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Â êîñìè÷åñêîé òåõíèêå â êà÷åñòâå ïàññèâíûõ ñðåäñòâ ñèñòåìû îáåñïå÷åíèÿ òåïëîâîãî ðåæèìà ðàñïðîñòðà-
íåíû îïòè÷åñêèå òåðìîðåãóëèðóþùèå ïîêðûòèÿ, ñîñòîÿùèå èç ñâåðõòîíêèõ ýëåìåíòîâ òîëùèíîé ïîðÿäêà 150 ìêì
èç îïòè÷åñêîãî ðàäèàöèîííî-ñòîéêîãî ñòåêëà ìàðêè Ê-208. Â ñòàòüå ðàññìîòðåíî âëèÿíèå äëèòåëüíîãî õðàíå-
íèÿ (ñ 2007 ã.) ïðè íîðìàëüíûõ êëèìàòè÷åñêèõ óñëîâèÿõ íà ïðî÷íîñòíûå õàðàêòåðèñòèêè è òåðìîñòîéêîñòü ñòåê-
ëÿííûõ ýëåìåíòîâ, èçãîòîâëåííûõ ìåòîäàìè àëìàçíîãî ñêðàéáèðîâàíèÿ è ñêâîçíîãî óïðàâëÿåìîãî ëàçåðíîãî
òåðìîðàñêàëûâàíèÿ. Â ðåçóëüòàòå ïðîâåäåííûõ èçìåðåíèé óñòàíîâëåíî, ÷òî ïîñëå äëèòåëüíîãî õðàíåíèÿ ïðî÷-
íîñòü ñòåêëÿííûõ ýëåìåíòîâ, èçãîòîâëåííûõ ìåòîäîì àëìàçíîãî ñêðàéáèðîâàíèÿ, ñíèæàåòñÿ ïðèìåðíî íà 20%,
à ïîëó÷åííûõ ïîñðåäñòâîì ëàçåðíîãî òåðìîðàñêàëûâàíèÿ ïðàêòè÷åñêè íå èçìåíÿþòñÿ.

Êëþ÷åâûå ñëîâà: òåðìîðåãóëèðóþùèå ñòåêëÿííûå ïîêðûòèÿ, ìåõàíè÷åñêàÿ ïðî÷íîñòü ñòåêëÿííûõ ýëåìåíòîâ,
óïðàâëÿåìîå ëàçåðíîå òåðìîðàñêàëûâàíèå.

Ââåäåíèå

Ñòåêëÿííûå ýëåìåíòû èç ðàäèàöèîííî-ñòîéêîãî
îïòè÷åñêîãî ñòåêëà ìàðêè Ê-208 ñ òîëùèíîé ïîðÿä-
êà 150 ìêì è ðàçìåðàìè îò 20 × 10 äî 80 × 40 ìì
ïðèìåíÿþòñÿ äëÿ èçãîòîâëåíèÿ òåðìîðåãóëèðóþ-
ùèõ ïîêðûòèé, èñïîëüçóåìûõ â êîñìè÷åñêèõ àï-
ïàðàòîâ (ÊÀ) [1—12]:

— çàùèòíûõ ïîêðûòèé ôîòîýëåìåíòîâ ñîëíå÷-
íûõ áàòàðåé;

— òåðìîîïòè÷åñêèõ ïîêðûòèé ðàäèàòîðîâ-òåï-
ëîîáìåííèêîâ ñèñòåì òåðìîðåãóëèðîâàíèÿ
(ðèñ. 1).

