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HPEANCJIOBHUE

bezaBapuiinas paboTa 37E€KTPOYyCTaHOBOK MTPOMBIIIICHHBIX TPEITPUSITHIA
o0ecreynBaeTcsl BhIMOJIHEHNEM KOMIUIEKCAa OPraHU3allMOHHBIX M TEXHUYECKUX
MeponpusITHil. BaxkHOE MECTO cpenyd HUX 3aHMMaeT 3aluTa OOBEKTOB OT
IIPSIMOTO Y HETIPSMOT'O BO3JEHCTBUS I'PO3OBBIX pa3psAloB. B HacTosmee Bpems
npobiaemMa MOJTHHUE3ALIUTHI U 3alIUThl OT MEPEeHANPSIKEHU MPHOOpPETaeT BCe
OOJBILIYI0 AaKTyaldbHOCTh B CBSI3W C TE€M, YTO B OJJIEKTPUYECKUX CETAX
BO3pacTaeT KOJMYECTBO TMOTpeOUTENIel, YYBCTBUTEIBHBIX K HMITYJIbCaM
NEPEeHANPSHKEHU M AJIEKTPOMAarHMTHBIM ToMexaMm. besyrpeunas pabora
MOJIHME3ALIUThl JIOCTUTAeTCsl MPU JETAIbHOM MpopaboTKe M pealu3aluu
CUCTEM BHEIIHEW MW BHYTPEHHEW 3amuThl. Maiieiiiiee OTKIOHEHUE B
KOOPJIMHALIMK 3TUX CUCTEM MOXKET CTaTh MPUYNHON BOBHMKHOBEHUS OIACHBIX
NEPEHAIPSHKEHUI M AJIEKTPOMArHUTHBIX TOMEX, MNPUBOASIIMX K CcOOI0 B
paboTe 000pyIOBaHMS WU BBIXOY €T0 U3 CTPOS.

B nmanHOM mocoOuMM M3J70XKEHBl OCHOBHBIE NPUHIUIBI pa3paboTKu
BHEIIHEM W BHYTPEHHEM CHUCTEM MOJHHUE3ALIUTBl M  3allUTBl  OT
[IEPEHAIPSKEHUM  DJIEKTPOYCTAHOBOK — IPOMBIIIJIEHHBIX — MPEANPUATHH.
[Tocobue comep HUT YeThIpe TIaBbl, B KOTOPHIX PACKPBIBAIOTCS BOIPOCHI,
paccMaTpuBaeMble CTYIEHTAaMHU B BBIMYCKHBIX KBaJHU(UKAIMOHHBIX paboTax
no crneruaibHocTu 140211 "DnexkTpocHabkeHue" nMpu BHITIOJIHEHUU pas3jena
"Monnaue3anmTa". [7aBel CONPOBOXKIAIOTCS OOLIMPHBIM — CHPABOYHBIM
MaTeprUaioM U KOHKPETHBIMHU ITPUMEPAMH, TOMOTAIOIIUMU CAMOCTOSITEIBHO
pa3o0paTbcsi BO BCEX TOHKOCTSAX pa3padarbiBaeMbix TeM. Kpome BompocoB
MPOECKTUPOBAHUSI MOJIHME3AIIUTHI U 3aLIUTHI OT MEPEHAINPSIKEHUN B TOCOOUHU
paccMaTpUBaEeTCA JHUArHOCTUKA COCTOSIHUS 3a3€MIISIIOLIMX YCTPOWCTB U
MOJIHME3AIIUTHI KaK OJHO U3 MEPOIPUATUNA HAJIEKHON 1 Oe30macHoi paboThl
3JIEKTPOYCTAHOBOK U MOTpeOUTENCH.

[Tockonmbky TmoOcoOMEe mpenHa3HAYeHO HJig Yy4YeOHBIX IIeNiei, He
IIPECTABIAETCS BO3MOKHBIM BCIOAY 1aBaTh CCHUIKHA Ha IIEPBOMCTOYHUKH. B
OCHOBHOM CIIPaBOYHBIM MaTepuana 3auMCcTBOBaH u3 [1-6], a Takxke wu3
uH(OPMAIIMOHHO-CIIpaBoUHOTO  m3AaHus "HoBoctu  DneKTpoTeXHHUKH"
(www.news.elteh.ru). Pasnen, mocBsimeHHBIH BBHIOOPY M OKCIUTyaTalllu
HEJIMHEWHBIX OIPaHUYUTENICN IEepEHAIPSKEHUN, MOATOTOBJIECH HAa OCHOBE
[7, 8]. Ilo BompocaM, KOTOpPBIE H3JI0KEHBI TOJIBKO YaCTUYHO, MO TEKCTY
JTAFOTCS CCBUIKM HAa COOTBETCTBYIOLIYIO JIUTEPATYPY.

VYuebHoe nocobue npeaHa3HaueHo IS CTYACHTOB JIEKTPOIHEPreTUIECKUX
CHEIMAIBHOCTEN DJIEKTPOTEXHUYECKOro nuctutyta TITY.



BBEJAEHHUE

OO0mue mosoxkenusi. HanpsoxeHue, JUIMTENIbHOE TPUIIOKEHUE KOTOPOTO
6e30macHO ISl 3JIEKTPOOOOPYI0BaHUS, HA3bIBAETCA HAWOOJBIIUM PaboYuM
HanpsoKeHueM CeTU  Uyus pas.. 110BbIIEHMA HanpsukeHUS CBEPX  Uluus pas.
Ha3bIBAIOTCS NEPEHAIPSIKEHUSIMU.

[lepenanpspkeHuss TOAPA3AEISAIOTCS Ha Tpo3oBblie (aTMochepHbEe) U
BHYTPEHHHUE.

I'po30BpIE TEpEHANPSIKEHHUS]T BO3HUKAKOT IpU  yAApe MOJHUU B
ANIEKTPOYCTAHOBKY (TIEpEHAIPSDKEHUST MPSIMOTO yjaapa) Wiu BOJIU3M HEE B
3eMiit0  (MHAYUHMpPOBaHHbIE). JIJIMTEIBHOCTh T'PO30BBIX MEPEHAPSIKEHUN —
okono 100 wmkc. HMIynbCHOE HampshKEHHE IIPpU  yJape MOJIHHM B
AIEKTPOYCTAHOBKY ONPEAEISIETCS MapaMeTpaMu MOJIHUU, T€OMETPUUECKUMHU
U KOHCTPYKIMOHHBIMH OCOOEHHOCTSIMH OOBEKTa, PEKUMOM HEWTpaiu u
BEJIMYMHOM  CONPOTUBIECHUS 3a3eMiIeHMs. B anexkrpuyeckux — cersax
noTpeduTeNel KpomMe MOpaKEHUS MOJHUEH CaMOW CeTH Ha BEIUYHUHY
UMITYJIbCHOTO HAIIPSDKEHUST MOTYT OKa3blBaTh BIUSHUE OTPAXKEHUS U
IPEJIOMJIEHUS] B HEM IPO30BBIX UMIYJbCOB. [lapameTpbl nMiysbca TOKa npu
IPO30BOM pa3psae SABISIIOTCS CIYyYaMHOM BEIIMYMHOM U 3aBUCAT OT CKOPOCTH
pocTa TIUVIABHOTO paspsfa W DSKBHUBAJCHTHOI'O CONPOTHBIICHUS KaHaja
MoJHuu [4, 9].

BHyTpeHHME TepeHanpsHKEHUS  pa3feiIOTCd Ha  PE30HAHCHBIE,
BO3HUKAIOIIME B  PE3yJbTaT€  MU3MEHEHHUS  COOTHOLIEHUH  MEXKIY
WHIYKTUBHOCTSIMU M €MKOCTSIMU LENMU NpU HEOJAronpusiTHOM COYETaHUU
CXEMBI, MMApAMETPOB U PEXKHMA CETH, U KOMMYTALMOHHBIE, BO3HUKAIOIIHE
IIPU PA3JIMYHBIX HOPMAJIbHBIX U ABAPUHHBIX KOMMYTAIUAX U TIOBPEXKICHUSX.
Pe3oHaHCHbIE TIEpEHAIpPSIKEHUS] MOTYT CYIIECTBOBATh JUIMTENBHO, [0
WU3MEHEHUS CXEMBbI UM pexxrma. KoMMyTallMOHHbIE UMEIOT ITIUTENBHOCTD OT
HECKOJIBKHX TBICSIYHBIX JO HECKOJBKMX COTBIX JOJE€d CeKyHabl. B
NEKTPUYECKUX ceTaXx 6-35 kB MakcuManpHble YpPOBHM BHYTPEHHHX
NepeHanpsHLKEHU MMEI0T MECTO MPU KOMMYTALMM HArpy3Kd BaKyyMHBIMU
BBIKJITOYATeNsIMH (10 7 Uy), a TaKKe MIPH OTKIIOYEHUH JIEKTPOJIBUTATENCH U
HEHArpyXeHHBIX TpaHCPOPMATOpoB (10 6 Uy).

3ammra OT MEpeHaNps KEHUHM  BKIOYAaeT B  ce0s  KOMILIEKC
MEpONPUATUNA,  OrPAaHUYMBAIOIIMX  [EpPEHANpsDKEeHUsT  [pU  Tpo3e,
KOMMYTAalUsAX M TOBPEXKIEHUSAX JO YpOBHA, 0O€30macHOro s padoThl
ANEKTPUYECKON M30JSUUM M YYBCTBUTENBHBIX K 3JEKTPOMATHUTHBIM
nomexaMm mnotpedureneii. B KOMIUIEKC BXOJUT YCTaHOBKA MOJHHEOTBOJIOB
(CTep>HEBBIX M TPOCOBBIX) M CO3/IaHME BHYTpEHHEW (IIpu HEOOXOJIMMOCTH
MHOTOCTYII€HYAaTOM) CHCTEMbl 3alUThI OOBEKTAa OT 3IIEKTPOMArHUTHBIX
[IOMEX MPaBUJIbHBIM BBIIIOJHEHUEM 3a3€MJICHHs, BBIOOPOM 3alIUTHBIX
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YCTPOMCTB M MeCT uX ycTaHOBKH. C 11e51bi0 0OecrieueHust HaJeKHON 3aIUThI
ANEKTPOYCTAHOBOK OT TMPSAMBIX M HEOPSMBIX BO3JIECUCTBUNA TI'PO30BBIX
pa3ps0OB BCE DJIEMEHTHl BHEIIHEW MOJIHME3AUIUThl COIVIACYIOTCS €
BHYTPEHHHUMHU.

OCHOBHBIMH amnmaparamu JJis 3alllUThl OT MEPEHANPSHKEHUN SIBISIOTCS
HEJIMHEHHbIE OrPaHUYUTENM NEepeHanpssKeHud, BeHTWwIbHble (PB) wu
TpyOuateie (PT) paspsanuku. JIONONHUTENBHO B psle  Cily4aeB
UCIIOJIB3YIOTCSl IIYHTUPYIOUIUE PEAKTOPHI, MPOrpaMMUPYEMble KOMMYTAaLIUH,
MPEABKIIIOYAEMBIE PE3UCTOPBI B BBIKIIIOUATEIAX, a TAKXKE peJeiHas 3aliura
OT TMOBBILICHWM HanpspkeHus. B cersax Hampsbkennem a0 1000 B
NPUMEHSIOTCS  CHEHalbHbIE yCTPOMCTBAa 3allUTBl  OT  HMITYJIbCHBIX
nepeHanpsKeHU Ha OCHOBE Pa3psIIHUKOB W/WITH HEJTMHEWHBIX 3JIEMEHTOB.

HopMmaTuBHBIE [JOKYMEHTbI /JI1 BBINOJHEHHUS 3alIUTHI  OT
nepeHanpsekeHuii. MexayHapoaHoit OiekTporexHuuecko Komuccueit
(MDBK) pa3paboTanbl CTaHIAPTHI, B KOTOPHIX M3JI0KCHBI MPUHIIUIIBI 3AIUTHI
3MaHUA W COOPY)KEHUW JIO0OTO Ha3HAYCHHWS OT NEPEeHANPSKCHUM,
MO3BOJIAIOIIME TPAMOTHO MPOEKTHUPOBATh CTPOUTEIbHBIE KOHCTPYKUUU H
CHCTEMbI MOJHHE3AIIUTHl 00bEKTa, pallMOHATILHO pa3MeniaTb 000pyJ0BaHHE
Y IIPOKJIaJbIBaTh KOMMYHUKAMKU. K HUIM OTHOCATCS CleAyIOINEe CTaHAAPThI:

e [EC-61024-1 (1990-04): "MoJiHnE3anmTa CTPOUTEIIbHBIX
KOHCTpyKIui. Yacts 1. OCHOBHBIE NPUHIUIIBI".

e [EC-61024-1-1 (1993-09): "MonHue3amura  CTPOUTEIBHBIX
koHcTpykiui. Yacte 1. OcHoBHbie TpuHIUNBL PykoBoactBo A: Bribop
YPOBHEM 3aIMUTHI 1JIsI MOJTHUE3AIUTHBIX CUCTEM".

e [EC-61312-1 (1995-05): "3amura OT 37€KTPOMarHUTHOTO UMITYJIbCa
MoaHuU. Hacts 1. OCHOBHBIE TPUHIIUIIBL".

B Poccum Ha cerogHsmHuM aeHbr B3amen PJI 34.21.122-87
"MHCTpyKIIMST TO YCTPOMCTBY MOJIHUE3AIIUTH 3JaHUM U COOPYKEHUN"
YTBEPKIAEHA W BHECEHA B pPEECTp ACHUCTBYIOIIMX B DJIJIEKTPOIHEPIETHUKE
JOKYMEHTOB "MHCTpyKUMs 1O YCTPOMCTBY MOJIHME3AIIUTHI 3JaHUMH,
COOPY’)KEHUH U MPOMBINUICHHbIX KoMMyHuKanuii" CO-153-34.21.122-2003
(yrBepknena mnpukazom Munsnepro Poccum ot 30.06.2004 r. Ne280). B
OCHOBE HOBOW HMHCTPYKLUHUHM — TIE€pPEUHCIIEHHbIE Bblle cTaHaaptel MOK,
OJJHAaKO B HEe HE BOlIeN psa TpeOOBaHMUN, B TOM 4YHCIE K CHCTEMaM
MOJIHME3alIUThl  B3pPBIBOONACHBIX  00BEKTOB. llpuHsATO pemeHue o
IIOCTENIEHHOM M3JaHUM METOJAMYECKUX PEKOMEHJALMI IO BOIpOCaM, HeE
PAaCCMOTPEHHBIM B HACTOSLIEH MHCTPYKIMH, B YACTHOCTH, 110 BEIOOPY CXEM U
THTIOB YCTPOWCTB 3AIIMTHI OT MMIYJIbCHBIX NEPEHANPSKEHUNW I KaKIO0U
KOHKPETHOM JJIEKTPOyCTaHOBKM. B cnencrBum 3toro I'ocanepronagzopom
PEKOMEHJIOBAaHO OJIHOBPEMEHHO MOJIb30BAThCS KaK ATUM JIOKYMEHTOM, TaK U
crapeim PJ1 34.21.122-87.



1. SBAIIMTA OBBEKTOB 3JIEKTPOSHEPI'ETUKHA OT ITPAMBIX
YIAPOB MOJIHUAN

1.1. OcHOBHBIE XapPAKTEPUCTUKH PA3PAIa MOJHUHA

NHTEeHCUBHOCTh TpPO30BOM JEATEIBHOCTU XapaKTepU3yeTCs YHUCIOM
I'PO30BBIX YacOB 7 WM TPO30BBIX aHe n” B romy (n=1,5 n’). Kapra
IPO30BOM JIESITEILHOCTH HA TeppuTopun Poccum, npuseneHa B [2, 6].

YHCT0 yAapoB MOTHHM B | KM’ IOBEPXHOCTH 3eMIH COCTABISCT B
cpeanem 0,067 3a oauH rpo30BOIL Hac.

Yucno ymapoB MOJTHUU B OTJICIBHO CTOSIIIMN MOJIHHEOTBOJI BEICOTOM /1,
M, PaBHO:

N =1,5nnh*-107°, (1.1)
Yucno yaapoB MOJHUM B TOJ B JIMHUIO 3JIEKTpONepeNadd IJIUHHOM /,
KM, CO CPEJJHEH BBICOTOM ITOJIBECA BEPXHETO NPOBOAA MU TPOCa /gy, M:
N =4nh,1-107". (1.2)
B tabnune 1.1 mpuBeaeHbl HEKOTOPBIE MapaMeTpbl pa3psa0B MOJHUU
JUUIA paBHHHHOfI MCCTHOCTU.

Tabmanma 1.1
[TapameTpsrl pa3psi0B MOJTHUU
Haubonee yacto | 3apeructpupoBaHHOE 3HAYCHHE
[TapameTpsl BCTpEYAIOLIHECs
3HAYECHUS HauOoJIbIIIEE HauMEHBIIIEEe
0 80% oTpuria-
[TonspHOCTB A o OTPHHL — —
TeNbHAs
Toku MOTHUH (AMIUTHTYAHBIE 3HA-
YEeHUS ), 3aPETUCTPUPOBAHHBIC B 1o 20 200-300 0,5
ornopax, KA
3apsia, nepeHocuMbIid MoHuer, K no 20 100 0,5
JIATEIHLHOCTH UMITYJIBLCA TOKA
A Y 10-30 100 wmenee 10
MOJIHHH, MKC
JIATEIHLHOCTE (PPOHTA UMITYILCA
A bp y 1,5-10 80-90 menee |
TOKA MOJIHUH, MKC
KpyTtusna ¢pponra uMmoyiabca TOKa
by bp Y 5000 50 000 —
MOJIHHAH, A/MKC
KonuyecTBO MMIyJIbCOB B paspsjie 2-3 20 1
ITpomomkuTeNLHOCTE pa3psaaa
PO paspin 0,2-0,6 1,33 —
MOJIHHH, C




B ropHoOil MECTHOCTH W3-3a COKpAILEHUS PACCTOSHUS OT 3€MJIM [0
00JIaKOB aMIUTUTY/IHbIE 3HAYEHUS TOKOB MOJHHUU YMEHBUIAIOTCS NMPUMEPHO B
JiBa pa3a. MoJIHUM BO3HUKAIOT IIPY MEHBIINX CKOIJICHUSAX 3apsI0B B OOJaKax.

JUIMTensHOCTh TOKa MOJHHHM B OonbiiuHCTBE pazpsgoB 20-100 mkc,
CpeaHsisl JUIMTEIbHOCTD O1n3Ka K 50 MKcC.

Oxkono 80% pa3psaoB MOJHMM HMMEET OTPULATENBHYIO IOJSPHOCTb.
3apsi, nepeHocumblil mosaueit, — 1o 100 K, B cpeanem — 20 K.

BeposiTHOCTHOE  pacnpesieieHHe aMIUIMTYJHbIX 3HAYE€HUH TOKOB
MonHuM npuBeneHo Ha puc. 1.1. o 40% Bcex pa3psaoB UMEOT TOKH C
aMIUIUTYIHBIMU 3Ha4YeHUAMU MeHble 20 KA. BeposSTHOCTH TOro, 4TO
aMIUIUTYJa TOKa MOJIHUU paBHA WM Oonbuie [, anga mectHoctei 10 500 m
HaJl YPOBHEM MOps, OlIEHUBaeTcs 1o hopmyie:

iy
IgP, = %0. (1.3)

KpyTtusna pponTa ummnysbca Toka MOJTHUM BIUSET Ha MEPEHANPSKEHNUS,
BO3HUKAIOLIME B DIJIEKTpOycTaHOBKax. (OHa W3MEHSETCd B IIMPOKUX
npenenax. Mwmeer cnabyro TEHACHIMIO BO3pacTaTh MPU YBEIUYCHUU
aMIUIMTYAHOTO 3Ha4YeHuss Toka MonHuu. Ha puc. 1.2 nokazaHo
BEPOSITHOCTHOE pacrpe/iefieHne KpyTu3H (ppoHTa MMITyJIbCa TOKAa MOJHUH.
BeposTHOCTh TOKa MOJIHMM C KPYTU3HOW (poHTa, mnpeBbimaromeii 7,

KA/MKc, olleHuBaeTcs o ¢hopmyiie:

_]’
lgP, = 46 (1.4)
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[IponeHT TOKOB MOJIHUH, ITPEBbI-

IT HT KPYTU3H HTa UMIIYJIb
[IAOMINX 3HAYECHUE, YKA3aHHOE poue pyTH3H QpoHTa yibca

TOKa MOJIHUH, ITPCBBIIIAOIINX

OpAVHATOU .
3Ha4Y€HUE, yKa3aHHOE OpINHATOM
Puc. 1.1. BepoaraoctHoe pacnpenene-  Puc. 1.2. BepositHocTHOE pactipenene-
HUE TOKOB MOJIHUM. HUE KpPyTH3H (PPOHTA UMITYJIbCA TOKA

MOJIHUM: 1 — 1)1 paBHUHHBIX paiiOHOB; 2 —
JUISl TOPHBIX PAOHOB.



BeposiTHOCTH MTpOphIBa MOJTHUU Y€Pe3 TPOCOBYIO 3AIIUTY OMpenesseTcs

dbopmyoii:
NY/
9(‘;” -4, (1.5)

rae h,, — NOJHas BBICOTA OMOPBI, M; Ol — YT'OJI 3alIUThl KpailHEro npoBoja,
rpa.

BepoarHocTh mepexoia HUMITYJIBCHOTO TEPEHANPSIKEHUS B CHIIOBYIO
YTy 1| 3aBUCUT OT CPEAHEr0 I'paJueHTa pabovyero HanpsyKeHUs BAOJIb MYTH

nepekpeitust £, =U / [ u onpenensercs GOpMyIION:

IgP, =a

¥, =(1,6E, —6)-107. (1.6)

Jns Bo3nymHbix jauHuM (BJI) ¢ 3a3emiieHHON TOYKOW moABeca
rupassHapl MokHO npuHATE W, = 0,7 g BJI mo 220 xB BKIIOYMTENBHO H
W, =1 nna BJI 330 kB u Bol11IE.

1.2. MeponpusiTusi 0 rPO303a1MTE BO3AYIIHBIX JUHHUI
3JIEKTponepeaayu

HanexHocts rpo3zo3amutsl BJI oOecrieunBaercs:

® [10JIBECKOM I'PO303aIUTHBIX TPOCOB C yriiamu 3amuthl 20-30°;

® CHIKCHUEM UMITYJIbCHOTO COMPOTUBIICHUS 3a3€MJICHUS OTOP;

® MOBBIICHUEM HUMIYJbCHOW NPOYHOCTH H3OJSAIUU JIMHUK U
CHU)KEHHEM BEPOSITHOCTH YCTAHOBJICHUSI CHJIOBOM JOyrd (B YaCTHOCTH,
MCIIOJIb30BaHUEM JIEPEBSIHHBIX TPABEPC U OIOD);

® [PUMEHEHUWEM M30JUMPOBAHHOW HEUTpaM WM  Jyroracsen
KaTYIKU;

e ucnonb3oBanueMm AlIB nunwmii.

IIppuMenenne rpo303alMTHBIX TpocoB Ha JuHHUIX 6-500 xB He
Tpedyercs:

e g Bcex BJI nanpsbkenuem 1o 35 kB;

e g uHui 110 kB Ha iepeBIHHBIX OMOpax;

® B paliOHax ¢ YUCJIOM I'PO30BBIX 4aCOB B rony MeHee 20;

® Ha OTJENbHBIX yuacTkax BJI ¢ yJnenbHBIM CONPOTUBIECHUEM TPYHTOB
6onee 10° Om-M;

® Ha y4YacTKax Tpacchl C PACYETHOM TOJIIMHOM CTEHKH TOJ0JIea
oonee 20 mm.

JIOMOMHUTENBHBIX ~ MEP  3allUThl  HAa  BO3AYIIHBIX  JIMHUSIX
aNeKTponepeaaduu TpeOyroT:

e nepeceuenus BJI mexny coboii (PT, P3 ¢ AIIB);
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e nepeceueHuss BJI ¢ nUHUSAMM CBSI3U, TpaMBallHbIMU JIMHUSIMHU H
JUHUSMU deKTpoduimpoBannbix xene3nbix nopor (PT, P3 ¢ AIIB);

e onopsl BJI co cHmkeHHOM 2nekTpudeckoit mpounoctoio (PT, PB);

® BHICOKHME OINOPBbl TEPEXOAHBIX TMPOJIETOB (TPOCHI, CHIDKEHHE
COTNPOTUBJICHUH 3a3eMiieHus, ycuiienue uzomsaiuu, PT, PB);

® OTBETBJICHUS K IMOACTAaHUMSIM Ha OTHNAWKaX M CEKUUOHUPYIOILIUE
pazbenMHUTENN Ha TUHUAX (Tpockl, PT, PB);

e kabenpHBIC BCTaBKH Ha Bo3AymHbIX JuHUAX (PT, PB);

1.3. 3amura noACTAHUMH OT NPAMBIX YAaPOB MOJHHH

1.3.1. O01mue noJIoKeHus

OTKpBITBIE pacOpeleUTeNbHbIE YCTPOUCTBA U OTKPBITHIE MOACTAaHIIUU
20-500 kB momkHBI OBITH 3aIUIIEHBI OT MPAMBIX yaapoB moiuuu (ITYM).
Jlommyckaercs He 3a1MIIaTh:

e noacranumu 20 m 35 kB c¢ TpaHchopmaTopamMu eIMHUYHON
MOITHOCTBIO 1,6 MBA u MeHee HE3aBHCHMO OT YHCJIAa T'PO30BBIX YacOB B
rony;

e OPVY u noacranuuu 20 u 35 kB B palioHax ¢ YUCIOM I'PO30BBIX YAaCOB
B rozty He Oosee 20);

e OPVY u noacranuuu 220 kB 1 HUke Ha MII0IIAaIKaX C SKBUBAJIECHTHBIM
YIIeIBHBIM COIPOTHBICHHEM 3eMJIH P B IPO30BOil ce30H Gonee 2-10° Om-M
MIPU YKCIIE TPO30BBIX YacoB B Toy He Ooiee 20.

3nanus 3PY u 3aKkpbIThIX NOACTAHIMHN CIEIYET 3allUIIaTh OT MPSIMBIX
yAapOB MOJIHMH B paiilOHAX C YUCIIOM I'PO30BBIX YacoB Ooiee 20.

3amuty 3aaHuid 3PY M 3aKpBITBIX  MOJCTAaHIUM, HWMEIOUIUX
METaJUIMYECKHE TIOKPBHITUS KPOBJIM WM HKEJIe300€TOHHBIE HECYIIUe
KOHCTPYKIIUU KPOBIIM, CJEAYET BBIMOJHSITH 3a3€MJICHUEM JTUX MOKPBITHIM
(xoHCTpyKUMiT). Jlns 3ammTsl 30aHuil 3PY U 3aKpbITHIX NOACTaHLINN, KpbIIIa
KOTOPBIX HE UMEET METAJUIMYECKUX WM KeJIe300€TOHHBIX MOKPBITHI OO
HECYIIUX KOHCTPYKIIMH WM HE MOXET OBbITh 3a3eMJIeHa, CIeayeT
YCTaHABJIMBATh CTEPKHEBBIC MOJIHUEOTBOJBI WJIM MOJHUENPUEMHBIE CETKHU
HETIOCPEJICTBEHHO Ha KPBIILIE 31aHUM.

MeponpusiTus no 3anure 00beKTOB nojcranuuii ot IIYM npuBeneHsl B
Tabnuie 1.2, a MECTO U YCJIOBHUSI YCTAHOBKHU CTEPKHEBBIX MOJIHUEOTBOJIOB —
B Ta0imune 1.3.
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Tabmuma 1.2

3amuTa NoACTAaHIUN OT NPSIMBIX YIAPOB MOJIHUU

3amuiaeMbie 00BEKTHI

3aluTHBIE MEPOIIPUSITHS

OTKpBITBIE pacipeAeIUTeIbHbIE YCTPOUCT-
Ba, B TOM YHCJI€ TUOKUE MOCTbHI U ILIMHHBIE
CBSI3U

CTep)KHCBBIC MOJHHUCOTBOABI

31aHus MAIIMHHOTO 3aj1a MPU YUCJE TPO30-
BBIX 4acoB B rofy 6omnee 20

1. 3a3zemiieHHEe METATIMUYECKUX WM XKelle-
300€TOHHBIX KOHCTPYKIIMI KPOBIIU HIIA Me-
TAJTIMYECKOUN KPOBJIU.

2. CrepxHEBblE MOJHUEOTBOJABI WA MOJI-
HUCTIPUCMHLBIC CCTKHM Ha KpPbIIIC 3I[aHHfI
IIPY HEBO3MOKHOCTH BBITIOJIHEHHUS 11.1

JI5IMOBBIC TPYOBI:
METaLTHYEeCKHe
KAPIIHYHBIE, OETOHHBIE H KeTe300€TOHHBIE

3azemMiicHUE
CrajpHOW MOJIHUEOTBOI M 3a3EMIISTIOIIAMN
CIYCK, MPUCOCTUHEHHBIN K 3a3€MIIUTEIIO

3nanHus TpaHchopMaToOpHO OamHM, Mac-
JI0X034HCTBa, HEPTEXO03sHCTBA, 3IIEKTPO-
JU3HOW W alEeTWICHO-T€HEPATOPHOU CTaH-
LUH

1. OtnenbHO CTOSMIMKA CTEPKHEBOW WU
TPOCOBBIM MOJTHUEOTBO

2. MMmynbCHOE CONPOTHBIICHHUE Ka)XA0Iro
3azemaurenss He Oonee 10 OM mpu
p<500 Om'M u He Oonee 40 Om mnpu
p=500 Om-M

3. 3azeMiIeHHE METANIMUYECKUX KOPIIYCOB

YrinenpoOunku, BaroHOOTPOKHIBIBATEIH,
pe3epByaphl ¢ TOPIOYUMU KUJIKOCTSIMU WIIH
ra3aMu, MecTa XpaHeHHUs1 OAJIJIOHOB C BOJIO-
poaom

1. MonHHEOTBOI, YCTAaHOBJIECHHBIA OT/AEIb-
HO WIH Ha CaMOM COOPYKEHUHU TMPHU TOJ-
LIMHE KPBIIIA MEHEE 4 MM.

2. 3a3zeMJIEHHE KOPITyca YCTaHOBKU IIPHU:

a) TOJIIIMHE MeTaJlJIa KphIn 4 MM U 6osiee;
6) o6beMe emrocTH MeHee 200 M® He3aBu-
CHMO OT TOJIIIUHBI METaJIa KPBITITH

Tabmuma 1.3

Mecto u YCIOBUA YCTAHOBKH CTCPKHCBBIX MOJITHUCOTBOAOB

Mecto YCTaHOBKU MOJIHUCOTBOJA

VYcnoBus YCTaHOBKHU MOJIHUCOTBOAA

Koncrpykuuun OPY 1. B OPY 35-150 kB npu ycinoBuu BBIOJIHEHUS Me-
porpuaTuil, MpuBeeHHbIX B Tabnuue 1.4
2. B OPY 220 xB u BbI11IE
TpancpopmaropHsle  mopTaisl, | 1. YaenbHOe CONPOTUBIEHHE TpyHTAa B Ipejaenax
NOpTaNbl IIYHTHUPYIOUIMX peak- | KOHTypa 3a3eMJICHUS MOJCTAHIMU B TPO30BOM CE30H

TOpoB U KoHCTpyKuuu OPY, yna-
JCHHbIE OT TpaHC(HOPMATOPOB
WIM PEaKTOpOB 10 MarucTpajsiM
3a3emiieHus MeHee 15 M

He 6onee 350 Om-M

2. HemocpencTBeHHO Ha BbIBOAax oOMoTok 3—-35 kB
TpaHc(hOpMaTOPOB WM HA PACCTOSIHMHM HE Oojiee 5 M
OT HUX N0 OIIMHOBKE, BKJIIOYAsi OTBETBJICHUS K
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Oxonyanue Tadoaunsl 1.3

MecTto YCTaHOBKHU MOJIHUCOTBOJA

Ycaopus YCTaHOBKH MOJIHUCOTBOJA

paspsIHUKaM, TODKHBI OBITh YCTAHOBJICHBI BEHTHIIb-
HBIC Pa3pSIHUKU

3. OT mopTana ¢ MOJHUEOTBOAOM JOJIKHO OOecTIeUn-
BAaThbCsl PACTEKaHWE TOKAa MOJIHMM TI0 MarucTpajsm
3a3eMJICHUS B TPEX-YETHIPEX HATIPABICHHIX

4. Ha paccrosstHumn 3—5 M OT nopTana ¢ MOJHUEOTBO-
JIOM Ha Ka)XJI0W MarucTpajiu 3a3eMJICHUS JOKHO YyC-
TAHABIMBATbCS 1O 2—3 BEPTUKAIBHBIX 3JIEKTPOJa
JUINHOM 3—5 M

5. Ha moacTaHIusix ¢ BBICIIMMHU HanpspkeHusiMu 20 u
35 xB npu yctaHOBKE MOJHHEOTBOAA Ha TpaHCGHOp-
MaTOpPHOM TNOpTaje€ COMPOTUBIICHUE 3a3EMIISIIOLIETO
koHTypa OPY He nomxHo mpeBwimate 4 Om (0e3
y4eTa BBIHOCHOTO 3a3€MJICHUS )

6. 3azemiisIIOIIME MPOBOJAHUKUA BEHTWJIBHBIX pa3psl-
HUKOB U TPaHC(HOPMATOPOB PEKOMEHIYETCS MPUCOe-
TUHATh K 3a3eMJISIONIEMY YCTPOMCTBY TOACTAHIIUN
MOOM30CTH OJWH OT JPYrOro WU BBIIOTHATH TakK,
YTOOBI MECTO TPHUCOCTUHECHHSI BEHTHJIHLHOTO paspsi-
HUKa K 3a3€MJISIIOIIEMY YCTPONCTBY HaXOAMIOCh MEX-
Iy TOYKaMHU TPHUCOSIUHCHHS 3a3eMIIIOIINUX TPOBOJI-
HUKOB IOpTaJia C MOJIHUEOTBOJIOM U TpaHc(opmaropa

OTAENBPHO CTOAIIME MOJHHUEOT-
BOIBI ¢ 000COOJEHHBIMHU 3a3EM-
JIATEISIMU

1. Ecnu He MOTyT OBbITh BBINOJHEHBI YCIOBUS YyCTa-
HOBKHU MOJIHUEOTBOJa Ha KOHCTpyKLuax OPY
2. Paccrostaue S;, M, MeXIy 00OCOOJICHHBIM 3a3€M-
JUTENIEM MOJHHMEOTBOAa M KOHTypoM OPY nomxno
OBITH PaBHBIM:
S5 20,2 Ripp,

HO He MeHee 3 M, rae Rj,, — HIMIIyJIbCHOE CONPOTHB-
neHue 3asemiieHus, OM, OTAEIBHO CTOSLIETO MOJI-
HUEOTBOJA NPU UMITYJILCHOM TOKe 60 KA
3. Paccrostaue no Bo3ayxy Se, M, OT OTAEIBHO CTOS-
IIETO MOJIHUEOTBOJIAa C 000COOIEHHBIM 3a3eMJIIUTEIEM
710 TOKOBEAYIIMX 4aCTEH, 3a36MJICHHBIX KOHCTPYKIUI
u obopymoBanust OPY M0ODKHO OBITH PaBHBIM:

S620,12 Ripp + 0,1 H,
HO HE MeHee 5 M, rie H — BbICOTa paccMaTpuBaeMou
TOYKHM MOJHHMEOTBOJA HaJl YPOBHEM 3E€MIIU, M
4. ComporuBnenue 3azemiunrens He 6osee 80 Om

Ipumeuanus. 1. He nomyckaercsi ycTaHOBKa MOJTHAEOTBOJIOB Ha KOHCTpyKumsix OPY, Haxomsmmixcs Ha
paccTostHAM MeHee 15 M OT clenyromux 00BEKTOB:
a) TpaHC(OPMATOPOB, K KOTOPHIM I'MOKHUMH CBS3SIMH WM OTKPBITHIMU HIMHOIIPOBOAAMH IPHCOEIMHEHbI

BpAaIIaroIIHecs MallHbI;

0) OTKPBITBIX TOKOTIPOBOJIOB M OTIOP THOKHX CBA3EH, €CIM K HUM IIPUCOSANHEHBI BPAIIAIOIINECS MAIITHHBL
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2. [opTtansl TpaHCHOPMATOPOB, CBA3AHHBIX C BPAIAIOIIMMHUCS MAIIMHAMU OTKPHITHIMU TOKOIIPOBOIAAMH
WIN THOKHUMHU CBSI3IMH, a TaKXe TPaHC(POPMATOpHBbIE HMOPTANIBI MMOJCTAHIMH, YIEIbHOE COIPOTHBIICHHUE
IpyHTa Ha IUIOLIaJKax KOTOpBIX mpesblmaercs 350 OM-M, TOKHBI BXOIUTH B 30HY 3aIUTHI OTIENIBHO
CTOSIIMX WM YCTaHOBJIEHHBIX Ha JPYTUX MOPTajIaX MOJIHUEOTBOIOB.

3. IIpu ycTaHOBKE CTEP>KHEBBIX MOJHHEOTBOIOB Ha KOHCTPYKIHAX OPY criemyer Mcronb30BaTh Takxke
3aIIITHOE JEWCTBHE BBICOKUX OOBEKTOB: ONOP BO3AYIIHBIX JTMHUH JIEKTPOIIEPEIauH, MPOXKEKTOPHBIX MauT,
paauoMadr U T.II.

Tabmuma 1.4
Mepornpusitus 1o CHUKeHUI0 00paTHbIX nepekpriTiii OPY 35-150 kB
V nenpHOE Yucno Hanpas- BepTukaibHbie 3J1€KTPOIbI
ITmomans, 3ann- .
COIIPOTUBIIE- JICHU# pacTe-
Maemas 3a3€M-
U0, KB | HUE TPYHTA B KaHM TOKA 110 paccTosiHUE OT
o JIAIOIIUM KOHTY- o
rpo30BOU oM Mz MaruCTpajsim YUCJIO | JIMHA CTOUKHU C MOJI-
ce30H, OM-M POM, 3a3eMJICHUS HUEOTBOAAMH, M
35 Menee 500 | He Hopmupyercs
500-700 10000 u 6omee 34 2-3 3-5 H
€ MeHee UIN-
110-150| Menee 1000 | He HopmupyeTcst HBL IICKTpoa
1000-2000 1000 u Gonee 2-3 1-2 3-5

Ipumeuanus. 1. I'upnsaaa U30aITOPOB Ha nopTanax 35 kB ¢ ycTaHOBICHHBIMHM Ha HUX MOJHHMEOTBOJAA-
MH J0JDKHA MMETh Ha JIBa U30JTOPa OOJIbIIIE.

2. PaccrosiHud 1o BO3ayxy Mexay KOHCTpykiusMu OPY, Ha KOTOpBIX yCTaHOBIIEHBI MOJIHUEOTBOJIBL, U
TOKOBEIYIIMMH YacTsIMH JI0JDKHBI OBITh HE MEHEE JITTMHBI TUPIISTHABL.

3. MecTto npUCOEAVHEHUS CTOHKM KOHCTPYKLIUH C MOJHHUEOTBOAOM K 3a3€MJIIIOILEMY YCTPOUCTBY
JIOJDKHO OBITH YAAJICHO TI0 MarucTpasiM 3a3eMIICHHSI OT MECTa IIPUCOEANHEHU K HeMy Oaka TpaHchopma-
TOpa Ha paccTosiHMe HE MeHee 15 M. PekoMeHmyeTcs 1Mo BO3MOXKHOCTH NPHCOEAMHITH MOJHHEOTBOIBI U
0aku TpaHC(HOPMATOPOB K Pa3HBIM MarkCTPassiM 3a3eMIICHHS.

1.3.2. KoHCTPYKTHBHOE BbINOJIHEHHE MOJHHEOTBO/I0B

OTnenbHO  CTOSIIME  CTEP)KHEBBIE  MOJIHUEOTBOJBI  BBITIOJHSIOTCS
YKENIe300€TOHHBIMU M METAJUIMYECKUMHU B BHJIE COCTABHBIX PEIIETYATHIX
KOHCTPYKIIMH. PeKOMEHIyeTCsi MOJHUEOTBOJbI BBINOJHITH B  BUJE
CBOOOTHOCTOSIINX KOHCTPYKIINI 0€3 pacTsKeK.

MonHUENpUEMHUKN  JOJDKHBI  BBIIEP)KMBATH ~ TEPMUUYECKHE U
AJEKTPUYECKUE BO3JCUCTBUS TOKa MOJHUU. CTEepKHEBbIE U  OJHO-
MIPOBOJIOYHBIE TPOCOBHIE MOJHUECIPUEMHHUKH BBIMIOJIHAIOT ceueHueM 50—
100 Mm°. [TonepeuHoe ce4YeHHE CTaJbHBIX MHOIOIIPOBOJIOYHBIX TPOCOB
JOJDKHO OBITh HE MeHee 35 MM’ JlomycTrmMble MUHUMAaJbHBIE CEUYEHUS
TOKOOTBOJIOB YyKa3zaHbl B Tabmuue 1.5 Cc yderoM pa3IMyHON CTENeHU
KOpPPO3UU BHYTPHU U BHE COOPYKECHUS.

MonHHENPUEMHUKN KW TOKOOTBOABI NPEAOXPAHSAIOTCA OT KOPPO3UU
MOKPAcKo. MHOTONPOBOJIOYHBIE CTAIBHBIE TPOCHI  OLIMHKOBBIBAKOTCS.
CoenuHeHus: 4YacTell  TOKOOTBOJAOB MEXAy COOOM, a Takke C
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MOJIHUETIPUEMHUKAMU M 3a3€MIIMTENISIMU  TIPOU3BOJATCS B OCHOBHOM
CBApPKOM.

Tabnmma 1.5
MunnManbHBIE CEUESHUS TOKOOTBOJJI0B
MecTo pacnonokeHust TOKOOTBOAA
[Tpoduns TOKOOTBOJOB BHVTDIL CO- CHADYIKH CO-
yIp Py B 3eMJIe
OpYKEHUS OpYXKEHUS

Kpyrasie u Tpochr:
JIUaMeTp, MM 5 6 6
IIpssMmoyronbHbIE:
cedeHue, MM 24 48 48
TONIIMHA, MM 3 4 4
VYrioBas craib:
ceueHune, MM 24 48 48
TOJIIIIMHA TTOJIOK, MM 2 2,5 4
TpyOst:
TOJIIIMHA CTEHOK, MM 1,5 2,5 35

1.3.3. Konuenuuu onpeaejaeHust 3alllMTHOTO AeiiCTBUSI MOJTHMEOTBOI0B

HopMmbl, 1O KOTOpPBIM BBINOJHSAETCS IPOEKTUPOBAHUE CUCTEM
MOJTHUE3aTUThl, OCHOBAaHbI HA PAacyeTe W BHIOOPE 30H 3aIUTHI CTEPIKHEBBIX
WIM TPOCOBBIX MOJIHUEOTBOAOB MpPU 3aJaHHOM HAJESKHOCTHU 3alllUThI
oObekTa. Jlyig pacyera 30H 3alllUThl HMCHOJB3YIOTCS TeOMeTpHuYecKas,
AIEKTPOrEOMETPUYECKAasl W BEPOATHOCTHAs  MeTonuku. Ilpm  stom
HAJeKHOCTh 3aIIUThl ONPENesaeTCs KaTeropueil 00beKTa U yCTaHABIMBAECTCS
B npeaenax 0,99-0,9999.

K HacrosmeMy BpeMEHHM CIOXKWINCH [BE KOHILENIUU PACUYETHOrO
ONpENENeHUs] 3alIUTHOTO JIEUCTBHUS MOJHUOTBOAOB. (O0e KOHIIEHIUU
UCXOJAT W3 TOro, YTO JHAEp MOJHUHM pearupyer Ha OOBEKT,
BO3BBIIIAIOIINANCSA HAJ IOBEPXHOCTBIO 3€MIJIM, C HEKOTOPOM BBICOTHI H,
KOTOpasi Ha3bIBa€TCS BBICOTON OPHUEHTHPOBKH, WJIH C TaK HAa3bIBAEMOIO
paccTosiHus opaxkenus [9].

IlepBasi KoHHenUUsI OCHOBaHA HAa ONPENEIECHUU JIIEKTPUUYECKOU
IIPOYHOCTH Pa3pPSIHBIX MPOMEXYTKOB, OOPa30BaHHBIX JIUJEPOM Ha BBICOTE
OPUEHTUPOBKHA U 3a3€MJICHHBIMM OOBEKTAMHM Ha MOBEPXHOCTH 3eMiu. Ha
0aze 9TOM KOHILENIMH pa3padoTaHa 3IIEKTPOreOMETpUYEecKas METOAMKA
pacuera 30H 3aluThl 00bekTa. CyTh METOJUKH 3aKJII0OYAaeTCAd B TOM, UYTO U3
TOYKM Ha BBICOTE OPHUEHTHUPOBKM MOJHUU OINPEIACICHHBIM PaglyCcoM
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OYEpPUYMBAETCS OKPYKHOCTb, KacCarolIasCsi BEPIIMHBI CaMOIO BBICOKOTO
oObeKkTa (MOJHUENPUEMHHUKA) U 3eMid. PaccrossHue Mexay TOYKaMu
KACaHMs BEPIIMHBI MOJHUEIPUEMHUKA M 3€MJIU SIBISIETCS PaJAMyCOM 30HBI
3aIUTHI 7 110 JIEKTPOr€OMETPUIECKON METOIUKE.

Bropasi kKoHIeNMUA OCHOBaHA HA TOM, YTO JUAEP, JOCTUTIIUN BBICOTHI
Hy, ¢ pa3nu4HON BEPOSITHOCTBIO MOXKET MEPEKPHITH JI000M U3 MPOMEXKYTKOB
Ha TMOBEPXHOCTH 3€MJIM, B TOM YHcIe U Oosiee AMUHHBINA. PazpaboTtannas Ha
€€ OCHOBE METOJMKAa BEPOSITHOCTHOM OLEHKH HAJEKHOCTH CHUCTEM
MOJIHME3AIIUThl BKIIIOYAET Psij JOMYLIEHUWH, OCHOBAHHBIX Ha PE3yJbTaTax
MajoyOeAUTENbHBIX IKCIIEPUMEHTAIBHBIX HccleqoBaHui. B pesynbrare sTa
METO/IMKA 3aBBILIAET WM 3aHMXKaeT KOH(PUTYpaluio 30H 3amuThl. Hanpumep,
CIPABEJIUBO, YTO BEPOSITHOCTh MPOPHIBA MOJHUHM BO BHYTPEHHIOIO 00JaCTh
MEXAY HECKOJbKHUMH OJIM3KO PAaClOJIO0KEHHBIMU MOJIHUETIPUEMHUKAMU
3HAYUTEIHLHO MEHbIIIE, YeM BO BHEIIHIOIO 00JacTh [9], HO BBIBOJ O TOM, YTO
30Ha 3alIUThl MHOTOKPATHBIX MOJHHEOTBOAOB JIOJKHA OBITH OOJbIIE
CYMMapHOro o0beMa 30H 3alllUThl Ka)KIOr0 MOJHHEOTBOAA B OTAEIBHOCTH,
HE MOATBEPKIAETCS pe3yibTaTaMU SKCIIEPUMEHTAIbHBIX UcclienoBanuii [10].
PacueTsl 0 BEPOATHOCTHON METOAMKE JAOT HEOOOCHOBAHHO 3aBBILIEHHYIO
HAJEKHOCTh MOJHHME3alIUThl, YTO TAaKXE IOATBEPKIAETCA pe3yibTaTaMu
WCCJIEIOBAHNN B ITTMHHBIX UCKPOBBIX MPOMEXKYTKAaX.

1.3.4. 30oHbI 321U THI MOJTHHEOTBO/10B

Ha ocHoBe mnabopaTOpHBIX HCCIEAOBaHUN OBUIM OMNPEACIICHBI 30HBI
3aIUTBl  MOJHUEOTBOAOB BbicoToM A <30 M. B mnocrexyromem
YCTAHOBJICHHBIC 30HBI 3AIUTHl OBUIM PACIPOCTPAHEHBI HA MOJHHUEOTBOJIBI
BbicOTOM 110 100 M, mpu 3TOM ObLIa BBEJACHAa NOMpPaBKa, YYUTHIBAOIIAS
cHmKeHHEe A(P(GEKTUBHOCTH MOJHHUEOTBOAOB BBICOTOM Oombine 30 m
BCJIEJICTBHE OOKOBBIX YJapOB MOJIHUM, MOPaXaolmUX MOJTHUEOTBOALI B
TOYKaX HWKE €ro BeplIMHbL. B HacTtosimiee BpeMsi HOPMHPOBAHBI 30HBI
3alIUTHl MOJTHUEOTBOIOB BhIcOTOM 110 150 M.

MecTto ¥ yCIOBUSI YCTAHOBKH CTEPKHEBBIX MOJHHEOTBOJOB IS
3amuThl 00BEKTOB noacTanuu oT [TYM npusenens! B Tabnuie 1.3. BoicoTy
OTJICJIbHO CTOSIIHUX MOJHUEOTBOOB (puc. 1.3) BRIOUPAIOT U3 YCIOBUSA:

L<8(h—h), (1.7)

rae h — BbICOTa MOJIHUEOTBOJA, /i, — radaput noactaHuuu (A, = 7 M A
35kB u h, = 11 m ansg 110 xB). IIpoTskeHHbIe O0OBEKTHI 3aIIUIIAIOTCS
TPOCOBBIMU MOJTHUEOTBOJAMHU.

