Jlaboparopnas pabota
I[TPOBEPKA DODPEKTUBHOCTHU 3AHYJIEHUA

ITens paboTer: paboTa mpeaycMaTpHBaeT IPOBEPKY HaJeKHOTO OTKIIOYEHHSI
IOBPEKJICHHOIO y4YacTKa 3JIEKTPUYECKOH LeMU NpPeJOXPaHHTEISIMU C ILIaBKIMH
BCTAaBKAaMHI U aBTOMATHYeCKHMH BBIKTIOUATEISIMH IPH OZHO(DA3HBIX 3aMBIKAHHISX B
3JIEKTPUYECKNX YCTaHOBKaX ¢ HampspkeHneM no 1000 B, pabortaromux B cersx ¢

3a3eMJICHHOH HeNTPalIbIo.

OBIIME CBEAEHUA

IIpn  oOciayXUBaHHH  INPOH3BOJCTBEHHOTO  OOOpPYIOBAHUSA  OIeEpPaTOPEI
IIPHKACAIOTCS K ero HeTOKOBEAYIINM 4YacTsIM. Takoe NpHKOCHOBEHNE B OOJIBIINHCTBE
clIy4aeB SIBJIsSleTcsl HOPMANIbHOII omeparieil, HampuMep, padoTa Ha MeTaUIOpPeKyIIeM
CTaHKe, IPUBOJOM KOTOPOTrO SBIIIETCS 3IIeKTpoJaBHraTenb. 1IpoGoil m3omsmmm wim
ApyTue HeHCIPAaBHOCTH 3JIeKTPOOOOpPYIOBAaHHIS YCTAaHOBKH MOTYT IIOBJIeYb 3a COOOI
IOSIBIICHUE HAIIPSUKEHUS Ha €ro HeTOKOBEAYIIHNX YacTAX, 9YTO, B CBOIO O4epeb, MOKET
IIPHUBECTH K HecYacTHOMY ciaydaro. OQHOIH U3 Mep 3alIiThl MOKET CIyKUTh 3allUTHOE

3azemureHne (puc. 1).
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Puc.1. Cxema 3amurtHOrO 3a3eMiueHus: R, - conmpoTuBieHne 3azemMineHus
HeHTpall ceTH;
R; - conporuBnenne 3azemnenns; Rq.; — compoTnBneHne yenoBeka; lq.; - TOK,
IIPOTeKaIoINil Yepe3 YelIoBeKa, [; - TOK 3aMbIKaHHS Ha 3eMIII0



Ommako B ceTIX ¢ 3a3eMIeHHOH HellTpanpio 3a3eMiIeHHe KopIyca
3]IEKTPOYCTAHOBKHI HECIIOCOOHO O0eCHednuTh B IIOTHOII Mepe 3aIlUuTy OT IOpaKeHII
SNIEKTPHYECKIM TOKOM. IIpm 3aMbplkaHHH Ha KOpIyce TOK HEHCHpPaBHOH a3kl
3aMKHeTCS 10 KOHTYpPY «(aza - KOpIIyC - 3a3eMJIeHHe KOpIyca - TPYHT - 3a3eMIIeHIHe
HeliTpamn - ¢a3a». 3HaueHHe TOKa B 3TOM KOHType oOmpenensercs B OCHOBHOM

COIIPOTUBJICHUAMU R3 u RO, TaK KaK COIIPOTHBJIEHHE APYIUX YYaCTKOB 3HAYUTEIIBHO

MEHBIIIe:
Us
IL=—
Rz + Ro
a HaIpsUKeHIIe Ha KOPITyce OTHOCHUTEIBHO 3eMIN OMpeaeseTcs TakK:
Rs
Us=Us———
R:+ Ro

Tak xak o0prdHO R; = R, TO HanpspkeHNe Ha KOPIyce paBHO IOJIOBHHE (a3HOTO
HanpspkeHus. IIpn R,>R, oo mpubmmwkaercs k ¢a3HOMY, TO €CTh MOKeT IPHBECTH K
eme OonpIeMy nopakeHmoo. OTKIIOYSHNS MOBPeXISHHON (a3l cpeCcTBaMH 3alIHTHI
(nmnaBKkuil mpegoxXpaHHTEIb, aBTOMAT) MOXKET B 3TOM cllydae He IPOM30ITH, Tak Kak
Tok I, okaxkeTcs HemocTaTOYHBIM. J[OIycTHM, 371€KTpOycTaHOBKa pabOTaeT B CETH C
Ug= 220 B. Ecinu npuaars R, = R,= 4 OM u npeHeOpeds CONPOTHBIIEHIEM IIPOBOIOB,

