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Ââåäåíèå. Öåëü èññëåäîâàíèÿ – èçó÷åíèå âëèÿíèÿ ðèòìè÷íîé ìàãíèòíîé ñòèìóëÿöèè ÷åòûðåõ-
ãëàâûõ ìûøö áåäðà îáåèõ íîã íà èíòåãðàòèâíûå ïîêàçàòåëè àýðîáíîé ïîäãîòîâëåííîñòè ñïîðò-
ñìåíîâ òðåõ ðàçëè÷íûõ ñïîðòèâíûõ ñïåöèàëèçàöèé.

Ìàòåðèàëû è ìåòîäû. Îáîðóäîâàíèå: ìàãíèòíûé ñòèìóëÿòîð MAGSTIM RAPID (Magstim Company
Ltd, Spring Gardens, UK), èíåðöèîííûé äèíàìîìåòð BIODEX SYSTEM 4 (Biodex Medical Systems, NY,
USA), âåëîýðãîìåòð MONARK Ergomedic 828E (Monark, Sweden), ãàçîàíàëèçàòîð METALYZER 3B
(Cortex, Germany).

Èñïûòóåìûå: òðè âåëîñèïåäèñòà (ìàñòåðà ñïîðòà); òðè áåãóíà íà ñðåäíèå äèñòàíöèè (êàí-
äèäàòû â ìàñòåðà ñïîðòà); òðè êîíüêîáåæöà – øîðòðåê (ìàñòåðà ñïîðòà). Âñå èñïûòóåìûå –
ñòóäåíòû Ðîññèéñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà ôèçè÷åñêîé êóëüòóðû, ñïîðòà, ìîëîäåæè
è òóðèçìà, äåéñòâóþùèå ñïîðòñìåíû. Ñòàæ çàíÿòèé 6 ëåò. Âîçðàñò 18–20 ëåò. Îïðåäåëÿëèñü
òîòàëüíûå ðàçìåðû òåëà, èíäåêñ ìàññû òåëà, æèðîâàÿ è àêòèâíàÿ ìàññà òåëà â ïðîöåíòàõ.

Ðåçóëüòàòû è îáñóæäåíèå. Ðèòìè÷íîå ñîêðàùåíèå ìûøö ïîä äåéñòâèåì ìàãíèòíîé ñòèìóëÿ-
öèè ñ ÷àñòîòîé 17–35 Ãö âûçûâàåò àêòèâàöèþ ìûøå÷íûõ âîëîêîí òèïà I è ìûøå÷íûõ âîëîêîí
òèïà IIÀ. Â íèõ ïðîèñõîäèò òðàòà ÀÒÔ, ÊðÔ è ðåñèíòåç èõ â ìûøå÷íûõ âîëîêíàõ òèïà I è IIÀ ñ
ïîìîùüþ àýðîáíîãî ãëèêîëèçà. Ðèòìè÷åñêîå ñîêðàùåíèå âûäàâëèâàåò êðîâü èç âåí è óñèëèâàåò
ïîñòóïëåíèå àðòåðèàëüíîé êðîâè ê ìûøöàì. Îïûò ïîêàçàë, ÷òî çà 10 ñîêðàùåíèé â òå÷åíèå
10 äíåé íà êàæäóþ íîãó ñóùåñòâåííûõ ãèïîêñè÷åñêèõ ÿâëåíèé (ëîêàëüíîå ìûøå÷íîå óòîìëåíèå) íå
âîçíèêàåò. Ðåæèì ìàãíèòíîé ñòèìóëÿöèè âûïîëíÿåòñÿ áåç ðàññëàáëåíèÿ (â òå÷åíèå 5 ñ), ïîýòîìó
èìååòñÿ îãðàíè÷åííîå êðîâîñíàáæåíèå, êîòîðîå ñïîñîáñòâóåò ñîçäàíèþ â ìûøå÷íûõ âîëîêíàõ
(ÌÂ) ôàêòîðîâ, ñòèìóëèðóþùèõ ãèïåðïëàçèþ ìèîôèáðèëë, à èìåííî, ïîÿâëåíèå ñâîáîäíîãî êðåà-
òèíà, ãîðìîíîâ è óìåðåííîå çàêèñëåíèå. Ìîùíîå íàïðÿæåíèå êðóïíîé ãðóïïû ìûøö – ðàçãèáàòå-
ëåé êîëåííîãî ñóñòàâà âûçûâàåò âûäåëåíèå â êðîâü àíàáîëè÷åñêèõ ãîðìîíîâ, â ÷àñòíîñòè, ãîðìî-
íà ðîñòà. Ñïîðòñìåíû ðåãóëÿðíî òðåíèðîâàëèñü, âûïîëíÿëè àýðîáíóþ íàãðóçêó ñ àêòèâàöèåé îêèñ-
ëèòåëüíûõ è ïðîìåæóòî÷íûõ ÌÂ. Ïîýòîìó ïîñëå ñåðèè ìàãíèòíûõ ñòèìóëÿöèé áûëî îäíîâðåìåí-
íî ïîëó÷åíî óâåëè÷åíèå ìàêñèìàëüíîé àëàêòàòíîé ìîùíîñòè ÌÀÌ (ãèïåðïëàçèÿ ìèîôèáðèëë) è
ïîòðåáëåíèå êèñëîðîäà íà óðîâíå àýðîáíîãî (ÀýÏ) è àíàýðîáíîãî (ÀíÏ) ïîðîãîâ. Äîêàçàíà ïåðèôå-
ðè÷åñêàÿ ïðèðîäà ðîñòà ïîêàçàòåëåé ïîòðåáëåíèÿ êèñëîðîäà íà óðîâíå ÀýÏ è ÀíÏ. Â êîíòðîëüíîé
ãðóïïå ïðîèçîøëî òîëüêî ñòàòèñòè÷åñêè äîñòîâåðíîå (ð<0.01) óâåëè÷åíèå ÌÀÌ, à ïîêàçàòåëè
ïîòðåáëåíèÿ êèñëîðîäà íå èçìåíèëèñü, ñëåäîâàòåëüíî, íå ìàãíèòíàÿ ñòèìóëÿöèÿ ñïîñîáñòâîâà-
ëà ðîñòó ïîòðåáëåíèÿ êèñëîðîäà íà óðîâíå ÀýÏ è ÀíÏ, à äîïîëíèòåëüíî âûïîëíÿåìàÿ àýðîáíàÿ
òðåíèðîâêà. Ñèëà âûðîñëà çà ñ÷åò îêèñëèòåëüíûõ ìûøå÷íûõ âîëîêîí ÎÌÂ (ÌÂ òèïà I), ýòî ïðèâå-
ëî ê ðîñòó ïîòðåáëåíèÿ êèñëîðîäà íà óðîâíå ÀíÏ (ðîñò ìàññû ìèòîõîíäðèé). Ìåõàíèçì ðîñòà
àýðîáíûõ âîçìîæíîñòåé áûë îäèíàêîâ, íà áàçå íîâûõ ìîðôîëîãè÷åñêèõ ñòðóêòóð – ìèîôèáðèëë
ÎÌÂ. Ïîÿâèëàñü âîçìîæíîñòü äëÿ ãèïåðïëàçèè ìèòîõîíäðèé â ÌÂ òèïà I. Ãèïåðïëàçèÿ ìûøå÷íûõ
âîëîêîí è óâåëè÷åíèå ñèëû ìûøö ó ïðåäñòàâèòåëåé ýêñïåðèìåíòàëüíûõ ãðóïï íå îòðàçèëàñü äîñ-
òîâåðíî íà ïðèðîñòå àêòèâíîé ìàññû òåëà. Â öåëîì, â ïðîâåäåííîì èññëåäîâàíèè, áûëè ïîëó÷åíû
ôàêòû â ïîëüçó ïåðèôåðè÷åñêîé òåîðèè, îáúÿñíÿþùåé ïðè÷èíû ïîÿâëåíèÿ àýðîáíîãî è àíàýðîáíî-
ãî ïîðîãîâ.

