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Cratbg noctynuia B pegakuuio 01.06.2021

IIpencraBaeHbl Maiou3BEeCTHBIE (DAKTHI UICTOPUU CO3[AHUS MEPBOrO B KUIKOCTHOM pakeTHOM npuratene (KPJI)
TypOOHACOCHOTO arperara, 6;arojapsi KOTOpoOMy, IMOCJI€ €TI0 COBEPIIEHCTBOBAHMS CTIEIIMATUCTAMU COBETCKOM IITKOJIbI,
OB O0OecIieueHbl 0OJIbIIAas NaJTbHOCTh IOJIETa PAKEThI-HOCUTEJISI U IIPOPHIB B KOCMUUYECKOE ITPOCTPAHCTBO.

Cratbg nocBgmeHa OBcIHHUKOBY bopucy BukTopoBuuy — KpyImHOMY y4eHOMY, TOKTOPY TeXHWUYECKMX HaykK,
npodeccopy, 3acIy>KeHHOMY JIeSITeII0 HayK1, aBTOPY Y4eOHMKOB 110 TEOPUM M pacuéTy TypOoHacocHBIX arperatoB 2KP/I.
Cronetue co mHg poxnenus boprnca Bukroposnua ormeuaercs 13 mast 2021 roga. biarogapst ero yueOHMKaM 1 JeK-
LUSIM OBIJIO TIOATOTOBJIEHO MHOTO YYEHBIX, KOHCTPYKTOPOB M PACUETUMKOB, CO3IABIINX YHUKAIbLHBIC U3ACINUS PAKeT-
HO-KOCMUYECKOM TEXHMKU, KOTOpbIe 00CCIEYIN paKeTHO-SIAEPHBIN IIUT HAIllell CTpaHbl M IIPUOPUTET B OCBOCHUU

KOCMHYCCKOTo IMpOCTPaHCTBA.

Knrouesbie croea: pakeTHO-KOCMUYECKasl TEXHUKA, XXUIKOCTHBIM paKeTHBIN JBUTaTelib, TYPOOHACOCHBIN arperar.

Beenenne

Hcropusa — Hayka oObEKTUBHAsI, 1 OHA HE 3a-
BUCHUT OT CYOBEKTUBHOIO MHeHMs Jioaeii. Mcropus
— 3TO TO, YTO OBUIO Ha caMOM JeJie, (pakTuueckas
dororpadus aeiictBuTebHOCTH. Ho y 3TOI Hayku
€CTb OJIMH OY€Hb OOJILIION HEJOCTATOK — BEPOSIT-
HOCTb €€ (haabCcUPUKaLINN.

O nepBoit pakeTe V-2 0OIBIION TATEHOCTA MHO-
ro HAIMCAHO KaK 3apyOeKHBIMU, TaK U COBETCKU-
MU aBTOpaMu. B pasHbie mepuoabl MHOTHE OLIEHKU
He COBITafav, He Bce (PaKThl OCBEIAINCH, TTO-Pa3-
HOMY TpakToBajinchk. Ho caM (pakTt co3maHus Mol-
HOW pakeThl He OCITapUBAaJICSI — €ro MOATBEPKIACHM -
eM OBbLIM MHOTOUYMCJICHHbBIE (DOTO- U KUHOJOKYMEH -
ThlI, BOCIOMWHAHUST OYEBULIEB-YYACTHUKOB COOBI-
THI, a TaKXe apXUBHBIE JOKYMEHTHI U 00pa3Ibl
pPaKeTHOM TEXHUKM.

Pakera V-2 Oblna co3naHa B 'epMaHuu B niepu-
on Bropoit MmupoBoii BoiitHbl. OHa co3gaBajiach B
WHULIMATUBHOM MOPSIIKE IPYMIION CrIelUaiCTOB B
paMKax MUHUCTepcTBa 00opoHkl ['epmannu. [Tona-

JI0OUJIOCHh BpeMsi, UTOObI yOeaAUTh PYKOBOAUTENEH
Hauuctckoil 'epmaHuu B HEOOXOIMMOCTU CO3aHUST
MOIIHBIX KOCMUYECKHX paKeT, KOTOPhIE MOTJIN Tpe-
010JIeBaTh KOHTUHEHTH M BBIXOAUTH B OTKPBITHIN
kKocMoc. B urore 7 utong 1943 roma nmpoekty «Ile-
HEMIOHe» ObLI MPUCBOEH CTATyC BbICIIEH TPUOPHU-
TeTHOCTU B IiporpaMme BoopyxkeHusi ['epmanum [1].

