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1. Incepranifina po60Ta IPUCBIYEHA JOCTIIKEHHIO XapaKTePUCTUK BUCOKOTEMIIEPATYPHOI MilIHOCTI JIONATOK
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JIOMATOK TypOiH IPU CTaTUYHUX Ta JUHAMIYHMX HAaBaHTAXKEHHSX 3 YpPaxyBaHHSIM aHi30TPOIHUX BIaCTUBOCTEN
MOHOKPHUCTaJTIYHUX CIJIaBiB. METO0 TOCIiKEeHHS € PO3P00Ka TEOPETUYHUX Ta €KCIIEPUMEHTANbHUX MiIXO/iB 10
BM3HAUEHHS XapaKTePUCTUK BUCOKOTEMIIEpAaTypHOI MilIHOCTI JIONIATOK TypOiH B yMOBax CTaTUYHOTO Ta
IVHAMIYHOTO HaBaHTAKEHHS, SIKi BpaXOBYIOTb OCOOJIMBOCTI CKJIaIHOTO 06'€MHO-HAIPY>KEHOT'0 CTaHy JIONATOK,
HaBaHTaXKEHHS Y MICUAX KOHLEHTPaLl HalPy>KeHb Ta aHI30TPOIIi0 MIPYKHUX Ta IHIIUX MEXaHIYHUX BIACTUBOCTEN
HiKeJIeBUX >KapOMIIJHUX CIIaBiB. Y BCTYII HaBeleHO OOIPYHTYBaHHS BUOOPY TEMU JUCEePTaLlifHOTO AOCIiIKEeHHS,
HaJaHa iHpopMalisi Ipo NpegMeT Ta 00'eKT JOCiIKEHHS, METOAM NOCiIKEHHS], a TAKOXK 3a3Ha4€HO HAayKOBY
HOBU3HY [IPEICTABJIEHOI PO60TU. MiCTITBCS BiIOMOCTI IIPO anpo6alliio Ta BIPOBAIKEHHS PE3YJIbTATiB, & TAKOX PO
BHECOK 37100yBaya B OIIy0JIiIKOBaHMX HAYKOBHUX Ipalsx. Y repuiomy poszisi 6y0 BUKOHAHO OIJISLL HAyKOBO-
TeXHIYHUX JKepesl iHdpopmallii, 110 CTOCYIOTbCSI Cy4aCHUX IiAXOJIiB 10 OLIIHKY BUCOKOTEMIIEPATyPHOI MiLlHOCTI
JIonaTok Typ6iH. OGI'PYHTOBAHO OCOOJIMBOCTI MAaTEMAaTUYHOTO MOZEJIIOBAHHS aHI30TPOMii >KapOMILIHUX CILJIaBiB Ta ii
BIUIMB Ha XapaKTePUCTUKU MILIHOCTI JI0onaTok Typ6iH. [IpoBeseHa cucremarusalis indopmalii npo cyyacHi ta
dyHIaMeHTabHi LOCIiI>)KeHHs! y 06J1acTi IIOB3y4YOCTi, JOBrOTPUBAJIOi Ta BTOMHOI MilIHOCTI HiKeJieBUX
MOHOKPHUCTaJIIYHUX KapOMILIHUX CIIJIaBiB. B Ipyromy po3mnisi JOC/IiIKEHO BIUIUB aHi30TPOIIil IPY>KHUX
BJIACTMBOCTE MOHOKPHMCTAJIIB Ha BJIACHI 4aCTOTHU Ta (POPMU KOJIMBaHb JIonaTok Typ6in I'TIl. Po3pobseHo Ta
OIMCAaHO METOJ, BUSHAYEHHS IPY)KHUX XapaKTEPUCTHUK MOHOKPHUCTAJIB JJIs1 Pi3HUX TeMIIEpaTyp. 3alIpONIOHOBAHO
METO[, PO3PaxXyHKy IIPYKHUX IIOJATIMBOCTEN >KapOMILIHUX MOHOKPUCTAJIIYHUX CIIABiB 3 METOIO OL[iHKYU 3MiHU
BJIACHUX 4aCTOT KOJIMBAHb JIONATOK TypOiH NpY MOBOPOTi KpUCTANIOrpadidyHUX CUCTEM HAIMPSIMKiB MOHOKPHUCTAJIIB.
[TpoBeneHo MomanbpHUI aHai3 onaTKy TypbiHu. Bukonana no6ynosa giarpam Kemnb6essa, BU3Ha4eHi OCHOBHI
He6e3MevHi TapMOHIKY 30y/I>KyI0UMX CUJI Ta HaBe[leHO IIPUKJIIA], BiICTPOIOBAaHHS Bifl HeO€3[IeYHMX PE30HAHCHUX