Âûâîäû: Ìàãíèòíàÿ ñòèìóëÿöèÿ ÷åòûðåõãëàâûõ ìûøö áåäðà ñ ÷àñòîòîé 17–35 Ãö, â èçîêèíå-
òè÷åñêîì ðåæèìå, ïðîäîëæèòåëüíîñòüþ 5 ñåêóíä ñ èíòåðâàëîì îòäûõà 5 ñ, ñ êîëè÷åñòâîì ïî
10 ðàç íà êàæäóþ íîãó â òå÷åíèå 10 äíåé, ñòèìóëèðóåò îäíîâðåìåííîå ñòàòèñòè÷åñêè äîñòîâåðíîå
óâåëè÷åíèå ìàêñèìàëüíîé àëàêòàòíîé ìîùíîñòè, à ïðè èñïîëüçîâàíèè åùå è àýðîáíûõ òðåíèðî-
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Влияние магнитной стимуляции на аэробные возможности мышц

Введение

Â àíòðîïîëîãèè, èçó÷àþùåé ôèçè÷åñêîå ñòðî-
åíèå ÷åëîâåêà, âàæíûì àñïåêòîì ìîæíî ñ÷èòàòü
ìîðôîëîãè÷åñêèå îñîáåííîñòè åãî äâèãàòåëüíîé
äåÿòåëüíîñòè. À ïîñêîëüêó äâèæåíèå îñóùåñòâ-
ëÿåòñÿ ìûøöàìè, èõ ôóíêöèîíèðîâàíèå îïðåäå-
ëÿåò ýôôåêòèâíîñòü òîãî èëè èíîãî äâèãàòåëüíî-
ãî äåéñòâèÿ ëþäåé ñ ðàçëè÷àþùèìèñÿ àíòðîïî-
ìåòðè÷åñêèìè ïîêàçàòåëÿìè. ×åëîâåê â õîäå
ñïîðòèâíîé äâèãàòåëüíîé äåÿòåëüíîñòè èñïûòû-
âàåò ðàçëè÷íûå âîçäåéñòâèÿ íà ìûøå÷íûé àïïà-
ðàò äëÿ äîñòèæåíèÿ ïîëåçíîãî ýôôåêòà â óïðàæ-
íåíèè åãî ñïåöèàëèçàöèè. Êàê â ýòîé ñâÿçè èçìå-
íÿþòñÿ ìîðôîëîãè÷åñêèå ïîêàçàòåëè ÷åëîâåêà,
èìååò íåñîìíåííûé èíòåðåñ äëÿ èçó÷åíèÿ òåíäåí-
öèé è âûáîðà ýôôåêòèâíûõ íàïðàâëåíèé â ôîð-
ìèðîâàíèè è ñîâåðøåíñòâîâàíèè äâèãàòåëüíîé
äåÿòåëüíîñòè ÷åëîâåêà.

Ïðîáëåìà ðîñòà àýðîáíûõ âîçìîæíîñòåé ó
ñïîðòñìåíîâ ñâÿçàíà ñ öåíòðàëüíîé è ïåðèôåðè-
÷åñêîé òåîðèÿìè [Êîö, 1982]. Ñîãëàñíî öåíòðàëü-
íîé òåîðèè ïîòðåáëåíèå êèñëîðîäà è ïîêàçàòåëè
àýðîáíîãî (ÀýÏ) è àíàýðîáíîãî (ÀíÏ) ïîðîãîâ çà-
âèñÿò îò ñêîðîñòè äîñòàâêè êèñëîðîäà ê ìûøå÷-
íûì âîëîêíàì (ÌÂ). Ïîýòîìó ïîêàçàòåëè àýðîá-
íûõ âîçìîæíîñòåé çàâèñÿò îò ìèíóòíîãî îáúåìà
êðîâîîáðàùåíèÿ è ñòåïåíè êàïèëëÿðèçàöèè ìûøö
[Ìÿêèí÷åíêî è äð., 1999].

Â ñîîòâåòñòâèè ñ ïåðèôåðè÷åñêîé òåîðèåé
[Êîö, 1982; Íåòðåáà è äð., 2011] ïîêàçàòåëè ïî-
òðåáëåíèÿ êèñëîðîäà íà óðîâíå ÀýÏ çàâèñÿò îò
ðåêðóòèðîâàíèÿ âñåõ îêèñëèòåëüíûõ ìûøå÷íûõ
âîëîêîí ÎÌÂ (ÌÂ òèïà I), à ÀíÏ îò ðåêðóòèðîâà-
íèÿ âñåõ îêèñëèòåëüíûõ ìûøå÷íûõ âîëîêîí ÎÌÂ
(ÌÂ òèïà I) è ïðîìåæóòî÷íûõ ìûøå÷íûõ âîëîêîí
ÏÌÂ (ÌÂ òèïà IIÀ).

Â ñëó÷àå ñïðàâåäëèâîñòè ïåðèôåðè÷åñêîé
òåîðèè ðîñò ñèëû îêèñëèòåëüíûõ ìûøå÷íûõ âî-
ëîêîí òèïà I è ïðîìåæóòî÷íûõ ìûøå÷íûõ âîëî-
êîí òèïà IIÀ, ïðè ðåãóëÿðíîé àýðîáíîé òðåíèðîâ-
êå, äîëæåí âåñòè ê ðîñòó ïîòðåáëåíèÿ êèñëîðîäà
íà óðîâíå ÀýÏ è ÀíÏ.

Öåëü èññëåäîâàíèÿ: èçó÷èòü âëèÿíèå ðèòìè÷-
íîé ìàãíèòíîé ñòèìóëÿöèè íà ïîêàçàòåëè àýðîá-
íîé ïîäãîòîâëåííîñòè ñïîðòñìåíîâ.

