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Ïðåäñòàâëåíà êîíöåïöèÿ ðîáîòèçèðîâàííîé ñáîðêè ñîëíå÷íûõ ýíåðãîóñòàíîâîê â êîñìîñå, êîòîðàÿ îñíîâà-
íà íà èñïîëüçîâàíèè àâòîìàòà-ñáîðùèêà ñîëíå÷íûõ áàòàðåé. Ïîêàçàíà ñõåìà åãî èñïîëüçîâàíèÿ, îïðåäåëåíû ðàìêè
âîçìîæíîãî ïðèìåíåíèÿ.

Êëþ÷åâûå ñëîâà: àâòîìàò-ñáîðùèê ñîëíå÷íîé áàòàðåè, ìîäóëüíàÿ ñáîðêà â êîñìîñå, ñîëíå÷íàÿ ýíåðãîñèñòå-
ìà.

Ââåäåíèå

Çàðóáåæíûé îïûò ïîñëåäíèõ ëåò â îáëàñòè
ðàçðàáîòêè êîñìè÷åñêèõ àïïàðàòîâ, â òîì ÷èñëå
ïîñòðîåíèÿ ïðîòÿæåííûõ íåñóùèõ êîíñòðóê-
öèé [1—3], ñîîðóæåíèÿ ãèãàíòñêèõ êîñìè÷åñêèõ
òåëåñêîïîâ [4, 5] è ñîëíå÷íûõ ýíåðãîñèñòåì [6, 7],
ñâèäåòåëüñòâóåò î òîì, ÷òî äàëüíåéøåå ðàçâèòèå
ýòîé îáëàñòè òåõíèêè íåâîçìîæíî áåç ïåðåíîñà
ïðîöåññîâ èçãîòîâëåíèÿ êîíñòðóêöèé íåïîñðåä-
ñòâåííî â êîñìîñ. Ïðèìåíèòåëüíî ê ýíåðãîñèñòå-
ìàì ýòî ìîòèâèðîâàíî íèçêîé ýôôåêòèâíîñòüþ
óïàêîâêè (àíãë. Packing Efficiency [8, Ñ. 7-8], èç-
ìåðÿåòñÿ â ïðîöåíòàõ çàíÿòîãî îáúåìà) ýëåìåíòîâ

ýíåðãîñèñòåì âíóòðè ðàêåòû-íîñèòåëÿ [9] è, ñî-
îòâåòñòâåííî, ìàëûì çíà÷åíèåì ïàðàìåòðà «ìîù-
íîñòü â ñòàðòîâîì îáúåìå» (àíãë. Stowed
Volumetric Power [10], èëè Stowed Volume Power
Density [11], èëè Stowed Volume Efficiency [12],
èçìåðÿåòñÿ â êÂò/ì3) ãîëîâíîãî îáòåêàòåëÿ, ÷òî
ïðàêòè÷åñêè èñêëþ÷àåò èíûå ñïîñîáû ïîâûøåíèÿ
ñóììàðíîé ìîùíîñòè ýíåðãîñèñòåì, êðîìå ôîð-
ìèðîâàíèÿ ïóòåì íåçàâèñèìîé äîñòàâêè ÷àñòåé
ýíåðãîñèñòåì ñ ïîìîùüþ íåñêîëüêèõ çàïóñêîâ. Â
ñòàòüå [5] îïèñàí ñïîñîá, êîòîðûé çàêëþ÷àåòñÿ â
òîì, ÷òî òðè êðóïíîãàáàðèòíûõ ìîäóëÿ ãèãàíòñ-
êîãî êîñìè÷åñêîãî òåëåñêîïà âûâîäÿòñÿ íà îðáèòó
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ñ ïîìîùüþ òðåõ çàïóñêîâ ðàêåòû-íîñèòåëÿ. Ýòî
ïðèâîäèò ê êðàòíîìó óäîðîæàíèþ ïðîåêòîâ, ÷òî
÷àùå âñåãî íåäîïóñòèìî.

Äëÿ óñïåøíîãî ðåøåíèÿ çàäà÷è ñáîðêè íà
îðáèòå êðóïíîãàáàðèòíûõ ïðîòÿæåííûõ êîíñòðóê-
öèé íåîáõîäèìî ïðèìåíåíèå òåõíîëîãèé VI òåõ-
íîóêëàäà, ïðåäïîëàãàþùåãî èñïîëüçîâàíèå èí-
ôîðìàöèîííûõ è êîãíèòèâíûõ òåõíîëîãèé, ñ ïî-
ìîùüþ êîòîðûõ ðîáîòîòåõíè÷åñêèå ñðåäñòâà ìî-
ãóò ñòàòü â íåîáõîäèìîé ìåðå ñàìîñòîÿòåëüíûìè,
íàïðèìåð ñ ïîìîùüþ ñàìîîáó÷åíèÿ ïîñðåäñòâîì
íåéðîñåòåâûõ èíòåðôåéñîâ. Òàêæå âàæíûì ÿâëÿ-
åòñÿ ñòðåìëåíèå èñïîëüçîâàòü àääèòèâíûå ïðîöåñ-
ñû ôîðìèðîâàíèÿ êîíñòðóêöèé, êîòîðûå íàìíî-
ãî ýôôåêòèâíåé ìîäóëüíîé ñáîðêè ñòðóêòóðû, òàê
êàê ïðè äîñòàâêå â êîñìîñ íåôîðìîâàííîãî ñû-
ðüÿ ýôôåêòèâíîñòü óïàêîâêè âîçðàñòàåò åùå ñèëü-
íåå [13]. Ïîñëåäíåå íå îòíîñèòñÿ òîëüêî ê ôóíê-
öèîíàëüíûì ñèñòåìàì (íàïðèìåð, ôîòîãåíåðèðó-
þùåé ÷àñòè ñîëíå÷íîé áàòàðåè), òðåáóþùèì ïðî-
èçâîäñòâà íà âûñîêîòåõíîëîãè÷íîì íàçåìíîì
îáîðóäîâàíèè.

