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VeneuHoe BBIOIHEHUE CIOPTUBHBIX JIBUraTeNbHbBIX JIEHCTBUM pa3iIMuHOM KOOpIMHA-
IIMOHHOH CJIOKHOCTH BO MHOTOM OIpEAENsAeTCsl (yHKIMOHAIBEHBIM B3aUMOJICHCTBHEM
MEXXTy HeHpOHAMH ITEPBUYHOH MOTOPHOH KOPHI M CIIHHHOTO MO3Ta, peaTn3yeMbIM Ha OC-
HOB€ CYHICCTBYIOIIUX MECXKIY 3TUMHU CTPYKTYypaMHd aHATOMHUYCCKUX U d)HSHOHOFI/I‘{eCKHX
cBs13eil. B sKcneprMeHTaNbHBIX HCCIEJOBAHUAX IOKAa3aHO, YTO Takue (PyHKIIMOHAIbHBIC
CBSI3M MOTYT OBITh LieJICHANIPaBICHHO U3MEHEHBI C MOMOIIBI0 METO/Ia MapHOil accouua-
tuBHOU cTumysiiun (PAS). Lens Harmreit paboThI cocTosIa B U3y4YEHUH BIHMSHUS CEaHCa
PAS, npenycmarpuBatoieii o1HOBpeMEHHOE MOCTYIUICHHE CTUMYJIOB OT MOTOPHOM KOPHI
1 KOPEUIKOB CIIMHHOTO MO3Ta K CIHMHAJIbHBIM MOTOHEHpPOHAaM, Ha CKOPOCTHO-CHIIOBEIC
MapaMeTphbl MPOU3BOIBHOTO MBIIIEYHOTO YCHIIMS 4eloBeKka. B ncciaenoBaHuu MpUHAIN
yuactue 10 310pOBBIX JIMI MY>KCKOTO T0JIa B Bo3pacre oT 18 1o 22 jert, 3aHuMaronux-
cs cnopruBHbIMH urpamu. Ceanc PAS mpemycmarpusan naneceHue 100 map accorma-
THBHBIX CTUMYJIOB, COBIIQJIAIONINX HAa YPOBHE CIHMHAJBHBIX MOTOHEHpoHOB. [lo M mocie
CTUMY/ISILIHOHHOTO BO3JEHCTBUS y HUCIBITYEMBIX OIPEAEIISIN KOPTHKOCHHHAIBHYIO BO3-
OyIMMOCTb IIPH IIOMOIIM METOJa TPAHCKPaHWAJIbHONW MarHuUTHOH ctumymsinuu (TMS)
¥ BO30OYIMMOCTD CHHAIBHBIX MOTOHEHPOHOB MOCPEICTBOM YPECKOKHOM 3IEKTPHUECKON
CTUMYJIAIUK ciiuHHOTO Mo3sra (tSCS), a Takke perucTpUpOBajd CKOPOCTHO-CHIOBBIC
XapaKTEePUCTHKH MaKCHMAJIFHOTO TPOU3BOJIBHOTO cokpameHns (MVC) MBIl roieHu
(momomBeHHOE crudaHue CTONbI). AHAJIHU3 PE3yNbTaToOB UCCIIEN0BAaHMS MTOoKa3all, uTo PAS
C COBIAJICHIEM CTUMYJIOB Ha YPOBHE CIIMHAJIBHBIX MOTOHEHPOHOB IIPUBOANIIA K YBEITHIE-
HHIO KOPTHKOCIHHAIBHOW BO30OYANMOCTH, YBEITMYCHHIO YCHIINH, pa3BUBAEMBIX CIIOPTCME-
HoM 3a mepBbie 50, 100, 150 1 200 Mc BBITOTHEHUS! MAKCUMAIBHOTO YCHIIUS, U yBEJIHYe-
HHIO CKOPOCTH €ro pa3BuTHsl. [laHHbIe H3MEHEHUs B pe3ylibTare Bo3aeiicTBus ceanca PAS,
BEPOSATHO, OOYCIIOBICHBI BOBJICUEHHEM OOJNBIIEr0 KOIUYECTBA OBICTPBIX IBHTATEIBHBIX
enuHuUL 1py BeinosiHeHHH MVC u nobiiieHreM 3G EeKTHBHOCTH TOPMO3HBIX TPOLIECCOB
B MOTOPHOH KOpPE B MOMEHT pacciIabieHusI.

Kniouesvie cnosa: napHas accolMaTHBHAs CTUMYJISLUSA, CKOPOCTHO-CHIIOBBIE KayecTBa,
MOTOpHAsI CUCTEMa, KOPTHKOCIIMHAJIbHAS BO30OYyANMOCTh, H30METPHUECKOE YCUIINE
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BBEJEHUE

DyHKIMOHAIBHBIE B3aUMOJCUCTBUS MEXIY HEHpOHAaMHU IIEPBUYHONM MOTOPHOW KOPBI
1 HeMpOHAMH CIIMHHOTO MO3Ta, OCYIIECTBIIEMbIE HA OCHOBE CYIIECTBYIOIINX MEXITy HUMHU
AQHATOMUYECKUX W (PU3HOIOTHUECKHUX CBsI3el, MMEIOT OOJbIIOE 3HAYEHHE JUISl YCHENIHOTO
BBINOJIHEHUS! CTIOPTUBHBIX JABUTATENbHBIX ACHCTBUN pa3iMYHON KOOPAWHAIIMOHHOM CIIOXK-
HoCcTH [1-2]. B menmoM psime sKcriepruMeHTaIbHBIX UccieioBanuii [3—5] mokasaHo, 9to GpyHK-
LUOHANbHbIE B3aUMOAEHCTBHS MEXAY HEPOHAMU MOTOPHOM KOPBI U CHUHHOTO MO3ra MOTYT
OBITH U3MEHEHBI C MIOMOIIBIO METO/Ia MapHol acconnaruBHoi crumyssiuuu (PAS). JlaHHbii
METOJI MIPEeIyCMaTPUBAET MHOTOKPATHOE CONPSDKEHUE OMMHOYHBIX MMITYJIBCOB TPAHCKPAHU-
anbHON MarHUTHOM ctuMymsitiu (TMS) u upeckoXHON AIEKTPUIECKON CTUMYJIISIIIMU CIINH-
Horo Mosra (tSCS) TakuMm 00pa3oM, UTO BbI3BAHHBIC MTOTCHIINAJIBI CTAIKUBAIOTCS HA YPOBHE
HEHPOHOB MOTOPHO KOPHI HJIM CIIMHAIBHBIX MOTOHEHPOHOB M MOTYT ITOCTYIIaTh K HAM OJI-
HOBPEMEHHO WJIM C ompezelieHHoM 3anepxkoil [3]. B nponecce PAS oauHouHble anekTpu-
YeCKHe CTUMYJIBI HAaHOCATCS Ha nepudepudeckuil HepB [6—9] Wim Ha KOPEIIKH CIIMHHOTO
Mo3ra [4]. Ilo MHEHHIO HEeKOTOPBIX CIEHHANNCTOB, BapuaHT PAS c snmexrpoctumysimneit
KOPEIIKOB CIIMHHOTO MO3Ta UMEET ONPEeNIEHHOE IPEUMYIIECTBO, HOCKOIBKY B 9TOM CIIy4ae
AKTUBUPYIOTCS MOTOHEHPOHHBIE TYJIbl HECKOJIBKUX MBIIII] U MOTYT OBITh 3apErUCTPUPOBAHbI
WX BBI3BAaHHBIE OTBETHI [4].

