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Ïðîâåäåíî îáîáùåíèå ðàáîò â îáëàñòè òåîðåòè÷åñêèõ èññëåäîâàíèé è ïðàêòè÷åñêîãî ïðèìåíåíèÿ ìàëîãàáà-
ðèòíûõ óäàðíûõ áåñïèëîòíûõ ëåòàòåëüíûõ àïïàðàòîâ, óñëîâíîãî êëàññà áëèæíåãî äåéñòâèÿ. Ïðåäñòàâëåíû îðè-
ãèíàëüíûå ðåçóëüòàòû íàòóðíûõ ýêñïåðèìåíòàëüíûõ èñïûòàíèé ñáðîñà ìàêåòîâ óäàðíûõ íàãðóçîê ñ èñïîëüçîâà-
íèåì áåñïèëîòíûõ ëåòàòåëüíûõ àïïàðàòîâ áëèæíåãî äåéñòâèÿ. Ðåçóëüòàòû èñïûòàíèé ïîäòâåðæäàþò âîçìîæíîñòü
ñíèæåíèÿ ðèñêîâ ïîòåðü ïèëîòèðóåìîé àâèàöèè â êîðèäîðå ïðîëåòà àâèàöèè â çîíå îòâåòñòâåííîñòè áðèãàä ïåð-
âûõ ýøåëîíîâ çà ñ÷åò îãíåâîãî âîçäåéñòâèÿ ïî ñèëàì è ñðåäñòâàì ïðîòèâîâîçäóøíîé îáîðîíû ïðîòèâíèêà, ÷òî,
â ñâîþ î÷åðåäü, ñâèäåòåëüñòâóåò î ïðàêòè÷åñêîé ðåàëèçóåìîñòè è àêòóàëüíîñòè çàÿâëåííîãî ðàíåå îáîáùåííîãî
ñïîñîáà ñîâìåñòíûõ äåéñòâèé ïèëîòèðóåìîé è áåñïèëîòíîé àâèàöèè. Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëü-
çîâàíû ïðè îãíåâîì ïîðàæåíèè äðóãèõ îáúåêòîâ óäàðà, â òîì ÷èñëå ðàäèîýëåêòðîííûõ ñðåäñòâ ñâÿçè ïóíêòîâ
óïðàâëåíèÿ, óçëîâ ñâÿçè, æèâîé ñèëû ïðîòèâíèêà.

Êëþ÷åâûå ñëîâà: áåñïèëîòíûé ëåòàòåëüíûé àïïàðàò, ñâîáîäíîïàäàþùèé íåóïðàâëÿåìûé êîíòåéíåð, ïîðàæå-
íèå íàçåìíûõ îáúåêòîâ, ýêñïåðèìåíòàëüíûå ïîëåòû, çîíà ãàðàíòèðîâàííîãî ïîðàæåíèÿ öåëè.

Ïåðâîñòåïåííîé çàäà÷åé â èíòåðåñàõ ñíèæåíèÿ
ðèñêîâ ïîòåðü àâèàöèîííûõ êîìïëåêñîâ è ëåòíûõ
ýêèïàæåé ïèëîòèðóåìîé àâèàöèè ÿâëÿåòñÿ ïîäàâ-
ëåíèå ñðåäñòâ ïðîòèâîâîçäóøíîé îáîðîíû (ÏÂÎ)
ïðîòèâíèêà. Ñðåäè âîçìîæíûõ âàðèàíòîâ ïðîòè-
âîäåéñòâèÿ ñðåäñòâàì ÏÂÎ ïðîòèâíèêà, âêëþ÷à-

