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Anzopumm pacuema 3au{umnozo 3a3emieHus

1. BpiGpaTh HOPMATHBHOE 3HAYeHHE CONMPOTHBICHHS 3alMTHOIO 3a-
3eMsieHns R, JUIsl 3a1aHHON MOILHOCTH TpaHchopmaropa.
2. Onpezenuth (CM. 1. 2 METOJMKH) 3HAYEHHE PACYETHOrO YIEIbHOIO

COMPOTHBICHHS TPyHTa p;‘,":.', JUIA CTEPAKHEH Ppye, M JUTA COCAMHHTETBHOMN

TOMOCHT Py, -

3. Onpegenuts 110 Gopmyiie (4.1) CONPOTUBIEHHE OAUHOYHOTO BEPTH-
KaJbHOTO 3a3eMiuTeNs R, 3a/aBUIMCh KOHKPETHBIMH 3HAYEeHHAMH d, I,
H,. JInst yroikoBbIX cTepcHeil SKBUBaNeHTHbIH quamerp d = 0,95 - b, rae
b — mMpHHA TTOJIKH.

4. Onpenenuts 1o dopmyne (4.2) uncno 3asemnureneii n 6e3 yuera
B3aHMHOTO 3KPAHUPOBAHHA.

5. TowmKkaiommas MOACTaHIMA — HeOONbIIOE, OTACIBHO CTOsIIEE 3/a-
HHe, MOITOMY ClieyeT BhIGHpPaTh KOHTYPHOE 3a3eMIIsiollee yCTPOHCTBO
B BUJE NPAMOYTOJNIbHUKA, @ JUIS 3aIMTHOrO 3a3eMiieHHs 00OpyIoBaHUS
11abopaToOpuy JTydllle CMPOEKTHPOBATh BRIHOCHOE 3a3emienue. Mexoms us

. S

peanbHBIX yclIoBHil BbIOpaTh OTHOmEHHe N =— (cM. Tabm. 4.3) u onpe-
c

JC/INTh KO3q)qJMLUAEHT HMCNOJIb30BaHUs BEPTHKAIBHbBIX CTCP)KHEFI l]c, OKOH-

4areJIbHOE UX YHUCJIO 1) ¥ CONPOTUBIICHHE 3azemiuTeneii 6e3 yuera coeau-
HHUTEJILHOH 1M0JI0CHI R,

6. OnpezenuTh JUIMHY COEIMHHTENbHOIH nonocel /; (cM. m. 6 meto-
JWKH), BbIOparh 3Hauenue /| (Hanpumep, paBHoe F)) U BBIYHCIHTH 110
(Hopmyzie (4.3) conpoTuBIieHNE COEIMHUTENIbHOM Mosockl R, . [To Tabn. 4.4
onpeseHTh Kod(pGHIMEHT HCMOMB30BaHHS MONOCH! 1), W PACCUHTATh CO-
MPOTHBIIEHHE COCIMHUTENBHO MOIOCHI C YHETOM IKPaHUPOBaHUsA R .

7. Beruucnuts no opmysie (4.4) obliee cONpoTHBICHHE 3a3eMIIAOLIE-
ro ycrpoiictBa R. CpaBHHTB MOTy4eHHOE PacYeTHOE COMPOTHBIEHHE R ¢
HOPMATHBHBIM 3HAYCHUEM RH’ B Ciiydae NpeBhILICHUS — C/I€J1aTh [MOBTOpP-
HbIH pacuer. Haqep’rm‘h CXeMYy pacroIOKEeHus 3a3eMJIMTeNel ¢ yKasaHueMm
OCHOBHBIX PACYETHBIX MMAPAMETPOB 3aLUUTHOIO 3a3€MJICHHUS.

8. Czienarhb BBIBOJIBI 11O PACUETy 3alUTHOIO 3a3eMJICHHA.

4.3. Pacuer 3anynenus

Llens pacuera 3aHyJIeHHs — ONPE/IC/IeHNE CEYeHHs 3alIMTHOTO HY/IEBO-
TO MPOBOAA, YAOBJIETBOPSAIOLIEE YCIOBHIO Cpa68THBaHI‘Iﬂ MaKCHMabHON
TOKOBOM 3alUUTBl, TPH U3BECTHBIX OCTAJIbHBIX MapaMeTpax CeTH W 3aJ1aH-
HBIX MapamMeTpax aBTOMaTH4Y€CKOro BBIKJIFOYATENS WIIH TITaBKOM BCTaBKH.
IMpuHUMNHATBHAS CXeMa 3aHy/ICHHs IPe/CTaBIeHa Ha puc. 4.2,
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Puic. 4.2. Cxema 3aHy/ICHHS yCTAHOBKH

TIpu 3aMblkaHUM Ha 3aHYJIEHHbIH KOPIIYC 3JIEKTPOYCTAHOBKM TOK OJ-
HO(a3HOr0 KOPOTKOro 3aMblKaHHsi [, CKJIa/bIBA€TCS M3 TOKOB JIBYX Ma-
pasieNbHBIX yJacTKoB 1ernu: 1) mo BeTBu «hasublii mpoBox L, — o6MOT-
ki Tpancdopmaropa T, — HyseBoit nposoaHuk PEN» npotekaet Tok /,;
2) no mapajieNbHOI BETBH «3a3eMJICHME HEHTpamu R, — y4acTOK rpyH-
Ta — TOBTOPHOE 3a3emienue R » Teder Tok /. CompoTHBieHHE NeT/H
«baza — Hynb» 00bIuHO He npesbimaet 2 Owm, a conporusienne (R, + R),
cornacHo ITYD, nomkuo ObiTh B npenenax 7...28 OM B 3aBUCHMOCTH OT
HanpsokeHus cetd. [ToaTomMy TOK 7, , NPOTEKAIOLIMI Yepes 3eMI10, MHOIO
MeHbIIe TOKa /,, MPOXOISIIEro Mo HyJIEBOMY IPOBOIHUKY, H MOKHO CUH-
Tarb [, =1,

Tok 011HO(}A3HOrO KOPOTKOrO 3aMbIKaHHs [, pacCuMThIBaeTCs 10 (op-
MyIe

I =k-1,

e k — Ko3(GHUIHEHT KPaTHOCTH HOMHHAJILHOTO TOKa;
1,0,y — HOMHHAJIBHBII TOK CpabaThIBaHHsA YCTPOMCTBA 3alIMTHI (TIIaB-
KO BCTABKH MJIM @BTOMATH4€CKOTO BblKJ'lK)‘-laTCIIS{), A.

