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Ku1roueBble ciioBa:

CITIOCOBbI ITOBBIIITEHNU A
OPPEKTUBHOCTU COBPEMEHHbBIX
SAIIINUT OT 3BAMBIKAHHWU HA 3EMJITO

THE MEANS OF EFFECTIVENESS INCREASE FOR THE MODERN EARTH

FAULT RELAY PROTECTIONS

AHHOTaLM: OOJBIIOE KOJMYECTBO BUJIOB 3allIUT OT 3aMBIKAHUI Ha 3eMJII0, TIPEACTaBICHHBIX
Ha POCCUICKOM 2JIEKTPOTEXHUYECKOM PhIHKE, BBI3bIBAET 3aTPYAHEHU S B BHIOOPE ONMTHUMaJIbHOTO
YCTPOMCTBA ISl OpraHU3allMU CEJeKTUBHON CUCTEMbI 3alIMThI. B cTaThe MpeacTaBieHbl OCHOB-
Hble 0COOEHHOCTH U MPpOaHaJIU3MPOBaHa HAJIEXK HOCTh PAa3JMYHbBIX BUIOB 3aIIIUT OT 3aMbIKaH Ui
Ha 3€MJII0, OT TIPOCTHIX TOKOBBIX 3aIIIMT 10 TEPMUHAJIOB C KOMILJIEKCOM (yHKIIMI. PaccMoTpeHbl
MyTH 00ECIeYeH U I UX CEJIEKTUBHOCTHU B 3aBUCUMOCTH OT PeXMMa 3a3eMJICHU I HEUTpaiu CETU U

XapakTepa 3aMbIKaHM A Ha 3EMJTIO.

Deﬂel;l Had 3aliuTa, 3aMbIKaHUE Ha 3EMJIIO, TOKOBBIC 3alIUTHI OT 3aMbI-
KaHWM Ha 3eMJTIO, PEXNM 3a3€MJICHU A HCﬁTpaﬂVl.

Annotation: the ample
quantity of earth fault
relay protections on
Russian electrotechnical
market make a hard in
finding optimal solution
for organization of earth
fault protection system.
In the paper the main
peculiarities of relay
protections — from the
simple current protections
to terminals with a number
of functions — are reviewed,
and their reliability are
analyzed. Also there are
considered the methods
of enforcement in relay
selectivity depending

on a neutral grounding
condition and an earth fault
mode.

Keywords:relay protection,
earth fault, earth-fault
current protection, neutral
grounding condition
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B HacToAwee Bpema cyulectByeT 6onee 15
npowvsBoauTeNiei 3almnT, BbinycKaowmx nnbéo ot-
JenbHble YCTPONCTBa, NMbO 3almuTbl OT ofHOda3-
HbIX 3aMblkaHuU Ha 3emnto (O33) B cocTaBe Tepmu-
Hanos u WwKadpoB 3aWwuTbl 1 ynpasneHna. OueBngHo,
Takoe KONMYEeCTBO NMPEAJIOKEHUIN YCNOXKHAET Bbl-
60p KOHKPETHOro Tuna 3awuT U B OGONbLIMHCTBE
CnyyaeB AMKTYeTCA TONbKO MpefnoyTeHnAMU 3a-
Ka3uunka 1 LLeHOBOW MOANTUKONW Npor3BOAMTENA U
nocTaBsLLyMKa. Kak NoKa3blBaeT onbIT 3KCyaTaumu,
06ecneunTb CENEeKTUBHOCTb KOHKPETHbIX 3alyuT
OT 3aMblKaHUIM Ha 3eMJ1t0 B CETU C M30/IMPOBAHHON
HelTpanblo UAN KOMMeHcaumnen eMKOCTHbIX TOKOB
He Bcerga yaaeTca faxe npu MCnonb3oBaHUW Ao-
porux ycTpoincTB. MoaTomy 3ajavya onpepeneHus
ONTMMaNbHOIO PEeXrMa HelTpanu n Bbibopa CooT-
BeTCTBYloWero tuna 3awut ot 033 TpebyeT KoM-
MNSIEKCHOrO aHanm3a.

Hanbonee npocTbiM YCTPONCTBOM WHAUKA-
LM 3aMblKaHUA Ha 3eMt0 ABNAETCA HeceneKkTuB-
HafA CMTHanM3auma No HanpsMeHW HyneBoW Mno-
cneposatenbHocTu (HIM), Kak npaBuno, Ha OCHoBe
pene MakcumanbHoro HanpsxeHua (kog ANSI 59N).
QopMmanbHO Takoe YCTPONCTBO HeNb3A Ha3BaTb pe-
NenHOM 3aLMTON, MOCKOMbKY MOWCK NOBPEXAEHHO-
ro snemMeHTa NpPon3BOAMT OnepaTuBHbIV NepcoHan
nyTemMm MooyepefHOro OTKAYeHMA npucoeanHe-
HUIN Ha CEKLMN LWVH C 3adUKCUPOBAHHBIM OfHOa3-
HbIM noBpeXxaeHnem. K coxaneHuto, Takon meToq
onpepaenieHNs MOBPEXAEHHOro MpuUcoeaVHEHMs

PENEVIHAS SAWVTA ABTOMATU3AUVS

[0 CUX NOop ABNAETCA [LOCTaTOYHO PacnpOCTPaHeH-
HbIM, XOTAl €ro HeJOCTaTKN OYEBUAHbI: BO-MEPBbIX,
NPUHYANTENbHOE N3MEHEeHNe KoHbUrypauum cxe-
Mbl CBOAUT Ha HET MpenMylLecTBa KOMMeHcauum
€MKOCTHOro TOKa Nnpu 3abnoKnMpoBaHHOI aBToOMa-
TUKe ynpasfieHna gyroracawmm peaktopom (ArP);
BO-BTOPbIX, M3MEHeHMe YCNOBUI CyLieCTBOBaHWA
ofgHOdasHOro 3amblkaHuWA B MpefenbHblX ciyya-
AX MOXET NPUBECTU B €ro PasBUTUIO B KOPOTKOE;
B TPETbUX — MPU OTHOCUTENIbHO 6OMbLIOM Konnye-
CTBE OTXOAALWMX NPUCOEAUHEHNI N COOTBETCTBY-
OleM BpeMeHU MOWCKa IUTENbHOCTb BO3Ael-
CTBUA MepeHanpPAXXeHUn 1 CTeneHb paspyLleHna
M30M1AUMM B MecTe MOBPEXAEHUA CYLEeCTBEHHO
NMOBbILLAKTCA.