(opM Ta 4yacTOT KOJIMBaHb Jonarku. O6IpyHTOBAHO Npolec Bepudikalii po3paxyHKOBOI JUCKPETHOI MaTEMATUYHO]
Mogeni sjonatku. TpeTiil po3Ain NpUCBIYEHO MPOLIECY MOJEJIIOBAHHS CTal[ioHAPHOI NOB3YyYOCTi JIONATOK TypOiHU
['TI. Po3pobyiieHa MaTeMaTHYHa MOJI€JIb TIOB3y4YOCTi MOHOKPHUCTAJIIYHOTO CIJIABY, & TAKOK METOJ, PO3PaxyHKY
KOHCTaHT ITOB3y4OCTi Ha CTalliOHapHil cTazii. Y 4eTBepTOMY PO3/iJi OIIMCAHO METOJ, OLIiHKY BILJIMBY aHi30TPOITHUX
BJIACTMBOCTEY MOHOKPHUCTAJIYHUX KapOMILJHMX CIJIaBiB HA JOBTOBIUHICTb JIONATOK ra30BUX TypOiH. 3a JOIOMOrOI0
PO3pO06JIEHOrO METOLY, HAa OCHOBI IIPOBEJIEHOTO MOZEJI0BAaHHS PO3Moiny napamerpa Jlapcona-Minnepa,
IIPOBEJIEHO YMCEJIbHUI eKCIIePUMEHT 3 BUBHAUEHHSI Yacy JO PyMHYBaHHS JIONATKU Typ6iHu 11 pisHux KI'O
MOHOKpHcTasy. [Ts9Tuil po3ais NPUCBIYEHO YMCEIbHO-E€KCIIEPUMEHTAIbHOMY JIOCTIiIKEHHIO BUCOKOTEMIIEPATYPHO]
6araToLMKI0BOi BTOMHOI MilJHOCTi MOHOKPUCTaJIiYHUX JIONATOK TypOiHU. Y BUCHOBKAX MiIBOASITHCS MiICYMKH,
HAJaHO OIKC OCHOBHUX 33/1a4 HAyKOBO-TIPUKJIAHOTO XapaKTepy, o 6yyiy BUPIlIeHi B IIPOLeCi TpOBeIeHHsI
nociinkeHHs. HaykoBa HOBU3HA AucepTalii: Biepie po3po61eHo MeTo, MO II0BaHHS BIIJIMBY 3MiHU OpieHTallii
KpUCTalorpadiyHux HANpSIMKiB Ha BJIACHI 4YaCTOTY KOJIMBaHb TYPOIHHMX JIONATOK 3 MOHOKPHUCTAJIIYHUX CIIJIABiB.
Briepine npoBenieHo Bepu@ikaliiio pe3ysbTaTiB MOJAIbHOTO aHali3y MIJITXOM €KCIIEpUMEHTAIbHOTO JOCIIiIKeHHSI
IeplIoi Ta Apyroi 4aCTOT PE30HAHCHUX KOJIMBAHb OXOJIO/KYBaHOI JIONIATKY TYpOiHM BUCOKOTO TUCKY aBialiliHOTO
IBUT'YHA. Briepiue poBeieHO €KCIIEPMMEHTaJIbHI JOCIiIPKEHHSI BTOMHOI MilJHOCTi MOHOKPHUCTaJiYHUX JIONATOK
ra3oBoi Typ6iHM TPU BUCOKOTEMIIEPATYPHOMY 6araToLMKJIOBOMY HaBaHTaX€HHI. Briepie no6ynoBaHo
MaTeMaTU4Hy MOJieJib aHi30TPOIIHOI TOB3Y40CTi MOHOKPUCTAJIIB 3 Ky6iUHOIO CUMETPIEIO Ta POLenypy
ineHTHdikauii MaTepialbHUX KOHCTAHT I10B3y4OCTi. Briepiie CTBOpeHO YMCebHO-aHAITUYHUN METO, O0YMCIIEHHS
IOBrOTPUBAJIOL MIITHOCTI MOHOKPUCTAJIIYHUX JIONATOK TypPOiHY, SIKi 3HAXOIATHCS Mi HABAHTAKEHHSIM Bif,
BiILIEHTPOBUX CUJI. 32 PE3YyJIbTaTaMU JOCIIIKEHHS, aKTOM BIIPOBAII)KEHHS Ha minnpuemcTsi [I1 «IB4eHKO-
[Tporpec» (M. 3anoOpixcKs), MiATBEPIKEHO IPAKTUYHY Ta TEOPETUYHY L[iHHICTh pO3p006IeHUX METO/iB, HAlaHO
IIPaKTHUYHi peKoMeHAalii oA0 3aCTOCYBaHHS PO3PO6IEHUX METOIB Ta PO3IJISHYTO IEPCIEKTUBY iX [10JabIIOTO

