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1. Incepraist Ha 306YTTSI HAYKOBOTO CTyIEHS JoKTOpa ¢inocodii 3a cneuianbhicTio 136 Metanypris (13 -
MexaHiuHa iHxXeHepis). — Pi3suKO-TEeXHOIOTIYHUI iIHCTUTYT MeTasiB Ta crnaBiB HAH Ykpainu, Kuis, 2026.
Juceprauis NpucBsYeHa JOCiIKEeHHIO TPOLeCiB OTPMMAaHHS BUJIMBKIB 3 )KapOMIIJHUX CILJIABiB 1114 JeTajen
BiATOBiaJIbHOTO [IPU3HAYEHHS, 30KPEMA [J1s1 JIONATOK ra3oTyp6iHHux nsuryHis (I'TI), Ta 6araTopakTopHin
onTUMizalii BUpOGHNYOr0 NUKJILY OflepKaHHS CKJIaTHO-TIPOQINIbHUX IeTanel ra3oTypOiHHUX IBUTYHIB (JIOTIATOK
['T/]) 3 BUKOpMCTaHHSIM aBTOMaTM30BaHOTO KEPYBAaHHS Ta MOHITOPUHTY [1apaMeTPiB IJIaBJIEHHS 1151 3HYDKEHHS
OpaKy BUpPOOiB Ta EKOHOMIi €JIeKTpOeHeprii Ha OCHOBI IPOrPaMHOi CUCTEMU BIACHOI PO3POOKHU. ICHYI04i TEXHOJIOTI]
JIATTS AeTaje ra30TypOiHHUX IBUTYHIB 3 )KapPOMIL[HMX CIIJIABiB 3 MOJIIKPUCTAJIIYHOIO CTPYKTYPOIO HA TEEepillHii

4yac He JO3BOJISIIOTh OTPUMYBATH TEPMOCTIVKICTD i TpUBaly MiLJHICTb 3TiAHO 3 IOCTIHO 3pOCTaI0YNMU BUMOTaMU



Cy4aCHOTO PUHKY €HepreTUKM Ta ranysi 3arajsiom. Ciif 3a3HaUnTH, 10 B TAKUX €JIEMEHTAX, SIK pOOOYi JI0NaTK1
TypOiHU ra30Typ6iHHOrO IBUTYHA, AUHAMIYHE HaBaHTA)KEHHS 3[IiICHIOETHCS B3JOBX OCi IeTaseil. 3HauHO MeHIa
IJIOIIMHA [IOIIEPEYHUX IPAHNULIb B CIJIaBaxX 3 OPi€HTOBAHOIO CTPYKTYPOIO 3MEHIIYE BipOTiHICTh YTBOPEHHS
JIOKAJIbHUX Je(EeKTIiB B IPOLECi IOB3y4YOCTi, a MifBUILIEHA [IJIACTUYHICTb [OJIETLIyE PesIaKCcallilo HallPy>KeHb B
marepiai. Y x0[ii IOCIIiI>KeHHs! BCTAaHOBJIEHO, 1[0 MiBUIIEHHS IIBUIKOCTI KpUCTai3alii BUIMBKiB Big 5 1o 10

