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Pedepar/anoTamis:

1. Inceprauiiiny po60Ty IPUCBSIYEHO PO3BSI3aHHIO aKTyaJbHOTO HAyKOBO-IIPUKJIAJHOTO 3aBIAHHS MiABUILEHHS
SKOCTi Ta €(PEeKTUBHOCTI pO60TH Tem10(piKaLilTHUX TypOiH TEMIOeJIeKTPOLEHTPaIel MIISIXOM yIOCKOHAIEHHS
BUOOpPY peXXUMIB QYHKIIIOHYBaHHS Ta CUHTE3y eHeproedeKkTUBHUX CUCTeM KepyBaHHS. AKTyaJlbHICTb TEMU
3YMOBJIEHA TUM, 110 TerlodikaliiiHi Typ6iHu € neHTpasnpHOIo aHKoto TELL, sika omHOYacHO 3abe3neuye
BUPOOHUILITBO €JIEKTPUYHOI Ta TEMJIOBOi €EHEPTii, a TOMY iX PEXXUMU pOOOTU 6e3N0CepPEeNHBO BILJIMBAIOTh HA ITAJIMBHY
€KOHOMIYHiCTh, MAaHEBPOBICTb, CTAOLIbHICTh TENJIONIOCTAYaHHSI, HATIIMHICTh 00JIaTHAHHS Ta iHTEerpajbHi MOKa3HUKU
SIKOCTi cTaHLji. B ymoBax 3MiHU rpa@ikiB €1eKTPUYHUX i TENJIOBUX HAaBAaHTa)KE€Hb, CTAPiHHSI OCHOBHOT'O 00J1aJHAHHS
Ta 3pOCTaHHS BUMOT JJO €eHEProe(pEeKTUBHOCTI 0COOGIMBOrO 3Ha4€HHs HabyBalOTh METOAY MAaTEMATUYHOTO
MOJeJIIOBaHHS, ONTUMI3allii peskuMiB i M06yI0BY CUCTEM KEPYBaHHS, 37aTHUX 326€31€YUTH Y3rOIKeHe TOCSITHEHHS

