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AnHortanus. B pabote mpencraBieHbl pe3ylbTaThl SKCIIEPUMEHTAIBHBIX HCCIEOBAHUN CXEM MOJIHHE3AIIUTHI
Ha BBIBEJICHHOM U3 pa0oTHI yuacTke cetd 110 kB. DkcrieprMeHTHI BBITOTHEHEI TIPH TeHEPUPOBAHIH HMITYITECOB
mo 40 kB ¢ MomenmpoBaHWEM 3alIUTHBIX AamNIapaTtoB, "HIpAMBIX" W "OOpaTHBIX" MEPEKPHITUH H3OISAIIH
Bo3aymHON mwHHM (BJI). IlomydeHHBle pe3ynpTaThl IOKa3ajld BBICOKYIO 3((EeKTHBHOCTH KacKaJHOW
MOJIHHE3AIIUTHl MOJCTAHIIMN Jakeé NPH HCIONB30BAaHMM Ha TOAXOAE JHHUHM »siekrponepenaun (JIOIT)
BEHTWIBHBIX paspsanHukoB Il rpynmel. OKcnepuMeHTHI B JACHCTBYIOLICH CETH TIO3BOJIAIOT IONYYHUTH
uH(pOpMaLMIO O pa3BUTUHM IEPEHANPSDKEHUH, KOTOPYIO 11e1ecoo0pa3HO HCIOJIb30BaTh IIPH  KOHTPOJIE
JIOCTOBEPHOCTH MaTEeMaTUYEeCKUX MOJIEIEH.

Abstract. Experimental research results of lightning protection schemes at inoperative circuit area 110 kV have
been showed in this work. The experiments have been carried out during pulses generation up to 40 kV with
protective devices modeling, overhead transmission line insulation "direct" flashovers and "back" flashovers.
The results have shown high efficiency of cascade substations lightning protection even under application of III
group valve dischargers at transmission line approach. Experiments in operative circuit allow taking information
about overvoltages development, which rationally can be used under mathematical models' validity control.

1. BBegenue

Kackagaplii MpUHIMIT MOJHUE3ANIUTHI MOACTaHIMN pa3pabdoTan eme B 80-x rogax (Kocmenxo u op.,
1984) u nmpenHa3HayeH, B OCHOBHOM, [UII HE THITOBBIX CXEM U CIy4aeB HapyIIEHWI HOPMAaTHBHBIX TPeOOBaHUII C
CYIICCTBEHHBIM CHIXECHHEM 3()()EKTUBHOCTH TPAIUIIMOHHON MOJIHHE3AIIUTH. B CBsI3M ¢ AMCKyCCHEH IO
BOIIPOCY BKJIIOYEHUSA OTUX CXEM B HOPMATHBHBIC JOKYMCHTHBI HMKE pacCMaTpUBAIOTCA pPE3YyJIbTaThbl
SKCIICPUMCHTANBHBIX HCCIeA0BaHUNA WX 3()(QeKTHBHOCTH Ha BBIBEACHHOM U3 paboThl y4actke cetn 110 kB,
pactiosio’keHHOM Ha KoJIbCKOM MOJTyoCTpOBE B paiioHE C yIeNbHBIM CONPOTHBIEHHEM TpyHTa 0Koiio 8000 OM M.

dopMHPOBaHHE TPO30BBIX IMEPEHANPSDKECHUI HAa O0OpPYJIOBAHWU IMOJICTAHIMN 3aBUCHUT OT YCIOBHH
oOpazoBanus ¥ jgedopMalid BOJH Ha JHHHUW, OT Pa3BUTHS BOJHOBBIX MPOIIECCOB B PacCIpeeTUTEIFHOM
ycrporictBe (PY) ¢ NOOKIIOUEHHBIMH JIMHUSME, a TaKKe OT BIUSHHUS JJIEMCHTOB CETH C HEJIWHCHHBIMH
xapakrepuctukamu. [loaTomy uccnenopanne 3pPpeKTUBHOCTH 3aIIUTH OT TPO3OBBIX BOJH, Haberarommx Ha PY ¢
BO3IYIIHBIX JIMHUM, BBHIONHSAETCS C MOMOIIBIO CIENHAM3UPOBAHHBIX MATEMaTHYECKHUX WM aHAIIOTOBBIX
MoJienel M HaTyPHBIX AKCIIEPUMEHTOB.

OCHOBHBIM TPEUMYIIIECTBOM SKCIIEPUMEHTOB B JICHCTBYIOIICH CETU SIBIISICTCS] MCIIOJIB30BAHIE PEaTbHBIX
SIIEMEHTOB CETH W CpeIbl Pa3BUTHS AJIEKTPOMATHUTHBIX IPOLECCOB. DTO MO3BOJISIET YYECTh KOHCTPYKTHBHOE
WCIIOJIHEHUE JJIEMEHTOB CETH, B TOM 4YHCJIe TpeX(a3HOCTh M MPOTSHKEHHOCTb, a TAKXKE DIEKTPHYECKUE
XapaKTCPpUCTUKU TIpPYyHTAa, 3a3eMJIMTEIEH U T.II. BTOpblM BaXHBIM TMPCUMYHICCTBOM TaKHUX I/ICCJ'le)IOBaHI/lﬁ
ABJACTCSA OTCYTCTBHUC MaCHJTaGI/IpOBaHI/IH o BpPEMCHHU, a TaKXKE€ Y4Y€T BJHMAHHUA PCAJIbHBIX YaCTOTHBLIX
3aBHCHMOCTEH XapaKTepPHCTUK IPYHTa W JJIEMEHTOB JeicTByomieil cetn. K HemocTatkaM SKCIIEpUMEHTOB B
BBIJICJICHHOM YYaCTKE CETH MOYKHO OTHECTH 3HAYUTEIHHYIO CIIOKHOCTh UX OPTaHU3AIH H ITPOBEACHUS, a TAKKE
OTPaHUYCHUS BO3MOXKHOCTH H3MECHEHUS CXEM U KOHCTPYKTHBHOTO HCIIOJTHEHHUS 3JICMCHTOB CETH.

