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Posenamymo ocHo6Hi acnekmu BUKOPUCTNAHHA PO3POONEHUX 2IOPUOHUX (DLIbMPOKOMNEHCYIOYUX Nepemeoplosayis
(I'DKII), saxi ukoHaui Ha OCHOBI pe2ynbosano2o inempocumempytovoeo npucmpoio (P@CII), «po3nodinbuocony cma-
MUYHO20 CUHXPOHHO20 KoMneHcamopa peakmugnoi nomyacnocmi (D-CTATKOM) abo 6azamoghynxyionansnozo komnen-
camopa peaxmugnoi nomyscnocmi (BKPII), 01 KoMnieKcHO20 NOKpaujeH s AKOCmi eleKmpoenepeii ma 3abe3neyents
enexmpobesnexu 8 10KanbHux cucmemax eaekmponocmavannst. I @KII npusnaueni ons komnencayii HA8AHMANICYBANbHUX
CmMpymie y HYIb08OMY NPo6odi MpupasHoi Mepedici HU3bKOI Hanpyau, CUMEMpPUYHO20 pecynto8ants (cmabinizayii) pisHs
Hanpyeu HaBaHmMajiceHHs: ma Qinempayii cmpymie euuyux 2apmMorix y mepeoici. bion. 14, puc. 6, Tadmn. 1.

Knrwowuoei cnosa: noxaipHa cucTEMa €JIEKTPOIIOCTayaHHs, SIKICTh HANpyTH, eJlekTpodesneka, riopuaHuii GiabTpoxom-
MCHCYIOUHI TIEPETBOPIOBAY, TPAH3UCTOPHUIA KITFOY 3MiHHOTO CTPYMY.

Beryn. Jlokanbhi cuctemu enekrponoctadanss (JICEIT) 3a0e3neuyroTh CIIOKHUBAHHS €IICKTPOCHEP-
rii rpynu enekrponpuiimadis (EIT) 3a qomomororo enekTpuyHUX Mepex Hu3bkoi Hampyru (HH) 6e3 3minu
PiBHS HaIlPyTH JPKepela eNeKTPOCHEPTii, Bil AIKOT0 MPOKIANAlThC (iepu A0 KUTIOBUX OYAMHKIB i Api0-
HUX TIANPUEMCTB y MEXax HAaCEICHOTO MYHKTY, HAPHUKIIAM, 0 BiJNAICHUX KOTEKHUX CEIHIL, PEMOHTHUX
1 CLIIBCBKOTOCTIOAAPCHKHUX 00'€KTIB Ta iH., Y T.4. IPH BUKOPHUCTAaHHI BiZHOBIIIOBAaHUX JKepen eHeprii. OCHOB-
Hoto ocobmuBicTio JICEII € criBMipHICTH TIOTY>KHOCTI JIKEPEIT 1 CIIOKUBadiB €JIeKTPOSHEePTii, HasiBHICTh 3HAY-
HO OULTBIII KOPOTKHUX KaOETBHUX JIHIN 1 TOMY BEIHKHH B3a€MO3B'SI30K BCiX €JIEMEHTIB €ICKTPUIHOI MEpPEXi,
npudoMy eektuBHicTh poboTH JICEII BU3HAYa€eThCs BUKOPHCTOBYBAaHUM OOJIaHAHHIM Ta PEXKUMaMH HOTO
pobotu [6, 7]. V 3B'A3Ky 3 BENTMKOI HACHYEHICTIO elekTpuyHux Mepexxk HH cywacHumu omHo - 1 Tpudazau-
mu EIT 1ocuTh BETMKOT MTOTYKHOCTI, SIKi MalOTh HECHHYCOITaTbHY (hOpMY CIIO’KHBAHOTO CTPYMY, HAaOYBarOTh
aKTYyaJbHOCTI 3a/1a4i MOKpaIIeHHs sIKOCTi enekrpoeHeprii (SIE) i 3a0e3medeHHs eneKTpoOMarHiTHOI CyMiCHOC-
Ti (EMC) cnoxuBaviB Ta BUKOHAHHS BUMOT €JIEKTPOOE3MEKH y 3a3HaueHuX Mepexax, 3okpema JICEII [2, 4].
Lle moB’s3aHO 3 TUM, IO OIIBINICTS HU3bKOBOJIETHUX PO3MONUIBHUX MEPEXK, 110 3apa3 nepeOyBaroTh B €KC-
ryaranii B YkpaiHi, moOymoBaHi 3 BUKOPHCTAaHHIM CHUCTEMH 3aXHCHOTO 3azemiieHHs Ty «TN-Cy». Taka
Mepeka 3a3BUYail CKIIAAaeThesl 3 chiloBoro Tpancgopmaropa (CT), TpudasHUX MPOBIAHUKIB 1 00'€JHAHOTO
PEN-nipoBinHuKa, 110 OEAHYE Y co0i GyHKIIT HeliTpaiapHOTOo (N) 1 3axucHOr0 (PE) MPOBiTHUKIB.

