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In conclusion, 8-wk training-induced increase in the content of OXPHOS proteins is not
associated with changes in their gene expression at rest and after a single exercise. On the contrary,
the training-induced increase in the content of some transcriptional regulators is associated with the
activation of their mRNA expression after a single exercise.

This work was supported by the Russian Science Foundation (grant no. 14-15-00768).

ANEKTPOMUOI'PAONYECKHUE XAPAKTEPUCTUKN AKTUBHOCTHU MbIIIL]
I'OJIEHH Y YEJIOBEKA ITPU BBIIIOJIHEHHUU XO/JAbbbI 1 BET'A B YCJIOBUAX
KOCMHMYECKOI'O ITIOJIETA

bpuikoe B.U., Cemenos 10.C., Pykasuwnuxos U.B., Casexo A.A., Oceyxuit H.IO., Kumoe
B.B.
I'HI[ PO-IMBII PAH, . MockBa

OpranusM denoBeKa MpHU MPEOBIBAHUU B KOCMHUYECKOM IMOJIETE TIOABEPracTcs psay
U3MEHEHUH, cpelrd KOTOpBIX Haubojiee BBIPAKEHHBIMH SBISIOTCS HU3MEHEHHUS B CEHCOMOTOPHOMU
CUCTEME, B YaCTHOCTH — MBIIICYHOH MepUPeprur M CUCTEME YIPABICHUSIMH JIBH)KCHUSIMU
(I'puropwesa JI.C. ¢ coaBt. 1983; Koznosckas M.b. 1983-2008). ITocie 3aBepiieHust Kak KOPOTKHUX,
Tak # JUIATENbHBIX KocMuueckux rmonetoB (KII), HemocpencTBeHHO moOcCie MPU3EMIICHUS
oOHapyXMBalOTCsI M3MeHeHUs KuHeMaruku Jsokomonuii (Kupenckas A.B., Kosnosckas W.b.,
Cupora M.I. 1986; Kosnosckas 1. b. u np. 1979), peructpupyrorcst HapyleHus: JJOKOMOTOPHBIX
¢byukumii y xocmonaBToB (MenbHuk K.A. c¢ coaBt. 2003; IllmakoB A.B. c¢ coaBt. 2008). [lns
YCTaHOBIICHHSI BKJIaJa (AKTOPOB KOCMHYECKOTO IojieTa B (OPMHUPOBAHHE JIOKOMOTOPHBIX
HapylIEeHUH M BO3MOXXHOCTH MX KOPPEKUMHU MPEACTABISIOCh pPAllMOHAIBHBIM HCCIEI0BaTh
XapaKTEPUCTUKHU JTOKOMOIIMH, BHIITOJIHIEMBIX B HEBECOMOCTH Ha OCTYIICH TOPOKKE.

UccnenoBanre mnOpoBEeOEHO B paMKax KOCMHUYECKOro s3kcnepumeHTta «MoTokapay,
BBITIOJIHAIONIETOCS TIPU YYaCTHMM POCCHUUCKHX UIEHOB OJKUNaxked Ha Oopry MexmyHapomaHou
kocmuueckoit cranuuu (MKC). B skcniepumente npussiin ydactue 17 unenoB skunaxeidr MKC,
JUTUTEIIBHOCTh TOJIETOB KOTOPBIX cocTapisiia oT 5 g0 12 mecsues. o nagama KII u mocne ero
3aBEPILICHUS MPOBOIUIIOCH 1O ABE ceccuu 3kcnepumenTa. B xone KII uccnenoBanus npoBOAMINCH
B KOHIIE KaXJOro Mecsla TojieTa. B  KaXJIOM HCCIEIOBAaHUHU BBITIONHSIICS CTYIEHUYATHIN
JIOKOMOTOPHBIA TECT B JABYX peXKuUMaxX pabOThl OEroBOW JOPOXKKHU: B MACCUBHOM, MPU KOTOPOM
MOJIOTHO TMPOTAJKUBAIOCH CHUJIOM HOI KOCMOHABTa, U aKTUBHOM PEXKHUME, NMPU KOTOPOM IOJIOTHO
MPUBOJIUIIOCH B JIBHJKEHHE 3JIeKTponpuBogaMu. OcylecTBisgemMas KOCMOHABTAMH JIOKOMOTOpPHAast
TPEHUPOBKA COCTOSIA U3 5 3TANOB: Pa3MUHOYHOMN XOJbObI, MEIJIEHHOTO, CPEAHETO U ObICTpOro Oera
U 3aMUHOYHON X0nbObl. CKOpOCTh XOJbOBI/OETa KOCMOHABTHI BHIOMpAd CaMOCTOSITENBHO, IO
CaMOUYYBCTBHIO, IHKJIOTpaMma CoJepKajla TOJbKO OPUEHTUPOBOYHBIC 3HAYCHUS. AKCHAJIbHAs
Harpy3ka mpu Oere B YCIOBHUSIX HEBECOMOCTH OOECMEUMBAETCS CHEIHAIbHBIM TPEHHUPOBOYHO-
Harpy304HbIM KOCTIOMOM, TIOJICOEIMHCHHBIM KapaOWHaMHM K CHCTEME TPUTITa, KOTOPBIHA
obecrednBaeT KOHTAKT ¢ OEroBOi JOPOKKOW M CO3[AeT HArpy3Ky Ha TeJie oreparopa paBHYIO, Kak
npasuiio, 50-70% oT Ha3eMHOro Beca KOCMOHAaBTA.

