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Ëàá. 38 ¾Óïðàâëåíèå ïî íåïîëíûì äàííûì¿

1 PP/TP çàäà÷è â óñëîâèÿõ ïðîòèâîäåéñòâèÿ è íåïîëíîòû èíôîðìàöèè.

2 Çàäà÷è òðàåêòîðíîãî óïðàâëåíèÿ íàáëþäåíèÿìè.

Òåîðåòè÷åñêèå ðåçóëüòàòû áûëè èñïîëüçîâàíû ïðè ðåøåíèè çàäà÷ óïðàâëåíèÿ óïðàâëÿå-
ìûìè ïîäâèæíûìè îáúåêòàìè ìîðñêîé è ðàêåòíîé òåõíèêè, à èìåííî: ïîä ðóêîâîäñòâîì
Ïåòðîâñêîãî À.Ì., Ìàñëîâà Å.Ï. è äàëåå Ãàëÿåâà À.À. â ëàáîðàòîðèè áûë âûïîëíåí ðÿä
ÍÈÐ è ÎÊÐ â ñîòðóäíè÷åñòâå ñ ïðåäïðèÿòèÿìè ÌÎ: ¾Ðàçëèâ¿, ¾Òóìàí¿, ¾Æèçíü¿, ¾Ýí-
òðîïèÿ¿, ¾Ýëàñòèê¿, ¾Ëàñòà¿, ¾Ôèçèê¿, ¾Àëüìàíàõ¿, ¾Íèìôà¿, ¾Áàòàðåÿ¿, ¾Ñòðàííèê¿,
¾Ñëîæíîñòü¿, ¾Ïåòàðäà¿, ¾Ïåðåõâàò¿ è ìíîãèå äðóãèå.

Ïðèêëàäíûå Çàäà÷è:

1 Ðàçðàáîòêà áîðòîâûõ
àëãîðèòìîâ.

2 Ðàçðàáîòêà àëãîðèòìîâ
îïåðàòèâíî-ñîâåòóþùèõ
ñèñòåì.

3 Ðàçðàáîòêà àëãîðèòìîâ ñèñòåì
ïðèíÿòèÿ ðåøåíèé.

4 Ðàçðàáîòêà àëãîðèòìîâ
òàêòè÷åñêèõ ñèìóëÿòîðîâ.
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Ïåòðîâñêèé À.Ì.(1925-1993)

Â êîíöå 1950-õ ãîäîâ À.Ì. Ïåòðîâñêèé íà÷àë èññëåäîâàíèÿ
è ðàçðàáîòêó ñïîñîáîâ ïîâûøåíèÿ ýôôåêòèâíîñòè óïðàâëÿå-
ìûõ ñíàðÿäîâ. Èññëåäîâàíèÿ îõâàòûâàëè êàê ðàçðàáîòêó àë-
ãîðèòìîâ íàâåäåíèÿ, òàê è ðàçðàáîòêó ìîäåëåé äâèæåíèÿ ìà-
íåâðèðóþùèõ îáúåêòîâ. Ðåçóëüòàòû ýòèõ èññëåäîâàíèé ñîñòà-
âèëè ñíà÷àëà åãî êàíäèäàòñêóþ, à çàòåì è äîêòîðñêóþ äèñ-
ñåðòàöèþ, çàùèù¼ííóþ â ÈÀÒå â 1966 ãîäó. Íà ïðàêòèêå ðå-
çóëüòàòû ïðîâåðÿëèñü íà ðåàëüíûõ îáúåêòàõ, â òîì ÷èñëå è
Âüåòíàìå äëÿ çàùèòû ìîñòà ÷åðåç ð. Ìåêîíã.
Â êîíöå 1960-õ ãîäîâ âåäóòñÿ ðàáîòû ïî çàäà÷àì ïðîòèâîâîç-
äóøíîé îáîðîíû íà áàçå àíàëîãîâîãî âû÷èñëèòåëüíîãî êîì-
ïëåêñà Êóíöåâñêîãî ìåõàíè÷åñêîãî çàâîäà. Ðàáîòà ïðîäîëæà-
ëàñü íåñêîëüêî ëåò è çàòåì òðàíñôîðìèðîâàëàñü â òåîðåòè-
÷åñêèå ðàçðàáîòêè íà òåìó ¾óïðàâëåíèå ïîäâèæíûìè îáúåê-
òàìè â óñëîâèÿõ íåïîëíîé èíôîðìàöèè¿.
Â 60-70-õ ãîäàõ ïðîâîäèëèñü èññëåäîâàíèÿ, ñâÿçàííûå ñ îï-
òèìàëüíûì óïðàâëåíèåì íàáëþäåíèÿìè â çàäà÷àõ íàâåäåíèÿ
ñíàðÿäîâ íà ìàíåâðèðóþùèå öåëè.
Äàëüíåéøèì ðàçâèòèåì ñòàëè èññëåäîâàíèÿ, ñâÿçàííûå
ñ ôîðìàëèçàöèåé è ðåøåíèåì çàäà÷ ïðîòèâîäåéñòâèÿ ïî-
äâèæíûì îáúåêòàì â óñëîâèÿõ èñêóññòâåííî îðãàíèçîâàííîé
íåïîëíîòû èíôîðìàöèè.
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Ìàñëîâ Å.Ï.(1936-2019)

Ðóáèíîâè÷ Å.ß.

Ââåäåí íîâûé êëàññ çàäà÷ òåîðèè êîíôëèêòíî óïðàâëÿåìûõ ïðîöåñ-
ñîâ.
Ïðåäëîæåíî ìîäåëèðîâàòü ïðîòèâîäåéñòâèå ïîäâèæíûõ îáúåê-
òîâ äèôôåðåíöèàëüíî-èãðîâûìè è îïòèìèçàöèîííûìè çàäà÷à-
ìè ïðåñëåäîâàíèÿ-óêëîíåíèÿ ãðóïïîâîé öåëè è äèôôåðåíöèàëüíî-
èãðîâûìè è îïòèìèçàöèîííûìè çàäà÷àìè ïîèñêà àêòèâíî ïðîòèâî-
äåéñòâóþùèõ ïîäâèæíûõ îáúåêòîâ (ïîèñê â óñëîâèÿõ êîíôëèêòà).
Â õîäå èññëåäîâàíèé ôîðìàëèçîâàíû äëÿ öåëåé óïðàâëåíèÿ ïîíÿòèÿ
ëîæíîé è ãðóïïîâîé öåëè, âïåðâûå ñôîðìóëèðîâàíû, ââåäåíû â íà-
ó÷íûé îáîðîò è ðåøåíû äèôôåðåíöèàëüíûå èãðû ñîâìåñòíîãî è ïî-
î÷åðåäíîãî ïðåñëåäîâàíèÿ ñ ãðóïïîâîé öåëüþ (Â.Ê. Îëüøàíñêèé, Å.ß.
Ðóáèíîâè÷, Å.Ï. Ìàñëîâ).
Ïîêàçàíî, ÷òî â äèôôåðåíöèàëüíûõ èãðàõ ïîî÷åðåäíîãî ïðåñëåäîâà-
íèÿ âåêòîð óïðàâëåíèé ïðåñëåäîâàòåëÿ èìååò ñïåöèôè÷åñêóþ ñòðóê-
òóðó: îí ñîäåðæèò ñîáñòâåííî çàêîí óïðàâëåíèÿ òðàåêòîðèåé ïîäâèæ-
íîãî îáúåêòà è ïðàâèëî âûáîðà î÷åð¼äíîñòè âñòðå÷ ñ öåëÿìè. Áûëà
ïðåäëîæåíà ìàòåìàòè÷åñêàÿ ôîðìàëèçàöèÿ ñõåìû âûáîðà è ðåøåíû
äèôôåðåíöèàëüíûå èãðû ñ ïðîãðàììíûì (Å.ß. Ðóáèíîâè÷) è ïîçèöè-
îííûì (Å.Ï. Ìàñëîâ, Å.ß. Ðóáèíîâè÷) âûáîðîì î÷åð¼äíîñòè.
Ïðîâåäåíî ñðàâíåíèå ðÿäà çàêîíîâ ïðåñëåäîâàíèÿ ïðè ïîëíîñòüþ
è ÷àñòè÷íî èçâåñòíîì ôàçîâîì âåêòîðå ãðóïïîâîé öåëè, íàéäåíû ñòðà-
òåãèè ïîèñêà â óñëîâèÿõ êîíôëèêòà, ðåàëèçóþùèå ñåäëîâóþ òî÷êó.
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×åðâîíåíêèñ À.ß.
(1938-2014)

Âàïíèê Â.Í.