Biamosinao mo BuMor crangaptie MEK nurannas 3a6e3nedernds EMC 1 enekTpoOe3neku CIIoKuBa-
YiB y HU3BKOBOJIbTHUX MEPEkKaxX MOKYTh OYTH BUPIIICH] 3aBJSIKA BUKOPUCTAHHIO CHCTEM 3a3eMiieHHs «TN-
S» 1 «TN-C-S», a TakoX 3a paxyHOK IPOBEJCHHS Psy 3aXOJiB IIOA0 BUPIBHIOBaHHs MOTeHLiany PEN-npo-
BiJIHAKA BIIPOJOBX BCi€l Hioro mokuHM [8]. 3a3HaUeHI CHCTEMH 3a3eMIICHHS BiAPI3HAIOTHCS PEKUMAMH PO-
00T N- i PE-TIpOBiIHUKIB, OCKIBKU B cucteMi «TN-S» moain Ha N- i PE-TIpOBITHUKH IIPOBOAUTHCS MPOTSI-
roMm yciei mopxunu Mepexi HH, a B cucremi « TN-C-S» Takuii OiT 3iCHIOETHCS TUTLKU B MEBHIHN 11 yac-
TUHI. Y [bOMY BUNIAJIKY TIOJILT 3araibHOTO PEN-TipoBigHuKa Ha N- i PE-TIpOBIAHUKY MPOBOANTHCS 3BHYAIHO
y MICIIi IPHETHAHHS BilTATYKSHHS 10 OCHOBHOI MaricTpaii (Hampukiiaj, Ha BBOI y OyAWMHOK, BiATaIyKeHH1
Ha 00'eKT, 10 BUKOPUCTOBYE TpH(dazHy Hanpyry Ta iH.). [Ipun npoMy MeTaneBi KOpIycH OAHO - 1 Tpruda3HuX
EIl 3azemmtoroThest 3a gomoMoror PE-TIpoBimHUKA Oe3MmocepenHbo 1/ab0 4depe3 «TPHITONIIOCHI» PO3ETKH,
YKOMIUIEKTOBaHI TOJATKOBUM 3a3€MIIIOIOUMM KOHTaKTOM Ul 3a0e3MeUeHHs eJIeKTPOOe3NeK: CTOCOBHO MO-
JKITMBOTO YPayKSHHS JIIOJICH EIEKTPUYHUM CTPYMOM.

MeTto10 po6oTH € po3poOICHHS Ta AOCTIIKEHHS TOPUIHUX (DiTBTPOKOMIICHCYIOUHX EPETBOPIOBA-
4iB, BUKOHAHUX Ha OCHOBI PEryJIbOBAHOr0 (DiITPOCHMETPYIOUOro MPUCTPOIO 1 MPU3HAYEHUX AJIST KOMIUICKC-
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HOT'O TIOKPALICHHS SIKOCT1 €IEeKTPOCHEPrii, 3MEHILIEHHsI BTpaT HANpPyTH 1 aKTHBHOI MOTY>KHOCTI Ta 3a0e3re-
yeHHs enekTpobe3neku B JICEIl y HU3bKOBONBTHHX Mepekax 3 HENliHIHHUMHU Ta HECHMETPHYHHMH HaBaH-
Ta)KEHHSMHU.

OcHoBHi MaTepiann gocaiTKeHb. Y Tpu(a3HUX YOTUPUIPOBITHIUX MEpekax CTPyMH 3 4acTOTAMH
HEMapHUX TAPMOHIK, KpaTHUX TPHOM, € CTpyMaMH Hy160B01 nociimoBHocTi (HI), sxi migcymMmoByroThest B PEN-
NPOBIZTHUKY MEpEKi, B pe3yJIbTaTi YOro 3Ha4eHHsI CTPYMY B HEUTpPAIbLHOMY IPOBOJII MOKE 3HAYHO MEPEBHIITY-
BaTW BENWYMHM (pa3HUX CTPYMIB, IO CHPHUYMHSE 30UIBLICHHS IOJaTKOBUX BTPAT €JIEKTPOCHEPrii Ta 3HauHe
nieperpiBanHs PEN-nipoBimauka. KpiM Toro, 3a3HaveHi CTPyMH TPHU3BOIATEH IO CIIOTBOPEHH (hOPMHU KPHUBHUX
Harpyr, 00yMOBIFOFOUH ITiIBUIIECHHS PiBHIB KOHIYKTHBHUX ENIEKTPOMArHITHUX 3aBaJl 1, THM CAMHUM, CIIPHSIOTh
nopyuenHio ymoB 3abe3zneuenHss EMC BinnoBinansHux HaBaHTaxkeHb (BH) y mepexi. B HopMansHuX pexu-
Max poboTH cuctemu 3a3emieHHs «TN-C-S» cTtpymu 1o PE-TIpOBiIHUKY HE MPOTIKaIOTh, TOOTO MPH BOMY
HeOe3MeyHi MOTSHITIATM Ha METAJIeBUX KOPITyCcax eJEKTPOyCTATKyBaHHS BIJICYTHI, a TIPH BUHUKHEHHI Pi3HOTO
POy BUTOKIB HEOOXiAHUH PiBEHb EJIEKTPOOE3NEKH 3a0e3MeuyI0Th IPUCTPOT 3aXUCHOTO BiakmtoueHHs1. OHaK y
aBapifHUX peXxHuMax, HOB'SI3aHUX 3 MOPYLIEHHSIM KOH]Iryparii Mepexi, Hapukian, y Bunagky oopusy PEN-
MIPOBITHUKA HA MaricTpaibHiH JiHil a0 BimramykeHHi, un K3 mMixx Ga3HuM i HyJ50BUM IPOBITHHKAME CHCTE-
Ma «TN-C-S» BTpauae CBOIO Mpale3aTHICTh i CTa€ HABITh HEOES3MEUHOIO ISl KUTTS Jroziei. OcoOIMBO TOCTPO
1€ BUSBISIETHCS Y MPOTSDKHUX 1 pO3Tally)KEHHX PO3MONUIBHHX Mepekax Hampyroro 0,4 kB, Hanpukiaza, npH
o0puBi PEN-nposinamka i K3 Ha xoprmyc. Y Takux Mepekax Ha BCix MeTaneBux kopmnycax Ell, npueananux go
PE-npoBifHuKa 32 JOTIOMOTOI0 TPUTIONMIOCHHX PO3ETOK, 3'SBISIETHCS CMEPTENHbHO HeOe3NeuHnid MoTeHIian da-
3u. HasBHICTB y 1IbOMY MiCIli TOBTOPHOTO 3a3eMJICHHS, 1[0 Ma€ BiTHOCHO OLTBIIY BEIUYUHY ONOPY (3rimHO 3
ITYE ne 6inbrre 10 Om), gae 3MOTy 3MEHIINTH LIeH TOTEHITial, aJie He YCyBa€e HOro MOBHICTIO [4, 8.