BoT Tak ObLIO TPUHSATO UCTOPUYECKOE peIIeHNE
0 TIePEOPUEHTUPOBAHUU MUPHOIO KOCMUYECKOTO
HAaITpaBJICHWST pa3BUTHS PAaKETHON TEXHUKM B IIeJie-
BYIO MpOrpaMMy CO3JaHUSI OPYXMUSI BO3ME3IUS.
ITocne yero nepBoHayaaIbHOE HAMMEHOBAHUE PAKEThI
MTPOEKT «A-4» OBIIO 3aMeHEHO Ha «V-2» («DAY-2»),
U Moj 3TUM MMEHEeM OHa BOIIlJIa B UCTOPUIO.

1. Co3naHue rpynnbl €JIMHOMbBIIIJIEHHUKOB

B 30-e roabl ABaaLIaTOrO CTONETHS B ITEPEIOBbIX
crpanax mupa (CCCP, CLA, I'epmanust, @panHiims)
OXUBUJICS MHTEPEC K pakeTaM C IIeJIbI0 OCBOCHUS
KOCMMYECKOTO TIpocTpaHcTBa. B 'epmManuu B oTmene
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0aNIMCTUKKY U OOETIPUITACOB YIIPaBIEHUST BOOPYKe-
HU CYXOITyTHBIX BOMCK ObLI CO3/1aH UCCIIEeI0BATEb-
ckuii otaen. PazpaboTky pakeT Ha XUJIKOM TOIIM-
Be B 1931 r. Bo3rimaBun kanutaH Bansrep JopHOep-
rep, KOTOPHBIi TIPUBJIEK K 3TUM pabOTaM IMpaKTHIec-
KM BCEX HTY3MACTOB-U300peTaTesieii, paHee 3aHU-
MaBIINUXCS CO3TAHNEM XKUIKOCTHBIX PaKeTHBIX JBU-
rateneit (ZKPJI).

Bamsrep PoGepr JopHbGeprep, pykoBomuTeb mpoekra A-4

Hopub6eprepoM B.P. Obuta co3maHa rpyrna yde-
HBIX U KOHCTPYKTOPOB B cocTaBe: Aptypa Pynosb-
¢a, Banbrepa Tuns (cnenuanuct no ABUraTessiM),
I'enpuxa I'proHoBa, Banbrepa Punens, I'enbmyTta
Banbrepa (KOHCTPYKTOp CepHM PEaKTUBHBIX JIBUTA-
teneit «Banprep»), BepHepa o bpayHa (momorir-
Huk B.P. JlopHOeprepa U TeXHUYECKUI PYKOBOAM-
TeJb padpaboTku pakeT), ['enbmyra I'perrpymna (B
nanbHeleM nocye 1945 roga oH pyKOBOAWII TpyT-
noit HeMeukux pakeTuukoB B CCCP), ITionneHnbep-
ra, lnypuke, ITronpMaHa, XepmaHa 1 Apyrux. OToi
IPYIINON 3a JeCSITUIETHE ObUIO CO3IaHO ISITh HOBEM-
IIUX paKeT Ha XUIKOM paKeTHOM TornBe. [TepBbie
Tpu pakeTsl A-1, A-2 u A-3 ObLIM NPOTOTUIIAMU
IJIaBHOW MOIIHOW pakeTbl A-4. Y3Jibl U arperatbl
MaJjbIX 1o Tsre pakeT A-2 U A-3 MOCTYXWIN OCHO-
BOM JIJIs1 OTpabOTKHU y3J10B U arperatoB pakeTbl A-4.

brlna co3naHa skcnepuMeHTalbHas 6a3a — Ha-
YUHAsg OT apTUIIICPUNCKUX TOTUTOHOB KyMmmepc-
nopda n koHuas nmoauroHoM B [leHemionne. M306-
peTaresibHOCTh, HACTOMYMBOCTb U OPTaHMU3aTOPCKUIA
npodeccroHainu3M — BCe 3TU KauyecTBa ObLIU MPo-
SIBJIEHBI OJ1arogaps TajJlaHTy U YIOPCTBY HEMHOIO-

YUCJAEHHON CIUIOUEHHOM I'pyMIlbl paKETUMKOB, CO-
3ganHoil B.P. lopHOeprepom.

ITepBblit ycrielmHbIM 3aMycK pakeTbl A-4 (eMy
MpealIecTBOBAIM /1Ba HeyJAauyHbIX) ObLI MPOBEACH
3 okTs0pst 1942 roga co cTapTOBOM TLIOIIAAKU KUC-
mBITaTeIbHOTO cTeHaa Ne 7 TepMaHCKOTO MHCTUTY-
Ta pakeTHOro BoopyxeHusi B [leHemionae. B aror
JIeHb paKkeTa Ha XUJIKOM TOILJIMBE BIEPBbIE JOCTUTIA
CKOPOCTHU 3ByKa U HEOBIBAJIOM 10 TOTO BPEMEHU Bbl-
cothl 85—90 kM. JlanmbHOCTB moJjieTa coctaBmiia 190
KM. BriepBrie ObIJIO TOKa3aHO, YTO MOXKHO pa3pada-
ThIBaTh PaKeThl, JIETAIOIINE HAa CBEPX3BYKOBBIX CKO-
pOCTSIX.