Материал и методы

Èñïîëüçóåìîå îáîðóäîâàíèå: ìàãíèòíûé ñòè-
ìóëÿòîð MAGSTIM RAPID (Magstim Company Ltd,
Spring Gardens, UK), èíåðöèîííûé äèíàìîìåòð
BIODEX SYSTEM 4 (Biodex Medical Systems, NY,
USA), âåëîýðãîìåòð MONARK Ergomedic 828E
(Monark, Sweden), ãàçîàíàëèçàòîð METALYZER 3B
(Cortex, Germany).

Îáñëåäóåìûå. Â ýêñïåðèìåíòå ó÷àñòâîâàëè:
òðè âåëîñèïåäèñòà, êâàëèôèêàöèÿ – ìàñòåðà
ñïîðòà; òðè áåãóíà íà ñðåäíèå äèñòàíöèè, êâàëè-
ôèêàöèÿ – êàíäèäàòû â ìàñòåðà ñïîðòà; òðè êîíü-
êîáåæöà, êâàëèôèêàöèÿ – ìàñòåðà ñïîðòà.

Âñå èñïûòóåìûå – ñòóäåíòû èíñòèòóòà ôèçè-
÷åñêîé êóëüòóðû, íà ìîìåíò ïðîâåäåíèÿ òåñòèðî-
âàíèÿ èìåëè ñòàæ çàíÿòèé èçáðàííûì âèäîì
ñïîðòà – 6 ëåò è ÿâëÿëèñü äåéñòâóþùèìè ñïîðò-
ñìåíàìè. Âîçðàñò èñïûòóåìûõ ñîñòàâëÿë 18-20 ëåò.

Òåñòèðîâàíèå ïðîâîäèëîñü â äåíü îòäûõà
ñïîðòñìåíîâ íà âîññòàíîâèòåëüíîé íåäåëå.
Ó ñïîðòñìåíîâ òàêæå îïðåäåëÿëèñü òîòàëüíûå
ðàçìåðû, èíäåêñ ìàññû òåëà, îòíîñèòåëüíûå ïî-
êàçàòåëè æèðîâîé è àêòèâíîé ìàññû òåëà ïî
Gallagher et al, 2000.

Ïðîãðàììà òðåíèðîâêè. Ìàãíèòíàÿ ñòèìóëÿ-
öèÿ ÷åòûðåõãëàâûõ ìûøö áåäåð ïðîâîäèëàñü ñèäÿ
íà ñèëîèçìåðèòåëüíîì êîìïëåêñå – BIODEX, êîã-
äà èñïûòóåìûå, â ïîëîæåíèè ñèäÿ, îäíîé èç íîã
îñóùåñòâëÿëè êîëåáàòåëüíûå äâèæåíèÿ â âåðòè-
êàëüíîì íàïðàâëåíèè â èçîêèíåòè÷åñêîì ðåæèìå.
×àñòîòà âîçäåéñòâèÿ ñòèìóëÿòîðà óñòàíàâëèâà-
ëàñü â ñîîòâåòñòâèè ñ ÷àñòîòîé, êîòîðàÿ íàõîäè-
ëàñü â èíòåðâàëå îò 17 äî 35 Ãö. Êîéë ìàãíèòíîãî
ñòèìóëÿòîðà óñòàíàâëèâàëñÿ íà áåäðî òàêèì îáðà-
çîì, ÷òîáû ìàãíèòíûì ïîòîêîì áûëè çàõâà÷åíû
êàê ìèíèìóì äâå ãîëîâêè ÷åòûðåõãëàâîé ìûøöû.
Ïî êîìàíäå ýêñïåðèìåíòàòîðà èñïûòóåìûé íàïðÿ-

âîê ê ðîñòó ïîòðåáëåíèÿ êèñëîðîäà íà óðîâíå àýðîáíîãî è àíàýðîáíîãî ïîðîãîâ ïðè ñíèæåíèè ïîêà-
çàòåëåé ÌÏÊ. Ìàãíèòíóþ ñòèìóëÿöèþ ìûøö ñïîðòñìåíîâ ñ ÷àñòîòàìè èç äèàïàçîíà 17–
35 Ãö ìîæíî ðàññìàòðèâàòü êàê ñïîñîá óâåëè÷åíèÿ àýðîáíûõ âîçìîæíîñòåé è ìûøå÷íîé ñèëû áåç
äîñòîâåðíîãî ïðèðîñòà ìûøå÷íîé ìàññû òåëà.

Êëþ÷åâûå ñëîâà: òåñòèðîâàíèå, ìàãíèòíàÿ ñòèìóëÿöèÿ, íåïðÿìàÿ êàëîðèìåòðèÿ, òîòàëü-
íûå ðàçìåðû òåëà, èíäåêñ ìàññû òåëà, æèðîâàÿ, àêòèâíàÿ ìàññà òåëà
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ãàë ìûøöó â èçîêèíåòè÷åñêîì ðåæèìå è â ýòîò
ìîìåíò ïîäàâàëñÿ ìàãíèòíûé ñèãíàë. Äëèòåëü-
íîñòü âîçäåéñòâèÿ ñîñòàâëÿëà 5 ñåêóíä. Ïîñëå ÷åãî
èñïûòóåìûé îòäûõàë 5 ñ. Ïîòîì ïîäàâàëñÿ ñëåäó-
þùèé ñèãíàë äî 10 öèêëîâ. Òàêèì îáðàçîì, èñïû-
òóåìûé âûïîëíÿë åæåäíåâíî ïî 10 íàïðÿæåíèé íà
êàæäóþ íîãó ñ îäíîâðåìåííîé ñòèìóëÿöèåé, ïðè-
÷åì ýòîìó ïðåäøåñòâîâàëà ðàçìèíêà ñïîðòñìåíà.
Â òå÷åíèå äåñÿòèäíåâíîãî ïåðèîäà âðåìåíè ìàã-
íèòíàÿ ñòèìóëÿöèÿ ïðîâîäèëàñü åæåäíåâíî.

Äî è ïîñëå ìàãíèòíîé ñòèìóëÿöèè ïðîâîäè-
ëîñü òåñòèðîâàíèå íà âåëîýðãîìåòðå Monark 828E
â âèäå òåñòà ñî ñòóïåí÷àòî ïîâûøàþùåéñÿ ìîù-
íîñòüþ ïðè ïîñòîÿííîì òåìïå ïåäàëèðîâàíèÿ –
75 îá/ìèí. Èñõîäíàÿ ìîùíîñòü çàäàâàëàñü ñ 38 Âò
è ïîâûøàëàñü êàæäûå äâå ìèíóòû íà 38 Âò äî
äîñòèæåíèÿ óðîâíÿ ÌÏÊ. Îäíîâðåìåííî ïðîâîäè-
ëè èçìåðåíèå ïîêàçàòåëåé âíåøíåãî äûõàíèÿ ñ
ïîìîùüþ ãàçîàíàëèçàòîðà Metalyzer 3B. Ðåãèñò-
ðàöèþ ðèòìà ñåðäöà îñóùåñòâëÿëè ñ ïîìîùüþ
êàðäèîïóëüñîìåòðà ôèðìû Polar rs800cx.