Cornacro ITYD 3Hauenne Toka /, I0/KHO MpeBbIaTh B 3 pasa 3Ha-
quHHe HOMMHAJILHOIO TOKa Cpaﬁa‘l‘blBaHMﬂ [JIaBKOI BCTaBKH. an 3auu-
T€ CETH aBTOMATHYECKUMH BBIKJIKOYATCIIAMH (AB), CHa0KEHHBIMH TOJILKO
9IeKTPOMArHHTHBIM paclenuTeneM, Ko3(pQHIHEeHT KpaTHOCTH TOKa BbI-
Kiouateneif ¢ HOMHHATLHBIM TokoM 710 100 A creyer npuHMMATh paB-
HeM 1,4, a st npounx AB — 1,25, Buauenue [, onpenensercs mou-
HOCTBIO MOJKIIOYEHHO# JJIEKTPOYCTAHOBKH M BbIOMPaeTCs W3 YCIIOBHS
HecpabaThiBaHHs NIPH NPOTEKAHHH Yepe3 TIIaBKHe BCTaBKH M AB paGounx
TOKOB 3JIEKTpOycTaHOBKH. Hampuwmep, s anekrpoasurareseii Tok 7,
TUIaBKMX BCTABOK NpPeJ10XpaHuTeneii 1omkeH B 1,63 pasa npesbliarh Ho-
MHUHATBHBIE 3HAYEHWUS TOKA.

@5)

HOM
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Memoouka pacuema 3anynenus

PacueTHbIi TOK neTin «(hasa — HyJIb» PaBeH OTHOIICHHIO HATPSIKEHHS
B 3TOH LIENH K TOJIHOMY CONMPOTHBIICHUIO LEMHU:
Udi
I, = s (4.6)

Z
?’+Zn

e Uq, — (asHoe HanpsukeHne ceTH, B;
Z, — conporusiienne Tpancdopmaropa, Om;
Z,, — MOJIHOE CONPOTHBIICHHE MeTIH «(aza — Hymb», OM.

3Hauenus Z; B 3aBUCHMOCTH OT MOIIHOCTH TpaHchopmaropa P u cxe-
MBI COe/IMHeHHsI 0OMOTOK «3Be3a — 3Be3za» (V/Y,) Wil «TpeyrojbHHK —
38e3/1a» (A/Y,) ¢ 4eTBEPTHIM HyJIEBBIM 3alUTHBIM NPOBOIHHKOM € HU3KOM
CTOPOHBI TPaHC(OPMaTOPa MpUBEEHBI B Ta0I. 4.6.

Tabruya 4.6
PacueTibie 3nauenius conpoTHBIenus Tpancdopmaropos Z,
npH BTOpHYHOM Hanpsikenun 380/220 B*

P, kBt Z P, xBr Z
Y/Y, AY, Y/Y, AY,
25 3,110 0,906 250 0,312 0,090
40 1,950 0,562 400 0,195 0,056
63 1,240 0,360 630 0,129 0,042
100 0,800 0,266 1000 0,081 0,029
160 0,487 0,141 1600 0,054 0,017

* Jlus Tpanc)opMaTopoB ¢ BTOPHUHBIM HanpsKenuen 220/128 B Z, creayer ymens-
WHTH B 3 pasa.

Tonnoe CONPOTHUBJIEHUE NMPOBOJIHUKOB NETIH «41333 — HYJIb»

=Ry +R) (X + X, +X,) @.7)

e Rd)’ R, — aKTHBHOE CONPOTHBIIEHHE COOTBETCTBEHHO (ha3HOTO M HyIe-
BOrO mposoza, Om;
X¢, X" — BHYTPEHHEE WHIAYKTHBHOE COINPOTUBJICHHE COOTBETCTBEHHO
(asnoro u HyneBoro nposoza, Om;
X, — BHeIIHee HMHIyKTHBHOE CONpPOTHBIGHHE NeTIH «hasa —
HyIb», OM.

Z

2
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3HayeHne BHYTPEHHEro HHIYKTHBHOTO ()a3HOTO COMPOTHBICHHS Xy
JUIA MEJIHBIX M aMIOMHHHUEBBIX MPOBOJHHMKOB Majo, MO3TOMYy B (opmy-
e (4.7) uM MOXKHO npeHedpeHb.
ﬂﬂﬁ MEIHBIX U AJIFOMHUHHEBBIX MPOBOAHUKOB ¢a3 TI0 M3BECTHBIM JaH-
HBIM — CEYEHHIO SQ), MM2, JUTHHE [, M, ¥ Y/IeJIbHOMY COIPOTHBIICHHIO IPOBO-
HuKa p, OM-MM2/M, (s meau p = 0,018 , a st amomunus p = 0,028) —
OnpejieNIFeTes aKTHBHOE CONPOTHBIIEHHE (asbl Ry:
R, = el . (4.8)

Q.

