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Pedepar:

1. O6’eKT mocmimKeHHs: CTPYKTYPHI IEPETBOPEHHS, CTPYKTYPHO-(a30BUii CTaH, OMKOPKYBAHICTb i BIACTUBOCTI
3BapHUX 3'€JHaHb NaponpoBois 3i ctaseit 12XIM® i 15XIMI1®, a Takox potopis 3i ctasni 25X2HM®A cToCcoBHO
30ibLIIEHHS HaJiHOCTI i pecypcy ix HalpalloBaHHS B yMOBax IOB3y4oCTi i BToMU. [IpegMeT BOoCiIpKeHHS: BILJIUB
(isnKO-XiMiYHUX [IPOLECIB HA CTPYKTYPHO-(a30Bi NEPETBOPEHHS i GOPMYBaHHS 6PaKOBOYHUX CTPYKTYP B METaJi
3BApHUX 3'€JHaHb APOINIPOBO/LiB, 3B'130K CTPYKTypH 3BAPHUX 3'€IHaHb IIAPOIIPOBO/IB i POTOPIB 3 iX BIaCTUBOCTIMU
i momkoIKyBaHicTIO. [lucepTallilo IPUCBSYEHO NPOBEIEHHIO KOMIVIEKCHUX NOCTiKeHb (i3snKo-XiMiUHMX [IPOLIECiB,
sKi BiZiOyBalOTbCSI B METaJli 3BApHUX 3'€IHaHb IapONPOBOB i3 cTasel 12XIMO i 15XIM1D i 3a6e3neuyoTh
CTPYKTypHO-(a3oBi 3MiHU. HaBeeHi oCliIpKeHHs TPOBOAMIIM CTOCOBHO 3BaPHUX 3'€[IHAHb N1APONPOBOIB i
POTOPpIB TypOiH, SIKi JOBrOTPXBAJIO NPALIOIOTH B YMOBAX IIOB3y4YOCTi i BTOMH, a TaKOX MiABUILEHUX POOOINX
HaBaHTaXeHb. OOI'PYHTYBAJIH, 1110 CTPYKTYPHO-(a30Bi 3MiHU CIIPUSIOTH MTOIIKOPKYBAHOCTI 3BAPHUX 3'€JHAHB, sIKa
BiZIOYBa€eTLCS 32 MEXaHi3MaMU MTOB3Yy4YOCTi i BTOMU. JIOCIIiI>)KEHHSI 0COOIUBOCTEN IPOXOIPKEHHS CTPYKTYPHO-
(pa30BUX NEPETBOPEHDb HA/IAJIO MOXJIMBICTh 3MEHIIUTH iX posiB. HaBegeHNni1 MPOsIB 3MEHIINIIN MIJIIXOM OTPUMaHHS
BUXiJJHOI CTPYKTYpHU 3BapHUX 3'€JHAHb 1apOIIPOBO/iB i pOTOPIB 3 NOKPAIIEHUMU SIKICHUMU XapaKTepPUCTUKaMU iX
CTPYKTYpH. JIJ1s1 TaKOTO IMOKpalleHHs] BUKOPHCTOBYBAJIX Y OCKOHAJIEH] IIPOLIECH 3BAPIOBAHHS, IOKA3HUKU SIKAX
I'PYHTYIOTbCSI HA pe3yJbTaTaxX MOJEJII0BaHHS 3BapPIOBAJIbHOTO HArpiBaHHS 3'€[JHAHb, 1[0 BUTOTOBJISIIOTHCSL.
