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Îïòè÷åñêàÿ ìèêðîñêîïèÿ èãðàåò âàæíóþ ðîëü â áèîëîãè÷åñêèõ èññëåäîâàíèÿõ áëàãîäàðÿ âîçìîæíîñòè 

áåñêîíòàêòíîãî íàáëþäåíèÿ è èçìåðåíèÿ æèâûõ îáðàçöîâ. Îäíàêî ó îáû÷íîé îïòè÷åñêîé ìèêðîñêîïèè åñòü 
îãðàíè÷åíèÿ. Èç-çà äèôðàêöèîííîãî ïðåäåëà åå ïðîñòðàíñòâåííîå ðàçðåøåíèå ñîñòàâëÿåò îêîëî 200 íì. 
Ïðèìåíåíèå ñòðóêòóðèðîâàííîãî îñâåùåíèÿ ïîçâîëÿåò ïîâûñèòü ïðîñòðàíñòâåííîå ðàçðåøåíèå áîëåå ÷åì  
â 2 ðàçà, à äîáàâëåíèå óïðàâëåíèÿ ïîëÿðèçàöèåé ïîçâîëÿåò ðàñøèðèòü ñèñòåìó íà ïðîâåäåíèå èññëåäîâàíèÿ 
àíèçîòðîïíûõ ïðîçðà÷íûõ è íåïðîçðà÷íûõ îáúåêòîâ. Êðîìå òîãî, ñòðóêòóðèðîâàííîå îñâåùåíèå ïîçâîëÿåò 
ïîëó÷èòü òðåõìåðíîå èçîáðàæåíèå îáúåêòà. Ïîñëåäíèå äîñòèæåíèÿ â îáëàñòè ëàçåðíîé òåõíèêè ïîçâîëÿþò 
ïðåäëîæèòü íîâûé ïîäõîä ê ôîðìèðîâàíèþ ñòðóêòóðèðîâàííîãî îñâåùåíèÿ. Â äàííîé ðàáîòå âïåðâûå ÷èñ-
ëåííî ïîêàçàíà âîçìîæíîñòü ðåàëèçàöèè ìèêðîñêîïèè ñî ñòðóêòóðèðîâàííûì îñâåùåíèåì ñ ïîìîùüþ ñèí-
òåçèðîâàííûõ ïó÷êîâ. Â êà÷åñòâå èñòî÷íèêà âûñòóïàåò ìàòðèöà êîãåðåíòíûõ ëàçåðîâ ïîçâîëÿþùàÿ óïðàâ-
ëÿòü ðàñïðåäåëåíèåì ôàçû, àìïëèòóäû è ïîëÿðèçàöèè ïó÷êà. Ïðåäëîæåííàÿ ýêñïåðèìåíòàëüíàÿ ñõåìà íå 
òðåáóåò êîíòóðà îáðàòíîé ñâÿçè äëÿ ñòàáèëèçàöèè ôàç, ÷òî îòëè÷àåò åå îò ñõåìû êîãåðåíòíîãî ñëîæåíèÿ. 
Èññëåäóåìàÿ ïîâåðõíîñòü áûëà ñìîäåëèðîâàíà ÷èñëåííî. Ñî ñòîðîíû àëãîðèòìà ïîâûøåíèÿ ðàçðåøàþùåé 
ñïîñîáíîñòè ïðèìåíåí èçâåñòíûé ìåòîä SIM-SR, õîðîøî çàðåêîìåíäîâàâøèé ñåáÿ â ðåøåíèè ïîäîáíîé çà-
äà÷è. Ïðèìåíåíèå ïðåäëîæåííîãî ïîäõîäà äëÿ çàäà÷ ìèêðîñêîïèè ñî ñòðóêòóðèðîâàííûì îñâåùåíèåì ïî-
çâîëèò óäåøåâèòü êîíñòðóêöèþ ìèêðîñêîïà è óâåëè÷èòü ñêîðîñòü èçìåðåíèÿ îáúåêòîâ.  

