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Abstract

The presented article deals with studying the possibility of applying the free fall launching method of a
small-size UAV for application from the UAV-carrier. This task is up-to-date since the possibility of the
UAV application in air operations depends on its solution.

The research is being conducted by a binding of two programs, namely Euler and SimInTech. Euler is
being used for cargo flight dynamics analyzing and displaying output values of angles and speeds. SimInTech
receives the output data from Euler and applies it to computer aerodynamic and interferential forces and
moments that are being transferred back to Euler.

The results of the conducted studies under various conditions revealed that, the UAV starts rotating rapidly
while free falling. At the initial stage of the flight, the UAV rudders are ineffective and unable to compensate
the increasing angular velocity of the cargo. This leads to the fact that on achieving the speed enough for
the rudders become effective, the UAV angular speed will become so large that the stabilization system would
be unable to stabilize it. The application area of the obtained results is military one.

Based on the obtained data, a proposal to employ gas-dynamic devices for the cargo stabilization at the
initial segment of the flight was put forward. This method seems more feasible since of ailerons or wings
installation on a small-size UAV is problematic due of its small size. Besides, in contrast to the other methods
of stabilization, gas-dynamic devices do not increase the UAV weight that much, which is an important
factor for aviation engineering
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Ââåäåíèå

Ïðîãðåññ â íàðàùèâàíèè ë¸òíî-òåõíè÷åñêèõ
õàðàêòåðèñòèê áåñïèëîòíûõ ëåòàòåëüíûõ àïïàðà-
òîâ (ÁÏËÀ) ïðèáëèæàåò èõ ïî âîçìîæíîñòÿì ê
ñàìîëåòàì ïðè çàâîåâàíèè ïðåâîñõîäñòâà â âîç-
äóõå, ÷òî âûçûâàåò íåîáõîäèìîñòü ïðîåêòèðîâà-
íèÿ ìàëîãàáàðèòíûõ ÁÏËÀ (ÌÁÏËÀ) êëàññà
“âîçäóõ—âîçäóõ” äëÿ èõ ïðèìåíåíèÿ ñ ÁÏËÀ-
íîñèòåëÿ [1]. Àêòóàëüíîñòü ïðîåêòèðîâàíèÿ óêà-
çàííîãî êëàññà ëåòàòåëüíûõ àïïàðàòîâ òàêæå
îáóñëîâëåí òåì, ÷òî ñîâðåìåííûå íàïðàâëåíèÿ â
ïðîåêòèðîâàíèè ÁÏËÀ ïîäðàçóìåâàþò ìàëûå
çàòðàòû íà ïðîèçâîäñòâî, ÷òî ñòàâèò ïîä ñîìíå-
íèå èñïîëüçîâàíèå êëàññè÷åñêèõ ïðîòèâîâîçäóø-
íûõ ñðåäñòâ [2].

Ïîñêîëüêó äâèãàòåëüíûå óñòàíîâêè ÌÁÏËÀ
òàêîãî êëàññà îáëàäàþò ïîâûøåííûìè ýíåðãåòè-
÷åñêèìè õàðàêòåðèñòèêàìè, ïðè èõ ñîçäàíèè
âîçíèêàåò îñòðàÿ íåîáõîäèìîñòü ðåøåíèÿ êàê
óæå èçâåñòíîé ïðîáëåìû èñêëþ÷åíèÿ ïîìïàæà
äâèãàòåëÿ íîñèòåëÿ ïðè âîçäåéñòâèè ñòðóè è
ôàêåëà ÐÄÒÒ ÌÁÏËÀ, òàê è ïðîáëåìû èõ âîç-
äåéñòâèÿ íà ñàì ÁÏËÀ-íîñèòåëü, êîíñòðóêöèÿ
êîòîðîãî îòëè÷àåòñÿ ïîâûøåííîé óÿçâèìîñòüþ
ê âîçäåéñòâèþ òåìïåðàòóðíîãî è ýðîçèîííîãî

ôàêòîðîâ ñòðóè. Òàêæå âàæíîé ïðîáëåìîé ïðî-
åêòèðîâàíèÿ ÌÁÏËÀ ÿâëÿåòñÿ ðàçðàáîòêà íîâûõ
ñïåöèàëüíûõ êîíñòðóêòèâíûõ ýëåìåíòîâ, êîòî-
ðûå ïîçâîëÿò ñîçäàòü óäîâëåòâîðèòåëüíûå íà-
÷àëüíûå óñëîâèÿ äëÿ äàëüíåéøåãî äâèæåíèÿ è
ñòàáèëèçàöèè â èíòåðôåðåíöèîííûõ ïîëÿõ
ÁÏËÀ-íîñèòåëåé. Îò ðåøåíèÿ ýòèõ ïðîáëåì çà-
âèñèò âîçìîæíîñòü ïðèìåíåíèÿ ÁÏËÀ-íîñèòå-
ëÿ â âîçäóøíûõ îïåðàöèÿõ [3].

