
178 Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.26. ¹3

Íàçåìíûå êîìïëåêñû, ñòàðòîâîå îáîðóäîâàíèå, Ground complexes, launching equipment,
ýêñïëóàòàöèÿ  ëåòàòåëüíûõ àïïàðàòîâ flying vehicle operation

ÍÀÇÅÌÍÛÅ ÊÎÌÏËÅÊÑÛ, ÑÒÀÐÒÎÂÎÅ ÎÁÎÐÓÄÎÂÀÍÈÅ,
ÝÊÑÏËÓÀÒÀÖÈß  ËÅÒÀÒÅËÜÍÛÕ ÀÏÏÀÐÀÒÎÂ

ÓÄÊ 629.78; 629.7.08

ÀÍÀËÈÇ ÑÈÑÒÅÌÛ ÎÃÐÀÍÈ×ÅÍÈÉ ÏÎ ÈÑÏÎËÜÇÎÂÀÍÈÞ
ÑÐÅÄÑÒÂ ÓÏÐÀÂËÅÍÈß ÊÎÑÌÈ×ÅÑÊÈÌÈ ÀÏÏÀÐÀÒÀÌÈ,

Ó×ÈÒÛÂÀÅÌÛÕ ÏÐÈ ÈÕ ÐÀÑÏÐÅÄÅËÅÍÈÈ

Àðòþøåíêî Â.Ì.*, Êó÷åðîâ Á.À.**

Òåõíîëîãè÷åñêèé óíèâåðñèòåò,
óë. Ãàãàðèíà, 42, Êîðîëåâ, Ìîñêîâñêàÿ îáëàñòü, 141070, Ðîññèÿ

* e-mail: artuschenko@mail.ru
** e-mail: boris.ku4erov@gmail.com

Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 08.06.2019

Ðàññìîòðåíû îãðàíè÷åíèÿ ïî èñïîëüçîâàíèþ ñðåäñòâ óïðàâëåíèÿ êîñìè÷åñêèìè àïïàðàòàìè (ÊÀ), ó÷èòûâà-
åìûå ïðè èõ ðàñïðåäåëåíèè, ê êîòîðûì îòíîñÿòñÿ: îãðàíè÷åíèÿ ïî îäíîâðåìåííîìó èñïîëüçîâàíèþ ðàçëè÷íûõ
ñðåäñòâ óïðàâëåíèÿ ÊÀ, îãðàíè÷åíèÿ ïî èñïîëüçîâàíèþ îòäåëüíîãî ñðåäñòâà óïðàâëåíèÿ ÊÀ è îãðàíè÷åíèÿ, îáóñ-
ëîâëåííûå âîçìîæíîñòÿìè öåíòðîâ óïðàâëåíèÿ ïîë¸òàìè ÊÀ ïî ïðîâåäåíèþ ñåàíñîâ ñâÿçè. Ïðèâåäåíî îïèñà-
íèå ñèñòåìû ðàññìîòðåííûõ îãðàíè÷åíèé, ó÷èòûâàåìûõ ïðè ðàñïðåäåëåíèè ñðåäñòâ óïðàâëåíèÿ ÊÀ. Ïðîâåäåí
àíàëèç óêàçàííîé ñèñòåìû. Ïðåäñòàâëåíà ìàòåìàòè÷åñêàÿ ïîñòàíîâêà çàäà÷è ó÷¸òà ðàññìîòðåííîé ñèñòåìû îã-
ðàíè÷åíèé.

Êëþ÷åâûå ñëîâà: íàçåìíûé àâòîìàòèçèðîâàííûé êîìïëåêñ óïðàâëåíèÿ, ïëàí ðàñïðåäåëåíèÿ ñðåäñòâ, êîíôëèê-
òíàÿ ñèòóàöèÿ, ýëåêòðîìàãíèòíàÿ ñîâìåñòèìîñòü ñðåäñòâ óïðàâëåíèÿ ÊÀ, îãðàíè÷åíèÿ ïî èñïîëüçîâàíèþ îáùèõ
ðåñóðñîâ.

Ââåäåíèå

Ïðè óïðàâëåíèè êîñìè÷åñêèìè àïïàðàòàìè
òðåáóåòñÿ ðåøåíèå öåëîãî ðÿäà çàäà÷ ðàñïðåäåëå-
íèÿ ðàçëè÷íûõ ðåñóðñîâ [1—6]. Îäíîé èç òàêèõ
çàäà÷ ÿâëÿåòñÿ ðàñïðåäåëåíèå ñðåäñòâ óïðàâëåíèÿ
(ÐÑÓ) ÊÀ, ïðåäíàçíà÷åííûõ äëÿ ïåðåäà÷è êîìàí-
äíî-ïðîãðàììíîé èíôîðìàöèè, ïðè¸ìà òåëåìåò-
ðè÷åñêîé èíôîðìàöèè è ðåøåíèÿ ðÿäà äðóãèõ
çàäà÷ [7, 8].

ÐÑÓ ÊÀ îñóùåñòâëÿåòñÿ â óñëîâèÿõ æåñòêèõ
ðåñóðñíûõ îãðàíè÷åíèé. Ê íèì îòíîñÿòñÿ êàê îã-
ðàíè÷åíèÿ ïî ðàñïðåäåëÿåìîìó ðåñóðñó ñðåäñòâ
óïðàâëåíèÿ ÊÀ, òàê è âðåìåííûå îãðàíè÷åíèÿ,
íàêëàäûâàåìûå íà îïåðàòèâíîñòü ôîðìèðîâàíèÿ
ïëàíà ðàñïðåäåëåíèÿ ñðåäñòâ (ÏÐÑ).

Îáåñïå÷åíèå îïåðàòèâíîãî è êà÷åñòâåííîãî
ðåøåíèÿ çàäà÷ ÐÑÓ ÊÀ òðåáóåò ó÷¸òà âñåé ñîâî-
êóïíîñòè òàêèõ îãðàíè÷åíèé. Îäíèì èç ýòàïîâ
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äîñòèæåíèÿ ýòîé öåëè ÿâëÿåòñÿ àíàëèç ñèñòåìû
îãðàíè÷åíèé ïî èñïîëüçîâàíèþ ñðåäñòâ óïðàâëå-
íèÿ ÊÀ, ó÷èòûâàåìûõ ïðè èõ ðàñïðåäåëåíèè.

Â ðàçëè÷íûõ îòå÷åñòâåííûõ è çàðóáåæíûõ ðà-
áîòàõ, ïîñâÿùåííûõ ñîñòàâëåíèþ è îïòèìèçàöèè
ïëàíîâ ðàñïðåäåëåíèÿ ñðåäñòâ óïðàâëåíèÿ ÊÀ,
ó÷èòûâàþòñÿ ðàçëè÷íûå ðåñóðñíûå îãðàíè÷åíèÿ.

Â ðàáîòå [9] ïðåäëîæåíà ìåòîäèêà îöåíèâàíèÿ
ýôôåêòèâíîñòè ôóíêöèîíèðîâàíèÿ íàçåìíîãî àâ-
òîìàòèçèðîâàííîãî êîìïëåêñà óïðàâëåíèÿ
(ÍÀÊÓ) ÊÀ ñ ó÷¸òîì ñëîæíîé ñèñòåìû òåõíè÷åñ-
êèõ, òåõíîëîãè÷åñêèõ è ïðîñòðàíñòâåííî-âðåìåí-
íûõ îãðàíè÷åíèé, íàêëàäûâàåìûõ íà ïðîöåññ
óïðàâëåíèÿ ÊÀ. Îòìå÷åíà ñëîæíîñòü («íåâîçìîæ-
íîñòü») ôîðìàëèçîâàííîãî ó÷¸òà âñåé ñèñòåìû
òåõíîëîãè÷åñêèõ îãðàíè÷åíèé, íàêëàäûâàåìûõ íà
ïðîöåññ óïðàâëåíèÿ ÊÀ ðàçëè÷íîãî öåëåâîãî íà-
çíà÷åíèÿ (ðàçëè÷íûé ñîñòàâ îïåðàöèé óïðàâëå-
íèÿ, ïîñëåäîâàòåëüíîñòü âûïîëíåíèÿ îïåðàöèé,
ñîâìåñòèìîñòü ïðîâåäåíèÿ îïåðàöèé, èõ äëèòåëü-
íîñòü è ò.ä.) [9]. Ñðåäè îãðàíè÷åíèé îòìå÷åíû
âîçìîæíîñòü (íåâîçìîæíîñòü) îäíîâðåìåííîãî
ïðîâåäåíèÿ îïåðàöèé óïðàâëåíèÿ íåñêîëüêèìè
ñðåäñòâàìè ïî îäíîìó ÊÀ, íîðìàòèâíîå âðåìÿ
ïîäãîòîâêè ñðåäñòâ ÍÀÊÓ ê ïðîâåäåíèþ îïåðà-
öèé óïðàâëåíèÿ ÊÀ, âîçìîæíîñòü ïîñëåäîâàòåëü-
íîãî ïðîâåäåíèÿ íåñêîëüêèõ îïåðàöèé óïðàâëåíèÿ
ïðè íàõîæäåíèè ÊÀ â îäíîé çîíå ðàäèîâèäèìîñ-
òè (ÇÐÂ) [9]. Òàêèì îáðàçîì, â óêàçàííîé ðàáîòå
ñèñòåìà îãðàíè÷åíèé ðàññìàòðèâàåòñÿ â áîëåå
øèðîêîì ñìûñëå – îãðàíè÷åíèÿ òåõíîëîãèé óï-
ðàâëåíèÿ ÊÀ.