TO TOK KOPOTKOTO 3aMbIKaHUA I;, A, BeIpazutcs GopMyIoii:

Is=£=27,5A
4+4

B cBsa3m ¢ Tem, 4ro HamekxHOe cpadaThIBaHHE IIPeJOXpPAHHTENS C IIIaBKOIl
BCTaBKOH IPOUCXOIUT IPH TPEeXKPaTHOM IPEBBIIIEHHH HOMHHAJIBHOIO TOKA, TO OH
o0ecrevnT 3aImuTy TOJIBKO U YCTAaHOBOK ¢ IMoTpediaeHneM o ¢asze 9 A n mensmre. B
YCTaHOBKaX ¢ OONBIIMMH TOKAaMH IIOTpeOIeHHs M COOTBETCTBYIOLIIIMH
HOMHHAJIBHBIMU TOKaMH YCTPOICTB 3aIIUTHl OTKIIOUSHIS He IPON30iieT.

Jli1s obecriedeHNS 31eKTPOOe30IIacHOCTH ITOCPEACTBOM HaJeKHOTO OTKIFOYCHIIS
aBapUITHOrO yJacTKa IeNH B IeMIX ¢ 3a3eMIeHHOIl HeliTpanbio HanpspkeHneM 10 1000
B npuMmeHsSIoT 3aHyleHHe, T.e. COeIUHEHHe KOPIYyCOB 3IIEKTPOYCTAaHOBOK C

3a3eMJICHHOI HeilTpaipio TpaHc(opMaTopa I reHepaTopa (puc. 2).
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Puc.2. Cxema 3anynenus: Ry — conpoTusieHne 3a3eMaeHUs HEITpall CeTH;
R, - conpoTuBIeHne MOBTOPHOIO 3a3eMIeHHS HelTpal; I ; - TOK KOpoTKoro

3aMbIKaHHIA

[Ipuanun pgeiicTBUS 3aHyJIeHHS — IpeBpallleHHe KOPOTKOIO 3aMBIKaHHS Ha
KOpITyc B ogHO(a3HOe KOPOTKOe 3aMBIKaHIE, B pe3yabTaTe Yero cpabaTeIBaeT 3alluTa
(mmaBkasgs BCTaBKa IpeJOXpaHHUTENS, AaBTOMATHYECKHII BBIKIIOYATENb), KOTOpas
OTKIIOYNT MOBPEXIeHHBIN ydacTok ceTH. [Ipm 3ampikanmm, Hampmmep, ¢a3bl | Ha
Kopryc (pmc. 2) TOK KOPOTKOTO 3aMBIKaHHS IPOXOJUT IO KOHTYpy: «OOMoTKa
TpaHcopmaTopa — (pa3HBII MPOBOA — KOPIYC YCTAaHOBKHI — 3aHYJISIONINII IIPOBOI —
HYJIEBOII IIPOBO», T.€. 00pazyeTcs MeTisd «da3a - HylIb».

3HaueHUe TOKa KOPOTKOIO 3aMbIKAHHUS:

Us
3. =
Rrr + Rse+ Ro

ey

rae R;, — conporusnenne oaxoil ¢a3ssl Tpanchopmaropa,
Ry 1 Ry - compoTuBieHns cOOTBETCTBEHHO (pa3sHOIO U HYJI€BOI'O IPOBOIOB
Bemnmunaa compoTmBIeHms IeTiH  0Oe3 ydeTa OOMOTKH  HIHTAOIIETro
TpaHcdopmaropa:

Rier = Re +Ro . 2



B sTOM ciyuae BelpaskeHne (1) mpuHIMaeT BU:

Us
3 =—
Rre + Ruer

3)

V4uteBasg, 4YTO compoTHBIeHHe ¢a3HOH O0OMOTKH TpaHcdopMaTopa MWIH
reHepaTopa H CONpPOTHBIEHHe ()a3HOro IpoBOJa IIPEICTaBISeT BechbMa Malyio
Bemm4yuHy (mecsTele noam Owm), Oonplnoe 3HA4YeHHe TOKa KOPOTKOIO 3aMbBIKAHHS
obecreynBaeT Ienb 3aHyJIeHHS U HyleBoil mpoBoA. [[1g OonmpmmHCTBa ceTei
BeIIYNHA CONPOTHBIeHHA IeTn «dasza - Homb» coctaBmgeT 0,2..2.0 Om. Takmm
obpa3zoMm, musa cetu HampsokeHneMm 220 B I ;= 110...1100 A. OgueBunHO, 4TO IIpH

