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1. Inceprauiiiny po60Ty IPUCBSIYEHO PO3BSI3aHHIO aKTyaJbHOTO HAyKOBO-IIPUKJIAJHOTO 3aBIAHHS MiABUILEHHS
NIOKA3HUKIB SIKOCTi FOJIOBHUX LUUPKYJIsiLiiiHuX HacociB (I'1JH) aTomHux enexkrpocrtaniil (AEC) misxom
YAOCKOHAJIEHH] MaTEMAaTUYHUX MOJIEJIEN, aHaIi3y €eHEPreTUYHUX BTPAT i CUHTE3y CUCTEM KEPYBaHHS [JIs [TyCKOBUX
Ta CTal[iOHAPHUX PEKUMIB POOOTU. AKTYaJIbHICTh TEMU BU3HAYAETHCS TUM, 110 TOJIOBHI UUPKYJISLIiMHI HACOCHU €
OJHMM i3 HaNO6ibII BifIOBiNAJIbHAX €JIEMEHTIB PEaKTOPHOI YCTAaHOBKH, OCKIJIbBKY 320€3M€4yI0Th LUPKYJISLII0
TEIJIOHOCIS B IIepUIOMY KOHTYpI Ta 6e3r1ocepesHbO BIJIMBAIOTh Ha OE3MeYHiCThb, HallillHICTh, eHeproedeKTUBHICTh
Ta cTabinbHiCTh pob0oTU eHeprobsioka AEC. ITinBuieHHs sIKOCTI iX QyHKLIOHYBAaHHS Mae He Jivlle TexHiuHe, a i
icToTHE €eKOHOMIYHE 3HAY€HHS], OCKIJIbKYU J03BOJISIE 3MEHIIUTH €HEPrOBUTPATH, OOMEXKUTY JUHAMIYHI
HABaHTAKEHHS B NIEPEXiJHUX PEKMMax Ta MiIBUIIATU Pecypc 06J1aiHaHHS. Y EPIIOMY PO3/ijli BUKOHAHO aHai3

POOOTH roJIOBHUX LUPKYJISILiMHMX HacociB AEC, po3risiHyTO iX BIIJIMB Ha IIOKa3HUKYU e(PEeKTUBHOCTI Ta HaAiTHOCTi