Òåîðèÿ Âàïíèêà �×åðâîíåíêèñà (òàêæå èçâåñòíàÿ êàê òåîðèÿ VC) áûëà ðàç-
ðàáîòàíà â 1960-1990 ãîäàõ Â.Í. Âàïíèêîì è À.ß. ×åðâîíåíêèñîì. Òåîðèÿ
ïðåäñòàâëÿåò ñîáîé ôîðìó âû÷èñëèòåëüíîé òåîðèè îáó÷åíèÿ, êîòîðàÿ îáú-
ÿñíÿåò ïðîöåññ îáó÷åíèÿ ñî ñòàòèñòè÷åñêîé òî÷êè çðåíèÿ. Òåîðåòè÷åñêèå èñ-
ñëåäîâàíèÿ îñíîâûâàëèñü íà ôóíäàìåíòàëüíîì ðåçóëüòàòå�óñëîâèÿõ ðàâíî-
ìåðíîé ñõîäèìîñòè ÷àñòîò ê âåðîÿòíîñòÿì ïî êëàññó ñîáûòèé. Àíàëîãè÷íûå
óñëîâèÿ áûëè ïîëó÷åíû äëÿ ðàâíîìåðíîé ñõîäèìîñòè ñðåäíèõ ê ìàòåìàòè÷å-
ñêèì îæèäàíèÿì ïî ñåìåéñòâó ñëó÷àéíûõ âåëè÷èí. Àëãîðèòìû ðàñïîçíàâàíèÿ
îáðàçîâ ñâÿçàíû ñ ìåòîäîì îáîáù¼ííîãî ïîðòðåòà, ðàçðàáîòàííîãî Â.Í. Âàï-
íèêîì è À.ß. ×åðâîíåíêèñîì â 1964 - 1974 ãã.
Ïîä ðóêîâîäñòâîì À.ß. ×åðâîíåíêèñà áûëè ïîñòðîåíû ìîäåëè êðóïíûõ ðóä-
íûõ ìåñòîðîæäåíèé ïî äàííûì ãåîëîãè÷åñêîé ðàçâåäêè. Â 1980�1985 ãã. ñîâ-
ìåñòíî ñ Èíñòèòóòîì ãåîëîãèè ðóäíûõ ìåñòîðîæäåíèé ÀÍ ÑÑÑÐ áûëà ñîçäàíà
ñèñòåìà äëÿ îïòèìàëüíîãî àâòîìàòè÷åñêîãî îêîíòóðèâàíèÿ ðóä ïî äàííûì ýêñ-
ïëóàòàöèîííîé ðàçâåäêè è äëÿ ïîñòðîåíèÿ ñîðòîâûõ ïëàíîâ â õîäå îòðàáîòêè
ìåñòîðîæäåíèé. Ýòà ðàáîòà ïîëó÷èëà Ãîñóäàðñòâåííóþ ïðåìèþ ÑÑÑÐ çà 1987
ãîä.
Óñëîâèÿ ðàâíîìåðíîé ñõîäèìîñòè ïîçâîëèëè îáîñíîâàòü ñõîäèìîñòü ìåòîäîâ
îáó÷åíèÿ, îñíîâàííûõ íà ìèíèìèçàöèè ýìïèðè÷åñêîãî ðèñêà è ïîëó÷èòü îöåí-
êè ñêîðîñòè ñõîäèìîñòè. Ê òàêèì ìåòîäàì îáó÷åíèÿ îòíîñÿòñÿ, òîì ÷èñëå, ìå-
òîäû ïîñòðîåíèÿ êóñî÷íî-ëèíåéíûõ ðåøàþùèõ ïðàâèë, ìèíèìèçèðóþùèõ ÷èñ-
ëî îøèáîê íà ìàòåðèàëå îáó÷åíèÿ. Ïîñêîëüêó îäíèì èç ôîðìàëüíûõ ñðåäñòâ,
ðåàëèçóþùèõ êóñî÷íî-ëèíåéíûå ïðàâèëà, ÿâëÿþòñÿ íåéðîííûå ñåòè, òî ýòà òåî-
ðèÿ èñïîëüçóåòñÿ âî âñ¼ì ìèðå äëÿ àíàëèçà ðàáîòû íåéðîííûõ ñåòåé.
Ìåòîäû ðåøåíèÿ ïîëó÷èëè íàçâàíèå ìåòîäîâ ñòðóêòóðíîé ìèíèìèçàöèè ðèñêà.
Ñåãîäíÿ îíè øèðîêî ïðèìåíÿþòñÿ â çàäà÷àõ ðàñïîçíàâàíèÿ îáðàçîâ, âîññòà-
íîâëåíèÿ ðåãðåññèîííûõ çàâèñèìîñòåé è ïðè ðåøåíèè îáðàòíûõ çàäà÷ ôèçèêè,
ñòàòèñòèêè è äðóãèõ íàó÷íûõ äèñöèïëèí.
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Ëèïöåð Ð.Ø.
(1936-2019)

Â 1968 ã. Ð.Ø. Ëèïöåð îêàçàëñÿ â òîëüêî ÷òî ñîçäàííîé ëàáîðàòîðèè
À.Ì. Ïåòðîâñêîãî, êóäà èç ðàñôîðìèðîâàííîé (â ñâÿçè ñî ñìåðòüþ çà-
âåäóþùåãî) ëàáîðàòîðèè Ôåëüäáàóìà ïåðåøëà ãðóïïà ñîòðóäíèêîâ âî
ãëàâå ñ Å.Ï. Ìàñëîâûì. Â òîì æå ãîäó çàùèòèë êàíäèäàòñêóþ äèññåð-
òàöèþ ïî ôèçèêî-ìàòåìàòè÷åñêèì íàóêàì, à â 1978 ã. � äîêòîðñêóþ, íî
óæå ïî òåõíè÷åñêèì (òàê ðåøèë Â.À. Òðàïåçíèêîâ: â Èíñòèòóòå òîãäà
åù¼ íå áûëî Ñîâåòà, êîòîðûé áû èìåë ïðàâî ïðèñóæäàòü ñòåïåíü ä.ô.-
ì.í.).
Îáëàñòü íàó÷íûõ èíòåðåñîâ: òåîðèÿ ëèíåéíîé è íåëèíåéíîé ôèëüòðà-
öèè, äèíàìèêà ñòîõàñòè÷åñêèõ ñèñòåì, ìàðòèíãàëû � êàê àïïàðàò ïðè-
áëèæ¼ííîãî îïèñàíèÿ âåðîÿòíîñòíûõ ïðîöåññîâ, äèôôóçèîííûå àïïðîê-
ñèìàöèè ñèñòåì ìàññîâîãî îáñëóæèâàíèÿ, òåîðèÿ áîëüøèõ óêëîíåíèé
äëÿ ïîëóìàðòèíãàëîâ.
Çà ñâîþ æèçíü íàïèñàë è îïóáëèêîâàë, 10 ìîíîãðàôèé è áîëåå 100
ñòàòåé (â âåäóùèõ íàó÷íûõ æóðíàëàõ ìèðà).
Ð.Ø. Ëèïöåð âíåñ íåñêîëüêî âàæíûõ âêëàäîâ â òåîðèþ ìàðòèíãàëîâ è â
èõ ïðèëîæåíèÿ â èíæåíåðíîì äåëå è ñòàòèñòèêå: óñòàíîâëåíèå ñâîéñòâ
óñëîâíî ãàóññîâûõ ïðîöåññîâ, êîòîðûå èãðàþò âàæíóþ ðîëü â ïðèíöèïå
ðàçäåëåíèÿ â ñòîõàñòè÷åñêîì óïðàâëåíèè. Åãî ìîíîãðàôèÿ ¾Ñòàòèñòè-
êà ñëó÷àéíûõ ïðîöåññîâ: íåëèíåéíàÿ ôèëüòðàöèÿ è ñìåæíûå âîïðîñû¿,
íàïèñàííàÿ ñîâìåñòíî ñ À.Í. Øèðÿåâûì â 1974 ãîäó, ñòàëà âñåìèðíî
èçâåñòíûì ñïðàâî÷íèêîì ñðåäè ó÷åíûõ, ðàáîòàþùèõ â îáëàñòè ñòîõà-
ñòè÷åñêîãî àíàëèçà è ñìåæíûõ îáëàñòÿõ.
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Êóçíåöîâ Í.À.
Àêàäåìèê ÐÀÍ

Ïðèäÿ â ãðóïïó À.Ì. Ïåòðîâñêîãî â 1962 ã., Í.À. Êóçíåöîâ â 1966 ã.
çàùèùàåò êàíäèäàòñêóþ äèññåðòàöèþ ¾Ñèíòåç àëãîðèòìîâ óïðàâëåíèÿ
ïî êðèòåðèþ êà÷åñòâà, çàâèñÿùèé îò ñîñòîÿíèÿ óïðàâëÿåìîãî îáúåê-
òà¿. Âñêîðå îí êîððåêòèðóåò íàïðàâëåíèå èññëåäîâàíèé è íà÷èíàåò çà-
íèìàòüñÿ çàäà÷àìè îïòèìàëüíîé ôèëüòðàöèè è èõ ïðèëîæåíèÿìè ê ðàç-
ëè÷íûì ñïåöèàëüíûì îáúåêòàì. Çàòåì åãî ãëàâíîé íàó÷íîé òåìîé ñòà-
íîâÿòñÿ ñèñòåìû óïðàâëåíèÿ ñ ïåðåìåííûì êðèòåðèåì êà÷åñòâà. Ñåìü
ëåò ðàáîòû ïðèíîñÿò ðåçóëüòàò: â 1973 ã. çàùèùåíà äîêòîðñêàÿ äèñ-
ñåðòàöèÿ. Â 1985 ã., çà ðàáîòû ïî ñîçäàíèþ ñèñòåìû àâòîìàòèçàöèè
òðàíñïîðòíûõ ñóäîâ Ìîðôëîòà ÑÑÑÐ Í.À. Êóçíåöîâó ïðèñóæäåíà Ãîñó-
äàðñòâåííàÿ ïðåìèÿ ÑÑÑÐ.
Â 1986 ã. âûõîäèò êíèãà â ñîàâòîðñòâå ñ Ô.Í. Ãðèãîðüåâûì è À.Ï. Ñå-
ðåáðîâñêèì ¾Óïðàâëåíèå íàáëþäåíèÿìè â àâòîìàòè÷åñêèõ ñèñòåìàõ¿,
â êîòîðîé äàåòñÿ ñèñòåìàòè÷åñêîå èçëîæåíèå âàæíåéøèõ ðåçóëüòàòîâ
òåîðèè îöåíèâàíèÿ êîìïîíåíòîâ óñëîâíî-ãàóññîâñêèõ ñëó÷àéíûõ ïîñëå-
äîâàòåëüíîñòåé è íà èõ îñíîâå ðåøàþòñÿ ðàçëè÷íûå çàäà÷è àâòîìàòè-
÷åñêîãî óïðàâëåíèÿ ïî íåïîëíûì äàííûì äëÿ ñèñòåì ñ óïðàâëÿåìûìè
íàáëþäåíèÿìè. Ðàññìàòðèâàþòñÿ çàäà÷è âûáîðà óïðàâëåíèÿ ïåðåêëþ-
÷åíèåì êàíàëîâ íàáëþäåíèÿ è ìåòîäû èõ ðåøåíèÿ, çàäà÷è ñîâìåñòíîé
îïòèìèçàöèè óïðàâëåíèÿ äèíàìè÷åñêîé ñèñòåìîé è ïðîöåññîì íàáëþ-
äåíèÿ çà åå êîîðäèíàòàìè, îáîñíîâûâàåòñÿ ïðèíöèï ðàçäåëåíèÿ.
Êóçíåöîâ Í.À., Ëèïöåð Ð.Ø., Ñåðåáðîâñêèé À.Ï. Îáîáùåííîå óïðàâëå-
íèå íàáëþäåíèÿìè â çàäà÷àõ ñòîõàñòè÷åñêîé îïòèìèçàöèè. - VIII Âñå-
ñîþçíîå ñîâåùàíèå ïî ïðîáëåìàì óïðàâëåíèÿ. Òàëëèí. 1980. Òåçèñû
äîêëàäîâ. Ì.: ÏÈÊ ÂÈÍÈÒÈ.
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PP/TP çàäà÷è â óñëîâèÿõ ïðîòèâîäåéñòâèÿ è íåïîëíîòû
èíôîðìàöèè

Çàäà÷è:

1 Çàäà÷è íàâåäåíèÿ è
ïåðåõâàòà, â òîì ÷èñ-
ëå ãðóïïîâûõ öåëåé.

