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1. PGFYJIBOBaHI/IIZ KOMIIEHCATOP HEAKTUBHUX CKJIALOBUX ITOBHOI HOTY)KHOCTi B CYIHOBUX €JIEKTPOEHEPTETUIHUX

CHUCTEMAX 3 HaHiBHpOBi,[[HI/IKOBI/IMI/I INEPETBOPIOBAYaMU

2. An adjustable compensator of complete power non-active components in ship electric power systems with
semiconductor converters

Pedepar:

1. Incepraniiiny po60Ty IPUCBSIYEHO NIOJAJIBIIOMY PO3BUTKY TE€OPii €1eKTPOMAarHiTHOI CyMiCHOCTI i SIKOCTi
€JIEKTPOEHEPTii B CyHOBUX eJleKTpoeHepreTnyHux cucremax (CEEC) 3 mOTy>KHMMU HaMiBIPOBiTHNKOBUMU
nepetsopioBadamu (HIT) Ta perysnboBaHuMu QinbTpokomiieHcyounmu npuctposmu (POKII), siki npusHadeHi aiis
3a0e31e4yeHHs KOMIIeHcallii peakTUBHOI IOTY>KHOCTI Ha YaCTOTi OCHOBHOI TAPMOHIKY 3 OIHOYACHUM 3HIDKEHHSIMU
PiBHS BUIIMX rapMOHIK. XapakTepHo1o 03Hakoo CEEC e cyMipHICTb IOTY>KHOCTI CIIOXKUBAaYiB €JIEKTPOEHEPTii i
CYMapHOi IOTY>XKHOCTi reHepyrounx arperaTiB. CTBOpeHa i TEOpeTUYHO OOI'PYHTOBAaHA HOBA YAOCKOHAJIEHA

cTpykrypa riopugHoro POKII 3 nigximouenHsam PK P no Touky 3'€fHaHHS iHIYKTUBHOCTI i EMHOCTI OCHOBHOTO



cunosoro PO. l'opuauuit POKII o3Bosisie yCyHyTH HEOOXiIHICTD B JOJATKOBOMY NEPEIKOI03aXUCHOMY DiNbTpi,
36inpmnTy mWBKUIKOAI0 POKII, BUK/IIOUATY reHepYBaHHSI HUM B ME€PeXXy HU3bKOYACTOTHUX FaPMOHIK, BUKJIIOUNUTH
PE30HaHCHE IiJBUIIEHHS FADMOHIK CTPYMY Ha BUIIMX FapMOHiKax. Ofep>KaHO aHAJIITUYHY YMOBY Y3rOIPKEHHS
YaCTOTHMX XapaKTepUCTUK eKkBiBasieHTHOro onopy CEEC 3 POKII 3i cnexkTpamu rapMoHik, reHeposanux HIT ta PK|
SIKQ BUKJIIOYA€ PE30HAHCHE MiJIBUIIEHHS rapMOHIK B cuctemi. Ha ocHOBI aHanisy cxem 3amimenns CEEC 3 HIT ra
P®KII, 3 BUKOPUCTaHHSIM OIIEPATOPHOI'O METOY OKPEMUX CKJIaJIOBUX, FAPMOHIYHOTO aHasli3y Ta PiBHOCTI
[TapceBasnst oTprMaHi aHaITUYHI BUPa3U 151 3HaXOpKEHHS KoedillieHTa HECMHYCOiabHOCTI HAlIPYTU MEPEXi B
KiHLeBil OopMi, sIKi BpaxOBYIOTb BECb FTAPMOHIYHUI CIIEKTP Ta B3A€EMHUM BIIUB €JIEMEHTIB CUCTEMU HA
€JIEKTPOMAarHiTHi pouecy i 3a6e3nedyloTb He3HaYHy PO30DKHICTh PO3PaxXyHKIB 3 peajlbHUMU pe3yJIbTaTaMu.
Busnaueno ymoBu KomriieHcalii PI1, 3a1IporioHOBaHO Ta peasli3oBaHO CTPYKTYpHO-(yHKIioHaNbHY cxeMy CAP POKII
B CEEC 3 HII, sxa micTuTh gaT4uku Hanpyr i crpyMiB CT', craHgapTHUM 610K OOYMCIIEHHS 1711 BU3Ha4eHHs PII,
PEryJIsiTOp Ta MIMPOTHO-IMITyJIbCHUI MOLYJIsiTOP. OTpUMaiy NoJanbunii PO3BUTOK METOU TIOOY10BU
maremaTnuHux mogeseit POKII B CEEC 3 HII, Ha ocHOBI sikux po3pobseHo cucteMmy KepyBaHHs POKII 3
ypaxyBaHHSM 30yproiounx (paxTopiB. CTBOpEHO ONTHUMI3aLiliHY MOJeJIb TapaMeTPiB PETyJsTOpa 3 BUKOPHUCTAHHSIM
6ibmiorexu Simulink Design Optimization 3 610kom Check Step Response Characteristics i 3aaHHsIM KpUTepiiB
SIKOCTi IIepeximHuX MpoIleciB, 30KpeMa BUMOTH CKOPOYEHHSI TPUBAJIOCTI nepexinaux npoiecis 1o 0,15 c. Kinovyosi
CJIOBA: €JIEKTPOMArHiTHa CyMiCHICTb, IKICTb €JIEKTPOE€HEPTii, HEAKTUBHI CKJIaIOBi ITIOBHOI IIOTY>KHOCTI,
peryaboBaHUM QibTPOKOMIIEHCYIOUUI IPUCTPIlA, TACUBHUMN (iIbTP FAPMOHIK, aKTUBHUMN (PiIbTP rapMOHIK,
Koe(illieHT HeCUHYCOiabHOCTI HANIPYTH, PEaKTUBHA [IOTY>KHICTb, aKTUBHA MOTYKHICTb, CIIOTBOPEHHS HAIPYTH.

