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AHOTALIIS

Buwmnescokuu  /[.JI.  1ludpoBi  cucteMu  KepyBaHHS  HANpyrow  CyAHOBOI
eJIeKTpoeHepreTuyHoi cuctemu. — KaamidikamiiiHa HaykoBa Tmpans Ha IpaBax
pYKOIHCY.

HNucepranis Ha 3100yTTS HAyKOBOI'O CTyIeHs Jokrtopa ¢iurocodii 3a
cnemianbHIicTIO 271 — «Mopchkuil Ta BHYTpilIHIM BoaHUM TpancnopT» (I'any3s 3HaHB
27 — Tpancnopt). — Hanionansuuit yaiBepcutet «Onecbka MOpchka akaaemis», Opeca,
2025.

BrockonaneHHsT aBTOHOMHHMX €HEPreTUYHUX YCTAaHOBOK CYJE€H Ta IHIIUX
TPAHCIIOPTHUX OO'€KTIB, TMOKPAIICHHS iX TEXHIKO-€KOHOMIYHMX TIOKa3HUKIB €
OCHOBHOIO TEHJICHIIIE€I0 PO3BUTKY CYAHOOYIYyBaHHS Ta aBTOHOMHOI eHepreTuku. Bulip
ONTUMAJIBHOTO CKJAAy CYJHOBOI €JIEKTPOCTaHIi 3 MOKPAIIEHUMH EKCIUTyaTalliHUMU
AKOCTSIMH CHPUSE MiJBUIEHHIO €(PEKTUBHOCTI €EHEPreTUUHO1 YCTAHOBKH 3arajioM.

Ha Mopchkux cynHax sK JpKeperna eJEeKTPOEHEeprii MOLIMpeHl CHUHXPOHHI
reHepaTopu, L0 TMOSCHIOETHCA MPOCTOTOIO0 PETYIIOBAHHS iX Hampyru. baraToBuUTKOBa
oOMoTKka 30y/DKeHHsT Ha pOTOpl TreHepaTopa JIO3BOJISiE KepyBaTH HANpPyroro
CUHXPOHHOT'O T€HepaTopa 3a JAOMOMOIOI0 BIJHOCHO HEBEJIHUKHUX cTpyMiB. Ll mpocroTa
BUKJIMKAJA JIB1 1HII MPOOJIEMHU: KOHTAKTHI KUIbLA, 1[0 00EPTAIOTHCS HA POTOPI 1 BEIUKY
1HIYKTUBHICTD KOJIa 30yXKEHHS, 1[0 3HAYHO 3HU3WJIO IIBUJKOJIIF0 CUCTEMH cTadlmizarii
Hanpyru. CyvacHi O€3KOHTaKTHI CHHXPOHHI T'€HEepaTopu 3 OOEpHEHUM 30YJHUKOM 1
aiolaMH, 110 OOEPTAIOThCS, TO3BOJWIM YCYHYTH KOHTAaKTHI KUIbIS, MPOTE 3HAYHO
YCKJIAQHUIN X KOHCTPYKIit0. [IpoOmeMHUM 3aBIaHHSIM € BKJIIOYEHHS Ta CTIAKICTh
napajiebHOi pOOOTH CHUHXPOHHHMX T€HEpaTopiB 10 CYJHOBOi OaraToreHepaTopHOl
€JIEKTPOCTAHIII].

OpHuM 13 NUIAXIB MOJIEpHI3AIlli €JIeKTPOCHEPreTUYHOT CUCTEMH € 3aCTOCYBAaHHS
acMHXpOHHUX TeHepaTopiB (Al') 13 KOHJEHCATOPHUM 30YyKCHHSIM. YTPaBIIHHS
HAIlpyrol0 AacCHMHXPOHHOIO TEHepaTopa 3MIMCHIOETHCS Yy CTAaTOPHOMY KOJII HOTO
HABAHTAXXEHHS, TOMY I1HEPLINHICTh, KaHAJIB YNpaBliHHA Ta 30ypeHHsS OJHAKOBI, IO

J03BOJISIE pealli3yBaTH IIBUIKOIIOUY cuUcTeMy cTabumizamii Hanpyru. Jemndytoui



BJIACTUBOCTI KOPOTKO3aMKHYTOTO poOTOpa poOJisAiTh OaraToreHepaTOpHy YCTAHOBKY
CTINKOIO, 3HWXKYIOThCS OOMIHHI KOJMBaHHA Ta YyJapHI MOMEHTH HECUHXPOHHOTO
BKJIIOUEHHS. J[0JJaTKOBI KOHJIEHCATOPHI OJIOKHU, HEOOXiJHI A1 pOOOTH aCHUHXPOHHHUX
reHepaTopiB, OJHOYACHO KOMIIEHCYIOTh PEAKTUBHY  MOTYXHICTh  CYJIHOBOTO
HaBaHTaXEHHsA, 3HWKyoun Ha 20 % cTpymMH 1 BCTAHOBJIEHY MOTY>XHICTh
€JIEKTPOreHePaTOPiB.