Â ðàáîòå [10] ðàññìàòðèâàþòñÿ ñëåäóþùèå
îãðàíè÷åíèÿ, ó÷èòûâàåìûå ïðè àäàïòèâíîì ïëà-
íèðîâàíèè ñåàíñîâ ñâÿçè ãðóïïèðîâêè ìàëûõ ÊÀ
ñ íàçåìíûìè ñòàíöèÿìè ïðè¸ìà/ïåðåäà÷è äàííûõ:
òåõíè÷åñêèå õàðàêòåðèñòèêè ïðè¸ìîïåðåäàþùèõ
óñòðîéñòâ íàçåìíûõ ñòàíöèé è ìàëûõ ÊÀ (äëÿ îï-
ðåäåëåíèÿ èõ ñîâìåñòèìîñòè), çîíû ðàäèîâèäèìî-
ñòè, âðåìÿ íàâåäåíèÿ àíòåííîãî êîìïëåêñà íà
êîíêðåòíûé ìàëûé ÊÀ, âðåìÿ ïîäãîòîâêè ê ðàáî-
òå ïðîãðàììíî-òåõíè÷åñêèõ ñðåäñòâ îáðàáîòêè
äàííûõ, ðàñïèñàíèå ðàáîòû íàçåìíûõ ñòàíöèé
(íàïðèìåð, ãðàôèê ðàáîòû äåæóðíîé ñìåíû) [10].

Âëèÿíèå îñîáåííîñòåé ÊÀ íà òåõíîëîãèè èõ
óïðàâëåíèÿ ðàññìàòðèâàåòñÿ â òàêèõ ðàáîòàõ, êàê,
íàïðèìåð, [11], ãäå ïðîàíàëèçèðîâàíû îñîáåííî-
ñòè ïèëîòèðóåìûõ ÊÀ, âëèÿþùèå íà ìåòîäîëîãèþ
óïðàâëåíèÿ èõ ïîë¸òîì, â òîì ÷èñëå îãðàíè÷åí-
íîñòü áîðòîâûõ ðåñóðñîâ è îãðàíè÷åíèÿ ïî ðàñ-
ïîëàãàåìûì îáúåìàì âíóòðè ïèëîòèðóåìûõ ÊÀ è
äîïóñòèìûì ìàññàì îáîðóäîâàíèÿ è ðàñõîäóåìûõ
êîìïîíåíòîâ [11].

Â ðÿäå ðàáîò, íàïðèìåð â [12—15], ïðèìåíè-
òåëüíî ê çàäà÷å ñîñòàâëåíèÿ ðàñïèñàíèÿ äëÿ ñïóò-
íèêîâ («satellite range scheduling») ðàññìàòðèâàþò-
ñÿ îãðàíè÷åíèÿ, ñõîæèå ñ ó÷èòûâàåìûìè ïðè ÐÑÓ
ÊÀ îãðàíè÷åíèÿìè. Ê íèì îòíîñÿòñÿ: ïðîâåäåíèå
ñåàíñîâ ñâÿçè òîëüêî â ðàìêàõ ÇÐÂ êîñìè÷åñêèõ
àïïàðàòîâ ñðåäñòâàìè óïðàâëåíèÿ [12—14, 16]; íå-
îáõîäèìîñòü âûïîëíåíèÿ ïîäãîòîâèòåëüíûõ îïå-
ðàöèé ê ïðîâåäåíèþ ñåàíñà ñâÿçè (âðåìÿ ïîäãî-
òîâêè ñðåäñòâà ê ïðîâåäåíèþ ñåàíñà ñâÿçè) [12, 17,
18]; âîçìîæíîñòü ðàáîòû îäíîãî ñðåäñòâà óïðàâ-
ëåíèÿ òîëüêî ñ îäíèì ÊÀ â îäèí ìîìåíò âðåìå-
íè (âêëþ÷àÿ ïîäãîòîâêó ê ïðîâåäåíèþ è ïðîâåäå-
íèå ñåàíñà ñâÿçè) [12—19]; íåèñïðàâíîñòè ñðåäñòâ
óïðàâëåíèÿ ÊÀ è ýêñïëóàòàöèîííûå ìåðîïðèÿòèÿ,
ïðîâîäèìûå íà íèõ, âî âðåìÿ êîòîðûõ èñïîëüçî-
âàíèå ñðåäñòâ óïðàâëåíèÿ äëÿ ïðîâåäåíèÿ ñåàíñîâ
ñâÿçè íåâîçìîæíî [14].

Òàêæå â ðàáîòàõ [12, 13] ïðèâåäåí ðÿä îãðàíè-
÷åíèé, îòëè÷àþùèõñÿ îò ðàññìàòðèâàåìûõ ïðèìå-
íèòåëüíî ê ÐÑÓ ÊÀ. Ñðåäè íèõ ìîæíî îòìåòèòü:
âîçìîæíîñòü ïðîâåäåíèÿ òîëüêî îäíîãî ñåàíñà
ñâÿçè ñ îäíèì ÊÀ â îäèí ìîìåíò âðåìåíè [12],
èñïîëüçîâàíèå ìåæñïóòíèêîâîãî âçàèìîäåéñòâèÿ
òîëüêî ïðè îòñóòñòâèè âîçìîæíîñòè ïðîâåäåíèÿ
ñåàíñà ñâÿçè ñ ïîìîùüþ íàçåìíûõ ñðåäñòâ óïðàâ-
ëåíèÿ íåïîñðåäñòâåííî ñ òðåáóåìûì ÊÀ [13].

Ìèíèìàëüíàÿ äëèòåëüíîñòü ñåàíñà ñâÿçè, ðàñ-
ñìàòðèâàåìàÿ â ðàáîòàõ [12, 13] â êà÷åñòâå îãðà-
íè÷åíèÿ, çàäàííîãî ïîñòîÿííîé âåëè÷èíîé, ïðè
ÐÑÓ ÊÀ ó÷èòûâàåòñÿ â êà÷åñòâå òðåáîâàíèé öåí-
òðîâ óïðàâëåíèÿ ïîë¸òàìè (ÖÓÏ) ÊÀ ê ïðîâåäå-
íèþ ñåàíñîâ ñâÿçè, ïðè÷åì å¸ çíà÷åíèå ìîæåò
áûòü çàäàíî èíäèâèäóàëüíî äëÿ êàæäîãî ñåàíñà.
Îíà ìîæåò çàäàâàòüñÿ â çàÿâêå íà èñïîëüçîâàíèÿ
ñðåäñòâ óïðàâëåíèÿ ÊÀ â ÿâíîì âèäå èëè ñëåäî-
âàòü èç çàïðàøèâàåìûõ âðåìåí íà÷àëà è îêîí÷à-
íèÿ ïðîâåäåíèÿ ñåàíñà ñâÿçè.

Â äðóãèõ ðàáîòàõ, òàêèõ êàê [13, 16, 19, 20],
ðàññìàòðèâàþòñÿ îãðàíè÷åíèÿ ïî âðåìåíè ïðîâå-
äåíèÿ ñåàíñîâ ñâÿçè è ïî ìèíèìàëüíîé äëèòåëü-
íîñòè ñåàíñîâ, âàðüèðóåìîé â çàâèñèìîñòè îò
ðåøàåìûõ ïðè èõ âûïîëíåíèè çàäà÷. Ïðè ÐÑÓ ÊÀ
îíè ó÷èòûâàþòñÿ â êà÷åñòâå òðåáîâàíèé ÖÓÏ ÊÀ.

Ìèíèìàëüíî íåîáõîäèìîå ÷èñëî ñåàíñîâ ñâÿ-
çè, ðàññìàòðèâàåìîå â ðàáîòå [13] â êà÷åñòâå îã-
ðàíè÷åíèÿ, ïðè ÐÑÓ ÊÀ ìîæåò áûòü ó÷òåíî â
öåëåâîé ôóíêöèè ðàçðàáîòêè ïëàíà ðàñïðåäåëå-
íèÿ ñðåäñòâ.

Îãðàíè÷åíèå ïî äèñòàíöèè ìåæäó ÊÀ è ñðåä-
ñòâîì óïðàâëåíèÿ, ðàññìàòðèâàåìîå, íàïðèìåð, â
ðàáîòå [13], ïðè ÐÑÓ ÊÀ ó÷èòûâàåòñÿ â èñõîäíûõ
äàííûõ. Òàê, â ñîñòàâ íàçåìíîãî êîìïëåêñà óïðàâ-
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ëåíèÿ (ÍÊÓ) ÊÀ âêëþ÷àþòñÿ òîëüêî òå ñðåäñòâ
óïðàâëåíèÿ, êîòîðûå ìîãóò áûòü èñïîëüçîâàíû
äëÿ ïðîâåäåíèÿ ñåàíñîâ ñâÿçè ñ ÊÀ. Êðîìå òîãî,
çîíû ðàäèîâèäèìîñòè ÊÀ ðàññ÷èòûâàþòñÿ ñ ó÷¸-
òîì òåõíè÷åñêèõ õàðàêòåðèñòèê ÊÀ è ñðåäñòâà
óïðàâëåíèÿ, îïðåäåëÿþùèõ âîçìîæíîñòü óñòàíîâ-
ëåíèÿ ðàäèîñâÿçè ìåæäó íèìè.

