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AHOTAIIS

Jliyyx C.P. CucreMa 1uiaHyBaHHS palliOHAIBHUX PECYPCO30epiralounx pexknuMiB
excruryaTaniii TEC — Kpamigikariiiina HaykoBa mpars Ha mpaBax pyKOIHCY.

Jucepraiiiss Ha 3A00yTTS HAYKOBOTO CTyIeHsS JokTopa ¢urocodii 3a
cnemianpHicTiO 144 — Temnoenepretuka. — HamioHanbHUN TEXHIYHUNA YHIBEPCUTET
VYkpainu «KuiBcbkuii nmoiTexHiyHui iIHCTUTYT iMeH1 [rops Cikopebkoroy, Kuis — 2025.

JuceprartiiitHa poOoTa BKJIIOYa€e B cede 4 po3Iiiv, B SIKUX BIIOYBA€THCS pO3pOOKa
CUCTEMH IUIaHyBaHHs poOoTH eHeproOokiB TEC, 3 MeTOr0 3MEHILIEHHS] BUTPAT NajiuBa 1
MOJIOBKEHHSI PECYpPCHUX MOKA3HUKIB.

Beryn Britouae Taky iH(opmalito SK: IpeICcTaBlIeHHs aKTyalbHOCTI BUOOPY TEMU
JNOCTIKEHHS, 3B'SI30K poOOTM 3 HAyKOBUMH IporpamMamy, TeMaMH, IUIaHaMH,
(dopMyBaHHS METH 1 3aBJlaHb POOOTH, IO OTOMAararoTh MPU PO3KPUTTI JAHOI TEMH.
[IpencraBieHo 00’€KT, ONpeAMET Ta METOAM JOCHIIKEHHS. Takoxk BiAOOpax)aeThcs
HAayKOBa HOBU3HA, NMPAKTHUYHE 3HAYEHHS OTPUMAaHMUX pPE3yJIbTaTiB, OCOOMCTUN BHECOK
3n00yBaya, arpoOailisi pe3yibTaTiB, MyOIiKallii, CTpyKTypa Ta o0csar poOoTH.

B nepmomy po3aiii npeacTaBieHo JiTepaTypHUl OTJIsi JHKepesl 1IHIIUX aBTOPIB,
110 IPALIOIOTh HAJl CX0XKOI0 MPOOIEMATUKOIO.

B nanomy po3ziii po3misiAa€ThCs paiioHai3alisi pexkuMiB pOOOTH €HEPTreTUYHOTO
oOnajHaHHs, IO BKJIIOYAE B ce0e BCl eTamu, 30KpemMa: BUPOOHUIITBO, Mepefady Ta
po3moniT enekTpoeHeprii. B pe3ynabTaTi 30UIbIIEHHS HEPIBHOMIPHOCTI TrpadikiB
HAaBaHTAXXEHH Ta HEJOCTAYEIO TEHEPYIOUMX MTOTYKHOCTEH, perynoBanHs OEC € nocuts
npobnematuyauM. CrHuparoyuch Ha 1€ BUHUKAE MpobiieMa TrocTporo AediluTy
MaHEBpPEHUX MOTYXHOCTeH B YKpaiHi, /Ui po3B’s3aHHs Akoi 3anyyarorbesi TEC, ski
IpalolTh HE B HOMIHAJBLHOMY, @ B 3MIHHMX pexumax pooortu. Lle mpuzBoauth 10
MOTIPIIEHHST POOOYMX XapaKTEPHUCTHK, 30KpEeMa IMJABHUIICHHS BUTpPAT Ha BIAIMYCK

CJICKTPOEHEPTii, MPUCKOPEHHS 3HOCY OOJIaJHAHHS Ta 3MEHILICHHS 3aJHUIIKOBOIO

pecypcy.
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[IpoBoAUTHCS TOCTIHKEHHSI, BILIMBY MaHEBPEHUX PEKUMIB poOOTH 00JIaTHAHHS
Ha €KOHOMIYHY CKJIaJIOBY, IPHUBEJICHO 3aJIeKHICTh MK TpadikoM HaBaHTaXEHHS Ta
co0IBapTICTIO eNleKTpoeHeprii. TakokK AOCTIHKEHO OCHOBHI TPOIIECH, 1110 BINTUBAIOTH HA
HaJIHHICT, OO0JaJHAHHA, a caMe IUKIIYHUX 3MIiH TeMmIepaTypd, KOpO31MHOTo
PO3TPICKYBaHHS Ta MOB3YYOCTI.

3amys parioHanizanii pekuMiB poOOTH PO3TISHYTO BEJIHUKY KUTBKICTh METO/IIB,
30KkpeMa Metoj Jlarpawka, JUHAMIYHE Ta CTOXACTHYHE IMpOrpamMyBaHHS, 1€papXivHi
MOJIeJI1 TPOTHO30BAHOTO KepyBaHHS, TeHETUYHI aJropuT™Mu Ta iHmm. B mporeci pobotu
JETANbHO JOCIIKY€EThCSI MOJEIIOBAHHA Ta YHCENbHI METOAM aHalli3y MpOLECIB Y
Typ6oobnaanandi TEC, 30kpema BapTo BIAMITUTH METO/T KIHIIEBUX €JIEMEHTIB 1 (DYHKIIIIO
['piHa.

BpaxoByrouu 11e Bce /7151 pO3B’sI3aHHSI OCHOBHUX MPOOJIEM B €HEPIreTHIIl MOTPIOHO
BIIPOBAKYBATH KOMILJIEKCHHUM MIIX1/, IO BKIIOYA€E B ce0e SIK TEXHIYHO MOJIEPHI3ALIII0
TaK 1 MOKPAILEHHS METOIB JIIarHOCTUKHU Ta €KCIUTyartarlii eneproodnaaHanns. 1o B
CBOIO YEPTry J03BOJIUTh HE TUIHKHU MOJ0JIATH BUKIUKH, IO 3yMOBJICHI BOEHHUM CTaHOM,
a 1 B IOJIaJIbIIIOMY pO3BUBATHUCS, BIIMOBIIal0YX BCIM CTaHAApTaM €HEProe()EeKTUBHOCTI.

B apyromy po3aini 10caiKeHo ToI0BHI 0COOIMBOCTI poboTu eneprodioka 200
MBT 3 typ6inoro K-200-130, mo gacto BukopuctoByetrhesi B OEC Ykpainu. Onucano
KJacuikamio MycKoBUX pexkuMiB TerioBux enekrpoctaniil (TEC), ne ocHOBHOIO €
TeMIiepaTypa Metaay uuiinapa sucokoro Tucky (LIBT) nepen myckom TypOiHU .

OCHOBHUMH XapaKTEPUCTUKAMH, IO AOCTIIKYIOTHCS € BTpATH CHEPrii Ta MmajauBa
Mg 4Yac TycKy. Bu3HaueHHS IMX BTpaT € CKIAJHAM 3aBAaHHSAM, IO TOTpedye
3HAXO/KEHHS YCIX CKJIAJIOBUX €HEPreTHYHMX OanaHciB. Po3paxyHku BiiOyBaroThbCs y
BIIMOBIHOCTI JO pPI3HUX METOJWK, IO CIHUPAIOTHCA Ha Tally3eBl CTaHIApTU Ta
HOPMATHUBHI JOKYMEHTH.

HaBeneno matemMaTw4Hi MoJei TPOIECIB TEIJIOOOMIHY B TPOTOYHIM YacTHHI
TypOoarperara, 10 J03BOJISI€E MPOBOJUTH PO3PAXYHKH SK JUJIS CTAIlllOHAPHUX TaK 1
3MIHHUX pexuMiB poOoTu. JlaHi Mojem 103BOJSIOTh BU3HAYATH TEMIEpaTypHI
pO3MOLIN y TypOiHi B pi3HI MOMEHTH 4acy, 110 € HEOOX1AHUM JIJIs OLIHKUA HAIPY>KEHO-

1e(OpMOBAHOTO CTaHY KOHCTPYKTUBHUX €JIEMEHTIB.
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[IpeacraBneno iHGOpPMAIIO MPO TMPOIEC HAKOMUYEHHS MAJIOIUKIOBOI BTOMH
MeTajy poTopa, U0 € OAHUM 3 (haKTOpIB HOro MOIIKOKEeHb. BUKOpUCTaHO rimoTe3y
[TanmbmrpeHa-MaiiHepa npu po3paxyHKy 3IMIIKOBOTO PECYPCY pOTOpa Ta JOIMYCTUMOI
KUTBKOCTI TTycKiB. [IpuBeieHi MaTeMaTHYH1 TOTOKHOCTI JIJIS1 PO3PAXYHKY 3JIMIIIKOBOTO
HaIpaIfOBaHHS 10 MOMEHTY 4Yacy, KOJIM YTBOPIOIOTHCS TPIIIMHU, 110 BPaXOBYIOTh BIUIUB
peXUMIB eKcIUTyartarii oomagHanas. HaBeneHo MaTeMaTH9HI MOACII JJIS JOCIIIKEHHS
TEIJIOBOTO Ta HaIpPY>KEHO-AE(POPMOBAHOTO CTaHy pOTOpa CEpPEIHBOTO THUCKY.
[TigTBepKEeHO, MO0 poOOTa MPH YACTHX MyCKax Ta 3YMUHKax 30UIbIIYE MIBUIKICTDH
MOIIKOJPKEHHST 00J1aTHaHHS.

B TpeTrbomy po3aijii mpoaHanizoBaHO MYCKOBI IEPEBUTPATH MAJIMBA CHEPTOOJIOKY
200 MBT B 3a1€XHOCTI BiJl TUITY TYCKY. BCTaHOBJIEHO, 1110 MPU MYCKY 3 XOJIOJHOTO CTaHy
(XC) nepeButpara yMOBHOT0 naynuea carae 90,7 T.y.11., IpU MyCKy 3 HEOCTUTIIOTO CTaHy
(HC) nanuii napametp nopiBHioe 77,2 T.y.1., a ipu myck 3 rapsiyoro crany (I'C) - 59,6
T.y.. BpaxoByroun Yac HaBaHTaKEHHA TypOIHM OyJI0 pO3paxOBaHO AHAJIOTIYHI
NOKa3HUKH 3T€HEPOBAHOI MPOTSITOM IYCKY KIJIbKOCTI €JIEKTPUYHOI €HEpTii.

3 MeTo IUIaHyBaHHS pallOHAJIbHOI CTpaTerii eKCIUTyartaiii eHeproOJOoKiB
TEIJIOBUX EJICKTPOCTAHIIIA 3alpOIOHOBAHO MAaTEMaTU4YHy CHUCTEMY parlioHasi3arlii
pexxuMiB ekcruryaramnii. Jlana cucrema crpsiMoBaHa Ha MIHIMI3AIIO CEPEeIHbOPIUHOT
MUTOMOI BUTPAaTH YMOBHOIO MajvBa MpU POOOTI €HEeprodioKa B 3MIHHUX PEKUMAX
poGotu. PexumMHMMH mapaMeTpamMu, [0 MUISATATH  pallioHam3aili € piyHe
HaIpaIlOBaHHs €HEProOJIOKY, KUIbKICTh MYCKIB 3 PI3HUX TEIJIOBUX CTaHIB Ta J0JbOBE
CITIBBITHOIIIEHHS MMYCKIB 3 XOJOAHOTO, Fapsu0ro Ta HEOCTUTJIOTO CTaHIB.

BukopuctoByroun 3amnpornoHOBaHi MIAXOAu OyjIo 3’4COBAaHO, IO HallMEHIa
NepeBUTpaTa YMOBHOTO TaJIMBa JOCIATAEThCS MPU TEPMiHI poOOTH eHeprodsoky 5500—
6500 rox Ha pik, 20-32 myckax, 13 4aCTKOIO IMYCKIB 13 XOJIOJHOTO cTaHy Oym3bKo 70-
80 %. Jlanuii pexxuM ekcruyaranii 3a0e3neuye Ha 20 % MeHIIy epeBUTpaTy YMOBHOTO
najvuBa B TOPIBHSHHI 3 HalMEHII palllOHAIBHUM peXuMOM pobotu. JloJaTKoBO
BCTAHOBJICHO MIPY MIIBUIIIEHHS BUTPATH NAJIMBA MTPHU BIAXUIICHH]1 PEKUMHUX MTapaMeTpiB

B1JI BCTAHOBJICHUX PaIliOHATLHUX 3HAYCHb.
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B uyerBepTOomMy po3aigi Oymo po3po0J€HO TEOMETPHYHY MOJENbh HAHOUIBII
HABAaHTAXKEHO1 YacTuHU poTopa cepeauboro Tucky (PCT) naposoi Typ6inu K-200-130 ta
MIPOBEJICHO JOCIIKEHHS HOTO TEIJIOBOTO Ta HAMPYKEeHO-1e()OPMOBAHOTO CTaHy MiJ] Yac
MyCKOBUX PEXUMIB Ta HA HOMIHAJIBLHOMY HaBaHTa)X€HHI. B mporieci po3paxyHKiB OyB
BUKOPUCTAHUN METO] CKIHUEHHUX E€JIEMEHTIB, a caMa MOJIeJib BUKOHAHA B JIBOBUMIpHiH
MOCTAHOBII, 3 BUKOPUCTAHHSIM HEPIBHOMIPHOT PO3PaXyHKOBOI CITKHU, IO YIIUIbHIETHCS
110 HaOIMHYKEHHIO 10 HAOIbII HAaBAHTAXKEHUX 00JI1aCTEN.

3a pe3yapTaTamMu JOCTIIKEHHS TEIIOBOTO CTaHy BCTAHOBIIEHO, IO MPU POOOTI Ha
HOMIHAJIbHOMY HaBaHTaKE€HHI MaKCcUMalibHa TeMmieparypa metany csarae 508 °C B
00JIaCTl peryJodoro CTyneHs, 3 IiaBHUM 3HKeHHsIM 110 370 °C mo xoay mapu Ta 3
OUIBII PI3KUM CHAJOM Yy HANpsMKY KIHLIEBUX YIIUIbHEHb. PO3paxyHOK 1HTEHCHUBHOCTI
HaIpy>KeHb MMO0Ka3aB BUCOKI 3HAYEHHS JAHOTO MapaMeTpy B 30HI OCLOBOTO OTBOPY I
perymotounm ctyneHem (134 MIla). JlonaTkoBO BHU3HAYEHO, IO TEPMOKOMIICHCIHHI
KaHaBKH TMepeHIX KIHIIEBUX YIIITbHEHb Ta TANTEIh PETYII0I0UOTO CTYIICHS € HaHOUTII
HAIPY>KEHUMHU TI1J] 4ac MyCKOBUX PEXUMIB 3 PI3HUX TEIUIOBUX CTaHIB. 30KpeMa, Mpu
nycky 3 XC B mepmriii oomacti HanpyxeHHs — 439 MIla, 3 HC — 280 MlIla, 3 I'C — 220
Mlla, a B apyriit — 447 Mlla, 367 MlIla 1 270 MIla BinnmoBinmHo. Haib6inbm pizke
3pOCTaHHS MPU BCiX MYCKOBUX PEKHUMAaX CIIOCTEPIra€ThCs B MOMEHT Yacy BiJl MOIITOBXY
TypOIHU IO BUXOJY Ha YAaCTOTY XOJOCTOIO XOIy.

B mopanbmomy Oyi0 3amponoOHOBAaHO MaTeMaTHYHY MOJIETh pallioHai3amii
PEXUMIB pOOOTH, SIKa Ma€ Ha METI YMPaBJISITH TEMIIOM HAaKOMHYEHHS MOIIKOHKEHb 3a
paxyHOK 3MECHIIICHHsSI HETATUBHOTO BITMBY MEHII pPaIliOHAIBHUX PEKHUMIB Ha pecypc, i
UM CaMHUM 30UTBIIYIOYM 3arajbHe MOXJIMBE HaIlpalfoBaHHS oOyagHaHHA. B skocTi
PEXKUMHUX TMapameTpiB, K 1 B po3aual 3 Oyld 3HAYEHHS PIYHOTO HaNpalroBaHHS
€HEeprobJIOKy, KUTBKOCTI MYCKIB 3 PI3HUX TETUIOBUX CTaHIB Ta JOJIHOBE CITIBBITHOIICHHS
MYCKIB 3 XOJOHOTO, TApSYOTO Ta HEOCTUTIIOTO CTaHIB.

[IpoBiBIIM po3paxyHKH il eHeproosioka mnoryxHicTio 200 MBt 0Oyno
BCTAHOBJICHO, IO HAWOLIBII paIliOHATFHUM PEKUMOM POOOTH €: piUHE HAIpaI[IOBaHHS

6000-6500 roxa., KUIBKICTh MYCKIB MpOTIroM poky 20-26, mpu 1poMy NepeBa)kHa
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yactuHa myckiB 13 XC - 0,74-0,8. Pi3nung npu poboTi Ha JaHOMY peXHUMI B MOPIBHSHI
3 HAaMEHIII paIioHaJIbHUM PEXKUMOM cKianae 80 THC. TO.

Kuio4oBi cjioBa: TemioBa eleKTPOCTaHIisA, PeXUMHU poOOTH, IyCK, EHEProOIoK,
KOTeN, TypOiHa, MaTeMaTHYHE MOJCIIOBaHHS, BHUTpaTa NaJiBa, TEIUIOBUH CTaH,
HaIpy>XeHO-1e(OpPMOBaHUN CTaH, MIIHICTh, PO3PaXyHOK Ha BTOMY, JOBIOBIYHICTb,

pecypc, paiioHasiamis.
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ABSTRACT

Lishchuk S. R. System for planning rational resource-saving operating modes of
thermal power plants - Qualification scientific work on the rights of a manuscript.

Dissertation for the degree of Doctor of Philosophy in speciality 144 - Heat and
Power Engineering - National Technical University of Ukraine ‘Igor Sikorsky Kyiv
Polytechnic Institute’, Kyiv - 2025.

The thesis consists of 4 chapters, in which the development of a system for planning
the operation of TPP power units is carried out in order to reduce fuel consumption and
extend resource indicators.

The introduction includes such information as: presentation of the relevance of
the research topic, the connection of the work with scientific programs, topics, plans, the
formation of the goal and objectives of the work, which help in revealing this topic. The
object, subject and methods of the research are presented. Also, the scientific novelty,
practical significance of the results obtained, the personal contribution of the applicant,

approbation of the results, publications, structure and scope of the work are reflected.
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The first section provides a literature review of sources from other authors
working on similar issues.

This section discusses the rationalisation of power equipment operation modes,
which includes all stages, including electricity generation, transmission and distribution.
As a result of the increasing unevenness of load schedules and the lack of generating
capacities, the regulation of the IPS is quite problematic. This leads to an acute shortage
of manoeuvrable capacities in Ukraine, which is solved by using TPPs that operate in
variable modes rather than nominal ones. This leads to a deterioration in performance,
including higher electricity supply costs, accelerated equipment wear and tear, and a
reduction in residual life,

The article studies the impact of manoeuvrable modes of equipment operation on
the economic component, and shows the relationship between the load schedule and the
cost of electricity. The main processes affecting the reliability of equipment, namely
cyclic temperature changes, corrosion cracking and creep, are also investigated.

To rationalise the operating modes, a large number of methods were considered,
including the Lagrange method, dynamic and stochastic programming, hierarchical
predictive control models, genetic algorithms, and others. In the course of the work,
modelling and numerical methods for analysing processes in TPP turbine equipment are
studied in detail, in particular, the finite element method and the Green's function.

Taking all of this into account, an integrated approach that includes both technical
modernisation and improvement of diagnostic methods and operation of power
equipment is required to solve the main problems in the energy sector. This, in turn, will
allow not only to overcome the challenges posed by martial law, but also to further
develop in line with all energy efficiency standards.

The second section examines the main features of the operation of a 200 MW
power unit with a K-200-130 turbine, which is often used in the IPS of Ukraine. The
article describes the classification of start-up modes of thermal power plants (TPPs),
where the main one is the temperature of the metal of the high-pressure cylinder (HPC)

before the turbine start-up.
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The main characteristics under study are energy and fuel losses during start-up.
Determining these losses is a complex task that requires finding all components of the
energy balances. The calculations are performed in accordance with various methods
based on industry standards and regulations.

Mathematical models of heat transfer processes in the turbine unit flow part are
presented, which allows for calculations for both stationary and variable operating modes.
These models make it possible to determine the temperature distributions in the turbine
at different moments of time, which is necessary for assessing the stress-strain state of
structural elements.

Information is presented on the process of accumulation of low-cycle fatigue of
rotor metal, which is one of the factors of its damage. The Palmgren-Meyner hypothesis
is used to calculate the residual life of the rotor and the permissible number of starts. The
mathematical identities for calculating the residual operating time up to the moment when
cracks are formed, taking into account the influence of equipment operating modes, are
presented. Mathematical models are presented to study the thermal and stress-strain state
of a medium-pressure rotor. It is confirmed that operation with frequent starts and stops
increases the rate of equipment damage.

The third section analyses the start-up fuel overruns of a 200 MW power unit
depending on the type of start-up. It was found that when starting from a cold state (CS),
the overconsumption of conventional fuel reaches 90.7 toe, when starting from an un-
cooled state (UC), this parameter is 77.2 toe, and when starting from a hot state (HS), it
IS 59.6 toe. Taking into account the turbine loading time, similar indicators of the amount
of electricity generated during start-up were calculated.

In order to plan a rational strategy for the operation of thermal power units, a
mathematical system for rationalising operating modes has been proposed. This system
is aimed at minimising the average annual specific consumption of conventional fuel
when a power unit operates in variable operating modes. The operating parameters to be
rationalised are the annual operating time of the power unit, the number of starts from

different thermal states, and the proportion of starts from cold, hot, and un-cooled states.
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Using the proposed approaches, it was found that the lowest fuel consumption is
achieved when the power unit operates for 5500-6500 hours per year, with 20-32 starts,
and with a share of starts from cold states of about 70-80 %. This operating mode ensures
a 20 % reduction in the consumption of fuel equivalent compared to the least rational
operating mode. Additionally, the degree of fuel consumption increase when the
operating parameters deviate from the established rational values was determined.

In Chapter 4, a geometric model of the most loaded part of the medium-pressure
rotor (MPR) of the K-200-130 steam turbine was developed and its thermal and stress-
strain state was studied during start-up and at rated load. In the course of calculations, the
finite element method was used, and the model itself was performed in a two-dimensional
formulation, using an uneven computational grid that is densified as it approaches the
most loaded areas.

The results of the thermal state study revealed that, when operating at rated load,
the maximum metal temperature reaches 508 °C in the region of the control stage, with a
smooth decrease to 370 °C along the steam path and a sharper drop in the direction of the
end seals. The calculation of the stress intensity showed high values of this parameter in
the area of the axial hole under the control stage (134 MPa). Additionally, it was
determined that the thermal compensation grooves of the front end seals and the fillet of
the control stage are the most stressed during starting modes from different thermal states.
In particular, when starting from HC, the stress in the first region is 439 MPa, from NS -
280 MPa, from HS - 220 MPa, and in the second - 447 MPa, 367 MPa and 270 MPa,
respectively. The sharpest increase in all starting modes is observed at the time from the
turbine's start to the idle frequency.

Subsequently, a mathematical system for rationalising operating modes was
proposed, which aims to control the rate of damage accumulation by reducing the
negative impact of less rational modes on the resource, and thereby increasing the total
possible operating time of the equipment. As in Section 3, the operating parameters used
were the annual operating time of the power unit, the number of starts from different

thermal states, and the proportion of starts from cold, hot, and un-cooled states.
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The calculations for a 200 MW power unit showed that the most rational operating
mode is the following: annual operating time of 6000-6500 hours, number of starts during
the year of 20-26, with the majority of starts from CC - 0.74-0.8. The difference when
operating in this mode compared to the least rational mode is 80 thousand hours.

Keywords: thermal power plant, operating modes, start-up, power unit, boiler,
turbine, mathematical modeling, fuel consumption, thermal state, stress-strain state,

strength, fatigue calculation, durability, resource, rationalization.
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Beryn

AKTyajabHicTh TeMH. EneproOmoku TteruoBux enekrpoctaniiii (TEC) €
BOKJIMBUMHU TIOTY)KHOCTSIMH, 1[0 3a0€3MeuyroTh HEOOXIJIHUM pIBEeHb TeHepallli
CJICKTPUYHOI EeHeprii Ta HaJiiHICTh (QYHKIIOHYBaHHS (0’€IHaHOT EHepPreTUYHOI
cuctemMu Ykpainu. L{i mOTy>KHOCTI MpaIiol0Th B HAMiBIIKOBIM-MIKOBIi 4acThHI rpadiky
CJICKTPUYHOIO HABAHTAXKEHHA 3a0e3Medyloud MPOXOKEHHS PAaHKOBUX Ta BEUIpHIX
MaKCHUMyMIB CIHOKMBaHHS, a TaKOX PO3BAHTAXYIOThCS 10 HEOOXITHOTO PIBHIO MpPH
HIYHUX MpOBajax.

HaykoBe pocnikeHHSI CcOpsiIMOBaHE Ha PO3pOOKYy CHUCTEMH pallioHami3alli
peXUMIB POOOTH OKPEMOro €HeproOJoKy Juisi 3a0€3MEeUeHHs] EKOHOMIYHOCTI Ta
pecypco30epeKeHHS € aKTyaJbHUM 3 HAYKOBOI Ta MPAaKTUYHOI TOUKH 30py. Taka cucrema
JIO3BOJIUTh TEHEPYIOUMM KOMIIaHIsIM Oulblll  €()EeKTUBHO TUIAHYBAaTU CTPaTETiio
eKCIUTyaTallii cBoro ycraTrkyBaHHs. OKpiM 1IbOTO, 1aHa CUCTEMA MA€ BAXKIIMBE 3HAUCHHS
JUIsL TIPOTHO3YBaHHA 1 (QOpMyBaHHA CTPYKTYpH TE€HEPYIOUUX MOTY>KHOCTEH
eneprocucteM. EdexTuBHE MaHyBaHHS JO3BOJUTH CYTTEBO 3HU3UTU COOIBAPTICTh
3r€HEepPOBAHOI EJIEKTPUYHOI €HEPrii Ta 3amo0IrTH Mepea4acHOMY 3HOIIEHHIO OCHOBHOTO
C€HEPreTUYHOr0 00JIaIHAHHS TETUIOBUX €JIEKTPOCTAHITIH.

3B'130K p0o00TH 3 HAYKOBMMH NIPOrPaMaMM, TEMaMU, IIJIAHAMM.

Hucepramiitna po6ora BHUKOHaHa Ha Kadeapi TEIIOBOi Ta albTePHATHUBHOL
eHepreTuku HalloHaJIbHOTO  TEXHIYHOrO  YHIBepcuTeTy YKpainu «KuiBchkuii
NOJMITeXHIYHUN 1HCTUTYT 1MeHl Irops CikopchbKOro» B MeXax KOMIUIEKCHUX
HaykoBo-gocaiaauX poOiT Ne 3545-3E-ByTEC Bix 06.08.2021 p. «Po3paxyHok pecypcy
potopa cepeanuboro Tucky TypOinu 6soky Nell nns ITEK BYPIITUHCBKA TECy, Ne
37-124-08-22-17927 Bix 14.06.2022 p. «O1iHKa MOMXJIMBOCTI MOJOBXKEHHS O€31MeUHOT
excrutyararii TypooycranoBku K-1000-60/3000 eneprobmoxy Ne2 XAEC micas
nomkoxeHHs poropa LIBT» ta Ne 5162-3E-ByTEC Bix 20.09.2024 p. «Po3paxyHok
pecypcy potopa cepeanboro Tucky Typoinu 61oky Nell mns JJITEK BYPIITUHCBKA
TEC» (moBiIKM TpO BUKOPUCTAHHS PE3YJIbTATIB HAYKOBO-IOCHIAHUX  POOIT

IIpECTaBIICH]I B J10JIaTKaX).
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MeTta Ta 3aBJAaHHSA T0CJTiIKEHHSI.

Mertoro nucepTaliiitHoi poOoTH € po3poOKa HAYKOBOTO IIIX0AY A0 paIlioHAILHOTO
TJIaHYBaHHS peKUMIB eKkcrutyaTarlii eneproosiokiB TEC 3 MeToro 3a0e3medeHHs] BUCOKUX
€KOHOMIYHMX Ta PECYPCHHUX MOKA3HUKIB POOOTH.

3aBAaaHHs AOCTIIKEHHS, 110 I0NIOMaraloTh B PO3KPUTI 1aHOT TEMU:

* aHaJi3 CTaHy €HePreTUKH YKpaiHu Ta 11 peCypCHUX MOKA3HUKIB;

e aHaJi3 PoOIT 1HIIUX aBTOPIB, MO0 JOCIIPKCHHS BIUIMBY 3MIHHHUX PEKHUMIB
podotn TEC Ha HOBrOBIYHICTH Ta E€KOHOMIYHICTBH, OTJIS[] METOAIB MaTeMAaTHYHOI
onTUMI3aIlli eKCIUTyaTarlii;

* PO3paxyHOK BTpaT MajMBa, TEIJIOBOI Ta EJIEKTPUYHOI EHEeprii mpH IycKax
enepro6siokiB TEC;

* palfioHai3aIlis pexxuMiB poOOTH €HEepProOIIOKyY NIl MiHIMI3aIlll cepeHOPIYHOT
BUTPATH NAJINBA;

* pO3poOKa Ta BUKOPUCTAHHS MOJIENI JOCITIHKCHHS TEPMOHAMPYKEHOTO CTaHy Ta
IHTEHCHUBHOCTI HAKOTIMYEHHSI TIOIIKOJKEHHS JIJIT pOTOpa CEPEIHbOro TUCKY TypOinu K-
200-130;

* 3aCTOCYBAaHHS PEXKHUMHOTO METOJAY YIMPABIIHHS PECypCcoM i 3MEHIICHHS

HEraTHUBHOTO BIUIMBY HEpalllOHAJIBLHUX PEKUMIB €KCIUTyaTallii Ha eHeprooIoK.

O0’exkT pgocaigxeHHs — peXuUMH ekciuryaramii  eHeproosnokiB TEC B
CHEPIrOCHCTEMI.
IIpeaMer pocaixKeHHSI — pALIOHATBHUNA PO3NOAUT PEXKUMHHUX MapaMeTpiB

€HEePro0JIOKIB, 0 3a0e3euy€e eKOHOMIUHICTh Ta PECYpPCO30€pEKEHHS IPU €KCILTyaTallii.

Metoau AOCTiIZKEeHHS: PO3PAXYHKOBI JOCTIIKEHHS E€KOHOMIYHOCTI poOOoTH
€HEproOJIOKy B 3MIHHUX pEeXHMax eKCIUTyaTarllii, o 0a3yloTbCsl Ha €HEPreTUYHUX Ta
MaTepialbHUX OallaHcax, YUCIIOBI JOCIHIIKEHHS TEPMOHAIMPY>KEHOTO CTaHy EJIEMEHTIB
MapoBUX TYpOiH 3 BUKOPUCTAHHSIM CYYacCHHX METOJIIB MAaTEMaTUYHOTO MOJIEIIOBAHHS,
Kl 0a3ylTbCS HA OCHOBHUX IIOJOKEHHSX HECTalllOHAPHOI TEIUIOMPOBITHOCTI Ta
MEXaHIKHM TBEPIUX TiJ1. BUKOpHUCTAHO YHMCIIOBI METOM BUPIIIICHHS 3a/1a4 MaTEeMAaTHYHOT

(b13MKH Ta pO3paxyHKOBI METO/IU 1HKEHEPHOTO aHAaII3Yy.
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HaykoBa HOBHM3HA OTpUMaHUX PE3YJIHTATIB.

1. 3Haiiia NOAANBIIOTO PO3BUTKY MaTeMaTH4YHA MOJENb IUJIaHyBaHHSA
MaHEBPEHHUX PEKUMIB pOOOTH €HEpProOJIOKY JJisi 3MEHIICHHS CepeJHbOPIYHOI BUTPATU
NajanBa, 3aBJISIKU 3MEHILIEHHIO ITYCKOBUX BTpAT €HEPrii Ta Teria.

2. YTO4YHEHO HEeCTaIllOHAPHUN TEPMOHAIPYKEHUI CTaH POTOPA CEPEAHBOTO TUCKY
Typ6ian K-200-130 B wyacTuHi 3amaHHS TPAaHUYHUX YMOB, BHCOKOTO CTYICHS
JUCKpETHU3allil pO3paxyHKOBOI MOJIEN, JETaIbHOTO aHalli3y rpaJi€eHTIB TEMIlepaTyp Ta
JTUHAMIKHY 3MiHA IHTCHCUBHOCT1 HAMPYKECHb.

3. BOockoHaleHO pEeXUMHUN METOJl YIpPaBIiHHSA PECYypcOM MapoBHX TypOiH,
3aBJSIKA  pallioHamizamli peKUMHUX MapaMeTpiB eKCIulyaTallli, SKUM J103BOJISIE
YIOBUTHHUTH TEMITH HAKOTTMYCHHS TIOMKOHKSHHS 11 YaC MAaHEBPEHOI eKCIUTyaTaIlii.

IIpakTH4He 3HAYEHHS OTPUMAHUX PE3YJIbTATIB.

1. Hamano pekoMeHalii 1mo/10 pexxumMy ekcrutyatariii eneproosoky 200 MBT, siki
JI03BOJISIIOTHh 3MEHIIIUTH CEPEIHBOPIYHY BUTpATy MajlvBa Ha KOTenpHOMY arperarti TII-
100 (pi3HHUIA MiXK HAMOLIBII Ta HAMMEHII pallioHATEHUME peskuMamu poootu — 20 %).

2. Bu3HaueHO MOKa3HUKHM €KCIUTyaTalliifHOTO MOIIKOMKEHHS POTOpa CEPEIHBOTO
tucky TypOinu K-200-130 mpoekTHOT KOHCTPYKIIiT MMiJl Yac TUMOBUX E€KCIUTyaTallliiHUX
pEXUMIB POOOTH.

3. Po3paxyHKOBO OOTpyHTOBaHa MOKJIUBICTh 30UIBIIEHHS 1HAUBITYaJILHOTO
pecypey Typ6inu K-200-130 na 27 % nonax mapkoBHM pecypc, 3aBISIKH pallioHami3arii
il pexumMiB poOOTH.

YacTrHa HaAyKOBHUX JIOCHIIKEHb 37100yBava BIOPOBaKeH1 Ha eHeprooiomi Ne 11
JNTEK bypmtunceka TEC Ta na eneprotumori Ne 2 BII Xwmensaunska AEC HAEK
«Eneproarom». BinoBiaH1 akTH BIPOBAHKEHHS MpeCTaBieH] B qoaarkax b, B, I

OcoOucTuii  BHecok 3700yBaya. buibliicTe  HayKOBUX — pe3yJbTarTiB,
peKOMEHJaIlii Ta BHCHOBKIB, HaBEICHUX B JHUCEpTaliiHI poOOTI, OTpUMaHHI
3n100yBaueM ocobucto B mepion 3 2021 mo 2025 pik. 3okpema 3AIHCHEHO OIS
JITEpaTypHUX JDKEeped 3 MUTaHb JOBTOBIYHOCTI ekcrutryatariii eHeproosiokie TEC Ta

pPO3paxyHKy €HEepPreTHYHUX BTPAT €HEProOJIOKiB Mij Yac MyCKY, PO3PaXyHKOBO OIIHEHO
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3HAYEHHs LIUX BTPAT, JOCIIHPKEHO TEIJIOBHM Ta HAMpY>KEHUH CTaH POTOpa CepeaHbOro
tucky TypOiHu K-200-130 mpu poOGOTI Ha THIIOBHX EKCIUTyaTalliiHUX pPeKUMax.
BcranoBieHHS OKa3HUKIB MOIIKOKEHHST POTOpa Mij Yac eKCIUTyaTallii, po3po0yieHHs
CUCTEM pallioHam3amii pexumiB pobotu eHeprodnokie TEC mns 3MeHIIeHHS
CEepPEeAHBOPIYHOI MUTOMOI BUTPATH YMOBHOTO IajiiBa Ta 30UIBIICHHS 1HIUBITYyaILHOTO
pecypcy BHWKOHAHI y CITIBaBTOPCTBI 3 HAyKOBUM KepiBHUKOM Ilemkom Bitamiem
AHaToioBUYEM.

Crucok myOumikariii 3100yBada, SIKi CTOCYIOTHCS TEMH IUCEpTaIliiiHOI poOOoTH
NpUBEACHI B J0JaTKy A. Y HayKOBHX MpalsiX, 0 0MyOJIiKOBaHI B CIIIBABTOPCTBI, BHECOK
3100yBaya MOJIATAE B HACTYITHOMY:

- y HayKoBii npai [1] 3100yBauemM po3paxoBaHO 3HAYEHHS ITyCKOBUX BTpAT
TEIUIOBOT Ta EJEKTPUYHOI E€HEeprii, a TaKoX BUTpAT HATYypaJbHOTO MajluBa IS
eHepreruyHoro kotia TII-100. IlpoananizoBaHo po3MOALT CEPEIHBOPIYHOI BUTPATU
YMOBHOT0 najuBa enepro0aoky 200 MBT B 3a51e2KHOCTI BiJ1 HOTO pEXUMHUX [TapaMeTpPIB,;

- y HayKoBIiH mpai [2] 3100yBaueM JOMOBHEHO F€OMETPUUHY MOJEIb pOTOpa
cepennboro Tucky Typ6iam K-200-130, a Takox MpoBeASHO IOCIIHKEHHS TEINIOBOTO Ta
HaNpy>XeHO-1e(POPMOBAHOTO CTaHy JIaHOTO POTOPa CEPEIHbOTO THUCKY IpPHU MYCKY 3
XOJIOJTHOTO CTaHy METaly;

- y HaykoBid mpami [3] 3100yBaueM po3paxoBaHO AMHAMIKY 3MIiHHU
IHTGHCUBHOCTI HampyXeHb B HAHOLIbIII HABAaHTAXXCHUX OO0JACTAX POTOpPa CEPEIHBOTO
tucky TypOinu K-200-130 mig gyac mycky. Po3paxyHKoBi OCTIIKEHHS MOMIKOKEHHS Ta
peCcypCcHUX MOKa3HUKIB poTopa TypOIHM BUKOHAHI 3a y4acTi 37100yBaya.

Anpo6auis pe3yabTaTiB aucepramnii. OCHOBHI aCIIEKTH 1 Pe3yJIbTaTH TOCITIKECHb
JIOTIOB1IANIMCA Ta 0OTOBOPIOBAIMCS HA TaKUX KOH(PEPEHIISAX:

- 1st International Scientific and Practical Conference «Modern Knowledge:
Research and Discoveries», May 19-20 2023, Vancouver, Canada.

- XX MixHapoaHa HayKOBO-TIpAaKTUYHA KOH(EPEHIisi MOJOAUX BUEHHX 1
ctyneHTiB «CydacHi po0IeMH HAyKOBOTO 3a0€3MeUYeHHs] CHEPTeTHKN», 25—28 KBITHS

2023 p., M. KuiB, Ykpaina.
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- XXI MixHaponHa HayKOBO-TIPAKTUYHA KOH(EpPEHIisT MOJIOAMX BUEHUX 1
cTyneHTiB «CydacHi mpo0ieMu HayKOBOTO 3a0e3MeUeHHs] eHepreTUKn», 23—26 KBITHS
2024 p., m. KuiB, YkpaiHa.

- XX MixHapoHa HayKOBO-TIpaKTHYHa KoH(epeHIlis « TernmoBa eHepreTuka:
HUISXK peHoBallii Ta po3BUTKY», 9—-10 sxoBTHA 2024 p., M. KuiB, Ykpaina.

IIy6aikanii. 3a pe3ynbraraMu NPOBEACHUX JOCHIIKEHb OIMyOJIiKOBaHO 7
HAyKOBUX Tpallb, 30KpeMa, 3 CTaTTi Y HayKOBUX (paxOBHUX BUAAHHIX YKpaiHu, 1 cTaTTs
ory0JIiKOBaHa 3a pe3yJibTaTaMi MIKHAPOAHOI HAYKOBO-TIPAKTUYHOI KOH(epeHIlii, 3 Te3u
JIOTOB1/IeH B 301pHHUKAX Mpalb MIXKHAPOJIHUX HAYKOBO-MPAKTUYHUX KOH(EPEHIIH.