B pesynbrare uccieqoBaHuid, BBHIIOJHEHHBIX ¢ nMpuMeHeHUeM Metoga PAS, k Hacros-
1IeMy BpPEMEHH yCTAHOBJICH DPsiJi 3aKOHOMEPHOCTEH B M3MEHEHNH (DYHKIIMOHAJIBHBIX Mapa-
METPOB, OTPAKAIOIINX COCTOSHHE MOTOPHOIM CHCTEMBI, NIPH BO3IEHCTBHH MHOTOKPATHBIX
MapHBIX ACCOLUMATUBHBIX CTUMYINOB. Tak, 3KCIIEPUMEHTAIBHO AOKAa3aHa 3aBUCUMOCTb Ha-
MIPABJICHHOCTH U KOJMYECTBECHHOHN BBIPAKEHHOCTH MU3MEHEHHUH BO3OYIMMOCTH CTIMHAIBHBIX
MOTOHEHPOHOB OT WHTEPBAJIA MEXIY ABYMS aCCOIMATUBHBIMHU cTUMyNamu [7]. BeisiBieHo,
YTO MOBBIIIEHUE BO30OYJMMOCTH MOTOPHOM KOPBI TOJIOBHOTO MO3Ta 3/10POBBIX JIFOZIEH MOXKET
OBITH TOCTUTHYTO NOCpeACTBOM PAS, B KOTOPOIi 2ieKTpuiecKasi CTUMYJISIINS CIIMHAIBHBIX
MOTOHEHPOHOB IpeamecTByeT uMITyIbcy TMS [8], a moBbIIIeHHE BO30OYANMOCTH CITIHHAIb-
HBIX MOTOHEHPOHOB y MAIMEHTOB C TPaBMaMU CIIMHHOIO MO3ra — NapHOW acCOLMaTUBHOMI
CTUMYJISIIIEH B COYETAHUH C TPEHUPOBKOM OMOpHO-ABHUraTensHoro ammapara [10]. B pabo-
te Stefan ¢ coaBr. [6] mpuBeneHB! cBefeHUS 00 YCHJICHHH TOPMO3HBIX IPOIECCOB ITOCIE
HuskouacTtoTHOM PAS mpopomkutensHocThio 30 MmuH. Crenyer 3aMeTUThb, YTO B U3BECTHOM
HaM JIUTEpaType J0 CHX MOP OTCYTCTBYIOT YOEIUTENbHBIE CBENCHHUS O BO3MeHCTBUU PAS
Ha TIPOSIBIICHUE KaKUX-THOO0 JBUTaTEIbHBIX KadecTB. MICX0ms U3 yIOMSHYTHIX JAHHBIX JITE-
parypsl o BussHUH PAS Ha KOpTHKOCHHMHANIBHYIO BO30OYANMOCTh ¥ BO3MOKHOCTH €€ IIpHMe-
HEHMS JUIA IeJICHAIPaBICHHOTO U3MEHEHHUS XapaKTepa B3auMOACHCTBHS MEX Ty HeHpoHaMu
KOPBI U CTUHAJIFHBIMH MOTOHEHPOHAMHU, MBI TIPEIIIOJIOKIIIN, 4TO IpUMeHeHne PAS mMoxer
CHOCOOCTBOBATh YITyUIIEHHIO CKOPOCTHO-CHJIOBBIX KauecTB. B cBsi3u ¢ 3TUM nesb Hamen
paboThI cocTosia B M3y4eHUH BiMsiHUA ceanca PAS, npemycmarprBaromiei 0lHOBpEeMEHHOE
MOCTYIUICHHE CTHMYJIOB OT MOTOPHOHM KOPBI M KOPEIITKOB CIMHHOTO MO3Ta K CHUHAIHHBIM
MOTOHEHPOHAM, Ha CKOPOCTHO-CHJIOBBIE MApaMETPhl IMPOU3BOJIBHOIO MBIIIEYHOTO YCHIIUS
YeJI0BeKa.

METOAbI NCCIIEAOBAHUSA

I/ICCHG}IOB&HI/IS{ IMPOBEACHBLI HA 10 MPaKTUYCCKHU 3JOPOBLIX CIIOPTCMEHAX, 3aHUMAIOIINXCA
Oacker6ooM. Bo3pact MCTIBITYyeMbIX B TIEpHO MCCICIOBAHUS COCTABISLI OT 18 1o 22 reT.
HccrnenoBanue cocTosuo w3 IBYX ceprid. Kakplit HCITBITyeMBIN IBaXIbI IPUXOIUI B J1a00-
pPaToOpUIO Il NPOBENEHUS UCIBITAHUM, NIEPBOE MIOCEUIEHUE Ul y4acTusl B IIEPBOM CEPHUH,
BTOpPOE — BO BTOPOH cepun. MHTepBan MexIy cepusMu cocTaBui 7 aHed. B xaxmont ce-
PUH HETIOCPEACTBEHHO MEpel IKCIEPUMEHTOM Y Ka)IOTO HCIBITYEMOTO Ui BCEX HCCIe-
JlyeMbIX MBI (epeanss oonpiiedepiioBas — TA, menuanbHas uKpoHOKHas — GM, kam-
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GamoBuHas — Sol) perucTprpoBany MOPOTH BEI3BAaHHBIX MOTOPHBIX 0TBeTOB (MEPS) mpu
TMS u mermednsie orBetsl (REPS) mpu tSCS. Tlopor ompenensics 1o MUHIMAIBHOH Cruie
CTHMYJIa, BBI3BIBAIOIICH MBIIICYHBIH OTBET C aMIUIATYIOW He Hmke 50 MkB B Oonee uem
50% ciy4daes u3 10 mpo0. AMILTUTY/Ia BCEX OTBETOB M3MEPSIIACh KaK MAKCUMAJIBHBIN pa3Max
OT MO3UTHUBHOIO IHKa JI0 HETAaTUBHOIO NMuka. Ha 0CHOBaHMM TONyYEHHBIX BETHYHH TOPO-
TOB paCCUUTHIBAIIN CHITy TecToBoro ctumyina st TMS u tSCS. J{ist TMS TecToBBIH CTHMY
coctaBma 110% (55-85% ot MakcHmManpHOTO BBIXOAA CTHMYJATOpa), a mist tSCS — 130%
(45-65 MA) ot opora. Yka3zaHHBIC BEIMYUHBI CTUMYIIOB 00CCIICUNBATH CTAOMIHLHOCTH TO-
JIy4EHHsI OTBETOB M COXpaHEHUE BOBMOKHOCTH JaJIbHEHIIEr0 yMEHBIICHUS WY yBEITUYCHHS
UX aMIUTUTYIB! ToJT Bo3zelicTBueM ceanca PAS. Perucrparus orseroB MEPs u REPs nccine-
JIye€MbIX MBIIII IPOBOAMIACH MO OOLICTIPUHITON METOMUKE [7] MOCPENCTBOM 3JIEKTPOMHO-
rpaguyeckoro kommiekca Helipo-MBII-8 (OOO "Heitpocodt", Poccus).

B nepBoit cepun sxcnepuMenToB peructpuponanu aecsate MEPs u necsats REPs no ce-
aHnca PAS, HenmocpeacTBeHHO MOcTe ero 3aBepuieHus, a Takke dyepe3 5 u 10 mun. Unatep-
BaJl OT/IbIXa MEXTy TECTOBBIMH CTUMYJIaMH COCTaBIsI 8 ¢. B mporiecce peructpamuu MEPs
u REPs, a Taxoke ceanca PAS ncnpITyeMblit HAXOQHIICS B MTOJIOKEHUH JIe)Ka Ha CIIMHE. Takoe
TIOJIOKEHUE 00eCIeYnBaIO0 CTA0MIBHOCTD PACIIONIOKEHUS! CTUMYIIMPYIOLIEH U peTHCTpUpy-
IolIeH anmaparypsl 1 KOM(OpPTHOE NpeObIBaHUE HCIBITYEMOTO B IPOLIECCE MCCIIEAOBAHUSL.
B mporuiecce ceanca PAS peructpupoBanu aMmautyny Bcex 100 oTBETOB, HO 1 CpaBHEHHSI
¢ BennunHamMu MEPs u REPs ucnonbs3oBanu cpennee 3Hau€HUE, PACCUUTAHHOE IO JIECSATH
MIEPBBIM OTBETaM.

