PACYET CPEJACTB 3AIIUTHI, OT ITOPA’KEHUA
QJIEKTPUYECKUM TOKOM

OcCHOBHbIE IOHATHSA U onmpeacjacHud

B 3aBucuMOCTH OT BHJA 31EKTPOYCTAHOBKH, HOMUHAJIBHOTO HAINPSKEHUS,
peXuma  HEWTpald, YCJIOBHUM  Cpeibl  IMOMEHIEHUS U JIOCTYIHOCTH
AIEKTPOOOOPYIOBAHUS TMPUMEHSIOT ONPEAEICHHBIA KOMIUIEKC HEOO0XO0IUMBIX
3aIUTHBIX MEpP, O0ECHEeYMBAIOIIMX JOCTATOYHYI0 Oe3omacHOCTh. [IpuMeHeHue
3aIIUTHBIX Mep perjameHtupyercs lIpaBuinamu ycTpoHCTBa 3J€KTPOYCTaHOBOK
(I1Y9) [23].

Pa3zmnuaror snexrpoycranoBku HanpspkeHusm 10 1000 B u Beie 1000 B; ¢
W30JIMPOBAaHHOM W 3a3€MJICHHOW HEWTpaliblo. B 3lIeKTpOoycTaHOBKAaX MPUMEHSIOT
CJIeIYIOIINE TEXHUUECKUE 3alIUTHBIE MEPHI: 1) 3alIMTHOE 3a3eMJIEHUE, 2) 3aHYJICHHE,
3) BbIpaBHUBAHUE OTEHIIMANIOB, 4) 3alIUTHOE OTKIIIOYEHNUE, 5) MAJIO€ HAIPSKEHHUE U
Ap.

Haubonee pacnpocTpaHeHHBIMH TEXHUYECKHUMH CPEICTBAMU JJIsi 3aAIIMUTHI
Jr0AEH MpH MOSIBJICHUN HANPSKEHUS! HA HETOKOBEYILUX YacTsIX 000py10BaHUS U3-
3a MOBPEXKACHUS U30JISILUU SBISIOTCS 3aLUTHOE 3a3€MJICHUE U 3aHYJICHUE.

3alUTHBIM 3a3€MJICHHEM HAa3bIBACTCS IPEAHAMEPEHHOE DSJIEKTPUYECKOE
COEIMHEHHE C 3eMJIE WM €€ SKBHUBAJIEHTOM METaJUIMYECKUX HETOKOBEIYIIHMX
yacTel, KOTOpbIE MOTYT OKa3aTbCi MOJ  HaIpshKeHHEM. be3onacHocTh
oOecreunBaeTcs 3a3eMJIEHUEM KOPITyca CUCTEMOM 3a3eMIIMTENEH, UMEIOIINX MaJloe
CONPOTHUBJIEHUE. 3alIUTHOE 3a3€MJICHUE MPUMEHSIOT B CETSIX HAIPSKEHUEM JI0
1000 B ¢ n301mpoBaHHON HEUTPANBIO U B ceTsAX HamnpsbkeHneM cebime 1000 B kak
C M30JIMPOBAHHOM, TaK M C 3a3eMJICHHOM HeHTpaibio [27].

[Io pacnoyoKEeHNUIO 3a3€MIIMTENEH OTHOCUTENBHO 3a3€MJICHHBIX KOPILYCOB
3a3eMJICHUS JEJIAT Ha BBIHOCHBIE M KOHTYpHBbIE. B mepBoM ciydae 3a3eMiuTeNd
pacroJiararorcsi Ha HEKOTOPOM YJIaJ€eHUU OT 3a3eMIIIeMOro o0OpyAOBaHHs, BO
BTOPOM - MO KOHTYPY BOKPYI 3a3€MJICHHOTO OOOpyAOBaHUSI Ha HEOOJBIIOM
(HECKOJIBKO METPOB) PACCTOSTHUU APYr OT jpyra. B kauecTBe HMCKYCCTBEHHBIX
3a3eMJIUTENEeH UCIOIBb3YIOT BEPTUKAIBHO PACHOJIOKEHHBIE CTEPKHU U3 YTOJIKOBOU
CTQJIA UJTU CTANBHBIX TPYO. 3a3eMIIUTENN COSIUHSIIOT CTATBHON MOJI0COH, KOTOPYIO
OPUBAPUBAIOT K KAKIOMY 3a3€MJIMTENIO. 3a3€MJIMTENH C  3a3€MJISIEMbIM
000py/I0BaHNEM COECTUHSIOT METAITTNYECKUMHU MTPOBOJHUKAMHU.