Çàäà÷è êîñìè÷åñêîé ñáîðêè

Âñå çàäà÷è ðîáîòèçèðîâàííîé ñáîðêè ìîæíî
ïðåäñòàâèòü â ñëåäóþùåì âèäå:

1. Ïðèìåíèòåëüíî ê âûâåäåíèþ êðóïíîãàáà-
ðèòíûõ êîíñòðóêöèé:

— óìåíüøåíèå ñóììàðíîé ìàññû âûâîäèìûõ
êîíñòðóêöèé çà ñ÷åò îòêàçà îò ðàçâîðà÷èâàþùèõ
ìåõàíè÷åñêèõ óñòðîéñòâ;

— óâåëè÷åíèå âîçìîæíûõ ãàáàðèòîâ ôîðìèðó-
åìîé êîíñòðóêöèè çà ñ÷åò ñíÿòèÿ îãðàíè÷åíèÿ íà
âîçìîæíîñòü ñðàáàòûâàíèÿ ìåõàíè÷åñêèõ óñò-
ðîéñòâ ïðè óâåëè÷åíèè ðàçìåðîâ;

— óâåëè÷åíèå ïëîòíîñòè óïàêîâêè äåòàëåé
ôîðìèðóåìîé êîíñòðóêöèè.

2. Ïðèìåíèòåëüíî ê âûâåäåíèþ ñîëíå÷íûõ
áàòàðåé (ÑÁ), êîñìè÷åñêèõ ñîëíå÷íûõ ýëåêòðî-
ñòàíöèé: âñå âûøåïåðå÷èñëåííîå è, êàê ðåçóëüòàò,
ïîâûøåíèå óäåëüíûõ ýíåðãåòè÷åñêèõ õàðàêòåðè-
ñòèê ôîðìèðóåìîé ýíåðãîñèñòåìû (ïî ìàññå è
ñòàðòîâîìó îáúåìó).

Íåîáõîäèìîñòü êîñìè÷åñêîé ñáîðêè

Íàèáîëåå àêòóàëüíûå çàäà÷è ðîññèéñêîé êîñ-
ìîíàâòèêè â íàñòîÿùåå âðåìÿ – ñîçäàíèå íîñè-
òåëåé òÿæåëîãî è ñâåðõòÿæåëîãî êëàññà, à òàêæå
ïðîãðàììà îñâîåíèÿ Ëóíû. Ðåàëèçàöèÿ ëóííîé
ïðîãðàììû áóäåò ïðîõîäèòü â íåñêîëüêî ýòàïîâ äî
2040 ãîäà, âêëþ÷àÿ ýòàï ñîçäàíèÿ îêîëîëóííîé
ñòàíöèè, êîòîðàÿ ìîæåò ñòàòü íàñòîÿùèì òðàíçèò-
íûì ïóíêòîì òîëüêî ïðè óñëîâèè åå äîñòàòî÷íîé
àâòîíîìíîñòè. Ñòåïåíü àâòîíîìíîñòè íåïîñðåä-

ñòâåííî ñâÿçàíà ñ ëîãèñòèêîé çàïóñêîâ. Â ÑØÀ
ýòî îñîçíàëè óæå ê êîíöó 70-õ ãîäîâ XX âåêà, è ñ
òîãî âðåìåíè íà÷àëèñü ìíîæåñòâåííûå èññëåäî-
âàíèÿ â ðàìêàõ ðàçëè÷íûõ ïðîãðàìì NASA [7—9,
14—20]. Êëþ÷åâûì ëîãèñòè÷åñêèì êðèòåðèåì
áûëà âûáðàíà ýôôåêòèâíîñòü óïàêîâêè ìàòåðèà-
ëîâ, äîñòàâëÿåìûõ â êîñìîñ, è, èñõîäÿ èç ýòîãî,
ðàññìàòðèâàëèñü ðàçëè÷íûå âàðèàíòû åå óëó÷øå-
íèÿ: ãëàâíûì îáðàçîì çà ñ÷åò ñáîðêè èç äåòàëåé
è ïóëòðóçèîííîãî ôîðìèðîâàíèÿ êîíñòðóêöèé ñ
ïîìîùüþ ðàçëè÷íûõ ðîáîòèçèðîâàííûõ ñðåäñòâ.
Èíòåðåñíûì ôàêòîì ÿâëÿåòñÿ òî, ÷òî â ñàìîì
íà÷àëå ýòèõ ðàçðàáîòîê èõ ðåàëèçàöèÿ ôàêòè÷åñ-
êè áûëà íåâîçìîæíà èç-çà îòñóòñòâèÿ íåîáõîäè-
ìûõ ñðåäñòâ ýíåðãîñíàáæåíèÿ, ðîáîòîòåõíèêè è
3D-ïå÷àòè â êîñìîñå. Òåì íå ìåíåå äàííûå èññëå-
äîâàíèÿ èëè âåëèñü êîíöåïòóàëüíî, èëè ñîçäàâà-
ëèñü ïðîòîòèïû ðîáîòîâ íà Çåìëå.

