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Ââåäåíèå

Èñòîðèÿ — íàóêà îáúåêòèâíàÿ, è îíà íå çà-
âèñèò îò ñóáúåêòèâíîãî ìíåíèÿ ëþäåé. Èñòîðèÿ
— ýòî òî, ÷òî áûëî íà ñàìîì äåëå, ôàêòè÷åñêàÿ
ôîòîãðàôèÿ äåéñòâèòåëüíîñòè. Íî ó ýòîé íàóêè
åñòü îäèí î÷åíü áîëüøîé íåäîñòàòîê — âåðîÿò-
íîñòü å¸ ôàëüñèôèêàöèè.

Î ïåðâîé ðàêåòå V-2 áîëüøîé äàëüíîñòè ìíî-
ãî íàïèñàíî êàê çàðóáåæíûìè, òàê è ñîâåòñêè-
ìè àâòîðàìè. Â ðàçíûå ïåðèîäû ìíîãèå îöåíêè
íå ñîâïàäàëè, íå âñå ôàêòû îñâåùàëèñü, ïî-ðàç-
íîìó òðàêòîâàëèñü. Íî ñàì ôàêò ñîçäàíèÿ ìîù-
íîé ðàêåòû íå îñïàðèâàëñÿ — åãî ïîäòâåðæäåíè-
åì áûëè ìíîãî÷èñëåííûå ôîòî- è êèíîäîêóìåí-
òû, âîñïîìèíàíèÿ î÷åâèäöåâ-ó÷àñòíèêîâ ñîáû-
òèé, à òàêæå àðõèâíûå äîêóìåíòû è îáðàçöû
ðàêåòíîé òåõíèêè.

Ðàêåòà V-2 áûëà ñîçäàíà â Ãåðìàíèè â ïåðè-
îä Âòîðîé ìèðîâîé âîéíû. Îíà ñîçäàâàëàñü â
èíèöèàòèâíîì ïîðÿäêå ãðóïïîé ñïåöèàëèñòîâ â
ðàìêàõ ìèíèñòåðñòâà îáîðîíû Ãåðìàíèè. Ïîíà-
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Ïðåäñòàâëåíû ìàëîèçâåñòíûå ôàêòû èñòîðèè ñîçäàíèÿ ïåðâîãî â æèäêîñòíîì ðàêåòíîì äâèãàòåëå (ÆÐÄ)
òóðáîíàñîñíîãî àãðåãàòà, áëàãîäàðÿ êîòîðîìó, ïîñëå åãî ñîâåðøåíñòâîâàíèÿ ñïåöèàëèñòàìè ñîâåòñêîé øêîëû,
áûëè îáåñïå÷åíû áîëüøàÿ äàëüíîñòü ïîëåòà ðàêåòû-íîñèòåëÿ è ïðîðûâ â êîñìè÷åñêîå ïðîñòðàíñòâî.

Ñòàòüÿ ïîñâÿùåíà Îâñÿííèêîâó Áîðèñó Âèêòîðîâè÷ó — êðóïíîìó ó÷åíîìó, äîêòîðó òåõíè÷åñêèõ íàóê,
ïðîôåññîðó, çàñëóæåííîìó äåÿòåëþ íàóêè, àâòîðó ó÷åáíèêîâ ïî òåîðèè è ðàñ÷¸òó òóðáîíàñîñíûõ àãðåãàòîâ ÆÐÄ.
Ñòîëåòèå ñî äíÿ ðîæäåíèÿ Áîðèñà Âèêòîðîâè÷à îòìå÷àåòñÿ 13 ìàÿ 2021 ãîäà. Áëàãîäàðÿ åãî ó÷åáíèêàì è ëåê-
öèÿì áûëî ïîäãîòîâëåíî ìíîãî ó÷åíûõ, êîíñòðóêòîðîâ è ðàñ÷åò÷èêîâ, ñîçäàâøèõ óíèêàëüíûå èçäåëèÿ ðàêåò-
íî-êîñìè÷åñêîé òåõíèêè, êîòîðûå îáåñïå÷èëè ðàêåòíî-ÿäåðíûé ùèò íàøåé ñòðàíû è ïðèîðèòåò â îñâîåíèè
êîñìè÷åñêîãî ïðîñòðàíñòâà.

Êëþ÷åâûå ñëîâà: ðàêåòíî-êîñìè÷åñêàÿ òåõíèêà, æèäêîñòíûé ðàêåòíûé äâèãàòåëü, òóðáîíàñîñíûé àãðåãàò.

äîáèëîñü âðåìÿ, ÷òîáû óáåäèòü ðóêîâîäèòåëåé
íàöèñòñêîé Ãåðìàíèè â íåîáõîäèìîñòè ñîçäàíèÿ
ìîùíûõ êîñìè÷åñêèõ ðàêåò, êîòîðûå ìîãëè ïðå-
îäîëåâàòü êîíòèíåíòû è âûõîäèòü â îòêðûòûé
êîñìîñ. Â èòîãå 7 èþëÿ 1943 ãîäà ïðîåêòó «Ïå-
íåìþíäå» áûë ïðèñâîåí ñòàòóñ âûñøåé ïðèîðè-
òåòíîñòè â ïðîãðàììå âîîðóæåíèÿ Ãåðìàíèè [1].

Âîò òàê áûëî ïðèíÿòî èñòîðè÷åñêîå ðåøåíèå
î ïåðåîðèåíòèðîâàíèè ìèðíîãî êîñìè÷åñêîãî
íàïðàâëåíèÿ ðàçâèòèÿ ðàêåòíîé òåõíèêè â öåëå-
âóþ ïðîãðàììó ñîçäàíèÿ îðóæèÿ âîçìåçäèÿ.
Ïîñëå ÷åãî ïåðâîíà÷àëüíîå íàèìåíîâàíèå ðàêåòû
ïðîåêò «À-4» áûëî çàìåíåíî íà «V-2» («ÔÀÓ-2»),
è ïîä ýòèì èìåíåì îíà âîøëà â èñòîðèþ.

