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E®EKTUBHOCT HA 3ALLUUTUTE OT YTEYKA IO TOKA C HYJIEBA
NOCNEAQOBATENHOCT B CUCTEMWUTE C U3ONUPAHA HEYTPAIA

Cmecparn YobaHos

CMC-C EOQL, 2070 NMupdon

PE3IOME. AHanuaupa ce 4yBCTBMTENHOCTTa Ha 3alyuTUTE OT yTeuka MO TOKa C Hyneea nocreposaTenHocT B IT cuctemute € M30NMpaH 3BE3EH LEHTHP Ha
TpaHcthopmaTopa. [lokassa Ce Bb3MOXHOCTTA 3a MPUNOKEHNETO UM KaTo CENEKTUBHM 3aLLuTy 3a KpaiHuTe kKoHcymaTopu npu netnposoaruTe (3P+N+PE) cuctemn.

EFFECTIVENESS OF PROTECTIONS AGAINST LEAKAGE ON CURRENT WITH ZERO SEQUENCE IN SYSTEMS HAVING

INSULATED NEUTRAL
Stefan Chobanov
CMC-C Electrical engineering

ABSTRACT. There is analyzed the sensitiveness of the protections against leakage of current with zero sequence in IT systems, having insulated star center of the
transformer. The possibility for their implementation as selective protections for the final consumers in five-conducting (3P+N+PE) systems has been proved.

3awmTaTa OT yTeukW, YyBCTBUTENHA KbM TOKOBE C HyneBa
nocneaoBaTenHocT, HapudyaHa 4ecto [leekTHO — TOKOBa
sawmuta (OT3) € CbliecTBEH eneMeHT B 3alWTHOTO
WU3KMKouBaHe, NpeanasBaLlo OT AMPEKTEH U MHAMPEKTEH Aonup
B cUCTeMuTe 3a HuUcko HanpexeHue (HH) cbc 3asemeHa
Heytpana (TN-S). Mogxogawo nogbpaHu no YyBCTBUTENHOCT
u 6bp3ogencTame Te NO3BONABAT Aa Ce U3rpaan eekTuBHa 1
CenekTMBHA 3alyWTa, rapaHTMpalja BWCOKa CTENeH Ha
6e30MacHOCT W HaAeX/aHOCT.

3awutute, pearvpallM Ha TOKa C HyneBa mnocnefoBa-
TENHOCT, reHepupaH Npy YTEYKM, CE CYUTAT 3a HEMPUIOXUMM
UMK He NOLXOASAWM B cucTeMUTE € n3onupaHa Heytpana (IT) [
1,2,6,7 ]. ToBa CTaHOBWLYe M3rpageHo 3a TpudasHute 3P+PE
CMCTEMM 1 OCHOBAHWETO 3a TOBA Ca CNEAHUTE:

1. l'|yBCTBVIT€‘J'IHOCTTa Ha 3aluMtata 3aBuCh OT HEHOTO

MPOCTPAHCTBEHO  PA3NOJIOXEHME  CMPSAMO  M3TOYHMKA
(dowr. 1.
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TokbT Ha yreuka [/, B egHa oT cpasuTe 3atBaps npes
W30NaLMOHHITE NPOBOANUMOCTM Ha [pYruTe ABE (hasn CrpsiMo
\A

nposognuMocTuTe YZ,Y3 npean 4YyBCTBUTEITHUA E€MEMEHT -

3emMd: efHa 4YaCT OT Hero ce 3artBapa npes

cymupalums TpaHccopmatop ST, a gpyrata yact I; ce

3aTBaps Npe3 NpoBOAMMOCTUTE YZH,YSH cnep ST.

TokwT 1 y npepm3sukea aebananc B ST, 3awoTo npes ST He
npoTUYaT HeroBuTe CbCTaBku B L2 1 L3, a camo B L1. TokbT
Iy KOWTO nMpemuHaBa npe3 L1 He npegwseukea pebanaHc,
3aLL0To HeroBuTe CbCTasku Npes L2 u Ls , ce cymupart ¢ Hero B

STu ZI;I.:O.

