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YJIOCKOHAJIEHHS 3ACOBIB 3ABE3ITEYEHHS IKOCTI EJJEKTPOEHEPT i
B CYJHOBUMX EEC 3 HAHIBITPOBI/IHUKOBUMM ITPOITYJIbCUBHUMHM
KOMIIVIEKCAMHA

J.0. Kyk*, kana. trexs. Hayk, O.K. Kyk**, kann. texs. Hayk, M.O. Koznop***
HamionansHuit yHiBepcuTeT KopabneOymyBaHHS iM. aqMipana Makaposa,
mp. ['epoiB Ykpainu, 9, Mukomais, 54025, Ykpaina

e-mail: dmytro.zhuk@nuos.edu.ua

Posznanymo mocnusi nanpamxu y0ockoHaneHHa 3aco6ig 3abe3neuents akocmi enekmpoenepeii (AE) 3 memoro niogu-
wenHs iXHboi ehexmuenocmi 3 ypaxy8amHsm CXeMHUX I PENCUMHUX OCOONUBOCTE THMESPOBAHUX CYOHOBUX €IeKMPO-
enepeemuunux cucmem (CEEC) 3 nanisnposionuxogumu nponyiavcushumu komniexcamu (HIIK). 3anpononosano ma
00Cni0dCeno 00HO- MA OBONAHKOGUI 6aAPIAHMU CUCEMHUX Keposanux @intbmpoxomnencyioyux npucmpois (KOKII),
npusHaueHux 0isi 0OHOYACHOI NOGHOI Komnencayii peaxmusroi nomyxcnocmi (PII), a makoosic cymmegozo nociabnenHs
eapmoHiynux cnomeopenv nanpyau i cmpymy ¢ CEEC 3 HIIK. Peaniz06ano nioxio 00 MOOenosamnHs, aKull 0ae 3moey
nopisuamu enaus 3anpononosanux KOKII na inmezpanvhuii Koegiyienm 2apMOoHiuHUX CHOMBOPEHb Hanpy2u 6 cucme-
Max 3 piSHUMU MUNAMU 6XIOHUX 8UNPAMAAYI8 V cKaadi nepemegopiosayie wacmomu (I149) HIIK 3 ypaxyeaHHsaMm Moxcau-
6020 BIOXUNIEHHS Yacmomu cyOHo8oi mepexci. biomn. 7, puc. 7, Tabmums.

Kuaro4oBi ciioBa: SIKiCTh €JIEKTPOSHEpTii, CyAHOBa EIEKTPOSHEPreTHYHA CHCTeMa, CYAHOBHH HAITiBIIPOBiTHUKOBHI
MIPOIYJILCUBHUI KOMIUIEKC, IEPETBOPIOBAY YaCTOTH, KEPOBAHUH (IILTPOKOMIIEHCYIOUNI IPUCTPIM.

Beryn. IIpoGnema sikocti enextpoeneprii (SIE) B enekTpoeHepreTHYHUX CUCTEMaxX aBTOHO-
MHHX MOPCBHKHX 00’€KTIB, HACaMIIepe, IS Cy/ICH 3 TOTY)KHUMHU HAITBIPOBITHUKOBUMH KOMILICK-
CaMU Ta €JMHOI0 IHTETPOBAHOIO CYTHOBOIO enekTpoeHepreTnyHoro cuctemor (CEEC) 3anumaers-
cs BEIbMHU aKTyaJbHOIO uepe3 BB SIE Ha ymMoBHM ekcruryartarii 1 0e3meky cyaHa B IuioMy. Y
MOPCBKIH Tay3i IIUPOKO B1IOMI IHIMACHTH 3 KaTaCTpO(PIUHUMH HACHIIKAMU, 1[0 TPAMWINCS Yepe3
Hu3bKy SAE, Taki sk aBapii Ha macaxupcbkomy KpyizHoMy JaiiHepi RMC «Queen Mary 2» (Buxin 3
JTaxy KOHJAEHcaTopa B KOPMOBOMY IMpPHUMIILICHHI (UIbTpa rapMOHIK Ta BUOYX B KOPMOBOMY TOJIO-
BHOMY PO3IMOAUTPHOMY IIMTI; TAMYAcOBa BTpaTa CyJHOM MaHeBpeHOCTi) [1-3], Ha macaXxupchKoMy
cyaai MC «Statendamy (cranax yra B roJJOBHOMY BUMHKAUi Ta MOKeXka B MIPUMILICHHI TOJIOBHOT'O
posnoainpHOTrO TMTa) [1] Ta Ha HadToBIM MIaThopmi «Tern Alpha» (BUOYX B ra30KOMIpECiHHOMY
MOJTyJIi, TIOXKeXka, eBaKyallis NepcoHay, 3yluHKa rnpouecy Oypinns) [1].

