O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI
Jep>kaBHHH 00J1iIKOBHI HOMep: 0823U100435
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpaunii: 30-06-2023

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tapamenko Osnena CepriiBHu

2. Harashchenko Olena S.

KBasmigikamis:

InenTudikarop ORCHID ID: He sactocosyerbcs

Bupg, pucepranii: nokrop dinocodii

IIIudp HayKOBOi CHENiaIbHOCTI: 132

HasBa HayKOBOi cHeniaJbHOCTI: Marepiano3HaBcTBO

T'anysb / ranysi 3HaHb:

OcBiTHBO-HayKOBa IMporpama 3i creniaJbHOCTI: He 3acTocoByeThCH

JlaTa 3axHcTy: 28-06-2023

CrneniaJbHICTh 32 OCBITOIO: [HKeHep-MeXaHiK

Micue po6oTH 34,00yBava: HaujonanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBCbKUIA TIOMITEXHIYHMIA iHCTUTYT"
Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupnuyosa, 6y7. 2, M. Xapkis, XapkiBcbkuii p-H., Xapkiscbka 0651, 61002, Vkpaina
dopma By1acHoOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS



I11. BizomMocTi mIpo aucepraiiiro
Iudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi Cleniagai3oBaHOi BY€HOI pagu). [1d 64.050.095

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuMil TEXHIYHMIA YHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupninyosa, 6yx. 2, M. Xapkis, XapKiBcbKuii p-H., XapkiBcbka 0651, 61002, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTugikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupninyosa, 6yx. 2, M. Xapkis, XapKiBcbKuii p-H., XapkiBcbka 0651, 61002, Vkpaina
dopma BaacHOCTI:

Cdepa ynpaBitiHHS: MinictrepcTBo ocBiTH i HayKu YKpainu

InenTudgikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

V. BimoMocTi npo gucepraniio
MoBga gucepraiiii:
Koau TemaTHYHHUX PYOPHK: 53.49, 53.49.05, 81.35

Tema gucepranii:
1. BniuB CcTpyKTYpHO-(a30BOro CTaHy Ha €KCILIyaTallifiHi XapaKTepUCTUKU METally 3BapHUX 3'€IHaHb IaPOIPOBO/iB

2. The influence of structural phase state on the operational characteristics of metal welded steam pipe joints

Pedepar:

1. Y pucepTauiiiHiii po60Ti npecTaBeHi pe3yIbTaTh JOCJiI)KEHHS 3MiH CTPYKTYPHO-(a30BOr0 CTaHy METaITy
3BApHUX 3'€JHaHb MIAPOINPOBO/LiB TEIJIOBUX €JIEKTPOCTAHIIH, @ TAKOK PO3POOKM MPAKTUYHUX PEKOMEH ALl 00
YIOCKOHAJIEHHSI METOAMK MeTasiorpadivHOro aHasnisy 17l oJajblIoro YTOYHEHOTO BUBHAYEHHS iX HAJiMHOCTI Ta
3QJIMIIKOBOTO Pecypcey eKkcruayarauii. O6’eKT JOCTiIKeHHS — CTPYKTypHO-(a30BUil CTaH MeTajly 3BapHUX 3'€JHaHb
naponposogis TEC i3 TensocTiikux craneil nepsitHoro kiacy 12XIM® i 15XIM1®. [TpegmeT nocigKeHHs —
KiJIbKiCHEe BU3HAYE€HHs 3MiHU CTPYKTYPHO-(a30BOro CTaHy Ta eKCIUlyaTalillHMX XapaKTepUCTHUK METaly 3BapHUX

3,€,ILHaHb HapOHpOBO,I[iB, AKi TpI/IBaJII/Iﬁ qacC €eKCIUTYyaTyIOTbhCA B YMOBaX I'[OBSy‘{OCTi i MaJ'IOI_LI/IKJ'IOBOi BTOMM.



