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Pedepar:

1. Y po6oTi BupillleHe BaXJIMBe HAyKOBO-MIPUKJIAJIHE 3aBAAHHS — PO3POOJIEHHSI METOIUKU NOCiIKEHHS MiLIHOCTI Ta
€KCILTyaTaliiiHOI HaJiiHOCTi KOHTAaKTHUX 6iMeTasleBUX TEPMOIIEPETBOPIOBAYiB HA OCHOBI PiBHSIHb TPUBUMIPHO]
TE€PMOIPYKHOCTi. O6’€KTOM JOCTIIKEHHS € 3yMOBJIEHA iIHTEHCUBHUM T€PMOCUJIOBUM HaBaHTAKEHHSIM
TEPMOIIPY>KHa I10Be/liHKa 6iMeTaleBUX TEPMOIIEPETBOPIOBAYiB CKIaHOI popMHu i cTpyKTypu. [IpegmeTom

,U,OCJIi,IL)KeHHH € PO3BUTOK 3aco0biB MaTEMATHUYHOIO, YMUCJIOBOI'O i KOMI'I'IOTepHOFO MOOENIOBAHHS OJIs1 ,ILOCJ'Ii,U,)KCHHH



TEIJIOBYX i MEXaHIYHUX NIPOLECIB Y TEPMOUYYTIIMBUAX KYCKOBO-OJHOPiIHUX Tijlax cKjIagHoi popmu. Haykosa
HOBHU3HA poboTu: 1. Po3po6yieHo MaTeMaTH4Hy MOJEJIb [1J1s KiJIbKICHOTO OIKCY TETJIOBUX i MeXaHiYHUX IIPOLIECiB B
KyCKOBO-OJHOPiHUX Tijlax cKIagHoi GopMHU i CTPYKTYPH 32 YMOB TEPMOCUJIOBOTO HaBAaHTAXEHHS HA OCHOBI
TPUBUMIPHUX 3aJIEXKHOCTEN TEOPIil TETJIONPOBIAHOCTI 11 HEI30TEPMIYHOI TEPMOIIPYKHOCTI Ta METOAUKY YMCIIOBOTO
PO3B's13yBaHHs CPOPMYJIbOBAHOI 33/1a4i TEPMO—IIPY>KHOCTi 3 BUKOPUCTAHHSIM METOAY CKiH4€HHUX €JIEMEHTIB i
OJIHOKPOKOBHX O6araTorapaMeTpuyHUX aIropyuTMiB; 2. [To6y10BaHO Ha OCHOBI po3p006JIeHOi Y1 CI0BOi METOIUKU
004U CII0BaIbHUI QITOPUTM i CTBOPEHO BiTIOBiHE TPOOIEMHO-0OPi€HTOBAHE NIPOrPaMHE 3a0€3I1eUeHHs 1715
IOCIIiIKEHHS TEPMOMEXaHIYHOI IOBEIHKY TEPMOIIEPETBOPIOBAYIB 32 YMOB iX BUTOTOBJIEHHS Ta €KCIIyaTalLlii;
nporpamue 3abesnedyeHHs BeprudikoBaHe Ha HU3I[ MOJIEIbHUX 3a7a4Y, IJIs1 SIKUX BioMi aHaAJIITU4HI PO3B'A3KY; HA I[il
OCHOBI JOCJIiI)KEHO TOYHICTb Ta 301KHICTh OTPMMYBaHUX YMCJIOBUX PO3B's3KiB; 3. JloCiIpKeHO HallpyKeHO-
Ie(pOopMOBaHUI CTaH KOHTAKTHUX 6iMeTajIeBUX TEPMOIIEPETBOPIOBAUIB Ta 3aXMCHUX OO0JIOHOK JJIs1 HUX Y
IIPOCTOPOBO-TPUBUMIpHOMY OpMYJIIOBaHHi; 4. Ha 11il1 OCHOBI 3aIIpOIIOHOBAHO HOBMI KJlac GiMeTayeBux
TEepMOIIepEeTBOPIOBaYiB, 0OCOOJIUBOCTI OyI0BYU SIKUX YCYBAIOTh OCHOBHY [IPUYMHY BUXOAY 3 JlaJly OCHOBHOTO
KOHCTPYKIIHOTO €JIeMEHTA — PO3TPiCKYBAaHHSI UM IIOPYLUIEHHS 3YEIIJIEHHS] MK CKJIQIHUKAaMU 3 Pi3HUMU Pi3UKO-
