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Âñòóï. Ó äàí³é ñòàòò³ âèâ÷àëèñÿ óëüòðàñòðóêòóðí³ çì³íè ñåíñîðíî¿ ÷àñ-
òèíè ñ³òê³âêè êðîëèêà ï³ñëÿ ñóáïîðîãîâîãî âïëèâó ëàçåðàìè ç ð³çíîþ äî-
âæèíîþ õâèë³. Íà ñó÷àñíîìó åòàï³ ðîçâèòêó îôòàëüìîëîã³¿ ëàçåðíà êîà-
ãóëÿö³ÿ ñ³òê³âêè çàëèøàºòüñÿ «çîëîòèì» ñòàíäàðòîì ë³êóâàííÿ ñóäèííî¿ 
ïàòîëîã³¿ î÷íîãî äíà. Îäíàê, äàíèé ìåòîä ìàº ðÿä óñêëàäíåíü, òîìó º îñî-
áëèâî àêòóàëüíèì ïîøóê àëüòåðíàòèâíèõ ìåòîäèê íàíåñåííÿ ëàçåðíî¿ 
åíåðã³¿, ÿê³ á íå ìàëè íåáàæàíèõ ïîá³÷íèõ åôåêò³â. 
Ìåòà. Ìåòîþ ðîáîòè áóëî âèâ÷åííÿ âïëèâó ñóáïîðîãîâî¿ ëàçåðíî¿ ä³¿ íà ñåí-
ñîðíó ÷àñòèíó ñ³òê³âêè êðîëèêà ëàçåðàìè, ãåíåðóþ÷èìè âèïðîì³íþâàííÿ ç 
äîâæèíîþ õâèë³ 532 íì, 577 íì ³ 810 íì ç âèêîðèñòàííÿì ì³ëë³³ìïóëüñíîãî 
³ ì³êðî³ìïóëüñíîãî ðåæèì³â ðîáîòè ëàçåðà çà äàíèìè åëåêòðîííî¿ ì³êðî-
ñêîï³¿. 
Ìàòåð³àëè òà ìåòîäè. Ðîáîòà âèêîíàíà íà 3 äîðîñëèõ êðîëèêàõ (5 î÷åé) 
ïîðîäè øèíøèëà, â³ê 6–7 ì³ñÿö³â, ìàñîþ 2,5–3êã. Ëàçåðí³ êîàãóëÿòè íà-
íîñèëèñÿ â íèæí³õ ñåãìåíòàõ îêà, ÿê³ áóëè ïîä³ëåí³ óìîâíî íà äâ³ ÷àñòèíè 
äëÿ âèêîíàííÿ çëèâíî¿ ³ íåçëèâíî¿ ëàçåðíî¿ êîàãóëÿö³¿ ñ³òê³âêè, âèêîðèñòî-
âóâàëîñÿ ëàçåðíå âèïðîì³íþâàííÿ ç ð³çíîþ äîâæèíîþ õâèë³. Ëàçåðíèé âïëèâ 
íà ñ³òê³âêó êðîëèêà âèêîíóâàâñÿ â äâîõ ðåæèìàõ ðîáîòè ëàçåðà: â ì³ëë³-
³ìïóëüñíîìó ³ ì³êðî³ìïóëüñíîìó, âèêîðèñòîâóâàëèñÿ ò³ëüêè ñóáïîðîãîâ³ ïî-
òóæíîñò³ ëàçåðíîãî âïëèâó. 
Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ. Åëåêòðîííî — ì³êðîñêîï³÷íå äîñë³äæåííÿ 
ïîêàçàëî, ùî íåçëèâíèé ìåòîä íàíåñåííÿ ëàçåðíèõ êîàãóëÿò³â ìàº ìåíøó 
ïîøêîäæóþ÷ó ä³þ íà ñåíñîðíó ÷àñòèíó ñ³òê³âêè êðîëèêà, í³æ çëèâíèé 
ìåòîä íàíåñåííÿ êîàãóëÿò³â. Ï³ñëÿ ä³¿ ëàçåðíîãî âèïðîì³íåííÿ äîâæèíîþ 
õâèë³ 577 íì â ì³ëë³³ìïóëüñíîìó ðåæèì³ ðàáîòè ëàçåðà, ïðè âèêîðèñòàíí³ 
çëèâíîãî ìåòîäó íàíåñåííÿ êîàãóëÿò³â íà ñ³òê³âêó êðîëèêà ñïîñòåð³ãàþòü-
ñÿ ìåíø³ ïîøêîäæåííÿ, í³æ ïðè àíàëîã³÷í³é ä³¿ ëàçåðîì äîâæèíîþ õâèë³ 532 
íì. Àëå ïðè íåçëèâíîìó ìåòîä³ íàíåñåííÿ êîàãóëÿò³â ïðè ä³¿ ëàçåðîì äîâæè-
íîþ õâèë³ 577 íì â ì³ëë³³ìïóëüñíîìó ðåæèì³ â ñåíñîðí³é ÷àñòèí³ ñ³òê³âêè 
ñïîñòåð³ãàþòüñÿ ìåíø³ ïîøêîäæóþ÷³ çì³íè. Âèÿâëÿºòüñÿ çáåðåæåí³ñòü 
çîâí³øí³õ òà âíóòð³øí³õ ñåãìåíò³â ôîòîðåöåïòîðíèõ êë³òèí. Åëåêòðîí-
íî — ì³êðîñêîï³÷íå äîñë³äæåííÿ ïðîäåìîíñòðóâàëî, ùî ï³ñëÿ ëàçåðíîãî 
âïëèâó äîâæèíîþ õâèë³ 810 íì â ì³êðî³ìïóëüñíîìó ðåæèì³ ðàáîòè ëàçåðà, 
ïðè íåçëèâíîìó ìåòîä³ íàíåñåííÿ êîàãóëÿò³â íà ñ³òê³âêó êðîëèêà ñïîñòåð³-
ãàºòüñÿ íàéìåíøå ïîøêîäæåííÿ ñåíñîðí³é ÷àñòèí³ ñ³òê³âêè, í³æ ïðè àíà-
ëîã³÷íèõ âïëèâàõ ëàçåðàìè äîâæèíîþ õâèë³ 532 íì òà 577 íì. 
Âèñíîâêè. Âñòàíîâëåíî, ùî íàéìåíøó ïîøêîäæóþ÷è ä³þ íà ñåíñîðíó ÷àñ-
òèíó ñ³òê³âêè êðîëèêà ìàº âèïðîì³íþâàííÿ äîâæèíîþ õâèë³ 810 íì. Çì³íè 
ìþëëåðîâñêèõ êë³òèí ñïîñòåð³ãàëèñü ìàéæå ï³ñëÿ âñ³õ ëàçåðíèõ âïëèâ³â íà 
ñ³òê³âêó êðîëèêà. 
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Ââåäåíèå. Íà ñîâðåìåííîì ýòàïå ðàçâèòèÿ 
îôòàëüìîëîãèè ëàçåðíàÿ êîàãóëÿöèÿ ñåò÷àòêè îñòà-
åòñÿ «çîëîòûì» ñòàíäàðòîì ëå÷åíèÿ ñîñóäèñòîé 
ïàòîëîãèè ãëàçíîãî äíà. Ýôôåêòèâíîñòü äàííîãî 
ìåòîäà ëå÷åíèÿ ïîäòâåðæäåíà ðÿäîì êðóïíîìàñ-
øòàáíûõ èññëåäîâàíèé, òàêèõ êàê Early Treatment 
Diabetic Retinopathy Research Study Group [2], 
Branch Vein Occlusion Study Group [1]. Íåñìîòðÿ 
íà óñïåøíîå ïðèìåíåíèå äàííîãî ìåòîäà ëå÷åíèÿ 
îí, êàê è áîëüøèíñòâî äðóãèõ ìåòîäîâ, èìååò ðÿä 
íåäîñòàòêîâ. Òàê, òðóäíîñòü äîçèðîâàíèÿ ëàçåðíîé 
ýíåðãèè íà èçìåíåííûå òêàíè ñåò÷àòîé îáîëî÷êè 
ïðèâîäèò â ïîñëåäóþùåì ê íåæåëàòåëüíûì èçìå-
íåíèÿì õîðèîèäåè, ïèãìåíòíîãî ýïèòåëèÿ è ñåí-
ñîðíîãî ñëîÿ ñåò÷àòîé îáîëî÷êè. 