Ctpykrypa Ta o6car aucepraiii. {ucepraiiiitna po6oTta ckianaeTbes 31 BCTYITY,
YOTUPHOX PO3ALIIB 3 BUCHOBKAMHU JI0 KOXHOTO, 3arajlbHUX BHUCHOBKIB, CIIHCKY
BUKOPHUCTAaHUX JDKepell Ta aodaTkiB. B mimomy, pobdora mictuth 11 Ttabmuup, 27
pucyHkiB, 4 nonatku 1 83 610miorpadiuyHUX MOCUJIAHHA. 3arajibHUI 00CST aucepTalii

CTaHOBUTH 125 cTOpiHOK.
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PO3JIL 1.
PECYPCHI XAPAKTEPUCTHKH I METOI! ONTUMIZALII{
PEKMMIB POBOTH EHEPT'OOBJIATHAHHS JUISA 3BLILIIEHHS OO
E®EKTUBHOCTI B MAHEBPOBOMY PEKHMI

1.1. CyyacHuii CTaH eHepreTHKH YKPAaiHM Ta il pecypcHi NOKA3HUKHU

Enepretuka VYkpaiHM € OCHOBOIO PpO3BHUTKY Tally3eil EKOHOMIKH KpaiHu
(puc. 1.1) mono 3abe3neueHHs iX HAAIMHUM 1 IKICHUM €JICKTPO- Ta TEIJIONOCTaYaHHSIM.
Enepro6esmneka, eHeprocTiiKiCTh, €HEPrOrHYYKICTh, €HEPTrOKUBYUICTh 1 MIABUIIICHHS
€Heproe()eKTUBHOCTI CTAIOTh OCHOBHUMH IMII€paTUBAMU 1 MPIOPUTETAMU MOJITHKH Y
CBIT1, 0c00JIMBO B €Bpori 1, 6e3nepeyHo, B Ykpaini. HaransHoto moTpedoro € CKOpoUeHHSs
BUKOPHCTaHHS BUKOITHOTO MAJIUBA 1 301IbIIIEHHS YaCTKU BiJHOBIIIOBAHUX JKEPEI eHepril
Ta BoAHIO [1, 2]. ChOroAHIIIHII CTaH BITYM3HSIHOI €HEPreTHUYHOI T'ally3l 3yMOBJICHUI
OaraTbmMa MpUYMHAMH: JA€PIIUTOM BIACHUX NAJIUBHUX PECYpPCIB, 3HOIIEHICTIO
€HEPreTUYHOr0 yCTaTKyBaHHs, 3HAUHUMH BTpaTaMu €HEprii ] yac ii TpaHCIOPTYBaHHS,
nedilMToM MaHEBPEHHX MOTY)KHOCTEeH B eHeprocucrteMi Ta iH. lle mpusBeno no
30UTBIIIEHHST BUTpAT TNajJMBa Ha OJIMHUIIO BUPOOJEHOI €Heprii, 110, B CBOIO Yepry,
BUKJIMKAJIO MOTIPUIEHHS €KOJIOT14HOI cuTyarlii. [locTynoBe 3pocTaHHs IiH HAa MajIUBO
TIJTBKH TIOCUJTIOE 111 HeraTuBHI TeHeH i [3]. [IpoTe Hailb11bI0I0 MPOOIEMOI0 Cy4acHO1
CHEepreTUKH € BilfHA 3 POCI€I0, a caMe 3HUILIEHHS K €HEpProreHepyvYoro o0Ja HaHHS,
TaK 1 HAHECEHHsI 30MTKY JIJIsl CHCTEMHU €JIEKTPOIOCTaYaHHS.

BpaxoByroun cyuacui peamii iHdopmariis micns 2022 poky Hece cTpaTeriuHun
xapakTep B 000POHi JiepKaBu, TOMY OyJIeMO criupaTucs Ha iHpopMallito oTpumany ao 24
motoro 2022 poky.

3a 12 wicsaaiB 2021 poky, oO0csSr BUPOOHUIITBA EIEKTPUYHOI EHEprii
SJIEKTPOCTAHIISIMU YKpaiHu y oMy ckiiaB 156575,7 mun kBt-rox, mo va 7719,5 miuu
kBt-ron, abo Ha 5,2 % Oinbiie, Hixk 3a 12 micsauiB 2020 poky. [Ipu ubomy, TEC I'K

BUpoOeHo 37224,9 miau kBT rox, o Ha 2337,5 miH kBT-roa, abo Ha 5,9 % MeHIe, Hixk
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3a 12 micsauiB 2020 poky. TELl Tta xorenepaiiiinumu yctaHoBKamu BupooieHo 8609,1
MJIH KBT1'Ton, mo Ha 4189,3 mun kBt-roa, ado Ha 32,7 % MeHIe, HIXK 3a BIJIIIOBIIHUI

Mepiol MUHYJIOTO POKY.

CnoxuBaHHA eHepril Micue VkpaiHu Posmip eKOHOMIKK

- V pelTUHrax Ne1

N220
Ne24
OMbLLE Ne22

N258

Puc. 1.1. CioxxuBaHHsI €HEPreTUKU Y KpaiHU B MOPIBHSHI 3 1l BHECKOM B CBITOBY

exoHoMiky Ha 2019 pik [4]

ATOMHUMU €JeKTPOCTaHIIIsIMU BUpoOiieHo 86205,4 miH kBT -roa. Y mopiBHSHHI 3

BIJIMOBITHUM ~ TIEPIOJJOM MHHYJIOIO POKY AaTOMHI €JIeKTPOCTAHIl 30UIbLINIIN
BUpOOHULTBO enekTpoeHeprii Ha 10002,8 muH kBT-roa, ado Ha 13,1 %.
4 OGepesns 2022 poky 3anopizbka AEC Oyna okymoBaHa pOCIHCHKMMH BIMChKaMHU.
BcranoBnena notyxkHicth ctadiii ckiagae 6000 MBT — 1ie 43% atoMHOI eHepreThku
VYkpainu. Jlo moBHOMacmTaOHOro BTOPTHEHHS POCii, CTaHIis 3a0e3nevyBana OJIM3bKo 25
% BUpOOHMIITBA eyiekTpoeHeprii B YkpaiHi. Ilicias okymamii o0’exty, YkpaiHa mae
JOCTYT 10 TOTyXHOocTel nmie 9 peaktopiB Ha 3 mirounx AEC, siki TOBHUM CKJIa oM
BIJIMIPAIIOBANIN B “0a31” MPOTATOM TphOX 3UMOBHX MicaliB 2023/2024 pokiB [5].

INpapaBniuaumMu enektpoctadiisMu 3a 12 micsamiB 2021 poky Oyno BUPOOIEHO
10445.,8 ma kBt'roa, mo Ha 2861,9 muu kBt-ron, ado Ha 37,7 % Ouiblre, HiXK 3a 12

Mmicsiis 2020 poky.
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BupoOHUIITBO enekTpoeHeprii BUPOOHMKaMH, SKI PO3MIIIEHI HAa TEPUTOPIi
JIIEH31MHOI TISJTBHOCTI oTlepaTopa CUCTEMHU po3moAity 3a 12 micsiiB 2021 poky ckiano
1570,8 mmua xBt:ron, mo Ha 276,1 miuH xBt-rox, abo Ha 14,9 % wMeHme, HIK 3a
BI/IMOBIHUM TIEP10] MUHYJIOTO POKY.

Bupobuuinrso enexrpoeneprii anbrepHatuBHuMu xepenamu (BEC, CEC, 6iomaca) 3a
12 micsiB 2021 poky ckiano 12519,7 mun kBt-rox, mo Ha 1657,7 mun kB1-To/, a60 Ha
15,3 % Ounblie, HIXK 3a BIAMOBIIHUN NIEPI0Jl MUHYJIOTO POKY.

OCHOBHY 4acTKy B 3arajibHOMYy BUpPOOITKY 3a 12 wmicsmiB 2021 poky ckiamae
BupoOiTok AEC — 55,1 %, TEC Tta TELL — 29,3 %, a Bupo6iTok 'EC Ta TAEC — 6,7 %.
3a 12 micsmi 2020 poky yactka Bupo0itky AEC, TEC ta TELL i I'EC ta 'AEC cknanana
BianoBigHo 51,2 %, 35,2 % 1 5,1% [6]. BpaxoBytoun 4actory OOCTPUIIB POCIEIO
ykpaincbkux TEC ta 'EC, MoxHa BBaXkaTH, 1110 TaHUM B1JICOTKOBUMA PO3MOJILIT 3MIHUBCS
1 3apa3 BIAOyBaeTbcs 30UIbIICHHS TeHepalli elleKTpuyHOoi eHeprii 3a paxyHok AEC ta
abTEPHATUBHUMU JHKEPEIAMU 1 UM MOKPUBAIOTHCS 0a30B1 HABAHTAXKEHHH.

[lepenbauaeThcsi crajge poO3MIMPEHHS BUKOPUCTAHHSA BCIX BHUJIB BiJTHOBIIOBAHOI
CHEPreTUKH, SKa CTAaHE OJHUM 3 IHCTPYMEHTIB TapaHTyBaHHS €HEPTreTUYHOI Oe3NeKH
JepkaBu. Y KOPOTKO- Ta CEPETHbOCTPOKOBOMY ropu30HTI(/10 2025 pOoKy) MPOTHO3YETHCS
3pOCTaHHS YacTKW BIJHOBIIOBAaHOI €HEpreTUku 10 piBHA 12 % Big 3arajabHOTO
NEPBMHHOTO MOCTaYaHHs eHeprii Ta He MeHie 25 % - 1o 2035 poky (BK/IIOYAarO4YM BCl
TiIpOTeHepYyI0Yl OTYKHOCTI Ta TepMalIbHY eHeprito) [7].

[To nanum Ha nouyatky 2022 poky cymapHa MOTY>KHICTh 00’ €KTIB albTEPHATUBHOI
eHepreTukn Ykpainu csraima 9656 MBT. [IpoTe moumHarouu 3 BECHHM 3 €KCIUTyaTarlii
BUMYIIICHO OyJIM BHBEJCHI 3HA4YHI MOTYXKHOCTI. B pe3ynbrari 4oro 4acTtka 3eJeHOl
CHEPTeTUKH Brasia OLibII Hix aBidi [8].

[NapoeHepreTuka Bifirpae BUHATKOBO BAXJIMBY poOJib Yy (YHKIIIOHYBaHHI
ykpaincbkoi eHeprocucteMu, ockuibku 'EC 1 TAEC € gaktuyHO eAMHUM JKEpesioM ii
MIKOBUX TMOTYXHOCTEH, KpIM TOro, Ti1IPOaKyMyJIOIOYl eJNeKTPOCTaHlli poOIsATh
HEaOMAKUI BHECOK Y 3IJIaJDKYBaHHS HIYHHUX «IIPOBAJIIB» CHOXKMBAaHHS E€JIEKTPUYHOI
eneprii. [Ipote Ha naHomy eTari € mpoOjieMu BpaxoByrouu 3HuIeHHs] KaxoBchkoi ['EC

ta nomkopkeHHs J{ainposcskoi 'EC.
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3a 12 wicsamiB 2021 poky (tabm. 1.1.) cmocrepiraerbesi 30UTBIIEHHS
€JIEKTPOCIOXKUBaHHS (OpyTTO), sike ckaano 156575,7 mnu kBt -rox, mo Ha 8390,9 mMuH
kBT-roz, abo Ha 5,7 % Oinblie, HIXK 3a BIAMOBIAHUHN TIEP10] MUHYJIOTO POKY.

Bignyck enekTpoeHeprii crokuBayaM 301IBIIMBCS BIJIHOCHO BiJIOBITHOIO
nepioy MUHYJIOTO poky Ha 7576,2 mmH kBt'Tom, abo Ha 6,4 % i1 ckimaB 125482,9 miH
kBt-rog nmpu 117906,7 miu kBt-ro 3a 12 micsmis 2020 poky.

Bocenu PO niepeiinuia 10 mijgecnpsiMOBaHOTO PYHHYBaHHSI €HEPreTUKH Y KpaiHU.
Bracnigok miporo eHepretuuHoro tepopusmy 3 10 sxoBtHS mo 10 mucromana 2022 p.
MOIIKO/KEHO a0o0 3pyWMHOBAaHO TPETUHY OO’ €KTIB EHEPreTUYHOi 1H(PACTPYKTYpH

(6mu3pko 400 oguHuIb) [9].

Taomu 1.1.

JlunaMika 1 CTpyKTypa BUPOOHHIITBA €IEKTPOEHEPT1i

12 micsiiB 2020 poky 12 micsiiB 2021 poky
y % o 3ar. y % 1o 3ar.
3BIT BHUPOOH. 3BIT BHUPOOH.
Bupobitok enextpoeneprii — | 148856,2 |  100,0 156575,7 |  100,0
BCHOTO B TOMY YHCIIi:
TEC Ta TEIl, 3 Hux: 52360,8 35,2 45834,0 29,3
TEC I'K - Bcworo: 39562,4 26,6 372249 23,8
TEL] Ta xoreHnepariiii
YCTaHOBKH: 12798,4 8,6 8609,1 5,5
I'EC ta T'AEC, 3 Hux: 7583,9 51 10445.,8 6,7
I'EC 6026,5 4,0 9155,4 5,8
I'AEC 1557,4 1,0 1290,4 0,8
AEC, Bcroro 76202,6 51,2 86205,4 55,1
IbTEPHATHBHI JDKEpeIia 10862,0 7,3 12519,7 8,0
Biok-cTa”misIMu Ta 1HIIUMHA
JOKepenamMu 1846,9 1,2 1570,8 1,0

AJie 111e OJHUM 3 BaKJIMBUX aCleKTiB, SKUI Ma€ BIUIMB Ha EHEProcucTeMy Y KpaiHu
€ BIANMYCK TeruioBoi eHeprii. 3a 12 micamiB 2021 poxky TenjaoBUMU Ta aTOMHUMH

€JIEKTPOCTAHLISIMU 1 palOHHUMHU KOTeNbHSAMU Minenepro BiamyuieHo 21560,7 tuc.I'kan,
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110 Ha 645,9 tuc.I'kan a6o Ha 3,1 % OuIbIIe, HIJK 3a BIAIIOBIHHMI IIEP10 MHHYJIOIO POK
Y y pOKy

(puc 1.2.).

B&q | x::;:‘;%"" BUPOBHUYA AISNBHICTb ENEKTPOEHEPIETUYHUX
Ykpaiu nNIANPUEMCTE NEK 3A 12 MICSALUIB

oneparveHi aani

TELL 72 KOromopagsn yoTamomon

8 609,1
A el
Y 37

37 2249 +o¥,2% + y7%
AnsTepraTiaid Srapens supobHuyTso 2 rippasniudi
(BEC, CEC, Giouaca) ENeKTPUYHO! eHepril ENeKTPOCTaHUi
12517 156 575,7 1 5 1 3
rec MK KBTr + y3% + s 1%
104458 ansTepHaTmeHi aTomHi
oL pxepena enexkrpocTaHuii
Aroms enoxTpocTme
86 205.4 ‘8 nopiasanti 3 2020 poxom
oo wlier

ENexTpocnoxvsants Bianyck enexrpoesseprii Blanycx Tennocenepri

154 825,7 125 482,9 21 560,7

mnH kBrr mnH KBrr Tuc. Mkan

Puc.1.2. BupoObHuua qisIbHICT €1eKTpoeHepreTHuHuX nignpueMmcts [1EK 3a 12

Micsiis 2021 poxy [6]

3a panumu Ha 2018 pik, y CTPYKTypli BCTAHOBJIEHMX MOTYXHOCTEH, 4YacTka
oOJ1aTHaHHS TPAIOI0Y0T0 OpraHIYHOMY TaluBi ckiamae 64,73 %. 3 HaIBHUX Ha JaHUN
MoMmeHT 103 eHepreTuyHux OJIOKIB TE€HEPYHOUMX KOMIAHiMd, BBEICHHUX Yy [II0 B
HIECTUIECATUX-BOCBMUIECATUX POKAX MUHYJIOTO cTOpivus, 87 moTyxHicTio Bia 150 mo
800 THCsSY KIJOBAT KOKHHUI CTBOPEHI ik poOOTH Ha Kam’ stHoMy BYTiuTl. OCHOBHE 1X
oOJnasiHaHHs, BUTOTOBJICHE 32 MPOCKTaMH, PO3POOJICHUMH € Y MIECTUACCITUX POKax
JIBAJIIIATOTO CTOJITTS, HA ChOTOJHI € (PI3UYHO 1 MOpaNbHO 3acTapiyiuM. HampairoBanas
OUTBIIOCTI 3 HUX HAOJIM3WIOCH, a AeskuX cArHy’io 3a 300 tucsau ronus. HelimoBipHO
BIIaJla €KOHOMIYHICTh eJIeKTpocTaHlli. Tak, muTomMi BUTpaTHd YMOBHOI'O MajiuBa Ha
BIJIMMYCK €JICKTPOCHEPrii HaBiTh HA MIJIOBYTUIBHUX EHEProOJIOKax 13 3aKPUTUIHUMHU

napameTtpamu niapu 3pociu A0 450....470 r/kBt-ron. Pazom 3 HUMHU 3pociu 1 TUTOMI
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BUTpPATH YMOBHOIO TMajMBa Ha BIAMYCK TeIJa, a TAaKOXX TEXHOJIOTIYHI BHUTpaTH
eJICKTpOEHEPT1i Ha BiacHI nmotpedu [10].

Ha panuii MOMEHT OCHOBHMMH T€HEPYIOUUMH TOTYXHOCTAMHU y  TEIUIOBIN
CHEPIeTHIll € MMUJIOBYTIbHI €HeproOJIOKH KpUTUYHUX MapamerpiB napu (13 Mlla, 545
C% moryxnmictro 150200 MBT Ta NMIOBYTiIBHI 1 ra3oMa3syTHi €HEpProGIIOKH
HaAKpUTHYHUX TapameTpiB (24 Mlla, 545 °C) nns koHAEHCALIWHUX CTaHLIA 3
notyxHicTio 300 1 800 MBT. I'eHepyroui craniii 3 eHeproo6sokamu 150 MBT Oyno
BBEJICHO B eKcruryaTailito B 1959-1964 poxkax, y 1960-1975 pokax Oymno 30ymoBaHO
arperatv notyxHictb 200 MBT, 300 MBT —y 1963—-1988 pokax ta 800 MBT —y 1967—
1977 pp.

Cranom Ha 01.01.2020 p. TEC I'K nHamiuytoTh 75 eHeproOJ0KiB BCTAHOBJICHOIO
noTyxHicTio 21 562 MBT, [11] 3 HuUX :

- 68 ByrutbHHUX OJIOKIB MOTYXHICTIO 16 962 MBT (HM4e HaBejeHa po30UBKa 3
ypaxyBaHHSM I€pEBE/ICHHA OJIOKIB Ha CHaOBaHHs BYriyuist mapku ['/]):

- 23 6ok, mo cnamoioTh Byruwist Mapku Alll 1 IT noryxHicTio 6 439 MBT

- 45 G70KI1B, 5IKI NpaLOOTh HA ByruL Mapku I'J] moTyxHictio 10 523

- 7 ra3omMa3yTHUX 0JI0KIB MOTYyXkHicTIO 4 600 MBT.

B pesynbrari gaHux 0OCTaBUH CTPYKTypa BHUPOOHHUIITBA TE€HEPYIOUHX
MOTY)KHOCTEH  YKpaiHCBKOI  €JIEKTPOCHEPTeTUKH, € TepeoldTshkeHa  0a30BUMHU
notyxHocTsiMu (AEC Ta mepeBa)kHa yacTHHA EHEProOJIOKIB TEIUIOBOI TeHeparlii) 1
BUHHUKAE MPoOIIeMa roCTpOro AePiuTy MaHEBPOBUX MOTYXHOCTEM.

Jlns BupilieHHs AaHOI TpoOJieMH B SIKOCTI MaHEBPOBUX BUKOPHUCTOBYIOTHCS
eneproosoku TEC, mo € crnpoekToBaHUMH JJii  HOpPMajibHOI poOOTH B 0a30BUX
pexumax, ajge Oubla YacTUHA SIKMX BUMYIIEHA MPALIOBAaTH B HEMPOEKTHUX MIKOBUX 1
HAITIBIIKOBUX PEKUMAaX.

BpaxoBytoun Buile mnepepaxoBaHl JaHI OCHOBHHMHU TOTYXHOCTSMH, UIO
BUKOPUCTOBYIOTHCS ISl PEryJIIOBaHHS Ipadika HABaHTAXKEHHS € BYTUIbHI Onoku 150-
300 MBt TEC. Ockinbku ajig JaHUX €HEproOJIOKIB MpUTaMaHHa HU3bKa MUTOMA Bara
MaHEBpPOBO1 MOTYKHOCTI, 0OMEKEHU /11ana30H PEeryIOBaHHs, TO s O1IbII €()eKTUBHOT

poOOTH B €HEPTrOCUCTEM1 BUKOPUCTOBYIOTh IOACHHI 3ynmuHKK 7—10 OJOKIB Ha Tepion
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HIYHOTO 3HWKEHHS HABAHTAXXEHHS 3 MOJAJBIINM 1X BKIIOYEHHSM y poOOTY y mepiof
PAHKOBOTO MaKCHUMyMYy, 1 TaKOX 3YIHUHKaMH poOOTH TypOoarperatiB B JEHHIM 30HI 1
3aImycKaM# y TepioJ] BEYIPHHOTO MAaKCUMyMY HaBaHTaKCHHs. Bce e mpu3BOIUTH 110
MOTIpIIeHHST €(PEKTUBHOCTI 1 HaAIMHOCTI poOOTH YCTAaHOBOK, a caMe€ J0JIaTKOBOTO
CIIPALIOBAHHS PECYpPCy YCTaTKyBaHHS, MIABUIIICHOT aBapiHOCTI Ta IEPEBUTPAT MAJUBA.

Sx Bugno 3 puc. 1.3, 10 BepecHs 2020 p. B O0’eqHaHiil eHepreTHUHINA cUCTEMI
VYkpainu notyxkHictb TEC reHepyrounx komnasit o 4 panky cranosuia 3,49 I'Bt. Ha
nepiof pankoBoro Mmakcumymy (07:00) st moTy>xHicTb 3pocia a0 4,21 I'Bt, 3MeHmmnach
B nennuit yac (13:00) 1o 3,41 I'Bt 1 3HOBY 3011bIIMIACh HA Yac BeUipHbOTO MiKy (21:00)
1o 5,16 I'Bt [12].

VY BECHSHO-JITHIN NepioJl, 3 ypaxyBaHHSIM BHILE3a3HAYEHUX YWHHHUKIB, & TAKOXK
6azoBoro pexxumy I'EC y nepion moBeHi, 10 1moA000BUX 3YIMHUHOK-ITYCKIB 3aTy4a€ThCS

nie OutbIa KiTbKicTh eHeprobiokis TEC.

20,000

15,000 -{

/\

5161

@ 30,000

MBT

5,000 |

[t}
00:00 02:00 04:00 0&:00 0&:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24

logwHa
AEC TEY BOE TEC & FEC ta FAEC . FAEC zakauxa DTDE—EKDDELDHHi NEpeETOKK . CnoxusaHHa
Puc. 1.3. JIo6oBuii rpadik crioskuBaHHs / BUPOOHUIITBA €IICKTPUYHOT €Heprii

B8 OEC Vkpairu 10.09.2020 p. [12]



28

3aranpHa KUTBKICTH 3amyckiB eHeproousokis (kopmyci 61o0kiB) TEC 'K 150-300
MBT npo1oBKy€e 3aMIIATUCS HA JTOCUTh BUCOKOMY piBHI, 1 3a 12 micamuiB B 2017 porri

cranoBmia 1 943, 3a 12 micsmiB y2018 — 2 255, 3a 12 micsmiB y 2019 — 2 478 [7].

400000

350000

300000

[l
é
o

HanpautoBanns, roa.
[h8]
:

150000 [ HanpautoeaHHa ALLl 6aokis nicna nepeeefieHHA Ha

cnanoeaHHA 4
[ HanpawoeaHHa ALLl Baokis go nepeeeaeHHA Ha
cnantosaHHA [
100000 B HanpalyoBaHHA A0 PeKOHCTRYKUIT (rogwH)

s \exa Nnapkoeoro pecypcy (200000 roa.)

50000 s paHWU4HWIA pecypc (170000 roa.)

PospaxyHkoeuii pecypc (100000 roa.)

EHepro6nokm
Puc. 1.4. HanpamroBanus eaepro6snokis TEC Ykpainu

cranoM Ha 01.10.2021 p.

[TpoanamizyBaBimu puc. 1.4 mpuXoAMMO A0 BHUCHOBKY IO XOY 1 MPOBOASTHCS
kamTanbHi peMoHTH (Ha 01.10.2021 mpoBeaeHo pekOHCTpyKiito Omm3bko 20 %
eHepro0JIoKiB), aje TypboarperaTy BXXKe BUUEPIIAIA CBiM MapKOBUN pecypce 1 MojajbIia
iX eKCIuTyaTallisi € JIMIe MOJIMBOIO B Mpale3aTHOMY CTaH1 3a paXyHOK KallTaJbHUX Ta
MOTOYHUX PEMOHTIB, aJi¢ iX 3HOIICHICTh MOCTIHHO 3POCTAE 1 CATAE 3arpo3JIMBOI MEXI 3
TOYKM iX Oe3MeuyHoi 1 pallioHaIbHOI ekcrutyaTtarii. ToOToO MoOXKHa ckaszaTu, IO €
HeOE3MeYHNUM eKCIUTyaTallis 00JaHaHHs Ha MEeXI1 10 HOoro TpaHudyHoro crany[12].

['paHMYHUM CTaHOM MPUMHATO HA3UBATU TAKUM CTaH OOJagHAHHS, 32 SIKOTO HOTro

nojabliia eKCIuTyaTallisi € HeJIOMyCTUMOIO 3 TOUYKH 30pYy HaAIWHOCTI, a00 HEJIOIIJILHOIO
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3 OISy HA €KOHOMIYHICTh poOO0TH. DI3UYHOIO MPUUYMHOI HAOMMKEHHS TPAHUYHOTO
CTaHy € HaKONWYEHHS [ONIKO/KEHHS B METalll OCHOBHUX JeTalled Ta BY3IiB
CHEPreTUYHOTO YCTAaTKyBaHHS 3a CTAaTHYHAUMH Ta IUKIIYHUMH MEXaHI3MaMH
pyiinyBanus [13].

3HaueHHS MApKOBOIO PECcypcy KOTEIBHOrO Ta TYpOIHHOTO YCTAaTKyBaHHS, IO
BcraHoBieHi Ha TEC VYkpainu, B 3aJeXHOCTI BiJ MapaMmeTpiB iX eKCIUlyaTarlii,
MOTY>KHOCT1 Ta 3aBOJly BUPOOHHMKA MpescTabieHi B Tadon. 1.2 1 1.3 BignmosigHo. [aHi
3HAYCHHS HaBEJACHO Yy BIAMOBITHOCTI O [IIOYMX HOPMATHBHUX JOKYMEHTIB
MiHicTepcTBa eHepreTuku YKkpainu [14].

[IpoanamizyBaBimm  Tabm. 1.3, Mu Gaunmo, MO0 BU3HAYAIBLHUM PECYPCHUM
MOKa3HUKOM JJi1 TypOIHHOTO YCTaTKyBaHHsI € HE JIMIIE MapKOBE HaIpalloBaHHS, a 1
MapKoBa KUIbKICTh TyckiB. lle TmoOsiCHIO€TbCS TUM, IO MEXaHI3MH Majo- Ta
0araTolMKIOBOI BTOMH BIAIFPalOTh OJHI 3 HAWBAXJIMBIIIUX BIUIMBIB Ha TEMIIU
HAKOIMWYEHHS TOIIKO/KEHHS 1 B OCHOBHOMY METaJli BHCOKOTEMITEPAaTypPHHUX CIEMCHTIB

apoBUX TypOiH.

Tabmuus 1.2.
3HaueHHS MAPKOBOI'0 PECYPCy KOJIEKTOPIB KOTIiB BcTaHoBIeHuX Ha TEC Ykpainu
Mapka crami PospaxynkoBa [TapxoBuit pecypc

KOJIEKTOpa Temrneparypa napu, °C | KoJekTtopa, TUC. TOJ

12MX 510 300

12MX 511-530 250

15XM 530 300
12X1M® [Tonan 545 200
12X1M®D 545 150
15X1IM1D 545 200
I15X1IM1®D [Tonan 545 150
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Tabmuns 1.3.
3HaueHHsI MapKOBOro pecypcy TypoOiH BctaHoBIeHUX HA TEC Ykpainu
ITapxoBuii pecypc
3aBojI- Tuck cBiXkOI1 [ToTyxHICTB, P peeyp
HanpaitoBannsi, KinbkicTh
BUPOOHUK napu, MIla MBTt
THC. TOJ. MyCKiB
9 Ta MeHIIIE 50 Ta meHIIe 270 1000
AT «TM3»

13-24 50-250 220 800
9 ta MeHIlIEe 100 Ta men1Ie 270 1000
AT «JIM3» 13-24 50-300 220 800
24 500-800 150 400
9 Ta MeHIIIE 50 Ta MeHIIIE 270 1000
AT 13-24 160 200 800
«Typb6oaTom» 24 300 200 600
24 500 150 400

[Ipoanaini3yBaBIM CTaH TEHEPYIOUUX IMOTY>KHOCTEH B YKpaiHI Ta PEXHUMIB iX

pob6otu, OEC Vkpainu Hapazi MaeMoO CUTyaIlll0 B Kii TOJIOBHI OOCSATH T'€HEPYIOUUX
MOTY>KHOCTEH MOKPHUBAIOTHCS 0a30BUMU €JICKTPOCTAHIIISIMH 1 HE PU3HAYEH] [T 9aCTUX
1 IBUJIKMX 3MIH PEKUMIB POOOTH, a Ta YACTHUHA 3 HUX, 1110 MOXKE 3MIHIOBATH CBOT PEXKUMU
pobGoTtu (B ocHOBHOMY 30cepemkeHa Ha TEC), BiampaiioBajia mapKoBHH pecype 1 €
MOIIKO/DKEHUMU B pe3yibTaT pociiicbkux oOctpimB. Tomy OEC xapakrepusyerhbcs
HEJIOCTAaTHICTIO THYYKOCTI OJIHaK, MOTYXHOCTI OCTaHHIX HE BHUCTa4a€, OCOOJIMBO 3
ypaxyBaHHSIM TEHJCHII J0 IX 3MEHIICHHS, CJa0Koi 3a0e3MeYeHOCT! MEePBUHHUMU
CHEPreTUYHUMHU PECYpCaMU, a TaKOX 3 ypaxyBaHHSM JIMHAMIKU PO3BUTKY TeHeparlii 3
B/JE [15].

[lepepaxoBaHi Bullle 0OCTABUHH O0YMOBIIIOIOTh aKTYalIbHICTh PO3POOKH CUCTEMU
OIIIHKA Ta TPOTHO3YBaHHS palliOHATBLHUX PECYpCO30epiralouux pexuMiB poOOTH

enepro6siokiB TEC.
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1.2. TociigskeHHs1 BILIMBY 3MIHHMX PeKMMIB po00TH (IIyCKU-3yIIHHKH, Pp000Ta

HA 3MEHUICHIN MOTYKHOCTI) HA JOBIrOBIYHICTh Ta eKOHOMIYHicTH podoTu TEC

XapakTEepHOIO pHUCOID CYYaCHOTO PO3BUTKY €HEPreTUKH € 30LIbIIECHHS
HEPIBHOMIPHOCTI TpadikiB €HEpProcucTeM. 31 3MIHOI CTPYKTYpU TE€HEPYIOUUX
MNOTY>KHOCTEH MOKPUTTS 3MIHHOI YacTUHU TpadikiB HAaBAaHTAXKEHHS CTa€ BCe OUIBII
CKJIaJIHUM 3aBJaHHAM. PaHimie st MOKPUTTS 3MIHHOI YaCTHHU rpadikiB HaBaHTAXKCHb
BUKOPHCTOBYBAJIA B OCHOBHOMY T1APOEJIEKTPOCTAHIIIi 1 MaJOEKOHOMIYHI €HEPTOOIOKH,
a B HOBUX yMOBax HEOOXIJHO TakKOX 3allydaTd 1HIIE OOJagHAHHSA JI0 y4YacTi B
peryJiroBaHHI OTY>KHOCTI eHeprocucteM [16].

CTpyKTypa TeHEepyIYHX MOTYKHOCTeH YKpaiHChKOI €HEepPreTHKH MepeoOTspKeHa
0a30BUMHM MOTY)XHOCTSIMH ~ XapaKTEPU3YETbCS TOCTPUM J1e(ILUTOM MaHEBPEHHUX
notryxHocteil. Yepe3 1me Sk MaHEBpEHI BHUKOPUCTOBYIOTH eHeprotsoku TEC, mpo
CIPOEKTOBaHI 11 poOOTH B 0a30BUX peXUMax, 3HAUHAa YacTUHA iX MpaLoE B
HenpoekTHuX pexumax. Ha nediuur maneBpenux noryxxunocteit 'EC cyTTeBO BruinBae
MaJIOBOJIHICTh B YKpaiHl. HacTka nunoByruibHUX eHeproosokiB TEC noryxHicTio 100—
200 MBT, ki BUKOPUCTOBYIOTH $IK HAIIBIIKOBI MOTYXKHOCTI, ckianae 17 %, a nmus
NPOXOJKCHHS HAMMBIIKOBHX TepioiB HeoOxiaHo 30—-35 % [17].

Tomy B YkpaiHi 1l HOKPUTTS MOTY>KHOCTEH, 10 HE BUCTAYa€E BUKOPUCTOBYIOTh
majio maneBpeHi 0110ku TEC 3 motyxknoctsimu 200-300 MBT.

KinbkicHa OIllHKa 3HW)KEHHS pecypcy Ta €KOHOMIYHOI e(eKTHBHOCTI
enepro6siokiB TEC mpu iX poOOTI B 3MIHHUX PEXHMaxX MA€ Ba)KJIMBE 3HAUCHHS IS
IPOrHO3YBaHHS Ta (POPMYBaHHS CTPYKTYpH F'€HEPYIOUUX MOTYKHOCTEH €HEPrOCUCTEM,
OLIIHKM HEOOXI1JIHOCTI BBEJICHHS MIKOBHMX Ta HAIIBIIKOBUX I'€HEPYIOUUX MOTYXKHOCTEH,
OOTPYHTYBaHHSI TPUBAJIOCTI PEMOHTHOTO IIMKIy, BHOOPY HAWBUTIAHINIOTO CKJIATy
GyHKIIOHYIOYOTO OOJaJHAHHS TPU ONTUMI3AIIl YIPaBIIHHA pEKUMaMU POOOTH
TreHEPYIYUX JKEpeN y J000BOMY Ta THXKHEBOMY I'padikax eJeKTPUYHUX HaBaHTaKEHb
[18].

OO6nanHaHHs, MO0 €KCIUTYaTyeThCsl Ha TEIUIOBIA €JIEKTPOCTaHIll (PYyHKI1OHYIOTh

U A11 BUCOKHUX TEMIIEPATyp Ta TUCKIB. A OCKUIILKH B eHEPTOCUCTEMI TIEPEBAXKAE IIBHUIKA
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3MiHa 00’€MIB BIJHOBJIOBAHOI €HEprii, TEIJIOBI €JIeKTPOCTaHLii OyayTh CTHKATHUCS 3
OLJIBIIl YACTUMHM ITyCKaMH Ta 3YIIMHKAMU, a TAKOXK MIBUAIIUMH TEMIIAMU 3pOCTaHHS, 11100
30anmancyBaTi Mepexy [19-21]. Haitbinpmie nomkomkens Oyne B mapoBux OapabaHax
BHUCOKOI'O0 THUCKY, KOTEIbHUX TPyOax 3 MEperpiTor Maporo, KOJEKTOpax Ta POTOPHUX
JIMCKAaX MEepUIOro CTYMEHs, JoMaTKax Ta KOpIycax MapoBUX TypOiH BUCOKOTO TUCKY aJIKe
BCE II€ € OOJIaJHAHHSM, K€ BUTPUMY€E HAWBUIINI PIBEHb HANIPYKCHHS 1] Yac MyCKH,
3YIIUHKA Ta HaBaHTOKEHHS [22-25]. B pe3ynbraTi BiIOyBarOThCS HE3BOPOTHI 3MiHU
CTPYKTYPH METaJTy, TPHBAE MPOIIEC HAKOMTMYEHHS 3aTUIIKOBOI Aehopmartii (MOB3YJIiCTh),
MOCTYMOBO 3HIKYETHCS MOr0 MIIHICTh, MO0 OOMEXye yac poOOTH HAeTayiel uepes
BUYEPIAHHS 3aracy MIIHOCTI [26].

Hukmigai 3MIHE TeMIepaTypu Ta THCKY IpPU MyCKax Ta 3yMHHKaX BUKIUKAIOThH
MaJIOLUKIIOBY BTOMY MeTaiy. [Ipy BeNIMKHMX amIUlITy/ax TeMIlepaTypHHX Hamlpy>KEeHb
LUKJIB, 110 MOBTOPIOIOTHCS HANPHUKJIAA MyCK-3yIIUHKA 0XOJIOIKYBaHHA-IIyCK, pyHHIBHE
YUCJIO IIUKJIIB HEBENMKa (THCSYl a00 HaBITh COTHI) [27, 28].

B [29] 3a3nauarorh, 10 CTyMiHb BIUIMBY Ha TEMIEpaTypy poTOpa KOJIMBAHb
TEMIIepaTypy Mapu Ta MOB’s3aHy 3 UM MOBEAIHKY 3MIHU TEMIIEPATYPH B POTOP1 MOXKHA
nependoaynTH B JeTansdx. KOHBEKTUBHUN TEIIOOOMIH MK Mapol Ta pPOTOPOM
XapaKTepU3y€eTbCA TPETHOIO TPAHUYHOI0 YMOBOIO, a TEIJIOBE HAINPY>KEHHS OMHUCYETHCS
B’SI3KOIMJIACTHYHOIO MOJIEIIIIO 3 TIOIKOIKEHHAM

[Tix gyac ekcruryaTallii 4acTo B €HEproo0’€KTax BUHUKAIOTh HEHOPMAaJIbHI poOoul
ymoBu [30]. [Ipairoroua mapoBa TypOiHa MOKE 3ITKHYTHCS 3 PI3HUMH IPOOJIEMaMH SIK
1] yac cTanoi poOOTH, TaK 1 B MEPEXiAHUX peKuMax poOOTH. SKIIO B TypOiHI BUHUKAE
OyIb-IKW HECHOPMAJIbHUI POOOYHiT CTaH, 11e MOXKE MTPU3BECTH JI0 TIOAAJIBIIOTO M IHHS
HABAHTAKEHHA TYpOIHH 1 i1 MOUIKOIKEHHS.

®diznyHa TpUpPOaA PO3BUTKY TMOIMIKOKEHb BiJ] MOB3YyYOCTI Ta MAaJOIMKIOBOI
BTOMH pi3Ha. Ilpu cnigpHOMY mepebiry mux HpoleciB BiOyBaeThCs IXHIM B3a€MHUN
BIUIMB, W0 MAa€ CKJIAAHUN Xapakrtep. Y NpakTULl PO3PAXyHKIB HAa MILHICTb
BUKOPHUCTOBYETHCS TINOTE3a MiJICyMOBYBAaHHS YIIKO/DKEHb, II0 BUKIMKAIOTHCS AI€I0

LHUKIIIYHOTO 1eOopMyBaHHA Ta MoB3yvocTi [27, 31].
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[TomkopKeHHS Bl TOB3y4OCTI 0OMEXKY€EThCS KPUTUYHUM 3HAYEHHSIM, TPUUHATUM
K TOYKa MaKpPOCKOINIYHOI BTOMHM a00 BUHUKHEHHS TPIIIMHU IOB3ydocCTi. Yac Bia
BUHUKHEHHS TPILIUHHU O BUXOJY 3 JIaay OONaJHAHHA 3a JAEIKUX 00CTaBUH MOXe OyTu
JIOCTaTHBO JIOBTUM, 11100 BUIIPABJATH JIOJATKOBY €KCILTyaTaIlil0 TPICHYTOTO KOMITOHEHTA
3 IPUHHATHUM 3aracoM HaJIWHOCTI MiJ 4ac BUKOHAHHS MEPIOJAUYHUX TMepeBipok [32].
[Ile omuiero 3 mMpoOyIeM € KOPO3iiHE PO3TPICKYBaHHS IIiJ] HAMPYKCHb JTaHWA HEIOJIK
crioctepiraeThesi sk y napoBux typ6iHax Ha TEC Tak 1 Ha AEC, a Takox BIuIMBae Ha
JIOTIATKU TapOBUX TypOiH, Xouya JJIs JIOMATOK KOpO3iliHa BTOMA € OUIBII BaXKITHBOIO
po0JIeMO10.