Taka ako sawutara (ST) e pa3nonoxeHa HenocpeacTBEHO
[0 3axpaHBalyns TpaHcdopmaTop Tp, T9 We UMa Hynesa
uyscTBuTENHOCT. C OTAaneyaBaHe ot Tp, C HapacTBaHe Ha
NpoBOAMMOCTTA Ha u3onauusta npeaun ST, YyBCTBUTENHOCTTA
LLie HapacTBa.

2. 3awutata e uyBCTBMTENHA M KbM TOKOBE C HyreBsa
nocrneoBaTeNHOCT, KOUTO MOXE [a Ce reHepupat npu
ackMeTpusi B 3aXpaHBALLOTO HanpexeHue B HaToBap-
BaHETO Ha OTAENHMTE hasu W MpK BUCLIM XapMOHWLM B
Toka. Toan npobnem He TpsibBa fga ce npeHebpersa,
0cobEHO MpM M3NON3BaHE Ha YYBCTBUTEMHU 3aliuUTM OT

porup ¢ Al =25mA. B Toan cnyuait He ca
M3KTIOYEHI U TTHXNMBY U3KMIOYBAHNS.



3. Kato cbliecTBeH HefocTaTbk Ha 3alutata OT YTEYKw,
UyBCTBMTEMHA KbM TOKOBE C HyreBa MocnefoBaTenHocT
ce mocoyBa OOCTOATENCTBOTO, Y€ He pearnpa Ha
CUMETPUYHO HapacTBaHe Ha n3onauuoHHata
npoOBOAMMOCT. Ha npakTuka eJHOBPEMEHHO 1 CUMETPUYHO
HamansiBaHe Ha u3onauwsTa Ha Tpute hasn efsa nu e
Bb3MOXHO. Brnpouem T031 npobnem ce oTHacst 1 3a TN-S
cucTemarta, Ho Mpu aHanuauTe He ce TpeTupa.

TouyHOCTTa M3MCKBA Aa Ce noayepTae, Ye 3awutute OT
yteukn 3a IT cuctemu, KOWTO W3non3BaT OnNepaTUBHO
HanpexeHWe, pearmpaTt M Ha CUMETPUYHO W3MEHEHMEe Ha
“3onaLmoHHaTa NPOBOAMMOCT (CbNPOTUBIEHNE).

WMHTepeCbT  KbM  3alMTUTE  OT  TOKOBU  YTEYKM,
MOEHTUULMPaHKN Ypes TOKOBE C HyneBa NoCneaoBaTeNHOCT 1
TAXHaTa npeoueHka 3a IT cuctemuTe ca NpOBOKMpaHU OT
ngesTa 3a MpUNOXeHue B PYOHAUMTE Ha METNPOBOJHMTE
mpexu (3P+N+PE) ¢ wn3onupaHa Heytpama [ 1 ]. B Tasm
cucTeMa MOXE [a Ce eNWMMHMpa YyBCTBUTENHOCTTA Ha
3awmutute cbc ST, CnpsMO  TOKOBETE C  HyneBsa
NOCNeAOBaTENHOCT  FEHEpUpaHu OT  acuMeTpusitTa  BbB
(hasHMTE TOKOBE MI OT BUCLUM XapMOHULW (T.2). [ocTaTbuHo
ycrnosie 3a ToBa € U N npoBogHuKbT ga ce obxeaHe OT
cymupalyms Tpanccopmartop ST (cur.2).
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Mpw ToBa

i1+i2+|.3+iN:O (1)

kaTo npe3 N NpoBOAHYKA LLe NpoTUYa TOK
IN:—(I1+|2+I3JZAI (2)

KoMneHcupaly acumeTpusita B Toute Toka 11, 12,13

Taka ce OTCTpaHsBAT JTLXNMBUTE U3KIIOYBAHMUS W B Hail-
UYBCTBMTENHWUTE 3aLUMTM, KOUTO B CENEKTUBHO U3rpageHnTe
CUCTEMM Ce Npunarat kaTo NepudepHm T.€. 3a OTAANEYEHUTE
KOHCymaTopu. A B Te3n 30HM, NOCOYEHUs HeJoCTaTbKk B T.1 €
npeHebpexum, 0coBEHO ako MOXe KONMYECTBEHO TOBA Ja
6bae oueHeHo.

npOBOﬂI/IMOCTTa Ha u3onauyuarta Y W HelHuTe CbCTaBKM —
aKTMBHa g U KanaluTUBHA 6. B aHanusute ce Bbanpuemart

KaTo CbCPefoTOYEeHa, B CbLIHOCT Ca pasnpedeneHn Mo
[bIDKMHATA Ha MpexXaTa .

