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Ââåäåíèå

Çà ïîñëåäíåå äåñÿòèëåòèå âîçðîñ èíòåðåñ ê
èçó÷åíèþ «êðàñíîé ïëàíåòû». Ðàáîòû ìíîãèõ ñî-
âðåìåííûõ àâòîðîâ ïîñâÿùåíû ïðîáëåìå ñïóñêà
íà Ìàðñ [1—4]. Òàêæå îá ýòîì ñâèäåòåëüñòâóåò êî-
ëè÷åñòâî ñîâðåìåííûõ ìèññèé ïî îñâîåíèþ è
èçó÷åíèþ Ìàðñà, îòå÷åñòâåííûõ è çàðóáåæíûõ [5].
Âñåãî ê Ìàðñó áûëî îòïðàâëåíî 44 ìèññèè êîñ-
ìè÷åñêèõ àïïàðàòîâ ðàçíûõ ñòðàí. Èç íèõ 20 ìèñ-
ñèé ïðèíàäëåæèò ÑØÀ (15 óñïåøíûõ è ïÿòü íå-
óäà÷íûõ), àíàëîãè÷íî ó Ðîññèè 20 ìèññèé (øåñòü
÷àñòè÷íî óñïåøíûõ è 14 íåóäà÷íûõ). Ó Åâðîïåé-
ñêîãî êîñìè÷åñêîãî àãåíòñòâà (ÅSÀ) — äâå ÷àñòè÷-
íî óñïåøíûå ìèññèè. Ïî îäíîé ìèññèè ó Èíäèè
(óñïåøíàÿ), Êèòàÿ (íåóäà÷íàÿ) è ßïîíèè (íåóäà÷-
íàÿ).

Êàê ïðèìåð ìîæíî ïðèâåñòè òàêèå èçâåñòíûå
ìèññèè: Mars Express –ìåæïëàíåòíàÿ ñòàíöèÿ ESA
(European Space Agency), à òàêæå ñïóñêàåìûé
àïïàðàò Áèãëü-2 [6]; ExoMars — ñîâìåñòíàÿ ïðî-
ãðàììà ESA è ðîññèéñêîé ãîñêîðïîðàöèè «Ðîñ-
êîñìîñ», ñîñòîÿùàÿ èç îðáèòàëüíîãî è ñïóñêàå-
ìîãî “Schiaparelli” àïïàðàòîâ [7]; Mars Science
Laboratory — ïðîãðàììà NASA, â ðàìêàõ êîòîðîé
íà Ìàðñ óñïåøíî äîñòàâëåí è ýêñïëóàòèðóåòñÿ
ìàðñîõîä òðåòüåãî ïîêîëåíèÿ “Curiosity” [8],
InSight — ïðîãðàììà NASA ïî äîñòàâêå íà Ìàðñ
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Ðàññìàòðèâàåòñÿ çàäà÷à îöåíêè ðåçîíàíñíûõ ýôôåêòîâ ïðè ñïóñêå êîñìè÷åñêîãî àïïàðàòà (ÊÀ) ñ ìàëîé
ìàññîâîé è èíåðöèîííîé àñèììåòðèåé â ðàçðåæåííûõ ñëîÿõ àòìîñôåðû ïðè ìàëûõ çíà÷åíèÿõ óãëà àòàêè. Öåëüþ
ðàáîòû ÿâëÿåòñÿ ïîëó÷åíèå ìåòîäèêè îöåíêè äîïóñòèìûõ îòêëîíåíèé ïàðàìåòðîâ ÊÀ, âëèÿþùèõ íà âîçíèêíî-
âåíèå âòîðè÷íûõ ðåçîíàíñíûõ ýôôåêòîâ ïðè ñïóñêå. Ïðèìåíåíèå ìåòîäà óïðîùàåò çàäà÷ó ïðîåêòèðîâàíèÿ ñïóñ-
êàåìîãî ÊÀ.

Êëþ÷åâûå ñëîâà: ìàññîâàÿ è èíåðöèîííàÿ àñèììåòðèÿ ñïóñêàåìîãî ÊÀ, âíåøíå óñòîé÷èâûé ðåçîíàíñ, îáîá-
ùåííûé ïàðàìåòð àñèììåòðèè ÊÀ, âòîðè÷íûå ðåçîíàíñíûå ýôôåêòû, ìåòîäèêà ïðîåêòèðîâàíèÿ ñåãìåíòàëüíî-
êîíè÷åñêîé ôîðìû àïïàðàòîâ.

