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Ðàññìàòðåíû âîïðîñû, ñâÿçàííûå ñ ñèíòåçîì îïòè÷åñêîé ñõåìû ìíîãîàïåðòóðíîé îïòè÷åñêîé ñèñòåìû 
(ÌÎÑ). Ñäåëàíà ïîïûòêà äàòü òî÷íîå ìàòåìàòè÷åñêîå îïèñàíèå ñèíòåçà îïòè÷åñêîé ñõåìû ÌÎÑ. Ïîêàçàíî 
ïðèíöèïèàëüíîå îãðàíè÷åíèå íà òî÷íîñòü ñëîæåíèÿ îòäåëüíûõ ñóáïó÷êîâ â ôîêóñå îïòè÷åñêîé ñèñòåìû. 

 
 

Â ïîñëåäíåå âðåìÿ â ñâÿçè ñ íåîáõîäèìîñòüþ ïîëó÷åíèÿ èçîáðàæåíèé àñòðîôèçè÷åñêèõ îáúåêòîâ 
ñ âûñîêèì óãëîâûì ðàçðåøåíèåì ñóùåñòâåííî âîçðîñ èíòåðåñ ê ðàçðàáîòêå è ñîçäàíèþ ìíîãîàïåðòóð-
íûõ îïòè÷åñêèõ ñèñòåì (ÌÎÑ) [1], ðåàëèçóþùèõ íà ïðàêòèêå èäåè àïåðòóðíîãî ñèíòåçà. Ýòî âûçû-
âàåòñÿ òåì îáñòîÿòåëüñòâîì, ÷òî ñóùåñòâóþùèé íà ñåãîäíÿøíèé äåíü óðîâåíü ðàçâèòèÿ îïòèêî-
ìåõàíè÷åñêîé ïðîìûøëåííîñòè íå ïîçâîëÿåò ñîçäàâàòü ñïëîøíûå îáëåã÷åííûå çåðêàëà ñ äèàìåòðàìè, 
áîëüøèìè 8 ... 10 ì [2–3]. À äëÿ ïîëó÷åíèÿ èçîáðàæåíèé ñ âûñîêèì ðàçðåøåíèåì òðåáóþòñÿ äèàìåò-
ðû íà óðîâíå 20 ... 25 ì [4]. Ïîýòîìó âîçìîæíûì âûõîäîì èç äàííîé ñèòóàöèè ÿâëÿåòñÿ ïîñòðîåíèå 
ÌÎÑ, â êîòîðîé íåáîëüøèå ïî ñâîåìó ðàçìåðó îòäåëüíûå ñóáàïåðòóðû ðàçíåñåíû íà ðàññòîÿíèÿ, ñó-
ùåñòâåííî ïðåâûøàþùèå èõ äèàìåòðû. 