ConportusiieHus 3a3eMieHus, corinacHo [1YD, HopmupyroTcs B 3aBUCHUMOCTH
OT HaNpPsHKEHMSI JIEKTPOYCTaHOBKU. B anekTpoycTaHoBkax HampsbkeHueM 10 1000
B conpoTuBienue 3azemieHus JOJKHO ObITh He Bbiie 4 OM. Ecnu sxe cymMMmapHas
MOIIHOCTh UCTOYHHUKOB (TpaHC(HOPMATOPOB, FEHEPATOPOB), TOIKIIOYCHHBIX K CETH,
He npebimaer 100 kBA, conporuBieHue M0bkHO ObITh He Oosbmie 10 Om. B
AJIEKTPOYCTaHOBKax HampspkeHueM Bbimie 1000 B ¢ mManbIM TOKOM 3aMbIKaHUS
(menee 500 A) momyckaeTcs CONpOTHBIICHHE 3a3emMieHus He Oosee 10 OMm, a ¢
oosbimM (6osee 500 A) - ve Broite 0,5 Om.

3aHyJneHUEM Ha3bIBAE€TCAd MPEAHAMEPEHHOE JJIEKTPUUYECKOE COEIMHEHUE C
HYJIEBBIM 3aIIUTHBIM TPOBOJHUKOM METAJUIMYECKUX HETOKOBEAYIIUX YaCTEew,



KOTOpbIE MOTYT OKa3aTbCsl MOJ HampsbkeHueM. Llenb 3aHynenuss — obOecrneuuThb
OBICTPOE OTKJIIOYEHUE YCTAHOBKHU OT CETH MPHU 3aMblKaHUM (a3bl (miu ¢da3) Ha ee
KOpIYC, @ TAaK’K€ CHHM3UTh HaIIPSHKEHUE HA KOPIyCE€ B aBapHUilHbIA mepuoa. ITO
JOCTUTAETCS MPEBpPALICHUEM 3aMbIKaHHA Ha KOpPIyC B OJHO(GA3HOE KOPOTKOE
3aMbIKaHUE C CO3/IaHMEM B AITOM LIEMU TOKAa, JOCTaTOYHOTO Ui CpalaThIBaHUSA
3alUThl. 3aHyJEHUE MpPHUMEHsSETCS B Tpex(a3HbIX YETHIPEXIPOBOIHBIX CETIX
HanpspkenueM 10 1000 B ¢ rimyxo3a3emMieHHONW HEUTPabIO.

Cornacio IIYD TOk oaHO(A3HOTO KOPOTKOTO 3aMBIKaHUS JOJDKEH
IPEBBIIIATh HE MEHEE YeM B 3 pa3a HOMHHAJIbHBIM TOK IJIABKOW BCTABKU WJIM TOK
cpabaTbIBaHUsI aBTOMAaTUYECKOTO BBIKIIIOUATENSl C OOpaTHOW 3aBUCUMOM OT TOKa
xapaktepuctukoil. [lpum 3amuTe CceTM aBTOMATHYECKHMMH BBIKIHOYATEISIMH,
UMEIOIIUMH TOJIBKO 3JIEKTPOMArHUTHBIA paclenuTeNb, KO3QPUIMEHT KPaTHOCTU
TOKA BBIKJIIOYATEIEN C HOMUHAIBHBIM TOKOM 10 100 A ciienyeT npuHUMaTh paBHOM
1,4, a nnsa npouux - 1,25. [lonHas mpOBOJAMMOCTH HYJIEBOIO IMPOBOAA BO BCEX
ciydasix AoJbkHa ObITh He MeHee 50 % mpoBoaumoctu ¢azHoro nposoaa. Eciu atu
TpeOOBaHUS MO KAKUM-TUOO MPUYMHAM HE YAOBIETBOPSAIOTCS, OTKIIOUEHUE IpPU
3aMbIKAHHHM Ha KOPIIYC JOJDKHO O00€CTeYMBaThCS CHEIMAIBHBIMU 3allluTaMH,
HaIlPpUMED, 3AIIUTHBIM OTKIOYEHUEM.