JBurarenb KoHCTpykiuu Banbrepa Tunsa mas
baummcTueckoil pakeTsl @AY -2 ObUT caMbIM MOIII-
HbIM 1o Tsire 2KP/1 cBoero BpemeHu (25 1=245 kH),
orepexast OJMXKXalllnX KOHKYPEHTOB Ha MopsiaoK. B
coctaB KP/I BepBbie B UICTOPUU PaKETHOMN TEXHU-
KM BXOAUJ TypOOHAcOCHbIl arperat. JIBuratenp B.
Tuas uMen He TOJbKO OOJIbIIIOE NCTOPUUYECKOE 3HA-
YyeHMe B KaueCTBE YCTPOMCTBA, MO3BOJSIOIIETO CO-
3/1aTh U UCIIBITATh MEePBble OATTUCTUUECKIE PAKEThI
JlaJIbHEeTO JEeMCTBUSI, HO U OKa3aj BAMSIHUE Ha Jajb-
Helimee passutue KPJI.

Banbrep Tunb, koHcTpykTOop 2KP/I nipoekra A-4

2. Peomomuonnsie pemenns PAY-2

ITepBbiii BapraHT KOHCTPYKIUU pakeTbl A-4,
MOJrOTOBJIEHHBIN TPYIION PaKETUMKOB, O0CYKAAICS
B Y3KOM KPYTYy cIienuanucToB: JlopHoeprepoM, ¢poH
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bpaynom u Punenem [1]. PykoBoauTenu nmpoekTa
OLIEHMJIM, HACKOJIbKO aMOuIIMo3eH mpoekT. Ho on
MIpeaBeIIay GOIbIINe MEPCITIEKTUBEI, U PyKOBOINUTE-
JIM poeKTa cTajiu (hopMYyJIMPOBATh MPOOJEeMbI, KO-
TOpPBIE TIPEICTOSIIO TpeonoieThb. CTajao MOHSTHO, YTO
Ha pa3paboTKy, M3TOTOBJICHNE M UCITBITAHUS TTOHA-
nobsiTcs roabl. IToTpedyercs co3naHue MOTOJHU-
TEJBHBIX JJA0OPATOPUIA M 1IEXOB IS UCTIBITAHUS pa-
KEeTHl Ha CBEPX3BYKOBBIX CKOpocTsx. Ho B To Bpe-
Ms B ['epMaHnM OTCYTCTBOBaIa adpoaHAMMUYECKAsT
TpyOa ¢ Hy>KHbIMU napaMmeTpaMu. Heobxonrmo ObL10
M3MEHUTh CUCTEMY MOIauM roprodero. beuro mpu-
3HAHO IIeJIECOOOPA3HBIM OT CUCTEMBI TTOJAYN IO
JIABJICHUEM MEPEUTU K JIETKOM MO BECY HACOCHOM CU-
creme. Ha TOT MOMEHT He CyIIIecTBOBAJIO HACOCOB,
KOTOpPBIE MOTJIM TTOAaBaTh XUAKUI KUCIOPOI TEM-
nepatypoit MuHyc 185 rpaaycos no Lenbcuro. Ka-
KWM JIOJIKEH OBITh ITPUBOJI JUTS BpallleHUST HACOCOB,
BO3MOXHO, C TTOMOIIbIO Ta30BOI TypOuHBI? Kakum
JIOJDKHO OBITH YCTPOUCTBO 11T GOPMHUPOBAHUS pa-
Oouero Tejia TypOMHBI: ¢ TTOMOIIBIO BBIXJIOITHBIX Ta-
30B M3 KaMepbl CTOpaHUsl WK JPYyruM crnocodbom?
OTcyTcTBOBaIM MPUOOPHI, 0OecrneyrBamIIe n3Me-
PEeHUSI CKOPOCTU BO3MAyXa C HEOOXOIUMOM TOYHOC-
ThIO, YTOOBI MOXHO OBIJIO OTKJIIOYUTH IBUTATEIb
TOYHO B HYXXKHBIII MOMEHT BPEMEHH.

ITpoGaem GbLIO MHOTO!

Bru10 IpuHSTO perieHne IBUTaThCs BIEPET OC-
TOPOKHO, IIIAT 32 IIarOM OTpabaThIBast KaXKIBIN y3el.
s 3TOTO0 aKTMBHO TIPUBJICKAINCH MAJTOMOIITHBIC
pakeThl, U Tpexiae Bcero A-3.