2. MeToauka. JKcnepuMeHTAIbHbIE HCCIEI0BAHUS B 1eHCTBYIOIIUX CETAX

OKCIIepUMEHTHI B HATYPHBIX YCIOBHUAX C MOJCITUPOBAHUEM T'PO30BBIX BO3ACHCTBHIA, COOTBETCTBYIOIIIX
pearbHBIM paspsaM MOJIHUHM, TPeOYIOT T€HepHUpPOBaHHSA B DJIEMEHTaX CETH HMMITYJIbCHBIX TOKOB B JIECSATKH
KWJI0aMIep, YTO NpPaKTHYeCKH Hepeamusyemo. Kpome TOro, BO3HHKAIOUIHE IPH TAaKOM TI'€HEpHUPOBAHHH
TIePEeHANPSDKCHUS OTMACHBI [T M30JIALIUHN JIeKTpoobopynoBanus. [103TOMy 3KCIIEpUMEHTHI C HCIIONb30BaHIEM
BBICOKOBOJIPTHBIX T€HEPATOPOB MMIYJIbCHBIX HampsokeHuH (I'IH) BBINONHSAIOTCS B OTpaHUYEHHOM OOBEME, B
TOM 4YHCJe Ha OTpe3kax Bo3aymHbix JIOII s uccnenoBaHwii MMIYJIBCHOM KOPOHBI WJIM Ha 3JIEMEHTax
3a3eMJISIIOIIMX ~ yCTpoWicTB. Ha yuacTkax JAeHCTBYIOIIEW CeTH ¢ MOJCTAHIMOHHBIM 00O0PYIOBaHHUEM
WCCIICOBAHMSI BBIMOJHSIOTCS IPHU TOHIDKEHHOM HANPSHKCHUH C COOTBETCTBYIONIMM MAacIITadOM II0 TOKY H
HalpsDKeHUI0. BBUIY upe3BbIYaiHON CIIOKHOCTH OpraHM3allid TaKuX HUCHBITAaHUI B JIEHCTBYIOIIHUX CETSX,
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BBIIIOJTHEHU HW3MEPEHUI HMITyJIbCHBIX IIPOLIECCOB B IOJEBBIX YCIOBUSIX M METOJUYECKOH ITOCTAHOBKH
9KCIIEPUMEHTOB, TAKUE UCCIIEIOBAHNS OCTAIOTCS YHUKAIBHBIMHA B MUPOBOH NTPAKTHKE.

J1st SKCIIepUMEHTAIBHBIX HCCIIE0BAHUN UMITYJIBCHBIX IPOLIECCOB B 3IEMEHTaX BBICOKOBOJIBTHOM CETH
Npyu T[OHW)XEHHOM HMITYyJbCHOM HanpspkeHun Ha kadeape UMD w  TBH  Cankr-IlerepOyprckoro
rocyiapcTBeHHOro nojurexHudeckoro yausepcurera (CIIGITIY) Obun pazpaboTaHbl KOMILIEKC arnaparypbl —
aHanmu3aTop mnepexoaHbix mporeccoB (AIIIl) u  coOOTBETCTBYIOIME METOAUKHA OOCIEIOBAaHUS CHJIOBBIX
TpaHc(opMaTopoB n y4acTKoB cetu (I onvowmerin u Op., 1977). DTOT KOMIUIEKC MO3BOJIMII PAaCIIMPUTH 00J1aCcTh
MCCJIEIOBaHUS B CETSAX Pa3IMUHBIX KIIACCOB HAIPSDKEHMSI.

OCHOBHBIM HEJJOCTaTKOM OITyOJIMKOBaHHBIX HaTypHbIX ucnbiTaHuid ¢ AlIll (Kocmenxo u op., 1981;
Kocmenko u 0p., 1984) sBisiercs OTCYTCTBHE BIMSHHSA HA MEPEXOIHBIE MPOIECCH MMITYJIBCHBIX HMEPEKPBITHH
M30JIIMH, pabodyero HANpsSHKEHUST W HMITyJbCHOW KOpPOHBL [lOMHOCTBIO OTCYTCTBYIOT MyOJMKAaLUH O
BOCIIPOM3BEICHUH B CETH TpoleccoB "oOpaTHbIX" mepekpbituil ¢ onopel JIDIT Ha mpoBoxa u MexaydasHbix
MCKPOBBIX NEPEKPHITUI N30ISIINH.

Jns mosbimieHnst 3((EKTUBHOCTH 3KCIIEPUMEHTATIBHBIX HCCIEIOBAaHUNH CHCTEM MOJIHHME3AIIUTHI B
JICUCTBYIOIIMX CETSAX U3Yy4EHa BO3MOKHOCTh JOCTOBEPHOIO MOJEIMPOBAHUS UCKPOBBIX NEPEKPHITUN U30JIALUU U
MPOLIECCOB CTEKAHMsI TOKA 4Yepe3 M30JIMPYIOIIUE YCTPOHCTBA MyTEM YBEJIMYEHHs T'€HEPUPYEMOIo HAIPSHKEHHSI.
ITpu sTOM ObOecreunBaeTcsi yciioBue 0€30MacHOCTH ISl U30JISILMU TTOCTaHIIMOHHOTO 00opyoBanus. Tak, ais
MOJIETTMPOBaHUs "00paTHOrO" MEPEeKPHITUS M30JISILMN HEOOXOIMMO OOECIIEUHTh JTOCTATOYHO BBICOKOE TaJICHUE
HaIpsDKeHUs Ha OTIOpe M €€ 3a3eMJICHUH, B TOM YHCIIE M JJIs OTIOp C TPOCaMM U NPOTHBOBecaMH. [Ipy ykazaHHOM
MOJXO0JIE OTPaHWYEHHE BEJIMYMHBI T€HEPHUPYEMOIo HANpPSsDKEHHSI CBA3aHO C obecrieueHHeM Oe30HacHOCTH IS
M30ILUN  O0OpYIOBaHUS CETH W BO3MOXKHOCTBIO peali3allid MOJeNiel 3aluTHBIX anmapatoB (3A) u
UMITYJILCHOTO TEPEKPBITHS U30JALUH JMHAN C HEJTMHEHHBIMHU BOJBT-CEKyHIHBIMU Xapakrepuctukamu (BCX) u
BonbTamiiepabiMu (BAX) xapakrepucTukamu.

B npuBeeHHBIX HM)KE 3KCIIEPUMEHTAIBHBIX NCCIEJOBAaHMUAX MAaclITad MO TOKY U HANPSHKEHHUIO BBIOpaH
1/300 ¢ yueToMm cliey oKX OrpaHuueHUI:

—  JOIyCTUMBIN TOK JJISl 3JIEMEHTOB Mojeiel 3A ¢ HCIIONb30BaHUEM HEIMHEHHBIX pe3ncTopoB tuma CH2-2A
Y IMHUCTOPOB HE JIOJDKEH mpeBbImath 50 A;

—  TIPOIYCKHas CroCOOHOCTb MOJeNeil UMITyJIbCHBIX TepekpbiTuid n3omsiiun (MUIIN) ¢ nenuueiinoin BCX,
peau30BaHHBIX Ha 0a3e pa3psaHukoB P-35, He mpebimaet 2500 A.