Ïîñòàíîâêà çàäà÷è ÐÑÓ ÊÀ
ñ ó÷¸òîì ðåñóðñíûõ îãðàíè÷åíèé

Â ðàáîòàõ [7, 21] ïîêàçàíà çàâèñèìîñòü ÏÐÑ è
âðåìåíè åãî ôîðìèðîâàíèÿ îò ïîòðåáíîñòåé â
ñðåäñòâàõ óïðàâëåíèÿ ÊÀ, îãðàíè÷åíèé ïî èõ èñ-
ïîëüçîâàíèþ, ðåøàþùèõ ïðàâèë è èñïîëüçóåìûõ
ìåòîäè÷åñêîãî è ïðîãðàììíîãî îáåñïå÷åíèÿ [7, 21]:
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ãäå SHD – ïëàí ðàñïðåäåëåíèÿ ñðåäñòâ óïðàâëå-
íèÿ ÊÀ; T – âðåìÿ ôîðìèðîâàíèÿ ÏÐÑ; SAT –
ìíîæåñòâî ÊÀ; GS – ìíîæåñòâî ñðåäñòâ óïðàâëå-
íèÿ ÊÀ; REQ – ïîòðåáíîñòè â ðåñóðñàõ (ñðåäñòâàõ
óïðàâëåíèÿ ÊÀ); RESTR – îãðàíè÷åíèÿ ïî èñ-
ïîëüçîâàíèþ ðåñóðñîâ; RULES – ðåøàþùèå ïðà-
âèëà; TOOLS – ìåòîäè÷åñêîå è ïðîãðàììíîå
îáåñïå÷åíèå ðàñïðåäåëåíèÿ ñðåäñòâ óïðàâëåíèÿ
ÊÀ [7, 21].

Äëÿ äàëüíåéøåãî èñïîëüçîâàíèÿ ïðè ðàññìîò-
ðåíèè ó÷¸òà îãðàíè÷åíèé ïðè ÐÑÓ ÊÀ ïðåäñòàâèì
çàÿâêè íà èñïîëüçîâàíèå ñðåäñòâ óïðàâëåíèÿ â
ñëåäóþùåì âèäå [7]:

{ }
{ }

[ ] [ ]

:

, , , , , , ,

1, _ , 1, _ , 1, _ ,

k k

begin end prep
i j k k k k k

REQ req req

sat gs t t t WM p

k req num i sat num j gs num

= =

=

= Œ Œ

   (2)

ãäå sati – ÊÀ, ó êîòîðîãî ñóùåñòâóåò ïîòðåáíîñòü
â ðåñóðñàõ; gsj – ñðåäñòâî óïðàâëåíèÿ, ïîòðåáíîñòü
â èñïîëüçîâàíèè êîòîðîãî ñóùåñòâóåò ó ÊÀ sati;

begin
kt  è end

kt  – ñîîòâåòñòâåííî çàïðàøèâàåìûå âðå-

ìåíà íà÷àëà è îêîí÷àíèÿ èñïîëüçîâàíèÿ ðåñóðñà;

prep
kt – çàïðàøèâàåìîå âðåìÿ ïîäãîòîâêè ê èñïîëü-

çîâàíèþ ðåñóðñà, âî âðåìÿ êîòîðîãî ðàñïðåäåëÿ-

åìûé ðåñóðñ òàêæå çàíÿò; kWM  – ìíîæåñòâî çàï-

ðàøèâàåìûõ ðåæèìîâ ðàáîòû ñðåäñòâà óïðàâëåíèÿ

ÊÀ; 
kreqp  – ïðèîðèòåò çàïðîñà íà èñïîëüçîâàíèå

ðåñóðñà; req_num – êîëè÷åñòâî ïîòðåáíîñòåé â ðå-
ñóðñàõ (çàÿâîê); sat_num – êîëè÷åñòâî ÊÀ â ñîñòà-
âå ãðóïïèðîâêè; gs_num – êîëè÷åñòâî ñðåäñòâ óï-
ðàâëåíèÿ ÊÀ â ñîñòàâå ÍÀÊÓ ÊÀ [7].

ÏÐÑ ïðåäñòàâèì â ñëåäóþùåì âèäå [7]:

{ }
{ }

[ ] [ ]

:

, , , , , , ,

1, _ , 1, _ , 1, _ ,

l l

begin end prep
i j l l l l l

SHD task task

sat gs t t t WM p

l task num i sat num j gs num

= =

=

= Œ Œ

  (3)

ãäå sati – ÊÀ, ñ êîòîðûì çàïëàíèðîâàíî ïðîâåäå-
íèå ñåàíñà ñâÿçè; gsj – ñðåäñòâî óïðàâëåíèÿ, çàï-
ëàíèðîâàííîå äëÿ ïðîâåäåíèÿ ñåàíñà ñâÿçè ñ ÊÀ

sati; 
begin
lt  è end

lt  – ñîîòâåòñòâåííî çàïëàíèðîâàí-

íûå âðåìåíà íà÷àëà è îêîí÷àíèÿ ñåàíñà ñâÿçè;

prep
lt  – çàïëàíèðîâàííîå âðåìÿ ïîäãîòîâêè ê ñå-

àíñó ñâÿçè, âî âðåìÿ êîòîðîãî ðàñïðåäåëÿåìûé

ðåñóðñ òàêæå çàíÿò; 
lWM  – ìíîæåñòâî çàïëàíè-

ðîâàííûõ ðåæèìîâ ðàáîòû ñðåäñòâà óïðàâëåíèÿ

ÊÀ; lp  – ïðèîðèòåò çàïðîñà íà èñïîëüçîâàíèå ðå-

ñóðñà; task_num – êîëè÷åñòâî ñåàíñîâ ñâÿçè â ÏÐÑ
[7].

Îãðàíè÷åíèÿ ïî èñïîëüçîâàíèþ ñðåäñòâ
óïðàâëåíèÿ ÊÀ

Îãðàíè÷åíèÿ ïî èñïîëüçîâàíèþ ðåñóðñîâ ìî-
ãóò áûòü ïðåäñòàâëåíû â ñëåäóþùåì âèäå:

{ }, , ,s c mccRESTR RESTR RESTR RESTR=     (4)

ãäå RESTRs – îãðàíè÷åíèÿ ïî èñïîëüçîâàíèþ îò-
äåëüíîãî ñðåäñòâà óïðàâëåíèÿ ÊÀ; RESTRc – îã-
ðàíè÷åíèÿ ïî îäíîâðåìåííîìó èñïîëüçîâàíèþ
ðàçëè÷íûõ ñðåäñòâ â èíòåðåñàõ óïðàâëåíèÿ êàê
îäíîãî, òàê è ðàçëè÷íûõ ÊÀ; RESTRmcc – îãðàíè-
÷åíèÿ, îáóñëîâëåííûå âîçìîæíîñòÿìè öåíòðîâ
óïðàâëåíèÿ ïîë¸òàìè ÊÀ ïî ïðîâåäåíèþ ñåàíñîâ
ñâÿçè.

Îãðàíè÷åíèÿ, êàñàþùèåñÿ âîçìîæíîñòè èñ-
ïîëüçîâàíèÿ îòäåëüíîãî ñðåäñòâà óïðàâëåíèÿ ÊÀ,
áûëè ðàññìîòðåíû â ðàáîòàõ [7, 21] è ìîãóò áûòü
ïðåäñòàâëåíû â ñëåäóþùåì âèäå [7, 21]:

{ }, , , , ,sRESTR VW GCC SO ST WM=       (5)

ãäå VW – ìíîæåñòâî çîí ðàäèîâèäèìîñòè êîñìè-
÷åñêèõ àïïàðàòîâ ñðåäñòâàìè óïðàâëåíèÿ; GCC –
ìíîæåñòâî ÍÊÓ îòäåëüíûõ ÊÀ; SO – ìíîæåñòâî
ýêñïëóàòàöèîííûõ ìåðîïðèÿòèé íà ñðåäñòâàõ óï-
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ðàâëåíèÿ ÊÀ; ST – ñîñòîÿíèå ñðåäñòâ óïðàâëåíèÿ
ÊÀ; WM – ìíîæåñòâî ðåæèìîâ ðàáîòû, ïîääåð-
æèâàåìûõ îòäåëüíûìè ñðåäñòâà óïðàâëåíèÿ [7,
21].

Ðàññìîòðèì îãðàíè÷åíèÿ ïî îäíîâðåìåííîìó
èñïîëüçîâàíèþ ðàçëè÷íûõ ñðåäñòâ óïðàâëåíèÿ
ÊÀ. Îäíîé èç ïðè÷èí, êîòîðîé ìîãóò áûòü îáóñ-
ëîâëåíû òàêèå îãðàíè÷åíèÿ, ìîæåò ÿâëÿòüñÿ ýëåê-
òðîìàãíèòíàÿ ñîâìåñòèìîñòü ñðåäñòâ óïðàâëåíèÿ
ÊÀ ïðè èõ ðàáîòå â îïðåäåëåííûõ ðåæèìàõ. Òà-
êàÿ ñèòóàöèÿ âîçìîæíà äëÿ ñðåäñòâ óïðàâëåíèÿ,
ðàñïîëîæåííûõ äîñòàòî÷íî áëèçêî äðóã ê äðóãó
(íàïðèìåð, íà îäíîì ïóíêòå ýêñïëóàòàöèè) è ðà-
áîòàþùèõ â îïðåäåëåííûõ ðåæèìàõ íà îäíèõ è òåõ
æå ÷àñòîòàõ.