èññëåäîâàòåëüñêîãî ïîñàäî÷íîãî àïïàðàòà ñ ñåé-
ñìîìåòðîì [9]. Â ðàìêàõ äàííûõ ìèññèé ðàññìàò-
ðèâàëñÿ íåóïðàâëÿåìûé ñïóñê ÊÀ â àòìîñôåðå
Ìàðñà. Çíà÷èòåëüíàÿ ÷àñòü òàêèõ ñïóñêîâ çàêàí-
÷èâàåòñÿ íåóäà÷åé, ÷òî ìîæåò êîñâåííî ñâèäåòåëü-
ñòâîâàòü îá îøèáêàõ íà ýòàïå ïðîåêòèðîâàíèÿ àï-
ïàðàòà.

Çàäà÷à ïðîåêòèðîâàíèÿ ìàëîãî ñïóñêàåìîãî
êîñìè÷åñêîãî àïïàðàòà, ñîâåðøàþùåãî íåóïðàâ-
ëÿåìîå äâèæåíèå â ïëîòíûõ ñëîÿõ àòìîñôåðû
ïëàíåòû, íà÷èíàåòñÿ ñ âûáîðà ôîðìû äàííîãî
àïïàðàòà. Èçâåñòíî, ÷òî áîëüøèíñòâî ñïóñêàåìûõ
àïïàðàòîâ, ó÷àñòâóþùèõ â îñâîåíèè ïîâåðõíîñòè
Ìàðñà, èìåëè ñåãìåíòàëüíî-êîíè÷åñêóþ ôîðìó
[10—12] (ðèñ. 1).

Ïðèìåíåíèå ñåãìåíòàëüíî-êîíè÷åñêîé ôîðìû
ñïóñêàåìûõ àïïàðàòîâ ðàññìàòðèâàåòñÿ è îáîñíî-
âûâàåòñÿ â èçâåñòíûõ ðàáîòàõ [13, 14].

Ñëåäóþùèì ýòàïîì ïðîåêòèðîâàíèÿ ÿâëÿåòñÿ
âûáîð ïðîåêòíûõ ïàðàìåòðîâ ñïóñêàåìîãî àïïà-
ðàòà. Ìåòîäèêà îöåíêè ïàðàìåòðîâ ñèììåòðè÷íûõ
àïïàðàòîâ, ñîâåðøàþùèõ íåóïðàâëÿåìûé ñïóñê â
àòìîñôåðå, ðàññìîòðåíà â èçâåñòíîé ðàáîòå [15].
Ìåòîäèêà îïðåäåëåíèÿ äîïóñòèìûõ îòêëîíåíèé
ïàðàìåòðîâ ìàññîâîé è àýðîäèíàìè÷åñêîé àñèì-
ìåòðèè ðàññìàòðèâàëàñü â ðàáîòå [16]. Â äàííîé
ðàáîòå ðàçðàáàòûâàåòñÿ ìåòîäèêà îïðåäåëåíèÿ
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Ðèñ. 1. Ïðèìåðû ñåãìåíòàëüíî-êîíè÷åñêîé ôîðìû àïïàðàòîâ (à); á — “Curiosity”; â — “Schiaparelli”

à)

á)

â)

äîïóñòèìûõ îòêëîíåíèé ïàðàìåòðîâ ìàññîâîé è
èíåðöèîííîé àñèììåòðèè ÊÀ, ñîâåðøàþùèõ íå-
óïðàâëÿåìûé ñïóñê. Èçâåñòíî, ÷òî íàëè÷èå ðàç-
ëè÷íûõ âèäîâ àñèììåòðèè ìîæåò ÿâèòüñÿ ïðè÷è-
íîé ðåàëèçàöèè äëèòåëüíîãî ðåçîíàíñà èëè ðåçî-
íàíñíûõ ýôôåêòîâ [17, 18]. Ðåçîíàíñíûå ÿâëåíèÿ
ìîãóò ïðèâåñòè ê çíà÷èòåëüíîìó ðîñòó óãëà àòà-
êè èëè óãëîâîé ñêîðîñòè ñïóñêàåìîãî àïïàðàòà.
Óãîë àòàêè α  ïðåäñòàâëÿåò ñîáîé óãîë ìåæäó íà-
ïðàâëåíèåì âåêòîðà ñêîðîñòè íàáåãàþùåãî ïîòîêà
è ïðîäîëüíîé îñüþ ÊÀ (ðèñ. 2).

