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BBEJIEHUE

Beibop pexxuma HEHTpaau 3JE€KTPOYCTAaHOBOK, KOTOpPbIE IO YCIOBUSAM
anekTpobezonacHoctd B coorBeTcTBUM ¢ TKII-339-2011 paszpensaiorcs Ha
AJIEKTPOYCTAaHOBKM HampspkeHueM 10 1 kB u Beime 1 kB, nomken BeiOupatbes ¢
Y4ETOM:

Oecriepe0oITHOCTH IIEKTPOCHAOKEHUS TPUEMHUKOB JIEKTPOIHEPT U,
— 5KOHOMHUYHOH pabOThl SHEPTOCUCTEMBI;

— HaAJEKHOCTHU CETEH,

— DJIEKTPOOE30MaCHOCTH CUCTEMBI,

- MHHHMYMa TIOTEPh JICKTPOIHEPTHUH,

— BO3MOKHOCTH OTPaHHUYCHUS KOMMYTAIIMOHHBIX ITePCHANPSKCHUIA;

— CHMHIKCHHUA DJICKTPOMAI'HUTHBIX BJIIMSIHUM HA JUHUHU CBSI3U,

n30MpaTENbHOCTH JACUCTBUS  pENEHHOM 3alluThl M TPOCTOTHI €€
BBIITOJTHEH NS,

— BO3MOXHOCTH yAEp>KaHUs MOBPEXKJACHHON JTUHUU B paldoTe;

— MpeAOoTBpAaIleHUs Pa3BUTHUS B CETH (DEpPOMArHUTHBIX SBJICHUI;

— BO3MOXXHOCTHU JAJIbHEUILNEro pa3BUTUA CHUCTEMbl 0€3 3HAuuTEelbHON
PEKOHCTPYKLHH.

BaxxubiM mnpu paboTe HIEKTPUUECKOW CETH SBISIETCS PEXHUM pPadbOThI
HeWTtpai. llog HEWTpalibl0 3JIEKTPUUYECKOM CETH ITOHUMAaKT COBOKYIIHOCTH
HEUTpaAILHBIX TOYEK 0OMOTOK TpaHC(hOpMaTOpoB (HYJIEBOW MOTEHIIMAI OOMOTOK,
COC/IMHCHHBIX B 3BE3[ly) M COCAMHSIOIIMX HMX MPOBOIHHUKOB. HelTpans Moxer
ObITh M30JIMPOBAHA OT 3€MJIM, COEAMHEHAa C 3eMJIed uepe3 aKTHUBHOE WM
PEAaKTUBHOE CONPOTHBIICHUE, a TAKXKE INIyX03a3eMJIECHHOM. Pexum 3a3emieHus
HEUTpadu HCKJIIOUMTEIIbHO BAXXHBIM  BONPOC MNPH  NPOECKTUPOBAHMM U
PEKOHCTPYKIMH CETHU, TaK KaK OH OIpPEIEAeT:

— TOK B MECTE MOBPEKJIEHUS U NIEPEHANPSIKEHHS HAa TOBPEXACHHBIX (a3zax;

CXEMY IOCTPOCHUS PEJICUHOM 3alNUThI OT 3aMbIKAHUHN Ha 3EMIIIO;

Bb100p OITH A 3ammThl OT epeHanpsHKeHUi;

JOIIYCTHUMOEC COIIPOTHUBIICHUEC KOHTYpPa 3a3€MJICHUS IOACTAHIIUH,

0e3011acHOCTh nepcoHala,

Ha/ISKHOCTH PabOTHI DJIEKTPOOOOPY TOBAHUS.

B Hacrtosimieit pabore pa3paboTaHbl BCE BO3MOXHBIE PEKUMBI PadOTHI
HEUTpaau »dJIEKTpoycTaHOBOK HampspkeHueM 0,4-750 kB ¢ Touku 3peHus
SKOHOMUKH M HAJIKHOCTH PaOOTHI AJEKTPOYCTAHOBKH M 3JIEKTPOOE30TMaCHOCTH,
JIAaHO CpaBHEHHE BO3MOKHBIX PEXKHUMOB pabOThl HEUTpaiH, JaHBI PEKOMEHIAINU
0 TPUMEHEHUI0 PEKUMOB pPabOThl HEWUTpaid, TIO BBHITOJHCHUIO 3a3EeMJICHUS
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HEHTpaiu Npu MOMOUIM PE3UCTOPa, HOPMUPOBAHHME BEJIMYMHBI COMPOTHBIICHUS
KOHTypa 3a3zemiieHusi Heutpanu B cetu 110-750 xB B coorBerctBUU C
HaNpsHKEHUEM PUKOCHOBEHHUS.

Hacrosimas pabota MokeT ObITh UCIIOJIb30BaHa MPU OOYUYEHHUH CITylIaTesen
NOBBIIICHUS] KBaNU(UKALMM, & TaKXX€ IEPCOHAJIOM IPOEKTHBIX OpraHU3alNH,
OTIEPaTUBHBIX CIIY>KO, IEPCOHAIOM, 00CITy>KHUBarOIUM 3JiekTpoycTtanoBku 0,4-750
kB.

1 OcHOBHBIE TEPMUHBI, IPUMEHsSIEMbIe IIPH BHINOJHEHUHN U IPOEKTHPOBAHUM
YCTPOMCTB 3a3eMJICHUS] HEUTPAJIU CETH

Onexmpuueckas cemb — COBOKYIHOCTb AJIEKTPOYCTAHOBOK JJI MEepeJadyu U
pacmpenenieHnss  JJCKTPUYECKOM  DHEPruH, COCTOsIIas W3  MOACTAHIIHM,
pacnpeeuTeIbHBIX YCTPOMCTB, TOKOIIPOBOIOB, BO3AYIIHBIX, KaOCIbHBIX JIMHHM
AJIEKTpoIiepeaun, paboTaomKX Ha ONPEACIICHHON TEPPUTOPHUH.

Onexkmpoobopydosanue — n000e 000pyJAOBaHUE, MPEIHA3HAYEHHOE s
MPOU3BOJICTBA, MPeoOpa3oBaHMs, MepeJayd W pPACTHpPEETCHUsT JIIEKTPUIECKOU
SHEPTHH.

Onexmpoycmanoéka —  COBOKYIMHOCTh MAIllMH, anmaparoB, JIHHHM,
BCIIOMOTATEIILHOTO 000pyI0BaHMsI (BMECTE C COOPYKCHUSMHU U TIOMEIICHUSIMH, B
KOTOPBIX ~ OHHM  YCTaHOBJICHBI), TNpPEAHA3HAYCHHBIX I  MPOM3BOJICTBA,
npeobpazoBanusi, TpaHchOpMallMM, TEpPeAayd, PaCHpPECNICHUs JIIEKTPUIECKON
SHEPrUM M npeodpa3oBanus ee B Apyroi Bua snepruu (OCT 30331.1-95).

I nyxozazemnennas  uetimpans —  HEUTpadb  TpaHcpopmaTopa WU
reHeparopa, MpUCOEAMHEHHAs K 3a3eMIIAIONIEMY YCTPOWCTBY HENOCPEICTBEHHO
WM Yepe3 Majoe CompoTuBieHHEe (Hampumep, depe3 Tpanchopmatopsl Toka). K
CEeTSIM C IJIyX03a3eMJICHHOW HEHUTpasiblo OTHOCATCS ceTu HanpsbkenueM 0,38 kB u
Hanpspkeauem 110 kB u Boie.

Hszonuposannas metimpans — HEWTpalib TpaHCPOpMaTopa WIM T€HEepaTopa,
HE TIPUCOCTUHEHHAs K 3a3eMIIIONIEMY YCTPOWCTBY WIIM MPUCOEAMHEHHAS K HEMY
yepe3 NMpuOOphl CUTHAIM3AIMY, U3MEPEHUS, 3aIUTh, 3a3eMJISIOIINE AYToracsiiue
peakTopel U MOJOOHBIE MM YCTpPOICTBa, MMerolue Oonbiioe conpoTuBieHue. K
CEeTSIM C M30JIMPOBAHHON HEUTPabi0 OOBIYHO OTHOCSTCS CETH HampsbkeHuem 6,10
u 35 kB.

3azemnenuem KaKoU-11u00 4aCTU JIEKTPOYCTAHOBKHU WJIU JPYTOMl yCTAHOBKHU
Ha3bIBACTCSl MPEAHAMEPEHHOE JJIEKTPUYECKOE COCAMHEHHE JTOW 4YacTH ¢
3a3eMJISIIOLIMM ~ YCTPOMCTBOM MJIM  3a3€MJIUTENEM, C KOTOPBIX MPOUCXOJUT
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CTeKaHMe TOKa HermocpeacTBeHHO B 3emitto (1 3.13 TKII-339).

3awumnoe 3a3emnenue — 3a3eMIICHUE YaCTEN AIEKTPOYCTAHOBKH, OTKPBITHIX
MPOBOJIANIUX YacTe M CTOPOHHUX MPOBOJAIIMX YacTe C IENIbi0 o0ecreyeHus
anekrpobesonacHoctd (TOCT 30331.2-95). OTkpbIThIE TPOBOJISAIIAE YaCTH U
cropounne mnposBoasme dactd (OIMY u CIIY) B paboueM cOCTOSHHU
U30JIMPOBAHbI OT paboyero HampsiKEHUs, HO MOTYT OKa3aThCs O]l HAMPSHKEHUEM
BCJICJICTBUE TIOBPEXKACHUS U30JIALINU.

Pabouee 3azemnenue — 3a3emienre Kakoiu-1n00 TOUKM TOKOBEAYIIEH yacTu
AIIEKTPOYCTAaHOBKH, HEOOXOAMMOE ISl 00eCTieYeHHs] padOThl AJIEKTPOYCTAHOBKH.
PaGouee 3a3zemiieHME MOXXET OCYHIECTBISITBCS HEMOCPEICTBEHHO (TiIyxoe
3a3eMJICHHME) WJIM 4Yepe3 CleluaibHble anmnapaThl (MPOOUBHBIC MPEIOXPAHUTEIIH,
OITH, ayroracsiiue peakTopbl, Pe3UCTOPHI).

3amvikanue Ha 3emal0 — CIy4YalHOE COEJUHEHHE HaXOMSIIUXCS MO0
HaIpPsDKEHUEM 4YacTe JJIEKTPOYCTAHOBKM C KOHCTPYKTHMBHBIMM 4YacTAMH, HE
U30JIUPOBAaHHBIMH OT 3€MJIM, WJIM HEMOCPEACTBEHHO C 3eMJiei). 3aMbIKaHHE Ha
3eMJII0 BO3HUKAIOT BCJIEACTBUE MPOOOS U3OJISILMK, 0OpbIBA U MaJ€HUs MPOBOJA U
T.11. (. 3.16 TKII-339).

3amvikanue Ha Kopnyc — CIy4ailHO€ COEIMHEHHE HaxXOJIAIIUXCS IO
HAMpPsHKCHUEM YacTeH JIEKTPOYCTaHOBKH C UX KOHCTPYKTHBHBIMH yacTssmu (OITH)
HOPMaJIbHO HE HAXOSMUIMMUCS TMOJI HANPSXKEHUEM. 3aMbIKaHUS Ha KOPILyC
BO3HHUKAIOT BCJEACTBUE MpOo00sS H3OJSALMH, CIYy4YalHOTO COMPUKOCHOBEHUS
HEU30JIMPOBAHHBIX MPOBOJOB C KOPIYCOM H T.II.

Tox 3amwvikanusi Ha 3eMa110 — TOK, CTEKAIOUMHA B 3E€MIII0 YEPE3 MECTO
3aMbIKaHus. TOK 3aMbIKaHUSI Ha 3€MJII0 BO3HHMKAET BCIICJICTBUE MOBPEXKIACHUS
U30JISIUY WIK 00pbIBA U MAJEHUSI TPOBOJIA HA 3€MJTIO UJIU HA KOHCTPYKIIUH.

3azemasaiowee ycmporicmeo — COBOKYITHOCTb 3a3€MIIMTENS U 3a3EMJISIOLLIUX
IIPOBOJAHUKOB.

3azemaumeny ~ — TNOPOBOAHUK WM  COBOKYNHOCTh  METAJUIMYECKHU
COCIMHEHHBIX MEXIy COOOW MPOBOJHUKOB, HAXOASIIMXCA B HEMOCPEICTBEHHOM
COIPUKOCHOBEHUU C 3eMJIiei). 3a3eMITUTEINh BCET/Ia HAXOMUTCS B 3€MIIe, BOJC WIIH
JIPYroM MPOBOSAIIEH CpEIE.

Hckycemeennvlil 3a3emaumens — 3a3€MIHUTENb, CHEIUAIBHO BBINOIHAEMbIN
JUIs LeJied 3a3emieHus. Kak nmpaBuio, HCKyCCTBEHHBIN 3a3€MIIUTEIb BBITOJIHAETCS
U3 MOJIOCOBOM CTallM ceYeHHeM He MeHee 4X12 MM uiu Kpyriioi cTaau AuaMeTpoM
He meHee 10 mm.

Ecmecmeennvie 3azemnumenu — HAXOIALIUMECS B COINPUKOCHOBEHHH C
3eMJIEN BJIEKTPOINPOBOASIIME YaCTHU KOMMYHHKAUWW, 3JaHUM M COOPYKEHHM



MIPOU3BOICTBEHHOTO HA3HAYEHUS, UCTIOJIb3yEeMbIe IS 1IeTIeH 3a3eMIICHUSI.

K  ecrecTBeHHBIM  3a3€MIIMTENIIM  OTHOCATCS ~ METAUIMYECKUE |
XKeNe300€TOHHbIE KOHCTPYKIIMU 3JaHUM W COOPYKCHHM, TOJ3eMHbIE YacTh
xKene300eToHHbIX ormop BJI, BomONMpOBOIHBIE METaUIMUECKHE TPYOOIPOBOJIHI,
Hyjesbie npoBoaa BJI 0,38 kB ¢ moBTopHBIMU 3a3eMIUTENAMHU (MOTYT CIYXKHTh
CIIMHCTBEHHBIM 3a3eMjuTeNieM Ipu kKoinmdectBe BJI He meHee nByX), oOcaiHbie
TpyOBl CKBa)XMH, BOJIOBOJIbI, CBHHIIOBBIC OO0OJIOUKHM KaOeliei, IPOJIOKEHHBIX B
3emyie (MOTYT CIY)KUTh €IMHCTBEHHBIM 3a3¢€MIIMTEJIICM IPH KOJUYECTBE KaOeien
HC MeHee JBYX) M T.I. ECIM CONPOTHBJICHHWE €CTECTBEHHBIX 3a3E€MIISIONIUX
YCTPOHCTB HMEET JOMYCTHMbBIC 3HAYCHHS, TO HCKYCCTBCHHBIC 3a3EMIIMTEIN
OPUMEHSIOTCS.  JIMIIb TPH  HEOOXOJAMMOCTH CHIDKEHHSI TUIOTHOCTH TOKOB,
MIPOTEKAIOIIUX 110 €CTECTBEHHBIM 3a3EMITUTEIISIM.

Omxkpvimvle  npogodawyue  uyacmu  —  HETOKOBEIYIIME  YacTH
AJIEKTPOYCTAaHOBKH, JTOCTYITHBIC MPUKOCHOBEHHIO, KOTOPBIE MOTYT OKa3aThCs MO
HaMPsHKCHUEM MPU HApYIICHUH U30JISIIUNA TOKOBEIYIIUX YaCTEH.

3ona pacmekanusi — 007acTh 3€MJIM B TIpejenax KOTOPOHW BO3HUKAET
3aMETHBIN TPAIMEHT MOTCHIINAIA TIPU CTEKAHUU TOKa C 3a3E€MITUTEIIA.

3ona Hynesoco nomenyuaia — 30Ha 36MJIM 3a TIpeieaMu 30Hbl paCTEKaHUSI.

Conpomuenenue 3azemnsowe20 yCmpoucmea — OTHOIICHUE HATIPSKEHUS Ha
3a3eMJISIOIIEM YCTPOUCTBE K TOKY, CTEKAIOIIEMY C 3a3€MJIUTENS B 3EMIIIO.

Hanpsoicenue nHa 3azemnaiowem ycmpoucmee — HapsDKEHUE, BOZHUKAIOIIEE
Py CTEKAaHWW TOKAa C 3a3eMJIUTENS B 3EMIIF0 MEXAY TOYKOM BBOJA TOKa B
3a3eMJISIIOIIEE YCTPOMUCTBO M 30HOM HYJIEBOTO MOTEHIIUANIA.

OKeusaneHmuoe yoeibHoe CONpomueieHue 3eMiu C HeOOHOPOOHOL
CMpYKmMypou — TaKoe YJIeJbHOE COMNPOTUBICHUE 3€MJIM C OAHOPOJHOM
CTPYKTYPOM, B KOTOPOW CONMPOTHUBIICHNE 3a3EMIISIONIETO YCTPONCTBA UMEET TOXKE
3HaueHue. YTo U B 3eMJie C HEOTHOPOIHOU CTPYKTYPOH.

Koagppuyuenm zamvikanus na 3emnro 8 mpexgasnoi 31eKmpuyeckol cemu
— OTHOIIEHUE PA3HOCTHU MOTEHIIMATIOB MEXITYy HETOBpPEXKIACHHOU (a3oi u 3eMyeil B
TOYKE 3aMBIKAHUS Ha 3EMIII0 JIPYrod WiW JBYX Jpyrux (a3 K pasHOCTH
MOTEHIIMAJIOB MEXy (pa3oil v 3emiieil B 3TON TOUKE 10 3aMbIKAHHUS.

Onekmpuueckas cemv ¢ 9IQDDeKMUBHO 3A3eMIEHHOU Heumpanvilo —
Tpex(dazHas »syekTpuueckas ceTb HampsbkeHuem Boime 1 kB, B kotopoi
K02 PUITMEHT 3aMbIKaHUS HA 36MJTIO HE mpeBbimaeT 1,4,

033 - ogHodazHoe 3aMbIKaHUE HA 3EMJIIO.

Y30 — yCcTpOKCTBO 3aIMTHOIO NOTEHIHAIIA.

Hanpsoicenue npuxocnosenus — HaNpsiKEHUE MEXIY JBYMsI TOUYKAMH II€ITU



TOKAa 3aMBIKaHUs Ha 3eMJII0 (KOPITyC) IPU OJJHOBPEMEHHOM MPUKOCHOBEHUH K HUM
YeJloBeKa WM  HalpsbKEeHUe, TMOSBIAIOIIEECS Ha Tele  4eloBeKa Mpu
OJTHOBPEMEHHOM IMPUKOCHOBEHUH K JIBYM TOUYKaM MPOBOJHUKOB HJIM MPOBOISAIINX
qacTeil, B TOM YHCJIE MIPU MOBPEKIECHUU U30ISALUU.

Hanpsascenue omnocumenvHo 3emau npu 3aMbIKAHUU HA KOPHYC —
HaIpsHKEHUE MEX]y 3TUM KOPITyCOM M 30HOW HYJIEBOTO MOTEHIMAA.

3azemnenue Gynxyuonarvroe (pabouee, mexmonrocuueckoe) — 3a3eMIICHUC
TOYKHU UM TOYEK CHUCTEMbI, YCTAHOBKH WJIM 000PYJIOBaHHUS, B LIEIAX OTIMYHBIX OT
1eJIeH AIeKTPOoOEe30IaCHOCTH.

3ona pacmexanus (noxanvHas 3emns) — YYACTOK 3€MIIH  MEXKAY
3a3€MJIMTENIEM U 30HOM HYJIEBOTO ITOTEHIMAA.

Hanpsoicenue waea — HanpshkeHUE MEXAYy JABYMsS TOYKAMU 3€MJIH,
0OyCIIOBJICHHOE pacTeKaHMEM TOKa 3aMbIKaHHs Ha 3€MJII0 OJAHOBPEMEHHBIM
KacaHMeM HOramu yesioBeka. Bennuuny mara o0Obrano npuHumatot 0,8 m.

2 Pe:xkumbl paboTsl HeliTpaau B cetu B cetn 0,4 kB

C Y4E€TOM COBPEMEHHOMU KOHLETILINHU 3JIEKTPOOE30MaCHOCTH
JIEKTPOYCTAHOBOK 3JaHWI INpu HampsbkeHun a0 1 kB B Hacrosiuee Bpems
nemctByeT kommuiekec 'OCT 303311-95 — 'OCT 30331.9-95, koTophblil coaepKkut
MOJIHBI ~ ayTEHTUYHBIA TakeT MEeXIyHapogHoro craHgapra MOK 364
«DJEKTPUYECKUE YCTAHOBKM 3/1aHuii» TpeOoBaHMS aHHOIO CTaHJApTa JIOJKHBI
YUUTBIBATHCS NIPHU pa3padOTKe peKUMOB pabOThl HEUTpaH.

B rnaBe 1.7 TKII-339-2011 mpuBeneHbl BO3MOXKHBIC BapUaHTHI (PEKUMBI)
3a3eMiieHUsl HeiTpanu. Pexum 3azemieHus HeHTpainu o0003HaYaeTcsi JByMs
OyKBaMU: MepBasl YKa3bIBAaCT PEXHUM 3a3€MJICHUS HEUTpadu MCTOYHUKA IUTAHUS,
BTOpasi — OTKPBITBIX MPOBOAAIIMX uvacTel. B 0003HaueHMAX HCHONIB3YIOTCA
HavaJbHbIE OYKBBI (DPAHITY3CKUX CIIOB!

— T (terre — 3emiis) — 3a3eMIICHO;

- N (neuter — HeiiTpaiip) — MPUCOSAMHEHO K HEHTPAIN UCTOYHHUKA,;

- | (isole) — u3omupoBaHo.

T — HenocpeICTBEHHAs CBA3b  OTKPBITBIX  MPOBOJAIIMX  YacTel
NIEKTPOYCTAHOBKUA C 3€MJIEM, HE3aBUCUMO OT XapakTepa CBS3M HCTOYHMKA
IIUTAHMS C 3EMIIEH.

N — HemocpeIncTBeHHasl CBs3b OTKPBITHIX HpoBoasmmx uacted (OITY) c
HEUTpaJIbl0 TpaHcpopMaropa WIM TOYKOW 3a3€MIICHHS MCTOYHHMKA IUTAHUS.

[Tocnenytonue OYKBBI ONPEAENAIOT CIOCO0 YCTPOMCTBA HYJIEBOIO 3aIIMTHOIO U

8



HYJICBOI'O pab0Yero MpoOBOJIHUKOB!

S - o¢yukuu HyneBoro 3amuTHoro (PE) u nysneBoro pabouero (N)
HPOBOHMUKOB 00ECIICUNBAIOTCS Pa3/IC/IbHBIMU TIPOBOTHHUKAMH.

C — GyHKIMH HYJIEBOTO 3allIMTHOTO M HYJIEBOTO PabO4Yero MpOBOJHHKOB
obecrieunBaroTcst ogHUM 001uM npoBoaarkam (REN).

Takum 00pa3oM, THII CHCTEMBI 3a3€MICHHS — 9TO KOMILICKCHAS
xapakrtepuctuka, koropyto ['OCT  ycranaBnmuBaeT Uil  COBOKYIIHOCTH,
BKJIFOYAIOIICH B ceOsS ¢ OJHON CTOPOHBI — MHTAIOUIYIO JJICKTPUYECKYIO CETh, C
APYroi CTOPOHBI — IIEKTPOYCTAHOBKY.

WnmrocTpalin pa3jndHbIX THIIOB CHCTEM 3a3eMJICHHS IPEACTAaBICHBI Ha
pucyHkax 1-4 Ha mpuMepe YCIOBHOW 3JIEKTPOYCTAHOBKH, KOTOPas MOIKIFOUYEHA K
MUTAOMICH SIEKTPUUECKON CETH, COCTOSIICH U3 TPaHCHOPMATOPHOM MOACTAHIIMH
(I1C) u BozaymHo# (BJI) nnu kabenbro#t (KJI) muHUEM 37eKTpOnIepe1adH.
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Pucynok 1 — Tun cucremsl 3azemiuenust TN-C. HyneBoii pabouuii u
HYJIEBOM 3alLlUTHBIA IPOBOAHUKHN OObEIMHEHBI 1O BCEH CETH.
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Pucynok 2 — Tun cuctemsl 3a3emiieHust TN-S. HyneBoit pabounii 1 HyJIeBOM
3aIIUTHBIN TPOBOJHUKU PabOTAIOT pa3/ieIbHO.
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YcnoBusie o0Oo03HaueHUs, mpuHATHIE Ha pucyHke 1, 2 coorBerctByroT ['OCT
30331.2-95

L1, L2, L3 — da3Hbie IpOBOIHUKHI
- HyzeBoi 3amuTHbI ipoBoaHUK (PE)

% - HyIeBoi padounii mpoBoaHuK (N)

% - COBMEIIECHHBIN HYJICBOW 3alIUTHBIN U pabounii mpoBoaHKK (PEN)

1 —3a3eMJIcHHE HCTOYHUKA MUTaHUS (HEHTpaau TpanchopMaTopa)
2 —3alUTHOE 3a3eMJICHUE JICKTPOYCTAHOBKU Ha BBOJIC B 3/IaHKE
3 — oTKpbIThIe TpoBoasire yacTu (OITY)

4 — 3aIUTHBIC KOHTAKThI PO3ETOK
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Pucynox 3 — Tun cuctems 3a3emiuenust TN-C-S. B nuraromieit cetu
HYJIeBOW pabo4uil M HyJI€BOU 3alIUTHBIN MPOBOAHUKN 00BETUHEHBI.
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Pucynoxk 4 — Tun cuctemsl 3a3emiieHust 1T

YcnoBueie 0003HaueHUs, MpUHATHIE Ha pucyHke 3, 4 coorBercTBYyIOT ['OCT
30331.2-95

L1, L2, L3 — da3Hbie mpOBOIHUKHI
- HyJIeBOH 3aIuTHEIN poBogHHK (PE)

% - HyJIeBO# paboumii mpoBoaHUK (N)

% - COBMEIIICHHBIN HYJICBOW 3alUTHBIN 1 padounii mpoBoaHuK (PEN)
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1 - 3a3emiieHHe UCTOYHMKA TUTaHUs (HEHUTpaiu TpaHchopmMaTopa)
2 —3alUTHOE 3a3€MJICHUE DJICKTPOYCTAHOBKY Ha BBOJIC B 3/IaHHE
3 — oTKpbIThIe TpoBoIsmre yacTu (OITY)
4 — 3aIUTHBIC KOHTAKTHI PO3ETOK
B cucreme TN-C (pucyHok 1) tpanchopmaTopHas MOACTAHIHS HUMEET

HETOCPECTBEHHYIO CBsI3b HEWTpaiu TpaHchopmaropa (TOKOBEIyIIUX YacTei) ¢
3a3eMIIIOIIMM  yCTPOMCTBOM (TIIyXO3a3eMJICHHAss HeHTpaiab). Bce OTKpBIThIC
NPOBOJAIINAE YaCTH DJIEKTPOYCTAaHOBOK (OTKpBITash MPOBOASIIAS 4YacTh —
JOCTYITHAsA MPUKOCHOBEHUIO IPOBOJAIIAS YaCTh AIEKTPOYCTAHOBKA HOPMAJIBHO HE
HaxoJsIIasCs TOJ HaNpsKEHUEM, HO KOTOpas MOXET O0Ka3aTbCsl MOJ
HanpsDKEHUEM, MpPU MOBPEXKICHHUH OCHOBHOM M30JALMH, K HHM OTHOCSTCS
META/UIMYECKHE KOpITyca 3JIEKTPOOOOPYAOBAHUSI) HMEIOT HEMOCPEACTBEHHYIO
CBSI3b C 3a3E€MJIAIONIUM YCTPOMCTBOM mojicTaHiuu. [ns obecnieueHus 3Toil CBSA3U
HPUMEHSICTCS COBMEIICHHBIN HYJICBOW 3allIUTHBIN U padounii mpoBoaHUK (PEN).

B cucreme TN-S (pucyHok 2) moxcraHius (MCTOYHHK TUTAHHS) HMEET
HETOCPECTBEHHYIO CBsI3b HEWTpaiu TpaHchopmaropa (TOKOBEIYIIUX YacTeil) ¢
3a3€MJISIIOIMM ~ YCTPOWMCTBOM.  Bce  OTKphITBIE  NPOBOASIIME  YacCTU
AIEKTPOYCTAHOBKM  HMMEIOT  HEMOCPEACTBEHHYKO CBSI3b €  3a3€MJIIIOLIUM
yCTPOUCTBOM moAcTaHIuu. it oOecrieueHus TOW CBSA3M Ha TOJIOBHOM (IO X0y
DHEPIUHU) yYacCTKe MUTAMOIICH SJICKTPUYECKON CETH MPUMEHSCTCS COBMEIICHHBIM
HYJIeBOW 3aIuTHBIA u paboumii npoBomHuk (PEN), B ocrtampHOW wacTu
AEKTPUUYCCKOM CETH — OTACIbHBIN HYJICBOM 3aIuTHbIA mpoBoAHKK (PE).

Cucrema TN-C-S-mpencrasisiet co6oit komOuHarmio cucreM TN-C u TN-S.

B cucreme TT (pucyHok 4) moJACTaHIUS UMEET HEMOCPEICTBCHHYIO CBSI3b
HeliTpanu  TpaHcopmaropa  (TOKOBEOYIIMX  YacTei) C  3a3eMIISIOIIAM
YCTPOMCTBOM. BcCe OTKpBITBIE MPOBOJSAIIME YAaCTU HMMEKOT HEMOCPEICTBEHHYIO
CBA3b C 3a3eMJIIOIIMM YCTPOMCTBOM 4Yepe3 3a3€MIIMTEINb, JJIEKTPUUYECKU
HE3aBUCUMBIN OT 3a3eMJIMTENI HEUTpaiu TpanchopmaTopa.

B cucreme IT nwuraromas cerb HE HUMEET HENOCPEIACTBEHHOH CBS3H
TOKOBEAYIIMX YacTel C 3a3€MJISIOLIMM YCTPOWCTBOM, @ OTKPBIThIE MPOBOJSIINE
YacTH JIEKTPOYCTAHOBKH 3a3EMJICHBI.

B Hacrosiiee Bpems mupokoe pacrpoctpanenue umeer cuctema TN-C, B
KOTOPOM OTKPBITBIE MMPOBOJAIIME YACTH 3JIEKTPOYCTAHOBKH COEAMHSIOTCA C
TOYKOW  3a3emiieHHWsl HedTpanu TpaHchopmaropa (MCTOYHWKA  THTAHUS,
COBMENICHHBIM HYJIEBBIM M paOb04YMM MPOBOJHUKOM). DTa CHCTEMa OTHOCUTEIBHO
npocrag u JemeBad. OpHako, OHa HE MO3BOJISIET 00ECHEYUTh JOCTATOUYHBIN
YPOBEHb 3JIEKTPOOE30MACHOCTH.

Huwxe mnpuBeneHbl CpaBHEHUS BCEX BO3MOXKHBIX PEXUMOB pPabOThI
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HerTpanu. OCHOBHBIMU KPUTEPHUSIMU CPABHEHUS SBIISIOTCS:

— JJEKTPOOE30MaCHOCTh — 3alllUTa OT MOPAKEHUS JIOACH SJICKTPUUECKUM
TOKOM);

— T0XKapo0e30MacHOCTh — BEPOSITHOCTh BO3HUKHOBEHUS TIOXKApOB IPHU
KOPOTKHUX 3aMBIKAHUSX;

— OecnepeOOMHOCTh JIEKTPOCHAOKEHUS TOTPEOUTENEH;

— TIEPEHANPSDKEHUSA U 3alllUTa OT HUX, 3alUTa U30JISIUH,

— JJIGKTPOMAarHuTHasi COBMECTUMOCTh B HOPMAJIbHOM pEXHUME pabOThl U
PU KOPOTKUX 3aMbIKAHUSIX;

— TOBpEXIeHUS deKTpoodbopyaoBanus npu O33;

— TPOEKTHPOBAHUE U IKCILTyaTaIlHsl CETH.

Cets TN-C.

Ceru 0,4 xB ¢ Takum pexumMoM 3a3eMJICHHS HEUTpaId U OTKPBITHIX
NPOBOASAIINX dYacTe (3aHyJIeHHEM) J0 IMOCIEAHEr0 BpEMEHH OBbUIM IIHPOKO
pacnpoctpanessl B Pb.

Onektpode3onacHocTh B cetd TN-C mpu KOCBEHHOM NPUKOCHOBEHHH
(koCBEeHHOE TMPHUKOCHOBCHHE — JJICKTPUYCCKHH KOHTAKT JIFOJCH M KMBOTHBIX C
OTKPBITBIMH TIPOBOJISAIIAMHU YaCTSIMH, OKA3aBIIUMHKCS IO HANPSHKCHUEM IPU
MOBPEXKJICHUU M30JSIIIUU. TO €CTh 3TO MPUKOCHOBEHHE K METaUIMYECKOMY
KOPITYyCY  DJIGKTpPOOOOpYIOBaHUS MpU  MpoOoe  HM3OJSIIMH  HA  KOPITYC)
oOecrieuynBaeTcs OTKIIOYEHUEM BO3HHUKIINX OJTHO(MA3HBIX 3aMbIKAaHUIN Ha KOPITYC C
TIOMOIIBIO TIPEAOXPAHUTENICH WM aBTOMAaTUYECKUX BhIKTIoYaTeneid. Pexxum TN-C
ObLT TPHUHAT B KAyeCTBE TIJIABEHCTBYIOIIETO B TO BpEMsl, KOTJlda OCHOBHBIMU
ammapataMy 3allldThl OT 3aMBIKAaHUKW HAa KOPIYyC OBLIM TMPEJOXpaHUTEIH U
aBTOMATUYECKUE BBIKIIOYATENIN. XapaKTePUCTUKU cpabaThIBaHUS ATUX aIlllapaToB
3alIUTHl B CBOE BPEMsI OMPEICISUTNCh OCOOCHHOCTSIMH 3alUIIAEMBIX BO3TYITHBIX
muani (BJI) u xabenbubix auaui (KJI), anexrpoasurarencii u Apyrux Harpysox.
OOGecrnieueHue 3JeKTPoOe30MaCHOCTH ObLIO BTOPOCTEIIEHHOM 3a/1auei.

[Ipyu oOTHOCHUTEIBPHO HHU3KMX 3HAYEHUSX TOKOB ojHodazHoro K3
(ymaneHHOCTh, HArpy3kd OT HCTOYHHKA, MaJoe CEUCHHE IIPOBOJA) BpeMs
OTKJIFOYEHUSI CYIIECTBEHHO Bo3pacTaeT. [Ipu 3ToM ayieKTpornopakeHue 4eaoBeKa,
MPUKOCHYBIIIETOCS K METaUTMUYECKOMY KOPIyCy, BecbMa BeposTHO. Hampuwmep,
JUIs o0ecriedeHus 3ekTpode3onacHocTy oTkioueHne K3 Ha kopryc B cetn 220B
JIOJDKHO BBITIOJHATHCS 32 BpeMms He Ooisee 0,2c. B cooTBeTCTBHM CO CTaHIApPTOM
IEC 60364, B coorBerctBun ¢ I'OCT 30331.3-95 - 0,4c. Ho Takoe Bpems
OTKJTIOUCHUSI TPETOXPAHUTETNM W aBTOMATHYECKUE BBIKIIIOYATEIN CIIOCOOHBI
00ecreyuTh TOJILKO MPU KPAaTHOCTSAX TOKOB K3 MO OTHOILIEHHIO K HOMUHAIBHOMY
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TOKy Ha ypoBHe 6-10. Takum oOpaszom, B cetu TN-C cymectByer mnpobiema
oOecrieyeHuss  0€30MAaCHOCTM  MpPU  KOCBEHHOM  IPUKOCHOBEHHWHM  H3-32
HEBO3MOXKHOCTH oOecrieueHusi ObicTporo otkimrodeHusi. Kpome toro, B cetu TN-C
npu ogHopazHoM K3 Ha Kopmyc SIEKTpONpUEMHHMKAa BO3HHMKAET BBIHOC
NOTEHLMala MO0 HYJEBOMY TIPOBOJYy Ha KOpIlyca  HEMOBPEKICHHOIO
00Opy/sOBaHus, B TOM YHCIE OTKIIOYEHHOTO M BBIBEACHHOTO B PEMOHT. JTO
YBEJIMYUBAET  BEPOSITHOCTh  MOPAKEHUS  JIOJed,  KOHTAaKTUPYIOIIUX  C
AIIEKTPOOOOPYI0OBaHNEM CeTH. BBIHOC MOTeHIMaNa Ha BCce 3aHyJIEHHBIE KOpITyca
BO3HMKaeT ¥ npu oxHodasHom K3 Ha nuraromeil nuHuu (Hampumep, OOpHIB
¢aznoro nposoaa BJI 0,4 kB ¢ najieHnem Ha 3eMITI0) Yepe3 Malloe CONPOTHUBIICHHE
(mo cpaBHEHMIO C CONPOTUBJICHHEM KOHTypa 3a3emieHust mozacranuuu 6-10/0,4
kB). Ilpu »>ToM Ha Bpems JEWCTBHS 3alUThl Ha HYJICBOM IPOBOJC H
IPUCOEAMHEHHBIX K HEMY KOpITycaxX BO3HMKAET HampshkeHHue, OJu3Koe K GpazHoMYy.
Oco0Oyro omacHocth B cetd TN-C mpeacraBisieT oOpbIB (OTrOpaHUE) HYJIEBOTO
npoBoja. B aTom citydae Bce npucoeIuHEHHbIE 32 TOUKOW 00phIBa METAJUTMUECKUE
3aHyJICHHBIE KOPITyCa AJIEKTPONPUEMHUKOB OKaXKyTCs O] (pa3HBIM HAIIPSKCHHUEM.

BeiGop Tuma OTKIIOYAIOMIETO YCTPOMCTBA MO TOKY cpabaThIBaHMS,
ycTaHoBJeHHbIX Ha TII, MO CONpPOTUBIEHUIO IMETIIM HYJIEBOIO MPOBOAA
HegocTtatoyHo. Pacyer TokoB O33 HEOOXOAMMO MPOU3BOIUTH B COOTBETCTBUU C
CTII 0910.20.145-07, MeTOIMYECKUMHU YKA3aHHUSIMH IO PacueTy TOKOB KOPOTKOTO
3aMblkaHusl B cetd Hampspkenwem 10 10 kB snextpocranumii m mojcraHiui c
YYETOM BIIUSHUSA INEKTpUdeckoil ayru». [Ipu 3ToM HEOOXOAMMO YUYECTh BIHUSHUE
ACUHXPOHHBIX JIBUTATENICH U HAarpeBa Kabesne TOKaMu KOPOTKOTO 3aMbIKaHUSI.

Cambim OOJBIIUM HEJIOCTATKOM cerei TN-C SIBJISIETCS
HEpabOTOCMOCOOHOCTh B HUX YCTPOHMCTB 3armuTHOro otkiaroueHus (Y30) wim
residual  current devices (RCD) mo 3amamHoil  KiaccuHKaIluH.
[Toxapobe3onacHocts cereit TN-C nuskas. Ilpu omnodazueix K3 B aTHX ceTsax
BO3HHUKAIOT 3HAYUTEIbHBbIE TOKU (KHJIOAMIIEPHI), KOTOPHIE MOTYT BBHI3bIBATH
Bosropanue.  CuTyanusi  OCJOXHSETCS ~ BO3MOXKHOCTBIO ~ BO3HMKHOBEHUS
oJHO(a3HBIX 3aMBIKaHUH Yepe3 3HAUNTEIBHOE TIEPEXOJHOE COPOTUBIICHNE, KOTIa
TOK 3aMBbIKaHUS OTHOCUTEJIBHO HEBEJMK W 3alllUThl HE CpabaThiBalOT JUOO
CpabaThIBAIOT CO 3HAYUTENBHON BBIACPXKKOM BpemeHu. becnepeboitHocTh
anekTpocHaOxkeHuss B ceTsax [IN-C mnpu  onHodaszHBIX 3aMBIKAaHUSX HE
o0ecnieunBaeTcs, TaK KaK 3aMbIKAHHUS COMPOBOXKIAIOTCS 3HAUYUTENBHBIM TOKOM U
TpeOyeTcsi OTKIIOYEHUE TPUCOCTUHEHUS.

B mpomecce omnodaznoro K3 B cersix TN-C Bo3HMKaeT NOBBIIICHHE
HanpspkeHus (MepeHanpsHKeHUs) Ha HEeMoBpeXIeHHBIX (azax npumepro Ha 40%.
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Ceru TN-C xapaktepusyroTcsi HATUYUEM DJICKTPOMArHUTHBIX BO3MYIICHHA. DTO
CBSA3aHO C TEM, 4YTO JaXe IMPU HOPMAIBHBIX YCIOBHSIX pPabOTHl Ha HYJICBOM
MPOBOJIHUKE MPU MPOTEKAHWU PabOYero TOKa BO3HUKAET MaJICHUE HAIMPSIKEHUS.
COOTBETCTBEHHO MEXKIY Pa3HbIMU TOYKaMHU HYJIEBOTO MIPOBOJIA UMEETCS Pa3HOCTh
MOTEHIIMAIOB. JTO BBI3BIBAET MPOTEKAHWE TOKOB B MPOBOJAIINX YaCTIX 3/IaHUM,
oOosoykax kabeinell W HKpaHaX TEJIIEKOMMYHHMKAlMOHHBIX KalOened U
COOTBETCTBEHHO JJICKTPOMATHUTHBIE MOMEXHU. DJIEKTPOMATHUTHBIE BO3MYIIICHUS
CYIIECTBEHHO YCWJIMBAIOTCSI TIpH  BO3HUKHOBeHMH omHO(Ma3Heix K3 co
3HAYUTETHLHBIM TOKOM, ITPOTEKAIONIUM B HYJIEBOM MPOBO/IE.

3nauutenbHbii  TOK oaHodazHeix K3 B cersix TN-C  BwbIBaer
CYIIIECTBEHHBIC pPa3pyLICHUsI 3JIEKTpooOopyaoBanusa. Hampumep, mpoxuranve u
BBITUTABJICHHUE CTAJIM CTATOPOB AJICKTpoABHTaTeseii. Ha cramuu nmpoekTHpoBaHUs U
HacTporku 3ammt B ceTd [N-C HeoOXoauMo 3HaTh COMPOTHUBIICHUS BCEX
AJIEMEHTOB CETH, B TOM YHCJIE M CONPOTHBIICHHUS HYJIEBOW MOCIEIOBATEIHBHOCTH
JUTSI TOYHOTO pacuera TOKoB ogHO(Ma3HeiX K3. To ecTh HEOOXOIUMBI pacdyeThl Win
U3MEpPEHHUs COMPOTUBIIEHUS NeTin (a3a-Hyb Ui BceX NpucoenuHenui. Jlroboe
CYIIECTBEHHOE  H3MEHeHHWe B ceTd  (HampuMep, YBEIMYCHHE  JIHHBI
IPHUCOCIMHEHHUS) TPEeOYyeT MPOBEPKHU YCIOBHIA 3aIlNTHI.

Cemwb TN-S.

Cetu 0,4 xB ¢ TakuM pexuMOM 3a3eMJICHHS HEUTpaI M OTKPBITHIX
MPOBOJISLIMX YacTel HA3bIBAIOTCS MATHUIPOBOAHBIMU. B HUX HyNeBoi pabouuit u
HYJICBOM 3alIUTHBIA MPOBOJHUKHU pazfeneHbl. CaMo no ce0e UCMOIb30BaHUE CETU
TN-S ne oOecneunBaer 37eKTPoOE30MACHOCTh MPU KOCBEHHOM MPUKOCHOBEHUH,
TaKk Kak MOpu mpodoe M30oisIuM Ha Kopmyce, kak u B cetd |N-C, Bo3HHKaer
onacHbii noteHman. Onnako B cetsix TN-S Bo3zmoxHO ucnonszoBanue Y30. [Ipu
HAJIMNYUM OSTUX YCTPOMCTB ypOBEHBb dJeKrpode3omacHocTH B ceTtd  TN-S
cymecTtBeHHo Bbie, yeM B cetu [N-C. IIpu mpoboe mzonsmuu B cetu TN-S
TaK)K€ BO3HHMKAET BBIHOC TOTCHIMAJIA HA KOPIyca NIPYTUX JJICKTPONPHUEMHUKOB,
cBa3aHHbIX npoBoaHukoM PE. Omgnako Owictpoe aeiictBue Y30 B 3TOM ciyuae
obOecneunBaer Oe3omacHOCTh. B ormmume ot cereit TN-C oOpwiB HyleBoro
pabouero mpoBoaHuKa B cetd |N-S He Bieder 3a coOoil mosiBaeHue (pazHOro
HAmpsDKEHUST Ha KOPIycaX BCEX CBSI3aHHBIX JIAaHHOW JIMHUEH TUTaHUS
AJIEKTPONPUEMHHUKOB 32 TOUYKOU pa3phiBa.

[ToxxapoGe3zonacHocTh ceteid TN-S mpu npumenenun Y30 B cpaBHEHUU C
cetsimu TN-C cymectBeHHO Bbie. Y30 4YyBCTBUTENbHBI K Pa3BUBAIOIIMMCS
nedeKTaM HM30JSAIMA W TPEIOTBPAIIAIOT BOSHUKHOBEHHE 3HAYUTEIHHBIX TOKOB

onnodaznbix K3.
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B otHOmenun OecriepeOOMHOCTH DSIEKTPOCHAOKEHUS W BO3HUKHOBEHHUS
nepeHanpsbkenuit, cetu TN-S ve otinmvatorest ot cetedt TN-C. DnekTpoMarHuTHas
oOctaHoBka B cersix TN-S B HOpManbHOM peXHMME CYIIECTBEHHO JIydYIlle, YeM B
cersix TN-C. D10 cBsi3aHO ¢ TeéM, YTO HyJIeBOI paboumii IPOBOJHUK U30JIUPOBAH U
OTCYTCTBYET OTBETBJICHHE TOKOB B CTOPOHHHE mpoBoxasmme myTu. llpu
BO3HUKHOBEHUU oaHOo¢azHoro K3 co3pmatorcs Takue Ke DIIeKTPOMAarHUTHBIC
Bo3mymieHus, kak U B ceTax [N-C. Hammume B cersix TN-S ycrpoiicts Y30
CYIIECTBEHHO CHIKACT O00BEM TOBPEKACHUN MPH BO3HUKHOBEHUHM OTHO(A3ZHBIX
K3 o cpaBuenuto ¢ cersimu TN-C. D10 o0bsicHseTcs TeM, 4To Y30 JIHUKBUIUPYET
MOBPEX/ICHNE B €r0 HauaJIbHOU CTa/IUU.

B oTHOmeHnn mpoeKTUpoBaHUs, HACTPONKU 3aIIUT M OOCTY>KUBAHUS, CETH
TN-S He uMmerT Kakux-1u0Oo mnpeumyiiecTB no cpaBHenuto ¢ cerssmu [ N-C.
Otmeuy, uto cetu TN-S OGonee moporume B cpaBHeHuu c cersimu [N-C uz-3a
HaJIM4usl TATOTO MPOBOJaA, a Takxke Y 30.

Cetp TN-C-S.

DT0 KOMOMHALIMS PACCMOTPEHHBIX BBIIIE JBYX TUNOB ceTell. Jlis 3Toi cetu
OyIyT cripaBeIMBBI BCE MPEUMYIIIECTBA U HEAOCTATKH, YKa3aHHBIC BBIIIIE.

Cetp TT.

Ocobennocteio ganHoro tumna cereil 0,4 kB sBisieTcss TO, YTO OTKPBITHIC
IPOBOJSIINE YaCTH SJIEKTPONPUEMHHUKOB MPUCOCTNHEHBI K 3a3€MIICHUIO, KOTOPOE
0OBIYHO HE3aBUCUMO OT 3a3eMJIEHUS nuTaronmen noacranuuu 6-10/0,4 kB.

DeKTpoOe30MacHOCTh B 3TUX CETIX o0ecreunBaeTcs ucnolibzoBanuem Y30
B o0Os3arenbHOM mnopsake. Camo mo cebe wucnoib3oBaHue pexkuma TT He
oOecrieunBaeT  0€30IaCHOCTH  MPU  KOCBEHHOM  NIPHUKOCHOBeHMH.  Ecim
CONPOTHUBJICHUE MECTHOTO 3a3eMJIUTENS, K KOTOPOMY MPHUCOEIUHEHBI OTKPBITHIE
IPOBOSIINE YacTH, PABHO COMPOTUBICHHUIO 3a3€MJICHUSI MUTAIONICH MOJCTaHIINU
6(10)/0,4 kB u Bo3HHKAET 3aMbIKaHUE Ha KOPITYC, TO HAIIPSHKEHUE TPUKOCHOBEHUS
coctaBuT TmoyioBuHy (asHoro Hampspkerus (110B ams cerm 220B). Takoe
HaNpsDKEHUE OMAacHO, U HEOOXOJAMMO HEMEIJIEHHOE OTKIIIOUEHHE MOBPEKIECHHOTO
npucoeanHeHnsa. Ho oTkItoueHne He MOXeT OBbITh 00eCTIeueHO aBTOMATHYECKUMU
BBIKJTIOUATEIISIMU M TIPEJAOXPAHUTENIMA 32 0€30IacHOe JUIsi MPUKOCHYBIIETOCS
YeloBeKa BpEeMsl H3-3a MaJOW BEJIWYMHBI TOKAa OJHO(A3HOTO 3aMBIKAHUA.
Hampumep, eciaum mnpuHATH, YTO CONPOTUBJICHUS 3a3€MJICHUS MUTAOIIEH
nojcraniuu 6(10)/0,4 kB u mectHoro 3a3zemintens paBabl 0,50Ma, u ipeHeOpeub
CONPOTHUBJICHUSIMA ~ CWJIOBOrO TpaHchopmaropa u Kalens, mnpu ¢a3zHOM
Hanpspkenuu 220 B Tok onHodazHoro 3ambikanusa Ha kopiyc B cetr TT coctaBut
Bcero 220A. C y4yeToMm BceX CONMPOTUBIICHUM B 1M 3aMbIKaHUS TOK OyJeT elle
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menbine. [loxapoGezonacnocts cereii TT B cpaBHenunm ¢ cerssimu  [N-C
CYIIECTBEHHO BBIIIE. JTO CBA3AHO CO CPABHUTEIHHO MAaJIOW BEJIMYMHOW TOKa
onHo(a3HOro 3amMbIKaHus U ¢ puMmeHeHueM Y30, 6e3 kotopbix cetu TT BooOIIEe
AKCIUTYyaTUPOBATHCS HE MOTYT.

becniepeboitHocTh 3nekTpocHabkeHuss B cersx 11 mnpu  ogHO(a3HBIX
3aMBIKaHUSIX HE 00eCTIeUrBaeTCsl, TaK Kak TpeOyeTcs OTKIIOYEHUE MPUCOCTUHEHUS
10 YCJIOBHSIM O€30ITaCHOCTH.

[Ipy BO3HMKHOBEHMHM OJHO(A3ZHOrO 3amblkKaHus Ha 3emuo B cetd 1T
HaANpsHDKEHUE Ha HETOBPEXKIACHHBIX (ha3aX OTHOCUTEIHHO 3€MJIM MOBBIIIAETCS, YTO
CBSI3aHO C TMOSIBJICHUEM HAINPSOKEHUsT HAa HEUTpaiu MUTAIONIEero TpaHcpopmaTopa
6(10)/0,4 kB. Ecnu npuHsITh CONPOTUBICHHS, YKa3aHHBIC BBIIIE, TO HAMPSKCHUE
Ha HEUTpaid COCTABUT MOJOBUHY (ha3HOTrO. Takoe MOBBIINICHUE HAMPSIKCHUS HE
OMMACHO HJisi M3OJIAIMH, TaK Kak OJHO(pA3HOE 3aMbIKaHHE JOCTATOYHO OBICTPO
mukBuaupyetcs aeiicteueM Y30, npudeM B OONBIIMHCTBE CIIy4aeB JO CBOETO
MOJIHOTO PAa3BUTHS U JOCTHKEHUSI TOKOM MaKCUMyMa.

B cucreme TT HECKOJbKMX KOPIYCOB 3JIEKTPOIPUEMHUKOB OOBIYHO
0o0beIMHEHBI OJIHUM 3alIUTHBIM MpoBoAHMKOM PE u mpucoegmHeHsr Kk 00meMy
3a3eMJIMTENI0, OTACIBHOMY, KaK YyXe€ CKa3aHO, OT 3a3eMJIUTENIS MUTArouen
MOJICTAHIMK. BBIMOIHATE OTHECHBbHBIM 3a3eMiiuTenab B cetd 11 miId Kakooro
AJIEKTPONPUEMHHKA HEIeIECO00pa3HO MO IKOHOMHUYECKUM CcooOpakeHusiM. B
HOPMAJIbHOM PEKHMME IO 3alIUTHOMY MPOBOJIHUKY B cucteMe TT He mpoTekaer
TOK M COOTBETCTBEHHO MEXIYy KOPIyCaMH OTIEJbHBIX AIEKTPONPUEMHUKOB HET
pPa3HOCTU TOTEHIHAIOB. TO €CTh B HOPMAJbHOM PEKUME DIIEKTPOMArHUTHBIC
BO3MYIIIEHUs (Pa3HOCTh MOTEHIIMAIOB MEXKIy KOPITyCaMH, MPOTEKaHWE TOKOB I10
KOHCTPYKIIMSAM 37]aHUN U 000J104KaM Kabeei) OTCYyTCTBYIOT. [Ipy BOSHUKHOBEHHH
0HO(A3HOTO 3aMBIKAHUSI TOK OTHOCUTEIBLHO HEBEJIUK, MPU €ro MNpOTEKaHUU
najicHue HamNpsOKeHWsT Ha 3alllUTHOM IPOBOJHUKE HEBEIIMKO, JUIMTEIbHOCTh
npotrekanusi Toka majga. COOTBETCTBEHHO BO3HMKAIOIIME MPHU 3TOM BO3MYIICHUS
TaK)K€ HEBENMKH. TakuMm 00pa3oM, ¢ MO3ULMUNA 3JIEKTPOMATHUTHBIX BO3MYILEHUN
cetb TT mumeer mpeumymiecTBo mo cpaBHeHHio ¢ cetsmu [N-C B HOpMambsHOM
pexume pabotrel U ¢ ceramu ITN-C, TN-S, TN-C-S B pexume omnodazHoro
3aMBbIKaAHUS.

O0bem moBpexaeHui obopynoBanus B ceTsix TT npu BO3HUKHOBEHHH
onHodazubix K3 HeBenuk, 4TO CBSI3aHO C MaJIOM BEJIIMYMHOW TOKA B CPABHEHUU C
cetsimu TN-C, TN-S, TN-C-S u ¢ ucnons3oBanuem Y30, KoTOpble 00€CTICYUBAIOT
OTKJIFOUECHHE /10 MTOJTHOTO Pa3BUTHUS MOBPEKICHUS U30JISIUU.

C ToOuKH 3pCHUA IIPOCKTUPOBAHUA, CCTHU TT wnmeroT CYIICCTBCHHOC
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npeuMyniecTBo o cpaBHeHuto ¢ cetsiMu I N. Mcnonb3oBanue B cetsix TT Y30
ycTpaHsieT mpoOJieMbl, CBSA3aHHbIE C  OrpPaHUYEHUEM  JJIMHBI  JIMHUH,
HEOOXOAMMOCThIO 3HaTh MoiHOe compoTuBieHue neriau K3. Cerb mMoxker ObITH
pacuigpeHa WIM HW3MEHEHa 0e3 MOBTOpHOro pacuera TokoB K3 wunmu 3amepa
conpoTuBieHus netm Toka K3. YuuteiBas, 9To cam 1o cede Tok onnodazHoro K3
B cerax TT wmenbmnre, yem B cerax [N-S, TN-C-S, ceuenune 3ammrTHOrO
npoBoaHuka PE B cetn TT MoxkeT ObITh MEHBIIIE.

Cers IT.

Heiirpanbhas Touka nuraroriero Tpancdopmaropa 6(10)/0,4 kB takoii cetu
M30JIMPOBAHA OT 3€MJIM WJIM 3a3€MJIEHa Yepe3 3HAUYUTENIbHOE CONPOTHBIICHUE
(cotHn OM — HeckobK0 KOM). 3alUTHBIH MPOBOJHUK B TAKUX CETSIX OTACICH OT
HEUTPAIIBHOTO.

DnexkTpo0e30macHoCTh Mpu OJHO(GA3HOM 3aMBIKAHMHM Ha KOPIYC B 3THX
ceTsXx Hauboyiee BBICOKAas M3 BCEX PACCMOTPEHHBIX. OTO CBSI3aHO C MaJlod
BEJIMYMHON TOKa OgHO(A3HOro 3ambikaHus (eauHMIBI amiiep). [Ipu TakoM Toke
3aMBbIKAHUSI HaIpPsDKEHHE MPUKOCHOBEHUS KpailHE HEBEIMKO U OTCYTCTBYET
HEO0OXOMMOCTh HEMEJIJICHHOTO OTKIIIOUEeHMsI BO3HUKIIEro MoBpexaeHus. Kpome
Toro, B cetd |'T Ge30macHOCTh MOKET OBITH yiIyullleHa 3a cueT npumeHnenus Y30,

[Toxxapob6e3onacHocTh ceteit IT camast Bpicokast B cpaBHeHUU ¢ ceTsimu | N-
C, TN-S, TN-C-S, TT. D10 00BSIcHAETCA HAWMEHBIIEH BEIUYMHON TOKa
o1HO(a3HOTO 3aMbIKaHUs (€MHUIIBI aMIIEP) ¥ MAJIOH BEPOSITHOCTHIO BO3TOPAHUSI.

Ceru IT ornmuaroTcst BBICOKOM OecrnepeOOMHOCTBIO 3JIEKTPOCHAOKEHHUS
norpebuteneit. Bo3HukHOBeHHEe oOnHOGA3HOTO 3aMblKaHUsi He  Tpeodyer
HEMEIJICHHOT'O OTKJIFOYEHUS.

[Ipu BO3HUKHOBEHUM OJHO(MA3HOTO 3aMblKaHuig Ha 3emitto B cetu |IT
HanpsOKEHUE HA HEMOBPEXKACHHBIX (a3zax yBennuuBaetcs B 1,73 paza. B cetu IT ¢
U30JIMPOBAaHHON  He#Tpasibio  (0€3 PE3UCTHBHOTO  3a3eMJICHHS) BO3MOXKHO
BO3HUKHOBEHUE JTyTOBBIX MepeHanpsKeHU N BBICOKOM KPaTHOCTH.
DONeKTpOMarHuTHbIE BO3MYIIEHUS B ceTsax |T HeBelauKd, MOCKOIbKY TOK
0IHO()a3HOrO 3aMbIKaHUSI MaJl U HE CO3/1a€T 3HAYUTEIbHbIX MaJICHUI HaNpsHKeHUs
HAa 3alUTHOM MPOBOJIHUKE.

[ToBpexxknenust oOOpynoOBaHUST NPU  BO3HUKHOBEHHHM  OJIHO(A3HOIO
3amblkaHusi B ceTsax |T ouens mansl. g skcrutyatanuu cetu |T HeoOxomum
KBIM(UIIMPOBAHHBIA MEPCOHAN, CIOCOOHBI OBICTPO HAXOAWTh W YCTPaHATh
BO3HHUKIIIEe 3amblkaHue. [ ompeneraeHus: MOBPEXKIECHHOTO MPHUCOCTUHEHUS
HEOOXOJMMO CIICIHATLHOE YCTPOWCTBO (B 3amaJHBIX CTpaHaX MPHUMEHSCTCS
reHepaTop TOKa C YacTOTOHM, OTIMYHOW OT MPOMBIIUICHHOW, BKJIIOYAEMBbIM B
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Heirpans). Cetu |IT UMEIOT orpaHMYeHHE HA PACIIMPEHUE CETH, TaK KaK HOBBIC
MPUCOEANHEHUS YBEJIMUUBAIOT TOK OJTHO(DA3HOTO 3aMBbIKAHUSI.

B kadectBe 00mMX peKOMEeHAANMM SISl BBIOOpA TOW MM WHOW CETH MOXKHO
yKa3aTh CllelyIoLIee:

1. Ceru TN-C u TN-C-S ne crnenyeT ucmonb30BaTh U3-3a HU3KOTO YPOBHS
AMEKTPO- M TMOXKApOoOE30MacHOCTH, a TakKe BO3MOXHOCTH 3HAYUTEIbHBIX
AIIEKTPOMArHUTHBIX BO3MYILIEHUM.

2. Cetu TN-S pekoMeHIyrOTCS Uil CTaTWYHBIX (HE TMOJBEPKEHHBIX
U3MEHCHHSIM) YCTAHOBOK, KOT/Ia CETh IIPOCKTUPYETCS «pa3 M HaBCETaa».

3. Ceru TT cnemyer MCHOJB30BaTh MAJii BPEMEHHBIX, PACIIMPAEMbIX U
U3MEHSAEMBIX 3JIEKTPOYCTAaHOBOK.

4. Ceru IT cnenyer ucnonb3oBaTh B T€X cliydasx, Korja 0ecrnepe0oiHOCTh
AIIEKTPOCHAOKEHUS SBISIETCS KpaliHe HEOOXOAMMOA.

Bo3moXxHBI BapuaHThI, KOT1a B OJHOM U TOM JKE CETHU CIIEAYET UCIIOJIb30BaTh
JIBa WM TpU pexxuma. Hanpumep, korna Bcs ceTh MOJy4aeT NUTaHue 1mno cetu I N-
S, a yacTh ee yepe3 paznenuTenbHblid TpaHchopmarop mo cetu IT.

Pestomupysi m3l0KEHHOE BHINIE, OTMETHM, YTO HU OJWH U3 CIOCOOOB
3a3eMJICHUS] HEUTpaJii M OTKPBITBIX MPOBOJAIIUX YacTed He sBISIETCSA
YHUBEpPCAIbHBIM. B KaXI0M KOHKPETHOM CiIy4ae HEOOXOJUMO MPOBOJUTH
SKOHOMHUYECKOE CPaBHEHUE M HMCXOIUTh W3 KPUTEPHUEB: 3JIEKTPOOE30MACHOCTH,
0kapo0e30MacHOCTH, YPOBHS oecrniepeboiHOCTH AJIEKTPOCHAOKEHUS,
TEXHOJIOTUM TPOU3BOJICTBA, DJIEKTPOMArHUTHOM COBMECTUMOCTH, HAJIUYUS
KBTM(PUITUPOBAHHOTO MEPCOHANIA, BO3ZMOXHOCTH IOCJIEAYIONIEr0 PaclIMpEeHUus U
Pa3BUTHUSA CETH.

3 llpuHuun paéoThl 3a3eMJIUTEJIS

Toxk B 3emie pacrekaercs BO BCE CTOPOHBI OT 3a3€MIIMTENSA, TO €CTh
IPOTEKaHUE TOKAa B 3€MJIE HOCUT OOBEMHBIA XapakTep MpHU MPOXOXKICHUU TOKa
MEXIy JBYMS BEpPTHKaJIbHBIMH 3azemuutensimu  (crepxkusamu) A u B,
HaxOJAIIMMUCA Ha 3HAYUTEIBHOM PACCTOSHUM JPYr OT Apyra B OJHOPOJHOU
3emuie (pUCyHOK 5). B HEOTHOPOAHOI 3eMiIe CHMMETPHSI paCTEKaHHs HapyIIaeTcs,
HO IIPUHLUII OCTAETCS TAKUM KE.

[IyHKTHUpHBIMM JIMHUSIMU HA PUCYHKE O MOKa3aHbl IIyTH PACTEKaHUs TOKA B
3emiie. BOnmu3u 3a3emunureneil miOoTHOCTh TOKa HauOOJbIIas, TAaK KaK TO IPOXOJIUT
no majoMmy ceyeHuro. [lo Mepe ynajeHus OT 3a3eMIIMTENIEW IUIOTHOCTH TOKA
MOCTENEHHO YMEHBUIAETCS BBUJIy TOrO, YTO TOK PACTEKAETCS MO BCE OOJbIIEMY
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o0beMy 3emuid Ha paccTosHur 20-30 M OT eMHUYHOTO 3a3eMIIUTENs (CTePIKHS
JUIMHOM 2-4 M) TOK B 3eMJIe pacTeKaeTcs IO CTOJb OOJBIIOMY 00BEMY, YTO €ro
IUIOTHOCTH Ha 3TOM PACCTOSTHHMHM MOYKHO CUUTATh PaBHOU HYIJIIO.

Takum 00pa3oM, CONPOTUBICHHE pPACTEKaHUIO TOKAa MPAKTHUUYECKHU
cocpenorodyeHo B paauyce 20-30 M oT MecTa BXxojda WM BbIXoJa Toka. [loaTomy,
T€ TOYKH 3€MJIH, KOTOpbIe HaXoATcs Ha pacctosHuu 20 M 1 6oJiee OT OJJMHOYHBIX
3azemiuTeneid A u B, mpakTudecku OyAayT MMETh MOTEHIMAN, PaBHBIA HYJIO, TO
eCThb OyAyT SBIATHCSA 3€MJICH B JJICKTPHUYECKOM CMBICIE CJIoBa (30Ha HYJIEBOTO
IOTEHIHAIA).

[Ipy OONBIIMX CIIOXKHBIX 3a3€MIIUTEINIAX, YKa3aHHBIE PACCTOSHUS OyAyT
sHaunTenbHO Oosbmme 20 M. IlosTomMy B oO0mieM cirydae, 30HOW HYJIEBOIO
MOTEHIIMAJIa HA3bIBAIOT T€ TOYKW 3€MJIM, KOTOPHIC JIE’KAT BHE 30HBI pacTEKaHUs
TOKa, ¥ TMOTEHIIHAJ KOTOPHIX HACTOJIBKO Majl, 9YTO €r0 MOKHO MPHUHSITH PAaBHBIM
HYJIIO.

[Tox compoTHBICHHEM 3a3eMJIMTENS (3a3€MJISIOIIET0 YCTPOMCTBA) CIICAYET
MOHUMATh HE COIMPOTUBICHUE KOHTAKTa MEXIY 3a3eMJIUTENIeM W TIOYBOM, a
CONPOTHUBJIEHUE, KOTOPOE 3€MJISI OKA3bIBAECT MPOXOXKJIECHUIO TOKA B 3€MJIE€ B 30HE
pacTeKkaHus TOKa. Y CJIOBHO MPUHATO OTHOCUTH COMPOTHUBJICHUE PACTEKAHUIO TOKA
K 3a3€MJIMTEINIO, a HE K 3eMJIE.

N3 pucyHka 5 BUIHO, YTO BCE TOUKHM 3e€MJIM, Haxozsmuecs Ha yyactke CJ1,
UMEIOT HYJIEBOM MOTEHIIMAJ, TaK KaK Ha 3TOM y4YacTKe IJIOTHOCTb TOKa B 3e€MIIe
HUYTOXKHO MaJia ¥ HET MaJCHUS HAIPSDKCHHUS.

3owa wynesoro /! T

noTeHMana )
u [ \

Ui

Pucynok 5 — IIpoxoxaenne Toka (a) u pacnpe/eiieHne HanpspkeHus (0) B
OTHOPOJHOM 3€MJIE MEKy CTEPKHEBBIMHU 3a3eMIINTEISIMU A 1 B.
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HauGonbmme norennuansl OyayT Ha 3a3emuutensx A u B. VX moteHnmans
HA3bIBAIOT MOJIHBIMU MOTEHIMATaMU WM HampsbDKeHWeM Ha 3azemuutelisix Up u

Ug, KOTOpBIE paBHBI:
Ua=-BRa=-Uxc (1)
Up = I3R3 = Ugy (2)
rie |3 — TOK B 3eMJie —TOK CTEKArOIIUi (MJIM BTEKAIOIIHIA) C 3a3EMIIUTEIS;

Ra, R3 — conpoTuBieHue 3a3eMiInuTers.

