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Pedepar:

1. Inceprauifiny po60Ty IPUCBSIYE€HO aKTyaJbHOMY ITMTAHHIO 3a06e3Me4eHHs IIiIBUILIIeHHSI [TIOTY>XHOCTI Ta
OOI'PYHTYBaHHSI JOBFOTPUBaJIOl pOOOTH Ha HAJIIPOEKTHUX PEKMMax TypOOreHepaTopiB BEJIUKOI IOTYKHOCTI
IIJISIXOM CTBOPEHHS HOBUX METOJIiB TPUBUMIPHOTIO PO3PaxyHKy MEXaHIYHUX HAIIPY>KEHb B By3J1aX Ta €JIEMEHTaX
KOHCTPYKIi#1 Typ6oreHepaTopis. Byi0 BUKOHAHO pO3paxyHOK YTOYHEHHUX 3aMaciB MilIHOCTi peCypCHUX BYy3JIiB
TypOOreHepaTopiB IJ1s1 OOIPYHTYBAaHHSI 3a0e31eYeHHs HallillHOI poO60TH TypOoreHepaTopiB 32 yMOB HaIKpUTUYHUX
HaBaHTaXeHb. MeTOI0 AucepTaLiliHoOi po60TU € pO3pOoOKa METOIB NOCIiI>)KEHHS HANPY>KEHO-1e(pPOPMOBAHOTO
CTaHy BY3JIiB Ta €JIEMEHTIB KOHCTPYKILill TypOOreHepaTopiB BEJIMKOI IOTY>KHOCTI IIPU POOOTi HA HOMiHAZIbHUX Ta

