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Introduction. Various Earth-based models have
been used in an effort to simulate unweighting of the neu-
romuscular system [Berg et al., 1991; Dudley et al., 1992;
Koryak, 1995, 1996]. "Dry" immersion (DI) has been
used on occasion to simulate the unweighting effects of
spaceflight on human [Shulzhenko, Vil-Villiams, 1976].
The results of such studied support the use of Earth-based
models [Kozlovskaya et al., 1984]. It is known that inac-
tivity results in deconditioning and physiological decondi-
tioning induced by inactivity affects important system of
the body including musculoskelatal. Skeletal muscle de-
conditioning is associated with adaptation to a micrograv-
ity environment. These physiological changes may result
in altered muscle function and motor control [Kozlovs-
kaya et al., 1982; Jaweed et al., 1992; Koryak, 1997]. The
interesting finding that the reduction of the mechanical
tension is not proportional to the reduction of muscle
weight, fiber diameter, and concentration of contractile
proteins [Fournier et al., 1983; St.-Pierre, Gardiner,
1985], suggested that electrical activity might contribute
to the reduction of the contraction force in disused muscle
[Booth, 1982]. Up to now, owing to methodological diffi-
culties, the free contractile properties of human skeletal
muscles in a true weightless environment or during its
simulation were beyond the field of vision of the scien-
tists who in the main have concentrated on examining the
mechanical features of the voluntary muscular contrac-
tions. This is the first study to make quantitative mea-
surement of the functional properties of a single muscle in
a man exposed to the long-term physical unloading. The
investigation was concerned with the parameters of the
mechanical responses of the triceps surae muscle, which
has been shown to be a postural antigravity muscle
[Campbell et al., 1973]. Purpose. The purpose of the
present study was to determine the effects of 7-day of
(DI) on the mechanical and electrical changes of the tri-
ceps surae muscle. Methods. The methods for measuring
electrically evoked and voluntary forces have been de-
scribed in detail elsewhere [Koryak, 1995, 2003]. Maxim-
al voluntary contraction (MVC), maximal twitch (Pt),
tetanic forces (Po), time-to-peak tension (TPT), half-
relaxation (1/2RT), and total contraction time (TCT) were
measured. Rates of tension development and relaxation in
the tetanus were also obtained. The difference between Po
and MVC expressed as a percentage of Po and referred to
as force deficiency (FD) has also been calculated. The
surface action potential (SAP) was recorded by bipolar
surface electrodes applied over the belly of the soleus.
Results. After DI, the MVC was reduced by 33.8%
(p<0.01), and the Po was reduced by 8.2% (p>0.05). The
FD increased by 44.1% (p<0.01). The decrease in Po was
associated with increased maximal rates of tension devel-
opment (7.2%) and of tension relaxation. The TPT was
not significantly changed, and 1/2RT, and TCT were de-

