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ME:FOI[I/I‘IFTJCKI/IE VYKA3AHUS 110 BBIBOPY PEXKUMA 3A3EMJ’IEU-
HA HEUTPAJIEW B CETAX HAIIPSOKEHUEM 6 - 10 KB ITPEJIITPUATUA
OAO «I"A3ITPOM)»

000 «BHUUT'A3» Yenaszuos A.A.

B nacrosimee Bpemst uacturyrom « BHUUI'A3» paspaboTan u npeacrasien B Buae CTO
PYKOBOISAIINN TOKYMEHT « MeTonuecKue yKa3aHus 1Mo BRIOOpY peKrMa 3a3eMIICHUs HeHTpaieit
B ceTsx HanpspkeHueM 6 - 10 kB npennpusituii OAO «l"aznpom»».

B cucremax snextpocHa®keHus MPOMBIILIEHHBIX 00beKTOB OAO «I"a3mpom» ceTu Harps-
xenneM 6 u 10 kB paboTarot ¢ n30MpoBaHHOM HEUTpaITbIO. Pereiinas 3amuTa oT o1HO(a3HbIX 3a-
MBIKQHUH Ha 3€MITIO B TAKHUX CETSIX B PSJIC CIIy4aeB HE CIIOCOOHA CETIEKTMBHO OTKITFOYHTH aBAPHITHOS
MIPUCOEUHEHHE U BBITOIHSETCS ¢ IecTBUEM Ha curHail. [Ipu 3ToM Besl ceTh HanpsiKeHUueM 6 u
10 kB 1nuTenbHO HaXOAUTCS IO/ BO3/ICHCTBUEM JIyTOBBIX IIEpEHANPSHKEHNUI Ha BpeMsl [IOMCKa TI0-
BpPEXKJICHUS COrIacHo [2-5].

B nacrosiee Bpems B Poccuu mporcxoauT nporece 0TKasza 0T U30JIMPOBAHHOTO PEKUMA 3a-
3eMJICHUS HEUTpaH B ceTsax HanpsokeHueM 6 u 10 kB. IIpenararorcst HoBble KOMITIEKTHBIE YCTPO-
CTBa 7151 BRICOKOOMHOT'O MJTH HU3KOOMHOT'O PE3UCTHBHOI'O 3a3€MJICHHSI HEUTPaITH, TO3BOJISIFOLLINE YCT-
PaHUTh HEJOCTATKU CETU C U30JIMPOBAHHOW HEUTpalbio. | [prMeHeHre pe3rCTUBHOIO 3a3eMIIEHNS
HEHTpaJH MO3BOJISET N30aBUTHCS OT OMACHBIX NIEPEHATPSDKEHHUI 1 TIOBBIIIACT OBICTPOICHCTBIE 1
CEJICKTUBHOCTh PEJICMHOW 3aIHTHI.

Heo6xoamMocTs MpUMEHEHNS PE3UCTUBHOTO 3a3€MIICHHSI HEUTPaTi 0COOCHHO OCTPO CTOUT B
rmuTarmux cetTax 6 u 10 KB 31eKTponprBOAHBIX KOMIIPECCOPHBIX  CTAHLMI C MOIHOM IBUraTeIbHON
Harpy3Kou.

VYka3zaHHbIe TPOOIEMBI ABIIIMCH IPUINHON pa3pabOTKU CTaHAAPTA, OMPESICTITIOIETO PEXKUAM
3a3eMJICHUS HEUTpasu B ceTsix HampspkenueM 6 u 10 kB goueprux o0Omects u opranmsarmit OAO
«["azmpom».

Pa3paboTannblii crannapt He oTMeHsieT feiictBre HopM [1Y D [1], oqrako, B yactu BEIOOpa
peKrMa 3a3eMJICHUS HEUTPAJIK CeTel pa3TuYHOT0 Ha3HAYECHHSI, CTPYKTYPbI U TIapaMeTPOB 000PY/I0-
BaHUS JUISl PETYJIUPOBAHUS PEKMMA 3a3EMIICHUST HEUTPAJIH, SIBJISIETCS YTOUHSFOLIUM JOKYMEHTOM.

Bo3HuKHOBEHHE AYTOBBIX MIEpEHANPSKCHUN HAaOO0JIee BEPOSATHO MTPH TIEPEMEKAFOIICHCS
Iyre ¥ CpaBHUTEITLHO HeOombmmx Tokax 033, He npebimaronux 10 A. 3HaueHNE aMITTUTYIbI
HepeHanpsHKEHUH IPH ATOM MOKET JocThrath 3,5-3,8 daznoro Hanpsikenus Uy, [Tpu ysemaue-
Huu Toka O33 qyroBbie MepeHANPSHKEHUS CHIDKAIOTCS. DTO CBSI3aHO € TEM, UTO JAyra HOCHT 0o-
Jiee CTIOKOWHBIN XapakTep, a mpu 0oJbIINUX ToOKax BooOIe He oopsiBaeTcs. [Iputokax O33 or 10
1o 20 A nepenanpspxenus He npessimaroT 3 U, ITpu Tokax O33 ot 20 1o 50 A nepenanpsixe-

HUs He npeBpimaroT 2,7 Uy,
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[TapameTpsl mepexofHOTO TpoIecca MPH BOZHUKHOBEHUH OAHO()A3HOTO TyTOBOTO 3aMbl-
KaHMs B CETH C U30JIMPOBAHHOM M 3a3€MJICHHOM HeWTpanbto uepe3 [I'P onpenenstorest eMko-
CTBIO (pa3, UHIYKTUBHBIMU CONPOTHBIICHUSIMU UCTOYHHKA TUTaHusA, TpaHnchopmaropa u /I[P, a
TaK)Ke COMpoTuBIeHUEM Ayrd. OCHOBHBIMH (DAaKTOPaMH, OTIPEACISIONIMIMI MAaKCUMYM TepeHa-
npspkennit mpu O/13, ABNSI0TCSA: HAaNpsHKEHNE HA aBapuiiHOM (ha3e B MOMEHT MEPBUYHOTO 3aKH-
ranus nyru U,, MOMEHT IOracaHusi 1yrd U HanpspKEHUE NOBTOPHOTO 3akuranust 1yru U,

[ToBbIIeHNE IEpEHANPSIKEHUN TTPH TyTOBOM 3aMBIKAaHUHU Ha 3€MITIO 00YCIIOBJICHO TEM,
YTO BTOPUYHBIN MPOOOM MPOUCXOAUT NMPU HEHYJIEBOM 3HAUCHHUH HAIIP SYKSHHS HA HETPATTH CETH,
KOTOPOE 3aBHCHT OT YCJIOBUH rallleHHs JyTH 1ociie nepsoro mpo6os u cocrasiseT (0,5-14) U,
MakcumanbHble BETUYHHBI TIEPEHANPSIKEHU BOSHUKAIOT, €CJIM HAOIIOIaeTCS OTacaHne yTu
MIpH TIEPEX0/Ie Yepe3 HyJIeBOe 3HaUeHHE CBOOOIHOM cocTaBisromel Toka ayru. [Ipu Osictpom
MOTACaHUH YT MTPOUCXOIUT 3aps]] EMKOCTEH HEMOBPEKACHHBIX (ha3 10 HANIPSHKCHUS, TIPEBbI-
maroniero gpasHoe, v MOsBISETCS HanpshKeHre Ha HeTpann. [locnemyromnue 3aKuranusi IyTy B
MOMEHT MaKCHMyMa HalpsKEHUST aBapUMHOHN (a3bl MPUBOIAT K TIOTATHOMY HapaCTaHUIO Ha-
MpsDKEHUS (SCKANAMY HANPSDKEHUS ) HAa HEUTPaJH M K TIepEHAIIPSHKSHUSIM Ha HEMOBPEKICHHBIX

dazax.