TaKOM TOKE 3allliTa JO/UKHA cpaboTaTh.
HOPMHWPOBAHMUE 3AHVYJIEHUA

TpeboBanns k memsaMm 3aHyneHuns m3nokeHsl B [OCT  12.1.030-81
«DneKTpoOe30macHOCTh. 3alIuTHOe 3a3eMieHHe. 3aHyleHume» u B «lIpaBmmax
yCTpoiicTBa 31ekTpoycTanoBok» (ITY3) [1,2].

B snextpoycranoBkax g0 1000 B c¢ 3a3eMieHHONl HeHTpalbio ¢ IEIbIO
obecredyeHns aBTOMATHYECKOIO OTKIIOUEHHS aBapUIfHOTO ydYacTKa IPOBOJNMOCTH
¢a3HBIX U HYyJIEBBIX 3aIIUTHBIX IPOBOJHHUKOB JOJDKHA OBITH TaKoOil, YTOOBI IpH
3aMBIKAaHIH Ha KOPIIyC BO3HHKAI TOK KOPOTKOTO 3aMBIKaHHS, IPEBBIIAIONINI He
MeHee 4eM B 3 pa3a HOMHHaIbHBII TOK (I;) mmaBkoro smemeHTa OmipKaiimero

IIpeTOXPaHUTEIS:
L, >3xI; . 4)
B 14 m B 1,25 pa3 orHocurenbHO Toka YycTaBKH (Iy;) aBTOMaTmIeckoro

BBIKITFOYATEIIS € 3JIEKTPOMATrHUTHBIM pacCcleIINTe]IeM ¢ HOMIHAJIBHBIM TOKOM 10 100 A

1 6oee 100 A cOOTBETCTBEHHO:



Ix.34 2 1a4Xchr.: (5)
Lz > 125X (6)

3HaueHne IyC'r. YKa3bIBA€TCA B IIACIIOPTE Ha aBTOMaAT. ITonnasg IIPpOBOANMOCTD
HYJIEBOI'O 3alIUTHOIO IIPOBOJHHNKA BO BCEX ClIy4aAaX OOJIKHA OpITh He MeHee 50%

IIPOBOANMOCTH (1)a3H01'0 IIPOBOAHIKA.

OITMICAHUE JIABOPATOPHOM YCTAHOBKHU

Cxema J1abopaTOpHOIl yCTaHOBKH mpuBedeHa Ha puc. 3 [3-5]. B manHoii
YCTaHOBKE pealn30BaH MeTOJ IMPOBEPKH JOCTaTOYHOI MPOBOIIIMOCTH IeTIN «da3a -
HY7Tb» C OTKIIOYEHHNEM IHTAIOIIero HANpsUKeHHs OT IoTpeOuTens, TO ecTh

IIPpOU3BOAUTCA H3MEPEHIE oe3 ydue€Ta COIIPOTHBJIICHUA OOMOTKH THTAOIIETO

tparcdopmaTtopa Tpl.
fVY'L-n)a' %3(1
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Puc.3. Cxema 1abopaTopHOIl yCTaHOBKH

H3MepeHne NpOH3BOIUTCS METOJOM aMIIEpMeTpa-BOIBTMETpAa C IOMOIIBIO
HNCTOYHNKAa moHmkeHHoro HampspkeHns 12 B (Tp2), mockompky Ha pabouem

HaIIpsSZKEHIN KOPOTKOE€ 3aMbIKAHIE HEAOIIYCTHMO.



ITonmxkarommuii aBToTpancopmarop Tp2 pacmoraraercss Kak MOJKHO OJIDKe
nuTaromeMy TpaHchopmaropy Tpl, d9roObr ydecTs compoTuBiIeHHe Bcell Ierr
¢a3zHOrO U HMHUTAOIIEro MPOBOAa OT Hero J0 norpedutens. BxiroueHne moHmkaomer
aBToTpaHcpopMaropa Tp2 mpomsBoautcs TymOaepom Bl. M3meHeHne HampspokeHIs
II0JIaBaeMOr0 I M3MepeHUs, Ipou3BoauTcs pyukoil perymuposku PH, BeiBeneHHO
Ha [IaHeJb YCTaHOBKU.