1. Ñîçäàíèå ãðóïïû åäèíîìûøëåííèêîâ

Â 30-å ãîäû äâàäöàòîãî ñòîëåòèÿ â ïåðåäîâûõ
ñòðàíàõ ìèðà (ÑÑÑÐ, ÑØÀ, Ãåðìàíèÿ, Ôðàíöèÿ)
îæèâèëñÿ èíòåðåñ ê ðàêåòàì ñ öåëüþ îñâîåíèÿ
êîñìè÷åñêîãî ïðîñòðàíñòâà. Â Ãåðìàíèè â îòäåëå
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áàëëèñòèêè è áîåïðèïàñîâ óïðàâëåíèÿ âîîðóæå-
íèé ñóõîïóòíûõ âîéñê áûë ñîçäàí èññëåäîâàòåëü-
ñêèé îòäåë. Ðàçðàáîòêó ðàêåò íà æèäêîì òîïëè-
âå â 1931 ã. âîçãëàâèë êàïèòàí Âàëüòåð Äîðíáåð-
ãåð, êîòîðûé ïðèâëåê ê ýòèì ðàáîòàì ïðàêòè÷åñ-
êè âñåõ ýíòóçèàñòîâ-èçîáðåòàòåëåé, ðàíåå çàíè-
ìàâøèõñÿ ñîçäàíèåì æèäêîñòíûõ ðàêåòíûõ äâè-
ãàòåëåé (ÆÐÄ).

Äîðíáåðãåðîì Â.Ð. áûëà ñîçäàíà ãðóïïà ó÷å-
íûõ è êîíñòðóêòîðîâ â ñîñòàâå: Àðòóðà Ðóäîëü-
ôà, Âàëüòåðà Òèëÿ (ñïåöèàëèñò ïî äâèãàòåëÿì),
Ãåíðèõà Ãðþíîâà, Âàëüòåðà Ðèäåëÿ, Ãåëüìóòà
Âàëüòåðà (êîíñòðóêòîð ñåðèè ðåàêòèâíûõ äâèãà-
òåëåé «Âàëüòåð»), Âåðíåðà ôîí Áðàóíà (ïîìîù-
íèê Â.Ð. Äîðíáåðãåðà è òåõíè÷åñêèé ðóêîâîäè-
òåëü ðàçðàáîòêè ðàêåò), Ãåëüìóòà Ãðåòãðóïà (â
äàëüíåéøåì ïîñëå 1945 ãîäà îí ðóêîâîäèë ãðóï-
ïîé íåìåöêèõ ðàêåò÷èêîâ â ÑÑÑÐ), Ïþëëåíáåð-
ãà, Øëóðèêå, Ïþëüìàíà, Õåðìàíà è äðóãèõ. Ýòîé
ãðóïïîé çà äåñÿòèëåòèå áûëî ñîçäàíî ïÿòü íîâåé-
øèõ ðàêåò íà æèäêîì ðàêåòíîì òîïëèâå. Ïåðâûå
òðè ðàêåòû À-1, À-2 è À-3 áûëè ïðîòîòèïàìè
ãëàâíîé ìîùíîé ðàêåòû À-4. Óçëû è àãðåãàòû
ìàëûõ ïî òÿãå ðàêåò À-2 è À-3 ïîñëóæèëè îñíî-
âîé äëÿ îòðàáîòêè óçëîâ è àãðåãàòîâ ðàêåòû À-4.

Áûëà ñîçäàíà ýêñïåðèìåíòàëüíàÿ áàçà — íà-
÷èíàÿ îò àðòèëëåðèéñêèõ ïîëèãîíîâ Êóììåðñ-
äîðôà è êîí÷àÿ ïîëèãîíîì â Ïåíåìþíäå. Èçîá-
ðåòàòåëüíîñòü, íàñòîé÷èâîñòü è îðãàíèçàòîðñêèé
ïðîôåññèîíàëèçì — âñå ýòè êà÷åñòâà áûëè ïðî-
ÿâëåíû áëàãîäàðÿ òàëàíòó è óïîðñòâó íåìíîãî-

÷èñëåííîé ñïëî÷åííîé ãðóïïû ðàêåò÷èêîâ, ñî-
çäàííîé Â.Ð. Äîðíáåðãåðîì.

Ïåðâûé óñïåøíûé çàïóñê ðàêåòû À-4 (åìó
ïðåäøåñòâîâàëè äâà íåóäà÷íûõ) áûë ïðîâåäåí
3 îêòÿáðÿ 1942 ãîäà ñî ñòàðòîâîé ïëîùàäêè èñ-
ïûòàòåëüíîãî ñòåíäà ¹ 7 ãåðìàíñêîãî èíñòèòó-
òà ðàêåòíîãî âîîðóæåíèÿ â Ïåíåìþíäå. Â ýòîò
äåíü ðàêåòà íà æèäêîì òîïëèâå âïåðâûå äîñòèãëà
ñêîðîñòè çâóêà è íåáûâàëîé äî òîãî âðåìåíè âû-
ñîòû 85—90 êì. Äàëüíîñòü ïîëåòà ñîñòàâèëà 190
êì. Âïåðâûå áûëî äîêàçàíî, ÷òî ìîæíî ðàçðàáà-
òûâàòü ðàêåòû, ëåòàþùèå íà ñâåðõçâóêîâûõ ñêî-
ðîñòÿõ.

Äâèãàòåëü êîíñòðóêöèè Âàëüòåðà Òèëÿ äëÿ
áàëëèñòè÷åñêîé ðàêåòû ÔÀÓ-2 áûë ñàìûì ìîù-
íûì ïî òÿãå ÆÐÄ ñâîåãî âðåìåíè (25 ò ≈ 245 êÍ),
îïåðåæàÿ áëèæàéøèõ êîíêóðåíòîâ íà ïîðÿäîê. Â
ñîñòàâ ÆÐÄ âïåðâûå â èñòîðèè ðàêåòíîé òåõíè-
êè âõîäèë òóðáîíàñîñíûé àãðåãàò. Äâèãàòåëü Â.
Òèëÿ èìåë íå òîëüêî áîëüøîå èñòîðè÷åñêîå çíà-
÷åíèå â êà÷åñòâå óñòðîéñòâà, ïîçâîëÿþùåãî ñî-
çäàòü è èñïûòàòü ïåðâûå áàëëèñòè÷åñêèå ðàêåòû
äàëüíåãî äåéñòâèÿ, íî è îêàçàë âëèÿíèå íà äàëü-
íåéøåå ðàçâèòèå ÆÐÄ.