2 Çàäà÷è óêëîíåíèÿ îò
îáíàðóæåíèÿ ïîèñêî-
âûìè ñèñòåìàìè, îá-
ðàòíàÿ çàäà÷à ïîèñêà.

3 Çàäà÷è çàùèòû çàäàí-
íîé îáëàñòè.

Êðèòåðèè:

1 Ðåñóðñíûå êðèòåðèè.

2 Âåðîÿòíîñòíûå êðèòåðèè.

3 Èíôîðìàöèîííûå
êðèòåðèè.

4 Âðåìåííîé êðèòåðèé.

5 Òî÷íîñòíûå êðèòåðèè.

6 Ñìåøàííûå êðèòåðèè.

7 Ìíîãîêðèòåðèàëüíàÿ
îïòèìèçàöèÿ.
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Çàäà÷à èíäèêàöèè ïîÿâëåíèÿ ïîëåçíîãî ñèãíàëà â
ñèëüíî çàøóìëåííîé ñìåñè

Çàäà÷à îáíàðóæåíèÿ ïîëåçíîãî ñèãíàëà s(n) òðàäèöèîííî ñâîäèòñÿ
ê çàäà÷å ðàçëè÷åíèÿ äâóõ ãèïîòåç{

Γ0 : x(n) = w(n),

Γ1 : x(n) = s(n) + w(n), n = 1, . . . , N.

Ëåììà 1
Íîðìèðîâàííîå óïîðÿäî÷åííîå ðàñïðåäåëåíèå ñïåêòðà èìååò âèä

nk(N) = − 1

N ·KN
ln

k

N + 1
, ãäå KN = − 1

N

N∑
k=1

ln
k

N + 1
.

Îïðåäåëåíèå 1
Ñïåêòðàëüíîé ñëîæíîñòüþ îòíîñèòåëüíî ñïåêòðàëüíîãî
ðàñïðåäåëåíèÿ (1) íàçîâåì âåëè÷èíó

CS(p) = − 1

4 log2 N

(
N∑

k=1

pk log2 pk

)(
N∑

k=1

∣∣∣∣pk +
1

N ·KN
ln

k

N + 1

∣∣∣∣
)2

.

0.1225 0.1250 0.1275 0.1300 0.1325 0.1350 0.1375 0.1400
CTV

0

50

100

150

200

250
CTV для Γ0

CTV для Γ1

0.0000 0.0002 0.0004 0.0006 0.0008
CS

0

5000

10000

15000

20000

25000

30000

35000

40000
CS для Γ0

CS для Γ1

À.À. Ãàëÿåâ, Â.Ã. Áàáèêîâ, Ï.Â. Ëûñåíêî, Ë.Ì. Áåðëèí Íîâàÿ ñïåêòðàëüíàÿ ìåðà
ñëîæíîñòè è åå âîçìîæíîñòè ïî îáíàðóæåíèþ ñèãíàëîâ â øóìå // Äîêëàäû àêàäåìèè
íàóê. 2024. (â ïå÷àòè)
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Òð¼õìåðíàÿ êîñìîäèíàìè÷åñêàÿ çàäà÷à ïåðåõâàòà
îäíîãî îáúåêòà â êîñìîñå

Ñêâîçíàÿ îïòèìèçàöèè òðàåêòîðèè ìåæïëàíåòíî-
ãî ïåðåë¼òà êîñìè÷åñêîãî àïïàðàòà ñ åäèíûì
ôóíêöèîíàëîì.

Ñëîæíàÿ äèíàìèêà, ãðîìîçäêèå ïîñòàíîâêè,
ôàçèðîâàíèå.

Óïðàâëåíèå ñîâîêóïíîñòüþ äèíàìè÷åñêèõ ñèñòåì.

ẋi = ui, ẏi = vi, żi = wi, ṁi = −Pi/Ci,

u̇i = −gxi −
∑

µB
xBi

r3Bi

+
Pi

mi
cos ξi cos ηi,

v̇i = −gyi −
∑

µB
yBi

r3Bi

+
Pi

mi
sin ξi cos ηi,

ẇi = −gzi −
∑

µB
zBi

r3Bi

+
Pi

mi
sin ηi.

Samokhin A., Samokhina M., Grigoriev I., Zaple-
tin M. Base on Phobos � Much Safer Exploration
of Mars without the Need for Humans on the
Surface of the Planet // Acta Astronautica. 2023.
vol. 204. P. 920-925.

Ýêñïåäèöèÿ ê Ôîáîñó.

9-òî÷å÷íàÿ êðàåâàÿ çàäà÷à
ìíîãèõ òåë 70-ãî ïîðÿäêà.

Ëåñòíèöà çàäà÷.
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Ïåðåõâàò ìíîæåñòâà öåëåé, äâèæóùèõñÿ ïî çàäàííûì òðàåêòîðèÿì â êîñìîñå,

ãðóïïîé óïðàâëÿåìûõ îáúåêòîâ ñ îïòèìèçàöèåé ïî åäèíîìó êðèòåðèþ

Îáõîä äâèæóùèõñÿ öåëåé � NP-òðóäíàÿ äèíàìè-
÷åñêàÿ çàäà÷à êîììèâîÿæ¼ðà (DTSP).

Ðàçáèåíèå íà ïîäçàäà÷è.

Ñêëåéêà ðàçëè÷íûõ ñîðòîâ ðåøåíèé.

Ýëåìåíòàðíàÿ îïåðàöèÿ: ïåðåõâàò îäíèì ïåðå-
õâàò÷èêîì îäíîé öåëè.

Ïåðåõâàò ìíîæåñòâà öåëåé îäíèì óïðàâëÿåìûì
ïîäâèæíûì îáúåêòîì.

Ïåðåõâàò ìíîæåñòâà öåëåé ãðóïïîé óïðàâëÿå-
ìûõ ïîäâèæíûõ îáúåêòîâ.

Ðåøåíèå çàäà÷è ñêâîçíîé îïòèìèçàöèè ñ åäè-
íûì êðèòåðèåì îïòèìèçàöèè âñåé ìèññèè, áåç
ðàçáèâàíèÿ å¼ íà ïîäçàäà÷è ñ ðàçíûìè êðèòå-
ðèÿìè.

Ðåçóëüòàò GTOC 10 (Global Trajectory Optimization
Competition): ïîñòðîåíî äåðåâî ïåðåõâàòà 968 îáúåêòîâ.

GTOC 10 scheme

Samokhina M., Samokhin A. About the 10th edition of GTOC � Settlers of the
Galaxy // AIP Conf. Proc., 2021, vol. 2318, No 1, 6 p.
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Ïåðåõâàò ìíîæåñòâà öåëåé â êîñìîñå

Çàäà÷è îáñëóæèâàíèÿ: ðåìîíò, äîçàïðàâêà, óâîä ñ îðáè-
òû, óñòàíîâêà îáîðóäîâàíèÿ, âçÿòèå ïðîá, äîáû÷à ðåñóðñîâ.

Ôóíêöèîíàëû:

J = mf |U⃗relv⃗ast| � ñèëà óäàðà ïî öåëè;
J = NT � êîëè÷åñòâî ïåðåõâà÷åííûõ öåëåé;
J = Ni � êîëè÷åñòâî ïåðåõâàò÷èêîâ, çàäåéñòâîâàííûõ

äëÿ âûïîëíåíèÿ ìèññèè;
J =

∑
∆i èëè Mf � ñóììà èìïóëüñîâ, çàòðàòû òîïëèâà;

J =
∑

Mi � äîáûòàÿ ìàññà;
J = T � çàäà÷à áûñòðîäåéñòâèÿ.

Ìåòîä ðåøåíèÿ ïîäçàäà÷:

Ëàìáåðò → Ëàãðàíæ → èäåàëüíî ðåã. òÿãà →
êîíå÷íàÿ òÿãà

GTOC 11, 12 schemes

ÈÏÓ ÐÀÍ ïðåäñòàâëÿë Ðîññèþ â ìåæäóíàðîäíûõ ñîðåâíîâàíèÿõ GTOC 12
(2023). Ðåçóëüòàò: ðàçðàáîòàíà ìèññèÿ ïî äîáû÷å ðåñóðñîâ ñ 74 àñòåðîèäîâ
èç 60 òûñ. çàäàííûõ 12-þ àïïàðàòàìè, êàæäûé àñòåðîèä ïîñåù¼í äâàæäû.

Samokhin A.S., Samokhina M.A., Galyaev A.A. About the GTOC XII problem //
14th Moscow Solar System Symposium, IKI RAS, 2023, p. 284.

Èíñòèòóò ïðîáëåì óïðàâëåíèÿ ÐÀÍ Ïåðåõâàò â êîñìîñå 13 / 46



Ïåðåõâàò öåëè, äâèæóùåéñÿ âäîëü èçâåñòíîé òðàåêòîðèè

-2 -1 0 1 2 3 x

-1

0

1

2

3

y

ϕ(t) [
x(0) y(0)

]>

[
x(t) y(t)

]>

ϕT (t)

[
xT (0) yT (0)

]>

[
xT (t) yT (t)

]>

y(tf ) = yT (tf )

0.0 0.5 1.0 1.5 2.0 2.5 3.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Ðåøåíà çàäà÷à íàèñêîðåéøåãî ïåðåõâàòà äâèæóùåéñÿ
öåëè ìàøèíîé Äóáèíñà (óãîë ïåðåõâàòà íå âàæåí);

Ðåøåíà çàäà÷à íàèñêîðåéøåãî áîêîâîãî ïåðåõâàòà
äâèæóùåéñÿ öåëè ìàøèíîé Äóáèíñà;

Ðåøåíà çàäà÷à íàèñêîðåéøåãî ïåðåõâàòà ÷àñòèöåé â
âÿçêîé ñðåäå.

Èíîé âçãëÿä íà òàêèå çàäà÷è ñîñòîèò â òîì, ÷òîáû ñ÷èòàòü ïå-
ðåõâàò÷èêà ïðåïÿòñòâèåì, êîòîðîå äâèæåòñÿ íåèçâåñòíûì îá-
ðàçîì, ïðè ýòîì òðàåêòîðèÿ öåëè � ýòî îïîðíàÿ òðàåêòîðèÿ
äëÿ îáúåêòà óïðàâëåíèÿ. Çàäà÷à ñîñòîèò â òîì, ÷òîáû ñïðî-
ãíîçèðîâàòü âîçìîæíîå ñòîëêíîâåíèå ïðè íåïîëíîòå äàííûõ î
äâèæåíèè ïðåïÿòñòâèÿ.