 

Êëþ÷åâûå ñëîâà: ìèêðîñêîïèÿ ñî ñòðóêòóðèðîâàííûì ñâåòîì, ñèíòåçèðîâàííûå ïó÷êè, ìàòðèöà âîëî-
êîííûõ èçëó÷àòåëåé; structured illumination microscopy, synthesized beams, fiber array. 

 
Ââåäåíèå 

 

Íå òàê äàâíî áûëè ðàçðàáîòàíû ìåòîäû ñâåðõâûñîêîãî ðàçðåøåíèÿ, êîòîðûå ïîçâîëÿþò îáîéòè äè-
ôðàêöèîííûé ïðåäåë è, òàêèì îáðàçîì, äàþò ëþäÿì âîçìîæíîñòü íàáëþäàòü çà ñóáêëåòî÷íûìè ñòðóêòóðàìè 
â íàíîìàñøòàáå. Ìèêðîñêîïèÿ ñî ñòðóêòóðèðîâàííûì îñâåùåíèåì (SIM) — îäèí èç èçâåñòíûõ ìåòîäîâ ïî-
ëó÷åíèÿ èçîáðàæåíèé ñ ðàçðåøåíèåì âûøå äèôðàêöèîííîãî ïðåäåëà [1]. Ìåòîä îñíîâûâàåòñÿ íà ïîñëåäîâà-
òåëüíîì îñâåùåíèè îáðàçöà ñòðóêòóðàìè ñâåòà ñ ïîñëåäóþùåé àëãîðèòìè÷åñêîé îáðàáîòêîé äàííûõ ñ êàìå-
ðû [1]. Â êà÷åñòâå ñòðóêòóðû îñâåùåíèÿ ÷àùå âñåãî èñïîëüçóþò ïîëîñû ñèíóñîèäàëüíîé ïîäñâåòêè ñî ñäâè-
ãîì ôàç, è çíà÷èòåëüíî ðåæå ñïåêëû [2], øàõìàòíûå [3] èëè äàæå ñëó÷àéíûå íåèçâåñòíûå óçîðû [4],  
â çàâèñèìîñòè îò ðàçëè÷íûõ öåëåé, òàêèõ êàê ñâåðõâûñîêîå ðàçðåøåíèå, îïòè÷åñêîå ñå÷åíèå èëè èçìåðåíèå 
äàëüíîñòè. SIM ìåòîä òðåáóåò ìèíèìàëüíûõ èçìåíåíèé â êîíñòðóêöèè îáû÷íîãî ìèêðîñêîïà, ÷òî äåëàåò åãî 
äîñòóïíûì ïðè ìèíèìàëüíûõ ôèíàíñîâûõ çàòðàòàõ, ñîõðàíÿÿ ïðè ýòîì âñå ïðåèìóùåñòâà îáû÷íîé ìèêðî-
ñêîïèè: îïòè÷åñêàÿ êîíôèãóðàöèÿ, íå òðåáóþùàÿ òî÷å÷íûõ ñêàíèðóþùèõ îáúåêòîâ (êàê â STED ìåòîäå [5]); 
øèðîêîóãîëüíàÿ ïîëíîêàäðîâàÿ ñúåìêà ñ âûñîêîé ñêîðîñòüþ çàïèñè; íèçêàÿ äîçà ñâåòà, íå íàíîñÿùàÿ âðåäà 
æèâûì îáðàçöàì [1]. 