3arajoMm Ha SIBUIIE KOPO31MHOTO PO3TPICKYBaHHS BiJl HAIIPYKEHb BIUIMBAIOTh TPU
rpynu ¢aktopis [33]:

1) Marepian: Bua, XIMIYHHUH CKJIaJ, CTaH MOBEPXHi, CTPYKTypa, MeXaHI4HA
MIIIHICTb.

2) Po3paxyHOK: eKCIUTyaTaliiiHi Hanpy»XeHHs, 3aJUMIIKOBI HaIpY>KECHHS,
HaIpaIfOBaHHs.

3) CepenoBuile: XiIMIYHUN CKJIajA, TEMIOEpaTypa, €IeKTPOXIMIUHI BJIACTUBOCTI,
Teyisl.

ABtopu [34] 3a3Ha4al0Th, 1110 BAXKJIMBOIO YACTHHOIO MApOBOi TypOIHU € pOTOp 1 BiH
4acTO MIJJAETHCS BUCOKIM TeMIlepaTypl Ta CKIaJHUM HaBaHTaXeHHSAM. € HMOBIPHICTh
nosiBY TpiuH. OKpiM BTOMH, IIONTKOPKEHHS BiJl TOB3YYOCT1 TAKOXK BiITPAIOTH BAXKIIUBY
pOJb y TOIIKO/DKEHHI poTopa. SIK MpaBHIIO, MAJOIMKIOBA BTOMa 3HOIIYE CIMIECST
BIJICOTKIB TEPMIHY CITy>KOU pOTOpAa, a MOB3YYiCTh CTAHOBUTH PELITY TPUALSATH BIICOTKIB.

VY cratTi [35] Bi/I3HA4AIOTh, 1110 OCHOBHOIO MIPUYHUHOIO TPUBAJIOTO HAKOTTMYCHHS
BTOMHHUX TMOIIKO/DKEHb y Bajly MapoBHUX TYypOIH € KpYTWJIbHI KOJMBaHHS, BUKIMKAHI
MIKITI0OYEHHAM TypOoTreHepaTopa 10 eNeKTPUIHOI MepeXi 3 HETOUHOI0 CHHXPOHI3AIIIETO.
ABTOpU MPONOHYIOTh METOAUKY JOCIHIJKEHHS MIPOLECY YTBOPEHHS OKPYKHOI TPIITUHU
y Bayly TypOiHM 4epe3 BeJUKY KUIbKICTh TaKuX 3’€lHaHb. MeTojonoris 0a3yeTbcs Ha
BUKOPHCTaHHI TPUBUMIPHOI CKIHUEHO-EJIEMEHTHOI MO/Iei Bairy mapoBoi Typ6inu K-200—

130 Ta miaxo/1iB MEXaHIKU PyHHYBaHHS.
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Biamosimno no [36] y opranax kepyBaHHS Ta MEPIIUX CTYNEHSIX POTOPA BUCOKOTO
TUCKY TIapoBOi TypOiHM TemIepaTypa IMapyd HabaraTo BHINA, HIXK B 1HIIMX 00JIACTSIX.
3a3BuYail came TyT BUHHMKAIOTh BEJIMKI TPaJlIEHTH TeMreparypu. ToMy TepMiH CIyxou
TypOIHUA B OCHOBHOMY 3aJIEKUTh BiJl PO3BUTKY MOIIKO/XKEHb HA I[UX €Tarax.

HaniitHicTh Ta €KOHOMIYHICT pOOOTH MApOTypOIHHUX €HEeProOOKiB Ha 3MIHHUX
HABAaHTA)KCHHAX MPHUCBIYEHO 1Ty HU3KY nociimkenb [37-38]. [lpu mpomy Baxiuse
3HAQYCHHS MPUIUIAETHCS OIIHIN 3aJIMIIKOBOTO pecypcy (HampaitoBaHHs) 0OJaJHaHHS
enepro6siokiB TEC [39-41]. Tak, y [40] aBTOpu mMpoBEH OIIHKY 3aJTUIITIKOBOTO PECYPCY
poropa TypOiHm 60 MBT Ha HaJIKpUTHYHI HapaMeTpyd Mapd Ha OCHOBI aHami3y
eKCIUTyaTalllfiHUX JaHUX Ta pO3pPaxOBaHUX 3MIH TEMIEpaTypHUX IIOJIIB Ta TMOJIiB
HanpyXeHb 3 BUKopucTaHHsSM maketa ANSYS. B [42] aBTopu HaBOIATH TEXHIYHI
XapaKTEPUCTUKU Ta OMHUCYIOTh JIOCBIJI 3aCTOCYBaHHSI CIOCOOIB Ta TEXHOJIOTIH OIIHKHU
pecypey i ICHYIOUHUX BHCOKOTEMIIEpaTypHUX MApOBUX TypOiH HA OCHOBI MO€THAHHS
aHAJITUYHUX METOIB Ta METO/IIB HEPYUHIBHOTO KOHTPOJIIO.

Bignosigno mo crarTi [43] MOCTIIKEHO TaKi OCHOBHI (DAKTOPH, IO BU3HAYAOTH
piBHI TEIUIOBUX HaINpyXeHb 1 Jedopmamiii Ha NOBEPXHI KOMIIOHEHTIB: PIZHUIISA
TeMIepaTyp MiX IMapoM IO TOJAEThCA 1 METAJIOM 3 IapoOBOi CTOPOHHU TMOBEPXHI
oOnajHaHHS; MIBUAKICTH 3MIHM  III€i TeMIlepaTypu; HAasABHICTh KOHIIEHTPATOPiB
HaIpy>KE€Hb HA MOBEPXHI POTOPA; 1 IHTEHCUBHICTh TEIUIOBIAAYl BIJ Mapu 0 MOBEPXHI
obnagHaHHs. | B pe3ynbrari aBTOpamMu OyJo TPHIIEHO J0 BUCHOBKY, III0O YUM BHUIIE
3HAYEHHA LIUX NapaMeTpiB, TUM BUILI TEPMIUYH1 AedopMaliii Ta Halpy>KEHHS.

B po6oti [44] OyB mpoBeAeHUI aHaNi3 €BOJIIOLII FOJIOBHUX HANPYXEHb y MapOBOMY
pOTOpl TiJ JI€I0 TEPMOMEXAHIYHOTO HABaHTAKEHHS BIJ TOB3Y4oCTi. OCHOBHUM
pe3ynbTaTOM € MOXJIMBICTh TPOBOJUTH MOPIBHSHHS HaIpy>keHb (poH Mizeca, roJ0BHUX
HaIpYy>KeHb 1 TEH30PIB HANpPYXEHb Yy CKIAIHIA KOHCTPYKII 3a peaiCTUYHUX YMOB
HABAHTAKECHHSA Ta TEHEPYBaTU JIOKAbHI 0araToochoBl METJI HampyX)eHb-Aedhopmarlii

MPOTATOM ITUKJIIB
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Puc. 1.5. MakcumaiibHa 6e3po3MipHa CUIIOBO-1HIYKTUBHA Jiehopmanis
(Oe3po3mipHe TerIoBe HaNpykeHHs) K QyHKIis napameTpiB Bi ta S npu HarpiBaHH1

tBepaoro mwtHApa: 1) Bi=1; 2) Bi=35; 3)Bi = 20;4) Bi =« [45]

besposmipHa nedopmariiis s BU3HAYAETHCA 3TIAHO 3 puc. 1.5 Ha OCHOBI JABOX
0e3po3MIpHUX MapaMeTpiB: To 1 kputepii Bi, ne Bi — 0e3po3MipHuii KoedimieHT

TerIonepeayl Bijl mapu J0 MOBEPXHI pOTOPaA PO3PAXOBYETHCA SIK:

Bi = ari/A, (1.2)

ne A - koedilieHT TemIoBiaaadl potopa [46].

3 ornsmy Ha poboTy [47] BIUIMB PEXUMIB POOOTH HA TEPMiH, 110 3AJUIIUBCA €
€KBIBaJIEHTHUM 4YacoM poOOTH. i1 BU3HAYEHHSA TAaKOTO 4Yacy OILIHIOIOTHCS Pi3HI
ornepaliiiHi MoAil Ta yac poOOTH, pi3HI TEMIEPATYPHI YMOBHU 3 OLIHKOIO 1HIUBIIYaIbHUX

(po3paxyHKOBHX) KOS(DIIIIEHTIB.
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Puc 1.6. ExBiBasieHT roauH po6oTH 3a Uk (po3BanTaxkeHHs 3 100 % Nyoy 3
MOIANBIITUM 3aBaHTaKeHHIM 10 100 %) nmst pi3HUX Alana3oHIB Ta MIBUAKOCTEH 3MIHU

MOTYXHOCTI MpU MOCTIHOMY ITo4yaTkoBoMy TUCKY: 1) 1 % xB (3 MB1/xB);

2,) 0,95 % xB (2,85 MB1/xB); 3) 0,9 % xB (2,7 MBT1/XB)

Sx BuaHO 3 puc. 1.6 , mpu poOOTI Ha MOCTIMHOMY MOYATKOBOMY THCKY 3HAUYHE
3MEHIIICHHS TEPMIHY CITY>KOU poTopa TypOIHH BiOYBAETHCS JIUIIIE i1 YAC IUKITY 3MiHH
MOTYKHOCTI 3 TIIMOOKUM pO3BaHTaXEHHSIM. PoO0Ta npu KOB3HOMY THUCKY (HE MOKa3aHO)
PU3BOJIUTH 0 HE3HAYHOTO BUCHAKECHHS TEPMIHY CITYKOH.

Bianmosinno no [48,49] indopmartist mpo MIBUIKICTH CKOPOUEHHS TEPMIHY CITYKOU
BCbOI'O CHJIOBUM arperar TEIJIOBOi €JIEKTPOCTaHLIi Ta HOro OKpeMHX KOMIIOHEHTIB
MO>KHa BUKOPUCTOBYBATH HE TUIHKH JIJISi BHOOPY Kpaloi peMOHTHOI CTpaTerii, a TaK0X
JUTSI CTPYKTYPHOI Ta OTEepaliifHOi ONTHUMI3aIlii eJIeKTPOCTAHIII].

Bapro BIAMITUTH TaKkoX HAYKOBI JIaHl MPEACTaBICH] aBTOPaMHU B HayKOBIH CTATTI
[49]. ABropamm Oysn0 TMPOBEAEHO PO3PAXYHOK KOEQIIIEHTIB EKBIBAJICHTHOTO
CIPAIFOBAaHHS JUISI THUIIOBUX ITYCKOBHX PEXHUMIB, THIOBHUX PEKHUMIB YaCTKOBOTO
HaBaHTAXXEHHSI, BCTAHOBJICHO aHATITUYHI 3aJI€KHOCTI PI3HUX TUITIB BUTPAT Ta MPOBEIACHO
OIIHKY €KBIBAJICHTHOTO CIpalffoBanHs pecypcey mis Typoinn K-300-23,5, pesynbraTu

K01 MpeacTaBieHo B Ta0m. 1.4,
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Tabmuus 1.4.
TexHiKo-eKOHOMIYH1 TTOKa3HUKH poOoTH eHeprooaoky 300 MBT npu po6oTi Ha

3MIHHHX HaBaHTa)XEHHSX [49]

Kinpkicts CepenHs KiTbKICTh CobiBapTicTh IIpupict
Pexum MYCKIB 3 CTaHy TOJUH BUKOPHCTaHHS ExBiBaneHTHE @JICKTPOEHEPT il cobiBapToCTi
BCTaHOBJIEHOL HaIpalroBaHHs Lent/(xBT'rox ) eJIEKTPOCHEepTil
MOTYXHOCTI Hent/(xBt-rox )
Xomon- | Heoctm | Taps- Ton/pix Ton/noby texs texe/tpec
HOTO TJIOTO 40ro
1 100 - - 7000 24 166739 0,758 11,31 0
2 100 - - 5979 20,5 174271 0,792 11,79 0,48
3 100 - 9114 4958 17 224771 1,021 14,57 3,26
4 100 1302 - 4270 14,6 159409 0,724 12,73 1,42
5 100 1302 6510 3542 12,1 195492 0,888 15,54 4,23
6 100 1000 2000 5028 17,2 169906 0,772 12,55 1,24
7 100 1000 2000 4285 14,7 175382 0,797 13,27 1,96

B po06oTi po3riisiHyTO HAaCTYIHI peXuUMU poOoTH (Tadu. 1.4, mepiumii ctoBoers): 1
— pobota B 0azoBomy pexkumi 7000 roa/pik; 2 — mI0J€HHE PO3BaHTAXEHHS Ha 7 ToJ B
HiyHU# yac 110 50 % HOMIHAJIBHOTO HABAaHTAXXEHHS; 3 — III0JICHHA 3yMIMHKA YCTaTKyBaHHS
Ha 7 ToJ B HiYHUH yac; 4 — po3BaHTaxeHHs 10 50 % HOMIHAJIBLHOTO HaBaHTAXXEHHS Ha 7
roJl B HIYHUH Yac B Oy/H1 THI Ta MOBHA 3yMMHKA O0JIaIHAHHS Y BUX1JIHI IHI; 5 — 3yNHUHKA
yYCTaTKyBaHHA B BUXIJIHI JIH1 Ta HA 7 TOJT HIYHOT'O Yacy B poOoul JIH1; 6 — IIMITOBaH1 MyCKU
3 Heocturioro crany (1000), 3 rapsigoro crany (2000), pemra yacy — €HEprooJioK
mpaitoe 3 0a30BUM HaBaHTAXKEHHSAM; 7 — aHajoriyHo jiMmiToBaHl mycku 3 HC 1 I'C,
po3BaHTaxeHHs 10 50 % y BUXIiJHI JHI Ta HA 7 TOA HIYHOTO Yacy poOOYMX JIHIB, peuITa
yacy — HOMiHaJIbHE HaBaHTa)KCHHS.

Takox B [49] Oyna po3pobiieHa Jist JaHUX PEKUMIB pOOOTH HOMOTpaMa IPUPOCTY
cOO1BapTOCTI €JIEKTPOEHEPTIi B 3AJIEKHOCTI Bl peKUMY poOOTH B MOPIBHAHHI 3 0230BUM

(puc. 1.7).
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Puc. 1.7. IIpupict cobiBapTOCTI €1EKTPOCHEPT1i B MOPIBHAHHI 3 0230BUM PEXUMOM
poOOTH B 3aJIe)KHOCTI B pexkumy podotu (1-7) 1 cepelHbOI000BOTO YKCIa TOIUH

BUKOPHUCTaHHS BCTAHOBIIEHOT MOTYKHOCTI [41]

[IpoananizyBaBmu ctartio [50] Oyno BCTaHOBIEHO PO3PaxXyHKOBI MOKa3HUKH
HMIBUJKOCTI BHYEpHAHHS pecypcy oOOJaJHaHHS 1 BHICHEHO, IO NpH poOOTI B
MaHEBpPEHOMY pekuMi y 3-8 pa3iB Bullla IIBUIKICTh CTapiHHs o0nagHaHHs. Tomy, poboTa
y MaHEBPOBOMY PEXHMI, BIAIOBIAHO IO MOTOYHOIO CTaHy OOJaAHAHHS, € HE 0a)XaHOIO 1
noTpedye po3poOKH cCrielialbHOT HOPMATUBHOI 0a3H, OCKIJILKM 3HAYHO 3HOIIIY€E HAsBHI
OCHOBHI (pOH/IH.

HocmimxenHss [51] monsraroTh y OLIHLI BIUIMBY 3MIHEHMX YMOB MYCKY
€HEeproOJIOKIB HAa MIIHICTh BIAMOBIIHUX €JEeMEHTIB TypOiHu. Takox B maHiii poGoTi
MepeBIPEHO BIUIMB OE3MEPEPBHUX 1 CTYMIHYACTHX 3MIH HABAHTAXEHHS HA TEPMIYHHM 1
MILHICHUN CTaH AeTaneil. biibln aeTanbHO AOCHIIKEHI TYpOiHHI IUIIHIAPU Ta POTOPHU

TypOiH 3 BUCOKOIO BUX1JHOIO TIOTYKHICTIO.

1.3. MaremaTuyHa oONTUMIi3alisi peXUMIiB PoOOTH eHEePreTH4YHOro

00JIaJHAHHS 3 METOK MaKcuMi3auii a00 MiHiMi3anii po6o4ux mapamerpis

OnTtuMizariiss pexxuMiB poOOTH €HEPreTUYHUX CUCTEM (BUPOOHUIITBO, TIEpenaya,

PO3MO/LI €JIEKTPOCHEPTi) MoYanacs 3 MOSIBOIO €JEKTPOCTAHIIH, aje B MIpy PO3BUTKY 1
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PO3IIMPEHHS] EHEPTETUYHUX CHCTEM MOTpeda B ONTHUMI3AIlli PeKUMIB CTa€ BCE OLIBII
aKTyaJlbHO0. /{7151 IbOTO pO3pOOJIIETHCS Ta BIOCKOHAIIOETHCS MPOLIEAYPY ONTHUMI3ALIIT
Ta ii aJITOPUTM 1 MPOTPaAMHY peajti3arlilo.

OnHUM 13 IMPOKO BITOMUX METOMAIB € MeTo Jlarpanika (Tak 3BaHUI BapialiiHuH
METOJ), SIKMM JI03BOJISIE 3HAXOJMTH YMOBHI (BIJHOCHI) €KCTPEMYMH HeENepepBHOI
¢ynkii. Le o3Hayae, mo MiHiManbHEe 200 MaKCUMaNbHE 3HAYCHHS (DYHKIIT 3HAXOAUTHCS
y BUTJISI1 PIBHSHHS JJI 33JI0BOJICHHSI TOJATKOBUX yMOB. B nmanuii yac mMareMaTtuyHi
METO/IM, 3aCHOBaHI Ha JIHIMHOMY 1 HENIHIMHOMY, JAMHAMIYHOMY 1 CTOXaCTHYHOMY
porpamMyBaHHI, BUKOPUCTOBYIOTbCSI JJIA BHPIIIEHHA BCE€ OUIBII CKIAQJHUX 3a4ad
onTuMmiszaiii, a iX 3acTocyBaHHs 0a3yeTbCsl Ha TaK 3BaHUX CUCTEMHHUX Tijaxojax. Lle
O3HayYae, 10 BC1 YaCTUHU 1 PYHKI[IT EHEPreTUYHOI CUCTEMHU PO3TIISAAI0THCS KOMIUIEKCHO
B iX TapMOHIMHOMY TO€JHAHHI, @ YaCTKOBI BUTOJU TiAMOPSAKOBYIOTHCS 3araibHid
Buromi [52].

B [53] Big3HauawoTh, 10 AWHAMIYHI IMITAI[iiHI MOJENI, SIKI MPAIIOIOTh Ha
MOTYXXKHUX KOMIT'IOT€pax, CTalOTh €(PEKTUBHMMH 3aco0amMu JUIsl JOCHI/DKCHHS Ta
PO3YMIHHSI pOOOUMX XapaKTEPUCTHK E€IEKTPOCTaHII. BOHM CHpUAIOTH MOJIMIICHHIO
MPOEKTYBaHHS, PO3pOOIIl CTpaTeTii yNpaBiHHA Ta JAIOTh BIAMOBII Ha €KCIUTyaTalliitHi
BUMOTH.

ABtopamu [54] 3a3Ha4a€ThCA, IO METOK IUIAHYBAaHHS IIYCKy TEIUIOBUX
CJICKTPOCTAHIIA € MiHIMI3aIlld Yacy IMyCKy Ta OOMEXEHHS HalpyXeHb Ha pPOTOpi
TypOIlHH, 110 € HENIHIMHOIO 3aJa4el0 1 Ma€ JeKJIbKa JOKaabHUX onTuMyMmiB. [Ipobiema
ONTUMI3aIlli MyCKYy €JIEKTPOCTaHIlli JOCTIKeHa KUIbKkoMa MeTojaMu. Uepes odeBUIHY
HEMOJKJIUBICTh TEPEBIPUTH OTPHUMAHI BXIJHI JaHI Ha pEaJIbHIM €NeKTPOCTAHIIIl, IS
OIIIHKY TPOJYKTUBHOCTI PIIICHHS 3aBXKIM BUKOPHUCTOBYBABCS CKJIQTHUN TPOTPAMHHMA
cumynaTtop. B cydacHux peanisix BHpPOOHMIITBI €JEKTpOEHeprii mepembavae dvacTi
oreparlii MycKy/3ynuHKU. Y I[bOMY KOHTEKCTI ONTHMi3allisl iX MycKy Hpoueaypa, o
BUKJIMKA€E BEJIUKHUM 1HTepec. MeTra onTuMizallii BiAMOBIIAaE nmpodiemMaM, ki He0OX11HO
BUPIIIUTH B PEATBLHOTO Yacy, JOTPUMYIOUHCH OMNEparifiHuX OOMEKeHb 1 BOJHOYAC
MIHIMI3YIOYU BUTpaTH. /{7151 MOKpallleHHs MyCKY 3alpONOHOBAHO CTPYKTYPY 1€papXiuyHO1

Moeni mporao3oBanoro kepyBanHs (H-MPC) nmpoayktuBaocTi. CTpyKTypa CKIATAETHCS
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3 IBOX IapiB, KOKEH 3 SKUX Ma€ 1HIMMNA 9acoBuil MacmTad. [Ipobiema KOHTpOIO Ha
KO)KHOMY PIiBHI (OpPMYJIIOEThCS Ta Oa3yeTbCsl Ha MOJeNi, po3poOJieHI Ha MOBI
moxemoBanHs Modelica 1 cpsiMoBaHa Ha BU3HAYCHHS ONTUMAJIBLHOTO HABAHTAKCHHS
TypOiHu. JlaHa MoJienp ajanToBaHa I LUIeH onTuMmizallii, a mpodiib HaBaHTaXKCHHS
BBAXKAETHCS TAKUM, 1110 OMUCYETHCS NapaMETPU30BAHUMU (PYHKIIIMU, TAPAMETPHU SIKUX
OOYHCITIOIOTHCS IUISIXOM 3HAXOKEHHSI 0OMEXEHOro OonTUMyMy. YncenbH1 pe3yinbTaTu
M1ITBEPKYIOTh MOTEHIIIHHI MIEpEeBark 3alporoHOBAHOTO MiIXOTY.

Jl111 mapoBoi TypOiHU TeMIIepaTypa napy Ha BX01 Oy/ie 3MIHIOBATHCS B LTUPOKOMY
JllanasoHl Mij 4ac IMycKy, IO MPU3BEIE O BEIMKUX TEIUIOBHX HAINpPYKEHb 1 BTOMHUX
MOIIKO/PKEHb B KOMIOHEHTax TypOiHu [55]. OmHum 3 BupimagibHUX (HaKTOpIB IS
IIBUIKOIO 3allyCKy IapoBOi €JEKTPOCTAHIII € TEIJIOBI HANpyXeHHS Ta BTOMHI
MOIIKOJ/KEHHS, 10 PO3BUBAIOTHCS B KOMIOHEHTAaX TypOiHU. OCKUIBKUA ONEpaTHUBHE
peryJioBaHHsl TEMIIEpaTypu Hapu Ha BXOJI MOXe OyTH JIETKO peasli30BaHE MUISTXOM
panToBOTO BIOPCKYBAaHHS OXOJOKYBaJbHOI BOAM, PO3pOOKa ONTHMAIBHUX CXEM
peryJoBaHHs TeMIIepaTypH IMapy Ha BXOJI1 € KIIFOUOBUM (aKTOPOM JIJIS IBUJIKOTO ITYCKY.

OnTuManpHl CXEMH PEryJIIOBaHHS TEMIIEpaTypu Mapu Ha BXOJAl MOXYTb OyTH
OTpMMaHi Ha OCHOBI METOJ[IB aBTOHOMHOT'O Ta OINEpPaTHUBHOTO peryioBaHHsA. Meron
aBTOHOMHOTO TJIAHYBAaHHS MOXe 3a0e3neunTu rpadiku MmycKy rnepes BBeISHHIM TypOiH
B €KCILUTyaTallll0 Ha OCHOBI CXEM PO3MOJILTY PECypCy, sIKi OyIyTh PpEKOMEHAYBaTH KPUBI
IIJIBUIIICHHS TEMIIEPAaTypH Mapy Ha BXO/I1 1 JaBaTH 0OMEKEHHS IIBUIKOCTI ITiIBUIIICHHS
TeMIlepaTypy Napy Ha BXOJI M1 yac mycKy [56]. B [57] 3anponoHoBaHO METO, IKUH A€
3MOTY BU3HAYHUTH, SIK MO>KHA T IBUIIIATH TEMIIEpaTypy Tapy Ha BXOJII.

VY nmocmimkenHi [58] 6araroriiboBa onTHMI3allis Oyiia MpoBeAeHa 3a JOIOMOTOI0
METOJY YOPHOI CKPHUHBKH IIIJIIXOM aBTOMAaTHYHOTO 3B’S3YBaHHS T'E€HETUYHOTO
anmroput™my (GA) 1 xomy obumcmoBanbHOi TiapoauHamiku (CFD) mis 3HaxomkeHHS
ONTUMAJIbHUX 3HAY€Hb JBOX MPOCKTHUX 3MIHHUX (TEMIIepaTypH Napy Ha BXOI1 1 TUCKY),
100 3MEHILIUTH BOJIOTICTh HA OCTAHHIX CTyMeHsX TypOiH. YucelbHAa MOJENb MOTOKY
Bojioroi mapu Oyna BUKOpPUCTaHa MJIS PO3PaXyHKY OMNTUMIZAIIWHUX TapaMeTpiB,
BKJIFOYAIOYM KOE(IIIEHT BOJOrOCTI, CEpeAHid paalyc Kparul, MIBHIAKICTh €po3ii,

MIBUKICTh BTPATH KOHJCHCAIII], MBUAKICTh KIHETUYHOI €HEprii Ta MacoBY IIBUJIKICTh
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NOTOKY. BHBUEHHs  pe3yJibTaTiB  MMOKa3ajJl0  XOpOLly  Y3TOMKEHICTh  MIXK
EKCIIEpPUMEHTAJIbHUMU JAaHUMU Ta YHCIIOBUMHU pe3yibTaTaMu. 30KpeMa, 3alpOolOHOBAHE
ONTUMAJIbHE CIIBBITHOIIICHHS TEMIIEpaTypyd Ta THUCKY IOKPAIIWIO MAacOBY YacTKy
plauHU Ta cepeaHii paaiyc kparii npubiausHo Ha 32 % ta 29 % BinnosigHo. Kpim Toro,
Yy BU3HaUCHOMY ONTUMaIbHOMY pOO0YOMY CTaH1 KoedilliEHTH epo3ii Ta BTpAT KIHETUYHOL
eHeprii Banu Ha 76 % ta 15,85 % BiAMOBITHO, TO1 K KOE(ILIEHT MACOBOI BUTPATH 3piC
Ha 0,68 %.

Y poGoTi [59] oTpuMaHO AMHAMIYHI IMITalliiHI MOJIEN1 MTPOLIECY 3 BUKOPUCTAHHSIM
METOAY CKIHYEHHMX OO0'eMIB Ta METOJYy CKIHYEHHHUX PI3HUALD [JIs1 PO3B'SI3aHHS
OJIHOBUMIPHUX JU(DEpeHIIaTbHUX PIBHSIHb B YaCTUHHUX MOXIJHUX, IO JO3BOJIUIO
BUKOHATH JTMHAMIYHE MOJEIIIOBAHHS aHalI3y BIAMOB, IMPOEKTYBAaHHS Ta BepU(IKaLIiIO
nporeayp mycky. Lli Mmojeni Mo)KHa BUKOPHUCTOBYBATH I 0OPOOKH JISSIKUX HETIHIMHUX
dbakTopiB, CHOPUYMHEHHUX  3aJCKHUMHU  BIJ  TEeMIEpaTypud  BIACTHUBOCTSIMH,
BUKOPUCTOBYIOUM METOJ 30ypeHHs KUIBKOX MapameTpiB. ABTOpaMH PO3IJIIHYTO JBa
BUIAJIKK JUIsl TEPEBIPKH MOJENEH, 3alpONOHOBAHUX HHUMHU. Y TIEPIIOMY MPHUKIAIL
MOPIBHIOETBCSA aHAJ3 pOTOpa 3a 3almpONOHOBAHOI0 MOJETI0 Ta METOAOM KIiHIIEBUX
enemenTiB (FEM), 1 mokazano, 1o Iis MOJieJb Ma€ 3aJ0BUIbHY TOYHICTh. [pyruit
BUIAJIOK — II€ 3aCTOCYBaHHS MOJENI J0 JOCIHIKEHb YYTIWBOCTI. 3ampornoHOBaHa
MOJIE/Ib 3HAYHO CKOPOUYIOTh OOYMCIIOBAIbHUIN Yac MOPIBHSHO 3 METOAOM KiHIEBHUX
CJIEMEHTIB, a OT)KE, MOXKYTh OyTH BUKOPUCTaHI JIJIsi OHJIAMH-aHAIi3y TEIUIOBOTO CTaHy
JIBOBUMIPHOTO 0CE-CUMETPUYHOTO 00’ €KTa Ta 3BOPOTHHX 3324 TETUIOMPOBITHOCTI.

BaxnuBy pojs y nporecy A0CIiKeHb BiAITPatOTh Cy4acHl HayKOB1 cUCTeMHU. Y
[60] mpomoHyeThCS I1HTENEKTyallbHA CHCTeMa ONTHMI3alii rpadika MycKy TerioBOl
enekrpoctaniii. L{g cuctema ckmamaeThcs 3 AMHAMIYHOTO MOJETIOBAaHHS, HEHPOHHOI
MepeXi Ta TEXHIKHA IHTEPAKTUBHOTO 0araToliiboBOTO MporpamyBaHHs. OcoOIMBOCTI i€l
CUCTEMHU TOJIATAIOTh Y HACTYITHOMY:

1) Po3kiian mycky MOKHa ONTUMI3yBaTH Ha OCHOB1 0araToiijibOBOi OLIIHKA

2) OntumanbHui Tpadik MycKy MOKHA BU3HAYUTH Y€pe3 B3a€MOJIII0 MK JIFOJIbMH

Ta 00YHCITIOBAJIbHUMH CUCTEMAMMU.
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VY crarti [61] mpencTaBwiM JOCTIIKEHHS IIOJ0 3aCTOCYBAHHS METOIB M'SKUX
oOYHrCIIeHb JUIS 3arajibHo1 ONTUMI3aIlil MycKy. MeToj 6a3yeThes Cro4aTKy Ha HEUITKOCTI
BUXIJIHOTO 3MIHHOTO TpOIIeCy, 00 OTpUMATH 3HAYEHHS ILIUIBHOCTI B PEIIITIH, L0
3abe3reuye e(DEeKTUBHICTh (HYJIb - MOTAHO, OJWHUIIS - BIAMIHHO) 3aJaHOTO PIIICHHS
(mpaBWJI TYyCKy), a TMOTIM 3allyCTUTH TEHETUYHUN aJIrOPUTM JJIS 3HAXO/KECHHS
ONTUMATBHOTO PIlLICHHS.

VY mroauHa-oneparop 3AaTHa ONTUMI3YBaTH JIMIIE OAHY LUIb, TY, sIKa € HAMOUTbIIT
KPUTHYHOIO, ajie 3aja4a € 6araTouijiboBoo. ToMy aBTOpHU 3aMpOMOHYBaJIN 3aCTOCYBAHHS
HEYITKUX MHOUH JIJIs1 0OPOOKH BCIX I[1JI€H 1, TAKUM YUMHOM, JIJIs1 ONITUMI3aIlii II100abHUX
MyCKOBUX OIEepariu.

HocmipkenHss [62] monsAraroTh y TO€IHAHHI €BOJIIOLIIHOTO aJrOPUTMY 3
KOMEPIIITHOIO ~ IPOrpaMoI0  MOJCIIOBaHHS  C€JICKTPOCTAaHINI Ta  omTHMIi3alli
CJIEKTPOCTaHIII KOMOIHOBAHOTO IMKIY K 3 €KOHOMIYHOI, TaK 1 3 TEPMOJUHAMIYHOI
Touku 30py. CKilaJHa TEXHOJOTIYHA CXeMa MPOIIEeCy, M0 BKIIOYA€E KiJIbKa JOJIaTKOBUX
KOH(DIrypairiii KOHCTPYKIIii, J03BOJISIE OLIIHUTH Oarato KOHCTPYKIIH, ajie TAKOXK 00OMEKYeE
MOIITYK JECSIKUX MEPCTIEKTUBHUX PillleHb. 3aBaHHS €BOJIOLIMHOTO AITOPUTMY TIOJISATAE B
ToMy, 100 BHOpaTH HANOUIBII MIAXOIANLY CTPYKTYpPy TMpOIECy Ta BH3HAYUTHU
ONTHUMAJIbHI 3HA4YEHHS TMapaMeTpiB MPOIECYy JJIA HANKPAIIoro JOCATHEHHS METH
NPOEKTYBaHHS:  MIHIMAJbHA  BapTICTh  €JEKTpoeHeprii  abo  MakcuMasbHa
TEpMOJIMHaMI4HA €(DEeKTUBHICTD.

3acToCyBaHHS HEUITKOI JIOT1KU Ta €BOIOLIMHUX 00YMCIICHB JIs onTUMI3allii (ha3u
MYCKY €JEKTPOCTAHIll KOMOIHOBAaHOrO WHWKIY JOCHIKeHO aBTtopamu [63]. Uepes
OUYEBHJIHY HEMOXKJIUBICTh TEPEBIPUTH OTPUMAaHI BXIiJIHI JlaHI Ha peajbHOMY 3aBOl,
BUKOPHUCTAJIU CKJIAJHUN MPOTpaMHUN CHUMYJSITOP JUIsl OLIIHKKA €(QEeKTUBHOCTI PILIEHb.
106 3MeHIUTH 00UMCIIOBaIbHE HABAHTAXKEHHSI HA BCIO MPOLEAYPY, peati3yBalin AJis
aJITOPUTMY HOBY TEXHIKY alpOKCUMAIl NPUAATHOCTI, CKOpOUuyroun Ha 98 % KIUIbKICTh
OILIIHOK MPUIATHOCTI, TOOTO CUMYJSTOP MPOTrpaMHOro 3a0e3MeyYeHHsI BUKOHYETHCS 3
ypaxyBaHHSM aJTOpUTMY 0e3 HaOMmKeHHs puaaTHocTi. KpiM Toro, piteHHs, 3Hal1eH1

METO/I0M, 3HAYHO MOKPAILMJIIU PIIIEHHS, HAaJ]aH1 OTIepaTOpaMH YCTAHOBKH.
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VY [64] mocmimkyBanacs 3ajjadya ONTHUMAJIbHOTO KEPyBaHHS ITyCKOM IapOBOTO
KOTJIa Ta OTpUMAaJId ONTHUMI3alliiiHe pillleHHs 3a Jonomororo ¢peitmBopky JModelica 3
posmmperasm Optimica. Pe3ynbTaT AEeMOHCTPYIOTH €EKOHOMIIO 3yCHIIb IIPH PO3B’A3aHHI
3a/1a4l ONTUMAJILHOTO KEPYBaHHs IIPU BUKOpUCTaHHI ppeiimBopky JModelica mopiBHSIHO
3 OKPEMHUMH PIIICHHSIMU, OPraHi30BaHUMHU ISl KOHKPETHOTO BUMIAKY.

VY cratTi [65] onucano metox ontuMizaii 3a Hengepom-Minom onHOCTYnEHEBOT
ocboBOi TypOiHM. [30eHTpomiunuit KKJ[ Bu3HadaeThcs sAK 1UJIbOBA (YHKIIIS.
baraToroukoBa siHiiHA perpecisi BAKOHYETHCS JUIsl BU3HAUEHHS 3HAUYIIOCT] apTYMEHTIB
L1IbOBOI (PYHKIII Ta MiI00py HAOOPY KOHKPETHUX 3MIHHUX 1 XapaKTEPHUX BEITUYHMH
(HampuKIIal, KyTiB MMOTOKY), IKi HAMOLIBIIE CIPUSIOTH TOKPAIICHHIO 3HAYEHHS I[1JIbOBOT
¢Gynkuii. Takuil mAXIA JO3BOJSIE 3HAYHO CKOPOTUTH KUIBKICTh ONTHMI30BaHUX
napameTpiB 1 4ac 00UMcIeHb, HEOOXIAHUMN JIsl TPOLIECY ONMTUMI3allii.

B po6oTi [66] cTBEpIKYIOTH, IO €eKTPOCTAHIIIT 3 OpraHiYHUM ITUKJIOM PeHkiHa
(ORC) €  m[epcrneKTUBHOIO  TEXHOJOTIE€I  MEPEeTBOPEHHS  HHU3bKO-  Ta
CepeIHbOTEMIIEPATYPHUX JIKepesl eHeprii B enekrpoeHeprito. Illo6 moBHIicTIO
Bukopucratu norteHuial ORC, KOMIOHEHTH CHUCTEMH MarlwTh OYTH CHPOEKTOBaHI
HaJie)KHUM 4drHOM. Lle mocmimkeHHs cTrocyeThcs OaraToriiaboBoi onTumizaiii ORC y
MO€ETHAHHI 3 OJJTHOBUMIPHOIO MOJICIIIIO TypOiHU 3 pagianbHUM BX0o0M. OcOOIUBY yBary
NPUIIJICHO BU3HAYCHHIO ONTUMAIIbHUX TTapaMeTpiB, 10 BIUIMBAIOTH HA TEOMETPIIO COTIa
Ta potopa TypOinu. KyT jomatok B poTopl MOCTIIKYIOTHCS SK OJHA 31 3MIHHHUX JIJIS
OPUMHATTSA pIIIeHHA. 3a JOMOMOTOK TEHETUYHOTO ajTOpUTMYy HEIOMIHOBAHOTO
COpPTYBaHHS 1 TEXHIKH MEpPEBaru MOpsSAKy 3a MOAIOHICTIO 0 11€albHOTO PIllIEHHs OYJI0
BHU3HAUEHO ONTHUMAaJIbHY TOYKY IPOEKTyBaHHA. byno BusiBneHO, 1m0 e(EeKTUBHICTbH
TypOiHU MOke OyTH 3HMKeHa Maiike Ha 8,00%, 1o npu3Beie 10 3MEHIIEHHS BUXITHOT
YUCTOI MOTYKHOCTI OUTbIn HIXK Ha 8,00% 1 10 30UThIIIEHHS COOIBApTOCTI BUPOOHUIITBA
enextpoeHeprii monaxa 7,00%.

[HmmM He ManoBigomuMm MetofoMm € ¢yHkiii I'pina (GFT) BoHa B oCHOBHOMY
BUKOPHUCTOBYETHCSA JUIsl ONEPATUBHOTO PO3PaxXyHKy TEPMIYHHUX HANpyKEeHb y MaIlIMHAaX 1
yCTaHOBKAX, OCKUTLKHA BOHA JTO3BOJISIE TIEPETBOPIOBATH TaKi IMapaMeTpH, sIK TeMrepaTypa

PIAVHY, TUCK 1 MBUAKICTh TOTOKY, O€3MIOCEPEIHBO B TEPMIUHI HAMPYKEHHSI.
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ABtopu [67] mommpunu 3actocyBanHs GFT Ha TepmomexaniuHi mMonemi 3i
3MIHHUMH KOHBEKTUBHUMHU KoedimieHTamMmu. HoBa MeTOo/0JI0TisI CKIATA€eThC 3 JABOX
KpokiB. CrlouaTKy OIIHIOIOThCS TPAaHUYHI TEMIIEPATypH IUISIXOM IHTETPYBaHHS 32 4aCOM
peayKoBaHOI TEII0BOI MoJienl, a moTiM 3a gonomoror GFT po3paxoByroThcst TepMiUHI
HaInpy>KeHHs, BUKOPHUCTOBYIOYM SIK BXIJHI JIaHl IIONEPEIHbO OIIHEH] TIpaHUYHI
temriepatypu. HoBwii miaxin mepemdadae OOYHMCICHHS BEIWKOI KUTBKOCTI 1HTETpaiiB
3TOPTKH JJIs1 PO3PAXYHKY TEPMIUHUX HANIPYKEHb.

s Toro, mo0 CKOPOTHUTH Yac OOYHCIEHb, MPOMOHYETHCS 3aMIHUTH 1HTETpaIn
3ropTku, Akl xapaktepuszyloTb GFT, Ha ckopoyeHy Mojzelb HE3B'SI3aHHUX
nudepeHIiaJbHUX  PIBHSIHB TMEPIIOTO TOPSAIKY, KOEQIIEHTH SKUX OIIHIOIOTHCA
nigoopom  QyHkmid ['pilHa TepMOMExaHIYHOI MOJAENl 3a JOIMOMOIOK  CyMH
CKCIIOHEHIIAJIbHUX WIEHIB. TeIIoBl HANpy>KEHHS OTPUMAHO LUIIXOM IHTETPYBaHHS
MOJIEN1 32 4acOM.

