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Pedepar:

1. Inceprauifiny po60Ty IPUCBSIYEHO aKTyaJbHOMY IIMTAHHIO MiBUIIEHHS HaZiiHOCTi poOOTU TypOoreHepaTopiB Ta
IIOIIYKY PeCypCiB 1711 3a0e3M1eUeHHs NiIBUILIEeHHS TOTY>KHOCTI TypOOreHepaTopiB LJISIXOM CTBOPEHHST HOBUX
METO/IiB TPUBUMIPHOI'O PO3PaXyHKY TEILJIOBOTO CTAaHy BY3JIiB Ta JeTajley anapary WiTKOTPMMaydiB Ta iHIINUX
€JIEMEHTIB KOHCTPYKIill Typ6oreHepaTopiB. Bysi0 BUKOHAHO pO3PaxyHOK PO3MOisy TEMIIepaTyp B MeXax LIiTKOBO-
KOHTAKTHOTI'O anapary [ijisl BU3Ha4€HHSI MOXKJIMBOCTI Ha/liHOi poOOTH TypboreHeparopa 3 I[iTKOBO-KOHTAaKTHUM
arnaparoMm, 06J1aJHaHUM JOJATKOBUMU (QiIbTPYIOUMMHU €J1EMEHTAMU B CUCTEMI MOBITPSIHOTO OXOJIOIKEHHS. B
YaCTHHI BU3HAUEHHSI TEMIIEPATyPU €JIEMEHTIB LiTKOBO-KOHTAKTHOTO anapary 6yj0 BCTAHOBJIEHO, 110 3aMacy 10

TeMIIepaTypam JO3BOJIIOTh 3a0€3M1e4nTH 6e311eYHy pOOOTY IIITKOBO-KOHTAKTHOTO anapary 3 BCTAaHOBJIEHUMU



