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Abstract

“ExoMars” is an international project intended for studying the Mars surface, obtaining geological samples
and detecting traces of possible life existence by delivering a Russian-made descent platform to the surface
with a Mars rover onboard.

The structural elements and systems of the “ExoMars” spacecraft should function reliably under the
impact of Martian atmosphere factors, which characteristic feature, is constant presence of dust in particular.

The presence of the above said operating conditions leads to the necessity of increasing the volume of
ground-based experimental tests and functioning check-up of the spacecraft structure unfurling elements
after exposure to dust. Such “ExoMars” spacecraft structural elements include:

- The Mars rover ladders;
- Low-directional antenna boom (LDA);
- Solar panels (SP).
Dust settling on the structure of mechanisms may lead to clogging the gaps in rotation nodes, abrasive

impact on rubbing pairs and, as the result, to the decrease in functional characteristics of mechanisms.
Since the dusty conditions lead to the increase in the energy capacity losses of the springs in the rotation

nodes, and the presence of dust on the mechanism structure leads to the increase in its moments of inertia,
the angular velocity of the mechanism under dusty conditions should be less, and the unfurling time should
increase.

Tests of sand dust impact on the unfurling elements of the “ExoMars” spacecraft structure were performed
in a sand-and-dust chamber, representing a device equipped with a closed wind channel and including an
internal working volume and a unit for the dust feeding.

To achieve the required dust concentration, a calculated amount of dust was introduced into the chamber,
and air was supplied.

The components and elements of the unfurling structures of the “ExoMars” spacecraft intended for
laboratory and development tests were subjected to dust exposure tests. They were two ladders for the Mars
rover exit, two SAT panels, and an MNA boom. The task of the tests consisted in operability checking of
these structures after exposure to dust, as well as to assessing the unfurling time changes prior and after the
dust exposure.

The dust exposure tests were conducted in the following order:
- Accelerometer sensors connected to the measuring station were fixed on the structural elements of

the unfurling mechanisms, and mechanisms were transferred into the furled position and locked by pyro
nodes simulators. Testing ladders opening, the MNA boom and the SB panels was performed manually prior
to the dust exposure. The unfurling time was being determined according to the graphs from the sensors;

- The unfurling structures were returned to the folded and locked position. The inner volume of the
sand and dust chamber was hermetically sealed. The test objects were being exposed to the dust particles of
no more than 50 microns in size for 15 minutes;

- The ladders, the MNA rod, and the SB panels were unfurling after the dust exposure in various spatial
positions provided for by the test programs and techniques. The unfurling time for each product was
determined according to the obtained graphs from the sensors.

The test results reveal that the dust impact (similar to the Martian dust impact) does not significantly
affect the performance of the unfurling structures. The unfurling occurs in the normal mode, the opening
time increases herewith by no more than 3% compared to similar tests prior to the dust exposure.
Consequently, the energy consumption of the springs of the mechanisms is sufficient for full-scale operation
of the spacecraft in Mars conditions.

Keywords: “ExoMars”, dust exposure, unfurling structural elements
For citation: Bernikov A.S., Bogachev V.A., Mikhailov D.N., Petrov Y.A., Sergeev D.V. The study of

martian dust impact on “ExoMars” spacecraft structures unfurling elements after touchdown. Aerospace MAI
Journal, 2021, vol. 28, no. 4, pp. 192-203. DOI: 10.34759/vst-2021-4-192-203
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Ââåäåíèå

«ÝêçîÌàðñ» — ìåæäóíàðîäíûé ïðîåêò, ïðåä-
íàçíà÷åííûé äëÿ èññëåäîâàíèÿ ïîâåðõíîñòè
Ìàðñà, ïîëó÷åíèÿ ãåîëîãè÷åñêèõ ïðîá è îáíàðó-
æåíèÿ ñëåäîâ âîçìîæíîãî ñóùåñòâîâàíèÿ æèçíè
ïîñðåäñòâîì äîñòàâêè íà ïîâåðõíîñòü ñïóñêàåìîé

ïëàòôîðìû ðîññèéñêîãî ïðîèçâîäñòâà (ÀÎ «ÍÏÎ
Ëàâî÷êèíà») ñ ìàðñîõîäîì íà áîðòó, ñîçäàííûì
â Åâðîïåéñêîì êîñìè÷åñêîì àãåíòñòâå (ÅÊÀ)
(ðèñ. 1) [1—5].