BbicokoOMHOE pe3ucTUBHOE 3a3eMJIeHHe HelTpaau ceTtn 6 u 10 kB

['maBHO¥ 1IETTBI0 BRICOKOOMHOT'O PE3UCTUBHOTO 3a3¢MJICHHS HEUTPAITA CETH SIBJISICTCS OT-
paHUYCHHUE TyTOBBIX MepEHANPSKEHUN 1 (DeppOpEe30HAHCHBIX SBJICHUMN TPU O THOBPEMEHHOM
o0ecrieueHnn JJIUTENbHON paboThl ceTu ¢ 033 Ha BpeMsi TOUCKA U OTKITFOYCHHS TIOBPEKIICHHOTO
MPUCOCTUHECHIS ONIEPATHBHBIM IIEPCOHATIOM.

CHWKCHHE HANPSHKCHHS Ha HEHTPAIM U OTpaHUYCHUE TIEPEHANPSIKCHHUIA TIPU JTyTOBOM
3aMBIKaHUHU Ha 3eMJTIO JIOCTHTAETCS 32 CYCT YMCHBIIICHUSI IIOCTOSTHHON BPEMEHHU Pa3psijia EMKO-
CTH 3JI0pOBBIX (pa3 BO BpeMsi 0€CTOKOBOH May3bl tr ¢ TOMOILBIO CIEIHATBHO NOAKIIOYEHHOTO
pesuctopa Ry (puc. 1), obecneunBaroniero yMeHbIIEHHE aKTUBHOTO COITPOTHBIICHUS LIS TIPO-
TeKaHUs TOKa HyJIeBOM IOCIe10BaTelbHOCTU. Pe3unctop Ry nmosnkirovaeTcs k ceTu ¢ MOMOIIbIO
Tpancdopmaropa co cxemoit coenuaeHuss 00MoToK Y/D omHnuM U3 AByX crioco6oB.

[TepBsiii crtocod — pe3ucTop BKIIFOYACTCS MEXKY HYJIECBOW TOUYKOH 0OMOTKH BEICOKOTO
HanpspkeHus T3H u konTypoMm 3a3emienus (puc. 1a).

BTtopoii cioco6 — HelTpanh 0OMOTKH BBICOKOTO HaNpsbkeHUs T3 COeMHSIOT C 3eMIIei, a
PE3UCTOP BKIIIOUAETCS BO BTOPUUHYIO OOMOTKY TpaHC(hOpMaTopa B Pa30MKHYTbIN TPEyTrOIbHUK

(puc. 16), mpu 3TOM MarHUTONIPoBO A T3 MOMKEH OBITh OPOHEBOW KOHCTPYKITHH.



CxeMa NoJKITI0OUYEHHS PE3UCTOPA ONIPEACIISIETCS CTPYKTYPOM CETH U ITapaMeTpamMH yCTa-
HOBJICHHOTO 00opynoBanus. B cersix 6 u 10 kB Hanboiee mpuemieMbl BapUaHThI IOAKTIOYCHUS
pesucropa k HeiiTpanu T3H unu ciennanbHBIX GUIBTPOB HYJIEBOM MOCIEI0BATEILHOCTH THTIA
OM30. IIpu 5TOM MOIITHOCTH YCTPONCTB OMPEALCIAETCS UCXOAS N3 HEOOXOAMMOCTH JUTUTEITHHOM
paboThI B pesknMe 0AHO(GA3HOTO 3aMBIKaHUS U 00ECTICUEHHS allepUOIUIECKOT0 Tporiecca paspsi-

1a eMKOCTH (pa3 B TeueHne O€CTOKOBOM May3HI ty;.

T3H T3

Ry

a) a)

Puc. 1. CxeMbl NOAKIIIOUEHUS PE3UCTOPA K HEUTpAJIU CETU

Jlnst obecnieueHust MOJTHOTO pas3psiga eMkocTel (a3 3a Bpems ty, pasaoe 0,008 — 0,010c,
COIIPOTHBIICHUE PE3UCTOPA BHIOUPAIOT U3 YCIIOBHS, YTOOBI AKTUBHAS COCTABJISFOIIAS TOKA 3aMBbl-
KaHUs Ha 3eMITIO [ OblTa paBHA WM OOJIBIIIE €MKOCTHOW COCTABIIAIOIICH I

3, (1)

Hcxons u3 3T0ro yciaoBus, CONPOTUBICHUE PE3UCTOPA AJIs CXEMBI Ha pUCYHKe 1a, Ry Om,
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BBIYUCIISIIOT 110 hopMyIie

U
Rye —2BH 2)

3 4¢
a COMPOTHBIICHUE PE3UCTOpa JIJIsl CXeMbl Ha pucyHKe 10, Ry, Om, BbraucrsroT o opmysie
27 gy
V32 A

rue Upy — MHEHOE HANPSHKEHNE CTOPOHBI BBICIIIETO HANPsDKEHNMS TpaHchopmaropa, B;

Rp £ A3)

Ic — emxocTHBIN TOK O33, A;

K — xosppunuent rpanchopmaruu T3, Beraucisiemsiii mo popmyie



K =Ugn/Uny, (4)
rae U yy — MMHEHHOE HAIPsDKEHHME CTOPOHBI HU3IIETO HANPsHKEHNS TpaHcgopmaropa, B.

PacueTHyto MontHOCTh TpaHCchoOpMaToOpa 3a3eMIICHHS HEUTpaIu U pe3nctopa RywmR,,

S, BA, Beruucasior no popmyie
S3UBH2 /3>RN=(3>UHH)2/RD (5)
3HaueHuE TOKa, MPOTEKAIOIIETo Yepe3 pe3uctop B pexkrme O33 asist cx eMbl Ha pucyHKe 1a, I,
A, BBIUHCIISIIOT TI0 hopMYyJie

UBH (6)

lop = —21
R '\/§>RN

3HaYeHNE TOKA, MPOTEKAIOMIETO YepPe3 PE3UCTOP IS CXEMbI Ha prCYHKE 10, I, A, BIUHCTE-

10T 10 opmyie

I = 22k (7)
o TR,
D
Tok I'V B mecTe 033 paBeH reOMeTPHUECKOI CyMMe eMKOCTHOTO TOKA CETH M AKTHBHOTO TO-

o 9 1
Ka, CO3/1aBaeMOT0 yCTPOICTBOM 3a3eMIIeHHs HeifTpa. 3uauenue Toka I, A, Berpcysror 110 dhop-