Äðóãîé ïðè÷èíîé îãðàíè÷åíèÿ ïî îäíîâðå-
ìåííîìó èñïîëüçîâàíèþ ðàçëè÷íûõ ñðåäñòâ óï-
ðàâëåíèÿ ÊÀ ìîæåò ÿâëÿòüñÿ íåîáõîäèìîñòü èñ-
ïîëüçîâàòü â îäíî è òî æå âðåìÿ îäèí è òîò æå
ðåñóðñ (íåðàçäåëÿåìûé èëè ðàçäåëÿåìûé, íî îã-
ðàíè÷åííîãî îáúåìà). Íàïðèìåð, â êà÷åñòâå òàêî-
ãî îãðàíè÷åíèÿ ìîæåò âûñòóïàòü ïðîïóñêíàÿ ñïî-
ñîáíîñòü êàíàëîâ ñèñòåìû ñâÿçè è ïåðåäà÷è äàí-
íûõ. Òàê, ìåæäó öåíòðàìè óïðàâëåíèÿ ïîë¸òàìè
ÊÀ è ïóíêòîì ýêñïëóàòàöèè, íà êîòîðîì ðàñïî-
ëîæåíî íåñêîëüêî ñðåäñòâ óïðàâëåíèÿ ÊÀ, ìîæåò
áûòü îðãàíèçîâàí êàíàë ñâÿçè ïðîïóñêíîé ñïî-
ñîáíîñòè, íåäîñòàòî÷íîé äëÿ îäíîâðåìåííîãî
ïðîâåäåíèÿ ñåàíñîâ ñâÿçè ñ èñïîëüçîâàíèåì âñåõ
ñðåäñòâ óïðàâëåíèÿ äàííîãî ïóíêòà ýêñïëóàòàöèè
â îïðåäåëåííûõ ðåæèìàõ èõ ðàáîòû.

Òàêèì îáðàçîì, îãðàíè÷åíèÿ ïî îäíîâðåìåí-
íîìó èñïîëüçîâàíèþ ðàçëè÷íûõ ñðåäñòâ óïðàâëå-
íèÿ ÊÀ ìîæíî ïðåäñòàâèòü â ñëåäóþùåì âèäå:

{ }, ,c cf crRESTR RESTR RESTR=           (6)

ãäå RESTRcf – îãðàíè÷åíèÿ ïî îäíîâðåìåííîìó
èñïîëüçîâàíèþ ðàçëè÷íûõ ñðåäñòâ óïðàâëåíèÿ
ÊÀ, îáóñëîâëåííûå ýëåêòðîìàãíèòíîé ñîâìåñòè-
ìîñòüþ; RESTRcr – îãðàíè÷åíèÿ ïî îäíîâðåìåí-
íîìó èñïîëüçîâàíèþ ðàçëè÷íûõ ñðåäñòâ óïðàâëå-
íèÿ ÊÀ, îáóñëîâëåííûå íåîáõîäèìîñòüþ èñïîëü-
çîâàíèÿ îäíîãî è òîãî æå ðåñóðñà.

Óêàçàííûå îãðàíè÷åíèÿ äîëæíû ó÷èòûâàòüñÿ
ïðè ÐÑÓ ÊÀ â ÷èñëå ïðî÷èõ îãðàíè÷åíèé.

Îãðàíè÷åíèÿ, îáóñëîâëåííûå
ýëåêòðîìàãíèòíîé ñîâìåñòèìîñòüþ

Îãðàíè÷åíèÿ, îáóñëîâëåííûå ýëåêòðîìàãíèò-
íîé ñîâìåñòèìîñòüþ, â îáùåì ñëó÷àå ìîãóò áûòü
ïðåäñòàâëåíû â ñëåäóþùåì âèäå:

1 2

1

2 1 1 2 2

1 2

:

1, _ , 1, _ ,

,
, , ,

l

l l l l l

cf l l

task

begin end begin end
task task task task task

RESTR freq freq

l task num l task num sat

sat t t t t

π

Ê ˆ= = π
Á ˜

"Á ˜
È ˘ È ˘Á ˜π π ∆Á ˜Í ˙ Í ˙Ë ¯Î ˚ Î ˚


 (7)

ãäå 
1l

freq  è 
2l

freq  – ÷àñòîòû ðàáîòû ñðåäñòâ óïðàâ-

ëåíèÿ ïðè ïðîâåäåíèè l1-ãî è l2-ãî ñåàíñîâ ñâÿçè

ñîîòâåòñòâåííî; 
1l

tasksat  è 
2l

tasksat  – ÊÀ, äëÿ óïðàâ-

ëåíèÿ êîòîðûìè çàïëàíèðîâàíû l1-é è l2-é ñåàí-

ñû ñâÿçè ñîîòâåòñòâåííî; 
1l

begin
taskt  è 

1l

end
taskt  – ñîîòâåò-

ñòâåííî çàïëàíèðîâàííûå âðåìåíà íà÷àëà è îêîí-

÷àíèÿ l1-ãî ñåàíñà ñâÿçè; 
2l

begin
taskt  è 

2l

end
taskt  – ñîîòâåò-

ñòâåííî çàïëàíèðîâàííûå âðåìåíà íà÷àëà è îêîí-
÷àíèÿ l2-ãî ñåàíñà ñâÿçè.

Ïðè ÐÑÓ ÊÀ äîëæíà áûòü îáåñïå÷åíà âîçìîæ-
íîñòü âûÿâëåíèÿ êîíôëèêòíûõ ñèòóàöèé, âûçâàí-
íûõ òàêèìè îãðàíè÷åíèÿìè, íà îñíîâå äàííûõ,
ïîñòóïàþùèõ â îðãàí ïëàíèðîâàíèÿ. Â ñâÿçè ñ
ýòèì îãðàíè÷åíèÿ ïî îäíîâðåìåííîìó èñïîëüçî-
âàíèþ ðàçëè÷íûõ ñðåäñòâ óïðàâëåíèÿ ÊÀ, îáóñ-
ëîâëåííûå ýëåêòðîìàãíèòíîé ñîâìåñòèìîñòüþ,
ìîãóò áûòü ñôîðìóëèðîâàíû êàê íàáîðû õàðàêòå-
ðèñòèê äâóõ ñåàíñîâ ñâÿçè, ïðèâîäÿùèõ ê âîçíèê-
íîâåíèþ êîíôëèêòíûõ ñèòóàöèé ïðè ÐÑÓ ÊÀ.
Ïðåäñòàâèì òàêèå îãðàíè÷åíèÿ â ñëåäóþùåì âèäå:

{ }1 2, , _ ,

1, _ _ ;

cf
cf i

cf cf
i i i

RESTR restr

restr restr same location

i restr cf num

= =

=

=

          (8)

{
}

1 1 1 1

1 1 1

, , ,

_ , , _ ;

cf rcf rcf rcf
i i i i

rcf rcf rcf
i i i

restr SAT BAND GS

GS MODEL WM wm cond

=

     (9)

{
}

2 2 2 2

2 2 2

, , ,

_ , , _ ,

cf rcf rcf rcf
i i i i

rcf rcf rcf
i i i

restr SAT BAND GS

GS MODEL WM wm cond

=

   (10)

ãäå 1cf
irestr  è 2cf

irestr  – ñîîòâåòñòâåííî íàáîðû õà-

ðàêòåðèñòèê k1-é è k2-é çàÿâîê íà èñïîëüçîâàíèå
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ñðåäñòâ óïðàâëåíèÿ ÊÀ äëÿ ïðîâåäåíèÿ ñåàíñîâ
ñâÿçè, ïðèâîäÿùèõ ê âîçíèêíîâåíèþ êîíôëèêò-
íîé ñèòóàöèè ïðè ÐÑÓ ÊÀ ïî ïðè÷èíå i-ãî îãðà-
íè÷åíèÿ, îáóñëîâëåííîãî ýëåêòðîìàãíèòíîé ñî-

âìåñòèìîñòüþ ñðåäñòâ óïðàâëåíèÿ ÊÀ; 1rcf
iSAT  è

2rcf
iSAT – ìíîæåñòâà ÊÀ, îäíîâðåìåííîå ïðîâåäå-

íèå ñåàíñîâ ñâÿçè äëÿ óïðàâëåíèÿ êîòîðûìè ïîä-

ïàäàåò ïîä i-å îãðàíè÷åíèå; 1rcf
iBAND  è 2rcf

iBAND

– ìíîæåñòâà äèàïàçîíîâ ÷àñòîò êàíàëîâ èíôîð-
ìàöèîííîãî îáìåíà ìåæäó ÊÀ è ñðåäñòâàìè óï-
ðàâëåíèÿ, îäíîâðåìåííàÿ ðàáîòà â êîòîðûõ ïîä-

ïàäàåò ïîä i-å îãðàíè÷åíèå; 1rcf
iGS  è 2rcf

iGS  – ìíî-

æåñòâà ñðåäñòâ óïðàâëåíèÿ, îäíîâðåìåííàÿ ðàáîòà
êîòîðûõ ïîäïàäàåò ïîä i-å îãðàíè÷åíèå;