Ïðîñòåéøàÿ ñõåìà îïòè÷åñêîãî ïðèáîðà, ôîðìèðóþùåãî èçîáðàæåíèå íåêîãåðåíòíûõ îáúåêòîâ 
(íåçàâèñèìî îò êîíôèãóðàöèè àïåðòóðíîãî îêíà) è ïîÿñíÿþùåãî ïðèíöèï äåéñòâèÿ ÌÎÑ, ïðèâåäåíà 
íà ðèñ. 1, à. Î÷åâèäíî, ÷òî äàííàÿ ñõåìà ìîæåò áûòü ýêâèâàëåíòíî ïðåäñòàâëåíà â âèäå ñõåìû 
(ðèñ. 1, á), ãäå êðóïíîãàáàðèòíûé îïòè÷åñêèé ýëåìåíò çàìåíåí íà ñóáàïåðòóðû, ÿâëÿþùèåñÿ íåñèì-
ìåòðè÷íûìè (â îáùåì ñëó÷àå) ÷àñòÿìè áîëüøîé êâàäðàòè÷íîé ëèíçû è ýêâèâàëåíòíîãî åé çåðêàëüíî-
ãî ýëåìåíòà (óñòðîéñòâà ñëîæåíèÿ ñâåòîâûõ ïó÷êîâ îò îòäåëüíûõ ñóáàïåðòóð â îáùåì ôîêóñå). Çäåñü 
è() — ïîëå â ïëîñêîñòè îáúåêòà, v(r) — ïîëå â ôîêàëüíîé ïëîñêîñòè. Äàííàÿ ñõåìà ïðàêòè÷åñêîãî 
çíà÷åíèÿ íå èìååò, ò.ê. êîíñòðóêöèè èç íåñèììåòðè÷íûõ êâàäðàòè÷íûõ ëèíç (èëè çåðêàë) íå îáëàäà-
þò âûñîêîé òî÷íîñòüþ. Îäíàêî íà åå îñíîâå ìîæíî ïðåäñòàâèòü, ÷òî êàæäàÿ íåñèììåòðè÷íàÿ êâàäðà-
òè÷íàÿ ëèíçà çàìåíåíà íà ñèììåòðè÷íóþ è óñòðîéñòâî íàêëîíà âîëíîâîãî ôðîíòà (íàïðèìåð, ïëîñêîå 
çåðêàëî). Òàêèì îáðàçîì, ëþáàÿ ÌÎÑ ìîæåò áûòü ïðåäñòàâëåíà â âèäå êëàññè÷åñêèõ îïòè÷åñêèõ ñõåì 
ôîðìèðîâàíèÿ èçîáðàæåíèé, ãäå èçîáðàæåíèÿ, ôîðìèðóåìûå îòäåëüíûìè êëàññè÷åñêèìè ñóáàïåðòóðàìè, 
âïîñëåäñòâèè ïðîñòî ñâîäÿòñÿ â åäèíîå â çàäàííîé ïëîñêîñòè. 

Ïðèâåäåì òî÷íîå ìàòåìàòè÷åñêîå îïèñàíèå. Ïîëå â ôîêàëüíîé ïëîñêîñòè (ðèñ. 2) v(r) ñ òî÷íî-
ñòüþ äî íåñóùåñòâåííûõ êîíñòàíò ìîæåò áûòü ïðåäñòàâëåíî â âèäå 
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ãäå ê — âîëíîâîå ÷èñëî; F — ôîêóñíîå ðàññòîÿíèå ëèíçû; z — ðàññòîÿíèå ìåæäó ïëîñêîñòüþ îáúåêòà è 
ïëîñêîñòüþ àïåðòóð; L — ðàññòîÿíèå ìåæäó ïëîñêîñòüþ àïåðòóð è ôîêàëüíîé ïëîñêîñòüþ; rA è  — ðà-
äèóñ- âåêòîðû â ïëîñêîñòè àïåðòóð è îáúåêòà ñîîòâåòñòâåííî. 
 

 
 

 Ðèñ. 1 Ðèñ. 2  
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Â ñëó÷àå íåñêîëüêèõ ñóáàïåðòóð (íàëè÷èå íåñêîëüêèõ îòâåðñòèé â ýêðàíå) èíòåãðèðîâàíèå ïî 
àïåðòóðå À çàìåíÿåòñÿ íà ñóììèðîâàíèå ïî i àïåðòóðàì (i = 1, n) 
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Ðàññìîòðèì âêëàä êàæäîé ñóáàïåðòóðû â îáùåå ïîëå, äëÿ íåãî â èíòåãðàëå ïî ñóáàïåðòóðå öåëå-
ñîîáðàçíî ïåðåéòè ê âåêòîðàì, îòñ÷èòûâàåìûì îò îïòè÷åñêîé îñè i-é ñóáàïåðòóðû: 
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Ri — ðàäèóñ-âåêòîð i-é ñóáàïåðòóðû, îòñ÷èòûâàåìîé îò åå öåíòðà. Òîãäà âûðàæåíèå (2) ìîæåò áûòü 
ïðåîáðàçîâàíî ê âèäó 
 

v
i
(r) = 

Ai

  u(
i
 + R

i
) exp 


– ik 

r
Ai
 – 

i


2

2z  + ik 
r

Ai
 – R

i


2

2F  


– ik 
r – R

i
 – r

Ai


2

2L  d
i
 dr

Ai
 . (3) 

