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unusual examples, in many cases forcing young people to think not only about the earthly practical significance
of mankind’s achievements in space, but also to reflect on the philosophical aspects of the existence of Homo
Sapiens.

A.I. Grigoriev organized internships for gifted medical students of Moscow State University in the world’s
leading centers of space medicine. A man of great erudition and multidisciplinary scientist A.I. Grigoriev supported
the beginning of teaching courses related to humanitarian problems of medicine at the department. Thus, with his
approval, courses on the history of medicine and pharmacy, narrative medicine and Latin language were founded
at the department. These disciplines have become an integral part of modern medical training programs.

In the middle of the second decade of the XXI century, A.L. Grigoriev supported the creation of the Faculty of
Space Research at Moscow State University. As an aid to the new, rapidly developing faculty, he recommended
using the experience of his staff. Many employees of the department (L.B. Buravkova, S.V. Buravkov, etc.) have
read and are reading special lecture courses for students of the Faculty of Space Research.

Thus, for more than a quarter of a century of its existence, the Department of Environmental and Extreme
Medicine of the MSU FFM, created by Academician A.I. Grigoriev, has left a significant mark in the history of
university medical education.
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Beegermne. CyllecTByloLlee Ha MOBEPXHOCTM 3eMNN reMOAMHAMUYECKOEe MOCTOSHCTBO OpraHn3Ma YenoBeka Ha-
pYLLIAETCS B YC/TIOBUAX HEBECOMOCTU, YTO 3aMyCKaeT LIenoyKy MeXaHM3MOB ero BOCCTAHOB/EHNS. AfanTauMOHHbIE
N3MEHEHMSI MPOMCXOAAT Ha BCEX YPOBHSIX OpraHu3aumu, oaHaKo Hambornee WMHTEPECHbIMU ANsl U3yYeHUs B Ha-
CTosiLlee BpeMs SBMSIOTCS CTPYKTYPHO-(PYHKUMOHANbHbIE eAnHULBI OPraHoB — MUKPOLMPKYNSTOPHO-TKAHEBbIE
cuctembl (MTC), koTopble obecneynBatoT AOCTABKY NUTATENbHbIX BELECTB, KMCIopoaa U yTUIn3aumio NpoayKToB
YKU3HEEeATeNbHOCTU KIETOK.

OcHoOBHasl Leflb laHHON paboTbl — M3yYEHUE ANHAMUKN U3MEHEHWUI MUKPOLMPKYNALMN KPOBU N OKUCTTUTESb-
HOro MeTabonmaMa TKaHel KOXKM YenoBeka B OCTPOM Mepuode afanTauluu K YCIOBMSIM HEBECOMOCTM MpU pe-
aNbHOM KOCMWYECKOM rOJIETE C MOMOLLbIO pacrnpeaenieHHOM CUCTEMbI MOPTAaTUBHbLIX NIa3ePHbIX AOMMIEPOBCKUX
¢noymeTpoB.

