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Ïðåäñòàâëåíû ðåçóëüòàòû ïðîâåäåííîãî èññëåäîâàíèÿ ïî ôîðìèðîâàíèþ ïðåäâàðèòåëüíîãî òåõíè÷åñêîãî îáëèêà
ñèëîâîé óñòàíîâêè (ÑÓ) íà áàçå äâóõêîíòóðíîãî òóðáîðåàêòèâíîãî äâèãàòåëÿ ñî ñìåøåíèåì ïîòîêîâ êîíòóðîâ
(ÒÐÄÄñì) äëÿ ìàëîçàìåòíîãî óäàðíîãî áåñïèëîòíîãî ëåòàòåëüíîãî àïïàðàòà (ÁËÀ). Ïðè ýòîì ñ èñïîëüçîâàíèåì
èíñòðóìåíòàëüíî-ïðîãðàììíîãî êîìïëåêñà «Ñàìîëåò-äâèãàòåëü» (ÈÏÊ «ÑÄ»), ñîçäàííîãî íà êàôåäðå àâèàöè-
îííûõ äâèãàòåëåé ÂÂÀ èì. ïðîô. Í.Å. Æóêîâñêîãî è Þ.À. Ãàãàðèíà, ðàññ÷èòàíû âûñîòíî-ñêîðîñòíûå, äðîññåëüíûå
è ãàáàðèòíî-ìàññîâûå õàðàêòåðèñòèêè èññëåäóåìîãî äâèãàòåëÿ. Ñ èñïîëüçîâàíèåì èíæåíåðíûõ ìåòîäèê ïðîèç-
âåäåí ðàñ÷åò àýðîäèíàìè÷åñêèõ, îáúåìíî-ìàññîâûõ è ëåòíî-òåõíè÷åñêèõ õàðàêòåðèñòèê (ËÒÕ) èññëåäóåìîãî óäàð-
íîãî ÁËÀ. Âûïîëíåííûå îïòèìèçàöèîííûå èññëåäîâàíèÿ ïîçâîëèëè âûáðàòü îïòèìàëüíûå ïàðàìåòðû ðàáî÷åãî
ïðîöåññà ÒÐÄÄ è ðàçìåðíîñòü ÑÓ, îáåñïå÷èâàþùèå ïîâûøåíèå ýôôåêòèâíîñòè ÁËÀ ïî âûáðàííûì êðèòåðèÿì
ïî ñðàâíåíèþ ñ íåîïòèìàëüíûì (èñõîäíûì) âàðèàíòîì.

Êëþ÷åâûå ñëîâà: óäàðíûé ÁËÀ «Ñêàò», îöåíêà ýôôåêòèâíîñòè ñèëîâîé óñòàíîâêè, ðàáî÷èé ïðîöåññ ÒÐÄÄ,
âûñîòíî-ñêîðîñòíûå õàðàêòåðèñòèêè ÁËÀ, äðîññåëüíûå õàðàêòåðèñòèêè ÁËÀ.

Ââåäåíèå

Àêòèâíîå èñïîëüçîâàíèå ÁËÀ â âîåííûõ èí-
òåðåñàõ íàñ÷èòûâàåò óæå áîëåå ïîëóâåêà. Ïåðâûìè
áîåâûìè çàäà÷àìè, ðåøàåìûìè áåñïèëîòíîé

àâèàöèåé, áûëè, ïðåèìóùåñòâåííî, ðàçâåäûâà-
òåëüíûå. Ïðè ýòîì áåñïèëîòíèêè ðàçëè÷íûõ òè-
ïîâ ïðèìåíÿëèñü äëÿ ìîíèòîðèíãà ìåñòíîñòè,
ïîèñêà íîâûõ èëè äîðàçâåäêè ðàíåå âûÿâëåííûõ
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öåëåé ïðîòèâíèêà è âûäà÷è èíôîðìàöèè ïî íèì
[1]. Â äàëüíåéøåì ñòðåìëåíèå âîåííîãî êîìàíäî-
âàíèÿ îáåñïå÷èòü îïåðàòèâíîå ïîðàæåíèå öåëåé
ïðîòèâíèêà, âûÿâëåííûõ ðàçâåäûâàòåëüíûìè
ÁËÀ, ïðèâåëî ê ïîÿâëåíèþ íîâîãî êëàññà áåñïè-
ëîòíèêîâ – óäàðíûõ, êîòîðûå ñïîñîáíû íàíîñèòü
óäàðû ïî íàçåìíûì íåïîäâèæíûì öåëÿì èìåþ-
ùèìèñÿ íà áîðòó àâèàöèîííûìè ñðåäñòâàìè ïî-
ðàæåíèÿ [2].

Âîîðóæåííûå ñèëû ñòðàí Åâðîïû, Èçðàèëÿ è
ÑØÀ óæå äàâíî èìåþò íà âîîðóæåíèè òàêîãî
òèïà ÁËÀ [3]. Â Ðîññèéñêîé Ôåäåðàöèè òÿæåëûå
óäàðíûå áåñïèëîòíèêè íàõîäÿòñÿ â íàñòîÿùåå
âðåìÿ â ñòàäèè ðàçðàáîòêè [4]. Îòìåòèì, ÷òî â
íàøåé ñòðàíå äàííûì âîïðîñîì çàíÿëèñü áîëåå 15
ëåò íàçàä. Òàê, ñ íà÷àëà 2005 ã. â ÀÎ «ÐÑÊ «ÌèÃ»
èíèöèàòèâíî âåëèñü ðàáîòû ïî ïðîåêòó ìàëîçà-
ìåòíîãî óäàðíîãî ÁËÀ «Ñêàò» [5]. Íà ìåæäóíàðîä-
íîì àâèàñàëîíå ÌÀÊÑ-2007 áûë ïðåäñòàâëåí
ìàêåò ýòîãî áåñïèëîòíèêà [6], íî â 2012 ã. ïðåä-
ñòàâèòåëè ÀÎ «ÐÑÊ «ÌèÃ» îôèöèàëüíî çàÿâèëè,
÷òî äàííûé ïðîåêò çàêðûò, à âñå òåêóùèå íàðà-
áîòêè áóäóò ïðåäîñòàâëåíû ÏÀÎ «Êîìïàíèÿ «Ñó-
õîé» äëÿ ñîçäàíèÿ ïðîåêòà ïåðñïåêòèâíîãî òÿæå-
ëîãî óäàðíîãî ÁËÀ «Îõîòíèê» [7]. Äàëåå íåñêîëü-
êî ëåò íå áûëî êîíêðåòíîé èíôîðìàöèè î ðàçâè-
òèè ïðîåêòà «Ñêàò», à â 2019 ã. Ãåíåðàëüíûé äè-
ðåêòîð ÀÎ «ÐÑÊ «ÌèÃ» Èëüÿ Òàðàñåíêî (íà äàí-
íûé ìîìåíò òàêæå Ãåíåðàëüíûé äèðåêòîð ÏÀÎ
«Êîìïàíèÿ «Ñóõîé») â ñâîåì èíòåðâüþ ðàññêàçàë,
÷òî îíè âèäÿò ðûíîê äëÿ òàêîãî áåñïèëîòíèêà è
ãîòîâû ïðåñòóïèòü ê îïûòíî-êîíñòðóêòîðñêèì ðà-
áîòàì ïîñëå ñîãëàñîâàíèÿ òàêòèêî-òåõíè÷åñêîãî
çàäàíèÿ ñ çàêàç÷èêîì [8].