€Heproo6JIoKiB, IPOAHaJi30BaHO iCHYIOUi CTPYKTYPHU CUCTEM KePyBaHHS, a TaKOK HOPMATUBHI JOKYMEHTH II0/10
3a0e31e4eHHs BUCOKUX II0KA3HUKIB SIKOCTi 06J1aiHaHHS aTOMHUX €JIeKTPOCTaHIIil. Y3araibHEeHO OCHOBHI YNHHUKH,
sIKi BU3HA4al0Th sIKicTb po6oTu I'1]H, BCTaHOBJIEHO B3a€MO3B'SI30K MK peKuMaMU (PYHKLiOHYBaHHSI HACOCIB,
BTpaTaMU €Heprii, JUHaMiYHMMU ITPOLIECAMU Ta HaMifHICTIO PEAKTOPHOTO 06J1aHaHHS. Bu3Hau€HO OCHOBHI
HaIpsIMHU M BUIIEHHS NOKa3HUKIB IKOCTi ['11H, 30KkpemMa 3a paxyHOK yJIOCKOHAJIEHHS] CUCTEM KePYBaHHH,
onTuMizallii pe>xxuMiB pob0TU Ta 3MEHIIEHHS HEIIPOLYKTUBHUX BTPAT €Heprii. Y Jpyromy po3zini po3pobseHo
MaTeMaTH4Hi MOZeJi Hacoca i Mepexi, eJ1eKTPONIPUBO/LY 3 YACTOTHUM II€PETBOPIOBaYEM, IyCKOBUX pexxumis I'lIH, a
TaKOXX MOJIeJli TOJIOBHOTO LIMPKYJISILIMHOrO Hacoca 3 rifpomy¢drorn. CHopMOBaHO MaTEMATHUYHI MOZEJIi IOKA3HMKIB
SKOCTi Ta BTpat eHeprii y I'llH, 1m0 1ano MOKJIMBICTh KiJIbKiCHO OLiHIOBaTU €(eKTUBHICTh Pi3HUX CIIOCOOIB ITyCKY Ta
KEepyBaHH$, aHaJli3yBaTy OCOOJIMBOCTI NIepeXifHUX IIPOLECiB i BUSIBISITU PE3€PBU IiJBUIIEHHS
eHeproedekTuBHOCTL. OTpuMaHi MoJeJli 03BOJISIOTh AOCJII)KyBaTH BIUIUB [1APAMETPIB €JIEKTPOIIPUBOLY,
XapaKTEPUCTUK HACOCHOTO arperary Ta 3aKOHIB KePyBaHHSI HA iHTerpasbHi MOKa3HUKU SIKOCTi 1Oro poboTtu. ¥
TPeTbOMY PO37iJi LOCiI’)KEHO CUCTEMY PeryJiloBaHHS peakTOPHOro o6JaiHaHHs, pO3p00JIEHO JliHeapu30BaHy
mogesnb I'IIH, CTpyKTypHY CXeMY KepyBaHHSI Ta pO3pax0BaHO NepeaTHi PyHKILii OKpPEMHUX JIAHOK CUCTEMU.
[TocTaByeHo 3a7a4y oNnTUMizalii pexxrMiB pOOOTH FOJIOBHUX LUPKYJISILIHUX HACOCIB 3a Pi3HUMU KpUTepisiMU
SKOCTI, II0 BPaxOBYIOTb €HEPTreTUYHI, IMHAMIYHI Ta eKCILIyaTalliliHi XapaKTePUCTUKU. Ha 11ii1 OCHOBI
3aIIPOINIOHOBAHO CTPYKTYPY cucTeMmu KepyBaHHs ['LIH, opieHTOBaHy Ha 3HMKEHHSI €HEPreTUYHUX BTPaT,
[OKpallleHHs! IMHAaMiKi IIyCKOBUX MIPOLIECIiB, 3MEHIIEHHS IEPEBAHTA)KEHb [IPMBOJA Ta 3a0€3[1€4€HHS CTabiIbHUX
pPeXUMiB POOOTH B YMOBaX 3MiHHOTO HABAHTAXKEHHS. Y YETBEPTOMY PO3[ii PO3p06IeHO iMiTallillHy MOJIEJb
rOJIOBHOTO LIMPKYJISILIIIHOrO Hacoca Ta POBeleHO eKCIIePUMEHTAaJIbHI JOCiIpKeHHs HOro poOOTH B IyCKOBUX i
CTalliOHapHUX peXXuMax. JJociIpkeHo MycK OTYKHOTO IBUTyHA Hacoca B cepenosuili MathCad 3a pisHumu
croco6amu, NpoaHali30BaHO PeXUMU po6OTH HAcOCa 3a PiI3HMMU 3aKOHAMU KepyBaHHsS. BUKOHAHO aHasi3 BTpaT
€Heprii B IepexiTHUX pe>KuMax, IPOBENEHO MOPiBHSJIbHE OLIiHIOBAaHHS OKa3HUKIB gKocTi ['LIH 3a pizHuMu
3aKOHaMU ONTUMI3allil Ta pO3p06sIEHO [IPOEKT TEXHIYHUX YMOB. HaykoBa HOBU3HA POOOTH IOJISITAE Y PO3BUTKY
marematndyHux mogeseit I'TH AEC 3 ypaxyBaHHSIM 0COOJIMBOCTEN ITYCKOBUX i CTalliOHAPHUX PEKUMIB, BTPAT €Heprii
Ta Pi3HUX CTPYKTYP NPUBOAY i KEPYBaHHA, a TAKOXK y CUHTE3l CUCTEMU KEPYBaHHS Ha OCHOBI KPUTEPIiB AKOCTI.
[TpakTUyHe 3HaUYEHHSI OJlep>KaHUX Pe3yJbTATiB IOJISITAE Y MOKIIMBOCTI BUKOPUCTAHHS PO3POOJIEHUX Mozesieit i
aJITOPUTMIB /171 NiABUILEHHS €HeproeeKTUBHOCTI, 3HM)KEHHS [MHAMIYHUX HaBaHTaXEHb, NOKPaIleHHs HaAilHOCTi

Ta BAOCKOHAJIEHHS TEXHIYHOTO 3a6€e3Me4eHHs eKCIUTyaTallii TOJIOBHUX LUPKYJISILIAHNAX HacociB AEC,