[Ipy BBIMONHEHWH TECTa PETUCTPUPOBAIN CKOPOCTh XOABOBI W Oera, MPOHIACHHYIO
JTUCTAHIIMIO, YacTOTy CEpPACYHBIX COKpPAIIEHWH U  DIIEKTPOMUOTPAQUUECKYI0 aKTUBHOCTh
JaTepalbHON TOMOBKU YETHIPEXTIIABON MBIIIIEI Oeapa U 3-X MBI TOJEHU: MeIUaIbHOU TOJOBKH
WKPOHOXKHON MBIIIIIBI, KaMOAJIOBUIHOW W TIepeaHeil OonbiieOepIioBoil MBI, PaccuuTeiBaeTcs
MHTErpaJibHasi MHUOTpaMMa: MO HUCXOJHBIM 3alUCAM C YAQJICHHOW MOCTOSHHOW COCTaBJISIOLIEH
BBIYHCIIIETCS BPEMEHHOW psifi  aOCONIOTHBIX 3HAYEHWUW HAINPSDKEHUsS, 3aTeM POU3BOIAUTCS
CIIaXXKMBaHUE C MOMOIIBIO CKOJIB3AIIEro cpeAHero ¢ okHOM 15 mc. C moMoIIbIo HaIEHHBIX TPaHHUIL
MavyeKk [0 HHTETPUPOBAHHOW MHOTpamMMe Il KaKJIOW TIMa4Kyd BBIUMCISETCA: MaKCHUMAaJIbHOE
3HAYCHHE HAMPSDKEHUS — aMILTUTYA; MJI0MAAb MO KPUBOM aOCONIOTHBIX 3HAYSHHUH HAMIPSIKEHUS OT
BpEMEHHU — TUIOMIAb MAYKH; JUTUTEILHOCTh MAYKW; TIEPHO CICIOBAHUS TAueK ISl KaKIOH IMaphl
HalJICHHBIX TTaueK, IO HEMY BBIYHCIIIeTCs 0OpaTHas BeTMUMHA - YACTOTa CJICJIOBAHUS MaueK.
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AHanu3 3J1eKTpOMUOrpahUIecKoil aKTUBHOCTH MBI TOJIGHU MOKa3all, 4TO KaK B 3€MHBIX
YCIOBUSX, TAK M B XOAE IIOJICTHBIX CECCUM DKCIEPUMEHTA IIPU BBINOJIHEHHH JIOKOMOLMH B
NACCUBHOM pEXHME Oerymeid JOpOXKKH aMIUIUTy[a dJIEKTPOMHOrpaduueckod  madyeyHon
aKTUBHOCTH Oblja BBIIIE, YEM IPH JIOKOMOLMAX B PEKHUME AKTUBHOM Ui BCEX HCCIEIyEeMBbIX
mbI, kpome M. Tibialis. Paccmorpenne HopmupoBanHoii aMmuuTyasl DMIT (BHECEHHE MOMPAaBKU
Ha BEJIMYMHY BECOBOM HArpy3KH — IMPUTAT) MOKa3ajo, 4To0 DMI-CTOMMOCTh JOKOMOIMI B XOie
1oJieTa 1O CPAaBHEHUIO C (POHOBBIMH HCCIEIOBAHUSMHU CYHIECTBEHHO YBEIMYUBACTCS BO BCEX
UCCIIEAyeMBbIX MbIINAx. JlanpHEeHIIMKA aHamu3 JaHHBIX MPEICTaBISIETCS 3HAYUMBIM - JUIA
KOPPEKTHUPOBKU PEXKHUMOB JIOKOMOTOPHBIX TPEHHPOBOK B IPOMOJDKUTENBHBIX KOCMHUYECKHX
SKCHEIUIMAX U YAy4IIEeHUs peaOMINTAllMOHHBIX MOAX00B K HapYyLUIEHUSM OIOPHO-ABUIaTeIbHOIO
annapara nociue KII.

HccnenoBanue noaaepkaHo rocynapcTBEHHON Kopriopanueil «PockocMocy.