MM /XB CIIpUsi€ NMOJPiOHEHHIO JeHIPUTHOI CTPYKTypU. OJIHOYACHO CIIOCTepiraeThbCst 30i/IbIIeHHS 00’'€MHOI 4acTK1
3MilHIOI0UOI iHTepMeTanifHOoI 00-¢$a3y, 3MEHIIEHHs PO3MipiB ii YaCTHHOK i cepegHbOro MONEPEYHOTO MepePi3y
OCTPiBLiB 0/ /00-€BTEKTUKY, & TAKOXK 3POCTAHHS KiJIbKOCTI IUCIEPCHUX Kap6iniB Tuny MC y MiKIE€HIPUTHUX
npocTopax. BcraHoBIEHO, 10 GOPMYBaHHS PETyJIIPHOI CIIPSIMOBAHOI CTPYKTYPH 3a6€31e4yeThes 3a INBUAKOCTI
nepemineHHs PpoHTy KpucTaizauii B Mexxax 5-10 MM /xB. Pe3ysbTaT BUIpOOyBaHb 3pa3KiB-CBiJIKiB Ha
KOPOTKOYAaCHY Ta TPUBAJIy MiLlHICTb MiCJIs1 TEPMiYHOI 06POOKH BifIIOBIIHO 10 CTaHAAPTHUX METOJMK 3aCBifunIn
BiATIOBiHICTh MEXaHIYHUX BIACTUBOCTEN BUMOTaM TEXHIYHOI JOKyMeHTalii Ha BUPi6. 3 METOIO LOCIiIKEHHS
BIJINBY TEXHOJIOTIYHUX ITapaMETPIB i IPOLECiB CIPSIMOBAHOI KpUCTali3alii Ha CTPYKTYPY KapOMIILIHOTO CILJIABY SIK
MoOJeJIbHUN MaTtepias 6ys10 oo6paHo crtaB CM88. Llell criaB MUPOKO BUKOPUCTOBYETHCS 7151 BATOTOBJIEHHS
IeTasiell BillloOBiJaJIbHOTO MPU3HAYEHHS, 30KPEMa pOOOUHNX JIONATOK ra30TypOiHHUX [IBUTYHIB II€PLIOTO Ta APYroro
CTYIIEHIB. 3 METOIO BCTAHOBJIEHHS BIVIMBY TEXHOJIOTIYHUX NTaPaMETPIB Ta MIPOLIECIB CIPIMOBAHOI KpUCTai3alii Ha
CTPYKTYPHI XapakTepuCTUKHU criaBy CM88 nmpoBenieHa cepis eKClIepUMEHTIB. [171aBKy 1 3a/IMBaHHS [IPOBOLWIIN B
BakyyMHil nevi YBHK-8II, ockinbky B Hill peasizoBaHO IPOLEC KpUCcTasisanii i3 BUKOPUCTaHHSAM PiIKOMETAJIEBOTO
oxosiomxyBayda (LMC), 3 BapiloBaHHSIM IIBUIKOCTI KPUCTAMi3alii BUIMBKIB Ha 2-X PiBHAX: 5 Ta 10 MM /XB.
Temneparypa 3asuBaHHs MeTasny ctaHoBusa 1550-1570 °C. JlokasbHi 3Ha4€HHS NapaMeTpiB IIPoLieCcy CIIPSIMOBaHOI
KpHUCTai3allii IPOTIrom IJIaBOK PO3Pax0OBYBAJINACS 3a PO3IOJiIOM TEMIIEPATYPH B 00’€éMi BUTIMBKA, sIKa
BUMIpIOBasIaCch €KCIIEPMMEHTAJIBHO B ITSITH TOUKAX B3JJOBXK OCi, 3a JONIOMOTOI0 BoJibpaM-peHieBux Tepmonap (BP
5/20, niametp enexrpozis 0,30 Mmm). [locimkeHHsI MaKpOCTPYKTYPH LOCJIiIHUX 3pa3KiB, OTpPUMAaHUX B pe3yJIbTaTi
IIPOBEJIEHHS eKCIIEPEMEHTY 10Ka3alo, 1110 32 0OpaHuX ONTUMaJIbHUX TapaMeTpiB KpucTalidalii GopMyeTbCst
peryjsipHa IeHAPUTHA CTPYKTYpa IO BCill JOBXNHI BUPOOY, BKJIIOYAI0UU [IePEXiiHY IisSHKY. [Ipu BisyaspHOMY
OIJIS1i 30BHILIHBOI Ta BHYTPIIHBOI IOBEPXHi BUJIMBKIB 3 )KapPOMILIHOTO CIIJIaBY i MeTanorpadivHuxX JOCIiIKEHHSIX
He BUSIBJIEHO MiKpOTIOp, 3aCMideHb, PAKOBUH, HEMETANiYHUX BKIIOUeHb. OCKiIbKY 361/1bII€HHS IBUAKOCTI
KpHUCTai3alii Tarae 3a co601o 3HaYHe MiBUILEHHS PiBHS JIiKBallii €JIEMEHTIB y CIJIaBi, B CTPYKTYPi CIIOCTEPIraeThcs
II0sIBa BEJIMKUX 06J1aCTell €BTEeKTUYHOI BUCOKOTEMIIEpATypHOi 00 €BT.- (pa3u. O6'eMHa yacTKa ii, BU3Ha4YeHa 3a
IOTIOMOTOI0 CTaTUCTUYHOI MeTanorpadii rmo 10 nossam 3opy cknana 2-4% npu VKp.=5MM /xB i 6-8%, nipu Vkp.=10
MM /xB. KislbKicTh BTOPMHHOI AUCIIEPCHOI 00 - (pazy, JI0Kani30BaHOi B MDKAEHAPUTHUX IPOCTOPaX IOMITHO
3MEHIWIACS NIPU NifBUILIEHH] MBUIKOCTI KpUcTasisalii. Bona nogpi6HIoeThbes, 306epiraiouu NepeBakHO Gopmy,
67113bKy 10 chepryHOi, 3MiHI0I04M po3mipu Bif 04-06 Mkm 10 02-03 MKM. B pamkax qoCIliIpKeHHS po3p0o06JIeHO
MPOTOTHUII IPOrPAMHOTO 3abe3nedeHHs. 1Ioro Meta — aBTOMAaTU3yBaTH €KCIIEPUMEHTH 3 KOHTPOJIEM HarpiBy Ta
KpHUcCTai3alii JonaTtok ra3oTyp6iHHux auUryHis (I'T]I) 3 pi3HOIO CTPYKTYPOIO (IIOJIIKPHUCTAIYHOIO, CIIPSIMOBAHOIO Ta
MOHOKPHCTaJIiyHOI0) B ycTaHoBLi YBHK-S8II. Lle 13 nonomarae onTuMisyBaT poLeC BUPOOHULITBA BUCOKOSIKICHUX
BUJIMBKIB i3 >KapOMIIJHUX CIJIaBiB, IPU3HAYEHUX 715 BiJIIOBiJAJIbHUX JI€TaJel Yepe3 aTOMAaTU30BaHE KEPyBaHHS Ta
MOHITOPUHT IIapaMeTpiB TeXHOJIOriYHOro npouecy. OTpuMaHi B IIpoleci poboTu pe3yabTaTu TEOPETUYHUX i
€KCIIEPMMEHTAJIBHUX JIOCIIiI)KEHb MOXXYTb OyTU BIIPOBAIKEHI HA BiTUM3HSHUX MiJITPUEMCTBAX ra3oTypoo0y1iBHOI
rajysi 3 METOIO ONTUMi3allii BUTpAaT eHepropecypcis Ta MaTepiasiB, HEOOXiAHUX 1151 OTPUMAHHS KiHI[€BOTO
IIPOJYKTY.

