O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMEP: 0825U002696
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpamuii: 04-07-2025

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Hubaiino IBan OnekcaHgpoBUY

2. Ivan O. Tsybailo
KBasmigikamis: m.u.c., 132
InenTudikarop ORCID ID: 0000-0003-1159-5778
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi crieniaIbHOCTI: 132

Ha3Ba HayKoBOIi CIeniaJIbHOCTI: Marepiano3HaBCTBO

lanyss / ralesi 3HaHb. MexaHiyHa iHXKeHepisa

OcBiTHBO-HayKOBa IMporpama 3i creniaJabHOCTi: OHIT Marepiano3HaBcTBO

JaTa 3axHcTy: 09-09-2025

CneniaJbHICTh 3a OCBITOIO: MeTtanypris

Micue po6oTH 3400yBaya: disuko-mexaniynuii inctutyT im. I. B. Kapnenka HaujoHanbHoi akangemii Hayk

Ykpainu

Kopg 3a €IPIIOY: 03534506

Micue3HaxoaKeHHS: ByJ1. HaykoBa, 6yx. 5, JIsBiB, 79060, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK Ykpainu

InenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi Cleliaai30BaHOi BYE€HOI pagu). PhD 4

IloBHe HaliMEeHYBaHHS IOPHAHYHOI 0COOH: Disuko-mexanidumit inctutyt im. I'. B. Kapnenka

HaujonasnbHoi akagemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534506

Micue3HaxoO KeHHS: By Haykosa, 6yz. 5, JIbBiB, 79060, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HalMEeHYBaHHSI IOPHUAHUYHOI 0COOHU: Disuko-mexaniunmii incrutyr im. I. B. Kaprienka
HaujonasnpHoi akagemii Hayk YKpaiHu

Kop 3a €IPIIOY: 03534506

Micue3Haxoa>KeHHS: By Haykosa, 6yz. 5, JIbBiB, 79060, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koau TemaTHYHHX PyOpPHK: 81.09

Tema guceprauii:
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MOIM(}piKOBaHMM PEXXUMOM TEPMiYHOTO 0OPOOGIEHHS
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Pedepar:

1. Y puceprauiiiziilt po60Ti MpoaHali30BaHO OCOOIMBOCTI 3MiHM TEXHIYHOTO CTaHy TeIJIOTPUBKOi cTai 12XIM®
nics TpuBaoi (~2,86-105 ron) BUcokotemnepaTtypHoi (5450C 3a Trcky napu 14 MIla) excristyaranii y ruHi
ronoBHOro naporony TEC. BusiBieHo, 10 XapaKTePUCTUKA MIIJHOCTI CTaJli yCix 30H r'MHY (PO3TSTHEHOI, HEUTPaJIbHOI
nepepisy Tpyou) Oysiu HIXKYI 32 persiameHToBaHi. Haii6inbuly omKoIpKeHICTb CTPYKTYPU Ta BTPATy I1JIaCTUYHOCT]
BUSIBJIEHO Y PO3TSITHEHIN 30Hi 6iJ1s1 30BHIMIHBOI NOBepxHi Tpyou. OpakrorpadiyHo BUsSBUIN AEKOresito Kapoifis i
(opMyBaHHS KPUXKUX 371aMiB. 3aITPOIIOHOBAHO PEKUM BiJJHOBJIIOBAJIbHOIO TEPMiYHOTO 0OpO6IeHHS (1Bl
Hopmadmizauji: 1100o0°C, 150 xB + 9600°C, 30 xB, Binmyck 7400°C, 180 xB), axuil 3a6e31e4yrnB roMOreHi3alilo CTPyKTypH,



