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expeditions/hikes with the entire crew, as well as working out typical sections of the Might program according to
spicial scenarios in conditions of isolation trainings of varying duration and complexity (for example, using periods
of continuous wakefulness). The analysis of the results of the training of the crews of the orbital manned stations
showed that it is only thearetically possible to onganize an absolute team aof «like-minded paople=. In fact, every
cosmonaut is a person in his own right, having his own professional and life experience, his own goals, claims
and ambitiors, skills and attibudes. Any interpersonal conflicts that arice during the preparation process make it
difficult to sobve the tasks of forming a cohesive, efficient crew in many ways. In this regand, the causes of conflicts
must be subjected to mandatory, detailed and collective analysic in the preparation process.

When conducting classes with astronauts as part of the entire crew, it is necessary to strengthen the initiative
of each participant, linking this with the common goal of the upcaming interplanetary mission. To create such
psychological working conditions under which every cosmonaut could feel like a sought-after specialist, a master
of a high class, a genuine professional making his valuable contribution to solving an important scientific problem
of planetary significance,

The work s supported by the topic of RAS 63.2.

BKNAL BMOMEXAHHYECKWY COCTABNANLLMX B COXPAHEHWM KOCTHOM TKAHM
C MCNONL30BAHMEM PASMHYHBIX 3KCNEPUMEHTANBHBIX MOAENEA PASTPY3KH ¥ KPBIC
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OCHOBHLMM PEFYIATOPAMM MEXAHHUECKEN TRAHCAYKMM KOCTHOR THAHM, KaK NONArAKT, ARASKTCA ABA OC-
HOBHBG WCTOMHMKE — 3KI0MEHHEIE MPABHTALMOHHEE CHLL M IHAOMEHHEE MEIWeYHEE cHNbl. COrNacHo TeopHH
MEXAHGCTATA, FRABHLIA CTHMYN, K BOXARHCTEMI KOTOPOrD AAAMTHPYROTCA KOCTH, ABMAETCA MEXAHHYECKAR Ha-
rpy2Ka. Ee MCTOMHMEAMH ABNAKITCA MEILLSYHOE HANPAMEHME U FPABMTALMA, [PABMTALMA, B CBOID OHEPEeak, MOKET
BOAASHCTBORATEL HA KOCTH HANPAMYIO, YEPeY CHY PEAKLMH ONOPLL, NPH YCAOBHK, YTO KOHEYHOCTL HAXOAMTCR B
KOMTAKTE ¢ TAKOBOH, M Yepes YCKOPEHHE CBOBOAMOrD NALEHKA, NOA BOXASACTEMEM KOTOPOMD TEMND HAXOAWMTCA
AAHE NPH OTCYTCTEWM ONOpE (HANDHMED, B YCNOBWAX HEeBECOMOCTH). NPpegnanarasTesd, YTO HAPYLWEHWA Hel-
PO-MOTOPHOMG ANNAPATA B YCNOBHAK MIMEHEHHOH ABHIATENEHON AKTHEHOCTH MOMYT SkiTk CBA3AHE C HAMEHEHWEM
MEXAHHUBCKMY CBOACTE MBILUSYHON THAHKH W COOTBETCTESHHO ¢ HADYLIEHWEM SCTECTBEHHON KOMNEHEALUMH NPK
GOPHHPOBAHAK KOCTHOA THAHKW, OTCYTCTEWE YORAWTENEMLIX AOKAIATANLCTE BENYLUSA DONK B PEMYNALAA KOCTHO-
ro MeTAGANMIMA MBILLEYHEE CHM ONPEABARET AKTYAMLHOCTE AAHHMON pabaTL.

Lienti HACTORWETD HOCNSAOBAHHA GENG BLIABHTE BKNAN SHOMEXAHHYECKHY COCTABNAKWMY B COXPAHEHHH
KOCTHOA THAMM € MENGMLIOBAHMEM PAAMHUHLIX IKCNEPHMEHTANLHLE MOANEH PAIrpYIKK ¥ Kpeic. COrNacHo Lenu
HCCNERoEAHHA ShiNK NOCTARNEHE CNELYIoWME 3a8aqM: 1) ONpegendTs Pk MEaBHTALMA W MEIWEYHOR AKTHEHO-
CTH B PAADYLEHWK KOCTHOR THAMW ¥ Kpbickl. 2) BLABHMTE pOMk HEPBHONA CHCTEMEl B COXPAHEHHH KOCTHOR TEAMW C
HEMNONEIOBAHWEN PAINFYHED IKCMIEDHMEHTANEHEX MOASNEH PAINPYIKH ¥ KPLIC,