Íàïîìíèì, ÷òî â êà÷åñòâå äâèãàòåëÿ äëÿ ÑÓ
ÁËÀ «Ñêàò» ðàññìàòðèâàëñÿ ÒÐÄÄñì ÐÄ-5000Á
òÿãîé 49,44 êÍ (5040 êãñ), ïðåäñòàâëÿþùèé ñîáîé
ìîäèôèêàöèþ äâèãàòåëÿ ÐÄ-93 (áåñôîðñàæíûé
âàðèàíò ïðèìåíÿåìîãî â ñîñòàâå ÑÓ èñòðåáèòåëåé
ÌèÃ-29 äâèãàòåëÿ ÐÄ-33) äëÿ îäíîäâèãàòåëüíûõ
çàðóáåæíûõ áîåâûõ ñàìîëåòîâ [9]. Çà ýòè ãîäû â
äàííîì êëàññå òÿãè íîâûõ îòå÷åñòâåííûõ äâèãà-
òåëåé íå ïîÿâèëîñü, ñëåäîâàòåëüíî, ïðîáëåìà ñî-
çäàíèÿ äâèãàòåëÿ äëÿ ÑÓ äàííîãî ÁËÀ ñòàíîâèò-
ñÿ íàèáîëåå îñòðîé.

Èñõîäÿ èç ñëîæèâøåéñÿ ñèòóàöèè, ìîæíî
êîíñòàòèðîâàòü, ÷òî èññëåäîâàíèÿ, íàïðàâëåííûå
íà ôîðìèðîâàíèå ïðåäâàðèòåëüíîãî òåõíè÷åñêî-
ãî îáëèêà ïåðñïåêòèâíûõ îòå÷åñòâåííûõ óäàðíûõ
ÁËÀ è èõ ÑÓ, ÿâëÿþòñÿ àêòóàëüíûìè.

Îòìåòèì, ÷òî ïîäîáíûå èññëåäîâàíèÿ ïðîâî-
äèëèñü â Öåíòðàëüíîì èíñòèòóòå àâèàöèîííîãî
ìîòîðîñòðîåíèÿ èìåíè Ï.È. Áàðàíîâà. Â êà÷åñòâå

îáúåêòà èññëåäîâàíèÿ èñïîëüçîâàëñÿ ïåðñïåêòèâ-
íûé óäàðíûé ÁËÀ ñ ÑÓ íà áàçå ÒÐÄÄ òèïà
F100PW�220U è àýðîäèíàìè÷åñêèìè õàðàêòåðèñ-
òèêàìè, ñîîòâåòñòâóþùèìè óðîâíþ ñîâðåìåííî-
ãî ìàëîçàìåòíîãî ËÀ àýðîäèíàìè÷åñêîé ñõåìû
«ëåòàþùåå êðûëî». Òðåáîâàíèÿ ê èññëåäóåìîìó
ÁËÀ ôîðìèðîâàëèñü íà îñíîâå àíàëèçà õàðàêòå-
ðèñòèê àìåðèêàíñêîãî óäàðíîãî ÁËÀ X-47B. Ïðè
ýòîì âçë¸òíàÿ ìàññà èññëåäóåìîãî ÁËÀ ñîñòàâëÿåò
~20 ò, à ïîëåçíàÿ íàãðóçêà – îêîëî 2 ò, ÷òî â öå-
ëîì ñîîòâåòñòâóåò òðåáîâàíèÿì ê ðàçðàáàòûâàåìî-
ìó îòå÷åñòâåííîìó ÁËÀ òèïà «Îõîòíèê» [10].

Íà îñíîâàíèè âûøåñêàçàííîãî â äàííîé ðà-
áîòå ïîñòàâëåíà ñëåäóþùàÿ çàäà÷à èññëåäîâàíèÿ:
ñ èñïîëüçîâàíèåì ìåòîäîâ ìàòåìàòè÷åñêîãî ìî-
äåëèðîâàíèÿ è îïòèìèçàöèè ïðîâåñòè ðàñ÷åòíî-
òåîðåòè÷åñêèå èññëåäîâàíèÿ äëÿ îïðåäåëåíèÿ îï-
òèìàëüíûõ ñõåìû, ïàðàìåòðîâ ðàáî÷åãî ïðîöåñ-
ñà, ïðîãðàììû óïðàâëåíèÿ ÒÐÄÄñì è ðàçìåðíî-
ñòè ÑÓ (ò.å. òÿãîâîîðóæåííîñòè ñàìîëåòà), îáåñ-
ïå÷èâàþùèõ äîñòèæåíèå íàèëó÷øèõ çíà÷åíèé
âûáðàííûõ êðèòåðèåâ ýôôåêòèâíîñòè (ÊÝ) èññëå-
äóåìîãî óäàðíîãî ÁËÀ òèïà «Ñêàò» ïðè âûïîëíå-
íèè èì õàðàêòåðíûõ ïîëåòíûõ çàäàíèé, ñ ó÷åòîì
åãî àýðîäèíàìè÷åñêèõ, îáúåìíî-ìàññîâûõ è ëåò-
íî-òåõíè÷åñêèõ õàðàêòåðèñòèê.

Ìåòîäèêà èññëåäîâàíèÿ

Íà ðèñ. 1 ïðîäåìîíñòðèðîâàíà ñõåìà àäàïòè-
ðîâàííîé ìåòîäèêè ïðîâåäåíèÿ äàííîãî èññëåäî-
âàíèÿ. Îíà îñíîâàíà íà ðàçðàáîòàííîé àâòîðàìè
ìåòîäèêå ôîðìèðîâàíèÿ òåõíè÷åñêîãî îáëèêà è
îöåíêè ýôôåêòèâíîñòè ÑÓ ÁËÀ ðàçëè÷íîãî íà-
çíà÷åíèÿ [11], áàçèðóþùåéñÿ íà ìíîãîäèñöèïëè-
íàðíîé ìåòîäîëîãèè êîíöåïòóàëüíîãî ïðîåêòèðî-
âàíèÿ ÑÓ ëåòàòåëüíûõ àïïàðàòîâ (ËÀ) íà ýòàïàõ
íàó÷íî-èññëåäîâàòåëüñêèõ ðàáîò, ñîçäàííîé íà
êàôåäðå àâèàöèîííûõ äâèãàòåëåé ÂÂÀ èì. ïðîô.
Í.Å. Æóêîâñêîãî è Þ.À. Ãàãàðèíà [12].

Èç ïðåäñòàâëåííîé ñõåìû âèäíî, ÷òî â êà÷å-
ñòâå îñíîâíûõ ïðîãðàììíûõ èíñòðóìåíòîâ äëÿ
âûïîëíåíèÿ íåîáõîäèìûõ ðàñ÷åòíî-òåîðåòè÷åñ-
êèõ èññëåäîâàíèé â äàííîé ìåòîäèêå ïðèìåíÿëèñü
ìíîãîêðàòíî âåðèôèöèðîâàííûå è àïðîáèðîâàí-
íûå â àâèàäâèãàòåëåñòðîèòåëüíîé îòðàñëè è äîêà-
çàâøèå ñâîþ âûñîêóþ ýôôåêòèâíîñòü èíñòðóìåí-
òû – ÈÏÊ «ÑÄ» [13] è ïàêåò ìíîãîêðèòåðèàëü-
íîé îïòèìèçàöèè IOSO.NM [14]. IOSO áàçèðóåòñÿ
íà ðàçðàáîòàííîì ïîä ðóêîâîäñòâîì ïðîô.
È.Í.  Åãîðîâà ìåòîäå íåïðÿìîé ñòàòèñòè÷åñêîé
îïòèìèçàöèè íà îñíîâå ñàìîîðãàíèçàöèè
(ÌÍÑÎ) [15].
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Èñïîëüçóåìàÿ â ðàáîòå ìåòîäèêà ñîñòîèò èç
ïÿòè îñíîâíûõ ýòàïîâ, ïåðâûé èç êîòîðûõ, «Ïî-
ñòàíîâêà çàäà÷è èññëåäîâàíèÿ», â îáîáùåííîì
âèäå ïðåäñòàâëåí âî ââåäåíèè, à íåîáõîäèìûå
ïîäðîáíîñòè áóäóò ðàñêðûòû íèæå ïî òåêñòó.
Äàëåå ðàñêðîåì ñîäåðæàíèå îñòàâøèõñÿ ÷åòûðåõ
ýòàïîâ ïðîâåäåíèÿ èññëåäîâàíèÿ.