K npeunmyliectBaMm yCTPOWCTB HeCenekTuB-
HOW CUFHANM3aL MM MOXKHO OTHECTU PaboTOCNOCO6-
HOCTb Npu NloO6OM pexrmMe 3a3emsieHna HenTpanm
1 Npu 6ONbLUINHCTBE BUOB 3aMblKaHW Ha 3eMJTio.
Mpun nepemexaoLmxca 3aMblKaHUAX Ha 3eMJTI0 Ha-
npseHne HyneBoW NOCiefoBaTeNbHOCTU Cnaja-
€T JOCTaTOYHO MeAJSIeHHO, B TeYeHMe OfHOro ne-
puoga, 4To No3BoNAeT 3aluTe NOYYBCTBOBATL €ro
n cpaboTaTb C 3aAaHHON BbIOEPXKKON BpemeHwu
(punc. 1). Kak yactb cuctembl 3awmTbl oT 033, pene
MaKCMManbHOro HamnpsXeHUsa C BblAepPXKKOW Bpe-
MEeHW AOMKHbI MPUMEHATLCA B KayecTBe pe3eps-
HOW 3alWWTbl WWH U TpaHCPopmaTopa NuTaloLlen
noacTaHuun.

B Lenom Bce 3aluThl, pearvpytoLyme Ha npote-
KalowWMin B KOHTYpe HyneBOW nocnefoBaTeNlbHOCTH
(KoHTYpe HIM) TOK 1 K Uncny KOTopbix HeceneKTBHasA
curHanmsauma ot O33, cTporo roBops, He OTHOCKTCA,
MOXHO pa3fennTb Ha NATb OCHOBHbIX BUOB:



HAYKA

150

100

W
S

Hampsoxenne 3U0, B
o
\

&
S
S

-100

1504 ¥
1,55 1,6 1,65 1,7
Bpewms, ¢
a)

Hanpsoxenue 3U0, B
— N
oS

0 01 02 03
Bpewms, ¢

6)

04 0,5

Puc. 1. Ocyunnozpammel UsmeHeHUA HaNPAXKeHUSA HA «PAa30MKHYMOM mpey20/1bHUKe» WuHHo20 TH nocne npe-

pbleaHus ycmo&queoeo 3aMbIKaHUA Ha 3eMJ1io (a) u nocsie no2acaHus Byzu 8 pexxumax ee Heycmodqusoeo 20-

peHus (6)

+ HeHanpasJieHHble TOKOoBble 3awuTbl HIT;

« HanpasJieHHble TOKOBble 3awuTbl HIT;

* 3alnTbl, pearvpyloLme Ha Bbicliue rap-
MOHWMKMN B TOKe HIT;

+ 3alMTbl, OCHOBAHHbIE HA MCMOJSIb30Ba-
HUWN NepexoHbIX COCTABAAOLWNX TOKOB
1 HanpsxeHun HI;

+ 3alMTbl HA HAJIO>KEHHOM TOKe.

OTmMeTuM, 4YTO HeKoTopble coBpe-
MeHHble 3awmTtbl oT 033 KOMOUHUPYIOT
B CBOEM COCTaBe HEeCKOJIbKO Pa3/IMyHbIX
NPWHUUMNOB BbIABMEHUA NOBPEXLEHHOIO
duvpgepa 1, Npy NpaBUSIbHOW HACTPOIKe,
ABMAOTCA Hanbonee HafeXXHbIMU YCTPOI-
CTBaMW OnpefeneHnsa nNpucoeguHeHmnsa ¢
3aMblKaHueMm Ha 3emnto. K Takmm 3awmtam
OTHOCMKTCA, Hanpumep, TepmuHan «bpec-
nep 0107.080».

PaccmoTpum  oCHOBHble  0COGEH-
HOCTM TMpeACTaBNiEHHbIX BUAOB 3aluT
1N 0bpaTMM BHMMaHME Ha BO3MOXHOCTb
obecneyeHnss nx CenekTMBHOCTU B 3aBU-
CYIMOCTW OT peXunma HemTpanu ceTu n xa-
pakTepa 3aMblKaHMA Ha 3eMJII0.

HeHanpaBneHHble TOKOBble 3a-
wutbl HM

Hanbornblee pacnpocTpaHeHve B
ceTax 6-35 KB nmetoT pasHoobpasHble TO-
KOBble 3alnTbl HyfIeBOW NnocsiefoBaTesb-
HocT (kog ANSI 50/51N). MprmeHeHme
TaKuMX 3alMT onpaBhaHo B CeTAX C 6onb-

WM TOKaMM 3aMblKaHUA Ha 3eMJIl0 Npu
OTCYTCTBUM  KOMMEHCauMn EMKOCTHbIX
TOKOB WX B CETAX C OOMbWNM YUCITOM
npucoeguHeHnn. 3To CBA3aHO C TeM, YTO
TONbKO B TaKMX OCOOEHHbIX Cryyanax uyB-
CTBUTENIbHOCTb TOKOBbIX 3alLMT OKa3blBa-
eTcA focTaTtoyHomn. [1pyn 3Tom OTHOLEeHMe
MVHUMaNbHOrO CYMMApHOro TOKa 3aMbl-
KaHWUA Ha 3eMJio K COBCTBEHHOMY EMKOCT-
HOMY TOKY 3alyuLiaemMoro npucoefnHe-
HUA JOMKHO ObITb HE MeHee Tpex. A ans
3alMT yCTapeBLUUX MoAenen, NoCTPOeH-
HbiX Ha pene PT-40, PT3-51 n gpyrux, 310
OTHOLLEHNE [A0JIXKHO ObiTb eule Gonblie,
NMOTOMY UTO Ha TOK cpabaTblBaHWA 3TUX
pene 0Ka3blBaloT BIAHME BbICLUME FApMO-
HUKN 1 nepexofHble TOKN B MOMEHTbI 3a-
MblKaHuA. V3BECTHO, YTO ropeHune ycTom-
YMBOM Ayry NpU 3aMblKaHUU Ha 3eMJIo
COMpPOBOXAAETCA NOABNEHNEM BbICOKOYA-
CTOTHbIX COCTABAAKLMNX B HANPAXKEHUN 1
Toke HI, npuyem B psage cnyvaes 3T0 MO-
XKeT NpUBeCTU K U3nuiiHemy cpabaTbiBa-
HUIO 3aLWUT HEMOBPEXAEHHbIX TMHUN.

[na ncknoyeHmA HeraTBHOro BNU-
AHUS 3TUX GAKTOPOB 1 BbIAENEHNsA TOKa
OCHOBHOW TApPMOHMKN B COBPEMEHHbIX
LUMOPOBBIX 3aLMTaX LWMPOKO NPUMEHAET-
cAa ¢punbTpayma curHana 3l,.