Áóçèêîâ Ì.Ý., Ãàëÿåâ À.À. Ïåðåõâàò ïîäâèæíîé öåëè
ìàøèíîé Äóáèíñà çà êðàò÷àéøåå âðåìÿ // ÀèÒ. 2021. �
5. Ñ. 3-19.

Buzikov M.E., Galyaev A.A. Minimum-time lateral
interception of a moving target by a Dubins car //
Automatica. 2022. V. 135. Art. No. 109968.

Buzikov M.E., Mayer A.M. Minimum-time interception of a
moving target by a material point in a viscous medium //
Automatica. 2024. Vol. 167. Art. No. 111795.
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Ãàðàíòèðîâàííûå óïðàâëåíèÿ â èãðå äâóõ àâòîìîáèëåé

Äâå ìàøèíû Äóáèíñà èìåþò îäèíàêîâûå ñêîðîñòè è ìàíåâðåííîñòè. Îäíà ïû-
òàåòñÿ îáåñïå÷èòü ñòîëêíîâåíèå, âòîðàÿ � èçáåæàòü. Íåïîëíîòà äàííûõ çà-
êëþ÷àåòñÿ â íåçíàíèè ñòðàòåãèè îïïîíåíòà â èãðå. Çäåñü áàðüåðîì B � ýòî
ïîâåðõíîñòü, êîòîðàÿ îòäåëÿåò îáëàñòü ãàðàíòèðîâàííîãî èçáåæàíèÿ ñòîëêíî-
âåíèÿ îò îñòàëüíîãî ïðîñòðàíñòâà.

−2−3/2−1−1/2 0 1/2 1
−1

−1/2

0

1/2

1

3/2

2

5/2

3
` = `J ≈ 0.671 θ = 180◦

θ ≈ 134◦

θ = 90◦

θ = 60◦

θ = 30◦

θ = 10◦
C

BUP+1

BUP−1

B+1
T D B−1

T D

B−1
P

B+1
P

B+1
PL B−1

PL
B−1
UL

B−1
T S

θ = 350◦

θ = 330◦

θ = 300◦

θ = 270◦

θ ≈ 226◦

θ = 180◦

θ ≈ 134◦

θ = 90◦

θ = 60◦

θ = 30◦

θ = 10◦

UP

BUP−1

BUP+1

B−1
P

B+1
P

B−1
T D

B+1
T D

B−1
PL

B+1
PL

B−1
UL

B+1
UL

B−1
T S

B+1
T S

y x

Ïîëó÷åí ñïåöèàëüíûé âèä ïðåä-
ñòàâëåíèÿ ÷àñòåé áàðüåðà ÷åðåç
âåêòîð ñîñòîÿíèÿ z

P = {z ∈ Fℓ
P : ℓ = ℓP(z)} ⊂ B.

Ïîëó÷åíà ÿâíàÿ àíàëèòè÷åñêàÿ
ôîðìà èíäèêàòîðà âõîæäåíèÿ â
îáëàñòü èçáåæàíèÿ ñòîëêíîâå-
íèÿ.

Ïðåäëîæåíà íå÷óâñòâèòåëüíàÿ ê
ïëàâàþùåé òî÷êå ñõåìà èñïîëü-
çîâàíèÿ óïðàâëåíèé íà áàðüå-
ðå, ãàðàíòèðóþùàÿ èçáåæàíèå
ñòîëêíîâåíèé.

Buzikov M., Galyaev A. The game of two identical cars: An analytical description of
the barrier // J Optim Th Appl. 2023. V. 198. P. 998�1018.
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Ïîñòðîåíèå ïîëÿ ðèñêîâ (óãðîç)

Ïîäõîä ê ïîñòðîåíèþ ïîëÿ óãðîç ñîñòîèò â ìåòîäàõ è àëãîðèòìàõ îáíàðóæåíèÿ ÓÎ ïî
ñèãíàëàì ïåðâè÷íûõ è/èëè âòîðè÷íûõ ôèçè÷åñêèõ ïîëåé. Ïî èçâåñòíûì äàííûì è ïî
èçëó÷àåìûì îáúåêòîì ñèãíàëàì ïîëåé ñîçäàåòñÿ êàðòà ðàñïðåäåëåíèÿ óðîâíåé ðèñêîâ
(óãðîç).

Êàðòà óãðîç (ÑÃÀÑ íà ðàçíûõ
ãëóáèíàõ)

Îáíàðóæåíèå êîíòðàñòà

Íîðìèðîâàííûé ðèñê

Îáíàðóæåíèå àíîìàëèé

Èíñòèòóò ïðîáëåì óïðàâëåíèÿ ÐÀÍ Óêëîíåíèå îò îáíàðóæåíèÿ 16 / 46



Èåðàðõèÿ çàäà÷, àëãîðèòìîâ è ôîðìèðîâàíèå êðèòåðèÿ
1 Íàáëþäåíèå è èçìåðåíèå ôèçè÷åñêîãî ñèãíàëà Íåïðåðûâíûé → äèñêðåòíûé.

2 Èññëåäîâàíèå ñòàòèñòè÷åñêèõ ñâîéñòâ Äèñêðåòíûé → íåïðåðûâíûé.
Âåðîÿòíîñòü íåîáíàðóæåíèÿ íà êàæäîì öèêëå íàáëþäåíèÿ

P(Q ≤ h|H1) = Φ

(√
D[Q|H0]√
D[Q|H1]

Φ−1(1− α)− E[Q|H1]−E[Q|H0]√
D[Q|H1]

)
,

ãäå Φ(x) = 1√
2π

∫ x
−∞ exp(−t2/2)dt.

3 Ïðèìåíåíèå ðåøàþùåãî ïðàâèëà Íåïðåðûâíûé → äèñêðåòíûé.

Â îòñóòñòâèå ñâÿçè ìåæäó ãèäðîôîíàìè Kξ(f) = σ2
ξI, Rs(f) = I (I åäèíè÷íàÿ

ìàòðèöà),
P(Q ≤ h|H1) = Φ

(
σ2
ξΦ

−1(1− α)

σ2
s + σ2

ξ

− σ2
s

√
NFNH

(σ2
s + σ2

ξ )
√
2

)
.

Ìàëîå îòíîøåíèå ñèãíàë/ïîìåõà

Pnd i = 1− α− Φ′ (Φ−1(1− α)
)
·
(
Φ−1(1− α) +

√
NFNH√

2

)
σ2
s(i)

σ2
ξ (i)

.

4 Ôîðìèðîâàíèå êðèòåðèÿ Äèñêðåòíûé → íåïðåðûâíûé.

Ïîëíûé ðèñê
R =

N∑
i=1

Ri, Ri = − ln Pnd i ðèñê íà i-ì öèêëå.

Ôóíêöèîíàë ðèñêà â çàäà÷å óêëîíåíèÿ

R =

∫ T

0

σ2
s(·, t)

σ2
ξ (·, t)

dt.

5 PP/TP àëãîðèòì Íåïðåðûâíûé → äèñêðåòíûé.
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Âåðîÿòíîñòíûé êðèòåðèé îáíàðóæåíèÿ ÓÎ

Îñíîâíûì êðèòåðèåì â çàäà÷àõ óêëîíåíèÿ ÓÎ îò îáíàðóæåíèÿ ÿâëÿåòñÿ âåðîÿòíîñòü îáíà-
ðóæåíèÿ,ò.å. âåðîÿòíîñòü îáíàðóæåíèÿ õîòÿ áû îäèí ðàç è õîòÿ áû îäíèì íàáëþäàòåëåì çà
âðåìÿ äâèæåíèÿ ïîäâèæíîãî îáúåêòà ïî ìàðøðóòó. Îïòèìèçàöèÿ ñâîäèòñÿ ê íàõîæäåíèþ
òðàåêòîðèè è çàêîíà èçìåíåíèÿ ñêîðîñòè îáúåêòà, äîñòàâëÿþùèõ ìèíèìóì óêàçàííîìó êðè-
òåðèþ, à èìåííî

Pîáí = 1− (1− Pñòàö)(1− Pìàí),

ãäå Pîáí, Pñòàö, Pìàí � âåðîÿòíîñòè îáíàðóæåíèÿ ÓÎ âñåé ñèñòåìîé ñðåäñòâ, ñòàöèîíàðíûìè
è ìàíåâðåííûìè ñðåäñòâàìè, ñîîòâåòñòâåííî.
Âåðîÿòíîñòü íåîáíàðóæåíèÿ ÓÎ îòäåëüíûì ñåíñîðîì ïî ðåçóëüòàòàì îáðàáîòêè ïîñëåäî-
âàòåëüíîñòè íàáëþäåíèé çà âñå âðåìÿ åãî äâèæåíèÿ

Píåîáí(v,Di) = exp

{
− 1

t0

∫ T

0

[
η + q

σ2
s(v0, D0)Dk

0A(f)

σ2
ξ (t)v

m
0

vm

Dk
i

]
dt

}
.

Âåðîÿòíîñòü íåîáíàðóæåíèÿ ÓÎ ìàíåâðåííûìè ñèëàìè è ñðåäñòâàìè. Èçâåñòíû:
� ðàñïîëîæåíèå è õàðàêòåðèñòèêè ðàéîíà, â êîòîðîì ïðîèñõîäèò ïðîòèâîäåéñòâèå ñòîðîí,
� ñîñòàâ ñèë è ñðåäñòâ îáíàðóæåíèÿ è òàêòèêà èõ ïðèìåíåíèÿ.
Îñíîâíàÿ õàðàêòåðèñòèêà ìîäåëè: èíòåíñèâíîñòü ïîèñêà γ(t, r, v) � ñðåäíåå ÷èñëî îáíàðó-
æåíèé ÓÎ â åäèíèöó âðåìåíè.

Pîáí = 1− exp

(
−
∫ T

0
γ(t, r, v)dt

)
.

Èíòåãðàë â êðóãëûõ ñêîáêàõ � ïîòåíöèàë ïîèñêà, åãî çíà÷åíèå îïðåäåëÿåòñÿ ÒÒÕ ñðåäñòâ
îáíàðóæåíèÿ. Ïðåäïîëîæåíèå: âñå ñðåäñòâà îáíàðóæåíèÿ äåéñòâóþò íåçàâèñèìî.
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Ýíåðãåòè÷åñêèé êðèòåðèé îáíàðóæåíèÿ

Ôóíêöèîíàë ðèñêà

G =

∫ T

0

[
N∑
i=1

Qi
vm

DK
i

+ χá
2n0θ0Dá(v)

S
v + χïí

2Dïí(v, u)

S
vîòí

]
dt.

