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AHAJIN3 OIIBITA DKCIUVIYATAIUU CETH 6 xB T3 KY3ZHELIKOI'O
METAJITYPTUUECKOT'O KOMBUHATA C KOMIIEHCUPOBAHHOM
U KOMBUHUPOBAHHO 3A3EMJIEHHOM HEUTPAJIBIO

Hnvunvix M. B., Capun JI. U., lllupkosey A.H. (000 «ITHII OJIH/]», 2 .Hosocubupck)

Ilocmanoeka 3ad0auu

B crathe paccmarpuBaetcs ombIT 3kcmutyatanmu cetu 6 kB TOIl Kysneuxoro
Metamnyprudeckoro komobmHaTta (KMK) B mepmon 23.12.2004 — 22.12.2005 r. Yka3zaHHas CETh B
TEUEHWE MHOTHX JIeT paboTalia B peXuMe KOMIICHCHPOBAHHOW HeWTpayiu. Takoh pexum
MO3BOJISIET COXPAHATH PAabOTOCTIOCOOHOCTh MPHUCOSTUHEHHUH MPH JUTUTEIBHBIX 0THO(A3ZHBIX
3ambIKaHusX Ha 3emutio (033).

[MpunnunuansHas cxema cetu 6 kB I'PY TOII npuBenen Ha puc. 1. B HopManbHOU
CXEMe€ BCE CEKIIUU O0BeAMHEHBI uepe3 muHbl CKOTTa.
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Puc. 1. Ilpunuunuansuas ognonuneitHas cxema ['PY — 6 kB TOI[ KMK
C KOMOMHUPOBAHHO 3a3€MJICHHON HEUTPAIIBIO

CyMMapHBIit eMKOCTHBIN TOK 0AHO(a3HOro 3aMbikaHus Ha 3emiIto (O33) nprBeneHHON
cetu coctaBisteT 136 A. Cormacao 1.1.2.16 1TV, n.5.11.8 IITD xomneHcamus EMKOCTHOTO TOKA
033 nmopKHA TPUMEHSATHCS TIPU 3HAYCHHUSAX ATOro Toka Ooiee 30 A BO Bcex ceTsix 6 kB.
KomneHncamust obecrieynBaeTcst MOAKIIOYCHUEM K HEUTpam 00MOTOK 6 KB Tpancdopmaropos
T1, T3 u T4 gyroracsmmx peaktopoB (JII'P) NeNel, 2, 3 Tunma 3POM-350/6. I3 HUX TOCTOSIHHO
nosktoueHb! ToJbKO 1Ba JII'P. 3POM Nel paGoTaet B mepBOM MOJOKEHUH (TOK KOMITCHCAIIN
53,6 A), 3POM Ne3.4 — Ha TpeTheit oTnaiike (88 A 1 87 A COOTBETCTBEHHO).

Tem He MeHee, Hanmuuue KomiieHcanuu B cetr 6 kB TOL KMK He 11o3BoImII0 B TIOJTHOM
Mepe pemIuTh MpoOJieMy 4YacThIX NOBPEXKICHMM WH30isuuu obOopyaoBaHus (kabeneid,
JIBUTATENICH), B TOM YHCII€ ¥ MHOTOMECTHBIX, IPH OJHO(A3HBIX 3aMBIKAaHUAX Ha 3EMIIIO.
[ToaToMy C 1eNTbI0 CHUKEHHSI TOBPEKIAEMOCTH 000pyA0BaHUS (B OCHOBHOM MTPHCOCAMHECHHIA
MOIIIHBIX JBHUTATENCH) OBLJIO MPUHATO PEIICHHE 00 YCTAaHOBKE B HEHUTpaslb MapajuIeIbHO
kaxaomy [I'P pesucropa.

Takoe KOMOMHUPOBAHHOE 3a3¢MJICHUE HEUTpAIK TO3BOJISICT AP PEKTUBHO OTPAHNINBATH
nepeHanpskenus npu 033, He yXy/IIAeT YCIOBHS TallleHUs AyTU. AKTUBHBIN TOK, CO3/1aBacMBbIii
PE3UCTOPOM, KaK MPABHUIIO, OKA3bIBAETCS JOCTATOYHBIM /IS CEJICKTUBHON PabOThI TOKOBOI
3aIUThI, KOTOpas MOXET JCHCTBOBATh KaK HAa CUTHAM, TaK M HA OTKITFOYEHUE B 3aBHCHM OCTY OT
YCIIOBUM 00€CTIeUYeHUs HAIC)KHOCTH B 0€30TIaCHOCTH AJICKTPOCHAOKEHHUS.
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Pesucropsl Tumna P3-300-40-6 Oblu BBEICHBI B KCIUTYaTaIUIO B KOHIIE CEHTOPst 2005 T.
Pesuctop nna 3azeminenus Heiltpanu cetu 6 kB conporusiennem 300 OM BBINOJIHEH U3 TpEX
osokoB mo 900 Owm, coemWHEHHBIX MapauieibHO, 1Mo 20 PEe3UCTHBHBIX AMeMeHTOB DP3.
TexHnyeckne XapakTEpPUCTUKH PE3UCTOPA MMPUBEICHBI B mab.1. 1. ITOT PE3UCTOP PacCUUTaH HA
BpeMs BO3/IEHCTBHS HauOobIero (asHOro HAMPSHKEHUS HE MEeHee 6 4acoB, UTO MO3BOJISIET
00X0aUTHCS 0€3 yCTPOICTB aBTOMATHKH U 3alTUTHI JIJISl €T0 OTKITFOUCHUS.