Creopenns JICEII 3 Bucokoro sikicTio Hanpyru (SIH) mpu 3a0e3meueHHi e1eKTpoOe3nekn MoKe Oy TH
3a1fiCHEHE HITIAXOM:

— 3aCTOCYBaHHS iHIMBIAyaIbHOTO TpUdazHOro TpaHchopMaTopa JUls MiJKIIOYSHHS BiJralyKeHb;

— BUKOPHICTAHHS PETYJIbOBAHUX 1 HEPETyJIhOBaHUX (IIBTPIB cTpyMy HyIhoBOi mociimoBHocTi (DCHIT)
NpH peartizaiii MpuTaMaHHUX HUM (UIBTPYIOUHX BIACTHBOCTEW CTOCOBHO cTpyMiB HIT;

— cTBOpeHHs Ha ocHOBi 3a3HayeHnx @CHII 1okanbHUX AUITHOK Mepei 31 IUTYYHOI HEUTPaIbHOIO TOY-
koro (LLIHT);

— CTBOPEHHS BUKOHaHUX Ha OCHOBI riOpuaHux QimprpokommeHcyounx nepersoptoBadis JICEIT 3 IITHT.

Ha puc. 1 moka3zaHo npuHIMIIOBY CXeMy IepeTBOproBava Tpru(azHOi CUCTEMH HanpyT 0e3 HeHTpallb-
HOi Touku B Tpudazny cucremy Hanpyr 3 IIHT, skuit € cxemoro ®CHII-1 Tumy «noaBitHOTO 3yCTpiYHOTO
3Ur3ary» (pi3sHOBHIHICTIO «3BHYaitHoro» M®CHII, BUKOHAHOTO Ha OCHOBI IIECTH HAIIBOOMOTOK, YBIMKHEHHX
3a CXEMOIO «3YCTPIYHHM 3ur3ary»), npuaomy meraneBuil kopnyc BH depes 3axucuuit PE-npoBIIHUK 3 €1-
HaHo 3 PEN-npoBinHukoM Mepexi. TyT Ha ocHOBI TpuoOMoTKOBOro (Wj) BOJIBTONOJATKOBOTO aBTOTPAHC-
tdhopmartopa (BAT) @CHII-1 mpu ioro JOMOBHEHHI «BOJBTOA0IATKOBUMMI» 00OMOTKaMu Wy 1 Tpuda3HuM KO-
myTaropoM cryreniB perymosaHas (TKCP) BukoHaHo perynboBaHMid QiIbTPOCUMETPYIOUHN MPUCTPIN IS
3pIBHOBaYKYBaHHSI CUCTEMH Hampyr, Qinprpauii rapmonik ctpymiB HII i 3a0e3meueHHs TpUpiBHEBOTO CHMET-
PUYHOTO peryntoBanHs Hanpyru HaBaHTaxeHHA. TKCP ckinagaeTbes 3 TpaH3UCTOPHUX KIIOYIB 3MIHHOTO CTPY-
My K1-K12, 3 sskux K1-K9 — «mepexesi» xmroui, a K10-K12 — «mryHTYy1091» KiTH09i, TPHYOMY OCTaHHI HEOO-
XimHi a7st 3a0e3neueHHs BiIbHOT IMPKYJIsLii peakTuBHOI eHeprii BAT 3 MeToro BUKITIOYEeHHS "ApocenbHoro”
PEeXUMY HOTO POOOTH 1 IOB’A3aHOTO 3 HUM e(EeKTy «3BOPOTHOI TpaHchopMallii» Ipu epeMUKaHHI CTYIIEHIB
PEeryJrOBaHHS HAaNPYTH.

POCII nparrroe y Tprox pexxkumax: «BosbTononaBanusy — UK «BCA» (YBIMKHEHI TUTbKH Kitoui K2,
K6, K7); «BonbroBigHiManHsm — muki «4BC» (yBiMkHeHi Tinpku kmtodi K1, K5, K9) i uukn «Hominam»y —
«CAB» (ysimkreHi ximroui K3, K4, K8). Hanpyra HaBaHTa)keHHS B KOXHIN (ha3i MpeAcTaBisie COO0I0 BEKTOPHY
CyMy BiANOBiZHOI (ha3HOT HANPYTU MepexXi W Hampyru BTOpUHHOI 00MOTKH BAT, sIKy BKIIIOYEHO B PO3CIUKY
niHii wiel gazu Mepexi. CUMETpUYHE PEryNIIOBaHHS PiBHS HAPYTW 3AIHCHIOETHCS MUIIXOM IHKIIYHOI 3MiHU
CJICKTPUYHUX 3B'SI3KiB BTOPUHHOT 00MOTKH Wy 3 OCHOBHOIO W) IIpH HE3MIHHOMY iXHBOMY MarHiTHOMY 3B'SI3-
Ky. B pe3ymbTari 3acrocyBanns i€l cxemMu POCII € MOXKITHBICTh CTBOPEHHS B MEKaX iICHYIOUHMX EIEKTPUIHUX
MEpEX JIOKAIbHUX IUISHOK Tpuda3Hux enekTpuunux mepex 3 IITHT mist 6e3mepeOiitHOro eneKkTposKuBICHHS
BH, sixi moTpeOyI0Th BHCOKOI SKOCTI HANPYT, 30KpeMa, B aBapiiHUX peknuMax, HaIlPHUKIIaI, OOYMOBICHHUX «00-
puBamMmu» TPOBITHUKIB (a3 Mepexi. Tyt ogrodasHi enekrponpuitmadi BH (Z,, Z,, Z,. ), mo 3’enHano 3a cxe-
MOIO «3ipKay, MiJKII0YeHO O BTOPUHHUX 00MoTOK BAT, npuyomy il HyboBa TOUKA MiJKIIIOUYEHA JI0 MEPIIOT
HIHT «0,» ®CHII-1, a iforo apyra LIHHT «0'» — 10 HeiiTpaibHOTO MPOBITHUKA PO3MIOAITEHOT MEPEXKI.
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VY wiii exeKTpudHii Mepexi GaKTUIHO ICHYIOTh [Bi pi3HI TpHQa3Hi eNeKTPUIHI CUCTEMH, SIKi BiIpi3-
HSIOTHCS TUIBKUA CHIOCOOOM MIiJKIFOUEHHS HEWTpalbHUX TOYOK Pyl HaBaHTaXeHb 10 (a3 A, B, C mkepena
(wman HU3BKOT Hanpyru CT). Y 3aransHOMy Bunanky EIT mepmioi cuctemu MaroTh pisHi onopu (Z,#Zs#Z¢) 1
HEPIBHOMIpHO po3moAinieHi Mix ¢azamu mepexi. lle mpu3BoanuTs 10 BUHUKHEHHS B cuctemi ctpymy HIL,
SKUH, IPOTIKAIOYH 110 eJIeMEHTaX CHCTeMH, BUKIMKAE 3MIMIEHHS HeHTpaiabHOi ToukH 0, 0 00yMOBIIIOE He-
OanaHc cucteMu (a3HUX HAMPYT 1 3HUKEHHS TXHBOT sikocTi. s xuBnenns BH, enextponpuiimaudi skux dy-
MBI 10 nopyueHs SIH, BUKOpuCTOByeThCs Apyra TpudasHa eJeKTpHYHa CHCTeMa, 10 BKIIoYae TpUQasHy
CICKTPUYHY CUCTEMY HAmpyT 0e3 HeUTpabHOI TOUKH kepena Tpudasaux Hanpyr i ®CHII-1 ams crBopen-
us IIHT «0,», a TakoX BiAMOBigaIbHE HABAHTAKEHHS.