2. The dissertation is devoted to solving the relevant scientific and applied problem of improving the quality
indicators of main circulation pumps at nuclear power plants through the enhancement of mathematical models,
analysis of energy losses, and synthesis of control systems for start-up and steady-state operating modes. The
relevance of the topic is determined by the fact that main circulation pumps are among the most critical
components of a reactor unit, since they ensure coolant circulation in the primary circuit and directly affect the
safety, reliability, energy efficiency, and stability of the NPP power unit operation. Improving the quality of their
functioning is of not only technical but also considerable economic importance, as it makes it possible to reduce
energy consumption, limit dynamic loads in transient modes, and increase equipment service life. Chapter 1
analyzes the operation of main circulation pumps at nuclear power plants, examines their influence on the
efficiency and reliability indicators of power units, reviews existing control system structures, and considers
regulatory documents concerning the provision of high quality indicators of NPP equipment. The main factors
determining the quality of MCP operation are generalized, and the relationship between pump operating modes,
energy losses, dynamic processes, and the reliability of reactor equipment is established. The main directions for
improving MCP quality indicators are identified, in particular through enhancing control systems, optimizing
operating modes, and reducing non-productive energy losses. Chapter 2 develops mathematical models of the
pump and the network, an electric drive with a frequency converter, start-up modes of the MCP, as well as models
of a main circulation pump with a hydraulic coupling. Mathematical models of quality indicators and energy losses
in the MCP are formulated, which made it possible to quantitatively assess the efficiency of different start-up and
control methods, analyze the features of transient processes, and identify reserves for improving energy



efficiency. The developed models make it possible to study the influence of electric drive parameters, pump unit
characteristics, and control laws on the integral quality indicators of its operation. Chapter 3 investigates the
control system of reactor equipment, develops a linearized MCP model, a control block diagram, and calculates the
transfer functions of individual system elements. The problem of optimizing the operating modes of main
circulation pumps according to different quality criteria, taking into account energy, dynamic, and operational
characteristics, is formulated. On this basis, a control system structure for the MCP is proposed, aimed at reducing
energy losses, improving the dynamics of start-up processes, decreasing drive overloads, and ensuring stable
operating modes under variable load conditions. Chapter 4 develops a simulation model of the main circulation
pump and presents experimental studies of its operation in start-up and steady-state modes. The start-up of a
high-power pump motor in the MathCad environment using different methods is investigated, the pump operating
modes under different control laws are analyzed. Energy losses in transient modes are studied, a comparative
assessment of MCP quality indicators under various optimization laws is carried out, and a draft of technical
specifications is developed. The scientific novelty of the work lies in the development of mathematical models of
MCPs at nuclear power plants taking into account the features of start-up and steady-state modes, energy losses,
and different drive and control structures, as well as in the synthesis of a control system based on quality criteria.
The practical significance of the obtained results lies in the possibility of using the developed models and
algorithms to improve energy efficiency, reduce dynamic loads, enhance reliability, and improve the technical
support of main circulation pump operation at nuclear power plants.
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IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuteT "OjiechbKa MoJiTexHika"



Koz, 3a €IPITIOY: 43861328

Micue3HaxoaKeHH: np. llleByenka, Oxeca, 65044, Ykpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBuuie Im's I1o-6aThbKOBI:
1. I'pinuenko 'anna CepriiBHa

2. Hanna Hrinchenko

KBasigikamis: . t. 1., gou., 05.01.02

Imentudikarop ORCID ID: 0000-0002-6498-6142

JopaTrkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKuil HallioHaMbHKT yHiBEpcUTeT imeni B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micuesnaxo;pxeunu: mangaH CBobonu, XapkiB, XapkiBcbkuil p-H., 61022, Ykpaina

dopma ByacHOCTI: Jlepkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bim3unuenko OJsieHa MukosaiBHa

2. Olena Bliznichenko

KBasmigikamis: . 1. 1., 05.01.02

InenTudikarop ORCID ID: 0000-0002-2774-5200

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI OCOOH: XapKiBChbKuil HAL[OHAJIBHUMI YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €APIIOY: 02071205

Micuesnaxomxeunﬂ: mamgaH CBo6onu, XapkiB, XapkiBcbkuil p-H., 61022, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akir04Hi BimoMocTi



Biacue IIpizBume Im's [10-6aTbKOBI Kynpisnos Onexcanzp Bosogumuposuy
rOJIOBH pagu

Biacue IlpisBume Im's I1o-6aTbKOBI KynpisHos Onekcanzp Bonoaumuposnd
rOJIOBYIOYOrO Ha 3acCimaHHi

BiamoBigasibHUE 32 MiZTOTOBKY [lleByenKo AHzIpiit OneKCaHApOBUY
00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop FOpuenko TetsiHa AHaToJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