2. Ðåâîëþöèîííûå ðåøåíèÿ ÔÀÓ-2

Ïåðâûé âàðèàíò êîíñòðóêöèè ðàêåòû À-4,
ïîäãîòîâëåííûé ãðóïïîé ðàêåò÷èêîâ, îáñóæäàëñÿ
â óçêîì êðóãó ñïåöèàëèñòîâ: Äîðíáåðãåðîì, ôîí

Âàëüòåð Ðîáåðò Äîðíáåðãåð, ðóêîâîäèòåëü ïðîåêòà À-4

Âàëüòåð Òèëü, êîíñòðóêòîð ÆÐÄ ïðîåêòà À-4
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Áðàóíîì è Ðèäåëåì [1]. Ðóêîâîäèòåëè ïðîåêòà
îöåíèëè, íàñêîëüêî àìáèöèîçåí ïðîåêò. Íî îí
ïðåäâåùàë áîëüøèå ïåðñïåêòèâû, è ðóêîâîäèòå-
ëè ïðîåêòà ñòàëè ôîðìóëèðîâàòü ïðîáëåìû, êî-
òîðûå ïðåäñòîÿëî ïðåîäîëåòü. Ñòàëî ïîíÿòíî, ÷òî
íà ðàçðàáîòêó, èçãîòîâëåíèå è èñïûòàíèÿ ïîíà-
äîáÿòñÿ ãîäû. Ïîòðåáóåòñÿ ñîçäàíèå äîïîëíè-
òåëüíûõ ëàáîðàòîðèé è öåõîâ äëÿ èñïûòàíèÿ ðà-
êåòû íà ñâåðõçâóêîâûõ ñêîðîñòÿõ. Íî â òî âðå-
ìÿ â Ãåðìàíèè îòñóòñòâîâàëà àýðîäèíàìè÷åñêàÿ
òðóáà ñ íóæíûìè ïàðàìåòðàìè. Íåîáõîäèìî áûëî
èçìåíèòü ñèñòåìó ïîäà÷è ãîðþ÷åãî. Áûëî ïðè-
çíàíî öåëåñîîáðàçíûì îò ñèñòåìû ïîäà÷è ïîä
äàâëåíèåì ïåðåéòè ê ëåãêîé ïî âåñó íàñîñíîé ñè-
ñòåìå. Íà òîò ìîìåíò íå ñóùåñòâîâàëî íàñîñîâ,
êîòîðûå ìîãëè ïîäàâàòü æèäêèé êèñëîðîä òåì-
ïåðàòóðîé ìèíóñ 185 ãðàäóñîâ ïî Öåëüñèþ. Êà-
êèì äîëæåí áûòü ïðèâîä äëÿ âðàùåíèÿ íàñîñîâ,
âîçìîæíî, ñ ïîìîùüþ ãàçîâîé òóðáèíû? Êàêèì
äîëæíî áûòü óñòðîéñòâî äëÿ ôîðìèðîâàíèÿ ðà-
áî÷åãî òåëà òóðáèíû: ñ ïîìîùüþ âûõëîïíûõ ãà-
çîâ èç êàìåðû ñãîðàíèÿ èëè äðóãèì ñïîñîáîì?
Îòñóòñòâîâàëè ïðèáîðû, îáåñïå÷èâàþùèå èçìå-
ðåíèÿ ñêîðîñòè âîçäóõà ñ íåîáõîäèìîé òî÷íîñ-
òüþ, ÷òîáû ìîæíî áûëî îòêëþ÷èòü äâèãàòåëü
òî÷íî â íóæíûé ìîìåíò âðåìåíè.

Ïðîáëåì áûëî ìíîãî!
Áûëî ïðèíÿòî ðåøåíèå äâèãàòüñÿ âïåðåä îñ-

òîðîæíî, øàã çà øàãîì îòðàáàòûâàÿ êàæäûé óçåë.
Äëÿ ýòîãî àêòèâíî ïðèâëåêàëèñü ìàëîìîùíûå
ðàêåòû, è ïðåæäå âñåãî À-3.

Õîòÿ ôîí Áðàóíîì è Ðèäåëåì áûëè âíåñåíû
ìíîãèå èäåè, óñïåõè â êîíñòðóèðîâàíèè äâèãà-
òåëÿ À-4 — ãëàâíûì îáðàçîì çàñëóãà äîêòîðà
Âàëüòåðà Òèëÿ. Áëàãîäàðÿ Òèëþ áûëè ïðèíÿòû
âàæíûå ðåøåíèÿ îòíîñèòåëüíî ïîäáîðà ëó÷øåé
ñìåñè, îïòèìàëüíîé ôîðìû äâèãàòåëÿ è âûáîðà
ãîðþ÷åãî.

×òîáû äîáèòüñÿ ïîëíîãî ñãîðàíèÿ òîïëèâà
áûëà óâåëè÷åíà äëèíà êàìåðû ñãîðàíèÿ è îòðå-
ãóëèðîâàíî âñòðå÷íîå äàâëåíèå ñòðóé â öåëÿõ
ñíèæåíèÿ íåîäíîðîäíîñòè. Äîðíáåðãåð ïðåäëî-
æèë ðàñïûëÿòü òîïëèâî äëÿ ëó÷øåãî âîñïëàìå-
íåíèÿ, à Òèëü íàøåë ðåøåíèå ýòîé èäåè ñ ïîìî-
ùüþ ñïåöèàëüíûõ öåíòðîáåæíûõ ôîðñóíîê. Ñ
öåëüþ ðàâíîìåðíîãî ïîäæèãà 25-òîííîãî äâèãà-
òåëÿ À-4 ôîí Áðàóí ïðåäëîæèë ðàçìåñòèòü âîñåì-
íàäöàòü îäíîòèïíûõ ôîðñóíîê â ãîëîâíîé ÷àñ-
òè êàìåðû. Òàê áûëà èçîáðåòåíà ôîðñóíî÷íàÿ
ãîëîâêà. Èíæåíåð Ïþëüìàí, êîëëåãà äîêòîðà
Òèëÿ, âíåñ äåëüíîå ïðåäëîæåíèå — îðîñèòü îò-
äåëüíûå òåïëîíàïðÿæåííûå îáëàñòè íà âíóòðåí-
íèõ ñòåíêàõ êàìåðû ñïèðòîì (ïðèìåíÿëñÿ â êà-

