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Àêòóàëüí³ñòü. Âèñîêî÷àñòîòíå åëåêòðîçâàðþâàííÿ — öå íîâèé åëåêòðî-
õ³ðóðã³÷íèé ìåòîä, â îñíîâ³ ÿêîãî ëåæèòü âïëèâ åëåêòðè÷íîãî ñòðóìó ç ÷àñ-
òîòîþ 66 êÃö íà á³îëîã³÷í³ òêàíèíè ç ìîæëèâ³ñòþ ¿õ íàä³éíîãî ñïîëó÷åííÿ 
ïðè ì³í³ìàëüíèõ êîàãóëÿö³éíèõ çì³íàõ. 
Ìåòà. Âèâ÷èòè îñîáëèâîñò³ ìîðôîëîã³÷íèõ çì³í õîð³îðåòèíàëüíîãî 
êîìïëåêñó ó êðîëèê³â ó â³ääàëåí³ ñòðîêè ï³ñëÿ âïëèâó âèñîêî÷àñòîòíîãî 
åëåêòðè÷íîãî ñòðóìó ç ÷àñòîòîþ 66 êÃö (ìîäèô³êîâàíèé ãåíåðàòîð ÅÊ-
300Ì1). 
Ìàòåð³àë ³ ìåòîäè. Äîñë³äæåííÿ âèêîíóâàëè íà 18 êðîëèêàõ (36 î÷åé) ïî-
ðîäè øèíøèëà, ùî áóëè ðîçïîä³ëåí³ íà 2 ãðóïè ïî 9 òâàðèí. Â ïåðø³é ãðóï³ 
âèêîíóâàëè çâàðþâàííÿ õîð³îðåòèíàëüíîãî êîìïëåêñó âèñîêî÷àñòîòíèì 
åëåêòðè÷íèì ñòðóìîì ç ïàðàìåòðàìè: ÷àñòîòà — 66 êÃö, íàïðóãà — 14–
16 Â, ñèëà òîêà — 0,1 À. Â äðóã³é ãðóï³ çâàðþâàííÿ â³äáóâàëîñü ïðè ð³âí³ 
íàïðóãè åëåêòðè÷íîãî ñòðóìó 18–20 Â. Åêñïåðèìåíòàëüí³ òâàðèíè âèâî-
äèëèñü ç åêñïåðèìåíòó íà 3, 7 äåíü òà ÷åðåç 1 ì³ñÿöü ï³ñëÿ îïåðàö³¿. Ìîðôî-
ëîã³÷í³ äîñë³äæåííÿ âèêîíóâàëè ìåòîäîì ñâ³òëîâî¿ ì³êðîñêîï³¿. 
Ðåçóëüòàòè. ×åðåç 3–7 äí³â ï³ñëÿ âïëèâó âèñîêî÷àñòîòíîãî åëåêòðè÷íîãî 
ñòðóìó ç ÷àñòîòîþ 66 êÃö ïðè ð³âí³ íàïðóãè 14–16 Â ñóòòºâ³ ñòðóêòóðí³ 
çì³íè â³äáóâàþòüñÿ â îñíîâíîìó íà ð³âí³ çîâí³øí³õ øàð³â ñ³òê³âêè, ÿê³ õà-
ðàêòåðèçóþòüñÿ ãîìîãåí³çàö³ºþ ôîòîðåöåïòîð³â, äåñòðóêö³ºþ àï³êàëü-
íî¿ ïîâåðõí³ êë³òèí ï³ãìåíòíîãî åï³òåë³þ ñ³òê³âêè, íàáðÿêîì çîâí³øíüîãî 
ÿäåðíîãî øàðó. ×åðåç 1 ì³ñÿöü çì³íè òîâùèíè òà àðõ³òåêòîí³êè øàð³â ñ³ò-
ê³âêè áóëè ì³í³ìàëüíèìè òà çáåð³ãàëèñü ëèøå ïî êðàþ çâàðþâàëüíî¿ àïë³êà-
ö³¿. Ïðè öüîìó äåñòðóêòèâí³ çì³íè â³äì³÷àëèñü â øàð³ ôîòîðåöåïòîð³â òà 
ï³ãìåíòíîìó åï³òåë³¿ ñ³òê³âêè ç óòâîðåííÿì õîð³îðåòèíàëüíîãî ðóáöÿ. Ï³ä 
âïëèâîì âèñîêî÷àñòîòíîãî åëåêòðè÷íîãî ñòðóìó ç ÷àñòîòîþ 66 êÃö ïðè 
ð³âí³ íàïðóãè 18–20 Â íà 3 äåíü â³äì³÷àëèñü äåñòðóêòèâí³ çì³íè âñ³õ øàð³â 
ñ³òê³âêè. ×åðåç 7 äí³â ÷àñòêîâî ïîíîâëþºòüñÿ àðõ³òåêòîí³êà ÿäåðíèõ øà-
ð³â, îäíàê ê³ëüê³ñòü íåéðîí³â çìåíøóºòüñÿ. ×åðåç 1 ì³ñÿöü â³äì³÷àºòüñÿ âè-
òîí÷åííÿ âñ³õ øàð³â ñ³òê³âêè òà ïðîë³ôåðàö³ÿ êë³òèí ñïîëó÷íî¿ òêàíèíè íà 
ð³âí³ ï³ãìåíòíîãî åï³òåë³þ, íåéðîåï³òåë³þ òà ñóäèííî¿ îáîëîíêè, àëå ïëîùà 
ðóáöþâàííÿ áóëà ñóòòºâî á³ëüøîþ í³æ ó òâàðèí ïåðøî¿ ãðóïè. 
Çàêëþ÷åííÿ. Âïëèâ âèñîêî÷àñòîòíîãî åëåêòðè÷íîãî ñòðóìó ç ÷àñòîòîþ 
66êÃö (ìîäèô³êîâàíèé ãåíåðàòîð ÅÊ-300Ì1) ïðè ð³âí³ íàïðóãè 14–16 Â 
ñóïðîâîäæóºòüñÿ äåñòðóêòèâíèìè çì³íàìè ïåðåâàæíî çîâí³øí³õ øàð³â 
ñ³òê³âêè â ïåðø³ 7 äí³â ç íàñòóïíèì ôîðìóâàííÿì õîð³îðåòèíàëüíîãî ðóáöÿ 
ëèøå ïî êðàþ çâàðþâàëüíî¿ àïë³êàö³¿. Ïðè ð³âí³ íàïðóãè 18–20 ñòóï³íü êî-
àãóëÿö³éíèõ çì³í çá³ëüøóºòüñÿ ³ âîíè îõîïëþþòü âñ³ øàðè ñ³òê³âêè. Ïëîùà 
õîð³îðåòèíàëüíîãî ðóáöþâàííÿ â ñòðîêè 1 ì³ñÿöü ñóòòºâî á³ëüøà. 
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Àêòóàëüíîñòü. Äëÿ ïîëó÷åíèÿ ïðî÷íîãî õîðèî-
ðåòèíàëüíîãî ñîåäèíåíèÿ ïðè õèðóðãèè áîëüíûõ 
ðåãìàòîãåííîé îòñëîéêîé ñåò÷àòêè èñïîëüçóþòñÿ 
ëàçåðíàÿ êîàãóëÿöèÿ, êðèîðåòèíîïåêñèÿ, ðåæå — 
äèàòåðìîêîàãóëÿöèÿ. Îñîáåííîñòè ìîðôîëîãè÷å-
ñêèõ èçìåíåíèé õîðèîðåòèíàëüíîãî êîìïëåêñà ïî-
ñëå âîçäåéñòâèÿ âûøåóêàçàííûìè ìåòîäàìè áûëè 
èçó÷åíû ðàíåå ìíîãèìè èññëåäîâàòåëÿìè. 