Â íàñòîÿùåå âðåìÿ NASA èìååò íåñêîëüêî
àêòóàëüíûõ ïðîãðàìì ñ ðàçëè÷íûìè ðàáîòàþùè-
ìè ïðîòîòèïàìè ñáîðî÷íûõ è ïóëòðóçèîííûõ óñ-
òðîéñòâ êîíêðåòíîãî íàçíà÷åíèÿ, êîòîðûå áóäóò
îïðîáîâàíû íà îðáèòå Çåìëè â áëèæàéøèå ãîäû.
Â Ðîññèè æå ðàçðàáîòàí ëèøü ðîáîòîòåõíè÷åñêèé
ìàíèïóëÿòîð êîñìè÷åñêîãî íàçíà÷åíèÿ (êîñìè-
÷åñêàÿ òðàíñïîðòíî-ìàíèïóëÿöèîííàÿ ñèñòåìà
äëÿ âûïîëíåíèÿ òåõíîëîãè÷åñêèõ îïåðàöèé íà
âíåøíåé ïîâåðõíîñòè êîñìè÷åñêèõ àïïàðàòîâ è
ïîääåðæêè ýêèïàæà ïðè âíåêîðàáåëüíîé äåÿòåëü-
íîñòè) [21], íå àäàïòèðîâàííûé äëÿ âûïîëíåíèÿ
çàäà÷ ñàìîñòîÿòåëüíîãî ïîñòðîåíèÿ ôåðìåííûõ
íåñóùèõ êîíñòðóêöèé.

Ôàêòè÷åñêè ìîæíî îòìåòèòü, ÷òî â ÑØÀ âçÿò
êóðñ íà ïëàíîìåðíûé ïåðåõîä ê ôîðìèðîâàíèþ
êîñìè÷åñêîé èíôðàñòðóêòóðû íåïîñðåäñòâåííî íà
îðáèòå Çåìëè/Ëóíû, ïåðåõîä ê ïîëíîé àâòîìàòè-
çàöèè ñáîðî÷íûõ ïðîöåññîâ â êîñìîñå è çíà÷è-
òåëüíîå ñíèæåíèå ëîãèñòè÷åñêèõ èçäåðæåê çà ñ÷åò
äîñòàâêè â êîñìîñ ìàòåðèàëîâ è äåòàëåé, à íå
ðàçâîðà÷èâàåìûõ ìîäóëåé. È åñëè â áëèæàéøåå
âðåìÿ Ðîññèÿ ýòîìó êóðñó íå ïîñëåäóåò, òî ñòàíåò
íåêîíêóðåíòîñïîñîáíîé ñ ëþáûìè ñðåäñòâàìè âû-
âåäåíèÿ, äàæå ñâåðõòÿæåëûìè è âîçâðàùàåìûìè.

Ñðåäè ýëåìåíòîâ êîñìè÷åñêîé èíôðàñòðóêòó-
ðû, êîòîðóþ íåâîçìîæíî ñôîðìèðîâàòü â êîñìîñå
áåç ïðèìåíåíèÿ ñïåöèàëèçèðîâàííîé ðîáîòîòåõ-
íèêè, ìîæíî âûäåëèòü: êîñìè÷åñêèå òåëåñêîïû
äèàìåòðîì áîëåå 6 ì äëÿ èññëåäîâàíèÿ äàëüíåãî
êîñìîñà [4, 5], êîñìè÷åñêèå ðåìîíòíûå äîêè [3],
ñîëíå÷íûå ýëåêòðîñòàíöèè [6, 7] è, òåì áîëåå,
êîñìè÷åñêèå êîðàáëè ñ èñêóññòâåííîé ãðàâèòàöè-
åé [2]. Êîíå÷íî, îñîáî âàæíîé ÿâëÿåòñÿ èíôðà-
ñòðóêòóðà ýíåðãîñíàáæåíèÿ êîñìè÷åñêèõ àïïàðà-
òîâ, êîòîðàÿ äîëæíà áûòü ïðåäåëüíî àâòîíîìíîé
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â ñëó÷àå îêîëîëóííîé ñòàíöèè, ðåìîíòîïðèãîä-
íîé, âçàèìîçàìåíÿåìîé è äàæå èçáûòî÷íîé. Äëÿ
îñóùåñòâëåíèÿ ðîáîòèçèðîâàííîãî ðåìîíòà è
îáñëóæèâàíèÿ êîñìè÷åñêèõ êîðàáëåé è àïïàðàòîâ
ñòàíöèÿ äîëæíà èìåòü äîñòàòî÷íî âîçìîæíîñòåé
ïîïîëíåíèÿ çàïàñîâ ýëåêòðîýíåðãèè. Ðå÷ü èäåò î
ñîòíÿõ êèëîâàòò è ñîòíÿõ êâàäðàòíûõ ìåòðîâ ïî-
âåðõíîñòè ñîëíå÷íûõ áàòàðåé.