Tym6nep Pn mmurupyer Haxomsmimiics Ha IMOACTAaHIHH PYOIITBHHK IIOJAT
nutaHus B nex. TymOmnepsr T1 u T2 uMuTupyroT pyOIIbHIKH, BKIOYAOIINE TITaHIT
Ha notpedureneil. Ilpn Bkmrouernnn tymoOnepoB T1 u T2 B cxeme mpemycmorpen
HCKYCCTBEHHOE KOPOTKO€ 3aMbIKaHIE Ha KOPITyC COOTBETCTBYIOMIEro NOTpeOHuTes.

ITorpeburens  II1  cHaOkeH  aBTOMATHYeCKHM  BEIKTIOYATEIEM
3]IEKTPOMAarHUTHBIM paclenureneM, morpedurens II12 — mnpemoxpaHHTeneM

INTaBKUMHI BCTaBKaMI.

ITOPAIOK BBIIIOJIHEHW S PABOTHI
Homep Bamrero BapuanTa 3amaHns paBeH Bamemy Homepy B cnucke Bamre

rpynmsl (Tabmmma Nel).

Tabmmma Ne
JlaHHBIe BapnaHTOB 3aJaHUI
BapuanT 1 2 3 4 5 6 7 8 9 10
lycr, asTomara, A 5 6 10 | 25 | 26 | 27 | 28 | 40 | 50 | 63

lwomnnasroit scraek, A | 6,3 | 10 | 16 | 20 | 25 | 31,5| 40 | 50 | 63 | 80

MomHOoCTh
Tparcdopmatopa, KBA 25 |1 40 | 63 | 100 | 160 | 250 | 320 | 400 | 630 | 750

Bapmant 11 | 12 [ 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20

lycr) aBTomara, A 74 8 9 11 | 25 26 | 27 | 28 | 48 | 55

lyomnnasroitecraekm, A | 6,8 | 11 | 18 | 19 | 24 | 30 | 34 | 45 | 60 | 75

MomHOCTh
Tparcdopmatopa, KBA 25 | 40 | 63 | 100 | 160 | 250 | 320 | 400 | 630 | 750

Bapuant 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30

lycr, aBTomara, A 6 8 | 11 | 25 | 26 | 27 | 28 | 44 | 57 | 68

lwomnnasroitscraekm, A [ 6,3 |10 |16 (20 |25 |31,5|40 |54 |65 |85

T 25 | 40 | 63 | 100|160 | 250 | 320 | 400 | 630 | 750
Tpanchopmartopa, KBA




1

B urorosoii Tabmmme pe3ynsraToB (Tabmn. 3) comepikarcs JaHHBIE UL IBYX TUIIOB
aBTOMATOB C Pa3HBIMI HOMHUHAIBHBIMH TOKaMH, IUTAaBKOH BCTaBKH U IIOKa3aHHA
Bamrero BonsT™MeTpa 1 ammnepMeTpa.
OmnpenennTs 3Ha4€HNS CONPOTHBICHUS NeTIN Ry 0 popmye:

Ruer = @ (7)

LM

[TorryueHHBIE pe3yIbTaThI U BeeX TpexX 3aMepoB Ry, 3aHecTH B Tabmumy 3.
Omnpenenuts TOK KOpoTkoro 3ambeikaHusa I; mo ¢opmyne (3) ams Bcex Tpex
3aMepoB U 3aHecTH AaHHbBle B Tabmmmy 3. Ilpm sTom dasnoe manpsxenne Uy
npuHATh paBHEIM 220 B. 3nauenne R,, BeIOpath n3 Tabn. 2 mo Bamemy BapnanTy
U 3aHeCTH B TAaOmIIy 3.

Tab6mmma 2
ConpoTHBIeHHe OHOH OOMOTKH TpaHc(opMaTopa co CXeMOH COeIHHEHHA
«3Be371a-3Be3/1a» IIPH BTOPHYHOM HanpskeHHH 380/220 B 1 HOMHHATBbHOM
HAIpPsUKEeHHH TepBHYHOH 00MOTKH 6 — 10 kB

MoImHOCTh R MommHOCTb R
TpaHcpopmaropa, OM’ TpaH(opmMaTopa, Oh/;

KBA kKBA

25 1,037 250 0.104

40 0,649 320 0.085

63 0,412 400 0,060

100 0,266 630 0,040

160 0.162 750 0.036

Ompenenute cpemHuili TOK KOPOTKOro 3amblKaHus Lo, I1g  Kakmoro

noTpeOuTeNns Kak cpeaHee apuMeTHYecKoe H3 TpexX 3amepoB I, m 3aHecTH
JaHHBIe B Ta0muIy 3.

