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Bsepenne. 3200AeBaHIs ONOPHO-ABUTATEABHOTO AIIAPATa OT GYHKIMOHAABHOTO TIePEHAIPSDKEHHS B OTBET Ha IIPOAOAXKHUTEAD-
HYIO MHTEHCHBHYIO HATPY3Ky Ha paboueM MeCTe, 3aHUMAIOT AO HACTOSIILIETO BpeMeHH OAHO U3 BEAYLMX MeCT B IIPOQIIATOAOTUN.
OaHaKo psip BOIPOCOB, KACAIOIIUXCS AMATHOCTHKY YTOMAEHUS MepU(epriecKOro HepBHO-MBIIIEYHOTO AIIAPaTa, YCAOBUSL
€ro IepexoAa B IepPeyTOMAEHUE U [epeHaNpsDkeHne TPeOyeT AAAbHEMINero U3ydeHus. B cBsisu ¢ paspaboTkoil KOHIemnuu
0 BSIBKOYIIPYTHX CBOMCTBAX CKEACTHBIX MBIIII] CTAAQ BO3MOXXHBIM O0BEKTHUBHAS OL]eHKA COCTOSHMS Iepr{pepuIecKoro 3BeHa
HEpPBHO-MBIIIEYHOTO AIIIAPaTa [IPU Pa3HOM YPOBHE YTOMAEHIS, YTO II03BOASIET YTOYHUTD MEXQaHU3MbI Pa3BUTUS 3a00AeBaHUI
CKEACTHO-MBIIIEYHOH CHCTEMBI OT $YHKIJMOHAABHOTO IIepeHANpsDKEHHUS.

ITeAb HCCAEAOBAHHS — U3yYeHHE AMHAMUKHU IOKa3aTeAell OMOMEXaHUIECKUX U BSIBKOYIPYIHX CBOMCTB CKEACTHBIX MBI
IIPU Pa3BUTUU AOKAABHOTO MbIIIEYHOTO YTOMAEHUS U BbIICHEHHE BO3MOXKHOCTHU MCIIOAb30BAHHS THX IIOKA3aTeAEN AASL 00'B-
eKTHBHOI OIIeHKH COCTOSIHUS YTOMAEHIUS CKEAeTHO-MBIIIEYHON CHCTEMBL.

Marepuaasl 1 METOABI. AASI BBLIIOAHEHHS IOCTAaBACHHOM LieAd 6b1Aa 06cAepOBaHa rpymma Au B BospacTe 32,5+10,6 roaa.
Vcrnioab3oBaAcst mpubop HeMHBa3UBHO# udposoit masbmamuu (Myoton-PRO), m03BOASIOMIHIt OTPEAEAHTb GHOMEXAHITIECKHUE
(ToHyC, XECTKOCTB, yIPYroCTh) U BA3KOYIpyTHe (IIOA3YHeCTb U BpeMs PeAaKCaIjuu) CBOMCTBA Mblt. MHOTOHOMeTpHYIecKoe
H3MepeHHsI IIPOBOAHAKCH Ha MBIIIIIAX AOKTEBOI'O 1 Ay4eBOro Cribaresest 3arsiCThsi ¥ KOPOTKOMH MBILIIIbI, OTBOASIIENt 60ABIION
maAel]. AaHHbIe MEOTOHOIPaHU COMOCTABASIAKCH C IIapaMeTPaMH KUCTeBON AUHAMOMETpPHIL. Bo Bcex cAydasx mpoBeAeHO TpU
CepHH U3MepeHHUil: OHOBOE, AO OILIYLIeHNS CyObeKTUBHOTO YTOMAEHHUSI, H <AO OTKa3a».

Pesyabrarsl. MHOTOHOMETPHYECKOE HCCACAOBAHHUE BHIIBIAO MOBbILIEHNE GOMEXaHNIECKHIX CBOFCTB MbILIL] IIPEATIACYbS —
TOHYCA U XXECTKOCTH ¥ CHIDKEHHE BSI3KOYIIPYIUX CBOMCTB [I0A3YYeCTH M BpEMEHHU PeAaKcalii, 60Aee BhIpaXKeHHbIX [IPH IIepe-
yToMAeHUH. MeHee 3HAYMMbI U3MeHEHHUS YIPYTOCTH, IOCKOABKY €To IIapaMeTpPhl 3aBHCAT OT AHATOMO-CTPYKTYPHBIX CBOHCTB
MBIIII[BL.

YcTaHOBAEHA TTOAOXKHMTEAbHASI CBSI3b MEXKAY ITOKA3aTEASIMH CHADBI MBIIIL], U3MEPEHHbIMHU IIPU AUHAMOMETPHH, 1 TOHYCOM H
JKECTKOCTBIO CriOaTeAeil 3aIsICThsl, IOAYIEHHBIX IIPU MEOTOHOMETPHH.

Orpannyenns uccaepoBannst. OrpaHideHs CBSI3aHbI C HeOOABIION BEIOOPKOI 00CACAYEMBIX.

BoiBoabL. Yemanoseno, umo a5 Haubosee 005eKMUBHOT OYEHKU MBILULEHHO20 YIMOMAEHUS SBASEMCS UCNOAb30BAHUE KOMNAEKCA
noxasamenetl, BKAOHMAIOUSUX ONpedeeHUe CUAbL Mol OUHAMOMEMPUHECKUM MeMODOM, MOHYCA, HECHMKOCMY, NOAZYHECIL U 8pe-
MEHU PeAAKCAyUY 110 OaHHBLM MUOMOHOMEMPUL.