Ecnu HyneBoii 3amuTHBIA NPOBOIHUK BBINOIHEH W3 CTAH MPAMOY-
TFOJIHOTO WJIM KPYTIJIOro CE€YEHHUs, TO aKTHBHOE CONMPOTHUBJICHHE HYJIEBO-
ro nposojaa RH = r,-l, a BHELIHEE MHAYKTHBHOE COMNPOTHUBJICHHUE METIH
X, = xy°[, ti€ r| M x| — COOTBETCTBEHHO AKTHBHOE M BHYTPEHHEE HHJIyK-
THBHOE COMPOTHBIIEHHE CTALHOTO TMPOBOJHMKA JUTHHOH 1 kM (Tabu. 4.7).
ODTH CONPOTHBIICHHS 3aBHCAT OT MPOMUIIS H TUIOMAH CedeHns S, MpoBo-
JIHMKA, @ TAKKe OT OKHIAEMOM MIOTHOCTH TOKA B HYJEBOM IPOBOJHHKE
i A/MME:

[ (4.9)

Tlpn BBIGOpPE CeueHHs HYJIEBOTO NPOBOJHHKA ClIELyeT 00ecreynTh
IUIOTHOCTh TOKA B HYJIEBOM MPOBOAHHMKE i, = 0,5...2,0 A/Mm2.

Marepuan u ceuenue (asHbIX MPOBOJHMKOB BBIOMPAIOT HCXOIS M3
MOIIHOCTH ToTpeGuTeNeli JHePrun, a MaTepHall i CeueHHe HyJIeBOro 3a-
LIMTHOIO NPOBOJHHMKA JOJKHbI YJIOBJIETBOPATE YCIOBUIO

7,222, (4.10)

e Z, u Zy — NOTHOE CONPOTHBIIEHHE COOTBETCTBEHHO HY/EBOro H (as-
HOI0 NpOBOJAHHKA.
Tabruya 4.7
3uauenusi ry u x;, OM/KM, CTAJILHBIX IPOBOIHHKOB
npu nepementom Toke (f= 50 )

TLIOTHOCTS TOKA B IIPOBOAHNKE iy, A/MME
Pasvepu | ¢ o 0,5 1,0 15 2.0
CEYECHHS, MM

W ln | n s [nlx | X,
2074 80 | 524 | 3,14 | 420 | 2,52 [ 348 | 2,09 [ 297 | 1,78
3074 120 | 366 | 220 | 291 | 1,75 | 238 143 | 204 | 122
30x5 150 338 | 2,03 | 2,56 | 1,54 | 2,08 | 1,25 | 1,60 | 098
4074 160 | 2,80 | 1,68 | 2,24 | 1,34 | 1,81 | 1,09 | 1,54 | 092
5074 200 | 228 | 1,37 | 1,79 | 1,07 | 1,45 0,87 | 124 | 0,74
5075 250 | 2,10 | 1,26 | 1,60 | 096 [ 1,28 0,77 | — | -
60~5 300 | 1,77 | 1,06 | 1,34 | 0,80 | 1,08] 065 | — | -
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Buemnee unaykTHBHOE conpotusienne X, Om, nemiu «pasa — Hynb»
JUISL BO3YLIHOM IMHUK JJIEKTPONEPeIayn i YacToThl Toka f= 50 'l Mox-
HO ONpe/IesHTh Mo (hopmysie

Xn:0,1256»l»ln[2<§J, (@.11)

rae / — JIMHA JTMHUH, KM;
D — paccTostHie Mex/1y NPOBOHHKAMH JIHHHH, M;
d — namMeTp NpOBOJHHKOB, M.

JUist ypOIIEHHBIX PAcYeToB HCTIONB3YIOT (hopmyiy X, = 0,6 - /, uTo co-
orercTByer D = 1 M. JUtsi yMeHblIeHHs 3HAUCHHs X, HYJIEBOI 3aIlMTHBIH
MPOBOJIHKK CJIEyeT MPOKIA/BIBATE PAZIOM ¢ (asHbIM. Ecin HyneBoii npo-
BOJIHHK SIBIACTCS YETBEPTOI JKUIION Kabenst WM MeTalIHueckoii Tpyboii,
B KOTOPOIi pacrosioens! (hasHble MPOBOAHUKH, TO X MAJIO MO BETHUYHHE
u B popmyie (4.7) UM MOKHO TpeHeOpedsb.

Ecnu MCTOYHMK NUTAHHUS M JIUHHS JIEKTPONEpEIay 3a1aHbl, TO HE-
OGXOHHMO BHGpaTB COOTBETCTByIOU.(Hﬁ aBTOMaTHYECKHI BBIKJTIOYATEb,
HCNOJIb3ysl MPHUBEACHHBIC BBILIE PEKOMEHIALIUH. Ecin 3a/laH aBTomMaruye-
CKHIi BBIKJIIOUATElTb, TO HEOOXOIUMO OTPEIETHTh CEYeHHE HYJIEBOTO Mpo-
Boza. B 0Bomx ciyuasx MpOBOAMTCS pacueT Ha cpabaThiBaHHE BBIKITIOUA-
Tens. Ecim B pesynbTare pacuera ycioBue

1,21, (4.12)

BBIIOJIHAETCS, TO PacyeT OKOHYEH, a €CJIM HE BbINIOJIHACTCS, TO €ro oBTO-
PSIOT, peanusys CieIyloule MEpPONPHATHSA: H3MEHSIOT MapaMeTphl Bbi-
KJrovaresisi; yToamanT Hynesoﬁ ZamHTHLIﬁ TIPOBOJIHHK; H3MEHAIOT Mmapa-
MeTpbl hazHbIX IIPOBOAHUKOB.

3amaua 4.2. PaccuuTars napameTphbl 3aHyJICHHs Pacnpee/UTENIbHOro
MTKa 1ab0paTopuy, K KOTOPOMY MOJBENEHA JHHHS OT MOHMIKAKOUIEro
Tpancdopmaropa 10/0,4 kB.

