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Pedepar:

1. Inceprauifina po60Ta IpUCBSIYEHA 326€311€4EHHI0 BUITPOOYBAHb BUCOTHOT'O PiIMHHOTO PAKETHOTrO JBUTYHA MaJloi
TATW B yMOBax, IO iMITYIOTh KOCMiIYHUI BakyyM. TemaTuKa AOCIiIpKeHHs [I0B'sI3aHa 3 BiZIIPAIIOBAaHHSIM PiIUHHUX
PaKeTHUX [IBUTYHIB Ta pO3POOKOI0 CYMDKHOTO YCTaTKyBaHHS, 110 € CKJIAIHUM, 6araTOCTyIIEHEBUM IIPOLIECOM, IO
BKJIIOYa€e B cebe Pi3Hi eTanu: IPOeKTYBAaHHS, BUPOOHUIITBO, BUIIPOOYBaHHS i cepiliHe BUTOTOBJIEHHS (32 IOTPEOH).
OpHMM i3 HAMBAXJIMBILINX €TAlliB € SIK pa3 BUIIPOOYBAaHHS, SIKi MiATBEPAXYIOTh YN BiiTIOBifae BUPi6 3asBlIeHUM
TEeXHIYHUM i PYHKLIOHAJIPHUM XapaKTepUCTUKaM. BUIpoOyBaHHS € BUPIlIaIbHUM €TaIllOM, OCKIJIbKY CaMe Ha I[bOMY
eTalli OLliHIOEThCS [IpaLle3JaTHICTb PiAMHHUX PaKeTHUX JBUTYHIB B Pi3HMUX YMOBax, a TAKOX iX HaZJilHICTb i 6e3nexa.
Cepe[, BEJIMKOI KiJIBKOCTI IOCIiIPKEHb, SIKi HEOOXiHO IPOBECTH, IOYMHAKYM 3 BUIIPOOYBaHb arperaris ABUTYHA 44
OKPEMUX €JIEMEHTIB, 3aKiHYyI04YM TIOBHOLIHHUM PaKETHUM JBUTYHOM, KJIIOYOBY POJIb BiZlirpalOTh BOTHEBI

BUIIPOOYBaHHSI, 1110 IIPOBOJATHCS K y aTMOC(EPHUX YMOBax, TaK i 3 iMiTallielo MaKCMMaJIbHO HAGIDKEHUX 10



peaJIbHAX KOCMIYHMX YMOB €KCILIyaTalii ABUTyHA. MeTol aucepTauiiiHoi po60oTu € po3po6Ka BOTHEBOTO
BUIIPOOYBaJILHOTO CTEHIY JISI Mg TBEPIPKEHHS IIpale3aTHOCTI BUCOTHUX PilMHHUX PAKeTHUX JABUTYHIB y
HaOJIMKEHUX eKCIUTyaTalifHUX YMOBax Ta MOro 3aKjaaleHMX IIPOEKTHUX ITapaMeTpiB. [lj1s1 IOCSITrHeHHs 1I0CTaBleHo]
METU HEOOXiJHO BUPIIINTH HM3KY HAyKOBO-TEXHIUHUX 3a/1a%:- IPOBECTU aHAJIi3 BIIPOBAIKEHHS i1 BUKOPMCTaHHS
iCHYI0UMX KOHCTPYKLiil BUIIPOOYBAJIbHUX CTEH[IiB PiIMHHUX PAKE€THUX JBUTYHIB, METOLiB CTBOPEHHS CEPEOBUIIA,
110 iMiTy€e BaKyyM, a TaKO>X aHaJli3 BUKOPUCTAaHHS aJJUTUBHUX TEXHOJIOTIN B paKeTHO-KOCMIUHIl rajnysi- po3poouTtu
MOJ€JIb TEPMO-Ta30 T HAMIYHUX IIPOLECIB CIiJIbHOI pOOOTU PilMHHOTO PAKETHOTr'O JBUIYHA Ta Ia30-€>KEKTOPHOI
YCTQHOBKH I1iJ] Yac NPOBeAEHHS BOTHEBUX BUIIPOOYBaHb; PO3POOUTU CTPYKTYPHY THEBMOTiIPABIIiUHY CXEMY
BOTHEBOT'O BUIIPOOYBaJILHOTO CTEHIY Ta LIUKJIOIPaMy MOro pobOTH; CIIPOEKTYBATU CUCTEMHI €JIeMEHTH KOHCTPYKIIi
BOTHEBOT'O BUIIPOOYBaJILHOTO CTEHTY, B TOMY YMCJli, 3 BAKOPUCTAHHIM aIUTUBHOI TEXHOJIOTIi BUTOTOBJIEHH ;-
IocainnTy BibpaliliHe HaBaHTaKEHHS], 1[0 CTBOPIOETLCS B HACJIILOK POOOTH PilMHHOTO PAaKETHOTO BUTYHA Ta ra3o-
€XEeKTOPHOI YCTaHOBKW;- PO3POOUTU IPAKTUYHI peKOMeHallii o0 3aXUCTy €JIEMEHTIB CTEHI0BOrO O6JIaIHAHHS, a
TaKOXX paKeTHOTrO JBUTYHA, IO BUIIPOOOBYETHCS, Bif] BiOpalliil Ta aKyCTUYHOTO MIyMY, 110 BUHMKAIOTh IIiJ] 4ac
BUIIPOOYBaHb. [IpakTHYHE 3HaYEHHS OTPUMAHUX Pe3yJbTATiB IIOJISITA€ Y HACTYITHOMY: - PO3POOJIEHO [IPAKTUYHi
pPeKoMeHzaNii moa0 iHKEeHEPHOTro CTBOPEHHS YCTAaHOBKY, L0 CTBOPIOE CEPENOBUILE, SIKE iMITye BaKyyM,
BKJIIOYAIOYU B cebe eJIeMeHTH, 1110 BUTOTOBJIEHI aiUTUBHUMHU METOLAMU; - PO3PO6JIEHO MOJeslb
TE€pMOra30AMHAMIYHUX [IPOLECIB CIiIbHOI POOOTH BUCOTHOT'O PiJMHHOTO PAaKETHOTO JIBUTYHA Ta ra30-e>XXeKTOPHOI
YCTaHOBKHU; - PO3PO0JIEHO CTPYKTYPY Y CKJIAJ, BUIIPOOYBAJIbHOTO CTEHAY [JIs1 IPOBELEHHS BOTHEBUX BUITPOOYBaHb
BUCOTHUX PiIMHHUX PAKETHUX JIBUTYHIB MaJIOi TSTU; - PO3POOJIEHO Ta €KCIIEPUMEHTAILHO BUIIPOOYBAHO
KOHCTPYKIIi10 ra30-e>XeKTOPHOI YCTaHOBKY BUITPOOYBaJIbHOTO CTEHY, 1110 3abe3lieyye MonepeiHe po3piiKeHHs
poboudoro o6’emy 10 40 MM. PT. CT.; - PO3pOO6JIEHi I IPaKTUYHO peasli3oBaHi BUMIPIOBaJIbHi CUCTEMHU KOHTPOJIIO
TEXHIYHMX [TapaMeTpiB MiJ, Yyac POBeAEeHHS BOTHEBUX BUIIPOOYBaHb; - PO3PO6JIEHO PEKOMEHIALIIIHY METOOUKY