Òàê, ïðèìåíåíèå äèàòåðìîêîàãóëÿöèè äëÿ ðå-
òèíîïåêñèè îãðàíè÷åíî èç-çà âûðàæåííîãî òåðìè-
÷åñêîãî âîçäåéñòâèÿ íà îáîëî÷êè ãëàçíîãî ÿáëîêà. 
Ïðè òðàíññêëåðàëüíîì ïîäõîäå äèàòåðìîêîàãóëÿ-
öèÿ ïðèâîäèò ê êîàãóëÿöèîííîìó íåêðîçó ñêëå-

ðû, âûðàæåííîìó ïîëíîêðîâèþ êðóïíûõ ñîñóäîâ 
õîðèîèäåè è îáëèòåðàöèè õîðèîêàïèëÿðîâ, äå-
ñòðóêöèè ïèãìåíòíîãî è íåéðîýïèòåëèÿ ñåò÷àòêè 
[1, 2]. Êðîìå òîãî, â ýêñïåðèìåíòå äîêàçàíî, ÷òî 
ïîðàæåíèå îáîëî÷åê ãëàçíîãî ÿáëîêà ïðè äèàòåð-
ìîêîàãóëÿöèè ðàñïðîñòðàíÿåòñÿ îò ãðàíèö î÷àãà 
ïðèæèãàíèÿ íà ðàññòîÿíèå â ïîëòîðà åãî äèàìåòðà 
âî âñå ñòîðîíû [2]. Ïðè òðàíñâèòðåàëüíîì ïîäõîäå 
äèàòåðìîêîàãóëÿöèÿ ñîïðîâîæäàåòñÿ òîòàëüíûì 
êîàãóëÿöèîííûì íåêðîçîì âñåõ ñëîåâ ñåò÷àòêè, 
ñîïðîâîæäàþùèìñÿ åå ôðàãìåíòàöèåé è îòäåëåíè-
åì ôðàãìåíòîâ ñ ðàñïðîñòðàíåíèåì â ñòåêëîâèäíîå 
òåëî [3, 4]. 

Morphological changes of chorioretinal complex in rabbit eyes after exposure of high-frequency 
electric current with a frequency of 66 kHz (modified generator EC300-M1) 

N. Umanets1, V. Ulyanov2, V. Vit1 

1 The Filatov Institute of Eye Diseases 
and Tissue Therapy of the NAMS of 
Ukraine, 
2  Odessa National Medical University, 
Odessa (Ukraine) 

Introduction. High frequency welding — a new electrosurgical method which is 
based on the influence of an electric current with a frequency of 66 kHz on biologi-
cal tissue with the possibility of connection of different types of tissues with minimal 
coagulation changes. 
Purpose. Investigation of morphological changes of chorioretinal complex in rab-
bits in remote terms after exposure to high-frequency electric current with a fre-
quency of 66 kHz (modified generator PC — 300M1 ). 
Material and methods. The study was performed on 18 rabbits (36 eyes), which 
were divided into 2 groups. The first group performed the welding of chorioretinal 
complex with high-frequency electric current parameters: frequency — 66 kHz, 
voltage — 14–16 V, current — 0.1 A. The second group of welding took place at 
the level of electrical voltage 18–20 V. The experimental animals derived from 
experiment 3, 7 day and 1 month after surgery. Morphological studies performed 
by light microscopy. 
Results. After 3–7 days after exposure of high-frequency electric current with a 
frequency of 66 kHz at 14–16 V voltage levels significant structural changes occur 
mainly at the level of the outer layers of the retina, characterized by homogeniza-
tion photoreceptors, the destruction of the apical cell surface of retinal pigment 
epithelium, and of edema outer nuclear layer. After 1 month of change in thick-
ness and architectonics layers of the retina were minimal and only kept on the 
edge of welding applications. Some destructive changes were recorded in the layer 
of photoreceptors and retinal pigment epithelium with formation of chorioretinal 
scar. Under the influence of high-frequency electric current with a frequency of 66 
kHz at 18–20 V voltage on day 3 were recorded destructive changes in all layers 
of the retina. After 7 days, partially renewed architectonic of nuclear layers, but 
the number of neurons is reduced. After 1 month marked thinning of all layers of 
the retina and proliferation of connective tissue cells at the level of the pigment 
epithelium, neuroepithelium and choroid, but the area of scarring was significantly 
higher than in animals of the first group. 
Conclusion. Effect of high-frequency electric current with a frequency of 66kHz 
(modified generator EC — 300M1 ) at 14–16 V voltage levels accompanied by 
destructive changes mainly the outer layers of the retina in the first 7 days, followed 
by the formation of chorioretinal scar just on the edge of welding applications. 
When the voltage level of 18–20 degree increases coagulation changes and they 
cover all layers of the retina. The area of   chorioretinal scarring in terms of 1 month 
is significantly higher. 