MECneaoBaHMe NPOBOOMNO: HA HENHHERHLY NAGopATOPHL KpLICcax Maccol 180-200 rpammos. Boe kcnepl-
MEHTEI GEUH BRINOMHEHL © COBMGREHMEM BROITHYEKMX HODM W 0805peHE! NOKANEHEIM STHYECKHM KOMHTETOM KDY,

[na o5e350NMBAHKA MCNGNEIOBANA KOGMEHHHDOBAHHLIA BHYTPHMEILLEWUHEIR HABKOY € WCMONEIOBAHWEM I0METH-
na {(=Zoletil 50= «\Virbacs, ®panuna), 0.5 MriEr 1 ECMNA3ANA MMBEKHOHHOMD (Xylazalum, «Buorenss, Benapyce)
0.05 mnfkr — 0.5 pMafkr. JoawpoBky noagSHPand B cOOTBETCTRMH & BRCOM IKCNEPMMEHTANLHOMD MHBOTHArD,

HHBOTHERE Belnk CMyYaiiHeiM OGpa20M DARAENEHL HA MYINLE KOHTPOMSHAA MYTING (N = 7)) — HHTAKTHLIE KDLICk
683 KAKOMO-NWEO BMELLATENECTEA; MPYNNE TEHOTOMWA (N = 7) — MHBOTHEE NEPEHECTM ONEPALIHID TEHOTOMAK; Mynna
AEHEPBALMH (M = 5) — MUBOTHHE C AEHEDEALMEN CAOANMIIHOND HEDBA; MPYTING AMTHOPTOCTATHHECKOND BLBELIHBAHHA
COMBTAHMON C TRHOTOMKER (N = B) — MABOTHEE, ¥ KOTODEK NPOBENA TEHOTOMMD B COYSTAHWA C AHTHODTOCTATIUE-
CHHM BLBBLUMBAMHEM IA0HAX KOHEMHOCTEH; MPYTING AHTHODTCTATHHRCKIND BHBSLIMBAMHA C JEHEDBALMER (M = 5) — xm-
BOTHLIZ, Y HOTORE(X APOBEAN ASHELSALMIO B COUETIHMH € AHTHOPTOCTATHYECKHM BHESL HBAHWEM JAAHHX KOHEUHOCTE,

HapyweHne HepeHOrs KOHTPONA (JSHEepBAUMA) OCYWeCTENANGCE no metoguee C. De Angelis (1994).
TeHOTOMHIG NPOBOAMAK MYTEM WMCCRYLHWA (DPArMesTa AXUMNOBA CYXOMMAMA B MECTE NPUKPEMNEHHA K CTone
ANWHOA 2-3 MM, B ka4ecTee MOL2NH rPABHTALHOHHOA DAIrpyIKH MCNONEI0BANK METOM BHB2LWMBAHHA MO MOLEe-
i E. P. Mopesi-Xontod & mogmdekaund E. A. MnbkMa 1 B. E. Hosukosa [Morey-Holtan, 1979; MnwwH, Hoswkos,
19801,
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AV KonepeHUMA NO KDCMWYECKDH GHONOMME W 3BMAKDCMWHECKOH MEJHMUMHE

C U@nkio onpesenesia MEXaHWYECKHX MADAMATDOR KOCTEA NPOBOIWNWCE WCNBITAHMA HA TPEXTOYBMHEIR Harwb
B CNELMAnsHO NOAroTOBMEHHON MCMEpMMEHTANLHOR yoTanoske [Baltina et al, 2017). fAna kawgoro obSpasya
NPEABAPHTENEHD MIMEDANKCE MEOMETDHYECKIE NADAMETDE, 3 TACKE ONPEASNANKCE BEC W oObeM. PeaynLTaToM
NPOBEAEHHA IKCTIEDHMENTA BLICTYNAN BHHARHLIA Gain, COMEpHALMA TABMMUHLIE JAHHLE BEEMEHH, MEPeEMELLE-
HHMA M NDMKNAALIBIEMOTD YoUNKA. OSpaBoTra MaccuBa AaHHEX NDOMEB0IKNACE HA OCHOBE 3ADEMMCTDHDOEAHHON
ABTORCKONG NPOrPaMMHOND MPOSYKTA, MOIBEONAKILEND B ABTOMATHSRCKOM DEXHME NPOMIBOANTE NOCTPOEHRE rpa-
KA IABUCHMOCTH CMBILEHMA OT NDMKNA0LBIEMON MArDYIKK, 3 TACKE BbiJEMEHAE THMEAHL YSACTKOB C MOCne-
Ayoled e annpoxkcuMaukei. NpuBenesHan METOOUKA NOIBONAET NOMYHHTE AaHHEE 0 Modyne Kvra obSpasua,
NPESETY NPONOPLUMGHANLHOCTA M MPEAENLHEX HANDRKEMUAX.