Xotst poH bpayHoM u Punenem ObUIM BHECEHBI
MHOTHWE MIEU, YCIIeX! B KOHCTPYMPOBAHWU JBHTA-
Tenss A-4 — TinaBHBIM OOpa3oM 3acjyra JOKTopa
Banvrepa Tunsi. bnarogapst Tuiio ObLIM MPUHSITHI
BaXXHBIE PEIIeHUs OTHOCUTEIBHO Mombopa JIydIieit
CMeCH, ONITUMAaIbHOM (hOpMBI IBUTATENIST U BEIOOpA
roproyero.

Y1o06bl 1OOUTHCS TOJHOTO CrOpaHusl TOMJIKUBA
ObUTa yBeJWUYeHA IJIMHA KaMephl CTOPaHUs M OTpe-
TYANPOBAHO BCTPEYHOE MaBJIEHWE CTPYU B IIEIAX
CHUXEHUSI HeogHOpoaHOCTU. JlopHOeprep npemio-
SKWJI pAcTIBUISITh TOTUTMBO TSI JIYYIIIeTO BOCTIIaMe-
HeHMsI, a TUIb HallleI pellieHue 3TOM MIeH C TIOMO-
IBIO CITeIMAIbHBIX IIEeHTPOOEXKHBIX popcyHOK. C
LIEJIbI0 pAaBHOMEPHOTI'O TTOIXKNTa 25-TOHHOTO JBUTA-
tesist A-4 poH bpayH nipenioxXur pa3aMecTUTh BOCEM-
HaAIaTh OTHOTHUITHBEIX (POPCYHOK B TOJOBHOIT Yac-
TN KaMephl. Tak Obl1a m3o0peTeHa (POPCyHOUHAST
roioBka. Muxenep [MionmbMaH, KoJlera TOKTopa
Twnst, BHeC JedbHOE MPEMIOKeHNe — OPOCUTH OT-
JleJTbHBIC TETUTOHATIPSOKeHHBIE 00J1aCTH Ha BHYTPEH-
HUX CTeHKaX KaMepbl CITMPTOM (TIPUMEHSJICS B Ka-

YeCTBE TOPIOYEro), ISl CO3JaHUs OXJaxKaarolei
TuieHKU. A Tuiib MepBbIM PUCKHYJ UCITOIb30BATh JIST
CTEHOK KaMepbl CBapeHHbIE CTaJbHbIE JUCTHI BMe-
CTO aJIOMUHUS U CAeJaTh CTEHKM B LIEJSIX OXJIaX-
JIEHUSI IBYXCIOMHBIMM C TIOJOCTBIO JJIs BHYTPEHHETO
MMpoToKa roprodero. MakKTUIeCcK 3TO OBLIO M300pe-
TeHUE PereHepPallMOHHOTO OXJaXIeHUSI U TIPOTOTUIT
pyballeyHOil KOHCTPYKLIUU.

Ho rnaBHbIM m306peTeHreM B TipoekTe DAY-2
(A-4) saBisIIOCH MPUMEHEHUE LIEHTPOOEXKHBIX HACO-
coB. BepHep ¢on bpayH nmpob6iemMy HAaCOCOB pPEeIIIT
nmyteM rcrojib3oBaHusl B 2KPJI moxxapHbIX HACOCOB.
Tem caMbIM OH TNPEIBOCXUTUJI Havyajo HOBOW 3pbl
XKPJI — spsl TypboHacocHbIX arperatoB (THA).

BepHep ¢oH bpayH B cBoéM kabuHere B [leHeMoH e

CKOHCTpyupoOBaTh MOJOOHBIN HACOC Ka3aJloCh
MMPaKTUIeCKN HEBO3MOXKHBIM. Beb OH moIKeH OBIT
BBITIOJTHITE PN HEMPOCTHIX (PYHKIMIA: TTOIaBaTh
CKVDKEHHBIN Ta3, SBJISIONIAICS OTHUM M3 KOMIIO-
HEHTOB TOIUIMBA, MO AaBlieHWeM ~21 aTM U Tiepe-
KauuBaTh Mpu 3ToM Oosiee ueM 190 TUTPOB TOMIU-
Ba B ceKyHAy. [ToMMMO 3TOTO OH MOKEH OBITH T0-
BOJILHO TIPOCTBIM B IJTaHE KOHCTPYKIIUK M JOCTATOY-
Ho JlerkuM. Kpome Toro, Hacoc JoJIKeH OBIT 3a1myc-
KaThCsI M TIEPEXOINUTH Ha MOJHYIO MOIIHOCTH B Te-
YeHWe OYeHb KOPOTKOTO TPOMEXYTKa BPEMEHU
(~ 6 ¢). M3maras mepcoHalry HaCOCHOTO 3aBOJia CBOM
TpeOOBaHMS, MIPEIbIBISIEMbIe K pAKETHBIM HacocaM
g @AY, dpoH bpayH HeBOJIBLHO OXMIA OT JTIOIEH
BO3pakeHWi1, HO BeCh ITepCOHAJ 3aBO/A, BBIITYCKa-
IOIIIeTO HAaCOCHI, 0Ka3aJICsI TOTOB K TAaKUM TpeboBa-
HUusSM. BMecTo Bo3paxkeHWIT Bce CAyIIaIM MoIJa 1
omoopuTenbHO. CIIeMaNINCTH cpasy MPeITOKIIN
KOHKPETHOE pellleHre — HeOOXOTMMEBIN Hacoc BO
MHOTOM ITOXOX Ha OJIMH M3 BUIOB ITOXapHOTO IeH-
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TpoOexxHOro Hacoca. B xauectBe mpuBoma OBLIO
MPEIOKEHO UCIOIB30BaTh Fa30BYI0 TypOUHY U Ta-
poreHeparop.