3anuTHBIE  30HBI  CTEPXKHEBBIX M TPOCOBBIX  MOJIHUEOTBOJOB
paccuuThIBalOTCs 10 (hopmysam Tabuuilsl 1.6 u npuBeaeHs Ha puc. 1.4-1.10.
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Puc. 1.3. CxeMa pacnoyioKeHUsI OTAEIbHO CTOAIIMX MOJHUEOTBOJOB OTKPBHITOTO
PacCIpeeIUTENBHOIO YCTPOMCTBA: | — MOTHHEOTBOI; /1 — BBICOTA MOJHUEOTBOA; /1, —
BBICOTA OIMMOPHBIX KOHCTPYKIII/If/'I IIOACTaHIINUH, L—- PACCTOSAHNEC MCKAY MOJTHHUCOTBOJAMHU.

h

M

h° W/

17777777771 //////’/f///ll//////

'I
I

Puc. 1.4. 3oHa 3amMTHl OJAMHOYHOTO CTEP)KHEBOI'O MOJIHUEOTBOJA BBICOTOM [0
150 M: 1 — rpanua 30HBI 3aIIUTHI HA YPOBHE 3¢MJIH; 2 — TO )K€ HA YPOBHE /1.
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Tabmuma 1.6

Pacuer 3auTHBIX 30H MOJIHMEOTBOJOB pu /2 < 150 M

3oHa A: cTeeHb HAIE)KHOCTH 3aIUTEI

3ona b: cTeneHp HageKHOCTH 3aIATEI
>99,5%

95-99,5%
Oounounvie cmepowcnegvie: h = (ry + 1,63h,)/1,5 (puc. 1.4)
ho = O,85h ho = O,92h
ro=(1,1-2-10"h)h ro=1,5h
re= (1,1 = 2-107h)(h — 1,2h,) re=1,5(h—1,1h,)
Jeoitnvie cmeporcnesvie oounaxkosoit evicomwt: h = (h. + 0,14L)/1,13 (puc. 1.5)
HpulLl<h
hc = h()
Vex = Ty
Ve =10
Mpuh<L<2h Mpuh<L<6h
he = ho— (0,17 + 3-10*h)(L — h) he=ho—0,14(L — h)
re=Tro re=Tro
Vex = rO(hc - hx)/hc Vex = rO(hc - hx)/hc
Npu2h <L <4h
he=ho— (0,17 + 3-10*h)(L — h)
re=ro[1 —=0,2(L —2h)/h]
Fex = re(he — hy)/he
Ilpu L > 4h Ilpu L > 6h
MOTHHEOTBOIbI paCCMaTPUBATH KaK OJIH- MoOTHHEOTBOIbI paCCMaTPUBATH KaK OJH-
HOYHBIC HOYHBIC

Jlea cmepicuesvix paznoii évicomut (puc. 1.6)

["aGapuTtHbIe pa3Mepsl TOPIEBLIX 00JaCTeH 30H 3aIUTHI /g1, Aoz, o1, 702, Fxl, Fx2 OTIPEIIE-
JISTIOTCS KaK JUIsl OJJMHOYHBIX CTEPIKHEBBIX MOJIHUCOTBOIOB.
I"aGaputHbIe pa3Mepbl BHYTPEHHEH 001aCTH 30HBI 3aIIUTHI OMPEICIISIIOTCS 110 GopMyiaM
Ve = 0,5(1’01 + 1’02); he= O,S(hcl + /’lcz); e = l’c(/’lc — /’lx)/l’lc
3uauenus /. u he, OPENENIOTCs KaK sl ABOWHBIX CTEPIKHEBBIX MOJIHUEOTBOOB OMH-
HAKOBOM BBICOTHI

Mmuozoxkpammnuwie cmepoicneswie (puc. 1.7)

30Ha 3alUTH CTPOUTCS IMOCPEACTBOM IOMAPHO B3ATHIX COCETHUX CTEPIKHEBBIX MOJTHHE-

OTBOJIOB.

OCHOBHBIM yCJIOBHEM 3aIUIIEHHOCTH OJHOTO MJIM HECKOJBKHX 0OBEKTOB BBICOTOM /1, C
HaJIeKHOCTEIO 30H A u b aBnsercs r., > 0

Oounounvie mpocoswvie: h = (ry + 1,85h,)/1,7 (puc. 1.8)
h() = 0,85]’1
ro=(1,35-25-10"h)h
re=(1,35-25-10"h)(h — 1,2h,)

ho=10,92h
ro= 1,7h
re=1,7(h— 1,1h,)
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Oxonuanue Tadoaunsl 1.6

3oHa A: CTENEHD HAIEKHOCTH 3AIHUTHI
=>99,5%

3oHa b: cTeneHp Ha1eKHOCTH 3aIUThI
95-99,5%

/leoiinvie mpocoewvie 00unarkosoii eévicomut (puc. 1.9)

Hpul<h
hc:ho
rcxzrx
re=ro
Mpu h <L <2h Mpu h <L < 6h
he = ho— (0,14 + 5-10*h)(L — h) he=ho—0,12(L — h)
o Ly =h,) o Ly =h,)
© 2(hy—h,) © 2(hy—h,)
re=rop Ye="ro

Vex = rO(hc - hx)/hc

Vex = rO(hc - hx)/hc

Jleotinvie mpocoewie paznoit evicomut (puc. 1.10)

3uauenust oy, hoa, Yo1, 702, Fxl, Fx2 OTIPEIACISIOTCS IO (hOpMYJIaM OJIMHOYHBIX TPOCOBBIX
MOJTHUEOTBOIOB. )11 OTIpeIeIIeHNUs 7 U /. UCTIONB3YIOTCS (POPMYJIBI

re=0,5(ro1 + 702);

hc = O,S(hcl + hcz).

3uauenud A, he, rx'l , rx’z, 7ex BBIUUCIISIFOTCS IO (hOpMYyJIaM JTBOMHOTO TPOCOBOT'O MOJIHHUE-

OTBOJa

Ipumeyanus. 1. IlapameTpaMy MOJTHNE3AMKUTHI SBISIOTCA (BCE pa3MEPhI — B METPAX):

h — moaHas BBICOTA MOJIHUCOTBOJA,

h() — BBICOTA BEPIIMHBI KOHYCa CTEPKHEBOI'O MOJIHUEOTBOAA,

h,,— BBICOTA CTEPIKHEBOT'O MOJHUETIPUEMHHKA,
h,— aKTUBHAs BBICOTA MOJIHHEOTBO/IA;
h— BBICOTA 3AIIHUIIIAEMOTO COOPYKEHHS,;

70, ¥y — PAAUYChI 3aIIUTHl HA YPOBHE 3€MJIM U Ha BBICOTE 3AILIUILAEMOI0 COOPYKEHUS;
h.— BBICOTa CpETHEH YaCTH ABOHHOTO CTEP>KHEBOI'O MOJTHHEOTBO/A;
2r,., 2r, — IUPUHA CPEAHEN YacTU 30HbI ABOMHOIO CTEPKHEBOTO MOJIHUEOTBOJIA HA YPOBHE 3€MJIM U Ha

BBICOTC 3alIUIIIACMOI'0 O6’I)€KTa;

0L — yToJI 3aIIUTHI (MY BEPTHUKAIBIO U 00pasylolweit), rpas;
L — paccrosiHue MeX Iy ABYMS CTEP’KHEBBIMU MOJIHUEOTBOJAMY;

a — JUTUHA TIPOJIeTa MKy OIOpaMU TPOCa;
h,,— BBICOTA OTIOPHI TPOCA;

7yt rx' — IHUpPHHA 30HBI TPOCOBOI'O MOJIHMUCOTBO/JIa HA YPOBHE 3allUIIIACMOI'0 COOPYIKCHHUA;

a + 2r. — IJIMHA 30HBI IBOKHOTO TPOCOBOT'O MOJHHEOTBO/A HA YPOBHE 3aIIUINAEMOT0 COOPYKEHHUS;

a + 2r, — AMMHA 30HBI IBOWHOTO TPOCOBOI'O MOJTHHEOTBOA HA YPOBHE 3E€MIIH.

2. Jlnd OAMHOYHOTO TPOCOBOTO MOJHUEOTBOAA /i — BBICOTA Tpoca B cepeiuHe nposera. C y4eToM IpoBe-
ca Tpoca cedenneM 35-50 MM” [IPH H3BECTHOM BBICOTE ONOP A, U JUIHHE TPOIETA @ BHICOTA TPOCA (B MET-

pax) onpeaensercs:
h=h,,—2—npua <120 M,
h=h,,—3—1pu 120 <ag <150 m.

Ecnu 3maHne noacraHiuny M €€ KOHCTPYKLIMU HAaKPBIBAKOTCS 3aIIUTHOU
30HOM, TO JOTOJHUTEILHBIX MOJTHUEOTBO/IOB YCTAaHABIMBAThH HE TpeOyeTCsl.
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Puc. 1.5. 30Ha 3a1uThl ABOMHOTO CTEPKHEBOI'O MOJHUEOTBOJIA BHICOTOM A0 150 M:
1 — rpaHuma 30HBI 3alIUTHI HA YPOBHE 3€MJIM; 2 — TO K€ Ha YPOBHE /i,1; 3 — TO e Ha

YPOBHE Ay».
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Puc. 1.6. 30Ha 3amMTBl ABYX CTPEXKHEBBIX MOJHUEOTBOJOB PAa3HON BBICOTHI: 1 —
rpaHMIIa 30HbI 3aIUTH HA YPOBHE 3eMJIH; 2 — TO K€ Ha YPOBHE /.

20



\)\

cl
Vad
&7 T Cx’l \)
J
1 7
o
S
2 - r
X
Ly

Puc. 1.7. 3onHa 3amuTsl (B Mj1aHe) MHOTOKPATHOT'O CTEP>KHEBOI'O MOJIHUEOTBOA: | —
rpaHUIIa 30HbI 3aIIUTHI HA YPOBHE 36MJIH; 2 — TO )K€ Ha YPOBHE /.
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Puc. 1.8. 30Ha 3amuUThl OMHOYHOTO TPOCOBOTO MOJIHUEOTBOJA: | — rpaHuIia 30HbI
Ha YPOBHE 3eMIIH; 2 — TO )K€ Ha YPOBHE /.
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Puc. 1.9. 3onHa 3amuThl JBOWHOTO TPOCOBOTO MOJHHEOTBOAA: | — rpaHuiia 30HBI
3aIUTHI HA YPOBHE 3€MJIH; 2 — TO )K€ Ha YPOBHE /1,1; 3 — TO )K€ HAa YPOBHE /1.
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Puc. 1.10. 3oHa 3ammThl JBYX TPOCOBBIX MOJIHHEOTBOJOB Pa3HON BBICOTHI: 1 —
rpaHuUIla 30HbI 3aIIUTHI HA YPOBHE 3€MJIH; 2 — TO JK€ Ha YPOBHE /,; 3 — TO K€ HA YPOBHE /).
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1.3.5. OnpenesieHue HAAEKHOCTH 3aALUTHI MOACTAHUUN OT MPSAMbBIX
yY1apoOB MOJIHUM

Monnuezawuma omcymcmeyem. Yuciao y1apoB MOJTHUH B TIOJICTAHIIUIO
B T'OJT MOXKET OBITH ompeaenieHo no gopmyne [11]:

N, =0,06n(B+10h, )(A+104,)-107°, (1.8)
rze 5, — HauboJbIIas BEICOTAa COOPY>KEHUS Ha MOJICTaHLIUU, M; A U B — iuHa
U IIUpUHA 00bEKTa, M (€l 00BEKT UMEET CIOXKHYI0 KOHPUTrypanuro, To 4 u
B — 9T0 CTOpOHBI TPSIMOYTOJBHUKA, B KOTOPBIA BIUCHIBACTCS Ha TIJIaHE
3aIUIAEMbIF 00BEKT); 7 — YUCIIO TPO30BBIX YACOB B TOAY (OMpPENEseTCs 1Mo
KapTaM, COCTaBJICHHBIM Ha OCHOBAaHUM METEOCBOOK [2, 6]).

Cuuras (Cc HEKOTOPBIM 3alacoM), YTO BCE€ yJapbl MOJHHUHU IMOPAKaOT
TOKOBEIYIIHNE YaCTH MOACTAHINH, ITOTYy4aeM BEPOSTHOE YHUCIIO OTKIIOUCHUN
B TOJT OT MPSIMBIX YapOB MOJTHUU:

V=NV, (1.9)
rae Y; = 0,68 — BEpOATHOCTh NEPEKPBITUSA M3OJSALHUM IIPU NMPSAMOM yAape
MOIHUH, Y, = 0,70 — BEpOATHOCTH NEPEX0a MMITYyJIbCHOTO NEPEKPHITHS B

CUJIOBYIO 1yTy (cM. 1.1).
BepositHoe umciio et paboThl MOACTaHIMN O0e3 oTkiatoueHuit ot [TYM

COCTAaBJIACT:.
m, = ]‘ . 1 . 10
1 /q,l ( )

Iloocmanyus 3awuwena monnueomeoodamu. YUcio yrnapoB MOJIHUU B
MOJACTaHIUIO B roa N, ompenensercss mo BbipaxeHuto (1.8), B kotopom /,
MPUHUMAETCS. PaBHBIM BBICOT€ MOJHUEOTBOJA /A, NpPU OSTOM YHUCIO
OTKJIIOUCHHM MOJICTAHIIUU B T'OJl COCTABUT:

Y, =Ny vV, (1.11)
rac I|In = 1073 — BepOHTHOCTB HpOpBIBa MOJIHUM CKBO3b 30Hy 3alIUThI

MOJIHHCOTBO/IOB.
BepostHOe uncio et paboThl MoACTaHIMKU 0e3 oTKItoueHui oT [TYM:

mzz% . (1.12)

1.3.6. Pacyer MOJIHHE3AIIATHI

Paccunrate MONMHME3AINUTY — 3TO 3HAYUT ONPENEIUTH THUII 3ALIUTHI, €€
30HY, HapaMEeTPhl U OKUJAEMOE KOJIMYECTBO MOPAKEHU 00BEKTAa MOJIHUEN B
TO/I.

[To Ty MoNHHE3aUUTa MOKET OBITh:

® OJIHOCTEPKHEBOM,
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JIBYXCTEPKHEBOU OJIMHAKOBOM WJIM PA3HOM BBICOTHI,
MHOT'OKPaTHOM CTEPKHEBOU,

OJIMHOYHOM TPOCOBOM,

MHOT'OKPaTHOM TPOCOBOM.

ITo cTenenn HaAEKHOCTH 3aLIUTHI PA3JINYAIOT J1BA TUIIA 30H:

= A — cTeneHb HaAeKHOCTH 3auTEl =>99,5%,

= b — cTrenenb HaACKHOCTH 3alUTHI 95 — 99,5%.

Pacder 3alUTHBIX 30H MOJIHUEOTBOAOB BBITIOJMHIETCS IO COOTHOIICHUSIM,
MpUBEJICHHBIM B TabmIle 1.6, a ux koHpurypaims uzoopaxena Ha puc. 1.4—1.10.

[TapameTpbl MOJHUE3AIIUTHl TMEPEUYUCICHBl B NOpuMedaHun 1 K
tabnuie 1.6. HekoTtopsle M3 HUX 3aJaHbl B MPOEKTaX Ha OOBEKT, Apyrue
pPacCCUMTHIBAIOTCS IO COOTHOUIECHUSIM Tabyuiibl 1.6.

HanexHocTh 3ammThl 00BEKTOB Ompenensercs mo BeipaxkeHusM (1.8) —
(1.12).

Ipumep 1.1. i1 OQUHOYHOTO CTEP>KHEBOI'O MOJIHUEOTBOJA BBICOTOM
h=50 M omnpenenutrb napameTpbl 30H 3alIUThl, JJIUHY 3aIUAIIAEMOTO
oObekTa mpu BbIcOTe /1, =20 M u mupuHe B = 20 M, ero BO3MOXHYIO
nopaxaeMocTh. YMCIO TPO30BBIX 4YacOB B TOAy cocraBisieT n =50 u/ron.
N300pa3uTh 30HBI 3aITUTHI.

Pemenne:

1. Tlo BblpaxkeHussM TaOnAuIBl 1.6 A1 OJUHOYHOIO CTEPKHEBOTO
MOJIHMEOTBOJA ONPEETSAIOTCS MapaMeTpbl MOJHHUE3AIIUTHI ISl 30HBI A U
30HBI b.

3oHa A:

ho=0,85h = 0,85-50 = 42,5 M;
ro=(1,1-2-10"h)h = (1,1 — 2-10°-50)-50 = 50 m;
re=(1,1-2-10"h)(h - 1,2h,) = (1,1 — 2-107-50)-(50 — 1,2-50) = 26 m;
hy=h—hy=50-42,5=75wm;
he=h—he=50—-20=30m;

oM = arctgr—o = arctgﬂ =49,6°.
h, 42,5
3oHa b:
hy=0,92h =0,92-50 = 46 m;
ro=1,54=1,550=75wm;
ry=15—-1,1h,) =1,5(50 - 1,1-20) = 42 m;
hy=h—hy=50-46=4 m;
hy=h—h, =50-20=30Mm;

a® = ar(:tgr—0 = alrctgE = 58°.
h, 46
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2. B macmrabe nzobpaxkarorcs 3086l A u b (puc. 1.11).

hy'= 425 m
=50m

h

»

(B)
" =75m

|
l//llllll/IIl/Ill/{ 11

Puc. 1.11. 30HbI 3aIUTHI OIMHOYHOTO CTEP>KHEBOTO MOJIHUEOTBOAA, /1 = 50 M.
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3. OmnpenenstoTcss rabapuTHBIE pa3Mephbl 3allUIAeMOTO OOBEKTa B
KaKJIOW 30HE MOJHHUE3aIMThI. [ 3Toro Ha paccrosHuu B/2 oT cpenHen

JUHUY MapajuIeIbHO MPOBOAUTCS JTUHUS J0 TIEPECEUCHUS C OKPYKHOCTBIO 7
(puc. 1.11).

3oHa A:

%) = aresin = arcsin

¢ 2,,(A)

20 =22,6°
26

COS(p(A) = ¢0s22,6°=0,92;
AN = ZrX(A) cos (p(A) =2-26-0,92 =48 m;
AXBXH =48x20x20 M.

3ona b:

B) _ . B :
= arcsin —-— = arcsin
2 (B)
rx

cosq)(B) =co0s13,8°=0,97;

AP =2r® cos@™ =2-42-0,97 =81,6 m. [Ipunumaercsa A = 81 m;
AXBXH =81x20x20 M.

20 _ 1380
42

4. OnpenensieTcs BO3MOXKHAS MOPAXaeMOCTh 3alIUIIIAEMOr0 OOBEKTa B
30Hax MNpU OTCYTCTBUM MOJHUE3AIUTHI (pa3zaen 1.3.5).

Na1=0,06n(4"V+10Ah,)(B+10k,)-10 °=0,06-50(48+10-20)(20+10-20)-10°=0,164;
Yar = Nap Wi W, = 0,164-0,68-0,70 = 7,81-10°;
ma1 = 1/’YA1 = 12,81 JICT.
Nii=0,06n(4®+10A,)(B+10%,)-10 °=0,06-50(8 1+10-20)(20+10-20)- 10 °=0,185;
Y51 = Np1 ¥, W, = 0,185-0,68-0,70 = 8,81-10%;
mg = 1/’Y51 = 11,36 JECT.

5. OnpenensieTcss BO3MOXHas MOPAKa€MOCTh 3alllUIIAeMOT0 00bEKTa B
30HAaX MPHU HAJTUYUU MOJTHUEOTBOA (pa3aen 1.3.5).
Npx=0,061n(4"+10h)(B+10A)-10 °=0,06-50(48+10-50)(20+10-50)-10 °=0,855;
Ya2 = Naz W, W; W, = 0,855-10°-0,68-0,70 = 4,07-107%;

Mpr = 1/’YA2 = 2457 ner.
Ni=0,06n(4®+10A4)(B+10k)-107°=0,06-50(81+10-50)(20+10-50)- 10 °=0,906;
Y52 = N2 W Wi W, = 0,906-107°-0,68-0,70 = 4,31-107%;
mgy = 1/’Y52 = 2318 ner.

DaKTUYECKU May U Mg, elle 00JIbIlle, TaK KaK 30HbI 3alIUTHI TOCTPOCHBI
C 3amacoM.
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Ipumep 1.2. J{ns I'TII, miian u pacnosioxkenue 000py10BaHHUS KOTOPOM
npuBeneHbl Ha puc. 1.12, ompenenuTs mapameTpbl 30HBI MOJHUE3AIIUTHI
(cteneHp HaaexKXHOCTH 95%) M ee BO3MOXKHYIO NopakaemMocTh. [loacTanuus
3allMIIEHa YEThIPbMS YCTAHOBJIEHHBIMH Ha MOPTaJlaX MOJIHUEOTBOJAMMU.
Ywucmo Tpo30oBBIX 4acoB B roay coctamiseT n =50 u/rox. Ha mmane I'TIIT
M300pa3uTh 30HY 3aIUTHI HA YPOBHE /A,.

Pemenue:

1. Bwibop evicombl moHUeome0008. OTKPBITOE PACIPETyCTPOHCTBO
MOJICTAaHIIUU UMEET CIIEAYIOIINe rabaputHeie pazmepsl (cM. puc. 1.12): BeicoTa
HanboJiee BBICOKOTO OOBEKTa /1, COCTABISET 5,5 M (BEHTWJIbHBIN pa3psiIHUK,
no3. Ne7), mmpuna b = 32 m, anmuHa a = 38,5 M. Paccrosinue Mex iy OJnxKHUMEU
MoOJIHUEOTBOJIaMu [} = 20 M, MeXy yaaineHHbIMU — [, = 27,75 m. IIpeaenspHoe
paccTosiHME MEXIy MoyHHeoTBojgamu (puc. 1.3) ompenensiercs 1o
COOTHOILIEHHUIO:

L=’ + 12 =20° +27,75" =342 m.
Jlnst MOnHMEOTBOJOB BbicOTOM /A <30 M YycCilOBUE 3allUThl BCEH
mwiomanau umeer Bua: L <8(h—h,)<8h,, W3 »3TOro COOTHOUIECHUS
MIPEBBIIIICHUE BBICOTHI MOJIHUEOTBOJOB /1, HAJ BBICOTOM 3alUIAEMOr0

00BEKTA /1, JOKHO COCTABIIATE:

poeL_3%2_4ogu
g8 8

[Tonnas BeicoTa ThnoBoro moaaueorsona KTI1b:
h=h_+h,=55+55=11Mm,
Toecth L =342 M < 8h, =8-5,5=44 m.

JlaHHble MOJHUEOTBOJIBI JOHKHBI 00ECHEeUUTh 3alUTy BCEW IUIONMIaau
OPY nojacraniiuu oT OpsIMbIX YAAPOB MOJIHUHU.

2. Onpeoenenue epanuy 30Hbl 3awumsl. JlJII MHOTOKPATHBIX
CTEPKHEBBIX MOJIHUEOTBOAOB 30HA 3aIUThI CTPOUTCSA OCPEACTBOM IOMAPHO
B3ATBIX COCETHUX CTEPKHEBBIX MOJTHUEOTBOIOB.

BricoTa BeplIMHBI KOHYCa CTEPKHEBOIO MOJHUEOTBOAA /g U PATUYCHI
3allUTHl HA YPOBHE 3€MJIA ¥y U HA BBICOTE 3AIUINAEMOr0 OOBEKTA 7y

onpeeNaeTcs Kak JAJisl OMMHOYHOTO CTEPKHEBOTO MOJIHMEOTBOAA (Taba. 1.6):
hy=0,92h=0,92-11=10,12 m;

_ _ h \_ ( 55 )_ .
r =1,5(h - 111, )= 1,5(h - A 92j =151 A 0p)= 7530

rn=15h=15-11=16,5m.
BricoTa cpenHel yacTy MonapHoO B3STHIX MOJHHEOTBOJIOB:
h. =h,=h,—014(,-h)=10,12-014(20—-11)=9,63m;

h.,=h,=h—0,14(,—h)=10,12-0,14(27,75-11)=8,54m.

min2
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Puc. 1.12. Inan u 30o8a monuue3amurtsl OPY T'TIII.
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Hlupuna cpenHell 4acTW 30HBI MONAPHO B3SITHIX MOJHHMEOTBOJIOB Ha
YPOBHE 3€MJIM COCTaBJISIET:
r.=1,=15h=15-11=16,5Mm,
a Ha YPOBHE BBICOTHI 3aLIUIIIAEMOT0 O0BEKTA:

h,—h 9,63—5,5

roo=n =165 =7,08M:
h

cx
cl H

h,—h 8,54—55

=r, —<=—*=16,5
c2 >
[Tomy4yeHHsie TapamMeTpbl MOJHHUE3AIMWUTHl HAHOCATCS HA  TUIAH
noactanuuu (puc. 1.12). U3 puc. 1.12 BuaHO, 4TO 3amIUIIaeMblii OOBEKT
MOMaJaeT B 30HY MOJHHE3aUIUThl, TO €CTh YEThIPe MOJIHUEOTBOAA BHICOTOM
h =11 m o0OecreynBarOT 3aIUTY MOACTAHIIMY OT IPSIMBIX y1apOB MOJIHUH.
3. Onpeodenenue Hadexcnocmu 3awumol noocmanyuu om [1YM. Yucno
yAapoOB MOJIHMH B IOJACTAHIMIO B TOJI OIpeAeIsieTcs o cooTHomeHuo (1.8):

N =0,06n(a+10k)(b+10k)-107° =

=0,06-50(38,5+10-11)(32+10-11)-10° =0,063.
Yucao oTKIIOYEHUM TOACTAHINH 110 cooTHoIeHuto (1.11) coctaBur:
Y=N-Yy, ¥, Yy, = 0,063-107-0,68-0,70=0,3-107*,

a IMoKa3aTcJib 'pO30YIMIOPHOCTHU:

1 1
m=—=———=33.10"yer.
Y 03-10
dakTnuecku m CIIIC 6OJ'ILIHG, TaK KdK 30Ha MOJIHUC3aIIUTLI ITIOCTPOCHA C
3ariacoMm.

=5,88Mm.

rcx 2

1.3.7. 3azemJiieHnue MOJTHHUEOTBO/I0B

[Ipy BBIMOMHEHWHM 3a3€MJICHUW  HUCIONB3YIOT BEPTUKAIbHBIE U
TOPU30HTAJIbHBIE 3JIEKTPOAbI-3a3€MJIUTENIM, KOTOpPhIE B COBOKYIHOCTHU C
3a3eMJIAIOIMMU TTPOBOJIHUKAMH 00pa3yloT 3a3emiisitoniee ycTpoictBo (3Y).
Ha snextposnepreTuuecknx o0beKTax 3a3eMIISIIOIIEE YCTPOMCTBO CITYKHT:

e A oOecrnieueHHuss 0O€30MACHOCTH  PabOThl  OOCITYKMBAIOIIETO
nepcoHasa (3aluTHOE 3a3eMJICHHE);

® i1 TPUCOCIWHEHHUS HEWTpasiel TeHepaTopoB, TpaHCHOPMATOPOB
(pabouee 3a3eMiIeHHE);

e Il TPUCOECTUHEHHUS CPEACTB  TPO303alIUTHl  (pa3psAHHUKOB,
MOJTHUEOTBOJIOB).

[lepeurcnennple (QYHKIMM BBINOIHSAET OJHO oOOIIee 3a3eMIISIoIIee
YCTPOMCTBO, BBIOpaHHOE 1O Hauboiee KECTKUM  TpeOOBaHUSIM U
yIIOBIIETBOPSIOIIEE BCEM OCTaJIbHBIM. Ha MOACTaHIMSAX TakuM 3a3eMJICHHUEM
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ABIISICTCS 3alUTHOE 3a3€MJICHME, OHO MOJXKET CIYXKMTh M JUI1 3a3€MJICHHUS
cpeAcTB  rpo3o3amuTel.  OTHENBHO  CTOSIIME  MOJHHUEOTBOIABI  MMEIOT
000co0JIEHHOE 3a3eMJICHHUE, JJIEKTPUYECKH HE CBSI3aHHOE C 3a3eMIISIOIINM
YCTPOWCTBOM NOJACTAaHUMU. HOpMUpOBaHHBIE 3HAYEHUS] COINPOTUBIICHHUS
CTaIlMOHAPHBIX 3a3eMJICHUI AJIEKTPOYCTAaHOBOK MpuBeieHbI B Tabm. 1.7 u 1.8.
Tabmuma 1.7

JlommycTUMBIE CONTPOTHUBIICHMS 3aUIUTHBIX U pa00UMX 3a3€MICHUM IS
3JEKTPOYCTaHOBOK HanpspkeHueM Boiire 1000 B u ycTpoicTB rpo303ainTsl

XapaKTepHCTHKA 3a3eMIIIEMOT0 00BEKTa ComnpoTuBiIeHHE 3a3EM-
nenusi, OM, He Oosee

YcranoBku ¢ 3QGEeKTHBHO 3a36MIICHHON HEHTPAIIbIO 0,5

Y CTaHOBKM € U30JIMPOBAHHON HEUTPAIBIO U C KOMIIEHCALU-
€l EMKOCTHBIX TOKOB 3aMBIKaHMs Ha 3€MIIIO, BKIJIIOYAsl ONOPBI
BO3AYIIHBIX JIMHUM 3-35 KB ¢ ycTaHOBIEHHBIM 3JEKTPO0OO-

pyJlOBaHHEM:

— JJIs 3a3eMJISIIOLIET0 YCTPOWCTBA, UCIIOJIb3YEMOI'0 COBMECT- 125/1,

HO JIJIs 3JIEKTPOyCTaHOBOK 710 1 Boiie 1000 B; (ae 6onee 4 Om)

— s 3a3€MJIIOILEr0 YCTPOMCTBA, MCIOJIB3YEMOIO TOJIBKO 250/1,

JUTs DJIeKTpoycTaHoBoK Beime 1000 B (ae 6omnee 10 Om)
OTOenbHO CTOSIIUI MOJIHUEOTBOI 25

Omnopsl Bo3mymHBIX JuHUN (BJI) Bcex HampspkeHUN MeTtal-
JTUYECKHe, KeJIe300€TOHHBIC U JCPEBSHHBIE, HA KOTOPBIX MOJI-
BEIICH TPOC U YCTAHOBJICHBI yCTPOHCTBA IPO303AIIUTHI; OMTOPHI

BJI nanpspxenuem 110 kB 1 Bblle ¢ ycTaHOBIIEHHBIM 3JIEKTPO-
000pyIOBaHHEM; OIOPHl METAJUIMUECKHE M JKEIe300€TOHHBIC
BJI nanpspxkenueMm 35 kB u Takue k€ onopsl BO3AYIIHBIX JIU-
Huil 3—20 kB B HaceleHHOW MECTHOCTH MPHU YIEIBHOM COIPO-
TUBJIEHUM IpyHTa P, OM-M:

1o 100 10
100 - 500 15
500 — 1000 20
1000 — 5000 30

6omee 5000 6-10°p

Onopel MeTaUIMYeCKHe M KeNe300€TOHHBIE BO3IYIIHBIX
nuHuit 3—20 kB B HeHaceneHHOW MECTHOCTH MpH YACIbHOM
COMPOTHUBIIEHUU TpyHTa, OM-M:

o 100 30
6omee 100 0,3p
Pa3psnHuky v 3amMTHRIE TPOMEXKYTKH Ha moaxoxax BJI k
MOJCTaHIIMAM C BPAIIAIOIIUMHUCS IEKTPUUECCKUMH MallliHAMK 5

Ilpumeuanus. 1. I; — pacyeTHBIA TOK 3aMBIKaHUS HA 3eMII0. 2. JI7s 2IeKTPOyCTaHOBOK COINPOTHUBIIEHUE
3a3eMJIEHHS ONIPEEIIETCS C YYETOM €CTECTBEHHBIX 3a3EMIUTENEH.
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Taomuna 1.8

Haubomnbiue g0mycTuMble 3HAYSHHUST COMPOTUBIICHUS 3a3eMIISIIOIITUX YCT-
poiicTB miist Tpexdazubix cereit HanpsukeHuem a0 1000 B

Hanpsoxenue cetn, . Hawnb6onrmee Ryy, Bun 3azemiigromniero
Pexxum HelTpanu o

kB Om YCTpOWCTBA
0,66 I'myxo3azemieHHas 2
0,38 Y oD 4 3aHyJeHHe
0.22 HEUTpab ]
0,66 N3onupoBanHas 125/1,
0,38 . 3a3zemiieHue
0.22 HEUTpamb (ae 6onee 4 Om)

Ilpumeuanue. Tlpu ynenbHOM SJIEKTPUYECKOM CONPOTHBICHHUU TpyHTa Oonee 100 Om-M gomyckaercs
YBEJIMYMBAThH YKa3aHHBIE BhIIe 3HadeHus B 0,01p pa3, Ho He Oonee 10-kpaTHOTO.

Jlnst pacyeta CONPOTUBIIEHUS 3a3€MJICHHSI OJAMHOYHOTO CTEPHKHEBOTO
MOJIHME€OTBOJIa HMCIIOJIB3YIOTCSL BbIpaxkeHUs: Tabmuipl 1.9. CompoTuBieHue
XKene300€TOHHOTO (PYH/IaMEHTa, MCIOIb3YEMOT0 B Ka4eCTBE €CTECTBEHHOTO
3a3eMJIMTEIIS, PACCUUTBACTCS IO COOTHOIIEHUIM Tadmbl 1.10.

Tadmuma 1.9

COHpOTI/IBJ'IeHI/IC PACTCKaHNIO CAMHUYIHBIX NCKYCCTBCHHBIX 3a3eMJIMTEICH

EmnHnaHbeIi 3a3eMiin-

- Ocku3 Pacuernas gpopmyma [Ipumeuanue
TopusonTanbHelii nyu| 7A7R7A7Z R R =P (1n21+1n 1 j d — muamerp 3a3eMIlu-
[ o2ml\ d 2t ) |Tens
_ Pacu In 1,5/ b
A N — IIUPUHA TTOJIOCHI
BeprukanbHubiii TpyO- - P e ! 21 Jna  yrimoson cranu
YaTBIM WK CTEPIKHE- TR 7R 7AN 7R m " ] [ n;+ d=0,95b, rne b — mmu-
BOM 3a3eMJIMTENb ’ g pHUHA yrojkKa
~ 1, 20+ 1/2}
= 2 2t-12)

! — OT ITIOBCPXHOCTH
3EMJIM 10 CEPCANHBI

3JIEKTpoia
Jly4 — TpyGuaTsIii W _RR, 1 m - xodpduument
3JIEKTPOJL ‘:l R,+R,m  |ncmombsoBamms  3a-
. 3emyUTeNeit
BeprukansHblii Mek- | TRTATINTAS R P 41 |d — JmameTp 3a3emIH-
TPOJI, CITyCKaeMBblii B - =5 |rens

CKBa)XMHY
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Oxonyanue Tadaumsl 1.9

EnnHuaHbIN 3a3eMiIu-
TeIb

OcKu3

Pacuetnas gpopmyina

[Ipumeuanue

Konbuesoii nnu nps-
MOYTOJIbHBIA KOHTYP

R

S

8D,
d

RK _ ppacu (ln +

)

g xomeuia D,=D,
JUISL IPSIMOYTOJIbHUKA

D, D = 44B ,rne A, B
@ = T Clm
Y ! — CTOpPOHBI TPSAMO-
erJ’II)HI/IKa

Ipumeyanus. 1. I'myOuHa ykiaaaxy 3a3emimTeneil B 00bIMHBIX ycioBusx cocrasiuser 0,5-0,8 M u ompe-
JIersieTcsl TTyOMHON BBICBIXaHMS TPYHTA B TEUSHHE IPO30BOTO IEPHOIA.
2. Bce coeanHEeHUs B IOA3EMHOM YacTH BBIITOJIHSIOTCS] CBAPKOM.

3. 1 BepTHKAIBHBIX 3JEKTPOIOB PEKOMEHIYETCS BBIOMpATh CTaldbHBIE TPYOBI quamerpoM 30-60 MM u
JUTHHOM 2—3 M, a JJIsl TOPU30HTANBHBIX — CTAJIBHYIO JICHTY TONIINHON He MeHee 4 u mmpuHoi 20—40 MM miu
KpyTiayto crajib auamerpoM 10-20 Mm.

Tabmuua 1.10

ConpoTHBIIeHHE PACTEKAHUIO KEI€300€TOHHBIX (DYHIaMEHTOB,
UCTIONIb3YEMBIX B KAUECTBE €CTECTBEHHBIX 3a3eMIIUTEINCH

Pacuernas popmyna
Hanmeno- bopmy
I'eomerpnye-
BaHUE ecTe- Cxema pac- | CompoTuBieHue
CKHeE pa3Mme- Comporusne- | [Ipumeuanue
CTBEHHOTO MOJIOKEHHsI | OJHOTO (yHHa-
pHBI HUE BCETO
3a3€MIIMTENS MeEHTa (CBast WU
byHgamenTa
TTOTHOKHHK )
CaaiiHblit 1,75p o | 4] R R, |n — Kommuect-
=—FIN— = .
byHIaMeHT s ol d - BO 3JICMCHTOB;
n — xo3pdu-
ITUCHT uc-
MIOJTb30BAHMUS
3a3eMIIMTENeN
CoopHbIit ‘HH‘ -EE_ _L75,,. R R, |Hna Kpyra
xenezo0e- m 1 D,=D TIst
TOHHBII *D, ol HSHM(’) ronil
: 1,750 n - 4l PAMOY
byHIamMeHT d| < = In—] HUKA
27l d 448 , rne
RIL'IRCWZ 1 D3 = ’
noon — “a T
a R71.7+Rcm 079 A n B — CTO-
POHBI TPAMO-
YTOJIbHHUKA
PacueTtHoe 3HaueHue YIOCIIBHOTO COIIPOTHUBJICHUA TPYHTA ppacq
ONPEJICIISIETCS 10 TAHHBIM U3MEPECHU:
ppacu:Kce3p3 (113)

rr[[e KC€3

SHAYCHUC YACIIbHOI'O COIIPOTHUBIICHUSA I'PYHTA.
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Taomuna 1.11

KoadpummenT cesoHHOCTH

Knumatudaeckas Bup 3azemiurens
JlomomHUTEIbHBIE CBEACHUS
30Ha BEPTUKAJIBHBIA | TOPU30HTAJIBHBIN
I 1,9 5,8 ['myOuHa 3am0KeHUs BepTUKAIb-
HBIX 3a3eMJIUTENIEH OT IMOBEpX-
HoctH 3emiu 0,5-0,7 m
II 1,7 4,0 I'myOuna 3ay0’)keHHsI TOPU3OH-
111 1,5 2,3 TaIBHBEIX  3asemuyurene  0,3—
v 1,3 1,8 0,8m

Ipumeyanue. 3ona | umeer Hanbonee X0NOAHBIH, [V — Temblil KTuMarT.

OpueHTUPOBOYHBIE 3HAYECHUS YIEIBHOTO COMNPOTUBICHUS HEKOTOPBIX
TPYHTOB NpUBEACHBI B Tabuie 1.12.

Tabmuma 1.12

VILGHBHOG COIMIPOTHUBJICHUC I'PYHTOB

TpyHr VY nenpHOE CONPOTHUBIIE-
Hue, OM-M
CkasnpHble TOPOABI M MEP3IIBbINA IPYHT (paiiloHOB MEP3JIOTHI) 1000 — 45000
['paBuii, mebGeHb, KAMEHUCTHIC TTOYBBI 1000 — 4000
[Tecox cnaboBnaxHbIN 400 — 700
Cynecok crnaboBiIaXHbIH 200 —-300
['MUHBI ¥ CYTIMHOK c1a00BNIaXKHbIE, CMEIIAHHBII TPYHT 100 -200
YepHozem 50-200
Bonorucras mouyBa, TOpd, CYIJIMHOK W TJIMHA BJIAKHOCTBHIO
20-40% 20-100
BogomnposoaHas Boja 60 — 80
Peunas Bona 10-30
Mopckas Boga 0,2-1

YtoObl yJOBIETBOPUTH TPEOOBAHUAM, MPEABIBISIEMBIM K 3a3€MJICHUIO
00BEKTOB AJeKTposHepreTuku (tadn. 1.7, 1.8), 3azemiisroniee yCTpOHCTBO
BBITIOJHSETCST U3 OOJBIIOrO KOJIWYECTBA BEPTHUKAIBHBIX U TOPU30HTAIBHBIX
ANEKTPOJOB. BcneAacTBue B3aMMHOIO SKPAaHUPOBAHUS 3JIEKTPOJAMU JIPYT
Jpyra COINpPOTHUBICHHE OJMHOYHBIX 3JIEKTPOJAOB B CJIOKHOM (COCTaBHOM)
3a3eMJIMTENIE BO3PACTaET.
BBeJICHHEM KO3 (UIIEeHTa UCTIOJIb30BAHUS 3a3€MJIUTENS, KOTOPbIA 3aBUCUT
OT KOHCTPYKTHMBHOI'O UCIIOHEHUS 3a3emunrens (Tadia. 1.13-1.15):
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R 1
R, = Pa%z o (1.14)

rae Rsy, Ry, — (akTHUecKkoe M pPacyeTHOE 3HAYEHUS 3a3€MIIAIOILETO
YCTPOMCTBA, M — KO3(P(ULUUEHT UCTIONb30BaHUS 3a3€MIIUTENS, R; — pacueTHOe
COIPOTHUBJICHUE 3JIEMEHTOB, COCTABIIIOIINX 3a3E€MJIIUTEINb.

Taomuna 1.13

KOC—)(I)(I)I/IHI/ICHT HCIIOJIB30BAHUA TUIIOBBIX JIYYCBbBIX 3a3eMJIMTEICH

KoaddunmenT ucrnonp3oBaHmst

DCKU3 3a3eMIIUTENS JnuHa ny4a, M
npu yactote 50 I'i | mpu ummysnbcax

[Tpu mro6oii He 1 1

10 0,90 0.80

20 0.93 0.83

40 0.95 0.85
7

10 0,75 0,65
20 0,80 0,70
40 0,85 0,75
10 0,90 0,80
s~k [ N 20 0,90 0,80
- 40 0,90 0,80

~10Mm ~
10 0,80 0,70
u.{ ~ kL N 20 0,83 0,73
- 40 0,85 0,75

~10M ~
10 0,93 0,83
~ 20 0,93 0,83
| 40 0,95 0,85

10 0,90 0,80

NI 20 0,90 0,80
_I{ - 40 0,90 0,80
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Taomuna 1.14

KoaddunmeHT ncnonp30BaHus BEPTUKATIBHBIX 3a3EMIUTENICH,
00BbEIMHEHHBIX TOPU30HTAIBLHBIM AJIEKTPOIOM

Koadduument ncnonap3opa-

HHS
Hucno BepTUKaIb-
DCKH3 3a3eMIIATEIIS all
HBIX SJICKTPOSIOB MIPU YaCTOTE |TMPU UMITYIb-
50T cax
2 2 0,90 0,80
I II 3 2 0,95 0,85
3 3 0,90 0,80
2 4 0,75 0,65
n’ 3 4 0,80 0,70
NI
2 3 0,80 0,70
3 3 0,85 0,75
2 4 0,75 0,65
3 4 0,80 0,70

Tadomuna 1.15

KoaddurmenTs! ncmnonp30BaHus BEPTUKATBHBIX T); ¥ TOPH3OHTAIBHBIE N,
AIEKTPOAOB JJISI KOHTYPHOTO (YUCIUTENb) U PSAIHOTO (3HAMEHATEb)

3a3eMJIAIOLIEr0 YCTPOUCTBA

OTHoOLIEHNE PACCTOSHUS MEX/1Yy BEPTUKAIbHBIMU 3a3€MIIUTEISIMU (a) K
Yucno BepTu- ux namune ():a/l
KaJIbHBIX 3JIEK-
2 3
TPOJIOB, N,
nB Tlr nB nr nB nr
4 0,69 0,45 0,78 0,55 0,85 0,70
0,74 0,77 0,83 0,89 0,88 0,92
6 0,62 0,40 0,73 0,48 0,80 0,64
0,63 0,71 0,77 0,83 0,83 0,88
10 0,55 0,34 0,69 0,40 0,76 0,56
0,59 0,62 0,75 0,75 0,81 0,82
0 0,47 0,27 0,64 0,32 0,71 0,45
0,49 0,42 0,68 0,56 0,77 0,68
30 0,43 0,24 0,60 0,30 0,68 0,41
0,43 0,31 0,65 0,46 0,75 0,58
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EcTecTBEHHBIMH 3a3€MIIMTENSIMM HAa TOJCTAHLUMSIX IPOMBIIIEHHBIX
IPEANPUATHA MOTYT CIIYXKHUTh: 3a3€MJIUTENIN ONOP JIMHUW AJIEKTpOIepeaayH,
IIPUCOEIMHEHHBIE K 3a3€MJIMTENI0 MOJCTAHLHUHA TPOCOM 4Yepe3 JIMHEWHBIN
MopTaJl, METAUIMYCCKHEe OO0OJIOUKHU Kabeliei, BOJONPOBOJHBIC U JIPyTHE
METAJTIMYECKHE TPYOONPOBOIbI, METAIIIMYECKHE KOHCTPYKIIMH U apMarypa
KEJIe300€TOHHBIX KOHCTPYKIMHA 3JaHUA H  COOPY)KCHHH, HMEIOIIUX
coequHeHne c¢ 3emiied. OOmiee 3HaueHue comportuBieHuss 3Y 00beKTa
OTpEENsIeTCs 10 COOTHOUIEHUIO:

— RMCKRecm (1 15)
3V R R ’ :
UCK + ecm
rae R, — COINPOTUBIICHWE MCKYCCTBEHHOIO 3a3eMIUTENSA, a R..,

CONPOTUBIICHUE €CTECTBEHHOTO 3a3€MIIUTEIIS.
[Ipy NpOXOXKIEHUH UMITYJIbCHBIX TOKOB (TOKOB MOJIHUH) Yepes
3a3€MJIMTENIb CO3JIAI0TCS CHEelU(pUIECKUE YCIOBHS (MMOAPOOHO PacCCMOTPEHBI
B [4]), KOTOpble H3MEHSIOT €ro CTallMOHAPHOE COMPOTUBICHUE. ITO
U3MCHEHHUE YYUTHIBACTCS BBEACHUEM UMITYJILCHOTO KOO(P(MHUIUEHTA Oy

R,, =0, R, (1.16)

imp

riae R, R, — CTALlMOHAPHOE ¥ UMITYJILCHOE CONPOTHUBIIEHHE 3Y .

[Ipy cunbHOM HCKPOOOpPA30BAaHUM M HEOOJNBIION WMHIYKTUBHOCTU
(cocpenoTOUYECHHBIEC 3a3€MIIMTEINN) COMPOTUBIICHUE 3a3E€MIIUTEINS CHUXKAETCS,
Omp < 1. Ilpu OoNbmION HHAYKTUBHOCTU (NPOTSKEHHBIE 3a3EMIIMTEININ)
Oimp > 1. Korma sddexr  HCKpooOpa3oBaHMS KOMIICHCHPYET BIMAHHUE
00JbIION MHAYKTUBHOCTH Ha CONPOTHUBJICHHUE 3a3eMIUTENs, KOA(DPUIMEHT
UMITyJIbca paBeH eauHuile. MmmnynbcHb KodhUIMEHT 3a3emiuTtencit
3aBUCUT HE TOJIBKO OT €ro KOHCTPYKIMU U TEOMETPUUECKUX PA3MEpPOB, HO U
OT yAEIBHOTO CONPOTUBIIEHU IpyHTa (Tabm. 1.16).

Ecnu 3a3emnurens COCTOUT U3 7 TPyO WM HOJIOC, TO €r0 MUMITYJIbCHOE
CONPOTHUBJIEHUE PABHO:

;0 R _ 1

nimp ; R

imp i
TO€ Mimp — UMIOYIbCHBIH KOI()(UIMEHT HCIONIb30BAaHU 3a3EMIIMTEN,
YUHUTBIBAIOIIMKN yXYALICHHE YCIOBUM PACTEKAHHSI TOKAa MOJHUU BCIIECTBUE
B3aMMHOIO DKPaHMPOBaHMA OJeKTponoB (tabm. 1.13-1.14); Ry,
MMITYJIbCHOE CONPOTHUBIICHUE I 311eMeHTa 3.

ConpoTuBlIeHHE 3a3€MIIMTENIA MOJACTAHLIIMM B BUJE CETKH, KOTOpas
COCTOMUT U3 BEPTUKAIBHBIX 3JEKTPOAOB, OOBEAMHEHHBIX TOPU30HTAIbHBIMU
MOJIOCAMH, PACCUYUTHIBAETCS IO SMIUPUUECKOMY COOTHOILLIEHUIO:
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Tabmuma 1.16

3HaueHMs] UMITYJIbCHBIX KOI(DMOUIHEHTOB Oy B Mimp

Olimp TIPH YAETHHOM COIIPOTUBIICHUH
3a3eMiIUTEIb rpyHta, OM-M Nimp
100 200 500 1000

BepTukanbHble CTEp)KHH, COCTUHCH-
HbIE  TIOJIOCOM  (pacCTOSTHUE  MEXKITY
CTPEXKHSIMHU BABOE OOJIBIIE UX JUTUHBI):

2—4 cTepxxHs 0,50 0,45 0,30 — 0,75
8 cTpexHei 0,70 0,55 0,40 0,30 0,75
15 cTpexHeit 0,80 0,70 0,55 0,40 0,75

JIBe TOpU3OHTAIBHBIE MOJOCHI JJTMHOMN
110 5 M, pacxowmmxc;l B HpOTI/IBOHOJIO)K-
HBbIE CTOPOHBI OT TOYKH MPHCOCIUHCHUS
TOKOOTBOJIa 0,65 0,55 0,45 0,40 1,0

Tpu 1on0CHl IJIMHOM 1O 5 M, CHMMET-
pI/I‘-IHO paCXO,Z[SIH_[I/IXCﬂ OT TOYKH HpI/ICOG-

JIMHEHNS TOKOOBOA 0,70 0,60 0,50 0,45 0,75
A 1
R=p,.. + , (1.18)
Poed Js " L zj

rae L — cymMMapHas JJIMHa BCEX TOPU3OHTAIBHBIX 3a3E€MIISIFOIIMX DJIEKTPOJIOB
(momnoc); n U [ — 4MCIo U JIMHA BEPTUKAIBHBIX AJIEKTPOAOB; S — IUIONIAIb,
3aHATast 3a3EMIIMTENEM; Ppyey — PACUETHOE 3HAYCHUE YIENILHOTO COIIPOTUBIICHHS

rpyHTa; A — KO3QPUIMEHT, OnpeAesieMblii IO 3HAYSHUIO %/E:
/ ................. 0 0,02 0,05 0,10 0,20 0,50
VS

A 0,44 0,43 0,40 0,37 0,33 0,26
OpHEHTUPOBOYHBIEC 3HAYEHHUA KOO(PMUIHMEHTA Oljyyp IS 3a3EMIIUTENCH B
BHJIE CETOK MPUBEACHBI Ha puc. 1.13.

