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Ââåäåíèå

Ïî äàííûì ÎÎÍ [1], íà îðáèòå Çåìëè íàõîäèò-
ñÿ íå ìåíåå 23 òûñÿ÷ çàðåãèñòðèðîâàííûõ èñêóñ-
ñòâåííûõ îáúåêòîâ, ê êîòîðûì îòíîñÿòñÿ êîñìè-
÷åñêèå àïïàðàòû (ÊÀ), èõ îáëîìêè, ÷àñòè ðàêåò è
ò.ä. Â ãîä ïðîâîäèòñÿ îêîëî 100 çàïóñêîâ íîâûõ
îáúåêòîâ, ïðè÷¸ì â ðàìêàõ îäíîãî çàïóñêà ìîæåò
áûòü îñóùåñòâëåíî âûâåäåíèå íåñêîëüêèõ îáúåê-
òîâ, ïîýòîìó èõ ÷èñëî áóäåò òîëüêî âîçðàñòàòü. Â
ýòèõ óñëîâèÿõ ôàêòè÷åñêè èñêëþ÷åíà âîçìîæíîñòü
äâèæåíèÿ ÊÀ áåç òåíåâîãî ó÷àñòêà îðáèòû. Èññëå-
äîâàíèå âëèÿíèÿ ïåðèîäè÷åñêîãî ïîãðóæåíèÿ ÊÀ
â òåíü Çåìëè è âûõîäà èç òåíè íà ôóíêöèîíèðî-
âàíèå ÊÀ è ýôôåêòèâíîñòü âûïîëíåíèÿ èì öåëå-
âûõ çàäà÷ ÿâëÿåòñÿ âàæíîé è àêòóàëüíîé ïðîáëå-
ìîé, çàòðàãèâàþùåé âñå àñïåêòû ôóíêöèîíèðîâà-
íèÿ ÊÀ:

– Ñèñòåìà ýëåêòðîïèòàíèÿ íà òåíåâîì ó÷àñò-
êå îðáèòû èìååò îãðàíè÷åííûå âîçìîæíîñòè, ïî-
ñêîëüêó íåâîçìîæåí ïðîöåññ çàðÿäêè àêêóìóëÿòîð-
íîé áàòàðåè. Âàæíîñòü ýòîãî âîïðîñà ïîä÷¸ðêèâà-
åòñÿ â ðàáîòàõ êàê îòå÷åñòâåííûõ [2, 3], òàê è çà-
ðóáåæíûõ àâòîðîâ [4, 5];
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Ïðåäñòàâëåíû ðåçóëüòàòû îöåíêè ìîäóëÿ ìèêðîóñêîðåíèé, âîçíèêàþùèõ ïðè òåìïåðàòóðíîì óäàðå, äëÿ ìà-
ëîãî êîñìè÷åñêîãî àïïàðàòà (ÌÊÀ), ñîäåðæàùåãî ïàíåëè ñîëíå÷íûõ áàòàðåé (ÏÑÁ). Ïîëó÷åíû çíà÷åíèÿ ìèê-
ðîóñêîðåíèé äëÿ ÌÊÀ òèïà «Âîçâðàò–ÌÊÀ». Äîêàçàíî, ÷òî äëÿ óñïåøíîé ðåàëèçàöèè ãðàâèòàöèîííî-÷óâñòâè-
òåëüíûõ ïðîöåññîâ íà áîðòó ÌÊÀ òåõíîëîãè÷åñêîãî íàçíà÷åíèÿ ñ òåíåâûì ó÷àñòêîì îðáèòû òðåáóåòñÿ ðàçðàáîò-
êà àëãîðèòìîâ óïðàâëåíèÿ, íèâåëèðóþùèõ òåìïåðàòóðíûé óäàð, ñ òî÷êè çðåíèÿ êîìïåíñàöèè âîçíèêàþùèõ
ìèêðîóñêîðåíèé.