ãäå Qi � íåêîòîðàÿ êîíñòàíòà, v � ñêîðîñòü äâèæåíèÿ ïîäâèæíîãî îáúåêòà, Di � òåêóùåå
ðàññòîÿíèå äî ÓÎ, Dá � äàëüíîñòü îáíàðóæåíèÿ îáúåêòà ïàññèâíûì áóåì, çàâèñÿùàÿ îò
ñêîðîñòè äâèæåíèÿ ÓÎ; n0 � ÷èñëî áóåâ â ïîäðàéîíå, ÷åðåç êîòîðûé ïðîõîäèò îáúåêò; θ0 -
äîëÿ îäíîâðåìåííî êîíòðîëèðóåìûõ áóåâ; S � ïëîùàäü ðàéîíà ïîèñêà, u � ñêîðîñòü ïàòðó-
ëèðîâàíèÿ ïîäâèæíîãî íàáëþäàòåëÿ; vîòí � ñðåäíÿÿ ñêîðîñòü äâèæåíèÿ ÓÎ îòíîñèòåëüíî
íàáëþäàòåëÿ, Dïí(v, u) � äàëüíîñòü îáíàðóæåíèÿ ÓÎ ïîäâèæíûì íàáëþäàòåëåì.

Ãàëÿåâ À.À., Ìàñëîâ
Å.Ï., ßõíî Â.Ï.,
Àáðàìÿíö Ò.Ã. Óêëîíåíèå
ïîäâèæíîãî îáúåêòà îò
îáíàðóæåíèÿ ñèñòåìîé
íàáëþäàòåëåé: ñåíñîð -
ìàíåâðåííîå ñðåäñòâî //
Àâòîìàòèêà è
Òåëåìåõàíèêà. 2017. �8.
113�126.
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Îáîáùåíèå PP/TP çàäà÷è

Ôóíêöèîíàë ðèñêà íà îäíîì çâåíå

Gi =

∫ Ti

0

Φ(x, y, vi, Hi) +

Nïí∑
k=1

E(χ(Mk))(x, y)γïík(x, y, vi, Hi)

 dt.

ãäå Gi � ðèñê íà îäíîì çâåíå, li � äëèíà ïðÿìîëèíåéíîãî ó÷àñòêà òðàåêòîðèè (çâåíà),
Nl � êîëè÷åñòâî çâåíüåâ, Mk � ðàéîí äåéñòâèÿ ïîäâèæíîãî ïîèñêîâîãî ñðåäñòâà, v �
ìîäóëü ñêîðîñòè äâèæåíèÿ ÓÎ, H � ãëóáèíà ÓÎ.

Óïðàâëåíèÿ: êîîðäèíàòû çâåíüåâ, v ∈ [v1, ..., vNv ], H ∈ [H1, ..., HNH
].

Ôóíêöèîíàë ðèñêà

G =

Nl∑
i

Gi → min
v,H,çâåíüÿì

.

Äîïîëíèòåëüíûé ôóíêöèîíàë

minNl, Nl = 1, ..., N.

Äîïîëíèòåëüíîå îãðàíè÷åíèå

|G(Nl)−G(N)| ≤ δ.

Îãðàíè÷åíèÿ 1 òèïà

N−l∑
i

li

vi
∈ [T −∆T, T +∆T ].

Îãðàíè÷åíèÿ 2 òèïà
Nl∑
i=1

∫ Ti

0
[Φ(x, y, vi, Hi)] dt ≤ C.

Îãðàíè÷åíèÿ 3 òèïà
Nl∑
i=1

∫ Ti

0
[E(χ(Mk))(x, y)γïík(x, y, vi, Hi)] dt ≤ Ck.
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Ðàçâèòèå ïîñòàíîâîê çàäà÷è óêëîíåíèÿ

Zabarankin M., Uryasev S., Pardalos P.
Optimal Risk Path Algorithms Cooperative
Control and Optimization. Eds. R.
Murphey, P. Pardalos. Dordrecht: Kluwer
Acad 2002, V. 66, 271�303.

Çàäà÷à 1

Íóæíî íàéòè ìàðøðóò l èç ò. A â ò. B,
êîòîðûé ìèíèìèçèðóåò ôóíêöèîíàë

R(l) =

∫
l

dl

r2
,

ãäå r äèñòàíöèÿ ìåæäó ñåíñîðîì è ÓÎ.
Äîïîëíèòåëüíàÿ çàäà÷à

v ñêîðîñòü ÓÎ ïîñòîÿííà, dl = vdt. Âðåìÿ T
äâèæåíèÿ ïî ìàðøðóòó èç ò. A â ò. B
ôèêñèðîâàíî.

Çàäà÷à 2

Íóæíî íàéòè òðàåêòîðèþ (r∗(t), φ∗(t)),
êîòîðàÿ ìèíèìèçèðóåò ôóíêöèîíàë

R(r(·), φ(·)) =
∫ T

0

v2

r2
dt,

ãäå v � ñêîðîñòü ÓÎ, r � äèñòàíöèÿ.
Ãðàíè÷íûå óñëîâèÿ

r(0) = rA, r(T ) = rB , φ(0) = φA, φ(T ) = φB .

Âðåìÿ T äâèæåíèÿ ïî òðàåêòîðèè èç ò. A â ò.
B çàäàíî.

Galyaev, A.A., Maslov, E.P., Rubinovich,
E.Y. On a motion control problem for an
object in a con�ict environment 2009
Journal of Computer and Systems Sciences
International, 48 (3), pp. 458-464.
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Îïòèìàëüíûå òðàåêòîðèè

Öåíòð îêðóæíîñòè ëåæèò íà ñðåäèííîì ïåð-
ïåíäèêóëÿðå ê AB ; ïîëîæåíèå öåíòðà ñîâïà-
äàåò ñ âåðøèíîé ðàâíîáåäðåííîãî òðåóãîëüíè-
êà; âåëè÷èíà óãëà ïðè ýòîé âåðøèíå � 2α. Ïî-
ëîæåíèå ñåíñîðà � ò. C; öåíòð îêðóæíîñòè �
ò.O.

Ãàëÿåâ À.À., Ëûñåíêî Ï.Â., ßõíî Â.Ï.
Óêëîíåíèå ïîäâèæíîãî îáúåêòà îò
îäèíî÷íîãî îáíàðóæèòåëÿ íà çàäàííîé
ñêîðîñòè // Ïðîáëåìû óïðàâëåíèÿ.
2020. � 1. Ñ. 83-91.

Galyaev A.A., Dobrovidov A.V., Lysenko
P.V., Shaikin M.E., Yakhno V.P. Path
Planning in Threat Environment for UUV
with Non-Uniform Radiation Pattern.
Sensors 2020, 20, 2076.

Ìãíîâåííûé óðîâåíü ñèãíàëà

S =
(v
r

)µ
G(φ)γ(r, φ)g(β),

G(φ) � äèàãðàììà íàïðàâëåííîñòè àíòåííû,
g(β) � èíäèêàòðèñà èçëó÷åíèÿ, r �
äèñòàíöèÿ, v � ñêîðîñòü, γ(r, φ) � çàòóõàíèå.
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TP çàäà÷à äëÿ ÓÎ ñ íåîäíîðîäíîé èíäèêàòðèñîé
Çàäà÷à 3

Íóæíî íàéòè òðàåêòîðèþ (ρ∗(t), φ∗(t)), ìèíèìèçèðóþùóþ ôóíêöèîíàë

R(ρ(·), φ(·)) =
∫ T

0
S(ρ, ρ̇, φ, φ̇)dt =

∫ T

0

(
ρ̇2 + φ̇2

)µ/2
g

(
arctan

φ̇

ρ̇

)
dt → min

ρ(·),φ(·)
(1)

ñ ãðàíè÷íûìè óñëîâèÿìè ρ(0) = ρA, ρ(T ) = ρB , φ(0) = φA, φ(T ) = φB .

Òåîðåìà 1

Ïóñòü 0 < g1 < g(β) < g2 äëÿ âñåõ β ∈ [0, 2π] ÿâëÿåòñÿ äâàæäû äèôôåðåíöèðóåìîé
ôóíêöèåé îò β, ãäå g1, g2 - ïîñòîÿííûå, è ρ̈(t), φ̈(t) ñóùåñòâóþò è íåïðåðûâíû. Òîãäà
îïòèìàëüíàÿ òðàåêòîðèÿ óäîâëåòâîðÿåò ñèñòåìå óðàâíåíèé{

ρ̇ = const,

φ̇ = const.
(2)

detH =
(
φ̇2 + ρ̇2

)µ−2
(µ− 1)

(
g2(β)µ2 + g(β)g′′(β)µ− g′2(β)(µ− 1)

)
. (3)

Òåîðåìà 2

Ïóñòü âûïîëíåíû óñëîâèÿ òåîðåìû 1, g(β) � òðèæäû äèôôåðåíöèðóåìàÿ ôóíêöèÿ β è
detH > 0 äëÿ âñåõ β. Òîãäà òðàåêòîðèÿ, óäîâëåòâîðÿþùàÿ (2), äàåò ñèëüíûé ìèíèìóì
ôóíêöèîíàëó (1).
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Ïðèìåð (ñëó÷àé µ = 2)
Èíäèêàòðèñà èçëó÷åíèÿ

g(β) = K1 +K2 cos
2(β).

g(β) ïðè K1 = 0.25, K2 = 0.75

Óñëîâèå íîðìèðîâêè K1 +K2 = 1.
Ìàòðèöà Ãåññå

H =

(
2K1 0

0 2(K1 +K2)

)
.

Ãåññèàí detH = 4K1(K1 +K2) = 4K1.

Ñëåäñòâèå 1

Íà îïòèìàëüíîé òðàåêòîðèè çíà÷åíèå ðèñêà
ðàâíî

R∗ =
1

T

(
ln2

rB

rA
+K2

1 (φB − φA)2
)

è çàâèñèò òîëüêî îò ãðàíè÷íûõ óñëîâèé.