Íà ñòåêëÿííûå ýëåìåíòû, ïðåäíàçíà÷åííûå
äëÿ ðàäèàòîðîâ-èçëó÷àòåëåé, ñ îäíîé ñòîðîíû
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íàíîñÿòñÿ òîíêèå îòðàæàþùèå ñåðåáðÿíûå ïî-
êðûòèÿ, à ñ äðóãîé ñòîðîíû íàïûëÿþòñÿ ïðîçðà÷-
íûå ïëåíêè èç îêñèäà èíäèÿ äëÿ ñíÿòèÿ ýëåêòðî-
ñòàòè÷åñêèõ ðàçðÿäîâ. Äàííàÿ òåõíîëîãèÿ èçãîòîâ-
ëåíèÿ òåðìîîïòè÷åñêèõ ïîêðûòèé øèðîêî ïðèìå-
íÿåòñÿ â ÅÊÀ è NASA [5, 8], à òàêæå â ÃÊ «Ðîñ-
êîñìîñ» [11].

Ê ñòåêëÿííûì ýëåìåíòàì ïðåäúÿâëÿþòñÿ âû-
ñîêèå òðåáîâàíèÿ ïî ýêñïëóàòàöèîííûì õàðàêòå-
ðèñòèêàì, ê êîòîðûì, â ïåðâóþ î÷åðåäü, îòíîñÿòñÿ
ìåõàíè÷åñêàÿ ïðî÷íîñòü è òåðìîñòîéêîñòü.

Òåõíîëîãèÿ èçãîòîâëåíèÿ ñòåêëÿííûõ ýëåìåí-
òîâ îñíîâàíà íà íàãðåâå ïîëèðîâàííûõ ñòåêëÿííûõ
áëîêîâ èç ñòåêëà Ê-208 ðàçìåðîì 400 × 400 × 400 ìì
äî âûñîêîâÿçêîãî ñîñòîÿíèÿ ñ ïîñëåäóþùåé âû-
òÿæêîé ñòåêëîëåíòû òîëùèíîé îêîëî 150 ìêì è
øèðèíîé îêîëî 60 ìì ÷åðåç ôèëüåðó èç íåðæàâå-
þùåé ñòàëè [13].

Êà÷åñòâî ïîëèðîâêè ôèëüåðû îïðåäåëÿåò êà-
÷åñòâî ïîâåðõíîñòè ñòåêëîëåíòû. Äàííûé ñïîñîá
èçãîòîâëåíèÿ ïîçâîëÿåò ïîëó÷èòü ëåíòó èç ñòåê-
ëà ìàðêè Ê-208 ñ òîëùèíàìè îò 80 äî 200 ìêì.
Ñòåêëîëåíòà òîëùèíîé 150 ìêì ïîëó÷àåòñÿ âûòÿ-
ãèâàíèåì ñòåêëîìàññû ïðè òåìïåðàòóðå îò 920 äî
940 °Ñ ÷åðåç ôèëüåðó ñ øèðèíîé ùåëè 4,5 ìì ñî
ñêîðîñòüþ âûòÿæêè 23—28 ìì/ñ â çàâèñèìîñòè îò
òåìïåðàòóðû ïå÷è. Óâåëè÷åíèå ñêîðîñòè âûòÿæ-
êè äî 38 ìì/ñ ïîçâîëÿåò âûòÿãèâàòü ñòåêëîëåíòó
òîëùèíîé 80 ìêì.

Ïîñëå âûòÿæêè ïðîèñõîäèò îòæèã ñòåêëîëåíòû
â ýëåêòðè÷åñêîé êàìåðíîé ïå÷è äëÿ ñíÿòèÿ âíóò-
ðåííèõ íàïðÿæåíèé â ñòåêëå, âîçíèêàþùèõ ïðè
îñòûâàíèè ïîñëå âûòÿæêè.

Äàëåå ïðîèçâîäèòñÿ ðàçìåðíàÿ ðåçêà ñòåêëî-
ëåíòû íà ýëåìåíòû òðåáóåìûõ ðàçìåðîâ, êîòîðàÿ
îñóùåñòâëÿåòñÿ äâóìÿ ñïîñîáàìè: ïðè ïîìîùè
àëìàçíîãî èíñòðóìåíòà äëÿ ñêðàéáèðîâàíèÿ ëèáî
ïðè ïîìîùè ìåòîäà ëàçåðíîãî òåðìîðàñêàëûâà-
íèÿ íà ñîçäàííîé äëÿ ýòîé öåëè óñòàíîâêå [15]
(ðèñ. 2).