Tabnuya 1
TexHunyeckue xapaktepuctuku P3-300-40-6

Ne HanmeHoBaHue 3HaveHne
n.m. napametpa He bonee
1. HomuHanbHoe HanpsxeHue ceTu, KB 6,0
2. HomunHanbHas MoOLHOCTL, KBT 40
3. ConpotuBneHue, Om: 300+10%
4. Macca pesuctopa, Kr 490
5. [abapuTHble pa3mepbl pe3ncTopa, MM:

- ANWHa 1910

- LUMpWHa 1940

- BblCOTa 2270

B xonme 2004 roma Ha mmHax ['PY Obplna ycraHOBIIGHAa cUCTEMa JJISI PETHCTPAIHH
HaIpsHKEHU B aBapUUHBIX pexxuMax. B mporecce paGoThl TaHHON CHCTEMBI OB OJTYYEH
JOCTaTOYHO OOJBIION 00BeM (PAKTUYECKHX OCHUIUIOTPAMM IEPEXOTHBIX MPOIECCOB MPHU
oTHO(a3HBIX 3aMBIKAaHUAX HA 3EMITIO.

[TonydeHHbIe B pe3ynbTaTe MOHUTOpPUHTa ceTh 6 KB TOLI ocumiiorpaMmMbl HanpsbKEHUA
npu O33, 3aperucTpupoBaHHBIC B TEUECHUE I'0J1a, TPEOYIOT KOMIUIEKCHOTO aHAIN3a B YaCTH
OLICHKY BO3HUKAIOIIUX ITEPEHANPSHKEHH, BpEMEHU CYIIIECTBOBAHMS MOBPEXKICHUN; X apakTepa
(PM3UYECKUX MPOIIECCOB, COMPOBOXKIAIONINX ITH ToBpexaeHus u T.4. Cnermduka cetn TIL]
KMK (kxabenpHas pa3BeTBIEHHAS CETh C JIOCTATOYHO OOIBIINM YUCIOM NMPUCOCANHEHUI ) HE
BCEr/la MO3BOJISIET TOYHO OIPEAEIUTh MECTO 3aMbIKaHHs, OJJHAKO B IAHHON paboTe Takas 3a7a4a
HE CTaBUTCS.

I'naBHOIi LebI0 HACTOSIIIEI0 MCCAeIOBAHUS SIBISETCS CPABHEHHE OCOOCHHOCTEM
MPOIIECCOB, MpoucxoAsamux npu O33 B ceTu ¢ KOMIIEHCUPOBAHHOM HEUTPAITBIO (HATHHFHE TOJIHKO
IYTOTacsIuX PeakTOpOB B HEUTpaIM) M MOCJE YCTAaHOBKH pe3ucTopoB napamiensHo AP, C
MPUMEHEHHEM METO/IOB CTATUCTHUECKON 00paOOTKH PE3yIbTATOB MO BHIOOPKE, BKIIOYAIOIICH
239 ocuumiorpaMm, MOKa3bIBAETCSl, KaK MEHSETCS JUHAMHUKA MPOIECCOB, BBI3BIBAIOLINX
OTacHBIC BO3JICHCTBHS HA H3OJISIHIO CETH, B 3aBUCUMOCTH OT CIIOC00a 3a3eMJICHUST HEUTPAIIH.

DTO MO3BOJUT B JabHEHIIIEM 00J1ee KOPPEKTHO U 0OOCHOBAHHO MOAXOAUTH K BHIOOPY
croco0a 3a3eMJICHHSI HEUTpaJIl CeTei HOMUHAIIBHOTO HanpsikeHus 6-35 kB.

Crnemyer OTMETHTb, YTO B IyOJMKYEMBIX B HACTOSAIIEE BPEMSI CTaThAX (Harpumep, [1])
paccMaTpuBaeTCsl BO3MOXKHOCTh HCKJIIOUECHHS pekuMa 3Kciutyatauuu cereil 3-35 kB ¢
M30JIMPOBAHHOW HEUTpaJbI0. /(€710 B TOM, 4TO OJTHOM M3 OCHOBHBIX IMPOOJIEM B CETSAX C TAKUM
pPEXKUMOM HEWTpanM SBISAETCS BBIXOJ W3 CTPOSA DdJICKTpOABUTarenel, kabemel u
TpaHCPOPMATOPOB HAMIPSHKEHUS H3-32 TPOOOEB U3OJISIIINH, CBSI3aHHBIX C TIepeHANpsLKeHsIMA. B
CETH C KOMIICHCUPOBAHHOW HEUTPAJIBIO, B YaCTHOCTH, IPU IUCKPETHOM perynuposanuu I P,
TaK)Ke BEJHMKA BEPOSTHOCTh BOZHUKHOBEHUS 3HAYMTENBHBIX TYTOBBIX U (DEPPOpPE30HAHCHBIX
MepEeHANPSKEHUN TPU IEPEM €KaAI0IIEMCSI XapaKTepe IyT'u ¢ MaJIbIM TOKOM B MecTe O33.

B nacrosmee BpeMs B Poccin HOpMaTUBHO pa3pelIeH peXUM 3a3€MIICHUSI HEUTPAIU
yepes pesucrop. Tak, B [TYD 7 pen. ykazaHo, 4TO «...paboTa 3yieKTpuueckux cereit 3-35 kB
MOJKET IIPENyCMaTpUBaTbCsl KaK C HW30JMPOBAHHOW HEWUTPAIBIO, TaK W C HEUTPAJbIo,
3a3eMJICHHOUM depe3 Jyroracsiuii peakTop Wik pe3uctop». Kpome toro, B Geropycckoit
PHEPTrOCUCTEME YK€ BBeIEH (BIepBbie!) BEAOMCTBEHHBIM JOKyMEHT («BpemeHHBIC
METOJMYECKHUE YKa3aHUs...») IO PE3UCTUBHOMY 3a3eMJICHUIO HENTpanu cereit 6-35 kB.
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B cBsi3u ¢ 3TMM BechMa aKTyaldbHBIM CTaHOBHUTCS OOOOIIEHHME W aHAJN3 OIbITa
IKCIUTyaTalluM CETeH CPEIHUX KJIACCOB HAMPSIKEHUS C PE30HAHCHBIM, PE3UCTUBHBIM JINOO
KOMOMHUPOBAHHBIM CIIOCOO0OM 3a3eMJICHHS HEUTpaIu.