Pasubie 3nakum y mnoreHmuanioB U, u  Up O0OBACHAIOTCA pa3HBIM
HaIPaBJICHUEM TOKOB, MPOTEKAIOIINUX YepPe3 3a3eMIIUTEIH.

Hanpspbkenue Ha 3a3eMiisiolieM yCTPOUMCTBE — HaIpPsDKEHHE, BO3ZHUKAIOIIEE
IpU CTEKAaHWM TOKa C 3a3eMJIMTENS B 3€MIII0 MEXAY TOYKOM BBOJA TOKa B
3a3eMJISIIOIIEE YCTPOMCTBO Y 30HOW HYJIEBOTO MOTEHIIMAIA.

Ecnu mpu momomu BoJIbTMETpa M3MEPUTH PA3HOCTh MOTEHIIMAIOB MEXTY
3azemumTeneM A (PUCYHOK 5) W 30HOM HYJIEBOTO MOTEHIIMAJA, MOJYYUM ITOJTHBIH
noTeHnuan 3azemuurens U, uiam IpyruMu clioBaMu, HaNpsDKEHUE HA 3a3EMITUTEIIe
(3azemutstroriiem ycrpoiictBe) Uy = Uac.

Eciun mpu momomu BOJIbTMETpa HM3MEPUTh PA3HOCTh MOTEHIUATIOB TIPH
pa3HbIX  pPACCTOSIHMSIX  OT  3a3emuuTenis (11 TPOCTOTHI  MMOHHUMAaHHS
paccMaTpUBAaETCsl OJAMHOYHBIA CTEPKHEBON 3a3€MIIUTENIb B OJTHOPOIHON 3eMIie) U
pe3yibTaThl HAHECTH HAa JUarpaMMmy, TOJYYHM KpPHUBYIO pacIpeaciiCHUS
MOTEHIINAJIOB 1O TOBEPXHOCTH 3eMJIU. M3 3TUX KPUBBIX BUIHO, YTO HAMBBICIINAN
noteHyan umeer 3azemuntenb (Us) M DJIEKTPUYECKHM CBS3aHHBIA ¢ HUM Oak
TpaHchopMaTopa v BCe HA3€MHBIE METALTUYECKAE KOHCTPYKITUH.

BOnu3u 3azemudtens MoTeHUWald NaJaeT OYEHb pE3Ko, a Jajblie OT
3a3eMJTUTEINS — TOCTETICHHO.

XapakTep KpUBOM paclpenesieHHs] MOTEHIUAIOB MO MOBEPXHOCTH 3EMJIU
pPasIUYHBIA M 3aBUCUT OT (DOPMBI 3a3eMIIMTENS, B3aUMHOTO PACTOJIOKECHUS
OT/ICJIbHBIX AJIEMEHTOB B 3a3€MJIUTEJIC, TUIYOMHBI UX 3aJ0KECHUS, DJICKTPUUYECKON
CTPYKTYPBI 36MJIM U TIPAKTUYECKH HE 3aBUCUT OT BEJIMUYMHBI CTEKAIOIIETO TOKA.

[To mepe yrayOseHust 3a3emiuTeNsl, MOTEHI[MAT TOYEK HA IMOBEPXHOCTHU
3eMJIM HEMOCPEICTBEHHO MO/ 3a3€MJIUTEJIEM YMEHBIIIAETCA, TaK KaK B CJIO€ 3eMJIU
MEXJYy BEPXHHM CIIOEM 3a3€MJIUTENsI U TOBEPXHOCTHIO 3€MJIA MPOUCXOJUT
najieHue HampsDKEHUs, KOTOpoe TeM OoJblle, YeM TIiy0xe pacroyioxkeH
3a3€MJIUTEIb.

Yem Ha MeHbIIEH IIyOMHE pacHoyOKEeHbl MOTEHIMAIOBBIPABHUBAIOIINE
MPOBOJTHUKY, TEM OJIDKEe TOTCHIIMAT TMOBEPXHOCTH 3E€MJIM K TOTEHITHATY
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3a3eMJIUTENsS (3a3EMIICHHBIX KOPITYCOB OOOpYAOBaHMs) W TEM MEHbBIIIE Pa3HOCTh
HNOTCHIIMAIOB MEXKIy 3a3¢MICHHBIMH HAJI3€MHBIMH METAUIOKOHCTPYKIUSAMH H
3eMIIEH.

Eciu denoBek KacaeTcs pyKOW KopIlyca ammapara Wik O0OpyJOBaHUS ¢
MOBPSKJICHHON  M30JIMEH  TOKOBeAyIIMX yacTed (pucyHok 6)  Oaka
TpaHchopmMaTopa, TO HaMpPsHKEHHE MEKIYy OaKOM M IMOBEPXHOCTBIO 3€MJIM, TIC
CTOHUT YEJIOBEK COCTABMT:

Unonp =Us;-U=1R;-U (3)

raie Uy, np — HampsbkeHHe 10 IMPUKOCHOBEHHs (MHOTAA €ro Has3bIBAIOT
OKUJIaeMOe HaNpPsHKEHUE IPUKOCHOBCHHS);

I3 — TOK 3aMbIKaHUs HA 3EMIIIO;

R3; — conpoTuBiIeHUE 3a3€MIIUTEIIS;

U — noteHuuan noBepXHOCTH 3eMJIM B KOHKPETHON TOUKE;

Uson — Pa3HOCTh NMOTEHUUAIOB MEXKIYy TOYKOW 3€MIIM U 3a3€MJICHHBIMH
4acTsAMH OOOpYJOBaHHS B MOMEHT, KOTJla UYEJIOBEK eIle HE KOCHYJICA
o0opyI0BaHus, TO €CTh, KOTJa IeMb TOKA, MPOTEKAIOIIET0 Yepe3 TEIO0 UYeJIOBEKa,
ellle He3aMKHYTa.

Hanpspbkenue 10 TPUKOCHOBEHUS MOXKHO HM3MEPUTh BOJIBTMETPOM C
OOJIBIIMM BXOJHBIM CONpOTUBIICHUEM. [Ipu 3TOM 31ekTpos, obecneynBaronui
KOHTAKT C 3eMJICH MOXKET ObITh IPOU3BOJILHON KOHCTPYKITUH.

Kak BugHO U3 pucyHka 6, U, ;, CYIIECTBEHHO 3aBMCUT OT PACHOI0KECHUS
YEeJOBEKAa  OTHOCUTENIBHO  3a3€MJIMTENA, C  KOTOPhIM  COEIMHEH  0ak
TpaHncdopmaropa.

Pucynox 6 — Pactipenenenue moTeHI[Mama mo MOBEPXHOCTH 3€MJIU TIPHU PACTEKAHUH
TOKa C OJJUHOYHOTO 3a3€MJIUTENSI B OJJHOPOIHOM 3eMII€.

U3 — mosHbIi MOTEHIMA 3a3eMInTeNs (HanpsoKeHUE Ha 3a3EMITUTENE);

U - MMOTCHOUAJI IMOBCPXHOCTHU 3CMJIM Ha OIPCACIICHHOM pPACCTOAHUU OT
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3a3eMJINTENS,
U 0 np — HAIIPSDKEHUE 10 IPUKOCHOBEHHUS,

I — TOK 3aMbIKaHUs Ha 3¢MITIO (KOPIIyC).

¢ Rer
RENERE AR
||.|I R3

LE

PI/IC}/HOK 7-K OIIPCACIICHUIO ITIOHATHA HAIIPAKCHUA IIPUKOCHOBCHUA.

§| uR{_‘_’{, UJ'ID
m
F
2

&qmp

U — pacnpeneneHue MOTEHIMAMA MO MOBEPXHOCTH 3€MJIM TPU CTCKaHUU
(BTekanum) TOKa OAHO(DA3HOT'O 3aMBIKAHUS C 3a3eMJISIONIETO YCTPONCTRA,

I3 — TOK 3aMbIKaHMsI HA 3EMIIIO;

R3 — conpoTHBIICHHE 3a3EMIISIOIIETO YCTPOUCTBA,;

|, — TOK, MPOTEKAIOIIHI Yepe3 TeI0 YeIOBEKa 110 IMyTH «PyKa-HOTHY;

R, — conpoTHBIICHHE TeIa YSIIOBEKA,

R.; — COPOTHBIICHNE PACTEKAHUIO TOKA CO CTYITHEH HOT YeJI0BEKa;

U 0 np — HAIIpSDKEHUE 10 IPUKOCHOBEHMUS,

U ,,, — HanpsiKeHUue TPUKOCHOBEHUS.

HanpspkeHne NpUKOCHOBEHMsI BCEr/la MEHbIE, YeM HalpshKeHHE [0
PUKOCHOBEHUS. JTO 00YCIOBIEHO TEM, YTO TOK MPOTEKAIOIIUNA MO MyTH «pyKa-
HOT'M» BCTPEUYACT HA CBOEM IYTH JIBa CONPOTHUBIICHHS (PUCYHOK 7), OJJHO U3 HUX —
R, BKIIOYAaeT CONMPOTHBIICHHE YEIIOBEUECKOTO TeJia, KOXKU PYK M HOT (B cXxemax
3aMeleHns 3To conpoTtusieHue ais denoBeka — 1000 Owm, mis sxuBoTHBIX — 200
Owm), BTOpoe — R.; — CONPOTHBIICHHE PACTCKAHHUIO TOKA CO CTYITHEH HOT YeI0BeKa.
Rer MpakTUYeCKW HE 3aBUCUT OT KOHCTPYKLHH 3a3€MJIUTENI U OIpelessieTcs
yZI€TIbHBIM CONPOTUBIIEHUEM 3EMIIM O, HA KOTOPOM CTOMT YEJIOBEK ¢y = 1,5 p.

Ha pucyHke / mnpuBeaeHa YNPOIICHHAs CXEMa 3aMEIleHHs, B KOTOPOM
pacrpeielIiCcHHbIE CONPOTHBIICHUS 3a3eMIIUTENs (3a3eMIISIOIIETO YCTPOWCTBA) U
CTOII HOT JJIsl HATrJISAHOCTH H300paskeHbl COCPETOTOUECHHBIMH.

BenuunHa HanpspKeHUs: IPUKOCHOBEHUS /IS BBILLIEYKa3aHHOTO NIPUMeEpa:

Ilpumep: p = 300 Owm, Toraa

U = le Re=(Ugomp/ Rext Ry) *Ry=(Uporp /150 + Ry)*Ry

Hanpsixenue c ieBoii cTopoHbl 0aka OyaeT:

U, =(30/1,5*300+1000)*1000 = 21 B,
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C IPaBOM CTOPOHBL:

U, = (88/1,5*300+1000)*1000 = 61 B

Ha pucynke 8 HaHeceHBl KpUBBIE pPACHpPEACIICHUS IMOTEHIIMAJIOB OKOJIO
OAWHOYHOTO 3azemumrenss u  3azemumrens TII. B ogHopomHOU  3emie
HKBUIOTEHIIUAJIbHBIC JUHUU TPEACTABISIOT U3 ce0si OKPY>KHOCTH C IIEHTPOM B
MeCTE 3a3eMJICHHS, a B HEOJHOPOAHOW — ¢urypsl napyroii dopmel. M3 3Toro
PUCYHKa BHJHO, 4YTO IIArOBO€ HANPSIKEHUE MOXET POBHATHCS HYJIIO AK€ B
HEMOCPE/ICTBEHHON OJM30CTH OT 3a3eMJIUTENS], €CJIM HOTH YeJIOBEeKa HaxoIATcs Ha
HKBUIOTEHLHUAJILHOM JIMHUH, HAlIpUMEp, B Toukax A u B.

B coorBerctBun ¢ TKII - 339mpenenbHoi BEIMYMHOW HANPSHKEHUS
IPUKOCHOBEHUS SBIIACTCS BenwunHa 25 B mpu mpsMoM TPUKOCHOBEHUU U
AIEKTPOOOOPYIOBAHUE HAXOJUTCA B 30HE CHUCTEMBI YINPABIEHUS MOTEHIMAIOB U
50 B npu KOCBEHHOM MTPUKOCHOBEHUH.

JlonycTrmasi BEJIMYKMHA IIarOBOr0 HAIpSKEHHWS] HE HOPMHUPYETCS, TaK Kak
IaroBO€ HAIPSHKEHHWE BCErJa MEHbIIE HAINpsHKEHUs NMPUKOCHOBEHHs. OOHAKo,
[IaroBO€ HaNpPsHKEHHE MOXET OKa3aThCsl OMACHBIM, OCOOCHHO ISl )KMBOTHBIX, Y
KOTOPBIX OOJIBIIIE, Y€M Y YEJIOBEKA PACCTOSHUE MEXKTY HOTAMH.

!
0 515 503015 5 0

Pucynok 8 — Pacnipenenenue norennuana U Mo MOBEPXHOCTH 3EMITH Y
OJTMHOYHOT'O 3a3E€MJIUTEIISL B OJTHOPOIHOM 3emuie (a) u y 3a3emuutens TI1 B
peasibHO# 3emute (0)

Us — 3KBUNIOTEHIMATbHBIC JTMHUN WM JIMHUM OJIMHAKOBOIO MOTEHIHAA C
0003HAYCHHUEM B MPOIIEHTAX OT MOTEHIIMAJIA 3a3EMJICHHS;
U — HanpspkeHue mara.
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4 Ha3zHaueHue 3a3eMiieHusi HeliTpaau B cetu 0,4 kB

OcHoBHOE Ha3HaueHHWe 3a3emiieHus (3aHynenus B ceTsx 0,4 kB) — 3amura
JIOJIEW U KUBOTHBIX OT IOPAXEHUS DJIEKTPUUYECKUM TOKOM IPU TMOBPEKICHUU
M30JSIMMM M 3alluTa 3JIEKTPOOOOPYOBaHHUA, JJIEKTPOYCTAHOBOK 3JIaHUNA U
COOPYKEHHUI OT aTMOC(EPHBIX MEPEHANPSIKEHNUN, HAJE)KHOCTD BBITOJIHEHUS 3THX
¢yHkuii  obecrmeynBaeTcsi  COONIOACHHEM  HOPMHUPOBAHHBIX  3HAUCHUH
CONPOTUBJICHUS 3a3€MJIAIOIIUX YCTPOUCTB.

[To BeIMOMHSIEMBIM (QYHKIHSIM 3a3€MJICHHS Pa3In4yaioT: pabouee, 3aluTHOES
U rpo3o3amutHOoe. Pabouee 3azemiieHHEe HEOOXOAUMO JUIsi HOPMAaJbHOTO
(GYHKIMOHUPOBAHUS DJICKTPUYECKON ycTaHOBKA. K pabounM 3a3eMIICHHSIM
OTHOCATCSL 3a3€MJICHHMS CHJIOBBIX TpaHC(HOpMaToOpoB (aBTOTpaHCHOPMATOPOB)
kiacca 110 kB u Bbime, orpannunteneii nepenanpspkenuii (OITH) u paspsgaukoB
BCEX HAMNPSDKEHHW, BTOPUYHBIX OOMOTOK M3MEPHUTENbHBIX TpaHc(hopMaTopoB
HanpspkeHusi. Hanpumep, py OTCYTCTBUM WIIM CIIMIIKOM BBICOKOM COPOTHBIIEHUH
OITH (pa3psIHUKOB), OHU HE 3ALIUTAT U30JISILIUI0 000PY/I0BAHUS OT UMITYJIbCHBIX
NEpEHAaNpsHKeHU, Tak Kak MexAy ocraromumcs  Hanpsbkenuem  OITH
(paspsaHuka) Oymer  OTCYTCTBOBaTh ~ KOOPAMHALIMS C  HMCIBITATCIbHBIM
HANPsHKCHUEM U IPU ATUX YCIOBUSIX UX MIPUMEHEHUE OECTIOIE3HO.

I'po3o3zanutHOE 3a3€MJICHHE IpeAHA3HAYECHO JUTSL 3aIUThI
AIEKTPOOOOPYIOBAHUS 3JaHUM W COOPY)KCHHUH OT BO3JCHCTBHS TOKA MOJHUHU.
[ToBpexaeHust U30JISUU AIEKTPOOOOPYAOBAHUS MOTYT OBITh BBI3BaHBI yJapamu
MOJIHUH HETIOCPEJICTBEHHO B OOBEKT MJIM BOZHUKHOBEHHEM BBICOKUX MMITYJIHCHBIX
NOTEHIIMAJIIOB B pe3yJibTaTe BOJH NEpEeHaNpsHKeHHWM, HaOeraromux C JIMHUM NpU
MOPaKEHWH MOJHUEH HEMOCPEICTBEHHO JIMHUU WIN OOBEKTOB M 3eMIIM BOAM3U
avHMM  (MHAYUUPOBaHHBIM — MOTeHmMa ). OT MNOpsMBIX  yJapoB  MOJIHHUU
000py/I0BaHUE 3AIMINACTCS CHCTEMOM MOJHHUEOTBOJIOB M 3a3eMJICHHH, a OT
HaOeraronmx o JMHAUA HMITYJIbCOB (BOJIH) OCHOBHOM 3amuTon sBissercs OITH
WJIY Pa3pSAHUKHU.

MecTo yCTaHOBKHM 3alllUTHBIX CPEJACTB BBIOMPAETCS B COOTBETCTBUU C
tpeboBanusimu TKII-336-2011. Tun ycranaBiauBaeMbIX pa3psIHUKOB OMPEIEISIOT
Ha3HAYE€HWEM WX M HampsbkeHueM cetd. BwiObop tuma OIIH onpenensiercs ero
HazHauenneM u xapakrtepuctukamu OIIH. Ecom tunm OIIH Oymer BbeIOpan
HEMPaBWIbHO, TO OH WX He OyJeT 3alluiiaTh OT BHYTPEHHUX MEpEeHANPsKEHUN
ninn paspymmrca. Iloatomy Ha Bcex BJI ycranaBnuBaroTCs TI'pO303allUTHBIC
3a3eMJIEHHUS. DTO JENAeTcsl JUIsl TOro, YTOObl TOK MOJHUHU NEPEKPhIBask U30JISIIUIO
BJI, otBonuncs B 3emito. B aTom ciiydae 1o oOpyAoBaHUS MOACTAHIIMMA JTOXOJST
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UMITYJIbCHl HE C aMIUTUTYJI0M TOKa MOJIHHH, a CO 3HAYUTEIHHO MEHBIIEH 3a cuer
najCHUS HAMPSDKEHUS Ha BOJIHOBOM CONPOTUBIICHUU JTUHUU. OTHAKO, OCTaBIITUECS
HAa TPOBOJAX WMIYJbCHl HANPSHKEHUS JOCTATOYHO BBICOKM W OIMACHBI IS
MIOJICTAHIIMOHHOTO O0OpPYZOBaHMS, TaK KaK MMITYJILCHOE Pa3psaHOC HAMPSHKESHUE
nuHenHoN m3onsanuu npuMepHo Ha 40-50% BeIlIe AOMYCTUMOTO HMITYJIBCHOTO
HANPSHKCHUS TIOJICTAHITMOHHOW M30JISIIHH.

3alUTHBIM ~ 3a3€MJICHHEM  SIBJISIETCSI COCIMHEHHE C  3a3eMJIUTENIeM
METANIMYECKUX  YacTed DJIGKTPOYCTAHOBKH, H30JHUPOBAaHHBIX OT YacTel
AJIEKTPOYCTAHOBKH, HAXONAIICHCS TOJ] HaMpsDKEHUEM. 3ajadedl  3aluTHOTO
3a3eMJICHHS SIBIIACTCS 3allUTa JIFOJACH M JKMBOTHBIX OT OMACHBIX JUIS JKU3HU
HAMpsDKEHUH B CiIy4yae TMOSBICHHUS WX HA YacTH YCTAHOBKH, HOPMAalbHO HE
HaXOJISAIIEHCS O] HanpsDKeHUEM. PoJlb 3aITUTHOTO 3a3€MIICHHS HATJISIHO BHIHA
Ha pucynke 9. Eciu 0ak Tpancdopmaropa 3azemiieH (pucyHok 9a), To npu mpoboe
M30JISALMKY OJIHOM U3 (pa3 TpaHchopmaTopa, ero 6ak OKa3bIBACTCS MO OTHOIIECHUIO K
3eMJIe IO/l HAMPSKEHUEM.

[Tpu Hammuuu 3a3emieHus (pucyHok 90) 06ak TpaHchopmaTropa OKa3bIBaeTCs
10]1 HATIPSKEHUEM, OTIPEIEISIEMBIM 110 (hopmyrie 4:

U3 = |3 *R3 (4)

rine R; — conpoTuBieHre 3a3eMIISIFOIIETO YCTPOIMCTBA;

I3 — TOK 0THO(A3HOTO 3aMBIKAHHS HA 3EMITIO.

B ciydae Hanmuus 3asemiieHus (pucyHOK 9B) TpU CONPUKOCHOBEHUH
YyelmoBeka ¢ O0akoM TOK 3aMbIKaHMsI Ha 3eMIIIO |3 pacmpenenutcs MExXIy
3a3eMJIMTEJIEM W YEJIOBEKOM OOpATHO MPOMOPIUOHAIBHO MX CONPOTHBICHHSIM B
COOTBETCTBHH C (POpPMYIIOH 5:

|q/|3—|q:R3/ Rq
(5)

rae ly — Tok, mpoTekaromuii 4epe3 TeJo YeIOBEKa;

I3 — Iy — TOK, mpoTeKaroIMil Yepe3 3a3eMIIUTEIb;

Ry — conpoTuBiieHre POTEKaHUSI TOKA Yepe3 TeI0 YeI0BEKa.
Tak R3 << Ry u ly << I3, MmoxxHO nipuHats |3 — Iy = I3, Torna

qulg.kE_E (6)

He  He
Takum o6pa3zom yem MeHblIe R3, TeM MeHbIIE HAMPsKEHUE Ha 3a3eMITUTENe

Y MEHBIIIE TOK , IPOTEKAOIINUN Yepe3 TEJIO YETOBEKA.
B cerax 0,4 kB ¢ riayxo3a3emJICHHOM HEWTpalnbio 0€30MacHOCTh

O6CJIy>KI/IBaHI/I$[ oOecreunBaeTCs 6BICTpBIM OTKJIOYCHUCM JIMHUH, HHTaIOHleﬁ
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npueMHuK. [Ipu 3amblkanuu (a3pl Ha KOPITyC MPUEMHHUKA NMPOTEKAeT OJHO(A3ZHBIN
TOK KOPOTKOTr'0 3aMbIKaHus. BelnunHy Toka MOKHO ONpeAeNuTs 1o popmyse /:

|K3 = Uq) /Z, A (7)

rae Ug — pa3Hoe nanpsbxenue, B;

Z — TIOJTHOE COPOTHUBJICHHUE TN 3aMbIkanusi, OM.

Pucynok 9 — [losicHeHHE pOU 3aIIUTHOTO 3a3eMJIICHUS

C — emMKOCTH (ha3bl CETH IO OTHOIIICHHIO K 3eMJIC;

I3 — Tok oTHO(a3HOTO 3aMBIKAHUS HA 3EMITIO;

R3 — conpoTtuBicHue 3a3eMiATeNs (3a3EMIISIFOIIIETO YCTPOMCTBA);

ly — TOK, IpOoTEeKaroIUil Yepe3 TeNIo YeI0BeKa;

Ry — compoTuBiIeHNE e MPOTEKAHUS TOKA YePe3 YEIIOBEKa.

B cootBerctBuu ¢ [1YD-86 ceyenue HyneBoro nposoja JIOKHO ObITh 0,5
ceueHus (a3sHOro mpoBojga. B 3TOM cioydae HampsOKEHHWE Ha  KOPITyce
OTpEeNEISICTCS  pacTpeeICHUEM HaNpsDKeHUS MeXay (a3sHbIM | HYJIEBBIM
MIPOBOJHUKOM B OTHOIIECHUH 1:2, TO €CTh Ha HYJIEBOH MPOBOIHUK mpuaercs 2/3
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¢aznoro HampspkeHus. COBpeMEeHHbIE HOPMbI YCTaHABIMBAIOT ceueHue (PpazHoro u
HYJIEBOI'O MPOBOAHMKA OJMHAKOBBIMHU. Torga Ha HyJ€BOH MPOBOJHUK MPUIETCS
NOJIOBUHA (PAa3HOTO HAIPSHKEHUS.

Jis yBenuueHus HajaexxHoctu padotel cetu 0,4 kB ¢ rimyxozazemieHHOM
HEUTPAJIbIO BBIIIOJIHAKOTCS IIOBTOPHBIE 3a3€MJICHHs HyJieBOro nposoja. Ha
pucynke 10 mpuBeneHo pacripejiesieHre HanpsDKEHHU M0 OTHOIIEHHIO K 3eMJIe B
HYJIEBOM ITPOBO/IE C HAJIMYKUEM ITOBTOPHBIX 3a3€MJICHHEM U IIPU UX OTCYTCTBUM.

[Ipu OTCYTCTBUU MOBTOPHOTO 3a3€MJICHUS, HANPSHKEHHE MO OTHOILIEHUIO K
3eMJie B 3aHYJISIOLIEM MpoBOAHMKE y aurarens 2 pasHo 110 kB u paBHOMepHO
CHIDKAETCsl OT MECTA 3aMbIKaHUsI K MECTY 3a3€MJICHUSI HEUTpasii TpaHchopmaTopa,
/1€ OHO OJIM3KO K HYJIIO.

[Ipu BBINOJIHEHUH B KOHIIE JIMHUM Yy JBUratess 2 MOBTOPHOIO 3a3€MIICHHUS
HysneBoro mpoBojaa (pucyHok 100) TOK HPOXOTUT HE TOJBKO IO HYJIEBOMY
npoBoay. YacTb TOKa MNPOXOAUT MapajulesibHO uepe3 comnpoTuBieHue Ry
Cyl11ecTBEHHOE CHI)KEHUE HANPSKEHHS] IPUKOCHOBEHUSI MOXKET ObITh JOCTUTHYTO
TOJIBKO MPU 3HAYUTEILHON TOKOBOM pa3rpy3Ke HyJeBOro NpoBoOJia, TO €CTh BEChbMa
MaJbIX CONPOTHUBJICHUAX TIOBTOPHBIX 3a3€MJICHHH, UYTO HE MOXKET ObITh
OCYUIECTBJIEHO [0 3KOHOMHYECKUM COOOPAKEHUSIM.,

}QDE
Pucynok 10 — Pacnipenenenue HanpsKeHHsI 0 OTHOIICHHUIO K 3eMJIe B
HYJIEBOM MPOBO/IE:
a) 6e3 TOBTOPHOT'O 3a3¢MJICHUS; 0) TP IIOBTOPHOM 3a3EMJICHHUH
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Uy — HampsikeHUe Ha HyJIEBOM ITPOBO/IE TIO OTHOIICHUIO K 3€MIIE;

| — nuHA TuHUY (HYJIEBOTO IPOBOIHUKA);

lx3 — TOK 0HO(A3HOTO KOPOTKOTO 3aMbIKaHMSI Ha KOPITYC;

Zy — COTPOTHUBIICHUE HYJIEBOTO MPOBO/IA,;

Zp— conpoTuBieHue (Hha3Horo MpoBoa;

Rs — conpoTtuBieHue 3a3emiieHus HelTpaau Tpanchopmartopa 10/0,4 kB;

Ry — conpoTuBiieHnEe NOBTOPHOT'O 3a3eMJICHUS,

I'k3 — 9acTh TOKa KOPOTKOTO 3aMBIKaHMsI, MPOTEKAOIAs TI0 HYJIEBOMY MPOBOY;
|"k3 — 94acTh TOKa KOPOTKOrO 3aMbIKaHUs, MPOTEKAIOIIAS 110 3EMJIE,;

V — YCIIOBHOE 0003HaUYEHNE MECTA pa3pbiBa HYJIEBOTO MPOBOIA.

Jlpyroi myTh TOKOBOW pa3rpy3KH HYJIEBOTO MPOBOJIA — YBEJIMYECHHS YHUCIIA
MOBTOPHBIX 3a3emiieHuil. [Ipu Bo3HukHOBeHMH O33 B MecTax MX NPUCOCIUHEHUS
K HYJIEBOMY IPOBOJ1y MOTEHIIMAI HECKOJIBKO CHUXKAETCA U JIUHUS NOTEHI[MAJIOB Ha
pucynke 10 mnpuoOperaer cryneHuyatblii xapakrep. [lonokeHue TOYKH C
HaANPsHKEHUEM NMPUKOCHOBEHUS PAaBHBIM HYJIO OyJI€T MEHSTHCS B 3aBUCUMOCTH OT
4yucia MOBTOPHBIX 3a3eMiIeHUH. [Ipu 3TOM CyIIECTBEHHOE CHMKEHUE HANIPSKEHUS
IPUKOCHOBEHHUSI MOXET OBITh JOCTUTHYTO TOJBKO MpU OOJBIIOM KOJUYECTBE
MOBTOPHBIX 3a3€MJICHUH, YTO OOBIYHO HE MOXKET OBITh OCYIIECTBIICHO.

Takum  oOpa3oMm,  yBEJIMYEHHE  YWCIA  TMOBTOPHBIX  3a3€MJICHHM
Man03(pPEeKTUBHO.

[ToBTOpHBIE 3a3eMIICHHS] HYJEBOIO MPOBOJA U HUX YHUCIO HUMEIOT OOJIbIIOoe
3HAYEHUE MPU OOpPBIBE HYJIEBOTO MPOBOJIA U COXPAHMBIIMXCSA (Pa3HBIX MPOBOOB,
YTO, KaK MPaBUIJIO, MOKET HAOJIIOAATHCS TOJIBKO HA BO3AYIIHBIX JTUHUAX. Tak, npu
OOpBIBE HYJIEBOTO MPOBOJA M 3a3eMJICHHS OJHOW (a3bl Ha Kopiyc (pucyHok 10a)
0e3 HaJIM4Yus TIOBTOPHOIO 3a3eMJICHHS (MECTO OOphIBAa YCIOBHO MOKa3aHO 3HAYKOM
V) kopmyca apurateneii 1 m 2 okaxkytcs moj ¢asHeIM HampspkeHueM. [lpu
HAJIMYUK TOBTOPHOTO 3a3emiieHus (pucyHok 100) aBapuiiHasi 1eMb 3aMbIKACTCS
4yepe3 COINPOTUBIICHUE ITOBTOPHOTO 3a3€MJICHUS M CONPOTHUBIICHUS 3a3€MIICHUS
HEUTpaHu.

OObIYHO OOpBIB HYJIEBOrO MPOBOJA BBI3BIBAET HEHOPMAJBHBIA PEXHUM
paboThl 01HO(DA3HBIX AITEKTPOINPUEMHUKOB, TaK KaK HAIPSKEHUE HA OJHOU U3 (a3
MO>KET BBIPACTH /10 JIUHEHNHOIO.

HaubGonee »d@exkTuBHBIM CpPEACTBOM IO CHIDKEHHMIO HAMpPsHKCHUS
IIPUKOCHOBEHUSI  SIBJISIETCS  BBIDABHUBAHME MOTEHLHMAIOB  3€MJIM  BOKPYT
o0opyoBaHUsl K TMOTEHIHMATy 3a3eMJICHHOro Kopmyca. Eciu ¢ MOBTOpHBIM
3a3eMJICHUEM COCIMHUTH >KEIe300€TOHHBIN (yHIaMEHT 3/aHus, To Omaromaps
B3aMMHOMY BIIMSIHUIO JJIEKTPONPOBOMASIIUX CTOPOH (yHAaAMEHTa, MOTEHIHAI
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BHYTPH 3[aHHUS PACHpPEACIUTCS 3HAYUTEILHO pPaBHOMEpHEE, BCIEACTBHE 4YETO,
PE3KO YMEHBIIUTCS HANPSHKCHUE IPUKOCHOBEHUS (prcyHOK 11.)

Ha pucynke 11 mpuBeneHO pacrpelielieHue MOTeHIHMANa M0 TMTOBEPXHOCTH
3eMJIH TIpU OOPBIBE HYJIEBOTO IMPOBOJIA.

[Ipu oOpsiBe HyJEBOro MpoBoja 03 3aMbIKaHUS Ha KOPIyC 00pasyercs
Ielb HEPaBHOMEPHON Harpy3ku ¢a3 — HYJICBOW MPOBOJA MapaLICNbHO C
MarucTpaibl0  3a3eMJIEHHS — TIOBTOPHOE  3a3eMJICHHE  3eMIIs-HEeHTpab
tpancpopmaropa (pucynok 11). Ha Hynme m Ha BCEeX 3aHYJICHHBIX KOpITycax
AIIEKTPOOOOPYIOBAHNS, HAXOMSALIMXCS 32 MECTOM OOpBIBA, MOSIBUTCS HANIPSDKEHHE,
00yCJIOBJICHHOE TMPOTEKaHUEM TOKa HEPAaBHOMEpPHOW Harpy3ku. Benuuuna
HANpsOKCHUS paBHA MAJCHUI0 HANPSOHKEHHS Ha CONPOTUBIICHHE IIOBTOPHOTO
3a3eMJICHHSI, KOTOPOE  OKa3bIBACTCsl  BKIIIOYCHHBIM  IOCJIEIOBATEIBHO  C
COIPOTHBIICHUEM HEPABHOMEPHOM HArpy3ku (pucyHok 11).

o)

Pucynok 11 — Pacnipenenenue noTeHI#aIa Mo MoBEPXHOCTH 3EMITH ITPH
0OpBIBE HYJIEBOTO MPOBOJIA: a) O¢3 BRIPABHUBAHMUS MOTEHIIMANA; 0) MPH
BBIPABHUBAHUHU MTOTEHITHATA

| — TOK HepaBHOMEPHOH (HECUMMETPHYHOM) HArPy3KH;

U - moTeHmpan MNOBEPXHOCTH 3€MIM IPH CTEKAHHMH TOKA Ha Pa3HOM
yIAJICHUHU OT 3a3EMIIUTEIIS;

U 40 np HAIIPSDKEHUE 10 TIPUKOCHOBEHUS;

V — MecTo pa3pbiBa (00pbIBa) HYJIEBOTO MPOBO/IA.
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5 Oco0ennocTH BhInoJIHeHNd 3a3emiuTesiel B cersax 0,4 kB ¢

rJIyX03a3eMJICHHON HEHUTPAJIbIO

COHpOTI/IBJ'IeHI/Ie OJHHOYHOT'O 3a3CIUTCIIA IIPH TOKax HpOMI)IIHJ'IeHHOf/JI

YaCTOThI PACCUMTHIBAETCS IO OpMyIiaM, MPUBEIECHHBIM B TabauLE 2.

Huamerp (ceueHue) BEPTUKAIBHBIX M TOPU3OHTAIBHBIX 3a3€MIIMTEICH B

ycraHoBkax 0,4 kB BbiOMpaercss mo MeXaHHMYECKOW MPOYHOCTH, KOPPO3UOHHOU

cToMkocTu. Ha TepMuUecKyr0 CTOMKOCTD 3a3€MJIMTENIN HE TPOBEPSIOTCS.

B Tabmuue 1 mnpuBegeHbl HOPMHUpPYEMBbIE CEUYEHHUS JUJIsl BBIMOJHEHUS

3aszemuienud B cetu 0,4 B.

Ta6Jmua - Pa3M€pBI 3a3eMIINTEIe M 3a3CMJII0IMNUX IIPOBOAHUKOB,
PoJIOKEHHBIX B 3emute s cetu 0,4 kB.
Marepuan [ToBepxHOCTB [Tpoduns Pasmep
Huamerp, IInomane Tommuua
MM MOMEPEYHOTO | CTEHKH, MM
CCUCHNS, MM
Cranp bes nokpeitusa | [IpsimoyronbHbII 100 4
yepHas
Yrunoson 4
TpyOHBIT 32 100 3,5
Kpyrasrit
TUIS
BEPTHUKAIbHBIX
3a3eMIIMTENEN 12
Kpyrmeiit = st
TOPU30HTAJIBHBIX
3a3eMIIMTENEN 10
Cranb OnunkoBanHas | [IpsaMoyroasHbII 90
TOPSIYUM
crocoooM VYrnoBoit
TPyOHBIi 25 90
Kpyrubrit
IE
BEPTUKAJIBHBIX
3a3eMIIMTeNeH 12
Kpyrneiit st
TOPU30HTAJIBHBIX
3a3eMIIMTENEN 10 2
VBenmuuenue AnaMceTpa CHUMXKXACT COIIPOTUBJICHUEC 3a3€MJICHUA

HCIIPOIIOPHIHUOHAJIBHO pacxoay MCTalllad. Tak YBCIMYCHUC IIJIOMIAAN CCUCHUS B 1,2

pa3a yBeIMUYMBaeT pacxoa MmeTtamia B 1,5 pasa, mpu yBenumuenuu nuamerpa B 10

pa3 comnpoTuBiieHre cHmkaeTcsa Ha 31%, a pacxon meramia ysennuuBaercs B 100

pas.
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OOBIYHO 3a3eMJIUTENN COCTOSIT M3 HECKOJbKHMX, a B 3€MJIE C BBICOKHM
YVACIbHBIM COPOTUBJIEHUEM M3 OOJBIIOTO YHCIA DJIEKTPOJOB, COCIMHEHHBIX
IIOJIOCOM WJIM KPYIVIOW CTaibl0. TOJBKO B TOM Cilydae, €CIIM PACCTOSTHUE MEXIY
ANEKTPOJAaMH OyJIeT JOCTATOYHO BEJIUKO, UX COMPOTUBIIEHUE OYyI€T Majo 3aBUCETh
OT BJMSHHUS COCEJHHUX OJJIEKTPOJOB. B pealbHbIX yCIOBHUSIX OSIEKTPOIBI
pacnoJiokeHsbl 0osee OJIM3KO APYT K APYTY M, KaK CIEICTBUE BO3HUKAET B3aUMHOE
BIIMSIHAE HX JJIEKTPUYECKUX MOJIEM APYr Ha Apyra IMNpU PACCTEKAHUU TOKa C
3a3€MJIATEIIS.

Yem Oosbllie CHiIa AJIEKTPOJOB 3a3€MIIMTENS M YE€M MEHBIIE PACCTOSHUE
MEXKJy HUMU, TEM CUJIBHEE CKa3bIBACTCS B3aWUMHOE BIIMSIHUE DJIEKTPOJOB JIPYT Ha
Jpyra. 9TO BIUSHHUE OLEHUBACTCS KOA(P(HUIIMIHTOM UCTIOIB30BAHUS 3a3EMITUTEIIA.

Tabnuua 2 — ®opmyinbl I pacyeTa CONPOTUBICHUS PACTEKAHUIO OJUHOYHBIX
3a3eMJIMTEJIeH MTPU TOKaX MPOMBIIUICHHOW YaCTOTBHI.

dopma Cxema
3a3eMIISI0IE Tun pacmoIoKeHUs Pacuetnas popmyna s CONpOTUBICHHUS
I'0 BJIEKTPOJA |  3a3eMIIMTEIIA 3a3€MJISIFOIIIETO pactekanuto, Om
3JEKTPO/Ia B 3eMJIE
Tpyba Bepxuuii koHery T
(cTepxeHp) | Haq 273 I 5
ITOBEPXHOCTHIO 3 S
3eMIIU g T ﬂ x
Bepxuuii KoHeIr &% Al
HUKE  ypOBHS &7
3eMJIU
YrinoBas Bepxuuil koHer
CTallb HU)KE  YpOBHS
3eMIIH
ITonoca ITonocosoit
(ropu3oHTAITBEHO
MIPOJIOKEHHBIN
B 3eMJI€)
Kpyrusrit To xe
poBoJ (Tpoc
U T.II)
[Tonoca wunu | YriyOaeHHbIH
KpYTJIbI KOJIBLIEBOM
MIPOBOJ B
BUJIE KOJIbIIA
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n=Ro/R3*m (8)
rie Ro — conmpoTuBi€HHE OTAENBHOrO 3JeKTpoja 0e3 yuera B3aUMHOIO
BIIVSTHUS

R; — conpoTuBieHUE 3a36MIIEHHS B LIEJIOM;

I —4KCII0 JCKTPOA0B (I10J10C).

1) Bcerga MEHbLIE €JUHULIB], a COIIPOTUBJICHUE 3a3€MIIUTEIS B LIEJIOM BCEr1a
Oonbliie, yeM oOO0lIee COMPOTUBICHHUE OTHACJIbHBIX 3a3€MIIMTENICH CIO0KEHHBIX
napasuleIbHO.

B Ttabnume 3 mnpuBeneHsl BEMWYUHBI KOA()(PHUIIMEHTOB HCMOIB30BAHUS
BEPTUKAJIBHBIX 3JIEKTPOJIOB, a B Tabuule 4 - mapamienbHO YIOKEHHBIX nosoc. Ha
pucynke 12 mpuBeaeHa KapTHHA paclpeleieHHs] JUHUNA TOKa C MapajuieIbHO
BKJIFOUEHHBIMHU AJIEKTPOJIaMU.

Kak Buano u3 tabmun 3 u 4 npu OIM3KOM PACHONIOKEHUU APYT K OPYry
TOPU30HTAJIbHBIC 3a3€MJIUTENM HCIONB3YIOTCA Ha 25-7/5%, a BepTHUKaIbHBIC
anektponbl — Ha 50-75%. IlosTomy paccrosiHue MeXIy BEepTUKaIbHBIMU
3JIEKTPOJIaMU B 3€MJIE JIOJIKHO OBITh , KAK MUHUMYM, B 2 pa3a 0OJIbIlIe UX JJIUHBI.

B a35ekTpoycTaHOBKax € IUIyX03a3€MJICHHOM HEWTpPAJbIO T€HEpATopa WU
TpaHcopmaropa Tpex(pa3HOTO MEPEMEHHOIO TOKAa OJMH U3  BBIBOJOB
01HO()a3HOrO TOKA JOJKEH OBbITh NPHUCOEAEHEH K 3a3€MIIMTENI0 MPU MOMOIIU
3a3eMJISOILEr0 IPOBOAHMKA.
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Pucynox 12 - Pacnipeenenue JMHUN TOKa C MapauiebHO BKIFOUEHHBIX
3JIEKTPOIOB TpU OJU3KOM (a) UX PACIIOIOKEHUH JIPYT K ApyTy U aajnekom (0)
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Tabmuma 3 - KoadouuueHT WHCMONB30BaHUS BEPTHUKAIBHBIX  3JIEKTPOIOB,
pa3MEIIeHHBIX B psia 0€3 yueTa BIHMSIHHSI TOJIOCHI CBS3H.

OTHolIeHNS PACCTOSIHUSI MEKITY Yuci0 371eKTPOAOB, 1. IIT. Koy¢ppuunent
BEPTHKAJIbHBIMH 3JIEKTPOJIAMHU A HCIOJb30BAHUS 1]
K UX JjauHe t, a/t
1 2 0,84-0,87
5) 0,67-0,72
15 0,51-0,56
2 2 0,9-0,92
5) 0,79-0,83
15 0,66-0,73
3 2 0,93-0,95
5) 0,85-0,88
15 0,76-0,8

Tabmuna 4 — KoapuusHT ucnob30BaHus MapalieIbHO YJI0KEHHBIX I0JIOC Ha
riyoune 0,3-0,8 m.

Jlnuna kaxaoi Yucao Paccrosinne Mexay noJjiocaMmu, M
MOJIOCHI, M napajiejbHbIX
(1 (1] 1 5 15
KoaddurnmenT ncnonp3oBanus
15 10 0,25 0,49 0,72
2 0,55 0,75 0,85

HcckycTBeHHBINM — 3a3€MJIMTEINb, NPEIHA3HAYEHHBIA JUIS  3a3€MJICHUS
HEWUTpasIu JOJKEH ObITh PacioJIoKeH BOJIM3U TeHepaTopa Uik Tpancopmaropa.

Ecnin  ¢ynmament 3maHus, B KOTOpPOM pa3MEMIAeTCs MOJCTAHIINS,
UCIIONB3YeTCSI B KA4eCTBE  €CTECTBEHHOIO  3a3eMJIMTENsl,  HEUTpasb
TpaHchopMaTopa clieyeT 3a3eMIISATh IyTeM IPUCOCTNHEHUS HE MEHEE YeM K JIBYM
METAJTMYECKUM KOJOHAM WJIM K 3aKJIaIHBIM JIETajIsiM, IPUBAPEHHBIM K apMaType.

HckyccTBEHHBINM — 3a3€MJIMTEINb,  MPEIHA3HAYEHHBIA  JUIS  3a3€MJICHUSA
HEWTpaau, Kak MpaBWIO, JOKEH ObITh PAacIoOJIOKEH BOJU3M TreHeparopa WId
TpaHchopmaropa.

ComnpoTuBiieHHE 3a3eMIISIONIETO YCTPOMCTBA, K KOTOPOMY MPHUCOEICHEHBI
HEUTpanu TpaHCcHOPMATOPOB WM TEHEPATOPOB, WIH BBIBOJBI HCTOYHHKOB
MOCTOSTHHOT'O TOKa, B JIF0OO€ BpeMsi rojaa JOJDKHBI ObITh He Oonee 2, 4, 8 Om
COOTBETCTBEHHO Mpu JuHEHHBIX HampspkeHusx 690, 400, 230 wucrounuka
tpexdaznoro Toka unum 400, 230, 133 ucrouHuka OgHO(PA3HOIO TOKA. ITO
COMPOTHUBJICHUE JOJKHO OBITH OOECIEeYeHO C YYETOM  HCIOJb30BaHUS
€CTEeCTBEHHBIX 3a3eMJIMTEJNICH, a TaK >XK€ 3a3eMJIUTEJIEH MOBTOPHBIX 3a3eMJICHUU
PEN wnu PE npoBOJHUKOB BO3YLIHOM JIMHUM HamnpsbkeHueM 10 1 kB npu yucie
OTXOISIIMX  JIMHUH He  MeHee JByX. ComnpoTUBJICHHE  3a3eMIIUTEI,
PACIOJIOKEHHOTO B HEMOCPEACTBEHHOM OMM30CTH OT HEUTpalid reHepaTopa WM
TpaHcopMaropa WM BBIBOJIa UCTOYHHUKA OAHO(PA3HOTO TOKA, OJHKHO OBITH HE
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6onee n 15, 30, 60 OM cooTBeTcTBEHHO NpH JHHEHHBIX HanpspkeHusx 690, 400,
230 B wucrounuka Ttpexdaznoro Toxka wuinu 400, 230, 133 B wucrounuka
IOCTOSTHHOTO TOKa.

[Ipu ynensHOoM conpoTtuBieHun 3emiaun p > 100 Om M pgomyckaercs
yBennunBaTh ykazanuoie HopMbl B 0,01 pas, HO He Oosee 1ecaTUKPaTHOTO.

[Ipu royxom 3a3emnenun Heitpanu cetu 0,4 kB Bcsikoe 3aMblkaHue OHOM
da3pl Ha 3eMIII0 SBISETCA OMHO(A3ZHBIM KOPOTKMM 3aMBIKAHHEM U JIOJKHO
OpUBECTH K  cpabaThIBAaHUIO  3AIIMTHBIX  amilapaToB,  OTKIIOYAIOUINX
ITOBPEXKICHHBIN YYaCTOK CETH.

6 3azemJjieHue HeliTpaau B ceTu 6-35 kB

Bribop cmocob6a 3azemiieHHMs HEWTpaiau CBsA3aH TJIABHBIM 00pa3oM C
NOBEJACHUEM CHUCTEMBbl TMpU 3aMbIKaHUSAX Ha 3emuno. [lojgaBisiomiee YMio
3aMBIKaHUM BO3HHUKaeT Ha BJI B pe3ynbprare UMIYJIBCHOIO IEPEKPBHITUS NPHU
pazpdaax MOJIHUHM C TOCIEAYIOUIMM MEPEX0J0M HMIYJbCHOIO NEPEKPHITUS B
nyroBoil paspsan. [IpuHATHIA crioco0 3a3eMiICHHS HEUTpadu NOKEH B TMEPBYIO
ouepeib obOecneunTh HamboJsiee OBICTPYIO JUKBUAAIMIO AYTHM 3aMbIKaHUSA Ha
3€MJTIO 110 BO3MOXKHOCTH 0€3 HapyIICHHS 3JIEKTPOCHAOKEHHSI TTOTPEOUTEINEH.

Br16op pexxnma 3azemieHus HeWTpanu B cetu 6-35 kB (wim, mo-gpyromy,
crocoba 3a3eMJICHHMS] HEHTpaiu) - HCKIIOYUTEIBLHO BaXKHBIM BONPOC IPH
NPOCKTHPOBAHUU W JKCIuTyatanuu (peKOHCTpyKmuu). Pexxum  3a3emieHus
HelTpanu B cetn 6-35 kB onpenenser:

— TOK B MECT€ MOBPEKIECHUS W IEpPEHANPSIKEHUS Ha HEMOBPEKIACHHBIX
dazax mpu ogHO(PA3HOM 3aMbIKAaHUH,

CXEMY MOCTPOEHHUSI PEIEUHON 3aIIUTHI OT 3aMbIKAHUM Ha 3€MJIIO;

YPOBEHb U30JIALIUU JIEKTPOOOOPYAOBAHUS,

BbI0OOp OITH asist 3amuTh! OT epeHANPSKESHHIH;

6ecnepeOOMHOCTh AJIEKTPOCHAOKECHUS;

JAOITYCTUMOEC COIIPOTHUBJICHUEC KOHTYpPa 3a3€MJICHUS IOACTAHIINU,

0€30MacHOCTh TEepcoHajga W 3JIEKTPOOoOOPYIOBaHUS MPU OJHOGDAZHBIX
3aMbIKaHUSX.

Pexxum 3azemiieHust Heitpanu B cetd 6-35 kB BiMseT HAa 3HAUUTETHHOE
YUCIIO TEXHUYECKHUX PEIICHUH, KOTOPBIEC PEATU3YIOTCS B KOHKPETHOW CETH.

B cetsx cpennero HampspkeHus (C HOMHHAJIBHBIM HampspkeHuem a0 69 kB
1o 3apyOexHOW KIAacCU(PUKALNN) MPUMEHSIOTCS YETBIPEe PEKUMa 3a3eMIICHUS
HEUTpaJu.
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To ecth, Bcero B Mupe B CETIX cpeHero HanpsbkeHus (1o 69kB), B oTiauune
or ceredl Bbicokoro HampspkeHus (110kB w BbwImie), HCIONB3YIOTCS YETHIPE

BO3MOYKHBIX BAPUAHTA 3a3EMJICHUS HEUTPAIIbHOM TOYKH CETH:

U30JIMpOBaHHas (He3a3eMJICHHAs);

3a3eMJICHHAs! Yepe3 AyTroracsiluili peakTop;

3a3eMIICHHAs Yepe3 Pe3ucTop (HU3KOOMHBIN MM BBICOKOOMHBIH);

[JIyX03a3€MJICHHAS.

Kpome yka3aHHBIX 4YeTBIpEX PEKHUMOB 3a3€MJICHHUSI HEUTpalld B MUPE
IPUMCHSICTCS TakkKe KOMOMHaIws (mapaielibHOe BKIFOYEHHE) JIyroracsiiero
peaktopa u pezucropa. Hanpumep, Takas KoMOMHALIMS BCTPEYAETCS] B BO3AYILIHBIX
cetsix 20kB T'epmanum, tme ayroracsimmii peakTop oOecrnednBaeT TalleHue
KPaTKOBPEMEHHBIX OJJHO(PA3HBIX NEPEKPHITUN U30JSUUN HA 3EMJTIO, @ HU3KOOMHBIN
PE3UCTOP MOAKIIOYACTCS K HEUTPAIM CETH IapaUIE]bHO PEAKTOPY TOJIBKO
KpPaTKOBPEMEHHO CIEeLUaIbHBIM OJJHO(A3HBIM CUJIOBBIM BBIKJIIOYaTesneM. Pesucrop
B TaKOW CXEMe€ CIIy>)KUT JJIsl CEJIEKTUBHOTO OmpejeneHus (uiaepa ¢ yCTONYMBBIM
0/1HO()a3HBIM 3aMbIKAHUEM Ha 3EMIIIO.

Ecnu mocMoTpeTh Ha MHMPOBYIO NMPAKTHKY AKCILTyaTallMM CETEH CPEIHEro
HanpspkeHus (Ttabmuia 5), TO Xopomo BUAHO, 4TO B oTiauuue oT Poccum, rue
UCIIOJIb3YETCS PEeXKUM M30IMpoBaHHOM HerTpanu (mpumepHo 80 % cereit 6-35 kB)
U PeKUM 3a3eMIICHHUs depe3 ayroracsimmid peaktop (mpumepHo 20 % cereit 6-35
kB), B Apyrux crpaHax yaiie BCEro NPUMEHSCTCS 3a3eMJICHHE HEHTpaliu uepes
PE3UCTOP WU AyTOracsiuu peakTop.

B cetsax Pb 6-35 kB rinyxo3azemiieHHas HeWTpaab HE IPUMEHSIETCHI.

OpnHoda3zHble 3aMbIKaHUS Ha 3€MJIIO SIBISIOTCS MpeoOjagaroluiuM BUIAOM
MOBPEXKICHUH B JJCKTPHUECKUX CETSIX cpeanero Hampstkenus (25-30% obimero
qrcia NEKTPUISCKUX MMOBPEKICHUI) U YaCTO SBISIOTCS NEPBONPUIHHON aBapui,
COTMPOBOXK/IAIOIINXCS 3HAUUTETbHBIM 9KOHOMUYECKUM YIIEPOOM.

B omnmume oT pa3HOBUIHOCTEH KOPOTKMX 3aMbIKaHWid (TpexdaszHoe,
nByxdasHoe...) pasHoBuaHocTH 033 CyIIECTBEHHO OTIMYAIOTCS MO (opme u
3HAYEHUSAM HJIEKTPUYECKUX BEJIUYMH, MOJBOJMMBIX K MU3MEPUTEIbHBIM OpraHaM
3alIUTBl  OT OATOr0 BUJA TMOBPEXKICHUM U, CJIEAOBATEIbHO, YCIOBUSIM
(GyHKUHOHMpOBaHUsS nocieaneil. Bee paznoBugHocT O33 MOXKHO pa3fesuTh Ha
JIBE€ TPYNIIbl. YCTOWYMBBIE U HEYCTOMYUBBIE.

YceronuuBele 033, wuMemME MECTO NpPU  HAJIUMYUMU  YCTOMYMBOU
raJbBaHMYCCKOW CBSI3U MOBPEKACHHOW a3kl ¢ 3emiiell (MeTayuimyeckasi CBS3b,
NEPEXOJHOE COMPOTUBJICHUE, YCTOWYHMBO TOpSIIas Myra) XapaKTepU3yHTCs
HaJUYUEM B TOKaX M HANpPSDKEHUSAX TOJBKO TPUHYKICHHBIX COCTABIISIOIINX

35



IPOMBITINICHHON YaCTOTHI M BBICIITUX TAPMOHHK PUCYHOK 13a,0.

Tabnuia 5 — PexuM 3a3eMiIeHUsI HEUTpalid B ceTsAxX 6-35 kB B pa3auyHbIX cTpaHax
MUpA.

Crioco0 3a3emiieHHs HeTpaau
Crpana 3a3eMJICHHAs 3a3eMJICHHAs
W30JIUPOBaHHAS TITyX03a3eMJICHHAs
Yyepes3 peakTop | depe3 pe3ucTop
Poccus + + - -
ABcTpanus - - + +
Kananma - - + +
CIIA - - + +
Hcnanus - + + +
ITopryranus - - + -
DpaHuus - + + -
SnoHus - - + -
['epmanus - + + -
ABcTpust - + + -
benvrus - - + -
Benunkobpurtanus - - + +
[IBeliapus - + + -
Ouangaaus + + + -
Hranus - + + -
Yexwns - + + -
CrnoBakus - + + -
IIBemus - + + -
Hopserus - + + -
HeycroituuBble  ayroBele  3amblkaHuss —  OCHOBHOM  Bua — O33,

XapaKkTepu3yeTcss MpPephIBUCTOM (QOopMON TOKa, B KOTOpPOM IpeoOiaafaroT
CBOOOJHBIE  COCTABIAIOIIME  TEPEXOJHOTO  Mpolecca ¢  aMIUIUTYIaMH,
JOCTUTAIOIIMMHUCS B 3aBUCHUMOCTH OT CYMMAapHOTO €MKOCTHOTO TOKa CeTH lcsy,
yAaneHHOCTH Touku O33 OT MIMH, HANPsDKEHUs Ha MOBPEXACHHOU (aze B MOMEHT
po00s U3OJISIIINH, TAPAMETPOB JIMHUN IIEKTPUIECKOMN CETH.

Bce HeycroitunBbie O33 yCIIOBHO MOXKHO Pa3AeIUTh HA IBE€ PA3HOBUIHOCTH:
OJIHOKPATHbIE CaMOYCTPAHSIOIIMECS NPOOOU H3O0JALUU - «KIEBKH 3eMIIN» U
JyTOBbIE TPEPHIBUCTHIE 3aMbIKAHUS — TMOCJIEA0BATENbHOCTh, B OOIIEM cllydae, He
MIepUOIUYECKasi CaMOYCTPaHSIONIMXCs MpoOoeB m3oisiiuu (pucyHok 13B,r) Ecnnm
NOBTOPHBIE 3KUTaHUS AYTU MPOUCXOAT Yepe3 HeOOIbIINE HUHTEPBAIIbI BPEMEHH,
He npesbimatonme npumepro 0,1c, O33 conpoBOXAAIOTCS HAKOTUICHHEM 3aps/iOB
Ha (pa3ax W JOMOJHUTEIBHBIM CMelleHueM HelTpanu. Takyro pasHoBuaHOCTE O33
Ha3bIBAIOT JYTOBBIM IIEPEMEXAIOIIMMCSA 3aMbIKAaHMEM Ha 3eMilt0. B ceTsax ¢
M30JIMPOBAHHOW HEUTPAJbIO PU AYTOBBIX nepemexaromuxcs O33 MUHUMAabHbIE
0ECTOKOBBIE Tay3bl MEXIy TOBTOPHBIMH TPOOOSMH H3OJSAIHN OOBIYHO HE
npeBbiatoT 40-50Mc, B HEKOTOPBIX CITy4asiX MOTracaHus U 3aKUTaHus AyTd MOTYT

MOBTOPATHCA KaXJbIA IEPUOJ U IAXKE NONynepuon. JUIMTeNbHOCTh TOPEHUS AYTH
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00b19HO He mpeBbimaet 20-40mc.

BbonpmmmacTBo O33 B KabensiX M JJIEKTPUYECKUX MallMHaX B HayajabHOU
CTaJMM Pa3BUTUS TOBPEXKJICHUS HW3OJSILMM, TMPOJOJDKAIOUIEHCS KaKk MHUHHUMYM
HECKOJIbKO MHHYT, HMMEIOT JyTOBOH TPEPBIBUCTHIM XapakTep, MpH KOTOPOM
CYIIIECTBEHHO CHIDKAeTCs A(()EKTUBHOCTh cpabaThIBaHUS 3aIUT OT ATOTO BUIA
MOBPEXJICHUN, OCHOBAHHBIX Ha WCIIOJB30BAHUM PA3TUYHBIX COCTABJISIONINX

ycTra"HoBuBIIIerocst Toka K3.

Pucynok 13 - PaznoBugnoctu 033 B snekTpuueckux cetsax 6 - 10 xB:

a - ycronunBoe O33 B CeTH ¢ M30JUPOBAHHOW HEUTPAIIbIO; O - YCTOMYMBOE
033 B KOMIEHCUPOBAHHOW CETH; 8 - KPATKOBPEMEHHBIN CaMOyCTPaHUBIIUIICS
po0oil u30ALMH; 2 - TyroBoe npepbiBuctoe 033.

B osnextpuueckux cersx 6-35 kB Pb, pabGoraromux, kak mnpaBuio,
M30JIMPOBAHHOW WM KOMIIEHCUPOBAHHOM HEWTpasnbplo, 3HadeHuss TokoB O33
HeBenuKo, oHU He npeBblaoT 20-30A. [ToaToMy ceTu 3THUX KIIACCOB HAIPSKEHUS
Ha3bIBAIOT CETSAMU C MaJlbIM TOKOM 3aMblkaHus Ha 3emuto. Opnako, O33
MPECTABISAIOT OOJBIIYIO0 OMACHOCTH JJIsi 000PYIOBaHUS DJIEKTPUUECKUX CETeH U
Uit Haxosuxess BOmm3u O33 mroei U KUBOTHBIX. [IpaBmiamMu TeXHUUYECKON
AKCIUTyaTallMu AJICKTPUYECKUX CTAaHLIMM U ceTel TpeOYyrT B OJHUX CiIyyasx
obicTpo oTkItouaTh 033, a B Apyrux — HEMEJICHHO MPUCTYIATh K OMPEACIICHUIO
npucoenudHenuss O33 M 3aTeM OTKIIOYATh €0, B TOXE BpEeMS JOMYCKAETCA
JOBOJIBHO  JIJIMTENbHOE  cymiecTBoBanue  pexuma O33.  OrpanHuyeHus
cyuiectBoBaHusl pexuma ¢ O33 CymIecTBYET TOJIBKO JJISI CETEW T'€HEPaTOPHOIO
HaNpsHKeHUs — 2 Jaca.

Bce paszHooOpa3zue BO3MOXHBIX PEKHUMOB  3a3eMJICHHS  HEUTpaiu
AIIEKTPUUECKUX ceTel cpennero HanpsbkeHus 6 - 10 kB MoxHO paznenuTs Ha 1BE
TPYIIIIHIL.

K nepeoti epynne otHOCsATCA pekumbl, nomyckaromue padbory cetu ¢ 033.
DTOT MOAXOJ K 3a3€MJICHUIO HEHUTpaau HCXOJUT U3 OCHOBHOTO TMOJIOKEHUS, YTO

3aMbIKaHUE OAHOW (ha3bl HA 3€MIII0 HE BIMSET Ha TPEYrOJbHUK MEXTy(pa3HbIX
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HAMPSDKCHUH,  ompejensionuii ~ paboTy  morpebuTteneld, MO3TOMY  HET
HEOOXOIMMOCTH B HEMEJIEHHOM OTKJIOYeHHH. 3ammra oT O33 B ceTaX ¢ TaKUMU
peXMMaMU 3a3€MJICHUS] HEUTpaau BBINOJHAETCS, KaK MPABHWIO, C JIEUCTBUEM Ha
curHai. OCHOBHBIM TPeOOBaHUEM K PEKUMY 3a3EMJICHUS HEUTPaAIM B 3TOM ClIydyae
SBJISIETCS] CO3/IaHME YCIOBUM, 00ECIICYNBAIONINX HAJIEKHOCTH (PYHKITMOHUPOBAHUS
cetu ¢ O33 Ha BpeMs, TO0CTATOYHOE JJIsI OTHICKAHUS MOBPEXKICHHOTO AJIEMEHTA U
€ro OTKJIIOYCHHS BPYUYHYIO 0€3 HapyIlieHUs dSJIEKTPOCHAOKEHUS MOTpeOUuTemne.
Takol moaX0l K peKUMY 3a3eMJICHUSI HEUTpau U cOCcO0y AEHCTBUS 3aIUTHI OT
O33 1o3BOMSET MPEIOTBPATUTD BHE3ANHOCHb HAPYUIEHUS D]IeKMPOCHAOICEHUS
nompebumereti, KOTopasi B OOJILIIMHCTBE OTpacjieil MPOMBIIIJIEHHOCTU SIBJISIETCS
OCHOBHOW TMPUYHHON yIiepOa, 0O0yCIOBIEHHOTO OTKIIOYEHHUEM MOBPEKIECHHOTO
3JIEMEHTA

Ko emopoti epynne oTHOCSATCS pEeXUMBI, HE TOMyCKaromue paboTy CeTH C
033. DTOT MOAXOJ OCHOBaH Ha MPEINOJIOKEHUH, YTO OOECHEeUUTh JOCTATOUYHO
HAJCKHYIO pabOTy CETH C 3aMbIKaHUEM OJHOMU (ha3bl HA 3EMITIO OYE€HBb TPYJIHO, TaK
kak O33 npencraBiaseT ONacHOCTh HE TOJBKO JJISl MIOBPEXKAECHHOTO 3JIEMEHTA, HO U
JUIL  BCEH DJIGKTPUYECKOHM CETH B II€JIOM, T.e. SBIAeTCS JepEKTOM B
AJIEKTPOYCTAaHOBKE, TPEOYIOIIMM HEMEIJICHHOTO OTKJIIOUCHHS TOBPEKICHHOIO
AJIEMEHTa U BO3BPAICHUS AJIEKTPUYECKOW CETH B HOpMAalbHOE, 0€3 CMeIIeHUs
HeWTpanu, coctosHue. OCHOBHBIMU TPEOOBAHUSAMHM K PEXKUMY 3a3eMIICHUS
HEUTpaJii B HTOM Cllydyae SBIAIOTCS OOECleYeHUEe BBICOKOM YCTOMYMBOCTHU
(GYHKIIMOHUPOBaHUS HanOoJiee MPOCTHIX M HAJICKHBIX TOKOBBIX 3amuT oT 033 u
HAJEKHOCTU (PYHKIIMOHUPOBAHMS AJIEKTPUUECKOM CETH B MHTEpBaJe BPEMEHU OT
MOMEHTa BO3HHMKHOBEHHs O33 10 €ro OTKIOYEHUs 3allUTOM OT 3TOro BHUAA
noBpexieHuid. OCHOBHBIM HEJOCTATKOM JAHHOTO MOJXO0Ja K BBIOOPY pexuma
HEUTpain U crnocoda nerctBus 3amuThl 0T O33 sBIsSETCSs yBEIUYEHHE 4HCIIA
BHE3AIHBIX  OTKJIOYEHUN  IOBPEKIEHHOIO  DJIEMEHTA W HApyUICHUU
AIIEKTPOCHAOKEHHSI TOTPEOUTENEH.

[Ipu BBIOOpPE MOnXO0da K peKUMY 3a3eMiieHus] HehTpanu cetedt 6 - 10 kB
HEO0OXOJAMMO YUYHUTHIBATh CIAEAYIOIIHNE COOOpAKEHUS.

1. VYBenuueHwe CTENEHU pPE3ECPBUPOBAHUS W aABTOMATH3AIMU paclpe-
JENMUTEIBHBIX  DJICKTPHUECKUX CETeH, CHUCTEM DJICKTPOCHAOKEHUS U  TeX-
HOJIOTMYECKHUX TPOIIECCOB MOTPEOUTENIe BO MHOTHX CIy4asiX CHHU3WJIH OCTPOTY
TpeOOBaHUS COXpaHCHHsI B paboTe (Ha OrpaHUYCHHOE BPEMsl) TTOBPEIKIACHHBIX TIPH
033 351eMeHTOB (JIMHHMN, IEKTPOABUTATENCH | JIp.). B CBA3M C 3TUM MOXET OBbITH
CYILIECTBEHHO paciirpeHa o0iacts npuMeHnenus B cetsax 6 - 10 kB 3ammurt ot O33
C ACUCTBHEM Ha OTKJIIOUCHHE.
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HetictBue 3amuthl oT O33 Ha OTKIIFOYEHHUE MPEACTABIACTCS HEOOXO0UMBIM
npu J1I000M PEKUME 3a3€MJICHUSI HEUTPAIH B CIEAYIOUINX CIydasx:

— Ha BCEX DJIEMEHTAax, BHE3AITHOE OTKJIIOYEHHE KOTOPBIX HE NMPUBOJIUT K
HapYILIEHUIO 3JIEKTPOCHAOXKEHUSI U TEXHOJOTMYECKOIo Mpolecca y noTpedouTenen
(HanpuMep, TPU HAJTMYUHU PE3epBa);

— B DJIEKTPOYCTaHOBKax, rje otkitoueHne O33 Heobxoaumo mo Tpebdo-
BaHUSIM 3JIEKTPOOE30M1aCHOCTH;

— Ha TEHEpaTopax, MOIIHBIX D3JIEKTPOABUTATENAX W B JPYruUX CcClydasx,
KOT'JIa 0’KMJIaeMBblii yIiepO OT BHE3AIMHOTO OTKIFOYEHHS OBPEXKICHHOTO JIEMEHTa
MEHbIIIE, YeM YIIEepO OT MOCIEICTBUHN UIUTENBHOTO MpoTekanus Toka O33 uinu
nepexona 3ambikanus B K3 (Hampumep, mMmokapbl B KaOCNbHBIX TOHHEIAX
BCJIEJICTBUE JYTOBbIX IepeMexaronuxcss 033, moBpexIeHUs TE€HEPATOpPOB U
AJIEKTPOJABUTATENEH, NPUBOASIIAE K JUINTEIBHOMY PEMOHTY M  IPOCTOIO
TEXHOJIOTUYECKOTO 000PYA0BaHUS H JIp.).