Key words: chorioretinal complex, 
high-frequency electrical current with 
a frequency of 66 kHz, high-frequency 
electric welding of biological tissues, 
morphological changes. 
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Êðèîâîçäåéñòâèå (òåìïåðàòóðà -50–70îÑ) ïðèâî-
äèò ê âûðàæåííîìó îòåêó ðåòèíàëüíîé òêàíè, âïëîòü 
äî ðàçâèòèÿ ýêññóäàòèâíîé îòñëîéêè ñåò÷àòêè. Ïðè 
ãèñòîëîãè÷åñêèõ èññëåäîâàíèÿõ óñòàíîâëåíî ðàç-
âèòèå âûðàæåííîãî êîàãóëÿöèîííîãî íåêðîçà âñåõ 
ñëîåâ ñåò÷àòêè, äèñïåðñèÿ êëåòîê ïèãìåíòíîãî ýïè-
òåëèÿ â ñòåêëîâèäíîå òåëî íåïîñðåäñòâåííî ïîñëå 
êðèîâîçäåéñòâèÿ. ×åðåç 2–3 íåäåëè â ìåñòàõ ïðè-
ëîæåíèÿ êðèîçîíäà âûÿâëÿþòñÿ îñòàòêè ñåò÷àòêè â 
âèäå óçêîãî ñëîÿ, êîòîðûé îáðàçîâàí ðåçêî èçìåíåí-
íûìè ïèêíîòèçèðîâàííûìè ÿäðàìè, ïðèíàäëåæà-
ùèìè, î÷åâèäíî, íàðóæíîìó ÿäåðíîìó ñëîþ [5–7]. 

Ìîðôîëîãè÷åñêèå èññëåäîâàíèÿ, ïîñâÿùåííûå 
èçó÷åíèþ âëèÿíèÿ ëàçåðíîãî èçëó÷åíèÿ ðàçëè÷íûõ 
ñïåêòðàëüíûõ õàðàêòåðèñòèê íà ñåò÷àòêó, ïîçâîëÿ-
þò ñäåëàòü âûâîä, ÷òî ïðè ïîðîãîâîì âîçäåéñòâèè â 
ïåðâûå æå äíè ïðîèñõîäèò êîàãóëÿöèîííûé íåêðîç 
ñåò÷àòîé îáîëî÷êè ðàçëè÷íîé âûðàæåííîñòè. Â ïî-
ñëåäóþùåì íàáëþäàåòñÿ åå ðàçðóøåíèå ñ ïîëíûì 
èñ÷åçíîâåíèåì ôîòîñåíñîðíîãî ñëîÿ. Ñîõðàíÿþòñÿ 
ëèøü âíóòðåííèé ÿäåðíûé ñëîé è îòäåëüíûå ãàí-
ãëèîçíûå êëåòêè [8, 9]. 

Âûñîêî÷àñòîòíàÿ ýëåêòðîñâàðêà áèîëîãè÷åñêèõ 
òêàíåé (ÂÝÁÒ) ÿâëÿåòñÿ íîâûì ìåòîäîì ýëåêòðî-
õèðóðãè÷åñêîãî âîçäåéñòâèÿ, îñíîâíûì ïðåèìóùå-
ñòâîì êîòîðîãî ÿâëÿåòñÿ âîçìîæíîñòü íàäåæíîãî 
ñîåäèíåíèÿ áèîëîãè÷åñêèõ ìÿãêèõ òêàíåé. Ïðè ýòîì 
êîàãóëÿöèîííûå èçìåíåíèÿ òêàíåé â ìåñòàõ ïðè-
ëîæåíèÿ ýëåêòðîäîâ îòñóòñòâóþò ëèáî íîñÿò ìèíè-
ìàëüíûé õàðàêòåð [10, 11]. Â îñíîâå äàííîãî ìåòîäà 
ëåæèò âîçäåéñòâèå íà æèâûå òêàíè âûñîêî÷àñòîò-
íûì ýëåêòðè÷åñêèì òîêîì ñ ÷àñòîòîé 66 êÃö. Îñòàëü-
íûå ïàðàìåòðû (íàïðÿæåíèå è ñèëà òîêà) ìîãóò 
âàðüèðîâàòü â çàâèñèìîñòè îò òèïà ñîåäèíÿåìûõ òêà-
íåé. Â íàøèõ ïðåäâàðèòåëüíûõ ýêñïåðèìåíòàëüíûõ 
ðàáîòàõ áûëè óñòàíîâëåíû îïòèìàëüíûå ïàðàìåòðû 
ýëåêòðè÷åñêîãî òîêà äëÿ ïðîâåäåíèÿ ðåòèíîïåêñèè 
ïîñðåäñòâîì ÂÝÁÒ, ÷òî ïîòðåáîâàëî ìîäèôèêàöèè 
ñåðèéíîãî ãåíåðàòîðà [12]. Òàê, íåïîñðåäñòâåííî ïî-
ñëå âîçäåéñòâèÿ âûñîêî÷àñòîòíîé ýëåêòðîñâàðêè íà 
ñòðóêòóðû õîðèîðåòèíàëüíîãî êîìïëåêñà ïðè ïàðà-
ìåòðàõ ýëåêòðè÷åñêîãî òîêà: ÷àñòîòà — 66 êÃö, íàïðÿ-
æåíèå — 14–16 Â, ñèëà òîêà — äî 0,1 À îòìå÷àëîñü 
ïðîïèòûâàíèå ñåò÷àòêè ýêññóäàòîì, ïðåäïîëîæè-
òåëüíî óïðî÷íÿþùèì åå ñîåäèíåíèå ñ ïîäëåæàùèìè 
òêàíÿìè ïðè ñîõðàíåíèè öåëîñòíîñòè êîìïîíåíòîâ 
ñîñóäèñòîé îáîëî÷êè [13]. Ñòðóêòóðíûå îñîáåííîñòè 
ñåò÷àòêè è õîðèîèäåè ïîñëå âîçäåéñòâèÿ âûñîêî÷à-
ñòîòíîãî ýëåêòðè÷åñêîãî òîêà ñ ÷àñòîòîé 66 êÃö, íà-
ïðÿæåíèåì 14–20 Â, ñèëîé òîêà äî 0,1 À â îòäàëåí-
íûå ñðîêè îñòàþòñÿ íåèçó÷åííûìè. 