BiOpaLiliHOTO 3aXUCTy PIAMHHOIO PAaKETHOTO ABUTYHA Ta Ia30-€KEKTOPHOI yCTaHOBKMU.

2. The dissertation is devoted to ensuring the testing of a high-altitude liquid rocket engine of low thrust in
conditions simulating space vacuum. The research topic is related to the development of liquid rocket engines and
the development of related equipment, which is a complex, multi-stage process that includes various stages:
design, production, testing and serial production (if necessary). One of the most important stages is precisely the
tests that confirm whether the product meets the declared technical and functional characteristics. Testing is a
crucial stage, since it is at this stage that the operability of liquid rocket engines in various conditions is assessed,
as well as their reliability and safety. Among the large number of studies that need to be conducted, starting with
tests of engine units or individual elements, ending with a full-fledged rocket engine, fire tests play a key role,
which are carried out both in atmospheric conditions and with simulation of the engine's operation conditions as
close as possible to real space conditions. The purpose of the dissertation is to develop a fire test stand to confirm
the performance of high-altitude liquid rocket engines in approximate operating conditions and its design
parameters. To achieve this goal, it is necessary to solve a number of scientific and technical problems: to analyze
the implementation and use of existing designs of test stands for liquid rocket engines, methods for creating an
environment that simulates vacuum, as well as analyze the use of additive technologies in the rocket and space
industry; to develop a model of thermo-gasodynamic processes of the joint operation of a liquid rocket engine and
a gas-ejector installation during fire tests; to develop a structural pneumohydraulic diagram of the fire test stand
and a cycle diagram of its operation; to design system elements of the fire test stand design, including using
additive manufacturing technology;- to investigate the vibration load created as a result of the operation of the
liquid rocket engine and the gas-ejector installation; to develop practical recommendations for protecting the
elements of the bench equipment, as well as the rocket engine under test, from vibrations and acoustic noise
arising during testing. The practical significance of the results obtained is as follows: - practical recommendations
have been developed for the engineering creation of an installation that creates an environment that simulates a
vacuum, including elements manufactured by additive methods; - a model of thermo-gasodynamic processes of
the joint operation of a high-altitude liquid rocket engine and a gas-ejector installation has been developed; - the
structure and composition of the test stand for conducting fire tests of low-thrust high-altitude liquid rocket



engines has been developed and experimentally tested; - developed and practically implemented measuring
systems for monitoring technical parameters during fire tests; - developed a recommended method for vibration
protection of a liquid rocket engine and gas ejector installation.
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