Ñòîèò îòìåòèòü, ÷òî ñóùåñòâóåò åùå îäèí ìå-
òîä èçãîòîâëåíèÿ ñòåêëÿííûõ ýëåìåíòîâ — ñêëå-
èâàíèå ïà÷êè ñòåêîë ñ ïîñëåäóþùåé ðåçêîé íà
ñòåêëÿííûå ýëåìåíòû è èõ îáðàáîòêîé ïîñðåä-
ñòâîì øëèôîâàíèÿ è ïîëèðîâêè. Ïîñëå îáðàáîòêè
ïà÷êà ýëåìåíòîâ ðàñêëåèâàåòñÿ â ñïåöèàëèçèðî-
âàííîé æèäêîñòè. Äàííàÿ òåõíîëîãèÿ èçãîòîâëå-
íèÿ äîñòàòî÷íî çàòðàòíà è ìîæåò ïðèìåíÿòüñÿ
òîëüêî ïðè î÷åíü áîëüøèõ îáúåìàõ ïðîèçâîäñòâà.

Ìåõàíè÷åñêàÿ ïðî÷íîñòü
è òåðìîñòîéêîñòü ñòåêëÿííûõ ýëåìåíòîâ

Ìåòîä óïðàâëÿåìîãî ëàçåðíîãî òåðìîðàñêàëû-
âàíèÿ õðóïêèõ íåìåòàëëè÷åñêèõ ìàòåðèàëîâ, òà-
êèõ, êàê ñòåêëî [15—17], èìååò ðÿä íåîñïîðèìûõ
ïðåèìóùåñòâ: âûñîêóþ òî÷íîñòü è ñêîðîñòü îáðà-
áîòêè, íèçêóþ ýíåðãîåìêîñòü è ñåáåñòîèìîñòü
ïðîöåññà îáðàáîòêè. Äàííûé ìåòîä áûë ïðèìåíåí
â ïðîâåäåííûõ ýêñïåðèìåíòàõ äëÿ èçãîòîâëåíèÿ
ñòåêëÿííûõ ýëåìåíòîâ èç ñòåêëîëåíòû.

Îäíàêî â ëèòåðàòóðå, ïîñâÿùåííîé óïðàâëÿ-
åìîìó ëàçåðíîìó òåðìîðàñêàëûâàíèÿ, âåñüìà ìàëî
ñâåäåíèé î õàðàêòåðèñòèêàõ èçäåëèé, ïîëó÷àåìûõ
ïî äàííîé òåõíîëîãèè. Ê òàêèì õàðàêòåðèñòèêàì
îòíîñÿòñÿ, ïðåæäå âñåãî, ìåõàíè÷åñêàÿ ïðî÷íîñòü
è òåðìîñòîéêîñòü.

Ðèñ. 1. Ñòåêëÿííûå ýëåìåíòû äëÿ êîñìè÷åñêèõ àïïàðàòîâ: à — íàïûëåííûå ýëåìåíòû äëÿ ðàäèàöèîííûõ ðàäè-
àòîðîâ; á — çàùèòíûå ýëåìåíòû ôîòîïðåîáðàçîâàòåëåé

à) á)
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Öåëü íàñòîÿùåé ðàáîòû — èññëåäîâàíèå ïðî÷-
íîñòíûõ õàðàêòåðèñòèê ñòåêëÿííûõ ýëåìåíòîâ,
èçãîòîâëåííûõ ðàçëè÷íûìè ìåòîäàìè, ïîñëå ïðî-
öåññà äëèòåëüíîãî õðàíåíèÿ, ÷òî îò÷àñòè ìîäåëè-
ðóåò ïðîöåññ ýêñïëóàòàöèè òàêèõ ýëåìåíòîâ â
êîñìîñå.

