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Ñòàòüÿ ïîñâÿùåíà ïðîáëåìå ðàçðàáîòêè èííîâàöèîííûõ ñìàðò-îêîí ñ ïðèìåíåíè-
åì ñîâðåìåííûõ ìàòåðèàëîâ è íîâûì ïîäõîäîì ê îáåñïå÷åíèþ â ïîìåùåíèÿõ êîì-
ôîðòíûõ óñëîâèé åñòåñòâåííîãî îñâåùåíèÿ, èíñîëÿöèè è ñîëíöåçàùèòû äëÿ âû-
ïîëíåíèÿ ãèãèåíè÷åñêèõ òðåáîâàíèé. Ñìàðò-îêíà ïðåäíàçíà÷åíû äëÿ àäàïòèðîâàí-
íîãî ðåãóëèðîâàíèÿ ñâåòîïðîïóñêàíèÿ îêíà ïðè ñëîæíîé òðàåêòîðèè äâèæåíèÿ
ñîëíöà îòíîñèòåëüíî îêíà áåç ïðèìåíåíèÿ æàëþçè èëè äðóãèõ âñïîìîãàòåëüíûõ
ìåõàíè÷åñêèõ óñòðîéñòâ. Ðàññìîòðåí ìåòîä îïòèìèçàöèè óãëîâîé ñåëåêòèâíîé
ôèëüòðàöèè ïðÿìîãî ñîëíå÷íîãî èçëó÷åíèÿ ïóòåì ìèíèìèçàöèè ñâåòîïðîïóñêàíèÿ
îêíà â çàäàííóþ äàòó è âðåìÿ ñóòîê ñ ó÷åòîì àçèìóòà îðèåíòàöèè îêíà, ãåîãðàôè÷å-
ñêîé øèðîòû, ñåçîííîãî è ñóòî÷íîãî ðàñïðåäåëåíèÿ èíòåíñèâíîñòè ñîëíå÷íîé ðà-
äèàöèè. Îïòèìèçàöèÿ îñóùåñòâëÿåòñÿ çà ñ÷åò èñïîëüçîâàíèÿ îïòè÷åñêîãî ôèëüòðà
íîâîãî òèïà, èìåþùåãî äâå òîíêîïëåíî÷íûå ïîâåðõíîñòíûå ðåøåòêè ñ ÷åðåäóþ-
ùèìèñÿ ïðîïóñêàþùèìè è íåïðîïóñêàþùèìè ïàðàëëåëüíûìè ïîëîñàìè, ðàñïîëî-
æåííûìè íà ïîâåðõíîñòè îêíà íàêëîííî ïîä îïòèìàëüíûì óãëîì, ðàññ÷èòàííûì
ïî íîâîìó ìåòîäó äëÿ àäàïòàöèè ê äåéñòâèòåëüíîé òðàåêòîðèè ñîëíöà îòíîñèòåëü-
íî ïëîñêîñòè âåðòèêàëüíîãî îêíà.
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Ïðîáëåìà óãëîâîãî ñåëåêòèâíîãî ðåãóëèðîâàíèÿ ñâåòîïðîïóñêàíèÿ îêíà
ñ ó÷åòîì òðàåêòîðèè äâèæåíèÿ ñîëíöà îòíîñèòåëüíî íåãî ìîæåò áûòü ðåøåíà
÷àñòè÷íî ñ ïîìîùüþ ñîâðåìåííûõ ñìàðò-îêîí. Â ïîñëåäíèå äåñÿòèëåòèÿ â
îêíàõ èñïîëüçóþòñÿ ñìàðò-ñòåêëà íà îñíîâå õðîìîãåííûõ ìàòåðèàëîâ, ÷òîáû
èçáåæàòü áëèêîâ è ïåðåãðåâà îò ñîëíå÷íîé ðàäèàöèè [1]. Íèçêîýìèññèîííûå
[2], ôîòîõðîìíûå [3], òåðìîõðîìíûå [4], òåðìîòðîïíûå [5] è ýëåêòðîõðîì-
íûå [6] ñìàðò-ñòåêëà ìîãóò èçìåíÿòü êîýôôèöèåíò ïðîïóñêàíèÿ â çàâèñèìî-
ñòè îò èíòåíñèâíîñòè ñîëíå÷íîãî èçëó÷åíèÿ è òåìïåðàòóðû èëè èç-çà ïðèëî-
æåííîãî ýëåêòðè÷åñêîãî íàïðÿæåíèÿ.