Bo BTOpOIi Ceprn IKCIEPHUMEHTOB OBUTH M3y4YEeHBI CKOPOCTHO-CHUIJIOBBIE TapaMETPhl MaK-
CHUMaJIBHOTO TPOU3BOJIEHOTO M30METPUYECKOTO YCHIINSI MBIIII] TOJICHH IT0J BO3/eiiCTBUEM
ceanca PAS. Ceanc PAS npoBoauiics B OMOXKEHUH CUIS B Kpeciie OMOMEXaHMYECKOTO KOM-
wiekca Biodex System 3. Takoe mono)keHHe IpH HAHECEHWH MApHOW CTUMYILIINH oOectie-
YHBAJIO OBICTPBIN MEPEXOA OT CTUMYIHPYIOIIETO BO3ICHCTBIS K pea3alliy JBUTaTeIbHON
Mozenu. OneHKa CKOPOCTHO-CHIIOBBIX ITAPaMETPOB OCYIIECTBIIUIACH ITPH BHIIOJHEHUH I10-
JIOIIBEHHOTO CTUOAHMsI CTOIBI B M30METPUYECKOM peXHMe Ha KoMIulekce Biodex B moso-
XKeHuH cuns. M3omerpuueckas ABUTaTenbHas MOJeb Oblja BHIOpaHa B CBS3U C TEM, YTO
3TOT PEXHM MO3BOJSIET UCKIIIOUYUTD NTEPEMEHHYIO IUHAMUKY CHJI HHEPIMU U PEaKIMH OII0-
pBl. BEIOOP MCXOTHOTO MONOXKEHUSI HCTIBITYEMOTO ONIPEAEISIICS HEOOXOMMMOCTHIO CO3AaHMS
ONTHUMAJIBHBIX YCIIOBUH ISl pealn3aliy MOAOIIBEHHOrO CrudaHus cromnbl. cmbiTyembrid
BBITIOJTHSUI TPH TECTOBBIE MOMBITKH C HHTEPBaJIOM 30 C B KaKIOM SKCIIEPUMEHTAIBEHOM YCIIO-
Bun (mo PAS, menocpencteenno nocne PAS, uepe3 5 u 10 mun mocne oxonuyanus PAS).
Jns 006paboTky BEIOMpaIach JIydmiast i3 TPeX MONBITOK (C MAKCHMAJIFHON aMILTUTYHOH, 0e3
apTeakToB) B Ka)KIOM SKCIIEPUMEHTAIIFHOM YCJIOBHH. VICTIBITyeMOMYy CTaBHMJIACh JBHTa-
TeJIbHAs 3a/1a4a MaKCUMaJIbHO CHIIBHO M MAaKCUMAaJIbHO OBICTPO BBIOIHUTH H30METPHUECKOE
MOJIOIIBEHHOE CTUOAHME CTOMBI (HAIPSIKCHUE U pacciabieHue), mpH 3TOM o0Iiee BpeMs
BBITIOJTHEHMSI HAMPSKSHHSI ¥ pacciiablieHust He JOIDKHO ObLIo mpeBbimarh 3 ¢ [11-13]. Uto-
OBl HEBETHPOBATH d((HeKT 00yUEHHSI, TECTOBBIM U3MEPEHISIM MPEAIISCTBOBAIH OT YETHIPEX
JI0 LIECTH TPEHUPOBOYHBIX MOMBITOK C IOCIEIYIOMNM HHTepBasioM oTasixa (10 mun). Tpe-
HUPOBOYHBIE MOMBITKH MPEKPAIAINCh, KOT/Ia UCIIBITYEMbIH BBIITOJIHSI TECTOBOE JABMKEHHE
CTabMIBHO € TIOBTOPSAIONINMCS pe3yabTaToM. J(nHaMorpaMMa MakCHUMaJIbHOTO YCHITUS 3alli-
CBIBAJIACh B MaMsITh KOMIIBIOTEPA M SKCIIOPTHPOBAIAch B HU(PPOBOM BUAE IS AajbHEHIIeH
00paboTrku. AHanm3upoBanu BenmuanHy MVC, CKOPOCTh TOCTHKEHUS MAKCUMAIBHOW CHITBI
u cuitbl, paBHOH 50% OT MakcHMaJIbHOM, a TaKke CKOPOCTh MOJTypacciadiIeHus, pacciaadie-
Hus ¢ BeauuuHbl ycrus B 50% or MVC, BennuuHy ycunuii, pa3BUBa€MbIX CIIOPTCMEHOM 32
nepssie 50, 100, 150 u 200 Mc TeCTOBOTO ABMKEHUSI.

TMST mMoTopHO# 30HBI KOPBI TOJIOBHOTO MO3Ta OCYIIECTBIISIIACH ITPH IIOMOIIH MarHUT-
HOTO cTUMyIsaTopa Magstim Rapid 2 (Magstim company, BenukoOpuTanus) depe3 TBOHHYIO
KOHYCHYIO KaTylKy nuamerpoM 110 MM (HampaBiieHHe TOKa 3aJHe-TIepeaHee), JIOKaIn30-
BaHHYIO YyTh JlaTepajbHee U BIiepen oT Beprekca. [Ipu aToM moxbupanu Takoe mojioKeHHe
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KaTyIIKH, B KOTOPOM 00eCTIeYrBaIach akTHBAIIUS BCEX MCCIETyeMBIX MBI [ 7]. AKTHBAIUsA
CTHMYJIITOPA OCYIIECTBIIIACH YEPE3 CHHXPOBXO.

UpeckoxKHas NMEKTPUYECKast CTUMYIISALUS CIIMHHOTO MO3Ta OCYLIECTBIISUIACH IOCPEN-
cTBOM cTHMYJsiTopa Neostim-4, akKTHBHPYEMOTO depe3 BHEIIHWH CHHXPOBXOA. AKTHUBHBIH
CTUMYJISILIMOHHBIN 3JIEKTPOJ IMAMETPOM 5 M (KaTO[) M3 TOKOTIPOBOSIIEH pe3HHBI pacriosa-
raJics 1o CpeAHeN TMHUN T0O3BOHOYHHKA MEXKAY OCTHUCTBIMU OTPOCTKaMU o3BOHKOB L2-1.3.
I'nbOkue pedepeHTHBIC HMEKTPOIBI pa3MepoM 5 X 8 cM (aHOoAbI) pa3MeIlaInch OHUIaTepab-
HO Ha TpeOHAX MOIB3AOIIHBIX KOocTel [14]. Mcmoms30Bamu mpsMOYToNbHBIA HEMOITYTHPO-
BaHHBIN OJHONONSPHBINA OJUHOYHBIA CTHUMYJ IIUTENBHOCTRIO | Mc. [[ns moxTBepxaeHus
pedIIeKTOPHOM TPUPOIBI MBIIICUHBIX OTBeTOB mpu tSCS HCMOMB30Baach Mapa CTUMYJIOB
cpemHel cuibl (BBILIE MOPOTa, HO HE MAaKCHMAJBbHBIX) C MHTEPBAIOM MEXIY CTUMYIIaMHU
50 Mc, HAaHECEHHBIX B 00J1aCTh MEXTY OCTUCTBIMU OTpOCTKaMu 1mo3BoHKoB L.2—1.3. [Tonasme-
HHUE OTBETA Ha BTOPOH CTUMYII B TTape CBUACTENBCTBOBATIO 00 aKTHBAIMH 33JHUX KOPEIIKOB
criuHHOTO MO3ra [4, 15].