TEIJIOBUX, €JIEKTPUYHUX, €KCIUIyaTAliHUX | EHEPTETUYHUX LijIel. Y IEPIIOMY PO3Zili BUKOHAHO aHAaJli3



IIPU3HAYEHHsI Ta 0COOIMBOCTEN po6oTH TemogikauiiiHux Typ6iH y ckiazi TELL, po3risiHyTo iX OCHOBHI
eKCIUIyaTalliiiHi pexXuMu, OCIIiI>KeHO TOKa3HUKY SIKOCTi Ta (pakTopy, 110 BU3HAYAIOTh €(PEeKTUBHICTD
(YHKLiOHYBaHHS TypOOyCcTaHOBOK. [IpoaHaizoBaHoO BILJIMB PEXXUMIB pOOOTH Ha SIKiCTb Ta eHeproeeKTUBHICTb
TEL, oxapakTeprn30BaHO iCHYI0Yi CUCTEMHU KepyBaHHS TeNI0(iKalilHUMU TypOiHaMHU, y3arajJbHEHO LUISIXU
nipBumenHs gxocti TEL] 3a paxyHOK yZOCKOHaIEHHSI BUOOPY PEXXUMIB Ta anropuTmisB kepyBaHHS. OKpemy yBary
IIpUIiJIeHO HOPMAaTUBHOMY 3abe3ledeHHI0 y cdepi IKOCTi, epeKTUBHOCTI Ta eKCITyaTaliliHoi HafiltHOCTi
rertodikaliiHux Typ6iH i cymbkHoro obnagHanHs TELL Y npyromy po3sgini cpopMyibOBaHO BUXiJHi I10JI0>KEHHS
MaTeMaTUYHOIO MOJEI0BaHH: TernodikauiiHoi Typ6inu y ckiani TEL Ta 1o6yioBaHO CYKyIIHICTb
B32€MOIIOB'SI3aHUX MOJIeJIel, 1[0 ONMCYIOTh CTATUYHI 1 IUHAMIUHI BIacCTUBOCTi 06'eKkTa. PO3p06ieHO cTaTHU4Hi
mogeJi Terogdikaniiinoi Typ6inu Ta TeryodikaliiHUX peXXUMiB, MaTeMaTUYHi MogeJli noka3HuKiB sikocTi TELL, a
TaKOXX MOJI€JIb BTPAT €HEPrii sIK PyHKLi pesxxumiB podoTu. [106y10BaHO AUHAMIUYHY MOJeJIb TYPOiHU Ta CYMIKHUX
00'€KTiB, 30KpeMa MapoIIPOBO/iB, PEryJII0BAJIbHUX KJIAIlaHiB, BifioopiB i TeriocnoxuBada. OKpeMo po3pobsieHo
MaTeMaTUYHY MOJIEJIb CUCTEMU PETYJIIOBAHHS Ta KaHaJiB KepyBaHH4. Lle 1aso 3MOory NepeiTH Bif, 3araJibHOro
ONMCY PEXUMIB PYHKIIIOHYBaHHS 10 KiJIbKICHOT'O OLiHIOBAaHHS BILJIMBY K€PYIOUHMX Ziil Ha SIKiCTb,
eHeproeeKTUBHICTb i BTpaTy eHeprii. Y TpeTboMy po31ii po3B’s13aHO 337ja4y CUHTE3y €eHeproedeKTUBHOI CUCTEMU
KepyBaHH4 Tertodikaniitnoo Typ6iHoo TEL. ChopMoBaHO BUMOTH IO CUCTEMU KePYBaHHS 32 KPUTEPisiMu
eHeproe(eKTUBHOCTI Ta KOMILJIEKCHOI SIKOCTi, PO3IJISIHYTO 6a30BY CTPYKTYpY Ha ocHOBI [11]]-peryngTopis i