Hns mpoTsikeHHbIX  3azemidtenied (+/S >10M)  UMIyJIbCHBIN
KO3 (PUIIMEHT MOKHO OLIEHUTH 10 TPUOIMAKEHHON PopMyiie:

o = 15007’ (1.19)

"N\ (P puer +320)1, +45)
rme S — miomanp, M Ppacy — YHCIBHOE CONPOTUBIIEHHE IpyHTa, OM-M;
1,, — TOK MOJIHUH, KA.
NMnyibcHOE CONPOTHRIICHUE MPOTSHKEHHOTO 3a3EMIIUTENS MOXKET OBIThH
3HAYMTEIIHFHO OOJIBIIIE €r0 CTAIIMOHAPHOTO 3HAYCHUS M3-3a MPeo0Iaaaroiero
BIIUSTHUS WHTyKTUBHOCTH HAJ] ICKPOBBIM IPOIIECCOM.
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O(imp
2,0
i 1
1,2f
2
1 I 1
0.4 20 m

Puc. 1.13. 3nadyeHuss umMnynabCHOro kKod(pduiMeHTa IS 3a3eMJIMTENICH B BHUIE
ceTok (p=100-600 Om-m): 30na 1 — [,~10 kA; 30na 2 — ,~100 KA.

1.3.8. Pacuer 3a3eMuIsIlOlIUX YCTPOMCTB

IIpu ycTaHOBKE CTEP>KHEBBIX MOJIHHUEOTBOAOB Ha KOHCTpyKuusx OPY,
KOrJa 3a3€MJIMTEIEM MOJHHUEOTBOAA CIYXKUT 3a3€MJSIIOIIMN  KOHTYP
MOACTAHLIUH, €TO CIEAYET CYUTATh MPOTSKEHHBIM.

JIns 3a3eMiIeHUSt OTIEIBHO CTOSAIIMX MOJIHUEOTBOJOB BBIIIOIHSAETCS
cBOEe 000CO0JICHHOE, HE COCIMHEHHOE C KOHTYPOM IMOJICTAHIINH 3a3eMJICHUE.
OHO cocTOMT U3 HEOONBIIOTO YHCIA BEPTUKAIBHBIX  AJIEKTPOJIOB,
OOBEMHEHHBIX MEXIYy CO00W TOPU30HTAIBHOW TOJIOCOBOM WM KPYTJION
CTanblo. BapuaHTbl KOHCTPYKTUBHOTO BBINOJHEHUS 3Y NpPHUBEAEHBI B
tabmmmax 1.13 u 1.14.

st 5 pexTrBHON MOJTHHE3AUTHI HEOOXO0IUMO 3a3€MJICHHE C HU3KUM
CONPOTHUBIICHUEM PACTEKAHUIO BBICOKOYACTOTHOI'O I'PO30BOI0 MMITyjbca. B
KaueCTBE TaKUX YCTPOMCTB MOTYT OBITh PEKOMEHJOBAHbI T1yOWHHBIC
3azemuuTend W 3azemudtenu thna Chemrod ¢ KOpPOTKMMH CTEp)KHSIMHU
OO0JIBIIOrO TMaMeTpa CO CIEHHUATbHBIM HAIOJHUTEIIEM.

Pacuer 3a3eMJISIOIUX YCTPOMCTB B YCTAHOBKAX C M30JHPOBAHHOM
HelTpaablo. Pacuer Bkirovaer:

® ONpEACIICHUE PAcYeTHOrO0 TOKa 3aMbIKaHUSl Ha 3emi0 [, U
COIIPOTHUBIICHUS 3a3EMJISIIOLLETO YCTPOUCTBA R3y;

® ONpeAEIeHHE PACYETHOIO CONPOTUBIEHUSA TPYHTA Ppgcy;
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e BBIOOD DIEKTPOJIOB U PACUET UX COMPOTUBIICHUS;

® VYTOYHEHHE YHCIIa BEPTUKAJIBHBIX SJEKTPOJOB U KOH(DUTypanuu
3a3€MJISIFOIIETO YCTPOWCTBA;

® ONPEACIICHUE  UMIIYJbCHOIO  CONPOTUBIICHHS  3a3€MIIIOLIETO

YCTPOMCTBA.
[Ipu ucnonb30BaHUN €CTECTBEHHBIX 3a3€MIIUTEIICH:
— RecmR3y (1 20)
ucx R R ’ .
ecm  1V3y
ra€ Ryw Reew — CONPOTHBICHHE HWCKYCCTBEHHBIX M €CTECTBEHHBIX
3a3eMJINTEJIEH.

Ecmu Re.n < Ryo, TO HCKYCCTBEHHBIX 3a3eMIIUTENIC HE Tpeodyercs,
MAarucTpaiab 3a3€MJICHHS HE MEHEE YEM B JBYX TOYKAaX MPUCOCIHHSETCS K
€CTECTBEHHOMY 3a3€MJIUTEIIO.

Onpeoenenue I, u Rzy. ConpOoTHUBIICHHE 3a3eMJISIOIIETO YCTPOMCTBA
IIPUHUMACTCS WJIA PACCUUTBHIBACTCS I10 COOTHOLICHUSM, IPUBEICHHBIM B
tabmuimax 1.7 u 1.8.

PacueTHbIi TOK 3aMBIKAaHUIO HA 3eMIIIO TIPUOJIMIKEHHO ONPEIETISETCS 110
BBIPAKECHUIO:

— U ou (3 SLyg + LBJY)
’ 350
rae U,,, — HOMMHAIBHOE JINHEMHOE HaIpsKeHUe ceTtw, KB; Ly, Lg; — miinHa
KaOeTbHBIX U BO3IYIIHBIX DJIEKTPUUYECKH CBSI3AHHBIX JIMHUM, KM.

Ecnu B HeWTpasib BKIIFOUEH 3a3€MILAIOLIAN PEAKTOp, TO 3a PACUETHBIN
TOK NPUHUMAIOT TOK, paBHbIM 125% ero HOMHHaIBHOTO TOKa. PacueTHbId
TOK 3aMbIKAHHUSI Ha 3€MJII0 JOJDKEH OBITh OmpeAesieH il Takou
HKCIUTYaTallMOHHOM CXEMBI CETH, IIPU KOTOPOU ATOT TOK MMEET HauOOJIbIliee
3HAYECHHUE.

IIpn coBmemenun 3Y pas3iWyHBIX HANPSIKEHWW NpPUHUMAETCS Rsy
HauMEHbIIIee U3 TpeOyeMbIX 3HaUCHUM.

Onpeoenenue Ppueq 2pyHma. PacueTHOE yHeNbHOE CONPOTHUBICHUE
TPYHTa ONPENECIACTC:

: (1.21)

P pacw = KeesP 5 (1.22)

I P — YACIBbHOE COMPOTUBICHUE TPYHTA, U3MEPECHHOE MPH HOPMAIBHOU

BJIQKHOCTH (HEKOTOpBIC 3HA4YEHUS P mpuBeAcHBl B Tabmume 1.12); K. —

KOO (PUIIMEHT CE30HHOCTH, YYUTHIBAIOUIMN MPOMEp3aHUE U MPOCHIXaHUE
rpyHTa, MpUHUMaeTcs 1mo Tadnume 1.11.

Buibop u pacuem conpomuenenuss s1ekmpooos. CONPOTHBICHHUE

OJIMHOYHBIX JJICKTPOJOB W >KEJIC300CTOHHBIX W3EIUN OMpEaesIeTCcs 0

39



cooTHomeHusiM Tabmunn 1.9 uw 1.10, a ¢ yuerom Kkoddduirenta
WCIIOJIb30BAHUS — 110 BBIPAKCHUSIM:

R R
R="u; g ="¢ (1.23)
N, n.
rme R W R, — CONPOTHBIEHHWE BEPTHKAIBHOIO W TOPH30HTAIBHOTO

ANEKTPOJOB 0e3 ydera Kodh( UIMEHTa WCHOIB30BaHUSA;, T, U T,
KOO(PUIIMEHThl  HMCIOJIb30BAaHUS BEPTUKAIBHOTO U  TOPU3OHTAIBHOIO
AJIIEKTPOAOB, ONpeestoTcs mo Tabmumam 1.13—1.15.
Heo6xonumoe conpoTUBIIEHUE BEPTUKAIBHBIX 3a3eMIIUTENICH C y4eTOM
COEJIMHUTEIHHOM MOJIOCHI:
R2R3y .
' Re _Rsy
Ymounenue uucna eepmukanvuvix snekmpooos. Heobxoaumoe 4ucio
BEPTUKAJIBHBIX 3a3€MJIUTENECH ONpeaesIeTCs:
® [IpU  UCIMOJb30BAaHUU  E€CTECTBEHHBIX U  HCKYCCTBEHHBIX
3a3EMJIUTETICH

(1.24)

R
N =——; (1.25)
R
MCKT]G
® [IpU UCIOJIH30BaHUU TOJHKO UCKYCCTBEHHBIX 3a3€MJIUTEIICH:
R
N =——; (1.26)
R
3yne
® YTOYHEHHOE KOJIMYECTBO
Rl
N, =—"*—; (1.27)
MCKnG, ym.
Iae Mg ym — YTOUHEHHOE 3HA4YeHHEe KOd((UIUEHTAa HCIONb30BAHUA

BEPTUKAIBHBIX 3a3€MIIUTEICH.

Onpeodenenue uMnyibCHo20 conpomusierus. PacdeT HWMITyIbCHOTO
COIMPOTHUBJICHUS 3a3EMJISIOIIECTO YCTPOHCTBA BBIMOIHASTCS MO COOTHOIIICHUIO
(1.17). Tlo ero Bemu4yWMHE OMNPEACISIOTCS PACCTOSHHUS IO BO3AYXy S, U B
3emiie S, MEXAY 3a3eMIITEJIEM OTJACIbHO CTOSIIEr0 MOJIHHEOTBOJA U
OmKaiIel Kk HeMy TOYKOM 3aluiaeMoro ycrporcrsa (cMm. tada. 1.3). Ha
MOJCTAHIIMSX TPU YCTAaHOBKE MOJIHMEOTBOJOB Ha IMOpTajiax Kpome
coOmto/IeHns1 6€30MacHBIX PACCTOSHUN MO BO3AYyXy U B 3eMJie HEOOXOIUMO
cCorjacoBaTh HWMITYJIbCHBIC pa3psAHbIC HANPSDKCHHUS  U30JATOPOB U
HaAMPsHKCHUS, BO3HUKAIONIUME B TOYKAX WX MPUCOSAUHEHUS K TOPTAILY IMPHU
yaapax MOJHUW B MOJTHHEOTBOI.
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IIpumep 1.3. C yueTOM MOJHHUE3AMNTHI, YCTAHOBICHHON Ha 3JIEMEHTaX
OPY, paccuntaTh 3a3eMJSIIOIIEE YCTPOMCTBO 3aBOJCKOM MOJCTAHLIUH
35/10 kB, Haxonsmelics B TpeTheil kiuMmatuyeckor 3one. Cetu 35 u 10 kB
paboTaroT ¢ HezazeMiIeHHOW HedTpanbio. Ha cropone 35 kB pacueTHsliil TOk
3aMbIKaHusl Ha 3emutto [, coctaBisier 8 A, Ha cropone 10 kB — ;=19 A.
CoOcTBeHHBIE HYXKBI MOACTAHIIUN TOJYyYa0T MUTaHUE OT TpaHchopmaropa
10/0,4 kB c 3azemnennoil neitpansio Ha ctopone 0,4 kB. EcrecTBeHHBIX
3a36MJIMTEIICH HET. YIEIbHOE COIPOTUBIICHUE TPYHTA IIPU HOPMAJIbHOU
BIakHOCTH P = 60 OM-M. DnekTpooOopyJoBaHUE MOJACTAHIIMM 3aHUMAET
TIOIIATb (18X8)M2.

Pemenne. 1o Tabnuie 1.7 conporunenue 3Y s ycTaHOBOK 35 kB:

R, <2V_2V_315 oy,
I, 8
a s yctanoBok 10 xB:
R, <20_20_ 135 0oy
1 19

3

ConpoTuBJeHUE 3a3eMIISIFOIIECTO YCTPONCTBA HEUTpasin TpaHchopMaropa
0,4 kB corimacuo Ta6auie 1.8 qomkHo ObITE He Oosee 4 Om.

3azeMiIsitolee YCTPOMCTBO BBIMIOJIHSIETCS OOIIMM, MOATOMY TOCIETHEE
TpeOOBaHME SIBIISIETCS ONPEICISIIONTUM i pacdeta Ry < 4 Owm.

3azeMJIsItOIee YCTPOMCTBO BBIMIOJMHSIEM B BHUJE€ KOHTYpa M3 MOJOCHI
(40x4) MM®, TponoXkeHHOH Ha rayomHe 0,7 M BOKPYr 00OOPYIOBAHHMS
MOJICTAHIINK, U CTEPXKHEH JUIMHOW 5 M M JuaMeTpoM 12 MM Ha pacCTOSTHUU 5 M
npyr ot apyra. OOrmias JjiuHa 1mosockl 1o mwiany (puc. 1.14) cocraBuser 60 M,
MIPEJIBAPUTEIILHOE YNCIIO CTepHKHEN 12.

x s e > s X
X X
I m
X X
/
—i—0 O O )
/.

1)( a3 X a3 X
_ / 2 3/

Puc. 1.14. IInan 3azemustoniero ycrpoiictsa k npumepy 1.3: 1 — mnomans, 3ansrast
obopynoBanueM (18x8) M52 — KOHTYD 3a3€MJICHHUS; 3 — OIpaKIE€HUE MOICTAHIINH.
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Conpotusnenue oHoro crepxHs (Tadn. 1.9) cocrasinser:

2t+£
rgzppﬂ 1n2—1+lln 7=
27l d 2 b
2
o | 0 z(o,7+5]+5
= In —+—In s\ s =243 Om.
2n-5| 12-107° 2 2(0,”2)_

30€Ch Ppocy = Kees'P = 1,5:60 = 90 OM-M; KOIPPHULIUEHT CE30HHOCTH IS
TPEThEU KIMMATUYECKOUN 30HBI K,e; = 1,5 (Tabim. 1.11).
Heo6xonumoe unciio BepTUKaTbHBIX 3236 MIIUTENICH:

No=—le 243 g
R,m, 40,52

rae M, = 0,52 onpeneneno no tadmune 1.15 s a/l =1, N, = 12.
ConpoTuBiieHHE 3a3eMIISIONIEH MOJIOCKI 1o Tabiuie 1.9 onpeaensercs:

. P pac In 1,5/ _2,3-60 In 1,5-60 —8.48 O,

“oml Wbt w60 \J40.107.0,7

KOA(PULIMEHT CE30HHOCTHU K; = 2,3 (Tabm. 1.11).
ConpoTuBieHne MOJIOCH B KOHTYPE U3 12 3JIeKTPOIOB:

L8549 oum,

2

T, 0,32
rae M. = 0,32 onpeneneno no tadaurne 1.15.
Heo0Oxomumoe conpoTHBIICHNE BEPTHKAIBHBIX 3a3emuntenei mo (1.24):
= BB 209 496 Om.
R —-R,, 249-4
YTOYHEHHOE YUCIIO CTEPHKHEM:
,_r, 243
“ Rm, 476-0,52
Takum 00pa3om, MpUHUMAEM YHCIIO BEPTHKAIBHBIX 3JeKTpoaoB 10, 1Ba
CTepXKHS B TOpIaX TMOJCTAHIIMM He YycTaHaBiauBaeM. CONpPOTUBICHHE
BEPTHKAIBHBIX 3a3emiutenei npu 1, = 0,55 (tabun. 1.15) cocTasurt:

r, 243

Rg = rr
N, 10-0,55
d 3a3€MIIIIOIICTO YCTPOﬁCTBa IIOACTAHIO MU B IICJIOM.:

b

= 4,42 Owm,
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_ RR,  249-442
YR 4R, 249+4,42

NmmnynbcHOE COIIPOTUBJICHUE 3a3€MJIAIOLIErO yYCTPOWCTBA
paccunThiBacTcss 1o BelpakeHuto (1.17), a Oy, 14 IOPOTAKEHHBIX

3azemuurenield — o (1.19). s TokoB mosauu [, = 10—100 KA UMIyJIbCHBIM
KOd(pUIIMEHT U3MEHSIETCS B TIpe/Iieliax:

oo 15004/S _\/ 1500+/20-10

(X‘im -
i (0 e +320)(1,, +45) | (90+320)(10+45)

oA 1500+/S _ | 1500420-10
) \(

aim -
’ (P e +320)(1, +45 90 +320)(100 + 45)

HMITYJIbCHOC COIIPOTHUBIICHUC COCTABJIACT:
Ry iy = (0,97 +0,60)R;, =(0,97+0,60)-3,75 = 3,64 +2,25 Om.

Tak Kak MOJHHEOTBOJBI YCTAaHOBJEHBl Ha KOHCTpyKuusax OPY,
HE0OXOMMO BBIIOJIHUTH MEPONIPUATHSI, pUBeeHHbIE B Tabauue 1.4. Yucno
HaIpaBJICHUN pPACTEKaHWS TOKAa MOJHUU II0 MAarucTpaisiM 3a3eMJICHHS
JOJKHO ObITh 3—4, a pacCTOSIHME OT CTOMKH C MOJIHUEOTBOJOM — HE MEHee
JUTMHBI BEPTUKAIBLHOTO 2JIEKTPOa, TO €CTh KoHpurypamus 3V yTOUHSETCS ¢
YYETOM MECTa YCTAaHOBKU MOJHUEOTBOOB.

IIpumep 1.4. PaccuutaTh 3a3emiisifolllee YCTPOMCTBO MOJCTAHIIUU
10/0,23 kB, naxonsmeiics B mepBoi kiaumarudeckoi 3oHe. Cerp 10 kB
COCTOHT W3 BO3AYIIHOM U KaOENbHOM JTWHUHN JATUHOM MO0 5 KM U paboTaer ¢
He3a3eMJICHHOW HeWTpanbio. Tpancdopmarop Ha ctopone 0,23 kB ummeer
3a3€MJIEHHYIK0 HEUTpajdb. ECTECTBEHHBIX 3a3eMIIMTENCA HET. Y IEIbHOE
CONPOTHUBIICHUE TpPyHTAa MpU HOpMaIbHOW BiaxHocTH P =200 Om-Mm.
3azemisltolllee  YCTPOMCTBO —  PSAOHOE,  BBINOJIHEHHOE  CTAJIbHBIMU
BEPTUKAJIBHBIMU  JJIEKTpOAAMU AuaMeTpoM 16 MM ©  amuHOUW 5 M,
rOpU30HTANIbHAS CBs3bIBatoas mnojoca (40x4) MM’ MIPOJIOKEHA HA TIyOWHE
0,5 M. DnekTpoobOpyI0BaHKE MOACTAHIIMN 3aHUMAET TIoaas AXB=15x12 m.

Pemenne:

I. OmnpenensieTcss  pacuyeTHOE  CONPOTUBIICHHWE  COBMEIICHHBIX
3a3eMJIAIOIIUX YCTPOMUCTB MOJICTAHIIUU:

=375 Om.

b b

5 >

Ry <2212 2045 0w
I, 51
_Uiou(35Ley + Lyy) _1035-5+5) _
’ 350 350 T

J{nst cetr HU3KOTO HaMpspKeHUs Rzy, = 8 Owm (Tabu. 1.8), HO JomycTUMOe TIpu
JAHHOM TpYHTE omnpeaensercs (CM. mpuMedanue K Tadm. 1.8):
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Ry, =Ry, 001p=8-0,01-200=16 Om,

CJI€IOBATENILHO, JJIsl pacyeTa NpuHUMaeTcs Rzy = 16 Owm.
2. Ompenensiercss pacdeTHOE COMPOTUBICHHUE OJIHOTO BEPTHUKAIBHOTO
anekTpoaa (tabdm. 1.9):

r_p,m,(l 2 1, 4t+lj_1,9~200 25 1 4(0,5+2,5)+5) _
“o2mi\ d 2 4t-1 215 16-10° " 2 4(0,5+2,5)-5
=114 Om,

1o Tabimune 1.11: xees ¢ = 1,9; Ppacy = Kees. 6°P-
3. OnpenensieTcss KOJIMYECTBO BEPTHKAIBHBIX 3JIEKTPOIOB pacueTHOE:
e 0e3 yyera S3KpaHUPOBAHUS

N, e = r 14 7,1; npuanmaercs N, .., =8;
R, 16
® C Y4eTOM dKPaHUPOBAHHUS:
N, 8

6 pacy

opace = =—=13,3; npunumaercs N, =14.
n, 0,6

[To tabmuue 1.15 s psAgHOTO 3a3eMIIAIOIIETO yCTpoiicTBa N,

6 pacu =38 >
a/l = 1 xoappunreHT ucnoyib30BaHus paBeH 1, = 0,6.

4. Ha myaHe MojACTaHIIMK BBIYEPUUBACTCS KOH(MUTYpALUs 3a3eMJISIOIIETO
ycrporicta (puc. 1.15). Tak xak BeiOpano a/l =1, To a=1[=5 m. IIpu npsmoii
MPOKJIA/IKE TOYYUTCS OOJbINAs MPOTSHKEHHOCTh MO TEPPUTOPHUU, MOITOMY

1esnecoo0pa3Ho MPUHIATH KOH(PUTypalnio, IpUBeIeHHY0 Ha puc. 1.15.

a
;I \ 9 0 O—O

AXB=15x12m
? N,=14 L,=65m Q
[=5M Ry, =12,70M
a=5wMm
t=05m
(o) . (o)
o, O O - O O

Puc. 1.15. Ilnan 3a3eMisiolero ycTpoOHCTBa TpaHC(HOPMATOPHON MOACTAHIIMU
10/0,23 kB (x nmpumepy 1.4).
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FOpI/ISOHTaJIBHa}I CBA3BIBAOIIAA BCPTHUKAJIBHBIC J3JICKTPOAbI II10JI0OCA HMCCT
JJIMHY:
L =a(N,-1)=5(14-1)=65 m.

n

5. OnmnpenensroTcsi  yTOYHEHHBIE  3HAYEHUS  CONPOTUBICHHIA
BEPTUKAJIbHBIX U TOPU30HTAIBHBIX AIEKTPOI0B (Tadm. 1.9):
v 114

R, =—¢—= =15,1 Om;
Nmn, 14-0,54

P paca 1. 1,51 5,8-200 1,5-65
R = In = In
nin, bt m-65-0,54 40-107°-0,5

30€Ch Ppacy = Kees P Kees= 3,8 (Tadm. 1.11); n, = 0,54, 1, = 0,54 (Tadm. 1.15).
6. Omnpegensiercss  (paKTUUECKOE COMPOTUBICHHUE  3a3E€MIISIONIETO
YCTPOWCTBA:

=79 Owm.

_ RR_151-79
R +R 151+79
R3Y oon. (16 OM) > RS’Y (,balcm.(1297 OM)’

CJIeIOBATEIBHO, 3a3EMJISIOIIEE YCTPOHUCTBO OYIET 2PEKTUBHBIM.

Pacyer 3azeMusilOIIUX YCTPOMCTB B JJIEKTPOYCTAHOBKAX €
3(p(PeKTHBHO 3a3eMJICHHON HeHTpaJblo. OiexkrpoyctaHoBkH 110 kB u
Bbllle paboTaroT ¢ S(PQEKTUBHO 3a3eMiieHHOW HedTpanpio. C  1enbio
YMEHBILICHUSI HAaNpsDKeHWsT Ha 3a3zemumrtene mnpu onxHodasznom K3 ero
CONMpOTHUBJIEHUE HEe J0JKHO mpeBbimarh 0,5 OM B moboe Bpems rojaa
(tabun. 1.7). OnHako MmpU TOKaX KOPOTKOTO 3aMbIKaHus 4—8 KA majeHue
HampsDKeHUs Ha 3a3zemiutene coctaBUT 2—4 kB, mosromy HeoOX0IHMMBbI
MEpOIIPUATHS 110 BBIPABHUBAHMIO IOTEHLHANA BHYTPU 3a3€MIIIOLIETO
ycTpoiicTBa u O6bIcTpoe oTkiroueHue K3.

JU71s1 BbIpaBHHMBAHMS TIOTEHIMANA HA TEPPUTOPUH, 3aHATON 000pYJOBaHUEM,
NPOKJIa/IbIBAIOTCS MPOAOJIBHBIE 3a3eMIIMTENN BJOJb OCeM 00OpymoBaHUS Ha
riny6une 0,5-0,7 M u Ha paccrosiHuu 0,8—1,0 M 0T GyHIAMEHTOB U COSTUHSIFOTCS
MEXIy €000 IMONEPEYHBIMHM 3a3eMIIMTEIIIMUA C paccrossHussMH 4-20 M B
3aBUCUMOCTH OT PAcroJIOKEeHUsI 00opyAoBaHus. VCronb3yroTcs eCTeCTBEHHbIE
3a3eMJTUTEIH, a IPU HEOOXOMMOCTH — BEPTUKAIbHBIE.

Pacuer  3azemusromero yCTPOWCTBA, HOPMHUPOBAHHOI'O 1o
CONPOTUBJIEHUIO R3y, MPOU3BOAUTCS B TAaKOM K€ MOpSAIAKE, KaK W JUIs
YCTAaHOBOK C H30JIMPOBAaHHOW HeUTpanbio. OO0sS3aTeNbHBIM SIBISETCS Yy4eT
COMPOTHUBJICHUS CETKH 3a3€MIIAIONIMX I0JOC M MPOBEPKA HMX CEUEHHUS IO
TEPMHUYECKON CTOMKOCTH.

Pacyet MOXeET BBINOJIHATHCA U 110 HOpMaM Ha HauOoublIee JOMyCTUMOE
HaIpsDKEHUE Ha 3a3¢MIBIFOLIEM YCTPOMCTBE M HAIPSHKEHUE ITPUKOCHOBEHUS.
Takoe 3azemneHue oOecreuuT O€30MIACHOCTh IMepcoHana U Oyxer

R3y paem. =12,7 Om.
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YAOBJICTBOPATDH Tpe6OBaHI/IHM, MMpCaABABIIACMBIM K pa60‘II/IM 3a3CMIJICHUSAM U K
3a3CMJICHUAM CPCACTB I'PO303alIUThI.

1.4. CxeMbI MOJIHME3AIIUTHI MOJACTAHUUI MPOMBIIIJIEHHBIX

Pexomennyemele
AIEKTPOCHAOKEHUS
Tabmuue 1.17.

npeAnpusATHI
CXEMbl  MOJIHHE3AIUThl  IMOACTAHIUWA  CHUCTEM
MPOMBIIUIEHHBIX  NPEANPUATHN  TPUBEACHBI B

Tabmuua 1.17

CxeMbl MOJTHUE3AIINUTEI ITOACTAaHIINN

Cxema

3anumaeMelii 00bLEKT

XapaKTepuCTUKU
MOJIHUE3AIUTHI

PT

PT

Hanpsiorcenue 3—-20 kB

IlexoBeie  Tpancdhopmarop-
HBbI€ TOJCTaHIMU M pacmpe-
nenutenbHble MyHKTHI (PIT) ¢
MUTAIONIMMH  BO3AYLIHBIMU
nuausmu (BJT)

YcranaBnuBarOT TpyOUaThie
paspsauuku (PT) Ha BBOIE
kaxxgor BJI. Ecmm toxm K3
0oJbIlle TPEAETBHBIX TOKOB
K3, orkimodaeMbeix TpyOda-
TBIMH  pa3psAHUKaMH, Ha
IIMHAX IOJACTAHIMU  yCTa-
HABJIMBAIOT BEHTHJIbHBIE pa3-
psanuuku (PB)

PT

PT

PB

IlexoBeie  Tpancdhopmarop-
Hble noactannuu u PII ¢ nu-
tatomumu BJI depe3 kabenb-
HBIC BCTaBKU

Ycranasnmusaror PT wimm PB
Ha KabenpHBIX My(Tax u PB
Ha OIMHAX TOACTaHIUH

150-200 m |

35-220 kB

I'maBHBIE ITOHU3HUTEIIbHBIE
MOJCTAaHIUU C OTXOASIIUMU
BJI Ha cropoHe HHU3LIETO Ha-
IPSDKEHUS

VYcranaBouBaror PB na mm-
Hax moxctaHimu, PT, — Ha
BBOJax B IMOACTAHIIMIO U O0-
noiaHutenbHble PT; Ha pac-
CTOSIHUH TPEX—YETBIPEX IIPO-
JIETOB OT IOACTAHIINHU
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[Tponomxenue Tadaunb 1.17

3amumaeMsolii 00bEKT

XapaKkTepuCTUKU
MOJIHHAE3AIUTHI

et

I'maBHBIE [MOHU3UTEIbLHBIE
IMOJCTAHIIMK C OTXOISIIMMU
BJI, uMmeromuMu KaOeIbHBIE
BCTaBKH Ha ITOJX0Jax K ITOJI-
CTaHIINHU

VYcranaBauBaoT PB na mu-
Hax mnoxcranmuu, PB — 3a
peakropamu, PT, — Ha Ka-
OcnpHBIX My(Tax W Ha pac-
CTOSIHUU TPEX—YETBhIPEX Mpo-
J€TOB OT HHUX; MpHU JIMHE
KaOeIbHON BCTaBKM 0OoJjee
50 M BTOpOH KOMILIEKT pas-
panaukoB PT; He ycranas-
JINBAIOT

=
§| PT, PT,

=3 | |
o teash e

I'eneparopsr 10 50 000 kB-A | Ycranasnusaror PB I rpymnmsr

5JIEKTPOCTAHLMN  MPOMBINI-|HA IIMHAX 3JIEeKTPOCTAHIMH,

nennpix npeanpustuii. BJI|{PT mm PB nHa xabenbHbIX

HOAKIIOYANOT K MIMHAaM Yepe3 |My(Tax ¥ B KOHIIE 3alIUIICH-

6—10 kB Ka0OelbHblE BCTaBKM O3 pe-|HOTO MOJHHEOTBOAAMHU IIOJ-

* akTopoB. BJI Ha nepeBsHHBIX | X014, JUIMHa ~ KaOennbHOM

omopax K IIMHAM TeHEparo-|BCTaBKH JIOJKHA ObITh HE Me-

PB poB  mommHocTthio  Oomnee |Hee 50 m. IToxxon BJI na pac-

. I |25 000 kB-A  mpucoeaumsts | CTOsHME 300 M sammmaor

S PT HE pasperaeTcs CTEp/KHEBBIMH ~ MOJIHHUEOTBO-

2 mamvu. Ecmm momxomer BJI

<B—<H !
PT = ANEKTPOCTAHLIUM WM  TOJ-

CTaHLIMM DKPAaHUPOBAHBI OK-
PYXAIOIIUMH  CTPOCHUSIMH,
3amura noaxonos BJI mon-
HHMEOTBOJAMH HE 00s13aTeIbHa

300 m

I'eneparopst 7o 50 000 kB-A
AJIEKTPOCTAHIIMN  MPOMBIII-
JIEHHBIX mnpennpusatui. Jlun-
HUM peakTupoBanbl. BJI mpu-
COCIUHEHBl K IIMHAM TeHe-
paTOpPHOrO HAMpsDKEHUs de-
pe3 KaOenbHBIE BCTABKU

YcranasmBaror PB 1 rpynmsl
Ha IIMHAX T€HEPaTOpHOIo Ha-
npspkenust, PB IV rpymmer — 3a
peakTopamu, Ha JmHuUsAX PTi.
Ha mmuax snexTpocTaHmmm
KpOME pa3psHUKa yCTaHaB-
JMBAIOT 3aIlUTHBIE EMKOCTH,
9YToObl CyMMapHas €MKOCTh
Kabenel, MPUCOSIMHEHHBIX K
reHeparopaM, cocrasisuia 0,5
MK® u Oonee Ha azy. [[mHa
KaOelbHOW BCTaBKU JIOJDKHA
ObITh He MeHee 50 M
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Oxkonyauue Tadoaunsl 1.17

Cxema

3amumaeMsoliii 00bEKT

XapaKkTepucTUKu
MOJIHHE3AIUTHI

1 é—hl 1|

Il «%—hl I

S

35-110 xB

PB

PT
==Hi
hd

Hanpsowcenue 35—110 kB

I'maBubIE [IOHU3UTEIbHBIE
noxncragmu 35-110 kB

VYcranasnmuBarot PB Ha mmHax
noacranun, PT — Ha BBOmax
U B KOHIIE TPOCOBBIX Y4YacT-
koB. ITomgxoner BJI 3ammimaror
Tpocamu. Ecim momxonsl 3K-
PaHUPOBAHBI  OKPY>KAIOIIMMH
CTPOEHUSIMH, 3alllUTa MOJI-
HHUEOTBOJAMH HE 00sI3aTelIbHA.
BunutoBble pa3psaHUKH TpU-
COCUHSIIOT MOJ OAWH pa3be-
JUHUTENb BMECTE C TpaHC-
(dhopmaTopamMu HaIIPSHKSHUS

l I'maBubBIC IMOHU3UTEIbHBIC | YcTaHaBIuBalor PB  0e3
PB HOI[CTaHLII/II/IU 35-110 kB mno |pa3benunureneit
L I YIIPOIIEHHON CXE€ME C KOpPOT-
= KO3aMBbIKaTEIIMU BMECTO
BBIKJIIOYATEIICH
PT I J>—> PT , |LlexoBble  moHM3HTENbHBIC | YCTaHaBIMBalOT PB Ha mm-
é MOJICTAaHIIUN TIyOOKOro BBO-|Hax mnoactanuuu, PT — Ha
& "%‘h' .,_,6%_“, na 35 kB c Tpancdopmaro-|BBOmax B MOJCTAHIMIO U HA
35 B *— | pamu 10 630 kB-A paccrosinuu 200 m
PB

PT, PT, [ToxcTanimu HAcOCHBIX yC-|VYcranaBnuBaioT PB Ha mim-
0—><-§l-lll H*};TEFII' TaHOBOK NPOMBINLICHHBIX | gaX TIOJCTAHIME U KOHICH-
0—><-E1I-H|. 4>—><—Ell-+.||. MPEMPUATHH C IEKTPONBH-| catoppl eMKOCTBIO 0,5 MKD;
A 610 B X rarensmu 3-10 kB, muraro- Ha muraromux BJI ycranas-
' ' ! muecs uepes BIL Ges yera-| Lo PT, Ha paccrosHuu

HOBKH MMOHU3UTEIBHBIX
é)))l (CT)II é}ﬂ op)y| | TparchopmaTopos (e 150 m ot moxcrauimu u PT,
MMEIoIMe  HACOCHOH, Ha- |HA PACCTOSHMHU 100 m ot PT>»

= |mopumep 35/6 kB)

PT PT Jns BCEX nojcTaniui, | Ycranapausaor PT ma BJI

J_\//\. 150-200 m

HUMEIOIUX YCTaHOBJICHHbIE U
MIPUCOCIUHEHHbIE K IIHWHAM
OaTapeu KOHICHCATOPOB, MPH
Hanuuuu BBoJa BJI Ha Te xe
IIHHBI

Ha pacctosinun 150-200 M ot
mMuH noxacranuuu u PB — Ha
ITHHAX
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1.5. MoJsiHHe3aIUTA MOAX0A0B BO3AYIIHBIX JUHUH dJIeKTponepeIadu K
MOACTAHIUAM

3ammuta noxxoaoB BJI nHampsbkenuem 3-20 kB Kk moacTtaHuusM
TPOCOBBIMU MOJTHUEOTBOJAMU HE TPEOyeETCSl.

Cxema 3amutel noaxonoB BJI Hanpsokenuem 3—20 kB ¢ nepeBsHHbIMU
ornopamu npuBezeHa Ha puc. 1.16. ConpoTuBieHue 3a3eMIEHUS TPyOUaThIX
paspsanaukoB PT; m PT, He momkno mnpeBbimate 10 Om mpu yaeiapHOM
conporusieHun 3emiau Meree 1000 Omm m 15 Om mpu p=1000 Owm.
Paccrosuue ot PT, Ha OTKIIOUEHHOM OT MNojacTaHiMu KoHie BJI 1o
anmaparoB He JODKHO ObiTh Oosee 60 ™. Ilpm momxomax BJI ¢
METAJUTHICCKUMHU U KeJIe300eTOHHBIMU omopaMmu yctaHoBka PT; u PT, He
Tpebyercs, onopbl BJI Ha mouae 200-300 M OT MOJACTAaHIIUN JTOJDKHBI OBITH
3a3€MJICHBI.

IIpu momHocTH TpanchopmaTtopa noactanuuu 10 600 kBA tpyOuaTsie
paspanHukd Ha noaxone BJI Hampsoxkennem 3-20 kB ¢ nepeBaHHBIMH
OTNOpaMU HE YCTaHABJIMBAOTCS.

Cxema MONHHE3AIIUTHI MOAXOJO0B BO3AYIIHBIX JIMHUWA HANPSIKEHUEM
35 kB u Bwimie npuBeaeHa Ha puc. 1.17. JlnnHa noaxona ¢ MOBBIIIEHHBIM
3AIIUTHBIM YPOBHEM COIPOTUBIICHUS 3a3€MIICHUSI OIOP, KOJUYECTBO H
3alUTHBIC YIJIBI TPOCOB IIpUBEICHBI B Tabauie 1.18.

< 250-300 .
= !
o R

PT, PT,
R<10+15 Om <1

<10+15 Om

Puc. 1.16. Monnueszamura noaxonoB BJI nanpsbkennem 3—20 kB Ha gepeBstHHBIX
oropax.

1-4 xm

PT,
R.<10+20 Om

Puc. 1.17. Monnueszanura noaxoaos BJI nanpsixkenunem 35 kB u BbIme.

N I“

PT,
R.<10+20 Om

=== <¢ i
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Taomuma 1.18

TpebGoBaHus K MOIX01aM BO3IYIIHBIX JIMHUN 3JEKTPOIIepeIaun

Haubomnpiee gonyctiumoe co-
ITonxons! BJI Ha nopranbHbix (Iloaxonst BJI Ha 0AHOCTOEUHBIX | TPOTUBJICHHUE 3a3€MIIEHHS OTIOP,
oropax oropax Owm, TIpH yIeTEHOM COTIPOTHUB-
nennu 3emin, Om-M*>
Unom, kB
Jnuna | Koauue- | 3amur- Jmra | Konmge- | 3amuT-
MTOJIXOAA, | CTBO TPO- | HBII YTOJI | TOIXO0Aa, | CTBO TPO- | HBI yroi 0100 |°T 100 mo Sonee 500
Km*! COB Tpoca, km*! COB Tpoca, A 500
rpajn rpaj
35 0,5% 2 25-30 1-2 1-2 30 10 15 20
110 1-2
150 1-3 2 25-30 1-3 1-2 25%4 10 15 20%°
220 2-3 2 25-30 2-3 1-2 25% 10 15 20%°

*! Jlnuua 3amMIaeMoro moaxoa BEIOHPAETCS C Y4ETOM PACCTOSHHM MEK/Ly BEHTHIBHBIM PA3PsIHHKOM
U 3alUIIaeMbIM 000PYI0BaHUEM.

*2 Ha noaxonax BJI nanpsixenuem 110-330 kB ¢ ogHOCTOCUHBIMU IBYXIIETTHBIMH OMOPaMU 3a3€MJICHUS
OTIOp PEKOMEHIYETCsI BHIOJHATH C CONPOTHBICHUEM He Oonee 5, 10 u 15 OM npu rpyHTaX ¢ SKBHBAaJICHT-
HBIM y/ienbHbIM corpoTuBieHreM 1o 100, ot 100 o 500 u 6osee S00 OM-M COOTBETCTBEHHO.

*3 TombKo U1 TIOACTaHIMI ¢ TpaHchopmaTopamu 10 1600 kBA.

** Ha 0JIHOCTOGUHBIX XKeIe306ETOHHBIX OOPax A0MmycKaeTcs 10 30°.

5 JIns TIOPTANBHBIX OIOP HA TPYHTE C SKBHBAJICHTHBIM Y/EIbHBIM CONMPOTHBICHHEM Goee 10° Om-M
JIOIYCKAIOTCsl CONPOTHBIIEHN 3a3eMiiennst 6oiee 20, Ho He Oosee 30 Om.

Kommnekt paspsanukoB PT; ycranaBiuBaeTcs Ha EPBOM, CO CTOPOHBI
JIMHUH, OTIOPE MOAXO0/1a B CIEAYIOMIMNX CITydasX:

® JIMHHUA 10 BCEU JUIMHE, BKIIFOYAs MOJAXO0/, IIOCTPOEHA HA JIEPEBSIHHBIX
ornopax;

e JIMHUS TIOCTPOEHA Ha JEPEBSHHBIX OMNOpax, MOAXOJ — Ha
METAIUTMYECKUX HIIH JKEJIe300€TOHHBIX

e Ha noaxonax BJI nHanpstoxkenneM 35 kB Ha AepeBSHHBIX OIOpax,
3alIUTa KOTOPHIX BBINOJHEHA YIIPOIIEHHO.

KommnekT paspsguukoB PT, ycTraHaBiaumBaeTcss Ha BXOJHBIX MOpTalax
WM Ha nepBodM oT mnojacranuuu omope BJI nampsixenuem 35-110 kB,
KOTOPBIE UMEIOT 3alUTy TPOCOM MO BCEH JJIMHE U B TPO30BOM CE30H MOTYT
OBITh JUIMTEIIBHO OTKIIFOYEHBI ¢ OAHOM cTopoHbl. Paccrosame ot PT, mo
OTKJIFOYEHHOTO aIlapara He JOJHKHO IpeBbImaTh 60 M.

JlonmyckaeTcsi yBEIMYEHHE CONPOTUBICHUM 3a3€MIICHUS OINOp Ha
noaxoaax Bo3aywmHbIx JIDII nHanpsokenuem 35—-110 kB B paiioHax ¢ yucioMm
IPO30BBIX YacoB B roay MeHee 20 B moaropa pasa, menblue 10 — B Tpu pasa.

B ocobo rosonenHeIx pailoHax M B pailoHax C 3KBHBAJICHTHBIM
yACIBHBIM COMPOTUBIICHUEM 3eMJIH 0oJiee 10° Om-m JIOITYCKAaEeTCsl 3allUIATh
noaxoasl BJI k OPY oTaenbHO CTOSMIUMEU CTEPKHEBBIMUA MOJIHUEOTBOIAMH,
COIIPOTHUBIICHUE 3a3€MIIMTEIIEN KOTOPHIX HE HOPMUPYETCHI.
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B paiionax, wumeromux He Oosee 60 TPO30BBIX YacOB B TOAY,
JIOIyCKAeTCsl HE BBIMOJHATH 3aIIUTY TpocoMm mnoaxona BJI HampsbxkeHnem
35 kB k noacrannusam 35 kB ¢ nBymsa tpanchopmatopamu no 1600 kBA u
HaJIMYMEM PpE3EpBHOTO NUTAaHUS HArpy3Kd €O CTOPOHBI  HM3LIETO
Hanpspkenus. [Ipu atom onopel noaxona BJI va giuue 500 M 10JKHBI UMETH
3a3eMJIMTENIA C COMPOTUBIIEHHWEM, yKa3aHHBIM B Ta0ia. 1.7. Ha Bo3mymHBIX
JUHUSAX C JEPEBSHHBIMU OIOpPAMH, KpOME TOro, TpeOyercsd Ha MOJAXO0Je
qmuHoM 500 M 3a3eMuIITh  KpEIUIEHHs H30JIITOPOB M YCTAHABIMBATh
paspsannuku PT, Ha mepBoi omope moaxoaa co ctopoHbl BJI. Paccrosinue
MEXAY BEHTUJIBbHBIMHU pa3psAIHUKAMHU U TPAHCPOPMATOPOM AOJKHO OBITH HE
6osnee 10 M. Ilpu oTcyTCTBUM pe3e€pPBHOTO MUTAHMS HA MOJICTAHLIUU C OJHUM
tpancopmaropom g0 1600 kBA monxoawst BJI mampsokenwem 35 kB k
MOJICTAHIIMM JTOJKHBI OBITh 3alIUIIEHBI TPOCOM Ha JuinHe He MeHee 500 M.

1.6. CxeMBbI MOJTHHE3ANIINTEI MOJACTAHIMNA HA OTBETBJICHUAX

Cxembl 3amuTsl moactanimuii 35-110 kB ¢ Tpancopmaropamu 10
40 MBA, mpucoequHseMbIX K BO3AYLIHBIM JIMHUSAM HA OTBETBIICHUSAX,
IpuBeneHbI Ha puc. 1.18, a ¢ MOMOIBIO KOPOTKUX 3aX040B — Ha puc. 1.19.
BenTunbHbIEe pa3psIHUKH YCTaHABIMBAIOTCS Ha paccTosiHUHM He Oonee 10 M
ot TpaHchopmaropa. Conpotuiienus 3azemseHuss PT; u PT, He HOMKHBI
npesbimaTe 10 OM, HO mipu p = 10° Om MoryT 6bITh yBemmueHs! 10 30 OM. B
MocJIeTHEM cllydae 3a3eMJsitomuii KoHTyp PT, momkeH ObITH COeNMHEH C
3a3eMJIAIOIIUM KOHTYPOM MOACTAaHUHUM MPOTSKEHHBIM 3azemuuteneM. [Ipu
nuHe 3axoa 6osee 500 M ycraHoBka paspsaaukoB PT He TpeOyeTcs.

1.7. MosHue3alUTA JIEKTPUYECKHUX MAIINH

He nomyckaercs mojacoenuusaTh HemocpeactBeHHo Kk BJI (6e3
pa3feNuTeNIbHOT0 TpaHchopMaTopa) ANMEKTPUUECKUE MAIIUHbl MOIIHOCTBIO
cbitie 50 MBA npu MetaJmmiueckux 00 kene300eTOHHBIX ornopax Ha BJI
u cBbile 25 MBA 1nipu nepeBsHHBIX.

JInst 3ammThl DJIEKTPHYECKUX MAIIMH MOIMHOCTBhIO Oonee 3 MBT,
MPUCOEANHSAEMBIX K BO3AYILIHBIM JIMHUSIM, YCTAaHABIMBAIOTCS BEHTHJIbHBIC
pa3psiaHUKH U KoHaeHcaTopel He menee 0,5 Mx® Ha ¢aszy. Kpome srtoro,
JOJDKHA OBITH BBITIOJIHEHA 3amuTa moaxonaa BJI k moacraHiuu ¢ ypoBHEM
rpa3zoynopHocty He MeHee 50 KA.

[Tonxoapl BO3AYLIHBIX JUHUM K PAaCIpEICUTEIbHBIM YCTPOMCTBAM C
ANEKTPUYECKUMHU MallMHAMU JIOJKHBI OBITh 3aIlUIIEHBI OT TPO30BBIX
BO3JICUCTBUN.
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2) 150~ ~200y 150-200 w, 150-200 MV150 200 M

4
ﬁPT1 @PT2 ! PT, ﬂPTI

menee 150 m

u||—|]]EI—

6) _ 150-200m  _ 150-200m
_i T 1*
-
PT, 7 YEPTz ﬁPTl
L S = L
PB

—_—

Puc. 1.18. Cxembl MOJIHME3aUIUTHl MOJCTAHLIMKI, NpHUCOeIUHEHHBIX K BJI
OTBETBJIEeHUIMH JyInHOM 10 150 M (a) m 6omee 150 M (0).
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a

1 150-200 »150-200

=

50-200 i 150-200 m

_I_

PTlﬂ PT, L pTzﬂ PT,
— — - ® ® —

A
Cd

MeHee 150 m

&

150-200 m 150-200 m

N
PT,
PT,

=0
-
== by
=0
=
N
= 150-500 M=

Puc. 1.19. CxeMbl MONHME3alIUTHl MOACTAHUMN, NpUCOEAUHEHHbIX K BJI
MOMOIIIBIO 3aX00B AyiHOU 110 150 M (a) u 6onee 150 M (0).
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Cxema 3amutel noaxona BJI Ha jxene300€TOHHBIX OmoOpax MpHUBEICHA
Ha puc. 1.20 a. Onopsl nojaxoAa NOMKHBI UMETh JEPEBSIHHBIE TPABEPCHI C
paccTosiHEeM |1 M MO IepeBy OT TOUKU KPEIJICHUS TUPIISIHABI U30JATOPOB J10
croviku omnopel. IIpoBoma BJI nopsemmBaroTCsT Ha  HU30JATOpAX,
COOTBETCTBYIOIIMX Kiaccy HanpsikeHus 35 kB. ConpoTuBieHue 3a3eMIIeHUs
TpyOuatoro pazpsigHuka He Oonee 5 OM, CONPOTUBIICHHUE 3a3€MIICHUS
TpocoBsIX onop He 6onee 10 OMm. TpyOuarslil pa3psSAHUK B Hadalle MOIX0Aa
MOXET OBITh 3aMEHEH BEHTWJIbHBIM pa3psaHukomM [V rpymnmel ¢
COMPOTHUBJIEHUEM 3a3eMiieHHs He Oosiee 3 Om.

Ha nmonxomax BJI ¢ nepeBsitHHbIMEA OmOpaMu JOIOJHUTEIBHO CIIEAYET
YCTaHaBJIMBATh KOMIUIEKT TPYyOUaThIX pa3psIHUKOB Ha paccTosHuu 150 M oT
Hayaja TPOCOBOI'0 MOAXOAa B CTOPOHY JUHUU. CONPOTHUBIICHUE 3a3E€MJICHUS
pa3psiIHUKOB He O6oJee 5 OM.

[Tpu Haymmuuu kabenpHON BCTaBKHU JuMHOM 70 500 M 3ammra moaxoaa BJI
BEITTOJTHSICTCS TaKkke, Kak B Ha BJI 6e3 kaOelIbHBIX BCTaBOK. J{OIOJHUTEIILHO B
Mmecte nipucoenuHerns BJI k kabemnto ycTaHaBIMBaeTCsl BEHTUIIBHBIN Pa3psTHUK
IV rpynnsl. ConpoTuBiIeHHE €0 3a3eMJIEHUS, COEIUHIEMOTO C METAJUTMYECKON
0001104KO# Kabesi, He JOIHKHO IpeBbIaTh 5 OM.