Äëÿ óïðàâëåíèÿ ïðÿìûì ñîëíå÷íûì ñâåòîì, ïðîõîäÿùèì ÷åðåç îêíî ïðè
èçìåíåíèè ïîëîæåíèÿ ñîëíöà, èñïîëüçóþòñÿ æàëþçè èëè äðóãèå âñïîìîãà-
òåëüíûå ìåõàíè÷åñêèå óñòðîéñòâà [7]. Ïîòåíöèàë ñòàòè÷åñêèõ óãëîâûõ ñå-
ëåêòèâíûõ ñèñòåì çàòåíåíèÿ ñ ìèêðîïåðôîðèðîâàííûì ýêðàíîì, òðóá÷àòîé
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çàòåíÿþùåé ñòðóêòóðîé è ðàñøèðåííîé ìåòàëëè÷åñêîé ñåòêîé êîëè÷åñòâåí-
íî îïðåäåëÿåòñÿ äëÿ óìåíüøåíèÿ èñïîëüçîâàíèÿ ýíåðãèè [8]. Äëÿ àâòîìàòè-
÷åñêîãî óïðàâëåíèÿ ïðÿìîé ñîëíå÷íîé ýíåðãèåé, ïðîõîäÿùåé ÷åðåç îêíî,
ðàçðàáîòàíû êîíñòðóêöèè àêòèâíûõ îêîííûõ çàòåíèòåëåé [9].

Â íàñòîÿùåå âðåìÿ íåò ìåòîäîâ, îáåñïå÷èâàþùèõ ñåëåêòèâíîå ðåãóëè-
ðîâàíèå íàïðàâëåííîãî ñâåòîïðîïóñêàíèÿ îêíà â çàâèñèìîñòè îò óãëà ïàäå-
íèÿ ñîëíå÷íûõ ëó÷åé áåç èñïîëüçîâàíèÿ äîïîëíèòåëüíûõ óñòðîéñòâ ïåðå-
ðàñïðåäåëåíèÿ ñâåòîâîãî ïîòîêà. Òàêîé ìåòîä, èñïîëüçóåìûé â îïòè÷åñêîì
ôèëüòðå, ïðåäñòàâëåí â [10–13]. Ôèëüòð ïðîïóñêàåò òîëüêî æåëàåìóþ ÷àñòü
ïàäàþùåãî èçëó÷åíèÿ áåç èçìåíåíèÿ èëè, ïðè íåîáõîäèìîñòè, ñ èçìåíåíè-
åì åãî ñïåêòðà â ðàçíûõ äèàïàçîíàõ óãëîâ ïàäåíèÿ [12], îñòàëüíàÿ ÷àñòü èç-
ëó÷åíèÿ îòðàæàåòñÿ, ïîãëîùàåòñÿ èëè ðàññåèâàåòñÿ. Ôèëüòð ñîñòîèò èç
òîíêîïëåíî÷íûõ ðåøåòî÷íûõ ñëîåâ íà äâóõ ïîâåðõíîñòÿõ îäèíàðíîãî,
äâîéíîãî èëè òðîéíîãî îñòåêëåíèÿ. Âõîäíûå è âûõîäíûå ðåøåòêè ôîðìè-
ðóþòñÿ ñ ïîìîùüþ «íåïðîïóñêàþùèõ» (ïîãëîùàþùèõ, îòðàæàþùèõ èëè
ðàññåèâàþùèõ) ïîëîñ, ÷åðåäóþùèõñÿ ñ íàïðàâëåííî ïðîïóñêàþùèìè ïî-
ëîñàìè. Ðàñ÷åòíûå äàííûå óãëîâûõ õàðàêòåðèñòèê ñâåòîïðîïóñêàíèÿ
ôèëüòðîâ ïîäòâåðæäåíû ýêñïåðèìåíòàëüíî [11]. Äàííàÿ ñòàòüÿ ïîñâÿùåíà
îïòèìèçàöèè ïàðàìåòðîâ ôèëüòðà äëÿ ñìàðò-îêíà ñ ïîìîùüþ íîâîãî ìåòî-
äà îïðåäåëåíèÿ óãëà íàêëîíà ðåøåòîê ôèëüòðà, ðàçðàáîòàííîãî âçàìåí
ìåòîäà, îïèñàííîãî â [13].