Onpezienuth G0 MapaMeTphl HYJIEBOTO 3AIUMTHONO MPOBOAHHMKA
U3 cranu (HampuMep, Kak B BapuaHTe | MCXOIHBIX JaHHBIX (Tabu. 4.8)),
Y/IOBJIETBOPSIONIHE YCIIOBHIO CpabaThiBaHMs MAaKCUMAIbHON TOKOBOIi 3a-
LIHUTBI NPH 33IaHHBIX [MapaMeTpax yCTpOﬁCTBa 3allUTBI, NPH 3TOM Ceve-
HHE HYJIEBOIO NPOBOJIHUKA CJIE/lyeT BbIOMpaTh B Mpe/esax, yKasaHHbIX B
Tab. 4.7; mubo moxoGpaTh mMapamMeTphl yCTPOMCTBA 3alUTHI (HampuMep,
Kak B BapuaHTe 2 HMCXOAHBIX IlaHHHX) HomuHanbHbBIe TOKH BCTaBOK aB-
TOMATHYECKHX BBIKJTIOUaTesIeil ciie/lyer npuHuMarh u3 paga 20; 25; 31,5;
40; 50; 63; 80 A; nnst npenoxpanuteneii (IT) — u3 psaa 40; 50; 63; 80; 100;
125; 160 A.

BapuanThbl ocTaIbHBIX HCXOHBIX JAHHBIX NPUBE/IEHE! B TabJ1. 4.8.
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BapranThl HCXOAHBIX IAHHBIX K 3a/1a4e 4.2

Tabnuya 4.8

Tapaverpst [
Tlapamerpst HYJIEBOTO .
TMapamerpet «assny | yerpoiictsa
Howmep | Tpancdopmaropa | Jimusa 3AUMTHOrO
Baph- HEH, npoBoHKa
aHTa Mo~ Co- M Hanps- | Ceuenne,
2 S, Luow
HoCTs | exumHenme Kenne My ey | Dy | Tam |
P,xB-A | o6motok UpB | m3Cu|m3Al
1 400 YIY, 400 380 12 - m | 80
2 630 AY, 300 380 - 15 160 0,6 -
3 160 AY, 200 220 10 - 120 03 -
4 400 YIY, 450 380 - 10 AB | 63
5 100 AY, 250 220 15 - Im | 40
6 1000 YIY, 325 380 - 20 150 0,4 -
7 160 Y/IY, 150 220 16 - 300 0,5 -
8 63 AY, 375 220 - 8 AB | 40
9 250 YIY, 200 380 12 - m | 80
10 630 YIY, 125 220 - 14 200 0,2 -
11 40 AY, 175 220 10 - 160 03 -
12 160 AY, 300 220 - 5 AB | 80
13 630 YIY, 150 380 16 - m | 125
14 400 AIY, 250 220 - 20 | 250 | 0,6 -
15 1000 YIY, 375 380 17 - 300 0.8 -
16 250 AY, 125 220 - 16 I _| 100
17 63 AY, [ 350 [ 220 [ - [10 AB | 50
18 630 YIY, 400 380 14 - 250 0,4 -
19 [ 100 Ay, [12s 20 [ - 12 [300 [02 -
20 630 Y/Y, 200 380 12 - IT | 125
21 400 Y/Y, 275 220 - 8 AB | 50
22 250 AY, 400 380 12 - 200 0,5 -
23 100 AY, 125 220 - 10 120 03 =
24 630 Y/Y, 100 380 10 - IT ] 125
25 40 ANY, 200 220 - 5 80 0.2 -

Tpuveuanue. Tun yetpoiictsa saututsi: 11 - npeoxpaniTes, AB — asTomariueckiii Bbi-
— HOMHHABHBIH TOK 11aBKOH BCTABKW NPEAOXAHHTEIIS WIH HOMHHAbHBII
TOK BCTABKH ABTOMATHUECKOTO BIKIIOUATEIIA.

Kimouares; /,
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Anzopummbsl pacuema 3anyienun

1. Jlna eapuanmoe ¢ 3a0anHviMu napamempamu yCmpoucme 3aujumol
(nanpumep, éapuanm 1)

1. Onpenenuts 10 popmysie (4.5) 3HaueHne Toka 0AHODA3ZHOrO KOPOT-
KOTO 3aMblKaHus /.

2. Tlo Tabn. 4.6 HaiiTi conpoTHBIeHHe 06MOTOK TpaHc(opmaTopa Z,.

3. ITo dopmyse (4.8) HaiiTi aKTHBHOE CONpPOTHBIEHNE (Ha3HOrO POBO-
JHHKA Ry, U 3a/1aHHBIX 3HAYeHUAX [ 1 Sy

4. Tlo dopmyrne (4.9) paccunrtars MIOTHOCTH TOKA B HYJIEBOM MPOBO-
JHHKe i, BiOpaB pa3smepsbl ceueHusi HyJIeBOro MpOBOJHHMKA, OMPEICIUTh
1o Tabu1. 4.7 3HAUEHUS | M X|, PACCUMTATh 3HAYEHUS AKTUBHOIO R, U BHY-
TPEHHEro HHIYKTHBHOTO X, CONPOTHBIIEHHS HYJIEBOr0O MPOBOAHHKA.

5. Paccuutars mo Qopmyne Z =yJR?+X* nonnoe COINpPOTHBJIEHHE
HyJIEBOTO M (pa3HOro NMPOBOJHUKOB M MPOBEPUTH yciosue (4.10); npy He-
OGXK)IIPIMOCTH H3MEHHUTH CEYEHHE HYJIEBOI0 NMPOBO/IHHAKA.

6. Onpe/ieMTh BHEIIHEE HHIYKTHBHOE CONPOTHBJICHHE MPOBOIHHMKOB

S,
cornacHo dopmye (4.11) npu d =2- ® | wm. Paccrosnue ME3K]1y MPOBO-
T

JTHUKaMH JTUHAN ipuEsTh D =0,2...0,8 M.

