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TTocTpoeHune BOoCTpeOOBAaHHBIX CETOIHS B CBSI3U C Pa3BUTHUEM HOBOU TEXHWKHW MHOTO-
MEPHBIX MOJIeJIeil MBIIIIEYHOU afanTalni y YejloBeKa WK pellleHue MPUKIAIHbIX 3a-
a4, HarpuMmep, oMNpeAeseHUs] ONTUMAIbHOTO JO3UPOBAaHUS U PEXUMOB IBUTATEb-
HOIl peabMInMTaIlM, aKTYyaTU3UPYIOT KOMIUIEKCHBIC UCCIIeNOBaHUS (DU3MOJIOTUUECKUX
MEXaHU3MOB MOTOPHOTO KOHTpoJiss. Habmonenne Ha 20 300pOBBIX ITPaBOPYKUX T00-
pOBOJIbLIAX BKITIOYAJIO 4 1IeIeBbIX ceaHca U 1 KOHTPOJIbHBIM, BBIMOJHSIBLIIMXCSI B TeUe-
HUE 5 mociienoBaTesbHbIX AHel Henenr. Kaxaplil 1ieseBoii ceaHe coiepxKai MpocTyio
3a7a4y: MooYepeIHO, OOEMMHU pyKaMH, C TIOMOIIIBIO TIPUJIOKEHUST CUJThI K HETTOIBIX-
HOI pYKOSTH (CUJIIOBOMY JXKOMCTUKY), YETKO MO3ULMOHUPYS TIOKOTh, YIIPABJISITh MET-
KOI Ha 9KpaHe, pacIiojIo(KeHHOM HamnpoTUB ucnbiTyeMoro. Llenbio paccmMarpuBaeMoit
YacTU KOMIUIEKCHOTO MPOEKTa ObLJIO UCCIIeIOBAaHNE 3JIEKTPOMUOTpapuiecKoil akTUB-
HOCTHM MBIIIILI-CTudaTesieit u pasrudareseiil (IOBEpXHOCTHOTO Crubarelisi IajiblieB, pa3-
rubatesst najbleB, IJIMHHOTO pa3rubdaTesist 60JbIIOro Majiblia U KOPOTKOTO Crudartesst
0OJTBIIIOTO TaJblia KUCTU) O00EnX PYK B MOUMCKAX MPU3HAKOB MBIIIEYHON aganTanuu
MPU MOBTOPSIOLIMXCS] KPATKUX CeaHCax LieJIeHapaBIeHHOTO yIPaBJIeHHUs C TOMOLLbIO
PYKH TI0 MPUKJIaAbIBAEMOIl CHJIe, B TeYeHUE KOPOTKOTO Kypca. AHAJIM3 MHINBUIYaTb-
HBIX U TPYIITIOBBIX XapaKTePUCTUK YKa3bIBACT Ha BAXHYIO POJIb KOH(MUTYypallMu, pac-
MpeaeseHrsi akTUBHOCTU (B3aMMOJENCTBUSI) MCCIEAYEMbIX MBILIL B pa3BUTUM ananTa-
LIMM, OTJIMYMSI B aKTUBHOCTHY MBIIIILL TPaBOii U JIeBO pyK. Paznuuus Mbliii-crudareneii
U MBIIIII-pa3rudaresieil Ha 00enx pyKax MPOSIBIISUIMCH B OOJBIINX 3HAYEHUSIX MaKCH-
MaJIbHBIX aMIIUTYn DMI 1 6ojiee BbIpaXkeHHBIM CIBUIOM K CHIDKEHUIO MOKa3aTeyaeil
oT (hoHa B HaMpaBJIeHWH MOCJICIYIOIINX 1IeJIEBBIX CEAHCOB ISl MBIIILI-CTUOATeIei Tpu
HEJIMHEITHOM XapaKTepe N3MEeHEeHUIA.