B cetax c BO3AYWHbIMUA NUHUAMUK
anekTponepenaun 6onbluas YacTb 3ambl-
KaHUN MpouCXoauT 4yepes nepexopHoe

Hay4HO-NpaKTnyeckoe nsfaHne

conpotueneHue. MNocnegHee obycnosne-
HO B OCHOBHOM CYMMapHbIM COMpPOTMB-
NleHneM uenu npoTekaHua «obpaTHOro»
Toka O33 no 3emsie OT MecTa 3amblKaHUA
[0 HeNTpanu NMCTOYHMKA MUTaHUA, BKIO-
yas COMpOTMBIIEHME 3a3eMJIEHUA OMOpbI
(noBpexpaeHve NMHENHOro M3onAaTopa) u
yAenbHoe CONpoTUBEHME rpyHTa (06pbIB
1 nafgeHve npoBoAaa Ha 3emnio). MNpu 3a-
MblKaHUAX yepe3 6Gonbluve MepexoaHble
COMPOTUBIIEHNA, KOTOPbIE B 3aBUCUMOCTH
OT Ce30Ha ¥ COCTOSAHUSA FPYHTa MOTYT npe-
BbIWATb R, = 2-3 KOM, TaKXe BO3MOXeEH
OTKa3 B cpabaTbiBaHNV TOKOBbIX 3awmT [1].
Hanps»keHna n ToKn npu 3TOM OKa3blBa-
I0TCA CBA3aHbl MPOCTON 3aBUCMMOCTbIO, U
MX OTHOLLUEHME He 3aBUCUT OT NepexofHo-

ro conpoTmBneHnA:
iXex By 2 e Ey
SRy +j(X+ X+ X)) 3Ry —jXes

U// =jXo Iy =jXes =

X, X, X, — COMPOTUBNEHUA MPAMON,
o6paTHOW 1 HyneBoOW MNoc/efoBaTesNb-
HocTen, R; - compoTuBieHue [yry,
Xcs— pesynbTupytoliee EMKOCTHOE Conpo-
TUBNIEHVE HYNEeBOW NOCNefoBaTeNIbHOCTY
BCEX J/1eMEHTOB, 3/IEKTPUYECKN CBA3aH-
HbIX C TOYKOW 3aMblKaHWA.

[loKa3aHo, YTo Npu 3aMbIKaHUAX Ha
3eMJII0 yepes3 nepexofHoe ConpoTusne-
HMe CUTYauuro MOXeT UCMPABUTb KOPPeK-
TUPOBKa TOKa cpabaTbiBaHWA C y4eTOM Ha-
npsxxeHus HIM. OgHako B 6GOMbLIMHCTBE
OTAENbHbIX YCTPONCTB 3alUThbl U 3alymUTax
B COCTaBe TEPMVHANOB MpUCOeaNHEHUsA
TaKasa KOPPeKTUPOBKa OTCYyTCTBYeT. Tako-
ro HefoCTaTKa HeT Y LieHTPann30BaHHbIX
3alLM1T, KOTOpPble OAHOBPEMEHHO CPaBHU-
BatoT Bce Tokn HI Bcex npucoegnHeHnn n
BbIAENAIOT MOBPeXAeHHOe npucoeanHe-
HMe Mo MaKCManbHOMY TOKY.

Ob6ecneuntb paboTy MPOCTbIX TO-
KOBbIX 3awnT HIT BO3MOXHO C noMoLlbio
NpYMeHeHNA Pe3NCTUBHOrO 3a3emsieHns
HenTpanu. AKTUBHbBIN TOK pe3ncTopa He
BNMAET Ha TOK cpabaTbiBaHWA 3aLLMTbl, HO
npy 3TOM NoBbIWaeT KO3POULMNEHT UyB-
CTBMTENbHOCTM MPW 3aMblKaHMAX Ha 3a-
LMLIAaeMOM MPUCOeVHEHUN.

Mo3sTomy npu BbIGOpe HOMUHanNa pe-
31CTOpa MO YCNoBUio obecrneyeHns cenex-
TUBHOW PaboTbl peneriHOM 3alunTbl BO3-
MOXHO co3fiaHune 3dPeKTUBHON CUCTEMDI
3awmTbl oT O33 B ceTAX C 3a3eM/IeHVEM
HeNTpanu Yyepes pe3ncTop, Kak oTAesbHO,
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TaK 1 napasnsenbHoO C fyroracawym peak-
TopoMm. B Tom uncne 1 no sTol NnpuynHe B
6ONbLUNMHCTBE €BPOMEeNCcKUX CTpaH npwu-
MEHAETCA Pe3nCTUBHOE UM KOMBVHUPO-
BaHHOeE 3a3eMJ/ieHne HenTpanu.

MNMocnepHee 3a pybexxom peanusyet-
CA NyTeM KPaTKOBPEMEHHOIO BKJIIOUEHMSA
ManoMOLLHOFO pe3ncTopa BO BTOPUYHOM
06MOTKe fyroracswero peaktopa n ABna-
eTCA Mo CyTW y3KOHamnpaB/iieHHbIM peLue-
HUeM 3afjauu 3aluTbl 060pyfoBaHUSA. ITO
CBA3AHO C TeM, YTO 3ajaya OrpaHUYeHus
nepeHanps>KeHUn B pexnmax paccTpom-
KN peakTopa cBbille 5% [o OoTHOCKTesNb-
HO 6e30MacHoro ypoBHA (2,4-2,6)Ugmax HE
pewaetca. B Poccn KomGrHMpOBaHHOE
3a3eM/ieHie HeWTpanu peann3oBaHoO B
NMONHOLIEHHOM BapuaHTe, KOrga MOLUHbIN
pe3ncTop NOCTOAHHO, Yepe3 OTAeSNbHbIN
pasbeauHnTeNb, NOAKIYEH B HeNTpasb
TpaHcoopmaTopa napannensHo AP [2].
3TO pelleHne ABNAETCA TEXHUYECKN 060-
CHOBAHHbIM, HOPMATUBHO 3aKpPerJieHHbIM
B psAfe CTaHAapPTOB OpraH13aL i 1 No3Bo-
nseT B 60/bIIMHCTBE ClyyaeB obecneuntb
Tpebyemylo CENeKTUBHOCTb peneiHbIX
3awmt ot 033 Ha ToKOBOM UM dasHOM
npuHumne.