Cxema noaxoaa BJI mpu 3ammure ero oT mNpsAMbIX YJapOB MOJHHUHU Ha
quHe He meHee 300 M 31aHuAMH, NEPEeBbSIMH WIM APYTMMHU INPEIMETAMHU
npuBeeHa Ha puc. 1.20 0.

IIpn Hamuuuu peakTopoB Ha mpucoenuHeHuu BJI moaxon momxeH
BBITIOJIHATHCS IO cxeme puc. 1.20 B.

[Ipy npucoenMHEHWM BO3AYIIHOW JIMHUM K pPaclpeaeIuTeIbHOMY
YCTPOMCTBY C DJIEKTPUUYECKMMU MAIIMHAMHU Yepe3 peakTop U KabelbHYIO
BCTaBKY JIMHOM Oosiee 50 M 3amura moaxoaa ot I[IYM He tpelyercs u oH
BBINOJIHSIETCS MO cxeme puc. 1.20 T.

IIpu MoIHOCTH ANEKTPUUYECKUX MallluH MeHee 3 MBT 3amura noaxonaa
BJI tpocom ne TpeOyetcs. [Ipu 3TOM, ecnu MOAXOasl HA JJIMHE HE MEHEe
500 M BBITIOJTHEHBI HA KEJIE300€TOHHBIX WM METAIUTMYECKUX OIMOpax, TO UX
CONPOTHUBJIEHUE 3a3€MJICHUS JTOJKHO OBbITh HE Oosee 5 OM, a Ha pacCTOSTHUU
15 M OT MOACTAaHIIMK MOJDKEH OBITh YCTAaHOBJICH KOMIUIEKT BEHTHIIHBHBIX
pa3psiaaukoB [V rpynmsl ¢ conpoTuBIeHUEM 3a3eMieHus He 0osee 3 Owm.

[Ipu HapeXkHOM pe3epBUPOBAHUHU JBUTATEIEH MOIIHOCTHIO 10 3 MBT 1
npucoenvHeHn BJI Ha aepeBsHHBIX omopax 3alura OCYLIECTBIISIETCS IO
puc. 1.21 a. IToaxon BJI nonyckaercs He 3ammmars ot [IYM. [Ipu noaxone
BJI ¢ xene300eToHHBIMU WK MeTayuinueckumu omopamu PT; u PT, He
yCTaHaBIMBalOTCs, 3a3emiienne onop BJI Ha nnune 250 M He TOJKHO OBITH
6omee 10 Om.

[Ipu Hanuuuyu kabenbHON BCTaBKU JIFOOOW JJIMHBI 3alllUTa BHIMOIHSAETCS
o cxeme puc. 1.21 6.
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Puc. 1.21. 3amura 3neKTpUUECKUX MalllMH MOIIHOCThIO MeHee 3 MBA.

1.8. Haubospmme 10nycTUMbIE PACCTOAHUS OT BEHTHIbHBIX
Pa3pSAHUKOB /10 3aIMIaeMOro 000pya10BaHUS

B pacnpenenutensubix ycrpoiictBax 3—10 kB nmpu kabenbHOU CBS3U
MEXAYy IIMHAMU W TpaHC(HOPMATOPOM PACCTOSIHUS OT PA3PSAHUKOB 10
TpaHcOpPMATOPOB W ammaparoB HE OTPaHUYMBAIOTCA, a MPH BO3IYIIHOU
CBSA3U OTU PACCTOSHUS HE JOJKHBI IpeBblaTh 60 M B cilyyae JepEeBSIHHBIX
orop BJI u 90 M B cily4ae METAIITUYECKUX U JKETIE300€TOHHBIX.

HaunGomnbime n0omycTUMBbIE PAcCTOSHUS OT BEHTHIIBHBIX Pa3psiIHUKOB
0  3alMIIAeMOro  3JIEKTPOOOOPYIOBaHMS B pacHpelesIUTEIbHbBIX
ycTporcTBax 35-220 kB npusenens! B [6].
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2. YCTPOMCTBA U ATIITAPATHI 3AIIIUTHI

3alllMTHBIE aIIapaTel M YCTPOWCTBA NPENOTBPALIAIOT IIOSBICHUE B
AJIEKTPOYCTAHOBKE HWMITYJIbCOB  IEPEHAINPSDKEHUM, OIACHBIX I €€
U30JISALIMY, ¥ HE MIPETSITCTBYIOT €€ paboTe mpu pabodyeM HampsKEHUU.

IIpocTenimiee 3alIUTHOE YCTPOMCTBO — HCKPOBOM IPOMEXKYTOK,
BKJIFOUECHHBIN MapaJLIETBHO M30JISIHUOHHOMN KOHCTPYKLIUHU. Ero
BOJIbTCEKYH/IHAsl XapaKTEPUCTHKA JOJDKHA JIEKATh HUXKE BOJBTCEKYHIHOU
XapaKTePUCTUKH 3amuiiaeMoit uzossauuu (puc. 2.1). [Ipu BbIoJIHEHUH 3TOTO
TpeOOBaHMS TMOSABJICHHE OMNACHBIX JUISI H3O0JSLHUHU  3JIEKTPOYCTAaHOBOK
NepeHanpsLKeHU  HEeBO3MOXKHO, TaK Kak Mpud  HaOeraHuu HMITyJIbca
HanpsokeHust U,y TpoucxonuT mpoOoil 3ammurtHoro mnpomexyrtka (I13) c
MOCJHEAYIOIIUM CPE30M HAIPSKEHUS. 3a UMITYJIbCHBIM TOKOM uepe3 [13 no

Unao

na

I

Unao

na

Puc. 2.1. IlpuHiun AeWCTBUA 3alMTHOTO YCTPOMCTBA: a) — cXeMa BKJIIOYCHHUS

samuTHOrO mpomexytka ([13); 6) — corjacoBaHuWe BOJIBTCEKYHIHBIX XapaKTEPUCTUK
3amuinaeMon u3osa1uu (1) 1 3amuTHOTO TPOMEKyTKa (2).
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MOHHU30BAHHOMY IIYTH YCTPEMIISIETCS TOK, OOYCJIOBJIEHHBIH HaIpsHKEHHEM
IIPOMBIIUIEHHON YaCTOThI, — COMPOBOXIAOIINI TOK. 3allUTHBIE aIlllapaThl,
00eCreurBaoIIie He TOJBKO 3aIIUTY M3OJSILUM OT MEpPEeHANpsKEHUH, HO U
raiieHue Iyr'd COIPOBOXKIAIOLIErO0 TOKA 3a BPEMS MEHBIIEE, YEM BpeMs
JICHCTBUSA PENENHOM 3alNTHI, HA3bIBAIOTCS 3aIUTHBIMU Pa3psIAHUKAMMU.

NwmeeTtcs aBa crnocoba ramieHus Ayru:

e B TpyOyaThiX pa3psAHUKAX TallleHUE MPOUCXOAUT B pe3yibTaTe
WHTEHCUBHOI'O MPOJOJIBHOTO AYThS;

® B BEHTWIBHBIX pa3pAJHUKAX — Oylarojaps CHUKEHUIO 3HAYCHMS
COIPOBOKJAIOIIETO TOKAa € IOMOIIBIK CONPOTUBIICHHUS, BKIOYEHHOIO
IIOCJIEIOBATENBHO C UCKPOBBIM ITPOMEKYTKOM.

CokpamieHre B HAcTosAlEe BpeMs NPOM3BOJICTBA  Pa3psiAHUKOB,
UCHOJb3yEMbIX ~ MHOTME  JECATWIETHs  JUIsl  3alUUThl  JUHUA U
AIIEKTPOOOOPY T0OBaAHHS oT aTMoc(epHbIX u KOMMYTallMOHHBIX
NIEPEHANPSDKEHUM, BBI3BAIO ITOJABEM IIPOU3BOJCTBA HOBOIO  IOKOJIEHUS
3alIUTHBIX allapaToB-OrpaHUUuTeNel nepeHanpsokeHuit Henmueinsix (OITH)
HAa OCHOBE METAJFIOOKCHIHBIX PE3UCTOPOB (BapuCTOpOB). B 3THX anmaparax us3-
3a OOJBIION HETUHEHMHOCTH BOJIBTAMIIEPHOM XapaKTEPUCTUKU PE3UCTOpa
COIIPOBOXKIAIONIMIA TOK NpU padoueM HamnpsHKeHUH HWMEET 3HaueHUe J10Jied
MWUIMaMIepa, 4ro Oe30macHO Juisd 3alMTHOro ammapara. OrpaHuuuTeNIH
HepeHaIpsKEHUH BBITOJIHSIOTCS 0€3 MCKPOBBIX IIPOMEXKYTKOB.

2.1. 3amuTHBIE POMEKYTKHU

KOHCTpYKTUBHO 3alIUTHBIE MPOMEKYTKH BBITIOIHSIIOTCS B BHJIC
CTEP>KHEBBIX DJIEKTPOOB, CO3MIAIOIINX PE3KO HEOMHOPOHOE Toje. [ Hux
XapaKTEPHO 3HAYHUTEIILHOE BO3PACTAaHUE PA3PAIHOTO HAMPSOHKEHUS TPHU
MaJbIX BpeMeHaX. JDTO HE BCET/a MO3BOJIIET OCYMIECTBIATH KOOPIMHAIIHIO
BOJIBTCEKYHIHBIX XapaKTEPUCTUK M3OJSAIUUA W 3alUTHBIX MPOMEKYTKOB BO
BCEM JIMANa30He Mpeapa3psIHbIX BpeMeH. [Ipu ManmbiXx BpeMeHaxX W30S
MOXKET OKa3aThCs He3aluileHHou (puc. 2.1).

[Tepexon wmmynabcHOTO TOoKa mpum mpoboe II3 B ycroiumByro myry
MOKET COIPOBOXKJIATHCS aBAPUHHBIM OTKIIFOUCHHEM JJICKTPOYCTAHOBKH HJTU
y4acTKa  JJIGKTpHYecKoW  ceth. JIJIS  TMOBBINICHUS — HAJC)KHOCTH
AJICKTPOCHA0KEHUS 3aIUTHBIC TIPOMEKYTKHU KEIaTeIbHO yCTaHABIMBATh Ha
y4JacTKax  CeTH, OOOpYIOBaHHBIX  yCTPOWCTBAMHU  aBTOMATHYECKOTO
MTOBTOPHOTO BKJTFOUEHHSI.

Jlns  yMeHbIIEHWsT 4YHClIa cpabaThlBaHUK I€€CO00pa3HO  IMHY
3alIATHBIX TPOMEXYTKOB BBIOMPATh MAaKCHUMAJIBHO JOMYCTUMOW II0
YCJIOBHSIM 3aIllATHl M30JSAIMK. HanMeHblne pas3psiaiHble PacCTOSIHUS U
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paspsAaHbIC HANPSDKCHHWS JUISI  CTEP)KHEBBIX 3allIUTHBIX  ITPOMEKYTKOB
npuBeIeHBI B TabuIe 2.1.
Tabmanma 2.1

XapakTEepUCTUKU 3alIUTHBIX IPOMEKYTKOB

HomunaneHOe Hanpspokenue, kB

[Tapametpsl
3 6 10 20 35 110 | 150 | 220

JInvHa 3aUTHOrO IIPOMEKYTKA,

MM 20 40 60 | 140 | 250 | 650 | 930 | 1350
JlnrHa TOTIOTHUTENBEHOTO TIPO-
MEXYTKa, MM 5 10 15 20 30 — — —

PazpsinHoe Hanpspkenue npu 50
I'u, nelicTBytromee 3HaueHue, kKB 20 34 45 70 105 | 252 | 348 | 495

HmnynabcHOE pa3psgHOoe Harpsi-
JKeHue, KB:
MI0JIOKUTENBHOM NOJIsIpHOCTH | 33 51 66 121 | 195 | 466 | 618 | 735

OTpHULATEIBbHON MOJIIPHOCTH 34 53 68 134 | 220 | 510 | 698 | 817

B ycranoBkax 5o 35 kB Bo uzbexanue ciyuyaiiHoro 3ambikanus [13
(HanpuMep, NTULIAMH) B 3a3€MJISIOIIMX CITYCKaX CO3/IAI0T JOMOJHUTEIIbHbIE
HCKPOBBIE MPOMEXKYTKH. VX jyrHa npuBenena B tTadmuie 2.1.

ONEKTpOJbl 3alIUTHBIX IPOMEKYTKOB B ycraHoBkax 3—10 kB
[[eJecCO00pa3HO  BBINOJHATH B BUJAE  POTOB:  TOJA  JICUCTBHUEM
NEKTPOAMHAMUYECKUX CHJI W TEIUIOBBIX MOTOKOB BO3JAyXa Jyra
pacTaruBaeTcsi W MOXeT mnoracHyTh. Camonoracanue JAyrd MEX1Iy
AIIEKTPOJaMH B BUJIE POrOB MIPOUCXOIUT MPHU TOKE B Ayre, HE MPEBBIIIAIONIEM
300 A.

2.2. TpyOuaTbie pa3psiAHUKH

[IpuHiunuanpHass cxema YCTpPOWCTBA M BKIIOYEHHS TpPyOUaToro
paspsiiHuKa noka3zana Ha puc. 2.2. OCHOBY pa3ps/IHUKa COCTABIISIET TpyOKa
U3 rasore”Hepupytouiero marepuana 1. OauH KoHel TPyOKM 3ariyiieH
METAJUIMYECKON KPBILIKOM, HA KOTOPOM YKPEIUIEH BHYTPEHHUN CTEPKHEBOU
anekTpo] 2. Ha OoTKphITOM KOHIIE TPYOKH PACIONOXKEH IPYroi 3JIEKTPOI B
Bujme konbia 3. I[lpomexyTok [, Ha3piBaeTca gyroracamuM. TpyOxa
OTIIENSIETCS OT MpoBoja (Ga3bl BHEIIHUM HCKPOBBIM MPOMEXYTKOB /5, NHaUYE
ra3oTCHEPUPYIONIMA MaTeprayl TPYOKH IIOCTOSIHHO pasiarajics Obl TOJ
JIEWCTBUEM TOKOB YTEUKH.
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Puc. 2.2. YerpoiicTBO TpyO4aToro paspsiiHUKA.

3ammTtHOoe aeiictBue PT xapakrepusyercsi €ro BOJIbTCEKYHJIHOU
XapaKTEpUCTUKOM M  CONPOTUBIICHMEM  3a3eMileHHs. BosbTCeKyHIHas
XapaKTEPUCTHKA ONpEAeseT HanpsbKeHHe cpadaTbIBaHUSA pA3psAHMKA, a
CONPOTHUBIICHUE 3a3€MJICHHSI — OCTAIOLIEECsd Ha pPa3psJHUKE II0CIE €ro
cpalaThIBaHUs UMITYJIbCHOE HAIPSIKEHUE.

[Ipu rpo30BOM MepeHaINpsKEHUU NPOMEXYTKU [} U [, mpoOuBaroTcs,
IIPOUCXOJNUT OTPaHUYCHHE HMITyJbca HanpspkeHus. [lo kanamam paspsaa
NpPOOUTHIX MPOMEKYTKOB MPOXOJHUT COMPOBOXKAAIOUIMI TOK padouei
yacToThl. B TpyOke o6pa3yercs ayra. [IpoucxoauT HHTEHCUBHOE BBIJIETICHUE
ra3a. JlaBienue B TpyOke yBenu4uBaeTcs. ['a3bl, yCTpEeMIISIICh K OTKPBITOMY
KOHILy TpYOKH, CO3AIOT MPOI0JIBHOE AYThE, U BO3HUKIILIAS JAyra racUTCs MpU
IIEPBOM K€ ITPOXOXKAECHUH TOKA YEepe3 HYJIEBOEC 3HAUCHHUE.

OCHOBHBIE ~ XapaKTEPUCTHKH  HEKOTOPBIX  TUIOB  TPyOuaThIX
pa3psIHUKOB MPUBEICHBI B TabmuIe 2.2.

Kpyrasd BOJbTCEKyHIHAas XapaKTEPUCTHMKA, HAJIUYME 30HBI BBIXJIONA,
HECTAOWJIbHBIE XapaKTEPUCTUKH UM Cpe3 HANpsDKEHUS HE TMO3BOJISIIOT
UCIIOJIB30BaTh TpyOUaThble pa3psSOHUKH I 3alIUThl [OJCTaHLIMOHHOTO
obopynoBanusi. OCHOBHOE MX MPUMEHEHHE — 3aIUTa JUHEHHBIX TOIXO0I0B K
MOACTAHIUSAM, JIEKTPOOOOPYI0BaHUSI MAJIOMOIIHBIX noAcTaHiui 3—10 kB u
Y4aCTKOB MEPECEUECHUS TUHUN PA3INYHOIO HOMUHAIBHOTO HAIIPSKEHMUS.
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Tabmuna 2.2

XapakTepucTUKU TPyOUaTBhIX Pa3PSAHUKOB

Paspsanbie HanpsbkeHus | PaspsiaHble HanpsoKeHUs
Buemrnuit MIPU UMITYJIbCAX npu 50 I'ny (neiicTByto-
T HCKPOBOH 1,2/50 mxc, kB 1ye 3Ha4eHus), kB
UII pa3psIHUKA
IIPOMEXKY-
TOK, MM 50%-Hbic | TIpH 2 MKC B CyXOM MoJ1 JI0XK-

COCTOSIHUU JeM

PT® 3/0,2-1,5 5-10 35/40 40/45 10 7
PT® 3/1,5-7

PTB 6-10/0,5-4 10 60/60 65/65 33 32
PTB 6-10/2-12 15 65/65 68/68 42 40
PT® 35/0,4-3 80 160/170 200/200 95 95
100 180/190 205/220 105 83

150 225/255 250/265 130 110

200 270/320 300/310 155 135

PTB 35/2-10 80 135/140 145/145 100 100

100 165/165 180/180 115 110

150 210/225 2207225 150 145

200 260/285 275/288 180 170

PT® 110/0,4-2,2 350 410/455 495/560 213 200

400 432/495 525/600 230 225

450 455/530 550/640 240 250

500 475/570 580/680 255 270

PTB 110/2-10 350 380/400 415/435 165 100

400 405/440 450/480 217 145

450 435/460 485/510 310 170

500 460/490 520/575 395 212

PTBVY 110/7-30 400 405/440 450/480 217 212

(YCHIICHHBIH) 450 — /460 — /505 265 234

500 — /490 — /538 282 255

PTBY 220/2-10 500 — /1050 — /1100 600 550

600 — /1100 — /1150 700 600

700 — /1150 — /1200 750 700

800 — /1200 — /1250 864 838

Ipumeuanus. 1. Ilpumep pacmudpoBku obo3HadeHus paspsganka: PT® 110/0,8—5 — pa3psaauk Tpyo-
yatelii pubpodakennToBslil (B — BuHMIIIaCTOBBIN) Ha HanpspkeHne 110 kB ¢ mpemeaMu OTKIFOYaeMBIX TO-
koB 0,8—5 KA (meicTByroIee 3HAYCHHE).

2. B uncnurene nmpuBeaeHBI 3HAYCHHUS U UMITYJIGCOB TTOJIOKUTEIFHON MOISIPHOCTH, B 3HAMEHATENe —
JI7Is1 OTPULIATEIIbHOM.
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2.3. BenTtuibHbIC pa3pAAHUKH

JUis  3am|Thl  M30JLMU  DJIEKTPOOOOPYIOBaHMS — MOACTAHLUN
MCIIOJIb3YIOTCSI BEHTWIbHbBIC Pa3psAAHUKU. BEeHTUNbHbBINA pa3psaaHuk (puc. 2.3)
UMEET HECKOJIBKO MCKPOBBIX IPOMEXKYTKOB 1 M BHJIUTOBBIE (TEPBUTOBBIC)
JUCKM 2 ¢ HEJIMHEMHOM BOJBTAMIIEPHOW  XapakTepucTtukou. Ilpm
cpabarpiBanuu PB oT ummyibca IpO30BOro MEpPEHAINPSKEHUS HCKPOBbBIE
MIPOMEKYTKHA IPOOUBAIOTCS U Yepe3 pa3psSAHUK MPOXOJUT UMIYJIbCHBIN TOK,
CO3JAIOIIMI NaJcHUE HANpsIKEHUs Ha BUIMTOBBIX JAHMCKax. biaromaps
HEJIMHEMHOW BOJBTAMIIEpHOU Xapakrepuctuke PB mnanenue nanpsokeHus
Majo M3MEHSETCA MPU CYHIECTBEHHOM M3MEHEHHH MMITYJIbCHOI'O TOKa (puC.
2.4). BeHTWIbHBIM pa3psaHUK 3akiaodeH B ¢apopoBslii Kkopryc 3,
3aKpBITBIM KpbIIUKON 4. PaccTossHME MeEXIy HCKPOBBIMHM IPOMEXYTKaMU
PETYIUPYETCS CKATUEM IIPYKUHBI 5.
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Puc. 2.3. BeHTWIbHBIN pa3psiHUK: a) oOmmii BUI; 0) cxemMa BKIIOYEHHsI. | — HCKPOBbIE
MPOMEKYTKH; 2 — BUIUTOBBIC (TEPBUTOBBIC) AUCKH; 3 — haphOpoBbIit KOpIyC; 4 — KPBIIIKA;
5 — npyXuHa.

62



U
|
2 4,_
B
o~ N
, |
3 -
b%
Ji ~ ~
eawl
a2 1
I KOOp R

Puc. 2.4. BonbramnepHble XapaKTEpUCTUKM BEHTWIBHBIX  Pa3psIHUKOB:
1 1 2 — pa3Hble HEIMHENHOCTU PE3UCTOPA.

OnHOM M3 OCHOBHBIX XapakTepucTuk PB sABnserca ocmamwuwieecsa
Hanpaxcenue U,,, TpeICTaBIsdmOlIee COOON MaJCHUE HAMPSIKCHUS Ha
pe3ucTope MpH OINpPEAeIEHHOM UMITYJIbCHOM TOKE (5—14 KA B 3aBUCHUMOCTHU
ot tuna PB), KoTopblii Ha3bIBACTCA MOKOM KOOpOUHAUUU .

Ocraromeecss HamnpspkeHHEe M ONM3KOE€ K HEMy [0 3HAYECHHIO
UMITyJIbCHOE NPOOMBHOE HANpPsKEHHE UCKPOBOro IpoMexyTka U, JOJKHBI
OobiTh Ha 20-25% HIKE pa3pAIHOTO WIM MPOOMBHOTO HAMPSIKEHUS
3alIMIIAEMON U30ISUKUH (KOOPAUHALIMOHHBIA UHTEPBAI).

Bcenen 3a ©MITyIbCHBIM TOKOM 4Y€pe3 BEHTUJIbHBIN Pa3psAHUK MPOXOAUT
COnpoeoNHCOAW WU mOK TPOMBIIUICHHON 4acTOThl. CONpPOTHUBIECHUE
HEJIMHENHOro pe3ucTopa MHpu padboyeM HanpsLKEHHM PEe3KO BO3PACTAET,
CONPOBOKJIAIOIINN TOK CYIIECTBEHHO OTPAaHUYMBACTCA, U IIPU NIEPEXOJE €ro
4yepe3 HyJIEBOE 3HAYEHUE AYra B HCKPOBOM IIPOMEKYTKE TaCHET.

HaunGonbiee HampspkeHHe MNPOMBILUIEHHOW dYacToThl Ha PB, mnpu
KOTOPOM  HAJIeXKHO OOpBIBAETCS CONPOBOXKAAIOUIMN TOK, HAa3bIBACTCS
HanpaxdcenHuem cauwienusn Uaus a COOTBETCTBYIOIIUI
CONPOBOKJIAIOIINN TOK —mMOKOM 2auwienus 1,

Ha wuckpoBeie mpomexytku PB  Bo3naraercs  NOAKIIIOYEHHE
HEJIMHEWHOI0 PE3UCTOpa IPU NEPEHANPSIKEHUAX M €ro OTKIKOYEHUE IIPH
IIPOXOXKIEHNUN COITPOBOXKAAIOIIEIO TOKA.
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XapaKTepUCTUKH BEHTHIIBHBIX Pa3psIHUKOB MPUBEICHBI B Ta0yHIIe 2.3.
Tabmuma 2.3

XapakTepUCTUKN BEHTUIIBHBIX Pa3PsIHUKOB

Hanpsioxenue, kB

O
5 z 5 g S MMITyJIbcHOE| OCTAIOMIEECs NPy HM-
= = = 2 5 = npo6usHoe | MYJTECHOM TOKE C JUIH-
§ g é THnH;IfgmH- Lé ;; Lé NpH BpeMe- |  TCIBHOCTBIO (pr}iTa
% g S s g = Hax 1,5— |8 MKC M aMILTHTY IO/, KA
T = = 20 MKC
= O >
== - HeticTByromiee 3 S 10
T 3Ha4YCHUC MaxkcuMaibHOE 3HaUYeHne, He Ooee
3 I | PBT, PBP/ 3.8 7,5-9 7 7 8 9
II | PBM 7,5-9 8 9 9,5 11
IV | PBII, PBO 9-11 20 13 14 —
6 I | PBT, PBP/ 7,6 15-18 14 14 16 18
II | PBM 15-18 15,5 17 18 20
IV | PBII, PBO 16-19 32 25 27 —
10 I | PBT 12,7 25-30 23,5 23,5 26,5 | 30,5
II | PBM 25-30 25,5 28 30 33
IV | PBII, PBO 26-30,5 48 43 45 —
15 I | PBM 19 31-36 50 38 41 46
II | PBC 35-43 57 47 51 57
I11 3848 67 57 61 67
20 I | PBM 25 4248 66 50 54 60
II | PBC 47-56 74 62 67 74
I11 49-60,5 80 75 80 88
35 I | PBM 40,5 73-84 108 80 87 98
II | PBC 75-90 116 97 105 116
I11 78-98 125 122 130 143
110 I | PBT 100 |150-170 230 195 215 240
II | PBMI' 170-195 260 245 265 295
I | PBC 200-250 285 315 335 367
150 I | PBT 138 210240 310 265 295 330
II | PBMI' 230-265 370 340 370 410
I | PBC 275-295 375 435 465 510
220 I | PBT 200 {300-340 445 390 430 480
II | PBMI' 340-390 515 475 515 570
III | PBC 400-500 530 630 670 734
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PazpsagHuku pasnenieHsl Ha YeThIpe rpyInbl. Hamnyymmmuy 3aiuTHeIMU
cBoiictBamMu oOnamaroT PB rpynmer [, uMeromme HauMeHbIME 3HAYCHUS
octarouierocs Hanpspkenus. Jlanee cnenyrot pazpsagauki 11, 111 u IV rpynm.

K IV rpynne otHocsTces paspsianuku cepuid PBIT (moacTaHUMOHHBIN) U
PBO (oGneruennsiii) Ha Hanpsbkenue 3—10 xB. Henuseiinble pe3uctopsl
ATUX PA3PATHUKOB KOMIUIEKTYIOTCS U3 BUJINTOBBIX JUCKOB.

Pazpsignuku cepun PBC (ctanuuonnsiit) otHocsTes K Il rpynme. Onu
OPUMEHSIOTCS  JUIsl  3alllUThl  3JEKTPOOOOpYAOBaHUS HampsskeHuem 15—
220 kB. Pa3psAnHukyM 53TOHM CEpUM Ha BBICIIME KIACCHI HAIPSKEHUS
KOMILJIEKTYIOTCS U3 CTAaHAAPTHBIX AJIEMEHTOB Ha 00Jiee HU3KUE HAIPSKEHUS.
Cranmapteelii snemeHT, Hampumep, Ha 35 kB (PBC-35) coamepxur 32
€AUHUYHBIX HMCKPOBBIX NPOMEXYTKAa M 11 BUIMTOBBIX JUCKOB THAMETPOM
100 MM u BeicoTOl 60 MM. KOHTaKT MEXAy JIUCKAMHU OCYIIECTBIISIETCS
MOCPEACTBOM METAJUIM3aUMU HMX MOBEpXHOCTEH. KOMIIIEKT HCKpPOBBIX
MPOMEKYTKOB M BHIIUTOBBIX JIMUCKOB IOMEIIAETCS B T€PMETU3MPOBAHHBIM
dapdoposeiii  uexon. ['epMmeruszamusi HeoOXoauma ISl TMPEAOXPAHEHUS
BUJIUTA OT JICWCTBHSI BJIAard WU JUisl OOECIeYeHUs] CTAOMIBHOCTU Pa3psIHBIX
XapaKTEPUCTUK MUCKPOBBIX MPOMEKYTKOB.

MarHnTHO-BEHTWIIBHBIE  Pa3psAIHUKM Ha HamnpsbkeHus 3-35 kB
cocTaBsilOT ceputo PBM (maruuthbiil), a Ha Hanpstkenus 110-500 kB —
ceputo PBMI' (marautHbiii, rpo3oBoif). Ouu otHocarcs ko II rpynme. B
pa3psAHUKAX 3TUX CEPU MPUMEHEHBI HCKPOBBIE MPOMEXKYTKHA C MATHUTHBIM
rali€HUEM Y BUJIIMTOBBIE TUCKHU AUaMETpoM 150 Mm.

K I rpynne otHocarcs pa3psaanuku cepuid PBT (TokoorpaHUYMBaromiuii)
u PBPJl (c pacraruBatomeiicss ayroi). PaspsaHuku 9THX  cepuid
KOMILUIEKTYIOTCSI U3 TEPBUTOBBIX IUCKOB M TOKOOTPAaHHUYHMBAOIINX UCKPOBBIX
npomexyTkoB. Pa3psnnuku Ha 3—10 kB, npenHazHaueHHble 171 3alIUTHI
NIEKTPUYECKUX MAILIWH, UMEIOT OCTAIOLIEECs HAPSDKEHUE NMPU TOKE 3 KA U
UMITyJIbCHO€  TPOOMBHOE  HANpPsDKEHHWE HE  BBIIIE  HMCIBITATEIbHBIX
HaMPsHKECHUH U30JISIIMU MalTuH. Beicokast mpomyckHasi CliocOOHOCTh TEPBUTA
MO3BOJISIET MCIIOJB30BaTh 3TU PA3PSAHUKU U1 OTPAHUYECHUS BHYTPECHHUX
IIEpEHAIPSKCHU .

2.4. HesimHelHbIe OTPAHUYHUTE/IH NePeHANPAKESHUI

Bricokasg HEIMHEMHOCTh BOJIBTAMIIEPHOM XapaKTEPUCTUKUA METAJIIO-
OKCUJHBIX BapUCTOPOB, OTCYTCTBHE HCKPOBBIX IMPOMEKYTKOB, LIMPOKOE
IIPUMEHEHUE HOBBIX IIOJUMEPHBIX M KOMIIO3ULHMOHHBIX MaTepUaJIOB
no3Bosiwiin co3natb OIIH ¢ mpuBnekaTenbHbIMU HKCIUIYaTallUOHHBIMH U
TEXHOJIOTUYECKUMU XapaKTEPUCTUKAMU.
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CrnenuanbHbIN PEXUM OTKHUIa KEPAaMHUECKOM IyIpbl HA OCHOBE OKCHJIA
IIMHKA CO3/IaeT M3 KaKI0H dYacTuilbl chepuyeckuii Bapuctop. Ero obbem
00JlalaeT AIEKTPUUECKOM MPOBOIUMOCTBIO, a mnepudepus (obomouka) —
TOHKHAW TIOTPAHUYHBIM CIIOW — SBJISETCA MW3OJSLUMOHHBIM W YIIPAaBISIET
AIEKTPUYECKUM TOKOM, IPOTEKAKOIMM dYepe3 KepaMuKky. Kaxzapli cioun
MEXAYy JBYMS 4YacTHIAMH TPEJICTaBIseT COOOM MHUKpPOBApUCTOp C
ONPENEIICHHBIM  YPOBHEM  IIOPOTOBOrO  HampspKeHus.  MHOXKECTBO
MUKpPOBApUCTOPOB COCTaBIIAIOT OOBEMHYIO CTPYKTYpPY, DJJIEKTPUUYECKUE
CBOICTBAa KOTOPOM OOYCJIOBJIEHbI KAaYECTBOM IIMHKOOKCHUIHOW MyJpbl U
TEXHOJIOTHEN ee 00Kura.

Ecnm npuiioeHHOe HalpsyKeHHE HHMXKE IOPOTOBOrO  YPOBHSA, TO
Matepuas paboraer Kak wu3oisATOp. llpM  MOCTHXKEHMH TMOPOTrOBOTO
HaMpsDKEHUS KEPAaMUYECKUE 4YacTUIbl (BapUCTOPBI) TMEPEKIIOYalTCS |
HAYMHAIOT MPOBOAUTH JJEKTpUUECKUU TOK. JlanbHeilniee yBEJIUYECHHE
HaMpsDKEHUsT OyJIeT OTPAaHWYMBATHCA U TOJJICPKUBATHCS MPAKTUYECKH HA
OJIHOM YPOBHE.

[IpeumymectBamun  OIIH  sBASIOTCS  BO3MOXKHOCTH ~ TITyOOKOTO
OrpaHMYCHUS TIEPEHATIPSHKEHUHN, B TOM YUCIIE MEXTyPa3HbIX, Majble rabapuThl,
ITO3BOJIAIOIIME UCIIOJIB30BaTh UX B KAYECTBE OMOPHBIX M30JSALMOHHBIX KOJIOHH,
Oonpirass  TWpomyckHas — cmocoOHOocTh.  OaHako  3(deKkTuBHOCTH  UX
WCIIOJIb30BaHNS B CETSIX PA3JIUYHOIO HAIPSHKEHHMST M COCTaBa CYIIECTBEHHO
3aBHUCHUT OT MPABWJILHOTO BEIOOpA XapaKTEPUCTHK ammapara.

2.4.1. OcHoBHble TpedoBanus k OITH

[Ipu BbIOOpe OIIH Ui 3amuThl M30JSIUMM  AJIEKTPOOOOPYIOBAHUS
HEOOXOJUMO YUUTHIBATh CIAEAYIOLIUE €T0 OCHOBHBIEC XapaKTEPUCTUKHU:

e anmapar  JOJDKEH  JUIMTEIbHO  BBIIEPKHBATh  HANpPSDKEHHE
OTPEACTICHHOTO YPOBHs. JTa XapaKTePUCTHKA HA3bIBACTCS HAMOOIBIINM
JUTUTENBHO JOMYCTUMBIM HanpsKeHUEeM Uy, pon (KB jeiters);

® 3aBHUCHMOCTH JIOIYCTUMOIO HANPSDKEHUS Ha ammapare OT BPEMEHU
€ro BO3JCUCTBUSA — BpEMEHHas XapakTepucrtuka. JluamasoH BpeMEH
BO3/eiicTBUS conepxkutcs B karanorax Ha OIIH u cocrtaBisier 0ObIYHO OT
0,1 ¢ mo 20 MuH;

® 3alUTHBIE YPOBHM ammapara Ipd BO3ACHCTBUU TIPO30OBBIX H
KOMMYTalMOHHBIX NepeHaNPsKEHNN. Onu XapaKTEPU3YOTCS
BoJIbTamMnepHoi xapakrepuctukoil (BAX) pabouero conporusnenuss OITH.
BonpTamnepHas XapakTepuCTHMKAa JAeTCs B Karajorax MNPHUMEHHUTEIBHO K
BO3JICHCTBHIO HA  amnmapar BOJHBI  ompeneiaeHHou  gopmbl.  Jlns
KOMMYTallMOHHbIX BOJH BAX 3amaercs mpu BO3IECUCTBUM JIOCTATOYHO
JUMHHOW BosHBL 30/60 MKC, I TPO30OBBIX NEPEHANPSIKEHUH — MpuU
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BO3JICCTBUM Kak MoJIHOU 8/20 MKC, Tak U KOpOTKoM (Hampumep, 1,2/2,5 MKc)
BoiH. Takum oOpaszoMm, 3ammuTHbie Xxapakrtepuctuku OIIH 3aBucsat ot
JUTUTEIBHOCTH BO3/ICHCTBYIOIINX HA HUX BOJIH HAIPSKEHHUS;

® JHEPrOoeMKOCTh, TO €CTh CIOCOOHOCTH TMOTJIOIIATh OMPEACICHHYIO
DHEPTUI0 B TEUCHHME OJIHOKPATHOTO cpabaThiBaHus. Bo Bpems KoMMyTarmii
anmapaT MOXeT cpalaThiBaTh HECKOJBKO pa3 uepe3 Majble WHTEPBAJIBI
BpPEMEHH, 32 KOTOPBIE HE YCMEBACT OXJIaUThCs. [103TOMY TipH OCyIIeCTBICHUU
TaKUX KOMMYTallMH CJIEYET YUYUTHIBATh CyMMapHYIO SHEPTHIO, MOTJIOIMICHHYIO
OIIH B TeueHue Bcero mepexomHoro mpoiecca. B HacTosiee Bpems Bce
anmaparbl  KJIacCCU(PUUMPYIOTCS IO BEIMYMHE TIOTJIOMIAEMOM BO  BpeMs
€IMHUYHON KOMMYTaIluU YAEIbHOM SHEpruu — Kiacchl sHeproemkoctu OITH
(Tabm. 2.4). Y aenpHast JHEPTHs ONpenesaeTCs, Kak:

W, " (xx/xB), (2.1)
o1. don

rae W — sHeprus, noromiaemasi B Bapucropax OIIH B TeyeHue e AMHUYHON
KOMMYTAII1H.

Tabnuna 2.4
DHEepProeMKOCTh HEJIMHEHHBIX OTpaHUYUTENIEH NTepEHANPKEHUN
Kunacc sneproemkoctu Y nenbHas norsionieHHast sueprus, kx/kB, 10
1 2
2 2,5-3,0
3 4,0-4.,5
4 7
5 10

2.4.2. Kinaccupukanus 3JeKTpHYEeCKHX ceTel s Bbioopa OITH

Yenousa akcrunyaranuu OITH 3aBuCAT OT Kiacca HampsKeHUS M OT
cocTaBa CeTH. B CBsI3W ¢ 3TUM ceTM MOTYT OBITh KJIacCHU(UIHUPOBAHBI B
3aBUCUMOCTH OT PEKHMMa 3a3EMJICHHS HEUTPAIIN:

e ceTd BbICOKOro HampspkeHus (Boimie 110 kB), skcrutyatupyemblie
IIPY IIIyX03a3€MJICHHON HEUTPAIIH;

® CETH CpeaHero HampsbkeHus 6—-35 kB ¢ M301MpOBaHHON HEMTPAIBIO
WJIA HEUTPAJIBIO, 3a3EMJIEHHOW YE€PE3 PE3UCTOP WM AYTOTaCAILINN PEAKTOP.

Cetu cpelHMX KJIACCOB HAIPSKEHUSI MOKHO MMOAPA3AEIUTh Ha:

® pacnpeaenuTeNbHbIe CeTU (BO3AYIIHbIE, KaOeIbHbIE WM BO3YIIHO-
KaOeJIbHBIC);,
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® CETHU, B COCTAaB KOTOPBIX BXOJAT BpALIAIOIIMECSH MAIIWHBI CETU
COOCTBEHHBIX HYXKJ 3JEKTPOCTAHIUH, 3JEKTPUUYECKHE CETH HACOCHBIX U
KOMIIPECCOPHBIX CTAHLUMK MarucTpajbHbIX He(Te- M ra3onpoBOJOB, CETU B
CUCTEMaX BOJIOCHA0KEHHSI KPYITHBIX POMBIIIJIEHHBIX IEHTPOB.

Brinenenune ceten, COnEpKAINX BPALIAIOIIMECS MAIIWHBI, B OTIEIBHYIO
IPYIIy  CBSA3aHO C  HEOOXOAMMOCTBIO  TUIYOOKOrO  OTpaHUYCHHS
IIEpEHANPSDKCHUN U3-32 OTHOCUTEIIBHO HU3KOM JJIEKTPUYECKOW IPOYHOCTH
CTaTOPHOM  M30JALMM  BpAIAIOIIMXCS  MAallMH 110  CPaBHEHUIO C
JIEKTPUYECKON IPOYHOCTHIO U3OJISILIMK JPYroro 000pyAOBaHUSA:

U ~(2,7-29)-U

1. Mawt Haub. pab >

(2.2)

1€ U,aus. pas — AMIUIATYJA HAKOOJBIIETO PA00YEro HANIPSKCHHUS.

2.4.3. Ycaosus sxcmiryatauuu OIIH B ceTsix ¢ rioyxum
3a3eMJICHHEeM HelTpaJu

Ha moacranmusax. Hanbomnbiee NauTeabHO JOMYCTUMOE HAIPSHKCHHE
Ha ammapate U,, ., JOJDKHO TPEBBINIATh HauOosblnee pabouee ¢aszHoe
HanpspkKeHue ceTh. Eciau B TeUeHHWe JJIUMTEIbHOTO BPEMEHHU HANpPSIKCHHUE B
mecte yctanoBku OITH mnpeBbpimaer Hambombinee pabodee HampspHKEHUE,

HEO0OXOMMO, YTOOBI BBHITTOJTHSIIOCH YCIIOBHUE:
U, oo =K U rae k> 1. (2.3)

1. 0on Haub. pab >

B kauectBe pacueTHbIX Bo3aercTBuil npu ycraHoBke OITH Ha mmnax
Wi Ha TpaHcpopmaTtopax, He KOMMYTUpyeMbIXx BMmecTe ¢ BJI, momkHBI
NPUHUMATBCS CTAlMOHAPHBIE PEKUMBI TP HecuMMmeTpuuHOM K3 Ha mmHax
noactanuuu. Ilpm ycranoBke OIIH Ha mnoactaHuuu 3a JUHEUHBIM
BBIKJIIOUaTeIeM (Ha JIMHUMK) WM Ha IIYHTUPYIOIIEM PEakTope B KayecTBE
pPacyYETHhIX KOMMYTALMN CIEAYET NMPUHUMATh BKJIIOUYECHHE HEHATPYKEHHOU
BJI B nukie AIIB ¢ ydyerom pazOpoca B IE€HCTBUM MOJIFOCOB BBIKIIOUATENS
nmu B nukie OAIIB. B psae cxem ciieyeT yYuThIBaTh TaKK€ KOMMYTALUIO
OJIHOCTOPOHHEr0 OTKJIroYeHus: BJI npu neicTBUM aBTOMATUKHU MPUPALLECHUS
ACHHXPOHHOT'O X07a.

Ha omopax Bo3aymHbIX JUHHH 3jekTponepenaun. OObekTaMu
3aIUThl JIMHEMHONW W30JLUU OT TPO3OBBIX IMEPEHAIPSIKEHUNA C IOMOILBIO
OITH MoryT OBITH BBICOKHE MEPEXOHBIE MPOJIETHI Yepe3 BOJOEMBI U APyTrue
nperpaasl Ha Tpacce BJI; ywactkm BJI ¢ ocnabGneHHOW U30ISIUEH;
JIBYXLEIHBIE JJIEKTPONEpENaul C BEPTUKAIBHOW IOJIBECKOW IPOBOOB;
y4acTku Tpaccel BJI, mpoxoasien yepe3 paoHsl € JIOKAIbHOM ITOBBIIEHHON
IpO30MOPAXKAEMOCTBIO; @ TaKKe B TOJOJIEIHBIX paloOHax, TAE€ IOABECKA
TPOCOB HelleIecoo0pas3Ha.
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JIOJKHBI YUUTBIBATHCS CIIEIYIOIINE OOCTOSITENIbCTBA:

e anmaparbl HE JIOJDKHBI cpadarblBaTh NPH KOMMYTAIl[MOHHBIX
NEepEeHaNpPsHKEHUSIX, COMPOBOKIAIOIIUX AKCILTyaTallMl0 JIMHUK (3allUTa OT
NepeHanpsLKeHU ATOro BUIA BO3JIAraeTcsl Ha annaparbl, yCTAHOBJIEHHBIE Ha
MOJICTAHITHSX );

e TpeOOBaHUA K TOKOBBIM U DHEPreTUYECKUM XapaKTePUCTUKAM
anmapaTroB 3aBUCSAT OT BapHaHTa WX pacrnoyioxkeHuss Ha omopax BJI (na
KaXXJI0M orope Wik yepe3 HECKOJIbKO orop, Ha Beex (azax BJI umm Tonpko Ha
TeX, KOTOpbIe HanboJiee YacTo MOPaKAOTCS MOJIHUEH U T.1.);

e cnoco0 npucoenunenus OIIH k mpoBogam BJI — 6e3pickpoBoil nin
4yepe3 MCKPOBOM MPOMEXYTOK. K OCHOBHBIM NpEHMMYIIECTBAM HCKPOBOTO
IPUCOEIMHEHNUS MOYKHO OTHECTH OTCYTCTBHE IOCTOSIHHO MPOTEKAOIIETO
TOKa B HOPMAJIbHOM JKCILTyaTallMOHHOM pexxume. HemoctaTkom 3Toro tuma
3alUTHl  ABJISIETCS  JIOCTATOYHO  CJIOKHAsl ~KOOPAMHALMS — MPOOMBHBIX
HaMpsDKEHUM  OTKPBITBIX ~ HMCKPOBBIX  MPOMEXYTKOB C  Pa3psIHBIMU
HaIPsKCHUSAMU 3aUIAEMON JTUHENHON U30JIALIUH.

Ocku3 pacnosoxenuss OITH Ha onope npueneH Ha puc. 2.5.

PaccranoBka OIIH Ha a3ubix npoBojax BJI 3aBUCHT OT KOHCTPYKIIMH
JWHUAW: Ha AByXUenHbIX BJI MOXHO ycCTaHaBIMBaTh amnmaparhl JUMIb Ha
BepxHUX (hazax, Ha BJI OJHOLEMHOrO HCHOJHEHUS C TOPU3OHTAIBLHBIM
pacnosioxkeHreM (Ga3HbIX MPOBOOB — JIMIIb Ha KpaiiHuX (azax. PacueTHpiMU

AN

12000
OITH

|
120001

/

N3onupyromas noaBecka

/

pOBOJ

Puc. 2.5. Ockus pacnonoxenus OITH Ha onope.
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ciydqasmu Uit BJI nHampsbkennem 110 kB u Bbllle ¢ compoTHBiIEHHEM
3a3eMiieHHs, He npeBblmaromuM 10 Owm, SBISIOTCA Kak OpsIMOM yJap B
OpOBOJ TNPHU MNPOPHIBE MOJHUU CKBO3b TPOCOBYIO 3alllUTy, Tak WM yJap
MOJIHUM B ONOPY WJIM B TPOC BOJU3U OT ONOpHI. B ciayuyae HOBBIIIEHHBIX
CONMpOTHUBJIEHUI 3a3zemieHuss omnop (Oomee 10 Owm) nmns Bcex KIIaccoB
BO3JYIIHBIX JMHUM JJIEKTpomepeaadyd HEOOXOAWMO YUHUTHIBATh YyAaphl
MOJIHUY KaK B OTIOPBL, TaK U B (pa3HbIEC MIPOBOJIA.

Ha ToxoBbIe BO3AEHCTBUS TPH TPO30BBIX IMEPEHANPSIKEHUSIX CIIOCO0
npucoeannenus OIIH k mpoBoay BIUSET HECYNIECTBEHHO. DHEPrHs XKe,
norjomaerca Bapuctopamu OIIH mnpu 0e3bICKpOBOM NPHUCOEIUHEHUH,
OKa3bIBa€TCSI HECKOJBKO MEHBINE, YeM IpPU HCKPOBOM MPUCOCTUHEHHH.
Paznuune B moriomaeMoi 3HEprUM YBEJIUYMBAETCSA C MOBBILIEHHEM Kiacca
HaNpsKEHUS.

2.4.4. Ycaosus sxkcniyatannu OITH B pacnipeaeaureibHbIX
cersax 6-35 kB

[Tockonpky mpu omHOdazHOM 3ambikaHuu Ha 3eminio (O33) B Takmx
CeTSIX HampsbkeHWe Ha  "310poBbIX"  (a3ax JOCTUraer JUMHEHHOTO
HapsDKEHUs,, TO YCJIOBHMS S3KCIUTyaTallkd HE OTKIIOYAaeMOIo 3allUTHOTO
amrapara CyIIECTBEHHO 3aBHCHT OT mnTelnbHOocTH pexnma O33. B
HACTOSIIIIEE BpEeMs B  paclpeieNuTeNbHBIX CeTAX (He colepiKalux
Bpamiaroumxcs MamuH) jumrenbHocth O33 He HopMmupyerca. B kadecTtBe
Uy, oon B TAKHUX CETAX JOJKHO MPUHUMATHCS HauboJbIIee padodee JIMHEHHOe
HanpsbkeHue. OpHako yBenuwdeHue U, g, TPUBOAUT K TOBBIIIEHUIO
BOJIbTAMIIEPHBIX XapaKTEPUCTHUK M, CJIEIOBATENbHO, K MEHee TIITyOoKoMYy
OTPaHUYEHHUIO [TIEPEHAIPSKCHUH.

