHHHEE.
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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 muenuto S. Khandelwal u coaBr. [31] ocHOB-
HBIMH CTPECCOBBIMU (PAKTOPAMHU SBJISFOTCS CKOpEe
[ICUXOJIOTHYECKHE, 4YeM (U3NYECKUE YCIOBUSA, W
OTMEYaloT, 4TO Kaxaas (pa3a rnpeObiBaHUS B AHTap-
KTHJIe XapaKTepu3yeTcs OIpeIeTeHHBIM HabopoM
[ICUXOJIOTHYECKNX pEeaKIHid, HO He IOATBEpKIa-
0T HaJM4YUe TaK Ha3bIBAEMOTO «(eHOMeHa TpeTbei
YETBEPTH», XapaKTEPHU3YIOLIETOCs HHU3KOH MOTHBA-
LMEeH, MEXJIMYHOCTHBIM HANpPSKCHUEM M ILJIOXUM
HACTPOCHHUEM.

R. Bhargava u coasrt. [10] Takxe yka3bIBaeT Ha
3aBUCHUMOCTh TE€X WU WHBIX [ICUXOJOTHYECKHUX
MPOSIBJICHUHW, TPEANOIOKUTEIBHO BIUSIOIMIUX HAa
MIPOAYKTUBHOCTB, OT (ha3bl 3SMIMOBKH.

OxapaxTepu30BaB HETaTUBHOE W TIO3UTUBHOE BIIHS-
HHUE, BO3HUKAIOIIEE BO BpeMs MpeObIBaHUS B AHTap-
ktuge, M. Zimmer u coaBT. [70] momararot, 9To Iep-
BOE€, TIO-BUIIMMOMY, SIBIISIETCSI CIIEACTBHEM HEaJleK-
BAaTHOTO B3aUMOJCWUCTBUSI OpPraHu3Ma C OKpY’Karolei
Cpello U MPOSIBIISICTCS B Pa3BUTHE 1IEIOT0 Psijia CHH/I-
pOMOB U M3MEHEHUW. B CBOIO ouepe/b MONOKHUTENb-
Hble AQ(EKThI, TaKKe KaK CaJFOTOrCHHBIC, BOSHUKAIOT
B pe3yJIbTaTe YCIEIIHON aJanTaiui K HeOIaronpusT-
HBIM YCJIOBUSIM OKPYIKAFOIIEH CPEIbL.

J. Leach [33] orMeuaert, 4T0O «HaIlla KOTHUTHBHAS
CUCTeMa TPUCIIOCOONeHa K MONACPKAHUIO IIeNie-
HalNpaBJICHHOTO TIOBEJCHHUS B YCIOBHSIX HOPMAallb-
HOTO OKPYKEHHUS», OTHAKO B «aOHOPMaIbHON» cpe-
Je, K KOTOpOW OpraHu3M H3Ha4aJbHO ONTHMAaIbHO
HE aJanTHPOBaH, OHA (KOTHUTHBHAS CHCTEMa) MO-
JKET MPHUCIIOCAOINBATHCS Yepe3 Pa3BUTHE COOTBETCT-
BYIOIIIUX CTpaTeruii BbDKUBaHUA. [IpuuemM ycioBus
OKPYKaIoIIeH Cpeabl MOTYT ObITh «aOHOPMAaJIbHBI-
MW» JUJIS OJTHUX WHJUBUIYYMOB U BIIOJIHE MPHUEM-
JIEMBIMU JIJIsL JIPYTUX, & OLICHKA YCJIOBHH OKPYXKaro-
e cpeapl MOXKET MEHSATHCS KaK C TEUCHHEM Bpe-
MEHHU, TaKk W ¢ mnpuoOpeTeHneM ormbita. Criemyer
OTMETHUTh, YTO «HEKOTOpPbIE HHIUBUIYYMBI CO3Ha-
TENBHO JIETAl0T BBIOOP B IMOJNB3Y JKU3HU M PAOOTHI
B HCKIIOYATEIBHBIX YCIIOBUSX, TAaKUX KakK IOJSp-
Has 0a3a, KOCMHYECKas CTAHIIUS, TOJBOIHAS JIOIKA
U T. A., T. €. YCIOBUH, K KOTOPHIM OHH ONTHMAaJIHHO
HE aJanTHPOBAaHbI, HO MOTYT HAWTH HEKOTOPYIO
CTETIeHb MPUCIIOCOONEHUSI OOBIYHO Yepe3 pa3BU-
THE CTPATErHil BEDKUBAHUS.