þùèì ðàäèîýëåêòðîííîå ïîäàâëåíèå êàíàëîâ óï-
ðàâëåíèÿ, ðàäèîýëåêòðîííîå (ïðîãðàììíîå) ïîðà-
æåíèå è äð., ñàìûì íàäåæíûì âàðèàíòîì ÿâëÿåòñÿ
îãíåâîå ïîðàæåíèå óÿçâèìûõ ýëåìåíòîâ ñðåäñòâ
ÏÂÎ ïðîòèâíèêà. Ïîñòîÿííîå ðàçâèòèå òåîðèè è
ïðàêòèêè ïðèìåíåíèÿ áåñïèëîòíûõ ëåòàòåëüíûõ
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àïïàðàòîâ (ÁÏËÀ) äëÿ ãðóïïîâîãî óïðàâëåíèÿ
[1, 2], îäèíî÷íîãî è ãðóïïîâîãî ïîèñêà îáúåêòîâ
èíòåðåñà [3, 4], ðåøåíèÿ çàäà÷ íàâèãàöèè [5, 6]
ñäåëàëî ðåàëüíîñòüþ âîçìîæíîñòü ïðèìåíåíèÿ
ÁÏËÀ äëÿ ïîðàæåíèÿ íàçåìíûõ îáúåêòîâ ñ èñ-
ïîëüçîâàíèåì ñâîáîäíîïàäàþùèõ íåóïðàâëÿåìûõ
êîíòåéíåðîâ (ÑÍÊ), î ÷åì áûëî çàÿâëåíî â ðàì-
êàõ ðàçðàáîòêè îáîáùåííîãî ñïîñîáà ñîâìåñòíûõ
äåéñòâèé ïèëîòèðóåìîé è áåñïèëîòíîé àâèàöèè
[7]. Ñóùíîñòü ñïîñîáà çàêëþ÷àåòñÿ â ôîðìèðîâà-
íèè, êàê ìèíèìóì, äâóõ âîçäóøíûõ ðàçâåäûâà-
òåëüíî-óäàðíûõ ýøåëîíîâ, ïåðâûé èç êîòîðûõ
âêëþ÷àåò ÁÏËÀ ìàëîé äàëüíîñòè (óñëîâíàÿ äàëü-
íîñòü äåéñòâèÿ îêîëî 100—180 êì), âòîðîé – àâèà-
öèîííûå êîìïëåêñû îïåðàòèâíî-òàêòè÷åñêîé
àâèàöèè, ïðè ýòîì óäàðíûå ÁÏËÀ îáåñïå÷èâàþò
çàäåðæêó ìîáèëüíûõ ðåçåðâîâ ïðîòèâíèêà, óíè÷-
òîæåíèå ñðåäñòâ ÏÂÎ è ñàìîëåòîâ íà àýðîäðîìàõ
áàçèðîâàíèÿ. Â òî æå âðåìÿ ïðåäñòàâëÿåò èíòåðåñ
èñïîëüçîâàíèå ÁÏËÀ óñëîâíîãî êëàññà áëèæíå-
ãî äåéñòâèÿ (ÁÄ), äàëüíîñòü ïðèìåíåíèÿ êîòîðûõ
îãðàíè÷èâàåòñÿ 2—3 äåñÿòêàìè êèëîìåòðîâ. Â
ýòîì ñëó÷àå àêòóàëüíî ïðèìåíåíèå óäàðíûõ
ÁÏËÀ, ïðåæäå âñåãî, äëÿ äîðàçâåäêè è óíè÷òîæå-
íèÿ ñðåäñòâ ÏÂÎ ïðîòèâíèêà â ïîëîñå îòâåòñòâåí-
íîñòè áðèãàä ïåðâûõ ýøåëîíîâ. Íà îñíîâå àíàëèçà
îòêðûòûõ èñòî÷íèêîâ [8—18], ïîñâÿùåííûõ îáçî-
ðó ïðèìåíåíèÿ ÁÏËÀ â óäàðíîì (ðàçâåäûâàòåëü-
íîì, ðàçâåäûâàòåëüíî-óäàðíîì) âàðèàíòå, ìîæíî
âûäåëèòü äâà óñëîâíûõ êëàññà: ÁÏËÀ – íîñèòå-
ëè àâèàöèîííûõ ñðåäñòâ ïîðàæåíèÿ (ÀÑÏ) â óï-
ðàâëÿåìîì è íåóïðàâëÿåìîì èñïîëíåíèÿõ è ÁÏËÀ
– ñíàðÿäû (èíà÷å íàçûâàåìûå «êàìèêàäçå»), ïðè-
ìåíåíèå êîòîðûõ ïðåäïîëàãàåò èõ ñàìîóíè÷òîæå-
íèå ïðè îãíåâîì ïîðàæåíèè îáúåêòîâ óäàðà. Â òî
æå âðåìÿ ñëåäóåò îòìåòèòü, ÷òî ÷àñòü ïðèâåäåííûõ
èñòî÷íèêîâ ïîëàãàåòñÿ íà äàííûå ñðåäñòâ ìàññî-
âîé èíôîðìàöèè èëè ïðåäåëüíî óïðîùåííûå ìå-
òîäèêè îöåíêè ýôôåêòèâíîñòè. Âñòðå÷àþòñÿ òàê-
æå ýêñïåðòíûå îöåíêè áîåâîé ýôôåêòèâíîñòè
ÁÏËÀ, íî áåç òðàíñôîðìàöèè â êîëè÷åñòâåííûå
îöåíêè. Èçâåñòíû è âåñüìà îáñòîÿòåëüíûå àêàäå-
ìè÷åñêèå òðóäû, íî îíè îïèðàþòñÿ íà âåðîÿòíî-
ñòíûé àïïàðàò, ïðèìåíåíèå êîòîðîãî íåâîçìîæ-
íî ââèäó îòñóòñòâèÿ âåðîÿòíîñòíûõ çàêîíîâ è
ïàðàìåòðîâ ñëó÷àéíûõ âåëè÷èí, íåîáõîäèìûõ äëÿ
ðàñ÷åòîâ. Òàêèì îáðàçîì, ê íàñòîÿùåìó âðåìåíè
íà ïðàêòèêå íå ìîãóò áûòü ðåàëèçîâàíû ïîëíî-
öåííûå ðàñ÷åòíûå áàëëèñòè÷åñêèå àëãîðèòìû
[19—21 è äð.] äëÿ óäàðíûõ ÁÏËÀ ìàëîé äàëüíî-
ñòè è áëèæíåãî äåéñòâèÿ. Ñ ó÷åòîì èçëîæåííîãî,
ïðåäñòàâëÿåò èíòåðåñ, ïðåæäå âñåãî, ïðàêòè÷åñêàÿ
àïðîáàöèÿ óäàðíîãî ïðèìåíåíèÿ ÁÏËÀ ÁÄ, êàê
íàèáîëåå îòâåòñòâåííîãî ýòàïà æèçíåííîãî öèê-