Ðàçðàáîòêà áàçîâîãî âàðèàíòà
ñèñòåìû «Óäàðíûé ÁËÀ-ÑÓ»

Äàííûé ýòàï ðàáîòû íåîáõîäèì äëÿ âûïîëíå-
íèÿ óâÿçêè ïàðàìåòðîâ íà îñíîâå ñòàòèñòè÷åñêèõ
äàííûõ ïî ÑÓ, ËÀ è èõ ñîâîêóïíîñòè ïðè ìîäå-
ëèðîâàíèè ïîëåòíîãî çàäàíèÿ ñ öåëüþ ôîðìèðî-
âàíèÿ áàçîâîãî âàðèàíòà èññëåäóåìîé ñèñòåìû
«Óäàðíûé ÁËÀ-ÑÓ», îòíîñèòåëüíî êîòîðîãî áó-
äåò ïðîèçâîäèòüñÿ îöåíêà ýôôåêòèâíîñòè ôîðìè-
ðóåìûõ âàðèàíòîâ îáëèêîâ. Äëÿ ýòîãî â êà÷åñòâå

ïðîòîòèïà æåëàòåëüíî èìåòü ðåàëüíî ñóùåñòâóþ-
ùèå èçäåëèÿ, ÷òîáû âåðèôèöèðîâàòü ïàðàìåòðû
è õàðàêòåðèñòèêè, ïîëó÷åííûå ðàñ÷åòíûì ïóòåì
ñ èñïîëüçîâàíèåì ìåòîäîâ ìàòåìàòè÷åñêîãî ìî-
äåëèðîâàíèÿ, ñ ðåçóëüòàòàìè, ïîëó÷åííûìè â ýê-
ñïåðèìåíòå [16]. Ïîýòîìó â êà÷åñòâå ïðîòîòèïà
äâèãàòåëÿ ÑÓ ïðèíÿò ÒÐÄÄÔ ÐÄ-33, ïëàíåðà –
ìàêåò óäàðíîãî ÁËÀ «Ñêàò», à ïðîãðàììà ïîëåòà
îòðàáîòàíà íà îñíîâå òèïîâûõ áîåâûõ çàäà÷ äëÿ
èñòðåáèòåëåé [17].

Âåðèôèêàöèÿ ïàðàìåòðîâ, âûñîòíî-ñêîðîñòíûõ
(ÂÑÕ) è äðîññåëüíûõ (ÄÕ) õàðàêòåðèñòèê ÐÄ-33 íà
áåñôîðñàæíûõ ðåæèìàõ ðàáîòû ïîêàçàëà ñõîäè-
ìîñòü ðåçóëüòàòîâ áîëåå 97 %, ÷òî âïîëíå äîïóñ-
òèìî äëÿ ïðîâåäåíèÿ èíæåíåðíûõ ðàñ÷åòîâ.

Äîñòóïíûõ àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê
(ÀÕ) ÁËÀ «Ñêàò» â îòêðûòîé ïå÷àòè íåò, ïîýòî-
ìó íà îñíîâå èçâåñòíûõ îïóáëèêîâàííûõ äàííûõ

Ðèñ. 1. Ñòðóêòóðíàÿ ñõåìà ìåòîäèêà ïðîâåäåíèÿ èññëåäîâàíèÿ
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[18] ðàññ÷èòàíû ÀÕ ñ èñïîëüçîâàíèåì èíæåíåð-
íîé ìåòîäèêè [19], ðàçðàáîòàííîé íà êàôåäðå
àýðîäèíàìèêè ÂÂÀ èì. ïðîô. Í.Å. Æóêîâñêîãî è
Þ.À. Ãàãàðèíà è ðåàëèçîâàííîé â ÈÏÊ «ÑÄ» [20].
Íà ðèñ. 2 ïîêàçàí ðåçóëüòàò ýòîãî ðàñ÷åòà.

Ïîñëå îïðåäåëåíèÿ ÀÕ ñôîðìóëèðîâàíî äâà
ïîëåòíûõ çàäàíèÿ, íà îñíîâàíèè êîòîðûõ ñîñòàâ-
ëåíû äâå ïðîãðàììû ïîëåòà, ïîêàçàííûå íà
ðèñ. 3,à è á.

Ïåðâîå ïîëåòíîå çàäàíèå ïðåäóñìàòðèâàëî
ïîëåò ïî ñëîæíîìó ïðîôèëþ: âçëåò, íàáîð âûñî-
òû Íêð = 6 êì, äî òî÷êè áîåâîãî ïðèìåíåíèÿ ñ
÷èñëîì ïîëåòà ÌÍêð = 0,8. Çàòåì ñíèæåíèå äî
âûñîòû 300—500 ì, áîåâîå ïðèìåíåíèå îðóæèÿ
(ñáðîñ áîìáîâîé íàãðóçêè íà ïðåäïîëàãàåìóþ
öåëü), ðàçâîðîò, íàáîð âûñîòû Íêð = 6 êì è ïîëåò
ñ ÌÍêð = 0,8 äî àýðîäðîìà ïîñàäêè.

Âòîðîå ïîëåòíîå çàäàíèå ïðåäóñìàòðèâàëî
ïåðåâîçêó ìèíèìàëüíîé ïîëåçíîé íàãðóçêè íà
ìàêñèìàëüíîé âûñîòå Íêð = 12 êì è ÷èñëå ÌÍêð =
= 0,8 – ýòî òàê íàçûâàåìûé ïåðåãîíî÷íûé ïîëåò
èëè ïîëåò íà ìàêñèìàëüíóþ äàëüíîñòü.

Íà ýòîì ôîðìèðîâàíèå áàçîâîãî âàðèàíòà
óäàðíîãî ÁËÀ, ñ êîòîðûì, ïîñëå îïðåäåëåíèÿ ÊÝ
ñèñòåìû, íåîáõîäèìî ïðîâåñòè ðÿä ïàðàìåòðè÷åñ-
êèõ è îïòèìèçàöèîííûõ ðàñ÷åòíî-òåîðåòè÷åñêèõ
èññëåäîâàíèé, çàâåðøåíî.

Îáùèé ïðîöåññ ôîðìèðîâàíèÿ òåõíè÷åñêîãî
îáëèêà ËÀ è ïðîãíîçèðîâàíèå åãî ðàçâèòèÿ çàê-
ëþ÷àåòñÿ â îïðåäåëåíèè åãî îïòèìàëüíûõ òåõíè-
÷åñêèõ, ëåòíî-òåõíè÷åñêèõ è òàêòèêî-òåõíè÷åñêèõ
ïàðàìåòðîâ è õàðàêòåðèñòèê ïî âûáðàííûì êðè-
òåðèÿì: ýêîíîìè÷åñêèì, òåõíè÷åñêèì, òåõíîëîãè-

÷åñêèì, ýêñïëóàòàöèîííûì, êîìïëåêñíûì è äð.
[21].