Íà ðèñ. 3 ïîêàçàíî èçìåíåíèå óãëà àòàêè íà
ïðèìåðå êîñìè÷åñêîãî àïïàðàòà “Schiaparelli”, ÷òî
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ñîîòâåòñòâóåò óìåíüøåíèþ óãëà àòàêè îò ìàëûõ
çíà÷åíèé äî íóëåâîãî. Íà ðèñ. 4 ïîêàçàíà ðåàëè-
çàöèÿ äëèòåëüíîãî ðåçîíàíñà è, êàê ñëåäñòâèå,
ðåçêîå óâåëè÷åíèå óãëà àòàêè îò ìàëûõ çíà÷åíèé
äî çíà÷èòåëüíî áîëüøèõ, ÷òî â èòîãå ïðèâîäèò ê
ðàçðóøèòåëüíîìó äåéñòâèþ íà ÊÀ, ñîâåðøàþùèé
íåóïðàâëÿåìûé ñïóñê â àòìîñôåðå Ìàðñà. Ïðè

÷èñëåííîì ìîäåëèðîâàíèè äëÿ ðèñ. 3 è 4 èñïîëü-
çîâàëèñü õàðàêòåðèñòèêè êîñìè÷åñêîãî àïïàðàòà,
àíàëîãè÷íûå õàðàêòåðèñòèêàì ñïóñêàåìîãî êîñ-
ìè÷åñêîãî àïïàðàòà “Schiaparelli”: íàèáîëüøèé
ðàäèóñ r = 1,65 ì, âûñîòà êîíóñà l = 2 ì è ìàññà
m = 580 êã. Ìàëûé êîñìè÷åñêèé àïïàðàò îñóùå-
ñòâëÿåò ñïóñê â àòìîñôåðå Ìàðñà, ïðè óñêîðåíèè
ñâîáîäíîãî ïàäåíèÿ g0 = 3,86 ì/ñ2. Íà÷àëüíûå
óñëîâèÿ âõîäà â àòìîñôåðó: V(0) = 3400 ì/ñ, âû-
ñîòà H(0) = 120 êì.

Ñëåäîâàòåëüíî, ðåçîíàíñíûå ÿâëåíèÿ ìîãóò
ÿâèòüñÿ ïðè÷èíîé âîçíèêíîâåíèÿ àâàðèéíîé ñè-
òóàöèè, âûçâàííîé íàðóøåíèÿìè ðàáîòû òîðìîç-
íîé ïàðàøþòíîé ñèñòåìû.

Ìåòîäèêà ïðîåêòèðîâàíèÿ

Äëÿ îöåíêè äîïóñòèìûõ ïàðàìåòðîâ çàïèøåì
óñëîâèå:

*,v vφ φ£                          (1)

ãäå *
vφ  — äîïóñòèìûå çíà÷åíèÿ êîíòðîëèðóåìûõ

õàðàêòåðèñòèê.
Èç ýòîãî ñëåäóåò, ÷òî îáëàñòü äîïóñòèìûõ îò-

êëîíåíèé ìîæíî çàïèñàòü â âèäå

0 í 0 â,u u u u uΔ Δ- £ £ +               (2)

ãäå u0 — âåêòîð íîìèíàëüíûõ çíà÷åíèé ïàðàìåò-

ðîâ ÊÀ; íuΔ  è âuΔ  — âåêòîðû îòêëîíåíèé ïðî-
åêòíûõ ïàðàìåòðîâ ÊÀ ñ ïîëîæèòåëüíûìè êîìïî-
íåíòàìè.

Ñëåäóåò îòìåòèòü, ÷òî ðàññìàòðèâàåòñÿ ìåòî-
äèêà ïðîåêòèðîâàíèÿ ÊÀ ñ ìàëîé íà÷àëüíîé óã-

ëîâîé ñêîðîñòüþ xω , êîòîðóþ àïïàðàò ïðèîáðå-

òàåò èç-çà íåèäåàëüíûõ óñëîâèé âî âðåìÿ îòäåëå-
íèÿ îò îðáèòàëüíîãî êîìïëåêñà. Ïðè ýòîì óãëî-

âàÿ ñêîðîñòü xω  ïîä âëèÿíèåì âòîðè÷íîãî ðåçî-

íàíñà ìîæåò óâåëè÷èòüñÿ è âîéòè â äëèòåëüíûé
ðåçîíàíñ [19, 20].