Íåäàâíèå èññëåäîâàíèÿ ïîêàçàëè ýôôåêòèâíîñòü äîáàâëåíèÿ óïðàâëåíèÿ ïîëÿðèçàöèåé â SIM ìåòîä. 
Ïîëÿðèçàöèîííàÿ ìèêðîñêîïèÿ ñî ñòðóêòóðèðîâàííûì îñâåùåíèåì (pSIM) ïîçâîëÿåò îäíîâðåìåííî ïîëó-
÷àòü ïðîñòðàíñòâåííóþ ñòðóêòóðó è îðèåíòàöèþ äèïîëÿ ïîñðåäñòâîì àíàëèçà â ïðîñòðàíñòâåííî-óãëîâîì 
ãèïåðïðîñòðàíñòâå. Ñ ïîìîùüþ pSIM óäàëîñü óñïåøíî âèçóàëèçèðîâàòü îðèåíòàöèþ äèïîëÿ öèòîñêåëåòíûõ 
ôèëàìåíòîâ ñî ñâåðõâûñîêèì ðàçðåøåíèåì â ôèêñèðîâàííûõ êëåòêàõ, ñðåçàõ òêàíåé è æèâûõ êëåòêàõ [6].  

Íåñìîòðÿ íà âñå ïðåèìóùåñòâà, SIM è pSIM ïî-ïðåæíåìó ñòàëêèâàåòñÿ ñ ðÿäîì òåõíè÷åñêèõ ïðîáëåì, 
êîòîðûå ïðåïÿòñòâóþò åãî ïðàêòè÷åñêîìó ïðèìåíåíèþ è øèðîêîìó ðàñïðîñòðàíåíèþ â áèîìåäèöèíñêîì ñî-
îáùåñòâå äëÿ ïîëó÷åíèÿ èçîáðàæåíèé æèâûõ êëåòîê â ðåàëüíîì âðåìåíè. Êàê ïðàâèëî, âûñîêîêà÷åñòâåííûå 
è íàäåæíûå ðåêîíñòðóêöèè SIM è pSIM â çíà÷èòåëüíîé ñòåïåíè çàâèñÿò îò àëãîðèòìîâ ïîñòîáðàáîòêè è õà-
ðàêòåðèñòèêè îñâåùåíèÿ, â ÷àñòíîñòè îò òî÷íîé îöåíêè ïàðàìåòðîâ ñõåìû îñâåùåíèÿ, òàêèõ êàê âîëíîâîé 
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âåêòîð, íà÷àëüíàÿ ôàçà, ïîëÿðèçàöèÿ, ãëóáèíà è ïåðèîä ìîäóëÿöèè [7]. Äàæå íåçíà÷èòåëüíûå îøèáêè â ïà-
ðàìåòðàõ ìîãóò ñèëüíî ïîâëèÿòü íà ðåçóëüòàòû ðåêîíñòðóêöèè, ïðèâîäÿ ê ñóùåñòâåííûì àðòåôàêòàì 
[8]. Áîëåå òîãî, ýòè ïàðàìåòðû çàâèñÿò îò îáðàçöà è îêðóæàþùåé ñðåäû, ïîýòîìó èõ íåëüçÿ êîìïåíñèðîâàòü 
ñ ïîìîùüþ îäíîêðàòíîé êàëèáðîâêè [9], ÷òî çíà÷èòåëüíî óñëîæíÿåò íàñòðîéêó â ñëó÷àå èñïîëüçîâàíèÿ ñòà-
òè÷åñêèõ îïòè÷åñêèõ êîìïîíåíòîâ, ñîçäàþùèõ ñòðóêòóðèðîâàííîå îñâåùåíèå [1, 6]. 