Han BukopucTaHHSIM aCUHXPOHHUX I'€HEPATOPIB HA CyJHAX MPAIOIOTh MPOBIJIHI
cynHorutaBHl kommnanii, Hanmpukiaa MSC Shipmanagement Ltd tTa CSL Group Inc.
[lepcieKTUBHUM € BUKOPUCTaHHS ACHMHXPOHHOI MAIIMHU $K BaJIOABUTYHA 000
BaJIOr€HepaTopa y BIAMOBIIHUX PeKUMaxX poOOTH €HEePreTUYHOI YCTAaHOBKU CyAHA.

3B's130Kk po0OTHM 3 HAYKOBHMH NpOorpaMamMu, IUIaHAaMH, TemMamu. PoGota
MPOBOJMIIACH 3TIHO 3 MOJIOKEHHsIMU TpaHcnopTHOi cTparerii Ykpainu 1o 2030 poky
(KMYVY 30.03.18 p. Ne 430-p).

ABTOp TpHiiMaEe y4acTb B JAEPKOIOKETHUX HAYyKOBO-IOCHIIHUIIBKUX POOOTaX
Kadeapu eIeKTPUYHOI 1HX)eHepii Ta enekTpoHiku HY «OMAY.

1. HAP Ne JIP 0116U002392 «IligBumieHHs: epeKTUBHOCTI POOOTH CYAHOBHX
CJICKTPOCHEPTETUUHUX Ta eJeKTpoMexaHiyHux cucrem» (2016 — 2020 p.p.). Y
3aKJIIOYHOMY 3BITI acmipadT BUKoHaB miapo3auiu 3.1 — 3.8 B po3aim 3. «BAPIAHT
[IEPCIIEKTMBHOI KOMIIOHOBKHU CYJHOBOI EJIEKTPOCTAHIIII».

2. HAP Ne 1P 0122U201978 «TexHomorii MiJBUILIEHHS €HEProeeKTUBHOCTI
CYJIHOBHUX €JICKTPOCHEPTreTUYHHUX 1 €IEKTPOMEXaHIYHUX YCTaHOBOKY, (2022 — 2026 pp.).

Pob6orta nucepranTa 6a3yeThCsi Ha HAyKOBO-IOCHIIHUIIBKUX POOOTaX KOJEKTUBY
HanionansHoro yHiBepcutery «OJiecbka MOpChbKa akaaeMish» Ta € iX MPOJIOBKEHHSIM 3
ypaxyBaHHSIM Cy4aCHHUX JOCATHEHb KOMIT'IOTEPHOI Ta HAIMIBIPOBITHUKOBOI TEXHIKH.

MeTow [OCHiIKEHHI € MIJBUILIEHHS  €HEepProe(eKTUBHOCTI  CYyAHOBOI
€JIEKTPOCTAHIIIT 3 KOHIEHCATOPHUM KEepPYBaHHSM HAIPYrol0 aCHHXPOHHUX I'€HEPaTOPIB.

OcHOoBHA HAayKOBa rimore3a JucepTallli Mojsrae B JOMIIBHOCTI BIPOBAKCHHS
nM(pOBOro KepyBaHHS HAMpyrol0 ACHHXPOHHOIO TIeHepaTopa 3 KOHAEHCATOPHUM

36YI[)KCHH$IM Y CYAHOBUX CJIICKTPOCHCPICTUYHUX CUCTCMaAX.
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l'onoBHMM 3aBJAaHHSIM HAYKOBOIO /JOCJIIKEHHSl € TOWYK eQeKTUBHUX
NPUHIMIIB Ta po3poOka IUGPOBUX 3aKOHIB YINPABIIHHS HANpPYyrol AcCHHXPOHHUX
re”Heparopis (Al).

JlonoMixHi 3aB1aHHsA podoTH:

1. [Tomyk Ta onTUMi3allis cnoco0y kepyBaHHs Hanpyroro Al

2. Jocmimxenns uudpoBux 3akoH1B ctadimizamii Hanpyru Al

3. Po3pobka patumka Tpuda3zHOi Hampyru sl CUCTEMH KEpPYBAaHHS HamNpyroro
ACUHXPOHHOT'O reHepaTopa.

4. Y nockoHaJNeHHs] MaTeMaTUYHOI MOJIelli cucTeMu LudpoBoro kepyBanus Al

Ha 3axucTt BUHOCSTHCSA HACTyIIHI HAYKOBI pe3yJIbTaTH JMcepTallii.