÷åñòâå ãîðþ÷åãî), äëÿ ñîçäàíèÿ îõëàæäàþùåé
ïëåíêè. À Òèëü ïåðâûì ðèñêíóë èñïîëüçîâàòü äëÿ
ñòåíîê êàìåðû ñâàðåííûå ñòàëüíûå ëèñòû âìå-
ñòî àëþìèíèÿ è ñäåëàòü ñòåíêè â öåëÿõ îõëàæ-
äåíèÿ äâóõñëîéíûìè ñ ïîëîñòüþ äëÿ âíóòðåííåãî
ïðîòîêà ãîðþ÷åãî. Ôàêòè÷åñêè ýòî áûëî èçîáðå-
òåíèå ðåãåíåðàöèîííîãî îõëàæäåíèÿ è ïðîòîòèï
ðóáàøå÷íîé êîíñòðóêöèè.

Íî ãëàâíûì èçîáðåòåíèåì â ïðîåêòå ÔÀÓ-2
(À-4) ÿâëÿëîñü ïðèìåíåíèå öåíòðîáåæíûõ íàñî-
ñîâ. Âåðíåð ôîí Áðàóí ïðîáëåìó íàñîñîâ ðåøèë
ïóòåì èñïîëüçîâàíèÿ â ÆÐÄ ïîæàðíûõ íàñîñîâ.
Òåì ñàìûì îí ïðåäâîñõèòèë íà÷àëî íîâîé ýðû
ÆÐÄ — ýðû òóðáîíàñîñíûõ àãðåãàòîâ (ÒÍÀ).

Ñêîíñòðóèðîâàòü ïîäîáíûé íàñîñ êàçàëîñü
ïðàêòè÷åñêè íåâîçìîæíûì. Âåäü îí äîëæåí áûë
âûïîëíÿòü ðÿä íåïðîñòûõ ôóíêöèé: ïîäàâàòü
ñæèæåííûé ãàç, ÿâëÿþùèéñÿ îäíèì èç êîìïî-
íåíòîâ òîïëèâà, ïîä äàâëåíèåì ~21 àòì è ïåðå-
êà÷èâàòü ïðè ýòîì áîëåå ÷åì 190 ëèòðîâ òîïëè-
âà â ñåêóíäó. Ïîìèìî ýòîãî îí äîëæåí áûòü äî-
âîëüíî ïðîñòûì â ïëàíå êîíñòðóêöèè è äîñòàòî÷-
íî ëåãêèì. Êðîìå òîãî, íàñîñ äîëæåí áûë çàïóñ-
êàòüñÿ è ïåðåõîäèòü íà ïîëíóþ ìîùíîñòü â òå-
÷åíèå î÷åíü êîðîòêîãî ïðîìåæóòêà âðåìåíè
(~ 6 ñ). Èçëàãàÿ ïåðñîíàëó íàñîñíîãî çàâîäà ñâîè
òðåáîâàíèÿ, ïðåäúÿâëÿåìûå ê ðàêåòíûì íàñîñàì
äëÿ ÔÀÓ, ôîí Áðàóí íåâîëüíî îæèäàë îò ëþäåé
âîçðàæåíèé, íî âåñü ïåðñîíàë çàâîäà, âûïóñêà-
þùåãî íàñîñû, îêàçàëñÿ ãîòîâ ê òàêèì òðåáîâà-
íèÿì. Âìåñòî âîçðàæåíèé âñå ñëóøàëè ìîë÷à è
îäîáðèòåëüíî. Ñïåöèàëèñòû ñðàçó ïðåäëîæèëè
êîíêðåòíîå ðåøåíèå — íåîáõîäèìûé íàñîñ âî
ìíîãîì ïîõîæ íà îäèí èç âèäîâ ïîæàðíîãî öåí-

Âåðíåð ôîí Áðàóí â ñâî¸ì êàáèíåòå â Ïåíåìþíäå
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òðîáåæíîãî íàñîñà. Â êà÷åñòâå ïðèâîäà áûëî
ïðåäëîæåíî èñïîëüçîâàòü ãàçîâóþ òóðáèíó è ïà-
ðîãåíåðàòîð.

3. Âíåäðåíèå ÒÍÀ

Ïðàêòè÷åñêè âñå ïèîíåðñêèå ðåøåíèÿ, ñäå-
ëàííûå ïðè ðàçðàáîòêå À-4 (ÔÀÓ-2), áûëè èñ-
ïîëüçîâàíû è ïðîäîëæàþò ïðèìåíÿòüñÿ ïðè ñî-
çäàíèè ñîâðåìåííûõ êðóïíîãàáàðèòíûõ æèäêî-
ñòíûõ ðàêåòíûõ äâèãàòåëåé. Íåìåöêèå ó÷åíûå
ðàçðàáîòàëè è âïåðâûå âíåäðèëè íàäåæíóþ ïíåâ-
ìîãèäðîñõåìó (ÏÃÑ) â ÆÐÄ. Èìè ðàçðàáîòàíà
êîíñòðóêöèÿ îñíîâíûõ ðàáî÷èõ óçëîâ è àãðåãà-
òîâ ÆÐÄ è âíåäðåíû íîâåéøèå èçîáðåòåíèÿ:

• êîíñòðóêöèÿ êàìåðû ñãîðàíèÿ ñ íàäåæíûì
îõëàæäåíèåì;