[Toxoxxero MHEHHUs NTPUICPKHUBAITCS TaKKe
L. Palinkas u P. Suedfeld [47], xoTopsle npu aHa-
JU3e TOCICICTBUI «BCTPEUYM» C IKCTPEMAIbHBIMU
Y HEOOBIYHBIMU CUTYAITUSIMH TIOKa3bIBAIOT, YTO OHU
MOTYT OBITh KaK HETaTHBHBIMH (TIATOTEHHBIMHU),
TaKk ¥ TIO3UTHBHBIM (CatoToreHHBIMH). [Ipudem
U COOBITHA, W WX TIOCIEICTBUS MOTYT SBIATHCS
MAaTOT€HHBIMHA JIJISI OTHOTO WHAMBHIyyMa U CaJIOTO-
TeHHBIMH IS JIPyTOTo, a WX OIEHKa MOXET Me-
HATBCS CO BpeMeHeM. [Ipu 3TOM MO3UTHBHBIC IMOC-
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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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JCICTBUSL CBUACTENBCTBYIOT 00 YCHEITHOM MpPEeoo-
JIEHUH CTpecca.

Koppensauust Mexay CTENEHbIO ICHXOJIOTHYec-
KOW ajanTaluy U YPOBHEM KOPTH30Jia B KPOBH BO
Bpemsi cHa Oblma oOHapykeHa A Harris u coaBT.
[29]. Ha ocHoBanmM CyOBEKTUBHBIX OIICHOK PYKO-
BOJUTENEH CTAaHUMH BCE YYaCTHUKH ObUIN OLICHEHBI
KaK «IJIOXO aJanTHPOBAHHBIE», «CPETHE XOPOIIO
AT TUPOBAHHBIE» U «MCKITIOYUTEIHHO XOPOIIIO ajar-
TUPOBAHHBIE». Y IOCIEIHUX OTMEYAJCs BBICOKUI
YPOBEHb KOPTH30Ja IMpH MPOOYXKIECHHH W HHU3KUIH
IIpH OTXO/I€ KO CHY.

[Ipu nccnenoBaHuM U3MEHEHUS CTPATErHi BEDKH-
BaHUS CO BPEMEHEM M B3aMMOCBS3H ITHX U3MEHEHUI
C HACTpOCHHMEM W CHOM [55] Obuia omucaHa erie
OIHA aJaNTHBHAS CTPATErHs IO HPEOAOJICHHUIO CY-
POBBIX YCJIOBHHM OKpY>KaloIIEW cpeabl, CBA3aHHAs
C TICUXOJIOTHYECKON yCTOMYNBOCTBIO 3UMOBIIIUKOB —
«TIOTPY’KEHHE» B COCTOSIHUE «IICUXOJIOTHYECKOH T'H-
OepHanmy», MPU KOTOPOI OHU CTAHOBWIIMCH «Ooiee
nHIM(GGEPEHTHBIMU HITH SMOIUOHAIBLHO TUIOCKIMID)
BO BpeMs 3UMHHUX MECSIIEB.

O. Mairesse u coaBT. [39] monararoT, 4To Xa-
pakTepHble WHAWBHIYyaJbHBIE pa3IM4Us TPOsBIE-
HUN HapylleHHH CHa (COHJINBOCTb, CHM)KEHUE KOH-
LIEHTPAallUd BHUMaHMA, CKOPOCTb ICHXOMOTOPHBIX
peakuMii M HEHWPOIOBEIECHUECKUE OTBETHI), HMe-
IOLIME OIPEACICHHYIO CTENEHbI0 CTa0MIbHOCTH
U YCTOWYMBOCTH, SIBISIFOTCS (PEHOTUIHMYECKHUMU H
MOTYT OCHOBBIBATbCS Ha €Ill€ HE PACKPBITHIX I'CHe-
Trdeckux ¢akropax. [Ipu 3ToM OONBITHHCTBO H3Y-
YEHHBIX MMM XapaKTePUCTUK CHA M IJIUTEIHHOCTH
ero CTajguii MMEJIH JIOBOJBHO CTaOWIBHBIE W YC-
TOWYMBBIE MEXKINYHOCTHBIE PA3NIUYUAM, XOTS JUIH-
tenbHOCTE MBC 1 mapaMeTpsl ero 3afiepKKu UMeln
cabyro 3aBUCUMOCTbB OT YepT XapakTepa