Buiserennvle usmeneHus ce0iicme moliuedHoll MKAHU He MOALKO PACUUPSION HAWY NPedCMABAEHUS O PA3BUMUL YIOMAEHUS, HO
U YMOHHAIOM MEXAHUMDL POPMUPOBAHUS 3000ABAHUIL CKEACTNHO-MIUEHOLL CUCTEMbE O GYHKYUOHAALHO20 NEPEHANPSIKEHUS.
JruKa. AaHHOE MCCAEAOBAHHUE C YUACTHEM YeAOBEKA B KaYeCcTBe CYObeKTa OCYIIeCTBAEHO C CODAIOACHHEM ITHYECKUX [IPUH-
LIUIIOB, IPEACTABACHHBIX B [OCACAHEN Bepcuu XeAbCHHKCKON AEKAApaluy, paspaboTaHHOM BceMHpHON MeAMLMHCKOM
accoIranmen.
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Introduction. Diseases of the musculoskeletal system from functional overexertion in response to prolonged intense workload
at the workplace, have so far occupied one of the leading places in occupational pathology. However, a number of questions
regarding the diagnosis of fatigue of the peripheral neuromuscular apparatus, the conditions for its transition to overwork
and overstrain require further study. In connection with the development of the concept of viscoelastic properties of skeletal
muscles, it became possible to objectively assess the state of the peripheral link of the neuromuscular apparatus at different
levels of fatigue, which makes it possible to clarify the mechanisms of the development of diseases of the musculoskeletal
system from functional overstrain.
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The study aims to explore the dynamics of indicators of biomechanical and viscoelastic properties of skeletal muscles during
the development of local muscle fatigue and to find out the possibility of using these indicators for an objective assessment
of the state of fatigue of the musculoskeletal system.

Results. A myotonometric study revealed an increase in the biomechanical properties of the muscles of the forearm — tone
and stiffness and a decrease in the viscoelastic properties of creep and relaxation time, more pronounced during overwork.
Changes in elasticity are less significant, since its parameters depend on the anatomical and structural properties of the muscle.
A positive relationship was established between muscle strength measured by dynamometry and the tone and stiffness of
wrist flexors obtained by myotonometry.

Limitations. Limitations relate to the small sample of subjects.

Conclusion. It was found that for the most objective assessment of muscle fatigue, a set of indicators was used, including the
determination of muscle strength by the dynamometric method, tone, rigidity, creep and relaxation time according to myotonometry.
The identified changes in the properties of muscle tissue not only expand our ideas about the development of fatigue but also clarify
the mechanisms of the formation of diseases of the musculoskeletal system from functional overstrain.

Ethics. This human subject study was conducted in compliance with the ethical principles presented in the latest version
of the Declaration of Helsinki developed by the World Medical Association.
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BBepeHHe. AKTYaABHOCTb HACTOSIIETO HCCAEAOBAHUS
AASL MEAHIIMHBI TPYA2 OOBSCHSETCS 3HAYUTEABHON PacIpo-
CTPaHEHHOCTHIO 3a00AEBAHMUI CKEACTHO-MBIIIEYHON CHCTe-
MBI B OTBET Ha IPOAOAKUTEABHYI0 HHTEHCHUBHYIO HATPY3Ky
Ha pabouem Mecte. Tak, 10 AAHHBIM Pa3AMYHBIX ABTOPOB pac-
[POCTPAHEHHOCTh AAHHBIX 3200A€BAHUI KOAHAETCS II0 pa3-
HBIM pervioHaM cTpaHsl OT 11 A0 45% Bcex BriepBble BbIIBACH-
HBIX IPOECCHOHAABHBIX 3a00A€BaHMUIT, YTO 3aBUCHT OT IIpe-
BAAHPOBAHUS BUAA TPYAQ B 9KOHOMUKE PErHOHA, COCTOSHI
MEAMIIMHBI H TEXHMYeCKOro ocHamenus [ 1-3].

Tem He MeHee, psip BOIPOCOB, KACAIOUINXCS. MEXAaHU3MA
$opMUPOBaHS 3a00A€BAHUI CKEACTHO-MbIIIEIHBIX CHCTEMBI
OT QH3UIECKOTO MepeHAPSDKEHNST, KOTOPOe Pa3BUBaeTCs Ha
(OHe IIpeALIeCTBYIONEr0 YTOMAEHHS, H3Y4eHbl HEAOCTATOY-
HO [4-6]. B HacTostmee BpeMsl yTOMA€HHE PACCMATPHBAETCS
KaK CyMMapHOe IIPOsIBACHIE H3MeHEeHHUH, IIPOMCXOASIINX Ha
Pa3HBIX YPOBHSX HEPBHO-MBILIEYHOTO ANNAPATA, IPH 9TOM Be-
Ayliiee 3BeHO (LleHTPaAbHOE UAU MTepHdepUIecKoe), KOTOPOe
OIpeAeAsieT CHIDKEHHE paboTOCIIOCOOHOCTH, 3aBUCHT OT Xa-
paKTepa MbIIIEYHON AESITEABHOCTH I 0COOEHHOCTEN OpraHu3-
ma [7-11]. He yMeHbIIas BAKHOCTH U3YYeHUS N3MEHEHMH,
HPOUCXOASINUX B LIEHTPAABHBIX KOPKOBBIX CTPYKTYPax, B Ha-
CTOSIIIIEM HCCAEAOBAHUM MBI COCPEAOTOUHAN CBOE BHUMAHHUE
Ha TeX IIPOLjeccax, KOTOPbIe IIPOUCXOAST B IIepHPepHIecKOM
3BeHe HEePBHO-MBIIIEYHON CHCTEMBI, T. €. Ha AOKAABHOM MBI-
LIEYHOM YTOMAEHHUH.