Hefitpanpaa Touka 0, miei Tpudaznoi JICEIl 3HaX0quThCS MPakTUYHO B T€OMETPHYHOMY IICHTPI
TPUKYTHUKA Mik(pa3sHUX HaANpyT JpKepena, MPUIoMy il HeCTaOUIbHICTh 3aBISKHA AYXKE HE3HAYHOMY OIOpPY
Hyb0Boi1 mociigoBHocTi @CHII-1 Bu3HaUaeThCs CTaOUIBHICTIO TPUKYTHHKA Mixda3Hux Hampyr. SIH y mpo-
My BUIAJKy 3aJIMIIAETHCS HE3MIHHO BHCOKOIO B yCIX peXHMax 3aBAsSKH BkazaHUM BiacTuBocTssM OCHII
yepe3 Mauti 3Ha4eHHs (coTi yactku Om) Horo omopy HII. BaxmiBoro ocobmusictio ®CHII, BukoHaHoTO Ha
3arajbHOMY TPUCTPH)KHEBOMY MAarHITOIPOBO/I 3aBISKH IMiJKIFOUYEHHIO HOT0 0OMOTOK 3a CXEMOI0 «3yCTpiu-
HHUH 3UT3ar», € MOXKJIMBICTh MPaKTHYHO HOpMasIbHOI pobotn @CHII mpoTsirom a0 miBrOAMHHU Y T.3B. «ABO-
(hazHOMY» pexkuMi, TOOTO MPH «3HUKHEHHI» OJHOI (ha3HOT HANPYTH MEpeXi, HAIPUKIIA, P OJTHO(PAZHOMY
K3 y Bumagxy BUHHUKHEHHS aBapiifHOTO CTaHY B «OCHOBHI» Mepexi. HaBaHTakeHHS 3a0€31euy€eThCs TPhO-
Ma (pasHUMH Hampyramu, MO 3HAYHO MiABUIIYE HANIHHICTE enekTpornoctayands BH [4].

OcnoBHoto nankoro I'OKII, sixi MaroTh 100pi MEPCIEKTHBU [UIS 3aCTOCYBaHHS B HU3bKOBOJIBTHUX
JICEII 3 Touku 30py MpakTUIHOI peajtizamii mepeBar KOHIIEMIli PO3BUTKY IHTEICKTYAIbHUX EICKTPUIHHUX
mepexx HH, € came POCII. Taki ['®KII npuzHayeni ans 3abe3nedendss EMC, onrtumizanii pexxumis JICEIT y
PO3MOIINBHUX eNeKTpuyHuX Mepexax HH, 3sMeHIneHHs BTpaT Hampyr#l i akTUBHOI MOTYXKHOCTI, MiIBUILECHHS
SH Ta in. Po3pobmeno I'OKII nBox moaudikartiii, mo BukoHaHi Ha ocHOBI PDOCII i «po3moainpuoro» craTud-
HOTO CHHXPOHHOTO KoMIieHcaTopa peakTuBHOI MOTYXHOCTI (D-CTATKOM) tumy I'®KII-1 (mepmra momudi-
Kallisf), a TaKOX Ha OCHOBI 0araToyHKIIOHATbHUX KOMIIeHcaTopiB peaktuBHOI oTyxHOCTI (BKPII) nBox Bu-
niB T'OKII-2 i ['OKII-3 (apyra momudikamis) [3, 10].

Ha puc. 2 mokazaHo TprdazHy, HapHUKIIa I, TPUTIPOBITHY (YOTHPHIIPOBIIHY) CHCTEMY, IO SKOT ITiKITFOUE-
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HO HU3KY JIOKATBHUX eJeKkTpuaHux Mepex JIM1-JIM «N», nmodymnoBaanx Ha ocHOBI ['®OKII-1, HymboBa TOYka
«3ipkm» sikux y koxkHid 3 JICEIT (JIM1-JIM«Ny») mipkmrouena 10 HITHT «Np» - «Ny», 0 MiAKITOYSHI BiATOBIIHO
JI0 3arajbHOI TOYKH 3’€JHaHHs HakonnayBanbHUX KoHneHcaTopiB C1-C2 D-CTATKOM. Tyt BAT P®CII Bu-
KOHAHHH 3a CIIPOIIEHOI CXEMOI0, KOJIM HOro epBUHHA OOMOTKA HE Ma€ JIOAATKOBUX 0OMOTOK Wi, , Wig1 W7, a il
ITICTH HATTIBOOMOTOK 3'€/THaHI 32 TPAIMIIIHOT CXEMOTO «3YyCTpidHwmi 3ur3arn jmire 3 oxmiero IHTHT [4, 12, 14].