PACYET 3AIIMTHOI'O 3ABEMJIEHUA

Llens pacyera 3a3eMiI€HUS] - ONPEACTUTh YHUCIO WU JUIMHY BEPTHKAIBHBIX
AIIEMEHTOB (CTEP>KHEN ), JJTUHY TOPU30HTAILHBIX 3JIEMEHTOB (COSIMHUTENBHBIX MOJIOC)
U Pa3MECTUTh 3a3€MJIMTEIM Ha IUIAHE O3JIEKTPOYCTAaHOBKH HCXOJS W3 3HAYCHUU
JOTMYCTAMBIX COTIPOTHBIICHUS] 1 MAKCHUMAJIBHOTO TTOTEHITHAIIA 3a3eMinTens [27].

PacueTr npoBOAUTCS B CIEAYIOIIEM MOPSIIKE:

1. OmnpenensitoT HOpMY CONpOTUBIEHUs 3a3zemiieHus R, (mo IIYD) B
3aBHCHUMOCTH OT HAIpSKEHHsI, peKUMa pabOThl HEUTpasd, MOUTHOCTU M JIPYTHX
JAHHBIX AJIEKTPOYCTAHOBKH.

2. OnpenensioT pacyeTHOE YAEJIBHOE COINPOTUBJICHUE TIPYHTAa C Y4ETOM
KJIMMAaTHYECKOTO KOA(Q(MUIMEHTA pPpacy = Praoa Y THE  Pragn - YIACIBHOE

CONPOTHBJIEHUE TPpyHTA O TabJ. 7.1; y - KTuMaTudeckuii Ko3pGUIMeHT mo TaodI.
7.2.

Tabnuya 7.1
3Ha4YeHUs yIENbHBIX COMPOTUBIIEHUIA TPYHTOB MpH BiaxkHocTH 10...12 % K macce
IPyHTa
I'pynT Y aenpHoe conpoTuBieHue, OM M I'pynT Y aenpHOE conpoTuBieHue, OM M
['mura 40 Cyrmecok 300
CyrJImHOK 100 ITecok 700
YepHozem 200 CxanucTelii 2000




Tabnuya 1.2
3HaYeHUS KIMMATHIeCKUX KO (MHUITMEHTOB B MPU3HAKHU 30H

Twun 3azemiturens

Kiumarnueckue 30HbI

I 1 I [\
Beprukanbabie cTep:kHU UTHHOM | = 2...3 M 18...2.0 16..18 14..16 12.14
npu rnyoune 3anoxenus Ho =0,5...0,8 m
['opu3oHTaIbHBIE TOJIOCOBBIE 3a3EMIIMTENH MPU 45..7.0 3.5..4.5 20-35 15-20
rinyoune 3anoxenus Ho = 0,8 m

[Tpu3Haky KIMMaTHYECKUX 30H

Cpennsis Temriepatypa ssaBapsi, °C -20....-15 -14...-10 -10...0 0..5
Cpennsia remneparypa utoist, °C 16....18 18...22 22...24 24...28

3. OnpenensitoT CONPOTUBICHUE OAMHOYHOTO BEPTHUKAIBHOTO 3a3€MIIUTENS
R¢ ¢ ydeToM yiensHOTO COTPOTUBIICHUS TPYHTA!

2l 1
(Gt 3in

rae d - nmamerp crepxkus, M; H = Ho +lc/2; |, Hy - cM. Tabm. 34.
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4. YuuTbiBass HOPMY CONPOTHUBJIEHUS 3a3eMJIEHUs Ry, ONpenenstoT 4ucio
BEPTHUKAJIBHBIX 3a3eMIINTENEH O€3 yueTa B3aMMHOTO 3KpaHUPOBAHUS:

