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HasBa €TaIly. Y3araJabHEHHs PE3yIbTaTiB JOCIIKEHS i MATOTOBKA PEKOMEHIALIIN 111010 BUKOPUCTAHHS
OTPUMAaHMX PE3YJbTaTIB TOCIIIKEHD 3 MOJIEJIIOBAHHS A€POTEPMOTra30MHAMIYHUX [TPOLIECIB [IJIs1 OIIEPATUBHOIO

[IPOTHO3yBaHHA a€POAVHAMIYHUX, TEIJIOBUX Ta JUHAMIYHUX HaBaHTaKeHb B PI3HUX YMOBax ekcrunyaranii OPKT
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Bup, 3BiTHOr0 JOKYMEHTA: OCTaTOYHUIA 3BiT
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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

YucesnbHEe MOZEIIOBAHHA a€POTEPMOra3ofMHAMIYHUX Ta JUHAMIYHUX IIPOLIECIB, 10 CYIIPOBOIKYIOTh

(YHKIIOHYBaHHS 00’€KTiB pAKETHO-KOCMIYHOI TeXHIKU

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Numerical modeling of aerothermogasdynamic and dynamic processes that follow the operation of rocket and
space technology objects

Pedepat yKpaiHCBKOIO:

O6'eKT JOCIiKEHHS — IePCIeKTUBHI 00'€KTU pakeTHO-KOCcMiyHOi TexHiku (OPKT). Llisib po60TU — BU3HAUYEHHS
BILJIMBY a€POTEPMOTa30iMHAMIUYHUX Ta AUHAMIUYHUX [TpoleciB Ha QpyHKIioHyBaHHS nepcrnekTuBHuX OPKT ns
[IPOTHO3YBaHHA Jil0YMX HA HUX HaBaHTaKe€Hb. MeTOIN JOCIiIKEHHS — PO3PAXyHKOBI METOAU OOUYUCIIIOBAJILHO]
ra3oilMHaMiKy, riipaBvky i guHamiku. [TpoBegeHo YNCI0Be MOLEII0BAHHS TEPMOra30qMHAMIYHUX Ta TiIpaBIidYHUX
npoueciB B cucremax OPKT 3 nutaHp: - BU3HAYEHHS [IapAMETPIiB a€pPOTEPMOra3oiMHaMIqYHUX MIPOLECIB, 0
BMHUKAIOTb IIpy BianpauoanHi OPKT Ta ix migcucrem, Ta BIVIMBY OPraHiB KEpyBaHHS i 00epTaHHS paKeT-HOCIiB
(PH) Ha ix TenoBi Ta aepoAMHaAMi4YHi XapakTepucTuku (AJIX); - BU3HaYEHHs AUHAMiYHUX HaBaHTaXeHb Ha OPKT Ta
Ha ix OKpeMi 4aCTUHU 3 ypaxyBaHHSIM 30ypeHb Ha aKTUBHIN IisHLi TPaeKTOPii; — BIJIMBY rifpaBiiyHUX Ta
TE€PMOra30AMHaMIYHUX [IPOLECIB B CUCTEMAX KEPYIOUUX PEAKTUBHUX ABUTYHIB Masoi Taru (PIMT) Ha Bu3HaueHHs
rnapameTpiB AMHaMiyHKX HaBaHTaKeHb HA OPKT; - BU3HAaYEHH IIOTOKIB MacHy rasy i CUI0BOTO BILJIUBY PO3PiIKEHNXK
CTPYMUHHUX IIOTOKIB BiJl ABUT'YHHUX YCTAHOBOK Ha MTOBEPXHi KOCMiYHUX anaparis (KA). 3 nux nutaHs 6ynu
OTpUMaHi HacTyNHi pe3yabTaTu: — gociaimkeHo AJIX PH npu Han3ByKOBOMY OOTiKaHHi 17151 PiI3HMX YMOB KE€pPYBaHHS
[IOJILOTOM; — PO3PO0JIEHO HOBUI aJITOPUTM MapLIOBOTO PO3PaxXyHKy HaI3BYKOBOro 00TikaHHs PH 3 po3outTam
PO3PaxyHKOBOI 06J1aCTi Ha [IeKijbKa Mif, 06J1aCTel; — pO3P00JIEHO AITOPUTMIYHI METOIA MOJIE/IIOBAHHS PyXy
MapuoBux cryneHiB PH s BupileHHs 3a7a4i onTUMabHOTro BUBeeHHs1 PH B yMoBax Zilounx 30ypeHs; —
BUKOHAHO Moau@ikallilo KOMIIJIEKCHOI MaTeMaTU4HOi Mofiesti pobotu cuctemu PIIMT nyis nBo- i
OJHOKOMIIOHEHTHUX BUJB T1aJI1MBa Ta IIPOBENEHO MOCIIIKEHHS [J15 XapaKTEPHUX €KCIUIyaTaliiHUX PEKUMIB
pobotu PIIMT Ha «3esieHOMY» NajuBi; — 106yI0BaHO YMCJIOBUI aJITOPUTM CTAaTUCTUYHOTO MOJIETIOBAHHS
aepoTEpPMOra3oJMHaMi4HMX ITPOLECIB [1JI ONEPATUBHOTO IIPOrHO3YBAHHS BIUIMBY NPOAYKTIB 3ropsHHA PIMT Ha
(dyHKUioHaBHI By3/1 KA B opbiTaspHUX yMOBax. OTpUMaHi pe3yibTaTh PO60TU OyAyTh BUKOPUCTAHI B PAKETHO-

KOCMiuHiN ranysi.