Ìîäóëüíîå ôîðìèðîâàíèå ÑÁ â êîñìîñå

Îäíèì èç ïóòåé ïîâûøåíèÿ ýíåðãîâîîðóæ¸í-
íîñòè ÊÀ ÿâëÿåòñÿ óâåëè÷åíèå ïëîùàäè ñîëíå÷-
íûõ áàòàðåé. Êàê ïîêàçûâàåò ïðàêòè÷åñêèé îïûò,
òðàäèöèîííàÿ êîíñòðóêöèÿ ñîëíå÷íûõ áàòàðåé
íàêëàäûâàåò îãðàíè÷åíèÿ íà óâåëè÷åíèå èõ ïëî-
ùàäè âûøå îïðåäåë¸ííîãî óðîâíÿ.

Êîëè÷åñòâî ïàíåëåé ñîëíå÷íûõ áàòàðåé â êàæ-
äîì êðûëå îáû÷íî íå ïðåâûøàåò 8 øòóê, òàê êàê
ïðè äàëüíåéøåì óâåëè÷åíèè èõ êîëè÷åñòâà çíà-
÷èòåëüíî óñëîæíÿåòñÿ ñèñòåìà ðàçâ¸ðòûâàíèÿ, à
ñëåäîâàòåëüíî, óìåíüøàåòñÿ å¸ íàä¸æíîñòü. Ïëî-
ùàäü êàæäîé ïàíåëè îãðàíè÷èâàåòñÿ ãàáàðèòàìè
ãîëîâíûõ îáòåêàòåëåé ðàêåòîíîñèòåëåé è ðåäêî
ïðåâûøàåò 8 ì2.

Òàêèì îáðàçîì, ìàêñèìàëüíàÿ ïëîùàäü ñîë-
íå÷íûõ áàòàðåé íà îäíî êðûëî òðàäèöèîííîé
êîíñòðóêöèè ïîðÿäêà 64 ì2.

Èç-çà äàííûõ îãðàíè÷åíèé äàëüíåéøåå ïîâû-
øåíèå ýíåðãîâîîðóæåííîñòè êîñìè÷åñêèõ àïïà-
ðàòîâ, èñïîëüçóþùèõ ñîëíå÷íûå ýíåðãîñèñòåìû,
íåâîçìîæíî áåç ïðèìåíåíèÿ àëüòåðíàòèâíûõ ñïî-
ñîáîâ åå ðàçâåðòûâàíèÿ íà îðáèòå.

Äëÿ ìîäóëüíîãî ôîðìèðîâàíèÿ ÑÁ â êîñìîñå
ïðåäëàãàåòñÿ èñïîëüçîâàòü ðîáîò (àâòîìàò-ñáîð-
ùèê ñîëíå÷íîé áàòàðåè (ÀÑÑÁ)). Ïîñêîëüêó
ÀÑÑÁ ñ òî÷êè çðåíèÿ ôóíêöèîíàëüíîãî íàçíà÷å-
íèÿ ÿâëÿåòñÿ àíàëîãîì ìåõàíè÷åñêèõ óñòðîéñòâ
òðàäèöèîííîé ñîëíå÷íîé áàòàðåè (ÌÓ ÑÁ), òî åãî
öåëåâàÿ ìàññà ïðè ïðî÷èõ ðàâíûõ óñëîâèÿõ íå
äîëæíà ïðåâûøàòü ìàññó ÌÓ ÑÁ, èñõîäÿ èç óñëî-
âèé êîíêóðåíòîñïîñîáíîñòè ïî ñðàâíåíèþ ñ òðà-
äèöèîííûìè ñïîñîáàìè ðàçâåðòûâàíèÿ.

Ó÷èòûâàÿ, ÷òî â òåõ ñëó÷àÿõ, êîãäà âîçìîæíî
ïðèìåíåíèå òðàäèöèîííûõ ñïîñîáîâ ðàçâ¸ðòûâà-
íèÿ ÑÁ, ðîáîòèçèðîâàííàÿ ñèñòåìà èñïîëüçîâàòü-
ñÿ íå áóäåò, çàäà¸ìñÿ íèæíåé ãðàíèöåé ïëîùàäè
îäíîãî êðûëà ÑÁ – 64 ì2. Çàäàâøèñü íàèëó÷øåé
ìàññîâîé õàðàêòåðèñòèêîé ÌÓ ÑÁ – 1,35 êã/ì2 [22],
ïîëó÷àåì ìàññó ÌÓ ÑÁ íà óðîâíå 86,4 êã.

Ïðèíèìàÿ ðàâåíñòâî ìàññû ÀÑÑÁ è ÌÓ ÑÁ
äëÿ äàííîé ïëîùàäè êðûëà ÑÁ, ïîëó÷àåì öåëåâóþ
ìàññó ÀÑÑÁ — 86,4 êã.

Ïðè ãèïîòåòè÷åñêîé âîçìîæíîñòè ñîçäàíèÿ
ÑÁ áîëüøåé ïëîùàäè, ðàçâåðòûâàåìûõ òðàäèöè-

îííûì ñïîñîáîì, ìàññîâîå ïðåèìóùåñòâî ðîáî-
òèçèðîâàííîãî ñïîñîáà áóäåò óâåëè÷èâàòüñÿ, òàê
êàê ìàññà ÌÓ ÑÁ áóäåò ðàñòè ïðîïîðöèîíàëüíî
óâåëè÷åíèþ ïëîùàäè ÑÁ, à ìàññà ÀÑÑÁ áóäåò îñ-
òàâàòüñÿ ïîñòîÿííîé. Ýòîò âûâîä ïðîèëëþñòðèðî-
âàí íà ðèñ. 1.