1_ rcf
iGS MODEL  è 2_ rcf

iGS MODEL  – ìíîæåñòâà

ìîäåëåé ñðåäñòâ óïðàâëåíèÿ, îäíîâðåìåííàÿ ðà-
áîòà êîòîðûõ ïîäïàäàåò ïîä i-å îãðàíè÷åíèå;

1rcf
iWM  è 2rcf

iWM  – ìíîæåñòâà ðåæèìîâ ðàáîòû

ñðåäñòâ óïðàâëåíèÿ, âûïîëíåíèå êîòîðûõ ïîäïà-

äàåò ïîä i-å îãðàíè÷åíèå; 1_ rcf
iwm cond  è

2_ rcf
iwm cond  – óñëîâèÿ (êîíúþíêöèÿ èëè äèçúþí-

êöèÿ), ïðèìåíÿåìûå ê ñîîòâåòñòâóþùèì ìíîæå-
ñòâàì ðåæèìîâ ðàáîòû ïðè îïðåäåëåíèè ïîäïàäà-
íèÿ ñåàíñà ïîä i-å îãðàíè÷åíèå; same_locationi –
ïðèçíàê ðàñïðîñòðàíåíèÿ îãðàíè÷åíèÿ òîëüêî íà
ñðåäñòâà óïðàâëåíèÿ, ðàçìåùåííûå íà îäíîì ïóí-
êòå ýêñïëóàòàöèè; restr_cf_num – êîëè÷åñòâî îãðà-
íè÷åíèé ïî îäíîâðåìåííîìó èñïîëüçîâàíèþ ðàç-
ëè÷íûõ ñðåäñòâ óïðàâëåíèÿ ÊÀ, îáóñëîâëåííûõ
ýëåêòðîìàãíèòíîé ñîâìåñòèìîñòüþ.

Ñëåäóåò ó÷èòûâàòü, ÷òî äëÿ íåêîòîðûõ îãðàíè-
÷åíèé ÷àñòü õàðàêòåðèñòèê ìîæåò áûòü íå çàäàíà.
Íàïðèìåð, ìîæíî óêàçàòü òîëüêî ìíîæåñòâî
ñðåäñòâ óïðàâëåíèÿ ëèáî òîëüêî ìíîæåñòâî ìîäå-
ëåé ñðåäñòâ óïðàâëåíèÿ, êîòîðûõ êàñàåòñÿ çàäàâà-
åìîå îãðàíè÷åíèå. Îäíàêî, ÷òîáû îãðàíè÷åíèå
èìåëî ñìûñë, äîëæíî âûïîëíÿòüñÿ ñëåäóþùåå
óñëîâèå:

( ) ( )
( ) ( )

_

1, _ _ , 1,2 .

j j

j

rcf rcf

i i

rcf

i

GS GS MODEL

SAT i resrt cf num j

π ∆ ⁄ π ∆ ⁄

⁄ π ∆ " = =
  (11)

Òàêèì îáðàçîì, îãðàíè÷åíèÿ ìîãóò êàñàòüñÿ
êàê îïðåäåëåííûõ ñðåäñòâ óïðàâëåíèÿ ÊÀ, òàê è

áûòü îáùèìè äëÿ íåêîòîðûõ èõ ìîäåëåé. Êðîìå
òîãî, íåêîòîðûå îãðàíè÷åíèÿ ìîãóò áûòü îáóñëîâ-
ëåíû îñîáåííîñòÿìè ïðîâåäåíèÿ ñåàíñîâ ñâÿçè ñ
îïðåäåëåííûìè ÊÀ è â íåêîòîðûõ ñëó÷àÿõ ìîãóò
íå çàâèñåòü íåïîñðåäñòâåííî îò õàðàêòåðèñòèê
èñïîëüçóåìûõ ñðåäñòâ óïðàâëåíèÿ ÊÀ.

Çàìåòèì, ÷òî ÷àñòü õàðàêòåðèñòèê ñåàíñîâ ñâÿ-
çè, ïðèâåäåííûõ â âûðàæåíèÿõ (9)—(10), íå âõî-
äèò â ñîñòàâ çàÿâîê íà èñïîëüçîâàíèå ñðåäñòâ óï-
ðàâëåíèÿ ÊÀ, ïîñòóïàþùèõ â îðãàí ïëàíèðîâà-
íèÿ. Ê òàêèì õàðàêòåðèñòèêàì îòíîñÿòñÿ äèàïà-
çîíû ÷àñòîò, èñïîëüçóåìûõ ïðè ïðîâåäåíèè ñåàí-
ñîâ ñâÿçè, è ìîäåëè ñðåäñòâ óïðàâëåíèÿ. Îäíàêî
îíè ìîãóò áûòü ïîëó÷åíû èç íîðìàòèâíî-ñïðàâî÷-
íîé èíôîðìàöèè íà îñíîâàíèè äàííûõ ïîñòóïèâ-
øèõ çàÿâîê. Òàê, óêàçàííûå äèàïàçîíû ÷àñòîò îï-
ðåäåëÿþòñÿ õàðàêòåðèñòèêàìè áîðòîâîé àïïàðàòó-
ðû (ÁÀ) êîìàíäíî-èçìåðèòåëüíîé ñèñòåìû (ÊÈÑ)
ÊÀ, à çíà÷èò, ìîãóò áûòü ïîëó÷åíû èç íîðìàòèâ-
íî-ñïðàâî÷íîé èíôîðìàöèè ïî ÊÀ, äëÿ êîòîðî-
ãî çàïðàøèâàåòñÿ èñïîëüçîâàíèå ñðåäñòâ óïðàâëå-
íèÿ:

,
k kreq reqsat bandfi                     (12)

ãäå 
kreqsat  – ÊÀ, äëÿ óïðàâëåíèÿ êîòîðûì çàïðî-

øåíî ïðîâåäåíèå k-ãî ñåàíñà ñâÿçè; 
kreqband  –

äèàïàçîí ðàáîòû ÁÀ ÊÈÑ êîñìè÷åñêîãî àïïàðà-
òà, äëÿ óïðàâëåíèÿ êîòîðûì çàïðîøåíî ïðîâåäå-
íèå k-ãî ñåàíñà ñâÿçè.

Ïðè ïîäà÷å çàÿâêè â îðãàí ïëàíèðîâàíèÿ óêà-
çûâàåòñÿ çàïðàøèâàåìîå ñðåäñòâî óïðàâëåíèÿ ÊÀ,
÷òî ïîçâîëÿåò îäíîçíà÷íî îïðåäåëèòü ìîäåëü
ñðåäñòâà äëÿ äàëüíåéøåãî èñïîëüçîâàíèÿ ïðè ó÷¸-
òå îãðàíè÷åíèé ïî ýëåêòðîìàãíèòíîé ñîâìåñòèìî-
ñòè:

_ mod ,
k kreq reqgs gs elfi               (13)

ãäå 
kreqgs  – ñðåäñòâî óïðàâëåíèÿ, çàïðîøåííîå äëÿ

ïðîâåäåíèÿ k-ãî ñåàíñà ñâÿçè; _ mod
kreqgs el  –

ìîäåëü ñðåäñòâà óïðàâëåíèÿ, çàïðîøåííîãî äëÿ
ïðîâåäåíèÿ k-ãî ñåàíñà ñâÿçè.

Âîçíèêíîâåíèå êîíôëèêòíîé ñèòóàöèè ïðè
ÐÑÓ ÊÀ, îáóñëîâëåííîé îãðàíè÷åíèÿìè (8), îï-
ðåäåëÿåòñÿ îäíîâðåìåííûì âûïîëíåíèåì âñåõ
ñëåäóþùèõ óñëîâèé:

1 1 2 2
, , ;

k k k k

begin end begin end
req req req reqt t t tÈ ˘ È ˘ π ∆Í ˙ Í ˙Î ˚ Î ˚

          (14)
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( )

( )

1 1

1

2 2

2
;

k

k

rcf rcf
req i i

rcf rcf
req i i

sat SAT SAT

sat SAT SAT

Ê ˆÊ ˆŒ ⁄ = ∆ ŸÁ ˜Á ˜Ë ¯Ë ¯

Ê ˆÊ ˆŸ Œ ⁄ = ∆Á ˜Á ˜Ë ¯Ë ¯

     
(15)

( )

( )

1 1

1

2 2

2
;

k

k

rcf rcf
req i i

rcf rcf
req i i

gs GS GS

gs GS GS

Ê ˆÊ ˆŒ ⁄ = ∆ ŸÁ ˜Á ˜Ë ¯Ë ¯

Ê ˆÊ ˆŸ Œ ⁄ = ∆Á ˜Á ˜Ë ¯Ë ¯
        

(16)

( )

( )

1 1

1

2 2

2
;

k

k

rcf rcf
req i i

rcf rcf
req i i

band BAND BAND

band BAND BAND

Ê ˆÊ ˆŒ ⁄ = ∆ ŸÁ ˜Á ˜Ë ¯Ë ¯

Ê ˆÊ ˆŸ Œ ⁄ = ∆Á ˜Á ˜Ë ¯Ë ¯
   

(17)

( ))

( ))

1

1

1

2

2

2

_ mod _

_

_ mod _

_ ;

k

k

rcf
req i

rcf
i

rcf
req i

rcf
i

gs el GS MODEL

GS MODEL

gs el GS MODEL

GS MODEL

ÊÊ ˆŒ ⁄Á ˜ÁË ¯Ë

⁄ = ∆ Ÿ

ÊÊ ˆŸ Œ ⁄Á ˜ÁË ¯Ë

⁄ = ∆

    