Ïîñòàíîâêà çàäà÷è

Ïðîáëåìó âîçíèêíîâåíèÿ ïîìïàæà äâèãàòå-
ëÿ è ïðîáëåìó ðàçðóøåíèÿ ýëåìåíòîâ êîíñòðóê-
öèè (íàïðèìåð, îáøèâêè) ñ òî÷êè çðåíèÿ ïðîåê-
òèðîâàíèÿ ñèñòåìû ñòàðòà ÌÁÏËÀ ìîæíî îáúå-
äèíèòü â îäíó ïðîáëåìó ãàçîäèíàìè÷åñêîé ñî-
âìåñòèìîñòè ÁÏËÀ-íîñèòåëÿ è îòäåëÿåìîãî îò
íåãî ÌÁÏËÀ. Ðåøåíèå äàííîé ïðîáëåìû ïðåä-
ñòàâëÿåòñÿ âîçìîæíûì áëàãîäàðÿ ïðèìåíåíèþ
ñèñòåì ñòàðòà, èñïîëüçóþùèõ èëè ìåòîä ñâîáîä-
íîãî ñáðîñà, èëè ìåòîä êàòàïóëüòèðîâàíèÿ. Îä-
íàêî ïðè ñòàðòå ñ èñïîëüçîâàíèåì êàòàïóëüòèðî-
âàíèÿ íà ýëåìåíòû êîíñòðóêöèè ÁÏËÀ-íîñèòå-
ëÿ äåéñòâóåò âûñîêàÿ íàãðóçêà. Ïîýòîìó â ñâÿçè
ñ “îáëåã÷åííîé” êîíñòðóêöèåé ñîâðåìåííûõ
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ÁÏËÀ êàòàïóëüòèðîâàíèå ãðóçîâ ñóùåñòâóþùè-
ìè àâèàöèîííûìè êàòàïóëüòíûìè óñòðîéñòâàìè
(ÀÊÓ) íå ïðåäñòàâëÿåòñÿ âîçìîæíûìè.

Òàêæå íåîáõîäèìî îòìåòèòü, ÷òî, âíå çàâèñè-
ìîñòè îò âûáîðà ìåòîäà ñòàðòà, îñòà¸òñÿ ïðîáëå-
ìàòè÷íûì îáåñïå÷åíèå ïðîñòðàíñòâåííîé óñòîé-
÷èâîñòè ãðóçà ïî ïðè÷èíå ìàëûõ ìàññîâî-èíåð-
öèîííûõ õàðàêòåðèñòèê ìàëîãàáàðèòíîãî ÁÏËÀ
è ïðè ýòîì ñóùåñòâåííûõ àýðîäèíàìè÷åñêèõ íà-
ãðóçîê èíòåðôåðåíöèîííîãî õàðàêòåðà.

Èñõîäÿ èç âûøåèçëîæåííîãî, âåñüìà àêòóàëü-
íî èññëåäîâàíèå âîçìîæíîñòè ñòàðòà ìàëîãàáà-
ðèòíîãî ÁÏËÀ ìåòîäîì ñâîáîäíîãî ñáðîñà.

Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ îïðåäåëåíèå
îñíîâíûõ çàäà÷ è ïîäõîäîâ ê ïðîåêòèðîâàíèþ
ñèñòåìû ñòàðòà ÌÁÏËÀ.