7. Paccuntate mo ¢opmyne (4.7) moIHOE COMPOTHBICHHE NETIH
«haza —uynb» Z,.

8. 1o popmyiie (4.6) Haiitu 3nayenue /, u npoBeputh yciosue (4.12).
Ecnn YCJIOBHE HE BBITIOJIHACTCSA, MOBTOPHTH PAcyeT ¢ APYrMMH 3HAYCHHUSA-
MM CEUYCHMS HYJICBOrO NMPOBOJAHMKA.

1I. JIna eapuanmos ¢ 3a0aHHbIMU NAPAMEMPAaMIUL HYN€6020 NPOBOOHUKA
(nanpumep, éapuanm 2)

1. Ilo Ta6u. 4.6 HaiiTi conpoTiBieHHe 0OMOTOK TpaHchopmaropa Z,.

2. Onpenennts 10 dopmysne (4.8) akTuHOE conpoTHuBieHHEe (azHOro
TPOBOZHMKA Ry, 1P 3a1aHHBIX 3HAUEHUAX [ 1 Sy

3. BriGparb THI YCTpOMCTBA 3alUMThl U HOMMHAJIHBIH TOK, IOJIb3Yy-
SICh PEKOMEHIAIHSMH, TIPHBEICHHBIMH B YCJIOBHH 3aj1adi. Onpe/enuB 1o
(hopmye (4.5) 3Hauenne Toka I, paCCUNTATh TUIOTHOCTh TOKA B HYJICBOM
NpOBOJIHHKE i, 110 popmysie (4.9). Onpesennts 1o Tadi. 4.7 3HaueHUs r| U
X| ¥ PACCYNTATh 3HAYCHHS aKTHBHOTO R, W BHYTPEHHEr0 HHAYKTHBHOIO X,
CONPOTHBIICHNS HYJIEBOTO MPOBOJHMKA.
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4. Paccunrars o Qopmyne Z=+vR"+X° mnonHOE CONPOTHBIEHUHE
HYJIEBOr0 1 (ha3HOr0 NMPOBOJHHKOB H MPOBEPHTH yciosue (4.10); mpu He-
DSXO}]PIMOCTH M3MEHNUTh HOMHHAJIBHBII TOK ychoﬁcTBa 3alUThI.

5. OnpenienTh BHEIHEE HHIYKTUBHOE CONPOTHBJIEHHE TNPOBOIHUKOB

S,
coracHo dopmyie (4.11) npu d =2- S M.
n

6. Paccunrate 1o Qopmyne (4.7) TOIHOE COMPOTHBICHHE TNETIH
«baza — Hyme» 7,

7. o dopmyse (4.6) naiitu 3uauenne /, u nposeputsb yciosue (4.12).
Ecin YCJIOBHE HE BBINOJIHACTCA, NMOBTOPUTL pacyeT € APYrdMH rnapamMe-
TPaMH YCTPOHCTBA 3aIHUTHI.

8. Cnenarb BbIBOIbI 110 PacUeTy 3aHyJICHHS.
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4. PACYET CPEJACTB 3ALLIUTBI
OTHNOPAJKEHUS DJIEKTPUHYECKUM TOKOM

4.1. OcHOBHBIE OHSATHSI M OTIpeJeJIeH s

B 3aBHCHMOCTH OT BHIa JNEKTPOYCTAHOBKH, HOMHHAJILHOIO Harps-
JKEHHS, PEKUMA HEHTpasu, yCaoBUit Cpe/ibl MOMEIICHHS U J0CTYITHOCTH
3MeKTPOOOOPYIOBAHHs TIPUMEHSIOT OMNpE/IENeH bl KOMIUIEKC Heo0Xo-
JAUMBIX 3AIIUTHBIX MEp, OGECHE‘H/IBB'OH.IHX JAOCTaTOYHYIO 6e30macHOCTb.
Tpumenenue 3amMTHBIX Mep pernamenTupyercs Ipasuiamu ycrpoiicTsa
anekrpoycranosok (ITYD) [1].

Paznuyaior a1eKkTpoycTaHoBKH HampsbkeHuem g0 1000 B u Bbime
1000 B; ¢ u3omupoBaHHOii M 3a3eMIICHHOMN HeiiTpaisio. B anexrpoycra-
HOBKax INPUMEHAIOT CJEAYIOLINE TEXHHYECKUE 3aLUMTHLIE MEpLI: 1) 3a-
IMTHOE 3a3eMyieHHe; 2) 3aHyjeHue; 3) BbIDaBHMBaHHE MOTEHIHAJIOB;
4) 3ammTHOE OTKJTIOUEHHE; 5) Majioe HanpskeHne u Jp. [2].

HaubGonee pacnpocTpaHEHHBIMH TEXHHYECKHMH CPEACTBAMH JUTS 3a-
LUTHI JHoAei TIpH TOSABJICHHHM HAMNpPsSOKCHUS HA HETOKOBEAYIUMX 4YacTAX
000py10BaHHs W3-3a MOBPEKICHNS H30JISILMH ABISAIOTCS 3aIMTHOE 3a3eM-
JICHHE U 3aHYJICHHE.

3awpumubim 3a3emienuem Ha3bIBACTCS TPEIHAMEPEHHOE DJIEKTPHYE-
CKO€ COCJMHEHUE C 3eMJiell WM ee HKBUBAJICHTOM METAJUIMYECKHX He-
TOKOBEJIYIIMX yacTeil, KOTOpble MOIYT OKa3aTbCs MOJ HamNpsUKEHHEM.
TpuHimn feiicTBUA — cHIKEHHE 10 Ge30MacHbIX 3HAYEHMH HanpsKeHHiH
MPHKOCHOBEHHS M 1ara, o0yC/IOBJICHHBIX 3aMbIKaHHEM Ha Kopmyc. ITo
JIOCTHTAeTCs yMEHBIIIEHHEM TIOTEHIIHAlIA 3a3eMIICHHOr0 000PY/IOBaHHS, a
TAKKE BBIPABHHBAHWEM TMOTCHIIHAJIOB MYTEM MOJABEMA MOTEHIIHANIA OCHO-
BaHHA, HA KOTOPOM CTOHMT 4€JIOBEK, /10 NMOTEHIMana, OIU3KOrO K TMOTEeHLH~
ajly 3a3’€MJIEHHOro DGOPyHOBaHMﬂA anHLLl/InMa!leaﬂ CXema 3a3eMJICHUs
npeJicTaBieHa Ha puc. 4.1.

