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Pedepar:

1. Y puceprauiiiHiii po60Ti po3p0671€HO KOMIIEKCHY MAaTEMATUYHY Ta KOMITIOTEPHY MOJEJb Ta30MHAMIYHUX i
TEIJIOMacOOOMiHHUX IIPOLECIB Y ABUTYHI 3 IIEHTPaIbHUM TiJIOM IE€PCIEeKTUBHOI aBTO(MaKHOI pakeTu. AKTyayIbHICTh
IOCJIiI)KEHHS] 0OYMOBJIIOETbCSI PO3BUTKOM TEXHOJIOTii CTBOPEHHS aBTOQaKHUX PakeT, 110 IoTpebye po3pobKu
MoJiesieN Ta METOJIMK PO3PaxyHKy ra30JMHaMIYHUX i TENJI00OMIHHMX IIPOLIECIB B iXHiX JBUTYHAX HOBOTO TUILY.
MeTto1o po60TH € nifBuIneHHs ePeKTUBHOCTI aBTOMaKHOTO IBUTYHA LIIJISIXOM CTBOPEHHS JOCTOBIPHO]
MaTeMaTU4HOi Ta YUCeIbHOI MOieJli B3AEMOIIOB'I3aHUX XiMiYHUX, Ta30MHAMIUYHUX i TennoQi3uYHUX ITPOIECiB, KA
Ila€ 3MOT'y IPOTHO3YyBaTH NNApaMETPU IOTOKY Ta TEIJIOBI HABAaHTAXKEHHSI 33 Pi3HUX KOMOiHALli/l TOJIIMEPHOTO
MJIbHOTO i TBEPAOTO OKUCIIIOBAYa. JIJIs1 HOCATHEHHS Liiei METY BUKOHAHO KPUTUYHUM OTJIsL], JIiTEPATypH,

cpopMyIbOBAHO PiBHSIHHS TEIJIOMAacOOOMIiHY 3 ypaxyBaHHsM rasudikanii nanusa, po3pobiaeHo Tpusumipny CFD-