B HacTosmee BpeMs B PH3MOAOTUM TPYAQ K TPAAULIMOH-
HBIM METOAAQM OLIEHKH MbIIIEYHOTO YTOMAEHHS OTHOCSTCS:
AMHAMOMETPUSI, TPEMOPOMETPUS], U3MePEHHE YPOBHS MOAOY-
HOM KHCAOTBI U APYTHX MaTabOAUTOB B KAIMAASPHOM KPoO-
BH, 9AeKTPOMHOTpadus, pa3AMYHbIe BUABI YABTPA3BYKOBOIO
HCCAEAOBAHHS MBILIEYHON TKAHU U TECTHPOBAHME 110 CIIeIiH-
aAbHO paspaboraHHsM ompocHukam'. HecMoTps Ha kaxy-
Ieecst MHOToo6pasue, OOABIIAs 9aCTh STUX METOAUK UMeeT
OrpaHHMYeHHs [IPH UX UCIIOAB30BaHuK [ 12]. Tak, pe3yAbrarsl
AMHaMOMETPHYECKHX TeCTHPOBAHHUI U TPEMOPOMETPHH YacTO
3aBUCAT OT OOIIEro MCUXOAOTHIECKOTO COCTOSHUS HHAUBUAR

! Usmepos H.O., Kupuanosa B.O. pep. [uruena tpyaa: yueOHHK.
M.: TOOTAP-Mepua; 2008
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U €TO BOAEBBIX YCHAMI B MOMEHT BhIIOAHeHHA Tecta. Ompepe-
A€HIe YPOBHS MOAOYHOM KHCAOTBI M APYTHX MaTab OAUTOB SIB-
ASIeTCSI MHBA3UBHBIM U He MOXET HCIIOAb30BaThCA B KaUecTBe
CKPUHUHTA. YABTPa3BYKOBbIE METOABI HCCACAOBAHUS MbIIIeY-
HOil TKaHU (YABTpacOHOrpadus, 3AaCTOrpadus CABUTOBOIL
BOAHB, AepOPMALMOHHAS AACTOTPAdHs) TAKKE UMEIOT OTpa-
HUYeHNs], CBSI3aHHbIE C MACCOTabapPUTHBIMH XapaKTePHCTHKA-
MH 000PYAOBAHHS, TPYAOEMKOCTBIO OCYIIJeCTBACHHS MPOLjec-
Ca M KOCBEHHBIM XapaKTepOM H3MeHeHNU, 00HAPy KHBaeMBbIX
B MBIIIEYHOH TKAHU. TeCTHpOBaHMe PECIIOHACHTOB AAS BBI-
SIBACHUSI MBIIIEYHOTO YTOMAEHUS SIBASIETCSI CYTYH0 CyODbeK-
THUBHBIM METOAOM C TPYAHOCTBIO OOBEKTHBHOTO IIOATBEPXKAE-
Hust. Hanboaee 00beKTHBHBIM METOAOM B HACTOsIIIjee BpeMsI
ABASETCS IACKTPOMHUOTPadusl, KOTOPas OTPAXKAET HPOIECChHI
BO30YKACHHS MBIIIII[bI, OAHAKO, X 9Ta METOAUKA He OTPasKaeT
BCe M3MEHEHHUS CBOMICTB CKEACTHBIX MBIIII] C TOUKH 3PEHHS
OTHeCeHHS KX K BS3KOYIPyruM cpeaam [13].

C pasBuTHeM KOHILEIUU O BA3KOYIPYTHX CBOMCTBAX
TKaHel, K KOTOPBIM CAGAYeT OTHOCHTD U CKEACTHbIE MBIIIITBI,
HanboAee MepCIeKTUBHOM METOAMKON OIIPEACACHHS YTOMAE-
HUS B HACTOSIee BpeMs PacCMATPUBACTCA MHOTOHOMET IS,
HO3BOASIIOIIIASI OLIPEAEASITD KaK OHOMeXaHIIeCKIe, TaK U BSI3-
KOYTIpyTHe CBOMCTBA MBIIIEYHOH TKAHH, BO3HUKAIOIIHE B pe-
syAbTaTe yroMAeHus [14-17]. B ocHoBe Hay4HOro 060CHO-
BAaHHUSA AQHHOTO HCCACAOBAHHS ACXKHUT YKa3aHHAS KOHIIEIIU
0 BSI3KOYNPYTHX CBOMCTBAX CKEACTHBIX MBIIIL], 00AAAQIOIINX
OAHOBPEMEHHOI CII0COOHOCTBIO, KAK K PACTSDKEHHIO B OTBET
Ha HAIpsDKeHNUe, TaK U BO3BPALIEHUIO B 0OpaTHOE COCTOSIHIIE
IPH ero IpeKpaIeHuH.

ITeAb HCcCA€AOBaHHSA — H3y4YeHHe AMHAMHKH IIOKa3are-
Aefl OHOMeXaHMYeCKHX U BSI3KOYIPYTHX CBOMCTB CKEACTHBIX
MBIIII] IIPY BO3HUKHOBEHHH AOKAABHOTO MBINIEYHOTO YTOM-
AEHHS M BbIICHEHHUS BOBMOXXHOCTH IIPUMEHEHHUS STHX MOKa-
3aTeAell AASL OOBEKTUBHON OLIEHKH COCTOSIHMS YTOMAEHISI
CKEAETHO-MbIIIEYHON CHCTEMBIL.

AASL BBIITOAHEHHS pabOTbI HCIIOAB30BAACS IPHOOD HEHH-
BasuBHOM I[u$poBoi nasbmanuu «MyotonPRO>. B ocHoBe
IPUHIMIA PAOOTHI 3TOTO MPUOOPA ASKUT MEXaHUYECKAs! MO-
AeAb MBIIIITEL, TpeprokeHHast Baftnom A.A. B 1990 ., koTO-
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PBIit HCXOAUA U3 IIPEATIOAOKEHILS, YTO CBOKCTBA paboTaromteit
MBIIIIIBI ONPEAEASIOTCS], B OCHOBHOM, COEAMHHTEABHO-TKaH-
HBIMHU CTPYKTYPaMH, BXOASIIUMHU B €€ COCTaB, TOCKOABKY 4e-
Pe3 HUX OCYIIeCTBASETCS IlepeAada MeXaHHIeCKOTO HaTIpsiKe-
HMS OT MBIIIEYHOM TKAHH HA CYXOXXUAHUS. YIUTBIBAS BEAYITYIO
POAD B Iepepade MeXaHUYEeCKOTO HANPSKeHUs COeAUHUTEAD-
HO-TKAaHHBIX CTPYKTYP MBIIIEYHON TKaHU, U3BMCHCHUE UX 6I/IO-
MeXaHHUYeCKHX I BA3KOYIIPYTHX CBOFICTB OYAYT OTPaXKaTh Ipo-
I1eCChl yTOMAEHMS U IIepeHANpsDKeHNs, TIPOUCXOAAIIUE B pa-
GOTAIOMMX MBIIIIAX.