«ÝêçîÌàðñ» ÿâëÿåòñÿ îäíèì èç ñëîæíûõ è
àìáèöèîçíûõ ñîâðåìåííûõ íàó÷íûõ êîñìè÷åñêèõ

Ðèñ. 1. Êîñìè÷åñêèé àïïàðàò «ÝêçîÌàðñ»: à – ñõåìà ðàñïîëîæåíèÿ ìàðñîõîäà; á – âíåøíèé âèä â ñáîðå

à)

á)
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ïðîåêòîâ. Íåñìîòðÿ íà òî ÷òî èñïûòàíèÿ êîñìè-
÷åñêîãî àïïàðàòà (ÊÀ) åù¸ íå çàâåðøåíû, óæå
ñåé÷àñ ìîæíî îòìåòèòü ðÿä îñîáåííîñòåé, ñâÿ-
çàííûõ ñ íåñòàíäàðòíîñòüþ òåõíè÷åñêèõ è ïðî-
åêòíûõ çàäà÷, ïîòðåáîâàâøèõ ðàçðàáîòêè íîâûõ
òåõíè÷åñêèõ ðåøåíèé ïðè ïðîåêòèðîâàíèè è
íàçåìíîé îòðàáîòêå ÊÀ, êîòîðûå ïîêàçàëè ñâîþ
ýôôåêòèâíîñòü è íàâåðíÿêà íàéäóò äàëüíåéøåå
ïðèìåíåíèå ïðè ïðîåêòèðîâàíèè ñëåäóþùèõ
ìåæïëàíåòíûõ ìèññèé [6].

Ýëåìåíòû êîíñòðóêöèè è ñèñòåìû ÊÀ äîëæ-
íû íàäåæíî ôóíêöèîíèðîâàòü â óñëîâèÿõ âîçäåé-
ñòâèÿ ôàêòîðîâ àòìîñôåðû Ìàðñà, õàðàêòåðíîé
îñîáåííîñòüþ êîòîðîé, â ÷àñòíîñòè, ÿâëÿåòñÿ
ïîñòîÿííîå ïðèñóòñòâèå ïûëè. Ìàëàÿ ñèëà òÿæå-
ñòè ïîçâîëÿåò äàæå ðàçðåæåííûì ïîòîêàì âîçäó-
õà ïîäíèìàòü îãðîìíûå îáëàêà ïûëè íà âûñîòó
äî 50 êì. À âåòðû, ÿâëÿþùèåñÿ îäíèì èç ïðîÿâ-
ëåíèé ïåðåïàäà òåìïåðàòóð íà ïîâåðõíîñòè Ìàð-
ñà, ÷àñòî äóþò íàä ïîâåðõíîñòüþ ïëàíåòû, è èõ
ñêîðîñòü äîõîäèò äî 100 ì/ñ. Òàêèì îáðàçîì,
ôîðìèðóþòñÿ îáøèðíûå ïûëåâûå áóðè, äàâíî
íàáëþäàåìûå â âèäå îòäåëüíûõ æåëòûõ îáëàêîâ,
à èíîãäà â âèäå ñïëîøíîé æåëòîé ïåëåíû, îõâà-
òûâàþùåé âñþ ïëàíåòó. ×àùå âñåãî ïûëåâûå
áóðè âîçíèêàþò âáëèçè ïîëÿðíûõ øàïîê, èõ
ïðîäîëæèòåëüíîñòü ìîæåò äîñòèãàòü 50—100 ñó-
òîê [7—12].

