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Pedepar:

1. PoboTta npucesyeHa NifBUIIEHHIO €(PEKTUBHOCTI pOOOTU TEMJIOBUX €JIEKTPOCTAHLiN B yMOBAaX 3pOCTaHHS
HepiBHOMIPHOCTI rpadikiB HaBaHTaKEHHS Ta JedilUTy MaHEBPEHUX ITOTY>KHOCTEN B 00'€IHAHINl €HEPrOCUCTEMI
Ykpainu. Uepes 4acTi ycKu eHepro6JioKiB 06J1aiHaHHs MPallloe B 3MiHHUX PEKUMaX, 10 PU3BOAUTD 1O
NiABUILEHHS BUTPAT Ha BiJIyCK €JIEKTPOEHEPrii, IPUIIBUALIEHOIO 3HOCY Ta 3MEHIIEHHS pecypcy 06J1affHaHHS.
AKTyasbHICTh TEMU 3yMOBJIEHA IOTPEOOIO y paljioHani3alii pexkumiB po60TH, MOZEpHi3allii TEXHIYHMX MigXOMiB Ta
BIIPOBA/>)KeHH] e(PeKTUBHMX METOZIB IiarHOCTUKY 1 eKcIyartauii. ¥ BCTyIi o6rpyHTOBaHO BUOip TeMH,
c(OpPMYIIbOBAHO METY, 3aBIAHHS, 00'€KT i MPeAMET JOCIIiIPKEHHS, 3a3Ha4Y€HO HaYKOBY HOBU3HY, IPAKTUYHY
3HAUyLIiCThb, alpO0Oallilo Ta OCOOUCTUI BHECOK 3[100yBaya. [lepiunil po3fis MiCTUTh OIJIs[ JTepaTypHUX IKepeJl, B
SIKUX PO3IJISiIAETbCS pallioHasi3alist pexxumiB po60TH €eHEPreTUYHOro 06J1aiHAHHS Ha BCiX eTanax: BUpOOHUIITBO,

nepepaya, po3Inoiy eJeKTpoeHeprii. BusHaueHo BIIMB 4acTUX IYCKiB HA HaMliMHICTh i COGiBapTiCTh reHepallii