Â äàííîé ðàáîòå â êà÷åñòâå ÊÝ èññëåäóåìîé
ñèñòåìû ïðèíÿòû òåõíè÷åñêèå ïàðàìåòðû: äàëü-
íîñòè ïîëåòà ñîîòâåòñòâåííî äëÿ ïåðâîé (Lïîë1) è

âòîðîé (Lïîë2) ïðîãðàìì ïîëåòà, õàðàêòåðèçóþùèå
ôóíêöèîíàëüíîå íàçíà÷åíèå óäàðíîãî ÁËÀ.

Ïàðàìåòðè÷åñêèå èññëåäîâàíèÿ

Öåëüþ äàííîãî ýòàïà ÿâëÿåòñÿ èññëåäîâàíèå
áàçîâîãî âàðèàíòà íà ïðåäìåò óñòàíîâëåíèÿ çàêî-
íîìåðíîñòåé âëèÿíèÿ ïàðàìåòðîâ ðàáî÷åãî ïðî-
öåññà ÒÐÄÄ è ÑÓ, ïëàíåðà ËÀ è ïàðàìåòðîâ èõ
ñîãëàñîâàíèÿ, íà ïðîòåêàíèå ÂÑÕ è ÄÕ äâèãàòå-
ëÿ, à òàêæå èíòåãðàëüíûå ïàðàìåòðû ÁËÀ è âûá-
ðàííûå ÊÝ. Ïðè ýòîì âûÿâëÿþòñÿ ãðàíè÷íûå
çíà÷åíèÿ ïàðàìåòðîâ, ïðè êîòîðûõ íàáëþäàåòñÿ
ôèçè÷åñêîå ñóùåñòâîâàíèå èññëåäóåìîãî îáúåê-
òà, ÷òî ïðè ïîñòàíîâêå çàäà÷è îïòèìèçàöèè ïî-
çâîëÿåò óñòàíîâèòü äèàïàçîíû çíà÷åíèé âàðüèðî-
âàííûõ ïàðàìåòðîâ.

Âñåãî ðàññìîòðåíî âëèÿíèå ñëåäóþùèõ ôàê-
òîðîâ:

à) òðåõ ïàðàìåòðîâ ðàáî÷åãî ïðîöåññà, õàðàê-
òåðíûõ äëÿ ÒÐÄÄñì (çà ðàñ÷åòíûé ïðèíÿò ìàêñè-
ìàëüíûé ðåæèì ðàáîòû äâèãàòåëÿ ïðè Í = 0,
ÌÍ = 0):

— ðàñ÷åòíîé ñóììàðíîé ñòåïåíè ïîâûøåíèÿ

äàâëåíèÿ *
ê.ðπ ;

— ðàñ÷åòíîé òåìïåðàòóðû ãàçà ïåðåä òóðáèíîé

*
ã.ðÒ ;

Ðèñ. 2. Àýðîäèíàìè÷åñêèå õàðàêòåðèñòèêè óäàðíîãî ÁËÀ òèïà «Ñêàò»



109Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.27. ¹4

Òåïëîâûå, ýëåêòðîðàêåòíûå äâèãàòåëè è ýíåðãîóñòàíîâêè Thermal engines, electric propulsion and power
ëåòàòåëüíûõ àïïàðàòîâ plants for flying vehicles

— ðàñ÷åòíîé ñòåïåíè äâóõêîíòóðíîñòè mð;
á) ÷åòûðåõ âîçìîæíûõ ïðîãðàìì óïðàâëåíèÿ

(ÏÓ) äâèãàòåëåì:
— ïðè ïîääåðæàíèè ïîñòîÿííîé ÷àñòîòû âðà-

ùåíèÿ ðîòîðà íèçêîãî äàâëåíèÿ (ÐÍÄ)
nÍÄ = const;

— ïðè ïîääåðæàíèè ïîñòîÿííîé ÷àñòîòû âðà-
ùåíèÿ ðîòîðà âûñîêîãî äàâëåíèÿ (ÐÂÄ)
nÂÄ = const;

— ïðè ïîääåðæàíèè ïîñòîÿííîé òåìïåðàòóðû
ãàçà ïåðåä òóðáèíîé âûñîêîãî äàâëåíèÿ

*
ãÒ = const;

— ïðè ïîääåðæàíèè ïîñòîÿííîé ñóììàðíîé

ñòåïåíè ïîâûøåíèÿ äàâëåíèÿ *
êπ = const;

â) îäíîãî ïàðàìåòðà ïëàíåðà – îòíîñèòåëüíîé

ìàññû ñíàðÿæåííîãî ñàìîëåòà ξ = mñí /mâçë;

ã) îäíîãî ïàðàìåòðà ñîãëàñîâàíèÿ ÑÓ è ïëà-

íåðà – ñòàðòîâîé òÿãîâîîðóæåííîñòè 0μ .

ÊÏÄ óçëîâ, îãðàíè÷åíèÿ ïî ìàêñèìàëüíî äî-
ïóñòèìîé òåìïåðàòóðå ãàçà ïåðåä òóðáèíîé, ïàðà-
ìåòðû îõëàæäåíèÿ òóðáèí è äð. ïðèíÿòû íà óðîâ-
íå, ñîîòâåòñòâóþùåì äâèãàòåëÿì ïîêîëåíèÿ 4+.
Îñíîâíûå ïîêàçàòåëè ÒÐÄÄ äëÿ ïåðñïåêòèâíîãî
îòå÷åñòâåííîãî ÁËÀ ðàññ÷èòûâàëèñü ñ èñïîëüçî-
âàíèåì ðàçðàáîòàííîé ìàòåìàòè÷åñêîé ìîäåëè
(ÌÌ), èíòåãðèðîâàííîé â ÈÏÊ «ÑÄ».

Äëÿ ïðèìåðà ïðîâåäåì àíàëèç ðåçóëüòàòîâ

èññëåäîâàíèÿ âëèÿíèÿ *
ã.ðÒ  â äèàïàçîíå 1450—

Ðèñ. 3. Çàäàííûå ïðîãðàììû è ïðîôèëè ïîëåòà èññëåäóåìîãî ÁËÀ

à)

á)
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1650 Ê íà ïðîòåêàíèå ÂÑÕ è ÄÕ äâèãàòåëÿ, èí-
òåãðàëüíûå ïàðàìåòðû ÁËÀ è âûáðàííûå ÊÝ,
ðåçóëüòàòû êîòîðîãî ïðîäåìîíñòðèðîâàíû íà
ðèñ. 4—6.

Íà ðèñ. 4,à è á ïîêàçàíî âëèÿíèå *
ã.ðÒ  íà ÂÑÕ

äëÿ ðåæèìà ðàáîòû äâèãàòåëÿ (ÐÐÄ) «Ìàêñèìàë».

Èçâåñòíî, ÷òî ïðè óâåëè÷åíèè *
ã.ðÒ  óâåëè÷èâàþòñÿ

óäåëüíàÿ òÿãà äâèãàòåëÿ Ðóä è ïðè ïîñòîÿííîì
ðàñõîäå âîçäóõà Gâ.ð = const — àáñîëþòíîå çíà÷å-
íèå ýôôåêòèâíîé òÿãè äâèãàòåëÿ Ðýô. Îäíàêî â
äàííûõ èññëåäîâàíèÿõ ôèêñèðîâàííîé ïðèíÿòà
òÿãà äâèãàòåëÿ, à Gâ.ð îïðåäåëÿåòñÿ â ïðîöåññå «çà-
âÿçêè» ÒÐÄÄ.