Â Ðîññèè è çà ðóáåæîì ïðîðàáàòûâàåòñÿ íå-
ñêîëüêî ñïîñîáîâ ðåøåíèÿ ïðîáëåìû óâåëè÷åíèÿ
ïëîùàäè ñîëíå÷íîé áàòàðåè ÊÀ:

1) ñîçäàíèå ñîëíå÷íîé áàòàðåè ñ ãèáêèìè ôî-
òîýëåêòðè÷åñêèìè ïðåîáðàçîâàòåëÿìè íà òîíêîé
ãèáêîé íåñóùåé ïîäëîæêå;

2) ñáîðêà ñîëíå÷íîé áàòàðåè íà îðáèòå èç ãî-
òîâûõ ýëåìåíòîâ;

3) ñáîðêà ñîëíå÷íîé áàòàðåè íà îðáèòå èç ãî-
òîâûõ ýëåìåíòîâ è ýëåìåíòîâ, èçãîòîâëåííûõ íà
îðáèòå.

Â ïîèñêàõ ðåøåíèÿ ïðîáëåìû ëîãèñòèêè äîñ-
òàâêè â êîñìîñ êðóïíîãàáàðèòíûõ ýíåðãîñèñòåì
â íàñòîÿùåé ñòàòüå ðàññìîòðåíû âîïðîñû ðàçðà-
áîòêè ñèñòåìû, îòíîñÿùåéñÿ êî âòîðîìó ñïîñî-
áó – ñáîðêå ñîëíå÷íîé áàòàðåè íà îðáèòå èç ãî-
òîâûõ ýëåìåíòîâ, êîòîðàÿ ïîçâîëÿåò ñîáèðàòü ñîë-
íå÷íûå áàòàðåè ðàçëè÷íîé êîíôèãóðàöèè è ïëî-
ùàäè èç òèïîâîãî íàáîðà ãîòîâûõ ìîäóëåé.

Ñóòü ýòîé òåõíîëîãèè çàêëþ÷àåòñÿ â ñëåäóþ-
ùåì. Ñ ïîìîùüþ àâòîìàòà-ñáîðùèêà ñîëíå÷íîé
áàòàðåè (ðèñ. 2) ïóòåì ñîñòûêîâêè ìîíòàæíûõ
ïàíåëåé äðóã ñ äðóãîì ñîáèðàåòñÿ ÑÁ áîëüøîé
ïëîùàäè. Ìîíòàæíàÿ ïàíåëü ìîæåò ïðåäñòàâëÿòü
ñîáîé ñîòîâóþ ïàíåëü ïîâûøåííîé æåñòêîñòè,
ïîçâîëÿþùåé ïåðåìåùàòüñÿ ÀÑÑÁ ïî åå ïëîñêî-

Ðèñ. 1. Çàâèñèìîñòü ìàêñèìàëüíîé öåëåâîé ìàññû ÀÑÑÁ
äëÿ ïàíåëåé ïëîùàäüþ 8 ì2
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ñòè. Òàêàÿ ïàíåëü ìîæåò áûòü èçãîòîâëåíà ïî òåõ-
íîëîãèè [23], ðàçðàáîòàííîé àâòîðàìè äàííîé
ñòàòüè. Ïðè ïåðåìåùåíèè ÀÑÑÁ «öåïëÿåòñÿ» çà
ðåïåðíûå îòâåðñòèÿ, çàðàíåå âûïîëíåííûå íà
ìîíòàæíûõ ïàíåëÿõ. ÀÑÑÁ ïðåäñòàâëÿåò ñîáîé
ïðîãðàììèðóåìûé ìåõàíèçì, èìåþùèé ÷åòûðå òå-
ëåñêîïè÷åñêèå îïîðíûå øòàíãè 1 è äâà ìîíòàæ-
íûõ ìàíèïóëÿòîðà 3.

Îïîðíûå øòàíãè 1 èìåþò âîçìîæíîñòü ïîâî-
ðà÷èâàòüñÿ âîêðóã âåðòèêàëüíîé îñè è óäëèíÿòü-
ñÿ èëè óêîðà÷èâàòüñÿ. Íà êîíöàõ îïîðíûõ
øòàíã íàõîäÿòñÿ âåðòèêàëüíûå ôèêñàòî-
ðû 2, óáèðàåìûå èëè âûäâèãàåìûå èç íà-
êîíå÷íèêîâ îïîðíûõ øòàíã. Ìîíòàæíûå
ìàíèïóëÿòîðû 3 èìåþò íåñêîëüêî ñòåïå-
íåé ñâîáîäû, â òîì ÷èñëå âîçìîæíîñòü
ïîâîðîòà âîêðóã âåðòèêàëüíîé îñè ÀÑÑÁ.
Íà êîíöàõ ìîíòàæíûõ ìàíèïóëÿòîðîâ óñ-
òàíîâëåíû çàõâàòû 4, ïîçâîëÿþùèå óäåð-
æèâàòü ïàíåëè ñîëíå÷íîé áàòàðåè.

