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KoJIMBaHb pinuHHuX PH pisHux kiacis. [locTaHoBKa 3a7a4i BUOOPY ONTUMAIbHUX TAPAMETPIB CUCTEMU

neMrndyBaHHSL.
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Bup, 3BiTHOr0 JOKYMEHTA: [IpoMiXHMIA 3BiT
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HanjionasnbeHoi akazemii Hayk Ykpainu i Jlep;kaBHOro KOCMIYHOTO areHTCTBA YKpaiHu
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49005, Vkpaina

dopma Bi1acHoCTI:

Cdepa ynpaBiiHHS: HaujoHanbHa akaziemist HayK YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

Po3mip opranisairii:
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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Po3pobka TeopeTHYHUX OCHOB CTBOPEHHS CUCTEM JIeMII(PYBAHHS [103[I0BXHIX KOJIMBaHb JJIs1 paKeT-HOCIiB pisHUX

KJIaciB

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Development of theoretical foundations for the creation of longitudinal vibration damping systems for launch
vehicles of various classes

Pedepat yKpaiHCBKOIO:

O6'eKT DoCiKeHHs — IMHaMIiYHi Ipolecu B piiMHHUX pakeTax-Hocisx. Lline po6otu Ha apyromy ertamni HIP -
PO3pOOKa TEOPETUYHMX OCHOB CTBOPEHHSI CUCTEM AEMII(YBAaHHS [103/I0BXHIX KOJIMBaHb pifuHHUX PH pi3Hux
KJIACiB i IOCTAHOBKA 3a/1a4i BUBHAYEHHSI ONTUMAJbHUX NTapaMeTpiB AemIidepiB 0300BXKHIX KOJMBaHb piiuHHUX PH.
Metonu nocnimkeHHs — iHpopMaliitHO-aHAJIITUYHI METOAY, METOIY MaTEMAaTUYHOTO MOJEIOBAHHS, TEOPii
KOJIMBaHb, TEOPii CUCTEM aBTOMATUYHOI'O PEryJII0BaHHS, 00YUCII0BAIbHOI rijpoguHamiky. IIpy nposeneHHi
IOCIigKEeHb OTPMMaHi HaCTYIIHI OCHOBHI pe3ysbTaTi. Ha OCHOBI aHami3y pi3HMX BapiaHTIiB peasisalii MexaHi3my
BTPATH MO3[0BXHbOI CTilIKOCTi pinHHMX PH pi3HuX K71aciB po3po6s1eHo peKoMeHalii 010 BU60pY BifMOBiTHIX
3aco06iB femnyBaHHS MO3/0BXHiX KoanBaHb PH. PO3p06sieHO T€OPETUYHI OCHOBHU [J151 BU3HAYEHHS CUCTEM
Iemn@yBaHHS IO3[0BXHIX KOJMBaHb pifuHHAX PH 3 BUKOPUCTaHHSIM Pi3HUX MiIXOAiB IO MaTeMaTU4YHOIO
MOJIEJIIOBAaHHS TMHAMIYHOI B3aeMOZii MapIIoBoi pilMHHOI pakeTHOI IBUryHHOI ycranosku (PPIY) i kopnycy PH Ha
4aCTHHI aKTUBHOTO NOJbOTY pakeTu. CHPOpPMYIbOBAHO NMOCTAHOBKY 3a/1a4i BUBHAYEHHS 1apaMeTpPiB ePEeKTUBHUX
cUCTeM JieMII(yBaHHs O3[JOBXHIX KOJIMBaHb PinnHHUX PH Ha 0CHOBI MiHIMaKCHOro mizxony [0 OLIiHKM 3anacis
cTilikocTi guHamivHoi cuctemu «PPIIY 3 nemngepom - kopryc PH» (3 mo6ynoBolo B iHTepBali yacy noabory PH
mogeJii Hauripmoro Bumnanaky). ChopmMyibOBaHO ITOCTAHOBKY 33/a4i onTrMisanii gemndyovoro npuctpoio PPIY sk
3a/a4i ONTMMAJIbHOTO KEPYBAHHS M0r0 IapaMeTpaMu, NPEeACTaBI€HUMHU Y BUIJISAI QYHKLINA KOOPAUHAT IIPOCTOPY
cTaHiB nuHamiyHoi cuctemu «PPIIY 3 nemndepom - kopnyc PH» Bin yacy nosnboTy. BukoHaHa pobora cripsmoBaHa
Ha pO3pOOKY TEOPETUYHUX OCHOB 320€3MeUeHHs M0340BXKHbOI CTIMKOCTI pinuHHUX PH ny1g BU3HAUYE€HHS B

nopanbuoMy epeKTUBHUX CUCTEM eMII(yBaHHS, BCTAHOB/IIOBAaHUX B MapuioBy PPJIY.

