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Pedepar:

1. ¥ nuceprauiiiziilt po60Ti BUpilyeThCs 3a/a4a MifBUIeHHS e(PeKTUBHOCTI po60TU TypOOMEXaHi3MiB 32 paxyHOK
PO3pOOKU 6€371aBaveBOi €J1eKTPOMEXaHIYHOI CUCTEMU aBTOMAaTUYHOTO KEPYBAHHS 3 OL[iHIOBAYaMU TEXHOJIOTIYHUX
KOOpJMHAT Ha OCHOBI ITYYHUX HEMPOHHMX MEPEXK B YMOBAX 3MiHU [TaPaMETPIB rifpoMepexi. Y nepuomy po3ziii
IIPOBEJIEHO aHAJIi3 iCHYIOUMX Cy4YaCHUX €HEProe(eKTUBHUX CUCTEM K€PYBaHHS TypOOMeXaHi3MaMHu, 1[0 JKUBJISTbCS
BiJ aJlbTepHATHUBHUX JI)KEpeJl eHeprii, Ta cucTeM 6e371aBayeBOro KEpyBaHHsI 3 METOI0 OOI'PYHTYBaHHS HEOOXiIHOCTI
BUPIiLIEHHS PO3IJIIHYTOI y pOOOTI HAyKOBO-TIPUKJIAIHOI 3aj1adi. 3a pe3ysbTaTaMy aHAJIITUYHOTO OTJISALY
BCTaHOBJIEHO, 1[0 BUKOPUCTAHHS JATYMKiB TEXHOJIOTTYHMX KOOPJAMHAT 3HAYHO 30i/blIye BapTiCTh TA YCKIAAHIOE

rpolec 06CIyroByBaHHS TaKMX CUCTEM KePyBaHHS TypOOMexaHizMaMy, 30KpemMa HacoCaMU, BEHTUJISITOPaMU Ta