Â òî æå âðåìÿ èçâåñòíî, ÷òî íà ïðîòåêàíèå
ÂÑÕ ñóùåñòâåííî âëèÿåò «òåìïåðàòóðíàÿ» ðàñ-
êðóòêà äâèãàòåëÿ, âûðàæàþùàÿñÿ â âåëè÷èíå

* * *
ã.ð ã.max ã.ð – ,T T TΔ =  ãäå *

ã.maxT  – ìàêñèìàëüíîå çíà-

÷åíèå òåìïåðàòóðû ãàçà ïåðåä òóðáèíîé, íàçíà÷à-
åìîé èç óñëîâèé ïðî÷íîñòè ýëåìåíòîâ «ãîðÿ÷åé

÷àñòè» ÒÐÄÄ. ×åì áîëüøå *
ã.ðTΔ , òåì èíòåíñèâíåå

ðàñòåò Ðýô ïî ñêîðîñòè ïîëåòà Vï. Íî â äàííûõ

èññëåäîâàíèÿõ çíà÷åíèå *
ã.maxT  ïðèíÿòî ïîñòîÿí-

íûì è ðàâíûì 1650 Ê. Ïîýòîìó *
ã.ðTΔ = 200 Ê äëÿ

*
ã.ðÒ = 1450 Ê , *

ã.ðTΔ = 100 Ê äëÿ *
ã.ðÒ = 1550 Ê, à

äëÿ *
ã.ðÒ = 1650 Ê òåìïåðàòóðíàÿ ðàñêðóòêà îòñóò-

ñòâóåò, ò.ê. *
ã.ðTΔ = 0. Êàê âèäíî èç ðèñ. 4,à, ïðè

*
ã.ðÒ = 1650 Ê ãðàäèåíò èçìåíåíèÿ Ðýô ïî Vï (èëè

ÌÍ) îêàçûâàåòñÿ îòðèöàòåëüíûì.

Íà ìàêñèìàëüíûõ ÐÐÄ óâåëè÷åíèå *
ã.ðÒ  ïðè-

âîäèò ê óâåëè÷åíèþ Ñóä ïðè ÌÍ = 0, ÷òî îòðèöà-
òåëüíî ñêàçûâàåòñÿ íà åãî ýêîíîìè÷íîñòè. Â äàëü-
íåéøåì ñ ðîñòîì Vï çíà÷åíèå Ñóä ìîæåò îêàçàòüñÿ
äàæå íèæå âàðèàíòîâ äâèãàòåëåé ñ ìåíüøèìè

çíà÷åíèÿìè *
ã.ðÒ  çà ñ÷åò áîëåå èíòåíñèâíîãî ðî-

ñòà òÿãîâîãî ÊÏÄ äâèãàòåëÿ.
Óâåëè÷åíèå âûñîòû ïîëåòà Í ïî ïðè÷èíå ñíè-

æåíèÿ Gâ ïðèâîäèò ê ñíèæåíèþ êàê Ðýô, òàê è Ñóä

íà âñåõ ÐÐÄ èç-çà óâåëè÷åíèÿ ñòåïåíè ïîäîãðåâà

ðàáî÷åãî òåëà â öèêëå Δ = *
ã.ðÒ /TÍ ïðè ñíèæåíèè TÍ.

Íà ðèñ. 5,à è á ïîêàçàíî âëèÿíèå *
ã.ðÒ  íà ÄÕ

èññëåäóåìîãî äâèãàòåëÿ. Êàê âèäíî èç ðèñ. 5,à, äëÿ
óñëîâèé ïîëåòà Í = 6 êì; ÌÍ = 0,8 óâåëè÷åíèå

*
ã.ðÒ  ïðèâîäèò ê íåçíà÷èòåëüíîìó ñíèæåíèþ Ñóä.êð

è ñìåùåíèþ «ëîæêè» ÄÕ âëåâî, ò.å. íà ìåíüøèå
çíà÷åíèÿ Ðýô. Ñõîæàÿ êàðòèíà íàáëþäàåòñÿ ïðè
ïðîòåêàíèè ÄÕ è íà ðåæèìå ïîëåòà Í = 12 êì;
ÌÍ = 0,8, õîòÿ ìèíèìàëüíûå çíà÷åíèÿ Ñóä.êð íå-

çíà÷èòåëüíî óâåëè÷èâàþòñÿ ñ ðîñòîì *
ã.ðÒ .

Íà ðèñ. 6,à—â ïîêàçàíî âëèÿíèå *
ã.ðÒ  íà èí-

òåãðàëüíûå ïàðàìåòðû ËÀ è âûáðàííûå ÊÝ (çíà-
÷åíèÿ îñòàëüíûõ ðàñ÷åòíûõ ïàðàìåòðîâ äâèãàòå-

Ðèñ. 4. Âëèÿíèå *
ã.ðÒ  íà ÂÑÕ èññëåäóåìîãî ÒÐÄÄñì

à) á)
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Ðèñ. 5. Âëèÿíèå *
ã.ðÒ  íà ÄÕ èññëåäóåìîãî ÒÐÄÄñì

Ðèñ. 6. Âëèÿíèå 
*
ã.ðÒ  íà èíòåãðàëüíûå ïàðàìåòðû ÁËÀ è êðèòåðèè ýôôåêòèâíîñòè

à)

á)

â)

à) á)
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ëÿ ñîõðàíÿëèñü êàê ó áàçîâîãî âàðèàíòà). Â ðàñ-
ñìàòðèâàåìîì ïðèìåðå íå íàáëþäàåòñÿ ÿðêî âû-

ðàæåííîãî îïòèìóìà ïî *
ã.ðÒ , ïðè êîòîðîì äàëü-

íîñòü ïîëåòà ÁËÀ äîñòèãàëà áû ìàêñèìàëüíîãî
çíà÷åíèÿ. Â äàííîì ñëó÷àå ïðîèñõîäèò ïðîòèâî-

ïîëîæíîå âëèÿíèå *
ã.ðÒ  íà çíà÷åíèÿ äàëüíîñòåé

Lïîë1 è Lïîë2 äëÿ äâóõ ðàçëè÷íûõ ïðîãðàìì ïîëå-

òà. Òàê, ðîñò *
ã.ðÒ  ïðèâîäèò ê óâåëè÷åíèþ óäåëü-

íîé òÿãè Ðóä0 è ñíèæåíèþ êèëîìåòðîâîãî ðàñõî-

äà òîïëèâà q è óäåëüíîé ìàññû äâèãàòåëÿ äâγ  (îï-

ðåäåëÿëàñü ïî ñòàòèñòè÷åñêîé ìåòîäèêå ïîóçëî-
âîãî ðàñ÷åòà ìàññû äâèãàòåëÿ, èíòåãðèðîâàííîé
â ÌÌ ÒÐÄÄ).