Xapaxmepucmuka U OUEHKa noepeofcdaemocmu cemu

[lepenanpsokenus, co3gaBaeMble B KaOENbHOW CETH JyTOBBIMU OJHO(A3HBIMH
3aMBIKAaHMSIMU Ha 3€MJII0, OKa3bIBAIOTCS HAMW0OJIEe OMACHBIMU HE TOJBKO BCIEACTBHE HX
BBICOKHX YPOBHEM, HO U TOTO, YTO OHH MHOTOKPATHO BO3/ICUCTBYIOT Ha BCIO CETh (Cpasy Ha psif
OCJIa0JICHHBIX MECT) M BBI3BIBAIOT MHOTOMECTHBIC MTOBPEKICHUS H30JISIIUN CO 3HAYUTEITbHBIM
AKCIUTYaTaIllMOHHBIM YIIEPOOM.

B ma6a. 2 npuBeaeHb! JaHHBIE TIO KOJTUYECTBY 3aMBIKAHUN Ha 3€MITIO B HCCIIETyEMOM

CCTH.
Tabnuya 2
CraTtucTtuka 3ambikaHui Ha 3emnto B cetu 6 kB TOL| KMK B nepuog
23.12.2004 - 22.12.2005

B Helimpanu
monbko AP

B Heumpanu AP
u pesucmop

Bcero 3amblkaHui Ha 3eMIo

98 (100%)

T47 (100%)

CamonukeuanpoBasLUMecs Nnocre nepsoro npobos

68 (69,4%)

127(90,1%)

CamonuksuaupoBasLLMecs nocne 2-ro n bonee 20 (20,4%) 14 (9,9%)
npo6oer
MpuBeawme Kk OTKNHOYEHUIO 060PYAOBaAHUSA 10 (10,2%) 0

CoracHO MOTyYeHHBIM OCIIJUIOTPaMMaM HaNpsbKEHUH PU 0THO(A3HBIX — 3aMBIKAHUSIR
pa3IMYHBIX TOYKAX paccMaTpUBAeMOW CETH ObUIM TMPOBEACHBI HCCIICIOBAHHS YPOBHEH
MepEHAIPSIKEHUH, TITUTEIbHOCTH TOPEHUS JYyTH IPU OJJHOKPATHOM €€ 3a)KUTaHHH, TIOCTPOEHA
THCTOrpaMMa pacipeAeIeH s YUCIIa 3aMbIKaHUM 10 MecsiliaM (Ce30HHas 3aBUCHUMOCTB), a TAKXKe
BBISIBJICHBI (przeprl, HanbOosiee MOJBEPKEHHBIC BO3JCHCTBUIO JYTOBBIX IMEpPEHANPSIKCHHUNA

(puc.2).

Pacnpepnenenue yncna nospexaeHun no cmaepam cetu
6 kB T3L| KMK 3a 2005 rog

Pacnpeagenenue uncna noBpexaeHuin B cetu
6 kB T3 KMK no mecsiuam 3a 2005 roa
(1-9 6e3 pe3uctopa, 10-12 ¢ peauctopom 300 Om)
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a)
Puc.2. a) ons 033, npuxodsuwjuxcs Ha kaxdbil ¢pudep Ao u nocrsie ycmaHoeKu
pe3sucmopa 8 Helimparsb,; 6) pacripedeneHue ducna 033 no mecsayam

3nauntenbHas g0 O33 B paccmarpuBaemoit cetn — 20,4% ot obmiero uncna —
CaMOYCTpaHSETCS TOCJIe BTOPOTO MpoOOs W MpH OTCYTCTBHUU pe3ucTopa (maba.2). ITo
00CTOATENIBCTBO MPOMJLTFOCTPUPOBAHO Ha puc. 3. B To xe Bpems, okono 10% 3aMbIikanmit
MPUBOIAT K OTKJIIFOUCHHIO 000PYI0BAHHUS, YTO CBHJICTEIBCTBYET O BO3MOKHOM HAPYIICHUH
Oecriepe0oHOTO AIEKTPOCHAOKEHHUST TOTPEOUTENIE W COOTBETCTBYIONIEM HEIOOTITYCKE
AJICKTPOIHEPIHH.
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Puc. 3. Ocyunnozpammbl ¢hasHbix HanpskeHul npu OL33, Helimpanb cemu 6 kB
KomneHcupoeaHa /¢pudep 'LIPr1-1' 16 cpespansa 2005 e. 19:16, Kn=1,85/

PesnctuBHOE 3a3eMiieHHWE HEUTpaIM HE TONBKO MPHBOIWT K CHIDKEHUIO YHUCIIA
o/1HO(a3HBIX 3aMBIKaHUH C TOBTOPHBIM 3)KHTAaHUEM JTYTH (3aM bIKAHUH C YFCIIOM IIPOOOEB J1Ba —
9,9% ot obmrero yrciia 3aMbIKaHUiA; OoJiee NBYX — He ObUT0 BooOIIE B 141 3aperrncTprupoBaHHOM
ciiydae), HO Y TIOBBIIIAET HAJIE)KHOCTh PaOOTHI CETH.

Jlyist paccMaTpuBaeMoOro BpeMEHHOTO Meproja Yuciao 0JHO(a3HBIX 3aMBbIKAHUN TIPH
YCTaHOBKE PE3UCTOPA B HEUTPAJIh CETH YBEINYMIIOCH. DTOT (haKT HAMPSMYIO CBSI3aH C CE30HHBIM
YBEJIMUEHUEM MTOBPEKIAEMOCTH KaOEITbHOM CETH, BRI3BAHHOW HEOIArONPUSTHBIM COYETaHUEM
(haKTOpOB BHEIIHEHN CPE/IbI, TPOMEP3aHHEM IPYHTA, HAKOIIJICHUEM U Pa3BUTHEM CYIIECTBYIOIINX
nedeKTOB, a TAK)KE YBEIIMUCHUEM CETEBOM Harpy3KH.

