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compensator (ARC). The effectiveness of CFCDs in systems with different types of input rectifiers
within the composition of PSFC was experimentally verified.

Incorporating the parasitic capacitance of the 'phase-to-ground' sections of cable lines (SCL) into
the MATLAB models enabled the detection and study of high-frequency voltage and current
distortions in the ship's power network, arising both at the input and output of PSFC. The analysis of
voltage and current harmonics in IMEPS with SPCs was conducted in two frequency ranges: low-
frequency (LF) from 0 to 2 kHz and high-frequency (HF) from 2 kHz to 500 kHz.

Key words: electric power quality, integrated maritime electric power system, semiconductor
propulsion complexes.
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AHoTauisg. Po3riasiHyTO YMOBH iHTErparii MoTy>KHUX CHCTEM HIBHIKOI O€3ApOTOBOI 3apsaKu i
MOPTOBOT MEpEXi, BHUXOIAYM 3 BHUMOI JIO EJIEKTPOMArHiTHOI CYMICHOCTI, $IKi BH3HA4alOThCS
CTaH/JapPTHUMHU IOKa3HUKaMH TPHUITYCTUMHX TapMOHIYHHMX CIIOTBOPEHb HANPYIU i CTPyMy MEpExi.
BukonaHo MojenbHE AOCIHIIKEHHS 3a3HAUCHHMX IOKA3HWKIB JUIA PI3HUX CXEM NpPUETHAHHS CHCTEM
0e3pOTOBOI 3apsaKku 10 OeperoBoi Mepexi sK 3a HasSBHOCTI, TaK 1 3a BIJACYTHOCTI TiOpHUIHUX
KepoBaHUX (iIBTPOKOMICHCYIOUHX MPHUCTPOiB. [IpoBeneHo aHai3 MpUHIUMIB €pEeKTUBHOT MiHIMI3alii
TapMOHIYHMX CIOTBOPEHb HANpYTd 1 CTPyMy MeEpexi NpH OJHOYACHIA Kopekmii koedimieHTa iX
(ha30BOTO 3CYyBY 3 ypaxyBaHHSM CYMipHOCTI TIOTY>KHOCTEH cHCTeMHU O€37JpOTOBOI 3apsIKU Ta TOPTOBOI
eNEKTPUYHOI Mepexi. PekoMeHmoBaHO, SIK HaWOUIbII eHeproe()eKTUBHUI BapiaHT, BUKOPHCTAHHS B
cucteMi 06e3apOTOBOT 3apsAKU 6-TH IMyJIBCHOTO BXIJHOTO HEKEPOBAHOTO BUIIPSAMIIAYA Y TOETHAHHI 3
CHCTEMHUM KEPOBaHMM (iIbTPOKOMIIEHCYIOYHM IPHCTPOEM, HANAIITOBAHNM Ha KOMIIEHcamio 5-1 Ta
7-1 TapMOHIK, 3aMicTh 12-ITyJIbCHOTO BUIPSAMIISTYA 3 TPHOOMOTKOBHM TPaHC(HOPMATOPOM.

K1040Bi c/10Ba: SKIiCTh €IEKTPOEHEPrii, eJIeKTPOMarHiTHa CyMiCHICTb, aKyMYJIITOPHI Cy/Ha 3
CNEKTPUYHUMH Ta TIOPUIHUMH TIPONYJIbCUBHHUMHU €HEProyCTaHOBKAaMH, IHAYKTHBHA CHCTEMa
6e31poToBO1 3apsiku 3 pesoHaHcHUM LLC - neperBoproBayeM, 6araTonyjabCHUNA BX1AHUN BUIPAMIIAY,
riOpuIHUN KepOBaHUM (PLIHBTPOKOMITCHCYIOUUNA TPUCTPIi.

Beryn. BukopucTaHHS 4YHCTO €NEKTPUYHHMX PYXOBUX YCTaHOBOK 3 YJOCKOHAJICHHUMHM JITiH-
1oHHUMU akymyJsiTopaumu Oatapesmu (AKDB) BHCOKOT €eMHOCTI Ha CyJiHaX 3 KOPOTKUMH MapIiipyTaMu
(HampuKIaa, Ha MOpoMax abo MOPTOBUX OyKCHpax) MoKe 3a0e3MeYnTH 3HAUHy €KOHOMIIO MajuBa Ta
poOOTy 3 HYJILOBUM PIBHEM BUKHU/IIB 32 YMOBH IIBUAKOI IMiJI3aPSIKH 70 JOCTaTHHOTO PIBHS €HEPrii Ha
KOXHIH cTosiHII mpoTsiroMm jwuiie 4-5 xB. [1]. [maykruBni cucremu 6e3nporoBoi 3apsaku (CB3), ski
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MICTITh BXiHMA HekepoBanumii Bunpswisd (HB) ta pesonancumit LLC — iHBepTOp 3 4YacTOTHOIO
CTa0LII3aliel0 PeXUMY, MOXKYTh HE3aJ€KHO BiJl 3MIHM yYMOB I1HJIYKTHBHOTO 3B’SI3Ky 3a0e€3Me4uTH
HaJIIHY 1 HETAHY Tepeaady €Heprii Ha CyHO MPOTITOM BChOTO Yacy CTOSHKH [1].