Âîçíèêàåò çàäà÷à íàõîæäåíèÿ ìàêñèìàëüíûõ
çíà÷åíèé ïàðàìåòðîâ àñèììåòðèè, ïðè êîòîðûõ

óãëîâàÿ ñêîðîñòü xω  íå äîñòèãàåò ðåçîíàíñíûõ

çíà÷åíèé. Óñëîâèå îãðàíè÷åíèÿ óãëîâîé ñêîðîñ-

òè xω  ìîæíî çàïèñàòü â âèäå

pmin max ,x x x xω ω ω ω£ £ =              (3)

Ïðè ìàëûõ óãëàõ àòàêè ïðîèçâîäíàÿ óãëîâîé

ñêîðîñòè xω  ïðîïîðöèîíàëüíà îáîáùåííîìó ïà-

ðàìåòðó àñèììåòðèè

Ðèñ. 2. Ñõåìàòè÷åñêîå ïðåäñòàâëåíèå êîñìè÷åñêîãî

àïïàðàòà è óãëà àòàêè α  (ÍÏ — íàïðàâëåíèå ïîëåòà)

Ðèñ. 3. Èçìåíåíèå óãëà àòàêè íà ïðèìåðå ÊÀ «Schiaparelli»

Ðèñ. 4. Ðåçêîå óâåëè÷åíèå óãëà àòàêè íà ïðèìåðå ÊÀ
«Schiaparelli»
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( ) ( )
2

2 3cos 2 2 .
A
xm mΔ θ θW = -

Â ýòîì ñëó÷àå äàííîå óñëîâèå ìîæíî çàïèñàòü
â âèäå

( ) ( )
2

2 3cos 2 2 ,
A
x ðm mΔΩ θ θ Ω= - £         (4)

ãäå ðΩ  — ìàêñèìàëüíî äîïóñòèìîå çíà÷åíèå ïà-

ðàìåòðà Ω ; 2 3, , ,mΔ θ θA
xm  — áåçðàçìåðíûå ïàðà-

ìåòðû, õàðàêòåðèçóþùèå âåëè÷èíó è âçàèìíîå
ðàñïîëîæåíèå ìàññîâîé è èíåðöèîííîé àñèììåò-
ðèè ÊÀ,

2/ ω=A A
x xm m , 2 2

1 2( ) ( )A A A
x x xm m m= + ,

2 2

1 1 2 1
1 1

, ,A A
x y x y

z z

m C y m C z
m m
ω ω

Δ Δ= - = -

2 1 2 2sin / , cos / ,A A A A
x x x xm m m mθ θ= - =

3 3sin 2 / , cos2 / ,yzI m I mΔ Δθ Δ θ= = -

22 , / , / ,yz yz yzm I I I I I I I IΔ Δ Δ Δ= + = =

1 1,y zC m — êîýôôèöèåíòû, õàðàêòåðèçóþùèå

àýðîäèíàìè÷åñêèå ñâîéñòâà ÊÀ;

/ , / ; ,y y L z z L y zΔ Δ Δ Δ Δ Δ= =  — ìàëûå ñìå-

ùåíèÿ öåíòðà ìàññ ÊÀ â ñâÿçàííîé ñèñòåìå êî-
îðäèíàò OXYZ.

Ïóòåì ìàòåìàòè÷åñêèõ ïðåîáðàçîâàíèé îáîá-
ùåííûé ïàðàìåòð àñèììåòðèè ìîæíî çàïèñàòü â
âèäå

2 2 2
1 1 1

2
1 1 1

2
,yz

z z z

Cy z Cy y Cy y z I
I

m m m

Δ Δ Δ Δ Δ
Ω

È ˘Ê ˆ Ê ˆÍ ˙= - -Á ˜ Á ˜Í ˙Ë ¯ Ë ¯Î ˚
 (5)

×òîáû îïðåäåëèòü çíà÷åíèÿ ïàðàìåòðîâ àñèì-

ìåòðèè, ïðè êîòîðûõ ôóíêöèÿ Ω  ìàêñèìàëüíà,
èññëåäóåì ôóíêöèþ (5) íà ýêñòðåìóì.