OCHOBHBIM TIPOLIECCOM, OMPEIEINAIOIMNUM TPeOYyEeMyI0 3HEPrOEeMKOCTb
OIIH, sBmsieTcss Tpolecc, COMPOBOXKIAIOMNN  OgHO(GA3HOE TyTrOBOE
3aMmblkanue Ha 3emi0 (O/13) npu mnepemexaromieics ayre. OHEprus,
nornomjaemMass OITH B TedyeHue »TOro mpoiiecca, COMPOBOKIAIOIIETOCS
HECKOJbKMUMH TOBTOPHBIMU 3KUTAHUSIMU JIyTH, 3aBUCUT OT pexuMa
3a3eMyIeHUs] HeTpanu cetu. Hambonpias yaenbHas sHeprus HaOnrogaeTcs
IIPU U30JIMPOBAHHOM HEWTpaIu CETH. B cilyyae 3a3eMIIeHUST HEUTPAJIN CETH C
MOMOIIBIO  JIyroracsiiero peakropa yciuoBus oskcrmuryaraunn — OITH
oOJieryaroTcsi, Tak Kak 4YHUCJIO MOBTOPHBIX 3aXHraHUW Iyrd Jaxe Mpu
HEKOTOPOW PACCTPOMKE peakTopa yMeHblIaeTcs. Eciu HeuTpainb CceTu
OCHAILIEHA PE3UCTOPOM, TO KPATHOCTH MEpEHANpPsDKEHUN Tpu 0JHO(pA3HBIX
JYTOBBIX 3aMBIKaHHUSIX Ha 3€MJIIO HE MIPUBOJAT K cpabaTeiBanuio OITH.
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2.4.5. Ixcnayaranusa OITH B ceTaiX COOCTBEHHBIX HYXK/T

CBou ocobennoctu umeet skciuryaranus OITH B cetsix coOCTBEHHBIX
Hyxa (CCH) »nekrtpocTaHUMid HW B JPYTUX OJJIEKTPUUYECKUX CETHX,
coaepkamux snekrpuueckue npurarenu (B]]). Kak mpaBuino, kK ceknusam
mH D] moacoenHSIOTCS ¢ MOMOIbI0 Kabenen. [IpoTskeHHOCTh Kabenei
nexut B npenenax ot 30 go 500 m. OT ogHON CEKUMU IIMH TMUTAETCS
HECKOJIbKO IPUCOCANHEHUN ¢ JBUTATENAMHU (puUc. 2.6).

M3onsmust  anekTpoobopyoBanusi (B KauecTBE PACUETHOU ClEAyeT
IIPUHUAMATh 3HAYEHUE JIEKTPUYECKONW IMPOYHOCTH CTATOPHOU M30JAIMH /1
npu NpoUIAKTUYECKUX HCIBITAHUAX) MOJBEPraeTcs BO3JICUCTBUSAM TIPHU
oHO(A3HBIX AYTOBBIX 3aMbIKAHUSX Ha 3E€MJII0 M TPU KOMMYTalUSX,
CONPOBOKJIAIOIMINXCS MOBTOPHBIMHM 3a)KUTAHUSAMH JyTd B BBIKIIFOYATEIE.
Haubonbimuii sHepreTudecKkuil moTeHIman uMeroT Bosaeiictus Ha OITH npu
O/13. KommyTarmoHHble TMepeHANnpspKeHUus — 00JIagaroT — CYIIECTBEHHO
MEHBIIINM YHEPTETUUECKUM MMOTECHIIUATIOM.

Haunlonee HamexHOM SIBISIETCS CUCTEMA 3alllUThI, BKIIIOYAIOas B ce0s
3a3eMJISIONIUE PE3UCTOPHI, MOAKIIOUYECHHbIC K IIMHAM CEKIIMH C MOMOIIbIO
crenuanbHBIX TpancpopmaropoB, u ycranoBka OIIH HemocpencTBeHHO y
kaxpaoro asurarens (OITH 2 Ha puc. 2.6). B cinydae oTcyTCTBUS pe3UCTUBHOIO

6 xB
-] ll> A O
] N yd O A
Tpancdopmarop — / N B
COOCTBEHHBIX HYXK]I [ ] > < O u
A P O
A P +O
S ¢ IR
R L O .
@Q ) J )
| // //
1 1
OIIH1 OIIH2

Puc. 2.6. [IpuHnunuanpHas cxema ceTeil COOCTBEHHBIX HY K.
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3a3emiieHUs HeWtpanu M ycraHoBku OIIH y kaxnmoro pasurarens K
BOJIbTAMIEPHBIM ~ Xapakrtepuctukam OIIH npeabsBisitoTcs  10CTaTOYHO
’KecTKre TpeOOBaHMS M0 UX UASHTUYHOCTH AJI Ka)XJ10ro MPUCOETUHEHUS (B
onopHoii Touke BAX mo Toky ocrarounmecs HanpsibkeHus Ha OIIH He
JOJDKHBI pa3inu4darbest 6osee yeM Ha 5—10%). D10 cBsi3aHO € TeM, 4TO MNpHU
O3 Ha mMHAX WIA Ha KAKOM-JIMOO W3 NPHUCOEIUHEHUN INPU OTCYTCTBUU
pesucropa B HeuTpanu cetu Bce OIIH skcmmyartupyrorcs mapasiensHo. B
clay4yae e pe3ucTuBHOro 3azemsieHuss Hewtpanmu OIIH npu OJI3 He
cpabatbeiBatoT. YcraHoBka OIIH HenmocpeacTBEHHO 3a BBIKIIIOYATEIEM
npucoeaunenust (OITH1 na puc. 2.6) B ciiyyae JOCTaTOYHO MPOTSIKEHHBIX
npucoeguHeHut (6osee 50 M) M JIOCTAaTOYHO MOIIHOM TpaHchopMaTope
COOCTBEHHBIX HYXJ HE oOecleunBaeT HaJAeKHONW 3allUThl HU30JISALHUU
JIBUTATENsS U3-3a BOJIHOBBIX IPOLIECCOB B Ka0Oese NPUCOECTUHEHMUS.

IIpu BbIOOpe cuctemsl 3amuTbl oT nepeHanpsbkeHuit CCH
AJIIEKTPOCTAHUMNH M OJM3KUX K HUM 1O CTPYKType HACOCHBIX U
KOMIIPECCOPHBIX CTAaHLIUNA MPOTSHKEHHBIX HE(TE- M ra30lpoBOJOB B Cllydae
M30JIMPOBAHHOW HEWUTpanu A3TUX ceTeil uinu B ciiydae ycraHoBku OITH
HEIMOCPEJICTBEHHO 3a BBIKJIIOYATEIEM IMPUCOEIUHEHHUIN CIeAyeT IPOBOIUTH
COOTBETCTBYIOIIMA KOMIUIEKC pPACYETOB HMHAMBUAYAJIbHO JUISI KaXKIOTO
oObekrta. Ilpn ocHamenun CCH BakyyMHBIMH BBIKIIFOUATEISIMU CIIEIYET
YUUTBIBATh TaKXK€ MEpPEHANpPsHKEHHs, BO3HHUKAIOIIME TIPU  OTKIIOUYEHUU
3aTOPMOKEHHBIX (HE Pa3BEpHYBUIMXCS) ABUTATENEH. DTH NepeHanpsKeHus
XapaKTePU3yIOTCS HEBBICOKMM HHEPreTUYECKHM IOTEHLUUAIOM, HO MOTYT
MPEBBIIIATh 3JEKTPUUYECKYIO MPOYHOCTH HE TOJIBKO KOPITYCHON W30ISIUU
JBUTATENsl, HO U BUTKOBOM M30Js1UM OOMOTKM cTartopa. Iloaromy, kak
IIPaBUJIO, BAaKyyMHBIE BBIKJIIIOUATEIM IOCTaBIAOTCA B Komiuiekte ¢ OIIH,
XAPaKTEPUCTHKU KOTOPBIX CKOOPAMHUPOBAHBI C AJIEKTPUIECKON ITPOYHOCTHIO
W30JISIUUU ABUTATEIS.

2.4.6. OcHoBHbIe TexHN4YecKue xapakrepuctuku OITH
[http://www.zeto.ru]

OOecrieueHne HaAEKHOW IKCILTyaTallMd U30JSHH 3JIEKTPOOOOPYI0BAHNUS
B CETAX Pa3IM4YHOTO HAIpSDKEHHs, HA3HAYEHHUS] M KOHCTPYKTHUBHOIO
UCIIOJIHEHHSI MOXET ObITh  JIOCTUTHYTO IPUMEHEHHEM  KOMIUIEKca
MEpONPUATHNA, B COCTaB KOTOPBIX BXOAUT U wucnosb3zoBanue OIIH.
OrpaHnuuTeny NEepeHanpsHKEHUN SABISIFOTCS HEOTKJIFOYAEMBIMU allllapaTaMu.
Bbe16op ux xapakTepuCTHK OOYCIIOBJIEH HE TOJIBKO TPeOyeMbIM 3allUTHBIM
YPOBHEM, HO M HAJACKHOW OHKCIUIyaTallMell caMmoro ammnapara Ipd BCeX
pEeXKUMAX CETH.
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B Tabmunie 2.5 npuBeieHbI 001aCTH MPUMEHEHUS] HEKOTOPBIX, BBITYCKAEMBIX
Poccuiickumu npennpusatusimu, OIIH na nanpspkenue 0,38—-110 kB, a B

Tabmuma 2.5

OO6uacTu MpUMEHEHHUs OTPAHUYUTENCH TTepeHaIpsKEHUN

Tun orpannuurenen

Hasznauenue

OITH-I1-0,38 VXJI1
OITH-T1-0,66 YXJI1
OTTH-TI1-0,38 YXJI1
OITH-TI1-0,66 YXJI1

[Ipenna3HavyeHb! AL 3aLIUTHI U30JSIIUH JIEKTPOooOOpyHOBa-
HUS TOJCTAHIINHN U ceTell Ha kiacchl HanpspkeHus 0,38 u 0,66
KB OT KOMMYTallMOHHBIX ¥ aTMOC(EpPHBIX MEpEHANpPSKEHHUH.
Crioco6 ycranoBku: "da3za-3emis'.

OITH-1-3/3,8 1T YXJI1
OITH-2-3/3,8 III YXJI1
OITH-1-6/7,2 1T YXJI1
OITH-2-6/7,2 1T YXJI1
OITH-1-6/7,6 111 YXJI1
OITH-2-6/7,6 11 YXJI1
OITH-10/12 I YXJI1
OITH-2-10/12 T YXJI1
OITH-1-10/12,7 1T YXJI1
OITH-2-10/12,7 I YXJI1
OIMH®-6/7,2 YXJI1
OITH®-6/7,6 YXJI1
OITH®-10/12 YXJI1
OITH®-10/12,7 YXJI1

[IpennazHavueHbl I 3aIIUTHI AJIEKTPOOOOPYIOBAaHUS pac-
MpeJIeUTeNbHBIX ceTeil HamapkenueM 3, 6, 10 kB nepemen-
HOTO TOKa C HU30JMPOBAHHON WM KOMIIEHCUPOBAHHOW HEM-
Tpabi0 OT TPO30BEIX MepeHanpsykeHni. Crmocod yCTaHOBKH:
"(haza-3emis". OrpaHUYUTEIN MOTYT OBITh MCIIOJIb30BAaHbI BO
BCEX TOYKaX CETH, Iie paHee MpeAyCcMaTpUBAIOCh IpUMEHe-
HUE BEHTWIBHBIX pa3psaHukoB cepuu PBO.

OrpaHuYUTENN BBITYCKAIOTCS B HCITOTHEHHH:
1 — BapuaHT NPUCOEIUHEHHS TOKOBEIYILEro MpPOBOJHHKA —
IIMAIBKA ¢ IByMS M1aiibamu, 03 MOHTaXKHOTO TPHUCOETUHE-
HUS — YCTaHOBKA Ha 3a3€MJICHHYIO KOHCTPYKLUIO;
2 — BapUaHT NMPHUCOEIUMHEHNS TOKOBEAYIIET0 U 3a3eMIISIONIe-
r0 IPOBOJHUKOB — IIMHUIIbKA CO CKOOOH | IIait0oi, MOHTaX-
HOE NPUCOEAUHEHUE — KPOHIUTEHH.

OITH-IT1-3/3,0/10/2 YXJI1
OITH-I11-6/6,0/10/2 YXJI1
OITH-I11-10/10,5/10/2 YXJI1

[IpennazHavyeHsl A 3alIUTHl IBUTATeIbHON Harpy3kd B ce-
TAX HampspkeHueMm 3, 6, 10 kB oT KOMMyTallMOHHBIX NepeHa-
npsokeHnil. Croco0 YCTaHOBKH: MapajuIeIbHO KOHTAKTaM
IJIaBHBIX IIETICH BBIKITIOYATEIIS.

OITH-I11-3/3,3/10/2 YXJI1
OIIH-I11-6/6,9/10/2 YXJI1
OITH-IT1-10/11,5/10/2 YXJI1

[Ipeana3HaveHs! Ui 3aIUThl KaOEIbHBIX CETEH, ABHUIATEINb-
HOM W TpaHCHOPMATOPHOW HArpy3KH B NMPOMBINUICHHBIX Ce-
TAX HanpsokeHueM 3, 6, 10 kB oT rpo30BbIX U KOMMYTaIMOH-
HBIX mnepeHanpspbkeHnid. Crmoco0 ycraHoBku: '"daza-zemis'.
Mecto ycTaHOBKM — JMuHEHWHBIA oTcek siueek KPY, BXxojHble
3aKHMMBI IBUTATENICH, OKOJIO0 TpaHC(HOPMATOPOB.

OIIH-I11-3/3,6/10/2 YXJI1
OITH-I11-6/7,2/10/2 YXJI1
OITH-IT1-10/12/10/2 YXJI1
OITH-I11-35/40,5/10/2 YXJI1

[IpenrasHavyeHs! I 3aIATH TPaHCHOPMATOPHOW HATPY3KH
U IPYTOTro JIEKTPOOOOPYAOBAHIS B BO3AYIITHBIX PACIIPEICIIU-
TENBHBIX CEeTsIX HampspkeHueM 3, 6, 10, 35 kB oT rpo30BbIX U
KOMMYTAITHOHHBIX TepeHanpspkeHnii. Croco0 yCTaHOBKH:
"(haza-zems".

OITH-IT1-110/77/10/2 YXJI1
OITH-I12-110/77/10/2 YXJI1
OITH-IT1-110/83/10/2 YXJI1
OITH-I12-110/83/10/2 YXJI1
OITH-IT1-110/88/10/2 YXJI1
OITH-I12-110/88/10/2 YXJI1

[IpeanasHaueHsl U 3alUTHl 3JEKTPOOOOPYIOBAaHHUSA BO3-
IOYLIHBIX 3JeKTpUYecKux ceTei HampspkeHueM 110 kB ot rpo-
30BBIX U KOMMYTALMOHHBIX MepeHanpsbkeHuid. Crnoco0d ycra-
HOBKH: "¢haza-zemiss". OrpaHUYHTENH BBITYCKAIOTCS B WC-
nonHenud: I11 — onopuoe, I12 — noxBecHoe.
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Tabnuue 2.6 u Ha puc. 2.7 — OCHOBHbIE TEXHUYECKUE XAPAKTEPUCTUKH ITUX
K€ anmnapaTtoB. Bce nmpuBeneHHbIE CEpUM OIPaHUUYUTENEH BBIIOJHEHBI B O-
HOKOJIOHKOBOM HCITOJIHEHUH. [[J151 pacnpeeIuTeNbHbIX CeTeld OHU MPOU3BO-
JATCS KaK B TIOJMMEPHOH, Tak U B (paphopoBoil H30J1IMK; OCTaIbHbBIE OTpa-
HUYUTENIN — TOJBKO B nosimMepHoi (puc. 2.8). Ykazannsle OIIH npumens-
I0TCS /11 BHEIIHEW YCTAaHOBKHM B YCJIOBHUSIX YMEPEHHOI'O M XOJOJHOTO KIIH-
Mmata (YXJI1) npu Temniepatype okpykarorieit cpeast ot —60°C no +50°C.

U
Usn.oon 20 miH 4 4 60 C 6e3 mpeBapUTEILHOTO
Harpy>KeHUs
C MpeBapUTEIbHBIM
Harpy>kKeHHEeM 2 UMII. TOKa
1,3 2000 mkc ammiutyaou 500 kA

C Mpe/IBapUTEIbHBIM
- HArpy>kKEHHEM HMIL. TOKa
- 4/10 MKc aMIUIUTYIOH 65 KA

1,1

1,0 10° 10* t, ¢

Puc. 2.7. lonyctumoe BpeMs npuioxxenus Kk OITH HampspkeHHs: TpOMBIIITIEHHOM
4acToThl: 1, 2 — cepust OITH-IT1(2) na 110 xB; 2, 3 — cepus OITH-II1 ot 3 no 35 kB; 4, 5
— cepust OITH-1(2) ot 3 1o 10 kB u cepust OITH® na 6, 10 xB.

B)

0) r) g \_

Puc. 2.8. Orpanuuurenu nepenamsipxenuit cepuit OIIH-II no 1000 B (a, 0),
OIIH-II1 na 10 kB (B) u OIIH® na 6, 10 kB ().
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Tabmnuna 2.6

OcHoBHbIe TexHUYeckHe xapakTepuctuku OITH
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Hna 3auumol usoasyuu 21eKmpoo6opyo00sanius om ammochepHbix U KOMMYMAYUOHHBIX NEPEHANPANCEHUIL 8 CemAX ¢ IPpeKmueHo 3a3emnentoll Heiumpanvio 00 1 kB
OIIH-IT-0,38 YXJI1, OITH-I11-0,38 YXJI1 | 0,38 | 0,4 | 125 25| L6 | 1,3 1,4 1,6 | 1,7
OIIH-II-0,66 YXJI1, OITH-I11-0,66 YXJI1 | 0,66 | 0,8 | 125 25| 1,6 | 2,6 2,8 32| 34

Jns sawumer uzonayuu 51ekmpoooopyo

OIIH-I11-3/3,0/10/2 YXJI1
OIIH-I11-3/3,3/10/2 YXJI1
OIIH-I11-3/3,6/10/2 YXJI1
OIIH-I11-6/6,0/10/2 YXJI1
OIIH-I11-6/6,6/10/2 YXJI1
OIIH-I11-6/6,9/10/2 YXJI1
OITH-IT1-6/7,2/10/2 YXJI1
OIIH-IT11-10/10,5/10/2 YXJI1
OITH-IT1-10/11,5/10/2 YXJI1
OITH-IT1-10/12/10/2 YXJI1
OITH-I11-35/40,5/10/2 YXJI1

AN N W W W

10
10
35

Cu

500
500
500
500
500
500
500
500
500
500
500

100
100
100
100
100
100
100
100
100
100
100

10
10
10
10
10
10
10
10
10
10
10

08aHUsL OM AMMOCP

4.4
4.4
4.4
4.4
4.4
4.4
4.4
4.4
4.4
44
44

7,1 74
7.8 8,1
8,4 8,7
14,2 14,8
15,5 16,2
16,3 17,0
16,7 17,4
25,0 26,0
27,1 28,2
28,2 29,3
97 101

EePHBIX U KOMMYMAYUOHHBIX NEPEHANPAICEHUTL 8 CEMSIX
30]IUPOBAHHOLL UTU KOMHEHCUPOBAHHOU HEliImpaibio

7,5 8,9 | 9,65
8,25 9,75 | 10,5
8,8 10,6 | 11,5
15,0 17,7 | 19,3
16,5 19,5 | 21,0
17,25 20,4 | 22,0
17,6 21,2 | 22,9
26,25 31,0 | 33,5
28,75 34,0 | 36,6
29,6 36,0 | 38,0
102 120 | 127

10,9
11,9
13,0
21,8
23,8
24,9
25,9
37,9
41,4
43,0
142




Oxkon4anue TadauIe 2.6
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s saugumol 51ekmpoooopy0osarHust Om 2po306biX NEPEHANPIINCEHUL PACHPEOeTUMENbHbIX Cemell
C U30UPOBAHHOU UNIU KOMNEHCUPOBAHHOU HEeUmpAbio

OITH-1(2)-3/3,8 111 YXJI1 3 3,8 | 300 | 65 5 30 | 9.1 9,6 9,7 | 11,1 | 11,8 | 12,8 13,6
OITH-1(2)-6/7,2 111 YXJI1 6 7,2 | 300 | 65 5 3,0 | 17,5 18,3 18,5 | 21,0 | 22,5 | 24,5 25,9
OIIH-1(2)-6/7,6 111 YXJI1 6 7,6 | 300 | 65 5 3,0 | 18,2 19,3 19,5 | 22,2 | 23,6 | 25,6 27,2
OIIH-1(2)-10/12 111 YXJI1 10 | 12 | 300 | 65 5 3,0 |29,0 30,5 30,8 | 35,2 | 37,6 | 40,7 43,3
OIIH-1(2)-10/12,7 111 YXJI1 10 | 12,7 | 300 | 65 5 3,0 | 30,6 32,3 32,6 | 37,2 | 40,0 | 42,8 49,3
OITH®-6/7,2 YXJI1 6 7,2 | 300 | 65 5 3,0 | 17,5 18,3 18,5 | 21,0 | 22,5 | 24,5 25,9
OITH®-6/7,6 YXJI1 6 7,6 | 300 | 65 5 3,0 | 18,2 19,3 19,5 | 22,2 | 23,6 | 25,6 27,2
OITH®-10/12 YXJI1 10 | 12 | 300 | 65 5 3,0 |29,0 30,5 30,8 | 35,2 | 37,6 | 40,7 43,3
OITH®-10/12,7 YXJI1 10 | 12,7 | 300 | 65 5 3,0 | 30,6 32,3 32,6 | 37,2 | 40,0 | 42,8 49,3

s 3awumer snekmpoobopydosanus kiacca nanpsicenusi 110 kB om 2p0o306bIX 4 KOMMYMAYUOHHBIX NEPEHANPAICEHUTI 8 CEMSIX
¢ 2¢hpexmusHo 3a3eMaenHol Helimpanvio

OIIH-I11-110/77/10/2 YXJI1 110 | 77 | 550 | 100 | 10 | 4,4 187 | 189 | 197 190 228 | 245 | 266 289
OITH-I11-110/83/10/2 YXJI1 110 | 83 | 550 | 100 | 10 | 4,4 201 | 203 | 211 204 245 | 264 | 286 311
OIIH-IT1-110/88/10/2 YXJI1 110 | 88 | 550 | 100 | 10 | 44 214 | 216 | 225 217 260 | 280 | 304 330




3. BHYTPEHHASA CUCTEMA MOJTHUE3ALINUTBI

Hanexxnast 3ammra OOBEKTOB OT BO3JAEHCTBUA JIFOOOro  BHA
nepeHanpsukeHnii TpedyeTr co3manus B TEpBYH odepens dh(EeKTUBHON
CHCTEMBbI 3a3€MJICHUS U BBIpaBHUBAHUS MOTEHIMANOB. JKemarenaeH mepexon
Ha cucteMbl dnekrponutanuss TN-S wmmm TN-C-S ¢ pasnpeneHHbIMH
HYJICBBIM U 3aIIUTHBIM MPOBOJHUKAMHU. DTOT MEPEXOJ] BaXEH KaK C TOUYKU
3pEHUS 3aIIUTHl OT WMITYJIbCHBIX MEPEHANPsKeHNUH, TaK U C TOYKH 3PEHUs
AIEKTPOOE30MaCHOCTH (BO3MOXHO NPUMEHEHUE YCTPOMCTB 3alUTHOTO
oTkmtoueHus). Kpome cructembl 3a3eMJICHHUS U BBHIPABHUBAHMS TOTECHIIUAIOB
HEoOXO0MMa YCTaHOBKA 3alllUTHBIX YCTpOHCTB. (CxemMa WX BKIIOYCHHUSA
OIpEeETSeTCs peXXUMOM 3a3eMiieHus Heiitpanu B ceTsix 0,4 kB.

3.1. Peskumbl 3a3eMiieHust HelTpauau B cersix 0,4 kB

DNEKTPUYECKUE CETH JIENAT IO TUIaM IMPUMEHSEMbIX B HUX CUCTEM
3azemsieHus. [log TUIOM cHCTEMBI 3a3€MJICHHS ITOHUMAETCs II0Ka3aTellb,
XapakTepU3ymoluii OTHOILIEHUE K 3eMiie HelTpanu TpaHcpopmaropa Ha
NOJACTAaHLIIMM WM  TIeHepaTopa Ha  AJIEKTPOCTaHUUU  (aBTOHOMHOE
AIIEKTPOCHA0KEHUE), OTKPBITBIX IPOBOMASIIMX HETOKOBEAYLIUMX 4YacTel
anekTporpueMHukoB (OII) y moTpeOutenss U HEHTPaTbHOIO MPOBOJHUKA B
3NeKTpoycTaHoBKe HanpsikenueM 10 1000 B.

Pexum 3aszemileHusT HEUTpald M OTPBITBIX MIPOBOIALLMUX YaACTEH
o0o3HayaeTcss JByMs OyKBaMu: IepBas YKa3blBaeT PEXKHUM 3a3eMIICHUS
HEWTpaau MCTOYHMKA NUTaHMs (cwioBoro tpancgopmaropa 6-10/0,4 kB),
BTOpPasi — OTKPBITHIX MPOBOASAIIMX YacTei. B 0003HaUeHUSIX UCIOJIB3YIOTCS
HaYyaJIbHbIe OYKBbI (PPAHITY3CKUX CJIOB:

T (terre — 3emJis1) — 3a3eMJICHO;

N (neutre — HeWTpalb) — NPUCOEIUHEHO K HEUTPAIU UCTOUHUKA,

I (isole) — u3onupoBaHo.

MexayHapoaHas 3yekTpoTexHuueckas komuccus (ctangapt IEC 60364
"Electrical installation of buildings") u I[1YD (rnaBa 1.7) mpemycmaTpuBarot
TPH pEKUMa 3a3€MJICHUSI HEUTPAJIU U OTPBITHIX IPOBOJSIINX YACTEH:

TN — HeWTpanp  HMCTOYHMKA TIJIyXO  3a3eMJIEHa, KOpIlyca
AIEKTPOOOOPYI0BaHUS MPUCOEAUHEHBI K HEUTPATbHOMY ITPOBOJLY;

TT — HeiiTpanb UCTOYHUKA U KOpPIIyca 3JIEKTPOOOOPYJIOBAHUS TIYXO
3a3eMJICHBI (3a3€MJICHUSI MOTYT OBITh U pa3/ieIbHbIMU);

IT — "eitTpans UCTOYHMKA U30JIUPOBAHA WIIM 3a3eMJICHA Yepe3 MPUOOPHI
WIM  yCTPOMCTBA, HMEIONIME  OOJIbIIOE  COMPOTUBIEHHUE;  KOpIlyca
AIEKTPOOOOPYI0BAHUS IITYXO 3a3€MJICHBI.

Pexxum TN MoxeT OBITh TPEX BUIOB:
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TN-C — HyneBble pabouMii M 3alUTHBIA POBOAHUKH 00BeauHeHBI (C
— OT aHTJIMKCKOro cioBa combined — 0ObeIMHEHHBII) Ha BCEM MPOTSHKEHUU
(puc. 3.1). OObeauHEeHHBIH HyJeBOM NpoBOJHUK HasbiBaeTcs PEN 1o
nepBbIM OyKBaM aHTIMHUCKUX CIIOB protective earth, neutral — 3amuTHas
3eMJIs1, HEUTPAJIb.

TN-S — nHyneBoil paboumii npoBogHUMK N W HYJIEBOW 3alllUTHBIN
npoBoguuk PE pasnenenst (S — or aHrumiickoro cioBa separated —
pasnenbHbli), puc. 3.2.

TN-C-S — nHyneBbie pabouuii U 3alUUTHBIA MPOBOJHUKUA OOBEIUHECHBI
Ha TOJIOBHBIX ydacTkax cetd B npoBoaHuk PEN, a nanee pasneneHsl Ha
npoBoaHuku N u PE (puc. 3.3).
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Puc. 3.3. Cxema 3eKTpU4eCcKoi ceTu ¢ cuctemMon 3azemiieHus tuna TN—-C—S

Hazpanue Tuma cucTeMbl 3a3€MJICHHUS DJIEKTPUUECKOW CETH 4YacTo
MpUCBanUBalOT camoil cetu. Tak, HarpuUMep, JNEKTPUUECKYIO CETh C CUCTEMOMU
3azemsieHust Tuna TN—C HazpiBaloT ceThio THna TN—C, wiM MmpocTo CeTh
TN-C.

Bup cBs3u HelTpasien ¢ 3eMied B 3HAUUTENbHOM CTENIEHH OINPEIEIISIET:

— ycioBusi 0€30MaCHOCTH PabOTHI B AJICKTPUUYCCKUX CETAX (3alIuTa OT
MOPaXKEHUS FIEKTPUUECKUM TOKOM);

— 3HAYCHUS TIEPEHANPSIKEHUN U CIIOCOOBI UX OTPAHUYCHHUS;

— DJIEKTPOMArHUTHYK0 COBMECTUMOCTb B HOPMAJIbHOM PEXKUME PabOThI
U TIPU KOPOTKUX 3aMBIKAHUSIX;

— MOXapo0e30MacHOCTh (BEPOSITHOCTh BO3HWKHOBEHHUsS TOKAPOB IIPHU
KOPOTKHUX 3aMbIKaHUSIX );

— TOKU TIpU OJHO(A3HBIX 3aMBIKAHUAX HA 3€MIIIO, TTOBPEKIAEMOCTh U
BBIOOP 000pYIOBaHUS;

— Oecrepe0oMHOCTD ANEKTPOCHAOKEHHUS MOTPEOUTENCH;

— MPOEKTUPOBAHUE U IKCIUTyaTAIUIO CETH.

B3sB nepeuyncieHHoe 3a KpUTEPUU CPAaBHEHUS, OTMETUM IIPEUMYIIIECTBA
U CYIIECTBEHHbBIE HEJOCTATKM BO3MOKHBIX PEKHUMOB 3a3€MJICHUS HEUTpAIIU U
OTKPBITBIX IPOBOAAIIMX YacTen B ceTsax 0,4 kB.

3.1.1. Cerp TN-C

Cetn 0,4 xB ¢ TakuM peXMMOM 3a3EMJICHUSI HEUTPAIM U OTKPBITHIX
MPOBOAIIMX YacTe¥ (3aHysreHueM), puc. 3.1., IUPOKO pacHpOCTPaHEHBI B
Poccun.
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AnekrpobesonacHocTs B cetH TN—C HpH KOCBEHHOM NPUKOCHOBEHUU'
oOecreynBaeTcsd OTKIIOYEHHEM BO3HUKIINX OJHO(A3HBIX 3aMbIKAHWM Ha
KOpIlyC €  [OMOILIBIO  NPEJOXpPAaHUTENed  WIM  aBTOMAaTUYECKUX
BbIKITIOUaTesneil. [Ipu OTHOCHUTENHbHO HU3KUX 3HAYEHUSX TOKOB OJHO(A3HOTO
K3 (ynmaneHHOCTh HAarpy3ku OT HCTOYHHKA, MajO€ CEYEHHE MPOBOJIHUKA)
BpeMsl  OTKJIFOYEHHUS CYIIECTBEHHO  BO3pPACTAaeT. JIEKTPONOPAKECHUE
YeJIOBEKa, IMPUKOCHYBIIETOCA K METaJUIMYECKOMY KOpIyCy, BechbMa
BeposiTHO. Hanmpumep, s obecrniedeHus: JIeKTpoOe30NMaCHOCTH OTKITIOUECHUE
K3 na xopnyc B cetn 220 B noymxHO BBIOJIHATHCS 3a Bpems He Ooee 0,2 c.
Takoe BpeMs  OTKJIIOYEHUS  MNPEJOXPAHUTEIIM U aBTOMATHYECKUE
BBIKJIFOYATEIM 00ECIeYnBAOT MPU KPAaTHOCTAX TOKOB K3 MO OTHOIIEHUIO K
HOMMHAJILHOMY TOKY Ha ypoBHe 6—10.

Takum ob6pazom, B cetu TN-C cymectByer mpoOiema obecredeHus
0e30MacHOCTH MpPU KOCBEHHOM MPUKOCHOBEHUU H3-32 HEBO3MOXKHOCTHU
oOecrieuenusi ObicTporo otkimouenus. Kpome storo, B cetu TN-C mnpu
onnodaznom K3 Ha xopryc D11 Bo3HHKAET BBIHOC MOTEHIHANA TI0 HYJIEBOMY
MPOBOJy HA KOPIyca HEMOBPEKIECHHOTO OOOPYIOBaHWSA, B TOM YHCIE
OTKJIIOUEHHOTO W BBIBEJIEHHOIO B PEMOHT. JTO YBEJIUYHUBAET BEPOATHOCTD
MOpaXXEHUs1 JIIOJeH, KOHTAKTUPYIOIIUX C JJIEKTPOOOOPY/IOBAHUEM CETH.
BriHOC mMOTeHIMana Ha BCE 3aHYJEHHbIE KOpIyca BO3HUKAET U MpPHU
onnodaznom K3 Ha nuTaromieit tuHum (Hanpumep, oOpbiB (azHOTro MpoBoOaa
Bo3nymHoM JuHuuM 0,4 kB ¢ mnageHweM Ha 3emill0) 4epe3 Malloe
CONPOTUBJICHUE (TI0 CPABHEHUIO C COMPOTUBICHHUEM KOHTypa 3a3eMJICHUS
noactanuuu 6-10/0,4 kB). Ilpu sTOM Ha Bpems JEHCTBUS 3allUTHl Ha
HYJICBOM TMPOBOAEC M NPHUCOCIUHEHHBIX K HEMY KOPIycax BO3HHKAET
HampspkeHue, Onu3koe K QaszHomy. OcoOyto omacHocte B cetu TN-C
MPe/CTaBIIAeT OOpbIB (OTTOpaHKe) HyJIEBOTO MpoBoja. B sTom ciiyyae Bce
MPUCOEIMHEHHBIE 32 TOYKOW OOphIBA METAINTMYECKUE 3aHYJICHHBIE KOpITyca
OII okaxxyTcs moJ1 (ha3HBIM HAMPSHKEHUEM.

CampiM  OombmuM  HegocTtatkoM — cerer TN-C  sBisiercs
HEPabOTOCTIOCOOHOCTh B HUX YCTPOMCTB 3amuTHOTO oTKiIroueHus (Y30) nnu
residual current devices (RCD) no 3anagnHoii kiaccudukanuu.

[Toxxapo6e3onacHocts ceteit TN—C Huska. [lpu ognodasnsix K3 B atux
CETSAX BO3HUKAIOT 3HAYUTENIbHBICE TOKU (KWJIOAMIIEPHI), KOTOPHIE MOTYT
BbI3BaTb  BO3TOpaHMUE. Cutyanusi  OCJOXHSIETCSI  BO3MOXHOCTBIO
BO3HUKHOBEHHUS OJHO(A3HBIX 3aMBIKAaHUN Uepe3 3HAUMTEIbHOE MEPEeXOTHOE
CONPOTHUBJICHUE, KOT/Ia TOK 3aMbIKAHHUS OTHOCUTEJIHLHO HEBEJIMK U 3aIIUTHI HE
cpabaTbIBatoT TUO0 cpabaThIBAIOT CO 3HAUUTEIBHOMN BBIIEPKKON BpEMEHHU.

' Kocsennoe npuxocnogenue — 3MeKTPAYECKHil KOHTAKT JIFOEH U KHBOTHBIX C OTKPBITBIMU IPOBOISAIIAMH
4JacTAMHU, OKa3zaBUHIMMUCA 110 HANPAKECHUEM NPHU NOBPCKACHUN U30JAUNU, T.C. OTO NPUKOCHOBCHUEC K ME-
TAJUTHYECKOMY KOPITYCY 3JIEKTPOOOOPYAOBaHUS MPU MPpoOOe H3OIAIMU HA KOPITYC.
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Becnepebotinocmy snekmpochabcenus’ B cetn TN—C mpn ogHO(pa3HbIX
3aMBIKaHHUSIX HE OO0ECTeYMBACTCS, TaK KaK 3aMbIKaHUS COMPOBOMKIAIOTCS
3HAYUTENIbHBIM TOKOM U TPeOyeTCsl OTKIIOUEHHUE PUCOETUHEHUSI.

B mpomnecce ognodaznoro K3 B cerssx TN—C BO3HHUKAET IMOBBIIICHHUE
HaIpspDKeHUs (MepeHanpsKEeHrs) Ha HEMOBPEXKIEHHBIX (a3ax MpUMEpPHO Ha
40%.

Cetu TN-C xapakTepu3yrTCs HAJIMYUEM  DJIEKTPOMArHUTHBIX
BO3MYLIEHUH. DTO CBSA3aHO C TEM, YTO AaX€ INPH HOPMAJIbHBIX YCIIOBUAX
paboThI HA HYJIEBOM MIPOBOJIHUKE MPU NMPOTEKAHUU PAO0OYEro TOKAa BOSHUKAET
nazeHue HanpspkeHusi. COOTBETCTBEHHO MEXAY Pa3HbIMU TOYKAMHU HYJIEBOTO
MIPOBOJIa UMEETCSI PA3HOCTh MOTEHIMAIOB. JTO BbI3bIBAET MPOTEKAHUE TOKOB
B TPOBOJMIIMX YacTsAX 3/aHus, B OOOJOYKaxX M OJKpaHax Kkabeined u
COOTBETCTBEHHO  DJJIEKTPOMArHUTHBIE  IMOMEXH.  OJEKTPOMArHUTHbIE
BO3MYUIEHUSI YCUJIMBAIOTCS MPU T'PO30BBIX paspsnaax u oaHodasueix K3 co
3HAYUTEIBHBIM TOKOM, IPOTEKAKOLIUM B HYJIEBOM IIPOBO/IE.

3nauntenbHbll TOK onHodazHeix K3 B cersix TN—C MOXeT BbI3BaTh
CYLIECTBEHHbBIE Pa3pyILICHHUS HIEKTPOOOOPYI0BAHUS.

Ha cragum npoektupoBaHus W HACTpPOMKM 3amuT B cetn TN-C
HEOOXOUMO 3HATh COMPOTHBIICHUS BCEX DJIEMEHTOB CETH, B TOM YHUCIE U
COIPOTHUBJIEHUS HYJIEBOW MOCIEAOBATEIIBHOCTH ISl TOYHOI'O pacyeTa TOKOB
onHogazHoro K3. To ecTp HEOOXOIMMBI pacyeTbl WM HU3MEPEHUs
CONMPOTHUBJIECHUS NeTiau ((a3a—Hydb JUisl Bcex mpucoenuHeHuil. JlrobOoe
M3MEHEHUE B CeTU (HaNpUMED, YBEIUUYCHUE JUTMHBI IPUCOCAUHEHUS) TPEOyeT
MPOBEPKH YCIOBUHM 3aILUTHI.

3.1.2. Cerp TN-S

Cetn 0,4 kB c TakuM peXUMOM 3a3€MJIEHUS HEWUTpPaId U OTKPBITHIX
MPOBOASIIMX YacTel Ha3bIBAIOTCS NATHUOPOBOAHbBIMU (puc. 3.2). B Hux
HYJIEBOW paboumuii M HyJIEBOM 3alIUTHBIN MPOBOAHUKHU PA3/ICIICHBI.

Ucnonw3oBanue cetu TN-S He oOecneyuBaeT 31EKTPOOE30MACHOCTD
IpU KOCBEHHOM MPUKOCHOBEHHH, TaK KaK MPU MpoOOe U30JISAIHNH Ha KOPITyCe,
kak u B cetd TN—C, Bo3HHMKaeT onmacHbIi rmoreHnuan. Ogaako B ceTsx TN-S
BO3MOXHO Hcnojb3oBaHne Y3O0. Ilpy Hamuuum 3TUX YCTPOWCTB YPOBEHb
aneKkTpode3onacHocTu B ceTu TN—S cyIiiecTBeHHO Bbhile, yeM B cetu TN—C.
[Ipu nmpoGoe m3omnsiuuu B cetd TN—S Takke BO3HUKAET BBIHOC MOTEHIIHMAJA
Ha KOpIlyca APYTUX DJIEKTPOIIPUEMHUKOB, CBSI3aHHBIX NpPOoBOJHUKOM PE.
Opnako OwicTpoe gedictBue Y30 B 3TOM ciyyae oOecrieunBacT

? Becnepeboiinocmb snekmpochaboicenus — 31eCh U ajiee B pasjielie pedb HaeT 0 6ecrepeboiHOCTH deK-
TpPOCHAOXKEHHUS OJTHOrO KOHKpeTHOTo D1, mpucoeaunenue kotoporo (kadens, BJI) uiu on cam moBpexa-
ercst. [Tpu 3TOM mopa3syMeBaeTCs BOSHUKHOBEHHE OTHO(DA3HOTO 3aMbIKaHHUS.
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oesonacHocTth. B ornuune ot cereir TN—-C oOpwiB HyjneBoro padouero
npoBOAHMKA B ceTh TN—S He Bieder 3a co0oil TMosBICHHUS (a3HOTrO
HaIpsHKEHUST HAa KOPITycaxX BCEX CBA3aHHBIX JaHHOU JnHued nutanus Ol 3a
TOYKOU pa3phIBa.

[Toxxapo6e3zonacHocts cetu TN—-S npu npumenennn Y30 B cpaBHEHUU
¢ cetamu TN—C CynieCTBEHHO BBIIIE. Y CTPOMCTBA 3ALIUTHOIO OTKIKOYEHUS
YyBCTBUTEIBHBI K PA3BUBAIOIIMMCS Je(eKTaM HU30JSIUN U MPEAOTBPAIaloT
BO3HMKHOBEHHUE 3HAYUTEIbHBIX TOKOB 0/1HO(a3HbIX K3.

B otHOlIEHNN Oecrniepe0oMHOCTH 3IIEKTPOCHAOKEHUSI U BOSHUKHOBEHUS
nepeHanpsikeHuil cetu TN—S He otnmyarores ot cereit TN—C.

DOnekTpoMarHuTHasi 00cTaHOBKa B ceTax TN—S B HOpMaJIbHOM pexuMe
ayuaire, 9eMm B ceTssx TN—C. O1o o0ycioBIEHO TeM, YTO HYJIEBOW paboduit
MIPOBOJAHUK H30JIMPOBAH M OTCYTCTBYET OTBETBJIEHHUE TOKOB B CTOPOHHHE
npoojsiume nytd. [lpm  omHodaszubix K3  co3maroTcss  Takue ke
AJIEKTPOMArHUTHBIE BO3MYILIEHUS, KaK U B ceTsix TN-C.

Hamuuune B cersx TN-S  ycTpoMCTB 3alIUTHOIO  OTKJIHOYEHUS
CYLIECTBEHHO CHI)KaeT O0OBeM TIOBPEXAECHUH TpPHU BO3HUKHOBEHUHU
onnodazueix K3 mo cpaBuenuto ¢ ceramu TN-C, T.x. Y30 nukBuaupyer
IIOBPEXJEHNE B €70 HAYaJIbHOM CTaUN.

B oTHOmIEHUM TPOEKTUPOBAHUS, HACTPOUKH 3alIUT U OOCITY>KUBAHUSA
cett TN—S He MMEIOT KaKuxX-JIn0O MPEUMYILECTB MO CPAaBHEHUIO C CETSIMU
TN—C. Onu 607ee qoporue u3-3a Hajau4us naroro nposoja u Y 30.

3.1.3. Cetb TN-C-S

OT0 KOMOMHAIMSI PACCMOTPEHHBIX BBIIIE ABYX TUIIOB cere (puc. 3.3).
Jns Hee cmpaBeMJIUBBI BCE MPEUMYLIECTBA U HEIOCTaTKH, OTMEUYEHHbBIE
BBIIIIE.

3.14.Cern TT

OcoOeHHOCTBIO CEeTel JaHHOTO THMA SBISETCS TO, YTO OTKPBITHIC
npoBogsamme yactu Ol mpHcoeauHEHbl K 3a3€MJIEHUIO, KOTOPOE€ OOBIYHO
HE3aBHCHMO OT 3a3eMJICHHU nuTaromei nojacranimu 6—10/0,4 xB.

OnexkTpoOe30MacHOCTh B 3TUX CETAX 00€CIEeUMBAETCS UCIOJIb30BaHUEM
Y30 B oOs3arensHOM TnoOpsAnKe, T.K. cam pexxum TT He oOecneuuBaer
0e30MacHOCTH MpPU KOCBEHHOM MpPUKOCHOBeHUHU. Ecau compoTusieHue
MECTHOTO 3a3€MJIUTENISA, K KOTOPOMY MPHUCOEIUHEHBI OTKPBITHIE IPOBOISIIIHE
YacTH, PaBHO COINPOTHUBJICHUIO 3a3€MJICHHUS NUTAKOIICH NoaAcTaHUUUA O6O—
10/0,4 kB u BO3HMKAaeT 3aMbIKaHME Ha KOPIYC, TO HaIpsHKEHHE
MPUKOCHOBEHUSI cOCTaBUT MoJjioBuHY (asznoro (110 B mms 220 B). Takoe
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HampspDKEHUE  OMAacHO, M HEOOXOJAMMO  HEMEUICHHOE  OTKJIIOYEHHUE
MOBPEXKJIECHHOIO IMPUCOCIUHEHUS. ABTOMAaTUYECKHE BBIKIIOYATEIH U
MpEeIOXpaHuTeNn 3a Oe30macHoe JUisi MPUKOCHYBIIETOCS YeJIOBEKa BPEeMs
OTKJIFOYEHHE HE 00ECIEeYMBAIOT M3-32 MAJIOW BEIMYMUHBI TOKA OJHO(A3HOTO
K3. Hanpumep, ecnu npuHATH, 4TO CONPOTUBIIEHUS 3a3€MJICHUS MUTAOLIEH
noactanmmu 6—10/0,4 kB u mectHoro 3a3emseHus paBHbel mo 0,5 Om, u
npeHeOpedb COMPOTHBICHUSMHU CHJIOBOTO TpaHchopMaropa, kabenms u
JPYTUX 3J€MEHTOB, TO Mpu (pazHoM HampsbkeHnun 220 B Tok ogHO(a3zHOrO
K3 na xopnyc B cetu TT cocraButr 220 A. C yuyeToM BceX CONPOTUBIICHUH B
LEMH 3aMbIKaHUsI TOK OYJET €Ille MEHBIIIE.

[Toxapobe3onacHocTh ceteit TT cymiecTBeHHO Bhiiie, uem ceteit TN—-C.
OT0 CBsA3aHO ¢ MaJioil BeIMUYMHON ToKa oaHodaszHoro K3 u ¢ nmpumeHeHuem
VY30, 06e3 KOTOPBIX 3TH CETH IKCIUTYaTUPOBATHCS HE MOTYT.

becnepeboitHOoCTh 2nekTpocHaOkeHuss B ceTsax 1T mpu oaHOoda3HBIX
3aMBIKaHUSIX HE o0ecleymBaeTcs, TaK Kak TpeOyercs OTKIIOYEHUE
MPUCOEIMHEHHUS 110 YCIOBUAM 0€30MaCHOCTH.

[Ipu Bo3HMKHOBeHUU B ceTH TT ogHO(A3HOTO 3aMBIKaHUS HA 3EMIIIO
HaMpsHKEHUE Ha HEMOBPEXKIEHHBIX (pa3ax OTHOCUTEIHHO 3€MJIH TIOBBIIIACTCSI.
OT0 00YCIIOBIIEHO TMOSBJICHUEM HANpPsKEHUS Ha HEWUTpaaud MUTAIOUIEro
Tpanchopmaropa. Eciam mpuHATE yKa3aHHBIC BBINIC COMPOTUBICHUS, TO
HaIpsDKEHUE Ha HEUTpaJM COCTaBUT MOJIOBUHY (pazHOro. Takoe MOBBIIICHHE
HE OomacHO aJisa u3oJsanuu, T.K. K3 ObicTpo nukBunupyetcs aercteuem Y30,
npuyeM B OOJIBIIMHCTBE CIy4aeB [0 CBOETO IIOJHOTO pPa3BUTUSA W
JIOCTUXKEHUS TOKOM MaKCUMyMa.

B cucreme TT oObryHO HEeCcKOJIBKO KOpmycoB DIl 0ObeauHEHBI OJHUM
3alUTHEIM TpoBogHUMKOM PE u mpucoenunensl k oOuieMy 3a3eMIIATEINIO,
OTHEJIIBHOMY OT 3a3eMJIMTENs NUTAIOUIEH NOACTAaHUUU. BBINOIHATH
OTHENBbHBIM  3a3eMiuTeNb JUIg  Kaxaoro OIl  HememecooOpa3Ho 110
HKOHOMHUYECKUM COOOpakeHUsIM. B HOpMaJIbHOM peXUME MO 3alIUTHOMY
MPOBOJHKUKY B cucremMe TT TOK He IpPOTEKaeT M MEXAYy KOpIlyCaMH
OTACJBHBIX JJIEKTPOINPUEMHHUKOB HET PAa3HOCTHM IOTCHIMAJIOB, TO €CTh
AJEKTPOMArHUTHBIE BO3MYUIEHHUS OTCYTCTBYIOT. [IpM BO3HHKHOBEHUH
onnodazHoro K3 Tok HeBenWK, MPU €ro MPOTEKAHWH TaJACHUE HATPSHKCHUS
Ha 3alIMTHOM MPOBOJAHUKE HE3HAYUTENIBHO, JJIMTEILHOCTh MPOTEKAHUS TOKA
MaJia, TO €CTh BOZHUKAIOIIUE MPU 3TOM BO3MYIIECHUS] HEBEIUKH.

Takum 00pa3oM, ¢ MO3UMLMHE 3IEKTPOMArHUTHBIX Bo3MylleHui cetb TT
MMEET MPEUMYILECTBO MO CpaBHEHUIO C ceTsIMU TN—C B HOpMaAJIIbHOM pEXUME
pabotsl u ¢ cetssiMu TN—C, TN-S, TN-C-S B pexxume oanodaznoro K3.

O6bem noBpexieHuil odopyaoBanus B ceTsix TT mpu BOZBHUKHOBEHUU
onHogazHoro K3 HezHauuteneH. ITo CBA3aHO ¢ MajOW BEJIMYMHOW TOKA IO
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cpaBHeHuto ¢ cersiMu TN—-C, TN-S, TN-C-S u ¢ ucnonb3oBanuem Y30,
KOTOpPBIE 00ECIIEUNBAIOT OTKIIFOYCHHUE JI0 MIOJTHOTO PA3BUTHUS IMTOBPEIKICHHUS.

C ToukM 3peHusi mpoeKkTupoBaHus ceTtd TT UMET CyIIECTBEHHOE
MPEUMYILECTBO N0 cpaBHEHUIO ¢ ceTssMu TN. Mcnons3oBanue B ceTsax TT
YCTPOMCTB 3allIUTHOTO OTKJIIOUEHHUS! YCTpaHSeT MpOOJIEMbl, CBSI3aHHBIE C
OTpaHUYCHHUEM  JUIMHBI  JIMHUM, HEOOXOJUMOCTHIO  3HATh  IOJHOE
COTPOTHUBJICHUE TIETIIM KOPOTKOTO 3aMbIKaHMs. CeTh MOXKET OBITh pacIInpeHa
WM u3MeHeHa ©Oe3 TMoBTOpHOro pacueta TokoB K3 wumu 3amepa
CONPOTHUBIICHUSI TETIM TOKA KOPOTKOrO 3aMbIKAHUS. YUUTHIBAS, YTO TOK
onnodaznoro K3 B cetsix TT mensbine, uem B cetax TN-S, TN-C-S, ceuenue
3amuTHOrO poBoiHKKa PE B cetn TT MoXeT ObITh MEHBIIIE.