ëà àâèàöèîííûõ êîìïëåêñîâ [22]. Ïîýòîìó ïåð-
âûì, íàèáîëåå äåéñòâåííûì ñïîñîáîì îöåíêè
óäàðíûõ âîçìîæíîñòåé ÁÏËÀ ÁÄ ÿâëÿåòñÿ ïðîâå-
äåíèå ýêñïåðèìåíòàëüíûõ áàëëèñòè÷åñêèõ èñïû-
òàíèé, ðåçóëüòàòû êîòîðûõ ìîãóò áûòü èñïîëüçî-
âàíû äëÿ îöåíêè ýôôåêòèâíîñòè òàêèõ ÁÏËÀ â
óäàðíîì âàðèàíòå è ôîðìèðîâàíèÿ ïåðâîãî ïðè-
áëèæåíèÿ äëÿ ñîñòàâëåíèÿ òàáóëèðîâàííûõ äàí-
íûõ òî÷íîñòè ïîïàäàíèÿ ÑÍÊ, ðàçáðîñà ïàðàìåò-
ðîâ, ïî êîòîðûì âïîñëåäñòâèè áóäóò ñîñòàâëåíû
òàáëèöû ñòðåëüáû.

Ñ ó÷åòîì èçëîæåííîãî, öåëüþ ðàáîòû ÿâëÿåò-
ñÿ ýêñïåðèìåíòàëüíàÿ îöåíêà òî÷íîñòè ñáðîñà ñâî-
áîäíîïàäàþùèõ íåóïðàâëÿåìûõ êîíòåéíåðîâ ñ èñ-
ïîëüçîâàíèåì áåñïèëîòíûõ ëåòàòåëüíûõ àïïàðàòîâ
áëèæíåãî äåéñòâèÿ.

Äëÿ ïðàêòè÷åñêèõ èñïûòàíèé ïî äîñòàâêå
ÑÍÊ áûë âûáðàí ýêñïåðèìåíòàëüíûé ÁÏËÀ ÁÄ,
òàêòèêî-òåõíè÷åñêèå õàðàêòåðèñòèêè êîòîðîãî
ïðåäñòàâëåíû â òàáë. 1.

Â äîïîëíåíèå ê ðàññìîòðåííûì õàðàêòåðèñòè-
êàì ñëåäóåò îòìåòèòü ðÿä îñîáåííîñòåé ðàññìàò-
ðèâàåìîãî áåñïèëîòíîãî êîìïëåêñà. Ñèñòåìà ñâÿ-
çè ýêñïåðèìåíòàëüíîãî ÁÏËÀ âêëþ÷àåò øóìîïî-
äîáíûé êàíàë óïðàâëåíèÿ, çàòðóäíÿþùèé åãî
îáíàðóæåíèå è, êàê ñëåäñòâèå, ïðèìåíåíèå
ñðåäñòâ ðàäèîýëåêòðîííîãî ïîäàâëåíèÿ. Ïðè ýòîì
ðåàëüíàÿ äàëüíîñòü óïðàâëåíèÿ è ïåðåäà÷è âèäåî-
èíôîðìàöèè ñîñòàâëÿåò íå ìåíåå 60 êì. Â èíòå-
ðåñàõ ãèáêîãî ïðîòèâîäåéñòâèÿ âñêðûòèþ êàíàëà
óïðàâëåíèÿ âîçìîæíî ïðèìåíåíèå øèôðîâàíèÿ
èíôîðìàöèè â êàíàëàõ ñâÿçè è îáåñïå÷åíèå àäàï-
òèâíîãî êîýôôèöèåíòà ðàñøèðåíèÿ ñïåêòðà. Îä-
íîâðåìåííî ñ íàçåìíîãî ïóíêòà äèñòàíöèîííîãî
óïðàâëåíèÿ (ÍÏÄÓ) âîçìîæíî óïðàâëåíèå äî 99
ÁÏËÀ, ÷òî îòêðûâàåò øèðîêèå ïåðñïåêòèâû äëÿ
èõ ãðóïïîâîãî ïðèìåíåíèÿ. Çàÿâëåííàÿ ìàññà
ïîëåçíîé íàãðóçêè òàêæå ïîçâîëÿåò èñïîëüçîâàòü
ïîìåõîçàùèùåííûå ìîäóëè íàâèãàöèè òèïà «Êî-
ìåòà» [5].