Marepuaabl 1 MeTOABL B nccaep0BaHUM ITPUHAAM y4a-
crre 13 yeaoBex B Bospacre 32,5+10,6 roaa mpu OTCYTCTBUM
KaA06 AI0OOTO XapakTepa Ha COCTOSHIE 3A0POBbSI U yKasa-
HUI B aHAMHe3e Ha XpOHHYeCKUe 3a00AeBAHNS, B TOM UHCAE,
CKeATHO-MBIIIeYHON cucTeMbl. KaXxaoMy ydacTHHKY mpea-
AAraAoCh BBHITOAHUTD AB€ CEPHH YIPAXXHEHMH C KHCTeBBIM
3CIAHACPOM CO CTeIleHbI0 COnpoTuBAeHus 20 KI': IIepBast ce-
pud yIpaXXHEHHH BbIIIOAHSAACh AO MOMEHTA BOSHUKHOBEHH
CyODEKTHBHOTO OIIIIeHHs yTOMAEHHS, & BTOPAst — «<AO OT-
Ka3a>. YIPaKHEHHs BHIIOAHSAANCH IIPaBOi PYKO.

C nomompio mprbopa «MyotonPro» nsydaancs 6romexa-
HUYEeCKHUe U BASKOYTIPYTHe CBOMCTBA IO AAHHBIM TECTHPOBAHMSA
Ay4eBOTO 1 AOKTEBOTO CTHbaTeAel 3aILICTbsL, [IPH 9TOM 3aMepbl
B AOKTEBOM CTH0aTeAe IPOU3BOAMANICH B TPEX PA3HBIX OTACAAX
MBIIITIBL: TTPOKCHMaABHOM (1 TOuKa), eHTpasbHoM (2 Touka)
¥ AMCTaAbHOM (3 TOUKA) C [IOCAEAYIOIIMM BbIMUCACHUEM CPEA-
HuX 3HaueHuit. Hapsay c aTuM nsy4asoch cocTosHue Mmokasa-
TeAeH KOPOTKOM MBIIIIIbI, OTBOAALIEH OOABIIOH MaAel] KUCTH.

CocTostHHE KaXXAOH MBINIITBI OLIEHMBAAOChH ITO S Tapa-
MeTpaM: TOHYC, XKECTKOCTb, YIPYTOCTb, XapaKTepU3YIOIHe
O1OMexaHHYeCKUe CBOMCTBA, U BA3KOYIIPYTHe — IOA3YIeCTb
U BpeMs peAaKCaljiH.

AAsL perucTparuy mapaMeTpoB OBIAM BbIOpaHBI TOUKH
IIPHAOXKEHHUs IIPHOOpPA, HAXOASIMECS B 00AACTH OpIOmIKa

M Ao Harpysku /

Before exercise

ITocae HarpysKu AO YCTaAOCTH
/ After exercise before fatigue

Original articles

uccaepyeMbIx Mplmn. KoHKpeTHOe BBIIIOAHEHHE HCCACAOBa-
TEABCKOM METOAMKH OBIAO IIPOBEAEHO B COOTBETCTBHU C pe-
KOMEHAOBaHHOH IPOU3BOAUTEAEM YCTPOMCTBA.

AaHHbBIE MHOTOHOMETPHHU COIIOCTABASIAMCh C Pe3yAbTa-
TaMU KHCTeBOM AMHAMOMETPUH IPABOil PYKH, ABASIONETOCs
KAACCHYECKHM METOAOM OIIeHKH YTOMACHUS B PH3HOAOTUH
Tpyad. MccaepoBaHUE IPOBOAMAOCDH IO CTAaHAAPTHOH MeETO-
AUKe C perucTpanueil MaKCUMaAbHOHN IMPOHM3BOABHON CHABI
Y BBIHOCAMBOCTH.

Bo Bcex cAyyasx, BkAIOYast MEOTOHOMETPHIO U AHHAMOMe-
TPUIO, TPOBOAUAOCDH TPH CepHU U3MepeHHi: OHOBOE, TOCAE
Harpy3KU AO OLIYILIeHUs CyObeKTUBHOTO YTOMAEHHS U IIOCAE
HarpPy3KH «AO OTKa3a>.

Bce moAyueHHbIe AQHHBIE IOABEPTAAMCh CTATHCTHIECKO-
My aHaAu3y. [IpuHuMas BO BHEMaHIe HeOOABIIOE KOAMYECTBO
HaOAIOACHHI, Pe3yABTAThl aHAAMZHPOBAAKCH C IPHMEHEHHEeM
HerapaMeTPHYeCKHX METOAOB CTaTUCTHKH.

PesyabTaThl N 06CyKA€HHE. Pe3yAbTaTB IPOBEAEHHO-
IO UCCACAOBAHMS BBIIBHAU U3MEHEHHs PAa3AMYHON CTeleHH
BBIPOKEHHOCTH OMOMEXaHNIECKUX U BI3KOYIPYIUX CBOMCTB
AOKTEBOTO U Ay4eBOTO crubareaeil samsictbsi. OTCyTCTBHE
M3MeHeHH HCCACAYEMbIX IIAPAMETPOB B MBIIIIE, OTBOA I e
GOABIIION TAA€Ll, NCKAIOYaeT BOSMOXKHOCTD Pa3BUTHS B Hell
AOKAAbHOTO MBIIIEYHOIO YTOMACHHS B CBA3U C MAAOH aKTHB-
HOCTBIO B paboTe 1 MOAYEPKUBAET HAAMYHE IIPUINHHO-CACA-
CTBEHHOM CBSA3H MEXXAY BBLIBACHHBIMHU H3MeHEHUAMH B MBIII-
Iax crubareAeil 3arICThsl ¥ Pa3BUBIINMCSI TeprudepudecKum
YTOMAEHHEM B CBS3H C aKTHBHBIM y4aCTHEM HX B pabore.