• ÒÍÀ;
• ïàðîãàçîãåíåðàòîð;
• èñïîëüçîâàíèå â ïàðîãàçîãåíåðàòîðå òðåòüå-

ãî êîìïîíåíòà — ïåðåêèñè âîäîðîäà;
• ðåãåíåðàöèîííîå îõëàæäåíèå ñòåíîê êàìå-

ðû îäíèì èç êîìïîíåíòîâ òîïëèâà;
• ïëåíî÷íîå îõëàæäåíèå òåïëîíàïðÿæåííûõ

ó÷àñòêîâ (êðèòè÷åñêîãî ñå÷åíèÿ ñîïëà è ñòåíîê
êàìåðû);

• öåíòðîáåæíûå ôîðñóíêè è ôîðñóíî÷íàÿ ãî-
ëîâêà;

• ðàçðàáîòêà ìíîãî÷èñëåííûõ êëàïàíîâ, ðå-
äóêòîðîâ, æèêëåðîâ, ôèëüòðîâ, ãîðëîâèí;

• äâóõñòóïåí÷àòàÿ îäíîâàëüíàÿ òóðáèíà.
Íî âñå æå îñíîâíûì èçîáðåòåíèåì ýðû ÆÐÄ

áûë òóðáîíàñîñíûé àãðåãàò, è èìåííî áëàãîäà-
ðÿ åãî ïîÿâëåíèþ â ñîñòàâå ÆÐÄ ñòàëè âîçìîæ-
íûìè âñå ïåðå÷èñëåííûå ïèîíåðñêèå èçîáðåòå-
íèÿ. Ïðè÷èíîé âíåäðåíèÿ ÒÍÀ â ñîñòàâ ÆÐÄ
áûë íå ïîèñê äîïîëíèòåëüíûõ ïðîáëåì, à ïåðå-
õîä íà íîâûé, íå âèäàííûé äî ñèõ ïîð, óðîâåíü
ìîùíîñòè, êîòîðûé íåîáõîäèì äëÿ ïðåîäîëåíèÿ
ñâåðõçâóêîâîãî áàðüåðà è âûõîäà â êîñìîñ.

Íà òîò ìîìåíò è äî íàñòîÿùåãî âðåìåíè ýòîò
àãðåãàò ÿâëÿåòñÿ ñàìûì âîñòðåáîâàííûì â ÆÐÄ,
è åìó óäåëÿåòñÿ ñàìîå ïðèñòàëüíîå âíèìàíèå.
Èìåííî ýòîò àãðåãàò ïîçâîëÿåò êðàòíî ïîâûñèòü
ðàñõîä ïîäà÷è êîìïîíåíòîâ, à çíà÷èò, ðåçêî ïîä-
íÿòü òÿãó è ìîùíîñòü ðàêåòíîãî äâèãàòåëÿ, äàëü-
íîñòü ïîëåòà ðàêåòû. Çà ìîùíîñòü N îòâå÷àåò
èìåííî ÒÍÀ, îíà âûðàæàåòñÿ â âèäå ïðîèçâåäå-
íèÿ óäåëüíîãî èìïóëüñà òÿãè íà òÿãó:

óä ,N J P=                         (1)

ãäå P ëèíåéíî çàâèñèò îò ðàñõîäà êîìïîíåíòà m ,

ó
2

ä óäèëè .P mJ N mJ=                  (2)

Òóðáîíàñîñ ÔÀÓ-2 (À-4)
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Ïðè âûáðàííîì ñîñòàâå òîïëèâà ìîùíîñòü
áóäåò îïðåäåëÿòüñÿ òîëüêî ðàñõîäîì, êîòîðûé
ñïîñîáíû ïîäàòü â êàìåðó íàñîñû ÒÍÀ [2].

Òóðáîíàñîñíûé àãðåãàò ÔÀÓ-2 ïðåäñòàâëÿë
ñîáîé åäèíóþ êîíñòðóêöèþ, â êîòîðîé íà îäíîì
âàëó ìîíòèðîâàëèñü äâóõñòóïåí÷àòàÿ òóðáèíà,
ðàáîòàþùàÿ íà ïàðîãàçå, è äâà öåíòðîáåæíûõ
íàñîñà äëÿ ïîäà÷è êîìïîíåíòîâ òîïëèâà.

Íîìèíàëüíûå çíà÷åíèÿ îñíîâíûõ ïàðàìåòðîâ
òóðáîíàñîñíîãî àãðåãàòà:

• ðàáî÷åå äàâëåíèå ïàðîãàçà 2,14 ÌÏà
(21 àòì);

• òåìïåðàòóðà 500 °Ñ;
• ìîùíîñòü òóðáèíû 496 êÂò (675 ë.ñ.) ïðè

5000 îá/ìèí;
• ðàñõîä ïàðîãàçà 1,68 êã/ñ;
• ïðîèçâîäèòåëüíîñòü êèñëîðîäíîãî íàñîñà

(îêèñëèòåëÿ) 75 êã/ñ;
• äàâëåíèå ïîäà÷è êèñëîðîäíîãî íàñîñà

2,45 ÌÏà (24 àòì);
• ïðîèçâîäèòåëüíîñòü ñïèðòîâîãî íàñîñà (ãî-

ðþ÷åãî) 50 êã/ñ;
• äàâëåíèå ïîäà÷è ñïèðòîâîãî íàñîñà 2,55 ÌÏà

(25 àòì);
• îáùèé âåñ òóðáîíàñîñíîãî àãðåãàòà 160 êã.
Íà îñíîâàíèè ðàçðàáîòêè áûëà ñîçäàíà ïðèí-

öèïèàëüíàÿ ñõåìà äâèãàòåëÿ, ïðåäñòàâëåííàÿ íà
ðèñ. 1.