 

Èíòåãðàë ïî ñóáàïåðòóðå âåñüìà íàïîìèíàåò ïîëå, ñôîðìèðîâàííîå ñóáàïåðòóðîé ñ ñèììåòðè÷íîé 
ëèíçîé â ïëîñêîñòè, íàõîäÿùåéñÿ íà ðàññòîÿíèè L îò ñóáàïåðòóðû, çà èñêëþ÷åíèåì ëèøíåãî â òàêîì 
ñëó÷àå ìíîæèòåëÿ exp(ik(rAiRi/F)). Ðàññìîòðèì ïîäðîáíåå ìíîæèòåëü åõð(ik(|rAi + Ri|

2 / (2F)). 
Ââåäåì îáîçíà÷åíèå r—Ri = ri. Òîãäà ýòîò ìíîæèòåëü ìîæíî çàïèñàòü êàê 
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Òðåòèé ÷ëåí â ýòîì ìíîæèòåëå ïðè ïîäñòàíîâêå â âûðàæåíèå (3) íå èíòåãðèðóåòñÿ, ïîýòîìó ëåã-
êî ìîæåò áûòü âûíåñåí çà çíàê èíòåãðàëà. Äëÿ îñòàâøèõñÿ ýêñïîíåíò â âûðàæåíèè (3) ñäåëàåì ñëå-
äóþùåå ïðåîáðàçîâàíèå: 
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Ïîñëå íåñëîæíûõ ïðåâðàùåíèé íåòðóäíî îêîí÷àòåëüíî ïîëó÷èòü: 
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Ïîäñòàâëÿÿ ýòî âûðàæåíèå â (2) ñ ó÷åòîì âûíîñà çà çíàê èíòåãðàëà íåèíòåãðèðóåìîãî ÷ëåíà, ïîëó÷à-
åì ñëåäóþùåå âûðàæåíèå: 
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Âûðàæåíèå Â = vi(r i) ïðåäñòàâëÿåò ñîáîé ïîëå, ñôîðìèðîâàííîå îäíîé ñóáàïåðòóðîé ñ ñèì-
ìåòðè÷íîé êâàäðàòè÷íîé ëèíçîé ñ ôîêóñíûì ðàññòîÿíèåì F. Ñëåäîâàòåëüíî, 
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Ïîëàãàÿ ri =r – Ri è ó÷èòûâàÿ óñëîâèå 
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Èç âûðàæåíèÿ (5) âèäíî, ÷òî ïîëÿ â ôîêàëüíûõ ïëîñêîñòÿõ ñóáàïåðòóð ñâîäÿòñÿ è íàêëàäûâà-
þòñÿ äðóã íà äðóãà òàêèì îáðàçîì, ÷òî ñëåäû îïòè÷åñêèõ îñåé ñóáàïåðòóð îêàçûâàþòñÿ â òî÷êàõ 
r = LRi/z. Ïðè ýòîì ïîëå êàæäîé ñóáàïåðòóðû óìíîæàåòñÿ íà ôàçó âèäà exp(ikrRi/F). Ýòî ìîæíî 
òðàêòîâàòü ñëåäóþùèì îáðàçîì: ïðè ñâåäåíèè îïòè÷åñêèå îñè ñóáàïåðòóð ïåðåñåêàþò ãëàâíóþ ôî-
êàëüíóþ ïëîñêîñòü ñèñòåìû ïîä òàêèì óãëîì, ÷òî ïðîåêöèÿ åäèíè÷íîãî âåêòîðà íàïðàâëåíèÿ îïòè÷å-
ñêîé îñè íà ôîêàëüíóþ ïëîñêîñòü ðàâíà Ri/F. Åñòåñòâåííî, Ri/ F < 1. 