Matepuanbl n MeToabl. TEXHONOTMYECKMIA NPOrpecc NOCeAHUX NET, NPOU3BOACTBO KOMMAKTHbLIX BEPTUKAlb-
HO-u3nyyaroLwmx nasepos 6amxHero MK-grmanasoHa u BbicOKash KBaHTOBas 3PMEKTUBHOCTb MUHUATIOPHbLIX Ae-
TEKTOPOB MO3BOMM/IN CO3AaThb NMOPTATMBHbLIE YCTPOMCTBA A/ aHa/IM3a MUKPOKPOBOTOKA M METAb0NIM3Ma TKaHEM.
AHanuzatopbl «JIABMA-M®» (000 HIMM «/TIA3MA») peanusytoT METOAbI Ta3ePHON AOMMIEPOBCKON hrIoyMeTpun
(NA®) ¢ perucTpaumeit nokasaTens MUKPOLMPKYNSaUMM KPoBK, dryopecleHTHoM crniekTpockonun (OC) ¢ peru-
CTpauuein HOpMMPOBAHHOM aMNAMTYaAbl GMOMapkepa OKUCAUTENbHOMO MeTabonmMaMa KodepMeHTa HUKOTMHA-
Mua-ageHnHanHykneotnaa (NADH) n TepMoMeTpum, a Takxke obecneunBatoT 6ecnpoBoaHyto nepeaady AaHHbIX
Ha CMapTdhOH M MepPCOHaNbHbIN KoMMbloTep. OAHOBpeMeHHas peanusauns metoaoB JIA® n ®C B 0AHOM KOM-
MaKTHOM YCTPOMCTBE MO3BOJISIET NPOBOAUTL KOMMMEKCHYHO oueHKy MTC koxu yenoseka. Metoa JIAP OCHOBbI-
BAETCSl Ha 30HAMPOBAHUM TKaHeN Na3epHbIM U3/IYYEHNEM W aHaNIM3e PacCesiHHOTO M OTPAaXXEHHOro CUrHana ot
ABWKYLLMXCS B TKaHSX apuTpounToB. JIA®-curHan npeactaBnsieT cob0i HanoXxeHme HECKOSIbKMX KosebaTenbHbIX
KOMMOHEHT, COOTBETCTBYIOLMX KOHKPETHbIM (PU3MOIOMMYECKMM MEXaHW3MaM perynsaunm CocyanucToro ToOHyca —
3HAOTENMANbHbIM, HEMPOrE€HHbIM U MUOTEHHBIM, @ TaKXKe AblXaTeNbHbIM U CEPAEYHBIM OCUMNNAUMSAM. M3MeHeHNe
OKUCNTENIbHOIro MeTaboniM3Ma onpeaenseTcs nyTeM Bo3by>xaeHus n perncrpaumm dnyopecueHummn kopepMeHTa
okucnmTensHoro Metabonmama NADH. bnarogaps cosgaHuio noaobHbIX HOCUMBIX YCTPOCTB MOsIBUIACb BO3MOXK-
HOCTb MPOBOAWTbL UCCNEAOBAHMSI Ha BOPTY POCCMINCKOrO cerMeHTa MexkayHapoaHOW KOCMUYECKOW CTaHLUMK, YTO
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n 6bino Bnepsble caenaHo B aekabpe 2021 r. Bo BpeMs muccum (3MM-20) B paMKax BbIMOSIHEHMS KOCMUYECKOro
akcnepuMeHTa «J1IASMA» € npuBneYyeHneM OLHOM0 KOCMOHaBTa M OHOr0 KOCMUYECKOro TypucTa.

[nsa v3yyeHns BAMsHUS nepepacnpeaeneHns obuiero obbemMa KpoBM Ha MUKPOreMoAMHaMWUKy B YC/TOBUSIX
peasibHOl HEBECOMOCTM 6biNN BblIGpaHbl 4 06/1aCTV — BUCKW, Hapy>XHasi MOBEPXHOCTb ANCTaNbHbIX OTAEN0B Npea-
nneybs, BONSPHasi MOBEPXHOCTb AMUCTaNIbHOM dhanaHrv TPETbMX NasbLUEB PYK M NEPBLIX NasbLEB HOT.

BbINosHEHbI Ha3eMHble (9 AHeN — Ao noneta M 5 agHel nocne noneta) U opbutanbHble (9 AHEN, HauMHast co
BTOPbIX CYTOK MOJIETa) EXXeAHEBHbIE CEaHChl perncTpaummn napameTpo MTC B TeueHMe 8 MUH B Kakaon 06nactu
C MUCNOJIb30BaHNEM HOCUMBbIX aHanm3aTopoB «JTIASMA-TIO».

Pe3ynbTathl. B nanbuax HOM Ha 2-e CYTKM HEBECOMOCTU OTMEYAETCS CHUXKEHNE OTHOCUTENBHO NPeanoNeTHbIX
3HaYEHMIN MoKasaTessk MUKPOLIMPKYNSILUMM KPOBM (YMEHbLUEHWE nepdy3un BBUAY NepepacnpeaeneHns KpoBu B
BEPXHIOK YacTb Tena) C NocneaylowmM 3Ha4nTENbHbIM €ro YBENIMYEHNEM Ha NSTble CYTKU. Takxke Ha 5-e CyTKu
HEBECOMOCTM PErUCTPUPYETCS YBEIMYEHME aMMANUTyA cepAeYHbIX (MynbCOBbLIX) OCUMANSALUA MMKPOKPOBOTOKA
OTHOCUTEJIbHO 2-X CYTOK MOJIETA, YTO YKa3blBAET Ha YBEIMYEHME NPUTOKA apTepMasibHON KPOBK K MUMKPOCOCYAaM.
Takum obpa3omM, No npeaBapuTesibHbIM AaHHbLIM, Ha 5-€ CYyTKM MPOMCXOAUT BKJIIOUYEHME MEXaHW3MOB KOMIMeHca-
LMW HefoCTaTka KPOBOCHAbKeHUst B HOrax.