VY [68] npencTaBiieHO HOBUIA METOJ [IJI1 OTPUMAaHHS OHJIAMH ONTHUMAJIbHUX CXEM
KEpYBaHHsI TEMIIEPATypoOl0 Mapu Ha BXOJl 3 ypaxyBaHHSIM MAaJIOLUKIOBOi BTOMH 3
BUKOpUCTaHHAM MeroAy ¢yHkuii ['piHa Ta npunuuny wmakcumymy lloHTpsrina.
3anponoHOBaHO HOBI aHATITUYHI MOJIEINI TEMIEpaTypH Ta TEIUIOBUX HampyxeHb. s
rapsiuoro 3aMmycKy BUKOPHUCTOBYIOTHCS MOCTIHHI BIACTUBOCTI MarTepiaiy, a Temneparypa
napu, ska MOKe MIATPUMYBATH MaKcHUMalbHe HampykeHHs PoH Mizeca OGIU3BKO 10
JOTIyCTUMOIO 3HauyeHHS. [l XOJIOAHOTO 4YM HEOCTUIJVIOrO IYCKY OINTHUMI3alliiiHe
TEPMiUHE HaAMpPYXEHHS 3 YpaxXyBaHHSIM TEMIIEPATypHO-3aJ€KHUX BIACTHBOCTEH
MaTepiany BU3HAYAEThCS BIACTHUBOCTIMHM MaTepiay Ta PpyHKiissMu ['piHa, K1 MOXKYTh
HE JIOPIBHIOBATH MaKCHUMAaJIbHO JOIMYCTUMOMY 3HAYEHHIO. Y TOPIBHIHHI 31 3BUYAHUM
TUTAHYBaHHSM 3aIllyCKy 3alpONOHOBAaHA ONTHMAalbHA CXEeMa KepyBaHHS MOXKE 3HAYHO
CKOPOTHTH Yac 3arycKy 0e3 MepeBUIIeHHSI JOIYCTUMOTO MOMIKOKEHHSI Bil BTOMH.

VY crarti [69] Oyna 3anpornoHoBaHa HOBa MaTeMaTUyHa MOJEIb Tpadika MycKy.
Ha migcraBi pernaMeHTy eKcrutyaTalli JOKPUTHYHOI KOHACHCAIIHHOI MapoBOi TypOiHU
320 MBT Ha enexkTtpocTtaHiii Oynau CKIaaeHl pi3HI Tpadiku onmTuMi3alii XOJOIHOTO
nycky. Metonom cepeanboi kBaapaTuuHoi noxubku (MCE) Oyno JgocmiikeHo

TEeMIIepaTypHe T0JIe Ta T0JIe HANPYKEHb POTOpa MapoBoi TypOiHM 3a pi3HUX TpadiKiB.
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B3siBmm pe3ynbTaTél pO3paxyHKiB sIK 3pa3KOBi JIaHi, 0yJI0 BUKOPHUCTAHO METO]T ONTOPHUX
BekTOpiB (SVM) 17151 BCTAaHOBJICHHS perpeciitHoi Mojieni rpadikiB MyCcKy Ta HAIPyKEHb,
HeOe3meuHo1 TOUKH 3a rpadikom ontumisaitii mycky. Ha ocHOBI perpeciitHoi moeri 0yi1o
OTPUMAHO ONTHMAJbHE pIillICHHS 3HAYCHHS IIBUIKOCTI TiJBHIIEHHS TEMIIEpaTypu B
MPOIIECl XOJIOJHOTO MYCKy. BiAMOBiAHO A0 ONTHMAaIbHOI IIBUAKOCTI ITiABUIIECHHS
TEMIIepaTypyd ONTHUMAIbHUI TpadiK MyCKy BH3HAYAETHCS ONTHUMAIIBHOI IIBHIKICTIO
miABUIICHHS TeMiieparypu. CIiBBiTHOIIEHHS MK MaKCUMAaJTbHUM HaNPY>KCHHSIM pOTOpa
TypOIHM Ta MEXE TEKydoCTi poTopa TypOiHH pospaxoByeTbcst ANSYS, a Takox

NEPEBIPAETHCA EKOHOMIYHICTD 1 0€311eKa pOOOTH YCTAHOBKH 33 ONTUMI30BAHUM Tpadikom

MyCKY.

1.4. IlocTanoBKAa 3aga4i JOCTiIKEeHHA

3abe3neueHHs BHCOKOi edekTtuBHOCTI ekcruryarauii TEC € cTpareriuHo-
BaXUINBOIO 3ajadeto O0’eAHAHOI €HEPreTUYHOi CUCTeMU YKpaiHW. 3a OCTaHHI POKHU
MOMITHUM CTa€ CTPIMKE 3pPOCTaHHS 4ucia 3MIHHUX pexuMiB ekcruryaramii TEC, ski
MPU3BOJSATH JI0 CYTTEBOTO TOTIPIICHHS EKOHOMIYHHUX IOKA3HUKIB Ta MPUCKOPEHHS
BUYEPIaHHS 3aJIMIIKOBOTO PECYPCY.

B cydacHux peanisix mnepeBaxkHa OuiblnicTh obOnanHanHs Ha TEC VYkpainu
MOIIKO/KEHO B pe3yJbTaTi BIWHM, a T€ M0 3AJIMIIAIOCS B POOOYOMY CTaHI Mae
npo0iemMu, siki OOyMOBIJIEHHI BHYEPIIAHHSIM MPOEKTHOIO Ta MOJOBXKEHOTO MapKOBOTO
pecypcy. Bupimmtu npobiieMy MOXIMBO TMOOYIOBOK HOBHX €HEPreTUUHUX
MOTYXXKHOCTEH, SKI 3MOXKYTh TOKpPUBAaTH TIKOBI HABaHTAXEHHSA, TMPOTE IIe
CYNPOBOJKYETHCS 3HAUHUMU KaIlliTaTbHUMU 3aTpaTamMu. ToMy JJis pariioHa i3aiii iiboro
acreKkTy MNOTpPIOHO IMIyKaTH IHIII IUISXH OJHUM 3 SIKUX € palioHamaslis poOoTH
SHeprooOIaTHaHHS.

BpaxoByroun 3HayHO mBH/LIE 3HOIIEHHS yctarkyBaHHs TEC B mporeci yacTux
MYCKIB 1 3YMMMHOK MOXYTh TPAIUIATUCS TOIIKO/KEHHS, 10 OOYMOBJICHHI 3HAaYHUMU
HaIpPY>KEHHAMH 1 epernagaMu TeMIeparyp mij yac MyCKOBUX MPOLECIB. [ 3MeHIIIeHHS

I[HOTO BIUTUBY MPOBOSTHCS YUCIIOBI TOCIIIPKEHHS 1 MOKPAICHHS.
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[TokpameHHsi, sAKi TPOBOASTHCS HAa HAWOUIBII HAaBaHTAXKCHUX JUITHKAX
oOJlaHaHHS Jal0Th MOXJIMBICTR B JICAKIM MIpl 3HHU3UTA TEMIl 3HOIIYBaHHS
CHepreTUYHOro0 OO0JagHAHHS 1 TUM CaMHUM MIABUIIUTA PECYPCHI TOKA3HUKU BCi€i
€HEProyCTaHOBKH.

BucokoremrepaTypHi €1€MEHTH €HEProyCTaHOBOK 3a3HAIOTh BIUIMBY LMKJIIYHHX
MOIIKOKEHb, 1110 BUHUKAIOTh B PE3YJIbTaTi BEIMKOI KITBKOCTI ITYCKiB 3 PI3HUX TEIUIOBUX
CTaHIB 1 3MEHIIYIOTh 4Yac iX eKcIuryarariii. /lo HalOuIbIl HaBaHTaKEHHX oOJacTen
POTOPIB MOXKHA BITHECTH TEPMOKOMITCHCAITIMHI KAaHABKH Ta TayiTesi crymneHis. 111 oomacti
€ HalOUTbII BIPOTITHUMHU 30HAMHU 3apOKEHHS KUIbLEBUX TPILIIMH MiJ Yac MyCKOBUX
oreparii TypOiHu.

BpaxoBytoun nany iHpopmailito, JOCTIKEHHS 1 BIPOBA/I)KEHHSI HOBUX METOIB
MOJIOBXKEHHS TEPMIHY €KCIUTyaTallii eHeproo0agHaHHs, JO3BOJIUTh CKOPOTUTH TEMITH
HAKOIWYEHHS MONIKOKEHHS TI0 MEXaHI13My MaJIOIMKIOBOI BTOMH, SIKMM 371€01IbIIIOTO
Ma€ TOMIHYIOUMH BIUTMB HAa CyMapHe MOIIKOKEHHS 001aIHaHHS.

[Ipore naHi mpuIylIeHHS BUMaraloTh HayKOBOTro OOIpyHTyBaHHs. BuHukae
noTpeda AOCTIIPKEHHs BIUTMBY ONTHUMI3alli MPOLIECIB MYCKY 1 3yNMMHKU 00JaAHAHHS
Ha HAIIMHICT, Ta JIOBFOBIUHICTh CKCIUTyaTallli HaWOUIbII HABAaHTAKCHHX IIJISTHOK
napoBoi TypOiHM BpaxoOBYIOUM JOCHDKEHHS 1i TEIJIOBOTO Ta HaIpPY>KEHO-
ne(opMoBaHOTo CTaHy.

[TincymyBaBIM Bce BUIIECKa3aHE pO3poOKa CHCTEMH pallloHami3alii pexuMiB
poOOTH OKPEMOTO €HEPro0JOKy 3 TOUKH 30py 3a0e3MedYeHHS EKOHOMIYHOCTI Ta
pecypco30epexXeHHsI € aKTyaJlbHUM [UJIs [UIAHYBaHHS CTpaTerii  eKcIuryaTarlii
YCTaTKyBaHHA TEHEPYIOUMMH KOMIIAHISIMHM, a TaKOXX Ma€ BaXJIMBE 3HAYCHHS ISt
MPOTHO3YBaHHSA 1 (HOPMYBaHHS CTPYKTYPH I'€HEPYIOUYHMX MOTYKHOCTEH SHEPTrOCHCTEMH,
OCKIJIbKU JIO3BOJIUTH B 3HAUHIM Mipl 3HU3UTU COOIBAPTICTh MPOIYKOBAHOT €IEKTPUIHOT
eHeprii Ta 3amo0irTh MepeAYacHOMY 3HOILIYBAaHHIO OCHOBHOTO €HEPreTUYHOIO

oO0J1aTHAHHS.
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BucHoBkmu 10 po3aiay 1

1. Enepretnka YkpaiHu € OCHOBOIO PO3BHUTKY Taily3eil €KOHOMIKH KpaiHU
moJI0 3a0e3MeueHHd iX HaAIMHUM 1 SKICHUM €JEeKTpPO- Ta TeIJIONOCTayaHHSIM.
CbOroJHIIHIA CTaH BITYM3HAHOI EHEPreTUYHOI Traiy3l XapaKTepU3YeThCS TaKHUMHU
HEeJOMIKaMu: AePIUTOM BIACHUX MNAJIMBHUX DPECYpPCIB, 3HOUICHICTIO €HEPTeTHUYHOTO
YCTaTKyBaHHS, 3HAYHUMU BTpaTaMu €Heprii mij yac ii TpaHCHOpPTYBaHHS, NedIilUTOM
MaHEBPEHUX MOTY>KHOCTEN B eHeprocuctemi. [IpoTe ronoBHOIO MpoOIeMOI0 €HEPTeTUKU
€ Te Mo YKpaiHa nepeOyBae B cTaHi BiiiHU 3 2014 poky, a 0co6imBo 3 24-10 nrotoro 2022
pPOKy. 3 MOBHOMAacCIITaOHUM BTOprHeHHsM Ha Teputopito Ykpainu OEC 3ycrpinacs 3
NEPEIKOM HOBHUX, L€ OUIbII 3arpO3JIMBUX BHKJIHMKIB, SIK TO SAEPHHUN TEpOpHU3M 13
3axomieHHsIM AEC, 4YuCIEHHI MOIIKOUKEHHS KPUTUYHOI 1HQPAcCTpyKTypu —
€JICKTPUYHUX 1 Ta30BUX MEPEXK Ta 1H.

2. BpaxoByrwouu 3actapuiicTh OOJIaJlHAHHS BaXKIWBY pOJb 3apa3 BiAirpae
NOJIOBXKEHHSI POOOTH EHEpPreTMYHOTO YCTaTKyBaHHS IIOHAJ MapKOBHMl pecypc,
ONMMPAIOYUCh HA OLIHKY 1HAMBIIYaJbHOIO Ta 3aJIMIIKOBOTO pecypciB. [ BU3HaUEHHS
1HJIMBIAYaJIbHOTO PECYpPCY CIUPAIOTHCS HAa OOCTEKEHHS IMEBHOTO eJIeMEeHTa abo IpyIu
CXOKHX €JIEMEHTIB O0OJIaJlHAHHS CHEPreTUYHOro OOJagHAaHHs. 3alMIIKOBUH pecypc
€JIEMEHTY BCTAHOBIIOE Yac eKcIulyaTalli TypOiHHM, T[OYMHAIOYM BiJ IUIAHOBO-
MOTEPEKYBATBHOTO PEMOHTY, KOJIM OyJiM OTpUMAaH1 JaHi JJIs OI[IHKUA 3aJIUIIKOBOTO
pecypcy, 10 Iepexoay AeTalll B TPaHUYHHUIA CTaH.

3. ANTOPUTM pO3paxyHKY 3aJMILIKOBOTO PECYpPCY €JIEMEHTIB MapoTypOIHHHUX
YCTaHOBOK BKJIFOYA€ TaKi KPOKU: BUSHAYEHHS TEMIIEPATYPHHUX I0JIIB Ta TEIJIOBOTO CTaHy
oOnajiHaHHs, OLIHKA PIBHSA TEMIIEpAaTypHUX HAIpPY>KEHb, & TaKOXX HAKOIMHWYEHOTrO
MOIIKO/DKEHHSI BiJI CTAaTUYHHX Ta MHUKIIYHUX HABAHTAXXEHb Yy 30HaX KOHIICHTpAIlii
Hanpy>XeHb, BU3HAYCHHsI Pecypcy Ta yacy pocTy TpiliuHU. [1opsnoxk BUKOHAaHHS Ta
3araJlbHa METOJWKa JAaHOTO AQJITOPUTMY PETYIIOIOTHCS BiAMOBIIHUMH TaTy3€BUMHU
HOPMATUBHUMHU JOKYMEHTaMH, KEpPIBHUMH TEXHIYHUMU MartepiajlaMd, a TaKOoX

KEpIBHUMH Ta TUTIOBUMH 1HCTPYKLISIMHU.
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4, PoGota mpu uactux myckax 1 3yNMHKax CHPUYMHSE OUIBII IIBUIKE
pyWHYBaHHS €HEprooOJalHaHHs, SIKE HE MPUCTOCOBAHE JO TAaKOrO0 PEXKUMY pPOOOTH.
[TprunHOIO IBOTO € 3HAYHI HANPYXXEHHS 1 Mepenaau TeMIeparyp MiJ Yac MyCKOBHX
nporieciB. Jyg onTtumizamii JTaHOTO acleKTy IPOBOAATh YHCENbHI JOCHIKCHHS 1
noKpaieHHs. B pe3ynbrari 4oro 30UIbIIYETHCS HAIIMHICTh 00J1aIHAHHS, 3MEHIITYEThCS
co01BapTICTh KIHIIEBOTO MPOIYKTY.

5. OCHOBHMMH €JIEMEHTaMH{, 110 HaOyBalOTh HAWOUIBIIMX MOLIKOHKEHb €
KOJICKTOPH Ta POTOPHI JMCKH MEPIIOi CTYMNEHI, JIOMATKU Ta KOPIYCH MapoBUX TypOiH
BHCOKOIO THCKY aJK€ BC€ e € O0OJIaJHAHHSAM, SIK€ BUTPUMYE HAWBUILIUN PIBEHb
HAIPY>KEHHS 1] Yac IMyCKH, 3yITUHKU Ta HABAaHTaXKCHHS.

6. B panuii yac 3amava ontumizaiii €HEprooOJiaJlHAaHHS OKpPIM THUIIOBHX
METO/IIB CIIUPAETHCS Ha OUIBII Cy4YacHI, 1[0 OKPIM KOMIT FOTEPHOTO MO/ICTIOBAHHS, I11€
BKJIIOUYAIOTh IITYYHUM 1HTEJIEKT 1 HOBI TexHousorii. [{luM caMuM MoJIepHI3yIOTh MpoIiec
3HAXOJIPKEHHSI MOKPAIIeHUX BapiaHTIB €KCIUTyaTallli eHeproooJiaIHaHHS.

7. ImiTamiiftHi MoJeii, SKI IpaliolTh Ha TOTY)KHHX KOMIT IOTEpaX, CTalTh
e(EeKTUBHUMHU 3ac00aMH JUIsl JOCIIIKEHHS Ta PO3YyMiHHS pPOOOYMX XapaKTEPUCTUK
eJIEKTpOCTaHIlii. BOHM CHPUAIOTH TOJIMIIEHHIO MPOEKTYBAaHHS, PO3POOIll CTpaTerii
YIpaBJIiHHS Ta JafOTh BIAMOBII HA €KCIUTyaTariiiHi BUMOTH.

8. IlmamyBaHHS pEXHUMIB MYyCKy TEIUIOBUX EJIEKTPOCTAHIIA € OJHIE 3
MPIOPUTETHUX 3a7a4 ONTUMI3aIll] 1 BUPIITYETHCS PI3HUMHU METOJIJaMU 30KpeMa: METOJIOM
YOPHOI CKPUHBKH MIJIIXOM aBTOMAaTUIHOTO 3B’ I3YBaHHS TEHETUYHOTO AJITOPUTMY 1 KOJTY
OOYHMCIIOBANILHOT TIAPOJUHAMIKM, MeToaa JlarpaHxa, KOMIT'IOTEpHUX (PpelMBOpKIB,
METO/IIB CKIHUCHHUX 00'€MIB Ta Pi3HHUIIb, METOIAa M’ SIKUX 00UYHCIIeHb, MeTO1a Hemmepom-
Mi10M Ta 1HIIHX.

9. AxTyalbHHM acCIeKTOM TUIaHYBaHHSI CTpATerii eKCIUTyaTtailii yCTaTKyBaHHS
SHEPreTUYHUX KOMITaHIi € po3poOKa CUCTeMH pallioHami3allii poboTu eHeproOIoKiB 3a
JU1sl 3a0€3IMeUeHHs] €KOHOMIYHOCTI Ta pecypco3oepexenHs. [llo B momaneiiomy nae
3MOTY 3HHU3UTH COOIBapTICTh BHUPOOJICHOI EJIEKTPUYHOI EeHeprii Ta 3amoOirTu

nepeyacHOMY 3HOIIYBAHHIO €eHEPreTUYHOI0 00J1aTHAHHS.
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PO3/ILI 2
MATEMATHYHA MOJIEJIb OIITHKH ITYCKOBUX BTPAT ITAJINBA,
HAINPYKEHO-IE®OPMOBAHOI'O TA JOBIOBIYHOCTI
EKCIIIYATAIII EHEPT'OBJIOKY TEIVIOBOI EJIEKTPOCTAHIII

2.1. Koporka XxapakTepHCTHMKAa OCHOBHOIO 00JIalHAHHSA eHeprodJioky 200

MBT

B nmaniii po6oTi mochimkyeTscsi eHeproosok 200 MBT 3 mapoBoio TypOiHOIO
K-200-130. Konpgencamiiina mnapoa typbina tumy K-200-130 (puc. 2.1) 06e3
perynboBaHUX BiAOOpIB Mapu 3 OJHUM MPOMDKHUM TEPErpiBOM Mapu, HOMIHAIBEHOIO
notyxHicTio 200 MBT, 3 yactotoro obepranus 3000 06/xB. B eneprocucremi Ykpainu

EKCILTyaTyoThes 37 eHeprobokiB 3 moTyxHicTio 200 MBT.

Puc. 2.1. 3aransuauii Bursia Typoinu K-200-130 [70]
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Typ6ina sBisie coO00I0 OJHOBANBHUIN TPHUIMTIHAPOBUH TypOoarperat (puc. 2.2).
[Tapopo3snoainenns TypoiHu ApocenasHoro tuny. [lapa 3 maporenepaTopa MoTpamise 10
4 cromopHUX KJamaHiB, siKi 0e3mocepelHbO BMOHTOBAHI B MApOMPOBiA, MICIS YOTO
MOJIAETHCS 710 4 PETYIOI0UMX KIIaMaHiB, 3 IKUX JIBAa pO3TAIllOBaHI 3BEpPXY, a JIBa M0 OOKax
TypOinu. 3 1IBT mapa BigBOAWTHCS B NPOMDKHMM TEperpiBay Mo JBOX HUKHIX
pecuBepax, micis doro moBepTaerbes B L[CT Ta, B momanemomy, npoxoauts B [THT.

BignpariroBaHa mapa HarpaBIIs€ThCs B KOHAeHcaTopu. [71].
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Puc. 2.2. Ilo3noB:xkwiii po3pi3z Typo6inm K-200-130

[IpoTouna vactuHa [IBT ckiamaeTbcsi 3 perynrOr4oro CTymeHs 1 OAMHAALSNTH
CTyIeHiB TUCKY. [liagparmu BcTanoBineH1 B Tpu o0oitmu. Potop LIBT — 1minpHOKOBaHUH,
BUTOTOBJIIEHUH 3 cTajii Mmapku P2MA (25X1M1®DA) 1 mae kputudse uucio ooeptis 1750
00/xB. Kinnesi ymrineHeHHss [[BT — 0e3BTynaKOBOrO THITy, a camMe Ha KIHISIX BaJya
BUTOYEHI KUIbLIEBI KaHAaBKM, a YIIUIbHIOIOYl CETMEHTH BCTAaHOBJIEHI B 00oiMax 1
YTPUMYIOTHCS TUIOCKUMU TPYKUHAMHU.

Potop cepeanporo THCKy KOMOIHOBAaHOTO THIY: IEpeIHs 4YacTHHA POTOpa
CyLIbHOKOBaHA 31 cTaimi P2MA 3 kpuTuuHuM yuciioMm obepranus poropy 1800 06/xs,
OCTaHH1 YOTHpHU JMcKa — HacaaHl 31 ctam 34XH3M. JlonaTku nepmux ceMu CTYIEHIB
KPIIJISATHCA 0 MUCKIB T-TOMIOHMMU XBOCTOBHKAMHU, PEINTa YOTUPU — BUICIKOBUMHU.

[lepeani kiyiblieBl yHIUIbHEHHS BUKOHAHHI O€3 HAcaAHUX BTYJOK, HAa Bajy 3poO0ieHl
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CTYTICHEB1 BUTOUYKH, a YIIUIBHIOIOUl CETMEHTH BCTaBJICHI B 000¥WMU. 3a/1H1 yIIUTEHCHHS
LCT 3pobneni Ha BTyJIKax, HacaJPKEHUWX Ha Bajd B rapsyomy ctani. [lapa mo
MePEnyCKHUM TpyOam miaBoauThes A0 reHTpanbHoi yacTuau LIHT 1 po3ramyxyeTncst Ha
2 OTOKH.

Kopnyc IIHT ckmanaerbes 3 TpbOX YaCTHH: CEpPEIHsS YacTHMHA — JIUTA 3 YaBYHY
mapku CU-21-40, a Bumyckni natpyOku 3BapHi. Bicim nuckiB PHT nacamkeHi Ha Ban B
rapsidoMy CTaHi, 1o 3abe3neuye HeoOX1AHUN HATAT ITPU pobouoMy Yucii 00epTiB. Jucku
3aKpIIJIeH] 3a JOMOMOTO00 paIialbHUX MIMOHOK. KputnuHe uncio o6eptiB poropa 1610
00/xB. KiHIIeBi yIIUTEHEHHS BTYJIKOBOTO THITY. BTYJKHM HacapKeHHI Ha BaJl B TapsiaoMy
CTaHi.

Jlanuii TypOoarperaT mpaioe Ha napi, o BUpOOISETHCS NPSIMOTOUYHUM TaPOBUM
kotiom TII-100. Jlanuii KoTimoarperar Mae mpoaykTuBHICTH 640 T/ron, Temmeparypa
*KuBWIbHOT Boju 240 °C, THCK mapy Ha BUXO/I1 3 KoTja ctaHoBUThH 14 MIla, Temmneparypa
neperpitoi napu 545 °C.

Koren TII-100 mae TomKy, IO BUKOHaHA y BUIJISAAlI MPSMOKYTHOI KaMepu 3
BEPTUKAJILHO PO3TAIIOBAHUMH TajdbHUKaMHU. [l maHoro Kkotna mepemnbadeHuit
MIEPBUHHUMN 1 BTOPUHHHI MEPErpiB sl JOCSITHEHHSI BACOKUX TEMIIEpaTyp.

Hana TtypOiHa mpaioe B mapi 3 enekrtporenepatopom TI'B-200. Jlanwmii
TypOOreHepaTop Ma€e YOTHUPU Ia300X0JI0KyBayl, 1110 BCTAHOBJICHH] B CEPEIHIN YacTHHI
craTopa. Llupkynsiis TeXHIYHOT BOAM B Ta300X0JI0/KyBauax 3/IMCHIOEThCS HACOCAMHU,
pPO3TaIIOBAaHUMHU 11032 T€HEPATOPOM.

VY cepenHiii YacTUHI KOPITyca Ha KIHIIEBUX MEPETOPOIKAX BCTAHOBJIEHO CEPJICUHUK
cratopa. CepaeuyHuk craropa 310paHMid Ha TMO3J0BXHIX pedpax 13 CErMEeHTIB
CJICKTPOTEXHIYHOI CTayi 1 B3JIOBXK OCl PO3IUJICHUN BEHTWIAIIMHUMHU KaHaJIaMu Ha
MAKETH.

3 TOpIIIB CEPACUYHUK CTATOPA 3aKPITUICHU HATUCKHUMH KUIBISIMU 3 HEMarHiTHOT
ctami. Jlnsa nemndyBaHHS €JIEKTPOMArHiTHUX MOTOKIB PO3CIIOBaHHS JIOOOBUX YaCTHH
OOMOTKM CTaTopa MiJ HATUCKHUMH KUIBISIMH BCTaHOBJICHO MiaHI ekpanu. OOMoOTKa
craTopa — TpudaszHa, IBOIIAPOBA, 3 YKOPOUEHUM KPOKOM, CTpkHeBa. JIOOOBI yacTUHU

OOMOTKH - KOIMKOBOTO TUMYy. [1a3u craropa — BIAKPUTI MPSIMOKYTHI.
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2.2. Kanacupikamia THIIB NYCKOBHX PeXHUMIB TelJIOCHEPreTHYHOI0

oomagnannsa TEC

Krnacudikarist myckoBUX pekxuMiB poO0TH TerioeHepreTuyHoro odnaaHands TEC
3MIIACHIOETHCS B 3AJIEKHOCTI Bl TEMIIEpAaTypu METaly Nepej MyCKOM yCTaTKyBaHHs. B
SKOCTI BU3HAYAIBHOI TEeMIEpaTypH, sIK MPaBUIIO, TPUMUMAETHCS TeMIepaTypa MEeTaly B
NepuioMy CTYINEHl IHIJIIHJIpa BHCOKOTO ab0 CEpeAHbOrO0 THUCKY, MAPOBITYCKHUX
natpyOKiB, a00 3k (IaHIIB KOPITyCY B MApOBITyCKHii 00macti [72].

BianoBinHO 10 AaHUX TEMMEPATyp BIIPI3HIOTH TPU OCHOBHI THUIIM ITYCKIB
eHeprooOIaHaAHHS:

- ITyck 3 X0J10JHOTO YK OJIU3BbKOTO 10 HHOTO cTany (XC);

- [Iyck 3 Heocturnoro crany (HC);

- IIyck 3 rapstuoro crany (I'C).

B ta6n. 2.1 BimoOpakeHa TUMoBa KapTa myckiB eneproosoky 200 MBT 3 Typ6iHoIO
K-200-130.

Jlo MOMEHTY TOYaTKy MyCKYy €HeprodJioka Bce 00aJiHaHHSI Ma€ OyTH MOBHICTIO
OTJISTHYTE, apMaTypy MEPEeBIPEHO 1 BCTAHOBJIEHO B MEPE/ITYCKOBE MOJI0KEHHS, MICIIS YOTO
MPOBOJIATS ii BUMPOOYBAHHS TUCTAHIIIMHIM KEPyBaHHSIM.

[To 3aBepiieHHIO TPOKAYyBaHHS BOAM MApOBOJSHUM TPAKTOM KOTJIA, BUTICHEHHS
MOBITPS 3 TPaKTy, 3a MIATPUMAaHHS HEOOXIJHOIO0 BaKyyMy B KOHACHCATOpl TypOiHM 1
TUCKY BOJM Tiepesn BOYIOBaHOK 3acyBKowo Ha piBHI 13-17 Mlla npoBoasTs rapsue
BIJIMUBaHHS MOBEPXOHb HArpiBYy npu Temneparypi cepenosuiia 190-210°C, mpuuomy mif
4ac MyCKy 3 XOJOIHOTO CTaHy HOro BULISIOTh B OKPEMY OIeparlito, a Iij] 4yac MycKiB 13

HEOCTHUTJIOTO Ta rapsvuoro CTaHiB CyMIIIAIOTh 3 THITMMU OTNEpalisiMH.
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Taomung 2.1

Hasga eramy abo | Iycx 610Ky 3

MR- o JIOIHOTO IIyck 610Ky 3 IIyck 6J10Ky 3 rapg40ro crany
frapamerpa BUM. cTany HEOCTHUIJL. CTaHy
Temmeparypa Mertany
BT nepea [ °C [ mo 100 [105-150{155-200| 205-250 | 255-300 | 305-350 | 355-420 | 430-460 [465-500
MIOIITOBXOM
[epeBipka 130Ut
kaberiB i en. IBUTYHIB, [ xp, 180 | 180 | 180 180 - - - - -
3axXHCTIB OJIOKY
Heaeparis BOJIH,
3allOBHEHHS KOTJIA X 60 60 60 60 60 ) ) ) )
HaGip Bakyymy XB. 40 40 40 40 40 40 40 40 40
Bin posmnamtoBaHHS 10
HOMITOBXY XB. 70 85 90 110 120 120 120 120
oo 500 o6/xs /
BHTPHEMEKA XB. 3/10 | 3/7 | 3/4 3/3 2/2 2/2 1/1 1/1 1/1
Jo 1200 o6/xB [/
BUTPHMKa xB. | 5/10 | 3/7 [ 3/5 3/4 3/2 3/2 2/- 2/- 2/-
o 3000 o6/xs /
— XB. 5/20 [ 5/15 | 5/5 3/4 3/3 3/3 3/3 3/3 3/3
Bin posmanenHs nmo
BKMIOYEHHS B €L | r.xp. | o 17 1> > o 5 , o )"
Mepexy
ITouatkose
HABAHTAKCHHS MBTt 5-7 7-8 8 10 12 15 18-20 20-25 | 25-30
Burpumka pu
HO9aTKOBOMY XB. 25 20 20 15 10 10 5 5 5
HaBaHTAXKECHHI
[ligaarTs mapamerpis
110 30 MBT XB. 25 20 20 15 15 10 5 5 5
Hapanraxenns Big 30
110 150 MBr XB. 160 150 130 115 90 75 45 35 20
3aranpHuil yac mycky 1 40 0 o 0 “ N N o
60Ky I.XB. | 10 9 9 8 5 4 3 3 3




54

[lim wac po3TONMKM KOTJa CIOYATKYy BIAOYBAETHCS MPOIEC PO3MATIOBAHHS
(GbOpCyHOK 1 BCTAHOBJICHHS IMOYATKOBOi BUTpaTH NanuBa. JlaHa mouyaTkoBa BUTpaTa
niaOupaeTbecs 3 BpaxyBaHHSIM TOTO, 110 Ma€ BiAOyBaTHCS IHTEHCHUBHE IPOTPIBaHHS
TOBCTOCTIHHUX €JIEMEHTIB KOTJIa 1 €KpaHHHUX CHUCTEM, ajieé CJijJi BpPaxoBYBaTH, IO
HEOE3MEeYHUM € MEePEBUILIEHHS IBUAKOCTEHN MPOTPIBAHHS METAITy €JIEMEHTIB KOTEIIbHOTO
oOyaHaHHS B TIOPIBHSHHI 3 TUM, IO PErjlaMEHTY€ 3aBOI-BUPOOHUK. 3aJid HaIIHHOCTI
poOOTH KOHBEKTUBHUX MOBEPXOHB HArPiBY, MiJ yac mycky 3 XC MiHIMallbHA [MOYaTKOBA
BUTpaTa najanBa cTaHOBUTH 13-15% HOMIHAIBHOTO 3HAYCHHSI.

Jist myckiB 3 HC 1 I'C nmouyaTkoBa BUTpaTta najauBa JeUio 30UIbIIYETHCS, alle HE
nepeBuIye 25% HOMIHAIBHOTO 3HAYCHHS.

PiBenp Temneparyp AMMOBHUX Ta3iB y MOBOPOTHIN KaMepl MIATPUMYIOTh 3aJI€KHO
BiJl BUTPATH NaJIMBA 1, SIK TPaBUJIO, BIH HE TOBUHEH TniepeBulyBatu 140 °C.

B sKOCTI OCHOBHHMX KpHTEpIiB, SIKI XapaKTEPU3yIOThb PO3TOIKY MNPSIMOTOYHOTO
KOTJIa, BBAXAIOTh TEMIIEpATypy cepeloBHIIa nepel BOynoBaHoo 3acyBkoto (B3) 1 rasis
y HOBOpOTHIN kamepi. CMparoyuch Ha MEPIINKA BU3HAYAETHCS TEIJIOBUM CTaH KOTIIA,
Ipyruil — HarpiBaHHs, ToOTO 1 Temneparypy cepeaouina nepea BT 1 LICT TypOinu.

[Ipu BriIOYEHHI 10 POOOTH mMapomeperpiBady MOTPIOHO 3BaKaTW Ha Te, IO
edexTrBHA poOoTa B3 BimOyBaeThCs MPpU CTYIEHI CYXOCTI CEPEIOBUIIA, IO HAJAXOAUTh
y HboTrO, He MeHie 10 %. KepyBanHst po6oTOor0 BOYJIOBAaHOTO cemapaTopa BEIEeThCs 3a
TeMIIepaTyporo cepeaoBuiia nepea B3.

[linkirodeHHs maponeperpiBaya 3A1MCHIOETHCS MIJISXOM BIAKPUTTS JAPOCEIbHHUX
kianadiB. [1ix yac myckiB 3 XC npocenbHi KlanaHu BIIKPUBAIOTHCS Bipasy, a 3 IHILIUX
cTaHiB - moctynoBo. CTymiHb BIAKPUTTS BH3HAYAETHCS TEMIIEPATypPHUM CTaHOM
TOBCTOCTIHHUX €JIEMEHTIB Mapolieperpinaya.

BpaxoByroun Te, 1110 MBUAKICTh 0XOJIOKEHHS TOJIOBHUX €JIEMEHTIB €Heproooka
4yepe3 KOHCTPYKTHBHI OCOOJIMBOCTI Ta CTaH 130JIA111i HOCUTh HEPIBHOMIPHUI XapakTep.
[Ipy myckax 3 METOI BHUPIBHIOBAHHS TEMIIEpaTyp MeETaly MPOBOJAATH MOMEpPEIHE
MPOTPiBaHHS BY3JIIB, IO € HAWO1IBIIT OXOJIOKEHI.

Hnst mycky 3 HC 1 I'C nonepeaHiii nporpiB 3aBeplIyeTbCs, KOJIU TEMIIepaTypa

CTOTIOPHUX KJIAllaHIB BIAPI3HAEThCA Bim Temmeparypu metany Bepxy LIBT y 3omi
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napoBITycky He Oinbiie Hix Ha 50 °C, a ans myckiB 3 XC Temmneparypa nmapu B CTONOPHUX
KJanaHax TypOiHu Mae Oytu He Hmkyoro 3a 250 °C. lle nmae 3mMory yHEMOXIJIMBHUTH
MOTPAIUISTHHS B TypOiHY BOJIOTO1 MapH.

3 METOI0 BUPIBHIOBAHHS BHUXIJIHOI'O TEMIIEPATypHOTO CTaHy METaly €JIeMEHTIB
TypOiHu ((hIaHIIIB 1 MIMIHOK) BUKOPUCTOBYIOTH CUCTEMH iX OOITpiBY.

[Ipu gocArHEHHI TMOIITOBXOBUX TMapaMmeTpiB Mapu, TeMIleparypa Tas3iB y
MOBOPOTHIA KaMmepi HE TOBMHHA [EPEBUIIYBAaTH TPAHUYHUX 3HAYEHb IS
HEOXOJIOIKYBaHHUX MAKETIB MaporeperpiBayis.

BignoBigHO 10 CTaHIApTU30BAHOI TEXHOJOTII IMYCKIB €HEProOJIOKiB MOIITOBX
poTopa 1 PO3BOPOT TYpOIHM BCIX THIOPO3MIPIB 3 PI3HOTO TEIUIOBOIO CTaHY
PEKOMEHIYIOTh BUKOHYBATH perymorounmMu kinanasamu L[BT. HeoOxigHa TemrepaTtypa
CBIXKOT IMapy Niepe]i MOIITOBXOM poTopa TypOinu mij yac mycky 3 XC mae nepeOyBaTu Ha
piBHi 280 °C, a mig yac mycky eHepro6ioka 3 HC Bona mae OyTH BUIIIOIO 32 TEMIIEPATYPY
Mmetany Tpyo nmaponycky LIBT na 100 °C. Yepe3 uuzbki remneparypu LICT TypOinu i
yac mycky 3 XC (50-60 °C) na yactoti o6epTanHs poropa 13-16 'ty poOisiTh BUTPUMKY
B 4acl, TPUBAIICTh SIKOI BU3HAYAEThCSI HEOOX1AHMM TporpiBaHHsAM Metany PCT B 30HI
naposmycky. [1ig gac myckiB eHeproboka micist mpocToro 48 roJ] 1 MEHIIIe BUTPUMKA Ha
gacToTi 13-16 I'11 3a3BU4ait He TPOBOJAUTHCH.

Jiist 3a0e3nedeHHs HalIMHOCTI TYpO1HU B MOYATKOBUH MeEpIoJ MyCKy yac ii podoTu
Ha XOJIOCTOMY XOJy He Ma€ OyTu OiibIie HiX 5-10 XB, a MOYaTKOBE HABAaHTAXKECHHS Ma€
Oytu He meHIe Hix 10% HOMIHATBHOTO 3HAYEHHS.

3a yMOBOIO 3a0€e3neYeHHs peryIroBaHHs mij yac myckiB 13 XC temneparypa napu
nepen LICT y MOMeHT BUXOy €Hepro0Jioka Ha XOJIOCTUH XiJ He Ma€ OyTH HHKYOIO 3a
270-280 °C.

[Ticnst B3ATTS MOYATKOBOTO HaBaHTakeHHs Temriepatypa mapu nepe LICT (mix gac
MyCKIB 13 XOJIOJHOTO, HEOCTUTJIOTO Ta Tapsdoro CTaHiB) Mae OyTH BHIIOKO 3a
temnepatypy merainy Bepxy LICT y 30Hi maponponycky Ha 100 °C, npote He Ouiblie
HOMIHAJIBHOTO 3HAYCHHSI.

