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Pedepar:

1. Y pucepTauiiiHiii po60Ti BUPIlIEHO aKTyajibHy HayKOBO-TEXHIYHY [TPOGIEMY MiBULIEHHS [IOKA3HUKIB SIKOCTI
CUCTEM KEPYBaHHS IMIMOMHHMMU HACOCAMU BiIIEHTPOBOIO Ta TBUHTOBOIO THIIB LIJIIXOM 3a0€3I1€4E€HHS
ONTUMAJIbHUX i eHeProe(EeKTUBHUX PEXKUMIB iX QYHKIIOHYBaHHS B YCTAJIEHUX i [IepeXiiHUX Npolecax 3a
HOpMaJIbHUX YMOB eKcCIuTyaraujii. Peasizanis 3alporioHOBaHMX MiAXOLIB Ja€ 3MOTy ITOKPALIUTA €KOHOMIYHICTD Ta
eHeproe@eKTUBHICTb HACOCHUX YCTAaHOBOK 3aBJISIKM 3MEHIIEHHIO €eHEPIreTUYHUX BTPAT y HACOCaXx, MiJIBUIIEHHIO
PiBHS eHepro- Ta pecypco30epekXeHHs Ha HACOCHUX CTaHLigX. ['07I0BHUM HaNpsIMOM IOCIiIPKEHb € BIOCKOHAJIEHHS
METO/IiB NiIBUILIEHHS SIKOCTi (PYHKI[IOHYBaHHS CUCTEM KEPYBaHHS INIMOMHHYMU HACOCAMHU Ha OCHOBI
eHeproe(eKTUBHOrO KepyBaHHS. 3alIpOIIOHOBAHO HAYKOBI MifXOAM 1 TEXHI4Hi PillleHHS, 10 MOXYTb CIIyTyBaTh
6a3010 [17151 CTBOPEHHS €(PEKTUBHUX aJITOPUTMiB KEPYBaHHS, CITPSIMOBAHMX HA IiJIBUIIEHHS €HeproeeKTUBHOCTI Ta
NOKpAIleHHs! IMHAMIYHUX [TOKAa3HUKIB pOOOTH HACOCIB y Pi3HUX pe>XUMax. MeTa JOCiIPKeHHS TI0JISIrae B
yIOCKOHAJIEHHI METOIiB MiJIBUIIEHHS [TOKa3HUKIB SIKOCTi IMIMOMHHUX HACOCIB BiiLLlEHTPOBOIO Ta TBUHTOBOTO THUIIIB

IIJIIXOM CHHTEe3y e(eKTUBHUX CUCTEM KepyBaHHS, sIKi 3a06e3I1e4y0Th MiHiMasIbHI BTPaTU €Heprii B HOpMaIbHUX