CeaHc mapHOI acCOIMAaTHBHON CTUMY/SIIUH NPEAYyCMaTpHBal HAaHECEHHE HCIIBITYEMO-
My 100 map ctumynos Ha mpotsoxernn 800 ¢ (1 mapa xaxapie 8 c). [Ipu sToM Kakmas mapa
COCTOsUIa U3 ITOAABAEMOTO0 IepBEIM oguHOYHOTO ctrMynna TMS (110% ot mopora, 55-85%
OT MaKCUMaJIGHOTO BBIXO/Ia CTUMYJISITOPA), BO3/ICHCTBYIOIIET0 Ha MOTOPHYIO 30HY KOPBI T'0-
JIOBHOTO MO3ra, ¥ opnHouHoro crumyna tSCS (130% ot mopora, 45-65 MA), monasaemMoro
¢ HEOONBIIMM BPEMEHHBIM OTcTaBaHreM oT TMS. Takum 00pa3om, Mpu HAHECECHUH CEaHCa
PAS Bennuunna crumysnoB TMS u tSCS, cocTaBisiiomux mnapy, CoOBIaaaia ¢ COOTBETCTBYIO-
e BENWYMHOM OIMHOYHBIX TecTOBBIX cTUMYJ0B TMS u tSCS npu ompeneneHuH KOpTU-
KOCTIMHAJIbHOW B030ynumoctu. Pacuer uHTepBana Mexay ctumyiaamu TMS u tSCS (BHyTpHu
napbl) Mpu HaHeceHUU PAS oCyIeCTBIISIICS HHIAUBUAYATHHO IS K&KIOTO HCIIBITYEMOTO [4]
ITyTeM BBIYUTAHUS JIUTEIBHOCTH JIATEHTHOTO meprona oTBeToB REPs (Ha TecToBEIi cTH-
My1) u3 nateHTHOCTH 0TBeTOB MEPS (3a ocHOBY Opanu naTeHTHBIE Teprosl MeIIsl GM).
[TpaBUIBHOCTD pacyeTa HHTEpBaIa IMPOBEPSIIACh MPOOHBIM APHBIM CTUMYJIOM TaKHM 00pa-
30M, 94TOOBI OTBeT Ha PAS He M3MEHSIT CBOIO JTATEHTHOCTh B CPABHCHHHU C OTBETOM Ha TMS
U coxpaHsu1 oduryto hopMy B cpaBHeHHHU ¢ oTBeToM Ha tSCS (Kak MpaBmiIo, pu HETIOTHOM
COBIIa/ICHUN BPEMEHH MOCTYIUICHNS! CTUMYJIOB OTBET HA IMApHBIN CTUMYJ CTAHOBHIICS Oojee
nonu¢asHbIM U PACTSHYTBIM T10 JUIMTEIBHOCTH). MIHTEpBan MexXy AByMsl CTUMYJIaMHU B Ka-
ka0l mape PAS, KoTopslii A1 pa3HBIX MCHBITYEMBIX COCTaBIsI OoT 12 no 17 Mc, a Taxxke
HHTEpBaJl MEXAY ITapaMu CTUMYJIOB (8 ¢) KOHTpOIMpOBaics pa3paboTaHHBIM HAMHU Ha OCHO-
BE MHKPOKOMITBIOTEPA CHEIUATH3MPOBAHHBIM PUOOPOM, KOTOPBIH OCYIIECTBIISLT BHEITHUN
3aIycK (4epe3 CHHXPOBXOA) MarHUTHOTO U JIEKTPUIECKOTO CTUMYJIITOPOB I10 3aJ0KEHHOMY
B €T0 MaMSITh AJITOPUTMY.

MaremaTnko-cTaTHCTHIeCKass 00paboTKa JaHHBIX BKIFOYalla pacyeT CpefHero apugpme-
THUYECKOTO, OMIMOKH CPEAHEro apn()METHUECKOTO, CTAHAAPTHOTO OTKIOHEHUs. ITockonbky
¢ nomobio kpurepust Konmvmoroposa—CMupHOBa Obl1a ycTaHOBJICHA HOPMAJIBHOCTh PacIpe-
JITICHNS] BEJIMYMH PacCMaTPUBAEMBIX BBIOOPOK, TO JUIS BBISBICHHS CTATUCTHYECKN 3HAYH-
MBIX Pa3IMYUi B PA3HBIX SKCIEPUMEHTANBHBIX YCIOBHUSIX HCIOIb30BAIN OJHO(DAKTOPHBINA
qucniepcoHHblid aHanu3 (ANOVA) ¢ nocnepyronM post-hoc aHamu3oMm 10 KpUTEpHIO
Newman-Keuls npu yposae 3naunmoctu 0.05.

PE3VJIBTATBI UCCJIIEAOBAHUA

AHanu3 pe3ynbraToB MCCIEIOBAHUS 10KA3aj, YTO CPEIHSSA aMIUIMTYJAa MBIIICYHBIX OT-
BETOB, BbI3bIBaeMbIX PAS ¢ compsbxeHHeM BO30YKAAIOMIMX MOTEHIMAJIOB HAa YPOBHE CITH-
HaJIbHBIX MOTOHEHPOHOB, MPEBHINIANa TAKOBYIO MPH W30IMPOBAHHON CTUMYJISIIUHM KOPEII-
KOB cnuHHOTO Mo3ra Ha 10-50% u motopHoit kopsl Ha 300-5000%. Cnenyer oTMETHTH,
YTO MOTOPHEIA 0TBeT Ha PAS He sBIseTCs mpocTol anreOpandeckol CyMMOM AIIEKTpHIe-
CKMX OTBETOB Ha CHTHAJIbI, MOCTYIAIONINE Ha CIIUHAJIbHBIE MOTOHEHPOHBI OJHOBPEMEHHO
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0 KOPTHKAIBFHOMY U ad(epeHTHOMY BXOJaM, ITOCKOJIBKY aMIUIMTY/Ia OTBeTa B cirydae PAS
3HAYUTENIEHO MPEBHIIIAa AMIUTUTYBI OTBETOB HA CEJIEKTHBHYIO CTUMYIISIINIO KOPBI M CITMH-
HOTO MO3Ta TOW e nHTeHCUBHOCTH (puc. 1, a). Tak, y TA amrmumutyna orsera mpu PAS Obina
JOCTOBEPHO OoJbIIE AMIUIATYAbl IPU CTUMYJISAUN CIIMHHOI'O MO3Ta U KOPBI U COCTaBUJIa
1.50 £ 0.07 MB (n =10, p < 0.05) (puc. 1).

Y Sol Habnronancs aHAJOTMYHBINA [0 HAIPABIEHHOCTH, HO MEHEE BBIPAKEHHBIN B KOJIH-
YECTBEHHOM OTHOIIEHHU S(PQEKT. AMIUIMTYIa OTBEeTa 3TOi MbImIbl Ha PAS nocroBepHO
MpeBbIIaa aMIUIMTYAY HNPpU CCIICKTUBHOM BOS}IeﬁCTBHH Ha CIIMHHOM MO3T U MOTOPHYIO
kopy u gocturana 5.13 + 0.22 MB (n = 10, p < 0.05). ¥ GM yBenuueHue aMIUIUTYAbI OTBETA
B ciryuae PAS otHocurensro tSCS coctasmio 15% (puc. 1).

(@) %
i 5.13
sol O T™S
B sCs 439
% 4.0 H PAS
d.; -
=
£3.0r
(o))
L *
§20 * 1.74 2
g 1.49
2 |
210 0.76
0 |_-_| N N [ i N | . N
TA GM Sol
TA
A\
:Solf -
s asest 0 Wopag

Puc. 1. (a) — cpenmsist ammutyna orBeToB Mbi TA, GM u Sol npu cenexrusuoit TMS, tSCS u npu PAS (n = 10).
(b) — oOpaser; HATUBHBIX 3aMUCEl BHI3BAHHBIX OTBETOB MCCIICAYEMbIX MBIIII] IPH PA3HBIX BAPHAHTAX CTUMYJIALHU-
oHHOTO Bo3zeiicTBus (110 10 cTuMynoB B kaxkaoM Bapuante). TA — nepenusist 6onbiredeprosas Mpimma, GM — me-
JIMajbHas TOJIOBKA MKPOHOKHOW MBbIIIIBI, Sol — kamOanoBuHas Meimma. TMS — TpaHCcKpaHHanbHass MarHUTHAs
cTuMyIsnust (TecToBbIi cTiuMya 110% ot mopora); tSCS — upeckoxkHas aNeKTpHIecKast CTUMYIISIIUSI CHHHHOTO MO3-
ra (tectoBslil ctumyn 130% ot nopora); PAS — maprast acconuarusnas ctumymsinus (110% TMS + 130% tSCS).
* — toctoBepHble H3MeHeH s (p < 0.05) OTHOCHTENIBHO aMIUTUTY/ OTBETOB Ha celeKTHBHbIE cTuMyibl TMS u tSCS.
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Y Tpoux HUCHBITYEMBIX HaOIIIOAaI0Ch YBENWUCHNE CPeTHEH aMITUTYAb! oTBeTa Ha PAS
B CPaBHEHUH C CyMMOH aMITIMTY]l OTBETOB Ha CEJICKTHBHYIO CTHMYIAIIMIO MOTOPHOM KOPBI
W 33JIHUX KOPEUIKOB CIIMHHOro Mo3ra Ha 40—50%, 4To B aOCONIOTHOM BBIPR)KEHUH COCTaB-
qsuto o 3 MB (puc. 1, b).