Â äàííîé ðàáîòå âïåðâûå ÷èñëåííî ïîêàçàíà âîçìîæíîñòü ðåàëèçàöèè ìèêðîñêîïèè ñî ñòðóêòóðèðîâàí-
íûì îñâåùåíèåì ñ ïîìîùüþ ñèíòåçèðîâàííûõ ïó÷êîâ è ïðåäëîæåíà íîâàÿ îïòè÷åñêàÿ ñõåìà. Â êà÷åñòâå èñ-
òî÷íèêà âûñòóïàåò ìàòðèöà êîãåðåíòíûõ ëàçåðîâ, ïîçâîëÿþùàÿ óïðàâëÿòü ðàñïðåäåëåíèåì ôàçû, àìïëèòóäû 
è ïîëÿðèçàöèè ïó÷êà. Ïðèìåíåíèå êîíöåïöèè ïîëíîñòüþ öèôðîâîãî ëàçåðà [10, 11] ïîòåíöèàëüíî ïîçâîëÿåò 
àäàïòèâíî èçìåíÿòü õàðàêòåðèñòèêè ïó÷êà äëÿ ðàçíûõ óñëîâèé SIM è pSIM, ïðè èñïîëüçîâàíèè ïðàêòè÷å-
ñêè ëþáîé ñòðóêòóðû îñâåùåíèÿ (íå òîëüêî ñèíóñîèäàëüíîé) ñî çíà÷èòåëüíî áîëüøåé ÷àñòîòîé ìîäóëÿöèè, 
÷òî ïîçâîëèò áåç ïîòåðè ïðîñòðàíñòâåííîãî ðàçðåøåíèÿ çíà÷èòåëüíî ïðåâûñèòü èçâåñòíûé ðåçóëüòàò  
â 188 Ãö âðåìåííîãî ðàçðåøåíèÿ [12], êîòîðûé áûë ïîëó÷åí çà ñ÷åò èñïîëüçîâàíèÿ æèäêîêðèñòàëëè÷åñêîãî 
ïðîñòðàíñòâåííîãî ìîäóëÿòîðà ñâåòà. 

  
Ñõåìà ýêñïåðèìåíòà  

 

Äëÿ óïðàâëåíèÿ ðàñïðåäåëåíèåì èíòåíñèâíîñòè è ïîëÿðèçàöèè ñòðóêòóðèðîâàííîãî îñâåùåíèÿ ïðåäëî-
æåíà ñõåìà ýêñïåðèìåíòà, ïðåäñòàâëåííàÿ íà ðèñ. 1. Â îòëè÷èå îò ïðåäûäóùèõ íàøèõ ðàçðàáîòîê [10, 11], 
 â ýòîé ñõåìå èñïîëüçóþòñÿ âîñåìü ñóáïó÷êîâ è ÷åòûðå ôàçîâûõ ìîäóëÿòîðà, à òàêæå îòñóòñòâóåò êîíòóð 
îáðàòíîé ñâÿçè. Ïîñêîëüêó òåïëîâûå øóìû âíîñÿò ôàçîâûé ñäâèã çíà÷èòåëüíî ìåäëåííåå, ÷åì ÷àñòîòà êàä-
ðîâ êàìåðû, ñòàáèëèçàöèÿ ôàç íå òðåáóåòñÿ äëÿ ïðîâåäåíèÿ èçìåðåíèé. 

 

 
Ðèñ. 1. Ñõåìà ýêñïåðèìåíòà: 1 – óçêîïîëîñíûé çàäàþùèé ëàçåð, 2 – âîëîêîííûé ðàçâåòâèòåëü 1  8, 3 – ôàçîâûå ìîäó-
ëÿòîðû, 4 – ìîäóëÿòîð àìïëèòóäû, 5 – âîëîêîííûå êîëëèìàòîðû ñ ïüåçîýëåêòðè÷åñêèì ìîäóëÿòîðîì, 6 – îòðèöàòåëüíàÿ 
ëèíçà, 7 – êîíòðîëëåð óïðàâëåíèÿ, 8 – îáëàñòü ôîðìèðîâàíèÿ èíòåðôåðåíöèîííîé êàðòèíû, 9 – êàìåðà ñ îáúåêòèâîì, 
  10 – ïëàñòèíà äèõðîè÷íîãî ñâåòîäåëèòåëÿ, 11 – ìèêðîîáúåêòîâ, 12 – ïëîñêîñòü èçìåðåíèÿ 