Íà ÀÑÑÁ êðåïèòñÿ êîìïëåêò ïàíåëåé
ñîëíå÷íûõ áàòàðåé (ðèñ. 3), ïîðÿäîê ðàç-
ìåùåíèÿ ïàíåëåé íà ÀÑÑÁ ñîîòâåòñòâó-
åò ïîñëåäîâàòåëüíîñòè ìîíòàæà.

Îäèí èç ýòàïîâ ñáîðêè ñîëíå÷íîé áà-
òàðåè ñ ïîìîùüþ äâóõ ÀÑÑÁ ïîêàçàí íà
ðèñ. 4. Â äàííîì ñëó÷àå, äëÿ îöåíêè îá-
ùåé ðàçìåðíîñòè, ãàáàðèòû îäíîé ïàíå-
ëè ïðèíÿòû 2 ì  4 ì ïðè òîëùèíå 80 ìì,
êîëè÷åñòâî ïàíåëåé äëÿ îäíîãî êðûëà 15.

Ïëîùàäü îäíîãî êðûëà ñîëíå÷íîé áàòàðåè 120 ì2,
ñîîòâåòñòâåííî îáùàÿ ïëîùàäü ñîëíå÷íîé áàòà-
ðåè 240 ì2.

ÀÑÑÁ ïåðåìåùàåòñÿ ïóò¸ì ïîî÷åð¸äíîé ïåðå-
ñòàíîâêè îïîðíûõ øòàíã íà äðóãèå ðåïåðíûå îò-
âåðñòèÿ, äëÿ ÷åãî âåðòèêàëüíûé ôèêñàòîð óáèðà-
åòñÿ. Îïîðíàÿ øòàíãà, èçìåíÿÿ ñâîþ äëèíó è ïî-
âîðà÷èâàÿñü âîêðóã âåðòèêàëüíîé îñè, âûñòàâëÿ-
åò âåðòèêàëüíûé ôèêñàòîð íàä íîâûì îòâåðñòè-

Ðèñ. 2. Âíåøíèé âèä ÀÑÑÁ

Ðèñ. 3. Êðåïëåíèå êîìïëåêòà ïàíåëåé ñîëíå÷íûõ áàòàðåé íà ÀÑÑÁ
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åì, ïîñëå ÷åãî âåðòèêàëüíûé ôèêñàòîð âûäâèãà-
åòñÿ è ôèêñèðóåò øòàíãó. Â ñòàðòîâîì ïîëîæåíèè
îïîðíûå øòàíãè ðàñïîëîæåíû â óãëàõ ïðÿìîó-
ãîëüíèêà ñî ñòîðîíàìè 2 ì  1 ì. Âûñîòà êîðïóñà
ÀÑÑÁ ñîñòàâëÿåò 620 ìì.

Â ïðîöåññå ïåðåìåùåíèÿ ÀÑÑÁ âñåãäà çàôèê-
ñèðîâàí ìèíèìóì â òð¸õ ðåïåðíûõ îòâåðñòèÿõ,
ïðè ýòîì ÷àñòü îïîðíûõ øòàíã ìîæåò áûòü çàôèê-
ñèðîâàíà íà îäíîé ïàíåëè ñîëíå÷íîé áàòàðåè,
÷àñòü – íà äðóãîé.

Êîðíåâûå ïàíåëè ïîñëå ïåðåâîäà â ðàáî÷åå
ïîëîæåíèå è îñòàëüíûå ïàíåëè, ïî ìåðå èõ ìîí-
òàæà, âêëþ÷àþòñÿ â ýíåðãåòè÷åñêóþ ñèñòåìó ÊÀ
è ïîäçàðÿæàþò àêêóìóëÿòîðíóþ áàòàðåþ.

Ïèòàíèå ÀÑÑÁ öåëåñîîáðàçíî îñóùåñòâëÿòü
îò àêêóìóëÿòîðíûõ áàòàðåé ÊÀ ïî êàáåëþ (íà
èëëþñòðàöèÿõ óñëîâíî íå ïîêàçàí). Ìîäóëü-
íàÿ ñòðóêòóðà ñèñòåìû äîëæíà ïîçâîëèòü
ÀÑÑÁ ïîäçàðÿæàòüñÿ îò ñîáðàííûõ ñåãìåí-
òîâ íà íåñêîëüêèõ ýòàïàõ ñáîðêè.

Íà ðèc. 5 ïðåäñòàâëåí îïòèìàëüíûé ìàð-
øðóò ïåðåäâèæåíèÿ ÀÑÑÁ è ïîðÿäîê óñòà-
íîâêè 15 ïàíåëåé (îäíî êðûëî). Âî âðåìÿ
ïåðåäâèæåíèÿ ñ ïîçèöèè íà ïîçèöèþ îñóùå-
ñòâëÿþòñÿ äâà ïîëíûõ ïåðåìåùåíèÿ êîðïó-
ñà ñáîðî÷íîãî ðîáîòà (íà ïîëîâèíó äëèíû/
øèðèíû ïàíåëè). Íà êàæäîé èç ïîçèöèé
ïðîèçâîäèòñÿ óñòàíîâêà îäíîé èëè äâóõ ïà-
íåëåé. Êàê âèäíî, äëÿ ñáîðêè ÑÁ, ñîñòîÿùåé
èç 15 ïàíåëåé, íåîáõîäèìî îñóùåñòâèòü 8 ïå-
ðåìåùåíèé ðîáîòà-ñáîðùèêà.