Bo Bcex ocTanbHBIX Ciydasx MpeAnouTUTeNbHEe AeicTBre 3amuThl oT O33
Ha curHan (cenektuBHas curHanmzanus O33), MO3BOJISIONICE MTPH ONPEACICHHBIX
YCIIOBUSIX BBISBUTH MOBPEXKICHHBIA JJEMEHT U OTKIIOYUTH €ro 0e3 HapylieHUs
AIIEKTPOCHAOKEHUS TOTPEOUTENEH.

2. Pacmmpenune obnactu nmpumeHeHus 3amuthl or O33 ¢ aeiicTBHeM Ha
OTKJIFOYEHHE CO3AA€T BO3MOXKHOCTU JUIS NPUMEHEHUS PEXKUMOB 3a3€MIICHUS
HEUTpalid, HE [ONMYyCKAaIOIIMX JUIMTENlbHYI0 paboty cetu ¢ O33, HO Ooiee
3 PEeKTUBHBIX B IUIAHE OTPAHUYCHUS MEPEHANPSKEHUN B MEPEXOJHBIX PEKUMAaX
033, uckiodeHus Geppope30HaHCHBIX MPOIECCOB U T.I. (HaNpUMep, HU3KOOMHOE
3a3€MJICHHE HEUTPAIM BMECTO PEKMMa HM30JIMPOBAHHOM HEUTPAIM WIM PEXUMA
KOMIICHCAIIMH EMKOCTHBIX TOKOB 033).

3. TlonHblil OTKA3 WM 3HAYUTEIBHOE OFPAHUYEHUE 00JIACTH IPUMEHEHHUS B CETAX
6 - 10 kB pexuMoB 3azemieHUS HEUTpaiu, OOECIEUYUBAIOUINX BO3MOXKHOCTH
pabotel cetu ¢ O33 B TeueHHE OrPAHMYECHHOIO BPEMEHH, M COOTBETCTBEHHO,
sammthl oT O33 ¢ gelictBueM Ha curHai (curHanumsanuu O33) B HACTOsIIEE BPeMsI
U B OJbKaIeit mepcrnekTuBe BPsI JIM BO3MOKHBI IO CIEAYIOMIMM MPUYHUHAM:

Ha YPOBHE PACIHpPEICIUTENIbHBIX CETEeH OTKIIOUEHUE OT 3aIUTHI JIMHUHA MOMKET
OPUBOJUTh K HAPYIICHUIO SJEKTPOCHAOKEHUS NPEANPUATAR U OTIEIbHBIX
paliOHOB; BO3MOKHOCTH H30HMpATEIbHOrO OTKJIIOYEHUs MOTpeOHUTENeld Ha 3TOM
ypoBHE B OOJBIIMHCTBE CIy4aeB JOBOJBHO OrPaHUYEHBI, MO3ITOMY (akTop
BHE3aITHOCTH HApYILIECHUS 3JIEKTPOCHAOKEHUS WIrpaeT HauboJiee CYIIECTBEHHYIO
pOJIb B BeJIMYMHE 00YCIIOBIIEHHOTO OTKJIIOYEHUEM YIIepoa;

— Ha YPOBHE CHCTEM O3JIEKTPOCHAOXKEHUS MPOMBIIIIEHHBIX MPEAIPUATHI

39



OTKJIFOUEHUE OT  3allUThl  DJIEMEHTOB (TeHmMi, TpaHcpopmMaTopoB,
9JIEKTPOJIBUTATENIel) MOXKET MPUBOIUTH K HEOOXOIMMOCTH OTKIIIOYCHHS IIEXOB,
YCTAaHOBOK M BCJIEJCTBHME 3TOr0 OCTAaHOBY WJIM HAPYIICHHUIO TEXHOJIOTUYECKOIO
MpoIiecca; BHE3AMHOCTh OTKIIOUEHHUSI B OOJIBIIMHCTBE OTPACiieil MPOMBIIIJIEHHOCTH
SIBJISICTCSI OCHOBHBIM (DaKTOPOM, BIMSIOIIMM Ha BEJIMUMHY U XapakTep yuiepoa.

Takum o6pazom, aeiictBue 3amuThl OT O33 Ha OTKJIIOYEHHWE MPUHOCUT
MOJIOKUTEIbHBIA  3(PQPEKT TOIBKO TMPH  JOCTATOYHO BBICOKOW  CTEIEHU
aBTOMATH3allM W  PE3EPBUPOBAHMUS KaK DJICKTPUUYECKOW CETH, TaKk U
TEXHOJIOTHYECKUX TPOILIECCOB y MOTpeOUTENIeH. YUUThIBAs 3TO, MOKHO I10JIarath,
4yTO B Oimkalied nepcrneKTUBe MpU paclIupeHUun 00JIaCTH TPUMEHEHUS PEKUMOB
3a3eMJICHHS HEUTpaiM, HE JONMYCKAoIIUX JUIMTEIBbHYI paboty cetn ¢ 033
(HampuMep, HU3KOOMHOI'O 3a3¢MJICHHUS HEHTpaiM 4epe3 pe3HncTop), B KadyecTBE
OCHOBHBIX PEKHMOB 3a3eMJIeHUsI HelTpanu cereid 6 - 10 kB coxpansarcs pexxumsl,
o0ecrnieunBarIIMe BO3MOXXHOCTh Pa0OTHI CETH C 3aMBbIKAHUEM Ha 3E€MJIIO B TEUCHUE
OTPAaHUYECHHOTO BpPEMEHU M, COOTBETCTBEHHO, AeicTBUsS 3ammThl oT 033 Ha
curHai. K tTakum pexxumam 3a3eMJICHUSI HEUTPalid OTHOCSITCS

— HM30JUpPOBaHHAs HEHTpasihb (IPH OrPAHUYCHHBIX 3HAYCHUSX CYMMAapHOTO
€MKOCTHOI'O TOKA CETH);

— pe30HAHCHOE 3a3eMJICHHE HeWTpann (KOMIIEHCAI[MS EMKOCTHOIO TOKa
033);

— BBICOKOOMHOC 3a3eMJICHHE HeWTpaiud depe3 pesuctop (mpu orpaHu-
YCHHBIX 3HAYEHHUSX IOJIHOI'O aKTHBHO-eMKOCTHOro Toka 033).

[Ipennaraercss Takke KOMOMHUPOBAHHBIM PEXUM 3a3eMJICHHS HEUTpaH,
NpEeACTaBISAIONINN CO00M coueTaHre PE30HAHCHOIO M BHICOKOOMHOI'O 3a3€MJICHUS
HEUTpaJIM, COUYETAIOIIMN OCHOBHBIE JOCTOMHCTBA YKa3aHHBIX PEKUMOB HEUTPAJIH.

Bpi00op KOHKpETHOrO pekruma 3a3eMJICHUS HEUTpau SIBISETCS PE3yJIbTaToOM
ydeTa OOJBIIOTO YHCIIa MHOTrooOpasHbIX (hakTopoB. BakHeHmuMu uX HHX
ABJIAIOTCS: HAJIE)KHOCTh pabOThI 35ieKTpuyeckoi cetu ¢ O33 B TeUEHHUE 3alaHHOTO
BpeMeHH, 3(PGEeKTUBHOCTh (YyHKIIMOHHpPOBaHUS 3ammThl oT 033, 6e30macHOCTh
O33 nns dojed U SKUBOTHBIX, HAXOMSIIMXCS BOJMM3M MecCTa MOBPEKIACHUS,
BO3JICHCTBHE TOKA B MecTe noBpexaeHus Ha JIOII.

OcHOBHBIMM  (paKTOpaMH, BIHUSIIOIIMMH HAa HAJEKHOCTh pPa0bOThl 3JEK-
Tpuueckor cet npu O33, SBIAIOTCS 3HAYCHUE TOKA B MECTE IOBPEKICHMUS,
BO3MOXKHOCTh TMOSIBICHUS (DEPPOPE30HAHCHBIX M PE30HAHCHBIX MPOIECCOB,
NEepeHaIpsOKCHUST Ha  HEMOBPEXKACHHBIX (a3zax W HEUTpaM CeTH IpHU
HEYCTONYMBBIX IyTOBBIX 3aMbIKAHUSIX.

B oanexkTpoycranoBkax HampsbkeHwem Bbilie 1 kB ¢ m3onumpoBaHHOM
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HCUTpalIbl0 COMPOTHUBJCHHUE 3a3eMIIAIONICTO YCTPOMCTBA MPH MPOXOXKICHHU
pPacyeTHOr0 TOKA 3aMbIKAHUS HA 3€MITI0 B JIOOOE BPEMs Tojla ¢ YYETOM C YUETOM
COINPOTHBIICHUSI ©CTCCTBEHHBIX  3a3eMJIMTENCH JO/DKHO ObITh HEe  Oosee
omnpeaeneHHoH Mo Gopmyie (9)

R < 250/1 9)

HO He 6osee 10 Owm, rie | — pacueTHBIN TOK 3aMBIKaHUS Ha 3eMJIIO, A.

B kauecTBe pacyeTHOro TOKa MPUHUMAETCS

— B ceTsAX 0€3 KOMIIEHCAIlUU €EMKOCTHBIX TOKOB — TOK 3aMbIKaHMsI Ha 3€MJIIO;

— B CETSAX C KOMIIEHCAI[UEN EMKOCTHOT'O TOKa!

1) s 3a3eMISIIOIIMX ~ YCTPOWCTB, K  KOTOPBIM  MPHCOCIHHEHBI
KOMIICHCUPYIOIINE anmapaTsl — TOK, paBHbIN 125% HOMHHANBEHOTO TOKa Hanbosee
MOII[HOT'O U3 3TUX aIllapaTos;

2) ins 3a3eMJISIONIAX ~ YCTPOMCTB, K KOTOPBIM HE  TOJCOCAMHEHBI
KOMIICHCUPYIOIIME aIIapaTbl — TOK 3aMbIKaHHsI HAa 3€MIIIO, IPOXOAAIIUI B JaHHON
CETH MPHU OTKIIOYEHUN HAan0oJiee MOIHOIO U3 KOMIIEHCUPYIOIIHX allapaTos.

PacyeTHbIil TOK 3aMBIKaHMsI HA 3€MJIIO JOJDKEH OBbITh ONpesesieH JUIsl TON u3
BO3MOXXHBIX B OKCIUTyaTalldd CXE€M CETH, MPU KOTOPOM OH UMeN HamOOoJbIlee
3HAaYEHHUE.

[Ipy MCHONAB30BaHUM 3a3€MJIAIOIIETO YCTPOWCTBA OJHOBPEMEHHO IS
AJIEKTPOYCTAHOBOK HampsbkeHueM 10 1 kB ¢ riayxo3azeMieHHOM HEHTpalbio
CONPOTHUBJIEHUE YCTPOUCTBA JOJKHO OBITh HE 00Jiee YeEM ONpPENENIEHHO B pa3ese
ceTu HanpspkeHrneM 10 1 kB ¢ riryxo3a3zeMieHHON HEUTpablo.

Ha nmoacraHuusix QOJKHO OBITH BBINOJHEHO OJHO O0OIIEe 3a3eMIIolIee
YCTPOMCTBO, K KOTOPOMY JIOJIPKHBI OBITh IPUCOEANHEHBI:

HEUTpaJlb TpaHC(HOPMATOPOB,;

KOpIyc TpaHc(hopMaTopoB,;

MeTaNInYecKre 00004k, OPOHS U 3KpaHbl KademeH;

OTKPBITHIC ITPOBOSIIINE YACTH 3JICKTPOYCTaHOBOK,

CTOPOHHUE TPOBOSIIINE YACTH.

DKpaHbl KaOelled ¢ W30JAIUeld M3 CHIUTOrO IMOJIMATHJICHA B OJHO(A3HOM
WCTIOJITHCHUH JIOJDKHBI 3a3€MJSITBCSL B OJAHOW TOYKE — Y TOTPEOUTENs, mpu
3a3¢MJICHUH B JIByX TOYKAaxX M3-3a Pa3HBIX AJICKTPOMATrHUTHBIX YCIOBUH 10 3KpaHY
Ka0esei, u3-3a MOJydeHUs] KOPOTKO3aMKHYTOTO BHTKA MOTYT MPOTEKaTh TOKH,
IIPEBOCXOSAIINE TEPMUYCCKYIO CTOMKOCTD IKpaHa.

OpHUEHTUPOBOYHO €MKOCTHOW TOK 3aMBIKAHUS Ha 3EMITIO OMPEAEISIeTCS TI0
dbopmynam 10,11:

— 1t KaOeIbHOM CeTH
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Ic = U*I/10 (10)
— JUIA BO3AYIIHOW CETH
Ic = U*1/350 (11)

rae — U — nuHeliHoe HanpsbKkeHue ceTH, KB;

| — vHA TUHAKR, KM.

Onpenenenve |l METOIOM  HEMOCPEACTBEHHOTO  M3MEPEHHUS  IpU
BBINTOJIHEHUHM HMCKYCCTBEHHOI'O 3aMbIKaHUS Ha 3€MJII0 HE PEKOMEHJyeTCs H3-3a
BO3MOKHOCTH BO3HUKHOBEHHSI MECTHBIX TMOBPEXKIECHUU HW3O0JAIMU BO BpeMs
IPOBEJICHUS OIBITa 3aMbIKaHHMS (a3bl Ha 3emilio. M3MepeHWe BENMYMHBI TOKA
3aMbIKaHHUs Ha 3€MJIF0O METOJIOM METAJUIMYECKOT'0 3aMBIKAHUS Ha 3E€MIIIO B TO K€
BpeMs IIPOCT, TpeOyeT MUHUMAIBHOTO KOJIMYECTBA anmapaTrypbl 1 MpuOOpOB, JaeT
Han0oJiee BBICOKYIO TOYHOCTHb MO CPABHEHUIO C PACYETHBIM METOJIOM, METOJIOM
CHSITHSI PE30HAHCHOW KPUBOUW U METOJIOM CO3J]JaHUs UCKYCCTBEHHOW HECUMMETPHHU.
N3mepenus npou3BOAsSTCS ObICTPO U HE TPEOYIOT HUKAKUX CJIOKHBIX pacueToB st
MOJIyYEHHUsI OKOHYATENbHBIX pe3ysibTaToB. Cxema uzmepenus: Toka O33 npuseaeHa
Ha pucyHke 14,

Y s
OF XOAR SR

11

Pucynok 14 — Cxema usmepenust TokoB O33.

Jlnsi mpoBeAeHUsT W3MEPEHMM BBIJICIACTCS CHUCTEMa IIMH W OJUH U3
BeIKJIFOUaTenen BM3. JKenatenbHO HMCHONIB30BaTh PE3EPBHBIM  BBIKIIOYATEIID.
Beikiarouatens BM3 ocHalaeTcss MrHOBEHHO JCHCTBYIOIIEH 3alMTON (TOKOBOM
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OTCEYKOM), TOK CpabaThIBaHHS KOTOPOH HE MOJDKCH IPEBBIIIATH IMATHKPATHOM
BEJIMYMHBI PACUUTAHHOTO €MKOCTHOro Toka cetu Slc Breikmouarens BM3
pacmiHOBBIBaeTCsl W (pa3a, Ha KOTOPOM OyJeT MPOM3BOAUTHCS 3aMBIKAHWE Ha
semiii0  (Hampumep ¢asza C), 3aMbIKaeTcs Ha 3€MIII0 4Yepe3 BCE pPa3pbIBbI
BbIKITIOUaTenss W TpaHchopmartopa Toka TT. Kiacc TtoyHOoCTH mOCHEIHETO
xenarenbHo uMeTh He Hmxke 0,5. Tpanchopmarop Toka 77 mooxcem ObITH Ha
11000€ HOMUHAIILHOE HAMPSKEHHUE, HO TOK MPU U3MEPEHHUH HE JTOJDKEH MPEBBINIAThH
HOMUHaNIbHOTO. [lepen mpou3BOACTBOM H3MEpeHUi MpoBepsieTcss KodhPuueHt
Tpanchopmanmu  TpaHchopmaropa Toka. CoOmpoTHUBICEHHE U3MEPUTEITHHBIX
BTOPUYHBIX LIENEH HE JIOJKHO MPEBBINIATh COMPOTUBICHUE, COOTBETCTBYIOIIEE
KJIACCy TOYHOCTH TpaHCc(hopMaTopa ToKa.

Bxitouenne u OTKIOUEHHE BBIKIIOUYATENS BM3 OIDKHO OCYILIECTBISATHCS
JTUCTAaHIIMOHHO, Ha 0Oe30macHOM paccTosHuM oOT sdyeiiku BM3. Taxxke Ha
0€30MacHOe PaCCTOSIHUM JI0JKHBI ObITh BHIHECEHBI MPUOOPHI U3MEPEHUS.

Crnenyer CTpeMHUTBCSI K TOMY, YTOOBI 3aMBIKAaHHE HA 3€MIIIO, IPOU3BOIUMOE
B LIEJISIX U3MEPEHMUS], OXBATHIBAJIO TOJIBKO YaCTh CETH C BO3MOXHO MEHBIIUM TOKOM
3aMbIKaHUs Ha 3€MIII0. B 3TOM cilydae Ipu NOBPEXKICHUM HU30JSLUU OJHOU U3
310pOBBIX (ha3 rae-1ubo B CETH, MOCIE OTKIIOYEHUS OT 3amuThl BM3, Bo3HUKIIas
B MECTE IIOBPEXKJICHUU AYyra CaMOJUKBUAUPYETCS WIM TOPEHUE 3TOU IOyI'M HE
OyJleT ONaCHBIM ISl MEXy(ha3HON U30ISAIUU.

Henocrarku sToro crnocoba:

— TIOBBIIICHUE HAMPSDKCHUS Ha ABYX (hazax 10 \/3Uq);

- IpU HAIMYUKM B CETH OCHAOJCHHOW W3OJSIMU, BO3MOXEH IPHU
MPOU3BOACTBE HU3MEPEHUM, BBIXOJ €€ M3 CTPOSA W BO3HUKHOBEHHUE JBOWHOTO
3aMBIKaHHsI HAa 3EMJII0 C ABAPUMHBIM OTKIIFOYEHHEM OJHOW WM HECKOJIBKUX
JIMHUU,

— IpU OTCYTCTBUHM PE3EPBHON SUEHKH HEOOXOIUMO OTKIIOYATh OIHY W3
JNEUCTBYIOIIUX JUHUHN [T IOAKIOUYEHUS] U3MEPUTEIIBHONU CXEMBL.

— B cBsA3M C yKa3aHHBIMM paHee HEAOCTATKaMH METOJAa METAJIIMYECKOTO
3aMbIKaHUs, PEKOMEHIYETCS TPUMEHSATH ISl U3MEPEHUS EMKOCTHOTO TOKA B CETSIX
0€3 KOMIIEHCAIIU METO/I CO3/IaHUsI UCKYCCTBEHHOW HECCUMETPHUH.

CymHocTh METOJla 3aKilovaeTcss B CO3JAaHUU B Tpexda3Holl ceTu
OTIpeIe]ICHHOM HECCUMETPUH, ITyTEM MOAKIIOYSHHS K OHOM n3 (a3 KoHAeHcaTopa
C BEJIMYMHON €MKOCTH, onpeensieMoil no popmyie 12:

C=(0,3+ 0,5)%, MK (12)

rae — lc opueHTUPOBaHHBIN 0KHIAEMBIN EMKOCTHOU TOK, A;

U, — muHeitHoe HanpsihkeHue ceTu, KB.
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CoOupaetcs cxema JyIs IPOU3BOICTBA M3MepeHwuid (pucyHok 15):

Pucynoxk 15 - Cxema a1 npou3BOACTBA U3MEPEHUM.

1 — momoJHUTEIbHAS EMKOCTD,

2 — BBICOKOBOJIBTHBIN mpoBoj Tuna [1B/I-1;
3 — U30JIMPYIOIIAs MITAHTA;

4 — pa3psiHas MITaHra.

OnuH BBIBOA JIONOJHUTEIBHOM €MKOCTH IIPUCOEAUHSETCS K KOHTYpY
3a3eMyIeHMs, Apyrod K wm3onupyromei mranre 35-110 xB. B kadectBe mecra
NOJKJIIOYEHUS] €MKOCTH MOTYT ObITh BBIOpaHbl JOCTYIHBIE M YAOOHBIE IS
IIOAKIIIOYEHUSI MECTAa. OLUIMHOBKA OTXOMAIIMX JIMHWM, IIWMHBI CEKIUH, LIWHHBIN
MOCT U T.II.

Ilepen mpoM3BOACTBOM H3MEPEHUN IPOU3BOAAT 3aMePbl BO BTOPUYHBIX
uensix TH, onpenenstorcss (asHble W JUHEHHbIE HANPSOKEHUS HA IIMHAX
NOJCTAaHIMM. OTHUM IIPOBEPSIETCS OTCYTCTBUE 3aMbIKaHMS Ha 3E€MIII0 U
(buKCcUpYyIOTCS BEIMYMUHBI HanpsikeHui. [lepexoc (ha3HbIX HANPSKEHUN HE JOJIKEH
npeBsImath 5%.

[ToaKIIFOUUTh AOMOJHUTENBHYIO €MKOCTh IYTEM KAacaHWs W30JUPYIOLIEH
IITAaHTOM OJTHOM U3 (das3.

[IpousBectu 3amepbl (Da3HBIX M JMHEHHBIX HANPSXKEHUA BO BTOPUYHBIX
nensix TH. Bce u3mepeHuss HanpspKeHHM TPOU3BOASTCS BOJIBTMETPOM Kilacca
TouHocTy He Hke 0,5 ¢ mpeaenom mkainst 10 150 B.

OTKJIIOYUTH JIOMIOJHUTENBHYIO €MKOCTh ITyTEM CHSTUS HW30JIUPYIOLIEH
LITaHTH.

OtrcoenquHUTh  KOHJEHCATOp. BoOCCTaHOBUTH  HOPMAIBHYK)  CXEMY
IIPUCOEAUHEHHS.

Bennuuna eMkocTHOTO TOKA onpezensercs no Gopmye 13:

lc = 314#x*Uy *c / Uy -V3Uc , A (13)

rae U n’ u Uj — HanpspbkeHue B BOJIBTAX, HEMOCPEICTBEHHO U3MEPEHHBIE BO
BTOPUYHBIX Lensax TH;

Uc — ¢asnoe nanpspkeHue Ha ase, K KOTOPOU MOACOSTUHEH KOHIECHCATOP;

Uy — nuHeliHOe HanpspKeHUE,
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C — EMKOCTb IIOICO€IMHEHHOT'0 KOHIeHcaTopa B dapajax;

K — KO3 duuueHt tpanchopmali TpaHcpopmaTopa HapsKEHUsL.

Ecnu B ceTw MMeeTcsl eCTECTBEHHAsh HECUMMETPHs, TO NMPOU3BOJUTCSA TPH
U3MEpEHHUs. 32 UCTUHHYIO BEJIIMYMHY TO NPUHUMAETCS cpefHee apupMeTHuyecKoe
13 OIPEJICIICHHBIX 3HAYEHUH TOKA.

[Ipy HEBO3MOXKHOCTM MOJKJIIOUEHUS KOHJEHCATOpa IITAHIMOM H3MEpEeHHUs

OCYILECTBIIIOTCSA ClIeAyIoM o0pa3oM (pucyHok 16):

LY )

o=i508

Lo

- S

Pucynok 16 —Cxema nokiroueHus KOHASHCATOPA IITAaHT 0N

Jlns  obecrnieyeHuss HEOOXOAMMBIX M3MEPEHUM BBIIACISICTCS OTAC/IbHAs
sueiika. IlpousBoast usmepenust Uj. Sdueiika, BbaeneHHas s HOJIKIIOYEHUS
€MKOCTH, BBIBOJMUTCS B peMOHT. K ofHOM u3 (a3, BEIBEICHHOW B PEMOHT SIUCHKH,
MOJKIIFOYAETCSl KOHJEHcaTop. fdeiika ¢ NPUCOECIMHEHHBIM KOHIEHCATOPOM
BBOAUTCS B padoty. [IpomsBoastcs 3amepsl Uc. Sfuelika ¢ mojcoeIMHEHHBIMU
KOHJICHCATOPaMH BBIBOJUTCS
B peMOHT. llepen HanoxeHueM 3a3eMJICHUs NMPOU3BOJUTCS pa3psi]l KOHJAECHCATOpa
paspsiaHOM WTaHrod. OTCOEUHIETCS KOHICHCATOP.

[IpenmyniecTBO METOIa CO3/1aHUS UICKYCCTBEHHON HECUMMETPHHU:

— HE3HAYUTEIHHO TIOBBINIACTCS HAMPSHKEHNE OTACIBHBIX (Da3 OTHOCUTEITHHO
3eMJIH,

— MPAKTAYECKH MCKIKOYAECTCS BO3MOXKHOCTh ABAPUMHOTO OTKIIOUYECHUS
JIMHUHU OT JIBOMHOTO 3aMBIKaHHS HA 3EMIIIO;

- He TpeOyeTcs, B psijic Clly4yaeB, pe3epBHasi suelKa WM OTKJIIOYCHHE
OJHOW U3 JIMHUM JJIS1 IPOU3BOJACTBA N3MEPCHUM.

Mepsbi 6€3011aCHOCTH.

PaGoTbl 10 u3MEpPEeHHI0 EMKOCTHBIX TOKOB IIPOBOJATCS 110 Hapsay B
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COOTBETCTBHH C MPOTPaAMMOM, YTBEPKICHHOW TJIABHBIM HHKECHEPOM MPEANPUSATHS,
MPUMEHUTEIIBHO K KaXKJIOMY KOHKPETHOMY CIIy4Yar0, YKa3aHHEM OTBETCTBEHHBIX
JUIl W COOIOJCHHUEM TIpaBWJI TEXHUKH O€30MacHOCTH IIPU  IKCIUTyaTalluH
AIEKTPOYCTAHOBOK.

HeoOxomuMo  TMOMHHTB, UYTO 3apsOKCHHBIM — KOHACHCATOP  SIBIISETCS
MCTOYHHKOM TOKa BBICOKOTO HAIPSIKEHUSA, IOITOMY BCE MEPECOCAUHEHUA
BBITNIOJIHAKOT: B JIMAJIEKTPUUECKUX MEPUYATKaX, MOCIE pa3psaja pa3psIHON IITAHTOH,
3aKOpayMBaHUE U 3a3€MJICHUE BBIBOJOB KOHAEHCATOPA.

BBI1COKOBOJIBTHBIN KOH/JIEHCATOpP, HCTIOJIb3YEMBII TS CO3JaHus
HECUMMETPHH, JOJIKEH ObITh UCIIBITAH Mepe]] KaKIbIM MPOU3BOJACTBOM U3MEPEHUN

Ha 00OBEKTE.

7 Pe:kxuM M30/1MPOBAHHOIM HeliTpayu B ceTu 6-35 kB

Ha pucynke 17 mpuBenena cxema cetu 6-35 kB u BekTOopHas nuarpamma

TOKOB U HAIPsDKEHUM MPU HOPMaJIbHOM padoTe ¢ U30JIMPOBAHHON HEUTPAIBIO.
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Pucynox 17 - Cxema cetu 6-35 kB 1 BekTOpHas quarpaMma TOKOB U
HaINpsHKECHUM.

B HOpMaJILHOM PEKMME pabOThl HANPSKEHUH (a3 CETH OTHOCHTENBLHO CETH
(Ua, Us, Uc) cummerpuunbl W paBHBl (a3HOMY HANPSHKEHHIO, 8 €MKOCTHBIE
(3apsmabie) Tokn oTHOCHTENBHO 3eMid (Icoc, Icoa, Ico) Tak ke CHMMMETpUYHEI U
paBHbI Mex 1y coOoi. EMKOCTHOM TOk (pa3el onpenensercs no ¢popmyse 14:

lco = Ugp WC (14)

[IpuBeneHHass BeKTOpHAas [auarpaMMa Ha puUCyHKe 16 cmpaBemiuBa B
ujeaqbHOM ciy4dae. B peampHO#M ceTH wH3-3a pasHOl (asHOW emKocTH (B
BO3AYIIHOM CETH pa3Has BBICOTA IIOJBECA IPOBOJOB) BO3HHUKACT SIBICHHE
CMEILECHHS] HEUTpalIu M TNOSBICHHUE HANPSHKEHUS HECUMMETPUH, KOTOPOE MOKHO
onpenenuTs no popmyie 15:

Upe = U, (Cp+a® *Cyta*C,) | Cot CytC, (15)
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rae U — BexTop Hanpsokenus (assl A
Ca, Cg, Cc — eMkocTH a3 OTHOCUTEIIBHO 3eMJIU, MKQ;
a — (ha3HBIi MHOXKUTENH omnpeenseTcs mo Gopmye 16:

R U S e
a_-z-”i’ a 2 JE (16)

CrerneHb HECUMMETPUH HATIPSDKEHUS ompeiensieTcs mo popmyse 17:

Upc = ?I_E:; *100% 17

Ha pucynke 18 mpuBemena cxema pacmpenelieHHs TOKOB B Tpex(da3HOM
CUCTEME C M30JIMPOBAHHON HEUTpabl0 MPU 3aMbIKAHUHM OJHOM (a3bl Ha 3eMIIIO
(pucyHok 18):
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Pucynox 18 — Pacnipenenenue TokoB B Tpex(}a3Hoi cucTeme ¢

W30JIMPOBAHHON HEHUTPAIIbIO MPU 3aMBbIKAHUU OJTHOM (ha3bl HA 3EMITIO

[Tox cucreMol C M30JIMPOBAHHOM HEUTPAIbIO MOAPA3yMEBAIOT CUCTEMY, B
KOTOpPOMl HEWTpanu TpaHcHOpPMATOPOB M TEHEPATOPOB HE HUMEIOT TIIyXOro
COEIIMHEHHUs C 3emuiei. B Takoil cucteMe mpu HOPMaJIbHOM pPEXUME PabOTHI U
OJIMHAKOBBIX YAaCTUYHBIX EMKOCTSAX Ha 3€MJII0 HANPSKCHUS HU3OJSALHU MEXIY
3emiield U (a3od MPOMCXOAUT 3aMbIKAHME Ha 3E€MJII0, KOTOPOE COIMPOBOXKIAETCS
W3MEHECHHUEM HampsbkeHus: Ha (a3ax, a Tak ke Ha HeuTpanu. OCHOBHBIMU
NPUYMHAMH 3aMbIKaHUSI HA 3€MITIO SBJISIFOTCS: TIEPEKPHITUS WM TTPOOOI H30IUU
110/ BO3/IEUCTBUEM aTMOC(EPHBIX MEPEHAINPSKEHUM, OOPBIB POBOAOB, HAOPOCHI.

[Ipu royxom 3ambikaHud (a3bl Ha 3eMIII0 HANpsDKEHHE HAa HEUCIPaBHOM
dasze cHmKAETCS 0 HYJIS, Ha WUCIPaBHBIX (a3ax BO3pacTaeT A0 JIMHEWHOTO M Ha
HeUTpasu — 10 ¢ha3Horo.

3aMbIKaHUE HA 3EMIII0 MOXXET MMETh NEpPEMEKArOUIUICSA XapakTep, ayra
3aMbIKaHUS Ha 3€MJII0 TEPUOJIMYECKH TaCHET M BOCCTaHaBIMBaeTcs. B sToMm
ClIy4ae TOBOpAT O IepeMexaromencs ayre. Ilpu mossiaeHun nepemexaromencs
JIyTH B CHCTEME MOTYT BO3HUKHYTH IepeHamnpspkeHuss paBHbie 3-3,5 Uy u B
UCKITIOUUTETBHBIX cydasx — 5,2 Ug.
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[Ipu wm3onmupoBaHHOW HEWTpanu, B cllydae 3aMblKaHHs (a3pl Ha 3EMIIIO,
CUCTEMa MOXKET paboTarb B TEYEHHE JJIMTEIBHOIO BpEeMEHH. Takod pexum
paboOTHI HE SABJISETCS aBapUNHBIM, a JUIIHL HECHOPMAJIbHBIM PEXUMOM. 3aMbIKaHHE
Ha 3€MJII0 MPAKTUYECKHM HE BIIMAET HA CHUCTEMY MeXAy(]a3HbIX HanpsDKeHUH U
peXUM paboThl BJIEKTPONPUEMHHUKOB. Pexxum paboThl €  HM30JUPOBAHHOM
HEUTpaJIbl0 — ATO TOMbITKA YBEJIWYEHUS HANEKHOCTH pabOThl CETH ¢
MHUHUMAJIBHBIMU 3aTPaTaMHU.

Ha pucynke 19 npuBeneHa BeKTOpHasl AuarpaMMa HamnpsbKeHUM M TOKOB B
TpexdazHoil cuCTeMe MpU 3aMbIKAaHUU OJTHOM (ha3bl HA 3EMITIO.

1

Pucynok 19 - BekTopHas auarpamMmma HalpspKeHHE M TOKOB B Tpexda3Hoi
CUCTEME TIPH 3aMBbIKaHUU OJHOM (ha3bl HA 3EMITIO.

[IpoBoa MTMHUM MMEIOT YaCTUYHBIE €EMKOCTH O OTHOIIEHMIO K 3emiie Ciy,
Cp, Cs3 m emrxoctu Mexay (azamu Cyp, Ci3, Cps. Ecim cuctema cummerpuyHa,
MOTEHIIMANT KakJoW (a3l IO OTHOIICHWIO K 3emiie OyAeT paBeH (azHOMY
HaIpsbKeHUo. B 3ToOM cllyyae yacTUYHbIE €MKOCTU MO OTHOIIEHHIO K 3emie Ciy,
Cy, Cs3 m uvactuuabie eMKocTH Cip, Ci3, Cy3 OynyT paBHBI MEXAy COOOM.
Mexnaydazubie emkoctu Cyp, Ci3, Cy3 HE paccMaTpPUBAIOTCS, TaK MPU OAHO(AZHBIX
3aMbIKaHUSIX UX BIIMSHUE HA TOKHU B 3€MJIC HE CKa3bIBalOTCs. B aTOM ciydae, eciu
IPOM30UIET OHO(A3HOE 3aMBIKAaHNE HA 3€MITI0, HANPSDKCHHE Ha MOBPEKICHHON
¢asze (3aMbIKaHUE «IIIyX0e») OyaeT paBHO HYJIIO, a Ha JABYX JPYTHX OHO BO3PACTET
710 TUHEHHOTO. ITO BUAHO Ha pUCcyHKe 19.

BenuunHa ToOka, NPOXOASIIEr0 YEpe3 MECTO 3aMbIKaHUA Ha 3€MIIIO
omnpeaensiercs no ¢popmysne 18:

l3=1, + 1, (18)

B cuny cummerpuu cucremsl I3 = 1, = Uy W Cyp = Ug w Coyp,
TOTJa TOK 3aMbIKaHUSI MOKHO OIpeaenuTh 1o Gopmye 19:

I3 = 21 c0s30° = [;1V3 =V3 Uy w Cyy (19)
TOTJIa TOK 3aMbIKaHHsI MOYKHO OTpeAenuTh 1o ¢popmyre 20:
3= 3w Cqo | Ug, (20)
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rae Cy — eMKOCTh (pa3bl IMHUM HA €UHUILY JJIMHBI [0 OTHOLLIEHUIO K 3eMJIE;

| — mmHa muaun.

B cootBerctBum ¢ dopmymnoit 20 Tok |3 3aBHCUT OT HANPSIKEHUS, €MKOCTH
da3 OTHOCHUTENBHO 3E€MJM, TO €CTh OT KOHCTPYKIMH JIMHUH CETH H WX
OPOTSKEHHOCTH.

B ciydyae 3amplkaHHA Ha 3€MIII0 4Yepe3 TMEpPEeXOHOE COMPOTHUBICHUE
HaMpPsHKEHUE TOBPEKICHHON (pa3bl OTHOCUTENBHO 3eMIH OyAeT OOoJbIlie HYJIsI, HO
MeHblIe (a3HOro, a HEMOBPEeXIEHHbIX (a3 - Oonblie (a3HOro, HO MEHbIIIE
JUHEWHOT 0, MEHbIIE OYAET U TOK 3aMbIKaHHsI Ha 3eMJIIO.

IIpn O33 B ceTsaX ¢ HE3a3€MJIIEHHOM HEUTPAIBIO TPEYTrOJBbHUK JIMHEHMHBIX
HalpsOKEHUH HE  MCKakaeTcs, IMO03TOMY TMOTpeOMTeNH, BKIIOYEHHbIE Ha
Mexayda3Hble HaNpsOKEHUs, MPOJODKaroT paboTath HOpManbHO. BcenemctBue
TOTO, 4YTO MPU METAUIMYECKOM 3aMbIKaHUM (pa3bl Ha 3EMIII0 HaIpsHKEHHE
HETOBPEKACHHBIX (a3 yBemmumBaercs B V3 pa3 (qo JmHeinoro). Msomsuust B
CeTSIX C M30JIMPOBAHHOM HEHTPanbio TO/DKHA ObITh YCHIICHA Takke B V3 pas. D10
OTpaHUYUBAET 00JaCTh MCIIOIB30BAHUS ATOTO PEKUMA B CETAX C HAMPSHKEHUEM JI0
35 kB u Hmxe, rae CTOMMOCTb H3OJSILMM 3JIEKTPOYCTAHOBOK HE SIBIISIETCS
OTIPEICTISIONIEH, W HEKOTOPOE €€ YBEIMYEHHUE KOMIICHCUPYETCS MOBBIIICHHON
Ha/Ie)KHOCTBIO MTUTAHUS MOTPEOUTENEH, €CIIU YUeCTb, YTO OAHO(Aa3HbIE 3aMbIKaHUS
Ha 3EMJII0 COCTAaBISIIOT B cpedHeM 10 65% Bcex HapyMIEHUH W3OJISIIHH.
VYBenuueHue HaJeKHOCTH JIIEKTPOCHAOKEHUSI MOTpeOUuTenel CcrnpaBelIiuBO B
c1a00 pa3BETBIICHHBIX CETAX ¢ HeOoNbIIMMU Tokamu O33.

B Toxxe Bpems mpu paboTe ceTu ¢ 3aMKHYTOH Ha 3eMiit0 (pa3oil CTAHOBUTCS
Oosiee BEpOSITHBIM MOBPEXACHUE OpYroi (ha3bl U BOZHUKHOBEHUE MEXy(HazHOTO
KOPOTKOT'0 3aMbIKaHus uepe3 3emitto (pucynok 20):

ABE .

Iy Q1
rl--

Pucynox 20 — JIBoliHOE 3aMbIKaHMsI Ha 3€MJIIO B CETU C U30JIMPOBAHHOMN
HEUTPAJIbIO

BTOpaH TOYKa 3aMbIKaHHA MOXCET HaXOAUTHCA Ha JAPpyromMm YydacTKe

AJIEKTPUYECKH CBSI3aHHOM ceTu. Takum 00pa3oM, KOPOTKOE 3aMbIKaHHE 3aTPOHET
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HECKOJIbKO YYaCTKOB CE€TH, BbI3bIBasi HX OTKJIIOUEHHE, HANpUMEP, B Clyyae
MOKa3aHHOM Ha pucyHke 20, MOTYT OTKJIFOUUTHLCS Cpa3y JIBE JIMHUU.

Ha craguu npoektupoBanuss TII, PII cmoxHOCTH cocTOMT B TOM, 4TO
OTCYTCTBYIOT JOCTOBEPHBIE JTaHHbIE 00 YJEIbHOM 3JIEKTPUUECKOM COMPOTUBICHUU
rpyHTa, 00 €ro W3MEHEHHWU OT BEPXHErO0 CJI0S K HIDKHEMY, TaK KakK He
npousBoauTcs BD3  (BepTHUKaIbHOE  IJICKTPHYSCKOS 30HAMPOBAHME) IS
ONpEeNIeJICHHUs] YKBUBAJIEHTHOIO COMPOTHUBIIEHUS] TPYHTA, HE CMOTpPS Ha TO, YTO B
HACTOSIEEe BpeMsi HET HEOOXOJMMOCTH NPOU3BOJAUTH pacmmdpoBky BI3 mo
reoJIOTUYECKUM  TIOJIeTKaM, a pacmu@poBbBaTh — 1O pa3pabOTaHHBIM
porpamMmam, 4To 3HaYUTENbHO YIPOUIAET NPOLECC PACIIU(PPOBKH.

U3pickaTenbeckue pa3paboTKH caMu 1Mo ce0e BeChbMa JOPOTH U OTAEIBHO IS
TaKuX HEOOJBIIUX OOBEKTOB HE MNPOUBBOASATCA, U YIEIbHOE HJICKTPUUYECKOE
CONPOTHUBJICHUE TPyHTAa MPUHHMAIOT B 3aBUCUMOCTH OT XapakTepa TpyHTa IO
nanueiM, npuBegeHHbiM B TKII 339, B koTopbhIX pa3dpoc cOnpoOTHUBIECHUN
JIOCTATOYHO BeJIMK. O TOYHOCTH pacueToOB MPU 3TOM FOBOPUTH HE TPUXOJIUTCS.

B coorBerctBun ¢ TKII-339 BennunHa HOPMUPYEMOI'O CONPOTHUBIICHUS
3a3eMJIsiolero yctpoicrsa onpenensiercs mo gopmyne 9. Ilockonbky TKII-339
JIOITYCKAEeT B TAKUX CETAX JUIMTEIbHOE BpeMs cyuiectBoBaHus 033, TO, COTJIACHO
aToii  (opmyne, GaKTHUECKH JIOMYCKAETCS JJIUTETLHOE  CYIIECTBOBAHUE
HanpspkeHus: 250 Ha 3a3eMIICHHBIX DJIEMEHTAX ATHX AJIEKTPOYCTaHOBOK. [IpuHuMas
B0 BHUMaHue, 4To B TKII-339 He mpeaycMoTpeHa He0OXOAMMOCTh BIPAaBHUBAHUS
HaIpPsDKEHU MPUKOCHOBEHMSI Ha TaKHUX AJIEKTPOYCTAHOBKAX, MOXKET OKa3aThCs,
YTO HA TEPPUTOPUU DIIEKTPOYCTAHOBOK WIIM MO UX MEPUMETPY OyAYT IIUTEIHHO
CYILIECTBOBATh HANPSLKEHHs] MPUKOCHOBEHMs, mpeBblmatomue tpedoanus TKII-
339 u I'OCT 50571.18-2000.

Omn P/l orpaHM4yuBarOT BEIMYMHY HANpsDKEHHWS HA  3a3€MIIIIOLIEM
YCTPONCTBE 3JEKTPOYCTaHOBOK HampsbkeHueM 110 1 kB u Beime 1 kB npu O33 B
TE€X CclydasX, KOrja OT HHMX MUTAIOTCS HaXOASIIUEecs 3a MpejeslaMd CHUCTEMBI
BBIPABHUBAHUS TMMOTEHIMATIOB 3JekTponpueMHuku 10 1 kB. Ilo cymiecTBy 31€ch
UJET peub 00 OrpaHMYEHUH BhIHOCA MoTeHIHana ¢ reppuropuu PIT u TIIL.

Tak, cormacHo kpuBoii (pucyHok 21), HampsDKEHUE 3aMbIKAHHS HA 3EMITIO
npu BpeMeHu cpabartbiBanus 3amuThl 10c He momkHO TpeBbImath 67B, a mpu
Harnpspkennn 250B Bpemst OTKIIIOYEHUS NOKHO OBITh OKojo * 0,3c, 4To HE
coorBercTByeT 'OCTy30331.4-95, rne TpeGoBaHMS B COOTBETCTBUU C TEXHHKOMU
6e3onacHocTu yctanosieHo 0,4c.
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Pucynok 21 - 3aBUCMMOCTh HaIpsOKEHUS 3aMbikaHus (kpuBas F) u
OKUJAEMOT'0 HAIIPSDKEHUS IPUKOCHOBeHUS (KprBasi T) OT MaKCUMaIbHOU
JUIMTEIILHOCTH 3aMbIKaHHsI HAa 3€MJIIO Ha CTOpoHe Bblle 1kB.

B mporuBHOM ciyuae, HEOOXOAUMO YTOOBI HEUTPAJIBHBIM IMPOBOJHUK
aeKTpoycTaHoBKH A0 1 kB morpebutens ObuUT 3a3emiieH 4epe3 AJIEKTPUUECKU
HE3aBUCHMBIH 3a3eMiinTellb (PUCYHOK 22), 4TO HE BCErJa BBIIOJHMMO, HAIIPUMED
st KTI, mpeacraBnsitonux coOoi €AMHYI0 KOHCTPYKLHMIO TpaHchopmaropa u
IIUTA.

Pucynok 22 — 3azemiienue s5ekTpoyctaHoBok 10 1kB u Beimie 1kB yepe3
HE3aBHCHUMBIC 3a3EMIIUTEIH.

CymiecTByroniie CrocoObl 3a3eMjeHUsT HedTpaiu B ceTax 6-35 kB
OTIPEICIIUIIN Psii OCOOCHHOCTEH BHYTPEHHUX MEPEHANPSHKCHU B HUX.

Pesonancnvie nepenanpsioicenust.

Bo3HukHOBeHME 3TOT0 BUAa NIEPEHANPSIKEHUN BO3MOXKHO B ceTsiX 6-35 kB ¢
HEUTPAIBIO, 3a3€MJICHHOMN Yepe3 Nyroracsalliuil peakTop, IpU HECUMMETPUU B CETH,

KOTOpasd MOIKCT OBLITH BHI3BaHA.
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— €CTECTBEHHBIM OTIWYHMEM HO (a3zaMm mapaMeTpoB BO3IAYIIHBIX U
ka0eabHBIX TUHU 6 - 35 kB;

— HenoJHO(A3HBIM BKJIIOYEHUEM OJHOTO M3 MPHUCOCIWHEHUN, HAIPUMED, B
IIPOLIECCE KOMMYTAlMU H3-32 HEOJHOBPEMEHHOCTHM 3aMbIKaHMS KOHTAKTOB
BBIKJTIOUATEIS MJIA OTKa3a B ICMCTBUM OJTHOM WJIM BYX €ro (a3;

— 0OpBIBOM MPOBOJIOB, IEPETOPAHUEM TUIABKUX BCTABOK MPEIOXPAHUTEIIEH.

Pe3onaHcHbBIE nepeHanpsiKEHUs NPUHIUIIMAIBHO MOTYT Pa3BUBAThCS JIUIIb
B CJlyya€ HEJOKOMIICHCAllMM WHAYKTHUBHOCThIO JII'P eMkocTtu cetu u, B ciydae
CBOETO BO3HHUKHOBEHHUSI, MPUBOJAT K PE30HAHCHOMY CMELICHHUIO HEUTpaiu, T.€.
OXBAaTHIBAIOT BCIO CETh.

Deppope3onanchble NePeHanpsNCeHUs.

B cerax 6-35 kB deppope3oHaHCHbIE TNEpeHANpPSKEHUs] MOTYT OBITh
BbI3BaHBl HEMOJHO(MA3HBIMH BKJIIOYCHUSIMUA CHJIOBBIX TpaHchopmaTtopoB. Ilpu
3TOM B Dpsijie Ciiy4yaeB (eppope30HAHCHBbIE NEPEHANPSIKEHHUs BO3HMKAIOT U HA
HEUTpaJIi UCTOYHHKA, OXBAThIBAs, TAKUM 00pPa30M, BCIO CETh.

N3mepuTenbHbie TpaHCPOPMATOPHI HANPSHKEHUST UMEIOTCSA MPAKTUYECKU Ha
Kakaon ceknus 6-35 kB. g neneit u3MepeHus MW KOHTPOJS H3OJISIIUN
NEepPBUYHBIE OOMOTKH TpPaHC(HOPMATOPOB HAMPSHKEHUS MPUCOSIUHSIOTCS MEXIY
dazoif U 3emiiel, MOATOMY MapauIeIbHO €MKOCTH CETH Ha 3eMJII0 OKa3bIBACTCS
BKJIFOUEHHOW HEJIMHEWHAsl MHAYKTUBHOCTh Kaxaou ¢a3el TH. D10 co3maer cxemy,
B KOTOPOM MOTEHIMAJIHO MOTYT CYLIECTBOBaTh (heppOpe3OHAHCHBIE KoJieOaHus,
KOTOpBIE OMNpPEAEISAIOTCS IMapaMeTpaMu CXE€Mbl M YHCIOM TpaHC()OpMaTOpOB
HanpspkeHUss Ha (azy. B cerax ¢ M30IMpOBaHHOW HEWTpaiblo Takue
(deppope3oHaHCHbIE KOJeOaHUs SBISAIOTCS MPUYMHON MEpPEHAINPSKEHUN, KOTOPbIE
MOTYT BO3HMKAaThb IpU CUMMETPUHM CXEMBl 32 CUET CMEIICHHS HEUTpaly,
BBI3BAHHOTO HACBIIIEHUEM CTaJIM TPAaHC(HOPMATOPOB HAIPSKEHUSI B TOM HJIA HHOM
nepexongHoM mnpouecce. [IpuMepamMu Takux MEPEXOAHBIX MPOLECCOB MOTYT
CIY’KUTh OTKJIIOYEHHUE YCTOMYMBOTO OJHO(A3HOrO 3aMbIKAHUS Ha 3EMIII0 WIIU
NEpEMEKAIOIIEECS HEYCTOMYMBOE 3aMbIKAHUE HA 3EMIIIO.

ly208vb1e nepenanpsorcenus.

[TonaBnsromiee OOMBITMHCTBO HAPYIICHUNW HOPMaIbHOM pabOThI ceTe ¢
V30JIMPOBAHHOW HEWUTPAIIBIO CBS3aHO C MOBPEXKIACHHEM H3O0JSILUU OTHOCUTEIIBHO
3eMJIH, T.€. CBS3aHO C OfHO(a3HbIM 3aMbikaHKeM Ha 3emitro (O33). OxHodasHbie
3aMbIKaHHS B CETH, OCOOCHHO MPHU MaJbIX TOKAX, PEIKO MEPEXOAT B yCTOMUUBBIC
onHo(a3Hble - mMOBpexaAcHUS. JlyroBoil mpolecc 3aMblKaHHs, KaK IPaBUIIO,
OpuOOpeTaeT HEYyCTOWYMBBIA  XapakTep, HOpH  KOTOPOM HMEKT  MECTO
MHOT'OKpaTHBIE TAllIeHUs U 3a)KUraHus 3azeminsitonieid nyru. Kak cieacreue, B cetu
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BO3HHUKAIOT 3HAYMTEIIbHBIC MEPEHANPSKEHNS, KOTOPBIE CaMHU I10 ce0e WIN TP HX
HAJIOKCHHMM  HA  IIEPEeXOJHBbIC  IMPOLECChl  Japyroro  Bujaa  (Hampumep,
KOMMYTalHOHHBIE TIEPEHAIIPSKEHNS) MOTYT OBITh OITACHBIMH.

[To mnpuymHEe BO3HUKHOBEHHS JyTOBBIE TEPCHAINPSIKEHUS  SBISIOTCS
BHYTPEHHHMH TIE€PCHANPSDKCHUSAMH, OJHAKO OJIHO3HAYHO OTHECTH HX K
KBa3HCTAI[MOHAPHBIM 58105 KOMMYTAIlHOHHBIM nepeHanPsHKCHUSAM HE
MPEACTABIACTCS  BO3MOXKHBIM. IO  JUIMTEIIBHOCTH  CYIIECTBOBAaHUS  OTH
NepPEHAIPSHKEHUST OTHOCSTCS K KBa3UCTAIIMOHAPHBIM, TaK KaK MOTYT CYIIIECTBOBATh
JI0 HECKOJIbKUX YacoB, a MO MPUYHMHE BO3HUKHOBEHHS - K KOMMYTAI[MOHHBIM, TaK
KaK BBI3BaHbI M3MEHEHHEM CXEMbI ceTH. [lodTOMy IyroBble IMEepeHAINPsIKESHUS
TPAIUIIMOHHO BBIACIISIOTCS OTICIBHO.

Kak mnpaBuio, KpaTHOCTh MAYTOBBIX IIEPEHAIPSKECHUNH HE MPEBBIIIACT
BenmuuHbl 3,0-3,5 (M0 OTHOIICHHIO K aMIUTUTYAE (a3HOTO HANPSHKCHUS CETH).
OnacHOCTh IYTOBBIX MEPEHANPSHKEHUN OMPEACIISIETCS HE CTOJIBKO UX BEJIIMYUHOM,
CKOJIBKO JIJTMTEILHOCTBIO MX CYIICCTBOBAHHUS M TEM, YTO OHHU OXBATHIBAIOT BCIO
CETb.

JlnutensHOCTh cymiecTBoBaHUsl O33 HOpMUpPYETCs TpaBUJIaMU TEXHUYECKON
AKCIUIyaTauu 3aeKTpoycTanoBoK ([1TD) B 3aBHCHMOCTH OT BHJIA DJICKTPUUYCCKUX
CEeTel M COCTaBIISICT:

- B KOHTPOJHUPYEMBIX  CETSAX, TNHUTAaeMbIX OT TypOOreHepaTopoB,
TUAPOTEHEPATOPOB U CHHXPOHHBIX KOMIIEHCATOPOB, a TAKXE ¢ MPUCOCTMHEHHBIMU
MOIIHBIMU 3JICKTPOJIBUTATENSIMU, C TOKAMU OJIHO(DA3HOTO 3aMbIKaHHS Ha 3EMJIIO B
reHepaTopHoi nenu Oosee 5 A - He Ooznee 0,5 cek; mpu Toke 0OaHO(DA3ZHOTO
3aMBIKaHUS Ha 3eMJTIO HIDKE 5 A - 2 gaca u MOXeT ObITh YBEJIMYECHO 70 6 9acoB,
eciu oHO(a3HOE 3aMbIKaHUE HAXOJIUTCS BHE OOMOTOK;

- B KaOempHBIX ceTsax 6-35 kB, He comepkammux MOPUCOSTUHECHHBIX
TypOOreHepaToOpOB, CHHXPOHHBIX KOMIIEHCATOPOB W MOITHBIX 3JIEKTPOBUTATEIICH
- 2 9aca ¥ MOXET OBITh OMYIIEHO yBEIMYCHHUE O 6 YacOB IO COTJIACOBAHUIO C
HHEProcHabOKaroIIeH OpraHn3alnei,

— B BO3JAYIIHBIX CETSAX, pabOTaIOMIUX C W30JUPOBAHHOW HEUTPATbIO WIH
KOMIICHCAIIUe EMKOCTHOT'O TOKa 3aMbIKaHUS Ha 3€MIII0 M HE COJACpKaIlUX
AIEKTPOCTAHIIMM U MPUCOCTUHEHUHN C DJIEKTPOJIBUTATENISIMU, BPpEMs OTKIIIOUEHUS
0IHO(a3HOTO 3aMBbIKaHUS HA 3€MJIF0 HE HOPMUPYETCH.

BenuunHa niepeHanpspkeHUi (CIeI0BAaTEIBHO M CMEIICHUS HEHTpau) Ipu
JYTOBBIX 3aMBIKAHUSAX Ha 3eMJII0 ONpEACISIETCS MOMEHTaMH TallleHUus u
3akuraHus nyrd. l[lepeMekaromme Tyrd B OAHUX CIydasX MOTYT HMETh Majoe
3HaueHue (3ameTtHO MeHble Ug) B IPYrHX — XapaKTePU3YIOTCS OBICTPBHIM
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BO3PAaCTaHUEM HANPSKCHUH MOCIEIYIOMIUX 3aKUTaHUN.

Masple HaNpsOKCHHS 3aKUTaHUS MOTYT HMMETh MECTO TIpH  Tpoboe
HEOOJBIITUX MPOMEKYTKOB B Ta3y AJIEKTPUUECKOW MamuHbl, B kKadene u T.1. [lpu
ATOM 3KHUTAaHUU JYyTH MPOUCXOAUT PETYJSPHO, U YEpPe3 HEKOTOPOE BpeMs, Kak
MPaBUJIO, MAKCUMYM 2-3 CEKYHJbI, Ayra 3aMbIKaHUS MEPEXOJIUT B YCTOWYUBYIO
nyry. OKOHYATETbHOE TMOTracaHue JYTH MOXKET OBITh JOCTHTHYTO JIUIIb ITyTEM
OTKJIFOYCHHS] TOBPEXKICHHOTO Yy4acTka. Bo3HuKaromme mnepeHanpsokeHus Ha
HEMOBPEXICHHBIX (Pa3ax OJU3KU K HAOIIOJAaeMbIM MPU YCTOWYUBOM AYyTE.

MakcumMyM TepeHanpspKeHUd 00pasyeTcsl NMpH TalieHud TOKa B MOMEHT
OJIM3KUIT MAaKCUMyMY HaIpsDKEHHS HAa HETOBPEXKJICHHOU ¢aze. B aTom cimydae Ha
HEUTPAIM OCTAETCS MAKCUMAJIBHBIM 3apsa. B ceTu ¢ M30JIMPOBaHHON HEUTPAJIBIO
sto HampspkeHue cocrtaBisier 1,0Uqp. [loBropHOE 3a)kuraHue JOyrd  MOXKET
npousoiitu cnycts 160-180 snexTpudeckux rpaaycoB, TO €CTh B MOMEHT, KOTJa
BOCCTaHABJIMBAIOIIEECS HANpPSIKEHWE Ha TOBPEXKIECHHOM (paze MaKCUMalbHO U
paBHo 2,0 Ug. B aTOoM cinyuae nepenanpspkenust coctaBisitoT 3,0-3,2 Ug.

JUTMTENTbHOCTD MpEeeIbHBIX MEPECHANPSHIKEHUN TaKKe OTPaHWYCHA, TIOTOMY
YTO TOCJE CEPUH TMOBTOPHBIX 3aXUTAHWN TPH BCE BO3PACTAIONICH MPOYHOCTU
HUCKPOBOTO TMPOMEXKYTKA, Jyra OKOHYATEIbHO OOphIBaeTCs, JHOO, MpOXKUTas
U30JISIIIUIO M OTUIABIISASL AJIEKTPOJIBI, TIEPEXOJUT B YCTOWMUMBYIO. MakcuMalbHbIE
KPAaTHOCTH TIEPEHANPSDKCHUM TIPAKTUYECKH HE 3aBHCIT OT HOMHHAIBHOTO
HaANpPsHDKEHUS] CETU M BEIMYMHBI EMKOCTHOTO TOKa. [Ipu yBennueHuu mocieaHero
Iyra MOKET CTaTh 00Jiee yCTOMYMBOM U TEM CHU3UTh NEPEHANPSKEHHUSL.

Ha pucynke 23 npuBepeHa ynpollleHHas cXeMa 3aMelleHus i ceTu 6-35
kB. Tak kak B 3TOH CeTH JHHUU OOBIYHO KOPOTKHE, HX COOCTBEHHOM
WHIYKTUBHOCTBIO MOXHO TIpeHeOpeub, a E€MKOCTH OTHOCHUTEIIbHO 3EeMJId U
MeKy(ha30BbIe CUMTATh COCPEAOTOYECHHBIMU B OJTHON TOUKE.

Ha pucynke 24 npuBeieHbl OCHMIIOIPAMMBbI MEPEXOTHOTO MpoIecca MpH
3aMbIKaHUU Ha 3eMir0 (pa3el A. PaccMOTpeHHBI MEepexXOAHbI MPOLECcC WMEET
MECTO HE3aBUCHUMO OT XapaKTepa 3aMbIKaHHUS.

N3 pucynka 24a BumHo, uro B MoMeHT O33 MrHOBEHHBIC 3HAYCHHUS
HanpspbkeHnit Ug u Uap paBabl cooTBeTcTBeHHO 0,5 11 1,5Ug. B ycTanoBupmemcs
peXuMe  HampsDKeHHE  OTHOCHUTENbHO 3emiaum (B  ocraercs  paBHBIM
mexaydazoBomy HanpspkeHnto Uxp (pucyHok 240). HemocpeacTBeHHO Mocie
3aMBIKaHUS Ha 3eMITI0 HA eMKOCTh OTHOCHUTEIIBHO 3€MJIM HEMOBPEXKICHHON (ha3hl
(pucynoxk 23) Cp = C, 3apsokennas g0 Hanpsbkenus 0,5Ug, okaxercs
COCIMHEHHOW NapajulebHO C €MKOCTBhI0 Cap, HAXOIAIIEHCA IOJ HANPSKEHUEM
1,5Uq, Hampsixkenue Ha qByX MapajuiebHO COSAMHEHHBIX €MKOCTSX MPAKTUYECKH
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MIHOBEHHO YpPaBHUBAETCS, B PE3yJbTaTe€ YEro OHU MPHOOPETAIOT OIMHAKOBOE
HanpspKeHue, onpeaenseMoe no gopmynam 21, 22:

U™ = 0,5U5C + 1,5U5Cag = 0,5Uq + k Ug, (21)
K=Cag/(C + Cap) (22)

8
Pucynox 24 - Ilepexoanblii Ipoliecc Mpu 3aMbIKAaHUH Ha 3eMITIO (ha3bl A.

[Ipu MeTaINIMYECKUX 3aMBIKAHMX IIPOLIECC HA 3TOM 3aKaHYMBAETCS.

B oanexkTpuueckux ceTsx HauOoiee YacTO 3aMbIKaHUS Ha 3€MIIIO
OCYLIECTBIISIFOTCA ~ 4Yepe3 Ayry, BO3HHUKIIYIO B peE3yJbTaTe HMITYJIbCHOIO
NEPEeKPBITUS U30JIUMU. B 3TOM ciydae mepexogHO MpoLecC MOMKET CHIIbHO

3aTSHYThCA, OJlarogapsi NOBTOPHBIM TallIEHUsIM U 3aKUTaHusIM Ayru. B pesynbrare
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KOTOPBIX HAMPSHKEHUS Ha HEMTOBPEXKICHHBIX (pa3ax OyJeT MpoJoiKaTh PACTH.

Ha pucynke 24 npuBeneHbl KpUBBIE BOCCTAHABIMBAIOIICHCS TPOYHOCTH A,
B, C, ckopocTh HapacTaHus KOTOPOM 3aBUCUT OT PACCTOSIHUSI MEXKTY AJICKTPOIaMuU
U aMIUTMTYJbl TOKA B JyTre, KOTOpas OMpEeseT CTCIeHb MOHHM3AIUU TyTrOBOTO
KaHaJa.

Ha pucynke 25 BocmpousBe[eH IPOIIECC MOCJIEI0BATEIILHOTO MOBBIIICHUS

NOTEHIMAaJIa IIPU HEYCTONYMBOM ropenuu ayru O33.
Y

————

"\\\\
Ay
A i r RN ¥l

Pucynok 25 — IIpoiiecc nociie10BaTeibHOTO MOBBIIIEHUS TOTEHIIMAIOB MPU
HCYCTOMYHMBOM rOPEHUHU AYTH 3aMbIKaHHS Ha 3eMJIi0 (OOpPBIB AyTH MPH IMHKE
ramenus meabiire 0,4Uq).

A - moTeHIMan NoBpekAeHHOM (a3bl; B - moreHnuan onepexaromeit ¢assr; C -
notennuan orcrawomen $aszer; Uy, Ug, U, - aac ucrounnka; Upg, Uac, - TuHEIHBIC
Hanpsokenust;, | - saxuranue nyru; |l - ramenue ayru (pu TpeThbeM MPOXOXKICHUH TOKA
BBICOKOM 4acTOTHI uepe3 Hyib); |1 - HoBoe 3akuranue ayru.

B coorBerctBuu ¢ Hopmamu Pb B cetm 6-35 kB mpumensercs
W30JIMPOBAaHHASI HEUTPAJh B CIECIYIONIUX CITydasiX:
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- B cersax 6-20 kB, umerommue xene300€TOHHBIE U METAJUTMYECKUE OMOPHI
Ha BO3AYIIHBIX JIMHUSAX, H BO BCEX ceTsIX 35 KB mpu cymMMapHOM €MKOCTHOM TOKE
cekiuu (cucremsl) ey < 10A;

— B CETAX, HE UMEIONINX KeJIe300€TOHHBIX U MeTauIndeckux onop Ha BJIL:
Py HOMUHAJIBHOM HanpspkeHun ceTd Uyoy = 6 kB nipu Iy < 30A; ipu Uyom = 10
kB mipu lcx < 20A; mpu Uyoym = 35 kB nipu Iy < 10A.

OCHOBHBIE XapaKTEPUCTUKH PEXKHMA CETH C HM30JMPOBAHHON HEUTPaNbIO
IpuUBeIeHBI B TabnuIe 6.
Tabnuna 6 - XapakrepucTruka pexxuMa U30JIMPOBAHHON HEUTPAIIH.

JoctonncTBa Henoctatku
1. Bo3amoxkHocTb pabotsl cetu ¢ O33 B 1. Bricokast BepOsITHOCTh BOSHUKHOBEHHS Hanbosee
T€UYECHHE OTPAHUYECHHOTO BPEMEHH 10 ONACHBIX AYTOBbIX nepeMexkaromuxca O33.

OPUHATHS Mep 10 Oe3aBapuitHOMY
OTKJIFOUCHHIO TIOBPEXKICHHOTO HJIEMEHTA.

2. He tpebyroTcs nomnonHuTEIbHAs 2. Bricokasi BepOsITHOCTh BTOPUYHBIX MPOOOEB

arnmaparypa v 3aTpaThl Ha 3a3€MJICHUE n3ossinuu U nepexoaa O33 B 1BOMHBIE U

HEUTpanm. MHOTOMECTHBIE 3aMBIKaHHsI 32 CUET
nepeHanpsokeHui 10 3,5Ug max IPU AYTOBBIX
3aMBIKaHUSX.

3. Bo3aMOXHOCTH caMoranieHus IyTy | 3. 3HaunTenbHOE (B HECKOJIBKO pa3) YBEIHUCHHE

camonukBHauuu yactu O33. JIEHCTBYIOILIETO 3HAYEHUS TOKA B MECTE

MOBPEXACHUS TP TyTOBBIX NepeMexatomuxcs 033
3a cYeT CBOOOIHBIX COCTABIISIOMINX EPEXOTHOTO

rnpouecca.

4., Be3omacHoCTh JINTEIHLHOTO 4. Bo3MOXHOCTbH CYIIIECTBEHHBIX IMOBPEXKICHUI
BO3JICUCTBUS NIEPEHANPSIKEHUH, ANEKTPUYECKUX MAIIMH TOKOM B MECTE
BO3HUKAIOIIHNX B MEPEXOHBIX PEKUMAX  |[MOBPEKICHUS, TPEXKIE BCETO, IPU TYTOBBIX
033, 115 31€eMEHTOB ¢ HOpMaJIbHOU nepemesxaromuxcs O33.

U30JIIUEH,

5. TIpocToe (B OOJBITUHCTBE CITy4acR) 5. Bo3MOXXHOCTh BOZHUKHOBEHUS

petieHue mpoOIeMbl 3aIUTH U (beppope30HaHCHBIX MPOIIECCOB B CETH U
CEJIEKTUBHOW CUTHAJIM3ALIMU YCTOMUMBBIX |MOBpexaeHun TH.