OpHako 37€Ch YMECTHO 3aMETHTh, YTO I PU YCTAHOBKE PE3UCTOpPa B HEUTPAIb CETH
OTKJIIOUEHUH 000pyAOBaHUS M, CIEIOBAaTEIbHO, IEPEPHIBOB B 3JIEKTPOCHAOKEHUU
noTpedureneii, He ObUI0O BooOmE (maba. 2). CnemyeT NOMYEPKHYTh, YTO HaJIUYHE
BBICOKOOMHOT'O PE3MCTOpa B HEHTpasn 00ecrieunBaeT HATMINE aKTUBHOM COCTaBIISIONICH TOKa
O33, d4ro mNO3BOJNSET BBINOJHUTH CEJIEKTUBHYIO 3alIUTy, JOCTATOYHO ONEPATUBHO
pearupymoulyo Ha MOSIBJIEHHE B CETH 3aMblkaHus Ha 3emuito. ClenoBaTelnbHO, BpeMs
OTKJIFOUCHHS TIOBPEKACHHOTO (huIepa CHIDKACTCS.

Ananu3 nepenanpaixicenuil, 6030€iiCMEYIOUUX HA U30JAUUIO KADETbHBIX TUHUI

PasButne pexxnma 3aMbIKaHUS Ha 3€MJIIO B CETH ¢ KOMIICHCUPOBAaHHOU HEUTPAJIbIO
3a4aCTYIO0 CBSI3aHO C U3MEHEHHUEM CXEMBI CETH — KaK B Pe3yJIbTaTe ICUCTBUS PEJICMHOM 3aIlUTHI,
TaK ¥ NpU ONIEPaTUBHBIX NepekntoueHusX. CienoBarenbHo, u3MeHsieTcs: Hactpoiika J[I'P, uto B
Cly4yae BO3HHUKHOBEHHS IIEPEMEKAIOLIETOCS PEKUMaA TOPEHUS NYTH MOXKET IPUBECTH K
BO3HMKHOBEHHIO OITACHBIX NEepeHanpsKeHni. OTMETHM, YTO MEepEHAIPSKEHUSIM OJBEpPraeTcs
npexje Bcero Oymaxkno-macisiHas uzoisiius (bMI) kabeneit cexumii [PY.

B nanHoii cetn, kKak v B OOJIBIIMHCTBE ceTel KitaccoB 6-35 kB, rae ucronb3yrorest [P ¢
JUACKPETHBIM PEryJIMPOBAHNUEM, BO3MOKHBI 3aMETHBIE PACCTPOMKM KOMIICHCALIMU 3a CUET
A3MEHEHUSI CXEMBI.

ITomumo atoro, no kpariHen Mepe asa 1P u3 Tpex sSBisroTcs MOCTOSHHO BKIIFOUEHHBIMA
(B pexuMe TMEepeKOMIICHCAIMH), MO3TOMY JIMKBHUIALUS JTyTOBOTO 3aMBIKAHUS YacTo
COTIPOBOXIACTCS POLiecCOM OMeHUs (ha3HBIX HAMTPSKECHUHN — HATOKEHUEM Ha YCTAHOBUBIIICECS
HaIPsDKEHUE TPOMBITIUICHHOW YacTOTHl CBOOOHOM COCTaBISIONMIECH OIM3KON 9acTOTHI. DTOT
ClTy4yai XapaKTepHu3yeTcsl yBEIMUYCHUEM HaNpsDKEHUS Ha TIOBpeXIeHHOH (hase 10 3HaueHuit (1,8-
2,0)Ud. Hannsiii haxTt ObUT 3aUKCUPOBAH U MIPU AHATIN3E PE3YJIbTATOB PETUCTPALIUN.
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MakcuManbHbIM YPOBEHb IIEPEHAIIPSKEHUM B CETH 0 YCTAHOBKH PE3UCTOPA COCTABIBIET
2,7Ud; ogHako U3 puc.4 cieayer, 4To BEpOSTHOCTD MOSBICHUS TICPEHANIPSKEHUN C ypogHeM
ceviute 2,4Ud ipu 3Tom cocrasisier Bcero 0,05 (5%).
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Puc.4. Smnupuyeckas naomHocme pacrnpedesneHus ypoeHel rnepeHanpskeHul 8 cemu
FPY-6 kB TOL KMK do (a) u nocne (6) ycmaHo8KkuU pe3ucmopa

B cnyuae 3a3emiieHUs HEUTPAJIM YEPE3 PE3UCTOP, YCTAHOBIICHHBIN napajuiesbHo 1P, ¢
BeposATHOCTHIO 0,95 Bo3HMKAatOIIME TIepeHanpsikenns He npeBbicat 2,3Ud. Kak B miepBoM puc.
4a), Tak ¥ BO BTOPOM (puc. 46) ciydasix MHTETpaJibHas KpUBas paclpeesieHus Ha y4acTKe
BeposaTHocTeit 0,95-1,0 nocTatoyHO MoJoras, MO3TOMY MOKHO KOHCTaTUPOBATh: BOBHUKHOBEHHUE
MAaKCHMAaJIbHBIX [TEPEHANPSHKEHUN B CXEME, B YACTHOCTH, ITPU HAIMYUHU PE3UCTOPA B HEUTpaIT-
BECbMa PEAKOE SIBJICHHUE.

B HEKOTOPBIX HCTOYHMKAX UMEET MECTO YTBEPKACHHE: KOMOMHUPOBAHHOE 3a3E€MIICHHE
HEWUTpaJIH MPU MTOCTOSHHO BKJIIFOYEHHOM PE3UCTOPE UMEET OJIUH CYIIECTBEHHBIN HEAOCTATOK:
MpU BO3HUKHOBEHHWH JYTOBOTO 3aMBIKAHUS HANpsDKEHHE Ha TMOBPEXIACHHOU (aze mocie
MOTAaCaHUsl TyTH BOCCTAHABIMBACTCS 3HAUUTEILHO OBICTpEE, YEM IIPH 3a3€MJICHUU HEHTpain
TOJIBKO Yepe3 peakTop. DTO YMEHbBIIIAET HHTEPBAT BPEMEHU MEXIY MPOOOSIMH U3OJSIUN U
YBEITUYMBACT YHCIIO BO3ICHCTBHI MEpEHAIPSKECHUN Ha HETTOBPEXKICHHBIC (PUICPHI.