Galyaev A.A., Lysenko P.V., Yakhno
V.P. Trajectory Optimality Conditions for
Moving Object with Nonuniform Radiation
Pattern // Doklady Mathematics. 2020.
Vol. 102. No. 1. pp. 342-345.
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Ìíîãîçâåííûå òðàåêòîðèè

RACB(β1, β2, T1, T2) =
Lµ
1 (β1)

Tµ−1
1

g(β1) +
Lµ
1 (β2)

Tµ−1
2

g(β2). (4)

Çàäà÷à 4

Íóæíî íàéòè ÷åòâåðêó (β∗
1 , β

∗
2 , T

∗
1 , T

∗
2 ), ÷òî äàåò ìèíèìóì

(β∗
1 , β

∗
2 , T

∗
1 , T

∗
2 ) = arg min

β1,β2, T1,T2≥0, T1+T2=T
RACB(β1, β2, T1, T2). (5)

Çàäà÷à 5

Íóæíî íàéòè ÷åòâåðêó (β∗
1 , β

∗
2 , T

∗
1 , T

∗
2 ), ÷òî äàåò ïîñëåäîâàòåëüíûé ìèíèìóì

RACB(β1, β2, T1, T2), òàêîé ÷òî
RACB(β1, β2, T1, T2) → min

β1,β2

(
min

T1,T2≥0, T1+T2=T

)
. (6)

Òåîðåìà 3

Îïòèìàëüíûå óãëû β∗
1 , β

∗
2 äëÿ äâóçâåííîé òðàåêòîðèè íå çàâèñÿò îò β0, è ïîëíîñòüþ

îïðåäåëÿþòñÿ èíäèêàòðèñîé èçëó÷åíèÿ g(β), è óäîâëåòâîðÿþò ñèñòåìå óðàâíåíèé
(
g(β2)

g(β1)

)1/µ

= cos(β2 − β1) +
1

µ
sin(β2 − β1)

g′(β1)

g(β1)
,(

g(β1)

g(β2)

)1/µ

= cos(β2 − β1)−
1

µ
sin(β2 − β1)

g′(β2)

g(β2)
.

(7)
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Ïðèìåðû

Galyaev A.A., Lysenko P.V., Yakhno V.P. 2D Optimal Trajectory Planning Problem in
Threat Environment for UUV with Non-Uniform Radiation Pattern // Sensors 2021. 21
(2). 396.
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Ïðèìåðû

Galyaev A.A., Lysenko P.V., Yakhno V.P. 2D Optimal Trajectory Planning Problem in
Threat Environment for UUV with Non-Uniform Radiation Pattern // Sensors 2021. 21
(2). 396.
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Óêëîíåíèå è ïðîòèâîäåéñòâèå ñêðûòíîìó ïåðåìåùåíèþ

Äëÿ çàäà÷è óêëîíåíèÿ îò îáíàðóæåíèÿ ïî êðèòåðèþ
R ïîëó÷åíû ðåçóëüòàòû:

Òåîðåìà 1

Åñëè íà ýêñòðåìàëè {x̂(·), ŷ(·), v̂(·), φ̂(·)} íå áûëî
âûõîäà íà îãðàíè÷åíèå v ⩽ vmax, òî ïóòü ŷ(x̂) áóäåò
ñîîòâåòñòâîâàòü íåêîòîðîé ýêñòðåìàëè ïðè
óâåëè÷åíèè T . Îáðàòíîå íåâåðíî.

Òåîðåìà 2

Òðàåêòîðèè {x̂(·), ŷ(·), v̂(·), φ̂(·)} íà êîòîðûõ ÓÎ
ïåðåñåêàåò ïåðèìåòð íå ÿâëÿþòñÿ îïòèìàëüíûìè.

Îáðàòíàÿ çàäà÷à: max
(ai, bi)

min
(x(·),y(·))

R, ãäå

R =

T∫
0

(
N∑
i=1

qi
v2(t)

(x(t)− ai)2 + (y(t)− bi)2

)
dt.

ïðîðûâ ïåðèìåòðà

Samokhina M.A., Galyaev A.A. Constructing a Map of Locally Optimal Paths for a
Controlled Moving Object in a Threat Environment // Control Sciences 2024. V.1.
pp.75�85.
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Çàäà÷à çàùèòû îáúåêòîâ

Ïàòðóëèðîâàíèå êîíôëèêòíîãî ðàéîíà ãðóïïîé ÁÏËÀ ñ öåëüþ îòûñêàíèÿ, ïðåñëåäîâàíèÿ
ïîäâîäíîãî îáúåêòà - íàðóøèòåëÿ. Êàæäûé ðîáîò ñïîñîáåí ìåíÿòü ðåæèìû ïîèñêà è ïðå-
ñëåäîâàíèÿ ïðè ãðóïïîâûõ îãðàíè÷åíèÿõ èëè íåçàâèñèìî, à òàêæå ïðè îãðàíè÷åíèÿõ íà äàëü-
íîñòü êîììóíèêàöèé (ïðèåì è îòïðàâêà ñîîáùåíèé). Íåäîñòàòî÷íî äåäóêòèâíûõ, ðîåâûõ,
ãåíåòè÷åñêèõ è ïîäîáíûõ ìåòîäîâ, ñîïðÿãàåìûõ ñ ëîãèêî-äèíàìè÷åñêèì óïðàâëåíèåì â
óñëîâèÿõ äîñòàòî÷íî ïðîñòûõ òðåáîâàíèé ê ïîâåäåíèþ â ñðåäå (ïîèñê è ãðóïïîâîé îáõîä
ïðåïÿòñòâèé) è ïðè äîâîëüíî ïðîñòûõ äèíàìè÷åñêèõ ìîäåëÿõ ÀÍÏÀ è ñðåäû. Òðåáóåòñÿ
ïîèñê íåäîñòàþùåé èíôîðìàöèè è íåäîñòàþùèõ êîíñòðóêòèâíûõ ñðåäñòâ äîñòèæåíèÿ öå-
ëè, ñ ëîãè÷åñêèì àíàëèçîì îáñòàíîâêè, â ò.÷. ïóòåì îáúÿñíåíèÿ íàáëþäàåìîãî, ÷òî òðåáóåò
èíòåãðàöèè ìåòîäîâ è ìîäåëåé.

Buzikov M., Galyaev A., Guryev Yu., Titov K.,
Yakushenko E., Vassilyev S. Intelligent Ñontrol of
Autonomous and Anthropocentric On-board
Systems // Procedia Computer Science. 2019. Vol.
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Çàùèòà ïîäâèæíîãî îáúåêòà ìîáèëüíûì çàùèòíèêîì

Ðèñ.: Ãåîìåòðèÿ çàäà÷è

Äèíàìèêà îòíîñèòåëüíîãî äâèæåíèÿ ñèñòåìû
Çàùèòíèêà-SV:

Ż
t
2 = ut −

(
1

Θt

)
, ut =

(
ut
x

ut
y

)
.

Îãðàíè÷åíèå íà óïðàâëåíèå Çàùèòíèêà: |ut| ≤ β < 1.

Äèíàìèêà ñèñòåìû äëÿ îòíîñèòåëüíîãî âåêòîðà ηt:

η̇t = ut + A + BΘt, η0 ≜ Z
0
2 , A =

(
−1

0

)
, B =

(
0

−1

)
.

Êðèòåðèé îïòèìèçàöèè:
EG(ηϑ,Θϑ) → min

ut
, G(ηϑ,Θϑ) = η

2
ϑ + γΘϑ.

Ðèñ.: Ñðàâíåíèå ðàçëè÷íûõ ìåòîäîâ íàâåäåíèÿ

Galyaev A.A, Lysenko
P.V, Rubinovich E.Y.
Optimal Stochastic
Control in the
Interception Problem of a
Randomly Tacking
Vehicle // Mathematics.
2021. 9(19):2386.
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Çàùèòà ïîäâèæíîãî îáúåêòà ìîáèëüíûì çàùèòíèêîì
Òðåáóåòñÿ íàéòè α∗

D = argmax
αD

t∗, ãäå t∗ � âðåìÿ ïåðåõâàòà.
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Kalman filter process is modified to

x̂t′= Ax̂t−1, ð21Þ

P̂t′= AP̂t−1A
T + Q̂t , ð22Þ

Kt = P̂t′ P̂t′+ R̂t

� �−1
, ð23Þ

x̂t = x̂t′+ Kt ŷt − x̂t′
� �

, ð24Þ

P̂t = I − Ktð ÞP̂t′, ð25Þ

where x̂t and x̂t−1 represent the posteriori state estimation
values at time t and time t − 1, respectively, which are part
of the filtering results. Other filtering results are P̂t and
P̂t−1, which represent the a posteriori estimation covariance
at time t and time t − 1, respectively. Next section, we give
a detailed description of the LSTM networks.

4.3. LSTM Network Architecture. We use LSTM-A, LSTM-
Q, and LSTM-R to represent the three LSTM networks. Each
network is described in Figure 2.

Specifically, the estimation task of nonlinear process
function is the most important, in which a large of features
need to be extracted from the training data. Therefore, the
LSTM-A is designed consisting of four stacked LSTM layers;
each layer has 1024 hidden units. There are three fully con-
nected (FC) layers, whose hidden units are set 1024, 1024,
and 2, respectively. The process noise estimation task is rel-
atively easy. The LSTM-Q is designed as a single layer LSTM
with 256 hidden units, adding a full connection layer of 2
hidden units. The measurement noise is relatively fixed,
and the estimation is easier. The LSTM-R is designed as a
single-layer LSTM network with 128 hidden units and a full
connection layer connecting 2 hidden units. Behind each
LSTM layer in the design, there is a loss layer with a reten-
tion probability of 0.8. The activation function of each fully
connected layer is the nonlinear function Relu (except the
last layer).

It should be noted that in order to ensure the invertibility
of the matrix generated when calculating the Kalman gain,
the Q̂t and R̂t are limited to diagonal matrices and positive
definite by exponentiation of the outputs of LSTM-Q and
LSTM-R.

4.4. Loss Function. In practice, we first used the commonly
used sum of squares of residuals (SSR) loss function:

L θð Þ = 1
T
〠
T

t=1
xt − x̂t θð Þk k2: ð26Þ

However, the value of the loss function did not converge
during the training process. After the problem locating, we
found that the LSTM-A module cannot learn any reasonable
mapping. Therefore, a regular term is added to the loss func-
tion to strengthen the gradient flow to LSTM-A. So the
modified loss function is as follows:

L θð Þ = 1
T
〠
T

t=1
xt − x̂t θð Þk k2 + λ xt − x̂t′ θð Þ�� ��2, ð27Þ

where xt the real target motion state at time t, x̂tðθÞ is the
result of state estimation values at time t, and x̂t′ðθÞ is the
intermediate result estimated by LSTM-A. The super param-
eter λ is empirically set to 0.7.

4.5. Training Optimization. Our goal is to find the optimal
fixed parameter sets, which are able to make the loss caused
by all free parameters in the complex loss function mini-
mized. These parameters are the sum of all weight and bias
parameters of all three LSTM modules. The optimization
process is often nonconvex. Facing many local minima, we
only need to achieve a small enough local minimum. That
is adequate for our practice [24].