peskumax excryatauii. O6’eKTOM JOCiIKeHb € MPOLEeCH MifIBUILIEHHS TOKA3HUKIB SIKOCTi pO6OTY IMTMOMHHNX
HAaCoOCiB y HOpMaJIbHUX PEXXUMax eKcIulyaTalii. [IpegMeToM IOoCaiIKeHb € HAyKOBi METONIA, HOPMAaTHUBHE
3a6e3nevyeHHs i TexHiUHi 3aco0u MigBUIIEHHS TOKAa3HUKIB SIKOCTi POOOTH TIIMOGMHHUX HAaCcOCiB. MeTonu
IOCJIiIKEHHS IPYHTYIOTbCSI HA CYYaCHUX TEOPETUYHUX i €KCIIEPUMEHTAJIbHUX MiIXOax: aHali3i Ta y3arajibHEeHHi
HayKOBO-TEXHIYHMX JIKEPEJI; CUCTEMHOMY aHaJli3i XapaKTePUCTUK HACOCHUX YCTAHOBOK; MATEMAaTUYHOMY
MOJIeJIIOBaHHi 11151 OOYJOBY HEJIiHIMHMX i TiHeapu30BaHUX MoJielel [IMOMHHUX HAacOCiB; MeToax Teopii
aBTOMAaTHUYHOTI'O KEPYBaHHS JJ1s1 PO3PO0JIEHHS CTPYKTYP PETyJIATOPIB, aHAJi3y CTiMKOCTi, TO6YNOBU NepeaTHUX
(YHKUil i BU3HAYEHHS TapaMeTPiB PETYJIIOBAaHHS; ONTUMIi3alilHUX METOaX HaJIAIITYBaHHS PETyJIsITOPIB 3a
KPUTEPIsIMU SIKOCTi, MiHiMi3a1lii eHeproBuTpar i 3a6e3rnedeHHs] BUCOKUX IMHAMIYHUX XapaKTePUCTUK; METO/IaX
ineHTHpikalii; KOMII'IOTEPHOMY MOJI€JIIOBaHHI J1s1 aHali3y IUHAMIKM Ta IIepeBipKU MIpale3haTHOCTI pillleHs;
CTaTUCTUYHUX METOAAaX OOPOOKM pe3yJIbTaTiB eKClIepUMEHTiB. HayKoBa HOBU3HA OJlep’KaHUX Pe3YJIbTATiB MOJISITAE B
TakoMmy. 1. YIOCKOHaIEHO KOMILJIEKCHUI KPUTEPIll IKOCTI POOOTH IMIMOMHHUX HACOCIB MIJIIXOM ITO€JHAHHS
IIOKa3HUKIB SIKOCTi pOOOTH Hacoca Ta OKa3HUKIB SIKOCTi CUCTEMHU KepyBaHHS, 110 A€ MOKJIMBICThb
BHMKOPHCTOBYBATU MOT0 SIK OCHOBHMI KPUTEPill oNTUMabHOCTI. 2. Habyy nofanbmoro po3BUTKY METOIU
iIBUIIEHHS IKOCTi pO60TH ITIMOMHHUX HACOCIB IIISIXOM CTPYKTYPHOTO CUHTE3Y i1 ONTUMi3allii CUCTeM KepyBaHHS
Ta BUKOPUCTaHHS yI0CKOHAJIEHOTO KOMIIJIEKCHOTO IOKa3HMKa SKOCTi, [0 3a6e3evye NigTPUMaHHI MaKCUMAaJIbHO]
eeKTUBHOCTI B nIpoueci ekcrutyaTauii. 3. Habyau nopanpioro po3BUTKY MaTeMaTUYHI MOJesli cucTeM
ABTOMAaTHUYHOTI'O KEPYBaHHS INIMOMHHMMY HAaCOCAaMU B YCTJIEHUX i IEPEXiIHAX PEKUMAX 32 PaXyHOK ypaxyBaHHs
iHepLiiiHOCTI Hacoca Ta HeJsliHIMHOCTI QYHKLIN BTpAT, 10 A03BOJIsi€ BUBHAYATH I aHAJIi3yBaTH OCHOBHI OKa3HUKA
SKOCTi. 4. Biepiie po3po6y1eHO CTPYKTypy CUCTEMHU aBTOMAaTUYHOTO KEPYBaHHS INIMOMHHUMU HACOCaMHu 3
BHMKOPHCTaHHSIM €TaJIOHHOI MaTeMaTUYHOI MO eI, sIKa 3a6e3redye BUSBHAYEHHS Ta MiATPUMaHHS BUCOKUX
IIOKA3HUKIB SIKOCTi 6e3110cepeHbO B NIPOLeCi eKcIlyaralii. ¥ nepumomy po3zisi BUKOHaHO KOMIJIEKCHUI aHaJi3
po60TU IMMOUHHUX HACOCIB i YMHHUKIB, [0 BU3HAYAIOTS iX SIKiCTh Ta €(pEeKTUBHICTh: Togaya, Harmip, KK]I,
€HepProCIO>KUBaHHSI, HAilHICTh, CTAbINIbHICTD y EepeXiIHUX PEeKMMAaX i UyTJIUBICTD [0 30ypeHb. Po3risHyTo
Cy4acHi Miixoau [0 MiBUILIEHHS SKOCTi, BKJIIOYal04Y €HEPTroOLaiHi PeXXMMHU Ta YaCTOTHE PETYJIIOBAHHS, @ TAKOXK
HOPMAaTMBHO-TEXHiYHe 3a6e3MeueHHs. Y IpYyroMy po3zili po3po6eHo MaTeMaTU4Hi MOJiesli HaCOCIB BOX THUIIB,
MoZeJIi TOKa3HUKIB SIKOCTi Ta BTPAT eHepril (rigpaBiiyHux, MeXaHiYHUX, 00'€MHUX, IIBUIKICHUX) i Migxoau [0 ix
MiHiMi3allii yepe3 onTUMi3allilo pe>KUMiB Ta KEPYBAHHS YaCTOTOI0 O6EPTaHHS. Y TPETbOMY PO3/ijii 1I0CTAaBIEHO
3aiauy oNTUMi3alii peXumMiB po60TH, CPOPMOBAHO KPUTEPIi Ta OOMEXEHHS, NIOOYA0BAHO JIiHEAPU30BaHi BEKTOPHI
MogeJii 1 BUKOHAHO CTPYKTYPHUM CUHTe3 eHeproedeKTUBHOI CUCTEMU KePYyBaHHS 3 MOXJIMBICTIO afanTariii
IapaMeTpiB 10 3MiH YMOB i cTaHy 06J1afiHaHHS. Y YeTBEPTOMY PO3/iJli IPOBEIEHO €KCIIEPUMEHTAJIbHI AOCIiIPKEHHS,
inenTugikanio mogesnei, ontrumisauiio [11]1-peryasaTopis i po604nx pe>KUMiB; IOKa3aHO, M0 YACTOTHO-PETYJIbOBaHE
KepyBaHH$ 33 IPaBUWJIbHO BU3HAUY€HOI pO60Y0i TOUKU 3HUKY€E €HEPTOBUTPATH Ta MOKPAILy€e CTa6iNbHICTb.
P03p006s1€HO IPOEKT TEXHIYHMX YMOB «3abe3MeyeHHs BUCOKMX [IOKa3HUKIB SKOCTI po60TU [MIMOMHHUMU HacOCaMu
IIpM ix aBTOMAaTM30BaHOMY KEPYBaHHi». Pe3ysibTaTi MOXYTb 6yTH BiipoBaaKeHi B ACK rimmOrHHUMMY HacoCcaMU Ta
BUKOPUCTOBYIOTbCS B HaB4asibHOMY npouieci XHY imeni B. H. Kapasina (HHI «VIITA») y nucuumnsinax, NoBsI3aHUX i3
CYy4aCHMMM METOZAMU KepyBaHHs. Martepianu aucepTalii BUKJIaZeHo y 9 HayKOBUX Ipalgsix (5 crateil y paxoBUx

BUJIAHHSX YKPAiHU Ta 4 Te3u [OTOoBinel).