Awmmumntyna MEPs uccnenyeMpIx MBI Ha CEPHI0 TECTOBBIX CTHUMYJIOB TMS, mo ko-
TOpPOI onpenensIach KOPTHKOCIHHANBHAST BO30YINMOCTb, JOCTOBEPHO YBEJINUNBAIACEH O]
BimsiHueM PAS y TA u Sol Ha iepBoii 1 Ha ISITON MUHYTE TIOCJIE CTUMYJISIIIHOHHOTO BO3/IEH-
CTBHSI B CPaBHEHHHU C (POHOBBIMHM ITOKa3aTesIMU. YBEIWYECHHE aMILUIUTYAbI OTBETOB TA co-
ctaBuino 94% u 86% k (ony Ha nepBoii u IsiTol MuHYTE, ¢ 0.28 £+ 0.04 MB 10 0.55 £ 0.10 MB
1 0.53 = 0.08 MB cootBercTBerHO (1 = 10, p < 0.05). locTOBEpHOE YBETMUCHIE aMILTHTYIBI
oTBeToB mocie ceanca PAS 3apeructpuposano y Sol — Ha 37%, ¢ 0.10 + 0.01 MB (mepen
PAS) 10 0.13 £ 0.01 MB Ha nepBoii u nsaToit MuHyTe mocie Bo3aerictus (n = 10, p < 0.05).
IIpu 3TOM OBLTO BEISIBIEHO HEKOTOPOE CHIKEHUE CpelHel aMunTynsl oBeToB TA 1 Sol ot
MIepBOH K AECATON MUHYTE ITOCIIE CTUMYIISIIMN, OJJHAKO OHA BCE )K€ 0CTAaBAJIACh BhIIIE (POHO-
BBIX 3Ha4YCHUH. AMIUTMTYa 0TBeToB GM MMena TeHAEHINIO K MOBBIIICHHIO TIOCNIE ceaHca
PAS Ha 29% HenocpeCTBEHHO TIOCIIe BO3ICUCTBUS U HECKOJIBKO CHMYKAJIACH K JECSATON MU-
HyTe, OTHAKO 3TH U3MEHEHHS He OBIIN CTATUCTHYECKH 3HAYMMEI (pHC. 2).

Wzmenenne ammutynsl REPs Ha cepuio TECTOBBIX CTHMYJIOB, HAHOCHMBIX IIPU Ce-
nexTuBHOM tSCS, HE HOCUIO CTaTUCTHYECKU 3HAYMMOTO Xapakrepa. CTOUT OTMETHUTh, UTO
y 60% ucnbpITyeMbIX HAOIIONaIach TEHACHIINS K TIOBBIIIEHUIO aMIUTUTY/IbI OTBETOB UCCIIEY-
€MBIX MBIIII] Ha TIEPBOH, MSITON U IECSTOW MUHYTE TIOCIIE CeaHca CTUMYIAIHH, a 'y 40% ot-
MEeYaJoch Kak HEKOTOPOE CHIKEHHE aMILTUTY/IBI, TaK U €€ YBEIMUCHNE B Pa3HbIC BDEMEHHBIC
MHTEPBAIIBI IIOCIIE 3aBEPIICHNUS CeaHCa CTUMYJISIIMOHHOTO BO3/ICHCTBHS.

PAS mpuBoauia Kk M3MEHEHUIO CKOPOCTHO-CUIIOBBIX XapakTepucTuk MVC mpu BBINOJ-
HEHUH MTOAOIIBECHHOTO CTHOaHuUs CTOIBI. AGCONIOTHAS! MAaKCHMAaJIbHAs CHJIA TIOCIIE CTUMYJIS-
IIMOHHOTO BO3/ICHCTBHUS HE3HAUMTEIIFHO MTOBBIIIANIACH HETIOCPEICTBEHHO MOCIIE BO3ICHCTBHA
co 152.1 £ 12.8 Hm o 153.6 + 14.7 Hwm, a Takxke MMena TEHACHIUIO K TOCTETIEHHOMY POCTY
yepe3 5 u 10 mun 10 154.4 + 14.7 Hm u 164.6 = 17.2 HM COOTBETCTBEHHO, OJJHAKO 3aperu-
CTPHpPOBaHHbBIC N3MEHEHHS HE SABJISUINCH CTAaTHCTUYECKH 3HAYUMBIME (n = 10, p > 0.05).

0.7F
*
* [ Before PAS
0.6 After PAS
O 1 min
% 0.5 @ 5min
5 B 10 min
S 04f
2
E 03f
o
0.2+
2 * %
' W alll
0
TA GM Sol

Puc. 2. Biusinue oxHokpatHoro ceanca PAS na ammutyny MEPs TA, GM u Sol npu TMS MoTOpHO# KOpBI (aM-
wmnryga ctumyna = 110% ot moropHoro nopora). TA — nepexusist GonbiredeprioBast Mpimia, GM — MenuansHas
HKPOHOXHAs MbIIIIA, Sol — kambanoBuHas Melna. * — nocroBepHbie u3MeneHus (n = 10, p < 0.05) oTHOCUTENTBHO
HoKa3aTesieit 1o CTUMYJISIIMOHHOTO BO3JEHCTBH.
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BpeMmsi 1oCTH)XeHUST MaKCHMaIbHOW CHJIBI IOCJIE CEaHCa NapHOM acCOLMAaTUBHOM CTH-
MYJISIIMK IOCTOBEPHO COKpalaiock Ha 1-, 5- u 10-if MmuHyTax nmocie Bo3aelcTBus. Tak,
HETIOCPEJICTBEHHO IIOCJIE HAHECEHMs CTHMYISIMM BpeMs nocTmkeHuss MVC cocraBmiio
754 + 68 mc, a Ha 5-it u 10-i muHyTe — 685 £ 34 1 682 £ 109 Mc coorBercTBeHHO (72 = 10,
p <0.05), mpu 3ToM poHOBOE 3HaUeHHE — 916 + 76 MC (puc. 3).

Ceanc PAS taxxe uzmensin Bpems goctwkeHus 50% or MVC. Dtot mokasarens J0-
CTOBEPHO CHIKAJICS cpa3y Mmocie Bo3AercTBus ¢ 226 + 23 no 185 £ 6 mc (n =10, p <0.05),
a Ha 10-i muH mocne ero okonyanus — 10 171 £ 13 mc (n = 10, p < 0.05). Ha 5-if Mmun mocne
CTUMYJISILIMM OTMEYaNIach TeHACHIS K CHIKEHHIO 3TOTO Mokasaresst o 208 Mc, 0JHaKo u3-
MEHEHHe He ObITO CTaTUCTHUECKH 3HaYMMO (puc. 3).

[TponomkHUTENHHOCTD TOMypacciiabieHust T0CTOBEpHO CHIKaiack Ha 17% k ¢ony nox
BO3/ICHCTBHEM OJHOKpaTHOTO ceanca PAS Tonbko Ha MEepBO MHUHYTE MOCIE BO3ACHCTBUS
¢ 219+ 29 no 180 + 11 mc (n =10, p <0.05). Uepe3 5 MUH 1ociie OKOHYAHUST CTUMYIISIIHN
HaOJfoanach TEHACHIMA K YBEINYECHHIO MPOJOJDKATEILHOCTH 3TOT0 Mokasarens Ha 20%,
a yepe3 10 MuH — cHmxeHne Ha 11% oTHOCHTENBEHO (DOHOBBIX MOKa3arelseil, OMHAKO ATH
M3MEHEHHS HE OBIIIM CTAaTHCTHYECKH 3HAYHUMBI.