creased by 5.3% and 2.8%, respectively, but the P; was
not significantly changed and the P/Po ratio was de-
creased by 8.7%. The muscle SAP showed an increase in
duration (18.8%) and decreases in amplitude and total
area (14.6% and 2.8%; p<0.05-0.01, respectively). Con-
clusions. Comparison of the electrical and mechanical
alterations recorded during voluntary contractions, and in
contractions evoked by electrical stimulation of the motor
nerve, suggests that immersion not only modifies the pe-
ripheral processes associated with contraction, but also
changes central and/or neural command of the contrac-
tion. At peripheral sites, it is proposed that the intracellu-
lar processes of contraction play a role in the contractile
impairment recorded during unweighting (immersion).
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BBenenue. B ycroBmsx 3emin st IMATHAIAN (ak-
TOpa HEBECOMOCTH Ha HEPBHO-MBIIICYHBIN aMNapaT 4eio-
BEKa UCIONB3YIOT pasindHbie Mmonenu [Berg et al., 1991;
Dudley et al., 1992; Koryak, 1995, 1996]. B nacrosimeii
pabore ucmonb3oBann Merox “cyxoi” mummepcun (CH)
[[Iymexenko, Bumb-Bumbsmc, 1976]. Pesynbratsl, panee
BBINOJHEHHBIX HCCJICAOBAHUM, TOAICPKUBAIOT BO3MOXK-
HOCTh HCIIONb30BaHMsI JTAHHOTO METOJd /I WUMHTALUH
¢akropa HeBecomoctn Ha 3emiie [Kozlovskaya et al.,
1984]. HeBecoMOCTh BBI3BIBAECT W3MEHEHHS B PSIE CHC-
TEM JKMBOTO OpraHu3Ma M B TOM YHCIIC JIBUTATEIbHOI,
KOTOpbIE PAcCMATPUBAIOT KaK ajanTaiys K BHEIIHAM
YCJIOBHUSIM CpPE/Ibl, YTO MPOSBISIETCS B CHMKEHHH, Kak
(GYHKIMIA CaMHX MBI, TAK ¥ CUCTEMBI YIIPABJICHHUS UMU
[Kozlovskaya et al., 1982; Jaweed et al., 1992; Koryak,
1997]. Boree TOro, MOKa3aHO, YTO CHJA COKPAIICHHS
MBIIIIIBI CHUKAETCSL HE MPOMOPIMOHAIBHO YMEHBIICHHUIO
BeCa MBIIIIIBI, JAUAMETPa BOJIOKOH M KOHLEHTPALUH CO-
KkparurenpHoro Oenka [Fournier et al., 1983; St.-Pierre,
Gardiner, 1985], yka3ssiBast, TakKuM 0Opa3oM, YTO 3JIEK-
TpHUYecKas: aKTUBHOCTb MOXKET CIOCOOCTBOBATh YMEHb-
LICHHIO CHJIBI COKPAIIEHHUS MBIIIIIBI TPU HEYNOTPEOICHUN
[Booth, 1982]. B macrositiiee BpeMsi, M3-32 METOIOIOTH-
YECKMX TPYAHOCTEW, BHUMAHHUE HCCIEIOBaTENEl B OC-
HOBHOM OBLJIO 00pAIEHO K M3YYEHUIO BIUSHUS (DAKTOPOB
HEBECOMOCTH WJIM MOJielieil, IMUTHUPYIOLINX €€, Ha CO-
KpaTUTENbHbIE CBOWCTBA MBIIII MIPU MPOU3BOJIBLHOM JIBH-
KEHHHM KOHEYHOCTH. DTO MEPBOE HCCIIEJA0BAHUE C KOJH-
YECTBEHHON OIEHKOH (YHKIMOHAIBHBIX CBOMCTB OT-
JICTIbHOM MBIIIIIBl Yy YeJIOBeKa B YCJIOBHUSAX JTHTEIbHON
¢dur3ryeckoil pasrpy3ku. lMccnenoBaauch MeXaHHYECKUe
mapaMeTpsl TpexriaBoi Meiie! roaenu (TMI') - mocty-
panbHOM, aHTHUrpaBWTanHOHHOHN, Mkl [Campbell et
al., 1973]. Hens. Llens HacTosIel paboThI - ONPEICTUT
BIHstHUE 7-cyTouHOM CH Ha MexaHMYecKue U deKTpude-
ckue u3meHeHnuss TMI. Meroabl. Meronsl u3MepeHUs
3JIEKTPUYECKU BBI3BAHHOW M IPOM3BOJIBHON CHJIBI COKpa-
meanss TMIT 6110 moapoOHO omucano panee [Koryak,
1994, 1995]. N3mepsnch: MaKCHMaJbHAs TIPOU3BOIbHAS
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cwia (MIIC), cuna oguaouHoro cokpamenus (Poc), Te-
tanngeckast cuna (PO), BpeMsi ONMHOYHOTO COKpAIICHHS
(BOC), Bpems momypacciabnenuss (1/2TIP), u obiee
Bpemst cokpamnernst (OBC), ckopoCTh pasBHTHS M pac-
cnabnenus Po. Pasanma mexay MIIC u Po, BeipaskeHHOH
B IpoueHTax K PO, IMo3BONsIa ONpENETHNTh BEIUUUHY
cwioBoro aeduimra (CH). [ToBepXHOCTHBINM MOTEHIHAIT
netictust (ITIIJI) perucTpupoOBaiy OHIIOISIPHBIMU SIIEK-
TPOJIaMH, PACIIONIOKEHHBIMH Ha OpIOIIKe KaMOaIOBUIHON
memre. Pesyabratel. I[Tocne CY MIIC ymensmmnacs Ha
33.8% (p<0.01) u Po- na 8.2% (p>0.05). C[ yBenuics na
44.1% (p<0.01). Ymenbiuenne PO COMpoBOXKIANIOCH yBe-
JIMYEHUEM MaKCHUMaJbHOW CKOPOCTH Pa3BUTHS HaIpsDKe-
Hus (7.2%) u paccnabnenust mpimsl. BOC cymiecTBeHHO
He m3MeHm1och, HO 1/2ITP u OBC ymenbimiocs Ha 5.3%
n 2.8%, coorBercTBEHHO. POC CyIIECTBEHHO HE M3MEHH-
JOCh W YMEHBUIWIACH Bemm4uHa oTHomieHust Poc/PO Ha
8.7%. TIIIJI oOHapyXmn yBelIWYEHHWE B JIMTEIHHOCTH
(18.8%) m ymeHbIIeHMEe B aMIUIMTY/IE M OOIIEH TUIOIa M
(14.6% u 2.8%; p<0.05-0.01, cooTBeTcTBEHHO). 3aKIIIO0-
yeHue. CpaBHEHHUE AIIEKTPHUECKUX M MEXAaHMYECKUX W3-
MEHEHHH, 3aperHMCTPUPOBAHHBIX BO BPEMS BBITOJHEHUS
NPOM3BOJIBHBIX JIBIKCHHH (COKpAleHuil) U JIIeKTprde-
CKH BBI3BAHHBIX COKPAILCHHH, TI03BOJISET MPEIIOIOKHTH,
yro CHW mMomuduuupyer He TONbKO mepudeprnieckue
MIPOLIECCHI, ACCOLMHUPYEMBIE C COKPAILICHUSIMH, HO TaKKe
W3MEHSET LEHTPAJbHYI0 “MOTOpHYI0” KoMaHny. M3 me-
pudepnuecknx  (akTopoB, BO3MOXXHO BHEKJIECTOYHBIC
MIPOLIECCHl UTPAIOT JOMHHHUPYIONIIYIO POJb B M3MEHEHUH
COKPaTUTEIbHBIX CBOMCTB.