3. Bueapenue THA

ITpakTuuecku Bce MUOHEPCKUE pEIIeHUs, Cle-
JTaHHBIe TIpU pa3paboTke A-4 (DAY-2), 6bUM HC-
MOJIb30BAHbI Y TTPOJOJIXKAIOT MPUMEHSITHCS TIPU CO-
3IaHUU COBPEMEHHBIX KPYITHOTra0apUTHBIX XUJIKO-
CTHBIX paKeTHbIX aBuraresieil. Hemeukue yuyeHble
pa3paboTaJiv 1 BHEPBble BHEAPWIN HAJIEKHYIO ITHEB-
moruapocxemy (I1T'C) B XKPJI. Umu paspaboraHa
KOHCTPYKIIMSI OCHOBHBIX pabouux y3JI0B U arpera-
ToB KP/l u BHeApeHbl HOBeMllINEe N300peTeHUSI:

e KOHCTPYKIIMSI KaMepbl CTOPaHUS C HaJEKHbBIM
OXJIAXKACHUEM;

e [1apOra3oreHeparop;

e UCIIOJIb30BaHUE B NTAPOTra30reHepaTope TPEThe-
ro KOMIOHEHTa — MEPEeKUCU BOAOPOA;

e pereHepallMOHHOE OXJIaXJAeHUE CTEHOK Kame-
pbl OJHUM M3 KOMIIOHEHTOB TOTIMBA;

e TIJIGHOYHOE OXJIaXJIEeHUE TEIIOHATIPSI)KEHHbBIX
y4acTKOB (KPUTUUECKOIO CEYEHUS COIia U CTeHOK
KaMmephl);

e LIEHTPOOEXHbIe (POPCYHKU U (POPCYHOUYHASI TO-
JIOBKA;

e pa3pabOTKa MHOTOUYMCJEHHBIX KJaraHoB, pe-
JIYKTOPOB, XUKJIEPOB, (DUIBTPOB, TOPJOBUH;

e JIByXCTYyIeHYaTasi OJHOBaJibHasl TypOuHa.

Ho Bce ke ocHOBHBIM M300peTeHreM 3pbl 2KP]]
ObLT TypOOHACOCHBIN arperat, 1 UMeHHO OJiaroja-
ps ero nosiBneHuto B coctape KPJI cranu Bo3Mox-
HBIMM BC€ MepeyrcIeHHbIE MMOHEPCKUE U300peTe-
Hus. [lpuuunoit BHeapeHuss THA B coctaB KPJ]
ObLT HE TIOMCK JOTIOJHUTEJbLHBIX TPO0JIeM, a nepe-
XOJl Ha HOBBI, HE BUJIAHHbBIN 10 CUX MOP, YPOBEHbD
MOIIIHOCTH, KOTOPBIHI HEOOXOAWM JIJISI TPEOIOJEeHUS
CBEPX3BYKOBOTO Oapbepa M BbIXOJa B KOCMOC.

Ha ToT MOMEHT U 10 HACTOSIIeTO BPEMEHU 3TOT
arperar sIBJisIeTCsl caMbIM BocTpeOoBaHHbBIM B 2KP/I,
U eMy yIeasieTcsl caMoe MpucTajJbHOe BHUMAaHUE.
MMeHHO 3TOT arperat Mo3BoJisieT KPaTHO MOBBICUTD
pacxoj mojauv KOMIIOHEHTOB, a 3HAYUT, Pe3KO IO/ -
HSITh TSITY U MOLIIHOCTh PaKETHOTO JABUTATENIS, Jab-
HOCTb TOJIeTa pakeThl. 3a MOIIHOCTh N OTBevaer
umeHHo THA, oHa BbIpaxaeTcsl B BUJie Tpou3Beie-
HUS YAEJbHOTO UMITYJIbCa TSITU Ha TSTY:

N=JynP, (1)

rae P nuHeiiHo 3aBUCUT OT pacxoga KOMIIOHEHTA m 5

. )
P:mJyZL 281078 NNmJya. (2)

Typ6onacoc DAY-2 (A-4)
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[Ipu BEIGpaHHOM COCTaBe TOTUIMBA MOIIHOCTH
OymeT oIpeneIsIThCS TOJBKO PAacXxoIoM, KOTOPBIi
cnocoOHBI MojaTh B Kamepy Hacocsl THA [2].