3.1.5. Cern IT

HetitpanbHas Touka mutatomero tpancdopmaropa 6—10/0,4 kB Takoii
CEeTM W30JIMPOBAHA OT 3€MJM WM 3a3eMJICHa Yepe3 3HAUYUTENIbHOE
conporuBieHre (coTHu OM — Heckosibko KOM). 3aliUTHBIA TPOBOJIHUK
OT/EJIEH OT HEUTPAIBHOTO.

DnexkTpo6e30macHOCTh TP OAHO(PA3HOM 3aMBIKAHUH Ha KOPITYC B 3THX
ceTsix HamboJee BBICOKAs M3 BCEX PACCMOTPEHHBIX. JTO CBSI3aHO C MaJon
BEJIMYMHON TOKa OAHO(A3HOr0 3aMbIkaHus (eauHuilbl ammep). [Ipu Takom
TOKE 3aMblKaHUs HaMNpsHDKEHUE TMPUKOCHOBEHUS KpailHE HEBEJIMKO U
OTCYTCTBYET HEOOXOAUMOCTh HEMEIJICHHOTO OTKJIIOUEHUS] BO3HHKIIETO
noBpexaeHus. B cetu IT Oe3omacHOCT, MOXKET OBITH YJIydllleHa 3a CYET
npuMmeHenus: ¥Y30.

[Toxxapo6e3zonacHocTh cereit IT camas BbicOKas IO CPaBHEHHUIO C
cetimu TN-C, TN-S, TN-C-S u TT. D10 00yCJIOBICHO HaMMEHBIIICH
BEITMYMHOM TOKa OAHO(DA3HOTO 3aMbIKaHUs (E€IWHHUIIBI aMIiep) W Malloh
BEPOSTHOCTBIO BO3TOPAHUS.

Cetu IT oTnuuaroTcsi BRICOKOW OecriepeOORHOCTHIO AIIEKTPOCHAOKEHUS
notpebureneit. OnpHodazHoe 3aMblkaHue HE TpeOyeT HEeMeAJeHHOro
OTKJIIOUYCHHS.

[Ipu Bo3HuKHOBeHuU B cetn IT ogHO(a3HOrO 3aMBIKAaHUS HAa 3EMITIO
HalpspDKeHUE Ha HENOBPEKIEHHbIX (a3ax ysenuuuBaercs B 1,73 pasza. B
ceTsx 0€3 pPEe3UCTHUBHOTO 3a3eMJICHUS BO3MOKHO BO3HUKHOBEHHUE JYTOBBIX
[IEpEeHANPSKEHUN BBICOKOM KPaTHOCTH.

DJIEeKTpOMAarHuTHblE BO3MYyIIeHHs B ceTsax [T HeBenuku, T.K. TOK
onnogasznoro K3 man v He co3/iaeT 3HAYUTENIbHBIX MAJICHUN HANPSIKEHUS Ha
3aIUTHOM IPOBOJIHHKE.

[ToBpexxnenust 000OpynOBaHMsSI TpU BO3HUKHOBeHMM B cerax [T
0/1HO(ha3HOTO 3aMbIKAHUS HE3HAYUTEIIbHBI.
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Hns skcruryaranmu  cetn [T HeoOXoaum  KBaMUIIMPOBAHHBIN
MEpPCOHAN, CIOCOOHBI OBICTPO HAXOAWTh U YCTPAHATh BO3HUKIIEE
3amplKaHue. [lna  omnpeneneHus — NOBPEXKACHHOTO  IIPUCOCAUHEHUS
HEOOXOUMO CIleUalbHOE YCTPOMCTBO, HANpPUMEP, MOXHO HCIIOJIb30BAThH
BKJIIOYECHHBI B HEUTPAJIb T'€HEpPATOp TOKAa C 4YacTOTOM, OTIMYHOW OT
npomeinuieHHOW. Cetn IT umeroT orpannyeHne Ha pacIIMpEeHHE CETH, T.K.
HOBBIE IPUCOEANHEHNUS YBEINYUBAIOT TOK OJHO(A3HOTO 3aMBIKAHUA.

3.1.6. KpaTkue pekoMeHAaUMH 110 BLIOOPY ceTei

Hu onun u3 cnoco0oB 3a3eMyieHUs HEUTPaAIU U OTKPBITHIX MTPOBOISIIINX
yacTell HE SBIETCS YHUBEPCAIBbHBIM. B KaXJOM KOHKPETHOM CIydae
HE00XOAMMO MPOBOJAUTHh TEXHUKO-IKOHOMUYECKOE CPABHEHUE U UCXOJIUTh U3
KPUTEPHUEB: ANEKTPOOE30MaCHOCTH,  MOXKAp0oOEe30MacHOCTH,  YpPOBHS
OecniepeOOMHOCTH  DJICKTPOCHAOKEHMs,  TEXHOJOTMH  IIPOM3BOJICTBA,
AIEKTPOMArHUTHOM COBMECTHUMOCTH (BKJIFOUasl TIOCIEJACTBHUS TPO30BBIX
pas3ps0B  MOJIHMM),  Hajgu4uMsl  KBAIM(HUIIMPOBAHHOTO  IEpCOHAIA,
BO3MOKHOCTH MOCJIEIYIOIIETO PACIIMPEHUS U U3MEHEHHUSI CETH.

B kadectBe oOmmMX pekoMeHAANMH A7 BBIOOpa TOM WJIM MHOW CETH
MOXHO YKa3aTh CJIEAYIOIIHE:

1. Cetnu TN-C u TN—C—S xapakTepu3yroTcsi HUI3KUM YPOBHEM JJIEKTPO-
U TOXapoOE30MacHOCTH, a TaKXke BO3MOXKHOCTBIO  3HAYUTEIbHBIX
AIIEKTPOMArHUTHBIX BO3MYILEHUM.

2. Cetu TN-S pexoMeHayrOTCsl JUisl CTaTUYHBIX (HE MOABEPKEHHBIX
M3MEHEHHSIM) YCTaHOBOK, KOT/Ia CETh MPOEKTUpYeTcs "pa3 u HaBceraa'.

3. Cetn TT cnenyer UCnosib30BaTh JJIsi BPEMEHHBIX, PACIIUPSIEMBIX U
MU3MEHSAEMBIX 3JIEKTPOYCTAHOBOK.

4. Cern IT crnenyer wuCHOAB30BaTh B TeX Clyyasx, Korjia
OecnepeOOMHOCTh JIEKTPOCHAOKEHUS SBIISICTCS KpaitHe HE0OX0IUMO.

Bo3MoOxHBI BapuaHTBl, KOrja B OJHOM M TOW XK€ CETH CIEAyeT
WCIIOJIB30BaTh JIBa WIM TpU pexkuma. Hampumep, korna Bcsl CeTh MOTydaeT
nuTaHue mo cetu TN—S, a yacTh ee uepe3 pa3AeuTeNbHbIN TpaHchopmaTop
o cetu IT.

3.2. Cucrema YPaBHUBaAHUS MOTCHIIMAJTOB HaA BBOIAE B 3[IaHUSA

st 5 pexTrBHONM MOJHHE3AIIUTHl HEOOXOAUMO 3a3€MJICHUE C HU3KUM
COIIPOTUBIICHUEM  PACTEKAHUIO  TIPO30BOTO  uMMyJsbca.  Ilockonbky
MPOTEKaHUE TOKAa MOJIHUU — MPOLIECC BBICOKOYACTOTHBIA, TO HEOOXOIMMO
oOecreynBaTh MPUEMJIEMbIE XapaKTEPUCTUKU 3a3eMIISIOIIUX YCTPOWUCTB Ha
BBICOKMX 4acToTaXx. OAuH M3 MyTed YIy4ylIeHUsS XapaKTEPUCTUK
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3a3€MJIAIOLIMX ~ YCTPOMCTB HA  BBICOKOM  4acTOT€ — IPUMEHEHHE
BEPTUKANBHBIX  (TIYOMHHBIX) — 3a3eMiuTeNneil. OTuM  OOBSICHSETCS
pexomengaius [1YD mo ycTaHOBKE BEpTHUKAIBHBIX 3a3eMIIMTENICH BOIW3U
00beKkTOB MonHHe3anmThl Ha OPY mojacTaHmmii BBICOKOTO HaIPSKEHUSI.
Hecmotpsa Ha TO, YTO HAa HM3KOW 4acTOTE CONPOTHUBIIEHUE BEPTUKAIBHOIO
3a3eMJIMTEIIS JUTMHON 3—5 M MHOTO 0OJIbIlie 00IIero 3a3eMIISIONIEro KOHTYpa
OPY noxacranumu (tuna '"cerku'"), OpU MOJHHEBOM paspsalie pPOJb
JIOKAJIbHOTO  3a3€MJIMTENS PE3KO BO3pacTaeT. YCTAHOBKAa HECKOJIBKHX
BEPTUKAJIbHBIX WM TIYyOMHHBIX 3a3eMJMTENIed BOMM3M OT 3a3eMJICHUS
MOJIHMETIPUEMHHKA OOECIIE€UYMBAET 3HAYUTEIIbHOE CHUKEHUE HMITYJIbCHBIX
MNOTEHIMAJIIOB HAa TEPPUTOPUU OOBEKTA, T.K. MHIYKTUBHOE CONPOTUBIICHUE
YCTAaHOBJICHHBIX TJIYOWHHBIX 3a3eMJIMTEICH MUHUMAJIbHO, a BKJIIOYAIOTCA
OHM  (PaKTHUECKH  MapayieJbHO  UMITYJIbCHOMY  CONPOTUBIICHUIO
3a3eMJIIFOLIEN CETKHU B LIEJIOM.

W cToYHNKOM OMACHBIX TMOJIEH W MOMEX Ha 00BEKTaX MOTYT BBICTYIATh
TOKH, IPOTEKAIOIIHE IO JJIEMEHTaM CHUCTEeMbl 3a3eMieHus. OmnbIT
oOcleoBaHUsl ~ TPEANPUATHA  TMOKAa3bIBAe€T,  4YTO  HANPSHKEHHOCTh
UMITYJIbCHOTO MAarHUTHOTO TIONISI MOXET TpeBbImath 1 KA/M BHYTpHU
IIOMEIIEHN JaXe Ha CYLIECTBEHHOM YJAJI€HUHW OT IPOBOAHHUKA, IIO
KOTOPOMY HPOTEKAET TOK MOJIHMHU. Takoll ypoOBEHb IOJIEW OIACEeH s
o0opynoBaHus U 1ieneit oomeHna unpopmarmend. Cutyanus OCI0XKHSIETCS €I11e
Y TE€M, UYTO MYTH NPOTEKAHUS TOKA MOJIHUU C OCHOBAHHWSI MOJIHUETIPUEMHHUKOB
HE U3BECTHbl. B 37aHMM NPOTEKaHHE TOKOB MOXET NPOUCXOAUTH IIO
CHEUHUAIBHO  BBIACJICHHBIM  3a3€MJIIIONIMM  IIPOBOJHMKAM, HECYILHUM
METaJUIOKOHCTPYKIUSIM,  O0OJIoOYKaM  Kabeneil ¢  aHTeHHO-MauyTOBBIX
ycTpoiicTB 1 naxe PE- u N-nipoBogHuKaM CUCTEMbI TUTAHUS TTOTPEOUTEIICH.

Ha paccpenoroueHHblx 00beKTax OOJBIIYIO OMACHOCTh MPEICTABISET
pacTeKaHWe TOKAa MOJHUU MO KaOEIbHBIM KaHAIaM M JIOTKaM. AHalOTU4YHas
CUTyalus MOKET BO3HUKATh HE TOJBKO MPH MOJIHMEBOM pa3psane. Ha mHorux
BBICOKOBOJIBTHBIX MOJCTAHUUAX KOHCTPYKLMS 3a3€MJIIOLIETO YCTPOMCTBA
TaKOBa, YTO MPOTECKaHHWE 3Ha4yuTeNbHOM 4dacTu Toka K3 B cetm 110 xB u
BbIIIE (C 3a3€MJICHHOW HEUTpaibio) MPOUCXOAUT Yepe3 ApYyrue 37aHus. ITO
MOYKET NMPUBOAUTH K HEKEIATECIBHOMY BIWSHUIO MOJISI HA PAa3MENIEHHOE TaM
o0opy/I0BaHUE U alaparypy.

CaMOCTOSTENbHOW U CIOXKHOW MpOoOJIEeMON SBISETCS IOCTOSIHHOE
MPOTEKaHUE TOKOB IO 3a3€MIISIIOLIEMY YCTPOMCTBY (TaK Ha3blBa€MbIE "TOKHU
yctedku"). OOBIYHO 3TO CBSI3aHO C OLIMOKAMU B OpraHu3alid CHUCTEM
3a3emiieHHs] W nuTtaHus Ha HanpsbkeHun 0,4 kB. Cpean mopoKIEHHBIX
TOKAMHU YTEYKH HEXKEJATEIbHBIX IOCIEACTBUI — TIOBBIINIEHHBII YpOBEHBb
MarHUTHBIX TOJIEH, BIMSIOMMX HA paboTy anmapatrypbl U 0OCITY>KHUBAIOIIETO
IepcoHania.
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VYiayumieHue  3JIEKTPOMarHUTHOM  OOCTaHOBKM Ha  OOBEKTax ¢
OJTHOBPEMEHHBIM BBITIOJTHEHHEM TPEOOBAHHUI MO 3JIEKTPOOE30MaCHOCTH
JOCTUTaeTCs  NPAaBWIbHBIM  BBIIIOJHEHUEM  CHCTEMBl  YpaBHHUBAHHS
ITOTEHIMAJIOB HA BBOJIE B 3/IaHUA.

Ecnu 3manme mMeer HECKONMbKO 000COOJEHHBIX BBOJOB, TO TJaBHAs
sazemistromias muHa (I'3I0) momkHa OBITH BBIIONHEHA JUIS  KaXKJIOTO
BBOJIHOTO ycTpoiictBa (BY) unu BBOAHO-pacnpeenuTeNbHOr0 yCTPOUCTBA
(BPY), a npu Hamuuud OJHOM WM  HECKOJIBKHUX  BCTPOEHHBIX
TpaHC(OPMATOPHBIX MOACTAHIMN — AJIA KaxAoW mojctaHuuu. B kauecTe
['3III moxet ObITh Hcniosib3oBana PE-muua BY, BPY unu PYHH, nipu stom
BCE TJaBHbIE 3a3eMJisitolmMe MHUHbBI ©W  PE-IMHBI  HU3KOBOJIBTHBIX
KOMIUIEKTHBIX ycTpoiicTB (HKY) nomkHBI coeauHATBCS MexXAy CcoOoi
MPOBOJTHUKAMHM  CUCTEMbl ypaBHMBAHUS TIOTEHIMAJIOB (MarucTpasibio)
CeUYeHHEM (C PKBUBAJICHTHOM MPOBOJAMMOCTBIO), PABHBIM CEYEHHUIO MEHBIIEH
Y3 TIONIAPHO COIPSKEHHBIX IIUH.

Ceuenne PE-mmnHbl B BBOAHBIX  ycrpoiictBax (BY, BPY)

AJIEKTPOYCTAaHOBOK 37aHuii U cooTBeTcTBeHHO [ 31 mnpuHMMAarOTCS 1O
I'OCT P 51321.1-2000 (ta6m. 3.1).

Tadmuma 3.1
Ceuenne PE-mmin
Ceuenue pa3zHOro MpoBOJHUKA S (MMz) Haumensiiee ceuenne PE-1mmnEbl (MMz)

10 16 BKIIOYHUTEIILHO S

oT 16 10 35 BKIIFOYUTEIIHHO 16
ot 35 10 400 BKIIIOUUTEIIHHO S/2
o1 400 mo 800 BKIIIOUYUTEIHHO 200
csoie 800 S/4

Ecomm I3II ycraHOBIEHBI OTAEIBHO M K HHM HE IOAKIIOYAKTCA
HYJIEBbIE 3alIUTHBIE MPOBOAHUKM YCTaHOBKM, B ToM uucie PEN- (PE)
MPOBOAHUKU MUTAIOIIECH JIMHUU, TO CeUeHUE (IKBUBAJIEHTHASI TPOBOAUMOCTH )
KaXJ01 13 oTAeNbHO ycTaHoBIeHHbIX [ 31 npuHrMaeTcst paBHbBIM TTOJIOBUHE
ceuenud PE-mumupl HanbOoabmeln u3 Bcex PE-mmH, HO HEe MeHee MEHBIIIETO
13 ceueHUl PE-1IMH BBOJHBIX YCTPOWCTB.

[Tnomanu nonepeunoro ceyeHust (tabin. 3.1) mpuBeneHBbI IS Ciayyas,
KOIJla 3alUTHbIC ITPOBOJHUKHA HU3TOTOBJIEHBI U3 TOrO K€ MaTepualia, 4To U
¢dasnble. 3alUTHBIE MPOBOJHUKH, M3TOTOBJICHHBIE M3 IPYTHX MaTepUaJIOB,
JIOJKHBI UMETh DKBUBAJIEHTHYIO ITIPOBOJIUMOCT.

PE-mmna HKY poipkHa npoBepsAThCS 110 HAarpeBy N0 MaKCUMAIBHOMY
3HaueHu0 pabodero Toka B PEN-nmpoBogHuke  (Hampumep, B
HEMOJIHO(a3HBIX pexnmax, BO3HUKAKOIINX npu MeperopaHuu
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NpeoXpaHuTeNel, P HATMYUU TpeThel rapMoHuku u T.1.). st 31, He
spisronieiicss PE-mmnoit HKY, takas npoBepka He Tpedyercs.

CeudeHue TJIaBHBIX MPOBOJHUKOB OCHOBHOM CHCTEMBI ypaBHUBaHUS
IOTEHIUAIOB JOJKHO ObITh HE MEHee 6 MM’ 110 Meau, 16 MM’ TI0 aJTIOMUHUIO
1 50 MM® o cramu. JTO YCIIOBHE PACIPOCTPAHIETCA M HaA 3a3€MIISIOLINE
MpOBOJHUKH, coequustomue 3111 ¢ 3a3eMauTensiMu 3alUTHOTO 3a3€MIICHUS
u/unu pabodero ((PpyHKIMOHAIBHOTO) 3a3eMyeHHs (MPU MX HAIHYUH), a
TAKXE€ C €CTECTBEHHBIMH 3a3€MJIUTEIISIMHU.

Cedenust TPOBOJHUKOB OCHOBHOM CHCTEMbI YPABHUBAHUS NOTEHIIMAJIOB,
UCoib3yeMbix st  npucoenuneHuss k [3I  Merammuyeckux Tpyo
KOMMYHHUKAIIMH, HMEIOIMUX JAOMOJHUTEIbHYI0 METAUIMYECKYI0 CBS3b C
HEUTpaJiblo TpaHchopMaTopa U Yepe3 KOTOPhIE BO3MOKHO MPOTEKAHUE TOKOB
KOPOTKOTO 3aMbIKaHus (Harpumep, TpyOOmpoBOJbI OTACIBHO CTOSIIMX
HACOCHBIX, KOTOPbIE€ MUTAIOTCS OT TEX K€ TPAHCPOPMATOPOB, UTO U BBOJBI B
3JIaHUE), TOJDKHBI BHIOMPATHCS 10 TEPMUYECKON CTOMKOCTH.

IIpucoenuHeHne K 3a3€MIIMTENI0 MOJHHUE3AIIUTHl  3a3€MIISFOLIMX
IIPOBOJTHUKOB ~ OCHOBHOM  CHCTEMbI YPAaBHHMBAaHWUS MOTECHUHAIOB W
3a3eMJIAIONIUX TMPOBOJHUKOB OT €CTECTBEHHBIX 3a3eMiuTeneit (mpu
WCIOJIb30BAHUN €CTECTBEHHBIX 3a3€MJIMTENIE B KayeCTBE 3a3€MIIMTEIICH
CHUCTEMbI MOJTHUE3AIIUTHI) TOJKHO MPOU3BOJAUTHCS B pa3HbIX MECTaxX.

Ecnu umeercss cnenualibHbI KOHTYpP 3a3€MJICHUS MOJHHUE3ALIUTHI, K
KOTOPOMY MOAKIIOYEHBI MOJIHUEOTBOJIbI, TO TAKOW KOHTYP TaKXe€ JOJKEH
nojakiaroyareesa x ['311.

I[Ipy Hanmuuum B 30aHUM  HECKOJIBKUX JJIEKTPUYECKUX BBOJOB
TpyOOIPOBOJHBIE CUCTEMBI M 3a3€MIIUTEIU PEKOMEHIYETCs MOJKII0YaTh K
I'31II ocHOBHOI'O BBO/IA.

CoenvHeHuss CTOpOHHUX mpoBoasumx dyacted c¢ I3 wmoryr
BBINOJIHATHCS: 110 PaAUAIBbHON CXEME, 10 MaruCTpajJbHOU CXEME C MOMOIIBIO
OTBETBJICHHI, MO CMEIIAHHOW cxeme. TpyOompoBOABI OJHOW CHCTEMBI,
HampuMep, mpsiMas W oOpartHas TpyOa IEHTPATbHOTO OTOIUICHUS, HE
TPeOYIOT BBINIOIHEHHUS OTJEIbHBIX MpUCOeIUHEHUH. Jl0CTaTOUHO UMETh OJTHO
OTBETBJIEHHE OT MAruCTPpaId WM OJHY PAJUAIbHYIO JIMHUIO, a MPSAMYIO U
oOpaTHyI0 TpyOy MOCTAaTOYHO COCIUWHUTH MEPEMBIYKON CEUCHHUEM, PaBHBIM
CEUYEHHIO MPOBOJIHUKA CUCTEMbI YPABHUBAHHUS MTOTECHIIMAJIOB.

Jns IIPOBEACHUSA U3MEpEeHUN COIIPOTUBIICHUS pacTeKaHus
3azemssitomiero  ycrpoictea Ha I3 1ommkHO OBITH  IPELYCMOTPEHO
pa300opHOE COEIUMHEHUE 3a3eMIISIONIET0 MPOBOJHMKA, IMOJKI0YAEMOIo K
3a3eMJIAIOLIEMY YCTPOKCTBY.

B kadecTtBeé INPOBOJHHMKOB OCHOBHOW CHCTEMBl YpaBHHBAHHUS
MOTEHUHUAJIOB B MEPBYID OYEPEAb CIEAYET HCIOJIb30BaTh OTKPBITO
IIPOJIO’KEHHBIE HEU30JUPOBAHHBIE IPOBOIHUKH.
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BBoa 3amutHbix npoBonHukoB B HKY knacca 3ammtel 2 ciemyer
BBIMIOJIHATh W30JIUPOBAHHBIMM MPOBOJHUKAMH, T.K. PE-mmHa B HuX
BBITIOJIHSIETCSA U30JIMPOBAHHOM.

OtnenpHo ycranaBiauBaemble [3III pekomeHIyeTCss BBINOJHATH U3
ctand. B HM3KOBOJBTHBIX KOMIUIEKTHBIX ycTpoucTtBax PE-mmna, Kak
MpPaBWJIO, BBIMOJHAETCA MEJAHOM (JIOMyCKAaeTCsl BBIMNOIHATh W3 CTaju,
UCIIOJIb30BaHUE aIOMUHUSA HE jomnyckaercs). CTalbHble IIUHBI J1OKHBI
MMETh  METAJUIMYECKOE  MOKPhITHE, OO0ECIEUYUBAIONIEE  BBIMOJHECHUE
TpeOOBaHMI 11 pa30OpHBIX KOHTAKTHBIX coeAuHeHud kiacca 2. Ilpu
MCIOJIb30BaHMHU pa3HbIX MaTepuanioB miis [ 311 u 11t TpoOBOJHUKOB CUCTEMBI
ypaBHUBAHUS MOTEHIMAIOB HEOOXOAMMO MPHUHATH MEPHI MO O00ECIEeUECHUI0
HAJIEKHOTO 3JIEKTPUUECKOTO COEANHEHNUS.

B MECTax, TOCTYIHBIX TOJIBKO KBUTU(PUITUPOBAHHOMY
ANEKTPOTEXHUUYECKOMY TepcoHany, '3 MoxkeT ycTaHaBIMBAThCA OTKPBITO.
B Mecrtax, moctymHbix HekBanuduimpoBanHomy nepcoHary, I3 gomxxa
UMETh 3alIUTHYI0 00070uKky. CTeneHb 3aluThl 000JIOYKH BBIOMPAETCS IO
YCIIOBUSIM OKPY’Karolle cpeanl, HO He Huke [P21.

I'maBHas 3a3emuisitonias MHa Ha 00OUX KOHI[aX JOJHKHA ObITh 0003HAaYEHA
MPOJIOJIBHBIMM ~ WJIM  TIONEPEYHBIMU  ITOJIOCAMH  JKEIITO-3€JIEHOr0  IIBETa
OIMHAKOBOM  IMpUHBL.  301MpOBaHHBIE  MPOBOJHHMKMA  yYPAaBHUBAHUS
MOTEHIIUAJIOB JIOJDKHBI MMETh H3OJISIUI0, O003HAYCHHYIO IKEJITO-3EJICHBIMU
nosniocamMu. HenzonupoBaHHbIE MPOBOJAHUKNA OCHOBHOM CHUCTEMbl YPaBHHUBAHUS
MOTEHIIMAJIOB B MECTaX MX MPUCOCIUHEHUS K CTOPOHHUM MPOBOSIIMM YacTsIM
JOJKHBI ~ OBITh ~ 00O3HAUEHBI  JKEITO-3€JICHBIMU  TOJIOCAMH,  HAIlpUMED,
BBITOJIHEHHBIMU KPACKOM WJIM KJIEUKOU IBYXIIBETHOM JIEHTOM.

VYKa3zaHuss 10 BBINOJHEHUID OCHOBHOW CHCTEMbl ypaBHHUBAHUSA
MOTEHIIMAJIOB HAa BBOJAE B 3/IaHUA JIOJDKHBI OBITH NPETyCMOTPEHBI B
IPOEKTHOM JOKYMEHTALIMU HA 3JIEKTPOYCTAHOBKY 31aHUS.

3.3. 3oHoBasi KOHLIENMIUS MOJHHE3AINUTHI [12—-14]

TpebGoBaHus NEpPEUNCICHHBIX BO BBEJACHUM CTAaHAAPTOB U MHCTPYKUUN
(dopmupyIOT "30HOBYIO KOHUEMLHUIO 3alIUThI". E€ OCHOBHBIE IPUHLIUIIBL:

® [PUMEHEHUE CTPOUTENIbHBIX KOHCTPYKIMHA C METaNIMYEeCKUMHU
aieMeHTaMHu  (apMaTypoil, KapkacamH, HECYIIMMH DJIEMEHTaMU M T.II.),
AIIEKTPUYECKH CBSI3AHHBIMU MEXKIy COOOW M C CHCTEMOM 3a3eMJICHUS U
00pa3yIolMMU JKPAHUPYIOUIYI0 CpeAy [UIsi yMEHBIICHUS BO3JCUCTBUS
BHEIITHUX DJIEKTPOMArHUTHBIX BIMSHUN BHYyTpH 00bekTa ("kieth Papanes");

® HaJM4YM€ NPABWIBHO BBINOJHEHHON CHCTEMBl 3a3eMJICHUS W
YpaBHUBAHU IOTEHIUAJIOB;
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e JelieHHEe OOBEKTa Ha YCJIOBHBIC 3allIUTHBIE 30HBI M TPUMECHEHHE
CIICLIUAJIbHBIX YCTPOMCTB 3ALIMUTHI OT EPEHANPSIKEHUM;

e CcOOJIIOJICHHE TpaBWJ Pa3MEILEHUs 3allUIIAeMOro o0OpyIOBaHUS U
MOJAKJIIOYEHHBIX K  HEMY  MPOBOAHUKOB  OTHOCUTEIBHO  APYroro
o0oOpy/noBaHUsI U  TMPOBOJHUKOB, CIIOCOOHBIX  OKa3blBaThb  OIMACHOE
BO3/ECHCTBUE WM BBI3bIBATH HABOJIKHU.

3.3.1. 30HBI MOJIHHE3AUIUTHI

HanOonee cnoxHas cxemMa CUCTEMBI 3aIUThI JOJDKHA BBICTPAUBATHCS IS
00BEKTOB, KOTOPbIE HAXOJATCA Ha OTKPHITOW MECTHOCTH U HUMEIT B CBOEM
COCTaBE BBICOKOPACIIOJIOKEHHBIE 3JIEMEHTHl KOHCTPYKUMH (TPOMBIIUICHHBIE
3JJaHMsI C BBICOKUMU TPyOamu, aHTEHHO-MA4YTOBBIE COOPY>KEHUS U T.I1.), & TAKKE
OO0BEKTBI, MMEIONINE BO3AYLIHbIE BBOJBI AJEKTpornuTaHus. VX c¢ Oombmioi
CTETIEHBIO BEPOATHOCTH MOKET IIOPA3UTh MOJIHUS.

IIpome pemaercss BONPOC NpPU 3aIMNATE 3JAHUN, PACIIOIOKEHHBIX B
HaceJeHHbIX MyHKTax. B ropoackux ycnosusx IIYM nHauboisiee BeposATeH B
BBICOTHBIE  KOHCTPYKIIMM  IPOMBILNUICHHBIX  npegnpustui,  JIOII,
TEJIEBU3UOHHYIO BBILIKY WM B OTJEJIbHbIE HAaU00JIee BHICOKUE 3/1aHHUS.

Ha 00beKkThl TOKM MOJIHHI BO3ACHCTBYIOT HPSIMBIM WM KOCBEHHBIM
crioco6om. Yariie nposiBISIOTCS BTOPUYHBIE BO3JEHCTBUS: OT YIapOB MOJHUU
B yaaneHHble o0bekThl (JIDII, moacranumum u T.I.), CBSI3aHHbIE
KOMMYHHUKAIMSIMU C 3aIIMIIAEMbIM OOBEKTOM, WJIH OT MEXKOOJauHbIX
pa3psAn0OB, HAaBOIAIIMX HWMITYJIBCHBIE TOKM B METAUIMYECKUX JIIEMEHTax
KOHCTPYKIIUM U KOMMYHUKALUAX.

XKene3zo0eToHHbIE KOHCTPYKLIMU 37aHHM, BBIMONHSIOMNE (YHKIUIO
€CTECTBEHHOTO 3a3€MJLIIOLIEr0 YCTPOMCTBA M HMEIOUIUE JJIEKTPUYECKOE
COEIMHEHNE C CHCTEMOW BBIPABHUBAHMSA ITOTEHIHUAJIOB, JOCTATOYHO XOPOLIO
HKPAHUPYIOT HaXOJsUIeecs BHYTpU OOOpYJIOBaHUE OT 3JIEKTPOMArHUTHBIX
Bo3jeicTBuil (kieth Dapanes, puc. 3.4), OTBOAS HA 3eMIIIO OOJIBIIIYIO YaCTh
TOKa MOJIHMM TPU NIPSIMOM MOINAJaHuU B 00BEKT (puc. 3.5).

Crangapt IEC 61312-1 omnpenenser 30HbI MOJHHUE3AMMUTHI C TOYKHU
3pEeHUS IPSIMOTO U HENPSAMOTO BO3ACUCTBUS MOJIHUM:

e 30Ha 0, — 30HA BHEUIHEW Cpelbl OOBEKTA, BCE TOYKU KOTOPOWM MOTYT
nozaseprarbed [ITYM (MMeTh HEMOCPEACTBEHHBIN KOHTAKT C KAHAJIOM MOJIHUN)
Y BO3ZCUCTBUIO BO3HUKAIOLLIETO IIPU 3TOM IEKTPOMArHUTHOTO MOJIS;

e 30Ha Op — 30Ha BHEIIHEW Cpelibl 0OBEKTa, BCE TOUKH KOTOPOW He
noaseprarorcs BoszencTsuro [IYM, tak kak HaxomsaTcs B NPOCTPAHCTBE,
3alIAIIEHHOM CHUCTEMOM BHEIIHEH MOJIHHe3amuThl. OIHAKO B JAaHHOMU 30HE
MMEEeTCs BO3/IEUCTBUE HEOCTA0IEHHOIO 3IEKTPOMArHUTHOTO TOJIS;
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Puc. 3.4. Knetr ®@apanes

10,3%

6,2%

5,4%

6,2%

7,3%,

3,1%

2,3%

3,1%

10,3%

Puc. 3.5. PacTekanne TOKOB O METAINIOKOHCTPYKIHUSAM MPU MPSIMOM yJape
MOJTHUH.

e 3o0Ha | -—

6,2%

5.4%

BHYTPEHHSIS

6,2%

10,3%

7,3%

30Ha OOBEKTa,

10,3%

TOYKU KOTOPOM HE
MOABEPraroTCs BO3JEHCTBHUIO MPSAMOTO yjiapa MOJIHUU. B 3TON 30HE TOKH BO
BCEX TOKOMPOBOMSIIMX YACTSAX MMEIOT 3HAUYUTEIHLHO MEHbIIEE 3HAUYCHHUE IO
cpaBHeHHUIO ¢ 30HaMU 0p ¥ Og. DJIEKTPOMArHUTHOE MOJIE TAK)KE CHUKEHO 3a

CYET IKPAHUPYIOLIUX CBOMCTB CTPOUTEIIBHBIX KOHCTPYKIUU;

e 30HAa 2 U T.I.

JlanbHeiilliee CHUKEHUE Pa3psAIHbIX TOKOB H/WIA 3JIEKTPOMArHUTHBIX
noJied B MecCTax pa3MElIeHUs YYBCTBUTEIBHOTO OOOpyJOBaHUS Tpedyer
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IIPOEKTUPOBAHMSI NIOCIEYOIIUX 30H. Kpurepuil uist 3TUX 30H ONpeeseTcs
YPOBHMEM  OTPAaHUYEHUS  BHEUIHMX  BO3JACHCTBHUM, BIMSIOIIMX  HA
3alMIIaeMyr0 cucremy. JlelicTByer oOmiee MmpaBwiio, IO KOTOPOMY C
YBEIMYEHHUEM  HOMEpa  3alllUTHOM  30HBI  YMEHBINAETCS  BIUSHHE
AIIEKTPOMAarHUTHOTO MOJs M TPO30BOr0 TOKA: Ha TpaHULAX pasjena
OTJENBbHBIX 30H HEOOXOAMMO OOECMEeYHTh IOCIEOBATEIFHOE 3alUTHOE
COEJIMHEHHE BCEX METAJUIMYECKUX YaCTEH U UX NEPUOIUYECKUIA KOHTPOJIb.

Cnoco0bl 00pa3oBaHus CBsA3EH HA rpaHUIIAX pasjesia Mexay 30HaMu 04,
Os u 1 npusenens! B crathe 3.1 cranmapra IEC 61024-1. Ha pacnpenenenue
HHEPruy BJEKTPOMATHUTHBIX TOJIEW BHYTPU OOBEKTA BIUSAIOT PA3IUYHbIE
AJIIEMEHTBl CTPOUTEIbHBIX KOHCTPYKUUH (OTBEpCTHUS, IIeNH, OOLIMBKH W3
JUCTOBOM cTanu W T.JO.), a TakKe MecTa BBOJAa—BbIBOJAa KaOeneil
JIEKTPOINUTAHNUS, CBS3U U APYTUX KOMMYHUKALIHIA.

Ha puc. 3.6 npuBoauTcs npuMep pas3ieiaeHus 3alluaeMoro 00beKkTa Ha
HEeCcKoJIbKO 30H. Kalenu snexTponuTaHus, CBA3M U APYyrue KOMMYHUKALUU
JIOJKHBI BXOJIUTH B 3aLUTHYIO 30HY 1 B OJIHOM TOYKE M CBOMMU 3KPAHHBIMU
000JIOUKAMHM WJIM METANIMYECKUMH YacTSIMH MOJKIIIOYaThCS K TJIaBHOU
3a3eMIISIIOLIEHN IWHE Ha rpaHule pa3naeiia 30H 0,—0p 1 30HHI 1.

Paznenenne oObekTa Ha YCIOBHBIE 30HBI IMO3BOJSET 3(PHEKTUBHO
pemaTe BONPOCHI 3aIATHI MUTAKOMIMX ceTer HampsbkeHnem no 1000 B, a
TaK)X€ JIMHUN CBA3U, KOMIIBIOTEPHBIX CETe W JIPYyIMX KOMMYHUKALMN
O00BEKTa C MOMOIIbI PA3JIUYHBIX YCTPOMCTB 3alIUThl OT HUMITYJIbCHBIX
nepeHanpspkennit (Y3UII).

~
~
TenekoMMyHHUKaIlMOHHbIE
kabenu u kabenu
J_ DIIEKTPOIIUTAHUS

a2 A

Puc. 3.6. Paznenenue 3ammm@aeMoro o0OpeKTa Ha HECKOJIBKO 30H.
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3.3.2. TpedoBanus cranaaproB MIK k ycTpoiicTBaM 3aIUTHI OT
HMITYJIbCHBIX NepeHanpsiKeHn i

Jis  rapaHTUpOBAaHHOW  3alIUThl  OOBEKTa OT  IEpPEeHAIPsDKEHUM,
BO3HMKAIOIIMX MPY CTEKAHUU TOKOB MOJIHMH Ha 3a3€MJISIFOLLEE YCTPOMCTBO MU
npu "mpuxone" BOJHBI MEpEHANpsDKEHUsS 10 MHUTAIOLE ceth (B ciydae
JAJIEKOT0  yJapa MOJIHMHM), 30HOBOM KOHIIENUMEN 3alMThl MNPEAyCMOTpEHa
TPEXCTYIICHYATasl CXEMa BKIIFOUEHUS 3aIlIUTHBIX YCTPOUCTB. OCHOBHBIE KJIACCHI
Y3UII ns11 HU3KOBOJBTHBIX JIEKTPUUECKUX CETEM, METOJANKN MX UCIBITAHUNA U
MIPUHIIMITBI IPUMEHEHHUS IPUBEICHBI B CIEAYIOMUX cTaHaaprax MOK:

e [EC 61643-1 (1998): "VcrpoiictBa 3amuThl OT HMIYJbCHBIX
NEpPEHANpPSIKEHU 1711 HU3KOBOJBTHBIX ~ CHCTEM  paclpellelICHUs
anektposHeprun. Yacte 11. TpebGoBanuss K  IKCIUTyaTallMOHHBIM
XapaKTEPUCTUKaM U METOJbl HUCHbITAaHUK" (BBEJACH B JICHCTBHE B BUJIC
I'OCT P 51992-2002 (MOK 61643-1-98));

e [EC 61643-12 (2002): "VYcrpoiicTBa 3allUThl OT HUMITYJIbCHBIX
MEPEeHANPSDKEHUH I8 HHU3KOBOJBTHBIX ~ CHCTEM  paclpeaesieHUs
anekTposHeprun. Yacts 12. BeiOop U npuHUUIIBI IpUMEHEeHUs "

CorymacHO A3THMM JOKyMEHTaM YCTPOMCTBA 3alUTBI OT HWMITYJIbCHBIX
NEpEeHANpPsHKEHU B 3aBUCUMOCTH OT MeECTa YCTaHOBKM M CIOCOOHOCTHU
MPOMYCKATh Yepe3 ce0sl pa3InyHbIe UMITYJILCHBIE TOKH JesTcs Ha kiaccsl 1, 11
u [IT (i B, C u D B HemenkoM ctangapte E DIN VDE 0675-6 (1989-11)).

OcHoBubie TpeOoBanusi Kk Y3UII pa3HbIX KIacCoB MPHUBENEHBI B
tabnwuie 3.2.

Tun npumensiembrx Y3UII u cxema ux yCTaHOBKH BBIOMPAIOTCS UCXOS
u3 oueHku pucka [IYM win HaBOJOK OT ynmalieHHOro paszpsiga. Ha BwiOop
3aIIUTHI OT TPO30BBIX NEPECHANPSIKECHUMN BIIHSIOT:

e IIHTCHCMBHOCTH YJApOB MOJIHMM B JAaHHOM MecTe N, (cpennee
roJI0BOE KOJIMYECTBO YapPOB MOJHHH Ha | KM’ 3a o).

B cmpanax Eeponvt oannylo cmamucmuky ApOeKmuposujux Moxcem HOLYYUmb C
nOMOUbIO aemomamuwpoeaHHod cucmemysl onpedeﬂeﬂuﬂ mecma yc)apa MOJIHUU. ,ZZCZHHble
cucmembl Ccocmosm u3 O0IbUI020 KOAUYEeCEd damqukoe, PA3ZMEWEHHbIX NO écell
meppumopuu Eeponst u 06pazyowux eOuHyo KOoHmpoaupyowyr cemo. Mugopmayus om
0amyuKo8 8 peaibHOM Macuimabe epemeru NoCmynaem Ha KOHMpoaupyowue cepeepol u
C NOMOWbIO CReyuanbHo20 napoas oocmyna depe3 Unmepnem. B ycnosusx Poccuu Ng

MOJCHO NOAYHUUMb, UCNONb3YA KAPmMbl 2PO3060U AKMUBHOCTIU NO PE2UOHAM, HO NPU IMOM
NOIYYeHHbLI napamemp 6yoem ecoMa NPUOIUUMEIIEH.

e OueHka ysA3BUMOCTHM CaMOM YCTAHOBKHM (HalpuMep, IOA3EMHBIE
CUCTEMBI 3JIEKTPONMUTAHMS CUUTAIOTCS MEHEE YA3BUMbBIMU, YEM BO3AYILUHBIE).
e CToMMOCTh 000pYIOBaHMs, MOJKIIOUYEHHOIO K  3alllMIIaeMOi

AIIEKTPOYCTAHOBKE (JIaHHBIN (DAKTOP MOXKET CTaTh BaXXHBIM KPUTEPUEM JIJIs
YCJIOXKHEHUS WM YIIPOILIEHUS CXEMBbI 3aIUThI).
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Tabmuna 3.2

Ocuogubie TpeboBanus k Y3UII pa3ubix kiiacco

Kinacc Y3UII Haznauenue Y3UII

I (B) IIpenna3zHaueHbl 1S 3alIATHI OT MPSMBIX YAApOB MOJHHUU B CHCTE-
MYy MOJIHUE3AIIUThl 3/aHus (00BEKTa) WM BO3AYIIHYIO JIMHUIO
JNIEKTpoIepenad. Y CTaHaBIMBAIOTCS HA BBOJC B 3JaHUC BO BBOJHO-
pacrnipenenurtesnbHoM ycrpoiictBe (BPY) unu rmaBHoM pacnpenenu-
tenpHOM 1murte (I'PIIL). HopmupyrOTCS MMITyJIBCHBIM TOKOM [y, C
dbopmoit Bomnbl 10/350 MKc.

II (C) [TpennasHaueHs! A1 3aLIUTHl TOKOPACTIPEACTUTEIBHON CETH 00BEK-
Ta OT KOMMYTAI[MOHHBIX MIOMEX WM KaK BTOpasl CTYNEHb 3alllUThl
IpU yJape MOJIHUU. Y CTaHAaBIUBAIOTCS B pacHpeleTUTeIbHbIC IIU-
Th1. HopMupyroTcst umiyinbcom ¢ popmoit BostHbI 8/20 MKC.

I (D) [IpenHasHaueHsl TSl 3aIIUTHI MOTPEOUTENEH OT OCTATOYHBIX OpO-
CKOB HAaIpsDKEHUH, 3amuThl OoT AuddepeHnnanbHbX (HeCHMMET-
PUYHBIX) TIEpeHANpsDKeHU (Hampumep, Mexay (a3oil U HyJIEBbIM
pabounM TpoBOIHUKOM B cuctemMe TN-S), dumbrpanuu BhICOKO-
YaCTOTHBIX TIOMEX. Y CTaHABIUBAIOTCS HEMOCPEICTBEHHO BO3JIE TO-
TpeduTens. MoryT UMeTh camyro pa3HOOOpa3Hyl0 KOHCTPYKIHIO (B
BUJIE PO3ETOK, CETEBBIX BHUJIOK, OTJICIHHBIX MOJyJICH JUIsl YCTaHOBKU
Ha DIN-peliky wim HaBEeCHBIM MOHTaXOM). Hopmupyrorcs um-
MYJILCHBIM TOKOM ¢ ()OpMO¥ BOJTHBI 8/20 MKC.

3.3.3. TpedoBanus I'OCT k ycTpoiicTBaM 3a1lIUTHI OT UMITYJIbCHBIX
NepeHanpsKeHun

Cornacno onpezenenuto, npusenennomy B 'OCT P 51992-2002 (MDK
61643-1-98): "VYcTpoHCTBO 3alUThl OT HMMIIYJbCHBIX IE€pPEHANPSKEHUN
(Y3UII) — 310 yCTpPOMCTBO, KOTOPOE NpPEAHA3HAUYECHO JJii OTrpaHUYEHUS
MEPEXO/IHBIX TEPEHANPSHKEHUA M I OTBOJAa MMIIYJIbCOB TOKa. OJTO
YCTPOMCTBO COJICPKUT, MO KpalHEH mepe, OJAUH HEIWHEHHbINA 31eMeHT". B
KauecTBe dJIeMEHTHOM 0a3bl it co3fganust Y3UII ucnonab3yroT pa3psaiHUKU
Pa3IUYHBIX TUIIOB U OKCUJIHO-LIUHKOBBIE BAPUCTOPHI.

YcrpoiicTBa 3amuThl  OT HWMITYJIBCHBIX TEpEHANpsDKeHW Ha 0ase
BaprCTOPOB 00ECIEYNBAIOT KAUECTBEHHYIO 3aILUTY MIPU UX MPUMEHEHUH B 1-i
CTYHNEHU NpHU amiuuTyaax Il;,,=20 xA (10/350 Mkc), 4To B OOIBLIMHCTBE
CJIy4aeB JIOCTATOYHO JaKe JIJIsl BO3IYIIHOIO BBOJA MUTAIOIIEH JINHUU B OOBEKT.
JUIg 3alMTHBIX YCTPOWCTB, YCTOMYMBBIX K O0OJie€ BBICOKMM AMILIUTYAAM
I'PO30BBIX TOKOB, PEKOMEHAYETCS NPHUMEHATH Pa3psSAHUKUA MCKPOBOIO THIIA,
KOTOPBIE MOTYT UMETh 3Ha4eHHE /;,=50—100 xA (10/350 mxc).

CymiecTByromas B3auMOCBSI3b MEXYy 30HAMU MOJIHUE3ALIUTHI, KJIACCAMU
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3alIUThl YCTPONCTB M KaTETOPHSMU CTOHKOCTH H3OJISAIMU OOOPYAOBaHUS K
UMITYJILCHBIM MepeHanpspkeHusM (Tabdi. 3.3) mokazaHa Ha puc. 3.7.

Tabmuma 3.3

HoMuHaibHOE€ UMITYJIbCHOE BBIAEP)KUBAEMOE HATPSKCHNE
3IIEKTPOOOOPYTOBaHUS *

HomunansHoe HAIIPsSIPKCHUEC

I/IMHy.]'IBCHOC HCIIBITATCIIBHOC HAIIPSAKCHUC, kB

O6opynoBa- | O60pymOBaHKE YCTAHOBICHHOE BHYTPH 3]1a-
HUE, YCTaHOB- HUU
OnHodasHbie
JIEHHOE 10
Tpexdasnbie | cucremMsbl cO
. pacnpeneny-
CUCTEMBl | CpeIHel ToY-
Koii TEIBHOTO I~ | kateropus 111 | kareropus II | kareropmus I
Ta, KaTeropus
v
— 120240 4,0 2,5 1,5 0,8
230/400—
277/480 — 6,0 4,0 2,5 1,5
400/690 — 8,0 6,0 4,0 2,5
1000 — 3HaveHMs HAMPSDKCHU BRIOUPAIOT HHKEHEPHI-
CHUCTEMOTEXHHKH

* TOCT P 50571.19-2000 (M3K 60364-4-443-95) "OnexrpoycranoBku 3qanuid. Yacte 4. TpeboBanus mo

obecnieueHnnro OezomacHoctH. [maBa 44. 3ammra ot mepeHanpsbkeHud. Pasmen 443, 3amwra
AIIEKTPOYCTAHOBOK OT TPO30OBBIX U KOMMYTAIIMOHHBIX TIEPEHATIPSKCHAN .
30na 0 3ona 1 30Ha 2 30Ha 3
—
= 0%}
T'PLI] — 1
| Se— ®
— ONNYD)
— — O-\N"EI
apt — Wh — — O~ NN |-
| | PIY ;
E Kiracc 1 EH Kiracc 11 i H Kiracc 111 EH
AN NN ey U3 SRS — R
= I"3111 i
Katreropus IV Kareropus 111 Kateropus 11 Kareropus 1
6 kB 4 xB 2,5 xB 1,5 xB

Puc. 3.7. B3aumocBsi3b MEXAy 30HAMU MOJIHUE3AIUTHI, KJIACCaMU 3allIUTHBIX
YCTPOUCTB M KaTETOPUSIMU CTOMKOCTH U3OJSLIUU 000PYAOBAHUS U UMITYJIbCHBIM
MepEHaIPSKEHUEM.
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VY3UII kmacca 1 ycranaBnuBaroTcsi Ha BBOJE B 3/1aHHE (BO BBOJHOM
mute, ['PII wiam B cnenmambHOM OOKCe) IOCIE BBOJHOIO aBTOMara (Ha
rpanune 30861 0 1 30HHI 1).

V3UII knacca Il pacnosaraioT BO BTOPUYHBIX pacHpeaeIUTEIbHbIX
nmTax (Hampumep, B IIUTAX BBIIPSIMUTENEH, 3TAXKHBIX U JPYTUX IIATAX).
JKemarenpHO ycTaHaBIMBAaTH MX A0 TPYNIIOBBIX aBTOMATOB. Y CTPOWCTBA
ATOTO KJIacca MOTYT OBITh pa3MENIeHbI Ha TPaHUIlEe 30H | U 2, BO3MOXKHO HX
pa3menieHue B 30He 1 BMecTe ¢ ycTpoicTBaMu kiacca [.

