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Ipencrasnena kadeapoii 3AeKTpOIpUBoIa
1 aBTOMATH3aI[M{ TPOMBIIIJICHHBIX yCTAHOBOK
U TEXHOJIOTHYECKUX KOMIIEKCOB [octynuna 30.03.2007

YJK 621.316.925

BBIBOP YUCJIEHHOI'O 3BHAYEHUS KPUTEPUS
JIJIS1 ONPEJEJEHUSI BUJA KOPOTKOI'O 3AMBIKAHUSI
B AJAIITUBHOI MUKPOITPOLIECCOPHOM TOKOBOM
3AIIUATE JTIAHUAN

Mux. KOBAJIEBCKHI A. B.

benopyccxuil nayuonanbuvlii mexnuyeckul yHusepcumen

B HacToAmEC BPpEMA B CBA3U C MNOBBIIICHHUEM MHPOBBIX IEH HAa 3HCPrOHO-
cutenu B PecnyOnmuke benmapyck octpo crout mpoOiema 3HEpreTu4eckoin Oes-
OIMacHOCTH. 3a CYeT COBEPIICHCTBOBAHMWS PENEHHON 3amIUThl MOXKHO JTOOWUTHCS
MOBBIILICHHUS HA/IEKHOCTH paboThl sHeprocucteMbl. HecBoeBpeMeHHOE OTKITIOUE-
HUE TOBPEXKICHUH M HEHOPMAIBHBIX PEKUMOB Pa0OTHI DIEKTPUUECKOW CETH,
pacrpeensiomei SHEPTru0 MEXIY €€ MPOU3BOAUTENEM U MOTPEOUTENEM, MOXKET
MPUBECTH K CEPbE3HBIM (PUHAHCOBBIM TOTEPSM, SKOJOTHUECKHUM MpodiieMaM U
HEeOJIaronprsATHBIM COLMAIBHBIM MOCIEACTBUAM. [IpenoTBpamieHnio Takux CUTY-
alMi ciIy’)XaT peseliHas 3alluTa M aBTOMaTHKa. MIMeTh Ha mpennpusTuax Oeio-
PYCCKOM JHEPrOCHCTEMBI COBPEMEHHBIC, HANEKHBIC ¥ OBICTPOICHCTBYIOIIHE
YCTPOMCTBA pENEeHHON 3allMThl U ABTOMATUKU O3HA4YaeT CBOEBPEMEHHO JIOKAIIU-
30BBIBaTh OBICTPOPA3BUBAIOIINECS aBapUITHBIE PEKUMBI M HE CO3/1aBaTh YCIOBUI
IUIS1 IPOCTOS IPOMBILIJICHHBIX MPENNPUSTHH, HE TPATUTh OTPOMHbIE (PHHAHCOBBIE
CpPEICTBA U TPYIOBBIE PECYPCHl HA BOCCTAHOBJICHHE IOBPEKIEHHBIX YYacCTKOB
SHEPTrOCHUCTEMBI, 000PYAOBaHKE TOTPEOUTETICH.
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Ji 3aIuThI TMHUH 3NIeKTporiepenadn HanpsbkeHueM 6—35 kB oT mexaydas-
HBIX KOpOTKHX 3amblkanuid (K3) ncnomnp3yloTcst cTyneHuaTble TOKOBBIE 3aIlIUTHI,
KOTOpble B OOILIEM cCilyyae COIEp)KaT TPU CTYICHHU: NepBas CTYIEHb — TOKO-
Bast orceuka (TO), oOBIYHO BBITIONHSIEMast O3 BBIACPKKH BPEMEHH; BTOpas CTy-
MeHb — TOKOBasi 0TCeYKa ¢ BbiAepkkoi BpeMmeHu (TOB), TpeTps cTynenp — Mak-
cuManbHasi TokoBas 3amura (MT3). B 3aBUCHMOCTH OT KOHKPETHBIX YCIOBHH
MPUMEHEHUSI MOXKET HCIOJIF30BaThCS OJIHA, JBE WJIM BCE TPU CTYNEHU 3aIlUTHI
Wsmeputensupivu opranamu (MO) Bcex cTymeHeil ABISIOTCA OpPraHbl MakcCH-
MaJIbHOT'O TOKA, BKJIIOUCHHBIC Ha MOJHBIE TOKHU (a3 3anmiaemMoro oobekra [1].

