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Pedepar:

1. O6’eKT mocmimKeHHS: CTPYKTYPHI IEPETBOPEHHS, CTPYKTYPHO-(a30BUIi CTaH, OMKOIPKYBAHICTb i BIaCTUBOCTI
3BapHUX 3'€JHaHb NapornpoBois 3i ctazneit 12XIM® i 15XIMI1®, a Takoxx potopis 3i ctasni 25X2HM®A cTocoBHO
30i1bLIIEHHS HAJiHOCTI i pecypcey iX HalpalloBaHHS B yMOBax IIOB3y40CTi i BToMU. [IpeameT JOoCiIpKeHHS: BILJINB
(i3uKo-XiMiuHUX NpoLECiB HAa CTPYKTYPHO-(a30Bi IepeTBOPEeHHS i GOPMyBaHHS 6PAKOBOYHUX CTPYKTYP B METai
3BapHUX 3'€JHAHb NIaPOIIPOBO/IB, 3B’130K CTPYKTYPU 3BAPHUX 3'€JHAHb [IAPOIPOBOIB i POTOPIB 3 iX BJIAaCTUBOCTSIMU
i momKoOIKyBaHICTIO. [lucepTallilo IPUCBSYEHO NNPOBEIEHHIO KOMIVIEKCHUX JOCTiIKeHb (i3NKO-XiMiUHMX [IPOLIECIB,
SKi BiIOyBalOTbCSl B METaJli 3BAPHUX 3'€JHAaHb NApoNpoBoiB i3 ctaneit 12XIM® i 15XIM1® i 3a6e3nedyioTh
cTpyKTypHO-(}a30Bi 3MiHN. HaBegeHi mocigKeHHs IPOBOIMIIN CTOCOBHO 3BAPHUX 3'€JHAHb ITAPOIPOBOIIB i
POTOpIiB TypOiH, SIKi JOBrOTPUBAJIO NPALIOIOTh B yMOBaX IIOB3y4YOCTi i BTOMH, a TaKOX MiABUILEHUX POOOUUX
HaBaHTaXXeHb. OOI'PYHTYBAJIH, 110 CTPYKTYPHO-(a30Bi 3MiHU CIIPUSIOTH MOIIKOPKYBAHOCTI 3BaPHUX 3'€JHAHB, sIKa
BimOyBaeTbCs 32 MeXaHi3MaMu MTOB3Y4YOCTi i Bromu. JlOCTiI>KeHHSI 0COGIMBOCTEN MPOXOIKEHHS CTPYKTYPHO-
(a30BUX NIEPETBOPEHDb HAZIAJTI0O MOXJINBICTh 3MEHIINUTH iX IPOsB. HaBeneHnit MposiB 3MEHIINIIN LJISIXOM OTPUMaHHS
BUXiJJHOI CTPYKTypHU 3BapHUX 3'€JHAHb 1apPOIIPOBO/IIB i POTOPIB 3 NOKPAIEHUMU SIKICHUMU XapaKTEePUCTUKAMU iX
CTPYKTYpH. JIJ1s1 TaKOTO MOKPAIIEHHS1 BUKOPYCTOBYBAJIN Y OCKOHAJIEH] IPOLIECH 3BAPIOBAHHS, TIOKA3HUKU SIKAX
I'PYHTYIOTbCS Ha pe3yJbTaTaxX MOJEJII0BaHHS 3BapPIOBAJIbHOTO HArpiBaHHS 3'€[JHAHb, 1[0 BUTOTOBJISIIOTHCSL.