Îñíîâíîé òðóäíîñòüþ ñîçäàíèÿ òàêîé
ñèñòåìû ñáîðêè ñîëíå÷íûõ áàòàðåé íà îðáè-
òå, íà äàííîì ýòàïå ïðîåêòèðîâàíèÿ, ïðåä-
ñòàâëÿåòñÿ ïðîòèâîðå÷èå ìåæäó íåîáõîäèìî-
ñòüþ íàëè÷èÿ çàçîðîâ â ñòûêóåìûõ ýëåìåí-
òàõ äëÿ êîìïåíñàöèè íåòî÷íîñòè èçãîòîâëå-

íèÿ è ïîçèöèîíèðîâàíèÿ ýëåìåíòîâ, â òîì ÷èñëå
ïîçèöèîíèðîâàíèÿ ÀÑÑÁ â ðåïåðíûõ îòâåðñòèÿõ,
è íåîáõîäèìîñòüþ óìåíüøåíèÿ ýòèõ çàçîðîâ äëÿ
îáåñïå÷åíèÿ æåñòêîñòè è ìèíèìàëüíîé äåôîðìà-
öèè ñîáðàííîé ñîëíå÷íîé áàòàðåè.

Ðåøåíèå ýòîé ïðîáëåìû âîçìîæíî äâóìÿ ñïî-
ñîáàìè èëè èõ êîìáèíàöèåé.

Ïåðâûé ñïîñîá – îïðåäåëåíèå ìàêñèìàëüíî
âîçìîæíûõ, ñ òî÷êè çðåíèÿ äàëüíåéøåãî ôóíêöè-
îíèðîâàíèÿ ñîëíå÷íîé áàòàðåè, çàçîðîâ è îáåñïå-
÷åíèå òî÷íîñòüþ èçãîòîâëåíèÿ îòäåëüíûõ ýëåìåí-
òîâ è òî÷íîñòüþ ðàáîòû ÀÑÑÁ ñáîðêè áàòàðåè ïðè
çàäàííûõ çàçîðàõ.

Âòîðîé ñïîñîá – íàäåëåíèå ÀÑÑÁ âîçìîæíî-
ñòüþ ðåàãèðîâàíèÿ íà îòêëîíåíèå âçàèìíîãî ïî-
ëîæåíèÿ îòäåëüíûõ ýëåìåíòîâ ñèñòåìû è èõ ðàç-

Ðèñ. 4. ÑÁ ïîñëå óñòàíîâêè äâóõ ïàíåëåé ñî âòîðîé ìîíòàæíîé ïîçèöèè ÀÑÑÁ

Ðèñ. 5. Îïòèìàëüíûé ìàðøðóò ïåðåäâèæåíèÿ ÀÑÑÁ è ïîðÿäîê
óñòàíîâêè 15 ïàíåëåé (îäíî êðûëî)
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ìåðîâ îò íîìèíàëüíîãî, ò.å. ââåäåíèå íåêîòîðîé
îáðàòíîé ñâÿçè ïðè ñáîðêå â ïðîöåññ óïðàâëåíèÿ
ÀÑÑÁ. Âòîðîé ñïîñîá îáåñïå÷èâàåò ñáîðêó ñ
ìåíüøèìè çàçîðàìè, íî âåä¸ò ê óäîðîæàíèþ
ÀÑÑÁ, òàê êàê ïðåâðàùàåò åãî èç ïðîãðàììèðóå-
ìîãî àâòîìàòà â ñëîæíûé àïïàðàò ñ ðàçíîîáðàç-
íûìè ñåíñîðíûìè óñòðîéñòâàìè è ýëåìåíòàìè
«èñêóññòâåííîãî èíòåëëåêòà».

Íà ðèñ. 6 è 7 ïðèâåäåíû ôîòîãðàôèè ìàêåòà
ÀÑÑÁ â ìàñøòàáå 1:10. Ìàêåò ïîçâîëÿåò îòðàáà-
òûâàòü îñíîâíûå òåõíîëîãè÷åñêèå îïåðàöèè è
àëãîðèòìû ïåðåìåùåíèÿ è ñáîðêè. Â ÷àñòíîñòè,
ïðè ñîçäàíèè ìîäåëè ÀÑÑÁ â ïðîãðàììíîì ýìó-
ëÿòîðå ìàêåò áóäåò èñïîëüçîâàí äëÿ âèçóàëèçàöèè
ïîçèöèé, à òàêæå äëÿ ðàñ÷åòà ïîâîðîòà è óäëèíå-
íèÿ ìàíèïóëÿòîðîâ è îïîðíûõ øòàíã. Òàêæå ìà-
êåò ìîæåò áûòü èñïîëüçîâàí äëÿ îòðàáîòêè îñíîâ-
íûõ ýëåìåíòîâ ñèñòåìû òåõíè÷åñêîãî çðåíèÿ
(â ñëó÷àå ïðèìåíåíèÿ îáðàòíîé ñâÿçè), â êîòîðîé
ïðåäïîëàãàåòñÿ èñïîëüçîâàíèå ñèñòåìû ðàñïîçíà-
âàíèÿ èçîáðàæåíèé íà îñíîâå àëãîðèòìà Êýííè.
Ïîäîáíàÿ ñèñòåìà óñïåøíî îïðîáîâàíà äëÿ äåòåê-
òèðîâàíèÿ ðîáîòîì ñîçäàííûõ ó÷àñòêîâ êîìïîçèò-
íûõ ôåðì [7].