esiekTpoeHeprii. JociakeHo KIII04oBi IPoLecH ferpajanii o61agHaHHS: TeMIIEPaTyPHi LUK, KOPO3iiiHe
PO3TPiCKyBaHH$, IOB3y4iCTb. PO3IVISIHYTO MNUPOKUI CIIEKTP ONTUMI3AL[iHUX METOLIB: METOZ, JlarpaHxka,
CTOXaCTUYHE IIPOrpPaMyBaHHS, TeHETUYHI aJITOPUTMU, MOZEJli IPOTHO30BaHOro KepyBaHHs. OcobsmBa yBara
IIpufijieHa YyuceJbHOMY MOJEJIIOBAHHIO: METO]I CKIHYEHHUX €JIEMEHTIB, PyHKUis ['piHa. YV npyromy posmini
IIPOAHAJi30BaHO OCOBJIMBOCTI eKcIyaTauii enepro6soka 200 MBT 3 Typ6inoto K-200-130, 1m0 mmpoko
BUKopucToByeTbcst Ha TEC Vkpainu. HaBeneHno knacudikaliiio 1yckis (X0100HUIN, HEOCTUTJIUH, rapsyuit) 3a
TEMIIEPATYPOIO0 MeTaJly LUJIiHAPA BUCOKOrO TUCKY. OCHOBHUMMU JOCJIiPKyBaHUMHU [TapaMeTpaMU € BTpaTu €Heprii
Ta NajmBa Iif 4ac 1mycky. [1o6ysoBaHO MaTeMaTU4Hi MOJieJli TeNI000MiHy B TYpOiHi, 110 103BOJISIIOTh BUSHAYATU
TeMIIepaTypHi po3IoZiny Ta OLiHIOBaTH HaNpyXKeHO-AedOpPMOBaHMI CTaH KOHCTPYKLii. [TpoaHanizoBaHo mpouec
HaKOIIMYEHHS MaJIOLMKIIOBOI BTOMU POTOPA. [I715 OL[iHKM pecypCy BUKOPUCTAHO rinore3y [lanbmrpena-Marnepa.
HaBeneHo piBHSIHHS [J151 BUBHAY€HHS MOMEHTY YTBOPEHHS TPIllIMH 3aJIEXKHO Bifl peXXUMY eKCIulyaTalii. ¥ TpeTbomy
PO31iJ1i BU3HAYEHO MTyCKOBi IEPEBUTPATH NajMBaA. BCTaHOBJIEHO, IO IIPM NYCKY 3 XOJIOJHOTO CTaHy IIEpEeBATpaTa
YMOBHOTO MNajuea cTaHoBUTh 90,7 T.y.11., 3 HEOCTUTJIOTO — 77,2 T.y.IL., 3 rapsiyoro — 59,6 T.y.11. Ha ocHOBI pe3ysbTariB
PO3p06JIEHO MaTeEMAaTUYHY CUCTEMY pallioHasi3allii pe>KMMiB eKCIlyaTallii eHepro6Joka, 1o J03B0JIsIE
MiHIMi3yBaTH cepegHbOPIYHY IMTOMY BUTPATy YMOBHOIO IaJIMBa. BCTAaHOBJIEHO ONTUMAJIbHI €KCILTyaTaLlilHi
napametpu: piu"e HanpanoBaHHs 5500-6500 rog, KisbKicTk nycKiB 20-32, yacTKa MyCKiB i3 X0JI0OAHOIO CTaHy —
70-80 %. 3anponoHOBaHUI pe>xXuM 3abesrneuye Ha 20 % MeHIi BTpaTU [1ajrBa MOPIBHSIHO 3 HalIMeHII e(peKTUBHUM
BapiaHTOM. JI0JaTKOBO BCTAaHOBJIEHO BILJIMB BiIXMJIEHHS Bifl ONTUMAJIbHUX PEXUMIB Ha BUTPATH NajIuBa. ¥
4eTBEPTOMY pO3[isi N06yI0BaHO T€OMETPUYHY MOJIeJIb Hail61/IbIll HABAHTAXKEHOI YaCTMHU POTOPa CEPeIHbOTO
tucky (PCT) Typ6inu K-200-130. Mopie1toBaHHSI BUKOHAHO y JBOBUMIpPHill IOCTaHOBLi METOIOM CKiHY€HHUX
eJIeMEeHTIB. BcTaHOBJIEHO, 1110 TP HOMiHAJIbHOMY HaBaHTa)XEHHI MakcUMaslbHa TeMmneparypa pocsarae 508 °C,
Haubinbme Hanpy>keHHs (134 MIIa) - y 30Hi 0CbOBOrO OTBOpY i perymiodyum cTyneHem. I1in yac nyckiB HaiBumi
HaIlpy>KEHHS CIIOCTEPIraloTbCd B TEPMOKOMIIEHCIHMX KaHABKAX Ta rajTeli pEryyiodoro CTyneHs. HanpykeHHs
IIpY IyCKax i3 X0JI0gHOro cTaHy carae 447 Mlla, 3 Heoctursoro - 367 MIla, 3 rapsg4yoro - 270 MIla.
HaiiHTeHCHBHillIi HABAaHTa)KEHHS BUHMKAIOTh Y MOMEHT IIEPEXOY Bifl IIOIITOBXY [0 XOJIOCTOro xoay. Ha
3aBEPUIEHHS 3alIPOIIOHOBAHO MAaTEMATUYHY MOJEJIb pallioHai3alii pe>xuMiB eKCILTyaTallii, sika J03BOJIsle KEPyBaTU
TEMIIOM HaKOIMYEHHS MOLKOIKEHD MIJIIXOM 3MEHIIEHHS BIIJIMBY HEPALliOHAJBHUX PEXUMIB. ONITUMaNbHUN
pexxum 1711 enepro6s1oky 200 MBt: 6000-6500 rog, piuHoro HanpauoBaHHs, 20-26 myckis, yactka XC - 0,74-0,8.
Taxuii mifxiz 703B0JIsS€ 301bIUTY pecypc obsagHanHs 10 80 TUC. rofi y NOPiBHSIHHI 3 HallMeHI €(DEKTUBHUM
BapiaHTOM. 3aIIPOIIOHOBaHI B pOOOTI pillIeHHS € BaKJIMBUM BHECKOM Y MiZIBUIIEHHS eHeproeeKTUBHOCTI Ta

HagiriHocTi TEC, 0c061MBO B yMOBax 3pOCTal0uOro HaBaHTAXKEHHS HA €HEProCUCTEMY YKpaiHu.