Kopotkuit nepenik HanOabn akryansHux Juisi CEEC nokasnukiB SE 3 BiAmoBigHUMEU HOP-
Mamy, 1o npuitaari opranamu IEEE Ta IEC, a Takox knacudikaniiitnumu toBapuctamMu ABS ta
PRS [2], naBeneno B Ta6u. 1. Li MOKa3HUKH OXOIUTIOKOTE: Jfp, Ofir, Ofpers Ofmax — CTANIE, MEPEXifHE,
HepioJUYHE, MAKCUMAJIbHE BIAXUIIEHHS 4acTOTH BIANOBIAHO; 0Up, 0Uy, 0Uper, SUmax — CTaIIE, HEpE-
Xi/IHe, eploIuYHe, MaKCUMAaJIbHE BiIXWJICHHS HANpyrH BiAnoBinHo; K, (THD) — iHnTerpansHuii Ko-

eQILieHT TApMOHIYHUX CHOTBOPEHb HANPYTH; K, — KOE(]IIEHT V- TapMOHIKK HANpYTH; 5P, 5Q

)

— Koe(DIIEHTH BIIXUICHD MPOTIOPIIIHHOCTI PO3MOILTY aKTUBHOI Ta PEAKTUBHOI MOTY>KHOCTI.
InrerpoBani EEC cyneH ta MOpChKUX IUIATGOPM 3 IPOMYIHCUBHUMH KOMIUIEKCAMHU MAaIOTh

CIJIBHI OCOOJMBOCTI, SIK1 YCKIIQTHIOIOTH 3a1auy 3a0e3neueHHs SE:

1. Ha BigMiHy Bijl CyXOIyTHOI Cy/THOBa €JIEKTPUYHA MEpeka € aBTOHOMHOIO Ta THYYKOIO €HEPreTH-

YHOIO CHCTEMOIO. |1 TeHEepYIoYa 3aTHICTh 3a3/1aJIeTiib TOUHO BU3HAUCHA 1 0OMEKEeHa.

2. IMotyxnicte K3 CEEC € 3HauHO MeHIII010, a i1 eKBiBaJIEHTHHI OMip € BITHOCHO OLIBIIUM HOPIB-

HSIHO 3 IPOMHCIIOBUMHU MEPEKAMHU.

3. [oryxHicts okpeMux HaBanTaxxeHb CEEC cymipHa 3 MOTYXHICTIO OKPeMOi T'€HepaTOpHOi yCcTa-

HOBKH.

4. MopchKi YMOBH € y’K€ MIHIMBUMH, IO MPU3BOAUTH IO HE3AIJIAHOBAHOTO CTYIMIHYACTOTO 3Mi-

HIOBAaHHS aKTUBHOI'O Ta PEAKTUBHOI'O HAaBAaHTAXXEHHS, HAIIPYTH, YaCTOTU Ta PIBHS F'APMOHIK CYyAHO-

BO1 MEPEKI.

© XKyxk 1.0., Kyk O.K., Koznos M.O., 2024
ORCID ID: *https://orcid.org/0000-0002-7092-5717, **https://orcid.org/0000-0002-9069-475X,, Y NG ND
***https://orcid.org/0000-0002-4786-8347
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5. CEEC moHa po3risaTi K CUCTEMY 3MIHIOBAHOI YacTOTH Ta HANpPyTH 3 JOBIOCTPOKOBUMH
(cranuvn) ab0 MIBUIKOTUTMHHUMH (KOPOTKOYACHUMH, TEPEXITHUMHI) 3HAYCHHSIMH BiATIOBITHUX T1a-
pameTpis [2].

