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Pedepar:

1. Y po6oTi BupilleHe BakjivBe HayKOBO-TIPUKJIaJiHE 3aBAAHHS — PO3POOJIEHHS METOIUKU NOCiIKeHHS MiLIHOCTI Ta
eKCIUlyaTaliliHOi HaZilHOCTI KOHTAaKTHUX OiMeTaleBUX TEPMOIIEPETBOPIOBAYiB HA OCHOBI PiBHSIHb TPUBUMIPHOI
TEPMOIPYKHOCTI. O6’€KTOM IOCIIiIKEHHS € 3yMOBJIeHA iHTEHCUBHUM T€PMOCUJIOBUM HaBaHTAKEHHSIM
TEpMOIIPY’KHA IIOBeJiHKa 6iMeTaseBUX TepMOIIepeTBOPIOBaYiB CkIanHOi Gopmu i cTpyKTypu. [Ipegmerom
TIOCTIiIKEHHS € PO3BUTOK 3aCO0iB MAaTEMAaTUYHOTO, YMCJIOBOTO i KOMIT'IOTEPHOTO MOJEJIIOBAHHS JJ151 JOCTiIKEeHHSI
TEIJIOBYX i MEXaHIYHUX NIPOLECIB Y TEPMOUYYTJIMBUX KYCKOBO-OJHOPiIHUX Tinax ckiaagHoi popmu. Haykosa
HOBU3HA po6oTu: 1. PO3p0o61eH0 MaTeMaTHyHy MOJIEJIb /1151 KiJIbKiCHOTO OIMCY TEIJIOBUX i MEXaHIYHMX NPOLECIB B

KyCKOBO-OJHOPIIHUX Tizlax cKIagHoi GopMHU i CTPYKTYPH 32 YMOB TEPMOCUJIOBOTO HAaBAaHTaXXEHHS Ha OCHOBI