Êëþ÷åâûå ñëîâà: êîñìè÷åñêèé àïïàðàò, òåíåâîé ó÷àñòîê îðáèòû, óïðóãèå ýëåìåíòû, öåíòð ìàññ, òð¸õìåðíàÿ
çàäà÷à òåïëîïðîâîäíîñòè, êðàåâàÿ çàäà÷à, àëãîðèòìû óïðàâëåíèÿ

– Òåìïåðàòóðíûé óäàð, âîçíèêàþùèé ïðè ïî-
ãðóæåíèè ÊÀ â òåíü è âûõîäå èç íå¸, âîçáóæäàåò
êîëåáàíèÿ áîëüøèõ óïðóãèõ ýëåìåíòîâ ÊÀ è ìî-
æåò ïðèâåñòè ê ñíèæåíèþ åãî óïðàâëÿåìîñòè. Ýòî
ïîäòâåðäèëè ýêñïåðèìåíòû, ïðîâåä¸ííûå íà áîðòó
ÌÊÑ â 2017 ãîäó ñ íîâûìè ïàíåëÿìè ñîëíå÷íûõ
áàòàðåé ROSA [6]. Îñîáåííî îñòðî ýòà ïðîáëåìà
ñòîèò äëÿ ìàëûõ êîñìè÷åñêèõ àïïàðàòîâ [7].

– Ðåçêîå èçìåíåíèå âíåøíåãî òåìïåðàòóðíî-
ãî ðåæèìà äèêòóåò íåîáõîäèìîñòü ñóùåñòâåííîãî
óñëîæíåíèÿ ðåæèìîâ ôóíêöèîíèðîâàíèÿ îáåñïå-
÷èâàþùåé àïïàðàòóðû äëÿ óñïåøíîãî âûïîëíåíèÿ
öåëåâûõ çàäà÷.

Òàê, ñèñòåìà òåðìîñòàòèðîâàíèÿ ïðè íàïðàâ-
ëåííîé êðèñòàëëèçàöèè äîëæíà îáåñïå÷èâàòü îò-
âîä èçëèøíåãî òåïëà íà ñîëíå÷íîì ó÷àñòêå îðáè-
òû è íå äîïóñêàòü ïåðåîõëàæäåíèÿ ðàñïëàâà íà
òåíåâîì. Íàðóøåíèå ãðàôèêà ñíèæåíèÿ òåìïåðà-

òóðû ðàñïëàâà áîëåå ÷åì íà 0,5 °Ñ âëå÷¸ò çà ñî-
áîé íåîáðàòèìûå ïîñëåäñòâèÿ [8]. Òî æå ñàìîå
ìîæíî ñêàçàòü è î ðàáîòå ñèñòåìû æèçíåîáåñïå-
÷åíèÿ ïðè ïðîâåäåíèè áèîìåäèöèíñêèõ ýêñïåðè-
ìåíòîâ [9].
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Íî îñîáóþ ðîëü òåìïåðàòóðíûé óäàð èãðàåò äëÿ
ÌÊÀ òåõíîëîãè÷åñêîãî íàçíà÷åíèÿ. Ïîìèìî âû-
øåïåðå÷èñëåííûõ ïðîáëåì, ãðàâèòàöèîííî-÷óâ-
ñòâèòåëüíûå òåõíîëîãè÷åñêèå ïðîöåññû íàêëàäû-
âàþò îãðàíè÷åíèÿ íà óðîâåíü ìèêðîóñêîðåíèé â
ðàáî÷åé çîíå òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ.
Ïîýòîìó äëÿ îáåñïå÷åíèÿ áëàãîïðèÿòíûõ óñëîâèé
ïðè ðåàëèçàöèè òàêèõ ïðîöåññîâ íåîáõîäèìà îöåí-
êà âëèÿíèÿ òåìïåðàòóðíîãî óäàðà íà äèíàìèêó
ÌÊÀ. Îñîáåííî âàæíà îöåíêà äîïîëíèòåëüíûõ
ìèêðîóñêîðåíèé, âîçíèêàþùèõ ïðè òåìïåðàòóð-
íîì óäàðå. Èìåííî ýòèì âîïðîñàì è ïîñâÿùåíà
äàííàÿ ðàáîòà.