Ìåòîäèêà îïðåäåëåíèÿ ïðî÷íîñòíûõ õàðàêòå-
ðèñòèê çàêëþ÷àëàñü â ñëåäóþùåì: èçãîòîâëåííûå
ðàçëè÷íûìè ìåòîäàìè îáðàçöû èç ñòåêëà òîëùè-
íîé 0,15 ìì ïðè ïîìîùè ïðèáîðà ÐÌ-500 ïîäâåð-
ãàëèñü ìåõàíè÷åñêèì èñïûòàíèÿì ïî òðåõòî÷å÷-
íîé ñõåìå. Èçìåðÿëèñü õàðàêòåðèñòèêè îáðàçöîâ,
èçãîòîâëåííûõ äâóìÿ ñïîñîáàìè:

— àëìàçíûì ñêðàéáèðîâàíèåì ñ ïîñëåäóþùèì
ìåõàíè÷åñêèì äîëîìîì ïî ëèíèè ðåçà;

— ëàçåðíûì òåðìîðàñêàëûâàíèåì — îáðàçî-
âàíèåì ñêâîçíîé ìèêðîòðåùèíû ïîä âîçäåéñòâè-
åì èçëó÷åíèÿ ÑÎ2-ëàçåðà (äàëåå «òåðìîðàñêàëû-
âàíèå»).

Âñå îáðàçöû èçãîòàâëèâàëèñü èç îäíîé ïàðòèè
ñòåêëà. Äëÿ êàæäîãî èç ñïîñîáîâ îáðàáîòêè ïî-
ëó÷åíî íå ìåíåå 100 îáðàçöîâ (ïî 50 îáðàçöîâ äî
è ïîñëå äëèòåëüíîãî õðàíåíèÿ). Íà ðèñ. 3 ïðåä-
ñòàâëåíû ïðî÷íîñòíûå õàðàêòåðèñòèêè îáðàçöîâ
ñòåêîë: 1, 2 — ëàçåðíîå òåðìîðàñêàëûâàíèå äî è

ïîñëå õðàíåíèÿ; 3, 4 — àëìàçíîå ñêðàéáèðîâàíèå
äî è ïîñëå õðàíåíèÿ; F — ïðî÷íîñòü îáðàçöà.
Íîìåðà îáðàçöîâ ïðèñâàèâàëèñü ïîñëåäîâàòåëü-
íî îò íàèìåíüøåé ïðî÷íîñòè ê íàèáîëüøåé. Èç
ýòîãî ðèñóíêà ìîæíî ñäåëàòü ñëåäóþùèå âûâîäû:
îáðàçöû, èçãîòàâëèâàåìûå ìåòîäîì óïðàâëÿåìî-
ãî ëàçåðíîãî òåðìîðàñêàëûâàíèÿ (êðèâàÿ 2), èìå-
þò íàèáîëüøóþ ïðî÷íîñòü è íàèìåíüøèé ðàçáðîñ
ïî ïàðàìåòðàì; îáðàçöû, èçãîòîâëåííûå â ðåæè-
ìå àëìàçíîãî ñêðàéáèðîâàíèÿ, èìåþò ìåíüøóþ
ïðî÷íîñòü è áîëüøèé ðàçáðîñ çíà÷åíèé ïðî÷íî-
ñòè.