Karouesvle caosa: MblllleuHbIe aganTalldv, 2JIEKTpUYECKasi aKTUBHOCTb MBIIIL] PYK,
YIPaBJISIIOLIME IBUKEHUS PYK, CTATUUYECKUE U MaJIOAMILIMTYIHbIE IBVXKEHUSI PYK, CTU -
barenu U pa3rudaTes pyK, MaKCMMaJbHAasI aMIUIMTYIa 3JICKTPOMUOTPAMMEI, CUJIOBOIA
XKOUCTUK
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“HoBble” npuyioxkeHUs “cTapbiX” (PU3MOIOTMYECKUX METOIOB, TAKMX, KaK 3JIEKTPO-
muorpadusi, KacaroTcsi, B TOM YuMCJie, aKTUBHO pa3BUBalOIICiCa 00JIACTU — MPOEKTU-
poBaHUs, MPAKTUYECKOTO MPUMEHEHMSI U OLIEHUBAHUS Pa3IUYHbIX “TOMOTHSIOMINX ",
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“3aMeHSIoMUX”’, “CTBIKOBOYHBIX” U “peabMIMTUPYIONIMX~ YCTPOMCTB IJIsI YeJoBeKa:
MPOTE30B KOHEYHOCTEH [ 1], 9K30CKeIeTOB [2], yIpaBIsIONNX YCTPOMCTB, Y4eOHBIX U pe-
aOWIMTAIIMOHHBIX TpeHaxepoB [3]. [Ipu 3TOM SICHOTO MOHMMaHUS TOro, KaKk UMEHHO
NEeHCTBYIOT Ha YeJIOBeKa, K KaKIM U3MEHEHUSIM VIV afallTallisIM MBIIIII, ¥ B KaK1e CPOKH,
MPUBOISIT 3TU HOBBIE BEIIM, U KaK JIy4Ille OpraHU30BBIBATh O0y4YeHE UX IIPUMEHEHUIO,
ellle TOJIbKO MPEeACTOUT IO0CTUYh. HakorieHre aMoupriecKux 1aHHBIX U Pa3BUTHUE TE€O-
PETUYECKUX TIPENCTaBICHUI 30eCh KacaeTcs, HallpuMep, OIpPeacaeHUsT ONTUMaTIbHBIX
JIO3UPOBOK U PEXXUMOB B IBUTATEILHON peabuimTaluy [4] Wiv co3gaHuss MHOTOMEPHBIX
Mozeseit MeledHoi agantanuu [5]. MHbIMU clioBamMu, (pu3noiorndeckasi CTOpoHa BO-
poca OKa3bIBaeTCs CeTOIHS HE MEHEe BaXKHOI, YeM YMCTO MHXKEeHEepHas, IJIsl TApMOHMNY -
HOTO pa3BUTHsI aKTyaJbHOTO HaIlpaBjieHUSI, HO MaJloMcClIenoBaHHOK. B pamkax xom-
TUIEKCHOTO ITIPOEKTa, CBSI3aHHOTO C HCCJIEMOBAHMEM PEeryJIsiuM IBVDKECHUIN 4JelloBeKa,
HaMM NOJIy4eHbI dJIEKTpOMUOTrpadrIecKre TaHHble aKTUBHOCTU MBI pyK 20 3m0po-
BBIX JTOOPOBOJILLIEB ITPY BBIMOJHEHUN CHEU(MUUIECKUX YIPABISIONNX BO3ACUCTBUN —
MyTeM CUJIOBBIX BO3AeHCTBUI (HagaBIMBaHUIT) Ha HEITOABIDKHYIO PYKOSITh KOHTpOJIIepa
IUISI IepeMellleHUsI 00beKTa Ha KpaHe, C BU3yaJIbHBIM KaHaJIOM OOpaTHOM CBSI3U. AKTY-
aJIbHOCTH YIIPABJICHMSI 110 CHJIOBBIM XapaKTepUCTUKaM OOYCJIOBJIEHA Pa3IMIHBIMHU 00-
CTOSITEIbCTBAMM — OT BO3MOXKHOCTH “YJIaBAWBaHMsI® MaJIOAMIUIMTYIHBIX, HE JOCTaTOY-
HBIX 1J1s1 3((HEKTUBHOTO MPUMEHEHUS aKCeJIePOMETPUM UM TOHUOMETPUU, TBUKEHUI
KOHEYHOCTEI y TsKeJI0O OOJBHBIX C 1IeJbI0 JUAaTHOCTUKN M TPEHUPOBOK C OMOJIOrhde-
CKOI 00paTHOI1 CBSI3bIO, 10 cieU(UIECKIX TPEOOBAHMIA IS YIIpaBJIEHUs HAIJTAHETHHI -
MU poboTaMu ¢ 60pTa KOCMUYECKOTo Kopabis [6]. [IpuMeHeHue B HallleM HaOII0AEHUN
OPUTHHAIILHOTO KOHTpOJUIepa — “CHMJIOBOrO IKOMCTHKA”, IojlaraeM, CIIOCOOCTBOBAIO
aKTyaJIbHOCTU M HOBU3HE ITOJIyYeHHBIX pe3yabTaToB. Llennio mpemiaraeMoii 4acT KOM-
IUIEKCHOTO TIpOE€KTa ObUIO MCCIeAOBaHME dJIEKTpOMUOTrpaduiecKoil aKTUBHOCTU
MBIIIII-CcTUOaTeNeil 1 pa3rudareneil (MOBEPXHOCTHOTO CrudaTes najableB, pa3ruodaress
najblLEeB, JIMHHOIO pa3rudaresisi 0OJIbILIOIO Iajblia U KOPOTKOro crudaresisi 00JbLIOro
Hajblia KUCTH) 00erX PYK B MOMCKAX IMTPU3HAKOB MBIIIICYHOM aaIlTalliy IIPU ITOBTOPSIIO-
IIUXCS KPaTKMX CeaHcax IIeJIeHAIIPaBJICHHOTO YIIPaBJICHUS C MOMOIIBIO PYKH MO MPH-
KJIaIbIBAEMOI CUJIe, B TeUeHME KOPOTKOIO Kypca.

METOAbI UCCIEJOBAHUA

HcnbiTyembie. DTHyeckue ycaosusi. HaGmoneHue BoinmosHsioch Ha 06ase LleHTpa
KOJUISKTUBHOTO II0JIb30BaHUS “DKcIIepUMeHTalIbHas (pu3noaorus u omodusmka” Ka-
denpsl GU3MOJIOTUY YeJIOBeKa U XKMBOTHBIX 11 6nodusnku TaBpudueckoii akagemun (CIT)
DIrAOY BO “KpeiMmckuii enepanbHblit yHuBepcuteT umenn B.W. BepHaackoro” Ha
20 yCIOBHO 3I0POBBIX MOJIOABIX MPABOPYKMX MY>KUMHax-n100poBoJjiblax 18—25 ner. Co-
OO TMCH COBPEMEHHBIE 9TUYECKNE HOPMBI COINIACHO TPEOOBAHUSIM JIOKIBHOMN 3THUYE-
CKOIi KOMHUCCUM, B COOTBETCTBUM C XeJIbCUHKCKON nexiapauueit BcemupHoit Meau-
muHckoit Acconuauuu 1 FOCT P 56509-2015 “Ycayru Hacenenuo. Hamrexaias mpak-

o099

THUKa r'yYMaHUTapHBIX UCCIICAO0OBAHUUA .

IIpouenypa. J1o0OpoOBOBIIBI, TTOCIE UHCTPYKTAXa, MPEIBAPUTEILHOTO OOYYEHUSI, BbI-
TTOJTHSIIN 4 TIeJIEBBIX CeaHCca M KOHTPOJIbHBIN B TeUeHUE 5 TIOCIeI0BaTEIbHBIX JHE Hele 1, B
MepBOi MOJIOBMHE AHS. B TeueHMe KaxIoro 1eJIeBOTo ceaHca TpeGOBaOCh BHITTOJIHUTD
JIOCTaTOYHO MPOCTYIO 3a1a4y: IMOoYepeHO, 00E MMM pyKaMU, C TIOMOIIILIO TTPUTOXKEHUS
CWIbl K HEMOABIKHOM PYKOSITU (CMJIOBOMY JXKOMCTHKY) YETKO MO3UIIMOHUPYS JIOKOTD,
YIPaBISTh METKOI Ha DKpaHe, PachoIOXXeHHOM HAIPOTUB UCITBITYeEMOTO, 1Mo 60 ¢ Ha Kax-
NbII TTIOAXOM, C MUHYTHBIM OTIBIXOM MEXIy ToaxoaaMu — puc. 1.