1D = 12 +12 (8)
R C

MyJIie

u ¢ yuetoMm popmysl (1)
D3 /2 4. )
[Tpu yBeTMUEeHUU CONTPOTUBIICHUS PE3UCTOPA IO CPABHEHHIO CO 3HAUYCHHEM, BBHIUUCIICH-
HBIM 110 opmyJie (2), HampsoKeHUE Ha HEUTpaiH 3a BpeMsi 0€CTOKOBOH May3bl CHIDKAETCS HE JI0
HYJISI, & IO KOHKPETHON BemnauHbI DUy, 9TO MPUBOTUT K YBEIMICHUIO YPOBHS YTOBBIX TIepe-
HanpspkeHun K.
3HaYeHHE COMPOTUBIICHUS PE3UCTOPA, BRIYUCICHHOE TI0 popmynam (2, 3), BIseTcs 13-
OBITOYHBIM I10 pACCEMBAaEMOI MOITHOCTH. boJiee TOUHO COTPOTUBIICHHE PE3KCTOpa B HEHTpaH,
00ecreuynBaromIeTo pas3psig eMKOCTel a3 3a BpeMs f1;, BBIYUCIBIFOT C YU9eTOM aKTHBHBIX TIOTEPH B
CETH MCXO/ISl U3 BEJTMYMHBI TOKA 3aMbIKaHUS Ha 3€MITIO ¥ TPEOYyEeMOTO YPOBHS CHUKCHHS JTyTO-
BBIX MIEpEHAITPSDKEHUHN. PacueT mpon3BoIAT 1O CIICIHATM3UPOBAHHON IPOTpaMMe pacueTa ek

TPOMAarHUTHBIX MTEPEXOIHBIX MPOLECCOB B COOTBETCTBUU C [13, 14].



Hu3koomHoe pe3ucTuBHOE 3a3eMJIeHHe HellTpaau cetu 6 u 10 kB

['maBHOI 11€71b10 HU3KOOMHOT'O PE3UCTUBHOTO 3a3€MJICHUS HEUTPAJIH CETH SIBISETCS Obl-
ctpoe oTkioueHue 033 peneitHoi 3auTol 1 MAaKCUMaTBHBIN 0XBAT 00M OTOK JIEKTPHYECKHX
MaluH (IBUTaTeNeil, reHepaTopos, Tpanchopmaropon) 3amurtoit o O33. Ilpu 3TOM Takxe
oOecrieuynBaeTcCs MOAABICHHUE MTEPEHANPSKEHUN U (hepPOPE30HAHCHBIX SIBICHUM.

HuzkoomMHOE pe3ncTUBHOE 3a3eMJICHIE HEUTPAJIM CETH OCYIIECTBIISIOT C TIOMOIIIBIO CTie-
nuabHOTO TpaHchopMaropa 3azemiieHus Heltpanu T3H co cxemoii coemHenrs 0oMoTok Y/D,
cornacHo puc. la. Pesuctop Ry BimtouaroT mexay HyaeBo# Toukoii oOMotku BH 1 koHTYpOoM
3a3eMJICHHUSI.

ConpoTuBIEHUE PE3UCTOPA BEIOMPAIOT HAUMEHBIITNM, UCXO/IS U3 IBYX YCJIOBHIA:

npeaoTBpanieHue neperanpspkeauit mpu 033 (2), pe3ucTop J0JDKEH CO3/1aBaTh TOK HE
MeHee eMKocTHOro Toka O33;

obecrieueHne CEICKTUBHOTO cpabaThIBaHUS 3aIIUT Ha oTKiIroueHne 033.

CenexkTuBHOE OTKIIOYCHHE MOKET OBITh 00ECTIEYeHO MOIKIIFOUEHUEM K HEUTPAJId CETH

pe3uCTOpa ¢ COMPOTUBICHUEM, BEIYUCISIEMBIM IO (popMyIie

R Yen (10)
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rie I3 MAKC — MAKCHMAITBHBIN TOK cpabatsiBaHus 3amuThl O33.
Br10OpaHHBIii U3 3THX YCIIOBHUI PE3UCTOP, KaK MPABHJIO, CO3/1a€T aKTHBHBIN TOK, CYITICCTBCHHO
MPEBBIIAIOIINNA EMKOCTHBIN. ECIIM €MKOCTHBIN TOK 3HAYUTEIBHO MEHBIIE AKTMBHOIO [«<<lg, TO TOK
033 MOXHO BBIUUCIATH 11O (HOpMYyJIIe
Uy
I3 »lg =—="—,
V3R

rae Uy - TMHENHOE HANPSIKECHUE CETH.

(11)

ITpu O33 B 06MOTKE, cCOeTMHEHHOH 110 cxeme 3Be3/a, ToK 033 I, A c yaetom (11) Beramcs-

10T 10 opmyie

Wo U
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2 7€ 100g V3R, (12

rae W - 91ciio BUTKOB OOMOTKH CTaTOpPa OT 32)KUMOB J10 TOUKH 3aMbIKaHUs,% OT 00IIEeTo
YrCIia BATKOB MOBPEKICHHOM (a3bl

J1511 0OMOTKH, COEeTMHEHHON TPEYTOJIHHUKOM, HAMMEHBIIINN TOK 3aMBIKaHHUSI Ha KOPITYC B
cpenHei Touke 0OMOTKH I3, A, BEIUUCTAIOT 1O popmyie
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(13)



ITpr O33 B 00MOTKaX BEICOKOBOJIETHBIX JICKTPOIBATATEIICH JIJIsl IPEIOTBPAILICHHS BHITOpa-
HUS aKTUBHOM CTaJTM CTaTOpa JOJDKHO OBITH 00ECTICUCHO OBICTPOE OTKITFOUSHHE SICKTPOIBUTATEIIS
3aIlUTON OT 3aMBIKAaHUU Ha 3E€MIIIO.

Ywucno BuTKOB 00MOTKH 3ammuiieHHON oT O33 W, %, BEIYUCIAIOT 110 hopMyJie

w =8- 'es %00 (14)
g Ik o

rie Ic3— ToK cpabarpiBanus 3amuThl oT 033, A.

Iz - TOK B 3a3emIsitoIIeM pe3ucTope, A.

YBeIUYUTh 30HY 3alIUTHI BATKOB 0OMOTKH cTatopa oT 033 MOKHO, YBEIMYNBasI AKTHB-
HBIN TOK pe3UCTOpa, TMO0 CHIDKAS TOK CpadaThIBAHMSI 3AIIUTHI B TIpeIeiaX JOIMMYCTUMBIX 3HA®-
HUM, BBIYUCIIIEMBIX KO3 UIIMECHTOM YyBCTBUTEIIHHOCTH 3aIIHT.

B 3aBucuMocTH 0T crmoco6a BEIOOpa 3a3eMIISIFOIIIETO pe3rcTopa U 3HaueHust Toka 033 3a3eM-
JSIOIAIA TpaHCPOPMATOP JJIs1 HU3KOOMHOTO PE3UCTUBHOTO 3a3€MJIICHHS HEUTPATH CETH M PE3UCTOP
JIOJKHBI OBITH pacCYUTaHbI TMOO0 Ha KPAaTKOBPEMEHHYO, JINOO Ha JTUTEIHHYIO pad0Ty B pEKUME
033, B TeueHME KOTOPOIi HE AOJHKHO HAOIFOIATHCS TIPEBBIIICHUE NX  HOPMUPYEMBIXIeMIEPATyPHBIX
MapaMeTpoB.