B kakoii cremeHu BpIOOp TOW MM WHOW WHAU-
BHyalIbHON CTpPaTeruu MOBEACHHSA B IKCTPEMalb-
HBIX YCIIOBUSIX ONPENENSETCS] TeHETHUYECKUMH OCO-
OCHHOCTSIMM OpPTaHM3Ma M KaK BIMSIET 3TOT BBIOOD
Ha SKCIPECCHIO TeX WJIM HMHBIX I'€HOB H3y4YeHO He-
JOCTaTOYHO JIaK€ Ha MOJEIbHBIX CUCTEMAX.

B skcneprMeHTaNbHOM WCCIIEOBAaHUM Ha JKH-
BOTHBIX OBUIO yCTaHOBJEHO [23], 9TO B 3aBHCHMO-
CTH OT BBIOPaHHOTO THIIA MTOBEACHYECKON CTPaTEeTHH
BO BpeMsl TPEHUPOBOK B TeCTE 10 aKTUBHOMY H30e-
TaHUIO Pa3BHBAIOTCS clelMDUUYECKHEe H3MEHEHUsI
MOCJIEAYIOLIETO CHA, KOTOpPBIE OTPa)KalOT €ro BOB-
Je4yeHNe B KOHCOJMJALMIO CTpaTeruil MOBEJCHHUA,
1 ykas3biBatoT Ha To, yTo [1C 1 MBC MoryT BbIIOIN-
HATH pa3inuHble (QYHKLUUM B 3TOM IIpolecce B 3a-
BHUCUMOCTH OT TOTO, SBJISICTCS JIM MOBEICHHUE afall-
TUBHBIM WM HET.

B skcnepuMeHTe Ha reHeTHYECKH MOAUGHUIHUPO-
BaHHBIX MBIIIaX OBUIO TIOKAa3aHO, YTO HAPYIICHUS
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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, TIPUBOAS K HECIIOCOOHOCTH MOAJIEPKUBATH BbI-
COKHMH ypOBHB BHUMaHUsI, MOTYT CABUIaTh COBHAHHE
U TOBEICHHE B CTOPOHY OoJjiee aBTOMATHYECKHX,
MIPUBBIYHBIX (HOPM, TPEOYIOIIMX HU3KOTO BHUMAHHUS,
B OTIIMYHE OT I[EJICHAPABICHHOTO TOBEICHHUS, IS
peanu3anuu KOTOporo, HeoOXOAMM BBICOKHI YPOBEHb
BHUMaHUs. VHTEpECHO OTMETHTh, YTO HapyUICHHE
CHa MOXET CIOCOOCTBOBATh BBIOOPY aBTOMAaTHYEC-
KOTO TIOBEJICHHSI M HAIPOTHB, aBTOMATHUYECKOE TIO-
BEJICHUE MOXET CHIIKATh ITOTPEOHOCTH BO CHE [65].

[lpu ananu3ze MOBeAEHUSI TEHETHYECKH DPa3Ivy-
HBIX XPOHOTHIIOB Jp030(ui («KaBOPOHKH» Xapak-
TEpU3YIOTCS THKAMU AKTHBHOCTH PaHHUM YTPOM
U BEYECPOM; «COBBD» — MO3JHUM YTPOM U BEUEPOM;
«CTPWXXKW» — PAHHUM yTPOM W TIO3JHUM BEYEPOM
U «BaJBJIIHENB» — IIO3HAM YTPOM W DPaHHHUM
BeuepoMm) L. Zakharenko m coaBT. [69] moxazamu
WX Pa3HyIO PEaKIfio, KaKk Ha AKCTPEMaIbHOE YIIJIH-
HEHHUE [JIUTEIHHOCTH CBETOBOTO IEPHOAa, TaK M
Ha ero KOMOWHAIIMIO C TIOBBIIICHUEM TEeMIIEPaTyphI
OKpyXxaromei cpenpl. [Ipuuem paszHas peakiusi Ha
CTpeccopHble (DakTOpbl 3aBUCHT HE OT MOJOKEHHS
UUpPKagHbIX (a3, a OT CIOKHOW CHUCTEMbI CHHXPO-
HU3AIMH, COCTOSLICH M3 IHUPKaJHBIX, TOMEOCTaTH-
YECKMX M aJUIOCTaTHYECKUX PEryiasiTopoB. Pe3yib-
TaTbl MCCIENOBaHUM Ha JIOASX Jajld aBTOpaM oOcC-
HOBaHME ]ISl BBIJCICHUS Y HUX, MO0 KpailHEeH Mepe,
YTPEHHETO U BEUYEPHETO XPOHOTHUIIOB.