OTMeTMM, YTO COrnacHo nuccnefoBa-
HMAM [3] Nnpu onpefeneHHbIX COOTHOLe-
HUAX aKTMBHOIO TOKa OT COMPOTMBAEHUA
pe3uctopa B HelnTpanu | 1 eMKOCTHOro
TOKa ceTu I iyra TepsAeT nepemekaoLmi-
CA XapaKTep M CTAHOBMUTCA YCTOWYMBOWN,
INsi 3TOro HeoOGXOAMMO NVLLb BbIMOJHE-
Hue cooTHoweHua |y =(3,5-4,0)IC, He3a-
BWCUMO OT KOHCTPYKTUBHOFO WCMOJIHE-
HUA ceTn. DTOT KPUTEPUIN B paje ciyyaes
MOXKHO CUMTaThb onpeaenalLWwmnm Npu Bbl-
60pe HOMMHana pesuctopa 1 onpegene-
HUKM ycTaBoK 3awmuT ot 033 ¢ gencremem
Ha OTKJlIlOUYEHNe.

Ona pencteytowen kabenbHom ce-
T 10 KB, 3KcnnyaTmupyemoli B cocTase cu-
CcTeMbl aneKTpocHabkeHna ¢eppocnnas-
HOro 3aBOAA, dKCMEePUMEHTaNIbHO 6biNo
nokasaHo, YTo npu BblIGOpPEe BbICOKOOM-
HOro pesncTopa nepeBofa nepemexar-
Wwenca agyrn B yCTONUMBYO Npu onpege-
NEHHbIX YCJTIOBUAX MOXHO JOOUTbCA yxKe
npwu lg =(1,8-2,5)IC (pwnc.2), uto Gnaronpu-
ATHO C NO3MLWIA CHUXEHMA NOCNeCTBUN
TePMUYECKOro [encTBmA Ayrn B TOuke
3aMblKaHWA.
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Puc. 2. 3kcnepumeHmasneHble ocyuaNo2pammel moka dyau 8 cemu 10 KB npu = 2,51 0na pexxuma nepe-

mexarowetica (1, 3) u ycmoliiqueo 2opaueli (2) dyau

HanpaBneHHble ToKoBble 3awjuTbi HI

Mpn HepoOCTaTOYHOM YYBCTBUTENbHOCTM
NPOCTbIX TOKOBbIX 3awwmT HIM 0gnH 13 BO3-
MOKHbIX BapVaHTOB peanun3aunn 3aWwnTbl
OT 3aMblKaHMIM Ha 3eMJ1I0 - UCMONb30BaHKe
HanpaBneHHbIX TOKoBbIX 3awuTt HI (kog
ANSI 67N). OTcTpoiika OT 3aMblKaHWI NPO-
NCXOOWT MO HarnpaBfieHWUo, YTO NO3BOSIA-
eT He OTCTpauBaTb pene oT CO6CTBEHHbIX
EMKOCTHbIX TOKOB, YTO AaeT 3HauuTenb-
HOe MOoBbllEeHNe YyBCTBUTENbHOCTU Ha-
npaBfieHHbIX 3aLWT NO CPABHEHUIO C He-
HanpaBfeHHbIMA TOKOBbIMU  3alLMTamu.

OfHako Npu nepemexatoLwmnxca AyroBbix
3aMblKaHUAX Ha 3emito (pu1c.3), Yncno Ko-
TOPbIX B KaOeNIbHbIX CETAX COCTABMASET 4O
27% [4], BO3MOXHbl HeCeNeKTUBHbIE Aeln-
CTBUMA 1 OTKa3 B cpabaTbiBaHUN 3aLLMTbI.
MpuyrHa Takoro oTkasa 4OCTaTOYHO
npocTa - pasHoCTK dpa3 Mmexay TOKOM U Ha-
NPsi>KeHNeM BbICOKOW YacTOTbl B Nepexop-
HOM MpoLecce He CyLecTBYeT, MOCKONbKY
TaKoW CABUI Onpefensetca TOMbKo Ans
[BYX FapMOHMYecKMX KonebaHui ofHow
yacToTbl. Kak BMAHO 13 ocumnnorpaMmmbl
puC. 2 1 NOATBEPXKAEHO B X0 MHOTOYNC-
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Puc. 3. Tokuu HanpsAxeHue Hyneeod nocnedosamenbHocmu npu ayeoeom 3adMbIKaHUU Ha 3eMJiio 8 cemu

C u30/1UPOBAHHOU Helimpasnbio
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NEHHbIX HaTYPHbIX 3KCMEePUMEHTOB, TOK
AYrv He MMeeT COCTaBAIoLIEeN OCHOBHOWN
rapMOHVIKI, @ ero XxapakTepucTukn — am-
nAMTyaa npu Kaxgom npoboe, Konnye-
CTBO MPOGOEB HOCAT CNyYalHbIN Xapak-
Tep. Kak noBepeT cebs Ta unm nHadA 3awwmTa
B TaKMX YCNOBUAX, ONpefennTb CAIOKHO, 1
Aaxe Ha paboTy HanpaBneHHbIX 3aLuUT OT
3aMblKaHWU Ha 3eMJIl0 B TaKnX YCSIOBUAX
3a4acTyl0 BO3HUKAIOT HapeKaHuA.

3awunTbl, pearupyoujme Ha BbiC-
wme rapMmoHNKN

B cetax ¢ kKomneHcaumem EmMKOCT-
HbIX TOKOB MCMOJIb30BaHMe TOKOBbIX 3a-
wmnt ot 033 oka3sbiBaeTca HeddpdeKTUB-
HO, 3TO CBAA3aHO C TeM, YTO TOKM HYNEeBOW
nocnefoBaTe/lbHOCTU B MOBPEXAEHHOM
NpucoeanHeHnn, B 3aBUCUMOCTIN OT CTe-
NeHN PaccTPoOMKM KOMMeHcaumn, Becbma
Manbl U MeIOT MPOU3BONIbHOE Harnpase-
HUWe, onpegensaemoe TeKkyLlen BefIMYNHON
nHayKTusHoro Toka [P. B 10 xe Bpemsa B
HenoBpPeXAEHHbIX NPUCOefHEHNAX NOoN-
Hble TokM HIT moryT okasaTbca gocTaTou-
Hbl 41 JIOXKHOW paboTbl 3aWwuT. s Takmx
ceTel pa3paboTaHbl 3aluUThl, pearnpyto-
WMe Ha BbiCUIME FAPMOHUKW. DTU 3alyu-
Tbl XOPOLUO 3apeKOMeHAoBanu cebs npu
yCTaHOBKe (Hanpumep, Ha duaepax LeH-
TPOB MUTaHWA) B Pa3BETBIEHHbIX CETAX
C EMKOCTHbIMM TOKaMu, COCTaBIAOLWN-
MU JEeCATKM amnep, HO 3a4acTylo OKasbl-
BalOTCA HepaboTOCNOCOOHbIMU B CETAX C
TOKamu 3amblkaHus go 10-15 A. 3HauyeHuA
BbICLUMX FAPMOHMK B TOKEe HyneBOW Mo-
CnefoBaTeNibHOCTU B CETU MOCTOAHHO 13-
MEHAITCA, YTO NPUBOAUT K 3HAYNTENbHO-
MY YCIIOXKHEHUNIO CeNEKTUBHOM HAaCTPOMKM
Takux 3awuT. MpomnssoguTtenn 3awmt, pe-
arvpyloWwmx Ha TOKU BbICLIMX FAPMOHUK,