Âûâîäû

Ðàçðàáîòàíà êîíöåïöèÿ ðîáîòèçèðîâàííîé
ñáîðêè ñîëíå÷íûõ ýíåðãîóñòàíîâîê íà îðáèòå ñ
ïîìîùüþ àâòîìàòà-ñáîðùèêà ñîëíå÷íîé áàòàðåè
(ÀÑÑÁ), ïîçâîëÿþùàÿ ñôîðìèðîâàòü ñîëíå÷íóþ
áàòàðåþ èç îòäåëüíûõ ñòàíäàðòèçèðîâàííûõ ìî-
äóëåé.

Â êîíöåïöèè îïðåäåëåíû îïòèìàëüíûé ìàð-
øðóò ïåðåäâèæåíèÿ ÀÑÑÁ è ïîðÿäîê ñáîðêè ñîë-
íå÷íîé áàòàðåè.

Îïðåäåëåíû áàçîâûå ãàáàðèòû è öåëåâàÿ ìàññà
ÀÑÑÁ. Èçãîòîâëåí ìàêåò, ïîçâîëÿþùèé îòðàáà-
òûâàòü îñíîâíûå òåõíîëîãè÷åñêèå îïåðàöèè è
àëãîðèòìû ïåðåìåùåíèÿ è ñáîðêè. Ìàññîãàáàðèò-
íûå ïàðàìåòðû äàííîé ñèñòåìû çàâèñÿò îò ïðè-Ðèñ. 6. Ìàêåò ÀÑÑÁ. Èñõîäíîå ñîñòîÿíèå

Ðèñ. 7. Ìàêåò ÀÑÑÁ â ïðîöåññå ñáîðêè
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ìåíÿåìûõ ìàòåðèàëîâ, ýëåêòðîìåõàíè÷åñêèõ óç-
ëîâ, ýëåìåíòîâ ïèòàíèÿ ÀÑÑÁ è áóäóò óòî÷íÿòü-
ñÿ â õîäå äàëüíåéøèõ ðàáîò. Âðåìÿ ôîðìèðîâàíèÿ
ñîëíå÷íîé áàòàðåè çàâèñèò îò ñêîðîñòè ðàáîòû
ýëåêòðîìåõàíè÷åñêèõ óçëîâ è ìàíèïóëÿòîðîâ
ÀÑÑÁ, íî íå ÿâëÿåòñÿ ëèìèòèðóþùèì ôàêòîðîì,
òàê êàê ìîäóëüíàÿ ñòðóêòóðà ñèñòåìû äîëæíà ïî-
çâîëèòü ÀÑÑÁ ïîäçàðÿæàòüñÿ îò ñîáðàííûõ ñåã-
ìåíòîâ íà íåñêîëüêèõ ýòàïàõ ñáîðêè.
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Abstract

The recent foreign experience in the spacecraft
development, including lengthy sup-porting structures
developing, and giant space telescopes and solar energy
systems con-struction indicates that further
development in this field of engineering is impossible
without transferring the structures manufacturing
directly into the space.

As applied to power systems, this is motivated by
the low packing efficiency (measured in percent of
occupied volume) of the power system elements inside
the launch vehicle, and, correspondingly, the small
value of the “Stowed Volumetric Power”, or “Stowed
Volume Power Density”, or “Stowed Volume
Efficiency” (measured in kW/m3) parameter of the
head fairing. This practically excludes the other ways
of increasing the power systems total power, other than
forming by independent delivery of the power systems
parts by way of several launches. The latter leads to a
multiple increase of the projects costs, which is not
often acceptable.

The article proposes a solution to the
describedabove said problem in the form of a concept
of a robotized assembly of solar power arrays in space,
which is based on the application of the Solar Arrays
Assembly Machine (SAAM).

SAAM is a robot with which a solar cell of a large
area  is being assembled by attaching the mounting
panels to each other. The mounting panel can be a
honeycomb of high stiffness, allowing the SAAM to
move along its plane. When moving, the SAAM
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“clings” to the reference holes made on the mounting
plates in advance. SAAM has four telescopic
supporting rods for moving around the mounting
plates and two mounting arms for fixing the panels.

The concept demonstrates the scheme of the
SAAM application. determines The optimal route for
the SAAM movement and the order of the solar array
assembly are determined. The scope of its possible
application has been determined: for assembling a wing
of a solar array with an area of less than 64 m2, the
target (competitive) mass of the SAAM is of linear
dependence on the area of the solar array. When
assembling solar arrays with an area of more than
64 m2, traditional deployment systems cannot be
employed. So the SAAM does not have competitive
alternatives implemented.

The basic SAAM size are determined. A layout was
made allowing develop the basic technological
operations and algorithms of moving and assembling.
The system weight and size parameters depend on the
materials used, electromechanical assemblies, SAAM
batteries, and will be refined further further work. The
time of the solar array forming depends on the speed
of SAAM electromechanical units and manipulators
operation. But this is not a limiting factor, since the
modular structure of the system should allow the
SAAM to recharge from the assembled segments at
several stages of the assembly.

Keywords: solar array assembly machine, modular
assembly in space, solar power system.
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