033.

6. Bricokas crernenb OacHOCTH I YEI0BEKA U
’KUBOTHBIX, Haxoasuxcs soan3u mecta O33.

7. OrpanndeHus 1o Benn4uHe l¢ oy Ha pa3sBuTHE
CETH.

8. Bricokas crenenp nmomex no JISIT npu 1yrosuix
033.

OddexTuBHOCTh pexkuMa 3a3emyieHuss HeuWtpanu 6-10 kB mpuasTO
OlleHMBaTh OTHomeHHeM uncia O33, He mepemenmux B JBOWHOE 3aMbIKAHHE
(133) wmmum mexnaydazasie K3 (MK3), oTkirodaeMble peeHON 3alluTON K
obmemy unciay O33 B cooTBeTCTBUU ¢ (popMyioit 23.

D =1- N3+ Nursz / Noss = Njz3 + Nz / (Ngss + Nz + Ngs + Nyss),  (23)
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rae N33 - ancno O33, nepermenmmx B /133;

Nmks - arciao 033, nepemeamux 8 MK3;

No33 - 06miee uncno 0O33;

Nkk3 - 9HCIT0 KPaTKOBPEMEHHBIX camoycTpaHuBimxcs 033;

Ny33 - uncio yeroiuueix O33 (BKIIt0Yas 1yroBbie IPEPHIBUCTHIE).

[lpu Oompmmx 3HaueHUsIX Npz3 orHomenue (Njzz + Nyxs)/ Noss
xapaktepusyeT BeposTHOCTh mnepexoga O33 B  MK3, conpoBoxaaemoe
aBTOMAaTHYCCKUM  (OT 3al[UThl) OTK/IFOYCHHEM IOBPEKICHHOTO 3JICMEHTA.
[ToatoMy moxkazarenb 3((PEKTUBHOCTH peXUMa 3a3€MIICHHUS] HEUTpaau O MOKHO
paccMaTpuBaTh KaK YacTHBIM IIOKa3aTelb, XapaKTEPU3YIOIMIMN HAJIeKHOCTh
(GyHKIIMOHUPOBAHUS DIIEKTPUUECKON CETU C 3aMKHYBIIICHUCS HAa 3eMITIO (ha30i.

[Tokazatenb  3((PEKTUBHOCTH  peXMMa  3a3eMJIeHUs  HelTpamu O
annekTpuueckux cereid 6 - 10 kB, paGoTaromux ¢ U30JUPOBAHHOW HEUTPANIBIO, B
OoNbIIMHCTBE ciiydyaeB He mpeBbiaeT 0,7. OnbIT dKCIUTyaTaluu KaOeabHbIX ceTen
6 - 10 kB paznuyHOro Ha3HaueHUs, pabOTAIOIINX C U30JIMPOBAHHON HEUTPAJIbBIO,
KaK MPaBUJIO, CYIIIECTBEHHO MEHBIIIE YKA3aHHOTO YPOBHSI:

- B ceTax, umeronmwx les>5-10 A;

— B CETAX, COJACPIKAIIMX JJICKTPOJBUraTeNid (MMEIOIIUE MCHBIIUEC H30-
JISIITUOHHBIC 3aITachl 10 CPABHEHUIO C APYTHMH JIEMEHTAMHU);

— B CETAX, UMEIOUIUX MMOHWKEHHBI YPOBEHb M30JIALIMU BCIEICTBUE IIOXOM
AKCIUTyaTallli, W3HOLICHHOCTU H30JSIUUA SJIEMEHTOB CETH, BIUSHUS YCIOBUU
OKPYXKaIOIEH Cpeibl, TSHKEIbIX YCIOBHM pabOThI JIEKTPOOOOPYI0BAHUS U AP.

VYka3zaHHble BbIIIE MpeeiabHbIE 3HAYEHUS lcy, TPU KOTOPBIX AOIYCKaeTCs
paboTa ceTH C W30JIUPOBAHHON HEWUTpalblO, OMPEACICHHbIE W3 YCIOBHM
camoraiieHus 1yru Toka O33, IpuHATHI €11 B TPULATHIX TOJaX.

W3onupoBanHas HEWTpaib - HauMeHee 3(PGEKTHUBHBIM MO COBOKYITHOCTH
nokasaresieil pexxuM padboThl HeWTpanu. PexxuM M301MpOBaHHON HEUTpaIu MOXKET
oOecrieuynBaTh MpUeMIIeMble ToOKa3aTenu J(PGHEKTUBHOCTH B OCHOBHOM B
BO3AyIHbIX ceTsix 6 - 10 kB, umerommx Oosblive 3amackl NPOYHOCTH IO
M30JISALMH, TP COOTBETCTBYIOIIEM YPOBHE JKCIUTyaTalldd W NPUHATAUA MEp s
UCKIIIOYEHUS (PeppOpe30HAHCHBIX MTPOIIECCOB.

B nocnennue rompr B cersix 6 — 10 kB BMecro kabeneit ¢ OymaxxHO
nponuTanHor wm3onsinuen (BITM-kabOenu) cranu akTUBHO NPUMEHSTH KaOelnd ¢
u3osue u3 crmroro nosmdTHiacHa (CIID-kabenu), xak TpexdasHbie, Tak U
onHodazubie. VMIMest 1enblii psl TEXHUYECKUX MPEUMYIIECTB, 3TH Kabeau B
OTHOILLIEHHH peakiuu Ha O33 UMEIOT CyLIECTBEHHbIE HEJOCTATKH 110 CPABHEHUIO C
Ka0ensiMu OyMa)KHOM PONUTAHHON U30JSUEH.

CymecTBeHHBIM HegocTaTkoM kabemer ¢ CIID-m3omsiuen  sBisieTcs
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orcyrctBue dddekra camozaneunBaHus CIID-m3omsauuu. D10 HEO0OXOIUMO
NpeayCMOTPETh 3a0JIarOBPEMEHHO U CcO34aTh TaKWE YCJIOBHS, YTOOBI B
OKCIUTyaTalli ~ MHUHUMHU3MPOBATh WX KacKaJHbIH TipoOoil. 3ammra mpu
BO3HUKHOBeHHHU O33 B 3TUX Ka0enax OOJDKHA JIENCTBOBATh HA OTKIOUeHHUE. Eciu
3TOr0 HE MPEAYCMOTPETH, TO MOXKET ITPOU30UTH CIIEIYIOLIEE:

- B Tpex(azubix kademsix 033 u3 ogHO0Pa3HOTO MOCTENEHHO MEPEXOJUT B
MHOTO(a3HOE, YTO COMPOBOXKIACTCS BBIACICHUEM OOJIBIIOTO KOJIMYECTBA TEILIA.
[Ipu »TOM MOBpEKACHUE MOKET PACIIPOCTPAHSITHCS HA COCETHUE KaOeu,

- B oxHodasHbix kabemsx 033 MOXKET MPOAOIKATHCS HEOMPEIeIeHHO
noaroe Bpems (IMMOCKOJbKY HM30JISIUS HE BOCCTAHABIMBACTCS) M COMPOBOXIACTCS
MOCTETICHHBIM ~ BBITOPaHHEM  Kabels C TepexojOoM CHUCTEMbl  MUTAHUS
COOTBETCTBYIOIIMX MOTpeOuTeneil B HenmonHodasHeli pexuM. I[Ipu orcyrcTBUM
CHEIUATBHBIX 3aIUT y MOTpeOUTENeH Takou PeXuM pabOThl MOXKET MPUBECTH K
MAaCCOBBIM MOBPEXKICHUAIM, B IEPBYIO OUEPEIb ANEKTPOIBUTATEIIEH.

[TepexpriTrst ha3HON U30ISALUU HA apMaTypy Kene300€TOHHOM OMOPbI, ECITH
BJI nonro He OTKIIIOYAETCs, IPUBOJIUT K «BBITOPAHUIO» OE€TOHA OMOPHI HA YPOBHE
3-5 cM HIKE YpOBHS TpyHTa. B CBSI3M C 3TUM OIopa TEpsieT CBOIO MPOYHOCTH U
«JIOXKUTCA» Ha 3eMJII0. B pesynprare mmrenbHOro nporekanus toka O33 rpyHT
BO3JIE OIMOPHI BBICHIXAET, PACTET €r0 CONPOTUBIICHUE, MTOCIE YErO YBEIMUYUBACTCS
OMAaCHOCTh TMOPAXEHHUs JIIOJACH IIAroBbIM HAMPSHKEHUEM WM HaMpsKeHUEM
npukocHoBeHus. Ecnm  O33 gauTenbHO HE  OTKIIOYAETCS, CYILIECTBEHHO
YBEJIIMYUBACTCS BEPOSITHOCTh BO3SHUKHOBEHUS TIOKAPOB, HAIpuMep, B siuelike KPY,
13-332 BO3HUKHOBEHUS BBICOKOTEMITEpATypHOU nyru B Mecte O33.

Tompko B cerssx 6 — 35 kB, paboTarommx ¢ W30JIUPOBAHHONW HEUTPAIIBIO
BO3MOXXHBl CMEUIEHUS HEUTpaIM B PE3YyJbTAaT€ pPE3OHAHCHBIX IOBBIIIEHUN
HaIpPsHKEHU U siBIICHUs eppope3oHaHca.

[IpyunHON pPE30HAHCHBIX MEPEHANPSIKEHUN SBIAIOTCA MHOTOKpPAaTHbBIE
pa3psiabl €eMKOCTH CETH B MPOIECCE TYyTOBOTO 3aMbIKaHUS depe3 oOmMoTky BH
TpaHchopMaTopa HaNpsLKEHMsI, HACBIIIIEHUE MarHUTOIIPOBOIa OAHOW U3 (a3 Bcex
TpaHC(HOPMATOPOB HAMPSDKEHUS CETH, YTO MPHUBOJIUT K YBEIMYCHHIO TOKAa Yepe3
oomotrky BH, pazorpeBy oOomorku BH wu mnoBpexaenuro TpaHcopmaTtopa
HaIpPSHKEHUS.

HauGosnee TUIUYHBIN cilydail cMEIIeHUs] HEUTpaJld MPH MOSBICHUN SBJICHUS
dbeppope3oHaHca TNpU BKIIOYEHUU XOJIOCTHIX IIUH € (PeppoHEyCTONYMBBIMU
tpancopmaropamu HanpspkeHus tuma HTMU, 3HOM. PaBeHcTBO 3apsiaHbIX
TOKOB €MKOCTHBIX IIMH M WHAYKTUBHBIX TpaHC(HOPMATOPOB HANPSIKEHUS
COMPOBOXKIIAETCA PE30HAHCOM TOKOB. Pe30HAaHC TOKOB BBI3bIBAET OpPOCOK
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HaMPsHKEHUS, KOTOPBIM COMPOBOXKIAETCsl O0IbIMM TOKOoM 4yepe3 TH, Tak xak atu
TpaHc(hopMaTopsl HAPSKEHUS pabOTAIOT B PEKUME HACHIIIICHUS CTAJIH.

deppopesonancubie nporeccsl (PPII), B pe3ynbraTe KOTOPHIX BO3HHKAIOT
CaMOIIPOU3BOJIbHBIC CMEIIICHUSI HEUTPaAU, MOTYT OBbITh ABYX BUOB, PA3JIUYHBIX 110
dbopMe W WMHTEHCUBHOCTH, TpPEOYyIOIIUE I KaXJOr0 COOTBETCTBYIOIIUX MEp
3aIlUTHIL:

— CaMOIIPOM3BOJIBHBIE CMENIEHUS HEUTpaiM, BO3HUKAIOIIME B CETIX WIH
cXxeMax KOMMYTAIlMU C OYE€Hb MaJIbIMU €MKOCTHBIMH MPOBOJUMOCTSIMH Ha 3EMIIIO.
D710 OBICTPO pa3BHBAIOIIEHCS MPOIECC, KaK MPAaBUIIO, COMTPOBOKIAETCS OMACHBIMHU
NepeHaIpPsHKEHUSIMUA OTHOCUTENIBHO 3€MJIH, OMPOKUABIBAHUAMU (Da3bl HAMPSHKEHUS
U YBEIUYCHHBIMM TOKAMH B BBICOKOBOJIBTHBIX OoOMoTkax TH st koHTposs
uzojsinuu. [lepeHanpspkeHuss TPU 3TOM BUJIE CaMOIPOU3BOJIBHBIX CMEIICHUMN
HEWUTpaIu SBISIIOTCS JUIMTENIBHO JEeUCTBYHOIMMH. OHU MOTYT JOCTUTHYTH
3HaueHus 4Uq OomacHbIX JUJIS1 U30JISIIUU 000pyAOBaHUS;

- JnuTenbHbIe (heppope3oHaHCHbIe KoeOaHus (pa3HbIX HAMPSHKEHUI, B pe-
3yJbTaTe€ KOTOPHIX HA HEUTpaIM BBIJACISAIOTCS CyOrapMOHHYECKasl COCTABIISIONIAs
HaIPsHKEHUST HYJIEBOM IMOCIEeNOBAaTEILHOCTH € YacToTor Onm3koi k 25 I'm. Ortor
MPOIIECC MOXKET BO3HUKHYTh B CETU WM CXEME€ KOMMYTAllMM C U30JUPOBAHHOMU
HeWTpanplo, korma Ha kKaxaeli TH mnpuxomurcs 0,8-1,5A emkocTHOro TOKa
3aMBbIKaHUSI HA 3€MJII0, OOYCIOBJIEHHOIO €MKOCTSIMU OOOpYAOBaHUS, OIIMHOBOK
Wi nuHui cetd. HuszkouactoTHble eppope3oHaHCHBbIE KOJeOaHUs HaIPSKEHUs
MOTYT JOCTUTaTh BeauduHbl Ud, M0o3TOMY 3HAUMUTENbHBIC MEPEHANPSIKEHUS HE
BO3HMKAIOT. 3HAYEHHSI TOKOB, MPOTEKAIOIIUX Yepe3 BBICOKOBOJBTHBIE OOMOTKHU
TH, moryT mocturath onacHbIX BeqimduH (O0onee 0,5A um 1A COOTBETCTBEHHO, B
cxemax 6-35 kB u 110-220 xB).

[Ipomecchl  caMomnpou3BoJibHOM ~ Toda3HOM  KOMIEHCAlluHh,  4YacTo
CONPOBOKJIAIOTCS MHOTOMECTHBIMH MTOBPEKIACHUSIMU U30JISIIUU, OHU TaKK€ MOTYT
BbI3BATh IEpPErOpaHUe NpeJAOXpaHUTENeH, a MPU UX OTCYTCTBHM WM HE Iepe-
rOpaHHE€ HUMEIOLIUXCA MNPEAOXPAHUTENECH, TOBPEKIECHUE BBICOKOBOJBTHOM
obmotku TH.

B nensix TH Bo3MOXHOCTh BO3HMKHOBEHUSI U CYIIECTBOBaHUS (heppope3o-
HAHCHOT'O Mpoliecca ONPeeseTCsl CICAYIOMMUMHI YCIOBUSIMU.

- 1 ycnoBue:

Benmuunna skBuBasieHTHOW eMKOCTH ceTd (Csk) JODKHA HaXOJHWTHCS B
npezenax, OnpeaesiIeMbIX MpeaeiaMu u3MeHenus uaayktuBHoct TH, (popmysia
24).

1
MZLM

< Fogp £ — (24)

ﬂd‘ng
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rae LXX - MHAYKTUBHOCTB X0JI0CTOTO X043, ['H;

Ls - ”HIYKTUBHOCTb HachIIeHUs, [ H;

@ - YIJI0Bas 4acToTa HaNpshKeHus cetH, 1/c.

Bo30yxnaenne ®PII cBsi3aHO ¢ HEIMHEHHBIM M3MEHEHUEM HHAYKTHBHOCTH
TH. Ilpnuem, HauyaBuIeecs IJIABHOE U3MEHEHHE WHIYKTUBHOCTH MPOUCXOIUT JI0
TEX TOp, MTOKa He BO3HUKHYT YCJIOBUS pe3oHaHca (popmyia 25):

w*L=1/wC (25)

PaccmaTtpuBas mporeccel HaMarHWU4YMBaHUS CTaJIbHOrO cepaeyHuka TH
MOYKHO ONPENECIUTh MPEAcibl W3MEHEHUs WUHAYKTUBHOCTHM TH: MakcumanbHOE
3HaY€HHE PAaBHO MHAYKTUBHOCTH XOJIOCTOTO XOJIa U 3TO 3HAU€HHE OYAET B peKUME
HACBIIIEHHUS, TIOCJIE YeTO OCTAEeTCSI HEM3MEHHOM U PaBHO UHAYKTUBHOCTH OOMOTKHU
TH 0e3 MarHuTompoBoja, MpaBla, B CBSI3U U C TEM, YTO 3HAUYMUTENIbHAs YacTh
MOTOKa BHYTPU OOMOTKM TIOKHUJIA€T MArHUTONPOBOJ, WHAYKTUBHOCTH TH
nocturaeT Bcero 30 — 50% uHAYKTUBHOCTH OOMOTKH 0€3 cepAcUHHKA.

— 2 ycloBHeE:

s Bo3OyxaeHuss OPII B koHTYpe ¢ mapameTpaMu, HEOOXOIUMO COOBITHE,
NpUBOASIIECe K W3MEHEHHI0 WHAYKTUBHOCTH TH. Takum coObiTHeM B ceTH ¢
M30JIMPOBAHHOW HEUTPAJIbIO SIBJISIETCS OTKIFOUEHHE METAJUIMYECKOrO 3aMbIKaHUs
Ha 3eMJIt0, ITpU KoTopoM HanpsikeHnue TH ckaukom usmensiercs ¢ Uy 10 Ug.

B cersx 6 - 10 kB cymmapHblii MOTOK TOCHE CKayka HANPSDKEHHUS OT
JUHEUHOro  (a3HOro MPEBHIIAET TMOTOK HAYAJIBHOTO  MPEBBIILICHUS U
beppope30HaHC BO3HUKACT Ja)Xe MPU OTKIOYECHUU METALUTMYECKOTO 3aMbIKaHHS
Ha 3€MJIIO ITPY HOMUHAJIBHOM YPOBHE HANPSIKEHHS B CETH.

B cetu 35 kB npu oTK/IIOYEHUH 3aMbIKaHUSI U TP HOMUHAIBHOW BEJIUYHMHE
HanpspkeHus: @PI1 ve Bo3HuKaeT. B Toke BpeMs mpu HanpsbKeHWH B ceTH Ha 5%
BbIIlIE HOMHUHAJIBHOTO, BTOpoe ycioBue Bo30yxneHus DOPII cobmoparorcs u B
cetu 35 kB.

B ceTtu ¢ u301MpoBaHHON HEUTPAIbIO C YUETOM BO3MOKHBIX KOJEOAHUM Ha-
npsbxerns B cetr TH Haz0 paccunThiBaTh Tak, 4To0b! (hopmyiia 26):

Un=1,15(Uy + Ug) = 1,8U;; (26)

TH tuna HAMMUM, pexomenayembiii BMecto TH tuma HTMMU, Tak u
paccuutad. ¥ 3toro TH oOmoTka a3el B, noakmtouaemas k pazHomy MpoBoy H
3eMile, pacCuuTaHa Ha JUINTEIbHOE IPWIOKEHUE JIMHEHHOIO HANPSIKEHUS U Ha
nosiHoe ucmbITarensHoe Hanpstkerne 4U; = 42xB. YV tpanchopmaropa HTMU
UCIBbITAaTENIbHOE HamnpsikeHue Bcero Ha 30% Bbllle TMHEHHOTO.

- 3 ycrnoBue:

61



VYcnosue Bo3nukHOBeHHsT OPII moxker ObITh chHOpMyIUpPOBaHO Tak:
BEJIMYMHA SHEPIruM, MoCTynaromeid B (Ppeppope3oHaHCHBIM KOHTYp MPHU KaKIOM
u3Mepenun napamerpa (MHIYKTHBHOCTH TH) MO/DKHO OBITH 0OJIBIIE BETUYMHBI
noTepr B HEeM. BHeceHHe B KOHTYp 3aTyXaHHs, SKBHBAJECHTHOI'O 3aTyXaHMWIO,
BHOCHUMOTO KPUTHYECKUM COIPOTHBIICHHEM, MpeaoTBpamaet Bo3oyxaeHue OPII.
Benuunna pesucropa, HeoOxomumoro st monaasieHuss OPII, mMoxer ObITH
BbIYKCIIEHA TI0 popmyie 27:

R =2 L/C (27) (27)

[Ipu BO3HHKHOBEHUHU (PEeppOPE30HAHCA B CETU C U30JIUPOBAHHON HEHUTPAIIBIO
NOSIBJISIIOTCS  3HAUMTENIbHBIE CMEUIEHUS HEWUTpalM, MpU KOTOPBIX MEHSIOTCA
(da3zHble HAMPSKEHUSI CeTU MPU HEU3MEHHBIX JTMHEWHBIX. OCHOBHBIMH MPUYMHAMU
BO3HMKHOBEHHUSI  CMELIEHUSI HEUTpaii W  COOTBETCTBEHHO  HapyIIECHUE
CUMMETPUYHOCTH CUCTEMBbI (pa3HBIX HAMPSIKEHUN SBIISETCS

— pa3iuyHasg eMKOCTh (a3 OTHOCUTEIBHO 3EMJIH;

— TOBPEXKAECHUS OTAECIbHBIX dJIEMEHTOB CETH,

— HEYCTOMYMBOCTb HEUTpaJIM NpPH BO3HUKHOBEHUU KOJEOATEIbHBIX
KOHTYpPOB U siBieHui (eppope3onanca (Bkimodenne TH BMecTe ¢ «XOJOCTBIMU»
IIMHAMH, BKITFOYCHHUE «XOJIOCTOM» JIMHUN);

— BIIMSHUE HEHOPMAJIbHBIX PEXKMMOB B OJHOM YYAacTKE CETH HAa CMEKHbBIE
3JI0POBbIE YYaCTKH.

Ha pucynke 26 mnpuBeieHbl cxema 3aMEIIEHUS W COOTBETCTBYIOIIAS
BEKTOpHAs JUarpaMmMa Ipu CMELIEHUH HENTpasu.

L
e

Le b o "‘Lca
At T

FIIRTIT I

&)

)

PucyHnok 26 - BextopHas quarpamMMa HanpspKeHUN TpU CMELICHUH HelTpaiu (a) u
CXeMa 3aMEeIICHHUS CETH C U30JIMPOBAHHON HEHTpalibio (0)

Haunbonee wuacto BO3HUKHOBEHHE (Peppope30HaHCa MPOUCXOAUT MPH
BKJIFOUEHUM XOJIOCTBIX IIHH BMECTE€ C JJIeKTpoMarHuTHeIMU TH, KoTopsie
paboTaloT B pexume ONM3KOM K HacbluleHWio. Ha pucyHke 27a mnpuBeneHa
BEKTOpHas JMarpaMMa TOKOB MpU BKJIIOYEHHH XOJIOCTBHIX IIMH BMecTe ¢ TH u
THUIOBask BOJNbT-aMIepHas xapakrepuctuka TH (pucyHnok 270)
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6)
Pucynok 27 - CxeMa U XapakTepUCTUKHU TpU Geppope3oHance (a) U BOJIbT-
amrepHas xapakrepuctika TH (0)

B Touke A pucyHka 27/a Tok MHAYKTUBHOCTH TH W 3apsaHbIi €MKOCTHOM
TOK IIMH pPAaBHBI, YTO BBI3BIBAET PE30HAHC TOKOB C COOTBETCTBYIOLIUM
noBellicHUeM HanpsbkeHus. Tak kak TH paboraer B pexume, OIM3KOM K
HACBIICHUIO, T.6. IIOYTH HA TOPU3OHTAIBHOW YacTH  BOJBT-aMIIEPHOU
XapaKTEepPUCTUKHU, HEOOJIBILIOE YBEITUYEHUE HAIMPSKEHUS BBI3bIBAET 3HAUUTEIHHOE
HOBBILIEHHE TOKa M, COOTBETCTBEHHO, mnoBpexjaeHue TH. B tpexdasnbix ceTsx,
IIPM BO3HMKHOBECHHMM PE30HAHCA HA OCHOBHYIO I'APMOHHKY, HAIIPSIKEHHE Ha JIBYX
(azax MOXET YBEIMYMUTHCA MOYTHU B JIBA pa3a, B TO K€ BpeMs HANpsDKEHUE Ha
TpeTheil (haze OyaeT 0JM3Ko K HyIt0. KOHTPOJIb HU30JALHUH B 3TOM CITy4ae MOKaXKET
HAJINYUE «3eMJIN» B CeTU. Takoe COCTOSIHME MOKET ObITh YCTOMYMBBIM M JUIUTHCS
1o nnoBpexaenus TH.

Ha noncranmusx, rxae HaOmoJaeTcsl SBJIEHME CMELIEHUS HeWTpany,
3aIpeIaeTcsl BKIIOUYEHHE «XOJOCThIX» mMH BMecte ¢ TH. B arom ciywae npum
HOSIBJICHUU JIOXKHOW «3eMJIM», 4TOObI JIMKBUAUPOBATH «3EMIIIO», JOCTATOYHO Ha
CEKIIMIO BKIIIOUHUTh HArpys3Ky.

YMEHBIINTD BEJIMUYUHY JYTOBBIX IEPEHANPSIKEHUH U YUCIIO 3aMBIKAHUN Ha
«3eMJII0» 0€3 3HAYUTEIBbHOIO MCKYCCTBEHHOI'O YBEJIMYEHHUS TOKA 3aMbIKaHUS Ha
«3EMIII0» MOXHO 3a CYET BKIIIOYCHUS B HEUTPAJIb CETH BBICOKOOMHOI'O PE3UCTOPA.
BenwuuHa compoTuBICHUS pe3ucTOpa, ONpejeieHHas 1o BelpaxeHuto (R =

Zﬂ}fﬂ) npunaTo 10 kOm Ha Tok 0,2 A mst TH tuna HTMU.

Kpome Toro, B 1ernb 0OMOTKH pa3oMKHYTOro tpeyroibuuka (3U) BKiroUaTh
AKTUBHOE CONPOTHBJICHUE BeJMUUHOU 25 OM. DTO CONPOTUBIICHHUE TOHKHO OBITH
paccuMTaHo Ha JUIMTENbHOE mpoTekaHue Toka 4 A. OHO ycTaHaBJIMBAETCS
HernocpencTBeHHo y TH 6e3 nmpegoxpaHuTenei.

Jist TH tuna 3HOM-35 BenuunHa conpoTUBIIEHUS], YCTAHOBIECHHOTO B HEM-
tpasie BH, npuBenena B tabnuiie 7.
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Tabnuma 7 - Bennunna conpotusnenus i 3azemienus nerpann BH TH tumna
3HOM-35.

Jlnnsa ashi Kommgectso TH KOHTPOIS H30JISIIHHI
COTIL. KM Conpotusnenue B OM

' 1 2 3 4
6-10 7,0
11-15 3,5 10 10 1
16-20 15 6,0 10 10
21-25 0,5 4,0 7,5 10
25-30 3,0 53 8,8
31-35 2,0 3,9 7,2
36-40 1,4 3,0 5,2

MHOroneTHUM ONBIT IKCIUTYyAaTallUh CETENM C M30JHUPOBAHHOW HEUTPAIIBIO
MO3BOJISIET TOBOPUTh O CYIIECTBEHHBIX HEAOCTAaTKAX pEeXUMa H30JIMPOBAHHOU
HeWTpaau B ceTsax 6-35 kB, Takux kak:

— JIyrOBbI€ MEpEHAIpPSHKEHUsT U MNpoOOU H3O0JIALMM Ha NEPBOHAYAIBHO
HEMOBPEXKICHHBIX (pumepax nmpu 0aHO(A3ZHBIX 3aMBIKAHUSIX HA 3EMITIO B CETH,

— BO3MOXXHOCTb BO3HMKHOBEHHS MHOTOMECTHBIX MOBPEXKIECHUNA H30JSLUU
(omHOBpEeMEHHOE  TOBPEXKICHHE  HW3OJSAIMH  HECKOJbKMX  (UIEPOB)  IpH
0/1HO(ha3HBIX 3aMbIKAHUSIX HA 3€MIIIO;

— moBpexaeHus tpanchopmatopos Hanpspkenuss (HTMU, 3HOJI, 3HOM)
P 3aMbIKaHUAX Ha 3€MJIIO;

— CJIOXHOCTh OOHAPYKEHUS MECTa MOBPEK/ICHHS (MECTa 3aMbIKAHMUSA);

— HempaBWIbHas paboTa pelerHbIX 3allUT OT OAHO(A3HBIX 3aMbIKAaHUN Ha
3eMJIIO;

— OINACHOCTh JJIEKTPOMOPAKEHUS MEpPCOHATIa W TOCTOPOHHUX JIMI[ MPHU
JUTUTEIbHOM CYIIECTBOBAHUM 3aMbIKAHUS HA 3€MJTIO B CETH.

B cBs3M Cc HamuuMeM TaKoro KOJMYECTBA HEJOCTAaTKOB  PEXHUM
M30JIMPOBAHHONW HeHTpasm B ceTsax 6 - 35 kB Obul HCKIIOUEH B IOJABIISIONIEM
oonbpmnHcTBe cTpaH EBpomnbl, CeBepHoit u FOxHoil AMepuku, ABCTpaluud U
npyrux crpanax eme B 40-50-x rogax mpomiioro Beka.

B cersix cpennero nampsbkenuss 3 - 69 kB crtpan EBpomnsl, CeBepHoll u
FOxHOUl AMepukHu, ABCTpaIuu PEKUM HU30JUPOBAHHOW HEUTpaIM MPUMEHSIETCS
KpaitHe peako (B HMCKIIOYHMTENBHBIX ClIydasx). B OCHOBHOM CeTH CpeaHero
HanpspkeHust 3 - 69 kB aTux crpan paboTaioT ¢ HEHTpablo, 3a3eMIICHHON 4yepe3
PE3UCTOP WUJIU AYTOracsAluil peaKTop.

Onmna W3 cTpaH, B KOTOPBIX HUMEETCS 3HAYUTEIBHOE YHCIO CETed C
W30JIMPOBAHHOW HEUTpablo - OuHIAHANA. TaM yKa3aHHBIA PEKUM HCIOJIb3YETCS
UCKIIIOUUTEILHO B BO3AYHIHBIX ceTsix 20 kB u ero mpumeHeHue CyIIECTBEHHO
OTJIMYAETCsl OT OTEYECTBEHHOM NPAKTUKMU OHKCIUTyaTaluu. B yacTHOCTH, mpu
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HAJIMYUU PEKMMa U30JIMPOBAaHHOM HelTpana B cetu 20 kB 3amuThl OT 3aMbIKaHUN
Ha 3€MJII0 JICMCTBYIOT HA MTHOBEHHOE OTKJIIOUYEHHME IMOBPEXKIACHHOW BO3MYIIHOU
auHud. Ilpu oOTKasze B OTKIIOYEHHWHM BBIKJIIOYATENS OTXOASLIECH JIMHUUA C
BbIZIEP>KKOM BpeMeHH 0,5 CeKyH Ibl OTKIIFOYAETCS BBIKIIIOYATENh BBO/IA.

8 3amuTa oT 3aMbIKaHUIl Ha 3eMJII0 B JJIEKTPHYECKHUX ceTsx 6 — 35 kB,
padoTaAIMX C M30JIMPOBAHHONI HEHTPAJIbLIO

3ammTel 0T O33 BBIMOIHSAIOTCS PEArupyOMIMMU Ha TOKM M HaNpsKEHUE
HyJneBoit mocnenoBarenbHoctd (HIT). DTH TOKM B CHMMETPUYHOW CHCTEME
OTCYTCTBYIOT B paboumx pexxumax u mnpu Mexaydaszueix K3 oHM MOsSBIAIOTCS
TOJIBKO TpH 3aMblKaHMsX (a3 Ha 3emuto. Takoe BbimosiHeHHe 3auuT oT 033
o0ecreynBaeT 3HAUNTEIHLHOE MOBBIIIICHUE UX YyBCTBUTEILHOCTH.

B TtpexdaszHoii cetn mepemeHHoro toka (pucyHok 28) mpu HOpMajabHOU
pabote mo ¢azam TPOTEKAIOT TOKM HATPy3KH, a TAKXKE TOKH, OOYCIOBIECHHBIC
emkocTsiMu (a3 Ha 3emiito Coa, Cop, Coc, Toku, oOycroBiIeHHbIE aKTHUBHBIMU
npoBoauMOCTSIMH ¢a3 cetu Ha 3eMIi0 Goa, Gop, Goc (aKTUBHBIE MPOBOIUMOCTH
yT€UeK W MOTEPH B M3OJISAIMH, TPOBOAMMOCTH TH KOHTpPOIS M30JISIUU U 1p.), HE
MPEBBIMIAIOT B CETU C U30JMPOBAHHOW HEUTpanbio 2 - 6 % €MKOCTHBIX TOKOB U
NpU aHaliM3e yCTaHOBUBIIMXCS pexumoB 0e3 O33 u ¢ O33 umu, Kak mnpaBuio,
MO>KHO MpeHeOpeyub. EMKOCTH 1 aKTUBHBIE IPOBOJUMOCTH MEXIY (ha3aMu CeTH He
BIUSIOT Ha YCTAaHOBUBIIHECS 3HAYCHUS OJJIICKTPUYCCKUX BEIIMYUH HYJICBOU
nocnenosarenbrocT HIT 1 B cxeme (pucyHok 28).
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Pucynox 28 - BekTopHble 1uarpaMmbl HalpsSKEHUH H EMKOCTHBIX TOKOB B
HOPMAaJILHOM pa004eM pexuMe CETH C H30JIUPOBAHHON HEUTPAIBIO.
Ecnu npeneOpeub najeHneM HaNpsHKEHHS! B MIPOJIOJIBHBIX COMPOTUBICHUSX
JIDII m wucroyHWKa NOUTaHWS OT TOKOB HArpy3kd M €MKOCTHBIX TOKOB, TO
HaINpPsHKEHUST BO BCEX TOYKAX CETH IO OTHOIICHHIO K HeiTpamu N MOXXHO cuuTath
oauHAKOBBIMHA M paBHbIMH (azHbiM D/IC ncrounuka nutanusa. Hampsokenus das
110 OTHOIICHHMIO K 3eMJie paBHbI ((hopmyia 28):
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Us=Un+En
Up=Uy+E3p
Uc=Un+Ec (28)
rae Uy — HanpsKeHUe CMEIIEHUs HERTpanu ceTH (HampspKeHUe Ha HEWTpasn
10 OTHOIICHHIO K 3eMJIE).
Cwmemenue nelitpanu cetu Uy onpenensercs 1o popmyie 29:
Un=UpYa+Ug Yp+ Uc Yo/ Yo+ Yp + Y (29)

rae Ya = 1/j wCoa, Yg=1/j @Cpgs, Yc = 1/j wCoc.

B cummerpuunoit tpexdaznoit cetu Cop = Cop - Coc =Cp cMelenue
neirpamu cetn Uy =0

[Tpu MeTaUTHYECKOM 3aMBbIKAaHUH Ha 3¢MITIO (ha3a HANPSDKEHUS HA HEHUTpau
CTaHOBUTCSl PAaBHBIM I10 BEJIMYMHE U MPOTHUBOIOJIOKHBIM 1O (ha3e HAIPSHKEHUIO
HOBPEXICHHOH (pa3bl o oTHOMmEeHHIO K HelTpanu (popmyna 30):

Uy=-Uy=-Ea (30)
Hampsokenust ¢a3 mo orHomeHuto kK 3emse npu O33 HaxomsaTcs wu3
BeIpakeHus (popmyina 31):
Uas=-EA+Ea=0
=-Ea+Ep=Epa=Uspa

=-Ea+Ec=Eca=0Uca (31)

cC C
Q. w.
| |

U3 Beipaxkenuss 31 MOXKHO BHIETh, YTO HANPSIKCHUS HA HEMIOBPEIKICHHBIX
daszax npu metaumdeckoM O33 MOBBIIIACTCS 10 MEX Ty Ha3HOTO.

[Tpu metammueckom O33 Ha daze A nanpspkenue HIT (cymma HampspkeHUMi
Tpex ¢a3 1Mo OTHOIICHHIO K 3eMJie) paBHO (hopmyia 32):

30g = U, + U + Uc = - 3Ex = 30y (32)

[ossnenne Hampskenus 3Up M u3MeHeHHE (Da3HBIX HANPSOKEHUH MO
OTHOIICHHUIO K 3€MJIC UCIOJB3YeTCs I BBINOJHEHUs 0Omieil (HeceleKTHBHOM)
curHanmzanui O33 1 KOHTPOJIS 3OS (Pa3 CeTH MO OTHOIICHHUIO K 3eMJIC WU
oOrieii HeceaeKTUBHOM 3amuThl 0T O33 (¢ AelCTBHEM Ha OTKIIFOUYCHHE).

Ha pucynke 29 mokaszaHo pacmpeneneHne €MKOCTHBIX TOKOB IMPH BHYT-
peadeM u npu BHemHeM i JIDIT JI; O33. Jlunum JI; u JI, npencraBieHbl
COCPEIOTOYCHHBIMH eMKOCTsIMU (pa3 mo orHomeHuio K 3emie Co; m Cpp, BeA
OCTaJIbHasl YacCTh JJIEKTPUUYECKH CBS3aHHOM CETH NPEACTABICHA YKBUBAJICHTHBIMU
MPUCOCTMHEHUSIMH C eMKOCThIO (ha3 Ha 3eMito Cook.
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Pucynok 29 - Pacnipenenenne eMKOCTHBIX TOKOB Ipu BHyTpeHHEM (T. Ky,
CIUTONIHAS TUHKSA) ¥ BHeNIHeM (T. K, myHkTupHas auHust) O33 B ceTH ¢
M30JIMPOBAHHOW HEUTPAJIBIO

[Tpu BHemHeM (mis P3 muaum JI;) merammueckom O33 (T. K3, Ha JTUHUH
JI;) mox HII B Hauane nunuu JI; (cymma TOKOB TpeX (ha3 B MeCTe BKIFOUCHHS
3aIUTHI) OMPEACACTCS EMKOCTHBIMU TOKAMHU Ha 3€MJIF0 HETIOBPEXKICHHBIX (a3 |1z
u lic (popmyna 33):

3oy = I + Iic = Iy, (33)

rae o1 — coOCTBEHHBIIT EMKOCTHOM TOK JIMHUHA J1j.
N3 Beipakenus 33 caeayer, uro npu BHemHemM 033 B (azax Hero-

BpexkaeHHOW nuHuUM JI; mpoxomuT Tok HII, ompenensemblii cOOCTBEHHBIMU
E€MKOCTSIMH.

Ipu suyTtpennem 033 (1. K3y Ha aunuu JI;) Tok 3lp; B MecTe BKIIOUEHHUS
3anuThl paBeH (popmyna 34):

3lo1 = - ley + I (34)
rae les = Iy + Iep + I
3HaveHue ¢y onpenendercs npu E A = Ugyoy O BBIPAKECHUIO 35!
lcy =3 WCoyEA = 3 WCoys Upno (35)
Tok B Mecte noBpexaenus mpu 033 B Touke Ks; (popmyna 36):
Iy =- j&Coy Up = - Icz (36)
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rae Coy = Co1 + Cop + Cose — CyMMapHasi EMKOCTD (pa3bl CETH Ha 3EMIIIO.

o

Pucynok 30 - BekTopHbIe [uarpaMMbl TOKOB H HAIPSDKEHUM MPY BHEILTHEM
(@) n BayTperHeM (6) O33 B ceTH ¢ M30JUPOBAHHON HEUTPAIIBIO.

Ha wsmMepeHMM W CpaBHEHMH 3HaudeHmi Toka 3lp B 3ammmiaeMoM mpwu-
COCIMHEHNN C 3aJaHHOM YCTaBKOM NpH BHYTPEHHMX M npu BHemHuX 033
OCHOBaH NPHUHIUN JCUCTBUA CEICKTUBHOM TOkKOBOM 3amuthl HII Ilpuniun
MIPUMEHUM, €CJIU Icz - lc1 > Iy . i1t 00BEKTOB € JOCTATOYHO OOJBIIUM YHCIOM
IPUCOEIMHEHUH, KAK PABUIIO, BBIOJHSAETCS COOTHONIEHHE Ioy > Iy [l Takux
006eKkTOB TOK 3lp B MOBPEXKIEHHOM MNPHUCOETMHEHHH BCETAa OOJbIIE, YeM B
J000M U3 HEMOBPEKICHHBIX.

@da30Bble COOTHOLIEHHS 3eKTpuuecknx BenuuuH HII mpu ycroitumeom
MetamdeckoM O33 WITIOCTPUPYIOTCS BEKTOPHOUM auarpammoit Ha pucyHke 30.
Ha Heii BUIHO, 9TO MpU BHIOPAHHBIX YCIOBHBIX TMOJIOKUTEIBHBIX HAMPABICHUSX
TokoB HII B TMHMAX OT mKH TOK 3]y B IOBPEkKIEHHOM NIPHCOEAUHEHUHI OTCTAET, a
B HEMOBPEKICHHOM IIPHCOEMHEHHH onepexaeT Hanpsikenue 3Ug Ha yromn 90°,

Usmepsas dasy Toka 3lp mo orHomenuro k HampsokeHuio 3Ug MOXKHO
onpeAenuTh HampasiaeHue ¢ 033, Opu 3TOM HAAO YYUTHIBATH HAIPABICHUE
nepenaun momrHoctr HII B 3ammumiaeMoM NpHUCOSTWHEHWH TPU BBIOPAHHBIX
TIOJIOKUTENBHBIX HAMpAaBIEHNUSIX Toka 3] B JIMHUAX. DTOT CMOCOO OmpeeneHus
MOBPEXKIECHHOIO TPUCOEAUHEHUSI HCIIOJB3YETCS B MOKOBOU HANPABIEHHOU
3awyume ot O33. B ceTn ¢ M30JIMPOBAHHON HEUTpaNbIO moJjiHasg MomHocTs HII,
nepegaBaemass npu O33 0O JAMHUAM, MPAKTUYECKH pPaBHA pPEaKTHUBHOMN
COCTAaBJIIIOLIEM MOIIHOCTH. [l NeHCTBUSA TOKOBOM HAIIPABICHHOW 3aIUTHI
MOHO HCIIOJb30BaTh U aKTUBHYIO cOCTaBIIstomy0 MouHocTy HII, HO yunTsiBas
HEOOJIBIYI0 BEJIMYUHY 3TOU cocTapistoniei (3-4%) menecooOpa3HO BBITIOIHATH
HaIIPaBJICHHYIO 3aILUTY, PEarupyONIyI0 Ha MOIHY0 MoutHocTs HIT.

[Ilupokoe mNpuUMEHEHHE B CETAX, paldoTalUMX C€ HW30JIMPOBAHHOU
HEUTpasiblo, ToNyuynjia oOmas HecelekTuBHas curHanu3auus O33 1o
nanpsokeanto 3Up, TokoBas 3amura HIT (abcomoTHOro 3amepa) M TOKOBas
HalpaBJICHHAsl 3aluTa, pearupyromas Ha HanpasieHue womHoctu HIT B
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3anuiiaemMoit suauu npu 033.

Hapsany ¢ meramnuuyeckumu 3aMblkaHus MU O33 MOKET IPOUCXOIUTDH YEPE3
HIePEXO/IHbIC aKTUBHBIC COMPOTUBIICHUs (COMPOTHBIICHHE pacTekaHnio Toka 033,
TACIOMeH wu30dsAuu, 1yrd, a Takke O33 B 00MOTKax TIHEPATOPOB U
TpaHchopMaTopoB) Harpumep, T. K33 Ha pucynke 31).

B xontype HII B pexume O33 neiictByer D/IC, paBHas HanpsKEHUIO B
MECTE€ 3aMbIKaHUsI B MOMEHT, MPEAUIECTBYIOIINI BOSHUKHOBEHUIO TTOBPEXKICHUS,
B3STOMY C OOpaTHBIM 3HAKOM: - U 3A =-a Ear, ric @ - OTHOCUTEIBHOE YHCIIO0
BUTKOB OOMOTKHM Mex Ay HelTpanbio u MmectoM O33. 13 cxembl Ha pucynke 31 s
toka 31 n nanpsxenus 3Ug B Mecte 033 onpenenum no popmynam 37,38:

LY = a Ea/ (R, +1/ j wCoy) (37)
3Uo =- jwCoslos=-3j wCoy @ Ea/ (R, +1/ j @Copy) (38)

[Ipu O33 uepes nepexoanoe conporunieHue BJI cnenyer npunumats & = 1.

Vmenbmenve Hanpsokenuss 3Uop u TokoB HII B NpHCOEIMHEHUSIX M MECTE
noppexaennas npu  O33  4yepe3 MEepexXOAHOE  CONPOTUBICHHE  MPHUHSATO
XapakTepu30BaTh K0I()PHUIIMEHTOM MOIHOTHI 3aMbikanus (hopmyita 39).

& = Uo/ Upnow =1/ (1 + j @Cos R,) < 1 (39)

IR

0y

| o |
"( J}LII l!n.' l!dn(l_l llrm:[:u
n. TCu k£

Pucynok 31 - Cxema 3aMelieHus sl pacuera ToKa U HalpsKeHUs HyJIEBOM
nocyenoBaTenbHOCTU Ipu O33 B 0OMOTKE 3JIEKTPUUECKON MAIIMHBI WU
TpaHcpopmaropa.
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9 YcerpoiicTBO KOHTPOJIS U30Js1IIMU ceTH 6-35 kKB

VY CeTpoicTBO KOHTPOJIS U30MSIUU GUKCHpYeT PakT BozHUKHOBeHUs: 033 1o
HalpsDKEHUI0 HYJIEBOM TOCIENOBATENIbHOCTU. lIpakTuuecku Bce yCTpoucTBa
KOHTPOJISI HW30JSLMU BBINOJHSIOTCA C HCIOJIB30BAHMEM TpaHCHOPMATOPOB
HanpspkeHus. Kak mpaBwio, Ha MNHTAOMMUX IOJCTAHUMSIX YCTAHABIMBAKOTCA
tpexdaszubie TH ¢ TpeMs 0OMOTKaMu: IEPBUYHOM, BTOPUYHOMN U JIOTIOJHUTEIIHHOM,
COCTMHCHHOW IO CXeMe, HAa3bIBAaeMOW «Pa30MKHYTHIH TPEYTOJBHHUK» (PUCYHOK
32).

YCTpoNCTBO KOHTPOJIS U3OJALMU MOKET OBITh BBIMOJIHEHO HECKOJIbKUMU
ciocobamu (pucynok 32). Hanpumep, ¢ momoinbeto Tpex BoibTMeTpoB V1-V3,
BKJIFOYCHHBIX Ha (a3Hble HAMpsHKEHUS BTOPUYHONM OOMOTKHM TpaHchopmaTopa
HanpspKeHUs:. MoxeT ObITh YCTAaHOBJIEH OJIMH BOJIBTMETP C MEPEKIII0OYATEIIEM.

B HOpMaJIBHOM CUMMETPUYHOM DPEXUME BCE TPU BOJBTMETPA MOKA3BIBAOT
olMHaKoBbIe (a3Hble HampspkeHus. [lpu 3ampikaHum onHOW (a3pl HA 3EMITIO
NOKa3aHUsl BOJBTMETpa 3TOH (a3pl PE3KO MOHU3ATCS BIUIOTH 1O HYJsS NpU
METaNINYeCKOM 3aMblkaHuU. [loka3aHusi BOJABTMETPOB Jpyrux (a3 yBenuyarcs,
BILIOTH /10 1,73 ha3HOro, TakkKe npu METALTUISCKOM 3aMbIKaHUH. J[J1s1 momyyeHus
3BYKOBOT'O CUTHAJIa MIPU 3aMbIKAHMM HA 3€MJII0 B CXEMY YCTPOWCTBA MOXKET OBITh

BKJIFOUEHO cUTHaNIbHOE pere PC.

Pucynoxk 32 — Cxema BriroueHus (a) ycrpoiicts koHTpods u3ossiiuu (PC) u
3alMThl HANIPSDKEHUSI HYJIeBOM nocienoBareabHocTH (PH) BekTOpHBIC qriarpaMMbl
HaNpsHKCHUH MpHu oHOpa3HOM 3aMbikaHuu Ha 3emito (0 u B); TH —
Tpancopmarop Hanpspkenusi; V1-V3 — BoJbTMETpHI.
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B HopmanbHOM pexxume cymma (ha3HbIX HAMPSHKEHUH paBHA HYJIIO U pelie He
pabotaet. [Ipu 3aMbIkaHUM Ha 3eMJTI0 OJHOM (ha3bl HANPsKEHUE HYJIeBOM Touku N
BOJIbTMETPOB CTAHOBHUTCSI PaBHBIM CyMME HANpsHKEHUN HETOBPEKICHHBIX (a3, u
MO/ BJUSIHUEM 3TOT0 HAIPSIKEHUS pesie cpabaThiBaerT.

Jpyrum  pacmpoCTpaHEHHBIM CIIOCOOOM  BBIMIOJHEHUS  CUTHAU3AINH
3aMbIKaHUH Ha 3E€MJII0 SBJSICTCS HCIIOJIb30BAHHME JOIMOJHUTEIBHON (TpeTheid)
oOMOTKM TpaHchopMaTopa HANPsDKEHHS, COCTUHEHHON MO CXeMe Pa30OMKHYTOTO
TPEyTroJbHUKA, KOTOpas  sBISETCS  (UIBTPOM  HANPSDKEHUST  HYJIEBOM
nocienoarenbHoct 3Up (pucyHok 32). B HOpManbHOM peXHME CETH Mpu
CUMMETPHUYHBIX HanpspkeHusix Ga3 A, B u C Ha BbIBOJIax 3TOM OOMOTKH U Ha pelie
PH HanpsbkeHHe MPaKTHYECKH OTCYTCTBYeT (MMEETCSI TOJIbKO HampsKeHHE
HebanaHca, 3HaYE€HHE KOTOPOTO OObIYHO He mpeBbimaeT 1 B; Hamumuume sTOro
HaANPsHDKEHUsS] CBUJIIETEILCTBYET 00 wmcmpaBHOocTH TH, OTCyTCTBHMU OOpBIBOB U
3aMbIKaHUH B €r0 BTOPUYHBIX IEIISX).

[Ipu opHO(da3zHOM METAUIMUYECKOM 3aMBIKAHMHM Ha 3EMIII0, HaIrpumep,
npoBoaa ¢a3pl A HampsikeHHe STON (a3bl OTHOCHUTENIBHO 3€MJIM CTaHOBUTCS
PaBHBIM HYJIIO, HAMPsDKeHUs HenmoBpexaeHHbIX (a3 B u C yBenuuuBatores B 1,73
pasa, a UX reoMeTpuyecKkas CyMMa CTAaHOBHUTCS PAaBHOW YMpOeHHOMY 3HAYEHUIO
daznoro HampsikeHus. J{ns Toro yToObl HanpspbkeHue Ha pene PH B atux cimyuasx
HE TIPEBBINIATIO0 CTaHIAPTHOrO HOMUHAILHOTO 3HaueHus 100 B, Tpancdopmarops
HampspDKeHUsT ¢ OOMOTKaMH, COCIMHEHHBIMH 10 CXEME€ «Pa30MKHYTHIN
TPEYTrOJIbHUK», UMEIOT TMOBBIMICHHBIH B 3 pa3a KodpUIUEHT TpaHchopmammy,
Hanpumep: n, = 10000 / (100/3).

ITon BoO3meiicTBHEM HamNpsOKEHUS HYJIEeBOW mocienoBatenbHocTH  3Uo,
KOTOpOE IpH MeTaJmmyeckoM 3aMmbikanuu pocturaer 100 B, makcumanbHoe pene
HanpspkeHust PH cpabareiBaer Ha curHan wid Ha oTkioudeHwe. [locmennee
BBIIIOJIHSIETCS HA MOACTAHLMAX, OTKYyJa INUTAIOTCA JUHUHU, OTKJIIOYAEMbIE IpHU
3aMBIKaHUSAX Ha 36MJTIO 110 YCIIOBUSAM TEXHHKH 0€30MacHOCTH (CM. BBIIIE). 3amuTa
[0 HANpPSKEHUIO HYJIEBOM MOCIEI0OBATEIBHOCTH SIBISETCS 3IECh PE3EPBHOM MO
OTHOILIEHUIO K OCHOBHBIM CEJIEKTHBHBIM 3alllUTaM 3THX JIMHUN U JIEUCTBYET Ha
OTKJIFOYEHHE TOJCTAHIIMM WM CEKIMH C BbIAepkkoil Bpemenu 0,5 + 0,7c mis
OTCTPOWKH OT OCHOBHOM 3aIIUTHI.

TokoBas 3amura, pearupyrouias Ha ACHCTBUE IIOJHOIO TOKAa HYJIEBOM
TOCIIe0BATENBHOCTH NTPOMBIIIeHHOH yacToThl (3lp), npuMensieTcs B ceTsax 6-35
kB, paboTtaronux ¢ U301MPOBaHHON HEUTPATIBIO.

B Tex ciyyasix, Korja B Ka4eCTBE U3MEPUTENBHOTO OopraHa 4actotsl oT 033
UCIIOJIB3YETCSl 3JIEKTPOMEXAHUYECKOE TOKOBOE pEJie, CeJIeKTHBHas padoTa 3TOU

71



3aIUTH B PEKUME W30JIMPOBAHHOW HEUTpalii MOXKET OBbITh 0OEcIeueHa JIMIIb B
TeX Ciydasx, korjaa coomnroaaercs TpedboBanue Gopmyisl 40 (pucyHok 33):

ICZ / ICOTB Mac >10 (40)

To ectb, KOTJ1a CyMMapHBIA EMKOCTHOM TOK ceTH (MHHUMAJIBHO BO3MOXKHBIH
BO BCEX pPCKHMax CETH) IMPEBBIIACT COOCTBEHHBIM EMKOCTHOH  TOK
npucoenurenns (mpu BHemHem O33) mpumepno B 10 pas. Dto ycioBue
MOJTy9aeTCsl U3 ABYX yCJIOBHIA BHIOOpA TOKA CpabaThIBaHUSI 3AITUTHI:

- ycnoBue HecpabaTeiBanus mpu BHenHeM O33 (popmyaaa 41):

lcp = Ky * KBP*ICnp , (41)

rae Ky = 1,2 (ko3 puiieHT Haae)KHOCTH);

Kgp = 3-5 (koadduitneHT «Opocka», yUUTHIBAIOIIMA OPOCOK E€MKOCTHOTO
TOKa B MOMEHT Bo3HUKHOBeHMsI 033, a Takke CIOCOOHOCTH pejie pearupoBaTh Ha
HETO0).

— ycrnoBue cpabateiBanus (4yBcTBHTEIbHOCTH) (hopmyiaa 42):

Ky = Icz/ Icg = 1,5'2 (42)

rae Ky — koadduimeHT 4yBCTBUTENBHOCTH;

|3 — TOK cpabaThIBaHUsI 3aLTUTHI.

[Ipu ucnosb30BaHUU COBpEeMEHHBIX NHU(PPOBBIX 3ammT Kgp mpuHUMaeTcs
paBHBIM 1,5-2.

HecmoTpss Ha MeHbIIee BiIMsHHE OpOCKa €MKOCTHOTO TOKa Ha paboTy
coBpeMeHHBIX pesnie mnpu BHemHux O33, He Bcerga BO3MOXKHO O0OECHEYUTH
CCJIGKTHBHOCTh  (M30MPATEIbHOCTh) HEHANPABIICHHOW 3allUTBl B  CETSIX C
W30JIMPOBAHHONW HEUTpasiblo, OCOOEHHO B CETSIX C HECTAOWJIBHOW MEepBUYHOU
CXEMOW CeTH W, CJEAOBATEIbHO, MEPHOIUYCCKHA W3MEHSIOMMMHUCS 3HAYCHUSIMU
COOCTBEHHBIX EMKOCTHBIX TOKOB OTJEIbHBIX NPHUCOCAUMHEHUNH W CyMMAapHOIO
€MKOCTHOTO TOKa, a TaK K€ B CETH C MaJIbIM KOJUYECTBOM MPUCOSTNHEHUH.

B Bo3aymnbiM cetsax 6-10 kB paccmarpuBaeMble HeHANPaBICHHBIC 3AIUThHI
TOKOBOW HYJIEBOW IMOCJIEIOBATEILHOCTH WCIOIB3YIOTCS PENKO, TaK Kak s
BKJTFOUEHHUSI M3MEPUTEIBLHOTO OpraHa 3alluThl TpeOyeTcs KaOelbHas BCTaBKa s
BKJIFOUCHHSI KaOeNbHOTO  TpaHchopmaTopa HYJIEBOH  TOCIEIOBATEIHBHOCTH
(beppanTn), a Tak e MOTOMY YTO B BO3IYIIHBIX CETSAX HEBEIMKH 3HAYCHHUS TOKOB
3lo mpu O33.

TokoBbIC 3aIlIMTBHl HYJIEBOW IOCICAOBATEILHOCTH HCIOJB3YIOTCS IS
3amuthl  oT 033 reHeparopoB, paboTalmMX HAa COOpPHBIE IIUHBI U
anexktpoaBurareneit 6-10 kB. CoOCTBEHHBI €MKOCTHOW TOK JJIEKTPUUYECKUX
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MallMH HE CTOJIb BENUK, KaK y KaOCNbHBIX JIMHUW, B CBSI3M C 4YE€M YCIIOBUE
HecpaOaThIBaHUs 3aliUThl Tpu BHemIHUX 33 BBINOJHAETCS Jierde, 4em s
KaOeJIbHBIX JTUHUH.

Hanpasnennas 3ammra ot O33 mnpenHa3HayeHa [Jid CEJIEKTUBHOTO
OoTKItoUeHUsT TUHUM 1pu O33 U MOXKET NPUMEHATHCS B CETAX C CyMMapHBIM
eMKOCTHbIM TOKOM He MeHee 0,2 A. Ho B cBsi3u ¢ O0dbIION BEPOSITHOCTHIO
BO3HUKHOBeHUA O33 yepe3 nepexoaHble CONMPOTUBIECHUS U C YUETOM HEKOTOPOIO
3amaca MO  YYBCTBUTEJIBHOCTHM  MNPUMEHEHHE  HAMpaBJICHHOW  3aIUTHI
nenecoodpaszno npu Toke 033 0,5-0,6 A.
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PucyHok 33 - Pacnpenencuue tokos 1™V mpu 033 B cern
C U30JIMPOBAaHHOW HEUTPAJIBIO.

JUist 3al0UThl 3JIEMEHTOB peJie OT BBICIIMX TapMOHUK, umerommx 3Ug, ,
YCTPONCTBO 3alUTHI ClenyeT nonkiodarh kK TH depe3 GumbTp ¢ pe3oHaHCHOU
yactorod Bbimie 90 I['m. Ha pucynke 34 mnpuBeneHa NpUHIMUIHAIbHAS CXeMa
HanpasieHHou 3amutel ot O33. IIpu O33, nampumep Ha BJI3 Ttoku Icy u ey,
onpeensieMble eMKOCThIO (a3 HenoBpexaeHHbIX BJI1, 2 no oTHOIIEHHIO K 3eMIle,
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UMEIOT YCIIOBHOE HAIpAaBIIEHWE K MECTy MOBpexJaeHus Ha nuHuu BJI3 u, Takum
0o0pa3oMm, o-pa3HOMY HaIpaBJIE€HbI Ha MTOBPEXKICHHON U HenoBpexaeHHo BJI. Ha
MOBPEXKICHHBIX TUHUAX |c kK mmHam noactaniuu 10 kB — 3ammra He cpaboraer.
Ha noBpesxeHHOM INHUK IPU HAIIPABJICHUU CyMMapHOI'O €MKOCTHOTO TOKa lcy OT
IIMH NOACTAaHLIMU K MECTY MOBPEXKICHUS 3allUTa cpaboTaeT, eciau 3HaueHue lcy
Oonblie, 4eM ee TOK cpabaThiBaHus. [ HaIe)KHOM paOOThI 3alIUTHI HEOOXOIUMO,
9TOOBI CyMMapHasi POTSHKEHHOCTh BCeX HemoBpexaeHHbIX BJI aToit cetu Obuia
ob1 He MeHee 20-25 kM.

B cnyuae, xorma 3To ycioBue coO01aTh HET BO3MOKHOCTH, HEOOXOIUMO
JOTIOJTHUTENIPHO K HampaBieHHBIM 3amuram oT O33 ycTaHaBIMBATh PE3EPBHYIO
HECEJIEKTUBHYIO MaKCUMAJIbHYIO 3aIIUTY HaIPsKEHUS HYJIEBOI
MOCJIeI0BATEIbHOCTH, KOTOpasi ¢ Bbiepkkod Bpemenu 0,5-0,7 ¢ geiicTByeT Ha
OTKJIFOYEHHUE TUTAIOIIET0 TpaHcPopMaTopa, MpU 3TOM JIOJDKEH ObITh peajn30BaH
sanper Ha ABP wn AIIB. Ilpm Manbix 3HaueHHsAX lcy Takoe HECENEKTUBHOE
JNEUCTBUE CUUTACTCS MPABUIIHHBIM.

JInsi yMEHBIICHUSI BJIMSHUS JJICKTPOMArHUTHBIX TOJIe (Da3HbIX TOKOB
TpaHchOpMaTOphl HYJIEBON MOCIIEI0BATEILHOCTH BO M30CKAHKE TOSIBJICHUS TOKA
HebaaHca PEKOMEHIyeTCsl yCTaHABJIMBATh HA pacCTOSIHUU He MeHee, yem 0,5-1 m

0T KabeIbHON BOPOHKH.

Pucynok 34 — [IpuHnunuanbHas cxema BKIIOUEHUS (a), CTPYKTYpHAs cXxeMa
(6) nHanpasnennoit 3amuTel 0T O33 ¥ MosicHeHUE MPHUHITKIIA ee AeicTBus mpu 033
Ha oxHoit BJI cetu (B)

[Tpu O33 B ceTu TOKU MOBPEXICHUSI MOTYT BO3BPAILIAThCS KAK Yepe3 3eMITIO,
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TaK ¥ 10 TPOBOJIAIICH 000I04YKe, SKpaHy U OpoHe kabeneit. J{ns npegoTBpaieHus
BO3MOXXKHOCTH  JIOKHBIX  cpa0aThIBaHM  3alllUT HA  HEMOBPEXKJICHHBIX
MPUCOCIMHEHUAX OT ONYXJIAIOMUX TOKOB M CHIDKEHHS YYBCTBUTEIBHOCTHU
3aIIUTHl TOBPEXIAECHHOTO NPUCOEAUHEHUA IIpu BHyTpeHHuUx 33, 3amurHOE
3a3eMJICHHE OO0OJIOUKHM, HKpaHa M OpoHU Kabelel BBIMOIHACTCS TPOBOIOM,
nponyumeHHsiM - yepe3 OkHO TTHII u  w3onupoBaHHBIM  OT  3a3EMIISIFOLIMX
KOHCTPYKITUH Ha Y4acCTKe OT KaOeIbHOM BOPOHKH 70 TpaHChOopMaTopa ToKa.

Ha pucynke 35 naHa npuHUMIHMAIbHAs CX€Ma TOKOBOW 3allUThl HYJIEBOU
nocieaoBaTenbHocTH OT O33 11 mapajuleNbHBIX KaOene. YdYuThIBas, 4TO BO
MHOIHUX CIy4asx |cz AMEET HeOOJIbIIOE 3HadYeHHWe, B TOKOBOM 3ammure HII

HGO6XOI[I/IMO IMPUMCHATH PCJIC C MaJIbIM TOKOM Cpa6aTBIBaHI/I$I.
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Pucynok 35 - Cxema TOKOBO# 3alllUTHI HYJIEBOM MOCJIEI0BATEIIHHOCTH OT
033 nns nmapaienbHbIX KaOenei:
a — mnapawienpHoe BikiaroueHne TTHII; 6 — cmemanHoe (mapaiieibHO-
nocienoBatenbHoe) Briodenue TTHII.

NMIynbCHBIE HANpaBIEHHBIE 3aLIUThI, OTHOCATCS K TPYMIE <BOJHOBBIX»
3aI0AT OT 3aMbBIKAHMI Ha 3E€MJII0 B CETAX C M30JIMPOBAHHOM WM 3a3¢MIJICHHOMU
yepe3  JI'P  HeWrpanmpro.  YCTpPOHWCTBO  KOHTPOJHPYET  HAIPaBICHHE
pacnpoCTpaHEHUs]  JJEKTPOMAarHUTHBIX  Pa3psIHbIX ~ BOJH  (pa3a-3emild,
BO3HHKAIOIINX MPH OJHO(A3HBIX 3aMBIKaHUSIX Ha 3eMITI0 (pUCYHOK 36).

YCTpPOHUCTBO COCTOUT U3 IIyCKOBOI'O OpraHa, Pearnpyrouiero Ha MOSBICHUE
3Up mpu O33, opraHa HampaBiieHHs, KOHTPOJIMPYIOLIErO 3HAK MOIIHOCTH Ha
(GpoHTE BOJIHBI B KOHType (pa3a-3emuis, OJ0Ka MUTAHUS M YKa3aTEIbHOIO pelie.
YCcTporcTBO MOXKET paboTaTh Ha CUTHA U HAa OTKJIIOYEHUE.

Haubonee nenecoo0pa3Ho UCIIOJIb30BATh TAKUE 3AIIUTHI B KOJIBLEBBIX CETIX
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WIM TPH MapauieJbHONH paboTe JBYX WM HECKOJbKHUX JIMHUK (pucyHok 36).
KoMIiekTsl ycTpoiicTBa BKJIIOYAIOTCA HE O0EUX CTOPOHAX KOHTPOJIHPYEMBIX
JUHUN TakuM 00pa3oM, CTO OHU CpalaThIBAIOT HA 3aMbIKAHME KOHTAKTOB IpHU
YCIIOBHO TMOJIOKUTEILHOM HAIPABICHUH PACIPOCTPAHECHUS BOJIHBI (MOIIIHOCTH) OT
MECTa 3aMbIKaHHsSI Ha 3€MJIF0 K MECTY KOHTPOJIS, TO €CTh K IIMHAM MOJCTaHIUU
(pucynok 360). ITpu 3TOM TOJIBKO Ha MOBPESKICHHOM JIMHUW 3HAK MOIIHOCTH Ha
obomx KoHIax OyAeT TOJOXKHUTEIbHBIM H 00a ycTpoiicTBa cpaboraroT. Ha
MOBPEXKJICHHON JIMHUM OSTOM CETH KOHTAaKThl 3aMKHYTCS TOJBKO Ha OJHOM
KoMmIuiekTe. [lo moka3aHusiM yCTPOMCTB MOKHO OIPEIACINUTh HA KAKOW W3 JIMHUU
npouzonuio O33.

Takue ycTpoiicTBa MOryT MPUMEHSTHCS W B PagUaIbHBIX JUHUAX IS
cenexktuBHOW curHammsanuu npu O33. Ilpu O33 (pucynok 36) na BJI1
HaIlpaBJICHUE PACIPOCTPAHEHUS BOJIHBI TAKOBO, YTO YCTPOMUCTBO HA MOJACTAHIIUU A
cpabotaet, (MOIIHOCTh HAaIlpaBJICHAa K IIIMHAM), a Ha MOJCTaHIMH b ycTpo#cTBO
HemoBpexAeHHOM MuHuKu BJI2 He cpaboTtaet (MOIIHOCTH HampaBjieHa OT InH). Ha
HenoBpexieHHbIX JnHugx BJI3, BJI4 ycrpoiicTBo Takke He cpabOTaeT, TaK KaK Ha
stux BJI He pacripocTpaHstOTCS 3JIEKTPOMArHUTHbIE BOJIHBI, BO3HUKIIKE TTpu O33
Ha quHuu BJIL.