×àñòü îáðàçöîâ, èçãîòîâëåííûõ ïî äâóì òåõíî-
ëîãèÿì, ïîìåùàëèñü â êîðîáêè è õðàíèëèñü ïðè
íîðìàëüíûõ êëèìàòè÷åñêèõ óñëîâèÿõ ñ 2007 ã.
Â 2019 ãîäó ýòè ïàðòèè ñòåêëÿííûõ ýëåìåíòîâ
ïîäâåðãëèñü ìåõàíè÷åñêèì èñïûòàíèÿì ïî âûøå-
îïèñàííûì ìåòîäèêàì. Ðåçóëüòàòû ýòèõ èñïûòà-
íèé òàêæå ïîêàçàíû íà ðèñ. 3. Îáðàçöû, èçãîòîâ-
ëåííûå ïî ìåòîäèêå ëàçåðíîãî òåðìîðàñêàëûâà-
íèÿ, èìåëè òó æå ïðî÷íîñòü, ÷òî è îáðàçöû 2007 ã.
Ýòî îáúÿñíÿåòñÿ òåì, ÷òî äàííàÿ òåõíîëîãèÿ íå
äàåò êðàåâûõ äåôåêòîâ, êîòîðûå îïðåäåëÿþò êî-
íå÷íóþ ïðî÷íîñòü ñòåêëÿííûõ ýëåìåíòîâ. Ïðî÷-
íîñòü îáðàçöîâ, ïîëó÷åííûõ àëìàçíûì ñêðàéáè-

Ðèñ. 2. Ðåçêà ëåíòû íà ñòåêëîýëåìåíòû
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ðîâàíèåì, óõóäøèëàñü ïîñëå ñòîëü äëèòåëüíîãî
õðàíåíèÿ, ÷òî îáóñëîâëåíî âðåìåííûì ðàçâèòè-
åì êðàåâûõ äåôåêòîâ [18].

Ïîìèìî ïðî÷íîñòíûõ õàðàêòåðèñòèê ïîëó÷åí-
íûõ ñòåêëÿííûõ ýëåìåíòîâ, èçìåðÿëàñü òåðìî-
ñòîéêîñòü äîïîëíèòåëüíûõ ïàðòèé îáðàçöîâ, ïî-
ëó÷åííûõ ïî îáîèì òåõíîëîãèÿì â 2007 ã. è ïîñ-
ëå äëèòåëüíîãî õðàíåíèÿ â 2019 ã.

Òåðìîñòîéêîñòü îïðåäåëÿëè ìåòîäîì âåðòè-
êàëüíîãî ïîãðóæåíèÿ íàãðåòûõ îáðàçöîâ â õîëîä-
íóþ âîäó.

Êàê âèäíî èç òàáëèöû, ñàìóþ íèçêóþ òåðìî-
ñòîéêîñòü èìåþò îáðàçöû, ïîëó÷åííûå àëìàçíûì
ñêðàéáèðîâàíèåì.

Òåðìîñòîéêîñòü îáðàçöîâ ñòåêà ïîñëå ëàçåð-
íîãî òåðìîðàñêàëûâàíèÿ íàõîäèòñÿ íà óðîâíå
òåðìîñòîéêîñòè ïîâåðõíîñòè îñíîâíîãî ìàòåðè-
àëà. Ïðè÷åì ïðè èñïûòàíèè îáðàçöîâ ïîñëå àë-
ìàçíîãî ñêðàéáèðîâàíèÿ ðàçðóøåíèå íà÷èíàëîñü
ñî ñòîðîíû ëèíèè ðåçà. Ïðè èñïûòàíèè æå îáðàç-
öîâ ïîñëå ëàçåðíîãî òåðìîðàñêàëûâàíèÿ ðàçðóøå-

íèå íà÷èíàëîñü ñ ïîâåðõíîñòè îáðàçöîâ, êðîìêà
ðåçà îñòàâàëàñü íåïîâðåæäåííîé.

Òàêèì îáðàçîì, òåðìîñòîéêîñòü ñâåðõòîíêî-
ãî ñòåêëà Ê-208 ñ êðîìêîé, ïîëó÷åííîé â ðåçóëü-
òàòå ðàñêðîÿ åãî ëàçåðîì, êàê ìèíèìóì íà 20—
30 % âûøå, ÷åì òåðìîñòîéêîñòü ñòåêëà ñ êðàåì,
ïîëó÷åííûì â ðåçóëüòàòå àëìàçíîãî ñêðàéáèðîâà-
íèÿ, ÷òî îñîáåííî âàæíî äëÿ èçäåëèé, ïðèìåíÿ-
þùèõñÿ â êîñìè÷åñêîé òåõíèêå, ãäå ñóùåñòâóþò
áîëüøèå ïåðåïàäû òåìïåðàòóðû.