IOJIATKOBUMU (PiIbTPaMU y CKJIaZli TypOoreHeparopa 6e3 0OMesKeHb 32 HABAHTAKEHHSIMU Ta PEXXUMaMU POOOTH.
Mero1o frucepTaliiiHoi po60TH € PO3pO6Ka METOMiB MOJEJIIOBAHHSI TEIJIOBOTO CTaHy arapariB IiTKOTPUMAaUiB
TypOoreHepaTopa Ipu poOoTi y BCix IPUITYCTUMUX PEXUMaX PoOOTH 3 3a6€3NeYeHHSIM i BUIIeHHS 10ro
IIOTY>KHOCTI 3 BUPILIEHHAM CYKYITHOCTI 33424 BEHTUJIALI Ta TEIJIONPOBIGHOCTI Y TPUBMMIPHIi IOCTaHOBLI| 3
BUKOPUCTAHHSM METO/ly CKiH4eHUX eJIeMeHTiB. [lepmnii po3ain qucepTauiitHoi po60TH NIPUCBSIYEHUI 3araJIbBHOMY
aHaslizy BIJIMBY BUOPAHOi CCTEMU OXOJIO/KEHHS TypOoreHepaTopa Ha Moro rabapuTHO-BaroBi IOKa3HUKU Ta
KOHCTPYKIIi}0 OCHOBHUX €JIEMEHTIB. PO3IJIssHyTI HAal6iIbII TIOMMPEHI CUCTEMU OXOJIOIKEHHS Ta 3HAYEHHS]
€JIEKTPOMAarHiTHUX HaBaHTAKEHb, IPUIHSATHI /11 KOXKHOI 3 BUKOPUCTOBYBAHUX CUCTEM OXOJIOIKEHHS. TakoxX
3a3HavyeHi KOHCTPYKTUBHI OCOGIMBOCTI OCHOBHUX BY3J1iB TypOOTreHepaTopa, sIKi 3a6e3Me4yoTh LUPKYIISLiIo
OXOJIOJKYIOUMX PEYOBUH Ta ONTUMAaJbHi yMOBU BifIB€JI€HHS TEMIIEPATYPH Bill aKTUBHUX YACTHH [1J151 3a0€31eYeHHs
BMMOT HOPMaTHMBHO-TEXHIYHOI JOKyMEHTALlil 0 YMOB eKCIIyaTalii Typéoreneparopa. Ipyruit po3aisn
IycepTaliiiHOI po60TH NPUCBSIYEHNI aHali3y iCHYI0UMX METO/IiB Ta aIFOPUTMIB PO3PAXYHKY TEIJIOBOTO CTAHY
KOHCTPYKTUBHUX YaCTUH TypOOreHepaTopiB. BusHaueHi 0COGIMBOCTI aHAIITUYHOTO PO3PAaXyHKY BEHTUJISILiFIHO]
CHACTEMHU 3 BUKOPUCTAHHSIM aHAJIOTIi riipaBlidyHUX Ta €J1IeKTPUYHUX JIQHLIIOTIB, @ TAKOXK BJIACTUBOCTI IIOTOKY 3 TOYKU
30py 3a6€3Me4YeHHs ONTUMAJIbHUX YMOB TEIIoNepenadi. Y TpeTbOMy PO31ijli PO3IJISIHYTI PE3yJIbTaTh PO3PAXyHKY
TEIJIOBOTO CTaHY LIiITKOBO-KOHTAKTHOTO arapary TypooreHepaTopiB aHAJIITUYHUM METOJIOM Ta y TPUBUMIPHIN
IIOCTAHOBIIi Ha OCHOBI MIONIEPEIHBO BUKOHAHOTO MOZEJIIOBAHHS PO3PaXyHKOBUX BY3JliB. BU3HaYeHUI pPO3NOAi
IIOTOKIB OXOJIOJKYIOUOTrO IOBITPSl, TUCK MOBITPSl B CUCTEMI, TEIIJIOBMI CTaH IOBITPsl Ta CTPYMOINPOBIAHUX YaCTUH
I[iTKOBO-KOHTAKTHOTO anapary 3 BCTAHOBJIEHUMU QilbTPaMU B CUCTEMi OXOJI0[KeHHs. Ha OCHOBI 064MCIeHDb
niATBEpAKeHa MOXJIUBICTb O€3I1eYHOI eKCIITyaTallii arapary B yCiX 03BOJIEHUX PE>KMMax eKCIlTyaTallil
TypOoreHepaTopa 3 JOTPUMaHHSIM YMOB 3a JONYCTMMUMU TeMIIepaTypaMu. Y 4ETBEPTOMY PO3/iJli IpecTaBleHi
METOJIY BUITPOOYBaHb TypOOreHepaTopa, B TOMY YMCJIi TEIJIOBUX BUIIPOOYBAHb, 10 IPOBOISTHCS [1J1s1 OLiHKA
(aKTUYHUX 3aIaciB TeMIlepaTyp aKTHBHUX YaCTUH TypOOreHepaTopa BifHOCHO BU3BHAYEHUX HOPMATUBHO-
TEXHIYHOI0 JOKyMEHTAlli€l0 IPaHUYHUX 3Ha4€Hb TeMIIepaTyp. AHaJIi3 pe3y/ibTaTiB BUIPOOYBaHb 03BOJISIE
BM3HAUUTY HEJOJIKU B €KCIITyaTallii TypboreHepaTopa, HaaTy peKoOMeHAalii oA0 YCYHEHHS BUSBIIEHUX
HEO0JIKIB CUCTEMU OXOJIOIKEHHS, BUSIBUTY HASIBHI pE3€PBU [JIs1 MOKJIMBOIO IiIBUILEHHS ITOTY>XHOCTI
TypboreHepaTopa. Ha npukiazi pesysbTaTis TEIJIOBUX BUIIPOOYBaHb iCHYIOYOro TypboreHepaTopa Iokas3aHo, 110
[IOPYIIEHHS B CUCTEMI OXO0JIO[I)KEHHS], 30KpeMa 3a0pyJHEHHS TENJIO0OMiHHUX IPUCTPOIB, MOXYTb HETATUBHO
BIUIMHYTU Ha €KCIUIyaTaliliHi XapaKTePUCTUKU TypOOreHepaTopa, 0Co6IUBO B JITHIN nepiof po6oTH 3
MaKCHMaJIbBHIMU TeMIlepaTypaMy OXOJIOIKYIOUNX CEePeLoBULl, Ta 3PEIITOI0 IPUBECTHU 10 OOMEKEHHS ITOTYKHOCTI
MamuHU. Pe3yabTaToM IPOBEIEHOI HAyKOBO-IOCiIHOI pOOOTH CTalu po3pobiieHi epeKTUBHI MeTogu
IOCJIiIKEHHS TEIJIOBOTO CTaHy BY3JIiB Ta €JIEMEHTIB KOHCTPYKIil TypOOreHepaTopiB, 30KpeMa iX iTKOBO-