PeanuszoBannsie BCX Mozaenel uMIynbCHOTO NEPEKPBITHS N30JIAIUHN U 3A TIPUBEAEHBI Ha puc. 1.

B pe3yibrare MHOTOUMCIICHHBIX HMCCIIEIOBaHUN pa3pabOTaHbl /BE WAESHTUYHBIC MOJEIH Ul CIIydacB
BO3HUKHOBEHUS "HpsiMoTo" W "0OpaTHOTO" MEpeKPBHITHS H3OJSAINH JUHUU. JKCIEPUMEHTAIbHO MOJTYYCHHBIC
pa3psaaable HanpspkeHus Mozaeneit MUIIU maner Ha puc. 1 B Buae To4ek. 31eck ke naHo comocrasienne ¢ BCX
ymann 110 kB ¢ ygerom Macmtaba MOIeTHMpOBAHKS.

PeanuzoBanHbie Moneny BEHTWIIBHBIX pa3psaHukoB (MPB) umeror BAX paspsimankos 110 kB 1T u 11T
rpymmsl o 'OCT 16357-79 ¢ yuetom BbIOpaHHOTO MacmTaba MOAEIMPOBAHUS 10 TOKY M HampspkeHHio. BAX
MOJIeTiel 3alUTHBIX anmapaToB (TOYKH) U comocTaBiieHue ¢ xapakTepuctukamu 1o 'OCT (criourHbie JTHHAN)
MIPUBEJICHBI Ha puUC. 2.

ITapamerper mopeneii MUIIMM u MPB mnpoBepsiauch B IOJIEBBIX YCIOBUSX Ha KOMIIAKTHOU
BBICOKOBOJILTHOM YCTAaHOBKEC IMCpe] TMOAKIOYCHUECM HX K JIMHUU. KOHTpOJ'H)HI)Ie UCIIbITAaHUA Moueneﬁ,
BBITIOJIHEHHbIE B JIaOOpaTOpUM II0CI€ SKCHEPHMEHTOB B CETH, IOKA3JIM OTCYTCTBUE OTKJIOHEHHHA OT
NepBOHAYAIILHBIX XapakTepucTHk (puc. 1 u 2).
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Puc. 1. Bonbt-cekyHanbIe pa3psaHbie xapakTepucTuku n3oisiuu BJI 110 kB Ha xene300eToHHBIX omopax U
Y MOJIeJIeH UMITYJIbCHOTO TepekpbIThs m3omsinuu BJI (MUIIN) U,, ¢ yuerom maciitaba MOJIETUPOBaHHS 10
HanpspkeHuto 1/300 (a) 1 XapaKTepUCTUKK HAIpsDKEHHs cpabaThIBaHKs BEHTUIIBHBIX Pa3psIHUKOB U nX Mozenel (0)
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Puc. 2. BorpramnepHbie XapaKTePUCTHKH BEHTHIIBHBIX Pa3psaIHIKOB U X MOJAETEH

B cootBerctBum ¢ paspadorkamu MUIIM u MPB npuHsTHI OrpaHuueHHs: TeHEPUPYEMOTO HaIpsHKESHUSI
BenuunHoit 40 kB, a uMmynscHOTO TOKA B npenenax 100 A.

3. Xapakrtepucruka yuactka cetu 110 kB

DKCIEepUMEHTAIbHBIE UCCIEAOBAHUS [0 MOJECIMPOBAHUIO NMEPEHANPSHKEHUN BBINOIHEHBl HA Y4YacTKe
JIEHCTBYIOIIEH CETH, BKJIFOUAOLIEM TYNHUKOBYIO nojactaHiuio 110 kB ¢ noakiroueHHON BO3AYIIHON JIMHUEH.

Konctpykumst momxoma Hamboliee XapaKTepHA IS PErHOHA C BBICOKUM CONPOTHBICHHEM TPYHTA.
OO6mas mpoTsoKeHHOCTh y4actka JmuHMH oT ['MH mo moacranmmm cocraBisger 1 kM. Yumemo omop — 11.
Pacrnonoxenne omop u JIMHBI IPOJIETOB NMPHUBEIEHBI Ha puc. 3. CpenHsas BeTHYHHA BOJTHOBOTO COMPOTHBICHHS
npoBoja cocraBuia okojio 480 Om. I'pozozammrtHbiii Tpoc TK-17 3akperuien Ha omopax ¢ 1 mo 7, BbIcOTa
mojBeca Tpoca Ha omnopax ¢ 3 mo 7 — 20,5 meTtpa.

Bce omopsl ¢ TpocOM CHA0XXEHBI 3a3eMIISIOIIMMHU CITyCKAMU, COCIUHSIONUMH TPOCHI C 3a3eMJICHUEM U
METa/UTMYECKUMU TPaBepCaMH Ha JKEJIe300€TOHHBIX OIOpax.

Bce omopsl 000pyI0BaHbI COCPEIOTOUCHHBIME 3a3eMIIMTEIIIMHU; OMOPBI ¢ 1 MO 7 COCTUHEHBI MEKIY
co0OW M KOHTYPOM IIOJICTAHIIUU TPOTSKCHHBIM 3a3EMJIMTEIIEM, BBITIOJIHCHHBIM M3 KaTaHKU JAAAMETPOM 12 MM.
M3mepeHHoe conpoTHUBIIEHUE 3a3€MIIEHUS MOJICTaHIMKU cocTaBuio 5 Owm, comportusiieHue 3azemnenus [MH —
70 Owm, omnopsl 10 — okoso 400 Om.

Uccnenyempiii yuactok nuauu BJI-1 coenunen ¢ yyactkom aunuu BJI-2 110 kB nnuHON OKOJI0 2 KM,
Ha TIPOTUBOIIOJIOKHOM KOHIIE KOTOPOTO BBITIOTHEHO COTJIACOBaHUE (a3HBIX MPOBOJOB depe3 pe3ncTopsl 480 Om.
I'MH noxxroueH k ogHoit n3 (a3 muaun BJI-1 B Touke coeqmuaenus BJI-1 ¢ BJI-2.