Íà ÊÀ ðàçëè÷íîãî íàçíà÷åíèÿ íàëè÷èå òåíåâî-
ãî ó÷àñòêà îðáèòû ñêàçûâàåòñÿ ïî-ðàçíîìó.

Îñíîâíàÿ ÷àñòü

Ïðàêòè÷åñêè áåçáîëåçíåííî ñ òî÷êè çðåíèÿ
óïðàâëåíèÿ ÊÀ ïîãðóæåíèå è âûõîä èç òåíè Çåì-
ëè ïðîèñõîäèò äëÿ ÊÀ, êîíñòðóêòèâíî-êîìïîíî-
âî÷íàÿ ñõåìà (ÊÊÑ) êîòîðûõ íå ñîäåðæèò áîëüøèõ

óïðóãèõ ýëåìåíòîâ êîíñòðóêöèè, ïðåæäå âñåãî,
ïàíåëåé ñîëíå÷íûõ áàòàðåé (ÏÑÁ). Ê òàêèì ÊÀ
ìîæíî îòíåñòè ÌÊÀ, âíåøíÿÿ ïîâåðõíîñòü êîòî-
ðûõ îáêëååíà ôîòîýëåìåíòàìè (ðèñ. 1).

Ïàãóáíîå âëèÿíèå òåíåâîãî ó÷àñòêà äëÿ íèõ
ïðîÿâëÿåòñÿ â îòñóòñòâèè òîêà çàðÿäêè àêêóìóëÿ-
òîðíîé áàòàðåè (ðèñ. 2), îãðàíè÷èâàþùåì âîçìîæ-
íîñòè ñèñòåìû ýëåêòðîïèòàíèÿ ÌÊÀ.

Ïðè ýòîì çíà÷èìîãî èçìåíåíèÿ ïàðàìåòðîâ
âðàùàòåëüíîãî äâèæåíèÿ ÌÊÀ âîêðóã öåíòðà ìàññ,
êàê ïðàâèëî, íå ôèêñèðóåòñÿ. Íà ðèñ. 3 ïîêàçàíà
îöåíêà çàâèñèìîñòè ìîäóëÿ óãëîâîé ñêîðîñòè âðà-
ùàòåëüíîãî äâèæåíèÿ âîêðóã öåíòðà ìàññ äëÿ ë¸ò-
íîãî (ðèñ. 3,à) è îïûòíîãî (ðèñ. 3,á) îáðàçöîâ ÌÊÀ
«Àèñò» ïî äàííûì èçìåðåíèé èíäóêöèè ìàãíèòíî-
ãî ïîëÿ Çåìëè [10].

Àíàëèç ðàáîò Ì.Þ. Îâ÷èííèêîâà [11–13],
Â.Â. Ñàçîíîâà [14, 15], Í.Ä. Ñ¸ìêèíà [16–18],
C.A. Kluever [19, 20] ïîêàçûâàåò, ÷òî óïðàâëåíèå
ÌÊÀ, íå ñîäåðæàùèìè â ÊÊÑ áîëüøèõ óïðóãèõ
ýëåìåíòîâ, ÷àùå âñåãî ñâîäèòñÿ ê àêòèâíîìó êîí-

Ðèñ. 1. Âíåøíèé âèä ë¸òíîãî îáðàçöà ÌÊÀ «Àèñò»

Ðèñ. 2. ×àñòü äàííûõ òåëåìåòðè÷åñêîé èíôîðìàöèè ñ ë¸òíîãî îáðàçöà ÌÊÀ «Àèñò» îò 02.05.2013, ñâèäåòåëüñòâó-
þùåé î ïîãðóæåíèè ÌÊÀ â òåíü Çåìëè (îáëàñòè a-k): 1 – òîê ñ ÏÑÁ; 2 – òîê íàãðóçêè ïèòàíèÿ ïîòðåáèòåëåé
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òðîëþ öåëåâûõ çíà÷åíèé óãëîâîé ñêîðîñòè åãî âðà-
ùåíèÿ. Òàê, íà ðèñ. 4 ïðèâåäåíà çàâèñèìîñòü äî-
ñòîâåðíîñòè òåëåìåòðè÷åñêîé èíôîðìàöèè ïðè
ðàçëè÷íûõ çíà÷åíèÿõ óãëîâîé ñêîðîñòè âðàùåíèÿ
îïûòíîãî îáðàçöà ÌÊÀ «Àèñò» [21].