Ñïîðòñìåíû âåëîñèïåäèñòû è áåãóíû íà ñðåä-
íèå äèñòàíöèè âûïîëíÿëè ðåãóëÿðíûå òðåíèðîâêè
ïî 60–90 ìèí. 4 ðàçà â íåäåëþ ñ èíòåíñèâíîñòüþ
íà óðîâíå èëè íåñêîëüêî âûøå àýðîáíîãî ïîðîãà.
Ñïîðòñìåíû êîíüêîáåæöû áûëè êîíòðîëüíîé ãðóï-
ïîé, ò.å. îíè ó÷àñòâîâàëè â ëàáîðàòîðíîì ýêñïå-
ðèìåíòå, íî íå òðåíèðîâàëèñü (çàêîí÷èëñÿ ñåçîí,
ïåðåõîäíûé ïåðèîä).

Результаты

Ïî ðåçóëüòàòàì òåñòà ñî ñòóïåí÷àòî ïîâûøà-
þùåéñÿ ìîùíîñòüþ íà âåëîýðãîìåòðå áûëè îï-
ðåäåëåíû èñõîäíûå ôóíêöèîíàëüíûå ïîêàçàòåëè
ñïîðòñìåíîâ – ïîòðåáëåíèå êèñëîðîäà íà óðîâíå
àýðîáíîãî ïîðîãà (ÏÊ ÀýÏ, ë/ìèí), ïîòðåáëåíèå
êèñëîðîäà íà óðîâíå àíàýðîáíîãî ïîðîãà (ÏÊ ÀíÏ,
ë/ìèí), à òàêæå ÷àñòîòà ñåðäå÷íûõ ñîêðàùåíèé íà
óðîâíå àýðîáíîãî (×ÑÑ ÀýÏ, óä/ìèí) è àíàýðîá-
íîãî ïîðîãîâ (×ÑÑ ÀíÏ, óä/ìèí), ìàêñèìàëüíîå
ïîòðåáëåíèå êèñëîðîäà (ÌÏÊ, ë/ìèí), ìàêñèìàëü-
íàÿ àëàêòàòíàÿ ìîùíîñòü (ÌÀÌ, Âò).

Â òàáëèöå 1 ïðåäñòàâëåíû ðåçóëüòàòû èññëå-
äîâàíèÿ ñïîðòñìåíîâ äî íà÷àëà òðåíèðîâîê ñ
ìàãíèòíîé ñòèìóëÿöèåé.

Ïîñëå ïðîâåäåíèÿ òðåíèðîâîê ñ èñïîëüçîâà-
íèåì ìàãíèòíîé ñòèìóëÿöèè áûë ïðîâåäåí ïîâòîð-
íûé òåñò ñî ñòóïåí÷àòî ïîâûøàþùåéñÿ ìîùíîñ-
òüþ íà âåëîýðãîìåòðå ñ öåëüþ îïðåäåëåíèÿ èç-
ìåíåíèÿ èñõîäíûõ äàííûõ ïåðâîãî òåñòà.

Â òàáëèöå 2 ïðåäñòàâëåíû äàííûå îá èçìå-
íåíèè ïîêàçàòåëåé ôóíêöèîíàëüíîãî òåñòèðîâà-
íèÿ â ýêñïåðèìåíòàëüíîé (ÝÃ) è êîíòðîëüíîé (ÊÃ)
ãðóïïàõ. Âíóòðèãðóïïîâîå ñðàâíåíèå âûïîëíÿëîñü
ñ ïîìîùüþ îäíîôàêòîðíîãî äèñïåðñèîííîãî àíà-
ëèçà äëÿ ñâÿçàííûõ âûáîðîê. Âèäíî, ÷òî â ýêñïå-
ðèìåíòàëüíîé ãðóïïå (ÝÃ) íà óðîâíå àýðîáíîãî
ïîðîãà (ÀýÏ) ïðîèçîøëî ñòàòèñòè÷åñêè äîñòîâåð-
íîå (p<0.001) óâåëè÷åíèå ïîòðåáëåíèÿ êèñëîðî-
äà (ë/ìèí) è ñîîòâåòñòâåííî ÷àñòîòû ñåðäå÷íûõ
ñîêðàùåíèé (×ÑÑ, óä/ìèí), íà óðîâíå àíàýðîá-
íîãî ïîðîãà (ÀíÏ) ïðîèçîøëî òàêæå óâåëè÷åíèå
ïîòðåáëåíèÿ êèñëîðîäà (ë/ìèí) è ÷àñòîòû ñåðäå÷-
íûõ ñîêðàùåíèé (p<0.001). Ïðè÷åì ìàêñèìàëüíîå
ïîòðåáëåíèå êèñëîðîäà (ÌÏÊ) ñòàòèñòè÷åñêè äî-
ñòîâåðíî ñíèçèëîñü (p<0.05). Ìàêñèìàëüíàÿ
àëàêòàòíàÿ ìîùíîñòü (ÌÀÌ) â ÝÃ ñòàòèñòè÷åñêè
äîñòîâåðíî (p<0.001) óâåëè÷èëàñü.

Â ÊÃ ðàçëè÷èå ìåæäó ïîòðåáëåíèåì êèñëîðî-
äà íà óðîâíå ÀýÏ è ÀíÏ ñòàòèñòè÷åñêè äîñòîâåð-
íî íå èçìåíèëîñü (p>0.05), êàê è ïîêàçàòåëè ×ÑÑ.
Ïîêàçàòåëü, õàðàêòåðèçóþùèé ñêîðîñòíî-ñèëîâûå
âîçìîæíîñòè (ÌÀÌ) äî è ïîñëå ïðîâåäåíèÿ ýêñ-
ïåðèìåíòà, óâåëè÷èëñÿ ñòàòèñòè÷åñêè äîñòîâåð-
íî (p<0.001).

Ó ñïîðòñìåíîâ çà ïåðèîä ýêñïåðèìåíòà ìàñ-
ñà òåëà íåäîñòîâåðíî âûðîñëà ñ 62.9±4.4 äî
63.2±4.0 (p>0.1).

Ïðîâåäåíèå ìåæãðóïïîâîãî ñðàâíåíèÿ (îäíî-
ôàêòîðíûé äèñïåðñèîííûé àíàëèç äëÿ íåñâÿçàí-
íûõ âûáîðîê) ïîêàçàëî, ÷òî ñòàòèñòè÷åñêè äîñòî-
âåðíûå ðàçëè÷èÿ èìåþòñÿ ïî âñåì ïîêàçàòåëÿì
àýðîáíîãî (p<0.01) è àíàýðîáíîãî ïîðîãîâ (p<0.01)
(ïîòðåáëåíèå êèñëîðîäà è ×ÑÑ). Íåò äîñòîâåðíîãî
ðàçëè÷èÿ ïî âåëè÷èíå èçìåíåíèÿ ÌÀÌ, ïîñêîëü-
êó â ÊÃ è ÝÃ ïðîèçîøåë ðîñò ýòîãî ïîêàçàòåëÿ.