JocnimKeHHs CTPYKTypPHO-(a30BOr0 CTaHy, BIaCTUBOCTEM i MOIIKOIKYBAaHOCTI MeTaJly 3BApHUX 3'€IHaHb
[IapONPOBOJiB BUKOHYBAJIM LISIXOM BUKOPUCTAHHS BiTIOBITHUX METOiB Ha 3pa3Kax 3BapHUX 3'€lHaHb, SKi OyIn
BUPi3aHi 3 AiI04rX NaponpoBoAiB. [Ipy NpoBeseHHI eKCIIEPUMEHTAIbHUX IOCiIKEHb BUKOPHUCTOBYBAJIY, SIK
CTaHJAPTHI METOAM i METOAMKY, 110 YACTKOBO YAOCKOHAJIEHO, TaK i OpUTiHaJbHI. BUSBHAYEHHS CTPYKTYPU, XIMIYHOTO
cKJIazly i 6y/10BU 37iiICHIOBAIM 3 BUKOPUCTAHHSIM METO/IiB ONITUYHOI, paCTPOBOI i IPOCBiUyI0UOi €JIEKTPOHHOI
Mmikpockornii. [IpoBezieHi focigkeHHsT MeTasy 3BapHUX 3'€IHaHb [1apOIIPOBO/IiB, 1110 JOBIOTPUBAJIO [IPALIOIOTh B
YMOBax I10B3Y4OCTi i MaJIOLJMKJIOBOI BTOMU, Ha OCHOBI (PpaKTabHOIO aHAJI3y i METOLy CiYHMX NPSIMUX JIiHIH,
IO3BOJIMJIV CTBOPUTH METOILMYHY OCHOBY IJIs1 OLIiIHKY 3MiH CTPYKTYPHO-(a30BOro CTaHy, SIKUI IPU3BOAUTD 1O
pyVviHyBaHHs. HayKoBa HOBM3HA OTPMMAaHUX PE3YJIbTATIB MOJISITAE€ B TOMY, IO Ha MifCTaBi TEOPETUYHUX Ta
€KCIIEPMMEHTAJIbHUX JIOCIIiI)KEeHb 3100yBaUyeM: - BIIepLIe YCTAHOBJIEHO BiIMIHHOCTI PpaKTasIbHUX PO3MipHOCTEN
rPaHMLb CTPYKTYPHHUX CKJIAIOBUX HA 300paKEHHSIX OKPEMUX AiJITHOK 3BaPHUX 3'€JHAHb IIaPONPOBOLIB y
3aJI€KHOCTI BiJ] Yacy eKCIUTyaTallii; - BIeplle Py OLiHLi BIJIMBY CTPYKTYPHO-(A30BOr0 CTaHy MeTajly 3BapHUX
3'e[IHaHb HA 3aJIMIIKOBUI peCypC BPAXOBYETHCS T€OMETPUYHA CKJIAIHICTh PAHNUIb BUIJIEHHS! CTPYKTYPHUX
CKJIaJIOBHX, SIKa BUBHAYAETHCA 3a IOIIOMOIr0I0 CTATUCTUYHOTO aHali3y po3Nofiay ppakTaJbHOI pO3MiPHOCTI,
OZ,ep>KaHoi 3 BUKOPUCTAaHHAM KJIITUHHOTO METOY BUMIPY; - YAOCKOHAJIEHO KiJIbKiCHY OLIIHKY HEPIBHOMIPHOCTI
PO3M0Jily CTPYKTYPHUX CKJIAZOBUX METAJIy [JIs1 BUSIBJIEHHSI OCOOJIMBOCTEN 3MiH CTPYKTYPHO-(a30BOTO CTaHy
OKpeMUux IinsHOK 3TB, a TakoK MeTasly 1IBa i OCHOBHOTO METaJly B 3aJI€KHOCTI Bifl HAIIPalIOBaHHS B YMOBax
[IOB3Y4OCTi; - YIOCKOHAJIEHO OLIHKY KiJIbKOCTi BKpaIjIeHb IIEPJIITY, iX pO3MipiB Ta BilcTaHE! MK HUMU [1JI4
CTaTUCTUYHO OOGTPYHTOBAHOT'O BU3HAYEHHS CTPYKTYPHO-(a30BUX 3MiH MeTaJly 3BapHUX 3'€IHAHb 1apOIIPOBOAY 3