Ñõåìû ôèëüòðîâ ñ ïðîïóñêàþùèìè è ïîãëîùàþùèìè ïîëîñàìè äëÿ îäè-
íàðíîãî è äâîéíîãî îñòåêëåíèÿ ïðåäñòàâëåíû íà ðèñ. 1. Ïðè òðîéíîì îñòåê-
ëåíèè äëÿ ôèëüòðà èñïîëüçóåòñÿ îäíà èç äâóõ êàìåð ïî ïðèíöèïó, èçîáðàæåí-
íîìó íà ðèñ. 1, á. Õàðàêòåðèñòè÷åñêèé óãîë ôèëüòðà �c ïîêàçûâàåò îòíîñè-
òåëüíûé ñäâèã âõîäíûõ è âûõîäíûõ ðåøåòîê, à ëó÷ ïðîõîäèò ÷åðåç öåíòðû
ïîëîñ íà îáåèõ ðåøåòêàõ. Åñëè ýòîò ëó÷ ïðîõîäèò ÷åðåç öåíòð ïîãëîùàþùåé
ïîëîñû íà âûõîäíîé ðåøåòêå (êàê íà ðèñ. 1), ôèëüòð îáåñïå÷èâàåò ìèíèìàëü-
íîå ñâåòîïðîïóñêàíèå ïðè õàðàêòåðèñòè÷åñêîì óãëå èëè â óãëîâîì äèàïàçîíå
ñèììåòðè÷íî îòíîñèòåëüíî íåãî. Áëîêèðóÿ ïðÿìîå ñîëíå÷íîå èçëó÷åíèå ÷àñ-
òè÷íî èëè ïîëíîñòüþ â çàäàííîì óãëîâîì äèàïàçîíå, ôèëüòð ïåðåäàåò äèô-
ôóçíîå è îòðàæåííîå îò çåìëè (àëüáåäî) èçëó÷åíèå è îáåñïå÷èâàåò êîìôîðò-
íûé äíåâíîé ñâåò è èíñîëÿöèþ. Èç ðèñ. 1 âèäíî, ÷òî ïðè äðóãîì óãëå ïàäåíèÿ
� ëó÷ ïðîõîäèò íå òîëüêî ÷åðåç âõîäíóþ, íî è ÷åðåç âûõîäíóþ ðåøåòêó,
ò.å. êîýôôèöèåíò ñâåòîïðîïóñêàíèÿ çàâèñèò îò óãëà ïàäåíèÿ ñîëíå÷íûõ
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ëó÷åé. Â îòëè÷èå îò ãîðèçîíòàëüíûõ èëè âåðòèêàëüíûõ æàëþçè ôèëüòð ìî-
æåò áûòü àäàïòèðîâàí ê òðàåêòîðèè ñîëíöà îòíîñèòåëüíî îêíà ñ ó÷åòîì àçè-
ìóòà åãî îðèåíòàöèè ïî ñòîðîíàì ñâåòà èç-çà âîçìîæíîñòè ðàñïîëîæåíèÿ
ïîëîñ ïîä ëþáûì óãëîì íàêëîíà.