J. Vitale u coaBt. [64], TpoaHaTU3UPOBAB peaK-
M0 HAa TPEHUPOBKH Y CIOPTCMEHOB C Pa3INYHBIM
XPOHOTHIIOM, TIPHIIUTH K BBIBOAY, YTO OKpY’KarOIIas
cpena 6e3 TTOCTOSHHOTO JHEBHOTO cBeTa (70-4 mupoTa)
JIaeT OTpEICIICHHbIC TIPEUMYIIIECTBA BEYEPHEMY THITY.

[lpu ananuse BIHSIHUS OCBEIICHMS HA WHJU-
BUAYYMOB C YTPEHHHUM W BEYCPHHMH XPOHOTHIIA-
MU OBUIO CAETaHO 3aKIIOYeHHE O HEOOXOOUMOCTH
HCTIOJIb30BAHUST YCKOPSIOMIMX WIIM 3aMEIJISIOIINX
npoduneil g obecredeHusl yCTOHYMBOIO 3axBaTa
umu 24-yacosoro purma [27].

C npyroit ctoponsr [30] OpLIO TIOKa3aHO, 4YTO
HU JUTUTEIHHOCTh CHA, HUA €T0 Ka4eCTBO, HA COIUAIb-
HBIM JDKET-JIaT HE 3aBHCAT OT XPOHOTHIIA CaMH IO
cebe, a MPUHAIC)KHOCTh K IKCTPEMAIBHO paHHEMY
WIN TIO3[JHEMY XPOHOTHITY HE 0053aTeNbHO MPHBO-
IUT K HapylieHusiM cHa. [Ipu BO3MOXHOCTH CHIaTh
B paMKaX CBOETO «IHUPKAJTHOTO OKHA CHa», JUIU-
TEJIbHOCTh CHA OCTaercs, Mo KpallHEeW Mepe, J0c-
TaTOYHOM, a PasyMHO COCTaBIIEHHbIM Tpaduk (ydu-
TBHIBAIOIIMH XPOHOTHUII, COLMANIbHBIC HYXAbI U HC-
KIIFOYaroIui padboty ¢ 3 10 5 yTpa) MOXKET Crocoo-
CTBOBaTh Ka4€CTBEHHOMY CHY HOYbBIO, JJake B pado-
YHe THHU, Y BCEX XPOHOTHUTIOB.

Buinyoicoennwviii konmaxkm ¢ xonooom. HecMoTpst
Ha KOM(OpPTHBIE YCIOBHS TMPOXUBAHUS U PAOOTHI
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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

npo6nemu Kpiobionorii i kpiomeaULMHN

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



Ha BCEX CTAHIUSAX Ha MPOTSHKEHUHM BCErO CE30HA Y
3MMOBILUKOB CyIIECTBYET MMOCTOSHHAS OTPEOHOCTD
B aKTUBHOCTHU Ha OTKPBITOM BO3IYyXE, IPU KOTOPOH
OHM CHCTEMATUYECKH WM MEPUOAUYECKH MOIBEp-
raloTCs BIUSHUIO HU3KOW TEMIIEparypbl, 4acTo B
KOMOMHAIINKA C BBICOKOH BIIQYKHOCTBIO U BETPOM.
IIpu 3TOM MakCUMaJIbHYIO XOJIOJOBYIO Harpy3Ky Hc-
MIBITHIBAIOT HaWMEHee 3allHIIeHHbIE YY9acTKH Tela —
JUIO W PYKH. AKTUBUPYS CHCTEMY TEpPMOpPETYIIs-
LMK, XOJIOJ] MOXET, KaK HapyliaTb TOMeocTa3 opra-
HU3Ma (IIPUBOJIUTH K OOMOPOXKEHUSAM, TUTIOTEPMUH),
TaK U COCOOCTBOBATH MOBBILICHHUIO €T0 YCTOHYHBO-
CTH (aJanTanuu), B TOM 4Kciie U niepekpectHoi. [Ipu
9TOM HM3BECTHO, YTO AaKTHBALUS CHMIATHYECKOTO
3BeHa BereratuBHOW HepBHOU cucteMbl (BHC) sB-
JISIETCS KITFOYEBBIM 3BEHOM PEakIui Ha (PU3NUeCKHid
U TICUXOJIOTMYECKUI CTpecc.