ELECTROMYOGRAPHIC CHARACTERISTICS OF HUMAN MUSCLES ACTIVITY
DURING WALKING AND RUNNING UNDER CONDITIONS OF SPACE FLIGHT

Brykov V.1., Semenov Yu.S., Rukavishnikov I.V,, Saveko A.A., Osetskiy N.Yu., Kitov V.V.
RF SSC — Institute of Biomedical Problems of the RAS, Moscow

The human body undergoes a number of changes while staying in space flight, among which
the most pronounced are changes in the sensorimotor system, in particular - the muscular periphery
and the system of movement control (Grigorieva LS, co-author 1983, Kozlovskaya IB 1983-2008) .
After completion of both short and long space flights (SF), immediately after landing, changes in
the kinematics of locomotion are detected (Kirenskaya AV, Kozlovskaya IB, Sirota MG 1986
Kozlovskaya 1B et al 1979 ), alterations of locomotor functions in cosmonauts were revealed
(Melnik KA, et al., 2003; Shpakov AV, et al., 2008). To establish the contribution of space flight
factors to the formation of locomotor disorders and the possibility of their correction, it seemed
rational to investigate the characteristics of locomotions performed in weightlessness on a treadmill.

The study was carried out in the framework of the space experiment "Motocard", performed
with the participation of Russian crew members aboard the International Space Station (ISS). 17 ISS
crew members took part in the experiment, the duration of space flight was 5 to 12 months. Before
the beginning of the (SF) and after its completion, two sessions of the experiment were conducted.
During the (SF), investigations were conducted at the end of each month of the flight. In each study,
a locomotor test was carried out in two modes of treadmill working: in the passive mode, where the
treadmill surface was pushed by the strength of the cosmonauts feet, and the active mode in which
the surface was driven by electric drives. The cosmonauts' locomotor training consisted of 5 stages:
warm-up walking, slow, medium and fast running and final walking. The cosmonauts chose the
walking / running speed independently, according to the state of health, the cyclogram contained
only recommended values. The axial load during running in zero-gravity conditions is provided by a
special training-loaded suit, attached to BD-2 system by special bungees, which provides contact
with the treadmill and creates a load on the body of the operator, which is usually 50-70% of the
terrestrial weight of the cosmonaut.

During the test, the walking and running speed, distance traveled, heart rate and
electromyographic activity of the lateral head of m. quadriceps femoris and 3 muscles of the calf
were recorded: the medial head of gastrocnemius muscle, soleus and anterior tibialis muscle. The
integral myogram (EMG) is calculated: from the initial records with the remote constant
component, the time series of the absolute values of the voltage is calculated, then the smoothing is
performed using a moving average with a window of 15 ms. With the help of the found borders of
the packets for the integrated myogram, the following is calculated for each burst: the peak
amplitude; the area under the curve of the absolute values of the voltage versus time (the area of the
burst); the duration and frequency of the burst.

The analysis of the shin and hip muscles electromyographic activity showed that, both under
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terrestrial conditions and during flight experiment sessions, when carrying out locomotions in the
passive mode of treadmill, the amplitude of electromyographic burst activity was higher than for
locomotions in the active mode of treadmill in all the muscles under study except m. tibialis.
Examination of the normalized EMG amplitude (taking into amount the weight of the cosmonaut on
Earth and the value of axial loading in SF) showed that the EMG cost of locomotion in flight
compared with background studies increases significantly in all the muscles under study. Further
analysis of data seems to be significant for correcting the regimes of locomotor training in long
space expeditions and improving rehabilitation approaches to musculoskeletal disorders after SF.
The study is supported by the state corporation «Roscosmosy.

PAKTOPBI, MOAVYIUPYIOINUE UMMYHOCYIIPECCUBHYIO AKTUBHOCTD
MYJBTUIIOTEHTHBIX ME3EHXUMAJIBHBIX CTPOMAJIBHBIX KJIETOK INVITRO

T'opnocmaesa A.H., boowvinesa I1. 1.
I'HILI P® — UMBII PAH, Mocksa

MCK (My/IbTUIIOTEHTHBIE ME3€HXHUMaJIbHbI€ CTBOJIOBBIE KIJIETKH) MPEACTaBIAIOT OOJIbLION
UHTEpeC s HccienoBarened Omarogaps TakuM YHUKaJIbHBIM CBOWCTBaM KakK BBICOKas
napakpuHHas W nponudepaTtuBHass ~— aKTMBHOCTb,  CIIOCOOHOCTh K MYJIBTHJIMHEHHOMN
muddepennupoBke. X HU3Kas HMMYHOT€HHOCTh B COYETaHHHM C HMMYHOMOIYISATOPHBIMHU
CBOWCTBaMHM JieaeT BO3MOXHbBIM IpuMeHeHune ajutoreHHsix MCK. OpHako, HeCMOTpsl Ha TO, 4YTO
UMMYyHOMOAY/IATOpHbIN noreHian MCK akTHMBHO M3ydaeTcs, MUMEIOLIMECsS JIaHHbIE J0CTAaTOYHO
pPa3sHOPOAHBL. AHaJIW3 JMTEPATYPHbIX NaHHBIX IIOKa3aj, 4yTo ucxox B3aumozeictBus MCK u
MMMYHOLIUTOB B 3HAUUTEJIbHOM CTENEHU 3aBUCUT OT 3KCIEPHUMEHTAJIbHBIX YCIOBMH, a TaKXKe OT
COCTOSIHUSI CAMUX KJICTOK.