Öåëü. Èçó÷èòü îñîáåííîñòè ìîðôîëîãè÷åñêèõ 
èçìåíåíèé õîðèîðåòèíàëüíîãî êîìïëåêñà êðî-
ëèêîâ â îòäàëåííûå ñðîêè (÷åðåç 3 äíÿ, 7 äíåé è 1 
ìåñÿö) ïîñëå âîçäåéñòâèÿ âûñîêî÷àñòîòíîãî ýëåê-
òðè÷åñêîãî òîêà ñ ÷àñòîòîé 66 êÃö (ìîäèôèöèðî-
âàííûé ãåíåðàòîð ÅÊ-300Ì1). 

Ìàòåðèàë è ìåòîäû 
Èññëåäîâàíèå âûïîëíÿëîñü íà 18 êðîëèêàõ (36 ãëàç) ïî-

ðîäû øèíøèëëà, ìàññîé 2,5–3 êã. Âñå ýêñïåðèìåíòàëüíûå 
æèâîòíûå íàõîäèëèñü â ñòàíäàðòíûõ óñëîâèÿõ âèâàðèÿ íà 
îäèíàêîâîì ðàöèîíå ïèòàíèÿ. Íàáëþäåíèå, óõîä, õèðóðãè-
÷åñêîå âìåøàòåëüñòâî æèâîòíûì, à òàêæå âûâåäåíèå èõ èç 
ýêñïåðèìåíòà âûïîëíÿëîñü â ñîîòâåòñòâèè ñ Õåëüñèíêñêîé 
äåêëàðàöèåé îá èñïîëüçîâàíèè æèâîòíûõ â ýêñïåðèìåí-
òàëüíûõ èññëåäîâàíèÿõ 1964–2000 ãã. 

Ïåðåä ýêñïåðèìåíòîì äëÿ èñêëþ÷åíèÿ ïàòîëîãèè ñåò-
÷àòêè è ñîñóäèñòîé îáîëî÷êè æèâîòíûì âûïîëíÿëàñü 
îôòàëüìîñêîïèÿ â óñëîâèÿõ ìèäðèàçà, êîòîðûé äîñòèãàëñÿ 
ïóòåì èíñòèëëÿöèé â êîíúþíêòèâàëüíûé ìåøîê 10 % ð-ðà 
ìåçàòîíà. 

Â çàâèñèìîñòè îò óðîâíÿ íàïðÿæåíèÿ âûñîêî÷àñòîòíîãî 
ýëåêòðè÷åñêîãî òîêà (ìîäèôèöèðîâàííûé ãåíåðàòîð ÅÊ-
300 Ì1) êðîëèêè áûëè ðàçäåëåíû íà 2 ãðóïïû — ïî 9 æè-
âîòíûõ (18 ãëàç) â êàæäîé. 

Îáùèé íàðêîç æèâîòíûì âûïîëíÿëñÿ ïóòåì ïàðåíòå-
ðàëüíîãî ââåäåíèÿ 10 % òèîïåíòàëà íàòðèÿ â äîçå 1 ìë/êã. 
Ïåðåä ïðîâåäåíèåì õèðóðãè÷åñêîãî âìåøàòåëüñòâà êðîëèêè 
ôèêñèðîâàëèñü â ñïåöèàëüíîì ñòàíêå. Îáðàáîòêà îïåðà-
öèîííîãî ïîëÿ îñóùåñòâëÿëàñü ñ ñîáëþäåíèåì âñåõ ïðàâèë 
àñåïòèêè è àíòèñåïòèêè. Ðåòðîáóëüáàðíàÿ àíåñòåçèÿ ïðî-
èçâîäèëàñü 2 ìë 2 % ðàñòâîðà ëèäîêàèíà ãèäðîõëîðèäà. 
Ìèäðèàç äîñòèãàëñÿ ïóòåì èíñòèëëÿöèé â êîíúþíêòèâàëü-
íûé ìåøîê 10 % ðàñòâîðà ìåçàòîíà. Ïîñëå êðóãîâîé êîíú-
þíêòèâîòîìèè ïî ëèìáó âûïîëíÿëèñü ñêëåðîòîìèè íà 10 
è 2 ÷àñàõ íà ïðàâûõ è íà 4 è 8 ÷àñàõ íà ëåâûõ ãëàçàõ. Äëÿ 
óñòðàíåíèÿ ðåôðàêöèîííûõ àáåððàöèé íà ðîãîâèöó êðîëèêà 
óñòàíàâëèâàëàñü ïëîñêàÿ êîíòàêòíàÿ ëèíçà. Âèòðýêòîìèÿ 
èññëåäóåìûì æèâîòíûì íå âûïîëíÿëàñü. 