CpaBuenne aktuBHOCTH BHC y BomonTepoB 18-i
3uMHEH u 19-f1 jIeTHeW WHIMWCKUX aHTApKTHYEC-
KHX JKcreaunuii [28] moka3ano, 9To BO BpeMs OXK-
HOTO JieTa TIOCTETIEHHO CHMYKAeTCsl aKTUBHOCTH
CUMIIATUYECKON HEPBHOM CUCTEMBI, & AaBTOHOMHBII
OanaHc cABUraeTcsl B MapacUMIIATUYECKYIO CTOPOHY.
OnHako y 3MMOBIIUMKOB AKTHUBHOCTH CHMIIaTHYEC-
KOW HEpBHOM CHCTEMBI JOMHHHUpoBala (IO cpaBHe-
HUIO C JIETHEH TpyIIOH), YTO MOIJIO CBHIACTEIbCT-
BOBaTh KaK 00 YXYyAIICHUH €€ COCTOSIHHSA, TaK U O
nepectpoiike BHC.

ITokazano, uro mocne 40-mHEBHOrO NpeObIBa-
HUS B AHTapkTHJe Ha (OHE 3HAYMMOTO IajIeHHe
YpOBHS TUNO(HU3APHBIX U aJPEHATOBBIX TOPMOHOB
(Ipu coxXpaHEeHWH WX IUPKAJTHON PUTMUYHOCTH) U3-
MEHSETCs] BETE€TaTUBHBIN OajiaHC, BEpPOATHO, 33 CUET
YMEHBIIEHUs] aKTUBHOCTH CHMIIATHYECKOTO 3BEHA
BHC, 4T0 BO3MOXKHO, IPUBOJIUT K CHIDKEHUIO YPOB-
HSl HHMBHUYaJIbHOTO BO3OYKACHUS [22].

VY y4YacTHHMKOB CE30HHOM aHTApKTUYECKOH 3Kc-
MeINIMU Ha cTaHImu Aboa ObUTa BBISBICHA 3HAYH-
Mas 3aJeprKKa MOSIBICHUS APOXKH, YTO YKa3bIBAJIO Ha
pasButhe obOmel akkimumaruzanuu [53]. Ilpu atom
WHIUBUIYYMbl C HU3KUM MCXOJHBIM Ba30KOHCT-
PUKTOPHBIM OTBETOM OKa3aJIUCh MEHEE aKKJIUMAaTH-
3UPOBAHBIMH K JIOKAJIBHOMY OXJIQXKJIEHUIO, YeM Te,
y KOro OTMeYascsi NOBBIIIEHHBI W3HAYAIbHBIN
OTBET B TECTE C XOJIOMOBOI Harpy3koil (orpyKeHwue
PYKH B XOJIOJTHYIO BOIY ).

Kpome Toro, cormacHo HeJaBHUM HCCIEI0BAaHUAM
y 3I0pOBBIX HE3JANTUPOBAHHBIX MOJOIBIX J00PO-
BOJIBLIEB B HOPME OTMEYAIOCh PA3BUTHE JIBYX Pa3HbIX
CTpaTernii pearnpoBaHus OpraHM3Ma Ha XOJIOJ IMpuo-
JIM3UTENBHO B PABHBIX COOTHOILIEHUAX [14].