Çàïèøåì íåîáõîäèìûå óñëîâèÿ ñóùåñòâîâàíèÿ

ýêñòðåìóìà ôóíêöèè Ω :

2 22 2
1 1

2 2
1 1

2
1

2
1

2 2
1 1

2 2
1 1

0;

2 0;

2 2
0;

0; 0.

yz z z

z

yz

z z

yz

Cy z Cy y

I m m

Cy y z

I m

zCy Cy y I
I

z m m

z y I I

Δ ΔΩ

Δ Δ

Δ

Δ Δ Δ

Δ

Δ Δ Δ

∂ = - =
∂

∂W
= - =

∂

∂W = - =
∂

= = = =

         (6)

Êàê âèäíî èç óðàâíåíèé (6), äàííàÿ ñèñòåìà
íå èìååò ðåøåíèé, êðîìå òðèâèàëüíîãî

0, 0.yzI I z yΔ Δ Δ= = = =

Â ýòîì ñëó÷àå ôóíêöèÿ (6) íå èìååò ñòàöèî-
íàðíûõ òî÷åê, îòëè÷íûõ îò òî÷êè

0, 0.yzI I z yΔ Δ Δ= = = =

Ñëåäîâàòåëüíî, ôóíêöèÿ (5) äîñòèãàåò ìàêñè-
ìóìà íà ãðàíèöå îáëàñòè ïàðàìåòðîâ àñèììåòðèè.
Òàê êàê â âûðàæåíèè (5) èìååòñÿ ÷åòûðå íåèçâå-

ñòíûõ, òî äëÿ ïàðàìåòðîâ , , ,yzI I z yΔ Δ Δ  çàäàäèì-

ñÿ âåñîâûìè ñîîòíîøåíèÿìè.
Ïðåäïîëîæèì, ÷òî âûïîëíÿåòñÿ ðàâåíñòâî

1 1
1 2 3 4

1 1

.yz

z z

Cy y Cy z
p p p I p I U

m m

Δ Δ
Δ= = = =      (7)

Çäåñü pi — ïîëîæèòåëüíûå äåéñòâèòåëüíûå ÷èñëà
(âåñà), äëÿ êîòîðûõ ñïðàâåäëèâî ðàâåíñòâî

4

1

4.i
i

p
=

=Â  Çíàêè ðàâåíñòâà (7) ïîäîáðàíû òàêèì

îáðàçîì, ÷òîáû âûïîëíÿëîñü íåðàâåíñòâî (4) ñ

ìàêñèìàëüíûì çíà÷åíèåì ïàðàìåòðà Ω .
×òîáû íàéòè èñêîìóþ îáëàñòü äîïóñòèìûõ

çíà÷åíèé, çàïèøåì ñîîòíîøåíèå (4) ñ ó÷¸òîì
âåñîâ (7) â âèäå íåðàâåíñòâà:

3 .U C p£ W                        (8)

Èç íåðàâåíñòâà (8) âûðàçèì âåêòîð ïðîåêòíûõ
ïàðàìåòðîâ U è ïîëó÷èì âûðàæåíèå

3 .
p

U
C
W£                        (9)

Çàòåì ïåðåéäåì ê ïàðàìåòðàì àñèììåòðèè

, , ,yzI I z yΔ Δ Δ  è íàéä¸ì èñêîìóþ îáëàñòü äîïó-

ñòèìûõ îòêëîíåíèé:
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p
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p
p I
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p
p I

C

Δ

Δ

Δ

W
£
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W£

W£

                 (10)

Èç ïîëó÷åííîé ñõåìû îïðåäåëåíèÿ îáëàñòè
äîïóñòèìûõ çíà÷åíèé ñëåäóåò, ÷òî, ïîêà ïàðàìåò-

ðû àñèììåòðèè , , ,yzI I z yΔ Δ Δ  óäîâëåòâîðÿþò íå-

ðàâåíñòâàì (10), óãëîâàÿ ñêîðîñòü xω  íå äîñòèãàåò

ïîñðåäñòâîì âòîðè÷íîãî ðåçîíàíñíîãî ýôôåêòà
ñâîèõ ðåçîíàíñíûõ çíà÷åíèé. Êàê ñëåäñòâèå èç
ýòîãî, íå ðåàëèçóåòñÿ äëèòåëüíûé ðåçîíàíñ, êî-
òîðûé ìîæåò ïðèâåñòè ê íàðóøåíèÿì â ðàáîòå ïà-
ðàøþòíîé ñèñòåìû.