Pucynok 36 — Cxema BKIIFOUCHUS UMITYJILCHOM 3aIIUTHI (a) U TMOSICHSFOIINE CXEMBI
ee paboTHI IpH 0JHO(A3HBIX 3aMBIKAHUSX HA 3eMJIIO B ceTsax 6-35 kB pa3Hoit

koHuryparwu (0) u (B).
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VYerpoiictBo curHanuzanuu 033, u3Mepsoniee BBICHIME TapMOHHYECKHE
coctapisirone Toka 033, HIMPOKO MPUMEHSIETCS B KaOENbHBIX CETSIX TOPOJOB U
IPOMBILUICHHBIX MPEAIPUATHI HECMOTPS HA €r0 U3BECTHBIE HEJIOCTATKU:

— HENPUTOJHOCTH I UCIIOJIB30BAHUS B CIOKHBIX CETAX C NapajuleIbHbIMU
JUHUSAMY,

— HEBO3MOXHOCTh (PUKCaluu KpaTkoBpeMeHHbIX O33;

— HE0OXOAMMOCTH BbI€3/1a IIEPCOHANA Ha MOACTAHIUIO JUIsl OOJIBLIOTO YUCIIa
M3MEPEHUH C LIEJIbIO ompeesieHus npucoeaunenus ¢ O33.

Takue yCcTpOWCTBA TO3BOJISIIOT HAWTH TOJBKO IIPUCOCIMHEHHE C
ycroiuuBbiM O33. OnucaHHble yCTPOWCTBA HE MMEIOT JIEMEHTA HAIPaBJIEHUS,
[03TOMY Ha NOJCTAHLMAX C MaJbIM YHCIOM NPHCOECIUHEHUN 3aTpyAHUTEIIBHO
00€eCIeynTh UX CEIEKTUBHYIO padoTy.

10 Cetu 6-35 kB ¢ HeliTpaJiblo, 3a3eMiIeHHOiT Yepe3 peakTop (JII'P)

B manomomiHoi ceTu ¢ M30JUpOBaHHOW HelTpanbio Tok O33 cocraBisier
BCETO HECKOJIBKO amIep, nodroMy O33 NpakTUYECKU HE CKA3bIBAETCA HA YCIOBUIX
nepenayn sHeprum norpedutensiM. C Apyroil CTOPOHBI, MPU TAKUX TOKAX Ayra
OKa3bIBAETCS HE YCTOMYMBON M uUepe3 HECKOJbKO MOJIYNEPUOJOB CaMOIOracaer.
[Ipu 3HaunTenbHbIX TOKaX O33 Ayra MOKET TOpeTh JJIUTEIbHO, HO IMPUYEM, Kak
npaBWiio, Jayra InepeOpachiBaeTcs Ha coceaHue ¢as3bl, BbI3bIBas JBYX- U
tpexdazupie K3. Jlnsa cereir 6-35 kB mpeAcCTaBiIsSOT OMAacCHOCTh TEIUJIOBBIC H
MOHU3UPYIOIINE BO3ICUCTBUS DJIEKTPUUECKUX TYT.

B nyroBoMm paspe3e B MOMEHT TOKOBOW Nay3bl MPOUCXOJUT UHTEHCHUBHAs
JIEMOHM3aIMs  JyroBOoro crojba, B  pe3yJbTare KOTOPOMl  MOCTOSIHHO
BOCCTAHABJIMBAIOTCA JUAJIEKTPUUECKUE CBOWCTBAa mpoMmexyTka. C npyroi
CTOpOHBI, Ojarojmaps poCTy CONPOTUBICHHUS JyTr'¥d, B HEH BO3pacraer,
BOCCTAHABJIMBAETCSl HAIpPSHKEHHE A0 TOKOBOM may3bl. [losTomMy, mpu KaxkioMm
MPOXOXKIACHUU 4Yepe3 HyJb MPOUCXOJUT TMOMbITKA TalICHUs Iy, pe3yJbTar
KOTOPOM 3aBUCHUT OT COOTHOLIEHUS MEXIY CKOPOCTbIO BOCCTAHOBJICHUS
HaIPSHKEHUS] M CKOPOCTHI0 BOCCTAHOBJICHUS TUAJIEKTPUUECKON TPOUYHOCTH.

[lepenanpsibkeHuss TpU AYTOBbIX 3aMBIKAHMSIX HAa 3€MJII0 BO3HUKAKOT B
pe3yJibTare KoJjiebaTelbHOro nepe3apsga eMKocTel (pa3 OTHOCUTENIHHO 3eMJIU MpPU
3QKUTAaHUAX M TrameHusx 3azemuisaioniet nyru B mecre 033. MakcumanbHbie
NEPEHAIPSKEHUST OMPECISIOTCS 110 MTHOBEHHBIM 3HAUYEHUSAM HAIpPSKCHU Ha
HEUTpaJIi U HAa HEMOBPEXKIEHHBIX (pazax.
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Komnencanuss €MKOCTHOTO TOKAa 3aMbIKaHMs Ha 3E€MIIIO  SIBJIETCS
OECKOHTAKTHBIM CPEJICTBOM JAYTOraleHus.

B Tex ciywasx, Korga OTKIIOYEHHME IOBPEKIECHHOIO NMPUCOCIUHEHUSA IIpU
O33 mno psgy OpUYUH HEXeNaTelabHO, HEO0OXOJUMO MPUMEHSTH MEPbI
MUHHMMU3ALUU BO3MOKHBIX ITOCJIEACTBUN ITIOBPEKICHHUS.
Komnencanust emxoctHoro toka 033 mytem npumenenus JII'P cmocoGcTByer
pelIeHuo 3ToM 3a7aun. B To ke Bpemsi MakcuManbHbIN 3(Q(EKT npu NpUMEeHEHUH
JAI'P nmocturaercs TOJNBKO IIPU IOJHOW KOMIIEHCALlMM EMKOCTHOI'O TOKa, NP
KOTOPOM PacCTpOiika KOMIIEHCAIIMHU HE MpeBbIIaeT npuMepHo +5%.

DTO BO3MOXHO IIpU TMPAKTUYECKA CHUMMETPUYHOM CETH, HAJAEKHBIX
BBICOKOTOYHBIX ABTOMATHYECKHUX PETYIATOPAX, OCYIICCTBISIONIAX IMOCTOSHHBIN
KOHTPOJIb €MKOCTH (a3 CeTH OTHOCUTEJIIBHO CETH U aBTOMAaTHYECKHU
koppektupyromux ycraBku I'P. Kpome Toro, nemno ycinoxHsiercss TeM, 4TO B
KOMIICHCUPOBAHHOW CETH TpeOyeTcsl MPUMEHEHHE CHEIUAbHBIX YCTPOMCTB st
ABTOMATHUYECKOIr'0 OIPEICIIEHUS TOBPEKICHHOTO ITPUCOETUHEHMUS.

Ha pucynke 37 naHbl TpOCTPAHCTBEHHBIE CXEMbI U BEKTOPHBIC JTUArpaMMBbl

npu Hannuuu O33 B ceTu.

Pucynok 37 - TIpocTpaHCTBEHHBIC CXEMbI TIPH 3aMBIKAHUU HA 3€MITIO U
BEKTOPHBIC UAarpaMMbl TOKOB EMKOCTHOT'O U aKTHBHOT'O B CETH (a); TOKa B
Aayroracsiien katymke (Tok komreHcaruu) (0); pe3yIbTHPYIONIET0 TOKa B MECTE
HoBpexAcHHS (B):

rae: Uc';Ug' - Hanpsokenne HemoBpexaeHABIX ¢a3 mpu O33 B dase a;
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Ixp - peakTuBHbIN TOK [II'P;

l«a - akTuBHBIN TOK [P,

Ip - pe3yabTUpyIOIIMii TOK;

lcc; lcg - eMKOCTHOM TOK a3 B U C.

Tox /I'P Bo3HuMKaeT B pe3ynbTaTe BO3IACHUCTBHS HAa HETO HANPSHKEHUS
cMmemenus HerTpanu: Ucy = -Ua

EmMkocTHO# TOK peakTopa onpenensiercs o Gopmyiie 43:

|Kp = Uq) [ w Lp ) (43)

=
low

rae @ = 2 7f;

f —yacrora cery;
Lp — MHOYKTUBHOCTh PeaKkToOpa.

B cersix ¢ 60ybIIMMU €MKOCTHBIMU TOKAMU 3aMbIKAHUS HA 3€MIIIO JIOJKHBI
ycranasinuBatbes A1'P.

TpeboBanus no Benuuune Toka 033, koraa HeoObxoauma yctaHoBka J[I'P
IIPUBEIECHBI B PEABIIYLLIEH IJI1aBe.

IIpu ycranoBke JII'P u pesonancHon Hactpoiiku [I'P nomydaem
OJIarONPUSATHBIE YCIOBUS MTPOTEKAHUS TIPOIIECCOB!

— MHHUMAQJIbHBIA TOK IPOMBIIUIEHHON YaCTOThI B MECTE MOBPEKICHUS;

— MHHHUMAJIbHAsA CKOPOCTH BOCCTAHOBJICHHUA HAIIPAKCHHUA IIOCIIC TallICHHUA

AyTH,

— MHUHHUMAaJIbHBIA YPOBEHB JYTOBBIX IEPECHANPSIKCHU;

— MpeAoTBpalleHuEe BOSHUKHOBEHUS B CeTH (DeppOPE30HAHCHBIX SBJICHHIHA;

- paboTa ceTH ¢ «3eMIeh»;

— MpeAOoTBpalllcHHe HAaOPOCOB pPEAKTHMBHOW MOIIHOCTH HA HCTOYHUKH
[IATAHYS.

B peanbHBIX YCHOBHSX W3MEHSIOLIEHCS E€MKOCTH CETH, HEIOCTATOYHOU
MotmHocTH JII'P m oTCyTCTBHE CHCTEM aBTOMATHYECKOW HACTPOWKH KOMIICHCALIUU
o0ecrneunTh PEXUM OJIArOMPUSTHBIA BO MHOTHX OTHOIICHUSX PE30HAHCHOMU
HAaCTPOMKH OKa3bIBaeTcsi HEBO3MOXKHBIM. [ITD nomyckaer Hactpoiiky I'P ¢
nepekoMIteHcaiueit (Tok peakropa Oosbiie Toka O33), Ipu KOTOPOH peakTUBHAsS
cocraisronias Toka O33 nomwkHa ObITH HE O0Jiee SA, a CTeeHb PaCCTPONKH — HE
0osee 5%. Ecnu ycranosnennsle B ceTsax 6-10 kB JII'P umerot 6osibliryto pa3HOCTh
TOKOB CMEXHBIX OTBETBIICHUM, [IOIYCKaeTCsl pPacCTpOWKa C PEAKTUBHOMN
cocrasistonieit Toka O33 He 6osee 10A. B cersax 35 kB npu Toke O33 menee 15 A
JIOTyCKaeTcsl CTeneHb paccTpoiiku He Oonee 10%. Paspemaercs pexum
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HenokomreHcanuu (toxk JII'P menbiie toka O33) mpu YCIOBHH, YTO aBPUKHO
BO3HHUKAIOIINE HECUMMETPUH eMKOocTel (a3 (Hampumep npu oOpbIBe MPOBOJIA) HE
MPUBOMST K TOSIBJICHUIO HANPSDKEHHSI CMEIIEHUsT HelTpaiu, npesbimatomiero /0%
dazHoro HampspkeHus. Tak Kak 3TO TpeOOBaHHE M3-3a MHOTOOOpa3us U3MEHEHUS
(ba3HBIX €MKOCTEH CEeTH MPAKTHYECKH HE MOXKET OBITh PEaTn30BaHBI, PEKUM
HEJIOKOMITEHCAIIUU HE PEKOMEHTYETCSl.

CrerneHb HECUMMETPUH HATIPSHKEHUH ompenensieTcs o Gpopmyie 44:

Uricr = (Unc / Ug) * 100 (44)
EmkoctHoit Tok O33 onpepensiercs o popmyiie 45:
lc =3 @ CeUq 10°°, (45)
Crenens pacctporiku kommnencaiuu JII'P onpenensercs mo gpopmyie (46)
V=_(c-Ig)/1c*100 (46)

B cern ¢ noakmroueHHbIM JI[I'P Ha HeWTpaiu NOABISAETCA HAIPSIKEHUE
cmetenus Heiitpanu Uy, onpeaernenHoe o ¢popmyie (47)

Uo = Uy / (V - jd), (47)
rae d — ko3hGUIMEHT YCIIOKOCHHs, KOTOPBIH ompeneisiercs mo (Ghopmyie
(48):
d=Ig/Ic (48)
JIJIs BO3AYUIHBIX CETEH C HOpPMaJbHBIM COCTOSIHUEM u3oysiiuu d = 2-6%,
IpH 3arpsA3HCHHON W yBIaKHeHHOW w3oisauu 0 moxkeT Bbipactu g0 10%, s

KabenpHBIX ceTeit d = 2-4%.
Moy BEKTOpa HaNPsHKSHHS CMEIeHUs HelTpaiu paBeH (dpopmyia 49):

Uo = Upc / 472 +0d° (49)
CreneHb CMEILEHUS HANPsDKEHUs HewTpanu pasHo ((hopmyia 50):
VO = VHC / *.5?2 +d2 (50)

Ha pucynke 38 mpuBemeHa ocmmniorpamMma OaHO(a3HOTO 3aMBIKAaHHS B
cetu 10 kB c nelitpansio 3a3emiiennoi uepe3 AP ¢ |3 = 75A npu koapdunuenre
KoMreHcanuu eMmkoctHoro Toka Kz = 100% - pesonanc, Kz = 125% -
nepexkomneHcanus, Kz = 75% - nenokomneHncanus.

Koaddunuent koMmmeHcanun eMKocTHOro Toka (popmysia 51):

K =(1/ (3 w?LpC)) *100% (51)
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Pucynok 38 - Onnogaznoe 3ambikanue B cetu 10 kB ¢ HeliTpansio,
3azemiieHHoM uepes JII'P. EMkocTHOM TOK 3aMbIkaHusI Ha 3eMITIO0 75,6A.
Koadunment komnencanuu emkoctHoro Toka pased 100%.

Ha pucynke 38 noka3zan npouecc ramenus ayru npu K = 100%. B otnuuun
OT CHCTEeMBbI C W30JIMPOBAHHONW HEUTpPAIbI0 OJHOKPATHOE 3aMBbIKAaHUE C
caMmoIloTallieHNeM JyTH BBI3BIBACT KOJeOaTelnbHBIA 3aTyXarIluid IMporecc
W3MEHEHUS HaNpsUKeHHWs Ha HeuTpamu. YacTora 3TOro mporecca TeM OJIMke K
IPOMBINICHHOH, YeM OJmke Ko (GUIIMEHT KOMIICHCAIIUY K SMHHIIC.
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Pucynox 39 - Ognodasznoe 3ambikanue B cetu 10 kB ¢ HelTpasibio, 3a3eMIIEHHON
yepe3 JII'P. EMkocTHOM TOK 3aMbIkaHus Ha 3eMito 75,6A. Koaddurment
KOMIIEHCAIIUH eMKOCTHOTO ToKa (a) paBeH 75% (HenokoMIeHcanus),

KO3 UITUSHT KOMITCHCAIIMU €eMKOCTHOTO ToKa (0) paBeH 125%
(mepekommeHcaIus).

Ha pucynke 39 mokazaH mpoiecc OJHOKPAaTHOTO 3aMbBIKaHHUS U
MOCJICIYIOMIETO TallCHHUs 3a3eMIISIONICH yTW B YCIOBHSX HEIOKOMIICHCAIIMH W
TIEPEKOMITCHCAITUH.

3/mech B OTVIMYME OT CiIydas IMOJIHOH KOMIICHCAIIMW JIMKBUIALUS JTYTOBOIO
3aMBIKaHUS COITPOBOXTACTCS IIPOIECCOM OueHus (HasTOXKEHUEM
HCYCTAHOBHBIIICTOCS ~ HANPSDKCHHMS]  MPOMBIIUICHHOW  YacTOThI  CBOOOHOM

COCTABJIAIONICH  OJM3KOW  YacTOThI), TMPH  KOTOPOM  TOBPEKACHUS  Ha
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MOBPEXKJACHHBIX (Da3ax JOCTUTACT CYIISCTBEHHO OOJBINIMX 3HaueHWi. IIpu sToMm
CTAHOBHUTCS BO3MOXKHBIM PEXHM MHOTOKPATHBIX MpOOOEB OCIabJIEHHOIO MecTa
IIPU BBICOKHMX 3HAYCHHSAX MPOOMBHOrO HampspkeHus. Tak Ha pucyHke 40 MOXHO
BUJIeTh Takou mpouecc npu Upp = 1,73Ug, Korga Ha 310poBBIX (Dazax BO3ZMOKHBI
BBICOKHE KPATHOCTH JyTOBBIX IIEPEHAIPSIKCHHM.

(

Pucynox 40 - MuorokpatHsie 3ambikanue B cetu 10 kB ¢ Heiirpasio,
3azemiieHHoOM uepes JII'P. EMkocTHOM TOK 3aMbIKkaHus Ha 3eMITIO 75,6A.
KoadduimeHT koMmeHcanun eMKOCTHOTO Toka paBeH 125% (niepexommeHcaris).

Ha pucynke 41 mnpencraBiieHbl 3aBUCHUMOCTH CMEUIEHUS HEUTpalld MpuU
pa3HBIX YCJIOBHSX HACTPONKH MO0 OTKIIOYCHHs (a3bl, U3 KOTOPHIX BHUIHO, YTO
MEPEKOMIIEHCALIUSI OTPAaHWYMBAECT CMEUIEHWE HEUTpalld TMpU HAPYUIEHUU
CUMMETPHUH, B TO BpeMsl KaK MPU HEJOKOMIICHCAIIMU TMOJTYYalOTCs YPEe3BbIYANHO
BBICOKHE CMEIIEHUS HEUTPAJIH.

B nelicTBUTENBHOCTH cMewyenus Hetumpaau OynyT HECKOJIbKO HUXKE, TaK Kak
pu OOJIBIION HECUMMETPHH, a CJIEIOBATEIBHO U MPHU OOJBIINX TOKaX B PEaKTOpPE,
HAYWHAET UIpaTh pPOJIb HACHIINIEHUWE CTaIbHOTO cepaeunuka JII'P. Biusxue
HACBIIICHUS CepACYHUKA BUHO HA KpuBOM 4 prucyHka 41.

Ha pucynke 42 nmpuBeneHa 3aBUCUMOCTh CMEIICHHS] HEUTPAIA OT CTETICHH
HAaCTPOMKH NPU E€CTECTBEHHONM HECUMMETPUU CETH U MPU OTKIKOYEHHUHU OJIHOU
¢da3pl Ha yyacTke JTuHUH. V3 pucCyHKa CleayeT, HEKOTOpasi CTEIEeHb PacCTPOMKH,
HE [pUBOASIIAS K  YXYILICHUIO YCJIOBUWA  TAallleHUS  JIyT'M, SBISIETCSA
MOJIOKUTENbHBIM (PAKTOPOM, MOCKOJBbKY OHA YMEHBIIAET HAMNPSHKEHUE CMEIICHUS
(MakcUMyM HanpsKCHUsS CMEICHHSI OYICT ITPHU PE30HAHCE).

OrnpeneneHne €MKOCTHOIO TOKa CETH MO pe3ysibTaTaM HampsHKeHUs
CMEUICHU HEUTpaJii Mpu pas3Heix HacTtpoukax JI['P co cryneHyarsim
peryJIMpoBaHHEM TOKa Mpou3BoAUTCs 1o popmyiie (52):

|C:|2K-%|1K/1-5—::, (52)

rae lix u l,x — 3HaUeHUsT yCTaHOBJIEHHBIX TOKOB KOMIICHCAIIUH, A
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Uopr 1 Ug; — BO3HUKIIME MPH ATUX HACTPOMKaX HANPSHKEHUSI CMEIICHUS

HEUTpAIH.
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PucyHnok 41 - 3aBUCUMOCTb HANPSKEHUSI HEUTPAIU OT EMKOCTH

OTKJIFOYCHHOI'O Yy4acCTKa

0 - uzonupoBaHHas HelTpanp; 1- TouHas HacTpoiika = 1); 2- nepekoMIeHcanus
20% (q = 1,2); 3 - memoxomnencarus 20% (q = 0,8); 4 - wemoxomnencarus 20%,
YUYTCHO HACBIIICHNE KATYyIIKH.
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Pucynok 42 — KpuBble 3aBUCUMOCTH CMEUIEHUS HEUTPAJIU OT HACTPOUKH

1 — quausa 6e3 Tpancno3unun, Ug = 0,035; 2,3,4 — oTkiIroueHUEK OJHOM (a3bl Ha
yuactke junun: (s 2,3,4 coorercrBenno pasuo 0,8, 0,4 u 0).

Eciu cerp wMMeeT 3HAUMTENIbHYIO HECCUMETPUIO eMKOcTell  ¢a3
OTHOCHUTEIIBHO 3€MJIM, HAIPSXKEHUE CMELICHUS HEUTPAIM MOXKET JOCTUTHYTH
3HAYCHUH, COM3MEPUMBIX C (ha3HBIM HAIPSHKEHHUEM, a Yepe3 peakTop MOUJET TOK,
OTKJIIOYEHUE KOTOPOTO pa3beNuHHUTENeM Oyner Hexomyctumo. [IpeaenbHo
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AOIIYCTUMBIC CMCIICHUA HeﬁTpaJ]H U HeOOoJIbIINE TOKH, OTKIHYCHHC KOTOPBIX
AOITYyCKACTCA Pa3bCAUHUTCIIAMU, IIPUBCJCHLI B T3,6J'II/II_[€ 8.

Tabnuma 8 - IlpemenbHO HOMyCTHMBIE CMEIICHUS HEUTpanu M MpeaeiabHbIN
OTKJIFOYAEMBIN TOK.

Hanpsizkenune cetu, kB IIpenenbHoe cMeLeHHe IpenenbHbIA 0OTKIKYAECMbIH
HeliTpaan, kB TOK, A
6 1,75 30
10 3,0 20
35 4,3 15

HpI/I BO3HUKHOBCHHUHU TAKOI'O PCKHMaA IICPCA OTKIHOYCHUCM PA3bCANMHHUTCIIA
HCO6XOI[I/IMO YMCHbLUINTL CMCIICHUC HeﬁTpaHH IIyTCM HU3MCHCHUSA CMKOCTH CCTH

(bopmya 53):
UN = (UA?A + UB ?B + UC ?C) / (?A + T_FB + ?C) (53)

EMKOCTP BCEM CETH OIpENeNsieTcss MO BEJIUYMHE EMKOCTHOIO TOKa
3aMbIKaHHs Ha 3eMITI0, TO ecTh ((popmyia 54)

C:CA+CB+CC:|0/MUM, (54)
rac IC — aMIUIMTyJda YCTAHOBUBHICTOCA 3HAUCHHUA CMKOCTHOI'O TOKa
3aMBbIKAHHA HA 3€MJIIO.
Ue
Ug Cu
-Cy,

&

L

Le>>L
u = Uycosat ,9 ry - D.%
CatCat+ e
Ry
—
Pucynox 43 - Tpexdasnas cxema ceTu U cxema KOHTypa HyJIeBOH
MOCJICIOBATEIHHOCTH
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Ha pucynke 43 npuBenena cxema cetu u cxema konrypa HII. [Ipu paGote
CEeTM C H30JIMPOBAHHOM HEUTpanbl0o M orcyrcTBUM 033 Ha HEUTpanu ceTu
TOSBIIAETCS HaNpsHKEHUE HECUMMETpUM U,. , OOYCIOBJIEHHOE HECUMMETPHUEN
eMKkocTel (a3 oTHOcUTEeNbHO 3eMiu. CTeneHb HecUMMETpuH (a3 3aBUCUT OT
PacIIONOKEHU NPOBOJOB HA OIOpax, a TaK K€ pacHpeieseHus KOHIACHCATOPOB
BBICOKOYACTOTHOM cBsizu Mexay (aszamu BJI. Bektop creneHn HecUMMETpUU
BCEr/la HallpaBJIeH B CTOPOHY (ha3 C YBEITUUEHHBIMU €MKOCTSIMH Ha 3eMJto0. B cetu
u3 Tpexdasupix kabeneir U, = 0. IITD HOpPMHPYET BEIHMYUHY HAIPKEHUS
necummerpur U, < 0,75% 0T (pa3HOro HanpsKEHHs CETH.

IIpn Bxirouenuun JII'P Ha HeUTpanu IOABIAETCS HAIPSHKECHUE CMELECHUSA
U,y, 00ycnoBienHoe HanuareM B ceTh U,y.

HauOosnbliee HampsbkeHHEe  CMEUIEHUSI HEUTpajaud CeTH BO3HUKAET MpH
pe30HAaHCHON HacTpoiike komreHcaruu (Tok JII'P paBeH eMKOCTHOMY TOKY CETH).
HampaBienue BekTopa HampsbkeHus: cMenieHust orcrtaeT Ha 90° or HamboJbLIEro
Ucy, NPENCTABIAIOMETO COOOM AMAMETP OKPYKHOCTH HAINPSUKEHMH CMELIEHHS,
IPOBEICHHBIN U3 Hayajia CHMMETPUYHOM cUCTeMbI (Da3HBIX HANPSKEHUH.

[ITD momyckaet BeMUYMHY HANPsHDKEHUS CMENeHus: paBHON 15% murensHo
u 30% - KpaTKOBPEMEHHO.

B necummMmerpuuHOM 1o pazHou emkoctu cetu ¢ JII'P Bo3HuKkaeT cmeuienue
HEUTpanu, onpeensieMoe mo Gopmyie 55:

Oy = UA(CA +a°Cy + aCc) / (Ca + Cp + Cc + Cp), (55)

rae Cp — emkocts [I'P.

Cy1iecTBeHHO OOJIBIIYIO BEJIMYMHY MOXKET UMETh CMEIICHUE HEUTpaiu B
HEKOTOPBIX aBapPUIHBIX PEKUMax, HAIpUMeEp, PH OTKIIIOYeHUH oHOoM u3 (a3 BJIL.
B vactaocty, npu C; = C, u C3=0, Uy = 0,5 Ug.

N3 nuarpammbl pucyHka 44 BUAHO, 4YTO TOK 3aMBbIKaHUSI Ha 3€MIIIO
ONpeaeNsieTcsl CyMMOM JIBYX €MKOCTHBIX TOKOB, CIIBUHYTBIX o ¢aze Ha 60°. Jlns
raimeHus Ayra HeoOX0auMO, 4TOOBI TOK B MECTE 3aMbIKaHMS Ha 3eMIIIO ObLIT paBEeH
HyJ10 (MACalbHBIA Clydai). TOro MOXHO JOCTHYb, €CJIM BKIIIOUNTH B HEHTPaJb
MCTOYHUKA WHIYKTUBHOCTHh TAaKOW BEJIMYHMHBI, YTOOBI TOK , IPOTEKAIOIINI uepes
Hee ObUI paBeH MO BeIW4YMHE W CABMHYT 1o (asze Ha 180° oTHOCHTETHHO TOKA,
MPOTEKAIOIIETO B MECTE 3aMbIKaHUs Ha 3eMJI0. Takol MHIYKTUBHOCTBIO SIBIISIETCS
Jyroracsiiui peakTop.

Ha pucynke 44 mpuBejeHa 3aBUCUMOCTh HAWOOJBIIErO HAMPSIKEHUS Ha
NOBpeXAeHHON (a3ze (kpuBas 1) B MOMEHT 3a)KHUTaHHS 3a3eMJISIONICH JIyTH U

BPEMEHH €ro BO3HUKHOBEHHUs (KpHUBast 2) OT CTEIIEHU HACTPOIKU KoMIieHcanuu K.
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Pucynox 44 - 3aBucuMocTbh HAaMOOJBILIETO HANPSYKEHUS HA MOBPEXKICHHON
¢aze (kpuBas 1) B MOMEHT 3a)KHTaHUI 323 MIISIOLICH JYTH U BPEMEHU €T0
BO3HUKHOBEHUSs (KpuBasi 2) OT CTENICHH HACTPOWKH KoMmieHcanuu K.

[TapameTpsl TEepexoqHOTO MpoIecca MpH BO3HUKHOBEHUH OAHO(DA3HOTO
JYTOBOTO 3aMBIKAHMS B CETH C M30JIMPOBAHHON M 3a36MJICHHOW HEHUTPAIIBIO Yepe3
JI'P  ompenensaioTcss e€MKOCThIO  (pa3, HMHIYKTUBHBIMH  COMPOTHBICHUSAMHU
UCTOYHMKA NuTaHus TpaHcdopmaropa u JAI'P, a Takke CONpOTHUBIEHHEM JIyTH.
OcCHOBHBIMH (paKTOpamu, ONPEACTSIONIMMU MaKCHMyM TMEpEHANpPSDKEHUN TMpu
O/13, sBIsItoTCA:

— HampspKeHHE Ha aBapuilHOHN (pa3ze B MOMEHT NMEPBUYHOTO 3a)KUTAHUS TyTH
Us;

— MOMEHT I[I0racaHus AyrH,

— HamnpspKEHHE MOBTOPHOTo 3akuranus nyru Uy

[ToBpimenune HanpsokeHuss npu OJ[3 oOyclioBiIeHO TeM, YTO BTOPUYHBIN
poOOi MPOUCXOAUT MPU HEHYJEBOM 3HAYEHUM HANPSDKEHUS HA HEUTpanu CeTH,
KOTOPOE 3aBUCUT OT YCJIOBHUM TallIEHUs Ay MOCJIE NEPBOro NpoOosi U COCTABISAET
(0,5-4)U,.

MakcumanbHble ~ 3HAYEHHUS  [EPEHANPSHKEHUM  BO3HUKAIOT,  €CIH
HaOJI0JaeTCsl TIoracaHue 1yTy MpU NEPEXo/ie Yepe3 HyIeBOE 3HaU€HNUE CBOOOTHON
cocraBistonieil Toka ayru. Ilpu ObicTpoM moracaHuM AYrd MPOUCXOIUT 3apsiz
€MKOCTEH HEMOBPEXACHHbIX (a3 A0 HANpsKEeHUs, MpeBbIIAaomero QasHoe, u
NOSIBJISIETCS HallpsDKEHUeE Ha Heltpanu. [lociienyroniue 3a)xuranus 1yrd B MOMEHT
MaKCHUMyMa HaIlpsKEHUsl aBapuiHON (pa3bl MPUBOAUT K MOATATHOMY HapaCTAHUIO
HanpsokeHus (ICKaNaly HaNpsDKCHHs) Ha HEWTPajid U K MEPEHANpsDKEHUSIM Ha
HEMOBPEXICHHOH (a3e.

Bo3HUKHOBEHHE NyrOBBIX NEpeHANpsDKEHUH Haubosiee BEpOSTHO NpU
nepeMexxarouieiics JIyre ¢ CpaBHUTENbHO HeOonpmmx Tokax O33, He
npeBbimaromux 10A. 3HaueHrne aMIUTUTYIBI MEPEHANPSHKEHUH TIPU 3TOM MOKET
noctuub 3,5-3,8 Ug. Ilpu yBennuenun toka O33 ayroBble NepeHANPSKEHUS
CHIDKAIOTCA. DTO CBA3aHO C TEM, 4TO Ayra HOCUT OoJjiee CIOKOWHBIM XapakTep, a
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npu OonbmuX TOKax BooOmie He oOpsiBaercs. [Ipu tokax O33 or 10 mo 20A

nepeHanpspkeHust He npeBblaoT 3 Ug, npu Tokax 20-50A nepenanpsikeHus: He

npesbimaior 2,7 Ug.

Tabnmuua 9 - XapakTepucThKa peXKHMa PE30HAHCHOIO 3a3eMIICHMSI HEUTpaiu

(koMITeHCUpOBaHHAs HEHTPaJIb)

JlocTonHcTBa Henocratku
1. Bosmoxnocts pabotrel cetu ¢ 033 mo | 1. JlomomHuTEenbHBIE 3aTpaThl Ha 3a3eMJICHUE
HNPUHATUA Mep o Oe3aBapuitHomy | HeiTpanmu uwepe3 JII'P u ycrpoiictBa mms

OTKIIFOYCHHUIO MMOBPEKACHHOI'O 3JICMCHTA

ABTOMAaTHU4YCCKOI'O
KOMIICHCAII

MpaBJICHUS  HACTPOMKOMU

2. YMCHBIICHHE TOKA s MECTE MOBPEKICHUS

2. TpyaHocTu ¢ pemeHneM mpoOaeMbl 3aITUThI

(mpu PE30HaHCHOMU HAaCTpONKe JAI'P | u cenextuBHOU curHanuzanuu O33
OCTaTOYHBII TOK COJEPHKUT TOJIBKO

HEKOMIIEHCHPYEMBbIE aKTHUBHYIO

COCTABJISIIOIIYIO M BBICIIHE TAPMOHUKH)

3. 3HauMTENbHOE  CHWXKEHHE  CKOPOCTH | 3. Bo3moxHOCTh BO3HUKHOBEHUS
BOCCTAHOBJICHUS HanpsHKEHUs Ha | IPEPBIBUCTHIX JTyTOBBIX 033,

HOBPEXJCHHOM (haze mocie oOpbiBa Iyru TOKa
033

COHpOBO)KIIaIOH_II/IXCSI HepeHaHp}DKeHI/IHMI/I Ha
HEMOBPEKACHHBIX (azax mo 2,5Ui,max

4. Bpicokas BEpOSATHOCTH (C y4eTOM MIl. 2 U
3 camoramieHuss JAyrd W CaMOJHKBHIAIMH
Oosbrreit wactu 033 (Ipu  OrpaHUUCHHBIX
3HAUCHUSX OCTAaTOYHOTO TOKA B  MECTe
TIOBPEK/ICHHS)

4. VBenuueHue BEPOSTHOCTU BO3HUKHOBEHHS
JIYTOBBIX NMPEPBIBUCTBIX O33 1 MaKCHMaJIbHBIX
NEepEeHAIPSHKEHUH Ha HEMOBPEXKACHHBIX (a3ax

5. HpaKTI/I‘leCKI/I HCKIIIOYACTCA BO3MOXHOCTD
BO3HHUKHOBCHHA AYTOBBIX IICPEMEKAIOMINXCA

033

mo  (2,6-3) Uprax ~ TIPU  paccTpoiikax
KOMITEHCAIIUH

5. BosmoxuocTh (¢ yuetomM mm. 3 u 4)
BTOPHYHBIX IPOOOEB B TOYKAX CETH C

0oc1a0JIEHHON M30JIALHeEr

6. YwMeHblueHue KpaTHOCTHU
HepeHanpsHKeHUH Ha HEMOBPEXKACHHBIX (hazax
II0 CPABHEHHUIO C W30JIMPOBAHHOW HEWUTPaJbIO
(mo 3HaueHuit 2,5 HOM TpU TEpPBOM MPodoe
M30JISILIMY WM TYTOBBIX npepbiBUCTHIX 033

6. HeBo3MOXHOCTH CKOMITEHCHpOBaTh (0€3
UCIIOJIb30BAHUS CIEIUATBHBIX YCTPOMCTB) B
MECTEC MMOBPCIKACHUA AKTUBHYIO
COCTABJISIIOIIYIO U BBICIIIHE TAPMOHUKH

7. bBe3omacHOCTb IIUTENHHOIO BO3IEHCTBUS
NepeHanpsPKeHU B YCTAHOBHBIIEMCS U
nepexoqHoM pexumax O33 1isi 31EMEHTOB ¢
HOPMaJIbHOW HM30JISIIUEN

7. YBenuuenue (¢ yuetoM M. 6) 0CTATOUHOTO
TOKa B MECTE€ TIOBPEXACHUS C POCTOM
CYMMapHOTO €eMKOCTHOTO TOKa CETH

8. MHcxirouaercs
BO3HUKHOBEHUS
MPOIECCOB B CETH

BO3MOXXHOCTh
(heppope3oHaHCHBIX

9. VYwmenbiienue BausHHS TyroBbix 033 Ha
JIMHUHU CBSI3HU

8. Orpannycnus (C y4eToM I. 7) Ha pa3BUTHE
cetu

Jyroracsmui peakTop

IpEICTaBISET

co00Ol  MHIYKTUBHOCTD,

NpCAHA3HAYCHHYIO I TallCHUA OYTW 3aMBbIKAHUA Ha 3CEMJIIO U OI'PAHUYCHUA

NIEPEHAIPSKEHUN IIPU OBTOPHBIX 3aKMTAHMX 3a3€MIISIOIIEH TyTH.

ITo cnocoOy perynupoBaHusi TOKa KOMIIEHcauu coBpemeHnHbie JII'P

pa3aCiIsitoTC Ha TPU THUIIA.

— C IICPCKIIOYCHHUCM OTBETBJICHUM O6MOTKI/I;
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— C UIBMCHCHHCM 3430pPa B MarHUTHOM CHUCTEME,
— C UBMCHCHHUECM MHAYKTHUBHOCTHU NTOJAMAIrHUYWMBAHUCM ITOCTOSAHHBIM TOKOM.

Ha pucynke 45 npuBeneHbl OCHOBHbIE BUAbI, ipuMeHsieMbix JII'P.
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Pucynox 45 - OCHOBHBIE BU/IbI AYTOracsAIuX KaTyIlIEeK.

Crynenuatoe peryiaupoBanue oObuHbIX [II'P ocymiecTBisieTcss n3MeHEHHE
OTBETBJICHUI UX OOMOTOK.

JI'P ¢ nmnaBHBIM pEryJMpOBaHMEM IUIYH)KEPHOI'O THIIA UMEIOT MEHBIIYIO
Ha/JE)KHOCTh, YEM PEAKTOpHbIE C IepeKiIrdareneM, oOpasyroliue 3a30pbl B
MAarHuTOIIPOBOAE, MW  CBS3aHHBIE C HUMH KOHCTPYKTHBHBIE  DJIEMEHTBI
HOJIBEPTaloTCs BUOPALMOHHBIM Harpy3kam IOpH JJIUTENIBHBIX M MHOTOKPATHBIX
IIPOTEKAHMAX TOKOB.

Ecnu eMKOCTHO TOK 3aMbIKaHUs 3eMJII0 U3MeHsieTca He Oolee yeM Ha 10%,
pexkomenayercs npuMeHsaTs JII'P co cTyneHyaTeiM peryjJmpoBaHueM, B OCTaIbHBIX
- C IUIaBHBIM PETYJINPOBAHUEM.

PeakTtopel ¢ mnoaMarHMYMBaHWEM U, B YacTHOCTH peakropel PYOM
npousBosictBa OAO «3JIYP», He o0nagaroT BaXHEWIIEH XapaKTePUCTUKOU
PEaKTOpOB  IUIYHXXEPHOTO THINA - HAIMYME ONTUMAJIBHOIO  3HAYECHUS
UHAYKTUBHOCTH peakTopa B MoMmeHT O33. B HopMmanbHOM pexume paOoThl
oOMoTka noagMaranurBanuss PYOM He oOTekaeTcsi TOKOM, a €ro MHIYKTUBHOCTb
COCTaBJIsIeT MUHHMMaJlbHOE 0a30BOE€ 3HAUEHHME WU, KaK CIEACTBHE, HEIOIYyCTHUMO
00bIIYI0 paccTpoilky. IIpM BO3HMKHOBEHMM METaUIMYECKOTO 3aMbIKAHHUS Ha
3eMJII0 aBTOMATHKa 3a cUeT (POPCUPOBAHHOIO YBEJIIMYEHMsI TOKA TOIMAarHUUMBAHUS
HacTpamBaeT MHIAYKTMBHOCTE PYOM B pe3oHaHce C €MKOCTBIO ceTH. BBunmy
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ONpPEEICHHON MHEPLUUOHHOCTH MAarHUTHOM CUCTEMBI PEAKTOpA 3TO MPOUCXOIUT
3a 10-15 nepuodoB MNPOMBINUIEHHOW YacTOThl. IIpu JyroBbIX 3aMbIKaHMSIX,
KOTOpbIE MOTYT MpPOMUCXOIUTh uepe3 1-2 mepuoga, aBTOMaTUKa HE YCIEeT
cpabotath U TMOATOMY €€ paboTa OJIOKUPYETCs, CIEN0BAaTEIbHO MPHU JYTOBBIX
3ambikaHusiXx PYOM paboraer kak OOBIUHBIN CTYyNEHYATBhI PEaKTOp C OYeHb
Ooubmion paccrporikoit komnencanuu (~30-40%). Ins peaktopa PYOM tepsiercs
CMBICJI CaMOr0 Ha3BaHUs <«JAYTrOrocCslIW», TaK KAaK NOpPU TaKOM pacCTpPOUKe
KOMIIEHCALIUM JYyrOBOE€ 3aMbIKAHHE MOXET MPOUCXOJUTH KaXKIbIM IMOIYIEPUOI.
[Tpu 3TOM cymiecTByeT OoJibliasi BEPOSITHOCTh TOTO, YTO 3@ CYET UIUTEIHHOIO
BO3JICHCTBHS TEpEHANpPsHDKEHUN Mpou30iiieT mpoOoil HemoBpexAeHHOW (a3bl
IPEXJIe, YEM IyTOBOE 3aMbIKAHHE MEPEUJIET B METAININYECKOE.

Cepbe3Holi  mpoOJieMO  PEaKTOpOB €  TMOJMAarHUYMBAHUEM  SIBJISIETCS
COJIEp’)KAaHME B TOKE KOMIIEHCALMM 3HAYMUTEJIbHOM COCTaBISIOIIECH BBICIIHMX
rapMOHUK, KoTopas MoxeT noctudb 10-15% ot eMkocTHOro TOKa. ITOT (hakT, a
TAK)K€  YBEJIIMYEHHbIE  AKTHBHBIE TIOTEPU IPU  MAKCUMAJBHBIX  TOKax
NOJIMATHUYUBAHHUS, CO3/AI0OT YCJIOBUS ISl JUIMTEILHOIO TOPEHHUS 3a3€MIISIOIIMX
ayr. [Ipu MeTainueckoM 3aMbIKaHUU (a)ke B Cllydae pPe30HAHCHON HACTPONKH)
OCTATOYHBIM TOK B MECTE 3aMbIKAHHUS Y PEAKTOPOB C MOJMATHUYMBAHUEM UMEET
JIOBOJIBHO 3HAYUTENbHYIO BEJIMYHHY.
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PucyHnok 46 — DKCiepuMEHTAIBHO CHATBIC aMILUIUTYIHBIC XapaKTePUCTUKH
JYyTOTACSIIEr0 peakTopa ¢ MOAMarHMIuBaHNUEM B COCTaBE KOHTYpa HYJIEBOU
MOCJICIOBATEIFHOCTH CETH C TOKaMU 0THO(a3HBIX 3aMbIKaHHM Ha 3emitio 87,96 A
(a); 60,32A (0); 75,36A (B); 35,17A (1);

TJIe €y — HalpsDKEHUE BO30YKICHUS pPEaKkTopa,
|, - TOK mogMarHMYMBaHUsL.

e ke
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NarotoButrenin PYOM onuum u3 goctouHcTB JI'P tuma PYOM cuuraror
BO3MOXKHOCTh PEryJUPOBaHUs TOKa KoMIleHcaruu npu Haauunu O33 (aBTomMaTHKa
wiyrwkepHbix JII'P Bo Bpemst 033 OnokupyeTcs), HO MPOBEACHHBIC MCCIICIOBAHUS
TOBOPSAT O TOM, YTO IPU PETYJIMPOBAHUM TOKAa KommeHcauuu npu O33 Moxker
BBI3BATh  [IEPCHAIIPSDKEHUS  OMACHBIC  JUISL  H30JISIUMM. XapakTep  TakKuX
nepeHanpsHKeHU MPUBEIEH Ha pUCYHKe 46.

Kpytbie ¢ponThl (CKauku) HANPSDKEHUE W TOKOB, TOCBLJIAEMbIC B CETh W3
JAI'P, MoryT OBITh HMCTOYHHUKOM HEXEJIATEIbHBIX SIBJICHUM, NPUBOASAIIUX K
ONACHBIM NIEPEHANPSIKECHUSM.

Hecmorps Ha T1O, uyto mnpumenenue /[II'P tunma PYOM coBmecTHO C
BBICOKOOMHBIM PE3UCTOPOM OTMEUEHO TOCYJIapCTBEHHOU Impemuen Poccun,
IPUMEHEHUE 3TOro Meroja B Poccuu 3ampemieHo, T.K. NpU €ro NpUMEHEHUU
MCYE3a€T OCHOBHOE IIPEUMYIIECTBO PE30HAHCHO HACTPOECHHOIO peakropa -
CHIKEHHE CKOPOCTM BOCCTAHABJIMBAIOLIETOCS HANPSDKEHUS Ha IMOBPEXKICHHOU
dasze.

[Ipn maneix Tokax O33 npumensiercs ayroracamuii peakrop tuna TATM
(YATM), npencrapnsroniuii codoi Tpexdas3Hbiii 1ByX0OMOTOUHBIN MATHCTEPIKHE-
BOl TpaHcdopmarop, oOMoTkn BH KOTOpOro coenMHEHbI B CXEMy «3Be3la» C
BBIBEJICHHOW HelTpanpto, a oomorkm HUM - B cxemy «pa3oMKHYTOTO
TPEYTOJIBHUAKAY.

B nens obmorkum HH Briroden peaktop, cxema peakropa TAATM
NpUBEEHA Ha pUCYHKE 47.
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Pucynok 47 — Dnexkrpuueckas cxema ayroracsimiero ycrpoiictsa TAJITM-30/10:

=

| — mepBuuHas ooMoTtka; |l — Bropuunas oomotka; |11 — peaktop.

Peakrop TALATM npenorBpamaer mnospexaenus TH tuma THMU or

OTIACHBIX TIEPEHANPSDKEHHUMN TpU (PeppOPE30HAHCE, PA3BUTHUS 3aMBbIKAHUS HA 3EMITIO
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B Mexay(]asHble KOPOTKHME 3aMbIKaHHS, Pa3pyIICHUs KEIE300€TOHHBIX OIOpP
eMKoCcTHbIMM Tokamu 33, olbecreunBaeT O€30MACHOCTh MPUKOCHOBEHUS K
KEJIe300€TOHHBIM H METAIUTMYECKUM OTIOPaM.

Onnako, B CBSI3M C NPUMEHEHUEM HEPE3OHUPYIOIIUX TpaHCcHopMaTopoB
Hanpsbkennss HAMMUW u  nosiBnenust toiyHxkepusix [P Ha wmanbsie  TOKWH,
npuMeHeHue peaktopoB TA/[TM norepsinu cBoe 3HaYEHUE.

OntumanbHbIM MOXKHO CUHMTATh CUCTEMY KOMIIEHCAIIMM €MKOCTHOTO TOKa,
COCTOSIIIYIO U3 MOCTOSIHHO HAaCTPAWMBAE€MOT0 B PE30HAHC IUIYHXEPHOIO PEAKTOpA,
ABTOMATHUYECKOI0 PEryjsiTopa, a TAKKE CEJIEKTUBHOIO BBICOKOUYYBCTBHUTEIBHOIO
YCTpOHCTBAa 0OHAPYKEHUS 0JTHO(DA3HBIX 3aMbIKAHUI HA 3EMIIIO.

Bri6op momuoctu JII'P momkeH MpOM3BOAMTHECS C YYETOM KOH(MHUTYpaIuu
CETH, BO3MOXKHBIX JEJIECHHMI CETM Ha YacTH, BO3MOXKHBIX aBapPUHHBIX PEKUMOB.
MomHocTs JII'P BEIOMpaeTCs 10 BEIMYMHE MOJHOTO eMKocTHOro Toka 033 |p mo
dbopmyiie 56:

Qp = Ic* (Upom /V3) (56)

EMxocTHO# TOK onpenensercs o ¢dopmynam 10,11.
Ha pucynke 48 nansl pekoMeH0BaHHBIE cxeMbl BKITtoueHus [[['P.
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Pucynok 48 - CxeMbl BKIIOUSHHS TyTOTACAIIUX PEAKTOPOB: a - BKIIOUCHHUE
OJTHOTO peakTopa; O - BKIIFOUEHHUE JIBYX PEAKTOPOB B - BKIIFOUEHHE PEAKTOPOB B
HelTpanu TpanchopmaropoB CH; r - BKiItOUEHHE peakTopa B HEUTpalb
reHepaTopa (CHHXpOHHOTO KOMIIEHCATOPa).
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JI'P  nmomkHBI TOAKIIOYATBCS K HEUTpanu TpaHchHOpPMaTOpPOB dYepes
pazbeauHuTeNb, B enu 3azemiienus JAI'P ycranaBnuBaeTcs TpanchopmaTop TOKa.
Tpancpopmaropst 6,10 kB ¢ JAI'P B HeWTpanu JOMKHBI MOIKIIOYATHCS K ITHHAM
NOJICTAaHLIMM BBIKIIOYaTesiMU. Ha aByXTpaHchopMaTOpHBIX MOJACTAHIUSAX CXEMbI
BKIItOueHUsa JII'P OKHBI TipeycMaTpuBaTh BO3MOXHOCTh mnoaxitoueHus JI'P
KaK K OJIHOMY, TaK W Jipyromy TpaHchopmatopy. [I[pumenenne npegoxpanurenen
B cxeme mnuTaHus TpanchopmaropoB ¢ JI['P HemomycTumMo, Tak Kak Mpu
NepEropaHuy NPeJOXPaHUTENSI HE HEUTpaIU NOABIISIETCS (pa3HOE HANPSHKEHHE.

Hcnonp30BaHne B MeCTE pa3beIMHUTEINS BBIKIIOYATENEH ISl ITOAKIIOYEHUS
JAI'P x wnedtpanu nurtaroniero JI'P Tpancpopmartopa HemomycTUMO, TaK Kak
orkitoueHue JII'P npu nanmmumm B cetn O33 mpUBOAUT K yBEIMYECHHUIO 00BEMa
noBpexaeHus. B pesynbrate O33 MoxeT pa3BUThCA MexaydazHoe KOpOTKOe
3ambikaHue. [loMuMo TOTO, MPUHYIUTETHHBIN 0OPHIB UHTYKTUBHOCTH TOKA MOXKET
IIPUBECTHU K NOBPEXKACHUIO u3oisiuuu JII'P u BeIkirouaress.

[Ipumenenue pazbeguHUTENsT MeXay Tpanchopmatopom wu [P
00s3aTeNIbHO, TaK KaK OTKJIIOYEHUWE HEHarpykeHHoro TtpaHnchopmartopa ¢ JI'P
MOXET IPUBECTH K BO3HUKHOBEHUIO IICPEHANIPSIKEHUM B CETH  H3-3a
HEOJHOBPEMEHHOTO OTKJIIOUYEHHUS ¢as. O0benunenue HEUTpanein
TpaHc(hOpMaTOpoB Uepe3 HyJEBYIO IIMHY HEJOMYyCTHUMO, TaK KakK MpHU pa3ieiabHON
pabore TpaHC(OPMATOPOB CO CTOPOHBI CETH Mpu Haiuuuu B Held 033,
HaMpsHDKEHUE HA HEUTpaM OJIMHAKOBO M3MEHSAET (pa3HOE HAIPSKEHUE pa3/IeIbHbIX
yacTer. BenencrBue 4ero, CTaHOBUTCS HEBO3MOYKHBIM ONPENEIICHUE YAaCTH CETH C
033. Kommytupoanue [AI'P, HacTpoeHHOl B pe3oHaHc, pu 033 3ampeniaercs.

IIpu BBIOOpe oTBeTBiIEeHUN JII'P co cTymeHYaTbiM peryjaupoBaHHEM,
HEOOXOJAMMO  Y4YUThIBaTh CHWkKeHue Toka JII'P  BcrmeacTBue — BAMSIHUSA
conmpoTHUBJIeHUs TpaHcPopmaTopa, K HelTpaiiu koToporo noakiatoueHa JI'P.

JleficTBUTENBHBIN TOK KoMIieHcaluu lp onpeaensiercs mo dhopmyiie 57

IP=3UCP/XT+3XP= IPH/(1+XT/3XP) (57)
rae XT — COIIPOTUBJICHUC TpaHC(bopMaTopa, Owm.
XT = (UK UHOM) / (100 ST) (58)

Xp — CONPOTUBIICHUE PEAKTOPA,;

St — momHOCTH Tpanchopmatopa (kBA).
Xp = Upom / (N3 lpy), Om (59)

[ToncraBuB 3HaueHuss Xt U Xp MOXKHO TMOJYyYHUTh YIPOIICHHYIO (HOopMyIty

omnpezeneHus Toka komrencaiuu (popmyaa 60):
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Ip = lpu / (1 + (Uko Quome / 100 Spom 1)) (60)

rae lpy — HoMuHaANMBHEBIA TOK JII'P;

Uko, - HanIpspkeHUE K3 TpaHchopMaropa,

ShoMm T — HOMUHAEHAS. MOIITHOCTH TpaHCchOpMaTopa,

Quom p — HOMHUHaNIBHAsE MOIITHOCTH [I'P.

IIpn ycranoBke miynxkepueix JI'P, perymupoanme Toka JI'P
MIPOU3BOJIUTCS] aBTOMATUYECKHU.

[MIpu nomomm ycrpoiictBa BAHK (05m0k aBTOMarn4eckod HACTPOWKH
KaTYIIKH), KOTOPBIA 3amyckaercs (ha30uyBCTBHTEIBHON CXEMOM, HM3MEpsisl yroi
MEXKJYy JIMHEMHBIM HaNpsOKCHUEM M BPAIAIOIIAMCS BEKTOPOM HAIPSKEHUA
cMelleHus. PerynupoBaHue MNpPOU3ZBOAMUTCS [0 MAKCHMAJIBHOTO 3HA4YECHUS
HalpsDKEHUS  CMEIICHUWS, YEM HCKJIIOYAETCAd  JPOCCHIHMPYIOLIEE  BIIUSHUE
TpaHchopMaTopa Ha BbIJIABAEMbIN TOK KOMITEHCAIIUH.

Jlns  wamydmero wucnoyib3oBanus wmoimmHoctH JI'P  Ttpancopmarop B
HEUTpaJIb KOTOPOTO OH BKJIKOYEH, JOJHKEH MMETh MUHUMAJIbHOE COMPOTHUBIICHUE
HYJIEBOW MOCJIEA0BATEIBHOCTH.

Ha pucynke 49 panbl Bapuantel BkitoueHus JI'P B HelTpanb
TpaHchopmaropa.

[Ipu 3ambikanuu onHOW (pa3bl ceTa Ha 3eMIII0 Yepe3 COOTBETCTBYIOUIYIO
0o0MOTKY TpaHchopMaropa, B HelTpaib Koroporo BkmoueH J[I'P mpoxomur
WHIYKTUBHBIN TOK lp. DTO paBHOCHILHO MPOXOXKACHUIO UYepe3 0OOMOTKHU Tpex (a3
TpaHchopMaTopa TOKa HyJIeBOH mocieaoBaTenbHoCTH lg = |p / 3, 4TO mMpUBOIUT K
HEKOTOPOMY TAJICHUIO HAMPSKEHUS] B 0OMOTKE, CHIXKEHUIO TIOTEHI[MaIa HeUTpanu
U yMmeHbleHuto (Qakrtuyeckor MomHoctu [I'P. B 3aBucMMOCTH OT CXeMbl
COEIMHEHHS] 0OMOTOK, MOIIIHOCTH U KOHCTPYKIMHU TpaHchopmaTopa, 3TOT 3hPexT
MOJKET OBITh HE3HAYUTEIBHBIM JTMOO CYIIECTBEHHBIM.

[Ipu Bximroyenun JII'P B HelTpans mnoHwkawmero TtpaHchopmarTopa,
uMeroImero  cxemy  coenumHenus  (pucynok  49a),  TOKM  HYyJICBOW
MOCJIeI0BATEIbHOCTH, BO3HUKAIOIINE BO BTOPUYHONM OOMOTKE, CO3JAI0T IMOTOK
HYJIEBOW MOCJIEA0BATEIBHOCTH, KOTOPBIA HABOJUT J/IC.

Takum 00pa3oM, MPOXOXKIEHUE TOKOB HYJEBOW MOCIEI0BATEILHOCTU B
NEPBUYHOM W BTOPUYHOM OOMOTKAaX CO3MA€T TOJIBKO HEOOJBIION IMOTOK
pacceuBaHus HYJIEBOM MOCJIEAOBATEIBHOCTH. Cxema HYJIEBOU
MOCJICIOBATEIbHOCT B TEPBUYHON OOMOTKE, 3aMKHYTOM B TPEyTOJbHUK,
ABJIsIeTCs OnaronpuatHou 1yisi BkitoueHust JII'P B HeWTpanb, Tak Kak MO3BOJSET
ITOJIHOCTBEO MCIIOJIb30BaTh MOIMHOCTH [II'P, 1 He maer qOnmONMHUTENBbHBIX IOTEPH U
HarpeBa, 3a CUET HEYPABHOBEIICHHBIX MArHUTHBIX MOTOKOB.
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Pucynok 49 - BkitoueHue KaTyluIky B HEHTpaib TpaHchopMaTopa ¢ pa3IndHbIMU
CXEMaMH COEIMHEHUsI OOMOTOK U paclpeiejeHUsl TOKOB HYJIEBOU
IIOCJIEA0BATEIBLHOCTH.

OTUX mpeuMyiecTB JmiieHa cxema coenuHenus Y [ Y (pucyHok 490)

MarHuTHbIE HOTOKHU HYJIEBOI1 [I0CJIE10BATENbHOCTH, OCTar0TCA
HEYpPaBHOBEIICHHBIMH, TIOCKOJIbKY B IEPBUYHON OOMOTKE COOTBETCTBYIOIINE TOKU
npoTeKaTh He MOryT. HeypaBHOBELIEHHbIE MAarHUTHBIE IOTOKU 3aMbBIKAIOTCS 10
BO3/yXy, Macily U CTeHKaMm 0Oaka, BBI3bIBAIOT €r0 HarpeBaHue, KpoMe TOro, M3-3a,
HaJIM4YMs HEYPAaBHOBEIICHHBIX MArHUTHBIX MOTOKOB OOMOTKHM TpaHchopmaTopa
UMEIOT TMOBBILIEHHOE HWHAYKTUBHOE COIPOTUBJIEHHE, KOTOPOE MOXKET CTaTh
COM3MEPUMBIM C UHAYKTHUBHBIM comnpoTuBieHueM [II'P, tem campiM yxynamurcs
rcnosb3oBanue momuoctu JII'P.

Ocob6enHo HeOaronpusiTHbIC yCJIOBUS CKJIaJIbIBAIOTCH, eciu
tpancopmatop mo cxeme Y / Y HMeeT 3aMKHYTYH MAarHHTHYIO CHCTEMY
(TpanchopmaTop OpoHEBOro THIA, Ipymmna ogHO(a3HbIX TpaHcPopmaropos). B
TaKUX TpaHcPopMmaTopax HEypaBHOBEILIEHHbIE MAarHUTHbIE MOTOKU 3aMBIKAIOTCS
yepe3 CTaJIbHbIE CepAeYHUKH Oe3 3a30poB. MHAYKTHUBHOE CONPOTHBIIEHUE TaKHX
TpaHc(OpMaTOPOB BEIMKO M OOBIYHO TIPEBOCXOJUT HEOOXOAMMOE IS
KOMIICHCAllM UHAYKTUBHOE colporusieHue. Bxirouenue JII'P B HeliTtpasb Takux
TpaHc(hOpMaToOpoB HE PEKOMEHYETCS.

Ecnu nepBuyHasi oOMOTKa TpaHchopMaTopa UMEET 3a3€MJIEHHYIO HEUTpalb
P OJTHOBPEMEHHOM 3a3eMJICHHH HEHTpaiu UcTouHMKa (prUCcyHOK 49r), TO TOKH
HYJIEBOW MOCJIEI0BATEILHOCTH MOTYT NMPOXOAUTH B NEpBUYHON ceTu. [Ipu 3ToMm

[MOJYy4acTCA IIOJIHAad KOMIICHCALIMA MArHUTHBIX IIOTOKOB, TO €CTb TpaHC(I)OpMaTOP
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BeJIeT ce0s Kak TpaHchopMarop co cxeMoit coeaurenus oomMotrok A /Y wm Y [/ Z/

Onnako Tpancdopmaropsl co cxemoi Yo/ Y 0ObIYHO HE BBIMTYCKACTCH.

Y tpanchopmaropoB Yy / Yo / A HE3aBUCHMO OT TOrO, 3aMKHYTa JIH
HEWTpadb OOMOTKHM BBICOKOTO HAMNpPsDKEHUS Ha 3e€MJII0 WM Pa30OMKHYTA, TOKHU
HYJIEBOM MOCIEI0BATEIbHOCTH LUPKYJIUPYIOT B TPEYTrOJIbHUKE, HE BBIXOJAS BO
BHECIIIHIOIO CE€Th W NPUBEIYT K IMOJHOW KOMIICHCAIMM MarHUTHBIX TOTOKOB B
MarHuTonpoBoje Tpanchopmatopa. Ilpu Bxmtouenun JII'P B HeiiTpans oOMOTKH
cpeanero HampspbkeHus (35 kB) ero MOIIHOCTH HE JIOJDKHA IPEBOCXOJUTH
MOIIIHOCTh OOMOTKH, COEIMHEHHOU B TPEYTOJIbHUK.

Hna mopgxmouenus JII'P B cersx 6, 10 kB mgomkHBI HCIOIB30BaTHCS
crienMaibHble HEHArpy>XeHHbIe TpaHchopMaTopbl ¢ 0OMOTKaMH, COECIUHEHHBIMU

no cxeme Yo/ A . Ilpu ucnons3oBanuu it noaxittoueHus JAI'P tpancdopmaropos

COOCTBEHHBIX HYXJ, OHU JIOJKHBI OBITh MPOBEPEHBI MO JJIUTEIBHO JOIYCTUMON
Harpy3ke. Tok IIUTeNbHO JOIMyCTUMOM Harpy3Kku omnpezensercs no ¢popmyJe 61:

lgon = /L1 Ino 1 I§ (61)

riae lyom T — HOMUHABHEIN TOK TpaHchopmaTopa, A,

Ix — Tox komnencaruu JII'P, A.

[Tpu ucronk30BaHNK HEHATPYKEHHBIX TpaHCPopMaTopoB co cxemorr Y / Yy
MOIITHOCTh TpaHchopMaTopa JA0kHa ObITh B 4 paza O6osbiie MoutHocty JI'P.

JUIs OLEHKH JIJIUTENbHO IOMYCTUMOM Harpy3ku Tpancpopmaropa ¢ JII'P
OPUHUMAETCS ~ YMCTO  akTUBHas  TpexdasHas  Harpy3ka, pPaBHOMEPHO
pacrmpenenieHHas MeX Iy 0OMOTKaMu TpaHchopmaropa.

Ha pucynxke 50 npuBeneHo pacnpeneneHue Toka B 0OMOTKax Harpy>KeHHOTO
Tpanchopmaropa c JII'P.

JE— J‘.‘=er?jo

— f;g:f-m-f* l';g

—— ":C'__IM',"‘L .’Ig

Pucynox 50 - Pacnpenenenue TOKOB B 0OMOTKax Harpy>kKeHHOro TpanchopmaTopa
C JIyTroracsiuM peakTopoM (a) U BEKTOpHAs JuarpaMma TOKOB OTHOCHTEILHO
HaNpsOKESHUS Ha HeUTpaid IIPH 3aMbIKaHWUHU Ha 3eMitto B ceTH (0).
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Ycpennennas meperpyska MO TOKY, KOTopas JONMyCTUMa B TEUYCHHE
JUTMTEIILHOTO 3aMBIKaHMSI Ha 3€MJIIO, TIOJICYMTHIBACTCS KaK Cpe/lHee KBaIPaTUIHOE
3HaUYEHHE OT TOKOB B OOMOTKE 110 popMmyuie 62:

= (0541 +1203 = T R 62)

[TosTOMy mOmMyCTHMBIH TOK Harpy3ku TpaHchopmaTopa paBeH (hopmyia

63):

ly = +f [igg — 12 (63)

rae lp - TOk HyJIeBOIl OC/Ie10BATENbHOCTH;

| - TOK TOMOTHUTENBHOM HATPY3KH.

IIpn pezonancHou Hactporke JII'P u HaIMunM €MKOCTHOM aCHMMETPUU B
HOpPMAaJIbHOM pEeXHUME WIH IpU 0OpbIBE MPOBOJA BO3MOXKHO BO3SHUKHOBEHHUE PE30-
HAHCHBIX MEepEHANPsHKEHUI. DTO sSBICHHUE MOsICHIET popmya 64:

Uo - UHC / ‘#."iﬂ +d? (64)

rae Up - HanpsbkeHue cMelnienns (HanpspbkeHue Ha HedTpaie Tpanchopmaro-
pa nipu noakirodenuun JII'P);

Upc — HanpshkeHue HeCUMMETPUH;

V - CTeneHb pacCTPOMKH KOMIICHCAIINHY;

d - koaduimeHT ycrnokoeHus cetu, paBHbii (Gpopmyia 65):

3333 001 10 5 1 ) OO 4
1 OCHOBHBIE TEPMHHbI, IPUMEHSIEMBIE ITPU BBINOJTHEHMH M TIPOEKTUPOBAHUU
YCTPOMCTB 3ABEMJIEHUS HEMTPAJIM CETH .........coooooeeeoeeeeeeeeeeeeeeeeeeees s 5
2 PEJKUMBI PABOTBI HEUTPAJIA B CETU B CETH 0,4 KBi.........oooooviveieieeieeeeeee e 8
3TIPHHIMAII PABOTBI BABEMUIIMTEIISL..........ooooovevovieeeieeiesseseiesiesesssssessissssss s as s nsnssss s ssesnsnssnes 18
4  HA3BHAYEHUWE 3A3EMJIEHUSI HEUTPAJIM B CETH 0,4 KBi..........coooviveeenrereeeeeeseessssesseniinsenes 24
5 OCOBEHHOCTH BBINOJTHEHMS 3A3EMJIMTEJIEN B CETSX 0,4 KB C
TJIYXO3A3EMIEHHOM HEMTPAJTIBIO ..........oooovovvevieieeieeeesseeeeeisses s seesaessssass s ssassess s s e 30
6 3ASEMJIEHUE HEMTPAJIM B CETH 6-35 KB .........oooooveoceerreeeeieeeesesesiessesssesseeses s sesssesssssss s e 34
7 PEJKUM U30JIMPOBAHHOM HEVTPAJIM B CETH 6-35KB.........coooveviieieieieeeeesiee e, 46
8 3BAIIMTA OT 3AMbIKAHUIA HA 3EMJIIO B 2JIEKTPUYECKHUX CETSIX 6 - 35 KB,
PABOTAIOIIUX C U30JTMPOBAHHOM HEMTPAJIIBEO ...........c.oovviveeiinieienieenee s 65
9 YCTPOMCTBO KOHTPOJIS M3OISIHMM CETH 6-35 KB .........oovviiieeieieinie s s s 70
10 CETH 6-35 KB C HEMTPAJIBIO, 3A3EMJIEHHOM YEPE3 PEAKTOP (JITP)........cc.covovvrverniinrninrenen 77
11 PEJIEAIHASI 3BAIIUTA CETEH 6-35 KB C HEUTPAJIbIO, 3A3EMJIEHHY O YEPE3 PEAKTOP
(PE3OHAHCHOE 3A3EMJIEHUE HEMTPAJIIM) .........co.coooovoieeeecesreeesiesessessessessessssseesesssssssssssesnsnsenes 102
12 CETH 6-35 KB C PE3UCTUBHBIM 3A3EMJIEHUE HEMUTPAJIM .............ooovveveeeseereneeeeeeeiesrsnineens 108
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13 PEJIEMHAS 3AIUTA CETH 6-35 KB C PE3UCTUBHBIM 3A3EMJIEHUEM HEUTPAJIH............ 123

14 OTPAHUYEHME TOKOB OJTHO®A3HBIX KOPOTKHX 3AMBIKAHUI B 3JIEKTPUUECKHX
CETSIX 110-220 KB QHEPTOCHCTEM ...ttt s 136

CIIUCOK UCMOJB30OBAHHOM JIATEPATYPBL...........coooviiiiiiiieieiee e 150
(65)

rae lr - akTuBHas cocrasisromas Toxka O33;

Ic - eMKOCTHOM TOK 3aMbIKaHHS Ha 3€MIIIO.