Íåêîòîðûå èññëåäîâàòåëè ïîêàçàëè, ÷òî îáû÷-
íàÿ ïîðîãîâàÿ ëàçåðíàÿ êîàãóëÿöèÿ ñåò÷àòêè ïî 
òèïó «ðåøåòêà» ïðè ëå÷åíèè îòåêà ìàêóëû ìîæåò â 

îòäàëåííîì ïåðèîäå ñîïðîâîæäàòüñÿ ðÿäîì îñëîæ-
íåíèé, ñâÿçàííûõ ñ «ïîëçó÷åé» àòðîôèåé ïèãìåíò-
íîãî ýïèòåëèÿ âîêðóã ëàçåðíûõ ïðèæîãîâ [1, 8, 9], 
õîðèîèäàëüíîé íåîâàñêóëÿðèçàöèåé [6, 7], ñóáðåòè-
íàëüíûì ôèáðîçîì [3, 4] è óõóäøåíèåì êîíòðàñò-
íîé ÷óâñòâèòåëüíîñòè ñåò÷àòîé îáîëî÷êè [5, 10]. 
Íåêîòîðûìè àâòîðàìè áûëî ïðåäëîæåíî íèâåëè-
ðîâàòü âûøåïåðå÷èñëåííûå ïîâðåæäåíèÿ ïóòåì 
óìåíüøåíèÿ äëèòåëüíîñòè ëàçåðíîãî âîçäåéñòâèÿ 
íà òêàíè ñåò÷àòîé îáîëî÷êè, ïðèìåíÿÿ êëèíè÷åñêè 
íåâèäèìûå ëàçåðíûå ïðèæîãè. Ïîýòîìó âåäåòñÿ 
ïîèñê àëüòåðíàòèâíûõ ìåòîäèê äîçèðîâàíèÿ ëà-
çåðíîé ýíåðãèè, à òàêæå ïîèñê îïòèìàëüíûõ ñõåì 
íàíåñåíèÿ ëàçåðíûõ ïðèæîãîâ íà ïîðàæåííóþ îá-
ëàñòü ñåò÷àòêè. 