OmauM U3 TpeOOBaHMM, MPEABSIBIIEMBIX K PEICHHON 3amuTe, SBISETCSA e¢
YYBCTBUTENBHOCTh. OJIHAKO, PACCUUTHIBAS YCTABKM JUUIsl TOKOBBIX 3aIlUT JTMHUH,
HHIKeHEepaM-pacdeTdnkaM He BCETIa yIaeTcsl TOOUThCS HyXHOTo KodddumumerTa
YyBCTBUTEIBHOCTU Ky, KOTOPBIIl ompesesseTcs Kak OTHOIICHHE MHUHHUMAaJIbHOTO
toka K3 (06sr4n0 ABYyxX(haznoro), mporekaromero yepe3 MO 3ammTel, K TOKy cpa-
6areiBanust MO. Toku cpabateiBanus MO Bcex cTyneHel BeIOMparoTcs mo Hanbo-
Jiee TSOKENBIM YCIOBUSM CHMMeTpuyHoro pexkuma [2]. Tox cpabareiBanus MO
TO BwIOMpaeTcsS O YCIOBHIO OTCTPOHKH OT MaKCHMAaJIBHOTO 3HAYCHHS TOKa
Tpexdasznoro K3 1®3max B KOHIIE 3aILUIAEMOTO y4acTKa 10 M3BECTHOMY BBIpa-
KEHUIO

| I _ OTCkCX 3) (1)
cpl — K3max *
nTT
Tok cpabateiBanust MT3 BbiOupaeTcst MO yCIOBUIO OTCTPOHKH OT MaKCH-
MaJIbHBIX Harpy304HBIX TOKOB lymax. C YUETOM MEperpy3ok M camMo3aIrycka 3JeK-
TPOABUIATEIbHON HArpy3KH 10 opmyIe
m_ KacKexKes 1 3)

OTC CX " 'C3 IH.maX’ (2)

cpl anTT
e Kowe, Kex, KB, Nir — COOTBETCTBEHHO KO3 (GHUIIMEHTH OTCTPOMKH, CXEMBI, BO-
3Bpara U TpaHc(hOpMaIMK HU3MEPUTEIbHBIX TPAaHCHOPMATOPOB TOKA; K., — KO-
($UIMEeHT caMo3aIlycKa 3JIEKTPOIBUTaTeNbHON Harpy3ku. Ero BenmmuuHa ompene-
JIeTCSl XapaKTepoM Harpy3KM M OPHEHTHPOBOYHO MOXKET JOCTHraTh 3Hade-
HMii 2,5.

[TockonpKy 3TH PEKUMBI SBISIOTCS CUMMETPUYHBIMH U PAacCUMTaHHBIE IJIs
HUX TOKH MPEBBIIIAIOT TOKH HECUMMETPHUYHBIX 3aMbIKaHH, 10 KOTOPHIM OIIEHU-
Baercs K,, Ha IpaKTHKE MHOT/IAa IPUXOIUTCS OTPaHUYMBATH 00IACTh MPUMECHEHHUS
TOKOBBIX 3aIIUT. [IOBBICUTH YUyBCTBUTENBHOCTh K HECUMMETpUUHBIM K3 MokHO,
MPUMEHHUB aJIalITUBHBIA MPHHIUII TTOCTPOCHUSI TOKOBOW 3alllUTHI OT MEXIydas-
HBIX KOPOTKHX 3aMbIKaHW{ [3]. AnropuT™M (pyHKIMOHHPOBAHUS TAaKOH MHKPO-
MPOLIECCOPHOM 3alllUTBl OCHOBAaH Ha OIPEJIEIECHUH pEeXKHMa CHMMETPUYHO-
ro u HecummeTpudHoro K3 ¢ ucnosnb3oBanueM GopMyJibl