Ïàðîãàçîãåíåðàòîð ñîñòîÿë èç áàêà, ñîäåðæà-
ùåãî ïåðåêèñü âîäîðîäà, áà÷êà ñ ðàñòâîðîì ïåð-
ìàíãàíàòà íàòðèÿ è ðåàêòîðà. Ñ ïîìîùüþ ñæà-
òîãî âîçäóõà, õðàíÿùåãîñÿ â îòäåëüíûõ áàëëîíàõ,
ïåðåêèñü âîäîðîäà è ïåðìàíãàíàò ïîäàâàëèñü â
ðåàêòîð. Òàì ïðîèñõîäèëî áóðíîå ðàçëîæåíèå
ïåðåêèñè âîäîðîäà íà âîäÿíîé ïàð è êèñëîðîä ñ
âûäåëåíèåì òåïëà. Îáðàçîâàâøèéñÿ ïàðîãàç ïî
òðóáîïðîâîäó ïîäàâàëñÿ íà òóðáèíó òóðáîíàñîñ-
íîãî àãðåãàòà. Âåñ ïàðîãàçîãåíåðàòîðà ñîñòàâëÿë
148 êã. Âñå àãðåãàòû äâèãàòåëÿ ñìîíòèðîâàíû íà
ðàìå, êîòîðàÿ êðåïèëàñü ê íèæíåìó ñèëîâîìó
øïàíãîóòó òîïëèâíîãî îòñåêà. Âåñ ìîòîðàìû
ñîñòàâëÿë 56 êã. Íà ðèñ. 2 ïðèâåäåí îáùèé âèä
ðàêåòû ÔÀÓ-2.

Òóðáîíàñîñíûé àãðåãàò ðåøàë ïðîáëåìó ñ
ðàñõîäîì è, òåì ñàìûì, ïðîáëåìó ïðåîäîëåíèÿ
ïîðîãà ìîùíîñòè, íåîáõîäèìîãî äëÿ äàëüíèõ
ïîëåòîâ â êîñìîñ. Âñå ñîâðåìåííûå êîñìè÷åñêèå
ðàêåòû èñïîëüçóþò ÒÍÀ êàê áåçàëüòåðíàòèâíûé
àïïàðàò ïîäà÷è áîëüøèõ ðàñõîäîâ òîïëèâà â êà-
ìåðó ñãîðàíèÿ, îáåñïå÷èâàþùèõ íåîáõîäèìóþ
ìîùíîñòü è òÿãó ÆÐÄ.

Íåìåöêèå ó÷åíûå ñîçäàëè ïîèñòèíå óíèêàëü-
íûé àãðåãàò, à âìåñòå ñ íèì óíèêàëüíóþ ðàêåòó.

Ôàêòè÷åñêè ïîä îáùèì ðóêîâîäñòâîì Â.Ð. Äîð-
íáåðãåðà áûëà ñîçäàíà íîâàÿ îòðàñëü èíäóñòðèè
— ðàêåòîñòðîåíèå. Â ïîñëåäóþùåì ìíîãèå ðåøå-
íèÿ ÔÀÓ-2 áûëè èñïîëüçîâàíû ñîâåòñêèìè è çà-
ðóáåæíûìè ðàçðàáîò÷èêàìè ðàêåòíûõ äâèãàòåëåé
â ñâîèõ íîâåéøèõ èçäåëèÿõ, â ÷àñòíîñòè, ïðè
ñîçäàíèè ïîä ðóêîâîäñòâîì Ñ.Ï. Êîðîëåâà è
Â.Ï. Ãëóøêî áàëëèñòè÷åñêîé ðàêåòû ñðåäíåé
äàëüíîñòè Ð-1 [3]. Èñòîðè÷åñêîå çíà÷åíèå ðàêåò
À-4 è Ð-1 íåëüçÿ ïðåóìåíüøàòü. Ýòî áûë ïåðâûé
ïðîðûâ â ñîâåðøåííî íîâóþ îáëàñòü òåõíèêè [4].

Íåëüçÿ óìàëÿòü çàñëóãó îòå÷åñòâåííûõ ó÷å-
íûõ, èõ ñàìîîòâåðæåííûé òðóä, íî ïåðâûìè íà
òîò ìîìåíò áûëè íåìåöêèå ó÷åíûå Â. Ð. Äîðí-
áåðãåð, Â. Òèëü, Â. ôîí Áðàóí è äð.

Ðèñ. 1. Ïðèíöèïèàëüíàÿ ñõåìà äâèãàòåëÿ ðàêåòû ÔÀÓ-2:
1 — áàê ñ ïåðåêèñüþ âîäîðîäà; 2 — áà÷îê ñ ïåðìàíãà-
íàòîì íàòðèÿ (êàòàëèçàòîð äëÿ ðàçëîæåíèÿ ïåðåêèñè
âîäîðîäà); 3 — áàëëîíû ñî ñæàòûì âîçäóõîì; 4 — ïà-
ðîãàçîãåíåðàòîð; 5 — òóðáèíà; 6 — âûõëîïíîé ïàòðó-
áîê îòðàáîòàííîãî ïàðîãàçà; 7 — íàñîñ ãîðþ÷åãî;
8 — íàñîñ îêèñëèòåëÿ; 9 — ðåäóêòîð; 10 — òðóáîïðî-
âîäû ïîäà÷è êèñëîðîäà; 11 — êàìåðà ñãîðàíèÿ;
12 — ôîðêàìåðû
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Ðèñ. 2. Îáùèé âèä ÔÀÓ-2
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Òåì íå ìåíåå, îñíîâíàÿ íàõîäêà íåìåöêèõ
ó÷åíûõ — ÒÍÀ — íàðÿäó ñ ðåâîëþöèîííûì ñêà÷-
êîì, ïðèâíåñëà â æèçíü ðàêåò÷èêîâ ìíîãî çàáîò.
Áåñïðèñòðàñòíûé àíàëèç íåóäà÷, ñâÿçàííûõ ñ
ýòèì àãðåãàòîì, ïîêàçûâàåò, ÷òî â áîëüøèíñòâå
ñëó÷àåâ îñíîâíàÿ ïðè÷èíà îòêàçîâ äâèãàòåëÿ
èìåííî â ÒÍÀ [5, 6]. Èçâåñòíî, ÷òî â ïðîöåññå
äîâîäêè íîâûõ ÆÐÄ, âñëåäñòâèå âûñîêèõ ñòàòè-
÷åñêèõ è äèíàìè÷åñêèõ íàãðóçîê, íà äîëþ àãðå-
ãàòîâ ñèñòåìû ïîäà÷è ïðèõîäèòñÿ çíà÷èòåëüíîå
êîëè÷åñòâî îò îáùåãî ÷èñëà îòêàçîâ ÆÐÄ [7, 8].
Äëÿ ñîâðåìåííûõ äâèãàòåëåé òèïà SSME èç-çà
íåäîñòàòî÷íîãî íàó÷íî-òåõíè÷åñêîãî çàäåëà ïî
ÒÍÀ ÷èñëî îòêàçîâ ïî âèíå ÒÍÀ äîñòèãàëî 75%.
Òàêîå áîëüøîå ÷èñëî îòêàçîâ ñâÿçàíî ñ òåì, ÷òî
óçëû ÒÍÀ ïîäâåðãàþòñÿ âîçäåéñòâèþ êàê âûñî-
êèõ òåìïåðàòóð, òàê è ñèë, îáóñëîâëåííûõ çíà-
÷èòåëüíûìè ñêîðîñòÿìè âðàùåíèÿ.