OmnpenenuTes HOpMHpPYEMYIO Benm4HHY L A4 Kakaoro Tuma ImpeIoXpaHUTeNs:
iaBkoil BcTtaBkH (dopmyrna 4) m aByX TumoB aBToMaroB (dopmymsr S,
6).3aHecTH B TabmIy 3 HOpMHUpPyeMble MITHIMAaIbHbIE BeTHIHHBI Iy;.

CpaBHUTH MOIIy4eHHbIe 3Ha4eHUSA Lo, 110 KakaoMy THIIY NPEIOXPAHUTENS C
HOPMaTHBHBIMH TPeOOBaHISIMIL

OnpenenuTe HaAEKHOCTh 3aHYIEHUA, T.e. 3alllUTHl IEepCOHANAa OT IOpa)kKeHUA
3JIEKTPHYECKUM TOKOM IIPH KOPOTKOM 3aMbIKaHHH Ha kopmyc. OtBet ([la, Her)

3aHeCTH B TaOImIy 3.



®OPMA OTYETA

1. OGmme cBegeHNs (TUTYIBHBII JIHCT):

—  HOMep U Ha3BaHHUE PadOTHI;
—  HoMep Bamrero Bapuanrta;
—  ®.UM.0. cryneHra;
—  HOMep IPYIIIIEI;
—  JaTa BBIIOJTHEHHS PaOOTHI;
—  ®@. 1.0. npenonaBartens.

2. ConepxaHne oT4eTa:

—  KpaTKO OIHCaTh IelIb PaboTHI;

—  IpUBECTH cXeMy JadopaTopHOIl ycTaHOBKH (puc.3);

—  IIpPHBECTH HCHOJIb30BAaHHBIE I pacdeToB (pOPMYIIBL;

—  3amoJHHOTH Tal1l. 3 ¢ pe3yapTaTaMi H3MepeHHIl;

—  IpUBECTH BBIBOJABI: KAaKHETHIIBl IpPeJOXpaHUTeNell HaaeKHO
3alIMnraeT  TeXHOIIOTHYeckoe OoOOpyJOBaHHe, HampuMep —
«TEeXHOJIOTHYeCKoe O0OOpyIOoBaHHE HAAeKHO 3allUIIeHO OT
KOPOTKOTO 3aMBIKaHII TOIIBKO aBTOMATHYECKIM
IIpeoXpaHUTeIeM ¢ HOMUHAJIBHBIM TOKOM 130 A».

Ta6mumna 3
PesynpTaTh! 3KCIIepiMeHTa
CryneHt ['pymma Jarta Homep BapnanTa
Davunaa
HopMaTHBH
) Paccunra BIH
HOTP:SI;TiTEHL, i . 5 . i, Cpemmee | HaJeKHOCT
JaMep ot e e y £ bit | 3aHYJIEHHA,
IIpeOXpaHHUTe B A OMm | Om K3,
e A A Im, Ja/Het
A

112, 1 1.0 | 0.5
IUTIaBKHE 2 2.0 0.9
BCTaBKH 3 3.0 1.5
111, 1 40 | 05
aBTOMAT, 2 6.0 1,1
I.=50A 3 8.0 1.5
111, 1 4,0 | 0.5
aBTOMaT, 2 6.0 1.1
=130 A 3 8.0 L5

IIpuMeuanne 1. HOpMaTHBHEI MHHHMAIBHBIH TOK [ A A IUIaBKHX BCTaBOK OIPENENIATH IIO
dopmyrne Ii, =3XI; 19 aBTOMATHYECKOIO BBIKIIOYATedd C JJIeKTPOMArHHTHBIM

pacIenHTeTeM ¢ HOMHHAIBHEIM TOKOM 10 100 A ompenerats no gopmyne I, =1.4XTye, a1
ABTOMATHYECKOTO BBIKIIOUATENI C 3JIeKTPOMArHHTHBIM pacIelHTeleM C HOMHHATHHBIM

TokoM Oomnee 100 A ompenemnars no gpopmyie I, =1.25XT

ITpumMeuanse 2. Eciu cpeHee 3HaUeHHE [ p.A 00IIBIIe HOPMAaTHBHOTO MHHHMAIBHOI'O TOKa ;. A, TO
HaJIeXXKHOCTh 3aHYJeHHI o0eclieueHa, B IPOTHBHOM CiIydae — He o0eclleueHa.