3amuTHOE 3a3eMIIeHHE NPUMEHSIOT B CeTsAX HanpsvkenreM 10 1000 B ¢
M30JIMPOBAHHOI HEHTpPAIBIO U B CeTsX HanpsbkenueM cebie 1000 B kak ¢
H30JIMPOBAHHOM, TaK U C 3a3eMJIEHHON HEHTPAIIbIO.

3azemnsiiougee ycmpoticmeo — COBOKYIHOCTD 3a3eMJIMTEIEH, MeTalH-
YECKHUX TPOBOJAHHUKOB, HAXOAALIUXCS B HEMOCPEJACTBEHHOM COINPHUKOCHO-
BEHHMH C 3eMJICH, 1 3a3eMJISIOIIMX MPOBOJHMKOB, COE/IMHSAIOMINX MEKTPO-
YCTaHOBKY C CHCTEMOii 3a3eMIInTeNeH.

Mo pacroNoKeHHIo 3a3eMiIuTeNeli OTHOCHTEILHO 3a3eMIICHHBIX KOP-
IIyCOB 3a3€MJICHUS JCJISAT HA 6bIHOCHbIE U KOHMYPHbIE. B IEpBOM cCity4dae
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3a3eMJIMTEJIM PACTIONAraloTCsi Ha HEKOTOPOM YIAJICHHH OT 3a3eMJISIEMOro
0060pyI0BaHKs, BO BTOPOM — 1O KOHTYPY BOKPYT 3a3eMJICHHOr0 000py/0-
BaHHS Ha HEGOMBIIOM (HECKOIBKO METPOB) PACCTOSHMH APYT OT apyra. B
KauecTBE MCKYCCTBEHHBIX 3a3eMJIMTEJNCH MCIONb3YIOT BEPTHKAIBHO pac-
TMOJIOXKEHHbIE CTEPIKHU U3 YTOJIKOBOI CTAJIM MM CTAJIbHBIX TPYO. 3a3emin-
TeJH COEJMHSAIOT CTABHOI TOJNOCOH, KOTOPYIO NPUBAPHBAIOT K KAKIOMY
3a3eMJINTEII0. 3a3eMIIUTEIH C 3a3eMIIIeMbIM 060pyﬂonanueM COCAUHAIOT
METAJUIMYECKUMHU [TPOBOJAHUKAMH. Conpomueﬂeuue 3aszemaenus, cornac-
Ho ITYD, HOpMUpYeTCs B 3aBHCHMOCTH OT HaNpsKEHHs, peHMa paboThl
HEWTpasn, MOIIIHOCTH M IPYTHX JaHHBIX JI€KTPOYCTAHOBKH.
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Puc. 4.1. Cxema 3aiMTHOTO 3a3eMIICHHS

3anynenuem Ha3pIBACTCS MPETHAMEPEHHOE MEKTPHYECKOE COSTMHEHNE
C HYJIEBBIM 3ALUUTHBIM MPOBOAHUKOM METAIMYECKHX HETOKOBEIYLIMX
yacreif, KOTopble MOTyT OKa3aThbCs MO/ HanpsokeHueM. Llenb 3aHynenus —
obecnedenne GBICTPOro OTKIIOUEHHs YCTAHOBKH OT CETH NPH 3aMbIKAHHH
a3l (wiu das) Ha ee KOPITYC, a TAKKe CHIDKEHHE HATPSDKEHHS HA KOPILy-
ce B aBapUHHBIH nepHojl. DTO J10CTHraeTesl IyTeM NPeBpallleH s 3aMblKa-
HHA Ha KOPITYC B 00HO(A3HOE KOPOMKOe 3aMbiKaHUe C CO3IaHNEM B 3TOM
1IeTH TOKa, 3HAYE€HHE KOTOPOro A0CTAaTOYHO JUTA CpaGaTbIBaHPUI 3alUTHI.
3aHy/ieHHe TPUMEHSAETCA B TPeX(a3HBIX YETHIPEXMPOBOJHBIX CETAX Ha-
npskernem 10 1000 B ¢ miyxosasemnennoii neiirpansio. [lonnas nposo-
JUMOCTB HY1€6020 npoeoda BO BCEX CiIyvasX J0/KHA COCTaBIATH HE Me-
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Hee 50 % OT MpoBOAMMOCTH ¢hasHo20 nposoda. Eciu 511 TpeGoBanus 1mo
KaKHM-J’lHGO TIpUYHHAM HE YIOBJIETBOPAKOTCA, OTKJIKOYEHHE TIPH 3aMbIKa-
HHUH Ha KOpMyC A0DKHO obecneunBarbCs CreUHAIbHBIMH CPEACTBAMHM 3a-
LUTHI, HAPUMEP 3ALIUTHBIM OTKIIOUeHHEM [3].

4.2. PacueT 3alIHTHOIO 3a3eMJICHHUSI

Llemb pacuerta 3a3eMI€HHs — ONpE/IEIeHHE NTapaMeTPOB 3a3eMJISIONIEro
YCTPOJCTBA: YHC/IA M JUTHHBI BEPTUKATBHBIX 2IEMEHTOB (CTepiKkHeit), amu-
Hbl TOPH30HTAJILHBIX IEMEHTOB (COCIMHHTENIBHBIX MOJIOC), M pa3Melie-
HHE 3a3eMJIHTENIell Ha TUIaHe MEeKTPOYCTAHOBKH MCXOS M3 JOTYCTHMBIX
3HAYEHHH CONPOTUBIICHHS M MAKCHMAJILHOTO TTOTEHLINAIA 3a3eMITUTE]Is.