Ïîâòîðíûå èñïûòàíèÿ ïàðòèé îáðàçöîâ, ïî-
ëó÷åííûõ â 2007 ã. è 2019 ã., ïîêàçàëè, ÷òî îáðàç-
öû, ïîëó÷åííûå ëàçåðíûì òåðìîðàñêàëûâàíèåì,
ïîâòîðèëè ñâîè ïàðàìåòðû, à âîò îáðàçöû, ïîëó-
÷åííûå àëìàçíûì ñêðàéáèðîâàíèåì, íåñêîëüêî
óõóäøèëè ñâîè ïàðàìåòðû.

Âûâîäû

Ðåçóëüòàòû ýêñïåðèìåíòîâ ïîäòâåðæäàþò âû-
ñîêóþ ýôôåêòèâíîñòü óïðàâëÿåìîãî ëàçåðíîãî
òåðìîðàñêàëûâàíèÿ ïðè èçãîòîâëåíèè ñòåêëÿííûõ

Ðèñ. 3. Ïðî÷íîñòíûå õàðàêòåðèñòèêè ñòåêëÿííûõ îáðàçöîâ: 1 — ëàçåðíîå òåðìîðàñêàëûâàíèå (äî
õðàíåíèÿ); 2 — ëàçåðíîå òåðìîðàñêàëûâàíèå (ïîñëå õðàíåíèÿ); 3 — àëìàçíîå ñêðàéáèðîâàíèå (äî
õðàíåíèÿ);  4 — àëìàçíîå ñêðàéáèðîâàíèå (ïîñëå õðàíåíèÿ)

Òåðìîñòîéêîñòü ñòåêëÿííûõ ýëåìåíòîâ (òîëùèíà 150 ìêì)

Ñïîñîá èçãîòîâëåíèÿ 2007 ã. 2019 ã. 

Àëìàçíîå ñêðàéáèðîâàíèå 102 ± 10 % 85 ± 10 % 

Лàçåðíîå òåðìîðàñêàëûâàíèå 151 ± 10 % 150 ± 10 % 
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ýëåìåíòîâ èç òîíêîãî ñòåêëà Ê-208 äëÿ òåðìîðå-
ãóëèðóþùèõ ïîêðûòèé ÊÀ.

Ìåõàíè÷åñêàÿ ïðî÷íîñòü è òåðìîñòîéêîñòü
ñòåêëÿííûõ ýëåìåíòîâ ïîñëå äëèòåëüíîãî õðàíå-
íèÿ ÿâëÿþòñÿ äîñòàòî÷íûìè äëÿ èñïîëüçîâàíèÿ èõ
â èçäåëèÿõ ðàêåòíî-êîñìè÷åñêîé òåõíèêè.

Ñòîèò îòìåòèòü, ÷òî èññëåäîâàíèÿ ìåõàíè÷åñ-
êîé ïðî÷íîñòè ñòåêëÿííûõ èçäåëèé ïîñëå äëè-
òåëüíîãî õðàíåíèÿ, âûïîëíåííûå ðàçëè÷íûìè àâ-
òîðàìè è ïðåäñòàâëåííûå â [19, 20], ïðîâîäèëèñü
íà ìàòåðèàëàõ ñ çíà÷èòåëüíî áîëüøåé òîëùèíîé
(áîëåå 1,5 ìì), ÷åì ñòåêëÿííûå ýëåìåíòû òåðìî-
ðåãóëèðóþùèõ ïîêðûòèé.