MEXaHIYHMMU XapaKTePUCTUKaMu. Yepes IPOMIKOK MiXK CKIaAHMKAMU i 6YPTU 3aKpiIlJIEHHS HAlIPpYKE€HHS Ha
BHYTPIIIHI} NIOBepxHi ceKil 3 6inbmnm KoedillieHTOM JIiHIHHOTO TeMIIepaTypHOro PO3IKPEHHS i BEpXHIl
IIOBEPXHI CKJIaAHUKA 3 OypTaMU 3 MEHIIMM KoeillieHTOM He Mpalo0Th Ha PO3PUB, TOMY TEPMOIIEPETBOPIOBAY I1pU
JIOBrOTPUBAJIOMY LIMKJIIYHOMY TEIJIOBOMY HaBaHTaXXeHHI 0 Temre-partyp nopsaky 760-850nC 36epirae cBoio
uisicHicTs; 5. OTpuMaHO Koe@illieHTH 3anacy Ta OLiHKM eKCIUIyaTaliliHOTO PecypCy 3aXMCHUX 0O0JIOHOK Ha OCHOBI
3aIMPOINIOHOBAHOI PO3PaxyHKOBOI CXxeMU. BU3HaYeHO rpaHnYHe 3Ha4€HHS KiJIbKOCTI LIMKJIiB HABAaHTAXKEHH S~
PO3BaHTaKEHHA [0 PYHHYBaHHS [ Pi3HUX TUIIOPO3MIpiB; 6. [IopiBHANBHMN aHAaJi3 pe3yJIbTaTiB HA OCHOBI
3aIIPOIIOHOBAHOr0 B pOOOTI TPMBHMMIPHOTO MifIXOAY i rajy3eBoi HOPMaTHBHOI METOIUKH 3 BUKOPUCTAHHSIM
iH)XeHepHUX CIiBBifHOIIEHb (OTPUMAHUX Ha OCHOBI MOAeJIi 6ajiky) [10Ka3as, 1o [1JIs Hal6i/bIl HaBaHTaKeHO1
3aXMCHOI 000JIOHKMA MaKCUMAaJIbHi eKCIITyaTaliliHi Halpy>kKeHHs BiIpi3HSIOTbCS Y iBTOpa pa3u. [IpakTuyHe Ta
T€OpPETUYHE 3HAaYEHHS OTPMMAHUX Pe3YJbTaTiB. [IpakTUYHE Ta TEOPETUYHE 3HAYEHHS OTPUMAHUX Pe3yJbTaTiB
0JIIrae y po3pooLi BapiaHTy METOAUKY MAaTEMATUYHOTO i YMCJIOBOTO MOZEIOBAHHS 3yMOBJIEHHUX Ji€l0
TEPMOCUJIOBOTO HAaBaHTAXKEHHSI IIPOLIECIB TEIJIONPOBIAHOCTI Ta epOPMYBaHHS B KyCKOBO-OQHOPITHUX Tiax
CKJIaHOI POpMMU i CTPYKTYpH. Po3pobiieHe IporpaMHe 3a6e3MeyeHHs HaJlae MOXJIUBICTb aJJ€KBaTHOTO
MOJIEJIIOBAHHS Ta AOCJIIPKEHHS] TEPMOMEXaHIUHOI [1I0BEIiHKA KyCKOBO-OJHOPiIHUX TiJl 32 TEPMOCUIIOBOTO
HaBaHTa)KeHHS i MO>Ke OYTU OCHOBOIO pO3POOKM pallioHAJIbHUX 33 HANIPYKEHHSMU KOHKPETHUX €JIEMEHTIB
KOHCTPYKIIii1 32 pi3HUMU KPUTEPiSIMHU, 30KPEMA, 3 METOIO 3a0€3I1€YeHHS B HUX 0@KaHOTO UM 6JIM3bKOTO [0 33/1aHOr0
PiBHS eKCIulyaTalilHUX Halpy>KeHb. [IpakTUYHe 3HaY€HHS] OTPMMAHUX PE3YJIbTaTiB MOJISIrae B PO3poOLi
6iMeTasieBMX KOHTaKTHUX TePMO-IIEPETBOPIOBAYiB HOBOTO TUILY, SIKUX XapaKTepU3ye BUIIA €KCILTyaTaliiiHa
HaJilHICTh y MOPIBHSHHI 3 icCHylounMU. Pe3ysnbraTtu gucepraliiiHoi po60TH BUKOPUCTaHi B [lep>kaBHOMY
nignpuemctsi “JIbBiBCbKUI feps>kaBHUM 3aBof “JIOPTA” Ta HaujonasnbHiil akagemii cyxonyTHUX BiliCbK iMeHI