C y4JeToM BpeMEHH paclpoCTPAHEHHUS BOJH TI0 YKa3aHHBIM YYacTKaM JIMHWUH BOJIHA NEpeHaNpsHDKEHUH Ha
MTOJICTAaHIIMM BO3HHUKAET MPHMEpHO depe3 3 Mkc mocne cpabareBanus [ 1TH. OtpakeHne OT MPOTHBOIIOIOKHOTO
koHna BJI-2 mpuxoanT Ha MOACTAHIMIO C 3ama3asiBaHKeM emie Ha 14 mkc. [lo3ToMy Ha 3TOM HHTEpBaje BpEeMEHH
OTpa)KeHUsl OT KOHIa yuyactka BJI-2 He BiaMsIOT Ha popMy NepeHarnpspKeHUI Ha OICTaHLIUH.

RI-1 TpaEepca
THpJIAHOA MHITI
p——_ H30JATOPOE

Reorm

IIpOTHEOEEC

Puc. 3. Cxema pacronoXeHus omop Ha Y9acTKe JTNHHA

4. MopeaupoBanue 1e)opMaliy rPO30BLIX BOJH HA JIHHHHA

DKCHEepUMEHTHI BKJIIOYAIM 2 3Tara;
1 — nccnenoBanus AehopMaly BOJIH OT OTEPh B 3eMJIE M IEPEKPBITHI U30JISLIUH;
2 — nzyuenune d3PPEKTUBHOCTU KACKAIHOM 3aIUThI OCTAaHLIUH.
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UccnenoBanus pedopMaliid BOJNH M [EpeHANpPSHKEHHH Ha TpaHC()OpMATope TYNUKOBOM IOACTaHIMU
BBITIOJIHEHBI NIPH TeHEPUPOBaHUK Ha (ha3HOM MpoBoje "A" UMITyJIbCa HAMPSHKEHUS C BAPbUPOBAHUEM aMILTHTY/IbI
ot 3 1o 40 xB. ®ponT BosHEI u3Mensuics ot 0,1 Mkc 1o 7,5 Mxc. J{nmHa uMIryibca coctaBmia okoio 150 Mxc.

VMiysibCHBIE NEPEKPBITUS JUHEUMHON H30JLILMH MOAEIUPOBAIUCH Ipu nomowu monened MUMIIN,
YCTaHOBJIEHHBIX Ha omope 4 ¢ TpocoM M mpoTuBoBecoM unu Ha omope 10 (puc. 3a). Kaxmas monens
pacnonarajgach IapajUleJbHO COOTBETCTBYIOIIEH THpPISHIAE HW30JSATOPOB TakuM 00pa3oM, uTOObI NpHU
cpabatsiBanny MUIIY uMIyibCHBIM TOK MPOTEKaAN BAOJIb TUPIISTHABI 10 TpaBepce U yepe3 onopy (puc. 36). Ilpu
3HAYNTEILHOM YBEJINYEHUN MMILYJIECHOTO HAINpsDKEHUS Ha THPIISTHIE U30JIATOPOB COCEAHEro (ha3HOTro MpoBoJa
JI0 HarpspKeHUst cpabateiBaHus BTopoit Mmojeny MUIIN 1 ero koMMyTanuy KOHTYpBI IPOTEKaHUS! MMITYJIbCHOTO
TOKa TIOJHOCTBIO COOTBETCTBYIOT pEallbHOMY (U3UYIECKOMY MPOIECCYy NPH TOBTOPHOM wWid "oOpaTHOM"
nepeKpbITUU u30as1uu BJL.

IIprmeps! nedopmanny BOJIH Ha Toaxoe (puc. 3a) MpUBEICHBI HA PUC. 4 [UIA CITydaes:

1) "mpsmoro" (Ha dase "A") m "oOparHoro" (#a dasze "B") mepekpwituii m3ossimuun BJI Ha omope 10 ¢
COTPOTHBIICHHEM 3a3emiieHus (R,) okoio 400 Om (puc. 4a);
2) IS cily4aeB aHAIOTHYHBIX IIEPEKPHITHI Ha o1ope 4 ¢ TPOCOM M IPOTHUBOBECOM (puc. 40).

Kak BuaHO H3 pucC. 4a, MPU BHICOKOM COMPOTHBIICHHUH 3a3eMJICHHS OMOphI "mpsiMoe" (¢ mpoBoja Ha
oropy) u "oOpatHoe" (C ONOpbl Ha IPOBOA) MEPEKPHITUS NPOUCXOIAT INPAKTUYECKH OJHOBPEMEHHO.
OOpazoBanHas BeieacTBue "oOparHoro" nepekpbitust (Ha (ase "B'") BoHa MMeeT NpakTHYECKH MPSMOYTOIbHBIH
(pOHT ¢ M3MEHEHHEM HOJIIPHOCTH BOJNHEL [locie mpsiMoro mepekphIThs M30sIuK Ha ornope 10 3HaYHuTeIpHOrO
cpe3a BoiHBI (Ha daze "A") He IPOUCXOMT, TAK KaK OCTAIOIIEeCs] HAPSHKEHHUE ONpeenseTcs: OONbIINM NaeHHeM
HalpsDKEHUS] Ha COMPOTHBIICHWHM 3a3eMIICHHS ONOpHL. lIprMeHeHnme Tpoca M MNPOTHBOBECA TIPH BBICOKHX
CONPOTHBIICHUSIX 3a3€MJICHHSI ONOP MO3BOJSET CYIIECTBEHHO CHU3HMTH 3HEPTHIO NMPUXOJSIIEH Ha IOACTAHIIHIO
BOJIHBI M 3HAYUTENFHO YBEIWYMBACT WHTEPBAT BpEMEHH MeXIy "mpsMbM" U "oOpaTHbIM" mepekpoiTisaMu. [Ipu
9TOM CYIECTBEHHO M3MeHseTcsi hopMa BOJIHBL, 00pa3oBaHHO# nocie "obparHoro" nepekpbitus (Ha ¢daze "B").
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[IpeobpazoBaHue TpagUIIHOHHOHN 3AIIUTHI CT
B KaCKaJHYIO C TIOMOIIBIO ITOAKIFOUCHUS
Ha noaxonae BJI nuHelHOro KOMILIEKTa
3anuTHBIX anmnaparos (JIPB)

JIPB PB

BJI ap  lom
Puc. 5. Cxema noacraniuu 110 kB. \_’_I_‘

5. Hccaenopanme TpaguMOHHON MOJTHHUE3AIUTHI MOACTAHIMHA

[oxcrannms, nogxmodeHHas Kk BJI-1, gBnseTcs TYNMKOBOW C OJHUM CHJIOBBIM TPaHC(HOPMATOPOM.
MonHnesammra IOACTAHIMHM BBIIOJHEHA MO TPAJULIHOHHOM CXeMe IpH IIOMOIIM OJHOTO KOMILIEKTa
paspsaankoB PB 110 kB II rpymnmsl, momkimrodueHHBIX Ha paccTossHMA 10 M (IO ONIMHOBKE) OT CHIIOBOTO
Tpanchopmaropa (puc. 5). Kackagnas cxema mpenmonaraeT yYCTaHOBKY IOIOJHHUTEIBHOTO Komiuiekta PB
110 xB III rpynmer (JIPB) Ha moxxoze nuHUH, T.€. epel MOACTaHIIMOHHBIM KoMIulekToM PB mo HampasieHuio
pacnpocTpaHeHHs I'PO30BbIX BOJIH.