HakonmeHme, CACTEMATHIALMA MCXOAHOR MMDOPMALIMK W BHIYANHIALWA NONYWEHMEX DETYNLTATOR OCYLECT-
BAANMCE B nporpamMme MATLAB, N-BApWaHTHBIA QWCTEDCHOHHLA AMANKE WCNONBIOBANCA YTOGM ONPEenHTE,
PARNHHANDTCA N CREOMINE B HADODE AAHHLIX MO TEYINAM HECKONLKMY GaKTopoR. PAZNMYMA CHMTANM IHIYMMEIMA
npu p < 0.05.

PeaynLTaTh NOKAIANM, YT, K3K ¥ GeapeHHon, Tax M Y Bonswebepuosol KOCTel KpLCkl MOCHE AEHERBALIMW M
TEHOTOMAM Ha S0 CyTKM AOCTOBEDMO YMEHBLUMNACE NPOHHOCTE, 8 MECTKOCTE YBRIHSHNACH.

Mpk CONETAHAN ¢ AHTHODTOCTATHYECKAM BhiBELHBAMWEM LEHEDBALIAM M TEMOTOMUH ¥ BEOPEHMOR KOCTH No-
cne 50 cyTos AOCTOBEPMO YMEHBLUWNACK NPOYHOCTE, HO HE MECTKOCTE. MNP COMBTAHKK C AHTHODTOCTATHHECKAM
BHBEILMBAHWEM AEHEDEALIMA M TEHOTOMUH ¥ Bonbwebepuoenid kocTH nocne 50 cyToK HOCTOREDHD YMEHBLLIKNACE
NPOHHOCTE, HABMNIOOANGCE HEQOCTORENHOE NOBRILEHUE MECTEOCTH.

Mpi COABMEMAN BEHEPBALMA W JEHEPBALAM ¢ BHBRLIMBAHHEM ANA GEAPEHHON KOCTH NOKAZANM, YTO NPoY-
HOCTh KOCTH TEQRETCA SwICTPEE. SHAMMOA PAIHHLLI B NEOHMOCTH M MECTKOCTH MEXLY rOYNNaMH TEHOTOMHA W
TEHOTOMUH € BREBELIMBAHHEM HE OOHAPYHUIK.

Mpw CPABMEMAN DEHEDBALKA M JEHEDBALMK C BHBRLIMWBAHHENM ANA SONbLEOERLOBOA KOCTH CTATHCTHSECKH
AMAYHMONR PATHHLL MENTY TPYNINAMA MO NPOYHOCTH HE 0EHAPYHMNK. HeCTKOCTE CHHXANACH BONLLE B CO4ETa-
HHK JEHEDBALMKA C BLBRLUHBAHKEM. NDH COABHEHMH TEMOTOMUH M TEHOTOMKN C BbiB2UIMBAHMEM ANA SonbweGep-
LOBOA KOCTH CTATHCTHHECKH IHASHMON DATHILIE MEXIY FOYNNAMH ANA NPOYHOCTH HE ODHAPYHHH. MECTKOCTE
Nanana BoNbWe B COMETAMHN TEHOTOMAN C B BELINBAMKEM.

Takum oBpazoM, M NOKAIANM, HTO NOALEMHAHHE NPOYHOCTH W XECTKOCTH KOCTEH 33AHER KOMEYHOCTH KDbICk
NPH FPABHTALMOMHOR DAIMPYIKE M HADYVILEHMH MBILUEYHOR AKTHBHOCTH OSYCNORNEHD HAMEHEHMAMMH HERADOHAML-
HOMD KOHTRONS, 8 Takke onophoi adubepesTaluy. BeRBMnM, YTO HAMHHME MBILLEYHON AKTHEHOCTH HEoGo0aMMO
ANA NOAAEPMAHHA NPOYMOCTH, WO HE WECTHOCTH KOCTH. MPABMTALMA, OAMAKD, BNMAET Ma 082 3THX NapaMeTpa,
YTO NOIBAMAET NPEANONOKATE HANWHAE PAIHLX MEHOB, OTBETCTBEHMBN 33 BOCTIPHMATHE DATHLIX BMOAOE MEXAHW-
YECKOH HArpyIKu.

PaboTta BeMOIHEHE B DAMKEX MporpamMel «CTDATEMMYECKOE SKATEMHYECKDe MMAepCTBO Kazawokoro dege-
pansHoro yasepcHTeTas (TIPHOPHTET-2030).

