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1. O6'eKT BOCHIIPKEHHS — HAKOIIMYEHHS HE3BOPOTHUX Ae(OopMalliil Ta IPUXOBAHMX IOUKOIKEHb 32 HAIBHOCTI
IIPOLIECIB MOB3y4YOCTi Marepiainy, UMKIIYHUX KOHTAKTHUX YIAPHUX BIUIMUBIB, WO IIPU3BOISTh 4O 3HOLIYBAHHS
IIOBEPXOHB. [IpemeT NoCiIpKeHHs — 3MiHIOBaHHS HaIllPYy>KeHO-A4,e()OPMOBAHOr0O CTaHy Ta apaMeTPiB
IIOIIKOKYBAHOCTI Y Tijlax 06€pPTaHH$, BIIUB [10B3Y4OCTi Ta LIMKJIiYHOIO YIAPHOIO HAaBaHTa)KE€HHSI Ha PiBEHb
Ie(pOpMOBAHOCTI Ta Yac 0 3aBEPLIEHHS [IPMXOBAHOTO PyHHYBaHHS. B nucepTaniiHiil po6oTi po3po6IeHO METOS
PO3PaxyHKy HalpyXeHO-1e(OPMOBAHOTO CTaHy Ta OL[iHIOBAaHHS JOBrOTPUBAJIO] MILJHOCTI Tij1 06€pTaHHS, 1[0
MiffaHi BIUIMBY BUCOKUX TEMIIEPATYP, TEIJIOBOI i paialiiiHOI MOB3y4OCTi Ta KOHTAaKTHOTO 3HOIIYBAHHS [TIOBEPXOHb.
3anponoHOBaHO AONOMIKHUI METOJ, OL[iHIOBAaHHS HANPYXE€HO-Ae()OPMOBAHOI0O CTaHy 6aJI0YHNX €JIEMEHTIB Ha
OCHOBI aHaJli3y HeJIiHIMHOrO IUKJIYHOro AedOpMYyBaHHS, Peali3oBaHNN y BUMJIAAL AOCHiTHMUIBKOTO IIPOrPAMHOTO

MOZYJIsl, 110 BUKOPUCTOBYE METO/, 3BRXKEHUX BiIXMJIIB Ta Pi3HULEBUI METO], iHTerpyBaHHs 3a yacoM. Po3pobiieHo



CIleniasi3oBaHuM MPOrPaMHUI MOJIYJIb /111 CKIHU€HHOEJIEMEeHTHOT'O IIPOrPaMHOro 3a6e3nedeHHs, o J03BOJIsIE
OLIiHIOBATH JOBroTpuBaje ne(OopMyBaHHS Ta HAKOIIMYEHHS MOIKOIKEHb [IPY LAKJIiYHOMY HABAHTAKEHHI,
3HOILYBaHHI IIOBEPXOHb, TEIJIOBIN Ta pafialiliHii MOB3y40CTi. 3a JOIIOMOI0OX0 BUKOHAHOTO YACEJILHOTO
MOJIEJIFOBAaHHS TOCJIiI)KEHO BILIMB I10B3Y4OCTi, HAKONIMYEHHSI IPUXOBAHUX OUKOIKEHb, IUKJIIYHUX KOHTAaKTHUX
yIapHUX HaBaHTaXXeHb, PaJiialliiHOrO OIPOMIHIOBaHHS Ta 3HOLIYBaHHS HA HAIPY>KE€HO-1e(POPMOBAaHUI CTaH i
IOBrOTPUBAJY MiLIHICTb Tij 06€pTaHHS. 3allpOIIOHOBAHO HOBUI YMCEJIbHUI MiAXin 10 BU3HAYeHHs KoedillieHTa
3HOLIYBaHHS B YMOBAX II0OB3y4OCTi IPX BUCOKOTEMIIEPATYPHOMY I1€PiOAMYHOMY KOHTAKTi. AHaJIi3 OTPUMaHUX
pe3yJIbTaTiB JO3BOJIMB BCTAHOBUTU 3aKOHOMIPHOCTI 3aJ1€5KHOCTI IIIMOMHY Ta KoedillieHTy 3HOIIYBaHHS Bif,
marepiany Tpyb 32 YMOB LUKJIIYHOTO KOHTAKTY B PEKMUMi I0B3y40CTi, BU3HAUUTU JOBIOTPUBAJY MiLIHICTb TBEJY
AJIEPHOTO PEAKTOpy. 3a pe3yabTaTaMy JOCiIKEHHS OTPMMAHO TaKi HayKOBi pe3ysibTaTu: 1. PO3p061€HO METOZ,
MOJI€JIIOBAHHS CIIJIBHOI il TPOL,eciB HE3BOPOTHOTO Ne(OPMYBaHHS, KOHTAKTHOI B3a€MOZIi IIPU pyCi NOBEPXOHD,
3HOIIYBaHHS Ta HAKONIMYEHHS [IPUXOBAHOI [TOMKOIKYBAaHOCTI IIPYU CKJIAJHOMY HAIIPY>KEHOMY CTaHi. 2.
3anpornoHOBaHO HOBUH MifXif, [J1 YMCEJIbHOTO BU3HAaYeHHs Koedil[ieHTy 3HOIYBaHHS B yMOBax [10B3y4OCTi I1pu
BHCOKOTEMIIEPATYyPHOMY N1€PIOJUYHOMY KOHTaKTI. 3. Bu3HaueHO HOBi 3aKOHOMIPHOCTI 3aJ1€)KHOCT] IJIMOMHU Ta
KoeilieHTy 3HOIIYBaHHS BiJl MaTepiay 3pa3Ky B yMOBax LMKJIiYHOTO KOHTAKTy TP MOB3Y4OCTi, e(pOPMyBaHHS Ta
IOBrOTPUBAJIOi MIITHOCTI 0O0JIOHOK TBEJIiB SAE€PHUX PEAKTOPIB [IpY IXHPOMY KOHTAKTi 3 yTPUMYIOUYMMU €JIeMEHTaMU.
[IpakTMYHE 3HaYEHHS OTPMMAHUX PE3YJbTATIB MOJISIrae B PO3PO6Li KOMIIJIEKCHOTO MiAXO0Ly 10 MOJEJIIOBaHHS
HaMpyXeHo-Ae()OPMOBAHOIO CTaHy Ta aHaJli3y JOBrOTPUBAJIOi MiLJTHOCTI €JIeMEHTIB KOHCTPYKLi# 3 BUKOPUCTaHHSIM
PO3pO6JIEHNX KOPUCTYBALILKUX MOJIYJIIB [JIs1 IPOTPaMHOro 3abesnedeHHst OTpUMaHi pe3ysibTaTu 3 AedopMyBaHHS
Ta aHaJi3y MOXKJIMBOCTI pyHYBaHHSI 000JI0HOK TBEJIiB SII€PHUX PEeaKTOPiB HaJal0Th MOXUJIMBOCTI SIK OLiHIOBaHHS