Â ýòîì ñëó÷àå òåíåâûå ó÷àñòêè íå âûäåëÿþò
îòäåëüíî è íèêàêèõ ïîïðàâîê ïðè ïîãðóæåíèè
ÌÊÀ â òåíü Çåìëè è âûõîäå èç íå¸ â çàêîí óïðàâ-
ëåíèÿ åãî äâèæåíèåì íå âíîñÿò.

Â ñëó÷àå ñ ÌÊÀ òåõíîëîãè÷åñêîãî íàçíà÷åíèÿ
íåîáõîäèìî, êðîìå ïàðàìåòðîâ âðàùàòåëüíîãî
äâèæåíèÿ, îáåñïå÷èâàòü öåëåâûå çíà÷åíèÿ óðîâíÿ
ìèêðîóñêîðåíèé äëÿ óñïåøíîé ðåàëèçàöèè ãðàâè-
òàöèîííî-÷óâñòâèòåëüíûõ òåõíîëîãè÷åñêèõ ïðîöåñ-
ñîâ íà åãî áîðòó [22]. Ñ äðóãîé ñòîðîíû, äëÿ îáåñ-
ïå÷åíèÿ ýíåðãîâîîðóæ¸ííîñòè ÌÊÀ íåîáõîäèìî
âêëþ÷àòü â åãî ÊÊÑ ÏÑÁ. Ïðèìåðàìè ÌÊÀ ñ ÏÑÁ
ÿâëÿþòñÿ «Àèñò–2Ä» [2] è «Âîçâðàò—ÌÊÀ» [23].

à)

Ðèñ. 3. Îöåíêà ìîäóëÿ óãëîâîé ñêîðîñòè âðàùåíèÿ: ë¸òíîãî îáðàçöà ÌÊÀ «Àèñò» (ðèñ. à, ãäå 1 – 10.05.2013; à –
òî÷êà ïîãðóæåíèÿ â òåíü Çåìëè; çíà÷åíèå t = 0 ñîîòâåòñòâóåò 02:50:18 ÌÑÊ; 2 – 02.05.2013; b – òî÷êà âûõîäà èç
òåíè Çåìëè; çíà÷åíèå t=0 ñîîòâåòñòâóåò 01:30:14 ÌÑÊ) è îïûòíîãî îáðàçöà ÌÊÀ «Àèñò» (ðèñ. á, ãäå 1 – 01.08.2014;
à – òî÷êà ïîãðóæåíèÿ â òåíü Çåìëè; çíà÷åíèå t = 0 ñîîòâåòñòâóåò 07:31:13 ÌÑÊ; 2 – 05.08.2014; b – òî÷êà âûõîäà
èç òåíè Çåìëè; çíà÷åíèå t = 0 ñîîòâåòñòâóåò 07:26:54 ÌÑÊ)

á)
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Ðàññìîòðèì âëèÿíèå òåìïåðàòóðíûõ äåôîðìà-
öèé äëÿ ÌÊÀ òèïà «Âîçâðàò–ÌÊÀ» ñ ÏÑÁ êàðêàñ-
íîãî òèïà (ðèñ. 5).