 
Â ðàññìàòðèâàåìîé ñõåìå âîñåìü êîãåðåíòíûõ ðàñõîäÿùèõñÿ ãàóññîâûõ ñóáïó÷êîâ ñ ëèíåéíîé ïîëÿðè-

çàöèåé îáðàçóþò ñèíòåçèðîâàííóþ àïåðòóðó â âèäå öåíòðàëüíî ñèììåòðè÷íîé ðåøåòêè 5, 6. Äâà äèàìåòðàëü-
íî ïðîòèâîïîëîæíûõ ñóáïó÷êà îáðàçóþò ñèñòåìó, ïîçâîëÿþùóþ ôîðìèðîâàòü ñèíóñîèäàëüíîå ðàñïðåäåëå-
íèå èíòåíñèâíîñòè 8 ñ óïðàâëÿåìûì ñäâèãîì ïî ôàçå çà ñ÷åò óñòàíîâëåííîãî â êàæäîé ïàðå îäíîãî ôàçîìî-
äóëÿòîðà 3 è óïðàâëÿòü ãëóáèíîé ìîäóëÿöèè èíòåðôåðåíöèîííîé êàðòèíû çà ñ÷åò ìîäóëÿòîðîâ àìïëèòóäû 
4. Ïåðèîä èíòåðôåðåíöèîííîé êàðòèíû îïðåäåëèòñÿ óãëîì íàêëîíà âîëîêîííûõ êîëëèìàòîðîâ, óïðàâëåíèå 
êîòîðûìè îñóùåñòâëÿåòñÿ ïüåçîýëåêòðè÷åñêèìè ìîäóëÿòîðàìè 5. Äëÿ óïðîùåíèÿ îòîáðàæåíèÿ ñõåìû ýêñïå-
ðèìåíòà íà ðèñ. 1 êîìïîíåíòû, âõîäÿùèå â êàæäóþ ïàðó ñóáïó÷êîâ, ïîêàçàíû òîëüêî îäèí ðàç. Óãîë íàêëî-
íà èíòåðôåðåíöèîííûõ ïîëîñ îïðåäåëÿåòñÿ âûáîðîì ïàðû ñóáïó÷êîâ, äëÿ êîòîðûõ çàäàþòñÿ íåíóëåâûå àì-
ïëèòóäû. Êîíòðîëü ïîëÿðèçàöèè ìîæåò îñóùåñòâëÿåòñÿ çà ñ÷åò óïðàâëåíèÿ íàïðàâëåíèåì ïîëÿðèçàöèè ñóá-
ïó÷êîâ, îäíàêî ýòî âûõîäèò çà ðàìêè äàííîé ðàáîòû. Èçëó÷åíèÿ îò äâóõ ñóáïó÷êîâ, âêëþ÷àÿ îáëàñòü 
èíòåðôåðåíöèè 8, ïîïàäàåò íà ïëàñòèíó äèõðîè÷íîãî ñâåòîäåëèòåëÿ 10, ñ ïîêðûòèåì, ïî÷òè ïîëíîñòüþ ïðå-
ëîìëÿþùèì ïàäàþùåå ëàçåðíîå èçëó÷åíèå. Ïîñëå ïëàñòèíû 10 èçëó÷åíèå ïðîõîäèò ìèêðîîáúåêòèâ 11, îñ-
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âåùàÿ ïîâåðõíîñòü èçìåðåíèÿ 12. Â îáðàòíîì íàïðàâëåíèè èçëó÷åíèå îò ïîâåðõíîñòè 12 ÷åðåç ìèêðîîáúåê-
òîâ 11 è ïëàñòèíêó 10 ïîïàäàåò íà êàìåðó ñ îáúåêòèâîì 9. 