INPUMEHEHUE HOHU3AIIMOHHOM
CIHHEKTPOMETPHUMU JJIS1 OITPEJAEJEHUA
KAYECTBA KBAPHEBBIX CTEKO.JI
JlaBpentbeB B.B., Mnpucos U.M.
Kybanckuii 2ocyoapcmeennvii yHugepcument,
Kpacnooap

MeTon MOHHM3AIMOHHOM criekTpoMerpun [1] mMosker
HalTH CBOE NMPHMEHEHHE HE TOJIBKO IPU HCCIISIOBAaHUH
BBICOKOMOJICKYIISIPHBIX OPraHHMYeCKHX COCAMHEHHMH, Ka-
KOBBIMH SIBJITIOTCSI TIONMMEPBI, HO M JJIS UCCIICIOBAHUS
HEOpPraHNYeCKUX MOJIUMEPOB, HAPUMEP HeOpPraHMIeCKO-
IO KBapLEeBOTO CTEKJIA, NPUMEHIEMOT0 B MPEL3HOHHBIX
KBapIEBBIX pe3oHaTopax. ToIIMHA KBapLUEBBIX IUIACTHH
B JJAHHBIX pe3oHaTopax cocrasisier ot 20 1o 60 MkM, uTO
CPaBHMUMO C TOJIIMHOW IOJMMEPHBIX IUICHOK M ITOKPHI-
THH.