J‘lM"N"

Puc. 2

OCHII po3BaHTa)Xye HU3bKOBOJIIBTHY Mepexy Bia crpymiB HII ocHOBHOI Ta BHIIMX 4acToT, a 3a J0-
noMororo BTOpuHHIX 00MOTOK BAT WII nocsiraeTbest cuMeTpuyHe peryntoBaHHs piBHS Hanpyru BH. lonat-
KOBY KOMIICHCAIIIF0 BUIITUX TAPMOHIK CTPYMYy B HEUTpasi Mepexi 3aiicHioe «po3noautsuminy D-CTATKOM,
SIKMH TPAIIOE B PEKUMI aKTUBHOTO (iJIbTpa 1 T0JATKOBO IUIABHO PETYJIIOE PIBEHb HANPYTH y BiTHOCHO HEBe-
nukoMmy niamasoHi. EdextuBHicTs 3acTocyBanHs Takoro I'@KII-1 B enextpuunnx mepexax 3 JICEII Gararo
Yy 4OMY 3aJICKUTh BijJl ONTHMAIEHOTO BUOOPY CXEMH, IMapaMeTPiB i CIOCO0Y YIIpaBIiHHS MIBUIAKOMIIOINM D-
CTATKOM, siku#i 103BOJIsIE 3a0€3MEUUTH PO3ITBHE YIPABITIHHS aKTUBHOIO 1 PEAKTHUBHOIO MOTYKHOCTSMH
[9, 11, 13]. Insxom 3minu BuxinHoi Hanpyrd D-CTATKOM 3patHuil ynpaBnstd 0OMiHOM PeaKTUBHOI IM0-
TyxHOCTI (PIT) Mi>k HIM 1 MepeXero KUBJICHHS, OCKUIBKH BiH 32 CYTTIO € €IIEKTPOHHUM €KBIBAJIGHTOM CHH-
XPOHHOT'O KOMIIEHCaTOopa.

JIM"N"

Puc. 3
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Ha puc. 3 nokaszano tpugasHy cucremy, 10 KO MiIKIIOYEHO HU3KY JIOKAJIbHUX €JICKTPUYHHUX Me-
pex JIM1-JIM «N», 1o nodyaoBani Ha ocHoBi '®KII-2 mpu 3acrocysanui POCII i BKPII, sikuii ckianaeTs-
cs1 3 akTuBHOTO BHIpsiMisiua (AB) Ha Tpansuctopax VT1-VT6 i 3BopotHux niogax VD1-VD6 ta Ge3nocepe-
nHboro neperBoproBaya yactotd (BITY) Ha Tpansucropax V717-VT12 i 3BopotHux niogax VD7-VD12, a ta-
KOX IIyHTYI040ro miomaoro Mmocta VD13-VD16. BKPII € wactoTHO-perynpoBaHuM mxepenoM PII, skuii BU-
KoHaHMi Ha ocHOBI BITY, 1 3a paxyHOK IIBHUIKOIIIOUOr0 MEepeMHUKaHHS KoMIileHCyrouoro peaktopa (KP) ta
BiAMOBiAHOTO ympaBiiHHA TpaHsuctopamu V17-VT12 BITY 3abe3neuyethes ¢popmyBannsa B KP nnaBHo-pe-
TyJIbOBAHOTO PEAKTHUBHOTO CTPYMYy €MHICHOTO a00 iHIyKTHBHOTO Xapaktepy. B mpomy Bumamky BKPII Bu-
KOHy€e OcHOBHI (hyHKIii posmoainedoro «D-CTATKOM)» 3a BUKIIOUSHHAM 3/IHCHEHHS aKTHBHOT (ibTpa-
uii. OcHoBHuME By3namu aaHoro BKPII € cxema «ckupmanHs» y Mepexy 3aiiBoi eneprii KP, sixka micTuth
BXimHi npocem L1- L3 i AB, a Takox OydepHuii konneHcarop C JTaHKU MyJIbCYIOUOTO CTPYyMY, IMIPHUOMY
kimroui BITY ympaBisiroThCS MUKITIYHO 332 HEOOXITHUM anroputMoM, hopmyroun Ha KP Hanpyry 3minHOi gac-
ToTH. MK BKIIIOUEHHMMHU CTaHAMM OCTaHHIX MifJ 4ac may3 peakTuBHUN cTpyM KP moBepTaeTncs uepes 3Bo-
POTHI Jiony BHUIIpsAMIITYa cKufaHHs 3aiiBoi eHeprii KP y Oydepnuit konaencatop C, i 4epe3 BiIKpHUTI B mel
MOMEHT Yacy TPaH3UCTOPHI K04l AB pekynepyeThes y MepexKy.

[epeBaramu takoro BKPII € 6e3nocepenniii 38'130k KP i3 Mepekero B MiXKKOMYTaIliiiHi iHTepBaIy 4a-
CY 1 MOXITMBICTh TIOBEpHEHHSI PEaKTUBHOI €Heprii B po0oUi iHTepBany, a peaji3alis alropuTMiB poOOTH KITIO-
yiB BIIY He BuMarae CHHXpOHi3awlii 3 Mepexer Ta JOJATKOBUX KoMyTalid. dopMyBaHHS KpHBOi BXiZHOTO
CTpyMy 1 HOTO perynroBaHHS MOXKYTb 3/IHCHIOBATUCS 32 BiJIIOBITHUMH JITOPUTMaMU KEPYBaHHS TPAaH3HCTO-
pamu AB 11151 3a0e3nedeHHs y BXiTHUX IPOCENSAX CTPYMY CHHYCOiIalbHOI (POPMH, a TAKOXK KOPUTYBaHHS BXif-
HOTO Koe(illieHTa MOTYKHOCTI.