Òàáëèöà 1. Èçìåíåíèå ïîêàçàòåëåé ôóíêöèîíàëüíîãî òåñòèðîâàíèÿ äî òðåíèðîâêè ñ ìàãíèòíîé
ñòèìóëÿöèåé (n=9)
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Îäíîâðåìåííî ñ èçìåðåíèåì ôóíêöèîíàëü-
íûõ ïîêàçàòåëåé ïðîâîäèëîñü è èçó÷åíèå äèíà-
ìèêè ëåãî÷íîé âåíòèëÿöèè è ÷àñòîòû ñåðäå÷íûõ
ñîêðàùåíèé âî âðåìÿ âûïîëíåíèÿ òåñòà ñî ñòó-
ïåí÷àòî ïîâûøàþùåéñÿ ìîùíîñòüþ íà âåëîýðãî-
ìåòðå äî è ïîñëå ïðîâåäåíèÿ òðåíèðîâêè ñ ìàã-
íèòíîé ñòèìóëÿöèåé.

Â ðåçóëüòàòå áûëî âûÿâëåíî, ÷òî óâåëè÷åíèþ
ôóíêöèîíàëüíûõ ïîêàçàòåëåé ïðåäøåñòâîâàëî è
ñíèæåíèå ëåãî÷íîé âåíòèëÿöèè (ËÂ, ë/ìèí) íà
ñòàíäàðòíûõ ñòóïåíÿõ ìîùíîñòè íàãðóçêè, êàê
ïîêàçàíî íà ðèñ. 1, ñ ìîùíîñòè 75 Âò è äî ìîùíî-
ñòè 300 Âò, ïðè÷åì ðàçíèöà ñíèæåíèÿ ëåãî÷íîé
âåíòèëÿöèè äî ìîùíîñòè àýðîáíîãî ïîðîãà ñîñòà-
âèëà ∆=4 ë/ìèí, è äî ìîùíîñòè àíàýðîáíîãî ïî-
ðîãà ∆=11.5 ë/ìèí.

Ïðè ñðàâíåíèè äèíàìèêè ÷àñòîòû ñåðäå÷íûõ
ñîêðàùåíèé äî è ïîñëå ïðîâåäåíèÿ ìàãíèòíîé
ñòèìóëÿöèè â òåñòå ñî ñòóïåí÷àòî ïîâûøàþùåé-
ñÿ ìîùíîñòüþ íà âåëîýðãîìåòðå (ðèñ. 2) áûëà
âûÿâëåíà òàêæå òåíäåíöèÿ ê óðåæåíèþ ïóëüñà äî
ìîùíîñòè àíàýðîáíîãî ïîðîãà ∆=4 óä/ìèí. Îäíà-
êî ïîñëå ìîùíîñòè àíàýðîáíîãî ïîðîãà íàáëþäà-
åòñÿ òåíäåíöèÿ ê ó÷àùåíèþ ïóëüñà äî îêîí÷àíèÿ
íàãðóçêè ðàâíîé ìîùíîñòè ÌÏÊ ( ∆=8 óä/ìèí).

Ïðàêòè÷åñêàÿ çíà÷èìîñòü ïîëó÷åííûõ ðåçóëü-
òàòîâ áûëà ïîäòâåðæäåíà âûñòóïëåíèåì íà ñî-
ðåâíîâàíèÿõ, ãäå ó âñåõ ñïîðòñìåíîâ íàáëþäàë-
ñÿ ðîñò ëè÷íûõ ñïîðòèâíûõ ðåçóëüòàòîâ.

Ìàêñèìàëüíûé ïðèðîñò ðåçóëüòàòà ó âåëîñè-
ïåäèñòà ó÷àñòíèêà ðàçäåëüíîé ãîíêè ×åìïèîíàòà
Ðîññèè óëó÷øèëñÿ íà 15 ìåñò – ñ 20-ãî ïî 5-å ìå-
ñòî, ïî ñîáñòâåííûì îùóùåíèÿì ñïîðòñìåíà
óìåíüøèëèñü áîëåâûå îùóùåíèÿ â íîãàõ â âèäå
«çàáèòîñòè ìûøö íîã». Â ãðóïïå ëåãêîàòëåòîâ
ìàêñèìàëüíûé ðåçóëüòàò áûë ïîêàçàí â áåãå íà

800 ì, ïðèðîñò ðåçóëüòàòà ñîñòàâèë 1.8 ñåê, ñïîðò-
ñìåí âûïîëíèë íà ëåòíåì Ïåðâåíñòâå Ðîññèè
íîðìàòèâ êàíäèäàòà â ìàñòåðà ñïîðòà.

Â òàáëèöå 3 ïðåäñòàâëåíû íåêîòîðûå ìîðôî-
ëîãè÷åñêèå õàðàêòåðèñòèêè ñïîðòñìåíîâ ó÷àñòíè-
êîâ ýêñïåðèìåíòà.

Èç òàáëèöû âèäíî, ÷òî ëåãêîàòëåòû-áåãóíû â
ñðåäíåì èìåþò ìåíüøóþ äëèíó òåëà è ìàññó òåëà
ïî ñðàâíåíèþ ñ âåëîñèïåäèñòàìè, îäíàêî îíè
ïðàêòè÷åñêè íå îòëè÷àþòñÿ â çíà÷åíèÿõ èíäåêñà
ìàññû òåëà, îòíîñèòåëüíûõ ïîêàçàòåëÿõ æèðîâîé
ìàññû è àêòèâíîé ìàññû òåëà. Ïðåäñòàâèòåëè êîí-
òðîëüíîé ãðóïïû (êîíüêîáåæöû-øîðòðåê) èìåëè ïî
ñðàâíåíèþ ñ ïðåäñòàâèòåëÿìè ýêñïåðèìåíòàëü-
íûõ ãðóïï áîëåå âûñîêèå çíà÷åíèÿ èíäåêñà ìàñ-
ñû òåëà è æèðîâîé ìàññû òåëà â ïðîöåíòàõ ê ìàñ-
ñå òåëà.

Áîëåå âûñîêèå ïîêàçàòåëè ñîñòàâà òåëà ìî-
ãóò áûòü ñâÿçàíû ñ îêîí÷àíèåì ñïîðòèâíîãî ñåçî-
íà äëÿ øîðòðåêîâèêîâ. Âìåñòå ñ òåì ïðåäñòàâè-
òåëè âñåõ òðåõ ñïîðòèâíûõ ñïåöèàëèçàöèé èìåëè
çíà÷åíèÿ èíäåêñà ìàññû òåëà â ïðåäåëàõ ãðàíè-
öû íîðìû äëÿ äàííîãî âîçðàñòà è ïîëà.