[linHiMaroun OJIHOYACHO THUCK 1 TeMIepaTypy CBIXKOI Tapu BigOyBaeThCs

HaBaHTaXeHHs. [IIBUaKiCTh TigiioMy TeMIiepaTypu CBIKOI Tapu OOMPAETHCS 3aJICKHO BiJT



56

pIBHS TEPMIUHUX HANpyKE€Hb B CTOMOPHUX KJIAallaHaXx BUCOKOTO THCKY. CiMparoyuch Ha
yH1(piKOBaHY TEXHOJIOT1IO ITyCKY €HEProOJIOKiB HAaBaHTaKEHHS OCTaHHIX B1J0YBAEThCS 32
(1KCOBaHOTO TIOJIOKEHHSI PETYNIOIYMX KianaHiB TypOiHu. KimpKicTh MOBHICTIO
BIIKpUTUX PETYJIOIOUMX  KJIallaHiB TYpOIHU OOMPAEThCS TaKMM YMHOM, 00 MpHU
HaBaHTa)KeHI Mpuoan3HOo 60% HOMIHAJIBLHOTO 3HAYEHHS TUCK mapu 3a B3 nopiBHIOBaB
TUCKY TapH mpu poOOTI Ha KoB3awouux napamerpax. Lle mae 3mory Bimkputu B3 6e3
MOMEPETHHOTO MIJIBUILIEHHS] THCKY CBDKOI Mapu Imepej TypOiHOIO, IO CHPOIILYyE
TEXHOJIOT1I0 HaBaHTAKEHHS, 1ABUIIYE MaHEBPEHICTb.

TunmoBuii rpadixk mycky eneproomoxy 200 MBt 3 typGinoro K-200-130 3
XOJIOJHOTO CTaHy HpeacTaBieHuid Ha puc. 2.3. I'padik BkIoyae B cebe MOMEHTH 4acy
nycky OJIOKY BiJl MOJiadl Mapy Ha KIHIEB1 YIIUIBHEHHS UWIIHIAPY 0 BCTaHOBJICHHS
eHeproo0JaHAHHAM eJNeKTpU4HOi MmoTykHOocTi 200 MBT Ta wacTkoBOi craGimizarii

TEMIIEPATYPHOTIO MOJISl B MPOTOYHIN YaCTHHI.

0 1 2 3 4 5 6 7

Puc. 2.3. I'padix mycky enepro6ioxky 200 MBT 3 xonomgnoro crany (t, = 100 °C):
Tis — TeMIiepaTypa napH ImicJisg IpoOMIXKHOTO MeperpiBy, N — 4acToTa 0OEpTaHHS POTOPIB,

N — enekTpuyuHa MOTYXKHICTh TypOOTeHEepaTopa
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Etanu BinoOpaxeHHi Ha JaHOMY Trpadiky MycKy:

I — momepenHiii mporpiB NPOTOYHOI YAaCTHMHU TYpOIHM 3a pPaxyHOK I0ojadi
YIILIBHIOIOYOT MapHu;

II — momToBX poTopa A0 yacToTh obepTanHs xoiaocToro xoay (3000 06/xB, 50 I'tr)
3 MpoMDKHUMH YacToTamu obeptanHds 500 ta 1200 o6/xs;

[II — BuTpuMKa poTOpa Ha YACTOTI XOJOCTOTO XOJy Ta CHHXPOHI3aIlis
TypOOTeHepaTopa 3 eHEProcUucTEMOIO;

IV — HaBaHTa)keHHS €HEPro0I0Ka 10 HOMiHAIBHOT MOTy>kHOCTI 200 MBT;

V — po0oTa Ha HOMIHAJIbHIN MOTYXKHOCTI Ta CTa0UII3aIlisd TeMIEPaTypHOIO MO
IPOTOYHOI YACTHHHU.

Takox HasBHI BIANOBiAHI rpadiku Ta iHGoOpMalis A IMyCKiB €HEpProOJIOKiB 3

HCOCTHUIJIOI'O Ta rapsAa4oro CTaHIB.

2.3. MaTtemaTu4Ha MojAe/b OUIHKM NMYCKOBHUX BTPAT MajJMBa Ta eHeprii Ha

eHeproodJI0Li TEenJI0BOI eJIEeKTPOCTAHMII

Po3paxyHOk TycKOBUX BTpaT €HEprii Ta majuBa 3MIACHIOETHCS 3a JOMOMOTOIO
CHeIliaJbHUX METOJIMK, PETJIAMEHTOBAHUX PI3HUMH HOPMATHUBHUMHU JIOKYMEHTAMH Ta
cTaHJapTaMu. BpaxoByrouu 3HayHy KUJIBKICTh BXKE HASBHUX METOAMK 1 MIAXOAIB N0
BU3HAYECHHS IYCKOBUX BTPAT IiJl Yac B3STTS €HEProOJIOKIB 10 pobdoTtu Oyino oOpaHO
HaWOUIBII pallioHATLHUN MIAX1J, IO MOEAHYE SIK 1 METOIU 31 cTaHmapTiB [73], Tak i
OTpPUMaHi pe3yJIbTaTH JOCIIIKEHb BiJ aBTOpIB [74, 75].

OpHa 3 OCHOBHUX MTPOOJIEM MPU BU3HAUCHHI BEJTUYMHH IIUX BTPAT MOJISTAE B TOMY,
IO 3arajbHE CIOXHUBAaHHS TEIJIa B PEXHUMI IMYCKY 3aBXIU JOPIBHIOE CaMOMY
CTIO’KUBAHHIO TEIUIA, €JICKTPOCHEPTii Ha MPUBEICHHS B JI10 €IEKTPOIBUTYHA MEXAHI3MY,
a TaKOXK CIIOKWBAHHIO MaJIMBA.

ToMmy npu omiHII BTpAT MajvBa MNPU IMYCKY HEOOX1IHO BPaxOBYBAaTH HE TIIbKU
JI0JIATKOBY BUTPATY CaMOTr0 MPUPOJTHOTO MalliBa, a ¥ BIAMOBIIHY J0JIaTKOBY BUTPATY

NaJIMBa 3a paXyHOK BTpAT €JIEKTPOECHEPTii Ta TeIuIa.
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[Tpu po6OTI B HOMIHATBHOMY PEKKMMI BUTPAaTa YMOBHOTO MAJMBa B IEBHUI TEPMiH
eKCIUTyaTalii :
NT

B=-"" 2.1)

B Qg,’ "NTEC

ne N — elexkTpruyHa MOTYKHICTh €HEPTOOJI0KY Ha HOMIHAIBHOMY PEXKHUMI pOOOTH,
7 —y4ac pobotu, /rec — KK]I TernnoBoi enekrpocTaHilii mo reuepaiii e1eKTpUuIHOi eHeprii,

Q}},’ — TEIJI0Ta 3ropsiHHS yMOBHOTO nanuBa (29,3 MJIx/kr).

YMOBHE najimBO — 1€ NEBHUM CTaHIAPTHUN BHJ MPEICTABICHHS MajuBa, SKUN
BUKOPHUCTOBYIOTH JIJIsl IOPIBHSHHS P13HUX BU/IB NAJINMBA 32 IXHHOIO TEIJIOTOIO 3rOPSHHSL.
[Io momomMarae 3 OIIHKOIO €HEPreTUYHOI €(PEeKTUBHOCTI 1 KUIBKICTI TEIJIa, Ky MO>KHA
OTPUMATH B1Jl CIIAJIOBAHHS PI3HUX BUJIIB NAJIHBA.

Brpara nanuBa 3a 0{uH ITyCK BU3HAYAETHCS IIJIIXOM MOALTY a3y MyCcKy Ha OKpeMI
YACTUHHU, JI€ BU3HAYAETHCA CIOKMBAaHHS MajlMBa, TEIJa Ta €JIEKTPUYHOI EHeprii 1
BPaXOBYETHCS €JIEKTPOCHEPT s, [0 TEHEPYETHCS B MPOLIEC] HABAHTAXXEHHS OJIOKY.

[ToBHa BUTpaTa TEIUIa HA MyCK €HEProOIOKY:

Q=Q,+Qu+Qu (2.2)

ne Q, — Ter1o naauBa, M0 BUTPAYAETHCS HA MYyCK €Heprodioky, Q,, — Temio napu
BiJl 30BHIIIHBOTO Jkepena, Qq, = Egy (sn — TETUIO BIACHUX MOTPEO.

PiBHSIHHS 17151 3HAXOKCHHS ITyCKOBHUX BTPAT IaJIMBA
AB; = AB} + AB]' + AB{ + AB;” (2.3)
ne AB{,AB;,AB; — BUKOpHUCTaHE Ha i-My eTali MycKy ab0 pO3XOJOKyBaHHS

TEIJIO BiJ] CTOPOHHBOTO JPKEpesia, MaJIMBO 1 EJIEKTPOSHEpTis Ha BIacHI MoTpeOu B

. . KO . (XY
NanuBHOMY eKBiBaneHti (T.y.a1), AB; P _ nmpammBo, ekBiBaJeHTHEe KOpHCHiiA
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eJIEKTpOCHEeprii (BUOAHI B Mepexy B IPOLEC PO3XOJO/KYBaHHS, HABAaHTAXCHHA 1
cTabiTi3allii mpu MycKy).

Eran mycky npu BUMKHYTOMY B Mepexy TypGoreneparopy 4B; " = 0. ABf = 0,
Opu peXHMax pPO3XOJIOMKYBaHHsS, HaBaHTAXKEHHS 1 cTalOumizamii mpu TMycK, 1€
CIPUYMHEHO TUM, 1[I0 BUTPATHU €JIEKTPOEHEPrii Ha BIACHI MOTPeOH BXOJIATH B BEIUYUHY
AB;".

dopmyaa Ui pO3paxyHKy IMAIMBHOI CKJIAI0OBOI BTPAT:

Gy
Q)

AB! = (2.4)

ne G;'"" — KUIbKICTh CIIAJICHOTO Ha i-My eTalli HaTypallbHOTO MaJIKBa,
Q. — HKYA TEMIOTa 3TOPSHHS HATYPaTbHOTO MAMBA.
PiBHSHHSA 1711 BU3HAUCHHS BTpAT TeIla TapHW BiJA CTOPOHHBOTO JDKEpesia B

CKBIBAJICHT1 YMOBHOTO TaJINBA :

ABT = G (m—hdén 5
' niQ) (2:5)

ne G;' — cioXXMBaHHS TapH BiJl CTOPOHHBOTO JDKEpea,
hy, hy — eHTaNBMIi Mapu 1 ii KOHJEHCATY MICJISI BAKOPUCTAHHSI,
¢p — KoediIieHT HIHHOCTI TeTjla CTOPOHHBOI MapH,
r — KK i 0
Ny — KKJ]I HeTTo KOTenpHOi yCTaHOBKH, 10 BUPOOJISE CIIOKUBAHY APy .
CroxuBaHHS €JIEKTPOCHEpPrii Ha MPHUBIA MEXaHI3MIB O00JIaqHAHHS Ha BIIACHI

OTpPeOU po3paxoBYETHCA 3a HOPMYJIIOHO:
AB; = E"b§ (2.6)

ne EJ" — 3atpatu enekrpoeHeprii Ha BacHi HOTpeOH,

b; —iMTOMa BUTpaTa YMOBHOTO TAJIMBA €HEPTOOIIOKY.
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Po3paxyHOK KIIBKOCTI Teruia, HEOOXITHOTO Ui TeHepalii eleKTPOCHepTii, mpu
PO3XO0JIO/IKYBaHHI 1 IMyCKYy Ha i-My €Talll 3a YCTaJICHMX YMOB POOOTH BiOYBa€eThCs 3a

dbopmyoro:
AB;”® = (N Pt; — E}")bf" (2.7)

ae NiCep — cepeHs 3a [-TUi Nepioj] eNeKTPUYHA MOTYKHICTb,

T; — TPUBAJIICTB i-OTO TMEPIOy PO3XOJIOKYBAHHS a00 IMYCKY,

b{" — muToma BUTpaTa YMOBHOI'O NAJIMBA HA BIANYIICHY €JIEKTPOCHEPTIIO MpH
CepellHIN Ha i-My eTarll eJIEKTPUYHINA MOTYKHOCTI.

Jjis BU3HAUEHHS BTPAT YMOBHOTO MajIMBa JJIsl KOXKHOTO €Taly PO3X0JIOIKyBaHH!,
0 BpaxoOBY€ BIAXWICHHS MapaMeTpiB Mapd Bl HOMIH&JIbHUX 3HAYE€Hb

BUKOPHCTOBYETLCS (hOPMyJIa:
ABirIap — bieH(Nicep . NiBn _ NiH(EH)(an)Ti (28)

ne NP — cepesiHst MOTYKHICTh Ha KJIEMax T€HEpaTopa,
N{#" — moTyXHiCTh MEXaHI3MiB BIaCHUX MOTPEO,
NXEH _oryxHicTh cioknBaHa )KUBMILHAM €JIGKTPOHACOCOM,

() j — MONPAaBKH BUTPAT TEILIA, IO BPAXOBYIOTh BIAXUIICHHS THCKY, TEMIIEPATYPY
CBDXKOT Mapu, TEMIIEpaTypy Mapu MPOMIKHOTO TIEPETPIBY.

ITlin yac yrumizamii Teria mapu 3a JOMOMOTOI0 IIBHUIKOIIOYOI PEeAyKIIMHO-

OXOJ'IOI[)I(YBEUILHO'I' YCTaHOBKH BHHHUKAIOTH BTpPaTH YMOBHOTO I1ajaunBa, 1o

PO3pPaxOBYIOTHCS:

ABWPOY = pen(NT_ NE1 _ NKEH)L [1 Cep(1+a’Q]) (2.9)

( min mn mn
mm

NT

‘min — NOTYKHICTb T€HEpPATOPA,
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Nz, — IOTYXKHICTh MEXaHi3MiB BIACHUX TOTPEO,

NXER _ noryxmicts JKEH.

JlaHUMH MOTYXKHOCTSMHM € 3HAYSHHS MPU POOOTI KOTJIAa HA TEXHIYHOMY MIHIMYMI.
[Tix gac o6irpiBy ¢nanmis Ta mmmibok LIBT 1 HCT Typ6inu BinOyBaeThes momavya
napu B JaHi 00J1acTi, IO B CBOIO YEPTy TAKOXK CYMPOBOIKYETHCS BTpaTaMH YMOBHOTO

NanuBa i Uit pO3paxyHKy JaHUX BTPAT BUKOPUCTOBYETHCS:
AB™™ = b i L (AWIBTLIBT 4 gppieT ICT) (2.10)

ne N,L,, — OTyXKHiCTh eHepro6oKa Mpy HOMiHAIBHHX MApaMeTpax PobOTH,

AWUBT - AWHCT _ supskenns moTyHOCTI TypOiHM IpH BBIMKHEHHi OOIirpiBy
mmtbok [HIBT 1 LCT.

Po6ota koTna mig yac poO3TOMOYHOrO PEXKUMY Ta MPU poOOTI Ha MIHIMAJIBHHUX
HABaHTa)XXECHHAX XapakTepusyeTbes 3MeHmeHHsaM oro KKJI, BpaxoByrouu 1e OyayThb

BUHHUKATH BTPATH YMOBHOTO ITaJIMBA, IO PO3PaxXOBYIOTHCA:

6p

BI KEH 47k

( min ~ len - len 776p Tj (2-11)
K

ABKKZl beH (N

ne Angp — 3amkeHHd KK/[ koTia OpyTTo Ha po3TONOYHOMY HaBaHTaKEHH.

[uxn poboTH, 1m0 BKIOYAE B ceOE 3YNMHUHKY €HEprodJioKa, pPO3XOJOIKyBaHHS
oOnaHaHHA 1 TOMABIIHMKI MyCK MICSA MMEBHOTO TIPOCTOI0, XapaKTePU3YETHCS 3HAYHUMU
BTpaTaMU YMOBHOTO IMaJIMBa 1 JIJIsl TIOJIETIICHHSI pO3paxyHKIB HOTO MOKHA PO30UTH Ha
IIICTh €TaIiB:

1) mpocriit eHeproOIoKy;

2) eTar MiATOTOBKH JI0 TIYCKY;

3) po3Tonka KOTjia Ta poOoTa /10 MOIITOBXY POTOPA;

4) BUXiJl BAJIOMPOBOY JI0 XOJIOCTOTO XOAY TypOiHU;

5) HaBaHTa)XE€HHA TypOIHU;
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6) ctalimi3alis TEMIOBOTO CTaHy.
OCHOBHOIO METOJMKOI0 PO3pPaxyHKy BTpar sl eramiB 1-4 € po3paxyHOK 3a

JOTIOMOT'O0 KOE(iIli€HTIB BTPAT:

AB{™* = (K} + K§ + K)7; + K IO 4 T I

FKTETIA el (2.12)

ne Ki' — koedirieHTH BTpaT 1Mo najiuBHIN CKIaI0BIH,
K{ — xoedinieHTH BTpaT eNeKTpOeHeprii BIaCHUX MOTPeO,

K] — koedimieHTH BTpaT napu CTOPOHHBOTO JKepera,

KXER  _ xoedimieHTH BTpaT emeKTpoeHeprii Ha TIPMBiN KUBHILHOTO
€JIEKTPOHACOCY,
KXTH _ xoedilienTn BTpar mapy Ha IPHBi KUBIILHOTO TypOOHACOCY,
KTH il .. 6 .
;i — KoedilleHTH BTpaT TypOOIOBITPOLYBKHY,

KfL — Koe(ILIEHTH BTPAT Aeaepalito KUBUIbHOI BOJIH.
Jliist etaniB 5 1 6 po3paxyHOK BTpaT yMOBHOTO MAJIMBa MPOBOJAUTHCS 32 IOTIOMOT 010

PIBHSIHHSI:

ABE_6 — KI.-IaI‘p(CTa6)T¥-IaI‘p(CTa6) (213)

l l

Harp(cTab)
i

ne K — Koe(IIEHTH BTPAT MajanuBa 4epe3 HECTAI[IOHAPHICTD PEXKUMIB MTPU

HaBaHTaXKE€HHI a00 crtadim3arii.
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2.4. MaremaTu4Ha MoJeJdb PO3PAXyHKY PpeCypCHHUX IOKa3HHKIB
€HEPreTUYHOro0 00JIaJHAHHS HA 0a3i JOCTiIKEHHS i0T0 TEIJIOBOI0 TA HATIPYKEHOT0

CTaHy Ml Yac eKcrryaraumii

2.4.1. MaremaTu4yHa MOJAeJb JOCJIIUKEHHSI TEIUIOBOI0 TAa HANPY/KEHO-

1e()OpMOBAHOI0 CTAHY POTOpPa cepeHboro Tucky Typoinu K-200-130

3 METOI0 BHU3HAUEHHS PO3MOJULYy TEPMIYHUX HAINPYKEHb B POTOPI CEPEIHBOIO
TUCKY, BUPINIYETHCSA 3ajada HECTALIOHAPHOI TEIUIONPOBIAHOCTI, SIKa B 3arajlbHOMY

BUIIAJIKY MOXe OYTH OIMcaHa piBHSIHHAM [76]:
div[A(T) - grad(T)] = c(T) - y(T) - 5. (2.14)

ne A — Koe(iIieHT TermIonpoOBIAHOCTI CTalll, C — MUTOMA TEIVIOEMHICTh, Y — MUTOMA
Bara, 1o € QyHKIIAMHU TeMIepaTypH 1 1 KOOpAMHAT MPH MOYaTKOBUX yMoBax To = T(r, z,
0, 0), r, z, 0 — MUTIHIPUYHI KOOPJAMHATH, T — PO3PaXyHKOBHUH Yac.

J11st BUpIIIeHHS 111€7 331241 Ha BCIX MMOBEPXHSIX POTOPA 33/1al0ThCS TPAHUYHI YMOBHU
teriooominy Il 1 Il poxy. I'panuuni ymoBu /1 pony 3aat0Thes MO TEIJIOBOMY MOTOKY

Ha MOBEPXH1 poTopa:

oT

q=-A(5)=F(r26,0), (2.15)

I'pannuni  ymoBu /Il pony ONUCYIOTh 3aKOHOMIPHOCTI  KOHBEKTHBHOTO

TEIJI000MIHY MIK TTAPOBUM CEPEOBHUIIIEM Ta 30BHINIHBOIO MMOBEPXHEIO METATY pOTOpa

[77]:

~1(5) = a(teep = tuon), (2.16)
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Jie @ — KOE(DIIEHT TEMOBIAAaYl, teep, — TEMIEPATYPA HAPOBOTO CEPENOBUIIA, Ly
— TeMIiepaTypa 30BHIIIHbOT TOBEPXHI POTOPA.

BuzHnaueHHs rpaHUYHIX YMOB TEIDIOOOMIHY € CKJIATHOIO 3aJa4€io, sika oTpedye
pPeTeNbHOTr0 aHaIi3y MPOTOYHOI YaCTHHHU TYypOIHM SIK 32 CTAI[lOHAPHUX, TaK 1 32 3MIHHUX
pexxuMiB poboTu. st 1poro HeoOX1AHO 3aCTOCOBYBATH CHEIiaIbHI €KCIIEPUMEHTaIbHI
PIBHSIHHS MOJIIOHOCTI, SIK1 CYTTEBO PI3HATHCSA JIJISL PI3HUX IIOBEPXOHBb POTOPA.

OTpumaHuit po3MOIiT TEMIEPATyp Y OyIb-sIKWi MOMEHT 4acy, BCTAHOBJICHUM ITi]T
yac JOCTiIKEHb, HaJaldl BUKOPUCTOBYETHCS SIK TPAaHUYHI YMOBHU JUJISI PO3PaxyHKIB
HaIpy>KeHO-1e(POPMOBAHOTO CTaHy poTopa. Takox BpaxOBYIOTHCS BIUIUB BIALICHTPOBUX
cui, Al Macu poOouux jomaTok Ta iHmN noaioHi (akropu. llogo Tucky mapoBoro
CepeZIOBMILla Ha 30BHIIIHIO MOBEPXHIO POTOpPA, TO BIH HE PO3IIISIABCS yepe3 Horo
BIJIHOCHO HEBEJIUKY BEJIMYUHY ISl TAHOTO 00'€KTa, sika cTaHOBUTH Bifg 0,36 1o 2,2 Mlla.

OCKiTBKH POTOP € OCECHMMETPUYHHUM, JOCIIUKCHHS WOTr0 TEIJIOBOrO Ta
HaIpy>KEeHO-1€(POPMOBAHOTO CTAaHY BUKOHAHO Y JIBOBUMIPHIN TOCTAHOBIII.

Cucrema nudepeHuiiHUX piBHAHb PIBHOBAru AJi JAHOTO BUIAJKY MA€ BUTIISIA:

00y 00y, Orr—009 _
6r+az+ r +pXy =0,

00,5 00,
0z T 0z

. (2.17)
+ % + pX, =0,

7€ 0 — KOMIIOHEHTH Halpy»eHb B OCHOBHOMY Me€Tall, p — IyCTUHA cTaml, X, X, —
KOMIIOHEHTH BEKTOPY I'YCTHHHU MaCOBOI CHJIN.

CuniBBigHoIIeHHS 3aK0oHY ['yka, 3anucani yepe3 aedopmarliii MaroTh BU:

( _ E v
Opr = _( (Err + Ezz + 899) + Err

)

1+v \1-2v )
E v
< O0z7 = m (E (Srr + €22 + 899) + <E‘zz) ’ (2 ]_8)
E Y '
Ogo = T (E (&rr + &7, + £9g) + 8@9),

E
Orz = ———&p3.
\ T2 2014v) T
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ne E — monmynp mpyxkHOCTI ctami, v — koedimieHnT [lyaccona, € — KOMIOHEHTH

nedopmaiiii OCHOBHOTO METally.

2.4.2. MaremMaTu4Ha MoJejJb ONIHKH TOIIKOIKEHHS PoOTOpa Ta WHOro

PeCYPCHHUX MOKA3HUKIB MPH eKCITyaTail

PecypcHl  XapaKTepUCTHKM  €HEPreTMYHOro  OOJaJHAaHHS  BHU3HAYAIOTHCA
CTATUYHUMHU Ta LUKIIYHUMH MEXaHi3MaM{ TMOIIKO)KEHHSA, SKi BCTaHOBJIIOIOTH
TPAaHUYHUNA Yac eKCIUTyaTallli MeTaly Ta MaKCUMaJbHO JTOMYCTHUMY KUIBKICTh LIMKIIB
3aIIyCKYy.

JI1st molanbIInX po3paxyHKiB HEOOX1THO BU3HAYUTH AOIYCTUMY KUTBKICTh ITyCKIB.
Uucno UMKIIB HAaBaHTAXEHHsS [0 YTBOPEHHS TPIUIMH BHU3HAYA€ThCS Ha OCHOBI
eKCIEPUMEHTAIbHUX KPUBUX MAJIOIIMKIOBOI BTOMH, OTPUMAHUX IiJl 4Yac BUNPOOYyBaHb
3pa3KiB Ha PO3TAT-CTUCKAHHS 32 YMOB KOPCTKOTO CUMETPUYHOTO LUKITY IPU MOCTINMHIN

temnepatypi. [Ipu 11bOMy BUOHPAETHCS MEHIIIE 3 BOX 3HAYCHD:
— min N,
N, = min {nN,Nz} (2.19)

e N;, Nz — KUIBKICTh IIHMKJIIB HaBaHTAXXCHHS, BIAMOBIAHUX KPUBUM
MaJIOLUKIIOBOI BTOMH ISl aMILTITY 1 IHTEHCUBHOCTI AePOpMaLil €q.np. TA Ne* Eqnp. ;

NN, Ne — Koe(IIieHT 3amacy MIIIHOCTI MO0 YUCTY HUKITIB 1 AedopMmaiii;

Po3paxyHok mpuBeIeHOI 10 CUMETPUYHOTO MUKy HaBaHTAaXCHHS aMILTITYId

IHTEHCUBHOCTI AeopMaliii BiIOyBa€eTbCs 3a PIBHSIHHSM:

1+
Eanp. = 155 (C " 0a + 01 = O)) (220)

ne v — koedirient Ilyaccona;
E — Momynb npy>KHOCTI cTai;

C — xoediIieHT MOTOYHOIO YKCIIa IUKITIB;
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G, — aMIUTITYJ]a IHTECHCUBHOCTI HAaMPYEeHb:
(o} —Omi
O_a — max min (2-21)

0_1 — MeéXa BTOMJIFOBAHOCTI CTaJll MPU CUMETPUYHOMY HAaBaHTAKCHHI,
ON — MeXa BTOMJIIOBAHOCTI CTalli MpPU HECHUMETPUYHOMY HaBAHTAXKEHHI, IIO

BIJINIOBIJIa€ TIEBHOMY ITYCKOBOMY PEKUMY:

—_ 01
Oy = o_1 147 (222)
1+——
op 1-r

O — MeXXa MIITHOCTI CTajli Ha PO3TAT. B yMOBax BiJICyTHOCTI €KCIIEPUMEHTAIBHUX

JTAHUX, MOYKHA TIPUMHITH Ha PIBHI:

5 =1 (2.23)

I' — Koe(ilIEHT acCUMETpIi UKy HABAHTAKEHHS,

K, —e(peKTUBHUI KOe(ILIEHT IHTEHCUBHOCTI HAIIPY>KEHb.

31 3pocTaHHSM TEMIEpaTypd B HOMIHAJIBHOMY PEXHMI €KCIUTyaTallli moYnHae
MPOSIBIISITUCS TIOB3YYiCTh MaTepiady. Y TaKOMY BUIAIKY JJIsl BUSHAYEHHS JOMYCTUMOI
KUIBKOCT1 LIMKJIIB BHUKOPUCTOBYETHCS BIJANOBIAHE PIBHSHHSA, SKE BpPAXOBYE BIUIMB

MOB3YYOCTI Ha PECYypCH MaTepiay:

1,25-0°¢

N, = [1 - q] - min {;V—; Ny} (2.24)

Onm.

C

ne ©o° — HampyXeHHS B 00JiacTi, 10 BHBYAETHCA, 3a YMOBHU IOCTIMHOL
MOB3y4OCTI;

Gnm — T’PAHUYHE 3HAYEHHS MIIHOCTI JIOBFOTPHUBAJIOTO HaBaHTAXXEHHSI BIJIIIOB1IHO
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J0 BU3HAYCHUX TEXHIYHUX YMOB Ha IIEBHUI MOMEHT qacy,

J — MMOKa3HUK CTEIEHI B PiBHAHHI JOBIOTPUBAJIOT MIITHOCTI:

t=B-071 (2.25)

CymapHe TMOIIKOKeHHsI, 110 HAKOMWYEHE B METall POTOPIB BHU3HAUYAETHCS 3

BUKOpHUCTaHHAM rinote3u [lansMrpena-Maiinepa 3a piBHSHHSIM BULY:

=1, +1T, (2.26)

nme II'c;, II'y — crarmyHe Ta IMKIIYHE IIOIIKO/DKCHHS, HAKONMWYEHAa B
JOCITIKYBaHIA 30HI poTOpa HA MOMEHT JOCTIKEHHS JIOMYCTUMOCTI MPOJOBXKEHHS
CTPOKY €KCILTyaTallii;

3anuIIKOBE HAMIPAIFOBAHHS JIO MOSIBH TPILHH [ 7]s0; BU3HAYAETHCS 32 (pOpMYIIOFO:

1-1' qr tj kr nn
[Tlaan = = =21, — ~ 2.27
3aJ1 H”r j=1 t’pj =1 N’pl ( )
ne 1", — mporHo3oBaHe Ha HACTYNMHHM 3a OIIHKOK TMEpioja eKCIuTyaTarli

OCepeHEHE TOAMHHE TNOIIKOJKEHHS (IIBUAKICTh BHYEPIIAHHS peEcypcy), ska Oyae
HAKOIMMWYYBaTUCh B JOCIHIJKYBaHIA 30HI poTOpa MpU YepryBaHHI (" THUNIB CTalIMX
pekuMiB Ta K” THIIB IUKIIIB 3 PI3HUMU [UKIIYHUMA HaBaHTaKEHHSIMH.

¢t} — 4gac poOOTM Ha J-OMy CTajloMy pEeXuMi 3a Temmeparypu metainy 1 i
CKBIBaJICHTHUX MICIEBHX HAIPYKEHHSAX HOB3YUYOCTI (0'¢)max;

t'sj — 9ac 0 HacTaHHS T'PAHUYHOIO CTaHy i JA1€l0 €KBIBAJIEHTHUX MICIIEBUX
HarnpyXeHb MOB3Y4YOCTI (0'y))max IPU TeMMeparypi merany 77j;

n'| — 9UCI0 TMKIIB |-ro THITY;

N'p = Nj — unco IMKIIIB 10 TOSBY BTOMHUX TPILIUH M1 JI€K0 TUIBKY HUKITYHAX

HaBaHTaXeHb |-ro Tumy;
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q' — 4MCTO0 PI3HUX THUMIB CTAJUX PEKUMIB, HA MOMEHT OLIIHKH, IPU TEMIEPATypi
Metary 77} i CTanuX eKBIBAJICHTHUX MiCIIEBUX HAIMPYKEHHSX MOB3YYOCTI (0'e/)max;
k' — 4ucno pi3HUX THUMIB IMKIIB, HA MOMEHT OLIHKH, 3 PI3HUMHU aMILTITyJAaMU

MIPUBEJICHUX IHTEHCUBHOCTEH HANpYyKeHb Aa ', a00 ammuniTy 1 aedopMaliiii €'y

BucHoBku 10 po3ainy 2

1. O06’exTOM JOCTIIKEHHS € KOHJIeHcalliliHa mapoBa TypOina tumy K-200-130
0€3 pPeryiYoro BiI0Opy Mapy 3 OJHUM MPOMIKHUM MEPETPIiBOM Mapu, HOMIHAIBHOIO
noTyxHicTb 200MBT, 3 unciom 06eptiB 3000 06/xB. Skux B YKpaiHi ekcruryaryeTbes 37
CHEeproOJIOKIB.

2. Knacudikamis myckoBUX  peXxuMIB  pOOOTH  TEIUIOEHEPTreTUYHOTO
oonagnandss TEC BinOyBaeThcsi B 3aJ€KHOCTI TEMIIEpAaTypu MeETaly IMepej] MyCKOM
yCTaTKyBaHHA. B SKOCTI BU3HAYalNbHOI TEMIEPATypH, SIK MPaBUIO, MPUIAMAETHCS
TeMmrepaTrypa MeTajay B NEpIIOMYy CTYMNEHI IUIIHApa BUCOKOTO 1 CEPEeIHbOTO THUCKY,
MapOBMYCKHUX MaTpyOKiB a00 X (IaHIIIB MapoBMycKHOI 0bsacTi. IcHye 3 Tunu myckis:
3 xosogHoro crany (ty<150 °C), 3 Heocturioro crany (t,=150 - 400 °C), 3 rapsdoro
crany (t,>400 °C).

3. [IpencraBieHo wmaTeMaTUYHYy MOJENb PO3PAXyHKY IYCKOBHX BTpaT
MUJIOBYTIIBHOTO €HEPro0JIOKy, IO IPYHTYEThCS HA CHEPTETHYHHMX Ta MaTepiallbHUX
OamaHcax, a TaKOX JACSKUX METOJUYHUX PEKOMEHMIAISX TalTy3eBUX HOPMATHUBHUX
JTOKyMEHTIB. [IponoHy€eThCs PO3AUIUTH ITyCKOBUI PEKUM POOOTH HA 6 OCHOBHUX €TaIliB
Ta BU3HAYMTH 3HAYCHHSI BTPAT TEIUIOBOI Ta CJICKTPUYHOT €HEPrii, a TAKOK HATypaTbHOTO
najyuBa IMPOTATOM KOXKHOTO 3 €TalliB: IMPOCTI €HeproO/oKy; MIArOTOBKAa 10 ITYCKY;
pO3TOTKa KOTJa Ta poOoTa JI0 MOIITOBXY POTOPA; BHIXiJ BaJOMPOBOAY JO YacCTOTH
XOJIOCTOTO XO/1y; HaBaHTaKEHHS TypOiHM; cTaO1Ii3a1lis TEIJIOBOTO CTaHYy.

4, BusnaueHHs TpaHUYHUX YMOB TEIUIOOOMIHY € CKJIAQJHOIO 3a/ayero, sKa
noTpedye PeTeIbHOrO aHaII3y MPOTOYHOT YACTUHU TYpOIHU SIK 3a CTalllOHAPHUX, TaK 132
3MIHHUX peXumiB poOoTu. s 1bOTO HEOOXIMHO 3aCTOCOBYBAaTH CHEIialbHI
€KCIIEpUMEHTAJIbHI PIBHAHHS MO10HOCTI, SIKI CYTTEBO PI3HATHCS AJIS PI3HUX MMOBEPXOHb

poropa. 3 METOI0 JOCIIUKEHHS TEIUIOBOIO Ta HaIPYXEHOTO CTaHy €JIEMEHTIB
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CHEPreTUYHOro OOJIAHAHHS, MPEACTaBICHO MaTEMaTUYHY MOJIeNh HECTAIllOHAPHOI
TEIUIONPOBITHOCTI, CHUJIOBOI piBHOBaru 1 jgedopmariii TBepaux Tul. JlocmimkeHHs
PECYpPCHUX TIOKA3HUKIB MPOIIOHYETHCS BECTH Y BIAMOBIIHOCTI 70 TinmoTe3u [laasMrpena-
Maiinepa Ha OCHOBI OIIIHKH TEMITiB HAKOITUYCHHS ITOITKOPKCHHSI B OCHOBHOMY METaJli 3a

CTaTUYHHNMMH Ta HHKJIiIIHI/IMI/I MeXaH13MaMH.
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PO3JILT 3
CHCTEMA OLIHKH I TPOTHO3YBAHHSA PAIIIOHAJIBHUX PEKUMIB
POBOTHU EHEPTOBJOKIB TEC JIJIsI MIHIMI3AIi BATPATH MAJIMBA

3.1. OmniHka exkBiBaJEHTHHX BTPAT NAaJMBa NPH MYCKY eHeprodJioky 200

MBT 3 pi3HMX TeIUIOBMX CTaHIB

OnHi€ro 3 OCHOBHUX 33]1a4 MPH BU3HAYCHHI HAWOUIbII €KOHOMIYHO pallioHaIbHUX
pexumiB excruryaranii 010kiB TEC € BcTaHOBIEHHS KUTBKOCTI €HEPreTUYHUX BTPAT K
JUTSI ITyCKOBUX PEXKUMIB 3 PI3HOTO THITY MTyCKY TakK 1 MPU CTAIllOHAPHOMY PEKUMI pOOOTH.
BukopHUCTOBYIOUM METOAMKY, 11O OMUCYETbCd B Wi poOoTi B po3aun 2.3, Oyio
BU3HAYCHO J]aH1 TapaMeTpHu.

Po3paxyHku npoBezeHi Jist eHeprooyoky notyxHictio 200 MBT 3 enepreTuuHuM
koTioM TTI-100 Ta mapoBotro Typ6iHOr0 K-200-130. BusHaueHHsS OCHOBHUX MapaMeTpPiB
pexumy pobotu Oyio 3A1MCHEHO 3 BUKOPUCTAHHIM KapTH IYCKiB, III0 HaJlaHa OJTHIEIO 3
reHepyrounx kommnaHii Ykpainu. Enepris Exc, Erc, Eyc, 10 TEHEpyeThCs MiA 4ac
KOXXHOTO ITyCKY BU3HAYAETHCS 32 IOMOMOT010 TpadikiB HABAHTAXKEHHS €HEProOJIOKY MPU
MyCKY 3 XOJIOJIHOTO, HEOCTUTJIOTO Ta rapsiuoro CTaHiB BiAMOBIAHO (puc. 3.1).

[IpoBiBIIM AaHI pO3paxXyHKH BCTAHOBJIEHO, 110 MyCKOBI MEPEBUTPATH YMOBHOTO
nanuBa eHeprodioka 3 TypOiHoto K-200-130 mpu mycky 3 pi3HUX TEIUIOBHX CTaHIB
CKJIaJaE:

- 3 xosoaHoro ctany merany (i, < 150 °C) 4Byc =90,7 1.y.1.;

- 3 HeocTuroro crany metany (t, = 150-250 °C) AByc = 77,2 1.y.1.;

- 3 rapsiuoro crany metany (t,, > 250 °C) ABp¢ = 59,6 T.y.1.

[Tpu po60TI HAa HOMIHATBFHOMY peKUMi 3a | TOIMHY a0COJIFOTHI BUTPATH YMOBHOTO

[maanBa MOKHa BU3HAQYUTH TaK:

By = 7 (3.1)
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ne 1. — KKJI enepro6sioky noryxsictio 200 MBT.
BcranoBneno, mo 3a | roamHy poOOTH Ha HOMIHAILHOMY PEXHMI JTaHHMA

eHeproo6JIOK BUKOpUCTOBYE By = 64,7 T.y.11.

200 MBr

180
160
140
120
100
80
60
40
20
0

200
180
160
140
120
100
80
60
40
20

200 N, MBT
180
160
140
120
100
80
60
40

20
T, TOI

1 1.2 1.4 1.6 1.8 2

B)
Puc. 3.1 I'padik-3aBnanns HaBaHTaXXEHHS TYPOIHU TIPH ITyCKaxX 3 XOJIOAHOTO CTaHy (),

HEOCTUTJIOro cTaHy (0), rapsa4oro crany (B)
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BpaxoByroun HEOOXiTHICTh BCTAHOBJICHHS KIJTBKOCTI €HEprii, 10 BHUIAETHCS B
MEpeXy I 4Yac MyCKy, 3HAYEHHsS JIaHOTO IMOKa3HHWKa OyJd OTpUMaHI B Pe3yibTarTi
IHTErpyBaHHS KPUBOi HaBaHTa)XeHHs TypOoreHnepaTopa (puc. 3.1):

- Exc = 326880 xkBt'rog;

- Eyc = 260800 kBt ro;

- Erc = 84700 xkBt-rog.

3.2. TlopiBHAAHHSI OTPMMAHMX Pe3yJILTATIB 3 pOOOTaAMM iHIIMX ABTOPIB

Otpumana mij yac po3paxyHKIB NEpEeBUTpATa MajuBa MPU POOOTI HA MYCKOBUX
peXumax, MOBMHHA NPOWTH MEBHY Bepu(IKaliio, II0 BKIOYAE B ceOe MepeBIpKY
TOYHOCTI 1 JOCTOBIPHOCTI pe3yNbTaTiB. AJKE JaHa XapaKTEPUCTHKA € BaXJIMBUM
acnekToM e(EeKTUBHOCTI pOOOTHM E€HEPreTMYHOro OOJaJHAHHS MPU IMYCKax 3 PI3HUX
CTaHIB, TOMY BepudiKallisg MUX JaHUX HEOOXigHA JJIs OI[IHKM iX BIJAMOBIAHOCTI 10
ICHYIOYMX CTaHJapTIB Ta NPAKTUYHUX pe3yibTariB. B poboti [75] BUKOHAHO
PO3paxyHKOBY OIIIHKY MEPEBUTPAT YMOBHOI'O NajauBa Jjis pizHux eHeproosiokis TEC, B
TOMY 4YHCJII MOHOOJOKIB moTyxHicTiIO 200 MBT 3 6apabanHUMU KOTJIaMH, JO SIKUX
BiHOCUThCA 1 KoTen TII-100. Pe3ynbrat mOpiBHAIBHOTO aHaNi3y NMpeACcTaBiIeH] B Ta0J.
3.1.