Ïîãëîùàþùèå, îòðàæàþùèå èëè ðàññåèâàþùèå ïîëîñû ìîãóò ïðåïÿòñò-
âîâàòü ïðîñìîòðó ÷åðåç îêíî è ìîãóò áûòü ïðèìåíåíû ê âåðòèêàëüíûì îê-
íàì, íå èñïîëüçóåìûì äëÿ ïðîñìîòðà, ê íàêëîííûì èëè êðèâîëèíåéíûì
îêíàì è ïîòîëî÷íûì ñâåòîâûì ôîíàðÿì. ×òîáû îáåñïå÷èòü äîñòàòî÷íóþ
âèäèìîñòü, áîëåå ïðåäïî÷òèòåëüíî ôîðìèðîâàòü íåïðîïóñêàþùèå ïîëîñû
ñ ïîìîùüþ ôîòîõðîìíûõ, òåðìîõðîìíûõ, ýëåêòðîõðîìíûõ èëè äðóãèõ
õðîìîãåííûõ òåõíîëîãèé. Â ýòîì ñëó÷àå ðåøåòî÷íûé ôèëüòð, èìåþùèé âñå
ïðåèìóùåñòâà ñìàðò-ñòåêëà, áóäåò îòîáðàæàòü åãî ñâîéñòâà òîëüêî ïðè ñîîò-
âåòñòâóþùåì èçìåíåíèè âíåøíèõ óñëîâèé èëè ïðèëîæåíèè ýëåêòðè÷åñêîãî
íàïðÿæåíèÿ è îñëàáëÿòü ïðÿìîå èçëó÷åíèå, ïåðåäàâàÿ äèôôóçíîå è îòðàæåí-
íîå èçëó÷åíèå.

Äëÿ îïðåäåëåíèÿ óãëà íàêëîíà ðåøåòîê ôèëüòðà íåîáõîäèìî âûáðàòü
ðàñ÷åòíóþ äàòó ñ ó÷åòîì ìåñòíîãî êëèìàòà. Â êà÷åñòâå òàêîé äàòû ìîæåò
áûòü ñåðåäèíà ñàìîãî æàðêîãî ïåðèîäà ãîäà èëè äåíü ñ ìàêñèìàëüíîé ñîë-
íå÷íîé ðàäèàöèåé â ãîäó. Ýòè äâå äàòû ìîãóò îòëè÷àòüñÿ áîëåå ÷åì íà ìåñÿö.
Çàòåì äëÿ âûáðàííîé äàòû îïðåäåëÿåòñÿ âðåìÿ ìàêñèìàëüíîé ñîëíå÷íîé
ðàäèàöèè. Ìàêñèìàëüíîå èçëó÷åíèå ïàäàåò íà âåðõíèå ñëîè àòìîñôåðû â
ïîëäåíü. Îäíàêî ïðîçðà÷íîñòü àòìîñôåðû çíà÷èòåëüíî âëèÿåò íà äíåâíîå
èçìåíåíèå èíòåíñèâíîñòè ðàäèàöèè, îñîáåííî â ëåòíèå ìåñÿöû. Àòìîñôåðà
ìåíåå ïðîçðà÷íà âî âòîðîé ïîëîâèíå äíÿ èç-çà åå áîëåå âûñîêîé çàïûëåííî-
ñòè è âëàæíîñòè è ïîÿâëåíèÿ êîíâåêòèâíîé îáëà÷íîñòè. Ïîýòîìó ìàêñèìàëü-
íàÿ èíòåíñèâíîñòü ïðÿìîãî ñîëíå÷íîãî èçëó÷åíèÿ ëåòîì íàáëþäàåòñÿ â óò-
ðåííèå ÷àñû. Îïòèìàëüíûé óãîë íàêëîíà ðåøåòîê ôèëüòðà îïðåäåëÿåòñÿ ïî
ñëåäóþùåìó àëãîðèòìó.