1. Bnepmie 3anmponoHOBaHWM CHocid KepyBaHHS HANpPyrol aCHUHXPOHHOTO
reHepaTopa HUITXOM KOMYyTallli OJIOKIB KOHJCHCATOPIB, SKUM BIAPI3HIETHCA BiJ
BIJIOMUX CHOCO0OIB KepyBaHHsI 3 MPOMOPIIHHUM 3aKOHOM KEpyBaHHS TUM, 10 (popMye
JIBIMKOBE YHUCJIO, PO3PSAU SKOTO YIIPAaBIAIOThH KOMYTalll€l0 KOHJEHCATOPiB. €MHICTH
KOHJIEHCATOpP1B MPOMOpLiifHA Ba3l po3psA/IIB KEPYIOUOI0 YUCia, IKe Y MOTOYHUN Mepio/y
CTpyMy 3MIHIOETBCS HAa BEJIMYMHY, MPOMOPLINHY BIIXWICHHS HANpyrd BiJl 3aaHOTO
3HAUEHHS 3a MONEpEeNHId MepioJ 3a BUHATKOM IE€BHOI 30HM HewuyTIuBOCTi. Lle
JI03BOJISIE YHUKHYTH aBTOKOJIMBaHb HANPYTH B CTAJIOMY PEKHUMI Ta MOKPALIUTH SKICTh
€JIEKTPOEHEPrii.

2. Bnepme po3poOneHuil naT4vk TpUQa3zHOI HANpPYTd, KU Ha BIIMIHY BiJ
BIIOMUX JaTYMKIB, IO IHTETPYIOTh, BUKOHYE AUGEPEHIIIOBAHHS, BUMNPAMIICHHS Ta
iHTerpyBaHHs (aznux Hanpyr. Lle 103Bossie BU3HAUUTH HAIPYTy siIka 3HAYHO MEHBIIIE
3aJIEKUTH BIJ] YACTOTH CTPYMY, HIXK Y BITOMHUX JaTYMKIB. 3alIPONOHOBAHUMN JTaTYUK €
CKJIaZIOBOIO CHCTEMH KEPYBAHHS HAIpPyror aCHHXPOHHOTO reHepaTopa.

3. VYaockoHajleHa MaTeMaTH4Ha MOJIEJb CYAHOBOI €JIEKTPOEHEePreTHYHO1
CUCTEMHU 3 aCMHXpPOHHHM T€HEepaTopoM, sKa BIIEpIIe BpPaxoBYE MPOLECH KOMYTalii

KOXHOI'O (I)aSHOFO KOHACHCATOpA LII/I(i)pOBOFO peryisiTopa 1o OO3BOJISIE I[CTaJIBHiHIC

JOCIHIKYBAaTH Ta ONTUMI3YBaTU 3aKOHHU KEPYBAHHS HAPYTOIO.



4. Bnepiie BH3HAUYE€HO Kpally 3a HIBUAKOIIEID CHCTEMY cTaOuIi3alii Hampyru
ACUHXPOHHOTO TeHepaTopa 3 KOHACHCATOPHUM 30Y/KEHHSM IUISIXOM MOPIBHSHHS
JTUCKPETHUX PETYIATOPIB, AKI MPAIOIOTh 32 MPUHIIUIIOM BIIXWJIECHHS 3 IHTETPAJIbHUM,
mudepeHIiiHUM Ta TPONOPLIMHUM 3aKoHamMu, 3 (opcyBaHHSIM 30y/KEHHS Ta 3a
MPUHIUIIOM 30ypPEHHS 3 €IEKTPUYHOTO0 HABAHTAXKEHHSI.

I[IpakTnyHe 3Ha4YeHHS POOOTH MOJATAE B HACTYITHOMY:

1. Po3pobnenuii Ta 3amareHTOBaHUN crnoci0 HMUGPPOBOro KEpyBaHHS HAIMPYTOIO
ACUHXPOHHOTO TeHepaTopa 3 KOHJACHCATOPHUM 30YyJDKEHHSM peasli3oBaHUN Ha
€KCIIEpPUMEHTATbHOMY MaKeTi Ta JOCHIIKEHUN Ha KOMI'IOTEpPHIA MOJEi CYyAHOBOIO
reHepaToOpHOro KoMmIulekca. JoCmiKeHHs MoKa3ajiu CHIBHOAAIHHS pO3pPaXyHKOBHX Ta
€KCIIEpUMEHTATbHUX PE3YIbTaTIB.

2. JlochimKeHHs THUMOBHX TMEpPEXiAHUX MPOLECIB Yy po3po0seHil cucremi
1IM(PpoBOro KepyBaHHs HAIMPYTOK MOBHICTIO BIAMOBIAAIOTH BUMOraM MiKHApOIHHUX
CrangaptiB 1 Mopcbkoro Perictpy CynHoIUIaBcTBa 10 MapaMeTpiB MEpexiTHUX
MIPOIIECIB Y CYIHOBIN enekTpocTaHili. [IIBunkomis kommneHcalii AMHAMIYHUX B1IXUJICHb
Halpyra Mpu KOMYyTallli TUIIOBOI'O AaKTUBHO-IHAYKTMBHOTO HABAHTAXKEHHS CYJIHOBOI
€JIEKTPOCTAHIIIT 3 ACHHXPOHHUM T'€HEPaTOPOM CKJIaJae 2..5 MepioAiB CTpyMy.