B skcnepumenrax paspsauuk PB 110 kB npony6nuposan moznensio MPB 11, a npu mozaenupoBanuu
KacKkaJHOM MojHHe3amuThl noactanimu monenu JIPB (MPB 1) ycranaBnmuBamuch y omopsl 3, T.e. Ha
paccrossHMM OKoJIO 125 M OT mnojcTaHmMOHHOrO paspsimHuka (cM. puc. 3). Kaxnmas monens MPB 1T
HNOJKJII0YANachk K COOTBETCTBYIOHIEMy mnpoBoxy BJI mpu momomu MHAMBHIYaNbHOTO CIIyCKa IJIUHOM OKOJIO
10 m. 3a3emnenue mozaeneit MPB III BeinonHeHO uepes 3a3eMIHUTENb ONOPhI TPU MOMOILY HHIUBUYATbHBIX IS
Ka)XT0M MOZETH CITyCKOB JUTHHOM OKOJI0 5 M (puc. 3B). Takum 00pazom, B IEPEXOIHOM IPOIECCE YIUTHIBAIHCH
peanbHble HHAYKTHBHOCTH OLIMHOBOK OTBETBIICHUH M 3a3CMJICHHUH.
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a) 0)
Puc. 6. OcuusutorpaMMbl IepeHANPSHDKEHUH Ha U30JISLHK CHIIOBOTO TpaHcdopMmaropa ¢ 3amuroi no [1YD
NPY MEPEKPHITHH n30Jsiu Ha oniope 10 (a) 1 Ha onope 4 ¢ Tpocamu U npoTrBoBecam (0)

[TapameTpsl TPO30BEIX MEpEHANPSHKEHUH, B YaCTHOCTH, 3aBUCAT OT IIPOLIECCOB IIEPEKPHITUS U3O0JISIIIHH.
XapakTepHble OCHMIIIOrPaMMBbl TIEPEHANPSDKEHNH Ha 30K CHIIOBOTO TpaHchopMaTopa JJIsl TpaIulnOHHON
3alLUTHI TIPH yapax MOJHKH B ripoBoza BJI npezcTasneHs! Ha puc. 6. 311ech jke yKa3aHbl TapaMeTpbl TeHEpUPYEMBIX
BOJIH — aMIUTUTY/a U JuinHa (poHTa. [IprBeAeHHbIE TPOIECChl YYNTHIBAIOT UMITYJIbCHBIE TIEPEKPBITHS N30T
BJI Ha mogxone Ha omopax 10 ¢ R, = 400 Owm (puc. 6a) uinu 4 ¢ TpOCOM U IPOTHBOBECOM (pHC. 60).

Kak BumHO Ha puc. 6a, MEpeKpHITHE H30JSIIAN MPOM30LUIO0 MpUMEpHO depe3 4 Mkc, a "oOpaTHoe"
nepekpriTie Ha (azy "B" mpomsonuro ¢ 3amepikkoil mpumepHo Ha § MKc. [Ipm 3TOM HamOoxibmIas BeIMYUHA
MepeHanpsPKeHNH BO3HKKIA Ha (ase "A'", HOpaKeHHOHN pa3psaoM MOJHHH, U Ha ¢asze "B'" mocie "obparHoro"
nepekpelTust. M3 comoctaBieHus: ocHuiIiorpaMM puc. 6a u 60 BHIHO, YTO MPUMEHEHHE MPOTHBOBECA U Tpoca
CYIIECTBEHHO CHWXXKaeT aMIUIMTYAy [EepPEHANpPsDKeHU M BepoSTHOCTh "oOparHoro" mepekpbiTus. Tak,
YBEJIMYCHUE aMILTUTY bl UMITyJibca Ha 18 % ¢ 14,1 kB (puc. 6a) mo 21,5 kB (puc. 60) NpuBOAXUT K YBEIUYCHUIO
aMIUTUTY B! IepeHanpsoKeHuid MeHee ueM Ha 1 %.

COOTBeTCTByIOLHI/Ie YPOBHU MaKCHUMaJIbHBIX nepeHanmeeHI/li& B 3aBUCMMOCTU OT aMIUIUTyAbl TOKa
MOJIHMHM JUI Pa3iMyHON JUIMHBI (pOHTA TOKA MOJHMHM (C y4eToM Maciiraba MOJAEIMPOBAHUS 110 TOKY M
Hanpspkeruto 1/300) npuBeneHs! Ha puc. 7.

Jlyist conocTaBiIeHUs! IPEJICTaBICHHBIX Ha pUC. 7 3aBUCHMMOCTEW IOJYYEHBI 3HAUCHHSI OTHOCHTEIBHBIX
W3MECHEHUH YPOBHSI NMEPEHANPSDKEHUH IPH MOJCTHPOBAHUN TEPEKPBHITHH H30JIAIMHA Ha ormope 4 ¢ TpocoM U
MIPOTHUBOBECAMH 110 OTHOLIEHMIO K BAPUAHTY C MEPEKPBITUSMU U30JsIKu Ha onope 10, umeromeit R3 = 400 Om.
PacueTsl BBIOJIHEHBI [UIS ONBITOB C OJIM3KMMH 3HAYEHUSAMH T€HEPHPYEMbIX TOKOB 110 (hOpMyJIe, YIUTHIBAOIIEH
TIOTIPaBKy Ha OTKJIOHEHUS TOKOB,

Al]rm = [(UrmlO - Uml4)/UrmlO] . ([4/110)’

e AU wmn AUy — aMIDIITyIa TIepeHanpsDKeHHd Ha TpaHchopMaTope MpH yAape MOJIHHH B MPOBOJ H
epeKprITUIX Ha oniope 10 mn Ha orope 4 ¢ COOTBETCTBYIOMIEH aMIUTUTY 0N TOKa MOJHUU 1o WA 1.
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Puc. 7. YpoBHH nlepeHanpspKeHNI Ha M30JIIMN CIoBoro TpaHcdopmaropa 110 kB ¢ TpaauimonHo# 3ammron
no ITYD B 3aBUCHUMOCTH OT aMILIUTYABI (/) U JUITMHBI PPOHTA Ty, TOKA MOJIHUHU JUISL IKCIIEPUMEHTOB C
MO/ICTIMPOBAHNEM IIEPEKPHITUI N30JsInK Ha orope 10 (a) wim Ha onope 4 ¢ TPOCOM M IPOTHUBOBEcOM (0)