Íà ðèñ. 5 ïðèâåäåíû çíà÷åíèÿ îáîáùåííûõ
ïàðàìåòðîâ àñèììåòðèè ïðè âíåøíå óñòîé÷èâîì
ðåçîíàíñå. Êðèâàÿ ðàçäåëÿåò îáëàñòü îáîáùåííûõ
ïàðàìåòðîâ àñèììåòðèè, ïðè êîòîðûõ ðåàëèçóåòñÿ
âíåøíå óñòîé÷èâûé ðåçîíàíñ (îáëàñòü I) è âíåøíå
íåóñòîé÷èâûé ðåçîíàíñ (îáëàñòü II).

Èçëîæåííóþ âûøå ìåòîäèêó îïðåäåëåíèÿ îá-
ëàñòè äîïóñòèìûõ çíà÷åíèé ïàðàìåòðîâ àñèììåò-
ðèè ïðè äâèæåíèè ÊÀ â àòìîñôåðå ñ ìàëîé íà-
÷àëüíîé óãëîâîé ñêîðîñòüþ, ó÷èòûâàþùóþ âëè-
ÿíèå âòîðè÷íîãî ðåçîíàíñà, óñëîâíî ìîæíî ïðåä-
ñòàâèòü â âèäå ñõåìû (ðèñ. 6).

Íàõîæäåíèå îáëàñòè äîïóñòèìûõ îòêëîíåíèé
ïàðàìåòðîâ àñèììåòðèè íà÷èíàåòñÿ ñ çàïèñè óñ-
ëîâèé, ïîçâîëÿþùèõ èçáåæàòü çàêðóòêè àïïàðà-
òà çà ñ÷åò âëèÿíèÿ âòîðè÷íîãî ðåçîíàíñíîãî ýô-

ôåêòà ïðè óâåëè÷åíèè óãëîâîé ñêîðîñòè xω  äî
çíà÷åíèé, ïðè êîòîðûõ ðåàëèçóåòñÿ äëèòåëüíûé
ðåçîíàíñ (2). Çàòåì ñëåäóþò ðàñ÷åò îáîáùåííîãî

ïàðàìåòðà àñèììåòðèè è çàäàíèå çíà÷åíèé âåñîâ
ði, äëÿ òîãî ÷òîáû ñâåñòè îáëàñòü äîïóñòèìûõ ïà-
ðàìåòðîâ àñèììåòðèè ê âèäó (7). Â äàëüíåéøåì

ïðîâåðÿåòñÿ âûïîëíåíèå óñëîâèÿ | | | | .pΩ Ω>  Äà-

ëåå ñëåäóåò ëèáî ïåðåðàñ÷åò îáîáùåííîãî ïàðà-
ìåòðà, åñëè âûÿâëåíà îøèáêà íà ýòàïå çàäàíèÿ îá-
ëàñòè äîïóñòèìûõ çíà÷åíèé, ëèáî ïîëíûé ïðîâå-
ðî÷íûé ðàñ÷åò è àíàëèç ðåøåíèÿ â öåëîì, åñëè
îáëàñòü äîïóñòèìûõ çíà÷åíèé áûëà çàäàíà âåðíî.
Ïðîâåðî÷íûé ðàñ÷åò âêëþ÷àåò ïðîâåðêó ïðàâèëü-
íîñòè çàäàíèÿ âåñîâ ði è âûïîëíåíèÿ ðàâåíñòâà

4

1

4i
i

p
=

=Â . Åñëè âñå óñëîâèÿ âûïîëíÿþòñÿ, òî çà-

äà÷à ñ÷èòàåòñÿ ðåø¸ííîé.