Ha pucynke 51 npuBenena cxema BkiatoueHus [II'P BHe 3aBUCUMOCTH OT €ro
KOHCTPYKTHBHOTO  HCIOJHEHHSI W  KPUBBIE  BO3MOXHBIX  PE30HAHCHBIX

nepeHanpsKeHU.

I
I
. L Ly i e d,
E 3G . i Re !
o
\ fpu dp > d,
7
. ) I N
J& (Cd + CB"'C\’:) _JE)_L F ol phiia,
i
veo ] V>0 v
a) 6}

Pucynok 51 - Cxema Bkitouenust JII'P BHe 3aBUCUMOCTH OT €ro KOHCTPYKTUBHOTO
HCIIOJIHEHUS U KPUBBIE BO3MOYKHBIX PE30HAHCHBIX IIEPEHAIIPSIKEHUN.
a - cXeMa 3aMelleHHs; 0 — 3aBUCUMOCTb MOTCHILHMala HEHTpaau OT CTeNeHH
pacctpoiiku: UC - Hanpsbkenue cety; Uy - HanpsbkeHue Ha peakrope; G - mpoBOAUMOCTh
cetd; Rp - aKTUBHOE COMPOTUBIIEHUE PEAKTOPA.

[Ipy HAMMYUKM €EMKOCTHOM aCHMMETPUM U PE30HAaHCHOM HacTpoiike V'=0 Ha-
npspKeHUe cMeleHus: OyAeT OnpeesThCsl TOJIbKO HANPSXKEHUEM HECUMMETPUH U
kodpdurmenToMm ycrmokoenuss d. KoapuiueHT yCrnokoeHHs B CeTH A
BO3JYIIHBIX CETEH C HOPMAIbHBIM COCTOsSHHMEeM wu3oisinuu d=2 - 3%, npu
3arpsI3HCHUH U30JIAIUHA KOd(DPUITUEHT yCcrmoKoeHuss MokeT BoipacTu 10 10%. Jlns
KabenbHbIX ceTedt d = 2-4%, onxHako, NpPU HAIUYMM B CETH KaOejed ¢
cocrapuBIerics nzojsnuen d moxxer goctuub 10%.

Ha pucynke 51 npuBenena cxema 3amerienusi cetu npu O33 u ypoBEHb
BO3MOYHBIX PE30HAHCHBIX TIEPEHATPSIKCHUIA.

Pe3onaHcHBIE TiepeHANpsDKEHHST TeM  OOoJibllle, 4YeM BBIIIE CTENEHb
ACUMMETPUM U MeHbIe KOd(DPUIMEHT yCHoKoeHus. B 1ensx orpaHudeHus
PE30HAHCHBIX TEPCHANPSDIKEHUH  HANpsHKEHUE HECUMMETPUU HE  JOJDKHO
npessimath 0,75% , Torga morennuan veirtpanu Uy = 0,15Ucp.

OOpeiB (ha3pl (0e3 majgeHUs MPOBOJA Ha 3EMIII0) 3aMETHO YBEIIMYUBACT
ACUMMETPHUIO CETH, CO3/laBasi TeM CaMbIM MPEINOCHUIKY JJI PE30HAHCHBIX
nepeHanpspke Huil. Bmecte ¢ Tem, ecim 10 0OpbiBa ceTh paboTana ¢ pe30HaHCHOU
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HACTPOIKOM, TO OOpbIB (pa3pl, CHUXKAS CYMMapHYIO €MKOCTb CETH, TEM CaMbIM
BBIBOJIUT CETh U3 PE30HAHCHOrO pexkuma. [103ToMy omaceH u HEOIyCTUM PEXUM
HEJIOKOMIIEHCAIlMM, TaK Kak B 3TOM ciiydyae OOphIB (ha3bl MOXKET MPHUBECTH K
PE30HAHCHOM HACTPOMKE M BO3HMKHOBEHMIO OIACHBIX IIEPECHAIIPSIKECHUNA Ha
n3omsAumMu. lIpu  BBIIOMHEHWHM YCIIOBHUM NIEPEKOMIIEHCALMA COOTBETCTBYIOT
tpedoBanusam I1TO norennman neitpamu ee npessimaet 0,7 Uy,

B peanbnoit cetn npu npumenenuu JII'P co ctyneHuarsiM perynmpoBaHueM
Hactporika JII'P B pe3oHaHce Mano BEPOSTHA U MOXKET IIPOUM3OUTU TOJBKO IIPU
o0peiBe TpoBoga, B cetu ¢ JII'P mmymkepHOro Tuma, W3-3a HAJIMYHAS 30HBI
HEUYBCTBUTEIBHOCTH, HacTpouika JII'P Tak »xe HNODKHA NPOU3BOAUTHCS C
HEOOJIBIIION IMepEeKOMITCHCAITNEH.

Ha pucynke 52 nana tunosast cxema noaxiatodenust JI'P.

B Hacrosimee Bpems B CETSX SKCIUIYaTHPYHOTCS YCTPOMCTBA HACTPOMKHU
NYTOracsllliX PEAKTOPOB, KOTOPBIE MCIHOJIB3YIOT B KAauecTBE IapaMeTpa
yHOpaBICHUS aMIUIMTYAHbIE U (Pa30Bble XapaKTEPUCTUKU KOHTPOJIS HYJIEBOU
NOCJIEIOBATENBHOCTU CETH, TO €CTh B 3aBUCUMOCTH OT HampsbkeHus Hedrtpanu Uy
win (aszoBoro yria mexay Uy 1 onopHbeIM HanpspkeHreM. B kauecTBe nocienHero
BbIOMpAETCS TUHEHHOE HANPSKEHHUE.

Pucynok 52 - Cxema BKIIFOUEHHUSI 1yTroracsiieil KaTyIKu:

1 - 3azemmsromuii TpancopmMarTop; 2 - BRIKIIOYATENh, 3 - CUTHaJIbHAs 0OMOTKa
HaIpsDKEHUS C BOJIBTMETPOM; 4 - Jayroracsiuii peaktop; S5 - Tpancopmarop Toka; 6 -
3BYKOBasl M CBETOBasl CUTHANIM3ANMA; A - amriepmetp; V - BoabTMeTp; T - TOKOBOE pere.

OnHako Ha3BaHHbBIE APAMETPbl UMEIOT HU3KYIO TOMEX0YCTOMYHUBOCTh U3-3a
BIIUSIHUS HEOATAHCOB PJIEMEHTOB CETH.

B peanpHOl ceTwm HampsbkeHHE ecTecTBeHHOM HecummeTpun Upc

00yCJIOBIIEHO HEOAIAaHCOM TTaPaMETPOB IJIEMEHTOB BCEH CETH:
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— (ha3HBIX HANPSHKECHUN CETH BBICIIIETO YPOBHS,

- nurtaroniero 7, mnpucoeauHutensHoro TN u  wu3mepurenpHoro TV
TpaHchOpMAaTOpPOB,

— Harpys3KH;

— AKTHBHBIX M €MKOCTHBIX ITPOBOJIMMOCTEH (ha3 CETH OTHOCUTEIIHHO 3eMJIH;

— HaBEJCHHBIX Ha COCAMHUTEIBHBIX IPOBOJAX OOMOTKH Pa30OMKHYTOTO
TpeyroyibHuKa Tpanchopmaropa TV u undopmammonnoro Bxoga CAH KHII cetu
MOMEX IIHUPOKOTO CIEKTpPa YacTOT, HAUOOJIbIIIee BIUSHUE W3 KOTOPHIX OKa3bIBACT
cocrasirstromas ¢ yactoroi 50 I

[TpousBenem olieHKy HeOanaHca B CXeMe Ha pUCyHKe 53.
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Pucynox 53 - Oxeusanenmuas cxema Tpex@azHoit KOMIIEHCUPOBAHHOM CETH

IIpu otkimouenHom JII'P HampspkeHHe €CTECTBEHHOM HECHMMMETPHH OyleT
OMpENEeNAThCS TapaMeTpaMu HebajdaHca BCEX DJIEMEHTOB, 3a HCKIIOYCHUEM
U3MEpUTETHLHOTO Tpancpopmaropa, hopmyia 66:

Unc = Uiser + U st Unsrut Unsart U nsre, (66)

rne Uys cr - DKBUBAJEHTHOE HamNpsykeHHEe HebanaHca, OOYCIOBIEHHOE
HEPABEHCTBOM (ha3HBIX HANPSHKECHHM CETH BBICIIIETO YPOBHS,

U s v+ U s tut U s nr — SKBUBaNEHTHOE HampsiKeHHs HebajaHca,
BBI3BAHHBIC ~ HECHMMETPHYHOCTBIO  IUTAIOIIEr0 W MPUCOCAMHUTEILHOTO
TpaHchOPMAaTOPOB, HATPY3KU;

U 45 rc - DKBMBAJEHTHOE HampsbKeHHe HebagaHca NPOBOAMMOCTe Ha
3eMJII0, COCTOSIIAs M3 aKTUBHOM Uyzr U eMKOCTHON Uy ¢

B kaOeibHBIX CETAX HAMPSIKCHHE HECHMMETPHHM HMECT HE3HAYHUTEIBHYIO
BEIMYMHY M BCE €ro COCTABISIONIME COM3MEPHMBI. IloI0KeHHE BEKTOpa
HAINPSDKEHUS Uy 3aBECHT OT NapaMeTpOB HeOalIaHCa BCEX SIEMEHTOB.

[Ipy BKIIOYEHHOM pEAKTOPE HANPSHKCHHE Ha HEUTPaad CBS3aHO C
paccrpoiikoit KHIT cetu (popmyna 67):
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ﬁo = UHC / ('ﬂ' -+ jd), (67)

rae 9 ,d - cooTBeTCTBEHHO, KO GUIIMEHTHI PACCTPONKHU M JeMITI(pUPOBAHNS.

Koadpdumuent d B HOpManbHOM pEXKHUME pabOThl CETH BEIHMYHMHA
MPaKTUYECKU TTOCTOSIHHAS U €T0 BIMSHUE HA BEJIWYMHY HanpspkeHus: HeuTpanu Uy
CYIIECTBEHHO MeHbIe Ko3ddunuenta paccrpoiiku 8. Ha pucynke 54 mpuBencHa
KpyroBasi Juarpamma HamnpsKEHUsI Ha HEUTpalid, XapakTepu3yroliasi 3aBUCUMOCTb
Uy or paccTpoiiky KOMIEHCAlMM TIpH 33aJaHHON BelIMYMHE Kod(dUIUEeHTa
nemnguposanus. Ilonoxenne BektopoB Uy u Uyc COOTBETCTBYET pe30HAHCHOM
HacTpoiike koHTypa. Bekrop Hampskenusi Upc HpeicTaBIeH CyMMON BEKTOPOB
HanpsHKeHUN HebaaHca.

B nmnpomecce skcmutyatanpM nmapameTpsl  CETHM  M3MEHSIOTCS, IIO3TOMY
ammnTyna ¥ (aza Upc, @ COOTBETCTBEHHO U Iy IIOCTOSHHO MEHSIOTCH,
HE3aBHCHUMO OT 3Ha4yeHus pacctpoiiku . [IpuMeHeHne aMIuIMTyIHBIX U (a30BbIX
XapaKTEepUCTHK B KaudecTBe ympasistoniero napamerpa CH KHII cetn, takum
obpa3oMm, HE MOXeET o00ecneunTh CTa0WIbHYI0 paboTy aBTOMATHYECKHUX
perynsaTopoB 0e€3 NPUHATUS CHEHUAIbHBIX MEp MO CTa0WIM3alMu BEKTOpa
HaIpsDKEHUST HECUMMETpUM. Takoil MEpOW CIyKUT YBEIMYECHHE HANpPSHKEHUS
HeOalaHca OJHOrO M3 AJIEMEHTOB CETH: MPUCOEAUMHUTENIBHOrO TpaHchopmaTopa,
(a3HBIX TPOBOJUMOCTEH (EMKOCTHO#) CETH; BKIIOYCHHEM IMOCICIOBATEIbHO C
JAI'P ucTtouHuka MOMOJHUTENBHOTO HampsbkeHus. [Ipudem o0s3aTenbHO YCIIOBHE
COBIIAJICHUSl HANPABJICHUN BEKTOPOB HANPSKEHUM HECHUMMETPUM U BBOJUMOIO
JOTOJHUTENBHO B HeTpanb cetd. Ha pucyHke 54 npuBeneHHOE K BTOPUYHOM
(coemuHEHHOM TIO0 CXeMe B Pa30MKHYTHIM TPEYTOJbHHUK) oOMoTKe TV HampshkeHue
Ha HEUTpaiu ﬁo OTJIMYaeTCa OT HanpsbkeHus Ha Bxojae CH 3ﬁ0 KaK MO BEJIMYHUHE,
Tak ¥ 1no (asze. DTO BBI3BAHO MEPEXOJOM K IEMSIM HU3MEPEHUs] HAIPSKEHUS
HeOalaHca W3MEPUTENBHOTO TpaHchopMaTopa U BIMSHUEM Ha OTH IENHU
MOCTOPOHHUX MUCTOYHUKOB HAIPSYKEHUEM OCHOBHOM 4aCTOTHI CETH.

B aToMm ciydae, ycranoBneHHas o ¢a3obsiM xapaktepuctukam (OX) KHIT
CETH HACTpOiiKa OyJeT OTIMYaThCsl OT PE30HAHCHOM Ha BEJIIMYMHY, ONpereasieMoi

YIJIOM @.
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Pucynok 54 - KpyroBasi quarpaMma HarnpspKEeHUs Ha HEHTpaiu.

B o6nacTu GOJNBIIMX PACCTPOEK HANpsyKeHHE Uy yMEHbINAeTcs U IIpu
3HAQYECHUAX, COU3MEPUMBIX C HaxXOMAIMMCA 3a KPYrOBOM  JHArpaMMoOWU
HanpsHKeHueM nomexu Uy, @X KOHTypa OyeT OIpeensaThes napaMeTpaMu Beex
COCTaBJISIFOIIMX BXOJHOIO curHaina AP.

[Ipn pe30HaHCHOM HACTPOMKE WIM U3MEHEHUN PACCTPOMKU B ONIPEAECIECHHBIX
npenenax HampskeHue Up um ero (asa HecyT NPAaKTHYECKH JOCTOBEPHYIO
uHpOpMaIMIO O pexume KomreHcanuu. OgHako, IpH yJajJeHUH OT PEe30HaHca
Ha0JII01aeTCsl HECOOTBETCTBUE (DAa30BOM M AMIUIMUTYAHOW XapaKTEPUCTUKU OT
VCTUHHBIX.

B peanbnoii cetn ¢ JAI'P muyHxkepHoro tuma c OOJIBIIMM JAHANA30HOM
peryaupoBanus HabmroaTcs nposansl ¢ ammintyaoit Uy = f (1) u gaszosoii @ = f
(I,) B xapakTeprucTuKax KOHTypa mpu pabote B 00JIacTH OOJBIINX PACCTPOEK.

Hcnonb3oBanue Tonbko (azoseix xapakrepuctuk KHII cetu B kaduecTBe mna-
paMeTpa yIpaBJIEHHWs PEAaKTOpaMH, AK€ NPU HAJIUYUU HCKYyCCTBEHHOMU
HECHUMMETPHUH, HE TAPAHTUPYET MOAACP/KAHUS B CETU PE30HAHCHOW HACTPOWKHU. B
psile ciaydaeB, OCOOCHHO B CETAX C OJHOPEAKTOPHOM CXEMOM KOMIIEHCAIIHUH,
yrpasiieHue ¢ KoHTpojeM (a3sl MoxkeT npubectd k otkazy CAH JII'P. Beenenue
JOTIOJIHUTENIBHOTO  [TApaMeTpa - 3aBUCHMOCTH HAIpPSDKEHWS HEUTpalnd  OT
paccTtpoiiku - st GopmupoBaHus curHajga ympasienuss JII'P  mosBosser
pou3BecTU Oosiee TOUHYIO HACTPOMKY Ha PE30HAHC IPU YCIOBUU OTCYTCTBHUS B
CeTH NepeMeHHOW Harpy3ku. OpHako HHU3Kas MOMEXOYCTOMYMBOCTH B 00JACTH
OOJIBIIIUX PACCTPOCK HEPEIKO MPUBOAUT K cOOSM B paboTe HE TOJBKO (Ha30BBIX, HO
Y DKCTPEMAJIBHBIX U aJalITUBHBIX PETYJISITOPOB.
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11 Peneiinas 3ammTa cerei 6-35 kB ¢ HeliTpasiblo, 3a3eMJIeHHYIO Yepe3
peakTop (pe3oHaHCHOe 3a3eMJIeHHe HeHTPaJIn)

Co3math CelIeKTHBHYIO (M30MpaTEelbHYI0) M BBICOKOYYBCTBUTEIBHYIO
3amuty oT O33, IPUTOIHYIO JJIsl JIFOOBIX BUJOB CETE€HM C MaJbIM TOKOM 3aMbIKaHUS
Ha 3€MJIIO0 O CETO BPEMEHU HE YIAJIOCh HUKOMY. JI€MCTBUTENIBHO TPYAHO CO3/1aTh
YHUBEPCAIBbHYIO 3alMTy OT O33 11l TAKMX Pa3HbIX TUIOB AJIEKTPOYCTAHOBOK, KaK
BO3/yIIHbIE W KaOeJIbHBIC JHUHUH, TEHEPATOPHl M AJIEKTPOJBUTATEIH ISl TAKUX
pPa3HBIX PEKUMOB 3a3EMJICHUSI HEUTPAIBHBIX TOYEK CETH, KaK H30JMPOBAaHHAs
HEWTpasab, «PE30HAHCHO-3a3€MJICHHAs HEUTpalib» WM YAaCTUYHO-3a3€MJICHHAs
HelTpanb (HeHWTpanb 3a3emiieHHas uepe3 pe3uctop). OcoOble TPYAHOCTH MpH
BBITIOJIHEHUU CeNEeKTUBHBIX 3amuT oT O33 mmeer Mecto B cersax 6-10 xB ¢
PE30HAHCHO-3a3€MJICHHOM HEWUTPaJIb0, IJ€ TOK IIOBPEXKIACHUS MPOMBIIUIEHHON
YacCTOTHI TMOJIHOCTHIO KoMIleHcupyeTcsi TokoM I[P u mostomy He MOXeT ObITh
UCIIOJIb30BaH B KaueCTBE MCTOYHMKA MHPopMaruu. J|onoJHUTENbHBIE TPYIHOCTH
BO3HMKAIOT MPU HEOOXOJAMMOCTU CEJEKTUBHOTO OINPEACIICHUS] MPUCOSTUHEHUS C
O33 B 2JEKTPUYECKUX CETAX CIIONKHOM KOH(Urypauuu, OpU OTCYTCTBHUM Ha
NPUCOCIMHEHUAX  KaOeIbHOM  BCTaBKHM, HEOOXOAMMOW  JJiS  yCTaHOBKHU
TpaHchopMaTopa TOKa HYJIEBOM IMOCIEI0BATEIbHOCTH, MPHU YacTO MEHSIOLIEHCs
IIEPBUYHOM CXEME 3alMIIAEMON CETH.

IIpu BBIOOpE NOPHUHIMIOB BBINONHEHHUS 3ammThl oT O33 npuxoaurcs
CUMTATHCS C pealbHOM BO3MOKHOCTBIO IMOJHON WM MOYTH MOJHON KOMIIEHCALlUU
€MKOCTHOTO TOKAa CETHM MPHU KAKOM-TO PEXKHUME CE€TH W BO3HUKHOBeHUs O33.
[Toromy TOKOBBIE 3ammThl OT 33, pearupyrolmue Ha TOK MPOMBIIUICHHON
gactorel 50['1, NpUHIWNWAIBEHO HE MOTYT WCIOJIL30BAThCS I CETEH,
paboTalIMX €  PE30HAHCHO-3a3€MJICHHOM  HEWTpaJbio. Haubomnpimee
pPacIpOCTPAHEHUE B TAKUX CIyYasX MOJYYUIN YCTPOMCTBA 3aIIUThI, PEAarupyrolIne
Ha TapMOHHMYEcKue cocTaBisitomue Toka O33. BoNbIIMHCTBO U3 ATUX YCTPOMCTB
WCIOJIB3YIOT  BBICIIME  TAPMOHUYECKHE  COCTABJISIONIME  TOKA  HYJIEBOWU
nocnenoBatenbHocT B O33. Ha pucynke 55 mpuBeneHO pacnpelielieHue TOKOB
rpu O33 B CETHU € MOJHOW KOMIIEHCAIMEN EMKOCTHOTO TOKA.

Tox AI'P I, mporekaer Tonbko B MecTe O33 U B HOBPEKICHHOM IMHUM,
[ostomy npu BEemHeM 033 (1.K3,), Tok 31y B HemoBpexnenHoit muamnu JI1, kak n
B CETH C U30JIMPOBAHHON HEHTpasbio paBeH (hopmyia 68):

3=z + Lic=1Ics (68)

Tok B Mecte moBpexaenus npu O33 B 1000# Touke cetu paBeH (popmysia

69):
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Ter" = 3lgay = “(Iip + lic + I + lac + lye) - I = - ley - I (69)
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Pucynok 55 - Pacnpenenenue TokoB npu O33 B ceTH C MOJHON KOMIIEHCAIIUEH
€MKOCTHOT'O TOKa.

Pacnpenenenne TokoB npu O33 B CETHM C KOMIIEHCUPOBAHHON HEHUTPaJbIO
nokaszaHo Ha pucynke 55. Koutyp mnporexanus toka TP I mpu BHyTpeHHEM U
sHemHeM O33 aHAIOrHYeH KOHTYPy IPOTEKaHHs TOKa Ig.

[Tpu pe3oHaHCHO# (ONTUMABHOM) HACTPONKE HHIYKTUBHOE COITPOTHBIICHUE
JAT'P paBHO €MKOCTHOMY COMPOTHBIICHUIO CETH IO OTHOIICHUIO K 3emite (popmyria

70):
X|_ =—wlL = XCZ =1/ MCZ (70)
[pu sToM mHaykTuBHBI ToK JITP | = - Icy b Tox B MecTe nospexmenus
PaBEH HYJIIO.

Ha pucynke 56 npuBeneHbl BEKTOpHbBIE qUarpaMmbl TOKOB M HaIpsDKEHUN
npu O33.

Pucynok 56 - BekTopHble [uarpaMMbl TOKOB U HAIPSDKEHUM MPY BHELTHEM
(a) u BHyTpenneM (0) O33 ¢ pe30HAHCHBIM 3a3eMJICHUEM HEHTPAIIH.

[Tpu BHyTpenneM (1.K3;) O33 Tok B moBpexjaeHHOW HelTpanu iuHuu JI
COOTBETCTBEHHO paBeH (popmyia 71):

Bln=-(Ip+Le+bp+he+ Lig+ L) +lip+Lic-1IL=

=-ley + Iey - T = Iex (71)
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IIpu pezonancHoii HacTpoiike P Toku 3]y kak npu BHeNIHEM, Tak U TpU
BayTpeHHeM 033 paBHBI COOCTBEHHOMY EMKOCTHOMY TOKY lci 3allHIaeMOif
JIMHUM, TO €CTh OJIMHAKOBBI 110 3HAYEHUIO U M0 (a3e.

COOTHOIIEHHE 3HAYEHUH TOKOB 3]y B NPHCOEIMHEHMSX 3alIUIIAEMOTO
00beKTa (TO €CTh CIOCOOBI OTHOCHTEIBHOTO M aOCOJIOTHOTO 3amepa MOJTHBIX
TokoB 3ly), a Tak ke (azHble COOTHOLIECHUS TONHBIX TOKOB 3]y n Hanpsukenus 3
(To ecTh crocoObl aOCOTFOTHOTO ¥ OTHOCUTEIBHOTO 3aMepa HalpaBJICHHS TOTHOM
WM PEAKTUBHOM MOLIHOCTH HYJIEBOM MTOCIEA0BATEIBHOCTH B IPUCOECIUHEHUSX 3a-
IIAII[AeMOT0 00BEKTA) B CETU ¢ PE30HAHCHOM HACTPONKOM KOMITEHCAIIMK B OOIIIeM
cllyyae HE MOryT OBbITb HCIOJBb30BaHbl JUIsl BBINOJHEHUS] CEJIEKTUBHOU
CUTHAIM3aluK Wwin 3amuthl ot O33.

KomnencupoBanubie ceTd OOBIYHO JOJDKHBI pabOTaTh € PE30HAHCHOMU
HAaCTPOMKOW WJIM, C YYETOM BO3MOKHOI'O B JKCIUIyaTallUM YMEHBIICHUS 3HAYCHUS
lcy ¢ HeGombmIoH nepekomnencarueil (I > lcy ¥ pe3yIbTUPYIOIUM HHAYKTUBHBIM
TokoM I3'. B pexnMe mepekoMmeHcaruu HampasieHus ((asbl) TOKOB B
NOBPEXKICHHON M HENOBPEKICHHBIX JIMHUAAX TAaKK€ OJMHAKOBBI, MOJTOMY JUIS
JNENUCTBUS HAMPABJIEHHBIX 3aLIUT B KOMIICHCUPOBAHHOM CETH MOKHO MCIOJIb30BATh
TOJBKO AaKTUBHBIA TOK, KOTOPBIA HE NPEBBINIAECT HECKONBKHX IPOLEHTOB OT lcy.
[TopToMy TOKOBasi HampaBiieHHAas 3alldTa B KOMIICHCUPOBAHHON CETH JOJIKHA
0011a1aTh BBICOKON YyBCTBUTEIBHOCTBIO MO Yy, a (PUIBTPBI TOKA U HAIIPSHKEHUS
HYJIEBOH NOCJIEIOBATEIILHOCTH UMETh MAJIbIE YTJIOBBIE ITOTPEIIHOCTH.

KpoMe axkTMBHON COCTaBIISIOLIEH, OCTAaTOYHBIA TOK I3 COACPKUT TAKKE
HEUYETHBIE BBICIIME TAPMOHUKH, HE KoMneHcupyemble [II'P. Tak kak MHAYKTUBHOE
conpotuBieHue J['P ays BbICIIMX TapMOHHMK 3HAYUTEIHHO OOJIBIIE €MKOCTHOTO
CONPOTUBICHUS CceTH Ha 3eMito Xcy (Ipu pe3oHaHCHOH HacTpoiike mis 3-if
rapMoHukd B 9 pas, st 5-if rapMoHuMKH B 25 pa3 M T.JI.), TO [0 OTHOUICHHIO K
BBICILIMM TapMOHHUKAM JJIEKTPUUYECKYIO CETh C 3a3eMiIeHUeM HeurTpanu yepe3 JII'P
MOHO paccMaTpuBaTh C JOCTATOYHOM TOYHOCTBIO KaK CE€Thb C W30JUPOBAHHOU
HelTpanbio. [103ToMy JUIsl Ka10il U3 BHICHIMX TAPMOHUK TOKa 3]y U HaNpsKEHHUs
30, npu BHemHMX W Tpu BHYTpeHHHX 33 BHINOIHAOTCA COOTHOIICHHS,
AQHAJIOTUYHBIE COOTHOILLIECHUSAM E€MKOCTHBIX COCTAaBIAIOIIMX B CETH C U30-
JUpoBaHHOW HeWTpanbto. Hampumep, mis auauu JI; (pucyHok 56) mpu BHEIIHeM
033 (1. K2) (popmyna 72):

3lov1 = 3w CorToy = Iews (72)
u nipu BHyTpeHHeM (T. K31) (bopmyaa 73):
3lov1 = 3w (Coy - Cor)Uoy = ICVZ + Iew (73)
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W3 Beipaxenuit (72) m (73) ciaemyer, 4To B KOMIICHCHPOBAHHOW CETH
CEJIEKTHBHYI0 CHUTHAIM3aluio0 Wik 3amuTy OoT O33 MOXKHO BBIIOJHUTH C
UCIIOJIb30BaHUEM CIIOCOO0B aOCOIIOTHOIO K OTHOCUTENILHOTO 3aMepa HallpaBJICHUs
PEaKTUBHOW MONIHOCTH BBICIIMX T'apMOHHMK B NPHUCOECAMHEHUAX 3aIUIIAEMOTO
00BeKTa.

IIpu pe3onancHoy Hactpoiike JI'P nmpuHIMI 1IOCTpOEHUs HEHAIIPaBJICHHOM
3alUTBl HE MOXET OBbIThb MpUMEeHEH. HeBO3MOXXHO 00EeCHeunTh CEIEKTUBHYIO
(n30upatenbHy0) paboTy 3TOro THIA 3allMuThl B CETAX C MapauIeIbHO
pabotatomumu  npucoeauHenusimu 6(10)kB m B ceTAX €O CIIOXKHOI
KOH(UTypaLUen.

s onpenenenust inauu ¢ O33 B KOMIIEHCUPOBAHHBIX CETAX HCIOJIb3YETCS
OPUHIUI «HAJIOXKEHUS» Ha OOBIYHYIO CEThb MOCTOPOHHETO MEPEMEHHOr0 TOKa C
YaCTOTON OTIMYHOM OT MPOMBIIIIEHHOM, Hanpumep, 25 ['.

JUiss  3TOro HEoOXOIMMO MOAKIOYUTH B KAaKOM-JTMOO MECTE€ CeTH
CHELMAIBHYIO YCTaHOBKY, OCTOSTHHO T'€HEPUPYIOIIYI0 TOK BBIOPAHHOM 4acTOTHI.
[Ipu ycroitunBbix O33 3TOT TOK B OCHOBHOM MPOXOAUT IO MOBPEXKICHHOMY
IIPUCOEAMHEHNIO U BOCIIPUHUMAETCS 3AIUTON TaHHOTO IIPUCOECIUHEHUS.

Ha pucynke S57mnpuBeseHa cxema BBINOJHEHUS 3alIUThl C UCIOJIb30BAHUEM
«HAJIOKEHHOT'O TOKa».

B KaueCTBE  HCTOYHHMKA  KOHTPOJIBHOTO  TOKAa  HCIIOJIB3YETCA
AJIEKTPOMATHUTHBIN TapaMeTpUYECKU JIeTUTeNb 4acTOThl. BhixomHas oOMOTKa
JENHUTENs BKJIIOYAETCS MOCIEAOBAaTeIbHO C mepBUYHOM oOmotkou JI'P.
Hcnonb3oBaHue 3TOro MeTo/1a Mo3BOJISIET 00ecneunTh padoTocnocodHocts P3A u
IIPU  AYTOBBIX TPEPBIBUCTBIX 3aMBIKAHUAX 34 CYET HAIW4YUA B  CIEKTpE
nepexofHoro Toka 3]y HM3KOYACTOTHBIX TAPMOHMK M 4YacToToii Menee 50 I
Henocrartkom YCTPOMCTBA SIBJISICTCSA BJIMSIHUE Ha YCTOMYUBOCTD
¢ynkuronupoBanus 3amuThl  norpemHocred  TTHII, Bozpactatoumx mnpu
YMEHBIIEHUU YaCTOTHI, TPYAHOCTH MOAKIIOYEHHUsS] MCTOYHHUKA BCIIOMOTraTEIbHOIO
HaIpsDKEHMS TIPU MCIIOJB30BaHUU B ceTu Heckonbkux JII'P, ycTaHOBIIEHHBIX Ha
pa3HbIX OOBEKTaX, CJIOKHOCTU OTCTPOMKH OT ECTECTBEHHBIX TapMOHHUK IpH
BHEIIIHUX JYTOBBIX nepemexaromuxca O33, mpu KOTOPBIX CIEKTP TOKA 3aBUCHUT OT
napaMeTpoB CeTH, NonoxeHus: Touku O33 B ceTwu.

YerpoiicTBO 3amuTthl U curHanuizanuu 033, OCHOBAaHHOE Ha UCIOJIb30BAHUU
IEKTPUYECKUX  BEIWYUH  IIEPEXOAHOT0  IpoLecca  HMMEET  CIeAyHoLue
IIPEUMYLIECTBA:

— BO3MOXHOCTbH (prKcanuu Bcex pazHoBugHocte 033,

— HE3aBHCHUMOCTb OT pEeKHUMa pabOThl HEUTpay;
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— OoJbIllasi YYBCTBUTEIBHOCTh K 3aMBIKAHUSAM 4Yepe3  IEePEeXOJaHOE
CONPOTHUBJICHUE, OOYCJIOBJICHHOE TEM, YTO B HAYAJIbHOW CTaJWU 3aMbIKaHUS Ha
3EMJII0  TIEPEXOJHOE COINPOTUBIICHUE OMNPEACISICTCA IPAKTUYECKHA  TOJBKO
COINPOTUBIIEHUEM JYTH;

— OoJplllie 3HAYCHUS aMIUIMTYJl TIEPEXOJHBIX TOKOB, YIIPOIIAIOIINAE
OTCTPOUKY OT TOKOB HeOasaHca (UIBTPOB TOKA HYJIEBOW MOCJIENOBATEIHLHOCTH U
obecrieueHUsT BBICOKOM ITOMEX0YCTONYMBOCTH M YYBCTBUTEIIBHOCTH 3aIIHUT;

— ONpENECIICHUE 3HaKa MIHOBEHHOW MOIIHOCTH B HAYAJIBHOW CTaJIUU
IIEPEXOIHOTO IIPOoLIECCa.
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Pucynok 57 - BkitoueHre HCTOYHUKA KOHTPOJIBHOTO TOKA U TOKOBBIX
3amuT oT O33. pearupyromux Ha «HAJ0KEHHBIN» TOK ¢ yacToTou 25 ', B cetn
TEHEPATOPHOTO HATIPSKEHUS

HampaBnennsie ummynbcHble 3amuThl  OoT 33, OCHOBaHHBIE Ha
WCIIOJIb30BAaHUN HAYaIbHBIX (Da3HBIX COOTHOIICHUW DSIEKTPUYCCKUX BEIMUNH
NEepPEeXoqHOr0  Mpoliecca, MO3BOJISIIOT MPUMEHATh MX B CETSIX  JIIOOOHU
KoH(pUrypamuu, 00ECIeUYNBAIOT HEKPUTHYHOCTh K Pa3IMUUI0 XapaKTEPUCTHK
tpanchopmaropoB Toka HII, nckimodaroT He0OX0AMMOCTh B BBIOOpE MapameTpoB
cpabaThIBaHUSI.

Haubonee s dextuBHOE U yHUBEpCAIbHOE pelieHue B yacTu 3amut or 033
C ICMCTBUEM Ha OTKJIIOYCHUE /11 KOMIICHCUPOBAaHHBIX ceTeit 6-10 kB MoxkeT ObITh
MOJIy4Y€HO Ha OCHOBE CIEAYIOUTUX TPUHIUIIOB!

— HaIpPaBJICHHOCTh B MEPEXOIHBIX U yCTaHOBUBIIKNXCS pexkumax O33;

— CEJIEKTUBHOCTh M BBICOKAsl YCTOWYMBOCTh (DYHKIIMOHUPOBAHUS MPU BCEX
pazHoBugHoCcTsAX O33, BKIOYAas JyroBble TMPEPHIBUCTBIE U JIYyTOBBIE
nepeMeKaroIuecs 3aMbIKaHUS;

— HEMpPEpPBIBHOCTh AEUCTBUS IPpU ycTOounBBIX O33;
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— BO3MOXHOCTh  (PUKCAIIMM  KPATKOBPEMEHHBIX  CAMOYCTPAHSIOUIUXCS
po0OOeB U3OJIAIHUU.
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12 Cetn 6-35 kB ¢ pe3ucTUBHBIM 3a3eMJIeHHE HEHTPaIH

BriOop crocoba 3azemiieHuss HeWTpanu B cersx 6-35 kB pemaercs mo-
pazHoMy. JTOT (akT caM 1o cebe TOBOPUT O TOM, YTO HU OJIMH W3 H3BECTHBIX
CIoco0OB HE UMEET abCOIOTHOIO MpeuMyIIecTBa nepea Apyrum. Kaxxapiii u3 Hux
UMEET CBOM JOCTOMHCTBA M HEJAOCTATKH, U HEOOXOJUMO peliaTh, KaKhue U3 HUX B
JTAHHOM KOHKPETHOM CJIy4ae sIBJISIOTCS 00Jiee BaXKHBIMHU.

[lenecooOpa3HOCTh  KOMIIEHCAIIMM  €MKOCTHbIX TokoB 033  myrtem
npumenenus JII'P, nokazano B 1enoM psje HayuHbIX pa0oT. [Ipu sTom cTaBuiach
IIeJb — YMEHBIIUTh 00BEM MOBPEXKICHUS OOOpPYAOBAHHUS MPH MPOTEKAHUH TOKA
033, coxpaHutb B pabOTE€ MOBPEXKICHHBIA 3JIEMEHT, IOBBICUTh YPOBEHb
oe3omacHocTd. Ha mepBoM »Tame pa3BUTHUSA CETEH, ATO pelieHue, 0e3yCIIOBHO,
CBITPAJI0O CBOIO TOJIOKHUTEIBbHYIO POJib. BMecTe ¢ TeM eCTh W OTpHUlIATEIbHbIN
OIIBIT, TO €CTh CTAJIM IPOSBIIITHCS HEAOCTATKU UCTIONIb30BaHus 11 'P.

['1aBHBIN BOIPOC O TOM, HACKOJIBKO YK€ MOBPEkKIACHHBIA ITpu O33 anemMeHT
11eJeco00pa3HOCTH  COXpaHATh B JallbHEHmmenn pabore. OdveBHUIHO, YTO
BEPOSITHOCTh MOBTOPHBIX MPOOOEB TAKOTO 3JIEMEHTA BBIIIE, YTO BCETla MPUBOJIUT
K TIOSBIICHUIO TEPEHANpPSHKEHUA B CETH W Yrpo3€ IMOBPEKICHHUS JPYroro
anekTpoobopyaoBanus. [loaToMy B Ka)xa0il cUTyallMu 3TOT BOMPOC HEOOXOIAMMO
pemaTh UHAUBUIYAIbHO.

B Tex ciydasix, korna ceTh pa3BeTBICHHAS, TPYAHOIOCTYIHBIE /Il PEMOHTA
(Hanpumep, KabeabHAast CETh B TOPOJCKUX YCIOBHSX) OTCYTCTBYET aBTOMATHYECKOE
pe3epBUPOBAHUE MOBPEKIECHHOIO MpucoeauHeHus. [Ipu 3ToM U3BECTHO 3apaHee,
YTO TOK TOBPESKICHHUS BeChbMa HEBEIHMK (IPU TOCTOSHHOW aBTOMATHYECKOM
nojctporike  JII'P), KOTra  HEMEIJIEHHOE  OTKJIIOYEHHUE  MOBPEKICHUSA
nenecoobpasHo.  Pamu  coxpaHeHHsT — DNEKTPOCHAOXKEHMs]  MOTpeOUTENeH,
MOBPEXKIECHHOE, HO COXPAHUBIIIEE CBOU U30JISIIITUOHHBIE CBOMCTBA MPUCOECAUHEHUE,
MO>XHO BPEMEHHO COXpaHUTh B pabore. Ecinu ceTh CpaBHUTENBHO KOPOTKafi,
XOpOIIIO JOCTyIHA, B OTHUX CIydYasx OoJjiee TPEANOYTHTEIBHBIM SBIISETCS
CEJIEKTUBHOE OTKIIIOYEHUE TMoBpexaeHHoro mnpu O33 smeMeHTa JelHCTBUEM
pPEIEHOM 3aIUTHI.

OTKiII0YEHNE TOBPEKIECHHOIO 3JEMEHTA U €r0 CBOEBPEMEHHBIA PEMOHT
NOBBIIIAET HAJAEKHOCTh PAaOOTHI BCEM CETHU € AIIEKTPOCHAOKEHUEM MOTPEOUTEIIEH.
[Ipy  OTKJIIOYEHHM  TOBPEKIEHHOTO  MPHUCOCIMHEHUS  OOecreyrmBaeTcs
ycrporicteamu  ABP, AIIB, BHegpeHnem caMoO3allyCka OTBETCTBEHHBIX
sanektpoapurareneii. ABP npu O33 Ha mnuraromemM NPUCOSAUHEHUHM MOXKHO
BBINOJIHATH ~ ObIcTponelcTByromiuM  BAIIB, mnpu koTtopom  moTpeOUTENH
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MPAaKTUYECKU HE MMOYYBCTBYET MEPEPHIBA B MUTAHUHU.

['openne 3azemiisitolieil Qyrd B y3koM KaHasie (kaOesie) CONMpOBOXIaeTcs
(dboHTaHOOOPa3HBIM BHIOPACHIBAHHEM MPOBOJISIIMX JJIEMEHTOB, 00Pa30BaABIIMMHUCS
ra3aMy BO BHEIIHIOIO aTMocdepy.

[Tocne oOpwiBa 1yru Mpu OCTHIBAHUM OOPA30BABIIIETOCS ITy3bIPs JAaBICHUE B
HEM IaJacT W MoJ JACHCTBUEM YIUIOTHCHHOW Pa3KMKCHHOW MAacTHKH (WM Maclia)
ra3oBbIM Iy3bIPb HAYMHAET 3aIOJIHATHCS IMPEKJIE BCETO MACTHKOM, 3arpsSA3HEHHOU
yTJIEPOJOM, OKHCIAaMU METAUIOB U acdanbTeHaMmu. J[MdJIeKTprudecKasi MPOUYHOCTh
B MECT€ MEPBOHAYAIBLHOTO MPOOOSI PE3KO IMajiaeT, YTO CO3JAaeT OJarompUsTHbIC
YCJIOBUSL JJISI TOBTOPHOTO Mpo0OSs, MOCAE KOTOPOro MPOIECC TalleHUusl IyTH
MPOTEKAET TEM K€ MOPSAIKOM, UTO U IIPU IEPBOM.

[To mepe HakamMBaHus B MeCTe€ MpoOOS TMOCTHE KaKIOro 3a)KUTraHus
HPOBOAIINX 3JCMEHTOB (3arps3HEHUI), WHTEPBAIbl MEKIY MMOBTOPHBIMH
3QKUTAaHUSIMUA COKPAIlAlOTCS M Jyra MOCTENEHHO MEPEeXOJUT K YCTOHYHUBOMY
TOPEHUIO, B PE3yJIbTaT€ KOTOPOTO MOKET MPOU3OWTHU B3PBIB, €CIIM JIyra FOPHUT B
3aKPBITOM O0BEME.

[Ipu 3amibiBalomIMX MPOOOSIX WHTEPBAJIBI BPEMEHU MEKIY IMOBTOPHBIMU
3QKUTAaHUSIMU B 3HAYUTEIBLHONW MEpe 3aBUCSAT OT BSI3KOCTM MACTHUKH WJIM Maclia
(kMHEMATHUYECKOW BA3KOCTH). Takhe MpoOOM TMOSBISIFOTCS BHAYajie B BHIC
MPaKTUYECKA HE3aMETHBIX KJIEBKOB. OIHAKO, MPU MOBTOPEHUIX UX IITUTEILHOCTD
YBEIIMYMBAECTCS U B CETU MOTYT IMOSBISITHCA 3aMETHBIE CMELICHUS HEUTpAJIH.
[TocnencTBue mepeHANPsHKEHUH 3aKITI0YACTCS B KYMYJSITHBHOM Pa3BUTHU CIIA0BIX
MECT, TO €CTh KaXJI0€ BO3JEHCTBUE HX TMOArOTAaBIMBAET MpPOOOH mpu
NOCJIEAYIOIINX CIIyYalHbIX NepeHAPSIKEHUSIX.

OddexTuBHOCTh pekUMa 3a3eMIICHHS HEUTpadu NPHUHITO OIEHUBATH
otHomreHneM uymcia O33, He mepemieamux B JBOMHOE 3aMbikanue (/[33) wim
MexayhasHoe kopoTtkoe 3aMbikanue (MK3), oTKiIF0ouaeMbIX pesieiHON 3aIuTo , K
obmemy umciay O33. DdPekTUBHOCT, pekuMa 3a3eMIICHHS HeUTpanu
paccuuThiBaeTcs o gpopmysie 23.

[Tokazarenp pexxuma 3a3eMJICHUS HEUTpaid MOXKHO PacCMaTpuBaTh Kak
MOKa3arelb, XapakTepU3YIOIUi HAJE)KHOCTh (YHKIIMOHUPOBAHUS DJIEKTPUUYECKON
cetu ¢ O33.

B cooTBeTcTBMM C MHOTOYMCJICHHBIMH IyOJMKAIUSIMU UM OIBITOM
JKCIuTyatanuu, S(PQGEeKTUBHOCTh PEXKUMOB 3a3€MJICHUSI HEUTpadul CEeTH He
IIPEBBIIIAET:

— IS CETHU C M30JIMPOBaHHON HeHTpanbio — 0,7;

— JUIsI CeTel ¢ pe30HaHCHO 3a3eMJIeHHOM HelTpabio — 0,8.
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DTO 3HAYUT, PU PE30HAHCHO 3a3€EMJIEHHON HEUTpaJIblO, NMPU PE30OHAHCHOU
HACTPOMKE U HaJIO)KEHHON aBTOMAaTUKE PETyJIUPOBaHUS MHIAYKTUBHOCTH U3 JACCATH
033, faBa I0KHBI TEPeUTH B 1BYX(ha3Hbie (TpexdaszHbie) wim Mex 1y hasHbie.

Onnako, HECMOTpsi Ha OYEBUJIHBICE MPEUMYIIECTBA PE30HAHCHOTO
3a3€MJICHHS] HEUTpaJM, OMNBIT AKCIUTyaTallMM MOKAa3bIBAET, UTO HAPSIY C CETSIMHU,
UMEIOIIUMU JIOCTATOYHO BBICOKUN KOIPDUIMEeHT 3()PEKTUBHOCTH, OOJIBIIIOE
KOJIMYECTBO KOMIICHCUPOBAHHBIX CETe HMEIOT TMoKazaTenu 3S()PEeKTUBHOCTU
COMOCTaBUMBbIC WJTU JaXe XY/IIINe, YEM CETU C U30JIUPOBAHHON HEUTPAJIBIO.

OCHOBHBIMM NPUYMHAMHU TAKOTO IMOJOKEHHUS B KOMIIEHCHUPOBAHHBIX CETAX
SBJISIETCS CIIEyIOLIEe:!

— HEJIOCTATOYHOE TEXHUYECKOE COBEPLIEHCTBO IUTyHX epHbIX I[P m wnx
aBTOMATHUKH, JIOCTATOYHO BBICOKMII YpPOBEHb 30HBI HEUYBCTBUTEIHLHOCTH,
HEOOXOMMOCTh BBEJICHUS BBIJCPKKH BpeMEHHU PaOOThI MpH paboTe aBTOMATHKHU
HACTPOMKH, HEOOXOUMOCTh OJIOKHpOBaHUs paboThl aBTOMaTUKU Tipu O33;

— HecuMMETpHs (a3HBIX eMKOCTEH B BO3IYIIHBIX CETSX;

— OOJIBIIIKE 3HAYCHHUST OCTATOYHOTO (HE CKOMIICHCUPOBAHHOI'0) TOKAa B MECTE
033 npu 6onpmmx Tokax O33 u3-3a BIUSHUS aKTUBHOM cocTaBisronieil Toka 033
Y BEJINYMHBI TADMOHUYECKUX, IPUCYTCTBYIOMIHNX B TOKe O33;

— HEJOCTAaTOYHOE TEXHHYECKOE COBEPIIEHCTBO YCTPOMCTB 3alllUThl H
CEJICKTUBHOM curHanuzauuu Hanuuuss O33, npuBoIdIMX K HEOOXOJIMMOCTH
YBEJIMYEHHUSI OCTATOYHOIO TOKAa B MeECTE€ TMOBPEXKICHUS Il oOecreyeHus
TpeOdyemMoil HaJie)KHOCTH, TO €CTh YXOJ OT PE30HAHCHOW HACTPOUKHU.

AKTHUBHAs cocTaBisomas Moxer coctaBiarh 10 10% oOmtero toxka O33.
[Toatomy mpu Tokax 200-300A ocrartounslii TOk MOXeT ObITh paBeH 20-30A u
0oJiee, 4TO MPEBBILIACT MPEJIE MO CAMONOTALIEHUIO TyTH.

bonpmas Benmumaa KO3(PUIIMEHTAa YCTOKOCHHS OTPAHUYMBACT OO0IACTh
s dextnoro nmpumenenust JAI'P u3-3a 1iauTeIbHONO BOCCTAHOBIICHUSI HAIIPSKEHUS
Ha TIOBPEKIECHHOM (aze.

B kaGenbHBIX ceTAX, MO CPABHEHUIO C BO3AYIIHBIMHU, TEPSETCS OCHOBHOE
MPEUMYIIECTBO KOMIICHCUPOBAHHBIX CETE — BO3MOXKHOCTb MPOAOJAKUTEILHON
oecniepeboitHoit padoThl cetn npu O33, Tak Kak BCAKOE 3aMblkaHue (a3bl Kabens
Ha 3eMJII0, KaK MPaBUJIO, SIBIISIETCS PE3yJIbTaTOM MOBPEXKACHUS U30JIALIMU Kalers,
KOTOpOE€ JOJKHO OBbITh HEMEIJIEHHO YCTAHOBJIECHO, a aBapUilHBbIA Y4YacTOK
OTKJIIOUEH.

[IpunsiTO pasnuyaTh ABa BapuaHTa 3a3eMJICHUSI HEUTpaJIN Yepe3 pe3ucTop:

— BBICOKOOMHOE;

— HHU3KOOMHOC.
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IIpy HHM3KOOMHOM 3a3€MJICHUM HEWTpalIM 4Yepe3 pe3UCTOp JIMHEHHOE
3HaueHue Toka O33 B MecTe MOBPEKICHUS OTPAHUYNBAETCS JIBYMsI YCIOBUSIMMU:

- obecrieyeHue YCTOMYMBOCTH (YHKIHMOHUPOBAHMSI TMPOCTHIX TOKOBBIX
3allUT HYJIEBOM mocnenoBareabHocTH oT O33 BO Beex pekuMax paboThl CETH;

— MOJHOE MCKJIIOYEHHE BO3MOKHOCTH BO3HHKHOBEHHS HamOOJee OMAaCHBIX
JIyTOBBIX NepeMexkaronuxcs 033,

OCHOBHBIE ~ XapaKTEPUCTUKH  HHU3KOOMHOIO  3a3€MJICHHsS  HEWTpaiu
npuBeeHsl B Tadnuie 10.

OCHOBHBIM HEJOCTaTKOM HHM3KOOMHOIO 3a3€MJICHHS HEUTpalu SIBIIAETCS
BO3MOXHOCTbh CYLIECTBEHHOI'O YBEJIMYEHMS YMCIAa OTKIIOYEHUH 3JIEMEHTOB CETU
M3-3a Tepexoja KPaTKOBPEMEHHBIX CaMOYCTpaHSOMMXcs (MpU APYTrHX PeKUMAX
HEUTpaJIu CeTH) MPOOOEB U3OJISIUK B yCTONUNBBIC TTOBPEKICHHSI.

Tabmuma 10 — XapakTepucTuka peXuMa HH3KOOMHOTO 3a3eMJICHUS HEHTpaiu
4epes3 pe3ucTop

JlocTonHCTBA Henocratku
1. ITpakTUYECKH UCKITIOYAETCSI BOBMOXKHOCTh 1. JloriomHUTENbHBIE 3aTPAThl HA 3a3€MJICHHE
JaJbHEUIIIETO pa3BUTHS OBPEKACHUS, HEWUTpaIM CETH YEpe3 PE3UCTOP

Hampumep, nepexoqa O33 B 1BOWHOE
3aMbIKaHHE Ha 3eMJTI0 Wi Mexaydasznoe K3
(rpu OBICTPOM OTKITIOUCHHUHU TIOBPEIKICHHOTO

JJIEMEHTA)

2. IIpocroe pemieHre mpoOIeMbl 3aIUTHI OT 2. HeBo3moxHOCTB paboTsl cetn ¢ 033

033

3. I1oJTHOCTBIO HCKITIOYAETCSI BO3MOYKHOCTD 3. YBenuueHue yncia OTKIIOYCHHH
BO3HUKHOBEHUS AYTOBBIX MPepbIBUCTHIX O33 | 000pya0BaHUS U IHHUIA U3-3a IEPEXOI0B

(mpu ToCTAaTOYHOM ISl MX TIOAaBJICHUS KPaTKOBPEMEHHBIX CaMOYCTpaHstoumxcs (mpu

3HAUCHUS HAKJIA/IBIBAGMOI'0 aKTUBHOTO TOKA) | JAYTOBBIX PEXKUMAX 3a3E€MJICHUS HEUTPAITH)
po0OOEB M30JISIIUH B TIOJHBIC (3aBEPIICHHBIC)

npodou
4. YMeHbIIaeTcs JITUTEIHHOCTh BO3JIeHCcTBUSL | 4. BO3MOXXHOCTD YBETTMUEHHS B HEKOTOPBIX
Ha U30JIAIHIO JIEMEHTOB CETH cltydasix 00beMa OBPEXKICHHST 000PYyI0BaHUS

nepeHanpsHKeHNH Ha HETIOBPEKACHHBIX (a3ax | (u3-3a yBenuueHus Toka 033)
B IIEpEeXOIHBIX pexxumax 033

5. UckmrouaeTcst BO3MOXKHOCTh 5. BO3MOXHOCTh BOHUKHOBEHUS TyTOBBIX

BO3HUKHOBEHHS npepbIBUCTBIX O33 pu HEAOCTATOYHO

(beppope3oHaHCHBIX MPOLIECCOB B CETH OO0JIBIINX 3HAYEHUAX HAKJIAIbIBAEMOTO
AKTUBHOTO TOKA

6. YMeHbIaeTcst BEpOSTHOCTh TIOPAKEHUS 6. Bo3M0XHOCTh BTOPUYHBIX TTPOOOEB B

JIIOAEH MIIN )KUBOTHEIX TOKOM O33 B Mecte TOYKAX C OCJIA0JIEHHOM U30JISIUEN 3 CUET

MOBPEXKACHUS MepeHanpsHKeHN Ha HEMOBPEXACHHBIX (hazax

(mpu mepBoOM poboe U3OIAIUH 110 2,5
Ud.HOM), 10 OTKITIOYCHHS 3aIIUTOM
MOBPEXKICHHOTO 3JICMECHTA

7. YBenIr4eHne Yruciaa OTKIFOUYEHUN
BBIKJIIOUATEJIEN DJIEMEHTOB CETH
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['maBHOW LENIBI0O HU3KOOMHOTO PE3UCTHUBHOIO 3a3€MJIEHUSI HEUTpaIu CETU
aBsieTcss ObicTpoe oTkiIoueHre O33 pesieiHoM 3aluTol 1 MaKCUMaJIbHBIN OXBatT
O0OMOTOK 3JICKTPHUYECKUX MAIIWH (IBUTaTesell, reHepaTopoB, TpaHcHopMaTopoB)
samuto ot 0O33. Ilpu »osTOoM Takxke oOecneyuBaeTcs  IOJABJICHUE
nepeHanpsLKeHui U (Peppope3OHaHCHBIX SIBICHUM.

HuzkooMHOE pe3nCTUBHOE 3a3€MIICHUE HEUTpalyd CETH OCYLIECTBISIETCS C
MOMOIIBI0 CHEIUATBHOTO TpaHcPopMaTopa 3a3eMIICHUS HEUTpaau CO CXEeMOu
coeauHeHus: oomotok Y/A, cormacHo pucyHka 58,a pesucrop Ry BIHOUaroT
MEXy HyJIeBOoM Toukoil 00MoTkr BH 1 koHTYpOM 3a3emiieHus!.

ComnpoTuBiieHHE pE3UCTOpa BBIOMPAIOT HAUMEHBIIUM, HCXOAS M3 JIBYX
YCIIOBUU:

- mpeaoTBpaiieHue rnepeHanpspbkeHuit npu 033 (pe3ucTop  JA0KEH
CO3/1aBaTh TOK HE MeHee eMKOCTHOro Toka 033);

— TOK HE MEHeE €EMKOCTHOro Toka 033,

3azeMiieHUE HEUTpalnd Mpu OOOMX BapHaHTaX PE3UCTUBHOTO 3a3€MIICHHUS
HEUTpaJIM, paspsoKas €MKOCTh CE€TH B TPOMEXKYTKE MEXKIy TalleHHEM H
3QKUTAaHUEM TepeMeXarolleics JIyr'd, CIOCOOCTBYET CHIDKEHHIO JYTOBBIX
MEPECHANPSDKEHUM. OJTO CHIJKEHUE 3aBUCUT OT COOTHOUICHHS AaKTHUBHOWU
cocrapisironieii Toka O33 u emkoctHoro Toka (I / lc). Ilepenampsikenus
yMeHbImaoTes 10 BenmmunH 2,4Ug W COOTBETCTBYIOT TMEPBOHAYAIBHOMY IHKY
HaIPsHKEHUS Ha MOBPEXICHHOM (ase.

[TpenenpHOE CHIDKEHHE TIEPEHANIPSDKCHUH TPAKTHYSCKU HacTymaeT mpu |, /
Ilc = 1. JanbHeiiliee yBenuyeHUE aKTUBHOW COCTABJISIONIECH HE CKAa3bIBAaeTCS Ha
BEJIMYMHE TMEPEHANPSHKEHNM, OTPAHUYMBAIOIICH AKTUBHYHO COCTABIIAIOLIYIO TOKA
033. 3a3zemiieHre HEUTpaIu BRIOMPAIOT TaKUM, TIPH KOTOpoM TOK O33 mpeBbIlaeT
MaKCHUMAaJIbHBIA Pabo4mili TOK Harpy3KH.

E) )
Gy o
(Bo-"" (F-""

T3H T3

Pucynoxk 58 - Cxembl MOJKITIOUEHUS PE3UCTOPA K HEUTpau CETH
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[Ipy HHU3KOOMHOM 3a3€MJICHMM HEWTpaIu 4Yepe3 PE3UCTOP MUHHMAIbHOE
3HaueHue Toka O33 B MecTe NOBPEKACHUS OTPAHUYHUBAETCS IBYMsI YCIIOBUSIMU:

- o0ecrieyeHue (PyHKIIMOHUPOBAHMS MPOCTHIX TOKOBBIX 3alllUT HYJIEBOU
MOCJICIOBATEILbHOCTH, TaK KakK MpU MPUMEHEHUU HITOTO METOAa OTKIHYaeTCs
MPUCOEUHEHUE C  «3EMJIEM» C MHUHUMAaJIbHOM  BBIJIEP)KKOM  BPEMEHH,
00ecCIIeunBaIoIIE CEJIEKTUBHOCTD,

— TOJIHOE€ MCKJIFOYEHUE BO3MOKHOCTH BO3HUKHOBEHHUS HanOoJiee OMAaCHbBIX
JyTOBBIX IepeMesxkaromuxcs 033;

— BO3MOXHOCTh Pa0OTBhl ¢ HEYCTPaHUMOU OOJbINON (ha3HOW E€MKOCTHOU
HECUMMETPHEH.

B GosbmivHCTBE ciydaeB, MPU UCTOIB30BAHUM TAKOW CHCTEMBI 3a3€MIICHUS
HEWTpaau, HaINpspDKeHHWe, MosBsgiomieecs Ha pesucrope npu 033, OMu3K0 K
(ba3zHOMY HANPSDKEHHWIO CETH, a TOK Yepe3 PE3UCTOP MPAKTUUECKH PAaBEH TOKY B
MECTE TOBpEXKIEeHUsA. ITO copaBemmmBo B cetu ¢ O33 Ha BbIBOAAX
TpaHchopmaropa u reepaTopa.

IIpu O33 B reneparopax, TpaHchopmaropax, JiekTpoapuraressix Tok 033
Oynetr menbie. Ecnu 3amplkaHue TPOUCXOAWT HAa HEUTpaliu ammapara, TO Ha
3a3eMJISIOIIEM PE3UCTOPE HAMPSHKEHUE HE MOSBUTCS. B MPOMEKYyTOUHBIX TOYKAX
O0OMOTKH MEXIy HEUTpaisiMu W BBojamMu TOK O33 M3MEHHUTCS OT HyJsA JO TOKa
Npu 3aMbIKaHUM Ha BBIBOJAAX. 3a3eMIISIONIME PE3UCTOPHI BBIOUPAIOTCS MO
HaYaJIbHOMY TOKY 0e3 y4eTa Harpena.

3a3eMJISIOIIME PE3UCTOPBl U UX TpaHC(OpMATOPbI BHIOMPAOTCS MCXOAS U3
OTPAaHUYEHHOr0 BPEMEHH NPOTEKAaHUs TOKAa. BpeMeHHOW MHTEpBaj, NPUEMIIEMbIN
JUIL TaKUX CHCTEM OIPEACISIETCS TEPMHYECKOM CTOMKOCTBIO PpPE3UCTOpPA, HO
JIOJKEH OBITH HE OoJiee 3c.

[Ipu wucmonp30BaHUM IS TOMKIIOYECHHS PE3UCTOpa TpaHchopmaropa co
cxemoit coemuHeHHs Yo/A -11 wunm  «3ur-zar» 0e3 BTOPUYHOW OOMOTKH
HOMHUHAIBHBIA TOK TpaHcopMaTopa OMpeaensercs HOMHHAIBHBIM TOKOM
pesucropa. B aTom cityyae TpaHncopmMaTop pacCUMTHIBAETCS HA TIPOTEKAHUE 3TOTO
TOKa B TEYCHHE PACUETHOTO BPEMEHU TEPMHUYECKOM CTOHWKOCTH pe3ucTopa 0Oe3
MOBBIIIEHUS €70 HOPMUPYEMBIX TTaPaMETPOB.

B 3aBucuMocTH OT mnapaMeTpoB CE€THU B CHUCTEMax C HU3KOOMHBIM
3a3eMJICHHEM HEWUTpalii MCHOJIb3YETCS PE3UCTOP, KOTOPHIM OrpaHUYMBAET TOK B
MECTE TIOBPEKIEHHUS O OTHOCUTEIIBHO HEOOJBIIOTO 3HAYEHUsS MO CPABHEHUIO C
TOKOM Mexaydaznoro koporkoro 3ambikanusi 50-100A. Benuuwna 3TOoro Toka
JTUKTYETCSl TPEOOBAHUSMH PEJICMHON 3allUThl. ITOT METOJ MOXKHO NMPUMEHSATH B
cetu ¢ 6oapmMMu TokamMu O33 Mpu HAJIMYUU BBICOKOW CTENEHU PE3epBUPOBAHU.
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HaubGonbmuii 3pdext 3ToT MEeToa JaeT B YUCTO KabenbHOU ceTu. B Bo3mymiHOM
CEeTH C HU3KUM YPOBHEM PE3CPBUPOBAHMS IO CETH NPHUMEHEHHE ATOTO METOJa
OTPaHUYCHO, TaK KaK OTHICKAHUE «IPOOUTOTrO» M30JATOpPA Ha KEIe300€TOHHOMN
OTIOpE BO3MOYKHO TOJIBKO IO HAIIPSHKCHHUEM.

Ha moacranmusax 110 kB ¢ 3a3emiieHHON dYepe3 pPe3nCTOp HEUTpalbio B
ceTsax 6-35 kB ycnoBusi 351eKTpoOE30MacHOCTH COOMIOJAIOTCS BCErna, Tak Kak
CTeKalImMii B 3eMiIt0 Tok ¢ Heutpamu npu 033 B cetm 6-35 kB Bcernma
3HaunTesbHO MeHblle Toka OK3 B cetu 110kB. I'myxoe 3azemiieHue HelTpanu
NEePeBOJAUT OTH CETHU 1O TpeOOBaHMSIM K BEJIMYMHAM  COMPOTUBIICHUS
3a3eMJISIONIET0 YCTpOoHcTBa B ceTu ¢ Oosbimnumu Tokamu OK3, uto motpeboBasio
OBl OOJBIITUX KATUTAIBHBIX BIOKEHUN MO PEKOHCTPYKIIUUA KOHTYPA 3a3€MJICHUS.

ComnporusiieHue pe3uctopa i cxeMbl 58(a) Beruucisitor 1o popmyie 74:

Ry = Ugy / V3¢ (74)

a CONPOTHUBJICHHUE Pe3ncTOpa JijIs cXeMbl 58(0) BEIYHCIAIOT 110 popmyiie 75:
Rg < 27Ugy / V3K%1c (75)
rne Upy — JWHEHHOE HANpPSHKCHHE CTOPOHBI BBICIIETO HAIPSDKCHUS

TpaHncdopmaropa, B;
|lc — emkocTtHOI TOK O33,A;
K — koaddunment tpanchopmanuu Tpanchopmaropa.

[Mpu wammumu TCH co cxemoit coemamHenus oOMotok Yo / A -11
JOIYyCKaeTCs BKIIIOYCHUE pe3ucTopa B HelTpanb TpaHcpopmaTopa (0OMOTKH
BBICIIIETO HAIPSDKEHUS) MPH YCIOBUU MPOBEPKU TepMudeckor ctoiikoctu TCH B
pexume O33 110 ycioBuio 76:

Lon = J{l,ll HOM)Z — (I;F} 2 (76)

rae lp — Tox uepes pesuctop B pexume O33;
liors =Sion/ V3U — HOMHUHAJIBHBI TOK TpaHncdopmaropa,;
Sion — HOMUHATEHAS MOIITHOCTH TpaHchopMaTopa.

[Tpy HU3KOOMHOM 3a3eMJICHHH HEHTpald MOXKHO BBIJCIHMTH CIIEIYIONIUE
cxeMHbIe BapuaHThl (prucyHok 59):
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Pucynok 59 - TynukoBas nojcraniuys, He uMeroias (guaepa cBs3u C
JOPYTUMU MOJCTAHUUSIMU
Eciu or Takoi monacranuuu 3anutanbl PII, nMeromiue BBIKIIOYATEIH, TO
nenecoobpazHo npousBectu yctaHOBKY u B PII ycrpoiictBa P3A nHa neiictBue
CEJIEKTUBHOTO OTKJIFOUEHMS ydacTka npucoeannenus ¢ O33. Takoe meponpusitue
IIO3BOJIAET YMEHBUIUTD YUCIO OTKIF0YeHuH rmpu 033,
[Ipu BBIXOAE ©3 CTPOS PE3UCTOPOB JHOO TpaHcpopMaropa, s
noAKIIoYeHus: pesucropa pexum 033, M0 BO3MOXKHOCTH, [OJDKEH OBITh
KpaTKOBpeMeHHbIM (prcyHOK 60).

935 533 295

Pucynok 60 - [Toactanius ¢ 3a3eMJIICHHOM uepe3 pe3ucTop HEUTpaiblo,
UMEIOILas CBSI3b € MOJACTAHIMEN 0€3 KOMIIEHCAIIUU eMKOCTHBIX TOKOB
[Tpu mutanuu [1C-2 ot [1C-1 BeikmtouaTens B-3 momkeH ObITh MOIKIIOUEH K
ycTporictBy P3A or O33 Ha OTKIIIOUEHHE BBIKJIFOYATEIISI IPU BO3MOKHOCTU MMHUTA-
Hus [IC-2 mo ppyrum cBs3sim. B stom cmywae mpu O33 B cetu mocine
BBIKITIFOYaTes st B-3 ceTh mepeiiner B HOpMabHbIH peskuM padboThl (pucyHok 61).
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Pucynok 61 - [ToacTanuus ¢ 3a3eMJIICHHOM 4yepe3 pe3ucTop HEUTpabio
MMEET CBSI3b C MOACTAHIIUEN C KOMIIEHCAIIMEN EMKOCTHBIX TOKOB IPH MOMOIIN
AI'P.