Tabmuusg 3.1

[TopiBHAIBHUN aHaNI3 TyCKOBUX MEPEBUTPAT NanuBa A eneproosiokis 200 MBt

3 0apabaHHUMH KOTJIaMU

Po3paxynkosa
Amnajoriuti nasi 3 Po301kHICTD,
Tun mycky nepeBuTpaTa Po36ixHICTD, %
po6oru [75], T.y.m. T.y.IL
najuBa, T.y.Il.
XOJIOTHUH CTaH 90,7 88,1 2,6 2,95
Heocturaunit
77,2 75,8 14 1,85
CTaH
lapsiumii ctan 59,6 60,7 11 1,81
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[IpoananizyBaBIIM BUILEHABEACHI MEPEBUTPATH MaAMBa IPU MyCKOBHUX PEKUMAaX
MOHO0JI0KY 200 MBT ipux01uMo 10 BUCHOBKY, 1110 OTPUMaHi pe3yIbTaTH BiJNOBIIal0ThH
TEHJICHI[ISIM, TIO TPEJCTaBJIeHI B HAyKOBid mpami aBTopiB [75]. Po30ikHOCTI Mik
pesynbTaTamMu ckianaoth 2-3 %. Bpaxyiouum naHy po3ODKHICTH MOXKHA BBa)KaTu
pe3yJbTaTH PO3PAXyHKIB JOCTOBIPHUMHM Ta MPUIAATHUMU JIJIs TTOAANIBIIOT palfioHaI3alii

pEXUMIB pOOOTH €HEPTOOJIOKIB.

3.3. Ouinka Ta NPOrHO3yBaHHSI PAliOHAJIbHHUX PpeXUMIB PpodOTH

eHeprodsoxky 200 MBT ajis1 MiHiMi3anil cepefHLOPIYHOI BUTPATH NAJTMBA

[Ticns mpoBeAeHHS PO3paxyHKy BTPAT €HEPrii MijJ Yyac MyCKOBUX Ta HOMIHAJIbHUX
pexumiB pobotu eHepro6soky TEC € MOXKIUBICTD 3a/J1s pallioHali3aIli ekcruryaTarii
€Heproo0JaJHaHHA BUKOPUCTATU CHUCTEMY CTpaTEeriyHOro IulaHyBaHHA. OCHOBHUM
MOMEHTOM NIpH MiHIMI3alli JaHUX BTpaT, € MPOLEC BUPIIIEHHS Ta MOCTAHOBKHU 3ajayl
onTUMI3aIlli, sKa CIpsSMOBaHA Ha 3HAXO/KCHHS TaKOTO PO3MOALTY MapaMeTpiB poOOTH
€HEepro0JIOKy, 110 3aI0BUILHATH MOTPEOU.

[Turoma BUTpaTa yMOBHOTO majiuBa b, B moxanbmiomy OyJie BUKOPUCTOBYBATHCS
AK 1iIpoBa  (yHKIS 3amadi  onTuMizallii. BpaxoByrouw KOMIUIEKCHI YHMHHUKA
e eKTUBHOCTI TeHeparlii eneKkTpuaHoi eneprii, b, MoxkHa BBaxatu ayxe iHhOpMaTHBHOIO

Ta y3arajbHIOI0UO0I0 (PYHKIIIEIO:

by(x) - min by (x) (3.1)

B sikocTi po3B’A3Ky 1aHoi 3a1adi Oyje Take 3HaueHHs X°"T € X, mio by(ic’o“T) >
b, (X) mpu Beix X € X [78].
ToOro:

2opt — . -
by (x°P%) r%lel}[(lby(x) (2.3)
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NX MiH < |X| < NX MaKcC (33)

Jie X — BEKTOp P&XKMMHHUX ITAPAMETPiB, SKi BILIMBAIOTH HA by;

X — 061acTh iCHYBaHHS BEKTOPY X

Ny vist» Ny maxe — MEXI1 iICHYBaHHS CKJIaZIOBHX BEKTOPY X.

[Ipu po3B’sa3yBaHHi JaHoi 3a1a4i, 6yJ10 0OpaHO OCHOBHI KOMIIOHEHTH BEKTOPY X,
TaK 3BaHi (aKTOPH ONMTUMI3ALIii:

1) tuin = Ui = Tyakc

tuig — MIHIMAJIBHUN 9ac poOOTHU €HEPTroOJIOKY IPOTATOM POKY;

tyake — MAKCUMaIbHUN Yac poOOTH €HEeproOJIOKY MPOTITOM POKY.

2) Nyin = le = Nyakce

Nyiy — MIHIMAJIBHE CyMapHE YUCJIO0 MYCKIB 3 PI3HUX CTaHIB MPOTATOM 1 poky;

Nyaxe — MAKCUMaJIbHE CyMapHE YUCIIO MYCKIB 3 PI3HUX CTAaHIB IPOTATOM 1 pOKy.

3) XCMiH < XCk < XCMaKC

XCyiy — MiHIMaJIbHA JOJIS IMMYCKIB 3 XOJOJHOTO CTaHy BiJ] 3arajJbHOI0 YKCIIA;

XCyake — MAKCUMaJIbHA JIOJIS ITYCKIB 3 XOJIOAHOTO CTAaHy BiJ] 3arajibHOTO YKCIA.

4) FCMiH = Iﬂcl = l-‘CMaucc'

['Cyy — MiHIMaJIBHA JOJIS IMMYCKIB 3 Tapsuoro CTaHy Bij 3arajbHOTO YUCIIA;

['Cyakec — MAKCHMaJIbHA JTOJIS IMYCKIB 3 TApSIY0Tr0 CTAaHy BiJ 3araJIbHOTO YHUCIIA.

5) HCy, ; — ons myckiB 3 HEOCTHITIOTO CTaHy BiJl 3aTaJIbHOTO YHCIIA.

Hanuii paxrop ontumizauii € 3anexHuM Big XC, ta I'C; Ta BU3HaA4aeThCs 3a

dbopmyoro:

HCk,l = 1 - (FC[ + XCk) (35)

B3sBmn 10 yBaru gaHi (pakTopu piBHSHHS JUIsl 3HAXO/KEHHSI CEPEeIHbOPIYHOI
BUTpATU YMOBHOTO nanusa eHeproosoky TEC MoxHa Moau(iKyBaTH Ta NPEICTABUTH Y

Burszi [78]:
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By-tj+ABycnj(1—(XCr+ICy))+ ABxc'nj-XCr+ABrcnjTC
N-(ti—ZtTS)+EHC-nj-(1—(XCk+I‘Cl))+EXC-nj-XCk+E1~C-n]--FCl

by ijki = (3.6)

ne N — MOTYXHICTh €HeproOJOKY Ha HOMIHATLHOMY PEXUMI POOOTH;

t; — 4uCII0 TOAUH POOOTH IPOTATOM POKY;

M; — KUIBKICTb IYCKIB MPOTATOM POKY;

I'C;, XCj — 1071 MyCcKiB 3 Tapsiuoro Ta XOJIOHOTO CTaHIB BIATIOBIIHO;

Xtrs — 4ac, 1110 BUTPAvYa€ThCs HAa BC1 MMYCKOB1 PEKUMU.

B piBHsanHI (3.6) B YHMCENBHHKY MPEACTABICHO 3arajbHy BUTPAaTy YMOBHOI'O
najgvBa Mij 4ac BCIX PEXHUMIB poOOTH eHeproodiagHanHs. ToOTo 1e gk 1 yac poOoTH
Ha HOMIHAJBFHOMY PEKHUMI MPOTATOM MEBHOTO Yacy tj, Tak 1 BC1 epeBUTPATH MMaJIMBa i/
yac KOYKHOTO THIY MYCKY. 3HAMEHHHK SIBJISIE COOOO 3arajbHy KUIBKICTh €HEprii, SIKy
reHepye eHeProOJIOK M1 YaC HOMIHAJIBHOTO 1 MTyCKOBUX PEKUMIB pOOOTH.

BpaxoByroun Te, 1110 eHEeprocucTeMa He MOKE MpaIloBaTH CTAOUIBHO MPOTITOM
pPOKY, B €KCIUTyaTalii MOKHa BHJIITUTH JBa TOJOBHUX Ta aOCONIOTHO MPOTUIICKHUX
METO/IM EKCIUTyaTallili eHeproo0iaiHaHHs, a caMe MOBHICTIO 0a30BUN PEXUM POOOTH 1
MPOTUIICKHUI HOMY TTOBHICTIO MIKOBHUH.

[loBHICTIO 0a30BUN pEeXUM POOOTH XAPAKTEPUZYETHCA TAKUMHU O3HAKAMMU:
ti—tyaxe TOOTO HaIpaIlOBaHHS €HEProOJIOKy MaKCHUMalbHE, ajieé B CBOIO Yepry JaHa
CTpaTerisi CyIpOBOMKYETbCS MIHIMAJIBHOK KIJIBKICTIO IYCKIB Ha PIK  Nj—Nyiu.
BpaxoBytoun 1110 00CTaBUHY, B1JICOTOK ITYCKiB 3 XOJIOJHOTO CTaHy Oy/ie IepeBakaTH Ha/l
JIOJIEIO ITYCKIB 3 HEOCTUTJIOTO Ta rapsyoro ctaHiB XCj, — XCyapc-

Y TMOBHICTIO TIKOBOMY pE€XHUMI POOOTH €HEpProOJOK Mae MiHIMaJIbHE
HANpalloBaHHS ti—tyiw, NPOTE y JAHOMY BHIIAJKy KUIbKICTh IYCKIB, HaBIIaKH,
MaKCUMaJlbHA Nj—Nyaxe. JAHUH aCMeKT MPU3BOAUTH IO TOTO, IIO JAOJS IYCKIB 3
xosoaHOT0 Oyne MiHiMaIbHOIO — XCj = XCyiy-

Mix TaHUMHU CTpaTETiIMU pOOOTH ICHYE BEJIMKA KITBKICTh IHITUX Bapiallid poooTu
€HEProOJIOKiB 3 PI3HUMH 3HAYECHHIMH PEKMMHUX napameTpis t;, n;, XCy, ['C; cepen saxux

ICHY€ palioHaIBLHUHN PO3MOILI, PXU POOOTI HA IKOMY BUTPATH € MiHIMAJTLHUMU.
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BpaxyBaBmu many iH(popMaliio, pIBHAHHSA Ui PO3PAXyHKY CEpeIHbOPIUYHOL

MUTOMOI BUTPATH YMOBHOTO nayivBa (3.6) MOKHa MepenucaTyu y JTaHOMY BUTJISII:

By-tj+n;[XCi"ABxc+XCiTCjABrc+XCy*(1-T'C;)-ABy(]

byij = N-[t;=Zt]$]+n[XCi-Exc+XCy TCEpc +XCy (1-TC) Enc] (3.7)
Zt]T = n[XC; - tye + XC; - TC; - tre + XC; - (1 = TC)) - tyc] (3.8)
My = (i = Mogare) 7+ e (3.9)

XC; = (XCpace — XChpip) ——25 4 XC,i, (3.10)

tmakc—Emin

ne txc, tre, the — 9ac mycky eHepro6JIoKy 3 XOJOIHOTO, Fapsiuoro Ta HEOCTUTIIOTO
CTaHIB BIJIITOBIJIHO.

BukopuctoBytouu npejcTaBieHy BUIIE PO3PAXYHKOBY MOJIEIb, OYJIO MPOBEIACHO
parioHaizamio pexuMiB podotu eneprodsoky 200 MBt 3 kormamu TII-100, ski
JIO3BOJISIIOTH MIHIMI3YBAaTH CEPEIHBOPIYHY MHUTOMY BHUTPATy yYMOBHOTO TajvBa IPHU
excrutyaraiii (puc. 3.2).

3HaYEHHS MEK BapIIOBAaHHS PEKUMHUX MMapaMeTpiB 00paHi HACTYITHUM YHHOM:

1) cepennbopiuHe HampaloBaHHs eHeprooyoky 1 3midtoeTbes Big 2000 1o 6500
TOJIUH Ha PIK;

2) pluHa KIIBKICTh IMycKiB N; Big 20 10 75 pa3sis;

3) yacTka mycKiB 3 XojoaHoro ctany merany XCjBin 0,3 g0 0,8;

4) nmons MyCKIB 3 Tapsdyoro CTaHy B MeXKax YacTKU IYCKIB 3 Trapsdoro Ta

HeocTurioro cradiB / 'Cj 3miHI0€eThes Big 0 1o 1.



77

I'C, % by, I/kBT rox

100 ' 331
340

350

359

368

378

387

396

406

0 f, Toxq 415

2000 2900 3800 4700 5600 6500

Puc. 3.2 liarpama cepeiHLOPIYHOT MUTOMOT BUTPATH YMOBHOT'O T1aJuBa

erepro6ioky 200 MBT B 3aneXHOCTI BiJl HOTO peKUMHHUX MTapaMeTpiB

[IpoanamnizyBaBiu oTrpuMmani gadi (puc. 3.2) ciia BiIMITUTH, IO HAWOUIBII
epEeKTUBHUMU pexXUMaMu poOOTH eHeprodnoky mnotryxkHictio 200 MBT, sxi
3a0e3MeuyroTh HaWMEHIIY CepeITHbOPIYHY MUTOMY BUTPAT YMOBHOT'O MaJIMBA €:

1) t; = 5500-6500 roa/pik;

2) ni = 20-32 pix?;

3) XCi =0,69-0,8, I'C; = 0,15-0,26, HC;; = 0,05-0,11.

IIpu poGoTi B maHOMy Jiama3oHi, MUTOMa BUTpaTa YMOBHOT'O TajiMBa CKJIaJae
omm3bko 331-340 r.y.m./kBt-roxa. Ilpu oMy MakcumaiabHa Pi3HULS MK HAUOUIBII 1
HaliMEHIII €KOHOMIYHO BUT1JHUMH PEXKHUMaMH CTaHOBUTH Om3bKO 20 %, abo sKIIO 1€

NIepPEeBECTH B aOCOJIOTHI BemuuHU — 84 1.y.1m./KBT TO 1.
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Crig 3a3Ha4YUTH, 110 ONTUMAIBHUN PEKUM POOOTH €HEProOioKa € OIM3BKUM A0
MOBHICTIO 0a30BOTO, 1110 € JIOT1YHOI0 0OCTaBUHOIO, SIKa 3yMOBJIEHA TUM, 110 TIPU poOOTI B
TaKOMYy PEXHMI CYTTEBO MEHII IyCKOBI MepeBuTpaTu mnanusa. Lle mpusBoauth 10
3HMKEHHSI CepeIHhOPIYHOT MTUTOMOI BUTPATH YMOBHOTO MaJIMBA.

Tako, BapTO BIIMITUTH, 1110 ICHYIOTb AesK1 PaKTOPH, SIKI 3yMOBIIIOIOTH B1JIX1]T BT
JAHOTO PEKUMY, 30KpeMa 11e (PyHKI[IOHYBaHHSI €HEPTOCUCTEMH 1 BUTIAAKOBI 0OCTaBUHHU.
I BpaxoByro4H 11€, eKCITyaTallisi eHeprooJIOKy BUKIIOUYHO B TIOBHICTIO 0230BOMY PEXKHUMI
€ HEeMOXJIMBOIO. TOMy MiX pallioHaIi3aIli€l0 BUTPAT NMaluBa 1 peaJiCTHUHUMU YMOBaMU
poOOTH MOTPIOHO IIYKATH TOW PEXKUM SIKUM 3aJOBUIBHUTH YMOBH, II0 BUHHUKAIOTH B
MpoIIeCl eKCIUTyaTallii.

OkpemMo HEOOXiJHO BpaxoByBaTH Te, IO pe3yJbTaTH OTPUMaHI B TMPOIIECi
pO3paxyHKIB BUTpAT MajuBa € B MEBHINA Mipi 1/1€ali30BaHUMHU 1 0a3yI0TbCS HA TPUHITUIIL
171eabHOT pOOOTH Ta BIJICYTHOCTI MOMUJIOK B €KCIUTyaTallii. B peaibHX yMOBaxX MOXYTh
BUHUKATH P13H1 HEBIAOMI (pakTOpH Ta HenepeadadyeHi 00CTaBUHU, 1110 MOXKYTh BIULIMHYTH
Ha BUTPATH MajauBa. ToMy BaxJIMBO 3a0€3MEUNTH HAIHHUHN 1 0€3MeUHHI pOOOUN PEKIM
€HEeproOJIOKy, TOTPUMYIOUUCH BCIX HEOOX1AHUX HOPM Ta CTAaHAAPTIB €KCILTyaTallii.

X 04 OTpUMaHI1 PE3yJbTATH € JISHI0 OUIKyBaHUMU, BAPTO 3ayBAXKHUTH, 1[0 OTPUMaHa
JiarpaMa cepeHpOPIYHOT MUTOMOI BUTPATH YMOBHOTO TaiuBa eHeproosoky 200 MBT
(puc. 3.2) Mae BelMKe TPUKIAIHE 3HAYEHHS, OCKUIBKU JO3BOJISE OIIHUTH PIBEHb
€KOHOMIYHOCTI pOOOTH €HEproOJIOKy MpH IJIaHyBaHHI CTpaTerii MOro ekcruryaraiii Ha
MaifOyTHI TIEpioAM 3 BpaxyBaHHSIM CTYIEHS 3alyyeHHs OOJIaJlHaHHS N0 PEKUMIB

MaHEBpPEHO1 POOOTH.

BucHoBku 10 po3ainy 3

1. Anani3 mycKOBUX MEPEBUTPAT MaJMBa Mpu myckax eHeprodsoky 200 MBT 3
pI3HUX TEIJIOBUX CTaHIB I[I0OKa3aB, IO HAWOUIBII 3HAYEHHS JIAHOTO KPHUTEPIto
CIIOCTEPITalOThCs MPH MyCKax 13 xooaHoro ctany (90,7 T.y.1m.), TOAl SK 3 HEOCTHUTIIOTO
(77,2 1.y.1.) Ta rapsiaoro cta”y (59,6 T.y.1.) 1i MOKa3HUKHU 3MEHIIYIOThCS, MTOKA3HUKH

KUTBKOCTI €HEepTii, 10 BHUJAETHCS B MEPEXYy IiJ Yac MyCKy MAaloTh AaHAJIOTIYHY
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TEH/JICHIII10, a caMe MPHU MMYCKY 3 X0J0AHOTo cTany Eyc =326880 kBT'roz, 3 HeocTurioro
Eyc = 260800 kBt oz 1 3 rapstaoro Epc = 84700 kBT 101, TOJOBHOIO TPUYHUHOIO TAHUX
BIIMIHHOCTEH € Te, 1[0 PI3HUIIA Yac 1] 4ac sIKOTO Bi0YBa€ThCSI HABAHTAKECHHS TypOiHHU.

2. I1opiBHSIHHS OTPUMAHUX NIEPEBUTPAT MaTKMBa MPU poOOTI eHeproodsioky 200 MBT
Ha MYCKOBUX pEXUMax MiATBEPUIO JOCTOBIPHICTh OTPUMAHUX PE3YyJbTaTIB, OCKUILKH
PO30DKHOCTI 3 aHAJNOTIYHUMH AaHUMH Jjuiie 2-3%, M0 LIIKOM BIANOBIIa€E HOpMam
TOYHOCTI Ta MOX€E CBIJYUTH MPO aJCKBATHICTh METOJUKU PO3PAXYHKIB ISl MOJANBIIIOT
partioHam3aiii poOoTH eHeproOJIOKiB.

3. 311CHEHO IJTaHyBaHHS palllOHATLHUX PEKUMIB eKCIUTyaTallli eHeproosoxky 200
MBT 3 MeTOI0 CKOpOUEHHS CEepEeIHBOPIYHOI BUTpATH NaiuBa. /sl 1bOro BCTaHOBIEHO
panioHabHI KOMOIHAIT TapaMeTPIB PEXUMY POOOTH €HEProOJIOKY, sIKI 3a0€3MeUyI0Th
MIHIMI3allil0 BUTPAT YMOBHOTO MMajiMBa Ta 30UIbIIYIOTh €()EKTUBHICTh HOTO poOOTH B
KOHTEKCTI PI3HUX YMOB €KcIutyaTauli. B skocTi niipoBoi (hyHKIIII ITpoliecy onTuMizalii
BUKOPHCTOBYETHCSI MIUTOMA BUTPATH YMOBHOTO manuBa D,. BpaxoByroum KoMIUIEKCHI
YUHHUKA €(QEKTHBHOCTI TeHEpallil eIeKTPUYHOI eHeprii, D, MoXXHa BBaXKaTu IyxKe
1H(OpMaTUBHOIO (DYHKIII€IO, 1110 BKIIIOUAE B c€0€ BEIHUKY KIIbKICTh (PAKTOPIB.

4. HaiteheKTUBHIIIUM pPEXKUMOM poboTH Oyoky mnoTyxkHictio 200 MBrt
BIIOYBAETHCSl MPU YHCII TOJAWH eKcruryaraiii eneproosioky ti = 5500-6500 roxa/pik;
piuniii KimbkocTi myckis N = 20-32 pix’l; momi myckiB 3 xomoanoro crany merany XCj =
0,69-0,8, 3 rapstuoro crany / 'Cj = 0,15-0,26, 3 neocturnoro crany HCj;= 0,05-0,11. [Tpu
po0OTI B TaHOMY J11ala30H1 PEKUMHUX MMapaMeTpiB, BUTpaTa yMOBHOTO MaJIUBa CKJIaAae
omm3bko 331-340 r.y.m./kBr'roa. BigMiHHICTE MK MaKCHMaJbHO PpaIrliOHATBHUM Ta

HepalioHAIbHUM pexumamu ckianae 20 % (nepesutpara 84 r.y.m./kBt-Tox).
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PO3/ILI 4
BU3HAYEHHS PAIIIOHAJIBHUX PECYPCOOIIAJTHUX PEXKUMIB
EKCILTYATALI TYPBIHH K-200-130 HA BA3I TEPMOHAIIPYKEHOI'O
CTAHY il POTOPA

4.1. Po3poOka TPMBHMIPHOI0 aHAJIOTY 00’ €KTA X0CJIi/I>KEHHSA

B mporeci ekcrutyaTtartii TermioMexaHigHOTO oOJaAHaHH, a 30KpeMa HOTO JacTHX
MYCKIB, 3YyITIMHOK 1 pOOOTH B CTAl[lOHAPHOMY PEXUMI KOHCTPYKTUBHI €JIEMEHTHU (BUIMKH,
KaHaBKH, TajiTell, OTBOPH, TOIIO) MIANAIOTECA 3HAYHOMY TEIUIOMEXaHIYHOMY
HAaBaHTa)XCHHIO, B PE3yJbTaTli YOr0 BOHM MOXYTh MaTH IOIIKO/KCHHs TOB’sA3aHi 13
MOB3YYICTIO 1 BTOMOIO MeTany. Jlanuil acnekT HaOupae OUIBIIOI Bard BPaxOBYIOUYHU
3pOCTarouy JIOJII0 IyCKIB-3yIIMHOK OOJaJHaHHS BEJIMKOI MOTYXKHOCTi, IO BHUKJIMKAE
3aHENOKOEHHS 1010 O€3MeYHO0i pOOOTH POTOPIB MAPOBUX TYpPOiH.

JUis  mojanpmioro  OE3MeYHOro  eKCIUIyaTyBaHHS IPOBOJASTH  PO3PAXYHOK
JIOBFOBIYHOCTI €KCIUTyaTallii Ha 0a3i TepMOHAMNPYKEHOIO CTaHy.

VY BianoBigHocTi 10 [79] mpoBemeHHS pPO3paxyHKY TEIJIOBOTO 1 HampyKeHO-
ne(hOpMOBAHOTO CTaHY PO3MOYMHAETHCS 31 CTBOPEHHS TPUBUMIPHOTO aHAJOTy 00’€KTa
JOCITIIKEHHS.

BpaxoByroun, 11e 0y710 BUKOHAHO [TOOY/I0BY T€OMETPUYHOT MOJIEINI B IPOTPAMHOMY
xomruiekci CATIP «SolidWorks» [80] poropa cepemnboro tucky mapoBoi TypOinm K-
200-130 (puc. 4.1). T'onmoBHUM #OT0 MPU3HAYCHHSIM € TMEPETBOPEHHS CHEprii mapu
CEpeIHbOT0 TUCKY Ha MEXaHIUHY €Heprito o0epTaHHs Te€HepaTopa, B pe3ysbTari 4oro i
B1J1I0YBAa€ETHCS BUPOOJIECHHS €IEKTPOCHEPTii.

BapTo 3a3naunty, 1110 1aHUi POTOP € CKIIAJHOIO BUCOKOTEXHOJIOTTYHOIO YACTHHOIO
TypOIiHH, IO MPAIIOE€ OUTBIIICTh CBOTO Yacy B €KCTPEMAIbHUX YMOBax. A TOMy HOTO
MOKa3HUKM HAAIMHOCTI Ta €(EeKTHMBHOCTI BIUIMBAIOTh Ha POOOTY BCi€i €HEPreTHUYHOl

YCTaHOBKH.
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Puc. 4.1. 'eomeTpuuna Mofiesib poTopa cepeinboro Tucky Typ6inu K-200-130

OcK1IbKM HaMOTIbIII HABAaHTAXKEHOIO Ta BUCOKOTEMIIEPATYPHOIO 00JIaCTIO pOoTOpa
cepenquboro THCKy TypOiHM K-200-130 € 30Ha perymmorudoro CTyNeHs, HOro
PO3paxyHKOBY MOJIEbh OYyJIO CKOPOYEHO 3 METOIO pallioHaji3amii 00CsTiB po3paxyHKy
[81]. PosrmsmaeThcst 4acTMHA pOTOpa BiJ CEPEIMHU IMIMHKKA Bajly B 30HI OIIOPHO-

YIIOPHOTO MiIIAIHUKA JI0 JUCKY 5-TO cTymneHs (puc. 4.2) .

Puc. 4.2. 'eoMmeTpruHa MOJieIb AOCIIKYBAHOI 00J1aCTi pOTOpa CEPEAHBOTO

tucky TypOinu K-200-130

Crnupatourich Ha 1MoOyJoBaHMM poTop cepeaHboro THUcKy TypOinum K-200-130,

MO>KHA TIEPEUTH JI0 BUPIIICHHS KPaioBoi 3a7a4l HECTAIIIOHAPHOT TETUIONPOBIAHOCTI TSt
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PI3HHUX PEXHUMIB POOOTH TYpOiHU, BKIIOUAOUYN HOMIHAILHUN PEXUM, 1 TPU BUIH ITYCKiB
3 PI3HUX TEIUIOBUX CTaHIB: Tapsyoro, XOJOAHOro 1 HeocTursioro. Koxken 3 nux BUAIB
eKcIuTyarariii Oyie XxapakTepu3yBaTUCs PI3HUMU TPAaHUYHUMH YMOBaMH TEINIOOOMIHY Ha
MOBEPXHI pOTOPa CEPEIHHOTO TUCKY.

BianoBinHo no0 posauty 2.4 B sSKOMy oONHMcaHa MaTeMaTH4YHA MOJEINb, IO
BUKOPHCTOBYETHCA NIl PO3PAXYHKIB B MOAAIBIIOMY, TPAHUYHI YMOBH 3aJal0ThCS IS
OKpeMHX 00J1acTel JaHOTO POTOPY.

PospaxyHkoBa mojens poTopa Oyja IUCKpPETH30BaHA Ha 55 THC. CKIHYCHHHX
eJeMEeHTIB TpukyTHoro tumny (puc. 4.3). H{UIbHICTE pO3paxXyHKOBOi CITKA 1CTOTHO
301JIbIIICHA JIJIsI BCi€T 30BHINIHBOT MOBEpXHI poTopa [82]. B ocHOBY 1aHorO pillicHHs 0yJ10
NPUIHATO, T€ IO HAOJIBII 3HAYEHHS LTLOBUX BJIACTUBOCTEH (TEMIIepaTyp, IPa/il€HTIB
TEeMIIepaTyp Ta HANpy>XeHb) CIOCTEPIralOThCd Ha TMOBEPXHAX pOTOpa, 1 IS OUIbII
TOYHOTO PO3PaxyHKY OyJIO BUPILIEHO IPOBECTU 3MEHILIEHHSI €JIEMEHTIB PO3PaXxyHKOBOT
CITKM 1 TUM CaMHUM MIJABUIIUTU aJ€KBATHICTh PO3PaxXyHKOBOI Mojienil. BpaxoByrouu 1ie
Ma€eMo, 1110 pO3MIp CTOPOHU HaWO1IBILIOTO €IEMEHTa CTAaHOBUTH 15 MM, a HAMEHIIIOTo —
1 mm. Ilepexin BinOyBaeThCsl HE CTPUOKOMNOA10HO, a MIaBHO, 30KpEMa OCHOBHA YaCTHHA
— rpy0a ciTKa, o Mipi HaOJIMKEHHS 10 30BHIMIHBOI ITOBEPXHI — ApiOHA CiTKA, a HAa caMiit

30BHIIIIHIN MOBEPXHI1 BIJI0OYBA€THCS JTOKAIbHE 3TYIICHHS.

Puc. 4.3 Mogaenb poropa cepeauaboro Tucky Typoinu K-200-130 31 ckiHueHO

€JIEMEHTHOK) CITKOXO
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4.2. TocaineHHs] TeMJIOBOT0 Ta HAMPY:KEHO-1e(OPMOBAHOTO CTaHYy POTOpa

cepeaHboro Tucky Typoinu K-200-130 npu mycky 3 pi3HMX TeIUIOBHX CTAHIB MeTAJLy

JlocnmikeHHsT TEIJIOBOTO 1 HaIpy>KEeHO-Ae(hOPMOBAHOTO CTaHy poTOpa IpH
MyCKOBUX IIepiojiax BIAOyBa€TbCcsl B HECTAIlIOHApHIA MMOCTAHOBI. [IpoXomkeHHs
MPOIIECY MYCKY 3HAYHO BIAPI3HAETHCS B 3AJICKHOCTI BiJ HOTO THITY, IO PO3TIISIIAETHCS B
nigpo3aua 2.2. Ilpore cnin 3a3nHauyatd, mo i Typoinn K-200-130 romoBHOMO miis
BU3HAYCHHS TUIy MYCKYy € TeMIeparypa MeTalxy MapomnpoOBOAIB HAa BXOJl B IFJIIHIP
BHCOKOTO Ta CEPETHBOTO THUCKY.

[1ix yac gocimKeHHs po3paxXyHKU BUKOHYBAIUCS JIS IUITHOK POTOPA, 10 MalOTh
HaiOLTbIIIe HABAHTAXKCHHS, 1 MOXKJIMBE 1X IIBUJIKE MOIIKOKEHHS B pe3yJIbTaTli pOOOTH.
VY BignoBigHOCTI A0 TiApo3auty 4.1 3amaloTbecsi TpaHWUYHI YMOBH Ha IOBEpPXHI
nociikyBaHoro enementa. Jlns smeroBanoi crami P2MA (25X1MI1®A) 3anaroThes
Tertodi3nyHi Ta (Pi3uKo-MeXxaHiyH1 BIACTUBOCTI B 3AJIEKHOCTI Bij] TEMIIEPATYPH.

BpaxoByroun BuIlle MepepaxoBaHi aclekTH OylIo MPOBEACHO PO3PAXYHKOBE
JOCIIIJIKEHHSI TEIUIOBOIO CTaHy, PO3MOJLI TeMmeparyp B POTOpl Mpu poOOTI Ha

HOMIHANBHIN oty x)HOCTI 200 MBT npencrasneno Ha puc. 4.4.

Twm, °C

—

462 508

| | T | |
49 949 141 187 232 278 324 370 416

Puc. 4.4. Po3noain TemriepaTyp B poTOpi CEpEeIHBOTO TUCKY TP poOOTI HA

HOMIHAJIBHOMY PEXHUMI
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[IpoanamizyBaBIM AaHWUN PO3MOMALT MOXKHA CIIOCTEpIraTd, IO MaKCHMallbHa
TeMIlepaTypa MeTary IpHu poOOTi Ha cTallioHapHOMY pexkumi ctaHOBUTH 508 °C B 00macTi
PEryJIIOIY0ro CTYMEHs, ajieé TaKOX CIIiJl 3a3HAYMUTH, 110 3MEHIICHHS TeMIlepaTypH IO
X0Jly TIapH € TUIABHUM I10 MIpl BIITAJICHHS 1 Ha KIHI JOCJIKYBaHOI 00/1acTi CKIIajaae
370 °C, a B HanpsAMKY KIHIIEBUX YIIIJIbHEHB Mepenas € pi3KIiIIiM 1 TeMIiepaTypa KiHIEBUX
yuiiabHeHb piBHsAeThC 187 °C. TemmepaTypa OCbOBOTO OTBOPY IiJl PETYIIOIOYHM
cTyrnenem jopiBHioe 416 °C.

[ToniOH1 po3noAin TeMnepaTyp A KOXKHOTO MOMEHTY 4acy IpHU MyCKY 3 Pi3HUX
TEIJIOBUX cTaHiB. [Ipu oMy, 3aranbHa TPUBAIICTh MYCKY MPUITHATA Y BIATIOBIAHOCTI A0
rpadikiB IMycKy:

- U MyCKY 3 XoJoaHoro crtany — 18800 c;

- IS IyCKY 3 HeocTuriioro crany — 15600 c;

- IS IyCKY 3 rapsiyoro crany — 8800 c.

[Ipu nycky 3 pi3HUX TEIUIOBHX CTaHIB TEMIIEpAaTypa METAy B BIAMOBIIHI €Tanu
NyCKy OyIyTh BIAPIZHATHCA, TaK JJIs €Tally CHHXPOHI3aIlii, mo mpu mycky 3 XC
BiIMOBia€ MOMEHT vacy 7380 ¢ MaemMo po3MOJLI TeMIepaTyp, 0 BiioOpaxaeTbcs Ha
puc 4.5 a, nius nycky 3 HC moment uacy 4200 ¢ (puc. 4.5 0), misg nycka 3 'C MomeHT
gacy 3300 ¢ (puc. 4.5 B).

JJ1st 3py4HOCTI aHaji3y BEJIMKOI KITBKOCTI MOJIOHUX €MI0p, BOHU MPEACTABIICHI Y
BUTJISIAI TUHAMIKK 3MIHA TEMIIEpaTyp B OKPEMHX HAMOUIbII I[IKaBUX 30HAX poOTOpa
cepeaHboro Tucky. Ha puc. 4.6 BigMiueHi XapaKTepHi 00JacTi JOCTIKEHHS JUHAMIKA
3MIHM TEMIEpPaTyp Ta IHTEHCUBHOCTI Halpy>XeHb B poTopi: 1 — mmuiika Baimy B 00JacTi
NepIIoi KaMepu YIIIJIbHEHb, 2 — TEPMOKOMIICHCAIIHHA KaHaBKa MK JIPYTUM Ta TPETIM
CErMEHTOM TEepPeAHBOTO KIHIIEBOTO YIIIIbHEHHS, 3 — paJlyCHUN Nepexia BiJ CETMEHTIB
KIHIIEBUX VIIUIBHEHb JO MPOTOYHOI 4YacTUHU TypOiHH, 4 — XBOCTOBE KpIMJICHHS
PETYIIOI0UOTO CTYMEHS, 5 — TajTellb PETYIII0U0TO CTYIMEHs 31 CTOPOHM HACTYITHOTO

CTYIEHsI, 6 — OCLOBUHM OTBIP POTOpA MiJ PETYIIOIUYUM CTYIIEHEM.
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T, °C

48,8 82 115 148 181 215 248 281 314 347 380

a) TC poropa CT typ6iau K-200-130 B MomMeHT cunxpoHizatii mpu mycky 3 XC;

47,6 793 111 143 175 206 238 270 302 333 365

6) TC potopa CT typ6inu K-200-130 B MomeHT cuuxpoHi3anii npu mycky 3 HC;

™, °C

49,9 92,7 135 178 21 264 207 u9 392 435 498

B) TC poropa CT t1yp6inu K-200-130 B MoMeHT cuHXpOHI3a1ii mpu mycky 3 I'C
Puc. 4.5 Tennosuii ctan PCT typ0inu K-200-130 mig yac cuHxpoHi3auii npu myckax

XOJIOJTHOTO CTaHy (a), HEOCTUTJIOTO cTaHy (0), rapsiyoro crany (B)
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Puc. 4.6. Poamimenns xapakrepuux nociuipkyBannx To9ok PCT typ6inu K-200-130

JluHamika 3MIHU TEMIIEpaTyp B XapaKTEPHUX 00JIACTAX pOTOpPA CEPEAHBOIO TUCKY

MPOTATOM MYCKIB 3 PI3HUX TEIJIOBUX CTaHIB MpeJcTaBlieHa Ha puc. 4.7. Ta puc. 4.8.
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Puc. 4.7. I'padix nHaMiku 3MiHU TEMIIEPATYp B XapaKTEepPHUX 00JaCTAX poTopa

CEPENHbOr0 TUCKY IpH MycKy 3 XC
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Puc. 4.8. I'padixy nuHaMiku 3MiHM TEMIIEpATyp B XapaKTEPHUX 00JIACTIX POTOpa

cepeanboro Tucky npu nmycky 3 HC (a), 31°C (6)
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[IpoananizyBaBmm pAaHi rpadikd MOPUXOAMMO JIO BHCHOBKY, LIO PO3MOALI
TEMIEPATYP € TOCTaTHBbO piBHOMIpHUM. 1171 yac monepeAHHOro NPOrpiBy NaponpoOBO/IIB
1 MPOTOYHOI YAaCTUHM BiIOYBAa€ThCs IUIABHE 3pOCTaHHS TemrepaTypu. B mepiog Bin
MOIITOBXY pOTOpa 1 JO CHHXPOHI3alii BiI0YBAa€ThCS JICIIO CTPIMKIIIE 3POCTAHHS
Temrneparypu. Temn JaHOro 3pOCTaHHsI 3aJIeKUTh Bl TUIY ITYCKY €HeprooOiaJ HaHHS.
[Ticnst mporo eramy TemmepaTypa B yCiX TOYKaXxX IJIaBHO 3POCTAE 10 MOMEHTY BUXOIY
oOJialHaHHS HA HOMIHAJBHUM PEeKUM POOOTH.

[lin yac BUKOHAHHS PO3paxyHKIB 3HAYHHUI 1HTEpeC MPH AOCTIIKEHHI MyCKOBUX
pPEXUMIB pOOOTH APOBUX TYpOI1H NPEICTaBIsAE TUHAMIKA 3MIHH I'PAJIIEHTIB TEMIIEPATYP.
AJxe po3mOAUT TPAIIEHTIB TEMIEPATyp J103BOJISIE BU3HAUUTU NEPIOIU HANOUIBIIOTO
BILJIMBY HaIlPYy>KE€Hb B1Jl HEPIBHOMIPHOCTI TEMIIEPATYPHOTO MOJIS HA 3araJIbHUN CKIIaHUI

HaIpy>KeHO-1ePOPMOBAHUN CTaH POTOPA.
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3840 7570 11300 1500 18800
Yac mmycky (¢)

1 2 3 4 5 — O

Puc. 4.9. Jlunamika 3MiHU TPAIEHTIB TEMIIEPATYp B XapaKTEPHUX 00JIACTAX pOTOpa

cepeanboro Tucky TypOinu K-200-130 npu mycky 3 XC
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0) 3MiHa TpajlieHTa TEMIEpPaTyp MpHU MyCKY 3 TapAYOro CTaHy
Puc. 4.10. /Ilunamika 3MiHH TPAII€EHTIB TEMIIEPATYP B XapaKTEPHUX 00IaCTIX poTOpa

cepennaboro tucky Typoiau K-200-130 mpu mycky 3 HC (a), mycky 3 'C(0)

[Tpu myckax 3 xonoaHoro (puc. 4.9) i Heocturioro crany (puc. 4.10 a) ruHamika

3MIHM TPAJIE€HTIB TeMIepaTyp € JeHi0 CXO0X0w. A came Te, 0 HaWOUIbII
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HEPIBHOMIPHOCTI CIIOCTEPITa€ThCsl B MEPIOJ MYyCKY BiJl MOMEPEIHHOTO MOIITOBXY 10
CHUHXPOHI3aIll1 JUIsI BCIX TOYOK OKPiM OChOBOTO OTBOpY. Ll oOcTaBMHA 3yMOBIIOETHCS
MEXaHI3MOM HarpiBaHHS JaHOi 00JacTi — TEIUIOMPOBITHICTIO, @ 1HIII TOYKH JAHOTO
pOTOpa 3a3HAIOTh MPSAMOI0 KOHBEKTUBHOI'O TEINIOOOMIHY 3 maporo. HalO1ab1uii piBeHb
rpajiieHTiB Temmneparyp npu mycky sk 13 XC tak 1 3 HC mosxHa cioctepiratd B 00J1acTsAX
KIHIICBUX yIIUTbHEHb poTopa (T. 1-3), 1mo moB’s3aHo 31 3HAYHUM JAPOCETIOBAHHIM Mapu
B CErMEHTaX YUIUIbHEHb.