Îêàçàëîñü, ÷òî íàïîëíÿþùàÿ ìàðñèàíñêóþ
àòìîñôåðó ïûëü íå îäíîðîäíà. Îíà ñîñòîèò èç
äâóõ ôðàêöèé. Ïåðâàÿ, áîëåå ãðóáàÿ, îáðàçîâàíà
çåðíàìè ëüäà ðàçìåðîì îêîëî 1 ìêì âïåðåìåø-
êó ñ íåñêîëüêî ìåíüøèìè ïî ðàçìåðó ÷àñòèöà-
ìè ïûëè. Âòîðàÿ ôðàêöèÿ íàìíîãî òîíüøå: îíà
ïðåäñòàâëÿåò ñîáîé àýðîçîëü ñ äèàìåòðîì ÷àñòèö
â äåñÿòêè ðàç ìåíüøèì, îêîëî 0,05 ìêì. Êîíöåí-
òðàöèÿ ÷àñòèö îáîèõ òèïîâ â àòìîñôåðå Ìàðñà
îêàçàëàñü âåñüìà íåáîëüøîé. Äàæå â íàèáîëåå
«çàïûëåííûõ» ðàéîíàõ íàñ÷èòûâàåòñÿ îêîëî òðåõ
òûñÿ÷ ÷àñòèö ìåëêîé ôðàêöèè íà êóáè÷åñêèé
ñàíòèìåòð, à êðóïíîé ôðàêöèè åùå ìåíüøå: íå
áîëåå äâóõ ÷àñòèö â òîì æå îáúåìå [13].

Ñ öåëüþ ñíèæåíèÿ ìàññû ðàñêðûâàþùèåñÿ
ýëåìåíòû êîíñòðóêöèé ñîäåðæàò óçëû ñóõîãî
òðåíèÿ îòêðûòîãî òèïà (áåç ïûëåçàùèòíûõ êîæó-
õîâ). Íàëè÷èå âûøåóïîìÿíóòûõ óñëîâèé ôóíê-
öèîíèðîâàíèÿ ïðèâîäèò ê íåîáõîäèìîñòè óâåëè-
÷åíèÿ îáúåìà íàçåìíîé ýêñïåðèìåíòàëüíîé îò-
ðàáîòêè è ïðîâåðêè ôóíêöèîíèðîâàíèÿ ðàñêðû-
âàþùèõñÿ ýëåìåíòîâ êîíñòðóêöèè ÊÀ ïîñëå ïû-
ëåâîãî âîçäåéñòâèÿ íà íèõ. Ê òàêèì ýëåìåíòàì
êîíñòðóêöèè ÊÀ «ÝêçîÌàðñ» ìîæíî îòíåñòè:

— òðàïû, ïðåäíàçíà÷åííûõ äëÿ ñúåçäà ìàðñî-
õîäà;

— ðàñêðûâàåìóþ øòàíãó ìàëîíàïðàâëåííîé
àíòåííû (ÌÍÀ);

— ïàíåëè ñîëíå÷íûõ áàòàðåé (ÑÁ).
Ïðîâåäåííûé àíàëèç òåêóùåãî ñîñòîÿíèÿ

ðàññìàòðèâàåìîãî âîïðîñà ïîêàçûâàåò, ÷òî â
öåëîì èñïûòàíèÿì íà âîçäåéñòâèå êëèìàòè÷åñ-
êèõ ôàêòîðîâ, ê êîòîðûì îòíîñÿòñÿ èñïûòàíèÿ
íà äèíàìè÷åñêîå è ñòàòè÷åñêîå âîçäåéñòâèå ïåñêà
è ïûëè, ïîäâåðãàþòñÿ ýëåêòðîííàÿ êîìïîíåíò-
íàÿ áàçà (ÝÊÁ) è ðàäèîýëåêòðîííàÿ àïïàðàòóðà,
ðàáîòàþùèå â óñëîâèÿõ ïîâûøåííîé çàïûëåííî-
ñòè íà ïîâåðõíîñòè Çåìëè [14—17]. Ïðè ýòîì
îáçîð íàó÷íûõ èñòî÷íèêîâ ïîêàçàë, ÷òî â ðàìêàõ
íàçåìíîé ýêñïåðèìåíòàëüíîé îòðàáîòêè èçäåëèé
ðàêåòíî-êîñìè÷åñêîé òåõíèêè è êîñìè÷åñêèõ
àïïàðàòîâ äî íàñòîÿùåãî âðåìåíè íå ïðîèçâîäè-
ëàñü îöåíêà ïûëåâîãî âîçäåéñòâèÿ íà ðàñêðûâà-
åìûå ýëåìåíòû êîíñòðóêöèé ìåæïëàíåòíûõ ïî-
ñàäî÷íûõ êîñìè÷åñêèõ àïïàðàòîâ.

