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V. BimomocTi npo guceprauiio
Mosga guceprarii:
Koau TemaTHYHHUX PYOpPHK: 89.25

Tema gucepranii:
1. AHani3 HM3bKOYACTOTHOI CTIMKOCTI MapIIOBOi PiIMHHOI paKETHOI ABUT'YHHOI YCTAHOBKU Ta ii AMHAMIYHOI

CYMICHOCTI 3 KOPITyCOM PaKeTH

2. The low-frequency stability analysis of a main liquid rocket propulsion system and its dynamic compatibility
with a rocket structure

Pedepar:

1. O6'exT mociKEHHs - HU3bKOYACTOTHI 3arajlbHOJIBUTYHHI KOJIMBAHHS B MapUIOBUX PiJUHHUX PAKETHUX
IBUT'YHHUX ycTaHOBKax (PPIY) i mo310BKHI KOJIMBaHHS PiIMHHUX pakeT-HOCiiB (PH) Ha aKTUBHIN YaCcTHHI II0JIbOTY;
MeTa JOCiIKEeHHS - YIOCKOHAJIEHHSI METOJly BUBHAUEHHSI HU3bKOYACTOTHOI CTiMiKOCTi MapmoBux PPJIY Ta
CYMIiCHOCTI iXHiX IMHaMiYHMX XapaKTePUCTUK 3 XapaKTepUCTUKaMU IPY>KHUX NTO3/I0BXHIX KOJMBaHb Koprycy PH;
METOIN AOCJIIPKEHHS - METOA MaTEMAaTUYHOTO MOJIEJIIOBAHHS i3 3aJy4€HHSIM T€OPil aBTOMaTUYHOTO
peryjioBaHHs PiIMHHUX pakeTHUX ABUTYHiB (PP/I), Teopii kaBiTaliiiHMX KOJIMBaHb B HACOCHUX CUCTEMAX, TEOpii
CHACTEM aBTOMATUYHOTO PETYJIIOBAHHS Ta TEOPii KOJIMBaHb, NEPIINHA MeTo, JISnyHoBa, PEHOMEHOJIOTIYHM MiAXi
JIO OIMCY HU3bKOYACTOTHOI IMHAMIKU ra3oBux Tpakris PP/l MeTonu anpokcumallii; 4ucesibHi METOAM JIiHINHO]

anre6p1/1 Ta HEJIIHINHOTO MaTEMATUIHOTO [IporpaMyBaHHS; HAYKOBa HOBU3HA ~ YJOCKOHAJIEHO METO/, BU3HAYEHH S



HM3bKOYaCTOTHOI cTifikocTi PPIIY Ta ix mrHaMi4HOI CyMICHOCTI 3 KOPIIyCOM PaKeTH, K1 3aCHOBAaHO Ha PO3PaXyHKY
CIIeKTpa MaTpHulii Ta JeKoMII03ii 6araTokoHTypHOI cuctemu "PPIIV-kopryc PH"; Bepiie Ha OCHOBi pe3ysbTaTiB
MaTeMaTU4YHOIO MOJIEJII0BaHHS OOIPYHTOBAHO HEOOXIIHICTh ypaxyBaHHs BILJIMBY AucHUIIallii eHeprii Ha napameTpu
BJIACHUX IIPY’KHUX IIO3[I0BXKHIX KOJIMBaHb KOPIIYCY PilMHHOI paKeTH IIpY BU3HAYEHH] Or0 JMHAMIYHOI CyMiCHOCTI 3
PP]IY; Bnepiue no6y10BaHO JiHIHY MaTeMaTUYHY MOJeb quHamiuHoi B3aemopii PPIIY i kopnycy pakeTy, y sKiit
yPaxoBYy€ETbCA BIIUB AUCHUIIALl €Heprii Ha NapaMeTpy NPYKHUX I03[0BXHIX KOJIMBaHb KOPITYCY Ta JUCUIIATHBHI
3B'S13KM MK TOHaMU MOT0 BJIACHUX I103[I0BXHIX KOJINBaHb; Y PE3YyJIbTaTi YMCEJIBHUX JOCiI)KEHb yIIeplIe [10Ka3aHo,
110 HU3bKOYACTOTHA HeCTiMKicTb PP]I i3 JonamoBaHHSIM OKHCJIIOBAJILBHOTO T€HEPATOPHOTO ra3y MOXe OyTH
00YMOBJIEHOIO KOJIMBaHHSMU y KOHTYPi "TypOOHACOCHUII aroperar-ra3oreHepaTop”, Ipy LibOMY CyTTEBY POJIb Ma€

yac nepeGyBaHHsI ra3y B ra30reHeparTopi;raay3b - aepOKOCMIYHa .

2. Object of research - a low-frequency all-engine oscillations in the main liquid rocket propulsion systems and
POGO-oscillation of launch vehicles at the active trajectory leg ; aim of research - an improvement of the method
of the determination of the rocket propulsion systems low-frequency stability and its dynamic compatibility with
the rocket structure ; methods of research - mathematical modeling methods involving control theory of the liquid
propulsion engines, theory of cavitation oscillations in the pump systems , theory of automatic control systems
and vibration theory, the first method of Lyapunov, phenomenological approach to the description of the low-
frequency dynamics of the gas path; approximation methods, numerical linear algebra and non-linear
mathematical programming; scientific novelty - the method of determination of the rocket propulsion systems
low-frequency stability and it's dynamic compatibility with the rocket structure which is based on the the matrix
spectrum calculation and decomposition of multiple-loop dynamic system "a liquid rocket propulsion system - a
rocket structure" is improved; first, based on the mathematical modeling, the necessity of taking into account the
influence of energy dissipation on the natural longitudinal vibration characteristics of the liquid rocket structure in
determining of dynamic compatibility liquid rocket propulsion system with rocket structure is substantiated; first
a linear mathematical model of the dynamic interaction of liquid rocket propulsion system and rocket structure,
which include the effect of energy dissipation on the longitudinal vibration characteristics and dissipative
connection between the longitudinal modes of structure, is build; first as a result of numerical studies it's found
out that low-frequency instability of liquid rocket propulsion engine with staged combustion can be caused by
vibration in the loop "turbo-pump assembly - gas generator”, with an important influence had by the lag time in
the equations of gas generator dynamics; branch - aerospace.
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