TPUBUMIPHUX 3aJIEKHOCTEN TEOPIl TENIONPOBIAHOCTI 11 HEI30TEPMIYHOI TEPMOIIPYKHOCTI Ta METOOUKY YUCIIOBOTO
PO3B's13yBaHHS c(POPMYJIbOBAHOI 337a4i TEPMO-IIPY>KHOCTI 3 BUKOPUCTAHHSIM METOJy CKiIHY€HHUX €JIEMEHTIB i
OJIHOKPOKOBHUX OaraToriapaMeTpuyHUX aJIrOpUTMiB; 2. [To6y10BaHO Ha OCHOBI pO3p006JIeHOi YU CI0BOi METOUKYU
004N CIII0BAJIbHUI QITOPUTM i CTBOPEHO BiATIOBiIHE MPOOJIEMHO-OPIEHTOBAHE IPOrPAMHE 3a0€31€UYEHHS 17151
IOCIIIKEHHS TEPMOMEXaHIYHOI IOBEIHKY TEPMOIIEPETBOPIOBAYIB 32 YMOB iX BUTOTOBJIEHHS Ta €KCILIyaTalLlii;
rporpamue 3abesnedyeHHs BeprudikoBaHe Ha HU3I MOJIEIbHUX 3a7ay, IJ1s1 IKUX BioMi aHAJIITU4HI pO3B'A3KY; HA Iil
OCHOBI JOCJIiI)KEHO TOYHICTb Ta 301KHICTb OTPMMYBAaHMX YMCJIOBUX PO3B's3KiB; 3. Jl0CIIiIPKEHO HaIIpyKEeHO-
Ie(OpMOBaHUI CTaH KOHTAKTHUX 6iMeTajsIeBUX TEPMOIIEPETBOPIOBAYIB Ta 3aXMCHUX OO0JIOHOK ISl HUX Y
IIPOCTOPOBO-TPUBUMIpHOMY (OpMYJIIOBaHHi; 4. Ha 11i1 OCHOBI 3aIIpOIIOHOBAHO HOBUI KJlac 6iMeTasieBux
TEPMOIIEPETBOPIOBAYiB, 0COOJIMBOCTI OY[0BHU SIKAX YCYBalOTh OCHOBHY ITPUYMHY BUXO/ly 3 JIaJly OCHOBHOTO
KOHCTPYKIIMHOTO €JIeMEHTA — PO3TPICKYBAaHHS YU MOPYLUIEHHS 3YEIJIEHHS] MK CKJIAAHUKAMU 3 Pi3HUMU (i3UKO-
MEXaHIYHUMHU XapaKTepPUCTUKaMu. Yepes NPOMDKOK MiXK CKJIaJHUKAaMU i OypPTH 3aKpiIljIeHHs] HallPyKE€HHS Ha
BHYTPIlIHIl NIoBepxHi ceKuill 3 6inbmnm KoedillieHTOM JIiHIHHOTO TeMIIepaTypHOro PO3IMPEHHS i BEpXHil
IIOBEPXHI CKJIaAHUKA 3 OypTaMU 3 MEHIIVM KoeillieHTOM He MPalo0Th Ha PO3PUB, TOMY TEPMOIIEPETBOPIOBAY [IpU
IOBrOTPUBAJIOMY LMKJIIYHOMY TEIIJIOBOMY HaBaHTKEHHI [0 Temrie-paryp nopsaaky 760-8500C 36epirae cBoio
LinicHicTd; 5. OTpuMaHo KoedillieHTH 3aracy Ta OLiHKU eKCILTyaTaliiHOTO pecypcy 3aXxUCHUX 000JIOHOK Ha OCHOBI
3aIIPOITIOHOBAHOI PO3PAaXyHKOBOI CXeMU. BU3HaYeHO rpaHYHe 3Ha4E€HH KiJIbKOCTI LIMKJIiB HABAHTAXKEHH S~
PO3BaHTaKEHHA [0 PYNHYBaHHS [ Pi3HUX TUIIOPO3MIpiB; 6. [IOpiBHANLHUN aHAaJi3 pe3yJIbTaTiB HA OCHOBI
3aIpONIOHOBAHOTO B pOOOTi TPMBUMIPHOTO MigXO0Ay i rasy3eBoi HOpMAaTUBHOI METOJMKU 3 BAKOPUCTAHHSIM
iH)XeHepHUX CIiBBifHOIIEHb (OTPUMAHUX Ha OCHOBI MOJieJIi 6aJjiky) [10Ka3as, 10 [1JIs Hal6ibIl HaBaHTaXKeHO1
3aXMCHOI 000JIOHKYA MaKCUMMAaJIbHi eKCIITyaTaliliHi Hallpy>KeHHs Bipi3HSIOThCS y NiBTOpa pa3u. [IpakTuyHe Ta