Îñåäàíèå ïûëè íà êîíñòðóêöèþ ìåõàíèçìîâ
ìîæåò ïðèâåñòè ê çàáèâàíèþ çàçîðîâ â óçëàõ
âðàùåíèÿ, àáðàçèâíîìó äåéñòâèþ òðóùèõñÿ ïàð
è, êàê ñëåäñòâèå, ê óõóäøåíèþ ôóíêöèîíàëüíûõ
õàðàêòåðèñòèê ìåõàíèçìîâ.

Êðîìå òîãî, îñåäàíèå ïûëè íà ðàáî÷èå ïîâåð-
õíîñòè ÑÁ (ñî ñòîðîíû ôîòîýëåìåíòîâ) ìîæåò
ïðèâåñòè ê ñíèæåíèþ èõ ýôôåêòèâíîñòè. Ðåçóëü-
òàòû èñïûòàíèé íà âîçäåéñòâèå ïûëè ïîçâîëÿ-
þò äàòü îöåíêó íåîáõîäèìîñòè ïðèìåíåíèÿ ïû-
ëåçàùèòíûõ ñðåäñòâ.

Èç-çà íàëè÷èÿ ïåñ÷àíîé ïûëè â óçëàõ âðàùå-
íèÿ óâåëè÷èâàþòñÿ ñèëû òðåíèÿ, à íàëè÷èå ïûëè
íà ïîâåðõíîñòè êîíñòðóêöèè ïðèâîäèò ê óâåëè-
÷åíèþ âðåìåíè ðàñêðûòèÿ ìåõàíèçìîâ.

Ïî ðàçíèöå âðåìåíè ðàñêðûòèÿ ìåõàíèçìîâ
ïîñëå âîçäåéñòâèÿ ïûëè è äî íåãî ìîæíî ñäåëàòü
âûâîäû î çàïàñå ñèëîâûõ õàðàêòåðèñòèê ïðóæèí
è òîðñèîíîâ ìåõàíèçìîâ.

Èç òåîðåòè÷åñêîé ìåõàíèêè èçâåñòíî, ÷òî
èçìåíåíèå êèíåòè÷åñêîé ýíåðãèè ñèñòåìû ïðî-
èñõîäèò â ðåçóëüòàòå äåéñòâèÿ ñèëû íà íåêîòî-
ðîì ïóòè, òî åñòü ðàáîòû.

Ðàáîòà ïðóæèí, ðàçìåùåííûõ â óçëàõ âðàùå-
íèÿ ìåõàíèçìîâ, îïðåäåëÿåòñÿ èç âûðàæåíèÿ

0 ê ,
2

M M
À f ϕ

+
=                      (1)

ãäå Ì0 – íà÷àëüíûé ìîìåíò ïðóæèíû; Ìê – êî-
íå÷íûé ìîìåíò ïðóæèíû; ϕ  – óãîë ïîâîðîòà çâå-
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íà ìåõàíèçìà; f – êîýôôèöèåíò, ó÷èòûâàþùèé
ïîòåðè â óçëå âðàùåíèÿ.

Êèíåòè÷åñêàÿ ýíåðãèÿ ìåõàíèçìà â êîíöå
ðàñêðûòèÿ:

2

,
2

T
J ω

=                          (2)

ãäå J – ìàññîâûé ìîìåíò èíåðöèè ìåõàíèçìà;
ω – óãëîâàÿ ñêîðîñòü â êîíöå ðàñêðûòèÿ.

Èç óñëîâèÿ ðàâåíñòâà À = Ò ìîæíî îïðåäå-
ëèòü óãëîâóþ ñêîðîñòü ω  ðàñêðûòèÿ.

Ïîñêîëüêó â óñëîâèÿõ çàïûëåííîñòè óâåëè÷è-
âàþòñÿ ïîòåðè ýíåðãîåìêîñòè ïðóæèí â óçëàõ
âðàùåíèÿ, à íàëè÷èå ïûëè íà êîíñòðóêöèè ìå-
õàíèçìà ïðèâîäèò ê óâåëè÷åíèþ åãî ìîìåíòîâ
èíåðöèè, òî óãëîâàÿ ñêîðîñòü ìåõàíèçìà â óñëî-
âèÿõ çàïûëåííîñòè äîëæíà áûòü ìåíüøå, à âðå-
ìÿ ðàñêðûòèÿ äîëæíî óâåëè÷èòüñÿ.