VY3UII kmacca III mMoryr ycraHaBiIMBaTbCs B PaCHpPENEIUTENBHBIX
HIUTaX WIK HENOCPEICTBEHHO y moTpeodurtens (3ammuTHas 30Ha 3). Ecnu ot
Mecta ycraHoBku Y3UII no morpebutens paccrosiuue Oonee 10-15 w,
JKEJIaTeJIbHO YCTaHOBUTH JONOJIHUTENbHOE YycrpoucTBo III kmacca B
HEMOCPEJICTBEHHON OJIM30CTH OT 3alIUIIAeMOro OO0OpYAOBAaHMS, YTOObI
rapaHTUPOBAHO YCTPAaHUTh BO3MOKHBIE HABOJAKM Ha YKa3aHHBIX JJIMHAX
Ka0ers.

OnnuM u3 ocHoBHBIX napamerpoB Y3UII sBisieTcss yOBEHb 3alllMThI
(U,) — MakcHMaJbHOE 3HAYEHUC IIaJICHUS HANpSHKEHUS Ha 3allUTHOM
YCTPOMCTBE MPHU NPOTEKAHWHU YEPE3 HETO HMITYJIbCHOIO TOKa paspsja.
[TapameTp  xapakTepw3yeT CIIOCOOHOCTh  YCTPOMCTBA  OTpaHUYHMBATH
MOSIBJISIIONIMECS Ha €ro KJIeMMaxX MepeHANPsHKEHUSI U OOBIYHO OTPEEIsIeTCs
IIPY IPOTEKaHUY HOMUHAJIBHOI'O UMITYJIbCHOTO pa3psiaHoro Toka. Ha puc. 3.7
BUJIHO, UYTO KaxkjJas CTYNEHb 3alllUThl OOECIEUUBACT BBIMOJHECHUE
TpeOOBAHUI 1O UMITYJIbCHOU CTOMKOCTH U3OJISIIUH.

Kak npasuno, Y3UII knacca I Ha 6ase paspsaanuka umeror U,=4 kB (¢
npuMeHeHueM Bapuctopa — Hwke), Y3UII knacca I — 1,3-2,5 kB, a kiacca
I - 0,8-1,5 kB.

3.3.4. CxeMbl BKJIIOYEHHUS YCTPOHCTB 3aAMUTHI OT UMITYJIbCHBIX
nepeHanpsKeHu

OcHoBHble mpuHOMNBI IpuMeHeHuss Y3UII B oTedyecTBEHHOU
HopMaTtuBHOU 6aze paccmoTpensl B 'OCT P 50571.26-2002 (MOK 60364-5-
534-97) "DnektpoyctaHoBku 3aanuii. Yactb 5. BpiOOp U MOHTax
anexkTpoobopynoBanusi. Paszmen 534, VYcerpoiictBa uisi  3alUTBI  OT
MMITYJbCHBIX —IE€peHanpspkeHuil'. JT1o  nepBbld  cranmzapt MOK  mo
npumenenuto Y3UIL, wusnaunbii B cucreme ['OCT P. Bonee monpoOHo
npobsieMa 3allUThl OT MMIYJBCHBIX IEpPEHANpsSIKEHUI paccMaTpUBAETCs B
apyrux crasgaprax MOK, HekoTopele M3 HUX TOTOBATCS K WU3JaHUIO B
cucreme ['OCT P. Ilpemnaraemble HM)XE pEUICHHS OCHOBaHbl Ha
TpeOOBaHUSAX UMEHHO 3TUX CTaHAAPTOB.
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N N ¢
=]
PE PE
a) 6)

Puc. 3.8. CxemblI 3aIIUTHI OT IEPEHATIPSKEHUN:
a) CHMMETPUYHBIX, 0) HECUMMETPUYHBIX

CyiiecTByeT JB€ OCHOBHBbIE cXembl BiJItodeHus Y3UII B murtarouryro
nuuuto (puc. 3.8): cxema (a) npeaHazHayeHa JJIsl 3al[UThl OT CUMMETPUYHBIX
(IpoJ0oNbHBIX) TepeHanpsokeHud  (mpoBoa—3emuts), cxema (0) — ot
HECUMMETPUYHBIX  (TMONEpPEYHbIX) MepeHaNpsKeHud  (IpOBOA—TIPOBON).
Pe3ynbTaThl 9KCIIEPUMEHTOB M CTATUCTUUECKUX UCCIIEIOBAHUM, POBOIUMBIX
bupmamu-npousBoautensimu Y3UIL, nokazanu Oosiee BBICOKYIO OMACHOCTh
HECUMMETPUYHOTO TIEpPEHANpPsDKeHUS (Ha KIeMMax dJIeKTPONPUEMHUKOB
L/N) mo cpaBHEHHMIO C CUMMETPUYHBIM MEpPEHANpsHKEHWEM (Ha KIeMMax
anexktponpueMHukoB L/PE u N/PE). Ilpu npoekTupoBaHuU pa3IUYHBIX
CTYIICHEH 3aIUThl BO3MOXHO KOMOMHUPOBAHUE ITUX CXEM.

Cxema noakmouenust Y3UII nns mHanbonee yacTo mpuUMEHsIEMBIX CeTel
tuna TN-C-S npuBegena Ha puc. 3.9. Orpanunuurtenu kiaccoB [ u II
BKJIIOYAIOTCS MEXAy TokoBeaymumu npoBogHukamu (L1, L2, L3, N) u
HYJIEBBIM 3alIUTHBIM MpoBOogHUKOM (PE) nnst orpanuyeHus CUMMETPUYHBIX
nepenanpsbkenuil (mpooa—3emiist). Y3UII knacca 11 moryT BkitouaThest Wiin
o Tou xe cxeme, uro u Y3UII ximaccos I u I, wam mo cxeme, 00OBeneHHOM
MyHKTUPHOU JIMHUEH, JUIsl OTPAaHUYCHUS] HECUMMETPUYHBIX NIEPEHANPSKEHUM
(npoBoa—tipoBox). Bo3moxkHo Takxke npumenenue Y3UII B cooTBeTCTBUU CO
cxeMou Ha puc. 3.10.

3.3.5. OuepeaHocTh CPpadATHIBAHMS YCTPOMCTB 3alIUTHI OT MUMITYJIbCHBIX
NepeHanpsiKeHu i

[Ipu ycTaHOBKE 3alIUTHBIX YCTPOMCTB HEOOXOAMMO, YTOOBI PACCTOSIHUE
MEXAY COCETHUMHU CTYINEHSMH 3aluThl Obuto He MeHee 10 M mo kabenro
anektponutanus (puc. 3.11). Beimonnenue storo TpeGoBaHus HEOOXOIUMO
JUISl TPaBUIILHOM OYEPEIHOCTH CpadaThIBAHUS 3AIIUTHBIX YCTPOUCTB.
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BBogubli it Pacnpenemmrenprbiii  Ilorpe-

[IUT ourenp
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Puc. 3.9. Ycranoska Y3UII B cetu TN—C-S 220/380 B
Bronusiii mut (TPILY) PacnipenenurenbHbIn TotpeGuress
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L2 N » . —
L3 |~ . —li.
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P R :
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Puc. 3.10. Bapuant ycranoBku Y3UII B cetn TN-S
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PacnipenenurenbHbIi

Beoansiii mut (I'PILL) AT [Torpeburens
F1 <10m >10 M
L1 ~ ® N :F2 _ *
L2 ~ * AN ——13 -
L3 ~ ~AAA —F4l
esf] [} [l I [lero
N — F6 F8IF o

IR g

= I II III

Puc. 3.11. BapuaHTt ycTaHOBKM 3alIUTHBIX YCcTpoilcTB B TN-S ceth 220/380 B ¢
HCIIOJIb30BAHUEM JIPOCCEIIEH

B MOMEHT BO3HMKHOBEHHSI B CHJIOBOM KaOeje MMITyJIbCHOTO IPO30BOTO
MEPeHANPSDKCHUsT ¢  O4YeHb KPYThHIM  (POHTOM, 3a CUYET YBEIUYCHUS
WHIYKTUBHOTO COMPOTUBIICHUS JKWJ KaOens Mpu MPOTEKaHWH 10 HUM
UMITyJIbCca TOKAa, HAa HUX BO3HUKAET NaJCHUE HANPSIKEHUA, KOTOpPOe
OKa3bIBA€TCA MPUJIOKEHHBIM K MEPBOMY Kackajy 3alMThl. Takum oOpa3zom
JIOCTUTAETCS  €ro IepBooYepeaHoe  cpabaThiBaHue (0OecrieyuBaeTCs
HeoOXoAMMasi ~ BpeMEeHHas  3aJepkKka B~ HApacTaHMM  HMITyJIbca
nepeHanpsLKeHus Ha CIIeyIoed CTyNeH 3auuThl). Takue ke TpeOoBaHus
MPEABABISAIOTCS MPU MOAKIIOUEHUN TPETHEN CTYIIEHH 3aUTHI.

Pasmemas Y3UII na paccrosauu 6amxe 10 M wiam psgomM, HEOOX0IUMO
UCIIOJIb30BaTh HMCKYCCTBEHHYIO JIMHUIO 3aJ€PKKA B BHUJE HMITYJIbCHOTO
pa3eNUTeNIbHOrO JIpOCCeNsl C MHAYKTUBHOCThIO HEe MeHee 6—15 MkI'H.
Br16op BenMUMHBI WHIYKTUBHOCTH 3aBUCUT OT Croco0a BBOJA MUTAHUS B
oOvekT. Ilpu mnoa3eMHOM BBOJE, KOIJa B IEPBOM KacKaje 3allluThl
YCTAHOBJICHBI BapUCTOPbI, BEIMYMHA UHAYKTUBHOCTU MOXET OBITh MOpPsJIKa
6 MxI'H. Ilpu Bo3gymHOM BBOJE (B TMEpPBOM CTYNEHU YCTAHOBJICHBI
Pa3pSIHUKN) 3TO 3HAYEHHUE NOKHO ObITh He MeHee 12—15 mkI'H (puc. 3.11).
D10 O0OBSACHAETCS pa3HbIM BpEMEHEM CpabaThiBaHUs Pa3PSIAHUKOB U
BapUCTOPOB.

[Ipu ycTanoBke apocceneil He0OX0AUMO YUUTHIBATh, YTO paboyne TOKU
Harpy3ku B (Da3HbIX MPOBOJHMKAX HE JOJDKHBI MPEBBIIIATh YKA3aHHBIE B UX
TEXHUYECKOM MaCIOPTE NPEAEIbHO JOMYCTUMBIE 3HAUCHMUS.
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3.3.6. MoHTaK YCTPOMCTB 3aIUMTHI OT HMIYJIbCHBIX NePeHANPSAKeHU I

YcrpoiicTBa 3amUMTBl  MOTYT pa3MemiaTbCs B OTACIBHOM  IIHUTKE,
JIOITY CKAETCsl B OJHOM  IIATKE  YCTaHABJIMBATh OTpaHUYUTEIN
MEPECHANPSDKEHUM BCEX TPEX KIJIACCOB. DTO CTAHOBUTCS BO3MOKHBIM IIPH
YCTAaHOBKE MEXIy HUMH pa3feIuTeNbHbIX apoccenen. [lpumep cxembl
MOJKJIFOYEHHS K DJIEKTPOYCTAHOBKE 3AlIMTHOrO IIUTKA C JIByMs CTYIICHSIMH
3alIUThl TPUBEAEH Ha puc. 3.12.

K nHarpy3ouyHoli CTOpOHE BBOJHOIO aBTOMAaTa MOJKJIOYAETCS BXO/
IIMTKA, K CHJIOBOM CTOPOHE TPYNIOBBIX aBTOMAaTOB — BBIXOJl IIUTKA.
3a3eMJICHHE IIUTKA JOJDKHO OCYLIECTBISTHCS HA TJIABHYIO 3a3€MIISIOLIYIO
muny (I[311) oobekra wnu PE muny BBoaHoro miurta (I'PII]). OcHoBHBIC
TpeboBaHus Mo MOHTaXY U noakmoueHuto 3111 nznoxkensl B pazjaeine 3.2.7.

I[Ipu wmontaxke VY3UII HeobxoguMo o00eCleUnTh MHUHHUMAIBHOE
pPacCTOSIHUE MEXKAY TJIaBHOM 3a3eMIISIIONISH IMHHOW OOBEKTa, 3aIUTHBIM
IIATKOM W BBOJHBIM IMUTKOM. I[IpoBogHuku PE 1OJKHBI 1O BO3MOXHOCTH
MIPOKJIAJABIBATHECS KpaT4anImuM myTemM Oe3 oOpa3oBaHUs IETelb U OCTPHIX
YIJIOB.

F2-F4
LI BBoaHbIl mIuT = L1
L2 = L2
L3 = L3

F1
N
PE &g‘»\\\ PE

[[{nToK 3aIIUTHBIN

k\l o :
3aH_[I/ITH(T€ 3a3eMJICHHE

Puc. 3.12. YcranoBka 3amuTHOro mutka B Tpexdaznyto TN-S ceThb
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B & 7

2) 6) B)

Puc. 3.13. a), 0) — HenpaBuIbHAs MPOKJIAIKA 3AIIUIIICHHBIX U BIUSIOIINX
IIPOBOJIHMKOB; B) — IIPaBUJIbHAS MPOKJIAIKA 3AITUIIICHHBIX U BIUSIOITUX
MIPOBOTHUKOB.

[Ipu moAKIIOYEHUHN CUIIOBBIX Kabenel K MMTKY HeoOXoauMo u30erath
COBMECTHOM MPOKJIAIKH 3aNTUIIICHHOT0 M HE3aITUIIICHHOTO yY4aCcTKOB Ka0es,
a TaK>Ke 3alIUIIEHHOTO Kabes u kabens 3azemiienus (puc. 3.13).

3.3.7. JonoJHUTEIbHAS 3a1HMTA OT TOKOB KOPOTKOI0 3aMbIKAHMS

OCHOBHBIM TPUHUMUIIOM CXEM BKJIKOYEHHUAN 3alIUTHBIX YCTPOMCTB
ABJISIETCA YPABHUBAHHE MOTEHUMAIOB MEXAY JIBYMs ITPOBOAHUKAMH, OAHUM
U3 KOTOPBIX SIBIsieTCs (Da3HBIM MPOBOAHHK, a JAPYTMM — HYJIEBOW pabouuit
WU HYJIEBOM 3alllMTHBIN. MexXy HUMU B cilyyae Bbixoja u3 ctpost Y3UII
BO3MOKHO BO3HUKHOBEHHE KOPOTKOT'O 3aMBIKAHHS.

TennoBass  3amMTa BapUCTOPHBIX  OrpaHUYMUTENCl  (YCTPOMCTBO
OTKJIFOUEHHS] MpPU TNEPErpeBe BapUCTOpa) cpadaThIBAE€T, KAK MPABHIIO, MPHU
CTapEHUM BApPUCTOPA, KOIJA YBEIWYUBAKOTCA TOKH YTEUKH, WA IPH
NPEBBIILICHUH (PAKTUYECKOTO TOKa pa3psiia Yepe3 OrpaHuYMUTeNlb HaJ
MakCUMaJIbHO  JIONYCTHUMBIM. B mocinenHem  ciydyae  BO3ACHCTBHE
KpaTKOBPEMEHHOE, BAPUCTOP U3 CTPOSI MOKET HE BBIUTH, HO Oy/IeT OTKIIOYEH
OT 3allMIAeMON IIeNu B PE3yJIbTaTe BbIJCICHUS OOJBIIOTO KOJUYECTBA
TEIUIOBOM SHEPIUHU.

WNHas curyanusi BO3HUKAET B CIy4ae yCTAHOBUBIIETOCS IMPEBBILICHUS
JEWCTBYIOLIEr0 HAIPSKEHHSI B CETH HAJl MAKCUMAJbHBIM JIOIMYCTUMBIM IS
nanHoro Y3UII pabouum Hanpspkenwem. I[lpumep Takol curyanuu:
OTropaHue HyJeBOro pabo4yero NpoBOJHUKA MPU BBOJE B AJIEKTPOYCTAaHOBKY,
KOTI'Jla K Harpy3Ke MOKET 0Ka3aThCs MPHIIOKEHHBIM MeX(pa3HOe HaIpsHKEHHE
380 B. IIpu 3TOM BapuCTOp OTKPBIBAETCA M 4YEpPE3 HETO JUINTEIIBHOE BpPEMs
IIPOTEKAET TOK, OJM3KUIl 0 BenYnHe K TOKy K3.

W3 mnpakTUKuM HM3BECTHO, YTO B MOJOOHBIX CHUTyalUsiX YCTPOWCTBO
TEIJIOBOM 3allMThl He Bcerga cpabartbiBaeT, a B coctaBe Y3UII na Oaze
Pa3psIHUKOB TAKOro ycTpoicTBa BooOIe HeT. [Toatomy mist 3amutel ot K3
anexktpoyctaHoBkn u Y3UII Bcex TuUMOB HEOOXoAMMa AOMOTHUTEIbHAS
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3amuTa B Buje npeaoxpanuteneit F5-F10 ¢ xapaktepuctukoit cpabaThiBaHUS
gG (xkmaccuduxkarnusa cormacHo 'OCT P 50339.0-92 (MDOK 60269-1-86)),
YCTaHaBJIMBAEMbIX B LI€Nb MocieaoBaTeabHO ¢ KaxabiM Y3UII (puc. 3.11 u
3.12). Dtu npenoxpaHUTENN NpPEeAHA3HAYCHBI JJIs 3alUThl TOKOBEMYIIHMX
IIPOBOAHUKOB M KOMMYTallMOHHBIX YCTPOMCTB OT Ieperpy3ok u K3 m umeror
JIOBOJIBHO CJIOYKHYIO BHYTPEHHIOK KOHCTPYKIIMIO.

IIpumenenune BMECTO IIPENOXPAHNATEIIEH ABTOMAaTUYECKUX
BBIKJIIOUATEJIel HE TapaHTUpPyeT HeoOXOIMMbIH  pe3ynbrar. OmnbIT
DKCIUIyaTalluM TOKAa3bIBAET, YTO IPU I'PO30BOM pa3pslie aBTOMATbl MOTYT
MOBPEXIATbCA  MMILYJbCOM TOKa. I3-3a mnpuBapuBaHWs KOHTAKTOB
pacuenuTensl MOSBISETCS BEPOATHOCTh ero HecpaOarbiBanus npu K3 B
Harpy3ke. IIpenoxpaHurens UCKIOYAeT Takywo cuTyauuto. Kpome storo,
MPaBUJIBHBIN BHIOOP HOMHUHAJA MPEAOXPAHUTEINS CHUXKAET BEPOSITHOCTh €0
MIEpEropaHusl MPU MPOXOKIECHUN YEPE3 3aLIUTHOE YCTPOMCTBO UMITYJIbCHOTO
TOKa IIPH yJape MOJIHUMU.

IIpu oTKa3e OT yCTaHOBKHU IIPEIOXPAHUTENICH B CiTyyae BO3HUKHOBeHUS K3
XOTsI ObI B OTHOM W3 OTPaHUYUTENICH MepeHanpskeHus, cpabaThIBaCT BBOHBIIH
aBTOMAaT W DJICKTPOIMTAHHWE IMOTpeduTens OyaeT MpepBaHO 10 YCTPaHEHUS
HeucnpaBHoCTH. lIpuMeHeHme  mpemoxpaHuTeled B LENH  KaXKIOro
OTPAHUYUTEIIS IEPEHANPSHKEHUN YMEHBIIAET BEPOSITHOCTD TAKOW CUTYALIHH.

[Tpu BbIOOpE HOMUWHAJIOB IpeAOXpaHUTENEH clenyer
PYKOBOJCTBOBAThCS pekoMeHauusmu npousBoautens Y3UIIL. Homuuanb
oOMX M WHAUBUIAYAJIbHBIX MPEIOXPAaHUTEICH OMNPENESIOTCS C Yy4eTOM
CEJICKTUBHOCTU MX CpabaThiBaHMsI U CIIOCOOHOCTH 3aUIUTHBIX YCTPOICTB
BBIJIEPKUBATh pacueTHble TOKU K3 171 KOHKpeTHO# ycTaHoBKH. Bompocksl,
CBSA3aHHBIE C METOJUMKOW BbIOOpAa HOMHUHAJIOB IMpEeAOXpaHUTeNed U
BO3MOKHOCTbIO IPUMEHEHHSI ABTOMAaTUYECKUX BBIKIIFOYATEJIEH, B HACTOSIILIEE
BpeMsi TOAPOOHO U3ydaeTcsl.

3.3.8. MeToauka BbI0Opa THIIA 3AIIUTHBIX YCTPOMCTB

Cucrema BHYTpEeHHEN MOJHUE3AIIUTHI 11 nuTatromied cetu 1o 1000 B,
coctosiiias u3 Y3UII paznoro tuna, 10JKHA OTBOJUTH IPO30BBIE TOKHU (MM
UX OOJIBIIYIO YaCTh) 0€3 MOBPEKICHUS CAMUX 3AIIUTHBIX YCTPOUCTB.

Jlns onpeneneHus BEIMYUHBI TOKA, Tpoxonsamero yepe3 Y3UII neppoit
CTYNEHU 3allMTHI B Clly4ae IPsIMOro yJapa MOJHHUM B 3JaHUE C CHUCTEMOMU
BHEITHEH MOJIHME3AIIUThl, PEKOMEHAYETCS HCXOJIUTh W3 KOH(PUTYpaluu
CUCTEMBbl 3a3€MJICHHSI M YpaBHHMBAHUS [OTCHIMAJIOB 3JaHUs, a TaKKe
MOABEICHHBIX K HemMy KoMMmyHukauuwii. Ha puc. 3.14 npuBoaurcs
KJIACCUYECKUIM TpUMEp pachpeneleHusi TpPo30BOI0 TOKa B OOBEKTE,
MOpaxeHHOM IpsiMbIM yaapoM mMojinun (MOK 61024-1-1, MOK 61643-12).
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1,=100 kA (10/350 MKc) 100% 1;,,=200 KA

10/350 mkc

179 BBO/IbI HHKEHEPHBIX
0 KOMMyHHKAIHUi

<«
BBO/IbI
17% wuHDOPMAMOHHBIX
JINHAN
50% | < ®
BBOJIBI
17% S7MeKTPOIMHUTAIONINX T
JINHUHN
< ©
S SR LN £ PR \ /
i 43% = 1.,=100 kA (10/350 mMKc) =
Iimp(4’3%)_8 KA L3 4.3%, \ N J
10/350 Mmkc PEN 4,3% 50%

Puc. 3.14. PacnipeneneHue TOKOB MOJTHUY TIPH MPSIMOM yJIape B 0OBEKT CBS3H.

Metonuka pacuera TOKOB pactexkaHus npubegeHa B 'OCT P 51992-
2002 (MOK 61643-1-98), npunoxenue A.

UToOBl yCTAaHOBUTH, KaK pacrpeesieHbl TOKH MEXIY METALTUYECKUMU
AJIEMEHTaMH KOHCTPYKIMHU 3JaHUS IpU IMONaJaHUM MOJHUU B CHCTEMY
BHEIIIHEH  MOJHUE3AIIUThl, HEOOXOJAUMO pPACCUUTaTh  COMNPOTUBICHUS
3a3eMJIIONIUX YCTPOUCTB, TPYyOONPOBOJOB, 3JIEKTPONUTAIOLIEIO BBOJA,
BBOJIa KaOesel CBsI3W M T.. EciM TOYHBIM pacyeT 3aTpy/IHEH OIEHKa
MPOU3BOJIUTCSI, UCXO/IS U3 CICAYIOIINX PACCYKICHUN:

® pacyeTr NPOM3BOJIUTCS Ul TMKOBOI'O 3HAYEHHUS TOKA [;,,, B3ATOTO W3
Nuctpykmuun  CO-153-34.21.122-2003 B COOTBETCTBHM C BBIOpAHHBIM
ypoBHeM 3amuthl oT [IYM. Hanmpumep, nis 0ObEKTOB ¢ NEPBBIM YPOBHEM
3aIIUTHI /;,,=200 KA (10/350 MKc);

e 50% or obwero Toka (/;,,=200 kA (10/350 mxc) — I5=100 kA
(10/350 MKc)) OTBOAMTCS B 3€MJTIO Uepe3 3a3eMIISIFOIIEE YCTPONUCTBO CUCTEMBI
BHEIIIHEH MOJIHUE3AIIUTHI;

e 50% or obmero Toka (/;,,=200 kA (10/350 mxc) — I5=100 kA
(10/350 mKc)) pazmenuTcsi paBHOMEPHO (MpUOIM3UTENbHO 10 17%) MexIy
Hapy>XHbIMU BBOJAMU B OOBEKT TPEX OCHOBHBIX BHUJOB KOMMYHMKAIIM:
kabenssMu  CBSI3M W mepeqaun  uwHGOpPMAIMH,  METaUTMYECKUMU
TpyOOIpOBOJaMH U BBOJOM dJekTpuueckoro nuranus 220/380 B.
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Bennuuna TOKa, MpoxXoaAueTro qcpe3 OTACIILHBIC BBO/bI [z
OIIPCACIIACTCA:

1
_1s
1=, (3.1)
n
IJie #7 — YUCJIO BBOJOB.
JIst OIEHKH TOKa B OTACIBHBIX JKHIJIAX HEAKPAHUPOBAHHOTO KaOems [y

TOK B Ka6ene ACIINUTCA Ha KOJIMYCCTBO IIPOBOAHHUKOB 771:
]
I, =>. (3.2)

[Ipu BbIOOpE THIA 3AIIUTHBIX YCTPOWCTB M UX OCHOBHBIX IapaMETPOB
1eJ1eCO000Pa3HO PYKOBOACTBOBATHCSA CIIEIYIOIIUM aJTOPUTMOM:

® pacueT MPOU3BOAUTCS UCXOIAS W3 MAKCHUMAJIBHOIO 3HAYEHHS
rpo3oBoro Toka [;,, (10/350 Mkc) B 3aBUCHUMOCTH OT YPOBHS 3allUThI
00BEKTa OT NPSMOTO yJapa MOJIHUU;

e jaiee JUisl KaXJO0ro MPOBOJHUKA CHUCTEMbl MUTAHUS OINpPEIEIIsIeTCs
(MO0 TpUBEICHHOW BBIIIE METOAMKE) 3HAYEHHE UMITYJIHCHOTO TOKa (OPMBbI
(10/350 MKC), KOTOpBIi MOXET B HEM MPOTEeKaTh M KOTOPBIH JIOJHKHO
rapaHTUPOBAHHO OTBECTH 3alIUTHOE YCTPOUCTBO Kiiacca [;

® [I0CJIE 3TOrO BBIOMPAETCS 3AIIUTHOE YCTPOWCTBO C HEKOTOPBIM
3amacoM (20-30%), y4uuTbIBasi BO3MOXKHYIO HEPABHOMEPHOCTh pPaCTEKaHUS
TOKOB IO Pa3JINYHBIM POBOJHHUKAM.

W3meHeHue CXOIHBIX IaHHbBIX (YKCiia BBOJIOB B OOBEKT, TUIIA CUCTEMBI
ANIEKTPOIUTAHUS, KOJMYECTBa IPOBOJHUKOB B Kabene M T.A.) MEHSET
UTOTOBbIE 3HAYECHHS KaK B CTOPOHY YMEHBUIEHUSI UMITYJIbCHBIX TOKOB, TaK U
B CTOPOHY HX YyBeJIMYEHHUA. B sKkpaHupoBaHHBIX Kalemsix Ooubllasg 4YacTh
TOKOB  pPAacTEKaeTcss 4epe3 OJKpaHHble o00ojouku. Takue kabenu
PEKOMEHTyeTCsl MPUMEHSTh Ha 00bEKTaX ¢ MOBBIIIEHHBIMU TPEOOBAaHUSMU K
3aIMIIEHHOCTH OT yJ1IapOB MOJIHUU.

3.3.9. Meroauka Boioopa Y3UII npu BO3XyILIHOM BBOJE

OLleHOYHBIN pacyeT MOKa3bIBAET, YTO MPU MPSMOM IOIMAJaHUN MOJHUU
¢ ToKkoM 1;,=200 kA (10/350 MKC) B 0OOBEKT C BO3IyLIHBIM BBOJOM IHTaHUs
U IPU YCJIOBUU €r0 PAaBHOMEPHOI'O PaCIpeeieHus MO YEThIPEM MPOBOJIaM
cucteMbl TN—C UMMyJIbCHBIE TOKM B KaXJIOM MNPOBOJi€ OyIyT COCTaBIATH
okoso 50 kA. Hx crexkanue Ha 3emiil0 OyAeT OCYIIECTBIATHCS B JBE
CTOPOHBI: 4epe3 000pyJAOBaHWE HU3KOBOJBTHOW CTOPOHBI MOACTAHIUU U
AJIEMEHTHI JIEKTPOYCTAHOBKU 00BEKTA B IPUMEPHOM COOTHOIIeHUH 1:1.

Takum 00pa3zom, B KaXJIOM MPOBOJIE HAa BBOJE MHUTAHHUS TOK Oyner
paBeH 25 kA (10/350 mkc). B cnydae eciiu paBHOMEPHOTO pacTeKaHUs TOKOB
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110 KaKOM-TO NMPUYMHE HE ITPOU3OIILIO, TO 3TO 3HAYECHUE MOXKET BO3PACTH 110
45-50 kA u Oouee.

VYcrpolicTBa 3amuThl OT HMITYJIbCHBIX TEpEHANpsUKEeHU Ha 0ase
BapUCTOPOB 00ECIEUYMBAIOT KAUECTBEHHYIO 3alIUTy NPU UX NMPUMEHEHHU B
nepBoi cryneHu npu ammiurygax 1;,,=20 kA (10/350 Mxc), uyro B
OOJIBIIMHCTBE CIy4aeB JOCTATOYHO JAXKe MPU BO3AYLIHOM BBOJI€ MUTAOLIEH
JUHUHA B 00beKT. Eciu 3amuTHOE yCTPOMCTBO AOKHO BBIAEPKUBATH OoJiee
BBICOKME aMIUIUTYAbl TPO30BBIX TOKOB, PEKOMEHAYETCS MPUMEHSTh
Pa3psAIHUKU UCKPOBOTO THNA C 1;,=50—-100 kA (10/350 mxc).

[Ipu BBIOOpE UCKPOBOTO pa3psaHUKAa HEOOXOIUMO O0pallaTh BHUMAaHUE
Ha TAKOM IlapaMeTp, KakK COIPOBOXKIAIOWIUN TOK [, KOTOPBIM IPOTEKAET
yepe3 paspsAOHUK I0CIE OKOHYAHMS HMIIyJIbCa IIEPEHANpPSDKCHUS U
NOJJIEP>)KUBACTCS UCTOYHUKOM NUTAHUS. PAKTUUECKH 3HAYEHHUE 3TOrO TOKa
CTpeMHTCSI K pacdeTHOMY TOKy K3 B TOUke yCTaHOBKHM pa3psaHUKa Ui
JTAHHOW KOHKpPETHOUW »3nekpoyctaHoBku. [losatomy B menu "L-N; L-PE"
HEJb3s IPUMEHSATh, HAIIPUMED, FA30HANIOJHEHHBIE (U IPYTHE) Pa3psIHUKH CO
3HayeHueM Iy pasabiM 100-300 A. B pesynbraTte JIMTEIBHOTO BO3ACHCTBUS
COINPOBOXK/IAIOIIETO TOKA OHU OyIyT MOBPEKIEHBI U MOT'YT BbI3BaTh IOXKap.
Jl yCTaHOBKM B JAHHYIO LIETIb HEOOXOIUMBI PAa3PSAIHUKH CO 3HAYCHHUEM [
npeBbiamuM Tok K3, T.e. o 2-3 KA u BbI1IIE.

3.3.10. Bb10op 3alIUTHBIX YCTPOMCTB: pe3loMe

B xauecmee nepesoii cmynenu 3auumsl peKOMEHYETCH:

e [Ipu BO3AYIIHOM BBOJE JJIEKTPONUTAHUS (BHE 3aBHCUMOCTH OT
HaJu4usi BHEIIHEH CHUCTEMbl MOJIHME3aIlUThl, KOT/Ja BO3MOXKHO MPSIMOE
nonajganue MoJiHMM B mpooga JIDII B HemocpeacTBeHHOW OJMM30CTH OT
00BEKTa) PEKOMEHIYETCS YCTaHABJIMBATh TPO30BBIC paspsaHuku. OHu
JIOJDKHBI POy CKaTh UMITYJIbCHBIE TOKH (popmbl 10/350 MKC ¢ aMIITUTY THBIM
sHaueHneM 50—100 kA, racuTh COMPOBOXKIAIONINE TOKH BEIMYMHON OoJiee
4 kA n oOecneuuBath ypoBeHb 3amutel (U,) menee 4 kB (mampumep,
MHOT'03a30pHbIE  YIrOJIbHBIE  HCKPOBBIE  pa3psAIHUKM  0e3  BbIOpoca
MOHU3UPOBAHHBIX T'a30B).

e [Ipu moa3zeMHOM BBOJI€ SJEKTPONUTAHUS (IIPU HAIMYMK BHEIIHEH
CUCTEMBbl MOJIHUE3ALIUThI, KOrJa CYIIECTBYET BEPOSITHOCTh IONAJAHUS
MOJHUM B MOJHHUENPUEMHHUK) MOKHO YCTAHABJIMBAaTh BapUCTOPHBIC
3alllUTHBIE YCTPOWUCTBA, CIIOCOOHBIE MPOIYCKATh WMITYJILCHBIE TOKH (hOPMBI
10/350 Mxc ¢ aMmmumuTy 1HBIM 3HaueHHEeM 1025 KA u obecrieunBaTh YPOBCHb
sauutel  U,=4xB u mnwmwxke. Ilpum »5TOM XenareapHO IPOU3BECTHU
MpEABAPUTEIBLHYIO OLIEHKY TOKOB PACTEKaHHWs MO MPUBEACHHON BBIIIE
METO/IUKE.

105



e [Ipu OTCYTCTBMH BHEIIHEH CHCTEMbI MOJHHUE3AITUTHI €€ HEOOX0IUMO
YCTAHOBHTh, TaK KakK MPSMOW yJIap MOJHHUW INPHU OTCYTCTBHUU BHEIIHEH
3alUTHl TPUBOAWT K JAWHAMHUYECKAM BO3JCHCTBUSAM Ha CTPOUTEIIBHBIC
KOHCTPYKITUU OOBEKTA, @ TAKKE MOXKET BBI3BATH MOXKAP 32 CUET UCKPEHUSI U
MEPEKPBITUS ~ BO3AYIIHBIX  MPOMEXKYTKOB  MEXKAY  TOKOTPOBOISIITUMU
DJIEMEHTAMH OOBEKTA.

B kauecmee emopoti cmynenu 3awumul B uensax L—N ucnonb3yroTcs
yCTpOMCTBa Ha 6a3e BaApUCTOPOB C MAaKCUMAaIbHBIM HUMITYJILCHBIM TOKOM 20—
40 kA ¢opmer 8/20 mMkc u ypoBHeM 3amuthl (U,) Menee 2,5 kB. B nemax
N-PE npumeHsI0TCSA ra30HanoJHEHHbIE METANIOKEPAMUYECKUE Pa3PSAIHUKH,
CIIOCOOHBIC BBIACPKUBATh HMMITYJIbCHBIE TOKH ¢ amiuutyaon 20-40 kA
dbopmer 8/20 mkc. ConpoBoxkaaromue Toku B 1emsix N-PE He Bo3HuKaloT,
II09TOMY MOTYT IPUMEHAThCS paspsaanuku ¢ [=100-300 A.

B kauecmee mpemuveii cmynenu 3aujumsl UCHOJB3YIOTCS MOIYJIU C
MaKCUMAaJIbHBIM UMITYJIBCHBIM TOKOM 6—10 KA dopmbl 8/20 MKC 1 ypoBHEM
3amuTsl (U,) Menee 1,5 xkB. Llenecoo6pa3Ho NpuMeHATh KOMOUHHPOBAHHbIE

YCTPOMCTBA C JOMOJHUTEIbHBIM TOMEXOMOAABISIOMIUM (PUIBTPOM B MOJIOCE
gactot 0,15-30 MI11.

Pazoenumenvnvie Opoccenu (ecnm uX TPUMEHEHHE HEOOXOIHUMO)
BBIOMpAIOTCS, MCXOAs M3 BEIUYMHBI MAaKCHMaJbHBIX pPabOUYMX TOKOB
Harpy3ku (Hanpumep: 16, 32, 63 unu 120 A).

Jiss 00BEKTOB € MOJ3€MHBIM BBOJOM IHMTAHUSI MOKHO MPUMEHSTH
KOMOMHUPOBaHHBIE YCTPOMCTBA, OTBEYAIONIME IO CBOUM  BXOJHBIM
napamMeTpaM TpeOOBaHUSIM K BapUCTOPHBIM 3aIIUTHBIM YCTpPOMCTBaAM
I knacca (ummynbc Toka BenwmumHou 10-25 kA; ¢dopma 10/350 mxc). Ilo
CBOUM BBIXOAHBIM Hapamerpam (ypoBeHb 3amutel U, = 1300-1700 B npu
HOMHUHAJIBHOM MMITYJIbCHOM TOKe, ¢dopma 8/20 MKC) OHU BBITOJHSIOT
tpeboBanus no Il kmaccy 3amuThl.

[TogoGHBIE yCTPOWCTBA TO3BOJISIIOT OTKA3aThCS OT HCIIOJIB30BAHUS
pa3eNUTENbHBIX JIpOCCeiel, T.K. BCE YCTPOMCTBO CMOHTHPOBAHO B OJHOM
obuiem kopmnyce maiig ycraHoBku Ha DIN-peiiky. Pa3mep xopimyca npu 3Tom
MEHSIETCS. B 3aBHCHUMOCTH OT KOJMYECTBA 3alUIIAEMbIX MPOBOJHUKOB U
COOTBETCTBYET pa3Mepy OT JBYX JO CEMHU CTaHJAPTHBIX THUIOBBIX KOPIYCOB
(nns ogHOdazHOM U Tpex(a3HOU CeTH COOTBETCTBEHHO).

B ciydae ycraHOBKM KOMOMHUPOBAHHOI'O YCTpPOMCTBA Ha BO3IYIIHOM
BBO/JIE€ AJIEKTPOIIUTAHUS CYLIECTBYET BEPOSITHOCTh €r0 BBIXOAA U3 CTPOS MpPH
yAape MOJIHMM HerocpeacTBeHHO B mpoBojaa JIDII y oObekra.
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3.3.11. OcobennocTn nmoakarodenusa Y3IUIL

B HEKOTOpbhIX CHUTyalMsIX YCTAHOBKHM 3allUThl Ha BBOJIE B 3J/IaHHE
HEJIOCTAaTOYHO JJIi TOTO, YTOOBI C OOJBIION CTENEHBIO BEPOATHOCTHU
3AIIUTUTh TAKYI0 KAaTErOpUI0 MOTpeOuTENel, KaKk BbICOKOUYBCTBUTEIbHAS
AJIEKTPOHHAsA TEXHUKA. B 3TOM ciydae 3alllUTHBIE YCTPOMCTBA TPETHETO
KJIacca yCTaHaBJIMBAIOTCS HETIOCPECTBEHHO y 3aIUIIAeMOr0 000pyI0BaHHUS.

[Ipy  ucmonb30BaHUM  YCTPOMCTB  3alIUTBI  OT  UMITYJIBCHBIX
MEepPEHANpPSHKEHU HE0O0XOMMO YYHUTHIBAaTh HEKOTOpPbIE OCOOCHHOCTH UX
MOJKJIIOYEHHS B CXEMY 3JIEKTPOYCTAaHOBKH OOBEKTA.

B cnyuyae npuMeHeHHs] YCTpOMCTB 3amuTHOro otkitoueHus (Y30)
YCTPOMCTBA 3alIUThl OT MUMIYJbCHBIX MEPEHANPSHKEHUN MEPBOTO U BTOPOTO
KJlacca JOJDKHBI ObITh BKIIOUEHbI 0 Y30 (MO XOmy »HEpruu). DTUM
HCKITFOYaeTcs J1okHoe oTkimroueHue Y30 npu cpabateiBanuu Y 3UIL.

YcTpolicTBa 3alUThl TPETHETO Klacca MOTYT ObITh YCTaHOBJICHBI TIOCIIE
VY30, HO mpu 3TOM JOJKHBI HCIOJb30BaThCS CEJIEKTUBHBIE YCTPOWCTBA
3amuTHOTO OTKItoueHus (tum "S") ¢ BpeMeHHOM 3a7ep>KKON cpabaThiBaHUS
OT UMITYJIbCHBIX oMeX (puc. 3.15).

IIpu wu3MepeHUsax, MPOU3BOJUMBIX Ha BJIEKTPOYCTAHOBKE, KOI/a
METOJUKOM  HM3MEPEHHN  MIpeayCMaTpUBAIOTCS  UCIHBITAHUS ~ BBICOKUM
HalpspKeHWeM  (Hampumep,  MpOBEpKa  CONMPOTHUBIICHUS  U3OJSLIUU
IPOBOJTHUKOB), HEOOXOJMMO OTKJIOYaTh 3al[UTHBIE YCTPOMCTBA OT
aneKTpoycTaHoBKUA. HecoOmtogenue 3toro TpeOoBaHUS MpPUBENET K
MCKaXXEHUIO PEe3yJIbTATOB M3MEPEHUS WIM K BBIXOJy U3 CTPOSl YCTPOMCTB
3aIIUTHI OT UMITYJIbCHBIX EPEHANPSIKEHUN.

BBoHbI TIIUT PacnpenenurenbHbIi IUT [TorpebuTens
L1 ~F 10 9 'ﬁ..FZ PN L1
L2 N Iy rY —F3 1l 1 |

F5|F6 :i:7 F8 F10

I
PEN| PE [T] PE

|

= I II I1I

—
—
_I,_l_j
—\O
| S—

Puc. 3.15. YcranoBka 3amutHbIX ycTpoiicTB B TN—C-S cetu 220/380 B.
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4. ITMATHOCTHUKA COCTOAHUA 3ASEMJIAIOLINX
YCTPOMCTB U MOJIHUE3AIIIATHI

ITon 3azemusitomiuM  yctpoiicTBoM (3Y) NOHUMAKOT COBOKYIHOCTD
3a3€MJIATENE M 3a3€MIBIIOIIMX  NPOBOJHUKOB.  XapaKTEPUCTUKOU
3a3€MJIATENS SIBISCTCS CONPOTHUBIIEHUE PACTEKAHUIO TOKAa C DJIEMEHTOB
3a3€MJIATENS B 36MJIIO, & XapAKTEPUCTUKON 3a3€MIISIOLIETO YCTPOUCTBA — €TI0
CONPOTHUBIICHUE, PABHOE CYMME CONPOTHUBIICHUN PACTEKAHUIO 3a3EMIIUTENS U
3a3€MJIIFOLIIUX IIPOBOJHUKOB. Cornacho I[1y9 HOPMHUPOBAHUE
CONPOTHUBIICHUN 3a3€MJIIOLIMX YCTPOWCTB CTAaBUTCA B 3aBUCUMOCTH OT
YAENBHOTO CONPOTHUBJIEHUS I'PYHTA, B KOTOPOM PACIIOJIOKEH 3a3€MIIUTED
3azemiisiroliero  ycrpoiicrBa. Takum 00pa3oM, 3HAu€HUE YJIEIBHOIO
COIPOTUBIICHUS TPYHTA HEOOXOJUMO HE TOJBKO JJIs IPOEKTUpOBaHus 3Y, HO
U Ul TIPOBEPKM HA COOTBETCTBHE €r0 OCHOBHOW D3JIEKTPUYECKOMN
XapaKTEpUCTUKN — CONPOTHUBIICHUS PACTECKAHUIO TOKA C 3a3€MIIMTENS B
3EMJI0 — IEUCTBYIOIIMM HOPMaM.

Mexay  OTOENBHBIMH  JJIEMEHTAMM  3a3€MIJLIIOIIMX  YCTPOMCTB
MOJCTAHLIMM CHUCTEM JJIEKTPOCHAOXKEHUS MOXKET CYLIECTBOBaTh IUIOXas
DIEKTPUYECKAass CBA3b. OJTO BBI3BAHO HEKAYECTBEHHBIM MOHTAXOM IIpPH
CTPOUTEIBCTBE, KOppO3Uen 3a3eMIIUTEIIEH, 170, MEXaHUYECKUM
MOBPEXIAEHUEM. B 31aHUsAX U COOPYKEHHAX YACTO OTCYTCTBYET HAJICKAILAs
CBSI3b MEXIY OTIEIbHBIMU (PparMEHTaMH CHCTEMbl 3a3€MJICHUS U TJaBHOM
IIMHOW ypaBHMBaHUs NoTeHUHaoB. llomoOHble npedextel, B ciayyae
nporekanuss no 3Y Toka MoiaHMH WM Toka K3, MOryr mnpuBecTH K
NOSIBJICHUIO B IIpelesax 3a3¢MIBIIOLIET0 YCTPOMCTBA 3JIEKTPOYCTAHOBKHU
BBICOKMX Pa3HOCTEH IIOTEHLMAJIOB, OMNACHBIX Ui IEPCOHANA, W30JSALUU
Lenel pa3nMyHOro Ha3HAYeHWs, a TaKKe CIOCOOHBIX BBI3BIBATH COOM U
IIOBPEXIEHU DJIEKTPOHHOU anmnaparypsl.

JUis  BBISIBICHHS TOJOOHBIX J€(PEKTOB HCHOJIB3YIOTCS pa3IndyHbIe
METOIUKH, CBOIAIIMECS K U3MEPEHUIO YIEIBHOIO CONPOTHUBIICHUS T'PYHTA,
CONPOTHUBIICHUS  3a3€MJIIOIIETO  YCTPOMCTBA  JJIEKTPOYCTAHOBKHM WU
CONPOTHBIICHUS CBSI3U MEXKY DJIEMEHTAMM 3a3€MIISIOIIETO YCTPOKCTBA.

4.1. U3mepeHne yaeabHOr0 CONPOTUBJICHUS IPYHTA
4.1.1. 'pyHT KaK NPOBOJIHUK

OCHOBHBIM  DJIEKTPUYECKMM IapaMeTpOM BEPXHHUX CJIOEB 3EMJIU
SBIISIETCS YJEJIBHOE JIEKTPUUECKOE CONPOTUBJICHUE IPyHTa P WM oOpaTHast
€My BEIWYMHA — yJEJIbHAs JJIEKTpUYEecKas MPOBOAUMOCTB. Y pPa3iIMYHBIX
IPYHTOB P U3MEHSETCA B LUUPOKUX IIpeaenax: OT 107 OM-M y caMOpOJIHBIX
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merawioB 10 10" Om-m y TAaKUX BEIIECTB, KaK CIIIOJIa, KBapll, MOJIEBBIE
IIITaThI.

I'pyHTBl pa3fensioT Ha JJIEKTPOHHBIE MPOBOAHUKHU (IIPOBOJAHUKU
MEPBOI0 POJia), B KOTOPBIX 3apsiJibl IEPEHOCATCS CBOOOIHBIMU JIEKTPOHAMU,
M Ha HOHHBIC (NMPOBOJHUKH BTOPOTO POJIa), B KOTOPBIX DIICKTPUUYECKUE
3apsiibl IEPEHOCATCS MOHAMHU, HAXOJAIIMMUCS B PAacTBOPAX, 3aMOJHSIONIUX
MOPHI M TPEIIMHBI TpyHTa. K MepBoil rpyIine rpyHTOB OTHOCUTCS HEOOJIBIIIOE
KOJIMYECTBO MOPOJ — TAKUX KaK CaMOPOJHBbIE METaJlIbl, CyIb(UIbI, TpadurT,
aHTpanuT. BTopyr Tpyniy COCTaBISIOT BCE OCTaJIbHBIE TOPOJIBI, C
KOTOPBIMHM MPUXOJUTCS HUMETh JAEN0 Mpu coopyxeHun 3Y. B peanbHbIX
MopoJiax BCerja MMEITCs 00a THUIa MPOBOJUMOCTH, HO B 3aBUCUMOCTH OT
TOT0, KaKasi U3 HUX JIOMUHUPYET, MOPOIbI OTHOCST K TOM MJIM MHOM TpyIIIe.

VYenpbHOoe CONPOTUBICHHE TPYHTOB C IOBBIIICHHEM TEeMIEpaTypbl Ha
OIIMH TPaayC YyMEHbIIaeTcss npumepHo Ha 2%. DTa 3aKOHOMEPHOCTH
CIpaBe/lJIuBa B JMana3oHe TeMIIepaTyp BBIIIE TOUYKU 3aMep3aHus pacTBOpA.
Huxe Touku 3aMep3anusi pacTBOpa P BO3pAcTaeT HAa HECKOJIBKO MOPSAKOB.
AHaJloru4Has cUTyalus HaOJI0JaeTcs M MPHU BBICHIXaHUU BEPXHUX CJIOCB
IpYyHTAa.

NccnenoBanust 37€KTPUYECKOTO TMOJI U XaPAKTEPUCTUK 3a3eMIIMTEIeH
OTHOCATCST K KaTeropuM BeCbMa CIIOXKHBIX 3a7a4d  DJICKTPOTEXHUKH.
TpynHoctn 00YyCIIOBIIEHBI TE€M, UYTO BEPXHUE CJIOM 3€MJIH, B KOTOPBIX
pacrioiararorcs 3a3eMJIMTENIM, HMEIOT CYIIECTBEHHO HEOJHOPOJAHOE U
U3MEHAIoNIeecs BO BpeMeHU (M0 CEe30HaM) YJIeNbHOE JJIEKTPUUYECKOE
conporupiieHue. CTeneHb €ro HEOJHOPOJAHOCTH 3aBUCUT OT MHOTHX
(dbakTOpOB: BHJA TMOYB, IOYBOOOPA3YIOUIUX U TEOJIOTHYECKUX IOPOJ,
KOoJieOaHUM ypOBHEH TPYHTOBBIX BOJI, KOJUYECTBA BBIMAJAIOIIUX OCAJIKOB,
TeMIepaTypbl U  BIAXHOCTH BO3JyXa, XapakTepa pacTUTEIbHOCTH,
XO03MCTBEHHOM JIEATEIIbHOCTH YeJIOBEKa U psija APYTrux.