6. IlapanensHa pobOTa MHOKMHHHMX T€HEpaTOPiB MOTpeOye KEepyBaHHS PO3MOIIIOM aKTUBHOI Ta
PEaKTUBHOT MOTYXKHOCTI.

1 CT— 3HayeHHsI MOKA3HUKA
IEEE - 45 PN-IEC6100 92-101 ABS PRS
oty +3% +5% +5% +5%
Of
a) 3HAYCHHS +4%, +10% +10% +10%
0)TpUBAITICTD 2¢ 5¢c 5c 5c
Operf 0,5% 0,5% — —
Of max 5,5% 12,5% — -
oU, +5% 6% — 10% +6% —10% | +6% —10%
Uy
a) 3HAYCHHS +16% +20% +20% +20%
0)TpuBaIiCTh 2¢c 1,5¢ 1,5¢ 1,5¢
OUper 5% 2% — —
OUnnax +20% +20% - —
Ky (THD) 5% 5% 5% 7,5%
Kuyn) 3% 3% 3% 4,5%
CTpuOKH HAIPYTH | 55008 (17 ~380-600B) 5,5 Uson 5
ZH;;,ICH 1000B (Uy;0,=380-600B 1,2pe/50pc max -
oP — - +15% +15%
00 - - +10% +10%

MeTo po6OTH € yJOCKOHAJIECHHS CYTHOBHX 3arajJbHOCHCTEMHHMX 3ac00iB 3a0e3nedeHHs
SE nuisixoM IOCSTHEHHA 1X 0aratodyHKIIOHATBHOCTI, KEPOBAHOCTI Ta €()EKTHBHOCTI 11010 TTOKAa3-
HUKIB 32 OCHOBHUM IPU3HAYEHHSM TP 1HBAPiaHTHOCTI 2060 c1a0Kiil 4yTIUBOCTI 10 BIUIMBY 1HIIUX,
YCKJIQTHIOFOYHX PIlICHHS i€l 3a/1a4i, TOKa3HHKIB.

Marepiaa gocainzkenb. TUNIOBHI MPOIyIbCUBHUIN (pyXOBUii) a00 MiIPYTIOIOUUN KOTIIIEKC
Ha Cy4YacHHUX CyJHax 3MiHHOTO CTPyMy Ma€ 3a OCHOBY meperBopioBaui yactoTH (I14), 31e0inpmoro
3 MPOMDKHOIO JITAHKOIO MOCTIHHOTO CTPyMy, OTpUMaHi uyepe3 KOMOIHAIII0 BUMIPSIMIITY-aBTOHOMHHIA
iHBepTOp, Hanpukiaxa iHBeprop Hanpyru (AIH) 3 mmporHO-iMnyiascHOIO Moayssmieto (ILIIM) mpu
po6oTi Ha acuHXpoHHUH ABUTYH (A/Jl) abo iHBepTOp cTpymy (AIC), 3 KOMyTalli€l0 HaBaHTaKEHHIM
— cuaxpoHHEM 1BUTyHOM (CHI) (puc. 1). Takum YmHOM, HaAMiBIPOBIAHUKOBHH IPOITYIHCUBHHMA
komiuiekce (HIIK) BruinBae Ha sikicts enextpoeneprii B CEEC came uepes Bxianuit Bunpsmirsy [14.

PesynpTatn aHamizy JAOCHTIKEHD 13 3a3HAYCHOI TEMATHUKH [2—5] BU3HAYAIOTH 1B OCHOBHUX
HanpsMku BupinieHHs npobsemu SE B cynHoBux EEC 3 nmotyxuumu HIIK: 1. 3acrocyBanus yno-
CKOHAJICHUX CXEMOTEXHIYHHMX pilleHb BXigHUX BUnpsamisadiB y ckiani HIIK 3 meroro minimizarmii
IeHEPOBAaHUX HUMH B MEPEXKY HEAKTMBHUX CKJIQJ0OBUX MOTYKHOCTI: PEAKTUBHOI Ta CIIOTBOPEHHS; 2.
CTBOpEHHS Ta YAOCKOHAJICHHSI €()EKTHBHUX KEPOBAHUX MEPEKEBHX 3aC001B 3MEHIIICHHS TaPMOHIK
Ta KOMIEHcAlli PEaKTUBHOI MOTYXKHOCTI ((PiIIbTPOKOMIICHCYIOUUX MPHUCTPOIB), MIO BiAMOBIIAIOTH
cnenu¢piganM Bumoram ta ymoBaM ¢yskrionysanHs CEEC 3 nmoryxanmu HITK.