Ha puc. 4 mokazano cxemy ['®@KII-3, BUKOHAaHOTO Ha OCHOBI TPaHC(HOPMATOPHOTO TOIBOIOBAYA UHCIIA
(a3 (TITUD) i Ge3nocepenHboro neperpopioBaua yactotd (V7T1-VT12), skuii 3a paxyHOK IIBHAKOIIIOYOIO
nepemukanHs KP i BinmoBigHOTO ynpaBiiHHS 3a3HaU€HUMH TpaH3HCTOpamMu 3abesneuye ¢popmyBanHs B KP
MIBUAKO3MIHHOTO IIJIaBHO-PETYIHLOBAHOTO PEAKTHBHOTO CTPYMY €MHICHOTO a00 IHIYKTHBHOTO XapakTepy.
TITYD npusHaveHwii 11 30ibmenHs GasHocti BXxinHoi Hanpyrd BITY 3a nqonoMororo #oro BTOpUHHHUX 00-
MOTOK W,' 1 W,", Wp' 1 wp'", we' i W." 3 MeToro HabmmxeHnst popmu ctpymy KP 110 cuHycoinanbHOi.

TIM'N®

Puc. 4

Tyt BKPII cknagaetbes 3 ABOX cHIOBUX TpaH3ucTopHUX MocTiB (CTMI1), nepmnii 3 skHX BUKOHA-
HUI Ha TpaHzuctopax VT1- VT6 3i 3s8opotHuMH Hiogamu VD1- VD6, a apyruii (CTM2) — Ha TpaH3UCTOpax
VT7- VT12 31 3BopotHuMH miogamu VD7- VD12. «Po3nonineui» tpansucropu V713 1 VT14 3i 380poTHUMHU
nmiomamu VD13 Ta VD14 ckiagaroTh CBOEPITHAN CHIIOBHI TPUTEP Ta MEPEMUKAIOTHCS BHKITIOYHO Y TIpoTH(]a-
31 IO BIJIHOIIICHHIO OJTUH JI0 OJHOT0, MiaKIoYaour KP 10 MO3UTHBHOT YU HEraTUBHOI MOJIIPHOCTI IIIUH MOCTIB
CTM1 Ta CTM2 y BiImOBIMHOCTI A0 aNTOPUTMY KePYBAaHHS IXHIMH TPaH3UCTOPaMH. «3aMHUKAIOUHI» TpPaH-
3uctop V115 miomHO-TpaH3UCTOPHOTO Kirtoua 3MiHHOTO cTpyMy (V115 Ta VD17- VD20) 3abe3neuye BUTbHY
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LUPKYJILiI0 peakTuBHOI eHeprii B MoMeHTH komyTauii KP mumsixom #oro 3amMukaHHs (LIyHTYBaHHS) IUIS
3armo0iranHs mepeHanpyr Ha cuiioBux enemeHTax bITY.

3aznauenuii Ha puc. 4 BKPII cnoxuBae abo renepye PII y 3amexxHOCTI BiJl aNropuTMy ymnpaBiliHHS
tparzucropamMu MocTiB CTM1 ta CTM2. [InaBHe peryiaoBaHHS PEaKTHBHOI MOTY>KHOCTI 3a0€3MeUy€eThCs
MIUISTXOM PETYIIOBaHHA 9acTOTH cTpymy B KP, mpudomy peskum criokuBanas PII BimmoBimae 3BOpOTHOMY
nopsiKy depryBanHs (a3 npukmnagenoi 1o KP nanpyru, a pexxum renepysanns PII 3a0esneuyersest pu mpsi-
MOMY TIOpSIAKY 4epryBaHHA ¢a3. Y pe3yibTaTi HUKIIYHOTO BHCOKOYacTOTHOro mimkmodeHHs KP mo emek-
TPUIHOI Meperki 3a mormomororo bITY peamizyerbes mBuakoaitoua kommneHcartis PIT [5].

[IpoBeneHo imiTaniitne MonmemoBanHs pexxuMiB podborn ['OKII-1 npu HacTYynHHX mMapaMeTpax Mo-
peni: notyxHicts CT — 250 kBA; notysxHicts inifiHOro RL-HaBaHTaxeHHs Mepesxi 1o pazax S =40,0 kBA,

§,=65,0 kBA 1 § =20,0 kBA (T00TO CyMapHa IIOTYXHICTb Sy cym JIHIHHOrO HaBAHTaXCHHS TPHOX (a3 CKiIa-

nae 125 kBA); cymapHa aKTHBHA MOTYKHICTb Pip cyy, HABAHTQKEHHS TPYNU OAHO(DA3HUX BUIPAMIIAYIB
ckimanae 45,0 kBT; cymapHa akTHBHA MOTYXHICTh P3p cyy. HABAaHTAXEHHS TPYIH TpU(DA3HUX BUIPSMILIIIB
ckianae 72,0 kBt; peanbHi 3HauenHs onopis JiHil Big CT no T3II (Touku 3arajabHOr0 MpUETHAHHS — MICIIS
o e -6 o .
nigkmroueHHs ['OKII 1 HaBanTaxkens no miHil) Ry = 0,124 Om, Ly= 19,0-10 TI'n; moBHUI omip HYIHOBOTO
) -6

npoBoay mepexi: Ry=0,025 Om; Ly=7,63-10 I'n.

Pe3ynprati MOIEIHHOTO MOCTIKEHHS, HAPUKIIA, Ui PEXKUMY «BOJBTOJOAaBAHHI» HaBEISHO B
tabmui (CKI'C — cymapamii koedirtieHT rapMoHigHAX criotBopeHs 3rigao 3 JICTY EN 50160:2014 p. [1]).

3HaueHHs
[Tapamertp -
I'®KII BumMKkHEHO T'®KII migkiaroueHo

Jitoui 3Ha4eHHs ¢a3zHux Harnpyr mepexi y T3I1, (B) U,=210, Ug=201, U~203 | U,=213, Ug=211, U~=215
Hitoui 3HaueHHs cTpyMiB (a3 mepexi B T3I1, (A) 1,=353, 1z=365, [=333 1,=327, 1z=346, =325
Jliroue 3HaU€HHS CTPYMY B HYJIbOBOMY npoBoi (A) 35,2 1,3

CKI'C nanpyru, Hanpukian, pasu By T3IT mepexi (%) 19,3 6,2

CKI'C crpymy, Hanpuknaz, ¢azu By T3I1 mepexi, (%) 19,2 104
Koeq?iuieH.T HGCI/IM?Tpﬁ Hanpyr Ky, (%) 3a HyJIbOBOIO 25 0.15
nociimoBHicTio (3rigHo 3 TOCT 13109-97). ’ ’

Ha puc. 5 npeacrasneHo pe-
— 3yJlbTaTH TAPMOHIYHOTO aHaji3y Ha-
npyra (piBHI OKpeMHX TapMOHIK i

(]
=]

—
0

°;( 16 ||~ OYBIMKHeHO TUILKI HETIHIITHe HABAHTAKEHHA = CKI'C), nanpukiazn, y ¢asi B mepe-
o 4 oveivxaeno TOKII Ell= I MPH BIAKIIOYEHOMY Ta IIiIKIIO-
E 12 mHopnm JCTY EN 501602014 (zramepex HH) | | yeHoMy ['®KII no T3II mepexi 3
2 10 11 HETIHIMHUMY HaBaHTAKCHHIMH (BH-
% 81 TPSIMIITIAMU ).