ypaxyBaHHSM peCypcCy HalpaloBaHHS; - OTPUMAJIO NMOAANbIINNA PO3BUTOK JOCTIIKEHHS! CTPYKTYPHO-(a3oBOro
CTaHy MeTaJly 3BapHUX 3'€JHaHb IIaPONPOBOZIB i3 TEMJIOCTIMKMX cTasel nepsiTHoro kiuacy 12XIM® i 15XIMI1Q, gxi
TpuBani 4ac (noHag, 280 Tuc. rof,.) eKCIUIyaTyIOTbCSI B yMOBAX I0OB3Y4OCTi i MaJIOLMKIJIOBOI BTOMU Ha 6a3i
KOMIIIEKCHOT'O CTaTUCTUYHOIO aHaJli3y TEOMETPUYHUX XapaKTePUCTUK CTPYKTYPHUX €JIEMEHTIB. B npoueci ananizy
MIKpOCTPYKTypH 1J1i(iB Pi3HUX Ai/ISTHOK 3BAPHUX 3'€JHAHb BUSIBJIEHO BiJTHOCHUI BMICT CTPYKTYpPHO-(Pa30BUX
CKJIa[IOBUX i iX O30/ 32 KOOpAVHATaMU 300pa)KeHb. BUKOHAHO NOPIBHSJIBHUN aHaJli3 CTaTUCTUYHUX
XapaKTEePUCTHUK PO3IOAiIY i BMICTY CTPYKTYPHUX CKJIA[IOBUX Ha AJITHKAX MeTaJly 3BAPHUX 3'€JHAHb 3 PI3HUM
TepMiHOM HampaloBaHHs. Ha ocHOBI ppakTasmbHOro aHasizy po3IJISIHYTO CKJIaHICTh KOHTYPIB IpaHUlLlb
CTPYKTYPHUX CKJIafioBUx. CTaTUCTUYHUI aHAJIi3 Pe3ysbTaTiB MeTasorpadiyHoro BUBUYEHHS MiKpoullipiB METOIOM
CIYHMX JIiHIM TI0O3BOJIUB OJE€PKAaTU PO3MNOAIIN KiJILKOCTI 3€peH, iX po3MipiB Ta BifgcTraHen Mixk HUMU. [IpecTaBieHo
OOIPYHTOBaHM ONMC CTPYKTYPHUX 3MiH B MeTaJli OKpeMUX AiJISTHOK 3BapHUX 3'€lHaHb. [lepiTHa ckiamoBa
3HAYHOIO MipOIO BIIJIMBA€ HA CTPYKTYPHO-(a30Bi IEPETBOPEHHS B METaJli 3BapHUX 3'€JHaHb I1apOIIPOBOIiB, 1110
IOBrOTPUBAJIO NPALIOIOTh B YMOBAX I1I0B3y4YOCTi i BTOMU. TOMY BCTaHOBJIEHO PiBEHb HEOLHOPIGHOCTI NEPIIITHOI
CKJIaJIOBOi B CTPYKTYPi 3BapHUX 3'€[IHaHb. Y pe3yJbTaTi IPOBEIEHUX AOCiIKEHb PO3PO6IEHO PEKOMEH AL 00
BM3HAYEHHS 3aJIMIIKOBOIO PECYPCY eKCIUTyaTallil 3BapHUX 3'€IHaHb, SIKi TPUBAJIA 9aC €KCILTyaTylOThCs B YMOBaX
IIOB3y4OCTi. Pe3ysibTaTy BUKOHAHUX JOCJiIKEHb JOIIOBHUIN HaB4yajbHi Kypcu «EKcriepruMeHTaIbHi METOIU Y
3BapIOBaHHI», «3BapIOBaHHS CTAJIEH i KOJIbLOPOBUX METAJIiB», IO BUKJIALAIOTHCS CTyLeHTaM y HallioHasbHOMY
TEXHIYHOMY YHIBEPCHUTETI «XapKiBCbKUN MOJIITEXHIYHUIN IHCTUTYT». Pe3ysIbTaTh BUKOHAHHS LOCJIII>)KEHHS OL[iHEHO