Äëÿ ïðîâåäåíèÿ ðàñ÷åòîâ áûëà ñîçäàíà ÷èñ-
ëåííàÿ ìîäåëü â ïðîãðàììíîì îáåñïå÷åíèè (ÏÎ)
Euler â ñâÿçêå ñ ÏÎ SimInTech. Äàííàÿ ìîäåëü
ðåàëèçóåò ðàñ÷åò äèíàìèêè îòäåëåíèÿ ãðóçà ñ
ó÷åòîì åãî ìàññîâî-èíåðöèîííûõ õàðàêòåðèñòèê
è àýðîäèíàìèêè, à òàêæå èíòåðôåðåíöèè è ñêî-
ðîñòè íîñèòåëÿ. Â êà÷åñòâå èñõîäíûõ äàííûõ
âçÿòû õàðàêòåðèñòèêè òåîðåòè÷åñêîãî ãðóçà.

×èñëåííîå ìîäåëèðîâàíèå ïðîöåññà
ñâîáîäíîãî ñáðîñà

Êàê óæå áûëî ñêàçàíî, â äàííîé ðàáîòå áûëè
èñïîëüçîâàíû äâà ÏÎ: SimInTech è Euler. Euler

ñëóæèò äëÿ ðàñ÷åòà äèíàìèêè, à SimInTech — äëÿ
îáðàáîòêè âõîäíûõ è âûõîäíûõ ïàðàìåòðîâ è
ïîäñ÷åòà ìàòåìàòè÷åñêèõ çàâèñèìîñòåé [4].

Ïåðâûì øàãîì â ðàçðàáîòêå ìîäåëè äèíàìè-
êè îòäåëåíèÿ ãðóçà ÿâèëîñü ñîçäàíèå ãåîìåòðè-
÷åñêîé ìîäåëè ãðóçà â SolidWorks (ðèñ. 1).

Ïîñëå êîíâåðòàöèè å¸ è ïåðåíîñà â Euler åé
áûëè ïðèñâîåíû ìàññîâî-èíåðöèîííûå õàðàêòå-
ðèñòèêè ãðóçà. Êðîìå òîãî, áûëè çàäàíû ãåîìåò-
ðèÿ óäåðæèâàþùåãî óñòðîéñòâà è ìîäåëü ïðîöåñ-
ñà ñáðîñà ãðóçà. Â ÏÎ Euler áûëè çàäàíû äåé-
ñòâóþùèå íà ãðóç ñèëû: ñèëà òÿãè äâèãàòåëÿ,
ñîáñòâåííàÿ àýðîäèíàìèêà, ñèëû èíòåðôåðåíöèè
íîñèòåëÿ è ãðàâèòàöèÿ [5]. Ñèëà òÿãè áûëà çàäàíà
êàê òàáëè÷íàÿ çàâèñèìîñòü. Çíà÷åíèÿ àýðîäèíà-
ìè÷åñêèõ ñèë ïîäñ÷èòûâàþòñÿ â SimInTech è
ïîñûëàþòñÿ â ÷èñëåííóþ ìîäåëü äëÿ ðàñ÷åòà
äèíàìèêè (ðèñ. 2).

Ðèñ. 1. Ìîäåëü ãðóçà â SolidWorks

Ðèñ. 2. ×èñëåííàÿ ìîäåëü â Euler
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Äëÿ àíàëèçà ðåçóëüòàòîâ è ðàñ÷åòà àýðîäèíà-
ìè÷åñêèõ êîýôôèöèåíòîâ áûëè çàäàíû äàò÷èêè
ëèíåéíûõ è óãëîâûõ ñêîðîñòåé, óãëîâ êðåíà,
êóðñà è òàíãàæà è ïåðåìåùåíèé ïî òðåì îñÿì.
Çíà÷åíèÿ ñ äàò÷èêîâ ïåðåäàþòñÿ â ìîäåëü
SimInTech, ãäå èõ ìîæíî íàáëþäàòü â âèäå ãðà-
ôèêîâ.

Ïîñëå ðàçðàáîòêè ìîäåëè äèíàìèêè áûëà
ñîçäàíà ìîäåëü ðàñ÷åòà àýðîäèíàìè÷åñêèõ õàðàê-
òåðèñòèê â SimInTech (ðèñ. 3). Îíà ðåàëèçóåò
ðàñ÷åò àýðîäèíàìèêè ãðóçà è èíòåðôåðåíöèè
íîñèòåëÿ è ïåðåäàåò çíà÷åíèÿ ñîîòâåòñòâóþùèõ
ñèë è ìîìåíòîâ â ÷èñëåííóþ ìîäåëü â Euler.