AN UX HAaCTPOWKM PeKOMeHAYIT 3arpy-
6nATb YCTaBKY 3alluTbl B XOA4e SKCMnyaTa-
LK, «NOACTPamBasa» TakMm ob6pa3om 3a-
WMTY NOfA YCNOBMA KOHKPETHOW ceTu. 3To
MOXeT NPUBOANTb K OTKa3aM B cpabaTtbl-
BaHuM npy O33 Ha 3awuLaeMoM NpuUco-
eauHeHnn. Yto nokasaTtenbHo, HU OAHa U3
3apy6eXKHbIX KOMMaHUN-Npon3BoAnTenen
He MMeEeT B CBOEM psfe 3amnT GyHKLMIO
3aLMTbl, pearnpytoLlen Ha BbiCLUME rapMo-
HUKKM ToKa HI1, a Te, yTO NpeacTaBneHbl Ha
OTeyeCcTBEHHOM pblHKe — Hanpumep, SPAC
801.013 (ABB) - pa3paboTaHbl UCKAOUN-
TenbHo anAa Poccun.

AHanu3 BbICWUIMX FAPMOHMK B TOKe
3aMblKaHUS Ha 3eM/l0 U UX BAMAHUA Ha
paboty 3awmT ot 033 npoBoOANTCS OObIY-
HO C No3uuuii onpeaeneHns 3HaYnMMoCTL
MX BKNlaga B curHan toka HIM gna oueHkn
PaboTOCNOCOOHOCTN 3aWNTbl HE TOMbKO
B «CJIOXKHbIX» Cllyyadx — Hanpumep, npwu
ropeHun nepemexatowenca gyru [1], Ho
M NPU YCTOMYMBBIX 3aMbIKaHUAX, B TOM
yncne «MeTanamyeckmx». Kak nokasbl-
BalOT MHOTOUYMC/EHHbIE 3KCMEPUMEHTDI
C ocuymnnorpapupoBaHrem ToKa B Ofbl-
Tax uckycctBeHHbix 033, 3TOT TOK BCerga
COAEPXUT LUMPOKNIA CMEKTP FapMOHUK,
YPOBEHb KOTOPbIX B 06LLEM Cly4ae Kone-
6netca ot (0,1-0,2)% [0 3HaUeHWI, KpaTHO
npeBbIlWaWNX AeNCTBYOLEe 3HayeHue
Toka HIM npombiwneHHom yactoTol [5]. AnA
VANIOCTPALUN STOTO NONOXKEHNA Ha pUcC. 4
npuBeAeHbl SKCNepuUMEHTabHble OCLUII-
NOrpamMmbl TOKa OAHO(A3HOroO 3aMblKaHUA
Ha 3eMJto B ceTn 6 KB, rae dopmy curHana
Hanbornee 3amMeTHO nckaxatT 13, 19, 23 n
25 rapmoHuKku, coctasnawwme 3,1 A; 6,2 A;
6,6 A 4,2 A cooTBeTCTBEHHO, T.e. 0 30%
OTHOCUTENbHO cocTaBnALen 50 My. MHo-
roa HabnmofaeTcsl Pe3OHaHCHBbI POCT ”

naxe 6meHuns Toka 033.

C TOuKM 3peHua 3¢deKTUBHOCTU
3awmnT oT 033 Ha BbICWIMX FAPMOHMKaXx
MOXHO OAHO3HAYHO YTBEPXAaTb, YTO 60-
Nlee HafleXXHO oHM GynyT paboTaTb B ce-
TAX 3NEeKTPOCHAGXeHNA MPOMBbILIEHHbIX
npeanpuATA C HENNHENHOW U pPe3Ko-
nepemMeHHOWN Harpyskomn 1 60MbWwrM Ko-
JINYECTBOM CWUIOBbIX W M3MEePUTENbHbIX
TpaHcdopmaTopoB. OfHako npu Bbibope
JIOTUKU PaboThbl 3alUTbl — HA CUTHAM Unn
Ha OTKJ/IloUeHNe — crieflyeT B 3TOM Cllyyae
COMOCTaBUTb BbIrOAY OT MNOAAEPKaHUA
pexnma 033 (kak npaBuo, 4o 2-X 4acoB),
YpPOBeHb 3/1eKTpoHe30nacHOCTH NepCcoHa-
Nla U CcTeneHb BEPOATHOrO NMOBpeXAeHUs
BbICOKOBOJIBTHOW U30nAUMM Kabenein 3a
CYeT ee NPOXKMraHWsA TOKaMV BbICLLIVX Frap-
MOHVK U YCKOPEeHHOe CTapeHue Auanek-
TpUKa NPY NPUIIOKEHNN UCKaXKEHHOTO He-
CUHYCOMJANbHOrO HanpsxeHua. MNostomy
Ha Hall B3rnAf, He3aBUCUMO OT KOHCTPYK-
TVMBHOIO UCMOJTHEHUA CETU, ONTUMAbHbIM
BAapVAaHTOM ABMAETCA CHUXEHNEe BPeMeHU
CYLeCTBOBAHUA 3aMblKaHUA 3@ CYET Bbl-
ABMIeHNA NoBpeXaeHHoro draepa cenex-
TUBHbIMW 3aLLUTaMU UW €ro OTKIoYeHne
C MVHMMAaJIbHOW BblAep>KKOW BpemMeHu. B
paMKax pelleHna 3TON 3afayn XOpPOLMM
CPeACTBOM MOBbILEHNA HAJeXHOCTH pa-
60Tbl ceTn npu O33 3a CYeT pe3epBUpPoO-
BaHUA ABNAETCA BHeApeHWe YCTPOWNCTB
6bicTpofencTaytowero ABP c BpemeHem
cpabatbiBaHuMsA fo 100 mc.