BeraHoBMIIY 3a1€5KHICTh HAAAIMHOI eKCIUTyaTallii 3BapHUX 3'€lHaHb [IAPOIIPOBOLIB i pOTOPIB TypOiH, a TAaKOX iX
pecypcy Bill CTPYKTypHO-(a30BOro CTaHy MeTaJly 3BapHUX 3'€JHAHb i HAIBHOCTI IIOLIKO/I>)KE€Hb Y BUTJISL L TIOP
[IOB3Y4OCTi i TPilH BTOMU. JlOCIIiI)KEHHS IIPOBEMEHI 3a JOIIOMOIOI0 Cy4aCHUX METOAIB aHaJIi3y CTPYKTYPHO-
(a30BOro CTaHy i BU3HAYEHHSI BJIACTUBOCTEN 3BAPHUX 3'€/IHAHB, 8 TAKOXK 3 BUKOPUCTAHHSIM MOZEIOBAHHS
3BapIOBaJIbHOTO HarpiBaHHS 3'€JHAaHb, [0 BUTOTOBJISIOTHCS. Y BCTYII OOIPYHTOBAaHO aKTYyaJIbHICTh 3324
IOCJIiIKEeHHS], I0OKa3aHo 3B'sI30K POOOTU 3 HAyKOBUMHU IIPOrpamaMH, IJIaHaMU, TEMaMH, IIOCTaBJIeHa METa Ta
OCHOBHI 33/1a4i JOCJIiI>KEHHS, HaBeJeHi OCHOBHI METOIM IOCJITKEHHS i HAayKoBa HOBU3HA Ta CHOPMYIbOBAHO
[IpaKTUYHE 3HaYeHHS OTPUMAaHUX Pe3yJbTaTiB. Y IepIIoMy PO3Zisi Ha OCHOBI BITYM3HSIHOTO i 3apy0i’KHOTO IOCBITy
OOI'PYHTOBaHA NEPCIEKTUBHICTD NOCIiIPKEHHS CTPYKTYPHO-(a30Boro CTaHy 3BapHUX 3'€JHaHb 1apOIIPOBO/IB i3
TEIUIOCTIMKUX CTaJIeN, SIKi EeKCILTYyaTyIoThCA IOHaA 270 THC. Tof,. B YMOBaxX I[IOB3y4OCTi i BTOMU. Y APYrOMy pO3aii
[I0/IAHO OTIMC METOZiB, METOAVK, 06JIafHAHHS i MaTepialiB, 10 BUKOPUCTOBYBAJIMCS B AOCTiIKeHHIX. HaBonuThcs
KOPOTKMI ONMC Y OCKOHAJIEHOI TEXHOJIOTI] 3BapIOBaHHS i MOJIEIIOBAHHS 3BaPIOBAJILHOTO HATrPiBaHHS,
BHMKOPHUCTaHHSI SIKMX 326€311€41jI0 OTPUMAaHHS 3BapHUX 3'€JHaHb [1apONPOBOIiB i POTOPIB 3 IOKPALEHOIO
CTPYKTYpOI0. [I71s1 HOCTiIKEHb CTPYKTYPH 3BaPHUX 3'€JHAaHb BUKOPHUCTOBYBAJIM METOY ONTUYHOI i €1eKTPOHHOI
MiKPOCKOIIii, 8 TAKOX [IOBEPXHEBUI MIKPO30OHIOBUI aHali3. 3arajloM OTpUMaHi pe3ybTaTy CTPYKTYPHOTO aHali3y
3a0€3ne4yuniy ONTHUMI3allil0 YMOB OTPUMAaHHS OibIl SIKICHUX 3BapHUX 3'€JHaHb I1apOIIPOBOiB i poTopiB. TperTiit
PO3[iJ IPUCBSIYEHUI NOCIIiIPKEHHIO BIUIMBY CTPYKTYPHO-(a30BOro CTaHy i gedopmallii MeTany 3BapHUX 3'€IHaHb
MAPOIIPOBO/IIB, SIKi €KCILIYyaTYIOThCS NOHAL 270 THC. FOJ. B YMOBAX IIOB3Y4OCTi i BTOMU, HA iX MOLIKOIKYBAHICTb.
YeTBepTUi po3[ia MiCTUTh Pe3yJIbTaTy JOCiKEHb 3B’13Ky CTPYKTYPHO-(a30BOro CTaHy JOBrOTPUBAJIO
eKCIUIyaTyEMHUX 3BaPHUX 3'€JHAHb 3 X MiKPOIIOIIKOKyBaHICTIO B YMOBax MTOB3YyYOCTi i BTOMU. 3alIpOIIOHOBaHA
IIKaja 3a/IMIMIKOBOrO TEPMiHy HaNpallloBaHHS 3BAPHUX 3'€JHaHb 3 HASIBHICTIO MOLIKOKYBAHOCTI ix MmeTasny. [T'aTtuit
PO3[IiJ IPUCBSIYEHNI TEOPETUYHOMY i IPAaKTUYHOMY OOI'PYHTYBAHHIO HaJlifHOCTI poOOTH, @ TAKOK BUSHAUEHHIO
3aJIMIIKOBOTO PECYPCY AOBrOTPHBAJIO NPALIOI0OYMX B YMOBAX I10B3y4YOCTi i BTOMU 3BapHUX 3'€JHaHb [1apOIPOBOIiB Ta
potopis Typ6in TEC i AEC. Kito4oBi ci0Ba: 3BapHi 3'eJHaHHS, 1IapOIIPOBOAU, POTOPH, PECYPC, TOUKOAKYBaHICTb,
CTPYKTYpa, II0B3y4iCTh, BTOMA, BIACTUBOCTI, Kap06ifiy, ayCTEHIT, MAPTEHCUT, GEHHIT, 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 25X2HM®A 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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