Tox cpabateiBanus 3amuThl ipucoequHeHnit 0T O33 I3, A, BRIYHCIAIOT 110 (hopMYyJie

| = KH >4’<6 xlc, (15)

rae Ky - koapdunmeHT Haie)KHOCTH, TPUHUMACTCS pPaBHBIM 1,2;

Ks - ko pummenT, yunTeiBaromui OpocoK eMKOCTHOTO TOKa;

I¢ - emxocthbIil Tok TTHII 3ammmaemoro npucoeaunenus npu O33 Ha cexunu 3PY —6m
10 xB.

[Tpu Bo3HMKHOBEHNH pexxuMa JuuTeapHoro O33 (HarpuMep, Ipy 0TKa3e B padOTE 3aIIUTHI),
3amuTa HyJieBor nocuenoaresibHOCTH T3H ¢ BhIIep kKOl BpeMEHH JIEHCTBYET Ha OTKITFOUEHNE BbI-
kirogatens T3H, mepeBojis TeM caMbIM CETh B PEKUM padOThI ¢ W30JMPOBAHHON HeUTpaTbro. Ecrm
BeIKITIOUaTeNh T3H HE OTKIIOUMIICS, 3Ta 3alIMTa MOXKET JI€HCTBOBATH HA OTKIIFOUCHHC BRIKITFOUATCIIS
BBOJIa ¥ CEKITMOHHOTO BBIKITIOYATEIS (€CITU OH BKITFOUCH).

Ecmm pesucrop u tpanchopmarop T3H BeiOpans! TepMocTOiKIME, TO OTKITF0UaTh T3H B pe-
xume uTenibHoro O33 He HykHO. Ecnu ncnonb3yercs pe3ucTopHasi yCTaHOBKA C aBBTOMATHYECKAM
perynupoBanueM Toka 033, To npu oTKaze ycTpoicTB P3 pe3ucTopHas yCTaHOBKA [EPEBOIUTCS B
pexum HeoTkogaemoro 033 (pekuM BEICOKOOMHOTO PE3UCTUBHOTO 3a3€MJICHHUST HSUTPAIT CETH).

[Tpu Heo6xomumocTr T3H ocHamar0T aBTOMAaTHKOM, 00ECTICUNBAFOIICH TAKOH PEexXKM pabo-
THI, IpX KOTOpoM ceTh 6 1 10 kB momkHa ObITh 3a3eMiieHa uepe3 oauH TpaHchopmarop T3H, n ok

3aMbIKaHHUs Ha 3€MJIT0O HE IIPCBbINIATI MAKCUMAJIbHO JOIIYCTUMOI'O 3HAYCHMA.



3azemuienue HeliTpaau cetu 6 u 10 kB 4epe3 agyroracsimmii peakTop

3azemiieHue HelTpanu cetu yepes JII'P mpuBoauT K KOMITEHCAIIMHA €MKOCTHBIX TOKOB B MECTE
3aMBIKaHUS M K CHIDKCHHUIO BEJIMUMH JIyTOBBIX MepeHanpspKeHui. O JHAKO OCTACTCs OMTacHOCTh BO3-
HUKHOBEHUSI OOJIBIIIMX KPATHOCTEH TIEpEHANPSDKEHHUI TIPH HETOYHOM HACTPOMKE JTyTOTacsIero peak-
Topa, a Takxe rpu couetannu O/[3 n HemoTHO(a3HBIX PERIMOB, BOSHUKAFOIIHX [PH 3aIa3IbIBAHUH
B OTKJIFOUEHHUH WJIM OTKAa3€ OTACIBHBIX ITOJFOCOB BBIKITFOUATEIIS.

Bp160p MHIYKTUBHOTO CONPOTHUBIICHUS PEAKTOPA OCYIIECTBICTCS IO METOANKE, H3JI0KEH-
HOi1 B [3].

[Ipu pe3oHaHCHOM 3a3eMJIEHUHM HEUTPAJIM CETHU MOCIe BOZHMKHOBEHH O33 1 IOracaH!y TOKa
TyTH, IPOUCXOISIT BO3MOYKHBIE TOBTOPHBIE MPOOOH HA HANIPSKEHUH MEHBIIIEM WITM PaBHOM (ha3Ho-
MY, YTO IIPHBOJIUT K NEPEHANPSKEHUSAM Ha HENOBPEKAECHHBIX (a3ax, He rnpebiaronym 24U,

[Tpu nHerouno# HacTpoiike [II'P mporiecc BeipaBHUBAHUS HANPSHKEHUH (a3 mocie moracaHuyst
JyTH HOCHUT XapaKTep OMEHHIA, 4acTOTa KOTOPBIX OMPEIETISIETCS CTETICHBIO PACCTPOUKK KOMITICHCAITAN
1 10OPOTHOCTHIO KostebaTensHOro KoHTypa. [ Ipu Tounoit Hactpoiike I P mim HeOoIbIoH epekom-
TICHCAIIMH, PACCTPOWKa M BOZHUKHOBEHHE OreHni ipr O33 BOZMOXKHBI ITPH OTKITFOUSHUH TPUCOE -
HEHUSI ¢ OOJIBIIINM EMKOCTHBIM TOKOM MOIMUTKY. ONacHOCTh OMEHHIA COCTOUT B TOM, UTO TIOBTOPHOE
3aMBIKaHUE MOKET MPOU30MTH MPU HANPSHKEHUH, OJTM3KOM K MAKCUMYMY, YTO BBI3BIBACT MEPEHa-
MIPSDKEHUS Ha 3JI0POBBIX (ha3ax.

[Tpu paccrpoiike kommencanuu ot 15 % 10 30 % nyroBeie nepeHANPSKEHUS JOCTATAIOT
(2,8+3,0)Uy, 4TO C TOUKH 3peHHs OrpaHUYEHUs epeHanpshkeHnii nenaet npumenenue JI'P vead-
(EeKTHBHBIM.

Ycrpoiicta peneriHo 3ammTsl 0T O33, 0cHOBaHHBIE HA TOKOBOM MPHHIIUIIE, HE (DYHKITHO-
HUPYIOT B YCJIOBUSIX TIOJTHOM KOMITEHCAITH TOKa 0THO()A3HOT0 3aMbIKaHuUs Ha 3eMJTr0. [[1st paboThI
HanboJiee MaCCOBBIX YCTPOMCTB peIeHOM 3aUThI He0 0X0mMO, 9To0bI TOK O33 ObUT OOIIBIIIE TOKA
cpabaThIBaHUs 3aIIHATHI I3, TO3TOMY cetu ¢ JII'P 9acTo SKCIuTyaTupyroT C IepeKOMITCHCAITHEH eMKO-
ctaoro Toka O33. B aToM cirydae it odecniedeHns celeKTUBHON paboThI 3ammThl 0T 033 10DKHO
BBITIOJTHATHCS YCIIOBUE

l3 =l - lc >lcs (16)

TO €CTh TOK 3aMBIKaHHS JIOJDKEH OBITh OOJIBITIE TOKA CpaOaThIBAHUS 3AIUTHI.