PO3BHUTKY.

2. The dissertation is devoted to the study of high-temperature strength characteristics of gas turbine engine
turbine blades under static and dynamic loading. Object of research is the process of development of elastic
deformation and creep in operating modes of turbine blades made of single-crystal nickel heat-resistant alloys.
The subject of research is the characteristics of high-temperature strength of turbine blades under static and
dynamic loading with consideration of anisotropic properties of single-crystal alloys. The purpose of the



dissertation is to develop theoretical and experimental approaches to determining the characteristics of high-
temperature strength of turbine blades under static and dynamic loading, taking into account the peculiarities of
the complex volume-stressed state of the blades, loading in places of stress concentration and anisotropy of
elastic and other mechanical properties of nickel heat-resistant alloys. The introduction provides the rationale for
choosing the topic of the dissertation, provides information on the subject and object of the investigation, research
methods, and indicates the scientific novelty of the presented work. There is information about the approbation
and implementation of the results, as well as the applicant's contribution to published scientific works. In the first
chapter, a review of scientific and technical sources of information related to modern approaches to assessing the
high-temperature strength of turbine blades was performed. The peculiarities of mathematical modeling of the
anisotropy of heat-resistant alloys and its influence on the strength characteristics of turbine blades are
substantiated. The information on modern and fundamental research in the field of creep, long-term and fatigue
strength of nickel single-crystal heat-resistant alloys is systematized. In the second chapter, the influence of the
anisotropy of the elastic properties of single crystals on the natural frequencies and vibration modes of GTD
turbine blades is investigated. A method for determining the elastic characteristics of single crystals for different
temperatures is developed and described. A method for calculating the elastic properties of heat-resistant single-
crystal alloys is proposed to estimate changes in the natural frequencies of turbine blades vibrations when the
crystallographic systems of single-crystal directions are rotated. A modal analysis of the turbine blade was
performed. The construction of Campbell diagrams is performed, the main dangerous harmonics of the exciting
forces are determined, and an example of detuning from dangerous resonant modes and vibration frequencies of
the blade is given. The verification process of the calculated discrete mathematical model of the blade is
substantiated. The third chapter is devoted to the process of modeling the stationary creep of GTE turbine blades.
A mathematical model of single-crystal alloy creep is developed, as well as a method for calculating creep
constants at the stationary stage. The fourth chapter describes a method for assessing the influence of the
anisotropic properties of single-crystal heat-resistant alloys on the durability of gas turbine blades. Using the