1. Ïî îäíîé èç ìíîãî÷èñëåííûõ êîìïüþòåðíûõ ïðîãðàìì ñ ó÷åòîì ãåî-
ãðàôè÷åñêèõ êîîðäèíàò çäàíèÿ ðàññ÷èòûâàþòñÿ âûñîòà h è àçèìóò A ñîëíöà
äëÿ âûáðàííîé äàòû ÷åðåç îïðåäåëåííûé èíòåðâàë âðåìåíè (êàæäóþ ìèíó-
òó èëè ÷àñ è ò.ï.) îòíîñèòåëüíî âðåìåíè, êîãäà àçèìóò ñîëíöà è àçèìóò îêíà
A0 (0° � A0 < 360°) ðàâíû ìåæäó ñîáîé (A = A0). Â ýòî âðåìÿ ñîëíå÷íûå ëó÷è
ïàäàþò íà ïëîñêîñòü, ïåðïåíäèêóëÿðíóþ îêíó (îñü y íà ðèñ. 2). Íà ðèñ. 2
îïðåäåëåíà òðàåêòîðèÿ äâèæåíèÿ ñîëíöà îòíîñèòåëüíî îêíà ñ àçèìóòîì
120° è óãëû íàêëîíà ðåøåòîê ôèëüòðà íà îêîííîì ñòåêëå äëÿ ã. Îðåíáóðãà,
Ðîññèÿ (51° 47�00�N, 55°06�00�E , UTC + 05 :00) äëÿ 15.07.2015 (ñåðåäèíà
ñàìîãî æàðêîãî ïåðèîäà â Îðåíáóðãå). Ïîëó÷åíû óãëû íàêëîíà ðåøåòîê
ôèëüòðà 39° (ïðè àïïðîêñèìàöèè òðàåêòîðèè) è 42° (ïðè ïðîâåäåíèè êàñà-
òåëüíîé ê òðàåêòîðèè â òî÷êå, ñîîòâåòñòâóþùåé 11 ÷ 30 ìèí, ò.å. âðåìåíè
ìàêñèìàëüíîé ñîëíå÷íîé ðàäèàöèè â Îðåíáóðãå).

2. Àçèìóò ñîëíöà, èçìåðåííûé îò ïåðïåíäèêóëÿðà ê îêíó, âû÷èñëÿåòñÿ
ïî ôîðìóëå: � = A – A0. Äëÿ äàëüíåéøèõ ðàñ÷åòîâ ñëåäóåò ó÷èòûâàòü òîëüêî
àçèìóòû â ïðåäåëàõ –60° � � � 60° èç-çà óâåëè÷åíèÿ êîýôôèöèåíòà îòðàæåíèÿ
ïðè áîëüøèõ óãëàõ ïàäåíèÿ.

3. Óãîë ïàäåíèÿ ñîëíå÷íîãî ëó÷à íà âåðòèêàëüíîå ïëîñêîå îêíî âû÷èñ-
ëÿåòñÿ ñ ïîìîùüþ ÷àñòíîãî ñëó÷àÿ ïåðâîé òåîðåìû êîñèíóñîâ äëÿ òðåõ-
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ãðàííîãî óãëà, êîãäà äâóãðàííûé óãîë ïåðåä ðàñ÷åòíûì ïëîñêèì óãëîì ðàâåí
90° : cos� = coshcos�. Óãîë ïàäåíèÿ ðàâåí � = arccos(coshcos�). Äëÿ äàëüíåé-
øèõ ðàñ÷åòîâ ñëåäóåò èñïîëüçîâàòü òîëüêî óãëû � � 60°.

4. Çíà÷åíèÿ êîîðäèíàò ñëåäîâ òðàåêòîðèè ñîëíöà íà âåðòèêàëüíîé ïëîñ-
êîñòè îêíà ðàññ÷èòûâàþòñÿ â äèàïàçîíå óãëîâ ïàäåíèÿ � � 60° : x = tg�;
y = tgh (èç àíàëèçà ðèñ. 2). Ïî ðåçóëüòàòàì ðàñ÷åòà íàíåñåí ñëåä òðàåêòîðèè
ñîëíöà (ïóíêòèðíàÿ ëèíèÿ íà ðèñ. 2). Ðàñ÷åòíûå òî÷êè óêàçàíû ÷åðåç êàæäûé
÷àñ îòíîñèòåëüíî 10 ÷ 49 ìèí (âðåìÿ ïðè A = A0), à òàêæå äëÿ 11 ÷ 30 ìèí (âðå-
ìåíè ìàêñèìàëüíîé ñîëíå÷íîé ðàäèàöèè). Äëÿ 8 ÷ 49 ìèí ïðè àçèìóòå À

è âûñîòå h ñîëíöà ñòðåëêàìè ïîêàçàí ïîðÿäîê ïîëó÷åíèÿ òî÷êè «ñëåäà»
ñîëíöà íà ïëîñêîñòè îêíà.