MoOJeJb Tedii B KaMepi 3ropaHHA 1 corti JIaBasid Ta IpOBENEHO CEPII0 YUCEIbHUX €KCIIEPUMEHTIB i3 I1ePEeBipKOIo
30DKHOCTI. Briepiie oTpuMaHO CUCTeMAaTU30BaHi [1aHi I[0/I0 BIIJIMBY TeOMETPii BHYTPIIIHBOT'O LIEHTPAJIbHOTO Tija -
rasu@ikaTopa Ha CTPYKTYPY KiJIbLIeBOTO NIOTOKY, PEXXMMU TEIIJIO00MiHY Ta CTabisIbHICTh FOpPiHHS. 3a3HaY€HO
MOXJIMBI KpUTepii BUOOPY MaTepiany ra3udikaTopa i CXxeMu M0ro OX0JIOIPKEHHS, SIKi BDaxOBYIOTb MAaKCUMMAaJIbHi
TEIIOBi IOTOKM Ha MOTo MoBepXHi. Ha 0CHOBI TEpMOIMHAMIYHMX PO3PAXYHKIB BUSHAYEHO PIBHOBAXKHUI CKJIa,
IIPOAYKTiB 3TOPSIHHS IJIs1 HU3KU MePCIEKTUBHUX KOMIIO3ULIiN «I1ajJIbHE — OKMCJIIOBAY», @ TAKOX OLIHEHO
Ters10(isnyHi NapaMeTpy IPOYKTiB 3rOPSIHHS Ta €eHEPreTUYHi BaacTusocTi. Pesynprat CFD-MopenoBaHHs
HiATBEPAKEHO aHAJI30M €HepreTUYHUX 6aaHCiB, CITKOBOIO 30DKHICTIO Ta CIiBCTABJIEHHSIM i3 HE3aIeXKHUMU
aHaJIITUYHUMU PO3B’sI3KaMu. 3allpONIOHOBAHA MOJIEJIb € YHIBEPCAJIbHOIO 11 MOXKE BUKOPUCTOBYBATUCS IJIs1
onTUMizallii IepCIeKTUBUHMX KOHCTPYKLiN aBTOPaXHUX paKkeT. [JoCTOBipHICTh OTPMMAaHUX PE3yJIbTaTiB
3a0€e31e4yeTbCsl BUKOPUCTAHHIM KJIACUYHUX (i3MKO-MATEMATUYHUX MOJEJIEN TENJIO00MiHY Ta CTUCIUBOI
razoiHaMmiKy, mo fo6pe arnpoboBaHi y MPaKkTULli iKeHepHOTO MOJiet0BaHHS. TOYHICTh 064K CIIEHb
KOHTPOJIIOBAJIACs IIJISIXOM CiTKOBOI 301KHOCTI Ta IepeBipKy eHepreTHYHUX 6aiaHCiB. Y3roKeHiCTh pe3yJbTaTiB i3
BiZJOMMMU TEOPETUYHUMMU NOJIOKEHHSIMU Ta OIy6JIIKOBAaHMMU AOCIIIPKEHHSIMU iHIIKMX aBTOPIiB TAaKOX MiJTBEPIKY€E
HaIilHICTb 3p06JIEHNX BUCHOBKIB. [IpakTU4YHe 3HaU€HHS OJlepKaHUX pe3yJbTaTiB MOJISIrae B TOMY, Blieplie
po3pobiieHa MaTeMaTUYHa Ta [eTali30BaHa KOMIT'IOTepHA MOZeJIb [iJIs BU3HAYEeHHS TePMOTa30IMHAMIYHNX
IIPOLIECiB B KAMEPi 3TOPsIHHS JBUIYHA HOBOT'O TUILY, SIKUI BUKOPUCTOBY€E aBTOQaXHUI npuHLuI. lle Mae Bennke
[IPAKTUYHE 3HAYE€HH$, OCKIJIbBKY O3BOJISIE€ OLiHUTH PalliOHaJIbHI KOHCTPYKTUBHI [IapaMETPU [1JI1s1 BHYTPIIIHBOTO Tijla
- rasudikaniriHoi Kamepu, KOMIIOHEHTIB aJIMBa Ta KOHCTPYKLii coria. Pe3ysipTaTi AUCepTaliliHOro JOCTiIKEeHHS

MOXXYTb OYTU BIIPOBAIPKEHUMH B paMKaX ITPOEKTIB 3 pO3pOOKU NPOTOTUIIIB pakeT 3 aBTOPAKHUMU IBUTYHAMU.

2. In the dissertation, a comprehensive mathematical and computational model of gas-dynamic and heat-and-mass
transfer processes in an engine with a central body of a prospective autophagic rocket was developed. The
relevance of the study is driven by the advancement of autophagic rocket technology, which necessitates the
development of models and calculation methods for gas-dynamic and heat transfer processes in their new type of
engines. The aim of the work is to increase the efficiency of an autophagic engine by developing a reliable
mathematical and computational model of interrelated chemical, gas-dynamic, and thermophysical processes,
which makes it possible to predict flow parameters and thermal loads for different combinations of polymer fuel
and solid oxidizer. To achieve this objective, a critical review of the literature was conducted, equations of heat-
and-mass transfer were formulated with regard to fuel gasification, a three-dimensional CFD model of flow in the
combustion chamber and Laval nozzle was developed, and a series of numerical experiments was conducted with
convergence verification. For the first time, systematized data were obtained on the influence of the geometry of
the internal central body - the gasifier - on the structure of the annular flow, heat transfer conditions, and
combustion stability. Possible criteria for selecting the gasifier material and its cooling scheme were outlined,
taking into account the maximum heat fluxes on its surface. Based on thermodynamic calculations, the equilibrium
composition of combustion products was determined for a number of promising "fuel-oxidizer" combinations, and
the thermophysical parameters of combustion products and their energetic properties were evaluated. The CFD
modeling results were confirmed by analysis of energy balances, mesh convergence, and comparison with
independent analytical solutions. The proposed model is universal and can be used to optimize the design of
prospective autophagic rockets. The reliability of the obtained results is ensured by the use of classical physico-
mathematical models of heat transfer and compressible gas dynamics, which are well proven in engineering
modeling practice. The accuracy of the calculations was controlled by mesh convergence and verification of
energy balances. The consistency of the results with known theoretical principles and published research by other
authors also confirms the reliability of the conclusions made. The practical significance of the obtained results lies
in the fact that, for the first time, a mathematical and detailed computational model was developed to determine
thermogasdynamic processes in the combustion chamber of a new-type engine that uses the autophagic principle.
This has significant practical value, as it allows the assessment of rational structural parameters for the internal
body - the gasification chamber, fuel components, and nozzle design. The results of the dissertation research can
be implemented within the framework of projects aimed at developing prototypes of rockets with autophagic