I —1

Al = o (3)

max

IIpu Takoil peanu3anuy 3alUTHl MOKHO KOHTPOJIMPOBATE MOMEHT HACTYILIE-
HUS pEeKUMa HECHMMETPHUYHOTO TOBPEXIEHHS U COOTBETCTBYIOIIUM 00pa3zoM
aBTOMAaTHYECKH YMEHbIIATh TOKH cpabarbiBanusd MO cTymeHuaTod 3aliuThI.
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B HOpManeHOM pexume, meperpyskax, caMo3alycke 3JIeKTpPOABUraTeNled U Mpu
cumMeTpuuHbix K3 3Hauenune Al HeBenmko u Toku cpabareiBanus MO crynenei
3aIIUThI onpeaensaoTes mo popmynam (1), (2) cormacHo yCIOBUIO OTCTPOHKH OT
COOTBETCTBYIOIIETO CUMMETPHUYHOIO pekuMa. B MOMEHT HacTyIJIeHHs pexuma
HECUMMETPHYHOTO moBpexaeHus |, MO crymeneil 3amuThl aBTOMAaTHYECKH
ymensmaiorcsi. Tok cpabatsiBanuss MO TO oTcrpamBaercs OT MaKCHMajIbHOTO
3HAYEHUs] TOKAa HECUMMETPUYHOTO (Kak mpaBuio, aByx¢asHoro) K3 B xoHne 3a-
HIUIAEMON JIMHUY, YTO IPUBOAMUT K YMEHbBIIEHUIO TOKa cpabaTeiBanus MO stoit
CTYIIEHH:

K

I _ Porc™ex 1(2)
I cp2 T n K3max * (4)
TT

Tok cpabarbiBanust MT3 oTcTpanBaeTcsi OT MaKCUMaJIbHBIX Harpy304HBIX TO-
KOB |y TPM BOSHUKHOBEHWH HECHIMMETPHYHOTO PEXXMMa paboTHI B CeTH 0e3 yde-
Ta caMO3aIlyCKa JJIEKTPOIABUTATENBHON HAarpy3Kd, KOTOPBIH SABISETCS CUMMET-
PUYHBIM PEXHMOM U CONPOBOXKIAETCS MPOTEKaHUEM NMPaKTHUYECKH OJAMHAKOBBIX
TOKOB BO BceX (hazax 3aInIIaeMoro o0beKra:

(mo_ KorcKex | (5)
P2 T g e
B''TT

Tox |, ymeHbIIaeTCs OPUEHTUPOBOYHO B 2,5—4 pasa, 4TO MPUBOAUT K 3HA-
YUTEIHHOMY IOBBIIIEHUIO YyBCTBUTEIBHOCTH TPEThEH CTYNEHM K HECHUMMET-
puunbsM K3.

[lpu takoif peanuzanuu anropur™Ma (QyHKIMOHMPOBAHHMS MHKPOIIPOLECCOp-
Hol TokoBO# 3amuTel (MIIT3) TpynHOCTB 3aKiIrOYaeTcs B ONMpPEACICHUN YUCIICH-
HOTro 3HadeHHs Al, KOTOpO€ JOJIKHO CpPaBHUBATHCS C 33JaHHBIM 3apaHee 3Hade-
HueM. [Ipu cummerpuunom K3 nmeem Al — 0, npu HecumMmeTprudHoM — Al — 1.
st ompeneneHus BeMWIuHBI Al, oOecmeumBaromnieil Haae)KHOCTh ONPECIICHUS
HECUMMETPUYHOI0 pEeXHUMa, MCIIOJIb30BaHA MaTeMaTHUecKas MOJIENb IEKTprye-
ckoii cetu (puc. 1).

ke ka ks

Bron
| Jn J12 Torpebutenu
- /" / o
Iunast
10 xB

— MECTO YCTAaHOBKH 3aIIAThI

Puc. 1. Cxema >IeKTpHUYECKOI ceTH

B pesynbrare BBIYMCIMTENHFHOTO SKCHEPHMEHTA MOIYUYeHHI (pHC. 2) 3aBHCH-
moctu Al (t) mns pasnuunbix Bumos K3 (Tpex- u aByxdasHbix) B TPEX pasHbIX