Peanizauis nepmoro HanpsiMKy MOB’si3aHa 3 LIMPOKHM BUKOPUCTAHHSAM Ha BXO1 MOTYXXHHUX
ITY: a) 12-mynscHUX THpHCTOPHUX KepoBaHUX BuUmpsmisdiB (KB) pasom 3 dazozcyBHrMHU TpaHC-
dbopmaropamu [3, 4] (puc.l a); 6) miogaux HekepoBaHux BunpsMisdiB (HB), y Tomy umcni 3 mia-
BUIICHOIO IyNbCHICTIO (puc. 1 6,6) [4, 5]; B) aktuBHEX BunpsmisidiB (AB) AFE 3 BucokouyacToT-
Hoto [IIIM (puc.1 2) [2, 4].

KB cTBOpIOIOTH BHCOKMH piBEHb TapMOHIYHHX CIIOTBOPEHb B HHM3BKOYACTOTHIH 00JACTi
cnektpy 50I'n — 2,5 k[', a Takox crnoxuBaroTh 3HauHy PII, sika BUMarae kepoBaHOi KOMIEHCAIII].
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AB renepytots B aiana3oi Big 2,5kI'11 10 10k[ 11 BHCOKOYACTOTHI CHOTBOPEHHS, SIKi CIIPUYMHSIOTh
3HAYHO CEPHO3HIIII HACHIIKH, HiXK HU3bKOYacTOTHI [S]. Caix 3a3HAYMTH, IO caMe Yepes3 Mo MpH-
YHHY CBITOB1 BUPOOHUKH 3ac00iB 3a6e3neueHHs SIE B MOpChKiii raimy3i OCTaHHIM 4acoM BiJIMOBIISI-
IOTHCS BiJI BUKOPUCTaHHS aKTUBHUX BUIPSIMIISYIB 3 BHCOKoYacToTHOIO IIIIM B wacToTHOpeEryIibo-
BaHUX NPOMYJIbCUBHUX MpHUBOAax [S5]. 3 i€l % NPUUMHU BOHM YHHKAIOTh BUKOPUCTaHHS CHIJIOBUX
aktuBHEX QineTpiB B CEEC 3 HIIK [5].

AHani3 mpo0OyieM, HampsIMKiB Ta pe3yJbTaTiB yIOCKOHANIEHHS Cy4YacHHX 3aco0iB 3abe3re-
yenns SIE 8 CEEC 3 HIIK 3 BpaxyBaHHSAM peaiiii MOPCHKOI MPAKTHKH CBiTYUTH, IO CTpaTeTiyHa
TiHIA TPOBIAHUX CBITOBUX BHPOOHUKIB 1 HAYKOBIIIB MOJSATA€ B MPUHHATTI KOMIUIEKCHUX PIllICHb,
SIKi TIOEIHYIOTh BHKOPUCTAHHS TPAAULIMHUX 0araromyiabCHUX JIOJHUX BXiMHUX BHMpsmisdiB [TY
Ta IHHOBAIIHUX (1IBTPOKOMIICHCYIOUHX MPUCTPOIB, SIKI MAIOTh OyTH 3arajJbHOCUCTEMHUMU, KEPO-
BaHUMH, TAaKUMH, 110 €()EKTUBHO MOBHICTIO KOMIICHCYIOTh PEAKTUBHY IMOTYKHICTh Ta 3HAYHO IIO-
c1abJII0I0Th PIBEHb CIIOTBOPEHB HAMPYTH 1 CTpyMy Mepexi B miama3oni S0I...2,5 kI, a Takox He
CTBOPIOIOTH JOJaTKOBUX BHCOKOYACTOTHHMX CIIOTBOpEHb Yy niamazoni 2,5...10 xI'm Ta 30epiraiotsh
e(eKTUBHICTb NPU BIAXUIEHHSIX YaCTOTU CYIHOBOI Mepexi +10 % B cTanmnx Ta nepexiIHuX pexumax.