BcraHoBUIIY 3a/1€5KHICTh HaAIiMHOI eKCITyaTallii 3BapHUX 3'€JlHaHb [IAPOIPOBOIB i pOTOPiB TypOiH, a TaKOX iX
pecypcy Bill CTPYKTYpHO-(}a30BOro CTaHy MeTaJly 3BapHUX 3'€JHAHb i HAIBHOCTI IIOLIKO/KEHb Y BUTJISL i TIOP
[IOB3Y4OCTi i TPIliMH BTOMU. JIOCIIiI)KEHHA IIPOBEMEHI 3a JOIIOMOI0I0 Cy4aCHUX METOAIB aHaJli3y CTPYKTYPHO-
($a30BOTrO CTaHy i BUBHAYEHHS BJIACTUBOCTEN 3BapHUX 3'€IHAaHb, a TAKOX 3 BUKOPUCTaHHSIM MOJEJIIOBAHHS
3BapIOBaJIbHOTO HArpiBaHHS 3'€JHaHb, [0 BUTOTOBJISIOTHCS. Y BCTYIII OOIPYHTOBAaHO aKTYyaJIbHICTh 3a7a4
IOCJIiIKEHHS, TI0OKa3aHo 3B'sI30K POOOTU 3 HAyKOBMMU IIPOrpamMaMH, IJIaHAMU, TEMaMU, TIOCTaBJIEHA META Ta
OCHOBHI 33/1a4i JOCiI>)KeHHs1, HaBeleHi OCHOBHI MeTOAM OCJIiIKEeHHS i HayKoBa HOBM3HA Ta C()OPMYJILOBAHO
[IpaKTUYHe 3HaY€HHs OTPUMAaHUX pe3ysbTaTiB. Y NepIIoMy Po3Zisi Ha OCHOBI BITYM3HSIHOTO i 3apy0i’KHOTO OCBiny
OOI'PYHTOBaHA NEPCIEKTUBHICTD NOCIIIPKEHHS CTPYKTYPHO-(a30BOro CTaHy 3BapHUX 3'€JHAaHb 1apOIIPOBO/IB i3
TEIJIOCTIMKUX CTaJIEN, SIKi €KCILTYyaTyIOThCs MOHAL 270 TUC. rof,. B YMOBAX IIOB3Y4OCTi i BTOMU. Y APYroMy po31isi
[I0/IAHO OTIMC METO/iB, METOAUK, 00JIaiHAHHS i MaTepiasliB, 110 BUKOPUCTOBYBAJIMCS B JOCiIKeHHIX. HaBonuThecs
KOPOTKUI OIMC Y OCKOHAJIEHOI TEXHOJIOTII 3BapIOBaHHS i MOJIE/IIOBAHHS 3BaPIOBAJILHOTO HArpiBaHHS,
BUKOPUCTAHHS SIKUX 320€311€41jI0 OTPMMaHHS 3BaPHUX 3'€IHAHb I1aPOINPOBO/IIB i POTOPIB 3 OKPAIEHOIO
CTPYKTYpoI10. [I71s1 HOCTiIKEHb CTPYKTYPH 3BaPHUX 3'€JHAaHb BUKOPUCTOBYBAJIM METOY ONTUYHOI i €IeKTPOHHOI
MIKPOCKOIIii, @ TaKOXX [I0BEPXHEBU MIKPO30OHIOBAM aHAaJi3. 3arajJloM OTPUMAaHI pe3yJIbTaTu CTPYKTYPHOT'O aHaJi3y
3a0€e3ne4yunyy ONTHUMI3allil0 YMOB OTPUMAaHHS OiJIbIl SIKICHMX 3BapHUX 3'€JHaHb 1apOIPOBOAIB i poTopis. Tpertiit
PO31iJ IPUCBSYEHUN NOCTIIXEHHIO BIIJIMBY CTPYKTYpHO-(a30Boro cTaHy i gedopmaliii MeTasy 3BapHUX 3'€JHAaHb
NapOIpPOBOJiB, 4Ki €KCIUIYaTyIOThCs TOHAL, 270 TUC. FOMI. B yMOBax IIOB3y4YOCTi i BTOMH, Ha iX MOLIKOIKYBaHiCTb.