5. Åñëè çàäàíî âðåìÿ tmin òðåáóåìîãî ìèíèìàëüíîãî ñâåòîïðîïóñêàíèÿ
îêíà (êàê ïðàâèëî, ýòî âðåìÿ ìàêñèìàëüíîé ñîëíå÷íîé ðàäèàöèè), óðàâ-
íåíèå êðèâîëèíåéíîé òðàåêòîðèè ñîëíöà îïðåäåëÿåòñÿ ÷åðåç ïîëó÷åííûå
ðàñ÷åòíûå òî÷êè òðàåêòîðèè â âûáðàííûé âðåìåííîé èíòåðâàë (íàïðèìåð,
tmin ± 30 ìèí). Óðàâíåíèå ôóíêöèè ìîæíî íàéòè, èñïîëüçóÿ íåïàðàìåòðè-
÷åñêèé ðåãðåññèîííûé àíàëèç. Ïðîèçâîäíàÿ ïîëó÷åííîé ôóíêöèè, âû-
÷èñëåííàÿ äëÿ òî÷êè, ñîîòâåòñòâóþùåé tmin, áóäåò ðàâíà óãëîâîìó êîýô-
ôèöèåíòó ktg ïðÿìîé y = ktgx + b, êàñàòåëüíîé ê òðàåêòîðèè â ýòîé òî÷êå.
Èñêîìûé îïòèìàëüíûé óãîë íàêëîíà ðåøåòêè ôèëüòðà íà ïëîñêîñòè îêíà,
ïîëó÷åííûé ïóòåì ïîñòðîåíèÿ êàñàòåëüíîé, ðàâåí �tg = arctgktg (42° íà
ðèñ. 2).

Åñëè âðåìÿ tmin íå çàäàíî, âûïîëíÿåòñÿ ëèíåéíàÿ àïïðîêñèìàöèÿ êðèâî-
ëèíåéíîé òðàåêòîðèè è íàõîäèòñÿ óðàâíåíèå ïðÿìîé y = kappx + b. Èñïîëüçóÿ
kapp = tg�app, èñêîìûé îïòèìàëüíûé óãîë íàêëîíà ðåøåòîê ôèëüòðà, ïîëó-
÷åííûé ïóòåì àïïðîêñèìàöèè, áóäåò ðàâåí �app = arctgkapp (39° íà ðèñ. 2).
Îïðåäåëåííûå îáîèìè ñïîñîáàìè óãëû íàêëîíà ðåøåòîê ôèëüòðà àäàïòèðî-

Ð.Ñ. Çàêèðóëëèí, È.À. Îäåíáàõ

94

Ðèñ. 2. Îïðåäåëåíèå òðàåêòîðèè äâèæåíèÿ ñîëíöà îòíî-
ñèòåëüíî îêíà è óãëîâ íàêëîíà ðåøåòîê ôèëüòðà



âàíû ê òðàåêòîðèè äâèæåíèÿ ñîëíöà
îòíîñèòåëüíî îêíà. Â òàáëèöå ïðèâå-
äåíû ðåçóëüòàòû ðàñ÷åòà óãëîâ íà-
êëîíà ðåøåòîê ôèëüòðà äëÿ ðàçíûõ
àçèìóòîâ îêîí, îïðåäåëåííûå ïóòåì
àïïðîêñèìàöèè ïî àëãîðèòìó, ïðè-
âåäåííîìó â [13], è ïî ïðåäëîæåí-
íîìó íîâîìó àëãîðèòìó.