Y =g+6, =y,L=(g, + WC, )L

KbeTo:
g, n C, ca cboTBETHO aKTvBHA MPOBOAMMOCT U KanauuTeTa

3a 1 gbmkuHa (Hanp. km), cnpsmo 3ems,

L - pgbmkudata Ha kaBena, 3a KOATO Ce OLEHsBa
NPOBOAMMOCTTa CMPAIMO 3eMsl, km

KaI'IaLl'VITeTbT Co 3aBWCY OT TUMA M CEYEHMETO Ha kabena u

€ CYMETPUYeH CrpsiMo 3emsi. ToBa € [JOCTaTb4yHO OCHOBaHME
Aa ce npeHebperHe npu aHanu3a Ha 3awuTtata OT TOKOBM
YTEUKM CbC cymmpaly, TpaHcdopmatop ST, Tbit kaTo cymata ot
TOKOBETE OT KamauuTWBHaTa CbCTaBKa HA NPOBOAMMOCTTA €
Hyna, a TOKbT OT Kamauuteta Ha N npoBogHuka e
NPeHebpexMMo MasTbk Mo ABE MPUUYMHU — HAMPEXEHUETo €
Manko, a CEeYEeHWETO My e MOHe C efHa CTeneH Mo-Marko
CMPSIMO CEYEHMETO Ha pasHMTE NPOBOSHMLM.

Taka ¢ focTaTb4Ha TOYHOCT MOXe Aa NMPUEMEM 3a KOHKPETHS
aHanus, ve:

Y, = g =g,L; (3)
OsHavaBalkn [ObIDKMHUTE Ha Mpexarta: OT Cymmpallus

Tparccpopmatop ST Ao cunosws Tparcdpopmatop T ¢ L', a

or ST pno nocneawns (kpaeH) KkoWcymatop ¢ L" |
NPOBOAMMOCTUTE e 61aT CbOTBETHO

YI — gOL/
Y” — goL”

(4)

Mpu yTeuka B efHa oT pasute (ur.2), B CNPSMO cryyas ot
’

L1, TOKbT Ha yTeuka Iy We uma aBe CbCTaBHU: EgHaTa |y ,

n

KosTO ce 3aTBaps npe3 nposoaumocTute Y ' 1 BTOpaTa |y -

npes nposoaumoctTa Y "

! o

L] L]
I y = I y + I y
1
TpaHcdopmatopsbT ST Lie cymupa Iy u |y , T.6. MarHuTHUs
NoTOK B TOpouaa Lie ce hopmupa ot

° e . . ” . n . n
ly—ly =ly=| Iy, +1y, +1w |#0 (5)
!
CncraBHaTa |y llle ce 3atBopu npe3 usonauyuuTe Ha
mpexara B 3oHata L', 6e3 aa npemure npes ST.
o’
Il
CJ'Ie,El,OBaTerIHO, OT CbOTHOLLUEHNETO — Le 3aBucu rone-
Il
MVHaTa Ha cymapHus Tok B ST, T.e. Toka lp B M3KMKOYBaATENHMS

enementn UE. Ao 1'=0, 710 ,zf(L’jzo.
P Iu



CriefoBaTeNHo 3aluuTaTa HeMa pearupa Ha Bb3HUKHANa
yTeuKa.

- _ ARV r.,
Orwnraiikn, ve 1, =g,; I, =Y '=g,L";
15 =Y"=g,L" npn Y'=Y"
TOKbT Npe3 peneTo MoXe Aa ce 3anuiue ¢ popmynara:

KbZeTo Ke LLie HA30BEM KOeULMEHT Ha edheKTUBHOCT

ako, ST, T.e. peneTo OT YTEYKM Ce Hamupa B cpefaTa Ha
mpexara, npu koeto L' = L":

ToBa € Taka, 3aworo |7 =17, a npes ST HekomnercvpaH

lie OCTaHe CaMO CbCTaBHaTa |fv :0,5|y, a l,'v’ e ce

KOMMEHCUpa 13Lsrno.

