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

Â ïðîöåññå âûïîëíåíèÿ ðàçëè÷íûõ êîñìè÷åñ-
êèõ ýêñïåðèìåíòîâ â Ðîññèè è ìèðå â öåëîì, ìíî-
ãîêðàòíî îáîñíîâàíî íàëè÷èå â îêðóæåíèè êîñ-
ìè÷åñêèõ àïïàðàòîâ (ÊÀ) ïëàçìåííûõ àòìîñôåð,
ñîñòîÿùèõ èç èîíèçîâàííûõ ãàçîïûëåâûõ îáðàçî-
âàíèé, ñîçäàþùèõ ðàäèàöèîííûå èçëó÷åíèÿ, ñïî-
ñîáíûå íåãàòèâíî âëèÿòü íà ôèçè÷åñêèå ïðîöåñ-
ñû ôóíêöèîíèðîâàíèÿ áîðòîâûõ ñèñòåì. Âîçäåé-
ñòâèÿ ñîáñòâåííûõ âíåøíèõ àòìîñôåð ÊÀ èçó÷à-
þòñÿ, íà÷èíàÿ ñ ïîëåòîâ ïåðâûõ ñïóòíèêîâ Çåì-
ëè. Íà ñîâðåìåííîì ýòàïå ðàçâèòèÿ êîñìîíàâòè-
êè ïîÿâèëèñü çàäà÷è, äëÿ ðåøåíèÿ êîòîðûõ òðå-
áóåòñÿ óâåëè÷åíèå ìîùíîñòåé áîðòîâûõ ýíåðãåòè-
÷åñêèõ óñòàíîâîê, äîñòèãàþùèõ ñîòåí êèëîâàòò –
åäèíèö ìåãàâàòò ñ äëèòåëüíûìè ñðîêàìè ôóíêöè-
îíèðîâàíèÿ [14]. Ñèñòåìû ýíåðãîñíàáæåíèÿ êîñ-
ìè÷åñêèõ àïïàðàòîâ, ñïîñîáíûå ïîëó÷àòü òàêèå
óðîâíè ìîùíîñòåé, âîçìîæíî ñîçäàòü òîëüêî ñ
ïîìîùüþ èñïîëüçîâàíèÿ ÿäåðíûõ ýíåðãåòè÷åñêèõ
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Ïðåäñòàâëåíû îáîñíîâàíèÿ ÿâëåíèÿ íàâåäåííîé ðàäèàöèè ñîáñòâåííîé âíåøíåé àòìîñôåðîé (ÑÂÀ) êîñìè-
÷åñêîãî àïïàðàòà âñëåäñòâèå ïåðåíîñîâ ýíåðãèè ðàäèàöèîííûõ èçëó÷åíèé îò ÿäåðíîé ýíåðãîóñòàíîâêè (ßÝÓ) çà
áëîê ðàäèàöèîííîé çàùèòû, â çàòåíåííóþ èì îáëàñòü, â êîòîðîé ðàçìåùåíû ÷óâñòâèòåëüíûå ê òàêîìó èçëó÷å-
íèþ ýëåìåíòû êîíñòðóêöèè è ýëåêòðîííîå îáîðóäîâàíèå. Ïåðåíîñ îñóùåñòâëÿåòñÿ ïðè ïðîòåêàíèè ðåàêöèé ÿäåð-
íûõ ïðåâðàùåíèé â ñîáñòâåííîé âíåøíåé àòìîñôåðå âñëåäñòâèå å¸ îáëó÷åíèÿ èíòåíñèâíûìè ïîòîêàìè èçëó÷å-
íèé ðåàêòîðà, ïåðåìåùåíèÿ ñðåäû èç îáëàñòè îêîëîðåàêòîðíîãî ïðîñòðàíñòâà ê ïðèáîðíîìó îòñåêó è ïîñëåäóþ-
ùåé äåçàêòèâàöèè îáðàçîâàâøèõñÿ ðàäèîíóêëèäîâ, ñîïðîâîæäàþùåéñÿ îáëó÷åíèÿìè ïðèáîðíîãî îòñåêà.
Ïîäòâåðæäåíèå ÿâëåíèÿ íàâåäåííîé ðàäèàöèè îáíàðóæåíî ïðè àíàëèçå ôîòîìàòåðèàëîâ, çàñíÿòûõ â êîñìè÷åñ-
êîì ýêñïåðèìåíòå ïî ñîçäàíèþ èñêóññòâåííîãî ñîëíå÷íîãî çàòìåíèÿ ïðè ñîâìåñòíîì ìåæäóíàðîäíîì ïîëåòå êîñ-
ìè÷åñêèõ êîðàáëåé «Àïîëëîí» — «Ñîþç» (ïî ïðîãðàììå ÝÏÀÑ).

Êëþ÷åâûå ñëîâà: êîñìè÷åñêèé ýêñïåðèìåíò, ñîáñòâåííàÿ âíåøíÿÿ àòìîñôåðà, íàâåä¸ííàÿ ðàäèîàêòèâíîñòü.

óñòàíîâîê [1, 6]. Â òî æå âðåìÿ íàëè÷èå íà áîðòó
ÊÀ ìîùíîãî èñòî÷íèêà èîíèçèðóþùåãî èçëó÷å-
íèÿ, êàêèì ÿâëÿåòñÿ ÿäåðíûé ðåàêòîð, òðåáóåò
ðàçðàáîòêè ñëîæíîãî êîìïëåêñà óñòðîéñòâ è ìå-
ðîïðèÿòèé ïî îáåñïå÷åíèþ íåîáõîäèìîãî óðîâíÿ
ÿäåðíîé è ðàäèàöèîííîé áåçîïàñíîñòè. Ñíèæåíèå
ðàäèàöèîííîãî âëèÿíèÿ èçëó÷åíèé ßÝÓ íà áîð-
òîâûå ñèñòåìû, è îñîáåííî íà ýëåêòðîííóþ àïïà-
ðàòóðó ÊÀ, îáåñïå÷èâàåòñÿ çà ñ÷åò èñïîëüçîâàíèÿ
áëîêà ðàäèàöèîííîé çàùèòû, ðàñïîëàãàþùåãîñÿ
ìåæäó ÿäåðíûì ðåàêòîðîì è çàùèùàåìîé êîíñò-
ðóêöèåé, à òàêæå òàêîãî óñòðîéñòâà, êîòîðîå ïî-
çâîëÿåò ïîñëå âûâåäåíèÿ àïïàðàòà íà çàäàííóþ
îðáèòó îòîäâèíóòü ÿäåðíóþ ýíåðãåòè÷åñêóþ óñòà-
íîâêó îò çàùèùàåìîé ÷àñòè êîñìè÷åñêîãî àïïà-
ðàòà [1].