Bpemst nonHoro paccnabnenusi ¢ Benuuunbl yeunus B 50% or MVC nocroBepHO co-
Kpamaiocs ¢ 344 + 26 (mepen PAS) no 272 = 16 mc 1 292 + 17 mc Ha 1-# u 5-it MuH moce
OKOHYAHMsI CTUMY/ISAIIMOHHOTO BO3AEHUCTBUS cooTBeTcTBeHHO (1 =10, p <0.05). Ha 10-it
MHH BpeMsi pacciabieHns ObIIo Bce elle Kopoue, yeM 10 BozzaelcTsus PAS, Ho yxe He oT-
JIUYAIOCh OT HETO JOCTOBEPHO (puc. 3).

OpnHokpatsblil ceanc PAS mpuBoIuI K TOCTOBEPHOMY YBEIWYEHUIO YCHUIIMS, pPa3BUBa-
eMmoro crioprcmenamu 3a mniepsbie 50, 100, 150 u 200 MC BBITIOTHEHHS TECTOBOTO JIBYKE-
Hust. Hanbonee BeIpakeHHbIE H3MEHEHUS oTMedaich Ha otMeTke 100 mc — ¢ 24.2 + 4.9 Hm
(nepen ceancom PAS) mo 37.7 + 4.8 Hm na 5-it mun (n =10, p <0.05) u 1o 38.2+ 5.6 Hm
Ha 10-i muH (n = 10, p <0.05) nocne napuoii crumyssiunu (puc. 4). Ha ocranbHbIX yka3zaH-
HBIX BPEMEHHBIX OTMETKAX TAKXKE 3apPETUCTPHPOBAHO JOCTOBEPHOE YBEIMUCHNE PAa3BHBAcC-
MBIX ycunuit (Taom. 1).
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Puc. 3. Bpems noctmxenns MVC, 50% or MVC, nonypaccnabnenus u paccnabnenus ¢ 50% or MVC nox Bo3-
neiictBuem ceanca PAS. * — nocrosepHbie nzmenenus (n = 10, p < 0.05) 0OTHOCHTENBHO MOKA3aTeNel 10 CTUMYIISI-
IIMOHHOTO BO3JCHCTBHS.
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Puc. 4. Kpusas Hapactanus 50% 0T MakcUMalIbHOTO Npon3BoibHOro ycunus (50% MVC) npu BHIIOTHEHUH MO0~
IIBEHHOTO CrUbaHus1 CTOMBI MO BO3JecTBHEM OHOKpaTHOro ceanca PAS (n = 10).

Taonauua 1. Bimsaue ceanca PAS Ha BenmuuuHy yCHIiIHid, pa3BUBaeMBIX UCTIBITyeMbIME Yepe3 50, 100,
150 1 200 Mc noce Havaa BBIOTHEHHUS MTOAONIBEHHOTO CTHOAHHS CTOIIBI

VYennue, Hm
Bpewmst uamepenus ot Hayana Hocse PAS
YCHIIHS, MC
1o PAS
1 Mmun 5 MHH 10 Mun
50 85+1.9 10.0 £ 1.5* 103 +£2.1* 12.2 +£1.9*
100 242+49 32.7+4.2% 37.7+7.9% 38.2 £ 5.6*
150 43.1+8.5 60.3 +7.2% 553+ 11.1% 68.2 +£9.8*
200 63.4+9.6 82.6 £9.2% 76.6 £ 13.4* 91.2+12.7*

ITpumeuanne. * — nocroBepHsle m3MeHeHus (n = 10, p < 0.05) oTHOCHTENEHO HOKa3areneil 0 CTHMYISILHOHHOTO
BO3JICHCTBHA.

OBCYXJEHUE PE3VYJIbTATOB

B nureparype, MOCBSIIICHHON W3Y4YEeHHIO (BH3HOJOTMYECKUX MEXaHH3MOB YIPABICHHS
JIBIDKCHUSIMH M Pa3BUTHIO (DU3MUECKUX KadeCTB (OBICTPOTHI, CHIIBI, KOOPAMHAIIMOHHBIX
crocoOHOCTeH U /1p.), O0JbIIOe 3HaYeHUE TPHOOPETArOT PabOThI, HANpaBJICHHBIC Ha TTOUCK
HOBBIX METOAANYECKUX TTOIXOJIOB U CPEACTB, KOTOPBIE MOTYT ITOBBICUTH (PU3UYECKYIO pado-
TOCIIOCOOHOCTB YeNIOBEKa. Takue MCcCIen0BaHus IPECTABIAIOT 3HAYUTEIBHBIN HHTEPEC IS
MOBBIIIEHUS 3((EKTUBHOCTH TPEHHUPOBOUYHBIX MPOIECCOB croprcMeHoB. K Hacrosmemy
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BPEMEHH YCTAHOBIIEHO, YTO 3JIEKTPUYECKAs] CTUMYJISIIUS CIIMHHOTO MO3Ta MOXET CIIOCO0-
CTBOBATH YIYUIICHNUIO KOOPIMHAIIMOHHBIX CIIOCOOHOCTEH y 3M0POBBIX Jtonieit [16] 1 moBbI-
IIATh CHITy MBIIIL HUXHUX KOHEUHOCTEH y MAallUE€HTOB C MOBPEXKIECHUSIMUA CIIMHHOIO MO3ra
[17]. B pabore Al’joboori ¢ coaBr.[4] moka3aHa BO3MOXKHOCTh TOBBIIICHUS CHJIBI CTUOAHUS
crombl mocpencTBoM PAS, mpenycmarpuBaronieid HaneceHue ucmnbsityeMomy 100 map ctu-
MynoB B TedeHne 14 muH. OnunceiBaeMble BBIIIE 3aKOHOMEPHOCTH O BIMSHHUH CEIEKTHBHON
SNEKTPUUYECKON CTUMYIISIIINY CIIMHHOTO Mo3ra M PAS Ha IBHUTaTenbHyI0 aKTHBHOCTB TOCITY-
JKWJIA OCHOBAaHUEM AJISl IPOBEICHUS SKCIIEPHUMEHTOB 10 BEISICHEHUIO BO3MOXKHOCTH YyITydlle-
HUSI CKOPOCTHO-CHJIOBBIX [TapaMETPOB NTPOM3BOJIHLHOTIO MBIIIEYHOTO YCHIIUS YelOoBeKa.

PesynbTarthl MpoBeNEeHHBIX HaMH HEHPO(PHU3MOIOTHYECKUX HCCIEIOBAHUHA IMO3BOIMIH
W3Y9IHUTh IUHAMHUKY CKOPOCTHO-CHIJIOBBIX MTapaMETPOB IOJOIMIBEHHOTO CIrUOaHHsI CTOMBI TOX
BiusiHeM PAS, a Takke 0COOEHHOCTH XapaKTEPUCTHK MBIIICYHBIX OTBETOB, BHI3BIBAEMBIX
CENEKTUBHBIM U COUYCTAHHBIM BO3JEHCTBUEM MArHUTHBIX CTHMYJIOB HAa MOTOPHYIO KOPY
W DJIEKTPUYECKUX — Ha 3aJIHUE KOpELIKH CIUHHOro mo3ra. [Ipexae Bcero, Tpebyer oOcy-
KJICHNS yCTAHOBJICHHBIH HaMM (DAaKT, YTO aMIUIUTYAa OTBETOB, PETUCTPUPYEeMbIX mpu PAS,
3HAYUTENIFHO TPEBBIMIANAa AMIUTUTYAY OTBETOB IIPH CEJIEKTHBHOW MArHUTHOW CTHMYIISIIVA
MOTOPHOH KOpPBI M 3JIEKTPUYECKOTO Pa3IpaKeHHsl CIMHHOTO Mosra. IIpHumHOM Takoro
KparkoBpeMeHHOro 3¢ ¢dexra PAS Moxer ObITH yCHJICHUE CHHANTHYECKHX CBSI3EH MEXIY
KOPKOBBIMU M CIIMHAJIBLHBIMA MOTOHEWpOHaMH, a Tarkke Mexay la-adpdepenramu n a-mo-
TOHEHPOHAMH BCIIEACTBUE MHOTOKPATHOTO IOBTOPHOTO COMPSDKEHUSI CHUTHAIOB HAa ypPOBHE
CIHMHAJIBHBIX ABUTATEIBHBIX HelipoHos [4]. Ha Hamr B3I, ycHieHHe CHHAITHYECKUX CBSI-
3el MeXk Ay yKa3aHHBIMHU BBIIIE CTPYKTypaMU B KOHEUHOM UTOT€ IPOSABISAETCS B IOBBIIIEHUT
KOPTHUKOCIIMHAJILHOM BO30YIMMOCTH U B OCOOEHHOCTAX OpraHn3allii aKTHBHOCTH, CBOWCT-
BEeHHOH omnpeneneHHOMY Ty MU npu BBIIOTHEHUH pa3HOOOpa3HBIX ABMXKEHUH. [loaTomy
B KaU€CTBE IIPUIHH CYIIECTBEHHOTO NPEBBIIICHUS aMIUTUTY/IbI MBIIIEYHBIX OTBETOB IpH PAS
B CPaBHEHUH C BEIMYMHAMH OTBETOB, BBI3bIBAEMBIX celekTuBHOM TMS u tSCS, npexmnono-
JKUTEJIFHO MOTYT paccMaTpUBAaThCs Ciemyroniue: 1) akTuBanusi BHICOKOIIOPOTOBBIX (OBICT-
PBIX) IBUraTeNIbHBIX SAMHUIL MBIIILL; 2) peKpyTHpoBaHue 6ombiuero ynciaa MU.

