O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI
Jep>kaBHHH 00J1iKOBHI HOMep: 0520U100022
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpamnii: 07-01-2020

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KatpeHko Muxaio OJsieKcaHIpOBUY

2. Katrenko Mikhaylo Oleksandrovych

KBasmigikamis: 05.05.03

InenTudikarop ORCHID ID: He sactocosyerbcs

Bup, pucepranii: nokrop Hayk

IIIudp HayKoOBOi cneniabHOCTI: 05.05.03

Ha3Ba HayKOBOIi CIeNiaIbHOCTI: [IBuryHu Ta eHepreTnyHi yCTaHOBKM
Tanysp / rajysi 3HaHb: He 3acTOCOByeThCS

OcBiTHBO-HayKOBa IMporpama 3i creniaJbHOCTI: He 3acTocoByeThCH
Jdara 3axmcTy: 13-12-2019

CrneniasbHICTh 3a OCBITOIO: ABiauiiini nBUryHu

Micue po6oTH 34,00yBayva: [IHinpoBChKMil HALiOHAIbHMIA YHiBepcUTeT iMeHi Onecs [oHyapa
Kopg 3a €IPIIOY: 02066747

Micue3HaxoO KeHHS: npocrnekt arapina, 72, M. [IHinpo, JHIIponeTpoBChKUil p-H., JHIIponeTposchka 0671,
49010, Ykpaina

dopma BaacHOCTI:
Cdepa ynpaBriHHS: MiHicTepcTBO OCBITH | HayKK YKpaiHu
Imentudikarop ROR: He zacrocoyerbcs

CeKTop HayKH: He 3aCTOCOBYETHCS



I11. BizomMocTi mIpo aucepraiiiro
Iudp cnenianizoBaHoi BYU€HOI pagH (Pa30Boi cleliajai30BaHOi BYEHOI pazu). [1 08.051.15

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [IHINPOBCHKMIl HALIOHAIBHUIA YHiBepCcUTeT imMeHi Onecs
l'onuapa

Kopg 3a €IPIIOY: 02066747

Micqesﬂaxo,lpKeHHﬂ: npocrekt ['arapina, 72, m. [JHinpo, JJHinponeTpoBCbKUi p-H., [JHIIponeTpoBCchKa 0641,
49010, Ykpaina

dopma ByracHOCTI:
Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

IV. BimomocTi Ipo nmigznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0CO0H: J[HINMPOBCHKMIi HAlliOHAbHUI yHiBEpCUTET iMeHi Osecs

['oHuapa
Kopg 3a €IPIIOY: 02066747

Micue3Haxoa KeHHS: npocrekt larapina, 72, M. [IHinpo, JJHINponeTpoBChKUil p-H., JJHIIpOneTpoBchka 0671,
49010, Ykpaina

dopma BiracHoCTI:
Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayK1 YKpaiHu
InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

V. BizomocTi npo gucepramniio

MoBga guceprariii:

Koau TeMaTHYHHUX PYyOPHK: 55.42.49

Tema guceprauii:

1. HaykoBi OCHOBU IIPOEKTYBaHHS KOMOIHOBAaHMX PaKeTHUX ABUIYHIB i iX cuCTeM rocTayaHHs NajanuBa

2. Scientific bases of design of combined rocket engines and their fuel supply systems

Pedepar:

1. O6'eKT - KOMOIHOBaHI pakeTHi ABUTYHU 3 iHTEIPOBAHOIO B KaMePY 3rOPSHHS CUCTEMOIO gOCTayaHHs nanuBa. Meta
- PO3pO6Ka HAYKOBUX OCHOB IIPOEKTYBaHHSI KOMOIHOBaHMX PAKETHUX ABUTYHIB 3 iHTETPOBAHOIO CUCTEMOIO
[IOCTA4YaHHS NMAJIVBA B KAMEPY 3TOPSIHHSA 3 IOPUCTUMHU €JIEMEHTaMU, TOCIIIIPKEHHSI OCHOBHUX 3aKOHOMiPHOCTEN
BHYTPILIHbOKAMEPHUX IIPOLIECIB 110 MTPOTIKAIOTh, BU3HAYEHHS MEXaHi3MiB BIUIMBY HA HUX, 30KPEMA IVIABHUM,

IIINOOKUM APOCENMIOBAHHAM, TTOITYKY HIJISIXiB I'Ii,U,BI/IH.leHHH ix TATHU, ILaJIbHOCTi BUKOPUCTAaHHSA anapaTiB, 3MEHIIEHHA