Òàêèì îáðàçîì, äàííûå, ïðèâåäåííûå â íàñòî-
ÿùåé ñòàòüå, ÿâëÿþòñÿ îñíîâîé äëÿ ôèçèêî-òåõ-
íè÷åñêîãî àíàëèçà ïðè äàëüíåéøèõ ðàáîòàõ ïî ïî-
âûøåíèþ êà÷åñòâà ñòåêëÿííûõ ýëåìåíòîâ òåðìî-
ðåãóëèðóþùèõ ïîêðûòèé.
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Abstract

Thin glass elements made of K-208 brand of
radiation-resistant optical glass are employed as
protective coatings for solar cells and thermo-optical
coatings for radiators-heat exchangers of spacecraft
thermal control systems.

The glass elements manufacturing technology is
based on heating polished glass blocks from K-208
glass to highly viscous state with subsequent glass tape
extrusion through the stainless steel die.

The glass tape size-cutting and blanks obtaining
of the required size is performed with diamond tools
for scribing, or by the laser thermosplitting technique.

The presented article studies strength
characteristics and heat resistance of glass elements
fabricated by various techniques after the long-term
storage process, which partially models operation
process of such elements in space.

The test results reveal that samples fabricated by
the laser thermosplitting method have the same
strength after long-term storage, as samples tested after
their manufacturing in 2007. This can be explained
by the fact that this technology does not produce edge
effects, which define the end strength of glass
elements. The strength of the samples obtained by the
diamond scribbling deteriorated after such a long-term
storage period, which is stipulated by the temporal
evolution of edge defects.

Thermal resistance of the K-208 ultra-thin glass
with the edge obtained as the result of its laying-out
by laser is at least 20-30% higher than with the edge
obtained by the laser scribing which is of prime
importance for the products employed in space
engineering, where large temperature drops occur.

The obtained results of experiments confirm high
efficiency of the controlled laser thermosplitting while
glass elements manufacturing from the K-208 thin
glass for the spacecraft temperature-controlling
coatings.

LONG-TERM STORAGE IMPACT ON SPACECRAFT
TEMPERATURE-REGULATING COATING ELEMENTS CHARACTERISTICS

Vyatlev P.A.1*, Sergeev D.V.1**, Sysoev A.K.2, Sysoev V.K.1***

1 Lavochkin Research and Production Association,
24, Leningradskaya str., Khimki, Moscow region, 141400, Russia

2 Don State Technical University (DSTU),
1, Gagarin square, Rostov-on-Don, 344000, Russia

* e-mail: vyatlev@laspace.ru
** e-mail: sdv@laspace.ru

*** e-mail: sysoev@laspace.ru

Mechanical strength and thermal resistance of
glass elements after long-term storage are sufficient for
their application in space-rocket engineering products.

Keywords: temperature-regulating glass coatings,
mechanical strength of glass elements, controlled laser
thermosplitting.

References

1. Finchenko V.S., Kotlyarov E.Yu., Ivankov A.A. Sistemy
obespecheniya teplovykh rezhimov avtomaticheskikh
mezhplanetnykh stantsii (Systems for thermal modes
ensuring of automatic interplanetary stations), Khimki,
NPO Lavochkina, 2018, 400 p.

2. Arbuzov V.I. Osnovy radiatsionnogo opticheskogo
materialovedeniya (Fundamentals of radiative optical
material science), St. Petersburg, SPbGUITMO, 2008,
284 p.

