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ÔÓÍÊÖÈÈ ÃÐÈÍÀ ËÈÍÇÎÏÎÄÎÁÍÎÉ ÑÐÅÄÛ 
 
 

Ïîëó÷åíû ôóíêöèè Ãðèíà äëÿ ïàðàáîëè÷åñêîãî óðàâíåíèÿ «êâàçèîïòèêè», îïèñûâàþùåãî ðàñïðîñòðàíå-
íèå îïòè÷åñêîãî èçëó÷åíèÿ â ëèíçîïîäîáíîé äåôîêóñèðóþùåé ñðåäå ñ ïåðåìåííûì ôîêóñíûì ðàññòîÿíèåì. 
Ïîêàçàíî, ÷òî ñîîòíîøåíèå âçàèìíîñòè äëÿ ôóíêöèé Ãðèíà ëèíçîïîäîáíîé ñðåäû ñ ïåðåìåííûì ôîêóñíûì 
ðàññòîÿíèåì íå èìååò ìåñòà. Äëÿ ëèíçîïîäîáíîé ñðåäû ñ ïîñòîÿííûì ôîêóñíûì ðàññòîÿíèåì ñîîòíîøåíèå 
âçàèìíîñòè âûïîëíÿåòñÿ. 

 
 

Ðàñïðîñòðàíåíèå îïòè÷åñêîãî èçëó÷åíèÿ â ëèíçîïîäîáíîé äåôîêóñèðóþùåé ñðåäå ñ îïòè÷åñêîé 
îñüþ, ñîâïàäàþùåé ñ îñüþ ÎÕ, îïèñûâàåòñÿ ïàðàáîëè÷åñêèì óðàâíåíèåì «êâàçèîïòèêè» [1—3] 
 

 (1) 

 
 

ãäå U(x, ρ) — ïàðàáîëè÷åñêàÿ àìïëèòóäà îïòè÷åñêîãî ïîëÿ; õ — ïðîäîëüíàÿ, à ρ = {y, z} — ïîïå-
ðå÷íûå êîîðäèíàòû; ê = 2π/λ, λ — äëèíà âîëíû èçëó÷åíèÿ; F(õ) — ëîêàëüíîå ôîêóñíîå ðàññòîÿíèå 
ëèíçîïîäîáíîé ñðåäû (ðåôðàêöèîííîãî êàíàëà); Δ⊥ = ∂2/∂y2+∂2/∂z2 — ïîïåðå÷íûé îïåðàòîð Ëàïëàñà. 
Ñîîòâåòñòâóþùàÿ (1) ôóíêöèÿ Ãðèíà óäîâëåòâîðÿåò óðàâíåíèþ [4—6]: 
 

 (2) 
 
ñ ãðàíè÷íûì óñëîâèåì 
 

 
 

Ôóíêöèÿ Ãðèíà G(x, ρ; õ′, ρ′) îïèñûâàåò ïîëå ñôåðè÷åñêîé âîëíû, ðàñïðîñòðàíÿþùåéñÿ èç òî÷-
êè (õ′, ρ′) â ïîëîæèòåëüíîì íàïðàâëåíèè îñè ÎÕ. Ìîæíî ïîêàçàòü, ÷òî ðåøåíèå óðàâíåíèÿ (2) ïðè 
0 ≤ õ′ < õ èìååò âèä 
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ñ ãðàíè÷íûìè óñëîâèÿìè 
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a F0 = F(õ = õ′) — «íà÷àëüíîå» çíà÷åíèå ôîêóñíîãî ðàññòîÿíèÿ ëèíçîïîäîáíîé ñðåäû. 
Ôóíêöèÿ Ãðèíà G(x, ρ; õ′, ρ′) (3) óäîâëåòâîðÿåò óñëîâèÿì íîðìèðîâêè 

 

 
 
è ñîîòíîøåíèÿì îðòîãîíàëüíîñòè 
 

 
 