Обсуждение результатов

Ðèòìè÷íîå ñîêðàùåíèå ìûøö ïîä äåéñòâè-
åì ìàãíèòíîé ñòèìóëÿöèè ñ ÷àñòîòîé 17–35 Ãö
âûçûâàåò àêòèâàöèþ ìûøå÷íûõ âîëîêîí òèïà I è
ìûøå÷íûõ âîëîêîí òèïà IIÀ. Â íèõ ïðîèñõîäèò
òðàòà ÀÒÔ, ÊðÔ è ðåñèíòåç èõ â ìûøå÷íûõ âîëî-
êîíàõ òèïà I è ìûøå÷íûõ âîëîêîíàõ òèïà IIÀ ñ
ïîìîùüþ àýðîáíîãî ãëèêîëèçà, îäíàêî äëèòåëü-
íîå íàïðÿæåíèå (5 ñ) ìîæåò âûçâàòü â ÌÂ òèïà I è

Òàáëèöà 2. Èçìåíåíèå ïîêàçàòåëåé ôóíêöèîíàëüíîãî òåñòèðîâàíèÿ ïîñëå òðåíèðîâêè ñ ìàãíèòíîé
ñòèìóëÿöèåé (ÝÃ, n=6; ÊÃ, n=3)
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Ðèñ. 1. Ïðèìåð èçìåíåíèÿ ëåãî÷íîé âåíòèëÿöèè äî è ïîñëå ìàãíèòíîé ñòèìóëÿöèè â òåñòå ñî ñòóïåí÷àòî
ïîâûøàþùåéñÿ ìîùíîñòüþ íà âåëîýðãîìåòðå ó èñïûòóåìîãî ýêñïåðèìåíòàëüíîé ãðóïïû

Ðèñ. 2. Ïðèìåð èçìåíåíèÿ ×ÑÑ äî è ïîñëå ìàãíèòíîé ñòèìóëÿöèè â òåñòå ñî ñòóïåí÷àòî ïîâûøàþùåéñÿ
ìîùíîñòüþ íà âåëîýðãîìåòðå ó èñïûòóåìîãî ýêñïåðèìåíòàëüíîé ãðóïïû
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ÌÂ òèïà IIÀ íåïîëíîå îêèñëåíèå ïèðóâàòà, ïîýòî-
ìó â ìûøöå ìîãëà íàêàïëèâàòüñÿ ìîëî÷íàÿ êèñ-
ëîòà. Ðèòìè÷åñêîå ñîêðàùåíèå âûäàâëèâàåò
êðîâü èç âåí è óñèëèâàåò ïîñòóïëåíèå àðòåðèàëü-
íîé êðîâè ê ìûøöàì, íî äëèòåëüíîå íàïðÿæåíèå
ìîæåò ïðèâåñòè ê îêêëþçèè ñîñóäîâ, ÿâëåíèÿì ãè-
ïîêñèè. Îäíàêî îïûò ïîêàçàë, ÷òî çà 100 ñîêðà-
ùåíèé íà êàæäóþ íîãó (ïî 10 ñîêðàùåíèé íà êàæ-
äóþ íîãó â òå÷åíèå 10 äíåé) ñóùåñòâåííûõ ãèïîê-
ñè÷åñêèõ ÿâëåíèé (ëîêàëüíîå ìûøå÷íîå óòîìëå-
íèå) íå âîçíèêàåò.

Àêòèâàöèÿ àýðîáíûõ ïðîöåññîâ ìîãëî áû ïðè-
âåñòè ê ãèïåðïëàçèè ìèòîõîíäðèé, îäíàêî, â ÌÂ
òèïà I ñòðîèòåëüñòâî íîâûõ ìèòîõîíäðèé íåâîç-
ìîæíî, ïîñêîëüêó âñå ìèîôèáðèëëû óæå äî ïðå-
äåëà îïëåòåíû ìèòîõîíäðèàëüíîé ñåòüþ. Ïîýòî-
ìó ïðåäïîëàãàåì (ãèïîòåçà), ÷òî åäèíñòâåííûì
âîçìîæíûì ïóòåì ðîñòà ìàññû ìèòîõîíäðèé â ÌÂ
òèïà I ÿâëÿåòñÿ ðîñò ñèëû ÌÂ òèïà I (ãèïåðïëàçèÿ
ìèîôèáðèëë). Âîêðóã íîâûõ ìèîôèáðèëë ìîãóò
ðàçðàñòàòüñÿ íîâûå ìèòîõîíäðèè.

Ðåæèì ìàãíèòíîé ñòèìóëÿöèè âûïîëíÿåòñÿ
áåç ðàññëàáëåíèÿ (â òå÷åíèå 5 ñ), ïîýòîìó èìååò-
ñÿ îãðàíè÷åííîå êðîâîñíàáæåíèå, êîòîðîå ñïîñîá-
ñòâóþò ñîçäàíèþ â ÌÂ ôàêòîðîâ, ñòèìóëèðóþùèõ
ãèïåðïëàçèþ ìèîôèáðèëë, à èìåííî, ïîÿâëåíèå
ñâîáîäíîãî êðåàòèíà, ãîðìîíîâ è óìåðåííîå çà-
êèñëåíèå [Ñåëóÿíîâ, 2005]. Ìîùíîå íàïðÿæåíèå
êðóïíîé ãðóïïû ìûøö – ðàçãèáàòåëè êîëåííîãî
ñóñòàâà âûçûâàåò âûäåëåíèå â êðîâü àíàáîëè÷åñ-
êèõ ãîðìîíîâ, â ÷àñòíîñòè, ãîðìîíà ðîñòà [Ïîïîâ
è äð., 2005]. Ñïîðòñìåíû ðåãóëÿðíî òðåíèðîâà-
ëèñü, âûïîëíÿëè àýðîáíóþ íàãðóçêó ñ àêòèâàöè-
åé îêèñëèòåëüíûõ è ïðîìåæóòî÷íûõ ÌÂ. Ïîýòîìó
ïîñëå ñåðèè ìàãíèòíûõ ñòèìóëÿöèé áûëî îäíî-
âðåìåííî ïîëó÷åíî óâåëè÷åíèå ìàêñèìàëüíîé
àëàêòàòíîé ìîùíîñòè (ãèïåðïëàçèÿ ìèîôèáðèëë)
è ïîòðåáëåíèå êèñëîðîäà íà óðîâíå àýðîáíîãî è
àíàýðîáíîãî ïîðîãîâ. Ïðè÷åì áåç ðîñòà ÌÏÊ, ïðè
óâåëè÷åíèè ×ÑÑ íà êàæäîé ñòóïåíüêå òåñòà. Ýòîò
ôàêò óáåäèòåëüíî äîêàçûâàåò ïåðèôåðè÷åñêóþ
ïðèðîäó ðîñòà ïîêàçàòåëåé ïîòðåáëåíèÿ êèñëîðî-
äà íà óðîâíå ÀýÏ è ÀíÏ.