JlBa Tuma pearupoBaHHS Ha XONOx (IO H3Me-
HEHHUSM TOKa3aTelleld 4aCcTOThl CEPIEUHBIX COKpAILe-
HUH, apTepHalbHOTO JaBIEHHUS W BapuaObeTbHOCTH
CEpIEeYHOr0 puTMa) OBUIO OTMEUEHO W B XOJAE 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 3uMoBKkH B AnTapktuzae [38]. Ilpu stom
WCXOJHBIH ypOBEHb BapuUaOCIHHOCTH CEPIASUHOTO
pUTMa HE BIMSJI HA MOCIEAYIOUIee HaIpaBICHHE
W3MEHEHUM [MoKaszareiael cepAaeyHOu AesiTeNnbHO-
CTH W HE 3aBHCEJNl OT BO3pacTa, mpodeCcCHOHATHHON
JESITETLHOCTH U OTIBITA MPEIIIECTBYIOIINX 3UMOBOK.
[lo MHEHHWIO aBTOPOB, BKJIAJ XOJIOJ]a MOXKET OBITH
3HAYUMBIM B (POPMHUPOBAHWH WTOTOBOH amamTalluu
K MpeObIBaHUI0O B AHTapKTHIE, MOCKOJIbKY 3HA4H-
TeJbHAsI YacTh €XKEIHEBHOW JHEBHOW AaKTUBHOCTH
3MMOBIIIMKOB IIPOMCXO/IUIIA HA OTKPBITOM BO3yXe€.

M3BecTHO Takke, YTO OXJAKICHUE TOBEpX-
HOCTU Tejia MPUBOAUT K AKTHUBALUU CHUMIATUYeC-
KOl HEpBHOM CHCTEMBbI, a JHIA U BEPXHUX JbIXa-
TENBHBIX IyTeH, HA00OPOT, AKTUBUPYET MapachM-
MaTU4YEeCKU oTaen HepBHOM cuctemsbl [36]. Ilpu
OTIPENIETICHHBIX HEOJarompHUsITHBIX YCIIOBHUSIX XOJIOI
MOXKET BBI3BATh OJHOBPEMEHHYIO 3HAYHTEIHHYIO
akTuBanuio obonx otaenoB BHC, uto moxer mpu-
BECTH K TSDKENBIM TOCIEACTBUSAM JUIsI OpraHu3Ma,
CBSI3aHHBIM C HapyIIEHHAMHU pabOThHI cepila, M3-3a
BO3HUKHOBCHHSI TaK HA3bIBAEMOT0 «BETETATUBHOTO
koHpIHKTaY [56].

Crnenyer OTMETUTh, YTO KaK (DU3UOJIIOTUYCCKHUEC
OTBETHI, TAK U CYOBCKTHUBHBIC OICHKH, CJICIYIOIINE
3a XOJIOJOBBIM M TEIUIOBBIM BO3ACHCTBUEM, HEKO-
TOPBIM 00pa30oM CBS3aHBI C JIMYHOCTHBIMH 4YepTa-
mu [34]. Ilpu 3TOM HEWpOTU3M (T. €. IMOIMOHAIb-
Has HECTAOMIIBHOCTD) OTPHIIATEIHHO KOPPETHPOBAI
C yBEIMYCHHEM TIOTPEONCHHsI KUCIOPO/aa, CHHUXKE-
HUEM TeMIeparypbl KOKH H YPOBHEM CyObek-
TUBHOTO JUCKOM(OpTa BO BpeMsl XOJIOJOBOTO BO3-
neiicteud. [lpenmomnaraercsi, 4To 3TH U3MEHEHHS Y
SMOIMOHAIFHO HECTAOMJIBHBIX JIMI[ BBI3BAHBI TIO-
BBIIICHHOM akTUBHOCTHIO BHC, a nnurenbHOE Biusi-
HUE XOJIOJla MOXKET NPUBOIUTH K Oojiee paHHEMY
Pa3BUTHUIO TUIIOTEPMUHU TETIA.