Óãëû íàêëîíà, ïîëó÷åííûå ïî
íîâîìó àëãîðèòìó, èìåþò áîëüøèå
çíà÷åíèÿ. Äëÿ þæíîãî îêíà ñ àçèìó-
òîì 180° óãëû îäèíàêîâû, òàê êàê òðà-
åêòîðèÿ ñîëíöà â ýòîì ñëó÷àå ñèììåòðè÷íà îòíîñèòåëüíî åãî çåíèòíîãî ïî-
ëîæåíèÿ.

Ðàçðàáîòàííûé ìåòîä îïòèìèçàöèè óãëîâîé ñåëåêòèâíîé ôèëüòðàöèè
ïðÿìîãî ñîëíå÷íîãî èçëó÷åíèÿ ïóòåì ìèíèìèçàöèè ñâåòîïðîïóñêàíèÿ îêíà
çà ñ÷åò íàêëîííîãî ðàñïîëîæåíèÿ íà åãî ïîâåðõíîñòè äâóõ òîíêîïëåíî÷íûõ
ïîâåðõíîñòíûõ ðåøåòîê îïòè÷åñêîãî ôèëüòðà ñ ÷åðåäóþùèìèñÿ ïðîïóñ-
êàþùèìè è íåïðîïóñêàþùèìè ïàðàëëåëüíûìè ïîëîñàìè ïîä îïòèìàëüíûì
óãëîì, ðàññ÷èòàííûì äëÿ çàäàííîé äàòû è âðåìåíè ñóòîê ñ ó÷åòîì àçèìóòà
îðèåíòàöèè îêíà, ãåîãðàôè÷åñêîé øèðîòû, ñåçîííîãî è ñóòî÷íîãî ðàñïðå-
äåëåíèÿ èíòåíñèâíîñòè ñîëíå÷íîé ðàäèàöèè, èìååò ïåðñïåêòèâû äëÿ ïðè-
ìåíåíèÿ â àðõèòåêòóðå è ñòðîèòåëüñòâå. Îñîáåííî ýòî êàñàåòñÿ ðàáî÷èõ è
àäìèíèñòðàòèâíûõ ïîìåùåíèé, òàê êàê â ðàáî÷åå (äíåâíîå) âðåìÿ åñòü íå-
îáõîäèìîñòü óãëîâîãî ñåëåêòèâíîãî ðåãóëèðîâàíèÿ ïðÿìîãî ñîëíå÷íîãî
èçëó÷åíèÿ, ïðîõîäÿùåãî âíóòðü ïîìåùåíèé. Ñìàðò-îêíà ñ ïîäîáíûìè
ôèëüòðàìè ïîçâîëÿò äîñòè÷ü àäàïòèðîâàííîãî ðåãóëèðîâàíèÿ ñâåòîïðîïóñ-
êàíèÿ îêíà ïðè ñëîæíîé òðàåêòîðèè äâèæåíèÿ ñîëíöà îòíîñèòåëüíî íåãî
áåç ïðèìåíåíèÿ æàëþçè èëè äðóãèõ âñïîìîãàòåëüíûõ ìåõàíè÷åñêèõ óñò-
ðîéñòâ, îáåñïå÷èâàÿ êîìôîðòíûé äíåâíîé ñâåò è èíñîëÿöèþ, áëîêèðóÿ ïðÿ-
ìîå èçëó÷åíèå â çàäàííîì èíòåðâàëå âðåìåíè è ïåðåäàâàÿ äèôôóçíîå è îò-
ðàæåííîå èçëó÷åíèå.
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180 0 0
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OPTIMIZED ANGULAR SELECTIVE FILTERING
DIRECT SOLAR RADIATION

The article is devoted to the actual problem of developing innovative smart windows with
the use of modern materials and a new approach to providing in rooms comfortable
condition for natural lighting, insolation and sun protection to meet the hygienic
requirements imposed. Such smart windows are designed for the adapted regulation of the
light transmission of a window with a complex trajectory of the sun’s movement relative to
it without the use of blinds or other auxiliary mechanical devices. A method for optimizing
the angular selective filtering of direct solar radiation is considered by minimizing the light
transmission of a window at a given date and time of day, taking into account the azimuth
of the orientation of the window, geographical latitude, and the seasonal and daily
distribution of the intensity of solar radiation. Optimization is carried out through the use
of a new type of optical filter having two thin-film surface gratings with alternating
transmissive and non-transmissiveparallel strips located obliquely on the window surface
at an optimal angle calculated by the new method to adapt to the actual trajectory of
the sun’s movement relative to the plane of the vertical window.