Öåëü. Èçó÷èòü âëèÿíèå ñóáïîðîãîâîãî ëàçåðíîãî 
èçëó÷åíèÿ íà ñåíñîðíóþ ÷àñòü ñåò÷àòêè êðîëèêà ëà-
çåðàìè ñ äëèíîé âîëíû 532, 577 è 810 íì ñ èñïîëü-

Ultrastructural changes of the retinal neuroepithlium of rabbits after subthreshold laser influence 
by laser generating radiation with the wavelength of 532 nm, 577 nm and 810 nm with application 
of milliimpulse and microimpulse operating conditions of the laser 
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Introduction. This article studied the ultrastructural changes of rabbit retinal neu-
roepithelial after subthreshold exposure lasers of different wavelengths. At the pres-
ent stage of development of ophthalmology retinal laser photocoagulation remains 
the «gold» standard of care for retinal vascular disease. However, this method has 
a number of complications, so is especially urgent search for alternative methods of 
application of laser energy, which would not have undesirable side effects. 
Purpose. The aim was to study the effect of subthreshold laser effects on rabbit 
retinal neuroepithelial lasers generating radiation with a wavelength of 532 nm, 
577 nm and 810 nm using millipulse and micropulse laser modes by electron mi-
croscopy. 
Methods. Work performed on the 3rd adult rabbits (5 eyes) Chinchilla, age 6–7 
months, weighing 2.5–3kg. Laser scars apply in the lower segments of the eyes, 
which were divided arbitrarily into two parts to perform the confluent and not con-
fluent laser photocoagulation, using laser radiation of different wavelengths. Laser 
effect on the rabbit retina was carried out in two modes of operation of the laser: in 
millipulse and micropulse, used only subthreshold power laser exposure. 
Results. Electron microscopy examination showed that the not confluent laser pho-
tocoagulation has less damaging effect on the rabbit retinal neuroepithelial than 
the confluent laser photocoagulation. The confluent laser burns 577 nm optical 
radiation in millipulse laser mode on the rabbit retina are observed less damage 
than when a similar influence of the laser wavelength of 532 nm. However, if you 
do not confluent laser burns the method of application of burns when exposed to 
a laser wavelength of 577 nm in millipulse mode of the neuroepithelial is far less 
damaging changes. There is preservation of the outer and inner segments of pho-
toreceptor cells. Electron microscopy examination showed that after exposure to 
the laser wavelength of 810 nm micropulse mode laser, with no confluent method 
of application of burns on the retina of the rabbit observed the least damage to the 
neuroepithelial than in similar influence of the laser wavelength of 532 nm and 
577 nm. 
Conclusion. Found that the least damaging effect on the rabbit neuroepithelial has 
radiation with a wavelength of 810 nm. Changes in Muller cells were observed 
after almost all laser effects on rabbit retina. 

Key words: ultrastructural changes 
of rabbit retinal neuroepithelium, sub-
threshold laser action. 
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çîâàíèåì ìèëëèèìïóëüñíîãî è ìèêðîèìïóëüñíîãî 
ðåæèìîâ ðàáîòû ëàçåðà ïî äàííûì ýëåêòðîííîé 
ìèêðîñêîïèè. 

Ìàòåðèàë è ìåòîäû 
Ðàáîòà âûïîëíåíà íà 3 âçðîñëûõ êðîëèêàõ (5 ãëàç) ïî-

ðîäû øèíøèëëà, âîçðàñò 6–7 ìåñÿöåâ, ìàññîé 2,5–3êã. 
Ëàçåðíûå ïðèæîãè íàíîñèëèñü â íèæíèõ ñåãìåíòàõ ãëàçà, 
êîòîðûå áûëè ïîäåëåíû óñëîâíî íà äâå ÷àñòè äëÿ âûïîë-
íåíèÿ ñëèâíîé è íåñëèâíîé ëàçåðíîé êîàãóëÿöèè ñåò÷àòêè, 
èñïîëüçîâàëîñü ëàçåðíîå èçëó÷åíèå ñ ðàçíîé äëèíîé âîëíû 
(òàáë.1.). Ëàçåðíîå âîçäåéñòâèå íà ñåò÷àòêó êðîëèêà âûïîë-
íÿëîñü â äâóõ ðåæèìàõ ðàáîòû ëàçåðà: â ìèëëèèìïóëüñíîì 
è ìèêðîèìïóëüñíîì, èñïîëüçîâàëèñü òîëüêî ñóáïîðîãîâûå 
ìîùíîñòè ëàçåðíîãî âîçäåéñòâèÿ. Ìîùíîñòü ëàçåðíîãî 
âîçäåéñòâèÿ ïîäáèðàëàñü äëÿ ìèëëèèìïóëüñíîãî ðåæèìà 
ðàáîòû ëàçåðà ñëåäóþùèì îáðàçîì: ñíà÷àëà íàíîñèëñÿ âè-
äèìûé êîàãóëÿò áåëîãî öâåòà 1–2 ñòåïåíè, çàòåì ìîùíîñòü 
óìåíüøàëàñü â äâà ðàçà ïî ñðàâíåíèþ ñ òåñòîâûì âèäèìûì 
âîçäåéñòâèåì. Ïðè èñïîëüçîâàíèè ìèêðîèìïóëüñíîãî ðåæè-
ìà ìîùíîñòü äëÿ âèäèìîãî ëàçåðíîãî ïðèæîãà ïîäáèðàëàñü 
â ìèëëèèìïóëüñíîì ðåæèìå ðàáîòû ëàçåðà äî ïîÿâëåíèÿ 
êîàãóëÿòà áåëîãî öâåòà 1–2 ñòåïåíè, çàòåì ðåæèì ðàáîòû 
ëàçåðà ïåðåêëþ÷àëñÿ â ìèêðîèìïóëüñíûé, è ìîùíîñòü óâå-
ëè÷èâàëàñü â äâà ðàçà. Ïàðàìåòðû èñïîëüçóåìîãî ëàçåðíîãî 
âîçäåéñòâèÿ ïðåäñòàâëåíû â òàáëèöå 2. 