B kauecTBe nHAMBMAYaNbHON 3aLUnTbI
¢ GyHKUMe 3amepa BbICLUMX FAPMOHMK MOX-
HO 1cnonb3osaTtb TepmuHanbl Crpuyc 2-MJ1
(3A0 «Papgnyc Astomatuka»), BIMIT 1-01,
BIMIM PY-NT (4Y3A3) v pap ppyrux.

Y10 NoKasaTenbHo, LeHTpann3oBaH-
Hble 3alNTbl, OCHOBAHHbIE Ha CPaBHEHMUM

12,8 mc/den

T ._f033 . BOAOen

i=—— 3Uo - 3 kB/9en| pyc.q.

marobHoele

JKcnepumeH-

ocyusno-
2pammel 3UO0 u moka
033 8 cemu 6 KB 3n1ek-
mpocHabxeHus yesn-
J110/103HO-6YMAXKHO20
Kom6uHama:

a) ucxooHas
ocyunnozpamma,

...... 6)

3.2 mc/den

pacmanymas

4acmeoe

a)
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T'opronoB Bsiuecias
AnexkcaHapoBud,

Hara poxxnenust: 02.02.1985.,
okoHum B 2007 1.
HoBocubupckuit
TocynapcTBeHHBII
TexHuyeckuii yHUBEPCUTET,
Kadenpa DneKTpuyecKux
CraHumit, Beyiuit
WHXeHep OT/eNa
WHTEJUIEKTYTbHBIX
ANEKTPUYECKUX CeTEH

000 «bomy.

ITIupkosen Aunpeii
Hropesuy,

Jlata poXIeHUsL:

06.09.1983 r., oKOHYMT B
2006 r. HoBocubupckuit
[ocynapcTBeHHbII
TexHu4eckuii yHUBEpCUTET,
Kadenpa TexHuku u
9NeKTPOGUNKY BHICOKUX
HarpsDKEHW, BELYLLMIA
MHXeHep HayJyHo-
MCCIIeI0BaTeIbCKOTrO OT/ea
000 «bonmuay.

02/WioHb 2011

TOKOB BbICLUMX FAPMOHVK BO BCEX MPUCOEAVHEHM-
AX OBQHOBPEMEHHO, He TPeBYIOT OTCTPOIKU OT CO6-
CTBEHHbIX TOKOB BbICLIMX FApMOHUK W paboTaloT
npv MoBbIX N3MEHEHUAX FAPMOHUYECKOTO COCTa-
Ba B ceT. Hanpumep, TakoBOW ABMAETCA 3almTa
MK33MM-K (3A0 HOLL «9CTPAy).

3awnTbl, OCHOBaHHbIE Ha NCNOJIb30BaHUN
nepexoAHbIX COCTaBAIOWMNX TOKOB 1 HanpsaXXe-
HUI HYNeBO NocC/ieoBaTe/IbHOCTU M Ha Hano-
’KEHHOM TOoKe

XapaKTep HayanbHOro NepexofHoOro npouec-
ca npu pasHbIX BUAAX 3aMblkaHWI Ha 3eMJ0 MpaK-
TUYeCKN OAMHAKOB M MO OCHOBHbIM MapameTpam
(6pocok eMKOCTHOro ToKa, ypoBeHb 3U0, ckopocTb
nepexopa yepes Hysb BbICOKOYACTOTHbIX COCTaBNA-
IOLWMX TOKA) He 3aBUCUT OT BUAA 3a3eMeHNA Hell-
Tpanu. 3awunTbl NoJO6GHOro pofa npeanaralT Kak
OTeuecTBEHHbIE, TaK 1 3apybeXkHble NponsBoanTe-
nun. OTeyecTBEHHble NPOU3BOANTENN Npeanonara-
0T MCMOMb30BaHMe NOAOOHbIX 3alUT B CAMOCTOA-
TeNbHOM UCMONTHEHUN, HO 3a PYy6EXOM MPUMEHSIOT
nofgo6Hble 3alnTbl B KOMIIEKCE C TOKOBbIMM Ha-
NpaBfIeHHbIMM 3aLMTaMM N CUTHAM Ha OTKJTIOYEHNEe
nocTynaeT TONbKO NPy OAHOBPEeMeHHOM cpabaTbl-
BaHMM 060X TUMOB 3aLLYUT.

Mprmep 3apy6exHbIX 3aLUT, OCHOBAHHbIX Ha
3amepe COCTaBMAIOLWMX MEePexXofHoro npouecca -
RE615 (ABB) 1 7SN600 (Siemens). V3 oTeyecTBEHHbIX
Hanbonee pacnpocTpaHeHHOW ABNAETCA 3almTa
M33M-1M (OO0 «BIM HTB2»), ocHoBaHHaA Ha $urKca-
LMN NOAAPHOCTEN MepBbIX MONYBOMH BblCOKOYa-
CTOTHbIX COCTaBNAIOLMX TOKA U HaNpAXXeHA Hyne-
BOV nocnefoBatenbHOCTU. OfHaKo K HefjlocTaTKam
3TOW 3aLWUTbl MOXKHO OTHECTW OFrpPaHnYeHune No Mu-
HUMaNbHOMY BpeMeHV cpabaTbiBaHWUsA, PaBHOMY
0,6 cekyHfbl, cOpOC Npy NponagaHuy curHana Ha-
NpAXeHUA HyneBow nocnegosatenbHocTu. Mpu ne-
pemexaloLMxca 3aMblKaHNAX Ha 3eMJIlo TakasA 3a-
L MTa MOXET OTKa3aTb B GYHKLMOHNPOBAHNN.

3almMTbl, OCHOBaHHble Ha WCMONb30BaHUM
HaNoOXEeHHOro ToKa, NMPUMEHATCA B OCHOBHOM B
CeTAX reHepaTopHOro HanpsKeHus, TpebylT OT-
[eNbHOro yCTPONCTBA KOHTPOJIbHOrO TOKa, YCNOX-
HAIOLWEro U YAOPOXKaIoLWEro yCTPOMCTBO 3alunTbl.
Mopo6Hble 3awunTbl, Hanpumep, P3I-100, pearnpy-
IoWMe Ha CUrHaN HaNnoXKeHHOro TOKa yactoTon 25
[u, pa3paboTaHbl B TOMCKOM MONUTEXHUYECKOM
yHuBepcuTeTe. OfHaKO B Cllyyae nepemekatoLmx-
cA O33 KOHTPOJIbHBIA TOK YaCTMYHO Mponagaer,
YTO He MO3BONIAET 3alMTaM KOppeKTHO paboTaTb
Npwv TaKOM CJIOXKHOM Bufe 3aMblkaHuA. [pun 3ambl-
KaHUM yepes nepexofHoe COMpPOTUBIIEHNE YPO-
BeHb KOHTPOJIbHOTO CUrHana CHUXKaeTcAa npo-

PENEVIHAS SAWVTA ABTOMATU3AUVS

MOPUMOHANBbHO 3HAYEHWIO R;ep, UTO B HEKOTOPbBIX
cnyyanax MOXeT NPMBECTU K 0TKa3y B cpabaTbiBa-
HM Npy 033 Ha 3awwnLaeMom NPUCOe[UHEHNN.