T€OpPETUYHE 3HAYEHHS OTPMMAHUX PE3YJIbTaTiB. [IpakTUYHE Ta TEOPETUYHE 3HAYEHHS OTPUMAHNUX Pe3yJIbTaTiB
oJIsirae y po3po61ii BapiaHTy METOAMKY MaTeMaTUYHOTO i YHCJIOBOTO MOJIE/IIOBAHHS 3yMOBJIEHUX [Ii€l0
TEPMOCUJIOBOTO HABaHTAXKEHHSI IIPOLIECIB TEIJIONPOBIAHOCTI Ta e pOPMYBAHHS B KyCKOBO-OJQHOPITHUX Tiax
CKJIaHOI OPMH i CTPYKTYpH. Po3pobiieHe IporpaMHe 3a6e3MeYeHHs HaJla€ MOXJIUBICTb aJJleKBaTHOTO
MOJEJIIOBAHHS TA JOCJIIIP)KEHHSI TEPMOMEXAHIYHOI [IOBEAIHKMA KYCKOBO-OHOPIAHUX TUJI 32 TEPMOCUIIOBOTO
HaBaHTAKEHHS i MOXKe 6yTH OCHOBOIO PO3POOKU pallioHaJIbHUX 3a HAIIPY>KEHHSIMU KOHKPETHUX €JIEMEHTIB
KOHCTPYKIIii1 32 pi3HUMU KPUTEPiSIMHU, 30KPEMA, 3 METOIO 3a0€3I1€YEHHS B HUX 6@KaHOTO UM 6JIM3bKOTO [0 33/1aHOr0
PiBHS eKCIUlyaTalliiHUX Halpy>KeHb. [IpakTU4YHe 3HaYEHHS] OTPMMAHUX PE3YJIbTaTiB MOJISITa€ B PO3POOLi
6iMmeTaneBMX KOHTaKTHUX TePMO-IIEPETBOPIOBAYiB HOBOTO TUILY, SIKUX XapaKTepU3ye BUIIA €KCILTyaTaliiiHa
HaJilHICTh y NOPIBHSHHI 3 iCHylounMHU. Pe3ysbraty gucepraliiiHoi po60TH BUKOPUCTaHi B Jlep>kaBHOMY
nignpuemcrtsi “JIbBiBCbKUI fepskaBHUM 3aBof “JIOPTA” Ta HaujoHanbHiil akagemii CyxONyTHUX BiICBbK iMEHI
retbMaHa [lerpa CaraiigauyHoro. 3a 10IOMOTOK0 po3p06JIEHOr0 IPOrPaMHOrO 3a6€3Me€4eHHS] BCTAHOBJIEHO
TeMIlepaTypHi JjianazoHu 6e3revyHoi eKcIyaTalii TepMonepeTBOpPIOBaYiB HOBOTO TUITY Ta KoeillieHTH 3anacy s
KOXXKHOTO THITy i po3Mipy ix 3axuCHUX 000JI0HOK. Ha nifcraBi BUKO~HaHUX OOUMC/IIOBAJIbHUX €KCIIEPUMEHTIB 117151
3aXMCHUX 000JIOHOK Pi3HUX TUTIOPO3MIpPiB 3p06I€EHO BUCHOBOK ITPO MOKJIMBY O€3Ie€4YHYy eKCIUIyaTallilo 060JI0HOK Ha
HOMIHAJIbHUX PEXXUMaX eKCIIyaTalii 3a 3aJJ0Bi/IbBHOrO CTaHy MeTaly, BilCyTHOCTI HEJOIyCTUMUX JNedeKTiB i
BiITIOBiITHOCTI pe3yJIbTaTiB KOHTPOJIIO METaJly BUMOraM HOPMaTUBHUX JOKYMEHTIB i cTaHJapTiB. PoboTa
CKJIaa€ThCA 31 BCTYILY, II'ATU PO3MiJiB, BUCHOBKIB, IIEPEJIiKy BU~KOPUCTAHUX IpKEPeJl Ta AoOaTKy. OCHOBHI
pe3yJIbTaTy JOCJiIKeHb, OTPUMaHI B AucepTallii, o1y61ikoBaHO B 13-0X HayKOBUX MPaLsX, 30Kpema B 4 CTaTTSIX Yy
HAyKOBMX (paXOBUX BUJAHHSIX (3 HUX OZHY CTATTIO ONyO6JIiKOBAaHO B I€PiOAMYHOMY BUJAHHI, 110 BXOJUTH [0
MDKHapOJHUX HAyKOMETPUYHUX 6a3 ganux WoS abo Scopus), 2 naTeHTax i 7 Te3ax Ta JONOBiJsgxX y 36ipHUKaX
MarepiasiB KOHpepeHLin