To train the model, we use the back propagation time
algorithm [25] to obtain the gradient. The gradient update
is performed according to the commonly used Adam [26]
optimizer.

The huge training data set may increase the computa-
tional complexity of gradient calculation. In order to over-
come this problem, we only use a small batch of training
data to update the parameters in each iteration. The benefits
are selecting the descent direction accurately for every gradi-
ent descent and reducing the training shock, within a certain
range. However, the defects are increasing the number of
iterations, rising the operation time and slowing parameters
modification. There is no final conclusion on how to select
the batch size. Too small batch will introduce more noise,
and too large batch will increase the training shock [27, 28].

LSTM-A LSTM-Q

LSTM-R

Kalman filter
calculation

Observation
sequence

P̂t-1

P̂t

x̂t-1
x̂'t

x̂t

ŷt

R̂t

Q̂t

Figure 1: Overview of the KFFLSTM. In a time step t, the architecture of the KFFLSTM is composed of three LSTM modules and Kalman
filter calculation modules.

5Wireless Communications and Mobile Computing

Ãàëÿåâ À.À., Ïîòàïîâ À.Ï. Îá îäíîì ïîäõîäå ê ïðîòèâîäåéñòâèþ àëãîðèòìó
íàâåäåíèÿ â ADT-èãðå // ¾Àêòóàëüíûå ïðîáëåìû çàùèòû è áåçîïàñíîñòè 2024¿,
Ñ-Ïá, àïðåëü 2024, 3 ñòð.
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Ìîðñêèå îáúåêòû, òðåáóþùèå çàùèòû

Ðèñ.: Áóðîâûå âûøêè, íåôòå-ãàçîïðîâîäû,ïîäâîäíûå õàáû, ìîðñêèå ïîðòû,
ìîðñêèå òåðìèíàëû, ÀÝÑ
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Çàäà÷à çàùèòû îáúåêòà

Èäåÿ: Àòàêóþùèì àâòîíîìíûì èíòåëëåêòóàëüíûì ñðåäñòâàì äîëæíû
ïðîòèâîñòîÿòü àâòîíîìíûå èíòåëëåêòóàëüíûå çàùèòíèêè.
Ðàçäåëû íàóêè:

Òåîðèè ôèëüòðàöèè, ïîèñêà îáúåêòîâ è èõ îáíàðóæåíèÿ;

Òåîðèÿ ñèñòåì è îáùàÿ òåîðèÿ óïðàâëåíèÿ;

Óïðàâëåíèå ïîäâèæíûìè îáúåêòàìè è íàâèãàöèÿ;

Òåîðèÿ è ìåòîäû ðàçðàáîòêè ïðîãðàììíî-àïïàðàòíûõ è òåõíè÷åñêèõ ñðåäñòâ
óïðàâëåíèÿ è ñëîæíûõ èíôîðìàöèîííî-óïðàâëÿþùèõ ñèñòåì.

Ñöåíàðèè ïðèìåíåíèÿ: òàêòèêà, â ò.÷. îïåðàòèâíàÿ, ñòðàòåãèÿ, ó÷åò âíåøíèõ
ôàêòîðîâ è äåéñòâèé ïðîòèâíèêà.
Ïëàòôîðìåííûå ðåøåíèÿ: ìóëüòèàãåíòíûå è ñåòåöåíòðè÷åñêèå, â ò.÷. ñ
èñïîëüçîâàíèå èíòåëëåêòóàëüíûõ òåõíîëîãèé è òåõíîëîãèé èñêóññòâåííîãî
èíòåëëåêòà.
Ïîñëåäîâàòåëüíîñòü ðåøàåìûõ çàäà÷:

Ïîèñê è îáíàðóæåíèå;

Ðàñïðåäåëåíèå öåëåé ïî çàùèòíèêàì, öåëåóêàçàíèå è íàâåäåíèå, ñ íàâèãàöèåé
è êîððåêöèåé;

Ïîðàæåíèå îáúåêòà.
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Ãðóïïîâîå ïðèìåíåíèå ïåðåõâàò÷èêîâ

Ðèñ.: Ñîâìåñòíûé ïåðåõâàò ìíîæåñòâà öåëåé.
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Çàäà÷à ïåðåõâàòà íåñêîëüêèõ ïðÿìîëèíåéíî äâèæóùèõñÿ
öåëåé

Êîììèâîÿæåð Öåëü j, j = 1, ...,m
Ìàòåìàòè÷åñêàÿ ìîäåëü{

ẋI(t) = v(t) cosψ(t);

ẏI(t) = v(t) sinψ(t).
rI(t) = (xI(t), yI(t)). rj(t) = r0

j + vjt (8)

Íà÷àëüíîå ïîëîæåíèå
rI(0) = (xI(0), yI(0)) = (0, 0) r0

j = (x0j , y
0
j )

Îãðàíè÷åíèÿ íà ïàðàìåòðû

v(t) ∈ [0, V ],

ψ(t) ∈ [0, 2π).

|vj | ∈ [vmin, vmax], vmax < V,

|r0
j | ≤ R+∆R, arctg

y0j
x0j

∈
[π
2
− α

2
,
π

2
+
α

2

]
.

(9)Âðåìÿ ïåðåõâàòà τ öåëè j

τ(rj ,vj) =
(vj , rj) +

√
(vj , rj)2 + r2

j (V
2 − v2

j )

V 2 − v2
j

, (10)

ãäå rj = rj(t)− rI(t) � âåêòîð îòíîñèòåëüíîãî ïîëîæåíèÿ êîììèâîÿæåðà è öåëè j,
rI(t) � òåêóùåå ïîëîæåíèå êîììèâîÿæåðà, V � ìàêñèìàëüíàÿ ñêîðîñòü
êîììèâîÿæåðà, vj � âåêòîð ñêîðîñòè öåëè.
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Ïîñòàíîâêà çàäà÷è

Ïðîñòðàíñòâî âñåõ èíäèâèäóàëüíûõ ïëàíîâ ïî îáñëóæèâàíèþ k ∈ {0, ...,m} öåëåé

Πk =
{
(π1, ..., πk) ∈ M

k : ∀p, q ∈ {1, ..., k} p ̸= q → πp ̸= πq

}
.

Ïðîñòðàíñòâî âñåõ ïëàíîâ äëÿ çàäàííîãî êîëè÷åñòâà öåëåé m:

Π =

m⋃
k=0

Πk.

Ìèíèìàëüíîå âðåìÿ T (π), êîòîðîå òðåáóåòñÿ êîììèâîÿæåðó äëÿ òîãî, ÷òîáû
èñïîëíèòü èíäèâèäóàëüíûé ïëàí π = (π1, ..., πk)

T (π) =


0, k = 0;

τ(r0
π1
,vπ1), k = 1;

t+ τ(rπk (t)− rI(t),vπk ), k > 1, çäåñü t = T ((π1, ..., πk−1)).

(11)

Âñÿêàÿ âîøåäøàÿ â ïëàí π = (π1, ..., πk) öåëü äîëæíà áûòü îáñëóæåíà âîâðåìÿ, ò.å.
äî ïîïàäàíèÿ â íà÷àëî êîîðäèíàò.

OnTime(π) =
(
∀j ∈ {1, ..., k} : T ((π1, ..., πj)) ≤ tπj

)
.

Ìíîæåñòâî äîïóñòèìûõ ïëàíîâ:

ΠA = {π ∈ Π : OnTime(π)} .

Èíñòèòóò ïðîáëåì óïðàâëåíèÿ ÐÀÍ Çàäà÷à çàùèòû îáëàñòè 36 / 46



Êðèòåðèè çàäà÷è
Îïòèìàëüíûì ðåøåíèåì çàäà÷è ïîñòðîåíèÿ ïëàíà îáõîäà ÿâëÿåòñÿ íàèëó÷øèé
ïëàí π∗ ∈ ΠA, êîòîðûé ìèíèìèçèðóåò çíà÷åíèå ôóíêöèîíàëà ïîòåðü:

π∗ ∈ arg min
π∈ΠA

J [π]. (12)

Ïðîïóùåííûå öåëè + Âðåìÿ èñïîëíåíèÿ. Êðèòåðèé êà÷åñòâà ïîëó÷àåìûõ
ïëàíîâ âûãëÿäèò òàê

JT [π] = (n0[π], Tsum[π]). (13)

Ïðîïóùåííûå öåëè + Íàèìåíüøàÿ áëèçîñòü ê íà÷àëó êîîðäèíàò. Êðèòåðèé
êà÷åñòâà çàïèñûâàåòñÿ ñëåäóþùèì îáðàçîì:

JD[π] = (n0[π],−Dmin[π]). (14)

Ïðîïóùåííûå öåëè + Íàèìåíüøàÿ áëèçîñòü ê íà÷àëó êîîðäèíàò + Âðåìÿ

èñïîëíåíèÿ. Êðèòåðèé ñôîðìèðîâàí èç òðåõ îñíîâíûõ ôóíêöèîíàëîâ

JDT [π] = (n0[π],−Dmin[π], Tsum[π]). (15)

Ìèíèìèçàöèÿ òàêîãî êðèòåðèÿ â ïåðâóþ î÷åðåäü íàöåëåíà íà íàèìåíüøåå êî-
ëè÷åñòâî ïðîïóùåííûõ â íà÷àëî êîîðäèíàò öåëåé, âî âòîðóþ î÷åðåäü � íà ìàê-
ñèìèçàöèþ ðàññòîÿíèÿ ñàìîé áëèçêîé èç ïðèáëèçèâøèõñÿ öåëåé, è ïîñëåäíÿÿ
ñîðòèðîâêà îñóùåñòâëÿåòñÿ ïî âðåìåíè èñïîëíåíèÿ ïëàíà.
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Ðåøåíèå çàäà÷è ïåðåõâàòà

Çàäà÷à 1
Äëÿ m öåëåé, äâèæóùèõñÿ ïî òðàåêòîðèÿì (8) ñ îãðàíè÷åíèÿìè íà ïàðàìåòðû
äâèæåíèÿ âèäà (9), òðåáóåòñÿ íàéòè îïòèìàëüíûé ïî êðèòåðèþ (13) èëè (15) ïëàí
ïåðåõâàòà π ∈ ΠA êîììèâîÿæåðîì ñ çàäàííîé äèíàìèêîé.

Ïëàí îïòèìàëüíîãî
ïåðåõâàòà 15 öåëåé

êîììèâîÿæåðîì ïî êðèòåðèþ
JT [π]:

π∗ = (2, 4, 10, 6, 1, 3, 9,

5, 13, 8, 7, 14, 15, 12, 11),

Tsum[π∗] = 1448, 051,

Dmin[π
∗] = 74, 183.