engines.
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IIpiopuTeTHHI HanpsIM PO3BUTKY HayKH i TEXHIKH: OyHnamMeHTasbHi HAYKOBI TOCIIIPKEHHS 3 HANGIbII
Ba)KJIMBUX NPO6JIEM PO3BUTKY HAaYKOBO-TEXHIYHOT0, COLiaJIbHO-€KOHOMIYHOTO, CyCIiIbHO-TIOJIITUYHOTO,
JIIOJICbKOTO NIOTEHLjay 1715l 3a0e3le4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHu y CBiTi Ta CTaJIOr0 PO3BUTKY

CYCIIiJIbCTBA i Jep>kaBu

CrpareriyHuii NpiopUTETHUH HaNIPSIM iHHOBALLiHHOI Ais1JIbHOCTI: OCBOCHHS HOBMX TEXHOJIOTIiA
BUCOKOTEXHOJIOTIYHOTO PO3BUTKY TPAHCIIOPTHOI CUCTEMU, PAKETHO-KOCMIUHO] rasysi, aBia- i cyqHOOYyAyBaHHS,

036pO€EHHS Ta BilICbKOBOI TEXHIK1
ITizcyMKH AOCIiAKEHHS: HoBe BUpIlEHHS aKTyaJbHOTO HAyKOBOTO 3aBIaHHs

ITy6stikamii:

¢ 1. Yemets, M., Yemets, V., Harkness, P., Dron, M., Worrall, K., Pashkov, A., Yemets, T., Kostrytsyn, O. and
Zhuravel, P. (2018). Caseless throttleable solid motor for small spacecraft, Proceedings of the International
Astronautical Congress, IAC 2018. URL: https: / /iafastro.directory/iac /paper/id /48017 /summary/ (Scopus)

e 2. Yemets, V., Dron, M., Dreus, A., Pashkov, A. and Yemets, M., 2021. Heat Flows in the Gasification Chamber of
the Polymer Propelled Autophage Launch Vehicle, Proceedings of the International Astronautical Congress,
IAC 2021. URL: https: / /iafastro.directory/iac/paper/id /65404 /summary/ (Scopus)

¢ 3. Dreus, A., Yemets, V., Dron, M., Yemets, M., & Golubek, A. (2022). A simulation of the thermal environment
of a plastic body of a new type of launch vehicle at the atmospheric phase of the trajectory. Aircraft
Engineering and Aerospace Technology, 94(4), 505-514. DOI: 10.1108 /AEAT-04-2021-0100 (Scopus, Q3)

¢ 4. Dreus, A., Yemets, M., Dron, M., Khaminich, O., Rudominskyi, M. (2024). CFD Analysis of Gas-Dynamic and
Heat Transfer Processes in a Propulsion System using Polymer Fuel, Journal of Advanced Research in
Numerical Heat Transfer, 21(1), 14-25. DOI: 10.37934 /arnht.21.1.1425 (Scopus, Q3)

¢ 5. Muxaiino €menp, Mukosa [Ipons. Development of a meth-od to predetermine g-load for autophage rocket.
AKTyasnpHi Tpo61eMU MeXaHiKU CYLiJbHOTO CepeloBuILa i MilIHOCTI KOHC-TpyKLiil/ Te3u nonosigeit Jpyroi
MiXKHapOJIHOI HAyKOBO-TeXHIUYHOI KOHepeHLii nam’siTi akagemika B.I. Moccaxkoscbkoro. [Ixinpo: 2019. C. 334-
335.