Ðåøèì òð¸õìåðíóþ çàäà÷ó òåïëîïðîâîäíîñòè
[24, 25], ââåäÿ ñëåäóþùèå óïðîùàþùèå ïðåäïîëî-
æåíèÿ:

– ìîäåëü óïðóãîãî ýëåìåíòà – êàðêàñíàÿ êîí-
ñòðóêöèÿ, ïðåäñòàâëåííàÿ íà ðèñ. 5;

– óïðóãèé ýëåìåíò æåñòêî çàêðåïëåí â êîðïóñ
ÌÊÀ;

– ñâîéñòâà óïðóãîãî ýëåìåíòà óäîâëåòâîðÿþò
óñëîâèÿì îäíîðîäíîñòè;

– òåïëîâîé ïîòîê ðàâíîìåðíûé;
– ðàáî÷èé äèàïàçîí òåìïåðàòóð ñîñòàâëÿåò:

–170…+110 °C;
– ñâîéñòâà ìàòåðèàëà óïðóãîãî ýëåìåíòà âî

âñåì ðàáî÷åì äèàïàçîíå òåìïåðàòóð ñ÷èòàþòñÿ
ïîñòîÿííûìè;

– èçìåíåíèåì îðèåíòàöèè íîðìàëè ê ïîâåðõ-
íîñòè óïðóãîãî ýëåìåíòà çà ñ÷åò åãî ñîáñòâåííûõ
êîëåáàíèé ïðåíåáðåãàåòñÿ.

Ïðè îòñóòñòâèè âíóòðè ýëåìåíòà òåïëîâûäåëÿ-
þùèõ èñòî÷íèêîâ ðàññìîòðèì óðàâíåíèå íåñòàöè-
îíàðíîé òåïëîïðîâîäíîñòè ïàðàáîëè÷åñêîãî òèïà
â âèäå [24]
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=  – êîýôôèöèåíò òåìïåðàòóðîïðîâîä-

íîñòè; ρ  – ïëîòíîñòü ìàòåðèàëà ÏÑÁ; ñ – óäåëü-

íàÿ òåïëîåìêîñòü; λ  – êîýôôèöèåíò òåïëîïðîâîä-
íîñòè.

Âûáåðåì â êà÷åñòâå íà÷àëüíîãî ïîëÿ òåìïåðà-
òóð êàðêàñà ðàâíîìåðíîå ðàñïðåäåë¸ííîå ïîëå ñî

çíà÷åíèåì 0°Ñ â êàæäîé òî÷êå êàðêàñà. Òîãäà ïðè
ïðîãðåâå â òå÷åíèå 10000 ñ áóäåì èìåòü ðàñïðåäå-
ëåíèå òåìïåðàòóð, ïîêàçàííîå íà ðèñ. 6. Ýòî ïîëå
òàêæå ìîæíî ñ÷èòàòü êâàçèñòàöèîíàðíûì, ïî-
ñêîëüêó ðàçíîñòü ìåæäó ìàêñèìàëüíûì è ìèíè-
ìàëüíûì çíà÷åíèÿìè òåìïåðàòóðû ñîñòàâëÿåò

0,87 °Ñ, ò.å. îêîëî 0,8 % îò ìèíèìàëüíîé òåìïåðà-
òóðû, ÷òî ñêîðåå âñåãî ñâÿçàíî ñ âû÷èñëèòåëüíîé
ïîãðåøíîñòüþ.

Òàêèì îáðàçîì, ìîæíî çàïèñàòü:

[ ] max min0( , ) ( ) const,tT M t T T= = =              (2)

â çàâèñèìîñòè îò òîãî, ïîãðóæàåòñÿ ÌÊÀ â òåíü
Çåìëè èëè âûõîäèò èç òåíè.

Â êà÷åñòâå ãðàíè÷íûõ óñëîâèé áóäåì èñïîëü-
çîâàòü òåïëîâîå èçëó÷åíèå ñ ïîâåðõíîñòè ÏÑÁ ïî
çàêîíó Ñòåôàíà—Áîëüöìàíà (ãðàíè÷íûå óñëîâèÿ
òðåòüåãî ðîäà):

Ðèñ. 4. Îöåíêà äîñòîâåðíîñòè òåëåìåòðè÷åñêîé èíôîðìàöèè (êðèâàÿ 2) ïðè ðàçëè÷íûõ çíà÷åíèÿõ ìîäóëÿ óãëî-
âîé ñêîðîñòè âðàùåíèÿ (êðèâàÿ 1) îïûòíîãî îáðàçöà ÌÊÀ «Àèñò»