ATH 3|
M,
|

All

-
o

Puc. 1. OcHOBHI CTPYKTYpH IIEPETBOPIOBAYIB YaCTOTH, 5IKi BAKOPUCTOBYIOThCA B Cy4acHUX cyaHoBux HITK
3a THIIAaMHK BXIJIHUX TepeTBoproBadiB: ¢ — 3 12-nynbcHuM KB ta AIC ; 6 — 3 6-nynbcaum HB Ta ATH 3 ILIM ;
6 —3 12-nmynbcauM HB ta AIH 3 IIIIM ; 2 — 3 AB 1a AIH 3 IIIM

Hamnpuknan, TakuM BUMOTram BIJNOBiJa€ OAHOJAHKOBHM KEepOBaHUN (PLIBTPOKOMITCHCYIO-
yuii npuctpiii (KOKII), 3ampo-

[V o —— F o AT S 1iting
NOHOBaHMi i po3rIAHyTHIi B [6, Yeneparop e AR
= ] /
7], sxuit Boano moenHye (GpyHk- : Xs o[ Xy 1 Z'S o Jq} : _
uii OJHOYAcHOi KepOBaHOi IO- NS [t i ¢, |
I

BHOI KOMIIEHCAIlIl pPEaKTHBHOI

notykHocti B CEEC, He3anex-

HO BIiJ MIPHYUH 1 JDKEpeN, 1Mo ii

MOPO/IKYIOTh, & TAKOX CYTTEBO-

ro 3HIDKEHHS TApMOHIYHUX CHO-
. Feneparop I'PIL  deonankosnii KOKII """ HB AlH 3 LLIIM!

TBOpeHb Bin BimBy HIIK 6e3 F-—---- .

BUHHUKHEHHSI PE30HAHCHUX SIBUIIL. : il

KOKII sx kepoBaHUil KOMIIEH- i~ ;

caTop HEaKTHBHHUX CKJIaJJOBUX

MOTYKHOCTI, CTBOPIOBAHMUX

HIIK, mae Takox 3MEHIIyBaTu

CTall Ta TepeXiHl BiIXWUICHHS

HaTpyTrd Mepexi 3a yMOBU MO-
JIMBUX BIIXWICHb YaCTOTH. Puc. 2. CxemMu miaKIIIOYEHHS OJTHO- (@) Ta IBOJIAHKOBOTO (6)
K®KII no cucremn «CI" — [TU»

lleperBoproBay yacroTu

CTpykTypHO-(YHKIIOHAIBHI
CXEMHU CHCTEMH CHHXPOHHHH
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reHeparop — neperBoproBad yactotH (CI" — ITH) 3 onHo- Ta nBonankoBuM KOKII nokaszaHi Ha puc. 2.

Onnonankosuii KOKII (puc. 2, a) mictuts cunoBuii pezonancHuii ¢pinetp (PD), Hanamro-
BaHUIl Ha rapMOHIKY HaHMKYOTO MOPSAJKY, T€HEpPOBaHY B MEpPEXKY BXIAHUM BHUIIPSAMIITYEM, Ta Ke-
poBanuii peaktopauii komreHcarop (PK) 3 mmportHo-imnynecHum perymoBanusm (LIP). Bin Bu-
KOHYye€ No/BiiiHYy ¢yHkuio: ycyBae 3 Hanpyru CEEC rapmoniky HanamtyBanHs PO pa3zom 3 nocia-
OJIEHHSIM 1HIIWX BHIMUX TAPMOHIK, a TaKoX cninbHO 3 PK 37ilicHIOE TOBHY KepoBaHy KOMIIEHCA-
uito PII, BpaxoBytouu B 6amanci aito Bcix enementiB CEEC, Bkmouaroun cam KOKII. V nBonan-
koBoMy K®KII (puc. 2, 6) nepiia 1aHka Taka K, K 1 B OJHOJAHKOBOMY. J[pyra HekepoBaHa pe-
30HAHCHA JIaHKAa — € Pe30HaHCHUM (IIBTPOM, IO YCYBAa€ 31 CHEKTPIB HAMPYTH 1 CTPyMYy MeEpexKi
TapMOHIKY HACTYITHOT'O MOPAJIKY, & TAKOXK CHpPHUs€ MOCTAOICHHIO IHIIMX TAPMOHIK OUIBIIT BUCOKHX
nopsAaKiB. BoHa € 10AaTKOBUM JKEpesoM HEpPeryjJbOBaHOI pEaKTUBHOI MOTYXHOCTI, KA TaKOX
KOMIICHCY€ThCS.