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé â ðàáîòå öåëè
áûëè îïðåäåëåíû è ðåøåíû ñëåäóþùèå çàäà÷è:

• ñîçäàíà ìèøåííàÿ îáñòàíîâêà äëÿ îòðàáîò-
êè ïðàêòè÷åñêîãî ïðèìåíåíèÿ ÑÍÊ ñ èñïîëüçî-
âàíèåì ÁÏËÀ ÁÄ;

• ïðîâåäåíà îöåíêà òî÷íîñòè ïðèìåíåíèÿ ñâî-
áîäíîïàäàþùèõ íåóïðàâëÿåìûõ êîíòåéíåðîâ ñ
ÁÏËÀ â óäàðíîì âàðèàíòå ïî íàçåìíûì îáúåêòàì
ñ èñïîëüçîâàíèåì óïðîùåííîé ìåòîäèêè èçìåðå-
íèÿ îòêëîíåíèé è îöåíêè ïàðàìåòðîâ ðàññåèâà-
íèÿ ÑÍÊ;

• ñîáðàíû è îáðàáîòàíû ñòàòèñòè÷åñêèå äàí-
íûå ïî ïðèìåíåíèþ ýêñïåðèìåíòàëüíîãî ÁÏËÀ
ÁÄ â óäàðíîì âàðèàíòå ïî íàçåìíûì îáúåêòàì è
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æèâîé ñèëå ïðîòèâíèêà äëÿ ïîñëåäóþùåãî îïðå-
äåëåíèÿ ïàðàìåòðîâ ðàññåèâàíèÿ ñâîáîäíîïàäàþ-
ùèõ íåóïðàâëÿåìûõ êîíòåéíåðîâ.

Â õîäå èñïûòàíèé â êà÷åñòâå íàçåìíîé öåëè
èñïîëüçîâàëàñü ìèøåíü, èìèòèðóþùàÿ ïóíêò óï-
ðàâëåíèÿ áàòàðåè çåíèòíî-ðàêåòíîãî êîìïëåêñà
(ÇÐÊ) ñðåäíåé äàëüíîñòè (ÑÄ). Äëÿ âèçóàëüíîé
îöåíêè ïàäåíèÿ ÑÍÊ, êîíòðîëÿ õîäà âîåííî-òåõ-
íè÷åñêîãî ýêñïåðèìåíòà (ÂÒÝ) áûë çàäåéñòâîâàí
ñåðèéíûé îáðàçåö ÁÏËÀ ìàëîé äàëüíîñòè (ÌÄ)
ñ öåëåâûì îáîðóäîâàíèåì (ÖÎ) â ñîñòàâå âèäåî-
êàìåðû íà ãèðîñòàáèëèçèðîâàííîé ïëàòôîðìå.

Îáùèé âèä ÁÏËÀ ÌÄ ñ ÖÎ ôîòî- è âèäåî-
ôèêñàöèè ðåçóëüòàòîâ ïðèìåíåíèÿ ñâîáîäíîïàäà-
þùèõ íåóïðàâëÿåìûõ êîíòåéíåðîâ ñ ýêñïåðèìåí-
òàëüíîãî ÁÏËÀ ÁÄ ïðåäñòàâëåí íà ðèñ. 1.

Â äîïîëíåíèå ê ÁÏËÀ ÌÄ äëÿ ôèêñàöèè ðå-
çóëüòàòîâ áûëè çàäåéñòâîâàíû:

— ñåðèéíûé êâàäðîêîïòåð DJI mavic pro;
— öèôðîâîé ôîòîàïïàðàò Canon ixus 170;
— öèôðîâîé çåðêàëüíûé ôîòîàïïàðàò Nikon

D7000;
— öèôðîâàÿ âèäåîêàìåðà Sony hdr – cx 530e.
Ìàãíèòíûé àçèìóò òî÷åê ïàäåíèÿ ÑÍÊ èçìå-