Çàáîð ìàòåðèàëà ïðîèçâîäèëñÿ ÷åðåç 24 ÷àñà ïîñëå 
âûïîëíåíèÿ ëàçåðíîãî âîçäåéñòâèÿ íà ñåò÷àòêó êðîëèêà. 
Ýâòàíàçèÿ æèâîòíûõ îñóùåñòâëÿëàñü â ñîîòâåòñòâèè ñ 
òðåáîâàíèÿìè Åâðîïåéñêîé êîíâåíöèè ïî çàùèòå ýêñïåðè-
ìåíòàëüíûõ æèâîòíûõ (86/609 ÅÅÑ). 

Äëÿ ýëåêòðîííî-ìèêðîñêîïè÷åñêîãî èññëåäîâàíèÿ îá-
ðàçöû òêàíè ôèêñèðîâàëèñü â 2,5 % ðàñòâîðå ãëþòàðàëüäåãè-
äà íà ôîñôàòíîì áóôåðå ïðè çíà÷åíèè ðÍ — 7,4 ñ ïîñëåäóþ-
ùåé äîôèêñàöèåé 1 % ðàñòâîðîì îñìèåâîé êèñëîòû ïðè òîì 
æå ðÍ áóôåðíîãî ðàñòâîðà. Çàòåì îáðàçöû îáåçâîæèâàëè â 
ñïèðòàõ âîñõîäÿùåé êîíöåíòðàöèè. Ïðîïèòûâàíèå ìàòåðè-
àëà è åãî çàêëþ÷åíèå ïðîèçâîäèëîñü â ñìåñè ýïîí-àðàëäèò. 
Óëüòðàòîíêèå ñðåçû îêðàøèâàëèñü ðàñòâîðàìè óðàíèëàöå-
òàòà è öèòðàòà ñâèíöà. Ñðåçû ïðîñìàòðèâàëèñü è ôîòîãðà-
ôèðîâàëèñü ïîä ýëåêòðîííûì ìèêðîñêîïîì ÏÝÌ-100–01. 

Ðåçóëüòàòû è èõ îáñóæäåíèå 

Ýëåêòðîííî-ìèêðîñêîïè÷åñêîå èññëåäîâàíèå 
ïîêàçàëî, ÷òî ïîñëå ëàçåðíîãî âîçäåéñòâèÿ äëèíîé 
âîëíû 532 íì â ìèëëèèìïóëüñíîì ðåæèìå ðàáîòû 
ëàçåðà, ïðè ñëèâíîì ìåòîäå íàíåñåíèÿ ëàçåðíûõ 
ïðèæåãîâ íà ñåò÷àòêó êðîëèêà, íàáëþäàåòñÿ îò¸ê 
èíòåððåöåïòîðíîãî ìàòðèêñà. Â ðàçëè÷íûõ ó÷àñò-

êàõ ôîòîðåöåïòîðíûõ êëåòîê îò íàðóæíûõ è âíó-
òðåííèõ ñåãìåíòîâ äî öåíòðàëüíûõ ó÷àñòêîâ öèòî-
ïëàçìû îáíàðóæåíû ýëåêòðîííî-ïðîçðà÷íûå î÷àãè 
(Ðèñ. 1), ÿäðà ôîòîðåöåïòîðíûõ êëåòîê îêðóæåíû 
îò¸÷íîé öèòîïëàçìîé, íî ñîõðàíÿþò ñâîþ ñòðóêòó-
ðó. Â ñëîå áèïîëÿðíûõ êëåòîê ÷àñòü êëåòî÷íûõ ýëå-
ìåíòîâ èìååò ïðèçíàêè âíóòðèêëåòî÷íîãî îò¸êà. 
Â òî æå âðåìÿ öèòîïëàçìà è ÿäðà ìþëëåðîâñêèõ 
êëåòîê âûãëÿäÿò íîðìàëüíûìè. Â îáëàñòè ãàíãëè-
îçíûõ êëåòîê íàáëþäàþòñÿ ýëåìåíòû ãèäðîïè÷å-
ñêèõ èçìåíåíèé öèòîïëàçìû ìþëëåðîâñêèõ êëåòîê. 

Ïðè íåñëèâíîì ìåòîäå íàíåñåíèÿ ïðèæîãîâ íà-
áëþäàåòñÿ ÷àñòè÷íàÿ ôðàãìåíòàöèÿ íàðóæíûõ ñåã-
ìåíòîâ ôîòîðåöåïòîðíûõ êëåòîê. 

Âî âíóòðåííèõ ñåãìåíòàõ ôîòîðåöåïòîðíûõ êëå-
òîê íàáëþäàåòñÿ íàáóõàíèå ìèòîõîíäðèé. ßäåðíàÿ 
îáëàñòü ôîòîðåöåïòîðíûõ êëåòîê ñîõðàíåíà. Êëå-
òî÷íûå ýëåìåíòû âíóòðåííèõ îòäåëîâ ñåò÷àòêè áåç 
âûðàæåííûõ èçìåíåíèé, èñêëþ÷àÿ îòðîñòêè ìþë-
ëåðîâñêèõ êëåòîê, êîòîðûå îòëè÷àþòñÿ ïðèçíàêàìè 
ãèäðîïè÷åñêèõ èçìåíåíèé. 