R¢

n=— (7.2)

5. Pa3MecTuB 3a3zeMiuTeNnd Ha IUIAHE W 3aJaBIIMNCh OTHOLICHUEM 1)
PacCCTOSHUS MEKIY OJUHOYHBIMH 3a3eMIIUTSIIIMEA S K UX JUTUHE |, ompenensior ¢
y4eToM KO3(P(HUIMCHTa HCIOIb30BaHMS BEPTUKAIBHBIX CcTep)kHer (Tabn. 7.3)
OKOHYATENIbHO WX YHUCJIO N = N/r|; U CONPOTUBIICHUE 3a3eMiHTeNeH - Oe3 ydera
COEIMHUTENIbHOM moj0chkl Rec = R¢ /(N1n.).

Tabnuya 7.3
KoaddurmenTs! HCronp30BaHus 1. BEpTUKAIBHBIX 3a3¢MIIMTEIICH

OTHollreHne pacCToAHUA MCIKAY 3a3CMITUTCIIIMUA Yucno 3a3eMIIUTEIICH 1
K UX JUTHHE 2 | 4] 6 |10]20] 40 60 |100
3azemnumenu pacnojiazcaronmcs Gpﬂ()
1 0,85/0,73]0,65[0,59|0,48| - - -
2 0,91/0,83]0,77/0,74/0,67| - - -
Razemaumenu pacnojiazcaromcs no KORmypy
1 - 10,69/0,61/0,55/0,47/0,41/0,39|0,36
2 - 10,78/0,73/0,68/0,63|0,58|0,55|0,52
3 - 10,85/0,80/0,76]0,71/0,66|0,64|0,62
1. OnpenensaoT CONPOTUBICHUE COEAMHUTEIBLHOM MOIOCHI:
_ Ppaca 212
Ry =2 (In2r) (7.3)

rae |, =1,05(n; - 1)S - nmuHa coeTMHUTENBHOM MOJIOCKL; D, A1 - MupHHA U NTyOnHA
3aJI0YKCHHS TTOJIOCHI.



C ydyeTom K03 puIiueHTa UCIIOIH30BAHUS TTOJIOCHI 1, (TabJ1. 7.4) yTOUHSIOT

R, =—
M
2. Onpegensitor  o01ee  CONPOTHBIIEHHWE  3a3€MJISIIOIIETO  YCTPOMCTBA U

COEIMHSBIIIEN ITOJIOCHI:
_ R cc*R1\1

i (7.4)
U TIPOBEPSIIOT, COOTBETCTBYET JIM OHO HOPMATUBHOMY 3Hau€HUIO R,
Tabnuya 7.4
KoaddurmenTs HCIOIB30BaHUS 1), TOPU3OHTAIBHOM MOJIOCHI,
COEJIMHSIONIEH BEPTUKAJIBHBIEC 3a3€MIIUTEIIH
OTHOIIEHHE PACCTOSHUS MEXKY 3a3EMIUTEIIMU Uucio BEpTUKAJIBHBIX 3836 MIIMTEIIEH 71
K HX JUTHHE 2] 4 | 6 ]10]20 ] 40]60] 100
BepmuKaﬂbel@ sasemaumenu pacnoiazcaromci epﬂ()
1 0,85/ 0,77 |0,72|0,62|0,42| - - -
2 0941 0,89 /10,84|0,75/0,56| - - -
Bepmukaﬂbele sazemaumenu pacnojacaromci no KOkmypy
1 - 1045 /0,40|0,34|0,27]0,22 |0,20| 0,19
2 - 10,550,48/0,40]0,32|0,290,27| 0,23
3 - 10,70 /0,64|0,56/0,45]0,39/0,36] 0,33

3aaHue HA MPAKTHYECKYI0 padoTy
no teMe «Pac4yer pe3snHOMeTANIMYECKHNX BUOPOU30JIATOPOB»