Èñõîäÿ èç õàðàêòåðèñòèê îïòè÷åñêèõ êîìïîíåíòîâ, âàæíî îòìåòèòü, ÷òî ÷àñòîòà ðàáîòû ìåòîäà èçìåðå-
íèÿ áóäåò îãðàíè÷åíà ñàìûì ìåäëåííûì ýëåìåíòîì, òî åñòü õàðàêòåðèñòèêàìè êàìåðû.  

 
Ìîäåëèðîâàíèå  

 

Çàäàíèå ïîâåðõíîñòè ñ ìèêðîñêîïè÷åñêèìè ýëåìåíòàìè îñóùåñòâèëîñü ñîãëàñíî ñëåäóþùåìó àëãîðèòìó:  
1) ôîðìèðóåì ïëîñêîñòü ñëó÷àéíûõ âåëè÷èí îò 0 äî 1 (ðèñ. 2, à); 
2) âûäåëÿåì çíà÷åíèÿ âûøå 0,99 è ïðîèçâîäèì îïåðàöèþ ñâåðòêè ñ ñóïåðãàóññîâîé ôóíêöèåé ñ çàäàí-

íûì ðàäèóñîì (ðèñ. 2, á);  
3) ïðîèçâîäèì îïåðàöèþ ñâåðòêè ñ ôóíêöèåé ðàññåÿíèÿ òî÷êè (ðèñ. 2, â). 
 
 

 
à                                           á                                           â 

Ðèñ. 2. Çàäàíèå ñëó÷àéíîé ïîâåðõíîñòè: à – ïëîñêîñòü ñëó÷àéíûõ âåëè÷èí îò 0 äî 1; á – ðåçóëüòàò îïåðàöèè ñâåðòêè 
çíà÷åíèé âûøå 0,99 è ñóïåðãàóññîâîé ôóíêöèè ñ çàäàííûì ðàäèóñîì; â – ðåçóëüòàò îïåðàöèè ñâåðòêè ñ ôóíêöèåé  
  ðàññåÿíèÿ òî÷êè  

  
Â ñâîáîäíîì îò àáåððàöèé ìèêðîñêîïå ôóíêöèÿ ðàññåÿíèÿ òî÷êè (PSF) îáëàäàåò êðóãîâîé ñèììåòðèåé  

è îïðåäåëÿåòñÿ âûðàæåíèåì: 

 
2

1
2 2

( ) ,
rNA

h r J
r

       
 (1) 

 
ãäå h(r) – ýòî ôóíêöèÿ ðàññåÿíèÿ òî÷êè PSF, J1  ôóíêöèÿ Áåññåëÿ ïåðâîãî ðîäà, NA – ÷èñëîâàÿ àïåðòóðà, 
 – äëèíà âîëíû èçëó÷åíèÿ, r – ðàäèóñ-âåêòîð. 

Äëÿ èññëåäîâàíèÿ ïðåäëîæåííîãî ïîäõîäà ïðèìåíåí èçâåñòíûé ìåòîä SIM-SR. Îí ñîñòîèò â ïîñëåäîâà-
òåëüíîì îñâåùåíèè îáðàçöîâ ñ ïîìîùüþ ñèíóñîèäàëüíîãî ðàñïðåäåëåíèÿ èíòåíñèâíîñòè ïîä òðåìÿ ðàçíûìè 
óãëàìè îòíîñèòåëüíî îáðàçöà ñ òðåìÿ ðàçíûìè ôàçîâûìè ñäâèãàìè è äàëüíåéøåé îáðàáîòêå ïîëó÷åííûõ 
äàííûõ ñîãëàñíî ñïåöèàëüíîìó àëãîðèòìó [1].  