KOMITpECOpaMU. Y Ipyromy po3fiijii NpoBefeHOo po3pooKa Ta ONMC TPEHYBAHHS OLIiHIOBAYiB TEXHOJIOTIYHUX
KOOPJMHAT Ha OCHOBI TeOpii ITYYHUX MEPEX i3 KIIACUYHUMU CTPYKTyPAMU MEPEX Ta CTaHAAPTHUMU aJITOPUTMaMU
iX HaBYaHHSI, @ TAKOXX IIPY BUKOPUCTaHHI MO (PIKOBAaHOI CTPYKTYpU HEMPOHHUX MEPEX i3 BBOPOTHIM 3B'SI3KOM, 1110
I03BOJIsIE MiABUIIMTY TOYHICTh OLiHIOBaHHS [IPY Bapialisx onopy rigpasiiyHoi Mepexi. HaBeneni pesynbrat
TPEHYBaHHS OLIHIOBAYiB TEXHOJIOTIYHMX KOOPAMHAT, & CaMe OLIiHI0Ba4a TUCKY Ta IIPOLYKTUBHOCTI, II0KA3yIOTh, 110
TOYHICTb TaKOTrO OLIiHIOBa4ya CTaHOBUTD 10%. Y TpETbOMY PO3[iJi HABELEHO MaTEeMaTUYHU OMKC Ta ONKUC OCHOBHUX
€JIEMEHTIB JIBOX BapiaHTiB €JIEKTPOMEXaHIUHOI CUCTEMU KEPYBaHHs TypOOMexaHi3MOM IIPU KMBJIEHHI Bif
BiTpOreHepaTopa 3 BUKOPUCTAHHSIM €JIEKTPOHHOIO perysatopa HaBaHTaxkeHHs (EPH) Ta cTaTuuHOro KommneHcaropa
(STATCOM). PesynbTaTul BKa3yloTh Ha Te, 1[0 pO3pO0JIeHa cucTeMa 3abesedye cTabisizalio Haropy B rigpaBiivHii
MepexXi Ha 33JJ0BIIbHOMY PiBHi [1pY 3MiHax ONOPY Bif[IOBiAHO 4O TEXHOJIOTIYHUX BUMOT. JIuHaMiuHa MOXMoOKa B
pEryJIIOBaHHI HAMTOPY CUCTEMU HE MepeBullye 1%. Y 4eTBepTOMY pO3Aisi pO3IJISHYTO Pi3HI TUIIM peasisalii cucTeMu
crabini3auii Harpyru aCMHXPOHHUX '€HePaTOoPiB, TaKi K €JIEKTPOHHUIL peryssiTop HaBaHTaKeHHs (EPH) Ta
cratuyHuil komneHcarop (STATCOM). SIk HaciioK BCTAaHOBJIEHO, 1110 BUKOPUCTaHHs ejleKTpoHHoro EPH B
aBTOHOMHII CUCTEMI reHepallii eJIEKTPUYHOI eHeprii J03BoJIg€ BTPATH €HEPTII, 1[0 YTBOPIOIOTLCS IIPY KUBJIEHH]
OCHOBHUX aKTMBHUX CIIOXUBAYiB, I€PEPO3NOLINATH [1JIs1 33[JOBOJIEHHS IOTPEO CIIOKMBAYiB CUCTEMU
BoporoctayaHHs. [TopiBHIOIOYM OLiHEHi 3HaYeHHsI TUCKY, sIKi OTPUMaHi Bifj cucTeMU 6e3[1aTYMKOBOrO KepyBaHHS
TypOOMEXaHi3MOM IIPY >KMBJIEH] Bif] BITpOreHepaTropa i3 BAKOPUCTAaHHSM €JIEKTPOHHOIO PEryJIsITOpa
HABaHTaXEHHS, i PaKTUYHUI TUCK, IO MOKe OyTU BUMipSHUH 32 JOMIOMOTIOIO 1aTYMKa TUCKY, BCTAHOBJIEHO, L0
noxu6Ka OL{HKY TUCKY 3HAXOAUTHCS B MeXKax Bif 0% mo 14%. [Toxubka B OLiHLi TUCKY B 6€31aTYMKOBIl cUCTeMi
KepyBaHHS TypOOMeXaHi3MOM i3 BUKOPUCTaHHS CTaTUYHOIO KOMIIEHCATOPa 3HaXOAUThCS B JlianasoHi Bix 0% no 8%,
11O BiJ[IOBila€ TEXHOJIOTIYHMM BUMOTaM i € IPUMHITHUM [1J1 BUMiPIOBaHHS KOOPJUHAT MEPEXi 3a I0IIOMOT0I0
KOHTPOJIbHO-BUMIPIOBaJIbHUX NPUJIAZiB. Y I'ITOMY PO3[i/i HABEIEHO ONNC €KCIIEPUMEHTAIBHOTO CTEHAY ISt
IOCJIiIPKEHHS 6€31aBayeBOi CUCTEMHU K€PYBaHHSI BEHTUJISTOPOM, YMOBHU IIPOBEJI€HHS €KCIIEPUMEHTY Ta Pe3yJIbTaTU
MIPOBeIEHHSI eKCIIepUMEHTaIbHUX AOCimKeHb. [TinTBepakeHo epeKTUBHICTh po3pobieHoro ouiHoBadya KKJ]
HACOCHOI YCTaHOBKH, PO30IKHICTh Mi’K €KCIIEPUMEHTAIIBHUMU Ta MOJEJIbHMMU JAaHUMU He nlepeBulye 15% Ha
Haropax /10 7 MeTpiB i 5% Bin 7 1o 20 MeTpiB, 1[0 BBAXKAETHCS MPUIHATHUM [1J151 BAKOPUCTAHOTO OOCSTY JAHUX i
XapaKTePUCTUK BXiIHUX CUTHAJIiB HEUPOHHOI MepexXi. Y paMKaxX JOCJiIP)KEHHS 311 ICHEHO TEXHIKO-€KOHOMIUHE
OOI'PYHTYBaHHSI 3aCTOCYBaHHS IPOrPaMOBAaHUX JIOTTYHUX iHTETpajIbHUX CXE€M Y ITOPIBHSHHI 3 TPaJULINHUMU
IATYMKAMU TUCKY Ta IPOAYKTUBHOCTI B CUCTEMAX BOJONOCTAYaHHS. Pe3ybTaTti po60TH BIIPOBaIKeHO: B JI1
«Cimenc Ykpaina» (M. KuiB) Ta B ocBiTHill nponec y KuiBcbkoMy noiiTexHiyHOMy iHCTUTYTi iMeHi Iropst Cikopcbkoro
L7151 BOOCKOHAJIEHHS JIEKLIMHNX KypCiB Ta OHOBJIEHHSI LIUKJIiB 1a00PaTOPHUX POOIT AucuuIiH «EjrekTpomexaHivyHi
CHACTEMU TUIIOBUX TEXHOJIOTIYHUX 3aCTOCYyBaHb» Ta «KepyBaHHs Ta aBTOMaTU3allis TEXHIYHUX cucTem». KiouoBi
CJIOBA: €JIEKTPOMEXaHIUHA CUCTEMA, TYPOOMEXaHi3M, aCUHXPOHHU ABUTYH, aCUHXPOHHUII T€HepaTop,
BiTporeHepaTop, CuCTeMa BOJOIIOCTaYaHHs, 6e3aBaueBe KepyBaHHsl, cTabisizallis Haropy, ITyYHa HEIPOHHA
MEPEKa, OLiHIOBAHHS TEXHOJIOTTYHOI KOOPIMHATH, IIPABJIYHUN OIip MEPEXKI, aJIbTEPHATUBHE [IKEPEJIO €HEPTii,
KoeilieHT KOPUCHOI Aii.