Äàííàÿ ìîäåëü ïðèíèìàåò çíà÷åíèÿ ëèíåé-
íûõ è óãëîâûõ ñêîðîñòåé äâèæåíèÿ ãðóçà, à òàê-
æå åãî óãëîâ ïîâîðîòà â áàçîâîé ñèñòåìå êîîð-
äèíàò è ïåðåìåùåíèé. Ïîëó÷åííûå çíà÷åíèÿ
èñïîëüçóþòñÿ äëÿ ðàñ÷åòà ÷èñëà Ìàõà è óãëà àòà-
êè (ðèñ. 4), êîòîðûå ïîäàþòñÿ â áëîê èíòåðïî-
ëÿöèè, îñóùåñòâëÿþùèé âûáîð àýðîäèíàìè÷åñ-
êèõ êîýôôèöèåíòîâ.

Â çàâèñèìîñòè îò òåêóùåé âûñîòû ãðóçà ïðî-
èñõîäèò èíòåðïîëÿöèÿ çíà÷åíèÿ ïëîòíîñòè âîç-
äóõà. Äëÿ ïîäñ÷åòà àýðîäèíàìè÷åñêèõ ñèë è ìî-
ìåíòîâ â áëîê ðàñ÷åòà àýðîäèíàìèêè ïîñòóïàþò
çíà÷åíèÿ ñêîðîñòåé, êîýôôèöèåíòîâ è ïëîòíî-
ñòè âîçäóõà (ðèñ. 5 è 6).

Ðèñ. 3. Ìîäåëü ðàñ÷åòà àýðîäèíàìè÷åñêèõ õàðàêòåðèñòèê â SimInTech

Ðèñ. 4. Ðåàëèçàöèÿ ïîäñ÷åòîâ ÷èñëà Ìàõà è óãëà àòàêè ãðóçà
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Ðèñ. 5. Áëîêè èíòåðïîëÿöèè àýðîäèíàìè÷åñêèõ êîýôôèöèåíòîâ

Ðèñ. 6. Ðåàëèçàöèÿ ðàñ÷åòà àýðîäèíàìè÷åñêèõ ñèë è
ìîìåíòîâ

Ïðè ðàñ÷åòå èíòåðôåðåíöèè íîñèòåëÿ ïðîèç-
âîäèòñÿ èíòåðïîëÿöèÿ ñîîòâåòñòâóþùèõ êîýôôè-
öèåíòîâ â çàâèñèìîñòè îò îòäàëåíèÿ îò íîñèòå-
ëÿ. Ïðè ðàñ÷åòå èíòåðôåðåíöèîííûõ ñèë è ìî-
ìåíòîâ â êà÷åñòâå ïàðàìåòðà ñêîðîñòè èñïîëüçó-
åòñÿ å¸ ïîñòîÿííîå çíà÷åíèå, ÷òî îïðàâäàííî ïî
ïðè÷èíå ñèëó ìàëîñòè âðåìåíè îòäåëåíèÿ ãðóçà
(ðèñ. 7).

Ïîëó÷åííûå çíà÷åíèÿ ñèë è ìîìåíòîâ ïîäà-
þòñÿ â áëîê ñâÿçè ñ ÏÎ Euler, êîòîðûé ïåðåäà-
¸ò èõ â ÷èñëåííóþ ìîäåëü. Äëÿ àíàëèçà ðåçóëü-
òàòîâ ìîäåëèðîâàíèÿ áûëè ñîçäàíû áëîêè ïîñò-
ðîåíèÿ ãðàôèêîâ, ïðèíèìàþùèå çíà÷åíèÿ ñ äàò-
÷èêîâ â ìîäåëè Euler (ðèñ. 8).

Ïîëó÷åííàÿ ìîäåëü ïîçâîëÿåò ïðîâîäèòü ðàñ-
÷åò ðàçëè÷íûõ ðåæèìîâ ïîëåòà. Â Euler çàäàåòñÿ
ñêîðîñòü íîñèòåëÿ è âûñîòà ïîëåòà, à â SimInTech
èìååòñÿ âîçìîæíîñòü âêëþ÷èòü èëè âûêëþ÷èòü
èíòåðôåðåíöèîííîå âîçäåéñòâèå.

Â êà÷åñòâå ïðèìåðà ðàññìîòðèì âàðèàíò
ñáðîñà ãðóçà, êîãäà íîñèòåëü ëåòèò ñî ñêîðîñòüþ
100 ì/ñ íà âûñîòå 50 ì (ðèñ. 9 è 10).