BapTOCTi BUKOPUCTAHHS anapary, 3a JOIIOMOT0l0 METO/iB MaTEMAaTUYHOTO ¥ (i3MYHOr0 MOJIEIIOBaHHS, 3AaCHOBAHI
Ha QyHIaMeHTaJIbHUX 3aKOHAX IilpoMexaHiku, Teopii MofibHOCTI Ta NaHyBaHHS Qi3UYHOTO eKCIIEPUMEHTY, 3
BHUKOPHCTaHHSIM 3arajibHOIPUMHITUX METO/iB 00POOKM pe3ysbTaTiB BUMIPIB, IOPIBHSJIBHOIO aHAJIi3y pe3ysbTaTiB
MaTeMaTU4YHOIO MOJEIOBAHHS 3 Pe3yJIbTaTaMU HATYPHUX €KCIIEPUMEHTIB i JOCJIiIpKEeHb KOMOIHOBAaHMX PaK€THUX
IBUTYHIB i arperaTiB CMCTEM [TIOCTaYaHHS KOMIIOHEHTIB NanrBa. HaykoBa HOBM3HA, Ta HANICYTTEBIII PE3YIbTATH.
Brniepiie copmysiboBaHa Ta BUpilleHa pobsiemMa [0 CTBOPEHHIO HAyKOBUX OCHOB ITPOEKTYBaHHS KOMOIHOBaHOTO
PaKEeTHOrO ABUTYHA 3 IHTEIPOBAHOIO B KaMepy 3rOPSHHS CUCTEMOIO ITIOCTa4YaHHsI KOMIIOHEHTIB I1aJIMBa Ha OCHOBI
MIOPUCTUX KiJlelb, 3 MOXJIMBICTIO MJIABHOTO IIIMOOKOTO IPOCEJIIOBAHHS M0 Ts3i, K €IMHOI (PYHKIiOHANBHOI
CTpyKTypu. Po3pobiieHi cxemu i MeToq, IpocesioBaHHs paKeTHOI CTyIleHi KOMOiHOBaHOTO PaKeTHOTO [IBUTYHA, SIKi
IO3BOJIIOTH 3/iICHIOBATH IIMOOKe, IJIaBHE IPOCEJIIOBAHHS 110 Ts13i. BCTaHOBIEHO BIIJIMB IOPUCTOCTI IOPUCTUX
KiJIellb Y CKJIaZli Hacocy, Ha IIMOMHY OPOCEIOBAHHS KAMEPU 3TOPSIHHS [IBUTYHA, TA BEJIMUYMHY 30HU 3PUBY
rocravyaHHs. JIoBeI€HO OOLiIbHICTD BUKOPHUCTAHHS NTAPAMETPY CTIMKOCTI IJ1s1 OL[iHKM CTiMKOIO IOCTa4YaHHS
KOMIIOHEHTIB [TJINBa B KAMEPY 3 IPOTUTUCKOM CHCTEMOIO II0OCTAa4YaHHS, SIKa iHTErpOBaHa B KAMEPY 3TOPSHHS
KOMOIHOBaHOT'O PaKeTHOrO ABUTYHA, CHOPMYJIbOBAHMI HOT0 QiznyHMi 3MiCT. BUBHaY€HO MeXi IOBHOTO
BUIIAPOBYBAHHS BOJY Y BUCOKOIIBUIKICHAX. BUCOKOTEMIIEPATYPHUX ITOTOKAX, & TAKO>K BCTAHOBJIEHA 3aJI€3KHICTB,
110 [103BOJIS€ BU3HAYUTH ii pallioHaJIbHY BUTPATy, B KOMOIHOBaHMX PaKeTHUX IBUTYHIB IJIs allapaTiB BOGHOTO
BHUKOpHUCTaHHs. EKcliepuMeHTaNbHO BU3HAYeHi MiHiMasIbHi 3HaueHHs abCOIOTHOI IIBUIKOCTI i Iepenany
CTaTUYHOTO THUCKY Ia30BOTO [IOTOKY /1J11 YMOB [TIOBHOT'O BUIIAPOBYBAaHHSI PiIMHY B HbOMY. Briepiie oTpumadi
XapaKTEePUCTUKY Tipopearyodnx pifuHHYX i TBEPANX [1aJIUB B 3aJI€5KHOCTI Bif KoedillieHTa CIiBBiZHOLIEHHS
KOMIIOHEHTIB [IaJIMBa, SKi CTBOPIOIOTh HAYKOBO-TEXHIYHY OCHOBY IIPOEKTYBaHHS KOMOIHOBaHUX paKeTHUX JABUTYHIB
3 IHTEIpPOBaHOIO B KaMepy 3rOPSIHHSI CUCTEMOIO [TIOCTa4aHHsI KOMIIOHEHTIB NannBa. EKcriepruMeHTaIbHO
BCTAHOBJIEHO 3B'130K BiOpalliil KOpIycy TypOOHACOCHOTO arperary i myJybcalliil TUCKY Ha BUXO[Ii 3 pOO0YMX KOJIiC
CUCTEMU NOCTAYaHHS KOMIIOHEHTIB ajnBa 3 JIOIIATKOBOIO YaCTOTOIO Ta il rapMoHikamu. JJoBeeHo, 1110
BUKOPUCTAHHS B POOOYUX KOJIeCcaxX HACOCiB Ha BUXO/Ii MOPUCTUX Kijlellb, IPU3BOAUTH N10 3HDKEHHS Bibparit
KOpIIyCy i IyJibCalliil TUCKY. BUKOpHUCTaHHS IOPUCTUX €JIEMEHTIB Y pafliajIbHUX AUHAMIYHUX YILIJIbHEHHAX
TYpOOHACOCHHUX arperaris IOCTa4aHHsI KOMIIOHEHTIB [1aJIMBa JJO3BOJISIE TIOBHICTIO YCYHYTH BUTIKAQHHS PiJHU Ha
PO3PaxyHKOBOMY PeKUMi. BUKOpUCTaHHS IOPUCTUX €JIEMEHTIB Ha niepudepii HacociB cucTeM rocTayaHHs
KOMIIOHEHTIB TayinBa A03Bosnio nigsumuty KK i Hamip HacociB. OTprMaHi 3aJ1e5KHOCTI MaCcy OCHOBHUX
€JIEMEHTIB KOMOIHOBaHUX PAKeTHUX JIBUTYHIB 3 iHTETPOBAHOIO B KaMEPY 3rOPSIHHSI CUCTEMOIO TIOCTAYaHHS
KOMIIOHEHTIB [TaJINBA Bifl CXEMU ABUTYHA aKTUBHOTO CTYIIE€HS, TUCKY B KaMepi 3TOPSIHHS i OTO TATH, 110 J03BOJISIE
Ha eTalli €CKi3HOTO IIPOEKTYBAHHS YTOYHUTH i IPUCKOPUTH IIPOLEC Y3rOJKEHHS [TapaMeTPiB JITaJbHOTO anapary i
IBUTYHA. MaTepianu guceprauii BUKopucrati Ha nignpueMmcrsax: AT "MOTOP CIY" - pe3ysbTaTi JOCTiIKEHb
MIOPUCTUX TH WIITKOBUX yiisibHeHb. TOB "OH-CTENT” - KOHCTPYKIis BUTIApOByBaya PinuHu, Ta y460BOMY MPOLIECi
JIHIIpOBCBHKOTO HalliOHAJILHOTO yHiBepcUTeTy, imeHi Osecs ['onvapa. ['any3i BUKOpUCTaHHS - aBialjiliHa Ta paKeTHO-