Çàòåì ÷åðåç ñêëåðîòîìèè â âèòðåàëüíóþ ïîëîñòü ââîäè-
ëèñü îñâåòèòåëü è ìîíîïîëÿðíûé ñâàðî÷íûé çîíä. Âòîðîé 
ýëåêòðîä ôèêñèðîâàëñÿ ê áëåôàðîñòàòó. Â ïåðâîé ãðóïïå 
ýêñïåðèìåíòàëüíûì æèâîòíûì âûïîëíÿëàñü ÂÝÁÒ ñåò÷àò-
êè è ñîñóäèñòîé îáîëî÷êè ñ ïàðàìåòðàìè ýëåêòðè÷åñêîãî 
òîêà: íàïðÿæåíèå — 14–16 Â, ñèëà òîêà — äî 0,1 À, ÷àñòîòà 
66 êÃö. Êðîëèêàì âòîðîé ãðóïïû — ñ ïàðàìåòðàìè: íàïðÿ-
æåíèå — 18–20 Â, ñèëà òîêà — äî 0,1 À, ÷àñòîòà 66 êÃö. 
Ñâàðî÷íûå àïïëèêàöèé (îò 16 äî 22) íàíîñèëèñü â 3 ðÿäà 
êîíöåíòðè÷íî âîêðóã äèñêà çðèòåëüíîãî íåðâà (ÄÇÍ), îò-
ñòóïÿ íà 3–4 ìì îò åãî êðàÿ. Ðàññòîÿíèå ìåæäó àïïëèêà-
öèÿìè áûëî íå ìåíåå 1 ìì. 

Êðîëèêè âûâîäèëèñü èç ýêñïåðèìåíòà ìåòîäîì âîçäóø-
íîé ýìáîëèè ÷åðåç 3 äíÿ, 1 íåäåëþ è ÷åðåç 1 ìåñÿö ïî 3 êðî-
ëèêà íà êàæäûé ñðîê íàáëþäåíèÿ. Ïðîèçâîäèëàñü ýíóêëåà-
öèÿ ãëàçíûõ ÿáëîê. 

Óäàëåííîå ãëàçíîå ÿáëîêî ôèêñèðîâàëè â æèäêîñòè 
Êàðíóà ïî ìîäèôèöèðîâàííîé íàìè ìåòîäèêå [14], çàëè-
âàëè â «Ãèñòîìèêñ» (Biovitrum, Ðîññèÿ), ãîòîâèëè ïîñòîÿí-
íûå ãèñòîëîãè÷åñêèå ïðåïàðàòû ïî îáùåïðèíÿòîé ìåòîäèêå 
[15]. Ñðåçû îêðàøèâàëè ãåìàòîêñèëèíîì-ýîçèíîì, èññëå-
äîâàëè ìåòîäîì ìèêðîñêîïèè íà ñâåòîâîì ìèêðîñêîïå «Carl 
Zeiss Axiostar plus», îáîðóäîâàííîì ñèñòåìîé âèäåîàíàëèçà 
èçîáðàæåíèé «ÂèäåîÒåñò-Ìàñòåð Ìîðôîëîãèÿ» (ÎÎÎ» 
ÂèäåîÒåñò «, Ðîññèÿ). 

Ðåçóëüòàòû 

Â ðàáîòå èññëåäîâàíà äèíàìèêà ìîðôîëîãè-
÷åñêèõ èçìåíåíèé õîðèîðåòèíàëüíîãî êîìïëåêñà 
ïðè âîçäåéñòâèè âûñîêî÷àñòîòíûì ýëåêòðè÷åñêèì 
òîêîì ñ ÷àñòîòîé 66 êÃö, ñèëîé òîêà äî 0,1 À (ìîäè-
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ôèöèðîâàííûé ãåíåðàòîð ÅÊ-300 Ì1) ïîñðåäñòâîì 
ìîíîïîëÿðíîãî çîíäà (20g) ïðè óðîâíå íàïðÿæåíèÿ 
14–16 Â è 18–20 Â. Ñòåïåíü âûðàæåííîñòè èçìåíå-
íèé â ñåò÷àòêå è ñîñóäèñòîé îáîëî÷êå îöåíèâàëè ïî 
ñðàâíåíèþ ñ èíòàêòíîé ñåò÷àòêîé (ðèñ. 1). 

×åðåç 3 äíÿ ïîñëå âîçäåéñòâèÿ âûñîêî÷àñòîò-
íûì ýëåêòðè÷åñêèì òîêîì ïðè íàïðÿæåíèè 14–16 
Â â î÷àãå âîçäåéñòâèÿ îòìå÷àëñÿ îòåê ñåò÷àòêè, 
ïîëíàÿ ãîìîãåíèçàöèÿ ñëîÿ ôîòîðåöåïòîðîâ, ñëîÿ 
ãàíãëèîçíûõ êëåòîê è ñëîÿ íåðâíûõ âîëîêîí. Â ïî-
ñëåäíåì îïðåäåëÿåòñÿ îòåê è ôîðìèðîâàíèå ïñåâ-
äîêèñòû. ×àñòè÷íî ñîõðàíåí ìåñòàìè îòñëîåííûé 
îò ñîñóäèñòîé îáîëî÷êè ïèãìåíòíûé ýïèòåëèé 
ñåò÷àòêè, íàðóæíûé ÿäåðíûé ñëîé. Îáðàùàåò âíè-
ìàíèå ïðîñâåòëåíèå ÿäåð íåéðîíîâ âíóòðåííåãî 
ÿäåðíîãî ñëîÿ. Íå èñêëþ÷åíî, ÷òî ýòè èçìåíåíèÿ 
ñâÿçàíû ñ äåêîíäåíñàöèåé õðîìàòèíà è íàïðàâëå-
íû íà ðåãåíåðàöèþ êëåòîê, ïîâðåæäåííûõ âîçäåé-
ñòâèåì ýëåêòðè÷åñêîãî òîêà (ðèñ. 2). 