[Tpu yacToi KOMMYTAaIIMU IPUCOSTNHEHHI PEKOMEH TyeTCSI IPUMEHSATH aBTOMATHYECKYIO
MOJICTPONKY MHTyKTHBHOCTH JyTOTACAIIETO peakTopa. ABTOMaTHYECKass HACTPOMKA peaKTopa Io-
3BOJISIET CHU3UTH TOK O33 110 3HAYCHUI, OMpe/IeNieMbIX TOYHOCTHIO PA0OTHI aBTOMATHUKH U TIPUHS-
TOM CTENEHbIO OTCTPOIKH OT pe30HaHCca B HOpMaIbHOM pexxume. [lokimroueHre peakTopoB ¢ aBTo-

MaTHYCCKOM HaCTpOﬁKOfI CTCIICHU KOMIICHCAIUU IIPUMEHACTCA B CX  €Max JOITY CKIIVX JJTTCTIb-



HOE CYIIIECTBOBaHUE pexkuma ¢ HeycTpaHeHHbM O33. I Ipu ncnonb30BaHmy Tyroracsiiyx peakTopoB
C aBTOMaTHUYECKOM TIOJICTPOUKOH JTOJDKHA OBITH MPETyCMOTPEHA CIICTIHATM3UPOBAHHAS 3aIIIATA OT

033 wim nnaukanus npucoeaquHenus ¢ O33.

KoMOuHupOBaHHOE 3a3eMJICHHE HEUTPAJIU B CETAX HANIPAKEeHUEM 6 1

10 xB

*
3HaueHue COMPOTUBIICHHS dTOr0 pe3rctopa R y, OM, TO3BOJIAIOIIETO YCTPAHUTL OUEHIS
b 9

BBI6I/IpaIOT HCXO0dd U3 COOTHOLICHHUA

Ry =Ug /D, (17)

rie DI — Tok paccTpoiiku KOMIIEHCAIIHOHHOTO peakTopa, A.

OmnpexnencuHoe 10 hopmyie (17) 3HAUCHHE COMPOTHBICHHS Pe3HcTOpa Ry, MOMKIFOUCH-
HOTO napayenbHo I[P, mpuBoaUT K MOJIHOMY yCTpaHEHUIO OMEHUH MOCIe ToTacaHus IyTH |
CHI)KECHUIO NTEPEHANPSKEHUI TPH MOBTOPHBIX NP000AX 10 YPOBHSA Uy »2,4Uy yare. OIHAKO,
Yalie BCero, MOIHOCTh TAKOTO PE3UCTOpPA SIBISIETCS H30BITOYHOM.

YTouHEeHHE 3HAaU€HHs COTPOTUBIICHUSI PE3UCTOPA, TO3BOJISIOIIETO CHU3UTh MEpEHAIpsi-
YKEHUS J10 3a/IaHHOM BEJIMYMHBI, OCYILIECTBISIETCS PACYETHBIM ITyTEM C YYETOM BCEX  BIUSIOLIUX
(haKTOPOB MO CHEUATU3UPOBAHHBIM IIPOrpaMMaM, U3I0KeHHBIM B [13,14]. B aTom ciyyae ma-
paMeTpsl Pe3UCTOPa PACCUUTHIBAIOT UCXO/IA U3 HEOOXOAMMOCTH 00€CTICU CHHUS:

orpaHUYCHHS NepeHanpspkeHnit B pexxume O33 1o 3amanHoi BenmnuuHbl Kit (00b19HO 110
YPOBHSI HCTIBITATEIBHOTO HATIPSIKEHUS TP MPOPUITAKTHICCKUX UCTIHITAHUSIX BPAIAIOIITUXCS
MaIIuH);

OTrpaHUYECHUS HAIIPSKEHUM, BOSHUKAIOIIUX Ha HEUTPAIN B HOPMAIbHOM PEXKMME 3a CYET
HECUMMETPHUU TapaMETPOB CXEMBI;

YBEJIMYCHUS aKTUBHOW COCTABIIAIOINICH TOKA 3aMBIKAaHUS HAa 36MJIIO JI0 YPOBHs, 00ecTe-
YUBAIOIIETO CEJICKTUBHYIO Pa0OTY 3aIIUT Ha TOKOBOM MPUHITUIIE;

MCKITIOUCHHUS OTIACHBIX (PePPOPE30HAHCHBIX SIBICHHIM.

[Ipu noaknrouenuu napamiensHo I P pesucTopa ¢ conpoTuBieHHEM

Ry =(1.5...2.0)»Uq /D (18)

MaKCHUMAaJIbHbIC IEPEHANPSKEHNS HE NPEBLIIAIOT YPOBHS U,y »2.6Uy yaxe-

PexoMeHayeMble peKuMbI 3a3¢MJICHUS HEUTPAJIM CceTell HaNlPshKeHueM

6ul10 kB

Ha Br100p BapuaHTa pexkimMa 3a3eMIICHHS] HEUTPaIA CETH BIUSIIOT CIISIYIOIINE €€ X apaKTepi-

CTHUKU.

BCINMYHWHA OI[HO(l)aSHOFO TOKa 3aMbIKaHUS Ha 3eMITIO Ic.



ANEKTPUYECKasi IPOYHOCTH U30JISAINH HIEKTPOOOOPYTOBAHHS;

HaJIMYME BPAMIAOIIUXCS AJICKTPUUICCKUX MAIITHH;

BO3MOYXHOCTH OCYIIECTBIICHHS OTKITFOUCHUS MPUCOCTUHECHUS C OAHO(A3HBIM 3aMbIKAHH-
€M Ha 3eMJTI0 (Pe3epBUPYEMOCTh HArpy3KH MPUCOCTUHEHUN );

BO3MOKHOCTh OPTaHHU3AIUH CEJIEKTHBHOM 3aIIUTHI OT OJHO(A3HOTO 3aMBbIKAHUS Ha 3eM-
JI10;

AJIEKTPOOE30IMacHOCTE;

HQJIMYUE SIBHO BBIBEJICHHOW HEUTPAJIU CETH;

Hanmnune DCH, paboraroreii aBTOHOMHO, WJIH MTapaJISILHO C SHEPTOCUCTEMOM.

[TpumenuTenbHO K cxemaM ceTeit 6 u 10 kB mpu BEIOOpe peskriMa 3a3eMIICHHST HSHTPaTA CeTH
HEOOXO/IMMO UCTIONH30BaTh IPAIALIMIO MJICKTPUIECKUX — CETEH M0 IByM HaudIee BAKHBIM IPH3HAKAM
— TOKY 3aMBIKaHHS Ha 36MJIIO M HATMYHWIO BPAIIAONIMXCS MarvH. Harmdue Bpariaronyxcst MalmH
SIBJISICTCS IPUHIAITHATIBHBIM (hPaKTOPOM, TIOCKOJIBKY TPEIIOIaraeT 00s3aTeIbHOS OTKITFOUCHHUE ITPH-
COCIMHEHUS C JIBUTATEIIEM (MJIF TEHEpAaTOPOM ), Ha KOTOpoM Tpou3onnio 033, 1 HakIpIBacT Ooriee
YKECTKHE TPeOOBaHMSI K JIOITYCTHMBIM BEJTMUYMHAM TIepeHanpshKeHnui coracHo [6]. B Tabi. 1 mpuse-
JICHBI PEKOMEHTyeMbI€ CITIOCOOBI 3a3eMIICHHSI HeHTpasu ceTeit 6 u 10kB B3aBrucMMOocTv OT TOKA 3a-

MBIKaHH Ha 3€MIJIIO.