Íàäî çàìåòèòü, ÷òî â êîíòðîëüíîé ãðóïïå ïðî-
èçîøëî òîëüêî ñòàòèñòè÷åñêè äîñòîâåðíîå (ð<0.01)
óâåëè÷åíèå ÌÀÌ, à ïîêàçàòåëè ïîòðåáëåíèÿ êèñ-
ëîðîäà íå èçìåíèëèñü, ñëåäîâàòåëüíî, íå ìàãíèò-
íàÿ ñòèìóëÿöèÿ ñïîñîáñòâîâàëà ðîñòó ïîòðåáëå-
íèÿ êèñëîðîäà íà óðîâíå ÀýÏ è ÀíÏ, à äîïîëíè-
òåëüíî âûïîëíÿåìàÿ àýðîáíàÿ òðåíèðîâêà. Ðîñò
ìàññû ìèîôèáðèëë â ÌÂ òèïà I, êàê ìû ïðåäïîëà-
ãàåì, ñòàë ìîðôîëîãè÷åñêîé ñòðóêòóðîé äëÿ îáðà-
çîâàíèÿ íîâûõ ìèòîõîíäðèé â ÎÌÂ (òèïà I).

Àíàëîãè÷íûå ðåçóëüòàòû áûëè ïîëó÷åíû â
äèññåðòàöèîííîì èññëåäîâàíèè Ä.Ì. Îáóõîâà
[Îáóõîâ, 1991]. Â åãî èññëåäîâàíèè êîíòðîëüíàÿ

ãðóïïà âûïîëíÿëà òîëüêî àýðîáíóþ ðàáîòó (60
ìèí. ñ ìîùíîñòüþ íà óðîâíå ÀýÏ) äâà ðàçà â íå-
äåëþ, à ýêñïåðèìåíòàëüíàÿ âûïîëíÿëà òàêóþ æå
àýðîáíóþ ðàáîòó è ïðîâîäèëà äâå ñòàòîäèíàìè-
÷åñêèå òðåíèðîâêè (ðàçâèâàþùóþ è òîíèçèðóþ-
ùóþ). Âûïîëíÿëèñü ïðèñåäû ñî øòàíãîé, âåñ êî-
òîðîé ñîñòàâëÿë 50–60%ÏÌ, äî áîëè, èíòåðâàë
îòäûõà 5 ìèí. Äëÿ ðàçâèòèÿ ñèëû âûïîëíÿëè 9
ïîäõîäîâ, äëÿ ïîääåðæàíèÿ (òîíèçàöèÿ) – 2 ïîä-
õîäà. Â ðåçóëüòàòå çà 2 ìåñÿöà òðåíèðîâêè â êîíò-
ðîëüíîé ãðóïïå íå áûëî ñòàòèñòè÷åñêè äîñòîâåðíûõ
èçìåíåíèé, à â ýêñïåðèìåíòàëüíîé – ñòàòèñòè÷å-
ñêè äîñòîâåðíî âûðîñëà ñèëà íà 20% è ïîòðåáëå-
íèå êèñëîðîäà íà óðîâíå ÀíÏ òàêæå íà 20% .

Î÷åâèäíî, ÷òî ñèëà âûðîñëà çà ñ÷åò ÎÌÂ, ýòî
ïðèâåëî ê ðîñòó ïîòðåáëåíèÿ êèñëîðîäà íà óðîâ-
íå ÀíÏ (ðîñòó ìàññû ìèòîõîíäðèé).

Íàì ïðåäñòàâëÿåòñÿ, ÷òî ìåõàíèçì ðîñòà
àýðîáíûõ âîçìîæíîñòåé áûë îäèíàêîâûé, íà áàçå
íîâûõ ìîðôîëîãè÷åñêèõ ñòðóêòóð – ìèîôèáðèëë
ÎÌÂ, ïîÿâèëàñü âîçìîæíîñòü äëÿ ãèïåðïëàçèè
ìèòîõîíäðèé â ÌÂ òèïà I.

Äëÿ äîêàçàòåëüñòâà ðîñòà ìàññû ìèîôèáðèëë
â ÎÌÂ (ÌÂ òèïà I) ïîä äåéñòâèåì ñòàòîäèíàìè-
÷åñêèõ óïðàæíåíèé ìîæíî îáðàòèòüñÿ ê äèññåð-
òàöèîííîé ðàáîòå Ä.Â.Ïîïîâà [Ïîïîâ, 2007], â
êîòîðîé, ñ ïðèìåíåíèåì ìåòîäà áèîïñèè, áûëî
ïðÿìî ïîêàçàíà ãèïåðïëàçèÿ ìèîôèáðèëë â ÌÂ
òèïà I ïîñëå òðåíèðîâîê ìûøö â ñòàòîäèíàìè÷å-
ñêîì ðåæèìå ñ èíòåíñèâíîñòüþ 50% ïîâòîðíîãî
ìàêñèìóìà (ÏÌ).

Âìåñòå ñ òåì íåîáõîäèìî îáðàòèòü âíèìàíèå,
÷òî âîçìîæíàÿ ãèïåðïëàçèÿ ìûøå÷íûõ âîëîêîí è
óâåëè÷åíèå ñèëû ìûøö ó ïðåäñòàâèòåëåé ýêñïå-
ðèìåíòàëüíûõ ãðóïï íå îòðàçèëàñü äîñòîâåðíî íà
ïðèðîñòå àêòèâíîé ìàññû òåëà. Äàííîå îáñòîÿ-
òåëüñòâî äàåò îñíîâàíèå ïðåäïîëàãàòü, ÷òî ìàã-
íèòíàÿ ñòèìóëÿöèÿ â îïðåäåëåííîì ðåæèìå ìî-
æåò áûòü ñïîñîáîì óâåëè÷åíèÿ ìûøå÷íîé ñèëû
áåç çíà÷èòåëüíîãî ïðèðîñòà ìûøå÷íîé ìàññû
òåëà. Ïîñëåäíåå îñîáåííî àêòóàëüíî äëÿ âèäîâ
ñïîðòà, â êîòîðûõ èìåþòñÿ îãðàíè÷åíèÿ ïî âåñî-
âûì êàòåãîðèÿìè.

Â öåëîì, â ïðîâåäåííîì èññëåäîâàíèè, áûëè
ïîëó÷åíû ôàêòû â ïîëüçó ïåðèôåðè÷åñêîé òåî-
ðèè, îáúÿñíÿþùåé ïðè÷èíû ïîÿâëåíèÿ àýðîáíî-
ãî è àíàýðîáíîãî ïîðîãîâ.