developed method, based on the modeling of the distribution of the Larson-Miller parameter, a numerical
experiment was conducted to determine the time to turbine blade failure for different single-crystal CGOs. The
fifth section is devoted to the numerical and experimental study of the high-temperature multi-cycle fatigue
strength of single-crystal turbine blades. The conclusions summarize the results, describe the main scientific tasks
that were solved in the course of the study. Scientific novelty of the thesis: For the first time, a method for
modeling the effect of changing the orientation of crystallographic directions on the natural vibration frequencies
of turbine blades made of single-crystal alloys has been developed. For the first time, the results of the modal
analysis were verified by experimental study of the first and second frequencies of resonant vibrations of a cooled
blade of a high-pressure turbine of an aircraft engine. For the first time, experimental studies of the fatigue
strength of single-crystal gas turbine blades under high-temperature multi-cycle loading were carried out. For the
first time, a mathematical model of anisotropic creep of single crystals with cubic symmetry and a procedure for
identifying material creep constants were constructed. For the first time, a numerical-analytical method for
calculating the long-term strength of single-crystal turbine blades under centrifugal force loading was developed.
The results of research confirm, with an act of implementation at “Ivchenko-Progress” SE, Zaporizhzhia, the
practical and theoretical value of the developed methods, provide practical recommendations on the application of
the developed methods and consider the prospects for their further improvement.
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XapaKTEePUCTUK MOHOKPUCTAJIIUHUX TYPOIHHUX JIONIATOK ra30TypPOiHHUX ABUTYHIB HA iX OBrOTPUBAILY
MilHicTb. XXIX MDKHapogHUI KOHTpeC IBUTYHOOYiBHUKIB: Te3u monosigeil. Xapkis: HAKY «XAl». 2024. C. 44-
45.

HaykoBa (HayKOBO-Te€XHiYHa) MPOAYKILISI: meToau, TEOPi, rinoresu
ComniasibHO-eKOHOMIYHA CIIPSIMOBaHiCTh:

OxopoHHi gokymeHTH Ha OIIIB:

BrnipoBaakeHHs pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'SI30K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHUKIB (KOHCYJIbTAaHTA)
Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. JIeBOB I'eHHafilt IBaHOBUY

2. Gennadiy Lvov

KBasigikanis: 1. 1. u., npodecop, 05.02.09

InenTudikarop ORCHID ID: 0000-0003-0297-9227

JoparkoBa iHpopmanist: https://www.scopus.com/authid /detail.uri?authorld=57198893601;
https://scholar.google.com.ua/citations?user=larx§PMAAAAJ&hl=en

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBEpCUTET "XapKiBChKUii

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micuesﬂaxo,rm(eHHﬂ: ByJ1. Kupninyoga, 6yz. 2, XapkiB, XapKiBcbkuil p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu



InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETCHKUI

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Top6a IOpiit IBaHoBUY

2. Yuriy Torba

KBasmigikamis: . 1. 1., 05.05.03
Imentudikarop ORCHID ID: 0000-0001-8470-9049
HoparkoBa iHpopmawist: https:/ /www.scopus.com /authid /detail.uri?authorld=57216587297

IloBHe HaﬁMeHYBaHHﬂ IOPUIUYHOL 0CO0H: JlepkaBHe MiANPUEMCTBO "3anopisbke MaMHOGY iBHE