IIepBoe 0OBsicHEHUE MTPEACTABISACTCS BIOJIHE JIOTHYHBIM, IIOCKOJIBKY B IUTEpaType UMe-
torcs o auddepennnanmu Mopdorornaecknx U (yHKIHOHAIBHBIX CBOHCTB JBHTATEIbHBIX
€IVHMI CKEJETHBIX MbIUI. Ha oCHOBE 3THMX CBOMCTB BBIAEISAIOT 3 OCHOBHBIX Tuna MU:
S (MenneHHble, ycToW4MBEIE K yToMileHHIO); FR (ObICTpBIE, yCTOHUMBBIE K YTOMIIEHHIO);
FF (ObicTpble, ObicTpoyTOMIsieMbie). bricTprie MU 000HX THIIOB XapaKTepH3yHOTCS BBICO-
KHM IIOPOTOM PEKPYTHPOBAHUS M aKTUBUPYIOTCSA TOJIBKO B TOM CiIydae, Korja Ha UX MOTO-
HEHPOHEI TOCTYIIaeT HHTEHCUBHBIA IOTOK HEpBHBIX nMITyIbeoB [11]. Takue MU cocrosr u3
KPYITHOTO MOTOHEHpOHA C TOJICTHIM aKCOHOM, KOTOPBIH pa3BETBISIETCS Ha OOJBIIOE YUCIIO
KOHIIEBBIX BETOYEK M COOTBETCTBEHHO MHHEPBUPYET OoJiee 3HAYNTEIBHOE KOJIMYECTBO MBbI-
IIEYHBIX BOJIOKOH B CpaBHEHUH ¢ MeqnieHHBIMU MU. BenencTsue yka3aHHBIX CTPYKTYPHBIX
1 (pyHKIMOHAIIBHBIX CBOWCTB y ObICTpbIX MU Ipu COKpaIieHun perucTpUpyeTcs: BHICOKO-
AMITIATYIHBIA MOTEHIINAT JICHCTBHUS U Pa3BUBACTCS CYIIECTBEHHOE IO BEIMYMHE MbIIICT-
HOe ycmmue [12]. 3T0 00CTOATETHCTBO MO3BOIISACT MPEATIONOKHTE, YTO €CITH MapHOE BO3-
JieficTBYe, BKIIOYAIOIEe MATHUTHBIA U 3JIEKTPUYECKUN CTUMYJBI, IPUBOAUT K aKTUBALUU
BBICOKOITOPOTOBBIX ObICTpbIX MU, He PeKpyTHPYIOIIUXCS MPU CEJIEKTUBHON CTUMYJISLINY,
TO MPEBBIMICHNE aMITIUTYbI MBILIEYHOTO OTBETA ITpH PAS B cpaBHEHHUH C €€ CyMMapHO#i Be-
JMYMHON Ha N30MpaTeIbHOE BO3/ICHCTBIE IPHUMEHSIEMBIX CTUMYJIOB IIPEICTABIISIETCS BIIOJIHE
0XKUIAEMBIM.

W3BecTHO, YTO yBEeIHMUEHHE UHTEHCUBHOCTH MarHUTHOTO CTHUMYJIa, HAHOCUMOI'O Ha MO-
TOPHYIO 30HY KOPbI, BBI3BIBACT 00JIee CHUIIbHBIA HACXOMSIINI BO30YKIAIOUINN TOTOK HEPB-
HBIX MMITYJIbCOB, KOTOPBIH NMPHUBOAMUT K Oojiee OBICTPOMY IPOCTPAHCTBEHHO-BPEMEHHOMY
CYMMHPOBAHHUIO B KOPTUKO-MOTOHEHPOHHBIX CHHAIICAaX, B CHITy Y€T0 aKTHBHPYIOTCSI HOBBIE
MU u ammutyna MEP nocreneHHo Bo3pacTaer ¢ yBEIMUYEHUEM UHTEHCUBHOCTU CTUMYJa
[13]. O6bruHO ammutyna MEP nocruraer MakcuMyma Ipy CUJle CTUMYJIa, COCTaBIISIONICH



BJIMSHUE [TAPHOM ACCOLIMATUBHOM CTUM VJIALIUUA 179

70-80% OT MakCHMaJIbHOTO BBIXO/Ia MATHUTHOTO CTUMYJIATOPA, U P AaJbHEHIIEM MOBbI-
IICHWH WHTEHCUBHOCTH Bo3neiicTBus amrumtyga MEP He yBemmumBaercs [18]. CnemoBa-
TEJIBHO, B OCHOBE yBeJanueHHs aMIuiuTyasl MEP nexuT cymmanus noTeHIUaloB 1EHCTBUS
HOBBIX MU, aKTHBHPYIOMIKXCS 1I0 MEpe YBEIHUYCHHUS WHTCHCHBHOCTH CTHMYJa J0 OTpee-
JICHHOHM BENWYHMHEI. AHAJOTHYHBIC OMHMCAHHBIM BEIINIC M3MCHCHHS HAOIONATHCh U B MBI-
IIEYHBIX OTBETAX, BBI3BIBAEMBIX AEKTPHUECKON CTUMYIISIIMEH 3alHIX KOPEIIKOB CIIMHHOTO
Mo3sra. B aToMm ciydae aMIuiMTyaa OTBETOB MBIIII HMXKHUX KOHEYHOCTEH Takke Iporpec-
CUBHO HapacTajla TIpU TOBBIIIEHUHM MHTEHCUBHOCTH cTtumyna Ao 150-160% noporosoro
YPOBHSI, ITOCJIE Yero cTaOMIIN3UPOBANIACh, U TAJIbHEHIIIEro yBEINYEHHs OTBETa Ha BO3pacTa-
HHUE CTUMYJIALIUH He npoucxonuiio [15]. Takum oOpa3om, HanOobIIas aMILIUTY/Ia OTBETOB
pEeTUCTpUpPYETCS MPHU ONPEAETICHHON CHUjle MArHUTHOTO U JIEKTPUYECKOTO CTUMYIIOB, 0Oec-
MEeYMBAOIIEH CyMMAIMIO0 aKTUBHOCTH 00bIIOT0 KomudecTBa MU. B cBsI3u ¢ 3TUM MOXXHO
oJIaraThb, YTO MapHasi aCCOIMATHBHAS CTUMYJISIINS BRI3BIBACT CyMMAIIHIO aKTHBHOCTH OoJiee
3HaunTeNnpHOrO yrcia MU 1o cpaBHEHHIO € X OOIIMM KOJTMIECTBOM IIPH CEIEKTUBHOM BO3-
JIEHCTBAM IBYX BHIOB CTHMYJIOB, 5TO H OTpa)kaeTcs B OoJiee BHICOKOH aMILTUTY/E MBIIICU-
HBIX OTBETOB, BBI3BIBACMBIX MTAPHOW CTHUMYJISIIHCH.