Typ6onacocHbIit arperat @AY-2 TmipencTaBisi
c000i1 eTMHYI0 KOHCTPYKIINIO, B KOTOPOIT Ha OMHOM
BaJy MOHTHPOBAJINCH IBYXCTyIleHUaTass TypOWHa,
paboTarolias Ha Tapora3e, M ABa IEHTPOOEKHBIX
Hacoca IS TToJayy KOMIIOHEHTOB TOILJIMBA.

HomuHanbHbIe 3HaYeHUSI OCHOBHBIX TTapaMeTPOB
TypOOHACOCHOTO arperara:

e pabouee paBjaeHue maporasa 2,14 MlIlla
(21 atm);

e Temmeparypa 500 °C;

e MOLIHOCTh TypOuHBI 496 KBt (675 71.c.) npu
5000 06/muH;

e pacxosn maporasa 1,68 kr/c;

e TIPOM3BOINUTEILHOCTh KMUCIOPOIHOTO Hacoca
(okucnurens) 75 kr/c;

e JaBJicHHWE IIOJaYMd KHUCIOPOITHOTO Hacoca
2,45 MIla (24 atm);

e IIPOM3BOAUTEIILHOCTh CITUPTOBOTO Hacoca (To-
prouero) 50 kr/c;

e JJaBJIEHUE TOauX CIIMPTOBOro Hacoca 2,55 MIla
(25 atm);

e 00IIMIT Bec TypOboHacocHoro arperara 160 Kr.

Ha ocHoBanum pa3paboTku OblIa co3maHa MpUH-
UITMAIbHAs CXeMa JBUTATENIs, IpeIcTaBIeHHas Ha
puc. 1.

ITaporazoreneparop cocTosis1 u3 6akKa, coaepka-
IIero epeKnch BOAOPOIa, OauKa ¢ paCTBOPOM IIep-
MaHTaHaTa HaTpus M peakropa. C ITOMOIIBIO CxKa-
TOTO BO3/IyXa, XPaHSIIErocs B OTACIbHBIX OaJUTOHAX,
Tepeknch BOAOPOJA W TIepMaHTaHAT MTOJABAINCh B
peakTop. Tam mpoucxonuiao OypHOe passioXeHUe
TIepeKNCH BOIOPOIA Ha BOISHON TTap M KUCIOPOJ, C
BBIIeeHMEM Teria. OOpa3oBaBIIMIACS TTaporas 1o
TPyOOIIPOBOIY TTOAaBaJICS Ha TypOMHY TypOOHaAcoC-
HOTO arperara. Bec maporasoreHeparopa coCTaBIsI
148 xr. Bce arperaThl gBUTaTe sl CMOHTMPOBAHBI Ha
paMme, KoTopas Kpemnmiach K HIKHEMY CUJIOBOMY
IITMAHTOYTYy TOIJIMBHOTO OTceKa. Bec MoTopambr
coctaBstn 56 kr. Ha puc. 2 mpuBeneH oOIIMiA BUIT
pakeThl ®AY-2.

TypOGoHACOCHBIN arperatr pemran IpooIeMy ¢
pacxomoM M, TeM CaMBIM, MPOOJIeMy TTPEOIOICHMS
Imopora MOIITHOCTH, HEOOXOOANMMOTO I IadbHUX
ITOJIETOB B KOocMocC. Bce coBpeMeHHBIE KOCMHYECKIE
pakeTsl ucronb3yioT THA xak Oe3anbTepHAaTUBHBIN
amnrapar moJadn OOJIBIITUX PAcXOd0B TOIUIMBA B Ka-
Mepy cTopaHus, 00eCIeunBaOIINX HEOOXOIUMYIO
MouIHOCTb U 1Ty KPJI.

Hemenkue yaeHbIe co30aIM TTIOMCTHHE YHUKATh-
HBII arperaT, a BMeCTe ¢ HUM YHHKAJIbHYIO paKeTy.

Puc. 1. INpuHumnmaibHast cxema aBuratesist paketbl GAY-2:
I — 6ak ¢ mepekuchbio Bogopojaa; 2 — 0ayok ¢ nepMaHra-
HaTOM HaTpus (KaTaJu3aTop JJIsl pa3jioXeHUs MepeKucu
BoJoponia); 3 — GaJUIOHBI CO CXAThIM BO3JYyXOM; 4 — ma-
porasoreHeparop; 5 — TypOWHa; 6 — BBIXJIOITHOM MaTpy-
00K oTpaboTaHHOTO maporasa; 7/ — HacoC TOpIOYero;
& — Hacoc okucaurenst; 9 — peaykrop; /0 — tpybornpo-
BOJBI TMoOJauu Kuciopoma, I/ — Kamepa CropaHus,
12 — dopxamepbl