AanHble, IpeaCTaBACHHBIE HA pucyHke 1, yKasbIBaIOT Ha
IOBbIIIEHHE IT0OKa3aTeAell TOHyCa MCCAAOBAHHBIX MBINII] 3a-
ILICTbA IO CPAaBHEHHIO C MCXOAHBIMU AQHHBIMH, IIPUYEM CTa-
THCTHYECKH OOAee 3HAYMMOE U3MEHEHHE 3TOTO [OKa3aTeAs
BBIABASIOTCS IIOCA€ HACTYTIACHUS COCTOSHHUA IIePeyTOMACHHA.
IockoAbKy TOHYC Kak GHOMeXaHMYeCKHIT II0KA3aTeAb OTPaKaeT

I ITocae ynpaxHeHuUIT AO ITepeyTOMAEHHUS
/ After exercise until overfatigue
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Puc. 1. AuHaMHKa TOHYCa HCCA€AyeMbBIX MBI B IpoOIecce pa3BUTHS YTOMAEHHS 10 AAHHBIM MH-

OTOHOMETPHH

Fig. 1. Dynamics of the tone of the studied muscles during the development of fatigue according to

myotonometry
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OpI/II‘I/IHaAbeIe CTaTbH

COCTOSIHHME BHYTPEHHETO HAIPSDKeHHUS MBIIIIIbI €rO IOBBIIIe-
HHe 06YCAOBAeH0 yBeAudeHHeM BHY TPHMBIIIEYHOTO AABACHHS,
3a CY€T yCHACHHOM 3 PpepeHTHON HHHEePBAIL[UH, OBbIIIeHHeM
KPOBEHATIOAHEHH MBIIIIIBI P BBIIIOAHEHHH aKTUBHOM pa60—
ThI ¥ TAPAAAEABHOTO C 3TUM YMeHbIIeHHEM BeHO3HOTO OTTOKa.

AHAAOTMYHBIA XapaKTep U3MEHEHUH OTMedaeTCs IpH HC-
CAEAOBAaHMH ITApAMeTPa KECTKOCTH, T. K. OHA 3aBUCHT OT U3-
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Before exercise

350
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MeHeHwUi ToHyca Mpimbl (puc. 2). [TockoAbKy SKECTKOCTb Xa-
PaKTepH3yeT CIIOCOOHOCTD TKAHH COLPOTHBASITHCS BHEIIHEH
cuae, AepopMHpyIOmeit e€ epBOHAYAAbHYI0 GOPMY, YBeAU-
YeHHe IAOTHOCTH MbIIIEYHON TKAHU ITPHU ITOBBIIIEHUHU TOHYCA,
CONPOTHBAEHHE BO3pacTaeT. B cuay aToro HabAropaemoe mo-
BBIIIEHIE XECTKOCTH HeOAATONPHATHO CKA3BIBAETCS HA pabo-
Te MBIIILI, KaK arOHUCTOB, TAK M aHTAarOHKUCTOB, IIOCKOABKY UM

M TTocae ynpaxHEHHIT AO [IepEYTOMAEHHS
/ After exercise until overfatigue
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ctbs / Flexor 3aIICThS 3aIICThS 3aIICThS 60ABIIOIN Ha-
carpi radialis (1 Touxa) / (2 Touka) / (3 Touka) / aerr / Abductor
Flexor carpi Flexor carpi Flexor carpi pollicis muscle
ulnaris (1% ulnaris (2™ ulnaris (3
point) point) point)

Puc. 2. AmHaMHKa ’KECTKOCTH HCCAeAyeMBIX MBI, B POIecce Pa3BUTHs YTOMACHHS II0 AQHHBIM MHO-

TOHOMETPHH

Fig. 2. Dynamics of stiffness of the studied muscles during the development of fatigue according to myotonometry
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OareAb 3aris- crubareAb crubareapb
cTbs / Flexor 3aIIICTDA 3aILACThsA
carpi radialis (1 Touka) / (2 Touka) /
Flexor carpi Flexor carpi
ulnaris (1% ulnaris (2
point) point)
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Aoxresoit
crubareAb
3aISCThs
(3 Touka) /
Flexor carpi
ulnaris (3
point)

I 1,510
1,480

Mbiriiia,
OTBOASILAS
6OABIION Ma-

Aer / Abductor
pollicis muscle

Puc. 3. AnHaMAKa MOKa3areAs, XapaKTepH3yIOIero ynpyrocTb HCCAGAYeMbIX MBIIIIY B IIPOIjecce pas-

BHTHS YTOMACHHS IIO AQHHBIM MHOTOHOMETPHH

Fig. 3. Dynamics of the parameter characterizing the elasticity of the studied muscles during the development

of fatigue according to myotonometry
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CAOXKHO NMPOTHUBOAEMCTBOBATD XKECTKOM MBIIIIIE, CACACTBHEM
9ero U3MeHsIeTCs GOMEXaHNKA ABIDKEHHI X HAPYIIAETCS XOA,
BOCCTaHOBHUTEABHBIX IIPOIIECCOB.