B koXe BMCKOB B MEPBbIE AHM HAXOXAEHWUS Ha OpOMTE OTMEYAETCS CHUXKEHME aMMANUTYA HEMPOreHHbIX U
MMWOrEHHbIX KonebaHMn MUKPOKPOBOTOKA, UYTO CBMAETENILCTBYET O KOHCTPUKLMW MUKPOCOCYAOB B pe3ysbTaTe
YBENNYEHMS MX TOHYCa, YTO MOXHO pacLeHMBaTb KaK KOMMEHCATOPHYIO peakumio B OTBET Ha yBenndeHve obb-
€Ma KpoBW B BEpPXHEW YacTu Tena. Ha 5-e cyTku noneta B KOXe BMCKOB HabMOAaeTCs YBEIMYEHME aMMIUTYabl
MMWOrEHHbIX KONebaHWi, UTO yKa3blBaeT Ha CHKEHME MUOTFEHHOIO TOHYCa NpeKanuINsapHbIX apTePUON 1 Kanu-
NSPHbIX COUHKTEPOB, CNOCOBCTBYIOLEE YBEMMYEHUIO YnCna QYHKLMOHUPYIOLMX KanWisapoB.

Pe3ynbTaTbl pacyeToB 3HAaYEHMI HOPMUPOBAHHOW aMnNuUTyabl hnyopecueHumn kodpepmeHta NADH (ANADH)
NOATBEPXAAIOT MPeanosioXXeHnsl, BbiCKa3aHHble HA OCHOBE aHanu3a napaMeTpoB MUKPOUMPKYSAUMU KPOBW.
HabniopaeTtcs ymeHblweHne ANADH B yCnoBUSIX HEBECOMOCTM B KOXE BMCKOB (MOBbILLIEHNE aKTUBHOCTU OKUCIN-
TeNbHOro MeTabonmnsma) C OAHOBPEMEHHbBIM €ro yBenmyeHneM B 061acTi nanbLeB HOr (CHWXKEHUE OKUCIUTENb-
HOro MeTabonnaMa), YTo CBsI3aHO C nepepacnpeaeneHneM obbemMa LUMPKYIMPYHOLLEN KPOBU.

B nanbuax pyK v 3anacTbsx n3MeHeHns napameTpoB MTC B yCOBUSIX HEBECOMOCTM He Bblnn 3HaUUTENIbHbIMK
M HaXxoOAWNMNCb Ha YPOBHE 3HAYEHWIA, XapaKTEPHbIX ANs1 U3MEPEHWIA B rPaBMTALIMOHHOM Mofe 3eMn, YTO MOXHO
06BACHUTL TEM, YTO PYKM HAXoAsTCs B cepeavHe reMoanHammyeckoro 6anaHca, BCNeACcTBUE Yero M3MeHeHWs B
HMX HE TaK 3HauMMbl, Kak B 6bonee AnCTanbHbIX OTAENaXx.

3aknoyeHne. Bnepsble paspaboTaHa MeTOAMKA M3MEPEHMS nepndeprnyeckoro KpoBOTOKa M OKUCIUTENbHOIO
MeTabonn3Ma TKaHeln YenoBeka B YCIIOBUSIX MUKPOrpaBUTaLIMKM C MOMOLLbIO pacnpeaeneHHON CUcTeMbl NOPTaTMB-
HbIX YCTPOWCTB. B XoAe BbINOSIHEHNS paboTbl NOMyYeHa MHMOPMaLUMS 0 MeXaHM3Max aganTaunum MUKPOLIMPKYSi-
TOPHO-TKAHEBBIX CUCTEM KOXMW, @, 3HAYUT, U OpraHuM3Ma YenoBeKa K YC/I0BMSM HEBECOMOCTM M peajanTaummn K
3EMHOMY MPUTSHKEHMIO. TPUMEHEHNE NOMYYEHHbIX 3HAHUIA Ha NPaKTUKE NMO3BO/IUT MEPCOHANM3NPOBATb NPoLECC
MoAroTOBKM NOAEN K KOCMUYECKMM MOJIETaM, pa3paboTaTb M KOHTPOAMpPOoBaTb 3P HEKTUBHOCTL CPEACTB U METO-
[I0B afanTaunmn cepae4HO-CoCyAMCTOM CUCTEMBI K YCITOBUSIM HEBECOMOCTMU.
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Introduction. The hemodynamic constancy of the human body existing on the Earth’s surface is violated in
zero gravity, which triggers a chain of mechanisms for its recovery. Adaptive changes occur at all levels of the
organization, however, the most interesting to study at the present time are the structural and functional units of
organs — microcirculatory tissue systems (MTS), which provide the delivery of nutrients, oxygen and utilization of
cell waste products.
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The main purpose of this work is to study the dynamics of changes of blood microcirculation and oxidative
metabolism of human skin tissues in the acute period of adaptation to microgravity conditions during a real Space
flight using a distributed system of portable laser Doppler flowmeters.