ðÿëñÿ ñ ïîìîùüþ ïðîãðàììíîãî ñðåäñòâà «Êîì-
ïàñ», óñòàíîâëåííîãî íà ñìàðòôîí Honor P9 Lite.
Ðàññòîÿíèå òî÷åê ïàäåíèÿ ÑÍÊ èçìåðÿëîñü ñ ïî-
ìîùüþ èçìåðèòåëüíîé ðóëåòêè äëèíîé 7,5 ì, ìåð-
íûõ äîñîê, îêðàøåííûõ â ÷åðíûé è áåëûé öâåò,
äëèíîé ïî 2 ì êàæäàÿ. Ìàðêèðîâàíèå ìåñòà ïà-
äåíèÿ ÑÍÊ îñóùåñòâëÿëîñü ñ ïîìîùüþ áåëûõ ïî-

Òàáëèöà 1

ÒÒÕ ýêñïåðèìåíòàëüíîãî ÁÏËÀ ÁÄ

Âçëåòíàÿ ìàññà 6,5 êã 

Ïëàíåð Ñàìîëåòíîãî òèïà 

Ìàññà ïîëåçíîé íàãðóçêè 2 êã 

Äâèãàòåëü Ýëåêòðè÷åñêèé 

Ñïîñîá ñòàðòà Ñ ðàçáîðíîé êàòàïóëüòû 

Ñïîñîá ïîñàäêè Íà ïàðàøþòå 

Ðàäèóñ ïðèìåíåíèÿ â ðàçâåäûâàòåëüíîì âàðèàíòå Íå ìåíåå 50 êì 

Ðàäèóñ ïðèìåíåíèÿ â óäàðíîì âàðèàíòå Íå ìåíåå 25 êì 

Ìàêñèìàëüíàÿ ñêîðîñòü 100 êì/÷ 

Êðåéñåðñêàÿ ñêîðîñòü 80 êì/÷ 

Ìàêñ. ïðîäîëæèòåëüíîñòü ïîëåòà 80 ìèí 

Ìàêñ. âûñîòà ïîëåòà íàä óðîâíåì ìîðÿ 3000 ì 

Ìàêñ. äîïóñòèìàÿ ñêîðîñòü âåòðà íà ñòàðòå 10 ì/ñ 

Äèàïàçîí ðàáî÷èõ òåìïåðàòóð ó ïîâåðõíîñòè çåìëè -30 …+40°Ñ 

Ðèñ. 1. Îáùèé âèä ÁÏËÀ ìàëîé äàëüíîñòè
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ëîòíèù ðàçìåðîì 50õ50 ñì è ìàðêåðíîé æåðäè ñ
êðàñíûì òðåóãîëüíûì ôëàæêîì.

Â õîäå èñïûòàíèé áûëè ñîâåðøåíû ýêñïåðè-
ìåíòàëüíûå ïîëåòû ÁÏËÀ ÁÄ â ñîîòâåòñòâèè ñ
ðàçðàáîòàííîé è óòâåðæäåííîé ïðîãðàììîé ïîëå-
òà ïî ìàðøðóòó. Ñáðîñ ÑÍÊ îñóùåñòâëÿëñÿ ïî
îäíîìó êîíòåéíåðó â êàæäîì çàõîäå íà öåëü, ñ
ïîñëåäóþùåé êîððåêòèðîâêîé ïî ðåçóëüòàòàì
ïðåäûäóùèõ ñáðîñîâ. Ïðîäîëæèòåëüíîñòü êàæäî-
ãî ïîëåòà ñîñòàâëÿëà îêîëî îäíîãî ÷àñà ñî ñðåä-
íåé ñêîðîñòüþ 82 êì/÷. Ñðåäíÿÿ ïðîòÿæåííîñòü
ìàðøðóòà ñîñòàâèëà 100 êì.

Âî âðåìÿ ïðîõîæäåíèÿ ýêñïåðèìåíòà â ðàéî-
íå ïîëåòîâ è íà ïîëèãîíå íàáëþäàëèñü ñëåäóþùèå
ìåòåîóñëîâèÿ: îáëà÷íîñòü 4—6 áàëëîâ âåðõíåãî,
ñðåäíåãî ÿðóñà, ñ íèæíåé ãðàíèöåé 1000—1500 ì.
Íàïðàâëåíèå âåòðà ó çåìëè 60—80°, ñêîðîñòü 7 ì/ñ.
Òåìïåðàòóðà +24 °Ñ.

