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1. BniuB CcTpyKTYpHO-(a30BOro CTaHy Ha eKCIlTyaTallifiHi XapaKTepHUCTUKN METasly 3BapHUX 3'€lHaHb [1apOIPOBOIiB

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

Pedepar:

1. Y puceprauiiiziili po60Ti IpefCcTaBieHi pe3yIbTaTh JOCIiIPKEHHS 3MiH CTPYKTYPHO-(a30BOr0 CTaHy METAIy
3BapHUX 3'€JHAHb NIAPONPOBOZIB TEIIJIOBUX €JIEKTPOCTAHLIi{, a TAKOXK PO3POOKY MPAKTUYHUX PEKOMEHIaLlii I0A0
YIOCKOHAJIEHHSI METOAUK MeTasiorpadiyHoro aHasnisy Jjsl [0[ajbllloro yTOYHEHOT0 BUBHAYEHHS iX HaJilHOCTI Ta
3aJIMIIKOBOTO pecypcy ekcilyarauii. O6'eKT JOCiIPKEHHS — CTPYKTYPHO-(a30BUii CTaH METajly 3BapHUX 3'€JHAHb
naponposogiB TEC i3 TensocTifikux crajneit nepsitHoro kiuacy 12XIM® i 15XIM1®. [TpeameT 1oCIiaKeHHs ~
KiJIbKiCHEe BU3HAYeHHs 3MiHU CTPYKTYPHO-(a30BOro CTaHy Ta eKCIUIyaTalilHMX XapaKTepUCTUK MeTaly 3BapHUX
3'eIHaHb [1apOIPOBO/IiB, sIKi TPMBAIMI YaC €KCIUIyaTyIOTbCsl B yMOBaxX I10B3Y4OCTi i MasIOLIMKIIOBOi BTOMMU.
JocimKeHHs CTPYKTypPHO-(a30BOro CTaHy, BIAaCTMBOCTEH i IOMIKOKYBaHOCTI METaly 3BaPHUX 3'€IHAHb
[IapOTIPOBOJiB BUKOHYBAJIM LISIXOM BUKOPUCTAHHS BiTIOBITHNX METOIiB Ha 3pa3Kax 3BAPHUX 3'€IHaHb, SKi OyIn

BUPi3aHi 3 AiI04rX NaponpoBoAiB. [Ipy NpoBeeHHI eKCIIePUMEHTAIbHUX OCIiIKEHb BUKOPUCTOBYBAJIH, SIK