Pexxum paboThl ceTH MO TakoW CXeMe KpaTKOBPEMEHHBI Ha Mepuon
nepexiatoueHus: Harpysku. [Ipu mapamnensnoit padore IIC-1 u I1C-2 B pexume
O33 CeneKTUBHO OTKIIOYAIOTCA BBIKIIOYATESIM Ha  IIOACTAHIUAX, WU
pacupeaenurenbHom nyHkre PII. Ilpm orcyrctBum PII ¢ BeikmtouarensmMu u
nosieiieanu O33 B cetu, nuraromemcs ot 11C-2, oTkiroyaeTcst BBIKIOYaTenbp B-1.
B sTom citydae ceth nmepexouT Ha paboTy B HOPMaJIbHOM PEKUME.

Pucynok 62 - Ha neproJy peKOHCTpYKLIMH NOJCTaHIMK JOITyCKaeTcs: paboTa
OZHOM CEKLIMU C 3a3€MJICHUEM 4€epe3 Pe3UCTop, a Apyrou uepes AI'P.
I'maBHOI 1LENBIO BBICOKOOMHOTO 3a3€MJIEHMsI HEWUTPAUd CETH SBIAETCA
OTpaHMYEHUS] JYTOBBIX MNEPEHANPSHKEHUH W (eppOpe3OHAHCHBIX SBICHUN NpU
OJIHOBPEMEHHOM 00E€CIeYeHUH JUIUTENbHON paboThl ceTh ¢ O33 Ha BpeMs moucka
Y OTKIIIOYEHHS IOBPEXKIEHHOTO IPUCOECAUHEHNSI OIIEPATUBHBIM IIEPCOHAIIOM.
CHuxeHue HanpspKeHHs] Ha HEUTPalu M OrpaHUYeHHE NTepEHANPSIKEHUN TpU
OYTOBOM 3aMBIKaHUU Ha 3€MJIIO JIOCTHIaeTCs 3a CYET yMEHBIIEHUS IOCTOSHHOU
BPEMEHM pa3psAlla €MKOCTH 310pOBbIX (a3 BO BpeMs OecTokoBoi mayssl t, C
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NOMOIIbIO  CHEHUAIBHO  MMOJKIIOUEHHOTO  PE3UCTOpa,  O00ECIEeYMBAIOLIETO
YMEHbBIIIEHHE AKTUBHOTO COMPOTHUBIEHUS IEMH TMPOTEKAIOIIET0 TOKa HYJIEBOU
[OCIeI0BaTeNbHOCTH.  Pe3ucrop mojkimtodaercs K CETH C  MOMOUIbIO
TpaHchopmaropa co cxemoit coeunenus Yo / A -11 (pucynok 58a) wiu HelTpaib
ooMoTku BH TpaHchopmaTopa coeaMHSIOT ¢ 3eMJIEH, a pe3ucTOp BKIIOYAKOT BO
BTOPUYHYIO OOMOTKY TpaHcpopmaropa (pucyHOk 580) B pa3soOMKHYTHIH
TpeyroiabHuk. Ilpu 3TOM MarHuTONpOBOA TpaHchopMaropa MJOKEH OBITh
OpoHEBOM KOHCTpyKIuU. (CxeMa MOAKIIOYEHUs pe3ucTopa  ONpEeNeNsieTCs
CTPYKTYypOll ceTH U mapaMeTrpamMu MOJKIIOYEHHUs pe3ucTopa K HeWTpaiu
Tpancopmaropa. IIpu 3TOM MOIIHOCTH YCTpPOICTBa ONpEAENSETCS HCXOAS W3
HEOOXOJUMOCTH JJuTeNbHOM paborel B pexume O33 u  obecnedeHus
NEPUOAMYECKOTO MpoIlecca pa3psiaa EeMKOCTH B TEUCHUH 0€CTOKOBOM May3bl.

Jlnig oOecrnieyeHus MOJIHOTO paspsja eMmkocted (a3 3a Bpems t, paBHOE
0,008-0,010c, compoTuBiieHrE pe3UCTOPa BHIOUPAIOT U3 YCIOBHUS, YTOOBI aKTHBHAS
COCTaBJISIIOLIAsl TOKAa 3aMblKaHMs Ha 3emir0 |g ,0b1a poBHa wiM Oosnblie
eMKocTHOH cocrtaisronieir O33: Iz > Ic.

Hcxoas u3 3Toro, CONpOTUBIIEHUE PE3UCTOPA JUISL CXEMbl BBIYHUCISETCS 110
bopmyine 77:

RN = UBH / \/3IC (77)

IIpy yBeJMYEHHWH CONPOTUBIEHUS pE3UCTOpa MO CPaBHEHUIO C
BBIYMCIIEHHBIM 10 (hopMmyJie 77, Hamps>KEHUE Ha HEUTpaiau 3a BpeMsi OECTOKOBOM
may3bl CHHXKACTCS HE JI0 HyJIS, a 10 KOHKpeTHOU BennunHbl AUy, 94TO npuBOAMT K
YBEJIMYECHHUIO YPOBHS JYTrOBbIX MEpEHANPSKEHUH.

Ecnu npuHsATh, 4TO pU BRICOKOOMHOM 3a3eMJIeHUH HelTpaiu, Tok O33 He
JOJDKEH TMPEBbIIaTh MPEACNIbHBIX 3HAYEHWUW, MPUHATBIX JUISI CETH C
U30JIMPOBAaHHOM HENTpanblo, TO Ipu R = Xcy cymmaphsiii eMKocTHOM Tok O33
MOKEH ObITh B V2 MEHbINE, YeM JUIi CEeTH C H30JIHPOBAHHONW HEHTPAIIBIO.
[TosTOMy mpUMEHEHHE HTOr0 BapHaHTa 3a3eMJICHUS HEUTpaiM 1esiecooO0pa3Ho B
ceTsax ¢ MainbiMu Tokamu O33, U, B MEpPBYIO OYepenb, B COOCTBEHHBIX HYXkAAaX
AIEKTPOCTAHLIMIMA,

OnTuManbHOE 3HAYEHHE CONPOTHUBIEHHMS BBICOKOOMHOI'O  PE3UCTOPA
omnpenaensercs mo ¢popmyie 78:

R=T/3C=0,001/33C=1/300C (78)

rnie T = 0,01/3 — mocrosHHas BpeMEHU pas3psijga EMKOCTH HYJICBOU
MOCJIETIOBATEILHOCTH;
C — eMKoCTh (ha3bl Ha 3eMJTIO.
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[TocTosinnass Bpemenn T oOecnednMBaeT MPAKTHUYECKU TOMHBIA pPa3psija
€MKOCTH 3a IMOJOBHHY NEPUOAA MPOMBIIIJIEHHONM YacTOThI MOCJIE OYEPEIHOIO
IIOracaHusl MePEMEKAIOLICHUCS TyTH.

Benuunna pesucropa MoOXKeT OBITh BbIOpaHa MEHbIE TEX 3HAYCHUH,
KoTopble ompenenstorcs no dopmyne 78. Ilpu atom sddext orpanuyueHus
MEPECHANPSHKEHUM OCTAeTCS HE MEHbIIE, YeM MpPU ONTUMAaJIbHOW BEJIUYMHE
conpotuBieHus. OnHAKo, TMOSBIAETCS BO3MOXKHOCTHh  II€JICHANPABIECHHOTO
peryiaupoBanus Toka O33. DTO MOXET OBITh HEOOXOJUMBIM IMPU MaJIbIX TOKaX
033, xorna Tpedyercs HajexHas paboTa CEIEKTUBHBIX 3aIIIUT.

3ampemaercss MPUMEHEHUE BBICOKOOMHOTO pE3UCTOpa B  CETSIX C
PE30HAHCHBIM  3a3€MJICHHEM HEWTpaau u3-3a yBeIW4eHHs Kodhduimenrta
YCIIOKOEHHUSI H. CJENOBATEJBHO, YBEJIMYEHUE JJIUTEIBHOCTH CYIIECTBOBAHUS
nepeHanpspkeHuii. B Poccun HecMOTps Ha 3aKOHOJATENBHBIE 3aIIPEIICHUS, 3TOT
pexuM HelTpanmu 1o pekoMmeHnauusM HoBOcHOUPCKOTro TrocyAapCTBEHHOIO
TEXHUYECKOTO YHUBepcutTeTa mpumensiercs. Ha pucyHke 63 mpuBeieHbI KpUBbBIC
npouecca O33.

Pucynok 63 - JlyroBoe 3ambikaHue B ce€TH 6 KB ¢ eMKOCTHBIM TOKOM
3aMbIKaHMs 5 A IPU IPUMEHEHUH BBICOKOOMHOT'O pe3ucTopa (a) u
U30JIUPOBAaHHON HEUTpasbio (0).

N3 pucynka 63 BUIHO, YTO MEPBUYHOE 3aMBIKAHHUE, COMPOBOXKJIAIOIIEECS
NEepeHaNpPsHKCHUSAMHU IPUMEPHO TaKOM )K€ KPaTHOCTH KaK W MPHU HU30JIMPOBAHHON
HelTpanu Obulo eauHCTBeHHbIM Npu Upp > 1, Tak Kak Npu Takol BEIMYMUHE
o0ecrieunBaeTcs  MPaKTUYECKH  IOJIHOE  CTEKaHME  3apsja  HyJEeBOU
MOCJIEIOBATENbHOCTU. PAaBEHCTHO HYJIIO HANpsKEHUs HAa HEUTpaidu 3a BpeMs OT
MOMEHTA CaMOIIOTralleHus] JyI'M 10 MOMEHTa BO3HUKHOBEHMS MaKCHMAJIbHOIO
HaIpsHKEHUs Ha MOBPEXKIECHHOU (a3e, KOTOpoe CTAaHOBUTCS OJM3KUM K (pazHOMY.

Jlaxxe ecnu npoOMBHOE HaIpsDKEHHE OCIa0JIeHHOIO0 MECTa CTaHET MEHbIEe
aMIUTUTYbl  (a3HOTO  HAOpPSDKEHHs, M MOXET  YCTAHOBUTHCA  MPOLECC
MHOTOKPAaTHBIX  3aKUTAaHUW W TalleHWH  JOyrd, KpaTHOCTb  JTyTOBBIX

nepeHanpsHKeHU He TPEBBICUT TOKOBYIO MPU MEPBOM 3aXKUTaHuH, To ecTh 2,0-2,2.
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BaxHOlf 0COOCHHOCTBIO TPHMEHEHHUS BBICOKOOMHOTO PE3UCTHBHOTO
3a3eMJICHUST HEWTpalM SBISETCS TO, YTO TIPU CHUIKCHUUM EMKOCTH CETH,
IIOCTOSIHHAS BPEMEHHM CTEKaHWs 3apsga HYJIEBOW IIOCIIEOBAaTEILHOCTH Yepes3
PE3UCTOP YMEHBIIUTCS U, CICIOBATEIbHO, CTCKAHHE 3apsja OyJIeT MPOUCXOIUThH
emie OpIcTpee.

Bb100op BeIMUYUHBI COMPOTHUBIICHUS PE3MCTOpPA MO KPUTCPUIO CHIDKEHHUS
YPOBHSI TEPEHANPSHKEHW MPOU3BOAUTCS MO TpeOyeMOd CTEeNeHH 3alluThl
U30JSIIUM  CETH W AJIGKTPOOOOpPYNOBaHHMS OT TMEpPEHANPSIKCHUH, KOTOpas
OIPENEIISIeTCS JTOMMYCTUMBIM KOX((GUIIMEHTOM KpPaTHOCTH mepeHanpspkeHuid Kiy.
DTOT KOAPDUIMEHT ONPEACISICTCS COCTABOM 000PY/IOBAHUS U YPOBHEM H30JISIIHH
ceru. Ecnam Takoe TpeOoBaHHME HE BBIHOCHUTCS, TO OH NPUHUMAETCS PaBHBIM
Knp = 2,6.

B obmem ciyuae Ky ompeznensiercss HEOOXOJMMOM BETHMYMHON CHUKEHUS
ypOBHsI niepeHanpspkeruid (popmyna 79):

KH = Umax/ U(i) = 1'3,4 (79)

rie Kp = 3,4 — wmakcumanbHbIi KOI(P(GUIUEHT KPATHOCTH JTyTOBBIX
IIEpECHANPSDKEHUM [IPU U30JIMPOBAHHOM HEUTPAIIH.

B tabnuue 11 npuBeneHsl XapakKTEepUCTUKU PEKMMa BBICOKOOMHOI'O PEKUMa
3a3€MJICHHSI HEUTPAIH.

Tabnmuua 11 — XapakTepucTuka pexuMa BBICOKOOMHOTO 3a3€MJICHUS HEHTpasiu
4yepes3 pe3UuCTop

JlocTonHCTBA Henocratku

1. Bo3mosxkHOCTH paboTsl cetu ¢ O33 1o 1. JlononHUTENbHBIC 3aTpaThl HA 3a3€MJICHHE
MIPUHATHS MEp 10 O0e3aBapUITHOMY OTKJIIOUEHHUIO | HEHUTpaJId CETH Yepe3 pe3UCTop
MIOBPEXICHHOTO 3JIeMeHTa (IPH OrpaHUYCHHBIX
3HAYCHHSIX TOKA 3aMBIKAHUS B MECTE
TIOBPEKICHHS)

2. BO3MO>XHOCTh caMoraiieHusi 1yr u 2. YBenu4YeHue TOKa B MECTE MOBPEXKICHUS
camonuksuaanuu yactu 033 (mpu
OTpaHUYECHHBIX 3HaUeHHAX Toka O33 B MecTe

TOBPEKICHHS)

3. [IpakTHdeck UCKIIIOUAETCsI BO3MOKHOCTD 3. Bo3aMOXHOCTh BOBHUKHOBEHUS
BO3HMKHOBEHHUS TyTOBBIX MEPEMEIIAIOIINXCS MpepbIBUCTHIX 1yroBbix 033,

033 COINPOBOXKAAIOIINXCS TIEPEHANIPSIKEHUSIMH Ha

HEMOBPEeXICHHBIX (hazax a0 2,5 I1,.Hou
ITponomkenne Tadauier 11

4. YMeHbIIICHHE KPAaTHOCTH TIepeHanpsukeHuit Ha | 4. Bo3aMokHOCTH (¢ yueToMm 1. 3) BTOPUYHBIX
HEMOBPEXKICHHBIX (hazax Mo CpaBHEHUIO C poOOEB B TOUKAX CETH C OCIabJIeHHOM
U30JIMPOBAHHOM HEHTpabio (10 3HaUeHu 2,5 U30JIuen

[1> HoM npu epBOM Mpodoe U3OIALUN WIH
IyroBbIX npepbiBUCTHIX 033)

5. Be30omacHOCTE [UIMTENBHOTO BO3IEHCTBUS 5. OrpanuyeHus Ha Pa3BUTHE CETHU IO
NEpEeHaIPsHKEHUI B IepexoiHbIX peskuMax O33 | BenuuuHe
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JUISL BJIEMEHTOB C HOPMAJIBHOM M30JISILHEN

0. [IpakTHyecku UCKITIOUAETCSI BO3MOYKHOCTh 6. YTskeneHue ycaoBUi TalleHus AyTy B
BO3HHKHOBEHUS ()epPOPE30HAHCHBIX MPOLIECCOB | MECTE MOBPEXKICHHS IO CPABHEHUIO C
B CETU CeTSIMHU, pabOTAIOIUMU C U30JIMPOBAHHOMN

HEUTPAJIbIO WIM C KOMIIEHCAMEN
eMKocTHOro Toka 033

7. IIpoctoe penienre mpoodIeMbl 3alUThI U 7. BospIras MOITHOCTB 3a3€MIISFOILIETO
cUrHanu3anuu ycronuusbix 033 pe3ucropa (IecsITKH KMI0BATT) U MPOOIeMBI
¢ obecrieueHrueM ero TepMUIEeCcKon
CTOMKOCTH NpHU ycTonumBbix 033

JIJ1si HUK300MHOTO PE3UCTUBHOTO 3a3emiieHus HeuTpanu Ky = 1,0-2,2, mus
BeICOKOOMHOTO Kpf =2,2-2,6.

CompoTuBliecHHEe  pEe3UCTOpa MO  3aJaHHOM  KPaTHOCTH  yPOBHS
NIepeHANPSHKCHUH oTpeieNisieTcs 1Mo BeipakeHuto 80:

Ry = Xc (Kn—1) /(3,4 - Kpy)) (80)

ATTecTalMisi IPOEKTHPYEMBIX PE3UCTOPOB IO KPHUTEPHIO  CHIDKCHHS
HepEHANPSHKCHUH TPOU3BOJUTCS MO BEJIMYUHE KPATHOCTH MEpEeHANPSIKCHHM
(bopmyma 81):

Ki = (2,4Rn) / (Ry + Xc) (81)

TepMuueckass CTOMKOCTh HHU3KOOMHOTO PE3UCTOpPA OLEHHUBACTCS 10
JOILyCTUMOMY KPAaTKOBPEMEHHOMY TOKY |0, M BPEMEHH €0 MPOTEKAHUS, KOTOPhIE
JIOJDKHBI YAOBJIETBOPATH ycinoBusiM 82,83:

II[OH > |p (82)
tZ[OH > tC PE3, HO HC MCHEC 5C, (83)

rze lp = Uy pag / V3Ry — TOK, MpOTEeKaIUi yepe3 pe3uctop B pexume O33.

Haubonee pacnpocTpaHeHHBIM CIOCOOOM  BKJIIOYEHHUS PE3UCTOpAa B
HEUTpaJIb CETH SBIIACTCS YCTAHOBKA CIICIMAILHOTO TpaHCPOpMaTopa CO CXeMOU
coeauneHust Yo/ A-11, MOIIIHOCTH KOTOPOT'O BBIOMPACTCS IO YCIOBHIO 84:

ST = U2 / BKHEPRN1 kKBA (84)

rae Kpgp = 1- 0,4 — koaduimenT neperpy3ku Tpancopmaropa.

[Ipu TEXHUKO-3KOHOMHYECKOM 000CHOBaHUU 1eJ1ecCO00pa3HOCTU
PE3UCTUBHOTO 3a3eMJICHHUS HEUTpanu HEoOXOJUMO HCXOAMTHh M3 CIEAYIOLIUX
OCHOBHBIX (JaKTOPOB:

U3MEHEHHE TEXHUYECKUX apaMeTpoB cereit 6-35 kB;

ITOBBINICHNEC CPOKa CJ'Iy>K6BI H30JIALUH,

AOIIOJIHUTCIILHBIC 3aTPAaThl HA 3a3CMJICHUC HGfITpaJ]H;

3JIEKTPOOE30MaCHOCTD.
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[Tpu 3a3emsiennn HeliTpanu cetu 6-35 kB uepe3 pe3ucTop 1Mo cpaBHEHHIO C
M30JIMPOBAHHOM HEUTPAIIbIO U3MEHSIIOTCA TEXHUUECKHE MMapaMeTPhl CETH:

- yBenuuuBaercs Tok O33;

— CHM)KAETCSl YPOBEHb MEPEHANPSIKEHUIM,

— YMEHBIIAETCS MPOAOKUTEIbHOCTh BO3JICUCTBUSA MEPEHAINPSIKEHUST Ha
M30JISLMIO C HECKOJIBKUX YacOB JO0 HECKOJIBKHUX CEKYH.

[Ipu O33 B yclOBHSX PE3UCTUBHOIO 3a3€MJICHUSI HEUTPAIM CHUXKAETCS
BEPOSTHOCTH MPOOO0ST U30JISIIIUM HAa HEMOBPEKACHHBIX MpucoeanHeHusx. Cueayer
YYHUTBIBATh, YTO MPU HU30JUPOBAHHOW HeWTpamu ceredt 6-35 kB ¢ BozmymmHbIMU
JUHUSAMHU  JIOJIS TOBPEXKACHUS H3OJSIMU OT JAYroBbIX (heppOMarHUTHBIX
HepeHanpsuKeHnil cocTabiseT ~15%, a B kabenbHBIX ceTsx - & 90%,

HckiroueHre  BO3MOXHOCTH  (DEppPOpPE30HAHCHBIX  MEpEHANpPsHKEHUM
MOBBINIAET HAJCKHOCTh PabOTHl TpaHC(HOPMATOPOB HANPSHKEHHS U CHUXKACT HE
TOJIBKO MPOCTOM CETH H3-3a NOBPEXKICHUNM IO YyKA3aHHOW NPUYMHE, HO H
BEPOSITHOCTh HecpabaThIBaHUS PENCHHOM 3alIUThI TIPU MOBPEKICHUSAX DJIEMEHTOB
CETH.

Jlns BKIIOYEHHUS pe3ucTopa B HedTpanu ceteil 6-35 kB HeoOXoaumbl
JOTIOJTHUTEIIbHBIE KATUTAJIBHBIE 3aTPaThl HA!

— IPOEKTUPOBAHME MEPEXO0/IA CETU HA PEHKUM 3a3EMJICHHOW Yepe3 PE3UCTOP
HEUTpauy,

— NpUOOpEeTeHHe  CHelUaNbHOr0  TpaHcpopmaTopa Uil  BKIIOYCHHS
pE3UCTOpa, CaMOro Pe3UCTopa, TpaHC(HOPMATOPOB TOKA JJIsi HEUTpadu U BCEX
OTXOJSIIUX JIMHUM, peJie 3alUThl, OJIOKOB MUTAHUS CXEM 3alIUThl U AaBTOMATHKH;

— MOHTaX STYEHKH ¢ TpaHCHOPMATOPOM JIJIsl BKIIFOUCHHS PE3UCTOPA,

— ycranoBky TTHII;

— MOHTQX M HAJIaJKa PEJICUHOMN 3alUThl U aBTOMATHUKH.

beictpoe otkimouenune nuHuM Tpu O33 CHMXKAET CTENEHb ONACHOCTHU
MOPAKEHUS AJIEKTPUYECKUM TOKOM JIIOJIEW M KUBOTHBIX, OKA3aBIIUXCS BOIU3U
mecrta O33.

B kadecTtBe pe3ucTropa peKOMEHIyeTCsl MPUMEHEHHE pe3ucTopa (UPMBI
«bomuiy» 1. HoBocuOupck Ttuma P3. P3 mpencrarnsier co0olt coelMHEHHBIE B
AJEKTpUYECKYIO 1enb daeMeHTsl DHI'® u3 matepuana «9KOM», moMelieHHbIe B
METAUIMYECKUN KOPILYyC M JIUDJIEKTPUUYECKOM TEIUIONPOBOJHON MPOKIALKOU
Mexay koprnycom u DHI'O.

Mertaninyeckuii TepMETHYHBI KOpIyC CHAa0XEeH YCTPOWCTBOM IS
BBIPDAaBHHMBAHUS JABJIEHUS BHYTPHU Te€Ja PE3UCTUBHOrO 3yemeHTa. P3 coenuHsIoT
IIOCJIE0BATENBHO, OPUEHTUPYIOT BEPTUKAIBHO U 3aKPEIUIAOT Ha paMe. BennunHa
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3a3opa Mexnay P3 omnpenensiercss HOMUHAIbHBIM HAMNPSHKEHUEM CETH, B KOTOPOM
YCTaHABJIMBAETCS PE3UCTOP, U TEIUIOOTAAUEH B CTALIMOHAPHOM PEXHUME.

B marepuane «9KOM» Tok mpoTekaeT mo BcemMy o0beMy Marepuana. ITo
obecrieurBaeT BBICOKYIO HAJIEKHOCTh, TaK KakK B OTJIMYHE OT MPOBOJOYHBIX
HArpeBaTeNIbHBIX AJIEMEHTOB, MPOBOISIINE [ETIOYKA MHOTOKPATHO IYyOIHUPYIOTCS
110 BCEMY 00BEMY.

Komnosuunonnsii  matepuan  «OKOM»  umeeT  oTpuUATEIbHbBIN
temneparypubiii ko3ddunuent conporusienus (TKC). Ilpu mocnepoBareabHOM
coeMHeHUU 23yeMeHToB orpuuarenbHbsliii  TKC  mo3Bosisier  BbIpaBHUBATh
BBIJIEJISIEMbIE MOIITHOCTHU B PA3JIMYHBIX PE3UCTUBHBIX DJIEMEHTAX.

Pesuctop cepun P3 KOHCTPYKTMBHO BBINOJHSAETCS W3 OAHOTO WU
HECKOJIbKUX YHU(DUIIMPOBAHHBIX PE3UCTUBHBIX OJIOKOB (pUCYHOK 64).

Onucanune yHudunuposanHoro 6goka. OcHoBanue (1) ycraHoBiaeHo Ha 4-X
OIMOPHBIX cTOMKax (2). Ha ocHOBaHMM yCTaHOBJICHBI ONOPHBIC U30JATOPHI (3). 3a-
KPCIUICHHBIC HAa H30JIATOpaX M30JISIMOHHBIC MIACTUHBI (4) CITy)KaT OMOpoM Jyis
ayieMeHTOB pe3ucropa 3amuTHoro (OP3) (5). B jxecTko 3aKpeIuieHHBIX Ha WU30JIs-
TOpax BEPTHKAJIbHBIX cTOMKax (6) ycTraHOBICHA peryiupyemas MO BBICOTE H30-
JsoHHas iactuHa (7), ¢ MOMOIIBI0 KOTOPOH MPOU3BOAMTCS (PHUKCAIUS CBEPXY
AJIEMEHTOB pe3ucTopa JP3.

KoHCTpyKTUBHOE BBINIOJIHEHUE PE3UCTOPA B BUAE HaOOpa BEPTUKAIBLHO OpH-
CHTUPOBAHHBIX OTACJIbHBIX IJIACTUH CO3JAET XOPOIINI TEIIOOTBOJI OT IJIACTHUH B
BO3/IyX 3@ CUET €CTECTBEHHOW KOHBEKIIMHU. DTO JAE€T BO3MOKHOCTh CTAllMOHAPHOU
paboThl pe3ucTopa B HEMONHO(A3HOM pexuMe. B COOTBETCTBUHU C MpaBHIAMU
OKCILTyaTaly 3JIEKTPOYCTAHOBOK HETOTHO(A3HBIN PEKUM MOXKET MPOIOIIKATHCS
710 6 4 6€3 OTKIIIOUYCHUS TOTPEOUTENICH 1 pe3nucTopa.

Brimonaenne pesucropa u3 HaboOpa OTIACIBHBIX TUIACTHHYATHIX AJIEMEHTOB
AT BO3MOXKHOCTBH JIETKO U OBICTPO MOA00paTh HEOOXOAMMOE KOJUYECTBO CO-
CTaBJISIOIIUX AJIEMEHTOB /11 00ECIIEUCHUS] HYKHOTO COMPOTUBIICHHS] U MOILIIHOCTHU
B ceTsax oT 3 110 35 kB.
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Pucynok 64 - YauduiupoBaHHbINH PE3UCTUBHBIN OJIOK:
1-ocHOBaHuUE; 2-OMOPHBIE CTOWKH; 3-OTIOPHBIC U30ISITOPHI; 4-U30JIAIIMOHHBIC IJIACTHHBI;
5- 3;1eMEHTBI pe3UCTOpa 3AIIUTHOTO; 6-BEPTUKAIIbHBIC CTOUKH; 7-H30JISI[HOHHBIC
TUTACTHHBI,; 8-U30JIATOP IS TTOAKIFOUYCHHS ITOBOJIa OT HEUTPAJIH CETH.

13 Peseiinas 3amura cetu 6-35 kKB ¢ pe3ucTUBHBIM 3a3eMJIeHHeM HelTpaJn

Pacnpenenenne tokoB npu O33 B ceTu C 3a3eMJICHUEM HEUTpalld yepes
pEe3UCTOp MOKa3aHO Ha pucyHke 29) (KOHTYp MPOTEKaHHS TOKa 3a3eMIISIOLICTO
pesuctopa Iz mpu BHyTpeHHeM u BHemHeM O33 TOKa3aH INTPHX-ITyHKTHPHOI
munveil). Ha pucynke 29 BuaHO, 4TO TOK Ig mpoTekaer Tonbko B Mecte O33 u B
noBpexaeHHoON auHuK. [losTomy mpu BHemHemM 033 (touka Ksp) Tok 3l B
HEMOBPEXKIACHHON JMHUM JI, Kak W B CE€THM C W30JMPOBAHHOW HEUTPAJbIO,
OnpeensieTcsl BbIpaKeHUEM 895:

3oy = Ijp +1jc = j wCoy (UB' + Uc‘) =-j @w3Cp1Ex = j 30Co Uy = ic1, (85)
roe w = 2mf = 314 1/c

[c1 — cOOCTBEHHBIN €MKOCTHOM TOK JInHUU JI.

Ecin HpeHe6peqb NaacHuEM HallPsKCHHUA OT TOKa TR Ha TIPOJOJbHBIX
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CONPOTHUBJICHUAX MOBPEKICHHOW JMHUM W MUCTOYHHKA NMHWTAHMS, KaK U B CETH C
U30JIMPOBAHHON HEUTpaIbi0 MOXHO NpHHATH, 4T0 Uy = Uy - EA. C yuyerom atoro

JOMYIIEHNs BBIPAXKEHHE JUIS TOKa lgy mpu BHyTpeHHeM O33 NpHUHAMAET BHJL
(bopmyma 86):
3ln=j @ (Coz *+ Conk) Ea- UNR =- icz -Iet - I (86)

Tok B mecte noBpexaeHus npu O33 B 11000 TOUKE CETH MPU MPUHATOM
nonymieHun pasen (hopmyia 87):

I31' = 3los1 =- (Iip + Lic + Ip + Ioc + Tokp bxc) R =- icz -Ir (87)

@da30BbIe COOTHOIICHHUS OJJICKTPUYECKUX BEIMYMH TPU BHYTPCHHEM U
BHemHeM O33 Ui ceTu ¢ BBICOKOOMHBIM 3a3emiieHueM Heiirpamu (R = Xcy)
MOKa3aH Ha PUCYHKE 65.

N3 Beipaxenuit 85-87 u pucyHka 65 MOXHO BHIETh, YTO 3a3EMIICHHE
HEWTpaaud dYepe3 pe3HcTop, HE U3MeHsAs TOKa 3]y B  HENOBPEKIECHHBIX
NPUCOCIMHCHUSAX, YBEIWYMBACT TOK  HYJCBOW  TOCJICIOBATEIBHOCTH B
MOBPEXJACHHOM MPHUCOCAMHEHUH, YTO OOECIEeUrBAET YBEIMUYEHUE YCTOWYMBOCTHU
(YHKIIMOHUPOBAHUS TOKOBBIX 3aIIUT aOCOIIOTHOTO M OTHOCHUTEIBHOTO 3aMepa o
CPaBHEHMIO C CETSAMU C U30JMPOBAHHON HEUTPAJIBIO.

3azemiieHHEe HEUTpadM CeTH 4Yepe3 PEe3UCTOp HE HM3MEHSET TaK Ke YIrodl
caura no (ase Mexmy HanpsokeHueM 3Up u Tokom 3]y B HemOBpeKIEHHBIX
NPHUCOCAMHEHUAX -T/2. Yroa cuBura no (ase MexAy HanpsHKEHUEM 30, u TokoM
3l B MOBPEkKJECHHOM NPHCOCAMHEHUM IIPU BHICOKOOMHOM 3a3€MJICHHHM HEHTpaiu
CEeTH, YBEIIMYMBACTCS MPUMEPHO JI0 3HaYCHUS 3T/4 ¥ 3a CUET ITOr0 YMCHbIIACTCS
1o 3HadeHus 3T/4 yron casura no ¢ase Mexmy TokoM 3y B HOBpEKIEHHOM H
HETIOBPEIKIACHHOM MPUCOCIUHCHUU (B CETH C M30JMPOBAHHON HEHTpAIbIO pPaBeH
MPUMEPHO TEH.

I, iy

» L"c"

) 6)

Pucynok 65 — BekTopHble TuarpaMMbl TOKOB U HANPsHKCHUHN TpU BHEITHeM (a) 1
BHyTpeHHeM (0) O33 B ceTH ¢ BBICOKOOMHBIM 3a3eMJICHHEM HEHTPAJIH.
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ITpu Hu3kooMHOM 3asemiienuM Hedtpanu |lg > lcy m TOK 3L B
MOBPEKICHHOM IPHCOCIMHEHNH, a Takke I3 B Mecte O33 mpuMepHO paBHBI |g.
Yron caBUra no ¢ase Mexay HanpskeHueM Uy U YKa3aHHBIMH TOKAMH MPHMEPHO
paBeH TL.

N3 npuBeneHHBIX COOTHOLICHWUW I JJIEKTPUYECKUX BEJIWYMH HYJIEBOU
MOCJIEI0OBATENIBHOCTH U BEKTOPHBIX IHArpaMM MOXHO BHJIETh, YTO B CETAX C
BBICOKOOMHBIM 3a3€MJICHMEM HEUTpaiu, B MPUHIINIE, TPUMEHUMBI BCE CIIOCOOBI
BBIMOJMHEHUA 3amuT OT 33, HCHOoNb3yeMblE B CETAX C HW30JMPOBAHHOU
HEWTpanblo. YBelMdeHHe TOKa 3]y B IOBPEkKIEHHOM NPHMCOEIMHEHHH 3a CUET
aKTUBHOM cocTaBysiomel |g oOecrieynBaeT TMOBBIICEHHE YYBCTBUTEILHOCTH
TOKOBBIX 3aIIUT 1pu BHYTpeHHUX O33. TOKOBbIE HANPABIEHHBIE 3aILUTHI B CETSX C
BBICOKOOMHBIM 3a3€MJICHUEM HEWUTpaad MOXHO BBIMOJHATH KaK C KOHTPOJIEM
PEaKTUBHOW, TaK U aKTUBHOM MOIIHOCTH. B ceTsiX ¢ HU3KOOMHBIM 3a3€MJICHUEM
HedTpamm 1=13>> | ; Hanbosee mpocToe u J0cTaToYHO d(PPEKTUBHOE PEIICHUE TaET
ucnonb3oBanue 3amuT HIT (abcomoTHOrO 3aMepa).

Jammra or O33 B ceTHm OpraHu3yercss Ha BCEX NPUCOCAVHEHUSX.
YcranaBiaMBaeTcs MaKCUMaJIbHAsl TOKOBAsl 3alllMTa HYJEBOW MOCIEI0BATEIbHOCTH
C JCHCTBHEM HA OTKJIIOYECHHE MNPUCOCAMHEHUN MPU HU3KOOMHOM PE3UCTHUBHOM
3a3€MJICHUM HEUTpaU U C ACMCTBUEM Ha CUTHAJ IPH BEICOKOOMHOM PE3UCTUBHOM
3a3€MJICHUM HEUTPAJIH.

CelleKTUBHOCTh 3alllUT HYJEBOM IOCIEA0BATEIbHOCTH NPUCOEAUHEHUN
ONpeneNsAeTCsl TEM, YTO AaKTHMBHAsA cocTaBismomas Toka O33 mpoTeKaeTr TONBKO
4yepe3 MOBPEKIECHHOE MPUCOEAUHEHUE, B TO BPEMs KaK 4e€pe3 HEMOBPEKICHHbIC
IPUCOEANHEHUS TMPOTEKAeT TOJNBKO COOCTBEHHBI EMKOCTHOM TOK HYJIEBOU
MOCJIEIOBATEILHOCTH, OT KOTOPOTO 3al1Ta JI0JKHA ObITh HaJIEKHO OTCTPOCHA.

TpeboBanus k peneitnoit 3ammre ot O33:

— JI0JDKHA OBITH MPEAyCMOTpPEHA 3alUTa CaMOro Pe3ucTopa ¢ IeHCTBUEM Ha
OTKITIOYCHHE CeKIuK (BBOJA) WIIM MPUCOSAUHEHUS PEe3UCTOpa (ECIIU TOMyCKASTC s
paboTa ceTH B PeIKUME U30JIMPOBAHHON HEHTpaIIN);

— IpU HHU3KOOMHOM PE3UCTHUBHOM 3a3€MJICHUU HEUTpaiu HEOO0XO0IAUMO
UCIIOJIb30BaTh TMPOCTHIE TOKOBBIE 3allUTHl HYJIEBOW IOCIEAOBATEIbHOCTH.
[Ipumenenue Oonee CHOXKHBIX 3alUT JODKHO HWMETh COOTBETCTBYIOIIEE
000CHOBAHHUE;

— pacdeT TOKOB Jjisi BbIOOpa ycTaBoK 3amuT OoT O33 mpou3BOAUTCS AJIs
METAJIMYECKOTO 3aMbIKaHU;

- KO3(pULHMEHT 4yBCTBUTEIBHOCTU ONPEAEISETCS I MUHUMAJIBLHOTO TOKa

MCTAIJIMYECKOI'0 3aMbIKAHUS U NOJIKEH COOTBETCTBOBATH. K > 1,5 — JJId 3alIuT

125



KaOeJIbHBIX U BO3MYIIHBIX TUHUN: K > 2 — 1715t 321U T 2JIeKTPOIBUTATEINECH.

[Ipyu HEoOXOOUMOCTH ydeTa NEPEXOAHOrO0 CONPOTUBIEHUS B MECTE
ITOBPEXKICHUA

— i KaOenbHBIX CeTell C PEe3UCTUBHBIM 3a3eMJICHUEM HeUTpanu
NPUHUMAETCS MEPEXOJHOE CONMpOoTUBIICHHE (COnmpoTHBIEHHE Iyrd) paBHbIM 30
Owm;

— JUIl BO3AYIIHBIX CETEd C PE3UCTUBHBIM 3a3€MJICHHEM HEUTpau
ONpENENAECTCS MAaKCHUMaJIbHOE 3HAYEHUE IIEPEXOJHOTO COINPOTUBIICHHUS IpU
BBITIOJTHEHUU TPEOOBaHMSI K YyBCTBUTEIILHOCTH 3aIIHUT.

Ha npakrtuke yaie Bcero 3amurta ot 033 opranusyercs Ha 0a3e TepMUHAIIA
3al0UTBl  OTXOJAIIEr0  NPUCOEAWHEHUA, B  KOTOPOM  IPEAyCMOTpPEHA
cooTBeTcTBYIOMIas GyHKIUs U BXxo st noakiatodenus TTHII. [Ipu HuzkooMHOM
PE3UCTUBHOM 3a3eMJICHUU HEHUTpaM ¢ aKTUBHOM cocTapiisitomnieh mopsaka 30 A u
o6onee, npumenenue TTHII ngocratoyHo nNpPOCTOM HEHANPABIEHHOW TOKOBOM
3alMThl C HE3aBUCHUMOW BPEMSITOKOBOHM XapakTepucTukoil. OOpaTHO3aBUCHUMAs
BPEMSTOKOBAsE XapaKTEPUCTUKA MCIOJb3YETCs B CllydasX, Korga HeoOXO0IuMO
YMEHBIINTh BPEMsI OTKJIIOYEHUS, B YACTHOCTH, BBOJHOIO M CEKIMOHHOIO
BBIKJIFOYATENICH, KOTOPOE MOXKET ObITh OOJIBIITUM U3-3a «HAKATUTMBAHUSI» CTyHEHEH
CEJICKTUBHOCTH TI0 ME€pe MPUOIMKEHUS K UICTOYHUKY TTUTaHUSI.

IIpy BBICOKOOMHOM pE3UCTUBHOM 3a3€MIICHMHM HEWTpaiu HEOO0XOIUMO
UCIIOJIb30BaTh HAINpPAaBJIEHHbIE TOKOBbIE 3aIUThl. OHU TO3BOJISIIOT (PUKCUPOBATH
tok O33 ot 0,5-0,7 A u BbIIIIE, KOTOPHIN SABISIETCS TOCTATOYHBIM JIJISI OTIPEICTICHUS
yctoitunBoro 033, uepe3 O0JBII0E EPEXOTHOE COITPOTUBIICHHUE.

3amuThl HA NpUCOeIUHEHUsX, nuTarommx PlI, pekoMeHayeTcs BBINMOIHSITH
HanpaBieHHbiMH. [Ipu oOpsiBe mpoBoma BJI B mecre O33 MOXeT BO3HUKHYTh
IIEPEXOTHOE CONTPOTUBIIEHUE MOPSAIKA HECKOIBKUX KOM.

[Ipy nuTaHuM OTBETCTBEHHBIX MOTpeOUTENEH paclpocTpaHeHa CcXema
NUTaHUS IO JIByM NapajulelIbHbIM KaOessiM, BKJIIOYAEMbIM Ha OJHY cekiuto B PII
notpebutens. Brikintoyarenu kabenbHbIX TUHUN TPU 3TOM HOPMAJILHO BKIIFOUEHBI.

[Ipy 3aMblKaHMM Ha 3€MJII0 Ha OAHOW M3 KaOEeNbHBIX JMHHUI MOJHBIA TOK
3aMbIKaHUs Ha 3€MJIIO PACIIPEEIIIETC MEXY ITOBPEKACHHONW U HEIIOBPEKICHHOU
KaOeJIbHBIMU JIMHUSIMHU OOpPaTHO MPONOPIIMOHAIIBHO UX COMPOTUBIICHUSIM JI0 TOUKHU
noBpexaeHua. C y4eToM OTMEUYEHHOI0, YCIOKHIETCS OpraHu3alus CEJIEKTUBHBIX
3aI0AT OT 3aMBIKAHUM Ha 3€MJII0 TaKUX NpHUcoearHEeHuH. [Ipu 3TOM CO CTOPOHBI
noTpeduTesnsi HEOoO0XOJUMO TPUMEHEHHME HaIPaBJICHHBIX 3alUT MPHU JHOOBIX
COOTHOLIECHMSX MEXAY TOKAMHM OT BETBM 3a3¢MJSIOIIETO PE3UCTOpa U
€MKOCTHbIMM TOKaMu ceTh. Co CTOpOHbl HCTOYHHMKA TIMTAHUS TaKKe
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PEKOMEHAYETCSl NMPUMEHEHUE HAIPABJICHHBIX 3alIUT OT 3aMbIKAHUW Ha 3E€MIIIO.
Opnako, mpu HEOONBIIMX EMKOCTHBIX TOKaX CETH MOXKHO OIPaHUYHUTHCS
IIPUMEHECHUEM HEHANPaBJICHHBbIX 3aluT. KpoMe TOro, co CTOPOHBI HCTOYHHUKA
NIUTaHWS BBINOJIHAECTCS PE3EpBHAsl 3allUTa OT 3aMBIKAHMM Ha  3€MIIIO,
pearupyromas Ha CyMMY TOKOB TpaHC(HOPMATOPOB TOKA JBYX IapajuielbHbIX
auaui. Taxke naiad  3alMThl  ABYX NapaJUIeNbHBIX JIMHUM MOXET ObITh
UCIIOJIb30BaHa NornepeyHas auddepeHimaibHas TOKOBas 3alluTa.

MoskeT BO3HUKHYTh CUTYyallus, KOT/ia Ha KaOeJIbHOW JIMHUM, BBIMOJHEHHON
onHoda3HpIMU KabemsiMu OOJBIIOTO CEUEHUs WM C pacuieruienueMm  (as,
HEBO3MOXXHO ycraHoBuTh TTHII. B Takom ciydyae NpUXOAUTCS MCIIOIB30BAThH
®THII, codpanHbIii Ha TpeX ¢a3HbIX TpaHchopmaTopax Toka (pucynku 68,69).

B Takom cnydae TpeOyeTcsi OTCTpOHiKa HE TOJBKO OT COOCTBEHHOTO
€MKOCTHOTO TOKa IIPUCOETUHEHHs, HO U OT Toka Hebanmanca OTHII.

Homunain pesucropa 1enecooopazHo BHIOUpaTh UCXOMAS U3 YCIOBHUS, YTOOBI
akTUBHbIM TOK O33 He mpeBbllIa]l MaKCUMalIbHbIA HArpy304HbId TOK CaMOIo
MOIIHOTO MTPUCOEINHEHHUS.

Opnako M3-3a BBICOKMX 3HAYE€HUU TOKOB Mexaydaszubix K3 Takas 3ammra
MOXET HE€ YJOBJICTBOPSTH TPeOOBaHUSM UYyBCTBUTEIBbHOCTU. B TakoM ciydae
1[e71eCO00pa3sHO  BBOJUTH  BBIJIEPKKY BpEeMEHHU OOJBIIYyI0 Ha  CTYIEHb
CEJICKTUBHOCTH BBIIEP’KKU BpEMEHU 3aluThl OT Mexayda3zubix K3 u orcrpanBaTh
3aIUTy OT HebanaHca, BHI3BAHHOTO MAKCUMAJIbHBIM HArPy30YHBIM TOKOM.

Haunboiiee pacnpocTpaHeHHOW SIBJISIETCA CXeMa MOJKIIOUYEHUs pelie TOKa K
tpanchopmaropy Toka HyieBoi nociaemosarenbHocTd (TTHII), kak mokasaHo Ha
pucyHKe 66:

Pucynok 66 — Cxema noaxirodeHus Toka k TTHII

OO0s13aTeNIBHBIM ~ YCTIOBHEM  MPAaBUJIBHOW  pabOThl  3alIUTBI  HYJICBOK
MIOCTICIOBATEIPHOCTH SIBIISICTCSl MPOIyCKaHUE 3a3eMIIIONIero nuieida skpaHa u
ob6omouku kabens yepe3 TTHII, kak moka3aHo Ha pucyHke 67:

Pucynoxk 67 — Cxema 3a3emMyieHHs KpaHa U 000JI0UKHU KaOes.

J_—[OCTOI/IHCTBaMH HaHHOfI CXCMBI ABJIAIOTCA IIPOCTOTA, HU3KAd CTOMMOCTb H
BBICOKAsAs YYBCTBUTCJIIBHOCTb, HEAOCTAaTKAMH - HCO6XOI[I/IMOCTB BBIITOJIHCHU A
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KaOeIpbHBIX BCTAaBOK Ha oTxonamux BJl w orpanmyeHuss mo BHYTpEHHEMY
nuamerpy TTHIL

B GonbmmHcTBE cinydaeB B ceTax 35 kB, a Taxke B cersix 6-10 kB mpu ne-
BO3MOXHOCTH ycTaHOBKM TTHII nomyckaercs NoOAKIrOYEHUE pelle TOKA K
TpexTpaHchopMatopHoMy  QUIBTPY TOKa HYJEBOM  IOCIIENOBATEbHOCTH,
BBINIOJIHEHHOMY Ha Tpex¢asHbix TpaHchopmaTopax Toka (pucyHOK 68) wim mpu
BKJIIOUCHUU pEJIE TOKAa B HYJIEBOM MPOBOJ TPEXPEICHHOW CXEMbl COEAUHEHUS
TpaHc(hOpPMATOPOB TOKA, T €. 110 YEThIpexXpesieiiHoi cxeme (pucyHok 69).

A B C

C

/"‘\Y/_‘\
f'\'/"'\

Pucynok 68 — Cxema nojkiiroueHus pese Toka yepe3 puibTp HyJaeBon
TIOCTIIOBATEIFHOCTH, BBITIOJTHEHHBIN Ha TpeX(a3HbIX TpaHC(HOpMaTOpax TOKa.
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Pucynox 69 — Cxema noJk/IIoueHust pejie TOKa M0 YeThIPEXJINHEHHON CXeMe.

JIOCTOMHCTBAMHU 3THX CXEM SIBJSIFOTCS MPOCTOTA M HHU3Kas CTOUMOCTH (MpH
MOJKIIOUECHUH pelie  Kak Ha pUCyHKe 69), HegocTtaTkoM -  HH3Kas
YyBCTBUTEJIBHOCTh M3-3a OOJIBIINX 3HaUYeHM HebanmaHnca (uibtpa. Hemomyctumo
UCIIOJb30BaHUE  TpaHCPOpMATOPOB  TOKA  HYJIEBOM  MOCIEIOBATEILHOCTH
(kabenbHbIx Wik ¢eppantu) tauna T3P, KOTOpble MpH JAyrOBOM 3aMbIKaHHU Ha
3eMJTI0 TPAaHC(HOPMUPYIOT COCTABJISIIONIYIO MTPOMBIILICHHOW YacTOThl 3HAYUTEIIBHO
xyxe, yem autbiec TT HyseBoi nocienoarenbrocTr (T3JIM), 4TO MOXKET BBI3BATh
3arpyOJieHUE 3allUThl U €€ OTKa3.

HanpsbkeHust 1 TOKM HyJ€BOM MOCIEI0BATEIBHOCTH MIPU 3TOM 3HAUYUTEIIBHO
YMEHBIIIAKOTCS, TPUYEM CTEIEHb CHIDKCHHUSI 3TUX Pa00YMX CUTHAJIOB 3aBUCHUT OT
BEJIMYMHBI TEPEXOJHOr0 COMNPOTUBICHUS W OCHOBHBIX XapaKTEPUCTUK CETHU
(eMKOCTb OTHOCHTENIBHO 3€MJIM, IapaMeTpbl pe3uctopa). Ilpu OonbmIux
MEPEXOTHBIX COINPOTUBICHUSIX padoune curHaibl 3amuThl oT O33 craHOBATCA
COM3MEPUMBIMU C HebajaHCaMM, CYIIECTBYIOIIUMU B CETH, OT KOTOPBIX 3allUTa
JOJKHA OBITh  OTCTPOCHA. 3HAYEHHS JTUX HEOaJTaHCOB  OTPAaHUYUBAIOT
MUHHMMAaJIbHBIN TOK U HaNpsHKEHUE CpabaThIBaHUS 3aIUTHI.

Jlns 3ammter BJI 6-35 kB ¢ BBICOKOOMHBIM MEPEXOAHBIM COMPOTHBICHUEM
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npu oOpbIBE MPOBOJA LIEJIECO0OpPa3HO HCIOJIb30BaTh KOMOWHALMIO 3allIMT,
paboTaIIMX HA Pa3HBIX TPUHIMIAX:

— HalpaBJICHHAasT TOKOBasg 3alllUTa HYJEBOM MOCIEJ0BATEIbHOCTH B
npejenax B CBOE YyBCTBUTEINBLHOCTH pearupyeT Ha O33;

— TOKOBas 3aluTa OOpaTHOW TMociefoBaTeNbHOCTH oTKiIo4YaeT BJI mpu
0o0OphIBE IPOBOJA.

Jlist pacdera yCTaBOK HANpaBlICHHBIX 3alllUT HEOOXOJUMO OIICHUBATh
YUCJICHHbIE 3HA4YeHUs He0aJlaHCOB TOKAa U HAIpPSKEHUs, KOTOPbIE MOTYT
MPUCYTCTBOBATH B 3alIUTE MPU OTCYTCTBHUM Ha 3alliMIiiaeMoM npucoeguHenun 033
U CIIOCOOHBI MPUBECTHU K CpadaTHIBAHUIO YyBCTBUTEIBHBIX BUIOB 3aIIIUT.

[Ipu pacuere ycTaBok HEOOXOIMMO YUUTHIBATH CIIEAYIONINE HEOAIaHCHI:

— HeOaJlaHC U3MEPUTENbHBIX TpaHC(HOPMATOPOB TOKA U HANPSIKEHUS;

HeOaJlaHC, BRI3BAaHHBIN SBJICHHEM (PEpPOPE30HAHCA;

He6anch, BBI3BAHHBIM BIMSHUEM napaJuiCJIbHbIX HHHHﬁ,

HeOaaHC, BBI3BAHHBIA BIHMSHUEM CETEH CMEXKHBIX HANpsODKCHUH depes
CUJIOBBIE TpaHC(HOPMATOPHI;

- HeOallaHC TOKOB W HAINpsHKEHWH, BBI3BAHHBIE HECUMMeETpHEH (ha3HBIX
HaIPSHKEHUN CETH, UMEIOIINXCS B HOPMAIBLHOM PEXKUME;

- HebanaHc, BbI3BaHHBIA HecuMMeTpuei ¢asubix J/]C uctouyHmka muTanus;

— HeOaslaHC, BBI3BAHHBIA HECUMMETpUEH (ha3HbIX HArpy30K.

HaunbGonee wyacTeiM BHAOM MOBpeXICHHH B ceTsx 6-35 kB sBusroTcs
onHodaszHele 3ambikanus Ha 3emimo - O33 (75-90% or obmero uwucia
ANIEKTPUYCCKUX TOBPEKIACHNUN). OHU HEPEIKO MPHUBOIAT K KPYITHBIM aBapHsIM,
CONPOBOKIAIOIIUMCS 3HAYUTEILHBIMU yIIEPOAMU.

3ambikaHue (a3bl HA 3eMJTI0 B CETSAX TAKOT'O HAMPSHKEHUS MOTYT IPUBECTH K
CJEAYIOUIUM HETPUSITHBIM MOCIIEICTBUSIM.

B cetn mnosBnsaroTca mnepeHanpspkeHus mnopsaka 2,4 - 3,5 KpaTHBIX 1O
CpaBHEHMI0O ¢ (a3HBIM, YTO MOXET MPUBECTH K NPOOOI  H3OJSIUU
HEeTMOBPEXKAEHHBIX (a3 u nepexoy 033 B «IByXMECTHOE WJIM JIBOMHOE 3aMbIKaHUN
Ha 3EMJII0 0 CBOMM XapaKTEpUCTUKaM OJu3koe K JABYX(ha3HbIM KOPOTKHX
3ambikanusM (K3). Puck BO3HHMKHOBEHHsI TaKUX JBOMHBIX 3aMBIKAHUN 3aMETHO
BBIPOC B IMOCJEAHEE BPEMs B CBSI3U CO CTAPEHHUEM H3OJISIIUU DJICKTPUUYECKHUX
MalIvH U aIapaToB MHOTMX YHEPreTHUYEeCKUX OOBEKTOB U OTCYTCTBHUEM CPEICTB
Ha UX MOJICPHU3ALIMIO U 3aMEHY.

Bo3moxHbI siBieHUsS (Qeppope3oHaHca, OT KOTOPBIX B pacCMaTpUBAEMBbIX
CETSAX Yalle BCEro BBIXOJAT M3 CTposi TpaHcopmaropsl HampsikeHus. MHorna
MOBPEXKIAIOTCS U cJ1a00 HArpy>KEHHbIE CUIIOBBIE TpaHC(HOPMATOPHI, paboTarolre B
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pexumMe, OJIM3KOM K XOJIOCTOMY XOJy.

Ha Bo3gymneix JIDIT O33 wyacTto mpoucxoauT mnpu oOpbIBE MPOBOJA U
NaJICHUIO €r0 Ha 3eMiIto. IIpu 3TOM BO3HHMKAET ONACHOCTb NMOPAKEHUS JIOACU U
YKUBOTHBIX JIEKTPUUECKUM TOKOM. OCOOEHHO BeJIMKa TaKasi OmacHOCTh, eciau JIDII
IIPOXOJUT IO T'YCTOHACEJIEHHBIM pallOHaM, HampuMmep, 1o ropoxay. Takue cirydau
n3BecTHbI Ha Poccuiickom CeBepe.

[IpoGou wm3onsAIIMK CTAaTOPHOW OOMOTKHM JBUTATENEW Ha METaul cTaropa
4acTO IPOUCXOMAT Yepe3 MAYyry H MOIYT IIPUBECTM K 3HAYUTEIIBHBIM
HOBPSKJICHUSAM HE TOJILKO CaMOi OOMOTKH, HO W jkeje3a cratopa (BbI3BaTh
«rmoskap keneza»). «llepexor» H30JSAIMKU NPUBOTUT K TMOSBJICHUIO OIACHBIX
BUTKOBBIX WJIM MeEXAy(]pa3HbIX KOPOTKHX 3aMblkaHWil. BTopuunbie» mpodou
M30JIA1IMH, BO3HUKaromue mocie nosisienus B cetu 3-10 kB O33 mpoucxoasr
MMEHHO Ha JIBUTATENISIX MOCKOJbKY KauyeCTBO MX H3OJALMU OOBIYHO YCTYIAET
kauecTBy uzoisuuu JIDII u npyroro o6opynoBanus.

JlBurarenu 4dacto OTKIIOYaroTCs 3amutamMu oT Mexaydasueix K3. Ecmun
y4eCTh, 4TO 00NBIIMHCTBO 3TUX K3 Bo3HUKatoT kak nocneactsust 033, cTaHOBUTCS
OUYEBHJIHBIM, YTO, YCTAaHOBUB B ceTH 3 dekTuBHYI0 3amuTy oT 033, MOXKHO pe3KO
COKpaTUTh KosnyecTBO K3 Ha IBUratensix U cOmyTCTBYIOUIMI UM yepo.

[TepexpriTre GazHON M30IAIMN HA apMaTypPy KeJIe300€TOHHOM OMOPbI, ECITH
JIDIT nonro He OTKIIOYAeTCs, MOXKET MPUBECTH K Pa3pyILICHHIO OETOHA OMOpHI B
MECTE€ €ro COINPUKOCHOBEHHs € 3eMi€il. B pesynbraTe omopa TEpSET CBOIO
IIPOYHOCTD U «JIOKUTCSA» HA 3EMIIIO.

B pesynprare mimrenbHOro nporekaHus Toka O33 TpyHT BO3JE OIOPHI
BBICBIXA€T, PACTET €ro CONPOTUBICHHE, B PE3YyJbTAaT€ 4YEro YyBEINYMBACTCS
OMAaCHOCTh TMOPAXEHUs JIFOAEH IIAaroBblM HAIPSIKEHUEM WM HaIMpPsKECHUEM
MIPUKOCHOBEHMUS.

Ecom O33 pgiauTenbHO HE OTKIKOYAETCSA, CYLIECTBEHHO ITOBBIIIAETCS
BEPOSATHOCTh BO3HMKHOBEHHMS II0KapoB, Hampumep B syerkax KPVY, wn3-3a
BO3HUKHOBEHUS BBICOKOTEMIIEpATypHOU yrH 3 Mecte O33.

IIpy nyroBeIX 3amMbIKaHHSIX HA BO3AymHBIX JIOII HaBOasATCS 3HAYMTENBHBIE
MIOMEXH B PACIIOJIOKEHHBIX MOOIM30CTH JIMHUAX CBsA3U (Hampumep, TerneGoHHON) 1
T.1.

Ecnu B gomnonHeHWe K CKa3aHHOMY OTMETUTh, 4YTO KadyeCTBEHHbIC
CeJEeKTUBHBIE 3aIUTHI OT O33 10 psALy NPUYNH HA SHEPTETUUECKUX MPEINPUITUAX
OTCYTCTBYIOT, U B CETSIX MOUCK MOBPEXAEHHOTO npucoeanuenus npu O33 yacto
BEIETCS «AENOBCKMM» METOOM - ITOOYEPENHBIM OTKIIOUYEHUEM MIPUCOCINHEHUMN U

3aTATHUBACTCA Ha HCCKOJIBKO 4aCOB.
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HecMmotps Ha necsatunerusi 3kcrutyatanuu 3amut ot O33, g0 cux mop
OTCYTCTBYET,  HampuMep, MeToJuKa pacuéra YCTaBOK U  MPOBEPKHU
YyBCTBUTEJIBHOCTH HAMNPABJIEHHBIX TOKOBBIX 3amuT oT O33. Her maxe kauect-
BEHHOU MH(GOPMAIIUU OTHOCUTENIBHO BUIOB U BEJTMYUH HEKOTOPBIX COCTABJISIOIINX
HebaslaHca, KOTOPhIE MOTYT OKa3aTh CYHIECTBEHHOE BIIMSHUE Ha BBIOOP yCTaBOK
Takux 3amuT. B pe3ynbTaTe W3-3a HENPaBUJIBHOIO BBIOOpA  YCTaBOK
3¢ PEKTUBHOCTH YYBCTBUTENIBHBIX 3alIUT 0T O33 AOMOJHUTEIBHO CHI)KAETCS.

Kak npaBuio, naxe 3Hast yCTaBKy pelie, HEBO3MOKHO TOYHO PAaCCUUTATh TOK
cpabateiBanus 3ammThl 0T O33, yCTaHOBIIEHHON HA KaOENbHBIX JIMHUSX, OCOOEHHO
NpU HaJIUYUM «IY4KOB KaOeneih». Ha mnpakTuke NPUXOIUTCS YTOYHSTH TOK
cpabaThIBaHUs MYTEM HATYPHBIX UCHBITaHWHA. V3BECTHBI Cilydaum HENpaBUILHON
pabotel 3amuThl OoT 033 Ha «myuykax» KaOened, BbI3BaHHbIE, HaIpHUMep,
HapyIIEHUEM KOHTAKTHBIX COCAMHEHWH IO KOHIAM Kalens Wiu HEeNpaBWIHHOU
CXEMOM  BKJIOUECHHMS MUTAIOIMIUXCA OT TaKoro «Iy4yka» MOTpeOUuTeNeH.
JleficTByIOIIIME CETOMHS PEKOMEHJAIIMM IO BBIOOPY CXEM  BKIIOUEHUSA
TpaHc(opMaTOpOB TOKA HA OTACIBHBIX KaOENsIX, BXOISAIIUX B «IIyUYOK» yCTapeH,
UX HEOOXOIUMO TIEPECMOTPETh.

B HoBocuOupckoM rocyapcTBEHHOM TexHUYeckoMm yHuBepcutere 1 OO0
«ITH1 BOJIN[I» BhInonHEeHa pa3paboTKa HOBOTO ycTpoicTBa 3aumuThl oT O33 Ha
«Imy4ykax» KaOenel, CrmocoOHOro mpeaynpeiauTb MepcoHal O TOM, UTO
COMPOTHUBJICHUE KOHTAKTHOI'O COEIMHEHHS KaOesss OMacHO BO3pOCiO. ITO
NO3BOJISIET CBOEBPEMEHHO MPOBECTU PEBU3HI0 U BOCCTAHOBJIIEHHE HMCIPABHOCTU
KOHTaKTHBIX COCIMHEHUI M UCKITIOYUThH OTKa3bl B QYHKIIMOHUPOBAHUH 3AIUTHI 110
3TOM mpuunHe. PazpaboTaHHOE yCTPOHCTBO MOXKET MCIIOJIB30BATHCA HE TOJIBKO B
CETSAX C PE3UCTUBHBIM 3a3€MJICHHEM HEUTpaiu, HO U B CETAX C U30JUPOBAHHOU U
KOMIICHCUPOBAHHOM HEWTpanpl0. B OTIMYMKM OT CEpUMHO BBIMYCKAEMBIX pEJIe
pa3paboTaHHOE YCTPOMCTBO CIOCOOHO NPABWIBHO paboOTaTh MpHU HAJUYMHM HA
Kabesie MPEpPHIBUCTOM WM TNEPEMEXKAIONMICHCS Jyrd, 4YTO XapaKTepHO s
OTEUECTBEHHBIX Kabesel ¢ OymMaro-MaciastHOM U30JILHEH.

B Hactosimiee BpeMsi €CThb TPYAHOCTH C BBIOOPOM YCTaBOK M IPOBEPKOM
YYBCTBUTEJIBHOCTH TOKOBBIX 3aIIUT HYJIEBOM MOCIEA0BATEILHOCTH HA BO3AYLIHBIX
JUHUSX ~ JJeKTpornepeaud. B kadecTBe  UCTOYHMKOB  TOKa  HYJIEBOM
MOCJEA0BATENBHOCTH  3/IECh  4YacTO  NPUXOAUTCS  HUCIOJb30BaTh  TPEX-
TpaHchopMaTopHbIe PHITBTPHI, HeOATaHC HAa BBIXOAEC KOTOPHIX MOXKET OBITh BEChMa
OOJIBIINM, YTO BBI3BIBAET HEOOXOAMMOCTh BbIOOpa OOJIBIIOTO TOKA CpabaThIBAaHUSI.
A npu O33 nHa Bo3aymHbix JIOII ¢ mageHweM mpoBoja Ha 3€MIIIO, B MECTE
3aMbIKaHUS MOTYT BO3HUKaTh Oouiblive, mopsaka 5-7 kKOMm u Oosee nmepexoaHbie
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COIPOTHUBIICHUSA, YTO IPUBOAUT K 3HAYUTEIIBHOMY YMEHBIICHUIO TOKOB U
HaIIpSDKEHHUS] HYJIEBOM IIOCIIEIOBATEIIBHOCTM W CHUXKAET UYYyBCTBUTEIBHOCTH
3aIIUTHI TOBPEKAEHHOIO PUCOECIUHEHUS.

[IpyHIMNHMANBHO HOBBIE BO3MOYKHOCTH TMOSBISIIOTCS NPHU  3a3€EMJIEHUU
HEUTPAJIN Yepe3 PE3UCTOP.

YCTOMYUBBIM IPU3HAKOM ITOBPEXKAEHHOIO IIPUCOCIUHEHNUS] B PE3UCTUBHO-
3a3eMJIEHHOM CETH B COOTBETCTBHUH C pUCYHKOM /0 sBISETCS NIPOTEKaHUE IO HEMY
AKTUBHOI'O TOKa 3a3eMiiAroliero pesucropa. llo HeENmoBpeXKIEHHBIM JIMHUAM
HPOTEKAIOT MPEUMYIIECTBEHHO PEaKTUBHBIC TOKU (COOCTBEHHBIH EMKOCTHBIH TOK
NPUCOCTUHCHUS Y TOK YTEUKH 10 U30JISIIIHN).

Huxe omnmcanbl pasHble crnocoObl M CpencTBa JUIsl BBISBICHHUS MYTH
POTEKaHUs 3TOTO TOKa. Bo MHOTHX cilydasix 3TO 1M03BOJIsE€T 3PPEKTUBHO PELIUTh
3aja4y CeJeKTUBHOM 3amuThl oT 33, OJHAKO HCMOJIb30BAaHUE ITYTOracsIux
PEAKTOPOB MOXKET CYLIECTBEHHO OCJIOKHUTH CUTYALMI0, U B HEKOTOPBIX CIy4dasX,
BO3MOKHO, NPUIAETCS ISl BBIABICHUA INOBPEKAEHHOIO NPUCOECAUHEHUS HUCIOJIb-
30BaTh APYrue NPU3HAKH.

BBeneHne pe3suCTMBHOIO 3a3€MIICHHsS HEUTPAIM CETH CHUXKAET YPOBEHB
NEpPEHANpPSIKeHUH, HCKIII0YaeT sBiIeHUA (eppope3oHaHca u  Ja€T XOpollue
IPEANOChUIKK Il ToCcTpoeHus: 3PdeKkTruBHON peneitHoi 3amuthl oT O33. Ota
3alMTa MOXET [EHCTBOBAaTbh HAa OTKIIOYEHHE ITOBPEKIAEHHOW JIMHUM WIM Ha

CHT'HAJI, CCJIN TaKOC HCOXHNAAHHOC OTKIIOYCHHNEC HCBO3MOXXHO MJIM HCXKCIIATCIBHO.

J2M 1 ?033 —}m }033
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Pucynox 70 - Pacnipenenenne TOKOB B CETH C PE3UCTUBHBIM 3236 MJICHHEM
HEWUTpaIu
DddextuBHas 3amuta oT O33 MO3BOJSIET CHU3WTH OINACHOE BIIMSHUE Ha
anmaparypy cereit 6-35 kB Tex BoznelcTBuid, KOTOphie Bo3HUKaIOT npu O33. Jto,

B CBOIO OuYe€pejlb, MOBBICUT HANEKHOCTh pabOTHI JBUTATENEH, Kabenel u Apyrux
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AJIEMEHTOB CETH W IIO3BOJIUT MPOJJIMTH CPOK HMX JKCIuTyatauuu. [loBwimaercs
TaKk)Xe 0€30MaCHOCTh IS JIIOACH U KUBOTHBIX, KOTOPbIE MOTYT OKa3aThCS B 30HE
naJieHus mpoBojia Bo3ayuHon JIOII.

