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Pedepar:

1. Incepraniiina po60Ta IpUCBIYEHA JOCTIIKEHHIO XapaKTePUCTUK BUCOKOTEMIIEPATYyPHOI MillHOCTI JIONIATOK
TypO6iH ra3oTyp6iHHUX JBUTYHIB B yMOBaX CTaTUYHUX Ta AUHAMIYHUX HaBaHTaKeHb. O6'€KT JOCIIIPKEHHS — IIPOLEC
PO3BUTKY NPYXHUX JedopMaliiil Ta OB3y4OCTi B pOOOYMX PEKMMAX JIONATOK TypOiH 3 MOHOKPUCTATIYHUX
HiKeJIEBUX >KapOMILIHUX CILIaBiB. [IpegmMeT noCiIKeHHS — XapaKTePUCTHUKU BUCOKOTEMITEPATYPHOI MilTHOCTI
JIONATOK TypOiH MIPY CTATMYHUX Ta AMHAMIYHUX HABAaHTAKEHHSIX 3 YPaxyBaHHSIM aHi30TPOIHUX BJIACTUBOCTEN
MOHOKPHUCTAJIIYHUX CIJIaBiB. METOIO NOCTiIKEHHS € pO3POOKa TEOPETUYHUX Ta €KCIIEPUMEHTAJIbHUX IiAXO0iB 0

BM3HAYEHHS XapaKTePUCTUK BUCOKOTEMIIepaTypHOI MilIHOCTI JIONIATOK TypOiH B yMOBax CTaTUYHOTO Ta