Èíñòèòóò ïðîáëåì óïðàâëåíèÿ ÐÀÍ Çàäà÷à çàùèòû îáëàñòè 38 / 46



Ñâîéñòâà çàäà÷è

Îïðåäåëåíèå 2

Îïàñíîñòüþ Kj , êîòîðóþ ñîñòàâëÿåò j-ÿ öåëü, íàçîâåì âåëè÷èíó, îáðàòíóþ âðåìåíè
äâèæåíèÿ äî íà÷àëà êîîðäèíàò, à èìåííî

Kj(t) = tj(t)
−1.

Îïàñíîñòüþ òåêóùåé îáñòàíîâêè äëÿ m öåëåé íàçîâåì óïîðÿäî÷åííûé ïî
óìåíüøåíèþ êîðòåæ èç âåëè÷èí îïàñíîñòåé

(Kj1(t), . . . ,Kjm(t)).

Îïðåäåëåíèå 3

Óäîáñòâîì ïåðåõâàòà j-é öåëè Uj íàçîâåì âåëè÷èíó, îáðàòíóþ âðåìåíè ïåðåõâàòà
ýòîé öåëè èç òåêóùåé îáñòàíîâêè, à èìåííî

Uj(t) = τj(t)
−1.

Óäîáñòâîì òåêóùåé îáñòàíîâêè äëÿ m öåëåé íàçîâåì óïîðÿäî÷åííûé ïî
óìåíüøåíèþ êîðòåæ èç âåëè÷èí óäîáñòâ

(Uj1(t), . . . , Ujm(t)).
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Ñâîéñòâà çàäà÷è

Îïðåäåëåíèå 4

Ñëîæíîñòüþ ïåðåõâàòà C[π] � ìàêñèìàëüíîå âðåìÿ ìåæäó äâóìÿ
ïîñëåäîâàòåëüíûìè ïåðåõâàòàìè

C[π] = max
{πj}∈π, 1<j≤m.

τπj (T ((π1, ..., πj−1))).

Îïðåäåëåíèå 5

Ñðåäíåé ñëîæíîñòüþ ïåðåõâàòà Ĉ[π] � ñðåäíåå âðåìÿ ìåæäó äâóìÿ
ïîñëåäîâàòåëüíûìè îáõîäàìè

Ĉ[π] =
1

m− 1

∑
{πj}∈π,1<j≤m.

τπj (T ((π1, ..., πj−1))).

Òåîðåìà 3

Äëÿ ëþáîé íà÷àëüíîé îáñòàíîâêè è ëþáîãî êîëè÷åñòâà öåëåé â çàäà÷å ñóùåñòâóåò
ïëàí ãàðàíòèðîâàííîãî ïåðåõâàòà (n0[π] = 0) π ∈ ΠG.

Òåîðåìà 4

Äëÿ êðèòåðèåâ JT [π] è JDT [π] â Çàäà÷å ñïðàâåäëèâû
1) ïðèíöèï íåîïòèìàëüíîñòè ïðîñòîÿ,
2) ïðèíöèï ìàêñèìàëüíîé ñêîðîñòè.
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Ìîäåëèðîâàíèå

Ðàññìàòðèâàþòñÿ 1000 ðàçëè÷íûõ íà÷àëüíûõ îáñòàíîâîê, äëÿ êîòîðûõ âûáðàíû
ñëåäóþùèå îñíîâíûå ïàðàìåòðû:

Êîëè÷åñòâî öåëåé m = 15.

Öåíòðàëüíûé óãîë ñåêòîðà, ãäå íàõîäÿòñÿ öåëè α = 60◦.

Çíà÷åíèÿ ||rj ||, j = 1, . . . ,m ðàñïðåäåëåíû ðàâíîìåðíî íà îòðåçêå [800, 1000].

Ñêîðîñòè öåëåé ðàñïðåäåëåíû ðàâíîìåðíî íà îòðåçêå [0, 5V, 0, 7V ].

Äëÿ êàæäîé îáñòàíîâêè íàõîäèòñÿ åå îïàñíîñòü è óäîáñòâî, à òàêæå îïòèìàëüíûå
ïëàíû îáõîäà ïî êðèòåðèÿì JT [π] è JDT [π], ïîñëå ÷åãî â òàáë. ïðèâîäèòñÿ ñòàòè-
ñòèêà, êàê ÷àñòî ïåðâûå íåñêîëüêî öåëåé îïòèìàëüíîãî ïëàíà îêàçûâàþòñÿ ñàìûìè
îïàñíûìè/óäîáíûìè.
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Ìîäåëèðîâàíèå

Òàáëèöà: Ïðîöåíò ñîâïàäåíèé ïåðâûõ ÷åòûðåõ öåëåé π∗
1 , π

∗
2 , π

∗
3 , π

∗
4 îïòèìàëüíîãî ïî

êðèòåðèþ JT [π] ïëàíà π
∗ ñ ñîîòâåòñòâóþùèìè îïàñíûìè è óäîáíûìè öåëÿìè äëÿ

1000 ðàçëè÷íûõ íà÷àëüíûõ îáñòàíîâîê

Íîìåðà
öåëåé ïëàíà

π∗

Êîëè÷åñòâî ñîâïàäåíèé i-é öåëè ïëàíà π∗ ñ i-é ïî

îïàñíîñòè
(Kπ∗

i
= Kji),
%

óäîáñòâó
(Uπ∗

i
= Uji),
%

îïàñíîñòè è
óäîáñòâó, %

îïàñíîñòè
èëè óäîáñòâó,

%

Ïåðâàÿ öåëü
π∗
1 (i = 1)

65, 0 65, 9 56, 8 74, 1

Âòîðàÿ öåëü
π∗
2 (i = 2)

32, 1 57, 6 13, 9 75, 8

Òðåòüÿ öåëü
π∗
3 (i = 3)

19, 4 58, 5 7, 1 70, 8

×åòâåðòàÿ
öåëü π∗

4

(i = 4)

16, 3 57, 0 3, 8 69, 5
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Ìîäåëèðîâàíèå

Òàáëèöà: Ïðîöåíò ñîâïàäåíèé ïåðâûõ ÷åòûðåõ öåëåé π∗
1 , π

∗
2 , π

∗
3 , π

∗
4 îïòèìàëüíîãî ïî

êðèòåðèþ JDT [π] ïëàíà π
∗ ñ ñîîòâåòñòâóþùèìè îïàñíûìè è óäîáíûìè öåëÿìè äëÿ

1000 ðàçëè÷íûõ íà÷àëüíûõ îáñòàíîâîê

Íîìåðà
öåëåé ïëàíà

π∗

Êîëè÷åñòâî ñîâïàäåíèé i-é öåëè ïëàíà π∗ ñ i-é ïî

îïàñíîñòè
(Kπ∗

i
= Kji),
%

óäîáñòâó
(Uπ∗

i
= Uji),
%

îïàñíîñòè è
óäîáñòâó, %

îïàñíîñòè
èëè óäîáñòâó,

%

Ïåðâàÿ öåëü
π∗
1 (i = 1)

61, 2 63, 0 52, 8 71, 4

Âòîðàÿ öåëü
π∗
2 (i = 2)

36, 6 52, 9 13, 2 76, 3

Òðåòüÿ öåëü
π∗
3 (i = 3)

27, 5 49, 2 7, 7 69, 0

×åòâåðòàÿ
öåëü π∗

4

(i = 4)

24, 6 45, 7 6, 2 64, 1
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Çàäà÷à çàùèòû îáúåêòà

Ðåçóëüòàòû

Ðàçðàáîòàíà êîíöåïöèÿ ïî îáåñïå÷åíèþ íåïðåðûâíîãî ìîíèòîðèíãà ïîäâîäíîé
èíôðàñòðóêòóðû.

Ðàçðàáîòàíû ÷àñòíûå ìàòåìàòè÷åñêèå ìîäåëè ôóíêöèîíèðîâàíèÿ ë¼ãêèõ ÀÍ-
ÏÀ, ñïîñîáíûõ â óñëîâèÿõ ìàëîãî âðåìåíè ðåàêöèè íà âíåøíèå óãðîçû, ðåøàòü
çàäà÷è ïî îöåíêå îáñòàíîâêè, ôîðìèðîâàíèþ èíäèâèäóàëüíûõ ñòðàòåãèé óïðàâ-
ëåíèÿ è ãåíåðàöèè íîâûõ/èçìåíåííûõ öåëåé è çàäà÷ êàê âñåé ìèññèè, ðåøàþ-
ùèõ öåëåâóþ çàäà÷ó îáåñïå÷åíèÿ ãàðàíòèðîâàííîé çàùèòû ìîðñêèõ îáúåêòîâ.

Ðàçðàáîòàíû ìàòåìàòè÷åñêèå ìîäåëè è àëãîðèòìû äëÿ ðåøåíèÿ çàäà÷è ïåðåõâà-
òà â çàäàííîì ðàéîíå îäíîé èëè íåñêîëüêèõ ïðÿìîëèíåéíî äâèæóùèõñÿ öåëåé
â ðàçëè÷íûõ ýøåëîíàõ ãðóïïîé àâòîíîìíûõ çàùèòíèêîâ.

Ãàëÿåâ À.À., ßõíî Â.Ï., Ëûñåíêî Ï.Â., Áåðëèí Ë.Ì., Áóçèêîâ Ì.Ý.

Îïòèìèçàöèÿ ïëàíà ïåðåõâàòà ïðÿìîëèíåéíî äâèæóùèõñÿ öåëåé //
Àâòîìàòèêà è òåëåìåõàíèêà. 2023. � 10. Ñ. 18-36.

Ãàëÿåâ À.À., Ðÿáóøåâ Å.À. Ïîèñê ñóáîïòèìàëüíîãî ðåøåíèÿ äèíàìè÷åñêîé
çàäà÷è êîììèâîÿæåðà ìåòîäîì Ìîíòå-Êàðëî // Àâòîìàòèêà è òåëåìåõàíèêà.
2024. � 2. Ñ. 103-119.
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Åñëè Âàø ïëàí íà 1 ãîä � âûðàùèâàéòå ðèñ.
Åñëè Âàø ïëàí íà 10 ëåò � ñàæàéòå äåðåâüÿ.
Åñëè Âàø ïëàí íà 100 ëåò � îáó÷àéòå äåòåé!

Êîíôóöèé
Åñëè Âàø ïëàí íà 1000 ëåò � ...

Ñïàñèáî çà âíèìàíèå!
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