 

 
à                                           á                                           â 

Ðèñ. 3. Ðåçóëüòàòû ìîäåëèðîâàíèÿ ìèêðîñêîïèè ñî ñòðóêòóðèðîâàííûì îñâåùåíèåì: à – îáðàçåö ïîñëå ñâåðòêè ñ ôóíêöèåé 
   ðàññåÿíèÿ òî÷êè îïòè÷åñêîé ñèñòåìû; á – ðåçóëüòàò ïðèìåíåíèÿ ìåòîäà SIM-SR; â – çàäàííûé îáðàçåö 
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Èñïîëüçîâàíèå ìåòîäà SIM-SR ïîçâîëèëî ñóùåñòâåííî ñíèçèòü âëèÿíèå ôóíêöèè ðàññåÿíèÿ òî÷êè ñèñ-
òåìû (ñì. ðèñ. 3, à è á). Â ðåçóëüòàòå ïîëó÷åííîå èçîáðàæåíèå ïðàêòè÷åñêè èäåíòè÷íî èñõîäíîìó îáðàçöó 
(ñì. ðèñ. 3, â). 

 
Çàêëþ÷åíèå 

 

Â äàííîé ðàáîòå âïåðâûå ÷èñëåííî ïîêàçàíà âîçìîæíîñòü ðåàëèçàöèè ìèêðîñêîïèè ñî ñòðóêòóðèðîâàí-
íûì îñâåùåíèåì ñ ïîìîùüþ ñèíòåçèðîâàííûõ ïó÷êîâ â ïðåäëîæåííîé îïòè÷åñêîé ñõåìå. Ðåçóëüòàòû ìîäå-
ëèðîâàíèÿ ïîçâîëèëè â çíà÷èòåëüíîé ìåðå óñòðàíèòü âëèÿíèå ôóíêöèè ðàññåÿíèÿ òî÷êè, ÷òî äåìîíñòðèðóåò 
àêòóàëüíîñòü ïðèìåíåíèÿ ýòîãî ìåòîäà â ðåàëüíîì ýêñïåðèìåíòå. Ïðèìåíåíèå äàííîãî ïîäõîäà ïîòåíöèàëüíî 
ïîçâîëèò ñóùåñòâåííî îáëåã÷èòü îïòè÷åñêóþ þñòèðîâêó, èñêëþ÷èâ ñâÿçàííûå ñ ìåòîäîì SIM-SR ïðîáëåìû, 
à òàê æå ïîçâîëèò óâåëè÷èòü ñêîðîñòü îáðàáîòêè äàííûõ ïðè ñîõðàíåíèè êà÷åñòâà èçîáðàæåíèÿ. Êðîìå òîãî, 
äàííûé ïîäõîä îòêðûâàåò íîâûå ãîðèçîíòû â ñîçäàíèè îñâåùåíèÿ ëþáîé ñëîæíîñòè, âêëþ÷àÿ íå òîëüêî 
ðàñïðåäåëåíèå èíòåíñèâíîñòè, íî è ïîëÿðèçàöèþ, ÷òî ïîçâîëèò ðàñøèðèòü âîçìîæíîñòè ìåòîäà pSIM.  
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Optical microscopy plays an important role in biological research due to the possibility of non-contact 

observation and measurement of living samples. However, conventional optical microscopy has limitations. Due 
to the diffraction limit, its spatial resolution is about 200 nm. The use of structured illumination increases the 
spatial resolution by more than 2 times, and the addition of polarization control makes it possible to expand the 
system's capabilities for studying anisotropic transparent and opaque objects. Moreover, three-dimensional 
image of an object can be obtained using structured illumination. The latest advances in laser technology allow 
us to propose a new approach to formation of structured illumination. This article shows numerically the possi-
bility of using structured illumination microscopy with synthesized beams for the first time. The source of the 
light is a coherent laser array that allows controlling the distribution of phase, amplitude, and polarization of 
the beam. Unlike the coherent combining method, the proposed experimental scheme does not need a feedback 
loop for phase stabilization. The target surface being studied was modeled numerically, and the well-known 
SIM-SR algorithm was applied to enhance the resolution. The application of this approach to structured illumi-
nation microscopy tasks reduces the cost of microscope design and increases the speed of object measurement. 
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