Tao6numal —Beibop pexxuma 3azemiieHust HelTpanu ceteit 6 u 10 kB

PexomeH1yemMbIN peXUM 3a3€MIIEHHS] HEUTPAJIU CETH

IIpY ACHUCTBUH PEITCUHOU

IIpU JCUCTBUU PEIIEHHON

3nayenue XapakTepucTuKa 3aIUTHI HA CUTHAJT 3aIUTHI HA OTKIFOYCHUE
L cet (6e3 oTKIMIOYEHNS TIpHcoe- | mpucoemuHeHns ¢ 033
muaeHus ¢ 033)
L<5A | A’ PY 6 u 10 kB anek- | BeicokooMHOE 3a3eMiieHre | 3a3eMIIeHuEe HEUTpaau CeTu
B tponpuBoaHbIX KC; | meiitpamu cetn Ip»lc 4yepe3 Pe3uCTop ¢ TOKOM,
pacnpenenuTenb- | B cxemax 31eKTponpuBo- | AOCTaTOYHBIM It oOectie-
Hble cetu 6 U 10 kB | mpix KC o6s13aTenpHa YEHUS CEJIEKTUBHOIO OT-
OCH; ranpBaHMuUecKas passaska | KmodeHns O33. Tpebyemas
MUTAIOIINE BBICOKO- | BHOJIBTPaccoBbIX BJI ¢ BEJINYMHA TOKA PE3UCTOPA
BOJIBTHBIE CeTH O0Yy- | mmuamu 10 kB ONpPEACIIACTCS TUIIOM HC-
POBBIX YCTaHOBOK; MoJIb3y eMbIX 3aumT oT O33.
cetu 6 u 10 kB B cxemax snekTponpuBoa-
AJIEKTPOCHAOKEHUS HbeIX KC 00s13aTenbHa rajb-
MTO/I3EMHBIX XpaHU- BaHWYECKas pa3Bs3Ka
JIMILI Ta3a BoabTpaccoBeix BJI ¢ mu-
Hamu 10 kB
I<5A | B PY 6 u 10 kB razo- | BeicokoomMHOe€ 3a3emiieHre | 3a3eMIIeHUuEe HEUTpalii CETU
- | Typounnbx KC; HerTpamm cet Ip»lc yepe3 pPe3UCTOP C TOKOM,
cetu 6 u 10 B cuc- JOCTATOYHBIM JIsI 0Oectie-
TEM DJJIEKTPOCHAO- YEHUS CEJICKTHBHOTO OT-
KEHUS ra30BbIX kmoueHust O33. Tpebyemas
MIPOMBICJIOB u BENTMYMHA TOKA PE3UCTOPA
MPOMILIIOMIAIOK OTIPENICITIACTCS. THUIIOM HC-
MOJIb3Y €MbIX 3a1uT oT 033
5A<IL, | A Pacnipenenurens- BricokooMHBIN pe3ucTop B | 3a3eMIIeHUE HEUTpaJId Yepe3
Hele cetu 6 u 10 kB | HeliTpanu reneparopa 6J0-| pe3UCTOp C TOKOM, JOCTa-
[.<20A DCH; Ka reHepaTop- | TOUHBIM s 00ecreyeH s
cetm 6 u 10kB c| Tpancdopmarop; CEJICKTUBHOTO OTKJIIOUCHHUS
KOMOWHHMPOBAHHBIM | BEICOKOOMHBIN pe3ucTop B | O33. Tpebyemas BeaudnHa
MMATaHUEM OT dHep- | Hetpamn T3H (mns He | Toka pe3ucTopa ompeacss-
rocucteMbl 1 DCH | O6109HBIX cxem); €TCSI THUTIOM HCIIOJIb3yEMBbIX
TOYHAs KoMITeHcalmsa Toka | 3amut ot 033
033 nacTpamBaeMbIM Jy-
roracsnM peakTOpOM B
HEUTpaIu CETH C MOJKIIIO-
YEHHBIM IMapajuIeIbHO pe-
aKTOPY BBICOKOOMHBIM pe-
3UCTOPOM (B COCTaBE pPeak-
TOpa PEKOMEHIYETCs WC-
II0JIb30BAaTh  YCTPOMCTBO
OTIPEJICIICHHS TIOBPEKICH-
HOT'0 IPUCOETUHEHMNS)




IIpooonscenue mabauyol 1

PexomeH1yemMbIN peXUM 3a3€MIIEHHS] HEUTPAJIU CETH

IIpU JEUCTBUAN PEICHHON

IIPU IEUCTBUHU PEIIEHHON

3HayeHue
XapaKTepI/ICTI/IKa ceTu 3alllMThl HA CUT'HAJI 3alllMThl HA OTKJIKOYCHHUC
L (6e3 oTkroueHus npucoeauHe- | npucoeaunenus ¢ 033
Hust ¢ O33)
5A<I, b | Ceru 6 u 10 kB nurta- BbICOKOOMHBIN pe3uCcTOp B HEW-| 3a3eMiIeHUE HEUTpaiu
HUSI KUJTBIX TTocenkoB u | Tpanu T3H. CETHU YEPE3 PEZUCTOP C
[.<20A IPOM30HBI Tounas kommnercamnus Toka 033 | TOKOM, T0CTATOYHBIM
HAaCTPAaWBAEMBbIM JIyTOTACAIIUM | JJisi 00ECIIEUEHUS CEJICK-
PEaKTOPOM B HEHUTPAJIM CETU C | TUBHOTO OTKITIOYCHHS
MOAKTIOUEHHBIM TlapasuienbHo | O33. TpeOyemas Benm-
pEaKToOpy BHICOKOOMHBIM pe3u-| YMHA TOKA PE3UCTOpa
CTOpPOM (B COCTaBE peaKkTopa pe-| ONpeAeNIeTCS TUTIOM HC-
KOMEH/TyeTCsI HCIIOJIb30BaTh MOJIb3YEMBIX 3aIUT OT
yCTpoicTBO onpenenenus no- | O33
BPEXACHHOTO MPUCOCTMHEHUS)
I.320A | A| Cern 6 u 10 kB razone- | Tounas komneHncanus Toka O33| Pe3ucrop B HelTpanu
pepadaThIBAIONINX 3a- | HACTPAMBAEMBIM JIyTOTACAIIUM | CETH C OTPAHUYCHHBIM
BOJIOB. PEaKTOPOM B HEHUTpPAIU CETH C | BPEMEHEM MPOTEKAHUS
Pa3BetBiieHHBIC ceTH 6 | MOJKIIOUYCHHBIM NapajieabHo | Toka. Tok pe3ucropa us-
u 10 kB ¢ xoMOuHNpPO- | peakTopy BEHICOKOOMHBIM PE3U-| MEHSIETCS OT JIECSATKOB IO
BAHHBIM TUTAHUEM OT | CTOPOM (B COCTaBE peaKkTopa pe-| COTEH aMIep U 3aBUCUT
SHEPrOCUCTEM M 3JIEK- | KOMEHYEeTCs UCIIOIb30BaTh ot tuna 3aumT ot 033
tpoctanumii CH YCTPOWCTBO onpeaeneHus no- | Ilpumenenue pasnemm-
BPEXJACHHOTO MPUCOSANHEHUS) | TEIBHOTO TpaHChopMa-
[IpumeHeHue pa3IeaTuTeNILHOTO | TOpa
Tpanchopmaropa
I.320A | b | Pa3serBiennsie cetn 6 | Tounas komnencanus toka O33| Pesucrop B HelTpanu
n 10 kB nmuranus xu- HAaCTPAWBAEMBbIM IYTOTACAIIUM | CETH C OTPAHNYCHHBIM
JIBIX TTOCETTKOB M IPO- | PEaKTOPOM B HEUTpaAJH CETH C | BPEeMEHEM MPOTEKAHUS
M3O0HBI MOAKITIOYCHHBIM NapaJljIebHO | Toka. TOK pe3ucropa us-
PEaKTOPy BHICOKOOMHBIM PE3U-| MEHSAETCS OT JECSITKOB JIO
CTOpPOM (B COCTaBE peaKkTopa pe-| COTEH aMIep U 3aBUCUT
KOMEH/]Ty€eTCs UCIIOIb30BaTh ot tuna 3ammrt ot 033
yCTpOHCTBO onpezenenus no- | [Ipumenenue pasaenmu-
BPEXKACHHOTO MPUCOCANMHEHUS) | TEIBHOTO TpaHChopMa-
[IpumeHeHune pa3IeIuTeILHOTO | TOpa
Tpanchopmaropa