Kucth pykmu pacrionarajgach Ha PyKOSITU YIOOHBIM OISl MCITBITYEMOIO CTaHAAPTHBIM
00XBaTOM, 3amaBaeMbIM (DOPMOIi PYKOSATH, pa3MepOM KUCTU U JUIMHOM majblieB 100po-
BOJIbLIA, @ TAaKXK€ CTAaHAAPTHOM MO3UIIMEN JIOKTS MO pa3MeTKe Ha 3KCIEPUMEHTATLHOM
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Puc. 1. IToaroroska (nMpuiaxkuBaHUe) U BBITIOJHEHKE JOOPOBOJIbLIEM TpoLenypbl “InHamuyeckas npoda” py-
KO C TOMOLLBbIO CUJIOBOTO IXKOHCTUKA.
Fig. 1. Preparation (attuning) and execution of the Dynamic Test by the volunteer with the power joystick.

croJe. YTpaBlisieMoe IBUKEHUE METKH COOTBETCTBOBAJIO MpHIaraeMoil To6pOBOJIbIIEM K
JKOMCTUKY CUJIe, a BBITIOJNIHSIEMasi TPAeKTOPHUS OIpeNesiiach MOSBISIONIMMUCS Ha
9KpaHe 110 NEPUMETPY LIEHTPAJIbHOIO Kpyra KpyriibIMU “MUIIEHIMHU’, HA KOTOPHIE, CO-
JIACHO WHCTPYKIIMM, HABOAWIACH yMpaBisiemMas MeTKa, MPOW3BOAUIIOCH yaepXKaHUe
METKW Ha MUIIICHU JIO e¢ UCUYE3HOBEHWUSI, M BO3BPAIIICHUE B IIEHTP JUTS TIPOIOJIKEHUST —
anroput™m “JIuHamudeckast ipo6a” B mporpamme STPL (RU 2013610986). B miporiecce
BBITTOJTHEHUST 3a1a4U W HEIMTOCPEICTBEHHO Tiepel MPOBENeHNEM CeaHca PEerucTpUpoBa-
JINCH 3NeKTPOMU3NOTOTHYEeCKUEe MoKa3aTed, B YaCTHOCTH, MHTepGhepeHIIMOHHAs TI0-
BepXHOCTHas aekTpomuorpadus (OMI') creayrommx MBI 00erX PyK: MOBEPXHOCT-
HbIi crubaTenb naiablieB (musculus flexor digitorum superficialis); pasru6arens naableB
(musculus extensor digitorum); JIMHHBIA pa3rudarenb 601b1IOr0 Naibla (musculus ex-
tensor pollicis longus); KOpoTKHUi1 crubaTesb GosblIoro najabiia KuctTu (musculus flexor
pollicis brevis) — mo RU 201911906. 1o 1 nmocJie Kaxka0oro Moaxona CHUMAaJICSI CUTHAJ TIPU
cBoOomHOM (“pacciaabieHHOM”) 00XBaTe PyKOSITH CHJIOBOTO IKOMCTHUKA.

Tlepen npoBeneHUeEM LieJEBBIX CEAHCOB, B OTAEIbHBIN I€Hb, ONHOKPATHO, MPOBOIMIICS
¢doHOBBII ceaHC (“(OH”, KOHTPOJIb), OTIUYMEM KOTOPOTO OT 4 1IeJIeBBIX CEaHCOB ObLITO
MPOCTOE HE LieJICHANPAaBICHHOE CXAaThe PYKOSTU NOOPOBOJIbLEM BMECTO YIPABICHUS
(6e3 ob6partHoii cBsa3u). [Topssgok ceaHCOB MpeacTaBIeH TakKe Ha puC. 2.

C y4eToM TOTO, YTO XapakKTepucTuku DMI BO MHOTOM 3aBUCST OT MOJOXKEHUS JIeK-
TPOJOB Ha MBIIILIE U 00PabOTKU KOXHU, 3JIEKTPOIIbl B pa3HbIe CEaHChl TMTO3UIIMOHUPOBA-
JIMCh MAaKCUMaJbHO TOYHO (OAMHAKOBO) Ha pyKe J0OpOBOJIblIA, KOHTAKTHAs TOBEPX-
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Puc. 2. O60011eHHas TMHAMUKA MaKCUMaJIbHOM aMIuTyabsl OMT B Mblax-crudarensix (4, C) u pasrudare-
ssix (B, D) neBoii 1 MpaBoii pyK UCCIIEAYEMbIX T0OPOBOJIbLIEB — MEAMAHbI U MHTEPKBAPTUIbHBIN pa3Max 3Haue-
HUi, GeJIbIM BbIIeJIeHO (DOHOBOE 3HAYEHUE MEAMAHbI. 3Be30YKAMU BbIIEJICHBI CTATUCTUYECKN 3HAYMMBbIE OT-
JINYMSI TTOCTIEAYIOIETO ceaHca OT MPeIbIIyIIero.

Fig. 2. The averaged dynamics of the maximum EMG amplitude values in flexor (4, C) and extensor (B, D) mus-
cles in the volunteers’ left and right hands — medians with interquartile range, the baseline median values are
shown in a white color. Asterisks indicate statistically significant differences between the two subsequent sessions.
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HOCTbh TIIATEeJAbHO oOpadaThiBajach. McCIONb30BaUCh CTAHAAPTHBIE BJCKTPOAbI OISl
MPUMEHSIBIIETrocsi 000py10BaHUSI.

OO0opynoBaHue W MpPoOrpaMMHoe odecrmedyenne. B paboTre mcmonabp3oBaavch: 1) MHOTO-
(YHKIIMOHAIBHBIA KOMIUIEKC 3JIEKTPOMDU3UOJIOTUIEeCKUX HccaenoBanuii  “HelipoH-
CnekTp-5s” non ynpasiaeHueM nporpammhl “Heiipo-MBIT.NETomega” — “Heiipocodt”,
Poccust, Noe POCC RU.MMM 18./100816. 2) Cuosag 1iardopma ST-150 ¢ skpaHOM 00-
paTHoIi ¢Bsi3u noa ynpaiieHueM Tnporpammbl STPL — “Mepa-TCIT”, Poccusi, N ®CP
2010/07900; RU.C.39.004.A N 41201; GMDN: 43114 Balance/mobility management sys-
tem platform, 43115 Balance/mobility management system application software. 3) Cuio-
Boii mkoiicTuk wist ST-150 — RU 2018145572/14(076192).