Îñîáåííîñòüþ ïðèìåíåíèÿ ÁÏËÀ â õîäå ýêñ-
ïåðèìåíòà ÿâëÿåòñÿ ñïîñîá èçìåðåíèÿ íàïðàâëå-
íèÿ âåòðà â ðàéîíå ñáðîñà ÑÍÊ. Äëÿ ýòîãî ÁÏËÀ
â ðàéîíå ìèøåííîé îáñòàíîâêè (ðèñ. 2) ñîâåðøàåò

êðóãîâîé ïîëåò. Ñàìîñòîÿòåëüíîå èçìåðåíèå ñêî-
ðîñòè è íàïðàâëåíèÿ âåòðà ñâèäåòåëüñòâóåò î ñà-
ìîäîñòàòî÷íîñòè ðàññìàòðèâàåìîé ñèñòåìû è
ïîâûøàåò òî÷íîñòíûå õàðàêòåðèñòèêè ñáðîñà
ÑÍÊ.

Ðåçóëüòàòû ñáðîñà ÑÍÊ ñ ÁÏËÀ ÁÄ ïðåäñòàâ-
ëåíû â òàáë. 2.

Ïàðàìåòðû ïîëåòà ÁÏËÀ ÁÄ è òî÷åê ïàäåíèÿ
ÑÍÊ:

 ÍÁÌ, ì – âûñîòà ïîëåòà ÁÏËÀ ÁÄ â ìîìåíò
ñáðîñà ÑÍÊ;

VÁÌ, ì/ñ – ñêîðîñòü ïîëåòà ÁÏËÀ ÁÄ â ìî-
ìåíò ñáðîñà ÑÍÊ;

ÁÀÐÎ – ïðèáîðíàÿ (îòíîñèòåëüíî íàáåãàþùå-
ãî ïîòîêà) ñêîðîñòü ïîëåòà ÁÏËÀ ÁÄ â ìîìåíò
ñáðîñà ÑÍÊ;

GPS – ïóòåâàÿ (îòíîñèòåëüíî ïîäñòèëàþùåé
ïîâåðõíîñòè) ñêîðîñòü ïîëåòà ÁÏËÀ ÁÄ â ìîìåíò
ñáðîñà ÑÍÊ;

ÁÊ, ° – èñòèííûé êóðñ ïîëåòà ÁÏËÀ ÁÄ â
ìîìåíò ñáðîñà ÑÍÊ;

Óïð, ì (ðàñ÷. / ôàêò) – ðàñ÷åòíàÿ / ôàêòè÷åñ-
êàÿ óïðåæäåííàÿ äàëüíîñòü ñáðîñà ÑÍÊ (îòíîñ);

Àç, ° – èñòèííûé àçèìóò îòêëîíåíèÿ òî÷êè
ïàäåíèÿ ÑÍÊ;

Rîòê, ì – ðàññòîÿíèå îò òî÷êè ïàäåíèÿ ÑÍÊ äî
öåíòðà öåëè;

Õ, ì (ïåðåëåò / íåäîëåò) – îòêëîíåíèå òî÷êè
ïàäåíèÿ ÑÍÊ ïî äàëüíîñòè (çíàê «+» – ïåðåëåò;
çíàê «-» – íåäîëåò);

Z, ì (âïðàâî / âëåâî) – îòêëîíåíèå òî÷êè ïà-
äåíèÿ ÑÍÊ ïî íàïðàâëåíèþ (çíàê «+» – âïðàâî;
çíàê «-» – âëåâî).

Ñõåìà ðåçóëüòàòîâ ïðèìåíåíèÿ ÑÍÊ ñ ÁÏËÀ
ÁÄ ïðåäñòàâëåíà íà ðèñ. 3.

Ïî èòîãàì ïðîâåäåíèÿ ýêñïåðèìåíòàëüíûõ
èñïûòàíèé ñáðîøåíî ïîðÿäêà 40 êîíòåéíåðîâ.Ðèñ. 2. Ìàðøðóò ïîëåòà ÁÏËÀ ÁÄ äëÿ èçìåðåíèÿ ñêî-

ðîñòè è íàïðàâëåíèÿ âåòðà

Òàáëèöà 2

×àñòíûå ðåçóëüòàòû ïðèìåíåíèé ñâîáîäíîïàäàþùèõ íåóïðàâëÿåìûõ êîíòåéíåðîâ ñ ýêñïåðèìåíòàëüíîãî ÁÏËÀ ÁÄ

¹ 
 ï/ï 

¹ 
çàõîäà 

ÍÁÌ, 

ì 

VÁÌ, ì/ñ 

ÁÀÐÎ 

GPS 

ÁÊ,° 

Óïð, ì 

ðàñ÷. 

ôàêò. 