Pucynox 3 oTpaxxkaeT AMHaMUKY ITOKa3aTeAs YIPYTOCTH,
KOTOPBIHM YKa3bIBaeT Ha 9IAACTUYHOCTD U XapaKTepHU3yeT CIIO-
COOHOCTD MBIIIIBI BOCCTAHABAUBATD CBOI0 GOPMY IIOCAE CO-
KpameHus. [ IpuHIMas Bo BHUMAaHUe, YTO YIPYTOCTD BEIYHCAS-
eTCsl B ABTOMATHIECKOM pesxuMe prbopoM «MyotonPRO»
II0 BEAUYHHE AOTapUPMUIECKOTO AeKpEMEHTa, KOTOPBIH 00-
PaTHO IPONOPLMOHAAEH 3HAYEHHAM YIIPYTOCTH, BbIABACHHBIE
U3MeHEeHHs AOTapHPMUIECKOrO ACKPEMEHTa CBUAETEAbCTBY-
I0T O TOBBIIIEHUH YIIPYTOCTH IPH YTOMACHHU.

Kax cBHAETEABCTBYIOT IIOAyYECHHBIE AQHHbIE, HHTEPIIPeTa-
I 3TOTO MOKAa3aTeAsl XapaKTepU30BaAach HEKOTOPbIMU OCO-
6eHHOCTAMU. Bo-I1epBbIX, CTAaTHUCTHYECKAst 3HAYNMAS AOCTOBEp-
HOCTb U3MEeHEHHI 9TOTO IapaMeTpa ObIAa BBISIBACHA AASL AyYe-
BOTO CrHOaTeAsl 3aIICThsI TOABKO IIOCAE IIePEYTOMAEHHUSI, YTO
CBHAETEABCTBYET O €T0 HU3KOM YyBCTBUTEABHOCTH K BBIIIOAHSE-
MO Harpyske. Bo-BTOpbIX, ©3MeHeHUs YIIPYTOCTU HEOAHHAKO-
BBI BO BCEX TOYKAX U3MePEHHUSI AOKTEBOTO CTUOATEAS 3aILICThs,
4TO CKOpee BCero, 00BSCHAETCS aHATOMO-QYHKIJMOHAABHBIMH
0COOEHHOCTSMY CTPOEHHS PA3AHYHBIX OTAEAOB MbIIIILI, B 4aCT-
HOCTH MX COEAMHHTEABHO-TKAHHBIX CTPYKTYP, KOTOPBIM IIpH-
HAAAEKHT BEAYIIAs POAb B IepeAade MEXaHWIECKOTO Hammps-
KEHHSI, KaK OBIAO YKa3aHO BbILIE BO BBEACHUH. B cBs3u ¢ aTHM,
IIPeACTaBACHHbIE Ha pucyHKe 3 AAHHbBIE OTPaXKAIOT CTaTHUCTHYe-
CKH 3HAYMMble H3MeHeHHUs AOTApUPMUIECKOTO AKPEMeHTa II0
CPeAHHM AAHHBIM, PaCCYMTAHHBIM IO pe3yAbTaTaM TeCTHPOBa-
H LIEHTPAABHOM M AMCTAaABHOM TOY€K MBIIIIIBL.

B cBA3HU ¢ 3TUMHU 0COOEHHOCTAMHU OL€HKA U3MEHEHMI I10-
Ka3aTeAs YIPYrOCTH He MOXET OBITh OAHO3HAYHOM U AOASKHA

M Ao narpysku /

Before exercise

ITocAe Harpysku AO YCTAAOCTH
/ After exercise before fatigue

Original articles

UCIIOAb30BaThCS AAS OLIEHKH COCTOSHUS yTOMAEHHS COBMECT-
HO C APYTHIMM ITOKa3aTeASMH.

Pucynxu 4 u § OTpaxaloT AVHAMHKY TI0OKa3aTeAEH COCTOS-
HHSA BASKOYTIPYTUX CBOMCTB MBIIIEYHOM TKAaHU P Pa3ANYHBIX
ypoBH:x yromaenus. Ha pucynke 4 npeacraBaeHa AMHAMUKA
TI0Ka3aTeAs OA3Y4YeCTH, KOTOPBIA XapaKTepu3yeT IOCTeNeH-
HO€ YAAMHEHNE MBIIIIPI IIPU MOCTOSHHOM PaCTATrMBaIOIIeEM
HanpsokeHuH. IIpoBeAEHHDBIN aHAAM3 BBIABHA CTAaTHUCTHYE-
CKM 3HAYMMO€ yMEHbIIEeHHE 3TOTO MOKA3aTeAs AAS AydeBO-
IO M AOKTEBOTO CrHbaTeAeil 3aIiCThbsi, 0COOEHHO BHIPAXKEH-
HO€ II0 CPaBHEHHIO C MCXOAHBIMU AAHHBIMHU IIPY AOCTHIKEHHH
HepeyTOMAEHHS.

Pucynox S AeMOHCTpUPYET AUHAMHKY BpeMeHH PeAaKca-
MY MEXaHWYEeCKOTO HATIPSDKEHNs, B TeYeHHe KOTOPOTO MbIII-
I1a BOCCTAaHABAMBAeT CBOIO GOpMY mocae AepopMaluu B pe-
3yAbTaTe MMPOM3BOABHOTO COKPAIeHHs HAU CHATHS BHEIIHEH
cuAbl. MuOTOHOMeTpUYECKHe TeCTUPOBAHMA BbIABUAM CTATH-
CTHYeCKH 3HAYMMOe yMeHbIIeHIe 9TOTO IIOKa3aTeAss 0CObeH-
HO IIPU AOCTIDKEHUM TIepeyTOMAEHHUS.

CyMMHpys pe3yAbTaThl MHOTOHOMETPUYECKOTO TeCTHPO-
BaHMA MOXHO 3aKAIOUHTD, YTO AAHHBIM METOA MPEACTaBASET
IIUPOKUI CIIEKTP U3MEHEHUH Pa3AMIHBIX CBOMCTB MbIIEYHON
TKAHH, BO3HHUKAIOL]E! B XOAE PA3BUTHUSI CYOBEKTHBHOIO yTOM-
AeHUS U IIepeyTOMAeHHMS. AMHAMMKA 3THX IIOKa3aTeAel IpeA-
CTaBAeHa B mabiuye.