Anamuzupyembie nokasarean. OlLieHMBaJIaCh MaKCUMaJibHast aMIiuTyaa OMT, paccuun-
ThIBacMasl INTAaTHBIM IIPOTPaMMHEIM obGecIiedeHreM, B MUKpoBojibTax (MkB). Bribop
3/1ECh 3TOT0 €AMHCTBEHHOTO MoKa3aTessl U UCKJIIOYEHNEe CPEeIHUX 3HAUYeHUI U XapaKTe-
PUCTUK TYPHOB OOYCJIOBJIEH TIPECTaBIEHNEM, UTO CUHXPOHU3AIMS JBUTATEIbHBIX €U~
HUIL HE OKa3bIBAET CYILIECTBEHHOTO BIMSHUS Ha B3aMMOCBSI3U MEXY 3JIEeKTPOMUOrpaM-
MO M pa3BMBaeMOil CWJIOK MBIIILbI (HEOOXOOMMOM 31ech MJisl YIIpaBiIeHUSI CUIOBBIM
JIDKOMCTUKOM) TIPU YCJIOBUM OAMHAKOBOTO YPOBHSI CHHXPOHM3AalIMU Ha Pa3HbIX YPOBHSIX
BO30yxKaeHus [7]. JlaHHbIe yCI0BUS 00eCIIeYMBaAIUCh MPEABaAPUTEIbHBIM OOYYEHUEM UC-
MBITYEMbIX — BHEITHUE PE3yJIbTaThl BHITTOJHEHUSI 3a1auM ObLIM BeChbMa OTHOPOIHBIMU:
MeauaHHBIe 3HaUSeHUS pe3yiabTaTa B 6ayurax (onpeneiseMbix B mporpamme STPL kak xo-
JIMYECTBO PETUCTPUPYEMBIX (IMCKPETHBIX) YAEPXKaHUI METKM OOIIEro LeHTpa AaBJICHUS
B LIEJIEBOI1 30HE 3a MEepUO[l, COOTBETCTBYIOIIEE KaueCTBY yIpaBJieHUs] ABUXEHUEM (Bbl-
MOJIHEHUIO UHCTPYKIIMU) UCIBITYeMbIM) ObLIM B nuamna3zoHe 21—25 GamioB st obenx
DPYK Ha Bcex ceaHcax HaOmoneHus . J1Jist aHaim3a ncnoab30BaJiCsl KaxKAbIiA 1eJIblii Tepuo]l
BBITIOJTHEHUSI 33/1a4M, B COOTBETCTBUY C ONTUCAHUEM TIPOLIEAYPHI.

CraTtucrtnyeckmii aHamm3. /11 onmcaHus BBIOOPOK HMCIIONIBL30BAIMCHh POOACTHBIE Xa-
PaKTEepUCTUKU: MeluaHa, KBapTUiu. s cpaBHEHUs] 3HAYMMOCTU U HaINpPaBJI€HHOCTHU
pa3IMuuii MapHbIX BEIOOPOK — KpuTepuil BunkokcoHa. I1puHSTBI ypoBeHb 3HAYMMO-
ctu paBHsuics 0.05. 1 BU3yain3aliuyi B3aMMOCBSI3€i pa3IMuHbIX COCTOSTHUI UCCTenye-
MBIX MBI MCITOJTb30BaJICST cCHIoBOI anroputMm dpyxrepMmaHa—PeiiHronbaa [8], pasHo-
BUIHOCTh METOJIa UMUTALIMM OTXKUTA JJISI TIOUCKA TI100aJIbHOTO ONTUMyMa (DYHKIINU —
WCXOMs U3 TIPECTABICHUS O B3aMMOJEMCTBUU MBIIII-crubaTeneit u pasrudareneii, Ha-
MpaBJIEeHHOM TIPU Pa3BUTUU aJanTallMyd WIKM OO0yYeHUs Ha MUHMMU3ALUIO YCUINN (110-
CTUKEHHME ONTUMYMa PYHKLMM). JIJ1s1 cTaTUCTUYECKOM 00pabOTKU TaHHBIX, MOJATOTOBKU
Tabsui ¥ rpaduKoB ucnob3oBaauchk nporpammbel MS Excel 2010; SPSS 13.0, moctpoe-
Hue rpada — Gephi 0.9.2.

PE3VJIBTATHI UCCIIEAOBAHUA

O000meHHas TMHAMMKA MAKCUMAJIbHOI aMmuuTyasl DMI ucciaeayeMbIx MBI 100po-
BOJIbLIEB MPH 00XBaTe pyKoATH (“cxkaTue”) B mocjenoBaTebHbIX ceancax. Ha puc. 2 npen-
CTaBJICHbI 00O0IIIEHHBIE TPYIIIOBbIE XapaKTePUCTUKN — METMAHbl I MTHTEPKBAPTUIbHBIN
pa3Max 3HaYeHUII MaKCUMaJTbHO# aMIuTy bl DMI MBI 06erX pyK ITPU BBHITIOJTHEHU T
3ama9m Kaxmoro ceaHca (“cxarue”).

JJ1s1 MOBEpXHOCTHOTO CrudaTesisi MaJibleB MPaBoOil pyKU CTATUCTUYECKU 3HAYUMBIE OT-
JIMYUST MAKCUMAaJIbHOM aMILIMTYAbl BO BCEM TpyIe MpU CpaBHEHUU BBIOOPOK (puc. 3)
HaOJTIoIaTNCh TOIBKO MexXay 1 1 2 1ieJieBbIMU ceaHcaMu — CHkeHue, p = 0.006. AHajo-
ruaHo u s neBoit pyku, p = 0.04. To ectb, HanboJIee OTYSTIAMBLIC U3MEHEHUS 31CCh
MPOUCXOIVIIM TOCJIE TIEPBOTO IIEJIEBOTO ceaHca.

st pazrubatesis NajiblieB 3HAUMMbIC OTJIMYMS MaKCUMAaJIbHOM aMIUIUTYIIbl BO BCEil
TPYIITE €CTh TOJILKO IS TIPaBOii PYKM B 3-M ceaHCe OTHOCUTEIBHO 2-TI0: OTPULIATEIbHbBII
canpur, p = 0.017.
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Puc. 3. 3meHeHnst MakcuManbHOi aMruTyasl OMI MoBepXHOCTHOTO crubaTenisl MajblieB MPaBoil pyku y
JI0OpPOBOJIBLIEB BLIOOPKHU, TlI€ AUAMETP Iy3bIpbKa MPONOPLIMOHAIbHO OTOOpaXaeT abCOMIOTHOE 3HaYEHUE T10-
KazareJsi.

Fig. 3. Maximum EMG amplitude changes shown for the superficial flexor of the right hand fingers, with the
bubble diameter proportionally indicating the absolute values.

1151 KopoTKOro crudaresisi O0JIbIIOrO Najblia KUCTU — 3HAYMMBbIE pa3iudus IJIsl mpa-
BOI PYKU BO 2-OM CeaHCe OTHOCUTEJIbHO 1-TO: oTpuliate/bHblil capur, p = 0.015; ns ne-
BOI Takke BO 2-OM CeaHCe OTHOCUTEJbHO 1-To: oTpuuaTeabHblil casur, p = 0.025, u
MeX1y ceaHcaMmu 4 U 3: ToJIoXuUTeNIbHbIN cnBur, p = 0.035.

Jns nmuHHOTO pa3rubaresist GOJIBIIOTO Tajblia — 3HAYMMBbIE PA3IMYUST TOJBKO IS
MpaBoOil pyKH BO 2-OM CeaHCe OTHOCUTEbHO 1-ro: oTpuuaresbHblil casur, p = 0.009.