(1 — 744 = 0,1 mKc; 2 — 0,9 Mxc; 3 — 2,3 Mkc; 4 — 4 Mmkc; 5 — 7,5 Mxc; Uy, — AOIMYCTUMBINH yPOBEHb
nepeHanpspkeHui). Toku 1 HanpspKEHUs NPUBEICHBI ¢ Y4eTOM K03 hUIMeHTa MOIEINPOBaHUS
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Puc. 8. OTHOCHTENPHOE N3MEHEHHE YPOBHS NIEPEHANPSDKEHUI Ha CUIIOBOM TpaHc(opMaTope MoJCTaHIUuH
C TUIIOBOM MOJIHME3aUIUTON MPHU UCIIOIB30BAHUM Ha OMOpax Tpoca U MpOTUBOBECA
B 3aBCUMOCTH OT JUTMHBI (JPOHTA BOJIHBI IS Pa3HBIX TOKOB MOJHUH ()
1 COOTBETCTBYIOIIE KPUBBIE ONACHBIX ITapaMETPOB TOKOB MOJIHUM NPH yzape B poBoz (0)

omnope 10

ITomy4eHHbIE OTHOCHTEIBbHBIE W3MEHEHMS YPOBHS IEpPEHANPSDKEHWH INPUBENEHBI Ha puc. 8a B BUAE
3aBUCUMOCTEH OT JUIMHBI (PpoHTA HaOeralmuX IO JIMHUU TPo30BBIX BOJMH. Ha puc. 86 maHo comocraBieHHe
KPHUBBIX ONacHbIX napameTpoB Toka MosnHuM (KOT), cBA3bIBaromne aMIUIMTYy M KPYTU3HY TOKa MOJHUH, IpU
KOTOPBIX Ha W30JSIIMM CHJIOBOTO TpaHc(hOpMaTopa YpPOBEHb IEpEeHAIPSHKeHUH JOCTUTaeT JOIyCTUMOTO
3HaueHus Uy,

Kak BumHO Ha puc. 8a, 3(p(eKTHBHOCTh CHIIKEHHUSI HMITYJIBCHOTO CONPOTHBICHUS OIOp 3a CYET
MPOTHUBOBECOB M TPOCOB IO3BOJISIET CHHU3HUTH YpPOBEHb IepeHanpsbkeHuid 10 10-15 %. Omnako 3TOT 3 dexT
HPOSIBISIETCS] HE BO BCeX ciydasix. Tak, npu JumHe GpoHTa UMITYJIbca MEHee | MKC CHIDKEHHUE TepeHanpsHKeHUH
AU, He3HaunTeNbHO. ToT ke 3(p(eKT mposBIseTcss IpHU YMEHBIIEHHH aMIUIUTYAbl Toka MomHHH 10 20 KA H
HIDKe. boree Toro, mpu ygapax MOJHHH C OTHOCHTEIBHO HHU3KOHW aMrumTynon (mo 20 kA) U AnuHO#N ¢poHTa
MeHee 3 MKC HaOJIOZaeTcsl yBEIMUYEHHE INEepPEeHANpsDKeHHH (CM. 3aBUCHMOCTH | Ha puc. 8a). DTO MOXKHO
OOBSICHUTH BIMSIHHEM OTPa)KEHHH HA YYaCcTKE MEXIy HMOJICTAHIMEeH W TOUKOH mepekpriTus. M3 manHbIX puc. 80
TaK)Xe CIeIyeT, 4To B O0JacTH MapaMeTpOB MOJHHMM MMEETCsl TOuka, paszieistromas 3aBucumoctn KOT mms
PACCMOTPEHHBIX CIYy4YaeB MEPEKPHITUN H30JSIHUHA. Tak, Mpu TOKaX MOJHHUH, MpeBBIIAONIMX 23 KA, rpaHuia
00acTé OMacHBIX yOapOB MOJHHH IS CIIydaeB IepekpriTuii Ha omope 10 ¢ R, = 400 Om Haxomurtcs
CYIIECTBEHHO HIDKE T'PaHMIbI, COOTBETCTBYIOIIECH MEPEKPHITHAM Ha omnope 4, TakuM 00pa3oM, BEPOSITHOCTb
onacHbIX nepeHanpspkeHuit o KOT-1 yBemnuuBaercs. OfHAKO NMpH yMEHBIIEHHM aMIUTUTYAbI TOKa MeEHee
23 KA OOIBIIYI0 OMAacCHOCTh MPEACTABIAIOT CIy4yau C MEPEKpHITHsIMH Ha omnope 4. B mpuBeneHHOM mpumepe
BEPOSITHOCTD yJIapOB MOJIHUY C NapaMeTPaMH, COOTBETCTBYIOIINMH 001acTH A, MEHbIIIE, YeM yJapOB MOJHUH C
napameTpamu B obactu B. [ToaToMy B 11€710M CHM)KEHHE UMITYJILCHOTO CONIPOTHBIICHHS 3a3€MJICHHS OTIOp AaeT
noBbInieHne 3()(eKTUBHOCTH MOJHHE3amuThl. OleHKa BEpOSTHOCTH pa3psioB MOJHHHM C HapaMeTpam,
orpannueHHbiMu kKpuBoit KOT-1, coctaBmusier okomno P(/y, I’M)KOT_I = (,227. BeposATHOCTb OMACHBIX MapaMeTpOB
toka moHuu o KOT-2 cocraBnsier okoso P(/y, I’M)KOT-Z = 0,191. T.e. npuMeHeHNE TPOTUBOBECOB B JJAHHOM
cilydyae TOBBIIaeT 3P PEeKTUBHOCTH 3alUThl HEMHOTMM MeHee 4eM B 1,2 pasa.

[IprBeneHHOE COMOCTaBIEHHE B HEKOTOPOHW CTENEHH YCIOBHO, TaK KaK pPACCTOSIHUE 0 TOYEK
nepekpriTus (omopa 10 mimm omopa 4) B OMBITaxX OTJIMYAETCS, YTO TOATBEPXKAAET TE3UC 00 OTPaHHMYCHHOCTH
BapbUPOBAHUS IKCTIEPUMEHTAIIBHBIX UCCIIEIOBAHUN B YCIOBHUSX JEHCTBYIOIIEH CETH.