Íàëè÷èå ãàçîïûëåâîé ïëàçìåííîé àòìîñôåðû
îáíàðóæåíî ó êàæäîãî êîñìè÷åñêîãî àïïàðàòà, ÷òî
ìíîãîêðàòíî ïîäòâåðæäåíî ìíîãèìè îòå÷åñòâåí-
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íûìè è çàðóáåæíûìè èññëåäîâàòåëÿìè [1, 2, 4—6,
12,15]. Îáðàçóþùèåñÿ ïðè âîçäåéñòâèè èíòåíñèâ-
íûõ ïîòîêîâ ãàììà- è íåéòðîííîãî èçëó÷åíèé ðå-
àêòîðà ðàäèîíóêëèäû âåùåñòâ ÑÂÀ, âñëåäñòâèå
ïåðåìåøèâàíèÿ ñðåäû ïîä äåéñòâèåì ãðàäèåíòîâ
ïàðàìåòðîâ, áóäóò ïåðåìåùàòüñÿ â îáëàñòü çàáîðò-
íîãî ïðîñòðàíñòâà, îêðóæàþùåãî çàùèùåííóþ
÷àñòü êîíñòðóêöèè ÊÀ è ïðèáîðíûé îòñåê ñ ýëåê-
òðîííîé àïïàðàòóðîé. Çà ñ÷åò íàâåäåííîé ðàäèà-
öèè äàííûå ýëåìåíòû áóäóò ïîäâåðãàòüñÿ îáëó÷å-
íèþ. Â ýòîì ñëó÷àå ñíèæàåòñÿ ðàäèàöèîííàÿ çà-
ùèòà ÊÀ îò èçëó÷åíèÿ áîðòîâîãî ÿäåðíîãî ðåàê-
òîðà, ÷òî ïðèâåäåò ê ïðåâûøåíèþ ôëþåíñîâ ïî-
òîêîâ èçëó÷åíèé íà ïðèáîðíûé îòñåê è ÷óâñòâè-
òåëüíûå êîíñòðóêòèâíûå ýëåìåíòû îòíîñèòåëüíî
äîïóñòèìûõ óðîâíåé. Îáðàçîâàíèå ïîòîêîâ îáëó-
÷åííîãî ðåàêòîðîì âåùåñòâà ÑÂÀ îò ðàáîòàþùå-
ãî ÿäåðíîãî ðåàêòîðà â îáëàñòü ïðèáîðíîãî îòñå-
êà è îáðàòíî îáóñëîâëåíî íàëè÷èåì ìåæäó óêàçàí-
íûìè îáëàñòÿìè ãðàäèåíòîâ ïàðàìåòðîâ ÑÂÀ:
îáúåìíîãî ïîòåíöèàëà ïëàçìû è, ñîîòâåòñòâåííî,
êîíöåíòðàöèè çàðÿäîâ, äàâëåíèÿ è òåìïåðàòóðû
ïëàçìåííîé ãàçîïûëåâîé ñðåäû. Óêàçàííîå äâè-
æåíèå ïëàçìû ïîëó÷èëî ôèçè÷åñêèå îáîñíîâàíèÿ,
îïóáëèêîâàííûå â ìíîãî÷èñëåííûõ íàó÷íûõ òðó-
äàõ ïî ÿäåðíîé ôèçèêå, îòðàæàþùèõ ðåçóëüòàòû
èññëåäîâàíèé, âûïîëíåííûõ ïîä ðóêîâîäñòâîì
È.Â. Êóð÷àòîâà, ÷òî ïðèäàåò èçëîæåííîé êîíöåï-
öèè äîñòîâåðíîñòü è îñîáóþ çíà÷èìîñòü, à òàêæå
ïðåäîïðåäåëÿåò íåîáõîäèìîñòü ðàçðàáîòêè ìåð ïî
äîïîëíèòåëüíîé ðàäèàöèîííîé çàùèòå ÊÀ.

Ñ öåëüþ îáåñïå÷åíèÿ ðàäèàöèîííîé áåçîïàñ-
íîñòè ÊÀ ñ ßÝÓ â êîñìè÷åñêîé ýêñïëóàòàöèè
ïðåäëîæåíî èñïîëüçîâàòü äîïîëíèòåëüíûå ê èç-
âåñòíûì ïî ïðåäûäóùèì ïîëåòàì çàùèòíûå óñò-
ðîéñòâà. Ïðè îáîñíîâàíèè ðàçðàáîòîê äîïîëíè-
òåëüíûõ çàùèòíûõ óñòðîéñòâ ñëåäóåò ó÷èòûâàòü
ïîÿâèâøèåñÿ ñîìíåíèÿ â èõ íåîáõîäèìîñòè. Ãëàâ-
íàÿ ïðè÷èíà óêàçàííûõ ñîìíåíèé ñîñòîèò â òîì,
÷òî ïðè èçó÷åíèè íåãàòèâíûõ âîçäåéñòâèé ðàäè-
àöèîííî-îïàñíîé çàáîðòíîé ñðåäû íà öåëåâîå
ôóíêöèîíèðîâàíèå ÊÀ âûÿâëåíû íèçêèå äàâëå-
íèÿ ÑÂÀ. Èõ âåëè÷èíû íàõîäÿòñÿ â äèàïàçîíå îò
10-4 ìì ðò. ñò. ïðè îáû÷íûõ óñëîâèÿõ ïðîòåêàíèÿ
áîðòîâûõ ïðîöåññîâ äî åäèíèö – äåñÿòêîâ ìì ðò. ñò.
ïðè âîçäåéñòâèè âûñîêîñêîðîñòíûõ ïîòîêîâ ìåë-
êîäèñïåðñíûõ ÷àñòèö (ÂÏ ÌÄ×) åñòåñòâåííîãî
èëè èñêóññòâåííîãî ïðîèñõîæäåíèÿ. Ïðè ýòîì â
óñëîâèÿõ ñîëíå÷íîãî îñâåùåíèÿ ñðåäà ÑÂÀ ÿâëÿ-
åòñÿ ïðîçðà÷íîé, ïîýòîìó ñîçäàåòñÿ èëëþçèÿ, ÷òî
îíà îòñóòñòâóåò. Êðîìå òîãî, ïîÿâëÿåòñÿ óáåæäåí-
íîñòü ïðîåêòèðîâùèêîâ â òîì, ÷òî ïðîöåññû ðà-
äèîàêòèâíîãî îáëó÷åíèÿ ÑÂÀ îò ßÝÓ, ïðèâîäÿ-
ùèå ê âîçáóæäåíèÿì ÿäåð âåùåñòâ è ïîñëåäóþùèì

èõ ðàñùåïëåíèÿì, ñîïðîâîæäàþùèìñÿ ðàäèàöè-
îííûìè èçëó÷åíèÿìè, âñëåäñòâèå ðàçðåæåííîñòè
àòìîñôåðû èìåþò ìàëóþ èíòåíñèâíîñòü. À çíà-
÷èò, íàâîäèìûå èçëó÷åíèÿ, ïåðåíîñèìûå ïî çà-
áîðòíîé àòìîñôåðå âîêðóã áëîêà ðàäèàöèîííîé
çàùèòû, òàêæå íåçíà÷èòåëüíû.

Ïîäîáíûå ïîòîêè ïðè äëèòåëüíîì (ìíîãîëåò-
íåì) âîçäåéñòâèè èëè âñëåäñòâèå âñòðå÷è ÊÀ ñ âû-
ñîêîñêîðîñòíûì ìåëêîäèñïåðñíûì îáëàêîì, ñî-
çäàþùèì â çàáîðòíîì ïðîñòðàíñòâå ïîâûøåííûå
äàâëåíèÿ, èíòåíñèôèöèðóþò äåãðàäàöèþ ÷óâñòâè-
òåëüíûõ ê ðàäèàöèè ýëåìåíòîâ êîíñòðóêöèè è
áîðòîâûõ ñèñòåì. Òàêèå ðàäèàöèîííûå âîçäåé-
ñòâèÿ ñóììèðóþòñÿ ñ äðóãèìè íåðàäèàöèîííûìè
íåãàòèâíûìè ïðîöåññàìè, èíèöèèðóåìûìè ýòîé
æå ðàçðåæåííîé àòìîñôåðíîé ñðåäîé. Àêöåíòèðó-
åì: ñðåäîé, ðàçðåæåííîé ïî ìàññå, íî íå ïî ýíåð-
ãèè, ïîëó÷àåìîé îò èçëó÷åíèé ôóíêöèîíèðóþùå-
ãî ñîáñòâåííîãî ÿäåðíîãî ðåàêòîðà. Óêàçàííîå
êîìïëåêñíîå âîçäåéñòâèå ñîâîêóïíîñòè íåãàòèâ-
íûõ ôàêòîðîâ ïîâûøàåò âåðîÿòíîñòü íàðóøåíèÿ
ïðîöåññà íîðìàëüíîé ðàáîòû öåëåâîãî îáîðóäî-
âàíèÿ ÊÀ, êîòîðîå ìîæåò ïðèâåñòè ê ïðåêðàùå-
íèþ åãî ôóíêöèîíèðîâàíèÿ ðàíåå îæèäàåìîãî,
íàïðèìåð äåñÿòèëåòíåãî, ñðîêà.