K e y w o r d s: solar radiation, smart window, optical filter, thin-film surface gratings,
angular selective filtering.

Ð.Ñ. Çàêèðóëëèí, È.À. Îäåíáàõ

96



REFERENCES

1. W a l k e r A., R e n n é D., B i l o S., K u t s c h e r C., B u r c h J., B a l c o m b D.,
J u d k o f f R., W a r n e r C., K i n g R.J., E i f f e r t P. Advances in Solar Buildings.
ASME J. Sol. Energy Eng. 2003. No. 125 (3). Pp. 236–244.

2. H o r o w i t z F., P e r e i r a M.B., d e A z a m b u j a G.B. Glass window coatings
for sunlight heat reflection and co-utilization. Appl. Opt. 2011. No. 50. Pp. C250–C252.

3. F e r r a r i J.A., P e r c i a n t e C.D. Two-state model of light induced activation and
thermal bleaching of photochromic glasses: theory and experiments. Appl. Opt. 2008.
No. 47. Pp. 3669–3673.

4. J o s t m e i e r T., M a n g o l d M., Z i m m e r J., K a r l H., K r e n n e r H.J.,
R u p p e r t C., B e t z M. Thermochromic modulation of surface plasmonpolaritons
in vanadium dioxide nanocomposites. Opt. Express. 2016. No. 24 (15). P. 17322.

5. G l a d e n A.C., D a v i d s o n J.H., M a n t e l l S.C. The effect of a thermotropic
material on the optical efficiency and stagnation temperature of a polymer flat plate
solar collector. ASME J. Sol. Energy Eng. 2014. No. 137 (2). P. 021003.

6. N i k l a s s o n G.A., G r a n q v i s t C.G. Electrochromics for smart windows: thin
films of tungsten oxide and nickel oxide, and devices based on these. J. Mater. Chem.
2007. No. 17. Pp. 127–156.

7. R u m b a r g e r J., V i t u l l o R.J. Architectural Graphic Standards for Residential
Construction. John Wiley and Sons, 2003.

8. F e r n a n d e s L.L., L e e E.S., M c N e i l A., J o n s s o n J.C., N o u i d u i T., P a n g
X., H o f f m a n n S. Angular selective window systems: Assessment of technical
potential for energy savings. Energy and Buildings. 2015. No. 90. Pp. 188–206.

9. L u e c k e G.R., S l a u g h t e r J. Design, development, and testing of an automated
window shade controller. ASMEJ. Sol. Energy Eng. 1995. No. 117 (4). Pp. 326–332.

10. Z a k i r u l l i n R.S. Intellektual’noe okno s uglovym selektivnym svetopropuskaniem
[A smart window with angular selectivity of light transmission]. Izvestiya vuzov.
Stroitel’stvo [News of Higher Educational Institutions. Construction]. 2013. No. 5.
Pp. 101–106. (in Russian)

11. Z a k i r u l l i n R.S. An optical filter with angular selectivity of the transmittance.
Journal of Optical Technology. 2013. No. 80 (8). Pp. 480–485.

12. Z a k i r u l l i n R.S. Creating optical filters with angular-selective light transmission.
Appl. Opt. 2015. No. 54 (21). Pp. 6416–6419.

13. Z a k i r u l l i n R.S., L e t u t a S.N. A smart window for angular selective filtering
solar radiation. Solar Energy. 2015. No. 120. Pp. 585–592.

Îïòèìèçèðîâàííàÿ óãëîâàÿ ñåëåêòèâíàÿ ôèëüòðàöèÿ ïðÿìîãî ñîëíå÷íîãî èçëó÷åíèÿ

97