IVHAMIYHOTO HaBaHTAKEHHS, SIKi BpaXOBYIOTb OCOOJIMBOCTI CKJIAIHOTO 06'€MHO-HAIPY>KEHOT0 CTaHy JIONATOK,
HaBaHTaXXEHHS Y MiCLIX KOHLEHTPallil HalpYy>XeHb Ta aHi30TPOIIiI0 MPYKHUX Ta iHIIMX MEXaHIYHUX BIACTUBOCTEN
HiKeJIeBUX >KapOMIIJHUX CIIaBiB. Y BCTYIIi HaBeI€HO OOI'PYHTYBaHHS BUOOPY TEMU JUCEPTaLifHOTO AOCiIKEHHS,
HazlaHa iHdopmallis Ipo NpeaMeT Ta 00'€KT JOCiIPKEHHSI, METOIY OCTIKEHHS], @ TAKOXK 3a3HAUY€HO HAyKOBY
HOBU3HY IIpeJICTaBI€HOi pO60TU. MiCTSATbCS BiJOMOCTI PO arpoballilo Ta BIPOBAIPKEHHSI Pe3yJIbTaTiB, a TAKOXK IIPO
BHECOK 37100yBaya B OI1y0JIiIkOBaHMX HAYKOBHUX Ipalsx. Y repuiomy pospisi 6yj10 BUKOHAHO OIJISLL, HAyKOBO-
TeXHIYHUX JKepeJl iHdpopmallii, 110 CTOCYIOTbCSI CY4aCHUX IiAXOIiB 10 OLIIHKY BUCOKOTEMIIEPATYPHOI MiLIHOCTI
J10naToK Typ6iH. OGIPyHTOBAHO OCOBIMBOCTI MATEMAaTUIHOTO MOZEJIIOBAHHS aHi30TPOIi >KapoMillHUX CI1yIaBiB Ta ii
BIJIMB Ha XapaKTe€PUCTUKU MillHOCTI JIONAaTOK Typ6iH. IIpoBeneHa cuctemaTusauis indopmauii npo cydacHi ta
dyHIaMeHTabHi LOCiI>)KeHHs y 06J1aCTi IOB3y4YOCTi, JOBrOTPUBAJIOi Ta BTOMHOI MilIHOCTI HiKeJIeBUX
MOHOKPHUCTaIIYHUX KapOMILIHUX CIIJIAaBiB. B Ipyromy po3misi JOCIiIKEeHO BIUIUB aHi30TPOIIil IPYy>KHUX
BJIACTUBOCTEM MOHOKPHMCTAJIiB Ha BJIACHI 4acTOTH Ta GOPMU KOJIMBaHb J0natok TypoiH ['T/l. Po3pobieHo Ta
OIMCAaHO METOJ, BUSHAYEHHS IPY)KHUX XapaKTEPUCTMK MOHOKPHUCTAJIB JJIs1 Pi3HUX TeMIIEpaTyp. 3alIPOIIOHOBAHO
METOJ, PO3PaxyHKy [IPYKHUX [IOAATINBOCTEN KapOMiLJHUX MOHOKPUCTAJIIYHUX CILJIaBiB 3 METOIO OL[iHKU 3MiHU
BJIACHUX YaCTOT KOJIMBAHb JIONATOK TypOiH NpY MOBOPOTi KpUCTANIOrpadidyHUX CUCTEM HAINPSIMKiB MOHOKPHUCTAJIIB.
[TpoBeneHo MomanbHUI aHai3 lonaTKy TypbiHu. BukoHana no6ynosa giarpam Kemmnbessna, BU3Ha4eHi OCHOBHI
Hebe3MeuHi TapMOHIKY 30y/I>KyI0UMX CUJI Ta HaBe[leHO IIPUKJIA], BiICTPOIOBAaHHS Bifl HEO€3[IeYHMX PE30HAHCHUX
(opM Ta YaCTOT KOJIMBaHb JonaTtku. O6IPyHTOBAHO Npolec Bepudikalii po3paxyHKOBOI JUCKPETHOI MaTEMATUYHO]
mMogei nonaTku. TpeTiit po3isn MPUCBIYEHO MPOLIECY MOAEIOBAHHS CTalliOHAPHOI IOB3y4YOCTi JIONATOK TypOiHU
I'TI. Po3pobyieHa MaTeMaTHYHa MOJI€JIb TIOB3yYOCTi MOHOKPHUCTAJIIYHOTO CILJIaBY, & TAKOXK METOJ, PO3PaxyHKY
KOHCTaHT ITOB3y4OCTi Ha CTalliOHapHil cTaziil. Y 4eTBepTOMY PO3/iJli OIMCAHO METOJ, OLIiHKU BILIMBY aHI30TPOITHUX
BJIACTMBOCTEN MOHOKPHUCTAIIYHUX >KapOMILJHMX CILJIaBiB Ha OBrOBIUHICTb JIONATOK ra30BUX TypOiH. 32 JOIIOMOIOI0
PO3pO6JIEHOr0 METOAY, Ha OCHOBI ITPOBEZIEHOTr0 MOIe/IIOBaHHS po3MNoAiny napamerpa Jlapcona-Misnepa,
IIPOBEJEHO YMCEJIbHUI €KCIIEPUMEHT 3 BUBHAUEHHS Yacy JO PyHHYBaHHS JIONATKU Typ6iHu 11 pisHux KI'O
MOHOKpHCcTaiy. [T9Tuil po3ais NPUCBSIYEHO YMCEIbHO-E€KCIIEPUMEHTAIbHOMY JOCTIiIKEHHIO BUCOKOTEMIIEPATYPHO]
6araToLMKJI0BOi BTOMHOI MilJHOCTi MOHOKPHUCTaJIiYHUX JIONIATOK TypOiHU. Y BUCHOBKAX MiBOASTHCS MiICYMKH,
HAaJaHO OIMC OCHOBHUX 33/1a4 HAyKOBO-TIPUKJIAIHOTO XapaKTepy, 1o OyJiM BUpIllleHi B IPOLeci IpoBeJeHHsI
nocuigxeHHs. HaykoBa HOBU3HA AucepTalii: Bepie po3po61eHo METO MOZEIOBAaHHS BIIJIMBY 3MiHU OpieHTalLi
KpucranorpadiyH1x HaIlpsIMKiB Ha BJIaCHI YaCTOTU KOJIMBaHb TYPOiHHMX JIONATOK 3 MOHOKPUCTAIIYHUX CILJIaBiB.
Briepie npoBenieHo Bepu@ikaliiio pe3ysbTaTiB MOJAIbHOTO aHali3y MIJITXOM €KCIIEpUMEHTAIbHOTO JOCIIiIKEHHSI
IeplIoi Ta APyroi 4aCTOT PE30HAHCHUX KOJIMBAHb OXOJIO/KYBaHOI JIONIATKY TYpOiHM BUCOKOTO TUCKY aBialliliHOTO
IBUTYHA. Briepiue NpoBeeHO €KCIIEPMMEHTAJIbHI JOCIiIPKEHHSI BTOMHOI MilJHOCTi MOHOKPHUCTaJIiYHUX JIONATOK
ra3oBoi Typ6iHU TPU BUCOKOTEMIIEPATYPHOMY 6araToLMKJIOBOMY HaBaHTaX€HHI. Briepie nobynoBaHo
MaTeMaTUYHy MOJieJIb aHi30TPOITHOI [10B3y40CTi MOHOKPUCTAJIIB 3 Ky6iYHOIO CUMETPI€l0 Ta poLenypy
ineHTHikaii MaTepiabHUX KOHCTAHT I10B3y4OCTi. Briepiie cTBOpeHO 4MCeIbHO-aHAITUYHUI METO, O0UNCIIEHHS
IOBrOTPUBAJIOL MiITHOCTi MOHOKPHUCTAJIIYHUX JIONIATOK TypPOiHY, SIKi 3HAXOIATHCS Mif HABAHTKEHHSIM Bif,
BiZILIEHTPOBUX CUJI. 32 pe3yJIbTaTaMU JOCIIIPKEHHS, aKTOM BIIPOBAIKEHHS Ha nianpueMcTsi [I1 «IBueHko-
[Tporpec» (M. 3anopixcKs), MiATBEPIKEHO IPAKTUYHY Ta TEOPETUYHY L[iHHICTb pO3p0O06JIEHUX METO/IB, HAAHO
[IPaKTUYHI peKoMeHAalii oA0 3aCTOCYBaHHS PO3POOIEHNUX METOIB Ta PO3IJISHYTO IEPCIEKTUBY iX I10JAJbIIOTO