KOHTAaKTHOTO anapary, Ip1 poOOTi y BCiX MPUITYCTUMUX PEKUMAX.

2. The dissertation work is purposed to the urgent issue of the Turbogenerators reliability increasing and finding
resources to ensure Turbogenerators power increasing by creating of new methods for three-dimensional
calculation of the thermal state of assemblies and parts of the brush-holders device and other structural elements
of Turbogenerators. The temperature distribution within the brush-holders device was calculated in order to
determine the possibility of reliable operation of the Turbogenerator with a brush-holders device equipped with
additional filter elements in the air cooling system. In terms of determining the temperature of the brush-holders
device elements, it was found that the temperature reserves allow for safe operation of the brush-holders device
with additional filters installed in the Turbogenerator without restrictions on loads and operating modes. The
purpose of the dissertation is to develop methods for modeling of the thermal state of the brush-holders devices
of a Turbogenerator during operation in all permissible operating modes, ensuring an increase in its power by
solving a set of ventilation and heat conduction problems in a three-dimensional setting using the finite element
method. The first Section of the dissertation is purposed to a general analysis of the influence of the selected
cooling system of the Turbogenerator on its overall dimensions and weight and the design of the main elements.
The most common cooling systems and the values of electromagnetic loads acceptable for each cooling systems
which are used, are considered. The design features of the main units of the Turbogenerator are also indicated,



which ensure the circulation of coolants and optimal conditions for removing temperature from active parts to
ensure the requirements of regulatory and technical documentation for the operating conditions of the
Turbogenerator. The second section of the dissertation is devoted to the analysis of existing methods and
algorithms for calculating the thermal state of structural parts of turbogenerators. The features of the analytical
calculation of the ventilation system using the analogy of hydraulic and electrical circuits, as well as the properties
of the flow from the point of view of ensuring optimal heat transfer conditions, are determined. The third section
considers the results of calculating the thermal state of the brush-holders device of Turbogenerators by the
analytical method and in a three-dimensional formulation based on previously performed modeling of the
calculation units. The distribution of cooling air flows, air pressure in the system, thermal state of air and
conductive parts of the brush-contact apparatus with installed filters in the cooling system were determined.
Based on the calculations, the possibility of safe operation of the apparatus in all permitted operating modes of the
Turbogenerator with compliance with the conditions for permissible temperatures was confirmed. The fourth
section submits the methods for testing of a Turbogenerator, including thermal tests conducted to assess the
actual temperature reserves of the active parts of the Turbogenerator relative to the temperature limit values
specified in the regulatory and technical documentation. The Analysis of the test results allows us to identify
shortcomings in the operation of the Turbogenerator, provide recommendations for eliminating identified
shortcomings in the cooling system, and identify existing reserves for a possible increase in the power of the
Turbogenerator. Using the example of the results of thermal tests of an existing Turbogenerator, it is shown that
disturbances in the cooling system, in particular contamination of heat exchange devices, can negatively affect the
operational characteristics of the Turbogenerator, especially in the summer period of operation with maximum
temperatures of cooling media, and ultimately lead to a limitation of the machine power. The result of the carried
out research work was the development of effective methods for studying the thermal state of components and
structural elements of Turbogenerators, in particular their brush-holders device, during operation in all
permissible modes.
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