3. JloompaitoBaHHsST MaTeMaTUYHOI MOJeNli TEHEPAaTOPHOTO KOMIUIEKCY 3
KOMYTOBaHMMHU OJIOKaMU KOHAEHCATOpPIB B MOJAIBIIOMY JO3BOJUTH JAETAIbHO
JOCIIKYBATH MPOLIECH KOMITEH ALl PEaKTUBHOI MOTYKHOCTI HAaBaHTaXKE€HHS CYJIHOBO1
€JIEKTPOCTAHIIII Ta aHaJII3yBaTW MPOLECU cTalLIi3alii HApyrd reHeparopa 3 pi3HUMHU
NrOpUTMaMHM YIIPaBIIHHS.

4. JlocnikeHHs Ta peajizallis AaTdyrka TprudaszHoi Hanpyru Ha KOHTPOJEpl, SIKUi
BUMIPIOE CEpEHE 3HAYEHHS HANpyrd BOPOJOBXK  HAMIBIOEPIOLY CTPYMY, I03BOJISIE
peanizyBaTH MIBUAKOAII0Y1 CUCTEMHU KEPYBaHHS HAIIPYTOIO.

5. SIx mokazanu JAOCHIIKEHHs, KOHJIEHCATOpPHA CHUCTEMa MOXE KOMIIEHCYBaTH
pPEaKkTUBHY NOTYXHICTh Ta KEpyBaTW HANpPYyrol B CHUHXPOHHUX TIe€HepaTopax B KOJI

cTaTopa, y TOMY YHUCII B T1JIpo- Ta BITpOr€HepaTopax.
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KarouoBi cioBa: IludpoBa cucrema, KepyBaHHS HAmpyrow, CyAHOBA
CJIEKTPOCHEPTeTUYHA CHCTEMa, TU3eIb-TeHEPaTOp, ACHHXPOHHUN TeHEepaTop, EMHICHE
30y/DKEHHS, pEaKTHUBHA TMOTYXHICTh, KOHJCHCATOpHA CHCTEMa CaMO30yKEHHS,
MaTeMaTHyHa MOJENb, MPOTrPaMOBAaHWUN  JIOTIYHUH  KOHTPOJIEP, BHUMIipIOBAHHS
napaMeTpiB TeHepaTtopa, JaT4yuK TpUQa3zHOI HANpPyTH, CIOCOOM KepyBaHHS HANpyToIo,
1M pOBi 3aKOHU KEPYBaHHsI, EKCTIEPUMEHTAIbHA YCTAaHOBKA.

OcHOBHI HayKOBi pe3yJbTaTH Ony0JIiKOBaHi:

1. Bummnescekuii [[.JI. IludpoBuii perynsiTop Hamnpyrd acUHXPOHHOTO
reHepatopa // EnextporexHiuni Ta komm'ioTepHi cucremu.— K.: Texnika, 2014.—Nel5
(91) .— C. 277-281. (pociiichKOIO)

2. Bummnescekuit [JI. Onrtumizaiiss 3akoHY pPEryJIOBaHHS  HaIpyTH
acuHxpoHHoro renepatopa // Eneproz6epexenns. Enepreruxa. Eneproaynut, 2014.—
Nel2 (131) .— C. 40-46. (pociiicbko10)

3. Vyshnevskyi L., Mukha M., Vyshnevskyi O., Vyshnevskyi D. Voltage Sensor
of the Autonomous Generating Set // 2020 IEEE Proceedings of 15th International
Conference on Advanced Trends in Radioelectronics, Telecommunications and
Computer Engineering (TCSET-2020), Lviv-Slavske, Ukraine, February 25-29, 2020. —
DOI: 10.1109/TCSET49122.2020.235525. — IEEE Xplore Digital Library.

4. Vyshnevskyi L., Mukha M., Vyshnevskyi O., Vyshnevskyi D. Measuring the
Voltage of a Three-Phase Circuit in a Generator Set Control System // TransNav, the
International Journal on Marine Navigation and Safety of Sea Transportation,2021.—
Vol.15.— No. 4. — d0i:10.12716/1001.15.04.21.— pp.877-881.