KoeduumeHTbT Ha ecbekTHBHOCT B (6) npescTaenssa

1 XapaKTepu3upa KakBa 4acT OT TOKa Ha yTeuka npeau3Bukea
peakuus B ST.

Ako e npueta (unm u3bpaHa) 3awuTa C HacTpoWka

Al =30mA. B TN-S wmpexa , npu Tok Ha yTeuka
I, =30mA, sawwrara we ce sapeiictea, sawoto | ce
3aTBaps B KOHTypa Tp-St-Yy-PE-3ems-N-Tp.

Ho IT (3P+N+PE) cuctemata, npes ST uacT oT Toka Ha

yTeuka, I;f Ce KOMNEeHCMpa oT “BnmM3alyuTe” CbCTaBKW Ha TO3M

TOK
" " "ro_ ”. " _
PR P A Aly,ZIyi—O

KOHTYpbT 3a I;f e:

T,-S.-Y,u-Y, Y, Yy ST =T,

KOHTYpbT 3a I; e:
! ’ ’
Tp -S, -Yyl_l-Y2 VY5, Yy —Tp

’ ! ! !

!
T.e. npes ST npemmriasa camo 17, a 100,175,104, 10y
He npemuHasa npes ST.

3awmrata B obwms  cnyyan  we  pearupa

.., =1, >30mMA. T 6n pearvpana Ha Toan Tok camo

L/ — 0, 1.e. axo 151 ce Hamupa B kpas Ha Mpexara, Torasa

3a0

17 =0,L"=0, a npes ST we npemure enHonocouHo

’ o r_
camo |y,KOVITOBCJ'Iy‘-IaF|e I=1,.

KonnuecTBeHa oLieHKa 3a BAIMSHUETO Ha MPOCTPAHCTBEHOTO
pasmnonoXeHne Ha 3awpmTata, M MO0 TOYHO HA HeWHus
UYBCTBUTENEH ENEMEHT, CyMupalLms TpaHcdopMaTop MOXe
[a ce nonyuu OT nacnessaHe KoeduumeHTa Ha eeKTUBHOCT

K, =f(L"L).

CroitHocte Ha K, no (7) npu HesaBucMa NpoMeHmuBa

L, npu koxcrautHa croimoct L” € (5—1000m) s

[anasoHa Ha yncreHnTe CTOMHOCTY Ha
L’ € (5—1000m) sa nsobpaseHunTe rpadyHo C KpUBMTE
Ha ur.3.

Or nony4eHnTe KpuMBM 3a BCEKU KOHKPETEH cnyqaﬂ Ha
pa3nonoxeHue Ha pa3knoHeHne Ha 3aluTaTa C onpeneneHa c

onpefieneHa YyectauTenHocT Ha 3awmta Al , oueHn Toka

KoiATO UMa akTuBmpaLLo aevictane (Al ):

Alsa() = AIN
K

e

(8)

MpakTdyecku MoXe [a ce pewn u obpaTHaTa 3agaya. pu
HeoBxomamma  uyscTeuTenHocT Al pga ce wu3bepe

3a0’

yyBcTBUTENHOCTTA Ha amapata Al , B 3aBucumoct ot

KOH(DUrypaLMsaTa Ha Mpexata, T.e. B 3asucumoct ot L' n
L". Onpenensice K, , v ce u3bupa anapart ¢ HacTporika

Aly =Al K, ©)

npv koeTo ecrectBeHo e Al = Al

Ot aHanusa Ha koedmumMeHTa Ha edheKTUBHOCT Ha GOHa Ha
rpacuyHUTE 3aBUCUMOCTW Ha (Ur.3 ce cTura 4o WHTEepecHu
13BOAM C TEOPETUYHO U NPAKTUYECKO 3HAYEHNE.
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1. HesaBuCUMO OT ENUMUHMPAHETO Ha BNWAHWETO Ha
acumeTpuaTta, T3 3awmta OT yTeYkM M C Hynesa
nocnefoBaTenHoCT B neTnpoBogHute [T cuctemm ¢
YYBCTBUTENHOCT Al <30mA, rapaHTMpaLLm
©e30macHOCT MpU AMPEKTEH AOMWP, € MpaKTUYECKH
HEBb3MOXHA, a aKo 3awwtata € B Onm3ocT o
TpaHccopmatopa. [pu otcTosHWe, Hanpumep Ha 10-
20m., TpsibBa aa ce u3bepe ¢ 20 MbTM no-ronsma

yysctButentoct (K, = 0.05), te. Al =1.5mA, a
ako AbImKMHATa Ha kabenHata mpexa e 1000m. — ¢ 50