Âûøåîïèñàííûå èçìåíåíèÿ ñâèäåòåëüñòâóþò 
î òîì, ÷òî íåñëèâíîé ìåòîä íàíåñåíèÿ ïðèæîãîâ 
èìååò ìåíåå ïîâðåæäàþùåå äåéñòâèå íà ñåíñîðíûé 
ñëîé ñåò÷àòêè êðîëèêà, ÷åì ñëèâíîé ìåòîä íàíåñå-
íèÿ ïðèæîãîâ. 

Ýëåêòðîííî-ìèêðîñêîïè÷åñêîå èññëåäîâàíèå 
ïîêàçàëî, ÷òî ïîñëå ëàçåðíîãî âîçäåéñòâèÿ äëèíîé 
âîëíû 577 íì â ìèëëèèìïóëüñíîì ðåæèìå ðàáîòû 
ëàçåðà, ïðè ñëèâíîì ìåòîäå íàíåñåíèÿ ïðèæîãîâ íà 
ñåò÷àòêó êðîëèêà íàáëþäàþòñÿ ìåíüøèå ïîâðåæ-
äåíèÿ, ÷åì ïðè àíàëîãè÷íîì âîçäåéñòâèè ëàçåðîì 
äëèíîé âîëíû 532 íì. Ïðè ýòîì íàáëþäàåòñÿ ÷à-
ñòè÷íàÿ ôðàãìåíòàöèÿ íàðóæíûõ ñåãìåíòîâ ôîòî-

Òàáëèöà 1. Ðàñïðåäåëåíèå çîí ëàçåðíîãî âîçäåéñòâèÿ

¹ êðîëèêà, 
ãëàçà

Ñåãìåíò ãëàçà
Ìåòîä íàíåñåíèÿ ëàçåðíûõ 

ïðèæåãîâ
Ðåæèì ðàáîòû ëàçåðà Äëèíà âîëíû

1. Ëåâûé ãëàç Íèæíå-âíóòðåííèé Ñëèâíîé Ìèëëèèìïóëüñíûé 532 íì
2. Ïðàâûé ãëàç Íèæíå-íàðóæíûé Ñëèâíîé Ìèêðîèìïóëüñíûé 577 íì
2. Ïðàâûé ãëàç Íèæíå-âíóòðåííèé Íåñëèâíîé Ìèêðîèìïóëüñíûé 577 íì
2. Ëåâûé ãëàç Íèæíå-íàðóæíûé Íåñëèâíîé Ìèêðîèìïóëüñíûé 810 íì
2. Ëåâûé ãëàç Íèæíå-âíóòðåííèé Ñëèâíîé Ìèêðîèìïóëüñíûé 810 íì
3. Ïðàâûé ãëàç Íèæíå-íàðóæíûé Íåñëèâíîé Ìèëëèèìïóëüñíûé 532 íì
3. Ïðàâûé ãëàç Íèæíå-âíóòðåííèé Íåñëèâíîé Ìèëëèèìïóëüñíûé 577 íì
3. Ëåâûé ãëàç Íèæíèé ñåãìåíò Íåñëèâíîé Ìèëëèèìïóëüñíûé 810 íì

Òàáëèöà 2. Ïàðàìåòðû ëàçåðíîãî âîçäåéñòâèÿ

Äëèíà 
âîëíû 

(íì)

Äèà-
ìåòð 
ïÿòíà 
(ìêì)

Ýêñïîçè-
öèÿ (ìñ)

Ñêâàæ-
íîñòü 
(ìñ)

Ìîù-
íîñòü 
(ìÂÒ)

Ðàáî-
÷èé 

öèêë 
(%)

532 100 10 100 30 –
810 100 10 100 60 –
810 200 200 200 440 15
577 200 200 200 120 15
577 100 10 100 50
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ðåöåïòîðíûõ êëåòîê, îíè ãîìîãåíèçèðîâàíû èëè 
ïîäâåðãàþòñÿ äåñòðóêöèè ñ îáðàçîâàíèåì âåçèêó-
ëÿðíûõ ýëåìåíòîâ (Ðèñ. 2). 

Âî âíóòðåííèõ ñåãìåíòàõ ôîòîðåöåïòîðíûõ êëå-
òîê îòìå÷àåòñÿ íàáóõàíèå ìèòîõîíäðèé. Íàáëþäà-
þòñÿ ïðèçíàêè îòåêà èíòåððåöåïòîðíîãî ìàòðèêñà, 
âêëþ÷àÿ ó÷àñòêè ìåæäó íàðóæíûìè è âíóòðåííèìè 
ñåãìåíòàìè ôîòîðåöåïòîðíûõ êëåòîê. Íà îòäåëü-
íûõ ó÷àñòêàõ âèäåí îòåê, ðàñïðîñòðàíÿþùèéñÿ 
äî íàðóæíîé ïîãðàíè÷íîé ìåìáðàíû, à ìåñòàìè 
âêëþ÷àÿ îáëàñòè ÿäåð ôîòîðåöåïòîðíûõ êëåòîê. 
Ðÿäîì òàêèå æå ñòðóêòóðû áåç èçìåíåíèé. Íåéðîíû 
âíóòðåííèõ ñëîåâ ñåò÷àòêè áëèçêè ïî óëüòðàñòðóê-

òóðå ê íîðìàëüíûì. Îòëè÷àåòñÿ ëèøü öèòîïëàçìà 
îòðîñòêîâ ìþëëåðîâñêèõ êëåòîê, êîòîðàÿ â ñëîå 
ãàíãëèîçíûõ êëåòîê èìååò ãèäðîïè÷åñêèå èçìåíå-
íèÿ. 