CornacHO MOJIy4EHHBIM JaHHBIM, JJIA psAJla OCHUIUIOrPaMM BPEMsI BOCCTAHOBJICHUS
HaIpsHKEHUST TOBPEXKIECHHOM (Da3wl mocie moracanusi Iyrd B paccMaTpuBaemMoil cetu 0e3
pe3UCTOpa COCTABIISIET NIPU OJHOM 3aKUTAHUU JYTH, KaK MpaBwio, okoio 15-20 mepromos
MIPOMBITIUICHHON YacTOTHI (puc. Ja).

B T0 ke Bpems ObUIO 3aperHCTPUPOBAHO OONBIIOE KOJTMYECTBO OCIIMILIOIPAMM, Ha
KOTOPBIX HaOJIF0/IaJTUCh TTOBTOPHBIE MHOTOKpAaTHBIE MPOOOUW (HadanbHas 4acTh puc. 50)
npuMepHo yepes 2-4 nepuonaa. Takum oOpa3om, Takue MpoOOU MPOUCXOIST 3HAYUTEIHHO Yarle
( B OTNIMYME OT KJIIACCHYECKUX MPEICTABICHUIN O TIPOIECCE BOCCTAHOBIICHHUS HAMPSXKCHUSI HA
MOBpPEXICHHOM (haze (puc. 4a), U3I0KEHHBIX, B YaCTHOCTH, B [2]).

[IpoBencHHBIM aHaANW3 YPOBHEM IEPECHANPSIKCHUM, UIMTEIBHOCTH TOPEHUS Iyrd
MO3BOJISIET 3aKIIIOUUTh: BO-TIEPBBIX, IPY HAJTUYUHU B HEUTPAIN PE3UCTOPA U PEAKTOPA YPOBHU
TIepEeHaIpPsDKEHN, KaK ¥ BpeMs WX BO3CHCTBHUS HAa U30JISIIUIO, OKA3bIBAIOTCS 00JIee HU3KUMH,
yeM npu Hamuaud ToJbKo [[I'P; BO-BTOpBIX, BEpOSTHOCTH MOBTOPHBIX MPOOOEB B Ciydyae
KOMOMHUPOBAHHOTO 3a3€MJICHUSI HEUTpaH Takke cHUxkaeTcs. [loaToMy uncio Bo3AeiCTBHIA
MepEHANPSKEHNN Ha HETIOBPEKICHHBIE PUACPHI, HAOOOPOT, MOXKET OBITH YMEHBIIICHO.
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Puc.5. OcuunnoepaMMb)l ¢asHbix HanpsxeHul npu OL33, Helimpanb cemu 6 KB) KOMreHcuposaHa: a)
gudep 'LIPTI-3" 25 ceHmsbps 2005 e. 12.25 (peaucmopa Hem), Kn=2,2;
6) cbudep 'TipokamHnbili-2' 10 anpens 2005 2. 8:15 (pesucmopa Hem), Kn=2,35

W3 ocimmmorpaMMel puc. 56 BUIHO, UTO B CETH C KOMIIEHCUPOBAHHON HEUTPATBIO MOTYT
BO3HHKATh IBOWHBIE (M MHOTOMECTHBIC) TIOBPEKICHUS: TIEpBOi poOuBaeTcs (haza ¢ Hanbosee
ocNa0JICHHON M30JIALIMEH, 1ajiee MPOUCXOAUT camoycTpaneHue 3Toro O33, u B TO ke BpeMs
WHULUUPYETCS JIUTEIHHOEC HEYCTOMYMBOE JyroBOE 3aMbIKaHME  Ha Jpyrou dase,
XapakTepusyrlIieecss 4acThiMU (Kaxkaele 1-2 mepuoma yactotel 50 [') HeycmenrHbIMU
TIOTIBITKAMH BBIX0/1a HA BOCCTAHOBJICHUE ¥ TIOBTOPHBIMU MIPOOOSIMH C MaJIbIM BPEMEHEM TOPEHUS
nyru — He 6omee 0,01 c.

[TomuepkHeM, 4TO epeHANPsHKEHUs TIOCIe TOBTOPHBIX poboeB 1o nepexona O33 B
ycToitunBoe '"Merayumueckoe" ogaHo(a3HOE 3aMBIKAHHWE C OTKJIIOYECHHUEM OO0OpYIOBaHUS
3aIUTON, MOTYT OBITH JIOCTATOYHO BBICOKH IO CPABHEHUIO C MIMEBIIMMHU MECTO TTOCIIE TIEPBOTO
noracanus ayru. Tak, Tpu OTCYTCTBHU PE3UCTOpAa B pacCMaTPUBAEMON CETH ObLIH
3aperuCTPUPOBAHBI 3AMBIKAHUS C MAKCUMAJIBHBIM YPOBHEM NiepeHanpspkennit 2, 7 Ug.

Ha puc. 6 npuBeneHsl xapakTepHbie OCIMIIIOTPAMMBbI HANTPSHKCHUH Ha (a3ax pasHBIX
npucoenuHenuit cetu TOI KMK mnipu 3a3emienust HelTpaiu yepe3 napauiebHO BKIHOUYCHHbIC
JI'P u pe3ucrop.
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a) 6)

Puc.6. Ocyunnoepammbl ¢ha3Hbix HanpsxeHul npu OL33, kombuHuposaHHas Helimparb
cemu 6 kB: a) gpudep 'Cli1-3" 10 Hos16ps 2005 2. 3:53, Kn=1,93;
6) pudep 'LUPT1-1' 13 dekabps 2005 2. 22:08, Kn=2,14
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JI1st ceT ¢ KOMOMHUPOBAHHBIM 3a3€MJICHHEM HEUTPaA HAIMUKE B OT/CITBHBIX CITydasx
MOBTOPHBIX OAHO(A3HBIX 3aMBIKAHWUW YKa3bIBa€T Ha TO, YTO NPU JAHHOW BEITUYHHE
COTIPOTHUBJICHUS PE3UCTOPA BCE e HE 00€CIeUnBACTCs MOJHOTO CTEKAHUS 3apsiia HyJIeBOU
MOCJICIOBATEILHOCTH (PAaBEHCTBO HYJIIO HANPSOKEHUS HA HEUTpaiu) 3a BpeMsl OT MOMEHTA
caMOramieHusi AYrd JO MOMEHTa BO3HMKHOBEHUS MAaKCUMaJbHOTO HaIpsKEHUs Ha
MTOBPEXKICHHOU (paze, KOTOPOE CTAHOBUTCS OJIM3KUM K azHOMY - opsiaka (1,05-1,1)Ud.