Ta PEKOMEH0BAHO [10 BIPOBAI)KeHHS Ha AT «YKpaiHChKi €eHepreTu4yHi MalluHu».

2. The dissertation presents the study results of changes in the structural and phase state of the metal of welded
joints of steam pipelines of thermal power plants, as well as the development of practical recommendations for
improving the methods of determining their reliability and residual service life. The object of the study is the
structural and phase state of the metal of welded joints of TPP steam pipelines made of heat-resistant steels of
pearlite class 12XIM® and 15XIM1®. The subject of the study is the quantitative determination of changes in the
structural phase state and operational characteristics of the metal of welded joints of steam pipelines, which are
operated for a long time in conditions of creep and short-cycle fatigue. The research on physicochemical
processes, structural-phase state, properties, and damageability of the metal in welded joints of steam pipelines
was carried out using appropriate methods on samples taken from operating steam pipelines. Both standard and
improved techniques, as well as original methods, were used during the experimental research. The structure,



chemical composition, and structure were studied using optical, raster, and transmission electron microscopy. The
study of the metal in welded joints of steam pipelines operating for a long time under conditions of creep and
short-cycle fatigue, based on fractal analysis and the method of intersecting straight lines, allowed for the creation
of a methodological basis for assessing changes in the structural and phase state that lead to destruction. The
scientific novelty of the obtained results lies in the fact that, based on theoretical and experimental research, the
following were achieved: for the first time: - the differences in the fractal dimensions of the borders of structural
components on the images of individual sections of welded joints of steam pipelines depending on the time of
operation were established; - when assessing the influence of the structural-phase state of the metal of welded
joints on the residual resource, the geometric complexity of the boundaries of the allocation of structural
components is taken into account, which is determined using a statistical analysis of the distribution of the fractal
dimension, obtained using the cellular method of measurement; improved: - quantitative assessment of the
unevenness of the distribution of the structural components of the metal to identify the characteristics of changes
in the structural and phase state of individual areas of the HAZ, as well as the weld metal and the base metal,
depending on the work in creep conditions; - estimation of the number of pearlite inclusions, their sizes, and the
distances between them for the statistically justified determination of the structural and phase changes of the
metal of the welded joints of the steam pipeline, taking into account the service life; received further development:
- research of the structural and phase state of the metal of welded joints of steam pipelines made of heat-resistant
steels of the pearlite class 12XIM® and 15X1IM1®, which are operated for a long time (over 280 thousand hours) in
conditions of creep and short-cycle fatigue on the basis of a complex statistical analysis of the geometric
characteristics of structural elements. A comparative analysis of the statistical characteristics of the distribution
and content of structural components on welded joints' metal sections with different service lives was performed.
The complexity of the boundary contours of structural components was evaluated based on fractal analysis. The
statistical analysis of the results of the metallographic study of microsections using the cutting line method made
it possible to obtain distributions of the number of grains, their sizes, and the distances between them. A
scientifically-based description of structural changes in the metal of individual sections of welded joints is
presented. The structural and phase transformations in the metal of welded steam pipe joints that work for a long
time in conditions of creep and fatigue are significantly affected by pearlite. Therefore, it is important to establish
the level of inhomogeneity of pearlite in the structure of welded joints. As a result of the conducted research,
recommendations were developed for determining the residual service life of welded joints operated for a long
time in creep conditions. The results of the performed research supplemented the training courses "Experimental
methods in welding", and "Welding of steels and non-ferrous metals”, which are taught to students at the National
technical university "Kharkiv polytechnic institute". The results of the research were evaluated and recommended
for implementation at JSC "Ukrainian Energy Machines".
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