B sKkcnepuMeHTaNbHBIX HUCCICIOBAHUSAX YCTAHOBICHO, YTO OCHOBHBIMHU (DaKTOpaMH,
00eCcreunBaOMMMH TTOBBIIICHUE TPOU3BOJIBHOTO YCHJIMS CKEJICTHBIX MBI, SBIISIOTCS
peKpyTHpOBaHKEe BbICOKONOpOroBeix MU U yBennueHue 4acToThl uX paspsaos [12]. JIBu-
raTejbHbIe SIUHUIBI TAKOTO TUIA COAEPXKAT 3HAYUTEIHHO OOJIbIIE MBIMIEYHBIX BOJIOKOH
B CpaBHCHUHN C HU3KOIIOPOIOBBIMU U IMOSTOMY BHOCAT 60.]'166 CleJ,eCTBeHHbIﬁ BKJIaJl B Ha-
MPSDKCHUE MBIIIIBL. 3aMETHM, YTO BBICOKOITOporoBeie MU xapakTepu3yroTcst 6oiee KopoT-
KM BpEMEHEM COKpallleHus1 ¥ pacciadienus [11]. B cBs3u ¢ 3TuM BriosiHe 000CHOBaHHBIM
BBIIVISLAUT IPEATIONOKEHNE O TOM, YTO COKpamieHne BpeMeHu poctmwkenns MVC u npomon-
KHUTEIBHOCTH paccialieHusi, BeI3bIBaeMoe ceancoM PAS, oOycrmoBnuBaeTcs akTHBamueit
BbICOKOTIOpOToBEIX MU. IlpnunHOM CHIKEHHST BpEMEHH PAcCiabiIeHus O BO3ACHCTBHEM
ceanca PAS, BeposTHO, MOXET OBITh aKTHUBAIHSI BHYTPUKOPKOBBIX M KOPTHKOCIIMHAIBHBIX
HEeHpOHATHHBIX TOPMO3HBIX IETIeH BO BpeMs pacciadieHus. 1I3BeCcTHO, YTO MBIIIIEYHOE pac-
cmabiieHHe — 3TO aKTHBHBIA MPOIECC, COMPOBOXKIAIOMIMNACS MOBEHINMICHHONH aKTHBHOCTHIO
MoTopHOH Kopbl [19]. B mepuon nmpon3BosibpHOro paccinallieHHst MBI PyKH HaOIogaeT-
Csl CHIDKCHHE BO30YIMMOCTH HEHPOHOB KOPTHUKOCIHMHAIBHOTO TPAaKTa, KOHTPOJIMPYIOIMINX
MbIp-MuiieHn [20-22]. Takoe u3MeHEHHE BO30YIUMOCTH OOBSCHSCTCS YBEIUYCHUEM
BHYTPUKOPKOBOTO TOPMOXKEHHSI HETMIOCPEICTBEHHO IIepe]] Ha4yaloM MBILIEYHOTO pacciadie-
HUSI B MOMCHT, COOTBETCTBYOIIUI CHIKCHUIO BO30YIMMOCTH MOTOPHOU KOPBI B IIEJICBOI
Meimie [20]. IloBblmieHHEe BHYTPHKOPKOBOTO TOPMOXKEHHSI B IIPOIECCE IMPOU3BOIBHOTO
MBIIIIEYHOTO pacciabiaeHusl U mepe] HUM OOHapyXeHO Takke B paboTe Motawar ¢ coaBT.
[22]. Omnako B nccnenoBannu Begum ¢ coaBr. [21], HanpoTHB, OBUIO BRIABICHO CHIDKCHHE
BHYTPHUKOPKOBOTO TOPMOXKEHHSI HETIOCPEIACTBEHHO Tepell HayajloM pacciiabieHus. ABTOPHI
JIENTAtOT BBIBOJI, UYTO YCHIICHHE BHYTPHUKOPKOBOH pacTOPMOXCHHOCTH IIepe] HadajloM paccia-
ONeHUS BBI3BIBACT AaKTHBAIMIO CITMHAIBEHBIX TOPMO3HBIX HHTEPHEHPOHOB, BO3ICHCTBYIOIINX
Ha CITUHAIIBHBIC aTb(a-MOTOHEHPOHEI, UTO, B CBOKO 0YEPEIlh, IPUBOIUT K paCCIaOICHUIO 1Ie-
JIeBOM MBIIIIEL. TakuM 00pa3oM, BHYTPHUKOPKOBBIE M KOPTUKOCIIMHAIEHBIE TOPMO3HBIE MEXa-
HHU3MBI OIPEJICICHHO IIPHHUMAIOT YYacTHE B MIPOM3BOJILHOM PacciIabIeHUH MBIIILL, OJJHAKO
3HAHMS O HUX (PparMeHTapHBI U TPEOYIOT JalbHEHIEro YyTOUHEeHHSI.

3AKIIIOYEHUE

Opnoxkpatserii ceanc PAS, Bxumogatormuii 100 mapHBIX CTHMYJIOB C OJXHOBPEMEHHBIM
MOCTYIUICHHEM BO30Y)KIAIOMINX MOTCHIMAJI0B HA MOTOHEHPOHHBIE ITyJIbl CIHHHOTO MO3Ta,
MPUBOAMII K MOBBIIIEHUIO KOPTUKOCIIMHAIBHOM BO30YIMMOCTH, YBEIHMUCHNIO CKOPOCTH pa3-
BUTHSI MaKCHMAJIFHOTO YCHIIUS, a TaKKe 3HAUMTEILHOMY IIPUPOCTY YCHIINH, pa3BUBAEMBIX
3a nepBbie 50, 100, 150 u 200 Mc U30METPUYECKOTO COKPALLEHUS], YKOPOUEHHUIO AJTUTENBHO-
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CTH pacciabiaeHusl IPU BBIMOJIHEHUH MaKCUMAaJIbHOTO MTPOM3BOJILHOTO yeuius. VI3MeHeHus
CKOPOCTHO-CHJIOBBIX MapaMeTPOB MOOIIBEHHOTO CrubaHusl CTOMbI, BbI3biBaeMbie PAS, Be-
POSITHO, OTIPEJIEIISIFOTCS] BOBJIEUEHHEM OOJIBIIIETO KOJIMYECTBA OBICTPHIX BUrATENIbHBIX €1~
HHUII IPH peaTi3aiii MaKCUMAIbHOTO YCHIIHS U TIOBBIIIEHUEM 3(PPEKTUBHOCTH TOPMO3HBIX
MPOIIECCOB B MOTOPHOU KOPE B MOMEHT pacciiablicHHsI.
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The Effect of Paired Associative Stimulation on the Speed-Strength Parameters

of Human Voluntary Movement
S. M. Ivanov®’, V. N. Shlyakhtov?®, and R. M. Gorodnichev*

“Velikiye Luki State Academy of Physical Education and Sports, Velikiye Luki, Russia
“e-mail: sergiusvi@yandex.ru

The successful performance of various coordination complexity sports’ motor actions is
largely determined by the functional interaction between neurons of the primary motor
cortex and spinal cord, realized through anatomical and physiological connections between
these structures. In experimental studies, it was shown that such functional connections
can be targetly changed using the method of paired associative stimulation (PAS). The
main goal of our research was to determine the effects of the PAS with stimuli combining
at the spinal motor neurons on the speed-strength characteristics of human’s voluntary
movement. The study involved 10 healthy male subjects engaged in sports games, aged
18 to 22. The PAS session involved 100 pairs of associative stimuli combined at the spinal
motor neurons. Corticospinal excitability using the transcranial magnetic stimulation
(TMS) method, the spinal motor neurons' excitability through transcutaneous electrical
spinal cord stimulation (tSCS), and the speed-force characteristics of the maximum
voluntary contraction (MVC) of the shin muscles (plantar flexion) were recorded before
and after the PAS. Data analysis showed PAS led to an increase in corticospinal excitability,
an increase in the torque achieved during 50, 100, 150 and 200 ms of MVC, an increase in
the rate of contraction and relaxation of muscles during MVC. These PAS session effects
are probably due to the involvement of a larger number of fast motor units (MU) during
MVC and an increase in the efficiency of inhibitory processes in the motor cortex during
muscle relaxation.

Keywords: Paired associative stimulation, speed-strength abilities, motor system,
corticospinal excitability, isometric contraction