retbMaHa [lerpa CaraiigayHoro. 3a 10IOMOr0O0 po3po6JIEHOr0 IPOrPaMHOrO 3a6€3MeYeHHs! BCTAHOBJIEHO
TeMIIepaTypHi Jiana3oHu 6e3nevHoi eKcIIyaTalii TepMonepeTBOpIOBaviB HOBOTO TUITY Ta KoedilieHTy 3anacy aJs
KOXKHOTO THUITy i po3Mipy iX 3aXxuCHUX 000JI0HOK. Ha nifcTaBi BUKO~HaHMX OOUMC/IIOBAJILHUX €KCIIEPUMEHTIB 117151
3aXMCHUX 000JIOHOK Pi3HUX TUIIOPO3MipiB 3p06JI€HO BUCHOBOK IIPO MOJKJIMBY 0€3I1€UHY eKCIUIyaTallilo 060JI0HOK Ha
HOMiHaJIbHUX peKMMax eKCIUTyaTallii 3a 3a[I0BiJIbHOTO CTaHy METaJly, BiICYTHOCTI HEJOIYCTUMUX Je(eKTIB i
BiITIOBiTHOCTI pe3yJIbTaTiB KOHTPOJIIO METaJly BUMOI'aM HOPMaTUBHUX JOKYMEHTIB i cTaHIapTiB. PoboTa
CKJIaIa€ThCA 31 BCTYILY, II'ATU PO3iJiB, BUCHOBKIB, [IEPEJIiKy BU~KOPUCTAHUX IpKEPeJl Ta AOOaTKy. OCHOBHI
Pe3yJbTaTU JOCIiIKEHb, OTPMMaHI B IUCEPTallii, 0Iy6J1iKOBaHO B 13-0X HAYKOBHUX Ipalsx, 30KpeMa B 4 CTaTTIX ¥
HAyKOBUX (PaXOBUX BUIAHHSX (3 HUX OJHY CTATTIO ONy0JIiIKOBAHO B [1€PiOAMYHOMY BUJIaHHI, 110 BXOAUTH JO
MIXKHApOJHUX HAyKOMETPUYHUX 6a3 fanux WoS abo Scopus), 2 naTeHTax i 7 Te3ax Ta JONOBigxX 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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Cdepa ynpaBiiHHSA: HaujonasnbHa akajeMis HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafieMivyHui

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. IIpoutok bopuc BacunboBud

2. Borys V. Protsiuk

KBasigikanis: . ¢.-m. u., c.u.c., 01.02.04
InenTudirkarop ORCHID ID: He sactocoyerscs
JoparkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL OCOOH: [HCTUTYT NPUKJIAHUX TPOBIEM MEXaHiKM i MaTeMaTUKM im. S

C. lligctpuraya HanjionanbHOI akageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 03534430

Micue3HaxoaKeHHS: ByJ1. HaykoBa, 6yx. 3-6, JIpBiB, 79060, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu
InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1



VIII. 3akr04Hi BimoMocTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCifiaHHi

BinmoBigasbHUH 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisIJIbHOCTI

Kanunsak borgan MukoianoBu4

Kanunsak borman MukosiainoBud

3amopceka O.0.

VkpIHTEI

FOpuenko TetsaHa AHaToiiBHA