OTinynsa pexuMa ynpasjieHus NpU 00XBaTe PYKOSTH B LeJEBbIX CEaHCaX OT (DOHOBOIO
“ckaTusa” mo MakcuMasibHO# aMmuutyae DMI uccaenyembix mpimm. [1py BbIMOJHEHUU
LIeJIEBBIX CeaHCOB 1 —4 1JIsi MOBEPXHOCTHOTO CrUOaTeIs MaJIbIIeB JICBOM PYKH B IPYIINE He
HaOJIIOaIOCh CTATUCTUIECKN 3HAYMMBIX OTJIMYUM MaKCUMaJIbHBIX aMIuutyn OMI ot
“mycroro” cxatus B (poHe, a IS IPaBOi pyKU OTINYMS IPOSIBIIMCDH, HAUMHASI CO BTO-
pOTo 1IeJIEBOro ceaHca (MOpPsIIOK CeaHCOB MpeAcTaBleH TakKe Ha puc. 2). Tak, 1mo cpas-
HeHUIo ¢ (hOHOM B ceaHce 2 — orpuuaTenbHbie casuru, p = 0.003; B ceaHce 3 — oTpuia-
TesabHble cauru, p = 0.001; B ceance 4 — oTpuniateabHblie cnsuru, p = 0.011. I[IpoBeneHbI
aHaJIOTWYHbBIC CPAaBHEHMS ISl pa3rubaTelisl MajblieB: Ha MPaBoOil pyKe 3HAYUMBbIE OTIH-
qusi OT (POHA MPOSIBIUIMCH B ceaHce 3 — oTpunarteiabHble capuru, p = 0.001; Ha J1eBoii pyke
OTJINYUS TOXE IIPOSIBIIIMCH B ceaHce 3 — oTpuliaTeabHble caBuru, p = 0.04, B ceance 4 —
oTpuiareabHble cisuru, p = 0.037. Jlanee, 1j1si KOpOTKOro crudatesist O0JIbIIOro najblia
KMCTU: Ha MpaBoil pyKe oTpulaTeabHbie caBuru B ceaHce 3 nipu p = 0.021 u B ceaHce 4
npu p = 0.017; a Ha J1eBOI1 pyKe 3HAUMMBIX OTJIMUUit He Obu10. M, I1st )ymmHHOTO pasrubdare-
JIs1 GOJIBILIOTO MaJblia: Ha MPaBoil pyKe — oTpuliatesibHbie caBuru B ceaHce 2 (p = 0.007), B
ceance 3 (p=0.02) u B ceance 4 (p = 0.001); a 151 1IeBOit pyKu 3HAYMMBIX OTJIUYUI HE OBLIO.

Bimsinue npoueaypsl B mejioM (ceanca) Ha MaKCHMAJbHYI0 aMiumatyay DMI uccienye-
MBIX MBIIII — CPABHEHHE 3HAYEHMIi IPH CBOOOIHOM 00XBaTe (“pacciiadiieHue”) pyKosiTH 10
U NoCJIe ceanca. AKTUBHOCTB BO BpeMsl (pOHOBOIO ceaHca He BbI3blBasia B TPYIIIE UCITbI-
TyeMbIX OBICTPBIX UBMEHEHU ToKa3aTessi MaKCUMaJIbHbIX aMIuiuTyn OMI BciaencrtBue
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BBIMTOJIHEHMS “TIyCTOI” 3a1a4u, 4TO TOATBEPXKIAIOCh OTCYTCTBMEM CTAaTUCTUYECKHU 3Ha-
YUMBIX pa3jIvuuii 3HAaUCHUI B MapHBIX BBIOOPKAxX (COOTBETCTBYIOIIMX CEaHCY, MpaBoOi
WM JIEBOU PYKe, UCCIEAYeMOI MBIIIIIE) B YCIOBUSIX CBOOOTHOTO 00XBaTa PYKOSITU CHJTO-
BOTO KoMcTuKa (“pacciadiernne”), Ipy IIPUHSITOM YPOBHE 3HAUMMOCTU. AHAJIOTUYHO —
B IIEPBBIN 11eJIeBOi ceaHC. B 11eneBoM ceaHce 2 HAOIIOOAINCh CTATUCTUUECKM 3HAYMMBbIE
pa3Iuyus 3HAYSHU I 3TOTO MoKaszaTesisl 1151 TOBEPXHOCTHOTO CrudaTesis MajableB MpaBoit
pyku (oTpunaTebHbIi casur, p = 0.006) 1 1J1s1 KOPOTKOTO crudaresist 60JIbIIOro Majblia
KMCTHU JIeBOI pyKu (oTpuuatesbHblii cnur, p = 0.012). B neneBom ceaHce 3 pazninyust
OGHapyXeHBI PY CpaBHEHWH MoKa3aTesieil i1 KOPOTKOTO CrubaTesist 60JIbIIOro Majiblia
KHMCTH JICBOI pyKu (oTpunarelbHbIi capur, p = 0.001). B meneBom ceaHce 4 3HaYMMBIe
pasnuuust oOHapyXXeHbl TPU CPaBHEHUM TTApHBIX BHIOOPOK 3HAYEHMI ISl pa3rubaTesist
najblieB IpaBoi pyKu (oTpuLaTeabHbIi caBur, p = (0.04) 1 1151 TOBEpXHOCTHOIO cruda-
TeJIsl NaJIbLIEB JIeBOK pykKU (oTpuULaTeIbHbIN caBur, p = 0.011).

WnnuBuayaabHasi AMHAMHKA MAKCHUMAJIbHOM aMiuaTyapl DMI neciexyemMbIX MBI IPH
ooxBaTe (“cxkaTie”) PYKOSATH B MOCJEIOBATENbHbIX ceaHcaX. /IocTaTOUHO KOHTPACTHBIM
MPUMEPOM M3MEHEHUI ToKa3arelisi aKTUBHOCTU MCCJIEIYEeMBbIX MBI B TEUCHUE 1IeJIe-
BBIX CEaHCOB MOTYT CJIY>KUTb TUMHAMUKU WHIUBUAYAJbHBIX MapaMeTPOB C MOBEPXHOCT-
HOTO crubatelisi ajblieB MPaBoil pyKW — WIITIOCTPpAIIMs BbIOpaHa, UCXOAS U3 0000IIeH-
HBIX TPYTITOBBIX XapaKTEPUCTUK W CpaBHEHM, TIpeACTaBICHHBIX Ha puc. 2, OJIOK A U B
onucaHuu Beilre. Ha puc. 3 orob6paskeHbl MHAMBUIYaIbHbIe U3MEHEHUS IJISI BCEX 100pO-
BOJIBLIEB — JIMAMETP IMy3bIPbKOB COOTBETCTBYET 3HAUEHMIO MAaKCUMAIbHON aMITJIATYIbI
OMI naHHOI MBIIILIBI.

