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Îáíàðóæåíà íåòî÷íîñòü â ðÿäå îïóáëèêîâàííûõ ðàáîò, êàñàþùèõñÿ äðîæàíèÿ îïòè÷åñêèõ èçîáðàæåíèé 
ñâåòîâûõ èñòî÷íèêîâ. Ïîëó÷åíà ïðàâèëüíàÿ ôîðìóëà äëÿ äèñïåðñèè ñìåùåíèé èçîáðàæåíèÿ ïëîñêîé âîëíû 
â óñëîâèÿõ ñëàáûõ òóðáóëåíòíûõ ôëóêòóàöèé. Ïðîâåðêà ïðàâèëüíîñòè ïðîèçâåäåíà ñ ïîìîùüþ ÷èñëåííîãî 
èíòåãðèðîâàíèÿ. 
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Ââåäåíèå 
 

Â èññëåäîâàíèÿõ, ñâÿçàííûõ ñ íàáëþäåíèÿìè 
èñòî÷íèêîâ ñâåòà ÷åðåç òóðáóëåíòíóþ àòìîñôåðó, 
îäíîé èç âàæíûõ çàäà÷ ÿâëÿåòñÿ îïðåäåëåíèå äèñ-
ïåðñèè ñìåùåíèé îïòè÷åñêîãî èçîáðàæåíèÿ, êîòî-
ðàÿ õàðàêòåðèçóåò ñòåïåíü åãî òóðáóëåíòíûõ èñêà-
æåíèé. Ïèîíåðñêèå ðàáîòû â ýòîì íàïðàâëåíèè [1, 2] 
äàòèðóþòñÿ 80-ìè ãã. ÕÕ â., íî è â íàøè äíè èññëå-
äîâàòåëè âîçâðàùàþòñÿ ê ýòîìó âîïðîñó [3]. Ê ñîæà-
ëåíèþ, âûâîä ðàñ÷åòíîé ôîðìóëû äëÿ äèñïåðñèè 
ñìåùåíèé îïòè÷åñêîãî èçîáðàæåíèÿ áåç èñïîëüçî-
âàíèÿ êàêèõ-ëèáî ïðèáëèæåíèé ïîêà íå ïðåäñòàâ-
ëÿåòñÿ âîçìîæíûì â ñâÿçè ñî ñëîæíîñòüþ çàäà÷è. 
Â [4, 5] íà îñíîâå ðåøåíèÿ óðàâíåíèÿ äëÿ ôóíêöèè 
êîãåðåíòíîñòè âòîðîãî ïîðÿäêà ïîëó÷åíî ñëåäóþùåå 
ïðèáëèæåííîå âûðàæåíèå äëÿ îäíîðîäíîé òðàññû  
â ðåæèìå ñëàáûõ òóðáóëåíòíûõ ôëóêòóàöèé: 
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tσ  – äèñïåðñèÿ ñìåùåíèé èçîáðàæåíèÿ; Ft – ôî-
êóñíîå ðàññòîÿíèå ïðèåìíîé àïåðòóðû; l – ðàññòîÿíèå 

îò ïðèåìíîé àïåðòóðû äî ïëîñêîñòè íàáëþäåíèÿ: 
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* Ãðèãîðèé Àëåêñååâè÷ Ôèëèìîíîâ (grfilimonov@ 
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a – ðàäèóñ ïó÷êà, at – ðàäèóñ ïðèåìíîé àïåðòóðû;  
L0 – âíåøíèé ìàñøòàá òóðáóëåíòíîñòè; k – âîëíî-
âîå ÷èñëî; F – íà÷àëüíàÿ ôîêóñèðîâêà èçëó÷åíèÿ; 
ξ – ïåðåìåííûå èíòåãðèðîâàíèÿ. 

Öåííîñòü äàííîãî âûðàæåíèÿ â òîì, ÷òî îíî 
ó÷èòûâàåò çàâèñèìîñòü îò âíåøíåãî ìàñøòàáà òóð-
áóëåíòíîñòè, êîòîðàÿ ìîæåò áûòü ñóùåñòâåííîé [6]. 
Â [4, 7] ïîêàçàíî, ÷òî ïðèìåíåíèå êâàäðàòè÷íîé àï-
ïðîêñèìàöèè ñòðóêòóðíîé ôóíêöèè äëÿ ïîëó÷åíèÿ 
(1) äàåò ïîãðåøíîñòü íå áîëåå 5%. 

Ðàññìîòðèì ñëåäñòâèÿ (1) äëÿ ïëîñêîé âîëíû 
( 1),Ω �  ñîîòâåòñòâóþùèå áåñêîíå÷íîìó âíåøíåìó 
ìàñøòàáó òóðáóëåíòíîñòè. Â ïðåäåëüíûõ ñëó÷àÿõ 

òî÷å÷íîé ïðèåìíîé àïåðòóðû ( 1)tΩ �  è ïîëíîãî 
ïåðåõâàòà èçëó÷åíèÿ ïðèåìíîé àïåðòóðîé ( 1)tΩ �  
â [4, 5] èç (1) ïîëó÷åíû àñèìïòîòèêè: 
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ãäå 2
,t fσ  – äèñïåðñèÿ ñìåùåíèé èçîáðàæåíèÿ ïëî-

ñêîé âîëíû; ( )–1 .tX L l l F=  
Íà ðèñóíêå ñïëîøíîé êðèâîé ïîêàçàíà çàâè-

ñèìîñòü, ðàññ÷èòàííàÿ ïî ôîðìóëàì (1), (3) â îá-
ëàñòè 1,Ω �  1.tΩ �  

 