OCOONMBICTIO CydacHHX MOPCHKUX 3apsIHUX MPHUCTPOIB € IX BHCOKAa HOMIHAJbHA TOTYXHICTh
(mo nexinmpkox merapar) [2]. OTke, ycHilIHE BIPOBA/KEHHS TEXHOJIOTIl IHIYKTUBHOI 3apsikd B
MOPCBKOMY CEKTOp1 BUMarae, HacamIiepesi, BUpileHHs poOaeMH esleKTpoMarHiTHoi cymicHocTi Ch3
3 IOPTOBOIO OEPETOBOIO0 MEPEKEI0 CYMIPHOI OTY>KHOCTI.

MeTtoo 1aHoi poOoTH € 3a0e3neueHHs] yMOB IHTEeTpallii MOTY>KHUX CHCTEM IIBUIKOI Oe31pOTOBOI
3apsAIKU 1 MOPTOBOI 1HGPACTPYKTYPH IUISXOM MOIIYKY Ta peajizalii eHeproeeKTUBHUX MPUHIUIIIB
3a0e3neueHHs] CTaHAAPTHUX HOPM sKOCTi enektpoeHeprii (SIE) — mnpumycTUMUX MOKa3HHUKIB
TapMOHIYHHX CITIOTBOPEHB HANIPYTH 1 CTPYMY MEPEXKi.

3amadi, Kl HEOOX1JHO BUPIIMINUTHU TSI TOCATHEHHS METH:

1. AHamni3 MOXJIMBUX BapiaHTiB cxeM npuenHanHs Cb3 1o noproBoi Mepexi.

2. TlopiBHANBHE MOJENbHE JOCTI[UKCHHs BIUMBY iHAykTHBHHX CB3 3 pe3oHaHCHMMU
imBeproparmu LLC — meperBoproBauammu Ta BXimHMMH HB pi3HOI TyJNbCHOCTI Ha TMOKa3HUKH
TFapMOHIYHMX CIIOTBOPEHb Ta (Pa30BOro 3CyBY HANpyTH 1 CTpyMy B KOMIUIEKCI mopToBa Mepexa — Cb3
3a BIJICYyTHOCTI OJATKOBHX 3ac00iB 3a0e3neuenns EMC.

3. MonenbHe JOCITIJUKSHHS e(EeKTUBHOCTI BILJIUBY riOpuIHIX KEPOBAHUX
dbimpTpokomneHcytounx npuctpoiB (KOKII) Ha moka3HUKKM COTBOpPEHBb Ta (a30BHM 3CyB HAMPYTH 1
CTpyMy B noptoBiit Mmepexi 3 Ch3.

4. Po3poOka TpakTHYHUX peKOMEHamii mono 3abesnedenHs SIE B mopToBili Mepexi, IO
KUBUTH IHNYKTUBHY CB3 cymipHOi MOTYKHOCTI.

HaykoBa HOBM3HA TOJATae B MOJEIBbHINA MEPEBipIi MPUHIUIIOBOI MOMXIMUBOCTI BUKOPUCTAHHS
HOoBOI cTpykTypu KOKII 3 1BoMa HeperyinboBaHUMH PE30HAHCHUMH (PUTbTpaMH, HaJAIITOBAHUMHU Ha
5-y 1 7-y TapMOHIKH, Ta peryJibOBaHUM peakTopHUM KomneHcaTopoM (PK) nns edexTtuBHOI KOpekiii
Koe(illieHTa 3CYBY 3 OAHOYACHHM OOMEXEHHSM pIiBHS BHUIIMX TapMOHIK B OeperoBUX Mepexkax 3
NOTY>KHUMH 1HAYKTUBHUME CB3.

OcHoBHa yacTuHa. Mixknaposui craanapta IE IEC 6100-4-30 ta IEC 60092-101 Bu3HauaoTs
JKOPCTKI TPHUIYCTHMI PIiBHI TapMOHIK Hampyr 1 CTPyMiB B CYJHOBUX 1 OEperoBUX Mepexkax.
Hanpuknan, inTerpanbHuii KoedilieHT rapMOHIYHUX CIIOTBOpeHb Hampyru 1HDV He noBuHEH
nepeBunryBati 5%, a Oyxap-ska rapMmonika (1o 50-1 BKIIOYHO) He TOBMHHA mepeBuiryBatu 3%.
BukonanHs 3a3HadeHUX BHMOT mependadae HEOOXITHICTh MONEPENHbOI OIMiHKKA TokasHuKiB SE, a
TaK0X pO3pOOKH eEeKTUBHUX 3aCO01B iX 3a0€3MeUeHHs 3 ypaxyBaHHIM OCOOIHBOCTEH MEPEK.