Íà êîíñòðóêöèþ ÒÍÀ äåéñòâóþò ïðåäåëüíî
âûñîêèå ýíåðãåòè÷åñêèå ïàðàìåòðû (äàâëåíèå çà
íàñîñàìè äî 60 ÌÏà, òåìïåðàòóðà ãàçà ïåðåä
òóðáèíîé äî 1000 Ê, îêðóæíûå ñêîðîñòè ðîòîðà
äî 650 ì/ñ, óäåëüíàÿ ìîùíîñòü òóðáèíû äî
135 êÂò/êã). Â íàñòîÿùåå âðåìÿ ïðåäúÿâëÿþòñÿ
äîïîëíèòåëüíûå òðåáîâàíèÿ ïî îáåñïå÷åíèþ íà-
äåæíîñòè ÒÍÀ ïðè ìíîãîêðàòíîì âêëþ÷åíèè è
äëèòåëüíîì ðåñóðñå [9, 10]. Ïðè ðàçðàáîòêå äâè-
ãàòåëåé ÆÐÄ íîâîãî ïîêîëåíèÿ ïîòðåáîâàëèñü
ðåøåíèÿ öåëîãî ðÿäà íàó÷íûõ, êîíñòðóêòîðñêèõ
è òåõíîëîãè÷åñêèõ ïðîáëåì, âêëþ÷àÿ ïðîáëåìû
ñíèæåíèÿ äèíàìè÷åñêèõ ìíîãîöèêëîâûõ íàãðó-
çîê.

Èçâåñòíî, ÷òî îäíà èç ñàìûõ êîâàðíûõ ïðè-
÷èí àâàðèé ðîòîðíûõ ìàøèí — íå ñòàòè÷åñêîå
íàãðóæåíèå, à òàê íàçûâàåìàÿ óñòàëîñòü — ïîñòå-
ïåííî íàêàïëèâàþùèéñÿ ýôôåêò äåéñòâèÿ öèê-
ëè÷åñêèõ äèíàìè÷åñêèõ íàãðóçîê, ïðèâîäÿùèé ê
ïîëîìêå âàëîâ, òóðáèííûõ ëîïàòîê, øòîêîâ ìà-
øèí è äðóãèõ äåòàëåé.

Ðàçðàáîòêà ôèçè÷åñêèõ ìîäåëåé, îáúÿñíÿþ-
ùèõ ìåõàíèçì óñòàëîñòíîãî ðàçðóøåíèÿ, êðàé-
íå çàòðóäíåíà. Íåñìîòðÿ íà ìíîæåñòâî ðàáîò ïî
óñòàëîñòíîé ïðî÷íîñòè [11—14], ïðîáëåìà ðàç-
äåëåíèÿ ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ ìàòåðè-
àëà è íàïðÿæåííî-äåôîðìèðîâàííîãî ñîñòîÿíèÿ

êîíñòðóêöèè äî êîíöà íå ðåøåíà. Â ýëåìåíòàõ
êîíñòðóêöèè ÆÐÄ ÷àñòî âîçíèêàåò ìíîãîöèêëî-
âàÿ óñòàëîñòü, âûçâàííàÿ âûñîêî÷àñòîòíûìè
âèáðàöèîííûìè íàãðóçêàìè [15—17]. Ìíîãîöèê-
ëîâàÿ óñòàëîñòü îò äåéñòâèÿ ïåðèîäè÷åñêèõ äè-
íàìè÷åñêèõ íàãðóçîê èññëåäóåòñÿ è àíàëèçèðó-
åòñÿ ïðåèìóùåñòâåííî ïî ðåçóëüòàòàì íàòóðíûõ
èñïûòàíèé.

Ïîýòîìó ïðåäñòàâëÿåòñÿ âåñüìà àêòóàëüíûì
ïðèìåíÿòü íîâûå ìåòîäû àíàëèçà, âêëþ÷àÿ ñî-
÷åòàíèå ðàçëè÷íûõ ìåòîäîâ äèàãíîñòèêè ðîòîð-
íûõ ìàøèí (â ïåðâóþ î÷åðåäü, ìåòîäû âèáðàöè-
îííîé äèàãíîñòèêè) äëÿ îïðåäåëåíèÿ èñòî÷íèêà
è ïðèðîäû ïîâûøåííûõ äèíàìè÷åñêèõ íàãðóçîê
ñ öåëüþ âîçìîæíîãî èõ óñòðàíåíèÿ èëè ñíèæå-
íèÿ âîçäåéñòâèÿ íà êîíñòðóêöèþ [18—20]. Âàæ-
íûì íàïðàâëåíèåì ñîâåðøåíñòâîâàíèÿ ÒÍÀ ñ÷è-
òàåòñÿ ðàçðàáîòêà è âíåäðåíèå ìåòîäîâ âèáðàöè-
îííîé äèàãíîñòèêè êðèòè÷åñêèõ óçëîâ ÒÍÀ
ÆÐÄ, îòêàç êîòîðûõ íàèáîëåå âåðîÿòåí. Îíè ÿâ-
ëÿþòñÿ ïåðâîî÷åðåäíûìè îáúåêòàìè äèàãíîñòè-
ðîâàíèÿ. Äëÿ ÒÍÀ ÆÐÄ êðèòè÷åñêèå óçëû âêëþ-
÷àþò â ñåáÿ: ïîäøèïíèêîâûå îïîðû, âàëû ðîòî-
ðîâ, óçëû àâòîìàòà îñåâîé ðàçãðóçêè, óïëîòíåíèÿ
íàñîñîâ è òóðáèíû, ñîïëîâîé àïïàðàò òóðáèíû,
ðàáî÷èå êîëåñà øíåêîâ, íàñîñîâ è òóðáèíû, íà-
ïðàâëÿþùèå àïïàðàòû íàñîñîâ è òóðáèíû, òðó-
áîïðîâîäû è òåõíîëîãè÷åñêèå òðóáêè ïîäâîäà-
îòâîäà êîìïîíåíòîâ òîïëèâà.