MbTH ok (K, =0.02),

Al =0,6mA. 3awuti ¢ TakaBa YyBCTBUTEMHOCT He

ce nponseexaar.
M3nonagaHeTo Ha 3awWuTh OT YTEYKM C TOKA Ha Hynesa

nocneposatentoct ¢ Al =50mMA  obave e

Bb3MOXHO MpW 3aluuTa Ha kpaitHu notpeGutenu. Toea

ce wniocTpupa ¢ cur. 4. Kum 3oHa L' cnapat Bonukn
kaberm n ako obwara WM JgbIkuHA e

L"=(800—-1000)m,  wuyscteutenHoctta  Ha

3alWurata Hamansea C no-manko 0T 5%, koeto
npakTU4eckn e nNpeHebpex1uMo Marnko 1 e B rpaHuumTe
Ha TOYHOCTTA.

ObocHoBaHa Ce OKka3a mpakTUyeckaTa Bb3MOXHOCT 3a
n3rpaxpgaHe Ha cenekTuBHa xvubpuaHa 3awmTa: KoHTpon
Ha u3onauuaTa W 3alWMTHO W3KIIYBAHe Ha udnata
Mpexa C KOHBEHLWOHanHa TEeXHWYecku CpeacTsa
(peneta oT yTeuka), 6asvpaHn Ha onepaTUBHO
HanpexeHWe 3a KOHTPON B KoMOMHauus C peneTta oT
YTEYKM C TOKa C Hynesa MOCMEeOBATENHOCT 3a BCEKM
noTpebuten  KOMTO  3alUMTHOTO  U3KMIOYBaHe  Ce
OCbllecTBsiBa C no-ronsmMo (2 go 5 mbTi) 6bp3o-
[ECTBUE Ha KpalHWUTE KOHCymMaTopw (en.asurateni), u
KOMTO Lie 3aMeHsaT M3NOM3BaHWTe anapatn  3a
npeaBapuTeneH KOHTPONM Ha wm3onaumusita (Bnokvpalia
peneta oT yTeuku).

no-manbk T.e.

dur.4

lMpenopbyaHa 3a nybnukysaHe OT
PepnakuuoHeH cbaeT
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Kakto e u3BectHO ¢ 6nokupawum peneta ot yteuku (BPY)ce
u3rpaxga Taka HapeyeHaTa ‘NCeBAOCENeKTWBHA® 3aluTta oOT
YTEUKH, KOSITO MacoBoO Ce M3non3ea B pyaHuuumTe. Mpu yTeuka,
He3aBUCUMO KbE € Bb3HUKHaNa Ce M3KMYBa Lsnara Mpexa.
OTkpuBaHeTO Ha 30HaTa C yTeuka ce ugeHtuguympa ot bPY,
kouTo OnokupaT (He [onyckaT) BKMKYBAHETO Ha 30HaTa
(noTpebutens) c yTeuka, Cnea  Bb3CTaHOBSBaHe Ha
HanpexeHWeTo.

B 3akntoueHne TpsibBa ga ce nogyepTae, Ye uarpageHata no
TO3M HAuMH CenekTMBHA XubpuaHa 3awmta OT YTeuKW, He
NPOTMBOPEYN HA W3UCKBAHWSITA HA HOPMATWUBHUTE AOKYMEHTU
3a BesonacHa ekcnnoatauus Ha enekTpudeckute ypeabu B
muHnTe [3,4,5 ], a C BbBEXAAHETO W LWe Ce Hamansr
NPecTouTe OT HECENEKTUBHUTE U3KITIOYBAHUS, KaTO Ce yNecHU
OTKPMBAHETO Ha 30HaTa ¢ AedekTupanarta usonauus. Toea e

CbLUECTBEHO [AOMbIHUTENHO MPEeAMMCTBO B Mon3a  Ha
npeanaraHata cucrema 3P+N+PE 3a munute.
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