KOCMiYHa TEXHiKa,TeNJI0eHepreTuKa.

2. The object - Combined rocket engines with integrated in the combustion chamber fuel supply system. The
purpose is to develop the scientific bases for the design of combined rocket engines with an integrated in the
combustion chamber a fuel supply system with porous elements, to study the basic laws of the intracellular
processes occurring, to determine the mechanisms of influence on them, including smooth, deep throttling,
finding ways to increase their thrust, reducing the cost of using the apparatus, using mathematical and physical
modeling methods, based on the fundamental laws of hydromechanics and the theory of similarity and physical
planning of the experiment, using conventional methods of processing the results of measurements, comparative
analysis of results of mathematical modeling results of field experiments and research combined rocket engines
and components supply units of fuel. Scientific novelty, and the most significant results. For the first time, the
problem of creating the scientific basis for the design of a combined rocket engine with integrated into the
combustion chamber of a system of supply of fuel components based on porous rings, with the possibility of
smooth deep throttling along the thrust, as a single functional structure, was formulated and solved. Schemes and
method of throttling of a rocket stage of the combined rocket engine which will allow to carry out deep, smooth



throttling on draft are developed. The effect of porosity of the porous rings in the composition of the pump, the
depth of throttling of he combustion chamber of the engine, and the magnitude of the supply breakdown zone
were etermined. The expediency of using the stability parameter for the estimation of the steady supply of fuel
components in the chamber with the backpressure of the supply system, which is integrated into the combustion
chamber of the combined rocket engines, formulated its physical content. The limits of complete evaporation of
water in high-speed, high-temperature streams are determined, as well as the dependence that allows to
determine its rational consumption in combined rocket motors for water use apparatus. The minimum values of
absolute velocity and static gas pressure drop for the conditions of complete evaporation of the liquid in it have
been experimentally determined. For the first time, the characteristics of hydro-responsive liquid and solid fuels
were obtained, depending on the ratio of the fuel components ratio, which create the scientific and technical basis
for the design of combined rocket engines with a fuel system integrated into the combustion chamber. The
vibrations of the turbine pump body vibration and pressure pulsations at the outlet of the impellers of the fuel
components delivery system with the blade frequency and its harmonics were experimentally established. It is
proved that the use of pumps at the outlet of the porous rings in the impellers of the pump leads to a decrease in
the vibrations of the housing and pressure pulsations. The use of porous elements in the radial dynamic seals of
the turbo pump units for the supply of fuel components makes it possible to completely eliminate the leakage of
the fluid in the calculation mode. The use of porous elements on the periphery of the pump components of the fuel
components supply systems has increased the efficiency and pressure of the pumps. The dependences of the mass
of the main elements of the combined rocket engines with integrated into the combustion chamber of the system
of supply of fuel components from the scheme of the active stage, the pressure in the combustion chamber and its
thrust, which allows to clarify and accelerate the process of harmonization of the parameters of the flying. The
materials of the dissertation were used at the enterprises: JSC "MOTOR SICH" - the result of studies of porous
brush seals, JSC "ON-STATE" - design of a liquid evaporator, and in the educational process of the Oles Honchar
Dnipro National University. The areas of use are aviation and space technology and thermal power.
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