Ïðè ðåøåíèè çàäà÷ îá îòðàæåíèè îïòè÷åñêèõ âîëí îò çåðêàëà íåîáõîäèìî çíàíèå ôóíêöèè Ãðèíà 

G� (x′, ρ′; õ, ρ), êîòîðàÿ îïèñûâàåò ñôåðè÷åñêóþ âîëíó, ðàñïðîñòðàíÿþùóþñÿ â îòðèöàòåëüíîì íà-
ïðàâëåíèè îñè ÎÕ èç òî÷êè (õ, ρ). Ïðè õ > õ′ 
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ñ ãðàíè÷íûìè óñëîâèÿìè: 
 

 
 

a ( )F x′� — çåðêàëüíîå îòîáðàæåíèå ôóíêöèè F(õ) [2]. 
Èç ôîðìóë (3) è (4) ñëåäóåò, ÷òî ñîîòíîøåíèå âçàèìíîñòè äëÿ ôóíêöèé Ãðèíà ëèíçîïîäîáíîé ñðåäû 

 

 (5) 
 
âûïîëíÿåòñÿ òîëüêî ïðè ñëåäóþùèõ óñëîâèÿõ: 
 

 (6) 
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Â ëèíçîïîäîáíîé ñðåäå (ðåôðàêöèîííîì êàíàëå) ñ ïîñòîÿííûì çíà÷åíèåì ôîêóñíîãî ðàññòîÿíèÿ 

F(õ) = ( )F x′� = F0 [1—3] ýòè óñëîâèÿ âûïîëíÿþòñÿ: 
 

 
 
è, ñëåäîâàòåëüíî, ñîîòíîøåíèå âçàèìíîñòè ôóíêöèé Ãðèíà (5) èìååò ìåñòî. Àíàëîãè÷íàÿ ñèòóàöèÿ 
íàáëþäàåòñÿ äëÿ ëèíçîïîäîáíûõ ñðåä ñ ñèììåòðè÷íûì ðàñïðåäåëåíèåì ëîêàëüíîãî ôîêóñíîãî ðàñ-

ñòîÿíèÿ F(õ) îòíîñèòåëüíî òî÷êè (õ—õ′)/2. Â ýòîì ñëó÷àå F(õ) = ( )F x′�  è, çíà÷èò, 
 

 
 
à òàêæå 
 

 
 
ò.å. óñëîâèÿ (6) è ñîîòíîøåíèå âçàèìíîñòè (5) âûïîëíÿþòñÿ. Äëÿ ëèíçîïîäîáíûõ ñðåä ñ ïåðåìåííûì 

ôîêóñíûì ðàññòîÿíèåì, êîãäà F(x)= ( ),F x′�  óñëîâèÿ (6) íå âûïîëíÿþòñÿ, ò.ê. 
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Òàêèì îáðàçîì, â äàííîì ñëó÷àå ñîîòíîøåíèå âçàèìíîñòè äëÿ ôóíêöèè Ãðèíà (5) íå âûïîëíÿåòñÿ. Â 
ñèëó ýòîãî èñïîëüçîâàíèå ñîîòíîøåíèÿ âçàèìíîñòè äëÿ ôóíêöèé Ãðèíà ëèíçîïîäîáíîé ñðåäû ñ ïåðå-
ìåííûì ôîêóñíûì ðàññòîÿíèåì â ðàáîòàõ [7, 8] ÿâëÿåòñÿ îøèáî÷íûì 
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I . P .  L u k i n . Green’s Functions of a Lens-like Medium. 
 

Green’s functions are derived in this paper for the parabolic equation of «quasioptics» describing the propagation 
of optical radiation through a lens-like defocusing medium with the variable focal length. It is shown that the princi-
ple of reversibility is not valid in the case of Green’s functions for lens-like medium with the variable focal length. In 
the case of a lens-like medium with the constant focal length this principle is valid. 