5. Vyshnevskyi L., Mukha M., Vyshnevskyi D. Discrete-Pulse Voltage Control of
an Asynchronous Generator // 2021 IEEE International Conference on Modern
Electrical and Energy Systems (MEES), Kremenchuk, September 2021.
DOI:10.1109/MEES52427.2021.9598478, https://www.researchgate.net/publication/35

6279404 Discrete-Pulse_Voltage Control of an_Asynchronous_Generator
6. Vyshnevskyi L., Mukha M., Vyshnevskyi D., Drankova A. Discrete Laws of

Capacitor Control of Asynchronous Generator Voltage // TransNav, the International

Journal on Marine Navigation and Safety of Sea Transportation, 2024.—Vol.18.—No.3.—



DOI: 10.12716/1001.18.03.24.—pp.689-693.

7. Ilarent Nell13039 C2, UA, HO02P9/46, Cmnoci6 kepyBaHHS Hampyroro
acuHXpoHHoOro reneparopa // BumneBcbkuit JI.B., Bumnescokuit J[.JI. / Ony0n. B
bron.Ne 22 . —25.11.2016.

OcoOucTnii BHECOK 3100yBaya.

Haykosi mpami [1] Ta [2] BUKOHaHI caMOCTIHHO. Y HayKOBUX poOoTax, sKi
omyOJIiKOBaH1 y CIIBaBTOPCTBI, JUCEPTAHTY OCOOMCTO HAJICKUTh HacTynHe: [3] Ta [4] —
MOJIEJIIOBAHHS T4 MAKETyBaHHS 3allPONIOHOBAHMX CHOCOOIB Ta CXeM JaTdyuka TpudasHoi
Harnpyry; [5] Ta [6] — mporpamMyBaHHSI KOMIT I0T€PHOT MOJIEJIl TEHEPATOPHOTO KOMIUIEKCY,
aHaJli3 Ta MOPIBHSIHHS Pe3yJIbTaTiB MOJEIIOBAaHHS CIIOCO0IB Ta 3aKOHIB KepyBaHHS; [7] —
MAaTEHTHUHN MOIIYK, MOJIETIOBAHHS, pPO3pOOKa Ta HAJNAIITYBAHHS EKCIIEPUMEHTAJIbHUX
MAaKeTIB peryJiiTopa Haupyr.

Anpobanisi, y4acTb B KOH(pepeHUisax.

1. Bumuescskuii J.JI., Myxa M. IlepciekTMBM  BUKOPUCTAHHS
KOHJIEHCATOPHO1 CUCTEMHM YMPaBIIiHHS B CKJIaJl CYJHOBOI elekTpocTaHli / Marepianu
X MIDKHApOJHOI HAayKOBO-TeXHIUYHOi KoHpepeHiii «CyaHOBa eJNeKTpOIHXKEHePis,
eJeKTpoHika 1 aBromatukay, Oneca: HY «OMAy, 2020. — C. 48-49.
DOI:10.31653/2706-7874.SEEEA-2020.11.1-245.

2. Bumnescekuit [1.JI., Myxa M. ExcriepumeHTanbH1 TOCHIIKEHHS MPOLIECIB
cTabumizalii Hampyra acUHXpOHHOro reHepatopy // Marepiamu X1 mikHapoaHOI
HAyKOBO-TeXHIYHOI KoHGepeHlli «CyaHoBa eJEeKTPOIHXKEHEPIs, eJNeKTPOHIKa 1
aproMatukay», Ogeca: HY «OMA», 2021. — C. 55-57.
DOI:10.31653/2706-7874.SEEEA-2021.11.1-238.

3. Bummnescekuii JI.JI., xkepiBHUK Myxa M.J. JlaTunk Halpyrua aBTOHOMHOIL
reHepatopHoi yctaHoBkH // Marepianu Il HaykoBo-TexHIYHOI KOH(EpeHIli MOJOIAUX
BueHUX «IHHOBalii Ta TEXHOJOrli Ha MOPCHKOMY Ta BHYTPIUIHBOMY BOJHOMY
Tpa"cnopti», Oneca: HY «OMAy, 2023. — C. 18-20.

4.Vyshnevskyi L., Mukha M., Vyshnevskyi D., Drankova A., Borysenkov I.
Discrete-pulse Control of Reactive Power Compensation in Ship Power Plants // 2024

IEEE 6th International Conference on Modern Electrical and Energy Systems (MEES),



Kremenchuk Mykhailo Ostrohradskyi National University, Ukraine, September 18-21,
2024. — https://mees.ieee.org.ua.

BrnpoBagkeHHs AuMcepTANIiHOIO JOCTIAKeHHS.

HaykoBi pesynpTatd poOOTH BNPOBAIKEHI B pPEKOMEHAAIlli Ta BHUCHOBKH
JEP>KOI0IKETHUX HAYKOBO-IOCTITHUIIBKUX POOIT Kadenpu eneKTpuyHOi 1HXKeHepli Ta
enexktpoHiku HY «OMAy»: HIAP Ne JIP 0116U002392 «IlixBuiiieHHst epeKTUBHOCTI
poOOTH CYAHOBUX €JEKTPOCHEPIeTUYHUX Ta €JCKTpoMeXaHIyHuX cuctem» (2016 —
2020 p.p.) Ta HIAP Ne JP 01220201978 «TexHomorii  miaABUIICHHS
E€HEepProePeKTUBHOCTI  CYJHOBHUX  CJICKTPOCHEPreTUYHHUX 1  EJEKTPOMEXaHIUYHUX
ycTaHoBOK» (2022 — 2026 pp.).