A -c BpallaromuMHUCs BBICOKOBOJbTHBIMU MalllTMHAMHU

*%
b - 0e3 Bpamammmxcst MalyuH

Ha razorypounnbsix KC Heo0xommmo npuMeHsITh 3a3eMiieHue HernTpaiu ceteid 6 u 10xBue-

PE3 PE3UCTOP C COMPOTUBIICHHEM, BBIOpaHHBIM IO hopmyrte (10). OTkimodeHre TOBPEeKICHHOTO y4a-

ctka ipu O33 T0HKHO OCYIIECTBIIATHCS ¢ MUHIMAJIBHOM BBIZICPKKOM BpeMeHH. Ecim OpicTpoe 0T

KIIFOUCHHUEC HEAOITYCTUMO 110 PEXKMMHBIM coo6pa>1<eHm{M, TO CJICAYCT IPUMCHATH BBICOKOOMHOC 3a-




3eMJICHHE HEHTPAJIM CETH C COTPOTHUBIICHNUEM, BEIOpaHHBIM 110 (hopmyrte (2). [Tpu 3Tom nouck u ot
KJIIOUECHHUE TTOBPEKICHHOTO yyacTka ¢ O33 BBIMOIHACTCS AKCITyaTallMOHHBIM MTEPCOHATIOM.

B anexTprueckux ceTsx ¢ AIEeKTPOABUTATEISIME 3aIUTa OT 3aMbIKAHHIA Ha 36MJTFO BCEX TTPU-
COCIMHECHUH JIOJKHA JICMCTBOBATh HA OTKIIFOYCHUE C MUHUMAJIbHOW BBIJIEPKKON BPEMEHHU.

B cxemax anextponpuBoaabix KC 006s13aTennbpHa ralbBaHuecKast pa3Bsi3Ka BIOJIBTPACCOBBIX
BJI ¢ muaamu 6 u 10 kB.

3azemiieHre HEUTPAJIM CETU B CXeMax 3EKTponpuBOIHBIX KC JOMKHO OCYIIECTBIISATHCS Ye-
pEe3 PE3UCTOP, MO3BOJISIONINI 00eCTIeunTh OBICTPOACHCTBYIOMIEE CelleKTHRHOE OTKToueHHe O33.
CormnpoTuBIieHHE PE3UCTOPA B HeWTpanu onpeaensetcs no Gpopmye (10).

C 11enpr0 CHIDKEHHSI TEPMUYECKOTO BO3ACUCTBUS YTH Ha U3OJISAIIUIO CTATOPHBIX OOMOTOK
BBICOKOBOJITHBIX JIBUTATEIICH MOYKET OBITh HCITOJIb30BaHA PETYJIMpyeMast pE3UCTOpHAs yCTaHOBKA. B
ATOM CIIy4ae PEe3UCTOpP BKITFOUAIOT B PACCEUKY TPEYTOJIbHUKA CIICIMATTBHOTO 3a3EMIISTIOIIETO TPAHC-
dhopmaropa Y/D (puc. 1 6), ¢ BOSMOXKHOCTBIO PETYJIMPOBAHKS BEJIMUHMHBI CONPOTURIICHUS PE3UCTOpA.
YnpasiieHue BETMUNHOMN COMTPOTHUBIICHHUS PE3UCTOPA B 3aBUCUMOCTH OT BEIMIMHBI HATIPSDKCHUS Hy-
JIEBOHM mocieoBaTeNibHOCTH (W Toka O33) IMO3BOJISIET NCKITFOYHUTE HEXKEIIATSIILHOE TIOBBIIIICHHUE
akTuBHOTO ToKa 033 mpu 3aM bIKaHUSIX BOJIM3H BBICOKOBOJILTHBIX BBIBOJIOB OOMOTKH JIBUTATEIIS HITH
TpaHc(hOopPMaTOPOB M 0OCCIICUNTD MPUEMIIEMYTO CEIIEKTHBHOCTD PEJICHHOM 3aIUTHI TIPY 3aMBIKAaHUH
BOJIM3M HEUTPATLHON TOUKM OOMOTKH. J{0mycKaeTcs MCTIOMb30BaHME CIIEIUAIBHOTO PETYIIUPYEMOTO
pe3ucTOpa MpH ero NOAKIIOYEHUH K HEUTpaiu TpanchopMaTopa 3a3eMiIeHuUs HelTpam cetv (pric. 1
a).

Jlist cexumii mmH KC v noicTaHumii ¢ Harpy3Kkoi, OTKIIFoUeHHe KoTopoi B pexxnme O33 He-
JIOITyCTUMO, OTPAHUYCHHUE JYTOBBIX TIEPEHANPSHKEHUH OCYIIIECTBIIICTCSI TIOAKITFOUCHUEM K HEHTpa
CETH PE3UCTOPA, CONMPOTUBIICHUE KOTOPOTO ONPEASIIIOT 1o hopmyiie (2). Pesuctop 1omkeH UMeTh
WICIIOJTHEHHUE, TIO3BOJISIOIIIEE JTTUTEIBHYO0 SKCIUTyaTaluio B peskrme O33. [1pu 3TOM MOKCK 1 OTKIEO-
YEHHUE MOBPEKICHHOr0 yuacTka ¢ O33 BBINOJIHAETCS SKCIUTyaTalMOHHBIM [EPCOHATIOM. AKTHBHBII
TOK, CO37IaBa€MbI pE3UCTOPOM, UCIIOJIB3YETCS JIsl ONPEICTICHHS TIOBPEKICHHOTO TPHCOSIMHEHHS C
JNeiicTBUEM Ha CUTHAII.

B cxemax pacnpeemuTeNTbHbIX MOICTAHIAN TEXHOJIOTHIECKOT0 Ha3HAYCHHMS, HE CO/Ieprka-
IIFX MOIITHYIO JIBUTATEIbHYI0 HarPYy3Ky, SHEProoObEKTaxX, MNTAEMbIX  OT aBTOHOMHBINICKTPOCAH-
LU, TOJKHO IPUMEHSATHCS 3a3eMiIeHue HelTpaiu ceteil 6 u 10kB yepes pe3rcTop ¢ ConpoTHRIICHH-
eM, BeIOpaHHbIM 110 popmydie (10).