2. Dissertation is intended for further investigation of the theory of electromagnetic compatibility and electric
power quality in the ship electric power systems (EPS) with powerful semiconductor converters (SC) and
adjustable power line conditioners (APLC). The APLCs provide compensation of reactive power on main frequency
with simultaneous decreasing high harmonics. The main feature of the mentioned EPS is a proportionality of
power consumers and total power of generating aggregates. The new improved structure of hybrid APLC which
consists of the uncontrolled power resonant LC-filter (RF) and the reactor compensator (RC) with pulse-width
regulation (PWD) is created and theoretically proved. The hybrid APLC eliminates the need for an additional RF,
increase the performance of APLC, excludes the generation of low frequency harmonics into the EPS, excludes the
resonant increasing of harmonics in the EPS. An analytical condition for adjusting of the frequency characteristics
of the equivalent resistance of the EPS with APLC and SC with the spectra of harmonics generated by SC and RC
that eliminates the possibility of resonance of higher harmonics of currents is obtained. To calculate the non-
sinusoidality factor of the voltage, on the basis of the analysis of EPS with APLC and SC, using the operator method
of individual components, harmonic analysis and Parseval’'s equality, analytical expression in final form is obtained.
The expression takes into account the entire harmonic spectrum and the mutual impact of the system elements on
electromagnetic processes and provides a slight discrepancy in calculations with real results. The conditions of full
RP compensation are determined, the structural-functional scheme of the automatic control system (ACS) of APLC
in AEPS with SC is offered and implemented. The ACS contains sensors of generator voltages and currents,
standard calculation unit and low-pass filter for RP determination, regulator and PWD. To adjust the ACS regulator
parameters, an optimization model was created. The model used the Simulink Design Optimization library with the
Check Step Response Characteristics block and setting quality criteria for transients, in particular, the
requirement to reduce the duration of transients to 0.15 s. Keywords: electromagnetic compatibility, electric
power quality, complete power non-active components, adjustable power line conditioner, passive filter, active
filter, total harmonics distortion factor, reactive power, active-power, distortion of voltage.
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