Unt, kB Un, kB
1.5 1.5
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Puc. 10. 3aBucUMOCTh ypOBHEW NIepeHANPIKEHI HA H30JSIIHAN cHIoBOTo Tpanchopmaropa 110 kB ¢ xackamHo
MOJIHUE3AIUTON B 3aBUCUMOCTH OT aMIUIUTYBI (/) U JUIMHBI PPOHTA Ty, TOKA MOJIHHH, ITOJIYy4YECHHbIE B
SKCIEPUMEHTaX ¢ MOJETUPOBAHNEM MEePEKPhITUI H30ssuu Ha onope 10 ¢ R; = 400 Om (a) wiu Ha onope 4
¢ TpocoM U potuBoBecoM (0). Toku 1 HampsHKEHUS TIPUBENEHBI C yIeTOM K03 (QHUIIeHTa MOACTHPOBAHHUS

AU, kB
1]

AU, xB Puc. 11. 3aBucumocts
i W3MEHEHHS YPOBHEH
MepeHANPSHKEHUN OT JTHHEI
—o1 (bpoHTa BOJIHEI IPH
MIPUMEHEHNH KaCKa HON
MOJIHHAE3AIIHUThI MOACTAHIUH.
OKCIIEPUMEHTEHI C yIETOM
nepexpbiThil Ha omiope 10 (R, =
400 Om) (a) nnu Ha omope 4 ¢
MIPOTHBOBECOM H TPOCOM (0).

-0l

-0z

- 034

Pacuernslif Tox MoHuM: 18 KA (1),
25 kA (2), 31 kA (3), 40 kA (4) 50
KA (5)

6. UcciienoBanne KackaaHoil MOJIHUE3AIUTHI NOACTAHIIUM

OKCIIlepUMEHTaIbHOE TEHepHUPOBaHHWE TMIEpEeHANpsDKEHH B CXeMe MOJCTAaHIUM C  KacKagHOH
MOJTHUE3AIIUTON BBITOJHEHO 10 aHAJOTHH C BBHINICYKAa3aHHBIMH OIBITAMH C TPATUIMOHHOHN 3aIlUTOH, T.€. C
ydeToM mepekpbituii Ha omope 10 wmm omope 4. IIpumepsl ocruuiorpaMM MepeHanpsDKEHHH Ha CHIIOBOM
TpaHcdopmarope ISl UMITYJILCHBIX BOJIH C AJMHON GpoHTa 7,5 MKC JaHbl Ha puc. 9.

Pe3ynbraThl cucTeMaTH3alui PerucTpaniil nepeHanpsHKeHnd Janel Ha puc. 10 B Buae 3aBucHMoOCTE
OT aMIUTUTYABI TOKA MOJIHUH, aHAJIOTHYHBIX 3aBHCUMOCTSIM, IPUBEACHHBIM Ha PUC. 7 I TPAAUIIHOHHON CXEMBI.

Kak BunmHO u3 puc. 10a, B ycIOBUAX BBIIOJIHEHHBIX 3KCIIEPUMEHTOB C MOIEIHPOBAHHUEM MEPEKPHITHUI
Ha omope 10 ¢ R, = 400 Om omacHble IepeHanpsKeHNsT BO3MOXKHBI TIpU Tokax 60 kA u 6osee. Takum oOpazom,
YMEHBIICHNE 3HEPrHMM BOJIH 32 CYET OTBETBJICHUS 4YacTH TOKa uepe3 3a3emieHue omnopsl 10 cylecTBeHHO
CHHMXKACT UX OIIaCHOCTbHb JI1 HU30JIAIUU 060py)1013aH1/1>1 HO[[CTaHL[Idﬁ. B omnbiTax ¢ NEPEKPLITUAMU HU30JISAIUN Ha
onope 4 ¢ TPOCOM U NMPOTHUBOBECOM IPU YKA3aHHBIX BBIIIE OFPAaHHUEHUSX K MapaMeTpaM I'€HEepUPYEMbIX BOJIH
HE YIaJoCh TIOJNyYUTh NepeHanpspkeHui Oomee pomyctumoro ypoHs 480 kB (c yuerom wMmacmraba
MOJIeTUPOBaHus, cM. puc. 100).

OKCIIepUMEHTHI B HATYPHBIX YCIOBHAX C YIETOM MMITYJIECHBIX MEPEKPHITHI IMOKA3aId HEOJHO3HATHOE
BIMSTHHUE UMITYJIbCHBIX ITAPaMETPOB MPOTHBOBECOB HA (JOPMHUPOBAHUE MTEPEHATIPSHKCHUH. Tak, U3 COMOCTABICHUS
maHHbIX puc. 10a m O ciemyeT, 4TO B PacCMOTPEHHOH CcXeMe CYIIECTBYIOT OOJIACTH HeOIarompUsTHBIX
COYETaHUI MapamMeTpoB TOKOB MOJIHHH, TPH KOTOPBIX MEPEHANPSHKEHUS B CIydasx MEpeKPBHITHA Ha OIopax ¢
TpocoM H TpoTHBOBecoM (puc. 100) MOTYT TPEBBICHTH IEPEHANPSDKEHUS NPH IMEPEeKPBITHSAX Ha OIope ¢
R, =400 Om. Hammpumep, yaacTku kpuBsIX s gponra 0,1 mxc B auama3one ot 18 mo 25 xA. Takum oOpazom,
mporeccsl (OPMHUPOBAHUS NEPEHANPSHKEHUH PH MEPEKPHITHSIX Ha OIOpPE C COCPEIOTOUCHHBIM 3a3€MIIHTEIEM H
MMPOTUBOBECOM MOTYT CYHICCTBEHHO OTJINYATHCA.

B kauectBe mokasarenedl 3()()EKTUBHOCTH KacKagHOW 3aIiuThl Ha puc. 11 moka3aHbl 3aBUCHMOCTH
OTHOCUTEJIBHON BEJIMYMHBI CHWKCHMS NepeHanpspkeHU (10 CPaBHEHUIO C TPAAULMOHHON 3aIllUTON) OT JUTMHBI

76



Becmuux MI'TY, mom 12, Nel, 2009 e. cmp.70-77

¢poHTa W aMIIMTYIBl ToKa MoimHHHA. PpoHT mMmyisca MmeHsuica oT 0,1 mxc mo 7,5 mxc mnsa toxoB ['MH,
SKBHUBAJICHTHBIX aMIUTUTyZaM Toka MouHUH oT 18 KA mo 50 kxA. ComocraBieHHe OaHO IS aHAJOTHYHBIX
YKa3aHHBIX BBIIIE ONBITOB C TPAAWLIMOHHOW MOJHHE3AIIUTONH C YYETOM TEPEKPHITHH Ha OIOPE C BBICOKHM
compotuBieHueM 3azemsieHust (480 Om) wim Ha omope ¢ TPOCOM M MpOTHBOBecoM (puc.7a u 70
COOTBETCTBEHHO).