ITpumeHsiemasi 31eCh ¢ HEKOTOPOI J0Jieil YCIIOBHOCTU TPOBEPKa HAJIMYMS TPEHIA B
UHAUBUAYAJIBbHbBIX U3MCHCHMUAX ITOKA3aTCJId ()1.}]9[ 3HAYEeHU KaX1oro McCIbITyEMOTO —
KPUTEPUIiL cepuil) BCEX MCCIEAYEMbIX MBIIIIL, MOATBEPXKAAET 3ApaBoe 3aKJIIOYEHUE, YTO
M3MEHEHUE 3[1eCh CBSI3aHO C KOHKPETHOM AesITeIbHOCThIO, 00YCIOBICHHOI BBITTOJJHEHUEM
WHCTPYKIIMY, a ToJlydaeMble 3HAYeHUsI He3aBUCHMBI, HaOIIOMaeMble U3MEHECHUST HEJ-
HeitHBl. DTO CIpaBemTUBO IS MoKasaTeseil BcexX MCCIeAyeMbIX MBI Y BCeX T00po-
BoJiblieB. [Tpy HATMYMKM B BEIOOPKE Pa3HBIX TUTIOB TMHAMUKY MaKCUMaJIbHOM aMTUTUTYIbI
OMI (mpumepsl Ha puc. 3), cleayeT B LEeJIOM BbIIEJIUTh Hauboaee MHTEHCUBHOE U3Me-
HEHUe XapaKTepa yIpaBJIeHUs UCCIIeTyeMbIMU MBIIIITIAMU 110 MAKCUMAaJIbHOM aMILIUTY/Ie
OMIT c¢ 1-ro Ha 2-it unu co 2-ro Ha 3-ii ceaHChl, BbIpaxkaroleecsl MpPeuMyIleCTBEHHO B
YMEHBIIIEHUY MoKa3aTesisl, YTO MOXXHO OTMETUTh B KauecTBe HanboJiee o0IIeil XxapakTe-
PUCTUKMU.

CooTHOIIeHNs M3MEHEHMd MAKCHMMAaJIbHOH aMmmmtyabl DMI pa3HbIX uHcc/exyeMbIx
MBI MpH 00XxBaTe (“cxKaTHe”) PYKOSTH B MOCJEN0BATEIbHbIX ceaHcax. MHIUBUIyaThb-
HBI ipuMep (kKox noopoBoibiia GR) npeacrasieH Ha puc. 4 B BUIe CUJIOBOro rpada, riue
pacroyioxkeHue Y3JI0B OINPEACIISIETCS CUJIaMU, KOTOPbIe OObEANHSIIOT y3/1bl U Pa3IBUTAIOT
ux. IToka3arenu JJIA Ka)KIlOﬁ MBIl 32 BCE CEaHChI Ha6ﬂ}OﬂCHVlﬂ BbIACJACHbBI LIBETOM
(y3n1b1 1 pebpa rpada), a 6ykBoii “s” (ceaHC) 1 HOMEPOM OTMEUEHBI MOCJIeA0BaTeIbHbIC
1LIeJIEBbIE CEaHCHI.

Craructuka rpados: yncio y3ioB — 20, yuciio pedep — 16; KOJUYECTBO CBA3€EM y3ia,
pazneneHHoe Ha oflllee KOJMUEeCTBO CBsi3eil B rpade (CpenHsisl B3BellleHHasl CTeNeHb) —
0.8; oTHOIIEHUE YKMcIa pebep K MAKCUMAaILHO BO3MOXHOMY (TDTOTHOCTE) — 0.042; cooT-
HOIIIEHWE TUIOTHOCTH CBsI3ei BHYTPH TPYITIHI MPU 3aJaHHOM pa3oreHnu rpada Ha rpyT-
MBI C TUIOTHOCTBIO CBSI3eM MeXIy rpynnamMu (MoayiasipHocTh) — 0.75.

Boitee TutoTHOE pacmofiokeHue y3J10B B (DOHE IS TPaBOil PyKW COOTBETCTBYET OOJIbIICH
CKOOPIMHMPOBAHHOCTU crubaresieil u pa3rudareseil o cpaBHEHUIO C JIEBOI pyKoii. To
€CTb, B MCITOJIb30BAHHOM CWJIOBOI MOMIEJIM CUJIbI MPUTSKEHUST M OTTAJIKUBAHUST yPABHO-
BECUJIMCH NP 00Jiee KOMIIAKTHOM PaCIOJIOKEHUY BEPIIMH. AHAJIOTUYHOE, 6oJiee KOM-
MaKTHOE PaclojIOXKeHUEe BEPIIWH TSI TTPaBOii pyKHU HAOJIOAAI0OCh U MPU MOCIEIYOIINX
ceaHcax (s.1-4 st ucciiemyeMbIX MBI Ha puc. 4).
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. Flexor digitorum superficialis . Flexor pollicis brevis
. Extensor digitorum . Extensor pollicis longus

Puc. 4. CMmelranHble OpMEeHTHPOBaHHbBIE Tpadbl 1Mo cuIoBoMY anroputMmy dpyxrepmaHa—PeiiHrosibaa mo 3Ha-
YEeHUSIM MaKCUMaJIbHOW aMITuTyasl OMI ncciemyeMbIX MBI (BBIIEICHO 1IBETOM) KaXIoi pyku (JieBast u
MpaBasi OTMEYEHBI YCIOBHBIMU M300pPaXKEHUSIMK) B TIOCEIOBATEIBHBIX CeaHcax, rae 0osee KPymHbIe Y3JIbl CO-
OTBETCTBYIOT (HPOHOBOMY CeaHCy, a LieJIeBble CEaHChl OTMEYEHBI 8.1-4.

Fig. 4. Mixed directed graphs according to the Fruchterman-Reingold force algorithm for the maximum EMG
amplitude values of the studied muscles (indicated by different colors) for each hand (left and right hands are in-
dicated by corresponding images) in successive sessions, with the larger nodes indicating the baseline session, and
the target sessions marked by s.1-4.

AHan3 MHAMBUIYAJIBHBIX COOTHOIIEHU# (TpuMep Ha puc.4) U 0000IIEHHBIX (TPYII-
TMOBBIX) COOTHONIEHW, TIPECTaBJIEHHBIX Ha PUC. 2 U B ONMUCAHUM BBIIIIE, YKAa3bIBAET Ha
pasnuyuus B afganTalMsiX MPaBOM U JEBOW PyK MCIIBITYEMBbIX, MPOSIBISIOINECS B €CTe-
CTBEHHO OOJbIICH IJIs MpaBIIeii KOOPAMHUPOBAHHOCTY MBI IIPaBOii pyKu U OoJjiee
OBICTPOIi agarnTalyy K CTaHAAPTHOM 3a1a4e yIpaBIeHs CUJIOBBIM IDKOMCTUKOM. Pazmuyus
MBIIIII-CTU0AaTeNeid U MBIIII-pa3rudaTeseil Ha obenx pykKax MPOSIBISIIUCH B OOJBIIUX
3HAYEHUSIX MaKCUMaJIbHBIX aMIuiuTyn DMI u Gojiee BbIpak€HHBIM CABUTIOM K CHUXKE-
HUIO TIoKa3areJsieit oT ¢hoHa B HATIPABJIEHUU MOCJEAYIOIINX CEAHCOB JIJISI crubaresniei.