Ìåòîäîëîãèÿ ïðîâåäåíèÿ èñïûòàíèé
íà âîçäåéñòâèå ïûëè íà ðàñêðûâàåìûå ýëåìåíòû
êîíñòðóêöèè ÊÀ «ÝêçîÌàðñ»

Èñïûòàíèÿ íà âîçäåéñòâèå ïåñ÷àíîé ïûëè íà
ðàñêðûâàåìûå ýëåìåíòû êîíñòðóêöèè ÊÀ «Ýêçî-
Ìàðñ» ïðîâîäèëèñü â êàìåðå ïåñêà è ïûëè. Ïðî-

âåäåííûå èñïûòàíèÿ ïîçâîëèëè âûÿâèòü ñòåïåíü
âîçäåéñòâèÿ ìèêðî÷àñòèö ïûëè íà ôóíêöèîíè-
ðîâàíèå óçëîâ ðàñêðûâàåìûõ êîíñòðóêöèé.

Êàìåðà ïåñêà è ïûëè ïðåäñòàâëÿåò ñîáîé
óñòðîéñòâî, îñíàùåííîå çàìêíóòûì âåòðîâûì
êàíàëîì è âêëþ÷àåò â ñåáÿ ðàáî÷èé îáúåì, óñò-
ðîéñòâî äëÿ ïîäà÷è ïûëè, êîìïðåññîð, ýëåêòðî-
äâèãàòåëè, ñåêöèþ íàãðåâàòåëåé, ùèò àâòîìàòè-
êè, âåíòèëÿòîð è ñèñòåìó îõëàæäåíèÿ. Âíóòðåí-
íèé îáúåì êàìåðû ïåñêà è ïûëè ïðåäñòàâëåí íà
ðèñ. 2.

Äëÿ äîñòèæåíèÿ íåîáõîäèìîé ïûëåâîé êîí-
öåíòðàöèè âíóòðü êàìåðû ââîäèòñÿ ðàññ÷èòàííîå
êîëè÷åñòâî ïûëè, ïîäàåòñÿ âîçäóõ. Ïîäà÷à ïûëè
îáåñïå÷èâàåòñÿ ñïåöèàëüíûì äîçàòîðîì [18].
Óñëîâèÿ ìàðñèàíñêîé çàïûëåííîñòè ñ äîñòàòî÷íî
õîðîøèì ïðèáëèæåíèåì èìèòèðóþòñÿ ïðè ïðî-
âåäåíèè èñïûòàíèé ìåòîäîì ñòàòè÷åñêîãî âîç-
äåéñòâèÿ ïûëè â ñîîòâåòñòâèè ñ ÃÎÑÒ ÐÂ
20.57.306-98 [19, 20].  Ïåðå÷åíü ìàòåðèàëîâ äëÿ
èçãîòîâëåíèÿ àíàëîãîâ ìàðñèàíñêîé ïûëè, èñ-
ïîëüçóåìûõ ïðè èñïûòàíèÿõ, ñîãëàñîâàí ñ ÃÅÎÕÈ
ÐÀÍ: ïûëåâàÿ ñìåñü íà 60 % ñîñòîèò èç êâàðöåâîãî
ïåñêà, íà 20 % èç ìåëà è 20 % êàîëèíà, ðàçìåð
ïûëåâûõ ÷àñòèö íå äîëæåí ïðåâûøàòü 50 ìêì, êîí-
öåíòðàöèÿ ïûëè ñîñòàâëÿåò îò 1 äî 3 ã/ì3.

Ðèñ. 2. Âíóòðåííèé îáúåì êàìåðû ïåñêà è ïûëè
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Õàðàêòåðèñòèêè êàìåðû, íåîáõîäèìûå äëÿ
îáåñïå÷åíèÿ èñïûòàíèé, ïðåäñòàâëåíû â òàáë. 1.