UsBectHO [2], 9TO CTpyKTypHas HEOIHOPOTHOCTH
KBapla MpOSBISETCS B BHAE AUCKPETHHIX 3HAYCHUI
YPOBHEH MPOYHOCTH. DTUM YPOBHSIM aJICKBATHO COOTBET-
cTByeT Habop uH MuKpoaedekToB. Kak Oyner mokasa-
HO HMXXE, MEKAY MEXaHUUECKOW M AJIEKTPUUECKOMN Mpoy-
HOCTBIO, @ TaKKe MEXAY YPOBHAMH MEXaHHYECKOH H
ANEKTPUYECKOM TMPOYHOCTH CYIIECTBYET OIpE/IeICHHAs
KOppeysys, OOYCIOBICHHAs OJHOTHITHBIM BIIHSHHEM
neeKToB Ha ATH mapaMmeTphl. Tak kKak ¢ nedeKTHOCTHIO
MarepHala CBA3aHa W BEIUYMHA HANPSHKCHHS BO3HHKHO-
BEHUSI MOHHM3ALMOHHBIX MPOLECCOB, MOXHO MPEAIOIO-
JKHTh, YTO JUCKPETHBIM 3HAYCHUSIM MEXaHWYECKOH Ipoy-
HOCTH OYyAyT Takke OIHO3HAYHO COOTBETCTBOBATH JIHC-

KpETHBIE YPOBHU HAIPSDKCHUST Havala HOHM3AIMOHHBIX
TPOLIECCOB.

brun mpoBezieHbl McCIeI0BaHMs Ha JUCKOBBIX IUa-
CTHHAX MCKYCCTBEHHOI'O KpUCTa/LIa KBapia (Heopranude-
cKoe cTekio) TommuHoi 40 MKkM U mramerpom 6 mM. B
CBSI3H C TEM, YTO METOJ HOHHM3AIIMOHHOH CHEKTPOMETPUH
MOXXHO TPHMEHATH Ul OYeHb MaJbIX OOBEMOB HCCIIe-
JTyeMOT0 BEIIeCTBa, CTONh HEOOJNbIIas IUTOmans obpas-
I0OB HE MMeJla IPUHLUINAIBHOTO 3HaueHus. CraTucrade-
CKHe JaHHbIe M3MepeHnil HampshkeHus U,, IpOBOIUINCH
1o Meroauke, onucanuoit B [3]. 1o momy4eHHbIM JaHHBIM
CTPOMJINCH BapHaLlIOHHbIE AUarpaMMBbl B BUIE 3aBHCHMO-
creit U, = f (n) 1 kpuBbIe pacrpeneeHus HAPSHKCHAS B
BUIIC 3aBHCHMOCTH IUIOTHOCTH BepostHoctH p(U,,) oT
Bexmunabl U,,. Ha BapuanmonHo# auarpaMme pacrpene-
nenus U, Kaxnas Iuomaaka COOTBETCTBYET TUCKPETHO-
My YPOBHIO HAmpspKeHHs, a ux KonudectBo (5) coorser-
CTBYeT MaKCHMyMaM Ha KPUBOH pacrpenesieHns] MPOYHO-
CTH.

OOBsiCHEHHEM  JWCKPETHOCTH  DIEKTPHUYECKUX
CBOMCTB CTEKOJ MOXKET CIY)KUTh KOHLENIHS O MHUKPOHe-
OZHOPOIHOCTH HMX CTPYKTYpbl. BO3HHKHOBEHHE MHUKPO-
HEOJHOPOIHOCTeH OOBSICHAETCS NpoleccaMH MHKpopac-
CIIOGHUS B PACILIaBaX CTEKO.