[Tpu mycky 3 rapstaoro ctany pucyHok 4.10 (0) croctepiraeTbest 3HAUHUN TPATIEHT
TEMIIepaTyp Ha MOYaTKOBOMY €Talil B pajlyCHOMY MIEPEXOJl Bl CErMEHTIB KIHUEBUX
VIIUIBHEHb JI0 TPOTOYHOI YaCTUHU TYpOIHU TOYKa 3, 1 3HaYHE WOro CHaJaHHs B MEPiO/]
B1JI IOIITOBXY /10 CUHXPOHI3allii. [HIII1 TOYKK MarOTh ACMIO aHAJIOT14HI 3aKOHOMIPHOCTI
PO3MOJILTY, @ cCaMe HU3bK1 3HAYEHHSI IPAJIIEHTA 10 MOMEHTY MOILITOBXY, P13KE 3pOCTaHHS
JI0 MOMEHTY CUHXPOHI3allii, 1 ogalibiia cTabiai3allist 40 BUX0 1y Ha HOMIHAJTbHUN PEXKUM
poboTH.

OTpuMaHi pe3yibTaTH BHACIIIOK 3HAXO/HKEHHSI PO3MOJULY TeMIlepaTyp B OyIb
KU MOMEHT 4Yacy MiJ 4ac MyCcKy, B MOJaJbIIOMY OyAyTh BUKOPUCTaHI SIK TPAHWYHI
YMOBHU JUJISl PO3paxyHKy HampyKeHO-Ae(POPMOBAHOIO CTaHy pOTOPY. AJjie OKpIM J1aHOi
iH(dopmarllli TakoXK B MOAAIBIINX PO3paxyHKax OyayTh BpaxOBYBATHCS BIJIIIEHTPOBI
CWJIM, 10 BIUIMBAIOTh HA OCHOBHUW MeTas, Maca poOOYMX JIOMATOK 1 MOAI0H1 (paKTOpH.
[IpoTre THCKOM MapoOBOro cepeloBUIAa HAa 30BHIIIHIO IOBEPXHIO POTOpPA MOXKHA
3HEXTYBATH Yepe3 HOoro BiTHOCHO MOMIpHE 3HAYEHHS JIA JaHOTO 00’€KTa, 10 CKIIajac
Bix 0,36 o 2,2 MIla.

BpaxoByroun Bce Butie 3aznauene, H/IC st pi3HUX eTariB MycKy 1 HOMiHaJIBHOTO
pexumy Oyne BinpizHsaTHcs. [Ipu poOOTI HA HOMIHAJIBHOMY pEXHMI EKCIuTyaTallii

HaIpy>KeHO-1ePOopMOBaHU CTaH Oy/ie MaTH BUTJIS peAcTaBieHui Ha puc. 4.11.
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Puc. 4.11. CymapHa IHTEHCHUBHICTh HampykeHb 110 Mizecy B poTOpl CEpEeTHROTO TUCKY

Typ6ian K-200-130 Ha HOMIHAIEHOMY PEXHUMI

MakcumanbHl HampyXeHHs TMpud poOOTI Ha HOMIHAJIBHUX [apameTrpax
CTIIOCTEPIratoThCs MiJ] PEryIII0YNM CTYIIEHEM B 30H1 OCHOBOTO OTBOPY 1 CKIAIaI0Th Gj =
134 Mlla. lle mosiICHIOETbCS TUM, IO PEryJOIYa CTYIMIHb € JUISHKOIO 3HAYHOTO
30CEPEIKEHHS MacH, B pe3yJIbTaTl 4Oro Ha JAaHy 30HY AiII0Th 3HAYHI BIALIEHTPOBI CHUJIH,
[0 B CBOIO YEPry MPU3BOJIUTH 0 IIJIBUIICHHS IHTCHCHUBHOCTI HANpyXeHb B JaHIN
obnacti. B minomy mig wac po6oTu Ha HOMIHAIBLHOMY pekumi Bei iHII obnacti PCT
3HAXOMAATHCS MiJl MEHII 3HAYHUMHM HAIMpPYKEHHAMM, 110 KoiuBaroThes Bia 13,4 Mlla no
107 MIla.

Bapro 3ayBakuTu, 1O B 30HAaX, SKI 3TJHO 10 OINIALY JITEpaTypu €
KOHIICHTpAaTOpaMH HaMpy>EHb, a caMme rajTesl JUCKIB CTYNEHIB, TEPMOKOMIICHCAIIIITH1
KaHABKU YIIIJIbHEHb, HE BIAMIYEHO 3HAYHOTO PIBHA HAMNpyXeHb HAa HOMIHAJIBHOMY
pexumi pobotn. OnHaK mMiJ Yac 3MIHHMX PEXKUMIB EKCIUTyaTalli came Iii 30HH
3a3HABATUMYTh /11 HABUIIUX HAMIPYKECHb.

AHAJNOTIYHO JI0 TEIJIOBOTO CTaHy, PO3MOALI IHTEHCUBHOCTI Hampy)XeHb MiJ Yac

MYCKOBUX PEXHUMIB pOOOTH, MPEACTABICHO Yy BUIJIAAI TrpadikiB 3MIHU HaNpyX eHb B

oKkpemux Toukax (puc. 4.12-4.14).
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Puc. 4.12. JIlnunamika 3MiHH IHTEHCUBHOCT1 HANPy>K€Hb B XapaKTEPHUX 00JACTAX poTOpa

cepennboro Tucky TypOinu K-200-130 mpu mycky 3 X0JIOJHOTO CTaHy

[IpoBoasiun MOJETIOBaHHS IMYCKY 3 XOJIOJHOTO CTaHy CIOCTEPIratoThCs BHUCOKI
HAIpY>KEHHS, 0 MOXYTh CYTTE€BO BIUIMBATH HA JIOBTOBIYHICTH 1 €KCIUTyaTallliHy
HaJliHICTh poboTH poropa. IIpoaHamizyBaBIIM HampyKeHO-Ae(hOPMOBaHUI CTaH
MOJI’KHA BIIMITHTH, 110 HaWOIIBII 32 MOJYJIEM HAMPY>KEHHS! CIIOCTEPITaloThCA Y JIBOX
KPUTHUYHUX 30HAX.

[lepioro 30HOIO SABISIETHCS TEPMOKOMITEHCALIIHA KAHABKA MK JIPYTUM Ta TPETIM
CErMEHTOM TMEPETHHOTO KIHIIEBOTO VIIUIbHEHHS (00JacTh 2), /e HANPYKEHHS JOCATAE
440 Mlla. [lana o0macTh 3a3Ha€ IHTEHCHBHUX TEPMIYHMX HABaHTaXXEHb dYepes
HEpIBHOMIpHE HarpiBaHHs MaTepiany.

[anTens perymiorodoro crymeHsi 3 OOKy HacTymHOro crymeHsi (o0macth 5) €
JPYrOI0 KPUTHUYHOIO 30HOIO 1 B J1aHiil o0sacti HanpyxkeHHs csaratoTh 447 Mlla. IlikoBi
HaANpy>KeHHS B AKIH BUHUKAIOTh i JI€I0 K OChOBHUX TaK 1 BIALEHTPOBUX CHIL

[HmMMu oOsacTAMH, SKI MIAAAIOTHCS BUCOKUM HANpPY>KEHHAM € YCl TEmJIoBI

KaHABKU YIIUIbHEHb Ta TajTell CTyneHiB TypOiHu. B maHux micusgx icCHye MMOBIPHICTh
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3apOJKEHHSI TPIMIUH i Yac mycky. CInil 3a3Ha4uTH, 10 BCl 30HU OKPIM 6 MiIIaI0ThCS
BIUIMBY CTHCKAIOYUX 3yCHJIb OUTBIIICTD Yacy Mij] 9ac MyCKOBUX IPOIIECIB.

[IpoTunexxHa cuTyallisi CIOCTEPraeThCsi B 30HI OCHOBOTO OTBOPY pOTOpa Mif
PEryJIOI0UNUM CTYTIEHEM, KA 3aBXKIHM 3a3HA€ BIUIMBY PO3TATYIOUUX 3yCUJTb, 110 3aJI€KATh
B1J1 yacTOTH oOepTaHHs TypOiHu. I1ix yac cuaxpoHizali TypOiHU 3 €HEPrOCUCTEMOIO B
JaHiil 006JacTi MOYKHA CIIOCTEPIraTé MaKCUMallbHE 3HAUCHHS HApPY>KEeHHS, 110 csArae 225
MITa. [IpuunHOIO 1IHOTO € TMHAMIYHI IPOLIECH, sIKI BIOYBAOTHCS MMiJI Yac Y3TOKEHHS
4acTOTH OOEpTaHHS POTOpa Ta YACTOTH MEPEXi, ajiec BapTO BIAMITUTH IO TiJ Yac
CUHXPOHI13alli1 TaKOX B110YBA€THCS 3MiHA HABAHTAKEHHS HA €JIEMEHTH O0JaHAHHS.

B mnopanpimioMmy mij 9ac MIaBHOTO BHUXOJY TypOOYCTaHOBKM Ha HOMIHAJIbHI
napaMeTpu, HanpyKeHHs OCTYIMOBO crajaae, ctadbim3yeThes Ta nopiBHioe 130 Mlla B
MOMEHT KOJIU TOTYXHICTh cTaHOBUTH 200 MBT. [IpnunHOI0 1IbOTO € BUPIBHIOBAHHIO
TEMIIEpATypHUX TPAJI€HTIB Ta 3MEHIICHHIO BIUIMBY TMEPEXiIHUX pEXUMIB Ha

HanpyKeHo-1eGopMoBaHuii CTaH potopa (puc. 4.12).
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Puc. 4.13. JIlunamika 3MiHH IHTEHCUBHOCT1 HaMpy>KeHb B XapaKTEPHUX 00JACTSIX poTOpa

cepennboro Tucky TypOinn K-200-130 npu mycKy 3 HEOCTHUTIIOTO CTaHy
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[Tig wac mycky Typ6inu 3 HC cnoctepiraerbes 3arajibHe 3MEHIICHHS HaNpPy>KeHb
32 MOJAYJIEM Y BCIX JIOCHIIP)KYBAaHUX TOYKAX KOHCTPYKIIi B MOPiBHSAHHI 3 yckom 3 XC.
JlaHe 3HWXKEHHS TIOB’S3aHE 3 MEHII IHTEHCHBHHMH TEIUIOBUMH Ta MEXaHIYHUMU
HABAHTAKEHHSAMH, K1 BUHUKAIOTh HA TOYATKOBUX €Tarax IMycKy.

[Ipore, sax 1 npu nycky 3 XC, BapTO BIAMITUTH, 1[0 3HAYEHHS MaKCHUMaJIbHUX
Halpy>KeHb  3HAXOJATHCSI B THUX CaMHUX KPUTHYHUX 30HAX: 30KpeMa y
TEPMOKOMIICHCAIIMHIA KaHaBIlI MDK JPYyrMM Ta TpPETIM CErMEHTaMHu IepeIHbOIO
KIHIICBOTO YIIUIbHEHHS (007acTh 2) Ta B TajTeNl PEryJIIO0Yoro CTYMEeHS 31 CTOPOHU
HACTYMHOro cTyneHs (00sacteb 5). Y nux o0nacTsax HanmpykeHHsa cTaHoBIATH 280 MIla
ta 360 MIla BiAMmoOBiAHO, IO € HUXKXYUM IMOPIBHAHO 3 MycKoM 3 XC, ajie € BUCOKUMU
3HAYEHHSIMU BIIJIOMY.

Kpim Toro, B pe3ynbTari JOCIIIKEHHS BUSBHICHO, 1[0 B OCLOBOMY OTBOPI MiJl
PEryJIoUoI0 CTYIIIHHIO HampyKeHHs jnocsratoTh 3HaueHHs 200 Mlla (puc. 4.13). Le
BKa3ye Ha Te, 0 JaHa 00JacTh € TAKOXK KPUTUYHOIO, XOUa PIBEHb HANIPYKEHHS Y HIN €
JIEII0 MEHIITUM TOPIBHSHO 3 THIIMMH 00JIacTsIMHU.

[cHYIOTH IT€BH1 3aKOHOMIPHOCTI 3MIH HAIIPYEHb M1 Yac 3amycKy SK 13 XOJI0IHOTO
crany (XC), tak 1 3 Heocturioro crany (HC), mo 3ymoBieHo crenudikoro
TEPMOMEXaHIYHOTO HaBaHTAXXEHHS poTOpa TypOiHM B MyCcKOBUX peknmax. Ha erami
MOTIEPETHHOTO TIPOTPIBY POTOpA HAMPYKCHHSI 3aJIMIIAIOTHCS BITHOCHO HU3BKHUMH,
OCKIJTbKM TEMIIEpaTypHl TpaJi€eHTH B MaTepiaii Iie He3HauHi. lle mosicHIoeThCs
MOCTYIIOBUM ITiIBUIIIEHHSIM TEMIIEPATyPH ITiJI BIUIMBOM HEBEJIMKUX TEIIOBUX IMOTOKIB,
110 3an00Irae pi3KUM MEeXaHIYHUM AePopMallisiM.

[Ile o/HI€0 CIIUTEHOIO OCOOJIMBICTIO € T€, 1110 B MOMEHT BiJl CTAPTOBOTO MOIITOBXY
TypOIHU 10 BUXOJY Ha XOJIOCTHH X1/ BIIOYBA€ThCS CTPIMKE 3pOCTaHHS HaNpyXeHb. Lle
3YMOBJICHO 3MIHOIO JMHAMIYHMX HaBaHTAXKEHb, 30KpEMa IHTEHCHBHHM BILTUBOM SIK
BIJILICHTPOBUX, Tak 1 TeruoBux cuia. Came B Iiel TepioJ HANpPYXKEHHS JOCATaE
MaKCHMAaJIbHUX 3HAa4€Hb, 10 BKa3y€ Ha Te, 0 JaHa (a3a € HaHO1IbIIT KPUTUYHOIO TTi]T
4ac 3aIycKy.

[Ticist BuXoay TypOiHM Ha PEKHUM XOJOCTOr0 XOAY Ta MOJAJIBIIOTO MEePexoay 10

poOoumMx mapaMeTpiB BIIOYBAE€ThCS TOCTYIOBE 3HIDKEHHS HampyxkeHb. lle sBuie
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OoOyMOBJIEHE CTa0Lmi3aIll€el0 TEeMIEepaTypHOro IOJii Ta PIBHOMIPHMM MPOrPiBOM
MaTepiany. 3aBepIIeHHS JaHOTO TMPOLECY XapaKTEpU3YETbCS MEPexoaoM Y
KBa3iCTAI[IOHAPHUN CTaH, NpPU SKOMY HANPYKEHHS JOCATAIOTh 3HAYEHb, IO

BIJIMOBIIal0Th HOMIHAJLHUM YMOBaM €KCILTyaTallii.
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Puc. 4.14. JIlunamika 3MiHH IHTEHCUBHOCT1 HaNpy>KeHb B XapaKTEPHUX 00JACTSIX poTOpa

cepennuboro Tucky TypOinu K-200-130 mpu mycky 3 raps4oro crany

OnHiero 3 XapakTepHUX 0coOauMBOCTeH mpu mycky TypOinm 3 I'C € Te, mo 1o
MOMEHTY CHHXPOHI3aIlli Maike BCl JOCHI)KYyBaH1 30HU, BUHATKOM € OCbOBUI OTBIpP Ta
XBOCTOBE KPIMJIEHHS PEryJIIOI0YOT0 CTYIEHS, MIJAI0ThCA 3HAYHUM PO3TIATYIOUUM
3YCUJLISAM.

[Ipore, sik 1 mpu myckax 3 XC ta HC, MakcuMasbH1 Hanpy>KeHHs CIIOCTEPIratoThCs
B TUX CaMUX KPUTUYHHX 30HAX: y TAJITEN1 PETyJII0I0U0ro CTYNEHs 31 CTOPOHH HACTYITHOTO
cTynenst (o0nacTb 5) Ta y TEpMOKOMIICHCALIMHINA KaHaBIl MK JAPYTUM Ta TPETIM
CEerMEHTaMM MEPEIHHOTO KIHIIEBOTO YIIUIbHEHHS (00s1acTh 2). MakcumaibHi 3HaYeHHS
HaIpy>XeHb y nux 30Hax nocsraioth 270 Mlla ta 220 MIla Bignosigao (puc. 4.14) 1

bikcytoTbes Ha MoMeHT yacy 4000 c, 1110 BiAMOBIAa€ MOMEHTY CUHXPOHI3allii TYpOiHHU.
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[li pe3ynabTaTH MIOKPECIIOIOTH, 10, HE3BAXAIOYM Ha BIAMIHHOCTI B pEXUMax
IYCKY, KPUTUYHI 30HU 3aJIMIIAIOTHCS HE3MIHHUMH, 110 MIATBEPKYE iXHIO BPa3JIUBICTh
710 HaBaHTakeHb. OTHAK PIBEHb HAMPYKEHb M1 yac mycky 3 ['C € HmKYUM MOPIBHAHO 3
nyckamu 3 XC ta HC, o moske OyTH OB’ si3aHE 3 MEHIIOIO IHTEHCUBHICTIO TETIJIOBUX Ta
MEXaHIYHUX HaBaHTA)KEHb Ha IOYATKOBUX €Tanax IycKy.

OTpumaHi pe3yJabTaTH LIO0 PO3MOJULY TEeMIIepaTyp Ta HampyKeHb B POTOpi
CEpEHBOTO TUCKY MPEJCTABISIOTh BUCOKHI IHTEPEC MIPU MPOTHO3YBaHHI1 I0BIOBIYHOCTI
pobotu Typ6iHu K-200-130 Ta mpomoBxkeHHI ii eKcruTyaTallii Ha TOHaAMMAPKOBUIA TePMiH

CITYKOHU.

4.3. OuniHka OMipHOCTI OCHOBHOIO MeTajy POTOpa CepeIHbOro THCKY /10

HAKONMYEHHSI MAJIOIMKJIOBOI BTOMH

OnHuM 3 OCHOBHUX IIOKA3HUKIB OMIPHOCTI poTOopa MapoBoi TypOIHH O
HAKOMWYEHHSI MAJIOIIMKIOBOI BTOMHM € JIOMYCTHMME YHCIO ITUKIIB HaBaHTaKCHHS.
MeTtonuka po3paxyHKy J[JAaHOrO MOKa3HWKa NpeacTaBlieHa B migposnum 2.4.2 Ta
0a3yeTbcsl Ha aMIUTITY/l i1HTEHCHBHOCTI naedopmaritii. [Ipu 1boMy, OCKIIBKHA MK
HABAHTAKEHHS MOE MAaTH JOBIJIbHY aCUMETPII0, PEKOMEHAYETHCS MMPUBECTU aMILTITY Ty
nedopmMaiiii 10 €eKBIBAJICHTHOTO 3HAYEHHS 3a JloroMoror Metoja Hoitbepa. JlogaTkoBo
BH3HAYAIOTHCS 1 1HIIN IMOKA3HUKH, 10 BIUIMBAIOTH HA MAJIOIIMKIIOBY BTOMY. 30KpeMa, I1e:

- 0a — aMILTITY]l IHTEHCUBHOCTI HANPY>KECHb;

- thon — HOMIHQJIBHA TEMIIEpATYpA,;

- ON — M@Xa BTOMHU JIJIS CTajll IPU HECUMETPUIHOMY ITUKIIL;

- I' — Koe(illleHT acUMeTpii HaBaHTAKEHHSI

- OB — MEKa MIITHOCTI CTaJjii Ha PO3TAT.

Bci HaBeneHi BuIlle 3HAUYEHHS pO3paxoBaHl 1 HaBeAeHI B TaOmuusax 4.1-4.3, y

BIJIMOBITHOCTI JI0 THIIIB MTYCKY.
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Tabmns 4.1
[Toxa3HUKHM MAJIOIIMKIOBOI BTOMHM IIPH ITYCKY 3 Tapsyoro CTaHy
No
0a, MIla | tyon, C | E, I'Tla r os, MIla | 6.1, MIla | on, MIla | €app, %
30HU
1 87,5 356 200,6 -1 595,9 238,3 238,3 0,0378
2 155,9 428 194,3 -1 562,5 225 225 0,0695
3 131,6 465 190,3 -1 532,7 213,1 213,1 0,0599
4 102 507 185,2 -1 4815 192,6 192,6 0,0477
5 221,7 491 187,2 -1 503,7 201,5 201,5 0,1026
6 105,8 467 190,1 | -0,21 530,7 212,3 168,3 0,0683
Ga, OB, o-1, ON, 0
MIa | towc | 1B T MIla | MIla | MITa | ™%
1 87,5 356 200,6 -1 595,9 238,3 238,3 | 0,0378
2 155,9 428 194,3 -1 562,5 225 225 0,0695
3 131,6 465 190,3 -1 532,7 213,1 213,1 | 0,0599
4 102 507 185,2 -1 4815 192,6 192,6 | 0,0477
5 221,7 491 187,2 -1 503,7 201,5 2015 | 0,1026
6 105,8 467 190,1 -0,21 530,7 212,3 168,3 | 0,0683
Tabmns 4.2
[Toka3HMKN MaJIOITMKIIOBOI BTOMH IIPH ITYCKY 3 HEOCTHUTJIOTO CTaHY
No Oy, G-1,
tuons C | E, I'Tla r o, Mlla on, MIla | €,np, %
3o | Mlla Mlla
1 90,2 356 200,6 -1 595,9 238,3 238,3 0,039
2 145.,4 428 194,3 -1 562,5 225 225 0,0649
3 134,9 465 190,3 -1 532,7 213,1 213,1 0,0614
4 110,2 507 185,2 -1 481,5 192,6 192,6 0,0516
5 241.,6 491 187,2 -1 503,7 201,5 201,5 0,1118
6 106,2 467 190,1 | -0,07 530,7 212,3 157,6 0,0733
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Tabmanis 4.3
[Toxa3HUKM MaJOLMKIIOBOI BTOMHU IIPU ITyCKY 3 XOJIOJIHOTO CTaHy
No Oa, o.1,
wornt | MTa tiow, C | E, I'Tla r os, MIla MIa on, MIla | €unp, %
1 134,8 356 200,6 -1 595,9 238,3 238,3 0,0582
2 225,2 428 194,3 -1 562,5 225 225 0,1004
3 192 465 190,3 -1 532,7 213,1 213,1 0,0874
4 133,2 507 185,2 -1 481,5 192,6 192,6 0,0623
5 282,2 491 187,2 -1 503,7 201,5 201,5 0,1306
6 109,7 467 190,1 0 530,7 212,3 151,6 0,0776

Matouu Bci BUIIE HABEJICHHI pe3yJIbTaTH B1JIOYBAETHCS PO3PAXYHOK JTOMYCTUMOIO

YKCla IUKIIB HAaBaHTA)XCHHS 10 IMOSBH TpiMHM y BignosimHocti 3 [75]. Tomy

BpPaxXOBYIOUHU THUII TyCKY IMiICYMKOBI pe3yJbTaTH HaBeeH1 B Tabnuili 4.4.

Taomung 4.4

Ormiaka nomyctuMoro uucia myckiB mist potropa CT typ6inu K-200-130

JlonmycTuMe 4ucio UUKIIIB 3 XononHuit Heocturmuit | T'apsunii ctan
BpaxyBaHHSM 3aI1aciB MIITHOCTI CTaH CTaH
Na/ny 2200 3150 4000
N2 2900 4100 4800
N 2110 3020 3840

4.4. IlopiBHSIHHSI OTPUMAHUX Pe3yJIbTATIB 3 POOOTAMH IHIIMX ABTOPiB

JIns miATBepKEHHS MPABUIBHOCTI OTPUMAHHUX PE3yJbTaTiB OYyJIO MPOBEIACHO

MOPIBHSUTPHUIM aHami3 13 JaHUMHU, HABEACHUMH B poOOOTax IHIIMX HAyKOBIB. B

pe3yNbTaTi 4Oro BiAOYJIAcs OIlIHKA CTYMEH1 BIIMOBITHOCTI MTPOPAXOBAHUX MApAMETPIB 3
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TEOPETUYHUMHU MOJIEIISIMU Ta EKCTICPUMEHTAILHUMH JIAaHUMH, 110 BXKE € OMyOIIKOBaHI y
HAyKOBIH JiTEpaTypi.

Y nmanoMmy pos3niii HaykoBoi poOOTHM Oyno TPOBENCHO KOMIUICKCHHUN aHawi3
HaIpy>KEeHO-1e(POPMOBAHOTO CTaHY Ta PECYPCHUX MOKA3HUKIB pOTOpa MapoBOi TypOiHU
K-200-130. Tomy pe3ynbTaTd, 110 OyJIO OTPUMAHO, MOPIBHSHO 13 3HAYEHHSIMH, IO
MpUBECH] Y HAYKOBIii po0OoTi [83], 3811 MepeBipKH IXHBOI JOCTOBIPHOCTI.

3a OCHOBHY OYJIO B35TO JOCIIKCHHS /il CTATUYHUX 1 [MUKIIYHUX HaBaHTaXEHb,
110 € TOJIOBHUMH (DaKTOpamMH B BHU3HAUYEHI1 0€3MEUHOro TepMiHy eKCIUTyaTalli potopa. B
mporeci 9oro Oyno po3paxoBaHO MapaMETpy HaNpyKEHO-ACPOPMOBAHOTO CTaHy, SKi
JTO3BOJIMIIN OI[IHUTHU XapaKTEPUCTUKH MIITHOCTI MaTepialy Ta 4yac oro pyiHyBaHHSI.

[IpiopuTteTHUM pPE3yJIBTATOM AOCTIIHKCHHS € BHU3HAYCHHS JOMyCTHMOTO YHCIa
[IMKJIIB HABAHTAXKEHHS. 3TIHO 3 MPOBEJACHUMHU PO3paxyHKaMH, 11€ 3HAUCHHSI CTAHOBUTh
2110 nukmiB, a BIAMOBIIHO 10 AOCHIKeHBb aBTopa [83] BoHO mopiBHIOE 2300 HUKIIIB.
Piznuns y 190 nukiis, abo x 8,2%, naHa po30DKHICTE MOXJIMBA yepe3 BIIMIHHOCTI B
METO/OJIOTIT PO3paxyHKy. AJle Take HE 3HAYHE PO3XOKEHHS pe3yJbTaTiB HE €
KPUTUYHUM, a TOMY, OTPMMaHi 3HAYCHHS MOKHA BBaYKaTH TOYHHUMH JIJISI TIPAKTUIHOTO
BUKOPHCTAHHS.

[HIIMM TIOPIBHSJIBPHUM TIAPAMETPOM € 3HAUYCHHS IHTEHCHBHOCTI HaIpYy>KEHb,
pE3yNbTaTH SKOTO MiATBEPKYIOTh BIANOBIAHICT, OTPUMAHUX JaHuX. B Tabmuui 4.5
MPEICTABIICHO JCTAbHY 1H(OPMAIliI0 MO0 CIIBCTABJICHHS PE3YJbTaTiB, IO B CBOIO
Yepry J03BOJISIE OL[IHUTU CTYMiHb Y3TOJI)KEHOCTI MK JJAHUMH IIbOTO JOCIIJIKEHHS Ta
pesynabTaTamu aBTopa [83].

3aragoMm, OTpPUMMaHI PE3YJNbTATH MiIATBEPKYIOTh KOPEKTHICTh 3aCTOCOBAHOI
METOJMKH PO3PAaXyHKy Ta JO3BOJISIIOTH 3pOOUTH OOTPYHTOBAHI BUCHOBKM WIOJIO

0€3MeyHOro TepMiHy EKCIUTyaTarlii poTopa mapoBoi TypOiHH.
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Taomung 4.5

[TopiBHsIBHUI aHAJI3 IHTEHCUBHOCTI HaIIPY>KEHb B POTOPA CEPEIHHOTO TUCKY TypOiHU

K-200-130 B MOMEHTH HaOUTBITOTO HABAHTAXXEHHS B 30HI MEPEIHIX KIHIIEBUX

VIIIbHEHb
Po3paxyHkoBe | AHaJIOIIYHI o
' Po361kHICTE, | PO301KHICTD,
Tun mycky 3HAa4YeHHS 0;. | JaHi 3 poObOTH
MIla %
MlIla [83], MI1a.
XO0JIOTHUH
220 211 9 4,1
CTaH
Heocturaui
280,2 259 21,2 7,5
CTaH

[Ipoanaini3yBaBIIM BUIICHABEJCHI HAMNpPYKEHHS TMiJ Yac IYCKOBUX PEXHUMIB
po6otu TypOiam K-200-130 MokHa 3p0OHTH BUCHOBOK, IIO PO301KHICTE 3 pe3yIbTaTaMu
MPUBEICHUMHU B poOOTI [83], € TakoX HE3HAUHUMHU 1 3HAYEHHSI OTPUMAaHI IiJl 4ac
JOCITIJKEHHSI TIPEJCTaBISI0Th HayKoBUM 1HTepec. PO30DKHOCTI MiX pe3yiabTaTaMu

cKkJanarTh 4-8%.

4.5. Ilporno3yBaHHsl palioHAJILHUX Pe:KUMiB poooTu eHeprodoxky 200 MBT

3 TypOinor K-200-130 ais 36inblieHHs pecypCHUX MOKA3HUKIB

Pamionanizamisi peXuMiB MYCKy NapoBHX TYpOiH € BaXIMBUM acCIEKTOM
e(eKTUBHOI pOOOTH €HEepreTHYHOro oOianHaHHs. B pe3ynbTaTi yacTUX MYCKIB Ta
3YyNUHOK TYpOIHM BUHHUKAIOTh 3HAUHI MEXaHIYHI Ta TEpPMIUuHI HAaBAHTAXEHHS, SKi
BIJIMBAIOTh HA pecypc il OCHOBHMX BY3IIB, 30Kp€Ma pOTOpa, KOPMYCY, YIILJIbHEHb 1
T AIITATTHUKIB.

Oxpim 3MeHIeHHs 31ocy aig Typoinu K-200-130, pamionanizaiiist peXkuMiB MyCKY
JI03BOJISIE  3a0€3MEYUTH CTAOUIbHICTh BHPOOHMIITBA €JIEKTPOEHEPTii Ta MIJBUIIUTH

3arajbHy €KOHOMIYHICTh pOOOTH CTaHIIII.
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B nmanomy pozaini po3rasHEMO pe3yibTaTd MPOBEACHHUX JOCIIHKEHb Ta
pO3paxyHKiB, IO MATBEP/KYIOTh JOUUIBHICTh OOMEXKEHHS KIUIBKOCTI ITyCKIB Ta
BCTAHOBJICHHS PAlllOHATBHUX PEXUMIB POOOTH PEKUMY EKCILTyaTallli.

VY BIANOBIIHOCTI 1O o3Iy 2.4.2 pO3paxyHOK 3aJIMIIKOBOTO HAINpPAIIOBAHHSA 10

HOSIBH TPIIIMHH [ 7]30,; BIZOYBa€THCS 33 (HOPMYIIOIO:

1-11' /
[Tloan = 7= 11,,-, + Xy o (4.1)

Nll

[Ipore BapTO 3a3HaUNTH, 10 B pO3paxyHKax JaHOi HAYKOBOI poOOTH B1/10yBa€ThCS
OLlIIHKA 1HAMBIAYyAJIbHUA pecypc AJiE HOBOTO OJIOKY, Tak 3BaHMU pecypc. B Takomy
BUMAAKY, OyJe BIJICYyTHE MOIIKO/UKEHHs Bl HampaifoBaHHs. | Tomy Qopmyna ans

PO3paxyHKIB IHAMBIAYaJIbHOTO PECYPCY B POKaX MaTUME BHUIJISA:

Gyj = : (4.2)

J —mel? xc; | (1=XCYTC; (1-XC-(1-TC))
T Nxd T rd T [Nad)

Sk 1 mpu mpoBeAeHHI PO3paxyHKIB, CIPSIMOBAHMX HA palllOHAI3AIl0 poOOTH
CHepreTUYHOr0 OONaAHAHHS 3 YpaxXyBaHHSIM IMEPEBUTPATH MalMBa, TaK 1 JJIsS JAHOTO
JOCIIJKEHHSI, BUOIp TpaHUYHMX 3HAYEHb BapIIOBAaHHA PEXKUMHHUX MapamMeTpiB
3MIIMCHIOBABCS 3a aHAJOTIYHUM mpuHUUnoM. lle mo3Bossie 3a0e3meunT KOPEKTHICTh
MOJICTIIOBaHHSI Ta Y3TO/KEHICTh OTPUMAHHMX pE3yJdbTaTiB 3 pEATbHUMU yMOBaMH
eKCIUTyaTaIlii:

1) cepenHbOpiYHE HAMpalOBaHHS €HEProoJIoKy t; 3MiHtoeThCs Big 2000 no 6500
T'OJIUH Ha PIK;

2) piuHa KITBKICTH ITycKiB N Big 20 10 75 pasis;

3) wacTtka myckiB 3 xoJiogHoro crany metainy XC;i Bix 0,3 1o 0,8;
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4) nons MycKiB 3 TapA4oro CTaHy B MEXaxX YacTKUM IYCKIB 3 rapsdoro Tta
Heocturioro cradis I'Cj 3miHroeThses Big 0 1o 1.

3acTOCOBYIOYH PO3pOOJIEHY PO3PAXYHKOBY MOJIEb, OYJ0 MPOBEACHO aHami3 Ta
ONTHUMI3AIIII0 PEXKUMIB EKCILTyaTallii eHepro0aoky notyxHictio 200 MBT 3 Typ6inoro K-
200-130. B mportieci po3paxyHkiB Oy BpaxoOBaHi KJIIOUOBI €KCIUTyaTallliiHi (aKTopH,
30KpeMa BIUIMB PEKUMIB HABAHTAXKCHHS HA TEPMIUYHUN CTaH OCHOBHHMX CJICMCHTIB
TypOIHH, a TaKOX OILIIHEHO AMHAMIKY HampyXeHO-Ie(POpPMOBAHOTO CTaHy EJIEMEHTIB
eHeproOJIOKy Mij yac 3MiHU NOTY>KHOCTI. OcoOIMBY yBary mpHIiJIeHO yMOBaM MyCKy Ta
3YyNUHKU TypOIHH, OCKIIBKUA came B IIi MOMEHTH BiJOYBa€ThCs HAMOIIbII iHTCHCHBHE

HaBaHTaXeHHA. Pe3ynbTaTu po3paxyHKiB MPUBENICHI Ha PUCYHKY 4.15.

HS, % . . G, Tic. rox
300

100

291

282

273

264
256
247
238
229

t, TOJI 220

0 .
2000 2900 3800 4700 5600 6500

Puc. 4.15 [iarpama iHIuBIIyaJIbHOTO pecypcy eHeprooiaoky 200 MBT B 3aie:kHOCTI Bij

HOro pe>XMMHUX MapaMeTpiB
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[IpoananizyBaBiM [iarpaMy 1HIWBIAYalbHOTO PECypCy, MOXKHa TPUUTH [0
BHCHOBKY, 1110 ICHY€ 0€3J1i4 BapiaHTIB OpraHi3allii mpoieciB poO0TH eHeproooIaJHaHH,,
MPOTE HE BC1 BOHU € €)eKTUBHUMU 1 EKOHOMIYHO BHT1THAMHU.

30KkpeMa B CHOTOJAHINIHIX pealiiXx Ha €Heprood’eKTax opraHizoBaHa poOorta 3
BEJIMKOI0 KUIBKICTIO IYCKIB 3 Tapsyoro CcTaHy Ta MajluM CepeIHbOPIYHUM
HaIpaIIOBAaHHSAM ITUM CaMHM BiIOYBA€ThCS 3MEHINCHHS 3HAYEHHS 1HJIUBIIYalbHOTO
pecypcy Typ6inu. Ilpu Takux ymoBax naHuii mapameTp gopiBHioe 220000 ron, mio
BIJIMTOBIIa€ 3HAYEHHIO MAPKOBOTO PECYPCY MAHOTO 00JIaTHAHHS.

Haiibinpin  pamioHadbHUM — PO3MOJIJIOM  PEKUMHHUX IapaMeTpiB  poOOTH
€Hepro0JIoKyY 1110 3a0e3Ieuye HaWBUIIMM 1HAUBIIyaIbHUN pecypc €.

1) ti = 6000-6500 roa/pik;

2) nj = 20-26 pix’t;

3) XCi = 0,74-0,8, I'C; = 0,15-0,26, HC;; = 0-0,11.

Pamionamizamiss pexxumiB mycky mapoBoi Typ6iam K-200-130 € xirodoBuM
dbakTopoM MIABUINEHHS 11 €KCIUTyaTalliiiHOi e(pEeKTHMBHOCTI Ta HaJIAHOCTI. AHaI3
MOKa3aB, 110 MiATPUMKA HaMpalloBaHHs eHeproooky B Mexxax 6000—6500 roauH Ha pik
Ta 0OMEXEHHS KITBKOCTI IMycKiB 710 20—26 pa3iB J03BOJISIE:

- MIHIMI3YBaTH TEPMIUYHY BTOMY MaTepiajliB Ta MPOJOBXKHTH TEPMIH CIyKOU
OCHOBHHX €JICMCHTIB,

- BHU3UTU PU3MK aBapiiHUX 3YMMUHOK Ta HE3aIUIAHOBAHUX PEMOHTIB,

- 3a0€3MeYUTH EKOHOMIIO NaJIMBHO-CHEPreTUYHUX PECYpCIB Ta 3MEHILIUTH
eKCILTyaTalliitHl BUTPATH.

BpaxoByroun 1ie innuBigyaasHuit pecypc cranoButh 300000 ro.

[lepexin BiJ pPeXUMY YacCTUX TapAyuMXx MYCKIB Ta MAajoro CepeIHbOPIYHOIrO
HAIPAIIOBAHHS JI0 PEKUMY MEPEBAXKHOTO 3 BUKOPHUCTAHHSAM XOJIOJHHX MTYCKIB 1 POOOTI 3
BEJIMKUM HAaIpaIlOBaHHSIM J03BOJIsi€ 30UTbIUTH pecype Typ6inum Ha 80000 rom, mio
CTAaHOBUTL OJIN3LKO 26,7 %.

OTpumani pe3yibTaTH MOXYTh OyTH BUKOPHUCTaHI JUIsl PO3POOKH pEeKOMEHAIlIN
I0/I0 parfioHami3amii poOOTH MapoBUX TypOIH Ha TEIJIOBUX EJIIEKTPOCTAHINAX, IO

COpHUATUME 3MEHIIEHHIO eKCIUTyaTallliHUX BUTPAT Ta MIABUIICHHIO HAAINHOCTI
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eHeprocucTeMu 3arajoMm. I[lomanmbpie BIOCKOHANIEHHS EKCIUTyaTalliiHUX pPEKUMIB
TypOIHM MOYKE€ BKJIFOYATH BIIPOBA/KCHHS CHCTEM IIPOTHO3HOTO JIarHOCTYBAaHHS CTaHY
oOnaHaHHSA Ta QJaNTHBHOTO KEpyBaHHS ITyCKOBMMH Tmporiecamu. lle mo3BoiMTH
JIOJATKOBO IIIBUIITUTH HAJIMHICTh pOOOTH €HEProOJIOKIB Ta 3MEHIIUTH BUTPATH HA X

00CITyroByBaHHS.

4.6. Pexomenagaumii moao pexumiB podoru eHeprodjokis 200 MBT nis

NiABMIIECHHS IHIMBIAYaJbHOI0 pecypcy Ta eKOHOMIl majJnBa

[IpoBiBIIM  JOCHIKEHHS MOXKHA 3pOOMTHM BHCHOBKM IIIOJI0  HaMOLIbII
palliOHAIbHUX PEKUMIB pOOOTH eHepro0iokiB notyxHicTio 200 MBT, 1110 3a0€3neuyroTh
OaslaHC MIDK €KOHOMIEIO TTaJTMBa Ta 30€PEKEHHSIM PeCypCy €HEPreTUYHOTO 00JIaIHAHHS.