J. LeBlanc u coaBr. [35] nokasanu, 4To IpH OX-
JAKJIEHUH JIMIA XOJIOJHBIM MTOTOKOM BO3/IyXa OIILY-
menne 0o u AuCKOM(OpT u3-3a (PU3HMUECKOTO
ctpecca axtuBupyor BHC (yBenmndyeHnn KOHIIEH-
Tpanuy HOpaJApEeHaAIHA B KPOBH, CEPETHOTO PUTMA
U ypoBHS CyOBeKTHBHOTO auckoMpopra). OmHako
U YPOBEHb JIHCKOM(OPTa, W YBEIMUCHHE YaCTOTHI
CEpJEUHBIX COKpAIIEHWH 3HAYUMO CBSI3aHBI C JIMY-
HOCTHOM OILIEHKOM JKCTpaBepCUM W HEUpOoTHU3Ma:
OoJsiee BBICOKAsi MHIUBH]yalbHAs CAaMOOLICHKA JKC-
TpaBepcuu Obula OOYCJIOBJICHA BBICOKMM YPOBHEM
[ICUXOJIOTHYECKON W (PU3UOJIOTHYECKON PEaKTHB-
HOCTH, a 0Ooyiee BBICOKAas WHAMBHyallbHAs CaMoO-
OIIEHKa HEHpOTH3Ma — C HH3KUM JHUCKOM(OpPTOM
u MeHbled peaktuBHOCThi0 BHC. ABTOpBI mpen-
MTOJIATAI0T, YTO PETyIIMPOBAHHBIA OTBET IMOITHOHATb-
HO HECTaOWJIBHBIX JIUI] CBS3aH HE CTOJBKO C BIHS-
HUEM XOJIO/a, CKOJIBKO C Ppa3BUTHEM TabHWTyalnnuu

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 ef 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 MOBTOPSIOIIMECS BO3ACHCTBUS MSATKHUX
CTPECCOBBIX (PAKTOPOB PA3IUYHON MPUPOJIBI.

Crnemyer OTMETHTBH, YTO Hapsy C H3BECTHBIMHU
(hopmamu aganrtanuii K Xonomy (THIIOTepMHYECKas,
MeTa0OIMYECKIsI, N30JSIITMOHHAs) Hanbomee oommei
peaknueil opraHu3Ma Ha MOBTOPSIONIUECS TeMIIepa-
TypHBIE BO3/ICHCTBUS SBIAETCS TaOWTyaIus, KOTO-
pas TPUBOIUT KaK K IIOBBHINICHUIO €T0 aJIarTHB-
HBIX BO3MOKHOCTeH [40], a B psame ciydaeB MOXKET
COTIPOBOXKIATHCSI M3MEHEHUsIMU cHa [1].

HecMmotps Ha To, 4uTO Temmneparypa — Oosee cia-
ObIl 3aJaTYMK BPEMEHHU, YeM CBET, €¢ KoJieOaHus
(kak BHENIHME, TAK U BHYTPEHHUE), IPUBOJIAT K BBIpa-
JKEHHBIM M3MeHeHUsM cHa [32]. Tak, He3HAUUTENb-
HOE TOBBIIIEHUE TEMIEPaTyPbl KOXKUA CUUTAETCS 00-
Jie€ MOIIHBIM CTUMYJIOM JUISi WHUIMAIIK CHA, YeM
CHIKEHHE TeMIIepaTyphl siapa Tena [62].

B aT0i1 cBsI3n Bompoc 00 MCIOIL30BAHUN TEMIIC-
parypbl (OKpy)Karomieil cpeipl Ha CTaHIUH, Tela |
KOKH) KaK JOTOJTHUTEIHLHOTO (haKTopa K yKe H3Y-
9aeMBIM CTHMYJIaM JUTsI KOPPEKIINHM HAPYIICHUN CHa
U [HUPKATHOTO PUTMA Y 3UMOBIIHKOB MOXKET OBITh
MIPEIMETOM CICIHAIBHBIX UCCICIOBAHUM.

BriBOABI

ComntacHO 0OBEKTHBHBIM U CYOBEKTUBHBIM OIICH-
KaM CHWXeHHe S(P(EKTUBHOCTH M JIIUTEIHHOCTH
CHA, TPYIHOCTU C 3aChIIAHUEM, 3aJCp’KKa HACTYII-
JICHUSI CHA, HEJOCTATOK €ro BOCCTAHOBUTEJIbHON
(DYyHKIINU SBISIOTCS HanOoJiee YacTBHIMH >Kaio0amMu
Y YYaCTHUKOB aHTapKTH4eckux skcrnenunuii. [Ipu-
YMHAMHA W3MEHEHHUIl TOMeocTa3a CHa B 3TOH cpene
MOTYT OBITh KaK YCJOBHUS OOMTaHUs M pabOTHI Ha
CTaHIMAX, TaK W HWHAMBHUIyaJbHbIE OCOOCHHOCTH
(bU3UOJIOTUYECKON M TICHUXOJIOTHYECKOHN ajanTaiuu.
[Ipu sTOM cumraercs [15], uTto co3nanue HEOOXO M-
MBIX YCJIOBUH W COOTBETCTBYIOIIMA MEIUIMHCKUI
U TICUXOJIOTUYECKUI OTOOp YYaCTHUKOB ITO3BOJISAT
MHUHUMM3UPOBATh HapyILIECHUsI TOMEOCTa3a CHa W,
KaK CJIEJICTBUE, CHU3UTH «HAKa» MHOTHX TpOOIeM,
CBSI3aHHBIX C PabOTOW B YCIOBHAX, TMOAOOHBIX aH-
TapKTUYECKUM.