Íà ñåäüìûå ñóòêè ïîñëå âîçäåéñòâèÿ âûñîêî-
÷àñòîòíûì ýëåêòðè÷åñêèì òîêîì ñ ÷àñòîòîé 66 êÃö 
ïðè óðîâíå íàïðÿæåíèÿ 14–16 Â òîëùèíà ñåò÷àòêè 
ad oculus ïðàêòè÷åñêè íå îòëè÷àëàñü îò òàêîâîé ó 
èíòàêòíûõ æèâîòíûõ. Îïðåäåëÿåòñÿ ãîìîãåíèçà-
öèÿ ôîòîðåöåïòîðíîãî ñëîÿ, äåñòðóêöèÿ àïèêàëü-
íîé ïîâåðõíîñòè êëåòîê ïèãìåíòíîãî ýïèòåëèÿ 
ñåò÷àòêè, âûñâîáîæäåíèå è ðàñïðåäåëåíèå â ãîìî-
ãåííîì ñëîå ôîòîðåöåïòîðîâ çåðåí ìåëàíèíà, îòåê 
íàðóæíîãî ÿäåðíîãî ñëîÿ (ðèñ. 3). 

×åðåç ìåñÿö ïîñëå âîçäåéñòâèÿ ýëåêòðè÷åñêîãî 
òîêà ñ ÷àñòîòîé 66 êÃö èçìåíåíèÿ òîëùèíû è àð-
õèòåêòîíèêè ñëîåâ ñåò÷àòêè áûëè ìèíèìàëüíûìè 
è ñîõðàíÿëèñü ëèøü ïî êðàþ ñâàðî÷íîé àïïëèêà-
öèè. Îáðàùàåò íà ñåáÿ âíèìàíèå âîññòàíîâëåíèå 
ñòðóêòóðû âíóòðåííèõ ñëîåâ ñåò÷àòêè. Ïðè ýòîì 
ïîëíîé äåñòðóêöèè ïîäâåðãíóòû ôîòîðåöåïòîð-
íûé ñëîé è ïèãìåíòíûé ýïèòåëèé ñåò÷àòêè (ðèñ. 4). 
Ñîñóäèñòàÿ îáîëî÷êà ïðåäñòàâëÿåò ñîáîé ñëîé âî-
ëîêíèñòîé ñîåäèíèòåëüíîé òêàíè — ðóáåö. Êðîìå 
òîãî, ìû äîïóñêàåì âîçìîæíîñòü ìèãðàöèè êëåòîê 
èç ñîñóäèñòîé îáîëî÷êè ÷åðåç ëîêàëüíûå ïîâðåæ-
äåíèÿ ìåìáðàíû Áðóõà è ïðîëèôåðàöèþ ãëèàëü-
íûõ ýëåìåíòîâ ñåò÷àòêè íà óðîâíå ïèãìåíòíûé 
ýïèòåëèé-íåéðîýïèòåëèé, ÷òî ïî âñåé âåðîÿòíî-
ñòè, îáåñïå÷èâàåò ïîâûøåíèå ñòåïåíè ïðî÷íîñòè 
õîðèîðåòèíàëüíîãî ñîåäèíåíèÿ. 

Â ñâîþ î÷åðåäü íà òðåòüè ñóòêè ïîñëå âîçäåé-
ñòâèÿ âûñîêî÷àñòîòíûì ýëåêòðè÷åñêèì òîêîì ñ 
÷àñòîòîé 66 êÃö ïðè óðîâíå íàïðÿæåíèÿ 18–20 
Â òîëùèíà ñåò÷àòêè ðåçêî óâåëè÷èâàåòñÿ, ïî÷òè 
âäâîå ïðåâûøàÿ ïîêàçàòåëè èíòàêòíûõ æèâîòíûõ. 
Â îòëè÷èå îò ÂÝÁÒ ïðè óðîâíå íàïðÿæåíèÿ 14–16 

Ðèñ. 1. Èíòàêòíàÿ ñåò÷àòêà êðîëèêà êîíòðîëüíîé ãðóïïû. 
Îêðàñêà: ãåìàòîêñèëèí-ýîçèíîì. Õ 100. 

Ðèñ. 2. Ñåò÷àòêà è ñîñóäèñòàÿ îáîëî÷êà êðîëèêà ÷åðåç 3 
äíÿ ïîñëå âîçäåéñòâèÿ âûñîêî÷àñòîòíûì ýëåêòðè÷åñêèì 
òîêîì ñ ÷àñòîòîé 66 êÃö ïðè íàïðÿæåíèè 14–16 Â, ñèëå òîêà 
äî 0,1 À. Îòìå÷àåòñÿ ãîìîãåíèçàöèÿ ñëîÿ ôîòîðåöåïòîðîâ, 
ñëîÿ ãàíãëèîçíûõ êëåòîê è ñëîÿ íåðâíûõ âîëîêîí. Îêðàñêà 
ãåìàòîêñèëèí-ýîçèíîì. Õ 200. 

Ðèñ. 3. Ñåò÷àòêà è ñîñóäèñòàÿ îáîëî÷êà êðîëèêà ÷åðåç 7 
äíåé ïîñëå âîçäåéñòâèÿ âûñîêî÷àñòîòíûì ýëåêòðè÷åñêèì 
òîêîì ñ ÷àñòîòîé 66 êÃö ïðè íàïðÿæåíèè 14–16 Â, ñèëå òîêà 
äî 0,1 À. Îòìå÷àåòñÿ äåñòðóêöèÿ àïèêàëüíîé ïîâåðõíîñòè 
êëåòîê ïèãìåíòíîãî ýïèòåëèÿ ñåò÷àòêè, âûñâîáîæäåíèå è 
ðàñïðåäåëåíèå â ãîìîãåííîì ñëîå ôîòîðåöåïòîðîâ çåðåí 
ìåëàíèíà (ñòðåëêà). Îêðàñêà ãåìàòîêñèëèí-ýîçèíîì. × 100. 
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Ðèñ. 4. Ñåò÷àòêà è ñîñóäèñòàÿ îáîëî÷êà êðîëèêà ÷åðåç1 
ìåñÿö ïîñëå âîçäåéñòâèÿ âûñîêî÷àñòîòíûì ýëåêòðè÷åñêèì 
òîêîì ñ ÷àñòîòîé 66 êÃö ïðè íàïðÿæåíèè 14–16 Â, ñèëå òîêà 
äî 0,1 À. Äåñòðóêöèÿ ôîòîðåöåïòîðíîãî ñëîÿ è ïèãìåíòíîãî 
ýïèòåëèÿ ñåò÷àòêè, îáðàçîâàíèå ðóáöà (ñòðåëêà). Îêðàñêà 
ãåìàòîêñèëèí-ýîçèíîì. × 100. 

