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Introduction. Today there is no objective method of the extraocular muscles func-
tional state assessing, which could be considered a certainly effective and conve-
nient for wide use in ophthalmic practice. 
The aim of this study was to determine the parameters of surface electromyography 
of horizontal muscles (SEMG) in healthy children using the previously developed 
method. 
Material and methods. With earlier proposed method of SEMG the surface elec-
tromyography of rectus muscles was conducted in 28 (56 eyes) healthy children 
aged (13,9±SD2,4) y.o. The main parameters of the rectus muscles SEMG were 
defined: total electrical activity frequency, maximum and average signal ampli-
tude. 
Results. It is established that the average values of SEMG parameters of action po-
tentials (frequency, amplitude) of the rectus muscles in healthy children do not dif-
fer significantly. High frequency of action potentials of SEMG has the larger am-
plitude signal for lateral muscle, and for medial rectus high frequency SEMG has 
low amplitude signal. The distribution of the potential parameters of the SEMG on 
the groups with lower (40–60 Hz) and higher frequency (>100 Hz) may reflect the 
presence of single and multi-innervated groups of muscle fibers in the extraocular 
muscles in healthy children. 
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Ââåäåíèå. Îäíèì èç òÿæåëûõ ôóíêöèîíàëüíûõ 
è êîñìåòè÷åñêèõ äåôåêòîâ îðãàíà çðåíèÿ, ÿâëÿþ-
ùèìñÿ âíåøíèì ïðîÿâëåíèåì ãëóáîêîé ñåíñîðíîé 
è ìîòîðíîé àíîìàëèè, ìîæíî íàçâàòü êîñîãëàçèå. 
Ãëàçîäâèãàòåëüíûå íàðóøåíèÿ, ñîãëàñíî äàííûì 
ëèòåðàòóðû, âñòðå÷àþòñÿ ó 0,5–7,1 % äåòåé [1]. 

Ñëîæíîñòü ïîäõîäà ê ëå÷åíèþ êîñîãëàçèÿ çà-
êëþ÷àåòñÿ â ïðîáëåìå äèôôåðåíöèàëüíîé äèàãíî-
ñòèêè ðàçíûõ âèäîâ êîñîãëàçèÿ, ïîñêîëüêó èçìå-
íåíèå óãëà äåâèàöèè ìîæåò áûòü èçó÷åíî â ðàçíîå 
âðåìÿ, íà ðàçíûõ ðàññòîÿíèÿõ. Ìåõàíèçìû, îòâå÷à-
þùèå çà ýòè íàðóøåíèÿ, âêëþ÷àþò ðàçíûé óðîâåíü 
ïîðàæåíèÿ ôóçèè è âçàèìîäåéñòâèÿ àêêîìîäàöèè è 
êîíâåðãåíöèè. 

Íåñìîòðÿ íà ìíîãî÷èñëåííîñòü ìåòîäîâ èñ-
ñëåäîâàíèÿ ñîñòîÿíèÿ ãëàçîäâèãàòåëüíûõ ìûøö, 
äèàãíîñòèêà èõ ïîðàæåíèé âûçûâàåò áîëüøèå òðóä-
íîñòè. Íà ñåãîäíÿ íå ñóùåñòâóåò íè îäíîãî îáúåê-
òèâíîãî ìåòîäà îöåíêè ôóíêöèîíàëüíîãî ñîñòîÿ-
íèÿ ýêñòðàîêóëÿðíûõ ìûøö, êîòîðûé ìîæíî áûëî 
áû ñ÷èòàòü áåçóñëîâíî ýôôåêòèâíûì è óäîáíûì 
äëÿ øèðîêîãî ïðèìåíåíèÿ â îôòàëüìîëîãè÷åñêîé 
ïðàêòèêå. 