Òåîðåòèêî-ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ
íåðàäèàöèîííûõ ïðîöåññîâ ïîðàæåíèÿ èíôîðìà-
öèîííûõ ÊÀ èçó÷àþòñÿ â ðàçëè÷íûõ îðãàíèçàöèÿõ
áîëåå 20 ëåò [2—5]. Ðåçóëüòàòû ýòèõ ðàáîò ïîçâî-
ëèëè ñîçäàòü êîìïëåêñ çàùèòíûõ ìåðîïðèÿòèé è
óñòðîéñòâ, ïîçâîëÿþùèõ îáåñïå÷èòü òðåáóåìûé
ñðîê àêòèâíîãî ôóíêöèîíèðîâàíèÿ ÊÀ ïðè âîç-
äåéñòâèè ôàêòîðîâ, ãåíåðèðóåìûõ ÂÏ ÌÄ×. Îä-
íàêî ïðè ðàçðàáîòêå óêàçàííîãî êîìïëåêñà çàùè-
òû íå ïðåäóñìàòðèâàëèñü ñïîñîáû î÷èñòêè çàáîð-
òíîãî ïðîñòðàíñòâà ÊÀ îò ÑÂÀ [20].

Â 1975 ãîäó â êîñìè÷åñêîì ïðîñòðàíñòâå ïî
ïðîãðàììå ÝÏÀÑ áûë ïðîâåäåí ìåæäóíàðîäíûé
ýêñïåðèìåíò, â õîäå êîòîðîãî îñóùåñòâëÿëîñü ôî-
òîãðàôèðîâàíèå èñêóññòâåííîãî çàòìåíèÿ Ñîëíöà
è ñîëíå÷íîé êîðîíû ïðè ñîâìåñòíîì ïîëåòå êîñ-
ìè÷åñêèõ êîðàáëåé «Àïîëëîí» è «Ñîþç» [6—9]. Â
ýòîì ýêñïåðèìåíòå áûëà ìíîãîêðàòíî çàôèêñèðî-
âàíà ÑÂÀ êîñìè÷åñêîãî êîðàáëÿ (ÊÊ) «Àïîëëîí»,
ïðåäñòàâëåííàÿ íà ðèñ. 1 è 2 [6]. Íàìè áûëè èñ-
ïîëüçîâàíû óêàçàííûå ôîòîñíèìêè äëÿ àíàëèçà
ñâîéñòâ çàáîðòíîé àòìîñôåðû ÊÊ, êîòîðûå ïîçâî-
ëèëè ïîíÿòü àíàëîãè÷íûå ïðîöåññû â àòìîñôåðå
ÊÀ ñ ÿäåðíûìè ðåàêòîðàìè.

Íà ðèñ. 1 ðàññòîÿíèå ìåæäó êðàéíèìè òî÷êà-
ìè ñòðóé âûõëîïíûõ ãàçîâ æèäêîñòíûõ ðàêåòíûõ
äâèãàòåëåé (ÆÐÄ) ðàâíÿåòñÿ ïðèáëèçèòåëüíî
100 ì. Äèàìåòð êîðïóñà ÊÊ «Àïîëëîí» (íà ðèñóí-
êå ñêðûò ñâåòÿùåéñÿ àòìîñôåðîé) ðàâåí 4 ì.



146  Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.26. ¹3

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

Îäèíàêîâàÿ êàðòèíà íàáëþäàåòñÿ íà ôîòîãðà-
ôèÿõ ïðè ðàáîòàþùèõ (ðèñ. 1) è íåðàáîòàþùèõ
(ðèñ. 2) äâèãàòåëÿõ ñèñòåìû ñòàáèëèçàöèè ÊÊ
«Àïîëëîí». Íà ðèñ. 2 âèäíà çàáîðòíàÿ àòìîñôå-
ðà, ïðèáëèçèòåëüíî ðàâíîìåðíî îêðóæàþùàÿ ÊÊ
«Àïîëëîí». Äèàìåòð ÑÂÀ ðàâåí ≈ 50 ì.

Äëÿ îáîñíîâàíèÿ ïðîòåêàíèÿ â ÑÂÀ ïðîöåñ-
ñîâ íåéòðàëèçàöèè áëîêà ðàäèàöèîííîé çàùèòû
ÊÀ ñ ßÝÓ àâòîðû èñïîëüçóþò ÷åòêî âèäèìóþ íà
ñíèìêàõ ÝÏÀÑ «îäèíàêîâóþ ñâåòèìîñòü» ó÷àñò-
êîâ àòìîñôåðû, íàõîäÿùèõñÿ ïîä ïðÿìûì îáëó-
÷åíèåì ðàäèàöèè Ñîëíöà, è ó÷àñòêîâ, ðàñïîëî-
æåííûõ â òåíè êîðïóñà ÊÊ «Àïîëëîí».

Ôîòîàïïàðàòóðà áûëà óñòàíîâëåíà íà ÊÊ
«Ñîþç», êîòîðûé ðàñïîëàãàëñÿ â òåíè îò êîðïóñà
«Àïîëëîíà». Òîðåö êîðïóñà «Àïîëëîíà», íàáëþ-
äàåìûé ñ «Ñîþçà», íå îñâåùàëñÿ Ñîëíöåì, îäíà-
êî îí áûë çàêðûò ñâåòÿùåéñÿ ñîáñòâåííîé âíåø-
íåé àòìîñôåðîé, òàêæå íå íàõîäÿùåéñÿ ïîä ïðÿ-

ìûì îáëó÷åíèåì Ñîëíöà. Ýòî îçíà÷àåò, ÷òî ñîë-
íå÷íàÿ ðàäèàöèÿ îò ó÷àñòêîâ àòìîñôåðû, âûñòó-
ïàþùèõ çà ïðåäåëû òåíè îò êîðïóñà «Àïîëëîíà»
è îñâåùåííûõ ïðÿìûì èçëó÷åíèåì Ñîëíöà, ïðî-
íèêàëà â îáëàñòü åãî òåíè è çàñòàâëÿëà ñâåòèòüñÿ
íàõîäÿùååñÿ òàì âåùåñòâî ÑÂÀ, ïðè÷åì èíòåí-
ñèâíîñòè ñâå÷åíèé ðàçëè÷íûõ ó÷àñòêîâ ÑÂÀ áûëà
ïðèáëèçèòåëüíî îäèíàêîâîé.