[IOCTABJIEHO 3a[a4y ONTMMi3alii IapaMeTPiB CUCTEMM KEPYBaHHS. 3alIPOIIOHOBAHO MiAXiM 10 CTPYKTYPHOTO
CHHTE3y CUCTeMHU e(PEKTUBHOTO KEPYBaHHS, MOOYL0BAHO JliHEapU30BaHy MaTeMaTU4YHy MOJIEJIb TeII0(piKaliliHOi
TypOiHU 1J151 337ja4 KepyBaHHS1, OOIPYHTOBAHO BUOip JIOTIKY [TIePEMUKAHHS PEXKUMIB i IPIOPUTETIB MiXK TEIJIOBUM Ta
€JIEKTPUYHMM HaBaHTaKE€HHsM. Ha 11ill OCHOBi CUHTE€30BaHO CUCTEMY KEPYBAaHHS 3a [I0Ka3HUKAMMU SIKOCT,
OPIEHTOBaHy Ha 3HIDKEHHS BTPAT €HEPrii, MiBUILIEHHS CTa0iJIbHOCT] PEKUMIB i MOKPAIEHHS Y30 KEHOCTI
BHPOOHHULITBA €JIEKTPUYHOI Ta TEIJIOBOi eHeprii. Y yeTBepToMy po37ijli HaBeleHO Pe3ysIbTaT €KCIIepUMEHTATbHUX
IOCTiKeHb i nepeBipku po3pobsieHUX MeTOiB Ha 6a3i TensodikauitHoi Typ6inu T-100/120-130. BuznaueHo
€KCIIEPMMEHTAJIbHI TapaMeTpu TypOiHM, OOIPYHTOBAHO Barosi KoeQillieHTH [J1s1 TUIIOBUX LiijIell KepyBaHHS,
11o6y10BaHO JliHeaprn30BaHy Moaesb Typb6inn y ckiazi TEL niis tTunoBoi po604yoi Touku. BukoHaHO
€KCIIePUMEHTAJIbHI JOCIIII)KEHHS [TapaMeTpiB CUCTEMU KEPYBAHHS 32 KPUTEPISIMU SIKOCTI, 110 Jajio 3MOTY OLIIHUTH
e(EeKTUBHICTb 3alIPOIIOHOBAaHNUX METOJB i iATBEPAUTH JOLIIBHICTD iX MIPAKTUYHOIO BUKOPUCTAHHS. 3a
pe3yJsibTaTaMyu pob0TH PO3POOIIEHO MTPOEKT TEXHIUHMX YMOB. HaykoBa HOBM3HA POOOTHU IOJISITAE Y PO3BUTKY
IiAXO0iB O MaTeMAaTUYHOTO MOeToBaHHS Terodikaniiinux Typ6iH TELL 3 ypaxyBaHHSIM peKUMIB po60TH, BTpaT
eHeprii Ta KOMIIJIEKCHUX [10Ka3HUKIB SIKOCTi, @ TAKOX Y pO3pO0JIeHH] IPUHLMIIIB CUHTE3Yy eHeproepeKTUBHO]
CHACTEMU KE€PYBaHHS 3 YPaxXyBaHHSM II€PEMUKAHHS PEXMMIB i IPIOPUTETIB TENJIOBOTO Ta €JIEKTPUYHOTO
HaBaHTaKeHHS. [IpakTUYHe 3Hau€HHS OJlepKaHMUX Pe3yJIbTaTiB MOJIAra€e y MOKIMBOCTI 3aCTOCYBAHHS PO3PO0JIEHUX
Mogesiel, aJITOPUTMIB i CTPYKTYp KepyBaHHS 4J1s MifBuineHHs eHeproedekTuBHocTi TEL], 3HI>KeHHS BTpAaT eHeprii,
IIOKpAIlleHHS SIKOCTi TEIJIONOCTAa4YaHHs Ta €JIeKTporeHepallii, a TakoxX [1J1s1 YIOCKOHAIEHHS eKCIITyaTaliliHuX