Â ðåçóëüòàòå óâåëè÷åíèå *
ã.ðÒ  ñ 1450 äî 1650 Ê

ïðèâîäèò ê ðîñòó äàëüíîñòè ïîëåòà Lïîë1, ïðåäóñ-
ìàòðèâàþùåé ïîëåò íà óìåðåííûõ âûñîòàõ ñ ïðå-
äåëüíûìè ñêîðîñòÿìè è ïîëåò ó çåìëè (ê ïðèìå-
ðó, äëÿ ïðåîäîëåíèÿ çîíû ÏÂÎ ïðîòèâíèêà). À
âîò äàëüíîñòü Lïîë2 âî âòîðîì ïðîôèëå ïîëåòà,
ïðåäóñìàòðèâàþùåì âûñîòíûé ïîëåò íà ìàêñè-
ìàëüíóþ äàëüíîñòü, ñíèæàåòñÿ. Ýòî ñâÿçàíî ñ
óâåëè÷åíèåì Ñóä íà äðîññåëüíûõ ðåæèìàõ äëÿ
óñëîâèÿ ïîëåòà: Í = 12 êì; ÌÍ = 0,8 (ñì. ðèñ. 5,á).

Îïòèìèçàöèîííûå èññëåäîâàíèÿ

Ïîñòàíîâêà çàäà÷è îïòèìèçàöèè çàêëþ÷àåòñÿ
â îïðåäåëåíèè âåêòîðà âàðüèðóåìûõ ïàðàìåòðîâ,
âûáðàííîãî èç âñåãî ìíîæåñòâà ïàðàìåòðîâ, îïè-
ñûâàþùèõ òåõíè÷åñêèé îáëèê ñèñòåìû ÁËÀ–ÑÓ,
âûáîðå ÊÝ è óòî÷íåíèè îãðàíè÷åíèé, íàêëàäû-
âàåìûõ íà âàðüèðóåìûå ïàðàìåòðû [22]. Â äàííîé
çàäà÷å òðåáóåòñÿ îïðåäåëèòü îïòèìàëüíûå ïàðà-
ìåòðû ÁËÀ è åãî ÑÓ èç óñëîâèÿ äîñòèæåíèÿ ìàê-
ñèìóìîâ äàëüíîñòåé ïîëåòà ïî ïåðâîé Lïîë1 è âòî-
ðîé ïðîãðàììàì ïîëåòà Lïîë2 ïðè âûïîëíåíèè
âñåõ îñíîâíûõ òàêòèêî-òåõíè÷åñêèõ òðåáîâàíèé,
ïðåäúÿâëÿåìûõ ê èññëåäóåìîìó óäàðíîìó ÁËÀ.

Èç àíàëèçà ïàðàìåòðè÷åñêèõ èññëåäîâàíèé ïî
âëèÿíèþ ïàðàìåòðîâ ÑÓ è ÁËÀ, íàèáîëåå ñèëüíî
âëèÿþùèõ íà ýôôåêòèâíîñòü ñèñòåìû ÁËÀ—ÑÓ,
ñôîðìèðîâàí âåêòîð âàðüèðóåìûõ ïåðåìåííûõ
Ïâàð. Äëÿ ÁËÀ – ýòî âçëåòíàÿ òÿãîâîîðóæåííîñòü

0μ , à äëÿ ÑÓ – ðàñ÷åòíûå ïàðàìåòðû ðàáî÷åãî

ïðîöåññà (ÐÐÄ «Ìàêñèìàë», Í = 0, ÌÍ = 0):
— ðàñ÷åòíàÿ ñòåïåíü ïîâûøåíèÿ äàâëåíèÿ â

êîìïðåññîðå íèçêîãî äàâëåíèÿ (ÊÍÄ) *
êíä.ðπ ;

— ðàñ÷åòíàÿ ñòåïåíü ïîâûøåíèÿ äàâëåíèÿ â

êîìïðåññîðå âûñîêîãî äàâëåíèÿ (ÊÂÄ) *
êâä.ðπ ;

— ðàñ÷åòíàÿ òåìïåðàòóðà ãàçà ïåðåä òóðáèíîé

âûñîêîãî äàâëåíèÿ *
ã.ðÒ ;

— ðàñ÷åòíàÿ ñòåïåíü äâóõêîíòóðíîñòè *
ðm ;

— ïðèâåäåííàÿ ñêîðîñòü íà âûõîäå èç âíåø-

íåãî êîíòóðà IIðλ .

Äàëåå ïðîàíàëèçèðóåì ðåçóëüòàòû ðåøåíèÿ
ïîñòàâëåííîé äâóõêðèòåðèàëüíîé øåñòèïàðàìåò-
ðè÷åñêîé çàäà÷è îïòèìèçàöèè, êîòîðûå ñâåäåíû
â òàáëèöó è ïðîäåìîíñòðèðîâàíû íà ðèñ. 7 è 8.

Íà ðèñ. 7 ïîêàçàíî ïîëó÷åííîå Ïàðåòî-ìíî-
æåñòâî îïòèìàëüíûõ ðåøåíèé çàäà÷è, ïðåäñòàâ-
ëÿþùåå ñîáîé ñîâîêóïíîñòü ïðîåêòíûõ òî÷åê â
êîîðäèíàòàõ Lïîë1—Lïîë2 è îïèñûâàþùèõ ðàçëè÷-
íûå âàðèàíòû òåõíè÷åñêèõ îáëèêîâ ñèñòåìû
ÁËÀ—ÑÓ. Âèäíî, ÷òî ïðîèçîøëî ñóùåñòâåííîå
ïîâûøåíèå âûáðàííûõ ÊÝ ïî ñðàâíåíèþ ñ èç-
íà÷àëüíûì áàçîâûì âàðèàíòîì, îáîçíà÷åííûì íà
ðèñ. 7 òî÷êîé ÁÂ.

Äëÿ âûáîðà ðàöèîíàëüíîãî âàðèàíòà âûäåëèì
íà ðèñ. 7 òðè õàðàêòåðíûå òî÷êè: «Âàð.1», «Âàð.2»,
«Âàð.3». «Âàð.1» – ïðîåêòíîå ðåøåíèå ñèñòåìû
ÁËÀ—ÑÓ, îáåñïå÷èâàþùåå äîñòèæåíèå ìàêñèìàëü-
íîãî çíà÷åíèÿ äàëüíîñòè ïîëåòà Lïîë1 = 1807 êì,

Ðåçóëüòàòû îïòèìèçàöèè ïàðàìåòðîâ ÑÓ è ÁËÀ

Ïàðàìåòðû 
Áàçîâûé 
âàðèàíò 

Îïòèìàëüíûå âàðèàíòû 

Âàð.1 Âàð.2 Âàð.3 

π*
êíä.ð 3,16 3,12 3,21 3,16 

π*
êâä.ð 6,62 7,85 7,96 8,00 

π*
êΣ.ð 20,9 24,5 25,6 25,3 

m*
ð 0,50 0,80 0,79 0,80 

Ò*
ã.ð, Ê 1530 1594 1597 1595 

λIIð 0,47 0,671 0,673 0,670 

P0, êÍ  49,43 37,65 37,25 37,88 

μ0 0,504 0,384 0,380 0,386 

Lïîë1, êì 1510 1807 1709 1714 

ΔLïîë1, % − 20 13,1 13 

Lïîë2, êì 3380 3675 3710 3700 

ΔLïîë2, % − 9,0 9,7 9,4 
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÷òî íà 20 % âûøå òî÷êè ÁÂ. Ïðè ýòîì äàëüíîñòü
ïîëåòà Lïîë2 = 3675 êì îêàçûâàåòñÿ íàèìåíüøåé
èç âñåõ îïòèìàëüíûõ âàðèàíòîâ, íî âñå æå âûøå
òî÷êè ÁÂ íà 9 %. «Âàð.2» – èìååò íàèáîëüøåå
çíà÷åíèå Lïîë2 = 3710 êì, ÷òî íà 9,7 % âûøå òî÷-
êè ÁÂ, è çíà÷åíèå Lïîë1 = 1709 êì, ìåíüøåå èç
âñåõ îïòèìàëüíûõ âàðèàíòîâ. Ïîýòîìó íà îñíî-
âàíèè èíæåíåðíîãî àíàëèçà ïðèìåì çà íàèáîëåå
ðàöèîíàëüíûé âàðèàíò ðåøåíèÿ ñèñòåìû òî÷êó
«Âàð.3», ïðè êîòîðîé îáåñïå÷èâàåòñÿ êîìïðîìèññ
ìåæäó äàëüíîñòÿìè Lïîë1 è Lïîë2, ïðè çíà÷åíèÿõ
Lïîë1 = 1714 êì è Lïîë1 = 3700 êì, ÷òî íà 13 è 9 %
âûøå «áàçîâîãî âàðèàíòà» ñîîòâåòñòâåííî (ñì.
òàáëèöó).