(18)

( )

( )
( )

1 1

1

1 1

1

1

_

_

k

k

rcf rcf
req i i

rcf rcf
i req i

rcf
i

WM WM wm cond OR

WM WM wm cond AND

WM

È ˘Ê ˆÊ ˆπ ∆ Ÿ = ⁄Á ˜Í ˙Á ˜Ë ¯Ë ¯Í ˙
Í ˙

Ê ˆÊ ˆÍ ˙⁄ Õ Ÿ = ŸÁ ˜Á ˜Í ˙Ë ¯Ë ¯
Í ˙
Í ˙⁄ = ∆Í ˙
Í ˙Î ˚



( )

( )
( )

2 2

2

2 2

2

2

_

_ ;

k

k

rcf rcf
req i i

rcf rcf
i req i

rcf
i

WM WM wm cond OR

WM WM wm cond AND

WM

È ˘Ê ˆÊ ˆπ ∆ Ÿ = ⁄Á ˜Í ˙Á ˜Ë ¯Ë ¯Í ˙
Í ˙

Ê ˆÊ ˆÍ ˙Ÿ ⁄ Õ Ÿ = ⁄Á ˜Á ˜Í ˙Ë ¯Ë ¯
Í ˙
Í ˙⁄ = ∆Í ˙
Í ˙Î ˚



(19)

( ) ( )( )
( )

( )

1 2

2 2

_ _

_

_ ,

k kreq req

rcf rcf
i i

i

i

gs location gs location

GS GS

same location true

same location false

È ˘Ê ˆÊ ˆ= ⁄Á ˜Í ˙Á ˜Ë ¯Í ˙ŸÁ ˜
Í ˙Á ˜ ⁄Í ˙⁄ π ∆ Ÿ π ∆Á ˜Ë ¯Í ˙
Í ˙
Ÿ =Í ˙Î ˚

⁄ =

  

(20)

ãäå 
1kreqgs  è 

2kreqgs  – ñðåäñòâà óïðàâëåíèÿ, çàïðî-

øåííûå äëÿ ïðîâåäåíèÿ k1-ãî è k2-ãî ñåàíñîâ ñâÿ-

çè ñîîòâåòñòâåííî; 
1kreqband  è 

2kreqband  – äèàïà-

çîíû ðàáîòû áîðòîâîé àïïàðàòóðû êîìàíäíî-èç-
ìåðèòåëüíûõ ñèñòåì ÊÀ, äëÿ óïðàâëåíèÿ êîòîðû-
ìè çàïðîøåíû k1-é è k2-é ñåàíñû ñâÿçè ñîîòâåò-

ñòâåííî; 
1

_
kreqgs model  è 

2
_

kreqgs model  – ìîäåëè

ñðåäñòâ óïðàâëåíèÿ, çàïðîøåííûå äëÿ ïðîâåäåíèÿ
k1-ãî è k2-ãî ñåàíñîâ ñâÿçè ñîîòâåòñòâåííî;

1kreqWM  è 
2kreqWM  – ìíîæåñòâà ðåæèìîâ ðàáîòû,

çàïðîøåííûå äëÿ âûïîëíåíèÿ ïðè ïðîâåäåíèè k1-
ãî è k2-ãî ñåàíñîâ ñâÿçè ñîîòâåòñòâåííî;

1
_

kreqgs location  è 
1

_
kreqgs location  – ïóíêòû ýêñïëó-

àòàöèè ñðåäñòâ óïðàâëåíèÿ, çàïðîøåííûõ äëÿ
ïðîâåäåíèÿ k1-ãî è k2-ãî ñåàíñîâ ñâÿçè ñîîòâåò-
ñòâåííî.

Çàìåòèì, ÷òî, êàê âèäíî èç âûðàæåíèÿ (19),
êîãäà â îïèñàíèè îãðàíè÷åíèÿ (âûðàæåíèÿ (8)—
(10)) ê ìíîæåñòâó ðåæèìîâ ðàáîòû ñðåäñòâà óïðàâ-
ëåíèÿ ïðèìåíåíà äèçúþíêöèÿ, òî õîòÿ áûòü îäèí
èç ðåæèìîâ ðàáîòû, çàïðîøåííûõ äëÿ âûïîëíå-
íèÿ ïðè ïðîâåäåíèè ñåàíñà ñâÿçè, äîëæåí ñîâïà-
äàòü ñ îäíèì èç ðåæèìîâ, ïðèâåäåííûõ â îïèñà-
íèè îãðàíè÷åíèÿ. Êîãäà â îïèñàíèè îãðàíè÷åíèÿ
(âûðàæåíèÿ (8)—(10)) ê ìíîæåñòâó ðåæèìîâ ðàáî-
òû ïðèìåíåíà êîíúþíêöèÿ, òî äëÿ âîçíèêíîâåíèÿ
êîíôëèêòíîé ñèòóàöèè íåîáõîäèìî, ÷òîáû áûëè
çàïðîøåíû âñå ðåæèìû ðàáîòû, ïðèâåäåííûå â
îïèñàíèè îãðàíè÷åíèÿ.

Èç âûðàæåíèÿ (20) âèäíî, ÷òî ïðèçíàê ðàñïðî-
ñòðàíåíèÿ îãðàíè÷åíèÿ òîëüêî íà ñðåäñòâà óïðàâ-
ëåíèÿ, ðàçìåùåííûå íà îäíîì ïóíêòå ýêñïëóàòà-
öèè, èãíîðèðóåòñÿ â ñëó÷àå çàäàíèÿ îãðàíè÷åíèÿ
ñ ïîìîùüþ ìíîæåñòâ êîíêðåòíûõ ñðåäñòâ óïðàâ-
ëåíèÿ ÊÀ.

Òàêèì îáðàçîì, êîíôëèêòíàÿ ñèòóàöèÿ ïî
ïðè÷èíå îãðàíè÷åíèé (8) âîçíèêàåò ïðè ÐÑÓ ÊÀ,
êîãäà õàðàêòåðèñòèêè çàÿâîê íà èñïîëüçîâàíèå
ñðåäñòâ óïðàâëåíèÿ ÊÀ (âûðàæåíèå (2)) ñîâïàäà-
þò ñ õàðàêòåðèñòèêàìè, ïðèâåäåííûìè â îïèñà-
íèè îãðàíè÷åíèé (âûðàæåíèÿ (9), (10)).

Îãðàíè÷åíèÿ, îáóñëîâëåííûå íåîáõîäèìîñòüþ
èñïîëüçîâàíèÿ îáùèõ ðåñóðñîâ

Îãðàíè÷åíèÿ, îáóñëîâëåííûå íåîáõîäèìîñòüþ
èñïîëüçîâàíèÿ îäíîãî è òîãî æå ðåñóðñà, â îáùåì
âèäå ìîãóò áûòü ïðåäñòàâëåíû ñëåäóþùèì îáðà-
çîì:
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{ }, ,cr crus crsRESTR RESTR RESTR=         (21)

ãäå RESTRcrus – îãðàíè÷åíèÿ ïî îäíîâðåìåííîìó
èñïîëüçîâàíèþ ðàçëè÷íûõ ñðåäñòâ óïðàâëåíèÿ
ÊÀ, îáóñëîâëåííûå íåîáõîäèìîñòüþ èñïîëüçîâà-
íèÿ îäíîãî è òîãî æå íåðàçäåëÿåìîãî ðåñóðñà;
RESTRcrs – îãðàíè÷åíèÿ, îáóñëîâëåííûå íåîáõî-
äèìîñòüþ èñïîëüçîâàíèÿ îäíîãî è òîãî æå ðàçäå-
ëÿåìîãî ðåñóðñà.

Ìíîæåñòâî íåðàçäåëÿåìûõ ðåñóðñîâ, íåâîç-
ìîæíîñòü îäíîâðåìåííîãî èñïîëüçîâàíèÿ êîòî-
ðûõ ÿâëÿåòñÿ îãðàíè÷åíèåì, êîòîðîå äîëæíî ó÷è-
òûâàòüñÿ ïðè ÐÑÓ ÊÀ, ìîæíî ïðåäñòàâèòü â ñëå-
äóþùåì âèäå:

{ }: ,

1, _ _ ,

us us
crus jRESTR RES res

j res us num

=

=
              (22)

ãäå us
jres  – j-é íåðàçäåëÿåìûé ðåñóðñ; res_us_num

– êîëè÷åñòâî íåðàçäåëÿåìûõ ðåñóðñîâ.
Ìíîæåñòâî ïîòðåáíîñòåé â ðàçäåëÿåìûõ ðå-

ñóðñàõ, âîçíèêàþùèõ ïðè èñïîëüçîâàíèè ñðåäñòâ
óïðàâëåíèÿ ÊÀ, ìîæíî ïðåäñòàâèòü â ñëåäóþùåì
âèäå:

{ }
[ ]

, _ , ,

1, _ , 1, _u _ ,

us
i i i jDRUS drus GS GS MODEL res

i drus num j res s num

= =

= Œ
    (23)