Excnepumentansauii  creHnx Al Ta  3amporpaMoBaHi  KOHTpOJIEpU
BUKOPHUCTOBYIOTHCSI B JIOCHIDKCHHSX CHUCTEM  KOHJEHCATOPHOTO 30y KEHHS
IreHEepaToOpiB Ta B CHUCTEMax KOMIIGHCAIlli PEaKTUBHOI TMOTYXXHOCTI HaBaHTaXEHHS
CyAHOBOi enekTpocTaHiii. Po3po0ieHi MaremaTH4HI Ta KOMII FOTEpHI MoJedl
BUKOPHUCTOBYIOTHCSI B HABUAJIbBHOMY IPOIIEC] MATOTOBKH MAriCTpiB YHIBEPCUTETY.

HaykoBi  pexoMeHmarlii  JaucepTaHTa BOPOBA)KEHI Ta  BPaXOBYIOThCS
CY/[HOIUIaBHUMHU Ta CYJHOOYIIBHUMHU KOMIMAHISIMH IPU 3aMOBJICHHI, MPOEKTYBaHHI,
eKCIUTyaTallii Ta peMOHTI CyJICH.

Ctpykrypa Ta obcsar auceprauii. J(uceprariisi ckiiamaeTbcst 3 BCTYIly, ITSITH
PO3/11iB, BACHOBKIB, MEPEIiKy BUKOPUCTAHUX JIKEPEN Ta JOJATKIB.

OO6csr auceprauiifHOi poOOTH CTaHOBUTH 154 CTOPIHKH, MEpeNiK BUKOPUCTAHUX

mxepen 13 108 naliMeHyBaHb, 3 gojaatka , 61 pucyHOK, 4 TaOIuIIi.



ABSTRACT

Vyshnevskyi D. "Digital voltage control systems of the ship’s electrical power systems."

Qualification research paper presented as a manuscript. Dissertation for the
degree of Doctor of Philosophy in the specialty 271 — "Marine and inland water
transport" (Field of knowledge 27 — Transport). National University "Odessa Maritime
Academy", Odesa, 2025.

The improvement of autonomous power plants of ships and other transport
objects and the enhancement of their technical and economic indicators is a major trend
in the development of shipbuilding and autonomous power engineering. Selecting the
optimal composition of a ship's power plant with improved operational qualities
enhances the overall efficiency of the power plant.

On marine vessels, synchronous generators are commonly used as power sources
due to the simplicity of regulating their voltage. However, this simplicity has led to
other challenges, such as rotating contact rings on the rotor and high inductance of the
excitation circuit, which significantly reduces the response speed of the voltage
stabilization system. Modern contactless synchronous generators with reverse excitation
and rotating diodes have eliminated contact rings but have significantly complicated
their design. The inclusion and stability of the parallel operation of synchronous
generators in multi-generator ship power plants remain problematic.

One way to modernize the power plant is to use asynchronous generators (AG)
with capacitive excitation. Voltage control of an asynchronous generator is carried out
by the stator load circuit, allowing an almost invariant voltage stabilization system to be
implemented. The damping properties of a squirrel-cage rotor make the multi-generator
installation stable, reducing exchange oscillations and impact moments of non-
synchronous inclusion. Additional capacitor blocks required for the operation of
asynchronous generators simultaneously compensate for the reactive power of the ship's
load, reducing currents and the installed power of electrical generators by 20%.

Leading shipping companies, such as MSC Shipmanagement Ltd and CSL Group

Inc., are working on the use of asynchronous generators on ships. It is promising to use
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an asynchronous machine as a shaft motor or shaft generator in the appropriate
operating modes of the ship's power plant.

Research Connection with Scientific Programs, Plans, and Topics. The work
was carried out in accordance with the provisions of Ukraine's Transport Strategy until
2030 (Cabinet of Ministers of Ukraine, March 30, 2018, No. 430-p). The author
participates in budget-funded scientific research projects of the Department of Electrical
Engineering and Electronics at the National University "Odessa Maritime Academy."

Research Project No. DR 0116U002392 "Improving the Efficiency of Ship Power
Plants and Electromechanical Systems" (2016—2020). The graduate student completed
sections 3.1 — 3.8 in Chapter 3 "Option for a Prospective Ship Power Plant Layout."

Research Project No. DR 01220201978 "Technologies for Improving the Energy
Efficiency of Ship Power Plants and Electromechanical Systems" (2022-2026).