DeKTPOHHO-MUKPOCKONMYECKUMH  HCCIIEJOBAHUSA-
mu [3] oOHApYKEHBI YITOPSIOYCHHBIE CTPYKTYPHBIE 00pa-
30BaHMs C TUHEIHBIMU pa3Mepamu oT 1,5 no 20 um. D1n
YIOPSIIOYCHHBIE 00JIACTH MPEACTABIISIOT COO0H KpUCTa-
JMYECKHe 3apoiblllM M KPUCTAUTUTHL. B mcciaexyemom
MOHOKpHCTAJIIE KBaplia 10 JAaHHBIM PEHTTEHOBCKOW OH-
(pakuuy, pasMep yHOpsAZOYEHHBIX OOnacTeidl JDOCTHraer
22 um. I'paHunpl yIOpsIOYSHHBIX OOJIACTEll SBISIOTCS
cnabbIMH MECTaMU CTPYKTYpBI, a KPUCTAJUIUTBHI — HPOY-
HeIMU. [lon nedexkramu CTPYKTYphI CTEKIAa HOHUMAIOT
Pa3IMYHBIE HECOBEPILEHCTBA €r0 PeaIbHON CTPYKTYphI. K
HHM OTHOCATCS NPHUMECH, MUKPOIYCTOTHI, Pa3pbIBHI Iie-
e, MEKPOHEOIHOPOJHOCTH U T.NI. THNHYHBIMHU Aedek-
TaMHU CTPYKTYpPBI CTEKJIa SBISAIOTCS CyOMUKPOTPELIMHBI U
MHKPOTpPEIIMHBL. MHOTHe MHKPOTpPEIMHBl U MYOMHK-
POTpPEIMHbI, KaK MPaBWIO, HACTOIBKO Majbl, YTO HX
TPYAHO OOHApYXUTh BHU3YaIbHBIMH METOIaMH HCCIIEeNO-
BAaHUU.

Meron MOHM3aLMOHHOM PENAaKCALMOHHON CIEKTPO-
METPHUH, KOTOPBIM H3MEpPSIOT HaIlpsHKCHHE BO3HUKHOBE-
HHS HMOHU3ALMOHHBIX HPOIECCOB, MO3BOJISAET CYIAUTH O
neekTHOCTH TBepabIX Ted. Yem Golple KOHIEHTpalus
MHKpOZe(eKTOB, TeM 00JbIIe BEpOITHOCTh BOSHUKHOBE-
HHSl HOHU3ALMOHHBIX MIPOIIECCOB M TEM MEHbLIE 3HaUeHUE
HAIPSDKEHNUs, TIPH KOTOPOM HAa4YMHAIOT MIPOUCXOAUTD 3TH
npoueccel. TakuM o0pa3oMm, HeEeKTHOCTh MaTepHana
JOJDKHA OBITH OIHO3HAYHO CBS3aHA HE TOJBKO C IPOYHO-
CTHBIMH CBOWCTBaMH, HO M C BEJIMYMHOIN HAaIpsOKCHUS
noHm3anuu. [lomyyeHHele B paboTe OaHHbBIE IOATBEP-
KIAIOT 3TH BBIBOJBI.

Takum 00pa3oM, MHUKPOHEOAHOPOJHOCTH CTPOCHHMS
KBapILEBOr0 CTEKJIa MPUBOIUT K AUCKPETHOMY pacrpene-
JCHHUIO Pa3MepOB MHUKPOIE(HEKTOB, YTO B CBOIO OUepelp
BBI3BIBAET JUCKPETHOE pacIpesiesieHHe 3JIeKTpodu3nyde-
CKHX XapaKTePHCTUK. DTO B CBOIO OYepe]b BEAET K TOMY,
YTO IPU JAJIbHEHIIEH 3KCITyaTallud KBapLEBBIX pe30Ha-
TOPOB, H3TOTOBJICHHBIX C HCIIOJNB30BAaHHEM KBapLEBBIX
IJIACTHH, IPOMCXOIUT HEOOBSICHUMOE Ha MEPBbIH B3INIAA
U3MEHEHHE TEeMIEpaTypHOH CTaOMIBHOCTH 4YacTOTHI,
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