dakTnyecku noa oo6mmM pykosoactsom B.P. lop-
HOeprepa Obljla co3aaHa HOBasl OTPacjib UHIYCTPUU
— pakeTocTpoeHue. B mocaeayroiieM MHOTUe pele-
Husg OAY-2 OB UCTIOTH30BaHBI COBETCKUMM U 3a-
PYOEXXHBIMU pa3pabOTUMKAMM PaKETHBIX ABUTaTe e
B CBOMX HOBEWIIMX U3AEIUSIX, B YACTHOCTHU, NPU
co3ganuu non pykosoactBoMm C.I1. Koponesa u
B.II. I'nymiko GannucTuueckKoi pakeThl cpeiaHeit
nmanbeHocTu P-1 [3]. McTopuueckoe 3HaUeHME paKeT
A-4 u P-1 Henb3s ipeyMeHbIlaTh. DTO ObLI MePBbIii
MPOPBIB B COBEPILIEHHO HOBYIO 00J1aCTh TEXHUKHU [4].

Henb3st ymansath 3aciyry oTed4ecTBEHHBIX ydye-
HBIX, UX CAMOOTBEPXKEHHBINW TPy, HO MEPBBIMU HA
TOT MOMEHT ObLIM Hemellkue yuyeHble B. P. JlopH-
oeprep, B. Tunb, B. don bpayn u ap.
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TeM He MeHee, OCHOBHAsl Haxo/JKa HEMEILKMX
yueHbIX — THA — Hapsiiy ¢ peBOJIIOLIMOHHBIM CKay-
KOM, MPUBHECA B XKU3Hb paKeTUYMKOB MHOTO 3a00T.
becnpucTpacTHblli aHaau3 Heyaay, CBSI3AHHBIX C
9TUM arperaToM, MokKas3bIBaeT, YTO B OOJIbIIMHCTBE
cllyyaeB OCHOBHasl MpUYMHA OTKa30B JBUTraTesist
nMeHHo B THA [5, 6]. M3BecTHO, 4TO B Ipoliecce
noBoaky HOBBIX 2KPJI, BciencTBre BEICOKUX CTAaTH -
YeCKUX U IMHAMUYECKUX Harpy3ok, Ha JI0JII0 arpe-
raToB CUCTEMbI MOJauu MPUXOAUTCS 3HAUYUTEIbHOE
KOJIMYECTBO OT ob1iero yncia orka3os KPII [7, 8].
st coBpeMeHHbIX nBurateneit Tuna SSME u3-3a
HEAO0CTATOYHOTO HAYYHO-TEXHUYECKOIo 3ajesa 1o
THA uucio otkazos no BuHe THA nocturaino 75%.
Takoe 00JIbIIOe YMCIO OTKA30B CBSI3aHO C TEM, UTO
y3nbel THA monBepratoTcst BO3IeiCTBHUIO KaK BBICO-
KMX TeMIlepaTyp, Tak U CUJI, OOYCIOBIEHHbIX 3Ha-
YUTEJIbHBIMUA CKOPOCTSIMM BpallleHUSI.

Ha xoHcTpykumio THA neiicTByIOT mpeaeabHO
BBICOKHE dHEPreTUUecKre apamMeTpsl (J1aBieHue 3a
Hacocamu no 60 MIla, Temmeparypa rasa rmepen
TypouHoii 1o 1000 K, okpyXHble CKOPOCTH POTOpa
mo 650 Mm/c, ymeiabpHasT MOIIHOCTh TYpPOWHBI IO
135 kBt/kr). B HacTosiiee BpeMst TIpeabsiBISIIOTCS
JIOTIOJIHUTEJIbHBIE TPEOOBAHUS TI0 00ECIIEUeHUIO Ha-
nexHoct THA mpu MHOTOKpaTHOM BKJIIOYEHUU U
mmrtenabHoM pecypee [9, 10]. IIpu pa3paboTke nBu-
ratesieit 2KPJI HoBoro moxkoyieHusI TOTpedOBaINChH
pelieHus 1eJ0ro psijla HaydHbIX, KOHCTPYKTOPCKUX
¥ TEXHOJIOTMYECKUX TIPO0IeM, BKIII0UYask IIPOOIeMBbI
CHVKEHUST JMHAMUYECKUX MHOTOLIMKIIOBBIX HArpy-
30K.

M3BecTHO, 4TO OOHA M3 CaMBIX KOBAapHBIX ITPU-
YMH aBapuii POTOPHBIX MAalllMH — HE CTaTMYECKOE
HarpyxeHue, a Tak Ha3blBaeMasi yCTaJlOCTb — IOCTe-
MIEHHO HaKarjuBaomuiics 3¢@eKT NeCTBUAS LUK~
JINYECKNX TUMHAMUYECKNX HATPy30K, TPUBOASIINN K
MOJIOMKE BaJIOB, TYPOMHHBIX JIOMATOK, IITOKOB Ma-
IIWH U OPYIUX JeTayeil.