The research work of the dissertation is based on the scientific research carried
out by the team of the National University "Odessa Maritime Academy" and continues
it, taking into account modern achievements in computer and semiconductor
technology.

Research Objective: The aim is to improve the energy efficiency of a ship's
power plant with voltage control of asynchronous generators.

Scientific Hypothesis: The dissertation's main scientific hypothesis is the
feasibility of implementing a digitally voltage-controlled asynchronous generator with
capacitor excitation in ship power plants.

Main Research Task: Search for effective principles and develop digital voltage
control laws for asynchronous generators (AG).

Auxiliary tasks:

1. Search and optimization of the AG voltage control method.

2. Research of digital laws of AG voltage stabilization.

3. Development of a three-phase voltage sensor for an asynchronous generator voltage
control system.

4. Improvement of the mathematical model of the AG digital control system.
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Scientific results submitted for defense:

1. For the first time, a method of controlling the voltage of an asynchronous
generator by switching capacitor blocks has been proposed, which differs from known
control methods with a proportional control law in that it forms a binary number, the
discharges of which control the switching of capacitors. The capacitance of the
capacitors is proportional to the weight of the discharges of the control number, which
in the current current period changes by an amount proportional to the voltage deviation
from the set value for the previous period, with the exception of a certain dead zone.
This allows you to avoid voltage self-oscillations in a steady state and improve the
quality of electricity.

2. For the first time, a three-phase voltage sensor has been developed, which,
unlike known integrating sensors, performs differentiation, rectification and integration
of phase voltages. This allows determining the voltage, which is much less dependent
on the current frequency than known sensors. The proposed sensor is a component of
the voltage control system of an asynchronous generator.

3. An improved mathematical model of a ship's electric power system with an
asynchronous generator, which for the first time takes into account the switching
processes of each phase capacitor of a digital regulator, which allows for a more
detailed study and optimization of voltage control laws.

4. For the first time, the best-in-class voltage stabilization system for an
asynchronous generator with capacitor excitation has been determined by comparing
discrete regulators that operate on the principle of deviation with integral, differential,
and proportional laws, with excitation forcing, and on the principle of disturbance from
an electrical load.

Practical significance of the study:

1. The developed and patented method of controlling the voltage of an
asynchronous generator with capacitive excitation was implemented on an experimental
model and tested on an computer model of the ship generator complex. The studies

showed a match between the calculated and experimental results.
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2. The study of typical transient processes in the developed voltage control
system fully meets the requirements of International Standards and the Maritime
Register of Shipping for the parameters of transient processes in a ship power plant. The
speed of compensation for dynamic voltage deviations when switching a typical active-
inductive load of a ship power plant with an asynchronous generator is 2-5 current
periods, which is tens of times less than in installations with synchronous generators.

3. Further development of the mathematical model of the generator complex with
switched capacitor banks will allow for a detailed study of the processes of
compensation of the reactive power of the ship's power plant load and an analysis of the
processes of generator voltage stabilization with various control algorithms.

4. Research and implementation of a three-phase voltage sensor on a controller
that measures the average voltage value during the current half-cycle allows for the
implementation of high-speed voltage control systems.

5. As studies have shown, a capacitor system can compensate for reactive power
and control voltage in synchronous generators along the stator circuit, including hydro
and wind generators.

Keywords: Digital system, voltage control, ship electrical power system, diesel
generator, asynchronous generator, capacitive excitation, reactive power, capacitor self-
excitation system, mathematical model, programmable logic controller, generator
parameter measurement, three-phase voltage sensor, voltage control methods, digital
control laws, experimental installation.
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(91) — C. 277-281. (RU)
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3. Vyshnevskyi L., Mukha M., Vyshnevskyi O., Vyshnevskyi D. Voltage Sensor
of the Autonomous Generating Set // 2020 IEEE Proceedings of 15th International
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Conference on Advanced Trends in Radioelectronics, Telecommunications and
Computer Engineering (TCSET-2020), Lviv-Slavske, Ukraine, February 25-29, 2020. —
DOI: 10.1109/TCSET49122.2020.235525. — IEEE Xplore Digital Library.

4. Vyshnevskyi L., Mukha M., Vyshnevskyi O., Vyshnevskyi D. Measuring the
Voltage of a Three-Phase Circuit in a Generator Set Control System // TransNav, the
International Journal on Marine Navigation and Safety of Sea Transportation,2021.—
Vol.15.— No. 4. — d0i:10.12716/1001.15.04.21.— pp.877-881.