Âûâîäû

Ïðèìåíÿÿ äàííóþ ìåòîäèêó äëÿ îïðåäåëåíèÿ
îáëàñòè äîïóñòèìûõ îòêëîíåíèé ïàðàìåòðîâ
àñèììåòðèè ñïóñêàåìîãî àïïàðàòà, ìîæíî èñêëþ-
÷èòü âëèÿíèÿ äëèòåëüíîãî ðåçîíàíñà íà óãëîâóþ
ñêîðîñòü è óãîë àòàêè. Êàê ñëåäñòâèå èç âûøåñêà-
çàííîãî, ìîæíî ìèíèìèçèðîâàòü âîçìîæíîñòü
ðàçðóøåíèÿ àïïàðàòà ïðè ïîñàäêå íà ïîâåðõíîñòü
Ìàðñà èç-çà ñáîåâ â ðàáîòå òîðìîçíîé ïàðàøþò-
íîé ñèñòåìû.

 Âûðàæàþ áëàãîäàðíîñòü ñâîåìó íàó÷íîìó
ðóêîâîäèòåëþ Ëþáèìîâó Âëàäèñëàâó Âàñèëüåâè÷ó

çà öåííûå çàìå÷àíèÿ è ñîâåòû ïðè íàïèñàíèè
äàííîé ñòàòüè.

Ðèñ. 5. Çíà÷åíèÿ îáîáùåííûõ ïàðàìåòðîâ àñèììåòðèè
ïðè âíåøíå óñòîé÷èâîì ðåçîíàíñå

Ðèñ. 6. Ñõåìà îïðåäåëåíèÿ äîïóñòèìûõ çíà÷åíèé ïàðà-
ìåòðîâ àñèììåòðèè
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Abstract

Over the past decade, the interest in Mars
exploration has increased, as evidenced by the number
of modern missions, both domestic and foreign, for
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the “Red Planet” reclamation and studying. All in all,
44 missions of spacecraft from different countries were
sent to Mars. The following well-known missions can
be presented as an example:
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- the interplanetary station of the European Space
Agency ESA (European Space Agency), as well as the
Beagle-2 lander;

- ExoMars, which is a joint program of the
European Space Agency (ESA) and the Russian state-
owned corporation Roscosmos, consisting of orbital
and descent (Schiaparelli) vehicles;

- Mars Science Laboratory, which is NASA
program, under which the third-generation Curiosity
Mars rover was successfully delivered and operated to
Mars;

- InSigh, whicht is NASA program for the delivery
of a research lander with a seismometer to Mars.

As a part of these missions, the uncontrolled
descent of the spacecraft in the atmosphere of Mars
was considered. The majprity of such descents ends
in failure, which may indirectly indicate errors at the
design stage of the spacecraft.

The presented article considers the problem of a
small descent spacecraft designing that performs
uncontrolled motion in the atmosphere of Mars. The
task of a small descent spacecraft designing begins with
selection of this spacecraft shape. It is well-known that
most of the descent vehicles involved in the of the of
Mars surface exploration are of a segmental-conical
shape.

The purpose of this work consists in obtaining a
technique for assessing permissible deviations of the
spacecraft parameters, which affect the secondary
resonance effects origination during descent. It is well-
known that the presence of various types of asymmetry
may be the cause of a long-continued resonance
realization, or resonance effects. Resonant phenomena
can lead to a significant increase in the angle of attack
or angular velocity of the descent vehicle.

It is worth noting that the authors consider a
design technique for a spacecraft with a small initial
angular velocity, which it apparatus acquires due to
non-ideal conditions while separation from the orbital
complex. The angular velocity herewith can increase
and enter a long-continued resonance under the
impact of the secondary resonance.

The gist of the method consists in finding
maximum values of the asymmetry parameters at
which the angular velocity does not reach resonance
values.

Given that at small angles of attack the derivative
of the angular velocity is proportional to the
generalized asymmetry parameter, we find the range
of acceptable values.

It follows from the obtained scheme for the
admissible values area determining that until the
symmetry parameter satisfies this inequality the

angular speed does not reach its resonant values by the
secondary resonant effect. As a consequence to this
fact, there is no realization of the long-continued
resonance, which can lead to disturbances in the
parachute system operation.

By applying this technique for determining the
region of permissible deviations of the descent vehicle
asymmetry parameters, the effects of the long-
continued resonance on both angular velocity and
angle of attack values can be eliminated.

Keywords: mass and inertial asymmetries of the
descent spacecraft, externally stable resonance,
generalized spacecraft asymmetry parameter,
secondary resonance effects, design technique for
segmental conical shape of a spacecraft.
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