Óêàçàííîå ôèçè÷åñêîå ÿâëåíèå – «îäèíàêîâàÿ
ñâåòèìîñòü» — áûëî çàôèêñèðîâàíî ýêñïåðèìåí-
òàëüíûì ìåòîäîì â óñëîâèÿõ êîñìè÷åñêîãî ïîëåòà
ïî ïðîãðàììå ÝÏÀÑ. Ýòî ïîäòâåðæäàåò íàëè÷èå
íàâåäåííîé ðàäèàöèè èç îáëàñòè ÑÂÀ, íàõîäÿ-
ùåéñÿ ïîä ïðÿìûì âîçäåéñòâèåì èñòî÷íèêà èçëó-
÷åíèÿ, çà ñ÷åò ðàçëè÷íûõ ïðîöåññîâ ïåðåäà÷è ëó-
÷èñòîé ýíåðãèè ìåæäó ìíîãîîáðàçíûìè ïî ìàñ-
ñå, ôîðìå, ýíåðãèè, õèìè÷åñêîìó ñîñòàâó è ò. ä.
÷àñòèöàìè àòìîñôåðíîé ñðåäû, â çàòåíåííóþ, ò.å.
çàùèùåííóþ îò ïðÿìîãî èçëó÷åíèÿ ÿäåðíîãî èñ-
òî÷íèêà, îáëàñòü àòìîñôåðû. «Îäèíàêîâàÿ ñâåòè-
ìîñòü» àòìîñôåðíîãî âåùåñòâà ìîæåò áûòü îáúÿñ-
íåíà òîëüêî òåì, ÷òî ïîòåðè ýíåðãèè ïðè ïåðåìå-
ùåíèè ðàäèàöèè ìåæäó îïèñûâàåìûìè îáëàñòÿ-
ìè íè÷òîæíû. Ýòî ÿâëåíèå äîñòîâåðíî îòðàæåíî
íà âñåõ îïóáëèêîâàííûõ ôîòîãðàôèÿõ ÑÂÀ ñ èñ-
ïîëüçîâàíèåì ôîòîïëåíêè ïîâûøåííîé ÷óâñòâè-
òåëüíîñòè. Èñïîëüçîâàíèå òàêîé ôîòîïëåíêè
îáóñëîâëåíî ñëàáûìè ñâåòèìîñòÿìè èçó÷àåìûõ â
ýêñïåðèìåíòå ÿâëåíèé: ñîëíå÷íîé êîðîíû è ÑÂÀ
ÊÊ «Àïîëëîí», êîòîðûå ïðèáëèçèòåëüíî â ìèëëè-
îí ðàç ñëàáåå èçëó÷åíèÿ Ñîëíöà, à ïîýòîìó îáíà-
ðóæèâàþòñÿ òîëüêî â ïåðèîä åãî ïîëíîãî çàòìå-
íèÿ. Ýòî è áûëî èñêóññòâåííî ñîçäàíî â ñîâìåñ-
òíîì ïîëåòå ÊÊ «Àïîëëîí» — «Ñîþç» (ÝÏÀÑ).

Ñòàíîâèòñÿ î÷åâèäíîé ïîëíàÿ àíàëîãèÿ ïðî-
âåäåííîãî êîñìè÷åñêîãî ýêñïåðèìåíòà ñ èññëåäó-
åìîé íàìè ñëîæíîé òåõíè÷åñêîé ñèñòåìîé «ÊÀ ñ
ßÝÓ + ÑÂÀ». Â ñîñòàâå ýòîé ñèñòåìû èìååòñÿ
ÿäåðíûé ðåàêòîð, òàê æå êàê è Ñîëíöå èñïóñêà-
þùèé ïîòîêè êîðïóñêóë (íåéòðîíîâ) è ýëåêòðî-
ìàãíèòíûõ èçëó÷åíèé ( γ -êâàíòîâ), îò êîòîðûõ

÷óâñòâèòåëüíàÿ êîíñòðóêöèÿ è ïðèáîðíûé îòñåê
ÊÀ çàùèùåíû áëîêîì òåíåâîé ðàäèàöèîííîé çà-
ùèòû (àíàëîã êîðïóñà ÊÊ «Àïîëëîí»). Îïèñûâà-
åìûé ÊÀ, òàê æå êàê «Àïîëëîí», îêðóæåí ñîá-
ñòâåííîé àòìîñôåðîé. ßâëåíèå íàâåäåííîé ðàäè-
àöèè, èíèöèèðîâàííîå ðàáîòàþùèì â ÑÂÀ ÿäåð-
íûì ðåàêòîðîì, ìîæåò ïðàêòè÷åñêè íåéòðàëèçî-
âàòü òðàäèöèîííî èñïîëüçóþùóþñÿ òåíåâóþ çà-
ùèòó îò ðàäèàöèè ßÝÓ. Ýòî îáñòîÿòåëüñòâî òðå-
áóåò ðàçðàáîòêè ñïîñîáîâ è óñòðîéñòâ äîïîëíè-
òåëüíîé ôóíêöèîíàëüíîé çàùèòû ñ ïîìîùüþ

Ðèñ. 1. Ôîòîãðàôèÿ ÑÂÀ ÊÊ «Àïîëëîí» ïðè ðàáîòàþ-
ùèõ äâèãàòåëÿõ ñèñòåìû ñòàáèëèçàöèè â êîñìè÷åñêîì
ýêñïåðèìåíòå «Èñêóññòâåííîå çàòìåíèå Ñîëíöà»

Ðèñ. 2. Ôîòîãðàôèÿ ÑÂÀ ÊÊ «Àïîëëîí» ïðè íåðàáîòà-
þùèõ äâèãàòåëÿõ ñèñòåìû ñòàáèëèçàöèè â êîñìè÷åñêîì
ýêñïåðèìåíòå «Èñêóññòâåííîå çàòìåíèå Ñîëíöà»
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ñèñòåì î÷èñòêè çàáîðòíîãî ïðîñòðàíñòâà îò ñîá-
ñòâåííîé âíåøíåé àòìîñôåðû.

Ñëåäóåò äîïîëíèòü îáîñíîâàíèå íåîáõîäèìî-
ñòè ïðîâåäåíèÿ ìåðîïðèÿòèé ïî î÷èñòêå çàáîðò-
íîãî ïðîñòðàíñòâà ÊÀ îò ÑÂÀ íå òîëüêî èçó÷åí-
íûì ÿâëåíèåì íàâåäåííîé ðàäèàöèè, íî è äðóãè-
ìè, íåðàäèàöèîííûìè ïðîöåññàìè, ïðèâîäÿùè-
ìè ê íàðóøåíèÿì ôóíêöèîíèðîâàíèé áîðòîâûõ
ñèñòåì ÊÀ.

Â ðàáîòàõ [3—5] òåîðåòè÷åñêè è ýêñïåðèìåí-
òàëüíî èññëåäîâàíû àñïåêòû íåãàòèâíîãî âîçäåé-
ñòâèÿ ôàêòîðîâ, âîçíèêàþùèõ âñëåäñòâèå îáðàçî-
âàíèÿ ÑÂÀ ïðè èñïàðåíèè âåùåñòâ ñ ïîâåðõíîñ-
òåé ÊÀ, à òàêæå â ðåçóëüòàòå ãàçîïûëåâûõ âûáðî-
ñîâ ïðè ïðîòåêàíèè ðàçëè÷íûõ ïðîöåññîâ ôóíê-
öèîíèðîâàíèÿ áîðòîâûõ ñèñòåì è óñòðîéñòâ ÊÀ.
Ê òàêèì ïðîöåññàì îòíîñÿòñÿ: ãåíåðàöèÿ ïîòîêîâ
âûõëîïíûõ âåùåñòâ ðåàêòèâíûõ äâèãàòåëåé, âû-
ïóñê ãàçîâ ïðè îñóùåñòâëåíèè ðàáîòû øëþçîâûõ
è äðåíàæíûõ óñòðîéñòâ, èíæåêöèÿ ïàðîâ è ïëàç-
ìû ïðè ïîÿâëåíèè ýëåêòðè÷åñêèõ ðàçðÿäîâ âñëåä-
ñòâèå ýëåêòðèçàöèè ïîâåðõíîñòè, à òàêæå âûáðî-
ñû âåùåñòâ â ðàçëè÷íûõ ôàçîâûõ ñîñòîÿíèÿõ ïðè
áîìáàðäèðîâêàõ ÊÀ âûñîêîñêîðîñòíûìè ïîòîêà-
ìè òâåðäûõ ÷àñòèö êîñìè÷åñêîãî ìóñîðà èëè èñ-
êóññòâåííî ñîçäàâàåìûõ îáëàêîâ ÌÄ×.