BusnayaneHUil BIUTMB Ha XapakTep 1 CTyMiHb CHOTBOPEHb HAIIPYTH 1 CTPYMY MEPEsKi )KUBICHHS 3
CBb3 MaroTh BXiJHI AioaHI 6-mynbcHI abo 12- mynscHi HB, BigmoBigHO 3 ABO- Ta TpHOOMOTKOBHUMH
TpaHcopmaTropamu, SKi MarOTh HaHOIIbIIE NMPAaKTHYHE BHUKOPHUCTAHHS B CHCTEMax 3 IMPOMIKHOIO
JIAHKOFO TIOCTIHHOTO cTpyMy (puc. 1).
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Puc 1. Cxemu npuegnannsa Cb3 1o 6eperoBoi Mepe:xi a)
3 6-myabcHuM BXignuMm HB; 6) 3 12-nyabcuum Bxinnum HB
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MATLAB- mogmeni komIuiekciB OeperoBa mepeka — iHayktuBHa CB3 3 6-mynscHUM Ta
12-nynscHuM Bxiguumu HB noka3zani Ha puc. 2 i puc. 3.
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Puc 3. MATLAB- moaenp kommiekcy 3 12-myascaum Bxinnum HB CB3

[TigBumenns mynbcHOCTI BXigHux HB pexomennyerbes sk ocHoBHUM musix 3abe3nedyeHHs SAE B
Mmepexi 3 Cb3. Cucrema 3 6-mynscHUM BXigHuM HB nocmimkyBanacs sk 3a BiICYTHOCTI, TaK 1 3a
HasBHOCTI KOKII, monens sikoro mokazana Ha puc. 4. /[Bokananpamii KOKII cknamaerbest 3 aBOX
HEpPEerylbOBaHUX pe30HaHCHUX (inbTpiB 5-i 1 7-1 rapmonik (P®5, PD7) ta perynboBaHoro 3a
JIOTIOMOTOI0 HamiBNpoBigHIKoBoro komyraropa Ha IGBT kmowax PK (pucynok 4). OnHokaHaIbHUN
K®KII 3 enunum PO 5-1 rapMoHiku po3risHyTo B [3].
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Puc 4. MATLAB-moaenp nBokaHaabHoro cucreMuoro K@OKII 3 peryiasoBanum PK
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CrpykTypHa cxema mupoTHO-iMITysibcHoro perymtoBants (LIIP) PK npencrasiena Ha puc. 5.
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Puc 5. CtpykrypHa cxema LIIP PK
Ho ckmany mpuctporo IIP Bxomsare cranmaptHuil 1udpoBuil OJ0K OOYMCICHHS PEaKTUBHOL
MOTY>KHOCTI, croxuBanoi 3 Mepexi Cb3 pazom 3 KOKII, Ta QinbTp HWXKHIX 4acTOT Ui BUILJICHHS
MOCTIHHOT CKJ1a70BOi y curHaii Q.

0= ﬁ(iSAuSBC +iglse + iSCuSAB)

Cxema IIIP Bu3Havae mmapysaticTh KepyBaHHs PK Takum yMHOM, 110 3HaYeHHS PEaKTUBHOI
MOTYKHOCTI Mepexi ( mpsAMye 10 Hyisl, a KoedillieHTa 3CyBy — A0 OJWHHIN TPH OyAb-IKOMY
pexxumi CB3.

Pesynbratn  pmocnmimpkennss  SIE  mpencrtaBmeni Ha puc.  6,7,8  ans pi3HUX  BapiaHTIB
KOMIUIeKCYy mnoproBa Mepexa — CBb3 3 HacTynmHMMHU TOJOBHUMHM HOMIHQJBHUMM IapaMeTpaMu:
MOBHI TOTY)XHOCTI JpKepena Mepexi Ta BXigHux TpaHcopmaropiB Cb3 — iamosizno 650 xkBA
1 375 kBA; miniiiHi Hampyru: mepexi — 10 kB; Ha BuUXo0Iax IBOOOMOTKOBUX Ta TPHUOOMOTKOBUX
BxinmHux Tpancpopmaropis Cb3 — Biamosizno 600 B i 300 B. Buxigna wactora LLC — inBepropa —
50 x['u. PosrmsimaBcst pexum 3apsiaku AKD 3 BenmnunHaMu 3apsiiHUX HAIIPYTH 1 CTPYMY — BiJITOBITHO
800 B 1350 A.
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Puc 6. YacoBi giarpamu Ta cnekTpu Hanpyru i crpymy mepexi npu po6oti CBb3 3 6-nyascaum HB 6e3 KOKIT
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Puc 7. Yacosi niarpamMu Ta cnieKTpu Hanpyru i crpymy mepesxki npu podoti CB3 3 12-nyascaum HB 6e3 KOKII
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Puc 8. Yacosi niarpamu Ta cnekTpu Hanpyru i crpymy Mepexi mpu po6oti C3b 3 cuctremunm KOKII
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OcuunorpaMy HampyT 1 CTPYMIB OKPEMHUX BHYTPIIIHIX €JIEMEHTIB JOCIIKYBaHOT 1HTyKTUBHOL
B3C naBezneHi Ha puc. 9, BOHM NPAaKTUYHO CHIBMAJAIOTh JJIS BCIX BapiaHTIB PO3MISHYTHUX MOJETCH,
MOKa3aHux Ha puc. 2 1 3.
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Puc 9. Pesynbratn mogenoBanns ctpymis i Hanpyr B3C 3 LLC inBepTopom