NHanBuayanbHble 3aWnTbl C HanoOXKeHMEM
KOHTpONbHOro Toka 25 [l peanv3oBaHbl B COCTa-
Be KOMMJIeKCa MUKPOMPOLIeCCOPHOW 3aluTbl re-
HepaTopa B wkKadax LLU31110 - WI1113 npoussoa-
ctBa HIMM «3KPA». K ueHTpann3oBaHHbIM 3alMTam
C HaNOXeHHbIM TOKOM CllefyeT OTHeCTU TepMuHan
BPECJ/IEP-0107.080 (OOO HIMN «bpecnep»). EanH-
CTBEHHbIM HeJOCTaTKOM 3TOro TepMrHana ABnAeT-
CA MUHMManbHoe BpemMs cpabaTtbiBaHUA 1 ceKyHAa,
YTO BbI3BaHO HEOOXOAVMMOCTbIO OTCTPOMKM 3aLLMTbl
npu nepemexaloWwmxca AYroBbiX 3amblKaHMAX Ha
3emito.

Cucrtema 3awutbl o1 033

3apy6exHbIli OMnbIT NOKa3bIBaeT, YTO ANA Mo-
CTPOEHMA HafeXHOoW cucTembl 3awmTbl oT 033 He-
06X04VMO NMPUMEHEHKE PEXMMA 3a3eMIEHNA HEN-
Tpanu yepes pe3ncTop. ITo AaeT AOMONHUTENbHbIN
NPU3HaK Ana YCTPONCTB pefieMHOoN 3alnTbl — aK-
TUBHbIV TOK. Torga npv HU3KOOMHOM PE3NCTUBHOM
3a3emneHuu (ycnosHo ot 10 go 300 Om) xopoulen
CeneKkTUBHOCTU MOXXHO [OOUTLCSA, NCMONb3yA Mpo-
CTellme TOKOBbIE 3aLMTbl UK, YTO OYEBUAHO, Ha-
npasneHHble 3awntbl oT 0O33. B Knacce nHAMBMUAY-
anbHbIX 3aWNT NPUCOEANHEHNI K HAM OTHOCATCA
TepmuHansl Cnpuyc/OpuoH (3A0 «Papgnyc ABToma-
TuKa»), TOMI (UL «bpecnep»), 33H/BSMIT (OAO «Y43-
A3»), YU3-05 (HAWD KOPITY), 532502 (HMM «3Kpav),
Y3A-10 (3AO «3HepromalusuH»), 3EPO (OO0 Kom-
naHusa «O6beanHeHHas 3Heprua»), REF54X/RE615/
REJ603 (ABB), MiCOM P14X, P54X (Alstom, KOHLiepH
AREVA), P122/Sepam 20, 40 (Schneider Electric),
75J60X, 7SN600, 7SR11 (Siemens) 1 npoune.

He Bce M3 npencTaBneHHbIX TUMOB 3alnT
6ynyT obecrneumBaTb CENEKTUBHOCTb BblAeNeHnA
drpepa C 3amblkaHMEM MPU BbICOKOOMHOM (yc-
noBHo oT 300 Om o 12 KOM) UM KOMOUHNPOBaH-
HOM 3a3emJsieHUn HerTpanu. MNpu TakmMx pexrnmax
HenTpanu uenecoobpasHo NpeaycMOTPETb KOM-
NnneKTauunio penerHbiX OTCEKOB sfUeeK 3aljmMTammu
Cnpnyc (3A0 «Pagnyc AstomaTtumkar), TOP200 (ML}
«bpecnep»), Y3A-10 (3A0 «dHepromalusuHy»), RE615
(ABB), MiCOM P14X, P54X (koHuepH AREVA), 7SN600
(Siemens).

Mpwn BbICOKOOMHOM (KOMOGUHMPOBAHHOM) 3a-
3eMJIEHUN HEWTPanu LenecoobpasHo NPUMEHATb
TakXe YMOMAHYTble Bbllle LeHTPaan3oBaHHble
ycTponcTea 3awutbl npomssofctea HIM «bpec-
nep» n HANS tOPTTY. Becbma HageXHOM 1 cenek-
TMBHO GYHKUMOHMpPYIOWen Npu BCcex BuAax 3a-
MbIKaHUI Ha 3eM/t0 ABNAETCA LEeHTPanM3oBaHHas
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Ilerpos Baaaumup
CasTOC1aBOBMY,

acripanT YyBarickoro
rOCyIapCTBEHHOTO
yHuBepcuteTa M. M.H.

Vibsir 10Ba, JaTa pOXACHUA:

23.05.1986, okoHumI

B 2008 r. YyBanickuit
rOCyIapCTBEHHBDII
yHusepcurer um. M. H.
VibstHOBa, Kadeapa
DNeKTpOCHAOXEHMsI
MPOMBIIILIEHHBIX
NPEITPUSTHIA, HHXEHED
00O «HIIIT Bpecnep».

3awmTta MK330M-B3 (3A0 HOL, «<9CTPA» HITY), pa3-
paboTaHHaA Ha NPUHUUMNE U3MEPEHUS aKTUBHOW
MOLLHOCTI HYNeBOWN NOCef0BaTe/IbHOCTU.