Memoouka pacuema 3au{umno20 3a3emienus

1. OnpezensioT HOPMATHBHOE 3HAYEHHE CONPOTHBJICHUS 3a3eMJICHHS
R,. B anexrpoycraHoBkax Hanpskenuem 10 1000 B conporusienne 3a-
HMTHOTO 3a3eMJIeHHs JIOMKHO ObiTh He Gosnee 4 Om. Ecnn cymmapuas
MOIIHOCTb HCTOYHHKOB (TPaHc(OPMATOPOB, FEHEpPaTOpoOB), IOAKIIOYEH-
HBIX K cetd, He npesbimaer 100 kB-A, conporuieHe I0JDKHO ObITb He
6Gonee 10 Om. B anexrpoycranoBkax HanpsokenneM Bbime 1000 B ¢ Maibiv
TOKOM 3aMbikanus (MeHee 500 A) 10mycKaeTCs CONpPOTHBICHHE 3a3eMiie-
Hust He Gosee 10 OM, a ¢ GosbiuM TOKOM 3aMmbikanus (Gonee 500 A) — He
6onee 0,5 Om.

2. OnpenensioT pacyeTHOe y/esibHOE CONMPOTHBIEHHE IpyHTa pf,l,‘;),
OMM, € y4eTOM KIMMATH4eCKOro Koddduunenta pf,‘::), =Prags W TIE
Pragn — YAETbHOE COMpOTHBIEHHE rpyHTa (Tabn. 4.1); y — kiumaruye-
ckuil koadduunent (tabn. 4.2). [pu onpejeneHuy 3Ha4YeHUs KIMMaTH-
4eckHX Kod(duiuentos u3 abi. 4.2 BEIGUPAIOT BepXHee 3HaueHHe (pH-
mep: 1,8...2,0 — cienyer BeiGpark 2,0), kak HauGosee onacHoe.

Tabruya 4.1

3HavueHNs! YIETLHOTO CONPOTHBJIEHHS! rPYHTOB NpH BaaxuocTn 10 ... 12 %
OT Macchl rpyHTa

Fpyir Vienshoe ((:)c»:znmunneuue, f— Vienshoe t(:)o:ﬁ:’runneuue,
Inna 40 Cynecok 300
CyrnuHok 100 Tlecox 700
Ueprosem 200 CxanmcTsiit 2000
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Tabnuya 4.2
3HaueHHs! KIMMATHYECKOr0 Kodpduumnenta
A5 PA3THYHBIX KAHMATHYECKHX 30H H NIPH3HAKH 30H

Kaumarnueckue 30Hb1

1 11 1 v

Tun 3asemmurens

BeprukasbHeIe CTEPKHH UTHHOI
3 M 1 I1pH rIyGHHE 3a710KeHHA
Hy=05...08 M

15...18 |14..1,6]12...14

l"opmoﬂ-ranbnue TIOJIOCOBBIE 3a3eMIIMTE-
o npn ryGine sanokenns Hy =08m | 45..70 | 35..4,5 |20..2,5]15..20

[pu3HAKK KIHMATHYECKHUX 30H

Cpennsist Temmneparypa sugaps, °C -20...-15 | -14...-10 | -10...0 | 0...5

Cpeansisn emneparypa miors, °C 16...18 | 18..22 [22..24 [24..28

3. Onpe/iensioT CONPOTHBIICHHE OJIMHOYHOTO BEPTHKAIBHOTO 3a3eMIIH-
Tens R, ¢ y4eToM yIeNIbHOTO CONPOTHBIICHHS TPyHTa:

3
R =pl""°" ]n£+l|nﬂ R (4.1)
2, d 2 4H-I,

re d — IMamMeTp CTepikKHs, M;

I}
H=H, +?;3}1er1¢, H, —cm. 1abn. 4.2.

4. YuuThIBas HOPMY CONPOTHBICHUS 3a3eMJICHHS R, ONPE/IENAIOT YHC-
JI0 BEPTUKANBHBIX 3a3eMiInTeNel 6e3 yuera B3auMHOI0 SKpaHHPOBAHMS:

n==%. (42

5. PasvecTuB 3a3eMJIHTE/H HA MJIAHE U 3a1aBIIMCh OTHOIICHHEM 1) pac-
CTOAHHSA MEX/Y OJAWHOYHBIMH 3a3€MJIMTE/IAMH S K ux JAJIHHE lcv onpene-
JISIOT € y4eToM KOd((UIMEHTa HCTIONb30BAHNS BEPTUKANBLHBIX CTEPIKHEH

n
(tabn. 4.3) uncno :]T. OkoHYare/IbHOE YHCIIO 3a3eMIIHTeNell 71, onpe-

o

JIISIOT MCXOZS W3 KOHKPETHBIX YCIOBHI PACTIONOKEHHs 3a3eMIIHTeNeii.