2. The work solves an important scientific and applied problem - the development of a methodology for studying
the strength and operational reliability of contact bimetallic thermal converters based on the equations of three-
dimensional thermoelasticity. The object of the study is the thermoelastic behavior of bimetallic thermal
converters of complex shape and structure caused by intense thermal and force loading. The subject of the
research is the development of mathematical, numerical and computer modeling tools for the study of thermal and



mechanical processes in thermosensitive piecewise-homogeneous bodies of complex shape. Scientific novelty of
the work: 1. A mathematical model has been developed for the quantitative description of thermal and mechanical
processes in piecewise-homogeneous bodies of complex shape and structure under conditions of thermal and
force loading based on three-dimensional dependencies of the theory of thermal conductivity and non-isothermal
thermoelasticity and a method for numerically solving the formulated thermoelasticity problem using the finite
element method and single-step multiparameter algorithms is proposed; 2. A computational algorithm has been
built on the basis of the developed numerical method and the corresponding problem-oriented software has been
created for the study of the thermomechanical behavior of thermal converters under the conditions of their
manufacture and operation; the software has been verified on a number of model problems for which analytical
solutions are known; on this basis, the accuracy and convergence of the obtained numerical solutions were
researched; 3. The stress-strain state of contact bimetallic thermal converters and protective shells for them in a
three-dimensional formulation was researched; 4. On this basis, a new class of bimetallic thermal converters was
proposed, the structural features of which eliminate the main cause of failure of the main structural element -
cracking or violation of adhesion between components with different physical and mechanical characteristics. Due
to the gap between the components and the fastening collars, the stresses on the inner surface of the sections
with a greater coefficient of thermal expansion and the upper surface of the component with a lower coefficient
do not act on the rupture, therefore the thermal converter retains its integrity under long-term cyclic thermal
load to temperatures of the order of 760-850 oC; 5. The safety factors and the estimates of the operational resource
of protective shells were obtained based on the proposed calculation scheme. The limiting values of the number of
load-unload cycles before failure of different standard size shells were determined; 6. A comparative analysis of
the results based on the three-dimensional approach proposed in the work and the industry regulatory
methodology using engineering ratios (obtained based on the beam model) showed that for the most loaded
protective shell, the maximum operational stresses differ by one and a half times. Practical and theoretical
significance of the obtained results lies in the development of a variant of the methodology for mathematical and
numerical modeling of the processes of heat conduction and deformation in piecewise-homogeneous bodies of
complex shape and structure caused by the action of thermal and force loading. The developed software allows for
adequate modeling and study of the thermomechanical behavior of piecewise-homogeneous bodies under thermal
and force loading and can be the basis for the development of stress rational structural elements according to
various criteria, in particular, in order to ensure the desired or close to the given level of operational stresses in
them. The practical significance of the results obtained lies in the development of bimetallic contact thermal
converters of a new type, which are characterized by higher operational reliability in comparison with the existing
ones. The results of the dissertation work were used at State enterprise "Lviv State Plant "LORTA" and Hetman
Petro Sahaidachny National Army Academy. With the help of the developed software, the temperature ranges of
safe operation of thermal converters of a new type and the safety factors for each type and size of their protective
shells were established, and shells were also identified, the maximum stresses in which, under conditions
corresponding to the operational ones, do not exceed the permissible ones. Based on the performed
computational experiments for protective shells of different sizes, a conclusion was made about the possible safe
operation of the shells at nominal operating modes under satisfactory metal condition, absence of unacceptable
defects and compliance of the metal control results with the requirements of regulatory documents and standards.
The work consists of an introduction, five chapters, conclusions, a list of sources used and an appendix.
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KBasmigikanis: 1. ¢.-m. 1., c.H.c., 01.02.04
ImenTudikarop ORCID ID: He zactocoyerbcs
JoparkoBa iHdpopmamuist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI OCOOM: [HCTUTYT IPUKIIAZHMX IPOGIEM MEXAHIKM | MaTeMaTUKY iM. 5.

C. I[lipctpuraya HanjionanpHOi akagemii HayK YKpaiHu

Kopg 3a €IPIIOY: 03534430

Micue3HaxoaKeHHS: ByJ1. Haykoga, 6ya. 3-6, JIpBiB, 79060, YkpaiHna
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: HanjjonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZmoMOCTi

Bnacue IpizBume Im's [10-6aTbKOBI Kanmusk bornan Mukonanosud
rOJIOBH pajgu

Bnacwue IpizBume Im's I1o-6aTbKOBI Kanuusk bornan Mukonainosud
rOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUH 32 MiATOTOBKY 3amopcoka O.0.

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