Êàê âèäíî èç òàáëèöû è ðèñ. 8, îïòèìèçàöèÿ
ïàðàìåòðîâ ïðèâåëà ê ñóùåñòâåííîìó ñíèæåíèþ
ñòàðòîâîé òÿãîâîîðóæåííîñòè èññëåäóåìîãî ÁËÀ

ñ 0μ = 0,504 äî 0 îïòμ = 0,38, â ðåçóëüòàòå ÷åãî «ðàç-

ìåðíîñòü» è òÿãà ÑÓ óìåíüøèëàñü. Òàêæå ïðî-
èçîøëî óâåëè÷åíèå ðàñ÷åòíûõ çíà÷åíèé ïàðàìåò-

ðîâ ðàáî÷åãî ïðîöåññà äâèãàòåëÿ *
ê ðΣπ  ñ 20,9 äî

25,3—25,6; *
ðm  ñ 0,5 äî 0,8 è *

ã.ðÒ  ñ 1530 Ê äî

1594—1597 Ê. Ýòî áëàãîïðèÿòíî ñêàçàëîñü íà ïðî-
òåêàíèè Ñóä êàê íà ìàêñèìàëüíûõ, òàê è íà äðîñ-
ñåëüíûõ ðåæèìàõ ðàáîòû ïî ñðàâíåíèþ ñ áàçîâûì
âàðèàíòîì ÒÐÄÄñì, ÷òî ïîêàçàíî íà ðèñ. 8,á è â.

Â öåëîì ñëåäóåò ïîä÷åðêíóòü, ÷òî âñå òðè îò-
ìå÷åííûõ âàðèàíòà ïðîåêòíûõ ðåøåíèé ñèñòåìû
ÁËÀ–ÑÓ èìåþò áëèçêèå çíà÷åíèÿ ïàðàìåòðîâ ðà-
áî÷åãî ïðîöåññà äâèãàòåëÿ, ïðè ýòîì çíà÷åíèÿ
âûáðàííûõ ÊÝ ó âñåõ âàðèàíòîâ ðàçëè÷íû, ÷òî
ïîäòâåðæäàåò íåîáõîäèìîñòü ðàññìîòðåíèÿ àâèà-
öèîííîãî äâèãàòåëÿ â ñèñòåìå áîëåå âûñîêîãî
óðîâíÿ ñ ïðèìåíåíèåì êîìïëåêñíîãî ïîäõîäà è
ó÷åòîì äîïîëíèòåëüíûõ êðèòåðèåâ.

Âûâîäû

1. Ïðîèçâåäåí ðàñ÷åò ãàáàðèòíûõ, àýðîäèíà-
ìè÷åñêèõ, îáúåìíî-ìàññîâûõ õàðàêòåðèñòèê èñ-
ñëåäóåìîãî óäàðíîãî ÁËÀ òèïà «Ñêàò».

2. Íåîáõîäèìàÿ äëÿ ïîëåòà è âûïîëíåíèÿ áî-
åâûõ çàäà÷ òÿãîâîîðóæåííîñòü ÁËÀ îáåñïå÷èâà-
åòñÿ ÑÓ, âêëþ÷àþùåé â ñåáÿ îäèí äâóõâàëüíûé
ÒÐÄÄ ñõåìû ñî ñìåøåíèåì ïîòîêîâ êîíòóðîâ, äëÿ
êîòîðîãî ïðîèçâåäåí ðàñ÷åò âûñîòíî-ñêîðîñòíûõ,
äðîññåëüíûõ è óäåëüíî-ìàññîâûõ õàðàêòåðèñòèê.

Ðèñ. 7. Ïàðåòî-ìíîæåñòâî îïòèìàëüíûõ îáëèêîâ ÁËÀ

Ðèñ. 8. Ñðàâíåíèå õàðàêòåðèñòèê ÂÑÕ è ÄÕ ÑÓ áàçîâîãî âàðèàíòà ñ îïòèìàëüíûìè

à) á) â)
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3. Ñ èñïîëüçîâàíèåì ÈÏÊ «ÑÄ» ðåøåíà çàäà÷à
ôîðìèðîâàíèÿ ïðåäâàðèòåëüíîãî òåõíè÷åñêîãî
îáëèêà ÑÓ ñ îäíîâðåìåííîé îïòèìèçàöèåé ïàðà-
ìåòðîâ ÑÓ è ïëàíåðà äëÿ èññëåäóåìîãî ÁËÀ ïî
êðèòåðèÿì ìàêñèìàëüíîé äàëüíîñòè ïîëåòà â äâóõ
ïðîãðàììàõ. Â ðåçóëüòàòå äàëüíîñòü ïîëåòà ïî
ïðîãðàììå ¹ 1 óâåëè÷èëàñü íà 13—20 % ïî ñðàâ-
íåíèþ ñ áàçîâûì âàðèàíòîì, à äàëüíîñòü ïîëåòà
ïî ïðîãðàììå ¹ 2 – íà 9—10 %.

4. Íà îñíîâàíèè àíàëèçà çíà÷åíèé ïàðàìåòðîâ
ðàáî÷åãî ïðîöåññà äâèãàòåëÿ ìîæíî óòâåðæäàòü,
÷òî ñîçäàíèå òàêîãî äâèãàòåëÿ âçëåòíîé òÿãîé
~4 òñ â íàñòîÿùåå âðåìÿ, ñ ó÷åòîì ñîâðåìåííûõ
òåõíîëîãèé è ìàòåðèàëîâ, òåõíè÷åñêè âîçìîæíî
è àêòóàëüíî.

5. Â äàëüíåéøåì ïëàíèðóåòñÿ ïðîâåñòè îöåí-
êó ýôôåêòèâíîñòè ÑÓ óäàðíîãî ÁËÀ òèïà «Ñêàò»
ñ äðóãèìè ñõåìàìè äâèãàòåëåé.
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Abstract

Strike unmanned aerial vehicle (UAV) more than
once proved their efficiency while performing special
missions in various local conflicts. For this reason,
Military Forces of large foreign countries pass the
UAVs of this kind into service already for several years.
In Russian Federation, similar UAVs are only at the
stage of development. The problem of the power plant
creating for any kind of aerial vehicle at this stage is
one of the basic, and the problem of developing
aviation engine for it relates to the most complex ones.

The presented work set and solved the task on
determining optimal parameters of the operating
procedure, control program for the bypass turbofan
engine (TFE) and the power plant dimensionality,
ensuring the best values of the selected efficiency
criteria of “Scat” type strike UAV, while its performing
characteristic mission tasks with account for its
aerodynamic, mass-volume and flight performances.