Â íàñòîÿùåå âðåìÿ ìàãíèòíàÿ ñòèìóëÿöèÿ
ÿâëÿåòñÿ ëàáîðàòîðíûì ìåòîäîì âîçäåéñòâèÿ íà
íåðâíî-ìûøå÷íûé àïïàðàò ñïîðòñìåíîâ. Â ïåðñ-
ïåêòèâå îí ìîæåò ñòàòü òðåíèðîâî÷íûì ñðåäñòâîì
â ïîäãîòîâêå ñïîðòñìåíîâ ðàçíîé êâàëèôèêàöèè.
Â ðàçâèòèå ïðåäñòàâëåííîé ðàáîòû ïðåäïîëàãà-
åòñÿ ïðîâåñòè èññëåäîâàíèÿ ïî äâóì íàïðàâëå-
íèÿì. Âî-ïåðâûõ, ìîæíî ïîðàáîòàòü ñ êâàëèôè-
öèðîâàííûìè ñïîðòñìåíàìè â ðàìêàõ ïðîöåññà
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ïîäãîòîâêè äëÿ ïîâûøåíèÿ èõ ñïîðòèâíûõ ðåçóëü-
òàòèâíîñòè. Âî-âòîðûõ, ðàñøèðèòü â ðàìêàõ âè-
äîâ ñïîðòà ñ öèêëè÷åñêèì õàðàêòåðîì äâèãàòåëü-
íîé äåÿòåëüíîñòè èññëåäîâàíèÿ ïî ïðèìåíåíèþ
ìàãíèòíîé ñòèìóëÿöèè â äðóãèõ âèäàõ ñïîðòà.

Выводы

1. Ìàãíèòíàÿ ñòèìóëÿöèÿ ÷åòûðåõãëàâûõ ìûøö
áåäðà ñ ÷àñòîòîé 17–35 Ãö, â èçîêèíåòè÷åñ-
êîì ðåæèìå, ïðîäîëæèòåëüíîñòüþ 5 ñåêóíä ñ
èíòåðâàëîì îòäûõà 5 ñ, ñ êîëè÷åñòâîì ïî 10
ðàç íà êàæäóþ íîãó â òå÷åíèå 10 äíåé ñòèìó-
ëèðóåò îäíîâðåìåííîå ñòàòèñòè÷åñêè äîñòî-
âåðíîå óâåëè÷åíèå ìàêñèìàëüíîé àëàêòàòíîé
ìîùíîñòè, à ïðè èñïîëüçîâàíèè åùå è àýðîá-
íûõ òðåíèðîâîê ê ðîñòó ïîòðåáëåíèÿ êèñëî-
ðîäà íà óðîâíå àýðîáíîãî è àíàýðîáíîãî ïî-
ðîãîâ ïðè ñíèæåíèè ïîêàçàòåëåé ÌÏÊ.

2. Ìàãíèòíóþ ñòèìóëÿöèþ ìûøö ñïîðòñìåíîâ ñ
÷àñòîòàìè èç äèàïàçîíà 17–35 Ãö ìîæíî ðàñ-
ñìàòðèâàòü êàê ñïîñîá óâåëè÷åíèÿ àýðîáíûõ
âîçìîæíîñòåé è ìûøå÷íîé ñèëû áåç çíà÷è-
òåëüíîãî ïðèðîñòà ìûøå÷íîé ìàññû òåëà.
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Влияние магнитной стимуляции на аэробные возможности мышц

INFLUENCE OF RHYTHMICAL MAGNETIC STIMULATION
AS A WAY OF INCREASE IN AEROBIC POSSIBILITIES
OF MUSCLES

G.I. Popov, E.A. Malkhasyan, V.S. Markaryan, E.M. Kalinin, V.N. Seluyanov

Russian State University of Physical Education, Sport, Youth and Tourism (SCOLIPE), Moscow

Introduction. Research objective-studying of influence of rhythmical magnetic stimulation of quadriceps
femoris muscles of a hip of both feet on integrative indicators of aerobic readiness of athletes of three various
sports specializations.

Materials and methods. Equipment: magnetic stimulator of MAGSTIM RAPID (Magstim Company Ltd,
Spring Gardens, UK), inertial dynamometer of BIODEX SYSTEM 4 (Biodex Medical Systems, NY, USA),
veloergometer MONARK Ergomedic 828E (Monark, Sweden), gas analyzer of METALYZER 3B (Cortex,
Germany).

Participants: three cyclists (master of sports); three runners on average distances (candidates for the
master of sports); three skaters – short-track (masters of sports).

All participants – students of University of the physical education, acting athletes. Experience of
occupations of 6 years. Age of 18–20 years. The total sizes of a body, index of weight of a body, fatty and
active mass of a body as a percentage were defined.

Results and discussion. Rhythmical reduction of muscles under the influence of magnetic stimulation
with a frequency of 17-35 Hz causes activation of muscular fibers type I and muscular fibers type IIA. In them
there is an expenditure of ATF, KRF and resynthesis them in muscular fibers (MF) type I and IIA by means of
aerobic glycolysis. Rhythmic reduction squeezes out blood from veins and strengthens intake of arterial
blood to muscles. Experience showed that for 10 reductions for 10 days for each leg of the essential hypoxemic
phenomena (local muscular exhaustion) doesn’t arise. The mode of magnetic stimulation is carried out without
a relaxation (during 5 s) therefore there is a limited blood supply which promote creation in MF of the factors
stimulating a hyperplasia of miofibril, namely, emergence of free kreatine, hormones and moderate acidulation.
The powerful tension of large group of muscles – extensor of a knee joint causes allocation in blood of
anabolic hormones, in particular, growth hormone. Athletes regularly trained, carried out aerobic loading with
activation of oxidizing and intermediate MF. Therefore after a series of magnetic stimulations the increase in
the maximum alaktatny power (a hyperplasia of miofibrils) and oxygen consumption at the level of aerobic
and anaerobic thresholds was at the same time received. The peripheral nature of growth of indicators of
consumption of oxygen at the level of AET and ANT is proved. In control group occurred only statistically
reliable (ð<0.01) increase in maximal alactate power (MAP), and indicators of consumption of oxygen didn’t
change, therefore, not magnetic stimulation promoted growth of consumption of oxygen at the level of AET
and ANT, and in addition carried out aerobic training. Force grew at the expense of OMF, it led to growth of
consumption of oxygen at the level of ANT (growth of weight of mitochondrions). The mechanism of growth
of aerobic opportunities was identical, on the basis of new morphological structures – miofibrils OMF. There
was an opportunity for a hyperplasia of mitochondrions in MF type I. Hyperplasia of muscular fibers and
increase in force of muscles at representatives of experimental groups wasn’t reflected authentically in a
gain of active weight of a body. As a whole, in the conducted research, the facts in favor of the peripheral
theory explaining the reasons of emergence of aerobic and anaerobic thresholds were received.

Conclusions: Magnetic stimulation of quadriceps femoris muscles of a hip with a frequency of 17–35 Hz,
in an isokinetic mode, lasting 5 s with an interval of rest 5 s with, for 10 times for each leg during 10 days,
stimulates simultaneous statistically reliable increase in the maximum alaktatny power, and when using also
aerobic trainings to growth of consumption of oxygen at the level of aerobic and anaerobic thresholds at
decrease in indicators of MCO. Magnetic stimulation of muscles of athletes with frequencies from the range
of 17–35 Hz can be considered as a way of increase in aerobic possibilities and muscular force without a
reliable gain of muscular weight of a body.

Keywords: testing, magnetic stimulation, indirect calorimetry, total sizes of a body, index of weight of a
body, fatty, active mass of a body