Pospaxynokx KOKII nepenbavyae BukoHaHHS YMOB OajaHCy pEeaKTHBHOI MOTYHOCTI B CHC-
TeMmi Ta oOMexeHHs K, [6]. [Ipu npaBunsHOMY BuOOpi mapametpiB PO ( X,, 1 X, ) 11st 30epexeH-

HS HOT0 €PEeKTUBHOCTI MPH TPAHUYHO NONMyCTHMOMY cTasioMy BiaxuieHHto dactotu CEEC dfy =
+5% [2], HeoOXiTHO BpaXOBYBAaTH JI0AATKOBY YMOBY X, <0,5X .

CrpykrypHO-(yHKIioHanbHa peanizaiiss B MATLAB onno- Tta nBomankoBux KOKII, sk
CKJIaIOBUX Mojenei nocnimkyBanux cuctem 3 HIIK Ha 6a3i mpomyabCUBHUX €IEKTPOIPUBOIIB 3
IT4 y BapianTax 3 BXITHUMHU O-TIyJIbCHUMH a00 12-mybCHUMHU (HEKEPOBAaHMMH a00 KEPOBAHWMM )
BUIIPSAMIISTYaMHU, MTPEJCTaBICHI Ha puc. 3 a,0.
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Puc. 3. MATLAB-mozeni ogso- (a) Ta nBosankoBoro (6) KOKII

3 MeTor0 TepeBipkr e()eKTUBHOCTI 3alPONIOHOBAaHUX OJHO- Ta JaBojankoBux KDKII ta me-
TOJIWKHM BU3HAYCHHS iXHIX MapaMeTpiB BUKOHAHO MOPIBHSUIBHE JOCHIKEHHS PiBHIB Koe(]ilieHTiB
CIIOTBOPCHHS HAMPYTH 1 CTPYMY MEpeXi 3a pesynbraramu MojaemoBanHs cucremu CIT — [TY mpu
pi3HUX TuMax, KoHdirypamisx Ta noegHanHsx KOKII 1 Bxigaux BunpsamisgiB y ckiuani [T4 B ymo-
Bax 3MIiHIOBaHHS 4acToTu reHeparopa. 11{o0 pesynpratn MoaenmtoBaHHs OyiH 3iCTABHUMH, ITapame-
TPU MOJIeJl KOKHOI CUCTEMHU BU3HAUYEHO, BUXOJSYH 3 YMOBU OJHAKOBOT'O CITiBBIJTHOLICHHS aKTHB-
HO MOTY>KHOCTI TeHepaTopa i neperBopioBava yacroru: £, =1000 kBTt; P,, = 600 kBT.

Ha puc. 4 npencrasneno pesynbratu moaemoBanus aias CEEC 3 HIIK na 6a3i [TY 3 Bxig-
HUM 6-mrynbcHUM TUpHucTopHIM KB 6e3 KOKII Ta npu #ioro miakIo4YeHHi.

TakuMm 4YMHOM, SK CBIT4aTh PE3yJbTaTH MOJENIOBAHHS, KOMIUIEKC «ogHoMocToBHi KB —
neosiankoBuii KOKID» mo BiIHOIICHHIO JO CYIHOBOI MEpexi Ji€ MmoaiOHO 1O JBOMOCTOBOTO 12-
nyiascHoro KB 3 ycyHeHHsiM 5- Ta 7-1 rapMOHIK 0€3 3aCTOCYBaHHS J101aTKOBOI'O TPHOOMOTKOBOTO
(a303cyBHOTO TpaHcpopmaropa Ta BUIPSIMHOTO MOCTa, BAKOHYIOUH IIIE i TIOBHY KEPOBaHY KOMIIE-