ConpoTuBjieHne 3aseminTeNeil IPHHUMAIOT Ge3 ydyeTa COeTMHHTETbHOI
R,

o
N

nonocel: R, =
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Tabnuya 4.3
3nauenust KodpuuHenTa 1), HCNOJIL30BAHNS BEPTHKAILHBIX 3a3eMaUTeNel

OrHouenie pacctonnia ncro sasemamencii n

MEIKILY 3a3eMIHTEIAMHA 2 4 s 10 2 %0 6 | 100
K MX JUTHHE

3asemnumenu pacnonazaiomes 6 pao
1 0,85 | 0,73 | 0,65 | 0,59 | 048 - - -
2 0,91 | 0,83 | 0,77 | 0,74 | 0,67 - - -

Sasewnumeru pacnonazaiomes no xonmypy
1 - 0,69 | 0,61 | 0,55 | 0,47 | 0,41 | 0,39 | 0,36
2 - 0,78 | 0,73 | 0,68 | 0,63 | 0,58 | 0,55 | 0,52
3 - 0,85 | 0,80 | 0,76 | 0,71 | 0,66 | 0,6 0,62

2

6. Onpe/iensOT CONPOTUBIIEHHE COSMHUTENLHOM MOMOCH R @

b 2
" 2nl, bH,
e [, = 1,05»(7] - l)<S — JUIMHA COeIMHUTEIILHOM MOJIOCHI, M;

b, Hl — COOTBETCTBEHHO WIMPHHA U rny6m—|a 3aJI0)KCHUSA COCAMHUTE] b~
HOI TOJTOCHI, M.

s 4.3)

C yueToM K03 uLMEHTa HCTIONB30BaHUS TIONOCHI 1), (Tabn. 4.4) yTou-

., R
HSAKOT 3Ha4Y€HHUE CONMPOTHBIICHUSA COEIMHUTENLHOM M0JIOCHI: R“ =—=,
Ny

Tabruya 4.4
3nauenus KoddduunenTa 1, HCMOIL30BAHNS TOPH3OHTATLHOI MOIOCHI,
coenHsIOMIeii BEPTHKAIbHbIE 3a3eMIHTeNH

OTHOIIIEHHE PACCTORHHS MEKITY UNCII0 BEPTHKAIBHBIX 3a3eMHTENEH 1
3a3eMITENAMH S K UX JutHe / 2 4 6 10 | 20 | 40 | 60 | 100

Bepmukansnvie sasexument pacnooicensi & pso
1 085]077] 072062042 - | - | -

2 0,94 0,89 | 084 [ 075 056 — | - | -
Bepmuxatoneie 3aseyumen pacnoioxcens no konmypy

1 — J045]040]034]027]022]020]0,19
2 — 1055 048040 032029027023
3 — 1070 0,64 [ 0,56 | 045 0,39 [ 036 | 0,33

7. OnpenensiroT obIIee CONMPOTHBICHHE 3a3eMIISIONIETO YCTPOHCTBA H
COCJJHHHTCIIBHOFI TOJIOCHI:
R= R +R;
R.+R,’
H [POBEPAIOT, COOTBETCTBYET JIH OHO HOPMAaTHBHOMY 3HAYECHHIO R“.

“4)
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3anaua 4.1. CnpoeKTpOBaTh 3alIUTHOE 3a3eMIEHHE 000pYAOBaHMS
naboparopun (JIAB) nnn nonmwxkaromeit noxacranumu (II1) 6/0,4 kB,
OT KOTOpoii nuTaeTcs naGoparopus. 3asemisioliee yCTPOMCTBO 3army-
Gneno: Hy = 0,5 ... 0,8 m. Jlns BepTHKANbHBIX 3a3eMiMTeNei JTHHOM
I, = 2,0 ... 3,5 M ucronb30BaTh CTalbHbIE TPYObl IMAMETPOM He Me-
Hee 25 MM WM YTOJIOK ¢ TIONKOif He MeHee 25 MM. [/ coeTMHUTeNbHOIM
TOJIOCHI HCTIOMB30BATh CTATBHYIO MHHY ceueHneM 40 x 4 Mm. Bapuantst
OCTaJIbHbIX HCXO/IHBIX IAHHBIX PUBEICHBI B Ta0I. 4.5.

TaGnuya 4.5
BapuanTbl HCXOAHBIX AAHHBIX K 3a1a4e 4.1
Hapaverp Konma- Pacnionoxenue
Homep | OGbext Tpanchopmaropa
Bapwana | sauuTst | Moumocts, | Coearierhe | o Tpyur | pepr "KMWM;
BA SBMOTOK" 30Ha 3asemnTeel
1 JIAB 40 NA, 1 Cyrmnok B pan
2 JIAB 100 NA, [ UepHosem B pan
3 [l 630 Y/A, 1 Cynecox | Tlo kontypy
4 JIAB 250 A/A, v Tlecok B psn
5 [Tl 400 Y/A, i} Cyrnok | Tlo koHTypy
6 JIAB 63 Y/A, 1 Tiuna B psan
7 juins 100 AIA, I\ Yepuosem | Ilo koHTypy
8 JIAB 63 Y/A, 1 Tlecok B pax
9 T 160 YA, i Cynecok | Tlo kontypy
10 JIAB 400 A/A, 1 Tnnna B psn
11 T 1000 Y/A, 1T Cyramnok | Tlo kouTypy
2 JIAB 300 AA, v Cynecok B pix
13 i 630 YA, [l Tlecox | Ilo koutypy
14 JIAB 160 AA, I CyrmHok B pan
15 [l 630 Y/A, v Cynecok | Tlo kontypy
16 [l 10 N, [} Yeprosenm | Tlo koHTypy
17 JIAB 250 Y/A, 1l Tanna B pra
18 [ 160 Y/A, 1 Tlecox | 1o kontypy
9 JIAB 63 NA, IV | Ueprosen B pin
20 [l 400 Y/A, 1l Tomna_ | Tlo kontypy
21 JIAB 100 AA, [} CyrnHok B pin
2 T 400 Y/A, 1l Cynecox | Tlo kontypy
23 JIAB 160 AA, 1 Innna B pan
24 1] 630 Y/A, v Tlecox | Tlo kormypy
25 JIAB 400 NA, 1l Cyrmamox B pin

*A ~ coemuenne 0GMOTOK TpaHC(OPMATOPA «TPEYroNbHIK»; Y — COeAHHEHHEe 0GMO-
Tok Tpanchopmaropa «3Be3sia; A, — coenHenne 0GMOTOK TpanchOopMaTopa «Tpeyrosb-
HHK C 3a3eMICHHOI HEHTpabIO.