Ðàññìîòðèì ðèñ. 3, ãäå 1 — ãëàâíàÿ ôîêàëüíàÿ ïëîñêîñòü ñèñòåìû (ïëîñêîñòü ðàñïîëîæåíèÿ, íà-
ïðèìåð, ôîòîïðèåìíîãî óñòðîéñòâà), 2 — ôîêàëüíàÿ ïëîñêîñòü i-é ñóáàïåðòóðû. Â ôîêàëüíîé ïëîñ-
êîñòè i-é ñóáàïåðòóðû ïîëå ñ òî÷íîñòüþ äî ôàçîâîãî ìíîæèòåëÿ ðàâíî vi(r — RiL/z). Ïðîñòðàíñò-
âåííîå ðàñïðåäåëåíèå ïîëÿ â íåáîëüøîé îêðåñòíîñòè ôîêàëüíîé ïëîñêîñòè ñóáàïåðòóðû 2 ðàâíî 
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Ñðàâíèâàÿ äàííîå âûðàæåíèå ñ (5), íåñëîæíî óáåäèòüñÿ, ÷òî ïðîåêöèÿ âåêòîðà ni íà ãëàâíóþ ôî-
êàëüíóþ ïëîñêîñòü äîëæíà áûòü ðàâíà Ri/ F. Îòñþäà ïîëó÷àåì ñõåìó ñâåäåíèÿ îïòè÷åñêèõ îñåé 
ñóáàïåðòóð, ïðåäñòàâëåííóþ íà ðèñ. 4. Ðàçóìååòñÿ, âñå ïðèâåäåííûå âûøå ðåçóëüòàòû ñïðàâåäëèâû â 
ïðåäïîëîæåíèè Ri/F n 1. 
 

 
 

 Ðèñ. 3 Ðèñ. 4  
 

Â çàêëþ÷åíèå íåîáõîäèìî îòìåòèòü ñóùåñòâåííîñòü íàëè÷èÿ â (5) ôàçîâîãî ìíîæèòåëÿ 
exp(ik(LRi

2 / (2zF)), êîòîðûé ñâèäåòåëüñòâóåò î íåîáõîäèìîñòè îïðåäåëåííîãî âûðàâíèâàíèÿ äëèí 
îïòè÷åñêèõ ïóòåé. Íî ýòà ïðîáëåìà äëÿ ÌÎÑ ÿâëÿåòñÿ õîðîøî èçâåñòíîé, åé ïîñâÿùåí ðÿä ìàòåðèà-
ëîâ [5, 6], ïîýòîìó îí âûõîäèò çà ïðåäåëû èíòåðåñà íàñòîÿùåé ïóáëèêàöèè. Â ÷àñòíîì ñëó÷àå 
Ri

2 = const äëèíû îïòè÷åñêèõ ïóòåé äîëæíû áûòü ïðîñòî ðàâíû ìåæäó ñîáîé. 
Ïðîâåäåííûé âûøå ñèíòåç îïòè÷åñêîé ñõåìû ÌÎÑ ïîçâîëÿåò ñî ñòðîãî ìàòåìàòè÷åñêîé òî÷êè 

çðåíèÿ ðàññìîòðåòü îñîáåííîñòè ôîðìèðîâàíèÿ èçîáðàæåíèé â ÌÎÑ. 
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Ð . À .  B a k u t ,  I . V .  B o y a r k i n a ,  I . A .  R o z h k o v . Synthesis of a Multi-Aperture Optical 
Arrangement. 
 

This paper deals with the problems on synthesizing optical arrangements of multiaperture optical systems (MOS). 
An attempt to construct the exact mathematical description of synthesizing a MOS optical arrangement is undertaken. 
It is shown that there is a principle circumstance that improves restrictions on the accuracy, with which the individual 
subbeams can be summed at the MOS focus. 