Ha 6nokax reneparop-TpancgopmaTop HEOOXOIMMO NPUMEHSTH 3a3eMJICHHE HEUTPATTH TeHe-

PaTOPOB Yepe3 PE3UCTOP C COMPOTUBIICHUEM, BRIOpaHHBIM 110 (hopmyuie (10).



Ha cOopHBIX mIMHAX TeHepaTOPHOTO HAMIPSDKEHHUS ITPU TOKAX — 3aMbIKaHUS Ha 3eMITIEL) A
HeoOxommmMo mpuMensiTh T3H ¢ cornpoTuBieHrneM B HelTpaiti, BRIOpaHHBIM 110 Gopmyiie (10), ¢ neit-
CTBHUEM 3aIIUTHI HA OTKJIIOUYCHHE.

Jliist obecrieuenurs CeNeKTUBHOTO OTKIIOUeHHs npucoeannenus ¢ O33 npu Tokax [$ 10A
JIOTTyCKAeTCsl MPUMEHSTh PEryJIMPYEMbIi pE3UCTOP 3a3eMJICHUSI HeUTpasu ceTu. B 3tom ciydae k

HEHTpaIM IOCTOSTHHO MOJIKITIOYAETCS PE3UCTOP C COMPOTUBIICHUEM, OTPEAEIISieMbIM 0 (hopMyJIe

Ugy
R £E———, 19
Mo INgp /3 (1

rae Ry =— Pe3HCTOp, CONPOTHBICHHE KOTOPOTO BEIONPACTCS U3 yCIIOBHS [UTHTEIBHOI pa-

60T1sI B pexxnme 033;

Iy, — AMATENBHO nomyctuMbiid TOK O33 (5A 11 CTaTOPHON U30JISIIHH ).

[NoaxmodeHne Takoro pe3ucTopa 00eCIeunBaeT OrpaHUUCHHIE TYTOBBIX  TIEPEHANPSHKEHUIM
ripu Bo3HuKHOBeHUU O33. I1ocne Bo3HukHOBeHUsI O33 CONMPOTUBIICHUE PE3UCTOPA B HEUTpAH
YMEHBIIIAETCS JI0 3HAUYCHUSI, orpeiensieMoro ¢hopmydoi (10), uto odecrieunBaeT BO3MOKHOCT Ce-
JIEKTUBHOTO OTKIIIOUeHUs nnpucoeguHenus ¢ O33. Ilocne BeIAEPKKHU BpEMEHH, JOCTATOYHOM IS
cpabatsiBaHus 3aUThl 0T 033, CONPOTUBIIEHHE PE3UCTOPA B HEUTPAM YBEITMIUBACTCSA JI0 3HAYC-
HUsI, onpenensieMoro ¢hopmyoii (19), uro obecrieunBaeT BO3MOKHOCTD JUTUTEIBHON pabOThI pe3u-
ctopa B pexxume 033 nmpu oTKaze peneitHoi 3aimThl. Takol aropyT™ MO3BOJISIET OIPAHUUYUTH JyTO-
BbIC TICPEHANPSKEHUS U 00ECIIEUUTh CEJICKTUBHOE OTKIIFoUeHue TokoB O33.

[Tpu nmutaruu cetu 6 u 10 kB ot OCH, paboraroriieii aBTOHOMHO, WJTH MapajuIeIbHO C CUCTe-
MO uepe3 pa3ienuTeIbHbIN TpaHc(hOopMaTOp, HE TOMYCKASTCS BKITFOUCHHE 3a3eMITSFOITIETO PE3UCTO-
pa B HEUTpasb reHepaTopa, KpoMme ciaydas OJIOYHBIX CXEM.

Ecnm ceTs nmuTaeTcs He TOIBKO OT TEHEPATOPOB, HO M OT IPYTMX HCTOYHUKOB YHEPTHH (Ha-
puMep, OT SHEPTOCUCTEMBI Uepe3 MOHU3HUTENbHBIC TpaHchopmatopsl 110/6 n 10xB), To cremyer
npuMeHITh T3H, 9To0BI 006eCTIeunTh 3a3eMIICHIE HEUTPAI CETH B PEXKUME, KOTJIa TEHEPATOPHI OC-
TaQHOBJICHBI.

[Tpu murannn SHEProodHEKTa OT SHEProcucTeMsl Wi padore DCH napaniensHo ¢ 3Hepro-
CUCTEMOM, H3MEHEHUE PEKIMA HEHTPATTM 00BEKTA JOJIKHO OBITH COTJIACOBAHO C SHEPTOCUCTEMOMN
WJIM YCTAHOBIICH Pa3IeIUTENbHBIN TpaHCHOpPMATOP.

Cornacno ITYD [1] mpu Tokax O33, npesimaroniux 20 A B cetu 10 kB,u30A Bcetn 6B,
J0JDKHA TIPUMEHSITHCSI KOMITEHCAITHsI eMKOCTHOTO TOKA 3aMBbIKaHMsI Ha 3eMITI0. B Takux cx emax
JOJDKHBI OBITH PEIYCMOTPEHBI MEPHI 110 OTPAHUYCHHIO TyTOBBIX IEPEHANPSHKEHHI B YCIIOBUSIX TTOJF

KJIFOYEHHUsI K HEUTPau AYTroracsaiux peakTOpOB.



[Nomxrouerne J1I'P 10mKHO OBITH COTIIaCOBAHO ¢ (PYHKIIMOHUPOBAHUEM PEJICHHOMN 3aIlUThI
0T o1HO(ha3HBIX 3aMBIKaHMIA Ha 3eMITI0. OCYIIECTBIICHUE CEIIEKTUBHOTO OTKITFoueHHst O33 B peakt-
POBaHHOM CETH BO3MOYKHO TOJIBKO ITPY OCYILIECTBICHUU IEPEKOMIICHCAIIN B COOTBETCTBUU C YCJIO-
BreM (16), MCTIOTb30BaHNY CTIEIMATIFHBIX 3aIIUT, O CHOBAHHBIX HAa HAJIOYKEHHUH TOKA C YaCTOTOM 25,
100 I'ty wutrt co3/TaHUK aKTUBHOM COCTABIISIONICH B TOKE OHO(GA3HOTO 3aMbIKaHUS.

[Tepenanpsixenus B cetu ¢ JI'P Bo3HHMKAIOT 1pu pazdanaHce B HACTPOMKE TyTOracsiiero pe-
akTopa, npesbimaroniem 15 %. Takoi pasdananc Bo3mMoskeH npu rorcke O33 MEeTo0M MO3TAITHOTO
OTKJIFOUEHUS MIPUCOSAMHEHN. B 3T0ii cutyarui Heo0X0[uMO TPUMEHSITH PEaKTOPHO-PE3UCTUBHOS
3a3€MJICHUE HEUTPAIIH.

Hckmouenne nepeHanpsbkeHnid ipu pazoanance [{I'P 1 co3panve yciaoBuii 1st IPUMEHEHHS
CEJICKTUBHOM 3aIIIUTHI C OMPEICTICHUEM U MOCIIEAYIOIIIM TUIaHOBBIM OTKITFoueHueM 033 ocyliecTs-
JIAETCS NOJKII0UEeHHEM napaiuiesibHO I P pe3ucropa ¢ conpoTHRICHHEM, OMPEIETISIEMbIM UCXOIS U3

MaKCHMAaJIbHOTO 0KH/IaeMOT0 3HadYeHUs Toka HeOamanca DI mo ¢popmyie (18).
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