HAJIIIPOEKTHUX PEXKUMAX i3 BUPIMIEHHSAM CYKYITHOCTI 337124 TEPMOIIPYKHOCTI Ta TEMJIONPOBIAHOCTI Y TPUBMUMIpHIi



IIOCTAHOBLIi i3 BUKOPUCTAHHSIM METOly CKIHU€HUX €JIEMEHTIB [17Is1 3B'$13aHO] 3a/1a4i TEPMOIPY>KHOCTI B YaCTHHI
YTOYHEHHS rpaHuyHux ymos llI-pony. [Tepmuit po3zin gucepraniiiHol podOTH NPUCBSYEHO aHAJi3y Cy4acCHOTO
CTaHy 'eHepY4oro ob6s1aiHaHHs TENJI0BUX Ta AaTOMHUX €JIEKTPOCTaHLiN B YKpaiHi BHACIiIOK [1epiogu4HO
BMHUKAIO40i HEOOXiAHOCTI POOOTH B HAAKPUTUYHUX PEXKAMAaX. BUKOHAHO 3arajlbHUM OIS, KOHCTPYKLi
TypboreHepaTopiB Ta HOpPMAaTUBHO-TEXHIYHMX BUMOT JJO YMOB iX eKcIyaTaii. [IpefcTaBieHo onruc OCHOBHUX
pecypCcHUX By3JliB TypboreHepaTopa, Ta HaBaHTaXXeHb, 1110 [Ail0Th Ha HUX. JIpyruil po3zin auceprauiiiHoi poboTu
IIPUCBSIYEHO PO3POOLi METOIIB Ta AJITOPUTMY PO3PaxXyHKy HalPy>KeHO-1e(OPMOBAHOrO CTAaHy KOHCTPYKLIii
TypboreHepaTopiB y TPUBUMipHiil TOCTaHOBLi. Bu3HaYeHi BUMOTH [I0 reOMeTpii Ta BUKOHAHE TPUBUMIpHE
MO/JIEJIIOBaHHS PO3PaxyHKOBUX BY3JIiB. Y TPETbOMY PO3[iJli IPEICTABJIEHI PE3YyIbTaTH MEXaHIYHUX PO3PaXyHKIB
CHCTEMH KPiIlJIEHHS OCEPJIS CTaTOpa TypOoOreHepaTropa pPo3pobIeHNM METOIOM TPMBUMIPHOTO MOJIEJIIOBAHHS, B
SIKOMY, Ha BiIMiHY Bif] iCHYIOYMX, PO3PaxyHOK MIIIHOCTI B YaCTMHI TEPMOIIPYKHOI 3a/1adi BUKOHYETLCS 3 JOJABAHHAM
(PaKTUYHUX KOHTAKTIB Ta i3 BpaXyBaHHSIM KOHCTPYKTHMBHUX Ta TEXHOJIOTIYHUX OCOOJIMBOCTEN feTasnei. Y
YeTBEPTOMY PO3JiJii IpeCTaBlIeHO Pe3yIbTaTu MEXaHIYHUX pO3PaxyHKiB KOpPOOiB TypboreHepaTopa, siki 6yso
OTPUMAaHO PO3pO06JIEHUM METOIOM BU3HAUYE€HHS MILJTHOCTI By3J1iB Ta €JIEMEHTIB KOHCTPYKLiN TypOOreHepaTopis i3
BUPILIEHHAM CYKYITHOCTI 33424 TEPMOIIPYKHOCTI Ta TETJIONPOBIAHOCTI Y TPUBUMIPHIl ITOCTaHOBL i3
BHUKOPHCTaHHSIM METOAY CKiHU€HUX eJIEMEHTIB [J1s1 3B'513aHOi 3a/1a4i TepMOIIPYKHOCTI B YaCTHHI YTOUHEHHS
rpaHnyHuX yMoB IlI-pogy, 110 € ocob6uBicTIO 1jboro MeTony. [T'aTuil po3nin nucepTaniiiHoi po60TH NPUCBSIYEHO
aHaJli3y Ta KOPEJIsLisl pe3yIbTaTiB NOCiIPKEHHS HallPYy>KeHO-1e()OPMOBAHOTO CTaHy BY3JIiB Ta €JIEMEHTIB
KOHCTPYKIii1 TypboreHepaTopiB. HaykoBa HOBu3HA po6oTu: 1. PO3BUHYTI icHYyIOUi iH)K€HepHi MEeTOAM BU3HAYEHHS
MIIJHOCTi Ha OCHOBI KJIaCUYHOI Teopii onlopy marepiasis Ta Teopii Ternno-macoo6MiHy B IBOBUMIipHIN IIOCTaHOBLIi B
YaCTHHI yTOYHEHHS 3alaciB MilIHOCTi HAa OCHOBI PETEJIbHOTO MaTEMATUYHOI'O MOZEJIOBAHHS (PI3UYHOTO CTaHY
KOHCTPYKLii Ta KOpeJisLii BITHOCHO METOAIB PYHMHIBHOTO KOHTPOJIIO (Di3UYHUX BJIACTUBOCTEN MaTepiais. 2.
CTBOpEHO HOBUI METOJ, PO3PaxyHKy MIIJHOCTi By3JIiB Ta €JIeMEeHTiB KOHCTPYKLiil TYpOOreHepaTopiB i3 BUPilIeHHIM
CYKYITHOCTI 33,24 TEPMOIIPYKHOCTI Ta TEIJIONPOBiAHOCTI y TPUBUMIPHIi TIOCTAHOBLi i3 BAKOPUCTAHHAIM METOLY
CKiHYE€HUX €JIEMEHTIB 117151 3B'43aH0i 3aa4i TEPMOIIPY>KHOCTI B YaCTUHi yTOYHEHHS I'paHN4YHUX YMOB III-pogy. 3.
CTBOpPEHO HOBUI METOJ, PO3PaxXyHKY MillHOCTi By3JliB Ta €JIEMEHTIB KOHCTPYKLiil Typ6oreHepaTopiB B YaCTUHI
TEPMOIIPY>XKHO] 3a/1a4i 3 ofaBaHHAM PaKTUYHUX KOHTAKTIB iX €JIeMeHTIB i 3icTaBJIeHHSIM 3 KOHCTPYKTUBHOIO Ta
TEXHOJIOTIYHOI0 OCOOJIUBICTIO fleTanel. 4. BHOCKOHaIeHO aJIFOPUTM 3aBIaHHS FPAaHUYHUX Ta TOYATKOBUX YMOB JJIs1
TPUBUMIPHUX MOJieJleil KOHCTPYKTUBHUX KOMIIOHEHTIB €HEPreTUYHOTO 00J1aIHAHHS B YACTHHI J€TaJbHOTO OIUCY
KOHCTPYKIii 3 ypaxyBaHHSM ii pi3HO)KOPCTKOCTi Ta 0COGIMBOCTEN TEXHOJIOTIYHOTO 3'€JHAHHS JeTajiell Ha OCHOBI
TPUBHMIPHOI0 MOJeM0OBaHHs. [IpakTuyHe 3Ha4eHHS OTPUMaHUX pe3ybTartis: 1. CTBOPEHO METOM0JIOTII0
PO3PaxyHKY 3aIlaciB MilJHOCTi [i71s1 BY3JliB Ta JieTajsiell TypOOreHepaTopiB Ta aHAJIOTiYHOTO €HEPreTUYHOTO
06J1a[IHaHHS1, BUKOPUCTaHHSI SIKOi 3a6e31edye HafliiiHy po60Ty TypOOreHepaTopiB Ha HOMiHAJIBHUX PEKMMax Ha
npots3i He meHu 27 000 roguH. MeTozoioris 6a3yeTbcsi Ha po3pobJieHrx B pO60Ti MeTOAaX TPUBUMIpPHOTO
MoJesoBaHHs. 2. Hafgane oO6rpyHTYBaHHS 3a0€3M1e€4YeHHs iJjBUIIEHHS IIOTY>KHOCTI Ta JOBrOTPUBaJIoi poObOTH Ha
HAJIPOEKTHUX PEXUMaxX TypOOreHepaTopiB TEMJIOBUX €JIEKTPOCTAHLiN. 3. BcTaHOBJIEHI 3aKOHOMIPHOCTI
medopmariii By3siB Ta eJIeMeHTiB KOHCTPYKLi{ CTaTOPiB TypOOTeHepaTopiB Ta aHAJIOTIYHOIO €HePreTUYHOTO