Îäíàêî ïðè íåñëèâíîì ìåòîäå íàíåñåíèÿ ïðè-
æîãîâ ïðè âîçäåéñòâèè ëàçåðîì äëèíîé âîëíû 577 
íì â ìèëëèèìïóëüñíîì ðåæèìå â ñåíñîðíîì ñëîå 
ñåò÷àòêè íàáëþäàþòñÿ ìåíåå ïîâðåæäàþùèå èç-
ìåíåíèÿ. Îòìå÷àåòñÿ ñîõðàííîñòü íàðóæíûõ è 
âíóòðåííèõ ñåãìåíòîâ ôîòîðåöåïòîðíûõ êëåòîê: 
íàðóæíûå ñåãìåíòû ñ óïëîòí¸ííûìè äèñêàìè, à 
âíóòðåííèå ñåãìåíòû îòëè÷àþòñÿ, â îñíîâíîì, íà-
áóõàíèåì ìèòîõîíäðèé (Ðèñ. 3). 

ßäðà ôîòîðåöåïòîðíûõ êëåòîê ìàëî èçìåíåíû, 
îíè îêðóæåíû îò¸÷íûìè îòðîñòêàìè ìþëëåðîâ-
ñêèõ êëåòîê. Êëåòêè áèïîëÿðíîãî ñëîÿ, â áîëü-
øèíñòâå, ñîõðàíÿþò ñâîþ ñòðóêòóðó, îäíàêî ÷àñòü 
èìååò ïðèçíàêè âíóòðèêëåòî÷íîãî îò¸êà. ßäðî è 
öèòîïëàçìà ìþëëåðîâñêèõ êëåòîê â ýòîé îáëàñòè 
áëèçêè ïî ñòðóêòóðå ê íîðìàëüíûì. Ãàíãëèîçíûå 
êëåòêè îòëè÷àþòñÿ ýëåêòðîííî-ïëîòíûì ìàòðèê-
ñîì. Îòðîñòêè ìþëëåðîâñêèõ êëåòîê, îêðóæàþùèå 
òàêèå ãàíãëèîçíûå êëåòêè, òàêæå óïëîòíåíû è âà-
êóîëèçèðîâàíû. 

Ýëåêòðîííî-ìèêðîñêîïè÷åñêîå èññëåäîâàíèå 
ïîêàçàëî, ÷òî ïîñëå ëàçåðíîãî âîçäåéñòâèÿ äëèíîé 
âîëíû 577 íì â ìèêðîèìïóëüñíîì ðåæèìå ðàáî-
òû ëàçåðà, ïðè íåñëèâíîì ìåòîäå íàíåñåíèÿ ïðè-
æîãîâ íà ñåò÷àòêó êðîëèêà íàáëþäàþòñÿ ìåíüøèå 
ïîâðåæäåíèÿ, ÷åì ïðè ñëèâíîì íàíåñåíèè ëàçåðîì 
â àíàëîãè÷íîì ðåæèìå. Ïðè ýòîì ëàçåðíîì âîçäåé-
ñòâèè â ñåíñîðíîì ñëîå ñåò÷àòêè ñîõðàíÿåòñÿ ñâÿçü 
àïèêàëüíûõ ìèêðîâèëë ïèãìåíòíîãî ýïèòåëèÿ ñåò-
÷àòêè ñ íàðóæíûìè ñåãìåíòàìè ôîòîðåöåïòîðíûõ 

Ðèñ. 1. Ëàçåðíîå èçëó÷åíèå äëèííîé âîëíû 532 íì, ñëèâ-
íîé õàðàêòåð êîàãóëÿòîâ, âîçäåéñòâèå ñóáïîðîãîâîå. Ôðàã-
ìåíòèðîâàíèå è îáðàçîâàíèå ýëåêòðîííî-ïðîçðà÷íûõ 
ïîëîñòåé â ÔÊ. Ýëåêòðîííàÿ ìèêðîôîòîãðàôèÿ õ 3000. 
Óñëîâíûå îáîçíà÷åíèÿ: ÍÑ ÔÊ — íàðóæíûå ñåãìåíòû ôîòî-
ðåöåïòîðíûõ êëåòîê, ÂÑ ÔÊ –âíóòðåííèå ñåãìåíòû ôîòîðå-
öåïòîðíûõ êëåòîê. 

Ðèñ. 2. Ëàçåðíîå èçëó÷åíèå äëèííîé âîëíû 577, ñëèâíîé 
õàðàêòåð êîàãóëÿòîâ, âîçäåéñòâèå ñóáïîðîãîâîå. Ïàòîëîãè-
÷åñêèå èçìåíåíèÿ äèñêîâ ÍÑ ÔÊ. Ýëåêòðîííàÿ ìèêðîôîòî-
ãðàôèÿ. õ 10000. Óñëîâíûå îáîçíà÷åíèÿ: ÍÑ ÔÊ — âíóòðåí-
íèå ñåãìåíòû ôîòîðåöåïòîðíûõ êëåòîê. 