Àç,° Rîòê, ì 

Õ, ì 

ïåðåëåò 

íåäîëåò 

Z, ì 

âïðàâî 

âëåâî 

Ïðèìå÷àíèå 

1 1 150 
25 

18 
213 

101 

106 
4 11 -9,6 5,5  

2 2 150 
25 

18 
213 

101 

101 
59 22 -20 -9,5 

Ñàìîïðîèçâîëüíûé 

ñáðîñ 

3 1 148 
27 

22 
241 

121 

123 
29 9 -7,5 5  

4 2 150 
25 

22 
242 

127 

127 
14 8 -5,5 6  
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Îäèí êîíòåéíåð, ïîñëå âçëåòà íîñèòåëÿ, íå ïðî-
øåë òåñòèðîâàíèå ñèñòåìîé âñòðîåííîãî êîíòðî-
ëÿ, â ðåçóëüòàòå ÷åãî ñáðîñ áûë çàáëîêèðîâàí.
Ìàêñèìàëüíîå îòêëîíåíèå òî÷åê ïàäåíèÿ ÑÍÊ
ñîñòàâèëî 22 ì.

Àíàëèç ðåçóëüòàòîâ èñïûòàíèé ïîêàçàë, ÷òî
80% êîíòåéíåðîâ ïîïàëè â òàê íàçûâàåìóþ «ìåð-
òâóþ çîíó» – çîíó ñïëîøíîãî ãàðàíòèðîâàííîãî
ïîðàæåíèÿ öåëè îñêîëêàìè ãðàíàòû ÐÃÎ, ïðè
óñëîâèè åå ïîäðûâà íà âûñîòå 3—5 ì. Ðàñ÷åòíàÿ
çîíà ñïëîøíîãî ãàðàíòèðîâàííîãî ïîðàæåíèÿ
íàçåìíîãî îáúåêòà áîåïðèïàñîì òèïà ÐÃÎ (ÐÃÄ,
Ô-1) ïðåäñòàâëåíà íà ðèñ. 4.

Â ðåçóëüòàòå ïðÿìîãî ïîïàäàíèÿ ÑÍÊ â êóíã
àâòîìîáèëÿ-ìèøåíè îáðàçîâàëîñü ñêâîçíîå îò-

Ðèñ. 3. Ñõåìà ðåçóëüòàòîâ ïðèìåíåíèÿ ÑÍÊ

Ðèñ. 4. Ñõåìà çîíû ãàðàíòèðîâàííîãî ïîðàæåíèÿ öåëè
áîåïðèïàñîì òèïà «ðó÷íàÿ ãðàíàòà»
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âåðñòèå äèàìåòðîì 10 ñì, ÷òî ïîçâîëÿåò ñäåëàòü
âûâîä î âîçìîæíîñòè óíè÷òîæåíèÿ àïïàðàòóðû è
ëè÷íîãî ñîñòàâà, íàõîäèâøåãîñÿ â òàêèõ îáúåêòàõ,
êàê «àïïàðàòíàÿ ïóíêòà óïðàâëåíèÿ», «àïïàðàòíàÿ
ðàäèîëîêàöèîííîé ñòàíöèè íàâåäåíèÿ», «àâòîìî-
áèëü ñâÿçè è óïðàâëåíèÿ» è äð.

Âûâîäû

Â õîäå ëåòíûõ è áàëëèñòè÷åñêèõ èñïûòàíèé
ïðîâåäåíà ýêñïåðèìåíòàëüíàÿ îöåíêà âîçìîæíî-
ñòåé ÁÏËÀ ÁÄ ïî äîñòàâêå ñâîáîäíîïàþùèõ íå-
óïðàâëÿåìûõ êîíòåéíåðîâ. Ñèñòåìàòèçèðîâàíû
ïîëó÷åííûå ðåçóëüòàòû ñáðîñà ÑÍÊ, êîòîðûå
ìîãóò áûòü èñïîëüçîâàíû äëÿ ðàçðàáîòêè ìàòåìà-
òè÷åñêîãî îáåñïå÷åíèÿ ñèñòåì óïðàâëåíèÿ ÁÏËÀ
ÁÄ â óäàðíîì âàðèàíòå ïðè ðàçðàáîòêå àëãîðèò-
ìîâ ïðèöåëèâàíèÿ.

Ïîëó÷åííûå ðåçóëüòàòû ïîäòâåðæäàþò ýôôåê-
òèâíîñòü ïîðàæåíèÿ ñâîáîäíîïàäàþùèìè íåóï-
ðàâëÿåìûìè êîíòåéíåðàìè ñ áîåïðèïàñàìè òèïà
ãðàíàòû ÐÃÎ æèâîé ñèëû ïðîòèâíèêà è óÿçâèìûõ
(ëåãêîáðîíèðîâàííûõ) íàçåìíûõ îáúåêòîâ. Òî÷-
íîñòü ïðèìåíåíèÿ ÑÍÊ ñ ýêñïåðèìåíòàëüíîãî
ÁÏËÀ ÁÄ â óäàðíîì âàðèàíòå ïî íàçåìíûì îáúåê-
òàì, ïî ðåçóëüòàòàì ïîëó÷åííûõ ñòàòèñòè÷åñêèõ
äàííûõ è ïðåäâàðèòåëüíûì ðàñ÷åòàì, ñîñòàâèëà
8—10 ì.