2. The paper is dedicated to improving the efficiency of thermal power plants in the face of increasingly uneven
load schedules and a shortage of manoeuvrable capacities in the integrated power system of Ukraine. Due to the
frequent start-ups of power units, the equipment operates in variable modes, which leads to higher electricity
supply costs, accelerated wear and tear, and reduced equipment life. The relevance of the topic is driven by the
need to rationalise operating modes, modernise technical approaches and introduce effective diagnostic and
operational methods. The introduction substantiates the choice of the topic, formulates the purpose, objectives,
object and subject of the study, indicates the scientific novelty, practical significance, testing and personal
contribution of the applicant. The first chapter contains a review of literature sources that discuss the
rationalisation of power equipment operating modes at all stages: generation, transmission, and distribution of
electricity. The impact of frequent starts on the reliability and cost of electricity generation is determined. The key
processes of equipment degradation are investigated: temperature cycles, corrosion cracking, creep. A wide range
of optimisation methods are considered: Lagrange method, stochastic programming, genetic algorithms, and
predictive control models. Particular attention is paid to numerical modelling: finite element method, Green's
function. The second section analyses the peculiarities of operation of a 200 MW power unit with a K-200-130
turbine, which is widely used at Ukrainian thermal power plants. The classification of start-ups (cold, un-cooled,
hot) by the temperature of the metal of the high-pressure cylinder is presented. The main parameters under study
are energy and fuel losses during start-up. Mathematical models of heat transfer in the turbine have been



constructed to determine temperature distributions and assess the stress-strain state of structures. The process
of low-cycle rotor fatigue accumulation is analysed. The Palmgren-Miner hypothesis is used to estimate the
service life. The equations for determining the moment of crack formation depending on the operating mode are
presented. In the third section, the starting fuel overruns are determined. It is established that when starting from
a cold state, the overconsumption of conventional fuel is 90.7 toe, from an un-cooled state - 77.2 toe, from a hot
state - 59.6 toe. Based on the results, a mathematical system for rationalising the power unit's operating modes
has been developed, which allows minimising the average annual specific consumption of conventional fuel.
Optimal operating parameters were determined: annual operating time 5500-6500 hours, number of starts 20-32,
share of starts from cold state 70-80 %. The proposed regime provides 20 % less fuel loss compared to the least
efficient variant. Additionally, the effect of deviations from the optimal modes on fuel consumption is determined.
In Chapter 4, a geometric model of the most loaded part of the medium-pressure rotor (MPR) of the K-200-130
turbine was constructed. The modelling was performed in a two-dimensional formulation by the finite element
method. It was found that at the rated load, the maximum temperature reaches 508 °C, and the highest stress (134
MPa) is in the area of the axial hole under the control stage. During start-ups, the highest stresses are observed in
the thermal compensation grooves and the fillet of the control stage. The stress during start-up from a cold state
reaches 447 MPa, from an un-cooled state - 367 MPa, from a hot state - 270 MPa. The most intense loads occur at
the moment of transition from the jolt to the idle. In conclusion, a mathematical model for rationalising operating
modes is proposed, which allows controlling the rate of damage accumulation by reducing the impact of irrational
modes. Optimal mode for a 200 MW power unit: 6,000-6,500 hours of annual operation, 20-26 starts, and a share
of CO2 of 0.74-0.8. This approach makes it possible to increase the equipment service life to 80 thousand hours
compared to the least efficient option. The solutions proposed in this paper are an important contribution to
improving the energy efficiency and reliability of TPPs, especially in the context of the growing load on the
Ukrainian power system.
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