Ðèñ. 3. Ëàçåðíîå èçëó÷åíèå äëèííîé âîëíû 577, ñëèâíîé 
õàðàêòåð êîàãóëÿòîâ, âîçäåéñòâèå ñóáïîðîãîâîå. Óïëîò-
íåííàÿ óëüòðàñòðóêòóðà ÍÑ è íàáóõàíèå ìèòîõîíäðèé âî ÂÑ 
ÔÊ. Ýëåêòðîííàÿ ìèêðîôîòîãðàôèÿ. õ 4000. Óñëîâíûå îáî-
çíà÷åíèÿ: ÍÑ ÔÊ — íàðóæíûå ñåãìåíòû ôîòîðåöåïòîðíûõ 
êëåòîê, ÂÑ ÔÊ — âíóòðåííèå ñåãìåíòû ôîòîðåöåïòîðíûõ 
êëåòîê, Ì — ìèòîõîíäðèè. 



Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ

38 Îôòàëüìîëîãè÷åñêèé æóðíàë ¹ 5, 2014  

êëåòîê, îäíàêî íàáëþäàåòñÿ ïîâûøåííàÿ îñìèî-
ôèëüíîñòü íàðóæíûõ ñåãìåíòîâ ôîòîðåöåïòîðíûõ 
êëåòîê. Âíóòðåííèå ñåãìåíòû ôîòîðåöåïòîðíûõ 
êëåòîê ÷àñòè÷íî îïóñòîøåíû, ìèòîõîíäðèè áîëü-
øåé ÷àñòüþ âàêóîëèçèðîâàíû (Ðèñ. 4). 

ßäðà ôîòîðåöåïòîðíûõ êëåòîê ÷àñòè÷íî ñîõðà-
íÿþò ñâîþ ñòðóêòóðó, ÷àñòü æå ÿäåð îêðóæåíû ïå-
ðèíóêëåàðíûì îòåêîì, âñòðå÷àþòñÿ îñìèîôèëüíûå 
ñìîðùåííûå ÿäðà. Îòðîñòêè ìþëëåðîâñêèõ êëåòîê, 
â ýòîé çîíå, ïîâûøåííîé ýëåêòðîííîé ïëîòíîñòè. 
Â ñëîå áèïîëÿðíûõ êëåòîê ÷àñòü íåéðîíîâ ñ ýëå-
ìåíòàìè îòåêà. Öèòîïëàçìà ìþëëåðîâñêèõ êëåòîê 
óïëîòíåíà. Ãàíãëèîçíûå êëåòêè ïî ñòðóêòóðå áëèç-
êè ê íîðìàëüíûì. Îêðóæàþùèå îòðîñòêè ìþëëå-
ðîâñêèõ êëåòîê èìåþò ïðèçíàêè ãèäðîïè÷åñêèõ 
èçìåíåíèé. 

Ýëåêòðîííî-ìèêðîñêîïè÷åñêîå èññëåäîâàíèå 
ïîêàçàëî, ÷òî ïîñëå ëàçåðíîãî âîçäåéñòâèÿ äëèíîé 
âîëíû 810 íì â ìèëëèèìïóëüñíîì ðåæèìå ðàáî-
òû ëàçåðà, ïðè íåñëèâíîì ìåòîäå íàíåñåíèÿ ïðè-
æîãîâ íà ñåò÷àòêó êðîëèêà íàáëþäàþòñÿ ìåíüøèå 
ïîâðåæäåíèÿ, ÷åì ïîñëå àíàëîãè÷íûõ âîçäåéñòâèé 
ëàçåðîâ äëèíîé âîëíû 532 íì è 577 íì. Ïîñëå ýòîãî 
âîçäåéñòâèÿ íàáëþäàåòñÿ îòåê èíòåððåöåïòîðíîãî 
ìàòðèêñà. Ìåñòàìè îí ðàñïðîñòðàíÿåòñÿ äî íàðóæ-
íîé ïîãðàíè÷íîé ìåìáðàíû. Â íàðóæíûõ ñåãìåíòàõ 
ôîòîðåöåïòîðíûõ êëåòîê îòìå÷àåòñÿ äåçîðãàíèçà-
öèÿ äèñêîâ ñ îáðàçîâàíèåì âåçèêóëÿðíûõ ñòðóêòóð. 
Âî âíóòðåííèõ ñåãìåíòàõ ôîòîðåöåïòîðíûõ êëåòîê 
íàáëþäàåòñÿ âàêóîëèçàöèÿ ìèòîõîíäðèé. Ãèäðîïè-
÷åñêèå èçìåíåíèÿ íàáëþäàþòñÿ òàêæå â öåíòðàëü-
íûõ îòäåëàõ öèòîïëàçìû ôîòîðåöåïòîðíûõ êëå-
òîê. ßäðà ôîòîðåöåïòîðíûõ êëåòîê, â îñíîâíîì, â 

õîðîøåì ñîñòîÿíèè, õîòÿ âñòðå÷àþòñÿ îòäåëüíûå 
ÿäðà ñ ïîâûøåííîé îñìèîôèëüíîñòüþ è ïëîòíî-
ñòüþ ÿäåðíîãî õðîìàòèíà. Îòðîñòêè ìþëëåðîâñêèõ 
êëåòîê ñîõðàíåíû. Íåéðîíû âíóòðåííèõ ñëîåâ ñåò-
÷àòêè ïî ñòðóêòóðå áîëüøåé ÷àñòüþ áëèçêè ê íîð-
ìàëüíûì. 