Àíàëèç ðåçóëüòàòîâ

Êàê âèäíî èç ïðèâåäåííûõ ãðàôèêîâ, èç-çà
ìàëîãî ìîìåíòà èíåðöèè ïî îñè OX ãðóç íà÷è-
íàåò áûñòðî âðàùàòüñÿ ïî êðåíó. Ýòî ïîðîæäà-
åò çíà÷èòåëüíóþ ïðîáëåìó ñòàáèëèçàöèè ãðóçà,
ïîñêîëüêó íà ìàëûõ ñêîðîñòíûõ íàïîðàõ êîíòóð
ñòàáèëèçàöèè íå ñìîæåò ñòàáèëèçèðîâàòü ãðóç
èç-çà íèçêîé ýôôåêòèâíîñòè ðóëåé. Ê ìîìåíòó,
êîãäà ãðóç íàáåðåò äîñòàòî÷íóþ ëèíåéíóþ ñêî-
ðîñòü è ðóëè ñòàíóò ýôôåêòèâíûìè, óãëîâàÿ ñêî-
ðîñòü ãðóçà äîñòèãíåò âåëè÷èíû, ïðè êîòîðîé
ðóëè íå ñìîãóò å¸ ñêîìïåíñèðîâàòü.

Ïðè ðàññìîòðåíèè äðóãèõ ðåæèìîâ ïîëó÷àåò-
ñÿ àíàëîãè÷íûé ðåçóëüòàò. Ïîõîæàÿ êàðòèíà íà-
áëþäàåòñÿ òàêæå ïðè ñáðîñå ãðóçà ñ âèíòîêðû-
ëûõ ìàøèí â ðåæèìå èõ âèñåíèÿ (ïðè íóëåâîé
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ñêîðîñòè íîñèòåëÿ), êîãäà âëèÿíèå èíòåðôåðåí-
öèè, ïîðîæäåííîé ïîòîêîì îò âèíòà íîñèòåëÿ,
ïðîÿâëÿåòñÿ íà íà÷àëüíîì ó÷àñòêå òðàåêòîðèè
ïîëåòà ãðóçà.

Êàê áûëî îòìå÷åíî ðàíåå, ïðè ñáðîñå ìàëî-
ãàáàðèòíûõ ãðóçîâ îáåñïå÷åíèå èõ ñòàáèëèçàöèè
ñîïðÿæåíî ñ ñåðü¸çíûìè òðóäíîñòÿìè. Äîñòàòî÷-
íî áîëüøèå óãëû ïîâîðîòà äîñòèãàþòñÿ íå òîëüêî
ïî êðåíó, íî è ïî êóðñó è òàíãàæó. ×òîáû ïàðè-
ðîâàòü ïðîöåññû íàðàñòàíèÿ óãëîâîé ñêîðîñòè
ãðóçà, íåîáõîäèìî âíåñòè äîïîëíèòåëüíûå òåõ-
íè÷åñêèå èçìåíåíèÿ â åãî êîíñòðóêöèþ.

Äëÿ ïðåäîòâðàùåíèÿ çàêðó÷èâàíèÿ íåîáõîäè-
ìî ïðîâåñòè îïòèìèçàöèþ àýðîäèíàìèêè ãðóçà
è óñòàíîâèòü íà íåãî äîïîëíèòåëüíûå ñòàáèëè-

Ðèñ. 7. Ðåàëèçàöèÿ ðàñ÷åòîâ èíòåðôåðåíöèîííûõ ñèë è ìîìåíòîâ

Ðèñ. 8. Áëîêè âûâîäà ãðàôèêîâ

Ðèñ. 9. Ãðàôèê òðàåêòîðèè ãðóçà
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Ðèñ. 10. Óãëû îòêëîíåíèÿ ãðóçà

çèðóþùèå óñòðîéñòâà, íàïðèìåð ãàçîäèíàìè÷åñ-
êîå óñòðîéñòâî (ÃÄÓ).