ToYKax AnekTprueckoit cetu (Ki, Kz, Ks).
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AHanui3 NnoNy4YeHHBIX Pe3y/bTaToB MoKasbiBaeT, uto Al He mpeBblmraeT 3Ha-
yennit 0,49 (touka k; — Tpexdasnoe xopotkoe 3ambikanue ABC) MpH CHMMET-
PUUHBIX 3aMBIKAHUSX, a IPY HECUMMETPHUYHBIX 3aMBIKAaHUSIX MUHHUMAJIbHOE 3Ha-
yenune pasHo 0,73 B ycTaHOBHUBIIEMCS peskuMe (Todka K3 — IByX(a3Hoe KOPOTKOE
3ambikadue BC). To ecth, peann3ys B MUKPOIIPOIIECCOPHOM 3aIlIUTE OTMHCAHHBINA
BBIIIIC TIPUHIUI aJaITUBHOCTH, MOXKHO 3a1aTh 3HaueHue Al, paBnoe 0,72-0,75,
Y TIpW TIPEBBIIIEHUH JAHHOTO ITOPOTa U3MEHSITh YCTaBKH, JOOMBASCh TEM CaMbBIM
MTOBBIIICHNS TyBCTBUTEIbHOCTH.

Y4uuThIBas OTCYTCTBHE PYKOBOISIIINX yKa3aHUM, METOAMK IO pacyeTy ycTa-
BOK JUUISl HECHMMETPHYHBIX PEKUMOB U CBA3aHHBIE C 3THM CIIOKHOCTH, aJlTOPUTM
¢yaxuonupoBanus MIIT3 B oOmem ciydae MOXKET coaep)kKaTh JBE TPYTIIBI
ycraBok. [lepBas rpynma yuuTeiBaeTcs 3amuToi npu tpexgasubix K3. B cinyuyae,
KOTJa MpoOJeMBl C YyBCTBUTEIBHOCTBIO [UII KOHKPETHOH CETH OTCYTCTBYIOT
U KOI(Q(QUIMEHT YYBCTBUTEIBHOCTH YIOBIETBOPACT MPEABABISIEMBIM TpPeOOBa-
HUSM, BO BTOPYIO TPYIITy YCTaBOK MOXKHO BBECTH 3Hau€HHs, aHAJIOTMYHbIE 3Ha-
YeHUsM B MEpBOM Tpymie, T. €. paccuuTaHHele no (1) u (2). B cmyuae, korna
B CETH IpeodiafaeT 3JIeKTPOABUraTeNbHasi Harpy3ka, MOXKHO COCTaBUTh CXEMY
3aMeIleHHs, COOTBETCTBYIOIIYI0O OCOOEHHOCTSM MECTHOH 3JEKTPOyCTAaHOBKH,
U TIPOM3BECTH pPacyeT HECUMMETPUYHBIX PEXKHUMOB I KOHKPETHBIX MECTHBIX
ycioBHH, ompeaenuB TakuMm obOpasom mno (4), (5) ycraBku s BTOpOi Tpyn-
mBl, KOTOpble OyayT oOpabarteiBaThest amantuBHOW MIIT3 mpu HecuMMeTphd-
Hbix K3.

a 0
K1-ABC K1-BC
Lo 1,0
Al A Al A
0,6 06
0,4 04
0,2 0,2
0 02 04 06 08 tc 12 0 02 04 06 08 tc 12
B T
K2-ABC K2-BC
1,0 e e e 1,04 e
Al A . AlLAA - o
0’6 - - - - . mw w o o - . " 0,6
04 < e 04
02 . . . . . 02
0 02 04 06 08 tc 12 0 02 04 0,6 08 tc 1,2
i (S
K3-ABC K3-BC
1,0 1,0
Al, A Al A
0,6 0,6
0,4 04
0,2 0,2
0O 02 04 06 08 tc 12 0 02 04 06 08 tc 12
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Puc. 2. 3aBucumocts Al (t): a — tpexdasnoe K3 B Touke ki; 6 — mByxdasnoe K3 B Touxe Ky;

B — Tpexdasznoe K3 B Touke Ky; r — mByxdasnoe K3 B Touke Ky; 1 — tpexdasnoe K3 B Touke Kj;
e — nByxdasnoe K3 B Touke k3