CaepyeT TIOAYEPKHYTh, YTO CTATUCTHYECKU 3HAYHMBIE OT-
KAOHEHMS [0 OTHOIIEHHIO K MCXOAHBIM MOKa3aTEASM BbLAB-
A€HBI IPAKTUYIECKH BO BCEX CAyYasX yXX€ INPH HACTYIACHUH
CyOBEKTHBHOTO UyBCTBA YCTAAOCTH, HAPACTAsl B AAAbHEN-
€M IPH IIPOAOAKEHHH BO3ACHUCTBHUSA HArpy3KH AO YPOBHA
nepeyToMaeHus. [loAydeHHbIe AaHHBIE TOAYEPKUBAIOT POAb

W ITocae ympakHeHHIT AO IepeyTOMAEHHS
/ After exercise until overfatigue
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Aydesoit cru- AoxreBoit AoxTteBont AoxrteBoit Mbpriia,
6aTeAb 3ams- crubareab crubareab crubareab OTBOASIAS
ctbs / Flexor 3aIACThA 3aILCThs 3aILCThA 60ABIION Ma-
carpi radialis (1 Touka) / (2 Touka) / (3 Touxa) / aer / Abductor
Flexor carpi Flexor carpi Flexor carpi pollicis muscle
ulnaris (1 ulnaris (2™ ulnaris (3%
point) point) point)

Puc. 4 AHHaMHKa IMOKa3aTEAs, XapaKT€PHU3YIOIIETO MOA3YI€CTh HCCACAYEMbIX MBINIIY B IPOLIECCE Pa3BUTHSI YTOM-

ACHH IO AQHHBIM MHOTOHOMETPHH

Fig. 4. Dynamics of the index characterizing the creep of the studied muscles during the development of fatigue according to

myotonometry
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I ITocae ynpaskHeHHUIT AO IepeyTOMAECHHUS
/ After exercise until overfatigue
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Mbrimiia,
OTBOASIIAS
60ABIION Ma-
Aert / Abductor
pollicis muscle

Puc. 5. AuHaMHKa BpeMeHH peAaKCAIlHH HCCAeAyeMbIX MBIIII B IpoIecce pa3BUTHS YTOMACHHS IO AQH-

HbIM MHOTOHOMETPHH
Fig. 5. Dynamics of the relaxation time of the studied muscles during the development of fatigue according to

myotonometry

Tabauna / Table

HN3meHeHns 6HOMeXaHHY€eCKAX H BA3KOYNPYIHX CBOMCTB HCCA€AYEMbIX MBILIL| IIPH Pa3HBIX YPOBHSIX AOKAABHOI'O YTOM-
ACHHSA IO AAHHBIM MHOTOHOMETPHYECKeCKOT'0 TeCTHPOBaHH
Changes in biomechanical and viscoelastic properties of the studied muscles at different levels of local fatigue according to

myotonometric testing

CBolicTBa MBIIIEYHON
TKauu / Properties of
muscle tissue

A0 BO3HAKHOBEHHS Cy0'beKTHBHOI yCTaAO-
c1H (B % 110 CPAaBHEHHIO C HCXOAHBIM yPOBHEM)
/ Before the onset of subjective fatigue (in %
compared to baseline)

A0 MOMeHTa 0TKa32a OT BbIOAHEHHS PaboTsI

(B % MO cpaBHEHHMIO C HCXOAHBIM yPOBHEM) /

Before the moment of refusal to perform the
work (in % compared to the initial level)

Ay4eBOJi crufareab 3a-
wictps / flexor carpi

AOKTeBOM crubarean
samscres / flexor carpi

AydJeBOii crubatean 3a-
nsctps / flexor carpi

AOKTeBOM crubareap
samsicrest / flexor carpi

radialis ulnaris radialis ulnaris
I Buomexanuueckue céoiicméa / I Biomechanical properties
1 Townyc / Tone 14,1 154 14,7 18,6
JKécrxocTs
2 Stiffnsss / 17,6 17,1 110,7 1 11,2
3 | Ympyroems/ 12,8 17,7 153 110
Elasticity ’ ! ’
II Basxoynpyzue ceoiicméa / II Viscoelastic properties
IToasyuecrs
4 / Creep (cold 151 181 168 1125
flow)
Bpewms pe-
S Aaxcanu / 157 177 17,8 112,58
Relaxation time

HPHME‘{&HI/U[Z T — IIOBbIIIE€HHE IIOKA3aTEAd Ha...,

XOAHOTO YPOBHS HE BbISIBACHO.

Notes: T — indicator increase by...,
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| — indicator decrease by..., *

l — IIOHMJKCHHUE ITOKA3aTEeAd Ha...,

*

— CTAaTUCTHUYECCKH 3HAYMMOI'O OTAUYHA OT HC-

— no statistically significant difference from baseline.
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AO Harpys- HarpysKu AO YIpaKHeHHH
xu / Before OILyIeHus AO IIEepeyTOM-
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After exercise
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Puc. 6. AmHaMHKa CHABI IPaBOi KMCTH B IpoIiecce pa3BH-
THS YTOMACHHSI 10 AAHHBIM AMHAMOMETPHHI

Fig. 6. Dynamics of the right hand strength indicator during the
development of fatigue according to dynamometry

IPOAOAXKAIOIIEHCS AOKAABHOM MBIIIEYHOM HArpy3KH Kak Pak-
TOpa IepexoAa YTOMAEHHUS B IIepeyTOMACHHE U B IIepeHanps-
JKE€HME MBIIIEYHOTO alIIapara, YTO MOXET B PSIAE CAydaeB IpH-
BeCTH K pOPMUPOBAHHIO 32a00A€BAHMI CKEAETHO-MBIIIEYHOM
CHCTeMbI OT GYHKITMOHAABHOTO IIePeHAITPSDKEHIS B TOM YHCAe
npo¢ecCHOHAABHOTO XapakTepa. B aTHx cAydasx ocymecTBae-
HHe TIePeX0AA BOHUKIIKX IIPU YTOMACHUH QYHKITMOHAABHBIX
H3MEHEHHU! B IMATOAOTHYIECKHE BO3MOXKEH TOABKO IIPH AAH-
TEABHOM BO3ACHCTBMU CTaTHMKO-AMHAMHUYECKHMX HArpysok,
IIPEBbIIAONIIX IPEAEABHO AOIIyCTUMBIE IAPAMeTPBI, 4TO ObI-
AO AOKA3aHO IIpU OOCAEAOBAHUM AMI] B IIPOM3BOACTBEHHBIX
ycaoBusx [4, 18-21].