CTaHJAPTHI METOAM i METOAMKY, 110 YACTKOBO YAOCKOHAJIEHO, TaK i OpUTiHaJbHI. BUSBHAYEHHS CTPYKTYPU, XIMIYHOTO
ckiany i 6ymoBY 3MiMICHIOBAIN 3 BUKOPUCTaHHSIM METOJiB ONTUYHOi, paCTPOBOi i MPOCBiYyI040i €J1eKTPOHHOI
Mikpockortii. [IpoBenieHi focaiIpKeHHsl MeTajly 3BapHUX 3'€JHaHb I1apOIIPOBO/IiB, 110 JOBrOTPUBAJIO NIPALIOIOTH B
YMOBax I0B3Y4OCTi i MaJIOLIUKJIOBOI BTOMU, Ha OCHOBI (PPaKTaJIbHOrO aHAJIi3y i METOLY CiYHMX NPSIMUX JIiHIH,
D03BOJINJIN CTBOPUTU METOAUYHY OCHOBY [IJI51 OL[iHKM 3MiH CTPYKTYPHO-(}a30BOro CTaHy, IKUI MPU3BOAUTD 10
pyriHyBaHHs. HayKoBa HOBM3HA OTPMMAaHUX PE3YJIbTATIB MIOJISITA€ B TOMY, 1O Ha MiJCTaBi TEOPETUYHUX Ta
€KCIIEPMMEHTAJIbHUX JIOCIIiI)KEeHb 3100yBaUy€eM: - BIIEpPIIE YCTAHOBJIEHO Bi]MIHHOCTI (PpaKTasIbHUX PO3MiPHOCTEN
rpaHullb CTPYKTYPHUX CKJIAJOBUX HA 300PKEHHSIX OKPEMUX [iISTHOK 3BAPHUX 3'€JHaHb APOIIPOBOIB y
3aJIEXKHOCTI Bifl 4acy eKcIyaTallii; - BIiepliie IpU OLiHIIi BIJINBY CTPYKTYPHO-(A30BOT0 CTAaHy MeTay 3BapHUX
3'€JIHaHb HA 3aJIMIIKOBUI PECYpC BPAXOBYETHCS T€OMETPUYHA CKJIAHICTh PAHMIb BUIJIEHHS! CTPYKTYPHUX
CKJIaJIOBUX, SIKa BU3HAYAETHCA 3a JOIIOMOTrOI0 CTATUCTUYHOTO aHai3y PO3N0iay (ppakTaJbHOI PO3MiPHOCTI,
OZ,ep>KaHoi 3 BUKOPUCTAaHHAM KJIITUHHOTO METOY BUMIPY; - YAOCKOHAJIEHO KiJIbKiICHY OLIIHKY HEPIBHOMIPHOCTI
PO3M0[ily CTPYKTYPHUX CKJIAZOBUX METAJIy [JIs1 BUSIBJIEHHSI OCOOJIMBOCTEN 3MiH CTPYKTYpPHO-(a30BOTO CTaHy
oKpeMUx JinsiHOK 3TB, a Tako>X MeTasly IIBa i OCHOBHOTO METAJIy B 3aJIEXKHOCTI BiJl HAallpaljlOBaHHS B YMOBax
[IOB3Y4OCTi; - YIOCKOHAJIEHO OLIHKY KiJIbKOCTI BKpaIjIeHb NIEPJIiTY, iX po3MipiB Ta BiflcTaHEe! MK HUMU [1JI4
CTaTUCTUYHO OOTPYHTOBAHOTO BU3HAYEHHS CTPYKTYPHO-(a30BUX 3MiH MeTaJly 3BaPHUX 3'€IHaHb [1apOIIPOBOAY 3
ypaxyBaHHSAM PeCypcCy HalpalloBaHHS; - OTPUMAJIO NOAANbIINNA PO3BUTOK JOCTIIKEHHS CTPYKTYPHO-(Pa30BOro
CTaHy MeTaJly 3BapHUX 3'€JHaHb NIaPOIIPOBOJIB i3 TEIJIOCTIMKMUX cTaseit nepJitHoro kaacy 12XIM® i 15XIM1®, siki
TpUBaINii 4ac (moHap 280 TUC. rofl.) EKCITYaTyIOTbCS B yMOBAX MOB3Y4OCTi i MaJIOLIMKIOBOI BTOMU Ha 6a3i
KOMIIJIEKCHOT'O CTaTUCTUYHOIO aHaJjli3y TeOMETPUYHUX XapaKTEPUCTUK CTPYKTYPHUX €JIEMEHTIB. B npoueci aHanmizy
MIKpOCTPYKTypH 1JTi(iB Pi3HUX AiISTHOK 3BAPHUX 3'€[JHAHb BUSIBJIEHO BiTHOCHUI BMICT CTPYKTYpPHO-(a30BUX
CKJIQJIOBUX i iX pO3IO/is 3a KOOpAMHATaMU 300pakeHb. BUKOHAHO MOPIBHSIBHUI aHAMI3 CTAaTUCTUYHUX
XapaKTEePUCTHUK PO3NO/AiNY i BMICTy CTPYKTYPHUX CKJIQJOBUX Ha [AiJISTHKAX MeTaJly 3BApPHUX 3'€IHAHb 3 Pi3HUM
TepMiHOM HampaloBaHHs. Ha ocHOBi ppakTasibHOro aHasizy po3IJISIHYTO CKJIaJIHICTh KOHTYPIB IpaHUlLlb
CTPYKTYPHUX CKJIafoBUX. CTaTUCTUYHUI aHAJIi3 Pe3yJ/bTaTiB METAIOrpadiyHOro BUBUYEHHS MiKpOLLIi(piB METOIOM
CIYHUX JIiHIM TI03BOJIUB OJE€PKATU PO3IOAIIN KiJILKOCTI 3€peH, iX po3MipiB Ta BifgcTraHen Mk HUMU. [IpencTaBieHo
OOI'PYHTOBaHMI ONMC CTPYKTYPHUX 3MiH B MeTajli OKpeMUX [iJISTHOK 3BapHUX 3'elHaHb. [lepiTHa ckiamoBa
3HAYHOIO MipOIO BIIJIMBA€ HA CTPYKTYPHO-(a30Bi IEPETBOPEHHS B MeTaJli 3BapHUX 3'€JHaHb 1apPOIPOBOIB, 1110
IOBrOTPUBAJIO NPALIIOIOTH B YMOBAX IOB3Y4YOCTi i BTOMU. TOMY BCTaHOBJIEHO PiBEHb HEOLHOPIGHOCTI NEPIIITHOI
CKJIaJIOBOi B CTPYKTYpi 3BapHUX 3'€lHaHb. Y pe3yJbTaTi IPOBEAEHUX JOCiIKeHb pO3pO0JIeHO peKoMeH ALl momo
BM3HAYEHHS 3aJIMIIKOBOIO PECYPCY eKCIIlyaTallii 3BapHUX 3'€IHaHb, SIKi TPMBAJINA 9aC €KCILIyaTyIOThCs B YMOBaX
[IOB3y4YOCTi. Pe3ysibTaTy BUKOHAHUX JOCJIiIKEHb JOIIOBHWIN HaB4yajbHi Kypcu «EKcriepruMeHTanbHi METOIU Y
3BAPIOBAHHI», «3BAPIOBAHHS CTAJIEN I KOJILOPOBUX METAJIIB», 110 BUKJIANAIOTLCS CTyAeHTaM y HanionaisHOMY
TEXHIYHOMY YHIBEPCHUTETI «XapKiBCbKUM MOJIITEXHIYHUIN IHCTUTYT». Pe3yJIbTaTh BUKOHAHHS LOCJIII>KEHHS OL[iHEHO

Ta PEKOMEHI0BAHO [10 BIIPOBaKeHHs Ha AT «YKpaiHCbKi eHepreTuyHi MallluHu».

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 15X1M1®. 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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