MCK. K mnHacrosumeMy MOMEHTY YOEIUTENIBHO II0Ka3aHO, YTO HMMYHOMOIYJISTOPHbIE
3P PEeKThl CTPOMAIBHBIX KIETOK W3 Pa3HBIX TKaHed moryT ommdyarbes (Carrade Holt D.D. et al.,
2014). MCK cnocoOHBI MOAYIUPOBATh OTBET KAK ayTOJIOIMYHBIX, TAK U aJUIOT€HHBIX HMMYHOLIUTOB.
B HEKOTOpBIX 3KCIepHUMEHTANBHBIX Mojensx amwtoreHHsle MCK Oonee s¢ddexkrnBHO monmaisroT
nponudeparuBHyto aktuBHOCTh EK, ueM ayronornunsie (Maccario R. et al., 2005). CymectBytot
olpesieNIeHHbIE pazuyus B peanu3aluu 3PQPeKToB B 3aBUCUMOCTH OT BHUJIOBOW MPUHAIJICHKHOCTU
CTPOMAJIBHBIX KJIETOK. YCTAHOBIIEHO, YTO Yy MBILIEH cynpeccust peanusyercs nocpeactsoM NO, B TO
BpeMsl Kak JJis 4eJIOBEKa U BCEX U3YUEHHBIX BUJOB KUBOTHBIX Noka3aH MJ[O-3aBucumbiii MexaHu3M
(KimD.S. et al, 2014).

NmmynocynpeccuBHbiil 3pdpext MCK, Haxonsmmxcss B pa3HbIX (azax pocTa, OTINYAETCA: B
COCTOSIHUM MOHOCJIOSI OHH MOJABIAIOT nponudepannto muMponuToB sppexTuBHEe. ITO CBA3AHO C
TeM, yTo pactyume MCK skcrnpeccupyloT B OCHOBHOM T'€Hbl OTBEYAIOILUe 3a MpoiuQeparuto,
KJIETOYHBI IUKJI U TA., @ 3KCIpeccHus OENKOB, CBA3aHHBIX C peanu3anueidl MpOoBOCHAIUTEIbHBIX
CBOMCTB, HaxoauTcsi Ha BbicOKoM ypoBHe Yy MCK mocturmux 90% monocnost (Kim D.S. et al.,
2014).

Eme ogaumM ¢akropom, BIUSIOMNUM Ha cynpeccuBHble cBoiicTBa MCK, siBiisleTcs KOIMUECTBO
naccaxeil in Vvitro. Iloka3aHo, YTO CBEKEBBIICICHHBIC CTPOMAbHBIC MPEAINICCTBEHHUKH HE
MIPOSIBIITIOT CYIIPECCUBHBIX CBOMCTB, B TO Bpems kak MCK 1-4 maccaxkeir 0071a1ar0T BBIPaKEHHBIM
UMMYHOMOZYIISATOPHBIM 3(PQeKToM, fanee, C YyBEIMUYECHHEM Iaccaka, MMMYHOCYIPECCHUBHBIN
norernuan MCK cumxkaercst (McIntosh K. et al., 2006, Lin C.S. etal., 2012).

BaxubiM  QaxkTopoM, CHOCOOHBIM BIMATH Ha HMMYHOMOXynATOopHbIe cBoicTtBa MCK,
ABJISIETCSl CTENEHb MX KOMMHUTHpoBaHHOCTH. Le Blanc ¢ coaBropamu mnokaszanu, 4To MoOCIeE
UHAYKIMH TUGGEpEeHIIMPOBKH B OCTE0-, aUIO- U XOHAporeHHoM HampasieHnrn MCK nopasistor
nponudepaTuBHbBIA OTBET JUMQOIUTOB TakK k€ APQPEKTUBHO Kak U B HenuddepeHIpoBaHHOM
cocrosnuu (Le Blanc K. et al., 2003). Ins s¢dexTuBHONl MMMyHOCYyNpeccun HeoOXoauma
npoBocnanutenabHas nHAykuuss MCK, koropasi mMpoHCXOAUT MpU «IHATOTe» C aKTUBHPOBAaHHBIMU
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