YeTBepTUil po3[ia MiCTUTb PE3yJIbTaTU JOCiIKEHD 3B’513Ky CTPYKTYPHO-(a30BOro CTaHy JOBrOTPUBAJIO
€KCILTyaTyeMUX 3BAPHUX 3'€IHAHb 3 IX MIKPOIIOIIKO/IKYBaHICTIO B yMOBaX IOB3y4YOCTi i BTOMU. 3alIpOIIOHOBAHA
IIKaja 3aJIMIIKOBOrO TEPMiHy HalpallloBaHHS 3BAPHUX 3'€JHaHb 3 HASIBHICTIO MOLWIKOKYBAHOCTI iX meTainy. [T'aTuit
PO3[iJ IPUCBSIYEHUI TEOPETUYHOMY i IPaKTUYHOMY OOI'PYHTYBAHHIO HaJlifHOCTI poOOTH, @ TAKO>K BU3BHAUEHHIO
3aJIMIIKOBOTO PECYPCY AOBrOTPHBAJIO NPALIIOIOYMX B YMOBAX IIOB3y4YOCTi i BTOMU 3BapHUX 3'€JHaHb [1apOIPOBOIIB Ta
poropis Typ6in TEC i AEC. Kio4oBi cj10Ba: 3BapHi 3'€JHaHHS, APOIIPOBOIY, POTOPHU, PECYPC, ITOIKOAXKYBaHICTb,
CTPYKTYpa, I10B3y4iCTh, BTOMA, BJIACTUBOCTI, Kap0Oisiy, ayCTEeHIT, MAPTEHCUT, GEVHIT, HaTilHICTb.

2. The object of study are structural transformations, structural-phase state, damageability and properties of
welded joints of steam pipelines made of 12XIM® and 15XIM1® steels, as well as rotors made of 25X2HMQA steel
during their operation in creep and fatigue conditions. The subject of study is the influence of physical and
chemical processes on structural and phase transformations and the formation of defective structures in the metal
of welded joints of steam pipelines, the relationship between the structure of welded joints of steam pipelines and
rotors with their properties and damageability. The dissertation is devoted to comprehensive studies of



physicochemical processes that occur in the metal of welded joints of steam pipelines made of 12XIM® and
15X1IM1® steels and provide structural and phase changes. The above studies were carried out in relation to welded
joints of steam pipelines and turbine rotors, which work for a long time under conditions of creep, as well as
fatigue and increased work loads. It was substantiated that structural and phase changes contribute to the damage
of welded joints, which occurs by the mechanism of creep and fatigue. The study of the peculiarities of the passage
of structural and phase transformations provided an opportunity to reduce their manifestation. This manifestation
was reduced by obtaining the original structure of welded joints of steam pipes and rotors with improved
qualitative characteristics of their structure. For this improvement, improved welding processes were used, the
indicators of which are based on the results of welding heating simulation of the manufactured joints. The
dependence of the reliable operation of welded joints of steam pipelines and turbine rotors, as well as their
resource, on the structural and phase state of the metal of the welded joints and the presence of damage in the
form of creep pores and fatigue cracks was established. The studies were carried out using modern methods of
analyzing the structural phase state and determining the properties of welded joints, as well as using simulation of
welding heating of manufactured joints. The introduction substantiates the relevance of research tasks, shows the
connection of work with scientific programs, plans, topics, sets the goal and main tasks of the research, gives the
main research methods and scientific novelty, and formulates the practical significance of the obtained results. In
the first chapter, on the basis of domestic and foreign experience, the prospects of researching the structural-
phase state of welded joints of steam pipelines made of heat-resistant steels, which are operated for more than
270,000 hours, are substantiated in conditions of creep and fatigue. The second chapter provides a description of
the methods, techniques, equipment and materials used in the research. A brief description of the improved
welding technology and modeling of welding heating is given, the use of which ensured the production of welded
joints of steam pipes and rotors with an improved structure. Optical and electron microscopy methods, as well as
surface microprobe analysis, were used to study the structure of welded joints. In general, the obtained results of
the structural analysis ensured the optimization of the conditions for obtaining higher-quality welded joints of
steam pipes and rotors. The third section is devoted to the study of the influence of the structural phase state and
metal deformation of welded joints of steam pipelines that have been in operation for more than 270,000 hours in
conditions of creep and fatigue, on their damage. The fourth section contains the results of research on the
relationship between the structural and phase state of long-term operated welded joints and their microdamage
under creep and fatigue conditions. The proposed scale definitions of the residual service life of welded joints with
the presence of damage to their metal. The fifth chapter is devoted to the theoretical and practical substantiation
of the reliability of work, as well as the determination of the residual resource of welded joints of steam pipes and
rotors of TPP and NPP turbines operating for a long time under conditions of creep and fatigue. Keywords: welded
joints, steam pipelines, rotors, resource, damageability, structure, creep, fatigue, properties, carbides, austenite,
martensite, bainite, reliability.
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