Pedepar aHI1iliChKOIO:

The object of the research - advanced rocket and space technology objects (ORST). The aim of the work - to
determine the influence of aerothermo-gasdynamic and dynamic processes on the operation of advanced ORST to
predict acting loads. The research methods - computational fluid dynamics methods, hydraulics, and dynamics.
Numerical simulation of thermogasdynamic and hydraulic processes in ORST systems was performed with regard
to: determination of aerothermo-gasdynamic parameters arising during the operation of ORST and their
subsystems, and the influence of control systems and rotation of launch vehicles (LV) on their thermal and
aerodynamic characteristics (ADC); determination of dynamic loads acting on ORST and their components taking
into account disturbances on the active trajectory phase; influence of hydraulic and thermogasdynamic processes
in low-thrust reaction control engine (LTRCE) systems on dynamic load parameters acting on ORST;
determination of gas mass flow rates and force effects of rarefied exhaust plumes from propulsion systems on
spacecraft (SC) surfaces. The following results were obtained: aerodynamic characteristics of LV under supersonic
flow were studied for various flight control conditions; a marching algorithm for supersonic flow calculations
around LV with division of the computational domain into subdomains was developed; algorithmic methods for
modeling the motion of LV main stages were developed to solve the problem of optimal LV insertion under



disturbances; the comprehensive mathematical model of LTRCE system operation for bi- and monopropellant
fuels was modified and studied for typical operating modes using “green” propellants; a numerical algorithm for
statistical modeling of aerothermo-gasdynamic processes was developed for rapid prediction of the impact of
LTRCE combustion products on SC functional units under orbital conditions. The results will be used in the rocket
and space industry.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII yKpaiHCBKOIO: MeTo/y ONEPaTUBHOTO YMCENBHOTO MOZIEIOBAHHS 4€POTEPMOra30AMHaMIYHIX

MIpoLieCiB IpU HAA3BYKOBOMY OOTiIKaHHI PaKeT 3a Pi3HUX CIIOCO0iB KEPYBaHHS MTOJIbOTOM

Ha3zpa HTII aHrsi#icbKo010: Methods of rapid numerical modeling of aerothermo-gasdynamic processes

during supersonic flow around rockets under various flight control methods
HTII, sixy nepen6a4asiocss CTBOPHTH: CTBOPEHO

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:

OTpHMaHi P€3yJbTaTH: MeToau, Teopii, rinoresu

l'asy3p 3aCTOCYBaHHS: PakeTHO-KOCMiYHa TeXHiKa

PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Meroau onepaTnBHOTO 41CeIbHOTO MOJIETIOBAHHS AEPOTEPMOTa30MHAMIYHKX MTPOIIECIB TPU
HaJ3BYKOBOMY OOTiKaHHI pakKeT 3a Pi3HUX CIIOCO0iB KepyBaHHSI II0JILOTOM 6a3yI0ThCSl HA HACTYITHUX MOAN(IKOBAaHUX
PO3PaxyHKOBUX METOAAX OOYMCIIIOBAIbHOI ra30AMHAMIKY, TiIpaBiliky i TUHAMIKU: aITOPUTMAaX MapuIIOBOTO
po3paxyHKy AJIX pakeT, KOMILJIEKCHill MaTeMaTH4Hiil Mogesii po60TH CUCTEMU JIBUT'YHIB MaJIOi TSITH,
CTaTMCTUYHOMY MOJIEJIIOBaHHI aepora3oiMHaMiuHUX [1apaMEeTPiB 3 BUKOPUCTAHHSIM METOY IPOOHUX YACTUHOK, Ta
METOAY AMHAMIYHOTO ITPOrpaMyBaHHs PyXy MapllIOBUX CTYIIE€HIB pakeT-HOCIiB. lle 103BoJisie CKOPOTUTU Yac
IIPOEKTYBaHHS Ta BUOOPY PalliOHaJbHUX TEXHIYHUX [IapaMeTPiB IEePCIEeKTUBHUX 00'€KTiB pAKETHO-KOCMIYHO]

TeXHiKU.

ComniannbHO-eKOHOMIYHA cripsimoBaHicTh HTII: [onimuenHs ctany HABKOJMIIHBOTO CEPEOBUILA,
ExoHoMist eHepropecypcis, [Hme (ITinBuineHHS KOHKYPEHTOCIIPOMOKHOCTI 3pa3kiB OPKT BiTYM3HSHOrO
BUPOOHULITBA, 3pOCTaHHS eKOHOMiIYHOTO edeKkTy Bif 3amyckiB OPKT)

Brnyins HTII Ha moBKiJjs:
BnposaaskenHss HTII: Bnposamkeno
ITpakTuyHa peasnisaniss HTTI
IToyaToK eTamy:
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Cno>kuBavi mpoAyKuii: [IT1 Kb Iisnense
HepcneKTPlBHi PHHKH: [linnpuemcTsa KOCMIYHOI ramysi kpain €C Ta CBiTy
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHUI 00CAT iHBECTHILiH, THC. TPH.:
IIpaBa, 0 HaAAIOTHCS iHBECTOPY MiCJIsA 3aBEPLIEHHSI POOOTH:
HasaBHicTb 6i3Hec-ILJIaHY:
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