ãäå DRUS – ìíîæåñòâî ïîòðåáíîñòåé â íåðàçäåëÿ-
åìûõ ðåñóðñàõ; drusi – i-ÿ ïîòðåáíîñòü â íåðàçäå-
ëÿåìûõ ðåñóðñàõ; GSi – ìíîæåñòâî ñðåäñòâ óïðàâ-
ëåíèÿ, ïðè èñïîëüçîâàíèè êîòîðûõ âîçíèêàåò

i-ÿ ïîòðåáíîñòü â ðåñóðñå us
jres ; GS_MODELi –

ìíîæåñòâî ìîäåëåé ñðåäñòâ óïðàâëåíèÿ, ïðè èñ-
ïîëüçîâàíèè êîòîðûõ âîçíèêàåò i-ÿ ïîòðåáíîñòü

â ðåñóðñå us
jres ; drus_num – êîëè÷åñòâî ïîòðåáíî-

ñòåé â íåðàçäåëÿåìûõ ðåñóðñàõ.
×òîáû îïèñàíèå ïîòðåáíîñòè (23) èìåëî

ñìûñë, äîëæíî âûïîëíÿòüñÿ ñëåäóþùåå óñëîâèå:

( ) ( )
( )

_

1, _ .

i iGS GS MODEL

i drus num

π ∆ ⁄ π ∆

" =
       (24)

Âîçíèêíîâåíèå êîíôëèêòíîé ñèòóàöèè ïðè
ÐÑÓ ÊÀ, îáóñëîâëåííîé îãðàíè÷åíèÿìè ïî èñ-
ïîëüçîâàíèþ íåðàçäåëÿåìûõ ðåñóðñîâ, îïðåäåëÿ-

åòñÿ îäíîâðåìåííûì âûïîëíåíèåì âñåõ ñëåäóþ-
ùèõ óñëîâèé:

1 1 2 2
, , ;

k k k k

begin end begin end
req req req reqt t t tÈ ˘ È ˘ π ∆Í ˙ Í ˙Î ˚ Î ˚

          (25)

1 1

11

2 2

22

1 2

_ mod _

_ mod _

,

k i

k

k i

k

i i

req drs

req drs

req drs

req drs

drus drus

gs GS

gs el GS MODEL

gs GS

gs el GS MODEL

res res

ÊÊ ˆŒ ⁄Á ˜ÁË ¯Ë

ˆÊ ˆ⁄ Œ ŸÁ ˜˜Ë ¯¯

ÊÊ ˆŸ Œ ⁄Á ˜ÁË ¯Ë

ˆÊ ˆ⁄ ŒÁ ˜˜Ë ¯¯

Ê ˆ" =Á ˜Ë ¯

    

(26)

ãäå

[ ]1 1, _ _ ;i res us numŒ  [ ]2 1, _ _ ;i res us numŒ

[ ]1 1, _ ;k req numŒ  [ ]2 1, _ .k req numŒ

Òàêèì îáðàçîì, íàëè÷èå ïîòðåáíîñòè â èñ-
ïîëüçîâàíèè íåðàçäåëÿåìîãî ðåñóðñà äåëàåò íåâîç-
ìîæíûì îäíîâðåìåííîå èñïîëüçîâàíèå çàäàííîãî
ìíîæåñòâà ñðåäñòâ óïðàâëåíèÿ ÊÀ – òîëüêî îäíî
ñðåäñòâî èç òàêîãî ìíîæåñòâà ìîæåò ïðèìåíÿòü-
ñÿ â îäèí ìîìåíò âðåìåíè.

Ðàññìîòðèì îãðàíè÷åíèÿ, îáóñëîâëåííûå íå-
îáõîäèìîñòüþ èñïîëüçîâàíèÿ îäíîãî è òîãî æå
ðàçäåëÿåìîãî ðåñóðñà. Òàê, ìíîæåñòâî ðàçäåëÿå-
ìûõ ðåñóðñîâ ìîæåò áûòü ïðåäñòàâëåíî â ñëåäó-
þùåì âèäå:

{ }: ,cap ,

1, _ _ ,

s s
crs j jRESTR RES res

j res s num

=

=
            (27)

ãäå RES s – ìíîæåñòâî ðàçäåëÿåìûõ ðåñóðñîâ; s
jres

–  j-é ðàçäåëÿåìûé ðåñóðñ; capj – äîñòóïíûé îáú¸ì
j-ãî ðàçäåëÿåìîãî ðåñóðñà; res_s_num – êîëè÷åñòâî
ðàçäåëÿåìûõ ðåñóðñîâ.

Ìíîæåñòâî ïîòðåáíîñòåé â ðàçäåëÿåìûõ ðå-
ñóðñàõ, âîçíèêàþùèõ ïðè èñïîëüçîâàíèè ñðåäñòâ
óïðàâëåíèÿ ÊÀ, ìîæíî ïðåäñòàâèòü â ñëåäóþùåì
âèäå:

{ }
[ ]

, _ , , vol ,

1, _ , 1, _ _ ,

s
i i i j iDRS drs GS GS MODEL res

i drs num j res s num

= =

= Œ
  (28)



185Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.26. ¹3

Íàçåìíûå êîìïëåêñû, ñòàðòîâîå îáîðóäîâàíèå, Ground complexes, launching equipment,
ýêñïëóàòàöèÿ  ëåòàòåëüíûõ àïïàðàòîâ flying vehicle operation

ãäå DRS – ìíîæåñòâî ïîòðåáíîñòåé â ðàçäåëÿåìûõ
ðåñóðñàõ; drsi – i-ÿ ïîòðåáíîñòü â ðàçäåëÿåìûõ
ðåñóðñàõ; GSi – ìíîæåñòâî ñðåäñòâ óïðàâëåíèÿ,
ïðè èñïîëüçîâàíèè êîòîðûõ âîçíèêàåò i-ÿ ïîòðåá-

íîñòü â ðåñóðñå s
jres ; GS_MODELi – ìíîæåñòâî

ìîäåëåé ñðåäñòâ óïðàâëåíèÿ, ïðè èñïîëüçîâàíèè

êîòîðûõ âîçíèêàåò i-ÿ ïîòðåáíîñòü â ðåñóðñå s
jres ;

voli – òðåáóåìûé îáú¸ì ðåñóðñà s
jres , ñîîòâåòñòâó-

þùèé i-é ïîòðåáíîñòè; drs_num – êîëè÷åñòâî ïî-
òðåáíîñòåé â ðàçäåëÿåìûõ ðåñóðñàõ.

×òîáû îïèñàíèå ïîòðåáíîñòè (28) èìåëî
ñìûñë, äîëæíî âûïîëíÿòüñÿ ñëåäóþùåå óñëîâèå
(àíàëîãè÷íîå óñëîâèþ (24) äëÿ íåðàçäåëÿåìûõ
ðåñóðñîâ):

( ) ( )
( )

_

1, _ .

i iGS GS MODEL

i drs num

π ∆ ⁄ π ∆

" =
           (29)

Ïðè ýòîì òðåáóåìûé îáú¸ì ðåñóðñà ìîæåò
áûòü çàäàí ñòàòè÷åñêè èëè ìîæåò îïðåäåëÿòüñÿ
äèíàìè÷åñêè â çàâèñèìîñòè îò õàðàêòåðèñòèê çà-
ÿâêè íà èñïîëüçîâàíèå ñðåäñòâ óïðàâëåíèÿ ÊÀ.
Òîãäà ïîòðåáíîñòü â èñïîëüçîâàíèè j-ãî ðàçäåëÿ-
åìîãî ðåñóðñà, íåîáõîäèìîãî äëÿ îáåñïå÷åíèÿ
âîçìîæíîñòè âûïîëíåíèÿ k-é çàÿâêè íà èñïîëü-
çîâàíèå ñðåäñòâ óïðàâëåíèÿ ÊÀ, ìîæíî ïðåäñòà-
âèòü â ñëåäóþùåì âèäå:

( )

( )
(

)
( )

_

1

vol

_ mod
, ,

_

1, _ , 1, _ _ .

s
j

k

k i

k

i

i

i

res

req

req drs

drs num req

drs k
i

drs

s
drs j

gs GS

gs el
f vol req

GS MODEL

res res

k req num j res s num

=

=

È ˘Ê ˆÊ ˆŒ ⁄Í ˙Á ˜Á ˜Í ˙Á ˜Á ˜Í ˙Á ˜Á ˜⁄ Œ ŸÍ ˙Á ˜Á ˜Í ˙= Á ˜Á ˜Í ˙Á ˜Á ˜ŒÍ ˙Ë ¯Á ˜Í ˙Á ˜Í ˙Á ˜Ÿ =Á ˜Í ˙Ë ¯Î ˚

= =

Â

Òàêèì îáðàçîì, îãðàíè÷åíèÿ, îáóñëîâëåííûå
ïîòðåáíîñòÿìè â èñïîëüçîâàíèè ðàçäåëÿåìûõ ðå-
ñóðñîâ, ñ ó÷¸òîì âûðàæåíèé (27), (28) è (30) ìîæ-
íî ïðåäñòàâèòü â ñëåäóþùåì âèäå:

( ) ( )

( )

_

1

vol ,

, , 1, _ _ , 1, _ ,

s
j

k i k k

s
j

drs num
res s begin end
req drs j req req

i

res

schb sche

res res t t t

cap

t t t j res s num k req num

=

È ˘Ê ˆÈ ˘= Ÿ Œ £Í ˙Í ˙Ë ¯Î ˚Î ˚

£

È ˘" Œ = =Î ˚

Â

ãäå tschb, tsche – ñîîòâåòñòâåííî âðåìÿ íà÷àëà è âðå-
ìÿ îêîí÷àíèÿ ãîðèçîíòà ïëàíèðîâàíèÿ. Òàê êàê
ÐÑÓ ÊÀ îñóùåñòâëÿåòñÿ íà ñóòî÷íîì èíòåðâàëå,
òî äàííûå âðåìåíà áóäóò ñîîòâåòñòâîâàòü âðåìå-
íè íà÷àëà è âðåìåíè îêîí÷àíèÿ ñóòîê ðåàëèçàöèè
ÏÐÑ.