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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HaykoBa (HayKOBO-TeXHiYHa) MPOAYKILis: MeTozy, Teopii, rinoresn
ConuiasibHO-€KOHOMIYHA CIIPSIMOBaHIiCTh:

OxopoHHi goKymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B'S130K 3 HAYKOBHMH TEMaMH:

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA/KEPiBHHUKIB (KOHCYJIbTAaHTA)
BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. JIeBOB I'eHHafil1 IBaHOBUY

2. Gennadiy Lvov

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

InenTudikarop ORCID ID: 0000-0003-0297-9227

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

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0CO0H: HanioHanbHUI TEXHIYHUI YHiBEpCUTET "XapKiBChKUiA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

MicuesnaxomerHﬂ: ByJ1. Kupnudosa, 6yz. 2, Xapkis, XapKiBcbkuil p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:



1. Top6a IOpiit IBaHoBUY

2. Yuriy Torba

KBasigikamis: . 1. 1., 05.05.03
InenTudikarop ORCID ID: 0000-0001-8470-9049
JoparkoBa iHpopmamist: https:/ /www.scopus.com /authid /detail.uri?authorld=57216587297

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

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

Kopg 3a €IPIIOY: 14312921

Micue3HaxoaKeHHS: ByJI. [BaHOBa, 6yZ. 2, 3anopixoks, 3anopispkuii p-H., 69068, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: Jep>kaBHUI KOHLEPH "YKPOOOPOHIIPOM"

InenTudikarop ROR:

VII. BimomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. CmeTtankina Haransg BonogumupisHa

2. Natalia V. Smetankina

KBasigikamis: 1. 1. n., npodecop, 01.02.04

InenTudikarop ORCID ID: 0000-0001-9528-3741

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

IloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOH: [HCTUTYT EHEPTETMYHNX MAIIKH i cucTeM im. A. M. TTigroporo

HaujonasnpHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534570

Micue3HaxoaKeHHS: Bys1. KomyHanbHuKiB, 6y, 2,/10, Xapkis, XapkiBcbkuii p-H., 61046, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: HauionasnbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Iepkau Ozer JleoninoBry
2. Oleh L. Derkach

KBasigikanis: k.1, c.z., 05.02.09
InenTudikarop ORCID ID: 0000-0002-6783-8516



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

IloBHe HaiMEeHYBaHHSI OPHUAHUYHOI OCOOH: [HCTUTYT TpO6IIEeM MilHOCTI imeHi . C. TTucapeHnka

HaujonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 05417319

Micuesnaxo,szeﬂml: ByJs1. CaloBo-boraHiuHa, 2, Kuis, 01014, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHSA: HauionasnbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

PeuenszeHnTu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. ®enopos Bikrop OnekcaHapoBUY

2. Viktor Fedorov

KBasigikamis: . . 1., go., 05.02.09
InenTudikarop ORCID ID: 0000-0002-4814-6768

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

IloBHE HaliIMEHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHMI YHiBEpCUTeT "XapKiBChKUii

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: ByJ1. Kupnindoga, 6yz. 2, Xapkis, XapKiBcbkuii p-H., 61002, Ykpaina
dopma BiracHOCTI: /lepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. 'paboBcbkuil AHAPIit Boroanmuposud

2. Andrii Hrabovskyi

KBasigikanis: n.r.u., c.H.c., 20.02.14
InenTudikarop ORCID ID: 0000-0002-6116-0572
JoparkoBa indopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpcUTeT "XapKiBChKUii

MOJIITEXHIYHNN IHCTUTYT"
Kopg 3a €IPIIOY: 02071180
Micue3HaxoaKeHHS: ByJ1. Kupninuoga, 6yz. 2, XapkiB, XapKiBcbkuii p-H., 61002, Ykpaina

dopma BiracHOCTI: /lepxasHa



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi

Bnacwue IpizBume Im's [1o-6aTbKOBI Jlapin Osiexciit Onekcannposuy
rOJIOBH pagu

Bsiacue IlpisBume Im's ITo-6aTbKOBI Jlapin Onexciit OnekcannpoBuY
rOJIOBYIOYOTO Ha 3acCiiaHHi

BinnosimajabHHU#H 3a Hi,ILI‘OTOBKy Hemanesxun €sren OsiekcanapoBud

00JIiKOBUX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