TakuMm, oOpazoM, IpH YCTAaHOBKE PE3UCTOpa B HEWTpanb ceTu 6 kB mapaiienbHO
IyroracsiieMy peakTopy HaOJIofaeTcsl Cleayrollas KapTHHA: BCE TMOMBITKH TOBTOPHBIX
3a)KUTAaHUHN U JICUCTBUTENBbHBIC TIOBTOPHBIE MPOOOU UMEIOT MECTO, KaK MPABWIIO, B TCUCHHE
OJIHOT0-JIBYX MEPHOJI0OB TPOMBIIIJIEHHON YaCTOTHI ITOCIIE MEPBOT0 3aMbIKaHUs Ha 3€MJTIO U HE
MPUBOAAT B aOCONIOTHOM OOJIBIIMHCTBE CIy4aeB K MEPEHANMPSKEHUSM, MPEBBIMIAIOIINM
nepBoHavdanbHbie (2,0-2,1)Ud. U3 puc.6 BUIHO Takoke, 4TO BPEMs BOCCTAHOBJICHUSI HATIPSHKESHUST
B OBpEXAeHHOM (Daze He npebimaeT (3,0-3,5) mepruooB MpOMBIIIIEHHON 9aCTOTHI.

OmnpeneneHHbIl  HMHTEpPEC TMPENCTABISIOT CBEACHHBIE B maba. 3  OTICIbHBIC
CTaTUCTUYECKHUE XAPAKTEPUCTUKHU YPOBHEH MEPEHAIPSIKEHUNA B CETU ¢ KOMIIEHCUPOBAaHHOU
HEUTpaIbIO U MPU KOMOMHUPOBAHHOM €€ 3a3EMJICHUHU.

Tabnuya 3
CtaTucTUYeCKue XxapakTepucTUKM YPOBHEN NepeHanpsikeHumn
npu 3aMbikaHUAX Ha 3emnio B cetn 6 kB TOL KMK 3a nepuop
23.12.2004 - 22.12.2005
XapakTepucTuka B netimpanu monsko AP | B nHetimpanu AP u pesucmop

MaTtemaTuyeckoe oxunagaHue 2.06 2.10
HOuncnepcusa 0.031 0.02
CpepHekBagpaTuyeckoe 0.176 0.142
OTKIOHEHNe
Makcumym 2.70 2.35
HeoOxomuMo Bcerma IPOBOAUTL OLCHKY HE3aHMKCHHBIX — HWHa4de TOBOPI,

MaKCHUMAaJIbHBIX JCHCTBUTEIBHBIX YPOBHEH TEpEeHANpPsDKeHUN: 37eCh, KaK BHIIHO, OHH
coctaBysroT 2,7Ud B cetn 6e3 pesuctopa npotus 2,35Ud ¢ pe3ucTopom.

XapakTep TOpeHHUs 1yTr'd, TAK)KE BIHSIOMINM HA 3HAaUYCHUS NIEPECHAIIPSKEHUM, BECbMa
CJIOKEH: OH 3aBHCHT KaK OT MECTa 3aMbIKaHUA, TaK M OT psifa Apyrux (GakTopoB (HAIpUMED,
MPOYHOCTH U30JIAIIMOHHOTO MPOMEXKYTKA, OCITA0IEHHO MOCie MPEABITYIINX MTOBPEKICHUMH;
YUCTOTHI U30JSMOHHON CPeIbl U HATHIUA Je(EKTOB; MOMEHTA 3KUTAHUS AYTH U T.1I.).

B 3701 CcBSI3M NMPUHIUITHAIILHO YETKOTO OMpeAcIIeHUsT TpeOyeT (pu3nKa mpoIeccoB B
M30JSIIUA O0OpPYZOBaHUSI — B pacCMaTPUBAEMOM CETH 3TO OyMa)KHO-MacCJsHas N30JIALUS
ka0eseil — mpH AyTOBBIX 3aMBIKAHUSX HA 3EMITIO.

Ilpoueccot 6 OyMarCHO-MACTAHOU UZONAYUU KADENA NPU OY2080M 3AMBIKAHUU

[Tpu mUTEIbHOM AKCIUTYaTaIluU KAOCIIBHON CETH IMTPOUCXOIUT HAKOTUICHHUE U Pa3BUTHE
ne(EeKTOB, MPUYEM MPOTHKEHHOCTh SIMHUYHOTO Je(DEKTHOTO y9acTKa U3MEPSIETCS JOJISIMHU
MHIJIJTUMETPA, pexe — MuutumMeTpamu. [lepBoHadanbHbIN TPOO0H KaOETbHON U30JISIIINH JIUIITH
HWHOTIa HOCUT XapaKTep paJHalbHOrO, T.€. IPOXOAAIIETO MO KpaTYarIIeMy ITyTH MEXKTY JKIJION
1 000JIOUKON W MEXKTY skriiaMu. [10CKOIbKY HANPsHKEHHOCTD 3JICKTPHUYECKOTO TIOJIS B KaOere
MMEET KaK paIMalIbHYI0, TaK U TAHTCHITUAIBHYIO COCTABJISIONINE, ITyTh MPO0OO0S, KaK MPABUIIO,
CYIIECTBEHHO JJIMHHEE KpaTydaWIllero PacCTOSHUS MEXIy djekTponamu. IIpu mpoboe u
3QKUTAHUM JOYTH 33 CYET TEIUIOBOM SHEPTUU MPOUCXOIUT PA3IIOKEHUE MPOMUTHIBAKOIIECTO
COCTaBa, CONPOBOXKAAIOIIEECs ra3oBblaeseHueM. [Ipu 3ToM, ¢ 0JHON CTOPOHBI, BBITECHSIETCS
MTPOTUTHIBAIOIINI COCTAB C TPACCHI MPOOOS, YTO CHUKAET AICKTPUICCKYIO TIPOIHOCTH; C IPYroit
— TIOJTHUMAETCSA AaBJICHUE B 00Pa3yIOIIMXCS TOJIOCTSX, MOBHIIIAIOIIEE ATY TPOYHOCTb.