Ðèñ. 5.  Êàðêàñ ÏÑÁ ñ âûäåëåííûìè äëÿ ìîäåëèðîâàíèÿ òåìïåðàòóðíûõ äåôîðìàöèé òî÷êàìè A è B
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( )4 4 ,S C
S

T
T T

n
λ εσ
∂Ê ˆ- = -Á ˜Ë ¯∂                   (3)

ãäå S – âíåøíÿÿ ïîâåðõíîñòü êàðêàñà ÏÑÁ; ε  –
èíòåãðàëüíûé êîýôôèöèåíò òåïëîâîãî èçëó÷åíèÿ
ÏÑÁ, êîòîðûé õàðàêòåðèçóåò ïîãëîùàòåëüíóþ (èç-
ëó÷àòåëüíóþ) ñïîñîáíîñòü ÏÑÁ; σ  – ïîñòîÿííàÿ
Ñòåôàíà—Áîëüöìàíà; TS è TC – ñîîòâåòñòâåííî
òåìïåðàòóðû ïîâåðõíîñòè ÏÑÁ è îêðóæàþùåé
ñðåäû.

Êðàåâàÿ çàäà÷à ñ âíåøíåé íåëèíåéíîñòüþ â
ïîñòàíîâêå (1)—(3) ñ ó÷¸òîì óêàçàííûõ âûøå óï-
ðîùàþùèõ ïðåäïîëîæåíèé áûëà ðåøåíà â ïàêåòå
Ansys äëÿ ÌÊÀ òèïà «Âîçâðàò–ÌÊÀ» â ïðåäïîëî-
æåíèè, ÷òî êàðêàñ ÏÑÁ èçãîòîâëåí èç ÌÀ-2. Òåì-
ïåðàòóðíûé óäàð çàêëþ÷àåòñÿ â îáíóëåíèè òåïëî-
âîãî ïîòîêà ïðè òåìïåðàòóðå îêðóæàþùåé ñðåäû
3 Ê è ãðàíè÷íûõ óñëîâèÿõ òðåòüåãî ðîäà ïðè òåï-
ëîîáìåíå [24]. Ïðèìåðíî ÷åðåç ìèíóòó ìîæíî
êîíñòàòèðîâàòü óñòàíîâëåíèå êâàçèñòàöèîíàðíîãî
ðàñïðåäåëåíèÿ òåìïåðàòóð (ðèñ. 7).

Ïåðåõîäíûé ïðîöåññ îò êâàçèñòàöèîíàðíûõ
ñîñòîÿíèé òåìïåðàòóðíûõ ïîëåé, ïðåäñòàâëåííûõ
íà ðèñ. 6 è 7, ñîïðîâîæäàåòñÿ òåìïåðàòóðíûìè

Ðèñ. 6. Ðàñïðåäåëåíèå òåìïåðàòóð â ðåçóëüòàòå ïðîãðåâà êàðêàñà ÏÑÁ òåïëîâûì ïîòîêîì 1400 Âò/ì2 â òå÷åíèå
10000 ñ

Ðèñ. 7.  Ðàñïðåäåëåíèå òåìïåðàòóð êàðêàñà ÏÑÁ ñïóñòÿ 60 ñ ïîñëå çàõîäà ÌÊÀ â òåíü Çåìëè

äåôîðìàöèÿìè êàðêàñà. Íàèáîëåå èíòåíñèâíî îíè
ïðîèñõîäÿò ñðàçó ïîñëå óäàðà. ×èñëåííîå ìîäåëè-
ðîâàíèå ïîêàçàëî, ÷òî ïåðâûå 10 ñ ïîñëå çàõîäà
ÌÊÀ â òåíü Çåìëè íàáëþäàþòñÿ ñàìûå âûñîêèå
ñêîðîñòè ïåðåìåùåíèÿ òî÷åê êàðêàñà ÏÑÁ. Íà
ðèñ. 8 ïðåäñòàâëåíû ðåçóëüòàòû àïïðîêñèìàöèè
ïåðåìåùåíèé, âûäåëåííûõ íà ðèñ. 5 òî÷åê A è B,
êîòîðûå â ïåðâîì ïðèáëèæåíèè ìîæíî ñ÷èòàòü
ëèíåéíî çàâèñÿùèìè îò âðåìåíè â ïåðâûå 10 ñ
ïîñëå òåìïåðàòóðíîãî óäàðà.