Ïðîäîëæèòåëüíîñòü ïîëåòà è êðåéñåðñêàÿ ñêî-
ðîñòü ýêñïåðèìåíòàëüíîãî ÁÏËÀ ÁÄ îáåñïå÷èâàåò
åãî ïðèìåíåíèå íà ðàññòîÿíèè 30 êì è áîëåå îò
ìåñòà ñòàðòà (ñ ó÷åòîì åìêîñòè òÿãîâîé àêêóìó-
ëÿòîðíîé áàòàðåè, à òàêæå ðåçåðâà íà ìàíåâðèðî-
âàíèå â ðàéîíå öåëè).

Ïîëó÷åííûå ñòàòèñòè÷åñêèå äàííûå ïðèìåíå-
íèÿ ýêñïåðèìåíòàëüíîãî ÁÏËÀ ÁÄ äëÿ ïîðàæåíèÿ
ñâîáîäíîïàäàþùèìè íåóïðàâëÿåìûìè êîíòåéíå-
ðàìè íàçåìíûõ îáúåêòîâ ìîãóò áûòü èñïîëüçîâà-
íû ïðè ïîñëåäóþùåé ðàçðàáîòêå ìåòîäèêè îöåíêè
ýôôåêòèâíîñòè ïðèìåíåíèÿ ýêñïåðèìåíòàëüíîãî
ÁÏËÀ ÁÄ â óäàðíîì âàðèàíòå äëÿ ïîðàæåíèÿ íà-
çåìíûõ îáúåêòîâ è ïîäòâåðæäàþò âîçìîæíîñòü
ðàñïðîñòðàíåíèÿ ñïîñîáà ñîâìåñòíûõ äåéñòâèé
ÁÏËÀ è îïåðàòèâíî-òàêòè÷åñêîé àâèàöèè [7] íà
óñëîâíûé êëàññ ÁÏËÀ áëèæíåãî äåéñòâèÿ.
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Àbstract

Suppression of enemy’s air defense systems by
employing small size striking unmanned aerial vehicles
(UAV) to reduce the risk of the piloted aircraft fire
damaging is a topical task. The world practice of the
small-sized UAV application for striking with free-
falling uncontrolled containers (FFUC) is a premise
for their application. The majority of scientific
publications, describing the UAV striking application,
are based, in general, on mass media information,
combat effectiveness estimation simplified to its lowest
limit, expert esteems of the UAV combat effectiveness
without their transformation into qualitative
estimations. Highly in-depth academic studies are
known also. However, they are based on the
probabilistic apparatus, which application is impossible
due to the lack of probabilistic laws and random values
parameters required for the calculations.

EXPERIMENTAL APPROBATION OF FREE-FALLING UNCONTROLLED
CONTAINERS APPLICATION, EMPLOYING SHORT-RANGE UNMANNED

AERIAL VEHICLES
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Thus, by this time, the full-fledged computational
ballistic algorithms for the small size striking UAVs
cannot be realized in practice. With account for the
above said, practical approbation of the UAV striking
application as the most crucial stage of the aviation
complexes lifetime is of first and foremost interest.

Thus, the first and most valid method for the UAV
striking capabilities estimation is performing
experimental ballistic tests. Their results can be
employed for such UAVs efficiency estimation in
striking variant, and forming tabulated data on FFUC
hitting accuracy, parameters spread, according to
which firing tables will be composed.

To reach the purpose set in this work, the
following problems were defined and solved:

- The target environment was created for
refinement of the FFUC practical application
employing UAV
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- Estimation of FFUC with UAV application in
striking embodiment on the land objects with
application of the simplified deflection measuring
technique and estimates of arguments of the FFUC
dispersion was performed;

- Statistical data on experimental UAV application
in striking mode while hitting ground objects and the
enemy’s manpower, for subsequent determination s of
FFUC dispersion were collected and processed.

A target, simulating the command center of the
medium range surface-to-air missile system battery
was employed while testing.

Systematized data on the FFUC dropping were
obtained according to the results of the work. They can
be utilized for mathematical support developing for the
command post of the short range UAVs in striking
configuration while developing aiming algorithms.

The obtained results confirm the hitting
effectiveness of the FFUC equipped with ammunition
of “tactical grenades” type of the enemy manpower
and vulnerable (light armored) ground objects.

By results of the obtained statistical data and
preliminary calculations, the accuracy of the FFUC
application was from 8 m to 10 m.

Keywords: unmanned aerial vehicle, free-falling
uncontrolled containers, ground objects hitting,
experimental flights, zone of guaranteed target killing.
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