Èñïûòàíèÿì íà âîçäåéñòâèå ïûëè ïîäâåðãà-
ëèñü óçëû è ýëåìåíòû ðàñêðûâàåìûõ êîíñòðóê-
öèé ÊÀ «ÝêçîÌàðñ», ïðåäíàçíà÷åííûå äëÿ ïðî-
âåäåíèÿ ëàáîðàòîðíî-îòðàáîòî÷íûõ èñïûòàíèé
— äâà òðàïà äëÿ ñúåçäà ìàðñîõîäà, äâå ïàíåëè ÑÁ,
øòàíãà ÌÍÀ. Çàäà÷åé èñïûòàíèé ÿâëÿëàñü ïðî-
âåðêà ðàáîòîñïîñîáíîñòè äàííûõ êîíñòðóêöèé
ïîñëå âîçäåéñòâèÿ ïûëè, à òàêæå îöåíêà èçìåíå-
íèÿ âðåìåíè ðàñêðûòèÿ äî è ïîñëå ïðîâåäåíèÿ
ïûëåâîãî âîçäåéñòâèÿ.

Ñõåìà ðàñêðûòèÿ òðàïîâ äëÿ ñúåçäà ìàðñîõî-
äà, ïàíåëåé ÑÁ è øòàíãè ÌÍÀ ïðåäñòàâëåíû íà
ðèñ. 3.

Äëÿ îáåñïå÷åíèÿ ïðîñòðàíñòâåííîãî ðàñïîëî-
æåíèÿ è èìèòàöèè óñëîâèé øòàòíîé ýêñïëóàòà-
öèè â ÷àñòè ìàðñèàíñêîé ãðàâèòàöèè òðàïû, ïà-
íåëè ÑÁ è ÌÍÀ óñòàíàâëèâàëèñü íà ñïåöèàëü-
íî ðàçðàáîòàííûå äëÿ äàííûõ èñïûòàíèé ïðè-
ñïîñîáëåíèÿ (ðèñ. 4).

Èñïûòàíèÿ ïî âîçäåéñòâèþ ïûëè ïðîâîäè-
ëèñü â ñëåäóþùåì ïîðÿäêå:

— äëÿ óäàëåíèÿ èçëèøêîâ âëàãè âûïîëíÿëàñü
ñóøêà îáúåêòîâ èñïûòàíèé â êàìåðå ïåñêà è
ïûëè â òå÷åíèå äâóõ ÷àñîâ ïðè òåìïåðàòóðå ïëþñ

45 °Ñ;
— íà ýëåìåíòû êîíñòðóêöèè ðàñêðûâàåìûõ

ìåõàíèçìîâ óñòàíàâëèâàëèñü àêñåëåðîìåòðè÷åñ-

Òàáëèöà 1

Õàðàêòåðèñòèêè êàìåðû ïåñêà è ïûëè

à) á)

Ðèñ. 3 (íà÷àëî)

¹ Ïàðàìåòð Çíà÷åíèå 

1 

Ãàáàðèòíûå ðàçìåðû: 

    äëèíà 

    øèðèíà 

    âûñîòà  

 

15,8 ì 

5,4 ì 

5,3 ì 

2 Äèàïàçîí ðàáî÷èõ òåìïåðàòóð Îò ïëþñ 15 äî ïëþñ 72 °Ñ 

3 Îòíîñèòåëüíàÿ âëàæíîñòü  Íå áîëåå 43 % 

4 Ðàçìåð ïûëåâûõ ÷àñòèö Íå áîëåå 50 ìêì 
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Ðèñ. 3. Ñõåìà ðàñêðûòèÿ ýëåìåíòîâ êîíñòðóêöèé: à – øòàíãà ÌÍÀ; á – òðàïû äëÿ ñúåçäà ìàðñîõîäà; â – ïàíå-
ëè ñîëíå÷íûõ áàòàðåé

â)

Ðèñ. 4. Ìàêåòû óçëîâ è ýëåìåíòîâ ðàñêðûâàåìûõ êîí-
ñòðóêöèé ÊÀ «ÝêçîÌàðñ», óñòàíîâëåííûå íà ñïåöèàëü-
íûõ ïðèñïîñîáëåíèÿõ è ðàçìåùåííûå â êàìåðå ïåñêà
è ïûëè: à – òðàïû äëÿ ñúåçäà ìàðñîõîäà; á – øòàíãà
ÌÍÀ; â – ïàíåëè ÑÁ