Bropoii monxon MokeT OBITH CIEAYIOUIMM: B aNrOpUT™ME (DyHKIMOHUPOBAHUS
BBOAUTCS Koo duiment K. Ero 3HaueHne npuHUMAETCsl paBHBIM €AWHHUILIEC B TOM
clIydae, eCiH JJIsl CeTH, B KOTOPOM yCTaHaBIMBAETCS 3aIlUTa, IPUHIUI adarThHB-
HOCTU HE TMpUMeHseTcd. 3HayeHHe, OTINYHOE OT €AMHUIIBI, BBOAUTCS I Mepe-
cdyeTa YCTaBOK B CiIydYasX, KOTJa HCIIOJB3YeTCsl MPUHIMN aJanTHUBHOCTH IS
YIIyqIIeHUs] 9yBCTBUTEIBHOCTH. TakK, /UIi HECUMMETPHUYHOTO TOBPEKICHHS 3HA-
4yeHue Toka cpabareiBanust MT3 OyneT mpuHUMATHCS

=kl ®

cpl?

i
cpl
[lpuBenenuslii Ha puc. 3 rpaduk ObUI MOMYy4YEH B pE3yJIbTaTe BBIYUCIIH-
TEJIBHOTO 9KCIEPUMEHTA, YUUTHIBAIOIIEr0 BTOPOM HOAXO0 IPU PeaTn3alliy ajro-
putMma ¢yHKiroHupoBanus 3amuThl. Koaddunuent K (6) B atom ciaydae Obut
npusAT paBHbIM 0,87. Takoe 3HaueHue K B JaHHOM ciydae ompeaensercs TeM,
YTO Ha MPAKTUKE IPH pacyeTax TOKOB KOPOTKOI'O 3aMbIKaHHSA TOK IBYX(a3HOTro
K3 B onpeneneHHON TOUKe CXEMBbI 3aMEIICHHUS TICKTPUIECKON CETH IPUHUMAETCS
pasubiM 0,87 Toka Tpexdaznoro K3 B Toi ke Touke. B obmem ciyuae koadpdu-
UEHT K MOKeT OBITh Pa3IMuHBIM Ul KQKIOH U3 CTYIEHEH 3aIllUThl U ONPeaes-

€TCs I10 CIEAYIOTTTne channrmang:
12 -

rae |, — TOk cpabaTbiBaHMs 3alUTHI, PACCUUTAHHBIH 110 (2).

%
11 l,o.e. N .~
.,
10 ~
N ~
9 .
8 - ~
—--—--—--—-\-<-:
7 4 ~
~
[
5 4
4 4
3 4
2 4
1 4
0 x . r
0 0,2 0,4 0,6 0,8 JI1,0.e.
Puc. 3. 3aBucumocts BTopnaHOTro Toka K3 ot mnuebl muanm JI1: --------- — ToK Tpex(azHoro K3;
—————— Tok aByxdazHoro K3; — TOKH cpabateiBanus nepBoi crynenu MITT3 npu Beex
Buzax K3 u agantueHoit MIIT3 npu cummerpumunom K3; — -- — -- — Tok cpabaThIBaHMS NEPBOM
crynenu agantusHoi MITT3 npu nByxdazHom K3
| |
I cp2 .
ST ™
cpl
1
1 cp2
K= 2 (8)

U3 rpaduka Ha puc. 3 BuaHo, uro 1pu Tpexdasnom K3 ma murnnm JI1 (puc. 1)
Toku cpabarbiBanus MIIT3 u agantusaoit MIIT3 ogunakoBsl 1 paBHBI | c'pl. ITpu
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nByx¢azaom K3 tok cpabateiBanus MIIT3 ocraeTcs mpexxHUM, a TOK cpabaThi-
BaHuA aganTuBHOM MIIT3 yMeHbIIaeTcss U COCTAaBIAET IC'pz =O,87Ic'pl. bnarona-

ps OTOMY MakCHUMallbHasi TOKOBas 3allliTa JIMHWU CTAaHOBUTCS 0OJee JyBCTBU-
TEJIHHON W 30HA €€ JeWCTBHUS B NaHHOM CIydae YBEIHMYUBAECTCS MPUOIN3UTEIHHO
Ha 17 %. U3menennem kosddunuenta K B (7) MOKHO JOOUTHCS U OOJBIIETO YBE-
JINYEHUs YYBCTBUTEIBLHOCTH ajantuBHoi MIIT3.
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