% = Ha puc. 6 nokazano rpagiku
[aa]

[ )
|

3HAYCHUX HaBaHTaXeHb (puc. 6, a —

sanexHocti CKI'C 1 Ky Bix 3MiHK
= [Tm D:I Dl 3HAYEHb CYMapHHX IOTYXHOCTEH 3a-
5 7 9 11 13

3 15 CKI'C . .
IToPATOK TAPMOHIKI Bl PSB. cvm; puc. 6,6 — B Snevm.)
IIpyu BIAKIHOYCHOMY Ta IAKIIIOYC-
Puc. 5 HoMy ['OKII-1 mo T3II mepexi.

3 po3risILy MPUBENEHUX pe-
3yJIBTATIB MOJICIILHOTO JOCIIPKEHHSI MOYKHA 3a3HAYMTH, 10 3aCcTOCyBaHHs 3arnpornoHoBanux ['OKII no3eo-
JUTH 3HAYHO TOKPALIUTH MMOKa3HUKH SKOCTI €JEKTPOCHEPrii B MepeKi 3 HeNHIHHUMHU Ta HECUMETPHUYHUMHU
HaBaHTaKeHHAMHE 1 3a0e3neuntr EMC 11 criokuBadviB 32 paxyHOK 3HWKCHHS PIiBHIB OKPEMHX TapMOHIK i
3HadeHb CKI'C 3a ctpymom Ta Hampyroro, a Takox ii HecumeTpii B JICEIL. OTtpumani pe3ynbTaT T03BOJIS-
I0Th BU3HAYHTH ONTHMAIIbHI 3HAYCHHS ITapaMeTPiB CHIIOBUX €JIEeMEHTIB Ta cucteMu kepyBaHHs [ OKII mis
iXHBOTO MOJANBIIOrO MPAKTUYHOTO 3aCTOCYBAHHS B PO3NOAUTFHHUX €JICKTPHYHUX Mepexax HU3bKOi HallpyTH.
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CKI'C.%

19 t qKUU‘ %
17 rr.__—n—l——I—-I—"
15 | i T i 4
13 —li—Ee3 'OKII
11 | R | 3 f -
o | —O—I-F(DI\H l'll:IE\.TI['.O‘IEHO | o—Ees TDKII
5 | . _ 2 i —8—T OKII
( O—0—0— *—o0—4- S MIJIKTY eHo
h 1 . |
v JICYM.
1 : - (KBT) 0 “ («BA)
20 40 60 30 125 135 145 155 165
Puc. 6,a,6
BucHoBku.

1. PosristHyTi TpHidazHI MEepeKi 3 MITYYHOO HEUTPAILTIO MOKYTh OYTH ¢EKTHBHO BUKOPHUCTAHI I CTBO-
PEHHS JIOKATBHUX CHCTEM €JIEKTPOIIOCTaYaHHs 3 BiIOKPEMIJICHHM BiJl OCHOBHOI Mepexi KOHTYPOM JIJIS TIPOTi-
KaHHS CTPYMIB HYJIOBOI MOCTIJOBHOCTI, IO TO3BOJISIE 3HAYHO MOJIMIINTH SKICTh €JIEKTPUYHOI eHeprii y cro-
JKUBAYiB 1 HAAIHHICTh IXHBOTO €JIEKTPOIIOCTAYaHHsI TPH BUKOHAHHI BUMOT BiqoBiAHUX cTaHaapTie 3 EMC.

2. 3acrocyBanHs ['OKII y TpudasHuX HOTUPHITPOBIIHUX CUCTEMaX 3 HENiHIHHIUMHU Ta HECUMETPUIHUMH
HaBaHTKEHHSMH J03BOJISIE 3HAYHO MOKPALIUTH MOKa3HUKHU SKOCTI HAPYTH B Mepexi Ta 3a0e3neuntu EMC
CIIOXKUBAYiB 32 PaXyHOK 3HMKEHHS 3HaYeHb CyMapHOTO KOoedillieHTa TapMOHIYHHX CIIOTBOPEHb 1 PIBHS OK-
pEMUX TapMOHIK y KPUBHX CTPYMY Ta HaIllpyTH Y MEPEeXi, BIAXUICHh HANIPYTH, KoedilieHTa HeCuMeTpil Ha-
npyT 32 HyJIBOBOIO MOCHIIOBHICTIO, 8 TAKOX 3/IHCHUTH IMapaMeTpUiHe AEeMI(PYyBaHHSI HECHMETPUYHUX KO-
JMBaHb HAIIPYTU B MEPEXi Ta 3HU3UTHU TO0JATKOBI BTPATH aKTUBHOI IIOTY>KHOCTI B MEPEXi, a came:

*  3MEHULICHHS CyMapHOro KoedilieHTa rapMOHIYHUX CIIOTBOPEHb HanpyTu 3 19,3 1o 6,2%;

* 3MEHUICHHS HECHMETpii Halpyru 3a HyJbOBOIO ITOCIIIOBHICTIO BHACHIIJOK KOMIIEHCALil CTpyMy B

HYJILOBOMY MPOBOJI Mepeski mpuoin3Ho B 25—30 pasiB 3a BKa3aHUX MapaMETPiB MEPExKi;

e  3a0e3revYeHHs HOPMOBAHOTO PIBHS HANPYTH B Mepexi B Mexkax £10% Bix 11 HOMIHaIBHOTO 3HAYCHHS