To conduct this study the authors developed a
technique, in which “Aircraft and Engine”
instrumental-software complex and IOSO_NM 2.0
optimization pack are the basic program tools.

Parameters matching based on the statistical data
on the power plant, aerial vehicle and their aggregate
while the mission task modelling was performed for
the purpose of forming the “base option” of the objet
under study, relative to which the effectiveness of the
appearance options being formed was estimated.
Aviation engine RD-33 as a power plant engine
prototype, and the “Skat” strike UAV breadboard
model as an airframe were selected, while mission
program was trained based on the typical combat
assignments for the fighters.

Range parameters for the two mission programs,
characterizing its functional purpose were accepted as
the effectiveness criteria of the UAV under study.

Parametric studies of the “base option” were
performed to determine regularities of the effect of the

OPTIMAL PARAMETERS SELECTION
OF THE STRIKE UNMANNED AERIAL VEHICLE POWER PLANT
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TFE and power plant working process parameters, the
UAV airframe and parameters of their matching on
both altitude-velocity and throttle performance of the
engine, as well as on the UAV’s integral parameters
and selected efficiency criteria. Analysis of the
obtained results was performed, and boundary values
of the parameters, at which physical existence of the
studied object was observed, which was necessary for
the varied parameters values range selection, were
revealed.

As the result of the optimization problem solving,
the UAV and its power plant parameters were
determined from the condition of achieving the flight
ranges maximum by the two formed mission programs
while fulfilling all design specifications, imposed on
the strike UAV under study. The flight range according
to the first program herewith increased by 13-20%
compared to the “base” variant, and 9-10% according
to the secondo one.

The authors plan hereafter to perform the power
plant efficiency estimation of “Skat” type strike UAV
comparison with the other engine schemes.

The practical value of the presented work,
consisting in the fact that its results may be employed
by the scientific and design organizations preoccupied
with prospective UAV and its power plant
development, in ordering Air Force and industry
organizations while requirements substantiating to the
new samples of aviation engineering, as well as aviation
and engineering universities while educational process
improving.

Keywords: “Skat” strike unmanned aerial vehicle,
power plant efficiency estimation, working process of
the dual-flow turbojet engine, altitude-velocity
performance, UAV throttle characteristics.



116 Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.27. ¹4

Òåïëîâûå, ýëåêòðîðàêåòíûå äâèãàòåëè è ýíåðãîóñòàíîâêè Thermal engines, electric propulsion and power
ëåòàòåëüíûõ àïïàðàòîâ plants for flying vehicles

References

1. Zinenkov Yu.V., Lukovnikov A.V., Cherkasov A.N.
Technical shape formation of power plant of high-
altitude unmanned aerial vehicle. Aerospace MAI
Journal, 2014, vol. 21, no. 1, pp. 86-94.

2. Antonov N. Iz zhizni udarnykh dronov. 15.06.2017.
URL: https://topwar.ru/117777-iz-zhizni-udarnyh-
dronov.html

3. Walker J. Unmanned Aerial Vehicles (UAVs) –
Comparing the USA, Israel, and China. 03.02.2019.
URL: https://emerj.com/ai-sector-overviews/
unmanned-aerial-vehicles-uavs/

4. Vasil’ev A. Udarnye bespilotniki: pochemu u nas ikh do
sikh por net i kogda oni poyavyatsya. 17.01.2020. URL:
https://ruposters.ru/news/17-01-2020/udarnii-
bespilotnik.

5. Ryabov K. Novyi shans dlya “Skata”. 20.09.2018. URL:
https://topwar.ru/147215-novyj-shans-dlja-skata.html

6. Fomin A. Vzlet, 2007, no. 10 (34), pp. 22-28.
7. Stanislav Z. “Skat” – razvedyvatel’nyi i udarnyi

bespilotnyi letatel’nyi apparat. 15.01.2017. URL: https:/
/www.arms-expo.ru/articles/armed-forces/skat-
razvedyvatelnyy-i-udarnyy-bespilotnyy-letatelnyy-
apparat/

8. Pan’shin A. Il’ya Tarasenko: nas prosyat ispravit’
modernizirovannye na Ukraine MiGi. 17.06.2019. URL:
https://ria.ru/20190617/1555598840.html

9. “Skat”. 09.07.2020. URL: http://www.airwar.ru/enc/
bpla/skat.html#LTH

10. Fokin D.B., Isyanov A.M. Optimal shape of power
plant for perspective attack unmanned aerial vehicle.
Aerospace MAI Journal, 2014, vol. 21, no. 4, pp. 132-143.

11. Zinenkov Yu.V., Lukovnikov A.V., Slinko M.B. Polet,
2016, no. 2-3, pp. 66-80.

12. Lukovnikov A.V. Naukoemkie tekhnologii, 2008, pp. 9,
no. 3, pp. 50-58.

13. Lukovnikov A.V. Polet, 2007, no. 7, pp. 28-38.
14. Egorov I.N., Kretinin G.V., Leshchenko I.A., Kuptzov S.V.

The main features of IOSO technology usage for multi-
objective design optimization. 10th AIAA/ISSMO
Multidisciplinary Analysis and Optimization Conference
(30 August 2004 - 01 September 2004; Albany, New
York). 2004, pp. 3437-3447. DOI: 10.2514/6.2004-4610

15. Egorov I.N., Kretinin G.V., Kostiuk S.S., Leshschenko I.A.,
Babi U.I. The Methodology of stochastic optimization
of parameters and control laws for the aircraft gas-
turbine engines flow passage components. Journal of
Engineering for Gas Turbines and Power, 2001, vol. 123,
no. 3, pp. 495-501. DOI: 10.1115/1.1285841

16. Zinenkov Yu.V., Lukovnikov A.V., Cherkasov A.N.
Estimation of the effectiveness of a power plant for a
high-altitude unmanned aerial vehicle. Aerospace MAI
Journal, 2015, vol. 22, no. 3, pp. 91-102.

17. Antonov D.A., Babich R.M., Balyko Yu.P. et al.
Aviatsiya VVS Rossii i nauchno-tekhnicheskii progress.
Boevye kompleksy i sistemy vchera, segodnya, zavtra
(Aviation of the Russian air force and scientific and
technical progress. Combat complexes and systems
yesterday, today, and tomorrow), Moscow, Drofa,
2005, 734 p.

18. Ivanov M.S., Aganesov A.V., Krylov A.A. et al.
Bespilotnye letatel’nye apparaty. Spravochnoe posobie
(Unmanned aerial vehicles. Reference book),
Voronezh, Scientific book, Voronezh, Nauchnaya
kniga, 2015, 619 p.

19. Gritsenko N.A., Ikryannikov E.D. Raschet
aerodinamicheskikh kharakteristik LA (Calculation of
aerodynamic characteristics of flying vehicles),
Moscow, VVIA im. prof. N.E. Zhukovskogo, 1994,
259 p.

20. Lukovnikov A.V. A conceptual design of aircraft
propulsion systems in multidisciplinary statement.
Aerospace MAI Journal, 2008, vol. 15, no. 3, pp. 34-43.

21. Myshkin L.V. Prognozirovanie razvitiya aviatsionnoi
tekhniki: teoriya i praktika (Aviation technology
development forecasting: theory and practice),
Moscow, Fizmatlit, 2008, 328 p.

22. Egorov I.N., Kretinin G.V., Leshchenko I.A. Optimal
design and control of gas-turbine engine components:
a multicriteria approach. Aircraft Engineering and
Aerospace Technology, 1997, vol. 69, no. 6, pp. 518-526.
DOI: 10.1108/00022669710185977