iXHbOTO 3aJIMIIKOBOTO pecypcy, Tak 17t IIPOEKTYBAHHS HOBUX KOHCTPYKTUBHUX piIIIeHb.

2. Object of research is accumulation of irreversible strains and hidden damage in the presence of material creep
processes, cyclic contact impact effects, leading to surface wear. The subject of research is varying the stress-
strain state and damage parameters in solids of revolution, the influence of creep and cyclic impact loading on the
level of deformation and the time until the completion of hidden damage accumulation. The method for calculating
stress-strain state and assessing the long-term strength of solids of revolution exposed to high temperatures,
thermal and irradiation creep and contact wear of surfaces was developed in the dissertation work. An auxiliary
method for assessing the stress-strain state of beam elements based on the analysis of nonlinear cyclic
deformation was proposed and implemented as a research software module that uses the weighted residuals
method and the difference method of integration over time. A specialized software module for finite element
software was developed that allows for the assessment of long-term strain and damage accumulation under cyclic
loading, surface wear, thermal and irradiation creep. Using the performed numerical modelling, the influence of
creep, accumulation of hidden damage, cyclic contact impact loads, radiation exposure, and wear on the stress-
strain state and long-term strength of solids of revolution was investigated. A new numerical approach to
determining the wear coefficient under creep conditions and high-temperature periodic contact was proposed.
Analysis of the obtained results allowed to establish the regularities of the dependence of the wear scar and wear
coefficient on the pipe material under conditions of cyclic contact in the creep mode, and to determine the long-
term strength of the nuclear reactor fuel rod. Obtained the following scientific results: 1. A method for modelling of
irreversible deformation, contact interaction during surface motion, wear and accumulation of hidden damage in
complex stress state is developed. 2. A new approach is proposed for numerical determination of the wear
coefficient under creep conditions with high-temperature periodic contact. 3. New patterns of dependence of
wear scar depth and wear coefficient on material under conditions of cyclic contact during creep, deformation and
long-term strength of nuclear reactor fuel rod claddings in contact with containment elements are determined.
The practical significance of the obtained results lies in developing a comprehensive approach to modelling the
stress-strain state and analysing the long-term strength of structural elements using developed user modules for
software. The results obtained from the analysis of deformation and the possibility of failure of nuclear reactor fuel
rod claddings provide opportunities for both assessing their residual resource and designing new structural

solutions.
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