Îäíèì èç ìåòîäîâ, êîòîðûé ñïîñîáåí ðåãè-
ñòðèðîâàòü ñïîíòàííûå êîëåáàíèÿ ýëåêòðè÷åñêèõ 
ïîòåíöèàëîâ ìûøå÷íûõ è íåðâíûõ âîëîêîí, à 
ñëåäîâàòåëüíî, ìîæåò áûòü ïðèìåíåí äëÿ îöåí-
êè ôóíêöèîíàëüíîãî ñîñòîÿíèÿ ýêñòðàîêóëÿðíûõ 
ìûøö, ÿâëÿåòñÿ ýëåêòðîìèîãðàôèÿ (ÝÌÃ). Èãîëü-
÷àòàÿ ÝÌÃ íàèáîëåå äîñòîâåðíà, íî èìååò îñíîâíîé 
íåäîñòàòîê — èíâàçèâíîñòü, ÷òî ðåçêî îãðàíè÷èâàåò 
åå èñïîëüçîâàíèå ó ïàöèåíòîâ äåòñêîãî âîçðàñòà [3]. 

Ïîñûëîì ê ðàçðàáîòêå íåèíâàçèâíîãî ìåòîäà 
ïîâåðõíîñòíîé ýëåêòðîìèîãðàôèè (ÏÝÌÃ) íà-
ðóæíûõ ãîðèçîíòàëüíûõ ìûøö ãëàçà äëÿ îöåíêè 
èõ ôóíêöèîíàëüíîãî ñîñòîÿíèÿ ïîñëóæèëè äàííûå 
ëèòåðàòóðû [6], ñâèäåòåëüñòâóþùèå î òîì, ÷òî âû-
çâàííûå ïîòåíöèàëû îò ïîâåðõíîñòíûõ ýëåêòðî-
äîâ, íàëîæåííûõ íà ãëàçíîå ÿáëîêî â ìåñòå ïðè-
êðåïëåíèÿ ãëàçîäâèãàòåëüíûõ ìûøö, ïðîèñõîäÿò 
èç îòâåòîâ ìûøö. Ñîâðåìåííûå ìíîãîêàíàëüíûå 
ýëåêòðîìèîãðàôû ïîçâîëÿþò ðåãèñòðèðîâàòü áèî-
ýëåêòðè÷åñêóþ àêòèâíîñòü ñêåëåòíûõ ìûøö, îä-
íàêî îíè íå èìåþò ñïåöèàëüíûõ ýëåêòðîäîâ äëÿ 
ðåãèñòðàöèè áèîýëåêòðè÷åñêîé àêòèâíîñòè ãëàç-
íûõ ìûøö. Ïîýòîìó, ó÷èòûâàÿ ðàçìåðû íàðóæíûõ 
ïðÿìûõ ìûøö ãëàçà è ðàññòîÿíèå èõ ïðèêðåïëåíèÿ 
îò ëèìáà ó äåòåé, áûëè íàìè ìîäèôèöèðîâàíû äâà 
ñåðåáðÿíî-ïëàòèíîâûõ ýëåêòðîäà äèàìåòðîì 5 ìì ñ 
ðàññòîÿíèåì ìåæäó íèìè 6 ìì è ïðåäëîæåíà ìåòî-
äèêà ïðîâåäåíèÿ ïîâåðõíîñòíîé ÷ðåçêîíúþíêòè-
âàëüíîé ýëåêòðîìèîãðàôèè (ÏÝÌÃ) [2]. 

Öåëüþ äàííîãî èññëåäîâàíèÿ áûëî îïðåäåëèòü 
ïàðàìåòðû ïîâåðõíîñòíîé ýëåêòðîìèîãðàôèè ãî-
ðèçîíòàëüíûõ ïðÿìûõ ìûøö ó çäîðîâûõ äåòåé ñ ïî-
ìîùüþ ðàçðàáîòàííîãî ðàíåå ñïîñîáà. 

Ìàòåðèàë è ìåòîäû 

Ïî ïðåäëîæåííîé ìåòîäèêå ïîâåðõíîñòíàÿ 
ýëåêòðîìèîãðàôèÿ ãîðèçîíòàëüíûõ ïðÿìûõ ìûøö 
(ÏÝÌÃ) ïðîâåäåíà ó 28 (56 ãëàç) çäîðîâûõ äåòåé â 
âîçðàñòå (13,9±SD2,4) ëåò. 