Hamnuwe pe3sucTUBHOrO 3a3eMJICHUs, HWHA4Y€ TOBOPs, MOSIBJICHUE aKTUBHOU
COCTaBJISIIOIIEE TOKA 3aMBIKAHMSA, BEIET K YCKOPEHHMIO PacCMaTpHUBAEMBIX ITPOLECCOB:
MIPOUCXOAUT 00JIee 3HAUUTEITLHOE YBEITMUCHHE IABJICHUS B TIOSIBJISIOINICHCS Ta30BOM «1TyOe»,
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OKpY aromie CTBOJ JyTHW, BCIECACTBHE 4YEro TalleHWE JYyT'H TPOUCXOAUT ObICTpee.
JluHaMH4YeCcKOe TOBBIIICHUE TMEPEXOJHOTO COMPOTUBICHUS B MECTE IOBPEKICHUS
nmpeaoTBpamaeT oOyriMBaHue W30MIUH. Bce 3T0 mo3BoisieT u30ekKaTh OTKIIOYCHUS
MOBPEXKIECHHOTO (prsiepa, Tak KaK pa3BUTHI 3aMBIKAHUS U TIEPEXO0a €ro B IBYX-, TPEXIIOIMIOCHOS
WJIM MHOTOMECTHOE TIOBPEKICHUE HE TPOUCXO/IUT.

[locne mpoGosi maBieHHE CHMXKACTCS W TOJOCTh HAYMHACT  3aIlOJHSTHCS
MIPOTIUTHIBAIOIINM COCTaBOM. BeiiecTBHE 3TOTO TOBTOPHBIN IPOOO# TI0 CPABHEHHUIO C TIEPBHIM
OOBIYHO MPOUCXOIUT MPU HECKOJIBKO MEHBIIIEM HAMPSIKEHUU, KaK BUIHO U3 puc.3, puc. 50.
JIBMKEHHME YacTHUI[ MacChl CIIOCOOCTBYET Tak)Ke HEKOTOPOMY CMEIIECHHIO TPAacChl MPOOOS.
MHorokpaTHO€E MOBTOpEHNE TPOO0EB MPUBOIUT K 00pa30BaHMIO O0JIee MITH MEHEE yCTOWYHMBOTO
paspsIHOTO KaHaja. B camom nerne, u3 ma6.. 2 BUIHO, 9TO B CETH O€3 pe3rucTopa Toiabko 69,4 %
OT O0IIEeTO YKCiIa 3aMBIKaHHI CaMOYCTPAHUIIUCH MOCJE TIEPBOTO MPOoOO0s, B TO BpeMs Kak
HaJIMYKE€ PE3UCTOpa MPUBEIIO K CYIIECTBEHHOMY MOBBIIIEHHUIO 3TOr0 nmoka3arens - 10 90 %.

Takum oOpa3oMm, TpU ATUTETFHOM CYIIECTBOBAHUHU IEPEMEKAIOMICHCS IyTH
(moBTOpEeHUH TPOOOEB) PA3IOKEHUE MPOMUTOYHOTO COCTaBa BOJIM3M Pa3psIHOTO KaHaia
MPUBOIUT K OCYIICHUIO IPUJIETAIONIEH K HEMY 00JIaCTH, UTO U BBI3BIBAET OOYTITMBAHUE CTEHOK
KaHana. J[amee MPOMCXOIUT MPEKpAIleHUE TYTOBBIX Pa3psiioB M 00pa30BaHUE TOCTATOYHO
YCTOWYHMBOTO MPOBOJSIIIETO YTOJIBHOTO MOCTHKA. OJIHAaKO Mpu ToKax nopsiaka 15-20 A 3a cuer
BBITUIABJICHUSI C TIOBEPXHOCTEH KHMJIBI U OOOJIOYKM METAUTMYECKMX YaCTHII, TOCTEIEHHO
3aMOJTHSAOIINX Pa3PSIHBIN KaHa, 00pa3yeTcss METAUTMICCKUM MMPOBOISAIIIUNA MOCTHK MEXKTY
XKHUJION 1 000JI0YKOH Kabels (Tu00 MEX Ty KIIaMu ).

[Ipu 5TOM 3amMBIKaHUE TMEPEXOIUT B HEYCTPAHSIONIEECS METANTMYECKOe U TpeOyeT
OTKITIOYEHUA (uaepa, 4To ¥ Mpou301uIo mpumMepHo B 10 % 3aperucTprupoBaHHBIX B CETH C
KOMIIEHCUPOBaHHOH (Tospko JI'P Ha mmHax) HEUTpasIbIo CITy4Jaes.