3. Barker T.C. The Glassmakers – Pilkington 1826-1976.
UK, Weidenfeld & Nicolson, 1977, 224 p.

4. Pilkington Space Technology. Low Solar Coating for
Coverglasses. Pilkington, e-catalog, 2020.

5. Hołyńska  M., Tighe A., Semprimoschnig C. Coatings
and Thin Films for Spacecraft Thermo-Optical and
Related Functional Applications. European Space
Agency, Advanced Materials Interfaces, 2018, vol. 5,
no. 11, p. 1701644. DOI: 10.1002/admi.201701644

6. Doherty K.A.J., Twomey B., McGlynn S. et al. High-
Temperature Solar Reflector Coating for the Solar
Orbiter. Journal of Spacecraft and Rockets, 2016,
vol. 53, no. 6, pp. 1-8. DOI: 10.2514/1.A33561

7. Putz B., Wurster S., Edwards T.E.J. et al. Mechanical
and optical degradation of flexibe optical solar reflectors
during simulated low earth orbit thermal cycling. Acta
Astronautica, 2020, vol. 175, pp. 277-289. DOI:
10.1016/j.actaastro.2020.05.032

8. Doherty K.A.J., Carton J.G., Norman A. et al. A
thermal control surface for the Solar Orbiter. Acta
Astronautica, 2015, vol. 117, pp. 430-439. DOI:
10.1016/j.actaastro.2015.09.004

9. Kolesnikov A.V., Paleshkin A.V. Numerical method of
modelling of external heat exchange of the space vehicle



228 Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.27. ¹4

Èííîâàöèîííûå òåõíîëîãèè â àýðîêîñìè÷åñêîé äåÿòåëüíîñòè  Innovative technologies in aerospace activities

with any form of external surfaces. Aerospace MAI
Journal, 2010, vol. 17, no 4, pp. 81-89.

10. Kudriavtseva N.S., Malozemov V.V. Joint optimization
of mass and power characteristics for spacecraft thermal
control system and cooled instruments under specified
reliability requirements Propulsion and Power Plants.
Aerospace MAI Journal, 2009, vol. 16, no. 1, pp. 5-14.

11. Svechkin V.P., Savel’ev A.A., Sokolova S.P., Borozdina
O.V. Kosmicheskaya tekhnika i tekhnologii, 2017,
no. 2(17), pp. 99-107.

12. Laub B., Venkatapathy E. Thermal protection system
technology and facility needs for demanding future
planetary missions. European Space Agency. ESA SP-
544 (Noordwijk, Netherlands). 2004, pp. 239-247.
ISBN 92-9092-855-7

13. Price M., Kitchin C., Eaves H., Crabb R., Buia P. Solar
Cell Coverglasses for Satellites in the Intermediate Eath
Orbit. 5th European Space Power Conference Proceedings
(21-25 September 1988; Taragonna, Spain), pp. 569-574.

14. Lipat’ev A.S., Mamadzhanova E.Kh., Ryzhenkov V.S.,
Vyatlev P.A., Sysoev V.K., Sigaev V.N. Uspekhi khimii
i khimicheskoi tekhnologi, 2011, vol. XXV, no. 5(121),
pp. 93-97.

15. Sysoev V.K., Bulkin Yu.N., Chadin V.S., Vyatlev P.A.,
Zakharchenko A.V. Pis’ma v zhurnal tekhnicheskoi fiziki,
2007, vol. 33, no. 1, pp. 54-59.

16. Sysoev V.K., Vyatlev P.A., Zakharchenko A.V.,
Papchenko B.P. Opticheskii zhurnal, 2004, vol. 71,
no. 2, pp. 41-45.

17. Kondratenko V.S., Tretiyakova O.N., Shevchenko
G.Yu. Development of tools for the controlling laser-
processing equipment with a various kinematic
schemes. Aerospace MAI Journal, 2015, vol. 22, no. 2,
pp. 121-131.

18. Malov I.E. Naukoemkie tekhnologii v mashinostroenii,
2017, no. 2(78), pp. 36-39.

19. Nikonorov N.V., Evstrop’ev S.K. Opticheskoe
materialovedenie. Osnovy prochnosti opticheskogo stekla
(Optical material science. Optical glass strength basics),
St. Petersburg, SPbGU ITMO, 2009, 102 p.

20. Solntsev S.S., Morozov E.M. Razrushenie stekla (Glass
destruction). Moscow, URSS, 2018, 152 p.