CrpoekTupoBaTh 3allIUTHOE 3a3eMiieHne 00opyaoBanus iaboparopun (JIAB)
nu moHmkaroriei nojacranmuu (I1111) 6/0,4 kB, oT koTopoii nuraercs madopaTopus.
3azemisitoniee  yctponctBo 3ariyoneno: Ho = 0,5...0,8 m. Jlna BepTHKaIbHBIX
3azemuureneit auuHoH | = 2,0...3,5 M HCIoNb30BaTh CTabHBIE TPYOBI AHAMETPOM
HE MEHee 25 MM WJIM YroJIOK C MOJKOM He mMeHee 25 mM. Jljig coequHuTeNnbHON
II0JIOCHI UCIIOJIb30BaTh CTANBHYIO IIMHY ceueHneM 40x4 MM. BapraHThl ocTanbHBIX
HCXOJIHBIC JTAHHBIX TTPUBEJICHBI B Ta0J. 7.5.

IMopsaok BeINOJTHEHUS] pa0OTHI

1. O3HaKOMUTBCA C METOJIUKOM pacueTa

2. BriOpaTh 1 3anucaTh B OTYET UCXOJIHBIC TaHHBIC BapuaHTa (cM. Tab. 7.5)
3. Paccunrarh mapamMeTpsl 3alIUTHOTO 3a3E€MIICHHUSI.

4. TTocTpouTh cXeMy PacIiOIOKEHHS 3a3€MITUTENEH.

5. IloanucaTs OTYET U CIATH MPENOJABATENIO.




Bapuanmul 3a0anuii
K npaKkmu4ecKkoil padome no meme
«Pacuem 3auwgummnozo 3azemnenun»

Tabnuya 1.5
[TapameTpsl Tpanchopmaropa Kimmmaru Pacnonoxxenne
o | OOBEKT
pap. | samThi | MommocTs, KBA Coenunenue qyeckas I'pynT BEPTHKATBHBIX
00MOTOK 30Ha 3a3eMIInTeNnen
1 JIAb 40 A/Ax | CyrauHok B psn
2 JIAB 100 A/Ay 11 UepHozem Bpsin
3 I11 630 Y/Au I Cynecok [To xoHTYpY
4 JIAB 250 A/Ay v Tlecox Bpsin
5 I1I1 400 YIAy 11 CyriMHOK ITo KoHTYpY
6 JIAB 63 Y/Ax | T'muaa Bpsin
7 I111 100 A/Ay v UepHozem ITo koHTYpY
8 JIADB 63 Y/Ax I ITecoxk Bpsin
9 I11 160 Y/Au I Cynecok ITo xoHTYpY
10 JIAB 400 A/Ay 11 I'muua Bpsin
11 I11 1000 YIAu I CyrimHOK ITo xoHTYpY
12 JIAB 300 A/Ay v Cymnecok Bpsin
13 I1I1 630 YIAy 11 ITecok ITo KoHTYpY
14 | JIAB 160 A/Ax | CyrauHok B psn
15 I1I1 630 YIAy [\ Cyrmecok ITo KoHTYpY
16 I1I1 40 A/Ax Il YepHo3em [lo koHTYpY
17 JIADB 250 Y/Ax | I'nuna B psin
18 I1I1 160 YIAy I ITecok ITo KoHTYpY
19 | JIAB 63 A/Ax [\ YepHozem B psn
20 I1I1 400 YIAy I ['muHa ITo KoHTYpY
21 JIAB 100 A/Ay 11 CyrJIMHOK B psin
22 I1I1 400 YIAu I Cymecok [To KoHTYpPY
23 JIAB 160 A/Ay | I'muua B psin
24 I11 630 YIAu \Y/ [Mecox [To xoHTYpY
25 | JIAB 400 A/Ax 1 CyrauHok B psn
26 I1I1 1000 YIAy [\ CyrimHOK ITo KoHTYpY
27 I11 300 YIAu I Cynecok [To xoHTYpY
28 JIAB 630 A/Ay 11 UepHozem B psin
29 I1I1 160 YIAy I ['muHa ITo KoHTYpY
30 JIAB 630 A/Ax | T'muua B psin