2. In the dissertation, an urgent scientific and engineering problem is solved, namely improving the quality
indicators of control systems for deep-well pumps of centrifugal and screw types by ensuring optimal and energy-
efficient operating modes in steady-state and transient processes under normal operating conditions. The
implementation of the proposed approaches makes it possible to improve cost efficiency and energy efficiency of
pumping units by reducing energy losses in pumps and increasing the level of energy and resource saving at
pumping stations. The main research direction is the improvement of methods for increasing the operating quality
of deep-well pump control systems based on energy-efficient control. Scientific approaches and technical
solutions are proposed that can serve as a basis for developing effective control algorithms aimed at increasing
energy efficiency and improving dynamic performance of pumps in various operating modes. The purpose of the
study is to improve methods for increasing the quality indicators of centrifugal and screw deep-well pumps



through the synthesis of effective control systems that ensure minimal energy losses under normal operating
conditions. The object of the research is the processes of improving the performance quality indicators of deep-
well pumps under normal operating conditions. The subject of the research is scientific methods, regulatory
support, and technical means for improving the performance quality indicators of centrifugal and screw deep-well
pumps. The research methods are based on modern theoretical and experimental approaches: analysis and
generalization of scientific and technical sources; systems analysis of the characteristics; mathematical modeling;
methods of automatic control theory to design controller structures, analyze stability, derive transfer functions,
and determine control parameters; optimization methods for tuning controllers according to quality criteria,
minimizing energy consumption; identification methods; computer simulation and statistical methods for
processing experimental results. The scientific novelty of the results obtained is as follows. 1. A comprehensive
quality criterion for deep-well pump operation has been improved by combining pump performance indicators
with control-system quality indicators, which allows it to be used as the main optimality criterion. 2. Methods for
improving deep-well pump operating quality have been further developed through structural synthesis and
optimization of control systems and the use of the improved comprehensive quality criterion, ensuring that
maximum efficiency is maintained during operation. 3. Mathematical models of automatic control systems for
centrifugal and screw deep-well pumps in steady-state and transient modes have been further developed by
accounting for pump inertia and nonlinear loss functions, which makes it possible to determine and analyze key
quality indicators. 4. For the first time, the structure of an automatic control system for centrifugal and screw
deep-well pumps has been developed using a reference mathematical model, enabling the determination and
maintenance of high quality indicators directly during operation. Chapter 1 provides a comprehensive analysis of
deep-well pump operation and the factors that determine their quality and efficiency: flow rate, head, efficiency,
energy consumption, reliability, transient stability, and sensitivity to disturbances. Modern approaches to
improving quality are considered, including energy-saving operating modes and variable-frequency control, as
well as the regulatory and technical framework. Chapter 2 develops mathematical models for both pump types,
models of quality indicators, and models of energy losses (hydraulic, mechanical, volumetric, and velocity losses).
Chapter 3 formulates the optimization problem for operating modes, defines criteria and constraints, develops
linearized vector models, and performs structural synthesis of an energy-efficient control system with the
possibility of adapting controller parameters to changes in operating conditions and equipment state. Chapter 4
presents experimental studies, model identification, optimization of PID controllers and operating modes; it is
shown that variable-frequency control with a properly selected operating point reduces energy consumption and
improves stability. A draft technical specification “Ensuring high quality indicators of deep-well pump operation
under automated control” has been developed. The results can be implemented in automated control systems for
deep-well pumps and are used in the educational process of V. N. Karazin Kharkiv National University (Educational
and Scientific Institute “UIPA”) in disciplines related to modern control methods. The dissertation materials are
presented in 9 scientific publications (5 articles in Ukrainian peer-reviewed journals and 4 conference abstracts).
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dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBiiHHS: [lepkasHa ciyx6a YKpaiHu 3 HAA3BUYalHUX CUTYaLLii

InenTudikarop ROR:

PeuenseHTu

Baacue IlpizBuuie Im's I1o-6aThbKOBI:
1. Bim3uuuyenko OjsieHa MukoJjiaiBHa

2. Olena Bliznichenko

KBasmigikamis: . 1. 1., 05.01.02

InenTudikarop ORCID ID: 0000-0002-2774-5200

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. AuToHeHko Haramnis CepriiBHa

2. Natalia Antonenko

KBasigikamis: . t. u., mou,., 05.12.13

InenTudikarop ORCID ID: 0000-0001-5576-3388

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