3MEHIIEHHS PO3MIpPY 3€peH i nepeposnonisn kapoizis. Ilicis 06pobaeHHs TBepaicTs 3pocia 3 120 mo 170o0HB, yoapna
B'SI3KIiCTb — yABiui, a Iy1acTUYHICTD y 30HI HAN6iNMbIIOI Jerpanauii — Ha 60%. Ha 31mamax 3pa3kiB miciiss 06po6eHHs
repeBaskaB B'I3KUH IMKOBUI pesibed 3 IpioHMMU Kapbigamu. Peskum BusBUBCS e(DEKTUBHUM JIJIs MiTBUIEHHS
MIIJHOCTI Ta TJIACTUYHOCTI CTaJIi 10 BCif TOBIMHI CTiHKM Tpyou. OKpeMy yBary NpuiJieHO BIUIMBY HAaBOJHIOBaHHS,
JK€ € HEMUHYYUM IIiJ] Yac TPMBaJIOi eKcIuryaranii. HaBiTh miciig HaBOJHIOBaHHS 3pa3KiB, MEXaHI4HI XapaKTePUCTHUKU
BiZJHOBJIEHO] CTaJli 3A/IMINAJINCS BULIMMY, HDK B €KCIIJIyaTOBaHil: JIACTUYHICTD HigBuiiniacsa Ha 39-41%, MiLHICTb
- Ha 9-16%. B excrisyaToBaHill cTasi BOJEHb HAKOIIMYYBABCS B3[I0OBK MEX 3€PEH, Y BiIHOBJIEHIN — BCEPELUHI HUX,
1110 3HMKYBAJIO i CXUIIBHICTD 40 KPUXKOTO PyMHYBaHH4. lle CBiIYMTL PO MOKpAIleHH CTIMKOCTI 0 BOJHEBOTO
OKpHX4eHH4 Iicis 06pobsieHHs. [JedeKkTy, He YCYyHYTi IOBHICTIO, BTPATUIIX 3B'SI30K 3 TPAHULISIMU 3€PEH,
[IepeMiCTUBIINUCH Y ix 06'eM, 110 TAKOXK CIIPUSJIO 3HUKEHHIO PU3UKY KPi3b3€pEeHHUX pyiiHyBaHb. OTXKe, [IOKpaLeHHS
CTPYKTYpH i OCHOBHUX (PYHKIIOHATIBHO BasKJIMBUX BJIACTUBOCTEH BiffHOBIIeHO]I cTani 12XIM® ta yactkoBe
HiBeJIIOBaHHS HETATUBHUX HACJIIKIB {i HABOAHIOBaHHS AAIOTH IiICTAaBU BBAXKATY, L0 TEPMIH CIIY>KOU €JIEMEHTiB
naporoHiB TEC M0>kHa IPOJIOBKUTHU 32 PaXyHOK BIIPOBAPKEHHS Y IPAKTUKY IXHBOI €KCITyaTallii 3alIpOIIOHOBAHOTO

PEKMMY BiJHOBJIIOBAJIbHOI'O TEPMIYHOIO O6POGIIEHHS.

2. The dissertation analyses the features of the changes in the technical state of heat-resistant 12ZKh1MF steel after
long-term (~2,86-105 hours) high-temperature operation (545°C at a steam pressure of 14 MPa) in the bend of the
main steam pipeline of a thermal power plant. It was revealed that the strength characteristics of the steel in all
bending zones (stretched, neutral and compressed) and at all levels along the pipe wall thickness (near its outer
and inner surfaces and in the center of the pipe cross-section) were below the regulated values. The most severe
deterioration occurred in the stretched zone near the outer surface, where ductility and fracture resistance
dropped below normative values. Fractography revealed carbide decohesion and brittle fracture morphology. A
restorative heat treatment mode was proposed (double normalisation: 11000°C, 150 min + 9600°C, 30 min; tempering
at 740o0°C, 180 min). It provided grain refinement, carbide redistribution, and matrix homogenization. After
treatment, hardness increased from 120 to 1700HB, impact toughness doubled, and ductility improved by 60% in the
most degraded area. Fracture surfaces showed ductile dimples with carbides, confirming structural recovery.
Special attention was paid to hydrogenation, which is inevitable during long-term steam service and leads to
hydrogen embrittlement. Even after hydrogen charging, the restored steel retained better properties than the
operated one: ductility was 39-41% higher, and strength 9-16% higher. In the operated steel, hydrogen
accumulated at grain boundaries; in the restored one, it concentrated inside grains, reducing susceptibility to
intergranular fracture. Fractographic analysis confirmed that the remaining damage in the restored steel shifted
from grain boundaries into grains, weakening their role as crack initiation sites. This structural transformation
improved resistance to hydrogen-assisted cracking. Thus, the improvement of the structure and the main
functionally important properties of the restored 12Kh1MF steel, as well as the partial reduction of the negative
consequences of its hydrogenation, give reason to believe that the service life of the elements of TPP steam
pipelines can be extended by adapting the proposed mode of restorative heat treatment to the practice of their
operation.
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