JlocTOBEpHBIE CBEICHHUS O COINPOTUBICHUM PACTEKAHUIO TOKa C
AJIEMEHTOB 3a3€MJIMTENISI M 3a3eMJISIOMMUX IPOBOJHUKOB MOTYT OBIThH
MOJy4YeHbl B pe3yjbTaT€ HEMOCPEACTBEHHOIO HW3MEPEHHUS YJACIBHOIO
CONPOTHUBIICHUSI TPYHTA IEPe] HadyaJloM COOpYKeHHUsI 3Y M B MPOLIECCe €ro
AKCIUTYaTallMOHHOTO KOHTpoJIs. Ha nmpakTuke HanOoJIbIlIee pacpoCcTpaHCHHE
NOJIYYWJIA JBa coco0a U3MEPEHHs P FPYHTA: METOJ MPOOHOTO 3JIEKTpoAa U
METOJ] BEPTUKAIBHOTO AJIEKTPUUECKOTO 30HIUPOBAHUS.

4.1.2. MeTtoa npoOHOI0 3JIEKTPOAA

Ha Ttepputopuun, npenHazHayeHHOW ISl coopykeHus 3Y, B 3eMIII0
3aKJIQIBIBAIOT OJIMHOYHBIC BEPTUKAIBHBIN WM TOPU3OHTAIBHBINA 3a3€MIIUTENN
(mpoOHBIE) OOBIYHO TaKOW K€ JUIMHBL, Kak y Oymymiero. W3mepsitor
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COIIPOTHUBJICHUE PACTEKAHUIO MPOOHOTO AJIEKTPOAA U OMNPEACTSIOT YAEIbHOEe
ANEKTPUYECKOE CONPOTHUBIICHHE 3eMiIM. Ero BenuunHa B JAJIbHEUIIEM
WCIIOJIB3YETCS B PACUETaX PEajbHOIO 3a3€MIISIFOLLETO YCTPOMCTBA.

B nHacrosuee BpeMss METOJI NPUMEHSIOT JIMIIb B KPAMHUX CIIyYasx IpU
coopykeHuu 3Y 3J1eKTpoyCcTaHOBOK HanpspkeHueM 110 1000 B ¢ paznuuHbiMu
cucreMamu 3asemieHuss Heutpan u Beime 1000 B ¢ wm3onmpoBaHHOU
HEUTpaJiblo, TJIABHBIM 0O0pa3oM TOrja, KOrjJa 3aBEIOMO H3BECTHO, YTO P
MTOBEPXHOCTHOTO CJIO0SI BEJIUKO.

4.1.3. MeToa BepTHKAJIBLHOIO YJIEKTPUYECKOT0 30HAMPOBAHUS

duznyeckasi CyIHOCTh BEPTUKAIBHOIO JIEKTPUYECKOTO0 30HANPOBAHUS
CBOAUTCA K cieAywoumeMy. B 3emir0o npu 1noMOmM [JBYX TOYEYHBIX
3azemiidtesied  (muTaromux — (TOKOBBIX) JJEKTpoaoB A U B) 0T
AIIEKTPUYECKOT0 F€HEPATOPa BBOJAUTCS CTAOMIM3UPOBAHHBIA AIEKTPHUUECKUI
TOK [, 3Ha4YeHHE KOTOporo Jexkutr B mnpexpenax 1-200 mMA. B Tteopum
reopu3NYECKUX METOJIOB UCCJIEAOBAHUN JOKA3aHO, YTO 3a3eMIISIOIIUM
ANEKTPOA JII000NM KOH(UTypalluu MOXHO paccMaTpUBaTh KaK TOUYEYHBIH,
HAayuMHas C PacCTOSHUA B S5 pa3 MPEBBIIAKOLIETO0 NPOTSHKEHHOCTh €ro
3ariayO0JeHHOM 4YacTu. OJTO TMOJOKEHHWE OTHOCUTCA M K CHCTeMaM H3
HECKOJBKUX  JJIEKTpoJoB. Takas cuctema, Kakod Obl  CJIOXXHOH
KOH(pUrypanuu oHa H1 ObL1a, OyJeT IKBUBAJICHTHA TOYCYHOMY 3a3E€MJIIUTEINIO
B cllyyae, eciii HaOJII0ACHUsI BBIMOIHIIOTCS B TOUKAX, YJAJICHHBIX OT LEHTPa
CUCTEMBI Ha PACCTOSIHME, ITPEBBIIIAIOIIEE B 5 pa3 pacCTOSHUE MEXAY ABYMS
Haubosiee yJaJeHHbIMHM JAPYr OT Apyra KpalHUMH 3JIEKTPOJAAMH CHCTEMBI.
DIEKTPUYECKUNA TOK, MPOXOAS MO TOJIIE T'PyHTa OT OAHOTO DJIEKTPOJa K
JIpyroMy, 3axBaThiBaeT Oonbliue TriayOuHBL. bamke K snekTpogaMm H K
MOBEPXHOCTHU 3€MJIM TNIOTHOCTH TOKa OO0JIbIIIe, C TITyOMHOW OHA YMEHBIIIAEeTCS
Y ITIOCTEIIEHHO CTAHOBUTCS PABHOMW HYJIIO.

[TockonbKy TpyHT 00JafaeT yJIeabHbIM CONPOTUBICHUEM, TO B HEM Ha
BCEX y4YacCTKax IPOUCXOAUT NaJEHUE HamnpspkeHus. Eciaum momectutrs Ha
MOBEPXHOCTH 3€MJIM C TOKOBBIMM  DJIEKTPOJAAMHU  JBA  IPHUEMHBIX
(MOTeHUUaNbHBIX) 3J7eKTpoaa M u N, TO MEeX]y HUMHU BO3HUKAET Pa3HOCTh
noreHuaioB AU, KOTOpas CBfi3aHAa CO 3HAYEHHEM [MTAIOLIET0 TOKa
COOTHOILIECHHUEM:

AU
p=K——:r, (4.1)

1
Ile P — YIEIbHOE CONPOTUBIEHUE TPYyHTa, HAXOIALIErocs B Ipeaenax
YCTaHOBKU d3JeKTpoaoB AMNB; K — xo3p¢duuueHT, 3aBUCAIIUMNA OT

B3aMMHOT'O PACITIOJIOKCHUA TOKOBBIX H ITOTCHIHUAJIBHBIX 3JICKTPOI0B.
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B takoMm Buae ¢popmyia cupaseyivBa TOIbKO JIJIsl OJHOPOJIHOTO TPYHTA.
Ecnu rpyHT HEOHOPOAEH, TO MOKHO T'OBOPUTH TOJIBKO 00 SKBUBAJIEHTHOM
YACIBHOM CONIPOTHUBJICHUM  TPYHTA. OKBHUBAJICHTHOE  YJEJIBHOE
CONIPOTHUBJICHUE TPYHTA C HEOJHOPOJHOU CTPYKTYpOM — OTO YHAEIBHOE
CONPOTHUBIICHUE TPyHTa C OOHOPOJHOM CTPYKTypOM, B KOTOPOM
conpoTuBieHne 3Y UMEEeT TO ke 3HAYEHHUE, YTO U B TPYHTE C HEOJAHOPOIHOM

CTPYKTYPOH.

4.1.4. Peannu3anusi MeT01a BEPTUKAJIBHOI'0 JJICKTPUYECKOI 0
30HAMPOBAHUS

B anexTposHepreTuke I U3MEPEHHs YACIBHOIO CONPOTUBIICHUS
IpyHTa HauOoJIbIlIEe PacCIPOCTPAHEHHE MTOJIyUHIIa YCTAHOBKA, CXeMa KOTOPOH
npuseseHa Ha puc. 4.1. OHa cOCTOUT U3 reHepaTopa CTaOWIN3HUPOBAHHOIO
anexkTpuyeckoro Toka (Hampumep, u3 komiuiekca MKC-1 unmu UKC-50),
MUKpPOBOJIBTMETPA C JIEJIUTEIEM HAIpPSOKEHUS M CXEMOW 3aMelIeHUs
U3MEPSIEMOr0 CUTHaJla COOCTBEHHBIM CHTHAJIOM (Hampumep, U3 KOMILIEKCa
HNKC-1 wnin UKC-50), nByx MOTEHIMAIBHBIX 31EKTpoaoB M u N u JByX
TOKOBBIX 3JIEKTPOJIOB A U B, KOTOpBIE NEepes 30HAUPOBAHUEM IOTPYKAKOT B
3eMIII0. DIEKTPOA A pacmoJiaraloT Ha paBHOM PACCTOSTHUU OT 3JIEKTpoaoB M
u N, 4ToObl HaBOAMMAS MM PA3HOCTh MOTEHLMAJIOB Ha 3JekTpoaax M u N
paBHsu1ack HyJ0. Kpome aroro, mexnay snexkrpogamu A u M, A u N B 3emne
HE JIOJDKHO OBITh MECTHBIX IOBEPXHOCTHBIX BKJIOUEHUH C yAEIbHBIM
CONPOTHUBJIEHUEM, OTIUYHBIM OT YAEJIBHOI'O CONPOTHUBIICHUS 3€MJIU, KOTOPbIE
MOTYT CHEJNaThb pPa3sHOCTh IOTECHLIHMAIOB MEXJY MOTCHUHUAIbHBIMU
IEKTPOJAMU OTINYHOU OT HYJIS, YTO IPUBEIET K NOTPELIHOCTHA U3MEPEHHUS.

AL
O—0O —O0—0—
M N A B
Muipo- Teneparop
BOJILTMETP
3emutst

1 [

M A IN E
Puc. 4.1. Cxema yCTaHOBKH AJI1 BEPTUKAIBHOT'O 3JIEKTPUUECKOTO
30HAUPOBAHUS 3EMIIH.
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Puc. 4.2. Cxema yCTaHOBKH, IOBBILIAONIAs] TOYHOCTb BEPTUKAILHOTO
IIEKTPUYECKOT0 30HIUPOBAHUS 3EMIIH.

HenmoctaTrkoM paccMOTPEHHOM YCTaHOBKH SIBJISIETCS OTPEIIHOCTH
(vHOTJa 3HAYMTENbHASA), BO3HUKAIONIAS MPU BEPTUKAIBLHOM SJIEKTPUYECKOM
30HIUPOBAHMM 3E€MJIK B MECTaXx C JIOKaJbHBIMU TMOBEPXHOCTHBIMU
BKJIFOYCHMSIMH,  YJIEJIBHOE  CONPOTUBIEHUE  KOTOPBIX  CYIIECTBEHHO
OTJMYAETCS OT P 30HAUPYEMOH 3eMJIIH. ODTOT HEJOCTaTOK MOXXET OBIThH
yCTpaHEH, eciu B paccMarpuBaeMoi ycTtaHoBke (puc. 4.1) dynkuuro
TOKOBOT'O 3JIEKTPOJa A BO3JIOKUTh Ha MOTEHUHUAIBbHBIE 3IEKTPOAsl M u N,
OJIHOBPEMEHHO BBITOJHAIONIME U CBOKO COOCTBEeHHYIO (QyHKIHUIO (puc. 4.2).
Tok Ha 3TU MOTEHLMANBHBIE JJIEKTPOJBI MTOAAETCSA OT T€HEpPATOpa Yepe3 JiBa
pe3UCTOpa paBHOTO HOMHUHAJIA.

HomMuuan kaxaoro w3 pe3ucTtopoB R JIOMKEH YJIOBIETBOPATH
HEPaBEHCTBY:

10000 - R,

2
r7ie Rg — CONPOTUBIIEHHE TOKOBOTO 3eKTpoaa B, Om.

VKa3zaHHOE HEPABEHCTBO IIOJIYYEHO SKCIEPUMEHTAIBHBIM IIYyTEM,
UCXOJS U3 IBYX YCJIOBHII:
® CONPOTUBJIEHUS HE JIOJDKHBI BHOCHTh HCKaXEHUH B CTaOMIM3aLHUIO

AIEKTPUUECKOTO TOKA OT T'€HEepaTopa;
® CONPOTUBJIECHUS HE JOKHbI BHOCUTHb HCKaXEHUW B JIEJIUTENU
HaIpsHKEHUS] MUKPOBOJIBTMETPA.

Tak Kak pe3ucTopbl UMEIOT OJWH HOMHHAJ, TO HAIpPSIKEHUE MEXKIY

NOTEHIMAIbHBIMU 3JIeKTpoaaMu M u N OyneT HaBOJIUTHCS TOJIBKO OIHUM

R< , 4.2)
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TOKOBBIM DJJIEKTPOJAOM B. DTO TNOBBIAET TOYHOCTh BEPTUKAIBHOIO
AIEKTPUYECKOTO 30HAUPOBAHUS 3EMIIU.
VY 1es1bHOE COPOTUBIICHUE IPYHTA ONPEAEISAETCS 110 COOTHOLIECHHIO:

MN
MY NB
p=¥zn(_MzN +N3j g7 (43)
N 4(2+N3j

rae AU — pa3HOCTh NOTEHIMAIOB MexAay 3iiekTpogamu M u N; MN, NB —
PACCTOSIHHE MEX]Ty COOTBETCTBYIOIIMMH 3JIEKTPOJIAMHU.

CootHomenue (4.3) copaBeyIMBO Il 00€UX YCTaHOBOK, CXEMBbI
KOTOpBIX MpuBeacHbl Ha puc. 4.1 m 4.2, T.K. B3aMMHOE pPaCIOJIOKECHHE
AJEKTPOJOB B HUX HEU3MEHHO.

4.2. IKRCIIIYATAUMOHHBbIN KOHTPOJIb CONPOTUBJICHHS 323eMJISIIONIET0
YCTPOHCTBA JIEKTPOYCTAHOBKH

Ha mnpaktuke comnpotuBieHne 3Y 4YacTo H3MEPSIOT IO METOAY
amriepMeTpa u BoabT™MeTpa (puc. 4.3). Uepes 3azemiiutelib 3 3a3€MIISIOLIETO
YCTPOMCTBA M BCHOMOTAaTEIbHBIM TOKOBBIM 3JeKTpoa T MpoImyckKaroT
ANEKTPUUYECKUN TOK (M3MepsieTcss aMmIepMeTpoM 1) OT cHeuuasbHOro
VMCTOYHMKA TOKa 2. BO3HUKaroIIee Mpy 3TOM HANPSIKEHUE Ha 3a3EMIISIOLIEM
YCTPOMCTBE U3MEPSIOT BOJIBTMETPOM 3, BKIFOUCHHBIM MEXKY 3a3€MIIIOIINM
YCTPOMCTBOM U BCIIOMOTaTEJIbHBIM MOTEHIIMAIBHBIM 31€KTpoioM [1.

< | .

=3 I1 T “Semna”

Puc. 4.3. IlpuHuunuanbHas cxemMa U3MEepeHUs COPOTUBIICHUS 3a3eMIISIOIIETO
YCTPOKCTBA METO/IOM aMIIEPMETPA U BOJIBTMETPA.
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Hckomoe conpoTUBIICHUE ONPECIAIOT 10 hopmyJie:
U
Ry = 7 > (4.4)

rae U — HanpsbKeHUe, U3MEPEHHOE BOJIBTMETPOM, B; I — TOK, M3MEPEHHBIN
aMIiepMeTpoM, A.

Pa3memniath 31€KTpobI ClaeayeT Ha JOCTAaTOYHO OOJBIIOM PAacCTOSHUU
KaK OT 3a3eMJuTeNsl 3 3a3eMJISIIOIIET0 YCTPOMCTBA, TaKk M JIpYyr OT JApyra.
TeopeTndyeckn KaxIaoe U3 OTUX PACCTOSHUNU JOJDKHO OBITH PaBHO
O0eckoHeyHocTu. Kpome 3TOro, B 3emie B 30HAX MEXKAY 3a3€MIIMTEIIEM U
ANEKTPOJAMU  HE  JIOJDKHO  OBITh  METAIMYCCKUX  KOMMYHHUKAIIUAMH,
MCKaXXaIOINX AJIEKTPUYECKOE MOJIE.

[TorpemHOCTh U3MEPEHUS TAaHHBIM CITIOCOOOM O0YCIOBJIEHA KOHEUHBIMU
PACCTOSHUSIMU MEXKIY DJIEKTPOJAMH M 3a3€MIIMTENIEM, a TAK)KE HaJUYUEM B
3emiie (0OCOOEHHO B HACEJEHHBIX MYHKTaX) Pa3HOro pojia MEeTaNIMYeCKHX
TpyOONpoOBOJOB,  00OJOUEK  Kabelmed W JAPYTUX  METaUIMYECKUX
KOMMYHUKAITUH.

TodyHOCT W3MEpPEHMII TOBBIIIAETCS IPU  PEANTU3ALNU  CXEMBI,
npuBeeHHON Ha puc. 4.4. Tok, npoxoasmuii yepe3 3Y, pacCUUTHIBACTCS 110
COTPOTHUBJICHUIO KaJTUOPOBOYHOTO PE3UCTOpPA W HANPSDKEHWIO HAa HEM Kak
YacTHOE OT JIeJICHUSI HaIpsOKEHUsT Ha comporuBieHue. HanpsokeHue Ha
3a3eMJISIONIEM YCTPOMCTBE OMpENeNseTcs Kak pPa3HOCTh MEXAy (a3HbIM
HAMPSHKCHUEM DJICKTPUYECKON CEeTH W HAMpsHKEHWEM Ha KaIMOPOBOYHOM
pesuctope. CONpOTUBIIEHUE 3a3€MIISIIOIETO YCTPOMCTBA PACCUUTHIBAETCSA 110
COOTHOILIEHHUIO:

L1
L2
L3

PE T

Puc. 4.4. [IpuniunuanbHas cxema U3MEPEHUS] CONPOTUBIICHUS 3a3€MIISIFOILIETO
YCTPOMCTBA C UCMOJIb30BaHUEM KAJTMOPOBOYHOI'O PE3UCTOPA:
1 — ¢a3Hble MpoBOAHUKY, 2 — 3auuTHBIN PE-ipoBoaHMK, 3 — BOIBTMETD,
4 — BBIKIIIOYATENb, 5 — KATMOPOBOYHBIN PE3UCTOP, 6 — 3eMII,
7 — 3a3eMIIUTEIb 3a3eMIISIOLIETO YCTPOUCTBA.
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RK (U( _UK )
Ry = 5 J =, (4.5)

Kp

rae R,, — COIPOTHBIECHHE KaluOpoBouHOoro pesucropa; U, — QasHoe
HanpsbkeHue cety; Uy, — HallpsKeHHe Ha KaInOPOBOYHOM PE3UCTOPE.
Ilpumep peanuzayuu cnocoba ¢ UCNONL308AHUEM KATUOPOBOUHO20
pezucmopa (puc. 4.4). OTCOENHUHSIOT 3a3eMJIMTENb 7 3a3eMIISIONIETO
YCTPOMCTBA OT 3aIUTHOIO MPOBOJA 2 3JEKTpUUecKoil cet (ot nmpoBoaa PE).
Mexy 3azemnureneM 7 U OAHUM U3 (a3HBIX NPOBOAOB | 3JIEKTpUUECKON
cetn HampspkeHueM 380/220 B BxiouaroT BobTMETp 3 (BBIKITIOYATENH 4
HaXOJUTCA B PA30MKHYTOM COCTOSIHUM) U U3MEPSIOT (Pa3HOE HaIpsSKEHUE
(mycte Uy,=218 B). 3arem BKIIOYAIOT BBIKJIIOYATENb 4 M TEM CaMbIM
napajjielbHO BOJBTMETPY 3 MOAKIIIOYAIOT KaJIWOPOBOYHBIN pe3ucTtop 5
(mpeanonoxum R,,=50 Om, a U,=185 B). Hckomoe CONpOTHBIECHHUE
3a3eMJInTeNs OyAeT paBHO:
R, (U,-U,) 50(218-185)
¥ U 185

Kp

=8,9 Owm.

B npuBeneHHOM NpHUMEpPE HE YYTEHO COINPOTUBIICHHE 3a3€MIICHUS
HeWTpanu TpaHcopmaropa Ha MOJCTAHIIMU U cBsizaHHBIX ¢ Heto PE u PEN
poBo0B. CAeNnaHo 3TO, UCXOS U3 CIETYIOLIETO.

e ConpoTHUBJIICHUE 3a3€MJICHUSI HEUTpalldi Ha TOPSIOK  HUXKE
u3MepsieMbIx conpotusienuit (mo I[1YD ans cereit nanpsokenuem 380/220 B
OHO HE JO/bKHO mpeBbiath 4 OM, a CONPOTUBIECHUE IMOBTOPHOIO
3a3eMJICHHS HYJIEBOTO MPOBO/IA, T.€. u3MepsieMoro conpotunieHus: — 30 Om).
Tak Kak TPOBOAMMOCTb 3a3€MJICHUS HEWTpajdud CKJIAJbIBACTCS U3
MPOBOJIUMOCTH  3a3€EMJIMTEIIS, PACIIOJI0KEHHOTO  HEMOCPEACTBEHHO Yy
HEWTpaau, U MPOBOJAMMOCTEN MHOMKECTBA 3a3€MIIMTENEH, PACTIOJIOAKEHHBIX
BJIOJIb KaXJOM OTXOMSAIIEN OT MNOJACTAHIMU JIMHUM W CHYKAIIUX JJIS
noBTOpHBIX 3a3emieHuit PE u PEN npoBoaHHKOB, TO 00I1ee CONpOTUBIICHNUE
3a3eMJICHUS] HEUTpaIN B IEUCTBUTEIILHOCTH MHOTO MEHbIIE (B OOJIBITMHCTBE
ciydaeB — MeHbiie 1 OM). Heyder ero mpuBOIUT K MOTPENTHOCTH HE BBIIIE
10%, HO TIpX ATOM YIIPOIIAETCS MPOLEypa U3MEPECHHUSI.

e [Ipu paspaborke  TpeboBanuii IIYD k  HOpMHpPOBaHHUIO
conpotuBieHni 3Y ObLI MPHUHIAT BO BHUMAaHHE TOT (PaKT, YTO YPOBEHb
AIEKTPOOE30MacHOCTH Yy MOTpeOuTenss  pacTeT C  YBEJIUYCHHUEM
conpoTuBieHUs HeTpanmu. [losTromy B Meronuke u3MmepeHus u (Gopmyiie
(4.5) conpoTuBIEHUE 3a3eMJICHUS HEUTpad HE YUUTHIBA€TCS. DTO BEHET K
MOJYYCHUIO 3aBBIIICHHOTO 3HAYEHHS R3y, CIEIOBATEIbHO, €CIIU U3MEPEHHOE
3Ha4YeHue OyAeT COOTBETCTBOBATh HOPMUPYEMOMY, TO (haKTHUECKOEe HUKOTIa
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He OyZeT BBIIIe U3MEPEHHOTO M 3JIEKTPOOE30MacHOCTh Y MOTpeOuTens (mpu
IPOYMX PABHBIX YCIOBUAX) OynieT obecreyeHa.

Hpyrue cnocoObl m3Mepenus Rsy paccmoTpensl B [20]. Cmocob ¢
MpPUMEHEHUEM KaluOpPOBOYHOTO pe3ucTtopa Haubonee >(DQexkTuBeH s
U3MEPEHHsS] COMPOTHUBJICHUS 3a3€MIISIIOIIMX YCTPOWCTB, MpeJHa3HAYCHHBIX
JUIS TIOBTOPHOTO 3a3€MJICHUS HYJIEBOTO MPOBOAA JJIEKTPUUYECKOW CETH
Hanpsokenuem  380/220 B.  Ero morpemnocts He mpeBbimaer  +10%.
Haxopsmuecs B 3emiie B 30HE pa3MEIICHUS 3a3€MIIMTENS MPOTSKEHHBIC
METaINTNYeCKHe KOMMYHHUKAIIMU HE BIUSIOT HA Pe3ybTaThl H3MEPEHUH, T.K.
DIIEKTpUYECKOE Tofie B 3emiie, Oyiarogapst OTCYTCTBHIO  TOKOBOTO
U3MEPUTEILHOTO JJIEKTpOJa, MpH H3MEpeHHH OyaeT TakKuM ke, KaKk U B
aBapUIfHOM pEXHME, KOTJa 3a3eMIISIONIEe YCTPOHCTBO BBHITIONHSIET CBOIO
3alUTHYIO (PYHKIIHIO.

4.3. U3mepeHune CONMPOTUBJIEHUS CBSI3H MEKIY dJIEMEHTAMH
3a3eMJISIOLIEr0 YCTPOMCTBA

Hedextsl 3Y BBIABISIOT MO pe3yibTaTaM HM3MEPEHHS CONPOTUBIICHUS
CBA3M MEXJy BCEMHM OCHOBHBIMH JOCTYIHBIMH I IHPUKOCHOBEHUS
AJIEMEHTAMM 3a3€MJIIOIIETO YCTPOWCTBA M HEKOTOPOW E€IWHOW OIIOPHOU
TOUKOM. Hanmnune ennHor ONOpPHOM TOUKHU SIBJISIETCS BAXKHBIM MOMEHTOM, T.K.
OOBIYHO JIMarHOCTHKA KOHTAaKTHBIX COEAUMHEHUH (3aMep MepexoJHOTo
COMPOTHUBJIECHUSI MEXKIY KOpHycoM (IIaccu) ammapara WiIM KOHCTPYKLHMH U
3a3€MJIAIOLUM MPOBOJHUKOM, WJIM Ja)Xe€ BCKPBITBIM 3a3zeMinreneM Ha OPY
MOJICTAHIIMM) TPU BCEH OYEBUIHOM MOJIE3HOCTH TaKOW Omepaiuu He JaeT
rapaHTUUd dJIEKTPUUYECKOM LEJOCTHOCTH CBs3M B 3Y oObekra. ITO
OOyCJIOBJIEHO TE€M, YTO MPOJIOKEHHBIE B TPYHTE 3a3€MJIMTENN IMOABEPKEHbI
KOpPpO3UH, HMHOTJa MX pa3pylIeHUE BBI3BAHO CTPOUTEIbHBIMH paboTami,
HEKaYE€CTBEHHOM CBapKOU U T.II. B 3TUX yCIOBHAX 3a3eMIISIOLIUN IPOBOJHUK
WJIU 3a3€MIINTENb, CBSI3b C KOTOPBIM IPOBEPSETCs, MOKET CaM OKa3aTbCs HE
CBSI3aHHBIM C OCHOBHOM YacCThIO 3a3€MJIAIOIIET0 YCTPOCTBA OOBEKTA.

B "Meroanueckux yKa3zaHHAX [0 KOHTPOJIIO COCTOSHUS 3a3€MJISIOIIHNX
ycTpoiicTB  anekTpoycranoBok" (P 153-34.0-20.525-00 PAO "EOC
Poccun") Ha moAaCTaHIUAX PEKOMEHAYETCS U3MEPSTh CONPOTUBIECHUE CBA3U
MEXKy 3a3€MJICHUEM anmnapaToB U KOHCTpyKIuil Ha OPY, ¢ 01HOM CTOPOHHI,
U 3a3eMIICHHEM HEeWTpanu OAHOro u3 TpaHchopmaTopoB. B kadecTtBe
MPEAEIBHO JTOMYCTUMOr0 3Ha4YeHUs NpuHUMaeTcs BennunHa 0,2 Om.

Ha peanbHbIX 00beKTax AJIMHA U3MEPUTENBHBIX LIETIEH TOCTUTAET COTEH
METpOB. [[ns mosydeHus: JOCTOBEPHBIX PE3yJIbTATOB HU3MEPEHUS JOJIKHBI
IIPOBOJUTHCS MO YETBIPEXIPOBOAHOM CXEME, T.€. JOJLKHBI MCIIOJIb30BATHCS
OTACJBbHBIC TIPOBOJHUKHA JUI IIOJAYM HU3MEPUTEIBHOIO TOKAa W A
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U3MEpPEHUs] Pa3HOCTH MOTEHIHAIOB. Takue WM MOAOOHBIE UM H3MEPEHUS
y)Ke JaloT HamMHOro Oosiee TOJIHYI0 HWHMOpMaIuioo 00 3IIeKTpUYECKOn
LEJIOCTHOCTH 3a3€MIISIFOLIIUX YCTPOUCTB.

JUis BBISBJICHUS XapaKTepa CBS3U MEXIY 3a3eMJICHHEM Kakoro-imoo
annapara U 3Y 00BEKTa, a TaKXKe I ONpPEAENICHUs BEIUYHUHBI 3TOTO
CONPOTHUBJIEHUSI MOXKXET MPUMEHSITHCS METOAMKA U3MEPEHHS CONPOTUBIECHUS
OCHOBaHHUSI OTHOCUTEIbHO omnopHodM Touku (puc. 4.5). Omgun wu3
MNOTEHIMAIBHBIX TOJIOCOB H3MEPUTENIBHOIO MNpHOOpa NPHUCOETUHSETCA K
3a3€MJICHUIO TPOBEpseMOro ammapara (KOHCTPYKIIMH), a BTOpOHM — K
JOIIOJIHUTEJIBHOM ONOPHOM TOYKE, IIPEAHA3HAYCHHOM Ul U3MEPEHHUS
NoTEeHIMaIa (HalpuMep, K YAAICEHHOMY 30HY WM 3a3€MJICHUIO PEJIeHHOro
HIUTa MOJCTAHIMU), @ HE K TOM K€ OMOPHOM TOYKE, YTO MPHU BBOJE TOoKa. B
KauecTBE BHEIIHET0 30HJa MOXET OBbITh UCIOJIb30BaHa, Hampumep,
BbIBEJICHHAs: W3 paboThl TenedoHHas mapa, 3a3eMJICHHAs Ha YAaJICHHOM
oobekTe. Ha y3r1e cBsI3u MOACTaHIMM 3Ta Mapa KPOCCUPYETCS K TOUKe
u3Mepenns Ha OPY u npucoenuHseTcss K OQHOMY M3 ITOJIFOCOB U3MEPUTENS
HaIpspkeHus. BTopoil momroc m3Mepurens HanpspKEHHsT BMECTE CO BTOPBIM
MOJIFOCOM HMCTOYHMKA TOKAa NPHCOEIUHSAETCA K 3a3€MJICHUIO H3MEPSEMOIO
annapara (KOHCTpyKUuH). B wurTore s omnpeneneHus: CONPOTHBICHUS
OCHOBaHMS TpeOyeTcsl pa3/esiuTh 3HAUYCHHE HAINPSDHKEHUS MEXIY TOYKOH
M3MEPEHHUS U MOTEHIMATbHBIM 30H/I0M Ha BEJIMYHMHY TOKA HArPy3KH.

Korma mexnay nByMs 3a3eMJIEHHBIMH M CBSI3AHHBIMU MEXAY COOOM
MPOTSKEHHBIM MPOBOJAOM KOHCTpyKIMsMU A u b pacpenyctpoiictBa Oyner
BKJIFOYEH MCTOYHHMK TOKA, TO MO 3a3€MJIMTENI0 U NPUIIEraloleMy K HeMy
IPYHTY TIOT€UET TOK 3eMiIsiHOro Bo3Bpara (puc. 4.6). Eciu Obl 3emist
ABJISUIACh U30JSTOPOM, TO BECh TOK BO3BpaIajics Obl K TeHepaTopy I0
MPOJOJIBHOMY  3a3eMiuTento.  Pacmpenenenwe  NOTEHIMala  BAOJb
3a3eMiIuTeNs ObLI0 Obl paBHOMEpHBIM (kpuBasi 1 Ha puc. 4.7), T.K. €ro
IIOTOHHOE COIPOTHUBIIEHUE OCTAETCS HEU3MEHHBIM 110 JJINHE.

B peanpHOCTM 3eMis HMMEET KOHEUHYI (OTVIMYHYIO OT HYyJIfA)
npoBOAMMOCTh. TOK 1O Mepe yJaleHuss OT MecTa €ero BBOJA
nepepacipeieNsieTCsl MEXTy MPOIOTBHBIM 3a3eMIIUTENEM U 3eMiiei. BOmm3u
TOYEK BBOJA M BBIBOJA TOKA 3aHATHIA UM 00BEM IrpyHTa OyAeT HEOOJbIINM,
HO OH OBICTPO YBEJIHMUYMBAETCS MO MEpE YAAICHUS OT KOHI[OB 3a3€MJIUTENS K
ero cepeaunte. Ha o0beKTax 3MeKTPOIHEPIETUKHU ITO YCUIIUBAETCSA TEM, UTO B
pacTeKaHWM TOKA MPUHHUMAET Yy4acTHE OOJBIIOE KOJIMYECTBO 3a3€MIIMTEINIEH,
00pa3yIoIUX CIOKHBIA 3a3€MJIUTENb CETYATON CTPYKTYPHI.

Ecnu cuutath npoAofbHbIN 3a3eMIUTENb BMECTE ¢ 00bEMOM TPYHTa, 10
KOTOPOMY MPOTEKAET TOK, HEKOTOPHIM SKBUBAJECHTHBIM MPOBOJHUKOM TOKa
3eMJITHOT'O BO3BpPaTa, TO 3TOT MPOBOJHUK OyAET UMETh IEPEMEHHOE CEUCHHE:
HauOosblllee — B CepelHE, HAUMEHbIIIEe — B TOYKax BBOJA U BHIBOJA TOKA,
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Teneponnas
T HUST

%[aneHHHH 3
TOCTYTI

1

Puc. 4.5. 3amepeHue conpoTUBIICHUSI OCHOBAHUS
3V IIC — 3a3emuistoniee ycTpocTBO nojactaniuu, [13 — noTeHmanbHbIi 30H,1
(ymaneHHBIN 00BEKT ¢ COOCTBEHHBIM 3Y, CBA3aHHBIN C MOACTaHIMEH THHUEH CBsi3H), TU —
touka u3mepenusi, OT — onmopHast Touka (0JJUH U3 CHJIOBBIX TpaHC(HOPMATOPOB), V —
CEJICKTUBHBINA BOJIBTMETD.

Puc. 4.7. Dnropel HanpsKEHUS BIOJb 3a3€MIIUTENS, CBSA3BIBAIOILETO KOHCTPYKIUU
A u b: 1 — B ciiyyae 6eckoHEUHO OOIBLIOTO YIEIBHOTO COMPOTUBIICHHUS 3EMIIH;
2 — 171 peaqIbHOrO CONPOTUBIICHUS 3EMIIN.
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T.e. B Toukax A u b. COOTBETCTBEHHO MOTOHHOE COINPOTUBJIECHUE TaKOTO
MPOBOJIHUKA Oy/eT HamOOJBIIMM BOJM3M €ro KOHIIOB, a pachpeleieHue
MTHOBEHHOTO 3HA4Y€HUsl MOTEHIMAla BJOJb HETO OyJeT HEePaBHOMEPHBIM.
[Ipu mpoTekaHuu TOKa MO MeTiie B npeaenax 3Y MakCUMyM MOTeHIHana (1o
MOJIYJIF0) OKa3bIBAa€TCS B TOUKE BBOJIA TOKA, 3aTE€M CHIKaeTcsl (KpuBas 2 Ha
puc. 4.7).

ConpoTuBIEHUE 3IEKTPUUECKON CBSI3U MEXAYy ABYMs Toukamu A u b
3a3eMJIIONIETO  YCTPOMCTBA MOXHO (C  HEKOTOPOM  MOTPEIIHOCTHIO)
MPEJICTaBUTh CYMMOM JIBYX COINPOTUBJICHUN: COMNPOTHBIICHUS OCHOBaHUS
KOHCTPYKIIMK A ¥ CONPOTUBJICHHUS OCHOBaHWs KOHCTpykimu b. Tlox
COIMPOTUBIICHUEM OCHOBAHMSI KOHCTPYKIMU A wiu b mpu 3TOM moHUMaeTcs
OTHOILIEHUE MOTEHIMalla, U3MEPEHHOT0 B TOUKe A (WM COOTBETCTBEHHO b), K
TOKYy TE€HEpaTropa, BKIIOYEHHOIO0 MeXIy HHUMH. CONpOTHBIECHUS OCHOBAHUM
KOHCTpyKIMid A W b B CyMMe [aloOT CONpPOTUBICHHE CBSI3U MEXKIY
KOHCTpYKIUaAMH A 1 b, uamepennoe B cootBercTBuu ¢ PJI 153-34.0-20.525-00.
JInst HaxoIsAmerocss B XOpPOIIEM COCTOSHUM 3Y BEJIMYMHA COMPOTHBIICHUS
ocHoBaHus Jexut B mpenenax 0,1 Om. 3Hauenus nopsaka 0,5 OM u Bbllie
CBUIECTEILCTBYIOT O HAPYIICHUH METALIOCBSI3HU C 3a3€MJISIIOLIUM YCTPOUCTBOM.

Meronuka W3MEpEeHHH CONPOTHUBICHUM OCHOBAaHUM MMEET sl
MPEUMYIIECTB, B MEPBYID OYEpeb — TMOHSATHBIA (QPU3NUECKUNA CMBICH
MOJ0OHBIX U3MEPECHUM.

Bo-BTOpBIX, €ciiM B KayecTBE IOIIOJHUTEIBHOM OIIOPHOM TOYKHU IIpU
M3MEpPEHUN TMOTEHIMana BbIOMpaeTcs 3a3emieHue peneriHoro muta (PII)
MOACTAHIIUU, TO YMHOXEHHE BEJMYMHBI CONMpOTUBIEeHHS Ha TOK K3 maer
OLIEHKY Pa3HOCTH MOTEHLUHANIOB, KoTopas npu K3 Ha mpoBepseMblid anmapar
(KOHCTpYKIIMIO) OyJeT MNpWIOkKEHAa K U30JALIUM BTOPUYHBIX KabOelew,
NOAXOASIIUX K HeMY (K HEl) WM IpOoXOoIiluX psaoM u yxoasmmx Ha PII.
B ciyyae npo6ost u30ms1uu, a TakKe, €ClIU BTOPUYHBIC LETH 3a3€MIITIOTCS
Ha OPY, 3Ta pa3HOCTh MOTEHIIMANIOB OyIeT MPHIOKEHA HEMOCPEICTBEHHO K
Bxogam ammapatrypsl Ha PII[. OueHka sBisieTCs CTPOroi, €clii BECh TOK
noanuTku K3 Bo3BpaliaeTcss kK HeUTpaiu TpaHncdhopmaTopa, BHIOPAHHOTO B
Ka4eCTBE OMOPHOMN TOUKH JIJI1 TOKOBOU LIETIN.

B peanpHOCcTM moanuTka Mecta K3 YacTMYHO MNPOUCXOAUT U3
sHeprocuctembl. Ilpu »3ToM s Oojiee TOYHOW OIICHKH Pa3HOCTH
MOTEHIIUAJIOB MPUMEHSAETCS METOJMKAa HMHUTAIMOHHOTO MOJICIUPOBAHMS,
npeaycMaTpuBaroIias MNPOBEACHUE HECKOJMbkux wu3Mepenuil. [lomoOHbIe
U3MEPEHUS MPOBOJATCS JJISI OTHAENBbHBIX AallaparoB M KOHCTPYKIIUH,
3HAYEHHUS COINPOTUBIICHUS] OCHOBAHUS KOTOPBIX OJM3KH K TMpeaesbHbIM
(06brynO 0,1-0,5 OM, a npu Tokax onmHodazHbix K3 Gomee 10 kA — maxke
menee 0,1 OM). DT0 BBI3BAHO TEM, UTO AK€ MPU HAIMYUU METAJUIOCBSI3U C
3a3eMJIAIOIIUM YCTPOMCTBOM Pa3HOCTh MOTEHIMAJIOB MOXKET OKa3aThCs
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3HAUYUTENBHOM, T.€. CYIIECTBYIOUIMX 3JEMEHTOB CHCTEMBI 3a3€MJICHHS HE
BCeT/Ia I0CTATOYHO 151 () (PEKTUBHOTO BHIPABHUBAHMS TIOTEHIIUAJIOB.

B-Tperbux, npu U3MEPEHUH COMPOTHUBJIEHUS OCHOBAHUSA H3MEPEHHOE
CONPOTUBIICHUE XapaKTEPU3yEeT CBSI3b HMEHHO IPOBEPSEMOro armapara
(xonctpykuu) ¢ 3Y obObekra. Ilpu m3MepeHHH CONPOTHUBIECHUS CBS3U
Ka4eCTBO CBSI3M NPOBEPAEMOM M ONOPHOM TOYEK C 3a3eMISIOLIUM
YCTPOMCTBOM B PABHOM CTENIEHU BIUSET Ha PE3yIbTUPYIOUIYIO BEIMUUHY.

B-ueTBepThiX, TpU  WU3MEPEHUU  COMPOTHBJICHUS  CBSI3U  TIO
YETHIPEXIIPOBOJHOM CXEME TOKOBas W TMOTEHIMAIbHAs IEMb Ha OTAEIbHBIX
Y4acTKax MPOKJIAIBIBAIOTCS MApPaUIETbHO. JTO MOXKET UCKAKATh U3MEPSEMbIC
3HAQUEHMSI 3a CYET HABOJOK CO CTOPOHBI TOKOBOM Iuenu. Ilpym wm3mepeHuun
COIIPOTHUBJICHUSI OCHOBaHMS TakoW MpoOJieMbl HE BO3HMKAeT (T.K. TOKOBas U
NOTEHIMAJIbHAS 1IeTlh HE MapajUieNibHbl), a MPU HW3MEPEHUU COMPOTUBIICHUS
CBSI3U €€ MOYKHO PEIlnTh, pazHecs 3TH 1enu Ha 10 M u OoJbIiie.

B 1menom jxe o0a MeToja MO3BOJAIOT MONY4YUTh HH(OpMaiuoo 00
AIEKTPUYECKOUN LETOCTHOCTH 3a3E€MIISIIOLIETO YCTPOMCTBA.

OueHka CONPOTUBIEHUS CBSI3M M CONPOTUBJIECHUNA OCHOBAHUU
OTIEIBHBIX  dJeMeHTOB  3Y  MpOW3BOAUTCA  0€3  OTCOCAMHECHUS
IPO303aMIUTHEIX TPOCOB, O0OJOUYEK OTXOMANMINX Kabelnel M eCTeCTBEHHBIX
3azemuutenieid. [Ipu HE0OXOIUMOCTH B X0/i€ U3MEPEHUN OIEHUBAETCS BKJIa]
€CTECTBEHHBIX 3a3€MJIUTEINICH B MOJYYEHHYIO BEJIMYMHY COMPOTUBIICHUS.

B peanbHOCTH KapTHHA W3MEpEHU ObIBACT CHIIBHO MCKaKeHA MTOMEXaMH,
MPAKTUYECKH HEM30CKHBIMU Ha TEPPUTOPUHU JEHCTBYIOIIETO YHEProoOHEKTA.
[looToMy  HWCHOJB3YIOTCS  CIEHUATbHBIE WHTETPUPOBAHHBIE  IU(POBHIC
puOOpHI, COBMEIIAIONINE B ce0€ MCTOYHUK TOKA M CEJIEKTUBHBIA BOJIBTMETD.
Paboyast yacrora mpuOOpOB OTIIMYAETCS OT IMPOMBIIUICHHOM YacTOThl U €€
rapMOHHUK, OOBIYHO HCHONB3yercs auanazoH 50-150 I'm. s obGecrieueHus
AIIEKTPOMArHUTHOW COBMECTUMOCTH  OOOpYJOBaHHS  IOJIE3HOM  SIBIISIETCS
uHbopMaIysi 00 U3MEHEHUH COTIPOTUBIICHHUS 3Y Ha BHICOKHMX YacTOTaXx.

PaccMoTpeHHbIE MeETOABI MOTYT HCIIOJIB30BaThbCSl HE TOJBKO Ha
MOJICTAHLIMSAX, HO U BHYTPH JIFOOBIX COOPYXEHH JUIsl KOHTPOJIS COCTOSAHUA 3Y .
B kadecTBe OMOpHON TOYKKM B OTOM Clydyae BBIOMpAETCS TJaBHAS IIIMHA
YpaBHUBAHUS TOTEHIMAIOB B 3JaHUU. ECIM NpUMEHSIETCS METOAuKa C
JIOTIOJTHUTENLHBIM TTOTEHIIUATIBHBIM 30HI0OM, TO B KQU€CTBE MOCJIEIHETO MOXKET
WCIIOJIB30BaThCA 3a3€MITUTENb, YCTAHABIIMBAEMBIIA, HAITPUMED, BO JBOPE 3AAHUS.

4.4. OcMOTp YCTPOMCTB 3aIUMTHI OT NPAMBIX YAAPOB MOJHHH

B skcrmyarauuu s nopnep:kanus 3amuthl or [IYM B ucnpaBHOM
COCTOSIHUM HEOOXOJUM €€ CUCTeMaTHYeCKUil 0ocMOTp. OCMOTpPHI MOACTAHIIUMA
C IOCTOSIHHBIM JICKYPHBIM MEPCOHATIOM ITPOM3BOMATCS HE PEXKE OJHOIO pasa

120



B TPO€ CYTOK, a MOJCTAaHIMN 0e3 MOCTOSHHOTO JEKYPHOTO NMEepcoHaia — He
pexe OJHOro pas3a B MECHL.

[Ipu  HeOnarompusiTHOM  moroje  (CUJIBHBIM  BeTep, TOJIOJNEH)
MOJHUEOTBOAbLl TOABEPralOTCA JIOMOJIHUTEIBHBIM OCMOTpaM. B mepByto
ouepep oOpalaeTcss BHUMaHHE Ha UX MEXaHHMUECKOe COCTOSIHIE U OCOOCHHO
Ha COCTOSHHE MOJHHUEIPUEMHUKOB, KOTOphIE, Kak Haubosiee cialbie
AJIEMEHTHl MOJHHEOTBOJIOB, YacTO MOJI BO3JCHCTBUEM CHJIBHBIX MOPHIBOB
BETpa U3rudaroTCs.

OcMOTpBl MOJIHUEOTBOJIOB HA TEPPUTOPUU DIIEKTPOIHEPTrETUUECKUX
OOBEKTOB TMPOU3BOIATCA M MEpEel HayalloM KaKIOro TPO30BOT0O CE30HA.
MOoJIHUEOTBO/IbI,  YCTAHOBJEHHBIE HA  OTKPBITBIX  PaCHpPeeIUTETbLHBIX
YCTPOMCTBaX C TIOCTOSIHHBIM JI€KYPHBIM II€PCOHAJIOM, OCMAaTpUBAIOTCS B
MEpUOJI TPO30BOTO CE30HA MOCHE Kaxaod Onu3KOoM Tpo3bl. BbIsBieHHBIE
HEHUCIIPAaBHOCTH 3aHOCATCA B KypHaJl JedEKTOB U COOOIIAIOTCS JIUIIAM,
OTBETCTBEHHBIM 32 COCTOSIHHE 3aLUTHI OT MPSIMBIX yJIaPOB MOJIHUH.

J71st KOHTPOJIst pabOTHl MOJIHUEOTBOOB U M3y4YeHUs Y(PPEKTUBHOCTU HX
JIEWCTBUSL HA TOKOOTBOAAX M HAa METAUIMYECKUX HECYIIMX KOHCTPYKIUSAX
WM Ha MOJTHUCTIPUEMHHUKAX MOJHUEOTBOJIOB C JKEJIE300€TOHHBIMU OTIOpaMu
YCTaHABJIMBAIOTCSI MAarHUTHBIE PErUCTPATOPbI, KOTOPbIE HAMArHUYHUBAIOTCS
MpU MPOXOKJIECHUH IO TOKOOTBOJAM M MOJHUETPUEMHUKAM TOKOB MOJIHUHU.
[Tocne okoH4YaHUS TPO30BOTO CE30HA MAarHUTHBIE PETUCTPATOPbI CHUMAKOTCS
U OTHOPABIISIIOTCS B BBICOKOBOJBTHBIE JIa0OpaTOpUM [JIsi TIPOBEPKU UX
HAMArHUYCHHOCTH U OMPEACIICHUS aMIUIUTYAbl TOKOB MOJIHUU, BBI3BABIIUX
3T0 HamarHuyuBanue. CpabaThlBaHHE€ MOJHHUEOTBOJOB OTMEYAeTCs B
BEJIOMOCTSIX y4eTa COCTOsIHUSA 3auThl oT [TYM.

[Tocne mnpoxokaeHus ONM3KOW TPO3bl YCTAHOBJICHHBbIE MAarHUTHBIC
pPErUCTPaTOpPbl KENATENbHO 3aMEHHTh Ha JpYyrue, MCIbITAHHBIE Ha
OTCYTCTBUE HAMarHM4eHHOCTHU. V3bAThIE pErUCTPaTOPhl aHATU3UPYIOTCS Ha
HaMarHM4YHUBaHUE.

[lepen  xamuTadbHBIM  PEMOHTOM  OOOpYJOBaHME  MOJCTAHIIUN
MOJIBEPraeTcsi CIEUUaJIbHOMY OCMOTPY, IpPH KOTOPOM COCTaBIISIFOTCS
BEIOMOCTH Ha Bc€ paldOThl, KOTOpBIE MPEINOJIaraeTcsi IMPOU3BECTH Ha
o0BekTe. B 3T1 BeTOMOCTH BHOCSTCSI M pabOTHI IO PEMOHTY MOJTHHEOTBO/IOB.
[Ipn cnenuanbHOM OCMOTPE MOJHUEOTBOJAOB CIEAYET OOpaTUTh BHUMaHUE
Ha BEPTUKAIBHOCTh WX TMOJOXXEHUS, OIEHUTh MEXaHMYECKYI0 MPOYHOCTH
HECYIIUX KOHCTPYKUUH (HaJnuue AePEeKTOB) U COCTOSAHHE (PYHIIAMEHTOB,
Hajnuyue Koppo3uu. IIpucTaBkM M CTOMKH MOJHHEOTBOJIOB C JEPEBSIHHOU
HECyIIEH 4YacThIO JIOJDKHBI MPOBEPATHCS HAa 3arHUBAaHHE JpeBecUHBI. [Ipu
HaJU4YUM TPOKEKTOPHBIX IUIONIAJOK Ha MOJHUEOTBOJAX OHHU TaKXKe
MOABEPratoTCs TIIATEIbBHOMY OCMOTPY. Pe3ysbTaThl OCMOTPOB 3aHOCATCS B
BEJIOMOCTh PEMOHTHBIX PaloT.
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