3a paxyHOK #oro perymoBanns POCII y ckiani I'OKIIL

3. 3ampornionoBani ['OKII € epexTHBHIM 3ac000M I KOMILIEKCHOTO MOKPAIIEHHS SKOCTi €IEeKTPO-
eHeprii Ta 3a0e3mevYeHHs eIEKTPOOE3IEKN B JOKAIBHUX CHCTEMaX EJIEKTPOIOCTaYaHHS MPH Pi3HUX BHIAX
TPUBANMX i KOPOTKOYACHUX HEHOMIHANBbHUX 1 aBapiiHuX pexxumiB podotu JICEII y micui BcTaHOBIEHHS
I'®KII y HU3BKOBONBTHUX MeEpekax, a TaKoXK AJs 3a0€3MEeUCHHS €JEKTPOOEe3NEeKH B eJeKTPOYCTaHOBKAX
00’extiB JICEII, mpuaoMy Horo mpare3aaTHICTh 30epIiraeThCsl TAKOXK y PeKUMax poOOTH, TTOB'I3aHUX 13 T10-
PYUICHHSM LTiICHOCTI KOHQITYpalii TOKaIbHOT TUISTHKA MEPExKi.

4. OtpumMaHi pe3yJbTaTH AOCIiIKEHb AO3BOJISIOTH MPOBECTH OIiHIOBaHHS BILMBY pobotu ['OKII Ha
PEXKUMHI IMapaMeTpH Mepeki Ta BU3HAYUTH ONTUMAJIbHI 3HAUCHHS IMapaMETPiB CHJIOBUX CJIEMEHTIB 1 CHCTe-
mu kepyBaHHs ['®OKII 3 MeTor0 iIXHBOr0 MPaKTUYHOTO 3aCTOCYBaHHS B PO3MOJUILHUX ENCKTPUYHUX Mepe-
Kax JUId IpuBeAeHHs 3HaueHb napameTpiB EMC i KOCTi enekTpoeHeprii 10 HOpM, BU3HAUCHHUX JII0YHMHU
cragnapramu JJCTY EN 50160:2014 i 'OCT 13109-97.
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KOMIUVIEKCHOE YJIYUYIIEHUE KAYECTBA 3JIEKTPOSHEPT'M 1 OBECIIEYEHUE
IJEKTPOBE3OITACHOCTH B JIOKAJIbBHUX CUCTEMAX 3JIEKTPOCHABXXEHUSI ITPU
NPUMEHEHWHU IT'MBPUIHBIX ®UJIBTPOKOMIIEHCHUPYIOHINX TIPEOBPA3OBATEJIEN

A.®. Kapkun, ar.-kopp. HAH Ykpaunsi, B.A. HoBckmii, mokt.TexH.Hayk, [[.A. ManaxaTka
HucTutyT 3aexrpoannamukun HAH Ykpannel,

np. [lobeasl, 56, Kues, 03057, Ykpauna,

e-mail: novsky@ied.org.ua

Paccmompenvt ochogHble achexmul npuMeHeHus pa3spabomantblx UOPUOHBIX DUILINPOKOMAEHCUPYIOWUX NPeodpa3o-
samenei (I'@KII), xomopvie 6vinoaHeHbl HA OCHOBE PECYIUPYEMO20 DUILIMPOCUMMEMPUPYIOWE20 YCPOUCMEA
(P@CY), «pacnpedenumenbHo20» CMAMUYECK020 CUHXPOHHO20 Komnencamopa peaxkmugnot mowgpocmu (D-CTAT-
KOM) unu muocoghynkyuonanvrozco xomnencamopa peaxmugrou mowpocmu (MKPM) 0na komnaekcHo2o yayuuieHus
Kauecmea 37eKmpodHepeuu U obecnedenus: d1eKmpoOe30nacHOCmU 8 JIOKALbHbIX CUCMEMAX I1eKmMpPOCHAOICEHUsL.
T'©OKII npeonasnauenvl 015t KOMREHCAYUU HAZPY30UHBIX MOKO8 8 HYIEE0M NPOBOOE MPEXPA3HOU Cemu HUZK020 HANpsi-
JICEHUST, CUMMEMPUYHO20 Pe2yIUPOSAHUsL (CIMAOUIU3AYUL) YPOSHS HANPSIJICEHUS. HASPY3KU U (DUIbMPAyUU MOKO8 6biC-
wux eapmonuk 6 cemu. bubmn. 14, puc. 6, Tadm. 1.

Knrouesvie cnosa: noxaibHas cuCTeMa 3JIEKTPOCHAOKEHHsI, KAYECTBO HAMPSDKEHHUS, 37IeKTPOOE30MacHOCTh, THOPHTHBIH
(bUITBTPOKOMITICHCHPYOIIUI MPeoOpa3oBaTelib, TPAH3UCTOPHBIN KIIFOY IEPEMEHHOTO TOKA.

COMPLEX IMPROVEMENT OF POWER QUALITY AND ENSURE ELECTRICAL SAFETY IN LOCAL
POWER SUPPLY SYSTEMS WHEN USING HYBRID FILTER COMPENSATING CONVERTERS

A.F. Zharkin, V.O. Novskyi, D.O. Malakhatka

Institute of electrodynamics National Academy of Sciences of Ukraine,
pr. Peremohy, 56, Kyiv, 03057, Ukraine,

e-mail: novsky@ied.org.ua

The main aspects of the application for the complex improvement of the electrical power quality and the ensure electri-
cal safety in the local power supply systems of the developed hybrid filter compensating converters (GFCC), which are
based on a regulated filtering device, "distributive” static synchronous reactive power compensator or a multifunc-
tional reactive power compensator are considered. GFCC are designed to compensate the load currents in the neutral
conductor of a three-phase low-voltage network, symmetrical regulation (stabilization) voltage of the load and filtering
the currents of higher harmonics in the network. References 14, figures 6, table 1.

Key words: local power supply system, voltage quality, electrical safety, hybrid filter compensating converter, transistor
AC switch.
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