[IpoBenennbie B AHTapKTHAE MCCIETOBAHUS
MMOJHUMAIOT sl BOIIPOCOB, KOTOPBIE MOTYT OBITH
MpeIMETOM CIIEeNHaIbHBIX MCCIEeOBAHNN, KaKk Ha
CTaHIUSX, TaK U B JTaOOpaToOpHBIX ycioBusix: 1) ka-
KOBa IPUPOJA aJanTaldid U CHOCOOHOCTH JUTUTENIBLHO
(DYHKIIMOHUPOBATh B SKCTPEMAIIbHBIX YCIOBUSIX; 2) Ka-
KOBa pOJIb CHA B aJlalTallid M CIIOCOOHOCTH JIJTH-
TENBHO (DYHKIIMOHUPOBaTh B OKCTPEMAJBHBIX YCIIO-
BUSIX; 3) KakoBa pPOJIb W3MEHEHWH CHa (eclid OHHU
MMEIOT MECTO), COMYTCTBYIOIINX YCIICIIHOW WM He-
YCIIETITHOM aJlanTanuy, BEIOpAaHHOW CTpaTerudl Ipeo-
JIOJIEHUSI CYPOBBIX YCJIOBHUM OKpYXaroIled Cpeibl
Y TICUXO(M3UOIOTUUECKOW OCHOBE ITUX 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-
LUSAX — YHUKAJIBHAS MOJACIH JJIs U3yYeHUS TpoOiIeM,
CBSI3aHHBIX C TNPEObIBAaHHEM B 3aMKHYTOM IPOCT-
paHCTBe, U3OJIAIUE B MaJlOM KOJUIEKTHBE, Ha (OHE
AKCTpEeMaJbHBIX KojeOaHuil (oTomeprona W m3Me-
HEHHBIX aTMOc(epHBIX yciaoBui. MiMeHHO ¢ 1107100-
HBIM KOMOWHHPOBAaHHBIM BO3ICHCTBHEM (aKTOPOB
MOTYT CTOJIKHYTBCA YYAaCTHUKH IJIUTCIBHOIO KOC-
MHUYECKOTO Tepesiera Ha Mapc (eciu, KOHEYHO, He
npuHUMaTb BO BHHMaHHUC JOPYTHUC IOAXOAbl JJid
«TPEOIONCHUsT KOH(DIMKTOB», HalpUMep, IOrpy-
JKCHHE aCTPOHABTOB B HCKYCCTBEHHYIO THOEpHa-
uuto [16, 41]), w/wim TepBbIe JKUATEIU KOJIOHUN
Ha Mapce u JlyHe, xakumu Obl (haHTACTHUSCKUMU
9TH COOBITHSI HE Ka3aJuch ceivac.

B aT0ii CcBsI3M M3ydyeHHE CHA, BBISBICHHE €r0 HH-
TUBUAYAIBHBIX pPa3Nuiuid M 0coOeHHOCTEH w3Me-
HEHUIl B 3aBUCHMOCTH OT CIIOCOOHOCTH WHIUBUAYY-
Ma aJanTUpoOBaThCs K YCIOBUSM CYIIECTBOBAHUS
B MaJioi rpynre MOXET UMCTb BaXHOC 3HAUCHHC,
a MaHUMYJSIHS TeMmIeparypoil (okpysKaromiei cpe-
IbI HA CTAHIIMH, TEJIa M KOXKH) — MOTOTHUTEIEHBIM
HECBETOBBIM CTUMYJIOM KOPPEKLIMH HAPYIIECHUIN CHA
Y IIUPKATHOTO PUTMA Y 3UMOBIIUKOB.
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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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