à)

á)

â)
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êèå äàò÷èêè, ïîäêëþ÷åííûå ê èçìåðèòåëüíîé
ñòàíöèè, ìåõàíèçìû ïåðåâîäèëèñü â ñëîæåííîå
ïîëîæåíèå è çà÷åêîâûâàëèñü èìèòàòîðàìè ïèðî-
óçëîâ. Âðó÷íóþ îñóùåñòâëÿëîñü êîíòðîëüíîå ðàñ-
êðûòèå òðàïîâ, øòàíãè ÌÍÀ è ïàíåëåé ÑÁ äî
ïûëåâîãî âîçäåéñòâèÿ. Ïî ãðàôèêàì, ïîëó÷åí-
íûì îò äàò÷èêîâ, îïðåäåëÿëîñü âðåìÿ ðàñêðûòèÿ;

— ðàñêðûâàåìûå êîíñòðóêöèè âîçâðàùàëèñü
â ñëîæåííîå è çà÷åêîâàííîå ïîëîæåíèå. Âíóò-

ðåííèé îáúåì êàìåðû ïåñêà è ïûëè ãåðìåòè÷íî
çàêðûâàëñÿ. Îñóùåñòâëÿëîñü âîçäåéñòâèå ïûëå-
âûìè ÷àñòèöàìè ðàçìåðîì íå áîëåå 50 ìêì â òå-
÷åíèå 15 ìèí íà îáúåêòû èñïûòàíèé (ðèñ. 5);

— ïðîèçâîäèëèñü ðàñêðûòèÿ òðàïîâ, øòàíãè
ÌÍÀ, ïàíåëåé ÑÁ ïîñëå ïûëåâîãî âîçäåéñòâèÿ
â ðàçëè÷íûõ ïðîñòðàíñòâåííûõ ïîëîæåíèÿõ,
ïðåäóñìîòðåííûõ ïðîãðàììàìè è ìåòîäèêàìè
èñïûòàíèé (ðèñ. 6). Ïî ãðàôèêàì, ïîëó÷åííûì

Ðèñ. 5. Ýëåìåíòû ðàñêðûâàåìûõ êîíñòðóêöèé ÊÀ «ÝêçîÌàðñ» ïîñëå âîçäåéñòâèÿ ïûëè
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îò äàò÷èêîâ, îïðåäåëÿëîñü âðåìÿ ðàñêðûòèÿ äëÿ
êàæäîãî èç èñïûòàíèé.

Ðåçóëüòàòû èñïûòàíèé íà âîçäåéñòâèå ïûëè íà
ðàñêðûâàåìûå ýëåìåíòû êîíñòðóêöèè ÊÀ
«ÝêçîÌàðñ»

Ðåçóëüòàòû èçìåðåíèé âðåìåíè ðàñêðûòèÿ
òðàïîâ ïðåäñòàâëåíû â òàáë. 2.

Ðèñ. 6. Ýëåìåíòû ðàñêðûâàåìûõ êîíñòðóêöèé ÊÀ «ÝêçîÌàðñ» âî âðåìÿ ðàñêðûòèÿ

Ðåçóëüòàòû èçìåðåíèé âðåìåíè ðàñêðûòèÿ
øòàíãè ÌÍÀ ïðåäñòàâëåíû â òàáë. 3.

Ðåçóëüòàòû èçìåðåíèé âðåìåíè ðàñêðûòèÿ
ïàíåëåé ÑÁ ïðåäñòàâëåíû â òàáë. 4.
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Òàáëèöà 2