Materials and methods. The technological progress of recent years, the production of compact vertical-cavity
surface-emitting near-infrared lasers and the high quantum efficiency of miniature detectors have made it possible
to create portable devices for analyzing microcirculation and tissue metabolism. “LAZMA-PF” analyzers (SPE
“LAZMA" Ltd) implement methods of laser Doppler flowmetry (LDF) with registration of blood microcirculation,
fluorescence spectroscopy (FS) with registration of normalized fluorescence amplitude of the biomarker of
oxidative metabolism of the nicotinamide adenine dinucleotide (NADH) coenzyme and thermometry, and also
provide wireless data transmission to a smartphone and a personal computer Simultaneous application of LDF
and FS methods in one compact device allows for a comprehensive assessment of human skin condition. The
LDF method is based on probing tissues with laser radiation and analyzing the scattered and reflected signal
from moving red blood cells. The LDF signal is a superposition of several oscillatory components corresponding
to specific physiological mechanisms of vascular tone regulation — endothelial, neurogenic and myogenic, as well
as respiratory and cardiac oscillations. The change in oxidative metabolism is determined by the excitation and
registration of fluorescence of the coenzyme of oxidative metabolism (NADH). Creation of such wearable devices
make it possible to conduct research on board of the Russian segment of the International Space Station, which
was first done in December 2021 during the mission (crew of the “Soyuz MS-20") as part of the "LAZMA” space
experiment with the involvement of one cosmonaut and one space tourist.

To study the effect of the redistribution of total blood volume on microhemodynamics in real microgravity, 4
areas were selected — the temples, the outer surface of the distal forearm, the volar surface of the distal phalanx
of the third fingers and first toes.

Ground (9 days — before the flight and 5 days after the flight) and orbital (9 days, starting from the second
day of the flight) daily sessions of recording MTS parameters for 8 minutes in each area using wearable analyzers
“LAZMA-PF" were performed.

Results. In the toes on the 2nd day of microgravity, there is a decrease relative to the preflight values of the
blood microcirculation index (a decrease in perfusion due to the redistribution of blood to the upper part of the
body), followed by a significant increase on the 5th day. Also, on the 5th day of microgravity, an increase in the
contribution of the cardiac (pulse) mechanism of regulation of microcirculation is recorded relative to the 2nd
day of flight, which indicates an increase in the flow of arterial blood to the microvessels. Thus, according to
preliminary data, on the 5th day, the mechanisms of compensation for the lack of blood supply in the legs are
activated.

In the skin of the temples in the first days of microgravity, there is a decrease in the amplitudes of neurogenic
and myogenic fluctuations of microcirculation, which indicates constriction of microvessels as a result of an
increase in their tone, which can be regarded as a compensatory reaction in response to an increase in blood
volume in the upper part of the body. On the 5th day of the flight, an increase in the amplitude of myogenic
oscillations is observed in the skin of the temples, which indicates a decrease in the myogenic tone of precapillary
arterioles and capillary sphincters, contributing to an increase in the number of functioning capillaries.

The results of calculations of the values of the normalized fluorescence amplitude of the NADH coenzyme
(ANADH) confirm the assumptions made based on the analysis of blood microcirculation parameters. There is a
decrease in NADH in microgravity in the skin of the temples (an increase in the activity of oxidative metabolism)
with a simultaneous increase in the area of the toes (a decrease in oxidative metabolism), which is associated
with a redistribution of the volume of circulating blood.

In the fingers and wrists, the changes in the MTS parameters in zero gravity were not significant and were at
the level of values characteristic of measurements in the gravitational field of the Earth, which can be explained
by the fact that the hands are located in the middle of the hemodynamic balance, as a result of which the changes
in them are not as significant as in more distant parts of the human body.

Conclusion. A technique for measuring peripheral blood flow and oxidative metabolism of human tissue in
microgravity using a distributed system of portable devices has been developed for the first time. In the course
of the work, information was obtained on the mechanisms of adaptation of microcirculatory and tissue systems
of the human body to the conditions of microgravity and readaptation to gravity. The application of the acquired
knowledge in practice will allow to personalize the process of preparing people for space flights, to develop and
monitor the effectiveness of means and methods of adaptation of the cardiovascular system to the conditions of
weightlessness.
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