2. The thesis is devoted to the problem of increasing the efficiency of turbomechanisms operation by developing a
sensorless electromechanical automatic control system with technological coordinates observers based on
artificial neural networks in the conditions of hydraulic network parameters changing. The first chapter provides
an analysis of existing modern energy-efficient turbomechanisms control systems powered by alternative energy
sources and sensorless control systems. The aim is to justify the need to address the scientific and applied problem
considered in this work. According to the results of the analytical review, it is established that the use of
technological coordinate sensors significantly increases the cost and complicates the maintenance process of such
control systems for turbomechanisms, including pumps, fans, and compressors. In the second chapter, the
development and training of technological coordinate observers based on artificial neural network theory with
classical network structures and standard training algorithms are described. Additionally, a modified neural
network structure with feedback is utilized to enhance the accuracy of estimation during variations in hydraulic
network resistance. The results of training the technological parameter observers, such as a pressure and



productivity observers, demonstrate that the accuracy of such an estimator is 10%. In the third chapter, a
mathematical description and an overview of the main elements of two variants of the turbomechanism
electromechanical control system powered by a wind generator are provided. The systems incorporate an
electronic load regulator (ELR) and a static compensator (STATCOM). The results indicate that the developed
system ensures pressure stabilization within the hydraulic network at a satisfactory level, accommodating
variations in resistance according to technological requirements. The dynamic error in the pressure regulation of
the system does not exceed 1%. In the fourth chapter, various implementations of voltage stabilization systems for
induction generators are considered, such as the electronic load regulator (ELR) and the static compensator
(STATCOM). As a result, it is established that the use of the ELR in an autonomous power generation system allows
redistributing the energy losses generated when supplying power to the main active consumers to meet the needs
of the water supply system consumers. Comparing the observered pressure values obtained from the
turbomechanism sensorless control system powered by a wind generator using an electronic load regulator and
the actual pressure that can be measured using a pressure sensor, it is found that the pressure estimation error is
within the range of 0% to 14%. The error in pressure estimation in the turbomechanism sensorless control system
using a static compensator is in the range of 0% to 8%, which corresponds to technological requirements and is
acceptable for measuring network parameters using control and measurement instruments. In the fifth chapter, a
description of the experimental setup for investigating the sensorless fan control system, experimental conditions,
and the results of experimental studies are provided. The efficiency of the developed estimator of the pump unit
efficiency is confirmed, and the discrepancy between experimental and model data does not exceed 15% for head
values up to 7 meters and 5% from 7 to 20 meters, which is considered acceptable for the used dataset and
characteristics of neural network input signals. Within the scope of the research, a feasibility study for the
application of FPGA compared to traditional pressure and productivity sensors in water supply systems has been
conducted. The results of the research have been implemented at Siemens Ukraine (Kyiv) and integrated into the
educational process at Igor Sikorsky Kyiv Polytechnic Institute to enhance lecture courses and update laboratory
work cycles for the disciplines "Electromechanical Systems of Typical Technological Applications” and "Control
and Automation of Technical Systems" Keywords: electromechanical system, turbomechanism, induction motor,
wind generator, water supply system, sensorless control, pressure stabilization, artificial neural network,
technological coordinate observetion, hydraulic network resistance, alternative energy source, efficiency.
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BaacHe IlpizBume Im's I10-6aTbKOBI:

1. leBuyk CrenaH [Ipokonosuy

2. Stepan Shevchuk

KBasigikamis: n. 1. u., npodecop, 05.05.06
InenTudikarop ORCID ID: 0000-0002-7517-0501

JoparkoBa iHdopmanist: https://scholar.google.com.ua/citations?hl=uk&user=GPpWZkQAAAAJ;
https:/ /www.scopus.com /authid /detail.uri?authorld=7004183922;
https:/ /www.webofscience.com /wos /author /record /510565; https:/ /ieeexplore.ieee.org /author /37086333319

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHMil yHiBepcuTeT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMIA iHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuil, 6yg,. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akir04Hi BimoMocTi



Biacue IpizBume Im'st Ilo-6aThKOBI Kosbaca Cepriii Mukosaiiouy
TOJIOBH pajgu

Biacue IpizBume Im's Ilo-6aThKOBI Kos6aca Cepriit Mukozaitosuy
rOJIOBYIOYOrO Ha 3acCimaHHi

BignoBigasbHuUI 3a MiATOTOBKY 3emnanyxina [anna IOpiiBHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

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

OisIIBHOCTI