Ñîãëàñíî ìåòîäèêå, ïîñëå çàêàïûâàíèÿ 05 % 
ð-ðà Àëêàèíà àêòèâíûé ýëåêòðîä ðàñïîëàãàëñÿ 
íàä áðþøêîì ïðÿìîé ìûøöû ïðè ìàêñèìàëüíîì 
îòâåäåíèè ãëàç â ïðîòèâîïîëîæíóþ ñòîðîíó îò 
ìåñòà ïðèêðåïëåíèÿ èññëåäóåìîé ìûøöû, à ïàñ-
ñèâíûé — íàä ëèìáîì. Èññëåäîâàíèå ïðîâîäè-
ëîñü â ñëåäóþùåé ïîñëåäîâàòåëüíîñòè: íàðóæíàÿ 
ïðÿìàÿ ìûøöà, âíóòðåííÿÿ ïðÿìàÿ ìûøöà ïðà-
âîãî ãëàçà, ïðè ìàêñèìàëüíîì îòâåäåíèè ãëàç âëå-
âî è âïðàâî, çàòåì íàðóæíàÿ ïðÿìàÿ è âíóòðåííÿÿ 
ïðÿìàÿ ìûøöà ëåâîãî ãëàçà ïðè ìàêñèìàëüíîì 
îòâåäåíèè âïðàâî è âëåâî. Èçìåðåíèÿ ïàðàìåòðîâ 
ÝÌÃ ïðîâîäèëèñü òðîåêðàòíî äëÿ êàæäîé ìûø-
öû. Ïîñëå çàâåðøåíèÿ èññëåäîâàíèÿ ïðîâîäèòñÿ 
èíñòèëëÿöèÿ äåçèíôèöèðóþùèõ êàïåëü â îáà ãëà-
çà. Îáðàáîòêà äàííûõ ïðîâîäèòñÿ â àâòîìàòè÷å-
ñêîì ðåæèìå. 

Îïðåäåëÿëèñü îñíîâíûå ïàðàìåòðû ïîâåðõíîñò-
íîé ÝÌÃ: ÷àñòîòà ñóììàðíîé ýëåêòðè÷åñêîé àêòèâ-
íîñòè ìûùö; ìàêñèìàëüíàÿ è ñðåäíÿÿ àìïëèòóäà 
ñèãíàëà. 

Ðåçóëüòàòû è èõ îáñóæäåíèå 

Äàííûå î ñîñòîÿíèè ñðåäíåé àìïëèòóäû áèî-
ïîòåíöèàëà íàðóæíîé è âíóòðåííåé ïðÿìîé ìûøö 
ïðåäñòàâëåíû íà ãèñòîãðàììàõ (ðèñ. 1, 2). 

Ñðåäíèå âåëè÷èíû àìïëèòóäû áèîïîòåíöèà-
ëîâ ñîñòàâèëè: äëÿ íàðóæíîé ïðÿìîé ìûøöû ó 
çäîðîâûõ äåòåé (1132,8 ± 630,7) ìêÂ, à âíóòðåííåé 
ïðÿìîé — (1474,3 ± 965,8) ìêÂ è ìåæäó ñîáîé ñó-
ùåñòâåííî íå îòëè÷àëèñü, ð > 0,05. Õàðàêòåð ðàñ-
ïðåäåëåíèÿ àìïëèòóäíûõ âåëè÷èí áèîïîòåíöèà-
ëîâ íàðóæíîé è âíóòðåííåé ïðÿìûõ ìûøö òàêæå 
ñóùåñòâåííî íå îòëè÷àëñÿ, íàèáîëüøåå êîëè÷å-
ñòâî ñëó÷àåâ ñ àìïëèòóäîé 1000–2000 ìêÂ îòìå÷å-
íû êàê ïðè èññëåäîâàíèè íàðóæíîé (43) — 75 %, 
òàê è âíóòðåííåé ïðÿìîé ìûøöû (39) — 82 % 
(Ðèñ. 3, 4). 