¢ 6. Emerp, M., XakHec, I1., Emenp, B., lpons, M. [IBUTYHHi yC-TaHOBKM 3i CITaJINMUMU NaJMBHUMU 0060JIOHKaMU
IJ1s1 MAJIMX CYITyTHUKIB. KocMivHi TexXHOJIOTII: TenepimHe Ta maiibyTHe / Te-3u nonosinen 7i Mi>KHaApPOLHOI
koHPepeHuii. 2019 C. 50-51.

e 7. €Menp, M., [lpons M., Emenrp B. Autophage solid quasi sin-gle-stage-to-low-orbit launch vehicle with pulse
engine and con-stant g-loading. XXVII MixkuapogHa HayKOBO-IIpaKTU4Ha KOH-(epeHLis «JIroaunHa i Kocmoc».
Huinpo 15-17 kBiTHs 2020.
https:/ /conferences.unaec.dp.ua/uploads/source /spacehuman /arhiv /sbornik2020.pdf

¢ 8. Yemets, V., Dron, M., Pashkov, A, Dreus, A., Kositsyna, Y., Yemets, M., Dubovy k, L., Kostritsyn, O. and
Zhuravel, P., 2020. Method to preset G-load profile of launch vehicles, Pro-ceedings of the International
Astronautical Congress, IAC 2020. https:/ /iafastro.directory/iac /paper /id /59847 /abstract-pdf /IAC-
20,D2,4,12,x59847.brief.pdf?2020-07-07.11:52:46

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILiS: TeXHOIOr]; METOAY, TEOPii, rinoTesy; aHaITHYHI MaTepianu
ConiasibHO-€KOHOMIYHA CIPSIMOBAHICTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBagykeHHS pe3yJIbTaTiB AUCEPTalii: BiposamkeHo



3B'S130K 3 HAYKOBHMH TeMaMH: 0120U102254, 0121U109770

VI. BizoMocTi mpo HayKOBOr0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)
BaacHe IlpizBume Im's I1o-6aThKOBI:

1. Ipeyc Augpin IOmitoBuy

2. Andrii Y. Dreus

KBasigikamis: n. 1. u., npodecop, 05.15.09

InenTudikarop ORCID ID: 0000-0003-0598-9287

JoparkoBa iHdpopmamnist:

;https: / /www.scopus.com /authid /detail.uri?authorld=56447086500;https: / /www.webofscience.com /wos /auth
or/record /H-2229-2016;
https://scholar.google.com.ua/citations?hl=uk&user=8ECTchcAAAAJ&view_op=list_works&sortby=pubdate

IloBHe HaiMEeHYBaHHSI OPHUAHUYHOI OCOOH: [IHINPOBCHKMII HALIOHAIBHUIA YHiBepCUTET imMeHi Onecs

l'oHyapa

Kopg 3a €IPIIOY: 02066747

Micue3HaxoaKeHHs: npocnekt Hayku, 6y, 72, IHinpo, JIHinpoBcbkuii p-H., 49045, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

VII. BigomocTi npo odinifiHHX ONIOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OIOHEHTH

Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. Ilepuesunt Bitaninn OsekcangpoBud

2. Vitaliy A. Pertsevoi

KBasigikamis: . 1. 1., 05.14.06

Inentudikarop ORCID ID: 0000-0002-4322-7921

JoparkoBa iHpopmamist: https://www.scopus.com/authid /detail.uri?authorld=57209976311;
https://scholar.google.com.ua/citations?hl=uk&user=MDN4wr4AAAAJ