Ha ocnoeanuu pe3ynbmamoe npugedeHHo20 UCCe006AHUA MOMCEm DbINb bICIPOEHA
credywwana oo6o6uwennas mooenv 2openus oyeu ¢ bBMH wzonauyuu kabeneii npu
Ppe3ucmusHom 3azemaenuu Heimpaau. BeieacTBUE MOBBIMICHUS aKTUBHOM COCTaBIISIONICH
Toka O33 MOBBIMIAETCS MHTEHCUBHOCTD UCITAPEHUS Macja B KaHajIe TOPSHHS yTH, TTOBBIIACTCS
JABJICHUE Ta3a B MECTE TOPEHUS, 32 CUET Yero ramieHue AYTrd MPOMCXOIuT ObicTpee. bomee
AKTHUBHOE BBIJICIICHHE JCUOHM3UPYIOIINX Ta30B M3 OOKUTA€MBIX JYTOW CTEHOK H3OJISIIMH
MIPUBOJNT K BOSHUKHOBEHHIO YJIAPHBIX JABJICHUIN B BUC B3PBIBA U K MPOJI0ILHO-TIONICPCIHOMY
00yBaHuto ayTu. Takoit xapakTep mporiecca 00yCIOBIMBACT PACHICIUICHUE TyTH, HHTCHCUBHBIN
0oTOOp TeIIa U Pe3K0e CHIKCHUE €€ TeMIIEpaTyphl, OBICTPOE MOBBIIICHUE COMTPOTUBIICHUS U
o0pa3oBaHuEe MUKa HANPSKEHUS TalleHus (aKTUBHOE TajcHUe HampspbkeHnue). [Ipoucxomut
MIPUHYAUTEIBHBIA OOPBIB TOKA JIyTH.

[Tpu »TOM B Ta30BOM ITy3bIpe TIpeodiiaaet Bogopo 1, coctapisrontuii 70-80 % ot Bcex
oOpa3oBaBmuxcs ra3oB. Kpome Toro, moBbIlIeHHAs HHTEHCUBHOCTH Ta3000pa30BaHMS B 30HE
CTBOJIa JIyTH BEICT K €€ PaCIICIUICHUIO, JaBJICHUEM OHA OYMIIACTCS OT TOKOMPOBOISAIIUX
aneMeHTOB (yriepoja 1 mapoB MeTajlia), 3a CUET Yero yKa3aHHas 30Ha MIPHUOOPETACT BRICOKYIO
AJIEKTPUYECKYIO POIHOCTb.

Bce 310 BeneT Kk CymecTBEeHHOMY CHIDKCHUIO JUTUTSIIBHOCTH TOPESHHS IyTH U BPEMEHH
BO3JICHCTBUS MEPEHANPSHKEHUN Ha U30JIALIMIO 000pYAOBaHMUS.

Bui6oowt

1. Tlpyu KOMOWMHHUPOBAHHOM 3a3€MJICHUM HEUTpanmu (HEOTKIFOYAEeMBIA PE3UCTOP
MapaJlieNIbHO AYTOracsIieMy peakTopy) ypoBeHb nepenanpsikenuit B cetu 6 kB TOIL KMK ¢
BeposiTHOCTRIO 0,95 He mpesbimaet 2,3Ud, a BpemMs TOpeHHUS C TOH K€ BEPOATHOCTHIO
cocrtaBisieT He Oosee 35 mc. B cimydae koMneHCHPOBaHHOW HEHUTPAIM 3TH MTOKA3aTeNn Oy IyT
paBusbl 2,4Ud u 100 mc, cooTBeTCTBEHHO. MakcUMalIbHBIE 5K€ 3HAUCHUS IEPEHATIPSHDKCHUHN JTS
PEKUMOB ¢ KOMIIECHCUPOBAHHON 1 KOMOMHUPOBAHHON HEUTpabio coctaBisitoT 2,7Udpu2,35Up,
COOTBETCTBEHHO.
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XapakTtep MpoIeCCOB TOPEHUSI M TAIICHUS JyTH MTPU HAIMYUW B HEUTPAIH pPEe3UCTOpa
BEJIET K CHMKEHUIO YPOBHS MepeHanpsikeHuil. Takyke yMEHbIIAeTCsl BEPOSTHOCTh PA3BUTHS
ne(hEeKTOB B H3OJISAIIHH.

2. B ceTsix cpeJHUX KJIACCOB HAIPSKEHUSI C U30JIMPOBAHHOMN WM KOMIIEHCUPOBAHHOMN
HEHUTPaIIBbI0 OOJIBIITYIO OMACHOCTH MPECTABISIOT JBOMHHBIEC (M MHOTOMECTHBIC) TIOBPEKICHHUST:
nepBoii mpobmBaercs ¢aza ¢ Haubosee OCIa0JIEeHHONW HM3OJSAIKCH, /aliee WHUIMHPYETCS
JUTMTEIIEHOE HEYCTOMUMBOE JyTOBOE 3aMBIKaHUE B APYroi (hasze, XapaKTepu3yIOIIeecs YacTbIMU
(xaxapie 1-2 mepuoga MPOMBINIIICHHONW YacTOTHI) HEYCHEITHBIMUA TOMBITKAMH BBIXOJA Ha
BOCCTAaHOBJICHHE M TOBTOPHBIMHU TpoOosimu. Hammume pesucTopa B HEWTpadud CHUMAET
mpo0IeMy dCKajJaliy MepeHanpsHKeHU Ha 3J0pOBBIX (azax H, CIeI0BaTEeIbHO, CYIIECTBEHHO
CHI)KAET BEPOSITHOCTh UX MPOOO0ST U BOSHUKHOBEHUSI MHOTOMECTHBIX TIOBPEKICHHI.

3. TlocTpoeHHass MoJeinb TOPEHUS JYyTH B OyMa)KHO-MACJSTHOW M30JISAIMHA KaOene
CBUJICTEIBCTBYET: MIPH HAJTMYMHM B HEUTPAIH PE3UCTOpPA XapaKTep MPOIECCOB KAaUeCTBEHHO
MEHSIETCSI B CPaBHEHHWM C WHBIMH PEXHMMaMU 3a3eMJICHHsS HeWTpanmu cetd. B ciydae
KOMOMHHPOBAHHOTO, JMOO YHCTO PE3UCTUBHOTO Crocoba 3a3eMIICHHS 3HAYUTEIHHO
YMEHBIIIACTCS JIUTEIBHOCTh TOPEHHS Jyrd H BpeMs BO3ACHUCTBUS BO3HHUKAIOIINUX
MepEeHAIPSHKEHUN Ha U30JISIIIHIO 3JIEKTPOOOOPYI0BaHHS.
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