Paspaborka ¢puznueckux Momaeeit, 00bICHIIO-
IIMX MEXaHW3M YCTaJOCTHOrO pa3pylleHusl, Kpai-
He 3aTpyaHeHa. HecMoTps Ha MHOXeCTBO paboT 1o
ycTajnocTHOM mpoyHocTu [11—14], mpobiema pa3s-
JejieHusl (pU3UKO-MeXxaHUYeCKUX CBOUCTB MaTepu-
ajia U HamnpsiXKeHHO-1e(POPMUPOBAHHOTO COCTOSIHUS

KOHCTPYKIIMUM 0 KOHIIA He pelleHa. B aneMeHTax
koHcTpykiuu 2KPJ1 yacTo BO3HMKaeT MHOTOILIUKIIO-
Basi yCTaJlOCTb, BbI3BaHHAsl BbICOKOYACTOTHBIMU
BUOpaLIMOHHBIMU Harpy3kamu [15—17]. MHorouuk-
JIOBasi yCTajJoCTh OT A€UCTBUSI MEPUOAUYECKUX TU-
HaMUUYeCKHUX Harpy3ok McCCleAayeTcsl U aHaJu3upy-
eTCsl MPEeUMMYIIECTBEHHO MO pe3yJbTaTaM HaTYPHBIX
UCTIBITAHUM.

IToaToMy mipencTaBisieTcss BecbMa aKTyaJlbHbIM
MPUMEHSTh HOBbIE METO/AbI aHalu3a, BKJoYas Co-
yeTaHUe Pa3IMUHbIX METOJIOB TMArHOCTUKHU POTOP-
HBIX MallMH (B MEPBYIO Ouepealb, METOAbI BUOpaIlv-
OHHOW AMarHOCTUKMU) JIJISI ONpeieieHUs] UICTOUHUKA
U TIPUPOJIbI MOBBIIIEHHBIX TMHAMUYECKUX HArpy30K
C LIEJIbI0 BO3MOXHOIO UX YCTPAHEHUS] WU CHUXKE-
HUS BO3AEWCTBUS HA KOHCTpyKIUio [18—20]. Bax-
HBIM HampaBjieHueM coBepiieHcTBoBaHus THA cuu-
TaeTcs pa3paboTKa U BHEIpEeHUE METOJ0B BUOpallu-
OHHOUW JAMAarHOCTUKM KpuTuudeckux ysyioB THA
KPII, oTka3 KoTopbix HanboJiee BepossiTeH. OHU SIB-
JISIIOTCS TIEpBOOUYEPETHBIMI O0beKTaMU AUATHOCTH -
poBaHus. st THA KPJI kputuueckue y3/bl BKITIO-
4yaloT B ce0sl: MOAIIMITHUKOBBIE OTIOPbI, Bajibl POTO-
POB, Y3JIbl aBTOMAaTa OCEBOW pa3rpy3Ku, YIIJIOTHEHUSI
HAcoCOB U TypOMHBI, COTJIOBOI amrmapaTr TYpOUHBbI,
pabouue KoJsieca IIHEKOB, HACOCOB U TypOUHBI, Ha-
MpaBJsIOLIME afmapaTbl HACOCOB U TYPOUHDI, TPY-
0OMpoOBOJIbI U TEXHOJOTHUECKUE TPYOKU IMOABOJA-
OTBOJIa KOMIIOHEHTOB TOIIMBA.

BriBoabl

C nomoliibio MeTo0B BubpoanarHoctuku THA
ObLTM OOHApYXEeHbI, UACHTU(PULIMPOBAHBLI U yCTpa-
HEHBI TPYJIHOpPACcIO3HABAEMbIE CKPBIThIE Ae(EKThlI,
He OOHapyXWBaeMble IPYTMMHU METONAMU U CPEN-
CTBaMU KOHTPOJIsI, MPEAYCMOTPEHHBIMU HOPMATUB-
Hoii nokymeHTauueli. HencnpaBHoctu y3noB THA
BbI3bIBAJIU TTOBBIIIIEHHbBIE BUOPOTYJIbCALIMOHHBIE Ha-
IrPY3KU, MIPUBOJIUBIINE B OTASAbHBIX CJIydyasiX K OT-
kazaM 1 aBapusiMm 2KPJI. Bbuiu BbIsIBIEHBI U TTOAPO0-
HO HCCJIeJJOBaHbl HE BCTPEUYaBIIMECS paHee B Mpak-
THUKE OTedecTBeHHOro u 3apyoexxkHoro KPJI-ctpo-
eHus1 9PPEKTHI U SIBJICHUSI.
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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

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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