Ýëåêòðîííî-ìèêðîñêîïè÷åñêîå èññëåäîâàíèå 
ïðîäåìîíñòðèðîâàëî, ÷òî ïîñëå ëàçåðíîãî âîçäåé-
ñòâèÿ äëèíîé âîëíû 810 íì â ìèêðîèìïóëüñíîì 
ðåæèìå ðàáîòû ëàçåðà, ïðè íåñëèâíîì ìåòîäå íàíå-
ñåíèÿ ïðèæîãîâ íà ñåò÷àòêó êðîëèêà íàáëþäàþòñÿ 
ìåíüøèå ïîâðåæäåíèÿ ñåíñîðíîãî ñëîÿ ñåò÷àòêè, 
÷åì ïðè àíàëîãè÷íûõ âîçäåéñòâèÿõ ëàçåðàìè äëè-
íîé âîëíû 532 íì è 577 íì. Ïðè ýòîì â ñåíñîðíîì 
ñëîå ñåò÷àòêè áûëè îáíàðóæåíû ýëåìåíòû äåçîðãà-
íèçàöèè äèñêîâ â íàðóæíûõ ñåãìåíòàõ ôîòîðåöåï-
òîðíûõ êëåòîê, à âî âíóòðåííèõ ñåãìåíòàõ ïðèçíàêè 
íàáóõàíèÿ ìèòîõîíäðèé. Â îòäåëüíûõ ôîòîðåöåï-
òîðíûõ êëåòêàõ íàáëþäàëñÿ îòåê öåíòðàëüíîé îá-
ëàñòè öèòîïëàçìû. ßäðà ôîòîðåöåïòîðíûõ êëåòîê, 
â îáùåì, áûëè áåç îñîáûõ èçìåíåíèé (Ðèñ. 5). Íåé-
ðîíû âíóòðåííèõ ñëîåâ ñåò÷àòêè è ìþëëåðîâñêèõ 
êëåòîê ïî ñòðóêòóðå áûëè áëèçêè ê íîðìàëüíûì. 

Âûâîäû 

1. Ñëèâíîé ìåòîä íàíåñåíèÿ ëàçåðíûõ ïðèæîãîâ 
íîñèò íàèáîëåå ïîâðåæäàþùèé õàðàêòåð íà ñòðóê-
òóðû ñåíñîðíîãî ñëîÿ ñåò÷àòêè ñåò÷àòêè êðîëèêà 
ïðè ïðèìåíåíèè âñåõ ðåæèìîâ ëàçåðíîãî âîçäåé-
ñòâèÿ ïðè èñïîëüçîâàíèè ëàçåðîâ äëèíîé âîëíû 
532 íì, 577 íì è 810 íì. 

2. Íàèìåíüøèì ïîâðåæäàþùèì ðåæèìîì ëà-
çåðíîãî âîçäåéñòâèÿ îêàçàëñÿ ìèêðîèìïóëüñíûé 
ðåæèì ðàáîòû ëàçåðà. 

Ðèñ. 4. Ëàçåðíîå èçëó÷åíèå äëèííîé âîëíû 577, ñëèâíîé 
õàðàêòåð êîàãóëÿòîâ, âîçäåéñòâèå ñóáïîðîãîâîå. Óëüòðà-
ñòðóêòóðà ÍÑ ÔÊ ïîâûøåííîé ýëåêòðîííîé ïëîòíîñòè; 
âàêóîëèçàöèÿ ìèòîõîíäðèé âíóòðåííèõ ñåãìåíòîâ ôîòî-
ðåöåïòîðíûõ êëåòîê, ìåæêëåòî÷íûé îòåê. Ýëåêòðîííàÿ 
ìèêðîôîòîãðàôèÿ. õ 3000. Óñëîâíûå îáîçíà÷åíèÿ: ÍÑ 
ÔÊ — íàðóæíûå ñåãìåíòû ôîòîðåöåïòîðíûõ êëåòîê, ÂÑ 
ÔÊ — âíóòðåííèå ñåãìåíòû ôîòîðåöåïòîðíûõ êëåòîê. 

Ðèñ. 5. Ëàçåðíîå èçëó÷åíèå äëèííîé âîëíû 810 íì, ñóá-
ïîðîãîâîå. Ïåðèôåðèÿ î÷àãà âîçäåéñòâèÿ. Íîðìàëüíàÿ 
óëüòðàñòðóêòóðà ÿäåð ÔÊ. Ýëåêòðîííàÿ ìèêðîôîòîãðàôèÿ 
õ 4000. 

Óñëîâíûå îáîçíà÷åíèÿ: ß — ÿäðî, Ö — öèòîïëàçìà, 
ÔÊ — ôîòîðåöåïòîðíàÿ êëåòêà. 
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3. Íàèìåíüøèì ïîâðåæäàþùèì äåéñòâèåì íà 
ñåíñîðíûé ñëîé ñåò÷àòêè êðîëèêà îáëàäàåò ëàçåð-
íîå èçëó÷åíèå äëèííîé âîëíû 810 íì. 

4. Èçìåíåíèÿ ìþëëåðîâñêèõ êëåòîê íàáëþ-
äàþòñÿ ïîñëå ïðèìåíåíèÿ âñåõ ëàçåðíûõ âîçäåé-
ñòâèé. 
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