Â óêàçàííûõ èññëåäîâàíèÿõ îñîáîå âíèìàíèå
óäåëÿëîñü èçó÷åíèþ âîçäåéñòâèÿ ïðîöåññîâ, ïî-
ÿâëÿþùèõñÿ âñëåäñòâèå âûñîêîñêîðîñòíîé áîì-
áàðäèðîâêè ïîâåðõíîñòåé ÊÀ ïîòîêàìè ìåëêîäèñ-
ïåðñíûõ òâåðäûõ ÷àñòèö, íàðóøàþùèõ íîðìàëü-
íîå ôóíêöèîíèðîâàíèå îäíîâðåìåííî ïðàêòè÷åñ-
êè âñåõ áîðòîâûõ ñèñòåì ÊÀ. Òàêèå ôàêòîðû ïîä-
ðàçäåëÿëèñü íà íåïîñðåäñòâåííûå, åñëè áûëè ïî-
ðàæåíû ýëåìåíòû äàííîé áîðòîâîé ñèñòåìû, èëè
îïîñðåäîâàííûå, êîãäà íàðóøàëîñü ôóíêöèîíèðî-
âàíèå ñèñòåìû, íå ïîâðåæäåííîé áîìáàðäèðîâêîé
ÂÏ ÌÄ×. Îïîñðåäîâàííûå ôàêòîðû ïîÿâëÿëèñü
âñëåäñòâèå âûõîäà çà äîïóñòèìûå ïðåäåëû ïàðà-
ìåòðîâ äàííîé ñèñòåìû, âûçâàííîãî ïîâðåæäåíè-
åì áîìáàðäèðîâêîé ÌÄ× äðóãèõ îáåñïå÷èâàþùèõ
ñèñòåì ÊÀ[1, 3–5, 16].

Áûëî ïðåäñòàâëåíî òåîðåòè÷åñêîå îáîñíîâà-
íèå êîìïëåêñà çàùèòíûõ ìåðîïðèÿòèé è óñò-
ðîéñòâ, ñíèæàþùèõ âåðîÿòíîñòü ïîðàæåíèÿ ÊÀ â
óñëîâèÿõ âîçäåéñòâèÿ ÂÏ ÌÄ×. Ðàíåå ïðè îáîñíî-
âàíèè «êîìïëåêñà çàùèòû» ÊÀ î÷èñòêà çàáîðòíî-
ãî ïðîñòðàíñòâà îò ÑÂÀ íå ïðåäóñìàòðèâàëàñü, ÷òî
ñëåäóåò îòíåñòè ê íåäîñòàòêàì âûïîëíåííûõ íà-
ó÷íûõ èññëåäîâàíèé, ïîñêîëüêó ïðè ðàçðàáîòêå
êîìïëåêñà çàùèòíûõ ìåðîïðèÿòèé íå óñòðàíÿëèñü
âòîðè÷íûå ôàêòîðû äëèòåëüíîãî íåãàòèâíîãî âîç-
äåéñòâèÿ âûñîêîñêîðîñòíîãî îáëàêà ÌÄ× ïîñëå
åãî ñîóäàðåíèÿ ñ ÊÀ.

Çíà÷åíèå óêàçàííîãî íåäîñòàòêà ñòàíîâèòñÿ
çàìåòíûì ïðè àíàëèçå îñîáåííîñòåé êîíñòðóêòèâ-
íîãî îáëèêà ÊÀ ñ áîðòîâîé ÿäåðíîé ýíåðãåòè÷åñ-
êîé óñòàíîâêîé, ôóíêöèîíèðîâàíèå êîòîðîé ñî-
ïðÿæåíî ñ îáëó÷åíèåì âåùåñòâ ÑÂÀ ìîùíûìè
èîíèçèðóþùèìè âîçäåéñòâèÿìè [1, 5]. Ïðè òàêèõ
îáëó÷åíèÿõ âîçáóæäàþòñÿ èíòåíñèâíûå ïðîöåññû
àêòèâàöèè ÿäåð ãàçîïûëåâîé ñðåäû, ïðèâîäÿùèå
ê îáðàçîâàíèþ ìíîãî÷èñëåííûõ ðàäèîàêòèâíûõ
èçîòîïîâ — ðàäèîíóêëèäîâ.

Êðîìå òîãî, àíàëèç íîâûõ ÿâëåíèé ïîçâîëÿåò
îáíàðóæèòü àíîìàëüíóþ äèíàìèêó â àòìîñôåðíûõ
ïðîöåññàõ, âûçâàííûõ ïîâûøåííûìè ñêîðîñòÿìè
ïåðåìåùåíèÿ ïîòîêîâ çàáîðòíîé ñðåäû. Ðàññìîò-
ðåíèå äèíàìèêè ïåðåìåùåíèÿ àêòèâèðîâàííîé
ñðåäû ÑÂÀ îò ÿäåðíîãî ðåàêòîðà ýíåðãîóñòàíîâ-
êè, ñ îáòåêàíèåì áëîêà ðàäèàöèîííîé çàùèòû, ê
çàùèùåííûì ÷óâñòâèòåëüíûì ýëåìåíòàì àïïàðàòà
è îáðàòíî ïîçâîëÿåò ñäåëàòü âûâîä î íàëè÷èè ïî-
âûøåííûõ ñêîðîñòåé òàêîãî äâèæåíèÿ âñëåäñòâèå,
âî-ïåðâûõ, áîëüøèõ ãðàäèåíòîâ ïàðàìåòðîâ ïëàç-
ìû, ôîðìèðóåìûõ ðàáîòàþùèì ÿäåðíûì ðåàêòî-
ðîì ýíåðãîóñòàíîâêè, è, âî-âòîðûõ, ðàçðåæåííî-
ñòè ñðåäû. Â êà÷åñòâå àíàëîãà ìîæåò ñëóæèòü àíî-
ìàëüíî áîëüøàÿ ñêîðîñòü âåòðà, íàáëþäàåìàÿ â
ñòðàòîñôåðå Çåìëè. Ïðèáëèæåííûå îöåíêè ïîêà-
çûâàþò, ÷òî ñêîðîñòü ïðîäîëüíîãî ïåðåìåùåíèÿ
àòìîñôåðíîé ñðåäû ìîæåò äîñòèãàòü 10—20 ì/ñ.
Ýòî îçíà÷àåò, ÷òî çà îäíó ìèíóòó àêòèâèðîâàííàÿ
ñðåäà, íàõîäÿùàÿñÿ â îêðóæåíèè ÿäåðíîãî ðåàê-
òîðà, íåñêîëüêî ðàç ïîïàäåò â îáëàñòü ïðèáîðíî-
ãî îòñåêà ÊÀ, óäàëåííîãî ñ ïîìîùüþ ñèñòåìû
îòîäâèæåíèÿ íà 25—50 ì, è ñòîëüêî æå ðàç âîç-
âðàòèòñÿ îáðàòíî ê ðåàêòîðó. Èíòåãðàëüíûé ïå-
ðåíîñ àêòèâèðîâàííûõ ÿäåð âåùåñòâ àòìîñôåðû â
îáëàñòü, îêðóæàþùóþ çàùèùåííóþ ÷àñòü ÊÀ, ñ
ïîñòîÿííî ïðîòåêàþùèìè ïðîöåññàìè ÿäåðíûõ
ðàñùåïëåíèé, ïðèâîäèò ê ïîÿâëåíèþ è âîçäåé-
ñòâèþ íà ÷óâñòâèòåëüíûå óñòðîéñòâà ÊÀ íàâåäåí-
íîé ðàäèàöèè ïîâûøåííîé èíòåíñèâíîñòè. Òàêèì
îáðàçîì, íàëè÷èå â çàáîðòíîì ïðîñòðàíñòâå ÊÀ ñ
ßÝÓ áûñòðî ïåðåìåùàþùåéñÿ ÑÂÀ áóäåò ïðèâî-
äèòü ê ñíèæåíèþ ýôôåêòèâíîñòè ôóíêöèîíèðî-
âàíèÿ ýëåìåíòîâ êîíñòðóêöèè è, îñîáåííî, ýëåê-
òðîííîé àïïàðàòóðû âñëåäñòâèå íåéòðàëèçàöèè
âëèÿíèÿ áëîêà ðàäèàöèîííîé çàùèòû è óñòðîé-
ñòâà îòîäâèæåíèÿ ßÝÓ [19]. Óêàçàííîå îáñòîÿ-
òåëüñòâî âûÿâëÿåò íåäîñòàòî÷íîñòü èñïîëüçîâàíèÿ
ðàçðàáîòàííûõ ðàíåå óñòðîéñòâ äëÿ ÊÀ ñ ßÝÓ îò
èõ ïîðàæåíèÿ âûñîêîñêîðîñòíûìè ïîòîêàìè ìåë-
êîäèñïåðñíûõ ÷àñòèö êîñìè÷åñêîãî ìóñîðà [5, 13].