Ðèñ. 5. Ñåò÷àòêà è ñîñóäèñòàÿ îáîëî÷êà êðîëèêà ÷åðåç 3 
äíÿ ïîñëå âîçäåéñòâèÿ âûñîêî÷àñòîòíûì ýëåêòðè÷åñêèì 
òîêîì ñ ÷àñòîòîé 66 êÃö ïðè íàïðÿæåíèè 18–20 Â, ñèëå òîêà 
äî 0,1 À. Äåñòðóêòèâíûå èçìåíåíèÿ, îòåê âñåõ ñëîåâ ñåò÷àò-
êè ñ ôîðìèðîâàíèåì ìíîãî÷èñëåííûõ âàêóîëåé. Îêðàñêà 
ãåìàòîêñèëèí-ýîçèíîì. × 100. 

Ðèñ. 6. Ñåò÷àòêà è ñîñóäèñòàÿ îáîëî÷êà êðîëèêà ÷åðåç 7 
äíåé ïîñëå âîçäåéñòâèÿ âûñîêî÷àñòîòíûì ýëåêòðè÷åñêèì 
òîêîì ñ ÷àñòîòîé 66 êÃö ïðè óðîâíå íàïðÿæåíèÿ 18–20 Â, 
ñèëå òîêà äî 0,1 À. Âîññòàíîâëåíèå àðõèòåêòîíèêè ÿäåðíûõ 
ñëîåâ. Îêðàñêà ãåìàòîêñèëèí-ýîçèíîì. × 100. 

Ðèñ. 7. Ñåò÷àòêà è ñîñóäèñòàÿ îáîëî÷êà êðîëèêà ÷åðåç 7 
äíåé ïîñëå âîçäåéñòâèÿ âûñîêî÷àñòîòíûì ýëåêòðè÷åñêèì 
òîêîì ñ ÷àñòîòîé 66 êÃö ïðè óðîâíå íàïðÿæåíèÿ 18–20 Â, 
ñèëå òîêà äî 0,1 À. Îêðàñêà ãåìàòîêñèëèí-ýîçèíîì. × 200. 
Ñòðåëêà — ïðîëèôåðàöèÿ êëåòîê ñîåäèíèòåëüíîé òêàíè, 
ðóáöåâàíèå íà óðîâíå ñîñóäèñòàÿ îáîëî÷êà — ïèãìåíòíûé 
ýïèòåëèé — ôîòîðåöåïòîðû. 

Â, óâåëè÷èâàëàñü òîëùèíà âñåõ ñëîåâ ñåò÷àòêè. Ïðè 
ýòîì âûÿâëåíû âûðàæåííûå äåñòðóêòèâíûå èçìå-
íåíèÿ, îòåê âñåõ ñëîåâ ñåò÷àòêè ñ ôîðìèðîâàíèåì 
ìíîãî÷èñëåííûõ âàêóîëåé, ãîìîãåíèçàöèÿ ñòåíîê 

ñîñóäîâ õîðèîèäåè ñ êðîâîèçëèÿíèÿìè è ïëàçìîð-
ðàãèÿìè. Êðîâü ãîìîãåííàÿ ñ ðàñïàäîì ýðèòðîöè-
òîâ. Îòìå÷àåòñÿ ðàçðóøåíèå ñëîÿ íåðâíûõ âîëîêîí 
ñî ñìåùåíèåì ôðàãìåíòîâ òêàíè â ñòåêëîâèäíîå 
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òåëî. Äåñòðóêöèÿ âíóòðåííåé ïîãðàíè÷íîé ìåì-
áðàíû (Ðèñ.5). 

Íà ñåäüìûå ñóòêè ïîñëå âîçäåéñòâèÿ âûñîêî-
÷àñòîòíûì ýëåêòðè÷åñêèì òîêîì ñ ÷àñòîòîé 66 êÃö 
ïðè óðîâíå íàïðÿæåíèÿ 18–20 Â îòåê ñåò÷àòêè è 
äèñêîìïëåêñàöèÿ åå ñëîåâ óìåíüøàþòñÿ. Âîññòà-
íàâëèâàåòñÿ àðõèòåêòîíèêà ÿäåðíûõ ñëîåâ, îäíàêî 
êîëè÷åñòâî íåéðîíîâ â íèõ óìåíüøàåòñÿ, ìíîãî êëå-
òîê ñ ïðèçíàêàìè êàðèîëèçèñà. Ïî êðàþ ñâàðî÷íîé 
àïïëèêàöèè ñîõðàíÿþòñÿ ó÷àñòêè êîàãóëÿöèîííûõ 
èçìåíåíèé ñåò÷àòêè. Ïëîùàäü ãåìî- è ïëàçìîððà-
ãèé â ñîñóäèñòîé îáîëî÷êå óìåíüøàåòñÿ (ðèñ. 6). 

×åðåç ìåñÿö ïîñëå âîçäåéñòâèÿ ýëåêòðîñâàðêè 
ñ íàïðÿæåíèåì 18–20 Â â îáëàñòè ðàáî÷åé ïîâåðõ-
íîñòè çîíäà íàáëþäàåòñÿ ðåçêîå èñòîí÷åíèå âñåõ 
ñëîåâ ñåò÷àòêè, íî â áîëüøåé ñòåïåíè ãàíãëèîíàð-
íîãî ñëîÿ è âíóòðåííåãî ñåò÷àòîãî ñëîÿ, à òàêæå 
ñëîÿ ïàëî÷åê è êîëáî÷åê. Êîëè÷åñòâî íåéðîíîâ 
âî âñåõ ÿäåðíûõ ñëîÿõ óìåíüøåíî. Îòìå÷àåòñÿ 
çàìåùåíèå ñîåäèíèòåëüíîé òêàíüþ ñîñóäèñòîé 
îáîëî÷êè, à òàêæå ïðîëèôåðàöèÿ êëåòîê ñîåäèíè-
òåëüíîé òêàíè íà óðîâíå ÏÝÑ — íåéðîýïèòåëèé 
(ðóáöåâàíèå). Ïðè ýòîì ïëîùàäü õîðèîðåòèíàëü-
íîãî ðóáöåâàíèÿ áûëà áîëüøå ïî ñðàâíåíèþ ñ òà-
êîâîé ó æèâîòíûõ ïåðâîé ãðóïïû íàáëþäåíèÿ ïðè 
âîçäåéñòâèè âûñîêî÷àñòîòíûì ýëåêòðè÷åñêèì òî-
êîì ïðè óðîâíå íàïðÿæåíèÿ 14–16 Â, ñèëîé òîêà 
äî 0,1 À. 