5. Vyshnevskyi L., Mukha M., Vyshnevskyi D. Discrete-Pulse Voltage Control of
an Asynchronous Generator // 2021 IEEE International Conference on Modern
Electrical and Energy Systems (MEES), Kremenchuk, September 2021.
DOI:10.1109/MEES52427.2021.9598478, https://www.researchgate.net/publication/35

6279404 Discrete-Pulse_Voltage Control of an_Asynchronous_Generator
6. Vyshnevskyi L., Mukha M., Vyshnevskyi D., Drankova A. Discrete Laws of

Capacitor Control of Asynchronous Generator Voltage // TransNav, the International
Journal on Marine Navigation and Safety of Sea Transportation, 2024.—Vol.18.—No.3.—
DOI: 10.12716/1001.18.03.24.—pp.689-693.

7. Ilarent Nell13039 C2, UA, HO02P9/46, Cmnoci6 kepyBaHHS Hampyroro
acuHXpoHHoro reneparopa // BumneBcbkuit JI.B., Bumnescokuit J{.JI. / Omny0a. B
brom.Ne 22 . — 25.11.2016. (UA)

Personal contribution of the author.

Scientific works [1] and [2] were performed independently. In the scientific works
published in co-authorship, the doctoral candidate personally owns the following: [3]
and [4] - modeling and prototyping of the proposed methods and circuits of a three-
phase voltage sensor; [5] and [6] - programming of a computer model of a generator
complex, analysis and comparison of the results of modeling of methods and control
laws; [7] - patent search, modeling, development and adjustment of experimental
models of a voltage regulator.

Participation in conferences.

1. Bumuescskuii J.JI., Myxa M. IlepciekTMBM  BUKOPUCTAHHSA

KOHJIEHCATOPHO1 CUCTEMHM YMPaBIIiHHS B CKJIaJl CYJHOBOI elekTpocTaHli / Marepianu
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X MIDKHApOJHOI HAayKOBO-TeXHIUYHOi KoH(pepeHiii «CyaHOBa eJNeKTpOIHXKEHEPis,
enekTpoHika 1 aBromatruka», Opeca: HY «OMA», 2020. — C. 48-49. —
DOI:10.31653/2706-7874.SEEEA-2020.11.1-245. (UA)

2. Bumnescekuit [1.JI., Myxa M. ExcriepumeHTanbH1 TOCHII)KEHHS MPOLIECIB
cTabumizalii Halpyrda acUHXpOHHOro renepatopy // Marepiamu  XI mikHapoaHOI
HAyKOBO-TeXHIYHOI KOHGepeHIli «CyaHOBa eNEeKTPOIHKEHEPIs, EJNEeKTPOHIKa 1
aBTomaruka», Oneca: HY «OMAy», 2021. — C. 55-57. — DOI:10.31653/2706-
7874.SEEEA-2021.11.1-238. (UA)

3. Bummnescekuii JI.JI., xkepiBHUK Myxa M.J. JlaTunk HaIlpyrua aBTOHOMHOIL
reHepatopHoi yctaHoBku // Marepianu Il HaykoBo-TexHIYHOI KOH(EpeHIli MOJ0IAUX
BueHUX «IHHOBalii Ta TEXHOJOrli Ha MOPCHKOMY Ta BHYTPIIIHBOMY BOJHOMY
Tpa"cnopTi», Oneca: HY «OMA», 2023. — C. 18-20. (UA)

4. Vyshnevskyi L., Mukha M., Vyshnevskyi D., Drankova A., Borysenkov I.

Discrete-pulse Control of Reactive Power Compensation in Ship Power Plants //
2024 IEEE 6th International Conference on Modern Electrical and Energy Systems
(MEES), Kremenchuk Mykhailo Ostrohradskyi National University, Ukraine,
September 18-21, 2024. — https://mees.ieee.org.ua.

Implementation of dissertation research.

The scientific results of the work are implemented in the recommendations and
conclusions of budget-funded scientific research projects of the Department of
Electrical Engineering and Electronics at NU "OMA":

1. Research project No. [P 0116U002392 «IlinBuiieHHss epeKTUBHOCTI POOOTH
CYJIHOBHUX €JICKTPOEHEPIreTUYHUX Ta eJeKTpoMexaHiuHux cuctem» (2016 —2020).

2. Research project No. P 01220201978 «TexHosiorii  mMiABUIICHHS
eHeproe(EeKTUBHOCTI ~ CYJHOBHX  €JIEKTPOCHEPIeTUYHUX 1  EJIEKTPOMEXaHIUYHHX
ycTaHoBOK» (2022 — 2026).

Experimental AG stand and programmed controllers are used in research on
capacitor excitation generator systems and reactive power compensation systems for
ship power plant loads.

The developed mathematical and computer models are used in the training
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process for preparing university master's students.

The scientific recommendations of the dissertation author are considered by
shipping and shipbuilding companies in the design, operation, and repair of ships.

The structure and scope of the dissertation. The dissertation consists of an
introduction, five chapters, conclusions, a list of used sources and appendices.

The volume of the dissertation is 154 pages, a list of used sources from 108 items,

3 appendices, 61 figures, 4 tables.