Âðåìÿ ðàñêðûòèÿ òðàïîâ

Òàáëèöà 3

Âðåìÿ ðàñêðûòèÿ øòàíãè ÌÍÀ

Òàáëèöà 4

Âðåìÿ ðàñêðûòèÿ ïàíåëåé ÑÁ

¹ ðàñêðûòèÿ Ïîëîæåíèå îáúåêòà èñïûòàíèé Êëèìàòè÷åñêèå óñëîâèÿ Âðåìÿ ðàñêðûòèÿ, ñ 

1 Ãîðèçîíòàëüíîå Áåç âîçäåéñòâèÿ ïûëè 0,54 

2 Ñëó÷àé ïîäúåìà íà ãîðó Áåç âîçäåéñòâèÿ ïûëè 0,49 

3 Ñëó÷àé ïîäúåìà íà ãîðó Ïîñëå âîçäåéñòâèÿ ïûëè 0,49 

4 Ñëó÷àé ïîäúåìà íà ãîðó Ïîñëå âîçäåéñòâèÿ ïûëè 0,49 

Òðàï 1  

¹ ðàñêðûòèÿ Êëèìàòè÷åñêèå óñëîâèÿ Âðåìÿ ðàñêðûòèÿ, ñ 

1 Áåç çàïûëåíèÿ 2,04 

2 Çàïûëåííàÿ ñðåäà 2,09 

3 Çàïûëåííàÿ ñðåäà 2,09 

4 Çàïûëåííàÿ ñðåäà 2,09 

5 Çàïûëåííàÿ ñðåäà 2,09 

Òðàï 2 

1 Áåç çàïûëåíèÿ 2,11 

2 Áåç çàïûëåíèÿ 2,11 

3 Çàïûëåííàÿ ñðåäà 2,12 

4 Çàïûëåííàÿ ñðåäà 2,09 

5 Çàïûëåííàÿ ñðåäà 2,09 

6 Çàïûëåííàÿ ñðåäà 2,09 

Îáúåêò Êëèìàòè÷åñêèå óñëîâèÿ Óãîë íàêëîíà  îòíîñèòåëüíî âåðòèêàëè, ° Âðåìÿ ðàñêðûòèÿ, ñ 

Ïàíåëü ÑÁ 1 

Êîðíåâàÿ 
ñòâîðêà 

Áåç âîçäåéñòâèÿ ïûëè 
20 1,33 

28 2,17 

Ïîñëå âîçäåéñòâèÿ ïûëè 
20 1,35 

28 2,05 

Êîíöåâàÿ 
ñòâîðêà 

Áåç âîçäåéñòâèÿ ïûëè 
20 2,04 

28 2,6 

Ïîñëå âîçäåéñòâèÿ ïûëè 
20 2,06 

28 2,58 

Ïàíåëü ÑÁ 2 

Ñòâîðêà  
 

Áåç âîçäåéñòâèÿ ïûëè 
20 2,45 

28 3,01 

Ïîñëå âîçäåéñòâèÿ ïûëè 
20 2,38 

28 3,12 

Ïîäïîðíàÿ 
ñòâîðêà 

Áåç âîçäåéñòâèÿ ïûëè 
20 0,4 

28 0,48 

Ïîñëå âîçäåéñòâèÿ ïûëè 
20 0,41 

28 0,49 
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Âûâîäû

Âïåðâûå îñóùåñòâëåíà îöåíêà ïûëåâîãî âîç-
äåéñòâèÿ íà ýëåìåíòû ðàñêðûâàåìûõ êîíñòðóê-
öèé ìåæïëàíåòíûõ êîñìè÷åñêèõ àïïàðàòîâ.

Ðåçóëüòàòû èñïûòàíèé ïîêàçûâàþò, ÷òî ïû-
ëåâîå âîçäåéñòâèå (àíàëîãè÷íîå âîçäåéñòâèþ
ìàðñèàíñêîé ïûëè) íå îêàçûâàåò ñóùåñòâåííî-
ãî âëèÿíèÿ íà ðàáîòîñïîñîáíîñòü ðàñêðûâàåìûõ
êîíñòðóêöèé, ðàñêðûòèå ïðîèñõîäèò â øòàòíîì
ðåæèìå, ïðè ýòîì âðåìÿ ðàñêðûòèÿ óâåëè÷èâà-
åòñÿ íå áîëåå ÷åì íà 3 % ïî ñðàâíåíèþ ñ àíàëî-
ãè÷íûìè èñïûòàíèÿìè äî âîçäåéñòâèÿ ïûëè, à
ñëåäîâàòåëüíî, ýíåðãîåìêîñòü ïðóæèí ìåõàíèç-
ìîâ äîñòàòî÷íà ïðè íàòóðíîé ýêñïëóàòàöèè ÊÀ
â óñëîâèÿõ Ìàðñà.
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