Èññëåäîâàíèÿ ïîêàçàëè, ÷òî íàèáîëåå ýôôåê-
òèâíîé ìåðîé óñòðàíåíèÿ ìíîãèõ âòîðè÷íûõ ôàê-
òîðîâ âîçäåéñòâèÿ ÂÏ ÌÄ×, âêëþ÷àÿ îáëó÷åíèå
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êîíñòðóêöèè è áîðòîâûõ ñèñòåì ÊÀ íàâåäåííîé
ðàäèàöèåé, ÿâëÿþòñÿ ìåðîïðèÿòèÿ ïî î÷èñòêå
çàáîðòíîãî ïðîñòðàíñòâà. Â òî æå âðåìÿ èìååò
ñìûñë èñïîëüçîâàòü è ïðåäëîæåííûå ðàíåå ñðåä-
ñòâà çàùèòû îò ïåðâè÷íûõ ôàêòîðîâ ÂÏ ÌÄ×,
íàïðèìåð îáåñïå÷èâàþùèå ýêðàíèðîâàíèå îïòè-
÷åñêèõ ýëåìåíòîâ êîíñòðóêöèè ïðè ïðîõîæäåíèè
ÊÀ ÷åðåç êîñìîîáðàçîâàíèÿ ÌÄ× [18].

Âûïîëíåí àíàëèç ðåàëèçóåìîñòè òåõíè÷åñêèõ
ðåøåíèé äëÿ î÷èñòêè ÊÀ îò ïëîòíîé ÑÂÀ, ïðè-
âîäÿùåé ê áëîêèðîâêå èñïîëüçóåìîé çàùèòû îò
ðàäèàöèè ÿäåðíûõ ðåàêòîðîâ ýíåðãîóñòàíîâîê.
Ïðåäëàãàåìûå óñòðîéñòâà äëÿ îñóùåñòâëåíèÿ î÷è-
ñòêè îêðóæåíèÿ ÊÀ ñ ßÝÓ îò ÑÂÀ, îáðàçîâàâøåé-
ñÿ âñëåäñòâèå ñòîëêíîâåíèÿ ñ îáëàêîì ÌÄ×, èìå-
þò â ñâîåì ñîñòàâå êîíñòðóêòèâíûå ýëåìåíòû, êî-
òîðûå óæå èñïîëüçóþòñÿ â òåõ èëè èíûõ áîðòîâûõ
ñèñòåìàõ ÊÀ, ò. å. íà ïðàêòèêå äîêàçàëè ñâîþ âû-
ñîêóþ íàäåæíîñòü .

Íàïðèìåð, äëÿ êîìïåíñàöèè îáúåìíîãî çàðÿ-
äà àòìîñôåðû è ïîâåðõíîñòíîãî çàðÿäà êîðïóñà
ÊÀ, âçàèìîäåéñòâèÿ êîòîðûõ äðóã ñ äðóãîì óäåð-
æèâàþò ñðåäó ÑÂÀ â çàáîðòíîì ïðîñòðàíñòâå,
ïðåäëàãàåòñÿ èñïîëüçîâàòü òåðìîýìèññèîííûé
íåéòðàëèçàòîð. Èçâåñòíî, ÷òî â ïîäàâëÿþùåì
áîëüøèíñòâå ñóùåñòâóþùèõ è ðàçðàáàòûâàåìûõ
ýëåêòðîèîííûõ äâèãàòåëåé ðåàêòèâíàÿ ñòðóÿ ôîð-
ìèðóåòñÿ óñêîðåííûì ïîòîêîì ïîëîæèòåëüíûõ
èîíîâ. Ñîîòâåòñòâåííî, ýëåêòðè÷åñêèé çàðÿä èîí-
íîãî ïó÷êà, ôîðìèðóåìîãî òàêèì ýëåêòðîðàêåò-
íûì äâèãàòåëåì (ÝÐÄ), äîëæåí áûòü ñêîìïåíñè-
ðîâàí ýëåêòðîíàìè, ýìèòèðóåìûìè â îáëàñòü
îáúåìíîãî ïîëîæèòåëüíîãî çàðÿäà. Àíàëîãè÷íî
íàøåìó ñëó÷àþ, çàäà÷à êîìïåíñàöèè ïîëîæèòåëü-
íîãî çàðÿäà èîííîé ñòðóè â ýëåêòðîðàêåòíûõ äâè-
ãàòåëÿõ ñîñòîèò â èñêëþ÷åíèè íàêîïëåíèÿ îòðè-
öàòåëüíîãî ýëåêòðîñòàòè÷åñêîãî çàðÿäà íà êîðïóñå
êîñìè÷åñêîãî àïïàðàòà. Õàðàêòåðíûå ïðèìåðû ðå-
àëèçàöèè ñïîñîáà îïèñàíû, â ÷àñòíîñòè, â ïàòåíòå
ÐÔ [21], ïàòåíòå ÑØÀ [22]. Âî âñåõ óêàçàííûõ
ýëåêòðîðàêåòíûõ äâèãàòåëüíûõ óñòàíîâêàõ ïðèìå-
íÿåòñÿ ñïîñîá íåéòðàëèçàöèè îáúåìíîãî çàðÿäà
èîííîãî ïîòîêà ýìèññèåé ýëåêòðîíîâ åäèíè÷íûì
èñòî÷íèêîì – íåéòðàëèçàòîðîì. Íåéòðàëèçàòîð,
êàê ïðàâèëî, ôóíêöèîíèðóåò íà îñíîâå ïëàçìû
ýëåêòðè÷åñêîãî ðàçðÿäà â ïîëîì êàòîäå, èíèöèè-
ðóåìîì ýëåêòðîíàìè, ýìèòèðóåìûìè òåðìîýìèñ-
ñèîííûì êàòîäîì. Ðàçëè÷íûå êîíñòðóêöèîííûå
îñîáåííîñòè ïëàçìåííîé êàìåðû íåéòðàëèçàòîðà
ÝÐÄ, ïðèìåíÿåìîãî â ðåàëèçàöèÿõ òàêîãî ñïîñî-
áà óñòðàíåíèÿ îáúåìíîãî çàðÿäà èîííîãî ïîòîêà,
äåòàëüíî îïèñûâàþòñÿ, íàïðèìåð, â ïàòåíòàõ ÐÔ
[23—25].