OTtpumaHni pe3yJibTaT BKa3ylOTh Ha T€, 110 HAHOUIbII e(EKTUBHI PEXKUMHU pOOOTH
JOCSTAETHCS PU TAKUX YMOBAX:

- Piune HampaitoBanus: 5500-6500 roguH Ha pikK.

- KinbkicTs myckiB Ha pik: 20-32.

- Yactka myckiB 13 xonoaHoro crany (XC): 0,6-0,8.

- Yactka myckiB 13 rapsigoro crany (I'C): 0,15-0,25.

- Yactka myckiB i3 Heocturioro crany (HC): 0,05-0,15.

Jlani yMOBHU J03BOJIAIOTH MIHIMI3YyBaTH BUTpPATy YMOBHOTO IajuBa Ha PiBHI O
331-340 r.y.n./xkBt-roxa. [IpoTe BUXxoas4u 3a AaHi PEKUMHU MOKHA CIIOCTEPIraTé 3HAYHE
3MEHIIEeHHs €()eKTUBHOCTI poOOTH 00agHaHHS 1 301IbIIIEHHS BUTpaTH naiausa Ha 20 %,
110 CYTTEBO BILTUBAE HA EKOHOMIUHY €(DeKTUBHICTh po00TH. TakoxX, Mpu poOOTi B TAKOMY
pexuMi, IHaUBIyanbHUN pecypc eHeproosoky 200 MBT BcranoBmoetbest Ha piBHi 300
TUC. ToJ, o Ha 26,7 % (80 Tuc. rox) nepeBuIly€e MapKOBE 3HAUYCHHS.

HaamipHa KiJbKICTh MYCKIB Ta 3yMMHOK €HEPro0JIOKY MPU3BOAUTH A0 MEXaHIYHUX
Ta TEPMIYHUX HAaBaHTAXKCHb, 110 BUHUKAIOTH B OCHOBHUX BYy3JaX TYypOiHHM, TaKUX SK
potop, JnomaTtku, kKopmyc. lle 3MeHmye 3araibHHII pecypc Ta 3HAYHO 301IbIIyE

eKCIUTyaTalliiiHi BUTpaTd Ha oOcayroByBaHHd. ONTUMaNbHI pPEXUMU POOOTH,
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pPEKOMEHJIOBaHI B JaHii pPOOOTI, JO3BOJISIIOTH MIiHIMI3yBaTH Il HABAHTAXKCHHS Ta
MIPOJIOBXXUTH TEPMIH CIY>KOU 001aTHAHHS.

Xoya maHi pekoMeHaIlii po3po0IieHi ajig eHeprobokiB moTyxHicTio 200 MBT 3
Typb6iHoro K-200-130, ta enepretuynuM kotiom TII-100, mpoTe iCHye MOMKIHMBICTH
aJanTyBaTU JJaHy METOJUKY JIJISl 1HIIHUX TUIIB €HEPTOOJIOKIB.

Ile poOuth pe3ynabTaTH IOCIIHKCHHS YHIBEPCATHPHUMH Ta TPHIATHUMH IS
3aCTOCYBaHHS B PI3HHUX raidy3siX €eHEpreTuku. 30kpeMa OyJio 3anpornoHOBAaHO KOHKPETHI
peKoMeHIallli o0 palioHami3alli pexkuMiB poOOTH €HEpProOJIOKiB, AKI MOXKYTh OyTH
BUKOPUCTAaHI  €HEPreTMYHMMH  KOMIIAHISIMM  JJIA  MIJBUIIEHHA  €(EKTUBHOCTI

BUPOOHUIITBA €JIEKTPOEHEPTI.

BucnoBku 10 po3uiny 4

1. [IpencraBieHO reoOMETpUYHY MOJENb HAWOUIbII HABAHTAKEHOI YaCTUHU
potopa cepeanboro THUCKy TypOiHu K-200-130 — Bijx cepeauHu MMHAKKU Baldy B 30HI
OTIOPHO-YMOPHOTO MiIIUITHAKA 0 AUCKY 5-TO cTymeHs. JlocmiKeHHs TerIoBOTro Ta
HaIpY>KEeHO-1e(POPMOBAHOTO CTaHy POTOpA IiJl Yac MYCKy 3 PI3HUX TEIJIOBUX CTaHIB
BUKOHAHO Y JBOBUMIPHIN MTOCTAHOBII 3 BAKOPUCTAHHIM METOy CKIHUCHHHUX €JIEMEHTIB.
Po3paxyHkoBa ciTka MojieJli poTopa He € PIBHOMIPHOO, BOHA Ma€ OUIBIITY IIIJIbHICTh BiJl
OCBOBOTO OTBOPY POTOpa J0 30BHIMIHBOI MOBEpXHI. Po3Mip HalO1IbIIIOT0 CKIHYEHHOTO
eseMeHTa — 15 MM, HaliMeHIoro — 1 mm. B pe3ynbTaTi 4oro ciTka po3OUTTS Ma€ MOHAL
55 TUCSY CKIHYEHUX €TIEMEHTIB.

2. BusznadyeHHs po3noaily TEpMIYHUX HAMIPY>KEHb B POTOP1 CEPETHHOTO TUCKY,
BUPILIYE 3a/1aya HECTAI[IOHAPHOT TEIIONPOBIAHOCTI. JJIs BUpIIIEHHS 1i€1 3a/1a4l Ha BCIX
MOBEPXHIX pOTOpa 3aJal0Thesl rpaHnyHi ymoBu TemiooOminy I 1 I pony. I'panuuni
ymoBH Il poay 3a7at0ThCs IO TEIVIOBOMY MOTOKY Ha MOBEPXHI poTopa. ['paHUYHI yMOBH
III pony omnucyroTh 3aKOHOMIPHOCTI KOHBEKTHBHOTO TEIJIOOOMIHY MIK MapOBUM
CEpEeIOBUILIEM Ta 30BHIIIHBOIO MTOBEPXHEIO METAIy POTOpA.

3. [Ipu poGoTi Ha HOMIHAJIBHOMY pexkuMi po3paxyHku TC moka3yroTh, 110

MaKcHUMaJbHa TemrepaTtypa Metaity craHoBUTH 508 °C B 001aCTi perynovoro CTyneHs,
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aJyie TaKOX CJIiJ] 3a3HAYUTH, 110 3MEHIIICHHS TEMIIEPATyPH MO XOAY MapH € TIaBHUM TI0
Mipl BIJIAJCHHS 1 Ha KIHI JOCTipKyBaHO1 o0macTi ctaHoBUTh 370 °C, a B HampsIMKy
KIHIIEBUX YUIUIbHEHb TMepernaj € pI3KIMMM 1 TeMIeparypa KIiHIEBHX YUIUIbHEHb
craHoBuTh 187 °C. TemmepaTypa OCbOBOTO OTBOpPY i PETYIIOIOYUM CTYIEHEM
craHoBUTh 416 °C. Pozpaxynku HJ/IC mnoxka3zanu, mo MakCHUMallbHI HaIlpy>KEHHS
CTIIOCTEPIratoThes Mpu poOOTI HA HOMIHAIBHUX MapaMeTpax IMiJl PeryIolUuM CTyIICHEM
B 30H1 OCBOBOTO OTBOPY 1 cKanaioTh  ¢;=134MIla, nanuii po3no/Ii MOsSICHIOETHCS TUM,
IO PETYJNIOI0Ya CTYIHB SIBISETHCS TUITHKOI 3HAYHOTO 30CEPEKEHHS MacH 1 i 9ac
J1i BIALICHTPOBUX CUJT BIOYBA€ThCSl iX BUHHMKHEHHS. B 1ijomy mig 4yac poObOTH Ha
HOMIHAJIbBHOMY pexkuMi Bci iHmn o6smacti PCT 3Haxomarbes mig HE 3HAYHUMU
HaIpYKEHHAMH, 10 KosmBatoThes Bix 13,4 Mlla no 107 MITa.

4, [Ipotsirom mycKiB 3 PI3HUX TEIUIOBUX CTaHIB HAWOUIbIII 3a MOIYJIEM
HaIPY>KEHHS CIIOCTEPIraloThCs B TEPMOKOMIIEHCAIIIMHIN KaHABIl MK JIPYTUM Ta TPETIM
CErMEHTOM IEPEAHBOr0 KIHLEBOIO YIIIJIBHEHHS 00J1acTh 2 Ta B rajTeNl PEryJrordoro
CTYIICHS 31 CTOPOHHU HACTYITHOTO CTyIeHs 00yacTh 5. Tak 1y1st 06sacti 2 Hanpy>KeHHS T
yac nycky 3 XC cranoButb 458 Mlla, npu mycky 3 HC — 280 MlIla, I'C — 220 Mlla, s
o0nacTi 5 BIAMOBIAHI HAMpYXKeHHs JopiBHIOWOTH 472 Mlla, 360 MIla 1 270 MIla. B
IIJIOMY 3MIHU HaNpy>KeHb IS 33JIaHUX 00JIacTe! y Yyaci MarOTh Psi/i CIIUIBHUX PHUC: €Tar
MOTIEPETHHOTO TPOTPIBY POTOPY XapaKTEPU3YEThCS HE3HAYHUMH HAMPYKCHHSIMHU, B
mpolieci TOMITOBXY TYpPOIHU 1O XOJOCTOTO XOAY BIJOYBAE€THCS CTPIMKE 3POCTaHHS
3HAUEHb HAINpPYKEHb Ta IUIABHE 3MEHUIEHHS 13 3aBEpIICHHSIM CTaOuIi3alli TEernIoBOro
MOJIS TCTIS TTYCKY.

5. Pamionanizaiiisi pe:KuMiB IMyCcKy HMapoBUX TYpOiH € KITIOYOBUM (haKTOPOM
3a0e3reueHHsl X e(QEeKTHBHOI Ta HaIiHOI ekcruryartarii. [IpoBemeHe moCHimKEHHS
MIATBEPAWIIO, 110 HaJAMIpHA KUIBKICTh MYyCKiB Ta 3ynmuHOK eHeprodsoky K-200-130
MPU3BOJUTH JI0 CYTTEBUX MEXAHIYHUX Ta TEPMIYHUX HABAHTAKCHb HA OCHOBHI BY3JH
TypO1HHU, 10 3MEHUIYE ii pecypc Ta 30UIbIIye eKCIUTyaTaliiiHl BUTpaTu. PalionaasHuMu
pexxuMamMu  poOOTH i eHeprobsoky mnoryxkHicTio 200 MBT Bu3HayeHO: piuHe
HampairoBants: 6000-6500 roauH, KiIbKICTh ycKiB Ha pik: 20—26, yacTka MycKiB 13

xonoanoro crany: 0,74-0,8, gactka myckiB i3 rapsuoro crany: 0,15-0,26. [Ipu mannx
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yMOBax poOotu iHauBinyanbHuil pecypc craHoButb 300000 roxa. Ilpum npomy Baprto
3a3HAYUTH, 10 NMPU POOOTI EHEProOJIOKIB B MKOBOMY PEKHMI 1HAUBIYaTIbHUN pecypc
HAOIKAEThCA 70 TApKOBOTO 3HaudeHHs 1 cTaHoBUTh 220000 Tom, mo € MEeHIIUM
palioHaJIbHOTO 3HaueHHs Ha 26,7 %.

6. Po3pobiena meTomosoriss BpaxoBye€ PpI3HI MeEXi I1CHYBaHHS (aKkToOpiB
parfioHamizaiii, i MOXxe OyTH 3acTOCOBaHa MJii CHEPTeTUYHOro OOJIaTHAHHS Pi3HOI
MOTY)XHOCTI. PexoMeHnaiii Imoao CHUCTeMH pallioHajizaiii poOOoTH eHEeprooOJIoKiB
MOKYTh OyTH BUKOPHCTaHI €eHEPTeTUYHUMH KOMITaHISIMH JIJISI T ABUIIICHHS €()eKTUBHOCTI
BUPOOHMIITBA €JIEKTPOCHEPrii, a YHIBEPCAIBbHICTh PO3IVISIHYTOI CHUCTEMH IUJIaHYBaHHS

JTO3BOJISIE 11 IaNTyBaTU JI0 PI3HUX THUITIB €HEProOJIOKIB.
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BUCHOBKU

1. OG’ennana eHepreTuyHa YKpaiHu Ha JaHUM MOMEHT repeOyBae y BaKKOMY
crani. KirodoBuMHM mpuUYMHAMM [BOTO € 3HAYHI pPYHHYBaHHA EHEPreTUYHOI
1HQpPaCTPpYKTYpH BHACHIJOK BIHCHKOBOI arpecii pd, BHUCOKHI CTYIiHb 3HOIIEHOCTI
oOnamHaHHS, 3HAYHI BTPATU EHEPTii MiJl 4ac TPAHCHOPTYBAHHS Ta Ne(IUUT BIACHUX
NEepPBUHHUX €HepropecypciB. Bce 1e miAmTOBXye A0 JOAATKOBUX 3aXOMdIB 3
parfioHai3aiili BUKOPUCTaHHS HAsSBHUX €HEPTETUYHHUX MOTY>KHOCTEH.

2. JlocnimkeHHs HAyKOBUX JKEpENl MiATBEPANIIO HassBHICTh HETATUBHOTO BILJIUBY
3MiHHUX pexumiB pobotn TEC Ha €KOHOMIYHICTh, €KOJIOTIYHICTH Ta JOBTOBIYHICTH
po0oTH OCHOBHOTO OOJanHaHHA. BUsBIEHO, IO 3aCTOCYBaHHS METOAIB MaTeMaTHYHOI
onTuMizalli € ePeKTUBHUM IMMJAXOJAOM JUIA IMOKpPAIICHHS PECypCcoOIagHOCTI poOOTH
€HEProOJIOKIB €JIEKTPOCTAHIIIH.

3. 3anponoHOBaHO NPOBECTH pAIlOHATIZAIII0 PEKUMIB pOOOTH Ha MPUKIIAIL
eHepro6soky notykHictio 200 MBT, oCHOBHUM 00J1aIHAHHSIM SKOTO € MUJIOBYTUTbHUN
koren TII-100 ta mapoBa Typ6ina K-200-130. IIpeacraBieHo mMaTeMaTHYHY MOJIETh
pPO3paxyHKy MYCKOBUX BTpAT NWJIOBYTUIBHOTO €HEProOJIOKy, HI0 TPYHTYEThCS Ha
CHEePreTUYHHUX Ta MaTepialbHUX OajaHCcax, a TAKOXK JSIKUX METOIUIHUX PEKOMEHAAITISIX
raqy3eBUX HOPMATUBHUX JIOKyMEHTIB. 3 METOIO JOCHIIKCHHS TEeIJIOBOTO Ta
HAlpy>XEHOr0 CTaHy €JEMEHTIB EHEPreTUYHOro OO0JaJHaHHS, MPEACTaBICHO
MaTeMaTUyHy MOJENIb HECTallOHAPHOI TEIJIOMPOBIIHOCTI, CHUJIOBOI pIBHOBAaru 1
nedopmariii TBepaAUX TUL. JJOCHiIKEHHS peCypCHUX MOKAa3HUKIB MMPONOHYETHCS BECTH Y
BIIMOBIMHOCTI 110 rinoTe3n [lanpbmrpena-MaiiHepa Ha OCHOBI  OIIIHKH TEMITIB
HAKOIMWYEHHS TIOIIKO/DKCHHS B OCHOBHOMY MeETajli 3a CTaTUYHMMH Ta ITUKIIYHUMHU
MeXaH13MaMHu.

4. Po3paxyHKOBO BCTAHOBJICHO 3HAYEHHs MEPEBUTPATH CHEPrii Ha €HeprooJIoIl
200 MBrt onniei 3 TEC renepyrounx KommaHii YKpaiHU MiJ Yac MYCKIB 3 PI3HUX
TEIJIOBUX CTaHIB B €KBIBAJIEHTI YMOBHOTO MajuBa. 30KpeMa, MPH MyCKYy 3 XOJIOJIHOTO
CTaHy MEPEBUTPATH NAIUBA CTAHOBJATH 90,7 T.y.m., mpu HeocTUriiomy — 77,2 T.y.1., a

npu rapssaomy — 59,6 T.y.1. [Ipu nmpomy, cepeaHs ToIMHHA BUTpATa MaJIMBa MPU PoOOTI
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eHepro0JIOKy Ha HOMIHANbHIN NOTYKHOCTI ckaaae 64,7 T.y.n. OTpumani 3Ha4eHHs OyJ0
MOPIBHSHO 3 JaHUMHU 1HIIUX aBTOPIB JUIi MOHOOJOKIB TOTykHicTio 200 MBT 3
OapabaHHUMU KOTJIaMH. BcCTaHOBIEHO, MmO BeMMYMHA PO301KHOCTI OTPUMAHHUX
pe3ynbTaTiB He nepeBunlye 3 %.

5. 3acTtocoBaHO CHCTEMY palliOHAI3aIll PeXKUMIB pPOOOTH €HEProOJIOKIB IS
3MEHIIIEHHS CepelHbOpiuHOi BUTpaTH manuBa Ha eHeproOioui 200 MBT. LlimsoBoro
GbyHKITI€I0 CUCTeMH 00paHO MUTOMY BUTPATy YMOBHOTO TTAJIMBa 32 PiK pOOOTH B IEBHOMY
pexxuMi  ekcrutyaTailii. Pexumuum#u ¢daktopamu 0O0paHO piyHE HaNpaIIOBaHHS
€HEepro0JIOKy, piyHa KUIBKICTh MYCKIB Ta BIJICOTKOBUN PO3MOJALUI MYCKiB 3 XOJOJHOTO,
HEOCTHUIJIOTO Ta raps4oro craHiB. OcoOIUBICTIO MPEACTABIEHOI CUCTEMU € MOXIIUBICTD
BUIBHOTO BHOOpPY MeX ICHyBaHHs (hakTopiB parmioHamizamii. s mpuilHATUX yMOB
excrutyaTalii eHeproonoky 200 MBT BcTaHOBIEHO, 1110 HailMeHIlIa BUTpaTa YMOBHOI'O
najgnBa CIOCTEPIraeTbesl MPU YUCII TOJMH eKCIUTyaralii eneproosoky ti = 5500-6500
roJ/pik; piuHii KinmpkocTi myckis Nj = 20-32 pik™; o myckiB 3 X0I0IHOTO CTaHy METay
XC;=0,69-0,8, 3 rapsiaoro crany / Cj = 0,15-0,26, 3 neocturinoro crany HC;j;= 0,05-0,11.
[Tpu po6oTi B naHOMY Jiama3oHi BUTpaTa YMOBHOTO MaiuBa ckiagae 6mm3pko 331-340
r.y../kBr-roa. BiAMIHHICTF MK MaKCUMaJbHO pAI[IOHAJILHUM Ta HEpalllOHATLHUM
pexxumamu ckiagae 20 % (mepeBurpara 84 r.y.m./kBt-ron).

6. Ornsa miTepaTypHUX JDKEepen IOKaszaB, HI0 YacTO pPecypc €eHeproOiIoKy
BU3HAYAETHCSI PECYPCOM HOro HaOUIbII HABAaHTAXKEHOT'O €JIEMEHTY, SIKUM Y BUIAJKY
eneproosoky 200 MBT € portop cepemnporo THcKy mapoBoi TypOinm K-200-130.
Po3po0neHo reoMeTpuuHMil aHalor AaHOro0 pOTOpa y ABOBUMIPHIA IMOCTAaHOBII 3
BpaxyBaHHSIM OCHOBHUX KOHCTPYKTHUBHUX ocoOnuBocTeil. I[IpoBempeHo cepiro
PO3PaxyHKOBHX JOCTIIKEHb TEIJIOBOTO Ta HAIMPYXEHOTO CTaHy JaHOTO POTOpa IpH
poOOTI Ha CTAaIllOHAPHUX Ta 3MIHHUX pEXUMaX eKCIUTyartaiii. AHalli3 OTPUMaHUX
TPaJIlEHTIB TEMIIEPATYP MOKA3aB 3HAYHY HEPIBHOMIPHICTh TEMIIEPATYPHOTO TTOJIS TT1]] Yac
NYCKOBUX PEXUMIB poOOTH. 30KpemMa, MaKCUMyM TpaJi€HTIB TeMIeparyp
CIIOCTEPIraeThCs i Yac MOIITOBXY TypOoreHeparopa /10 4aCTOTH XOJOCTOTO XOAy Ta
CUHXPOHI3allll 3 €eHEProCUCTEMOIO, 110 CBIIYUTH MPO BUCOKUU PIBEHb TEMIEPATYpPHUX

HaNnpy>K€Hb B TAHUW MOMEHT 4acy.
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/. Po3monin TepMIYHMX Ta MEXaHIYHMX HANpyKeHb MiJl 4ac MyCKy 3 PI3HHUX
TEIJIOBUX CTaHIB II0Ka3aB, W0 HaWOUIbII HaBaHTAXKEHUMH O0JACTSIMH pOTOpa
cepennboro Tucky TypoiHm K-200-130 € ranmTem  perysrordoro  CTYIMEHS,
TEPMOKOMIICHCAIIMHI KaHABKH TEPEeIHIX KIHIICBUX YIIIJILHEHb, OCbOBHM OTBIp TypOIHH
B 00J1aCT1 PEryJII0I0U0ro CTYIEHs, a TAKOX PO3BAaHTAKyBaJIbHI OTBOPH JUCKIB OLIBIIIOCTI
CTymeHiB. MaKCUMyM I1HTEHCHUBHOCTI HAampyXeHb IMpPH BCIX IMYCKOBUX pEXHMax
CIIOCTEPITaEThCS B 00JIACTI TaITEN PETYII0IYOoro cTyneHs Ta ckianae 447,4 Mlla nis
IYCKY 3 XOJIOAHOrO cTany, 366,3 Mlla — 3 Heocturnoro crany, 269 Mlla — 3 rapsuoro
CTaHy.

8. JlJiss oTpuMaHUX PO3MOJUIIB TEMIIepaTyp Ta IHTEHCUBHOCTI HANpyXeHb MPH
PI3HHX pexuMax poOOTH 0yJI0 BU3HAYEHO MOKAa3HUKH MaJOLUUKIOBOI BTOMHU. JlommycTume
YHCJIO UKITIB HAaBaHTaXKEHHs TypOiHu ckianae 2110 mis mycky 3 XoJoaHoro crany, 3020
—3 Heocturioro ta 3840 — 3 rapsiuoro. OTprumMani JaH1 OyJ10 TOPIBHSIHO 3 JAHUMU THIIHX
aBTOpPIB Ta BCTAHOBJEHO, IO JJIA IYCKY 3 XOJOJHOTO CTaHy pO30IKHICTh Yy PIBHI
HaIpY>KEHb Ta JOMYCTUMOTI'0 YMCJIA IUKIIIB HABAHTAXEHHS HEe TIepeBUIye 8 %.

9. Cucremy paitioHai3anii pexxumiB poOOTH OYyJI0 3aCTOCOBAHO Y BIAHOIICHHI
MaKCHUMi3allii 1HIUBIIyaIbHOTO PECypCcy poTopa cepennboro Tucky Typoinu K-200-130
y paHilie NpeCTaBlIeHIi MOCTAaHOBIIl 3 aHAJOTIYHUMU MEXaMU ICHYBaHHS PEKUMHHX
napameTpiB. Po3paxyHKOBO BCTaHOBJIEHO, IO HAMOUIBIIMHN 1HAMBIIYaJIbHHUI pecypc
enepro6sioky 200 MBT (300 Tuc. rox) 3a0e3neuyeTbesi IpU pIYHOMY HarpaloBaHHi1 tj =
6000-6500 roxn/pik, KiabkocTi myckis N = 20-26 pik™, BigcoTKOBOMY PO3MOILI IyCKiB 3a
nonsmu XCi = 0,74-0,8, I'C; = 0,15-0,26, HC;j = 0-0,11. Pi3Huns Mix HalOUIbII Ta
HaMMEHII palioHAILHUM PEKUMOM poOoTH ckiaaae 80 tuc. rox (26,7 %).

10. Otpumani pe3yJbTaTd JOBOASATH €(GEKTUBHICTh 3aCTOCYBaHHS CHCTEMHU
parioHam3aIii pexuMiB poOOTH TETUIOBUX eJIeKTpocTaHiii. Ha mpuknaai eneprodyioky
200 MBT moka3aHO MOXIJIMBICTh 3MEHIICHHS CEPEAHBOPIYHOI MUTOMOI BUTpATH

yMoBHOr0 nanuBa 70 20 %, a Takox 301IbIIEHHS 1HIUBIAyaIbHOTO pecypcy a0 26,7 %.
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exosorisi, 2023, 4, c. 128-133. https://doi.org/10.20535/1813-5420.4.2023.290940
(PeecTp HaykoBUX (haxOBHX BHIaHb Y KpaiHu, KaTeropis «by)

2. Lishchuk S., Peshko V. «Calculation study of thermal stresses in the medium-
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3. Jlimyk C. P., [lemko B. A «JlocnimkeHHs] pecypCHUX IMOKa3HUKIB poTOpa
cepennboro Tucky TypOiHu K-200-130». Bicauk HaiioHanbHOrO TEXHIYHOTO
yHiBepcutety «XIII». Cepis: EHepreTnyHi Ta TEMIOTEXHIYHI MPOIECH W YCTaTKyBaHHS,
2024, 1, c. 6-10. https://doi.org/10.20998/2078-774X.2024.01.01 (Peectp HaykoBuX

¢daxoBux BUIaHb YKpainu, kateropis «b»)

HayxkoBi npaui, fiki 3acBifuy0Th anpodaiio MaTepiaJjiB Jucepraiii:

4. Tlemko B., Vmitko O., Jlimyk C. (2023). OuiHka nepeBUTpaTH MNajivBa
eneproosokom 200 MBT npu myckax 3 pizHux TemioBux cradiB. Scientific Collection
«InterConf+y», 33(155), 296-304. https://doi.org/10.51582/interconf.19-20.05.2023.027

5. Ouinka nepeBuTpaTu nanusa npu poooti kotya TII-100 Ha myckoBUX pexkUMax
/ JTimyk C.P., ITemko B.A. // CyuacHi ipo0emMu HayKOBOTO 3a0€3MEeUCeHHS CHEPTETHKHY.
VY 2-x 1. : Matepiamu XX MixHap. HayK.-TIpakT. KOH(). MOJIOJ. BYECHUX 1 CTY., M. KuiB,
25-28 xBiT. 2023 p. — KuiB : KIII im. Irops Cikopcebkoro, Bua-so «Ilomitexnikay, 2023.
-T.1.-C. 169-170.

6. JlochimkeHHs TEIIOBOro Ta HampyXeHOo-Ie(opMOBaHOTO CTaHy poTopa

cepeanboro TUcKy Typ6inu K-200-130 npu mycky 3 xosoaHoro crany metany / Jlingyk
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C.P., [Temko B.A. // CyuacHi npobieMu HayKOBOTO 3a0€3MeueHHs] eHEPreTUKu. Y 2-X T.:
Marepianu XXI MixHap. HayK.-TIpakT. KOH(}. Moo, BYEHUX 1 cTyAd., M. KuiB, 23-26
kBiT. 2024 p. — Kuis : KIII im. Irops Cikopcbkoro, Bun-Bo «Ilomitexnikay, 2024. — T. 1.
—C. 108-110.

7. Po3paxyHKOBe JOCIIKEHHS TEPMIYHUX HAIPY>KEHb B POTOPi CEPEHHOTO TUCKY
Typ6ian K-200-130 npu mycky 3 rapsiaoro crany / Jlimyk C.P., [lemxo B.A. // Tennosa
CHEepreTHKa: UIAXHM peHoBalii Ta po3BUTKY. 30ipka HAyKOBHUX Ipamb XX MiKHAPOIHOT

HAyKOBO-TIpakTHUHOI KoH(pepenii, M. Kuis, 2024. — C. 60-64.
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Jonarok b. /loBigka npo BUKOPUCTAHHSA Pe3yJbTATIB HAYKOBO-A0CIiIHOI

podotu Ne 3545-3E-ByTEC Bix 06.08.2021 p.

3ATBEP/UKYIO
JIMpeKTOp BiIOKPEMIICHOTO I APO3/iLy

A g AR
oy ® L0
TR R Y
ayt. BYPW
SRR A

[P0 BUKOPHCTAHHS Pe3yJIbTATIB HAYKOBO-10CIiIHOT podoTn

B wmexax jgorosopy Ne 3545-3D-ByTDC Bix 06.08.2021 p. mix AT «JITEK
3AXIZIEHEPI'O» Ta Kopropauieio «Haykosuit napk «KuiBebka I01iTeXHiKa» BHKOHAHA
HayKoBO-J0cIitHa poboTta Ha Temy «Po3paxynok pecypcey poropa cepenboro THCKy Typoinu
oaoky Nell pas JITEK BYPHITUHCBKA TEC».

[Tepesnik BHKOHABIB HayKoBO-xociizHOI pobotu 3 Goxy Kopnoparnii «Haykosuit napk
«KuiBcbka nositexHikay:

1) naykoBwmii kepiBuuk — Yepnoycenko O. 10.;

2) BijumoBiganshi Bukonanmi — Punyiok JI. B., [Teuiko B. A.;

3) suxonasui — bemnapenka . C.. Mopo3z O. C.. Topsbkenko B. 10., Yepuos C. O..
Ilumyra A. M., Mapuciok b. O., Jlimyk C. P.
B pesyabTarti npoBeieHoT HayKOBO-I0CIiIHOT poOOTH BUKOHABISIMH HaJJaHO BHCHOBKY Ta

peKoMeH/Ianii, Mmo/I0 JOMYCTUMOCT] MIPOJIOBKEHHS TepMiHy eKCITyaTtamii poTopa cepeiHboro
tucky Omoky Nell JITEK Bypmrtuncska TEC, a came:

- po3pobieHO PO3paxyHKOBY MOJEIb poropa cepeiHboro THcky Onoky Nell JITEK
Bypmruaceka TEC B TpUBUMIpHIH IOCTAHOBII 3 BHKOPHCTAHHSIM CKiHUCHHO-EJIEMEHTHOTO
METOJly JMCKpeTH3allii Ta 3 BpaxyBaHHSIM BCIX '€OMETPHUHHMX OCOOIMBOCTEH 00’€KTy, B TOMY
UCII Pe3yJIbTATIB HePYHHIBHOIO KOHTPOJIIO METaILy;

- IPOBEJICHI PO3paxyHKOBI JOCIIDKEHHS TEIIOBOT0, HAIIPY)KEeHO-1e()OPMOBAHOTrO CTaHy,
MaJIOIMKIIOBOI BTOMM Ta JIOBIOTPUBAJIOI MIIHOCTI METAIy pOTOpa CEpPEeIHbOrO TUCKY JUIS
THIIOBHX PeXUMIB poOoTH Ha 6a3i rpadikiB IIycKy Ta peaJbHUX YMOB pOOOTH XapaKTepHUX s
osoky Ne 11 JITEK bypmrunceka TEC;

- pO3paxoBaHO PECYpPCHI IIOKA3HHKH poropa cepeanboro Tucky Typbinum K-200-130
omoky Ne 11 JITEK bBypmruacska TEC, BcTaHOBIEHO BEIMUMHM TMOIIKO/DKEHHS pOTOpa 3a
CTATHYHUMH Ta IUKJIIYHUMH MEXaHI3MaMH pyHHYBaHHS, pO3paxOBaHO 3aJMIIKOBHI pecypc Ta
'HQJI[AHO BHCHOBKH 1 PEKOMEHJAIlI, M10/10 JOIMYCTHUMOIO 3aJMIIKOBOIO HAIlpallOBaHHS Ta
JIOIYCTHMOT KIIBKOCTI ITyCKiB.

MarepiaibHi 1peTens3ii He po3rIsiIal0ThCSL.

Havansuuk nabopaTtopii MeTaliiB 1 3BaploBaHHs

JTEK Bypmtuncska TEC Tapac TTAJIAIITYK
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Jonartoxk B. J/loBigka npo BUKOPUCTAHHS Pe3yJabTATiB HAYKOBO-A0CTiTHOI

po6oTu Ne 37-124-08-22-17927 Bin 14.06.2022 p.

3ATBEP]DXVYIO

["osioBHU# 1HXKEHED
BIT «Xmensuuiska AECy

man KAPHKOB

«O2» 29 2022 p.

JoBinka
1IPO BUKOPHCTAHHSA Pe3y/IbTATiB HAYKOBO-X0CITHOT poOOTH

B mexax poroBopy Ne 37-124-08-22-17927 Bim 14.06.2022 p. mix JII «HAEK
«Eneproarom» Bigoxpemienuit mixposain «Xmensuunpka AEC» Ta Kopriopamiero «Haykosuit
nmapk  «KuiBcbka mnosiTexHika», BHKOHAHO HAayKOBO-IOCHiHY poboty Ha Temy «Orinka
MOJKJIMBOCTI  TIPOJIOBXKEHHs Oesmeunoi  excruryaramii  TypOoycranosku  K-1000-60/3000
eneprobmoky Ne2 XAEC micsist nomkopkenns potopa BT (AnaniTuasi nocmyru)y.

Ilepernix BUKOHABILIB HayKOBO-10CHiIHOI poboTu 3 Goky Kopmoparii «Haykosuii napk
«KuiBcbKa MoJiTeXHIKay:

1) mayxoBuit kepiBuuk — Yepuoycenko O.10.;

2) BianoBinansui BukoHasmi — Ycartuit O.I1., ITemko B.A.;

3) BuxonaBi — bexnaperka 1.C., lopspxenko B. 0., Hlumyra A. M., Mapuciok B. O.,
Jlimyx C. P., Illepdeninos P. b., XKupkos O. I'.

3a  pesyiabraTaMM HAyKOBO-JOCHIAHUX pPOOIT BUKOHABLSMH HPOBEIEHO OI[HKY
MOMJIMBOCTI  TIPOJIOBXKEHHST  Oe3meunoi  excrutyararii  typboycranoku — K-1000-60/3000
eneprodaoky No2 BIT «Xwmensuunbka AECy micist oo pkenHs poropa LIBT, a came:

° BUKOHAHO TOBipouHHH po3paxyHky poropy LIBT typGoycranoku K-1000-
60/3000 eneproGiioky No2 BIT «Xmenbuunpka AEC», HajaHO HayKOBO-TEXHIUHI pekoMeH iaiii
OO MOJAIBIIOT eKkerryatamii 6e3 podounx nonatok 5-ro crynens poropa IIBT mpu nassHoCTI
madparm 1 AToro cTyneHs ta 0e3 Hux;

. JIOCTTi/PKEHO BILTHB BiACYTHOCTI pofourX Jionatok 5-ro crymnens potopa LIBT mpu
HasBHOCTI miagparM I’ATOrO CTYyHEHs Ta 0e3 HHUX Ha Tra30/[MHAMIiYHI XapaKTEPHCTHKH Ta
iHTerpasbHi MOKa3sHUKH AKOCTI (OTYXKHicTh, BHYTpitnHii BigHocHui KKIT) ITY LIBT Typ6inu K-
1000-60/3000 eneprobmoxy Ne2 BIT «Xmenpuuipka AEC» Ha pi3HHX peKHMaXx eKcIulyaTaiil;

. OIIHEHO MOXJIMBICTH 3aCTOCYBaHHs «imitaTopa (-iB)» AladparMu 5-ro CTyIEHS
poropa LIBT (mpocensHoi maitbu), Burorosineroro Doosan Skoda Power, y pasi BincyrHocTi
MOJKJIMBOCTI BCTAHOBUTH 32BOJICHKI TiadparMu 5-ro CTyTIeHS.

MartepianbHi npeTensii He po3rIIsSIaI0ThCS.

HauanpHuk TypOiHHOIO HEXy
BIT «XmensHuipka AECy

%ﬁ/m 4

Anatonitt KYIIEHKO
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Honartok I'. /loBiika Npo BUKOPUCTAHHA Pe3YJIbTATIB HAYKOBO-10C/IIAHOL

po6oru Ne 5162-3E-ByTEC Binx 20.09.2024 p.

Makcun IHTYMYEHKO
\ « 20 12 2024 p.
\ ;_;}’___.._

Joniaka
HPO BUKOPHCTANNS PEIYILTATIB HAYKOBO-10c/Hianoi poGoTn

- S g w g

B wmemax doropopy No 5162-39-byT2C pin 20.09.2024 p. ik AT «JITEK
IAXIAENEPT Oy Binogkpesneunii ninposiin «bypmmuickka renaosa elexTpHiba cranuisy ra
Koprnopauicio «llaykonmi napk AlTRCKED MOMITEXII KA, BHEOHIIN0 Hay KOBO- Ilm.mﬂli)' pGﬁDI)‘

na remy «Pospaxynok pecypey potopa cepeannoro tHeky TypOinm 6noky Nell ana JITEK
BEYPHITHHCEKA TEC».

NMepenik pukonaruin waykoso-aocnianol poborn 2 Goky Kopnopanii «Haykosuii napx
«Knincbka nonitexnixkan:

1) navkosuii kepisimgk - Yepuoyeenko 010

2) Bianosiainul Bukonasui — boscynoscuiuit AT . Punmox JI.B., [Temko B.A;

3) snkonaeui - bapamiok O.B.. Pauunceknit AJO. Bnacenko O.B., Beanapeska L.C.,
lNopaxenxo B.1O. Jliwyk C. P, Hocane 0.10., Konopamor OJL., Cenik A.B.. [Tewxos A.B.,
Trauenwo M. B, JTaunk € K. Crenanyensko A A, [nanedskuil J1.C.

3a peivaeTataMi  HAYKOBO-HOCHIAHMX pPOGIT BHKOHABUAMMH HANaHO BHCHOBKM Ta
PEROMENIANIT, U100 A0NYCTHMOCTI NPONOBMCIIA TEPMiHY cKCNIyaTalil poTopa CepeaHboro
Tieky onoky Nell ATEK Bypwrnnceeka TEC, a came:

* po3poG/eH0 PO3PAXVHKOBY MOJIC/IL POTOPA CePelBBLOTO Tucky Onoxy Nell ATEK
bypwraackka TEC s rpiBAMIpHIE NOCTAaHORM 3 BHKOPHCTAHHAM CKIHYEHHO-eNeMEHTHOTO
METOAY AMCKPCTHIAUL Ta 3 BPaxyBAHHAM DEIVILTATIE PEMOHTHHX BIHOWICHL BHMKOHAHMX Nin
Yac IAHOBO-NIONEPEKY BAMLHAX peMonTis y 2021 1a 2024 pp.;

* OpPOBEACHO POIPANYHKOBI AOCHIZDKCHHA TEIIIOBOIO, HANPYHKEHO-NehOPMOBAHOTO
CTaHy. MANOLHKIOBOT BTOMK Ta JIOBrOTPHBANOT MILHOCTI METALY POTOPA CEPEIHBLOrO THCKY LIS
THIIOBAX pe#HMiB podoTh na Gasi rpaikis Mycky Ta peaibHHX yMOB pobOTH XapakTepHux A
onoky Nell JITEK bypwiusceka TEC,

* JOCHLDKCHO BIUTHE KPYYCHHS Ha POIBHTOK AeeKTiB POTOPA CEPEfHLOTO THCKY,
PO3PAXOBAHO KPHTHHHY IAuOHHY TPILMMH, OUIHCHO BOUIMB CHHXPOHIZauii Typboreneparopa 3
CHEProOMePekoK Ha TeMITH HAKOMMYSHHA NOIWKOKEH D,

* PO3pAXOBANO PECYPCHI NOKA3HHMKM POTOPA CEPCAHBOrO THCKY TypOimm K-200-130
omoky Nell JTEK Bypmtunceka TEC, BCTaHOBAEHO BETHMMAH HAKONWHMEHOTO MOIMKOMKEHHN
pOTOpa 33 CTATHYHHMMII Ta IAKTMHIMH MEXaHi3MaMit pyiilyBaHHs, pPO3IpaxoBaHo ATHIIKOBHE
pecypc Ta HAZAHO BHCHOBKH | PEKOMEHTALT, LI0X0 A0NYCTHMOrO JATHNIKOBOTO HAMPANIOBANHS
Ta JONYCTHMOT KUIBKOCTL IMYCKIB.

Martepianbni npeTeHsii He po3rnAIAIOTLCA.

Kepisnuk CJIKP
JATEK BYPIITHHCBLKA TEC 1Opiit BPOHIY