3 JaHHBIX pUC. 11 BUAHO, YTO MPUMEHCHHEC Ha MOAXOA€ B KAYE€CTBE JIMHEHHBIX 3alIUTHBIX arlnaparoB
BEHTWIBHBIX paspsauukoB Il rpynmel cHmwkaer ammutyny nepeHanpspkeHuit ot 10 % mo 35 % u Gonee. B
OCHOBHOM HaOJIOaeTCs TEHACHIUS CHIDKCHUS IIEPCHANPSHKCHUN TPU yMEHBIICHUHW JUIMHBEI (pOHTA U
YBEIIMYCHUU aMIUTATYIBI TOKA. J[Js pacCMOTPEHHOM IMOJACTAHIMU HMCKIIOYCHUEM SIBIITIOTCS TIEPCHAIPSKCHHS
NpH TEHEPUPOBAaHUH HMITYJhCa HANPSHKEHHS C (POHTOM OKOJO | MKC, 4TO MOXET OBITh 0O0YCIOBICHO
YBEIIMYEHHUEM KOJIe0aTeIhHON COCTaBIISIONICH ITepeHaNPsHKCHAN.

CormocraBnenue 3aBucuMocTedd Ha puc. l1a m 110 mokaspiBaeT, 4TO B MOAABISAIOMEH O0JacTH
mapaMeTpoB TOKOB MOJIHHUHM JAEHUCTBHE NPOTHBOBECOB CIIOCOOCTBYET CHI)KCHHIO IIEPCHANPSHKCHUH Ha
000pyIOBaHUU PACCMATPUBAEMOW IOACTAaHIWHU. {7 OLEHKH I1es1IecO00pPa3HOCTH IOTIOIHUTEIBHBIX MEp IO
CHIDKEHHIO MMITYJILCHOT'O COITPOTHBIICHHS 3a3¢MJICHHS OTIOp B KACKATHOM 3aIlUTe Ha puc. 80 MpUBeIcHA KpUBas
OITaCHBIX TOKOB MOJIHUH Uil KACKaIHOW 3aIIUTHI C OMOpaMH Ha MOAXOJe, aHaJormgHeIMU omope 10 ¢ R, = 400
Om (KOT-3). Ouenka BepoATHOCTH pa3psioB MOJHMU C INapaMeTpamu, orpaHudeHHbIMH kpuBoi KOT-3,
COCTAaBJISIET OKOJIO P(IM,I’M)KOT& =~ (0,046. T.e. xackaaHas cxeMma MOBbIIIAET dPPEKTUBHOCTD 3aLIUTHI 00JICe YeM B
4 paza B CpaBHEHHHM C TPaJAULMOHHOW 3alIMTON C KCIOJb30BAaHHEM MPOTUBOBECOB Ha mnoxaxonae JIOIL.
}lanbﬂeﬁmee MOBBIIICHUE HAJACKHOCTU MOJIHHME3AIUTBI MOACTAHIHUU C IMOMOUIBIO YMCHBIICHUSA WMITYJILCHOI'O
COTPOTHUBIICHUS onop Ha moaxoje JISII MoxkeT ObITh IKOHOMHYIESCKH HEIeTIeCO00Pa3HBIM.

7. 3ak1104eHne

st sKcriepuMeHTaIbHBIX UCCIIENOBaHUI CXeM MOJIHME3aluThl Ha yyacTke cetu 110 kB peanuzoBanbl
Monend "mpsMeix" u "0OpaTHBIX" TMEPEeKPHITUH W30JLIUN JIHHUU W 3allUTHBIX allapaToB C HEMWHEHHBIMU
XapaKTEePUCTUKAMH. DTO MO3BOJIMIIO YUECTh BIIMSIHUE HMITYJILCHBIX XapaKTEPUCTHK 3a3€MIIMTEINICH Omop, B TOM
Y1CIIe IPOTHBOBECOB.

[lomyuyeHHble pe3ynbTaThl IOKA3add BBICOKYIO S(PQEKTHBHOCT KACKaJHOW MOJHHE3ALIUTEI
MOJICTAHITNH JaXke MPH MCTIONb30BaHNH Ha monaxoxae JIDII BerTunpHbIX paspsaaukos I rpynmsr. [Ipumenenne
KaCKaZlHOI‘/II CX€Mbl C MPOTHUBOBCCAMU Ha MNOAXOAE A0 OIOpbI C JIMHEHHBIMU 3alllUTHBIMU anIapaTramMu
obecrieunBaeT 3PPEKTUBHYIO 3aIMUTY TYMHKOBOH mojactaniuuu 110 kB make mpu BBICOKHMX COMPOTHBIICHHUSIX
3a3eMJICHHs OIop Ha mojxoje. Takum o06pa3om, IpU UCIIOJIb30BAHUH KAaCKaTHOM 3alIUThl HIMEETCSl BO3MOXKHOCTh
CYIIECTBEHHOTO CHIDKEHUS TpeOOBaHUI K 3a3eMIICHHSIM o1op Ha noaxoxaax JIOII.

[Ipn wnccnenoBaHMAX MOJIHME3AIIMTHI MOACTAaHLUMM B palOHaxX € HHU3KOH NPOBOAMMOCTBIO TPYHTa
HEOOXOWM yUeT BIUSHUS HaBEJICHHBIX HAIIPsDKEHHUH HA BEPOSTHOCTH "00paTHBIX" nepekprITuid n3osiun JIOIT
1 (GOpPMY TPO30OBBIX BOJIH.

OKcHepyuMeHTBl B  JEHCTBYIOHmIEH CETH TMO3BOJSIOT MONYyYUTh HWHMDOPMALMIO O Pa3sBUTHH
MEePEHANPSHKEHUH, KOTOPYIO IEIIECO00PAa3HO HCIONIBb30BaTh MPU KOHTPOJIE JOCTOBEPHOCTH MAaTEMaTHYECKUX
MOJIETIEH.

Pabora BrInosiHeHa pu noaaepkke rpanra POOU 06-08-00473.
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