CornocTaBAeHIe pe3yAbTaTOB MUOTOHOMETPHHU C AAHHBIMH
AMHAMOMETPUH, IPU KOTOPOH BbIABAEHO 3HAYUTEABHOE CHHU-
xenne (Ha 19,8%) mo cpaBHeHHIO ¢ pOHOBBIM MOKA3aTEAEM
CHABI IIPABO KHUCTHU IIPH AOCTIDKEHUU CYOBEKTHBHOM yCTa-
AOCTH C yBeAndeHHeM Ha 34,5% c pasBuTHeM IepeyToMAe-
uus (puc. 6).

Obpamaer Ha cebs BHUMaHUe BBISBACHHAS AMHAMHKA
IIOKa3aTeAs] BRIHOCAMBOCTH, KOTOpas He PEeTUCTPUPYET €ro
CHIDKEHUSI IIPH OINYIIEHNH YyBCTBA YCTAAOCTH, a HA060POT
CBHUAETEABCTBYET O €0 HEKOTOPOM BO3PACTAHHHM, YTO MO-
KeT OBITh 00YCAOBAEHO BAMSHHEM BOAEBOTO KOMIIOHEHTA
(puc. 7). DTOT aKT HEOOXOAMMO YIHTHIBATD MPH TPAKTOB-
Ke AUHaMOMETPUYECKOTO TeCTUPOBAHMs, OAHAKO KAacCHYe-
CKHM IIOKa3aTeAeM Pa3BUTHA MeprPepHueckoro yTOMACHUSA
B QU3MOAOTUH TPYAQ SABASIETCS CHIDKEHHE CHAOBOTO IOKa3a-
TeAsl. B KoHTeKCcTe 3TOro, BaXXKHO YCTAHOBAEHKE TE€CHOM II0-
AOXHTEABHOM CBSI3H MEXAY IOKA3aTeAsIMU CHABI MBIIII] IIpa-

Original articles

BpeMs yAepsKaHWs TeCTOBO! HArPYSKH,
cek. / Test load holding time, sec.
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Tecruposanue ITocae ITocae
AO Harpys- HarpysKu AO YIPaKHEHHUI
xu / Before OLfyLjeHus AO TIepeyTOM-
exercise ycrasoctu / AaeHus / After

exercise until
overfatigue

After exercise
before fatigue

Puc. 7. AuHaMHAKa HOKa3aTeAss BRIHOCAMBOCTH IIPaBOH KH-
CTH B IpoIecce pa3BUTHS yTOMACHHS 10 AAHHBIM AHHAMO-
MeTpHH

Fig. 7. Dynamics of the endurance index of the right hand
during the development of fatigue according to dynamometry
data

BOI KMCTH M TOHYCA Ay4eBOIO CTHOATeAs 3aIiCThs B POHO-
BBIX X KOHTPOABHBIX TECTHPOBaHMAX (r=0,8, p=0,003; r=0,7,
p=0,015, COOTBETCTBEHHO) 1 HAAMYHME TIOAOXKUTEABHON CBA3H
CpeAHeH CHABI MeXAY TTOKAa3aTeASIMH CHABI MBIIII] IPABOH KH-
CTH U )XECTKOCTH, KaK B JOHOBOM, TaK ¥ KOHTPOABHOM TECTH-
posanmusx (r=0,6, p=0,047; r=0,6, p=0,040, cOOTBeTCTBEHHO).

BriBopbI:

1. Pestomupys pe3yromamot MUOHOHOMEMPUHECKO20 THECTU-
POBAHUS, MOHCHO 3AKAHUNL, 410 OAHHbLTL MemOod npedcmass-
em WUPOKULl CHEKMpP USMEHEHUIL PASAUMHBIX CBOTICING MbludeH-
HOTL MKAHY, KAK OUOMEXAHUHECKUX, MAK U 8I3KOYNPY2UX, 603-
HUKAIOWUX NP pa3sumuu AOKAAbH020 YIMOMAEHUS.

2. AHaAU3 noAyuenHbIX & X00e npoBedénH020 UccAe06anus
Pe3yALMAmos no3eorsem ymesepudames, 4mo nauboiee 00vex-
MUBHOTL OYEHKOIL MBIUUEYHO20 YIMOMACHUS, S6ALEMC KOMNAEKC
noxasamedetl, 8KAOUAIOWUT onpedeseHue CuAbl mbluty OuHa-
MOMEMPUHECKUM MEMOO0M, MOHYCA, HECHKOCMU, NOA3YHeCHY
U BpeMEHI PEAGKCAYUY 110 OAHHbIM MUOOHOMEMPULL.

3. BuissAeHHble USMEHEHUS CBOTICING MbILUEYHOH MKAHU He
MOAbKO PACUPSIOm npedCmasAeHus 0 passumuy npoyeccos
YMOMAEHUS, NPOUCKOOIUUX 8 MBIUEHHOT MKAHU, HO U NO360-
ASIOM YIMOMHUNb MEXAHUIMbL POPMUPOBAHUS 3A00AeBaHUIL CKe-
AETMHO-MbIUEYHOT CUCHEMbL Y AUY, pAboHUX npoeccuti, uchvi-
mblaruux dAumeAbroe 803deiicmeue cmamuxo-OUHAMUYECKUX
HAZPY30K, NPEBLIUAIWUX NpedeAbHO JONYCMUMbLE NOKASAIMEAL.
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