Çàêëþ÷åíèå. Ïðè âîçäåéñòâèè âûñîêî÷àñòîò-
íîãî ýëåêòðè÷åñêîãî òîêà ñ ÷àñòîòîé 66 êÃö (ìî-
äèôèöèðîâàííûé ãåíåðàòîð ÅÊ-300Ì1) íà õî-
ðèîðåòèíàëüíûé êîìïëåêñ êðîëèêà ïðè óðîâíå 
íàïðÿæåíèÿ — 14–16 Â, ñèëå òîêà — äî 0,1 À ÷åðåç 
3 ñóòîê çíà÷èìûå ñòðóêòóðíûå èçìåíåíèÿ ïðîèñ-
õîäÿò êàê íà óðîâíå âíóòðåííèõ, òàê è íàðóæíûõ 
ñëîåâ ñåò÷àòêè è õàðàêòåðèçóþòñÿ îòåêîì ñåò÷àò-

êè, ãîìîãåíèçàöèåé ôîòîðåöåïòîðíîãî ñëîÿ, ñëîÿ 
ãàíãëèîçíûõ êëåòîê è ñëîÿ íåðâíûõ âîëîêîí. Íà 7 
ñóòêè îòìå÷àåòñÿ âîññòàíîâëåíèå ñòðóêòóðû âíó-
òðåííèõ ñëîåâ ñåò÷àòêè ñ äåñòðóêöèåé àïèêàëüíîé 
ïîâåðõíîñòè êëåòîê ïèãìåíòíîãî ýïèòåëèÿ ñåò÷àò-
êè, âûñâîáîæäåíèåì è ðàñïðåäåëåíèåì â ãîìîãåí-
íîì ñëîå ôîòîðåöåïòîðîâ çåðåí ìåëàíèíà, îòåêîì 
íàðóæíîãî ÿäåðíîãî ñëîÿ. ×åðåç 1 ìåñÿö îáðàùàåò 
íà ñåáÿ âíèìàíèå äåñòðóêöèÿ ôîòîðåöåïòîðíîãî 
ñëîÿ è ïèãìåíòíîãî ýïèòåëèÿ ñåò÷àòêè ñ îáðàçîâà-
íèåì õîðèîðåòèíàëüíîãî ðóáöà ïî êðàþ ñâàðî÷íîé 
àïïëèêàöèè. Ïðè âîçäåéñòâèè âûñîêî÷àñòîòíîãî 
ýëåêòðè÷åñêîãî òîêà ñ ÷àñòîòîé 66 êÃö ïðè óðîâíå 
íàïðÿæåíèÿ 18–20 Â, ñèëå òîêà 0,1 À ÷åðåç 3 ñóòîê 
îòìå÷àëèñü äåñòðóêòèâíûå èçìåíåíèÿ âñåõ ñëîåâ 
ñåò÷àòêè. ×åðåç 7 ñóòîê ÷àñòè÷íî âîññòàíàâëèâàåòñÿ 
àðõèòåêòîíèêà ÿäåðíûõ ñëîåâ, îäíàêî êîëè÷åñòâî 
íåéðîíîâ óìåíüøàåòñÿ, ìíîãî êëåòîê ñ ïðèçíàêàìè 
êàðèîëèçèñà. ×åðåç ìåñÿö íàáëþäàåòñÿ ðåçêîå èñ-
òîí÷åíèå âñåõ ñëîåâ ñåò÷àòêè, íî â áîëüøåé ñòåïå-
íè ãàíãëèîíàðíîãî è âíóòðåííåãî ñåò÷àòîãî ñëîåâ, 
ñëîÿ ïàëî÷åê è êîëáî÷åê. Êîëè÷åñòâî íåéðîíîâ âî 
âñåõ ÿäåðíûõ ñëîÿõ óìåíüøåíî. Îòìå÷àåòñÿ ïðîëè-
ôåðàöèÿ êëåòîê ñîåäèíèòåëüíîé òêàíè íà óðîâíå 
ïèãìåíòíûé ýïèòåëèé-íåéðîýïèòåëèé-ñîñóäèñòàÿ 
îáîëî÷êà (ðóáöåâàíèå), êîòîðàÿ çàíèìàåò âñþ ïëî-
ùàäü ñâàðî÷íîé àïïëèêàöèè. Òàêèì îáðàçîì, áî-
ëåå ùàäÿùåå âîçäåéñòâèå íà ñåò÷àòêó è ñîñóäèñòóþ 
îáîëî÷êó êðîëèêà ñ âîçìîæíîñòüþ ôîðìèðîâàíèÿ 
õîðèîðåòèíàëüíîãî ðóáöà îêàçûâàåò âûñîêî÷àñòîò-
íûé ýëåêòðè÷åñêèé òîê ñ ÷àñòîòîé 66 êÃö (ìîäèôè-
öèðîâàííûé ãåíåðàòîð ÅÊ-300Ì1) ñ ïàðàìåòðàìè: 
íàïðÿæåíèå 14–16Â, ñèëà òîêà — äî 0,1 À, ÷òî ìîæ-
íî èñïîëüçîâàòü äëÿ ðåòèíîïåêñèè â õîäå âèòðåîðå-
òèíàëüíûõ âìåøàòåëüñòâ ïðè íàëè÷èè ñòåêëîâèä-
íîãî òåëà. 
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