Èç âîçìîæíûõ âàðèàíòîâ ìîæíî ðàññìîòðåòü
óñòàíîâêó ýëåðîíîâ êàê ìåõàíèçìîâ óïðàâëåíèÿ
äâèæåíèåì ïî êðåíó, îäíàêî ðàçðàáîòêà òàêîãî
óñòðîéñòâà äëÿ ìàëîãàáàðèòíîãî ãðóçà ÿâëÿåòñÿ
ïðîáëåìàòè÷íîé è äîðîãîñòîÿùåé. Êðîìå òîãî,
óñòàíîâêà ýëåðîíîâ óñòðàíèò òîëüêî ïðîáëåìó
çàêðó÷èâàíèÿ ïî êðåíó, à ñèëüíîå îòêëîíåíèå ïî
êóðñó è òàíãàæó âñ¸ åù¸ îñòàíåòñÿ.

Â êà÷åñòâå åù¸ îäíîãî ñïîñîáà îáåñïå÷èòü
ñòàáèëèçàöèþ ìîæíî ðàññìîòðåòü óñòàíîâêó äî-
ïîëíèòåëüíûõ àýðîäèíàìè÷åñêèõ ïîâåðõíîñòåé,
òàêèõ, êàê êðûëüÿ, îäíàêî è ýòî èìååò ñóùå-
ñòâåííûå íåäîñòàòêè. Â ñðàâíåíèè ñ îñòàëüíû-
ìè êîíñòðóêòèâíûìè ðåøåíèÿìè îíî âëå÷åò çà
ñîáîé çíà÷èòåëüíîå óâåëè÷åíèå ìàññû ãðóçà. Âäî-
áàâîê ê ýòîìó, êðûëüÿ óâåëè÷èâàþò ãàáàðèòû èç-
äåëèÿ, ÷òî óñëîæíÿåò åãî ðàçìåùåíèå íà íîñè-
òåëå. Äëÿ óñòðàíåíèÿ ïðîáëåìû óâåëè÷åíèÿ ìàñ-
ñû ìîæíî ðàññìîòðåòü ìåõàíèçì îòñòðåëà êðû-
ëüåâ, îäíàêî ýòî ÿâëÿåòñÿ åù¸ áîëåå ñëîæíîé
çàäà÷åé èç-çà íåäîñòàòêà ìåñòà â îòñåêàõ ãðóçà.

Êàê ïîêàçàëè ðåçóëüòàòû ñïåöèàëüíûõ èññëå-
äîâàíèé, öåëåñîîáðàçíî èñïîëüçîâàòü â ñîñòàâå

ÌÁÏËÀ ãàçîäèíàìè÷åñêèå óñòðîéñòâà (ÃÄÓ) äëÿ
óïðàâëåíèÿ íà íà÷àëüíîì ó÷àñòêå åãî ïîëåòà, ïî-
ñêîëüêó ýòî ïîçâîëèò ñòàáèëèçèðîâàòü ãðóç ïî
âñåì êàíàëàì, ïðèòîì ÷òî ÃÄÓ íå óâåëè÷èâàþò
çíà÷èòåëüíî ìàññó ÌÁÏËÀ.

Âûâîäû

1. Ðàçðàáîòàíà ìîäåëü ðàñ÷åòà äèíàìèêè îò-
äåëåíèÿ ãðóçà ïðè åãî ñâîáîäíîì ñáðîñå, è ïðî-
âåäåíû èññëåäîâàíèÿ íà ðàçëè÷íûõ ðåæèìàõ
ïîëåòà ÁÏËÀ-íîñèòåëÿ.

2. Ïîêàçàíî, ÷òî, âñëåäñòâèå ìàëîãî ìîìåí-
òà èíåðöèè ÌÁÏËÀ, â ïðîöåññå îòäåëåíèÿ åãî
êîðïóñ äîñòèãàåò áîëüøîé óãëîâîé ñêîðîñòè, ÷òî
äåëàåò íåâîçìîæíîé ñòàáèëèçàöèþ ÌÁÏËÀ
àýðîäèíàìè÷åñêèìè îðãàíàìè óïðàâëåíèÿ.

3. Äëÿ ðåøåíèÿ óêàçàííîé ïðîáëåìû áûëè
ðàññìîòðåíû ðàçëè÷íûå âàðèàíòû óñòðîéñòâ,
ñðåäè êîòîðûõ íàèáîëåå ðàöèîíàëüíûì ïðåäñòàâ-
ëÿåòñÿ âíåäðåíèå óñòðîéñòâà, îáåñïå÷èâàþùåãî
ãàçîäèíàìè÷åñêîå óïðàâëåíèå ÌÁÏËÀ íà íà-
÷àëüíîì ó÷àñòêå åãî ïîëåòà.
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