 
Çàâèñèìîñòè äèñïåðñèè ñìåùåíèé îïòè÷åñêîãî èçîáðàæå-
íèÿ ïëîñêîé âîëíû îò ïîëîæåíèÿ ïëîñêîñòè íàáëþäåíèÿ  
â ñëó÷àå ïîëíîãî ïåðåõâàòà èçëó÷åíèÿ ïðèåìíîé àïåðòó-
ðîé (Ωt = 104). Ñïëîøíàÿ êðèâàÿ – ôîðìóëû (1) è (3), 
  1,tΩ �  ïóíêòèðíàÿ – ôîðìóëà (4) 

 

Îäíàêî ïðèâåäåííàÿ â [2, 4, 5] áîëåå îáùàÿ 
ôîðìóëà äëÿ ïëîñêîé âîëíû, íå íàêëàäûâàþùàÿ 
îãðàíè÷åíèé íà ðàçìåð àïåðòóðû Ωt: 
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òàêæå ïîëó÷åííàÿ èç (1), çàïèñàíà íåòî÷íî, ÷òî 
ïîäòâåðæäàåò ðàñ÷åò äëÿ ñëó÷àÿ 1tΩ �  (ïóíêòèð-
íàÿ êðèâàÿ). 

Òî÷íîå âûðàæåíèå äëÿ ôîðìóëû (4) èìååò âèä 
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Ðàñ÷åò ïî ôîðìóëå (5) â îáëàñòè 1tΩ �  âîñ-
ïðîèçâîäèò ñïëîøíóþ êðèâóþ, ïîëó÷åííóþ àâòî-
ðàìè [4, 5]. 

Î ïðàêòè÷åñêîé ïðèìåíèìîñòè 
âûðàæåíèé äëÿ äèñïåðñèè  

ïëîñêîé âîëíû 
 

Àñèìïòîòèêè (3) è (4) î÷åíü óäîáíû äëÿ èñïîëü-
çîâàíèÿ, òàê êàê äèñïåðñèþ ñìåùåíèé èçîáðàæåíèÿ 
ìîæíî áûñòðî âû÷èñëèòü ñ èõ ïîìîùüþ äàæå íà 

êàëüêóëÿòîðå. Îäíàêî â ïðàêòè÷åñêèõ ñèòóàöèÿõ 
ïðèåìíóþ àïåðòóðó ðåäêî ìîæíî ñ÷èòàòü òî÷å÷íîé 
èëè ïîëíîñòüþ ïåðåõâàòûâàþùåé èçëó÷åíèå. Èñïîëü-
çîâàíèå âûðàæåíèé (1) è (2) îñëîæíåíî ïðèñóòñò-
âèåì èíòåãðàëîâ. Àíàëèòè÷åñêè ìîæíî ïîêàçàòü, ÷òî 
ýòè èíòåãðàëû ñâîäÿòñÿ ê ãèïåðãåîìåòðè÷åñêèì ôóíê-
öèÿì, íî ýòî íå îáëåã÷àåò èõ âû÷èñëåíèå. Íàèáîëåå 
óäîáíûì ñïîñîáîì çäåñü ñòàíîâèòñÿ ÷èñëåííîå èí-
òåãðèðîâàíèå, íåñìîòðÿ íà òî ÷òî îíî òðåáóåò ïî-
âûøåííîãî êîíòðîëÿ òî÷íîñòè âû÷èñëåíèé. 

Çàìåðû âðåìåíè òåñòîâûõ ðàñ÷åòîâ ïîêàçûâàþò, 
÷òî íà ñîâðåìåííûõ âû÷èñëèòåëüíûõ ðàáî÷èõ ñòàí-
öèÿõ ðàñ÷åòû ïî ôîðìóëàì (1) è (2) ïðîèçâîäÿòñÿ 
ïðèáëèçèòåëüíî ñ îäèíàêîâîé ñêîðîñòüþ. Ïðè èñ-
ïîëüçîâàíèè ìåòîäà Ñèìïñîíà òðåòüåãî ïîðÿäêà òî÷-
íîñòè è ðàçáèåíèÿ îòðåçêà èíòåãðèðîâàíèÿ íà 1000 
èíòåðâàëîâ ðàñ÷åòû îáîèõ âûðàæåíèé çàíèìàþò íå 
áîëåå 1–2 ñ. Ñ ó÷åòîì ýòîãî íàèáîëåå ïðåäïî÷òè-
òåëüíûì ñòàíîâèòñÿ èñïîëüçîâàíèå âûðàæåíèÿ (1), 
òàê êàê îíî ñïðàâåäëèâî äëÿ ïðîèçâîëüíûõ çíà÷åíèé 

ðàçìåðà èçëó÷àþùåé àïåðòóðû Ω è íå èñïîëüçóåò 
ïðèáëèæåíèÿ áåñêîíå÷íîãî âíåøíåãî ìàñøòàáà òóð-
áóëåíòíîñòè, ÷òî âî ìíîãîì óñèëèâàåò åãî ïðàêòè-
÷åñêóþ çíà÷èìîñòü. 

Àâòîð âûðàæàåò áëàãîäàðíîñòè Â.Â. Êîëîñîâó 
è Â.Â. Äóäîðîâó çà öåííûå îáñóæäåíèÿ, Â.À. Áàíà- 
õó è Â.Ï. Àêñåíîâó çà ïîìîùü ïî óëó÷øåíèþ ëî-
ãèêè èçëîæåíèÿ ìàòåðèàëà. 
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G.A. Filimonov. About equations for the variance of plane wave image displacement in the conditions 
of weak turbulent fluctuations. 

The inexactness was discovered in several papers which deal with optical image displacement of light 
sources. Correct formula was obtained for the variance of plane wave image displacement in the condition of 
weak turbulent fluctuations. The test of correctness was performed by numerical integration method. 
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