Òàêèå ïåðåìåùåíèÿ âûçûâàþò â ìîìåíò òåì-
ïåðàòóðíîãî óäàðà óãëîâîå óñêîðåíèå ÌÊÀ òèïà
«Âîçâðàò—ÌÊÀ» îêîëî 2·10-6 ðàä/ñ2 è ìèêðîóñêî-
ðåíèÿ âî âíóòðåííåé ñðåäå ÌÊÀ äî 3 ìêì/ñ2. Òðå-
áîâàíèÿ íåêîòîðûõ ãðàâèòàöèîííî-÷óâñòâèòåëü-
íûõ ïðîöåññîâ ê ìîäóëþ ìèêðîóñêîðåíèé ñîñòàâ-
ëÿþò íå áîëåå 1 ìêì/ñ2 [22]. Â äàëüíåéøåì îíè áó-
äóò òîëüêî óæåñòî÷àòüñÿ. Ñëåäîâàòåëüíî, ïðè ðàç-
ðàáîòêå ïåðñïåêòèâíûõ òåõíîëîãè÷åñêèõ ÌÊÀ
ñëåäóåò ó÷èòûâàòü ïîñëåäñòâèÿ òåìïåðàòóðíîãî
óäàðà.
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Abstract

The main objective of the work is assessing the of
temperature shock impact on the orbital motion
dynamics of the spacecraft for technological purposes.

The problem consists in the uncertainty of center
of mass displacement due to the impact of temperature
shock and, thus, the motion control error. This
problem is particularly relevant for the spacecraft for
technological purposes, and products sensitive to the
experimental conditions.

The importance of assessing the impact of
temperature shock is determined by the need to ensure
the spacecraft functioning with the specified parameters
of motion, as well as maintaining controllability of the
spacecraft in the presence of orbital eclipse periods.

Analysis of the studies by the scientists from various
countries reveals that control of a small spacecraft with
no large elastic elements in the design-layout scheme
often reduces to the target values active control of the
angular velocity of its rotation.

In this case, the orbital eclipse periods are not
highlighted separately, and no changes in spacecraft
movement control law are made while its immersing
in and out of Earth shadow.

The article deals with the issues related to the
temperature shock impact on the orbital motion change
of a spacecraft for technological purposes, and
modeling the scale and nature of the effect.
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The temperature shock impact assessment is based
on the 3D modeling of the processes occurring at the
spacecraft entering and exiting the orbital eclipse
period.

For a small “Return—MKA” type spacecraft the
three-fold excess of admissible micro-accelerations was
obtained.

As the result of the conducted study, a conclusion
was made that control algorithms development,
levelling the temperature shock from the viewpoint of
occurring micro-accelerations compensation, was
required for successful implementation of gravity-
sensitive processes onboard the spacecraft for
technological purposes with the orbital eclipse period.

A three-dimensional heat conduction problem was
solved to determine the target parameters of control
algorithms. The following simplifying assumptions were
introduced to solve the problem:

— the elastic element model was a frame structure;
— the elastic element was rigidly fixed in the small

spacecraft body;
— the elastic element properties satisfied the

conditions of homogeneity;
— the heat flow was uniform;
— operating temperature range was –170...

+110 °C;
— the properties of the elastic element material

were considered constant throughout the operating
temperature range;

— orientation changing of normal to the elastic
element surface due to its own oscillations was
neglected.

Keywords: spacecraft, orbital eclipse period, elastic
elements, center of mass, three-dimensional heat
conduction problem, boundary value problem, control
algorithms.
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