HCAI[iF0 PEaKTUBHOI MOTYXKHOCTI, a Takoxx 3MeHinenns K, Bix 18,35 no 4,86 %.
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Puc. 4. Pe3ynpraty MOJEMOBaHHS HANIPYTH 1 CTPyMY B 9acOBii 001acTi, iXHI CIIEKTPH 1 BETMYUHI KOSQIIIEHTIB
criotBoperb K, , K, B mepexi CEEC 3 HIIK na 6a3i [T4 3 Bxinaum 6-mynscauM tupuctopanM KB mpu kyTi

kepyBanHs @ = 30°1 dikcoaniit yactoti Mepexi 50 I'u: a — 6e3 KDKII; 6 — 3 nonankoBum KOKIT
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Puc. 5. Pe3ynprat MOJemoBaHH HANIPYTH 1 CTPyMY B 9acOBii 001acTi, iXHI CIIEKTPH 1 BETMYHUHH KOSQIIIEHTIB
cnotBopenb K, , K, B mepexi CEEC 3 HIIK na 6a3i [14: q, 6 — 3 Bxiganmu 12-mynbcHum i 6-mmynscanm HB

0302 0306 051 0314 0518%¢c Y0 il
Z

6e3 KOKII; 6, 2 — 3 BxigHuM 6-miynbcHuM HB BiamoBigHo npu migkimtodeHux ofaHo- 1 qeonankoBoro KOKII
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Ha puc. 5 npencrasneno pesynbratu moaemtoBanus aias CEEC 3 HIIK na 6a3i [TY 3 Bxiz-
HuMU 12-t1 1 6-ynscHuM HB 6e3 KOKII; 3 6-mynscam HB 3a HasiBHOCTI 01HO- 200 1BOJIaHKOBOTO
K®KII.

OTxe, MOJICIBHAN €KCTICPUMEHT CBIIYUTH, IO 3aMiHa Joporoi 12-myisCHOI ABOMOCTOBOI
cxemu HB 3 TpnoOMoTKOBUM TpaHchopMaTopoMm 6-myibcHUM ogHOMOCTOBUM HB y moenHanHi 3
nsoankoBuM K®KII, HajamroBaHuM Ha 5- Ta 7-y TapMOHIKH, J1a€ 3Mory nocinadutu K, Big 11,73
1o 1,81 %. Lro xopucHy BractuBicTh qonankoBoro KOKII 3adikcoBano Brepie.

3a pe3yspTaTaMd MOJICIIOBAHHS Ha pHC. 6 moOymoBaHi 3ajexHocTi K, Bim BimxuieHs dac-
ToTH Mepexi B aiana3oHi f = (50 + 10) I'u qns cuctem 3 onHo- Ta aBonankoBuMu KOKII mpu Bapi-
anTax 6- i 12-mynscHoro BximHoro KB Tta 6- i 12-mynscHoro Bxigaoro HB y ckmani ITH HIIK.
[IpencraBneHi pe3ynabTaTu JO3BOJSIOTH BUSBUTH HACTYIIHI 3aKOHOMIPHOCTI:

1. Yacrorni 3anexnocti K, mnsa cucrem 3 ognonankosumu KOKII MaroTs Maiike MOHO-

TOHHHUI XapakTep 3 He3HAUHUM 301bIIeHHAM K, mpu 3pOoCTaHHi 9acTOTH.

2. ns cuctem 3 aBonankoBumu KOKII rpadiku 3a3Ha4eHUX 3aJI€)KHOCTEH MAlOTh SIBHO BH-
paxxeHy 00JIacTh yBITHYTOCTI, OokoJii ¢ikcoBaHoi yactotu 50 I'm, Ha Kpasx sKoi (37iBa 1 cripaBa)

CIIOCTEPIraroThCS Pi3Ki MiKOBI 3pocTanus K, .
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Puc. 6. 3anexnocti K, BiJ BiIXuieHb 4acTOTH B Hiana3oHi f= (50 + 10) I'n juis cucreM 3 01HO- Ta IBOJIAHKOBUMHU
K®KII: a — npu 6- Ta 12-mynscHomy BXigHomy KB ITY; 6 — ipu 6- ta 12-mynscHoMy BxigHomy HB ITH

BusiBneHi 3akOHOMIpHOCTI J0Ope y3roKyIOThCs 3 YAaCTOTHUMHU XapaKTEPUCTUKAMHU EKBiBa-
nentHoro nopHoro onopy CEEC 3 onHo- Ta nBonankoBumu KOKII Zg(f), mpeacraBieHuME BiAmo-
BiJIHO Ha puc. 7 a, 0.
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Puc. 7. YacTtoTHi XapakTepuCTHKU eKBiBaJieHTHOTo 1oBHOTO oniopy CEEC Zg(f)
3 01HO- (a) Ta nBojankoBumHu (6) KOKII
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Ha rpadikax Zg(f) cioctepiraloTbCsi MAaKCUMYMH — TIOJIIOCH, HA YaCTOTaX SIKUX BUHUKAE pe-
30HAHCHE ITiJIBUIICHHS TAPMOHIK HAIPYTH MEPEXi, 0 B CBOIO YEPry CIPUUUHSE Pi3Ke 3pOCTAHHS
K, . XapakTep rpadikiB XapakKTepUCTUK K, (f) TOSCHIOETHCS TUM, IO TPH BIIXWUICHHSIX 9aCTOTH