OBCYXIEHMUME PE3YJIbTATOB

Oco0eHHOCTHIO MPOBEASHHOTO HAOIIOAEHMSI ObLI PEXKUM OBVKEHUI, BechMa OJIM3KUIA
K M30METPUUIECKOI aKTUBHOCTU PYIHBIX MBIIIL. T0 eCcTh, HabII0Maach CUTyalusl, Korma
CUJIOBOE BO3ICHCTBHE Ha HETIOABIKHYIO PYKOSITh YIIPABJICHUSI IIPOMCXOIMIO IIPY IOYTH
MOCTOSHHOM MJIM Majl0 MEHSIOIIEHCS JIMHE MBI M3-32a OTPAHUYEHHOM YCJIOBUSMU
MOABMXKHOCTHU yIpasisitolneil pyku. s peaiusauuu yrpapieHUs ObLIO HEOOXOAMMO
MPUKJIAIbIBaTh ONpPeAeICHHYI0 (MUHUMAJIbHYIO) CUJIy B COOTBETCTBUU C MapaMeTpaMu
CUJIOBOTIO JXKOMCTHUKA, YTO, BEPOSITHO, MOTJIO B KAKOI-TO MEPE CIIOCOOCTBOBATh HEKOTO-
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poMy “BbIpaBHUBAHUIO” aKTUBHOCTU MBI, Takasi CUTyallusi COOTBETCTBYET TUITMYHBIM
YCJIOBUSIM PYYHOTO YIpPaBJICHUS KAKUM-JTUOO TEXHUYECKUM YCTPOMCTBOM WJIM CUCTE-
Moii. B HaGmoneHu TpeboBaIMCh JOCTATOYHO TOYHbBIE, HO JOBOJIBHO C1a0ble Y KPaTKO-
BpPEMEHHbIE YCUJIUS, YTOOBI MOXXHO OBLJIO TOBOPUTH O TUMTUYHBIX MEXaHU3MaX Pa3BUTHUS
MBIIIeYHbIX aganTtanuii [5]. [1pu aToM cpaBHeHUE 3HAYEHUIA MaKCUMaJIbHOI aMILTUTYIbI
OMI uccnenyemMbix MbILILL B MOC/IEI0BATEbHBIX CEaHCaX yKa3blBA€T HA OTJIUYUSI, KOTO-
pbie, BEPOSITHO, MOXKHO TPaKTOBaTh KaK U3MEHEHUS MMOporoB [9], yTO MOXET MOMOUYb B
O0BSCHEHUU HEJTMHEMHOCTU u3MeHeHuit. Miu, nHave, MOXKHO MPEAIIONOXUTh, UYTO HEeli-
POHBI MOTOPHOI KOPbl MAKCUMATBHO UYBCTBUTEJIbHBI K “TIPENMOYTUTEIbHBIM HaIIpaB-
JICHUSIM JIBMKEHUN PYK U TIOCTETIEHHO YMEHBIIAIOT aKTUBHOCTD MPU OTKJIIOHEHUSIX OT
9TUX HarpasyieHui [10], 9To Takke BO3MOXKHO CBSI3aTh C TeOpreil (yHKIIMOHATIBHBIX CH-
creM I1.K. AHoxuHa. Ha nuHamudeckue nameHeHus: 3OepeHTHON CUTHAIM3AaUY JaXKe
B KpaTKOCPOYHOM KypcCe KpaTKMX 3aHSITUI, IPUHSTHIX B HAIlIeM HAOII0IEHU M, YKa3bIBAIOT
CpaBHEHUSI JIEKTPUYECKON aKTUBHOCTU MBI PYK MPU BHEIITHE MMOXOXUX, HO OT/INYa-
IOIIMXCS HAJIMYMEM WIM OTCYTCTBHEM 3a/lauu YIpaBieHUs] (DOHOBOTO U 1IEJIEBBIX CEAHCOB.
Ha nam B3misi, HaGmMomaBIIvecss OTpUIATeIbHbIE CABUTY 3HAYEHW MaKCUMaJIbHOM
ammuutyabl OMI B xome HaGIIOAEHNSI, MOTYT OTpaXKaTh KOTHUTUBHBIE aCIIEKTHI YIIPaB-
JIEHUs, HallpuMep, OMKUChIBa€Mble MHOTIA TaKXKe KaK BU3yallbHO-MOTOpPHAs ananTaius,
CYLIECTBYIOIIAS JaXe B OTCYTCTBUE OOYYEHUSI — pe3yJibTaT B3aUMOJEUCTBUS MEXIY SIB-
HbIM O0y4YeHHEeM, yMpaBJIsIeMbIM 1I€JIEBOI OIIMOKOIN, U HESIBHBIM M3y4yeHUEeM TIpSIMOit
MOZEJIH, YIIPaBIsIeMOli OIIMOKOI1 ITporHo3upoBaHus [11]. YuuTeIiBas HajIm4ure BU3yallb-
HOTO KaHajia oOpaTHOW CBSI3W U €ro HECOMHEHHOE BJIIMSIHME Ha HaOI01aeMble U3MeHe-
HUS aKTUBHOCTU MbIII] [12], a TakKe Apyrue ucciaeaoBaHusl HaMpaBieHus, e Mpearno-
JlaraeTcsi, YTO KOOpAUHALIUS ABUKEHUI HE ONTUMU3UPYETCS HAa YPOBHE OTAEJIBHBIX MBILILL, a
MPOUCXOAUT CUCTEMHO, CBsA3BIBAsCH C d)aKTl/l‘{CCKl/lM IMOJIO2KCHUEM KOHCYHOCTU, UCPpaApXU-
yecKoil cxeMoii yripaBieHus [13], MOXKHO OTMETUTb, KaK IT0ojlaraeM, IMoJIe3HOCTb TOJTy-
YEeHHBIX HaMU JAaHHbBIX JUISI Pa3BUTUSI CUCTEMHBIX MPEACTaBICHUN O peryasunn QyHK-
MU, DTO MOXHO pacCMaTpUBaTh, HAITPUMEDP, B KOHTEKCTE pa3paboTKu MeToa Jisi 00y-
YEeHUsI HEMPOHHBIX NEKOAEPOB IMPOrHO3a aKTMBALIMW MBIIIL, Te JUHEWHBIN AeKoaep
YUUTBHIBaJI Obl BKJaJ KaXXIOTo HEMPOHHOTo OJioKa B MOrPEIIHOCTh MPOTHO3UPYEMOIt
OMI 1o cpaBHEHUIO C MPeaBaAPUTEIBHO OIpPeaeJCHHBIM ONTUMAabHBIM 3HAYEHUEM IS
COOTBETCTBYIOIIETO LieJieHATIpaBJIeHHOro ycuius [14], uinm B KOHTEKCTE pa3paboOTKu
Teopuii MOTOPHOTO KOHTpOJIA [15].