Âûâîäû

Ñ ïîìîùüþ ìåòîäîâ âèáðîäèàãíîñòèêè ÒÍÀ
áûëè îáíàðóæåíû, èäåíòèôèöèðîâàíû è óñòðà-
íåíû òðóäíîðàñïîçíàâàåìûå ñêðûòûå äåôåêòû,
íå îáíàðóæèâàåìûå äðóãèìè ìåòîäàìè è ñðåä-
ñòâàìè êîíòðîëÿ, ïðåäóñìîòðåííûìè íîðìàòèâ-
íîé äîêóìåíòàöèåé. Íåèñïðàâíîñòè óçëîâ ÒÍÀ
âûçûâàëè ïîâûøåííûå âèáðîïóëüñàöèîííûå íà-
ãðóçêè, ïðèâîäèâøèå â îòäåëüíûõ ñëó÷àÿõ ê îò-
êàçàì è àâàðèÿì ÆÐÄ. Áûëè âûÿâëåíû è ïîäðîá-
íî èññëåäîâàíû íå âñòðå÷àâøèåñÿ ðàíåå â ïðàê-
òèêå îòå÷åñòâåííîãî è çàðóáåæíîãî ÆÐÄ-ñòðî-
åíèÿ ýôôåêòû è ÿâëåíèÿ.
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Abstract

The turbopump unit (TPU) solves the problem
with the flow rate and, thus, the problem of
overcoming the power threshold necessary for long-
distance flights into space. All modern space rockets
employing a turbopump as an alternative device for
supplying high fuel consumption to the combustion
chamber, ensuring the necessary power and thrust of
a liquid-propellant rocket engine (LPRE).

The V-2 rocket was created in Germany during
the Second World War. It was being deeveloped on
an initiative basis by a group of specialists within the
framework of the German Ministry of Defense. It
took a lot of time and trouble to convince the leaders
of Nazi Germany of the need to create powerful space
rockets that could cross continents and go into outer
space. As the result, on July 7, 1943, the decision was
made to assign the Peenemunde project the status of
the highest priority in the German armament
program. After that, the original name of the rocket
“A-4” project was changed to “V-2”, and under this
name, it became a history.

The basic invention of the V-2 (A-4) rocket was
the centrifugal pumps application. Werner von Braun
solved the problem of pumps by using fire pumps in
the LPRE. Thus, he anticipated the beginning of a
new era of LPRE - the era of turbopump.

It seemed almost impossible to design such a
pump. After all, it had to perform a number of
complex functions, such as supplying liquefied gas,
which was one of the fuel components, at a pressure
of about 21 atm, and pump herewith more than 190
liters of fuel per second. In addition, it should be
quite simple in terms of design and quite light.
Besides, the pump had to be started and switched to
full power within a very short period of time (~6 s).
Explaining to the pumping factory staff his
requirements for rocket pumps for the V-2, von
Braun involuntarily expected objections from people,
but they did not follow. The entire staff of the pumps
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producing factory was ready for such requirements.
Instead of objections, everyone listened, silently and
approvingly. Specialists immediately offered a specific
solution – the necessary pump was in many ways
similar to one of the fire centrifugal pump types. A
gas turbine and a steam generator were proposed to
be employed as a drive.

The V-2 turbopump represented a single structure
in which a two-stage turbine powered by steam gas
and two centrifugal pumps for fuel components
supplying were mounted on one shaft.

German scientists have created a truly unique
unit, and together with it a unique rocket. In fact, a
new branch of the industry was created, namlely,
rocket engineering under the general leadership of V.
R. Dornberger. Subsequently, many V-2 solutions
were used by Soviet and foreign rocket engine
developers in their latest products, in particular, when
creating the R-1 medium-range ballistic missile under
the leadership of S. P. Korolev and V. P. Glushko.
The historical significance of the A-4 and R-1
missiles cannot be underestimated. This was the first
breakthrough into a completely new field of
technology. It is impossible to derogate the merit of
domestic scientists, their dedicated work, but German
scientists V. R. Dornberger, V. Thiel, V. von Braun
and others were the first at that time.

Nevertheless, the main finding of German
scientists, the turbopump, along with a revolutionary
leap, brought a lot of worries into the life of rocket
scientists. The impartial analysis of the failures
associated with this unit revealed that in most cases
the main cause of engine failures was due to the
turbopump. It is well-known, that one of the most
insidious causes of rotary machines accidents is the
so-called fatigue, i.e. the gradually accumulating
effect of cyclic dynamic loads, leading to the breakage
of shafts, turbine blades, machine rods and other
parts.
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Thus, it seems rather relevant to apply new
methods of analysis, including a combination of
various methods of rotary machines diagnostics
(primarily, methods of vibration diagnostics) to
determine the source and nature of increased
dynamic loads to eliminate them or reduce their
impact on the structure.

As practice has revealed, hard-to-detect furtive
defects, which were not detected by the other
methods and control means, specified by the
regulatory documentation, were detected, identified
and eliminated by the TPU vibration diagnostics.
Malfunctions of the turbopump subassemblies caused
increased vibration-pulsation loads, leading in some
cases to the LPRE failures and emergencies.

The effects and phenomena that were not
previously encountered with in the practice of
domestic and foreign LPRE-building were identified
and studied in detail.

Keywords: space-rocket technology, liquid-
propellant rocket engine, turbo pump unit.
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