Àíàëèç ðàñïðåäåëåíèÿ ÷àñòîòíûõ õàðàêòåðèñòèê 
áèîïîòåíöèàëîâ ÍÏÌ ó çäîðîâûõ äåòåé âûÿâèë 
ñðåäíþþ âåëè÷èíó, êîòîðàÿ ñîñòàâèëà (63,7 ± 21,1) 
Ãö. Â ïðåîáëàäàþùåì ÷èñëå ñëó÷àåâ áèîïîòåí-
öèàëû ÍÏÌ èìåëè ÷àñòîòó 40–60 Ãö — â 67,3 % 
(35 ãëàç) ñëó÷àåâ. ×àñòîòà áèîïîòåíöèàëîâ ðàâíàÿ è 
> 100 Ãö áûëà ó 21,1 % (11 ãëàç) äåòåé. Â ñðåäíåì âå-
ëè÷èíà ÷àñòîò áèîïîòåíöèàëîâ âíóòðåííåé ïðÿìîé 
ìûøöû ñóùåñòâåííî íå îòëè÷àëàñü îò ïîêàçàòåëåé 
íàðóæíîé ïðÿìîé ìûøöû è ñîñòàâèëà (63,0± 19,9) 
Ãö, ð > 0,05. 

×àñòîòà 40–60 Ãö áûëà ó 69,2 % (36 ãëàç), à 100 Ãö 
è áîëüøå ó 19,1 % (10 ãëàç) çäîðîâûõ äåòåé. 
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Ðèñ. 1. Ãèñòîãðàììà ðàñïðåäåëåíèÿ ñðåäíåé âåëè÷èíû àì-
ïëèòóäû áèîïîòåíöèàëîâ íàðóæíîé ïðÿìîé ìûøöû ó çäî-
ðîâûõ äåòåé 

 

Ðèñ. 2. Ãèñòîãðàììà ðàñïðåäåëåíèÿ ñðåäíåé âåëè÷èíû 
àìïëèòóäû áèîïîòåíöèàëîâ âíóòðåííåé ïðÿìîé ìûøöû ó 
çäîðîâûõ äåòåé 

 

Ðèñ. 3. Ãèñòîãðàììà ðàñïðåäåëåíèÿ ÷àñòîòû áèîïîòåíöèà-
ëîâ íàðóæíîé ïðÿìîé ìûøöû 

 

Ðèñ. 4. Ãèñòîãðàììà ðàñïðåäåëåíèÿ ÷àñòîòû áèîïîòåíöèà-
ëîâ âíóòðåííåé ïðÿìîé ìûøöû 

 

Ðèñ 5. Çàâèñèìîñòü ïàðàìåòðîâ àìïëèòóäû îò ÷àñòîòû 
áèîïîòåíöèàëîâ ÏÝÌÃ íàðóæíîé ïðÿìîé ìûøöû 

 

Ðèñ. 6. Çàâèñèìîñòü ïàðàìåòðîâ àìïëèòóäû îò ÷àñòîòû 
áèîïîòåíöèàëîâ ÏÝÌÃ âíóòðåííåé ïðÿìîé ìûøöû 

Ðåçóëüòàòû àíàëèçà ñðåäíèõ âåëè÷èí ïàðàìåòðîâ 
ÏÝÌÃ âíóòðåííåé è íàðóæíîé ïðÿìûõ ó çäîðîâûõ 
äåòåé ñóùåñòâåííî íå îòëè÷àþòñÿ. Çàâèñèìîñòü ïà-
ðàìåòðîâ àìïëèòóäû îò ÷àñòîòû áèîïîòåíöèàëîâ 

ÏÝÌÃ íàðóæíîé è âíóòðåííåé ïðÿìûõ ìûøö îò-
ðàæåíà íà ðèñ. 5 è 6. 