2. Dissertation for the degree of Doctor of Philosophy in the specialty 136 Metallurgy (13 - Mechanical
Engineering). - Institute of Physics and Technology of Metals and Alloys of the National Academy of Sciences of
Ukraine, Kyiv, 2026. The dissertation is devoted to the study of the processes of obtaining castings from heat-
resistant alloys for parts of critical purpose, in particular for blades of gas turbine engines (GTD), and multifactor
optimization of the production cycle of obtaining complex-profile parts of gas turbine engines (GTD blades) using
automated control and monitoring of melting parameters to reduce product defects and save electricity based on
a software system of our own development. Existing technologies for casting parts of gas turbine engines from



heat-resistant alloys with a polycrystalline structure currently do not allow obtaining heat resistance and long-
term strength in accordance with the constantly growing requirements of the modern energy market and the
industry as a whole. It should be noted that in such elements as the working blades of a gas turbine engine,
dynamic loading is carried out along the axis of the parts. A significantly smaller plane of transverse boundaries in
alloys with an oriented structure reduces the likelihood of the formation of local defects during creep, and
increased plasticity facilitates the relaxation of stresses in the material. During the study, it was found that
increasing the crystallization rate of castings from 5 to 10 mm/min contributes to the grinding of the dendritic
structure. At the same time, an increase in the volume fraction of the strengthening intermetallic oo-phase is
observed, a decrease in the size of its particles and the average cross-section of the o/ /oo-eutectic islands, as well as
an increase in the number of dispersed carbides of the MC type in the interdendritic spaces. It was established
that the formation of a regular directional structure is ensured at a speed of movement of the crystallization front
within 5-10 mm/min. The results of tests of the reference samples for short-term and long-term strength after
heat treatment according to standard methods confirmed the compliance of the mechanical properties with the
requirements of the technical documentation for the product. In order to study the influence of technological
parameters and directed crystallization processes on the structure of the heat-resistant alloy, the SM88 alloy was
chosen as a model material. This alloy is widely used for the manufacture of critical parts, in particular, the
working blades of first and second stage gas turbine engines. In order to establish the influence of technological
parameters and directed crystallization processes on the structural characteristics of the SM88 alloy, a series of
experiments were conducted. Melting and pouring were carried out in a vacuum furnace UVNK-8P, since it
implemented the crystallization process using a liquid metal cooler (LMC), with varying the crystallization rate of
castings at 2 levels: 5 and 10 mm/min. The pouring temperature of the metal was 1550-1570 °C. Local values of the
parameters of the directional crystallization process during the melts were calculated from the temperature
distribution in the volume of the casting, which was measured experimentally at five points along the axis, using
tungsten-rhenium thermocouples (BP 5/20, electrode diameter 0.30 mm). The study of the macrostructure of the
experimental samples obtained as a result of the experiment showed that with the selected optimal crystallization
parameters, a regular dendritic structure is formed along the entire length of the product, including the transition
section. During visual inspection of the outer and inner surfaces of castings from a heat-resistant alloy and
metallographic studies, no micropores, blockages, shells, non-metallic inclusions were detected. Since an increase
in the crystallization rate entails a significant increase in the level of liquation of elements in the alloy, the
appearance of large areas of the eutectic high-temperature oo eut.-phase is observed in the structure. Its volume
fraction, determined by statistical metallography in 10 fields of view, was 2-4% at Vkr.=5mm /min and 6-8% at
Vkr.=10mm/min. The amount of secondary dispersed oo - phase localized in interdendritic spaces decreased
significantly with increasing crystallization rate. It is crushed, retaining mainly a shape close to spherical, changing
its size from 04-06 microns to 02-03 microns. As part of the study, a software prototype was developed. The
results of theoretical and experimental research obtained in the process of work can be implemented at domestic
enterprises in the gas turbine industry in order to optimize the consumption of energy resources and materials
necessary to obtain the final product.
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2. Yuliia H. Kvasnytska