SAKITIOYEHUME

BrinosiHeHUe 10OPOBOJIbLIAMMU J1aKe HECKOJIbKUX KPAaTKUX 3aIaHUM MO BU3YaJIbHOMY
YIIPaBJICHUIO C 0OpaTHOI CBSI3bIO MYTEM IPUJIOKEHUS CUJIbI K CTATUYHOMY KOHTPOJLIE-
py (PYKOSITU) COMPOBOXKAAIOCh Pa3BUTHUEM MBILIEYHbBIX afanTaluii, KOTOpble MPOsIB-
JISJIUCH TIPEUMYIIIECTBEHHO B CHMXKEHUM MaKCUMaibHOM amruiutyasl ODMI uccnenye-
MBIX MBIIIIL PyKU B T€UeHUE 2—3 CEaHCOB U3 5, C yYEeTOM MEePBOro KOHTPOJBbHOTO CeaHca
(dboHa). AKTUBHOCTB BO BpeMsi (P)OHOBOTO CeaHca He BBI3bIBAJIAa B IPYIIE UCIBITYEMbIX
OBICTPBIX U3MEHEHUI1 IToKa3aTejsi MAaKCUMaIbHBIX aMIuiuTyn DMI BeiiencTBue BBIMO-
HEHUsT “IyCTOM” 3amayu, YTO OTJIMYAJIO BHEIIHE MOXOXWE YCUJIUS MPU BHIIOJHEHUU
3aJa4M LIeJIEBbIX CEAHCOB — TEM CaMbIM, JOIOJHUTEIbHO MOATBEPXKAAas 3I€Ch pa3Jiu-
Yus B MEXaHU3Max oOecreuyeHusl ABUXKEHU, poJib MOCTAHOBKM 11eJIM noBeaeHus. st
MBI -cThOaTeNeit Habmonancss 6oee BhIPAXXEHHBINM OTPULIATEIbHBIN CABUT 3HAYe-
HUI TToKasaTesieit oT (hoHa B HATIPABJIEHUU MOCJEAYIONIMX 1IEJEBbIX CEaHCOB, YeM IS
MblIL-pa3rubareneit. UnauBunyanbHbIN U TPyNNOBOI aHAIM3 YKa3bIBAIOT HA BaXXHYIO
POJb KOH(UTypallMd aKTUBHOCTE B 3JIEKTpOMMUOTIpaMMe, OTpaKalolleid B3auMoaei -
CTBMSI Pa3/IMYHBIX MBIIIL PYKU JJIsI BBIMOJHEHUS 1IeJICeHAITIPaBJIEHHOTO TOBEASHUST —
PYYHOTO yIpaBiIeHUS OOBEKTOM Ha DKpaHe.
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HaGmoneHue BBIMOMHSIOCHh B paMKaX KOMITJIEKCHOTO MPOEKTa M0 U3YYEHUIO PeTyJisi-

UM IBUXXEHWI 4YeJoBeKa, YTO TIpelrojiaraeT AajdbHelillee pa3BUTUE U TIPEOIOJIEHUE
BO3MOXHBIX OTPAHUYEHUIi, OOYCITIOBJIEHHBIX MPUMEHEHNEM OTHOI OMUCAHHOU METOIU-
K. ABTOpBI OyIyT MPU3HATEIbHBI BHUMAHUIO KOJUIET, TIPEIJIOKEHNSIM U KOHCTPYKTUB-
HOIi KpUTHKE.

NCTOYHUK ®NTHAHCHUPOBAHMUA

duHaHCHUpPOBaHME OCYILIECTBIECHO B paMKax ruiaHoBoii padotel ®T'AOY BO “Kprimckuii dhene-

panbHbIi yHUBepcuteT uMeHu B.U. BepHnanckoro” u ®I'bBHY “HUWMU HopMmanbHOIl husroaoruu
umenu [1.K. Anoxuna”. INoanepxkaHo rpantom ['ocynapctBeHHOro coBeta Pecryoinuku Kpbim st
MOJIOABIX yu4eHBIX Ha 2019 1.
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Electromyogram Maximum Amplitudes in Arm Flexors and Extensors in Healthy Volunteers
in a Series of the Power Joystick Control Training Sessions

E. R. Dzheldubaeva®*, E. A. Biryukova®, S. A. Makhin®, N. D. Babanov®,
E. N. Chuyan?, and O. V. Kubryak®

Vernadsky Crimean Federal University, Simferopol, Russia
b Anokhin Research Institute of Normal Physiology, Moscow, Russia
*e-mail: delviza@mail.ru

The development of the new models of muscular adaptation in humans that is in hight
demand today, or finding the solutions to applied problems, such as determining the
optimal dosages and modes of motor rehabilitation, provide the need for complex
studies of the physiological mechanisms of motor control. Here, we observed 20 healthy
right-handed volunteers participating in a series of 4 main and 1 control sessions in the
course of 5 consecutive days. Each main session involved the execution of a simple
task: to continuously control the marker on the screen placed in front of them by ap-
plying force to the stationary handle (power joystick) using their right and left hands
while maintaining the proper elbow position. The aim for the presented part of the
complex project was to examine the electromyographic activity in flexor and extensor
finger muscles (superficial flexor, extensor, and thumb long extensor and short flexor)
in both hands, in order to find the markers of muscle adaptation within a short course
series of brief training sessions of deliberate control by manual force application. The
analysis of individual and group characteristics points at the importance of the config-
uration and of the level of activity (interaction) distribution in the examined muscles
for the development of adaptation, and reveals the differences in the activity of right
and left hand muscles. The differences between the flexor and extensor muscles in
both hands manifested in the larger values of the maximum EMG amplitudes, and a
more pronounced trend of their decrease with each subsequent main session relative to
the control condition, for the flexor muscles. These changes were non-linear.

Keywords: muscle adaptation, hand muscle electrical activity, control of hand move-
ments, static and low-amplitude hand movements, flexors and extensors, electromyo-
gram maximum amplitude, power joystick
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