THE CONTRIBUTION OF BIOMECHANICAL COMPONENTS TO THE PRESERVATION OF BONE TISSUE
USING VARIOUS EXPERIMENTAL MODELS OF UNLOADING IN RATS
Sabirova D.E., Eremesy AA., Sachenkov O.A., Akhmetzyanova AL, Baltina T\
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The main regulators of mechanical bone transduction are thought to be from two main SoURCES: eXOgenous
gravitational forces and endogenous muscle forces, According to the mechanostat theory, the main stimulus to
which the bones adapt is mechanical loading. Its sources are muscle tension and gravity. Gravity, in turn, can act
an the banes directly, throwgh the reaction force af the suppart, provided that the limb is in contact with it, and
through the acceleration of gravity, under the influence of which the body is even in the absence of support (for
example, in 2ero gravity case). 1t is assumed that disorders of the neuromotor apparabus under conditions of altered
motor activity may be assodated with a change in the mechanical properties of muscle tissue and, accordingly, with
a violation of natural compensation during the formation of bone tissue. The lack of comvincing evidence of the
leading role in the regulation of bane metabolism of muscle forces determines the rebevance of this work.

The aim af this study was to identify the contribution of biomechanical components to bome tissue preservation
using vanous experimental models of unloading in rats. Acocording to the purpose of the study, the following tasks
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were set: 1) To determine the role of gravity and musche activity in the destruction of bone tissue in rats. 2) To
reveal the role of the nervous system in the preservation of bane tissue using varicus experimental models of
unloading in rats.

The study was conducted on non-linear laboratory rats weighing 180-200 grams. All experiments were
performed in compliance with bioethical standards and approved by the Local Ethics Committee of KFL.

For anecthesia, combined intramuscular anesthesia was used using zoletil (Zaletil 50, Virbac, France), 0.5 mg/
kg, and injectable xylazal (Xylazalum, Biogel, Belarus) 0,05 mifkg — 0.5 mlfkg. The dosage was adjusted according
to the weight of the experimental animal.

Animals were randomly divided into groups: control group (n = 7) - intact rats without any intervention;
tenotomy group (n = 7) — animals undarwent tenatomy: deneration group (n = 5) — animals with sciatic nerve
denervation; group of anti-orthostatic suspension combined with tenoctomy (n = 8) — animals that underwent
tenotormy in combination with anti-orthostatic suspensicn of the hind limbs; group of anti-orthetatic suspension
with denerdation (n = 5) — animals that underwent denervation in combination with anti-orthostatic suspension
of the hind limbs.

Violation of nervous control {denervation) was carried out according to the method of C. De Angelis (1994 ).
Tenatormy was parformed by excising a 2-3 mm long fragment of the Achilles tendon at the site of attachment
to the foot. As a model of gravitational unloading, we used the hanmging method according to the model of
E.R. Marey-Holton, modified by E. A. Ilvin and V. E. Novikov [Morey-Holton, 1979; Ilyin, Movikow, 1980].

In order to determine the mechanical parameters of the bones, three-point bending tests were carried out
in a specially prepared experimental setup [Baltina et al, 2017). For each sample, the geometric parameters
were preliminarly measured, and the weight and volume were also determined. The result of the experiment
was a binary file containing tabular data of time, displacement and applied force. The processing of the data
array was carried out an the basis of a registered author's software product that allows you to automatically phot
the dependence of the displacement on the applied load, as well as the selection of linear sections with their
subsequent approximation. The above technigue allows obtaining data on the Young's modulus of the sample, the
limit of proportionality and limiting stresees,

Accumulation, systematization of initial information and visualization of the obtained results were carried out
in the MATLAE program. N-variable analysic of variance was used to determine if the meaans in the dataset differ
across groups of multiple factors. Differences were considered significant at p < 0.05.

The results showed that both in the fermur and tibia of the rat after denervation and tenotomy on the S0th day,
the strength significantly decreased, and the stiffness increased.

When combined with anti-orthostatic suspension of denervation and tenotomy in the femur after 50 days,
the strength significantly decreased, but not the rigidity. When combined with antiorthostatic suspension of
denervation and tenctomy in the tibia after 50 days, the strength significantly decreased, an unreliable increase
in stiffress was observed.

When comparing denervation and denervation with suspension for the femur, it was shown that bore strength
is lost faster. Mo significant difference in strength and stiffmess was found between the tenotomy and hanging
tenctomy groups.

When comparing denervation and denervation with suspension for the tibia, there was no statistically significant
difference betwean groups in strength. Stiffness decreased miore in combination with denervation and hanging.
When comparing tenctory and hanging tenatomy for the tibia, there was no statistically significant difference
between groups for strength. Rigidity dropped more in the combination of tenobomy with hanging.

Thus, we have shown that the maintenance of the strength and rigidity of the banes of the rat hindlimb during
gravitational unloading and impaired muscle activity is due to changes in neuronal control, as well as in support
afferentation. It was found that the presence of muscle activity is necessary to mainkain the strength, but not the
stiffnecs of the bone. Gravity, however, affects both of these parameters, suggesting the presence of different
genes responsible for the perception of different types of mechanical load.

This work was part of Kazan Federal University Strategic Academic [eadership Program (PRIORITY-2030).
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