oby1alHaHHS M7, Ai€10 TENJI0BUX, MEXaHIYHUX Ta BiOpaliltHUX YMHHUKIB 117151 paKTUYHO BUOpPAHUX 3BAPHUX IIIBiB.

2. The thesis is purposed to the topical issue of ensuring power increase and substantiation of long-term operation
at above-design modes of high-capacity turbogenerators by developing new methods of three-dimensional
computation of mechanical stresses in units and design elements of turbogenerators. The computation of refined
reserves of strength of resource units of turbogenerators was performed to substantiate the provision of reliable
operation of turbogenerators under conditions of supercritical loads. The goal of the thesis is the development of
methods for studying the stress-strain state of units and design elements of high-capacity turbogenerators when
operating at rated and above-design modes with the solution of a set of thermoelasticity and thermal conductivity
problems in three-dimensional settings using finite element method for the coupled problem of thermoelasticity
in the part of specifying the boundary conditions of the IlI-rd kind. The first section of the thesis is purposed to
the analysis of the current state of generating equipment of thermal and nuclear power plants in Ukraine due to



the periodically arising need to operate in supercritical modes. The general review of the design of
turbogenerators and regulatory and technical requirements for their operating conditions was performed. The
second section of the thesis is purposed to the development of methods and the algorithm for calculating the
stress-strain state of turbogenerator designs in a three-dimensional setting. The geometry requirements were
determined and the three-dimensional modeling of the computation units was performed. The third section
presents the results of mechanical computations of the turbogenerator stator core fastening system using the
developed three-dimensional modeling method, in which, unlike the existing ones, the strength calculation in the
part of the thermoelastic problem is performed with the addition of actual contacts and taking into account the
design and technological features of the parts. The fourth section presents the results of mechanical calculations
of turbogenerator boxes (shields) by the developed method of calculating the strength of units and design
elements of turbogenerators with the solution of a set of thermoelasticity and thermal conductivity problems in
three-dimensional settings using the finite element method for the coupled problem of thermoelasticity in the
part of specifying the boundary conditions of the III-rd kind, which is a feature of this method. The fifth section of
the thesis is purposed to the analysis and correlation of the results of the stress-strain state study of units and
design elements of turbogenerators. Scientific novelty of the work: 1. Existing engineering methods for
determining strength based on the classical theory of resistance of materials and the theory of heat-mass
exchange in a two-dimensional setting have been enhanced in terms of specifying strength reserves based on
careful mathematical modeling of the physical state of the structure and correlation with methods of destructive
control of the physical properties of materials. 2. The new method of calculating the strength of units and design
elements of turbogenerators was created with the solution of a set of thermoelasticity and thermal conductivity
problems in three-dimensional settings using the finite element method for the coupled problem of
thermoelasticity in the part of specifying the boundary conditions of the III-rd kind. 3. The new method of
calculating the strength of units and design elements of turbogenerators in terms of the thermoelastic problem
was created with the addition of actual contacts of their elements and comparison with the design and
technological features of the parts. 4. The algorithm for assigning boundary and initial conditions for three-
dimensional models of design components of power equipment has been improved in the part of the detailed
description of the design, taking into account its different stiffness and the peculiarities of the technological
connection of parts based on three-dimensional modeling. Practical significance of the obtained results: 1. The
methodology for calculating strength margins for units and parts of turbogenerators and similar power equipment
has been developed, the use of which ensures reliable operation of turbogenerators at rated modes for at least
27,000 hours. The methodology is based on three-dimensional modeling methods developed in the work. 2. The
rationale for ensuring power increase and long-term operation at above-design modes of turbogenerators of
turbogenerators of thermal power plants is provided. 3. The regularities of the deformation of units and design
elements of turbogenerator stators and similar power equipment under the influence of thermal, mechanical and
vibrational factors for actually selected welds hav been established.
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