Êðîìå òîãî, ïðåäëàãàåòñÿ ñèñòåìà ïðîäóâêè
çàáîðòíîãî ïðîñòðàíñòâà. Äàííàÿ ñèñòåìà ñíàáæå-
íà ïî ìåíüøåé ìåðå îäíîé ïàðîé óñòàíîâëåííûõ
ñîîñíî è îðèåíòèðîâàííûõ â ïðîòèâîïîëîæíûõ
íàïðàâëåíèÿõ ñîïåë, ïðèñîåäèíåííûõ ê áàëëîíó
ñî ñæàòûì ãàçîì. Ïðè÷åì îäíî èç ñîïåë îðèåíòè-
ðîâàíî â íàïðàâëåíèè ÿäåðíîãî ðåàêòîðà, à, ñîîò-
âåòñòâåííî, äðóãîå äîëæíî êîìïåíñèðîâàòü ñîçäà-
âàåìîå òÿãîâîå âîçìóùåíèå äâèæåíèÿ êîñìè÷åñ-
êîãî àïïàðàòà. Â êà÷åñòâå àíàëîãà ìîæíî èñïîëü-
çîâàòü ñèñòåìó óïðàâëåíèÿ îðèåíòàöèåé ÊÀ ôî-
òîðàçâåäêè «ßíòàðü» [10, 11, 17], ôóíêöèîíèðóþ-
ùóþ íà ñæàòîì àçîòå.

Îïèñàííàÿ ñîâîêóïíîñòü óñòðîéñòâ ÿâèëàñü
ïðåäìåòîì ïàòåíòà [26].

Ê ñâåäåíèþ ÷èòàòåëåé

«Â òî âðåìÿ, êîãäà êîñìîíàâòû è àñòðîíàâòû,
ïðîëåòàÿ íàä Îãíåííîé Çåìëåé è Ìàãåëëàíîâûì
ïðîëèâîì, ñîçäàâàëè ñîëíå÷íîå çàòìåíèå, íà Çåì-
ëå çà èõ ðàáîòîé ñëåäèëè òûñÿ÷è ñïåöèàëèñòîâ: èç
äâóõ öåíòðîâ óïðàâëåíèÿ ïîëåòîì, ñ êîìàíäíî-
èçìåðèòåëüíûõ êîìïëåêñîâ, ñ íåñêîëüêèõ êîðàá-
ëåé è ñàìîëåòîâ, ðàññðåäîòî÷åííûõ ïî âñåìó çåì-
íîìó øàðó. Â ýòî æå âðåìÿ íà Ýëüáðóñå ãðóïïà
àñòðîôèçèêîâ ïðîâîäèëà ñèíõðîííûå íàáëþäåíèÿ
Ñîëíöà» [6]. Âñå ýòè ìåðîïðèÿòèÿ ïîçâîëèëè èñ-
êëþ÷èòü âîçìîæíûå îøèáêè â ïîëó÷åííûõ ðå-
çóëüòàòàõ, êîòîðûå èñïîëüçóþòñÿ äëÿ îáîñíîâàíèÿ
äîñòîâåðíîñòè âûïîëíåííûõ àâòîðàìè íàó÷íûõ
èññëåäîâàíèé ðàäèàöèîííûõ ïðîöåññîâ â ñîá-
ñòâåííîé âíåøíåé àòìîñôåðå ÊÀ ñ ÿäåðíîé ýíåð-
ãîñèñòåìîé.

Âûâîäû

Â ñòàòüå [6] ñêàçàíî: «Âñåãî çà íåñêîëüêî ìè-
íóò ïîëåòíîãî âðåìåíè â êîñìè÷åñêîì ýêñïåðè-
ìåíòå ÝÏÀÑ áûëè ïîëó÷åíû óíèêàëüíûå äàííûå
ïî âíåøíåé ñîëíå÷íîé êîðîíå è «àòìîñôåðå» âîê-
ðóã êîñìè÷åñêîãî àïïàðàòà. Ôîòîìåòðè÷åñêè êà-
ëèáðîâàííûå ôîòîñíèìêè — ýòî íå ïðîñòî êàð-
òèíêè. Îíè — îòîáðàæåíèå, ñâîåãî ðîäà ôîòîäèñ-
ïëåé îãðîìíîãî îáúåìà êîëè÷åñòâåííûõ äàííûõ è
ôóíêöèîíàëüíûõ çàâèñèìîñòåé».

Íåâèäèìàÿ ñðåäà ñòàëà âèäèìîé è îáíàðóæè-
ëà («ñäåëàëà âèäèìûì») ïðîöåññ íàâåäåíèÿ ðàäè-
àöèè â çàòåíåííîå ïðîñòðàíñòâî. Íàó÷íûé ìåòîä
ïîçâîëÿåò îáíàðóæèòü («ñäåëàòü âèäèìûìè»)
îïàñíûå ïðîöåññû ïåðåíîñà ðàäèàöèîííî-çàðÿ-
æåííîé ñðåäû ÑÂÀ â çàùèùåííóþ îáëàñòü, â êî-
òîðîé ðàçìåùåíû ÷óâñòâèòåëüíûå ê èçëó÷åíèþ
óñòðîéñòâà, ÷åì óñòðàíÿåòñÿ çàùèòíàÿ ôóíêöèÿ
áëîêà ðàäèàöèîííîé çàùèòû, à òàêæå ñèñòåìû
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îòîäâèæåíèÿ, èñïîëüçóþùåéñÿ äëÿ îñëàáëåíèÿ
ðàäèàöèè îò ðàáîòàþùåãî ÿäåðíîãî ðåàêòîðà.

Ñëåäóåò îäíîçíà÷íûé âûâîä: ïðîáëåìà î÷èñ-
òêè çàáîðòíîãî ïðîñòðàíñòâà ÊÀ ñ ßÝÓ ÿâëÿåòñÿ
àêòóàëüíîé.
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Àbstract

The presence of gas-and-dust plasma atmosphere
is discovered in every spacecraft, which is confirmed
by many domestic and foreign researchers. Due to the
medium mixing under the impact of parameters
gradients, the radionuclides of plasma atmosphere
formed with the intensive impact of gamma and
neutron radiation of the reactor would migrate to the
outboard space area, surrounding protected part of the
spacecraft structure and instrument bay with electronic
equipment. These elements would be exposed to
radiation due to the induced radiation. In this case,
the deterioration of the spacecraft radiation protection
against the onboard reactor occurs, which would lead
to fluences excess of radiation fluxes on the instrument
bay and sensitive structural elements relative to the
acceptable levels. Formation of the flows of the eigen
external atmosphere (EEA) substance irradiated by the
reactor from the operating reactor into the area of the
instrument bay and back is stipulated by the presence
of parameters gradient of the EEA substance between
the specified areas. These parameters are the volume
plasma potential and, correspondingly, concentration
of charges, pressure and temperature of the gas-and-
dust plasma medium. This plasma migration got
physical substantiations, published in many scientific
works on nuclear physics, performed under I.V.
Kurchatov guidance, which attaches authenticity and
meaningfulness to the outlined concept, as well as
determines the necessity to developing measures for
the spacecraft extra radiation protection.