KBasigikamis: n. 1. 1., unen-kop. HAH Ykpainu, 05.02.01
ImenTudikarop ORCID ID: 0000-0003-3790-2035
JoparkoBa indpopmamuist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: Di3nKO-TEXHONOTIYHMI IHCTUTYT METAJIIB Ta CIUIABIB

HanjonasnpHoi akagemii Hayk YKkpainu

Kopg 3a €IPIIOY: 05417153

MicueSHaxo,q)KeHHﬂ: oysbBap Akanemika BepHaacokoro, Kuis, 03142, Ykpaina
dopma ByracHoCTI:

Cdepa ynpaBiriHHS: HaujoHnanbHa akazemis HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odimiiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I10o-6aTbKOBI:

1. AMmMHCHKUY Muxaiio MuxamnjaioBuy

2. Mykhailo M. Yamshynskyi
KBasigikamis: n. 1. u., npodecop, 05.16.04
I,ILeHTI/I(l)iKaTOP ORCID ID: 0000-0002-2293-2939

JoparkoBa iHdpopmanist: https://www.scopus.com/authid /detail.uri?authorld=6508061815



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3Haxoa KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBumie Im's I1o-6aTbKOBI:
1. Haymuk Banepiii BraguneHoBud

2. Valeriy V. Naumyk

KBasigikanis: n. 1. u., npodecop, 05.16.04

Inentudikarop ORCID ID: 0000-0002-0657-4510

HoparkoBa iHdopMmamist: https://www.webofscience.com/wos /author /record /HTL-4035-2023
IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0C00H: HanionanbHuii yHiBepcuTeT "3anopisbka nosiTexHika"
Kopg 3a €IPIIOY: 02070849

Micuesnaxo;pKeHHﬂ: ByJI. JKyKOBCBKOTO, 3anopi>xxks, 3anopisbkui1 p-H., 69063, Ykpaina

dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Penensentu

BiacHe IIpizBuie Im'sa ITo-6aThKOBI:
1. Cxopobaratbko HOmis INerpiBHa

2. Yuliia P. Skorobahatko

KBasmigikanis: . . 1., c.a., 05.16.04
InenTudgikarop ORCID ID: 0000-0002-1724-9895
HoparkoBa iHpopmamwist: Scopus ID: 58265326400

IloBHe HaliMEeHYBaHHSI IOPUAHUYHOI 0COOH: Di3nKO-TEXHONOTIYHMI IHCTUTYT METAJIIB Ta CIUIABIB

HanjonanbpHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 05417153

Micue3HaxoaKeHHS: OysbBap Akanemika BepHancokoro, Kuis, 03142, Ykpaina
dopma ByTacHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:



1. HypagunoB A6au CaiiiaxmMaTOBAY

2. Abdy S. Nuradynov

KBasmigikanis: g.1.1., c.H.c., 05.16.02

Inentudikarop ORCID ID: 0000-0002-7286-8648

HoparkoBa iHpopMmamist: https://www.scopus.com /authid /detail.uri?authorld=6506359680

IloBHe HaliMEeHYBaHHSI IOPUAHUYHOI 0COOH: Di3nuKO-TEXHONOTYHMI IHCTUTYT METAIIB Ta CIUIABIB

HanjionanbpHoi akagemii Hayk Ykpainu

Kopg, 3a €IPIIOY: 05417153

Micue3HaxoaKeHHS: OysbBap Akanemika Bepnapcokoro, Kuis, 03142, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YkpaiHu

Inentudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZOMOCTi

Biacue IpizBume Im's I1o-6aThKOBI Bepxosmiok Anarosniti Muxainosuy
rOJIOBH pagu

Biacue IpizBume Im's I10-6aTbKOBI Ksacuumpka FOrist I'eorpriisaa
TOJIOBYIOYOTO Ha 3acCiiaHHi

BiamoBigabHUH 32 MiZITOTOBKY Hora Bonopumup Onekcanaposuy
00JIiKOBUX JOKYMEHTIB

Peecrpa'rop [Opuenko TersiHa AHaTosiiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peeCTpallilo HAayKOBOi IOpuenko TeTsna AHatosiiBHA

OisSIIBHOCTI