Mepexi CIOCTEepIiraloThesl BIAMOBIAHI 3MiHM YaCTOTHOTO Jiana3oHy KOXHOI TapMOHIKH, T€HEpOBa-
HO1 B Mepexy BXigHUM BUOpsivisiaeM [1Y; rpaHnyHI 9acTOTH BOTO Aiana3oHy JOPIBHIOIOTH J00Y-
TKY HalilMEHIIOTO Ta HalO1IBIIIOTO 3HAYEHHS YACTOTH MEPEXi Ha MOPSAOK TapMOHIKH. SIKIIO B 1ei
Jiana3oH MOTPAIUISIOTh YaCTOTH TOJIOCIB €KBIBAJICHTHOTO ONOPY CHCTEMH, TO CIIOCTEPITaeThCs pe-
30HAHCHE TIJBUIIECHHS BiJIMOBITHUX TAPMOHIK, a OTXKE, 1 IHTETPAIbHOTO Koe(dillieHTa CIIOTBOPEHHS
K,. BusBnena i1 ommcaHa 3aKOHOMIpHICTH crocTepiraetbess B CEEC Tibku 3 JBOJIAHKOBUMU

K®KTI, 110 Ha04HO 1TIOCTPYETHCS 3aJEKHOCTIME K, (f) Ha puc. 6 a, 6.

BucnoBku. O1xe, 3 ogHOrO 00Ky, 3actrocyBaHHs aABojaHkoBuX KDKII 3amicTh ogHOIaHKO-
BHX 3a0e3neduye 3Ha4HO OUThIN edekTuBHE (B 2...5 pasiB) mocnabiieHHs K, , a 3 iHIIOro OOKy, MpH

BIIXMJICHHSX YaCTOTH MEpEeXi He0OXiTHA T0JaTKOBa MepeBipka cucteM 3 aBonankoBuMu KOKII Ha
BIJICYTHICTh PE30HAHCHOTO MiJABUINEHHS K, . 3 rpadikiB K, (f) Ha puc. 6 a, 6 BUIUINBAE, 110 3a3Ha-

YeHa BHMOTA 3aBXXIU BUKOHYETHCA 32 yMOBU Af = + 5%, 1m0 BiaNOBiza€e HOpMaM Ha JOIYCTHMI
CTal BIIXWJICHHS YacTOTH, 3T1IHO 3 MOPCBKUMH CTaHmapTamu [2]. YV mepexigHux pekruMax, KOJH
nomnyckaetbest Af = +£10% [2], 1100 YHUKHYTH pPE€30HAHCHOTO MiABHUILEHHS K, CIIiJl 3aCTOCOBYBAaTH

TinpKku ogHo1ankoBi KOKII.
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Considered are possible directions for improving the means of ensuring the quality of electric power (PQ) in order to
increase their efficiency, taking into account the schematic and mode features of integrated ship electric power systems
(SEPS) with semiconductor propulsion complexes (SPC). One- and two-link variants of system controlled filter com-
pensation devices (CFCD) designed for simultaneous full compensation of reactive power, as well as significant weak-
ening of harmonic distortions of voltage and current in SEPS with SPC, are proposed and investigated. A modeling
approach has been implemented that allows to compare the effect of the proposed CFCD on the integral coefficient of



36

ISSN 1727-9895. Hpayi IE]] HAH Yxpainu. 2024. Bun. 68

voltage harmonic distortions in systems with different types of input rectifiers as part of the frequency converters (FC)
of the SPC, taking into account the possible deviation of the frequency of the ship's network. Ref. 7, fig.7, table.
Keywords: power quality, ship power system, ship semi-conductor propulsive complex, frequency converter, con-
trolled filter compensation device.
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