BucnoBku. Buxopucranus mis Cb3 3 ekoHomiyHuM 6-mynbcHUM BXxiganuM HB cuctemuoro
K®KII Ha ocHOBI HOBOi JBOKaHAJbHOI TiOPUIHOI CTPYKTYypH A03BOJIAE€ 3a0€3MEUUTH CTaHAAPTHI
sumoru 1o SIE, suwkyrouu THD, Ta THD, Bix 12,32% 1 29,57% mo 2.97% i 2,48% Biamosiano,

OTHOYACHO TIOBHICTIO KOMIICHCYIOUHM PEAaKTUBHY MOTYXKHICTh. [IOpIBHSIHO 3 BUKOPUCTAHHSIM
12-nynascHoro HB Take pimienHs € 0iab11 eheKTUBHUM.
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Ensuring the quality of electricity in the shore network with a wireless charging system for
battery ships
Zhuk D.O.1, Zhuk O.K.2, Kozlov M.0O.3, Tubaltsev A.M.4, Linchenko V.V.5

1-5Admiral Makarov National University of Shipbuilding, Mykolayiv, Ukraine.

Abstract. The conditions for the integration of powerful fast wireless charging systems and the
port network are considered, based on the requirements for ensuring electromagnetic compatibility,
which are determined by standard indicators of permissible harmonic distortions of network voltage
and current. A model study of the specified indicators for various schemes for connecting wireless
charging systems to the shore network was carried out, both in the presence and in the absence of
hybrid controlled filter-compensating devices. The study of the principles of effective minimization of
harmonic distortions with simultaneous correction of the power factor, taking into account the
proportionality of the capacities of the wireless charging system and the port electrical network, was
carried out. It is recommended, as the most energy-efficient option, to use a 6-pulse input uncontrolled
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rectifier in a wireless charging system in combination with a system-controlled filter-compensating
device configured to compensate for the 5th and 7th harmonics, instead of a 12-pulse rectifier with a
three-winding transformer.

Keywords: power quality, electromagnetic compatibility, battery ships with electric and hybrid
propulsion power plants, inductive wireless charging system with resonant LLC converter, multi-pulse
input rectifier, hybrid controllable filter compensating device.
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Abstract. Use of the Multisim program for training in electronics is very important
for research. Methodical opportunities of use of computer modeling improve process of training of
specialists of the Electronics direction. Multisim is one of the best programs for modeling of electric
circuits. The program Multisim contains a set of electric elements, has tool kits for a research of
operation of the amplifier and allows carrying out several types of the analysis. The article considers
specifics of use of the program for studying of electronic devices on the example of an
amplifier.

Keywords: transistor amplifier; Parameter Sweep; Fourier Analysis; Temperature Sweep;
oscilloscope.

Introduction. The amplifier is a rather complex device, for the study of which it is necessary to
have a laboratory with a set of tools for qualitative analysis of work. Educational institutions do not
always have the necessary devices, virtual laboratories are a good substitute for them, which allow you
to simulate electric circuits and electronic devices, measure currents and voltages, and test devices that
have been designed. Multisim (developed by National Instruments) is one of the most common
programs in this direction.

Article purpose. Consideration of specific methods of research of complex electronic devices
using the NI Multisim virtual laboratory for use in the training of future specialists. The use of the
proposed methods allows you to solve one of the main problems of education — the combination of
theory with the practical implementation of acquired knowledge.

Main part. Consider this process using the example of a transistor amplifier with a common
emitter (Fig. 1). To determine the operating modes of the amplifier, it is necessary to obtain the output
characteristics of the transistor Q1, which provides the measuring device IV analyzer, which displays
the current-voltage characteristics of electronic components: resistors, diodes, transistors on the
monitor (Fig. 2).
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