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: [HCTUTYT reoTexHidHOi MexaHiku im. M. C. [TosskoBa

HanionansHoI akamemii Hayk YKpainu

Kopg 3a €IPIIOY: 05411357

Micue3HaxoaKeHHS: sy/. Cimpepomnonbebka, 6y, 2-a, JIHinpo, JHIMmpoBchkuil p-H., 49005, Vkpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujoHanbHa akaziemist Hayk YKpaiHu

InenTudikarop ROR:



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. KBama [Opiit OnekcangpoBuy
2. Yurii O. Kvasha

KBasigikanis: n.1.u., c.a.c., 01.02.05
ImenTudikarop ORCID ID: 0000-0002-5910-0407

JoparkoBa iHpopmamist: https://www.scopus.com /authid /detail.uri?authorld=6506775829;
https://scholar.google.com.ua/citations?hl=ru&user=q4ef6 YEAAAAJ

IloBHE HaliIMeHYBaHHS IOPUAHUYHOL 0COOH: [HCTUTYT TexHIYHOI MexaHiku HanioHanbHOi akagemii Hayk

Ykpainu i [lep>kKaBHOrO KOCMIYHOI'O areHTCTBa YKpaiHu

Kopg 3a €IPIIOY: 05539962

Micue3Haxoa>KeHHSI: By Jlemko-Tlonens, 6ya. 15, uinpo, JIHinpoBcbkuii p-H., 49005, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujoHasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I[1o-6aTbKOBI:
1. Bpazanyk [Onig BonogumupisHa

2. Yuliia V. Brazaluk
KBasigikanis: k. ¢.-m. u., gouenr, 01.02.05
InenTudikarop ORCID ID: He 3acrocosyerbes

JoaparkoBa iHpopMauist: ;;https://www.scopus.com/authid /detail.urizauthorld=57203937880;
https:/ /scholar.google.com/citations?hl=en&user=foO2hLEAAAAJ&view_op=list_works&sortby=pubdate

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0OH: J[HINMPOBCHKMIl HalliOHAIbHKI yHiBEpCUTeT imeni Osecs

l'oxnuapa

Kopg 3a €IPIIOY: 02066747

Micue3Haxoa KeHHS: NpOCIeKT Hayku, 6yz. 72, IHinpo, JIHinpoBcbkui p-H., 49045, Ykpaina
dopma BiracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

BiacHe IlpizBuie Im'sa ITo-6aTbKOBI:
1. T'y6in Onexkcanap Iroposud

2. Oleksandr I. Hubin

KBasigikamis: . . u., gou., 01.05.02

InenTudikarop ORCID ID: He 3acrocosyetses



JoparkoBa iHpopmawist: ;https://www.scopus.com/authid/detail.uri?authorld=57221805196;
https:/ /scholar.google.com.ua/citations?hl=ru&user=20XJltcAAAAJ&view_op=list_works&sortby=pubdate

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [IHINPOBCHKMII HALIOHAIBHUIA YHiBEpCUTeET imMeHi Onecs

l'oHyapa

Kog, 3a €IPIIOY: 02066747

Micue3Haxoa KeHHS: npocnekt Hayku, 6y1. 72, [IHinpo, JHImpoBchKuil p-H., 49045, VkpaiHa

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIr04Hi BiZoMOCTi
BiiacHe IIpizBuie Im'sa I1o-6aTbKOBI
TOJIOBH pajgu

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI
rOJIOBYIOYOroO Ha 3acigaHHi
BignoBigasibHUI 3a MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peecTpallilo HayKOBOi

OisIIBHOCTI

Hasunos Cepriit OsekcangpoBUY

Hasupos Cepriit OsieKCaHapoBUY

XopaneH Terana BosogumupiBHa

VKpIHTEI

FOpuenko TersiHa AHaToJiiBHA