peXuMiB TennogikauilHUX TypOiH B yMOBAX 3MiHHOTO HaBaHTaKEHHSL.

2. The dissertation is devoted to solving the relevant scientific and applied problem of improving the quality and
efficiency of cogeneration steam turbines at combined heat and power plants through better operating mode
selection and the synthesis of energy-efficient control systems. The relevance of the topic is determined by the
fact that cogeneration turbines are the central element of a CHP plant, simultaneously ensuring the production of
electrical and thermal energy. Therefore, their operating modes directly affect fuel efficiency, maneuverability,
stability of heat supply, equipment reliability, and the integral quality indicators of the plant. Under conditions of
changing electrical and thermal load schedules, aging of major equipment, and increasing requirements for energy
efficiency, methods of mathematical modeling, mode optimization, and control system design capable of ensuring
coordinated achievement of thermal, electrical, operational, and energy goals become especially important.
Chapter 1 analyzes the purpose and operating features of cogeneration turbines as part of CHP plants, considers
their main operating modes, and investigates the quality indicators and factors determining the efficiency of
turbine units. The influence of operating modes on the quality and energy efficiency of CHP plants is analyzed,



existing control systems for cogeneration turbines are characterized, and the ways of improving CHP quality
through better mode selection and control algorithms are generalized. Special attention is paid to the regulatory
framework in the field of quality, efficiency, and operational reliability of cogeneration turbines and related CHP
equipment. Chapter 2 formulates the initial principles of mathematical modeling of a cogeneration turbine within a
CHP plant and develops a set of interconnected models describing the static and dynamic properties of the object.
Static models of the cogeneration turbine and cogeneration operating modes, mathematical models of CHP quality
indicators, and an energy loss model as a function of operating modes are developed. A dynamic model of the
turbine and related objects, including steam pipelines, control valves, extractions, and the heat consumer, is
constructed. In addition, a mathematical model of the control system and control channels is developed. This
made it possible to move from a general description of operating conditions to a quantitative assessment of the
influence of control actions on quality, energy efficiency, and energy losses. Chapter 3 solves the problem of
synthesizing an energy-efficient control system for a cogeneration turbine at a CHP plant. Requirements for the
control system are formulated according to energy efficiency and integral quality criteria, a basic structure based
on PID controllers is considered, and the problem of optimizing control system parameters is stated. An approach
to the structural synthesis of an efficient control system is proposed, a linearized mathematical model of the
cogeneration turbine for control purposes is developed, and the logic of operating mode switching and priorities
between heat and electric load is substantiated. On this basis, a control system based on quality indicators is
synthesized, aimed at reducing energy losses, improving operating stability, and enhancing the coordination of
electrical and thermal energy production. Chapter 4 presents the results of experimental studies and verification
of the developed methods using the T-100,/120-130 cogeneration turbine as the basis. The experimental
parameters of the turbine are determined, weighting coefficients for typical control objectives are substantiated,
and a linearized model of the turbine as part of a CHP plant for a typical operating point is developed.
Experimental studies of control system parameters according to quality criteria are carried out, which made it
possible to assess the effectiveness of the proposed methods and confirm the feasibility of their practical
application. Based on the results obtained, a draft of technical specifications has been developed. The scientific
novelty of the work lies in the development of approaches to mathematical modeling of CHP cogeneration turbines
taking into account operating modes, energy losses, and integral quality indicators, as well as in the development
of principles for synthesizing an energy-efficient control system with consideration of operating mode switching
and priorities of thermal and electrical load. The practical significance of the obtained results lies in the possibility
of applying the developed models, algorithms, and control structures to improve the energy efficiency of CHP
plants, reduce energy losses, improve the quality of heat supply and electric power generation, and enhance the
operating modes of cogeneration turbines under variable load conditions.
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dopma BiracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Kimumuyk Osekcanap AHAPioBUY

2. Oleksandr A. Klymchuk

KBasigikamnis: 1. 1. n., npodecop, 05.14.06

InenTudgikarop ORCID ID: 0000-0002-5207-7259

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujonanbHuii yHiBepcuteT "OfiechbKa NomiTexHika"
Kop, 3a €JIPTIOY: 43861328

Micuesnaxo,rperHﬂ: np. llleBuenka, Opeca, 65044, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. Matixo ®enip ImMutpoBud

2. Fedir Matiko

KBasigikanis: x. 1. u., npodecop, 05.11.01

ImentTudikarop ORCID ID: 0000-0001-6569-2587

JonaTkoBa iHdopmalist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "JIbBiBCbKa MOJTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJs. CrenaHa banpepw, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. Meseps Anppin IOpiitoBuy

2. Andrii Mezerya

KBasigikamis: . . 1., gou., 05.11.13

Imentudikarop ORCID ID: 0000-0003-2946-9593

JoparkoBa iHdopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKuii HallioHAMbHUT yHiBepcUuTeT imeni B. H. Kapasina
Kopg 3a € IPIIOY: 02071205

Micue3Haxoa KeHHS: maiinan CBo60/1u, XapKiB, XapKiBCchKuil p-H., 61022, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. I'pinuenko 'anna CepriiBHa
2. Hanna Hrinchenko

KBasigikanis: . . u., gou., 05.01.02
I,ILeHTl/I(l)iKaTOP ORCID ID: 0000-0002-6498-6142



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOHM: XapKiBChbKuii HalioOHAIbHYI yHiBepcuTeT imeHi B. H. Kapasina

Kopg 3a €IPIIOY: 02071205

Micue3HaxoaKeHHS: maiinan CBo6ou, XapkiB, XapkiBCbKUii p-H., 61022, YkpaiHa

dopma BiracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBi
TOJIOBH paju

ByacHe Ilpi3Buiie Im's ITo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasbHUIH 3a HiATOTOBKY

00JIiKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisSIIBHOCTI

KynpisHos Onekcanap Bosogumuposuy

KynpisinoB Onexkcanap BomoguMuposuy

[lleByenko AHapint OsekcaHIpOBUAY

Opuenko TersiHa AHaTosiBHA

Opuenko Tersna AHaTostiiBHA