In 1975, an international experiment was
conducted in the outer space under the “EPAS”
program, during which the artificial Eclipse of the Sun
and the solar corona was photographed during the
Apollo and Soyuz spaceships joint flight. The
spacecraft EEA was repeatedly registered while this

NEW PHENOMENA IN THE SPACE EXPERIMENT ON CREATING AN
ARTIFICIAL SOLAR ECLIPSE WHILE THE SPACESHIPS “APOLLO”–”SOYUZ”

JOINT FLIGHT
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experiment. We employed the said photos to analyze
the properties of the spacecraft outboard atmosphere.
It allowed comprehending the similar processes in the
atmosphere of the spacecraft with nuclear reactor.

The physical phenomenon of the “identic
luminosity” was recorded by the experimental method
in conditions of the space flight under the EPAS
program. This phenomenon is a confirmation of the
induced radiation phenomenon from the EEA area
being under the direct impact of the radiation source
due to the various processes of the radiant energy
transfer between the particles of the atmospheric
environment, varying in weight, shape, chemical
content etc., to the shadowed area, protected from
direct radiation of the nuclear source, into the
atmosphere area. The “identic luminosity” of
atmospheric matter can only be explained by the fact
that the energy losses while the radiation migration
between the described areas are minute. This
phenomenon is reliably rendered on all published EEA
photos employing high-sensitivity photo film. Such
film employing was predetermined by the weak
luminosities of the phenomena studied in the
experiment such as solar corona and the spacecraft
Apollo EEA. They are approximately millions of times
smaller weaker than the Sun radiation. Thus, they are
being detected only during its full eclipse. This was
artificially created in the “Apollo”–“Soyuz” spaceships
joint flight (EPAS).

It is necessary to add justification for the necessity
for measures to clean the spacecraft outboard space
from the EEA caused not  by the induced radiation
phenomenon only, but also by other non-traditional
processes that lead to disturbances in the spacecraft
onboard systems functioning.

Keywords: space experiment, eigen external
atmosphere, induced radioactivity.



151Âåñòíèê Ìîñêîâñêîãî àâèàöèîííîãî èíñòèòóòà. Ò.26. ¹3

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

References

1. Mil’kovskii A.G., Atamasov V.D., Babuk V.A.,
Danilyuk A.Yu., Nemykin S.A., Romanov A.V.,
Sokolov Yu.A., Ustinov A.N. Yadernye orbital’nye
kompleksy (Nuclear orbital complexes), St. Petersburg,
KB “Arsenal” im. M.V. Frunze, 2016, 800 p.

2. Abdurakhimov A.A., Poluyan M.M. Trudy Voenno-
kosmicheskoi akademii imeni A.F. Mozhaiskogo, 2007,
pp. 26-28.

3. Abdurakhimov A.A., Poluyan M.M. XXV
Mezhvedomstvennaya nauchno-tekhnicheskaya
konferentsiya kosmodroma “Plesetsk”. Sbornik trudov,
2007, pp. 84-87.

4. Akishin A.I., Novikov L.S. Elektrizatsiya kosmicheskikh
apparatov (Electrification of spacecraft), Moscow,
Znanie, 1985, 73 p.

5. Askerov F.A., Atamasov V.D., Poletaev B.I. Kosmonavtika
XXI veka i yadernye termoemissionnye energeticheskie
ustanovki (Cosmonautics of the XXI century and thermo-
emission power plants), St. Petersburg, Agentstvo
“RDK-print”, 2002. Part 2, 384 p.

6. Solnechnoe zatmenie po zakazu. Tekhnika molodezhi,
1978, no. 5, pp. 21-23.

7. “Soyuz”—“Apollon”. URL: https://ru.wikipedia.org/
wiki/%D0%A1%D0%BE% D1%8E%D0%B7_%E2%
80%94_%D0%90%D0%BF%D0%BE%D0%BB%
D0%BB%D0%BE%D0%BD

8. RKK “Energiya” — programma EPAS. URL: https://
www.energia.ru/energia/history/astp-project.html

9. Rukopozhatie na orbite. K 35-letiyu mezhdunarodnogo
kosmicheskogo poleta po programme EPAS. URL:
http://vystavki.rgantd.ru/epas/index.htm

10. Atamasov V.D., Ermolaev V.I., Ezerskii V.V.
Kosmicheskii apparat “Yantar’” (“Amber” spacecraft),
St. Petersburg, VKA imeni A.F. Mozhaiskogo, 2005,
378 p.

11. Atamasov V.D., Belyaev S.G. Sistemy ispolnitel’nykh
organov kosmicheskogo apparata “Yantar’” (Actuator
mechanisms systems of the “Amber” spacecraft),
St. Petersburg, BGTU “Voenmekh” imeni D.F. Ustinova,
2017, 354 p.

12. Matveev Yu.A., Lamzin V.V. A constraint-based
technique to choose design parameters of spacecraft
versions meant for earth remote sensing. Aerospace MAI
Journal, 2008, vol. 15, no. 1, pp. 44-55.

13. Shustrov T.L. Simulation as a substantiation of the trace
contaminants removal system selection. Aerospace MAI
Journal, 2019, vol. 26, no. 1, pp. 51-63.

14. Gaponenko O.V., Gavrin D.S., Sviridova E.S.
Structure analysis of the strategic plans of the space-
rocket industry development by method of space
functional and industrial technologies R&D
classification. Aerospace MAI Journal, 2019, vol. 26,
no. 1, pp. 64-81.

15. Yudintsev V.V. Rotating space debris objects net
capture dynamics. Aerospace MAI Journal, 2018,
vol. 25, no. 4, pp. 37-48.

16. Donskov A.V., Mishurova N.V., Solov’ev S.V. Automated
system for space vehicle status monitoring. Aerospace MAI
Journal, 2018, vol. 25, no. 3, pp. 151-160.

17. Razoumny Yu.N., Samusenko O.E., Nguyen N.Q.
Optimal options analysis of two-tier satellite systems for
near-earth space spherical layer continuous coverage.
Aerospace MAI Journal, 2018, vol. 25, no. 3, pp. 171-181.

18. Aslanov V.S., Yudintsev V.V. Docking with space debris
employing the unfolding flexible beam-strap. Aerospace
MAI Journal, 2018, vol. 25, no. 2, pp. 16-24.

19. Osipov A.M., Kozorez D.A., Sypalo K.I. Solution to
the problem of high-speed flying vehicle navigation.
Aerospace MAI Journal, 2011, vol. 18, no. 4, pp. 5-19.

20. Malyshev O.V., Vishnyakov A.S., Khmarov I.Ì.,
Kondrashov N.G. Definition of spatial positions of
flying machines under their two-dimensional dynamic
images. Aerospace MAI Journal, 2011, vol. 18, no. 4,
pp. 93-101.

21. Baranov V.I., Vasin A.I., Petrosov V.A., Yashnov
Yu.M. Patent RU 2092983 C1, 10.10.1997.

22. Walther S. Electrostatic propulsion engine with
neutralizing ion source. Patent US6195980B1,
06.03.2001.

23. Gopanchuk V.V., Gorbachev Yu.M., Kozubskii K.N.
Patent RU 2168793 C1, 10.06.2001.

24. Gopanchuk V.V., Gorbachev Yu.M. Patent RU 2173001
C1, 27.08.2001.

25. Gopanchuk V.V., Gorbachev Yu.M. Patent RU 2173002
C1, 27.08.2001.

26. Atamasov V.D., Dement’ev I.I., Ustinov A.N. Patent
RU 2677420 C1, 16.01.2019.