KOHCTpYKTOpChKe 610po "[Iporpec” imeHi akagemika O. I'. IBueHka

Kopg 3a €IPIIOY: 14312921

MicueBHaxo,ereHHﬂ: ByJI. [BaHOBa, 6y, 2, 3anopixoks, 3anopispkuii p-H., 69068, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: JepkaBHUI KOHLEPH "YKPOOOPOHIIPOM"

InenTudikarop ROR:

CeKTop HayKH: [any3eBuii

VII. BizomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTiB
OdiuiiiHi OIOHEHTH
BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. CmeTrankina Harasng BosogyumupisHa

2. Natalia V. Smetankina

KBasigikanis: n. 1. n., npodecop, 01.02.04

Imentudikarop ORCHID ID: 0000-0001-9528-3741

JoparkoBa iHpopmanist: https://www.scopus.com/authid /detail.uri?authorld=7801574244

IloBHe HaliIMeHYBaHHS IOPUAHYHOL OCOOH: [HCTUTYT eHepreTUYHUX MallvH i cuctem im. A. M. TTizropHoro

HanjionanpHoi akazemii Hayk Ykpainu

Kopg 3a €IPIIOY: 03534570

Micue3Haxoa>KeHHS: Bys. KomyHanbHukiB, 6y, 2/10, Xapkis, XapkiBcbkuii p-H., 61046, Ykpaina
dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiiHHS: Haujonanbna akaziemis HayK Ykpainu

InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1



Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Iepkau Ozer JleoHinoBuy
2. Oleh L. Derkach

KBasigikamis: k1.1, .., 05.02.09
InenTudikarop ORCHID ID: 0000-0002-6783-8516

JoparkoBa iHpopmawist: https://www.scopus.com /authid /detail.uri?authorld=57217115124;
https:/ /www.webofscience.com /wos /author /record /H-2074-2014

IloBHEe HaliIMeHYBaHHS IOPUAHYHOI 0COOH: [HCTUTYT Ipo6iem miHOCTi imeHi I, C. Tlucapenka

HaujonanbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417319

Micuesnaxo;perHﬂ: ByJI. CamoBo-boraniuHa, 2, Kuis, 01014, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujoHasnbHa akaziemis HayK YKpaiHu
Inentudikarop ROR:

CeKTop HayKH: AkaneMivHuit

PeuenseHTu

Bsacue IlpizBuuie Im's Ilo-6aThKOBI:
1. ®enopos Bikrop OnekcaHIpoBUY

2. Viktor Fedorov

KBasigikamis: . . 1., go., 05.02.09
InenTudirkarop ORCHID ID: 0000-0002-4814-6768

JoparkoBa iHpopmanist: https://www.scopus.com/authid /detail.uri?authorld=56495691400;
https:/ /scholar.google.com /citations?user=xozYUyIAAAAJ

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpCUTET "XapKiBChKUiA

MOJIITEXHIYHUN IHCTUTYT"

Kopg, 3a €IPIIOY: 02071180

MicueSHaxo,q)KeHHﬂ: ByJ1. Kupnuuoga, 6yz. 2, XapkiB, XapKiBcbKuil p-H., 61002, YkpaiHna
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEpPCUTETCHKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. 'pa6oBchbkuii AHnpiit BosoguMupoBud

2. Andrii Hrabovskyi

KBasigikanis: 1.1, c.h.c., 20.02.14



InenTudikarop ORCHID ID: 0000-0002-6116-0572

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupnuyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUI

VIII. 3aKkJIl04Hi BiZoMOCTi

ByacHe IlpizBuie Im's ITo-6aTbKOBI

TOJIOBH pagu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBigasibHUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

Peectparop

KepiBHuk Bigginy YKpIHTEI, mo €

BiZIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOIi

OisiIBHOCTI

Jlapin Onexkciit OneKCaHIPOBUY

Jlapin Onekciit OnekcaHgpoBUY

Hemanesxnn €sren OsekcannpoBud

VKpIHTEI

[Opuenko TersiHa AHaToJiiBHA