[nAa cenekTUBHOro onpefeneHnsa NOBPEX-
[EeHHOro NpUCcoeanHEHNA B Pa3BETBNIEHHbIX CETAX
NPV HaNM4YMK pe3epBUPOBAHNUSA 1, COOTBETCTBEHHO,
ABTOMaTUYECKOrO BKJ/IIOYEHUA pe3epBa BO3MOX-
HO NOCTpPOeHMe cnucTembl 3awmnTbl oT O33 ¢ OTKNIO-
yeHVeM NOBPEXAEHHOro NprucoeanHeHnsa 6e3 Ha-
pyweHusa pabotbl notpebutenen. CornacoBaHue
KOMIM/IEKTOB 3alUUT Ha Pa3HbIX NoACTaHUMsAX obe-
CreynBaeTcs yBeNMYEHMEM BpPeMeHu cpabaTbiBa-
HUS 3alMT MO Mepe NPUOVXKEHUS K NUTatoLlen
nofctaHuun. Takum obpasom, Kaxkgas 13 noacTaH-
umnn, nutatowmx gpyrve MNMC v PM HWKHEro ypoBHA,
obecneumBaeT 3alWThbl WWH NOACTAHLMUN OT 3aMbl-
KaHWI Ha 3eMJ110, @ TaKXXe BCeX NPUCOeANHEHMI, Ha
KOTOPbIX He YCTaHOBJIeHa 3alyMTa OT 3aMblKaHWI Ha
3emsto. [1nA ronoBHON NuTaloWwen noacTaHUUM pe-
3epBMpOBaHNE obecneynBaeTcs HeCeneKTUBHOM
3alMTON MO MaKCMMASIbHOMY HamnpAXeHWo Hyne-
BOM MNocCsiefoBaTeIbHOCTY, BblAEPKKa BpPEMEHMU
KOTOPOW yCTaHaBNMBaETCA Ha CTyMNeHb CeNeKTUB-
HOCTW 6onblie, MO OTHOLIEHWIO K 3aluTam oT 033
NOACTaHLUUIN HUXKHErO YPOBHA.

[ocTaToYyHOCTb HameueHHbIX 3awnT ot 033
NpoBepAeTCA N COMPOBOXKAAETCA pacyeToM ycCTa-
BOK, OfnpefeneHnem BblAep»eK BpeMeHu 1 npo-
BEPKOW YyBCTBUTENIbHOCTM 3awnt ¢ GopmMmnpoBa-
HMEM KapTbl CEIeKTUBHOCTM.

B kauecTBe NpOCTOro TMMNOBOrO peLleHnsa No
opraHuaunm cuctembl 3awntbl oT O33 ana paseert-
BNEHHOW KabenibHoW ceTn 6-10 KB MpOMbILWNEHHO-
ro NpeanpuATAA U, C HEKOTOPbIMK OroBOpKamu,
ropoACKol KabenbHOWM CeTn, MOXHO MPefnoXnTb
cnepytouee:

a) Ha rofoBHOWM MNOACTaHUUW YyCTaHaBAW-
Baetca [P ¢ TepmuHanom ynpasnexusa n OMNo;
napannenbHo [P nogknioyaeTca BbICOKOOMHbIN
pe3nctop; B Cjlyyae OTCYTCTBUS HEOOXOAMMOCTY
KOMMEHCALMM Ha FONIOBHOWM MONICTAHLMK HEeobXo-
VMO YCTaHOBUTb TOKOBbIe 3awunTbl HIM ¢ pyHKLmen
67N nnun 67N(s) no kogy ANSI;

b) Ha npoxogHbix PTM, PM un MNC yctaHaBnu-
BatoTCA TokoBble 3awmnTbl HIM ¢ dyHKuymen 67N nnn
67N(s);

¢) Ha tynukosbix PTM, PM v MNC B 60nblwyH-
CTBe CJlyyaeB 4OCTAaTOYHO MPOCTbIX TOKOBbIX 3aLnT
HIM ¢ pyHkumen 50N/5TN nam 50N(s)/5TN(s).

MNMopo6Haa cucTema B HacTosLee Bpems pe-
anusyetca B pamkax pabouero npoekrta cetn 10 KB
KPYMHOro HepTeEXMMMUYECKOrO MPeanpuATUsA, Bbl-
NMOJIHEHHON Kabenamu c msonsauuen nu3 STUNEH-
NPONMIeHOBOW PE3UHbI.

Hay4HO-NpaKTnyeckoe nsfaHne

Bbi6bop HeuyBcTBUTENBbHON (N) MnNK YyBCTBU-
TenbHon (N(s)) 3awmTbl 06bIYHO OonpeaenseTca Ans
KOHKPEeTHbIX NPUCOeANHEHNI MO YPOBHIO NEPBUY-
HOrO TOKA lpeps U COOTBETCTBYIOLEMY [IMAMNA3OHY
TOKOB cpabaTbiBaHusA |3 B 3aBUCUMOCTY OT KO3-
¢duymerta TTHIM. B uactHocTy, Alstom (3awuTbl
MiCOM) ans |,eps = 5 A 3apaeT AranasoH ;= (0,08-
4,0)lneps B 3aWmTax ¢ uHgekcom N un Ie; = (0,005-0,1)
Ineps B 3aLMTax c uHAeKcom N(s) nnw SEF.

BbiBoabl

1. B ceTn cpepHero HanpseHusa, faxe B
pamKax OfHOW CeTeBOW OpraHm3auun, Kak npasu-
N0, 3KCNAyaTUpyeTCA 3HauUTeNbHOE KONMYeCcTBO
3alUMT OT 3aMbIKaHWUIM Ha 3eMJTI0 Pa3HbIX MPOU3BO-
avTtenen n NpUHUMNOB GYHKUMOHMPOBaHNA. bonb-
LUMHCTBO MCMOJb3yeMblX 3aLMT OT 3aMblKaHUM Ha
3eMJI0 3a4acTyto 6o O0TKa3blBaOT B GYHKLNOHM-
poBaHun, NMb6o paboTatoT HeceneKTUBHO.

2. OCHOBHbIMM MPUYNHAMMN STOTO ABNAIOTCA:
BO-MEPBbIX, OTCYTCTBME YETKUX METOAMK OpraHu-
3auUMn NOMTHOLEHHOW CUCTEeMbl PenerHON 3alnThbl
OT ofHoda3HbIX 3amblKaHuA Ha 3emnio (O33), Bo-
BTOPbIX — HECOOTBETCTBME BbIOPAHHbIX YCTPOWNCTB
penenHom 3aLWnTbl PeXMMY 3a3eMeHna HenTpanu,
B-TPETbUX — HU3KUI YpPOBeHb OOCNYXMBaHWA 3a-
LT, BBUAY X YaCTbIX HECENIEKTUBHbIX AENCTBUI 1
paboTbl 3aLUT TONBKO CUTHaI.

3. CoBpeMmeHHbIN NMoaxoA K Bblbopy TWMoB
penerHbIX 3aWnUT U TEPMIUHANOB B COYETAHUN C pe-
3UCTOpamm ANA 3a3eMfIeHNA HeNTpanu, yctaHaBau-
BaeMbIMM CaMOCTOATeNbHO Nbo napannensHo AP,
No3BOJNIAT CO3AaTb SPPEKTUBHYIO CUCTEMY 3alLu-
Tbl 0T O33 B ceTAX CpefHEero HanpsaXXeHus.
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