Ñóòü âûðàæåíèÿ (31) çàêëþ÷àåòñÿ â ñëåäóþ-
ùåì: ñóììà îáúåìîâ ïîòðåáíîñòåé ïî êàæäîìó
ðåñóðñó íà ëþáîé ìîìåíò âðåìåíè íå äîëæíà ïðå-
âûøàòü äîñòóïíûé îáú¸ì ýòîãî ðåñóðñà. Íàðóøå-
íèå äàííîãî óñëîâèÿ ïðèâîäèò ê âîçíèêíîâåíèþ
êîíôëèêòíîé ñèòóàöèè ïðè ÐÑÓ ÊÀ.

Îãðàíè÷åíèÿ, îáóñëîâëåííûå âîçìîæíîñòÿìè
ÖÓÏ ÊÀ ïî ïðîâåäåíèþ ñåàíñîâ ñâÿçè

Âîçìîæíîñòè öåíòðîâ óïðàâëåíèÿ ïîë¸òàìè
ÊÀ ïî ïðîâåäåíèþ ñåàíñîâ ñâÿçè, ïðèâîäÿùèå ê
âîçíèêíîâåíèþ îãðàíè÷åíèé, ïîäëåæàùèõ ó÷¸òó
ïðè ÐÑÓ ÊÀ, ìîãóò ðàññìàòðèâàòüñÿ â êà÷åñòâå
õàðàêòåðèñòèê ÖÓÏ ÊÀ:

{ }: , _ _ ,

1, _ ,

mcc j jRESTR MCC mcc seans max num

j mcc num

=

=
   (32)

ãäå MCC – ìíîæåñòâî öåíòðîâ óïðàâëåíèÿ ïîë¸-
òàìè ÊÀ; mccj – j-é ÖÓÏ ÊÀ, õàðàêòåðèñòèêè
êîòîðîãî ïðèâåäåíû; seans_max_numj – ìàêñè-
ìàëüíî äîïóñòèìîå êîëè÷åñòâî ñåàíñîâ ñâÿçè,
ïðîâîäèìûõ îäíîâðåìåííî j-ì ÖÓÏ ÊÀ; mcc_num
– êîëè÷åñòâî ÖÓÏ ÊÀ.

Äëÿ ó÷¸òà äàííîãî îãðàíè÷åíèÿ ïðè ÐÑÓ ÊÀ
íåîáõîäèìû ñâåäåíèÿ î òîì, êàêèìè ÊÀ óïðàâëÿåò
êàæäûé ÖÓÏ ÊÀ. Îòðàæàþùåå ýòî âûðàæåíèå
ìîæíî ïðåäñòàâèòü â ñëåäóþùåì âèäå:

 

{ } :

1  åñëè  óïðàâëÿåòñÿ èç ÖÓÏ ÊÀ ,

0  â äðóãîì ñëó÷àå,

1, _ , 1, _ ,

SAT sat sat
ij ij

i j

MCC mcc mcc

sat mcc

i sat num j mcc num

= =

-ÏÔ= Ì
-ÔÓ

= =

(33)

ãäå sat_num – êîëè÷åñòâî ÊÀ.

(30)

(31)
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Ïðè ýòîì ëþáîé ÊÀ óïðàâëÿåòñÿ òîëüêî èç
îäíîãî ÖÓÏ ÊÀ, ÷òî ìîæíî ïðåäñòàâèòü â âèäå
ñëåäóþùåãî âûðàæåíèÿ:

[ ]( )
_

1

1, _ 1.
mcc num

sat
ij

j

i sat num mcc
=

" Œ =Â      (34)

Òîãäà, ñ ó÷¸òîì ïðåäñòàâëåííûõ âûøå âûðàæå-
íèé, îãðàíè÷åíèå, îáóñëîâëåííîå âîçìîæíîñòÿìè
ÖÓÏ ÊÀ ïî îäíîâðåìåííîìó ïðîâåäåíèþ íå-
ñêîëüêèõ ñåàíñîâ ñâÿçè, ìîæíî ïðåäñòàâèòü â ñëå-
äóþùåì âèäå:

( ) ( )

( )

_

1

,

_ _

, , 1, _ , 1, _ .

k k k

sat num
sat begin end
ij req i req req

i

j

schb sche

mcc sat sat t t t

seans max num

t t t j mcc num k req num

=

È ˘Ê ˆÈ ˘= Ÿ Œ £Í ˙Í ˙Ë ¯Î ˚Î ˚

£

È ˘" Œ = =Î ˚

Â

 Ñóòü ïðåäñòàâëåííîãî âûðàæåíèÿ çàêëþ÷àåò-
ñÿ â ñëåäóþùåì: êîëè÷åñòâî ñåàíñîâ ñâÿçè, ïðî-
âîäèìûõ ÖÓÏ ÊÀ â ëþáîé ìîìåíò âðåìåíè, íå
äîëæíî ïðåâûøàòü ñîîòâåòñòâóþùèå âîçìîæíîñòè
ÖÓÏ ÊÀ.

Âûâîäû

Ðàññìîòðåííûå îãðàíè÷åíèÿ îáðàçóþò ñèñòå-
ìó îãðàíè÷åíèé ïî èñïîëüçîâàíèþ ñðåäñòâ óïðàâ-
ëåíèÿ ÊÀ, ó÷èòûâàåìûõ ïðè ÐÑÓ ÊÀ. Ñõåìàòè÷-
íîå ïðåäñòàâëåíèå óêàçàííîé ñèñòåìû îãðàíè÷å-
íèé ïðåäñòàâëåíî íà ðèñóíêå [8].

Ïîêàçàíî, ÷òî â òàêóþ ñèñòåìó îãðàíè÷åíèé
äîëæíû âõîäèòü îãðàíè÷åíèÿ êàê ïî èñïîëüçîâà-
íèþ îòäåëüíûõ ñðåäñòâ óïðàâëåíèÿ ÊÀ, òàê è ïî

èõ ñîâìåñòíîìó èñïîëüçîâàíèþ, à òàêæå îãðàíè-
÷åíèÿ, îáóñëîâëåííûå õàðàêòåðèñòèêàìè ÖÓÏ
ÊÀ.

Ïðåäëîæåíà ìàòåìàòè÷åñêàÿ ïîñòàíîâêà çàäà-
÷è ó÷¸òà ðàññìîòðåííîé ñèñòåìû îãðàíè÷åíèé ïðè
ÐÑÓ ÊÀ, êîòîðàÿ ìîæåò áûòü èñïîëüçîâàíà ïðè
äàëüíåéøåì ðàçâèòèè ìåòîäè÷åñêîãî îáåñïå÷åíèÿ
ÐÑÓ ÊÀ.
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Abstract

A number of tasks of various resources scheduling
should be solved to ensure spacecrafts mission control.
One of such tasks is tracking, telemetry and command
(TT&C) ground stations scheduling. That task is
performed under strict resource restrictions. These
restrictions include both restrictions on the resource
being scheduled and temporal restrictions being
imposed on the operativeness of the ground stations
distribution plan developing. To ensure operative and
qualitative TT&C, accounting for all these restrictions
is required.

The restrictions on employing ground stations
include the ones on applying separate ground stations
as well as restrictions on various ones simultaneous
employing. Restrictions stipulated by mission control
centers capabilities to perform communication sessions
with spacecraft are also a part of the restrictions on
TT&C ground stations application.

The restrictions on employing a separate ground
station include radio-visibility zones, a set of ground
stations network for each spacecraft, a set of service
operations to be done for ground station (during which
it cannot be used to perform communication sessions
with spacecraft) and a set of  operation modes
supported by each ground station. The restrictions on
simultaneous application of different ground stations
include ones caused by electromagnetic compatibility
and restrictions caused by necessity of employing same
resources. The restrictions caused by electromagnetic
compatibility can be defined through the sets of two
communication sessions characteristics, which cannot
be performed simultaneously. These definitions can be
used to identify conflict situations while TT&C ground
stations scheduling. The resources which simultaneous
application may be limited can be sharable or non-
sharable. Demands for such resources can be
associated with ground stations or their models. It will
allow, in is turn, identify conflict situations while
ground stations scheduling. Another restriction, which
should be regarded while identifying conflict situations
during ground stations scheduling, is the maximal

ANALYSING THE SYSTEM OF RESTRICTIONS ON SPACECRAFT CONTROL
MEANS APPLICATION, ACCOUNTED FOR WHILE THEIR SCHEDULING
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number of communication sessions, which each
mission control center can perform concurrently. The
presented restrictions can be considered as the system
of resource restrictions to be accounted for while
TT&C ground stations scheduling. The proposed
mathematical task formulation of accounting for the
system of restrictions can be employed in future
development of methodical support for ground stations
scheduling.

Keywords: ground-based automated control
complex, schedule of means distribution, conflict
situation, electromagnetic compatibility of spacecraft
control means, restrictions on shared resources
employing.
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