Èç ïðåäñòàâëåííûõ íà ãðàôèêàõ äàííûõ âèäíî, 
÷òî äëÿ íàðóæíîé ïðÿìîé ìûøöû (ÍÏÌ) áóëüøàÿ 



Âîïðîñû êëèíè÷åñêîé îôòàëüìîëîãèè

22 Îôòàëüìîëîãè÷åñêèé æóðíàë ¹ 6, 2014  

÷àñòîòà áèîïîòåíöèàëîâ ñîîòâåòñòâóåò áóëüøåé 
àìïëèòóäå ñèãíàëà (ðèñ. 5), à äëÿ áèîïîòåíöèàëîâ 
âíóòðåííåé ïðÿìîé ìûøöû õàðàêòåðíà áóëüøàÿ 
àìïëèòóäà ïðè ìåíüøåé ÷àñòîòå ñèãíàëà (ðèñ. 6). 
Îòìå÷åíî ðàñïðåäåëåíèå àìïëèòóäíî-÷àñòîòíûõ 
õàðàêòåðèñòèê äëÿ êàæäîé ìûøöû íà äâå ãðóïïû — 
ñ áîëüøåé è ìåíüøåé ÷àñòîòîé. 

Äàííûå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé íà 
æèâîòíûõ, à òàêæå ãèñòîëîãè÷åñêèå èññëåäîâàíèÿ 
ìûøö ÷åëîâåêà ïîêàçàëè, ÷òî õàðàêòåð ñîêðàòè-
òåëüíîé ñïîñîáíîñòè îòäåëüíûõ ìûøå÷íûõ ãðóïï 
âîëîêîí (áûñòðî è ìåäëåííî ñîêðàùàþùèõñÿ) çà-
âèñèò îò èõ ñòðîåíèÿ è èííåðâàöèè (îäíî- è ìóëüòè-
èííåðâèðóåìûå) [3, 5]. Ìîæíî ïðåäïîëîæèòü, ÷òî 
ïîëó÷åííîå ðàñïðåäåëåíèå àìïëèòóäíî-÷àñòîòíûõ 
õàðàêòåðèñòèê áèîïîòåíöèàëîâ íà ãðóïïû ñâèäå-
òåëüñòâóåò â ïîëüçó íàëè÷èÿ ýòèõ ãðóïï ìûøå÷íûõ 
âîëîêîí â íàðóæíîé è âíóòðåííåé ïðÿìîé ìûøöàõ 
ó çäîðîâûõ äåòåé. 

Âûâîäû 

1. Óñòàíîâëåíî, ÷òî ñðåäíèå âåëè÷èíû ïàðàìå-
òðîâ áèîïîòåíöèàëîâ (÷àñòîòà, àìïëèòóäà) ÏÝÌÃ 
âíóòðåííåé è íàðóæíîé ïðÿìîé ìûøöû ó çäîðîâûõ 
äåòåé ñóùåñòâåííî íå îòëè÷àþòñÿ. 

2. Äëÿ íàðóæíîé ïðÿìîé ìûøöû áîëüøàÿ ÷àñòî-
òà áèîïîòåíöèàëîâ ÏÝÌÃ ñîîòâåòñòâóåò áîëüøåé 
àìïëèòóäå ñèãíàëà, à ïðè ÏÝÌÃ âíóòðåííåé ïðÿ-
ìîé áîëüøàÿ àìïëèòóäà âñòðå÷àåòñÿ ïðè ìåíüøåé 
÷àñòîòå ñèãíàëà. 

3. Ðàñïðåäåëåíèå ïàðàìåòðîâ áèîïîòåíöèàëîâ 
ÍÏÌ è ÂÏÌ íà ãðóïïû ñ ìåíüøåé (40–60 Ãö) è 
áîëüøåé ÷àñòîòîé (áîëåå 100 Ãö) ìîæåò îòðàæàòü 
íàëè÷èå îäíî- è ìóëüòè-èííåðâèðóåìûõ ãðóïï ìû-
øå÷íûõ âîëîêîí â íàðóæíîé è âíóòðåííåé ïðÿìîé 
ìûøöàõ ó çäîðîâûõ äåòåé. 

4. Ïîëó÷åííûå ïàðàìåòðû ïîâåðõíîñòíîé ýëåê-
òðîìèîãðàôèè ó çäîðîâûõ äåòåé ìîãóò ñëóæèòü íîð-
ìàòèâíûìè è èñïîëüçîâàòüñÿ äëÿ ñðàâíåíèÿ â äàëü-
íåéøèõ èññëåäîâàíèÿõ. 
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