Pedepar aHr1ilicbKOIO:

Object of the study - dynamic processes in liquid-propellant launch vehicles. Purpose of the work at the second
stage of the research is to develop the theoretical foundations for the creation of longitudinal oscillation damping
systems for liquid-propellant launch vehicles of various classes, and to formulate the problem of determining the
optimal parameters of longitudinal oscillation dampers for liquid-propellant launch vehicles. Research methods -
information-analytical methods; mathematical modeling; vibration theory; automatic control theory;
computational fluid dynamics. The following main results were obtained in the course of the research. Based on an
analysis of various implementations of the mechanisms leading to the loss of longitudinal stability in liquid-
propellant launch vehicles of different classes, recommendations were developed for selecting appropriate means
of longitudinal oscillation damping for launch vehicles. The theoretical foundations were developed for
determining longitudinal oscillation damping systems for liquid-propellant launch vehicles using various
approaches to mathematical modeling of the dynamic interaction between the main liquid rocket propulsion
system (LRPS) and the launch vehicle structure during a portion of the active flight phase. A problem statement
was formulated for determining the parameters of effective longitudinal oscillation damping systems for liquid-
propellant launch vehicles based on a minimax approach to assessing the stability margins of the dynamic system
“LRPS with damper - launch vehicle structure,” including the construction of a worst-case model over the launch
vehicle flight time interval. A problem statement was formulated for the optimization of the damping device of the
main LRPS as an optimal control problem, with its parameters represented as functions of the state-space



coordinates of the dynamic system “LRPS with damper - launch vehicle structure” as functions of flight time. The
completed work
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII ykpaiHCBKOIO: HaykoBO-MeTONMYHE 3a6€3MeYeHHS 15l BUGOPY e(DEKTUBHUX CUCTEM

neMindyBaHHS IO3L0BXHIX KOJIMBAHb PiJUHHUX PaKeT-HOCIIB

Hazpa HTII auri#icbKo¥0: Scientific and methodological support for the selection of effective longitudinal

vibration damping systems in liquid launch vehicles

HTII, sixy nepen6a4asiocss CTBOPHTH: CTBOPEHO

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpHMaHi P€3yJbTaTH: MeToau, Teopii, rinoresu, AHaiTUYHI MaTepiaau
l'asy3p 3aCTOCYBaHHS: KOCMi4Ha ranysb

PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Onuc HTII: HaykoBo-MeToauyHe 3a6€e3MedeHHs, SIKe N03BOJIsI€ BUSBIATH IKepesla HU3bKOYaCTOTHUX KOJIUBAHb B
3aMKHYTHUX IMHAMIYHMX CUCTeMaX "piflMHHA paKeTHA IBUTYHHA YCTAHOBKA - KOPIIYC PakeTu" i BU3HAYATU 3aX04U
171 TaCiHHS [MO3[0BXKHIX KOJIMBaHb PAKETU 3 YPaXyBaHHAM MEXaHi3MiB iX BUHUKHEHHS; TEOPETUYHI OCHOBU [IJIS

BUOOpPY eeKTUBHUX CUCTeM JeMIIpyBaHHS 03[0BXKHIX KOJIMBaHb PiTMHHUX PaKeT Pi3HUX KJaciB

ConiannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: TonimmuenHs cTany HABKOJMIIHBOTO CEPEIOBUIA,

EkoHOMIs eHepropecypcis

Bnyius HTII Ha mOoBKijIs:

BnposagskeHHs1 HTII: He snpoBamxeHo

IIpakTHyHa peasnisanis HTII
IloyaTok eramy:
3aKiHYeHHS eTaly:

Crnio>KuBavi NPOAYKILii:

IlepcnekTHBHI pUHKH:
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TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
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OuiKkyBaHHI TepMiH OKYIHOCTi (POKiB):
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