B Hactosimiee BpeMsi IPUMEHSIOTCS CIAEAYIOIIME OCHOBHBIE PA3HOBUIHOCTHU
3ammT ot O33.

1. 3amuThl, U3MEPSIOIIUE HAMIPSIKEHUE HYJIEBOU MOCIEI0BATEILHOCTH.

2. HenanpaBneHHbIC 3all[UTHI, PETUCTPUPYIOLIHE COCTABJISAIOIIY IO
MIPOMBIIIVIEHHON YaCTOThI TOKA HYJIEBOM IOCIIENOBATEIBHOCTH.

3. HanmpaBneHnusle 3aII[UTHI, pearupyrouue Ha COCTAaBIJISIIOIIHC
MPOMBIIIJIEHHOW YaCTOThI TOKA U HAIPSYKEHUS HYJIEBOU MOCIEA0BATEIILHOCTH.

4, 3amuTel, GUKCUPYIONINE KHAIOKCHHBIM» TOK C YaCTOTOH, OTIWYHOH OT
IIPOMBIIIIEHHOM.

5. 3aluThI, pearupyrolire Ha BBICOKOYACTOTHBIE COCTABJISAIOIINE B TOKE
HYJIEBOW MOCJIEA0BATEIBHOCTH, BO3HUKAIOIINE €CTECTBEHHBIM Ty TEM.

6. 3amuThl, pearupyrolme Ha COCTaB/ISIONINE TOKA M HAMPSDKCHUS HYJICBOM
MOCJIEIOBATENBLHOCTH B IIepexoiHOM nporiecce O33.

C onpenenéHHBIMA  OrPaHUYCHUSIMM  TIEPEYUCIICHHBIE 3alllUThl MOTYT
MPUMEHATHCA TAKXKE M MPU PE3UCTUBHOM 3a3€MJICHUM HEUTpaM, OJHAKO, IMPHU
ATOM UMEETCSI PSIJT 0OCOOCHHOCTEM, KOTOPhIe HEOOXOMMO YUHUTHIBATh.

3anuThl, U3MEPAIOIINE HANPSIKEHUE HYJIEBOM MOCIEA0BATEIIBHOCTH MOTYT
JIeCTBOBATh Ha OTKJIIOUeHHE JUHUKM ¢ O33 B TOM cllydae, e€CJii OT COOPHBIX IIWH
MOACTAHIIUUA OTXOJUT TOJIBKO OJ[HA JUHUA. Takue 0ObEeKThl HHOTIa BCTPEUAIOTCHA.

[Io cpaBHEHMIO C HEHANpPaBJICHHBIMA TOKOBBIMH W JPYTHUMHU 3alUTAMU
paccMaTpuBaeMblii BapuaHT OOJaJaeT CYUIECTBEHHBIMU IPEUMYIIECTBAMU - B
HANPSDKEHUW HYJIEBOM  IIOCIENOBATEIBHOCTH COJIEPKUTCS TOpPA3lI0 MEHBIIE
BBICOKOYACTOTHBIX COCTaBJSIFOIIMX M 3alllMTa 10 HANPSHKEHUIO HYJIEBOU
MOCJIEAOBATEILHOCTA  JIYYIIIE BenéT  ceod, HarpuMmep, pu 033,
COIMPOBOXKJIAIOIIMUXCA TEPEMEKAIOIIMMUCA W MPEPBIBUCTBIMA Ayramu. Eil He
MEIIIA€T HAJWYME B CETU Jyroracsiiero peakropa. OaHAKO NOpU HAIAYUU
HECKOJIbKUX NPUCOCAMHEHUNW K COOPHBIM IIMHAM Takas 3alluTa MOXET ObITh
HUCHOJIb30BaHA TOJBKO B KauyeCTBE HECCJIEKTMBHOM CUTHAJIIM3allMM, T.C.
CUTHAIM3UpOBaTh mMosiBIeHHue B cetu 033 0e3 ykazaHus NOBPEKAEHHOTO
MpUCOeIUHEHUS. FIMEHHO B TAKOM Ka4e€CTBE OHA U UCHOJIb3YETCS B MOIABIIAIOIIEM
OOJIBIIMHCTBE CIIy4aeB.

B HekoTophIX ciaydasx HeoOXoauMyto 3(PPEKTUBHOCTh MOXKHO 0OECIIEUUTH C
MMOMOIIBKO HEHAIIPABJIEHHBIX TOKOBBIX 3aIUAT HYJIEBOM MTOCIEIOBATEILHOCTH.

B mepByro ouepenb 3TO OTHOCUTCS K PE3UCTMBHO-3a3€MIIEHHBIM CETSIM U
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yCTaHOBKaM C MajbiMH EMKOCTHBIMH TOKamu. Ecnu, Hampumep, pedb HAET O
3allUTe KaOeIbHOM CeTU COOCTBEHHBIX HYXJ JJICKTPOCTaHIMU, B KOTOPOU
YCTAHOBJIEH 3a3eMIISIIOLIMNA pe3uctop, a B Mecte O33 mpoTeKkaeT aKTHBHBIA TOK
pesuctopa nopsiaka 35-40 A u €MKOCTHBIE TOKH OTJIEJIbHBIX MPUCOCIUHEHUN HE
MPEBBIMIAIOT HECKOJIBKUX aMIiep, TO 37€Ch YCHENTHO MOTYT OBITh MCIOJB30BaHbI
MHOTHE U3 U3BECTHBIX HCHAMPABICHHBIX TOKOBBIX YCTPOWCTRB 3aITUTHI.

BTopoii nom00HbIH caydal - 3TO BHYTPHUIIEXOBBIE CETU Ha MPEANPHUATHSX,

IIe MOXET OBITh YCTaHOBJIEH MIYroracsliMii peakTop, HO HMeeTcs OOJbIIoe
KOJMYECTBO TMPUCOCAUHEHHH C MajdblM EMKOCTHBIM TOKOM. BBINOJHUTH
3 PEeKTUBHYIO CEJEKTUBHYIO 3alIUTy 0€3 3a3eMJISIONIEr0 PEe3UCTOpa B TaKOM
CiIy4ae CII0KHO. Y CTaHOBHB K€ Takoi pe3uctop ¢ Tokom 10-15 ammep, monyyaem
BO3MOKHOCTh Ha OOJIBIIMHCTBE MPHUCOCTUHEHHH YCTAHOBUTH MPOCTYI0 TOKOBYIO
3aIIUTy HYJEBOW MOCIEI0BATEIHHOCTH.

'opazno ©Oonee mmMpokas o00J1acTb TNPUMEHEHHSI 1O CPaBHEHUIO C
HEHAIPaBJICHHBIMA TOKOBBIMU 3alllUTAMH Y HAIpPaBJICHHBIX TOKOBBIX 3alllWT,
pearupyomux Ha OCHOBHBIE TAPMOHUYECKUE COCTABIISIONINE TOKOB M HAMIPSKCHHUS
HYJICBOW TMOCJIEIOBATEILHOCTH. OTH 3allUThl OTCTPOCHBI OT COOCTBEHHBIX
E€MKOCTHBIX TOKOB 3alllMIIAEMbIX MPHUCOSAMHEHUHN M0 HANPABIEHUIO, MMOITOMY HX
TOKUA CpalaThiBaHUs OOBIYHO MOKHO TMPHUHATH TOpasno 0ojiee HU3KUMHU, YeM Y
HEHANpaBJICHHBIX TOKOBBIX 3aIIUT. B pe3ynpraTe HampaBieHHbIE TOKOBBIE 3aIUTHI
yAa€Tcsl BBIMOJIHUTH 00JIee UyBCTBUTEIbHBIMU U 3(P(HEKTUBHBIMHU.

Ha3Banue «HampaBi€HHbIE 3alUTBI» OTHOCUTCS K HIMPOKOMY Kjaccy
YCTPOMCTB. 31€Ch 3alllUThl, pearupyrollie Ha BEJIUYMHY TOKa HYJIEBOU
MIOCTICIOBATEIPHOCTH U HANpPaBJIEHUE MOIIHOCTH, 3aIlUThI, pabodyeil BeIUYUHOU
KOTOPBIX SIBIIIETCS MPOEKIUS TOKA HYJIEBOW MOCIENOBATEILHOCT Ha HEKUH
«XapaKTEPUCTUUYECKUI yTo», ONPECNSIOMNUNA CepequHy 30HBI CpabaThIBaHUS.
Croma OTHOCATCS JUCTAaHIIMOHHBIC 3alIUThl M YCTPOWCTBA, pearupyroliue Ha
OTJENbHBIC COCTABJSAIONINE WM TOJHYIO MPOBOJUMOCTh IENeil HyJIeBOu
MOCJIeIOBATENbHOCTU. Pa3pabaThiBalOTCs TakX e YCTPOWCTBA, pearupyrolive Ha
WHTETpajl TPOW3BEACHUS MTHOBCHHBIX 3HAYEHWW OCHOBHBIX TapMOHUYECKHUX
COCTAaBJIIONINX TOKA U HAINPSHKEHUS HYJIEBOM MOCIEAOBATEIbHOCTH U HEKOTOPbIE
byHKIMK 3TUX BemnurH. OTAENhHBIM W OYEHb BAXKHBIM BOIPOCOM, KOTOPBIA
TpeOyeT 0co00ro BHUMaHHUS, SBJISETCS BBIOOP YCTaBOK U MPOBEPKHU
YyBCTBUTEIHHOCTH TAKUX 3alIUT, KOTOPHIH B HACTOsIEE BpeMs JAIEK OT CBOETO
OKOHYATeNIbHOTO pemieHus. OduimraibHO NMPUHATON METOJUKHU BbIOOpa yCTaBOK
TaKWX 3alIAT B HACTOSIIEEC BpeMs HE CyliecTByeT. [[poeKTaHThI BBIHYKICHBI, KaK
paBujIo, Ipeajarath MOTPeOUTENsIM CISAYIOIUNA BapuaHT NoBeaeHUs. Buavaie
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Ha BBIOpAHHBIX YCTPOMCTBAX 3alllMThl YCTAHABIMBAIOTCS MUHHUMAaJbHbIE YCTaBKU.
Ecnu B mporecce 3KcIulyaTaldy 3amuTa padoTaeT HENpaBWIbHO, YCTAaBKU
3arpyOJIIoTCs 10 T€X MOp, MOKa HeNpaBWIbHbIE AEHCTBUS HE mpekpararcs. Takue
PEKOMEHJJAllMN CYIIECTBEHHO YCIIOXKHSIOT JKCIUTyaTal[MIO 3allUT U CHUXKAIOT UX
abdexTuBHOCTh. M3HauanmpHO TMpeAmojaraercs, 4Yro Ha T[EepBOM dTare
AKCIUTyaTaluy 3auuTa OyJeT 4acTo cpadaThiBaTh HEMPABUIILHO.

BonbmmHCTBO pa3paboOTYMKOB M M3rOTOBUTENICH HaNpaBICHHBIX TOKOBBIX
3amuT oT O33 B peKkjaMHBIX Marepuaax yKa3bIBalOT MAaKCHUMAJIbHO BO3MOKHYIO
YyBCTBUTEJIBHOCTh CBOMX YCTPOMCTB KaK PEaJbHO MPUTOJHYIO0 K MCIOJIb30BAHUIO
Ha npakTuke. Pedb yacto uAET 0 TOM, UTO IpeajiaraemMble YCTPOUCTBA CIIOCOOHBI
yyBcTBOBaTh mepBuuHble TokM O33 mopsanka 0,2-0,3 ammepa. Takue manHbIC
TOJIBKO BBOJIST B 3a0J1y>KI€HHE IPOEKTAHTOB U 3aKa34MKOB 3aIUTHBIX YCTPOUCTB,
IIOCKOJIBKY HE YYMTBIBAIOT PEaJbHbIX YCJIOBHM 3KCIUlyaTauuu. J[ego B TOM, 4TO B
peanbHOM CEeTHM MOCTOSHHO MPUCYTCTBYIOT pa3HOro poja HeOalaHChl, T.€. B
HENOBPEXKIEHHONM CETU HMEIOTCS TAaKHE€ CHUTHAJIbI, KOTOpPbIE BOCIHPHHHMAIOTCS
3alMTaMU KaK Npu3HaK BO3HUKHOBeHUA O33. DT HebamaHChl MOTYT MOSIBISATHCS
Ha KOpPOTKOE€ WM IMPOJOJDKUTEIBHOE BpEMs M B ONPENEIEHHBIX Ipeaenax
U3MEHAThCS MO BenuuuHe. CeTh Kak >KMBET W JAbllaTh. Ecnum He ydecTh 3THUX
0COOEHHOCTEH, TO 00eCIeYuTh BHICOKYIO 3((HEKTUBHOCTH 3alTUTHI HE yIa€TCS.

Panee yxe oTMeHanoch, YTO CYIIECTBEHHBIE CIIOKHOCTH BO3HUKAIOT B
3amuTe oT O33 BO3AYLIHBIX JMHUNA 3nekTponepenadu. Ilpu oOpeiBe mpoBoaa
takor JIOII B mecre O33 uHOrZa BO3HUKAIOT IEPEXOAHBIE COIPOTUBIICHUS
nopsika HecKoybKkuXx KOM. HampsbkeHus M TOKH HyJEBOM MOCIEAOBATEIBHOCTH
IPU 3TOM CHJIBHO YMEHBIIAIOTCSA, TPUYEM CTEIIEHb CHU)KEHUS 3TUX pabOyYMX CHUT-
HAJIOB 3aBUCHT OT BEJIHMYMHBI IIEPEXOAHOIO COIPOTHUBICHHS M OCHOBHBIX
XapaKTEPUCTHK ceTH (EMKOCTh OTHOCHTEIBHO 3€MIIM, IMapamMeTphl 3a3eMIISIFOIINX
pe3ucTtopoB W T.A.). [Ipu OONBIIMX TEPEXOIHBIX COMPOTUBJICHUSX padodne
curHaisl 3amTel 0T O33 CTaHOBATCS COM3MEPUMBIMH C HebajlaHCcaMu,
CYLIECTBYIOIIMMU B CETH, U OT KOTOPBIX 3alUTa JOJDKHA OBITH OTCTPOECHA.
3HaueHUs 3TUX HEOAIaHCOB OrPAaHUYMBAIOT MUHUMAJbHBIE TOK M HAINpPSKEHUE
cpabaTteiBaHMs  3auThl. OTClOJa SCHO, 4YTO HEBO3MOXHO  BBINOJHUTH
HaIlpaBJICHHYIO TOKOBYIO 3amuTy oT O33, koTopas mpaBWibHO paboTana Obl BO
Bcex 0€3 MCKIIIOUEHUs Cllydasx, HallpuMep, NpH MaJeHUH [IPOBOJa HAa CyXOW CHET
3MMOM WJIM CYXOM NECOK WM CKAJIBHBIM TPYHT JIETOM U T.J. B TO ke BpeMms B psle
CllydacB OCTaBJATH JIeXKAIIMK Ha 3€MJIE M HaXOJAUIMICA I0J HaIpPsHKCHUEM
IPOBOJ HEBO3MOXHO I10 YCIOBUSAM 3JIEKTPOOE30I1aCHOCTH.
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14 OrpanuyeHnne TOKOB 0JJHO()A3HBIX KOPOTKUX 3aMbIKAHUI B
ynekTpuyeckux cerax 110-220 kB 3neprocucrem

PaGoTta snextpuyeckux cuctem Hampspkennem 110 kB u Bbime MoxeT
npeaycMaTpuBaTh Kak € TJIyX03a3eMJICHHOMW, Tak U ¢ 3(PdeKTHO3a3eMICHHON
HEUTpanblo. JnekTpudeckue cetu HanpspkeHuem 220 kB u Bbilie JAOMHKHBI
paboTaTh TOJIBKO C TJIyX03a3eMJICHHON HEUTPaJIbIO.

['myxuMm 3a3emiieHHEeM Ha3bIBAaIOT TaKOW CIOCOO 3a3eMIICHUs, MIPU KOTOPOM
HEUTpasib OOMOTKM TpaHchopMmaropa NPUCOEAUHEHA K  3a3eMIISIOIIEMY
YCTPOMCTBY METAUTMUECKH WIIM Yepe3 Majioe CONpOTHUBIICHHE (Hampumep, depes
TpaHC(hOPMATOPHI TOKA).

D¢ PexTUBHBIM 3a3eMIICHUEM HEHTpaiu - Ha3bIBAlOT TaKylO CETh, B KOTOPOH
HEHTpanu 0OJIbIeH YaCTH CHUIIOBBIX 3JIEMEHTOB (TpaHC(pOopMaTOpPOB, TEHEPATOPOB)
3a3eMJIeHbl. B TaHHOM pexuMe NMOBBILIICHUE HANPSIKEHUS M0 OTHOIICHUIO K 3eMIIe
Ha HEMOBpPeXACHHBIX (a3ax mnpu OAHO(DA3HBIX 3aMBIKAHHSIX Ha 3EMIIO B
yCTaHOBUBIIEMCSl pekuMme He mnpeBbimaeT 0,8 nuUHEHHOTO HANpsOKEHUS U
KOd(pUIIMEHT 3aMbIKaHUsI Ha 3eMJII0 HE MpeBbimaet 1,4,

Koaddurmentom 3ampikanus Ha 3eMITI0 B TPEX(PA3HOM AIEKTPUUECKON CETH
HA3bIBACTCSl OTHOIICHHWE PA3HOCTH MOTEHIIMAIIOB MEXAY HEMOBPESKAEHHON (paszoii
¥ 3eMJIEH B TOUKE 3aMbBIKaHMsI Ha 3eMJTIO JIPYTON WU JABYX JIpYyrux (a3 K pa3HOCTH
MOTEHIMAIIOB MEXAy (a3od U 3eMJIEN B 3TOM TOUKE A0 3aMblkaHus. i ceTu ¢
riryxo3azemieHHon HelTpansio K3 = 1,384 <14,

D¢ddexTuBHOEC WM TIyX0€ 3a3eMIICHHE HEUTpaal MPUMEHSETCS BO BCEX
aeKTpoycTaHoBKax HanpspkeHueM 110 kB u Bhiiie, ¥ 3T0 00BACHIETCS OONBITUMU
TEXHUKO-I)KOHOMUYECKUMHU TPEUMYIIECTBAMU TaKOr0 CHoco0a HWMEHHO MJis
YCTAaHOBOK BBICOKOT'O HAmNpsDKEHUsA. BHyTpeHHUE mNepeHanpssKeHus B TaKUX
YCTaHOBKAX HIDKE, YeM IEPEHANPSIKEHUS B CETAX C M30JMPOBAHHON HEUTPAIIbIO
(He mpeBbIIAIOT 2,5) W MOATOMY CTOMMOCTb HW3OJIAIUH JIMHUKA W araparoB
MOJTy4aeTCsl 3HAUUTEIILHO HUXKE, YeM MPU U30JIMPOBAHHON HEUTpaIIH.

Hpyrum npeumyiiectBoM 3(PGEKTUBHOTO 3a3eMJICHUSI HEUTpaIu SIBIAETCS
BO3MOXHOCTh 00€CHEeUYUTh YETKYIO OBICTPOJAEHCTBYIOILYIO 3alUTy OJHO(A3ZHBIX
K3, koropsie coctasmsitor 10 80% Bcex BUOB noBpexaeHuit. Kpome 3toro B 3THx
cetsx 6ornee 3(HEeKTUBHO MPUMEHEHHE aBTOMATHYECKOTO MIOBTOPHOTO BKIIFOUCHUS
(AIIB).

KommdectBo  3a3eMIIGHHBIX HEWTpajed Ha CTaHOUU  ([TOJCTAHIINM)
onpenensieTcss HeOOXOAUMBIM 3HaueHHeM Toka, oaHodaszHoro K3 koTtopelil He
nomwkeH ObITh Menbie 60% Toka TpexdazHoro K3 B Toit ke Touke (Xo < 3Xy),
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YTOOBl TOBBIIICHUE HANPSKEHUS NPU 3TOM HAa HEHNOBPEXKACHHBIX (hazax He
npesbimano 0,8 Mexayda3sHOro HampsKEHUST B HOPMAJIbHOM PEXHUME PaOOTHI.
Takoe 3HaueHHE TOKa MOXKET ObITh 00ECIEYEHO MPHU 3a3eMJICHUH OOJIBIIECH YacTu
HeWTpaneil TpaHchopMaTopoB CTaHIUU (MOJCTAHIIUK), YKCIO KOTOPBIX IOJKHO
OBITh OIPEJIETICHO CIEIMAIBHBIM PaCuETOM.

[Ipu 3THX pacuérax HEOOXOJUMO YUMUTBHIBATH 00S3aTEIBLHOCTb 3a3€MJICHUS
HelTpaneld aBToTpancpopmaropoB, TpanchopmaropoB 220 kB, u TAroBBIX
TpaHC(HOPMATOPOB YCTAHOBJIEHHBIX Ha JJIEKTPUUECKUX CTAHUHUAX U MOJICTAHLUAX.

Yem Oombliie 4YUCIO 3a3¢MIIEHHBIX HEWTpaieil, TeM MEHbIIEC BeIUYHHA
BHYTPEHHUX MNepeHanpsikeHuil. [loatomy B cerax HampsikenueM 220 kB u Bbie
IIPUMEHSIOT rIIyXxoe 3a3eMJIEHUE BCEX TpaHchopmMaTopos 17}
aBToTpaHcopmaropoB, a B aekTpornepenaadax /50 kB, kpome Toro, B psje
cllydaeB  mpuOeraroT K JONOJHUTEIbHOMY  OrPAaHHYEHHUIO  BHYTPEHHHX
nepeHanpsHKeHU TEXHUYECKUMHU CPEACTBAMMU.

3azemsieHne HeWtpaneid Bcex 0€3 HCKIIOYEHHUS TpaHC(HOPMaToOpoB
NOJICTAaHLIMM HE TMPAKTHKYeTCs, TaK KaK IpU 3TOM YBEJIUYUBAIOTCS TOKHU
onHodaszneix K3 Ha 3emutto, uero cieayer u3zberatb B T€X Clayyasx, Korja 3TO
BO3MOXHO, Kak, Hampumep, B ceTsax HanpsbkeHuem 110 xB. Kpome Toro, mpu
HIMYUM OOJIBIIOTO KOJMYECTBA IMOACTAHUUMN, TNPUCOCIUHEHHBIX K JIMHUSAM
NIEKTPOIEPEAAUYN  [JIyXMMHU  OTBETBJICHHUSMH,  KOJMYECTBO  3a3€MJIIEHHBIX
HehTpased TpaHcopMaTOpOB B CETH OrPAHUYMBACTCA TaKXKe YCIOBHUSIMU
penevtHolt 3ammThl. [loatomy B cersx 110 kB 3asemusror TONMBKO Takoe
KOJIMYECTBO  HEWTpaned, KoTopoe obOecrieunBaeT  yHNOMSHYTYIO  BBIIIE
3Q(HEKTUBHOCTh 3a3€MJICHUS M JOIYCTUMOE HaIpsHKEHUWE Ha HEeUTpaiu
He3a3eMJIEHHBIX TpaHcpopmaropoB ¢ PIIH mpu  oaHOda3HBIX KOPOTKHX
3aMBbIKaHUSX.

OnHako paccMaTpuUBaeMbIil PEKHM HEUTPAIM UMEET U PSAJ HEAOCTATKOB.
Tak mpu 3ambikaHuu OAHOW (pa3pl HA 3eMii0 00pa3yeTcss KOPOTKO3aMKHYTBIN
KOHTYp 4Y€pe3 3€MJII0 M HEUTpajdb HCTOYHUMKA C MAJIBIM COINPOTUBIECHHUEM, K
kotopomy npuioxena IJC ¢assl (pucynox 71):

Pucynok 70 — Tpexdaznas cetb ¢ 3pPeKTUBHO3a3EMIEHHON HEUTPAJIbIO.
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Boznukaer pexxum K3 conpoBoxaaroniuiicss npoTeKaHueM OOJIBIINUX TOKOB.
Bo uzbexanue moBpexaeHUs 00OpyAOBaHUS JUIMTENIbHOE MPOTEKaHuEe OoJiblliee
TOKOB HEJOMyCTUMO, modToMy K3 OBICTpO OTKIIIOYAETCS pPENeHHON 3allUuTOM.
[IpaBna, 3HauMTENbHASA YaCTh OAHO(AZHBIX NOBPEKICHUN B IJEKTPUUECKUX CETIX
HanpsokeHueM 110 kB w  BbIIe OTHOCATCA K CaMOYCTPAHSIOMIUMCS  T.€.
MCYE3al0IIUM T[0CJEe CHATUS HampsbkeHus. B Takux ciydasx 3¢QexkTuBHbI
YCTPOWCTBA aBTOMATHYECKOro MoOBTOpHOro, BkimoueHus (AIIB), kotopsie,
JEUCTBYsI Tmocie paboThl YCTPONCTB peleiHHON 3alluThl, BOCCTaHABIMBAIOT
MUTaHUE TOTPEOUTENEH 32 MUHUMATIBLHOE BpEMs.

Bropoii HemocTtatok - 3HAYUTENBHOE YAOPOXKAHUE BBINOJHIEMOIO B
pacrpenenuTeNbHbIX YCTPOMCTBAX KOHTYpa 3a3€MJICHUS, KOTOPBIM JOJKEH
OTBECTH Ha 3eMJyto Oosbiine Toku K3 u moatoMmy npencrapiisger co0oil B JTaHHOM
CJIy4ae CJI0KHOE NHKEHEPHOE COOPYKEHHE.

Jis Ttakoro kontypa TKII-339 pomyckaer MakCUMallbHYIO BEJIUYUHY
COTPOTHUBJICHUS 3a3eMJIsitolero Koutypa - 0,5 Owm, To ecth, B 20 pa3 MeHblie, yeM
JUISI CUCTEM C MaJbIMU TOKaMH 3aMbIKaHUS Ha 3eMIII0, K KOTOPbIM OTHOCSITCS CETU
6-10-35 kB.

Otcrofa cieyer, 4To YMUCIO 3IEKTPOJIOB B JJAHHOM Cllydae JOJKHO OBITh
BeCbMa OOJBIIMMHU U, JEHCTBUTENHHO, B 3aBHUCHMOCTH OT CBOWMCTB TIpyHTa
coctaBisieT oT 75 10 200 3mekTpoaoB.

HecmoTps Ha Manoe CONPOTUBIECHHE 3a3€MIISIIOIIETO KOHTYpa, NaJcHUE
HaIPSDKEHUS Ha 3a3€MJIUTENIE TPU KOPOTKUX 3aMbIKaHUAX OyIET BEJIHMKO JAAXKe MpU
conporuBienuu 0,5 Om. Hanpumep, npu I3 = 3000 A, U; = 0,5*3000 = 1500 B.
[Mpu Takux ycnoBusix 0€30MacHOCTh OOCIY)XMBaHHS MOXET OBITh oOecreueHa
OBICTPHIM ABTOMATHYECKUM OTKJIIOYEHUEM IMOBPEXKAEHHOM 3JIEKTPOYCTAHOBKH, a
TaK)K€ YMEHBIICHHEM HAIpsOKeHUs] MPUKOCHOBEHUS M IlIara, MNPUMEHEHUEM
u30aupytomeid o0yBH, MEPYATOK, MOJACTABOK, MPOEKTUPOBAHUE 3a3EMIISIFOLIETO
YCTPOMCTB IO HANPSKEHUIO MPUKOCHOBEHHMS.

Tpetuit HemOCTATOK - 3HAYUTENBHBIN, TOK oHO(Ma3zHoro K3, koTophlil npu
OOJBIIOM KOJIMYECTBE 3a3€MJICHHBIX HEWTpayieil TpaHc(hopMaToOpoB, a TAKKE B
CEeTSIX C aBTOTpaHCPOpMATOpaMH MOKET MpeBbIIaTh TOKK Tpexdaznoro K3. Jlns
yMEHBbIIEHUS! TOKOB ojHO(pa3Horo K3 mnpuMeHSIOT, €ciau 3TO BO3MOXKHO U
3¢ pekTUBHO, YacTHYHOE pasz3eMiieHue Heutpanen B cersx 110 kB. Bo3moxkHO
MPUMEHEHUE TOKOOTPAaHMYMBAIONIUX COMPOTUBJICHUM, BKJIIOYAEMbIX B HEUTpanu
TpaHchOpMaTOpOB.

B cerax 110-220 kB ¢ ¢ dexkTuBHO 3a3eMICHHON HENTPaIbio CO 3HAUCHUEM
otHomeHust X0/X; = 2-3 nipu 1o / r; < 1 tpéxdaznoe K3 nmpuBOIUT K MOABICHUIO
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HAaMOOJBIIUX TOKOB, a TOITOMY SBISIETCS HauOOJIEe OIMACHBIM BHJIOM aBapUHU.
OnHako BEPOSITHOCTh TAaKOrO TMOBPEXKIEHUS CPABHUTEIBHO HEBEIUMKA M TEM
MEHBbIIIE, YEM BBIIIE HAMPSHKEHUE.

Tak kak Onarogaps IIMPOKOMY NPUMEHEHHIO aBTOTPaHCHOPMATOPOB
otHomrenrne X0/X; B MOILIHBIX dHEProcucTeMax mocteraet 3Hadenmii 0,5 - 1,5, To
y>K€ B HACTOsIIlIee BpeMsl HEPEJIKH CIydau, B OCOOEHHOCTU B CETSIX CBEPXBBICOKHX
HalpsDKCHHMM, Korja Hambojee dYacThlii BUJ OJHO(A3HBIX MOBPEKIACHUMN
OJIHOBPEMEHHO SIBJISIETCS] HanOoJiee TAKEIBIM, IO KOTOPOMY HYXHO, B YACTHOCTH,
IPOU3BOINUTH BHIOOP BBIKIIIOYATENEH M APYrod ammaparypbl, OIIMHOBKH, a TaKKe
ONMpEeNeNsaTh  DJIEKTPOAMHAMUYECKYID  CTOMKOCTh  OTHENbHBIX  OOMOTOK
aBTOTPaHC(POPMATOPOB.

HeoGxomumo ~ Takke  OTMETHTh,  4YTO  BCJIEACTBUE  TOTrO,  4YTO
aBTOTpaHcopMaTOpbl HMEIOT Majible 3HayeHus HampsikeHuss K3 wmexmy
croponamu BH-CH, Toku ognogaznoro K3 B cOBpeMEHHBIX SHEProcucTEMax Mpu
IIIyXOM 3a3€MJICHUHM HEUTpaliel pe3KO BO3PACTAIOT TAKKE Ha CTOPOHE CPEIHETO
HaIpPsDKEHUS, YTO MPUBOJIUT K YBEIUYEHUIO MPEACIbHBIX TOKOB OTKJIHOYEHUS
BBIKJTIOUATEICH B OJTHUX CETSIX OTO OOCTOSTENHCTBO HEOOXOAMMO TIIATEIHHO
aHAJTM3UPOBATh B KOHKPETHBIX CIIyyasx, a pe3yJibTaThl YUYHUTHIBATh MPU BLIOOpE
THUIIA U TAPAMETPOB BBIKIIIOUATEIIEH.

B cooTBeTCTBHUU €O CKa3aHHBIM CIEAYET OTMETUTh, YTO TOKM OJHO(A3HOrO
K3 B mepcnexktuBe OyayT pactu ObicTpee, yeMm Toku Tpéxdaznoro K3. B 1o ke
BpeMsl orpaHnyeHue TokoB ojiHo(azHoro K3 tpyanee, yeM TpéxdaszHoro.

B cBsi3M ¢ 3TUM BBICKAa3bIBAIOTCA pa3jIMYHbIE MpeMIokKeHUd. B yacTHOCTH,
OBLJIO TPENJIOKEHO OTKa3aTbCsd OT 3a3eMJICHUs HEUTpasleld BceX OJOYHBIX
MOBBIIAIOIMIUX TPAHCHOPMATOPOB; TPUMEHSATh B OTACIBHBIX CIy4asX Kpome
OTPAaHUYHTEIILHBIX MEKCHUCTEMHBIX CBSI3€d TpaHC(POPMATOPHI C AICKTPUUECKH HE
CBA3aHHBIMH OOMOTKaMU BMECTO aBTOTPaHC(HOPMATOPOB.

VYBenuuenne TokoB ojgHO(azHoro K3 B coBpeMEHHBIX CETSIX O0YCIOBJICHO
00ILIMM YMEHBIIIEHUEM IIOJHOTO COMPOTUBIICHUSI HYJIEBOM MOCIEI0BATEIHHOCTH,
BBI3BAHHBIM ~ TMOMHUMO  00SI3aTEJILHOTO  TJIyXOro  3a3€MJICHHUSI  HEWTpaiu
aBTOTpaHC(OPMATOPOB U HEMOCPEACTBEHHOM 3JIeKTpHUecKOl cBs3u ceret BH u
CH Ttaxxke Haiuuuem TpeTUYHOM o0OMOTKH. HeoOXxonumocTh moclienHed B
HACTOSIILIEE BpeMS LIMPOKO JUCKYTHpPyEeTCs B psiae cTpaH. M3BecTHO, 4TO
TpeTuyHasi OOMOTKa aBTOTpaHChopMaTopa CIYXHT Il OOpa3oBaHMs ILEMH C
MaJbIM MOJIHBIM CONPOTHUBIICHUEM ISl TPOXOKIAEHUS TOKA TPEThE FapMOHUKHU B
HAMArHUYUBAIOIIEM TOKE M  HCKJIIOYCHMS HCKAXEHUSI CHUHYCOUJAJIBLHOIO
HaANpsDKEHUsT 32 CUET TOSIBJICHUS TPEThel M KpaTHOM el rapMOHUK B (pa3zHOM
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HallpSOKEHUM W TPEThed TapMOHUKM TOKa B JIMHUAX DJIEKTPONEpPENayu.
OIHOBPEMEHHO OHA MCIHOJIB3YeTCA IS MOAKIIOUEHMS] TMUTAHUS COOCTBEHHBIX
HY)XJl TOACTAaHIIMM W TIMTAHWUS HArpy3Kd Yepe3 JUHEHHBIN TpancdopmaTop.
Opnako Oyarojapsi MOBCEMECTHOMY PE3KOMY YBEIWYEHUIO TOKOB OJHO(A3HOTO
K3 u ux yactoil BEposITHOCTH BO3ZHHMKHOBEHUS, €CTECTBEHHO, CHOBA MOABEPraeTcs
COMHEHHUIO HE0OXOMMOCTh BO BCEX CIIy4asix TPETUYHOU OOMOTKH.

Crnenyer MOMYEPKHYTH, YTO i OOpa3OBaHMs MyTH TMPOXOXKICHHUS TOKOB
TPEThEe TapMOHUKHU TPETUYHAs OOMOTKA MOXET OBITh MPUHIUIHAIBHO Majou
MOIITHOCTH, OIpPEaeIsIeMOi TOJMbKO €€ TepMmuueckoi ctoiikocthio (5 - 15%
MOIIHOCTH TJIABHOH 00MOTKH). OHAKO ISl 00CCIeUeHUs dJICKTPOIMHAMUYECCKOM
CTOMKOCTH MOIIIHOCTh TPETUYHON OOMOTKHM paHee MPUHUMAJach PaBHOW HE MEHEe
33,5% MoIHOCTH IJ1aBHOMH OOMOTKHU.

[Tpumepbr pacuéroB s aBroTpancopmaropa 300 MBA, 200/132 kB wu
1200 MBA, 400/275 xB moka3agu, 4YTO OTKa3 OT TPETUYHOH OOMOTKH
CYIIIECTBEHHO CHUXAET 3HAaUeHUE HecUMMeTpuuHbIX TOKOB K3. Takum obpazom,
IPU BO3MOKHOCTH OTKa3a OT TPETUYHOM OOMOTKM Takue aBTOTPaHCHOPMATOPbI
MOTYT OBITh MCITOJIb30BAHBI JIJIsi OrpaHu4eHus oHo(pa3HbIx TokoB K3 B cucteme.
[Ipu oTka3e OT TPETUUHBIX OOMOTOK OOS3aTEIBbHO TIIYXO0€ 3a3eMJICHHUE HeUTpasnen
oomMorok BH um CH. Cnenmyer Takke uWMeTh B BHUAY, 4YTO MPU OTCYTCTBUUN
TPETUYHON OOMOTKH Yepe3 HeUTpayib aBTOTpaHchopMaTopa U NPUCOETUHEHHBIE K
HEMY JMHUU OyAyT MNPOXOAUTh TOKU TPEThEeW TapMOHUEH K Onrkaiiiemy
HMCTOYHUKY C 3a3eMJIEHHOW HEUTpasblo WU K OnmxkaiieMy aBToTpaHchopMaTopy
C TPETUYHOM OOMOTKOM, OKa3bIBasi BIMSHUE HA MPOXOSIUEe BOJIU3U JIMHUU CBSI3U.
Kak ykazaHo BbIllle, C TOYKM 3pEHHUS MHUTaHUS NOTpeOUTENeld Ha HU3IIEM
HaAMpPsHDKEHUU HEO0OXOAMMOCTh OOMOTKM HEBEJIMKA, OJHAKO NpPH OTKa3ze OT Heé
NOACTAHIMS JIMIIAETCS WCTOYHUKA JUIsi TUTAHUS COOCTBEHHBIX HYXJ U
BO3MOXXHOCTH  HECTH  Harpy3ky MoTpeOuTeneil Ha  HHU3KOW  CTOpOHE
TpaHcdopmaropa.

[ToaToMy B HacTtosiee BpeMs BOmpoc 00 OTKa3e OT TPETUYHOM OOMOTKHU B
KOKJIOM Clly4ae pelaercs WHIAUMBHAyalbHO. B 3TOM ciyyae CHMXKAIOTCA TOKHU
onnogazHoro K3, a Takke BHyTpEHHHE MEPEHANPSHKEHUS B PEKUME BKIIOUYEHUS
aBTOTpaHc(opMaropa BMECTE C JIMHUEN CO CTOPOHBI 001IEH OOMOTKHU.

B Hacrosiiee BpeMsi B ceTIX UMEET MecTo paboTa aBTOTpaHC(HOPMATOPOB C
TPETUYHON OOMOTKOIA.

Takum 006pa3oM, B COBPEMEHHBIX IHEPrOCUCTEMAX BO3MOKHBIM MyTEM IS
yMEHbIIIEHUST TOKOB onHodazHoro K3  sBasercs yBeIMYEHUE MOJHOIO
CONPOTHUBIICHUS HYJIEBOM NOCJIEIOBATENBHOCTH 3a CUET:
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— OTKa3a OT TPETUYHOU OOMOTKH;

— YaCTUYHOTI'O Pa33eMJICHUS HEUTPAJIEH,

— BBEJICHUSI JOMOJIHUTEJIBHOTO PEAKTUBHOTO COMPOTHUBJICHUS B IICIb
HYJIEBOM IMOCJIEA0BATEIBHOCTH.

[Tox cucremoit ¢ 3(pPpexkTUBHO 3a3eMIEHHON HEUTPAIBIO MPUHSTO CUUTATH
cuctemy, B KoTopoit Xo / X; <3 urg/ 1 <1 mig Bcex KoHGUTryparuii CeTH, e o

- aKTUBHOC COIIPOTHUBJICHHUC HVHGBOﬁ IOCJIACAOBATCIILHOCTH.

B cucremax, rae Heltpanu Bcex TpaHCPOpMaTOPOB 3a3eMIICHBI Hariryxo, Xo
/ X1 < 1. B GONBIIMHCTBE CUCTEM C IIEIbI0 OrpaHHUYeHHsI TOKOB oxHoda3Horo K3
4acTh HEUTpAJIEH pa33eMIACTCSA; B OTOM Cllydae 3a CUET BIIMSHUS PEAKTUBHOIO
conpotuBieHust guHui Xo / X; > 1. Ha noacrannusx cereit HanpsbkerneM 110 kB
JUT MCKITIOYEHUS TIOBPEXKICHUN TpaHC(HOPMATOPOB M BEHTHIIBHBIX Pa3psTHUKOB
U3-3a TIEPEHANPSIKCHUA TTPU HEMOJIHO(MA3HBIX PEKUMaX, a TAK)Ke CHIDKCHHSI TOKOB
0/1HO()a3HOr0 KOPOTKOT'O 3aMbIKaHUs U 00eCIIeYeHUs! HaJIeHOU pabOThl peneHon
3alIUTHl PeXUM PabOThl HEeWTpasnei cuioBbiX TpaHchopmartopoB B cetu 110 kB
YCTaHABJIMBACTCS CIEAYIOLINM:

1. JToJ>KHBI UMETh TITyX0€ 3a3€MJICHUSI HEUTpaJe:

1.1 Tpauchopmatopsl 110 kB ¢ ycTpoiicTBamu peryanpoBaHusi HaPsHKEHUS
non Harpyskoit (PITH) ¢ ypoBHem wm3osmsiuu Hertpaau 35 kB (ucmbiTatesbHOe
Hanpspkenue Herpaim yactoTsl 50 't paBro 100 kB).

1.2 TpauchopmaTopsl, UMEIOIINE TEHEPUPYIONINE UCTOYHUKU MUTAHUS CO
CTOPOHBI HU3KOTO WJIM CPEAHETO HANpSIKEHUS, HE3aBHCHMO OT Kjlacca M30JIALHUU
HenTpanu. [lomyckaeTcs yacTh HEHUTpasiel TakuxX TpaHC(HOpMaTOPOB HE 3a3EMJISTh,
€clii B PEMOHTHBIX WJIM B aBapUHHBIX PEKHMaX HEBO3MOXKHO MX BbIIEIICHHE Ha
paboThl C Y4acCTKOM CETH, HE HUMEIOIIUM TPaHCPOPMATOPOB C 3a3eMIEHHBIMU
HEUTpamsiMi, WM 00ecreynBaeTCsl MPU 3aMBIKAHUAX Ha 3E€MJII0 OTKIIOYECHHE
TpaHCHOPMATOPOB € M30JMPOBAHHOW  HEUTpaipl0 O  OTKIIIOYEHUS
TpaHc(hOpMaToOpoOB ¢ 3a3eMICHHON HEHUTPAJIBIO.

[Ipu »TOM, HEWTpan, MMEIOUIME HEMOJIHYI0 M30JIALMIO, JODKHBI OBITH
3alUIICHBI COOTBETCTBYOMUMU paspsaaukamu (OITH).

2. [Ipy moAKIIOYEHUH K TPAH3UTHOM JMHUHM WIM JUHUU C PaguabHbIM
NUTaHUEM TPaHC(HOPMATOPOB C YPOBHEM H3OJIALMK HEUTpANIU B COOTBETCTBHH C
I'OCT 1516.3-2000 (ucneiTaTebHOC HampsbkeHue Heirpanu vactorsl 50 I'm 100
kB tpancpopmatopoB 110k B HeoO6xoanmMo mpou3BOAUTD:

2.1. ITpu onnoMm Tpanchopmarope Ha ganHoi BJI - rimyxoe 3azemiieHue ero
HEUTpau.

2.2. Tlpu nByx u Oonee Tpanchopmaropax Ha pganHod BJI - rimyxoe
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3a3eMJICHUE HEUTpan ABYX TpaHC(HOPMATOPOB.

PaGora npapyrux TpaHc)OpMAaTOpPOB JONMYCKAETCS C HW30JUPOBAHHOMU
HEWUTPaJIbIO MPH 3aLIUTE €€ COOTBETCTBYIOIUM pa3psaanukoM, OITH.

3. [Ipy mopkimroueHWW K TPAH3UTHOW JMHUW WU JIMHUU C pPagvdaibHBIM
MUTAHUEM TOJIBKO TPaHCPOPMATOPOB C TMOJHBIM KJIACCOM H3OJISIIIUU HEUTpaiu
HEOOXOJMMO  TPOM3BOAUTH  TIyXO€  3a3¢MJICHHE  HEUTpaau  OJHOTO
TpaHchopmaropa.

4. Tlpu MOKITIOYEHUN OJHOTO WJIM HECKOJIBKO TpaHC(HOPMATOPOB C YPOBHEM
n3ojisnun Hertpanu B cooTBeTcTBUU ¢ ['OCT 1516.3-2000 k mmHaM moACcTaHIINH,
UMEIOIIUX THTaHWE OT JBYX W 0o0jiee HCTOYHHKOB, HEOOXOIUMO TIIyXOe
3a3eMJICHHE HEUTpaid OJHOTO TpaHchopMaTopa W3 YHCIA TOJKIIOYEHHBIX K
JAHHOW CHUCTEME IMWH WX CEKIuH, paboTa Ipyrux TPaHCHOPMATOPOB ITOU
CUCTEMbI IIMH WM CEKLUHMH JIOIYCKaeTCsl C HU30JMPOBAHHOM HEUTPAJIbIO MpU €€
3aIUTE COOTBETCTBYIOIINM Pa3PsTHUKOM.

5. 3ammra Hevitpamu oomotku 110 u 150 kB tpancdopmaTopoB ¢ ypoBHEM
m3ojsim - o ['OCT 1516.3-2000 pomkHA OCYIIECTBISATHCS BEHTUIIBHBIM
pazpsaaukoM, OITH.

PBC - 35 + PBC15 pnsa tpanchopmaropoB 110 kB unu 2PBM35, 2PBC20
v OITH 110/59.

6. [Ipu oTkiIIOYEHWM B PEMOHT TpaHchopMaTropa C TIyX03a3eMJICHHOU
HEUTpaJIbI0 JIOJDKHA 3a3eMJISITbCA  HEUTpallb Ha JApPyroM TpaHcdopmaTope,
MONKITIOYEHHOM K JaHHOW JMHUHM WU cucteMe muH. [Ipu 3TOM KOIM4YecTBO
TpaHCHOPMATOPOB € TIIYX03a3eMJIEHHON HEUTpasIbi0 JOJKHO COOTBETCTBOBATH
TpeOOBaHUIO MYHKTOB 2, 3, 4.

7. Ilpu Tpou3BOACTBE oOMNepaluid MO BKIIOYEHUI0O U  OTKJIIOYEHUIO
TpaHchopMaTopa, UMEIOMIETO HEMONHYI0 H30JISINI0 HEeHTpad, HeOOXOAMMO, Ha
BpEMsI OTIEPALIMK €TO HEUTPaJIh 3a3€MIISITh.

8. Bce BHOBBL BBOAMMBIC CHIIOBBIC TPAHC(HOPMATOPHI C YPOBHEM H3OJISIIHH
Heritpamu B cootBercTBUM ¢ ['OCT 1516.3-2000 momkHBI TpeaycMaTpuBaTh
paboTy, Kak C M30JIMPOBAHHOM, TaK M 3a3€MJICHHOW HEUTpaliblo, NI YEro B €ro
HeWTpaau JoJKHBI ObITh cMOHTHPOBaHbI 30H - 110 u pa3psauuk wim OITH.

3anperniaercs paszemieHue HeuTpanu TpanchopmaropoB 110 kB u Boimie u
YCTaHOBKA B IeNH €€ 3a3eMJICHUS KOMMYTAIlMOHHBIX ammapaToB M BEHTUJIbHBIX
Pa3psATHUKOB, €CIU M30JSIIUS HEHUTpald paccunTaHa Ha paboTy MpU TIIYXOM
3a3eMyicHUHU (TAroBbIC TpaHCHOPMATOPHI M aBTOTPAHC(HOPMATOPHI).

Bentuibnabie paspsaaanku u OIIH ns 3ammThel HEWTpanen peKOMEHAYETCs
yCTaHaBJIMBATh HEMOCPEJICTBEHHO y TpaHC(HOPMATOPOB.
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CymMapHasi JJIMHAa TMPOBOAa B OOMOTKax TpPaHC(HOPMATOPOB IOCTHracT
HECKOJIBKUX KHJIOMETPOB, IO3TOMY MPH BKJIFOUYEHUH OOMOTKH B CETh TOJYKOM, B
00OMOTKE BO3HHUKAIOT BOJIHOBBIC Tporecchl. Ha pucyHke 72 mpuBeaeHa cxema
3aMelneHus 0OMOTKH TpaHcdopMmaTopa. bmaromaps Tomy, MOpPOBOA OOMOTKH
HABUBACTCS BOKPYI MArHHUTOIPOBOJA, MOSBISAIOTCS JOMOJHUTEIbHBIC MapaMeTPhI
CXEMBI 3aMEIIECHUS:

— €MKOCTh MEX/Iy COCEITHUMH BUTKaMH (MIPO0IbHAS EMKOCTD);

- B3aMMHas MHIYKTHBHOCTh KaXIOIO BHTKA CO BCEMH OCTalbHBIMHU

BUTKAMHU OOMOTKH.
K/dz.

rd

=
i

Pucynok 72 - Cxema 3amereHust TpanchopmaTopa mpyu UMITYJIbCHBIX
BO3JENCTBUIX

PacnipenencHue HanpsokeHWsT B YCTAHOBUBIIEMCS PEXKHUME 3aBUCUT OT
pexuma HeuTpanu. B ciydae 3a3eMIICHHOM HEUTpaIM B CHIIy OJHOPOAHOCTHU
O0OMOTOK, YCTaHOBUBIIIECECS PACIPEICICHUE HANPSDKEHUS OyAeT ONpeaessiThes
HAKJIOHHON mpsmoi (pucyHok 73,a). Ilpu wu30aMpOBaHHON HeWTpanu B
YCTAHOBUBIIEMCS PEKHMME BCEe OOMOTKAa MPUMET OJWHAKOBBIM TMOTEHIHAI
OTHOCHUTEIILHO 3E€MJIM M TIPEICTABIIICT COOOH TOPU3OHTAIBHYIO NPSIMYIO JIHHUIO
(pucyHok 73,0). 13 pucyHka 72 MOKHO CIIeNIaTh BBIBOI:

— TpU HW30JIMPOBAHHOW HEUTpanu HauOOJIbIee HAMPSIKEHUE UMEET MECTO
Ha KOHIIE OOMOTKM ¥ €ro BEIWYMHA TpU OECKOHEYHO JJIMHHOW BOJIHE
npubnuxaetcs K 2Uo;

— MIpU 3a3€MJICHHOW HEUTpajii HauOOJblIee HAMPSKEHUE HE MPEBOCXOIUT

1,2-1,3U,

CnenoBatenbHO, B 0OOMX Ciy4yasX Ha [JIABHYIO H30JSLUAI0 MOXET
BO3/ICIICTBOBATh HAIPsDKEHUE, MPEBBIIIAIONIEE HANPSKEHHE NCTOUYHUKA. OOMOTKU
tpanchopmaropoB 110-220 kB mnpennHasHauensl myis pabOTBl B CETH C
rIIyX03a3eMJICHHON HelTpanbto. M30msmus Takux TpaHC(hOPMATOPOB BBIMOTHAETCS
B COOTBETCTBHU C paCIpe/ICIICHUEM HampshkeHus (PUCYHOK 73,a), TO €CTh KOHEIl

0OMOTKH BBIIIOJHSETCS C OCJIA0JIEHHON HU30JISIIIHE.
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Pucynok 73 - TIpubnwkeHHOE ONpeieicHHe MaKCUMAJIbHBIX MTOTEHIAIOB B
00MOTKe TpaHchopMaTopa ¢ 3a3eMJICHHOH (a) U M30JMPOBaHHOM (0) HEUTpaIIMHU.

1 - HavaubHOE paclpeselieHue HANpSOKEHUs; 2 - KOHEYHOE paclpelesieHue
HaHpH)I(eHI/IH; 3 - OFI/I6aI-OH_[a$I MaKCHUMAJIbHBIX ITOTCHIINAJIOB.

YacTto mo ycloBHSAM CEIEKTUBHOCTUA OTKIIOUCHHS OJHO(MA3HBIX KOPOTKUX
3aMbIKaHUM B CETH, 4YacThb HEWTpasieill pa33eMysiioT W TOrJa paclpejesieHue
HAMPSHKEHUS TI0 JJIMHE OOMOTKH OyJeT B COOTBETCTBHHU C KpHUBOW pucyHKa 73,0.
Kpome Ttoro, mpm HenosHoda3sHOM NUTaHUM TpaHchopmaTopa Ha HEUTpaiu
TpaHchOpMaTOpPOB B ITOM ciydae OyaeT dasHoe HampspkeHue. JIis 3amuTh
HEUTpaJid OT TMepeHaANpsHKEHU HeNoJHO(PA3HOrO pPEeXHUMa, HEUTpad TaKHuX
TpancopmaropoB 3amumarorcs paspsaHukamu  win OIlHamu, xommyTanuu
TpaHcHOPMATOPOB HECMOTPSI HA TO, YTO HEUTpaAIU TPAHCPOPMATOPOB 3AILUIICHBI,
JIOMyCKaeTCsl TOJbKO MpU 3a3€MJICHHOW HEWTpaiu, TaK Kak MpU OTKIOYECHUU
BO3MOXKHO HEOJHOBPEMEHHOE OTKIIOYeHHe Mo (a3aM, T.e. HenoJHOGpa3HBIN
PEKUM.

OCHOBHOM 1IeJIbI0 OTPaHUYEHHUSI TOKOB OJHO(A3HBIX 3aMbIKAHUI Ha 3€MITIO
(O33) sBisieTcss TPUBEACHWE WX 3HAYCHUH B COOTBETCTBUE C JOIYCTHMBIMHU,
yKa3aHHBIMM B TEXHUYECKHUX YCJIOBHSX M CTaHIApTax, a TaKXKe IMOBBIIICHHUE
HaJICKHOCTU PabOThI AIEKTPOOOOPYAOBAHUS.

Orpanunyenue TokoB 033 B anmekTpudeckux cersix 110 kB momkHO BbITOI-
HATHCS TIpU WX 3HadeHmsX, Oompmmx 30-35 kA, a B cersax 220 kB - npu TOKaX,
oonpmux 35-40 KA. OrpaHu4eHuI0 MOJICKAT TakKe TOKU CKBO3HBIX O33. mpoTe-
KaroIMX 4epe3 OOMOTKH aBTOTPaHCHOPMATOPOB CO CPEAHUM HAMPSHKEHUEM 0
220 xB BKIIOYMTENIBHO, €CITU UX KPAaTHOCTb HA CTOPOHE CPEAHEro HaIpsHKeHUS
npeBbimaer 80% MOomMyCTUMOW MO TEXHUYECKHM YCJIOBHSAM IPU TMUTAHUU CO
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CTOPOHBI HU3IIETO HAPSIKEHHUS.

[Ipn orpannuennn TokoB O33 cienyeT y4HMTHIBaTh CIEAYIOIIME OCHOBHBIC
bakTopsh:

— JIONyCTUMBIM YPOBEHb HAIpPSKEHUS HAa HEUTpasiX TpaHC(HOpMaTOpOB U
aBTOTPAHC(POPMATOPOB;

— JOMYCTHMBIE NTapaMETPOB BOCCTAHABIIMBAIOLIETOCS HANPSLKEHUS MPHU OT-
kiroueHnu O33;

— JIONyCTUMBI  ypOBEHb TMOBBIIICHHUS] HANPSKEHUS MPOMBIIUICHHON
4acTOTHl HA HETIOBPEXKIEHHBIX (pa3ax;

oOecIrieueHre CEJICKTUBHOCTH U YYBCTBUTCJIbBHOCTH 3aIUT.

HAJIEKHOCTD AJICKTPOCHAOKEHHUS MOTPEOUTENIEH;

HaJINYMe Ha 00BEKTE aBTOTPAHC(HOPMATOPOB:

HAJIMYME Ha CTOPOHE HU3IIETO HAMpsHKEHHUS TpaHCcPopMaTOpoB HA TOJ-
CTAHIUAX, BBIMIOJHEHHBIX OTHAWKaMH OT JUHUH, TCHEPUPYIOIINX HCTOYHUKOB U
AJIEKTPOABUTATEIICH OOJIBIION MOITHOCTH,

— TEXHHUKO-dKOHOMUYECKHE MTOKA3aTEIIH;

— OrpaHUYCHHE IO TUIOIIAHN HA IEHCTBYIONEM O0BEKTE.

Jns orpanmyeHuss TokoB O33 pEeKOMEHIyeTCs NPUMEHSTh CIEIYIOIIue
CIOCOOBI MX OTPAaHUYCHHUS:

— JIeJICHHE CEeTH,

— YacTUYHOE pa3jiefieHrue HeUTpasiel TpaHchopMaTopoB,;

— 3a3€MJICHHE HEUTpAJICH Yepe3 PEaKTOPHI.

YactuuHoe pazzemieHue HelTpanei tpanchopmaropoB 110xkB noacranmid,
BBITIOJIHEHHBIX Ha oTmaiikax ot BJI, momycTmo mpu OTCYTCTBHM Ha CTOPOHE
HUBILIETO0 HANpsOKeHUs  TpaHcPopMaropa TEHEPUPYIOIIMX HCTOYHHKOB U
aJIeKTpoaBHraTeel 6osbIroi MomtHocty (6osree 2000 xBr).

YactuuHoe pazzemieHue HelTpanei Tpanchopmaropor 110-220 kB B pac-
MPEACTUTENBHBIX YCTPONUCTBAX SJECKTPOCTAHIINKN TOMYyCTHMO MPU OTCYTCTBUU HA
HUX aBTOTPaHC(OPMATOPOB CBSA3U C CETSIMHU JPYTUX KJaccoB Hampspkenus. [lpu
ATOM JOJIKHBI OBITh MPUHSATHI MEPHI, UCKITIOYAIOIINE JECHCTBUE PEICHHON 3aIINThI
Y CUCTEMHOI aBTOMATHKH, KOTOPbIE MOTYT MPUBECTH K BBIJICIICHUIO YYACTKOB CETU
0e3 TpaHC(OpPMATOPOB C 3a3€MIICHHBIMH HEUTPAISIMH; MHPOBEPEHO OTCYTCTBUE
CYILIECTBEHHOI'O0 BO3pacTaHMs MapaMeTPOB BOCCTAHABJIMBAIOIIETOCS HAIPSKEHUS
IpU OTKJII0UEHUHU oHo(azHoro K3.

Henenne cetu 1 orpanuueHus TOokoB 033 MOJDKHO BBIIONHIATHCS B
CIICIYIOIINX CITy4asx:

— JIeJICHWE CYIIECTBEHHO HE CHIKAeT HAJIeKHOCTh pabOThl CEeTH, HE
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yBEIMYHUBAECT CKBO3HBIX TOKOB 033 uepes aBToTpaHCchOpMAaTOPHI;

— orpanunyeHue TokoB O33 B COUETaHHUM C ONEPEKAIOUIMM JICICHUEM Ha
nByx u Tpexdaszubie K3 HeaphekTuBHO.

3azemieHue  HeWtpaieil  TpaHchopmaTopoB 110-220 xBr wu
aBTOTPAaHC(OPMATOPOB YEpe3 PEAKTOPbl PEKOMEHAYETCS OCYIIECTBIATH B
pacIpeleNUTENIbHbIX ~ YCTPOMCTBAX  DJIEKTPOCTAHIMKA W MOACTAHUUM  C
aBTOTpaHcopMaTOpaMH, €ClId IO  YCJIOBHUSIM  HAJEKHOCTH  YaCTUYHOE
pa33eMIIEHUE HEUTPaAJIEW HEIOMYCTUMO.

[Tpu BbIOOpPE TOKOOTPaHMUMBAIOIIUX PEAKTOPOB HEOOXOIUMO PYKOBOACTBO-
BaTbCs CIAEAYIOIINM:

— YPOBEHb HaNpsDKEHUS Ha HEHUTpajie TpaHchopmaropa Wi aBToTpaHcop-
MaTopa NP BKJIIOYEHUU B HEUTpaJb PEAKTOpa B YKa3aHHBIX HIDKE peXUMaxX He
JOJDKEH — MpeBbIIIaTh MpUBEAEHHOro B Tabmune 12 ¢ yderom  ero
IPOJOJIKUTENBHOCTH;

- 32 pacueTHoe Bpems BozuelcTBUA Toka O33 mnpuHUMAETCs BpeMs
JNEUCTBHUS IEPBBIX CTYIIEHEN PE3EPBHBIX 3aIUT HYJIEBOU NIOCIEA0BATEILHOCTH;

— peakTop, BKIIOYAEMbIl B HEWUTpasb, AOJKEH JJIUTEIbHO BBIACPKUBATH
POXOXKIEHUE TOKA E€CTECTBEHHOM HECHUMMETpHUH, OrpaHuuuBath TOK 033 1m0
3aIaHHOTO 3HAYEHMs, BbLIEPXKUBATh JelcTBUe TOKOB K3, a Takke TOKOB mpu
HENOoJIHO(a3HBIX PEKUMAX;

— MpU BKIIOYEHUH B HEHUTpPaJlb aBTOTPaHCPOPMATOPOB U TpaHCHOPMATOPOB
pPEaKTOpPOB  JOJDKHO  COXpaHATbCS  A(DPEKTHBHOE  3a3€MIICHHE  HEWUTpau
(HanpsbkeHHEe Ha HEMOBpPeXICHHBIX (aszax npu oaHodasHom K3, a Ttakke
HanpspKeHue «@asza- 3eMJis1» pU HENOJIHO(Aa3HOM PEXUME HE JOJKHO MPEBBIIIAThH
sHaueHusa 1,37Uq y p.

— IpHU BKJIIOYEHUU B HEUTpajb peakTopa MapajulesIbHO PEaKkTopy IOJIKEH
obITh BKIItOUeH OITH u pesuctopnas ycranoBka ¢ conpotuiienrem 850 + 50 Om.

PacueTHbIM pexuUMOM ISl  ONpPEAENICHHs 3HAYEHHS COINPOTHUBIICHUS
peakTopa, BKJIIOYAEMOTO B  HEWTpadb TpaHCPOPMATOPOB CO  CPEIAHUM
HanpsokeHueM 220 kB u ypoBHS HampspKeHUST Ha HEUTpalu SIBISETCS PEKUM
Tpex(a3zHOro BKIIIOUEHHsI CO CTOPOHBI BHICOKOTO HampsbkeHust Ha onHodasHoe K3
HAa CTOpPOHE CpETHEr0 HAMNpsOKEeHUs, co cpeaHuM HampsokeHnem 110 kB -
coxpaHeHue 3(PQPEKTUBHOTO 3a3eMJICHUS HEUTpad TpPU OTKIIOYEHUU €ro co
CTOPOHBI CPEAHETO HAIIPSKEHMUS.
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Tabnuma 12 - YpoBHM AONMYCTUMBIX 3HAYEHUH HANpPSHKEHHUS] MPOMBIILICHHON
YaCTOTBI

Kaace Bun Hanpsizkenne JonycTuMoe HanpsizkeHue
HANpsiZKeHUsl | JJIEKTPOOOOPYIOBaHUSI | MCHbITaTe/ibHOE | JIIMTEIbHOCTD, | 3HAYeHue,
(1 mun), kB c kB
0,1 85
1,0 75
85 3 65
JlmuTenbHBIH 10,5
110 Tpancpopmaropsl 0.1 100
1,0 90
100 3 75
JlmuTenbHbBIH 50
0,1 85
1,0 75
8 3 65
220 Tpanchopmaropsl u JlnurenpHbIN 10,5
aBTOTPaHC(HOPMATOPEI 0,1 160
1,0 140
200 3 135
JlmuTenbHbBIH 125
0,1 -
TokoorpaHnuuBaoIIye 1,0 75
35 peaktopsl (TPOC-35-X- 85 (80)* 3 65
X) 20 25
JlmuTenbHbBIH 1,0-1,5**
[Tponomxenue Tabauier 12
0,1 85
1,0 75
35 Pesucropnas ycranoBka ) 230 gg
(BPY-H) 1800 1
3600 3
JlmaTenbHbIN 1,5

* - gcmplTaTeNIbHOE HanpshkeHue (1 MUH) BHYTpEHHEH U30JISINY;
** - JOMyCTUMOE HANPSIKEHUE B 3aBUCUMOCTHU OT TUIIA PEAKTOPA.

3HaYCHHE COMPOTUBJICHUS TOKOOTPAHHUUUBAIOIIETO peakTopa (peXxuM Iocie
OTKJIIOUCHUS aBTOTpaHchopMaTopa co cpeanuM HanpsokenneM 110 kB) Haxoautes
U3 BeIpakeHus 88:

Xp = (3Xpc1— Xc00)( XBoo - Xnoo) - Xoo Xnoo / 3(Xsc1+ Xcoo+ Xuoo) (88)

rne  Xgoo, Xcoo, XHoo -  COINPOTHUBICHUE  CXEMbl  HYJIEBOU
MOCJIEAOBATEILHOCTH CO CTOPOHBI COOTBETCTBEHHO BBICIIETO, CPEJHETO U HUBIIETO
HaIpsDKEHUsT aBTOTpaHcPopMaTopa, MPEICTaBICHHOIO HETPAAUIIMOHHON CXeMOW

3aMmelneHus (pUCyHOK 74) ¢ peakTopoM B HEHTpae.
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Pucynok 74 - HerpaguupoHHasi cxema 3aMelleHust aBToTpancopmaropa ¢
PEaKTOpPOM B HEUTpAJE.

XB0 0y Xco 0, XHo 0 - OMPENIEISAIOTCA COOTBETCTBEHHO 10 hopmyiiam 89-91.:

XBoo = anBH + (n + 1)n Xuu (89)
Xcoo=-(n-1) Xpn + Xcn (90)
XHo o0 = NXun (91)

rae N - koadduiuent tpanchopmaimu aBrorpancdopmaropa (BH-CH) mo
dopmyie (92):
n-1= (UBH - UCH) / Ucnh (92)

rae Xpp, XcH, Xgo - PE3YAbTUPYIOLIEE CONPOTUBIICHUE CXEMBI INPIMOU
nociieioBarelbHOCTH  (00paTHOW) €O CTOPOHBI COOTBETCTBEHHO  BBICHIETO,
CPEIHEr0 M HM3LIEr0 HANpsHKEHUH aBTOTpaHc(opmaropa, MHpeCTaBICHHOIO
TPaJUIIMOHHON CXEeMOW 3aMeleHus (PUCYHOK 75), MPUBEICHHbBIC K HAIPSIKCHHIO

Ha CTOPOHE CpeIHEro HanpsbkeHus, Om.

3Xp{l-n) 3Xp(n—1)
n® Xan Xen n
BH & SV, Y Y, FY Y o
XmH
3Xp.

Pucynox 75 - TpaguumonHasi cxema 3aMeleHusi aBTOTpaHchopMaropa ¢
PEaKTOPOM B HEUTpAJIe

Xpc1=Xpu1+ Cen1 + (X1 — Xirocr) (93)

rae X; - pe3ysbTUPYIOIIEE COMPOTUBJICHHUE MPSIMON MOCIEA0BATEIBHOCTH
CETHU BBICHIETO0 HANPSKEHUS, MPUBEICHHOTO K CTOPOHE CPEAHEr0 HAIPSKCHUS.

Owm:
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X1 roct - CONMPOTHUBIIEHUE MPSIMOU MOCIEAOBATEIBHOCTH, OMPEICIEHHOE 10
HopmupyembiM ['OCT Ha aBTOTpaHc@OpMaToOpbl 3HAYEHHUSIM JTUHAMUYECKOU
YCTOMYMBOCTH OOMOTOK, IPUBEACHHBIC K CTOPOHE CpeAHero HampspkeHus, OMm.

JUis  O704HBIX — TpaHC(GOPMATOPOB  BJIEKTPOCTAHIMI  CONPOTHUBIICHHE
peakTopa, BKIOYAEMOTO B HEHUTpalib, onpeenseTcs no Gopmyie 94 u 95.

Jlns tpanchopmaropa 110 kB:

Xp <3,7X11 (94)
s tpanchopmaropa 220 kB:
Xp<2Xt1 (95)

rae Xt 1 - COMPOTUBIICHUE NPSIMOM MOCIIEIOBATENBHOCTH OJI0YHOTO TPAHC-

dbopmaropa.
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ceteit. MockBa, Dueproaromuzaat. 1989r.
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